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I. OVERVIEW 

This review is an updating through November 1985 of 
the Review of Particle Properties [Particle Data Group 
(1984)], a compilation of experimental results on the prop- 
e~ies of particles studied in elementary particle physics. 
These properties include masses, widths or lifetimes, 
branching ratios, and other experimentally determined prop- 
erties. Where feasible, we provide a suggested "best" value 
of each parameter based on our own judgment, using the 
best available data. A discussion of some of the procedures 
that we apply, and a brief review of the historical perform- 
ance of averages of measurements, may be found below 
(Section IV Part D). 

The results of this compilation are presented in two sec- 
tions, the "'Summary Tables of Particle Properties" and the 

'~Full Listings." The Summary Tables give our estimates of 
the properties of those states whose existence we consider 
well established. Our opinion of whether or not a particle is 
well established can change as new data become available. 
We attempt to be conservative, so particles awaiting confir- 
mation are not included, even if they may be theoretically 
well understood. 

All data used for the numerical estimates in the Sum- 
mary Tables are included in the Full Listings, with refer- 
ences and our comments, if any. Those measurements con- 
sidered recent enough or important enough to mention, but 
which for some reason were not used in the averaging, 
appear in parentheses. The Full Listings also contain infor- 
mation on unconfirmed particles and unsuccessful particle 
searches, as well as short "mini-reviews" about subjects of 
particular interest or data that have particular problems. 



In the past, we have attempted to use the Full Listings 
as an archive of all reported data on particles of interest. 
This is no longer possible because the growth of information 
would require a 5 to 10% per year expansion in this Review. 
Therefore we refer interested readers to previous editions 
for references to data considered obsolete. 

This edition we are implementing our new particle nam- 
ing conventions [Barnett (1985) and Wohl (1984)], which 
primarily affect meson names. A few baryon states are 
renamed as well. In the Summary Tables of Particle Pro- 
perties and the Full Listings each particle is listed by its new 
name, with the old name, if different, given below it. It is 
our hope that these new conventions, described in 
Section III below, if adopted by the community will bring 
order to the chaos of particle names and facilitate discussion 
and understanding. Since there will doubtless be a transi- 
tion period during which the literature may contain a mix- 
ture of both old and new names, we will continue to list the 
old names with the new for several editions. 

We categorize the particles into lypes, intended to 
correspond roughly to the different types of data and prob- 
lems encountered: 

STABLE PARTICLES - -  All particles stable under the 
strong interaction. These include the truly stable 
particles as well as those which decay weakly or elec- 
tromagnetically, including the 7h D,  D s (formerly 
called the F), A c, W, Z °, and so on. 

MESONS - -  All meson resonances that decay strongly, 
including the ¢, X, and T families. 

BARYONS - -  All baryon resonances that decay strongly, 
including the resonant N and A families, dibaryon 
candidates, and so on. 

This classification scheme is used to organize the Summary 
Tables and the Full Listings. 

We include a section of"Miscellaneous Tables, Figures, 
and Formulae." These provide a quick reference for the 
practicing elementary particle physicist. They normally 
presuppose some understanding of the subject matter, and 
do not attempt to serve as a textbook. We welcome all 
suggestions and comments regarding topics for inclusion or 
deletion, any errors or confusing passages, etc. 

A pocket-sized Particle Properties Data Booklet is avail- 
able. This contains the complete Summary Tables of Parti- 
cle Properties and the most frequently used parts of the 
Miscellaneous Section, but not the Full Listings. For North 
and South America, Australia, and the Far East, write to 
Technical Information Department, Lawrence Berkeley 
Laboratory, Berkeley, CA 94720, USA. For all other areas, 
write 1o CERN Scientific Information Service, CH-1211 
Geneva 23, Switzerland. 

In 1984 we began a multiyear effort aimed at moderniza- 
tion and reorganization. In this edition, we have added 
Greek letters and larger fonts for headings in the Full List- 
ings, as well as numerous more minor improvements in for- 
mat. We are also modernizing our internal procedures, and 
some of these improvements are already in place. 

II. AUTHORS AND CONSULTANTS 

The primary responsibilities of the authors are as fol- 
lows: 

(1) Stable particles: R.M. Barnett, R.A. Eichler, 

R. Frosch, K.G. Hayes, G.R. Lynch, J. Primack, 
R.H. Schindler, T. Shimada, R.E. Shrock, T.G. Trippe, 
W.P. Trower, and C.G. Wohl. 

(2) Meson resonances: M. Aguilar-Benitez, 
J.J. Hernandez, L. Montanet, F.C. Porter, M. Roos, 
K.R. Schubert, and N.A. T•rnqvist. 

(3). Baryon resonances: R.L. Crawford, G.P. Gopal, 
G. Hohler, D.M. Manley, L.D. Roper, and C.G. Wohl. 

Consultants 
Of increasing importance to the production of this 

Review is a world-wide network of consultants, experts in 
particular topics. We wish to mention the following people 
with thanks: 
• R.A. Arndt (Virginia Polytechnic Inst. and State Univ.) 
• W.B. Atwood (SLAC) 
• V.I. Balbekov (Serpukhov) 
• A. Baldini (University of Pisa) 
• M.J. Berger (U.S. National Bureau of Standards) 
• A. Bramon (Barcelona University) 
• E. Browne (LBL) 
• R.N. Cahn (LBL) 
• W. Carithers (LBL) 
• J. Carr (University of Colorado) 
• COMPAS Group (IHEP, Serpukhov) 
• S. Cooper (SLAC) 
• F. Dydak (CERN) 
• V.V. Ezhela (Serpukhov) 
• G. Feldman (SLAC) 
• V. Flaminio (University of Pisa) 
• J.-M. Galliard (CERN) 
• M.K. Gaillard (LBL) 
• G. Gidal (LBL) 
• F.J. Gilman (SLAC) 
• M. Goldhaber (BNL) 
• R. Hagstrom (ANL) 
• G. Hall (Imperial College, London) 
• D. Hitlin (California Institute of Technology) 
• J.H. Hubbell (U.S. National Bureau of Standards) 
• K. Kleinknecht (Universit~it Dortmund) 
• P. Langacker (University of Pennsylvania) 
• G.M. Lewis (University of Glasgow) 
• M.J. Losty (National Research Council, Canada) 
• B. Lynn (SLAC) 
• W.G. Moorhead (CERN) 
• D.R.O. Morrison (CERN) 
o K. Mursula (Nordita, Copenhagen) 
• K. Olive (University of Minnesota) 
• O.E. Overseth (University of Michigan) 
• S.I. Parker (University of Hawaii) 
• R. Partridge (Santa Cruz Institute for Particle Physics) 
• N. Rivoire (CERN) 
• S. Rudaz (University of Minnesota) 
• F. Scheck (Universitk't Mainz) 
• M. Shaevitz (Nevis Laboratory) 
• M. Suzuki (LBL) 
• B.N. Taylor (U.S. National Bureau of Standards) 
• J.A. Thompson (University of Pittsburgh) 
• W. Toki (SLAC) 
• G.H. Trilling (LBL) 
• R.D. Tripp (LBL) 
• R. Waldi (Universitiit Heidelberg) 
° K. Winter (CERN) 
• L. Wolfenstein (Carnegie-Mellon University) 



In addition, the Berkeley Particle Data Group has bene- 
fited from the advice of the PDG Advisory Committee, 
which meets annually to discuss matters of importance to 
the group, including the structure and content of this 
Review. The members of the 1985 committee are L. Wol- 
fenstein (Carnegie-Mellon University) (chair), A. Kernan 
(University of California, Riverside), C.M. Lederer (Univer- 
sity of California, Berkeley), C. Quigg (Fermilab), and R. 
Thun (University of Michigan). 

The usefulness of this compilation depends in large part 
on interaction between the users and the authors and con- 
sultants. We appreciate comments, criticisms, and sugges- 
tions for improvements of all stages of data retrieval, 
evaluation, and presentation. 

I lL A NEW NAMING SCHEME FOR HADRONS 

"Young man, i f  l could remember the names o f  these 
particles, 1 would have been a botanist. "' 

Enrico Fermi 

A .  T h e  n e e d  f o r  a n e w  s c h e m e ;  g u i d i n g  p r i n c i p l e s  

We introduce in this edition a new naming scheme for 
the hadrons. Anyone who doubts the desirability of a better 
naming scheme is invited to give, without looking at the 
Meson Summary Table, the quantum numbers I, J ,  P, C, 
and G of the following established nonstrange mesons: 

S(975), ¢3(980), H(1190), B(1235), D(1285), e(1300), 
rr(1300), E (1420), t(1440), p(1600), w(1670), A (1680), 
0(1680), g(1690), 0(1690), h(2030). 

There is no rhyme or reason to this alphabet soup of sym- 
bols - they convey nothing about the properties of the parti- 
cles they name. Nor is the use of five different symbols, K, 
K*, Q, L, and K, to name just nine strange mesons informa- 
tive or economical. The symbols for mesons containing 
heavy quarks and for ordinary, baryons are fairly sensible, 
but it seems wise, while in the grip of reformist zeal, to 
make some rules regarding names of particles yet to be 
discovered, such as the whole spectrum of baryons contain- 
ing one or more heavy quarks. 

There are several obvious virtues any rational naming 
scheme ought to embody. The symbols ought to be as few 
and as simple as possible, with those already in common 
use retained where possible; the symbols ought to convey 
unambiguously the important quantum numbers of the par- 
ticles they name; and the quark model ought to guide the 
whole scheme. There are, however, constraints: it is not 
practical, for example, to now rename the 0 meson the w', 
or to call the K meson containing an s quark (as opposed to 
an s--) a K instead of a K. Some compromise between sim- 
plicity and long-established usage is unavoidable. 

The new scheme adopted here has evolved over the last 
two years in response to much discussion both within the 
Particle Data Group and with the larger community. Prel- 
iminary versions of the scheme were presented at the 1984 
Santa Fe Meeting of the Division of Particles and Fields 
[Wohl (1984)] and at the 1985 International Conference on 
Hadron Spectroscopy [Barnett (1985)]. Several thousand 
copies of the proposal, with an invitation to comment, were 
distributed in the spring of 1985. A Physics Today news 
report discussed the proposal [Schwarzschild (1985)], and it 

has been discussed in the CERN Courier (November 1985). 
As indicated above, many of the mesons have been 

renamed. The Meson Summary Table in this edition gives 
both the new and old names, and a table of equivalent 
names will appear in foreseeable editions, Only two parti- 
cles in the Stable Particle and Baryon Summary Tables are 
renamed (the F and the A + become the D s and the Ec). 

B .  " N e u t r a l - f l a v o r "  m e s o n s  (S = C = B = T = 0) 

Table I shows the naming scheme for mesons having the 
strangeness and all heavy-flavor quantum numbers equal to 
zero. The mesons are assumed to be quark-antiquark states. 
The rows of the table give the possible q~- content. The 
columns give the possible parity/charge-conjugation states, 
PC = - +, + - ,  - - ,  and + +; these combinations 
correspond one-to-one with the angular-momentum state 
2 S + I L j  of the ~q- system being I(L even)j ,  I(L odd)j,  
3(L even)j ,  or ~(L odd)j.  In addition, the spin d is added 
to the main symbol as a subscript except for pseudoscalar 
and vector mesons (L =0 states in the quark model), and the 
mass is given for any meson that decays strongly. 

Experimental determination of the mass, quark content, 
and quantum numbers I, J ,  P, and C (or G) of a meson 
thus fixes its symbol. Conversely, these properties may be 
inferred unambiguously from the symbol. 

If the main symbol cannot be assigned, because the 
quantum numbers (other than J )  are unknown, the symbol 
X is used temporarily. Sometimes it is not known whether 
a meson is mainly the isospin-0 mix of uV and dd or is 
mainly sT; the prime (or symbol 40 may be used to distin- 
guish two such mixing states. 

Names have been assigned for the anticipated tT mesons. 
No suggestion is made here for names for mesons (should 
any be found) with the "exotic" quantum numbers that a 
q~- system cannot have, namely j P C  = 0 - - ,  0 +-,  1 -+, 
2 +- ,  3 -+,  - • •. Glueballs or other mesons that are not qq- 
states would (if the quantum numbers are not exotic) be 
named just as if  they were qq-states, since they will prob- 
ably be difficult to distinguish from such states and will 
likely mix with them. 

The results of all this are as follows. None of the lowest 

Table I. Symbols for mesons with the strangeness and all 
heavy-flavor quantum numbers equal to zero. 

0 - +  1 + -  1 -  - 0 + *  

j P C =  J 2 + 3 + -  2 - -  I ++ 

q~- 
c o n t e n t  2 S + I L  d = I(L even)j I(L odd)j 3(L even)j 3(L odd)j 

ud , dd - ufi-, d-ff ( l = l ) 7r b p a 

d d + u ~  ~ ( I = 0 )  r/,~' h ,h '  w,O f , f '  
and/or sT 
c?- 1 ~c hc ~ f X 

b-b ,lb h b T x b 
tT 7t h t 0 x t 

?The J/t~ remains the Y / ~ .  

* The relations between the quantum numbers are 
p = ( - - 1 )  T M  C = ( - - 1 )  L+S G - ( - 1 )  L+S+I 

where of course the C quantum number (charge conjugation) is 
only relevant to charge-zero mesons. 



mass pseudoscalar or vector mesons (Tr, r/, and ~'; p, w, and 
¢) change names, nor do any of the c?- or bb  mesons. Esta- 
blished mesons whose names change slightly are: 

Old name New name Old name New name 

H(l190)  h l ( l190  ) A2(1320) a2(1320) 
B(1235) b1(1235) f ' (1525)  f2(1525) 
f(1270)  f2(1270) w(1670) ~03(1670) 

A 1(1270) a 1(1270) ~b(1850) ~bj(1850) 

Established mesons whose names change completely are: 

Old name New name Old name New name 

S(975) f0(975) L(1440) rt(1440) 

6(980) a0(980) A3(1680) 7r2(1680) 
9(1285) f1(1285) g(1690) 03(1690) 

E(1300) f0(1300) 0(1690) f2(1720) 
E (1420) f 1(1420) h (2030) f4(2030) 

The S(975), D(1285), e(1300), E(1420), 0(1690), and 
h (2030) all become f mesons; the new scheme reveals that 
all have PC=+ + and are 3(L odd)j  states. 

C. Mesons with nonzero S, C, B, and/or T 

Since the strangeness or a heavy flavor is nonzero, none 
of the mesons here are eigenstates of charge conjugation, 
and in each of them one of the quarks must be heavier than 
the other. The rules are: 

(1) The main symbol is an upper-case Rom+an 
letter indicating the heavier q_u.ark as follows:* 

s --~ K c ---~ D b --~ B t - -~  T . 
(2) If  the lighter quark is not a u or a d quark, 

its identity is given by a subscript. 
(3) If the spin-parity is in the "normal"  series 

J P  = 0 +, 1-, 2 +, • • • , a superscript "*" is 
added. 

(4) The spin is added as a subscript unless the 
meson is a pseudoscalar or a vector (L =0 states 
in the quark model). 

Thus the pseudoscalar and vector K, K*, D, D ' ,  and B 
mesons do not change names. Established mesons whose 
names do change are: 

Old name New name Old name New name 

QI(1280) K1(1280) L(1770) K2(1770 ) 
r(1350) K(~(1350) K'(1780) K~(1780) 

Q2(1400) K1(1400 ) K*(2060) K,~(2060) 
K*(1430) K](1430) F D s 

~Two different conventions exist in the literature for the sign of the 
flavor of b quarks. We have adopted the convention that the sign 
o f  the flavor o f  a quark is the same sign as its charge, which is true 
for all flavors. Thus the strangeness of the s quark is negative, the 
charm of the c quark is positive, and the bottom of the b quark is 
negative. In addition, I3 of the u and d quarks is positive and 
negative, respectively. The effect of this convention is as follows: 
Any flavor carried by a charged meson has the same sign as its 
charge. Thus the K +, D +, and B +, have positive strangeness, 
charm, and bottom, respectively, and ail have positive 13. The 
Ds + (formerly the F +) has positive charm and strangeness. Furth- 
ermore, the A(flavor) = AQ rule, which is best known for the 
kaons, applies to every flavor. 

The most notable change is that of the F (the cT state) to a 
D s. However, with the prospect of B s, Bc ,  Ts,  and similar 
mesons, there is no consistent and economical alternative. 
The rules can lead to cumbersome symbols, such as a Ds* 2 , 
but such particles are unlikely to be often seen. 

D. Baryons 

The symbols N, A, A, ~, ,7,, and ~ have been used for 20 
years for the baryons made of light quarks (u, d, and s 
quarks), and no change is made to these symbols here. 
They tell the isospin and quark content, and the same infor- 
mation ought to be conveyed by the symbols used for the 
baryons containing one or more heavy quarks (c, b, and t 
quarks). The following system was invented earlier and 
independently by Hendry and Lichtenberg (1978) and by 
Samios (1980). The rules are (see also Fig. 1): 

(1) Baryons with three u and/or d quarks are 
N 's  (isospin 1/2) or/X's (isospin 3/2). 

(2) Baryons with two u and/or d quarks are 
A's (isospin 0) or Z's (isospin 1). If the third 
quark is a heavy quark (not an s quark) its identity 
is given by a subscript. This nomenclature is 
already used for the Ac(2281), Zc(2450 ), and 
Ab(5500). 

(3) Baryons with one  u or d quark are E's 
(isospin 1/2). One or two subscripts are used if 
one or both of the remaining quarks are heavy: 
thus ~c '  #'cc, ¢"b' etc. The possible but not 
established A (2460) is renamed the Ec(2460 ). 

(4) Baryons with no u or d quarks are ft's 
(isospin 0), and subscripts indicate any 
heavy-quark content. T.he possible but not 
established T(2740) is renamed the f~c(2740). 

In short, the total number of u and d quarks together 
with the isospin determine the main symbol, and subscripts 
indicate any content of heavy quarks. A ~ always has isos- 
pin 1, an ~2 always has isospin 0, etc. The only baryons 
whose names change are the A and the T. 

Note in Fig. 1 that the SU(4) 20-plet that contains the 
basic SU(3) octet has an f~c and an ~2cc although it has no ~. 
It has two  Ec'S, which would be distinguished by mass (they 
might also be distinguished by a prime on the heavier of the 
two). 

(a) (b) 

~ +  ~ +  

~o + +  

- ,A~÷  

Z ~  Z ÷ Z ÷ 

~ _  ~(J 

Fig. I. SU(4) multiplels oI baryons made of u, d, s, and c quarks. 
(a) The 20-plet with an SU(3) octet. (b) The 20-plet with an SU(3) 
decuplet. 



IV. P R O C E D U R E S  

A. Selection and treatment of data 

The  Full Listings conta in  a comple te  record of  all 
relevant data known to us. As a general rule, we do not  
include results f rom preprints  or conference reports. It is 
our  experience that  preprinted results often change before 
publication,  in some  cases, such results may  be cited but  
not  used in compu t ing  the es t imates  given in the S u m m a r y  
Tables. There are a few except ions  to this  exclusion,  which 
we decide on a case-by-case basis  after consul ta t ion  with the 
experimenters .  

As men t ioned  earlier, we no longer a t t empt  to ma in ta in  
an archival  record o f  data  o f  historical impor tance  only. 
We do, however,  quote the references o f  discoveries,  even 
when  the data  are no longer useful. 

If  data  are included in the Full Listings but  not  used in 
the final average given in the S u m m a r y  Tables,  they are 
enclosed in parentheses .  We give explanatory c o m m e n t s  in 
m a n y  such cases. If no c o m m e n t  is given, the reason the 
data  were excluded is one or more  o f  the following: 

• The  data are superseded or included in later results. 
• No error was given. 
• The  data  were conta ined  in a preprint  or conference 

report. 
• The result involves  some  a s sumpt i ons  we do not  

wish to incorporate.  
• The  m e a s u r e m e n t  has  poor signal-to-noise ratio, low 

statistical significance, or is otherwise o f  m u c h  
poorer  quali ty than  other  data  available. 

• The  m e a s u r e m e n t  is clearly inconsis tent  with other  
results which appear  to be highly reliable (see discus- 
sion in Section IV Part D below). 

• The  m e a s u r e m e n t  is not  independen t  o f  other  
results, e.g., it is f rom one o f  several part ial-wave 
analyses,  all o f  which use the same data,  rendering 
averaging meaningless .  

In some  cases, none of  the m e a s u r e m e n t s  is entirely reli- 
able and  no statistically meaningfu l  average is quoted.  For 
example ,  the masses  o f  m a n y  of  the baryon resonances,  
obta ined f rom part ial-wave analyses,  are quoted as a range 
thought  to probably include the true value rather than  as an 
average with error. This  is d iscussed in more  detail in some  
of  the mini - reviews in the Baryon Full Listings. 

For upper  limits,  we normal ly  quote in the S u m m a r y  
Tables  the strongest  l imit  available f rom a single experi- 
ment .  We do not  average or combine  upper  l imits  except in 
a very few cases where they may  be re-expressed as meas-  
ured n u m b e r s  with Gauss ian  errors. 

For q u a n t u m  n u m b e r  ass ignments ,  we indicate in the 
S u m m a r y  Tables  those which are either well establ ished or 
probable. In the Meson S u m m a r y  Table, we underl ine 
those  we consider  well established; the others  are inferred 
f rom whatever  exper imenta l  evidence is available. In the 
Stable Particle S u m m a r y  Table, nearly all q u a n t u m  
n u m b e r s  are well establ ished and  we do not  underl ine;  those  
which are not  well es tabl ished are indicated by a footnote.  

As is cus tomary ,  we a s s u m e  that  antipart icles are the 
result o f  operating with C P T  on particles, so both share the 
same spins, masses ,  and  m e a n  lives. There  is an entry in 
the Miscel laneous Section, Tests  o f  Conserva t ion  Laws, list- 
ing tests o f  C P T  and other  conservat ion  laws. 

B. Criteria for new states 

An exper imental is t  who sees indicat ions o f  a new state 
will o f  course want  to know what has  been seen in that  
region in the past. Hence,  we include in the Full Listings all 
reported states which have  not  been, in our  opinion,  
d isproved by better (e.g., more  reliable) data. 

For the S u m m a r y  Tables we are m u c h  more  conserva-  
tive. We include only those reported states which we feel 
have  a large chance of  survival .  One ' s  bett ing odds for sur- 
vival are o f  course subjective; therefore no precise criteria 
can be defined. For more  detailed discussions,  see the 
mini- reviews in the Full Listings. In what  follows we shall 
a t t empt  to specify some  guidelines. 

(a) W h e n  energy-independent  partial-wave analyses are 
available (most ly for coN resonances),  approximate  Breit- 
Wigner  behavior  of  the ampl i tude  appears to us  to be the 
mos t  satisfactory test for a resonance.  We can check that 
the Argand plot follows roughly a left-hand circle, and  that  
the "speed"  o f  the ampl i tude  also shows a m a x i m u m  near 
the resonance energy; further, there should  be data well 
above the resonance,  showing that  the speed again 
decreases. Indeed, proper behavior  of  the partial-wave 
ampl i tude  often establishes a resonance even if its elasticity 
is too small  to make  a noticeable peak in the cross section. 

(b) When  there are insufficient data  to perform energy- 
independent  analyses, one often resorts to energy-dependent  
part ial-wave analyses. In this  case Breit-Wigner behavior  is 
an input.  We usually require that  resonance solut ions be 
found by se_veral different analyses, preferably in different 
channels  ( K N  --~ K N ,  ¢rZ, etc.), before put t ing the claim in 
the S u m m a r y  Tables. 

(c) Stable particles, mos t  meson  resonances,  E reso- 
nances,  and  h igh-mass  N,  A, A, and  Z resonances  fall into a 
category for which no partial-wave analyses exist. In gen- 
eral, we accept such states if  they are experimental ly reli- 
able, o f  high statistical significance (4.5~r or better), or 
observed in several different product ion processes. 

(d) Partial-wave analyses o f  three-body final states (TrN 
--~ ~rTrN) are also available. While  these analyses are based 
on the isobar model  (TrN ~ pN,  7rA, etc.) and  are subject to 
theoretical objections of  varying importance,  they provide 
increasingly reliable informat ion  on inelastic decay modes  
o f  otherwise-established resonances.  

C. Statistical Procedures 

We divide this d iscuss ion on obtaining averages and  
errors into two sections: 

1. The  uncons t ra ined  case, or "s imple  averaging;" and  
2. The  const ra ined case. 
In what  follows, the te rm "error"  m e a n s  one s tandard 

devia t ion  (Iv); that  is, for central value 2- and  error 62-, the 
range 2- _+ 6Z const i tutes  a 68.3% confidence interval. 

1. Unconstrained averaging 

We use a s tandard  Gauss ian  procedure with a "scale fac- 
tor" applied to the errors as our  me thod  of  averaging the 
data. The  Student ' s  t-distr ibution,  the basis o f  an  earlier 
exper iment  o f  ours  in data  averaging, would give more  con- 
servat ive (and perhaps more  realistic) errors at the two- 
s tandard-devia t ion  (2tr) and  higher level, bu t  we do not  
choose to quote  such errors. It is worth bearing in mind ,  



however,  that  a 2G error might  more  realistically be some-  
what larger than  twice a l a  error, owing to the non-  
Gauss ian  character  o f  some  sets o f  real measuremen t s .  This  
is a persis tent  problem in data averaging arising f rom the 
existence o f  mildly discrepant  measuremen t s .  

We begin by a s s u m i n g  that  m e a s u r e m e n t s  o f  a given 
quant i ty  are uncorrelated,  and  thus  we calculate a weighted 
average and  error 

w i = [1/(6xi)2 ] , (1) 

where x i and 6x i are the value and  error, respectively, 
reported by the i th  exper iment ,  and the s u m s  run over  N 
exper iments .  We also calculate X 2 and  compare  it with its 
expectat ion value; a s sum i ng  that  the m e a s u r e m e n t s  obey a 
Gauss ian  distr ibution,  this is N -- 1. 

I f x 2 / ( N  -- 1) is less than  or equal to 1, and there are no 
k n o w n ~ r o b l e m s  with the data, we accept the above results. 

If X~/(N - 1) is very large, or  if there is prior knowledge 
o f  extremely large inconsis tencies  a m o n g  exper iments ,  we 
may  choose not  to average the data  at all. Alternatively, we 
may  quote  the calculated average, but  then  give an educated 
guess  as to the error; such a guess is generally a qui te  con- 
servat ive es t imate  designed to take into account  known 
problems with the data. 

Finally, if X2/(N - 1) is greater than  1, but  not  greatly 
so, we still average the data, but  then  also do the following: 

(a) We plot an  ideogram to display the pattern o f  the 
data. Somet imes  only one or two data points  lie apart  f rom 
the ma in  body; other  t imes  the data  split into two or more  
roughly equal-sized groups. The  reader may  use this infor- 
ma t ion  in deciding upon  an al ternat ive average, but  caut ion 
is urged, as "out ly ing"  data  points  are some t imes  the 
"correct"  ones. An example  o f  such an ideogram is given in 
Fig. 2 below. Each exper iment  appearing in the plot is 

W E I G H T E D  AVERAGE 
2 2 8 1 . 2  ~ 3 . 0  ( E R R O R  S C A L E D  B Y  1.9  ) 

---~+ 

2220  2260  

.'~* mass  

k 2 

. . . . . .  ALEEV 84 BIg2 

. . . .  ADAMOVICH 84 EMUL 

. . . . . .  KITAG~KI 82 DBC 0.~ 

. . . . . .  BOSETT] 82 HBC 0 4 

. . . . . .  RUSSELL 81 SPEC 0 3 

. . . . .  KJTAGAKI 80 3BC 0 4  
. . . . . .  CALICCHIO BO H~B~ 8.7 

. . . . . .  ALLASIA 80 EMUL 

. . . . .  ~BRA~S 80 SMK~ 04  
. . . .  GIBON] 79 SPEC 3 7  
. . . . . .  C~0PS 79 DBC 5,1 

. . . . . .  ~ALT~Y 79 HLBC 5 8 

. . . . .  KNAPP 76 SPEC 4.5 

. . . . . .  CAZZOLI 75 HBC 

( (onf lden(e  Level ~ 0 001) 

2300  3 3 4 0  

Fig. 2. Ideogram of measurements of the A + mass. The "'data 
, , C 

point" at the top shows the poslUon of the weighted average, while 
the width of the error bar (and the shaded pattern beneath it) shows 
the error in the average after scaling by the SCALE factor. Only 
those experiments indicated by + error flags were precise enough to 
be accepted in the calculation of the SCALE factor; the column on 
the far right gives the x 2 contribution of each of these experiments. 
The less precise experiments were included in the calculation of the 
weighted average, but not SCALE; they have ± error flags. 

represented by a Gauss ian  with central value x i ,  error 6x i, 
and area proport ional  to 1/6x i. The choice o f  area is some-  
what  arbitrary; it a s sumes  that  an exper imenter  will work to 
reduce the systematic  errors until  they are slightly smaller  
(but se ldom m u c h  smaller) than  the statistical errors. Thus ,  
as a physicist  collects more  events,  he or she will use them 
both to reduce the statistical errors and  to s tudy the biases. 
Our  confidence that  a significant sys temat ic  error has not  
been made  in a given experiment ,  as compared  with other  
contradictory exper iments ,  then  tends  to go up as 1/6x i. 

But why not  assign a weight 1/(6x i)2, as is done when 
comput ing  a weighted average? We feel that  this assign- 
m e n t  is equivalent  to a s suming  that  large systemat ic  errors 
are as infrequent  as large statistical f luctuations,  and  that 
this a s sumpt ion  is unrealistic. 

We emphas ize  the difference between least-squares 
averaging (where the weighting factor is the inverse square 
o f  the error) and  the ideograms prepared for visual  display. 
The  former  ar i thmet ic  is o f  course best i f  one has  unbiased 
data whose errors are well unders tood.  In particular, the 
error analysis  a s sumes  that  the true error on each d a t u ~  is 
sampled  f rom a Gauss ian  whose width is correctly reported. 
Then  we obtain a narrow Gauss ian  dis t r ibut ion centered at 
the weighted mean  for the answer. The  ideogram (often 
mul t ipeaked and  certainly not  Gauss ian)  is based on the 
opposite hypothesis  that  some  of  the input  is systematical ly 
in error. The idea behind least-squares averaging is that  
exper iments  1, 2, 3, etc., are all valid (so we should mult i-  
ply their probabilities). Our  ideograms are based on the 
a s sumpt ion  that  1 or 2 or 3, etc., is valid, "hedged"  with 
l / 6 x  i betting odds; we then add their probabilities. Both 
approaches  cannot  s imul taneous ly  be right; we allow the 

• reader to choose. However,  we quote  the least-squares 
result in the S u m m a r y  Tables. This  is the mos t  precise 
value if the data  satisfy the appropriate  a ssumpt ions .  A 
glance at the ideogram will show that  the difference between 
the two approaches  is usually not  severe. 

(b) The  second way in which we try to take account  o f  
X2/(N - 1) being greater than  1 is to scale up our  quoted 
error 6~'- in Eq. (1) by a factor 

SCALE = [X2/(N - 1)]1/2.  (2) 

Our  reasoning is as follows. Since we do not  know which o f  
the exper iments  are more  than one s tandard  deviat ion away 
from the correct value, we a s sume  that  all exper imental is ts  
underes t imated  their errors by the same scale factor (2). If  
we scale up all input  errors by this factor, X 2 becomes  
N - 1, and  o f  course the ou tpu t  error scales up by the same  
factor. 

If  we are to combine  exper iments  with widely varying 
errors, we modify  this procedure slightly. This  is because it 
is the more  precise exper iments  that  mos t  influence not  
only the average value ~ ,  but  also the error 6~-. Now, on 
the average, the low-precision exper iments  each contr ibute  
about  uni ty to both the numera to r  and  the d e n o m i n a t o r  o f  
SCALE, hence the X 2 contr ibut ion o f  the sensit ive experi- 
men t s  is diluted, i.e., reduced. Therefore,  we evaluate  
SCALE by using only exper iments  for which the errors are 
not  m u c h  greater than  those o f  the more  precise experi- 

m e n t s ,  i.e., only those exper iments  with errors less than  6 0 , 
where the ceiling 6 0 is (arbitrarily) chosen 1o be 

60 = 3N1/26~ -.  



Here t3Z is the unscaled error o f  the mean of  all the experi- 
ments.  Note that if each experiment  had the same error 
fix i, then ~ would be tSx i / N  1/2, so each individual experi- 
ment  would be well under the ceiling on SCALE. 

This scaling approach has the property that if  there are 
two values with comparable  errors separated by much more  
than their stated errors (with or without a number  of  other 
experiments  of  lower accuracy), the error on the mean value 
6~- is increased so that it is approximately half  the interval 
between the two discrepant values. 

We wish to emphasize the fact that our scaling pro- 
cedures for errors in no way affect central values. In addi- 
tion, if  one wishes to recover the unscaled error 6~-, one 
need only divide the given error by the SCALE factor for 
that error. 

2. Systematic  errors and correlated measurements 

Many experimental  groups have now adopted the con- 
vention of  presenting results with statistical and systematic 
errors explicitly indicated. Because of  a lack of  space in the 
Full Listings, we usually do not quote the t'~o errors 
separately and at present we combine them. ~ In general we 
add the statistical and the systematic errors in quadrature. 
A comment  is printed whenever  this is done. When aver- 
ages are calculated as described above in Eq. (1), the weight 
w i is based upon the combined  error. 

It may happen that two measurements  have correlated 
errors. For example, a group may improve the statistical or 
systematic errors by further data-taking or analysis. In this 
case we use only the improved result for averaging. The 
earlier result may still appear in the Listings (in 
parentheses), but in general we omit  such obsolete entries. 

A second case of  correlated measurements  is the 
occurrence of  a c om m on  systematic error in experiments  
which are statistically independent .  If two results 
A 1 ~- ~rl ± S and A 2 -+ or2 - S have completely correlated 
systematic errors S,  one must  first average A 1 -+ ~1 and 
A 2 -+ a2 and then combine the resulting statistical error with 
S.  One obtains, however,  the same result by a second pro- 
cedure, averaging A 1 -+ X ' a l  and A 2 _~ X.¢  2 where 

X = [1 + $ 2 / ~ +  $2/¢r 2] 1,2 (3) 

The second procedure has the advantage that the modified 
entries A i +_ X .a  i may be averaged with further indepen- 
dent  data as in Eq. (1). We therefore adopt  this second pro- 
cedure when appropriate. 

3. Constrained fits 

Except for trivial cases, all branching ratios and rate 
measurements  are analyzed by making a simultaneous 
least-squares fit to all the data and extracting the partial 
decay fractions Pi'  the width F, the partial widths Fi, and 
the associated error matrix. 

Assume, for a simple example, that a state has only three 
partial decay fractions, P1, P2' and P3 ( ~  Pi = 1), which 
have been measured in four different ratios, R l, " " ", R 4, 

§ We are considering a revision of the format of the Full Listings 
which would allow separation of these types of error, and also allow 
presentation of asymmetric errors. 

where, e.g., R 1 = P1/P2,  R 2 = P1/P3,  etc.** Further 
assume that each ratio r has been measured by N r experi- 
ments  (we designate each experiment  with a subscript x ,  
e.g., R lx) '  We then find the best values of  P 1, P2, and P3 
by minimizing X2: 

X2 ~ ~ I ~ Rrx - Rr(PI'P2'P3) ) 2] 
r = 1 I x  = 1 6Rrx . (3) 

In addit ion to the fitted values Pi,  we calculate an error 
matrix (3P;fPs) .  We tabulate the diagonal elements of  6P i 
= ( b ~  ~ff//)'1/2 (except that some errors are scaled as dis- 
cussed below). In the Full Listings we give the complete 
error matrix; we also calculate the fitted value of  each ratio, 
for comparison with the input data, and list it below the 
relevant input, along with a simple unconstrained average of  
the same input. 

Two further comments  on the example above: 
(1) There was no connection between measurements  of  

the width and the branching ratios. But often we also have 
information on partial widths F i as well as total width P. 
In this case we must  introduce I" as a parameter  into the fit, 
along with the relations F i = FPi, ~ Pi = 1"" When 
appropriate, we tabulate the F i along with the Pi, and give 
error matrices in the Full Listings. 

(2) We do not allow for correlations between input data. 
We do try to pick those ratios and widths which are as 
independent  and as close to the original data as possible. 

For asyrnmetric errors, we use a continuous function of  
6(P) + and r~(P)- in the fitting. When no errors are 
reported, we merely list the data for inspection. 

Inconsistent constrained data. Accordir/g to Eq. (3), the 
double sum for X 2 is first summed over experiments x = 1 
to N r, !earing a single sum over ratios 

X 2 = ~ X 2. 
r 

We lest for SCALE factors after the fit. Knowing the fitted 
Xr 2 and its expectation value (X2), we form SCALE factors 
(just as before), i.e., 

(SCALE)2 = 2 2 X r / (X  r ) , 

and if  any (SCALE)r is greater than 1, all N r of  the meas- 
urements  of  that particular ratio are equally penalized by 
having their errors increased by (SCALE) r. We then recycle 
the full fit, yielding new values 6 P / f o r  the errors in the par- 
tial decay modes,  as well as new central values ~ .  

Because & t h e  constraint ( ~  Pi = 1), some of  the new 
SCALE factors may still be greater than i. If  this is so, the 
whole procedure (i.e., increasing errors by the new SCALE 
factors and recycling through the fit) is repeated until the 
process converges. 

At the end, we have final estimated errors 6ff/' for the 
P/.  If  SCALE factors have been used, they normally will 
have caused a shift in the central fitted values ff~, as well as 
havinggiven  larger errors ~3P;. Often we find that the shift 
I P i -  ~ I due to the SCALE factors is the same size as (or 

** We can handle any ratio R of the form ~ a i P i / ~  ~iPi, where 
a~ and 3i are constants, usually 1 or 0. The forms R = Pi'Pj 
and R ~ (Pi'Pj ) t/2 are also allowed. 



greater than) the ~iR" We have decided to incorporate this 
shift into our errors as a reflection of the uncertainty due to 
the introduction of the SCALE factor; we tabulate an error 

where P-i is the fitted value of the ith partial decay mode 
before scaling, ~ is its value after all scaling, and ~P; is the 

in P~[. The SCALE factors we finally list in such e r r o r  c a s e s  

are defined by 

(SCALE)/ = (&Fi)tab/C~- . 

However, in line with our policy of not letting SCALE affect 
the central values, we quote the values of Pi obtained from 
the original (unscaled) fit [which are always less than or 
equal to one standard deviation from ~.', by construction of 

(6Pi)tab]. 

D. Discussion 

The entire question of averaging data containing 
discrepant values is nicely discussed by Taylor (1982). He 
considers a number  of algorithms which attempt to incor- 
porate data which are not completely consistent into a 
meaningful average. Problems occur because it is very diffi- 
cult to develop a procedure which handles simultaneously 
in a reasonable way two basic types of situations: (a) data 
which seem to lie apart from the main body of the data are 
incorrect (contain unreported errors); and (b) the opposite 
(the main body of the data is systematically wrong). Unfor- 
tunately, as Taylor shows, case (b) is not infrequent. His 
conclusion is that the choice of procedure is less significant 
than the initial choice of data to include or exclude. 

We place a great emphasis on the choice of data to 
include or exclude. Unfortunately, the volume of data pre- 
cludes spending as much time on the problem as we would 
like. We address this problem by soliciting the help of as 
many outside experts (consultants) as possible. In the final 
analysis, however, it is often impossible to determine which 
(if either) of two discrepant measurements is correct. Our 
SCALE factor technique is an attempt to address this 
ignorance by increasing the error above that suggested by 
least-squares analysis. In effect, we are saying that present 
experiments do not allow a precise determination of this 
constant because of unresolvable discrepancies, and one 
must await further measurements. The reader is warned of 
this situation by the size of the SCALE factor; he or she is 
then able to go back to the literature (via the Full Listings) 
and redo the average as desired. 

Our situation with regard to discrepant data is easier to 
handle than most of the cases Taylor considers, such as esti- 
mates of the fundamental constants like h, etc. Most of the 
errors in his case are dominated by systematic effects, In 
particle properties data, statistical effects are often at least 
as large as systematic effects, and statistical errors are usu- 
ally easier to estimate. A notable exception occurs in 
partial-wave analyses, where different techniques applied to 
the same data yield different results. In this case, as stated 
earlier, we often do not attempt an average, but just quote a 
range of values. 

A brief history of Particle Data Group averages is given 
in Rosenfeld (1975). Updated versions of some of 
Rosenfeld's figures are shown in Fig. 3. The least-squares 
error is shown by the thick portion of the error bars; the full 

error bar exhibits the SCALE factor extension. 
Some cases of rather wild fluctuation are shown; this 

usually represents the introduction of significant new data 
or the discarding of some older data, Older data are some- 
times discarded in favor of more modern data if it is felt 
that the newer data had fewer systematic errors, had more 
checks on their systematic errors~ made some corrections 
unknown at the time of the older experiments, or some such 
reason. Near the time at which a large jump takes place, 
the SCALE factor sometimes becomes large, reflecting the 
uncertainty introduced by the new existence of partly incon- 
sistent data. 

By and large, a full scan of our history plots shows a 
rather dull progression toward greater precision at a central 
value completely consistent with the first data point shown. 
These plots are available on request from the Berkeley Par- 
ticle Data Group. 

We conclude that the reliability of the combination of 
experimental data and Particle Data Group averaging pro- 
cedures is usually good, but it is important to realize that 
fluctuations outside of the quoted errors can and do occur, 
perhaps with more frequency than expected for truly Gaus- 
sian errors. 
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Stable Particle Summary Table 
(stable under strong decay) 

For additional parameters, see Addendum to this table. 

Quantities in italics are new or have changed by more than one (old) standard deviation since April 1984. 

Mean life b 
Mass b r (see) Partial decay modes 

Particle /G(jPC) a (MeV) er (cm) Mode Fraction b p (MeV/c) c 

G A U G E  B O S O N S  

0,1(1--) ( < 3× 10 -33) ....... stable 

W J =  1 81.8 I"<6.5 GeV ev seen 40.9 GeV/c 
-Z-_ 1.5 GeV #v seen 40.9 

Z 92.6 F <4.6 GeV e + e - seen 46.3 GeV/c 
_+ 1.7 GeV #+#-  seen 46.3 

L E P T O N S  

1 46 eV d stable stable IP e J = ~ < 
[r> 3x 108m Ve sec (m Ve in MeV) ] 

e j = ±  0.5110034 stable stable 2 
+_0.0000014 MeV (>2xlO22years) 

I t  J = ± < 0.25 stable stable 
2 It> 1.1xlO5m sec (mvu in MeV)] P# 

~,L j = l  105.65916 
_+ 0.00030 

S=I . I*  

U- ~ (or #+ -,-chg. conj.) 
2.19703×10 - 6  e -Tv  (100 )% 53 

+_0.00004 t[e-_~v'y e( 1.4 +_ 0.4)% 53 
e VeV , (<5 )%] LF 53 

cz=6.5865×104 e~-~-ve+e - e( 3.4 +_ 0.4)×10 -5  53 
e - T  (<1.7 )×10 -10 LF 53 
e - e + e  - ( <2.4 )xlO -12 LF 53 
e-'YT ( <8.4 )xl0 -9  LF 53 
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Particle  

Stable Particle Summary Table (cont'd) 

M a s s  b 

~(J%~ (MeV) 

M e a n  life b 

r (see) 
cr (cm) 

Partial  decay modes  

M o d e  Fraction b p (MeV/c) o 

l < 70 11 r J = 

1 J = ~ -  1784.2 
±3.2 

(3.3±0.4)x 10 -13  

c r = 0 . 0 1 0  

1 

T-- 

e chgd.parts. 
+ g -  chgd.parts. 

, - 3 '  
e - 7  
, - # + g -  

e - , + ,  - 
# e+e  - 
e - e + e  - 
#-Tr 0 
e-Tr 0 
. - K  o 

e - K  ° 
u - p  o 

e -p0 

0, (or r ÷ --~chg. conj.) 

<4 )% 
<5.5 ) x l 0  - 4  LF 889 
<6 .4 )x  10 - 4  LF 892 
<4.9 )x 10 - 4  LF 876 
<3 .3 )x10  - 4  l_F 886 
<4 .4 )x10  - 4  LF 889 
<4 .0 )x  10 - 4  LF 892 
<8 .2 )x10  - 4  LF 884 
<2.1 ) x l 0  -3  LF 887 
< 1 .0 )x l0  - 3  LF 819 
< l . 3 ) x 1 0  - 3  LF 823 
<4 .4 )x10  - 4  I F  722 
<3 .7 )x10  - 4  l_F 726 

r -  ~ ,  (or r + ---~chg. conj.) 

par t ic le-  neutrals 
,a pv 
e ~ -v  
hadron-  >~07r° v 

had ron-  v 
7r v 
K - v  

hadron - >~ 17r ° v 
p - p  

r - ~  "° (non-res.) v 
7r- 7r°Tr°v 
7r-Tr°Tr°Tr°p 
K -  >~lzr°v 

-/r- 7r - rr + ~071-0 v 
7r ~r rr + >~l~r°v 
7~ 7/" 71"+/) 

7r-p0V 

lr 7r 7r + (non-res.) 
~ - ~ r - T r + K  ° ~ 0 T v  
K 2charged >Orc°v 

K-7r+Tr - ~OrrO v 
K +  K - r r - v  

37r- 27r + >~orrO v 
3 r - D r + v  
37r-2~r %r°v 

t"[K*(892)-v 
K~(1430)-v 

86.5 • 0.3 )% 
17.6 -+ 0.6 )% 889 
17.4 _+ 0.5 )% 892 
51.6 +_ 0.7 )% 
10.8 _+ 1,1 )% 
10.1 _+ 1.1 )% 887 
0.67_+ 0.17)% 824 

40.8 +_ 1.3 )% 
21.8 _+ 2.0 )% 726 

0.3 +_ 0.3 )% 881 
6.0 -+ 3.5 )% 866 
3.0 +_ 2,7 )% 840 
1.0 -+ 0.3 )% 

13.4 _+ 0.3 )% 
5.3 +_ 0.8 )% 
8.1 _+ 0.7 )% 865 
5.4 _+ 1.7 )% 718 

< 1.4 )% 865 
< 0 . 2 7  )% 

( <0.6 )% 
( 0.2 +_ 0.2 )% 
( 0.2 +_ 0.2 )% 690 
( 0.15 ++ _ 0.04)% 
( 0.07_+ 0.03 )% 
( 0.07++_ 0.03 )% 
( 1.7 ± 0.7 )% 669 
( <0.9 )% ] 323 

Searches for massive neutrinos and lepton mixing "l 
v bounds from astrophysics and cosmoJogy ] See Addendum and the Stable Particle Full Listings 
Heavy lepton searches 

L I G H T  M E S O N S  a [ r  + = ud-, 7r ° = ( u g - d d ) / ~ f 2 ,  ~r- = ~d,  • = e l (UU+dY)+c2(s s~]  

rr + --2 (or r r -  ---~chg. conj.) + 
T - -  1-(0 ) 139.5685 

+_ 0.0010 
S=1.5 * 

mcr ±--  m u  + - =33,9093 
±0 .001I  
S=1.6"  

2.6030x 10 - 8  
+ 0.0023 

cr=780.4 

~t+v 
e+p 

tl.+v~, 
e + PT 
e + pTr 0 

e+ve+e  - 

t£+~e 
. + V  e 

100% 30 
( 1.228_+0,022)×10 - 4  S=1.8"  70 

e( 1.24 _+0.25 ) x l 0  - 4  30 
e( 5.6 +_0.7 ) x l 0  - 8 ]  70 
( 1.025_+ 0.034)x 10 - 8  5 
( <5 ) x l 0  - 9  70 
( <1.5 )x10 - 3  30 
( < 8  )×10 - 3  LF 30 

T O 1-(0 - + )  134.9642 0-87x10 -16  ~'3' ( 98.799+0.030)% 67 
_+0.0038 +0.04 S=1 .8"  y e + e  - { 1.198 )% 67 

e + e - e + e  - J( 3.24 ) x l 0  - 5  67 
m + - m  ~ =4.6043 c r = 2 . 6 x 1 0 - 6  'y'yy ( <3.8 ) x l 0  - 7  C 67 

r -  ~r~+_ 0.0037 "y'yy'y ( <4 ) x l 0  - 6  67 
e+e  - ( 1.8 z 0.7 ) x l 0  - 7  67 
vv ( <2.4 )xlO - 5  67 
. + e - + ~ z - e  + ( < 7  ) x l 0  - 8  LF 26 
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Particle 

Stable Particle Summary Table (cont'd) 

Mass  b 
~( jec )  ~ (MeV) 

Mean life b 
r (see) 

(cm) 

Partial decay modes 

Mode Fraction b p (MeV/c )  c 

0+(0 -+ )  548.8 
_+0.6 

S= 1.4" 

£ = ( 1 . 0 5 t 0 . 1 5 )  keV fTY 
S= 1.7" .I 3r ° 

Neutral d e c a y s / [  ~°,~7 
(70.9_+0.6)% .rr+rr-rro 

7r+rr-y 
e + e - y  
#+#-~, 

e+e - 
#+#-  

Charged decays rc+rr-e+e - 
(29.1 _+0.6)% r r + r r - y y  

rr + r r -  7r0,y 

7r+Tr - 
rrOe+e - 
7ro/z+/z - 
rou~-~-y 

38.9 -+ 0.4 )% 274 
31.90_+ 0.35 )% 180 

0.078_+0.012 )% 258 
<5 )xl0 -4  C 274 
23.7 _+ 0.5 )% 175 
4.91_+ 0.13 )% 236 
0.50_+ 0.12 )% 274 
3.1 _+ 0,4 )xl0 -4  253 

<3 )xl0 -4  274 
6.5 -+ 2.1 )xl0 -6  253 
0.13-+ 0.13 )% 236 

<0.21 )% 236 
<6 )xl0 -4  175 
<0.15 )% P, CP 236 
<5 )xl0 -5  C 258 
<5 )xl0 -6  C 211 
<3 )xl0 -6  211 

S T R A N G E  M E S O N S  a [K + = uT, K ° = aT, ~ o  = ds ,  K -  = Es ] 

K + ½(0-) 493.667 
_+0.014 

m Ko- -  m K + =4.0 5 
_+0.07 

K + ~ :  (or 
1.2371x 10 -8  # v 

_+0.0026 S = 1.9" rr%r ° 
7r+Tr +Tr - 

cr=370.9 rr+rr% o 
rrO#+p 
7rOe+/, 

~'[#+vy 
/z+vy (SD+) g 
7r+rr° T 
7r+rr+Tr-T 
7r0~z +pT 
7r0e + p-y 
7r%r°e + v 
7r+Tr-e+p 
71-~ Tr.q-e ~ 
7.r + Tr-#+ p 
7r+Tr+iA~-p 
e+p 
e+vT (SD+) g 
e+v7 (SD--)g 
7r+e+e - 
7r~e+e + 
rr+iz +# - 
rr+y~ 
rr+'yTT 

71- a e +~/. ± 

7r + e - / . t  + 

e +ppT 
/.z + pP~ 
# + p e + e  - 
l z - P e  + e + 
e + v e + e  - 

la+Ve 
7roe + 7  e 

K -  -+chg. conj.) 

63.51 -+ 
21.17+_ 
5.59+_ 
1.73_+ 
3.18_+ 
4.82_+ 

e( 5 . 4 +  
( <3.0  

h,e( 2.75_+ 
~( 1.o_+ 
e( <6 
e( 3.7_+ 

1.8 + 
3.90 ± 

<1.2 
1.4 _+ 

<3.0 
1.54± 
1.52+_ 

<1.6 
2.7 _+ 

<1 
<2 .4  

e(<8 
e( <1.0 

<1 .4  
<7 
<5 

< 6  
< 6  

11 
<2.0  

2 
< 4  

' <3 .3  
< 3  

0.16 )% 
0.15 )% 
0.03 )% S= 
0.05 )% S= 
0.10)% S= 
0.05 )% S= 
0.3 )×10 -3  

)xlO -5  
0.16)x10 -4  
0.4 )×10 _4 

)xl0 -5  
1.4 )xl0 -4  ] 

2.4 ) X 1 0 - - 5  
0.6 
0.15)x10 -5  

xlO-8 
0.9 xl0 -5  

xl0 -6 
0.07×10 -5 
0.23 x 10 -5  

xlO -4  
0.5 xlO -7  

xlO -8  
×10 -6  
xlO -6  
×10 -4  
xlO -7  
xl0 -9  
×10 -9 
xlO-5 
xlO -6  

_+ 3 xlO -7  
x10-8 

+ 21 xl0 -7  
xlO -3  
x10-3 
x10-3 

236 
205 

1.1" 125 
1.4" 133 
1.9" 215 
1.1" 228 

236 
236 
205 
125 
215 
228 
207 
203 

S Q  203 
151 

S Q  151 
247 
247 
247 

FC 227 
L 227 
FC 172 

227 
227 

FC 227 
L F ,  or L 214 
LF 214 

247 
236 
236 

LF 236 
247 

LF 236 
L 236 
L 228 
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Particle I (jP) a 

Stable Particle Summary Table (cont'd) 
Mean life b 

Mass b r (see) Partial decay modes 

(MeV) cr (era) Mode Fraction b p (MeV/c) c 

g o 

Ko 

KO 

½(o-) 497.72 
_+0.07 

S=1.4" 
0.8923x10 - lO  

"+0.0022 

cr=2.675 

½¢o-) 5.183x10 - 8  
_+0.040 

cr=1554 

mKL --mK-"S ~ 0.5349 xl010 h s e c - I  
-+0.0022 

3.521 x l 0 - 1 2 M e V  
-+0.014 

5 0 % K s ,  50%K L 

7r+r - ( 68.61_+ 0.24)% 
r07r 0 ( 31.39 )% S = l . l "  

, I t + r - 7  e( 1.85~ 0.10)×10 - 3  ] 
/~+#- <3.2 )xlO - 7  FC 
e+e - < 3 . 4  )×10 - 4  FC 
Y7 < 4  )xlO - 4  
r + T r - r  ° <4.9 )x 10- 5 
7r%°r ° )x 1 O- 5 

r ° r ° r  ° 21.5 ~ 1.0 )% S=1.7" 
r + T r - r  ° 12.40"+ 0.20 )% S=1.3" 
rr±#Zv 27.1 + 0.4 )% S=l .4*  
7r±eZv 38.7 -+ 0.6 )% S=1.5 * 
r + r  - t.( 0.203---0.005)% S=I .1  * 
r ° r  ° ~( 0.094_+0.019)% S=1.5" 

t [ r e v y  e( 1.3 _+ 0.8 )% 
7r+r-3,  e( 4.41-+ 0.32 )xlO - 5 ]  
zr°77 ( <2.4 )x 10 - 4  
77  ( 4.9 _+ 0.4 )xlO - 4  
eg J ( < 6  )xlO - 6  LF 
g+p.-  ( 9.1 -+ 1.9 )x l0  - 9  FC 
g + # - 7  ( 2.8 -+ 2.8 )xlO - 7  FC 
r ° # + ~  - ( <1.2 )x l0  - 6  FC 
e+e  - J( <2.0 )xl0  - 7  FC 
e + e - 7  ( 1.7 "+ 0.9 )xlO - 5  FC 
T ° e + e -  ( <2.3 )xlO - 6  FC 
r + r - e + e  - (<2.5  )xlO - 6  FC 
r O r ± e ~ v  ( 6.2 _+ 2.0 )x l0  - 5  
( r # a t o m )  v ( 1.05-+ 0.II  )xlO - 7  
~ t+g-e+e  - ( <5 )xlO - 6  FC 
e+ e - e + e  - ( <2,6 )xlO - 6  FC 

206 
209 
206 
225 
249 
249 
133 
139 

139 
133 
216 
229 
206 
209 
229 
206 
231 
249 
238 
225 
225 
177 
249 
249 
231 
206 
207 
216 
225 
249 

D -  

C H A R M E D  M E S O N S  a 

½(0-) 1869.3 
"+0.6 

m D ._ -- mDo= 4.7 
"+0.3 

[D + = cd-,D O = cfi-,~° = ~ - u , D -  =? -d ;  Ds + = 

k D+ (or D -  --~chg. conj.) 

(9.2~Ii~)x10-13 e + anything ( 18.2 

cr=0.028 K -  anything 
K + anything 
R ° any + K ° any 
r/anything 
e+p 
/z+p 
r + r  0 
r + 71-+71 -- 

t [ K - r + r r  + 
K-r+Tr+Tro 
g - r + r + r +  r -  
~-Or+ 
j~o, a- + 7o 

/~07r + r  +71 - -  
~o K + 
K + K - r  + 
K+rc+r - 

-?[K*(892)% + 
K + K - r  + (non-res.) 
~brr + 
K*(892)°K + 

( 16 
( 6.O 
( 48 

¢ ( < 1 3  
<2.5 
<2 
<0.5 

0.5 
11.4 

6.4 
<6 

4.1 
13.4 
15.2 

1.2 
<1.6 
<0.6 

<6.6 
0.7 
1.0 
0.5 

_+ 1.7)% 
"+4 )% 
+_ 3.3)% 
-* 15 )% 

)% 
)% 
)% 
)% 

"+ 0.2 )% 
+_ 1.1)% 
+_ 1.5 )% 

)% 

+ 0.6)% 
_+ 3.3 )% 
+ 5.8 )% 
"+ 0.4 )% 

)% 
)%] 

)% 
"+ 0.3)% 
+- 0.3 )% 
+ o.s)% 1 

cT, D s -  =c- s ]  

935 
932 
925 
908 
845 
816 
772 
862 
845 
814 
792 
744 
845 
713 
744 
647 
613 



Stable Particle Summary Table (cont'd) 

Particle I (JP) a 

Mean life b 
Mass  b r (see) Partial decay modes 

(MeV)  or (cm) Mode Fraction b p (MeV/c) c 

D 0 

5 0 
½(0-) 1864.6 (4.3"~o°)5)x 10 -13 

• +0.6 cr=O.Ol3 

I m D ° l - m D °  2 I < 6 " 5 x l 0 - 1 0 M e V m  

[ rD o - r D ~ [ / average < 0.55 m 

I'(D°---D°-~U - any) / F(D°--*u -+ any) < 0.044 

k D O -% (or 150 --*chg. conj.) 

7.1 -+ 2.5)% 711 

2.3 -+ 2.1 )% 71l 

9.9 -+ 3.5 )% 679 

0.1 _+ °19 )% 677 
<4.3 )% 844 

2.0 z 1.7)% 842 

1.6 +_ 1.6)% 423 
9.3 + 1.5 )% 613 

- 2 .6  

<2.9 )% 685 
<1.9 )% 198 

1.5 +- 0.4 )% 520 
1.1 -+ 0.5)%] 544 

k D O ~ ;  (o r /5  ° --~chg. conj.) 

t[K*(892)-Tr + 
~ ' * 0 7 r  o 

K - p  + 
~OpO 

K - r r  +Tr ° (non-res.) 
/~°Tr +Tr - (non-res.) 

K~'(892)°p ° 
K-Tr+p  o 

K*(892)°rr+~r - 
K-a2(1320)  + 

K ° K +  K -  (non-res.) 

e + anything 
K -  anything 
K + anything 
g o  any+ K ° any 
r /anything 
71-+71 . _  

7V + "/I" + 7l " 7/" 
# + # -  

~-+71---71-0 
t [K-Tr  + 

K-Tr+zr o 
K-vr+Tr+vr - 
K-Tr  + TrOTr o 
gOT.to 
KOTr + Tr - 

K + K  - 
~OKO 
gOK+ K -  

K ° K - z r  + (non-res.) 
+ C . C .  

/g*(892)°K ° + c.c. 
K*(892)-K + + c.c. 

7.0 _+ 1.1 )% 
44 ± 10 )% S=1.3"  

8 -+ 3 )% 
33 -+ I0 )% 

< 13 )% 
0.18 + _ 0.05 )% 
1.5 -+ 0.6 )% 

<3.4 ) x l 0  - 4  FC 
1.1 +_ 0.4 )% 
5.4 -+ 0.4 )% 

17.3 -+ 1.7 )% 
10.9 +- 1.0 )% 

seen ) 
4.0 -+ 1.8 )% 
8.5 -+ 1.4 )% 
0.64-+ 0.11 )% 

<0.6 )% 
1.6 ± 0.5 )% 

< 1,6 )% 
< O. 7 )% 

1.1 -+ 0.5 )%] 

922 
880 
926 
907 
861 
844 
812 
815 
860 
842 
791 
788 
544 

739 
607 
609 

15 

D s  +- o ( o - )  n 

was  F *- 

1970.5 n 
-+2.5 

S=1 .2"  

Ds~- --2 (or D s-  --*chg. conj.) 

(2.8+1176)x 10 -13  ~bTr + seen ) 
07r + 7r + r - seen ) 

cr=0.008 rpr + possibly seen ) 
rpr+Tr +Tr - possibly seen ) 
r/'lr+r+Tr - possibly seen ) 
q~p+ possibly seen ) 

713 
641 
903 
857 
679 
411 

B O T T O M  M E S O N S  a [B + = ub, B ° = db-, B-O = rib, B -  = u-b ] 

B + ½(o-)p 5271.2 
-+3.0 

mBO-- m B + =4.0 
+3.4 

B 0 ½ ( 0 - ) ,  5275.2 
-0 ±2.8 

B-+, B °, ~-o 
(not separated) q 

F(B--*B--~g- any) < 0.12 
I'(B--,g +- any) 

B + - - 2  ( o r B -  --*chg. conj.) 

/5°7r+ ( 1.1 -+ 0.6 )% 
D*(2010)-rr+Tr + ( 2.7 _+ 1.7 )% 
d/t~(3097)K + ( <2.6 ) x l 0  - 3  
p0r+  ( < 6  )x lO - 4  

B ° ~ (or fro --~chg. conj.) 

/ 5 o 7 r  + 7r - 

D*(2010)-rr + 
D*(2010)-p + 
J / ~( 3097)K+ rr - 
7i.+7F - 

e + e  - 
[,z+l.z - 

e+~  - + c.e. 

(14.2_+2.7)x 10 -13  

cr=0.043 

F(B--~e +-v noncharm-hadrons) < 0.04 

I'(B--*e ± v hadrons) 

e ±v hadrons 
#-+ v hadrons 
D o anything 
K anything 
p anything 
A anything 
e+e  - anything 
# + # -  anything 
J/g,(3097) anything 
D*(2010) -+ anything 

2303 
2243 
1678 
2578 

12.3 _+ 0.8 )% 
11.0 _+ 0.9 )% 
80 -+28 )% 

seen ) 
> 3.6 )% 
>2.2 )% 
<0.6 )% 
<0.6 )% 

1.2 +_ 0.3)% 
23 +_ 9 )% 

7 -+ 5 )% 2299 
1.7 _+ 0.7)% 2253 
s _+J ;% 2i8o 

<6.3 )×10 - 3  1649 
< 5  ) x l 0  - 4  2634 
< 3  )x 10 - 4  FC 2638 
< 2  ) x l 0  - 4  FC 2635 
<3  ) x l 0  - 4  LF 2637 
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Stable Particle Summary Table (cont'd) 
Mean life b 

Mass  b ~" (see) Partial decay modes 

Particle I (JP) a (MeV) ~ (cm) Mode Fraction b p (MeV/c) c 

N U C L E O N S  ~ [p = u u d ,  n = udd  ] 

p 1 1+ 5(~  ) 938.2796 stable Partial mean lifetimes of 
_*0.0027 (> 1.6x 1025 yr or protons (units 1030 yr) 

> 103• _ 3×1032 yr) r 
I q p l - l q , [  < l O - 2 1 1 q e l  s 

Partial mean lifetimes of 
bound neutrons (units 1030 yr) 

e + anything > 0,6 v3' > 11 
g+ anything > 12 e+Tr - > 2 5  

e +'7 > 360 ~+Tr-  > 38 
,u +'y > 2 8 0  e + K - > 1.3 
e+Tr ° > 2 5 0  I.t+K - > 0.4 
~+lr ° > I00  wr  ° > 7 
e + K  ° > 77 v K  ° > lO 
~ + K  ° > 40 e + p  - > 12 
wr  + > 5.8 # + p -  > 9 
v K  + > 9.6 vK*(892) ° > 7 
e+tc  > 37 vvv > 0.0005 
1~+~ > 23 e+Tr°any > 0.6 
e + p  ° > 17 vrl > 18 
~+pO > 16 vp ° > 2 

e + e + e  - > 5 1 0  v ~  > 1 6  
~z+#+/zS > 190 e + e - V  > 26 
vK*(892) + > 9.6 ~ + ~ - v  > 1 9  
e+Tr ° any > 0.6 e - T r  + > 25 

e +'q > 200 g - l r  + > 27 
#%7 > 46 e - p  + > 12 
vp + > 8.4 I,~-p + > 9 

n 1(1+)  2 , 2  , 939.5731 898-+ 16 p e ~  
-+ 0.0027 s = 2.4* p vp 

c~=2.7x1013 
m n - mp=1.293323 

-+ 0.000016 

[qnl < l O - 2 1 ] q e l S  

100% 1.2 
( < 9 ) x l O  -24 O 1.3 

S T R A N G E N E S S  - 1  B A R Y O N S  a [.~ = uds ,  E + = uus ,  E ° = uds ,  "~- = dds ] 

A 0(3 +) 1115.60 2.632x I0 -10 pTr- ( 64.2 )% 100 
• +0.05 +_0.020 S=1.6 * nTr ° (35 .8  -+ 0 .5  )% 104 

S=1.2" p e - v  ( 8.35-+ 0.14)x10 - 4  163 
cz=7.89 p # - v  ( 1.57- + 0.35)x10 - 4  131 

t[pTr- ,  ), e( 8.5 -+ 1.4 )xlO - 4 ]  100 m:~0- m A=76.86 
~0.08 

~ +  1(-~ +) 1189.37 0.800x 10-10 
+ 0.06 _+ 0.004 

S=1.8" 
cr=2.40 

mE---mE+=7'97_+0.07 F ( Z + " ~ g + n v )  < 0.04 

S~  1,3" F(Z-- -~g-n  v) 

]~0 1(~+) t 1192.46 5.8x10 20 
• +0,08 _+ 1.3 

cr=l ,7×10 - 9  

1~-- 1( l+)  1197.34 1.482x10 -10 
• +0.05 _+0.011 S =  1.3" 

m ~ _  -- m 20=4.88 cz=4.44 
-+0.06 

pTr ° (51.64 )% 189 
nTr ÷ ( 48.36-+ 0.30 i% 185 
P3' ( 1.22-* 0 .10)xl0  - 3  S=I .1  * 225 

t[nTr+7 e( 4.5 ± 0.5 )x l0  - 4 ]  185 
A e + v  ( 2.0 + 0.5 )xlO - 5  71 
n/~+v (<3.0 )x l0  - 5  S O  202 
n e + g  ( < 5  )x l0  - 6  S Q  224 
p e + e  - ( < 7  )x l0  - 6  FC 225 

A7 100% 74 
Ae+e - f( 5.45 )x l0  - 3  74 
A'y3~ ( < 3 )% 74 

nTr- 100% 193 
n e - v  ( 1.022_+0.034)x10 - 3  230 
n/.t-v ( 4.5 -+ 0.4 )x l0  - 4  210 
A e - v  ( 5.74_+ 0.27 )×10 - 5  79 

t l n ~ r - 7  e( 4.6 -+ 0.6 )xlO - 4 ]  193 



Stable Particle Summary Table (cont'd) 
Mean life b 

Partial decay modes Mass  b ~" (see) 
Particle I (JP) a (MeV) cr (cm) Mode Fraction b p (MeV/c) c 

17 

S T R A N G E N E S S  - 2  B A R Y O N S  a [2  0 = uss ,  2 -  = dss  

~ 0  ~-(~1 t +) t 1314,9 2.90x10 -10  
• +0.6 _+0.10 

m - _  - -m.o=6 .4  
" "_+0.6 

cr=8.69 

~ - -  l(±+~t 1321.32 1.642x10 - I 0  
2 " 2  

• +0.13 _+0.015 

cr=4.92 

ATr 0 

A7 
Zoy 

pTr- 
pe -v  
~+e-v  
~-e ' - v  
~+#-v  
Z-#+ v 
p # - v  

ATr L 

A e - v  
2;% - v  
A g - v  
X°#-v  

/ '/71-- 

n e - P  

n # - v  

p Tr 7r 

p rr-e-v  
prc # v 
~Oe-v 

100% 135 
0.5 _+ 0.5 )% 184 

<7 )% 117 
<3.6 ) x l 0  - 5  AS 299 
<1.3 )×10 - 3  AS 323 
<1.1 ) x l 0  - 3  120 
<0.9 ) x l 0  - 3  SO 112 
<1.1 ) x l 0  - 3  65 
<0.9 ) x l 0  - 3  SQ 49 
<1.3 ) x l 0  - 3  AS 309 

100% 
5.5 
8.7 
3.5 

<8 
<1.9 
<3.2 
<1.5 
<1.2 
<4 
<4 
<4 
<2.3 

_+ 0.6 
_+ 1 .7  
-+ 3 . 5  

x 1 0 - 4  
x l 0  - 5  
x l 0  - 4  
x l 0  - 4  
x 1 0 - 5  
x l 0  - 3  
x l 0  - 2  
x 1 0 - 3  
x l 0  - 4  
x l 0  - 4  
x l 0  - 4  
x l 0  - 3  

S=2 .0"  

AS 
AS 
AS 

AS 
AS 
AS 

139 
190 
123 
163 
70 

303 
327 
313 
118 
223 
304 
250 

6 

S T R A N G E N E S S  - 3  B A R Y O N  a [a -  = sss I 

~ - -  0(3+)  t 1672.45 0.822x10 -10  A K -  ( 67.8 
_+0.29 -+0.013 E°~r- ( 23.6 

E-'rr ° ( 8.6 
cr=2.46 ~Oe- v ( 5.6 

~(1530)°7r - ( 6.4 
A~r- ( < 1.9 
E - 3 '  ( <2.2 
~,-rc + ~r - ( 4.3 

_+ 0.7 )% 
-+ 0.7)% 
_+ 0.4 )% 
_+ 2.8 ) x l 0  - 3  
+ 51/ )×10 - 4  

)x lO - 4  AS 
) x l 0  - 3  

_+ ~:~ )×IO -4  

211 
294 
290 
319 

449 
314 
190 

/Ikc+ 0(½+) t 2281.2 
_+3.0 

S=1.9"  

C H A R M E D  B A R Y O N  a 

(2.3 +0:8)x 10 -13 pX-Tr* 
p~O 

c r=0.007 p~'°~r + ~r - 

A anything 
t[A~ + 

;~.71- + 7i- -e 71 --  
~07r + 

]'[pK *0 

A + + K -  
pK*-~r + 
e + anything 

t [ p e +  anything 
Ae + anything 

" [Ac + = u d c  1 
2.2 -+ 1.0 )% 
1.1 _+ 0,7 )% 

<4, seen )% 
33 _+ 29 )% 

0.6 _+ 0.5 )% 
< 3.1, seen )% 
seen )] 
0.48+_ 0.30 )% 
0.45_+ 0.27 )% 
seen )]  
4.5 _+ 1.7 )% 
1.8 _+ 0.9 )% 
l . l  _+ o.8 )%1 

820 
870 
751 

861 
804 
822 
681 
706 
575 

~ +  [wasA+] 

~ #  Not established; see the Stable Panicle Full Listings 

AO 
-i 

Searches for top hadrnns, free quarks, magnetic monopoles, See Addendum and the Stable Particle Full Listings 
axinns, supersymmetric particles, and other stable panicles J 
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A D D E N D U M  TO 

Stable Particle Summary Table 

Magnetic moment 
eh 

e u 1.001 159 652 209 
+ 0.000 000 000 031 2meC 

# decay parameters v 

u 1.001 165 923 eh  p = -0.752+_0.003 ~7 = -0.007+_0.079 
-+0.000 000 009 2m c 6 = 0.755-+0.009 ~' = 0.998_+0.042 

# ~" = 0.65+_0.36 ~Pu6/p > 0.9966 w 
o~/A = (0.4-+4.3)×10 -3  a'/A = (-0,2+-4,3)x10 -3  

77 Michel parameter ~/A = (3.9+_6.2)×10 -3  tY/A = (1.5_+6.3)×10 -3  
p = 0.71 _+0.08 ~ = 0,016+-0.076 

Mode Left-right asymmetry Sextant asymmetry Quadrant asymmetry 
17 rr+rc- fro ( 0.12+_0.17)% (0.19_+0.16)% (-0.17_+0.17)% 

rc+rc-y ( 0.88-+0.40)% /3=0.047_+0.062 S=1.5" 

K Slope parameters for K --- 3~r x 

K+--*-rc+rc+rc - g=-0 .215+-0 .004 S=1.4" 
K-.-+rc-rc-rc* g=-0.217+_0.007 S=2.5" 
K-+----rr°rc°rc "z- g=  0.607-+0.030 S=1.3" 
KL0--~-rc+rc-rc ° g=  0.670+-0.014 S=1.6" 

See Full Listings 
for quadratic coefficients. 

AS = - A Q  in KO 3 decay 
R e x  = 0.009-+0.020 S=1 .4"  
I m x  = -0.004+-0.026 S = I . I  * 

Form factors for Ke3 decays v 
( k+  = 0.029-+0.004 { X+ = 0.0300-+0.0016 S=1.2" 

Ke~ I f s / f+ l  = 0.13+-0.04 S=l.3* Ke°3 I f s / f+ l  <0.04 
I f T / f  +l =0.22-+0.14 I f T / f  +] <0.23 

{ ~,+ = 0.033+0.008 S=1.6" ( k+ = 0.034+-0.005 S=2.3" 
Ku~ ~o = 0.004+_0.007 S=1.6'  o ~, ~'o = 0.025--_0.006 S=2.3" 

I f T / f + ]  =0.02_-0.12 Ku3 [ f y / f + l  =0.12 _+ 0.12 

CP-violation parameters y,i 

I t / * - ]  = (2"275_+0'021)×10-3 5 = 

]rtoo] = (2.299+-0.036)x10 - 3  
q~+_ = (44.6_+1.2) ° (9o0 = (54_+5) ° 

In__o12<0.12 Inoool2<O.l 

( -3_+4)×10 - 3  

Re ~ = (1.621_+0.088)x10 - 3  

6 = (0.330+-0.012)% 

Magnetic 
moment 
(e h ~2rap c) 

Decay parameters z 
Measured 

¢(degree) y 

Derived 

A(degree) 

Coupling constant ratios 

p u 2. 7928444 
-+ O. 0000011 I 

f lu  -1.91304308 I p e - v  gA/gv=-l.254-+O.O06 
+ O. 00000054 (a A v=(180.11 +_ 0,17) ° 

A u  -0 .613 prc -  +0.642+_0.013 -6.5_+3'.5 0.76 7.7_+4.1 
+ 0.004 n 7r ° + 0.646 _+ 0.044 

p e - v  gA /gv  = -0'.694_*0.025 S=1.3" 

]~+  2.379 prr ° -0.980+_0.015 36_+34 0.16 187+_6 
• +0.020 nrc + +0.068_+0.013 167_+20 -0 .97  "7'~+ t34 - - - ~ - I 0  

S=I.I* 
P 7  -0 .72  -+0.29 

, ~ - -  -1 .14  ' n rc-  -0.068_+0.008 10_+15 0.98 9ao+12 
. . . .  116 

+-0.05 ne -v  ]gA/gV[=0.362_+O.043 S=1.7" 

S=1.9" A e - v  gv/gA=O.Ol_+0.10 S=1.5" gWM/gA=2.4_+ 1.7 

12+12 ~.~0 -1 .250  3_rc ° -0.413+-0.022 21_+ 12 0.85 2 , ,_18 
+ 0.014 S=2.0" 

~ - -  -0.69 Arc- -0.455+-0.015 4_+5 0.89 187_+9 
+__0.04 S=1.8" 

A e - v  gA /gv=-0.25 -+ O.05 

-- A K -  - 0.024 +_ 0.028 
~'%- +0.09 +0.14 
E-rc  ° +0.05 -+0.21 
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ADDENDUM TO 

Stable Particle Summary Table 
S E A R C H  L I M I T S  

Search limits usually are critically dependent  on assumptions.  Fur ther  details and  other  limits are given in the Full Listings. For  complete 
information,  the original l i terature should be consulted. All limits given below are for CL=0.90, except those marked  with an asterisk (*), 
which are for CL=0.95. 

Leptons 
L + - -  charged lepton 
E ° - -  neutral  paralepton 

e* -+ - -  excited electron 
u* -+ - -  excited m u o n  

v oscillation vu "~ Ve (0 ~ mixing angle) 

M > 22.5 OeV* if~- < 10 nsec 
M > 22.5 GeV* i fE°eW vertex is V - A  

> 24.5 GeV* i fE°eW vertex is V + A  

M > 72 GeV* ifX = I 
M > 25 GeV* ifX = 1 
sin220 < 3.4x 10 - 3  if  AM 2 is large 
AM" 2 < 0.2 eV 2 if  sin220 = 1 

Number of Light Neutrino Types (including re, v ,  and G )  

N ~< 7 from Z width in s tandard  model  
(cosmological limits are lower) 

Additional W Bosons 
W fight-handed M /> 475 GeV* assuming light r ight-handed neutr ino 

W with s tandard  couplings decaying to ev M ~> 210 GeV 

Additional Z Bosons 
[First four are not  in Full Listings; see L.S. Durkin  and  P. Langaeker,  Phys. Lett. 166B, 436 (1986), and  V. Burger et al., Phys. Rev. 
Lett. 56, 30 (1986). ] 

Z '  o f  SU(2) L xSU(2)  R xU(1) M >/275 GeV 
Z x o f  SO(10) --~ SU(5)xU(1)  M ~> 220 GeV 
Z¢, orE 6 --*. SO(10)xU(l)ff  M ~ 114 GeV 

Z o f E  6 ~ SU(3)xSU(2)xU(1)xU(1)n  M >/ 126 GeV 

Z with s tandard  couplings decaying to e + e  - M >/ 160 GeV 
Z f ight-handed M ~ 150 GeV* Rizzo-Senjanovic formal ism 

Higgs Bosons (or Technipions) 
H ± M /> 17 GeV* i f B ( H  -+ --~ ~-v) ~ 0.25" 

M ~ 13 GeV* from hadronic  decays, i f B ( H  -+ --~ bc) is small 
H ° No substantial  limits 

Axions (including nonstandard axions) 
A - -  axion with mass < 100 MeV M >/ 1 MeV assuming 7" A > 10-- 11 sec 

if  magni tudes  of  L & R coupling constants  are equal 
coupling constant  derived from G.U.T.  

coupling constant  derived f rom G.U.T.  
• coupling constant  derived f rom G.U.T.;  

charges are Q~ ~ V~3-~Qx - 5 ~ / ~ Q ~  

Supersymmetric Particles 
Assumpt ions  include: 1) phot ino is lightest supersymmetr ic  particle; 2) R-par i ty  is conserved; 3) mass  o f  exchanged particles is 
less than about  250 GeV; 4) unless otherwise stated, M(fL) ~ M ( f  R), and  u,  d,  s ,  c, and  b scalar quarks are degenerate in mass. 
When two limits are quoted,  the parenthetical  number  has M(fR) >> M(fL). 
- -  phot ino  (~ limits are f rom cosmology) M ~< 100 eV 

~ ' - - s c a l a r  neutr ino 
~ - - s c a l a r  electron 

- -  scalar m u o n  
~ - - s c a l a r  tau 
~ - - s e a l a r  quark  

~ - - g l u i n o  

M >/0.5 GeV 
or  ~> 2 GeV 

/> 5 GeV 

[ M ( ~ )  + M(~e,~) ] > 1.7 OeV 
M ~ 51 (42) GeV 

33 (26) GeV 
22 (21) GeV* 

M > 21 GeV* 
M > 18 GeV* 

M > 6 0 - 7 0  GeV 
M > 5 0 - 6 0  GeV 
M = 0 - 4  GeV 

or = 2 - 4  GeV 
3 - 4  GeV 

Low mass not allowed 

X -+ - -  chargino (mixtures o f  I~ -+ a n d / ~ i  -+) 

X ° - -  neutral ino (mixtures o f  ~, ~0, a n d / t i  °) 

i fMheavy = 20 GeV 
40 GeV 

= 100 GeV 

if M -  = 0 GeV 
v 

= 10 GeV 
19 (15) GeV 

if  M -  ~< 15 GeV 
i f M  ~ < 13 GeV 

7 
depending on M~- 
depending on M~- 
if  M y  > 330 GeV 

= 300 GeV 
= 150 GeV 
< 65 GeV 

Whether  M = 0-0 .5  GeV is allowed is the subject o f  dispute. 
M ~ 22 GeV* if  M~ < 18 GeV and  i fB(~  m --*- iff) ~ 100% 
M > 16.5 GeV* if  ha~lronic decays domina te  
Limits  are extremely model  dependent.  Reported limits based on a 
set of  very specific assumpt ions  may  exclude M --~ 6 - 3 3  GeV. 
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Stable Particle Summary Table (cont'd) 
* S = Scale factor = ~ 1), where N "~ number of experiments. S should be ~ 1. If S > 1, we have enlarged the 

error of the mean, ~- ;  i.e., ~ -  --~ $6~-. This convention is still inadequate, since if  S :>> I the experiments are prob- 
ably inconsistent, and therefore the real uncertainty is probably even greater than S6x, See the Introduction, and ideo- 
grams in the Full Listings. 

t Square brackets indicate subreactions of some previous unbracketed decay mode(s). Reactions in one set of brackets 
may overlap with reactions in another set of brackets. A radiative mode such as ¢c --~ ~ ,~ / i s  a subreaction of its parent 
mode lr ~ gp. 

a. The strangeness S, charm C, and bottom B of the hadrons which appear in the Summary Table are given in the Nonre- 
lativistic Quark Model section. 

b. Quoted upper l imits correspond to a 90% confidence level. Masses, mean lives, and partial rates are evaluated assum- 
ing equality for particles and antiparticles. Decays which are forbidden by a conservation law are indicated by the fol- 
lowing abbreviations: LF ------ lepton family number, L =- total lepton number, B -= baryon number, O ~ electric 
charge, C ~ charge conjugation, P --= parity, AS --= (AS =2), SO =- (AS =AO ), FC =- flavor-changing neutral 
current. See the Tests of Conservation Laws section for further details. 
For a 2-body decay mode, this is the momentum of the decay products in the decay rest frame. For a 3-or-more-body 
mode, this is the maximum momentum any of the products can have in this frame. 
99% confidence level. See footnote in the Full Listings. 
See the Full Listings for energy limits used in this measurement. 
Theoretical value; see also the Full Listings. 
Structure-dependent part with positive (SD+) and negative ( S D - )  photon helicity. 
The direct emission branching fraction is (1.56+_.35)X 10 -5 .  For interference terms in K ----/~t'3', see the Full Listings. 
The K s  ° --,- 7rrr and K ° -+ rrTr branching fractions are from our branching-fraction and rate fits and do not include 
results of K ° - K ° s  interference experiments. The ~rrr rate results are combined with the interference results to obtain 
the [7/+_ [ and 171o0 [ values given in the Addendum. 
The stronger l imit  <2 x 10 -9  of Clark et al., Phys. Rev. Lett. 26, 1667 (1971) is not listed because of possible (but un- 
known) systematic errors; see the Full Listings. 
Many of the D +- and D O hadronic branching fractions have been rescaled to reflect the cross section for charm produc- 
tion determined in a recent experiment. See the Full Listings for details. 
This is a weighted average of D -~ (44%) and D o (56%) branching fractions. 
D o - D O limits inferred from l imit  on D o ~ n ° -+ ~ -  anything. 
D s mass determined from ~Tr mode. See note on conflicting D s meson results in the Full Listings. Quantum numbers 
shown are favored but not yet established. 
Quantum numbers not measured. Values shown are quark model predictions. 
Except for the neutral-current decay modes (t '+t ~- anything), only data from T(10575) deca~s are used. Behrends et al. 
[Phys. Rev. Lett. 50, 881 (1983)] estimate the T(10575) --- B+B - and I'(10575) -+ B°B ° branching fractions to be 
60 ± 2 and 40 _+ 2%. 

r. First l imit  is geochemical and independent of decay mode. Second l imit  assumes that the dominant  decay modes are 
amon4g those investigated. For antiprotons the best mean life limit, inferred from observation of cosmic ray ~"s, is r -  
> 10"yrs, the cosmic ray storage time. P 

s. Limit  from neutrality-of-matter experiments. Assumes [ qn [ = [ qp [ - [ qe [" 
t. P for ~, JP  for ~ -  and ~0  and J for A + not yet measured. Values shown are quark model predictions. 
u. For l imits on electric dipole moment  (forbidden by P and T invariance), see the Tests of Conservation Laws section. 
v. For more details and definitions of parameters, see the Full Listings. 
w. P. is muon longitudinal polarization from 7r decay. In standard V-A theory P = 1 and P = 6 = 3/4. 
x. T~e definition of the slope parameter of the Dalitz plot ' ' ¢ " is as follows [see also note m the Full Listings]: 

IM 12 = 1 + g(s3-SO)/m2 +. 

y. The definition for the CP-violation parameters is ~ts follows [see also note in the Full Listings]: 

r/+_ = [ r t + _ l e  i O + -  A ( K ° ' ~ r + T r - )  e idpO0 A ( K ~ " ~  Tr°zrO) 
A(KO...,.rc+rr-) r~00 = [r/00 [ A(KO..,,rr%o) 

F(KLO~g +)_  F(KLO ~t~-) r ( K s O . ~ . % r -  ~rO)CP viol. r(Ks0~rOTr%ro)CV ,4ol. 

= r ( K O _ ~ e + ) + r ( K o _ ~ r - ) ,  I~+ ol 2=  r ( K o ~ r % -  o) I~oool 2= r ( K O ~ r % % o )  

z. The definition of these quantities is as follows [for more details and sign convention, see note in the Full Listings]: 

~= 21sl lp Icos~' 
/3= k / l  - a 2 s i n ~  g A , g v ,  gWMdef inedby (B f }yx (gv -gAys )+(gwM/mBi )~XVqv lB i )  

[ s l 2 + l p l  2 

~= 21Sllsl2#lp121plsinA 7 =  ~/1-c¢2cosqb cbavde f inedbygA/gv  = IgA /gv l e  Ie~AV 

C, 

d. 
e. 

f 
gl 

h. 
i. 

j .  

k. 

g. 

m.  

n. 

p. 
q. 



Meson Summary Table 

April 1986 

In addi t ion to the entries in the Meson S u m m a r y  Table, the Meson Full Listings contain all 
substantial  claims for meson resonances.  See Contents  o f  the Meson Full Listings at  end o f  this Summary  Table. 

Quanti t ies  in italics are new or have changed by  more  than one (old) s tandard deviation since April  1984. 

Partial decay modes 
Mass Full 

IG( jPC)  a M width r Fraction(O/o ) p b 
Particle _ _  estab. (MeV) (MeV) Mode [Upper limits (%) are 90% CL] (MeV/c) 

N O N F L A V O R E D  M E S O N S  

7r -+ 1 - (0  +) 139.57 0.0 See Stable Particle S u m m a r y  Table 
~r ° 134.96 7.57 

• +0 .32  eV 

i/ 0+(0 - ÷) 548.8 1.05 Neutral  70.9 See Stable Particle 
+ 0.6 +_ O. 15 keV Charged 29.1 Summary  Table 

21 

~ 7 7 0 )  1+(1 - - )  770 153 7rTr ~ 100 358 
_+ 3 § _+ 2 MeV zry 0.046 _+ 0.005 372 

t~ + # -  0.0067 _+ 0.0012 d 370 
Fee = (6.9_+ 0.3) keV e + e - 0.0045 _+ 0.0002 d 384 

~77 seen 189 
M and  F from neutral  mode. For  upper  limits, see footnote e 

o.'(783) 0 - (  1 - - )  782.6 9.8 7r +Tr-Tr ° 89.6 _+ 0.5 327 
• +0 .2  _+0.3 r o t  8.7_+0.5 380 

S~I.I* 7r+rc - 1.7_+0.2 366 
7r°# +,u - 0.010 _+ 0.002 349 
e + e  - 0.0067 -+ 0.0004 S= 1.2" 391 

Fee = (0.66_+0.04) keV S=1.2 * r/y seen 199 
For  upper  limits, see f o o t n o t e f  

1/'(958) 0+(0 - +  ) 957.57 0.24 
_+0.25 _+0.03 

r/zrTr 65.2"_+ 1.6 231 
p°y  30.0_+ 1.6 170 
¢07 2.7_+0.5 159 
y y  1.9 _+ 0.2 479 
3rr ° 0.17 --_0.04 430 
# + # - 3 '  0.009 _+ 0.002 467 
For  upper  limits, see footnote g 

f0 (975)  0+(0 + +) 975 c 33 c r r r  78 _+ 3 467 
was S (975) _+ 4 4- 6 K K  22 _+ 3 

S= 1.4* 

a0(980) 1 - ( 0  + +) 983 h 54 h rt~_ seen 320 
was 6(980) _+ 2 _+ 7 K K  seen 

qt(1020) 0 - ( 1 - - )  1019.5 4.22 K + K  - 49.5_+1.5 S=1.9" 127 
+_0.1 _+0.13 K r K c  34.3_+0.9 S=1.3" l l 0  

S=1.2" zr~Tr -~Tr ° (incl. art) 14.9 -+ 1.4 S=2.3" 462 
~ 7  1.3_+0.1 S=I.I* 362 

0.131 _+0.013 501 
e + e  - 0.031 _+ 0.001 510 

+ # -  0.025 z 0.003 499 
Fee = (1.31 -+ 0.06) keV r+Tr  - 0.02 _+ 0.01 490 

For  upper  limits, see footnote i 

h i(1190) 0 - (1  + -  ) 1190 320 pTr seen 327 
was H (1190) _+ 60 -- 50 
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Particle 

Meson Summary 

Mass Full 
~--itt(jt'C) a M width P 

estab. (MeV) (MeV) 

Table (cont'd) 
Partial decay modes 

Mode 
Fraction(%) p b 

[Upper limits (%) are 90% CL] (MeV/e) 

b 1(1235) 1 ~ 1  + -  ) 1233 150 
was B(1235) _+ 10 § _+ 10 § 

wTr dominant 
Vp < 10 
[ D / S  amplitude ratio = 0.29 _+ 0.05 ] 
For upper limits, see footnote j 

350 

f2(1270) 0 ~ 2  ++) 1274 176 
was f(1270) -+5 § "+20 § 

9rzr 84.3 _+ 1.2 622 
2rr+27r 2.9-+0.4 S=1.2" 559 
KiZ 2.9-+0.2 398 
~7 0.31 +_0.08 S=1.3" 323 
73' 0.0015 _+ 0.0002 637 
7r + 7r- 27r ° seen 562 
For upper limits, see footnote k 

a1(1270 ) 1 - ( l + + J  1275 316 pTr domir~ant 389 
was A i(1270) _+28 _+45 7r(ffTr)S_wave < 0.7 ~ 599 

lr - ~f 0.20 _+ 0.08 630 

f1(1285) 0+(1 + - )  1283 25 KKTr 11_+3 302 
was D(1285) _+5 § _+3 § ~77rTr 49_+6 482 

+[a 0(980)7r 36 _+ 7] 236 
4rr (prob. p~rrr) 40 + 7 564 

f0(1300) 0+(0 ÷+ ) ~1300 150-400 ~-~ ~90 635 
was ~(1300) K K  ~ 10 418 

r1~7 seen 348 

a'(1300) 1-(0 - +  ) 1300 § 200-600 p~r seen 407 
_+ 100 § 7r(rrrr)S - wave seen 612 

Not a well-established resonance. 

a2(1320 ) 1-(.2 ++ ) 1318 110 oTr 70.1 -+2.2 419 
was A 2(1320) --5 § _+5 § r/Tr 14.5_+1.2 534 

wTrTr 10.6 _+ 2.5 361 
KK 4.9-+0.8 434 
rr7 0.27-+0.06 652 
~7 0.0008 _+ 0.0001 659 
~7'7r < 2 (CL=97%) 286 

f1(1420) :~ 0*(l+~_) 1422 56 KKrr (incl. K * K + K K * )  seen 423 
was E(1420) = 10 § -+3 ~¢rrr possibly seen 565 

~-[a 0(980)7r possibly seen] 348 

~1440) :[: 0+(0 - * )  1440 § 76 KKTr (incl. K * K + K K * )  seen 441 
was t (1440) _+ 20 § -+ 8 07rTr seen 579 

S= 1.3* 1"[ a 0(980)Tr seen ] 366 

f~(1525) 0+(2 ++ ) 1525 70 KK dominant 578 
was f '(1525) _+5 § _+ 10 § 7rTr possibly seen 750 

"(7 0.00016 "+ 0.00007 763 

f0(1590) 0~(0 + +1 1587 287 ~'rt dominan t  246 
+ 16 -+50 ~ large 575 

Seen by one group only. 

0(1600) 1+(1 - - )  1590 ~ 260 § 47r (incl. pTr+rr-,al(1270)Tr)60_+7 § 733 
+_20 § _+100 § 7rrr 23-+7 § 783 

K * K  + K * K  9_+ 2 377 
0~rTr 7 -+ 2 669 

Pee = (7.5"+ 1.5) keV K-K I "+0.5 623 
e~e - 0.0029 _+ 0.0011 795 



Meson Summary Table (cont'd) 
Partial decay modes 

Mass Full b 
1 G ( j P C )  a M width I" Fraction(%) P 

Particle _ _  es tab.  (MeV) (MeV) ' Mode [Upper limits (%) are 90% CL] ( M e V / c )  

23 

603(1670) 0-(3-S.} 1668 166 37r seen 806 
was w(1670) -+5 _* 15 § ?[pTr seen] 648 

S= 1.1" 57r seen 740 
"~[wTrTr (prob. bl(1235)Tr ) seen] 616 

a-2(1680 ) I - (2  - +  ) 1680 § 250 § f2(1270)Tr 53_+5 336 
was A 3(1680) _+30 § _*50 § pTr 34_+6 656 

7r(~--~)S --wave 9 -+ 5 813 
K*K + K*K 4_+ 1.4 459 
For upper limits, see footnote g 

q~(1680) 0 - ( 1 - ~ )  1685 130 § K*K + K*K seen 466 
+ 75 § _* 50 § w:r 7 seen 624 
- 15 K K  seen 683 

e + e - seen 842 
Not a well-established resonance. 7r + 7r- 7r ° possibly seen 814 

+o3(1690) 1 + (3 f~ )  1691 200 § 27r 23.8_* 1.3 834 
was g(1690) _+5 § _+20 § 47r (incl. 7 r ~ r p , p o , a 2 ~ r )  70.9-* 1.9 787 

KKTr (incl. K * K + K K * )  3.8 -+ 1.2 625 
J P ,  M ,  and r from the 27r and KK modes. KK 1.5 -*0.3 S=1.3" 684 

f2(1720) 0+(2+-- +) 1716 134 rl~_ seen 660 
was 0(1690) _*8 _* 19 K K  seen 699 

4~j(1850) 0 - (3  - )  1853 96 KK seen 784 
was ¢(1850) -* 10 _+32 K*K + K*K seen 601 

f4(2030) 0+(4++_) 2026 200 ~rr_ 1772 1004 
was h (2030) _+ 12 _+ 13 K K  0.7 +0.40.2 883 

~rl 0.22 _+ O. 10 852 

CO- M E S O N S  

%(2980) (3+(0- + ) 2981 11 Decay modes into hadronic resonances 
_+2 _*4 

rfTrTr 4.1 +_ I. 7 132l 
K*OK-Tr + + c.c. 2. 0 _* 0.7 1275 
K ' K *  0.9_*0.5 1194 
4>49 0.8 _* 0.3 1087 
a0(980)zr < 2.0 1324 
a2(1320)Tr < 2.0 1194 
pp < 1.4 1277 
f2(1270)rl < 1.1 1144 
ww < 0.3 1269 

Decay modes into stable hadrons 

KKrc 5 .4+1 .8  S=I.I* 1377 
~TrTr 4.7 ++_ 1.5 1426 
K + K-Tr+Tr - 1.7+__0.6 1343 
2(Tr+Tr - )  1.30++-0.47 1458 
p ~  0.12++_0.06 1158 
~KF, < 3.1 1261 
7r+Tr-p~ < 1.2 1025 

Radiative decay modes 

"Y3" < 0.06 1491 
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Meson Summary 

Mass Full 
1G(jPC) a M width F 

Particle estab. (MeV) (MeV) 

Table (cont'd) 
Partial decay modes 

Mode 
Fraction(%) p b 

[Upper limits (%) are 90% CL] (MeV/c) 

J/~/(3097) 0 - ( 1 -  - )  3096.9 0.063 
_+0.1 +0.009 

Fee = (4.7+_0.3) keV 
(assuming Fee = FUU) 

Decay modes into stable hadrons 

*[ 2(re%-)re ° 
3(re+rr-)re ° 
71.+71.--71.0 
re %r-reOK+ K - 
4(re+re-)re 0 
re+ r e - K + K  - 
KKre 
p ~ r e  + re -- 

2(Tr+re - )  
3(re+ re - ) 
n~re+re - 
2(re +re-)K +K - 
E2 

3.4_+0.3 1496 
2.9+-0.6 1433 

1.50_+0.I5 1533 
1.2+0.3 1368 
0.9+-0.3 1345 

0.72 _+0.23 1407 
0.61 +_0.10 1440 
0.60+0.05 S=1.3" 1107 
0.45 _+ 0.07 988 

0.4_+0.1 1517 
0.4 _t 0.2 1466 

0.38 +- 0.36 1106 
0.31 +0.13 1320 
0.25+_0.04 818 
0.23+_0.09ms=1.9 * 1033 
0.22 _+ 0.01 1232 
0.21 _+0.02 948 
0.20+_0.01 1174 
0.18 _+0.09 1231 
0.15+-0.04 1332 
0.13_+0.02 S=1.7" 1074 
0.11 +0.01 1176 
0.09_+0.02 876 
0.07 _+0.03 1131 
0.03 _+ 0.01 820 

0.024 _+ 0.003 1468 
0.015 + 0.002 1542 
0.010 _+ 0.002 1466 

< 0.0151 1032 

pffre + re-- re0 

p?/re o r  p-rt re+ 

AZ-+re + 
AA 
p~re0 

p K - A  
2(K+K - )  
p K  ~o 

K + K  - 
re+re 

0 0 
K z K s  
AE 

Radiative decay modes 

t[yrlrere 0.62+_0.11 
y2(re+ re - ) 0.49 _+0.13 
yr/(1440) --~ yK/~re 0.46 -+ 0.07 n 
"yr 7' 0.42 + 0.05 
"/cow O. 18 _+ O. 05 
Yf2(1270) 0.16 -+ 0.02 
ypOpO O. 13 +_ O. 05 
y~ 0.086 + 0.008 

e + e  - 6.9-+0.9 1548 
#+ t s -  6.9 +_ 0.9 1545 
hadrons + radiative 86,2 + 2.0 

Decay modes into hadronic resonances 

t[0re 1.27 _+0.09 1449 
w2re+ 2re - 0.85 _+ 0.34 1392 
0a2(1320) 0.84 _+ 0.45 1126 
KK*(892) 0.75_+0,09 S=1.8" 1373 
wre+re 0.74_+0.12 1435 
K*(892)0K~(1430)0+c.c. 0.67_+0.26 1011 
b 1 (1235) ± re T 0.29 _+ 0.07 1298 
wf2(1270) 0.23+_0.08 S=1.2" 1143 
q~r re- 0.21 _+0.09 1365 
wrl 0.19-+0.04 1394 
q~KK 0.18 -+0.08 1176 
A(1232) + +~re-  0.16 +- 0.05 1030 
coK.K 0.16-+0.10 1265 
cop'ff 0.13+_0.03 S=1.3" 768 
A(1232)+ +A(1232) - 0.11_+0.03 938 
rl'pff 0.09+-0.04 S=1.7" 596 
Z(1385) +-~(1385) z 0.09 _+ 0.03 692 
p~V(1440-1535) + 0.09_+0.04 979 
~br/ 0.067 _+0.008 1320 
core 0.067_+0.013 1446 
pK-Z(1385)  o 0.05 _+ 0.03 643 
chrl" 0.037+_0.006 1192 
corl' 0,040 _+ 0.011 1279 
~ f~  (1525) 0.037 _+ 0.013 871 
Z(1385)+-Z ~ 0.03+0.01 1234 
~bf0(975) 0.026 +-0.006 1184 
prl 0.018 +- 0.004 1398 
re+-a2Z(1320) < 0.43 1263 
KK½(1430) • _ < 0.4 1159 
K~(1430)0K2(1430) ° < 0.29 606 
~2re+ 2re - < 0.15 1318 
K*(892)OK*(892) 0 < 0.05 1266 
qSf2(1270) < 0,037 1037 
ppfi- < 0.031 780 
cof) (1525) < 0.016 1003 
Or/' < 0.01 1283 
~re < 0.0013] 1377 

Radiative decay modes (cont'd) 

1486 y~c(2980) 1.27 + _ 0.36 114 
1517 y f 2  (1720) seen 1073 
1214 ypf f  0.038 +0.010 1232 
1400 3,f 2 (1525) 0.016 -+ O. 005 1173 
1336 yreO 0.004 +- 0.001 1546 
1286 yf1(1285) < 0.6 1283 
1344 3,pFre+Tr - < 0.08 1107 
1500 22, < 0.05 1548 

33" < 0.006] 1548 
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Particle 

Meson Summary Table (cont'd) 

Mass Full 
/G(jPC) a M width I '  

_ _  estab, (MeV) (MeV) Mode 

Partial decay modes 

b 
Fraction(%) P 

[Upper limits (%) are 90% CL l (MeV/c) 

X0(3415) 0+(0 ++) 
was X(3415) 

3414.9 
_+1.1 

2 ( r + r  ) (incl. rrTr#) 3.8_+0,8 1679 
7 r + T r - K + K  - (incl. 7rKR'*) 2.9_+0,8 1580 
3 ( r + r - )  1.5 _+ O. 5 1633 
rr* rr -  0.8 _+ 0,2 1702 
yJ /~(3097)  0.7_+0.2 S=.1.3" 303 
K + K -  0.7 _+ 0.2 1635 
pffrr % r -  0.5 -+0.2 1320 
3'Y <0.15 1707 
pf f  <0.09 1427 

X1(3510) 0 + ( 1 + 7  3510.7  
was X(3510) _+0.5 

S= 1.4" 

< 1 . 0  3,J/~(3097) 25,8 +_ 2.5 389 
3(7r +rr - ) 2,2 -+ 0.9 1683 
2(rr+Tr - )  (incl. 7rrrp) 1.7 _+0.5 1727 
rr+rc K + K  - (incl. 7rK/V*) 0.9-+0.4 1632 

+ - -  _ 

7r 7r pp  0.14_+0.09 1381 
7r+Tr - + K +  K - <0.2 1749 
3`3  ̀ <0.15 1755 
pfi- <0.12 1483 

X2(3555) 0+(2+~1 3556.3 2.9 
was X(3555) _+0.4 +1.8  

- 1 . 1  

yJ/~b(3097) 14.8 _+ 1.7 429 
2(7r +w - )  (incl. 7rrrp) 2.2 _+0.5 1750 
r c + T r - K + K  - (incl. 7rK/~*) 1.9_+0.5 1656 
3(7r- 7r-) 1,1 +_0.8 1706 
p~+ 0.76_+0.30 1510 

0.33_+0.13 1410 rr+Tr pp  
7r rr 0.19_+0.10 1772 
K + K  - 0.15_+0.11 1708 
J/~rc+Tr-Tr  0 < 1.5 185 
3'7 <0.06 1778 

ff(3685) 0-(  1 - i )  

Fee = (2.1 _+ 0.2) keV 

(assuming tee  = ruu)  

3686.0 0.215 
-+0.1 -+0.040 

Radiative decay modes 

t[3`Xo(3415) 9.4 + 0.8 261 
YX1(3510) 8.7 _+0.8 172 
3`X2(3555) 7.8_+0.8 128 
3,71 c (2980) 0.28 _+ 0.06 638 

3`rr ° <0.5 (CL=95%) 1841 
3`r/ < 0.02 1802 
3`r/" <0.02 1719 
3  ̀r/( 1440 ) ---- 3`K~,'rr <0.012nl  1562 

e + e  + # + # -  1.8_+0.3 1843 
hadrons + radiative 98.2_+0.3 

Decay modes into hadrons 

+[ J / ~rrTr 50 _+ 4 477 
J / ~ r l  2.7_+0.4 S=1.6" 196 
3(7r + 7r -)Tr ° 0.35 _+ O. 16 1746 
2(Tr+rr )Tr ° 0.31 _+0.07 1799 
r c + T r - K + K  - 0.16 _+0.04 1726 
J /~brc 0 0.10_+0.03 528 
ppTr re- 0.08_+0.02 1491 

- - +  

K*(892)0K-Tr + +c.c. 0.067_+0.025 1674 
2(7r +Tr ) 0.05_+0.01 1817 
p%+Tr- 0.042_+_0.015 1751 
p~  0.019_+0.005 1586 
3(rr +rr ) 0.015_+0.010 1774 
pfiTr ° 0.014 _+ 0.005 1543 
K +  K - 0.010_+0.007 1776 
7r + rc-Tr ° 0 .009 _+ 0.005 1830 
r +Tr- 0.008 _+ 0.005 1838 
AA <0.04 1467 
plr < 0.008 1760 
K + K  -rr  0 < 0.003 1754 
K -~ K*(892) ~ < 0.0021 1698 

~/(3770) ( 1 - )  3769.9 25 
• +2.4 _+3 

S=1.8" 

Fee = (0.26_+ O. 15) keV S=1.3" 

e + e  - 0.0011 _+0.0002 1885 
D/~ dominant  242 
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Meson Summary Table (cont'd) 
Partial decay modes 

Mass Full 
IG(jPC) a M width F Fraction(%) p b 

Particle estab. (MeV) (MeV) Mode [Upper limits (%) are 90% CL] (MeV/c) 

~/(4030) ( 1 - - )  4 0 ~  52 e+e  - 0.0014+_0.0004 2015 
+- 5 § _+ 10 D/~ seen 752 

D/5"12010) + e.c. seen 559 
Fee = (0. 75 _+ O. 15) keV D* (2010)/)* (2010) seen 177 

¢,14160) ( 1 - - )  4159 78 e+e  - 0.0010-+0.0004 2079 
-+ 20 -+ 20 

Fee = (0. 77+-0.23) keV 

~b14415) (1 -~_) 4415 43 e+e  - 0.0011+-0.0006 2207 
-+6 -+20 § 

Fee = (0.47-+ O. I0) keV 

bb- M E S O N S  

"1'19460) ( l - - )  9460.0 0.043 r + r  - 3.2+_0.4 4381 
or T(1S) -+0.2 -+0.003 ~z+~z - 2.8-+0.2 4729 

S=1.5" e'~e - 2.8 -+0.3 4730 
Fee = (1.22+_0.05) keV pa- < 0.21 4698 

J/ tp  + anything < 2 

Xb0(9860) o ( ~ -+ ) 9859.8 T(9460)y < 6 392 
or Xbo( I P ) +_ 1.3 

Xb 1(9895) o (+-+)  9891.9 T(9460)3' 35-+8 422 
or Xbl(1P) +_0.7 

Xb2(9915) ( + +) 9913.3 T19460)3' 22 -+ 4 443 
or XO2(IP) ° +-0.6 

T(10023) ( 1 - - )  10023.4 0.030 /a+~ - 1.8--0.4 5011 
or T(2S) -+0.3 +_0.007 r + r  - 1.7-+ 1.6 4683 

T(9460)Tr+ 7r - 18.7 _+ 1.0 476 
T(9460)Tr% ° 8.6 +_ 1.1 481 
T(9460)~ < 0.2 124 
Xb0(9860)3, 4.3 -- 1.0 162 

Fee = (0.54-_ 0.03) keV Xb 1(9895)y 6.7 _+0.9 131 
Xb2(9915)3, 6.6 -+0.9 109 

Xb 1(10255) ( + + )  10255 3,'1"19460) seen 763 
or Xb I(2P) ° -+ 2 yT(10023) seen 228 
Seen in one experiment only. 

Xb2(10270) (-~+_) 10271 3,'1"19460) seen 779 
or Xb 212P)° -+ 2 3,T(10023) seen 245 
Seen in one experiment only. 

1"110355) (1-  - )  10355.5 0.012 ~ + ~ -  3.3 _+ 1.5 5177 
or "f(3S) -_0.5 +0.010 T(9460)Tr +Tr 4.5_+0.8 814 

-0 .004  T(10023)Tr % r -  3 +_2 177 
Fee = (0.40-_0.03) keV Xbl(lO255)y 15.6-+4.2 101 

Xb 2(10270)3, 12,7 - 4.1 84 

I'110575) ( 1 - - )  10577 24 
or T(4S) _~4 -+2 

Fee = (0.24+_ 0.05) keV 

1110860) ( 1 - - )  10865 I10 
or T(5S) ~-8 +_ 13 

Fee = (0.31+_0.07) keV 

T(11020) ( 1 - - )  11019 79 
or T(6S) -_9 +_16 

Fee = (0.13+_0.03) keV 
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Meson Summary Table (cont'd) 
Partial decay modes 

Mass  Full 
I (JP) M width I ~ Fraction(%) p b 

Particle _ _  estab. (MeV)  (MeV) Mode [Upper limits (%) are 90% CL l (MeV/cj  

S T R A N G E  M E S O N S  [K + = u3-, K ° = dr, ~o = ds, K = ~-s] 

K + U 2  0(9~) 493.67 See Stable Particle Summary Table 
K ° 497.72 

K'*(892) 1 /2(1-)  892.1 51.1 KTr ~ 100 
=0.3 ±0.8 K°"/ 0.23+_0.02 

S=1.4" S=I.I* K+-7 0 .10±0.0 l  
KTrrr < 0.05 

M and F from charged mode: M ° ~ 896.5±0.4 S=1.6" 

K1(1280) 1/2(1 + ) 1270 § 90 § 
was Q(1280) _+ 10 § _+20 § 

288 
309 
307 
216 

KO 42 -+ 6 45 
K(~(1350)7r 28 _+4 
K*(892)Tr 16 _+5 298 
Ka., 11 ±2  
Kfo(1300) 3 ± 2 

KI~(1350 ) 1/2(0 + ) ~1350  ~250  KTr seen 574 
was K(1350) 

KI(1400 ) 1/2(I + ) 1406 184 K*(892)rr 94-+6 403 
was Q(1400) _+ 10 -+9 Kp 3 ± 3  299 

Kfo(1300) 2 ± 2 
Kw 1 -+ 1 285 

K~(1430) 1/2(2~) 1426 99 KTr 44.9=2.7 S=3.2" 618 
was K*(1430) _+ 2 ± 3 K*(892)Tr 23.6 ± 1.8 417 

S=I.I* K*(892)rrTr 13.5=2.7 S=1.2" 366 
Kp 8.6±0.8 S=I.I* 324 
Kr/ 5 .2±2.9 S=1.3" 485 
Kw 4.3-=_1.6 S=I.I* 310 
K y  0.24=0.05 627 

M and F from charged mode: M ° = 1423-+2 S=1.1" 

K2(1770) :~ 1/2(2-)  ~1770§ ~ 2 0 0  § 
was L (1770) 

K~(1430)~ dominant  286 
K*(892)w seen 651 
Kf2(1270) seen 
K ~  seen 438 

K~(1780) :l: 1 /2(3-)  1780 150 KrrTr large 796 
was K*(1780) _+4 _+ 17 t [ K p  large I 620 

S=1.4" +[K*(892)Tr large[~ 657 
KTr 17+5 a 815 

210 § Kvr 7_+ 1 966 
± 40 § K*(892)TrTr seen 809 

pKrc seen 751 
~oKTr seen 744 

Not a well-established resonance. K*,(892)TrTrTr seen 775 

C H A R M E D ,  N O N S T R A N G E  M E S O N S  [D + = cd, D o = c~-, ~o  = c-u, D -  = ~-d l 

D ÷ 1/2(0-)  1869.3 See Stable Particle Summary Table 
D o 1864.6 

D*(2010) + 1/2(1-)  2010.1 < 2.0 D%r + 49_+8 39 
_+ 0.7 D +Tr ° 34 -+ 7 38 

D+7  17=11 136 

K~(2060)  1/2(4 + ) 2060 § 
was K*(2060) = 30 § 

mD . + - reDO = 145.45 =0.07 MeV 

D*(2010) ° I / 2 (1 - )  2007.2 < 5 D %  ° 51.5_+7.6 44 
_+ 2.1 D°3 , 48.5 _+ 7.6 137 
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Meson Summary Table (cont'd) 
Partial decay modes 

Mass Full 
I (JP) M width F Fraction(%) 

Particle _ _  esmb.  (MeV) (MeV) Mode [Upper limits (%) are 90% CL) 

C H A R M E D ,  S T R A N G E  M E S O N  [D  s ~- = cY, D s -  = ?-s l 

D + 0 ( 0 - )  1971 See Stable Particle Summary  Table 
was F + 

B O T T O M  M E S O N  [B + = ub,  B ° = d b - ,  ~o ~ d-b, B -  = u~b] 

B + 1 /2 (0 - )  5271 See Stable Particle Summary  Table 
B ° 5275 

p b  

(MeV/c)  

:i: See Meson Full Listings. 

* Quoted  error  includes scale factor S = X ~ / ~ N  - 1). See footnote to Stable Particle Summary  Table. 

f Square brackets indicate a subreaction of  the previous (unbracketed) decay mode(s). 

§ This  is only an educated guess; the error  given is larger than the error  on the average o f  the published values. (See the Meson 
Full Listings for the latter.) 

a, Charge conjugat ion C applies only to neutral  states. 

b. For  a 2-body decay mode,  this is the m o m e n t u m  of  the decay products  in the decay rest frame. For  a 3-or-more-body mode, 
this is the m a x i m u m  m o m e n t u m  any  of  the products  can have in this frame. The momen ta  have been calculated by using 
the averaged central mass  values, without  taking into account  the widths o f  the resonances. 

c. From pole posit ion (M - iF/2) .  

d. The e + e  - branching fraction is f rom e v e  - ~ ~-+~r- experiments  only. The up  interference is then due to up  mixing only, 
and  is expected to be small. The # - # -  branching fraction is compiled from 3 experiments,  each possibly with substantial up 
interference. The error  reflects this uncertainty;  see notes in the Meson Full Listings. If e#  universality holds, F(p0 
g ~ - )  = F(p ° --~ e + e  - )  x 0.99785. 

e. Empirical limits on fractions for other  decay modes  of  p(770) are ~r+-~ < 0.8% (CL=84%), 7r+Tr%r-~r - < 0 .15% 7r±Tr+~--~r ° 
< 0.2% (CL=84%). 

f Empirical limits on fractions for other decay modes  of w(783) are ~r-~-- '~ < 5%, 7r°Tr° 7 < 1%, 77 + neutral(s) < 1.5%, # + # -  
< 0.02%. 

+ 0 0 + 0 0 0 g. Empirical limits on fractions for other  decay modes  of  ~'(958) are ~r vr- < 2}/o (CL=84~/o), ~r ~r-Tr < 5}/0 (CL=84~/0), 
vr~-~r*Tr-Tr - < 1% (CL=95%), ~-~-~Tr-~r-Tr ° < 1% (CL=84%), 67r < 1%, 7r+~ - e + e  - < 0.6%, ~r°e+e - < 1.3% (CL=84%), 
, e + e  - < 1.1%, 7r°p 0 < 4%, r/#+# - < 1.5 x 10 - 5 ,  7r°#-"# - < 6 x 10 - 5 .  

h. The mass  and  width are from the rw mode  only. If  the K K  channel  is strongly coupled, the width may  be larger. 

i. Empirical limits on fractions for other decay modes  o f  4,(1020) are r r+ r r -3  , < 0.7%, w7 < 5% (CL=84%), P7 < 2% (CL=84%), 
2rr+2rr-Tr ° < 1% (CL=95%), 27r+2r  - < 0.1%. 

j. Empirical limits on fractions for other decay modes of  b1(1235) are rTr < 15%, KK < 2% (CL=84%), 4rr < 50% (CL=84%), 
0 0 0 0 0 + 0 + Q d~Tr < 1.5}/o (CL=84Yo), rtTr < 25'/0, (KK)+-Tr < 8Yo, K s K s ~ r -  < 2}/0, KsKLrC - < 6}/0. 

k. Empirical limits (Ck=95%) on fractions for other  decay modes  o f f 2 ( 1 2 7 0 )  are r/TrTr < 1%, K°K-Tr + + c.c. < 0.4%. 

,¢. Empirical limits on fractions for other  decay modes  of  7r2(1680) are rpr < 10%, 5 r  < 10%. 

rn. Includes p~-Tr*Tr-'y and  excludes ppr~, p~w, PP~7'. 

n. See f1(1420)  mini-review. 

o. Spectroscopic labeling for these states is theoretical, pending experimental  information.  



Meson Summary Table (cont'd) 

29 

T a b l e  o f  C o n t e n t s  o f  M e s o n  F u l l  L i s t i n g s  

• Indicates particle appears in Meson Summary Table above. W e  do not regard the other entries as established resonances. 

Nonstrange (S = 0; C , B  = O) 

entry IG( jPC)  a entry IG( jPC)  a entry" IG(J  PC) ~ 

• 7r 1 - ( 0  - + )  

• ~7 0+(0  - + )  

• p (770) 1 +(1 ) 

• w (783) 0 - ( 1 - - )  

• 77' (958) 0+(0 -+ )  

• f0  (975) 0+(0 ++) 

• a 0 (980) 1-(0 ++) 

• ~ (1020) 0 - ( 1 - - )  

• h I (1190) 0 - (1  + - )  

• b 1 (1235) 1+(1 +- )  

f o  (1240) 0+(0 ++) 

p (1250) 1+(1 - - )  

• f 2  (1270) 0+(2 ++ ) 

• a I (1270) 1-(1 ++) 

(1275) 0+(0 -+)  

• f l  (1285) 0+(1 ++) 

• f 0  (1300) 0+(0 ++) 

o~r (1300) 1-(0 -+)  

• a 2 (1320) 1-(2 ++ ) 

f2  (1410) 0+(2 ++ ) 

• f l  (1420) 0+(1 ++) 

• r/ (1440) 0+(0 -+)  

• f~  (1525) 0+(2 ++ ) 

f l  (1530) 0+(1 ++) 

• f 0  (1590) 0+(0 ++) 

• p (1600) 1+(1 - - )  

• ~3 (1670) 0 - ( 3 - - )  

• 7r 2 (1680) 1-(2 - +  ) 

• ~ (1680) 0 - ( 1 - - )  

• 03 (1690) 1+(3 - -  ) 

X (1700) + 

• f2  (1720) 0+(2 ++ ) 

f o  (1730) 0+(0 ++) 

rr (1770) 1-(0 -+)  

f2  (1810) 0+(2 ++ ) 

• ,~j (1850) o 

X (1935) 

o f  4 (2030) 0+(4 ++ ) 

a 4 (2040) 1-(4 ++ ) 

a 3 (2050) 1-(3 ++ ) 

7r 2 (2100) 1-(2 - +  ) 

o (2150) 1+(1 - - )  

f2  (2150) 0+(2 ++ ) 

X (2220) 0 ( + + )  

f2  (2240) 0+(2 ++ ) 

03 (2250) 1+(3 - -  ) 

f 4  (2300) 0+(4 ++ ) 

05 (2350) 1 + ( 5 - - )  

a 6 (2450) 1-(6 ++ ) 

f 6  (2510) 0+(6 ++ ) 

e+e - (1100~2200) ( 1 - - )  

NN (1200~3600) 

X (1900~3600) 

• rt c (2980) 0+(0 -+)  

• J / ~  (3097) 0 - ( 1 - - )  

• X 0 (3415) 0+(0 ++) 

• XI (3510) 0+(1 ++) 

• X2 (3555) 0+(2 ++) 

rt c (3590) ( +) 

• ~b (3685) 0 - ( 1 - - )  

• ~b (3770) ( 1 - - )  

• ¢J (4030) ( 1 - - )  

• ~b (4160) ( 1 - - )  

• ~b (4415) ( 1 - - )  

• T (9460) ( 1 - - )  

• XbO (9860) ( + + )  

• Xbl (9895) ( + + )  

• Xb2 (9915) ( + + )  

• 2" (10023) ( 1 - - )  

XbO (10235) ( + + )  

• Xbl (10255) ( + + )  

• Xb 2 (10270) ( + + )  

• T (10355) ( 1 - - )  

• T (10575) ( 1 - - )  

• 2" (10860) ( 1 - - )  

• 2" (11020) ( 1 - - )  

Strange (1S [ = 1; C , B  = O) 

entry I (JP) 

• K 1 /2 (0 - )  

• K* (892) 1/2(1-) 

• K 1 (1280) 1/2(1 + ) 

* (1350) 1/2(0 + ) • K 0 
• K 1 (1400) 1/2(1 + ) 

K* (1410) 1/2(1-) 

* (1430) 1/2(2 + ) • K 2 
K (1460) i/2(0-) 

K 2 (1580) 1/2(2-) 

• K 2 (1770) 1/2(2-) 

• K~ (1780) 1/2(3-) 

K* (I790) 1/2(1-) 

K (1830) 1/2(0-) 

* (2060) 1/2(4 + ) • K 4 

K 2 (2250) 1/2(2-) 

K 3 (2320) 1/2(3 + ) 

K 4 (2500) 1/2(4-) 

Charmed (1 C I = I) 

• D 1 /2 (0 - )  

• D* (2010) 1/2(1-) 

D* (2420) 1/2( ) 

• D s 0 ( 0 - )  

* (2110) D s 

Bottom (IBI = 1) 

o B  

B* (5325) 

Exotics 
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Baryon Summary Table 
April 1986 

The first, short table gives the name, the quantum numbers (where known), and the status of ever?, entry in the Bar?'on 
Full Listings. Only the baryons with 3- or 4-star status are included in the main Baryon Summary Table. Due to 
insufficient data or uncertain interpretation, the other entries in the short table are not established as baryons. 

N(939) P l l  **** A(1232) P33 **** Z0(1780) P01 * E(1193) 

N(1440) P l l  **** 5(1550) P31 * Z0(1865) D03 * :~(1385) 

N(1520) D I 3  **** 5(1600) P33 ** ZI(1725) P l l  * E(1480) 

N(1535) S11 **** A(1620) $31 **** ZI(1900) P13 * E(1560) 

N(1540) P I 3  * 5(1700) D33 **** Z1(2150) * Z(1580) 

N(1650) S11 **** 5(1900) $31 *** Z1(2500) * Y-(1620) 

N(1675) D I 5  **** 5(1905) F35 **** 2;(1660) 

N(1680) F15 **** 5(1910) P31 **** A ( l l I 6 )  PQI **** E(1670) 

N ( 1 7 0 0 ) D I 3  *** 5(1920) P33 *** A(1405) S01 **** Z(1690) 

N(1710) P l l  *** 5(1930) D35 *** A(1520) D03 **** E(1750) 

N ( 1 7 2 0 ) P I 3  **** A(1940) D33 * A(1600) P01 *** E(1770) 

N(1960) ? * 5(1950) F37 **** A(1670) S01 **** Y(1775) 

N(1990) F I 7  ** 5(2000) F35 ** A(1690) D03 **** Z(1840) 

N(2000) F15 ** 5(2150) $31 * A(1800) S01 *** E(1880) 

N(2080) D I 3  ** 5(2200) G37 * A(1800) P01 *** E(1915) 

N ( 2 0 9 0 ) S l l  * 5(2300) H39  ** A(1820) F05 **** E(1940) 

N(2100) P l l  * A(2350) D35 * A(1830) D05 **** E(2000) 

N(2190) G I 7  **** 5(2390) F37 * A(1890) P03 **** Z(2030) 

N(2200) D15 ** 5(2400) G39 ** A(2000) * Z(2070) 

N(2220) H 19  **** 5(2420) H311 **** A(2020) F07 * Z(2080) 

N(2250) G I 9  **** 5(2750) 1313 ** A(2100) G07 **** E(2100) 

N(2600) 1111 *** 5(2950) K315 ** A(2110) F05 *** ~(2250) 

N ( 2 7 0 0 ) K l I 3  ** 5 (~3000)  A(2325) D03 * ~;(2455) 

N ( ~ 3 0 0 0 )  A(2350) *** Z(2620) 

A(2585) ** Z(3000) 

E(3170) 

P l l  **** ~(1318) P l l  **** 

P I 3  **** ~,(1530) P13 **** 

* ,E(1630) * 

** ~(1680) ** 
D13 ** -(1820) 13 *** 

S l l  ** ~(1940) ** 

P l l  *** E(2030) 1 *** 

D13 **** E(2120) * 

** E(2250) ** 

SI1 *** ~(2370) 1 ** 

P l l  * E(2500) * 

D 15 **** 
P13 * [2(1672) P03 **** 

P l l  ** 
F i 5  **** Ac(2281) **** 

D13 *** ~c(2450) ** 
S I I  * Ec(2460) * 

F I 7  **** 9"c(2740) * 

F I 5  * Ab(5500 ) * 
P I 3  ** 
G 17 * Dibarvons 

*** NN(2170) 1D2** 

** AW(2250) 3F3 ** 

** AW(?) * 

* AN(2130) 3S1 ** 

* ~N(?) * 

Good, clear, and unmistakable. 
Good, but in need of  clarification or not absolutely certain. 
Not established: needs confirmation. 
Evidence weak: likely to disappear. 

Decay modes b (GeV/c) Mass c Full d 
Pbeam M width F Fraction f p g 

Particle a JP L21.2 J cr = 4.tr~ 2 (mb) (MeV) (MeV) Mode e (%) (MeV/c) 

N R E S O N A N C E S  ( S = 0 ,  I = 1 / 2 )  [A ' +  = uud, N 0 = udd] 

p 1/2 + 938.3 See Stable Particle Table 
n 939.6 

N(1440) 1/2+ P I I  P ~ 0.61 1400 to 120 to N~r 50-70 397 
o" = 31.0 1480 350 ,.V7rTr 30-50 342 

(200) ATr 10-20 143 
NO 10-15 1" 
N (TrTr) S 5-20 342 

p'~ 0.08-0.10 414 
n~' 0.01-0.06 413 

N(1520) 3 / 2 -  D13 P = 0.74 1510 to 100 to 
o- = 23.5 1530 140 

(125) 

Nlr 50-60 456 
N~7 ~0.1 149 
N~r~r 40-50 410 

ATr 20-30 228 
Np 15-25 ~" 
N(Trlr) S < 5 410 

P3' 0.43-0.57 470 
n 7  0.34-0.51 470 



Particle a F 

Baryon Summary Table 

b (GeV/c) Mass c Full d 
Pbeam M width I" 

L21.2 J a = 4Trek 2 (rob) (MeV) (MeV) 

(cont 'd) 
Decay modes 

Fraction f p g 
Mode e (%) (MeV/c) 
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N(1535) 1 / 2 -  S I I  P = 0.76 1520 to 100 to 
= 22.5 1560 250 

(150) 

NTr 35-50 467 
N~ 45-55 182 
NTrTr ~ 10 422 

ATr < 5 242 
Np ~ 5 "f 
N(TrTr) S ~ 5 422 

P7 0.1-0.2 481 
n 7  0.15-0.35 480 

N(1650) I / 2 -  S I I  P = 0.96 1620 to 100 to 
a = 16.4 1680 200 

(150) 

NTr 55-65 547 
N?/ ~ 1.5 346 
AK ~ 8 161 
NTrTr 20-35 511 

ATr < 1 0  344 
Np 5-30 + 
N(TrTr) S <15  511 

P7  0.04-0.16 558 
n 7  0-0.17 557 

N(1675) 5 / 2 -  D I5 P = 1.01 1660 to 120 to 
= 15.4 1690 180 

(155) 

Nrr 35-40 563 
NT/ ~ 1 374 
AK ~0.1 209 
NTrrr 60-65 529 

ATr 55-60 364 
Np <1 0  + 
N(rcTr) S < 5 529 

P7  ~0.01 575 
n 7  0.07-0.12 574 

N(1680) 5/2 + F15 P = 1.01 1670 to 110 to 
= 15.2 1690 140 

(125) 

N r  55-65 567 
N~ < 1 379 
AK not seen 218 
N ~  35-45 532 

A~ 10-15 369 
Np 10-20 + 
N(rr)  S 15-20 532 

P7 0.21-0.30 578 
n 7 0.02-0.05 577 

N(1700) 3 / 2 -  D I3 P = 1.05 1670 to 70 to 
= 14.5 1730 120 

(100) 

N ~  5-15 580 
N~ ~ 4 400 
AK ~0.2  250 
N ~ r  80-90 547 

A r  15-70 385 
Np < 2 0  + 
N(~r)S <7 0  547 

P7  ~0.01 591 

N(1710) 1/2 + P I I  P = 1.07 1680 to 90 to 
= 14.2 1749 130 

(110) 

Nw 10-20 587 
N O ~2 5  410 
AK ~ 15 264 
~K 2-10 138 
N ~ r  < 5 0  554 

A~ 10-20 393 
Np 5-35 48 
N ( ~ )  S 5-35 554 

N(1720) 3/2 + PI3 P = 1.09 1690 to I25 to 
= 13,9 1800 250 

(200) 

NTr 10-20 594 
NO ~3.5  420 
AK ~ 5 278 
ZK 2-5 162 
NTrTr <75  56I 

A~" <15  401 
NO <7 5  104 
N(Trrc) S < 2 0  561 
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Baryon Summary Table (cont 'd) 
Decay modes Mass c Fall d b 

Pbeam (GeV/c) M width r Fraction f p g 
Particle a JP L2b2J ¢r = 4"a'~. 2 (rob) (MeV) (MeV) Mode e (%) (MeV/c) 

N(2190) 7 / 2 -  GI7  P = 2.07 2120 to 200 to Nrr ~ 14 888 
a = 6.21 2230 500 Nr/ ~ 3 790 

(350) AK ~0 .3  712 

N(2220) 9/2 + H19 P = 2.14 2150 1o 300 to NTr ~1 8  905 
= 5.97 2300 500 NT/ ~0 .5  811 

(400) AK ~0.2  732 

N(2250) 9 / 2 -  G19 P = 2.21 2130 to 200 to Nrr ~ 1 0  923 
a = 5.74 2270 500 Nr/ ~ 2 831 

(300) AK ~0.3  754 

N(2600) 11 /2 -  I111 P = 3.12 2580 to > 3 0 0  Nrr ~ 5 1126 
o" = 3.86 2700 (400) 

A R E S O N A N C E S  ( S = 0 ,  1 = 3 / 2 )  [A + +  = uuu, A + = uud, A ° = udd, A -  = ddd] 

A(1232) 3 /2+  P33 P = 0.30 1230 to 110 to Nrr 99.4 227 
a = 94.8 1234 120 N y  0.56-0.66 259 

(115) 

A(1620) 1 / 2 -  $31 P = 0.91 1600 to 120 to Nzr 25-35 526 
o-= 17.7 1650 160 NTrTr 65-75 488 

(140) Arc 60-70 318 
NO 10-20 + 

N y  ~0.03 538 

A(1700) 3/2-- D33 P = 1.05 1630 to 190 to N~" 10-20 580 
a = 14.5 1740 300 Nrrrr 80-90 547 

(250) ATr 50-90 385 
NO <35 I 

N T  0.14-0.33 591 

~(1900) 1 / 2 -  $31 P = 1.44 1850 to 130 to N~r 5-15 710 
6 = 9,71 2000 300 ZK ~ 1 0  410 

(150) 

A(1905) 5/2 + F35 P = 1.45 1890 to 250 to Nrr 5-15 713 
cr = 9.62 1920 400 ZK < 3 415 

(300) NTrTr <75 687 
A~r ~2 5  542 
N p  <5 0  421 

N'y 0.01-0.05 721 

A(1910) 1/2+ P31 P = 1.46' 1850 to 200 to NTr 15-25 716 
a = 9.54 1950 330 2K 2-20 421 

(220) NrrTr <75  691 
Art small 545 
Np small 426 
N(1440)Tr large 393 

A(1920) 3 /2+  P33 P = 1.48 1860 to 190 to NTr 15-20 722 
~r = 9.38 2160 300 ZK ~ 5 431 

(250) 

A(1930) 5/2-- D35 P = 1.50 1890 to 150 to NTr 5-15 729 
cr = 9.21 1960 350 2K <1 0  441 

(250) NTrTr not seen 704 

A(1950) 7/2 + F37 P = 1.54 1910 to 200 to N r  35-45 741 
= 8.91 1960 340 2K < 1 460 

(240) NTrrr < 4 0  716 
,-Xr ~ 3 0  574 
N o <1 0  469 

N y  0.08-0.17 749 

A(2420) 11/2 + H311 P = 2.64 2380 to 300to  N7r 5-15 1023 
cr = 4.68 2450 500 

(300) 



Baryon Summary Table (cont 'd) 
Decay modes 

p b (GeV/c) Mass  c Full d 
beam M width £ Fraction f p g 

njr LI .2J  ¢r = 4"tl'~k 2 (mb) (MeV) (MeV) Mode (%) (MeV/c) Particle a 

A R E S O N A N C E S  ( S = - I ,  I = 0 )  [.~o = uds] 

A I /2  + 1115.6 See Stable Particle Table 

A(1405) 1/2 S01 Below KN 1405 4 0 _  + 10 h ZTr 100 152 
threshold -+ 5 h 

A(1520) 3/2 D03 P = 0.395 1519.5 15.6 N K  45_+ 1 244 
o ' = 8 2 . 3  +_1.0 h __+ 1.0 h Err 42_+1 267 

ATrrr 10+ 1 252 
X T r r r  0.9_+0.1 152 
A7 0.8_+0.2 351 

A(1600) 1 / 2 +  P01 P = 0.58 1560 to 50 to N K  15-30 343 
o" = 41.6 1700 250 Zrr 10-60 336 

(150) 

A(1670) 1/2 S01 P = 0.74 1660 to 25 to N.K 15-25 414 
o" = 28.5 1680 50 Err 20-60 393 

(35) Ar~ 15-35 64 

A(1690) 3 / 2 -  D03 P = 0.78 1685 to 50 to NJ~ 20-30 433 
o" = 26.1 1695 70 :~rr 20-40 409 

(60) Arrrr ~ 2 5  415 
~Trlr ~ 2 0  350 

A(1800) 1 / 2 -  S01 P = 1.01 1720 to 200 to N K  25-40 528 
o" = 17.5 1850 400 Xrr seen 493 

(300) Z(1385)7r seen 345 
N/~*(892) seen 1" 

A(1800) 1/2-- P01 P = 1.01 1750 to 50 to N&" 20-50 528 
o" = 17,5 1850 250 :~Tr 10-40 493 

(150) 2 (1385) r  seen 345 
NK*(892) 30-60 + 

A(1820) 5/2 + F05 P = 1.06 1815 to 70 to N K  55-65 545 
o" = 16.5 1825 90 ZTr 8-14 508 

(80) Z(1385)rr 5-10 362 

A(1830) 5 / 2 -  D05 P = 1.08 1810 to 60 to A ~  3-10 553 
o = 16.0 1830 110 Err 35-75 515 

(95) :~(1385)rr ~ > 1 5  371 

A(1890) 3 / 2 +  P03 P = 1.21 i850 to 60 to ArK 20-35 599 
o" = 13.6 1910 200 ~rr 3-10 559 

(100) Y.(1385)rr seen 420 
N/£*(892) seen 233 

A(2100) 7 / 2 -  G07 P = 1.68 2090 to 100 to N K  25-35 75l 
o = 8.68 2110 250 Y.Tr ~ 5 704 

(200) A~7 < 3 617 
EK < 3 483 
Aw < 8 443 

NK*(892) 10-20 514 

3 3  

A(2110) 5/2 -~ F05 P = 1.70 2090 to 150 to N.K 5-25 757 
o- = 8.53 2140 250 Err 10-40 711 

(200) Aw seen 455 
2(1385)~- seen 589 
N3~*(892) 10-60 524 

A(2350) 9/2  + P = 2.29 2340 to 100 to N K  ~ 1 2  915 
o- = 5.85 2370 250 Zrr - -10  867 

(15o) 
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Baryon Summary Table (cont 'd) 
Decay modes b (GeV/c) Mass  c Full d 

Pbeam M width r Fraction f p g 
Particle a J P  LI .2J  a = 47r~ 2 (rob) (MeV) (MeV) Mode (%) (MeV/c)  

R E S O N A N C E S  ( S = - 1 ,  I = 1 )  [~+ = uus, ~0 _ uds, ~ = dds] 

Z + 1/2 + 1189.4 See Stable Particle Table 
Z "0 1192.5 
Y-- 1197.3 

1385)+ 3 / 2 +  P I3  Below 1382.8_+0.4 36+_ 1 3_7r 88+_2 208 
K?v" S=2.0 i ZTr 12_+2 127 

,Y,,(1385) 0 threshold 1383{} -+ 1.0 36 +- 5 
S=1.4 i 

,~-,(1385)- 1387.2+_0.6 3 9 ~ 2  
S=2.2 i S=1.7 i 

Z(1660) 1 / 2 +  P I I  P = 0.72 1630 to 40 to NJ~ 10-30 405 
a = 29.9 1690 200 A~ seen 439 

(100) 2~  seen 385 

.~1670) 3 / 2 -  D13 P = 0.74 1665 1o 40 to NK" 7-13 414 
ff = 28.5 1685 80 A~ 5-15 447 

(60) ~ 30-60 393 

.~1750) 1 / 2 -  S i t  P = 0.91 1730 to 60 to N/£ 10-40 486 
= 20.7 1800 160 A~ seen 507 

(90) ~ < 8 455 
~ 15-55 81 

~ 1 7 7 5 )  5 / 2 -  D15 P = 0.96 1770 to 105 to N K  37-43 508 
= 19.0 1780 135 A~ 14-20 525 

(120) 2 r  2-5 474 
2 (1385) r  8-12 324 
A(1520)r  17-23 198 

~ 1 9 1 5 )  5/2  + F I5  P = 1.26 1900 to 80 to NJ~ 5-15 618 
= 12.8 1935 160 Au seen 622 

(120) Z r  seen 577 
Z(1385)w < 5 440 

~ 1 9 4 0 )  3 / 2 -  DI3  P = 1.32 1900 to 150 to N,~ < 2 0  637 
= 12.1 1950 300 ATr seen 639 

(220) ZTr seen 594 
~( 1385)7r seen 460 
A(1520)Tr seen 354 
ix( 1232)/~ seen 410 
, ~ * ( 8 9 2 )  seen 320 

'v--'(2030) 7 / 2 +  £'17 P = 1.52 2025 to 150 to 
a = 9.93 2040 200 

(180) 

N K  17-23 702 
Art 17-23 700 
ZTr 5-10 657 
GK < 2 412 

Z(1385)Tr 5-15 529 
A(1520)Tr 10-20 430 
&(1232)K 10-20 498 
NK*(892) < 5 438 

,Y,(2250) ? P = 2.04 2210 to 60 to N~" < 1 0  851 
~r = 6.76 2280 150 A~r seen 842 

(100) ~Tr seen 803 



Baryon Summary Table (cont 'd) 
Decay modes Mass c Full d 

M width r Fraction p g 
Particle a J P  L 2 1 . 2  J (MeV) (MeV) Mode (%) (MeV/c) 

R E S O N A N C E S  ( S = - 2 ,  1 = 1 / 2 )  [E0 = uss, ~ -  = dss] 

1/2 + 1314.9 See Stable Particle Table 
g -  1321.3 

-'~(! 530)0 3 / 2 +  P13 1531.8+-0.3 9.1-+0.5 ,7~- 100 148 
S = 1.3 i 

~ ( 1 5 3 0 ) -  i535.0+-0.6 10.1 +- 1,9 

~ + 1 5 h  ?,K ~ 4 5  396 ~,(1820) 3 /2  1822 "~ 10 
± 6 h Z&" ~ 10 306 

E~r small 413 
E(1530)Tr ~ 4 5  231 

5 h 
~(2030) ? 2025 20"- 1 ,'xK ~ 2 0  587 

+ 6 h  - 5 1 ~  ~ 8 0  524 
ETr small 573 

~(1530)7r small 418 

= + = udc] O T H E R  B A R Y O N S  I n -  sss, A c 

f l -  3 /2  + 1672.4 See Stable Particle Table 

+ i / 2  + 2281 See Stable Particle Table A c 

3 5  

Only the established baryons are included in this Baryon SummaD'  Table. See the short table at the front of  this 
main Table for a list o f  all the b a ~ o n s  for which there is evidence. See also the ,Votes on N and A resonances, on 3. 
and >2 resonances, on E resonances, and on dibacvons, introducing those sections o f  the Baryon Full Listings, In par- 
ticular, there are Argand diagrams o f  all the ~rN and KN elastic partial-wave amplitudes, find lengthy discussions o f  
the main analyses o f  elastic and inelastic channels. 

t .  This mode  is energetically forbidden when the nominal  mass o f  the decaying resonance (and of  any  resonance in the 
final state) is used, but is in fact allowed due to the nonzero width(s) of  the resonance(s). 

a. The nominal  mass here (in MeV) is used for identification; see column 5 for the actual mass. 

b. The quanti t ies here are calcuIated using the nominal  mass o f  co lumn 1. 

c, Usually a conservat ively large range of  masses rather  than a statistical average o f  the various determinat ions  of  the 
mass is given. In these cases, the mass determinat ions  are nearly entireb'  from various phase-shift analyses of  more 
or less t he  same data, It is thus not appropr ia te  to treat the determinat ions as independent  measurements  or to 
average them together. The masses, widths, and branching fractions in this Table are Breit-Wigner parameters.  The 
Baryon Full Listings also include pole parameters  when they are available, and  there is a table o f  pole parameters  
for N and  A resonances in the ~'Note on N and  A Resonances"  in the Listings. 

d. Usua y a conservat ively Iarge range o f  widths rather  than a statistical average of  the various determinat ions o f  the 
width is given (see note c for the reason). The nominal  value in parentheses is then simply a best guess. 

e. The indented modes are subreactions & t h e  NTrTr mode. The (rrTr) S is the isospin-0. S-wave state o f  two pions (this 
used to be called the ~). 

17 Most o f  the inelastic branching fractions come from part ial-wave analyses, and  these determine (xx')l/2, where x 
and x '  are the elastic and inelastic branching fractions, not x" directly. Thus  any uncertainty (and it is often consid- 
erable) in x carries over  into x ' .  When x '  so determined is really poorly known, we here simply note that the 
mode  is seen, The values of  (xx ' )  I/2 are given in the Baryon Full Listings. 

g. For a 2-body decay mode, this is the m o m e n t u m  of  the decay products  in the decay rest frame. For  a 3-or-more- 
body mode, this is the m a x i m u m  m o m e n t u m  any of  the products  can have in this frame. The nominal  mass of  
co lumn 1 is used, as is the nominal  mass of  any  resonance in the final state. 

h. The error  given here is only an educated guess. It is larger than the error  on the weighted average of  the published 
values (the error on the weighted average is given in the Baryon Full Listings). 

i. The error  given here has been scaled up by an ~'S factor"  (see the * footnote to the Stable Particle Summary  Table 
for how S is defined) because the various measurements  disagree more  seriously than one would expect from statis- 
tics. 
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PHYSICAL CONSTANTS* 

Quantity Symbol, equation Value Uncert. (ppm) 

speed of light c 
Planck constant h 
Planck constant, reduced h -~ h/2rr 

electron charge magnitude e 
conversion constant hc  
conversion constant (hc) 2 

2.997 924 58(1.2)x 108 m s -1  (see note**) 0.004 
6.626 176(36)x10 -34  J s 5.4 
1.054 588 7(57)x10-34 J s 5.4 
= 6,582 173(17)x10 -22  MeV s 2.6 

1.602 189 2(46)x 10 -19  C = 4.803 242(14)x10-10 esu 2.9, 2.9 

197.328 58(51) MeV fm 2.6 
0.389 385 7(20) GeV 2 mbarn 5.2 

electron mass m e 
proton mass mp 

deuteron mass 
atomic mass unit  (ainu) 

m d 
(mass C 12 atom)/12 = (1 g) /N  A 

0.511 003 4(14) MeV/c 2 = 9.109 534(47)×10 -31 kg 2,8, 5.1 
938.279 6(27) MeV/c 2 = 1.672 648 5(86)×10 -27  kg 2.8, 5.1 

= 1.007 276 470(11) amu = 1836.151 52(70) m e "t 0.011, 0.38 
1875.628 0(53) MeV/c 2 2.8 
931.501 6(26) MeV/c 2 = 1.660 565 5(86)×10 -27  kg 2.8, 5.1 

permitt ivity of free space 
permeability of free space 

fine structure constant 
classical electron radius 
electron Compton wavelength 

Bohr radius (m nucleus = ~e) 
Rydberg energy 
Thomson cross section 

E0 t 8.854 187 818(71)×10 -12  C 2 N -1  m - 2  0.008 
~0 eolao = l / c 2  47rx10 - 7  = 1.256 637 061 4×10 - 6  N A - 2  - -  

J 

a = e2/47reOhC 1/137.036 04(11) t 0.82 
r e = e2/47reome c2 2.817 938 0(70)×10 -15  m 2.5 
h e = h / m e C  = r e a - t  3.861 590 5(64)x10 -13  m 1.6 

ao~ = 4 7 r % h 2 / m e e 2  = r e a - 2  5.291 770 6(44)× 10 -11 m 0.82 

h c R ~  = m e e 4 / 2 ( 4 r % ) 2 h  2 = meC2a2/2  13.605 804(36) eV 2.6 
~r T = 87rr2/3 0.665 244 8(33) barn 4,9 

Bohr magneton ~B = e ' t t / 2me  5.788 378 5(95)x 10 -11 MeV T - 1  1.6 
nuclear magneton UN = e ' a / 2 m p  3.152 451 5(53)x 10 -14  MeV T -1  1.7 

e electron cyclotron freq./field Wcycl/B = e / m  e 1.758 804 7(49)× 1011 rad s -1  T - 1  2.8 

proton cyclotron freq./field cOcPyct/B = e / m p  9.578 756(28)x 107 rad s - 1  T - 1  2.8 

gravitational constant G N 6.672 0(41) x 10-11 m3 k g -  1 s -  2 615 
= 6.7065 (41)×10 -39  hc (GeV/c2) - 2  615 

gray. accel., sea level, 45* lat. g 9.8062 m s - 2  - -  
Fermi coupling constant G F / ( h c )  3 1.166 37(2)× 10 - 5  GeV - 2  17 

Avogadro number N A 6.022 045(31 ) x 1023 t o o l -  1 + 5.1 
Boltzmann constant k 1.380 662(44) × 10-  23 j K - 1 32 

ffi 8.617 35(28)x10 - 5  eV K - I  32 

molar  volume, ideal gas at STP N A k(273.15 K)/(I  atmosphere) 22.413 83(70)x10 - 3  m 3 tool -1  31 
Stefan-Boltzmann constant a = 7r2k4/60h3c  2 5.670 32(71)x10 - 8  W m - 2  K - 4  125 

7r = 3.141 592 653 589 793 238 e = 2.718 281 828 459 045 235 ~ = 0.577 215 664 901 532 861 

l i n  -= 0.0254 m l b a r n  ----- 10-28 m 2 l e V  = 1.602 189 2 x 1 0 - 1 9 j  1gauss (G)  ~ 10 -4  tesla (T) 
1A ~ 1 0 - 1 0 m  1 dyne ~ 10 - 5  newton(N)  l e V / c  2 = 1 . 7 8 2 6 7 6 x 1 0 - 3 6 k g  1 atmosphere = 1.01325 x l 0 5 N / m  2 

l f m  -= 1 0 - 1 5 m  l e r g  --- 1 0 - 7 j o u l e ( J )  2.997924 58x109esu  = 1 coulomb(C)  0°C ~ 273.15K 

SI units take as their base: length (m), mass (kg), t ime (s), electric current (A), themodynamic temperature (K), amount  of a substance (mol), 
and luminous intensity (candela, cd), and the two supplementary units plane angle (rad) and solid angle (sr). 

• Revised 1985 by B.N. Taylor. Based mainly on the "1973 Least-Squares Adjustment of the Fundamental  Constants," by E.R. Cohen and 
B.N. Taylor, J. Phys. Chem. Refi Data 2, 663 (1973). The figures in parentheses after the values give the l-standard-deviation uncertainties 
in the last digits; the uncertainties in parts per million (ppm) are given in the last column. The uncertainties of the values from a least- 
squares adjustment are in general correlated, and the laws of error propagation must  be used in calculating additional quantities. The set of 
constants resulting from the 1973 adjustment has been recommended for international use by CODATA (Committee on Data for Science and 
Technology), and is the most  up-to-date, generally accepted set currently available. 

q Since 1973, new experiments have yielded better values for some of the constants: N A = 6.022 097 8(63)x1023 tool -1  (1.04 ppm); a - 1  = 
137.035 963(15) (0.11 ppm); and m p / m  e = 1836.152 701(100) (0.054 ppm - error increased by us pending final determination). However, 
since a change in the value of one constant usually leads to changes in the adjusted values of others, caution is required in using together the 
values from the 1973 adjustment and the results of more recent experiments. 

*" In 1983, the Conf. G6nerale des Poids et Mesures adopted a new definition of the meter: it is the distance traveled by light in vacuum in 
1/299 792 458 s. Thus the speed of light is def ined to be 299 792 458 m/s. For a discussion, see B.W. Petley, Nature 303, 373 (1983). 
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Quantity Symbol, equation Value Quantity Symbol Value 

Planck mass 

Hubble parameter 1 

Mplanck 

= (hc/GN)I/2 

H o 

normalized Hubble parameter I h 0 

density parameter of  the universe I % =- po/Pc 

critical density of the universe I 

1.221 10(37)x 1019 GeV/c 2 

= 2.176 83(66)x10 - 8  kg 

100h 0 km s - I  Mpc -1  

= h o x l . 0 × 1 0  -10  year -1  

0.4 < h 0 <1  

0.05 ~< % ~< 4 

Pc = 3 H ~ / 8 r G N  1.88× 10 -26  h 2 kg m - 3  

=2.8×1011 h~ M® Mpc - 3  

cosmological constant A 1~-I < 3 x 1 0 - 5 2  m - 2  

age of the universe I t o 1.5(5)× 1010 years 

solar mass M® 1.989(2)x1030 kg 

solar luminosity L ® 3.826(8)x 1026 J s -  1 

solar radius R O 6.959 9(7)x108 m 

1 tropical year ~ 3.155 69 x l 0 7  s 
1 light year = 9.460 528 x l 0  t5 m 

1 parsec (pc) = 3.261 633 light years 
1 astro, unit  = 1.495 979 xl011 m 

* Compiled with the help of K.A. Olive, J. Primack, and S. Rudaz. Some values are taken from C.W. Allen, Astrophysical Quantities 
(Athlone Press, London, 1973). 

I Subscript 0 indicates present-day values. 

BIG BANG COSMOLOGY* 

All observational evidence to date indicates that our universe is 
very nearly homogeneous and isotropic. The most  general space- 
t ime interval with these properties is the Friedmann-Robertson- 
Walker metric (with c = 1): 

ds 2 ~  d t 2 - R 2 ( t ) [ ~ + r 2 ( d O 2 + s i n 2 O d q b 2 ) ] ,  

where K = + l, - I, or 0 corresponds to closed, open, or spatially 
flat geometries; R(t)  is a scale factor for distances in comoving 
coordinates. Einstein's equations lead to the Friedmann equation 

H2 ~ ~ , , j  3 R 2 + 3 ' 

as well as to 

A 4~rGN 
R 3 3 (P + 3p ) ,  

where H(t )  is the Hubble parameter, P is the t0tal mass-energy 
density, p is the isotropic pressure, and A is the cosmological con- 
stant. (For limits on A, see the Table of Astrophysical Constants; 
we will assume here A = 0.) The Friedmann equation serves to 
define the density parameter % (subscript 0 indicates present-day 
values): 

K/R 2 = H 2 ( % -  1), % = P0/Po, 

and the critical density is defined as 

3H2 = 1.88x10 -26  h 2 kg m - 3  , 
Pc =- 8rGN 

with 
H 0 = 100h 0 km s - l  Mpc -1  . 

Observational bounds give 0.4 < h 0 < l. The three possible 
values of K, + 1, -- 1, and 0, correspond to 12 o > 1, < I, and = 1, i.e., 
to closed, open, and fiat (critical) universes. The value of % is 
inferred from velocity measurements on scales greater than 100 
kpc, which are all consistent with 0.1 ~< % ~< 0.4. Conservative 
bounds are 0.05 ~< % ~< 4. The portion of~2 in luminous matter is 
much smaller, 0.005 ~< 121urn ~< 0.02. The excess o f %  over 121urn 
leads to the inference that most of the matter in the universe is 
nonluminous "dark" matter. 

Energy conservation implies that ~ = - 3(R/R~ (p + p), so that 
for a matter-dominated (p = 0) universe p oc R - 2  while for a 
radiation-dominated (p = l/3p) universe p ~ R -4 .  Thus the less 
singular curvature term K/R 2 in the Friedmann equation can be 
neglected at early times when R is small. Energy conservation also 

3 implies that the universe expands adiabatically, R s = constant, 
where the entropy density s = (p + p ) / T  and T is temperature. 

The energy density of radiation can be expressed as 

7r2k4 4 
Or = - - ~ N ( T ) T  , 

with ~t = 1, where N(T)  counts the effectively massless degrees of 
freedom of bosons and fermions: 

N(T)  = ~ g B  + 7 
~ ~F gF • 

For example, for m u > k T  > m e, N (T )  = g,,{ + 7/8(g e + 3 g )  = 

2 + 7 / 8 1 4 + 3 ( 2 )  1=43 /4 .  F o r m T r > k T  > m t, N (T )  = 57/4. 

In the early universe when p ~ Pr, then R ~ 1/R, so that R 
t 1/2 and Ht --,. 1/2; the time-temperature relation then follows: 

t = 2 . 4 I N ( T ) / - 1 / 2  [ 1MeV ] 2 
t - -TU-  J s. 

Today, the energy density in photons is p,¢ = (Tr2k4/15)T 4, where 
the present temperature of the microwave background is T O = 
2.73_+0.05K, and the number density of photons n is 
400(T0/2.7K) 3 cm -3 .  For nonrelativistic matter (Sruch as baryons) 
today, the energy density is PB = mBnB with n B cc R - 3 ,  so that 
for most of the history of the universe nB/s is constant. Today, 
the entropy density is related to the photon density by s ~ 7n . 
Big Bang nueleosynthesis calculations l imit  r /= nB/n - to 3× 10 % 10 

"q ~< 10 -9 .  The parameter n is also related to the l~ortion o f ~  
in baryons 

f~B = 3.6x 107rlho-2(To/2.7K) 3 , 

so that 0.01 < flBh2 < 0.04 and hence the universe cannot be 
closed by baryons. 

* Written December 1985 by K.A. Olive and S. Rudaz. 
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Material Z A 

ATOMIC AND NUCLEAR PROPERTIES OF MATERIALS* 

Nuclear a Nuclear b Nuclear c Nuclear c dE/dxmin d 
total inelastic collision interaction ~ &Emp, l cm 
cross cross length length ~_ M e V 7  [MeV] 

section section ~k T XI - -  0 is for gas 
a T [barn] ~r I [barn I [g/cm2l [g/cm 2] Lg/cm2 j [keV] 

Radiation length e Density f Refractive 
Lra d [g/cm 3 ] index n f 

[g/cm 2] [cm] 0 is for gas 0 is ( n - l ) ×  10 6 
0 is for gas [g/¢] for gas 

H 2 1 1.01 0.0387 0.033 43.3 50.8 4.12 (0.19) 61.28 865 0.0708(0.090) 1.112(140) 
D 2 1 2.01 0.073 0.061 45.7 54.7 2.07 (0.17) 122,6 757 0.162(0.177) 1.128 
He 2 4.00 0.133 0.102 49.9 65.1 1.94 (0.16) 94.32 755 0.125(0.178) 1.024(35) 
Li 3 6.94 0.211 0.157 54,6 73.4 1.58 0.70 82.76 155 0.534 - -  
Be 4 9.01 0,268 0.199 55.8 75.2 1.61 2.61 65.19 35.3 1.848 - -  

C 6 12.01 0.331 0.231 60.2 86.3 1.78 3.57 42.70 18.8 2,265 g - -  
N 2 7 14.01 0.379 0.265 61.4 87.8 1,82 (0.93) 37.99 47.0 0.808(1,25) 1.205(300) 
02  8 16.00 0.420 0.292 63.2 91.0 1.82 (1.31) 34.24 30.0 1.14(1.43) 1.22(266) 
Ne 10 20.18 0.507 0.347 66.1 96,6 1.73 (0.75) 28.94 24.0 1.207(0.90) 1,092(67) 
AI 13 26.98 0,634 0.421 70.6 106.4 1.62 3.81 24.01 8.9 2.70 - -  
Si 14 28,09 0.660 0,440 70.6 106.0 1.66 3.36 21.82 9.36 2,33 - -  
Ar 18 39.95 0.868 0.566 76.4 117.2 1.51 (1,30) 19.55 14.0 1.40(1.78) 1.233(283) 

Fe 26 55.85 1.120 0.703 82.8 131.9 1.48 10.7 13.84 1.76 7.87 - -  
Cu 29 63.54 1.232 0.782 85,6 134.9 1.44 11.85 12.86 1.43 8.96 - -  
Sn 50 118.69 1.967 1.21 100.2 163 1.26 8.3 8.82 1.21 7.31 - -  
Xe 54 131,30 2.120 1,29 102.8 169 1.24 (3.57) 8.48 2.77 3.057(5.89) (705) 
W 74 183.85 2.767 1.65 110.3 185 1.16 21,1 6.76 0.35 19.3 - -  
Pb 82 207.19 2.960 1.77 116.2 194 1,13 11.7 6,37 0.56 11.35 - -  
U 92 238.03 3.378 1.98 117.0 199 1.09 19.3 6.00 ~0.32 ~18.95 - -  

Air, 20"C, 1 atm. (STP in paren.) 62,0 90,0 1.82 (1.12) 36.66 (30420) 0.001205(1.29) 1,000273(293) 
H 2 0  60.1 84.9 2.03 1.72 36.08 36.1 1.00 1.33 
Shielding concrete h 67.4 99.9 1.70 3.68 26.7 10.7 2.5 - -  
SiO 2 (quartz) 67.0 99.2 1.72 3.28 27,05 12.3 2.64 1.458 

H 2 (bubble chamber 26°K) 43.3 50.8 4.12 0.20 61.28 ~1000 ~0.063 i 1.100 
D 2 (bubble chamber 31*K) 45.7 54.7 2.07 0.22 122.6 ~900 ~0.140 i 1.110 
H-Ne mixture (50 mole percent) j 65.0 94.5 1.84 0.59 29.70 73.0 0.407 1.092 

Ilford emulsion G5 82.0 134 1,44 4.79 11.0 2.89 3.815 - -  
Nal 94.8 152 1.32 4.13 9.49 2.59 3.67 1.775 
BaF 2 92.1 146 1.35 5.72 9.91 2.05 4.89 1.56 
BGO (Bi4Ge3OI2) 97,4 156 1.27 8.07 7.98 1.12 7.1 2.15 
Polystyrene, scintillator (CH) k 58.4 82,0 1.95 1.72 43.8 42.4 1.032 1.581 

Lucite, Plexiglas (C5H802) 59.2 83,6 1,95 1.98 40.55 ~34,4 1.16-1.20 .-~ 1.49 
Polyethylene (CH2) 56.9 78,8 2.09 1.68 44.8 --~47.9 0.92-0.95 - -  
Mylar (C5H402) 60.2 85,7 1.86 2.24 39.95 28.7 1.39 - -  
Borosilicate glass (Pyrex)*" 66.2 97.6 1.72 3.32 28.3 12.7 2.23 1,474 

CO 2 62.4 90.5 1.82 (1,92) 36.2 (18310) (1,977) (410) 
Methane CH 4 54.7 74.0 2.41 (0.91) 46.5 (64850) 0.423(0,717) (444) 
lsobutane C4Hj0 56.3 77.4 2.22 (3.43) 45.2 (16930) (2.67) (1270) 
Freon 12 (CC12F2)gas, 26°C, 1 atm. rn 70.6 106 1,62 4.49 23.7 4810 (4.93) 1.001080 
Silica Aerogel n 65.5 95.7 1,83 0.28 2%85 ~150 0.1-0.3 1.0+0.25,o 
G I 0  plate ° 62.6 90.2 1.87 2.7 33,0 19.4 1,7 - -  

* Table revised April 1986 by W. Carithers. aT, Ol, ~'T, and X I are energy dependent. .  Values quoted apply to high energy range given in footnote a 
or b, where energy dependence is weak. 

a. Gtotal at 80-240 GeV for neutrons (--~ cr for protons) from Murthy et al., Nucl, Phys. B92, 269 (1975). This scales approximately as A 0"77. 
b. einelastic=Crtotal--Crelastic--Cr~uasielastic ~ for neutrons at 60-375 GeV from Roberts et al., Nucl. Phys., B159,56 (1979). For protons and other parti- 

cles, see Carroll et al., Phys?Lett. 80B, 319 (1979); note that al(p ) ~- al(n ). cr I scales approximately as A 0'71. 
c, Mean free path between collisions (XT) or inelastic interactions (XI), calculated from X = A / ( N  X~r), where N is the Avogadro number, 
d. For minimum-ionizing protons and pions. ~ 7  is energy loss per g/cm 2 from Barkas and Berger, Tables of Energy Losses and Ranges of Heavy 

Charged Particles, NASA-SP-3013 (1964). For electrons and positrons see: M.J. Berger and S.M. Seltzer, Stopping Powers and Ranges of Electrons 
ad and Positrons (2 Ed.), U.S. National Bureau of  Standards report NBSIR 82-2550-A (1982). AEmt ~ is the most probable deposited energy in one 

cm, in MeV for solids and liquids, in keV for gases. EmpVaries with depth in a nonproportional rfianner. ISee Sect. (1) of  Passage of  Particles 
Through Matter. 1 Parentheses refer to gaseous form at STP (0°C, 1 arm.). 

e. From Y.S. Tsai, Rev. Mod. Phys. 46, 815 (1974); Lra d data for all elements up to uranium may be found here. Corrections for molecular binding 
applied for H 2, and D 2. Parentheses refer to gaseous form at STP (0°C, 1 arm.). 

f. Values for solids, or the liquid phase at boiling point, except as noted. Values in parentheses for gaseous phase at STP (0°C, 1 arm.). Refractive 
index given for sodium D line, 

g. For pure graphite; industrial graphite density may vary 2.1 - 2.3 g/cm 3. 
h. Standard shielding2blocks, typical composition O 2 52%, Si 32.5%, Ca 6%, Na 1.5%, Fe 2%, AI 4%, plus reinforcing iron bars. The attenuation length, 

g = 115 -+ 5 g/cm , is also valid for earth (typical p = 2.15), from CERN-LRL-RHEL Shielding exp., UCRL- 17841 (1968). 
i. Density may vary about +_ 3%, depending on operating conditions. 
j. Values for typical working conditions with H 2 target: 50 mole percent, 29°K, 7 arm. 
k. Typical scintillator; e.g., PILOT B and NE 102A have an atomic ratio H/C = 1.10. 
¢. Main components: 80% SiO 2 + 12% B203 + 5% Na20.  
m. Used in Cerenkov counters. Values at 26°C and 1 arm. Indices of  refraction from E.R. Hayes, R.A. Schluter, and A. Tamosaitis, ANL-6916 (1964). 
n. n(SiO 2) + 2n(H20) used in Cerenkov counters, p = density in g/cm 3. From M. Cantin et al., Nucl. Instr. Meth. 118, 177 (1974). 
o. G10-plate, typical 60% SiO 2 and 40% epoxy. 



EXPECTED PARAMETERS OF FUTURE HIGH ENERGY COLLIDERS 

The numbers shown here were received from authorized representatives of  each collider in November 1985. All numbers are subject to 
change, and many are only estimates, 

Start date 

Particles collided 

Max. beam energy (TeV) 

Injection energy (TeV) 

Luminosity (1030 cm - 2  s -1) 

Circumference (km) 

No. of  interaction regions 

No. of particles per bunch 
(units 101° ) 

No. of  bunches per ring 
per species 

Average beam current 
per species (mA) 

Beam-beam tune shift 
per crossing (units 10 - 4  ) 

Filling time (min) 

Luminosity lifetime (hr) 

Crossing angle (# rad) 

Energy spread (units 10 -  3) 

Transverse emittance 
(10 - 9  7r rad-m) 

RF frequency (MHz) 

Acceleration period (sec) 

Bunch length (cm) 

Repetition rate (Hz) 

fl*, amplitude function at 
interaction point (m) 

Free space at interact ion.  
point (m) 

Beam radius (10 - 6  m) 

No. of  utility insertions 

Length of standard cell (m) 

Phase advance per cell (deg) 

V -= vertical direction, 

SLC 
(SLAC) 

H -= horizontal direction, 

TEVATRON TRISTAN 
(Fermilab) (KEK) 

Sept. Nov. 
1986 1986 

p~  e+e  - 

0.8-1.0 0.03 

0.15 0.008 

1 20 

6.28 3.02 

2 high 2 4 
2 low _W 

6 32 

3 2 

1.4 10 

17 300 

2 - 3  20 

1 0 - 2 0  3 - 4  

0 0 

0.12 1.64 

4.2 H:  180 

53 508 

50 300 

50 1.2 

1 H :  0.8 
V: 0.05 

+-6.5 _+2.5 
_+4.5 (initial) 

65 H:  367 
V: 23 

4 8 

59.5 16.1 

65 60 

6.12 5.86 

774 272 

216 400 

S.C. 
cos 0 room temp. 

warm iron C type 

4.4 0.406 

4×1010 

4×1011 

March 
1987 

e+e  - 

0.05 

0.05 

6 (0.6 1 st yr) 

1.45 + 1.47 

7.2 (5 i st yr) 

0.0014 

0,00 

0.2 

0.42 

0.1 

180 (120 i st yr) 

0,01 

-+2.2 

1.7 (2.1 I st yr) 

5.2 

108 

s.c. --- supercounducting 

LEP 
(CERN) 

Early 
1989 

e + e  - 

0.06 

0.02 

16 

26.66 

41.6 

300 

0.25 mA/min 

0.82 

H:  56 
V: 2.2 

352.2 

80 

1.6 

H:  1.75 
V: 0.07 

+_3.5 

H:  312 
V: 12.5 

79 

60 

HERA 
(DESY) 

Spring 
1990 

ep 

0.026/0.82 e/p 

0.014/0.040 e/p 

15 

6.336 

3.48/10 e/p 

220 

58/163 e/p 

250/20 e/p 

10/20 e/p 

> 3  

0.91/0.4 e/p 

H:  34.5/8.6 e/p 
V: 6.90/4.3 e/p 

499.7/208.2 e/p 

0.78/15 e/p 

H: 2/10 e/p 
V: 0.70/1.0 e/p 

+_5.5 

H:  263/293 e/p 
V: 69/66 e/p 

23.5/47 e/p 

60/90 e/p 

UNK 
(Serpukhov) 

1993 

PP 

3 (Stage II) 

0 .4 -0 .6  

100 

20.77 

12,000 

1400 

0 - 5 0 0  

0.13 

47 

200 

100 

50 

+_9 

375 

91.8 

82.5 

39 

SSC 
(unknown) 

1994 

PP 

20 

I000 

82.9 

0.73 

17,280 

73 

30 

73 

75 

0.5 

0.047 

375 

1000 

H:  0.5 
V: 0.5 

+_ 20 

4.8 

192 

60 

Magnetic length of  dipole (m) 2.5 l l .66/pair 9.2/8.9 e/p 5.8 16.5 

No. of  dipoles in ring 460+440 3280+24 inj. 400/416 e/p 2176 H: 3840z2  
+ 64 weak (s.c.) 

520+288 920 (1 ring) No. ofquadrupoles  in ring - 568/242 e/p 454 
+ 8 s.c. 1808 (2 r.)(s.c.) 

AGF in arcs iron domin. C-shaped e s,c., 
Magnet type cold bore + s.c., collared, s.c. collared, 

cold iron 8 s.c. quads cold iron p cold iron 
nonsat. 

Peak magnetic field (T) 0.597 0.135 0,165/4,65 e /p  5 6.6 

p- source accum, rate (hr -1 )  - - - 

Max. no. ~- in accum, ring - - 
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ELECTRONIC STRUCTURE OF THE ELEMENTS 

Electronic Configurat ion 

At. Chem. K L M N 0 
no. N a m e  Symbol  

s s p [ s  p d s p d s p 
i 

1 Hydrogen H 1 
2 Hel ium He 2 

3 Li thium Li 2 1 
4 Beryllium Be 2 2 
5 Boron B 2 2 1, 
6 Carbon  C 2 2 21 
7 Nitrogen N 2 2 3 
8 Oxygen O 2 2 4, 
9 Fluorine F 2 2 5 

10 Neon Ne 2 2 6 

11 Sodium Na 2 2 6 1 
12 Magnesium Mg 2 2 6 2 
13 A l u m i n u m  AI 2 2 6 2 1 
14 Silicon Si 2 2 6 2 2 
15 Phosphorus  P 2 2 6 2 3 

116 Sulfur S 2 2 6 2 4 
17 Chlorine CI 2 2 6 2 5 

]18 Argon Ar 2 2 6 2 6 

19 Potassium K 2 2 6 2 6 
20 Calcium Ca 2 2 6 2 6 ]2 
21 Scandium Sc 2 2 6 2 6 i 2 
22 Ti tan ium Ti 2 2 6 2 6 2 2 
23 Vanad ium V 2 2 6 2 6 3 2 
24 C h r o m i u m  Cr 2 2 6 2 6 5* 
25 Manganese Mn 12 2 6 2 6 5 2 
26 Iron Fe 2 2 6 2 6 6 2 
27 Cobalt  Co 2 2 6 2 6 7 2 
28 Nickel Ni 2 2 6 2 6 8 2 
29 Copper  Cu ]2 2 6 2 6 10" 
30 Zinc Zn !2 2 6 2 6 10 2 
31 Gal l ium Ga  2 2 6 2 6 10 2 1 
32 G e r m a n i u m  Ge 2 2 6 2 6 10 2 2 
33 .Arsenic .As 2 2 6 2 6 10 2 3 
34 Selenium Se 2 2 6 2 6 10 2 4 
35 Bromine Br 2 ]2 6 2 6 10 2 5 
36 Krypton Kr  2 12 6 2 6 I0 2 6 

2 2 6 2 6 10 2 6 .. 1 
2 2 6 2 6  10 2 6  2 
2 2 6 2 6 10 2 6 1 2 
2 2 6 2 6 10 2 6 2 2 
2 2 6  2 6 1 0  2 6  4 " 1  
2 2 6 2 6 10 2 6 5 1 
2 2 6 2 6 10 2 6 6 1 
2 2 6 2 6 10 2 6 7 1 
2 2 6 2 6 10 2 6 8 1 
2 2 6 2 6 10 2 6 10" 0 
2 2 6 2 6 10 2 6 10 1 
2 2 6]2  6 10 2 6 I0 2 
2 2 6 2 6 10 2 6 10 2 

2 2 6612 6 10 2 6 10 ]2 2 
2 2 2 6 10 2 6 10 v 3 
2 2 6 2 6 1 0  2 6 1 0 1 2 4  
2 2 6 2 6 10 2 6 10 2 5 
2 2 6 2 6 10 2 6 10 ]2 6 

37 Rubid ium Rb 
38 Stront ium Sr 
39 Yt t r ium Y 
40 Zi rconium Zr  
41 Niobium Nb 
42 Molybdenum Mo 
43 Technet ium Tc 
44 Ru then ium Ru 
45 Rhod ium Rh 
46 Pal ladium Pd 
47 Silver Ag 
48 Cadmium Cd 
49 Indium In 
50 Tin Sn 
51 Ant imony  Sb 
52 Tellurium Te 
53 Iodine I 
54 Xenon Xe 

At. Chem. K L M 
no. Name  Symbol  

s s p  p 

55 Cesium Cs 2 2 6 2 6 
56 Bar ium Ba 2 2 6 2 6 
57 L a n t h a n u m  La 2 2 6 2 6 
58 Cerium Ce 2 2 612 6 
59 Praseodymium Pr 2 2 6 2 6 
60 N e o d y m i u m  Nd 2 2 6 2 6 
61 P rometh ium Pm 2 2 6 2 6 
62 Samar ium Sm 2 2 6 2 6 
63 Europ ium Eu 2 2 6 2 6 
64 Gado l in ium Gd 2 2 6 ,2  6 
65 Terbium Tb 2 2 6 2 6 
66 Dyspros ium Dy 2 2 6 2 6 
67 Ho lmium Ho 2 2 6 2 6 
68 Erbium Er 2 2 6 2 6 
69 Thul ium T m  2 2 6 2 6 
70 Ytterbium Yb 2 2 6 2 6 
71 Lutet ium Lu 2 2 6 2 6 
72 Hafn ium H f  2 2 6 2 6 
73 Tan ta lum Ta 2 2 6 2 6 
74 Tungsten W 2 2 6 2 6 
75 Rhen ium Re 2 2 6 2 6 
76 O s m i u m  Os ]2 2 6 2 6 
77 Ir idium Ir !2 2 6 2 6 
78 Pla t inum Pt [2 2 6 2 6 
79 Gold Au 2 2 6 2 6 
80 Mercury Hg 2 2 6 2 6 
81 Thal l ium TI 2 22 6 2 6 
82 Lead Pb 2 6 2 6 
83 Bismtith Bi 2 2 6 2 6 
84 Polonium Po 2 2 6 2 6 
85 Astatine At 2 2 6 2 6 
86 Radon Rn 2 2 6 2 6 

87 Franc ium Fr 2 2 6 2 6 
88 Rad ium Ra 2 2 6 2 6 
89 Act inium Ac 2 2 6 2 6 
90 Thor ium Th 2 2 6 2 6 
91 Protac t in ium Pa 2 2 6 2 6 
92 Uran ium U 2 2 6 2 6 
93 Neptun ium Np 
94 Plutonium Pu 
95 Amer ic ium Am 
96 Cur ium Cm 
97 Berkelium Bk 
98 Californium Cf  
99 Einsteinium Es 

100 Fermium Fm 
101 Mendelevium Md 
102 Nobel ium No 
103 Lawrencium Lr 
104 . . . . . .  

*Note rregularitv 

Electronic Configurat ion 

N O P [ Q  
i 

I 

d s p d f !s p d f s p d  s 

10 2 6 10 2 6 . . . .  1 
10 2 6 10 2 6 . . . .  2 
10 2 6 10 2 6 1 .. 2 
10 2 6 10 2* 2 6 . . . .  2 
I0 2 6 10 3 2 6 2 
10 2 6 10 4 2 6 2 
10 2 6 10 5 2 6 2 
10 2 6 I0 6 2 6 . . . .  2 
10 2 6 10 7 2 6 2 
10 2 6 10 7 2 6 1 2 
10 2 6 10 9* 2 6 2 
10 2 6 10 10 2 6 2 
10!2 6 10 11 2 6 2 
10 2 6 10 12 2 6 2 
10 2 6 10 13 2 6 2 
10 2 6 10 14 2 6 2 
1012 6 10 14 2 6 1 .. 2 

i 

1012 6 10 14 2 6 2 .. 2 

10 2 6 10 14 2 6 3 .. 2 
10 2 6 10 14 2 6 4 2 
10 2 6 10 14 2 6 5 2 
10 2 6 10 14 2 6 6 2 
10 2 6 10 14 2 6 7 2 
10 2 6 10 14 2 6 9 
10 2 6 10 14 2 6 10 1 
10 2 6 10 14 2 6 10 12 
10 2 6 10 14 2 6 10 2 1 
i0 2 6 10 14 2 6 10 '2 2 
10 2 6 10 14 2 6 10 2 3 
10 2 6 10 14 2 6 10 i2 4 
10 2 6 10 14 2 6 10 2 5 
10 2 6 10 14 2 6 10 12 6 

10 2 6 10 14 2 6 10 ,2 6 .. 1 
10 2 6 10 14 2 6 10 2 6 .. 2 
10 2 6 10 14 2 6 10 2 6 2 
10 2 6 10 14 2 6 10 2 6 2 1 2  
10 2 6 10 14 2 6 10 2* 2 6 2 
10 2 6 10 14 2 6 10 3 2 6 ~2 

2 2 6~2 6 10 2 6 10 14 2 6 10 4 2 6 [2 
2 2 6 2 6 1 0 2  6 10 14 2 6 10 6 2 6 . ,  2 

I 

2 2 6 i  6 10 2 6 10 14 ~ 6 10 7 2 6 .. 2 
2 2 6 6 10 2 6 I0 14 6 10 7 2 6 2 
2 2 6 6 10 2 6 10 14 2 6 10 9* 2 6 .. 2 
2 2 6 2 6 10 2 6 10 14 2 6 10 10 2 6 2 
2 2 6 2 6 10 2 6 10 14 [2 6 10 11 2 6 . . , 2  
2 2 6 2 6 10 2 6 10 14 2 6 10 12 2 6 .. 2 
2 2 6 2 6 10 2 6 10 14 2 6 10 13 2 6 .. 2 
2 2 6 2 6 10 2 6 10 14 2 6 10 14 2 6 . . ] 2  
2 2 6 2 6 10 2 6 10 14 2 6 10 14 2 6 1 2 
2 2 6 2 6 10 2 6 10 14 2 6 10 14 2 6 2 ] 2  
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PARTICLE DETECTORS* 

In this section we give various parameters for common detec-. 
tors. The quoted numbers are usually based on some typical 
apparatus, and obviously should be regarded as rough approxima- 
tions, valid only for preliminary design when applied to other 
cases. A more detailed introduction to detectors can be found in 
"A Consumer's Guide to Particle Detectors," by D.J. Miller, Ruth- 
erford Lab Report RL-76-072, July 1976. 

(1) Scintillators: The photon yield in the frequency range of 
practical photomultiplier tubes is =~ 13' per 100 eV of charged parti- 
cle ionization energy loss in plastic scintillator 1 and ~ 1~,/25 eV in 
NaI. 1,2 

(2) Cerenkov: 3 The half-angle O c of the Cerenkov cone aperture 
in terms of  the velocity/$ and the index of  refraction n is: 

The threshold velocity is: ~t = 1/n; Vt = 1/(1 - {~t2) 1/2 . 

Therefore, ~t"Yt = 1/(26 + ~2)1/2, where ~ - n -1 .  Values of~ for 
various commonly used gases are given as a function of pressure 
and wavelength in Ref. 4; for values at atmospheric pressure, see 
the Table of Atomic and Nuclear Properties, 

The number of photons N per cm of path length is given by: 

500 sin20c/cm (visible spectrum) . 

(3) Photon collection: In addition to the photon yield, one should 
take into account the light eoUection efficiency ( £  10% for typical 
l-cm-thick scintillator), the attenuation length (=  1 to 4 m for typi- 
cal scintiUators5), and the quantum efficiency of the photomulti- 
plier cathode (~< 25%). 

( 4 )  T y p i c a l  d e t e c t o r  c h a r a c t e r i s t i c s :  

Resolution Dead 
Detector Type Accuracy (rms) Time Time 

Bubble chamber ~ ± 1 0 t o ~ ± 1 5 0 # m  ~ 1 ms =~l/20s a 
Streamer chamber ± 300#m = 2 ~s = 100 ms 
Proportional chamber ;~ ± 300#m b,c ~ 50 ns 2200 ns 
Drift chamber ± 50 to 300/zm ~ 2 ns d ~ 100 ns 
Scintillator - -  ~ 150  ps ~ 10 ns 
Emulsion _+ 1 # m  - -  - -  
Silicon strip +_ 2.5~tm e e 

a Multiple pulsing time. 
b 300#m is for 1 m m  pitch. 
c Delay line cathode readout can give ± 150~tm 

parallel to anode wire. 
d For two chambers. 
e Limited at present by noise and readout 

time of attached electronics. 

(5) Shower detectors: We give below typical energy resolutions 
(FWHM) for an incident electron in the 1 GeV range; E is in GeV. 
For a fixed number of radiation lengths, FWHM in the last three 
detectors would be expected to be proportional to X/t for t (ffi plate 

>~ 6 thickness) ~ 0.2 radiation lengths. 

For all detectors, operational resolution may be up to 50% 
worse due to dead areas, non-normally incident tracks, and other 
effects. 

NaI (20 tad. lengths): 7 2% 
E1/4 

Lead glass (14 rad. lengths): 8 10 - 12% 

Lead-liquid argon (15.75 rad. lengths): 6 16% 
(42 cells: 1.1 m m  lead, 2 mm liquid argon, V~- 

2.3 m m  lead-G10, 2 mm liquid argon) 

Lead,scintillator sandwich (12.5 tad. lengths): 9 17% 
(66 cells: 1 m m  lead, 5 m m  scintiUator) ~ -  

Proportional wire shower chamber (17 lad. lengths): 10 40% 
(36 cells: 0.474 rad. length type-metal + AI, x /E  

9.5 mm 80% Ar - 20% CH 4 gas) 

(6) d E / d x  resolution in argon: Particle identification (relativistic, 
Q = 1 incident particles) by dE/dx  is dependent on the width of 
the distribution: 

Multiple-sample Ar gas counters (no lead):l 1 

= 0.96N-O.46(tp)-0.32 ; 
dE 

N ~ no. samples, t ffi thickness per sample (cm), p ffi pressure 
(atm.); most commonly used chamber gases (except Xe) give 
approximately the same resolution. 

(7) Proportional chamber wire instability: The limit on the vol- 
tage V for a wire tension T, due to mechanical effects when the 
electrostatic repulsion of  adjacent wires exceeds the restoring force 
of wire tension, is given by (MSKA) 12 

S 
V *~ - ~  4 ~ o T  , 

where s, 4, and C are the wire spacing, length, and capacitance per 
unit length. An approximation to C for chamber half-gap t and 
wire diameter d (good for s < t) gives 13 

[ '  ('1] V ~ 59T 1/2 ~ + ~ ~'n 

where V is in kV, and T is in grams-weight equivalent. 

(8) 1 ~ o 1 ~ o ~ 1  arid drfl't chamber potentials: The potential dis- 
tributions and fields in a proportional or drift chamber can usually 
be calculated with good accuracy from the exact formula for the 
potential around an array of parallel line charges q (coul/m) along 
z and located at y ~ 0, x = 0 ,±s ,±2s , . . . ,  

47r~ 0 

Errors from the presence of cathodes, mechanical defects, TPC-type 
edge effects, etc., are usually small and are beyond the scope of this 
review. 
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PARTICLE DETECTORS (Cont'd) 

(9) Silicon strip detectors and photodiodes: These are silicon 
diodes operated with a reverse bias voltage V (typically 30-300 
volts) sufficient to deplete the sensitive volume of most mobile 
charge carriers (electrons and holes), The active (depletion layer) 
thickness t (cm) is given in a simple model by 

t = "~ 2 ~  = ~/2p#¢V , 
V ne 

where 

n = number of impurity centers/cm 3 
e = electron charge 
e = dielectric constant ~ 1 pF/cm ~ 11.9 % 
p = resistivity ~ 1-20 k~2-cm 
/~ = majority charge carrier mobility 

1300-1500 cm2/volt-sec (electrons) 
450-600 cm2/volt-sec (holes). 

A minimum-ionizing particle has a Landau energy-loss distribution 
with average energy loss 39 keV/100 #m, most probable energy loss 
26 keV in 100/zm (which scales within -- _+ 10% from ~ 2 0  to 
~ 3 0 0  #m), and full width at half-maximum of roughly 0. I t/fl 2 keV, 
where t is the detector thickness in microns and ~ = Vinc/C. The 
width is usually increased further by electronic noise (a ~ 1-10 
keV) and for thin layers by a Gaussian contribution due to atomic 
effects [a ~ (0.3-0.4) '~-  keV]. The average energy required to 
produce an electron-hole pair is 3.6 eV, from which one can esti- 
mate total charge of either sign released. Silicon detectors can 
tolerate integrated charged-particle fluxes of up to ~ 1010-1014/cm 2 
and still operate as efficient detectors. 

Typical photodiodes are sensitive (quantum efficiencies greater 
than ~ 10%) to wavelengths from ~ 200 nm to 1100 nm. 
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COSMIC RAY FLUXES* 

The fluxes of particles of different types depend at the ~ 10% 
level on the latitude, their energy, and the conditions of measure- 
ment. Some typical sea-level values 1 for charged particles are given 
below: 

I v flux per unit solid angle per unit  horizontal area 
about vertical direction 
-= j ( 0 = 0 ,  4~) [0 = zenith angle, ~ = azimuthal  angle] ; 

"11 total flux crossing unit horizontal area from above 

=- f j(O, ~b)cos0 af t  [aft = sin0 dO dq)] ; 
0~<r/2 

J2 total flux from above (impinging on a sphere of unit  
cross-sectional area) 

=-- f j(O, ?p) d~ .  
o<~x/2 

Total Hard Soft 
Intensity Component  Component  

I v l . l x l 0 2  0.8×102 0.3×102 m - 2 s e c - 1  sterad -1  
J l  1.8×102 1.3×102 0.5×102 m - 2 s e c - I  
J2 2"4×102 1"7×102 0'7×102 m - 2 s e c - l  

Very approximately, about 75% of all particles at sea level are 
penetrating, and are muons (the dominant  portion of the hard com- 
ponent at sea level). The sea-level vertical flux ratio for protons to 
muons (both charges together) is about 31/-'% at I GeV/c,  decreas- 
ing to about//2% at l0  GeV/c.  

The muon flux at sea level has a mean energy of 2 GeV and a 
2 36 differential spectrum falling as E -  , steepening smoothly to E -  ' 

above a few TeV. The angular distribution is cos20, changing to 
sec8 at energies above a TeV, where 0 is the zenith angle at produc- 
tion. The + -  charge ratio is 1,25-1.30. The mean energy of 
muons originating in the atmosphere is roughly 300 GeV at slant 
depths ~> a few hundred meters. Beyond slant depths of ~ 10 km 
water-equivalent, the muons are due primarily to in-the-earth neu- 
trino interactions (roughly 1/8 interaction t o n - 1  year-1  for E > 
300 MeV, ~ constant throughout the earth). 2 Muons from thi~ 
source arrive with a mean energy of 20 GeV, and have a flux of 
2× 10 - 9  m - 2  sec-1  s terad-1  in the vertical direction and about 
twice that in the horizontal, 3 down at least as far as the deepest 
mines. 
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(1) Energy loss rates for heavy charged projectiles: A heavy pro- 
jectile (much more massive than an electron) of charge Zince, 
incident at speed Bc (B >> 1/137) through a slowing medium, dis- 
sipates energy principally via interactions with the electrons of the 
medium. The mean rate of such energy loss per unit path length x, 
called the stopping power, is given by the Bethe-Bloch equation: l 

[ dE ) DZm~Pmed [ Zinc 12 
inc Amed T 

where D = 4~rN A re2me c2 = 0.3070 MeV cm2/g (see Physical 
Constants Table). Mean range and energy loss figures appear at the 
end of this section. 

Here, Zinc d and A reed are the charge and mass numbers of the 
medium and Pined is the mass density of the medium;/, ~, C, and 
v are phenomenological functions. Frequently, the values of ~, C, 
and v are negligibly small; the parameter I characterizes the binding 
of the electrons of the medium. As a rule of thumb, we may esti- 
mate ! for an idealized medium as I ~ 16 (Zmed) 0"9 eV when 
Zme d > 1. For realistic media the value of /wil l  vary at the 10% 
level from this estimate. Variations of this order occur due to 
atomic effects such as completion of a shell, also due to chemical 
binding, and even due to the phase of the substance. Hydrogen, 
perhaps the most sensitive, has I of about 15 eV in the atomic 
mode, rising to about 19.2 eV as H 2 gas and to 21.8 eV as H 2 
liquid. 2 For many substances, the transition from gas to solid is 
accompanied by a 20-30% increase in I. 2 We may approximately 
treat media which are chemical mixtures or compounds by comput- 
ing 

dx = ~ l  - ~ -  ' 

with (dE/dx)~ appropriate to the n th chemical constituent (using 
p ~  as the pa"rtial density in the formula for dE/dx). 3 For many 
chemical compounds, small corrections to this additivity rule may 
be found in Ref. 2. 

The function ~ represents the density effect upon the energy loss 
rate; it is non-neghgible only for highly relativistic projectiles in 
denser media. 4 For ultra-relativistic projectiles, fi approaches 2In 
+ constant, where the value of the constant depends upon the den- 
sity of the medium as well as its chemical composition. 

The function C represents shell corrections to the energy loss 
rate. l These effects are non-negligible only for projectiles with 
speeds not much faster than the speeds of the fastest electrons 
bound in the medium. 

The function v represents corrections due to higher order elec- 
trodynamics. 5 These effects become important when I Zinc/15 [ is 
comparable to 137. For relativistic unit-charge projectiles, [ v [ is 
of the order of 1%; positively charged projectiles lose energy more 
rapidly than do their charge conjugates. 5'6 

For nonrelativistic projectiles, our formulae above are inapplica- 
ble. At the very slowest speeds, total energy loss rates are believed 
to be proportional to fl, rising through a peak at projectile speeds 
comparable to atomic speeds (/~ on the order of ac), after having 
passed through a smaller peak (due to elastic Coulomb collisions 
with the nuclei of the slowing medium 7) at intermediate speeds. 
For example, for protons in Si, dE/dx = 61.23/~ GeV/(gm cm -2) 
for fl <0.005; the peak occurs at fl = 0.0126 where dE~dr = 522 
MeV/(grn cm-2). In some cases, energy loss rates depend signifi- 
cantly upon the relation of the projectile trajectory to the crystalline 
structure of the slowing medium. 8 

For relativistic projectiles, (dE/dx)inc falls rapidly with increas- 
ing ~ until reaching a minimum around ~ = 0.96 (almost indepen- 

dent of medium), followed by a slow rise. Because of the density 
effect, the quantity in square brackets approaches ~n-y + constant 
for large % 

The quantity (dE/dx)inc~X is the mean total energy loss via 
interactions with electrons of the medium in a layer of thickness 
fix. For any finite ~x, Poisson fluctuations can cause the actual 
energy loss to deviate from the mean. For thin layers, the distribu- 
tion is broad and skewed, being peaked below (dE/dx)~x, and 
having a long tail toward large energy losses. 9 Only for a very 
thick layer [(dE/dx)~x >> 2me~27y2c 2] will the distribution of 
energy losses become nearly Gaussian. The large fluctuations of 
the total energy loss rate from the mean are due to a small number 
of collisions involving large energy transfers. The fluctuations are 
greatly reduced for the so-called restricted energy loss rate, 
described in Section (4). 

(2) Ionization yields: Physicists frequently relate total energy loss 
to the number of ion pairs produced near the projectile's track. 
This relation becomes complicated for relativistic projectiles due to 
the wandering of energetic knock-on electrons whose ranges exceed 
the dimensions of the fiducial volume. For a qualitative appraisal 
of the nonlocality of energy deposition by such modestly energetic 
knock-on electrons in various media, see Ref. I0. Furthermore, the 
mean local energy dissipation per local ion pair produced, W, 
while essentially constant for relativistic projectiles, increases at 
slow projectile speeffs. 11 The numerical value of W for gases can 
be surprisingly sensitive to trace amounts of various contam- 
inants.11 Of course, in addition to the preceding effects, practical 
ionization yields may be greatly, influenced by subsequent recombi- 
nations and other factors. 12 

(3) Energetic knock-on electrons: For a relativistic point-charge 
projectile, the production of high energy (kinetic energy T > > / )  
electrons is given by: 13 

dTdx ~ --ffD ~m~ Pm~ T2 ' 

for I << T ~ Tma x , where 

2m e ~2"y2 c2 
T m ~  ~ 

m e m e 
1 - - +  

+ 2"y Minc 

Minc is the mass of the incident projectile, and all other quantities 
except F are as in Sec. (1). F (=~ 1 for T < <  Tmax) is a factor 
dependent upon the spin of the projectile. 
For spin<) projectiles, 

F = 1 _B2 T 
Tma x ; 

for spin-l/2 projectiles, 

F 

where Tin c is the kinetic energy of the projectile; 
for electrons incident, 

F = ~2T2 Tint 1 
T(Tin c -  T) - Tin c ; 

and for positrons incident, 

F = ~ 2 I I - ~ T  + [ T ~ n c l 2 ]  2 ' T i n  c 
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For incident electrons, the indistinguishability of projectile and tar- 
get means that the range of T is only up to Tinc/2. For additional 
formulas see Ref. i4. Our formula is inaccurate for T close to I; 
for 21 ~< T ~< 10L the 1/T 2 dependence above becomes ~ T - n  
with 3 <~ ~1 ~< 5.15 

(4) Rates of restricted energy loss for relativistic charged projec- 
tiles: The variability of energy loss for heavy projectiles is due pri- 
marily' to the variability in the production of energetic knock-on 
electrons. Bremsstrahlung and pair-production processes make this 
variability even greater for electrons than for heavy panicles as pro- 
jectiles (see, e.g., the figure Fractional Energy Loss for Electrons 
and Positrons in Lead). If an instrument, such as a bubble 
chamber, is capable of isolating these high-energy-loss interactions, 
then it is appropriate to consider the rate of energy loss excluding 
them, i.e., a restricted energy loss rate. The mean energy loss rate 
via all collisions which have energy transfer T such that 
T 4 Ema x <4  Tma x is: 1 

~<Ema x 2 A med ~ -  

x gn 12 ~ m e d  

Notice the overall factor of 1/2. See Sec. (1) above for definitions 
of the quantities in this equation, 

The density effect causes the restricted energy loss rate to 
approach a constant, the Fermi plateau value, for the fastest projec- 
tiles, 

(5) Multiple scattering through small angles: As a charged parti- 
cle traverses a medium it is deflected by many small-angle elastic 
scatterings. The bulk of this deflection is due to elastic Coulomb 
scattering from the nuclei within the medium, hence the usual iden- 
tification as multiple Coulomb scattering (note, however, that 
strong interactions do contribute to the total multiple scattering for 
hadronic projectiles). For both Coulomb and strong interactions, 
the Central Limit Theorem provides little useful guidance in estab- 
lishing the precise nature of the distribution of the total deflections 
resulting from multiple scattering, The true distribution is roughly 
Gaussian only for small deflection angles, while it shows much 
greater probability for large-angle scatterings ( >  a few 0 0. see 
below, depending on absorber) than the Gaussian would suggest. 
These tails on the distribution (a few per cent of peak height in the 
region where the Gaussian part becomes negligible) are more pro- 
nounced for hadrons than for muons as projectiles. The large-angle 
behavior of these distributions is best estimated by computing the 
exact distribution for the vectorial sum of the largest deflections 
based upon the true elastic scattering cross section of the projectile 
against the medium, 16 or, when applicable, by interpolation from 
tabular data. 17 An easier alternative which may suffice for noncrit- 
ical applications would be to use a Gaussian approximation with 
the following width: 18 

1 14.[ MeV/c Zinc L ~ / ~ E  1 ÷ ~ l ° g l 0 ( L / L R ) ] ( r a d i a n s )  ' 00 p ~  

where p,/3,  and Zin c are the momentum (in MeV/c), velocity, and 
charge number of the incident particle, and L / L  R is the thickness, 
in radiation lengths, of the scattering medium. L R for certain 
materials is given in the Table of Atomic and Nuclear Properties of 
Materials. See also Sec. (7) below. The angle, On, is a fit to 
Moliere t6 theory, accurate to about 5% for 10-3"< L / L  R < l0 
except for very light elements or low velocity where the error is 
about 10 to 20%. In this Gaussian approximation, 00 has the 
meaning 

1 r m s  
00 = 0planerms = - - ~  0spac e • 

The nonprojected (space) and projected (plane) angular distribu- 
tions are given approximately 16 by the Gaussian forms: 

[ 0 s2pace 1 1 exp - - -  dr2, 

2frO02 202 J 

1 exp - - 
00 202 d0plane' 

where 0 is the deflection angle. 
Other quantities are sometimes used to describe the amount  of 

multiple Coulomb scattering: the auxiliary quantities ~bplan e, 
Yplane' and Splan e (see the figure) obey: 

rms 1 rms _ 1 0 
~plane = ~ - ~  0plane -- ~ "  0 '  

= - -  rms = x_~LO0 rms I L 0plan e , Yplane , /~  

and rrns = 1 rms = ~33 L00 
Splane 4k/3 L 0plan e 4 

~prane 
i \ 

All the quantitative estimates in this section apply only in the l imit  
rms of small 0plan e and in the absence of large-angle scatters. 

(6) Longitudinal distribution of electromagnetic showers: A pho- 
ton of energy E >/ 0.1 OeV convening in a semi-infinite medium 
produces an electromagnetic cascade whose intensity initially 
increases with depth and then falls off. The average number of e -+ 
with kinetic energy above 1.5 MeV, crossing a plane at a depth of 
L radiation lengths from the beginning of the medium, in a 
material of atomic number Z ,  calculated using the Monte Carlo 
program EGS, 19 can be fit by the empirical formula 20 

N = NOLae -bL , 

where N 0 = 5.51 E(GeV) k / Z  b a + I/F(a + 1) and b = 0.634 
- 0 .0021Z.  F o r Z  /> 26, a = 2 . 0 -  Z/340  + ( 0 . 6 6 4 -  Z/340)gn 
E. For Z = 13, a = 1.77 - 0.52,~n E .  The max imum intensity, 
Nma x, occurs at the depth L = a/b .  The maximum error of the fit 
occurs in the vicinity of this depth and is less than 0.15 Nma x. The 

integral of the tail, f N dL is fit to better than 2.5%. The total 
1.5a/b 

longitudinally projected e :  path length, ,~N dL = 5.51 E is 

less than the total e +- path length due primarily to multiple 
Coulomb scattering. 

(7) Radiation length: For the passage ofelectromagnetically . 
interacting particles through a medium it is convenient to measure 
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thickness in terms of radiation length. 21 For most electromagnetic 
processes (Bremsstrahlung, Coulomb scattering, showering, pair 
production, etc.), over large energy intervals, some or all of the 
dependence upon the medium is contained in the radiation length. 

The radiation length may be defined as the distance L R over 
which a high energy electron (~> 1 GeV for most materials) loses all 
but a fraction 1/e of its energy to Bremsstrahlung, on average. For 
a homogeneous monoatomic medium, Z >~ 5, 

l 4are2NAZ2 {e~[ 1 8 4 1 5 ] + 1  [1194 ] 1.202o¢2Z 2 L R A t z~ iTFJ  2 en Lz-57S j - 

+ 1.0369~4Z4 l_'008a6Z~ 6 ) Z 2 {  ) 
1 + c~2Z 2 716.405A ' 

where a,  %, and N A are found in the Physical Constants Table, 
and Z and A are the atomic number and weight of the medium. 
For Z < 5, a more complex numerical calculation is required. 
Radiation lengths for many substances are tabulated in the Table of 
Atomic and Nuclear Properties of Materials. For media which are 
chemical mixtures or compounds, 

1 = z f i  

LR i L~ 

where f i  .is the fraction by mass of atoms of type i. radiation 
length L~.  Chemical binding can lower L R from this, typically by 
a few per cent• 

For electrons of energy below about one GeV, the average frac- 
tional energy loss per unit length decreases as the energy decreases 
(see Fractional Energy Loss for Electrons and Positrons in Lead fig- 
ure). With distances measured in units of L R, dependence of the 
Bremsstrahlung fractional energy loss upon Z of  the medium in the 
low energy region (>~ 10 MeV) is of order a few percent or less. 

For photons of infinite energy, the total pair-production cross 
section is 

(~ = 7 ( A / L  RN A ). 

This is accurate to within a few per cent down to ~ 1 GeV for most  
materials. For energies below about 1 GeV, the cross section varies 
in a manner  which may be determined from the Photon Mass 
Attenuation figures. See also Contributions to Photon Cross Sec- 
tion in Carbon and Lead figure. 

(8) Electron practical range: The electron "practical range" - -  a 
common measure of slraight-line penetration distance - -  is shorter 
than the total path length because of multiple Coulomb scattering, 
which becomes increasingly important  as the electron slows down. 
E.g., for a fast electron the rms projected angle due to multiple 
Coulomb scattering reaches 1 radian by the t ime the electron has 
slowed to 0.4 MeV in hydrogen, 1.5 MeV in carbon, 9 MeV in 
copper, and 24 MeV in lead. Electrons which have energy less than 
0.2 MeV in Ar, 1.5 MeV in Cu, 3.5 MeV in Sn, and 5 MeV in Pb 
are likely to deposit 10% of  their energy behind their starting plane. 
The practical range R_ is defined as that absorber thickness • ' / ? ,  

obtained by extrapolating to zero the linearly decreasing part of the 
curve of penetration probability vs. absorber thickness. Data for AI 
in the T range up to about 10 MeV are available, and fit (to 

+_ 10%) R ,  = AT[ 1 - B / ( I  +CT)]  mg cm -2,  a form suggested in 
Ref. 22, witfa A =0.55 mg cm - 2  keV -1,  B = 0.9841, and C = 
0.0030 k e V -  1. At this penetration depth, 90 - 95% of the incident 
electrons have stopped. Data for other elements are sketchy, but 
suggest that higher-Z (<50)  elements have 1 ~ Rp/Rp(A1) <_, 1.4 
below ~ 10 keV, and 0.6 ~< Rp/Rp(AI) ~< 1 above ~ 100 keV. 
The "'critical energy" (above which the energy loss due to 

bremsstrahlung exceeds that due to ionization, and showering 
becomes important) is 400 MeV for hydrogen, 100 MeV for car- 
bon, 25 MeV for copper, and 10 MeV for lead. The mean positron 
range may differ from the mean electron range by several percent. 
See Refs. 23 and 24. Electron energy deposition and penetration 
probability vs. range are discussed in Refs. 10, 25, and 26. 
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COMMONLY USED RADIOACTIVE SOURCES 

Principal emissions 

Decay E(keV)/Intensity (%) 

Nuclide t]/2(y) mode ~x fl 3" 

22Na 2.602 fl+,EC 

54Mn 0.854 EC 

546/90 (511) 
1275/100 

5.4/22X 
835/100 

5.89/25X 
6.49/3.3X 
14,4/10 
122/86 
136/11 

318/100 1173/100 
1332/100 

1899/88 (51D 9.4/44 X 

55Fe 2.68 EC 

57Co 0.742 EC 

60Co 5.271 

68Ge 0.742 
(68Ga) 

90Sr 28.5 
(90y) 

106Ru 1.020 
(106Rh) 

109Cd 1.267 

fl- 

EC -~fi+ 

546/100 
~ - " * ~ -  2284/100 

39/100 512/21 
B---,'B- 3541/79 622/10 

62/42 } 22/83x 
EC 84/44 e 25/17X 

87/10 88/3.7 

ll3Sn 0.315 EC 364/28 } 24/79X 
388/7 e -  392/65 

512[95 137Cs 30.17 ~ -  1173/5 662/85 

45/48 } 81/33 
133Ba 10.54 EC 75/7 e -  303/18 

356/60 

482/2 } 570/98 
2°7Bi 32.2 EC 976/7 e -  1064/75 

1048/2 1770/7 

(5341 334/85 239/45 
228Th 1.913 6~. 2~- -8785) 1794/18 583/30 

,,~ 2246/48 2615/36 
(224Ra, 220Rn, 216po, 212pb, 212Bi, ~'~Po) 

14/13X 
241Am 432.2 a 5443/13 18/20X 

5486/85 60/36 X 

5763/24 14/4 X 
244Cm 18.10 ~ 5805/76 18/4 X 

252Cf 2,638 0.12 fission neutron, 0.6 3" (<1MeV)/dccay of Cf 

Am/Be 432.2 6x10 -5  neutron, 4xl0 -5  3" (4.43McV)/decay of Am 

EC denotes electron capture, X an atomic X-ray. Maximum fl+ 
energies are listed, unless followed by e -  indicating monoenergetic 
conversion electrons. (511) indicates annihilation radiation, where 
intensity depends on the number of stopped positrons. In some 
cases, the "y-ray values are approximate weighted averages of two or 
more close-together lines. Daughter isotopes, the actual sources of 
some lines, are listed in parentheses where appropriate. 

E. Browne and R.B. Firestone, Table of Radioactive Isotopes (John 
Wiley & Sons, New York, 1986). 

Half-lives from J.K. Tuli, Nuclear Wallet Cards (1985), National 
Nuclear Data Center. 

Energies and intensities from D.C. Kocher, Radioactive Decay 
Data Tables (1981), DOE/TIC-11026. 

Neutrons from Neutron Sources for Basic Physics and Applications 
(Pergammon Press, 1983). 

RADIOACTIVITY & RADIATION PROTECTION 

The International Commission on Radiation Units and 
Measurements (ICRU) recommends the use of SI units. There- 
fore we list SI units first, followed by cgs (or other common) 
units in parentheses, where they differ. 

Unit of activity = becquerel (curie): 
1Bq ~ 1 disintegration/sec [=  1/(3.7x1010) Ci]. 

Unit of exposure, the quantity of X- or 3'- radiation at a point in 
space integrated over time, in terms of charge of either sign 
produced by showering electrons in a small volume of air 
about the point: 

1 coul/kg of air (roentgen; 1 R = 2.58x 10 .4 coul/kg 
1 esu/cm 3 = 87.8 erg released energy per g of air); impli- 

cit in the definition is the assumption that the small test 
volume is embedded in a sufficiently large uniformly irradi- 
ated volume that the number of secondary electrons entering 
the volume equals the number leaving. 

Unit of absorbed dose = gra~ (rad): 
1Gy = l joule/kg(= 10 erg/g = 102tad) 

6.24x 1012 MeV/kg deposited energy. 
Unit of dose equivalent (for biological damage) = sievert [= 102 

rem (roentgen equivalent for man)]: 
Dose equivalent in Sv = grays x Q, where Q (quality factor) 
expresses long-term risk (primarily cancer and leukemia) 
from low-level chronic exposure; it depends upon the type of 
radiation and other factors. For 3' rays and/3 particles, Q 
1; for protons, Q ~ 1 at ~ 10 MeV, rising gradually to ~ 2 
at ~ 1 GeV; for thermal neutrons, Q ~ 3; for fast neutrons, 
Q ranges up to 10; and for a particles and heavy ions 
(assuming internal deposition - -  skin and clothing are usu- 
ally sufficient protection against external sources), Q ~ 20. 

Natural annual background, all sources: Most world areas, 
whole-body dose equivalent rate ~ (0.4-4) mSv (40-400 mil- 
lirems). Can range up to 50 mSv (5 reins) in certain areas. 
U.S. average ~ 0.8 mSv. The lungs receive an additional 
0.1 mSv (~ 10 mrem) from inhaled natural radioactivity, 
mostly radon and radon daughters (good to ~ factor of 2 in 
open areas; can range an order of magnitude higher in build- 
ings and up to 1000x in poorly ventilated mines). 

Cosmic ray background in counters (Earth's surface): 
4 2 10 /min/m /ster. For more accurate estimates and more 

details, see Cosmic Rays section. 
Fluxes (per m 2) to deposit one Gy in one kg of matter, assum- 

ing uniform irradiation: 
(charged particles) 6.24x lOt2/(dE/dx), where dE/dx 

(MeV m~/kg), the energy loss per unit length, may be 
obtained (after conversion of units) from the Mean Range 
and Energy Loss figures. 

13 3.5x10 minimum-ionizing singly charged particles in 
carbon. 

=~ (photons) 6.24x lol2/[E(MeV)/(Xf)(m2/kg)], for photons 
of energy E, attenuation length X (see Photon Attenuation 
Length figures), and fraction f ~< 1 expressing the fraction of 
the photon's energy deposited in a small volume of thickness 
< <  X but large enough to contain the secondary electrons. 

=~ 2x 1015 photons of 1 MeV energy on carbon. 
(Quoted fluxes good to about a factor of 2 for all materials.) 

U.S. maximum permissible occupational whole-body dose: 
50 mSv/year (5 rem/year). 

Lethal dose: Whole-body dose from penetrating ionizing radia- 
tion resulting in 50% mortality in 30 days (assuming no med- 
ical treatment), 2.5-3.0 Gy (250-300 fads) as measured inter- 
nally on body longitudinal center line; surface dose varies 
due to variable body attenuation and may be a strong func- 
tion of energy. 

For a recent review, see E. Pochin, Nuclear Radiation: Risks 
and Benefits (Clarendon Press, Oxford, 1983). 
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Mean range and energy loss due to ionization for the indicated particles in Pb, with scaling to Cu, AI, and C indicated, using Bethe-Bloch 
equation [See See. (1) of Passage of Particles Through Matter] with corrections. Calculated by M,J. Berger, using ionization potentials and 
density effect corrections as discussed in M.J. Berger and S.M. Seltzer, "Stopping Powers and Ranges of Electrons and Positrons," (2 nd ed.), 
U.S. National Bureau of Standards Report NBSIR 82-2550-A (1982). The average ionization potentials (I) assumed were: Pb (823 eV), Cu 
(322 eV), A1 (166 eV), and C (78.0 eV). Figure indicates total path length; observed range may be smaller (by ~ 1% - 2% in heavy ele- 
ments) due to multiple scattering, primarily from small energy-loss collisions with nuclei. The functional forms have not been experimen- 
tally verified to better than roughly -+ 1%. For higher energies refer to discussion by Cobb ["A Study of Some Electromagnetic Interactions 
of High Velocity Particles with Matter," University of Oxford Report HEP/T/55 (1973)] and by Turner I"Penetration of Charged Particles 
in Matter: A Symposium," National Academy of Sciences, Washington D.C. (1970), p. 48]. For lower energies both data and theory are 
not well understood. Scaling to other beam particles is, to a good approximation, described by the expression on the next page. 



4 9  

I 
I 
I 

O3 
" I : 3 0  

~... t -  
O N - -  

F: O 

E E  

(D 
O3 
t -  
oO 

lO 

1o 1 

l o  0 

M E A N  R A N G E  A N D  E N E R G Y  L O S S  ( C o n t ' d )  

M e a n  R a n g e  a n d  E n e r g y  L o s s  in L iqu id  H y d r o g e n  

k___2 

• . ] j ]  i "_J 

. 

• v. I • 

P'v 1. "~ / / 
h • - - 
I ~  ~ - - -  

q 

• \ . . . .  d l  r,i, i r ~ • 

~I"  ". :'.. 
. L ; '. " t l  l ' . .  

I 

mini • l 
IIIBI 

-~ L ~  

:: / /  
g , 

- - e+ . -  .-- 

L g / / /  
r l  

. i i  I 

lO" 
lo '  

i F i m : w , M | B F ; W ~  
i r R ,  U | 7 ~  
]QI£~JI 
iMi~llmm 
rll~,l]il~ 

• l ~ : ; " ~ I  : : :  : : :  n n # 

' i,i;, f',,: ...... , , ,  
• l e . ~  . . . . . .  I V  

4 I t ,  P l  + IK ' ,  ~, • . 
A I  # £#~ 
v~,, i / i , . ' ,  ~ ,oi'v" I 

. . . .  ' " l " d  

I . . . . .  , f  i ~ k  . . . .  

- - - ~_1 i l IP . I  
) k 1'I I / I  IV 

Hu,,="'  w ~ , m ~  ' ,  1 4"I t ~' 
/~.tJ-,.L J , , 

i i  r l l t  ]IJ - 
I l " ' * "  ' "  

// i i/'i,, , *" 
[ wt, l u l l  ,'- "" 

. _  / . . . .  / 

10 2 10 3 

p (MeV/c)  

10 

16 

A 

0 

e-  

1 0  0 × 

10" 

LIJ 
"I3 

N 

Range and energy loss in liquid hydrogen bubble chamber, based on Bethe-Bloch equation [See Sec. (1) of Passage of Particles Through 
Matter[, using an average ionization potential for H 2 of I = 20.0 eV, which is an approximate average of the experimental result of Garbin- 
cius and Hyman [Phys. Rev. A2, 1834 (1970)] and the theoretical result of Ford and Browne ]Phys. Rev. AT, 418 (1973)]• Bubble 
chamber conditions are chosen to be those of Garbincius and Hyman: parahydrogen of density = 0.0625 g/cm 3 (note: range ~ l/density), 
with vapor-pressure 60.8 lb / in  2 (absolute) and temperature 26.2°K. The functional dependence of the Bethe-Bloch equation is not experi- 
mentally verified to better than about _+ 1% over large momentum ranges. It should be noted that the number of bubbles per cm of a track 
in a bubble chamber is nearly proportional to 1//32, not dE/dx.  For the linear portions of the range curves, R ~ p3.6. Scaling law for 
particles of  other mass or charge (except electrons): for a given medium, *.he range R b of any beam particle with mass Mb, charge z b, 
and momentum Pb is given in terms of the range R a of any other particle with mass M a, charge z a, and momentum Pa = PbMa/Mb (i.e., 
having the same velocity) by the expression: 

Rb (Ms'Zb'Pb) = ] ~ [ Ra (Ma'za'Pa =Pb Ma/Mb )" 
L z b / z  a .J 



50 

P H O T O N  A N D  E L E C T R O N  A T T E N U A T I O N  

1@- 

lO'  - 

~ . .  l o  o E / 
"~.:~ 10. ~ - 

II 

,,< 10 "2 

P h o t o n  A t t e n u a t i o n  L e n g t h  

I i i~L= n ~ ~ ~ ~ ~ 

H 
f y  

/ 

N i i l l  

/'' 
, ,i I , ' 1  ,' 

- l , s ' : ' / ' u /  / ' t  
I ; t i  t 

I I I I I I  I I I I I  

10 ° 10' 

I," /7°.. 
t / 

, o 

l i /  / 

/.1 A kt 

7" ~ Pb 
1 

10 .4 , ,  ,,,l, , ,  ,,,, 

10 .3 10. = 10.' 

P h o t o n  e n e r g y  ( M e V )  

The photon mass attenuation length X = 1/(#/p) (also known as mfp, mean free path) for various absorbers as a function of photon energy, 
where # is the mass attenuation coefficient. For a homogeneous medium of density p, the intensity I remaining after traversal of thickness 
t is given by the expression I = I 0 e x p ( - t p / X ) .  The accuracy is a few percent. Interpolation to other Z should he done in the cross sec- 
tion ~ = A / X N  A cm2/atom, where A is the atomic weight of the absorber material in grams and N A is the Avogadro number. For a chem- 
ical compound or mixture, use (l/X)eff ~ ~_~wi(1/X)i,  accurate to a few percent, where w i is the proportion by weight of the ith constituent. 
See next page for high energy range. From Hubbell, Gimm, and Overb¢, J. Phys. Chem. Ref. Data 9, 1023 (1980). See also J.H, Hubbell, 
Int. J. of Applied Rad. and Isotopes 33, 1269 (1982). Data courtesy J.H. Hubbell. 
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Fractional Energy Loss 
for Electrons and Positrons in Lead 
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Fractional energy loss per radiation length in lead 
as a function of electron or positron energy. Elec- 
tron (positron) scattering is considered as ioniza- 
tion when the energy loss per collision is below 
0.255 MeV, and as Moiler (Bhabha) scattering 
when it is above. Adapted from Fig. 3.2 from 
Messel and Crawford, Electron-Photon Shower Dis- 
tribution Function Tables for Lead, Copper, and Air 
Absorbers, Pergamon Press, 1970. Messel and 
Crawford use Lr(Pb ) - 5.82 g /em 2, but we have 
modified the figures to reflect the value given in the 
Table of Atomic and Nuclear Properties of Materi- 
als, namely Lr(Pb) - 6.4 g /cm 2. The development  
of electron-photon cascades is approximately 
independent of  absorber when the results are 
expressed in terms of inverse radiation lengths (i.e., 
scale on left of p.lot). 
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Photon total cross sections as a function of energy in carbon and lead, showing the contributions of  different processes. 

r ~ Atomic photo-effect (electron ejection, photon absorption) 
aCO H = Coherent scattering (Rayleigh scattering - -  a tom neither ionized nor excited) 
alNCO H = Incoherent scattering (Compton scattering off an electron) 
K n = Pair production, nuclear field 
r e = Pair production, electron field 
o-pH.N" ~ Photonuclear absorption (nuclear absorption, usually followed by emission of 

a neutron or other particle) 

From Hubbell, Gimm, and OverbCi, J. Phys. Chem. Ref. Data 9, 1023 (1980). Figures courtesy J.H. Hubbell. 
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PROBABILITY AND STATISTICS 

A. PROBABILITY DISTRIBUTIONS AND CONFIDENCE 
LEVELS 

We give here properties of four probability distributions com- 
monly encountered in high energy physics: normal (or Gaussian), 
chi-squared (×2), Poisson, and binomial. We w a r n  the reader that 

there is no universal convention for the term "confidence level"; 
thus, explicit definitions that correspond to common usage are 
given below. We explain below how confidence levels for the first 
three distributions may be extracted from the following figure. 
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PROBABILITY AND STATISTICS 

A.1 Normal distribution 
The normal  distr ibution with mean Y =/z and  s tandard  devia- 

t ion ¢ (variance o-2) is: 

P ( x ) d x  1 e - ( X  -#)2/2~r2dx . 

The conf idence  level associated with an  observed deviat ion _+ 
f rom the mean  is the probabil i ty that  I x - #  I >  6, i.e., 

dx 

-2o- -= O 0- 2 o -  

(2) 

since the dis tr ibut ion is symmetr ic  about /2.  The small figure in 
Eq. (2) is d rawn with 3 = 2a. CL is given by the ordinate  o f  the 
n D = 1 curve in the large figure at X2 = (6/¢)2. The odds against  
exceeding ~ in an observation,  ( 1 - C L ) / C L ,  for  6 = l a  are 2.15:1; 
2o-, 21:1; 3o-, 370:1; 4a, 16,000:1; 5o-, 1,700,000:1. Other  measures  
o f  the width are related to ¢ as follows: probable error  (CL = 0.5) = 
0.67¢; mean absolute deviat ion = 0.80¢; RMS deviat ion = ¢; ha l f  
width at ha l f  m a x i m u m  = 1.18a. 

The probabil i ty that  a r andom observat ion o f x  will have 
I x - / 2  [ < 6 is (1 - CL). Therefore, for a given measurement  x0, 
the interval x 0 - 6 to x 0 + ~ can be expected to conta in  # a fraction 
(1 - CL) of  the time. Refer to Sec. B. 1 below to combine  mul t ip l e  
observat ions and  treat them as a single measurement  with 
appropr ia te  variance.  This interval is a (1 - CL) confidence inter- 
val for an  unknown  # when ¢ is known.  Frequently used choices 
for CL and  6 are: 

CL(%) 

31.7 l a  
4.6 2o- 
0.3 3o- 
6 × 1 0  - 3  4¢ 
6 × 1 0  - 5  5a  

CL(%) 6 

10 1.64a 
5 1.96o- 
1 2.58¢ 
0.1 3.29o- 
0.01 3.89¢ 

A.2 X 2 distribution 
The X 2 dis tr ibut ion for n D degrees of  freedom is: 

P n D ( X 2 ) d x 2  1 (x2)h - 1 g - X 2 / 2 d x  2 (x2>O),  
2 h F(h ) 

(3) 

where h (for " h a l f ' )  = n D / 2 .  The mean and  variance are n D and  
2n D respectively. In evaluat ing ER. (3) one may  use St ir l ing 's  
approx imat ion:  F(h) ~ 2.507 e - h  h ( h - l / 2 ) ( l  + 0.0833/h) ,  which 
is accurate  to -+ 0.1% for all h ~ 1/2. The conf idence level associ- 
ated with a given value o f  n D and  an observed value o f  X 2 is the 
probabil i ty o f  the X 2 in a r a n d o m  measurement  exceeding the 
observed value, i.e., 

CL = x~ d X 2  PnD(X2)  cL (4) 

, , X z 

0 5 I0  15 

The small figure in Eq. (4) is d rawn with n D = 5 and  CL = 10%. 
2 CL is plotted as a funct ion o f x  for several values o f n  D in the 

2 large figure. For  large n D , X becomes normal ly  distr ibuted about  
n D.  Thus,  

(Cont'd) 

Yl = ( × 2  _ nD)/2X/~ (5) 

becomes normal ly  distr ibuted with unit  s tandard  deviat ion and  
mean zero. A bet ter  approx imat ion  is that  X, not  X 2, becomes nor- 
mal ly  distributed; specifically, 

Y2 = 2 ¥ ~ X 2 -  2 X / ~ - I  (6) 

approaches  normal i ty  with unit  s tandard  deviat ion and  mean zero. 
For  small CL's  in particular,  Y2 is much more  accurate than y 1' 
Thus, for n D = 50 and  X 2 = 80, the true CL = 0.45%, b u t y  1 is 3.0 
corresponding to a CL of  0.13%, while Y2 is 2.7 corresponding to a 
CL of  0.35%. 

A.3 Poisson distribution 
The Poisson distr ibution with mean /2  is: 

e - # # n  (n = 0 , 1 , 2 ,  . - -  ). (7) 
PI~ (n ) = n .t 

The observed result o f a  Poisson process is a non-negative integer 
n ; the parameter /2 ,  which is equal to both the mean and  the vari- 
ance, is any  non-negative real number .  When/2  is large ( > 7  or 8), 
one may  often usefully approximate  the distr ibution o f  n by a nor- 
mal  of  mean/2  and  variance o -2 = #, as though n were a cont inuous  
variable. Two or more  Poisson processes (e.g., s ignal  plus back-  
ground,  with parameters  ~S and  #B respectively) which indepen- 
dently contr ibute  amoun t s  n S and  n B to a given measurement  will 
produce an observed number  n ~ n S + n B which is distr ibuted 
according to a new Poisson distr ibution with parameter  ~ = 

/~s + #B" 
When  an observed value n o o f  n is small, one is often 

interested in obtaining an upper l im i t  N (not necessarily an integer) 
to the parameter  # such that  one may  be, e.g., 90% or 95% confi- 
dent  that  the true value of/2 lies below N.  We define this N to be 
that  value of/2 such that  it would be exactly 90% (or 95%) probable 
that  a r andom observat ion o f  n ' w o u l d  lie above the actual observa- 
t ion n 0. That  is, i f C L  = 0.90 or 0.95, 

EL 

~; Ps(n) ~ (8) C L =  
n ~ n 0 +  1 

= 1 -  • pN(n) ' , ,  n 
n = 0  0 8 12 

The small figure in Eq. (8) illustrates the case with n O : 2 and  
CL = 0.90, for which it may  be shown that  N = 5.3. We can obtain 
N for any  desired n O and  CL from the large X 2 figure, because of  a 
par t icular  relation between Poisson and  X ~ confidence levels: at  
the level 1 - C L  on the curve n D ~ 2(n 0 + 1), the desired N is 1/2 
the X 2 value o f  that  point.  Some useful values are: 

Poisson upper  limits N for  n 0 observed events 

CL= CL= CL= CL= 
n o 90% 95% n o 90% 95% 

0 2.30 3.00 6 10.53 11.84 
1 3.89 4.74 7 11.77 13.15 
2 5.32 6.30 8 13.00 14.4a 
3 6.68 7.75 9 14.21 15.71 
4 7.99 9.15 10 15.41 16.96 
5 9.27 10.51 

Tables  of  confidence levels for all three of  these distributions, 
the relation between Poisson and  X 2 confidence levels, and  
numerous  other  useful tables and  relations may  be found in Ref. 1. 
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A.4 Binomial distribution 
Any process with exactly two possible outcomes is a Bernoulli 

process. I f  the process is repeated n t imes independently, and i f  
the probability of  obtaining a certain outcome (a "success") in each 
trial is p ,  then the probability of  obtaining exactly r successes is 
given by the binomial  distribution: 

/" "~t 

,, L rJ,,r:r n r n r  ,9, 
= r ! ( n  - r ) !  p q ' 

where q ~ 1 - p and the order in which the successes and failures 
come is assumed irrelevant. The mean of  r is equal to np and the 
variance is npq. I f  r successes are observed in n r Bernoulli trials 
with probabili ty p of  success, and i f  s successes are observed in n s 
similar  trials, then t ffi r + s is also binomial  with n t = n r + n s. 

B. STATISTICS 

The probability density functions we have shown enable us to 
predict the frequency with which a random observation of  the vari- 
able x (or n or X 2) will lie in a certain region, once the parameters 

and ,r (or nD) are known. In statisties (parametric statistics) we 
have the opposite problem of est imating the parameters of the dis- 
tr ibution from a set of actual observations. 

Suppose one is presented with N independent data, Yn -+ an,  
and it  is desired to make some inference about the "true" value of 
the quanti ty represented by these data. For this purpose we inter- 
pret each datum Yn as a single sample point drawn randomly from 
a distribution having true mean #n (which we wish to estimate) 
and variance an 2. We do not require that they be normally distri- 
buted. (Identification of the true a n with the a n datum is often an 
approximation which may become seriously inaccurate when a n is 
an appreciable fraction o f y  n .) Some methods of estimation com- 
monly used in high energy physics are given below; see Ref. 2 for 
numerous applications. Section B. 1 deals with the case in which all 
~n are the same, i.e., several different measurements of the same 
quantity. See. B.2 deals with the case in which the true value of 
Yn, I~n' is a variable dependent upon another variable x n; i.e., 
#n = f(Xn)" An example is the energy deposited in a calorimeter 
as a function of the energy of the incident particle, Yn ffi f ( E n  )" 

B.1 Single mean and vm.ianee estimates 
(1) I f  the Yn represent a set of values all supposedly drawn from 

a single distribution with mean t~ and variance 0 2 (i.e., the a n are 
all the same, but their common value is unknown), then 

~ ~ Yn and (10) 
r i m 1  

N - 1  ~ (Yn-)3)2  = ( ( y 2 ) ) - 0 3 ) 2  (11) 
n - 1  

are unbiased estimates of u and o2; the angular brackets denote an 
2 average over the data. The variance of  j3 is ~r /N .  If  the parent 

2 4 distribution is normal and N is large, the variance of ~" is 2u /N.  
(2) I f  the Yn are independent estimates of the same #, and the 

a n are known, then the weighted average 

1 ~ W n Y n ,  (12) Y~w 
n 

where w n = 1/a2n and w - Y~ Wn, is an appropriate unbiased esti- 
mate of~t. This choice of weighting factors in Eq. (12) minimizes 
the variance of  the estimate, which is 1/w. 

B.2 Linear least-squares fit 
We wish to determine the best fit of unbiased dam Yn, meas- 

ured at  N points x n (assumed known with negligible error), to the 
form y ( x )  - Y, ai f i (x) ,  where the f i  are known, linearly indepen- 
dent functions (e.g., Legendre polynomials) which are single-valued 
over the allowed range of x ,  and the sum runs from 1 to k.  We 
require k ~< N,  and at least k of the x n must  be distinct. We wish 
to estimate the linear coefficients a i, 

The Method of  Least Squares assumes that each measured Yn is 

equal to this sum plus an error %.  I f  the distribution o f %  has an 

expectation value of zero (unbiased) and has a finite, known vari- 
ance which is fixed (does not depend on the parameters of the fit), 
then the estimates of  a i obtained by minimizing the sum of squares 

SS - • [Yn - Z aifiCxn )1 2/°'2 will be unbiased and have the 

smallest possible variance of all l inear unbiased estimates (Gauss- 
Markov Theorem). I f  the point errors en are also Gaussian, then 

2 2 SS - ~.t en ~an will be distributed, over a large number of similar 

experiments, as a ×2 with N - k  degrees of freedom. If, more gen- 
erally, the measured Yn's are not independent, then the set of a2 ' s  
must  be replaced by the N x N  variance matrix V y  Then, in 
matr ix notation, i f H  is the N × k  matrix with element Hni ffi 
f i(Xn), the vector (all vectors are column vectors) of solutions 4, 
with k elements, is given by 

= ( H r V ~ - t H ) - I H T v y l ;  =_ D37, (13) 

where )7 is the N-element  vector of measured Yn 's. In terms of the 
k x N  matrix D, the standard variance matrix for the r~ is 
estimated by 

= n v y n  r . (14a) 

I f  the measured Yn'S are independent, Vy is diagonal with nn th ele- 
ment  an 2 and 

I v - l ]  = ~ f i ( X n ) f  j(Xn)/a 2 . (14b) 
a 0 n 

The estimated variance of  an interpolated or extrapolated value 
o f y  at a point x ,  p - ~ ~tif i(x), is 

~r203) ffi ~ ( V ~ ) i j f i ( x ) f j ( x ) '  (15) 
u 

The same results may be obtained by numerical  or other tech- 
niques from the sum of squares, SS, directly, i f  we have a reason- 
able first guess ~0 for the solution vector. 

r~ = ~0 [02S s ) - l .  OSS 
- [. Oa 2 ja. 0 ~ d. 0 (16a) 

and 

V d = 2 [ 02sS ~-1 (16b) 
l 0a 2 J a  ' 

where OSS/#a is a k-element vector whose i th element is dSS/Oa i, 
2 2 th 2 d SS/Oa is a k × k  matrix with ij element # SS/(Oa i.dai), and 

all derivatives are to be evaluated at the points indicated. - I f  SS is a 
X 2, the second-derivative matrix is independent of if, and the shape 
of the X 2 as a function of ff is a parabola; otherwise one may need 
to iterate Eq. (16a) to arrive at  a solution (Newton-Raphson 
method). 
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Note that the errors on the solution fi are independent of the 
value of SS or X 2 at min imum - they depend only upon the shape 
about the minimum. Eq. (16b) implies that one-standard-deviation 
l imits on the elements offi  are given by the set of~7' such that 

SS(~7') = SSmi n + 1 . (17) 

This equation, which defines a contour in g-space, is often con- 
venient for estimating errors in applications of least-squares tech- 
niques to nonlinear cases, where the second derivative [Eq. (16b)] 
may be a rapidly varying function o f g .  In general, contours at m 
standard deviations may be found by replacing the 1 in Eq. (17) by 
m 2. If  the problem is highly nonlinear, all such contours are at 
best only approximations to confidence regions with some given 
probability of covering the true value of E. 

IfSS is a X 2 with N - k  degrees of freedom, its value at 
m in imum may be used as a test of goodness-of-fit. If  the model for 
y is correct and the measurements Yn are distributed as Gaussians 
with known variance matrix Vy.., then the large figure above will 
give the probability that a similar experiment would be expected to 
yield the observed X2in or larger. If  this probability is smaller than 
some agreed-upon value, one should question the assumptions 
about the data or the validity of the model. 

Example - -  Straight-Line Fit 
For the case of a straight linefit, y ( x )  = a + bx, one obtains, for 
independent measurements Yn' the following estimates of a and b, 

a = ( S y S x x  - s x s x y ) l D ,  (18) 

= ( S l S x y  - S x S g / D ,  

where 

Si, Sx, Sy, Sxx, Sxy = ~ ( 1 , X n , Y n , X 2 ,  XnYn)/0. 2 ' (19) 

respectively, and 

D = S l S x x - S  2 . 

The covariance matrix of the fitted parameters is: 

Va b Vb b = ~ [ _ S  X SI  . (20) 

The estimated variance of an interpolated or extrapolated value of 
y at point x is: 

1 S t  Sx 
(33 -y t rue )2 [e s t= -~ - i  +--D - X - ~ -  1 • (21) 

B.3 Limits in the Case of Bounded Physical  Regions 
In certain statistical problems the true value of the parameter to 

be estimated, #, is constrained to lie within a bounded physical 
region (e.g., the mass of a neutrino is bounded from below by 0). 
However, due to random measurement error, real measured values 
may or may not occur inside the physical region. For this case no 
completely satisfactory approach exists, but here we suggest a tech- 
nique for obtaining approximate l imits within the physical region 
at specified confidence levels. 

We assume a measurement x,  which represents one observation 
(or the result of combining multiple measurements as in Sec. B.1) 
from a normal of true (hut unknown) mean # and known, fixed, 
variance 0 -2. We estimate # by ~ = x and at tempt to construct a 
confidence interval for kt from the resultant Gaussian, as in A.1. If  

~. or a portion of the accepted region [unshaded in the figure with 
Eq. (2)] lies in the unphysical region, the result, while statistically 
perfectly correct as stated, is physically unsatisfactory. 

I f  we assume # is bounded from below by lZmi n (the argument 
for # bounded from above is similar), we may estimate an upper 
l imit  for/z at the CL (e.g., 90% or 95%) level by the following pro- 
cedure: 1) renormalize the normal probability distribution for x 
such that the integral of Eq. (1) with # = ~ over x from #min to 
infinity (i.e., over the physical region) is equal to 1.0; 2) find the 
value #1 such that the integral over x of the renormalized distribu- 
tion from #min to/.t I is equal to the desired value of CL; 3) set #1 
to be the desired upper l imit  with confidence CL. In fact, it can be 
shown that this is conservative, in the sense that the probability that 
this interval actually covers the true value of/~ is >/ CL. 

For # -/2rnin > >  o', this technique, which may be applied for 
any measured x (physical or unphysical), converges smoothly to 
that of Sec. A. 1, since x is then effectively confined to the physical 
region. 

One should exercise caution for values of x which lie many 
standard deviations outside the physical r e ,  on. It may be that the 
particular probability model (normal with variance 0.2) may not be 
a correct description of the measurement process (e.g., the true 
variance may have unanticipated components and be :> ~2, or 
there may be a bias), in which case confidence levels of this sort 
will not be correct. 

C. ERROR P R O P A G A T I O N  

Suppose one wishes to calculate the value and error of a func- 
tion of some other quantities with errors, e.g., in a Monte Carlo 
program. Let {y} be a set of random variables with observed 
means {y--} and covariance matrix V. Then the mean and variance 
of a function f of these variables are approximately (to second 
order in {y -y--}): 

1 ~p, Vm n / f 0 ~ - - ]  . (22) 7 _--- f ( {y } )  + 5 ~n tOYmOYn ){y} : {y-}' 

(f _f-)2 
OYm {y} = {y-} OYn {y} {y-}" m n  = 

E.g., the mean and variance of  a function of a single variable with 
mean y and variance 0.2 are 

f (y~  + wl o-2f "(y~, (24) 2 Z 

( f_f)2 _--- 0.2f ,(D2. (25) 

If, as is often the case, the observed mean Yn differs from the true 
mean #n by an amount  of order ~ n n n ,  then the second-order 
terms in Eqs. (22) and (24) may be small compared with the first- 
order errors introduced by the substitution. 

1. M. Abramowitz and I. Stegun, eds., Handbook of  Mathemati- 
cal Functions (Dover, New York, 1972). 

2. W.T. Eadie, D. Drijard, F.E. James, M. Roos, and B. Sadoutet, 
Statistical Methods in Experimental Physics (North Holland, 
Amsterdam and London, 1971); S.L. Meyer, Data Analysis for 
Scientists and Engineers (John Wiley and Sons, Inc., New 
York, 1975); A.G. Frodesen, O. Skjeggestad, and H. Tefte, Pro- 
bability and Statistics in Particle Physics (Universitetsforlaget, 
Oslo, Norway, 1979). 
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Quantity Gaussian CGS MKSA 

Units and 
conversions: 

Charge: 

Potential: 

Magnetic field: 

Electron charge: 

2.99792× 109 esu 

(1/299.792) statvolt 

= (1/299.792) erg/esu 

104 gauss = 104 dyne/esu 

e = 4.803 242x 10 -10 esu 

= 1 coul = 1 amp-see 

= 1 volt = 1 joule/coul 

= 1 tesla = 1 nt /amp-m 

= 1.602 189 2x10  -19 coul 

Lorentz 
force: F = q ( E +  v x B )  F = q ( E + v x B )  

C 

Maxwell 
equations: 

Materials: 

Permittivity of  
free space: 

Permeability of  
free space: 

Fields: 

V .D  = 4~rp 

1 0B 
V X E  . . . .  

c ot 

V - B  = 0 

V × H  = 4~_ + _I 0_D_D 
c c Ot 

D = 6E, B = g H  

6va c = 1 

/ ,Lva c = 1 

1 0A 
E = - V V  - - - - -  

c Ot 

B =  V x A  

v= ]~q 
charges r 

1 I 
A = c  2~ r 

currents 

E~i = Ell 

E~_ = 7 ( E ±  + l v  x B )  

B[I = Bll 

B~_ = 7 ~ B ±  - i v  × E) 
C 

Static 
potentials: 
(coulomb 
gauge) 

Relativistic 
transforma- 
tions: 
(v is the 
velocity of  
primed system 
as seen in un- 
primed system) 

V . D  = p 

OB 
V x E  = - - -  

ot 

V - B  = 0 

0D 
XTxH = j + - -  

Ot 

D = 6E, B = # H  

6va c = 60 

#vac = #0 

0A 
E = - V V  -- - -  

Ot 

B =  ~TxA 

1 q 
v = - -  ~ r 

4~r% charges 

up ~ i  
A =  ~ r 

4w currents 

E~ = E I 

E~_ = 7 ( E ± + v X B )  

B[I = Bll 

B~_ = 7 ( 1 3 .  - -~l~v x E) 

47r% = 1 107 co ul 2 1 X10 -9 c°ul2 
c 2 nt sec 2 8,987 55 nt m 2 

#_O0 = 10_ 7 nt sec 2 . c = 2.997 924 58×108 m sec - t  
47r coul 2 ' 

I m p e d a n c e s  (MKSA) 

p = resistivity in 10 -8 tim: 
1.7 for Cu ~ 5.5 for W 
2.4 for Au ~ 73 for SS 304 
2.8 for A1 ~ 100 for Nichrome 

(AI alloys may have 
double this value.) 

For alternating currents, instantaneous current I ,  voltage 
V, angular frequency w: 

V = VoeiU~t = Z I .  

Impedance of self-inductance L : Z = t o~L . 

Impedance of capacitance C: Z = 1 / i o : C .  

Impedance of free space: Z = ~k/'~0/~0 = 376.7 fl 

Impedance per unit length of a fiat conductor of  width w 
(high frequency, v): 

Z = (1 + i ) p  , where ~ = effective skin depth ; 
w 6  

6 = "~ / p 6 . 6 cm fo rCu  
V ~rvu = x/v(sec- l )  

i 

Capac i tance  C and i n d u c t a n c e / ~  per unit length (MKSA) 

Flat rectangular plates of width w, separated by d < <  w: 

w d 
d=62; £="w; 

¢--- = 2 to 6 for plastics; 4 to 8 for porcelain, glasses. 
% 

Coaxial cable of  inner radius r 1' outer radius r2: 

; f~ = f ~ g n ( r 2 / r l ) .  
g n ( r 2 / r  1) 

Transmission lines (no loss): 

Impedance: Z = ~ / : / C  . 

Velocity: v = 1 / ' ~ ' ~  = 1 / k ~ .  

M o t i o n  of  charged  part ic les  in a uniform, static,  magne t i c  
f ie ld 

The path of motion of  a charged particle of  m o m e n t u m  p 
is a helix of  constant radius R and constant pitch angle ~, 
with the axis of  the helix along B: 

p ( G e V / c ) c o s X  = 0.29979 q B(tesla) R ( m ) ,  

where the charge q is in units of  the electronic charge. The 
angular velocity about the axis of the helix is 

w(rad sec -1) = 8.98755x107 q B(tesla) /E(GeV),  

where E is the energy of the particle. 
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Synchrotron radiation ( C G S )  

For a relativistic particle of  charge e, velocity 3, % energy E ,  trav- 
eling in a circular orbit of radius R : 

4~r e 2 ~3  4 
Energy loss/revolution (MeV) = - - ~ - ~ - p  3' 

=~ 0.0885 [E(GeV)]4 /R (m) fo r  e -+ i f 3  =1. 

Energy spectrum: The energy radiated into the photon energy 
interval d(ho~) is 

dl  = a'yF(o~/% )d(ho:) , 

where a = e2 / (hc )  is the fine-structure constant, 
<3O 

FO') = 2V'3y f . d x  K5/3(x)  , with K s /3 (x  ) a modified cylindrical 

Bessel function of the third kind, and % - 3'y3c/R is a critical fre- 
quency; 

h %  (keV) = 4.44 [E(GeV)]3 /R(m)  for e ± i f 3  _~1. 

In the l imit  3, > >  1, 

for ~o < <  w c : 

dI ~ 3 . 3 a  ; 
d(hoo) 

for ~ = (0.01, 0.1, 0.2, 1.0, 2.0) : 
o )  c 

dl  
- -  _~(1.0, 1.6, 1.6, 0.5, 0 .08)a7 ,  respectively; 
d(ho~) 

for w > 2 %  : 

d(h~o) 

The radiation is confined to angles < 1/3, relative to the instan- 
taneous direction of motion. 

See J.D. Jackson, Classical Eleetrodynamics, 2rid edition (John 
Wiley & Sons, New York, 1975) for more formulae and details. 
(Prepared April 1974; revised April 1984.) 

CROSS SECTIONS, DECAYS, STRUCTURE FUNCTIONS, AND KINEMATICS 

A. L O R E N T Z  T R A N S F O R M A T I O N S  

The energy E and three-momentum g of  a particle form a four- 
vector p = (E, i~). I f  the particle has rest mass m and velocity ~7, 
then i5 ~ 3~m~7 and E = "ymc 2. It follows that t. he velocity 
expressed as a fraction of the speed of light is 3 =- V/c = g c / E .  In 
what follows we adopt units where c = 1. Viewed from a second 
frame with velocity 3z  relative to the original frame, the com- 
ponents o f p  are (E' ,  iS'), where 

E '  = TE - 3"YPz , 

Px = Px; Py = Py , 

and where 3, = ( 1 - 32) - 1/2. It follows that the scalar product of 
two momenta,  p I'P2 = E IE2 - ~1.~2 , is invariant,  that is, frame 
independent. 

I f  the lab frame of two colliding particles of masses m 1 and m 2 
is the frame in which m 2 is at rest, then the lab velocity of  the 
center of mass is 

3cm = P l / ( E I  + m2) .  

The total energy available in the center of mass is 

EtcOm t = (m 2 + m  2 + 2 E l m 2  )1/2. 

I f  ff makes an angle 0 with the z-axis, then ~' makes an angle 0' 
with the z-axis, 

S Z Z / 

where 

tan8' = [~] sinO 
71~1 cos0-3-yE 

In particular, i f  the unprimed frame is the center of  mass and the 
pr imed frame is the lab and if  the velocity of the center of mass in 

• * ^  ' * . 

the lab frame is 3 z ,  we use 3 = - 3  above to find (denoting 

Pcm = Iffcml) 
Pcm sin 0cm 

tan 01a b = 
~*Pcm cos 0cm + 3*3"*Ecru 

I f3*  > Pcm/Ecm, the particle is necessarily moving forward in 
the lab and 

Pcm 1 

(tan 01ab)ma x "Y*Ecm ~ / ~ ' 2  - Pcm2/Ecm2 

We denote p ± = p ± '  = [~[ sin 0cm. Then given a fixed P cm and 
Ecm, as, for example, in a two-to-two scattering process, as 0cm 
varies from 0 to 27r the lab momentum describes an ellipse: 

( P z -  * * 2 T Ecm) P ~  
+ = 1 .  

"2p2 p2  m "Y cm 
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I~. DECAYS 

B.l.a Two-body kinematics: 

,~¢/Pl,ml 
P,M b_ 

P2,m2 

In the rest frame of the decaying particle, 

M2+m? - m  2 
E1 2M 

,~1l = [ [M2-(m' + ra2)2][M2-(ml-m2)2] ] 2 

B.l.b Two-body partial decay rate: If~l/is the Lorentz invariant 
matrix element (see Section D below), the partial decay rate in the 
rest frame of the decaying particle is 

d r  = ----L--I i~(i 2 IP~I dU 
327r 2 M 2 , 

where d r  is the differential solid angle in the rest frame of the 
decaying particle. 

li.2.a Three-body kinematics: 

P,M ( ~  P~'rnl 
P2,m2 

P3,m3 

We denote 

PI2 = Pl + P 2 ,  m?2 = P ? 2 ,  etc. 

Then 

m22 +m23  + m ? 3  ~ M2 + rn? + m 2 + m 2 . 

The invariant mass of the pair I-2 is related to the energy of parti- 
cle 3 in the rest frame of M, 

m22 = (P - p 3  )2 = M 2 + m 2 _ 2ME3.  

B.2.b I~alitz plot: If the orientation of the decaying particle is 
ignored, there are two kinematic variables, which may be chosen to 
be m 72 and m,23 For .xed m 72, the range of m 73 is determined 
by letting ~1 be parallel or antiparallel to ~ .  In the rest frame of 
(P 1 +P 2), the energy of particle 3 is E ;  = (~/2_ m ?2 - rn 2 )/(2m 12) 

• ' * 2 J ' 
and that o f  particle 1 is E l = (m 12 + m 12 - n7 2)/(2m 12). Thus for 
a given m i'2, 

(rn~3)max = (E;+E; '2-  [ V ~ 1 2 - r n ?  - ~ ]  2 

(m?3)min~(E~ +E; )2- [ ~ / ~ 2 _ m ?  + ~ } 2 .  

(Cont'd) 

L 

(M-m2)2 la)m~ 

\ 

(rnl +ma)2 ~ t 
(ml+m2) 2 (M-ma) 2 

rn~2 

The scatter plot in m ?2 and m 2 3 is called a Dalitz plot• Phase 
space density is uniform across the plot. See below. 

B.2.c Three-body phase space: Fixing the energies E l and E 2 of 
two of the final state particles in the M rest frame determines the 
relative orientation of the three outgoing particles, Their momenta 
may then be regarded as a rigid body whose orientation with 
respect to the initial particle is specified by the Euler angles a, 8, 
and % The partial decay rate in the M rest frame is 

dr  = (2r)-5 1~12 dEldE2dadcos~d 7 . 
16M 

If the angles are integrated out, we have the Dalitz plot form, 

ar = ~2r)-3  I~tcl 2 dE 1 dE 2 = (2~')-3 IJ!12 am?2 am23 
8M 32M 3 " 

An alternative expression is 

dr  = (-2~')-5 I~12 li5~[ li~31 dmlEdflld93, 
16M 2 

where 

li~;i = [m~2-(ml + mu)U]{m22 -(ml- m2)2] 
4m72 

1/2 

is the momentum of particle 1 in the rest frame of m 12, 

is the momentum of particle 3 in the 3,/rest frame, dill* is the solid 
angle element for particle 1 in the 1-2 rest frame, and d9 3 is the 
solid angle element for particle 3 in the M rest frame. 

B.3 n-body phase space: 

p~,rn~ 

P,M = ~ P2,m2 

Pn,mn 
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The partial decay rate in the M rest frame is 

a r  = (2")4 1~12a% (e ;p~ , . . ,pn)  
2M 

where 

d3pi  n n 

d,n(p;pl, . . . ,pn ) = ~$4(p-/~lPi)l~I1 • = .= (21r)32Ei " 

In particular, 

d , b 2 ( p ; p l , P 2  ) = ( 2 w ) - 6 ~ d ~ l  , 

where I 11"~ is the momentum of particle" 1 m' the M rest frame and 
d~ t is the solid angle element in the same frame. 

Phase space for n particles can be related tO that for n - 1 by 
treating particles 1 and 2 as a single system of momentum 
Pl +P2  and mass squared m122 - p22. Thus PI2 " 

d ~ n ( P ; P l , P 2 ,  " " ,Pn)  = d ~ n - I ( P ; P l 2 ' P 3 ,  " " " P n )  

x d ~ 2 ( P  12;P 1 'P2) (2r)3 d m  ?2 " 

C. CROSS SECTIONS AND STRUCTURE FUNCTIONS 

Throughout Section C, we set h -1, c = 1. Use h c  - 197.3 
MeV fermi, and (he)  2 - 0.3894 GeV 2 mb for conversions. 

C.1 Partial waves: The amplitude in the center of  mass for elastic 
scattering of  spinless particles may be written in a partial wave 
expansion 

1 ~ ( 2 e +  1) a e P c ( c o s  O), f (k,O) = ~ # 

where k is the c.m. momentum, 0 is the c.m. scattering angle, a t = 

2i ~t' 
Olee - 1) /2i ,  0 <~ ne ~ 1, and ~t is the phase shift of the ,¢th 
partial wave. For purely elastic scattering, n t  " 1. The differential 
cross section is 

d_g_~ = 
d~ If(k'o) lZ" 

The optical theorem is 

47r 
~rto t = ~ Im f ( k , O ) ,  

and the cross section in the ~e th partial wave is 

4~r 2 4~r ( 2 / +  1) 
~e = ~ -  (2e+ 1) lael < k2 

The partial-wave amplitude a t can be displayed in an Argand plot. 

Im A @ 
-1/2 0 1/2 

Re A 

The usual Lorentz invariant matrix element ~ (see Section D 
below) for the elastic process is related to f ( k , O )  by 

~f = -8~rV:~ f (k ,O) ,  

so 

1 
°'t°t 2k ~ Irrl~(t = 0 ) ,  

wbe 
re s and t are the center-of-mass energy squared and momen- 

tum transfer squared, respectively (see Section C.3.a). 

C,2 Resonances: The Breit-Wigner form for a t, with a resonance 
at c.m. energy E R , elastic width Fel , and total width l'to t is 

rel 

at* i ' 
E R - E - ~ P t o t  

where E is the c.m. energy. This gives a circle in the Argand plot 
with center iXel /2  and radius Xel/2 , where Xel = rel/Fto t. The 
quantity X¢l is called the elasticity. The amplitude has a pole at E 
- E R - iPtot/2. 

Im A 
11 

@ 
Re A 

The Breit-Wigner cross section for a spin-J resonance produced 
in the collision of  particles of spin S 1 and S 2 is 

(21 + 1) lr BinBoutFt2t 

~rBw(E)  = (2S I + 1X2S2+ 1) k 2 ( E - E R ) 2  +F?ot /4  ' 

where k is the c.m. momentum, E is the c.m. energy, and Bin and 
Bou t are the branching fractions of the resonance into the entrance 
and exit channels. The 2S + 1 factors are the multiplicities of the 
incident spin states, so they are replaced by 2 for photons, etc. 

C.3.a Two-body scattering kinematics: 

pl'ml ~ p3'm3 

p2,m2/  ~ p4,m4 

In the center of mass, 

s + m  2 - m  2 

Elcm 2 ~ -  

P l c m =  I [ s - ( m l  + m 2 ) 2 ] [ s - ( m l - m 2 ) 2 ]  

P 1 labm 2 

t/2 
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where "~- is the total c.m. energy. The Lorentz invariant  Mandel- 
stam variables are 

s = (Pl +P2)  2 = (P3+P4)2  

= m ?  +2E1E2-2~JI ' [J2+m 2 , 

t = (171 - p 3  )2 = (192-p4 )2 

= m21 - 2 E l E 3 + 2 ~ l ' ~ J 3 + m  2 , 

U = (Pl - P 4  )2 = (/72--V3)2 

= m ?  - 2 E I E 4 + 2 i $ 1 " ~ 4 +  m42 , 

and they satisfy 

s + t + u  = m ? + m 2 2 + m  2 + m 4  2 .  

IfOem is the c.m. scattering angle between particles 1 and 3, then 

(denoting V lcm = I i5 lore I ' P 3cm = l ffacm l) 

t = (E 1 cm - E 3cm) 2 - (/7 lera - P 3cm) 2 - 4,0 Icm p 3cm sin2 (0era/2). 

For 0era - 0, - t  is a minimum.  

C.3.b Two-body differential cross sections: In the center of  mass 
or lab, 

act 1 1 i/q2. 
dt 64~rs P 2cm 

In the center of  mass, 

d a  = PlcmP3cm d a  

dflcm ~ dt " 

C.4 n-body differential cross sections: 

n / m  / Pl,ml .,~ / I"1 ' 1 
: ~ ~ . .  p2/'m2/ 

P2,m2 ~ --  ~ pn:,mn 

In the c.m. or lab 

d a  = (2 r )41~12  d'I'n(Pl + P2;PI ,P2,  " '"  ,Pn) , 

4 V C o l ' P 2 ) 2 - m ? m  2 

where n-body phase space, dO n , is described in Section B.3 above. 

Note that ~ / ( p  I'P 2) 2 - m 12m 2 - p llab m 2 " P  l era V~-. 

C.5.a Leptoproduction kinematics: 

P,M 

q = k - k '  is the four-momentum transferred to the target. 

Invariant  quantities: 

= q 'P  = E - E '  is the lepton's energy loss in the lab (in earlier 
M literature sometimes v = q.P). Here, E and 

E '  are the initial  and final lepton energies in 
the lab. 

Q2 = _q2 . 2 ( E E ' - k ' k ' )  - m 2 - m  2, where me(mr,  ) is the ini- 
tial (final) lepton mass. I fEE'sin~(O/2)>> 

2 2 then m e , me, ,  

4EE'sin2(O/2), where 0 is the lepton's scattering angle in the 
lab. 

x = 122 In the parton model, x is the fraction of the target 
2My nueleon's momentum carried by the struck 

quark. See section on QCD. 

q .P  = v is the fraction of the lepton's energy lost in the lab. Y =  k .P E 

W 2 = (p + q)2 = M 2 + 2 M y -  Q2 is the mass squared of the sys- 
tem recoiling against the lepton. 

C.5.b Leptoproduction cross sections: 

d2~r ' d2~ 21rMv d2~ d2~r 
- -  = 2 M v E -  2 x M E - -  
dx dy dvdQ2 E '  dfllabdE' dx dQ 2 

C.5.b.i Electroproduction structure functions: 

d2tr 87rct2ME F 1 + (1 - y)2 2xF~ m 
dx dy Q4 L 2 

M ~ ~ , em]  + ( 1 - y X F ~  rn - 2xF~ m) - ~-~.~v,  2 j .  

F~  m (x, Q2) and F~  rn (x, Q2) are the (unpolarized) structure func- 
tions, which are, in the naive patton model, independent of Q2. 

C.5.b.ii Neutrino production structure functions: 

d2o J~ G2 M E  [ 
7r " -~xy)  F 2 + 2 2xFI d x d y  --  ( 1 - y -  M v y2 v 

d2~ G2 ~E [ 
r - ~ x y )  F 2 + 2 2xFI d x d y  --  ( 1 - y -  M ~. y2 "7 

Z_ - (Y 2 ) x F 3 ]  " 

The structure functions Fp y are related to quark distributions in 
the parton model  (see section on QCD). There are separate Fi's 
for neutral- and charged-current processes. 

C.6~ e+e - annihilation: For pointlike spin- l /2  fermions in the 
c.m., the differential cross section for e + e -  --~ f f via single pho- 
ton annihilation is 

d---ffdtr = .~s3a 2 [ l  +cos20 + ( l _ 3 2 ) s i n 2 0 ] Q ?  , 
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where/3 is the velocity of the final state fermion in the center of 
mass and Qf is the charge of the fermion in units of the proton 
charge. For/3 --~ l, 

86.8 Q/ nb 4~rct 2 
= ~ -  • = 

s(GeV 2) 

At higher energies the Z 0 (mass M Z and width r z )  must be 
included, and the differential cross section for e+e - -* f f  
becomes 

= a2fl [ Q/[1 + cos 2 O + (1 -/32) sin 2 O] d_.E_~ 
dfl 4s L 

- 2QfXl{ VVf[l + cos20 + (1 -/32) sin20] -2af/3cosO[ 

+ X2 { V?(1 + V2)[I + cos 20 + (1 -/32) sin 2 O] 

+/3a?(l + V2)[1 + COS20]- 8/3VVfafcosOI], 

1 S(S -M 2) 
XI = 16sin2Owc°S20w (s 22 2 2 -MS) + r zM ~ 

1 s 2 

X2 = 256sin40wC°S40w (s 2 2 2 2 - M  Z) + r z m  ~ 

V = -1  +4sin20w,  

af = 2T3f , 

Vf = 2T3f - 4Qfsin20w , 

where the subscript f refers to the particular fermion and 

T 3 - +1/2 for re, v#, Vr, u, c, t, 
T 3 = -1/2 f o r e - ,  # - ,  r - ,  d, s, b. 

C.6.b e+e - two-photon process: In the equivalent photon approxi- 
mation, the cross section for e+e - --~ e+e-X is related to the 
cross section for 3'Y --~ X by 

dae+ e__.,e+ e_x (S ) = ~2 f d~ f (o~)daT,y.., X (O~s ) , 

where 

a g n [ S  1 
77 = 2"-x- L e'-J/4m---"~-/ 

and 

f ( w ) = ~ [ ( 2 + ~ ) 2 g n - ~ - 2 ( l - ~ X 3 + w ) ]  . 

For the production of a resonance of mass m R and spin J,  

m 2 
a(e + e -  --~ e + e - R )  = ,/2 (23" + 1) 87r 2 r(R -~ 77) f('"R). 

mrs $ 

C.7 Inclusive hudronic reactions: A particle's momentum can be 
paramctrized by selecting a particular direction for the z-axis and 
writing 

(E = mkCoshy,  Pz = m k s i n h y ,  Px, Py ), 

where 

m 2 = m 2 + p 2 + p  2 ,  

=_~gn [E  +Pz I E  +Pz I 

LE--~-, j Lm± J 
The variable y is called the rapidity. A boost in the z-direction 
then modifies y by y --~ y + A, where -y = .coshA,/3 = tanhA. 
Thus the shape of the distribution dN/dy is invariant under such a 
boost, and 

E d3--~ d3a 
d3p dy d2p z " 

A variable which may be easier to measure experimentally is the 
pseudorapidity 

~7 = gn(cotO/2) 

where 0 is the angle between the particle and the beam. In the 
limit E >>  m, it follows that T/ = y. 

Fcynman's x variable is defined to be 

[ PP-~mZ~ ] w 2Pzcm 2m ± sinhYcm "v~ 
x = ~- - : - ~  = 

Crtl  

For Yem not small (e-2Ycm <<  1) 

m ± eYcm 
x ~ - - - ~ -  s 

and 

(Ycm)max = en~--~s" m 

D. LORENTZ INVARIANT AMPLITUDES 

The quantity - i ~  is determined in perturbation theory by the 
Feynman rules. Our convention above is consistent with the 
Appendices of Bjorken and Drell except that fcrmion spinors arc 
normalized so that ~u = 2m, etc. In particular, the S-matrix for 
two-body scattering is 

(p~p~ IS [piP2) = I - i(2~r)4~4(pl + P 2 - P l  - P 2 )  

~ P  i,p2;p ~,p~) 
x 

(2E 1)l/2(2E2)l/2(2E i )1/2(2E2 )1/2 

where the states are normalized so 

(P" I P ) = {2a')363(P- P')" 
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C L E B S C H - G O R D A N  C O E F F I C I E N T S ,  S P H E R I C A L  H A R M O N I C S ,  A N D  D F U N C T I O N S  

3" J ' 1 

Note: A V~ is to be understood over every  coefficient; e. g. , for -8/15 read -x/8/15. Notation: M M . 

n 177 
1 / 2 ×  1/2 

, o 2 x  1/2 I+l lz+i /2i  11o o L ,qo . . . .  o ~ i  mz 
t-Wz -1/2 1/; Wzl 11 y mY ~, 1 = - - ~ / ~  sin0 e" |+2 , / ~  ', i ~ ; ; ; } ~ 1  1 z Coefhcient 

i-W; +1/211/z-Wz1-21 I*z - l /z  t/s 4/sl s/z 3/z 
i-2/2-2/4 il y o ~ / _ ~  coFo_ 2~ i+1 +2/~14(5-2/5,+/2+,1; 

* , / ~  -2 +11; ;15 -3/sl-3/z -3/zl l / i  y l = - -  sin0 cos0 e I0 

,t~ ;/~ 3/~ 1/~ 3/2 × 1/2 H l- ,  . / 2  ~/5 2/5i ~/~, 
; /~ -1 / - , /2 - , /~  2 2 i-~ +~/fl 2/5-4AI-5/t 

2 I o!  

2 2 15 . 2 2i~ Y = - sin 0 e I 0 -2/2 2/3 ll] 3/z l  z 4 M I - -3 /z  +2/2] 111+2 i1 
1-1 +W2 213-z M -3/21 / I - 3 / z  - i12W4 3/4 z 

2 ~ l ~ 3 / 2  X 1 | + 2 / ; - 2 / Z  I / ;  l/?~ 2 1 I 

-2/;I-2 _i m n+'-+u ~m-,' +z I I+U2 +st i 1+31; +3/; i-W z + Wz 21; 
I÷z op/3 z/31 3 z 1 1  . ,3~z o. 2~ . . . .  2/2/ I-W2-1/z3/4 1/4~ z 1 
!.2 +21~/~-1/31 +2 +1 +, I I+,k~..21 ~i;-;?; 5/2 ~/~ ~l/z +2/2 +2/;I 1-3/2 ,Wz]W4 -314i-; | 

. ~ I+z  - I~1 /15  1/3 3/5 ~ I t 3 / ;  -1 1 /20  2 /5  2/2 I 
1 x 1 1 i ~ 1 + 2  018/15 W6-3ho][3 z 1 |  J, l  . 12 03/5 1/15-21315/z 3/z Wzl I o-1~/25-1/~ 1/2olo o o .  n-2/2'13/2° s / ,5  1/~ i , / ;  2/2 21~ / 

" - - '  " "  " - I  l - 1 - 1 h / 5  2/z 3/2011 I~i/z-213/10 8 / 2 5  2 / 6 1 ~ , w , ~  
1*2 o11/z 2/zl z 2 o I I 0 01315 0 - z / s l  3 z l 

i F l o  0 0 1 I-2,211/   /,01 .1 2 , 0i3/5 2 / , 5  2 / 3 ,  5/> 3 ;I U-3h .2/2/2o-y5 2hl-~/~ -~/~ I 
|+2-112/6 212 l / 3 t  I o-U6h5 ~/2 l/it I-~/z-2[ 3/5 21515/4 
I o o12/3 o - 2 1 ~ F - - r l  1-2 0w15- , i~-31.  3-~_~ i-~/2 ot ~15-3/51-~/~ I 

-1 ;1  1 /6 -1 /8  1/ -Z t 2 1 1 / 2 5 - 1 / 3  3 /5  I - '  +11' 1-2 _2 k I , , i 
I o -m/2  v 4  ~I I-2 -J 213 211 31 

Y'°':(-f)~Ym* 1-2 0 ' l l z - l / a t ; '  "z  cW3-zli-3'I<JiJ3":'t~-' lJ12'JM> I 
1 ~ I-1 -21 1 II dn [ ~ - ~ -  yme_irnO I - z - f l  ] I  J - J r - J z  

m,O = g 2 ~ t  l :1-1)  ( j z j f m s m f  J2JIJM 

' ' - ' -  t 1+3 I 3 2" t/2 1/2 - ~ 112 -1/2 = - - s  n Z 
. . . .  ~ 1+3/2 *3/2 I I I + 2  -z I ' 

|÷2  ÷1/2~ 3//7 4/7l . . . .  1 4 3 / 2 - 1 / 2 1 t / 5  1/2 3/'101 ' x, 2 + / 7/2 5/2 3/2 + 1 

1 ~ - 3  -31 I+z-~/~/ ~/~5 6/35 ~/~ ~/5 I I - /~  ,v~ /l/~o-w,t <W~o-//4 I -~ -~ -~ I 0o= -~ 
+ -s-Wz ~7/35 5/~4 o -3/~0 #~/z -3/7 ~/5 Wz 3/~o 

~2 +t 2/2 ~/2 4 3 2 0 ~/2 18/35 -3/35 -1/5 f/5 7/2 5/2 3 2 I 2 

I 2 0 ' 3 q 4  1"2 Z/7 I I 1 ( I "  - /  - ,  - i  | 1 -312  + 2 / 2 i i / 5 _ ~ / 2  3/101~_2 - Z |  
I + I / / / i !+1 -3/2 1 4/35 27/70 2/ '5 1/10 I -I /2 -3/2 
1+~'~1~/,4 ,/% ]}] +~ +~ +~ +l o ,/z ,s/3= v35 v5 ~/5 3/z ,/~ 

I +~-~ lf/~'~ ~/:0 3/~ ~/5 I I-~ 3/~ / w35 -~i35 ~//5 -~/5 13/~ -3/'~ -3/~1 I-Vz -~/~I l l  
~3,,2 _, . . . .  o o IA 7r333~ _731 -1311 ~///',~t, 3 ~ ~ o ,  I ° - y , ~ / l < z f ~ e  5 '~,~~ 
3/=.~/~- = co=, i_~ = i , / , , -3/ ,o 3/~ -,/5 1 o o o o o I I - i  , i i / ? ~ - ; ? W 7 I I - ; I  -IJI! 

l \ z  I + Z - Z  ] f / ? O  ~/~o Z/7 Z/'I 1/51 - ~ - 3 i ~  3/2 ,-- l-cos0 0 2 1 + cos0 * 2 
. . . . . . . .  \ z ] I o 0 I f 8 / 3 5  o - U v  o t / 5 1  ~ . . . .  " - I  . . . . . .  a - ' " " l  

I - t  ~18135-~15 W~4 W~o-wsI 4 3 ~ I I l -z -3 /~ l  ~1 
"312,-1/2-~3 2 c°s2 dz,l Z sxn.. . |+1-2~1/14i  3/t0 3/7 115 lI 

I o -f 13/7 ~/~ -f/~4 -3/~ol 
3/2 l-cosQ . ~ 2 ~ 2 2 l~cos~7 -1 0 3 -  d%/2 ~ / ~  = ~ stn%- d . . . . .  0 d . . . .  ( s c o s . - t )  I i / /  -W5 -Wt4 3/ t01  4 3 z 

d3/2 _3cosg-~cos ~) 2 ~-cos0 . d2 ~ -  I 0 -2/3/~4 1/ '2 2/7 

. . . . .  -" " 2 "' 12 1-2 013/14-1/2  ~/'~1_3 
d3/? -- 3cos0*t @ 2 _ ~ -cos0 2 t - cos0  Z 3 2 -i -2 

~/Z,-,//;- 2 stn~= d2_2 - ( ~  ) d' -'i= ' < ' '° ' ' '> % 0 " ( "  .os 0-+)  i - ' - '  II;"-:;:1-:1 
' ' ; l-~ -? I~1 

Sign conven t ion  is tha t  o f  Wigner  (Group Theory, A c a d e m i c  Press, N e w  York,  1959), also used by  C o n d o n  and  Short ley (The Theory of 
Atomic Spectra, C a m b r i d g e  Un iv .  Press, N e w  York,  1953), Rose  (Elementary Theory of Angular Momentum, Wiley,  N e w  York,  1957), and  
Cohen  (Tables of the Clebsch-Gordan Coefficients, Nor th  A m e r i c a n  Rockwel l  Science Center ,  T h o u s a n d  Oaks,  Calif., 1974). The  signs and  
n u m b e r s  in the  cur ren t  tables have  been calcula ted by c o m p u t e r  p r o g r a m s  wr i t t en  independen t ly  by  Cohen  and  at LBL. (Table  ex tended  
Apri l  1974.) 
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SU(3) ISOSCALAR FACTORS AND REPRESENTATION MATRICES 

The most commonly used is®scalar factors, corresponding to the 
singlet, octet, and de cuplet content of 8 ® 8 and 10 ® 8, are 
displayed at the right. The notation uses particle names to identify 
the coefficients, so that the pattern of relative couplings can be seen 
at a glance. We illustrate the use of the coefficients by example; see 
J.J de Swart, Rev. Mod Phys. 35, 916 (1963) for detailed explana- 
tion and phase conventions. 

A ~/- is understood over every integer in the matrices; the 
exponent 1/2 is a reminder of this. For example, in de Swart's nota- 
t ion the E --~ f~K element of our 10 --~ 10 ® 8 matrix reads 

01-02 V~ 1 'A -1  ~ " 

Intramultiplet  relative decay strengths can be read directly from 
our matrices. Thus, the partial widths for A --~ (N~r) 1=3/2 and ft* 
"-~ (EK)I =0 are in the ratio 

P(fl* "~(E!~')I=O) 12 
= - -  x (phase space factors). 

p(A -.~ (N 7r)i = 3/2) 6 

Supplying is®spin Clebsch-Gordan coefficients, one obtains, e.g., 

r(n '-  -~ ~K-)r(zx+_~pr ° ) 2/--~1/2 1 2  ~3 xp.s . f .  = X 6 Xp.s.f .  = 

Partial widths for 8 --~ 8 ® 8 involve a linear superposition of 81 
(symmetric) and 82 (antisymmetric) couplings. For example, 

The relation between g l,g2 (with de Swart's normalization) and the 
standard I),F couplings appearing in the interaction Lagrangian, 

_~ = - "~/SD Tr([ B,B I +M ) + k/2F Tr([ B,B ]_M) , 

is 

~Y6 
D = - ' ~ - g l  ' F = - ~ " g 2  • 

Thus, 

r(.* - .  Z~r) ~ (1-2~) 2 

where a ------ D/(D +F). 
When acting upon a representation of dimension d, the genera- 

tors of SU(3) transformations, X a (a = 1,8), are d × d  matrices which 
obey the following relationships: 

[Xa,Xb ] = 2ifabc~ c 

( X a , X b } =  46abl+2dabcXc 

where I is a d × d  unit matrix. Thefabc are odd under the permu- 
tation of any pair of indices, while the dab c are even. The nonzero 
elements are 

abc f abc 

123 1 

147 1/2 

156 - 1 / 2  

246 1/2 

257' 1/2 

345 1/2 

367 - 1 / 2  

458 " ~ / 2  

678 " ~ / 2  

abc dab c 

118 1/~/~ 
146 t /2  

157 1/2 

228 1/x.f3 

247 - 1/2 

256 1/2 

338 1/x/3 

344 1/2 

abc dab c 

355 1/2 

366 - 1 / 2  

377 - 1/2 

448 - 1 / ( 2 " ~ )  

558 - 1 / ( 2 " ~ )  

668 - 1 / ( 2 k / 3 )  

778 - 1 / ( 2 " ~ )  

888 -1/~/3 

1 - - . 8 ® 8  

8=8  2 3 - 1 - 2  1 ~ N K  Zzr ~-K 1 

8 t ~ 8 ® 8  

I [ j l/2 
N [ N~r N~/ XK AK 9 -1 -9  -1 

- .  l N~ ~ A~ =,, - K  1 - 6  0 4 4 - 6  

L~j81 ( ZK AK "~w -~ .8 8 9 -1 -9  - I  

8 2 - - .  8 ® 8 

- -  /Nh" Zr ATr Xr/ -~K 1 
~ / N KXLAn ~K ~ ~ 

I. x J82 t ~K AK XTr X~ ~ 8 8 

2 8 0 0 - 2  
6 0 0 6  
3 3 3 - 3  

1 0 - ~ 8 ®  8 

ii / l0 L Xg ~8 12 

8 ~ 1 0 0 8  

8 

Ag X~r ~ XK 

~K XTr ~r/ flK 10 8 

-12 3 
8 -2  -3  

-9  6 
3 -3  -3  

10 -.-,- 10 ® 8 

10 

l 
] 0o x g  ~ ] 8 

1 5 3 - 6  
8 8 0 - 8  

1 2 3 3 - 6  
12-12 

6 ]1/2 

3 2 
3 

,2 

1,2 

In the fundamental 3-dimensional representation, the X a ' s  are 
given by l ,ol lz- o / l ool 
X 1 = 0 0 X 2 =  0 0 X 3 = - 1  0 

0 0 0 0 0 0 

i 001 X 4 = 0 X 5 = 0 0 X 6 = 0 1 

0 0 0 1 0 

i?00] X 7 = 0 - X 8 = 1 / ' ~  0 

i o -2/~/~ 
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SU(N) MULTIPLETS AND YOUNG DIAGRAMS 

This note tells how SU(n) particle multiplets are identified or 
labeled, how to find the number of particles in a rnultiplet from its 
label, how to draw the Young diagram for a multiplet, and how to 
use Young diagrams to determine the overall multiplet  structure of 
a composite system, such as a 3-quark or a meson-baryon system. 

(1) Multiplet  labels - -  An SU(n) multiplet  is uniquely identi- 
fied by a string o f ( n - l )  nonnegative integers: ( a , f l , % . . . ) .  Any 
such set of integers specifies a multiplet. For an SU(2) multiplet  
such as an isospin mul*,iplet, the single integer a is the number of 
steps from one end of the multiplet  to the other (i.e., it is one fewer 
than the number of particles in the multiplet). In SU(3), the two 
integers a and fl are the numbers of steps across the top and bot- 
tom levels of the multiplet  diagram. Thus the labels for the SU(3) 
octet and decuplet 

I---1-.,.-t I" 3 -I 

b~l*q 

- ~ - 0  

are (1,1) and (3,0). For larger n, the interpretation of the integers 
in terms of the geometry of the multiplets, which exist in an 
(n - l ) -d imens iona l  space, is not so readily apparent. 

The label for the SU(n) singlet is (0,0,...,0). In a flavor SU(n), 
the n quarks together form a (1,0,...,0) multiplet, and the n anti- 
quarks belong to a (0,...,0,1) multiplet. These two multiplets are 
conjugate to one another, which means their labels are related by 
(a,3,...) ~ (...,~,a). 

(2) Number of particles - -  The number of particles in a multi- 
pier, N = N(c~,fl,...), is given as follows (note the pattern of the 
equations). In SU(2), N = N(a)  is 

N = (a+l) 
1 

In SU(3), N = N(a,fl) is 

N = ( a + 1 ) . 4 3 + 1 ) .  ( a + 3 + 2 )  
1 1 2 

In SU(4), N = N(a,fl,T) is 

N = ( , + 1 ) .  43+1).  (7+1) .  ( a + f l + 2 ) . ( 3 + 7 + 2 ) . ( c c + f l + 7 + 3 )  
1 1 1 2 2 3 

Note that there is no factor with (a+3 '+2) :  only a consecutive 
sequence of the label integers appears in any factor. One more 
example should make the pattern clear for any SU(n). In SU(5), N 
= N(a,f i ,%~) is 

N = ~ (fl+l)(7+l)_,(¢~+l).(a+fl+2).(fl+7+2)× 
1 1 1 1 2 2 

(3 '+6+2) .La+fl+ 7+ 3). (fi+7+6+3). ( a+f l+7+rS+4)  
2 3 3 4 

Multiplets that are conjugate to one another obviously have the 
same number  of particles, but so can other multiplets. For exam- 
ple, the SU(4) multiplets (3,0,0) and (1,1,0) each have 20 particles. 

(3) Young diagrams - -  A Young diagram consists of an array of 
boxes (or some other symbol) arranged in one or more left-justified 

rows, with each row being at least as long as the row beneath. The 
correspondence between a diagram and a multiplet  label is: The 
top row juts  out a boxes to the right past the end of the second 
row, the second row juts  out fl boxes to the right past the end of 
the third row, etc. A diagram in SU(n) has at most n rows. There 
can be any number o f"comple ted"  columns of n boxes buttressing 
the left of a diagram; these don't  affect the label. Thus in SU(3) the 
diagrams 

represent the multipleis (1,0), (0,1), (0,0), (1,1), and (3,0). In any 
SU(n ), the quark multiplet is represented by a single box, the anti- 
quark multiplet by a column o f ( n - l )  boxes, and a singlet by a 
completed column of n boxes. 

(4) Coupling multiplets together - -  The following recipe tells 
how to find the multiplets that occur in coupling two multiplets 
together. To couple together more than two multiplets, first couple 
two, then couple *,he third with each of the multiplets obtained 
from the first two, etc. 

First a definition: A sequence of the letters a.b,c,.., is admissible 
if  at any point in the sequence at least as many a's have been 
reached as b's, at least as many b's have been reached as c's, etc. 
Thus abed and aabcb are admissible sequences and abb and acb are 
not. Now the recipe: 

(a) Draw the Young diagrams for the two multiplets, hut in one 
of the diagrams replace the boxes in the first row with a's, *,he 
boxes in the second row with b's, etc. The unlettered diagram 
forms the upper left-hand corner of all the enlarged diagrams con- 
structed below. 

(b) Add the a 's  from the lettered diagram to the unlettered 
diagram to form all possible legitimate Young diagrams that have 
no more than one a per column. (All the a's appear in each new 
diagram.) 

(c) Use the b's to further enlarge the diagrams already obtained, 
subject to the same rules. Throw away any diagram in which the 
sequence of letters formed by reading right to left in the first row, 
then the second row, etc., is not admissible. 

(d) Proceed as in (c) with the c's, etc. 
Thus, for example, the calculation to find the multiplets that 

can occur in a system made up of two SU(3) octets (one might be 
the ~r-meson octet, the other the N-baryon octet) is as follows: 

[~ ] ® a a = 
b 

a @ ~ a a ~ b  a ~ ) ~ a  ~ b a a  ~ ) ~ ] a a ~ ) ~ a b  
b b a ab  

where only the diagrams with admissible sequences and with fewer 
than four rows (since n = 3) have been kept. In terms of multiplet 
labels, the above may be written 

(1,1) ® (1,1) = (2,2) @ (3,0) • (0,3) • (1,1) • (1,1) • (0,0), 

or in terms of numbers of particles, 

8 ®  8 = 2 7 0 1 0 0  10 e 8  • 8 • 1 .  

The product of the numbers of the lefi is equal to the sum on the 
right. (See the section on the Nonrelativistic Quark Model for 
results for 3-quark systems.) 
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TESTS OF CONSERVATION LAWS* 

In response to the current  interest in tests of  conservat ion laws, 
we have made  a l ist ,of experimental  limits on all weak and  elec- 
t romagnet ic  decays, mass differences, moments ,  and a few reac- 
tions, whose observat ion would violate conservat ion laws. The list 
is given only in the full Review of  Panicle  Properties, not in the ' 
Data  Booklet. For  the benefit of  Data Booklet readers, we have 
included the best limits from the list in the following text. The list 
is in two parts: "'Discrete Space-Time Symmetr ies ,"  i.e., C,  P ,  T, 
C P ,  and  C P T ;  and  " N u m b e r  Conservat ion Laws," i.e., lepton, 
baryon,  hadronic  flavor, and  charge conservation.  The references 
for these data  can be found in the Stable Particle Section of  the Full 
Listings in this Review. A discussion of  these tests follows. 

CPT I N V A R I A N C E  

General  principles o f  relativistic field theory require invar iance 
under  the combined t ransformat ion  C P T .  The simplest tests of  
C P T  invar iance are the equali ty of  the masses and  lifetimes of  a 
panic le  and  its antiparticle.  The best test comes f rom a limit on 
the mass  difference between K ° and  ~0.  Any such mass difference 
contributes to the CP-viola t ing parameter  e. In fact ~ can be 
explained by a C P T - c o n s e r v i n g  but CP-viola t ing mixing o f K  ° and  

, which yields a predict ion that  ~+  ~ 44 °, while a K ° - ~ 0  
mass  difference would yield 4)+ ~ 44 ° + 90 °. It is thus possible 

to deduce that  [ m ( K  ° ) - m ( K 0 ) j  < I O - 4 [ m ( K s ) - m ( K L )  ] < 
3 × 1 0 - 1 0  eV. Also, an  upper  limit on ] m (D 0)_ m (D °) ] can be 
derived from the bound  ] m ( D l ° )  r e ( D 2 ° )  ] < 6 . 5 × 1 0  - 1 0 M e V  
(inferred from bound  on D o ~ / ~ 0  ~ / ~ -  anything),  given an input 
value of, or  bound  on, the CP-viola t ion parameter  e for D ° - D  ° 
mixing. 

C P  AND T I N V A R I A N C E  

Given C P T  invariance, C P  violation and T violation are 
equivalent,  So far the only evidence for C P  or T violation comes 
from the measurements  ofr l+  _. rl0o, and  the semileplonic decay 
charge a symmet ry  for K L, e.g., ]r l + _  ] = [ A ( K ° --~ rr+ rc - ) /  A ( K ° 

-+ re+re-) = (2.275_+0.021) x 10 - 3  and  [F(K 2 ~ r c - e + v )  - 

r ( K  ° ~ re+e-v--)] / [sum = (0.333+_0.014)%. Other  searches for 
C P  or T violation should be divided into (a) those that involve 
weak interactions or pari ty violation, and  (b) those that  involve 
processes allowed by the strong or electromagnetic interactions. In 
class (a) the most  sensitive is probably the search for an electric 
dipole momen t  o f  the neutron,  which is measured to be 
(2.3_+2.3) × 1 0 - 2 5 e  cm. A nonzero value requires both P and T 
violation to be nonzero. Class (b) searches involve looking for C 
or T violation in strong or electromagnetic processes. Examples 
are the search for C violation in rl decay, believed to be an elec- 

+ 0 t romagnet ic  process, e.g., as measured by P(rI --~ t* U re )/F(rl --~ 
all) < 5 × 10 - 6 ,  and the search for T violation in a number  o f  
nuclear  and  electromagnetic reactions. 

C O N S E R V A T I O N  OF L E P T O N  N U M B E R S  

Present experimental  evidence and  the s tandard  electroweak 
theory, are consistent with the absolute conservat ion of  three 
separate lepton numbers:  electron number  L e, m u o n  number  Ls,, 
and  r - n u m b e r  L r. Searches for violations are of  the fonowing 
types: 

a) AL = 2 for one type of lepton. The best limit comes from 
the search for neutrinoless double beta decay ( Z , A )  -+ ( Z  +2/1  ) + 
e -  + e - .  The best laboratory limit !s t l / 2  > 0.7× 1023 yr 
(CL=0.90) for 76Ge. 

b) Conversion of one lepton type to another. For  purely leptonic 
processes, the best limits are on # -+ e 'y and  # --~ 3e, measured as 
F(# -+ e'y)/F(# --~ all) < 1.7 × 1 0 -  10 and  F(# --~ 3e)/F(# ~ all) 
< 2.4 × 10 -12 .  For semileptonic processes, the best limit comes 
from the coherent  conversion process in a muonic  a tom # -  + 

( Z , A )  --~ e -  + ( Z . A ) ,  measured as F ( g - T i  ~ e - T i ) / F ( # - T i  ~ all) 
< 1.6 x 10 -11 .  O f  special interest is the case in which the 
hadronic  f lavor also changes, as in K L ~ el* and  K + + re+e+# - ,  
measured as P(KI_ ~ e # ) / F ( K  L -+ all) < 6 × 10 - 6  and F(K + 
r r + e - l a + ) / F ( K +  ~ all) < 5 x 10 - 9 .  Limits on the conversion of  
r into e or # are found in r decay and  are much less stringent that  
those for # -+ e conversion,  e.g., F(r -+ #'y)/F(r -+ all) < 
5.5 x 10 - 4  and  P(r  --*- e 'y) /F(r  -*, all) < 6.4 x 10 - 4 .  

c) Conversion of one type of lepton into another type of antilep- 
ton. The case most  studied is U -  + (Z ,A)  ~ e + + ( Z - 2 , A )  the 
strongest limit being F (# -  127I ~ e + 127SbStable)/F(b~- 1271 ~ all) 
< 3 × 10 - 1 0  

d) Relation to neutrino mass,  If  neutr inos have masses then it is 
expected even in the s tandard eleetroweak theory that  separate lep- 
ton numbers  are not conserved as a consequence of  lepton mixing 
analogous to the Cabibbo quark  mixing. However,  in this case 
lepton-number-violat ing processes such as ~ --~ e 7  are expected to 
have extremely small probability. For  small neutr ino masses, the 
lepton-number  violation would be observed first in neutr ino oscil- 
lations, which have been the subject of  extensive experimental  
searches. For e x a m p l e , 7  e 4 r e  gives measured limits A(m 2) < 
0.016 eV 2 for sin2(20) = 1, and  sin2(20) < 0.16 for large A(m2), 
where 0 is the neutr ino mixing angle. Searches for v u --* v e set lim- 
its A(m 2) < 0.2 eV 2 for sin2(20) = 1, and  sin2(20) < 0.0034 for 
large A(m2). For larger neutr ino masses ( > >  1 keV), lepton- 
number  violation is searched for by looking for anomalous  decays 
such as re -+ e v  x ,  where u x is a massive neutrino. If  the AL = 2 
type of  violation occurs, it is expected that neutrinos will have a 
nonzero mass of  the Majorana  type. 

C O N S E R V A T I O N  O F  H A D R O N I C  F L A V O R S  

The conversion of  quarks of  a given charge, (d ,s  ,b ) or (u ,c ,t ), 
into one another  is forbidden in strong and  electromagnetic interac- 
tions by the conservat ion of  hadron flavors: S (strangeness), C 
(charm), B (bottomness),  and  "f (topness). The weak interactions 
violate these conservat ion laws as a result of  the Cabibbo or 
Kobayashi -Maskawa mixing (see the section on the Kobayashi-  
Maskawa Mixing Matrix). The way in which these conservation 
laws are violated is tested as follows: 

a) AS = AQ rule. In the semileptonic decay of  s t range pan i -  
cles, the strangeness change equals the change in charge of  the 
hadrons.  Tests come from limits on decay rates such as P(2; + 
ne+v)/F(Y~ + --* all) < 5 × 10 - 6 ,  and  from a detailed analysis of  
K L --~ reeF. which yields the parameter  x ,  measured to be 
(Rex,  Imx)  = (0.009 _+ 0.020, -0.004_+ 0.026). A corresponding 
rule for charm decays is AC = A Q .  

b) Change of flavor by 2 units. In the s tandard  model  this 
occurs only in second-order weak interactions. The one example 

0 0 for which this has been measured is the AS = 2 K - K mixing, 
which is directly measured by m ( K s )  - m (K  L)  = (3.521 _+ 
0.014) × 10 - 1 2  MeV. A limit on the AC = 2 D o -  9 0 mixing, 
F(D 0 ~ /~0 + # -  anything)/F(D 0 ~ #+ anything) < 0.044, pro- 
vides a limit [ m ( D  ° ) -  re(D°)]  < 6.5 × 10 - 1 0  MeV. 

c) Flavor-changing neutral currents. In the s tandard model the 
neutral-current  interactions do not change flavor. The low rate 
F(K L ~ # + I a - ) / F ( K  L ~ all) = (9.1 + 1.9) × 10 - 9  puts limits on 
such interactions', the nonzero value for this rate is at tr ibuted to a 
combinat ion  of  the weak and  electromagnetic interactions. The 
best test should come from a limit on K + ~ 7r+vT, which occurs 
in the s tandard model  only as a second-order weak process with a 

10 11 branching fraction o f  1 0 -  to 1 0 -  . Limits for charm-changing 
or bot tom-changing neutral currents  are much less stringent: F(D ° 
--~ ~+p . - ) /F(D ° --~ all) < 3.4 × 10 - 4  and  F(B ° -+ # + # - ) / F ( B  ° --,- 
all) < 2 × 10 -4 .  

* Revised April 1986 by T.G. Trippe and  L. Wolfenstein. 
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T E S T S  OF C O N S E R V A T I O N  L A W S  (Cont 'd )  

D iscre te  S p a c e - T i m e  S y m m e t r i e s  

Q u a n t i t y  (a) Value  (b) S y m m e t r y  tested or  v io la ted  

rr° ~ 3'3'3' / all 

( e + e ) J  = 1 ~ 3 ' y y / a l l  

r / ~  7"YT/a l l  
--,. e + e  - ~r° /a l l  

r/--~ # + ~ - I r °  / all 
r7 -+  ~-+vr ~r ° p a r a m e t e r s :  left-r ight a symmet ry .  

sex tan t  a s y m m e t r y  
q u a d r a n t  a s y m m e t r y  

r / - +  l r + v r - 7  pa rame te r s :  left-r ight a s y m m e t r y  
~3 ( D - w a v e )  

rt -+  7r+rr - / all 
e electric d ipole  m o m e n t  
# electr ic  d ipole  m o m e n t  
p electric d ipole  m o m e n t  
n electric d ipole  m o m e n t  
A electric d ipole  m o m e n t  
o d / a  f r o m  ~z --,. evv  
~3'/a f r o m  ~ -+  evu 
e pol. J_ p spin  and  e + morn .  f r o m  p --~ e~-v 
I m  ~ in K~3 decay  ( f rom t r ansve r se  v pol.) 

l m  ~ in K ° 3  decay  ( f rom t r ansve r se  ~ pol.) 

(°(gA) - f°(gv) for n 
n 3-vec tor  corr.  coeft2 
K + --~ r-+~r+vr - rate d i f f e r e n c e / a v e r a g e  
K -+ -+  7r + 2 r  ° rate d i f ference  / ave r age  
K -+ ~ 7r-+vr°'y rate d i f f e r e n c e / a v e r a g e  
K --~ 37r = slope (g  + - g - )  / s u m  
i o+_o l  2 = V(KsO_+,~+- O ) / r ( K o _ . r ~ +  ~o) 
I nooo 12 = r(Ko ~ 3~o) / r(K~ + 3~ °) 
Charge  a s y m m ,  j in K OL ~ 7r 7r-vr 0 
K ° ~ (lr-/z+v - r r + U ~ 7 ) / s u m  

KOL -~ (Tr-e+v _ 7 r + e - ~ - ) / s u m  
I ~ool = I'~ (~:o ~ rcocco)/A (K 0 ._~ 7r%co) I 

I~+- I  = IA (  K °  -~ 7r+Tr-) /A(  K °  ~ rr+rr-)l 
IC/~ I = (1 - I~oo/~+-1)/3 
¢+_: phase of ;7+- 
¢oo : phase  q f  ~oo 
Re e in K L  ° decay  
aA / c~x 
(g + - g _ ) / a v e r a g e  

e e 
(g + - g _ ) / a v e r a g e  

(U; - #y~/average 

rr + - r r -  m a s s  d i f ference  / ave r age  
K + - K -  m a s s  d i f ference  / ave r age  

I K° - /~°l m a s s  d i f ference  / ave r age  
p - p_- m a s s  d i f ference  / ave r age  
3- - ~. m a s s  d i f ference  / ave r age  
~ -  - ~ +  m a s s  d i f f e r e n c e / a v e r a g e  
f2- - ~ +  m a s s  d i f ference  / ave r age  
# +  - p -  m e a n  life d i f f e r e n c e / a v e r a g e  
7r + - r r -  m e a n  life d i f f e r e n c e / a v e r a g e  
K + - K -  m e a n  life d i f ference  / ave r age  
A - X m e a n  life d i f ference  / ave r age  
~ -  - ~ +  m e a n  life d i f f e r e n c e / a v e r a g e  
K ± -+  ~z-+u rate d i f ference  / a v e r a g e  
K -'- -.- rc ± rr 0 rate d i f ference  / ave r age  

< 3.8 x 10 - 7  C 
(5 -+ 3 ) x  10 - 4 ( c )  C 

< 7 x 10 - 4  C 

< 5 x 10 - 5  C (single pho ton  process)  
< 5 x 10 - 6  C (single pho ton  process)  
(1.2 +_ 1.7) x 10 - 3  C 
( i . 9  ± 1.6) x 10 - 3  C 
( - 1 . 7  ± 1.7) x 10 - 3  C 
(8.8 +- 4 . 0 ) x  10 - 3  C 

0.047 _+ 0.062 C 
< 1.5 x 10 - 3  P and  CP 
< 3 × 10 - 2 4  e cm T and  P 
(3.7 ± 3.4) x 1 0 -  19 e c m  T and  P 
< 4 x  10 - 2 1 e c m  T a n d P  

(2.3 - 2.3) x 10 - 2 5  e c m  T and  P 
< 1.5 x 1 0 - 1 6 e c m  T a n d P  
( - 0 . 2  -- 4.3) x 10 - 3  T 

(1,5 + 6.3) × 10 - 3  T 

0.007 + 0.023 T 
- 0 . 0 1 7  ± 0.025 T 

- 0 . 0 2 0  _+ 0.022 T 

(180.11 _+ 0.17) ° T ( 0 ° o r  180 ° ) 
- 0 . 0 0 0 7  + 0,0014 T 
(0.07 _+ 0.12)% CP 
( -0 .03  ± 0.55)% CP 
(0.9 -+ 3.3)% CP 
( 0.7 _+ 0.5)% CP 
< 0.12 CP 

< 0.1 CP 
0.0011 ± 0.0008 CP 
(0.319 _+ 0.038)0/0 CP (v iola ted)  

(0.333 ± 0.014)°/o CP (v iola ted)  
(2.299 ~_ 0.036) × 10 - 3  C P  (viola ted)  

(2.275 _+ 0,021) × 10 - 3  CP (v iola ted)  
( - 3  ± 4) × 10 - 3  CP 
(44.6 _+ 1.2) ° CP (v iola ted)  
(54 ± 5) ° CP (v io la ted)  
(1.621 ± 0 . 0 8 8 ) z  10 - 3  CP (v io la ted)  

- 1 . 0 4  ± 0.29 CP 
(2.2 ± 6.4) x I0 -11  CPT 
( - 2 . 6  ± 1.6) × 10 - 8  CPT 

( - 1  ± 7 ) ×  10 - 3  CPT 

(2 _+ 5) × 10 - 4  CPT 
( - 0 . 6  ± 1.8) x 10 - 4  CPT 
< 6x  1 0 - 1 9  CPT 
(7 ± 4) × 10 - 5  CPT 
(7 _+ 7) x 10 - 5  CPT 
(1.1 +_ 2 . 7 ) ×  10 - 4  CPT 
( - 0 . 7  ± 4.7) x 10 - 4  CPT 
(3 _+ 8) x 10 - 5  CPT 
(5 ± 7) x l0  - 4  CPT 
(1.1 +- 0.9) × 10 - 3  CPT 
(4.4 ± 8.5) x 10 - 2  CPT 
(0.02 ± 0.18) CPT 
( - 0 . 5 4  ± 0.41)% CPT 
(0.8 + 1.2)% CPT (d) 

a. B r a n c h i n g  f rac t ions  are descr ibed  by a s h o r t h a n d  nota t ion ,  e.g., " # +  ---- e+T/all  "" m e a n s  F(# + -*  e + 7 ) / r ( #  + --~ all). 
b. L i m i t s  are  g i v e n  at 90% conf idence  level while  er rors  are  g iven  as ± 1 s t anda rd  dev ia t ion .  
c. O r t h o p o s i t r o n i u m  da ta  are  f r o m  Liu and  Rober ts ,  Phys.  Rev .  Lett. 16, 67 (1966). 
d. Neglec t ing  pho ton  channels .  See, e.g., A. Pals  and  S.B. T r e i m a n ,  Phys.  Rev .  D I 2 ,  2744 (1975). 
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TESTS OF CONSERVATION LAWS (Cont'd) 

Number Conservation Laws 

Quant i ty  (a) Value (b) Conse rva t ion  law tested 

+ e + ~ ' e V u / a l l  < 5 x 10 - 2  Lepton family  n u m b e r  (cA) 
g 2 e + y / a l l  < 1.7 x 10 - 1 0  Lepton family  number  (d) 

---* e + e + e -  / all < 2 . 4 x  10 - 1 2  " " " 

e + ' y y / a l l  < 8.4 x 10 - 9  " " 
# -  3 2 S - - + e -  3 2 S / a l l  < 7 x 10-11  , , 

# -  Cu --~ e -  C u / a l l  < 1.6 x 10 - 8  . . . . . .  

# -  Ti -+ e -  T i / a l l  < 1.6 x 10 - I t  " " 

coupl ing  for ( # + e -  ~ ~z-e+)bound < 42 G F " " " 

r + -+ ~ + ' , / / a l l  < 5.5 x 10 4 . . . . . .  
-+ e + 3 , / a l l  < 6 . 4 x  10 - 4  " " " 

~ + g + / l - / a l l  < 4.9 x 10 - 4  . . . . . .  

---~ e + / ~ + # - / a l l  < 3.3 x 10 - 4  " " 
---~ # + e + e - / a l l  < 4 . 4  × 10 - 4  'f " " 

--, e + e + e  / a l l  < 4.0 x 10 - 4  " " " 

--~ ~z+Tr°/all < 8.2 x 10 - 4  " " " 

e + r r ° / a l l  < 2.1 x 10 - 3  . . . . . .  

--+ g + K ° / a l l  < 1.0 x 10 - 3  " " " 
- +  e + K ° / a l |  < 1.3 x 10 - 3  " " " 

# + p ° / a l l  < 4 . 4  x 10 - 4  " ~' " 

- *  e + p ° / a l l  < 3.7 x 10 - 4  . . . .  

7r + -+ # + U e / a l l  < 8.0 x 10 -3 (e )  . . . .  

7r° ---~ e #  / all < 7 x  10 - 8  . . . . . .  

K + - . - ~ r r + e + g - / a l l  < 7 x  10 - 9  . . . . . .  

-+ r r + e - g + / a l l  < 5 ×  10 - 9  . . . . . .  

2 g + v ~ / a l l  < 4 x  10 -3 (e )  . . . . . .  
g - v ~ ' + e  + / a l l  < 2 x 10 - 8  . . . . .  

KOL - . , . e t a ~ a l l  < 6 x .  10 - 6  ,, . , 

B ° - . . * . e # / a l l  < 3 x  i0  - 4  ,, e 

V osci l la t ions  
~(m 2) for s in2(20)=l  

v-- e --~ V-- e < 0.016 eV 2 . . . . . .  

_~ --. V e < 0.2 eV 2 . . . . .  

v u - - ,  v e < 0.9 eV 2 " " 

_~u -~ V__r < 3 eV 2 . . . .  

v u --+ v r < 2.2 eV 2 " " " 

v u - .~ v u < 0.23 eV 2 or > 1500 eV 2 . . . .  

v e . . ~ v  e < 2 . 3 e V  2 " " 

sin2(20) for large 5 ( m  2) 

v e 4 .  v e < 0.16 . . . . .  

._~ --~ v__ e < 0.0034 " " " 

v u -*.  v e < 0.013 . . . .  

v --+ V r < 0.013 . . . . .  

v u - , .  v r < 0.044 . . . . .  

v u @ v u < 0.02 [~,(m 2) = 110 eV 2] . . . .  

V e . ~  V e < 0.07 " " 

Ve  "*" Vr < 0.7 " " " 

For  other  lepton mix ing  effects in particle decays, see Ful l  Listings. 
p,- 32S ~ e + 3 2 S i * / a l l  < 9 x 10 - 1 0  

a -  1271 ~ e + 127SbStable/all < 3 x 10 - 1 0  

g -  Cu ~ e + C o / a l l  < 2.6 x 10 - 8  
~r + ---~ #+v- / a l l  < 1.5 x 10 -3 (e )  
K +  _ e +  + --*rr e e / a l l  < 1 × 10 - 8  

---,- r r - e + g  + / a l l  < 7 × 10 - 9  

~ + V - e / a l l  < 3 .3  × 10 - 3 @ )  

-+ e + r r ° T e / a l l  < 3 x ' l O  -3 (e )  

neutr inoless  double  beta decay See Full  List ings 

Total  lepton number  (f)  
t ,  o i t  
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TESTS OF CONSERVATION LAWS (Cont'd) 

Number Conservation Laws (Cont'd) 

Quant i ty  (a) Value (b) Conse rva t ion  law tested 

r p / B R ( p  7 e+rr  °) > 2.5 x 1032 years 
r p / B R ( p  : #+Tr 0) > 1.0 x 1032 years 

r p / B R ( p  e + K  °) > 0.8 x 1032 years 
r p / B R ( p  -+ # + K  0) > 0.4 x 1032 years 

For  other  nucleon decay channels,  see Stable Particle S u m m a r y  Table. 

Baryon n u m b e r  
, ,  t l  

. v 

mean t ime  for n ~ fi- t rans i t ion > 3 years " " 
e mean  life > 2 × 1022 years Charge 
n ~ p ~ / p e - ~  < 9 x 10 - 2 4  " 

Re x from K ° ~ trey 0.009_+0.020 AS ~ & Q  (g) 

Im x from K ° ~ rrev -0 .004_+0.026  " 
K + --,- r r + r r + e - 7 / a l l  < 1.2 x 10 - 8  " 

--*- r r + r r + # - 7 / a l l  < 3 x 10 - 6  " 

F~ + --~ n e + v / a l l  < 5 × 10 - 6  " 
.-~ n g + v / a l l  < 3 x 10 - 5  " 

(2 + ---, n , f + v ) / ( 2  - --~ n ?'-v-) < 0.04 " 
~,0 _.,. Z - e + v / a l l  < 9 x 10 - 4  " 

X - # + v / a l l  < 9 x 10 - 4  " 

p e ~ 7 / a l l  < 1.3 x I0 - 3  -'kS ~ 2  forbidden (g) 
-+ p # - 7 - / a l l  < 1.3 x 10 - 3  " " 

E -  --~ n e W ~ a l l  < 3.2 x 10 - 3  " " 
--~ n g - 7 / a l l  < 1.5 × 10 - 2  o , 

p T r - e - u - / a l l  < 4 x 10 - 4  " 

p T r - g - T / a l l  < 4 x 10 - 4  " " 
~°  .--~- pTr-  / all < 3 , 6 x  10 - 5  " " 

.~- -+ n r r - / a l l  < 1.9 x 10 - 5  " " 
-..*-p~ "n- / a l l  < 4 x  10 - 4  " " 

~2- -+ A T r - / a l l  < 1.9 x 10 - 4  " " 

mKL -- inKs (3.521_+0.014) x 10 - 1 2  MeV " " 

(DO --~ ~ o  --~ K + r r - ) / ( D  o ~ Krr) < 0.08 AC = 2  forbidden (g) 

(DO - , - /~o  --~ g -  a n y t h i n g ) / ( D  o -.~ # +  anything)  < 0.044 " " 

[ mD 10_-  m D 2 0  [ (from prev ious  l imi t )  < 6.5 x 1 0 - l 0  MeV " . " 

(B ° -*- B ° v ia  m i x i n g ) / ( B  ° -+ all) < 0.12 AB = 2  forbidden (g) 

K ° ~ g + ~ t - / a l l  (9.1 _+ 1.9)x 10 . 9  no fiav. chng. neut. curr. 

---~ e + e -  / all < 2 . 0 x  10 - 7  . . . . . . . . . .  
-+ # + g - 3 ,  / all (2.8-+ 2 .8)x10 - 7  . . . . . . . . . .  

.-~ e + e - 7 / a l l  (1.7_+0.9)x10 - 5  . . . . . . . . . .  
- + r r 0 g + #  - / a l l  < 1.2 x 10 - 6  " " " " " 

. . - , . r r ° e + e - / a l l  < 2 . 3 x  10 - 6  . . . . . . . .  , 

--~ ~ + r r - e  + e -  / all < 9 x  10 - 6  . . . . . . .  
---~ # + # - e  + e -  / all < 4 . 9 x  10 - 6  " . . . . . .  

--~ e + e - e + e - / a l l  < 2 . 6 x  10 - 6  . . . . . . . . .  

K s ° - - - ~ # + # - / a l l  < 3 . 2 x  10 7 ,, , ,, , ,, 
e + e  / a l l  < 3.4 x 10 - 4  " " " " " 

K + ~ r r + e * e - / a l l  (2.7_+0.5)x10 - 7  . . . . . . .  
--,~ rr+g + # -  / all < 2 . 4 x  10 - 6  " " " 

rr+u-u' /al l  < 1.4 x 10 _ 7  . . . . . .  
D 0 _ . g + # .  - < 3 .4x10  - 4  . . . . . .  , ,, 

B O . . . ~ e + e - / a l l  < 3 x 1 0  - 4  - ,, , ,, 
--*- g+~z- / all < 2× 10 - 4  " " " " " 

~+ . - - ~ - p e + e - / a l I  < 7 x 10 - 6  " " . . . . . .  

a. Branching fractions are described by a shor thand  notat ion,  e.g., " # +  --*-e+y/all  ' '  means  F(g+--~ e + 7 ) / F ( #  + --*- all). 

b. L imi t s  are g iven  at 90% confidence level while errors are given as _+ 1 s tandard dev ia t ion .  
c. Test  o f  add i t i ve  vs. mu l t ip l i ca t ive  lepton family n u m b e r  conservat ion.  
d. Lepton  family  n u m b e r  conserva t ion  means  separate conserva t ion  o f  e -number ,  g -number ,  and r -number .  
e. These l imi t s  are de r ived  from the analysis  o f  neut r ino  osci l la t ion experiments .  
f Viola t ion  o f  total lepton n u m b e r  conserva t ion  also impl ies  v io la t ion  o f ! e p t o n  family n u m b e r  conservat ion.  

g. Can be v io la ted  in second-order  weak interact ions.  
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NONRELATIVISTIC 

A. Q U A N T U M  NUMBERS 

Eachquark  has.spin 1/2. The addit ive quantum numbers(other  
than baryon number = 1/3) of the known (and presumed) quarks 
are shown in the table. 

Quark type (flavor) 

Quantum number d u s c b t 

I 2 1 2 1 2 
Q - -  electric charge 3 + -3 - -3 + 3 - -3 + 

1 1 I z - -  z-component  of isospin - ~- + ~- 0 0 0 0 

$ - -  strangeness 0 0 - 1  0 0 0 

C - -  charm 0 0 0 +1 0 0 

[3 - -  bottomness 0 0 0 0" - 1  0 

1- - -  topness 0 0 0 0 0 + 1 

With these conventions the strangeness S of the K*  is + 1 and the 
bottomness B of the B + is + I. 

The G-parity operator is defined to be G = Ce -i~rIy, where C 
is the charge conjugation operator. The mesons with S = C = [3 

T = 0 are eigenstates o f G .  I f a  meson is also an eigenstate of 
the charge conjugation operator with charge conjugation C, then G 

C ( - 1 )  i ,  where I is its isospin; all the other particles in the same 
isomultiplet have the same value of G: G0r  -+) = G (a -°) = - l,  
G (p -+) = G (p0) = + 1, etc. 

B. M E S O N S  

Nearly all known mesons can be understood as bound states of 
a quark q and an antiquark ~-' (the flavors of q and q '  may be dif- 
ferent). If  the orbital angular momentum of the q~-' state is L,  then 
the parity P = ( -  1) L + 1. A state q~" of a quark and its own anti- 
quark is also an eigenstate of charge conjugation with C = 
(_ 1)L + S  where the spin S = 0 or 1. The L = 0 states are the 
pseudoscalars, JP = 0 - ,  and the vectors, JP = 1- .  See table 
below. 

QUARK MODEL 

States in the "normal"  spin-parity series, P = ( - l )  J, must, accord- 
ing to the above, have S =1 and hence CP = +1. Thus mesons 
with normal spin-parity and CP = - 1 are forbidden in the q~-' 
quark model. The jPC = 0 - -  state is forbidden as well. Mesons 
with such jPC could exist, but would lie outside the q~-' model. 

States with the same JP and additive quantum numbers can 
mix (if they are eigenstates of charge conjugation~ they must also 
have the same value of C). Thus the physical j r  = 1 +, strange- 
ness S = 1 states, K1(1280) and Kl(1400), are mixtures of the pure 
~suark model states KIA and KIB. The ~b(3770) is a mixture of 

1 and 3D 1" The ~ and r( are mixtures of the SU(3) octet and 
singlet states. 

For the pseudoscalar mesons, the Gell-Mann-Okubo formula is 

m 2  1 2 m 2)  ,r = 3 ( 4 i n K -  ' 

assuming no octet-singlet mixing. However, the octet 08 and 
singlet r/1 mix because of SU(3) breaking. The physical states ~ and 
7' are given by 

"r/ = r/8cos0 P -- r/1 s in0p 

7/' = "q8sin0p + ~1 cOS0p. 

These combinations diagonalize the mass-squared matrix 

where M28 = _~(4mK1 2 _ m 2) .  It follows that 

tan2 0p M28 - m n2 

m 2 - M 2 8  

The sign of Op is meaningful in the quark model. If  

711 = (uu + dd + ss~/ k/3 

778 = (u~ + d Y -  Zss-)/ x/g, 

then the matrix element M28, which is due mostly to the strange 

Standard quark model assig_nments for some of the known mesons. Some assignments, especially for 0 ++, are controversial. Note that 
only the states in the ufi-, dd, sT, cT, and bb-columns and the neutral states in the I = 1 column are eigenstates of charge conjugation C. 

2S + 1Lj jPC 

IS0 0 - +  

3S 1 1 

1Pl 1 + -  

3p 0 0 + + 

3Pl  1 ++ 

3p 2 2 ++ 

ID2 2 - +  

3D 1 1 

3D 2 2 -  - 

3D 3 3 - -  

uY, u~, aY 
I = 1  I = 0  

c ~  
I = 0  

bE 
I = 0  

Tu,Td 
1 = 1/2 

c~-, cd- 
I = 1/2 

cT 
1 = 0  

bu, bd 
I = 1/2 

~r ~, ~" rl c K D D s B 

p dp, w J / ~  T K*(892) D*(2010) 

b 1(1235) h i(1190) KIB 

a0(980 ) f0(975), f0(1300) X0(3415) Xb0(9860) K~(1350) 

a 1(1270) f 1(1285), f i(1420) X1(3510) Xb1(9895) KIA 

a2(1320 ) f ~  (1525), f2(1270 ) X2(3555) Xb2(9915) K~(1430) 

7r2(1680) 

tp(3770) 

K2( 1770) 

03(1690) ~3~ 1670) K;(1780) 
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NONRELATIVISTIC QUARK MODEL (Cont'd) 

quark mass, is negative. From the relation 

M28 - m  2 
n 

tan Op M ~8 

we find Op < O. 
For the vector mesons we replace 7r --~ p, K --~ K*, ~ -~ 4), and 

~ .--~ O~, SO 

= oJ8cos0 V - w l s i n O  V 

w = w8sinO V + w lcos0  v . 

For "ideal mixing," ~ = sT, tan0 V = 1 / \ ~ ,  so 0 V ~ 35.3 °. 
Experimentally, 0 V is near 35 °, the sign being determined by a for- 
mula analogous to that for tan0p.  Following this procedure we 
find the mixing angles below. There are uncertainties of a few 
degrees arising from electromagnetic mass splittings and uncertain- 
ties in resonance masses. 

Singlet-octet mixing for the pseudoscalar, vector, and tensor me- 
sons The sign conventions are as above The value of O ~ is ob- • ' q u a a  

tained from the equations above, and Oil n is obtained by replacing 
m 2 - *  m throughout. Of the two isosinglets, the mostly octet one 
is listed first. 

j P C  Nonet Members 0quad 01i n 

0 - +  :r,K,~,~q' - 1 0  ° 23 ° 

1 - -  p, K*(892), 4), w 39 ° 36 ° 

2 ++ a2(1320), K~(1430) , f~(1525) , f2 (1270)  28 ° 26 ° 

3 - -  P3(1690), K;(1780), q~j(1850), w3(1670) 29 ° 28 ° 

C. BARYONS 

All the established baryons are apparently 3-quark (qqq) states, 
and each such state is an SU(3) color singlet, a completely antisym- 
metric state of the three possible colors. Since the quarks are fer- 
mions, the state function for any baryon must be antisymmetric 
under interchange of any two of its quarks. Thus the state is sym- 
metric under interchange of the quantum labels other than color: 

[ qqq)A = [e°l°r)A × I space, spin, flavor) S , 

where the subscripts S and A indicate symmetry or antisymmetry 
under interchange of any two of the quarks. Note the contrast with 
the state function for the three nucleons in 3H or 3He: 

[ NAT'r)4 ~ [space, spin, isospin) A . 

This difference has major implications for internal structure, mag- 
netic moments,  etc. (For a nice discussion, see Ref. 1.) 

Few of the baryons containing c or heavier quarks have yet 
been discovered, so we restrict further attention to baryons made 
up of just  d, u, and s quarks. The three flavors imply a flavor 
SU(3), which requires that baryons made of these quarks belong to 
the multiplets on the right side of 

3 ® 3 ® 3 = l0  S @ 8 M @ 8 M • 1A 

(see the section on SU(n) Multiplets and Young Diagrams). Here 
the subscripts indicate symmetric, mixed-symmetry, or antisym- 
metric states under interchange of any two quarks. The figure 
shows particle assignments in these multiplets. States A 8 and A ! 
that have the same spin and parity can mix: an example is the 
mainly octet D03 A(1690) and mainly singlet D03 A(1520). The 
formalism is the same as for T/-ry or O - w  mixing (see above), 
except that for baryons the mass M instead of M ~ is used. The 
section SU(3) Isoscalar Factors shows how relative decay rates in, 
say, 10--~8 ® 8 decays may be calculated. A summary of results 
of fits to the observed baryon masses and decay rates for the best- 
known SU(3) multiplets is given in Appendix II of our 1982 edi- 
tion. 2 

Flavor and spin may be combined in a flavor-spin SU(6) in 
which the six basic states are d L  d$, -. • ,  s t  (L ~ = spin up, 
down). Then the baryons belong to the multiplets on the right side 
of 

6 ® 6 ® 6 = 56 S @ 70 M @ 70 M ~ 20 A . 

These SU(6) multiplets decompose into flavor SU(3) multiplets as 
follows: 

56 = 410 @ 28 

70 = 210 @ 48 • 28 • 21 

20 = 28 @ 41,  

where the superscript (2S+ 1) gives the net s~in S of the quarks for 
r + each particle in the SU(3) multiplet. The J = 1/2 octet contain- 

ing the nucleon and the JP = 3/2 + decuplet containing the A(1232) 
together make up the "ground-state" 56-plet in which the orbital 
angular momenta  between the quarks are zero (so that the spatial 
part of the state function is trivially symmetric). The 70 and 20 
require some excitation of the spatial part of the state function in 
order to make the overall state function symmetric. 

The quark model for baryons is extensively reviewed in Ref. 3. 

1. F.E. Close, in Quarks and Nuclear Forces (Springer-Verlag, 
1982), p. 56. 

2. Particle Data Group, Phys. Lett. I l I B  (1982). 
3. A.J.G. Hey and R.L. Kelly, Phys. Reports 96, 71 (1983). 

du  

s s  

duu 

© 
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QCD 

A. THE QCD COUPLING CONSTANT 

The QCD coupling constant %(Q2) has a Q2 dependence given 
by 

das(Q 2) as(Q 2) 

d t n  (Q2) 4rr 

where 

%(Q2)  

I~0 + - - T U - ~  + . . .  ] 

2nf 38nf 
flO = 11-- -~--  fll = 102- ~ -  

and nf  is the number of light quark flavors, i.e.. those with masses 
much less than Q/2. This equation can be solved given a boun- 
dary condition: the value of %(Q2) at some arbitrary scale Qo' 
This is the only parameter of QCD apart from quark masses. The 
solution to this equation in lowest order, i.e., retaining only the 
first term on the right-hand side &the equation, is 

as(Q2) = 127r 
(33 - 2nf)~n (Q2/A2) " 

Here a parameter A has been introduced. It replaces the boundary 
condition % (Q2). 

To next order the solution is obtained by muhiplying the right- 
hand side of the above equation by 

6(153- 19nf) rn [rn (Q2/A2)] } 
1 - 

(33 - 2nf) 2 tn (Q2/A2) 

B. THE QCD PARTON MODEL 

The structure functions of deep inelastic scattering given in 
Secs. C.5.b.i and C.5.b.ii of Cross Sections, Decays, Structure Func- 
tions, and Kinematics can be written in terms of quark distribution 
functions in the QCD parton model q(x,Q2)dx is the probability 
that a patton (quark, antiquark, or gluon) carries a momentum 
fraction between x and x + dx of the nucleon's momentum in a 
frame where the nucleon's momentum is large. The energy scale Q 
is the invariant mass &the virtual probe (photon, W, or Z) which 
hits the nucleon. The structure functions referred to in Cross Sec- 
tions, Decays, Structure Functions, and Kinematics, Sec. C.5.b, are 
given by 

F~ c c  = 2x [d(x) + s(x)  + ~(x)  + ~-(x)] 

xF~  c c  = 2x [d(x) + s ( x )  - ~ (x )  - ~-(x) l 

F~2 CC = 2x [u(x) + c(x) + d(x)+T(x)]  

xFT3 CC = 2x [u(x)+ c(x)- d(x)- ~-(x)] 

FffNC = 2p2x([¼-~-sm2"2 OW + ~_Sln 0W ] [U(X) + ~ - ( X ) ] 8 .  4 

+ ~-sm 0 W 2 . 4 

xF ;  NC = 2p2x([l---~sin2OwI[U(:C)-~(x)] 
+ ' " =  l} 

F 2 = 2xF 1 in all cases (This is the Callan-Gross relation, 
and ignores patton transverse momentum 
and higher order QCD corrections.) 

F~ NC = Fi~NC ' 

2 2 2 where p = Mw/(M Z cos Ow). 
The Q2 dependence has been suppressed for the above distribu- 

tions and structure functions. The x dependence of the structure 
functions for 10 < Q2 < 30 GeV 2 is shown in the Structure Func- 
tions Section of the Plots of Cross Sections and Related Quantities. 
The Q2 dependence of the structure functions is predicted by QCD 
and is controlled by a s. The dependence is logarithmic and conse- 
quently slow. It is also shown in the Structure Functions plots. 
Over the limited Q2 range shown relatively little net change is 
seen. The coupling constant, or A, can be determined from these 
data.i 

The QCD patton model can also be applied to purely hadronic 
collisions. For example, the cross section for the production of two 
jets in a hadronic collision is given by 

c(s) = ~ f f i (Xl ,Q2) f  j(x2, Q2)~ij(~)dXldX2 . 
Id 

Here ~ = sxlx 2 is the invariant mass squared of the parton-parton 
system and s is that of the proton-proton system. In this formula 
f i (x  ' Q2) is the probability ofa parton of type i being inside the 
proton with fraction x of the proton's momentum. The sums i 
and j run over all partons: quarks, for which f i (x ,  Q2) = q(x, Q2); 
antiquarks, for which f (x, Q2) = ~-(x, Q2) and gluons for which 
f i (x  ' Q2) = g(x, Q2). "i'he quantity ffij is the cross section for the 
scattering of the two partons i and j. The scale Q appearing in the 
distribution functions is not well defined. It is characteristic of the 
momentum transfers in the partonic process and can be determined 
operationally only after computing higher order corrections. 

In order to describe one-particle inclusive production in e +e -  
annihilation or deep inelastic scattering it is convenient to intro- 
duce a fragmentation function Dh(z, Q'~)/z which is the probability 
that a parton of type i and momentum p will fragment into a 
hadron of type h and momentum zp. The Q2 evolution is 
predicted by QCD and is similar to that of the patton distribution 
functions (see above). The Dih(z, Q2) are normalized so that 

~h f Dp(z,Q2)dz =1 .  

If the contributions of the Z boson and three-jet events are 
neglected, the cross section for producing a hadron h in e+e - 
annihilation is given by 

ei2Dh(z, Q 2) 
1 d c  i 

Cha d dz ~ei2 
i 

where e i is the charge of quark-type i, Chad is the total hadronic 
cross section, and the momentum of the hadron is ZEcm/2. 

In the case of deep inelastic muon scattering, the cross section 
for producing a hadron of energy E h is given by 

~aej2qi(x, Q2)Dih(z, Q2) 
1 d a  i 

O-to t dz ~,~ei2qi(x, Q2) 
i 

where E h = uz. (For the kinematics of deep inelastic scattering, see 
section C.5 of the Cross Sections, Decays, Structure Functions, and 
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Kinematics section of this Review.) The fragmentation functions 
for light and heavy quarks have different z dependence; the former 
peak near z = 0. They are illustrated in a figure in the section on 
Plots of Cross Sections and Related Quantities. 

C. TESTS OF  QCD 

When a process is calculated beyond leading order in perturba- 
tive QCD, the coupling constant must be renormalized (defined). 
In the case of  QED~ the coupling constant can be defined as the 
strength of the electron-electron-photon vertex in the l imit  of zero 
photon momentum.  Such a definition is related directly to a physi- 
cal process, namely Thompson scattering. Such a definition is not 
possible in perturbative QCD since the coupling constant is too 
large for perturbation theory to be applicable to such a process, 
Rather, the coupling constant must  be defined by some more for- 
mal procedure. Two such renormalization schemes are in common 
use: modified minimal  subtraction (~-~)2 and momentum space 
subtraction (MOM). 3 They are related by 

cXMOM(a 2) = c~(Q2)I i + (l.86 - 0 . 4 8 n f ) a ~ ( O  2) + • . • ] 

The corresponding A's are then obtained from the equations of 
Sec. A above. I f a  process is calculated in perturbation theory, the 
coefficient of the next-to-leading term depends upon the procedure 
used. This coefficient can also be altered by changing the value of 
the scale Q2 at which the coupling constant is evaluated. Care 
should therefore be exercised in estimating how well the perturba- 
tion series is converging. 

The parameter %(Q2)  or A is extracted by comparing a QCD 
prediction with some data. The values o f %  extracted from dif- 
ferem experiments will agree if and only if the following criteria are 
satisfied: 

1) The same renormalization scheme is used. 
2) The perturbation series is convergent. As indicated above, 

the series may appear to be more convergent depending upon the 
choice of scheme and of Q2. The choice of scheme is arbitrary. 
The choice of Q2 is sometimes clearly indicated by the physics, 
for example in the case of deep inelastic scattering. In other 
cases it is not clear; for example, in the case of jet production, it 
could be either of the Mandelstam variables t or s appropriate to 
the partonic process or the transverse momentum of the jet. In 
these ambiguous cases, it should be taken to be the value which 
minimizes the next-to-leading term in the perturbation series. In 
this event, a statement concerning the convergence of the pertur- 
bation expansion is not possible until the next-to-next-to- 
leading-order term has been computed. The size of the next-to- 
leading corrections varies widely from process to process. The 
corrections are largest in processes with a small Q, where u s is 
larger. There are corrections of order 30% to single W or Z 

production in proton-antiproton collisions at ~ s  = 540 GeV. 
By contrast the corrections to the total hadronic cross section in 
e + e  - annihilation are only a few percent at ~ = 30 GeV. 

3) The process must be free of so-called higher twist correc- 
tions. These are terms proportional to M2/Q 2, where M is 
some mass scale of order 1 GeV. These corrections consequently 
become irrelevant as Q2 is increased. These corrections cannot 
be calculated in perturbative QCD. They afflict attempts to 
extract a s from deep inelastic scattering and from 3-jet events in 
e+e  - annihilation. In the latter case, they are manifested in the 
different a s values which are extracted using different Monte- 
Carlos to describe the materialization of quarks and gluons into 
hadrons. 

4) If  there are quark thresholds in the region o f Q  2 being used 
for the measurement,  these thresholds should be correctly dealt 
with. This involves removing kinematic corrections and taking 
care to indicate how A depends on the thresholds. 

Among the processes used to determine a .  are: deep inelastic 
3 4 + 5 scattering, the total hadronic cross section in e e -  annihilation, 

the distribution of 3-jet events in e + e -  annihilation, 6 the flow of 
energy in e+e  - annihilation, 7 the branching fractions T -~ 3' + X 
and 1' -+ tz+/~-, 8 the behavior of form factors, 9 measurements of 
the photon structure functions,10 and the hyperfine splittings in the 
~b system.l 1 

In view of all the problems both theoretical and experimental, it 
is remarkable that all these different measurement agree so well and 
all are consistent with a value of A ~  of order 200 MeV. 
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In the "standard model" with SU(2)×U(I )as  the gauge group of 
electroweak interactions, both the quarks and leptons are assigned 
to be left-handed doublets and right-handed singlets. The quark 
mass eigenstates are not the same as the weak eigenstates, and the 
matrix connectinig them has become known as the Kobayashi- 
Maskawa matr ix"  since an explicit parametrization in the six-quark 
case was first published by them in 1973. 

By convention, the three charge 2/3 quarks (u, c, and t ) are 
unmixed, and all the mixing is expressed in terms of a 3×3 unitary 
matrix V operating on the charge - 1/3 quarks (d, s, b): 

] = lye. yes  v~ / (l) 
I v, d v,s v,b J 

The values of individual K-M matrix elements can in principle 
all be determined from weak decays of the relevant quarks, or, in 
some cases, from deep inelastic neutrino scattering. Using the con- 
straints discussed below, together with unitarity, and assuming only 
three generations, the 90% confidence l imits on the magnitude of 
the elements of the complete matrix are: 

0.9742 to 0.9756 0.219 to 0,225 0 to 0.008 ] 

0.219 to 0.225 0.973 to 0.975 0.037 to 0.053 J . (2) 
0.002 to 0.018 0.036 to 0.052 0.9986 to 0.9993 

The ranges shown are for the individual matrix elements. The con- 
straints of unitarity connect different elements, so choosing a 
specific value for one element restricts the range of the others. 

There are several parametrizations of the K-M matrix. The 
form due to Maiani 2 has a number of convenient properties: 

V = I - svc°s~ei:"-  s°cv_. , CvCo- svS~SoeW s,yc¢ e~'5" (3) 

~_s~CvCo+S~Soe ~ _cvS~So_SvCoe-ia '  c,~c~ j 

where O. ft. ~, and 6' are angles and c¢3 = cos~, s~ = sinfl, etc. 
With fl = 3' = 0, the first two generations of quarks decouple from 
the third, and 0 is directly the Cabibbo angle. 

In view of the need for a "standard*' parametrization in the 
literature, we propose this form and request public comment.  

Kobayashi and Maskawa I chose a parametrization involving the 
four angles, 01. 02, 03, 6: 

' = SlC 2 ClC2C3-S2S3 el6 ClC2S3+S2C3de| , (4) 

UIS2 ClS2C 3 +c2s3 ei~ c l s2 s3 -c2c3e i~J  

wherec  i =cosOiands  i =sinOi f o r i  = 1,2.3. ln the l imit  02 = 03 
= 0, this also reduces to the usual Cabibbo mixing with 01 identi- 
fied Cup to a sign) with the Cabibbo angle. The angles 0 l, 02. 03 
can all be made to lie in the first quadrant (so that all s i, c i are 
positive) by an appropriate redefinition of quark field phases. 

Slightly different forms of the Kobayashi-Maskawa parametriza- 
tion are found in the literature. The K-M matrix used in the 1982 
Review of Particle Properties is obtained by letting s 1 --~ - s  1 and ~ 
~ ~5+7r in the matrix given above, An alternative used in another 
review 3 is to change Eq. (4) by s 1 ~ - s  I but leave 6 unchanged. 
With this change in s 1, 01 becomes the usual Cabibbo angle, with 
the "'correct" sign (i.e., d' = dcos01 + s sin01), in the l imit  02 = 03 
= 0. The angles 01, 02. 03 can. as before, all be taken to lie in the 
first quadrant by adjusting quark field phases.. Since all these 
parametrizations are referred to as "the" Kobayashi,Maskawa 

form, some care about which one is being used is needed when the 
quadrant in which ~3 lies is under discussion. 

Another parametrization, which emphasizes the relative sizes of 
the matrix elements by expressing them in powers of the Cabibbo 
angle, was introduced by Wolfenstein. 4 Still other parametriza- 
tions 5 have come into the literature in connection with attempts to 
define "maximal  CP violation." No physics can depend on which 
of the above parametrizations (or any other) is used as long as it is 
used consistently and care is taken to be sure that no other choice 
of phases is in conflict. 

Our present knowledge of the matrix elements comes from the 
following sources: 

(1) Nuclear beta decay, when compared to muon decay, gives 6 

I Vud ] = 0.9729 +- 0.0012. (5) 

Recent refinements (wherein leading log radiative corrections are 
summed using the renormalization group and structure-dependent 
O(c0 terms are analyzed and estimated) have been included, 
thereby lowering [Vud [ by 0.13%. 

(2) An analysis of hyperon and Ke3 decays yields 7 

I Vus I = 0.221 ± 0.002. (6) 

The isospin violation between Ke~ and Ke03 decays has been taken 
into account, bringing the values of ] Vus I extracted from these 
two decays into agreement at the 1% level of accuracy. The 
hyperon data alone tend to give a higher value, but theoretically 
they have larger possible uncertainties because of first-order 
symmetry-breaking effects in the axial-vector couplings. A simul- 
taneous fit to both data sets shows that the difference is not statisti- 
cally significant and yields the mean value given above. 

(3) From neutrino and antineutrino production of charm, the 
CDHS group has deduced 8 

IVcd] = 0.24_+0.03. (7) 

(4) Values'of [ Vcs ] from such experiments are dependent on 
assumptions about the strange-quark density in the patton sea. 
Using the conservative assumption that the strange-quark sea does 
not exceed the value corresponding to an SU(3) symmetric sea, a 
bound on I Vcs I results8 which is comparable to that given below. 
A different source of  information on [ Vcs [ arises from comparing 
the experimental value for P(D ~ K.e+Ue ) with the expression that 
follows from the standard weak interaction amplitude: 

P(D --* Ke+~'e ) = ]fD+(0)[2 I Vcs 12(1.54x1011 s e c - I ) ,  (8) 

o 2 Here f .  [(PD - PK ) is the form factor for Dr: 3 decay which is the 
analogue o f f + l ( p v  - p )21 for K:~ decay. With the parametriza- 
tion f ~  (t)/fD+ (0) = M2~(.~/2 - t ) a n d  M = 2.1 GeV from recent 
measurements, 9 its variation has been taken into account in deriv- 

+ 0 + ing Ec k (8). From combining data on BR(D --*/~ e re)  and 
BR(D" --,- K e+Pe ) with world-average values 9 o f r D +  and "rD0, 
the resulting value of the left-hand side of Eq. (8) is 
0.79+0.11x1011 sec -1 .  Therefore, 

I f  g (0)121Vcs 12 = 0.51 ±0.07 .  (9) 

With sufficient confidence in a theoretical calculation of I f  g (01[, 
a value of I Vcs [ f°ll°ws;10 but even with the reD' conservative 
assumption that I f  D(0) I < 1, it follows that 

[ Vcs I > 0.66. (10) 

The constraint of unitarity when there are only three generations 
gives a much tighter bound [see matrix (2)]. 
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(5) The ratio ] Vub/Vcbl is obtained from the semileptonic 
decay of B mesons by fitting to the lepton energy spectrum as a 
sum of contributions involving b --* u and b --~ c. The relative 
overall phase-space factor between the two processes is calculated 
from the usual four-fermion interaction with one massive fermion 
(c quark or u quark) in the final state. The value of this factor is 
between 0,4 and 0.5, depending on the quark masses used. We use 
0.45. The lack of observation of the higher momentum leplons 
characteristic o rb  --* uf@, as compared to b ---, cgv¢~, results in a 
l imit  which depends on the lepton energy spectrum assumed for 
each decay. As more data have accumulated, the inadequacy of 
previously used parametrizations has become clear. 9 Conserva- 
tively using only the lepton momentum region beyond the end- 
point for b --* c/v-f results in 9 

r(b ~ u ( ~  e) 
< 0 . 0 8 ,  (l 1) 

r(b ~ ce3- el 

which translates to 

I v.b/Vcal < 0 . 1 9  (12} 

Being slightly less conservative and including the last 200 MeV/c 
of the b -~ c~T-( spectrum gives a stronger l imit  9 

F(b -+ u (T-c) 
< 0 . 0 4 ,  (13) 

r(b -* c~T c) 

which coincides with previous limits I 1 and translates to 

I Vub/Veb [ <0 .14 .  (14) 

There are some theoretical uncertainties in this analysis s temming 
from the fact that the physical decays involve actual hadrons and 
not just quarks as is assumed in the calculations of the lepton spec- 
tra for b ~ ugT e and b --* c(T~,. 

(6) The magnitude of Icb itself can be determined if the meas- 
ured semileptonic bottom hadron partial width is assumed 1o be 
that o f a  b quark decaying through the usual V-A interaction: 

r(b ---,c(-@) BR(b --,,c(v-() G2m~ F(mb.mc)  I lebl 2 (15) 
r b 192rr 3 ' 

where r b is the b lifetime and F(m b ,m c) is the phase-space factor 
chosen above as 0,45. 

Using an average semileptonic branching ratio measured in the 
continuum of 9 12.1 _+ 0.8% [which from Eq. (11) is BR(b ~ c(~-t-) 
to within 8%1, a world-average bottom hadron lifetime 9 of 
1.26_+0,16 ×'10 -12  sec, and m b between 4.8 and 5.2 GeV, we get 

0.037 < I Vcbl < 0.053. (16) 

where the range o f m  b values used in extracting ~cb has been 
treated as a theoretical systematic error on top of the errors arising 
from experimental measurements. 

The results for three generations of quarks, from Eqs. (5), (6), 
(7), (10). (12), and (16) plus unitarit,v, are given in matrix (2). The 
ranges there are different from those given in Eqs. (5)-(16) because 
of the constraint of unitarily, but are consistent with the quoted 
one-standard-deviation errors. 

MIXING MATRIX (Cont'd) 

The data do not preclude there being more than three genera- 
tions. Moreover, the entries deduced from unitarity might be 
altered when the K-M matrix is expanded to accommodate more 
generations. Conversely, the known entries restrict the possible 
values of additional elements if  the matrix is expanded to account 
for additional generations. For examzple, unitarity and the known 
e ements of the first row require thatUany additional element in the 
first row have a magnitude [ Vub,] < 0.088. When there are more 
than three generations, the allowed ranges (at 90% C.L.) of the 
matrix elements connecting the first three generations are 

[i 0,o 0 ,8,o 0  o001 
, o  to 0% 003  00 3 
to 0.14 0 to 0.72 0 to 0,999 ' ' -  (17) 

where we have used unitarity (for the expanded matrix) and 
Eqs. (5), (6), (7), (10), (12), and (16). 

Further information on the angles requires theoretical assump- 
tions. In particular, as CP-violating ampli tudes involve sin 6, 
assuming that observed CP violation is solely related to a nonzero 
value of 6 allows additional constraints to be brought to bear. 
While hadronic matrix elements whose values are imprecisely 
known now enter, the constraints from CP violation in the neutral 
kaon system are tight enough that there may be no solution at all 
for certain quark masses, values of 6, etc. See the reviews in 
Ref. 12. 
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The couplings of the photon, W-+, and Z to fundamental  fer- 
mions are 

@,+ { 1 2'/SsinOw r+%+ + r-w2 

s inOwcosO W ** , 

where 

(I) 

- [:1 {sq {4 
for mixing effects defining d', s', and b', see the 
section on the Kobayashi-Maskawa Mixing 
Matrix, Eq. (1); 

T + = weak isospin raising operator (T -+ act on left- 
handed fermions); 

T 3 = third component  of weak isospin (i.e., 1/2 for v e, 
v u , v  r , u , c , t ; - 1 / 2 f o r e  ,~* , r  , d , s ,  lo); 

Q = electric charge operator, in units of proton charge; 

0 W = weak mixing angle; 

A = electromagnetic vector potential. 

Thus, for example, the Wev  coupling is 

and the Z u g  coupling is 

[sinO~osow)Zu~'Yu[l(1-T5)-}sin2Ow] u. 
The physical, neutral fields A and Z are mixtures of W 3, the 
partner of W -e- , and another field B: 

A = W 3 s i n O w + B c o s O  W ,  Z = W 3 c o s O w - B s i n O  W .  

The SU(2) × U(1) gauge couplings g and g '  appear as 

, Y 
g W - T  + g Bt,- ~- , 

where electric charge Q, T3, and Y/2  are connected by 
Q = T 3 + Y / 2 .  The couplings and mixing angle are related by 
tanO W = g ' / g ,  sin0 W = e /g .  

Branching fractions of the W -+ and Z are predicted to be 
roughly 

B F ( W + - +  e+Ve ) = 0.08,  BF(W+--+ud -) = 0.24, 

BF(Z.-*-Ve~e) = 0.06,  B F ( Z . - * e + e  - )  = 0.03,  
BF(Z--+uu)  = 0.10,  BF(Z---~dd) = 0.13,  

etc., and similarly for the other generations, assuming there is no 
suppression for phase space even for the t quark. The total widths 
are expected to be (with M Z = 94 GeV, Mto p quark = 30 GeV): 
F(W) = 2.8 GeV and r ( z )  = 2.8_+0.1 GeV. 

In the standard model, the best fit I to current data yields 
sin 20 W = 0.226 _+ 0.004, which corresponds to M Z = 92.5 -+ 0.5 
GeV, with theoretical uncertainties of about -+ 0.005 for sin 20 W 
and -+0.7 GeV f o r M  Z. 

The minimal  SU(2)×U(1) model of electroweak interactions, 
which has only one Higgs doublet, has three fundamental parame- 
ters (aside from the masses of the fermions and the Higgs boson). 
In the Lagranglan they are the SU(2) coupling constant g ,  the U(1) 
coupling constant g ' ,  and the vacuum expectation value (v.e.v.) of 
the Higgs SU(2) doublet field. 

It is best to choose the three parameters so they are identified 
with physical quantities. Two of the parameters can be taken to be 
a = 1/137.036, which is obtained from measurements of the 
Josephson effect, and G F = 1.16637 × 10-5  GeV-2 ,  which is 
derived from the muon lifetime once QED corrections are taken 
into account, viz.: 

- - 1  _ F # 1 + ~e  _rr2 
r 192rr3 ~ 1 + 2 a g n  - -  - -  37r ~ - e  

x 1 - - -  . (21 
m 2 

/a 

The third parameter will be taken to be MZ,  since it will soon be 
known accurately from measurements at LEP and SLC. The W 
mass M W is then predicted to be 

17 M W = 1 + 1 4era 

" ~ M 2 G F ( 1  - Ar) (3) 

The quantity Ar is 0.0696--+0.0020. It arises from radiative correc- 
2 4  tions - and depends only slightly on the t quark mass (taken to be 

36 GeV), the Higgs mass (taken equal to MZ),  and the Z mass 
itself (taken to be 92 GeV). Historically the third parameter was 
taken to be the weak mixing angle 0 W. This mixing angle can be 
defined by 

M w  
cos0 w ~ M Z  (4) 

In lowest order, this mixing angle is the same as that introduced in 
Eq. (1). Once radiative corrections are taken into account, this 
ceases to be true, and it would appear that the consequent confu- 
sion can be reduced by not regarding 0 W as one of the fundamental 
parameters. These O(a) radiative corrections are of three types: 

i) QED vacuum polarization; 
ii) QED bremsstrahlung and graphs involving virtual photons 

in loops - -  these are detector dependent and must be care- 
fully calculated for each process, taking experimental cuts 
and energy resolution into account; 

iii) graphs involving weak particles in virtual loops. 

At present precise measurements of electroweak interactions are 
made in a number of experiments and are conventionally expressed 
in terms o f s i n 2 0 w  defined by Eq. (4). Among the experiments 
a r e :  

1. Neutrino and antineutrino deep inelastic scattering from iso- 
singlet targets. 

2. Neutrino and antineutrino deep inelastic scattering by pro- 
tons. 

3. Elastic v .p  and~up scattering. 
4. Exclusive and reclusive zr productmn in neutral-current 

events. 
5. Neutrino disintegration of the deuteron: ~e d --~-VenP. 
6. Polarized-electron deuteron deep inelastic scattering. 
7. Forward-backwa_.rd asymmetry in e + e  - --~ # + ~ - .  
8. Elastic v e and v e scattering. 

• ~ # . . 
9. Panty  non-conservatmn In heavy atoms. 

The data for these processes and a comparison with the predic- 
tions of the standard model are given in three extensive 
reviews. 1,5-6 The conclusion of these and all similar studies is that 
all available data are consistent with the standard model. 



77 

STANDARD MODEL OF ELECTROWEAK INTERACTIONS 

As stated above, a global fit to to the data gives I sin20w = 
0.226_+0.004, which corresponds to the value 92.5+0.5 GeV for 
the remaining fundamental parameter M Z. 

Table 1 shows the values of M Z, and the derived quantity 
sin 20 w, extracted from different experiments (quoted uncertainties 
include both statistical and experimental systematic errors). The 
remarkable consistency is a strong confirmation of the standard 
electroweak model. 

Table 1 

Process M Z sin 20 W Ref. 

e+e - -*- # + ~ -  103 +_4.8 0.17 _+0.02 7 

vp -.-~ vp } 
Tp - - ~ p  91.8+_2.8 0.23 _+0.02 1,8 

ed asymmetry 93.3_+2.1 0.220+_0.014 1,9 

v e --~ ~' e 91.8+_2.8 0.23 _+0.02 "t 1,10 

Parity violation in atoms 98.5+7.9 0.19 +-0.04 11 

~N -~ #X, ~-X 
vN -.~ ~X,  v X  ~ 92.4_~0.6 0.226_+0.004 :~ 12 

tTwo recent experiments average to sin20w = 0.212_+0.023, 
whereas seven measurements by four 1979-era experiments 
average to sin20w = 0.277+_0.034. 
:~These results from deep inelastic scattering also have theoretical 
uncertainties (largely from the imprecisely known c-quark mass) 
which are about _+0.005 for sin20w and _+0.7 GeV for M Z. Two 
recent experiments have given us modified values (which we have 
included) due to discovery of an error in their radiative correction 
program; these are unpublished. 

In the case of neutrino deep inelastic scattering, the charged- 
and neutral-current cross sections for the standard model are given 
by: 

tr NC 
vN 

RvN = _ _  = 
aCC 

vN 

20 • 4fi 1 s i n 2 O w + 2 O s i n 4 b w + e ( 1 - 1 s i n 2 O w + ~ - s m  vw,X 
2 27 

1+~ 

~_NC 
vN 

~u ~cc 
vN 

1 1 sin2~w 20 . 4 ^ + e ( l _  s i n 2 ~ w + ~ _  6 3 + ~ - s m  0 w 20 sin40w) 
(5) 

3 

In lowest order, the quantity sin20w is equal to sin20w 
defined above. When radiative corrections are taken into account, 
sin20w = sin20w + 6, with 6 of order 0.01. Its precise value is 
dependent upon the kinematics of a particular experiment.13 

The parameter e ----- 0.2 is the ratio ofantiquark momentum to 
quark momentum in the nucleon. It is related to the ratio of the 
neutrino charged-current cross section to the antineutrino charged- 
current cross section: 

(Cont'd) 

a CC 1 + 1 
vN ~e  

ff._CC 1 
vN 3 +E 

The po!arized-electron deuteron scattering experiment measured 
the asymmetry in the cross section for left-handed (a L) and right- 
handed (~R) electrons: 

aR - ~L 
A 

~R + crL 

In the quark parton model, this has the form (with q2 > 0 for deep 
inelastic scattering) 

A [ - ( l - y )  2 ] (6) - - =  a 1 
q2 a l +  2 l + ( l _ y ) 2  , 

where y is the fraction of the incident lepton's energy lost in the 
collision. For an isoscalar target like the deuteron, and ignoring the 
antiquarks, the standard model gives 

GF 
a l =  2~-~Tr~x l ~ ( 1 - ~ s i n 2 0 w l  

GF 9 [j(l_4sin2~w] 
a2 2 k/2or~¢ 10 

(7) 

In the case of the SLAC ed experiment, 3 sin20w = 
sin20W + 0.006. 

Neutrino electron elastic-scattering cross sections were calcu- 
lated with the following formulae: 

R _ a(vue "~ rue) 

vv a(Vue ~ - v  e) 

3 -  12sin20w + 16sin40w 

--~ 1 - 4 s i n 2 0 w  + 16sin40w (8) 

or(rue ~ rue) 
RNC,CC 

o-(vue --. re#) 

--~ 3 - 1 2 s i n 2 0 w + 1 6 s i n 4 0 w  I 1 2  l - ~ m 2  ] -2(9) 

The standard model agrees very well with the data; however, 
there is no direct evidence concerning the Higgs structure. If the 
model contains Higgs representations other than doublets, the 
theory has an additional parameter. It is useful to take this param- 
eter to be the W mass. It is traditional to pararnetrize such models 
by a parameter P, defined by 

~fSM w 
p =  

so that P -= 1 in the standard model. The definition of the weak 
mixing angle becomes 

M w  
cos0 W = _ _  

P M z  
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Data can then be fitted to the two parameters M Z and M W (or 
sin20w and p). For example, Eq. (5) has an additional factor ofp 2 
multiplying the right-hand side. A two-parameter fit (excluding 
some recent data) yields I 

sin20w = 0.223_+0.006 

p = 1.006"-0.008. 

Note that p is consistent with the standard model value of 1. 
It is useful to compare the values of M Z (inferred from the data 

discussed above) and M W [calculated from Eq. (3)[ with the 
observed W and Z masses. Table 2 shows the comparison. 
Detailed tests of the model await higher precision data on the weak 
boson masses, lepton asymmetries at SLC and LEP, and elastic p e 
andS- e. Such data will permit a single test involving the four g 

~ t  . . 

measured parameters a, G F, M w,  and MZ, and two additional 
tests comparing the derived quantity sin 20 W with the values 
obtained in neutral-current experiments. 

Table 2 

Values 2 obtained 
UA114 UA215 using Table 1 

83.5_+1"1_+2.7 81.2_+1.1_+1.3 81.4_+0.6 MW (GeV) 
(79.8 without 

radiative corr.) 

M Z (GeV) 93.0_+1.4_+3 92.5_+1.3_+1.5 92.5_+0.5 
(90.2 without 

radiative corr.) 

Should such a high-precision test reveal a discrepancy with the 
radiatively corrected theory, it could indicate that the model needs 
fundamental modification. Small deviations from the predictions 
described above could arise if the t quark mass or Higgs boson 
mass is far from the value assumed, if there are additional genera- 
tions of fermions or scalars, or if additional currents beyond iso- 

(Cont'd) 

spin and electromagnetic exist. 4 At present there is no indication 
of the need for a modification of the theory. 

* This section prepared with contributions from B. Lynn, L.S. 
Durkin, and P. Langacker. 

1. L.S. Durkin and P. Langacker, Univ. of Penn. preprint UPR- 
0287T 0985); and P. Langacker, Univ. of Penn. preprint 
UPR-0288T (1985) to appear in the Proceedings of  the 1985 
International Symposium on Lepton and Photon Interactions at 
High Energies (Kyoto, Japan, 1985). See also Ref. 12. 

2. Radiative corrections have been discussed by many authors. 
Here we rely on W.J. Marciano and A. Siflin, "Testing the 
Standard Model by Precise Determinations of W -+ and Z 
Masses," Phys. Rev. D29, 945 (1984). 

3. C.H. Llewellyn-Smith and J. Wheater, Phys. Letl. 105B, 486 
(1981). This reference uses sin20 MS = sin2Ow/1.006. 

4. B.W. Lynn, M.E. Peskin, and R.G. Stuart, in Proceedings of  the 
1985 LEP Physics Workshop (Geneva, Switzerland, 1985). 

5. G. Altarelli, ROME-464-1985, and in Proceedings of the 1985 
LEP Physics Workshop (Geneva, Switzerland, 1985). 

6. C. Gewiniger, in Neutrino Physics and Astrophysics 1984, K. 
Kleinknecht and E.A. Paschos, eds. (World Scientific Publish- 
ing Co., Singapore, 1984). 

7. L. DiLella, in Proceedings of  the 1985 International Sympo- 
sium on Lepton and Photon Interactions at High Energies 
(Kyoto, Japan, 1985). 

8. LA. Ahrens et al., Univ. of Penn. preprint E-734-85-1 (1985). 
9. C. Prescott et al., Phys. Lett. 84B, 524 (1979); and J.E. Kim et 

al., Rev. Mod. Phys. 53, 211 (1981). 
10. F. Bergsma et al., Phys. Lett. 147B, 481 (1984); and L.A. 

Ahrens et al., Phys. Rev. Lett. 54, 18 0985). 
I I. M.A. Bouchiat et al., Phys. Lett. 134B, 465 (1984); and E.W. 

Fortson and L.L Lewis, Phys. Rep. 113, 289 0984). 
12. Private communication from L.S. Durkin and P. Langacker. 
13. A. Sirlin and W. Marciano, Nucl. Phys. B189, 442 (1981). 
14. UA1 Collaboration, G. Arnison et al., CERN preprint EP-85- 

185, submitted to Phys. Left. 
15. UA2 Collaboration, J.A. Appel et al., CERN preprint EP-85- 

166, submitted to Z. Phys. C. 
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The electromagnetic structure function F ~  N measured by EMC and 
BFP is compared with the charged-current structure function F~ N 
using the 18/5 factor from the average charge squared of  the quarks. 
No correction has been applied for the difference between the 
strange and charm sea quarks so the interpretation is F 2 = 

3 2 uN x [q + ~- -- ~- (s + ~- L c -- c~]. (In this Q range, F 2 is depleted 
by a similar amount  due to charm threshold effects in the transition 
s --,- c.) The antiquark distribution measured from antineutrino 

scattering is ~ =  x(fi- + d +  2s~. The solid lines, valid for 
l0  < Q 2 <  30 GeV 2, have the forms: F 2 - -3 .9x0'55(1 - - x )  3"2 
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Relative normalization factors have been fitted to optimize agree- 
ment between the different data sets, and absolute changes have 
been arbitrarily chosen as indicated. References: C D H S  - -  H. 
Abramowicz et al., Zeit. Phys. C17, 283 (1983); CCFRR - -  F. Sci- 
ulli, private communicat ion;  E M C  - -  J.J. Aubert et al., Phys. Lett. 
105B, 322 (1981); and A. Edwards, private communication;  BFP 
A.R. Clark et al., Phys. Rev. Lett. 51, 1826 (1983); and P. Meyers, 
Ph.D. Thesis, LBL-17108 (1983), Univ.  o f  Calif., Berkeley. Courtesy 
J. Carr, Colorado. 
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Structure Functions 
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Jet Production in pp and ~p Interactions 
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132B, 144 (1983b). 
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The cross section (s/13) d a / d z  versus z for producing a 
hadron h in e + e  - annihilation, measured in different 
experiments, for fixed energies Q2 = s. This o~uantity is 
closely related to the fragmentation function Df'(z, Q;)  as 
discussed in the QCD section. Note however, that here we 
use the definition z =- Phad/(E~earn - m2ad ) /2, whereas 
z =- Ehad/Ebear n is used by some experimenters, and 
theorists use z =- (E + p]l)had/(E + pll)quark. The data are 
shown for pions (singlet term) and for D* mesons (where 
b-quark contribution has been subtracted out). The data 
for heavy quarks are frequently parametrized by the Peter- 
son et al. form, D(z)  = Nz (1 - z)2/[( l  - z) 2 -4- ehadZ ] 2. 
The % parameter ranges from 0.10 to 0.37 for the three D* 
data sets shown. The B-meson curve corresponds to eb = 
0.014, which is an average derived from many experiments 
using an indirect method from B decays to e or/z (N was 
chosen arbitrarily). References: C. Peterson et al., Phys. 
Rev. D27, 105 (1983); TPC - -  H. Aihara et al., Zeit. Phys. 
C27, 495 (1985); DELCO - -  H. Yamamoto,  Ph.D. thesis 
(Cal Teeh), report no. CALT-68-1318 (1985); ARGUS - -  
H. Albrecht et al., Phys. Lett. 150B, 235 (1985); and CLEO 
- -  C. Bebek et aL, Phys. Rev. Lett. 49, 610 (1982). 
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Illustrative Key to the Full Listings 

Name of  particle ("old'" name 
used betore recent renaming 
scheme also gi~ on if different: __ 
see Int roducloQ Texl for 
details). 

Indicates particle omit ted lhom 
Particle Properties Summar}  
Table. impl!, mg particle's 
existence is not confirmed. 

Qt~anlit? tabulated belo~. 

a0(1200) [ ['~u~c>=' (o+-/t 
w a s  XX(1200) [#~C%,F~07. ELLING " MAg BE A t 

OMITTED F R O . ~  
SUMMARY 7~4BLE] 

{8o(1200) MASS (MeV)J 

Particle quan tum numbers  
Iv.here kno,a n), 

- -Genera l  comments  on particle. 

a.bbre~lated reference lbr this 
/ "  resu[l: full retbrence gixen 

Code for quanlit ' ,  tabulated belov.. 
(M=mass.  V,=,siCtth. etc.), [ ]  ~ ~ 1216. 11. [MERRILL 8 1 ~  0 3 ,2  K-P 

M~~(1192.) (16.) LYNCH 81 HBC +- 2.7 PI~P _Measurement technique (see 
used to ke~ together dala/M M LYNCH DATA H A S T E  BACKGROUND SUBTRACTION / .  ~ p i E R C E 83 [~-g-lS-~F~ 2 ~ K _ p abb . . . . . . . . . . . . . . . .  page)  $5 mboI 

and related . . . . . . . . . . . .  M/  ~UPERSEDE/~RA(112QX')I S ~ FENNER 83 HBC 0 4 . 2  PI.R SS 80 1210.  / 8 .  SMITH 85 MMS 3[~.3~.5 PI-P t 
EARLIER RESULT ~ ( ' h a r g e ( s )  ofparhcle ls)  detected, 

Ntamber of  events at,,,~c / , ~ / , / , - ~  M /  i 2 " 6  " /¢ /"  " 0 . ' 9  " 5 . i  " 
.gr~Jzllzcl ~ M  AVG AVERAGE 

Measured value (i)a/.c~N~(,,c~ / 
md~.uh' ~/t t( ,  m,( tt,cd ~±t / 
u,e .~e( :  see I n l r o d u e t o r : , ~  ~ "=o(1200 ) W I D T H  ( M e V )  
T e x l l o r e x p l a n a t l o n s h  ~ / R e a c t i o n  producing particle, or 

35* 5. MERRILL 81 HBC 0[3.2 K - P ~  / generalcomments. 
~-rror in measured value 50. 8. PIERCE 83 ASPK + 2.1 K-P _c 

( field blank if  error s3m ~ ~ 70 .  40 .  FENNER 83 BBC 0 4 . 2  P I4P  ~ / " C h a n g e  bar" indicates result 
added or changed memc: parenlheses on e,,,,t (60.) OR LESS SMITH 85 MMS - 3.5 PI-P I [ ~  since pre~1- 

,~/) indicate data not used in W . . . . . . . . .  ~ ous edltion. 
a~erage due to problcrlls aith W AVG ~39.6 ~ AVERAGE (ERROR INCLUDES SCA£E FACTOR OF ~'--~Scale faclor > ] indicates possi- 
error estimationL ~ (SEE IDEOGRAM BELOW) bb inconsistent data, 

~.~erage ~alue (and error} of / '~EIGHTED ~ER~GE 3 9 6 : 6 7  !:RRORSt~LEDB~I'I~ 
quanla)  tabulated. Ideogram to d;spla) possibl~, 

~ ~ -  mconslslenl data, cur~e is 
Top "data point"  indicates a~er- sum of  Gaussians. one for 

age: ~ ld th  of  error bar (and / each cxperlhlent (area of 
shaded pattern belo~l Is / /  Gausslan = I,,error: ~ id th  of 
ze r ro r  on a~erage, seaIed b? / Gaussian = zerrorL See 
"scale thctor,'" ~ Introductor)  Text for discus- 

slon. 

(if no entr? present, experi- 
B3 :BC . . . . . . . . . . . .  d i n  

Yalue and error for each experl- .  L ~s~ c . " 
~- or scale factor b~cause of  ment.  ~ .', 

iConfldenc¢ L~vH = 0 l] D ~er') large errorL ~.~ 

-20 20 60 100 140 
~0(1200) wldth {Me'*') 

So(1200) P A R T I A L  D E C A Y  M O D E S  

Representative masses of  deca> 
DECAY MASSES products (used for calculating 

Parual deca> mode (labeled b x [Pl a f t ( 1 2 0 0  ) ~ 371- ]140+ 140+ 1 4 0 F - -  deca) m o m e n l u m  in last 
Pt)" P2 a o ( 1 2 0 0 )  ~ K K  494+ 494 column of  Particle Propert) 

Summary. Tables). 

a0(1200) BRANCHING RATIOS 

B r a n e h i n g r a t i o ( l a b e l e d b v R j .  - - ~ a o ( 1 2 0 0  ) ~ ( 3 7 r ) / t o t a l j  ( P 1 )  

L~ .66 .02 MERRILL 81 HBC 0 3.2 K-P 
RI L (.68) (.03) LYNCH 81 HBC +- 2.7 PI-P 
R1 L LYNCH DATA HAS QUESTIONABLE BACKGROUND SUBTRACTION 
R1 
R1 FIT  ~ , .M0 .675  0,0121 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .3 )  

/ 
ao(1200) ~ (KK)/total (P2) 
R2 / .35 .05 PIERCE 83 ASPK * 2.1 K-P 

Value (and error) of quantl t~ / R 2  . . . . . . . . .  
tabulated, as determme~l~__~R2_FIT~0.325 0.012] FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 
from constrained fit (using all ~ 
measured branchmg ratios for ~ a o ( 1 2 0 0 )  ~ ( K  K ) / ( 3 7 r )  ~ - -  
Ihlspartlcle). R 3 ~  .50 .03 FENNER 83 HBC 0 4.2 PI*P 

i i ~  .41 .04 SMITH 85 MMG - 3.5 PI-P 

AVG " '0~468" " 0.1)425 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.8) 
R3 0.480 0.027J FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 

Branching ratio Rj in terms of  
partial dcca~ mode fractmns 
P above. 

R E F E R E N C E S  F O R  ao(i200) 
References. ordered b3 year• then ~ ~, 

author. ~,IMERRILL 81[ PRL 47 143 
/ LYNCH 81 PR D24 610 B. LYNCH 

~,bbre~lated reference form used PIERCE 83 PL 123B 230 N. PIERCE 
on data entries above. FENNER 83 NP B213 372 D. FENNER,B. BEANE 

SM I T H ~ 8 5 ~  J. SMITH J o u r n a l  report, preprint,  etc. ( s e e /  
abbreviations on next page). 

/ ~.uthorls). 

( S A C LA y + g E R N )[~____ Quantum number  delermina-  
( BNL ) l ions m Ibis reference. 

(FNAL) 
(NYGE+AMEX) 

¢~IAr~ Institution(s) of author(sl  (see 
abbre;  lations on next page). 
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Abbreviations 
Journals 
ADVP Advances in Physics 
AHS Anales de Fisica 
ANP Annals of Physics 
APAH Acta Phys. Acad. Hungarica 
APJ Astrophysical Journal 
APP Acta Physica Polonica 
ARNPS. Annual Review of Nuclear & Particle Science 
ARNS Annual Review of Nuclear Science 
BAPS Bulletin of the American Physical Society 
BASUP Bulletin of the Academy of Science. USSR (Physics) 
CJP Canadian Journal of Physics 
CNPP Comments on Nuclear and Particle Physics 
CZJP Czechoslovak Journal of Physics 
JAP Journal of Applied Physics 
JETP English Translation of Soviet Physics JETP 
JETPL Letters of Soviet Physics JETP 
JP Journal of Physics (A,B,G) 
JPSJ Journal of the Physical Society of Japan 
LNC Letters to Nuovo Cimento 
NAT Nature 
NC Nuovo Cimento 
NIM Nuclear Instruments and Methods 
NP Nuclear Physics 
PL Physics Letters 
PN Particles and Nuclei 
PPSL Proc. of the Physical Society of London 
PR Physical Review 
pRAM Pramana 
PRL Physical Review Letters 
PRPL Physics Reports (Physics Letters C) 
PRSE Prec. of the Royal Society of Edinburgh 
PRSL Proc. of the Royal Society of London 
PS Physica Scripta 
PTP Progress of Theoretical Physics 
RA Radiochimica Acta 
RMP Reviews of Modern Physics 
RNC La Rivista del Nuovo Cimento 
RPP Reports on Progress in Physics 
RRP Revue Romaine de Physique 
SCI Science 
SJNP Soviet Journal of Nuclear Physics 
SPU Soviet Physics - Uspekhi 
Z N A T  Zeitschrifi fur Naturforschung 
ZPHY Zeitschrift fur Physik 

Conferences 
Conferences are generally referred to by the location at which they were held 
(e.g., HAMBURG, TORONTO, CORNELL, BRIGHTON, etc.). 

Measurement Techniques 
(i.e., Detectors and Methods of Analysis) 

AEMS Argonne effective mass spectrometer 
ARG ARGUS detector at DORIS 
ASP Anomalous single-photon detector 
ASPK Automatic spark chambers 
BDMP Beam dump 
BEBC Big European bubble chamber at CERN 
BIS2 BIS-2 spectrometer at Serpukhov 
BONA Bonanza nonmagnetic detector at DORIS 
BPWA Barrelet-zero partial-wave analysis 
CALO Calorimeter 
CBAL Crystal Ball detector at SLAC-SPEAR or DORIS 
CC Cloud chamber 
CELL CELLO detector at DESY 
CHRM CHARM neutrino detector at CERN 
CIBS CERN-IHEP boson spectrometer 
CLEO Cornel1 magnetic detector at CESR 
CNTR Counters 
COSM Cosmology and astrophysics 
CUSB Columbia U. - Stony Brook segmented Nal detector at CESR 
DASP DESY double-arm specirometer 
DBC Deuterium bubble chamber 
DLCO DELCO detector at SLAC-SPEAR or SLAC-PEP 
DM 1 Detector at Orsay DMI collider 
DPWA Energy<lependent partial-wave analysis 
ELEC Electronic combination 
EMC European muon collaboration detector at CERN 
EMUL Emulsions 
FBC Freon bubble chamber 
H T  Fit to previously existing data 
FRAB ADONE BB group detector 
FRAG ADONE "r'r group detector 
FRAM ADONE MEA group detector 
FRBC Freon bubble chamber 

Used in the Full Listings 
GAM2 IHEP hodoscope Cerenkov 7 calorimeter GAMS-2000 
GAM4 CERN horoscope Cerenkov "t' calorimeter GAMS-4000 
GOLI CERN Goliath spectrometer 
HBC Hydrogen bubble chamber 
HDBC Hydrogen and deuterium bubble chambers 
HEBC Helium bubble chamber 
HLBC Heavy-liquid bubble chamber 
HRS SLAC high-resolution spectrometer 
HYBR Hybrid: bubble chamber + electronics 
INDU Magnetic induction 
IPWA Energy-independent partial-wave analysis 
JADE JADE detector at DESY 
LASS Large-angle superconducting solenoid spectrometer at SLAC 
LENA Nonmagnetic lead-glass NaI detector at DORIS 
MAC MAC detector at PEP/SLAC 
MBR Molecular beam resonance technique 
MICA Underground mica deposits 
MMS Missing mass spectrometer 
MPS Multiparticle spectrometer at BNL 
MPSF Multiparticle spectrometer at Fermilab 
MPWA Model.dependent partial-wave analysis 
MRKJ Mark-J detector at DESY 
MRS Magnetic resonance spectrometer 
NEUL Neuland large-angle neutrino spectrometer 
OLYA Detector at VEPP-4, Novosibirsk 
OMEG CERN OMEGA spectrometer 
OSPK Optical spark chamber 
PBC Propane bubble chamber 
PLAS Plastic detector 
PLUT DESY PLUTO detector 
PWA Partial-wave analysis 
REDE Resonance depolarization 
RVUE Review of previous data 
SFM CERN split-field magnet 
SILl Silicon detector 
SMAG SPEAR magnetic detector 
SMK2 SLAC Mark-II detector 
SMK3 SLAC Mark-Ill detector 
SPEC Spectrometer 
SPRK Spark chamber 
STRC Streamer chamber 
TASS DESY TASSO detector 
THEO Theoretical or heavily model-dependent result 
TPC TPC detector at PEP/SLAC 
TPS Tagged photon spectrometer at Fermilab 
UA 1 UA 1 detector at CERN 
UA2 UA2 detector at CERN 
UA5 UA5 detector at CERN 
WIRE Wire chamber 
XEBC Xenon bubble chamber 

Institutions 
AACH Technische Univ. Aachen Aachen, West Germany 
AARH Univ. of Aarhus Aarhus, Denmark 
ABO Abo Akademi Abo, Finland 
ADEL Adelphi Univ. Garden City, NY, USA 
AERE Atomic Energy Res. Estab. Harwell, Berks., England 
AICH Aichi Univ. of Education Kariya, Aichi Prefi, Japan 
AIKO Inst. Kernphys. Onderzoek Amsterdam, Netherlands 
ALAH Univ. of Alabama at Huntsville Huntsville, AL, USA 
ALBA State Univ: of New York at Albany Albany, NY, USA 
AMST Univ. of Amsterdam Amsterdam, Netherlands 
ANIK Amsterdam NIICHEF Amsterdam, Netherlands 
ANIC~. Middle East Technical Univ. Ankara, Turkey 
ANL Argonne National Lab. Argonne, IL, USA 
ARIZ Univ. of Arizona Tucson, AZ, USA 
ARZS Arizona State Univ. Tempe, AZ, USA 
ATEN Nuclear Res. Centre Demokfitos Athens, Greece 
ATHU Univ, of Athens Athens, Greece 
AUCK Univ. of Auckland Auckland, New Zealand 
BARC Univ. de Barcelona Barcelona, Spain 
BARI Univ. di Bari Bari, Italy 
BART Bartol Research Foundation Swarthmore, PA, USA 
BASL Univ. of Basel Basel, Switzerland 
BAYR Univ. Bayreuth Bayreuth, West Germany 
BELG Inst. lnteruniv, des Sci. Nuc. Bruxelles, Belgium 
BELL Bell Labs. Murray Hill, NJ. USA 
BERG Univ, of Bergen Bergen, Norway 
BERL Inst. Hochenerglephys. DAW Berlin-Zeuthen, East Germany 
BERN Univ. Bern Bern, Switzerland 
BGNA Univ, di Bologna Bologna, Italy 
BHAB Bhabha Atomic Research Center Bombay. India 
BHEP Inst. of High Energy Physics Beijing, China 
BIEL Univ. Bielefeld Bielefeld, West Germany 
BING State Univ. of New York at Binghamton Binghamton, NY, USA 
BIRM Birmingham Univ. Birmingham, England 
BNL Brookhaven National Lab. Upton, L.I., NY, USA 
BOHR Niels Bohr Inst. Copenhagen, Denmark 
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Abbreviations 
Institutions Cont'd) 

Used in the Full Listings (cont'd) 

BOIS Boise State Univ. Boise, ID, USA ILL 
BOMB Univ. of Bombay Bombay, India ILL(' 
BONN Univ. Bonn Bonn, West Germany ILLG 
BORD Univ. de Bordeaux Bordeaux, France IND 
BOST Boston Univ. Boston, MA, USA 1NEL 
BRAN Brandeis Univ. Waltham, MA, USA INFN 
BRCO Univ, of British Columbia Vancouver, BC, Canada INNS 
BRIS H.H.  Wills Phys. Lab., U. of Bristol Bristol, England INRM 
BROW Brown Univ. Providence, RI, USA INUS 
BRUX Univ. Libre de Bruxelles Bruxelles, Belgium IOFF 
BUCH Bucharest State Univ. Bucharest, Romania IOWA 
BUDA Central Research Inst. of  Physics Budapest, Hungary IPCR 
BUFF State Univ. of New York at Buffalo Buffalo, NY, USA IPN 
BURE Inst. des Hautes Etutes Sci. Bures-sur-Yvette, France IPNP 
CAEN Lab. de Phys. Corpusculalre Caen, France IPPC 
CAGL Cagiiari Univ. Cagliari, Italy IRAD 
CAIW Carnegie Inst. of Washington Washington, DC, USA ISU 
CAMB Cambridge Univ. Cambridge, England ITEP 
CANB Australian National Univ. Canberra, Australia ITHA 
CARL Carleton Univ. Ottawa, ON, Canada ITPU 
CARN Carnegie-Mellon Univ. Pittsburgh, PA, USA IUPU 
CASE Case Western Reserve Univ. Cleveland, OH, USA JAGL 
CATH Catholic Univ. of America Washington, DE', USA JHU 
CAVE Cavendish Lab., Cambridge Univ. Cambridge, England JINR 
CCAC Community College of Allegheny County Pittsburgh, PA, USA KAGO 
CDEF College de France Paris, France KANS 
CEA Cambridge Electron Accel. Cambridge, MA, USA KARL 
CENG CEN, Grenoble Grenoble, France KAZA 
CERN European Org. for Nuclear Research Geneva, Switzerland KEK 
CHIC Univ. of Chicago Chicago, IL, USA KENT 
CINC Univ. of Cincinnati Cincinnati, OH, USA KEYN 
CIT Calif. Inst. of Technology Pasadena, CA, USA KHAR 
CLEV Cleveland State Univ. Cleveland, OH, USA KIAE 
CNRC Canadian National Research Council Ottawa, ON, Canada KIEL 
COLO Univ. of Colorado Boulder, CO, USA K1EV 
COLU Columbia Univ. New York, NY, USA KINK 
CORN Cornell Univ. Ithaca, NY, USA KNTY 
COSU Colorado State Univ. Fort Collins, CO, USA KOBE 
CRAC Inst. for Nuclear Research Cracow, Poland KONS 
CUNY City Univ. of New York New York, NY, USA KYOT 
CURl  Leboratoire Joliot-Curie Paris, France LALO 
DALH Dalhausie Univ. Halifax, NS, Canada LANC 
DARE Daresbury Nuclear Physics Lab. Daresbury, England LANL 
DELH Univ. of  Delhi Delhi, India LAPP 
DESY Deutsches Elektronen-Synchrotron Hamburg, West Germany LASL 
DOE U.S. Department of Energy Washington, I)(2, USA LAUS 
DORT Univ. Dortmund Dortmund, West Germany LBL 
DUKE Duke Univ. Durham, NC, USA LCGT 
DURH Univ. of Durham Durham, England LEBD 
D UUC University College Dublin, Ireland LEED 
EDIN Univ. of Edinburgh Edinburgh, Scotland LEHI 
EFI Enrico Fermi last, for NucL Studies Chicago, IL, USA LEHM 
ELMT Elmhurst College Elmhurst, IL, USA LEID 
EPOL Ecole Polytechnique Palaiseau) France LEMO 
ERLA Univ. Erlangen-Nurnberg Erlangen, West Germany LENI 
ETH Swiss Federal Inst. of Technology Zurich, Switzerland LIBH 
FIRZ Univ. di Firenze Firenze, Italy LINZ 
H SK Fisk Univ. Nashville, TN, USA L1SB 
FLOR Univ. of Florida Gainsville, FL, USA LIVP 
FNAL Fermi National Accelerator Lab. Batavia, IL, USA LJUB 
FOM Found. for Fundamental Res. on Matter Utrecht, Netherlands LLL 
FRAS Lab. Nazionali del C.N.E.N. Frascati, Italy LOIC 
FREI Univ. of Freiburg Freiburg, West Germany LOQM 
FSU Florida State Univ. Tallahassee, FL, USA LOUC 
GENO Univ. di Genova Genova, Italy LOWC 
GESC General Electric Res. and Dee. Center Schenectady, NY, USA LPNP 
GEVA Univ. de Geneve Geneva, Switzerland LPTP 
GLAS Univ. of Glasgow Glasgow, Scotland LRL 
GMAS George Mason Univ. Falrfax, VA, USA LSU 
GRAZ Univ. Graz Graz, Austria LUND 
GREN Inst. des Sci. Nuc,  Univ, de Grenoble Grenoble, France LVLN 
GSCO Geological Survey of Canada Ottawa, ON, Canada LYON 
GUEL Guelph Univ. Guelph, ON, Canada MADR 
HAIF Technion - Israel Inst. of Technology Haifa, Israel MADU 
HAMB Univ. Hamburg Hamburg, West Germany MANI ,  
HARV Harvard Univ. Cambridge, MA, USA MANZ 
HAWA Univ. of Hawaii Honolulu, HI, USA MARS 
HEBR Hebrew Univ. Jerusalem, Israel MASA 
HEID Univ. Heidelberg Heidelberg, West Germany MCGI 
HELS Helsingin Yliopisto Helsinki, Finland MCHS 
HIRO Hiroshima Univ. Hiroshima, Japan MCMS 
HOUS Univ. of Houston Houston, TX, USA MEIS 
HPC Hewlett-Packard Corp. Cupertino, CA, USA MELB 
IAS Inst. for Advanced Study Princeton, NJ, USA MHCO 
IBAR Ibaraki Univ., Mito Ibaraki-ken, Japan MICH 
IBM International Business Machines Palo Alto, CA, USA MILA 
IFRJ Inst. de Fisica, Rio de Janeiro Rio de Janeiro, Brazil MINN 
I1T Illinois Inst. of Tech. Chicago, IL, USA MIT 

Univ. of Illinois Urbana, IL, USA 
Univ. of Illinois at Chicago Chicago, IL, USA 
Inst. Laue-Langevin Grenoble, France 
Indiana Univ. Bloomington, IN, USA 
Idaho National Engineering Lab. Idaho Falls, ID, USA 
1st. Nazionale di Fisica Nuclear Roma, Italy 
Phys. Inst., Univ. Innsbruck Innsbruck, Austria 
Inst. for Nuclear Research Moscow, USSR 
Inst. for Nuclear Study at Tokyo Univ. Tokyo, Japan 
Ioffe Inst. of Physics and Tech. Leningrad, USSR 
Univ. of Iowa Iowa City, IA, USA 
Inst. of Physical and Chemical Research Saitama-ken, Japan 
Inst. de Phys. Nucleaire Orsay, France 
Inst. de Physique Nucleaire Paris, France 
Inst. for Particle Physics of Canada Montreal, PQ, Canada 
Inst. du Radium Paris, France 
Iowa State Univ. Ames, IA, USA 
Inst. for Theor. and Exp. Phys. Moscow, USSR 
Ithaca College Ithaca, NY, USA 
Inst. for Theoretical Physics Utrecht, Netherlands 
Indiana U. - Purdue U. at Indianapolis Indianapolis, IN, USA 
Jagellonian Univ. Cracow, Poland 
Johns Hopkins Univ. Baltimore, MD, USA 
Joint Inst. for Nucl. Research Dubna, USSR 
Kagoshima Univ. Kagoshima, Japan 
Univ. of Kansas Lawrence, KS, USA 
Univ. Kadsruhe Karlsruhe, West Germany 
Kazakh Academy of Science Alma-Ata, USSR 
Nat. Lab for High Energy Phys., Japan Tsukuba-gun, Japan 
Kent Univ. at Cantebury, Kent Cantebury, England 
Open Univ. Milton Keynes, England 
Phys.-Tech, Inst., Acad. Sci., Ukr.SSR Kharkov, USSR 
Kurchatov Inst. of Atomic Energy Moscow, USSR 
Kiel Univ. Kiel, West Germany 
Physical-Technical Inst. Ydev, USSR 
Kinki Univ. Osaka, Japan 
Univ. of Kentucky Lexington, KY, USA 
Kobe Univ. Kobe, Japan 
B. P. Konstantinov Inst, of Nucl. Phys. USSR 
Kyoto Univ. Kyoto, Japan 
Linear Accelerator Lab, Orsay Orsay, France 
Lancaster Univ. Lancaster, England 
U.C. Los Alamos National Lab. Los Alamos. NM, USA 
Lab. d'Annecy de Phys. des Particules Annecy, France 
U.C. Los Alamos Scientific Lab. Los Alamos, NM, USA 
Univ. of Lausanne Lausanne, Switzerland 
U.C. Lawrence Berkeley Lab. Berkeley, CA, USA 
Lab. di Cosmo-Geofisica del CNR Torino, Italy 
Lebedev Physics last. Moscow, USSR 
Univ. of Leeds Leeds, England 
Lehigh Univ. Bethlehem, PA, USA 
Herbert H. Lehman College Bronx, NY, USA 
Inst. Lorentz Leiden, Netherlands 
Le Moyne College Syracuse, NY, USA 
Inst. of Nucl. Phys., USSR Acad. Sci. Leningrad, USSR 
Lab. Interuniv. Beige High Eng. Bruxelles, Belgium 
Linz Inst. fur Physik, Kepler Hoch. Linz, Austria 
Univ. de Lisbon Lisbon, Codex, Portugal 
Liverpool Univ. Liverpool, England 
Univ. of Ljubljana Ljubljana, Yugoslavia 
Lawrence Livermore Lab. Livermore, CA, USA 
Imperial Col. of Sci. and Tech. London, England 
Queen Mary College London, England 
University College London, England 
Westfield College London, England 
Lab. de Phys. Nucl. et Hautes Energies Paris, France 
Lab. de Phys. Theor. et Hautes Energies Paris, France 
U.C. Lawrence Berkeley Lab. 
Louisiana State Univ. 
Univ. 1 Lund 
Univ. Catholique de Louvain 
Univ. de Lyon 
Junta de Energia Nuclear 
Univ. Autonome de Madrid 
Univ. of Manitoba 
Univ. Mainz 
Center National de Ia Recherche Sci. 
Univ. of Massachusetts 
McGill Univ. 
Univ. Manchester 
McMaster Univ, 
Meisei Univ. 
Univ. of Melbourne 
Mount Holyoke College 
Univ. of  Michigan 
Univ. di Milano 
Univ. of Minnesota 
Massachusetts Inst. of Technology 

Berkeley, CA, USA 
Baton Rouge, LA, USA 
Lund, Sweden 
Louvain-La-Neuv¢, Belgium 
Villeurbanne, France 
Madrid, Spain 
Madrid, Spain 
Winnipeg, MB, Canada 
Mainz, West Germany 
Marseille, France 
Amherst, MA, USA 
Montreal, PQ, Canada 
Manchester, England 
Hamilton, ON, Canada 
Hino, Tokyo, Japan 
Parkvine, Australia 
South Hadley, MA, USA 
Ann Arbor, MI, USA 
Milano, Italy 
Minneapolis, MN, USA 
Cambridge, MA, USA 
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Abbreviations 
Institutions (cont'd) 

Used 

MONP Univ. de Montpellier Montpellier, France 
MONS Univ. de l'Etat, Mons Mons, Belgium 
MONT Univ. de Montreal Montreal, PQ, Canada 
MOSU Moscow State Univ. Moscow, USSR 
MPIH Max Planck Inst. fur Kernphysik Heidelberg, West Germany 
MPIM Max Planck Inst. fur Phys.-Astrophys. Munich, West Germany 
MSU Michigan State Univ. East Lansing, MI, USA 
MTHO Mr. Holyoke College South Hadley, MA, USA 
MULH Centre Univ. du Haut-Rhin Mulhouse, France 
MUNI Univ. of Munich Munich, West Germany 
MURA Midwestern Univ. Research Assoc. Stroughton, WI, USA 
NAGO Nagoya Univ. Nagoya, Japan 
NAPL Univ, di Napoli Napoli, Italy 
NASA NASA, Goddard Space Flight Center Greenbelt, MD, USA 
NBS U.S. National Bureau of Standards Washington, DC, USA 
NDAM Univ, of Notre Dame Notre Dame, IN, USA 
NEAS Northeastern Univ. Boston, MA, USA 
NEUC Univ, de Neuehatel Neuchatel, Switzerland 
NHM R.K.  Univ. Nijmegen Nijmegen, Netherlands 
NMSU New Mexico State Univ. Las Cruces, NM, USA 
NORD Nordisk Inst. for Teor. Atomfys. Copenhagen, Denmark 
NOVO Inst. of Nucl. Phys. Novosibirsk, USSR 
NPOL Northern Polytechnic London, England 
NRL Naval Research Laboratory Washington, DC, USA 
NSF U.S. National Science Foundation Washington, DC, USA 
NTUA National Technical Univ. Athens, Greece 
NWES Northwestern Univ. Evanston, IL, USA 
NYU New York Univ, New York, NY, USA 
OHIO Ohio Univ. Athens, OH, USA 
OKAY Okayama Univ. Okayama, Japan 
OKLA Univ. of Oklahoma Norman, OK, USA 
OKSU Oklahoma State Univ. Stillwater, OK, USA 
OREG Univ. of Oregon Eugene, OR, USA 
ORNL Oak Ridge National Lab. Oak Ridge, TN, USA 
ORSA Univ. de Paris, Fac. des SCi. Orsay, France 
OSAK Osaka Univ. Osaka, Japan 
OSKC Osaka City Univ. Osaka, Japan 
OSLO Oslo Univ. Oslo, Norway 
OSU Ohio State Univ. Columbus, OH, USA 
OTTA Univ. of Ottawa Ottawa, ON, Canada 
OXF Oxford Univ. Oxford, England 
PADO Univ. di Padova Padova, Italy 
PATR Univ. of Patras Patras, Greece 
PAVI Univ. di Pavia Pavia, Italy 
PENN Univ. of Pennsylvania Philadelphia, PA, USA 
PGIA Univ. di Perugia Perugia, Italy 
PHIL Philipps Univ. Marburg, West Germany 
PISA Univ. di Pisa Pisa, Italy 
PITT Univ. of Pittsburgh Pittsburgh, PA, USA 
PNL Pacific Northwest Lab. Richland, WA, USA 
PPA Princeton-Penn. Proton Accel. Princeton, NJ, USA 
PRAG Inst. of Physics, CSAV Prague, Czechoslovakia 
PRIN princeton Univ. Princeton, NJ, USA 
PSLL Physical Science Lab. Las Cruces, NM, USA 
PUCB Pontificia Univ. Catolica Rio de Janeiro, Brazil 
PURD Purdue Univ. Lafayette, IN, USA 
QUKI Queens Univ. Kingston, ON, Canada 
RAL Rutherford Appleton Lab. (formerly RL) Chilton, Did., Berks., England 
REGE Univ. Regensburg Regensburg, West Germany 
REHO Weizmann Inst. of SCi. Rehovoth, Israel 
RHEL Rutherford High Energy Lab. Chiltom Did., Berks., England 
RICE William Marsh Rice Univ. Houston, TX, USA 
RISO Research Estab. Riso Roskilde, Denmark 
RL Rutherford Lab. (formerly RHEL) Chillon, Did., Berks., England 
RMCS Royal Military College of  Science Shrivenham, England 
ROCH Univ. of  Rochester Rochester, NY, USA 
ROCK Rockefeller Univ. New York, NY, USA 
ROMA Univ. di Roma Roma, Italy 
ROSE Rose Polytechnic Inst. Tel're Haute, IN, USA 
RPI Rensselaer Polytechnic Inst. Troy, NY, USA 
RUTG Rutgars Univ, New Brunswick, NJ, USA 
SACL Cntr. d'Etudes Nucl. Saclay Gif-sur-Yvette, France 
SAGA Saga Univ. Saga, Japan 
SANI Ist. Superiore di Sanita Roma, Italy 
SBER San Bernardino State College San Bernardino, CA, USA 
SCUC Univ. of South Carolina Columbia, SC, USA 
SEAT Seattle Pacific College Seattle, WA, USA 
SEIB Research Center Scibersdorf Vienna, Austria 
SEOU Korea Univ. Scoul, Korea 
SERP Inst. of High Energy Physics Scrpukov, USSR 
SETO Seton Hall Univ. South Orange, NJ, USA 
SFLA Univ, of South Florida Tampa, FL, USA 
SFSU San Francisco State Univ. San Francisco, CA, USA 
SHEF Univ. of Sheffield Sheffield, England 
SHMP Univ. of Southampton Southampton, England 
SIBE Inst. of Nucl. Phys., USSR Acad. SCi .  Siberia, USSR 
SIEG Gesamthochschule Siegen Huttental, West Germany 

in the Full Listings (cont'd) 

SIN Swiss Inst. of Nuclear Research Villigen, Switzerland 
SLAC Stanford Linear Accel. Center Stanford, CA, USA 
SMAS Southeastern Massachusetts Univ. North Dartmouth, MA, USA 
SOFI Bulgarian Acad. of SOl. Sofia, Bulgaria 
STAN Stanford Univ. Stanford, CA, USA 
STEV Stevens Inst. of Tech. Hoboken, NJ, USA 
STLO St. Louis Univ. St. Louis, MO, USA 
STOH Stockholm Univ. Stockholm, Sweden 
STON State Univ. & N e w  York at Stony Brook Stony Brook, L.I., IVY, USA 
STRB Centre des Res. Nucleaires Strasbourg, France 
SUSS Univ. of Sussex Falmer, Brighton, England 
SYDN Univ. of Sydney Sydney, Australia 
SYRA Syracuse Univ. Syracuse, NY, USA 
TAMU Texas A and M Univ. College Station, TX, USA 
TBLI Tbilisi State Univ. Tbilisi, USSR 
TELA Univ. of Tel-Aviv TeI-Aviv, Israel 
TEMP Temple Univ. Philadelphia, PA, USA 
TENN Univ. of Tennessee Knoxville, TN, USA 
TEXA Univ. of Texas Austin, TX. USA 
THES Univ. of Tbessaloniki Tbessaloniki, Greece 
TIFR Tata Inst. of Fundamental Research Bombay, India 
TINT Tokyo Inst. of Technology Tokyo, Japan 
TMSK Nucl. Phys. Inst., Tomsk Polytach Inst. Tomsk, USSR 
TMU Tokyo Metropolitan Univ. Tokyo, Japan 
TNTO Univ. of Toronto Toronto, ON, Canada 
TOHO Tohoku Univ. Sendal, Japan 
TOKY Univ. of  Tokyo Tokyo, Japan 
TORI Univ, di Torino Torino, Italy 
TRIK Rikkyo Univ. Tokyo, Japan 
TRIN Trinity College Dublin, Ireland 
TRIU TRIUMF, Univ. of British Columbia Vancouver, BC, Canada 
TRST Univ. di Trieste Trieste, Italy 
TSUK Univ. of Tsukuba Tsukuba, Japan 
TTAM Tamagawa Univ. Tokyo, Japan 
T U F F  Tufts Univ. Medford, MA, USA 
TWAS Waseda Univ. Tokyo, Japan 
UBEL Univ. of Belgrade Belgrade, Yugoslavia 
UCB Univ. of Calif. at Berkeley Berkeley, CA, USA 
UCD Univ. of Calif. at Davis Davis, CA, USA 
UCI Univ. of Calif. at h'vine Irvine, CA, USA 
UCLA Univ. of Calif. at Los Angeles Los Angeles, CA, USA 
UCND Union Carbide Nuclear Division Oak Ridge, TN, USA 
UCR Univ. of Calif. at Riverside Riverside, CA, USA 
UCSB Univ. of Calif. at Santa Barbara Santa Barbara, CA, USA 
UCSC Univ. of Calif. at Santa Cruz Santa Cruz, CA, USA 
UCSD Univ. of Calif. at San Diego La Jolla, CA, USA 
UDCF Univ. de Clecmont-Ferrand Aubiere, France 
UMD Univ. of Maryland College Park, MD, USA 
UNCS Union College Schenectady, NY, USA 
UNM Univ. of New Mexico Albuquerque, NM, USA 
UOEH Univ. of Occup. and Environ. Health Kitakyushu, Japan 
UPNJ Upsala College East Orange, N J, USA 
UPPS Gustaf Werner Inst. Uppsela, Sweden 
USC Univ. of Southern California LOs Angeles, CA, USA 
USCC Univ. of South Carolina Columbia, SC, USA 
USTL Univ. ScL et Tech. du Languedoc Montpellier, France 
UTAH Univ. of Utah Salt Lake City, UT, USA 
UTRE Univ. of Utrecht Utrecht, Netherlands 
VAND Vanderbilt Univ. Nashville, TN, USA 
VICT Univ, of Victoria Victoria, BC, Canada 
VIEN Inst. for High Energy Physics, A. A.S.  Vienna, Austria 
VIRG Univ, of Virginia Charlottesville, VA, USA 
VPI Virginia Polytechnic Inst./State Univ. Blacksburg, VA, USA 
VRIJ Vrije Univ. Amsterdam, Netherlands 
WARS Univ. of Warsaw Warsaw, Poland 
WASH Univ. of Washington Seattle, WA, USA 
WAYN Wayne State Univ. Detroit, Mi, USA 
WIEN Univ. Wien Wien, Austria 
WILL College of William and Mary Williamsburg, VA, USA 
WINR Warsaw Inst. of  Nuclear Research Warsaw, Poland 
WISC Univ. of  Wisconsin Madison, Wl, USA 
WITW Univ. of the Witwatersrand Johannesburg, S. Africa 
WMIU Western Michigan Univ. Kalamazoo, MI, USA 
WOOD Woodstock College Woodstock, MD. USA 
WUPG Gesamthochschule Wuppertal Wuppertal, West Germany 
WUPP Univ. Wuppertal Wuppertal, West Germany 
WURZ Univ. Wurzburg Wur'zburg, West Germany 
WUSL Washington Univ. St. Louis, MO, USA 
WYOM Univ. of Wyoming Laramie, WY, USA 
YALE Yale Univ. New Haven, CT, USA 
YERE Yerevan Physics Inst. Yerevan. Armenia, USSR 
YOKO Yokohama Univ. Yokohama, Japan 
YORK York Univ. Toronto, ON, Canada 
Z~,GR Inst. Rudjer Boskovic Zagreb, Yugoslavia 
ZARA Univ. of Zaragosa Zaragosa, Spain 
ZEEM Zeeman Lab,, Univ. of Amsterdam Amsterdam, Netherlands 
ZURI Univ. Zurich Zurich, Switzerland 
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Stable Particle Full Listings 
7, W , Z  

GAUGE BOSONS 

l(J PC) = O,I( l  - )  

7 M A S S  ( M e V )  

F (6. E-21)OR LESS PATEL 65 SATELLITE DATA 
(6. E-21)OR LESS GINTSBURG 64 SATELLITE DATA 

M (2.3E-21)OR LESS GOLDHABER 68 SATELLITE DATA 
M F (6. E-2310R LESS FRANKEN 71 LOW FRED RES CIR 
M (I. E=20)OR LESS WILLIAMS 71 CNTR TESTS GAUSS LAW 

(7.3E-R2)OR LESS HOLLWEG 7A ~LFVEN WAVES 
(6. E-22)OR LESS CL=,997 DAVIS 75 JUPITER MAGF;ELD 

M 3. E-33 OR LESS CHIBISOV 76 GALACTIC MAG FLD 
M F VALIDITY QUESTIONABLE. SEE CRITICISM IN KROLL 71 AND GOLDHABER 71. 

R E F E R E N C E S  F O R  7 

GINTSBUR 64 SOV ABTR A J7 536 M. A. GINTSBURG (ACAD SCI,USSR) 
PATEL 65 Pt I/, 105 V.L. PATEL (DURHAM) 
GOLDHABE 68 PRL 21 567 A. GOLDHABER,M. NIETO (STONY BROOK) 
FRANKEN 71 PRL 26 1!5 P A FRANKEN, G W AMPULSKI (MICH) 
WILLIAMS 71 PRL 86 721 +~ALLER,H~LL (WESLE'YAN) 

ROLLWEG 7A PRL 32 961 J V EOLLWEG (NATL CENTER FOR ATMOS RESRCH) 
DAVIS 75 PRL 35 1402 +GOLDHABER,NIETO (CI~+STON÷LASL) 
CHIBISOV 76 SPU 19 624 G,B.CHIBISOV (LEND) 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

GOLDHABE 71 RMP 43 277 A S GOLDHABER, M M NIETO (STON+BOHR+UCSB) 
KROLL 71 PRL 26 1395 N M KROLL (GLAD) 
BYRNE 77 AST.SP.RCI.A6 115 J.C.BYRNE (LOIC) 

[ ~  J=t 

MEASUREMENTS OF CHARGED WEAK GAUGE BORON PARAMETERS ARE LISTED 
HERE. SEE ALSO OTHER STABLE PARTICLE SEARCHES SECTION. 

W M A S S  (GeV) 

M 6 (81.) (5.) ARNISON 83 UA1 REPL.BY ARNISON2 83 
M 27 (80.9) (2.9) ARNISON2 83 UAI P PSAR ECM=5&6 GEV 

B (81.0) (2.8) BAGNAIA 83 UA2 p PBAR ECM=5L6 GEV 
(80.) E~O.) I 6 . )  SRWNER 83 U~Z PBA~ ECM=546 GEV 

M C D I (81.) (6.) (7,) ARNISON2 8A UAI P P PBAR ECM=546 GEV 
37 (83.1) (2.3) BAGNAIA 84 UA2 PBAR ECM=54E GEV 

E 119 81.2 1.7 APPEL 86 UA2 P PBAR ECM=546+630 
M F 86 83.5 2.9 ARNISON 86 UAI P PBAR ECM=546+630 
M 
M B BASNAIA 83 MASS IS PRELIMINARY VALUE OBTAINED IN 20 EXPERIMENT 
M C USING W+- INTO MU÷- NU 
M D STAT. (1.9) AND SYST.(I.3) ERRORS ADDED IN QUADRATURE. 
M E ERRORS ADDED IN QUADRATURE INCLUDE STAT. (÷-I.D), SYST. WHICH 
M E CANCELS IN MW/MZ (÷-I.3), AND NON-CANCELLING SYST. (÷~0.5). 
M F THIS IS ENHANCED SUBSAMPLE OF 172 TOTAL EVENTS. 
M F STAT (+ I . 1 - I .D )  AND SYST (2.7) ERRORS ADDED IN QUADRATURE. 
M . . . . . . . . .  
M AVG 81.8 1.5 AVERAGE 

W W I D T H  (GeV) 

27 (7 , )  OR LESS CL=.90 ARNISON2 83 UAI P PBAR ECM=546 GEV 
119 (7.) OR LESS EL=.90 APPEL 86 UA2 P PBAR ECM=546~630 

w F 86 6.5 OR LESS CL:.90 ARNISON ~6 UA1 P PBAR EDM=546+630 
F IF SYSTEMATIC ERROR IS NEGLECTED, RESULT IS 2.7+1.4-q,5 REV, 
F THIS IS ENHANCED SUBSAMPLE OF 172 TOTAL EVENTS. 

W A N O M A L O U S  M A G N E T I C  M O M E N T  
WMG A.~ .M. : I  IN STANDARD THEORY. 
WMG A HERZO6 84 THY 
WMG A HERZOG 84 CONSIDER THE CONTRIBUTION OF W-BORON TO MUON MAGNETIC 
HMG A MOMENT INCLUDING ANOMALOUS COUPLING OF W-W-GAMMA. OBTAIN A LIMIT 
WMG A 0 < A,M.M. < 2 IF MASS SCALE OF UNDERLYING THEORY(CUT~OFP) IS I TEV 

W P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

PI W ± ~ 8 ~ v .511+ 0 

P2 W E ~ ~ ± ~ I06+ 0 

P3 W E ~ C ± P~ .511÷ O+ 0 

P4 W ± ~ ~ ± P ~ 106+ O÷ 0 

W B R A N C H I N G  R A T I O S  

W E ~ (e  E ~) / total  (Pl) 
RI 119 SEEN APFEL 86 UA2 ~ PBRR ECM=SAE-630 
RI 172 SEEN ARNISON 88 UAI PBAR ECM=546.630 

W E ~ ( #  ± ~) / total  (p2) 
R2 14 SEEN ARNISON2 8~ UAq P PBAR ECM:SA6 GEV 

W ± ~ ( ~ ±  ~)/ (e ± v)  (Pz)/<p~ 
R3 1.24 0.6 0.4 ARNISON2 84 UAI P PBAR ECM=5L6 GEV 

W E ~ # ± p ~ (P3) 
R4 A I EVT VS 52 W--> E NU EVTS ARNISON 84 UAI P PBAR ECM=5AD GEV 
RA 0 EVT VS 119 W--> E NU EVTS APPEL 86 UA2 P PBAR ECM=545~630 
R4 A ARNISON 84 W-->E NU GAMMA ONE EVENT IS CONSISTENT WI~H QED BREMS. 
R4 A MASS NOT RESTRICTED TO W MASS. 

R5 A O EVT VS 18 W--> MU NU EVTS ARNISDN 84 UAI P PBAR ECM=S46 GEV 
R5 A MASS NOT RESTRICTED TO W MASS. 

w E ~ ( e  ± ~ ) / ( e  ± ~) (PSIpl) 
R6 A 0.1 OR LESS CL=,9O ARNISON 84 UAI P PBAR ECM=546 GEV 
R6 A AFTER ACCOUNT FOR SELECTION EFFICIENCY AND GEOMETRIC ACCEPTANCE. 

R E F E R E N C E S  F O R  W 

ARNISON 83 PL 1228 103 UAI COLLAB,(AACH~APP+BIRM+CERN÷HELS+LOQM÷) 
ARNISON2 83 PL 129B 273 UAI EOLLAB.(AACH÷LAPP÷BIRM÷CERN+HELS+LOQM÷) 
BAGNAIA 83 PL 1298 130 UA2 EOLLAB. (BERN+CERN*BOHR+LALO+PAVI+SACL) 
BANNER 83 PL 122B 478 UA2 COLLAB. (BERN~CERN+BOHR+LALO~PAVI+SACL) 
ARNISON 84 PL 135B 250 UAI COLLAB.(AACH+LAPP+BIRM+CERN÷HELS+LOQM+) 
ARNISON2 84 PL 134B 469 UAI COLLAB.(AACH÷LAPP+BIRM+CERN~HARV+HELS+) 
8AGNAIA 84 ZRHY C24 1 DR2 COLLAB.IBERN+EERN+BONR+ORSA+FAV~+SAEL+) 
HERZDG 84 PL 148G 355 F.HERZOG (WISE) 
APPEL 86 ZPHY C TO BE PUB UA2 COLLAB.(BERN÷CERN÷BDHR÷HEID+ORSA+PRVI+) 
ARNISON 86 PL B TO BE PUB UAI COLLAB,(RACH+ANIK÷LARP+BIRM~DERN*HARV~) 

[ ~  J= l  

MEASUREMENTS OF NEUTRAL WEAK GAUGE BORON PARAMETERS ARE LISTED 
HERE. SEE ALSO OTHER STABLE PARTICLE SEARCHES SECTION. 
SPIN FROM STANDARD MODEL. 

Z M A S S  (GeV) 

(95.2) (2.5) ARNISON 83 UAI REPL.BY ~RNISON2 83 
(95.6) (3.2) ARNISON2 83 U~1 p PBAR EC~=5A6 GEV 

BAGNAIA 83 UA2 P PBAR ECM=546 GEV 4 (91.9) (1.9) 
(85.8) (7.0) (5.A) ARNISONZ 84 UAI P PBAR ECM=546 GEV 
(92.7) (2.2) BAGNAIA 84 UA2 PBAR ECM=546 GEV P 

I 92,5 2~0 APPEL 86 UR2 P PBAR ECM=546*630 
14 93.0 3.3 ARNISON 88 UAI P PBAR ECM=546+630 
FROM 4 MU+ MU-, I MU* MU- GAMMA. 
REANALYSIS OF BAGNAIA 83 AFTER RECALIBRATION OF CALORIMETER. 
STAT. (1.7)  AND SYST, (1.4)  ERRORS ADDED IN QUADRATURE. 
STAT. (1.3) AND SYST, (1.5) ERRORS ADDED IN QUADRATURE. 
STAT. ( I , 4 )  AND SYST, (3.0)  ERRORS ADDED IN QUADRATURE, 

" 92~6 " ' "  i . 7  " AVERAGE 

Z W I D T H  (GeV) 

W 4 (10.2) OR LESS EL=.90 ARNISON 83 UAI REPL.BY ARNISON2 83 
W 4 (8.5) OR LESS CL=.90 ARNISON2 83 UAq P PBAR ECM=SL6 GEV 

4 (11.) OR LESS EL=.90 BAGNAIA 83 UA2 P PBAR ECM=5L6 GEV 
4 (6.5) OR LESS EL=.90 BASNAIA 84 UA2 P PBAR ECM=546 GEV 

B A (2.6) OR LESS CL=.9D ~GNAIA 8~ U~2 ~ 9BAR EC~=546 GEV 
W 13 4.6 OR LESS CL=.90 APPEL 86 UA2 P PBAR ECM=SL6+630 
W C 13 (3.2) OR LESS EL=.90 APPEL 86 UA2 P PBAR ECM=546+630 

13 (2.2) (0.7) (0.5) APPEL 86 UA2 P PBAR ECM=566*630 
14 (8.3) OR LESS CL=.90 ARNISON 86 UAI P PBAR ECM=546~630 

W B RATIO OF Z ANS W PRODUCTION GIVES Z-WIDTH < W-WIDTH *(0.93~-0.09). 
B ASSUMING W-WIDTH = 2,77 GEV, GIVES Z-WIDTH < 2.64-0.3 GEV. 
C RATIO OF Z AND W PRODUCTION GIVES EITHER 

W C Z-WIDTH < W-WIDTH * (I.2+-0.I) CL=.DG 
~ Z-WIDTH = W-WIDTH " (0.83.0.26-0.22). 

ASSUMING STD MODEL VALUE U-WIDTH =2.65 GEV THEN GIVES 
C Z-WIDTH < 3.2+-0.2) OR = 2.2÷0.7-0.5 WITH SYST. ERROR=D.22. 
6 IF SYSTEMATIC ERROR IS NEGLECTED, RESULT IS 3.9+2.3- .5 GEV. 

Z P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

PI 2[ ~ ~ + ~-- .511+.511 

P2 Z ~ ~+ ~-- 106* 106 

P3 Z ~ e + e -  ~ .511+,511* G 

PQ Z ~ ~ + ~- ~ 106÷ 106+ o 

Z B R A N C H I N G  R A T I O S  

Z ~ ( e + e - ) / t o t a l  ( p l )  

RE 4 SEEN ARNISON 83 UAI P PBAR ECM=5&6 GEV 
RE B 8 SEEN BAGNAXR 83 UA2 P PBAR EGM~SL6 GEV . 
RE 13 SEEN APPEL 86 UA2 P PBAR ECM=5AE+680 I ARNISON 86 UAI P PBAR ECM=546~650 R1 16 SEEN 
RE B BAGNAIA 83 INTERPRET THEIR EVENTS AS EITHER (Z-->E÷ E-) OR 
RE S (Z--~E~ E- GAMMA) . 
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Z ~ ( # +  ~ - ) / t o t a l  (PBI 
R2 I SEEN ARNISON B3 UAI P PBAR ECM=546 GEV 

ZG ~ (e + e -  7)/ tota l  (P3) 
19B3 RADIATIVE ZO DECAY EVENTS (ZO >E+E-GAMMA, ZO-->MU~MU-GAMMA) 

R~ ARE IN EXCESS OF EXPECTED BREMSSTRAHLUNG RATE. IF 
R4 ZO--,x GAMMA WrTH X >E~E-, THE TWO E+E- GAMMA EVENTS GIVE 
R4 MX=4D~50 GEV. ELECTRON WIDTH OF X ABOUT I MEV. SEE ALSO SUBSECTIONS 
R4 ON W= >E NU GAM AND ON X HYPOTH IN OTHER STABLE PARTICLE SEARCHES. 
R4 A 1 SEEN IN A E.E- EVT5 ARNISON 83 UAI P PBAR ECM=546 GEV 
RA B I SEEN IN 8 E+E- EVTE BRGNAIA 83 UA8 P PBAR ECM=546 GEV 
R4 C I SEEN IN 13 E*E- EVTE APPEL 86 UA8 P PBAR ECM=546+630 
R4 A ARNISON B3 EVENT HAS NEGATIVE TRACK OF 9+-I GEV WITH CALORIMETER 
R~ A DEPOSITION OF 48÷-I GEV. INTERPRETED AS HARD GAMMA PLUS E-. 
RA B BAGNAIA 83 EVENT HAS 3 BODY TOPOLOGY WITH GAMMA AND E- BIT SEPARATE 
R4 B CELLS, 
RA C INCLUDES EVT OF SAGNAIA 83. PROB OF INTERNAL BREM = 19 PERCENT. 

Z ~ (#  + # -  ~ ) / to ta l  (pG) 
ARNISON 84 UAI P PBAR ECM=5A6 GEV R5 A I SEEN 

R5 2 SEEN IN 5 MU÷MU- EVENTS ARNIDON2 84 UAI P PBAR 80M=546 GEV 
R5 A ARNISON 8& EVENT HAS HARD PHOTON WITH ENERGY FRACTION OF 0.35 AND 
RS A ANGLE OF 9 DEGREES FROM MU+. HARD TO INTERPRET AS INTERNAL BREMS, 

C H A R G E  A S Y M M E T R Y  1N e + e -  ~ # +  ~ - ( i n c l u d i n g  rad. corrections) 
ZOA A SARTEL 82 JADE ECM=25. 36.BGEV 
ZOA B FERNANDEZ 83 MAC ECM=29 GEV 
ZOA E ALTHOFF 84 TASS ECM=34.4 GEV 
ZOa D ADEVA 85 MRKJ ECM=14.-A6,8 GEV 
ZOA E ASH 85 MAC ECM=29 GEV 
ZOA F BARTEL 85 JADE ECM=18.-46. GEV 
ZOA G DERRICK 85 HRS ECM=29 GEV 
ZOA 
"ZOA A BARTEL BE OBTAINED A= 0,118+-.038 AFTER RAD. CON. AND FOR 
ZOA A EOG(THETA) WITHIN (+-0.8) .  CONSISTENT WITH STANDARD MODEL 
ZOA A PREDICTION A=-0,078). 
ZOA 
ZOA B FERNANDEZ 83 GOT A=-.O76~.O18-,OO3,ST,MODEL(INCL.RC) GIVES A=-,O60, 
ZOA 
ZOA C ALTHOFF 84 OBTAINED A=-.098+ .D23÷-.005, SIN(THEIA/WI**Z=.27÷-.07. 
ZOA 
ZOA D ADEVA B5 OBSERVE ASYMMETRY (STD MODEL} VS S* ' I / 2  
ZOA D +5.3+ D.O (-1,5) 14.0 GEV 
ZOA D -11.7~-1.7 (-8.5) 34.6 GEV 
lO~ D -16.7+-4,0 (16.0) A4,6 GEV 
ZOA 
ZDA E ASH 85 OBSERVE -0.063~0.008÷-0.002. STD MODEL GIVES -0.063 
ZOA E FROM 16000 EVENTS. 
ZOA 
ZOA F BARTEL 85 OBSERVE ASYHMEVRY (STD MODEL) VS S* ' I / 2  
ZOA F +2.A+-G.3 I-1.2) 13.9 GEV 
ZOA F ID.3+-1.6÷-0.9 (7.6) 3A,4 GEV 
ZOA F -17.7~-3.8+-I.6 (-12.5) 42.4 GEV 
ZOA 
ZOA G DERRICK 85 OBSERVE A=-O.OA9÷-O.015÷-O.OO5 CONSISTENT WITH THEORY 
ZOA G VALUE (WITH RAD. CORR'SI OF 0.059. 

C H A R G E  A S Y M M E T R Y  IN e + e -  ~ T + T -  (including tad. corrections) 
ZOT A BARTEL2 85 JADE ECM=30-46.8 EEV 
ZOT A BARTELE BS OBSERVE ASYMMETRY (STD MODEL) VS S**I/Z 
ZOT A -6,0+-2.5+-I.0 (-8,8) 34.6 GEV 
ZOT A -11,8÷-4,6+ 1.0 (-14.8) 43.0 GEV 

R E F ERENCES FOR Z 

BARTEL 82 PL IO8B 140 JADE C. (DESY÷HAMB÷BEID+LANC÷MGHS÷RL+TOKY) 
ARNISON 83 PL 126B 398 UAI COLLAB.(AACH+LAPP+BIRM+CERN+HELS+LOQM*) 
ARNIDON2 83 PL 129B 273 UAI COLLAB.(AACH+LAPP+BIRM+CERN+HELG+LOQM*) 
BAGNArA B3 PL IB9B 130 UA2 COLLAB. (BERN+CERN~BOHR+LALO÷PAVI+SAC£) 
FERNANDE 83 :PEL 50 1238 + (COLO*FRAS+HOUS+NEAS+STAN+SLAC+UTAH÷WISt) 
AL~HOFg 8G ~PHY C22 13 TASSO C. (AACH+BONN+DESY*HAMB+LOIC+DXF+RL+) 
ARNISON BA PL 135B 250 UAI COLLAB.(AACH+LAPP÷BIRM+CERN÷HELS+LOQM+) 
ARNISONE 84 Pk IA7B Z41 UAI COLLAB.(AACH*LAPP+BIRM+CERN÷HARV*HELS*) 
BAGNAIA 8L ZPHY C24 1 UA2 COLLAB.(BERN~CERN÷BOHR÷ORSA+PAVI+SACL÷) 
ADEVA 85 PRL 55 665 MARK-J C CAACH÷BNL+CIT*DESY÷MIT÷MADR÷ANIK+) 

~LSO 82 PRL 4B 1701 MARK-J C (AACH+DESY+MIT+MADR+ANIK*BHEP) 
ASH 85 PRL 55 183" MAC C. (COLO+FRAS*HOUS÷NEAS+DLAD+UTAH+WISC) 
BARTEL 85 ZPHY CE6 507 JADE C.(DESY÷HAMB*REID+LANC*MCHS+UMD+RHEL÷) 
BARTEL2 B5 PL 161B IBD JADE C.(DFSY+HAMB~HEID+LANC~MCHD+UMD÷RBEL÷I 
DERRICK 85 PR 031 2352 HRS C. (ANL+INDI÷MICH÷PURD+LBL÷SLAC) 
APPEL 86 2PHY C TO BE PUB UA2 DOLLAB,(BERN÷CERN~BOHR+HEID*ORSA÷PAVI*) 
ARNISON 86 PL B TO BE PUB UAI COLLAB.(AACH+ANIK÷LAPP÷BIRM÷CERN÷HARV+) 

L E P T O N S  

NOTE ON NEUTRINOS 

(by R.E. Shrock, State Univ. of New York, Stony 
Brook) 

With the 1982 edition of this Review, the section on 
neutrino properties was expanded and reorganized. As 
before, there are listings which deal specifically with re,  

v ,  and u r. In addition, in the category of searches near 
the end of the Stable Panicle Full Listings, we include 
sections which deal with correlated bounds on neutrino 

masses and lepton mixing but which do not pertain to 

any one weak eigenstate individually. Furthermore, we 
include constraints from cosmological and astrophysical 

data. (Since this Review is a compendium of data tradi- 

tionally derived more or less directly from panicle and 
nuclear physics, we have been somewhat less compre- 
hensive in our coverage of astrophysical data.) 

To summarize the current (December 1985) status, 

there is no undisputed experimental evidence for 
nonzero neutrino masses or mixing. The ITEP reports 

of a nonzero m ( v e )  observed in the decay 3H 

3He + e + v e (LUBIMOV 80, LUBIMOV 83, BORIS 
85) remain the only definite claims not directly contrad- 

icted by other experiments. However, from indepen- 

dent theoretical analysis of these data, it has been 
argued (SIMPSON 84, BERKVI1 85, BERKVI2 85) 

that, contrary to the ITEP claims, the ITEP data do not 

imply a nonzero value of m(ve) .  
In contrast to the other particles in this Review, the 

neutrinos v e, v u, and v r are defined as weak eigenstates 
(that is, states which couple weakly with unit strength to 

e, v, and r) and are not, in general, states of definite 
mass. In the standard model, where all neutrinos are 
assumed to be massless and hence degenerate, it is pos- 

sible to define the weak eigenstates to be simultaneously 

mass eigenstates. However, in the general case of possi- 
bly massive (nondegenerate) neutrinos, the weak eigen- 

states have no well-defined masses, but instead are 

linear combinations of mass eigenstates. Let us denote 
the char~ed lemons as the set { g a }' a = 1, • • , ,  n,  ° 
where n >t 3 is the number of generations, with (1 -= e, 

g2 =- ~' g3 =- r. In the standard SU(2)L ×U(I)e lec-  
troweak theory I the mixing of the left-handed com- 

ponents of the mass eigenstates (v j )  L to form the weak 

gauge-group eigenstates (vg a)L is specified by the 

transformation 

n 

(re a )L = J ~1  o a j  (Vj)L ' 

where U ~ = U -  1 (In the case of Dirac neutrinos there 
are right-handed components of the v j ,  but they are 
singlets under the gauge group; in the case of Majorana 
neutrinos in the standard theory there are no indepen- 
dent right-handed components.) The ordering of the 
mass eigenbasis is defined such that U is as nearly diag- 
onal as possible, i.e., [ b~j [ (no sum on j )  >~ [ Ujk [, k 
¢ j .  This does not imply that m ( v i )  > m ( v  k)  i f j  > 



For notation, see key on page 91. 

k, although this ordering might be regarded as natural 

in view of  the similar one that obtains in the quark sec- 

tor. The virtue o f  this convent ion is that a mass limit 

on " m  (yea)" can 

be used as a definite limit on v j,  j = a ,  the dominant ly  

coupled mass eigenstate in vg a. 

Thus, in this general case of  n possibly massive 

(Dirac or Majorana) neutrinos, decays such as 3H 

3 H e + e  + v  e andTr + ~ # + + v g ,  which have been 

used to set the best bounds on the respective neutrino 

masses, really consist o f  incoherent sums of  the separate 

decay m o d e s 3 H - - ~ 3 H e + e  + v j a n d T r  + - - ~ + + v  k, 
where the v j,  v k are mass eigenstates, and the indices j 

and k range over the subset { 1, • • • ,  n } allowed by 

phase space in these two respective decays. 2 The cou- 

pling strengths for the jth modes are given for the two 

decays by the factors [ Ulj [2 and [ U2j [2, respectively. 

There are, in addition, certain kinematic factors depend- 

ing on the m (v i) which enter in determining the branch- 

ing ratio for the jth decay mode. Assuming that the 

off-diagonal elements of  the lepton mixing matrix U are 

small relative to the diagonal elements, the dominantly 

coupled decays are the ones with coupling strength 
[ Ua j [ 2, a = j,  i.e., 3H ~ 3He + e + v 1 and 7r + --~ 

~t + + v  2. 
It follows that the old neutrino mass limits quoted in 

the literature for "m (re)", " m  ( v ) "  and " m  ( v ) "  are 

meaningful only insofar as they are reinterpreted as lim- 

its on the corresponding mass eigenstates. Specifically, 

a bound such as the Bergkvist limit, 3 " m  (%)" < 60 eV 

(90% CL), really constitutes a weighted limit on each of  

the mass eigenstates vj in the weak eigenstate v e which 

are kinematically allowed to occur in tr i t ium decay and 

which are coupled with strength [ U l j [  2 sufficiently 

large to make a significant contribution to the observed 

spectrum. It is thus certainly a limit on v 1. If  leptonic 

mixing is hierarchical as quark mixing is known to be 

(at least for the first three generations), i.e., [ Ujj [2 > >  

] Uj k ] 2 j ~ k, then v 1 is the only mass eigenstate sig- 

nificantly constrained by a bound on "rn(ve)." Further- 

more, a neutrino mass limit cannot be stated in isola- 

tion; it always contains some implicit dependence on 

the relevant lepton mixing angles. Fortunately, this 

dependence is relatively unimportant  for the dominantly 

coupled decay modes,  i.e., evl, ~zv2, and ~3" Since 
these modes  were the ones responsible for the mass lim- 

its given previously, the latter can be reinterpreted 

without significant complication as proper limits on 

m(uj), j = 1, 2, and 3, respectivelY. 
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In addit ion to mass and lifetime limits, we have 

added data on neutrino magnetic dipole moments .  

These are of  interest because a massless, purely chiral 

(empirically, left-handed) Dirac neutrino cannot have a 

magnetic (or electric) dipole moment .  The same is true 

for a Majorana neutrino, whether massless or massive, 

because of  its defining property of  being self-conjugate. 

If  one considers the possibility of  nonzero masses for 

neutrinos, for consistency one must  also consider the 

leptonic mixing which would in general occur concomi- 

tantly. Accordingly we have devoted one category in 

the searches section to correlated bounds on neutrino 

masses and lepton mixing angles. These can be divided 

into two types. First, there are those due to decays 

involving neutrinos in the final state, which must be 

recognized to have the possible mult imode structure 

pointed out above. In the two most  sensitive cases sug- 

gested as tests for neutrino masses and mixing, 2 one 

obtains a limit on m(vj) and [ Uaj [2 individually for 

each j .  Second, there are those due to processes involv- 

ing the propagation and subsequent interaction of  neu- 

trinos. The latter are often called neutrino "oscilla- 

tion ' '3 limits, although this term is correct only if the 

differences in neutrino masses are sufficiently small rela- 

tive to their momenta  that the propagation is effectively 

coherent in a quantum mechanical sense; otherwise, the 

individual vj from a given decay such as 7ru2 or Ku2 
propagate in a measurably incoherent manner  and there 

is no "oscillation." Experimentalists usually present 

their results in terms of  a simplifying model in which 

mixing is assumed to occur only between two neutrino 

species. Then the transformation equation becomes 

[V~a)=  [ cosO sin0 v i 

LVgb cos 0 

Let the distance between the source of  the neutrinos and 

their point  o f  interaction be labeled as x ,  and their 

energy as E .  Assume furthermore that the m (v j) are 

such that the coherence assumption is valid. Then, the 

probability of  an initial VCa being equal to V(b at time t,  

or equivalently (given the above assumption) at distance 

x = t ,  i s  

ll,(v%(O)~Vea(t)) 12 = sin220 sin 2 [ 4E J ' 

where 

Am 2 = m(vi)2--m(vj) 2 . 
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Thus, neutrino oscillation experiments cannot measure 

individual neutrino masses, but only differences of 
masses squared, and indeed these are generally weighted 

in a more complicated way by mixing-matrix 

coefficients than in the two-species model. Experimen- 

tal results are presented as allowed regions on a plot, the 
axes of which are [/,m21 and sin220. These are often 
summarized in terms of the asymptotic limits 
[~m 2[max for sin 2 20 = 1, and sin 2 20 for "large" 

[Am21 , i.e., sufficiently large I Am 2 [ that the detector 

averages over many cycles of oscillation (or there ceases 
to be any coherence). We refer the reader to the original 
papers for the two-dimensional p!ots; for the purpose of 

these Full Listings, we shall give only the asymptotic 
limits. 

An important question has to do with whether neu- 

trinos are Dirac or Majorana (self-conjugate) particles. 
In the former case neutrinoless double beta decay, (Z,A) 
-~ (Z + 2, A ) + e -  + e - ,  is forbidden from occurring. 4 

In the Majorana case it may occur if (a) neutrinos are 
massive and/or (b) there are right-handed leptonic 

currents. In the light-neutrino case an upper limit on 
neutrinoless double beta decay yields a correlated upper 

bound on the quantity 

=--j~=l U21j m(vJ) 

and 7, the fractional admixture of right-handed leptonic 
current. 

The correlated limits given in the section on Massive 

Neutrinos and Lepton Mixing are in digital form. For 

recent compendia of limits in convenient graphical 
form, see Refs. 5 and 6, and Figs. 1 and 2 (pp. 332-333) 
of Ref. 7. 

Further explanatory notes are included in the Full 
Listings. 
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F ~  I "/=3 
NOT IN GENERAL A MASS EIGENSTATE 

V e " M A S S "  (eV) 

APPLIES TO NU(1), THE PRIMARY MASS EIGENSTATE IN NU(E). WOULD ALSO 
APPLY TO ANY UTHER NU(J) WHICH MIXES STRONGLY IN NU(E) AND HAS 
SUFFICIENTLY SMALL MASS THAT IT CAN OCCUR IN TEE RESPECTIVE DECAYS. 
THE NEUTRINO MASS MAY BE OF DIRAC OR MAJORANA TYPE; THE FORMER 
CONSERVES TOTAL LEPTON NUMBER WHILE THE LATTER VIOLATES IT. 
IN GENERAL, EITHER WOULD VIOLATE LEPTUN FAMILY NUMBER, SINCE 
NOTHING FORCES THE NEUTRINO MASS EIGENSTRTES TO COINCIDE WITH THE 
NEUTRINO INTERACTION EIGENSTATES. FOR LIMITS ON MAJORANA NU(E) 
MASS, SEE THE SECTION ON MASSIVE NEUTRINOS AND LEPTON MIXING, 
PART 5(C), ENTITLED SEARCHES FOR NEUTRINOLESS DOUBLE BETA DECAY, 

NOTE - -  TEE ABBREVIATION ANU IS USED BELOW FOR NUBAR 

(250.) OR LESS LANBER 52 CNTR ANU(E), TRITIUM 
(500.) OR LESS HAMILTON 53 CNTR ANU(E), TRITIUM 
(550.) (280.) FRIEDMAN 5B CNTR ANU(E), TRITIUM 

(4100.) OR LESS CL=.67 BECK 6B CNTR NU, SODIUM 22 
D (500.) OR LESS el=.90 DARIS 69 CNTR ANU(E), TRITIUM 

(320.) OR LESS CL=.90 SALGO 69 CNTR ANU(E), TRITIUM 
(60. )  OR LESS CL=.90 BERGRVIS 72 CNTR ANU(E), TRITIUM 
(86. )  OR LESS CL=.90 RODE 72 CNTR ANU(E), TRITIUM 

(100.) OR LESS PIEL 73 CNTR ANU(E), TRITIUM 
(4.SE5)OR LESS CL=.90 CLARK 74 ASPK KE3 DECAY 

L (35.) OR LESS EL=.90 TRETYAKOV 76 SPEC ANU(E), TRITIUM 
L (IA.) TO 46. CL=.99 LUBIMOV 80 SPEC ANU(E), TRITIUM 

(65.) OR LESS CL=.95 SIMPSON 81 ENTR ANU(E), TRITIUM 
(1300.) OR LESS ANDERSEN 82 CNTR NU, HOLMIUM 163 

(50.) OR LESS CL=.90 DERBIN 83 GNTR ANU(E), TRITIUM 
(500.) OR LESS CL=.90 JONSON 83 CNTR NU, PLATINUM 193 
(20.) OR MORE CL=.95 LUBIMOV 83 CNTR ANU(E), TRITIUM 

(1250.) OR LESS YASUMI 83 ENTR NU, HOLMIUM 163 
(20.) TO 45. NO CL BORIS 85 ENTR ANU(E), TRITIUM 

ORRIS 69 VALUE 75EV(CL=.67) DISAGREES WITH THEIR F10.6. WE USE 
FIG.6. 
TRETYAKOV 76 DATA INCLUDED, AT LEAST IN PART, IN LUBIMOV 80. 
NOTE THAT LUBZMOV 83 REMARKS THAT THE 14 EV LOWER LIMIT GOES TO 
ZERO IF THE INTRINSIC RESOLUTION OF THE CONVERSION LINES USED FOR 
CALIBRATION ARE TAKEN INTO ACCOUNT. A DETAILED DISCUSSION IS GIVEN 
BY SIMPSON B4. SEE ALSO THE DISCUSSION OF THE LUBIMOV 80 RESULT 
BY BERGKVIST 80. WE CONTINUE TO USE UPPER LIMIT FROM LUBIMOV BO 

L IN THE STABLE PARTICLE SUMMARY TABLE. 
LIMIT OBTAINED BY YASUMI 83 ASSUMES UPPER LIMIT ON Q-VALUE 
REPORTED BY ANDERSEN 82. 

PRELIMINARY RESULT FROM BRIGHTON CONF. SEE SIMPSON 84 AND BERGKVII 
WHOSE INDEPENDENT THEORETICAL ANALYSES OF LUMIMUV 83 DATA DISAGREE 
WITH LUBIMOV 83 CLAIM O; NONZERO MASS, 
INDEPENDENT THEORETICAL ANALYSIS BY BERGKVI2 85 OF BORIS 85 DATA 
(LUBIMOV DATA) DISAGREES WITH BORIS 85 CLAIM OF NONZERO MASS. 



For notation, see key on page 91. 

el - Vl  MASS DIFFERENCE (eV) 

TEST OR OPT FOR A DIRAC NU (NOT A VERY STRONG TEST) 

OM (410D.) OR LESS CL=.67 BECK 68 CNTR NU, SODIUM 22 
DM (4.5ES)OR LESS EL=.90 CLARK 74 ASPK KE3 DECAY 
DM (1300.) OR LESS ANDERSEN 82 CNTR NU, HOLMIUM 163 
DM Y 125D. OR LESS YASUMI 83 CNTR NU, HOLMIUM 163 
DM Y ASSUMES UPPER LIMIT ON Q-VALUE REPORTED BY ANDERSEN 82. 

vi (MEAN LIFE)/MASS (sec/eV) 

3. E 2 OR MORE REINES 74 CNTR NUBAR 
REINES 74 LOOKED FOR NU(E) OF NON-ZERO MASS DECAYING TO A NEUTRAL 
OF LESSER MASS * GAMMA. USED LIQUIO SCINT, DETECTOR NEAR FISSION 
REACTOR. FINDS LAG LIFETIME 6.E7 SEC OR MORE. ABOVE VALUE OF 
(MEAN LIFE)/MASS ASSUMES AVG. EFFECTIVE NEUTRINO ENERGY OF O.2MEV. 
TO OBTAIN THE LIMIT 6.E7 SEE REINES 74 ASSUMED THAT THE FULL 
NUBAR(E) REACTOR FLUX COULD BE RESPONSIBLE FOR YIELDING DECAYS 
WITH PHOTON ENERGIES IN THE INTERVAL 0.1 MET TO 0.5 MET. THIS 
REPRESENTS SOME OVERESTIMATE SO THEIR LOWER LIMIT IS AN OVER- 
ESTIMATE OF TEE LAB LIFETIME (P. VOGEL, PRIV. COMM,, 19S4). 

MM 
MM 
MM B 

v I MAGNETIC MOMENT (eV/ganss) 

MUST VANISH FOR MAJORANA NEUTRINO OR PURELY CHIRAL MASSLESS 
DIRAC NEUTRINO 

(1.IE-17)OR LESS BERNSTEIN 63 
BERNSTEIN 63 IS A THEORETICAL ANALYSIS OF REACTOR NUBAR(E) 
SCATTERING DATA. 

REFERENCES FOR v e 

LANGER 52 PR 88 689 
HAMILTON 53 PR 92 1521 
FRIEDMAN 58 PR 109 2214 
BERNS~EI 63 PR 152 1227 
BECK 68 ZPHY 216 229 
SARIS 69 NP A138 545 
SALGO 69 NP A138 417 

BERGKVIS 72 NP 039 317 
RODE 72 LNC 5 139 
PIEL 73 NP A203 369 
CLARK 74 PR. D9 533 
REINES 74 PRL 32 180 

ALSO 78 PRIVATE COMM. 

TRETYAKO 76 BASUP 40 10-1 
ALSO 76 NU CONF. AACHEN 

L M LANGER,R J D MOPFAT (INDIANA) 
D HAMILTDN,W P ALFORD,L GROSS (PRINCETON) 
LEWIS FRIEDMAN,LINCOLN G SMITH (BNL) 
BERNSTEINIRUDERMAN,FEINBERG (NYU+COLU) 

BECK,H DANIEL (MPIH) 
DARIS,C ST-P IERRE (LAVAL-QUEBEC) 

R C SALGO,H H STAUB (ZURICH) 

KARL~ERIK BERGKVIET (UNIT STOCKHOLM) 
B RODE,H DANIEL (MUNICH+MPIH) 
WILLIAM F. PILL, JR. (INS) 
+ELIOFF,FRISCH,JOHNSON,KERTH,SHEN+ (LBL) 
+SOBEL,EURR (UCI) 
V. BARNES (PURD) 

TRETYAKOV+ (ITEP) 
TRETYAKOV,MYASOEDOV,APALIKOV,KONYAEV÷(ITEP) 

BERSKVIS 00 NEUTRINO 80,ERICE K.E.BERGKVIST 
LUBIMOV SO PL 94B 266 

ALSO BO SJNP 32 154 
ALSO 01 JETP 54 616 

SIMPSON 81 PR D23 649 

ANDERSEN 82 PL 1130 72 
DERBIN 83 SJNP 38 665 
JONSON 83 NP A396 4790 
LUBIMOV 83 BRIGHTON CONF. 
YASUMI 83 PL 122R 461 
SIMPSON 84 DR D3D 1110 

BERSKVII 85 PL 154R 224 
BERGKVI2 85 PL 159B 408 
BORIS 85 PL 159B 217 

ALSO 85 JETPL 42 130 

(STOH) 
+NOVIKOV,NOZIK,TRETYAKDV,KOSIK (ITEP) 
(YF 32 301) KOZIKrLUBIMOV,NOVIKOV,~ (ITEP) 
(ZETF 01 1158) LUBIMOV,NOVIKOV,NOZIK+(ITEP) 
J.J.SIMPSBN (GUEL) 

+BEYER,CRARPAK,DERUJULA + (AARH+CERN*RISO) 
DERBIN,POPEKO (LENINGRAD) 
+ANDERSEN,BEYER+ (CERN+AARH+BOHR÷LUND) 
PROC. OF HER 83, P. 306 (ITER) 
+RAJASEKARAN,ARDO+(KEK+OGAK+TINT+TOHO+TSUK) 

J.J,  SIMPSON (GUEL) 

K.E. BERGKVIST (STOH) 
K.E. BERGKVIST (STOH) 
+GOLUTVIN,LAPTIN,LUBIMOV,+ (ITEP) 
BORIS,SOLUTVIN,LARTIN,LUBIMOV,+ (ITER) 

-- l 
J -~  

e MASS (MeV) 

MM (0.511006 0.00002) COHEN 65 RVUE 
(0.5110041 .0000016) TAYLOR 69 RVUE USING NEW E/H 

M 0.5110034 .0000014 COHEN 73 RVUE 

e MEAN LIFE / BRANCHING FRACTION (years) 

TEST OF CHARGE CONSERVATION 

MS (2. E21) OR MORE MOE 65 CNTR SEE NOTE S BELOW 
(G. E22) OR MORE MOE 65 CNTR E- --> NU GAMMA 

T S (5.5E21) OR MORE STEINBERG 75 CNTR SEE NOTE S BELOW 
T S 2. E22 OR MORE CL=.68 KOVALEHUK 79 CNTR SEE NOTE E BELOW 

(3.5E23) OR MORE CL=.BB KOVALCHUK 79 CNTR E- --> NO GAMMA 
(3. E23) OR MORE CL=.68 BELLOTTI 83 ENTR E- --> NU GAMMA 

T S 2. E22 OR MORE EL=.68 BELLOTTI 83 CNTR SEE NOTE B BELOW 
T M SEE MOE 65 FOR DISCUSSION OR EARLIER EXPERIMENTS. 
T M HOE 65 LIMIT REEBTIMATEO BY STEINBERG 75 TO BE (I. E20). 

S THESE LIMITS ARE FOR ALL MODES IN WHICH DECAY PARTICLES ESCAPE 
S FROM THE DETECTOR WITHOUT DEPOSITING ENERGY. 

T B SECOND LIMIT OR BELLOTTI 83 IS FOR DISAPPEARANCE OF K-ELECTRONS IN 
T B GE-ATOMS. THIS WOULD PRODUCE A PEAK IN THE GE(LII COUNTER SPECTRUM. 
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Stable Particle Full Listings 
%, e, v,~ 

e MAGNETIC MOMENT (e/2me) 

MM ELECTRON OR POSITRON S/2-VALUE 
MM THIS IS MAGNETIC MOMENT IN UNITS (E/2ME-) FOR E~, (E/2ME÷) FOR E+. 
MM FOR REVIEWS OF THEORY AND EXPERIMENTS~ SEE KINOSHIA 78, LAUTRUP 72, 
MM AND RICH 72. 
MM FOR MOST ACCURATE THEORETICAL CALCULATION, SEE KINOSHITA 81. 
MM (I.0011509) +-(24)E-7 SCBUPP 61 CNTR 
MM (1.001159622) ÷-(27)E~9 WILKINSON 63 CNTR - 
MM (1.001168) +-(22)E-6 RICH 66 CNTR + POSITRON 
MM R (1.001159557) ~(30)E-9 RICH 68 CNTR 
MM (I.00115963E9)~-(31)E-10 TAYLOR 69 RVUE 
MM (I.001159644) ÷-(7)E-9 WESLEY 70 CNTR 
MM (1.ODI1596577)+~(35)E-10 WESLEY 71 CNTR 
MM (1.0011603) ~-(12)E-7 GILLELAHS 72 CNTR 
MM (I.0011596567)÷-(35)E-10 COHEN 73 RVUE 
MM (1.001159667) +-(24)E~9 WALLS 73 CNTR - BOLDMETRIC TECRN 
MM (I.00115965241)+-(20)E-11 VANDYCK 77 CNTR - RPL.RY VANDYEK79 
MM V 1.001159652200+-(40)E-12 VANDYCK 79 CNTR PENNING TRAP 
MM 1.001159652222~ (5DIE-12 SCHWINBER 81CNTR ÷ PENNING TRAP 
MM R RICH 68 IS REEVALUATION OF WILKINSON 63. 
MM V VANDYCK 79 CONFIRMED FINAL BY R. DEHMELT, PRIV. COMM. 
MM . . . . . . . . . . . . .  
MM AVG 1.001159652209÷-(31)E-12 AVERAGE 
MM AVERAGE ASSUMING EQUAL G/2-VALUES FOR E÷ AND E- RY OPT. 

MMR POSITRON/ELECTRON G-FACTOR RATIO MINUS ONE, (G÷/E-)~I 
MMR TEST OF OPT 
MMR (1.6E-8) OR LESS EL=.95 SEREDNYAK 77 CNTR MG+=ME~ ASSUMED 
MMR 2.2E-11 6.4E-11 GCHWINBER 81 ELEC PENNING TRAP 

e ELECTRIC DIPOLE MOMENT (uni|s 10-23e-cm) 

FORBIDDEN BY BOTH T INVARIANCE AND P INVARIANCE 

EDM 0,3 OR LESS CL~.90 WEISSKODF 60 MRS CESIUM 
EDM (0,07) (0.22) EL=.90 PLAYER 70 MRS XENON 
EDM (0,19) (0.34) CL=.90 SAHDARG 75 MRS THALLIUM 
EDM (8,1) (11.6) VASILEV 7B 
EDM (0.4) (1.4) FLAMBAUM 85 THEO USE EDM OF 129XE 

REFERENCES FOR e 

SCHUPP ~I  PR 121 I A A SCHUPP,R W PIDD,H R CRANE (MICH) 
WILKINSO 63 PR 130 852 O T WILKINSON,H R CRANE (MICH) 
COHEN 65 RMP 37 537 COHEN,OUMOND (N.A.AVIATION SCI.CENTER+CIT) 
MOE 65 PR 140 B 992 M K MOE,F REINES (CASE INST TECHNOLOGY) 

RICH 66 PRL 17 271 A RICH, H R CRANE (MICH) 
RICH 68 PRL 20 967 A RICH (HIGH) 
WEISSKOP 68 PRL 21 1645 WEISSKOPF,CARRICO,GOULG,LIPWORTH+ (BRAN) 
TAYLOR 69 RMP 41 375 +PARKER,LANGENBERG (PRIN+UGI÷PENN) 

PLAYER 70 JPB 3 1620 M.A.DLAYER,P.G.R,SANBARS (OXF) 
WESLEY 70 PRL 24 1520 J C WESI_EY,A.RICH (HIGH) 
WESLEY 71 PR A4 13~I 3 C WESLEY,A RICH (MICH) 
GILLELAN 72 PR A5 38 J GILLELAND,A RICH (HIGH) 
LAUTRUP 72 RRPL 3 193 B.LAUTRUP,A.RETERMAN,E.DE RAFAEL(CERN÷BURE) 
RI~H 72 RMP 44 250 A RICH,J C WESLEY (MICH) 

COHEN 73 J.PHYS.CHEM.REF.DATA 2, P.663, E.R.COHEN,B.N.TAYLOR 
WALLS 73 PRL 31 975 F.L.WALLS,T.S.STEIN (HASH) 
SARDARS 75 DR Ali 473 P.G.H.SANSRRS,R.M.STERNHEIMER (OXF+BNL) 
STEINBER 75 PR D12 2582 R.I.STEIHBERG,KWIATKOWSKI,MAENRAUT+ (UMD) 
SEREDNYA 77 PL 66B 102 SEREDNYAKOV,SIOOROV,SKRINSKY~ (NOVO) 
VAMOYEK 77 PRL 30 310 ÷SEBWINBERG,GRBMELT (WASH) 
KINOSHIT 78 TOKYB HED P.571 T. KINOSHITA (CORN) 

VASILEV 78 JETP 47 243 +KOLYCREVA (JINR) 
KOVALCHU 79 JETDL 29 145 KOVALCHUK,POHANSKY,SMOLNIKOV (INRM) 
VANDYCK 79 BARS 24 758 +SCHWINEERG,PEHMELT (WASH) 

ALSO 81 AT.PHYS. 7, P.337 R.DERMELT(EDS.KLEPPNER+,PLENUM,NY,BI)(WASR) 
KIHOSHIT 81PRL 47 1573 T.KINOSHITA, W.B.LINDQUIST (CORN) 
SCHWINBE 81 PRL 47 1679 SCHWINBERG,VAN DYCK,DEHMELT (WASH) 
BELLOTTI 83 PL 1240 435 +CORTI~FIORINI,LIGUORI,PULLIA+ (MILA) 
~LAMBAUM 85 JETP 62? TOBE PUB FLAMBAUM,KHR~PLOVICH (NOVO) 

F ~  __ i J--7 

NOT IN GENERAL A MASS EIGENSTATE. SEE NOTE ON NEUTRINOS 
IN THE ELECTRON NEUTRINO SECTION ABOVE. 

V~ "MASS"  (MeV) 

APPLIES TO NU(2), THE PRIMARY MASS EIGENSTATE IN NU(MU). WOULD ALSO 
APPLY TO ANY OTHER NU(J) WHICH MIXES STRONGLY IN NU(MU) AND HAS 
SUFFICIENTLY SMALL MASS THAT IT CAN OCCUR IN THE RESPECTIVE DECAYS. 
(THIS WOULD BE NONTRIVIAL ONLY FOR J .GE. 3, GIVEN THE NU(E) 
''MASS'' LIMIT ABOVE.) 

(3.5) OR LESS BARKAS 56 EMUL 
(4.0) OR LESS DUDZIAK 59 CNTR 
(3.6) OR LESS FEINBERG 63 RVUE 
(3.0) OR LESS ALLGOCK 65 RVUG 

M (2.5I OR LESS BARDO~ 65 ABPK 
(2.8) OR LESS EL=.90 SHAFER 65 CNTR 
(I.6) OR LESS CL=.90 BOOTH 67 CNTR 

M (2.2) OR LESS EL=.90 HYMAN 67 HEBC 0. K- HE 
B M (1.2) OR LESS 0L=.90 BACKENSTO 71 CNTR M*'2=-1.28~-1.24 
S (1.15) OR LESS CL=.90 SHRUM 71 CNTR M**2= 1.55,-1.14 

M B M (1.15) OR LESS EL=,90 BACKENSTO 73 CNTR M*'2=-0.29+-0,90 
M (0165) OR LESS GL=.90 CLARK 74 ASPK KMU3 DECAY 
M (0.57) OR LESS CL=.90 DAUM 79 SPEC M**2= 0.13÷-D.14 
M L (0,52) OR LESS EL=.90 LU 80 ONTR M**2=D.IO2*-.119 
M (0.50) OR LESS 0L~.90 ANDERHUB 82 SPEC M*'2~-0.14,-0.20 
M A 0.25 OR LESS GL=.9O ABELA 84 SPEC M**2=-0.16*-0.08 
M M WE CALCULATE UPPER LIMIT AT EL=.90 FROM M**2. 

B BACKENSTOSS 73 REPLACES BACKENSTOSS 71 AND USES THEIR NEW PI- MASS. 
S BHRUM 71 USES GHAFER 67 PI- MASS VALUE AND CRANE 71 MU MASS VAGUE. 
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Stable Particle Full Listings 

M L L LU 80 COMBINES DAUM 79 PIT - ->  MU+ NU(MU) MEASUREMENT WITH NEW LUBO 
PI -  MASS AND REPLACES DAUM 79. 
ABELA 84 USE PDG04 VALUE FOR PI÷- MASS, IN CONJUNCTION WITH MU 
MOMENTUM MEASUREMENT IN Pl -> MU NU(MU) DECAY. 

v2" -- ~-2 MASS DIFFERENCE (MeV) 

TEST OF COT FOR A DIRAC NEUTRINO (NOT A VERY STRONG TEST) 

(0.45) OR LESS CL=.90 CLARK 74 ASPK KMU3 DECAY 

v2 (MEAN LIFE) /MASS (sec/eV) 

(3. E-3) OR MORE CL:.90 SELLOTTI 76 HLBS NU, CERN GGM 
( I .3E-2)  OR MORE CL=.90 BELLOTTI 76 HLBC NUSAR, CERN GGM 
(2.2E-3) OR MORE EL=.90 BARNES 77 DEC NU, ANL 12FT. 
( I .0E-2)  OR MORE CL=.90 BLIETSCH8 7B HLBC NU(MU) CERN GGM 

0 (1.7E-2) OR MORE CL=.90 BLIETSCHA 7B HLBC NUBAR(MU)U CERN GGM 
0 0.11 OR MORE CL=.90 FRANK 81 CNTR NU, NUBAR LAMPF 

THESE EXPERIMENTS LOOK FOR NU(MU) --> NU(E)÷GAMMA OR NUBAR(MU) -=> 
ANU(E)+GAMMA. 

77 
26 

9800 

~ !  (v~v2 VELOCITY) (units I0 4) 

EXPECTED TO BE ZERO FOR MASSLESS NEUTRINO 

(2.0)  OR LESS CL~.99 ALSPGCTOR 76 SPEC >50BEV NU 
(4.0) OR LESS EL=.99 ALSPECTOR 76 SPED <50GEV NU 
(0.4) OR LESS CA=.95 KALBFLEIS 79 SPEC 

MM K 
MM K 

v 2 MAGNETIC M O M E N T  (eV/ganss) 

MUST VANISH FOR MAJORANA NEUTRINO OR PURELY CHIRAL MASSLESS 
DIRAC NEUTRINO 

(4.7 E-17)OR LESS KIM 74 
KIN 74 IS A THEORETICAL ANALYSIS OF NUSAR(MU) REACTION DATA. 

REFERENCES FOR v~ 

BARKAS 56 PR 101 778 
DUDZIAK 59 PR 114 336 
FEINBERG 63 ARNS 13 431 
ALLCOCK 65 PPSL 85 875 
BARDON 65 PRL 14 ~49 

SHAPER 85 PRL 14 923 
SOOTH 67 PL 26B 39 
HYMAN 67 PL 25B 376 
BACRENST 71 PL 38B 403 
SHRUM 71 PL 37B 114 
BACKENS~ 73 PC 43B 539 

CLARK 74 PR 09 533 
KIM 74 PR D9 3050 
ALSPGCTO 76 PRL 36 837 
BELLOTFI 76 LNC 17 553 
BARNES 77 PRL 38 1049 
BLISTBCH 78 NP B133 205 

KALBFLEI 79 PRL 43 1361 
DAU~ 79 PR 020 2692 

ALSO 76 PL 60B 380 
ALSO 7B PL 74B 126 

LU 80 PRL 45 1066 
;RANK 81PR D24 2001 
ANDERSUB B2 PL 114B 76 
ABELA 84 PL IA6B 431 

w H BARKAS,W BIRNBAUM,F M SMITH (LRL) 
W ; DUOZIAK,R SAGANE,J VEDDER (LRL) 
G FEINBERG, L M LEDERMAN (COLUMBIA) 
G R ALLCOCK (LIVERPOOL) 
BARDON,NORTONrPEOPLES + (COLU*STONY BROOK) 

R E SHAFER,CROWE,JENKINS (LRL) 
BOOTH,JOHNSON,WILLIAMSrWORMALD (LIVERPOOL) 
*LOKEN,PEWITT,MCKENZIE÷ (ANL*CARN+NWES) 
BACKENSTOSS,DANIEL,KOCH+ (CERN,KARL,HEID) 
E V SHRUM,K 0 H 210CK (UNIV OF VIRGINIA) 
BACKENSTOSS,DANIGL,KOCH+ (CERN*KARL+MUNICH) 

+ELIOFF,FRISCH,JOHNSON,KERTH,SHEN * (LBL) 
J.E.KIM,V.S.MATHER,S.OKUBO (ROCH) 
ALSPECIOR + (BNL*PURD¢CIT+FNAL*ROCK) 
¢SAVALLI,FIORINI,ROLLIER (MILA) 
+CARMONY,DAUWE,FERNANDEZ + (PURD+ANL) 
BLIETSCSAU+(AACH+LIBH+CERN+EPOL+MILA+ORSA+) 

KALBFLEISCH,BAGGETT,FOWLER+(FNAL+PURD+BELL) 
÷EATON,FROSCH,HIRSCHMANN,MCCULLOCH+ (SIN) 
DAUM,DUBAL,EATON,FROSCH,MECULLOCH+(SIN÷ETH) 
DAUM,EATON,;ROSCH,RIRSCHMANN,+ (SIN) 
+DELKER,DUGAN,WU,CAFFREY* (YALE+COLU÷JHU) 
+BURMAR÷ (LASL+YALE+MIT+BACL+SIN+CNRC+BERN) 
+BOECKLIN,ROFER,KOTTMANN+ (ETH+SIN) 
+DAUM,EATON,FROSCE,JOST,KETTLE* (SIN) 

F ~  1 J=7 

# M A S S  (MeV) 

M (105.659) (0.002) FEINBERG 63 RVUE 
M (105.6599) (0.0014) TAYLOR 69 RVUE USING NEW E/H 
M C (I05.6597) (0.0005) CRANE 71 CNTR INCLUDED IN COHEN73 
M D (I05.6594) (0.0004) CROWE 72 CNTR INCLUDED IN COHEN73 
M (105.65948) (0.00035) COHEN 73 RVUE 

(105.63945)(0.00033) CASRERSON 77 CNTR + 
(105.65933)(0.00029) KLEMPT 82 CNTR +INCL IN MARIAM 82 

MM M 105.65928 0,00029 MARIAM 82 CNTR + 
C CRANE 71 GIVES MU/ME=208.76878(85). WE USE ME=,5110041(18)MEV. 

M D CROWE 72 GIVES MU/ME=208.7882(5) AND USES ME=.5110OAI(16)MEV. 
M A CASPERSON 77 GIVES MU/M6=206.76859(29). WE USE MG=.511GD34(14)MEV, 
M K KLGMPT 82 GIVES MU/MG=206.76S35(11). WE USE ME=.S11003A(14)MEV. 
M M MARIAN 82 GIVES MMU/ME=206.768259(62). WE USE MG=.S110034(14)MEV. 
M 

M FIT 105.65916 0.00030 FROM FIT (ERROR INCL. SCALE FACTOR 1,1) 

# MEAN LIFE (gsec) 

T 2,198 0.001 0.001 FARLEY 62 CNTR 
T 2.203 0.004 LUNSY 62 CNTR CONLEV=.98 

2.202 0.003 0.003 ECKHAUSE 63 CNTR 
2.197 0.005 0,002 MEYER 63 CNTR + 

T 2,198 0,002 0,002 MEYER 63 CNTR - 
T W (2.20026)(0.00081) WILLIAMS 72 CNTR ÷ 
T 2.1973 0.0003 DUCLOS 73 CNTR 
T 2.19711 0.00008 BALANOIN 74 CNTR + 

2,1948 0.0010 BAILEY2 77 CNTR - STORAGE RINGS 
2.1968 0,0020 BAILEY2 77 CNTR + STORAGE RINGS 

T (2.197182 0.000121) BARDIN 81 CNTR REPL. BY BARDIN E4 
T 2.197078 0.000073 BARDIN 84 CNTR + 

2.197025 0,000155 BARDIN S~ CNTR - 
2.19695 0.00006 GZOVANETT 84 CNTR + 

W WILLIAMS 72 WEAN LIFE MEASUREMENT WAS NOT THE PRIMARY PURPOSE OF 
W THEIR EXPERIMENT AND DISAGREES STRONGLY WITH LATER GXPTS. NOT AVGD. 

AVG "22197633 6.006039 0.000030 AVERAGE 

/ .~+ /g-  MEAN LIFE RATIO 

0T TEST OF CPT 
DT 1.000 0.001 MEYER 63 CNTR 

BAILEY 79 CNTR DT 1.0008 0.0010 
DT 1.000024 0,000078 BARDIN 84 CNTR 
ST 
DT AVB 1.000029 0.000078 AVERAGE 

MEAN LIFE MU+/MU- 
STORAGE RING 

# A N O M A L O U S  MAGNETIC M O M E N T  (units 1 0 - 6 e / 2 m ~ )  

MM FOR REVIEWS OF THEORY AND EXPERIMENTS, SEE HUSHES 85, KINOSHITA 84, 
MM COMBLEY 81, ~ARLEY 79, AND CALMGT 77. 
MM (1162.0) (5.0)  CSARRAK 62 CNTR + 
MM (1168.16) (0.31) BAILEY b8 CNTR +- STOR. RINGS 
MM IA I1165.922) (0,009) BAILEY 77 CNTR +- STORAGE RING 
MM I (1165.910) (0.011) BAILEY 79 CNTR + STORAGE RING 
MM I (1165,937) (0.012) BAILEY 79 CNTR - STORAGE RING 
MM I 1165.923 0.0085 BAILEY 79 CNTR + STORAGE RING 
MM I BAILEY 79 IS FINAL RESULT. INCLUDES BAILEY 77 DATA. 
MM I WE USE MUON/PROTON MAGNETIC MOMENT RATIO = 3.183 345 2 AND 
MM I RECALCULATE THE BAILEY 79 VALUES. 
MM I THIRD BAILEY 79 RESULT IS FIRST TWO COMBINED. 

MMR MU+/MU~ G=FACTOR RATIO MINUS ONE~ (G÷/G~) I 
MMR TES~ OF CPT 
MMR -2.6G-B 1.6E-8 BAILEY 79 

EDM B 
EDM 
EOM B 
EDM B 
ESN B 

ELECTRIC DIPOLE MOMENT (units l0 Ige-cm)  

FORBIDDEN BY BOTH T INVARIANCE AND P INVARIANCE 

(8.6) (4.5) BAILEY 78 CNTR ÷ STORAGE RINGS 
(0.8) (4.3) BAILEY 78 DNTR STORAGE RINGS 
3,7 3.4 BAILEY 78 CNTR +- STORAGE RING 

BAILEY 78 YIELDS EDM < 1.05"10"*-18 WITH DL=.93. THIRD RESULT IS 
FIRST TWO COMBINED ASSUMING CPT, 

~/p MAGNETIC M O M E N T  RATIO 

MPR A PRECISE VALUE OF THE MUON MASS, 
MPR COFFIN 58 CNTR ÷ SPIN RESONANCE 
MPR LUNDY 58 CNTR + PRECESSION STROB 
MPR LUNDY 58 CNTR - PRECESSION STROB 
MPR BARWIN 60 DNTR + PRECESSION PHASE 
MPR BINGEAM 63 SNTR ÷ PRECESSION STROB 
MPR BINGHAM 63 CNTR - PRECESSION STROB 
MPR HUTCHINS 83 CNTR + PRECESSION PHASE 
MPR D EHRLESH 69 CNTR HFS SPLITTING 

THOMPSON 69 CNTR HFS SPLITTING MPR C 
MPR HUTCHINS 70 CNTR * PRECESSION PHASE 
MPR H HAGUE 70 ENTR + PRECESSION PHASE 
MPR C CRANE 71CNTR HFS SPLITTING 
MPR D DEVOE 71CNTR HFS SPLITTING 
MPR F H (3.183326 0.000013) FAVART 71 CNTR HFS SPLITTING 
MPR (3.1833487 .0000082) CROWE 72 CNTR ÷ PRECESSION PHASE 
MPR R THE RESULTS THROUGH 1972 ARE INCLUDED IN COHEN 73. 
MPR R 3.1833402 ,0000072 COHEN 73 RVUE 
MPR E (3.1833299 .0000025) CASPERSON 75 CNTR 
MPQ 3.1833403 .0000044 CASPERSON 77 CNTR + HFS SPLITTING 
MPR (3.1833448 .0000029) CAMANI 78 CRTR + REPL.BY KLEMPT82 
MPR 3.1833441 .0000017 KLEMPT B2 CNTR + PRECESSION STROB 
MPR 3.1833481 .0000011 MARIAM 82 CNTR + HFS SPLITTING 
MPR D DEVOE 71 SUPERCEDES EHRLFCH 89. THIS IS NOT A DIRECT MEASUREMENT, 
MPR D WE GIVE A NEW VALUE WHICH CONTAINS A THEORETICAL CORRECTION OF 
MPR D -7.8*-2.3 PPM, AS SISCUSSED IN FOOTNOTE 358 OF CROWE 72. 
MPR C CRANE 71 SUPERSEDES THOMPSON 69. THIS IS NOT A DIRECT MEASUREMENT. 
MPR H CROWE 72 SUPERSEDES HAGUE 70. 
MPR F FAVART 71 ASSUMES A ZERO VALUE FOR THE PROTON POLARIZABILITY. 
MPR E USES INCORRECT THEO. EXPRESSION FOR NU(HFS). SEE KLEMPT 82, TBL.XI. 
MPR . . . . . . . . .  
MPR AVG 3.1833452 .0000010 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1) 

THIS RATIO IS USED TO 00TAIN 
(3.1885) (0.0022) 
(3.1830) (0.0011) 
(3.176) (0.013) 
(3.1834) (0,0002) 
(3.18336)(0.00007) 
(3.1808I (0.0004) 
(3.18338)(0.00004) 
(3.183331 0,000016) 
(3.183314 0.000034) 
(3.103330 0.000046) 
(3.183347 0.000009) 
(3.183338 0.000013) 
(3.183349 0,000015) 

PARTIAL DECAY M O D E S  

Pl /Z-- ~ e--~-eV # 

p2 ~-- ~ e--~eV#~ Y 

p3 ~-- ~ e-Ve~ # 

P4 /~- ~ e-'y 

PS #- ~ 3e- 

P6 ~- ~ e-2~ 

P7 i~- ~ e-e÷e-~eVl, 

DECAY MASSES 

.511+ O+ 0 

.511+ O+ O+ 

.311+ 0+ 0 

.511÷ 0 

.511+.511+.511 

.511÷ O+ 0 

.511+.311÷.511. 
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# B R A N C H I N G  R A T I O S  

# -  ~ ( e - ~  e v#  ~ ) / t o t a l  (P2) 

RI 27 EVENTS SEEN ASRKIN 59 CNTR 
RI 1.4E-2 O.BE-2 CRITTEBDE 61 CNTR TIGAM) GT 10 MEV 
RI (3.3E=3) II.3E-3) CRITTENSE 61CNTR T(GAM) GT 20 MEV 
RI 862 EVENTS SEEN BOGART 67 CNTR T(GAM) GT 14.5 MEV 

# +  ~ ( e + v -  e v~ ) / t o t a l  (P3) 

R2 PORBIODEN BY ADDITIVE CONSERVATION LAW FOR LEPTON FAMILY NUMBER. 
R2 MULTIPLICATIVE LAW PREDICTS THIS BRANCHING RATIO TO BE I / 2 .  
R2 FOR A REVIEW SEE NEMETHY 81. 
R2 (0.25) OR LESS CL=.9B EICHTEN 73 HLBC + 
R2 (0.13) (0.15) BLIETSCHA 78 HLBC AVG. OF 4 VALUES 
R2 (0,091 OR LESS EL=,90 JONKER 80 CALO REPL. BY BERGSMA 83 
R2 I-O.O01) I0,061) WILLIS 80 ENTR + 
R2 A 0.05 OR LESS ELf.90 BERGSMA 83 CALO ANUMU E -->MU- ANUE 
R2 A BERGSMA 83 GIVES LIMIT ON INVERSE MUON DECAY CROSS SECTION RATIO 
R2 A SIG(NUBARIMU) E- - ->  MU- NUSAR(E)) / SIGINUIMU) E- - - >  MU- NU(E)), 
R2 A WHICH IS ESSENTIALLY EQUIVALENT TO R2 FOR SMALL VALUES LIKE THAT 
R2 A QUOTED. 

# ~ ( e  T)/total (units 10 -8) (PA) 
R3 FORBIDDEN BY LEPTON FAMILY NUMBER CONSERVATION 
R3 (4.3) OR LESS CL=.gB FRANKELI 63 OSPX 
R3 (2.21 OR LESS EL=.90 PARKER 64 OSPK 
R3 [2 .9)  OR LESS EL=,90 KORENCHI 710SPK * DUBNA 
R3 (0.10) OR LESS EL=.90 SCHAAF SO ELEC SIN 
R5 0,017 OR LESS EL=,90 KINNISDN 82 SPEC LAMPF 
R3 (0.10) OR LESS EL=,90 AZUELOS 03 CNTR + 

~ (3e)/total (units 10 lo) (P5) 
R4 FORBIDDEN BY LEPTON FAMILY NUMBER CONSERVATION 
R4 F (5000.) OR LESS EL=,90 PARKER 62 CNTR 
R4 F (1300.) OR LESS CL=,9O ALIKHANOV 62 OSPK 
R4 F (1500,1 OR LESS EL=,90 FRANKEL2 63 ENTR 
R4 F (1200.) OR LESS CL=,90 BABAEV 63 OSPK 
RA K [62. )  OR LESS EL:,90 KORENCH2 71 OSPK DUBNA 
RB K (19. )  OR LESS CL=,90 KORENEHBN 76 SPEC + DUBNA 
R4 K (1.6)  OR LESS CL=,9O BERTL 84 SPEC SINDRUM 
R4 K ( I , 3 )  OR LESS CL=,90 BOLTON 84 CNTR LANL 
R4 K 0.02A OR LESS CL=,90 BERTL 85 SPEE SINDRUM 
R4 F FOUR ABOVE EXPERIMENTS EVALUATED UPPER LIMITS ASSUMING A SECOND 
R4 F ORDER V-A NEUTRINO LOOP DIAGRAM. LIMITS NOT SIGNIFICANTLY CHANGED 
R4 F BY ASSUMING A CONSTANT MATRIX ELEMENT. 
R4 K THESE EXPERIMENTS ASSUME A CONSTANT MATRIX ELEMENT. 

# ~ (e  27)/total (units lO 7) (P6) 
R5 FORBIDDEN BY LEPTON FAMILY NUMBER CONSERVATION 
R5 (160.) OR LESS CL=,90 FRANKELI 63 OSPK + 
R5 P (40. )  OR LESS EL=,90 POUTISSOU 74 CNTR LBL 
R5 A (0.51 OR LESS EL=.90 BOWMAN 78 CNTR DEPOMMIER 77 DATA 
R5 B 0.084 OR LESS EL:.90 AZUELOS 83 CNTR + 
R5 P POUTISSOU 74 LIMIT APPLIES TO SUM OF ALL NEUTRINOLESS MU+ DECAYS. 
R5 A BOWMAN 78 ASSUMES INT. LABRANG. LOCAL ON SCALE OF INVERSE MU MASS. 
R5 B AZUELOS 83 USES PHASE SPACE DISTRIBUTION OF BOWMAN 78, SEE ABOVE. 

# ~ (e-e+e-~ev~)/total (units 1O R) (P7) 

R6 L 3 (1.5)  (1.0)  LEE 59 HBC * 
R6 G 1 (2 . )  GUREVIBH 60 EMUL 
R6 C 7 (2.2)  (1.5)  CRITTENDE 61 BLBC + E(E÷E-)>IOMEV 
R6 B7443 3.4 0.4 BERTL 05 SPEC + SINDRUM 
R6 i IN THE THREE LEE 59 EVENTS, THE SUM OF ENERGIES S=EIE+)+EIE-)+E(E+) 
R6 L WAS S=51MEV, 55 MEV, AND 33 MEV . 
R6 G GUREVICH 60 INTERPRET THEIR EVENT AS EITHER VIRTUAL OR REAL PHOTON 
R6 G CONVERSION. E+ AND E- ENERGIES NOT MEASURED . 
R6 C CRITTENDEN 61 COUNT ONLY THOSE DECAYS WHERE TOTAL ENERGY OF EITHER 
R6 C B (E+,E-) COMBINATION IS >10 MEV ) 
R6 BERTL 05 HAS TRANSVERSE MOMENTUM CUT RT> 17 MEV/C. 
R6 B STAT ERROR (0.2) AND SYST ERROR (INCREASED BY US) ADDED IN QUABR. 

L I M I T  O N  # -  ~ e -  C O N V E R S I O N  

FORBIDDEN BY LEPTON FAMILY NUMBER CONSERVATION 

~(#-- B2S ~ e-- 32S)/a(#- 32S ~ vu 32p,) 

RE I4.  E-TO)OR LESS CL=.9D BADERTSCH 77 STRC SIN 
RE O.TE-IB OR LESS CL=,go BADERTSCH 80 STRC SIN 

~ ( ~ -  Cn ~ e -  C n ) / a ( # -  Cn ~ capture) 
RF 1.6E-8 OR LESS EL=.90 BRYMAN 72 SPEE 

~ ( # -  Ti ~ e -  T i ) / a ( ~ -  Ti  ~ capture) 
RG 1.6E-11 OR LESS EL=,90 BRYMAN 85 SPEC TRIUMF 

L I M I T  O N  # -  ~ e + C O N V E R S I O N  

FORBIDDEN BY TOTAL LEPTON NUMBER CONSERVATION 

~ ( # -  32S ~ e + 32S i* ) / f f ( # -  32S ~ V~ 32p*) 
RPI (I.5E-9) OR LESS EL=.90 BASERTSEH 78 SIRE SIN 
RPI 0.9E-9 OR LESS CL=.9B BADERTSCR 80 STRC SIN 

C(#-- IS71 ~ e + 127Sb')/e(#- 127I ~ anything) 
RP2 A 0.IE-R OR LESS CL=.90 ABELA 80 CNTR RADIOCHEMICAL TEEH. 
RP2 A ABELA 80 IS UPPER LIMIT FOR MU~ E* CONVERSION LEADING TO PARTICLE- 
RP2 A STABLE STATES OF SB127. LIMIT FOR TOTAL CONVERSION RATE IS HIGHER 
RP2 A BY B FACTOR LESS THAN 4 (G, BACKENSTOSS, PRIVATE COMM.) 

~ ( # -  Ca ~ e + C o ) / ~ ( # -  Cu ~ v~ Ni) 
ROB (2.2E-7) OR LESS CL=.DO CONFORTO 62 OSPK 
RE3 2,6E-B OR LESS EL=.90 BRYMAN 72 SPEC 

Stable Particle Full 
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# 

L I M I T  O N  ( # + . e - )  B O U N D  S T A T E  C O N V E R S I O N  T O  ( # - , e  + )  

FORBIBBEN BY LEPTON FAMILY NUMBER CONSERVATION 

MC WHERE GF = 1.16637E 5 GEV**(-2) IS THE FERMI CONSTANT AND 
MC GC IS AN EFFECTIVE COUPLING (DIMENSIONS GEV**I-2)) FOR A 
ME FOUR-FERMION INTERACTION ASSUMED TO BE RESPONSIBLE FOR THE 
~ CONVERSION OF THE IMU+,E-) BOUND STATE TO IMU-,E+). 

MC 42 OR LESS CL=.95 MARSHALL 82 CNTR 

N O T E  ON M U O N  DECAY P A R A M E T E R S  

(by F. Scheck, University of  Mainz, West Germany and 
K. Mursula, Nordita, Copenhagen, Denmark ) 

The muon decay parameters describe the momen-  

tum spectrum (p and 7), the asymmetry (~ and 6), and 
the polarization of  the electron (~', ~", a, /3,  a' , /39 in the 

process # -  ~ e -  + v. +-Ye" Assuming a local, lepton- 
bt 

number-conserving, derivative-free, four-fermion 

interaction, the matrix element in charge-changing form 
may be written as 1 

G F {2 
x/2 Zhik(-~l l[ l  + ( - ) i - 1 7 5 ] l % )  

1 

× (-Y~[ 111 + (-)k-175 ] [~) 

2 
+ ]~gikCdl7"[ 1 + (-)i-175] I%) 

1 

2 
+ Z f i i ½ ( g l ~ e [  1 + (-) i -1"Y5] I%) 

1 

XCY la ~[1 +(-)i-175 ]l#) } (1) 

The definitions of  covariants and the sign conventions 

are the ones of Sachs and Sirlin (1975) 2 and Scheck 
(1978). 3 The connection to other charge-changing and 

charge-retention forms is worked out in Mursula and 
Scheck (1985). 4 Note that for massless particles the 
covariants chosen above project onto states of definite 

helicity. In the standard model, g22 = 1 and all other 
coupling constants vanish. 

All electron observables can be expressed, in a 

model-independent way, as functions of  the ten stan- 
dard real constants (see references above) a ,  b, c, a',  b', 
c', a,  fl, cg, and/3'. The rate is proportional to 
A = a + 4b + 6c. The above decay parameters depend 

on nine of  these constants only: 
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3 = ¼ l - a  ÷ 2C]/A p-~  

= [c~ - 2/3]/A , 

g) 3 9 [ a ' -  2c ' ] /A  
4 4 1 - [a + 3a' + 4(b + b') + 6c - 14c']/A- ' 

1 - ~ 6  = 4 [ ( b + b ' ) + Z ( c - c ' ) ] / A  
p 1 - [a - 2 c ] / A  ' (2) 

1 - ( ' =  [ a + a ' + 4 ( b + b ' ) + 6 ( c + c ' ) ] / A  , 

1 - ~ "  = [ - 2 a  + 2 0 c ] / a  , 

o~/A, ~3/A, od/A, t3'/A, 
the last four of  which are obtained from the transverse 
components of  the electron polarization. These real 
constants are easily related to bilinear combinations of 
coupling constants in any form of the interaction. For 
the case of  the form (1), they are given by [note the 
scale factor GF/X/2 in Eq. (1)], 

} I 2 I 2 
a 

a'  = 16([g12 -+ Ig2112)--- I h 1 1 + 6 / 1 1  

+ Ih22 + 6f2212 , (3) 

bb} 12 , = 4 ( [ g l l  +_ ]g2212)_+ [ h 1 2 1 2 + ] h 2 1 1 2 ,  (4) 

~,}=l[+_]hll-2fll[2+lh22_2f2212], (5) 

c ¢ }  R e }  
c~' = Im 8[g21(h32 + 6 f32 ) -  g12(h*11 + 6f]1)] ,  (6) 

Re} 
~' = Im ( - 4 ) [ g 2 2 h 3 1 + - g l l h ] 2 ]  ' (7) 

As the decay parameters (2) depend on (b +b')  but not 
on (b -b' ) ,  the constant h 12 appears only in/3 and f3', 
Eq. (7). However, g l l  is found to be compatible with 
zero, so the decay parameters do not determine h 12" 
(The coupling constant h 12 does occur in the rate 
parameter A and may, in principle, be obtained by com- 
paring ~ decay to other data.) By using Eqs. (2) and the 
experimental determinations of  p, ~/, ~6/p, 6, ~', ~", c~,/~, 
c~', and/~', limits can be placed on the nine parameters 
a /A,  a ' /A  , (b + b ' ) / A ,  c /A ,  c ' /A ,  o~/A, c~'/A, 13/A, 
ant_ ~3'/A. These are given in the Listings. These limits 
are easily translated into limits on specific coupling con- 
stants in Eq. (1), depending on what kind of  extension 
of  the standard model one wishes to test. Examples 

such as tests for right-handed interactions or for 
scalar/pseudoscalar effective couplings are given in Mur- 
sula and Scheck (1985). 4 

The limits on a, a', • • • ,  can be recast into limits 
on the effective charge-retention coordinates g S / g v ,  

g P / g V ,  g A / g v ,  g T / g V  , 4)VA, and "~VA' which were 
used in the earlier literature (cf., e.g., DERENZO 69). 
The most recent values are found in BURKARD2 85. 

Note that the radiative corrections are unambiguous 

only if  h 11, h 22, g 12, g21, f l  1, and f 2 2  vanish. 
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DECAY PARAMETERS 

p PARAMETER (V-A theory predicts p=0.75) 
RHO Cp9213 (0,741) (O.O2?) SUDZIAK 59 CNTR ~ 20-55 MEV E+ 
RHO 0.745 0.025 RLANO 60 HBC WHOLE SPECTRUM 
RHO P TWO PARAMETER FIT TO RHO AND ETA. 
RHO C 2276 (0.751) (0.034) BLOCK 62 HEBC - WHOLE SPECTRUM 
RRO D (0,64) (0.04) BARLOW 64 CNTR WHOLE SPECTRUM 
RHO D (0,661) (0,016) SARLOW 64 CNTR + WHOLE SPECTRUM 
RHO D (0,867) (0.035) PONTECDRV 6L CC 
RHO D RESULTS IN DOUBT. 
RHO C 800K (0.7503) (0,0026) PEOPLES 66 ASPK ~ 20-53 MEV E÷ 
RHO C 200K (G.760) (0.009) SHERWOOD 67 ASPK 25-53 MEV E* 
RRO C 170K (0.762) (O.DO8) FRYBERGER 68 ASPK ÷ 25-53 MEV E+ 
RHO C ETA CONSTRAINED =0. THESE VALUES INCORPORATED INTO A TWO PARAMETER 
RHO C FIT TO RHG AND ETA BY DERENZO 69. 
RHO 0.7518 0.0026 DERENZO 69 RVUE 
R~O . . . . . . . . .  
RHO NVG 0.7517 0.0026 AVERAGE 

PARAMETER (V-A theory predicts ~=0) 
ETA P 9213 ( -2 .0)  (0.9)  PLANS 60 HBC ÷ WHOLE SPECTRUM 
ETA P TWO PARAMETER FIT TO RHO AND ETA- PLANU 60 DISCOUNTS VALUE FOR ETA 
ETA C BOOK (D.OS) (0,5)  PEOPLES 66 ASPK + 20-53 MEV E+ 
ETA C 280K ( -0 .7)  (0.6)  SHERWOOD 67 ASPK + 25-53 MEV E+ 
ETA C 170K ( -0 .7 )  IS.5) PRYBERGER 68 ASPK 25 53 MEV E+ 
ETA C RHO CONSTRAINED =0.75. 
ETA 6346 -0.12 0.21 DERENZO 69 HBC + 1.6-6.8 MEV E+ 
ETA BS.3M 0.011 0.085 BURKARD2 85 CNTR 9-53 MSV E~ 
ETA DB5.3M (-0.012) (0.016) BURKARD2 85 CNTR * 9-53 MEV E÷ 
ETA B STATISTICAL ID.OBI) AND SYSTEMATIC ERRORS ADDED IN QUADRATURE. 
ETA DB MEASURED VALUE OF ETA IS AN ENERGY AVERAGE. 
ETA ALPHA=ALPHA-PRIME=D ASSUMED. 
ETA ......... 
ETA AVG -0.007 0,079 AVERAGE 

~" PARAMETER 
xPP B326K 0.63 0.36 BURKARDI 85 CNTR ÷ BHABHA ÷ ASNIHIL 
XPP B BURKARDI 05 MEASURE (XI''-XI*XI'I/XI AND XI' 
XPP B AND SET XI~1. 

(~ PARAMETER)*(~ LONGITUDINAL POLARIZATION) 
x l  (V-A THEORY PREDICTS XI=1, LONG.POL.=I) 
XI 9K (0.97) (0.05) BARDON 59 CNTR BROMOFORM TARGET 
Xl 0304 (0,93) I0.06) PLANO 60 HBC ÷ 8.8 KGAUSS 
XI A (0,903) (0,027) ALI-ZADE 61 EMUL 27 KGAUSS 
XI A DEPOLARIZATION BY MEDIUM NOT KNOWN SUFFICIENTLY WELL. 
XI 66K (0.975) I0.030) GUREVIUH 64 EMUL REPL.BY AMHMANOV 60 
XI (0.973) (0.015) AKHMANOV 68 EMUL 140 KGAUSS 

(~ PARAMETER)*(~ LONGITUDINAL POLARIZATION)*~/p 
XIQ (0.9959)0R MORE CL=,9S CARR E3 SPEC + 11KGAUSS 
KID S 0.9966 OR MORE CL=.90 STOKER 05 SPEC ~ MU-SPIN ROT 
XID S STOKER 85 FIND (XI*PMU*DELTA/RHO)>O,9955 AND >0,9966, WHERE FIRST 
XID S LIMIT IS FROM NEW MU-SPIN NOTATION DATA AND SECOND IS FROM 
XID S COMBINATION WITH CARR 83 DATA, (DELTA/RHO)=I.0 IN V-A THEORY. 

6 PARAMETER (V-A theory predicts 6~0.75) 
DEL 8354 0.78 0.05 PLANO 60 HBC ÷ WHOLE SPECTRUM 
DEL 0.702 0~031 KRUGER 61 
DEL 490K 0,752 0,009 FRYBERGER 68 ASPK ÷ 25-53 MEV E÷ 
DEL VOSSLER 69 HAS MEASURED THE ASYMMETRY BELOW 10 MEV 
DEL ......... 
DEL AVG 0.7051 0.0085 AVERAGE 
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# 

~ '  ~ LONGITUDINAL POLARIZATION OF e + 
PL (V -A  THEORY PREDICTS THE LONG. POL=~- I  FOR E+- RESPECTIVELY) 
PL WE HAVE FLIPPED THE SIGN FOR E-  SO OUR PROGRAMS CAN AVERAGE 
PL D (0.28) ( 0 . 16 )  DICK 63 CNTR + ANNIHILATION 
PL D IN DOUBT- POSITRONS POSSIBLY DEPOLARIZED IN BE MODERATOR. 
PL 1.05 0.30 BUHLER 63 CNTR + ANNIHILATION 
PL 0.94 0.38 BLOOM 64 CNTR BREMB TRANBMIBS 
PL 1.04 0,18 DUCLOB 64 CNTR + BHABHA SCATT 
PL 29K 0.89 0.28 SCHWARTZ 67 OBPK MOLLER BCATT 
PL IM 0.998 0,045 BURKARD1 85 CNTR ÷ BHABHA ~ ANNIHIL I 
PL . . . . . . . . .  
PL AVG 0.990 0.042 AVERAGE 

TRANSVERSE e + POLARIZATION IN PLANE OF ~ SPIN, e + M O M  
PTI B5 .3M 0.016 0.025 BURKARD2 85 CNTR + ANNIHIL 9-53 MEV l 
PTI B BTAT. ERROR (0.021) AND SYSTEMATIC ERROR ADDED IN QUADRATURE. i 

TRANSVERSE e + POLAR. NORMAL TO PLANE OF ~ SPIN, e + M O M  
PT2 ZERO IF TIME REVERSAL INVARIANCE HOLDS. I 
PT2 B5.3M 0.007 0.023 BURKABD285 CNTR ÷ AMNIHIL 9-53 MEV I PT2 B BTAT. ERROR (0.022) AND SYSTEMATIC ERROR ADDED IN QUADRATURE. 

~/A (units 10 -3) 
AL B 5.3M (15.) (52,) BURKARD285 ENTR + 9-53 MEV E~ 
AL F 0.4 4.3 BURKARD2 85 FIT 
AL B STAT. ERROR (50) AND SYSTEMATIC ERROR ADDED IN QUADRATURE. 
AL F GLOBAL ; IT  TO ALL MEASURED PARAMETERS. CORRELATION COEFFICIENTS 
AL F ABE GIVEN IN BURKAHD2 85. 

~'/A (emits 10 -3) 
ALP ZERO IF T INVARIANCE HOLDS. 
ALP BC5.SM (-47.) (52,) BURKARD285 CNTH + 9-53 MEV E+ 
ALPF -0.2 4,3 BURKARB2 R5 FIT 
ALP C BURKARD285 MEASURE PTI AND PT2 VERSUS E+ ENERGY, 
ALP B STAT. ERROR (50) AND SYSTEMATIC ERROR ADDED IN QUADRATURE, 
ALPF GLOBAL FIT TO ALL MEASURED PARAMETERS. CORRELATION COEFFICIENTS 
ALPF ARE GIVEN IN BURKARD285. 

~/A (units 10 -G) 
BT B 5.3M ( 2 . )  ( 18 . )  BURKARD2 85 CNTR ÷ 9-53 MEV E+ 
BT F 3.9 6.2 BURKARD2 85 FIT 
BT B BTAT. ERROR (17) AND SYSTEMATIC ERROR ADDED IN QUADRATURE, 
BT F GLOBAL FIT TO ALL MEASURED PARAMETERS. CORRELATION COEFFICIENTS 
BT F ARE GIVEN IN BURKARD2 85. 

B'/A (emits 10 -3) 
BTP ZERO IF T INVARIANCE HOLDS. 
BTP BC5.3M (17.) (18.) BURKARD285 DNTR + 9-53 MEV E~ 
BTPF 1.5 6.3 BURKARD285 FIT 
BTP C BURKARB285 MEASURE PTI AND PT2 VERSUS E~ ENERGY. 
BTP B BTAT. ERROR (17) AND SYSTEMATIC ERROR ADDED IN QUADRATURE. 
BTPF GLOBAL FIT TO ALL MEASURED PARAMETERS. CORRELATION COEFFICIENTS 
BTPF ARE GIVEN IN BURKARD2 85. 

a/A (units 10 s) 
GA F 15.9 OR LESS CL=.90 BURKARB2 85 FIT 
BA F GLOBAL FIT TO ALL MEASURED PARAMETERS. CORRELATION COEFFICIENTS 
BA F ARE GIVEN IN BURKARD285. 

a'/A (units 10 S) 
SAP F 5 .3  4.1 BURKARB2 85 FIT 
SAP F GLOBAL FIT TO ALL MEASURED PARAMETERS. CORRELATION COEFFICIENTS 
SAP F ARE GIVEN IN BURRARD2 85. 

(b'+b)/A (units 10 -3) 
SBP F 1.04 OR LESS CL=.90 BURKAMD2 85 FIT | 
BBP F GLOBAL FIT TO ALL MEASURED PARAMETERS. CORRELATION COEFFICIENTS I BOP F ARE GIVEN IN BURKARD2 85. 

c/A (enits 10 -B) 
SC F 6.4 OR LESS CL=.90 BURKARD2 85 FIT I 
SC F GLOBAL FIT TO ALL MEASURED PARAMETERS. CORRELATION COEF;ICIENTB I SC F ARE GIVEN IN BURKARD2 85. 

c'/A (units 10 -3) 
sOP F 3.5 2.0 BURKARD2 85 FIT [ 
SOP F GLOBAL FIT TO ALL MEASURED PARAMETERS. CORRELATION COEFFICIENTS I BOP F ARE GIVEN IN BURKARD2 85. 

PARAMETER ( V - A  theory predicts ~=0 )  
ETB ETA-BAR AFFECTS SPECTRUM OF RADIATIVE MUON DECAY. 
ETB +0.09 0.14 BOGART 67 CNTR * 
ETB -0.014 0.090 EICHENBER 84 ELEC . RMO FREE 
ETB (-0.035) (0.098) EICHENBER 84 ELEC + RHO=0.75 ASSUMED 
ETB ......... 
ETB AVG 0.016 0.076 AVERAGE 

REFERENCES FOR # 

COFFIN E8 PR 109 973 ÷GARWIN,PENMAN,LEDERMAN,SACHB (COLUMBIA) 
LUNDY 58 PRL 1 38 +SENS,SWANSON,TELEGDI,YOVANOVITCH (CHICAGO) 
ABHKIN 59 NC 14 1266  +FAZZINI,FIDECARO,LIPMAN,MERRISON + (CERN) 
BARBON 59 PRL 2 56 M BARDON, D BERLEY, L LEBERMAM (COLUMBIA) 
DUDZIAK 59 PR 114 336 W DUBZIAK,R BAGANE, J VEDDER (LRL) 
LEE 59 PRL 3 55 JULIET LEE, N, P. SAMIOS (COLe) 
GARWIN 60 PR 118 271 GARWIN,HUTCHINBON,PENMAN,SHAPIRO (COLUMBIA) 
BUREVICH 60 JETP iO 225 GUREVICH,NIKOLSKII,BURKOVA (ITEP) 
PLANO 60 PR 119 1400 R J PLANO (COLUMBIA) 

ALI-ZABE 61 JETP 13313 ALI-ZADE,GUREVICH,NIKOLBKI (UBSR) 
BRITTEND 61 PR 1211823 ERITTEMDEN,WALKEB,BALLAM (WIBC+MBU) 
KRUGER 61 UCRL-9322 (UNPUB) H KRUGER (LRL) 
ALIKHANO 62 BERN CONF 423 A I ALIKHANOV,A BABAEV * (ITEP MOSCOW) 
BLOCK 02 NC 23 1114  BLOCK, F I OR IN I ,K IKUCH I + (DUK E, BOLOGNA, MI LANO) 
CHARPAK 62 PL I 16 B CHARPAK,F J M FARLEY,R L GARWIN ÷ (CERN) 
CONFORTO 62 NC 26261 CONFORTO,COMVERSI,DILELLA,+(INFN+ROMA÷CERN) 
FARLEY 62 CERM CONF 415 FARLEY,MASSAM,MULLER,ZICHICHI (BERN) 

LUNOY 62 PR 1251686 RICHARD A LUNDY (EFI) 
PARKER 62 NC 23485 B PARKER,S PENMAN (EFI) 
BABAEV 63 JETP 161397 BABAEV,BALATS,KAFTANOV,LAMDSBERG ÷ (ITEP) 

BINGHAM 68 
BUHLER 63 
DICK 63 

ECKHAUBE 63 
FEINBERG 63 
FRANKELI 63 
FRANKEL2 68 
EUTCHINS 63 
MEYER 63 

BARLOW 04 
BLOOM 64 
DUCLOB 64 
GUREVICH 6~ 
PONTECOR 64 
PARKER 64 

PEOPLES 66 
BOGART 67 
SCHWARTZ 67 
SHERWOOD 67 
AKEMANOV 68 
BAILEY 68 

ALSO 72 
FRYBERGE 68 

BEBENZO 69 
EHRLICH 69 
TAYLOR 69 
THOMPSON 09 
HAGUE 70 
HUTCHINB 70 

CRANE 71 
DEVOE 71 

ALSO 71 
FAVABT 71 
KORENCH171 
KORENCH271 

BRYMAN 72 
CBOWE 72 
WILLIAMS 72 
COHEN 73 
BUCLOS 73 
EICMTEN 73 

BALAMBIN 74 
POUTIBSO 74 
CASPERSO 75 
KORENCHE 76 
BADERTSC 77  

BAILEYoR 7777 

ALSO 75 
BAILEY277 

ALSO 79 
CABPERSO 77 

BADERTSC 78 
BAILEY 78 

ALSO 79 
BLIETSSH 7E 
BOWMAN 78 
CAMANI 78 
BAILEY 79 

ABELA 80 
BAOEBTSC 80 

ALSO 82 
JONKER 80 
BCHAAF EO 

ALSO 77 
WILLIS 80 

ALSO 80 

BARDIN 81 
NEMETHY 81 
KINNISON 82 

ALSO 79 
KLEMPT 82 
MARIAM 82 
MARSHALL 82 

AZUELOS 83 
ALSO 77 

BERGBMA 83 
CARR 83 

BARDIN 84 
BERTL 8A 
BDLTON 84 
EICHENBE 8A 
GIOVANET 84 
KINOBHIT 84 

BERTL 85 
BRYMAM 85 
BURKARD1 E5 
BURKARD2 E5 

ALSO 81 
ALSO 83 

HUGHES 85 
MURBULA 85 
STOKER 86 

FISHER 59 
ABTBURY 60 
DEVONS 00 
LATHROP 60 
LATHROP 60 
REITER 60 
TELEGDI 60 

CHAMPAK 61 
HUTCHINB 61 
SHAPIRO 62 
FAIRLEY 66 
VOSSLER 69 

LAUTRUP 72 
RICH 72 

NC 271352 
PL 7368 
PL 7150 

PR 132422 
ARNB 13431 
NC 27094 
PR 130351 
PR 1311351 
PR 1822693 

PPSL 84239 
PL 8 87 
PL ~ 62 
PL 1 185 
DUBNA CONF 
PR 133B 768 

NEVIB-147 (UNPUB) 
PR 1561405 
PR 1621306 
PR 1561475 
SJNP 6230 
PL 28B 287 
NC 9A 309 
PR 1661379 

PR 1811854 
PRL 23513 
RMP 41375 
PRL 22163 
PRL 25828 
PRL 241254 

PRL 27 474 
PRL 251779(ER) 
PRL 26213 
PRL 271336 
SJNP 13190 
BJNP 13728 

G.MCD.BINGHAM (LRL) 
~CABIBBO,FIDECARO,MASSAM,MULLER+ (BERN) 
DICK,FEUVRAIS,DPIGHEL (BERN) 

M ECKHAUSE,T A FILIPPAG + (CARNEGIE) 
GERALD FEINBERG, L M LEDERMAN (COLUMBIA) 
B FRANKEL,W FRATI,J HALPERN + (PENN) 
B FBAMKEL,W FRATI,J HALPERN + (PENN) 
HUTCHINBON,MENEB,PATLACH,SHAPIRO (COLUMBIA) 
S L MEYER,ANBERBON,BLEBER,LEDERMAN~ (COLU) 

+BOOTH,CARROL,COURT,BAVIEB,EBWARDS+ (LIVP) 
+DICK,FEUVRAIB,HENRY,MACQ,BPIGHEL (BERN) 
+HEINTZE,BE RUJULA,SOERGEL (BERN) 
GUREVIBH,MAKARIYNA+ (KIAE) 
PONTECORVO,SULYAEV (MOSCOW) 
S PARKER,H L ANDERBON,C REY (EPl) 

J PEOPLES (COLUMBIA) 
+DICAPUA,NEMETHY,STRELZDFF (COLU) 
D M SCHWARTZ (EFI) 
B A SHERWOOD (EFI) 
+GUREVICH,BOBRETBOV,MAKARINA~ (KIAE) 
tBARTL,VON BOCHMANN,BROWN,FARLEY+ (BERN) 
+BARTL,VON BOCHMANN,BROWN,FARLEY÷ (CERN) 
D FRYBERGER (EFI) 

S DEREMEO (EFI) 
+HOFER,MAGNON,BTOWELL,SWANBON+ (CHICAGO) 
+PARKER,LANBENBERG (PRIN+UCI+PENNI 
*AMATO,CRAME,HUBHEB,MOBLEY+ (YALE) 
+ROTHBERG,SCHENCK,WILLIAMB+ (WASH+LRL) 
HOTCHIMBON,LARBON,BCHOEN,BOBER,+ (FPA) 

÷CASPERSONjCRANE,EGAN,HUGMES+ (YALE) 
÷MC]NTGRE,MADNON,BTOWELL,SWANBON+ (CHICAGO) 
DEVOGIMCINTGRE,MAGNON,STOMELL+ (CHICAGO) 
*MCINTYRE,BTOWELL,TELEGBI,DEVOE+ (CHICAGO) 
KORENBHENKO,KOBTIN,MICELMACHER+ (JINR) 
KORENCHENRO,KOBTIN,MICELMACHER* (JINR) 

PRL 28 1469  ÷BLECHER,GOTOW,POWERB (VPI) 
PR 05 2145  ~EAGUE,ROTHBERG,BCHENCK+ (LBL+WABH) 
PR 06 737 R W WILLIAMB,D L WILLIAMS (WASHINGTON) 
J.PHYB.BHEM.REF.DATA 2, P.663, E.R.COHEN,B.N.TAYLOR 
PL 47B 491 
PL 468281 

JETP 40811 
NP B80221 
PL 59B 397 
JETP 431 
PRL 391385 

PL 67B 225 
PL 68B 191 
PL 558420 
NATURE 268301 
BAILEY 
PRL 38956 

PL 798 371 
JPG 4345 
BAILEY 
NP B133205 
PRL 41442 
PL 77B 326 
NP B1501 

PL 95B 318 
LNC 20401  
NP A377 406 
PL 93B 203 
NP A340249 
PL 72B 183 
PRL 44522 
PRL 45 1370 

NP A352305 
CNPP 10147 
PR D252846 
PRL 42556 
PR 025652 
PRL 49993 
PR D251174 

PRL 51164 
PRL 391113 
PL 122B 465 
PRL 51627 

PL 137B 135 
PL 140B 299 
PRL 531415 
NP A412523 
PR 029343 
PRL 52717 

NP B2601 
PRL 55 465 
PL 150B 242 
PL 160B 343 
PR 024 2004 
PL 1298 260 
CNPP 14341 
NP B253189 
PRL 541887 

PRL 3 349 
ROCH CONF 60542 
PRL 5 330 
NC 17109 
NC 17114 
PRL 522 
BOSH CONF 60713 

PRL ~ 128 
PRL 129 
PR 1251022 
NC 4EA 281 
NB 63A 423 

PRPL 3193 
RMP 44 250 

+MAGNON,PICARD (SACL) 
+DEDEN+(AACH+BELB+CERN+EPOL+MILA+LALO*LOUB) 

+GREBENYUK,ZINOV,KONIN,PONOMAREV (JINR) 
POUTISSOU,FELAWKAIINGRAM + (MONT*BRCO) 
BASPEBBON,CRANE+ (YALE+LASL+HEID+BERN÷WYOM) 
KORENCHENKO,KOSTIM,MITBELMAKHER+ (JINR) 
BABERTSCHER,BORER,CZAPEK,FLUEGKIGER+ (BERN) 

+BORER+(CERN+DARE+BERN*BHEF+MANZ+RMCS+BIRM) 
÷BORER+(CERN+BARE+BERN+BHEF+MAMZ~RMCS+BIRM) 
BAILEY+(CERN+DARE*BEMN+SHEF+MANZ*RMCB+BIRM) 

(BARE+BERN~SREF+CERN*MANZ÷RMCS÷BIMM) 

CASPERBON,CRANE÷ (BERN+HEIB÷LABL+WYOM÷YALE) 

BABERTBCHER,BBRER,CZAPEK,FLUECKIGER+ (BERN) 
(BARE+BERN+BHEF~MANZ+RMCB+CERN~BIRM) 

BLIETSCHAU÷(AACH+LIBH+CERN*EPOL+MILA÷DRBA+) 
+CHENG,LI,MATIB (LABL+IAS+CARN+EFI) 
+GYGAX,KLEMPT,BCHENCK,BCHULZE+ (ETH+MANZ) 

(BARE+BERN+BHEF+MANZ+RMBB÷CERN+BIRM+LBL+) 

+BABKENSTOSG,BIMONB,WUEST + (BASL+KARL) 
BADERTBCHER,BORER,CZAPEK,FLUECKIGER+ (BERN) 
BABERTSCMER,BORER,CZAPEK,FLUCKIGER+ (BERN) 
CHARM COLLAB. (AMIK+CERN÷HAME+ITEP+ROMA) 
+ENGFER,POVEL,DEY+ (ZURI*ETH+SIN) 
POVEL,DEY,WALTGR,PFEIFFER ÷ (ZURI+ETHeBINI 
+HUGHES+ (YALE+LBL+LASL+BACL+BIN+CNRC+BERN) 
WILLIS+ (YALE+LBL+LABL+BACL+SIN+CMRC+BERN) 

~DUCLOB,MAGNON+ (BACL+CERN+BGNA+TRIU) 
P.NEMETHY,V.W.HUGHEB (LBL+YALE) 
+ANDERBON,MATIS,WMIEHT + (EFI+STAN+LANL) 
BOWMAN,COOPER,HAMM,~ (LASL+EFI+STAN) 
+SCHULZE,WOLF,CAMANI,GYGAX+ (MANZ+ETH) 
÷BEER,BOLTON,EGAN,BARDNER+ (YALE+HEID+BERN) 
÷WARREN,ORAM,KIEFL (BRCO) 

+BEPOMMIER,LEROY,MARTIN+ (MONT+TRIU+BRCO) 
DEPOMMIER,MARTIN+(MONT+BRBO+TRIU+VICT+MELB) 
CHARM COLLAB. (ANIK+CERN+MAMB+ITEP+ROMA) 
+GIDAL,GOBBI,JODIBIO,DRAM+ (LBL+NWES+TRIU) 

*DUCLOS,MAGMON+ (SACL*CERM+BGNA+FIRZ) 
BINBRUM C.,EICHLER+ (ETH+ZUMI+BIN+BACL) 
*BOWMAN,CARLINI+ (LANL+CHIC+STAN+TEMP) 
EIDHENBERGER,ENGFER,VAN BER BCHAFF (ZURI) 
GIOVANETTI,BEY,EBKHAUSE,HART+ (WILL) 
KINOBHITA,NIZIC,OKAMOTO (CORN) 

BINDRUM C.,EGLI,EICHLER+(ETH+ZURI+SIN*BACL) 
+ (TRIU+BNRC+BRCO+LANL*CHIC+BARL+) 
BURKARD,CORRIVEAU,BGGEB+ (ETH+SIN+MANZ) 
BURKARD,CORRIVEAU,BGEER+ (ETH+SIN+MANZ) 
CORRIVEAU,EGGER,FETBCHER + (ETH+BIN+MANZ) 
CORRIVEAU,EGSER,FETSCHER~ (ETH+SIN+MANZ) 
HUDHES,KINOBHITA (YALE÷CORN) 
MURBULA, SCHECK (BERN+MANE) 
STOKER,BALKE,CARR,GIDAL, ÷ (LBL+NWEB*TRIU) 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

FIBHGR,LBONTIC,LUNBBY,MEUNIER,BTROOT (CERN) 
ABTBURY,EATTERSLEY,HUSBAIN + (LIVERPOOL) 
DEVONB,GIDAL,LEDERMAN,$HAPIRO (COLUMBIA) 
J LATHROP,R A LUNDY,V L TELEGBI + (EFI) 
J A PENMAN + (EFI) LUNDY,G LATMROP,R 
REITER,ROMANOWBKI,SUTTON + (CARNEGIE) 
v L TELEGBI (BERN) 

CHARPAK,FARLEY,DARWIN,MULLER,SENB + (CERN) 
B P HUTCHINBON,J MENES + (COLUMBIA) 
D 5HAPIRO,L M LEDERMAN (COLUMBIA) 
FAIRLEY,BAILEY,BROWN,GIESCH + (BERN) 
c VOEBLER (EFI) 

B.LAUTRUP,A.PETERMAN,E,BE RAFAEL(CERN+BURE) 
A RICH,J 0 WESLEY (MICH) 
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Stable Particle Full Listings 

COM~L~Y /4 PRPL I~ 1 F.COMBLaY,E.PICASBU (CORN) 
CALMET 77 RMP 49 21 J.CALMET,S.NARISON,M.RERROTTET+ (MARS) 
KINOSHIT 78 TOKYO HER P.571 T. KINOgHITA (CORN) 
SCHECK 78 PRPL AAC 187 F. SCHEGK (MANZ) 
FARLEY 79 ARNPS 29 24~ F.J.M.FARLEY,E.PICASSO (RMCS+CERN) 
DEPOMMIE 80 NP A335 97 P.DEPOMMIER (MONT) 
COMBLEY 81 PRPL 68 93 COMBELY,~ARLEY,PICBSS2 (SHEF+RMCS~CERN) 

I 

EXISTENCE INDIRECTLY ESTABLISHED FROM TAU DECAY DATA COMBINED 
WITH NU REACTION DATA. SEE FOR EXAMPLE FELDMAN 81. KIRKBY 79 
RULE OUT J=3/2 USING TAU - ->  RI NU(TAU) BRANCHING RATIO. 

NOT IN GENERAL A MASS EIGENSTATE. SEE NOTE ON NEUTRINOS 
IN THE ELECTRON NEUIRINO SECTION ABOVE. 

v r " M A S S "  ( M e V )  

APPLIES r0  NU(3), THE PRIMARY MASS EIGENSTATE IN NU(TAU). WOULD 
ALSO APPLY TO ANY OTHER NU(J) WHICH MIXES STRONGLY IN NU(TAU) AND 
HAS SUFFICIENTLY SMALL MASS THAT IT CAN OCCUR IN THE RESPECTIVE 
DECAYS. (THIS WOULD BE NONTRIVIAL ONLY FOR A HYPOTHETICAL J .GE. A, 
GIVEN THE NU(E) AND NU(MU) ' 'MASS'' LIMITS ABOVE.) 

M RA 594 (250.) OR LESS CL=,g5 2ACINO 79 DLCO E+E- ECM=3.5-7.4GEV 
M C 1250.) OR LESS CL=.9~ BLOCKER 82 SMK2 E~E- ECM=5.2 GEV 
M E 102 70. OR LESS CL=.9B ALBRECHT 85 ARG E-E- EEM=IO GEV 

F 3 1125.) 2R LESS CL=.93 BURCHAT 85 SMK2 E+E- ECM=29 GEV 
1157.) 2R LESS CL=.95 MILLS 85 DLCO E+E~ ECM=29 GEV A 

22 1143.) OR LESS CL=.95 MATTEUZZI g5 SMK2 E+E- ECM=29 GEV 
I 10 184.) OR LESS CL=.9B ABACHI B6 ORS E~E- ECM=29 GEV 
P PERL 77 IS E+E- TO TAU+ TAU- EXRT. VALUE QUOTED ASSUMES V-A DECAY 
P AND TAU MASS=1900 MEV. 

M B BACINO 79 EXPT RULES OUT V~A DECAY, DISFAVORS PURE V OR A, AND IS ~ IN GOOD AGREEMENT WITH V-A, 
BOUND COMES FROM ANALYSIS O; LEPTONIC DECAY SPECTRUM. 

M C BOUND COMES FROM ANALYSIS OF TAU -> Pl NU(TAU) DECAY RODE. 
M E BOUND COMES FROM ANALYSIS OF TAU -> 3PI+- NU(TAU) DECAY MODE. 
M F BOUND COMES FROM ANALYSIS OF TAU -> 5PI*- (RIO) NUITAU) DECAY. 
M G 20UND COMES FROM ANALYSIS OF TAU -> K+~ K-÷ PI÷- NU(TAU) DECAY 
M G MODB. 

H BOUND COMES FROM ANALYSIS OF TAU -> 3PI÷- PIO NUITAU) DECAY MODE. 
I BOUND COMES FROM ANALYSIS OF TAU -> 5PI*-  PIO NU(TAU) DECAY MODE 

M I (5 EVENTS) AND TO A LESSER EXTENT FROM TAU -> 5PI+- NU(TAU) MODE 
M I 15 EVENTS). 

v r B O U N D S  O N  M A S S  A N D  M I X I N G  

L I M I T S  O N  [ U e y [ 2  A S  F U N C T I O N  O F  PT M A S S  

UET (I.E-g)OR LE2S CL=.90 BERGSMA 83 BDMP M(NU(TAU))°IO MEV 
UET (9.E-9)OR LESS CL=.90 BERGSMA 83 BDMP =100 MEV 

R E F E R E N C E S  F O R  v r 

ALLES 79 LNC 25 40A W.ALLE2 (BGNA)J 
BACINO 79 PRL 42 749 +FERGUSON,NODULMAN+ (UCLA~SLAC+UCI+~TON) 
KIRHBY 79 SLAC-PUB-2419 J.KIRKBY(LEPTON PHOTON GYMP. BATAVIAI(gLAC)J 
FELDMAN 81 SLAC-PU2-2839 G.J.FELDMANISANTA CRUZ APE 1981)(SLAC+gTAN) 
BLOCKER 82 PL 109B 119 ~DORFAN,ABRAMS,ALAM,BLONDEL+ (LBL+gLAC) 
BERGGMA 83 PL 12BB 361 *DORENBOSCH+ (ANIK+CERN+HAMB+ITER+INFN) 
ALBRECHT 85 PL 163B 404 ARGUS C,+BINDER+(DESY+DORT+HEID~IPPC+KANS+) 
BURCgAT 25 RRL 54 2489 MARK II C,÷SGRMIDKE,YELTON~ (SLAC+LBL÷RARV) 
MATTEUZZ 85 PR 032 800 MRRK I I  C,MATTEUZZI,BARKLOW÷ISLAC+LBL+NARV) 
MILLS 85 PRL 54 62A DELCO C.,PAL,ATWOOD,BAILLON+(CIT+SLAC+gTAN) 
ABACHI B6 PRL (IS RE PUBL.) HRS C.,*AKERIOCP+ {ANL+INDALBL+MICH+PURDI 

E] j =  1 
2 

TAU DISCOVERY PAPER IS PERL 75.  
E~E- - - >  TA2+TAU- CROSS SECTION T~RESROLD BEHAVIOR AND 
MAGNITUDE CONSISTENT WITH ROINTLIKE SPIN I / 2  DIRAC PARTICLE. 
BRANDELIK 78 RULES OUT ROINTLIKE SPIN 0 OR SPIN I PARTICLE. 
FELDMAN 78 RULES OUT J=3/2. KIRKBY 79 ALSO RULES OUT 
J=INTEGER, J=3/2. 

r M A S S  ( M e V )  

A 692 1783. 3. 4. BAGINO 78 DLCO E*E- 3.I-7.4GEV ECM 
R 299 1787. I0. 18. BARTEL 78 SPEC E+E- 3.6-4.4GEV ECM 

1207. 20. 2RARDELIK 78 DASP E+E- 3.1-5.20EV ECM 
1787. 10. BLOCKER 80 SMK2 E+E- 3.5-6.70EV ECM 

113811803.) ( 1 6 . )  2LOCKERI 82 SMK2 INCL. IN BLOCKER 80 

A 2ACINO 78 VALUE COMES FROM E+- X-4 THRESHOLD. PUBLISHED MASS 1782 
MEV INCREASED 2Y I MEV USING THE HIGH PRECISION PSI(SOBS) MASS 
MEASUREMENT OF ZHOLENTZ 80 TO ELIMINATE THE A2SOLUTE SPEAR ENERGY 

g CALIBRATION UNCERTAINTY. 

R 2ARTEL 78 FITS ENERGY DEPENDENCE OF CS FOR E÷- AND MU+- EVENTS. 
R MASS VALUE NOT DEPENDENT ON WHETHER V-A OR V+A DECAY ASSUMED* 

BVG 1784.2 3.2 AVERAGE 

r M E A N  L I F E  ( u n i t s  10 - 1 3  see )  

102 4.6 1.9 FELDMAN 82 2MK2 E+E- ECM=29 GEV 
121 4.9 2.0 FORD 82 MAC E÷E- ECM=28,29 SEV 

T 143 4.7 3.9 2.9 BEHREND2 83 CELL E÷E- ECM=22,34 EEV 
156 3.20 0.54 JAROS 83 2MK2 E+E- ECM=29 GEV 
50 3.18 0.81 0.94 ALTHOFF 84 TABS E+B- ECM=43 GGV I 

T B IOK 3.15 0.6 FERNANDE 85 MAC E+E- ECM=29 SEV I 
T B STATISTICAL AND SYSTEMATIC ERRORS ARE 0.36 AND 0.4. I 
T 
T AVG 3.30 0.35 AVERAGE l 

7" P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

P2 ~'± ~ e±PeP T .511+ O÷ 0 

P3 T ±  ~ 57¢± /PT 

PA T ~ ~ 5"E£±7£00'7. 

P5 1 "± ~ ~;~+K--7£±~T 494~ 494+ 140+ 0 

P6 3 - ±  ~ K±TF+W- - (~O  W O) b', T 

P7 3-± ~ K.±I)T 494* 0 

P9 T ± ~ ,OOTF±P T 769+ 140+ 0 

P10 T ± ~ a i ( 1 2 7 0 ) ± v r  1275* O 

P11 3 -± ~ K±iu.e~-~.ral(s) 

P12 T ± ~ 9V±P, r  140+ 0 

P53 T ± ~ 2 7 r ± T r ~ p r ( i n c l u d i n g  P9 ,  P I 0 )  140+ 140+ 142+ 0 

P16 7.± ~ P±YT 769* 0 

P17 T ± ~ 3 h a d r o n s ± V r  

P18 7 . ±  ~ 3 h a d r o n s ± ' 7 ( s )  v T 

Pig 7.± ~ h a d r o n ± ( n o t  P T , P I 2 , O R  P 1 6 )  neu t r a l ( s )  

Pg0 r ± ~ 5 h a d r o n s ± n e u t r a l ( s )  

P21 '7 ± ~ K*(892)  v r 8 9 z .  2 

PGG "r ± ~ K ~ ( 1 4 3 0 )  v r 1425 .  0 

P24 T ± ~ r r ± T r ° ( n o n - r e s o n a n t )  v r 1A0* 135.  0 

P25 "T± ~ ~'+~-/F±wO~ r 140* 140+ 14Q+ 135+ 

P26 T ± ~ 7C±/£QITB~TD~ - 140, 135+ 135+ 135+ 

P27 T ± ~ IT±~TOITOPT 140+ 135+ 135+ 0 

P28 "r ± ~ K ± ( 2  c h a r g e d )  ( / > 0  n e u t r a l s )  v r 

R29 T ± ~ 3 7 r ± K 2 ( ~ 0  -y) v z 

R30 r ± ~ h a d r o n ± ( > ~ l  7r o) v r 

LEPTON FAMILY NUMBER VIOLATING MODES. 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

P31 T 3: ~ / z ± ~  106+ 0 

P32 T ± ~ e ± ~  .511+ 2 

P33 T ± ~ /Z ± c h a r g e d  par t i c les  

P34 r ± ~ e ± c h a r g e d  par t i c les  

R35 T ± ~ ~±~+~-- 106÷ 106+ 106 

R36 T ± ~ ~±~Z+~ - .511* 106+ 106 

P37 3 .± ~ ~±e+e - 106,.511+.511 

P38 7" ± ~ ~±e+e - .511+.511+.511 

P39 T ± ~ ,{~±T£ 0 I06~ 135 

P40 7" ± ~ e±TE ° .511÷ 135 

P41 T ± ~ #±K ° 106+ 498 

P42 T ± ~ e ± K  o .511, 498 

PA3 T ±  ~ ~±pO 106+ 769 

PG4 T ± ~ e±/) ° .511+ 769 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The rnamx  below is derived from the error matrix for the titled partial decay mode 
branching fractions, P,, as follows: The diagonal elements are Pt+-~Pv where 
GP, = ~ ,  whfie the off-diagonal elements are 1he normalized correlation coeffi- 
cients ~GPIAPj)/(~PcGPj), For the definitions o f  the individual Pb see the listings above; 
only those Pi appearing in the matrix are assumed in the flt to be nonzero and are 
lfius constrained to add 1o I. 

P 1 P 2 P 7 P12 P'~6 P17 P18 P't9 P20 
P ~ .1757+-.0055 
P - . 204  . 1735÷ - . 0051  
P 7 - . 0 0 5  - . 0 0 3  .0067+ .0017 
R12 -.026 -.I02 ~M024 .1211+--.011g 
P16 --.035 --.057 .000 ,008 .2181÷--.0203 
R17 --.001 .001 --.000 --.001 .022 .0810÷--.0073 
P18 --.008 --.006 --.001 --.009 .001 --.922 .0527+--.0078 
P19 --.143 --.069 --.058 --.450 --.842 =.003 --.039 .1896÷--.0236 
P20 --.003 --.002 .200 --.003 .000 --.000 --.001 --.013 .0015+--.0004 



For notation, see key on page 91. 

1" BRANCHING RATIOS 

f ±  ~ (#± v ~ v ¢ ) / t o t a l  (e l )  
RI 220 0.15 0.03 BURMESTI 77 PLUT ASSUMES V-A DECAY 
RI 0.175 0.040 PERL 77 SMA6 E+E- TO MU+- X-+ 
RI 0.22 0,10 0.07 CRVALLISF 77 SPEC E÷E- TO MU+- X-+ 
RI 11 0.22 0.07 0.08 SMITH 78 SPEC E+E- TO MU÷MU-XO 
R1 0.35 0.14 BRANDELIK 80 TASS E+E- ECM=3OGEV 
RI 0.178 0.027 BERGER 81 PLUT E.E- 9-326EV ECM 
RI E 47 0.176 0.033 BEHREND 83 CELL E~E- ECM=34 GEV, 
RI F 0.129 0.018 ALTHOFF 83 TASS E+E- ECM=34,5 GEV 
R1 I 473 0.183 0.010 ASH 85 MAC E+E= ECM=29 GEV 
RI d (0.173) (0 .005)  ASH 85 MAC E+E- ECM=29 GEV 
RI H 0.180 0.012 BALTRUSA 83 SMK3 E+E- ECM=3.77 GEV 
RI S 153 0.194 0.023 BERGER 83 PLUT E~E- ECM=34.6 GEV 
RI E STATISTICAL AND SYSTEMATIC ERRORS COMBINED IN QUADRATURE. 
RI F STATISTICAL AND SYSTEMATIC ERRORS ARE 0.017 AND +0.007 -0.005. 
RI I ERROR CORRELATED WITH FERNANDEZ 85 I-PRONG VALUE. 
RI I STATISTICAL AND SYSTEMATIC ERRORS ARE 0.009 AND 0.003. 
RI J COMBINED RESULT OF ASH 85 RI, R2, AND R4 MEASUREMENTS ASSUMING 
RI J BR(MU NU NU)/BR(E NU NU)=0.97. 
RI M ERROR CORRELATED WITH BALTRUSAI 85 E NU NU VALUE. 
RI B STATISTICAL AND SYSTEMATIC ERRORS ARE 0.01 AND 0.006. 
RI e STATISTICAL AND SYSTEMATIC ERRORS ARE 0,016 AND 0.017. 
RI 
RI Ave " "0,1733"-- " --'0.0069 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,1) 
R1 FIT 0,1757 0.0055 FROM FIT 

± ~ ( e  ± v e PT)/total (pz) 

R2 B 459 0,160 0,013 SAC)NO 78 DLCO E+E- ECM~3.1-7.4GEV 
R2 0.19 0.09 BRANDELIK 80 TASS E+E- ECM=3OGEV 
R2 E 60 0.183 0,031 BEHREND 83 CELL E+E- ECM=34 GEV. 
R2 F 0.204 0,033 ALTHOFF 85 TASS E+E- ECM=34.5 GEV 
R2 I 390 0.180 0.011 ASH 05 MAC E~E- ECM=29 GEV 
R2 J (0,178) (0.005) ASH 85 MAC E+E- ECM=29 GEV 
R2 H 0,182 0.009 BALTRUSA 85 SMK3 E~E- ECM=3,77 GEV 
R2 G 0,130 0,030 BERGER 85 PLUT E+E- ECM=34,6 GEV 
R2 B BACINO 78 VALUE COMES FROM FIT TO EVENTS WITH E*- AND I OTHER 
R2 B NONELECTROM CHARGED PRONG. 
R2 E STATISTICAL AND SYSTEMATIC ERRORS COMBINED IN QUADRATURE, 
R2 F STATISTICAL AND SYSTEMATIC ERRORS ARE 0.030 AND ÷O.01A -0.009. 
R2 I ERROR CORRELATED WITH FERNANDEZ 85 1-PRONG VALUE, 
R2 I STATISTICAL AND SYSTEMATIC ERRORS ARE 0.009 AND 0.006~ 
R2 J COMBINED RESULT OF ASH 85 RI,  R2, AND R4 MEASUREMENTS ASSUMING 
R2 J BR(MU NU NU)/BR(E NU NU)=0.97. 
R2 H ERROR CORRELATED WITH BALTRUSAI 85 RI. 
R2 H STATISTICAL AND SYSTEMATIC ERRORS ARE 0.007 AND 0.005. 
R2 G STATISTICAL AND SYSTEMATIC ERRORS ARE 0.019 AND 0.029. 
R2 
R2 Ave "'0~1763 " 0.0058 AVERAGE 
R2 FIT 0.1735 0.0051 FROM FIT 

R3 SQRT(PI*P2) 
R3 105 0.17 0.06 0.03 PERL 76 SMAG 
R3 144 0.186 0.030 PERL 77 SMAe 
R3 21 0.224 0,055 BARBARO-e 77 SMAe 
R3 13 0,182 0.031 BRANOELIK 70 DASP ASSUMES V-A DECAY 
R3 WE HAVE COMBINED STATISTICAL AND SYSTEMATIC ERRORS QUADRATICALLY. 
R3 ASSUMES V-A COUPLING, TAU MASS=I.8 GEe, TAU NEUTRINO MASS=O, 
R3 ASSUMES V~A COUPLING, TAU MASS=I.9 GEV, TAU NEUTRINO MASS=O. 
R3 
R3 AVG 0.186 0.018 AVERAGE 
R3 FIT 0.1746 0.0033 FReM FIT 

T ± ~ (~ ± P~ P~)*(e ± ~e 07)  (P I I * IP2 )  

R4 B 20 0,034 0.009 BASIN01 79 DLC0 E~E- ECM=3.6-7.4GEV 
R4 257 0.030 0.005 BLOCKGRI 82 SMK2 E+E- ECM=3.5-6.7GEV 
R4 A 0.0288 0.0025 ASH 85 MAC E÷E- ECM=29 GEV 
R4 B BASIN01 79 QUOTES BR(MU)=O.21+-0.O58(STAT,+SYST. ERRORS COMBINED IN 
R4 A STATISTICAL AND SYSTEMATIC ERRORS ARE 0.0017 AND 0.0019. 
R4 B QUADRATURE) ASSUMING DR(E)=0.16. WE MULTIPLY BY 0.16 TO GET ABOVE 
R4 B VALUE. 
R4 . . . . . . . . .  
R4 Ave 0.0293 0.0022 AVERAGE 
R4 FIT 0.0305 0.0012 FROM FIT 

T ± ~ (e ± Pe PT) / (~ ± V# ~T) ( P 2 ) / ( P t )  
R5 PREDICTED TO BE I FOR SEQUENTIAL LEPTON, 2 FOR PARAELECTRON, 
R5 AND I/2 FOR PARAMUDN. PARAELECTRON ALSO RULED OUT BY HEILE 78. 
R3 21 0.92 0.37 BURMEST2 77 PLUT ASSUMES V-A DECAY 
R3 B 18 1.09 0.38 BRANDELIK 78 DASP E÷E- 3.1-5.26EV ECM 
R5 L 154 0.75 0.23 BLOCKERI 82 SMK2 E+E- ECM=3.5-6.TGEV 
R3 A 390 (0.08) (0.08) ASH 85 MAC E~E~ ECM=29 GEV J 
R3 0 BRANDELIK 78 QUOTES THE INVERSE OF THIS RATIO AS .92~ .32  . 
R5 L BLOCKER 82 GIVES TRE INVERSE OF THIS RATIO AS 1.33+-.18+-.36 . 
R5 A STATISTICAL AND SYSTEMATIC ERRORS ARE 0,07 AND O.OA. 
R5 A NOT INDEPENDENT OF ASH 85 R1 AND R2 VAULES. 
R3 ......... 
R3 AVG 0.86 0,17 AVERAGE 
R3 FIT 0.988 0.047 FROM FIT 

T ± ~ ('a " ±  vT) / to ta l  (P12) 
R6 1138 0.117 0.019 BLOCKERI 82 SMK2 E+E- ECM=3.5-6.TGEV 
RE E 34 0.099 0,021 BEHRENe 83 CELL E+E- ECM=34 GEV. 
R6 E STATISTICAL AND SYSTEMATIC ERRORS COMBINED IN QUADRATURE. 
R6 ......... 
R6 RVG 0.109 0.014 AVERAGE 
R6 FIT 0.101 0.011 FROM FIT 

7 ± ~ ( K  ± p r ) / t o t a l  (PT) 
R7 15 0.013 0.003 BLOCKER2 82 SMK2 E+E- ECM=3.9-6,7GEV 
R7 16 0.0039 0.0018 MILLS 84 DLCO E+E- ECM=29 GEV 
R7 . . . . . . . . .  
R7 Ave 0.0067 0.0023 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 
R7 PIT 0.0067 0.0017 FROM FIT 

r ± ~ ( p ±  P r ) / t o t a l  (P16) 

0.221 0,025 BEHREND 84 CELL E+E- EOM=14~22 GEV I R8 
R8 ......... 
R8 FIT 0.218 0.020 FROM FIT 

T ± ~ (K'(892) ± ~r)/total  (P21I 
R9 11 0.017 0,007 eORFAN 81 SMK2 E*E~ A.2-6.7GEV ECM 

7 ± ~ ( K ~ ( 1 4 3 0 )  ± ~ ) / t o t a l  (PZZ) 
RIO 0 0.009 OR LESS CL~.95 OORFAN 81 SMK2 E+E- 4 .2-6 .760V ECM 
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Stable Particle Full Listings 
T 

T ± 

Rli 
R11 
R11 
R11 

R16 
R16 
R16 

7-± 

R17 
R17 
R17 

T ± 

R18 
R18 
R18 
R18 
R18 
R18 
R18 
R18 
R18 

~± 

R19 

T ± 

R20 

R21 

T ± 

R22 

i-± 

R24 
R24 
R24 
R24 
R24 
R24 
R24 
R24 
R24 
R24 
R24 
R2A 
R24 
R24 
R24 
R24 
R24 
R24 
R24 
R24 
R24 
R24 
R24 

i-± 

R25 
R25 
R25 
R25 
R25 
R25 
R2S 
R23 
R2e 

(a1(1270) ± Vz)/total (Pro) 
w 27 (0.108) (0.034) WAGNER 8e PLUT E+E~ ~5 GEV ECM 
W NOT INDEPENDENT OF WAGNER 80 R22 VALUE BELOW. ASSUMES THAT ALL 
W (NU RHO0 el+-) EVENTS ARE (NU AI+-) AND DR(L+- NU NU)= 
W .173+-.013 . 

(p± FT)*(# ~ ~# Vr) (P16)*(P1)  
103 0,041 0.009 BLOCKER 80 SMK2 E+E- ECM=3,5~6,TGEV 

FIT 0.0383 0.0037 FROM FIT 

(P± VT)*(O ± Pe ~T) (Pt6)*IP2) 

139 0,034 0.008 BLOCKER 80 SMK2 E+E- EGM=3.5-e. TGEV 

FIT 0.0379 0,0036 FROM FIT 

(qr ± ~ ) * ( e  ± Pe PT) (P12)*(p21 
23 0,015 0.006 ALEXAND2 78 PLUT E+E- ECM=3.6-5 GEV 
10 0,013 0.006 BASIN01 79 OLeO E+E~ ECM=3.6-7.4GEV 
ALEXANDER2 78 QUOTE BR(Pl)=.ORO+-.O38(STAT.+SYST.ERROR$ COMBINED IN 
QUADRATURE) USING BR(E)=.167+-.010. WE MPY. BY .167 TO GET ABV.VRL. 
BASIN01 79 QUOTES BR(PI)=O,OOO+-OIO35(STAT,+SYST.ERRORS COMBINED IN 
QUADRATURE) ASSUMING BR(E)~O~16. WE MPY. BY 0,16 TO GET ABOVE VAL. 

AVe 0.0140 0,0042 AVERAGE 
FIT 0,0176 0.0020 FROM FIT 

(¢c ± ¢r ° (non-resonant) vr) / to ta l  (P24) 

0.003 0.003 BEHREND 84 CELL E+E- ECM=14;22 GEV l 

(or ± 2"a'° PT)/total (P27) 
0.060 0.035 BEHREND 84 CELL E+E- ECM~14,22 GEV l 

(7c ± 37r° ~r)/total  (P26) 

0.030 0.027 BEHREND 84 CELL E+E- ECM=14,22 eEV l 

(¢c ± p° ~ ) / t o t a l  (Pe) 
27 0,054 0.017 WAGNER 80 PLUT E+E- 4-5 GEV ECM 

((1 charged) (~O neutrals) v¢)/total 
(P1+P2+PT*P12+P16+P19) 

CHARGED PARTICLE CAN BE E, MUj OR HADRON. 
SINCE 5 PRONG BR, FRACTION IS VERY SMALL THIS BR. FRACTION 
IS NOT INDEPENDENT OF 3 PRONG VALUE (R31). 

672 (0.840) (0,020) 00HREND 82 CELL E÷E- 32-36.800V ECM 
B 764 (0.88) (0.022) BLOCKER3 82 SMK2 E÷E- ECM = 29 GEV 

660 (0.852) (0.017) AIHARA 84 TPC E+E- ECM=29 GEV J 
4098 (0.869) (0.004) AKERLOF 85 HRS E~E- ECM=29 GEV 

I 169 (0,847) (0.019) (O.017)ALTHOFF 85 TASS E+E- ELM=34.5 GEV 
(0.861) (0.010) BARTEL 85 JADE E÷E- ECM=34.6 GEV 
(0.878) (0.041) BERGER 80 PLUT E+E- ECM=34.6 GEV 
(0.867) (0.007) FERNAMDE 85 MAC E÷G ECM=29 GEV 

SYSTEMATIC AND STATISTICAL ERRORS COMBINED IN QUADRATURE. I 
STATISTICAL AND SYSTEMATIC ERRORS ARE 0,009 AND 0.015. 

D STATISTICAL AND SYSTEMATIC ERRORS ARE 0.002 AND 0.003. 
F NOT INDEPENDENT OF ALTHOFF 85 R1, R2, R25, AND R31 VALUES. 
F STATISTICAL AND SYSTEMATIC ERRORS ARE 0.011 AND +0.016 -0.013. 
J STATISTICAL AND SYSTEMATIC ERRORS ARE 0.003 AND 0.009. 

NOT INDEPENDENT OF It-PRONG + OPIO) AND (I-PRONG + >= IPIO) VALUES. 
STATISTICAL AND SYSTEMATIC ERRORS ARE 0,013 AND 0.839. 

C STATISTICAL AND SYSTEMATIC ERRORS ARE 0.003 AND 0.006. 

FIT 0,8648 0.0030 FROM FIT 

(hadron±(>~9 neutrals) vT)/total (PT+PI2÷P16~P191 

19 0.45 0.19 BARBARO-G 77 SMAG 
0.29 0.11 BRANDELIK 78 eASP ASSUMES V-A DECAY 

B (0.22) (0.14) 8RANDELIK 80 TASS E+E- ECM=3OGEV 
F 0,515 0.033 0.039 ALTHOFF 85 TASS E+E- ECM=34.5 GEV I 

B NOT INDEPENDENT OF BRARDELIK 88 RI, R2 AND R24 VALUES. 
F STATISTICAL AND SYSTEMATIC ERRORS ARE 0.029 AND +0.016 -0.026. J 

AVG 0.492 0,065 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.9) 
FIT 0.5156 0.0073 FROM FIT 

(SEE IDEOGRAM BELOW) 

W E I G H T E D  AVERAGE 
0 . 4 9 2  ¢ 0 . 0 6 5  (ERROR S C A L E D  BY 1.9 ) 

and scale factor are based upon the data in 
th is ideogram only. They are not neces- 
sar, ly the same as our "bes l "  values, 
obtained from a least-squares constrained f i l  
ut ,hzing measurements  of other (related) 
quantEties as add~tiona information. 

0 0  0 2  0 .4  0 .6  

B('r ~ h a d r o n  ~ :0neu t ra ls  u )  

X 2 

ALTHOFF 85 TASS 04 
B£ANDELIK 78 DASP 3 4 

• BAROAPO-G 77 SMAG 

3 5  
(Conf,dence Lave, = 0 052) 

0 8  1 0  
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Stable Particle Full 
T 

Listings 

r ± ~ ( K ± ( ~ 0  n e u t r a l s )  P c ) / t o t a l  (P11) 
R26 B GMALL DRANDELIK T7 DASP 3.6-5,2ECM E÷E- 
R26 53 0.0171 0.0029 MILLS 84 DLCO E+E- ELM=29 GET 
R2E B BRANUELIK 77 FINDS 0.07-~0.06 K+- PER EVT IN E+E- - ->  E~- PRONE-+. 

~± ~ (2 7r± ~r~ ~T)/total (~17)  
R28 DECAY MODES WITH KAONS ARE MEASURED TO BE SMALL, SO ALL HADRONS 
R28 ARE ASSUMED TO BE PIONS, BEHREND 84 SUBTRACTS KAONS BY HAND. 
R28 J 13 (0,07) (0,05) JAROS 78 SHAG E+E- ECM > 6 GET 
R28 0.09 0.06 BRANDELIK 80 TASS E+E- ECM=3OGEV 
R28 0.097 0.024 BEHRENb 84 CELL E+E- ECM=14,22 GET | 
R28 1255 0,081 0.008 FERNANbE 85 MAC E~E- ELM=29 GET I 
R28 J JAROS 78 EVENTS CONSISTENT WITH BEIN~ RHO PI OR At. 
R28 
R28 AVG 0.0027 0.0075 AVERAGE 
R28 FIT 0.0810 0.0073 FROM FIT 

T ± ~ (2z" ± ~ ~ (noR-resonant) yT)/total (PI3-PD) 

R29 0.014 OR LESS CL=.95 WAGNER 80 PLUT E+E- 4-5 GET ECM 

T± ~ ( 3,n'± 7coPT)/total IP25) 
R3O WE FIT THIS AS P18 (TAU+- INTO 3 HADRONS~- GAMMA(S) NU(TAU)) AND 
R30 ASSUME THAT THE MULTI-RID FRACTION 10 SMALL. 
R30 (0.11) (0.07) JAROS 78 SMAG E+E- ECM > 6 GET [ 
B30 D.15 O.D7 SRANDELIK 80 TAGS E+E- ECM=8OGEV 
R30 0,062 0.029 SEHREND 84 CELL E+E- ECM=14,22 GET 
R30 
R30 AVE 0.075 0.031 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 
R30 FIT 0.0527 0.0078 FROM FIT 

T± ~ (37r±( ~ 0  7:°) Pz)/total (P IT÷PIE)  
R31 DECAY MODEE WITH KAONS ARE MEASURED TO BE SMALL, SO ALL HADRONS 
R31 ARE ASSUMED TO BE PIONS. 
R31 E 692 (0.32) 40.05) BACINO 78 DLCO E+E- ECM=3.1-7.4GEV 
R51 E (0.35) 10.11) BRANDELIK 7S DASP ASSUMES V-A DECAY 
R31 E 33 10.18) 40.065) JARDG 78 SHAG E+E- ECM > 6 GET 
R31 35 0.24 0.06 BRANDELIK 80 TAGS E+E- EGM=30 GET 
R81 186 0.150 0,020 BEHREND 82 CELL E~E- 32-36.8GEV ECM 
R31 152 0.14 0.02 BLOCKER3 82 SMK2 E~ E- ELM = 29 GET 
R31 A 660 0.108 0.017 AIHARA 84 TPC EeE- ELM=29 GET 
R31 C~098 0,130 0.00L AKERLOF 85 ERE E,E- ELM=29 GET 
R31 F 367 0.153 0.017 0.019 ALTHDFF 85 TAGS E,E- ECM=BA.5 GET 
R31 J 0.136 0.009 BARTEL 85 JADE E~E- ECM=34.B GET 
H31 G 0.122 0.041 BERGER 85 PLUT E+E- ECM=34.6 GET 
R31 B 0.133 0.007 FERNANOE 85 MAC E+E- ELM=29 GET 
R31 E LOW ENERGY EXPERIMENTS ARE NOT IN AVERAGE OR FIT BECAUSE THE 
R31 E SYSTEMATIC ERRORS IN BACKGROUND SUBTRACTION ARE JUDGED TO BE LARGE, 
R31 A STATISTICAL AND SYSTEMATIC ERRORS ARE 0.009 AND 0.015. 
R31 C STATISTICAL AND SYSTEMATIC ERRORS ARE 0.002 AND 0,003. 
R31 ~ STATISTICAL AND SYSTEMATIC ERRORS ARE 0.011 AND +0,013 -0.016. 
R31 J STATISTICAL AND SYSTEMATIC ERRORS ARE 0.005 AND 0.008. 
R31 G NOT INDEPENDENT OF BERGER 85 RI, R2, R42, AND R43. 
R31 G STATISTICAL AND SYSTEMATIC ERRORS ARE 0.013 AND 0,039. 
R31 B STATISTICAL AND SYSTEMATIC ERRORS ARE 0.003 AND 0.007. 
B31 
R31 AVG 0.1334 0,0030 AVERAGE 
R31 FIT 0.1337 0.0030 FROM FIT 

T±  ~ (5~r±( >~O 7re) ur)/total (PEO) 

R33 (0.00) OR LESS CL=.95 BHANDELIK 80 TASS E+E- ECM=3OGEV 
R33 10 0.010 0.004 BEHREND 82 CELL E+E- 32-86,BGEV ECM 
R33 2 (O.O05IOR LESS CL=.95 BLOCKER3 8~ SMK2 E,E-  EGM ~ 29 GEV 
R33 4 10.003)0R LESS CL=.90 AIHARA 84 TPC E,E- ELM=29 GET 
R33 I0.009)0R LESS CL=,95 BESREND 84 CELL E+E- ECM=14,22 GET 
R33 10.007)0R LESS CL=.95 ALTHOFF 85 TAGS E+E- ECM=34.5 GET 
R33 J 0.003 0.002 BARTEL 85 JADE E+E- ECHo84.6 GET 
R33 10 0.0013 0.0004 BELTRAMI 85 HRS E,G- ELM=29 GET 
R33 C 4 0.0016 0.0009 BURCHAT 85 SMK2 E~E- ECM=29 GET 
R33 2 (0,0017)0R LESS CL=.95 FERHANDE 85 MAC E~E- ECM=29 GET 
R33 J STATISTICAL AND SYSTEMATIC ERRORS ARE 0,001 AND 0,002. 
R35 C STATISTICAL AND SYSTEMATIC ERRORS ARE 0.0008 AND 0.0004. 
R33 ......... 
R33 AVE 0.00147 D.OOO36 AVERAGE 
R33 FIT 0.00147 0.00036 FROM FIT 

T ± ~ (K±(2  charged) (>/0 neutrals) P~)/total (P28) 
R34 0.006 OR LESS CL=.90 AIHARA 84 TPC E~E- ECM=29 GET | 

T ± ~ (3 hadrons ± ~T)/ 
R35 (B HADRONS+- (>=O GAMMAS) NU(TAU)) (P17)/(PIT+P18) 
R35 . (NOT INDEPENDENT OF R28 AND R31 VALUES.) 
R35 103 0.37 0.35 0.20 ALTHOFF 85 TAGS E,E- ECM=34.5 GET 
R35 B 0.61 0,06 EERNANDE 85 MAC E~E- ELM=E9 GET 
R35 B STATISTICAL AND SYSTEMATIC ERRORS ARE 0 .08  AND 0.05. 
R35 ......... 
R35 AVG 0.599 0.059 AVERAGE 

~± ~ (3~'±KO( ~ o  T) P~)/total (P29) 
R37 0,0027 OR LESS EL=,90 BELTRAMI 05 HRS E+E- ELM=29 GET 

~ ±  ~ ( 5 7 r ±  uT)/total (P3) 
R38 B ~ 0.00067 0.00030 BELTRAMI 85 HRS E+E- ECHo29 GET 
R38 B T E ERROR QUOTED IS STATISTICAL ONLY. 

~± ~ ( 57r± ~DV~)/total (P4) 
R39 BB T5EH 0.00067 0.00030 BELTRAMI 85 HRS E,E- ELM=29 GET 
R39 ERROR QUOTED IS STATISTICAL ONLY. 

T ± ~ ( K  + K -  ~F ± p s i / t o t a l  (P5) 
R40 M 9 0.0022 0.0017 0.0011 MILLS 85 DLCO E+E- ECM=29 GET 
R40 M ERROR CORRELATED WITH MILLS 85 (K Pl Pl PIO NU) VALUE. EXCLUDES 
R40 M 23% SYSTEMATIC ERROR. 

~± ~ ( K s  Y c + 3 r - ( ~ 0  7r o) PT)/total (P6) 
RAt ~ 9 0.0022 0.0010 0.0013 MILLS 85 DLCO E+E- ELM:29 GET 
R41 ERROR CORRELATED WITH MILLS 85 (K K Pl NU) VALUE. EXCLUDES 23% 
R41 M SYSTEMATIC ERROR. 

T±  ~ (hadron±(~ l  ~0) vT)/tota I (P30) 
RAB ~ 0.427 0.035 BERGER 85 PLUT E+E- EDM=34.6 GET 
RA2 STATISTICAL AND SYSTEMATIC ERRORS ARE 0,020 AND 0.029. 
R42 ......... 
R42 FIT O.AOS 0.013 FROM FIT 

T ± ~ (hadron ± P~)/total  IP12+pT) 
R43 B 0.130 0.045 BERGER 85 PLUT E+E- ECM=3A.6 GET I 
R43 G STATISTICAL AND SYSTEMATIC ERRORS ARE 0.020 AND 0.0A0. I R43 . . . . . . . . .  
R43 FIT 0, I08 0,011 FROM FIT 

T ± ~ ( # ±  charged particles + e ± charged particles)/total (P33+P3A) 
R52 TEST OF LEPTON FAMILY NUMBER CONSERVATION 
R52 B 0.04 OR LESS CL=.9~ BURMEST2 77 PLUT E+E- 4-5 GET ECM 
R52 S ASSUMES SAME MU,E MOM. SPED. AS (MU E + NOTHING DETECTED). 

T ± ~ (# ± ~)/total (p31) 
R53 TEST OF LEPTON FAMILY NUMBER CONSERVATION 
R53 5.5E-4 OR LESS CL=.90 HAYES 82 SMK2 E÷E- 3,8-6.8BEV ELM 

r ±  ~ ( e±~) / t o t a l  (p3z) 
RSA TEST OF LEPTON FAMILY NUMBER CONSERVATION 
R54 6.48-4 OR LESS CL=.9D HAYES 82 SMK2 E+E- 3.8-6.80EV ECM 

± ~ (~ ± ~ +  # - ) / t o t a l  (D35) 
R55 TEST OF LEPTON FAMILY NUMBER CONSERVATION 
R55 A.DE-4 OR LESS CL=.90 HAYES 82 SMK2 E+E~ 3.8-6.8GEV ELM 

T ± ~ (e ± / ~ + # - ) / t o t a I  (P36) 

R56 TEST OF LEPTON FAMILY NUMBER CONSERVATION 
R56 3.3E~4 OR LESS EL=.90 HAYES 02 SMK2 E+E- 3.R-6.0GEV ECM 

r ± ~ (# ± e + e - I / t o t a l  (P37) 
R57 TEST OF LEPTON FAMILY NUMBER CONSERVATION 
R57 4.AE-A OR LESS CL=.90 HAYES 82 SMK2 E+E- 3,8-6.8GEV ELM 

T ± ~ ( e  ± e + e - ) / to t a l  (P38) 
R58 TEST OF LEPTON FAMILY NUMBER CONSERVATION 
R58 4.OE-A OR LESS CL=.90 HAYES 82 EMK2 E~E- 3.8-6.8GEV ECM 

± ~ (~  ± 7r°)/total EP39) 

R59 TEST OF LEPTON FAMILY NUMBER CONSERVATION 
R59 8.2E-4 OR LESS CL=.90 HAYES 82 SMK2 E÷E- 3.8-6.BGEV ELM 

~ ±  ~ (e ± 7ro)/tota I rPAO) 
R60 TEST OF LEPTON FAMILY NUMBER CONSERVATION 
R60 2.1E-3 OR LESS CL=.90 HAYES 82 SMK2 E+E- 3.8-6,808V ECM 

T ± ~ (P-± K°)/tota I (P41) 
R61 TEST OF LEPTON FAMILY NUMBER CONSERVATION 
R61 1.0E-3 OR LESS CL:.90 HAYES 82 SMKE E+E- 3.8-6,80EV ECM 

± ~ (e ± KO)/total (P42) 
R82 TENT OF LEPTON FAMILY NUMBER CONSERVATION 
R62 1,38-3 OR LESS CL=,90 HAYES 02 BMK2 E+E- 3.8-6,8GEV ECM 

~± ~ (~±  pO)/total (P43) 
R63 TEST OF LEPTON FAMILY NUMBER CONSERVATION 
R63 4.4E~4 OR LESS EL=.90 HAYES 82 SMK2 E+E- 3,8-6.BGEV ELM 

T± ~ (e ± p ° ) / t o t s l  (P44) 
RB4 TEST OF LEPTON FAMILY NUMOER CONSERVATION 
R64 3.78-4 OR LESS CL=,00 HAYES 82 SMK2 E+E- 3.8-6.808V ELM 

~" DECAY PARAMETERS 

p ( M I C H E L )  PARAMETER (V--A theory predicts p=0.75)  
EHO 594 0.72 0.15 BACIND2 79 DLCO E+E- ECM=3.5-7.4GEV 
RHO A1426 0.71 0.095 BEHRENDS 05 CLEO E+E- NEAR UPS(AS) 
RHO A STAT. ERROR 40.09) AND SYST. ERROR (0.03) ADDED IN QUADRATURE. 
RHO A USED 699 (727) EVENTS WITH AN ELECTRON IMUON). 
RHO . . . . . . . . .  
RHO AVG 0.718 0.080 AVERAGE 

Y/# CHARGED COUPLING-CONSTANT RATIO 

cc C 0,94 0.15 0.13 ALTHOFF 84 TAGS E+E- ECM=43 GET 
CC C STATISTICAL AND SYSTEMATIC ERRORS ARE ~0.12 -0.09 AND 0,09. 

PERL 75 PRL 35 1489 
PERL 76 PL 638 466 

BARBARO- 77 RRL 39 1058 
BRANDELI 77 PL 70B 125 
BURMEST1 77 PL 68B 29? 
BURMEST2 77 PL 685 301 
CAVALLIS 77 LNC 20 337 
PERL 77 PL 708 487 

ALEXAND2 78 PL 78S 162 
BACINO 78 PRL 41 13 

REFERENCES FOR 7" 

÷ABRAMS, BOYARSK I ,  BREI DENBACH • (LBL+SLAC) 
• P ELDMAN, ABRAMS, ALAM, BOYARSKI ÷ (SLAC÷LBL) 

BARBARO-GALT I ER I ~ (LBL+NWEG÷SLAC+HAWA) 
BRANDELIK ÷ (AACB+DESY ÷HAMB+MP IM+TDKY) 
BURMEETER,CRIEGEE ÷ (DEGY+HAMB+SIEB+WUPG) 
BURMEGTER, CRIEGEE ÷ (DESY÷HAMB+S IEG+WUPG) 
CAVALLI-SFORZA,GDGGI + (PAVI*PRIN÷UMD) 
+FE LDMAN, ABRAMS, ALAM, BOYARSK I e (SLAC÷LBL) 

ALEXANDER+ (DESY+ARCH÷HAMB+SI BG+WUPG) 
+FERSUSON, NODULMAN e (UCLA÷SLAC+UE I +STON) J 

ALSO 78 TOKYO CONF. P.249 J.EIRZ(19TH INTL.DONF. ON HER) (STON) 
ALSO 80 PL 968 214 ZHOLENTZ,KURDADZE,LELCHUK,MESHNEV+ (fiovaI 

BARTEL 78 PL 77B 331 +DITTMANN,DUINKER,OLSSON,ONEILL+(DEGY+HEID) 

BRANDELI 78 PL 75B 109 BRANDELIK + (AACH+DESY+HAMB+ MPIM+TOKY)J 
HEILE 78 NP B138 189 *PERL,ABRAMS,ALAM,BOYARSKI÷ (SLAC+LBL) 
JAROS 78 PRL AO 1120 ÷ASRAMS,ALAM+ (SLAC+LBL÷NWEG÷HAWA) 
SMITH 78 PR 018 1 +FORD,MORGE,MANN,RESVANI$* (COLO~PENN÷WISC) 

ALLES 79 LNC 25 4OA W.ALLEG (BGNA)J 
BACIN01 79 PRL 42 6 +FERGUSON,NOOULMAN ÷ (UCLA+SLAC+UOZ*STON) 
BACIND2 79 PRL 42 749 +FERGUSON,NODULMAN+ (UCLA+SLAC+UCI+STON) 



For notation, see key on page 91. 

BLOCKER 80 LBL-IO8OI,THESIS 
BRANDELI 80 PL 92B 199 
WAGNER 80 ZPHY C5 193 
ZHOLENTZ 80 PL 96B 214 

ALSO 81YAD,PHYS.34 1471 
BERGER 81 PL 990 489 
DORFAN 81 PRL 46 215 

BEHREND 82 PL 114B 282 
BLOCKER[ 82 PL I09B 119 
BLDDKER2 82 PRL 48 1586 
BLOCKER3 82 PRL 49 1569 
FELDMAN 82 PRL 48 66 
FORD 82 PNL 49 106 
HAYES 82 PR D25 2869 

BEEREND 83 PL 127B 270 
BEHNEND2 83 NP B211 569 
JAROS 83 PRL 51 955 
AIEARA 84 PR D3O 2436 
ALTHOFF 84 PL 1418 264 
BEEREND 84 ZPHY C23 103 
MILLS 84 PRL 52 1944 

AKERLOF 85 PRL 55 570 
ALTHOFF 85 ZPHY C26 521 
ASH 85 PRL 55 2118 
BALTRUSA 85 ERL 55 1842 
BARTEL 85 PL 161 188 
BERRENDS 85 PR 032 2468 
BELTRAMI 85 PRL 54 1775 
BERGEN 85 ZPHY G2B I 
BURCHAT 85 PRL 54 2489 
FERNANDE 85 PRL 54 1624 
HILLS 05 PRL 54 624 

C.A.BLOCKER (LSL) 
BRANDELIK + (AACH+BONN+DESY+HAMB+LOIC¢OXF+) 
+ALEXANDER+ (AACN+DESY+HAMB+SIEG+WUPG) 
+KURDADZE,LELCHUK,MISHNEV,NIKITIN÷ (NOVDI 
ZBOLENTZ * (NOVO) 
+GENZEL+(AACH*BERG+DESY÷HAMB+UMD+SIEG+WUPS) 
+BLOCKER,ABRAMS,ALAN + (SLAC÷LBL) 

+CNEN+ (DESY+KARL÷MPIM~LALO+LPNP+SACL) 
+DORFAN,ABRAMS,ALAM,BLONDEL+ (LBL÷GLACIJ 
• ABRAMS,ALAM,BLONDEL,BOYARSKI ÷ (5LAC+LBL) 
+LEVI,ABRAMS,AMIDEI,SACKER+ (HARV+LBL+SLAC) 
+TRILLING,ABRAMS,AMIDEF+ (SLAC+LBL+HARV) 
*SMITH+(COLD+FRAS÷NEAS+STAN÷SLAC~UTAM~WISC) 
÷PERL,ALAM,BOYARSKI,BREIDENBACR~ (SLAC+LBL) 

+CHEN÷ (DESY+KARL*MPlM+LALO+LPNP+SACL) 
+CHEN÷ (DESY+KARL+MPIM+LALO+LPNP~SACL) 
+AMIDEI,TRILLING+ (SLAC+LBL+HARV) 
TPC D,+ALSTON-GARNJOST+ (LBL+UCLA~UCR+JHU÷) 
TASSO C, (AACH+BONN+OESY*HAMB+LOIC*OXF~RL~) 
CELLO COLL. (DESY+KARL+MPIM+LALD+LPNP÷SACL) 
DELCO COLLABORATION (CIT+SLAC+STAN) 

HRS C,+BARANKO¢IANL+IND+MICR*PURD*LBL*STAN) 
TASSO C, (AACE+BONN+BRIS+DEGY+HAMB+LOIC+) 
MAC C,+BAND* (COLO÷FRAS+HOUS+NEAS+SLAC+) 
MARK IL l  C,BALTRUSAITIS+ (CIT+UCSC~ILL+) 
JADE C,*(DESY+HAMB+HEID+LANC÷MCHS÷UMD+RAL÷) 
CLEO C.,+ (RDCH*NUTB+SYRA+VAND+ALBA+CMU+) 
ORS C,+BYLSMA+ (PURD+ANL+IND+MICH+LBL+SLAC) 
PLUTO C,+GENZEL+(AACH÷BERG+DESY+GLAS+HAMB÷) 
MARK IT C,+SCRMIDKE,YELTON+ (SLAC+LBL+HARV) 
MAC C,FERNANDEZ+ICOLO+FRAS+HOUS+NEAS*SLAD~) 
DELCO C,÷PAL,ATWOOD,BAILLON÷(CIT+SLAC+STAN) 

REVIEWS 

AZIMOV 78 SPU 21 225 +FRANKFURT,KHOZE (LENT) 
FELDMAN 78 TOKYO CONF.,P.777 G.J.FELDMAN (19TH INTL. CONF. ON HEP)(SLAC)J 
PERL 78 SLAC-PUB-2219 M.L.PERL (KARLSRUHE SUMMER INST.197S)(SLAC) 

FLUGGE 79 ZPHY CI 121 G=FLUGGE (DESY) 
KIRKBY 79 SLAC-PUB-2419 J.KIRKBY(LEPTON PHOTON SYMP. BATAVIAI(SLAC)J 
PERL 80 ARNPS 30 299 M.L.PERL (SLAC) 

SEARCHES FOR MASSIVE NEUTRINOS 
A N D  L E P T O N  M I X I N G  

OMITTED FROM SUMMARY TABLE 

SEE THE NOTE ON NEUTRINOS BY R,E. SHROCK IN THE ELECTRON NEUTRINO 
SECTION NEAR THE BEGINNING OF THESE DATA LISTINGS. 

SEARCHES FOR INDIRECT EFFECTS OF NEUTRINO MASSES AND LEPTON MIXING 
ARE LISTED HERE. DIRECT SEARCHES FOR MASSES OF DOMINANTLY COUPLED 
NEUTRINOS ARE LISTED IN THE APPROPRIATE SECTION ON NU(MU), NU(E), 
OR NU(TAU). RESULTS OF THESE INDIRECT SEARCHES ARE CORRELATED 
UPPER BOUNDS ON MIXING MATRIX COEFFICIENTS U(A,J) VERSUS 
NEUTRINO MASS. THESE RESULTS ARE DIVIDED INTO THREE SEDTIONS-- 

(A) BOUNDS FROM PARTICLE AND NUCLEAR DECAYS 
(B) BOUNDS FROM NEUTRINO REACTIONS 
(C) SEARCHES FOR NEUTRINOLESS DOUBLE BETA DECAY 

THE SITUATION CAN BE SUMMARIZED AS FOLLOWS. CURRENT EXPERIMENTS 
YIELD NULL RESULTS, I.E. ONLY UPPER BOUNDS, WITH TWO EXCEPTIONS 
BOTH OF WHICH ARE IN STRONG CONFLICT WITH SUBSEQUENT EXPERIMENTS: 

(I) CAVAIGNAC 04, REPORT EVIDENCE FOR NEUTRINO OSCILLATIONS 
OF THE TYPE NUBAR(E) -/-> NUBAR(E), FROM REACTOR 
NEUTRINO EXPERIMENT AT BUGGY. HOWEVER, ZACEK 85 RULES 
OUT ALMOST ALL O~ THE ALLOWED REGION IN SIN(2*THETA)**2 
AND DELTA(M**2) CLAIMED BY CAVAIGNAC 84. 

(2) SIMPSON 85 REPORTS OBSERVATION DE ADMIXED HEAVY 
NEUTRINO IN TRITIUM BETA DECAY WITH M(NU(J))=17.1KEV, 
CABS(U(I,J))**2=O.03+-O.DI. HOWEVER, THE CLAIM OF 
SIMPSON 85 IS STRONGLY REFUTED BY ALTZITZOGLU 85, 
OEI 85, AND APALIKOV 85. 

SEE ALSO BOUNDS ON MASSES OF NEUTRINOS ABOVE. 

(A). BOUNDS FROM PARTICLE AND NUCLEAR DECAYS 

LIMITS ON I ULjI 2 AS FUNCTION OF MASS(ej) 
UlJ 
uIJ APPLICATION OF KINK AND PEAK SEARCH TEST TO EXISTING DATA• 
UIJ D I. OR LESS EL=.95 SIMPSON 81 M(NUIJ))=D.I KEV 
UIJ A D 0 4.1E-3 OR LESS EL=.95 SIMPSON 81 =10 KEV 
UIJ . OR LESS CL=.68 SHROCK 80 M(NU(J))=0.1-3 MEV 
UIJ B 1, E~4 OR LESS EL=.68 SHROCKI 81 M(NU(J))=IO MEV 
UIJ B 5. E-6 OR LESS CL=.68 SHROCKI 81 =60 MEV 
UIJ C 1. E-5 OR LESS EL=,68 SHROCK 80 M(NU(J))=80 MEV 
UIJ C 3• E-6 OR LESS CL=.68 SHROCK 80 =160 MEV 
UIJ D APPLICATION OF KINK SEARCH TEST TO TRITIUM BETA DEDAY KURIE PLOT• 
UIJ A APPLICATION OF TEST TO SEARCH FOR KINKS IN BETA DECAY KURIE PLOTS. 
UIJ B ANALYSIS OF (PI+ - ->  E+ NU(E))/(PI+ - ->  MU+ NU(MUI) AND 
UIJ B (K+ - ->  E+ NU(E)I/IK~ - ->  MU+ NU(MU)) DECAY RATIOS. 
UIJ C ANALYSIS OF (K+ - ->  E* NU(E)) SPECTRUM. 
UIJ 
OIJ NEW EXPERIMENTS TO APPLY PEAK AND KINK SEARCH TESTS• 
UIJ I. E~4 OR LESS EL=,90 BRYMAN 83 DNTR MINU(J))=5 MEV 
UIJ 1.5E-6 OR LESS EL=.90 BRYMAN 83 CNTR =53 MEV 
UIJ I. E-5 OR LESS CL=,90 BRYMAN 83 CNTR =70 MEV 
UIJ I• E-4 OR LESS EL=.90 BRYMAN 83 CNTN =130 MEV 
UIJ 
UIJ SEARCHES FOR DECAYS OF MASSIVE NU 
UIJ B I. E-2 OR LESS CL=.90 BERGSMA 83 CNTR M(NU(J))=IO REV 
UIJ B I. E-5 OR LESS el=.90 BERGSMA 83 CNTR =110 MEV 
UIJ B D. E-7 OR LESS CL=.9O BERGSMA 85 CNTR =410 MEV 
UIJ I. E~5 OR LESS EL=,90 GRONAU 83 M(NU(J))=160 MEV 
UIJ I. E-6 OR LESS EL=.90 GRONAU 85 M(NU(J))=480 MEV 
UIJ C 0.7E-6 OR LESS CL=,90 DOOPER-SA 85 HLBC M(NU(J))=0.4 GEV 
UIJ C O.8E-7 OR LESS EL=.90 COOPER-SA 85 HLBC M(NU(J))=I.5 GEV 
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b,J B SERGSMA 83 ALSO QUOTE LIMIF5 ON CABS(U(I,3))~*2 WdERG THE ZNOEX 3 
UlJ 6 REFERS TO THE MASS EIGENGTATE DOMINANTLY COUPLED TO THE TAU. THOSE 
UIJ B LIMITS WERE BASED ON ASSUMPTIONS ABOUT THE D/S MASS AND D/S --> 
UIJ B TAU NUTAU BRANCHING RATIO WHICH ARE NO LONGER VALID. SEE COOPER- 
UIJ B SARKAR 85. 
UIJ C COOPER-SARKER 05 ALSO GIVE LIMITS BASED ON MODEL-DEPENDENT 
UIJ E ASSUMPTIONS FOR NU(TAU) FLUX. WE DO NOT LIST THESE. 
UIJ E NOTE THAT FOR THIS BOUND TO BE NON-TRIVIAL, J IS NOT EQUAL TO 3, 
UIJ 0 I .E .  NU(J) CANNOT BE THE DOMINANT MASS EIGENSTATE IN NU(TAU) SINGE 
UIJ C M(NU(3))<70 MEV (ALBRECHT 85). ALSO, OF COURSE, J IS NOT EQUAL TO 
UIJ E I OR 2, SO A FOURTH GENERATION WOULD BE REQUIRED FOR THIS BOUND TO 
UIJ C BE NONTRIVIAL. 

UIJ 
UIJ KINK SEARCH IN NUCLEAR BETA DECAY 
OIJ 2.5E-2 OR LESS CL=.9O SCHRECKEN 83 CNTR M(NU(J))=3O KEV 
UIJ 0.4E-2 OR LESS CL=.9O SCHRECKEN 83 CNTR =140 KEV 

0.8E-2 OR LESS EL=.90 SCHRECKEN 83 CNTR =440 KEV UIJ 
UIJ 
UIJ S 40.03 E (0•01) SIMPSON 85 M(NUIJ)I=IT.I*-D.2KEV 
UIJ A . -3 OR LESS CL=.99 ALTZITZO 85 FOR M(NU(J))=17 KEV 
UIJ A 7.5 E-3 OR LESS EL=.99 ALTZITZO 85 M(NU(J))=5-50 KEV 
UIJ A 8. E-3 OR LESS CL=.90 APALIKOV 85 SPED M(NU(J))=BO KEV 
UIJ A 1.5 E-3 ON LESS CL=.90 APALIKOV 85 SPED =60 KEV 
UIJ A B. E-3 OR LESS CL=.9O APALIKOV BS-SPEC =30 KEV 
UIJB A 3. E-3 DR LESS CL=.9O APALIKOV 05 SPED =17 KEV 
UIJ A 4,5 E-2 OR LESS EL=.90 APALIKDV 85 SEED = 4 KEV 
UIJ A 3.0 E-3 OR LESS CL=.DD MARNEY 05 SPEC M(NU(J))=5-5O KEV 
UIJ A 2.5 E-5 OR LESS CL=.9O MARKEY 85 SPEC =17 KEV 
UIJ A 0.62E-3 OR LESS CL=.DO OHI 85 CNTR M(NU(J)) =48 KGV 
UIJ A 0.90E-3 OR LESS EL=.90 OHI 85 CNTR =30 KEN 
UIJ A 1.30E-3 OR LESS EL=,90 OHI 85 CNTR =20 KEV 
UIJ A 4.50E-3 OR LESS EL=.90 OHI 85 CNTR =17 KEV 
UIJ A 3.30E-3 OR LESS CL=.9O OHI 85 CNTR =10 KEV 
UIJ 
UIJ A DATA FROM SULFUR-35 BETA DECAY. 
UIJ S DATA FROM TRITIUM BETA DECAY CONTRADICTED BY ALTZITZOGLOU 85, 
UIJ S APALIKOV 85, MARKEY 85, AND BY OHI 85. ALSO COMMENT IN HAXTON 85 
UIJ S AND KALBFLEISCH 85. 
UIJB THIS LIMIT WAS TAKEN FROM THE FIE. 3 OF APALIKOV 85; THE TEXT GIVES 
UIJB A MORE RESTRICTIVE LIMIT OF 1.7E-3 AT CL=.90. 

LIMITS ON IU2]I 2 AS FUNCTION OF MASS(vj) 
o2J 
U2J APPLICATION OF PEAK SEARCH TEST TO EXISTING DATA. 

A 5. E-2 OR LESS EL=.95 SHROCK 00 U2J 
U2J 
U2J 
UZJ 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
UZJ 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
UEJ 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 
U2J 

A 3. E-2 OR LESS CL=,95 SHROCKI 01 
A 1. E-2 OR LESS EL=.95 SHROCKI 81 
A I. E-4 OR LESS CL=.68 SHROCKI 81 
A 3. E-5 OR LESS EL=.68 SHROCKI 81 
B 6. E-3 OR LESS EL=.68 SHROCKI 81 
B 5. E-3 OR LESS CL=.68 SHROCKI 81 
C 6. E-6 OR LESS C L = . 9 5  ASANO 81 
C S • E-7 OR LESS EL=.95 ASANO 81 
C 6. E-6 OR LESS EL=.95 ASANO 81 

NEW EXPERIMENTS TO APPLY PEAK SEARCH TEST• 
I. E-I OR LESS EL=.90 ABELA 81 
7. E-5 OR LESS CL=.DO ABELA 81 

~ . E-4 OR LESS CL=,90 ABELA 81 
• E-5 OR 'LESS CL=,90 ABELA 81 

2. E-5 OR LESS CL=.90 ABELA 81 
I. E-2 OR LESS EL=.95 CALAPRICE 81 
3. E-3 OR LESS EL=.95 CALAPRICE 81 
2. E-5 OR LESS EL=.95 ASANO 81 

~ . E-6 OR LESS EL=,95 ASANO 81 
• E-6 OR LESS EL=.95 ASANO 81 

E 1. E-¢ OR LESS CL=.DO HAYANO 82 
9 • E-7 OR LESS CL=.9O HAYANO 82 

E 5. E-6 OR LESS EL=,90 HAYANO 82 

~ . E~2 OR LESS CL=.90 MINEHART 84 
D . E-3 OR LESS EL=.90 MINEEANT 84 

M(NUEJ))=4-6 HEY 
M(NU(J))=7 MEV 

=13 MEV 
M(NU(JI)=13 MEV 

=33 MEV 
M(NU(J)):80 MEV 

=120 MEV 
M(NU(J))=240 MEV 

=280 MEV 
=300 MEV 

M(NU(J))=4 MEV 
=11 MEV 

M(NU(J))o11MEV 
=16 MEV 

M(NU(J))=16-30 MEV 
M(NU(J))=7 MEV 

=33 MEV 
M(NU(J))=170 MEV 

=210 MEV 
=230 MEV 

M(NU(J))=70 MEV 
=250 MEV 
=330 MEV 

N(NU(J))=2 MEV 
M(NU(J))=4 MEV 
MINU(J))=IO NEV 3. E-4 OR LESS CL=.9O MINEHART 8L 

A ANALYSIS OF MAG. SPED. EXP., BC EXP. AND EMUL. EXP. ON PI+ --> MU+ 
NU(MU) DECAY• 

B ANALYSIS OF HAG. SPEC. EXP. ON K~->MU,NU(MU) DECAY, 
ANALYSIS OF EXP. ON K+ --> MU+ NU(MU) NU(XI NUBAR(X) DECAY. 

D PI+ --> MU+ NU(MU) PEAK SEARCH EXP. 
K+ --> MU+ NU(MU) PEAK SEARCH EXP. 

PEAK SEARCH IN MUON-CAPTURE 
LIMIT ON CABS(U(2,J))**2 AS FUNCTION OF MASS(NU(J)) 

I.E-I OR LESS DEUTSCH 85 M(NU(J))=45 MEV 
7.E-3 OR LESS DEUTSCR 83 =70 MEV 
I.E-I ON LESS DEUTSCH 83 =85 MEV 

SEARCHES FOR DECAYS OF MASSIVE NU 
O.SE-5 OR LESS CL=.DO COOPER-SA 85 HLBC M(NUCJI)=O.4 GEV 
1.0E-7 OR LESS EL=.90 COOPER-SA 85 HLBC M(NU(J))=I.5 GEV 

F CODPER-SARKER 85 ALSO GIVE LIMITS BASED ON MODEL-DEPENDENT 
ASSUMPTIONS FOR NUITAU) FLUX. WE DO NOT LIST THESE. 
NOTE THAT FOR THIS BOUND TO BE NON-TRIVIAL, J IS NOT EQUAL TO 3, 

F I .E .  NU(J) CANNOT BE THE DOMINANT MASS EIGENSTATE IN NU(TAU) SINGE 
U2J F MINU(3))<70 MEV (ALBRECHT 85). ALSO, OF COURSE, J IS NOT EQUAL TO 
U2J F I OR 2. SO A FOURTH GENERATION WOULD BE REQUIRED FOR THIS BOUND TO 
U2J F BE NONTRIVIAL. 

LIMITS ON ] Ua, j ]2 

UAJ WHERE A=I,2,  FROM RHO PARAM. IN MU DECAY. 
UAJ I .  E-2 OR LESS CL=.D8 SHROCK2 81 M(NU(J))=IO MEV 
UAJ 2. E-3 OR LESS CL=.68 SHRDCK2 81 =40 MEV 
UAJ 4. E~2 OR LESS EL=.68 SHROCK2 81 =70 MEV 

LIMITS ON I U,j*U2j] AS FUNCTION OF MASS(vj) 
PR0 
PRO 1. E-2 OR LESS CL=.DO BERGSMA 83 CNTR M(NU(J))=IO MEV 
PRO 1 E-5 OR LESS CL=.DD BERGSMA 83 CNTR =140 MEV 
PRO 71 E-7 OR LESS CL=.90 BERGSMA 83 CNTR = 3 7 0  MEV 

(B). BOUNDS FROM ~ REACTIONS 

. . . . . . . .  SOLAR V EXPERIMENTS . . . . . . .  

SOLAR v FLUX (units, SNU) 
(I SOLAR NEUTRINO UNIT, SNU, =I.E~36 CAPTURES/SEE/TARGET ATOM) 

(7.3) (I.5) BAHCALL SD THEOR.CALC.FLUX 
S 2,1 0.3 DAVIS 81 MEAS. FLUX 
S (7.D) (3.0) FILIPPONE 82 THEOR.CALC.FL~X 
S SEE ALSO TEE REVIEW BY BAHCALL 02 AND TEE ANALYSIS BY EHRLICE 82. 
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Stable Particle Full Listings 
SEARCHES FOR M A S S I V E / s  & LEPTON MIXING 

. . . . . . . .  DEEP MINE EXPERIMENTS - - - - -  ~ . . . .  

R= (MEASURED FLUX OF p#)/(EXPEC~ED FLUX OF v~) 
DU 0,62 0.17 CROUCH 78 CASE WEST/UCI 
DU B 0.95 0,22 BOLIEV 81 BAKSAN 
DU 
DU LIM[IS ON DELTA(M**2) FOR SIN(2*THETA)=I (EV**2) 
DU L EXCLUDE (2.2-11.2)E-5 CL=.RO LOSECCO 85 CNTR IMB, FLUX-INDEP. | 
DU 
DU B FROM THIS DATA BOLIEV 81 OBTAIN THE LIMIT DELTA(M**2) .LE. 6.E-3 
DU L B EV**2 FOR MAXIMAL MIXING, NU(MU) - / - >  NO(NO) TYPE OSCILLATION. 
DU NO LIMES EXIST FOR (SIN 2*ETA)**2 < 0.22 
DU . . . . . . . . .  
DU AVERAGE MEANINGLESS (SCALE FACTOR = 1.2) 

. . . . . . . .  REACTOR ~ EXPERIMENTS . . . . . . . .  

EVENTS (OBSERVED]EXPECFED) FROM REACTOR v e EXPTS. 
RD B (0,89) 10.15) BDEHM 80 ANU(E) P -~> E÷ N 
RD A R 0.38 0.21 REINES 80 SEE NOTE A 
RD A R 0.40 0.22 REINES 80 SEE NOTE A 
RD B 0.955 0.12 KWON 81 ANU(E) P --> E¢ N 
RD V 1.05 G.05~ VUILLEUMI 82 ANU(E) P E~ N 
RD B KWON 81 REPRESENTS AN ANALYSIS OF A LARGER SET OF DATA FROM THE 
RD B SAME EXPERIMEN~ AS BOEHM 80. SYST,÷STAT. ERRORS COMBINED IN 
RD B QUADRATURE. 
RD A REINES 80 INVOLVES COMPARISON OF NEUTRAL- AND CHARGED-CURRENT 
RD A REACTIONS NUBAR(E) D - ->  N P NUBAR(E) AND NUBAR(E) D - ->  N N E* 
RD A RESPECTIVELY. COMBINED ANALYSIS OF REACTOR NUBAR(E) EXPTS. WAS 
RD A PERFORMED BY SILVERMAN 81, 
RD R THE TWO REINES 80 VALUES CORRESPOND TO THE CALCULATED NUBARIE) 
RD R FLUXES OF AVIGNONE-GREENWOOD AND DAVIS ET AL RESPECTIVELY. 
RD V STATISTICAL AND SYSTEMATIC ERRORS COMBINED IN QUADRATURE. 

A(m 2) FOR s i n Z ( 2 0 ) = l  (units eV 2) 
RDI 1.3E-I OR LESS BELENKI] 83 ANU(E) P -> E+ N 
RDI G 1.6E-2 OR LESS CL=.90 GAOATHULG 84 ANU(E) P -> E* N 
RDI 7. E-2 OR LESS CL=.90 AFONIN 85 ANU(E) P -> E+ N 
RDI J 2.DE-2 OR LESS CL=.90 ZACEK 85 ANU(EI P -> E+ N 
ROI G THIS BOUND COMES FROM A EOMBINATIBN OF THE VUILLEUMIER 82 DATA AT 
RDI G DISTANCE 37.9 M FROM BOSGEN REACTOR AND NEW DATA AT 45.9M 
RDI J SEE COMMENT J FOR SECTION RSI BELOW. 

A(m 2) FOR GIVEN sinB(20) (units eV 2) 
RD2 C 0,2 0,1 CAVAISNA 84 ANU(E) P -> E+ N 
RD2 C SIN(2*THETA)**2=O.25÷-O,1. 
RD2 E THESE ARE FROM BEST FIT TO DATA; SEE CAVAIGNAC 84 FBR PLOT OF 
RD2 C ALLOWED REGIONS IN THESE VARIABLES. THESE DATA FROM BOGEY REACTOR. 

sinE(20) FOR "LARGE" A(m 2) 
RSI H 0.4 OR LESS BELENKII OS ANO(E) O -> E+ N 
RSI G 0.16 OR LESS GL=.9O GABATHULE 84 ANU(E) P E* N 
RSI 0.34 OR LESS EL=,90 AFBNIN 85 ANU(E) P -> E+ N 
RSI J 0.19 OR LESS EL=.90 ZACEK 85 ANU(E) P ~> E* N 
RSI S THIS BOUND COMES FROM A COMBINATION OF THE VUILLEUMIER 82 DATA AT 
RSI G DISTANCE 37.9 M FROM GOSGEN REACTOR AND NEW DATA AT 45,9M 
RSI H THIS BQUND HOLDS FOR DELTA(M**2) > 4EV**2 
RSI J ZACEK ~5 (GOSGEN REACTOR) GIVES TWO SETS OF SOUNDS DEPENDING ON 
RSI J WHAT A~SUMPTIONS ARE USED IN THE DATA ANALYSIS. THE BOUNDS IN 
RSI J FIG. 318) OF ZACEK 85 ARE PROGRESSIVELY POORER FOR LARGE 
RGI J DELTA(M**2) WHEREAS THOSE BF FIG, 3(B) APPROACH A CONSTANT. ME LIST 
RSI J THE LATTER. BOTH SETS OF BOUNDS USE COMBINATION OF DATA FROM 
RSI J 37,9, $5.9, AND 64.7 M DISTANCE FROM REACTOR, ZACEK 85 STATES 
REI J ''OUR EXPERIMENT EXCLUDES THIS AREA (THE OSCILLATION PARAMETER 
RSI J REOION ALLOWED BY THE BOGEY DATA, CAVAIGNAC 84) ALMOST CBMPLETELY, 
RSI J THUS DISPROVING THE INDICATIONS OF NEUTRINO OSCILLATIONS OF 
RSI J (CAVAIONAC 84) WITH A HIGH DEGREE OF CONFIDENCE.'' 

. . . . . . . .  ACCELERATOR EXPERIMENTS . . . . . .  

BOUNDS ON A(m 2) VS. sinZ(20) 
WHERE DELTA(M**2) IS MADNITUDE OF (MASS(NU(1)I**2 - MASS(NO(J))**2) 
AND THETA IS THE MIXING ANGLE FOR THE SIMPLIFYING ASSUMPTION OF 
MIXING BETWEEN TWO NEUTRINO FAMILIES ONLY. 
FOR A RECENT SET OF BOUNDS ASSUMING THREE NEUTRINO FAMILIES, 
SEE BLUMER 85. 

EACH EXPERIMENTAL RESULT IS A PLOT GIVING ALLOWED AND EXCLUDED 
REGIONS AS FUNCTIONS OF DELTA(M**2) AND SINI2*THETA)**2. WE QUOTE 
TWO REPRESENTATIVE LIMITS FROM BACH PLOT - -  

I f  DELTAIM**2) FOR SIN(2*THETA)**2=I, 
2) SIN(2*THETA)**2 FOR ''LARGE'' DELTA(M**2), I .E .  SUFFICIENTLY 

LARGE DELTA(M**2) THAT THE DETECTOR WOULD MEASURE ONLY AN 
EFFECT RVERAGED OVER MANY OSCILLATIONS. 

EXPERIMENTS ARE OF TWO GENERAL TYPES - -  
CA) THOSE WHICH SEARCH FOR NU(AI-->NUIB) (B NOT EQUAL A),  I .E .  

THE APPEARANCE OF LIB) FROM CHARGED CURRENT REACTION OF A 
NUIA) BEAM. 

(B) THOSE WHICH SEARCH NOR THE JDISAPPEARANCE I OF PART OF THE 
INITITAL NO(A) BEAM BY COMPARING THE NUMBER DI OBSERVED L(A) 
EVENTS WITH THE NUMBER EXPECTED FROM FLUX CALCULATION@. 
FHESE EXPERIMENTS DO NOT TRY TO OBSERVE THE ANOMALOUS 
L(B) 'S. WE LABEL SUCH EXPERIMENTS AS NO(A) ~2-> NO(A) 

v ~  ~ V e 

A(m 2) FOR sinZ(20)=l (units eV 2) 
DI 1.2 OR LESS EL=.95 BELLOTTI 76 HLBC GGM CERN PS 
DI 1.2 OR LESS GL=.95 BLIETSGHA 78 BLBC DGM CERN PS 
DI 1.7 OR LESS EL=,90 ARMENISE 81 HLBC EGM CERN SPS 
BI 0.6 OR LESS CL~.90 BAKER 81 HLBC 15ET FNAL 
01 I.? OR LESS CL=.90 ERRIQUEZ 81 HLBC BEBE CERN SPS 
01 0.20 OR LESS CL=.90 BERBSMA 84 CNTR CHARM CERN PS 
01 0.43 OR LESS CL=.DO AHRENB 85 CNTR BNL ADS 

sinE(20) FOR "LARGE" A(m 2) 
Sl I, E-2 OR LESS EL=,95 BELLOTTI 76 HLBC GEM CERN PS 
$I 4, E-3 OR LESS CL=,D5 BLIETSCHA 78 HLBG GGM CERN PS 
SI I, E-2 OR LESS CL=.9O ARMENISE 81 HLBE GGM CERN SPS 
$I 6, E-S OR LESS CL=,90 BAKER 81 HLBC 15FT FNAL 
Sl I, E-2 OR LESS CL=.90 ERRIGUEZ 81 HLBC BEBC CERN SPB 
Sl 0.24 OR LESS CL=.90 BERESMA 8~ ENTR CHARM CERN PS 
Sl 3,AE-S OR LESS GL=.90 AHRENS 85 CNTR BNL AGE 

v #  ~ V e 

A(m R) FOR sinX(20)=l (units eV ~) 
02 1. OR LESS EL=.95 BLIETSCHA 78 HLBC GEM CERN PS 
D2 0.91 OR LESS CL=.90 NEMETHY 81 CNTR LAMPF 
02 2,4 OR LESS CL=.90 TRYLOR 83 HLBC 15 FT FNAL 

sin~(20) FOR "LARGE" A(m 2) 
S2 0 4.2E-3 OR LESS CL=.95 BLIETSCHA 78 HLBC DGM CERN PS 
$2 . OR LESS EL=.90 NEMETHY 81 CNTR LAMPF 
S2 1.3E-2 OR LESS CL=.DO TAYLOR 83 HLBC 15 ET FNAL 

V~ ~ PF 

A(m B) FOR sin2(20)=l (units eV 2) 
D3 4.6 OR LESS EL=.90 ARMENISE 
D3 3 LESS CL=.90 BAKER 
03 61 ~ LESS CL=.90 ERRIQUEZ 
03 3. OR LESS CL:.00 USHIDA 

sinB(20) FOR "LARGE" A(m 2) 
S3 1.7S-2 OR LESS EL=.90 ARMENISE 
$3 6. E-2 OR LESS EL=.90 BAKER 
S3 5. E-2 OR LESS CL=.90 ERRIQUEZ 
S3 1,3E-2 OR LESS CL=.9O USHIDA 
S3 11, E-2 OR LESS CL=.90 BALLAGH 

81 HLBC SBM CERN SPS 
81 HLBC 15FT FNAL 
81HLBC BEBE CERN BPS 
81 EMUL PNAL 

81 HLBC GGM CERN SPS 
El HLBC 15FT FNRL 
81HLBC BEBE CERN SPS 
81EMUL FNAL 
84 HLBG 15ET FNAL 

&(m 2) FOR sinZ(20)=l (units eV E) 
06 2,2 OR LESS EL=.90 ASRATYAN 81 HLBG FNA~ 
04 7,4 OR LESS CL=.90 TAYLOR 83 HLBC 5 FT FNAL 

sinB(20) FOR "LARGE" A(m 2) 
S4 R.AE-2 OR LESS CL=.90 ASRATYA~ 81 HLBC FNA~ 
S4 8.8E-2 OR LESS EL=.90 TAYLOR 83 HLBC 5 FT FNAL 

Vg 4- Vg 

A(m 2) FOR sin2(20)=l (units eV 2) 
D5 THESE EXPERIMENTS ALSO ALLOW SUFFICIENTLY LARBE DELTA(M**2) 
D5 B.O OR LESS EL=.90 SELIKOV 83 CNTR OR > 1000. 
05 0.29 OR LESS EL=.90 BERGSMA 84 CNTR OR > 22. 
05 0.23 OR LESS CL=,90 DYDAK 84 CNTR OR > 100. 
05 10. OR LESS EL=,90 STOCKDALE 84 CNTR OR > 1250. 
D5 7. OR LESS EL=.90 BELIKOV 85 CNTR SERPUKHOV 
D5 8.0 OR LESS CL=.90 OTOCKDALE 85 CNTR OR > 1250. 

sinZ(20) AS FUNCTION OF A(m 2) 
S5 A 0.1 OR LEGS CL=,90 BELIKOV 83 CNTR SERPUKHOV 
S5 B 0,27 OR LESS EL=.90 BERGSNA 84 CNTR CHARM CERN PS 
S5 C 0.1 OR LESS EL=,90 DYDAK 84 CNTR CERN PS 
S5 D 0.02 OR LESS EL=.90 STOCKDALE B4 CNTR FNAL 
S5 E 0,07 OR LESS CL=.90 OELIKOV 85 CNTR SERPUKHOV 
S5 F 0,02 OR LESS CL=.90 ETOCKDALE 85 CNTR FNAL 
55 BOUND HOLDS FOR DELTA(M**2)=20-1000 EV**2 
S5 THIS BOUND APPLIES ;OR DELTA(M**2)=0,7-9. EV**2. LESS STRINGENT 
S5 BOUNDS APPLY FOR OTHER DELTA(M**2); THESE ARE NQNFRIVIAL FOR 
S5 0.28 < DELTA(M**2) < 22 EV*~2. 
S5 THIS BOUND APPLIES FOR DELTA(M**2)=I.-IO. EV**2, LESS STRINGENT 
S5 BOUNDS APPLY POR OTHER DELTA(M**21; THESE ARE NONTRIVIAL NOR 
S5 0.23 < DELTA(M**2) < 90 EV**2, 
$5 THIS BOUND APPLIES FOR DELTA(M**2)=110 EV**2, LESS STRINGENT 
S5 BOUNDS APPLY FOR OTHER DELTA(M**2); THESE ARE NONTRIVIAL FOR 
S5 10 < DELTA(M**2) < 1250 EV**2, 
S3 THIS BOUND APPLIES FOR A WIDE RANGE OF DELTA(M**2) > 7 EV**2. FQR 
S5 SOME VALUES OF DELTA(M**2), THE VALUE IS LESS STRINGENT; THE LEAST 
G5 RESTRICTIVE, NONTRIVIRL BOUND OCCURS APPROXIMATELY AT DELTA(M**21= 
S5 300 EV**2 WHERE SINI2*THETA)**2 < 0.13 AT CL=.90. 
$5 THIS BOUND APPLIES FOR DELTA(M**2)=I00 EV**2. LESS STRINGENT 
B5 BOUNDS APPLY FOR OTHER DELTA(M**2); THESE ARE NONTRIVIAL FOR 
S3 8 < DELTAIM**2) < 1250 EV**2. 

v e ,4,. v e 

A(m 2) FOR sin2(20)=l (uBits eV 2) 
06 8. OR LESS 0L=.90 
D6 56. OR LESS 0L=.90 
06 10. OR LESS DL=,90 
D6 2,3 TO 8 EXCLUDED CL=.9B 

sinB(20) FOR "LARGE" &(m 2) 
S6 0.6 ON LESS 0L=.90 
S6 0,3 OR LESS EL=.90 
S6 7.E-2 OR LESS DL=.90 

BAKER 81 HLBC 15FT FNAL 
DEDEN 01HLBC BEBC BERN SPS 
ERRIQUEZ 81 HLBC BEBC CERN SPS 
NEMETHY 81 CNTR LAMPF 

BAKER 81 HLBC 15FT FNAL 
DEDEN 81 HLBC BEBC CERN $PS 
ERRIQUEZ 81 HLBC BEBC CERN SPS 

Pe ~ V~ 

sinT(20) FOR "LARGE" A(m 2) 
B7 F 0.7 OR LESS EL=.90 FRITZE 80 HYBR BEBC CENN SPS 
ST F AUTHORS GIVE PINU(E)-->NU(TAU))< .35, EQUIVALENT TO ABOVE LIMIT. 

V~ 4- V~ 

A(m 2) FOR sinE(20)~I (units eV z) 
D8 7. OR LESS CL=.90 STOCXDALE 85 CNTR OR > 1200 

sinZ(20) AS FUNCTION OF A(m 2) 
S8 G 0,02 OR LESS EL=.90 STOCKDALE 85 CNTR ~NAL 
S8 
SS G THIS BOUND APPLIES FOR DELTA(M**2) BETWEEN 190 AND 320 0R=530 EV**2 
SS G LESS STRINGENT BOUNDS APPLY FOR OTHER DELTA(M**21; THESE ARE NON~ 
S8 G TRIVIAL FOR 9 < DELTA(M**2) < 1200 EV**2. 
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For notaUon, see key on page 91. Stable Particle Full Listings 
S E A R C H E S  F O R  M A S S I V E  u's & L E P T O N  M I X I N G ,  LIMITS O N  N U M B E R  O F  L I G H T  u T Y P E S  

THIS IS A LIMIT ON LEPTON FAMILY-NUMBER VIOLATION AND TOTAL LETPON- 
NUMBER VIOLATION. (NUBAR(B))-L DENOTES A HYPOTHETICAL LEET-HANDED 
ANTI-ELECTRON NEUTRINO. THE BOUND IS QUOTED IN TERMS OF DELTA 
(M*'2), SIN(2*THETA), AND ALPHA, WHERE ALPHA DENOTES THE FRACTIONAL 
ADMIXTURE OF IV÷A) CHARGED CURRENF. 

aA(m :) FOR sinZ(20)=l (units eV 2) 
AD1 C 7.E-1 OR LESS SLy. D0 COOPER 8R HLBC 
ADI C EXISTING BOUNDS ON V÷A CURRENTS REQUIRE ALPHA SMALL - SEE COOPERR2. 

a~sinZ(20) FOR "LARGE" A(In 2) 
ASI C I.E 3 OR LESS CL=.DB COOPER 88 HLBC 
ASI C EXISTING BOUNDS ON V+A CURRENTS REQUIRE ALPHA SMALL - SEE COOPERB2. 

SEE NOTE FOR NU(MU) --> (NUDAR(E))-L LIMIT 

a A(m ~) FOR sinZ(20)=l (units eV ~) 
AD2 C 7. OR LESS EL=.90 COOPER 8E HLBC 
ADZ C EXISTING BOUNDS ON V+A CURRENTS REQUIRE ALPHA SMALL - SEE COOPERBE. 

a~sin~(20) FOR "LARGE" A(m 2) 
AS2 c 5.E-2 OR LESS CL=.90 COOPER 82 ELBC 
ASH C EXISTING BOUNDS ON V+A CURRENTS REQUIRE ALPHA SMALL - BEE COOPER82. 

(C). SEARCHES FOR NEUTRINOLESS DOUBLE ~ DECAY 

TEE DECAY (Z,A) --> (Z*2,A) + E- ÷ E-, I.E. NEUTRINOLESB DOUBLE 
BETA DECAY, VIOLATES TOTAL LEPTON NUMBER BY tWO UNITS. IT IS 
FORBIDDEN IF NEUTRINOS ARE DIRAC PARTICLES BUT CAN OCCUR IF 
NEUTRINOS ARE MAJORANA PARTICLES AND (A) THEY ARE MASSIVE OR 
(B) THEY HAVE NON (V-A) COUPLINGS. PRIMAKOFF 81, ROSEN 81, AND 
HAXTON 83 DISCUSS CORRELATED BOUNDS ON MNUW AND RIGHT-HANDED 
COUPLINGS. FURTHER THEORETICAL DISCUSSIONS INCLUDE DOI 81, 
HAXTON 82, AND GROTZ 83. 
THE PRIMARY INFORMATION FROM THESE EXPERIMENTS IS LIFETIME. ~RDM 
LIFETIME TO NEUTRINO MASS ONE NEEDS TO INVOKE NUCLEAR STRUCTURE. 
THE NEUTRINO MASS LIMITS BELOW ARE, THEREFORE, MODEL DEPENDENT. 
DIe,ERECT EXPERIMENTS HAVS USED DIFFERENT MODELS. 

MW MNUW, THE EFFECTIVE WEIGHTED SUM OF NEUTRINO MASSES CONTRIBUTING TO 
MW NEUTRINOLEBE DOUBLE BETA DECAY (UNITS EV) 
MW MNUW= CABS(SUM FROM I TO N OF U(I,J)**2*M(NU(J))), WHERE N= NUMBER 
MW OF NEUTRINO GENERATIONS, AND NU(J) IS A MAJORANA NEUTRINO. NOTE 
MW THAT U(I,J)**2, NOT CABS(U(I,J))**2, OCCURS IN THE SUM; THE 
MW POSSIBILITy OF CANCELLATIONS HAS BEEN STRESSED IN WOLFENSTEIN Rl. 
MW 
MW 10 OR LESS CL=.DO AVIGNONE 83 CNTR +THY GE-76 
MW 22 OR LESS CL=.68 BELLOTTI 83 CNTR +THYI BE-76 
MW 8.3 OR LESS CL~.68 BELLOTTI 83 CNTR *TEY2 SE-76 
MW 5.6 OR LESS CL=.95 KIRSTEN 83 SPEC *THY TE~12R/TE-130 
MW S.G DR LESS CL=.6S BELLOTTI 84 CNTR ~THY GE-?6 
MW 22. DR LESS FORSTER 84 CNTR ~THY GE-7E 
MW E, DR LESS CC=,68 CALDWELL 85 CNTR ~THY BE-7E 
MW HUBERT 85 CNTR GE~76 
MW LIMITS ARE OBTAINED FROM ANALYSIS OF DATA USING THEORETICAL 
MM CALCULATIONS BY DOI-83 (=THYI) AND ROSEN 81 (=THYE). 
MN SEE TABLE I OF BELLOTTI 84 FOR THEIR ASSESSMENT OF PREVIOUS BOUNDS. 
MW HALF LIFE ~OR O+ ~-> E+ TRANSITION >> E22 YR (CL=,90)~ >1.2E23 YR 
MW (CC=.68). 
MW USES RESULTS OF HAXTON 81,82. AUTHORS STATE THAT BOUND COULD BE 
MW ' 'TWO OR TRREE TIMES LARGER, ' '  HALE L IFE FOR O~ - ->  O* TRANSITION 
MW > 5822 YR (CL=.68). 
MW SEE HUBERT B5 FOR LIFETIME LIMITS ON NEUTRINOLESS DOUBLE BETA DECAY 
MW OF GE-76 TO EXCITED STATES OF SE-76. 

ETA LIMITS ON LEPTON-NUMBER VIOLATING IV+A) CURRENT ADMIXTURE 
ETA ETA IS DEFINED AS THE FRACTIONAL ADMIXTURE OF IV+A) 
ETA CHARGED CURRENT, RELATIVE TO (V-A) IN ELECTRON~TYPE 
ETA LEPTON SECTOR. 
ETA 
ETA 2.4E-5 OR LESS AVIGNONE 88 CNTR +TRY EE-76 
ETA B 4. E-5 OR LESS CL=.68 BELLOTTI RS CWTR +TBYI GE-76 
ETA B 1.5E-5 OR LESS CL=.68 BELLOTTI 83 CNTR *TOY2 GE-76 
ETA 2.48-5 OR LESS CL=.95 KIRSTRN 83 SPEC +THY TE-128/TE-130 
ETA C O.RE-5 OR LESS EL=.68 BELLOTTI 84 CNTR +THY GE-76 
ETA C 0.6E-5 OR LESS CC=.68 BELLOTTI 84 CNTR +TBY GE-76 
ETA C I.AE-5 OR LESS CL=,68 CALDWELL 85 CNTR +THY GE-76 
ETA E 0.9E-5 OR LESS CC=.E8 CALDWELL 85 CNTR +THY GE-76 
ETA R LIMITS ARE OBTAINED FROM ANALYSIS OF DATA USING THEORETICAL 
ETA B CALCULATIONS BY D01-83 (=THYI) AND ROSEN 81 (=THY2). 
ETA C TWO BOUNDS GIVEN, DEPENDING ON TYPES OF GBIRALITY MIXING. SEE REFS. 

REFERENCES FOR BOUNDS ON p MASS, MIXING 

BELLOTTI 76 ~NC 17 553 +GAVALLI,FIORINI,ROLLIER (MILA) 
BLIETSGH 78 NP B133 205 BLIETSCBAU*(AACH+LIBH+CERN+SPOL÷MILA+ORSA+) 
CROUCH 78 RR DIS 2239 +LANDECKER~LATHROP~REINES+ (CASE+UCI+WITW) 

BAHCALL 80 PRL 45 945 +LUBOW,HUEBNER+ (IAB+LASL+YALE+LLL+UCLA) 
ALSO 76 SCIENGE 191 264 J,N.BAHCALL,R,DAVIS (IAB+BNL) 

BOEHM 80 PL 978 310 
;RITZ~ 80 PC 968 427 

REINED 80 PRL 45 1307 
ALSO 59 VR 113 273 
ALSO 66 PR 142 852 
ALSO 76 PRL 37 315 

SHROGK 80 PL 96D 159 

ABELA 81 PL I058 263 
ARMENISE 81PL IOOB 182 
ABANO 81PL 104B 84 

ALSO 81 BNROCR1 
ASRATYAN 81PL IOSB 301 
BAKER 81 PRL A7 1576 

ALSO 78 PRL 40 144 

+CAVAIGNAC,FEILITZSCB+ (ILLE+GIT+GREN+RUNI) 
+GRASSLER+ (AACH+BONN+CERN+LOIC+OXF+SACL) 

F.REINES,H.W.BOBEL,E.PASIERB (UCI) 
F.RBINES,C.C.EOWAN (LASL) 
F.A.NEZRICK,F.REINES (CASE) 
F.REINES,H.S.GURR,H.W.SOBEL (UCI) 
R.E.SHROCK (STON) 

+BAUM,EATON,FRDSCH,JOST,KETTLE,BTEINERIBIN) 
+FOGLI-MUCIACCIA+ (BARI+CERN+MICA+LALO) 
*HAYARO,KIKUTANI,KUROKAWA÷ (KEK÷TOKY+OBAR) 

~EFREMENKO,FEEOTOV + (ITEP+FNAL÷BERP÷MICH) 
+CONNOLLY,KAH~,KIRK,MURTAGH+ (BNL+CDLU) 
CNOPS,CONNOLLY,KAHN,KIRK+ (BNL+COLU) 

BALTAY ~'1NU ~ ~ONF HAWAII 
BOLIEV 81SJNP 34 787 
GALAPRIC 81 PL I068 175 
DAVIS 81 BNL NU WKBMP 
OEDEN 81PL  988 310 
DOI 81 PL 1038 219 

ALSO 81 PTP 66 1739 
ALSO G1PTP 66 1765 

ERRIQUEZ 81 PL 1028 73 
HAXTON 81 PRL 67 153 
KWON 81 PR D24 1097 
NEMETHY 81PR D23 262 

PRIMAROF 81ARNS 31 145 
ROSEN 81 NU 81 CONF HAWAII 

ALSO 7R RMP 50 11 
BHROCKI 81 PR 024 1232 
SHROCK2 81 PR D24 1275 

SILVERMA 81 PRL 46 A67 
SIMPSON 81 PR D2Q 2971 
UBHIDA 81 PRL 47 1694 
WOLFENST 81 PC I078 77 

BAHCALL 82 RMP 54 767 
COOPER 82 PL 112B 97 
ESRLICR SZ PR 025 2882 
FILIPPON 82 APJ 253 393 
HAXTON 82 PR D25 2360 
HAYANO 82 PRL 49 1305 
VUILLEUM B2 PL 11AS 298 

AVIGNONE R3 PRL 50 721 
BELENKII 83 JETPL 38 493 
BELIKOV B3 JETPL 38 661 
BELLOTTI E3 PL 1218 72 
BERGSMA 83 PL 12BB 361 
BRYMAN R3 PRL 50 1546 

ALSO G3 PRL 50 7 
DEUTBCH 83 PR 027 1644 
DOI 83 PTP 69 602 
GRONAU 83 PR O28 2762 
GROTE 83 JPG g L169 
HAXTDN 83 CNPP 11AI 
RIRSTEN 83 PRL 50 474 

ALSO 83 ZPHY 16 189 
DCHRECKE 83 PL 129B 265 
TAYLOR 83 PR D28 2705 

BALLAGD 84 PR 030 8271 
BELLOTTI 84 PL 146B 450 
BERGBMA 84 PL 1428 103 
CAVAIGNA 84 PL 1488 387 
DYDAK 84 PL 1348 281 
FORSTER 84 PL 138B 301 
GABATHUL 8A PL 138B 449 
MINEHART 84 PRL 52 804 
BTOCKBAL 84 PRL 52 1384 
AFONIN 85 JETPL 41 435 

ALSO 85 JETPL 42 285 
AHRENS 85 PR B31 2732 
ALTZITZO 85 PRL 55 799 
APALIKOV 85 JETPL 42 289 
BELIKOV 85 SJNP 41 589 
BLUMER 85 PL 1618 407 
CALDWELL 85 PRL 54 281 
COOPER-B 85 PL 1608 207 
BAXTON 85 RRL 55 807 
HUBERT 85 NC 8SA 19 
KALBFLEI 85 PRL 55 2225 
LOSECCO 85 PRL 54 2299 
MARKEY 85 PR C32 2215 
OHI 85 PC ~60S 382 
SIMPSON 85 PRL 54 1891 
$TOCKDAL 85 ZPHY C27 53 
ZACEK 85 PL 1648 193 

C.BALTAY (COLU) 
*BUTKEVICH,ZAKIDYSEEV,MAKOEVrMIKHEEV~(INRM) 
CALAPRICE,BCHREIBER,SCHNEIDER + (PRIN+IND) 
B.T.CLEVELAND,R.DAVIS JR., J.K.ROWLEY (BNL) 
÷ (AAGN+BONN~CERN+ATEN+LOIC+OXF÷EACL) 
÷KDTANI,NIBHIURA,OKUDA,TAKASUGI (OSAKI 
DOI,KOTANI,NIBEIURA,OKUDA,TAKASUGI (OSAK) 
DOI,KOTANI,NISEIURA,OKUDA,TAKASUGI (BSAK) 

~NATALI÷ (BARI+BIRM+LIBH*EPOL+RHEL+SACL+) 
*G.J.STEPHENSDN,D.STROTTMAN (PURD,LAGL) 
+BOEHM,HAHN,HENRIKSON+ (CIT+GREN÷MUNI) 
÷ (YALE+LBL+LASL+MIT*BACL+SIN+CNRC÷BERN) 

B.PRIMAKOFF,S.P.ROSEN (PURE) 
SIP.ROSEN (PURE) 
D.BRYMAN,C.PICClOTTO (TRIU,VICT) 
R.E.SHROCK (STON) 
R.E.BHROSK (STON) 

D.SILVERMAN,A.SONI (UCI+UCLA) 
J.BIMPSOR (GUELI 

(AICB+FNAL+ROBE+SEOU+MCGI÷NAGO+OBU~ORAY+) 
L.WOLFENSTBIN (CARN) 

÷HUEBNERtLUBBW÷ (IAS*LANL+HPC÷YALE*UCLA) 
+GUY,MICHETTE,TYNDEL,VENUS (RL) 
R.EHRCICN CGMAS) 
B.W.FICIPPONE,D.N.SCHRAMM (ANL+EFI) 
~STEPHENSON,BTROTTMAN (LANL+PURD) 
+TANIGUCHI,YAMANAKA ~ (TOKY*KEK+TSUK) 
VUILLEUMIER,BOEHM,EGGER ÷ (CIT+SIN+MUNI) 

+BRODZINSKI,BROWN,EVANS,HENSLEy+ (SCUC*PNL) 
+DOBRYNIN,ZEMLYAKOV,MIKAELYAN* (KIAE) 
+VOLKOV,KOCHETKOV,MUKHIN,SVIRIDBV+ (SERP) 
+FIORINIjLIGURORI,PULLIA,BARRACINO+ (MILA) 
CHARM CDLLAB. (ANIK+CERN+HAMS÷ITEP+INFN) 
+DUBOIS,NUMAO,OLANIYI,OLIN* (TRIU+CNRC) 
BRYMAN,DUBOIB,NUMAO,OLANIYA+ (TRIU+CNRC) 
J.P.DEUTSCH,M.LEBRUN,R.PRIEELB (LVLN) 
+KOTANIsNIBHIURA,TAKASUGI (OSAK+KYOT) 
SRONAU (HAIFI 
K.GROTZ,H.V.KLAPDOR,J.METZINGER (MPIB) 
W.C.HAXTON (LADL+PURD) 
T.KIRSTEN,H.RICHTER,E.JESSBERGER (MPIH) 
T.KIRSTEN,H.RICHTER,E.JESSBERGER (MPIH) 
SCHRECKENBACH,COLVIN+ (GREN+ILLG) 
+CENCE,HARRIS,JONES+ (HAWA+LBL÷FNAL) 

÷BINGNAH,+ (UEB+CBL+PRAL+NAWA+WASH+WISC) 
+CREMONEBI,FIORINIILIGUORI,PULLIA+ (MILA) 
CHAR C. (AMST+CERN+HAMS*ITEP~INFN) 
CAVAIGNAC,BOUMMADA,KOANG+ (ILLS*LAPP) 
+FELDMAN,GUYOT,* (CERN+OORT+HEID+SAGL+WARS) 
+BWON,MARKEY,BOEBM~HENRIKSON (LIT) 
GABATHULER,BOEHM÷ (CI~+SIN+MUNI) 
+21OCK,MARSHACL,STEPHENS,DAUM+ (VIRG+SIN) 
STOCNDALE,BODEK,* (ROCM+CHIC+COLU÷FNAC) 
AFDNIN,BORDVOI,DOBRYNIN,+ (KIAE) 
A~ONIN,BOGATOV,BORDVOI,DOBRYNIR,+ (KIAEI 
*ARNOSON,+ (BNL+BROW+KEK+OSAK+PENN+STON) 
ALTZITZOBLBU,CACAPRICE,DEWEY,+ (PRIN) 
+BORIS,GOLUTVIN,LAPTIN,LUBIMOV* (ITEP) 
+VOLKOV,KOCHETKOV,MUKHIN+ (SERP) 
BCUNER,KLEJNHNECHT CDORT) 
÷EIBBERG,GRUMM,HALE,WITHERELL+ (UCBB*LBL) 
COOPER-SARKAR,HAYWOOD+(CERN+LOIC+OXF*SACL+) 
W.HAXTON (LASL) 
÷LEECIA,DABSIE,MENNRATH+ (BORD*ZARA) 
KALBFLEISCH,MILTON (OKLA) 
~BIONTA+BLEWITT÷BRATTON+ (UCI+MICH+BNL~) 
MAREEY,BOEHM (CIT) 
OHI,NAKAJIMA,TAMURA÷ (TOKY~INUS+KEK) 
SIMPSON (GUEL) 
BTOCKDALE,BODEK,+ (RDGB+CHIC+COLU+FNAL) 
ZACEK,ZACFK,BOEHM+ (MUNI+CIT+SIN) 

, ,,,, 

I L I G H T  N E U T R I N O  T Y P E S  

03t lTTED FRO?~t SU31MARY TABLE 

The neutrinos referred to in this section are those of  
the standard SU(2)×U(1)  electroweak model. Light 
neutrinos are those with M(v) < <  M(Z°). The limits 
are on the number of neutrino families or species. See 
also cosmological limits in the "~ Bounds from Astro- 
physics and Cosmology" section. 

In the subsection on "Limits from p~- Collide'rs," the 
results assume that there are only three families of  
quarks and three families of  charged leptons light 
enough to contribute to W or Z decay. The results 
were derived from 

N ~ [I'z(measured ) - rZ(3-family theory)]/C u + 3.  

The term "3" above is for Pc, uu, and vT; C~ is approxi- 
mately 0.18 GeV; and the r's are measured in GeV. For 
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the results reported here, Fz(measured) is not a directly 
measured number, but rather an inferred number based 

on measured cross sections times branching fractions: 

F ( Z ~ e + e  -)  aZ aw'B(W---~ev) [ 
F Z = FW F(W--*ev) a W az.B(Z--~e+e - )  

--I 

For each result, £W and F(Z --~ e + e  - )  are calculated r(w~e.) 
from the standard model with three families, while 

aZ/crW is calculated from QCD (most uncertainties in 

QCD are thought to cancel in this ratio). Only 
aw'B(W-*ev  ) 

is a measured quantity. The errors 
O-z.B(Z ~ e  + e -)  

quoted include the uncertainties from each theoretical 

and experimental quantity except F W" 

L I M I T S  F R O M  p p COLLIDERS 

NP NUMBER OF NO TYPES INCLUDING NU(E), NU(MU), NU(TAU). 
NP SEE ABOVE NOTE FOR METHOD OF DERIVATION AND CRUCIAL ASSUMPTIONS. 
NP A 7.3 OR LESS CL=.90 APPEL 86 UA2 ECM=546+650 GEV 
NP S 110.) OR LESS EL=.90 ARNISON 86 UAI EOM=SAG+650 GEV 
NP 
NP A ASSUME MASS(T-QUARK)=40 GEV, C(NU)=0,177 GEV, GAMMA(W)=2.6S GEV 
NP A AND GAMMA(Z, 3FAMILY THEORY)=2.72 GEV. APPEL 86 REPORTED THEIR 
NP A LIMIT AS 5.6+-1.7 OR LESS AND WE CHOSE THE UPPER VALUE. 
NP B ASSUME MASS(T-QUARK)=40 GEV, C(NU)=O,182 GEV r GAMMA(WE=2.82 GEV 
NP B AND GAMMA(Z, 3FAMILY THEORY)=2.B3 EEV. 

REFERENCES FOR L I M I T S  ON N U M B E R  OF L I G H T  p TYPES 

APPEL 86 ZPEY C TO BE PUB UA2 COLLAB.(BERN+CERN~BOHR÷HEID+ORSA÷PAVI÷) 
ARNISON 86 PL B TO BE PUB UAI COLLAB.(AACR+ANIK+LAPP~DIRM+CERN*HARV÷) 

I NEUTRINO BOUNDS FROM [ 
ASTROPHYSICS AND COSMOLOGY 

OMITTED FROM SUMM4RY TABLE 

SEE THE NOTE ON NEUTRINOS BY R.E. SHRDCK IN THE ELECTRON NEUTRINO 
SECTION NEAR THE BEGINNING OF THESE CARD LISTINGS. FOR 
INFORMATION ON NEUTRINOS DERIVED FROM MORE CONVENTIONAL 
(TERRESTRIAL) EXPERIMENTS, SEE THE NO(E), NU(MU), NU(TAU), AND 
HEAVY-NU SECTIONS ABOVE. 

NOTE ON r MASS LIMITS 

These limits apply to into t given by 

mt°t j = 1,n J 

where n is the number of neutrino species and gv. is the 
.d 

number of independent components in the neutrino 

field: g , .  = 4 for Dirac neutrinos; gv. = 2 for chiral 
J d 

Maiorana neutrinos. 

v B O U N D S  F R O M  A S T R O P H Y S I C S  & C O S M O L O G Y  

v MASS (eV) 

M LIMIT ON TOTAL NU MASS, SUMMED OVER ALL SPIN COMPONENTS, 
M OF EFFECTIVELY STABLE NEUTRINOS ( I .E .  THOSE WITH MEAN LIVES ROUGHLY 
M EQUAL TO OR GREATER THAN THE AGE OF THE UNIVERSE) (UNITS ERE 
M A 132. OR LESS COWSIK 72 C, OSM 
M A 00. OR LESS LEE 77 COSM 

I00. OR LESS OLIVE 81 COSM 
A COWSIK 72 AND LEE 77 HAVE BEEN GENERALIZED TO APPLY TO M(TOT) AS 
A DEFINED ABOVE, WHERE ONE ALLOWS EITHER DIRAC OR MAJORANA NEUTRINOS. 
A THESE PAPERS ASSUMED DIRAC NEUTRINOS. 

M FOR OTHER LIMITS, SEE SATO 77, VYSOTSKY 77, DICUS 78, NUT 79j 
M ZELDOVICH 80, FREESE 84, AND SCHRAMM 84. 

ML ASTROPHYSICAL AND COSMOLOGICAL LIMITS ON NU MASSES, (UNITS EV) 
ML 
ML ANALYSES OF MASS/LIGHT RATIOS AND DYNAMICS OF GALAXIES AND 
ML CLUSTERS ARE CONSISTENT WITH PRESENCE OF DARK MATTER. TREMAINE 79 
ML STATED THAT THE DARK MATTER COULD NOT BE MUON OR ELECTRON NEUTRINOS 
ML OF NONZERO REST MASS OR ANY NEUTRAL LEPTON LESS MASSIVE THAN I MEV. 
ML AUTHORS BOND 81, DAVIS 81, AND SCHRAMM 81 CLAIMED THAT THIS DARK 
ML MATTER COULD CONSISTENTLY BE ASCRIBED TO MASSIVE NEUTRINOS 
ML WITH SUFFICIENTLY LONG LIFETIMES. SUBSEQUENT ANALYSES HAVE 
ML CHALLENGED THIS CLAIM; SEE PRIMACR 03. FOR DEGENERATE NEUTRINOS~ 
ML SEE EREESE 83. 
ML 
ML TREMAINE 79 COSM ISOTHERMAL 
ML ORDER 30 BOND 81 COSM ADIABATIC 
ML 50-100 DAVIS 81 COSM ADIA.+DECAYING NUS 
ML 4-20 SCHRAMM 81 COSM ISOTHERMAL 
ML NO CONSISTENT VALUE PRIMACK 83 COSM 
ML S 1000 OR LESS SARRAR 84 COSM 
ML M 22 OR MORE MADSEN 85 GOSH ASSUME ISOTROPY 
ML M 18 OR MORE MADSEN 05 EOSM SOME ANISOTROPY 
ML 
ML S SARKAR 8& RESULTS APPLY TO UNSTABLE NU(TAU) OR OTHER OIRAC NEUTRINO 
ML S WITH SIGNIFICANT RADIATIVE DECAY MODES. THEY ASSUME THAT STANDARD 
ML S COSM MODEL OF PRIMORDIAL NUELEOSYNTHESIS IS NOT DISRUPTED BY 
ML S NU(TAU) DECAY. 
ML 
ML M MADSEN 85 ASSUME STABLE NEUTRINO (NU(E)) TO BE DARK MATTER IN 
ML M GALAXY HALOS (ONLY DATA ON BIG GALAXIES). 
ML M SECONb MADSEN 05 VALUE IS ALLOWING MAX REASONABLE ANISOTROPY, 
HL M NOTE HOWEVER THAT IN MADSEN 84 THE ADDITIONAL ASSUMPTION THAT NU(E) 
ML M IS THE DARK MATTER IN DWARF AS WELL AS BIG GALAXY HALOS (ASSUMING 
ML M ISOTROPY) LEADS TO THE LIMIT 127 EV OR MORE IN CONFLICT WITH THE 
ML M EXPERIMENTAL UPPER LIMIT OF ~6 EV. FURTHERMORE THE ADDITIONAL 
ML M ASSUMPTION THAT THE DISTRIBUTION OF DARK MATTER IS AN ISOTHERMAL 
ML M SPHERE LEADS TO THE LIMIT (LIN 83) OF 500 EV OR MQRE. 

MSW LIMITS ON MASSES OF STABLE RIGHT-HANDED NU 
MEW (WITH NECESSARILY SUPPRESSED INTERACTION STRENGTHS) 
MEW 0 OLIVE 82 
MEW 0 ALLOWED VALUES OF MASS ARE STRONGLY CORRELATED WITH INTERACTION 
MSW 0 STRENGTH. SEE FIG. I OF OLIVE 82. 

p RADIATIVE MEAN LIFE VERSUS MASS 

T COWSIK 77 COSM 
T DICUS 77 GOSH 

GOLDMAN 77 COSM 
EALK 78 COSM 

T STRONGLY CORRELATED COWEIK 79 COSM 
LIMITS. SEE REFERENCES GOLDMAN 79 COSM 

DERUJULA SO COSM 
T STESKER SO COSM 
T HENRY 01 COSM 
T KEMBLE 81 COSM 
T REPHAELI 81 COSM 

TURNER 81 COSM 
KRAUSS 83 COSM 

T BINETRUY 84 EOSM 

N U M B E R  OF LIGHT T W O - - C O M P O N E N T  v TYPES 
(LIGHT MEANS < ABOUT 1 MEV) 

NUMBER COUPLING WITH FULL WEAK STRENGTH 
SHVARTSMA 69 COSM 
STEIGMAN 77 COSM (7) OR LESS 

(4) OR LESS YANG 79 COSM 
$ CRITICISM OF BOUND STECKER2 BO COSM 

MAYBE NO FIRM BOUND OLIVE 01 COSM 
(4) OR LESS TURNER 81 COSM 

CRITICISM OF BOUND RANA 82 GOSM 
(4) OR LESS SCHRAMM 82 COSM 

1FROM 10 TO 1000)  OR LESS ELLIS 83 ASTROPNYS MODEL-EEP 
(4 )  OR LESS YANG 84 COSM 

S SEE, HOWEVER OLIVE2 81 CRITIQUE AND STECKER 81 REPLY. 
UNCERTAINTIES AND CRITICISMS COME FROM DIFFERING ESTIMATES OF LOWER 
LIMIT ON BARYON DENSITY OF THE UNIVERSE AND UPPER LIMIT ON THE 
PRIMORDIAL HELIUM-4 ABUNDANCE. SEE ALSO BERNSTEIN 82. 

NEW NUMBER COUPLING WITH LESS THAN FULL WEAK STRENGTH 
NEW A (20) OR LESS STEIGMAN 79 COSM 
NEW A LIMIT VARIES WITH STRENGTH OF COUPLING. 

MM 
MM 
MM S 

MAGNETIC M O M E N T  OF SUFFICIENTLY LIGHT 
(UNITS EV/GAUSS) 

(4.DE-19)OR LESS SUTHERLAN 76 COSM FOR M(NU)<IO KEV. 
USES SUTHERLAND 76 EQ.3 WITH F<I/3 FROM THEIR TABLE AS MODIFIED TO 
APPLY AS A LIMIT ON ANY ONE NEUTRINO SPECIES INDIVIDUALLY. 

REFERENCES FOR v BOUNDS FROM ASTRO. AND COSM. 

SHVARTSM 69 JETPL 9 184 V.F. SHVARTSMAN (MOSU) 
COWSIK 72 PRL 29 669 R.COWSIK,J.ME CLELLAND (UEB) 
SUTHERLA 76 PR D13 2700 SUTHERLAND,NG,FLOWERS,÷ (PEHN~COLU÷NYU) 



111 

For notation, see key on page 91. Stable P a r t i c l e  F u l l  Listings 
v BOUNDS FROM ASTROPHYSICS & COSMOLOGY, HEAVY LEPTON SEARCHES 

COWSIK 77 PRL 39 784 
ALSO 79 COWSIK 

DICUE 77 PRL 39 16B 
GOLDMAN 77 PR D16 2256 
LEE 77 PRL 39 165 
SATO 77 PTP 58 1775 
STEIGMAN 77 PL 66B 202 
VYSOTSKY 77 JETPL 26 188 

DICUS 78 PR D17 1529 
FALK 78 PL 79B 511 

ALSO 78 APJ 225 1015 

COWSIK 79 PR D19 2219 
GOLDMAN 79 PR D19 2215 
HUT 79 PL 87B 144 
STEIBMAN 79 PRL 43 239 
TREMAINE 79 PRL 42 407 
YAN6 79 APJ 227 697 

ALSO 79 STEIGMAN 

DERUJULA 80 PRL 45 942 
STECKER 80 PRL 45 1460 

ALSD 81 NU 81 COHF HAWAII 
STECKER2 80 PRL 44 1237 
ZELDOVIC 80 SJNP 31 664 

BOND 81 NU 81 CONF HAWAII 
DAVIS 81APJ 250 423 
HENRY 81 PRL 47 618 
KIMBLE 81 PRL 46 80 

OLIVE 81 APJ 246 557 
OLIVE2 81 PRL 46 516 
REPHAELI 81 PL I06B 73 
SCHRAMM 81 APJ 245 1 
STECKER 81 PRL 46 517 
TURNER 81 NU 81 CONF HAWAII 

BERHSTEI 82 PRL 48 774 
OLIVE 82 PR D25 213 
RANA 82 PRL 48 209 
SCHRAHH 82 PRSL A307 45 

ELLIS 83 NP S225 256 
FREESG 85 RR D27 1689 
HRAUSS 85 PL 128B 37 
LIN 83 APJ 266 L21 
PRIMACK 83 PHILADELPHIA 

ALSO 82 NAT 299 37 
BINETRUY 8A PL 134B 174 
;REESE 84 NP B255 167 
MADSHH 84 ARJ 282 11 
SARKAR 84 PL 148B 347 
SCHRAMM 84 PL 141B 537 
YANG 84 APJ (TO BE PUBL) 
MADSEN 85 PRL 54 2720 

R. COWSIK (MPlM+TIFR) 

O.A.DICUS,E.H.KOLB,V.L.TEPLITZ (TEXA+VPI) 
T,GOLDMAN, G.J.STEPHENSON (LASL) 
B. W. LEE, S, WEINBERG (FNAE+STAN) 
K.SATO,M.KOBAYASHI (KYOT) 
G,STEIGMAN,D.SCHRAMM,J,GUNH (YALE,CHIC,CIT) 
VYSOTSKY,DOLGOV,ZELSOVICH (ITEP) 

+KOLB,TEFLITZ,WAGONER (TEXA÷VPI~STAN) 
S. FALR, D. SCHRAMM (CHIC) 
6UNN,LEE+ (CIT+CAMB÷FNAL+CHIC+YALE) 

R. COWSIK (TIFR) 
T.GOLDMAN,G.J.STEFHENSON (LASL) 
P.HUT,K.A.OLIVE (AMSTERDAM+EFI) 
6.STEIGMAN,K.OLIVE,D.SCHRAMM (BART~EFI) 
S.  TREMAINE, J. E. SUNN (CIT+CAMB*CAIW) 
YANG,ECHRAMM,STEIGMAN,ROOD (CHIC+YALE*VIRG) 
FOOTNOTE 4 

A.DE RUJULA,S.L.GLASHOW (MIT*HARV) 
F.W.STECKER (NASA) 
F.W.STECKER (PROC, V.I, P. 124) (NASA) 
F,W.STECKER (NASA) 
ZELDOVICH,KLYPIN,KHLOPOV,CHECHETRIN 

J.R.BOND, A.S.SZALAY (UCB+CHIC) 
M.DAVIS,M.LECAR,C.PRYOR,E.WITTEN(HARV+PRIN) 
R.C,HENRY, P.D.PELDMAN (JHU) 
R.KIMBLE,S.BOWYER,P.JAKOBSEN (UCB) 

÷SCHRAMM,STEIGMAN,TURNER,YAN6÷ (CHIC~BART) 
K.A,OLIVE,M.S.TURNER (EFI) 
Y.REPHAELI,A.S.SZALAY (UCSB÷CHIC) 
Dm N. SCHRAMM, 6. $TEIGMAN (CHIC+BANT) 
F.W.STECKER (NASA) 
M.S.TURNER (UCSB÷CHIC) 

J.BERNSTEIN (STEV) 
K.A.OLIVE,M.S.TURNER (CHIC÷UCSB) 
N.C,RANA (TIFR) 
D.N. SCHRAMM (CHIC) 

J,ELLIS,K.A.OLIVE (CERN) 
K.FREESE,E.W.KOLB,M.S.TURNER (CHID*LANL) 
L.M,KRAUSS (HARV) 
LIN,FABER (UCSC) 
J.PRIMACK (4TH WKSHP. ON GRAND.UNIF,)(UCSC) 
BLUMENTHAL,PAGELS,PRIMACK (UCSC+ROCK) 
R.BINETRUY,G.GIRARDI,P,SALATI (LAPP) 
+SCHRAMM (CHIC+FNAL) 
J.MADSEN,R.ERSTEIN (AARH~LANL) 
S.$ARKAR,A.M.COOPER (OXF*CERN) 
SCHRAMM,STEIGMAN (FNAL*BART) 
÷TURNER,STEIGMAN,SCHRAMM,OLIVS (CHIC÷BART) 
J.MADSEN,R.EPSTEZN (AARH÷LANL) 

HEAVY LEPTON SEARCHES I 

OMITTED FROM SUMMARY TABLE 

Data on the r -+ are listed in a separate section 

above, following the e and # listings. 
The following section contains information on 

searches for heavy leptons of  other types and searches 
for the r -+ in collisions other than e + e  - .  

Several types of  heavy leptons (that is, non-strongly- 
interacting fermions other than e and g) have been pro- 

posed. In the Full Listings we distinguish four types. 1'2 

Each has a corresponding antiparticle with opposite 

charge and lepton number. For convenience we omit 
writing the antiparticles in the following descriptions. 
The four types are: 

Sequential leptons (L-,VL). Such a pair is assumed 
to have its own separately strictly conserved lepton 

number n L = + 1. This means that the radiative decays 

L---~e-T } 
L -  ~ # - T  are forbidden,  

while the weak decays (assuming m L_ sufficiently large) 

L - --~-v L st-  v~ are al lowed.  

L - --~ VL hadrons 

There could be an increasing mass sequence of such 

pairs. It is frequently assumed that the neutrinos are 

massless. 
Decay rates are assumed calculable from conven- 

tional weak interaction theory. For an L - mass 

between 1 and 3 GeV, the branching fraction to each of 
the two leptonic modes above should be roughly 10 to 

20%. For an L -  mass above 1 GeV, the mean life 
should be < 10 - 1 2  second. 

Paraleptons (E +, E °) and (M +, M°). These pairs 

have the same lepton numbers as the opposite-charge 
ordinary leptons, i.e., e -  and # - ,  respectively. Radia- 

tive decays are again forbidden and decays similar to 

those allowed for L - are allowed here, e.g., 

M + --¢.v# e+Ve 
or 

M + ~ v#/ .t+v#.  

However, the lightest member is not stable as is the case 
for sequential leptons, so that bizarre decay schemes 

such as (assuming mEo < mE+ ) 

E + ...~EOg+v # 

, e -e+Ve  

are allowed. 
Heavy leptons of  this type were proposed (before the 

discovery of  the Z 0 boson) in unified gauge theories of 

weak and electromagnetic interactions to cancel unphy- 

sical high energy behavior in such processes as 
e + e -  --~ W + W - .  3 

Ortholeptons (F-  and N- ) .  These have the same 
lepton numbers as e -  and U - ,  respectively. They may 
or may not have associated neutral leptons. Radiative 

decays are allowed in addition to weak modes similar to 
those of  sequential leptons. The radiative mode can 
dominate or can be relatively unimportant depending 
on the model.  4 Decays such as 

F -  ---- e -  + hadrons 

are also allowed. 
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Long-lived penetrating particles. Heavy leptons 
could have long mean lives under certain circumstances. 
For example, if  m v > m L_, then L - ,  the sequential 
lepton, is completely stable since its lepton number is 
conserved. 

Experimental results. The results are summarized in 
the Full Listings below. Mass limits for sequential lep- 
tons are listed in subsection MS, while all other types 
are listed together in subsection M. 

The Full Listings also contain cross-section upper 
limits reported as results of  unsuccessful searches. We 
no longer list cross sections for anomalous e~ events in 
e + e -  collisions. These cross sections are consistent 
with coming from e + e  - --~ r+~ "- where the ~--+ is 
assumed to be a spin-l/2 Dirac point particle w~.th a 
mass about 1785 MeV. 

References 
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(October 1974). 

2. C.H. Llewellyn Smitl% Invited paper presented at 
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Ref. 33/76. 

3. J.D. Bjorken and C.H. Llewellyn Smith, Phys. 
Rev. D7, 887 (1973). 

4. F. Wilczek and A. Zee, Nucl. Phys. B106, 461 
(1976). 

SEE PERL 81 FOR A REVIEW 

PROPERTIES OF THE TAU+-(1785) HEAVY LEPTON AND ITS ASSOCIATED 
NEUTRINO ARE LISTED SEPARATELY ABOVE FOLLOWING THE E AND MU 
LISTINGS. THE FOLLOWFMG SECTION CONTAINS INFORMATION ON SEARCHES 
FOR rHEAVY LEPTONS OF OTHER TYPES AND SEARCHES FOR TAU+- IN L 
COLLISIONS OTHER THAN E÷E-. WE LIST MASS LIMITS AND CROSS SECTION 
UPPER LIMITS REPORTED AS NEGATIVE SEARCH RESULTS. WE NO LONGER 
LIST CROSS SECTIONS FOR THE ESTABLISHED PROCESS E+ E- - ->  TAU+ TAU- 
AS WAS DONE IN OUR 1977 SUPPLEMENT, SEARCHES FOR FRACTIONALLY 
CHARGED HEAVY LEPTONS ARE INCLUDED IN THE FREE QUARK SEARCH SECTION. 

HEAVY LEPTON MASS LIMITS 

LIMITS APPLY ONLY TO HEAVY LEPTON TYPE GIVEN IN COMMENT AT RIGHT ON 
DATA LISTING. SEE REVIEW ABOVE FOR DESCRIPTION OF TYPES. 
L,E,M,F,N STAND FOR SEQUENTIAL LEPTON,PARA~ELECTRON,PARA-MUON, 
ORTHO ELECTRON,ORTHO-MUDN RESPECTIVELY. 

MS SEQUENTIAL HEAVY LEPTON MASS LIMITS (SEV) 
MS A (13,)  OR MORE AZIMOV 80 +- 
MS B (16.)  OR MORE EL=.95 BARBER 80 CNTR 
MS C NONE 4GEV TO 14.5GEV EL=.95 BERGER 81 PLUT 
MS D (15,5) OR MORE EL=.95 BRANDELIK 81 TAGS 
MS (14.) OR MORE EL=,95 ADEVA 82 MRKJ 
MS E (18.) OR MORE ADEVA B3 MRKJ +- 
MS F (18.0) OR MORE CL=.95 BARTEL 83 JADE 
MS G , 22.5 OR MORE CL~.95 ADEVA 85 MRKJ +- ECM=40-47 GEV 
MS 
MS A AZIMOV 80 ESTIMATED PROBABILITIES FOR M+N TYPE EVENTS IN E+ E- --> 
MS A L+ L- DEDUCING SEMI-HADRONIC DECAY MULTIPLICITIES OF L FROM E+ E- 
MS A ANNIHILATION DATA AT WCM~(2/3)*ML. OBTAINED ABOVE LIMIT COMPARING 
MS A THESE WITH E÷E- DATA (BRANDELIK 80,PL 92B 199). 
MS 
MS B BARBER 80 LOOKED FOR E* E- -*> L+ L-, L-->NU(L)÷X WITH MARK-J AT 
MS B DESY-PETRA. 
MS 
MS C BERGER ~I IS DESY DORIS AND PETRA EXPT. LOOKING FOR E+E- - ->  L÷L-. 
MS 
MS D BRANDELIK 81 IS DESY PETRA EXPT. LOOKING POR E÷E- --> L+L~. 
MS 
MS E BDEVA 83 LOOKED FOR MUON OPPOSITE AGAINST A HADRON JET. 
MS 
MS F BARTEL 83 LIMIT IS FROM PETRA E+E- EXP WITH AVERAGE WCM=BG.2 GEV. 
MS 
MS G ADEVA 85 ANALYZE ONR-ISOLATED-MUON DATA AND SENSITIVE TO TAU < 10 
MS 6 NANOSEC. ASSUME BR(LEPTOH)=0.3O. 

HEAVY LEPTON MASS LIMITS (GEV) 
0 1.0 OR MORE BEHREND 65 SPEC ORTHOELECTRON(F) 

NONE BETWEEN 0.12 AND 0.57 BETOURNE 85 SPEC ORTHOELECTRON(F) 
NONE BETWEEN 0.3 AND 0.7 BUDNITZ 66 SPEC ORTHOELECTRON(F) 
NONE BETWEEN 0.2 AND 0.92 BARNA 88 CNTR LONG-LIVED 
NONE BETWEEN 0,97 AND 1.03 BARNA 68 CNTR LONG-LIVED 
NONE BETWEEN 0.I AND 1.3 BOLEY 68 SPEC ORTHOELECTRON(F) 
NONE BETWEEN 0.2 AND 0,6 LIBERMAN 69 OSPK ORTHOMUOB(N) 

0.490 OR MORE ROTBE 69 RVUE 
NONE BETWEEN 0.26 AND 1.32 LICHTENST 70 SPEC ~ ORTHOELECTRON(F) 
20 (O.L2~) 40.013) (O,OO2)RAMM 70 HLBC O 
22 (0.R31) 40.004) RAMM 71 HLBC ~ ORTHOMUON(N) 

O 0 . I  OR MORE ANSORGE 73 HBC LONG-LIVED 
0.6 OR MORE BACCI 73 ELEC +- ORTHOELECTRON(F) 
2.2 OR MORE BASSI 73 ELEC ~- ORTHOELECTRON(F) 

O 2.0 OR MORE EL-.90 BARISH 73 ASPK + PARAMUON (M) 
0 1.4 OR MORE EL=,95 BERNARDIN 73 ASPK *- ANY NON-RAD TYPE 
0 1.0 OR MORE EL=.95 BERNARDIN 73 ASPK +- ANY NON-RAD TYPE 

NONE BETWEEN 0.55 AND 4.5 BUSHNIN 73 CNTR ~ LONG-LIVED 
O 2,4 OR MORE CL=.90 LIGHTEN 73 HLBC ~ PARAMUON (M) 

7.8 OR MORE EL=.95 HANSON 73 WIRE ORTHOELECTROB(F) 
1.8 OR MORE CL=.9O ASRATYAN 74 HLBC ÷- ORTHOMUON (N) 
8.4 OR MORE EL=.90 BARISH 74 SPEC + PARAMUON (M) 

NONE BETWEEN O AND 2.0 GITTLGSON 74 SPEC ORTHOMUON (N) 
O 1.15 OR MORE CL~.95 ORITO 74 ASPK ~- ANY NON-RAD TYPE 
NONE BETWEEN 0.25 AND 2.3 BACCI 77 SPEC ~- ORTHOELECTRON(F) 

1.2 OR MORE MEYER 77 SNAG 0 NEUTRAL 
10.3 OR MORE CL=.RB ASRBTYAN 7B - ORTROMUON (N) 
7.5 OR MORE CBOPS 78 HLBC ORTHOMUON (N) 
9.0 OR MORE CNOPS 78 BLBC + PARAMUON (M) 

10.0 OR MORE ERRIQUEZ 78 BEBC 
Z 12. OR MORE el=.90 HOLDER 78 CNTR ~ PARAMUBN (ME 

NONE I GEV TO 9 GEV CL=.90 CLARK 81 SPEC 0 PARAMUON(MOBAR) 
I NONE I GEV TO 9 GBV CL=.90 CLARK 81 SPEC ~+ 

NONE BETWEEN 0.6 AND 3.3 HAYES 82 SMK2 ORTEOMUON (N) 
2 NONE BETWEEN 0.5 AND 3.3 HAYES 82 SMK2 ~ ORTHOELEC~RON(F) 

24,5 OR MORE EL=.95 BARTEL 83 JADE ~ PARAELECTRON(EO) 
22,5 OR MORE el=.95 BARTEL 83 JADE PARAELECTRON(E01 

BEHREND 65 IS DESY EXPT. LOOKS FOR E P-->F P, F--> E GAMMA. 
THIS MASS LIMIT CORRESPONDS TO A LIMIT ON LAMBDA'*2 OF 6 .25 " I0 " * -4 .  

BEFOURNE 65 IS ORSAY EXPT. LOOKS FOR E P -->F P. MASS OR .12 
B CORRESPONDS TO COUPLING CONSTANT LAMBDA**2 GT ,0016, MASS OF .57 

TO LAMBDA**2 ST .22. 

BUDNITZ 66 IS CEA EXPT, LOOKS FOR E P-->F P. 

BARNA 68 IS SLAC PHOTDPRODUCTION EXPT. 

BOLEY 88 IS CEA EXPT. LOOKS FOR E P-->F P. MASS OF . I  CORRESPONDS 
E TO COUPLING CONSTANT LAMBDA**2 GT 3 " I 0 " * - 4 ,  MASS LIMIT OF 1.3 TO 

LAMBDA**2 GT .01. 

LIBERMAN 69 IS R GNL EXRT MEASURING MUON BREMSSTRAHLUNG. 

ROTHE 69 EXAMINES PREVIOUS RATA ON MU PAIR PROD AND PI AND K DECAYS 

LICHTENSTEIN 70 IS CORNELL EXPT MEASURING E BREMSSTRAHLUNG. 
H MASS LIMIT DEPENDS ON COUPLING CONSTANT. FIRST VALUE ABOVE IS FOR 

LAMBDA*'2 GT .17, SECOND IS FOR LAMBDA**2 GT .42. 

RAMM 70 FINDS PEAK IN MU Pl COMBINER MASS PRODUCER BY NEUTRINO 
I INTERACTIONS. HE ALSO CLAIMS EVIDENCE FOR THIS IN KOMU3 DECAYS IN 

HBC WHERE PI MU COMBINED MASS PEAKS IN SAME REGION, CLARK 72 KINDS 
I NO EVIDENCE FOR Pl MU PEAK IN HIGH STATISTICS KL3 EXPT. 

RAMM 71 SEES PEAK IN MU GAMMA COMBINED MASS PRODUCER BY NEUTRINOS. 

ANSORGE 73 LOOKS FOR ELECTRON PAIR PROD AND ELECTRON-LIKE BREMSS. 

BACCl 73 IS FRASCATI E+E- EXPT. LOOKS FOR F - ->  E GAMMA. 
K MASS LIMIT DEPENDS ON COUPLING CONSTANT LAMBDA FOR THIS DECAY. 

FIRST VALUE ABOVE IS FOR LAMBDA**2 GT 9"10"*-5,  2NO IS FOR 
LAMBDA**2 GT I 0 " * - 3 .  

BARISH 73 IS FNAL 50,145 GEV NU EXPT. LOOKS FOR (NU NUCLEON --~ 
M+ ANYTHING). ASSUMES (M+ - ->  MU+ NU NU) WITH BR=.3. 

BERNARDINI 73 IS FRASCRTI E+E- EXPT. FIRST VALUE ASSUMES UNIVERSAL 
M COUPLING TO ORDINARY LEPTONS. SECOND VALUE ALSO ASSUMES COUPLING 

TO HADRONS. 

BUSHNIN 73 IS SERPUKOV 70 GEV P EXPT. MASSES ASSUME MEAN LIFE ABOVE 
N 7E-I0 AND 3E-8 RESPECTIVELY. CALCULATED FROM CROSS SEC(DC BELOW) 

AND 30 GEV MUON PAIR PRODUCTION DATA. 

EIEHTEN 73 IS CERN 1-10GEV NU EXPT. LOOKS FOR M÷ PRODUCER IN 
NU NUCL - ->  M÷ HADRONS ASSUMING 15 PERCENT DECAY TO E÷ NU NU. 

HANSON 73 LOOK FOR DEVIATIONS FROM QED IN E+ E- -->2GAMMA. THEY 
P MEASURE THE PRODUCT OF THE F MASS * THE COUPLING CONSTANT LAMBDA, 

WHICH IS THE VALUE QUOTER ABOVE. 

ASRATYAN 74 USES EICHTEN 73 DATA ON NU NUCL - ->  E- HADRONS AND 
NUBAR NUCL - ->  E+ EADROMS TO BET LIMITS ON ORTHOMUON PRODUCTION, 

BARISH 74 IS FNAL 50,135 6EV NU EXPT. LOOKS FOR GNU NUCLEON - ->  
M~ ANYTHING). ASSUMES (M+ -->MU+ NU NU) WITH BR=.3. 

GITTLESON 74 IS MU P _4> p ORTHOMUON SEARCH. COUPLING CONSTANT 
S LAMBDA**2 IS <.01 FOR MASS UP TO .7 GEV, LIMIT ON LAMBDB**2 RISES 

TO <.I BOR MASS OF 2.0 GEV. 

ORITO 74 LOOKED FOR H+H- PAIRS GIVING MU-E PAIRS. MASS LIMIT REFERS 
T TO ANY NON-RADIATIVE TYPE HEAVY LEPTON -- L, E, M, F, N. 

COUPLING TO HADRON ASSUMED FROM THEORETICAL MODELS. 

BACCI 77 IS SAME TYPE AS BASSI 73. LOWER MASS LIMIT CORRESPONDS TO 
U LAMBDA**2 LIMIT OF 4"10"*~5, UPPER VALUE IS FOR LAMBRA**2 LIMIT OF 

1,5"10"*-3. 

MEYER 77 LOOKS FOR NARROW NEUTRAL RESONANCE IN(E PI)AND(MU Pl) 
V CHANNELS PRODUCED BY E+E- AT 6,8 GEV (ECM). ASSUMED TO BE DECAY 

PRODUCT OF THE TAU. SEE SECTION NE BELOW. 

ASRATYAN 78 ANALYZES DEPENDENCE OF N.C./C.C, ON ENERGY OF ASSOC. 
W BAORONS. USES DATA OF HOLDER 77 (PL 72B, 254)--NU(MU) INTERACTIONS 

AT CERN~SPS. 

ENOPS 78 IS FNAL EXPT LOOKING FOR NU(MU) NE - ->  L÷( - ) ,  FOLLOWD BY 
L* ( - )  - - >  E÷(-) NU NU. 

ERRIQUEZ 78 IS CERN SPS EXPT. LOOKS FOR NU(MU) NUCLEON-->MU- E+ X. 
FINDS CS FOR PRODUCING HVY LEPT--> E* <.7"I0"*-B *C.C. CS. 

HOLDER 7B IS A GERN NU EXPT LOOKING FOR NU(MU) NUCLEON --> MU* ANY 
TBING. ASSUMES M+ - - 2  MU+ 2NU(MUI WITH BR=0.2 . 



For notation, see key on page 91. 

I CLARK 81 IS FNAL EXP WITH 209 GEV MUONS. BOUNDS APPLY TO MO WHICH 
I COUPLES WITH FULL WEAK STRENGTH TO MUON. SEE ALSO SECTION MU. 

M 
2 HAYES 82 IS SLAC SPEAR EXPT, THEIR TBL.5,6 GIVES CROSS SEE. LIMITS 
2 FOR ORTHOMUON AND ORTHOELECTRON FOR MASSES IN ABOVE RANGE. 

BARTEL 83 IS PETRA E+E- EXP WITH AVERAGE WCM=3~.2 GEV.FIRST(SECOND) 3 
M 3 LIMIT IS FOR V+A(V-A) TYPE W-EO-E COUPLING. 

HEAVY LEPTON PROD. CROSS SECTION (g  N )  (cm 2) 
MU SEE ALSO SECT 'MU' IN CHARM SEARCHES AND OTHER NEW PARTICLE SEARCHES 
MU A 1.22E-3A OR LESS LEBRITTON BO SPEC MO-->MU~ MU- NU 
MU B 0 4. E-38 OR LESS CLARK Bl SPEC 0 PARAMUON(MOBARI 
MU B O 6. E~38 OR LESS CLARK 81 $PEC ÷+ 
MU 
MU A LEBRITTON 80 IS BNL EXP WITH IO.SGEV MUONS. TRIMUONS ARE CONSISTENT 
MU A WITH QED TRIDENT AND DIFFRACTIVELY PRODUCED RHO DECAY. 
MU 
MU B OLARK 81 IS FNAL EXP WITH 209 GEV MUON. LOOKED FOR MU+ N-->MOBAR X, 
MU B MOBAR-->MU÷ MU- NUBAR(MU) AND MU+ N-->M÷* X,M++-->2MU~ NU(MUI, 
MU S ABOVE LIMITS ARE FOR CS*BR TAKEN FROM THEIR MASS-DEP PLOT FIG.2. 

HEAVY LEPTON PROD. DIFFERENCE CROSS SEC. (p N) (cm2/sr--GeV) 
OC A 0 1.6E-37 OR LESS CL=.90 GOLOVKIN 72 CNTR- 7OBEY P, SERPUKHOV 
OC B 0 4. E-38 OR LESS EL=.90 BUSHNIN 73 CNTR- 70GEV P, SERPUKHOV 
DC 
DC A MASS RANGE I TO 4.5 GEV,TBETA=O,P=25 GEV/C. 
DC 
DC B BUSHNIN 73 HEAVY LEPTON PATH TRAVERSES 6800 GM/CM**2 ABSORBER. 
DC B DIF;ERENTIAL CROSS SECTION MEASURED AT P=30 GEV/C THETA= 2 MRAD, 

PRODUCTION OF HEAVY LEPTON IN BEAM D U M P  
BD A LOSECCO 81 CALO 28 GEV PROTONS 
BD A LOSECCO 81 AT BNL AGS SET LIMIT FOR CS(PROD)*CSIINT) RATIO OF 
BD A SLOW (BETA<O.89) HEAVY LEPTONS TO PROMPT NU'S AS 2.2E-2(CL=.90). 

INVARIANT HEAVY LEPTON PROD. CROSS SEC. (p N )  (cmZ/GeV 2) 
IC A 0 5.4E-39 OR LESS OL=.90 CRONIN ?A SPEC - M=I-6.B SEV 
IC S 0 6.4E-35 OR LESS EL=,90 BINTINGER 75 SPEC M=I~5 GEV 
IC C O 1.8E 33 OR LESS CL=.90 ARMITAGE 79 SPEC M=1.87 GEV 
IC 
IO A CRONIN 74 IS AN FNAL 300 GEV R CU EXPT, LOOKED FOR LONG LIVED 
IO A PENETRATING PARTICLES. ABOVE LIMIT ASSUMES STABLE. MULTIPLY IT BY 
IC A EXP(1.22E-8*M/TAU) FOR MASS M(GEV) AND LIFETIME TAU(SEO). LIMIT 
IC A OBTAINED AT THETAILABI = 77 MRAB, PT = 2,38 GEV/C, 
IC 
IC B SINTINGER 75 IS A 30-300 GEV P C EXPT. LOOKED FOR LONG LIVED 
IC S PENETRATING PARTICLES. ABOVE LIMIT ASSUMES STABLE. MULTIPLY IT BY 
IC B EXP(3.5E-8*M/TAU/P) FOR MASS M(GEV), LIFETIME TAU(SEC), MOM.PIGEV). 
IC B OBTAINED AT THETA(LAS) = 91 MRAD, PT = I~2.25 GEV/C. 
IC 
1C C ARMITAGE 79 IS CERN=ISR EXPT AT ECM=53 GEV. VALUE IS FOR X=O.I AND 
IC C PT=.15. 

HEAVY LEPTON PROD. CROSS SEC. (~(HEAVY L E PT O N ) / a (~ ) )  
RPI A 0 7, E-12 OR LESS CL=.D5 BUSSIERE GO CNTR G= -1 M=4-~.5 GEV 
RPI A 0 2.5E-12 OR LESS CL=.95 BUSSIERE 80 CNTR G= ~2 M=0-7.5 GEV 
RPI 
RPI A GUSSIERE 80 IS OERN-SPS EXPT WITH 200-240 GEV PROTONS ON BE AND AL 
RPI A TARGET SEARCHING FOR LONG-LIVED PARTICLES. FOR LIMITS AT OTHER 
RPI A MASS RANGES SEE THEIR FIG. 7. 

NEUTRAL HEAVY LEPTON PROD. CRO SS  SECTION (cm 2) 
CN A 5 11, E-37 OR MORE) XRISBNASW 75 CNTR *0-  M=2-5 GEV 
CN B 0 BENVENUTI 75 SPEC 0 
CN 
CN A KRISHNASWAMY 75 IS KOLAR GOLD MINE COSMIC RAY EXPT. TYPICAL EVENT 
CN A HAS VERTEX IN AIR 70 CM FROM WALL WITH THREE OBSERVED CHARGED 
CN A TRACKS. AUTHORS SUGGEST NU÷ROCK GIVES NEW PARTICLE WITH MEAN LIFE 
CN A IOE-9 SEE OR LONGER. DE RUJULA 75 GIVES ANOTHER INTERPRETATION. 
CN A SEE ALSO RAJAGEKARAN 75. 
CN 
CN B BENVENUTI 75 IS AN ;NAL EXPERIMENT WHICH ROUGHLY SIMULATES THE 
CN S KRISHNASWAMY 75 EXPT. BUT APPARENTLY CONTRADICTS IT, FINDING NO 
CN B EVENTS. SENSITIVE TO DECAYS OF NEUTRAL PENETRATING PARTICLES 
CN B PRODUCED BY THE PRIMARY PROTONS OR BY SECONDARY NEUTRINO 
CN B INTERACTIONS IN THE I KM. NEUTRINO BEAM EARTH SHIELD. 

NEUTRAL  HEAVY LEPTON PRODUCED IN  ~ INTERACFIONS 
N A 1 POSSIBLY SEEN BARANOV 77 HLBC 0 SERPUKHOV 

A POSSIBLY SEEN BARANOV 79 HLBC SEBPUKHOV 2 0 

N A BARANOV HEAVY LEPTON CLAIM REFUTED BY BALTAY 78. 

NEUTRAL HEAVY LEPTON PROD. CROSS SEC. (p N )  (cm 2) 
cP A 0 0 I. E-29 OR LESS FAISSNER 76 HLSC 00 
CP B 2.8E-35 OR LESS EL=.90 SECHIS 78 SPEC 
CP C 0 8.2E-&O OR LESS EL=.90 AGAKISHIE 80 SPRK 0 M=40EV,TAU=E-7 S 
CP 
CP A FAISSHER 76 LIMIT ASSUMES STABLE NEUTRAL WEAKLY INTERACTING LEPTON. 
CP A ALSO RULES OUT DE RUOULA 75 INTERP. OF 5 KRISHNASWAMY 75 EVENTS AS 
UP A (P NUCLEON --> L+ X, L+ --> LO X) UNLESS L+ MASS IS ABOVE 3 GEV. 
CP 
CP B BECBIS 78 IS 400 GEV FNAL EXPT, LOOKS FOR P NUCLEON --> L+, 
CP B L+ - - >  LO X, LO - ->  MU PI OR E PI .  RESULT IS el=.90 FOR MASS OF LO 
CP B < 1 GEV, LIFETIME BETW I0"* -10 AND 10"*-0 SEC.IVALIO ONLY FOR CASES 
CP B WHEN LO UNACCOMPANIED BY MUON OF P>10 GEV.) 
CP 
CP O AGAKISHIEV SO REANALYZED BEAM DUMP DATA FROM 70 GEV PROTON ON IRON 
CP C (ASRATYAN 78 PL 79B,497). ASSUMED BRELL-YAN PROD OF CEGD HVY LEPTON 
CP C PAIR FOLLOWED BY DECAY INTO NEUTRAL HVY LEPTON. ABOVE VALUE IS WHEN 
CP C LIMIT IS MOST STRINGENT. FOR OTHER MASS AND LIFE,SEE THEIR TABLE 1, 
CP C AND FOR LIMIT DEDUCED FOR Pl NUCLEON INTERACTION,SEE THEIR TABLE 2. 
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NEUTRAL HEAVY LEPTON PROD. CROSS SEC. ( e + e  - )  (10 - s  nb) 

CS*BR(TAU--> NEW NEUTRAL LEPTON)*BR(NEUTRAL LEPTON--> E OR MU Pl)  
450 OR LESS ~L=.90 METER 77 SMAG FOR MILl=0.5 GEV 
250 OR LESS EL=.90 MEYER 77 SNAG FOR M(L)=I.5 GBV 

CS(L LBAR)*(BR(L INTO E NU X) ÷ BR(LBAR INTO E NU X)I 
8 OR LESS CL=.90 ERREDE 8L HRS ;OR M(L)=I GEV 

18 OR LESS EL=.90 ERREOE 8L HRS ;OR M(L)=2 GEV 
20 OR LESS EL=.90 ERREDE 84 HRS ;OR M(L)=3 GEV 
11 OR LESS 0L=.90 ERREDE 84 HRS ~OR M(L)=A OR 5 GEV 
13 OR LESS EL=.90 ERREDE 84 BRS ;DR MIL)=6 GEV 
17 OR LESS EL=.90 ERREDE 84 HRS FOR M(L)=7 GEV 

CS(LI÷L2I*BR(LI --> ONLY LIGHT NEUFRINOS) 
C 4.7 OR LESS el=.90 ARERLOF 85 HRB FOR MILl=2 GEV 
C 18, OR LESS EL=.90 AKERLOF 85 HRS FOR M(L)=IO GEV 

CS(L LBAR)*BRI*BRB/CS(STANDARD VIA VIRTUAL z) 
WHERE SRI AND BR2 ARE BRANCHING RATIOS LEADING TO EVENTS WITH 
TWO OR FOUR CHARGED PARTICLES, AND CO(STANDARD)= 
0.35(BETA(3~BETA**2)/A) PB WITH BETA= VELOCITY/C OF L. 

D 0.1-0.2 OR LESS EL=.90 PERL 85 SMK2 FOR M(L)<I GEV 

A MEYER 77 EXPT LOOKS FOR NARROW NEUTRAL RESONANCE IN E-Pl AND MU~PI 
A CHANNELS. SEE HEAVY LEPTON MASS LIMITS SECTION ABOVE. 

B ASSUMING X=MU; IF X=MEBON, LIMITS ARE 20% HIGHER. ERREDE 8L SAY 
B TEESE LIMITS ARE COMPARABLE TO THOSE EXPECTED FROM NAIVE THEORY. 
B E.E-, ECM=29 GEV. SEE ALSO GRONAU 85, RIZZO 85. 

AKERLOF 85 OBSERVE NO MONDJETS ABOVE BACKGROUND. THEY USE STANDARD 
COUPLINGS TO Z TO FIND CS(LI+L2)=O,36 PB. ABOVE DATA THEN IMPLY 

C 8(LI-->LIGHT NEUTRINOS)< 13-50 PER CENT FOR MIL)=2-10 GEV. 

D PERL 85 EXAMINE A VARIETY OF MODELS AND PROCESSES. THEY SEARCH UP 
D TO M(L)=IA GEV BUT ARE MOST SENSITIVE FOR MI1)<I GEV. THEY REQUIRE 

LEPTON LIFETIME < M(LI*1E-11 SEO (MILl IN GEV) WHICH LIMITS THEIR 
ABILITY TO CONSTRAIN THE MIXING OF A ATH CONVENTIONAL GENERATION. 

LIMIT ON ~ PRODUCTION IN BEAM D U M P  EXPERIMENT 
TNU A FRITGE 80 HYBR 
TNU 
TNU A FRITZE 80 IS CERN SPS EXP WIT~ DEBt. NC/CC RATIO CORRESPONDS TO 
TNU A R=EPROMPT-NU(TAUI-INOUCED EVENTS)/(ALL PROMPT-NU EVENTS) <0.I~ 
TNU A MIXING PROBABILITY P(NUIE)-->NUITAU)) < 0.35 AT EL=.90. 

LIMITS ON EXCITED e AND 
EXC A NONE BELOW 58 GEV EL=.95 
EXC A NONE BELOW 10 BEY EL=.95 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 

(e* AND g*) 
ASEVA 82 MRKJ E* PROD IN E+E- 
ADBVA 82 MRKJ MU* PROD IN E÷E- 

B BUKIN 82 E* PROD IN E+E- 
C RENARD 82 G-2 OF E*,MU* 
O FORD 83 MAC MU* PROD IN E+E- 
E 20,BEY OR MORE ADEVA 84 MRKJ LAMBDA=0.2 
E 70,GEV OR MORE ADEVA 84 MRKJ LAMBDA=I.0 
P 22,GEV OR MORE CL=.D5 BARTEL 84 JADE MU* 

3A,GEV OR MORE EL=.95 BARTEL 84 JADE MU* LAMBDA=O.2 
72,GEV OR MORE CL=.95 ADEVA 85 MRKJ E ~ LAMSDA=I 
25,GEV OR MORE EL=.95 ADEVA 85 MRKJ MU* LAMBDA=I 

A AOEVA 82 M(E*) LIMIT ASSUMES E* COUPLING EQUALS TO THAT OF E. 
A BEE THEIR ;IS,2 FOR DEPENDENCE ON TEE COUPLING, 

B SUKIN 82 IS VEPP-2M RING EXP FOR E+E~ -->E÷ E- GAMMA WITH WCM=O.6A- 
1.A GEV. OBSERVED NO PEAK IN M(E GAB) SPECTRUM. SET el=.95 LIMIT 
CS(E*+E~)/CSIE÷E -) < (0.2-6)'10"*-4 FOR M(E*)=O,2-1.0 GEV. 

RENARD 82 DERIVED FROM G-2 DATA LIMITS ON MASS AND COUPLINGS OF E* 
AND MU*. SEE FIGS.2 AND 3 OF THE PAPER. 

D FORD 83 AT PEP-MAC (WCM=29 GEV) SET EL=.90 LIMITS 
CS(MU*MU*I/CS(MU+MU-) 11-2)'10"*-3 FOR M(MU*)=2-14 GEV, AND ! 
OS(MU* MU)/CS(MU*MU-) < 11-2),10,*-3 FOR M(MUX)=2.5-27 GEV. 

E ADEVA 84 AND 85 LIMITS DEPenD ON E* E SAM COUPLING = LAMBDA. 
E FROM E-E÷ - ->  2GAM WITH E* EXCHANGE. 

F BARTEL 84 OBSERVED 270 MU+ MU~ GAMMA EVENTS AND 16 MU+ MU- 2GAMMA 
F EVENTS. DISTRIBUTIONS ARE CONSISTENT WITH QED. ABOVE LIMIT IS 
F FROM 2GAMMA EVENTS AND ASSUMES MU* IS POINT-LIKE. THE IGAMMA 

EVENTS DIVE AT CL=O.95 LAMBDA<O.02 - 0.15 AS M(MU*) VARIES BETWEEN 
22 AND 34 GEV, 

REFERENCES FOR 

SEHREND 65 PRL 15 900 
BETOURNE 63 PL 17 70 
BUDNITZ 66 PR 141 1313 
BARNA 68 PR 173 1391 
BOLEY 68 PR 167 1275 

LIBERMAN 69 PRL 22 663 
RUTHE 69 NP 810 241 
LICHTENS 70 PR SI 825 
RAMM 70 NATURE 227 1323 

ALSO 72 NATURE 237 388 

RAMM 71 NAT.PH.SC.230 145 
GOLOVKIN 72 PL A2S 136 
ANSORGE 73 PR DT 26 
BACCI 73 PL 448 530 
BARISH 73 RRL 31 410 

BERNARDI 73 NC 17A 383 
ALSO 70 LNC 4 1156 

BUSHNIN 73 NR 858 476 
ALSO 72 PL 428 136 

EICHTEN 73 PL 46B 281 
HANSON 73 LNO 7 587 

ASRATYAN 7/* PL 49B 488 
BARISH 74 PRL 32 1387 
CRONIN 74 PR DIO 3093 
GITTLESO 74 PR DIO 1379 
OBITO 74 PL 4BB 165 

HEAVY LEPTON SEARCHES 

÷BRASSE,ENGLER,GANSSAUGE÷ (DESY+KARL) 
+NGUYEN NGOE,PEREZ Y JORBA+ (ORSA) 
*DUNNING,GOITEIN,RAMSEY,WALKER,WILSON(~ARV) 
+COX,MARTIN,PERL,TAN,TONEN,ZIPF+IELAO+STAN) 
÷ELIAS,FRIEDMAN,HARTMANN,KEHDALL÷ (MIT+CEA) 

÷HOFFMAN,ENGELS,IMRIE*(HARV~CASE*MCGI+GLAC) 
K.W.ROTEE,A.M.WOLSKY (PENN) 
LICHTENSTEIN,ASH,BERNELMAN,HARTILL+ (CORN) 
O.A.RAMM (CFRN) 
OLARK,ELIOFF,FIELD,FRISCH,JOHNSON+ (LBL) 

C.A.NAMM (CERN) 
+GRACHEV,KHODYREV,KUBAROVSKY÷ (SERP) 
+BAKER,KRZESINBKI,NEALE,RUSHBROOKE+ (CAVE) 
+PARISI,PENSO~SALVINI,STELLA+ (RDMA+FRAS) 
÷BARTLETT,BUCHHOLZ,HUMPHREY+ (CIT~FN~L) 

BERNARDINI,BOLLINI,SRUNINI÷(CGRN*BGNA+FRAS) 
ALLES-BORELLI,BERNARDINI,BOLLINI÷ (CERN) 
+DUNAYTZEV,GOLOVKIN,KUBAROVSKY ÷ (SERP) 
GOLOVKIN,GRACHEV,SHODYREV * (SERP) 
+DEOEN+EAACH*BELG+CERN+EPOL*MILA+LALO÷LOUC) 
+LEONG,NEWMAN:LAW,LITKE+(MIT+HARV÷CEA*HAIF) 

+GERSHTEIN,KAFTANOV,KUBANTZEV,LAPIN÷ (SERPI 
÷SARTLETT,BUCHHOLZ,MERRITT + (CIT+~NAL) 
+FRISCH,SHOCHET,BOYMOND,MERMOD + (EFI+PRIN) 
GITTLESON,KIRK+ (HARV*ROCH+COLU÷BNAL) 
+VISENTIN,CERADINI,CONVERSI + (FRAS+ROMA) 



t14 

Stable Particle Full Listings 
÷ 

HEAVY LEPTON SEARCHES, ~ r -  

BENVENUT 75 PRL 35 1486 
BINTINGE 75 PRL 34 982 
BASSI 77 PL 71B 227 
KRISHNAS 75 PL 57B 105 

ALSO 75 PRL 38 628 
ALSO 75 PRAMANA 5 78 

FAISSNER 76 PL 608 401 
BARANOV 77 PL 70B 269 

ALSO 77 OJNP 26 57 
BENVENUI 77 PRL 38 1110 

ALSO 77 PRL 38 1187 
ALSO 77 PRL 38 1190 

BENVENO2 77 PRL 38 1108 

MEYER 77 PL 708 469 
ASRATYAN 78 PL 76B 237 
BALTAY 78 TOKYO CONF. 

GECHIG 78 RRL 40 602 
BOEETTI 78 PL 73B 380 
CNOPS 78 PRL 40 144 
ERRIQUEZ 78 PL 778 227 
HOLDER 78 PL 74B 277 
SMITH 78 NU 78 CONF 

ARMITAGE 79 NP B150 87 
BARANOV 79 PL 81B261 

ALSO 79 OJNP 29 622 

AGAKISSI 80 GJNP 52 345 
AZIMOV 80 JETPL 32 665 
BARBER 80 PRL ~5 1904 
BUSSIERE 80 NP 8174 1 
FRITZE 80 PL 96B 427 
LEBRITTO 80 PL 89B 271 

BERGER 81 PL 99B 489 
BRANDELI 81DL 998 163 
CLARK 81PRL 46 299 

ALSO 82 PR D25 2762 
LOSECCO 81 PL I02B 209 

ADEVA 82 PRL 15 967 
BUKIN 82 ~JNP 35 844 
HAYES 82 PR 025 2869 
RENARD G2 PL 1168 264 

ADEVA 05 ~RL 51 443 
BARTEL S8 PL 1258 353 
FORD 83 PRL 51 257 
ADEVA 84 PRL 53 134 
BARTEL 84 2PHY C24 225 
ERREDE 84 PL 149B 519 
GRONAU 84 PR D29 2539 
RIZZO 84 PL 136B 281 
ADEVA 85 PL 152B 439 

ALSO 84 PRPL 109 131 
AKERLO~ 85 PL 156B 271 
PERL 85 PR 032 2859 

PERL 81 SLAC-PUB-2752 

LIGHT MESONS 

V = ~  l~(J e) = ~-(o-) 

BENVENUTI,CLINE,FORD* (HARV*PENN+WISC+FNAL) 
BINTINGER,CURRY+ (EFI*HARV+PENN+WISC) 
+DEZORZI,PENSO,STELLA+ (ROMA+FRAE) 
KRIGHNASWAMY,MENDN~ (BOMBAY+OSAKA) 
DE RUJULA,GEORGI,GLASHOW (HART) 
RAJASEKARAN,SARMA (TIFR) 

+HASERT÷(AACH÷BELG+CERN*EPOL+MILA+OXF*LOUE) 
+VOLKOV,GERSHTEIN,IVANILOV ~ (SERE) 
BARANOV,VOLKOV,GERSHTEIN,IVANILOV +(SERP) 
BENVENUTI,CLINE÷ (FNAL~HARVCPBNN+RUTG+WISE) 
ALBRIGHT,SMITH,VERMASEREN (FNAL*STON) 
BARGER,GDTTSCMALK+ IWISE+EARAEOZA+RHEL) 
BENVENUTI,CLINE* (FNAL+HARV~PENN+RUTG*WISC) 

+NGUYEN,ABRAMS,ALAM+ (SLAC+LBL+NWES*HAWA) 
ASRATYAN,KUBANTSEV (ITEP) 
C.BALTAY I19TH INTL. CONF. ON HEP) (COLU) 

+CHANG,DOMBECK,ELLSWORTH,ELASEER,LAU+ (UMD) 
+DEDEN ÷ (AACH*BONN*CERN+LOIC+OXF+SACL) 
+CONNOLLY,KAHN,KIRK,MURTAGM + (BNL+COLU) 

BARI+BIRM~BRUX*EPOL~RHEL+SACL+LOUE 
+KNOBLOCH,MAY + (CERN+DORT*HEID+SACL+BGNA) 
J.SMITH (COLU) 

+BENZ,BOBBINK÷ (CERN+DARE+FON+MCHS+UTRECHT) 
+IVANILOV,KONYUEHKO,KORABLEV+ (SERP) 
BARANOV,+VOLKOV,IVANILOV,KONYUGHKO,+ (SERE) 

AGAKISHIEV,VOVENKO,GORYACHEV,MUKHIN (SERP) 
YA.I,AZIMOV,V.A.KHOZE IKONS) 
+BECKER,BEI÷ (AACH÷DESY+MIT+AIKO*SHEP) 
+GIACOMELLI,LESQUOY* (SGNA+SACL*LAPP) 
AACH+BONN+CERN*LOIC÷OXF÷SACL COLLABORATION 
LEBRITTON,MCCAL,HELISSINOS÷ IROCH÷BNL+NSF) 

+GENZEL~(AACH+BERG÷DEEY+HAMB+UMD+SIEG*WUPP) 
BRANDELIK+ (AACH+BONN+DEEY~HAMB+LOIC+OXF+) 
+JOHNSON,KERTH,LOKEN+ (UCB+LBL+FNAL~PRIN) 
SMITH,CLARK,JOHNSON~ (UCB+LBL+FNAL*PRIN) 
+SULAK,EALIK,HORSTKOTTE÷ (MICH~PENN~BNL) 

MARK-J C (AACH+DESY+NIT+MADR+ANIK*CIT÷BHEP) 
+KURDADZE,LELCHUK,PANIN,S]DOROV~ (GIBE) 
+PERE,ALAM,BOYARSKI,BREIDENBACH÷ (SLAC+LBL) 
F.M.RENARD (CERN) 

MARKJ C. (AACH+DEGY+MIT+MADR+AIKD*BNEP+CIT) 
+CORDD*(DESY+HAMB+HEID+LANC*MCHS+RHEL+TOKY) 
+READ,SMITH+IEOLO+FRAE+NEAS+SLAC+UTAH*WISE) 
MARK-J COLLAB (AAEH+BNL+CIT*DESY+MIT+MADR+) 
JADE C.IDESY+HAMB+HEID+LANC~MCHS+UMD+RHEL+) 
HRD COLLAB. (MICH+ANL+IND+PURD*LBL+SLAC) 
GRONAU,LEUNE,ROSNER ISYRA+FNAL+CHIC) 
T.RIZZO (ISU) 
MARK-J C.(AACH+BNL+CIT+DESY*MIT*MADR+ANIK+) 
MARK-J C.,ADEVA+ (AACH+SNL+EIT+DESY+MIT+) 
HRS C. (MICH+ANL+INO+PURD*LSL*SLAC) 
NK II C.,+BARKLOW,BOYARSKI+ (ELAC+LBL+HARV) 

REVIEWS 

M.L.PERL, PHYS. IN COLL. CONF, V.P.I.(SLAC) 

7r ± M A S S  ( M e V )  

139.37 0.20 CROWE 54 CNTR 
139.68 0,15 BARKAS 56 EMUL 

1189.577) 10.013) SHAFER 67 CNTR MESONIC ATOMS 
1139.549) 10.008) BACKENSTO 71 CNTR MESONIC ATOMS 

S 139.566 0.013 SHAFER 72 CNTR MESONIC ATOMS 
B 139.869 0,008 BACKENSTO 73 CNTR MESONIC ATOMS 

139.571 0.010 BRANDAODO 76 CNTR MESONIC ATOMS 
189,5686 0,0020 CARTER 76 CNTR MESONIC ATOMS 

M 189.5667 0,0024 MARUSHENK 76 CNTR MESONIC ATOMS 
139,5675 0,0009 LU GO CNTR MESONIC ATOMS 

D 1139.5704) 10,0011) ABELA 84 SPEC PI+ --> MU+ NU 
SHAFER 72 UPDATES SHAFER67 WITH NEW ALPHA AND NEW CALIB. LINE ENER. 
BACKENSTOGS 73 CORRECTS BACKENSTOSS 71 WITH NEW VACUUM POE= CALC, 
THIS MARUSHENKO 76 VALUE USED AT AUTHORS REQUEST SECAUSE IT USED 
ACCEPTED SET OF CALIBRATION GAMMA ENERGIED. ERROR INCREASED FROM 

M ,0017 TO INCLUDE GED CALC. ERROR OF .0017 (12 PPM). 
ABELA84 VALUE DEPENDS ON ASSUMED MU+ MASS MIMU)=105.65932~-O.O0029 
ENTERS OUR FIT VIA PI-MU MASS DIFF. BELOW WHICH ID INDEP. O; MENU). 

AVG 139.56761 0.00077 AVERAGE 
FIT 139.5685 0.0010 FROM FIT (ERROR INCL. SCALE FACTOR OF 1.5) 

~ +  - -  ~ +  M A S S  D I F F E R E N C E  ( M e V )  

34.00 0.076 BARKAS 56 EMUL 
33.89 0.076 BARKAS 56 EMUL 

143 33,881 0.035 HYMAN 67 HEBC ~ K-HE 
33.925 0.025 BOOTH 70 CNTR MAGNETIC SPECT. 

D 53.9111 0,0011 ABELA 84 SPEC SEE NOTE D ABOVE 

AVG 33.9111 0.0011 AVERAGE 
D PIT 33.9093 0.0011 FROM FIT IERROR INCL. SCALE FACTOR OF 1.6) 

( ~ +  --  7 r - I / A V G . ,  M A S S  D I F F E R E N C E  (%) 

DM TEST OF EPT 
DM 0,02 0.05 AYREB 71 CNTR 

7r ± M E A N  L I F E  (uni ts  10 - 9  sec) 

25,6 0,5 0.5 CROWE 57 RVUE 
25,6 0.8 0.8 ANDERSON 60 ENTR 

T 0000 25.46 0.32 0,32 ADHKIN 60 CNTR ÷ 
T 26.02 0.04 ECKHAUGE 65 ENTR * 

25.6 0.8 BARDON 66 CNTR 
25,9 0.3 DUNAITSEV 66 CNTR 

T N 126.40) 10.08) KINSEY 66 CNTR ÷ 
T N SYSTEMATIC ERRORS IN CALIBR.IN THIS EXP.DISCUESED BY NORDBERE 67 
T 26,S7 0.24 LOBKOWICZ 66 ENTR 

26.04 0.05 NORDSERG 67 CNTR 
26,02 0.04 AYRES 71 CNTR 

T 26,09 0.08 DUNAITSEV 73 CNTR e +- 
T ......... 
T AVE 26,050 0,023 0,023 AVERAGE 

( ~ +  --  ~T- ) /AVG. ,  M E A N  L I F E  D I F F E R E N C E  (%) 

DT N THIS QUANTITY IS A MEASURE OF CPT INVARIANCE IN W.I. 

DT 0,23 O.AO LOBKOWICZ 66 CNTR SEE NOTE L 
DT L ABOVE IS THE MOST CONSERVATIVE VALUE QUOTED BY AUTHORE 
DT O.G 0.7 BARDON 66 CNTR 
DT -O.IL 0,20 PETRUKHIN 68 CNTR 
DT 0.053 0.071 AYRES 71 CNTR 
DT ......... 
DT AVE 0=053 0,068 AVERAGE 

7c ± P A R T I A L  D E C A Y  M O D E S  

bECAY MASSES 

Pl ~ ± ~ # ± P# 106. 0 

P2 ~ ± ~ E ± Pe .511. 0 

EL ~ ± ~0£ ± ~e 135..511+ 0 

P5 ~ ±  ~ e ± P~  .511.  O* 0 
P6 ~ ±  ~ ¢ ± Y ¢ + £ -  .511+ 0÷.511+,511 

P7 ~ + ~ #+-~'e 106+ 0 

P8 ~ +  ~ ~ ± ~e 106÷ 0 

~-± B R A N C H I N G  R A T I O S  

~ ±  ~ ( ~ ± P ~ ) / t o t a l  (uni ts  10 4) 1P31 
RI 26 1,24 0.25 CASTAONOL 58 EMUL E(MU).LT.8.38 MV 

~ ±  ~ ( e ± v ) / t o t a l  (uai ts  10 - 4 )  (p2i 
R2 1,21 0,07 ANDERSON 60 CNTR 
R2 D 11K 1,273 0,$28 DI CAPUA 64 CNTR 
R2 32K 1.218 0.014 BRYMAN 83 CNTR + 
R2 D DI CAPUA 64 UPDATED USING CURRENT MEAN LIFE. 
R2 ......... 
R2 AVG 1,228 0.022 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.8) 

ISEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
1.228 = 0 .022  (ERROR SCALED BY 1.8 ) 

I 

X 2 

. . . . . .  SRYMAN 83 CNTR 0 6 
DI CAPUA 6a CNTR 25 

S v ~  ANDERSON EC CNTR , _ _  31 

(Confidence Level = 0 079) 

11 12 1.3 14 

~T: ~ (e=v) /TOTAL (units 10 "4) 



For notation, see key on page 91. 

IF ± ~ (~TOe ± v)/tetal (uaits 10 - S )  Ip4)  
R3 D 52 11.15) (0.22) DEPOMMII 85 CNTR 
R3 D 36 0.97 0.20 BARTLETT 64 OSPK 
R3 O 38 1,07 0.21 BACASTOW 65 OBPK 
R3 D 1.10 0.26 BERTRAM 65 OSPK 
R3 D 43 1,1 0.2 DUNAITBEV 65 CNTR 
R3 332 1.00 OM08 0.10 DEPOMMIER 68 CNTR 
R3 M 1224 1.026 0.039 MCFARLANE 85 CNTR DECAY IN FLIGHT 
R3 D DEPOMMIER 68 STATES THAT THE RESULT OF DEPOMMIER 63 IS AT LEAST 
R3 D I0 PERCENT TOO LARGE BECAUSE OF A SYSTEMATIC ERROR IN THE PIO 
R3 D DETECTION EFFICIENCY. THIS MAY BE TRUE OF ALL THE PREVIOUO 
83 0 MEASUREMENTS ACCORDING TO ~EPOMMEBR 68 AWD V.SOERSEL, PRIVATE 
R3 D COMMUNICATION, 1972. 
R3 M COMBINES MEASURED RATE(.394+-.O15I/SEC WITH 1982 POG MEAN LIFEM 
R5 ......... 
R3 AVE 1.025 0.034 AVERAGE 

¢r ± ~ ( e  ± v~)/ total  (units 10 - s )  (ps )  
R4 143 I3.0) OEPOM~I2 63 CNTR ~ B+, OAR gE >48MEV 
R4 B 226 5.6 0.7 STETZ 78 SPEC ÷ E MOM >56 MEV/C. 
R4 S BTETZ 78 IS FOR E-GAMMA OPENING ANGLE >132DE0. OBTAINS 3.7 WHEN 
84 S USING SAME OUTOFFS AS DEPOMMIER. 

~± ~ (e±ve+e-)/total (units I0  -B) (P6) 
R5 (3.4) OR LESS CL=.9D KORENCHEN 710SPK + 
R5 0,48 OR LESS CL=.D8 KOREMCREN 76 BPEE + 

11" + ~ (p+-~e) / to t a ]  (units 10 -3 )  (P7) 

S6 FORBIDDEN BY TOTAL LEPTON NUMBER CONSERVATION. 
R6 1.5 DR LESS CLc,90 COOPER 82 HLBC WIDEBAND NU BEAM 

~+  ~ (~+ re)/total (units 10 - 3 )  (~8) 

R7 FORBIDDEN BY LEPTON FAMILY NUMBER CONSERVATION. 
87 8.0 OR LESS EL=.90 COOPER 82 ELBC WIDEBAND NU BEAM 

~ ±  P O L A R I Z A T I O N  OF E M I T F E D  ~ ±  

POL PI+- INTO MU*- NU 
POL TESTS LORENTZ STRUCTURE OF LEPTONIE CHARGES WEAK INTERACTIONS 
POL (0.9959)08 MORE CL=.90 FETSCHER 84 RVUE 

CROWE 54 PR 96 470 
BARKAS 56 PR 101 778 
CROWE 57 NC 5 541 
CASTAGNO 58 PR 112 1779 

ANDERSON 60 PR 119 2050 
ABHKIN 80 NC 16 490 
DEPOMMII 83 PL 5 61 
DEPOMMI2 63 PL 7 285 
BARTLETT 64 PR 136B 1452 
DI CAPUA 6'4 PR 133B 1333 

ALSO 86 PRIVATE COMM, 

BACASTOW 65 PR 139 B407 
BERTRAM 65 PR 139 B 617 
DUNAITSE 65 JETP 20 58 
ECKHAUBE 65 PL 19 348 

BASSON 66 PRL 16 775 
DUNAITSE 66 PL 23 283 
KINSEY 66 PR 144 1132 
LOBKOWIC 66 PRL 17 548 

HYMAN 67 PL 258 376 
NORDBERG 67 PL 24B 594 
SSAFER 67 PR 163 1451 

ALBO 65 PRL 14 923 

DEPOMMIE 68 NP B4 189 
PETRUKSI 68 JINR-P1-3862 
BOOTH 70 PL 32B 723 
AYRES 71 PR 30 1051 

ALSO 67 PR 157 1288 
ALSO 68 PRL 21 261 
ALSO 69 UCRL-18369 
ALSO 60 PRL 23 1267 

BACKENST 71 PL 36B 403 
ALSO 70 THESIS 

KORENCHE 71 SJNP 13 t89 
BSAFER 72 PRIVATE COMM. 
BACKENST 73 PL A3B 559 

ALSO 73 SUBMITTEO TO NP 
DUNAITSE 73 SJNP 16 292 

BRANDAOD 78 ZNAT 31A 1150 
CARTER 70 PRL 37 1380 
KORENCHE 78 JETP 44 35 
MARUSHEN 76 JETPL 23 72 

ALSO 76 PRIVATE COMM. 
ALSO 78 PRIVATE COMM. 

STETZ 78 NP B138 ~85 
LU 80 PRL 45 1066 
COOPER 82 PL 112B 97 
BRYMAN 83 PRL 50 7 

ALSO 86 PR ITO BE PUBL) 
FETBCHER 84 PL 1408 117 
ABELA 84 PL 148B 431 

ALSO 78 PL 74B I~8 
ALSO 79 PR D20 2692 

MCFARLAN 85 PR D32 547 

CABTMBIG 53 PB 91 677 
MERRIBON 62 ADVP 11 1 
SHAPIRO 62 PR 125 1022 
CZIRR 63 PR t30 341 
CARHLGAN 68 NP 86 662 

REFERENCES FOR ~ ± 

M M CROBE,S H PHILLIPS (LRL) 
BARKAS,R SIRNBAUM,; M SMITH (LRL) 

M CROWE (STANFORD HEPL) 
CASTABNOLI ,M MUCHNIK (ROMA) 

H L ANDERBON,T FUJII,R H MILLER + (EFI) 
ASHKIN, FAZZINI ,FISECARO, LIPMAN + (GERM) 
DEPOMMIES,HEINTZE,RUBBIA,SOERGEL (GERM) 
p DBPOMMIER, HE INTZE, RUBBIA,SOERGEL (BERN) 
BARTLETT DEVONS MEYER,ROSEN (COLUMBIA) 
D) CARUA GARLAND,PONDROM,STRELZOFF (EOLO) 
L, POMDRQM (WISC 

+GHEBGU I ERE,W I EGANO, LARDER (LRL+SLAC) 
BERTRAM, MEYER l EARR I GAN+ (MICS÷CARNEGIE) 
DUNA I TSBV, PBTRUKH I N, PROKOSHK IN + (DUBNA) 
ECKHAUSE,HARRIS,SHULER* (WILLIAM AND MARY) 

BAROON, SORE, DORFAN,KR I EGER ÷ (COLUMBIA) 
+KU~Y IN ,PROKOBHXI N ,RASUVAEV ,SIMO½0V IDUBWA) 
K) NSEY, LOBKOWI CZ, NORDBERG (ROCHESTER UNIV) 
LOBKOWI GZ, MELI SS INOS, NAGASH IMA+ (SOCH+BNL) 

+LOKEN, PEWITT, D ERR I CK + (ANL+CARN+NWES) 
NORDBERG, LOBKOWI EZ, BURMAN (ROCHESTER UNIV) 
ROBERT E. SHAFER (LRL) 
SRAFER,CROWE, JENKINS (LRL) 

DEPOMMIER,DUCLOS,HEINTZE,KLEINKNECMT+(CERN) 
PETRUKHIN,RYKALIN,KHAGINS, CI 5EK IDUBNA) 
+ JOHNSON,WI LL IAMS, WORMALD (LIVP) 
+CORMACK, GREENBERG, KENNEY * (LRLtUCBB) 
AYRES,CALDWELL,GREENBERG,KENNEY,KURZ~ (LRL) 
AYRES, CORMACK, 6REENBERG, KENNEY+ ILRL,UCS8) 
DAVID B AYRES (THESIS) (LRL) 
GREENBERG, AYRES, CORMACK, KENNEY+ (LRL,UCBD) 

BACKENBTOSS, DAN) EL, KOCH~ (CERN,KARL,HEIP) 
C. VON DER MALBBURG (HEIDELBERG) 
KORENCHENKO KOSTIN,MICELMACHER+ (JINR) 
R. SHAFER 1972 (FNAL) 
BACKENSTOSB,DANIEL,KOCH÷ IDERN+KARL+MUN CR 
L. TAUSDBER 
DUNA ITSEV, PROKOSHK I N, RAZUVAEV+ ISERP) 

BRANDAO D'OLIVERA,DANIEL,VON EGIDY+ (MUNI) 
+PIXIT,BUNDARESAN÷ (CARL+ENRC+CH IC+CIT) 
KORENCHENKO, KOBT I N, MICELMACRER÷ (JINR) 
MARUBHENKO,MEZENTSEV, PETRUN [ N* (LENI) 
R. SHAFER (FNAL) 
A. I. SMIRNOV (LENI) 

+CARROLL, ORTENDAH L, PEREZ-MENDE2+ (LBL÷UCLA) 
+DELKER, SUGAR, WU, CAF FREY+ (YALE+COLU+JHU) 
÷GUY,MI CHETTE, TYNDEL, VENUS (RL) 
+DUDOIS,NUMAO+ (TR IU+VI CT+DNRC +BRCO~QUK I ) 
BRYMAN, D IX IT,DUBOI S, MACDONALD+ (TRIU+CNRC) 
FETSCHER (ETS) 
+OAUM,EATON FROSCH, JOST,KETTE L, STEI NER ( BI N) 
DAUM, EATON, FROSCH, H [RSCHMANN, + IS N) 
DAUM,EATON,FROBCH,MIRSEHMANN,+ (SIN) 
MCFARLANE, AUERBACH, GAI LL E+ ITEMP+LANL) 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

CARTWR IGHT ,RIOBMAB,WHITEMEAO ,WILCOX (LBL)~ 
A W MERRISON (LIVERPOOL) 

GHAPIRO,L M LEDERMAN (COLUMBIA) 
JOHN B CZIRR (LRL) 
R.A. GARRIGAN JR. (CARN) J 
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Stable Particle Full Listings 
7F + ' TC 0 

UEPOMMIE 80 NP A335 97 P.SEPOMMIER (MONT) 
WILKIN BO JP6 6 L5 C. WILKIN ILOUC)P 
BRYMAN 02 PRPL 88 151 BRYMAN,DEPOMMIER,LEROY (TRIU+MONT+LVLN) 

r ~  IG(jPC) = 1- (0  - ÷ )  

7r± _ ~ e  M A S S  D I F F E R E N C E  (MeV) 

(5,37) (I.0) PANOFSKY 51 CNTR - 
4.50 0.31 CHINOWSKY 54 CNTR 
4.62 0.05 HADDOCK 59 CNTR - 
4,60 0.04 SILLMAN 59 CNTR 
4.55 0.07 DASSELS 59 CNTR 
4.69 0.07 SARIOB 60 HBC 
4,6056 0.0055 CZIRR 63 CNTR 
4,59 0.03 PETRUKHIN 63 CNTR - 
4.8034 0.0052 VABILEVSK 66 CNTR - 

4.6043 0.0037 AVERAGE 

~c o M E A N  L I F E  (units 10 -16  sec) 

T B 78 11.9) (8.5) (0.5) GLASBER 61 EMUL 
T N 45 (2.5) (1.I) (I.0) TIETGE 62 EMUL 
T N 88 (2,8) (0.9) (0.0) KOLLER 63 EMUL SEE STAMER 66 

1.05 0.18 0.18 VON DARSG 63 CNTR 
T N 75 11.7) (0.5) SRWE 64 EMUL 
TT 0.730 0.105 BELLETTIN 55 CNTR 

N 67 11.6) (0.6) (0.5) EVANS 65 EMUL 
T K 232 1.0 0.5 STARER 66 EMUL 
T 0.56 0.06 8ELLETTIN 70 CNTR PRIM.EFF. ON NUD 
T 0.9 0.068 KRYSHKIN 70 CNTR PRIMAKOFF EFFECT 
T B 0.82 0,04 BROWMAN 74 GNTR PRIMAKOFF EFFECT 

A O. 897 O, 028 I ATHESTON 85 CNTR 
T N OLD EMULSION MEASUREMENTS NOT UOED BECAUSE OF POSSIBLE SYSTEMATIC 

N SHIFT TO LARGER MEAN LIFE VALUES. 
T K INCLUDES EVENTS OF KOLLER 63. 

SROWMAM GIVES gIO WIDTB=B.OS~-.42BV. MEAN L~FE IS BeAR/WIDTH. 
T A STAT ERROR (0.022) AND $YST ERR (0.017) ADDED IN QUADRATURE, I 
T . . . . . . . . . .  

AVG 0.860 0 . 0 3 8  0.036 AVERAGE (ERROR INCL. SCALE FACTOR OF 1.8) 
(BEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
1,150 = 0 , 0 4 9  (ERROR SCALED BY 1,8 ) "--~÷ 

2 
X . 

. . . . . . .  ATHERTON 85 CNTR 1.0 
. . . . . . .  BROWMAN 74 CNTR 1 4 
. . . . . . . .  KRYSHKIN 70 CNTR 0 2 

I • BELLETTIN 70 CNTR "lO 8 
~ _ . _  . . . . . .  STAME~ 80 ~MUL 

. . . . . . .  BELLETTIN 65 CNTR 12 
. . . . . .  VON DAEDE 63 C~TR "4 

16 0 
(Confidence Level = 0 007) 

0 1 2 3 

O decay  rate (uni ts  10 ~B 8ec "1) 

7r ° P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

Pl ~0 ~ 2~ O+ O 

P2 T 0 ~ e + e- ~ .511+.511. 0 

P3 ~0 ~ 4£ .511+.511+.511+.511 

P4 /r ° ~ 3~ O÷ O÷ 0 

PS T S ~ 4~ O+ O* O÷ 0 

P6 91" 0 ~ e + e- .511÷.511 

P7 ~T ° ~ 2Y 0+ 0 

P8 "7£ ° ~ ~+ e- + ~- e + i06÷.511 

~T o B R A N C H I N G  R A T I O S  

~r ° ~ ( ~  e ÷ e - ) / ( 2 ~ )  ( % )  i p 2 > / < ~ l )  
RI (1.196) THEDRET. CALC. JOSEPH 60 QUANTUM ELECT. 
RI 27 1.17 0.15 BUDAGOV 60 HBC 
RI 3071 1,166 0,047 SAMIOS 81 HBC PI- P --> PIO N 
RI 1.25 0.04 SCSARDT 81 SPED PI- P --> PIO N 
RI S SAMIOS VALUE USES PANOFSKY RATIO = 1.62 
RI ......... 
RI AVG 1.213 0.030 AVERAGE 
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Stable Particle Full Listings 
7r O, 77 

~o ~ (33")/total (units 10 -g )  <P~) 
R2 FORBIDDEN BY C INVARIANCE. 
R2 D 0 (4.9l OR LEgS EL=,90 DUCLOS 65 ENTR 
R2 D (4.95 OR LESS EL=*90 KUTIN 65 gNTR 
R2 D THESE EXPTS. GIVE BR(3BAMMA/2GAMMA)<5,0*IO **~6. 
R2 0 (1.55 OR LESS EL=.90 AUERBACI 7 8  CNTR 
R2 0 0,38 OR LESS EL=,90 HIGHLAND 80 DNTR 

~r o ~ ( e +  e+ e - e - ) / ( 2 3 " )  (units 10 -5)  (P3)/(PI) 
R3 N 146 (3.185 (0.30) SAMIOS 62 HBC SEE NOTE N BELOW 
R3 3.Z8 THEORET. gALE. MIyAZAKI 7~ QUANTUM ELECT. 
R3 N ABOVE VALUE USES PANOFSKY RATIO = 1.62 

~o  ~ (43")/total (units 10 -5) (P5) 
R4 A 0 (6 ,0 )  OR LESS EL=,90 AORAMS 75 ASPK 
R4 A ABRAMS 73 GIVES BRK4GAMMA/2GAMMA)<6.1*IO**-5. 
R4 0 (3,8) OR LEgS CL=.90 AUERBAC2 78 CNTR 
R4 0 0.44 OR LESS EL=,90 AUERBACH 80 CNTR 

~o ~ ( e + e - ) / t ~ t a l  tapirs 1~-6)  (P6)F(DI/ 
R5 D (2 ,0 )  OR LESS EL=,90 DAVIES 74 RVUE 
R5 44,0) OR LESS EL=,90 SCHACHER 77 STRC PI- P --> PIO g 
R5 g D,223 0.240 0.110 FISCHER2 78 SPRK K+ EXPT. EL=.90 
R5 58 (0,18) (0.00) MISCHKE 82 SPEC REPL.BY FRANK 83 
R5 59 0,17 0.07 FRANK 85 SPEC p]-  P --> PlO N 
R5 D DAVIES 74 EXTRACTS THIS INFORMATION FROM BLOCH 75 K+ EXPERIMENT. 
R5 . . . . . . . . .  
R5 AV6 0,177 0 ,065  AVERAGE 

7r e ~ (2¢)/total  (units 10 -5)  (PT) 
R6 0 2,4 0g LEgS CL=.9O gEREZEG 81RVUE 

7r ° ~ ( # + e -  + # - e + ) / t o t a l  (PB) 
R7 FORBIDDEN BY LEPTON FAMILY NUMBER CONSERVATION 
g7 7E-B OR LESS BRYMAN 82 RVUE K+ - ->  PI+ MU E 
R7 (14E-85 OR LESS HEREZEG 84 RVUE K÷ --> PI* MU E 
R7 (2E-15)0R LEgS HEREZEG 84 THEO MU- --> E- DONV 

7r g E L E C T R O M A G N E T I C  F O R M  F A C T O R  

THE AMPLITUDE FOR THE PROCESS PIO ~-> E+ E- GAMMA CONTAINS A 
FORM FACTOR GAMMA(X**2) AT THE (RIO GAMMA GAMMA) VERTEX 
gHERE X=MAgS(E+E-)EMASS(PIO)- THE PARAMETER A IN THE LINEAR 
EXPANSION GAMMA(X**2)=I+A*(X**2) IS LISTED BELOW. 

L I N E A R  C O E F F I C I E N T  OF ~o  E L E C T R O M A G N E T I C  F O R M  F A C T O R  
(-0.15) (0,I0) KOBRAK 61 HBC NO RAg. CORR. 

3071 (-0.24) (0.165 SAMIOS 61 HBC NO RAD. CORR. 
2200 (+0,01) (0.115 DEVONS 89 OSPK NO RAD. CORR. 

F 3OK +0,10 O.03 FISC~ERI 7B SPED RAO. gORR. 
A T TUPPER 83 TBEO FISCHERI 78 DATA I 
A F ERROR STATISTICAL ONLY, REgULT WITHOUT gAD. CORR.=+O.OS+~O.03. 
A T TUPPER 83 IS THEORETICAL ANALYSIS OF FISCHERI 78 INCLUDING TWO- I 

T PHOTON EXCHANGE. THEIR ESTIMATE OF THE IMPACT OF THESE OORRECTIONS I T IB T~AT T~E MODIFIED NUMBER WOLD BE 0.IZ+0,05-0.04. 

REFERENCES FOR 7r e 

PANOFSKY 51 PR 81 565 
CHINOWSK 54 PR 93 588 
CASSELg 59 PPSL 74 92 
HADDOCK 59 P~L 5 47~ 
HILLMAg 59 NC 14 887 

BUDAGOV 60 JETP 11 755 
JOSEPH 60 NE 16 997 
SAHIBS 60 ~C IB 15~ 
GLASSER 61 PR 123 1014 
KOBRAK 61 NC 20 1115 
gAMIOg 61 PR 121 275 
SAMIOS 62 PR 126 1844 
TIETGE 62 PR 127 132~ 

CZIRR 63 PR 130 341 
KOLLER 63 NC 27 1405 

gLSO 66 STAMER 
PETRUKH~ 63 ~IENA DOWF 20~ 
TON DARD 63 PL 4 51 

SHWE 04 PR 1368 1839 
BELLETTI 65 NC 40 A 1139 
DUCLOg 65 PL 19 253 
EVANS 65 PR 139 B 982 
KUTIN 65 JETP LETT 2 243 

STAMER 66 PR 151 1108 
VASILEVS 66 PL 23 281 
DEVONS 69 PR 184 1356 
SELLETTI TO NC 668 243 
gRYSHKIN 70 JETP 30 1037 

ABRAMS 73 PL 45B 66 
MIYAZAKI 73 PR D8 2051 
gROWMAN 74 PRL 33 1400 
DAVIES 74 NC 248 324 

SEBACHER 77 LNC 20 177 
AUERBAC1 78 PRL 41 275 
AUERBAC2 78 PL 78B 353 
PlSCHERI 78 PL 73B 559 
FISCHER2 78 PL 738 364 

AUERBAgg 80 PL 90B 317 
HIGHLAND 80 ~RL 44 828 
HERCZEg 81 PL 100g 347 
SCHARDT 81 FR 023 639 
gRYMAN 82 PR DE6 2538 
~ISCHKE 82 PRL ~8 ~153 
FRANK 83 PR D28 423 
TUPPER 83 PR D28 2905 
HERCZEG 84 PR 029 1954 
ATHERTON 85 PL 158g 81 

W K H PANOFSKY,R k AAMODT,J HADLEY (LRL) 
W CHINOWSKY,J STEINBERGER (COLUMBIA) 
CASBELg, JONES, MURPHY,O. NE ILL (LIVERPOOL) 
HAODOtK, ABAO~ I AW, gROTE, CZ IMP, (LRLI 
H I LLMAN, ME DDELKOOR, YAMAGATA, ZAVATT IN I ( gERM ) 

gUDAGOV, VI KTOR, DZH ELEPOV, ERMOLOV • (JINg) 

(DOLUMBIAI OAM$OS 
R g GLASSER,N $EEMAN,B STILLER (NELl 
H.KOBRAX (gEl) 
N P EAMIOg (COLUMBIA+BNL) 
SAMIOS,PLANO,PRODELL + (COLUMBIA~BNL) 
3 TIETgE,w PUESCBEL (MAX FLANGE IMSTI 

JOHN B CZIRR (LRL) 
g L KOLLERI$ TAYLOR,T HUETTER (STEVENS) 

V l PETRUKHIM,YU D PROKOSHKIN (JINR) 
TON DARDEL,DEKKERS,MERMOD,VAN PUTTEN*(CERN) 

O SHWE F M SMITH W H BARKAS (LRL) 
BELLETTINI,BEMDORAD,BRAOCIN + P SA+FIRENZg 
DUCLOg, F REYTAG, HEI NTZE + (CERN+gE IDELBERG) 
D A EVANS (OXFORD) 
KUT I N, PETRBKHI N, PROKOSHK IN (JINR) 

STAMER,TAYLOR, KOLLER, HUETTER+ (STEVENS) 
VASE LEVSKY,V I gHNYAKOV, DUNAITSEV * (DOBNAI 
+NEMENTHY, N ISgl M-SABAT, D I CADOA÷(gOLU+ROMA) 
BELLETTINI i BEMPORAD, LUBELSMEY+ (pISA+BONNI 
+gTERLIGOVIUSDV (TOMSK POLYTECg, INST. ) 

• CARROLL,KYCIA LI MICHAEL,MOCKETT + (BNL) 
T.MIYAZAKI E.TAKASUGI (TOKV } 
+DEWI RE ,G ITTE LMAN, HANSON+ ( CORN÷B NG) 
~GUY,ZIA (BIRM÷RHEL+BHMP) 

÷CZAPEK, HAHN,MARTI (BERN) 
AugRBAgH, H IOIIL AND, JOII~SOM, + ITEM~+LASL) 
AUERBACH, HIGHLAND, JOHNSON, + (TEMP+LASL) 
+EXTER~ANN, BUISAN,MERMOD, * (GEVA+SACL) 
+EXTEMMANN, GU ISAN, MERMOb, MOREL+ (gEVA+SACL) 

+gAIK ,~ IGHLAMb,~CFARLg~g, ~ACEK÷ {TE~P+LASL5 
~AUEEBACH, HAl K, MCFARLAN.E, MACEK+ (TEMP+LASL) 
P. HERgZEG, C. M. HOFFMAN (LXNL) 
+FRANK, HOFFMANN, MISCHKE,MDI R + (ARZS+LANL) 
D, BRYMAN (TRIO) 
+FRA~K,gOFFMAN,MOER,SARMAOINO ÷ (LAgL*ARZSI 
+HOFFMAN,MISCHKE,MOIR+ (LANL+ARZS) 
+GROSE, SAMUEL (OKSU) 
+HOF~MAN (LANL) 
+BOVET, COET, + (gERM+ ISU+LUND+LPTP*EF I ) 

IO(]pC ) ~ 0+(0 - + )  

7/ M A S S  (MeV) 

53 549,0 1.2 BASTIEN 62 HBC 
35 546,D 4,0  PICKUP 62 ~Bg 

M 91 548,0 1.0 ALFF 62 SBC 
M 549.3 2.9 DELCOURT 63 CNTR 
M 148 549,0 0.7 FOELSEHE 64 HBC 
M 325 552,0 3.0 KRAEMER 64 DBE 

54g,2 ~.65 FOSTER3 65 gBg 
250 555,0 2.0 JAMES 66 HBC 

M . . . . . . . . .  
M AVG 548,82 0.56 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4) 

(gEE IDEOERAM BELOW) 

WEIGHTED AVERAGE 
5 4 8 8 2  ± 0 . 5 8  (ERROR S C A L E D  BY 1.4 ) 

,Jr 

2_ 

, r  I . . . . .  KRAEMER 
. . . . . . . . .  FOELSCHE 64 HBC Ol  

. - ~  - -  . . . . . . .  DE,COURT 63 CNTE O0 
- ~  [ . . . . .  ALFE ~2 HBC 0 7 

~ . ~  ~ . . . . . . .  PICKUP 62 HBC 
" ~  I . . . .  BASTIEN 62 HBC 0 0 

12 4 
! 

~ m a s 8  [ M W )  

7/ WIDTH 

WM ETA WIDTH DETERMINED FROM MASS SPECTRUM (UNITS MET) 
WM 91 (10.0) OR LEgS ALFF 62 HSC 
WM I~8 (10.0) OR LESS FOELSGHE 64 HBC 
WM 31 (12,0) OR LESS JAMES 80 SBC 
WM (4,0l OR LESS gALTAY 68 DBD 
WM (0.95 OR LESS EL=.95 JONES 66 CNTR 

W ETA WIDTH DETERMINED FROM DECAY RATE (UNITS KEV) 
W THIS IS THE PARTIAL DECAY RATE (gl) FOR THE MODE (ETA INTO 2GAMMA) 
W DIVIDED BY THE FITTED BRANCHING FRACTION (Pl) FOR THAT MODE. 
W . . . . . . . . .  
w FIT 1.05 0.15 FROM FIT 

P A R T I A L  DECAY M O D E S  

DECAY MASSES 

pl 7/ ~ 23' O+ 0 

P2 7/ ~ 3?r o 135. 135+ 135 

P3 7/ ~ 3T+IT--'/r ° 140+ 140+ 135 

P4 7/ ~ IT+T~--,y 140+ 140÷ 0 

P5 7/ ~ e'}'G--'N "° 135+.511+.511 

P6 7/ ~ e+e-Tl-+/r - 140+ 140+.511+.511 

pT T/ ~ 71"023" 135+ 0+ O 
P8 7/ ~ e l l ' e - 3 "  .511+.511÷ 0 

P10 -~ ~ 7r+w-TP°-y  %0+ 140~ 135~ 0 

P11 i,] ~ 7c+iT-23" 140+ 140+ D÷ O 

P12 7/ ~ ~+~-- 106+ 106 

P13 7/ ~ ~'F~--~/ 106+ 106+ 0 

P14 7/ ~ ~Jr~--TrO 106+ 106+ 135 

Pl5 ?7 ~ " E + ~  " -  140+ 140 

P16 7/ ~ e + e  - .511+.511 

P17 7/ ~ ~+~--?rOs" 106+ 106+ 135~ 0 

P18 7/ ~ 33" 0+ 0~ 0 

FITTED PARTIAL DECAY MODE BRANCHING FRACT/ON_S 

The malrix below is derived from the error matrix for lhe fitted partial decay mode 
branching fractions, P,, as follows: The diagonal elements are PI+~Pb where 
6P i = ~ ,  whi]e the off-diagonal elements are the ~ eorrelatlon coeffi- 
cients <EPiEPi)/~EP£SPIL For the definitious of the ind{vidual P~, see the fislings above; 
only those Pi appearing in the matrix are assumed in the fit to be nonzero and are 
dlus constrained to add to 1. 



For notation, see key on page 91. 

P I P 2 P 3 P 4 P 7 P 8 
P ~ .3894+-.0040 

.458 .3190+-.0035 
3 -.856 -.809 .2368+-.0053 

P A -.745 -.704 .798 .0491+-.0013 
P 7 .026 ,021 -.045 -.040 ,00078+-.0O012 
P g -.110 -,I05 -.055 -.054 -,006 .0050*-.0012 

FITTED PARTIAL DECAY MODE RATES 

The matrix below is the branching  fraction matrix above,  transformed into rate space; 
i.e., G, ~ F i - FtomPi, in  appropriate units. In analogy to the matrix above,  the 
dlagonai  e lements  are Gj~-~G,, where fiG, = ~ ,  while the off-diagonal elements 
are the normafized correlation coefficients /fiGiBGj)/(~GI-~Gj). Note  that, because o f  the 
error in Ftomi, the errors and correlations here are not  directly derivable from those 
above. 

G I 62 G 3 64 G 7 G 8 
.4082+-.0595 
.996 .3344+-.0689 

3 .970 .978 .2Gg2,-.0369 
4 .974 ,974 .998 .0515+-.0077 

.682 .682 .672 .669 .00081+-.00017 

.525 .525 .521 .518 .361 .D052+-,0014 

NOTE ON THE 7/WIDTH TO TWO PHOTONS 

(by S. Cooper, SLAC) 

Measurements of F(7/--. "Y3') via Primakoff effect and 
via two-photon production disagree, as shown in the 
table below. The discrepancy is not yet understood. 

F(n --~ 77) (keV) 

(1.00 ± 0.22)* 
0.324 ± 0.046 

0.56±0.16 

0 .53±0.04±0.04  
0 .64±0.14±0.13 
0 .58±0.02±0.06 

(preliminary) 

0.56_+0.04 

Primakoff 
Primakoff 

two-photon 

two-photon 
two-photon 

two-photon 

two-photon 

Technique [ Reference 

BEMPORAD 67 

BROWMAN 74 

WEINSTEIN 83 

(Crystal Ball-SPEAR) 
BARTEL 85 (JADE) 
TPC/Two Gamma 1 

Crystal Bail-DORIS 2 

average 

*corrected for B(~ --~ yy)  = 0.38 + 0.01 

The Primakoffeffect is production of~'s in the 

Coulomb field of a nucleus. Background comes from 
rfs produced in its hadronic field. They are separated 
by fitting the 7/angular distribution, which is calculated 

to be different for the two effects. The systematic error 
of this calculation may have been underestimated. 
BROWMAN 74 has better angular resolution, higher 
statistics, and a larger range of beam energies than 
BEMPORAD 67. Both the Primakoff and two-photon 
techniques can be "'calibrated" at the ~r °. BROWMAN 
74's measurement F(Tr ° --,. "YG') = 8.0 + 0.4 3 agrees with 
7.3 ± 0.2 ± 0.1 from the very accurate ~r ° lifetime meas- 
urement of Atherton et al. 4 
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The two-photon calculation to get F(~ ~ 3'3") from 
the observed rate o f e + e  - --~ e + e - ~  is pure QED and 
noncontroversial. These experiments are in good agree- 

ment with each other. A preliminary two-photon meas- 
urement F(zr0-~ "/7) = 7.9 ± 1.4 _+ 1.6 2 agrees with Ather- 

ton et al., but the error is large. 

References 

1. H. Aihara et al. (TPC/Two Gamma), UCLA-85- 
013 (1985). 

2. K. Wacker (Crystal Ball), presented to Interna- 
tional Europhysics Conference on High Energy 
Physics (Bari, Italy, 1985). 

3. A. Browman et al., Phys. Rev. Lett. 33, 1400 
(1974). 

4. H.W. Atherton et al., Phys. Lett. 158B, 81 (1985). 

D E C A Y  R A T E S  

'# ~ 2~  (keY)  (G1) 
WI B ( I . 00 )  (0.22) BEMPORAD 67 CNTR PRIMAKOFF EFFECT 

0,324 0,046 BROWMAN 74 CNTR PRIMAKOFF EFFECT WI 
w1 56 0.56 0.16 WEINSTEIN 83 CBAL E+E- ->  E+E- ETA 
WI J 0.53 0.06 BARTEL 85 JADE E+ E- --> E+ E- ETA 
WI B BEMPORAD 67 GIVES WI=1.21¢-.26 KEV ASSUMING THAT W1/TOTAL=O.51G. 
Wl B BEMPORAD PRIVATE COMMUNICATION GIVES MORE GENERAL RESULT AS 
WI B WI*W1/TOTAL=.3BO+-.083. WE EVALUATE THIS USING WI/TOTAL=,58+-.01. 
WI B NOT INCLUDED IN AVERAGE BECAUSE THE UNCERTIANTY RESULTING FROM THE 
Wl B SEPARATION OF THE COULOMB AND NUCLEAR AMPLITUDES HAS APPARENTLY 
WI B BEEN UNDERESTIMATED. 
WI J BTAT ERROR (0.04) AND SYBT ERROR (0.04) ADDED IN QUADRATURE. 
WI ......... " 
Wl AVG 0.4OG 0.075 AVERAGE (ERROR INCLUGEB SCALE FACTOR OF 2.0) 
Wl FIT O.40G 0,059 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.7) 

(SEE IDEOGRAM BELOW) 

W E I G H T E D  AVERAGE 
0 . 4 0 8  ± 0 . 0 7 3  (ERROR S C A L E D  BY 2 .0  ) 

I 

0 1  0 3  0 .5  

r'(~? ~ 2 7  ) (keY) 

Values above of weighled average, error, 
8nd scale factor are based upon the dale in 
this ~deograrn only. They are not neces- 
sorry the same as our "besl" values, 
obtained from a ieaSt-squareS constrained fil 
utd iz ing rre2su'ements of 01her {related) 
quanIiGes as addilronal information. 

X 2 

. . . . .  BARTEL 88 JADE 4 1 
• WEINSTEIN 83 COAL 0.9 

. . . .  BROWMAN 74 CNTR --8.43 3 

(Confidence Level = 0015)  
i 

0,7 0 9 

7/ B R A N C H I N G  R A T I O S  

~ (2~  + 3~ "D + " ~ ° 2 ~ ) / ( ~ + ~ - ~ °  + ~ + T r - ~  + e + e - ~ )  
R1 (PI+P2+P7)/(P3+PG÷PO) 
RI 10 (2.5) (I.0) PICKUP 62 HBC 
RI 53 (3.20) (1.26) BABTIEN 62 EBC 
RI 280 F4.5) (1.0) JAMES 66 HBC 
R1 THESE EXPERIMENTS HAVE NOT BEEN USED IN COMPUT]NG THE AVERAGES 
RI AS THEY WERE UNABLE TO SEPARATE CLEARLY PARTIAL MODES (3) AND (4) 
R1 FROM EACH OTHER. THE REPORTED VALUES THUS PROBABLY CONTAIN 
RI SOME (UNKNOWN) FRACTION OF MODE (4). 
RI 2,64 0.23 BALTAY2 67 DBC 
R1 . . . . . . . . .  

RI FIT 2.438 0.076 FROM FIT 
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~7 

~ 2 7 / ( ~ + ~ - - ~ r  ° + ~ r + ~ r - 7  + e + e - 7 )  
R2 (P1)/(P3+P4÷P81 
R2 0,99 0.48 CRAWFORD 63 HBC 
R2 75 1.51 0.93 KENDALL 74 OSPK 
R2 ......... 
R2 AVG 1.10 0.43 AVERAGE 
R2 FIT 1.339 0.042 FROM FIT 

~ (7¢027)/(27 + 3z "° + ~r°27) (PT)/(P1+P2+P71 
R3 OTHER RESULTS ARE IN SECTION R22. 
R3 (0,04) OR LESS EL=.90 ABROGIMOV 80 HLBC 
R3 0.0010 0,0002 ALDE 84 CNTR 
R3 . . . . . . . . .  
R3 FIT 0.00109 0.00017 FROM FIT 

~ ( ~ r + ~ r - 7 ) / O r + ~ - ~ r  B) (P4)/(p31 
R4 0.14 O.OB FOELSCHE 8A HBE 
R4 24 (0,73) (0.25) PAOLI 84 DBE 
R4 0.30 0,06 CRAW~ORD 6G HBC 
R4 0.10 0.10 KRAEMER 64 DBC 
R4 0.196 O.04fl FOSTER~ 85 HBC 
R4 0.25 0.035 LITCBFIEL 67 BBO 
R4 0.28 0.04 BALTAY2 67 DBE 
R4 7250 0.201 0.006 GORMLEY 70 ASPK 
R4 18K 0.209 0.004 THALER 73 ASPK 
R4 ......... 
R4 AVG 0.2074 0.0037 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.11 
R4 FIT 0.2074 0.0033 FROM FIT 

~ 3~r0/27 (P2)/(Pl) 

R6 (0,901 OR MORE EHRETIEN 62 PBC 
R6 (1.25) (0.39) BACCI 63 CNTR INVERSE BR REPORTED 
R6 0.88 0.18 BALTAYI $7 DBC 
R6 1.1 0.2 CENCE 87 OSPK 
R6 0.91 0.14 COX 70 HBC 
R6 0.75 0.09 DEVONS 70 OSPK 
R6 
R6 AVE 0.842 0.085 AVERAGE 
R6 FIT 0.8193 0.0090 FROM FIT 

~ 2~/(~ ÷ ~T-- ~T o) (Pl)/(P3) 

R7 1.61 0.39 FOSTERI 65 HBE 
R7 401 1.72 0.25 BAGLIN 89 HLBC 
R7 ......... 
R7 AVE 1.69 0.21 AVERAGE 
R7 FIT 1.844 0.052 PROM FIT 

~ (27 + 3~  O + 7~027)/(~T+VT--TT e) (P1+P2+P71/(P31 

RB 50 3.6 0.8 KRAEMER 64 DBC 
R8 3.8 1.1 PAOLI 64 DBC 
R8 2.89 0.56 ALFF-STEI 66 HBC 
R8 244 3.6 0.6 FLATTE2 67 HBC 
R8 29 3,A 1.1 AGUILAR-B 72 HBC 
R8 B 70 2,S3 0.80 BLOODWORT 72 HBC 
R8 74 2.54 1.89 KENDALL 74 OSPK 
R8 B ERROR INCREASED PROM PUBLISHED VALUE 0.5 BY BLOODWORTH, PRIV. COMM. 
R8 ......... 
R8 AVG 3.26 0.30 AVERAGE 
R8 FIT 2.995 0.094 FROM FIT 

~ (e + e -  ~°)/($r + 7 -  7r B) (units lO -4) (ps>/(p3) 
R9 SINGLE PHOTON PROCESS FORBIDDEN BY C-PARITY 
R9 (~I0.1 OR LEES PRICE 65 HBC 
R9 0 (77.I OR LESS FOSTER2 65 HBC 
R9 (42,1 OR LESS EL=.90 BAGLINI 67 HLBC 
R9 0 (16.1 OR LESS EL=,90 BILLING 67 HLBC 
R9 1.9 OR LESS EL=.90 JANEt 75 OSPK 

~ ( e  + e-z '+~r - ) / to ta l  (units 10 -B) (P61 
RIO (0,7) OR LESS RITTENBER 65 HBC 

~ (e + ~--~+~V--) / (~+ ' tT - 7 )  (P6/ / (P4)  
R11 I 0.026 0.026 GROSSMAN 66 BBC 

fl ~ 27 / (27  + 3~r 0 + 70027) (P1)/(PI+P2+P7) 
R12 (0.4161 (0.044) DIGIUGNO 66 CNTR ERROR DOUBLED 
R12 (0.44) (0.07) GRUNHAUS 66 OSPK 
R12 (0.579) (0.052) FELDMAN 07 OSPK 
R12 T (0.391 (0.06) JONES 68 CNTR 
R12 T THIS RESULT FROM COMBINING CROSS SECTIONS FROM TWO DIFFERENT EXPTS. 
R12 0.59 0.033 BUNIATOV 67 OSPK 
R12 0.535 0.0~8 BUTTRAM 70 OEPK 
R12 (D.ST) (0.09) STROGALSK 71 HLBC 
R12 113 0.60 0.14 KENDALL 74 OSPK 
R12 88 0.52 0.09 ABROSIMOV SO HLBC 
R12 0.549 0.004 ALDE 84 CNTR 
R12 ......... 
R12 AVG 0.5489 0.0039 AVERAGE 
R12 FIT 0.5491 0.0027 FROM FIT 

~ 3~'0/(27 + 3~r B Jr "iT O 2"y) (P2)/(Pl+B2+P7) 
R13 (0.209) (0.054) DIGIUGNO 66 CNTR ERROR DOUBLED 
R13 (0.291 (0.101 GRUNHAUS 68 OSPK 
R13 (0.177) (0.0351 PELDMAN 67 OSPK 
R13 (0.41) (0.033) BUNIATOV 67 OSPK NOT INDEF. OF R12 
R13 0.439 0.024 BUTTRAM 70 OSPK 
R13 (0.321 I0.09) STRUGALSK 71 HLBC 
R13 75 0.44 O.OB ABROSIMOV 8O HLBC 
R13 0.450 0.004 ALOE 84 CNTR 
R13 ......... 
R13 AVE 0.4497 0.0039 AVERAGE 
R13 FIT 0.4498 0.0027 FROM FIT 

~ (e+e -~rO) / to t a l  (units 10 2) (pSI 

R15 SINGLE PHOTON PROCESS FORBIDDEN BY C-PARITY . 
R15 (0.7) OR LESS RITTENBER 65 HBC 
R15 (0.084)0R LESS EL=.90 BAZIN 68 DBC 
R15 0 (0.01610R LESS EL=.90 RARTYNOV 76 HLBC 

~ ( ~ +  ~ -  ~ 0 7 ) / ( ~ +  Z-- ~D) (units 10 - 2 )  (PIO)/(P3) 
R17 (7.0) DR LESS FLGTTE 67 HBC 
R17 (0.9) OR LESS PRICE 67 HBC 
R17 (1.6) OR LESS CLo. P5 BALTAY2 67 DBC 
R17 (1.7) OR LESS CL~.90 ARNOLD 68 HLBC 
R17 0 0.24 OR LESS CLo.90 THALER 73 ASPK 

~ ( T r + T F - - 2 7 ) / ( ~ + ~ - - ~  o) (P11)/(F3) 
R18 0.009 OR LESS PRICE 8? HBC 
RIB (01016)0R LESS CL~.95 BALTAY2 67 DBC 

~ 3~a / (~  + ~ -  ~r e) (p2)/(P3) 
R19 0.83 0.32 CRAWFDRD 63 HBC 
R19 2.0 1.0 FOELSCHE 64 HBC 
R19 0.90 0.24 FOSTERI 65 HBG 
R19 1.3 O.6 BAGLIN2 67 HLBC 
R19 1.47 0.20 0.17 BULLOCK 68 HLBC 
R19 199 1.50 0.15 0.29 BAGLIN 69 HLBC 
R19 ......... 
R19 AVE 1.28 0.14 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 
R19 ~IT 1.347 0.043 FROM FIT 

(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
1.28 ± O.14 (ERROR SCALED BY 1.3 ) 

j - I -  Values EDOVB of weighted a~erage, error, 
based upon the data in 

They are no1 neces- 
s our "best" values, 
:-squares constrained fit 
,'nls of other (related/ 
~a~ mformat~on • 

0 1 2 
~ (3~°) / (~+~'~ °) 

2 
X 

69 HLBC 1 0 
68 HLBC 11 
67 HLBC 0 0 
65 HBC 2 5 
64 EBC 
63 HBC 20 

6,5 
nfidence Level = 0 :62)  

3 4 

~ (27 + 3/r H -- ~e27) / t e ta l  (PI*F2+PT) 
R21 0.79 O,OB BUNIATOV 67 OSPK 
R21 16K 0 . 7 0 5  0.008 BKSILE 71 CNTR MM SPECTROMETER 
R21 . . . . . . . . .  
R21 AVE 0.7058 0.0080 AVERAGE 
R21 FIT 0.7091 0.0064 FROM FIT 

~ (~r° 27) / to t l l  (P7) 
R22 0 (O.OO3)OR LEES EL=.90 DAVYDOV 81 CNTR Pl- P-->ETA N 
R22 70 0.00095 0.00023 BINON 82 CNTR Pl- P-->ETA N 
R22 
R22 FIT 0.00078 0.00012 fROM PIT 

~ # + / ~ - / t o t a l  (units 10 - s )  IF12) 
R23 0 I2.) OR LESS EL=.95 WEHMANN 68 OSPK 
R23 27 0.65 0.21 DDHELYA2 80 SPEC PI- P-->ETA N 

~ /~+/~-TrO/total (units 10 -4) (P14) 

R2L SINGLE PHOTON PROCESS FORBIDDEN BY C-PARITY 
R24 (5.) OR LESS WERMANN 68 OSPK 
R24 0.05 OR LESS CL=.90 DZHELYADI 81 SPEC PI- p-->ETA N 

~ # +  ~ - / 2 7  (ugits lO R) (P12)/(P11 
R25 (5.9) (2.2) HYAMS 09 OSPK 

~ (To+T c - t / to ta l  (units 10 -D) (P15) 
R27 VIOLATES P AND CP INVARIANCE 
R27 D 0.15 OR LESS THALER 73 ASPK CON. LEV. NOT GIVEN 

~ (e + e -  7 )1 (7  + ~r-  ~o) (units 10 -B) (PalE(P3) 
R28 J BO 2.1 O.S JANE2 P50SPK 
R28 J VALUE CHANGED BY ERRATUM. 
R28 
R28 FIT 2.10 0.50 FROM FIT 

~ ( e + e - ) / t o t a l  (units 10 -4) (P16) 
R29 D 3. OR LESS CL=.90 DAVIES 74 RVUE 
R29 D DAVIES 74 EXTRACTS THIS INFORMATION FROM ESTEN 67. 

~ ( /~+/~- 7)/total  (units 10 -4)  (P13) 
R30 100 ( 1 . 5 1  (0.75) BUGHNIN 78 SPEC REPL.BY DZHELYAI 80 
R30 600 3.1 0.4 DZHELYAI 80 GPEC PI- P-->ETA N 

~ ( t t+~ -~ rOT) / t o t a l  (units 10 -6)  (p17I 
R31 3. OR LESS EL=.90 DZHELYADI 81 SREC Pl- P-~>ETA N 

~ (37) / (27 + 3~ "e + "XD27) (PIB)/IP1+PZ+P7) 
R83 FORBIDDEN BY C INVARIANCE. 
R33 7.E-4 OR LESS EL=.95 ALDE 84 CNTR 



F o r  no ta t ion ,  s ee  k e y  on p a g e  91. 

N O T E  ON ~/DECAY P A R A M E T E R S  

C violation in 7/decays 

As a test o f  possible C violation in electromagnetic 

interactions, a number  of  experiments have looked for 

possible charge asymmetries in the decays 7/--~ 7r + a - v r °  

and 7/--~ 7r+vr-'Y. We list the following parameters: 

(a) The left-right asymmetry 

A = (N  + - N - ) / ( N  + + N - ) ,  

where N -+ means the number  of  events with the ~r-* 

energy greater than the 7r ¢ energy in the 77 rest frame. 

(b) The sextant asymmetry 

N 1 + N  3 + N  5 - N  2 - N  4 - N  6 

A s = N I  + N 2 + N 3 + N 4 + N 5 + N 6  

for the decay ~ --* ~r+~r-vr 0. The numbers  refer to sex- 

tants of  the Dalitz plot (see, for example, Layter et al. 1). 

A s is sensitive to an 1 = 0 C-violating asymmetry.  

(c) The quadrant  asymmetry Aq, defined in a similar 

way as A s , but with each sector o f  the Dalitz plot now 

containing 7r/2 rather than 7r/3 radians. Aq is sensitive 

to an I = 2 C-violating final state. 

(d) The D-wave contribution to the C-violating 

ampli tude in the decay ~ --~ 7r+vr-7. The upper limit 

for this contribution is measured by the parameter/3, 

defined by 

dN / d [ cos O l oc sin20(1 + f l c o s 2 0 ) ,  

where 0 is the angle between the 7r + and the 3' in the 

dipion center o f  mass. A term proportional to cos 20 

could also be due to P -  and F-wave  interference. 

We list A for the decay modes ~7 --* ~r+zr-vr0 and 

~ zr+vr-'y, A s and Aq for the decay ~ --* ~r+zr-vr °, 

and/3 for the decaS, ~7 --* 7r+vr-7 in the Full Listings 

below. 

Dalitz plot for T/--~ a '+a' -a  "0 

The Dalitz plot for the decay 7/--~ ~r+vr-¢r 0 may be 

fit by the distribution 

IM(x,y)l 2 ~ 1 + a y  + b y  2 + cx  + dx  2 + exy  . 

Here, 

x = " ~ / 3 ( T + - - T _ ) / Q ,  y = ( 3 T o ~ Q ) - 1 ,  

T+, T_,  and T o are the kinetic energies of  the r +, 7r-,  
andTr ° in the rT rest system, and Q = m  -- m + - 

"r/ . 7r . 
m . _  - m r  o. The coefficient o f  the term linear m x is 
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sensitive to C-violation due to an I = 0 or I = 2 final 

state. We list papers presenting determinations of  the 

parameters a ,  b, c, and d in the section DP below. 

However,  we do not tabulate values of  these parameters 

because the assumptions made by different authors are 

not compatible and do not allow comparison of  the 

numerical values. 

Dalitz plot for 7/--~ ~rOxO~r 0 

The Dalitz plot for the decay ~7 --* ~r °7r%0 may be fit 

to the expression 

IM] 2 ~ 1 + 2 a z  , 

where 

2 3 
~- :~  [ 3 ( m  3mvr) - l (Ei  1 ]2 ~ 2 2 z = -- -- P /Pmax • ~m~7). . 

t = l  

Here E i is the energy of  the ith pion in the ~ rest 

frame, and p is the distance to the center o f  the Dalitz 

plot. We list the parameter a in section A0 below. 

Reference 

1. J.G. Layter et al., Phys. Rev. Lett. 29, 316 (1972). 

C--NONCONSERVING DECAY PARAMETERS 

~ + ~ - ~ e  LEFT--RIGHT ASYMMETRY PARAMETER (nnits 10 2) 
AI 1351 7.2 2.8 BALTAY 66 DUE 
A1 1300 5.8 3.4 CLEWY 66 HBC 
AI 10665 (0.3) (1.0) CNOPS 66 BSPK REEL BY MULLER 69 
AI 705 -6.1 4.0 LARRIBE 66 HBC 
AI G36800 (1.5) (0.5) GORMLEY3 68 ASRK 
AI 10709 0.3 1.1 MULLER 69 OSPK 
AI 1130 -1.4 3. CARPENTR 70 HBC 
AI 349 3.2 5.4 DANBURG 70 DBC 
AI 220K -0,05 0.22 LAYTER 72 ASPK 
AI ~65K 0.20 0.26 JANEt 7~ OSPK 
AI G GORMLEY3 68 ASYMMETRY PROBABLY DUE TO UNMEASURED (E X B) SPK. CH. 
A1 G EFFECTS. NEW EXRTS. WITH (E X B) CONTROLS DONT OBSERVE ASYMMETRY, 
AI 
AI AVG 0.12 0.17 AVERAGE 

~ + ~ - ~  LEFT--RIGHT ASYMMETRY PARAMETER (units 10 2) 
A2 33 -2. 17. CRAWFORD 66 HBC 
A2 -4. 8. LITCBFIEL 67 DBC 
A2 N 1620 1.5 2,5 MULLER 69 OSPK 
A2 7257 1.22 1.56 GORMLEY 70 ASPK 
A2 36K 0.5 0.6 TBALER 72 ASPK 
A2 35K 1.2 0.6 JANE2 74 OSPK 
A2 N MULLER 69 IS SENSITIVE ONLY TO UPPER .4 OF GAMMA-RAY SPECTRUM. 
A2 ......... 
A2 AVG 0.88 0.40 AVERAGE 

• " + ~ ' - v r  ° SEXTANT ASYMMETRY PARAMETER (units 10 -2) 
AS 1300 6.8 3.3 CLPWY 66 HBC 
AS 705 -2,4 4.0 LARRFBE 66 HBC 
AS 37K 0.5 0.5 GORMLEY3 68 WIRE 
AS 220K 0.10 0.22 LAYTER 72 ASAK 
AS 165K 0.20 0,25 JANEI 74 OSPK 
AS ......... 
AS AVG 0.19 0.16 AVERAGE 

~ + ~ - ~ o  QUADRANT ASYMMETRY PARAMETER (units 1O 2) 
AQ 220K ~O.OT 0,22 LAYTBR 72 ASRK 
AQ 165K -0.30 0,25 JANEI 74 OSPK 
AQ 
AQ AVG " L0~17 "" 0.17" AVERAGE 

FOR ~ ~ 7 r+vc -T .  SENSITIVE TO D-wave CONTRIBUTION. 
BET DN/DCOG THETA = SIN**B THETA * (I + BETA * COS*'2 T~ETA) 
BET 7250 -0.060 0.065 SORMLEY 70 WIRE 
BET L 0.12 0.06 TBALER 72 ASPK 
BET 35K 0.11 0.11 JANE2 74 OSPK 
BET L AUTHORS DONT BELIEVE THIS TO INDICATE D-WAVE BECAUSE DEPENDENCE OF 
BET L BETA ON GAMMA ENERGY INCONSISTENT WITH THEOR. PREDICTION. 
BET L COS*'2 DEPENDENCE MAY ALSO COME FROM P AND F-WAVE INTERFERENCE. 
SET ......... 
BET AVG 0.047 0.062 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5) 

(SEE IDEOGRAM BELOW) 
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WEIGHTED AVERAGE 
0 .047  ± O.062  (ERROR SCALED BY 1.5 ) 

- 0 3  -0.1 

,~ fo r  77 ~ ' r r+r r '7  

. . . .  JANE2 74 OSPK 0 3 
"~ • • • THALER 72 ASPK I 5 
, ~OBMLEY 70 W'RE 27 

45 
{Confidence Level = 0.104) 

0.1 0.3 0 5 

ENERGY D E P E N D E N C E  OF ~ D A L I T Z  P L O T  

SEE N O T E  O N  7/ DECAY P A R A M E T E R S  ABOVE.  
DP THE FOLLOWING EKPTS FIT TO ONE OR MORE OF THE COEFFICIENTS 
DP A,B,C,D, OR E FOR ETA INTO PI~ PI~ PIO 
. . . .  T . . . . . . . . . . . . . .  I . . . . . . . . . . . .  2) ÷ C*X D . . . . .  2) . . . . . .  
DP 1300 SEE NOTE ABOVE CLPWY 66 ~B C 
DP 705 SEE NOTE ABOVE LARRIBE 66 HBC 
DP 7170 SEE NOTE ABOVE CHOPS 68 OSPK 
DP 37K SEE NOTE ABOVE GORMLEY3 68 WIRE 
DP 526 SEE NOTE ABOVE BAGLIN 69 HLBC 
DP 1138 SEE NOTE ABOVE CARPENTR 70 HBC 
DR 349 SEE NOTE ABOVE DANBURS 70 DEC 
DP 7250 SEE NOTE ABOVE SORNLEY 70 WIRE 
DP 220K SEE NOTE ABOVE LAYTER 72 ASPK 
DP 81K SEE NOTE AEOVE LAYTER 75 ASPK 

c~ P A R A M E T E R  F O R  ~ ~ 37r S 
AO MATRIX ELEMENT *'2 I * 2*ALPBA*Z (SEE NOTE ABOVE) 
AO 192 -0.32 O. 37 = BAGLIN 70 HLBC 

PEVSNER 61PRL 7 421 

ALFF 62 PRL 9 322 
RASTIEN 62 PRL 8 114 
CHRETIEN 62 PRL 9 127 
PICKUP 62 PRL 8 329 

BACCI 63 PRL 11 37 
CRAWFORD 63 PRL 10 54E 

ALSO 66 PRL 16 907 
DELEOURT 63 PL 7 215 

FOELSCHE 64 PR 134 S 1138 
KRAEMER 64 PN 136 B 496 
PAULI 64 PL 15 351 

FOSTERI 65 PR 138 B 652 
EOSTER2 65 ATHENS 
FOSTER5 65 THESES 
PRICE 65 PRL 15 123 
RITTENBE 65 PRL 15 556 

ALFF-STE EE PR 145 1072 
BALTAY 66 PRL 16 1224 
OLPWV 66 DR 149 1044 
CNOPS 66 PL 22 546 
CRAWPORD 66 PRL 16 353 

DIGIUGNO 66 PRL 16 767 
GROSSMAH 66 PR 146 993 
GRUNBAUS 66 THESIS 
JAMES 66 PR 142 896 
JONES 66 PL 28 597 
LARRIBE 66 PL 23 600 

R E F E R E N C E S  FOR 

PEVSNER,KRAEMER,NUSSBAUM,RICBARDGON + (JHU) 

ALFF,BERLEY,EDLLEY,BRUGGER + (COLU+RUTBERS) 
BAST IEN,BERGE, DAHL, FERRO-LUZZI ÷ (LRL) 
CHRETIEN~ (BRAN+BROWN+HARVARD~MI T+PADOVA) 
E Pl CKUP,ROB INSON, SALANT (CNRC÷BNL) 

RACCI ,PENEO, SALVINI + (ROMA~FRAS) 
F S CRAWFORD,LLOYO,FOWLER (LRL+DUKE) 
F S CRAWFORD,L LLOYD,E FOWLER (LRL+OUNE) 
DELCOURT,LEFRANCOIS,PEREZ y JORBA+ (ORSAY) 

B W FOEL$CHE,H L KRAYBZLL (YALE) 
KRAEMER, MASANSKY, E IELDS + ( J HU+NWES~WOOD) 
E PAULI,A MULLER (SACLAY) 

FOSTER,PETERS,MEER,LOEFFLER + (WISE+PURDUE) 
FOBTER,GOOD, NEER (WISCONSIN) 
M. C. FOSTER (Wl SCONE IN ) 
L.R,PRICE, F.S.CRAWFORD (LRL) 
RITTENBERG,KALBFLEISCH (LRL*RNL) 

AL FE-STE I NBERBER, BERLEY* (COLUMBIA+RUTGERS) 
+FRANZl N I ,K IM, K IRSCH+ (COLUMBIA+STONY BROOK) 
COLUMBIA, LRL, PURSUE,WI SCONSI N, YALE 
CHOPS, F INOCCHIARS, LASSALLE,+(CERN, ETH, SACL) 
F.S. CRAWFORD,L.R .PRICE (LRL) 

DI GIUGNO,GIORGI,SILVESTRI~ (NAPL,TRST,FRAS) 
R @ROSSMAN,L PRICE,F CRAWFORD (LRL) 
J. ERUNHAUS (COLUMBIA) 
F B JAMES,H L KRAYBILL (YALE+BNL) 
~ONES,B NN E,DUANE,HORSEY,MASON,(LOIE,RHEL) 
LARRIBE,LEVEQUE,MULLER,PAULI,÷ (SACL+RHEL) 

BAGLINI 67 PL 240 637 BABLIN,BEZAGUET,DEGRANGE,+ (EPOLeUCB) 
BAOLIN2 67 BADE 12 567 BAELIN,BEZAGUET,DEGRANGE,÷ (EPOL+UCB) 
BALTAYI 67 PRL 19 1495 BALTAY,FRANZINI,KIM,NEWMAN+ ICOLU+BRAN) 
BALTAY2 67 PRL 19 1498  BALTAY,FRANZINI,KIM,NEWMAN+ (COLU+STON) 
BEMPORAD 67 PL 25B 380 BENPORAD,BRACCINI,FQA,LUBELSMEY.(PISA BONN) 

ALSO PRIVATE COMMUNICATION 

BILLING 67 PL 25B 435 
BOWEN 67 PL 240 206 
OUNIATOV 67 Pk 250 560 
CENCE 67 PRL 19 1393 
ESTEN 67 PL 2RE 115 

FELDMAN 67 PRL 18 868 
ELATTE 67 PRL 18 976 
FLATTE2 67 PR 163 1441 
LITCNPIE 67 PL 848 986 
PRICE 67 PRL 18 1207 

ARNOLD 68 PL 270 466 
BAE/N 68 PRL 20 895 
BULLOCK 68 PL 27B 402 
EORMLEY3 68 PRL 21 402 
WEHMANN 68 PRL 20 748 

BILLING,BULLOCK,ESTEN,GOVAN,+ (LOUC,OXF) 
BOWEN,CNODS ,FINOCCHIARO,~ (CERN+ETH+SACL) 
BUNIATOV,ZAVATTINI,SEINET,+ (CERN+KARL) 
CENCE,PETERSON,STENGER,CHIU÷ (HAWAII~LRL) 
+GOVAN,KNIGRT,MILLER,TOVEY+ (LOUC+OXF) 

FELDMAN,FRATI,BLEESON,HA'LPERN,÷ (PENN) 
S.M.FLATTE (LRL) 
S.M.FLATTE AND C.G.WOHL (LRL) 
LI~CHFIELD,RANGAN,SEGAR,OMITH~(RHEL÷~ACLAY) 
L.R.PRJCE,F.S.CRAWFORD (LRL) 

+PATY,BAGLIN,BINGHAM+ (STRB+MADR+EPOL+UCB) 
BRZIN,GOSHAW,ZACHER,+ (PRINCETON,QUEENS) 
+ESTEN,FLEMING,GOVAN,HENDERSON,OWEN+ (LOUD) 
GORMLEY,HYMAN,LEE,NASH,PEOPLES+ (COLU~BNL) 
WEBMANN,ENGELS,+ (HARV+CASE*SLRS+CORN*MCGI) 

BAGLIN 69 PL 290 445 
ALSO 70 NP 022 66 

HYAMS 69 PL 29B 128 
MULLER 69 THESIS 

BAGLIN 70 NP 022 66 
BUTTRAM 70 PRL 25 1358 
CARPENTR 70 PR DI 1503 
COX 70 PRL 2A 534 

DANBURG 70 PR D2 2564 
DEVONS 70 PR DI 1936 
GORMLEY 70 PR S2 501 

ALSO 70 NEVIS 1811THESIS) 

BASILE 71NC 3A 796 
STRUGALS 71NP 027 429 
AGUILAR- 72 PR 06 29 
BLOODWOR 72 NP 039 525 
LAYTER 72 PRL 29 316 
THALER 72 PRL 29 313 

LAYTER 73 PR D7 2565 
THALER 73 PR D7 2569 
BROWMAN 74 DRL 32 1067 
DAVIES 74 NC 24A 824 
JANEt 74 PL 48B 260 
JANE2 74 PL 480 265 
KENDALL 74 NC 21A 387 

JANEt 75 PL 59R 99 
JANE2 75 PL 590 103 

RLSO 78 PL 75B 503 
MARTYNOV 76 SJNP 23 48 
BUSHNIN 78 PL 79B 147 

ALSO 78 SJNP 28 775 

ABROSIMO 80 SJNP 31 195 
DZBELYAI 80 EL 940 548 

ALSO 80 
DZHELYA2 80 

ALSO 80 

DAVYDOV 81 
ALSO 81 

DZHELYAD 81 
ALSO 81 

BINOH 82 
ALSO 82 

WEINSTEI 85 
ALDE 84 

ALSO 84 

BAGLIN,BEZAGUET,÷ (EPOL,UCB,MADR,STRB) 
• BEZAGUET,DEGRANGE,MUSGET +(EPOL,MADR,STRB) 
HYAMS,KOCH,POTTER,VON LIHDERN,+ (CERN,MPIM) 
ARMAND MULLER (STRB) 

+BEZAGUET,DEGRANGE,MUSSET+ (EPOL+MADR+STRB) 
~KREISLER,MISCHKE (PRIN) 
CARPENTER,BINKLEY,CHAPMAN,COX,DAGAN+ (DUKE) 
COX,FORTNEY,BOLSON (DUKE) 

+ABOLINS,DABL,DAVIES,HOCH,KIRZ,+ (LRL) 
• GRUNHAUS,KOZLOWSKI,NEMETHY + (COLU,SYRA) 
GORMLEY,BYMAN,LEE,NAOB,PEOPLES+ (COLU+BNL) 
MICHAEL GORMLEY ICOLU) 

• BOLLINI,DALPIAZ,FRASETTI÷ (CERB,BGNA,STRB) 
+CHUVILO,GEMESY,IVANOVSKAYA÷ (JINR) 
AGUILAR-BENITEE,CHUNG,EISBER,SAMIOS (BNL) 
BLOODWORT%JACKSON,PRENTIEE,YOON (TORONTO) 
+APPEL,KOTLEWSKI,LEE,STEIN,THALER (CDLU) 
+APPEL,KOTLEWSKI,LAYTER,LEE,STEIN (COLU) 

+APPEL,KOTLEWSKI,LEE,STEIfi,THALER (COLU) 
÷APPELjKOTLEWSKI,LAYTER,LEE,STEIN (COLU) 
+DEWIRE,GITTELMAN,HAHSON,LOH + (CORN+BINS) 
+GUY,ZIA (BIRM+RHELeSHMP) 
+JONES,LIDMAN,OWEN,PENNEE+ (RHEL*LOWC+SUSS) 
+JONES,LIPMAN,OWEN,PENNEY+ (RHEL÷LOWC~SUSS) 
+LANOU,MASSIMO,SHAPIRO + (BROW~BARI+MIT) 

÷GRANNISrJONES,LIPMAN,OWEN + (RHEL+LOWC) 
+GRANNIS,JONEG,LIPMAN,OWEN ÷ (RHEL*LOWC) 
ERRATUM, M.R.JANE, PRIVATE COMMUNICATION. 
eSALTYKOV,TARAEOV,UZHINSKII (JINR) 
+DZHELYADIN,GOLOVKIN,GRITSUCK + (SERP) 
BUSHNIN,EOLOVKIN,GRITSUK,DZHELYADIN÷ (SERF) 

ABROSIMOV,ILINA,NISZCZ,OKHRIMENKO÷ (JINR) 
DZHELYADIN,GOLOVKIN,KACHANOV + (SERE) 

SJNP 52 516 (Yg 52 998) VIKTORDV, GOLOVKIN + (SERP) 
PL 970 471 DBHELYADIN,GOLOVKINfKACHANOF + (SERP) 
SJNP 52 518 (YF 32 1002) VIKTOROV, GOLDVKIN + (SERP) 

LNC 52 45 +DONSKOV,INYAKIN + (SERP+RELG+LAPP+CERN) 
SJNP 33 825 (YF 35 1554) BINON,BRICMAN+ ISERP+BELG+LAPP+CERN] 
PL I05B 239 DZHELYADIN,GOLOVKZN,KONSTANTINOV ~ (SERP) 
SJND 33 822 (YF 33 1529) VIKTOROV~GOLGVKIN+ (SERF) 
SJND 36 391 +BRICMAN,GOUANERE* (SERP~BELG~LAPP+CERN) 
HE 71A 497 BINON,BRICMAN,DAVYDOV÷(SERP+BELG+LAPP~CERN) 
PR 628 2896 WEINSTEIN* (HARV+CIT+PRIN+STAN+SLAC) 
ZPHY C25 225 ALDE÷BINON+BRICMAN÷DONSKOV÷(ITEP~BELG÷LAPF) 
SJHP 40 918 ALDE~BINON+BRICMAN~ +(ITEP+BELE+LAPP) 

BARTEL 85 DL 160B 421 JADE C+(DESY+HAMB+NSID+LANC+MCHS+RAL+TOKY+) 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA LISTINGS 

BASTIEN 62 PRL 8 114 BASTIEN,BERGE,DABL,FERRO-LUZZI,MILLER+(LRL) 
CARMONY 62 PRL 8 117 D CARMONY,A ROSENFELD,VAN DE WALLE (LRL) 
ROSENFEL 62 PRL 8 293 A ROBENFELD,D CARMONY,VAN DE WALLE (LRL) 

STRANGE MESONS 

F ~  ItJ P) = ~(o-) 

K ± M A S S  (MeV) 

493.9 0.2 COHEN 57 RVUE * 
493.7 0.3 BARKAS 63 EMUL 

M 493.78 0.17 GREINER 65 EMUL + 
(493.87) (0.19) KUNSELMAN 71 CNTR REPL.BY KUNSELMAN74 
493.691 0.040 BACKENSTO 73 CNTR - KAOHIC ATOMS 

M 493,662 0.19 KUNSELMAN 74 CNTR KAON[C ATOMS 
M 495.657 0.020 CHENG 75 CNTR - KAONIC ATOMS 
M 493,670 0,029 BARKOV 79 EMUL E+E- --> K* N- 
M 493.640 0.054 LUM 81 SNTR - KAONIC ATOMS 

AVE "4~5:6i6"" ~.~I~ AVERAGE 
M FIT 498.667 0.014 FROM FIT 

DM TEST 
DM F 1.5M 
DM F FORD 

K + - K -  M A S S  D I F F E R E N C E  (MeV) 

OF CPT 
-0.032 0.090 FORD 72 ASPK +- 
72 USES M(PI+)-M(PI-) = ÷28+-70 KEV. 

K ± M E A N  LIFE  (units 10 - s  see) 

K+- MEAN LIFE 
(0.95) (0.36) (0.25) ILOFF 56 EMUL 

52 (1,60) (0 .3)  (0 .3)  EISENBERG 58 EMUL 
%21 0.06 0.06 BURROWES 59 CNTR 

33 (1.38) (0.24) 40.24) FREDEN 60 EMUL 
(1,25) (0.22) (0.17) BARKAS 61 EMUL 

0 51 (1.27) (0.36) (0.232 BHOWMIK 61 EMUL 
293 1.31 0.08 0.08 NORDIN 61 HBC - 

(I.24) (0.07) NORDIN 61RVUE - 
1,251 0,011 0,011 BOYARSKI 62 CNTR 
1,2443 0.0038 FITCH 65 CNTR * K AT REST 
1.221 0,011 FORD 67 CNTR 
1.2272 0.0036 LOBKOWICZ 69 CNTR * K IN FLIGHT 

3M 1.2380 0.0016 OTT 71 CNTR + STOPPING K 
0 OLD EXPERIMENTS WITH LARGE ERRORS EXCLUDED FROM AVERAGING 

AVG 1.2570 0.0032 0.0032 AVERAGE (ERROR INCL. SCALE FACTOR OF 2.4) 
FIT 1.2371 0.0026 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.9) 

(SEE IDEOGRAM BELOW) 



For notation, see key on page 91. 

W E I G H T E D  A V E R A G E  
0 . 8 0 8 4  ~- 0 . 0 0 2 1  (ERROR S C A L E D  BY 2 .4  ) 

" ' " ' ~ " ' ~  ~' Values above of weighted average, error, 
and scale facto" are based upon the data in 
th is  ideogram only, They are not neces- 
sar i ly  1he same as our "best"  va lues,  
obtained from a least-squares constrained f i t  
u l i l i z ing  measurements  of other (re,steal) 
quant ihes as addlt~onal informat=on, 

2 
X 

. . . .  OTT 71 CNTR 0 4 
LOBKOWICZ 69 CNTR 7 3 
FORD 67 CNTR 
FITCH 65 CNTR 0 7 
BOYARSKI 62 CNTR 

I NORDIN 61 HBC 
B UR R OV*.'FS 59 CNTR 

11.4 
(Confidence Level = 0 003)  

0 7 0  0 .75  0 8 0  0 . 8 5  0 9 0  

K ± d e c a y  rate (un i te  108 see  "1) 

DT 
DT 
DT 
DT AVG 

( K  + - K - ) / A V G . ,  M E A N  L I F E  D I F F E R E N C E  (%) 

THIS QUANTITY IS A MEASURE OF CPT INVARIANCE IN W.l. 

0.47 0,80 FORD 67 CNTR 
0.090 0.078 LOBKOWICZ 69 CNTR 

D.114 0 ,093  AVERAaE (ERROR INCLUDES SCALE FACTOR OF 1.2) 

K s P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

Pl K s ~ ~ ± ~ 106+ 0 

P2 K s ~ ~ ~ 7£0 140+ 185 

P3 K ± ~ W S TF + ~ -  140* 140+ 140 

D4 K ± ~ r ± 2 7 r  ° 140+ 185+ 185 

P5 K s ~ ~ 0 N S  ~ (called K#3 ) 155+ 106+ 0 

P6 K s ~ r O e S p  (called Ke3 ) 135+.511+ 0 

F7 K + ~ ~ + T r -  e + p (called Ke4) 140+ 140+.511* 0 

Pg K + ~ ~ + 7 £  + e -  P 140+ 140+.511+ 0 

P9 K + ~ ~ S T r ' - - # +  p (called K#4 ) 140+ 140+ 106+ 0 

PiO K + ~ ~S ~ +  # -  p 140+ 140+ 106+ 0 

F t l  K s ~ e S  v .511+ O 

PI2 K s ~ ~ S p ~ 106+ O+ 0 

P13 K s ~ 71" ± ~ o ~  140+ 133+ 0 

P14 K s ~ 71-± ~ ± . f f -  ~ 140+ 140, 140* 0 

P15 K s ~ 7r ± e+ e- 140+.511+.511 

P16 K s ~ 71" ± ~ +  # - -  140+ 106+ 106 

p17 K s ~ ~ S T T 140. O+ 0 

P18 K ± ~ ~o~ ± p ~ 135+.511+ O+ 0 

P19 KS ~ ~ e s e s 140+.511+.511 

PZO K s ~ ~ ±  p P 140+ O+ 0 

PZ1 K s ~ e s p ~  .511+ O+ o 

P22 K s ~ ~ S ~ 140+ 0 

P28 K s ~ ~ ± 3~ 140. O+ O* 0 

P24 K s ~ ~o~a~ s p 135, 185+.511, 0 

P25 K ~ ~ 71"- e + # + 140..511+ 106 

P26 K + ~ Tr + e + # -  140..511+ 106 

PZ7 K ± ~ ~ S p p~ 106+ O* O+ O 

P28 K s ~ ~o~s ~ 135+ 106* O+ 0 

P29 K + ~ ~ ~+ e- 14o+ IO6+.511 

P3O K s ~ ~s ~+ 6- 106+ o+.511+.511 

p31 K ± ~ # ~ v e  ± e ± 106* 0+.511+.511 

P82 K s --  v e s e + e -  0÷.511+,511+.511 

P33 K s ~ e s p p~- ,511* O+ O+ 0 

P34 K + ~ #+ v e 106+ 0 

P35 K S  ~ ~ + ~ e  106+ O 

P36 K + ~ ~o£+~e 135+.511+ 0 

K s C O N S T R A I N E D  F I T  
OVERALL FIT OF MEAN LIFE, WIDTHS AND BRANBHIRG 
RATIOS USES 59 DATA POINTS TO DETERMINE SIX 
BUANTITIES. OVERALL FIT HAS CHISQ=78.O. MAIR 
CONTRIBUTION (13.2) COMES FROM R19 OF HAIDT 
71 (WE SEE NO REASON TO REJECT THIS EXPERIMENT 
AT THIS TIME) 

12t 

Stable Particle Full Listings 
K -+ 

HTTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The matrix below is derived from the error matrix for the fitted partial decay mode 
branchinG fractions, Pb as follows: The diagonal elements are Pi-+6Pi. where 
6Pi I ~ ,  while the off-diagonal elements are-the normalized correlation coeffi- 
cients (6P~Pj//(6P~.6Pi). For the definitions of the individual Pi, see the listings above; 
only those P, appearing in the matrix are ~ssumed in the fit to be nonzero and are 
thus constrained Io add to 1. 

P 1 P 2 P 3 P 4 P 5 P 6 
~ 6851+ 0010 

-.TEO .2117. - .0013 
P 3 - .175  - .021 .0559÷-.OO03 
P 4  _158  .080 283 .0178+-.0005 
0 5  - .291 - .252  - .165  - . 357  .0318. - .0010 
P 6 - .540  - .145  .141 .O04 .221 .0482÷-.0005 

FITTED PARTIAL DECAY MODE RATES 

The matrix below is the branching fraction matrix above, transformed into rate space; 
i.e., G, ~ F i = Flot~Pi, in appropriate unhs. In analogy to the matrix above, the 
diagonal elements are Gi±~G ,, where ~G, = ~ ,  while the off-diagonal elements 
are the normalized correIafion coeffcients (6GibGi)/(6Gi.~Gj). Note that, because of the 
error in £to~, the errors and correlations here are not directly derivable from those 
above. 

R I 0 2 G 3 a 4 G 5 G 6 
,5134+- .0017 

-.817 .1711+-.0013 
3 -.086 ,012 .0452÷-.0002 

-.090 .063 .226 .0140,-.0004 
5 -.181 -.219 -.178 -.353 .0257+-.0008 

-.157 -.087 .143 .009 .227 ,0890+~.0004 

K s D E C A Y  R A T E S  

K ± ~ ~ s  p (units 106sec - j )  (GI) 

W1 31.2 0 .8  FORD 67 CNTR ~- 
W1 . . . . . . . . .  
w1 FIT 51.34 0.17 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.2) 

K s ~ ~ S  7 r + T r -  (units 106sec 1) (a3) 

W2 F (4.406) (0,080) FORD 67 CRTR +- SEE NOTE F 
W2 F 3.2M (4,529) (0.032) FORD 70 ASPK SEE NOTS F 
W2 4.511 0.024 FORD 70 ASPK SEE NOTE F 
w2 S THE LAST IS THE COMBINED RESULT OF FORD 67 AND FORD 70 
W2 ......... 
W2 FIT 4.518 0,025 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

( K  + - K - ) / A V G . ,  D E C A Y  R A T E  D I F F E R E N C E  (%) 

K ± ~ # ± P  R A T E  D I F F E R E N C E  (%) ( ( a l + ) - ( G 1 - ) ) / G 1  
D1 TEST OF CPT CONSERVATION 
DI -0.54 0.41 FORD 67 CNTR 

K ± ~ 7 r s ~ + T r -  R A T E  D I F F E R E N C E  (%) ((G3+)-(03-))/G3 

B2 TEST OF SD CONSERVATION 
D2 -0.50 0.00 FLETCHER 67 OSPK 
02 F (-0.04) (0,21) FORD 67 CNTR SEE NOTE F 
D2 F 3.2M (0.10) (0.14) FORD 70 ASPK SEE NOTE F 
D2 S 0.08 0.12 FORD 70 ASPK SEE NOTE S 
D2 S (-0.02l (0.16) SMITH 73 ASPK +- 
D2 F SECOND FORD 70 VALUE IS FIRST FORD 70 COMBINED WITH FORD 67. 
D2 S SMITH 73 TALUS OF D2 IS DSRIVED FROM SMITH 73 TALUS OF D3. 
D2 
D2 AVG 0,07 0.12 AVERAGE 

K s ~ 7 r s 2 ~  o R A T E  D I F F E R E N C E  (%) ((04+)-(04-)l/G4 

03 TEST OF CP CONSERVATION 
B8 1802 -1.1 1.8 HERZO 69 OSPK 
08 0.00 0.58 SMITH 73 ASPK +- 
03 ......... 
08 AVG -0.03 0,55 AVERAGE 

K s ~ ~ s T r e  R A T E  D I F F E R E N C E  (%) ( (G2* I - (GZ- ) I /G2  
D4 TEST OF CPT CONSSRVATION 
D4 0.8 1.2 HERZO 89 OSPK 

K s ~ 7 r S T r e T  R A T E  D I F F E R E N C E  (%) ( ( 0 1 3 * ) - ( 6 1 3 - ) ) / 0 1 3  
D5 TEST OF CP CONSERVATION 
D5 24 B.O 24.0 EDWARDS 72 OSPK PI gE 58-90 MET 
95 4000 1.0 4.0 ABRAMS 73 ASPK +- PIKE 51-100 MET 
05 2461 0.8 5.8 SMITH 76 WIRE +- PI+-KE 55-90 MET 
05 ......... 
05 AVG 0.9 3m3 AVERAGE 

K s B R A N C H I N G  R A T I O S  

K ± ~ (# s v)/togal (units l0  -2)  (pl) 
RI 0 (58.5) (3.0) BIBGE 56 EMUL + 
RI 0 (56,9) (2.6) ALEXANDER 57 EMUL 
RI 0 OLD EXPERIMENTS NOT INCLUDED IN AVERAGING 
RI 62K 63.24 0.44 CBIANG 72 OSPK * 1.84 GEV/C K÷ 
RI 
RI FIT 65.51 0.16 FROM FIT 
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Stable Particle Full Listings 
K -+ 

K ± ~ ( ~ ± l r O ) / t o t a l  (units 10 - 2 )  (p2) 
R2 0 (27.7) (23) BIRGE 56 EMUL + 
R2 0 (25.2) (2,2) ALEXANDER 57 EMUL 
R2 0 EARLIER EXPERIMENTS NOT AVERAGED 
R2 (21.0)  (0.6) CALLABAN 65 HLBC SEE R17 
R2 (21.6) (0.6) TRILLING 65 RVUE 
R2 16K 21,18 0.28 CHIANG 72 OSPK + 1.84 GEV/E K+ 
R2 
R2 FIT 21.17 0.15 FROM FIT 

g ± ~ ( w ±  ~ '+  7 r - ) / t o t a l  (units 10 - z )  (P3) 
R3 ~ (5 .6)  (0.4)  BIRGE 56 EMUL + 
R5 ~ (6 .8 )  (0.4) ALEXANDER 57 EMUL + 
R5 0 (5.2) (0.3) TAYLOR 59 EMUL + 
R5 0 EARLIER EXPERIMENTS NOT AVERAGED 
R3 5,7 0.3 ROE 61HLBD + 
R3 2532 5.54 0.12 CALLAHAN 64 HLBD + 
R5 540 5.1 0.2 SHAKLEE 64 HLBD + 
R3 5.71 0.15 BE MARCO 65 HBE 
R5 44 6.0 0.4 YOUNG 65 EMUL + 
R3 P 693 5.34 0.21 PANDOULAS 70 EMUL + 
R5 C 2330 (5.56) (0.20) CHIANG 72 OSPK + 1.84 GEV/C K+ 
R3 E THIS VALUE IS NOT INDEPENDENT OF CHIANG 72 RI,R2,R4,RS, AND R6 
R3 P INCLUDES EVENTS OF TAYLOR 59, 
R3 ......... 
R3 AVG 5.521 0.098 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 
R3 FIT 5.589 0.030 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
5.521 = 0 . 0 9 8  (ERROR S C A L E D  BY 1.3 ) 

~ighled average, error, 
based uDon 1he dale in 

They are not neces- 
S our "bes t "  values, 
-squares constrained fit 
!n ls of other (related} 
~a, information. 

2 
X 

70 EMUL 07 
E5 EMUL 14 
E5 HBC 16 
64 HLBC 4 a 
64 HLBC 0 0 
61 HLBC 04  

8.6 
mf idence Level = 0 ",27) 

4 .5  5 .0  5,5 6 0 6 .5  7 0 

K = ~ ( ' r -=~+T") / to ta l  (un i te  10"°1 

K ± ~ (Tr±27co)/total  (units 10 2) (p4)  
R4 0 (2.1) (0,5) BIRGE 56 EMUL 
R4 0 (2.2) (O,A) ALEXANDER 57 EMUL 
R4 O (1.5) (0.2) TAYLOR 59 EMUL 
R4 0 EARLIER EXPERIMENTS NOT AVERAGED 
R4 1.7 0.2 ROE 61HLBC + 

SHAKLEE 64 HLBC ÷ R4 108 1.8  0.2 
R4 P 198 1.55 0.11 PANDOULAS 70 EMUL ÷ 
R4 1307 1.84 0.06 CHIANE 72 OSPK 1.8A SEV/C K+ 
R4 P INCLUDES EVENTS OF TAYLOR 59. 
RA ......... 
R4 AVG 1.767 0.071 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4) 
R4 FIT 1,733 0,046 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.6) 

(SEE IDEDERAM BELOW) 

W E I G H T E D  AVERAGE 
1,767 ~- 0 .071 (ERROR S C A L E D  BY 1.4 ) 

1.2 1.6 

Values above of weighted a~,erage, error, 
and scale factor are based upon the datR in 

this ideogIem only. They are no1 neces- 
sardy the same BS our  "bes t "  va lues,  
obtained frorr a least-squares constrained f i t  
u t ihz ing measurements  of other (relate~) 
quanl i t les as additional in fo rmat ion  

2 

. . . . . .  CH;ANG 72 OSFK 15 

. . . . .  PANDOULAS 70 EMUL 4 6 
. . . .  S}~AKLEE 6& HLBC 

. . . .  ROE 61 HLBC 

(Conl idence Level = 0 100) 

2 .0  2 .4  
± 0 K = ~ {77 2~T ) / to ta l  (un i t s  10 "S) 

K ± ~ (Tr°# ± v) / total  (units  10 2) (p5) 
R5 ~ (2.8) (I,0) BIRGE 56 EMUL + 
R5 ~ (5.9) (1.3) ALEXANDER 57 EMUL + 
R5 0 (2.8) (0.4) TAYLOR 59 EMUL + 
R5 0 EARLIER EXPERIMENTS NOT AVERAGED 
R5 2345 3,53 0.16 CHIANG 72 OSPK + 1.84 GEV/C K+ 
R5 ......... 
R5 FIT 3,180 0.095 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.9) 

g ± ~ ( ~ ° e ±  v)/ total  (units 10 - 2 )  (P6) 
RO ~ (3,2) (1.3) BIRGE 56 EMUL + 
R6 ~ (5.1) (1.3) ALEXANDER 57 EMUL + 
R6 0 EARLIER EXPERIMENTS NOT AVERAGED 
R6 5.0 0,5 ROE 61 HLBC + 
R6 429 ~.7 0,3 SHAKLEE 64 HLBC + 
RO 3516 4.86 0.10 EHIANG 72 OSPK + 1.84 GEV/C K~ 
RO ......... 
R6 AVE 4,849 0.093 AVERAGE 
RO FIT 4.810 0.052 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

K ± ~ ( ~ ± T r  ~ + # ± T r o ~ ) / t o t a l  (units 10 2) (PG+p5) 
R7 WE COMBINE THESE TWO MODES FOR EXPTS MEASURING THEM IN XENON SC 
R7 BECAUSE OF DIFFICULTIES OF SEPARATING THEM THERE 
R7 23.4 1.1 ROE 61 HLBC + 
R7 886 25.4 0.9 SRAKLEE 64 HLBC ÷ 
R7 
R7 AUG 24.60 0.98 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4) 
R7 FIT 24.35 0,15 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

K + ~ (Tr + ~ +  e -  p) / total  (units 10 - 7 )  
R8 TEST OF DELTA-S = DELTA-Q RULE 
RE (20.)  OR LESS CL=,95 BIRGE 65 
RE 0 (6,9)  OR LESS CL=,95 ELY 69 
R8 O (9.0) OR LESS CL=.95 SCHWEINBE 71 

K + ~ (Tr + ~ -  # +  v) / totnl  (units 10 8) 
R9 I (0.77) (0.54) (O.SO) CLINE 65 

K + ~ (/C + ~r + # -  p) / total  (units 10 - 6 )  
RIO TEST OF DELTA-S = DELTA-Q RULE 
R10 O 3.0 OR LESS EL=.95 BIRGE 65 

K ± ~ ( e ± ~ ) / t o t a l  (units 10 s) 
R11 (160.0) OR LESS CL=.95 BORREANI 64 
R11 4 (2.1) (1.8) (1.3) BOWEN 67 

K ± ~ ( T r ± V v ) / t o t a l  (units 10 - 4 )  
R12 ALL VALUES GIVEN HERE ASSUME A PHASE SPACE 
R12 (-0,I) (0.6) EHEN G8 
R12 O (0.5) OR LESS CL=.90 KLEMS 71 
R12 O (0.35) OR LESS CL=.PO LJUNG 73 
R12 O (-0.42) (0.52) ABRAMS 77 
R12 O 0,086 OR LESS EL=.90 ASANO 82 

K ± ~ (Tr ± ~ ° ~ ) / t o t a l  (units 10 - 4 )  
R13 0 18 (2.2) (0,7) CLINE 64 
R13 O (1.9) OR LESS CL=,PO EMMERSON 69 
R13 M O (1.0) OR LESS MALTBEV 70 
R13 A2100 2.71 0.19 ABRAMS 72 
R13 0 24 (2.4) (0.8) EDWARDS 72 
R13 L (1.5I (1.1) (0.6) LJUNG 75 
R13 L (2,6) (I.5) (1.1) LJUNG 73 
R13 OL 17 (6.8) (5.7) (2.1) LJUNG 
R13 2461 2.07 0.32 SMITH 

(De) 

FBC 
HLBC 
HLBC 

(P9) 

FBC + 

(PIG) 

FBC + 

(P11) 

HBC + 
OSPK 

(P17) 

PION ENERGY SPECTRUM 
OSPK + T(PI) 60-90 MEV 
OGPK ~ T(RI)DT 117 MEV 
HLBC + 6-102,11A-127MEV 
SPED + T(Pl)LT 92 MEV 
CNTR + TPI=117-127 MEV 

(P15) 

FBE + PI+ KE 55=80 MEV 
OSPK PI+ KE 55-80 MEV 
HLBC PI÷ KE LT 55 MEV 
ASPK +- PI+ KE 55-90 MEV 
OSPK PI+ KS 58-90 MEV 
HLRC ÷ PI+ KE 55-80 MEV 
HLBE * PI+ KE 55-90 MEV 

73 HLBD ÷ PI+ NE 55-102MEV 
76 WIRE ~~ PI~-KE 55-90 MEV 

R13 0 ONLY HIGH STATISTICS EXPERIMENTS ARE AVERAGED. 
R13 M MALTSEV 70 SELECTS LOW PI÷ ENERGY TO ENHANCE DIRECT EMISSION CONTR. 
R13 L THE LJUNG 73 VALUES ARE NOT INDEPENDENT, 
R15 A ABRAMS 72 OBSERVES DIRECT EMISSION BR. RATIO OF (1.56+ 0 .55) '10"* -5  
R13 A +-0.5"10"*-5 ADDNL. SYST. ERROR AND INNER BREMSSTRAHLUNG BR. RATIO 
R13 A OF (2 .55+-0 .18 ) ' I 0 " * -4 ,  WE QUOTE THE SUM OP THESE BR, RATIOS. 
RI3 . . . . . . . . .  
R13 AVE 2,75 0.16 AVERAGE 

K ± ~ ( ~  ~ 7r + ~ -  ~ ) / t o t a l  (units 10 - 4 )  (P1A) 
R14 1.0 0.4 STAMER 65 EMUL + EDAM ET 11MEV 

K ± ~ ( ~ ± ¢ + e - ) / t o t a l  (units 10 - 6 )  (P15) 
R15 TEST FOR DELTA(S) = I WEAK NEUTRAL CURRENT. ALLOWED BY COMBINED 
RiG FIRST ORDER WEAK AND E.M. INTERACTIONS. 
R15 I (2.45) OR LESS CL~.9O EAMERINI 64 FBE + 
R15 (A.A) OR LESS CL=.9O BISI 67 DBC 
R15 C (0.4) OR LESS CLINEI 67 FBC 
R15 C (0.88) OR LESS DL=.90 CLINE2 67 FBC 
R15 (52.0) OR LESS CL=.9D BEIER 72 OSPK +- 
R15 (1.7) OR LESS CL=.9G CENCE 74 ASPK + THREE TRACK EVTS 
R15 (0.27) OR LESS CL=.9G CENCE 74 ASPK e TWO TRACK EVENTS 
R15 C CLINE2 REPLACES CLINEI. CLINEI IS NOT FOR CL=.9O . 

K ± ~ ( ~ ± # + # - ) / t o t a l  (units 10 6) (P16) 
R16 TEST FOR DELTA(S) = I WEAK NEUTRAL CURRENT. ALLOWED BY COMBINED 
RIB FIRST ORDER WEAK AND E.M. INTERACTIONS. 
R16 (5 ,0 )  OR LESS CL=.9O CAMERINI 65 FBC ÷ 
R16 2.4 OR LESS CL=.9O BISI 67 DBC + 

K ± ~ (~r ± ~r°)/(~ ± -a "+  ~r - )  (Pz)/cpB) 
R17 134 3.24 0.34 YOUNG 65 EMUL + 
R17 1045 3.96 0.15 CALLAEAN 66 FSC + 
RIT ......... 
R17 AVG 3.84 0.27 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.9) 
RI? FIT 5,787 0.034 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

K ± ~ (W± 2xD)/(Tr ± ' ) r+Ti  " - )  (PA)/(P3) 
R18 2027 0.303 0.009 BISI 65 H÷RL + 
R18 17 0,893 0.099 YOUNG 65 EMUL * 
R18 ......... 
R18 AVG 0.3037 0.0090 AVERAGE 
R18 FIT 0.3100 0.0079 FROM FIT (ERROR INCLUDES SCALE FACIOR OF 1,5) 



For notation, see key on page 91. 

K ± ~ ( ~ o # ±  p ) / ( c r±~ r+~  - )  (PS)/CP3) 
R19 B2845 0.63 0.07 BISI 1 65 H*HL + 
R19 3G 0.90 0,16 YOUNG 65 EMUL + 
R19 H 1505 (0,510) (0 .017)  EICHTEN 68 HLBC + 
R19 H1505 0.503 0.019 RAIOT 71 HLBC + 
R19 B ERROR ENLARGED FOR BACKGROUND PROBLEMS. SEE GAILLARD 70. 
R19 H HAIDT 71 IS A REANALYSIS OF EICHTEN 68. 
R19 . . . . . . . . .  
R19 AVG 0.517 0.032 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.8) 
R19 FIT 0.569 0.018 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.9) 

(BEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
0.517 = 0.032 (ERROR SCALED BY 1.8 ) 

- I -  Values above of we ighted average, error, 
I and scale factor Ere baaed upon the dale m 

this ideog lem only. They ale not neces- 
sar i ly  the same as our "bes l "  varues, 
obtained from a least-squares constrained fit 
ut i l iz ing measurements  of other (relatedj 

quanti t ies as additional informaIion. X 2 

I . . . . . . . . .  HAIDT 71 HLBC -- 0.5 
I ' YOUNG 65 FMUL 

" ~  . . . . . . . .  81SI1 65 H÷ HL - 2 6 

, , = ! '  V (Confidence Level 0 0761 

0 .2  0 ,6  1 0 1 4 

K ~ ~ (~°#~w)l(~=~+~') 

K ± ~ ( ~ ° e ±  p ) / ( ~ ±  ~r + ~ r - )  (P6)/(P3) 
R20 230 0.90 0.06 BORREAMI 64 HBC + 
R20 37 0.90 0.IG YOUNG 65 EMUL + 
R2O 854 0.94 0,09 BELLOTT2 67 HLBC 
R20 H 4385 (0,846) (0.021) EICHTEN 68 HLBC 
R20 H4385 D,850 0.019 HAIDT 71 HLBC + 
R20 2827  0.856 0,040 BRAUN 75 HLBC , 
R2O H HAIDT 71 IS A REANALYSIS OF EICHTEN 68, 
R20 
R20 AVG 0.858 0.016 AVERAGE 
R20 FIT 0.8622 0,0098 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

K + ~ ( l r+~r-e+v)/(Tr+~r+~r - )  (units 10 -4) (PT)/(P3) 
R21 69 6.7 1.5 BIRGE 65 FBC + 
R21 269 5,83 0.63 ELY 69 HLBC 
R21 500 7.36 0.68 BOURQUIN 71ASPK 
R21 106 7.0  0 .9  SCEWEINBE 71 MLBC + 
R21 30K 7.21 0.32 ROSSELET 77 SPEC + 
R21 
R21AVG 6.98 0.26 AVERAGE 

K + ~ (Tr + ~ -  # +  P)/(~+ ~ +  o r - )  (units 10 - 4 )  (P9I/(P3) 
R22 1 (2.5)  APPROX GREINER 64 EMUL * 
R22 7 2.57 1.55 BISI 67 SBC + 

K ± ~ ( T r O e ± v ) / ( g ± v  + ~ r ± I r  o) (nnits  10 - 2 )  
R23 (PG)/(PI*P2) 
R23 1679 5.89 0,21 CESTER 66 OSPK + 
R23 5110 6.16 0.22 ESCMBTRUT 68 OSPK 
R23 W 5.92 0.65 WEISSENBE 76 SPEC + 
R23 W VALUE CALCULATED FROM WEISSENBERG 76 (BID E NU), (MU NU) AND 
R23 W (Pl PIO) VALUES TO ELIMINATE DEPENDENCE ON OUR 1974 (PI 2PIO) 
R25 W AND (Pl PI+ P I - )  FRACTIONS, 
R25 
R23 AVG 6.01 0.15 AVERAGE 
R23 FIT 5.691 0,067 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

K± ~ (qr± ~O)l(#± p) (B2)/(Pl) 
R24 A4517 0,3277 0.0065 AUERBACH 67 OSPK 
R24 1600 0.305 0,018 ZELLER 69 ASPK , 
R24 W 25K (0.328) (0 .005)  WEISSENBE 74 STRC + 
R2A W 0.3355 0.0057 WEISSENBE 76 SPEC + 
R24 A AUERBACH 67 CHANGED FROM .3253+-.0065. SEE COMMENT WITH RATIO R26. 
R24 G WEISSENBERG 76 REVISES WEISBENBERG 74. 
R24 
R24 AVG 0.3307 0.0051 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 
R2A FIT 0.3333 0,0030 FROM FIT 

(BEE IDEOGRAM BELOW) 

K±  ~ (~Be±  P)/(~± P) (P6) / (P I )  
R25 A 295 0.0791 0.0054 AUERBACM 67 OSPK + 
R25 960 0.0775 0.0033 BOTTER]I 68 ASPK + 
R25 561 0.069 0.006 GARLAND 68 OSPK * 
R25 350 0.069 0.006 ZELLER 69 ASPK ÷ 
R25 A AUERBACH 67 CHANGED FROM .0797+-.0054. SEE COMMENT WITH RATIO R26. 
R25 A THE VALUE .0785+-.0025 GIVEN IN AUERBACH 67 IS AN AVERAGE OF 
R25 A AUERBACH 67 R25 AND CESTER 66 R28. 
R25 . . . . . . . . .  
R25 AVG 0.0752 0,0024 AVERAGE 
R25 FIT 0.07588 0.00091 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

K ±  ~ (q l ' °~  ± V)/(~ ± P) (P5 ) / (P1)  
R26 ~ 307 0.0486 O,0OAO AUERBACH 67 OSPK + 
R26 ~ 424 0.0480 0.0037 GARLAND 68 OSPK + 
R26 240 0,054 0,009 ZELLER 69 ABPK + 
R26 A AUERBACH 67 CHANBED FROM .0802+-.0046 BY ERRATUM WHICH BRINGS THE 
R26 A MU-SPECTRUM CALCULATION INTO AGREEMENT WITH GAILLARD 70 APPENDIX B. 
R26 G GARLAND 68 CHANGED FROM .055+-.004 IN AGREEMENT WITH MU-SPECTRUM 
R26 G CALCULATION OF GAILLARD 70 APPENDIX B. L.G.PONDROM, PRIV.COMM.(73) 
R26 
R26 AVG 0.0488 0,0026 AVERAGE 
R26 FIT 0,0501 0.0015 FROM FIT (ERROR INCLUBES SCALE FACTOR OF 1.8) 
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K -+ 

WEIGHTED AVERAGE 
0 .3307  - O.OO51 (ERROR SCALED BY 1.2 ) 

I 

0.28 0 3 0  o 32 

K*  ~ (~T~°)ll/~v) 

Values above of weighted average, error, 
and scale factor are based upon the data in 
this ideogram only, They are not neces-  
sar i ly  the same as our  " b e s l "  va lues,  
obtained from a least-Gquares constrained f i t  
u t i l iz ing measurements  of other (related) 
quanti t ies as additional information 

. . . .  WEISSSNBE 78 SPEC 0 7 

. . . . .  ZELLER " 69 ASPK 20 
' AUERBACH 67 OSPK 0 2 

-'~T- 
i = (Conf=dence Level = 0 228} 

0 . 3 4  0 . 3 6  0 . 3 8  

K ± ~ ( ~ ±  P)/('Tr ± ~ +  93"-) (P1) / (P3)  
R27 R 427 (10 .38)  (0 .82)  YOUNG 65 EMUL + 
R27 R DELETED FROM OVERALL FIT BECAUSE YOUNG 65 CONSTRAINS HIS RESULTS. 
R27 R TO ADD UP TO 1. ONLY YOUNG MEASURED (MU NU) DIRECTLY. 
R27 ......... 
R27 FIT 11,363 0,072 FROM FIT 

K ± ~ (e  ± p ) / ( ~ ±  p) (units 10 5) (P11)/(P1) 
R28 IO 1.9 0.7 0.5 BOTTERILL 67 ASPK + 
R28 B 1.8 0,8 0,6 MACEK 69 ABBK + 
R28 112 2.42 0.42 CLARK 72 OSPK + 
R28 534 2.37 0.17 HEARD2 75 BPEC ÷ 
R28 404 2.51 0,15 HEINTZE 76 SPEU + 
R28 . . . .  

R28 AVG 2.42 0,11 AVERAGE 

K ± (~D# ± P)/(e ± ~°P)  (PS)/(PB) 
R29 C1509 0.703 0,056 CALLAflAI 66 HLBC 
R29 5601 0.667 0.017 BOTTER[2 68 ASPK + 
R29 H 1398 (0.604) (0.022) EICHTEN 68 BLBC 
R29 H (0.596) (0.025) HAIBT 71 HLBC 
R29 D3480 0,898 0.025 CHIANG 72 OBPK + 1.84 GEV/E K+ 
R29 L 554 0.705 0.063 LUCAS2 73 HBC EALITZ PRS ONLY 
R29 B 1585 (0 .608)  (0 ,014)  BRAUN 75 HLBC + 
R29 0.67 0.12 WEIBSENBE 76 SPEC + 
R29 E (0 .670)  (0 .014)  HEIBTZE 77 SPEC + 
R29 COMMENTS 
R29 C FROM CALLAHANI 66 WE USE ONLY THE MU3/E3 RATIB AND DO NOT 
R29 C INCLUDE IN THE FIT THE RATIOS MUB/(PI PI+ PIO) AND EB/(PI PI+ PlO), 
R29 C SINCE THEY SHOW LARGE DISAGREEMENTS WITH THE REST OF THE DATA. 
R29 H HAIDT 71 IS A REANALYSIB OF EICHTEN 68. 
R29 H D ONLY INDIVIDUAL RATIOS INCLUDED IN FIT (SEE R19 AND R20), 
R29 CHIANG 72 R29 IS STATISTICALLY INDEPENDENT OF CHIANG ?2 R5 AND R6, 
R29 B L LUCAS 73 GIVES N(MU3)=554+-7.6PCT, N(E3)=786+-3.1PCT. WE DIVIDE. 
R29 BRAUN 75 VALUE 15 FROM FORM FACTOR FIT. ASSUMES MU-E UNIVERSALITY. 
R29 E HEINTZE 77 VALUE FROM FIT TO LAMBDAO. ASSUMES MU-E UNIVERSALITY. 
R29 . . . . . . . . .  
R29 AVG 0.679 0.013 AVERAGE 
R29 FIT 0.660 0.019 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.8) 

K ± ~ ( I r ° e ± P v ) / ( ~ o e ± ~ )  (units 10 -2 )  (P18)/(P6) 
R3O (1.2) (0.8) BELLOTTI 67 HLBC + EBAM 6T 3OMEV 
aBO R R 13 0.76 0.28 ROMANO 71 HLBC EBAM GT IOMEV 
RSO (0.53) (0.22) ROMANO 71 HLBC EGAM GT 30 MEV 
RSO L 16 (0.48) (0.20) LJUNG 73 BLBC BGAM GT 30 MEV 
R30 L (0.22) (0.15) (0.10) LJUNG 73 BLBC EGAM GT 30 MEV 
R30 L FIRST LJUNG VALUE IS FOR COS(ELEBT-GAMMA)L.T. 0.9, SECOND VALUE IS 
RSO L FOR COS(ELECT-GAMMA) BETW 0.6 AND 0.9 FOR COMPARISON WITH ROMANO. 
R30 R BOTH ROMANO VALUES ARE FOR COS(ELECT-GAMMA) BETW O.6 AND 0.9. 
R3O R SECOND VALUE IS FOR COMPARISON WITH SECOND LJUNG VALUE. WE USE 
R30 R LOWEST EGAM CUT FOR SUMMARY TABLE VALUE. BEE ROMANO FOR EGAM DEPENO 

K -  ~ ( T r + e - e - ) / t o t n i  (units 10 -e) (P19) 
R31 TEST OF TOTAL LEPTON NUMBER CONSERVATION. 
R31 (1 .5 )  OR LESS CHANG 68 BBC 

K ± ~ ( ~ ± e v ) / t o t n i  (units 10 - 8 )  (P20) 
R32 TEST FOR DELTA-B = 1 WEAK NEUTRAL CURRENT 
R32 C (1.4) OR LESS CL=,BG KLEMB 71 OSPK + T(PI) 117-127MEV 
R32 C (O.BG) OR LESS EL=.90 CABLE 73 CNTR + T(PI) 60-I05 MEV 
R32 C (0 .56)  OR LESS EL=.90 SABLE 73 CNTR + 60-127 MEV T(PI) 
R32 L 0 (57.0)  OR LESS EL=.90 LJUN6 78 HLBC 
R32 0.14 OR LESS EL=,90 ASANO 81 CNTR + T(PI )  116-127MEV 
R32 C KLEMS 71 AND CABLE 73 ASSUME PI SPECTRUM SAME AS KEN DECAY. 
R32 B SECOND CABLE LIMIT COMBINES CABLE AND KLEMS DATA FOR VECTOR INT. 
R32 L LJUNG 73 ASSUMES VECTOR INTEBABTION. 

K ± ~ (e ± v V ) / t o t a l  (units 10 - s )  (P21) 
R33 M (7,1) OR LESS MACEK 70 OSPK + P(E) 234 TO 247 
R33 M ABOVE IS MEASUREMENT OF STRUCTURE-DEPENDENT DECAY ONLY. 

K ~ ~ ( ~ ±  ~ ) / t o t a l  (units  10 G) (P22) 
R34 VIOLATES ANGULAR MOMENTUM CONSERVATION. NOT LISTEN IN SUMM.TABLES. 
R34 K (4 ,0 )  OR LESS CL=,90 K L E M B  710SPK + 
R34 (1.4) OR LESS CL=.90 ASAHO 82 CMTR + 
RBG K TEST OF MODEL OF SELLERI, NC 80A, 291(1969). 

K ± ~ ( ~ ± 3 v ) / t n i a l  (units  10 - 4 )  . (PBS) 
R36 VALUES GIVEN HERE ASSUME A PHASE SPACE PIOB ENERGY SPECTRUM. 
R56 (3 .0 )  OR LESS CL=.90 KLEMS 71 OBPK + T(PI )  GT 117MBV 
RB6 1.0 OR LESS EL=.90 ASANO 82 CNTR + TPI=117-127 MEV 
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K ± 

K + ~ ( 7  + w + e -  v ) / ( T r + r  - e + ~) (units 10 4) (P8)/(PT) 
R37 TEST OF DELTA-S = DELTA-Q RULE 
R37 0 (130,) OR LESS CL=.95 DOURQUIN 71 ASPK 
R37 B 3 3.6 OR LESS CL=.95 GLOCH 76 SPEC 
R37 B CORRESPONDS TO 3EIO-4 AT CL=.90. 

K ± ~ (~TOTrOe± v ) / ( r O e  ± v)  (units 10 -4)  (P26)/IP6) 

R38 ~ 437.0) OR LESS CL=.90 ROMAND 71 HLBC c RB8 3.8 5 lO ~.2 LJUNG 73 HLBC + 

K + ~ ( r - e + # + ) / t o t a l  (units 10 -8)  (p25) 
R39 K- INTO (PI+ E- MU~)/TOTAL IS ALSO INCLUDED HERE 
R39 (2.8)  OR LESS CL:.9O BEIER 72 OSPK +- 

K + ~ (7c + e + p - ) / t o t a l  (units 10 B) (p26) 
RO0 K INTO (P l -  E- MU*)/TOTAL IS ALSO INCLUDED HERE 
R40 (1.4)  OR LESS CL=.90 BEIER 72 OSPK +- 

K ± ~ (# ± 3v)/total (units 10 -6)  IP2?) 
R41 P O 6.0 OR LESS CL=.9O PANG 73 SNTR + 
R41 P PANG 73 ASSUMES MU SPECTRUM FROM NU-NU IHTERACTION OF DARDIN 70. 

K ± + ( r O ~ ± u T ) / t o t a l ( u n i t s  10 5) (P28) 
R62 0 6.1 OR LESS CL=.90 LJONG 73 HLBC +EGAM GT 30 MEV 

K ± ~ (TOe ± v)/(~ - ±  ~r o) ( p 6 ) / ( ~ )  
R45 L 786 0,221 0,012 LUCAS2 73 BBC - DALITZ PRS ONLY 
R43 L LOCAS 73 GIVES N(E3)=786+-3.1PCT, N(PI2)=356G+-3.1RCT. WE DIVIDE. 
R43 . . . . . . . . .  
R43 FIT 0,2277 0.0051 VROM FIT (ERROR INCLUDES SCALE FACTOR DF 1.1) 

K ± ~ ( ~ ±  2r°) / (7c ± -n -°) (PA)/(P2) 
R66 L 57A 0.0BI 0,005 LUCAS2 75 HBC - BALITZ PRS ONLY 
R54 L LUCAS 73 GIVES N(PI 2P10)=574÷-5.9 PCT, N(PI2)=8586÷-3,1 PAT, 
RA4 L WE QUOTE 0.5*N(PI 2PIO)/N(PI2) WHERE 0.5 IS BECAUSE ONLY DALITZ 
R6A L PAIR RIO'S WERE USED. 
RGL . . . . . . . . .  
R¢6 FIT 0.0819 0.0022 FROM ~IT (ERROR INCLUDES SCALE FACTOR OF ~.3) 

K ± ~ ( #  ± ~ T)/total (units 10 -3)  (P12) 

RR5 SEE ALSO SECTIONS R60, R61, AND R62 BELOW. 
R45 12 (5,8) (3.5) WEISSENBE 74 STRC + E-GAMMA GT 9 MEV 
R45 A 5.4 0.3 AKIBA 85 SPEC PIMU)<231.5NEV/C ! 
RA5 A ASSUMES MU-E UNIVERSALITY AND USES CONSTRAINTS FROM K-~>E NU GAMMA. 1 

K ± ~ ( r  ± e + e - ) / ( r + ' x  - e ± p )  (units 10 -3)  (PIB)/(PT) 
RR6 TEST ~OR DELTA(S) = I WEAK NEUTRAL CURRENT. AL~ ,~D By COMBINED 
R46 FIRST ORDER WEAK AND E.M. INTERACTIONS. 
R46 B 41 7.0 1,3 BLOGH 75 SF~, - 
R46 B BLOCH 75 QUOTES THIS RESULT MULTIPLIED BY OUR 1974 KE~ BR,FRAC. 

K ± ~ (e ± P ~ ) / ( e  ± P) ( P 2 1 ) / ( P 1 1 )  

R47 STRUCTURE DEPENDENT PART WITH + GAMMA RELICITY. 
R47 H 56 (1.05) (0.05) (0.30) HEARDI 75 SPEC ~ PiE) 236 TO 247 
R67 E THIS VALUE IS INCLUDED IN THE SECOND HEINTZE 79 VALUE IN SEC.R5R 
R67 H BELOW, 

K + ~ ( r  ± p ~ e + ) / ( r + r  - e + P) (units 10 -4)  ( P 2 5 + P 2 6 ) / ( P T )  

R68 TEST OF LEP?ON F~MILY NUMBER OR TOTAL LEPTON NUMBER CONSERVATION. 
R48 B O 1.9 OR LESS CL=.90 DIAMANTBE 76 SREC + 
RA8 D DIAMANTBE 76 QUOTES THIS RESULT TIMES OUR 1975 KEG BR. RATIO. 

K + ~ (w + g + e - ) / ( r + r  - e + u) (units 10 4) (P29)/(PTF 
RG9 TEST OF LEPTON FAMILY NUMBER CONSERVATION, 
R49 B 0 1.3 OR LESS CL=.90 DIAMANTBE 76 SPEC + 
RR9 D DIAMANTBE 76 QUOTES THIS RESULT TIMES OUR 1975 KEN BR RATIO. 

K ± ~ (~ ± P e + e--)/(~+1'£-- 0 ± P) (nults I0  3) (P30)/(P7) 
RE0 B 14 (3.3) (0.9) DIAMANTBE 76 SPEC + M(EE) GT 140 
RSO D 14 27. 8. DIAMANTBE 76 SPEC EXTRAPOLATED BR 
R50 D DIAMANTBE 76 QUOTES THESE RESULTS TIMES OUR 1975 KEG BR RATIO. 
R50 D THE SECOND DIAMANTBE 78 VALUE IS 7BE FIRST VALUE EXTRAPOLATED TO 0 
R50 D TO INCLUDE LOW MASS E PAIRS. 

K + ~ ( r -  e + e + )/(7r+7c - o + p) (units 10 -4) (P19)/(P7) 
R51 TEST OF TOTAL LEPTON NUMBER CONSERVATION 
R51 D 0 2.5 OR LESS CL=.90 BIARANTBE 76 SPEC + 
R51 D SIAMANTBE 76 QUOTES THIS RESULT TIMES OUR 1975 BR RATIO. 

K + ~ (~  - ~ e + e + ) / ( r + ~ T  - e + v) (units 10 -3 )  (P31)/(P7) 
R52 TEST OF LEPTON FAMILY NUMBER CONSERVATION. 
R52 D 0 0.5 OR LESS CL=.90 DIAMANTBE 78 SPEG ÷ 
R52 B DIAMANTBE 76 QUOTES THIS RESULT TIMES OUR 1975 KEG BR RATIO. 

K + ~ (u e + e + e - ) / 0 z + ~ r  - e + v) (units 10 -2 )  (p82)/(P7) 
R53 4 0.54 0.54 0.27 DIAMANTBE 76 SPEC + 
R53 D DIAMANTBE 76 QUOTES THIS RESULT TIMES OUR 1975 KE6 BR RATIO. 

K ± ~ (e ± u V)/(# ± P) (units 18 -5) (PB1)/(Pl) 
R54 STRUCTURE DEPENDENT PART WITH + GAMMA HELIGITY 
R54 H 51 (2.35) (0.42) HEINTZE 79 SPEC + 
R5R H 107 2.40 0.36 HEINTBE 79 SPEC + 
R56 H SECOND HEINTZE 79 RESULT IS FLRST COMBINED WITH HEARDI 75 RESULT 
R54 H FROM SECTION R47 ABOVE, 

K ± ~ (e ± v ~)/total (units 10 -4)  (P21) 
R55 STRUCTURE DEPENDENT PART WITH - GAMMA HELICITY 
R55 H 1.6 OR LESS CL=,90 HEINTZE 79 SPEC + 
R55 H IMPLIES (AXIAL VEC./VECTOR) AMPL. RATIO OUTSIDE RANGE - 1 . 8  TO -.54. 

g ± ~ (e ± vv~-)/(e ± ~) (p38I/(p11) 
R56 0 3.8 OR LESS CL=,90 HGINTZE 79 SPEC + 

K + ~ (#+ Ve) / to ta l  FP34) 
S57 FORBIDDEN BY LEPTON FAMILY NUMBER CONSERVATION. 
R57 O 0.006 OR LESS CL:.9O LYONS 81 HLBC 200GEV K+ N.BI BEAM 
R57 (O.012)OR LESS CL=.90 COOPER 82 HLSC WIDEBAND NU BEAM 

K + ~ /z+~-e/total (units 10 -3)  (P35) 

R58 FORBIDDEN BY TOTAL LEPTON NUMBER CONSERVATION. 
R5B 3,3 OR LESS CL=.90 COOPER 02 HLBC WIDEBAND NU BEAM 

K + ~ 7rOe+P-e/ total  (P36) 
R59 FORBIDDEN BY TOTAL LEPTON NUMBER CONSERVATION. 
R59 0.003 OR LEGS CL=.90 COOPER 82 MLDC WIDEBAND NU SEAM 

K ± ~ ( # ± ~ 7 ) / t o t a l  (units 10 5) (PIE) 
R60 STRUCTURE DEPENDENT PART WITH + GAMMA EELICITY (SD+ TERM). 
R6G BRANCHING RATIOS R6O, R61, AND R62 ARE COMPONENTS OF R45 ABOVE. 
R6G 5.0 OR LESS CA=,90 AKIBA 85 SEES [ 

K ± ~ ( / z ± u y ) / t o t a l  (units 10 -S)  (P12) 
R61 INTERFERENCE TERM BETWEEN rNTERNAL BREMSSTRAHLUNG AND SD+ TERM. 
R61 2.7 OR LESS CL=.90 AKIBA 85 SPEC I 

K ± ~ ( p  ± v v)/total (units 10 -4) (P12) 
R62 GUM OF STRUCTURE DEPENDENT PART WITH - GAMMA HELLCITY (SO- TERM) 
R62 AND INTERFERENCE TERM BETWEEN INTERNAL BREMSSTRAHLONG AND SO- TERM. 
R62 A 2.6 DR LESS CL=.9O AKIBA 85 SPEC | 
R62 A ASSUMES MU-E UNIVERSALITY AND USES CONSTRAINTS FROM K-->E NU GAMMA. ! 

K ± L O N G I T U D I N A L  P O L A R I Z A T I O N  OF E M I T T E D  p ±  

POL K+- INTO MU+- NU 
POL TESTS FOR RIGHT-HANDED CURRENTS IN STRANGENESS-CHANGING DECAY. 
POL -0.970 0,047 MAYANO 84 CNTR 
POL -I.0 0.I CUTTS 69 SPRK 
POL -0.96 0.12 COOMBES 57 CNTR 
POL 
SOL AVG -0.97R 0.040 AVERAGE 

N O T E  O N  D A L I T Z  PLOT P A R A M E T E R S  FOR 

K -+ 3x  D E C A Y S  

The Dalitz  plot distribution for K +- --~ 7r -+ 7r +- 7r T-, 

K -+ --~ 7r0~r% -+ , and K ° --~ 7r+~r-Tr ° can be 

parametrized by a series expansion such as that intro- 

duced by Weinberg.1 We use the form 

2 
I M ]  2 1 + g ( s 3 - s ° )  s 3 -  s o 

+ j (s2-sl~)m2 + + k [  + "" , 
(1) 

where m 2+ has been introduced to make  the coeffi- 

cients g,  %, j ,  and k dimensionless,  and 

si = (PK--Pi)2 = ( m K - - m i ) 2 - -  2mKTi' i = 1 ,2 ,3 ,  

1 2 
, o  = s! = + m , 2  + • 

Here the Pi are four-vectors, m i and T i are the mass  

and kinetic energy o f  the i th pion, and the index 3 is 

used for the odd pion. 

The coefficient g is a measure o f  the slope in the 

variable s 3 (or T3) o f  the Dalitz plot, while  h and k 

measure the quadratic dependence on s 3 and (s 2 - s 1), 

respectively. The coefficient j is related to the asym- 

metry o f  the plot and must  be zero i f  CP invariance 

holds. Note  also that i f C P  is good, g,  h ,  and k must  

be the same for K + -~  r + r + ~ r  - as for K -  - *  

7~" 71" 7r + .  



For notation, see key on page 91. 

Since different experiments use different forms for 
[ M [ 2, in order to compare the experiments we have 

converted to g, h, j ,  and k whatever coefficients have 
been measured. For details of  this conversion add dis- 
cussion of the data, see the April 1982 version of this 
note. 2 

See also the review of Devlin and Dickey, 3 which 
contains an analysis of K --,. 27r and K ~ 3~r data in 
terms of  transition amplitudes with appropriate energy 
dependence. 
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K ± ENERGY D E P E N D E N C E  OF D A L I T Z  P L O T  

MATRIX ELEMENT SQUARED = ADIN+ D*U ÷ H*U**2 + K'V**2 
WHERE U=(S3-SOI/IMPI**2) Vo{SI-@2)/(MRI**2) 

L I N E A R  C O E F F I C I E N T  g T +  FOR K + ~ ~ + ~ + T r - -  
ST+ SOME EXPTS USE DALITZ VARIABLES X AND Y. WE GIVE AY=COEFF OF Y 
GT+ TERM AT RIEHT. SEE MINI REVIEW ABOVE. 
GT+ZL 5428 (-0,22) (0.024) ZINCHENKO 67 HBC + AY=O.28e-.03 
GT+ L 9994 (-0.218) (0.016) BUTLER 68 BBC AY=0.277+-.020 
ST+ G17898 (-0.196) (0.012) GRAUMAN 70 HLBC + AY=0.228,-.030 
GT+ 750K -0.2157 0.0028 FORD 72 ASPK + AY=0.2734+-.0035 
GT+E 39819 - 0 . 2 0 0  0.009 HOFFMASTE 72 BLBC + 
GT+ 225K -0.2221 0.0065 DEVAUX 77 SPED ¢ AY=O.281A+-.OO82 
GT~ L EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 
ST+ Z ALSO INCLUDES DBE EVENTS 
GT~ G EMULS. DATA ADDED - ALL EVENTS INCLUDED BY HOFFMABTER 72 
GT÷H HOFFMASTER 72 INCLUDED GRAUMAN 70 DATA. 
ST* . . . . . . . . .  
ST+ AVG - 0 . 2 1 5 4  0.0Q35 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4) 

(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
"O,2154 ± 0 . 0 0 3 5  (ERROR SCALED BY 1,4 ) 

,,= 
- 4 - -  

-0 .24  - 0 2 2  

Linear energy dependence for K + ~ 7T+/T+~" 

2 
X 

. ~  i i ' DEVAUX 77 SPED 1 0 
HOFFMASTE 72 HLBC 2 £ 

. . . . . . .  FORD 72 ASPK 0 O 

4.D 
(Confidence Lever = 0.135i 

-O.20 -O.18 

Q U A D R A T I C  C O E F F I C I E N T  h FOR K + ~ ~ r + ~ + ~  - 
HT+ 750K 0,0187 0,0062 FORD 72 ASPK 
NT+ 39819 -0.009 0.014 HOFFMASTE 72 HLBC 
RT+ 2 2 5 K  -0,0006 0.0143 DEVAUX 77 SPED 
HT+ 
HT+ AVG 0,0122 0.0076 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6) 

(SEE IDEOGRAM BELOW) 

Stable 

125 

Particle Full Listings 

WEIGHTED AVERAGE 
0.0122 ± 0 .0076  (ERROR SCALED BY 1.4 ) 

- 0 . 0 4  O OO 

Quadratic coefficient h for K + ~ T+~'+~" 

X 2 

. . . . .  DEVAU)C 77 SPEC 0 8 
' ' ' HOFFMASTE 72 HLBC 23 

FORD 72 ASPK I 1 

(Confidence Level : 0.123) 
I 

0 0 4  O,O8 

Q U A D R A T I C  C O E F F I C I E N T  k FOR K + ~ ~ r + ~ + ' l r  - 
KT+ 750K -0.0075 0.0019 FORD 72 ASPK + 
KT* 39819 -0.0105 0.0045 HOFFMASTE 72 RLBD 
KT~ 225K -0.0205 0.0039 DEVAUX 77 SPED * 
RT+ ......... 
KT+ AVG -0.0101 0.0034 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.1) 

(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
-O.O101 ± 0 . 0 0 3 4  (ERROR SCALED BY 2.1 ) 

t 

-O.0  - 0 . 0 2  -O.O1 

Quadratic coefficient k for K *  ~ 7T+TT+~T" 

X 2 

~ i  ' OEVAU× 77 SPED 72 
" HOFFMASTE 72 HLBC 0 O 
" FDRD 70 ASPK 18 

(Confidence Leve : 0 011~ 
= 

0 . 0 0  O,01 

L I N E A R  C O E F F I C I E N T  g r -  FOR K -  ~ ~ - ~ r - ~  "÷ 
GT- FOR DEFINITION OF AY SEE NOTE IN SECTION GT~ ABOVE. 
GT- F 1347 (-0.220) (0.035) FGRRO-LU2 El HBC - AY=O,28+-.OA5 
GT-ML 5778 (-0.190) (0.023) MOSCOSO 68 NBC - AV=0,242+-.029 
GT- 50919 - 0 . 1 9 3  0.010 MAST 69 HBC - AY=0,244 +-.013 
GT- 750K -0.2186 0.0028 FORD 72 ASPK AY=0,2770+-.0035 
ST- Q 81K (-0.199) EO.oQa) LUCASI 73 NSC - AY=0,852+-.011 
GT- F NO RADIATIVE CORRECTIONS INCLUDED. 
GT- L EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 
OT- M ALSO ~MCLUDES DeC EVENTS. 
GT- Q QUADRATIC DEPENDENCE IS REQUIRED BY KL EXPTS. FOR COMPARISON WE 
GT~ G AVERAGE ONLY THOSE K+- EXPERIMENTS WHICH QUOTE QUADRATIC FIT VALUES. 
GT- 
GT- AVG -0.2167 0.0068 AVERAGE (ERROR INCLUDED SCALE FACTOR OF 2,5) 

Q U A D R A T I C  C O E F F I C I E N T  ~ FOR K -  ~ ~ r - z - - ~ r  + 
HI- 50919 -0.001 0.012 MAST 69 HBC - 
HT- 750K 0.0125 0.0062 FORD 72 ASPK 
HT- , ........ 
HT- AVG 0.0097 0.0055 AVERAGE 

Q U A D R A T I C  C O E F F I C I E N T  k FOR K -  ~ ~ - ~ - ~ ' +  
KT- 50919 - 0 , 0 1 4  0.012 MAST 69 HBC - 
KT- ?50K -0.0083 0 , 0 0 1 9  FOR0 78 ASRR 
KT- . . . . . . . . .  
KT- AVG -0.0084 0.0019 AVERAGE 

Qcr  + - g T - ) / O ¢ ~  + + g T  ) I N  P E R C E N T  
DG A NON-ZERO VALUE FOR THIS QUANTITY INDICATES CP VIOLATION 
DB 3.2N -0.70 0.53 FORD 70 ASPK 
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L I N E A R  C O E F F I C I E N T  g F O R  K ± ~ g±~r°~ °. 

GTP UNLESS OTHERWISE STATED, ALL EXPTS INCLUDE TERMS QUADRATIC IN 
BTP IS3-SO)/(MPI**2). SEE MINI-REVIEW ABOVE. 
GTP K 1792 I0.48) I0.04) NALMUS 64 HLBC + 
GTP K 1874 I0.586) (0.008) BIL l  65 HLBC + ALSO HBC 
B,"P ,i,'8 0,544 0.048 DAVISON 69 HLBC + ALSO EMUL 
GTP L 198 ( ~.5 7, ZP 102) PAHDOULAS 70 EMUL + 
GTP 1365 J.67 6 , 0 6  AUBERT 72 HLBC + 
GTP K 574 IO,48A) (0.084) LUCAS2 73 HBB - DALITZ PRE ONLY 
BTP 5635 0.630 0,038 SHEAFF 75 HLBC + 

SMITH 75 WIRE GTP 27H 0.510 0.060 
GTP L 4659 (0,806) (0.220) BERTRAND 76 EMUL + 
6TP 3263 0,670 0.054 BRAUN 76 HLBE + 
0T¢ K AUTHORS GIVE LINEAR FIT ORLY, 
GTP L EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 
GTP ......... 
STP AVG 0.607 0.030 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5) 

(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
0,007 ± 0.030 {ERROR SCALED BY 13 ) 

. . . .  

. . . .  SMITH 
" ' " SHE~,FF 

-- " AUBERT 
. . . . .  DAVISON 

{ 

0 . 4  0 . 5  0 . 6  7 0 . 8  0 , 9  

L i n e a r  e n e r g y  d e p e n d e n c e  f o r  K ~ ~ ' r r ° ~  ° 

X 2 

75 HLBC 1 3 
75 WIRE 2 B 
75 HLBC 0 4  
72 HLBC ' 1 
69 HLBC ' 7 

7 2  
(Conf idence Level = 0.127) 

Q U A D R A T I C  C O E F F I C I E N T  h F O R  K ± ~ ~ ± T r e ~  °. 
HTP SEE MINI-REVIEW ABOVE. 
HTP 4048 0.026 0.050 DAVISON 69 HLBB + ALSB EMUL 
HTP L 198 (0,018) (0.124) PANDOULAS 70 EMUL 
HTP 1365 -0.01 0.08 AUBERT 72 HLBB + 
HTP 5635 0,041 0.030 SHEAFF 75 HLBC + 
HTP 27K 0.009 0.040 SMITH 75 WIRE + 
BTP L 4659 (0.166) (0.121) BERTRAND 76 EMUL ÷ 
HTP 3263 0.152 0.082 BRAUN 76 HLBB * 
HTP L EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 
HTP . . . . . . . . .  
HTP AVG 0.O34 0.020 AVERAGE 

NOTE ON Kg~ AND Kg0 3 FORM FACTORS 

Assuming that only the vector current contributes to 
K -+ rr~v decays, we write the matrix element as 

M oc f + ( t ) [ ( ?  K + Prc)Ug-ytt(l + ,Ys)V] 

+ f - ( t ) [ m e g ( 1  + T5)v ] , (1) 

where PK and PTr are the four-momenta of the K and 7r 
mesons, m e is the lepton mass, and f +  and f _  are 
dimensionless form factors which can depend only on t 
= (PK -P~r )2, the square of the four-momentum 
transfer to the leptons. If time-reversal invariance 

holds, f +  and f _  are relatively real. Ku3 experiments 
measure f +  and f _ ,  while Ke3 experiments are sensi- 
tive only to f +  because the small electron mass makes 
the f _  term negligible. 

(a) K.  a experiments. Analyses o f K  ,~ data fre- 
quently assume a linear dependence o f f +  and f _  on t, 
i.e., 

f +_(t) = f_+(0)[l +X+_( t lm2)] .  (2) 

Most K 3  data are adequately described by Eq. (2) for 
f +  and a constant f _  (i.e., X_ = 0). There are two 
equivalent parametrizations commonly used in these 
analyses: 

(1) X+, ~(0)parametrization. Analyses ofK.  ~ data 
often introduce the ratio of the two form factor~ *~ 

~(t) = f _ ( t ) / f + ( t ) .  

The K#3 decay distribution is then described by the two 
parameters X+ and ~(0) (assuming time reversal invari- 

ance and X_ = 0). These parameters can be determined 
by three different methods: 

Method A. By studying the Dalitz plot or the pion 
spectrum of K. ~ decay. The Dalitz plot density is (see, 

/ a o  

e.g., Chounet et all):  

P(Er:E ) ~ f 2 (t)[A +B~( t )+  C~(t) 2] , 

where 

A = mK(2E/ ,E  v - m K E ; )  + m u t ~ r r  - Ev ) ,  

l m 2 E "  , C = - g  u ~ r 

E '  = E max - E  = (mK2+m 2 - m 2 ) / 2 m K -  E 
7r  "h" 7r  71" 71" 

Here E r, Eu, and E v are, respectively, the pion, muon, 
and neutrino energies in the kaon center of mass. The 
density 0 is fit to the data to determine the values of 
X+, ((0), and their correlation. 

Method B. By measuring the K/,3/Ke3 branching 
ratio and comparing it with the theoretical ratio (see, 
e.g., Fearing et al. 2) as given in terms of X+ and ~(0), 
assuming ~t-e universality: 

P(K~3)/F(K~3) = 0.6457 + 1.4115X+ + 0.1264((0) 

+ 0.0192~(0) 2 + o.o080x+((o), 

F(K°3) /F(K°3)  = 0.6452 + 1.3162X+ + 0.1264((0) 

+ 0.0186~(0) 2 + 0.0064X+~(0). 

This cannot determine X+ and ((0) simultaneously but 
simply fixes a relationship between them. 

Method C. By measuring the muon polarization in 
Ku3 decay. In the rest frame of the K, the ts is expected 
to be polarized in the direction A with P = A/{ A {, 
where A is given (Cabibbo and Maksymowicz 3) by 



For notation, see key on page 91. 
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A = a l(~)p u 

- a 2(() m K -  Err + - -  - 

+ m K Im~(t)(pr×Pu)  • 

If time-reversal invariance holds, ~ is real, and thus 

there is no polarization perpendicular to the K-decay 
plane. Polarization experiments measure the weighted 

average of ~(t) over the t range of the experiment, 
where the weighting accounts for the variation with t of 

the sensitivity to ~(t). 
(2) ~+, ~o parametrization. Most of the more recent 

K ~ analyses have parametrized in terms of the form 

factors f + and f 0  which are associated with vector and 
scalar exchange, respectively, to the lepton pair. f 0  is 

related to f + and f _  by 

yO U ) = f +(t) + [t/(m 2 -  m 2 ) l f _ ( t ) .  

Here f0(0) must equal f + ( 0 )  unless f _ i f )  diverges at t 
= 0. The earlier assumption that f +  is linear in t and 

f _  is constant leads to f 0  linear in t: 

fo(t) = f0(0)[1 + X 0 ( t / m 2 ) ] .  

With the assumption that f0(0) = f +(0), the two 
parametrizations, (X+, ~(0)) and (X+, X0) are equivalent 
as long as correlation information is retained. (~+, X 0) 

correlations tend to be less strong than (X+, ~(0)) corre- 

lations. 
The experimental results for ~(0) and its correlation 

with ~+ are listed in the K -+ and KL ° sections of the 

Stable Particle Full Listings in section XIA, XIB, or 
XIC depending on whether method A, B, or C discussed 

above was used. The corresponding values of ~+ are 
listed in subsection L+M. 

Because recent experiments tend to use the (X+, ~0) 
parametrization, we include a subsection L0 for X 0 

results. Wherever possible we have converted ~(0) 

results into X 0 results and vice versa. 
See the 1982 version of this note 4 for additional dis- 

cussion of the K 0 parameters, correlations, and ~z3 
conversion between parametrizations, and also for a 
comparison of the experimental results. 

(b) Ke3 experiments. Analysis of Ke3 data is simpler 
than that of K .  3 because the second term of the matrix 
element assuming a pure vector current [Eq. (1) above] 

can be neglected. Here f +  is usually assumed to be 
linear in t, and the linear coefficient X+ of Eq. (2) is 

determined. 
If we remove the assumption of a pure vector 

current, then the matrix element for the decay, in addi- 
tion to the terms in Eq. (2), would contain 

+ 2mKfsT(1 +75)v 

+ (2fT/mK)(PK)~(Pzr)uTo-Xu(1 + 75)v, 

where f s  is the scalar form factor, and f T  is the tensor 
form factor. In the case of the Ke3 decays where the f _  
term can be neglected, experiments have yielded limits 

on ] f s / f  +l and I f T / f  + I. 
The Ke3 results for X+, ] f s / f+  [, and I fT / f+  I are 

listed in the subsections L+M, FS, and FT, respectively, 
of the K *  and KL 0 sections of the Stable Particle Full 

Listings. 
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K ± FORM FACTORS 

~ N THE FORM FACTOR COMMENTS, THE FOLLOWING ABBREVIATIONS ARE USED. 
AND F- ARE FORM FACTORS FOR THE VECTOR MATRIX ELEMENT. 

FS AND FT REFER TO TRE SCALAR AND TENSOR TERM. 
FO = (F~) ÷ (F-)*T/(MX**2-MPI**2) 
L÷, L- AND LO ARE THE LINEAR EXPANSION COEFFS. OF F÷, F- AND FG. 
L+ REFERS TO THE KMU3 VALUE EXCEPT IN THE KE3 SECTIONS. 
DXI/DL IS THE CORRELATION BETWEEN XI(O) AND L+ IN KMU3. 
DLO/DL* IS THE CORRELATION BETWEEN LO AND L+ IN KMU3. 
T = MOMENTUM TRANSFER TO THE PI IN UNITS OF MPI**2. 
OP = DALITZ PLOT ANALYSIS 
PI = PI SPECTRUM ANALYSIS 
MU = MU SPECTRUM ANALYSIS 
POL= MU POLARIZATION ANALYSIS 

~ R KMU3/KE3 BRANCHING RATIO ANALYSIS 
- POSITRON OR ELECTRON SPECTRUM ANALYSIS 

RE = RADIATIVE CORRECTIONS 

~A = f _ / / +  (DETERMINED FROM SPECTRA) 
76 (+1.8) (0.6) BROWN 62 XEBC + DP*BR, L+=O 

XIA 87 (+0.7) (0.5) GIACOMELL 64 EMUL + MU*BR RVUE, L~=O 
XIA J (-0.08) (0.7) JENSEN 64 XEBC ~ DP+BRIKMUS,KE3) 
XIA 2648 (0.0) (1.1) (0.9) CALLAHAI 66 FRBC + MU, L+=O, T UNKN 
XIA C 444 +0.72 0.93 CALLAHAI 66 FRBC Pl, DXI/DL=-17 
XIA 78 (-0.5) (0.9) EISLER 68 HLBC + PI,L+=O,NB GX/DL 
XIA K2041 -Om5 0.8 KIJEWSKI 69 OBPK + PI, DXI/DL=-26 
XIA H3240 -1,1 0.56 EAIDT 71 HLBC DP, DXI/DL=-29 
XIA A4025 -0.62 0,28 ANKENBRAN 72 ABPK + PI, DXI/DL=-12 
XIA 03480 *0.45 0.28 CHIANG 72 OSPK + DP, DXI/DL=-15 
XIA 01097 -0.36 0.40 BRAUNI 73 HLBC DO, DXI/GL=-19 
XIA N 490 40.8 O.B ARNOLD 74 ELBC + DP, DXI/DL=-20 
XIA M6527 -0.57 0.24 MERLAN 74 ASPK DP, DXI/DL= -9 
XIA 3973 -0.27 0.25 WHITMAN 80 $PEC + OP, DXI/DL=-17 
XIA ......... 
XIA AVG -0.32 0.15 AVERAGE (ERROR INCLUOES SCALE FACTOR OF 1.3) 
XIA FIT -0.35 0.15 FROM FIT (ERROR INCLUOES SCALE FACTOR OF 1.6) 

(SEE IDEOGRAM BELOW) 

XIA FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN 1982 EDITION. 
XIA J JENGEN 84 GIVES L+M=L+E=-.020+-.027. DXI/DL UNKNOWN. INCLUDES 
XIA J SHAKLEE 64 XIB(KMU3/KE3). 
XIA C EALLABAN 66 TABLE I (PI ANAL) GIVES DXI/DL=(.72-.OS)/(O-.DA)=~17, 
XIA 0 ERROR RAISED ~RDM .80 TO AGREE WITH 0XI0=.37 FOR FIXED L~. 
XIA K KIJEWSKI 69 FIG. 17 WAG USED TO OBTAIN DXI/DL AND ERRORS. 
XIA H HAIDT 71 TABLE B (DO ANAL) GIVES DXI/DL=(-1.1+O.5)/(.050-.029)=-29, 
XIA H ERROR RAISED FROM .50 TO AGREE WITH DXIO=.2B FOR FIXED L+. 
XIA A ANKENBRANDT 72 FIG. 3 WAS USED TO OBTAIN DXI/DL. 
XIA B CRIANG 72 FIG. 10 WAS USED TO OBTAIN DXI/DL. 
XIA B FIT HAD L-=L+ BUT WOULD NOT CHANGE FOR L-=O. L.PONDROM,PRIV.CDM.7A 
XIA D BRAUNI 73 GIVES X I ( T ) = - . 3 4 ~ - . 2 0 ,  DXI(T)/DL+=-IA FOR L*=.027, T=8.6. 
XIA D WE CALCULATE ABOVE XI(O) AND DXI(OI/DL+ FOR THEIR L+=.025~-.017 . 
XIA N ARNOLD 74 FIG. 4 WAS USED TO OBTAIN XIA AND DXI/DL. 
XIA M MERLAN 74 FIG.5 WAS USED TO OBTAIN DXI/DL. 
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W E I G H T E D  AVERAGE 
- 0 . 3 2  ± 0.15 (ERROR S C A L E D  BY 1.3 ) 

- Values above of we igh led a~erage, error, 
"~" and scale factor are based upon the data m 

this ideogram only. They are not neces- 
sarqy the same as our  *best "  va lues,  
obtained frorr a least-squares constraine(l f i t  
u t i l iz ing measurements  of other (reLaled) 
quanti t ies as additiona, reformation. X 2 

/ ~'~ . . . . . . . . .  WHITMAN 80 SPEC O0 
' [ " 1 ' ~  ' . . . . . . .  MERLAN 74 ASPK 1 I 

. . . . . . . . .  ARNOLD 74 HLBC 0 4 
. . . . . . .  BRAUN! 73 HLBC 0 0 

. . . .  CHIANG 72 OSPK 7 6 
. . . . .  ANKENBRAN 72 ASPK ~ 1 
. . . . . .  RAIDT 71 HLBC 19 

. . . .  KIJEWSKI BG OSPK 0 O 

I iConf,dence Level = 0.097) 

- 3  -1 1 3 

~A = f - / f +  f o r  K~s  d e c a y  spectra 

~s = f //+(DETERMINED FROM K~3/Ke3 ) 
%IS THE KMU3/KE3 BRANCHING RATIO FIXES A RELATIONSHIP BETWEEN X1(O) 
XIB AND L+. WE QUOTE THE AUTHORS Xl(O) AND ASSOCIATED L* BUT DO NOT 
XIB AVERAGE BECAUSE THE L+ VALUES DIFFER. THE FIT RESULT AND SCALE 
XIB FACTOR GIVEN IN THE ABOVE NOTE ON KL3 FORM FACTORS ARE NOT OBTAINED 
XIB FROM THESE XIB VALUES. INSTEAD THEY ARE OBTAINED DIRECTLY FROM THE 
XIB FITTED KMU3/KE5 RATIO (R29), WITH THE EXCEPTION OF HEINTZE 77. 
XIB ( 0.175 (0.75) (0.99) SHAKLEE 64 XEBC * BR, L+=O 
XIB (+0.6) (0.5)  BISI I 65 HBC + BR, L+=O 
XIB 500 (+0.8) (0.6)  CUTTS 05 OSPK ~ BR, L~=O 
XIB 636 (+0.4) I0 .4 )  CALLAHAI 66 FRBC BR, L+=O 
XIB 306 (+0.75) (0.50) AUERBACR 67 OSPK + BR, L+=O 
XIB B 5601 ( -0 .08)  (0.155 BOTTERIL2 68 ASPK ~ BR,L*=.023*-.O08 

EICRTEN 68 HLBC BR, SEE NOTE E XIB E 1398 (-0.60) (0.20) 
XIB 980 (+I ,05 (0.6)  GARLAND 68 OSPK + BR, L÷=O 
XIB (+0.91) (0.82) ZELLER 69 ASPK + BR, L~=.023 
XIB B ( -0 .35)  (0.22) BOTTERIL 70 OSPK ~ BR,L+=.OGS+-.015 
XIB E1505 (-0.815 (0.27) BAIDT 71 HLBC + BR,L+=.O28,FIS.8 
XIB 5825  (0.0)  (0.155 CHIGNG 72 OSPK + BR,L+=.O3,FIG.IO 
XIB R 55K -0112 0.12 HEINTZE 77 CNTR + BR,L÷=.O29 
XIB 
XIB FIT -0.35 0,15 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.65 

XIB FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN 1982 EDITION. 
XIB B BOTTERIL 70 IS REEVALUATION OF BOTTERIL 2 68 WITH DIFFERENT L+. 
XIB E EICHTEN 68 HAS L~=.023÷-.008, T=4, INDEP. OF L- .  REPL. BY BAIDT 71. 
XIB H CALCULATED BY US FROM LO AND L+ GIVEN BELOW. 

~ c  = [ _ / f +  (DETERMINED FROM /.t POLARIZATION IN K#s) 
XIC TEE MU POLARIZATION IS A MEASURE OF XI (T) ,  NO ASSUMPTIONS ON L+- 
XIE NECESSARY, T (WEIGHTED BY SENSITIVITY TO XlO) SHOULD BE SPECIFIED. 
XIC IN L+,XI(O) PARAMETERIZATION THIS IS XI(O) FOR L+=O. DXI/DL=XI*T. 
XIC FOR RAP. CORR. TO M90N POLARIZATION IN KMU3 SEE GINSBERG 71. 
XIC T 2100 (+1.25 (2.4)  (1.85 BORREANI 65 ELBC + POLARIZATION 
XIC T 500 BTWN -4.0 AND +1,7 CUTTS 05 OSPK + LONG. POL. 
%IS T 397 (-1.45 (1.85 CRLLAHA166 FRBC ÷ TOTAL POL. 
XIC T 2950 I-0.7) (0.9) (3.3) CALLAHA166 FRBC ÷ LONG. POL. 
XIC B6000 -I.0 0.3 BETTELS 68 HLBC ~ TOTAL POL. T=4.9 
XIC C3133 -0.95 0.3 CUTTS 69 OSPK + TOTAL POL. T=4.0 
%IS M 40K (-0.64) (0.27) MERLAN 74 ASPK + POL,DXI/DL=~I.7 
%IS D1505 -0.25 1.20 BRAUN 75 RLBC + POL. T=4.2 
XlC . . . . . . . . .  
%IS AVG -0 .95  0,21 AVERAGE 
XIC FIT -0.35 0.15 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.6) 

XIC efT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN 1982 EDITION. 
XIC T T VALUE NOT GIVEB. 
xIC B 8ETTELS 68 DXI/DL=XI*T=-I.0*4.9=-4.9 • 
XIC C EUTTS 69 T=4.0 WAS CALCULATED FROM FIG.8. DXI/DL=XI*T=-.95*4=-3.8 . 
XIE M MERLAN 74 POLARIZATION RESULT (FIB.S) NOT POSSIBLE. SEE DISCUSSION 
XIC M OF POLARIZATION EXPERIMENTS IN NOTE ON KL3 FORM FACTORS ABOVE. 
XIC D BRAUN 75 DXI/DL=XI*T=-.25*G.2=~1,0 . 

IMAGINARY PART OF ~ (TEST OF T REVERSAL) 
IXI 2648 0.0 1.0 CALLAHA160 FRBC + MU 
IXI 397 ÷I.6 1.3 CALLAHA166 FRBC TOTAL POL. 
IXl 2950 0.5 1.4 0.5 CALLARA106 FRBC + LONG. POL. 
IXI  6000 -0.1 0 .3  BETTELS 68 HLBC + TOTAL POL. 
IXI 3133 -0.3 0.3 0.4 CUTTS 69 OSPX + TOTAL POL. FIG.7 
IX I  20M -0.016 0.025 CAMPBELL 81 CNTR + POL. 
IX I  B 32M (-0.0105 (0.0195 BLATT 83 CNTR POLARIZATION 
IX I  B COMBINED RESULT OF MORSE 80 (KOMU3) AND CAMPBELL 81 (K+MU3). 
IX I  . . . . . . . . .  
IXl AVG ~0,017 0.025 AVERAGE 

%+(LINEAR ENERGY DEPENDENCE OF f+ IN K~3 DECAY) 
L+M SEE ALSO THE CORRESPONDING ENTRIES AND FOOTNOTES IN SECTIONS XIA, 
L+M XIC, AND LO. 
L+M FOR RAD.COR. OF KMU3 DP SEE BINSBURS 70 AND BECHERHAWY 70. 
L+M 444 0.0 0.05 CALLAHAI 66 FRBC + PI 
L+M 2041 0.009 0.026 KIJEWSK109 OSPK + PI 
L+M 3240 0.050 0.018 HOIST 71HLBC + DP 
L+M A4025 0.024 0.019 ANKENBRAN 72 ASPK + Pl 
L+M 3G00 -0 ,006 0.015 CHIANG 72 OSPK + DP 
L+M 1897 0,025 0.017 BRAUNI 73 HLBC + DP 
L+M 490 0,025 0.030 ARNOLD 74 HLBC + DP 
I+M 6527  0.027 0.019 MERLAN 74 ASPK + DP 
L+M 3973 ÷0.050 0.013 WHITMAN 80 SPEC + DP 
L+M . . . . . . . . .  
L+M AVG 0.0272 0.0072 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1) 
L+M FIT 0,033 O.ooa FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.65 

L~M FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN 1982 EDITION. 
L+M A ANKENBRANDT 72 L+ FROM FIB.3 TO BATCH DXI/DL. TEXT GIVES .024+-.022 

he(LINEAR ENERGY DEPENDENCE OF fo IN K~3 DECAY) 
LO WHEREVER POSSIBLE, WE HAVE CONVERTED THE ABOVE VALUES OF %liD) INTO 
LO VALUES BF LO USING THE ASSOCIATED L+M AND DXI/DL. 
LOW 444 ÷0.058 0.036 CALLAHAI 66 FRSC + PI,DLO/DL+=~O.37 
LO L 6000  -0.063 (0.024) BETTELS 68 HLBC + POL~DLO/DL+=+.GO 
LO L 3133 -0,056 (0.024) CUTTS 69 OSPK + POL,DLO/DL+=+.69 
LOW 2041 -0,031 0.045 KIJEWSK169 OSPK + PI,DLO/DL+=-I.IO 
LOW 3240 -0.039 0.029 HAIDT 71 HLBC + DP,DLO/DL+=-1.34 
LOW 4025 -0.026 0.013 ANKENBRAN 72 ASPK * PI,DLO/DL+=+O.03 
LOW 3480 +0.050 0.014 CHIANG 72 OSPK + DP,DLO/DL÷=-0.21 
LO D1897  -0,008 0,020 BRAUN( 75 HLBC + DPIDLO/DL+=-0.53 
LO 490 -0,040 0.040 ARNOLD 74 HLBC + DP,DLO/SL+=-O.62 
LO (-0.017) (0.0115 BRAUN 74 HLBC + KMUO/KE8 VS. T 
LO M B 6527 40,019 0.015 MERLAN 74 ASPK + DP,DLO/DL+=+0.27 
LO L 1585  +0.008 0,097 BRAUN 75 HLBC + ROL,DLO/DL+=+.9B 
LO H 55K +0.019 (0.0105 HEINTZE 77 SPEC + BR,DLO/DL~=+O,03 
LO 3973 +0.029 0.011 WHITMAN 80 SPEC ~ DP,DLO/OL+=-O.37 
LO . . . . . . . . .  
LO AVG 0.0052 0.0099 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.75 
LO FIT *O.OOG 0.007 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.65 ] 

(SEE IDEOGRAM BELOW) 

LO FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN 1982 EDITION. 
LOW LO CALCULATED BY US FROM XID, L+M, AND DXl/DL. 
LO L LO VALUE IS FOR L+=O.03 CALCULATED BY US FROM XIO AND DXI/DL. 
LO D THIS VALUE AND ERROR ARE TAKEN FROM BRAUN 75 BUT CORRESPOND TO THE 
LO D BRAUN( 73 L+M RESULT. DLO/DL~ IS FROM BRAUN( 73 OXI/DL IN XIA ABV. 
LOB  BRAUG 74 IS A COMBINED KMU3-KE3 RESULT. IT IS NOT INDEPENDENT OF 
LOB BRAUN( 73 (KMU3) AND BRAUN2 73 (KE3) FORM FACTOR RESULTS. 
LO M MERLAN TC LO AND DLO/DL+ WERE CALCULATED BY US FROM XIA, L+M, AND 
LO M BXI/DL. THEIR FIG.6 GIVES L0=-0.025+-0.012 AND NO DLO/DL*. 
LO H HEINTZE 77 USES L÷=0.029+-0.003, DLO/DL{ ESTIMATED BY US. 

W E I G H T E D  AVERAGE 
0 , 0 0 3 2  ± 0 . 0 0 9 9  (ERROR S C A L E D  BY 1.7 ) 

' ~  Va[ues above o1 weighted average, error, 
and sca:e factor Ere based upon the dale in 

- I -  th is ideogram only. They are not neces- 
sar i ly  the same as our  "bes t "  va lues,  
obtained from B least-squares constrained fit 
u t lhz ing measurements  of other {reLated) 
quanti f ies as add~Uonal information 

X 2 

. . . . . .  WHITMAN 80 SPEC 55 
• BRAUN 75 HLBC 

. . . . .  MERLAN 74 ASPK 2 2 

. . . . .  ARNOLD 74 HLBC 1 2 

. . . . .  BRAUN', 73 HLBC 0 3 

. . . . .  CHIANG 72 OSPK 37 

. . . . . . .  ANKENBRAN 72 ASPK 5.0 
. . . .  HAtDT 71 HLBC 2 1 

• • KIJEWSKI 89 OSPK 0 B 
. . . .  CALLAHA1 6E FRBC 23 

229  
( ~ Lever = 0 0 0 4 )  

-0 .15 - 0 . 0 5  0 . 0 5  0.15 0 . 2 5  

+ decay )  %0 (L inear  e n e r g y  d e p e n d e n c e  o f  f o ,  K,~R 

~+(LINEAR ENERGY DEPENDENCE OF [+ IN Ke3 DECAY) 
L+E FOR RAD.COR. OF KE3 DP SEE GINSBURG 67 AND BECHERRAWY 70. 
L+E 217 +0.030 0.045 BROWN 62 XEBC • PI, NO RC 
L+E 407 -0.010 0.029 JENSEN 64 XEBC • El ,  NO RC 
L+E 230 -0.04 0.05 BORREANI 04 HBC E+, NO RC 
L+E 854 0.045 0,017 0.018 BELLOTT267 FBC OPt USES RC 
L+E 1393 +0,016 0.016 IMLAY 67 OSPK + DE, NO RC 
L+E 515 +0.028 0.013 0.014 KALMUS 67 FBC ~ E+, PIl NO RC 
L+E 960 0.08 0.04 BOTTERIL168 ASPK E÷, USES RC 
L+E 90 -0.02 0.08 0.12 EISLER 08 HLBC + El,  USES RC 
L+E 1458 0,045 0,015 BOTTERIL 70 OBPK El, USES RC 
L+E 2707 0,027 0.010 STEINER 71 HLBC + DE, USES RC 
L+ELeE A 4017 0.0270"029 0.0080"011 CHIANG 72 OSPX DE, RC NEGLIGBLE 

BRAUN2 73 HLBC ÷ DP, NO RC 
L~E B (0.025) (0.007) BRAUN 74 HLBE + KMU3/KE3 VS. T 
L+E A BRAUN2 73 STATES THAT RE OF 81NSBERG 07 WOULD LOWER L+E BY .002 BUT 
L÷E A THAT RC OF BECHERRAWY DISAGREES AND WOULD RAISE L+E BY .005 . 
L+E B BRAUN 74 IS A COMBINED KMUS-KE3 RESULT. IT IS NOT INDEPENDENT OF 
L+E B BRAUNI 73 (KMU3) AND BRAUN2 73 (KEG) FORM FACTOR RESULTS. 
L+E . . . . . . . . .  
L+E AVG 0.0285 0.0043 AVERAGE 

]fs/f+] FOR Ke3 DECAY 
FS RATIO OF SCALAR TO F÷ COUPLINGS 
FS (0 .10)  OR LESS CL=,90 BELLOTT2 67 HLBC 
FS (0.305 OR LESS EL=.95 KALMUS 67 HLSC + 
FS (0,23) OR LESS CL=.90 BOTTERIL168 ASPK 
FS 2707 0.14 0.03 0,04 STEINER 71 HLBC + L+,FS,FT,PHI FIT 
FS 4017 (0,135 OR LESS EL=.90 CHIANG 72 OBPK 
FS 2827 O.OO 0.10 BRAUN 75 HLBC * 
FS . . . . . . . . .  
FS AVG 0,125 0,044 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 

IfT/f+l FOR Ee5 DECAY 

FT RATIO OF TENSOR TO F÷ COUPLINGS 
FT (0,58) OR LESS CL=.9U BELLOTT2 67 BLBC 
FT (1 .1 )  OR LESS EL=.95 KALMUS 67 HLBC + 
FT (0,58)  OR LESS CL=.90 DOTTEREL1 68 ASPK 
FT 2707 0,24 0.16 0,14 STEINER 71 HLBC L+,FS,FT,PHI FIT 
FT 4017 (0 ,75)  OR LESS EL=.90 CHIANG 72 OSPK + 
FT 2827 0,07 0.37 BRAUN 75 HLBC 
FT . . . . . . . . .  
FT AV6 0,22 0.14 AVERAGE 

fr/f+ FOR K~3 DECAY 
FTM RATIO OF TENSOR TO F~ COUPLINGS 
FTM 1585 0,02 0.12 BRAUN 75 HLBC 



..For notation, see key  on page 91. 

DECAY FORM FACTORS FOR K ± ~ x + T r - e ± p  
KE4 GIVEN IN THE ~OLLOWING PAPERS 
KE4 BASILE 71ASPK + 
KE4 BEIER 73 OSPK 
KEA ROSSELET 77 SPEC + 

BIRGE 56 
ILOFF 56 
ALEXANDE 57 
COHEN 57 
COOMBES 57 
EISENBER 58 
BURROWES 59 
TAYLOR 59 

FREDEN 68 
BARKAS 61 
BHOWMIK 61 
FERRO-LU 61 
NORDIN 61 
ROE 61 
BOYARSK162 
BROWN 62 
BARKAS 63 

BORREANI 64 
EALLAHAN 64 
CAMERIN164 
CLINE 64 
SIAEOMEL 64 
BREINER 64 
JENSEN 6& 
KALMUS 64 
SHAKLEE 64 

DIRGE 65 
BISI 65 
BlSl 1 65 
BORREANI 65 
EALLAHAN 65 
CAMERINI 65 
CLINE 65 
CUTTS 65 

DE MARCO 65 
FITCH 65 
SREINER 65 
STAMER 65 
TRILLING 65 

UPDATED 
YOUNG 65 

ALSO 67 

CALLAHA166 
CALLAHAN 66 
CESTER 66 

ALSO 67 

AUERBACH 67 
ALSO 74 

SELLOTT1 67 
DELLOTT2 67 

ALSO 66 
DIS) 67 

SOTTERIL 67 
ALSO 68 

BOWEN 67 
CLINEI 67 
ELINE2 67 

FLETCHER 67 
FORD 67 
IMLAY 67 
KACMUS 67 
BINCHENK 67 

BETTELS 68 
ALSO71 

BOTTERIL 68 
BOTTERI168 
BOTTERI2 68 
DUTLER 68 
CHANG 68 

DHEN 68 
EICHTEN 68 
EISLER 68 
ESOHSTRU 68 
GARLAND 68 
MOSCOSO 68 

CUTTS 69 
ALSO 68 

bAVISON 69 
ELY 69 
EMMERSON 69 

HERZO 69 
RIJEWSK169 
LOBKOWIC 69 

ALSO 66 
MACEK 69 
MAST ~9 
ZELLER 

DOTTERIL 70 
FORD 70 
GRAUMAN 70 

ALSO 69 

REFERENCES FOR K ± 

NC 4 834 B I RGE, PERK INS, PETERSON, STORK,WH I TEREA (ERL) 
PR 102 927 ILOFF,GOLDHABER,LANNUTTI,GILBERT + (LRL) 
NC 6 478 ALEXANDER,JOHNSTON,OCEALLAIGH (DUBLIN INST) 
FUND.CONS.PHYS. +CROWE, DUMOND (ATOM) CS INTER.+LRL~CIT) 
PR 1081348 +CORK,GALBRAITH,LAMBERTSON,WENEEL (LBL) 
NC 8663 E ISENBERG,KOCH, LOHRMANN, N) ROLl C + (BERN) 
PRL 2 117 BURROWES, CALDWELL, FRISCH j H ILL + (MIT) 
PR 114359 S TAYLOR,HARRIS,OREAR,LEE,BAUMEL (CO'LUMBIA) 

PR 118564 S C FREDEN,F G GILBERT,R S WHITE (LRL) 
PR 1241209 BARKAS,DYER,MASON,NORRIS,NICKOLS,SM;T (LRL) 
NC 20857 B BHOWMIK,P C JAIN,P C MATHUR (DELHI UNIV) 
NC 2 21087 FERRO-LUZZ I, MILLER ,HURRAY, ROSENFELD+ (LRL) 
PR 1232166 PAUL NORDIN JR (LRLI 
PRL 7346 ROE, S) NELA IR, BROWN,GLASER + (MIEB~LRL) 
PR 1282398 BOYARSKI,LOH,NIEMELA,RITSON (MIT) 
PRL 0 450 BROWN, KADYK, TR I LLI NG, ROE+ (LRL,MICH) 
PRL 11 26 W H BARKAS,J N DYER,H H HECKMAN (LRL) 

PL 12123 G BORREANI,G RINAUDO,A WERBROUGK (TURIN) 
PR 136 B 1463 A CALLANAN,R MARCE,R STARK (WISCONSIN) 
PRI 13310 CAMERINI ,CLIME, FRY,DOWEL L (WISCONS IN+LRL) 
PRL 13101 D CLIME, W F FRY (WISCONSIN) 
NC 341134 GIACOMELLI ,MONTI ,QUARENI ÷ (BOLOGNA,MUNICH) 
PRL 13284 D GREINER, W OSBORNE, W BARKAS (LRL) 
PR 13681431 JENSEN,$HAKLEE,ROE jS INCLAI R (MICH) 
PRL 13 99 ÷KERNAN,PU, PORE LL, DOWD (LRL,WISC) 
PR 136 B 1423 SHAKLEE,JENSEN,ROE,SINELAIR (MICH) 

PR 1395831600 BIRGE,ELT,GIDAL,CAMERINI,CLINE ÷ (LRL÷QISC) 
NC 768 B I S), BOBREAN I, OESTER, FERRARO ÷ (TORINO) 
PR 139 B 1068 BORREANI,MARZARI-CHIESA,RINAUSO÷ (TORINO) 
PR 140 B1686 BDRREANI,GIDAL,RINAUDO,CAFDRIO+ (BARI,TORI) 
PRL 15 129 A CALLAHAN,D CLINE (WISCONSIN) 
NC 371795 +CLINE,GIDAL,KALMUS,KERNAN (WISC÷LRL) 
PL 15293 A CLINE,W F FRY (WISCONSIN) 
PR 138 B969 CUTTS,ELIOFF,STIENING (LRL) 

PR 140 B 1430 DE MARCO~GROSSO,RINAUDB (TORINO+CERN) 
PR 140 B 1088 FITCH,QUARLES,WILKINSIPRINCETON~RT HOLYOKE) 
ARNS 1567 QUOTED BY BARKAS (LRL) 
PR 138 B 440 STAMER,HUETTER,KOLLER,TAYLOR,GRAUMAN (STEV) 
UCRL 16473 GEORGE H TRILLING (LRL) 
FROM 1965 ARGONNE CONF., PAGE 5. 
UCRL 16362 POR-SHIEN YOUNG (THESIS,BERKELEY) (LRL) 
PR 1561464 P-S YOUNG,W.Z.OSBORNE,W.H.BARKAS (LRL) 

PR 1501153 EALLABAN,CAMERINI÷INISC,LRL,RIVERSIDE,BARI) 
NC A&A 90 A C CALLAHAN (WISCONSIN) 
PL 21343 CESTER,ESCHSTRUTH,ONEILL+ (PRINCETON-PENN) 
AUERBACN, FOOTNOTE I. 

PR 155 1505 
PR U93216 
HEIDELBERG CONF 
NC 52A 1287 
PL 20690 
PL 258572 

DRL 19982 
BOTTERIL 
PR 1541314 
HEIDELBERG CONF 
HERCEG NOV) TBL.4 

PRL 1998 
PRL 18121~ 
PR 160 1203 
PR 159 1187 
RUTGERSITHESIS) 

NC 56A 1106 
HAIDT 
RR 1711402 
PR 1741661 
PRL 21766 
UCRL-18L20 
PRL 20510 

PRL 2073 
PL 27B 586 
PR 1691090 
PR 165 1487 
PR 1671225 
THESIS 

PR 1841380 
9RL 20955 
PR 1801333 
PR 1801319 
PRL 23393 

PR 1861403  
UCRL-18433 THESIS 
PR 1051676 
PRL 17548 
PRL 22 32 
PR 1831200 
PR 1821420 

PL 318325 
PRL 251370 
PR 01 1277 
PRL 23 737 

*DOBBS,MANN,MEFARLANE,WHITE~ (PENN,PRINt 
ERRATUM 
BELLOTTI,PULLIA (MILAN) 
BELLOTTI,FIDRINI,PULLIA (MILAN) 
BELLOTTI,FIORINI,PULLIA+ (MILAN) 
BISI,CESTER,CRIESA,VIGONE (TDRINO) 

BOTTERILL,BRDWN,EORBETT,CULLIGAN + (OXFORD) 

BOWEN,MANN,MCFARLANE,HUGHES÷(PENN-PRINCETD) 
CLINE,HAGEERTY,SINGLETON,FRY~ (WISCONSIN) 
D.CLINE,PROC.INTL.SCH.ON ELEM.PART.PHYSIES 

FLETCHERrBEIER,EDWRADS,+ (ILLINOIS) 
+LEMONICK,NAUENBERG,DIROUE (PRINCETON) 
IMLAY,ESCHSTRUTH,FRANKLIN÷ (PRINCETON) 
KALMUS,HERNAN (LRL) 
ZINEHENKO (RUTGERS) 

AACHEN-BARI-BERGEN-EERN-EP-NIJMEGEN-ORSAY÷ 

BOTTERILL,BROWN,CLEGG,CORBETT + (OXFORD) 
BOTTERILL,BROWNICLEGG,CORDETT + (OXFORD) 
BDTTERILL,BROWN,CLEGG,CORBETT ~ (OXFORD) 
+BLAND,GOLDHABER,GOLDHABER,HIRATA+ (LRL) 
CHANG,YODH,EHRLICH,DLANO+(MARYLAND,RUTGERS) 

CHEN,EUTTS,KIJEWSKI,STIENINS ÷ (LRL,MIT) 
AACHEN-BARI~CERN-EP-ORSAY~EADOVA-VALENCIA 
EISLER,FUNG,MARATECK,MEYER,PLAND IRUTGERS) 
ESCHSTRUTH,FRANKLIN,HUGHES÷(PRINCETON,PENN) 
+TSIPIS,DEVONS,ROSEN÷ (COLUMBIA,RUTS,WISE) 
M L MODCOSO (UNIV PARIS ORSAY) 

+STIENINE,WIEGAND,DEUTSCH (LRL,MIT) 
CUTTS,STIENING,WIEGAND,DEUTSCH (LRL,MIT) 
+BAEASTOW,BARKAS,EVANS,FUNG,PORTER+ (UCR) 
ELY,GIDAL,HAGOPIAN,KALMUS* (LOUC÷WISC÷LRL) 
EMMERSON,QUIRK (OXFORD) 

÷BANNER,BEIER,BERTRAM,EDWARDS + (ILL) 
P K KIJEWSKI (LBL) 
+MELISSINOS,NAGASBIMA,TEWMSBURY+ (ROOM,BNL) 
LOBKOWICZIMELISSINOS,NAGASHIM~ (ROCH+BNL) 
MACEK,MANN,MC FARLANE,ROBERTS+IPENN,TEMPLE) 
+GERSHWIN,ALSTON-GARNJOST,BANBERTER+ (LRL) 
ZELLER,HADDOCK,MELLAND,PAflL+ (UCLA,LRL) 

÷BROWN,CLEGG,CORBETT,CULLIGAN+ (OXF) 
+PIROUE,REMMEL,SMITH,SOUDER (PRIN) 
*KOLLER,TAYLOR,PANDOULAS+ (STEV,SETO,LEBI) 
+KOLLER,TAYLOR,PANDOULAS+ (STEV,SETO,LERI) 

MACEK 70 PR DI 1249 
MALTSEV 70 SJNP 10678 
PANDOULA 70 PR 021205 

+MANN,MCFARLANE,ROBERTS (PENN) 
+PESTOVA,SOLODOVNIKOVA,FADEEV + (JINR) 
+TAYLOR,KOLLER,GRAUMAN + (STEV,SETO) 
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Stable Particle Full Listings 
K ± 

BASILE 71 PL 368619 
BOURQUIN 71PL 368615 
HAIDT 71 PR S310 

ALSO 69 PL 298691 
KLEMS 71PR 0466 

ALSO 70 PRL 2L 1086 
ALSO 70 PRL 25473 

KUNSELMA 71PL 348 ~85 
OTT 71 PR D352 
ROMANO 71PL 368525 
SCHWEINB 71PL 368246 
STEINER 71 PL 368521 

ABRAMS 72 PRL 291118 
ANKENBRA 72 PRL 281472 
AUBERT 72 NC 12A 509 
BEIER 72 PRL 29678 
CHIANG 72 PR D6125L 

CLARK 72 PRL 291274 
EDWARDS 72 PR 052720 
FORD 72 EL 388335 
HOFFMAST 72 ME 8361 

ABRAMS 73 PRL 30500 
BACKENST 73 PL 43B 431 
BEIER 73 PRL 30399 
BRAUNI 73 PL 47B 182 

ALSO 75 BRAUN 
BRAUN2 73 PL &TB 185 

ALSO 75 BRAUN 
CABLE 73 PR 083807  

LJUNG 73 PR D81307 
ALSO 72 PRL 28523 
ALSO 72 PRL 281287 
ALSO 69 PRL 23326 

LUCASI 73 PR 08719 
LUCAS2 73 PR D8727 
PANG 73 PR 081989 

ALSO 72 PL 40B 699 
SMITH 73 NP B60411 

ARNOLD 74 PR D91221 
BRAUN 74 PL 51B 393 
CENCE 74 DR DI0776 

ALSO 73 THESIS (UNPUBL.) 
KUNSELMA 74 PR C92469 
MERLAN 74 PR D9107 
WEISSENB 74 PL ASS 474 

BLOCH 75 PL 56B 201 
BRAUN 75 NP B89210 
CHENG 75 NP A254381 
HEARDI 75 PL 558324 
HEARD2 75 PL 558327 
SHEAFF 75 PR 012257D 
SMITH 75 NP 89145 

BERTRAND 76 NP B114387 
BLOCH 76 PL 608393 
BRAUN 76 LNC 17521 
DIAMANTB 76 EL 62B 485 
HEINTZE 76 PL 808302 
SMITH 76 NP 8109173 
WEISSENB 76 NP 811555 

ABRAMS 779R 01522 
DEVAUX 77 NP B12611 
HEIHTZE 77 PL 70B 482 
ROSSELET 77 PR 015574 
SARKOV 79 NP BIAS 53 
HEINTZE 79 NP BIB9365 

WHITMAN BO PR D21652 
ASANO 81PL I07B 159 
CAMPBELL 81 PRL 471032 

ALSO 83 BLATT 
LUM 81PR D232522 
LYONS 81 ZPHY CI0215 
ASANO 88 PL 113B 195 
COOPER 82 PL 112B 97 
BLATT 83 PR D271056 
HAYANO 84 DRL 52329 
AKIBA 85 PR D322911 

GREBE 61 NP 22553 
BIRGE 63 PRL 1135 
ADAIR 64 PL 1267 
CABIBBO 64 PL 9352 

ALSO 64 PL 11360 
ALSO 65 PL 1472 

EABIBBO 66 BERKELEY CONP 33 
GINSBERG 67 PR 1621570 
WILLIS 67 HEIDELBERG 2?3 
CRONIN 68 VIENNA CONF 241 
HAIDT 269 PL 298696 

BARDIN 70 PL 328121 
BECHERRA 70 PR 011452 
FEARING 70 PR 03542 
GAILLARD 70 CERN 70-14 
GINSBERG 70 PR 01229  

GINSBERG 71 PR 042893 
CHOUNET 72 PL 4C 199 

÷BREHIN,DIAMANT-BERGER,KUNZ÷ (SACL+GEVA) 
÷BOYMOND,EXTERMANN,MARASCO+ (GEVA,SAEL) 
AACHEN+BARI+CERN*EP+NIJMEGEN+ORSAY÷PADOVA* 
+(AACH,BARI,CERN,EPDL,NIJM,ORSAY,PADO,TORI) 
+HILDEBRAND,STIENING (CHIC,LRL) 
KLEMS,HILDEBRAND,STIENING (LRL,CHIC) 
KLEMS,HILDEBRAND,STIENING (LRL,CEIC) 

R. KUNSELMAN IWYOMING) 
OTT,PRITCHARD (LOOM) 
+RENTON,AUBERT,BURBAN-LUTZ (BARI,CERN,ORSA) 
AACHEN+BELGIUM÷CERN~NIJREGEN+PADOVA COLLAB 
AACHEN+BARI~EERN÷EPOL÷ORSA+NIJM+PADO~TOHIN 

+CARROLL,KYCIA,LI,MENES,MICHAEL ÷ (BNL) 
ANKENBRANDT,LARSEN+ (BNL+LASL*FNAL~YALE) 
+HEUSSE,PASCAUD,VIALLE~ (ORSA+BRUX*EPOL) 
~BUCHHOLZ,MANN,PARKER (PENNSYLVANIA) 
+ROSEN,SHAPIRO,HANSLER,OLSEN+ (ROCH+WISC) 

~DORK,ELIOFF,KERTH,MCREYNOLDS,NEWTON+ (LBL) 
+BEIER,BERTRAR,HERZO,KOESTFR + (ILL) 
+PIROUE,REMMEL,SMITH,SOUDER (PRINCETON) 
HOFFMASTER,KOLLER,TAYLOR+ (STEV~SETO+LEHI) 

+CARROLL,KYCIA,LI,MENES,MICHAEL + (BNL) 
BACKENSTODS,BAMBERGER*(CERN+KARL÷HEID÷STOH) 
~BUCHHOLZ,MANN,PARKER,ROBERTS (PENN) 
AACHEN+BARI+BRUSSELS+CERN COLLABORATION 

AACHEN~BARI÷BRUSSELS÷CERN COLLABORATION 

+BILDEBRAND,PANG,STIENING (EFI÷LBL) 

D.LJUNG,D.CLIME (WISE) 
D.LJUNG (WISE) 
U.CLINE,D.LJUNS (WISC) 
CAMERINI,LJUNS,SHEAFF,CLINE (WISE) 
LUCAS,TAFT,WILLIS (YALE) 
LUCAS,TAFT,WILLIS (YALE) 
+HILDEBRAND,CABLE,STIENING (EFI+ARIZeLBL) 
CABLE,HILDEBRAND,PANG,STIENING (EFI+LBL) 
+BOOTH,RENSHALL,JONES÷ (GLAS÷LIVP+OXF÷RHEL) 

C L ARNOLD,B P ROE,D SINCLAIR (MICR) 
÷EORNELSSEN,MARTYN ÷ (AACH÷BARI+BRUX~CERN) 
÷NARRIS,JONES,MORGADO + (HAWA+LBL*WISC) 
D B CLARKE (WISE) 
R.KUNSELMAN (WYOM) 
÷KASHA,WANDERER,ADAIR+ (YALE+BNL+LASL) 
WEISSENBERG,EGOROV,MINERVINA + (ITEP+LEBD) 

+BREHIN,BUNGE,DEVAUX* (SACL~GEVA) 
+CORNELSSEN,MARTYN÷ (AACH+BARI*BRUX÷CERN) 
÷ASANO,CHEN,DUGAN,HU,WU,HUGHES+ (COLU÷YALE) 
÷HEINTZE,HEINZELMANN÷ (CERN÷HEID) 

(CERN+HEID) +HEINTZE,HEINZELMANN* 
M. SHEAFF (WISC) 
÷DODTH,RENSHALL,JONES~ (GLAS÷LIVp÷OXF+RHEL) 

+SACTOH + (BRUX+UBEL+DUUC~LOUC+WARS) 
+BUNCE,DEVAUX,DIAMANT-BEREER+ (GEVA+SACL) 
+MARTYN,ERRIQUEZ ÷ (AACH+BARI+BELG~CERN) 
DIAMANT-BERGER,BLOCH,DEVAUX + (SACL+GEVA) 
+HEINZELMANH,IGO-KEMENES,MUNDBEMKE+ (HEID) 
~BOOTB,RENSHALL,JONES+ (GLAS+LIVP+OXF+RHEL) 
WEISSENBERG,EGOROV,MINERVINA+ (ITEP+LEBD) 

+CARROLL,KYCIA,LI,MICHAEL,MOEKETT + (BNL) 
+BLOEH,DIAMANT-BERGER,MAILLARD÷ (SACL÷GEVA) 
+HEINZELMANN,IGO-KEMENES,+ (NEID+CERN) 
~EXTERMANNIFISCHER,GUISAN • (GEVA+SACL) 
+VASSERMAN,ZDLOTOREV,KRUPIN+ (NOVO~KIAE) 
+HEINZELMANN,IGO-KEMENES+ (HEID+CERN) 

+ASRAMS,CARROLL,KYCIA,LI+ (ILLC+BNL+ILL) 
+KIKUTANI,KUROKAWA,MIYACHI+ (KER÷TOKY+OSAK) 
~BLACK,BLATT,KASHA,SCHMIDT ÷ (YALE+BNL) 

• WIEGAND,KESSLER,DESLATTES,SEKI~ (LBL+NBS+) 
+ALBAJAR,MYATT (OXF) 
÷KIKUTANI,KURDKAWA,MIYACHI* (KEK+TOKY+OSAK) 
÷GUY,MICHETTE,TYNDEL,VENUS (RL) 
+ADAIR,BLACK,EAMPBELL,KASHA+ (YALE~BNL) 
+YAMANAKA,TANIGUCRI,ISHIKAWA+ (TOKY+KEK) 
÷ISHIKAWA,IWASAKI+ (TOKY+TINTeTSUK+KEK) 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA LISTINGS 

62 CERN EONF 371 BLOCK,LENDINARA,MONARI (NWES+BOLOGNA) 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

BRENE,EGARDT,QVIST (NORD) 
BIRGE,ELY,GIDAL,EAMERINI + (LRL+WISC+BARI) 
AGAIR,LEIPUNER (YALE,BNL) 
CABIBBO,MAKSYMOWICZ (CERN) 
CABIBBO,MAKSYMOWIEZ (OERN) 
GABIBBO,MAKSYMOWICZ (CERN) 

EABIBBO (CERN) 
EDWARD S GINSBERG (U. MASS BOSTON) 
W J WILLIS -RAPPORTEUR TALK (YALE) 
RAPPORTEUR TALK (PRINCETON) 
+ (AACH,DARI,CERN,EPOL,NIJM,ORSA,PADO,TDRI) 

BARDIN,BILENKY,PONTECORVO (JINR) 
T.BEEHERRAWY (ROCH) 
+FISCBBAEK,SMITH (STON+BOHR) 
M K GAILLARD, L M CHOUNET (CERN~ORSA) 
E S GINSBERE ( l i t  HAIFA)  

E S GINSBERG (MIT) 
(PHYS. REPTS.)CHOUNET,2*GAILLARD(ORSA+CERNF 
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Stable Particle Full Listings 
K o, K o 

r ~  l(JP) = l ( o -  ) 

K e MASS (MeV) 

498.1 0.4 CHRISTENS 64 OSPK 
2223 497.44 0.33 KIM 65 HBC KO FROM PBAR P 

M 4500 498.9 0.5 BALTAY 66 HBC KO FROM PBAR P 
M 497.44 0.50 FITCH 67 OSPK 

780 497.742 0.085 BARKOV 85 OSPK E+ E- TO KL KS 

M AVG 497.76 0.11 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4) 
M FIT 497.718 0.069 FROM FIT 

(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
497.70 ± 0.11 (ERROR SCALED BY 1.4 ) 

"1- Values above of weighted average, error, 
l and scale factor are based upon the data in 

this ideoglam on ly  They ale not neces- 
sarily the sarre as our "best"  values, 
obtained from a ~east-squares constrained fit 
uImhzing measurements of other (related} 
quantities as additional information. 

496.5  4 9 7 5  

K ° mess (MoV) 

2 
X 

. . . . . . . . . . . . .  EARKOV 85 OSPK 0 0 

. . . . . . . . . .  FITCH 67 OSPE 0.4 
I ' BALTAY 60 HBC 52 

. . . . . .  ElM 65 HBC 09 
I '-"-- • CHRISTENS 6 a- OSPK 0 7 

73  
~ : ~ : ~ m ~ o n f i d e n c e  Level = 0 120) 

498.5  499.5  5 0 0 5  

K ° -- K ± MASS DIFFERENCE (MeV) 

3.9 0.6 ROSENFELO 59 HBC - 
5.4 1.1 CRAWFORD 59 HBC 
3.90 0.25 BURNSTEIN 85 HBC 
3,71 0.35 KIM 65 HBC - 

417 3.95 0.21 HILL 68 DBC 

RVG 3.92 0.14 AVERAGE 
FIT 4,051 0,070 FROM FIT 

K- P TO KO N 
K+D TO KOP9 

REFERENCES FOR K a 

CRAWFORD 59 PRL 2 112 CRAWFORO,CRESTI,GOOD,STEVENSON,TICHO (LRL) 
ROSENFEL 59 Pal 2 110 A a ROSENFELD,F SOLMITZ,R a TRIPP (LRL) 
CHRISTEN 64 Pal 13 130 CHRISTENSON,CRONIN,FITCH,TURLAY (PRINCETON) 
BURWSTEI 65 PR 138 B 895 R A BURNSTEIN,H a RUBIN (MARYLAND) 
KIM 65 PR 140 B 1334 J K KIM,L KIRSCH,B MILLER (COLUMBIA) 

BALTAY 66 PR 142 982 BALTAY,SANDWEISS,STONEHILL + (YALE~BWL) 
FITCH 67 Pe 164 1711 FITCH,MOTH,RUSS,VERNON (PRINCETON) 
HILL 68 PR 158 1534 HILL,ROBINSON,SAKITT,CANTER (BNL,CARNEGIE) 
BARKOV 85 JETPL 42 139 +BLINOV,VASSERMAN+ (NOVO) 

F• I(J P) = 21(0 - )  SHORT-LIVED K ° 

K~ MEAN LIFE (units l0  - l e  sec) 

Ka MEAN LIFE (PRE-1971 EXPERIMENTS) 
0 00 (%07) (0.13I  (0.13) BOLDT 58 CC 

T 512 0m94 0.05 0.05 CRAWFORD 59 HBC 
T 0 63 (I.09) (0.18) (0.15) BOWER 60 CC 

OLD EXPTS WITH LOW STATISTICS NOT INCLUDED IN AVERAGE. 0 
378 0.94 0.05 0.05 BERTANZA e2 HBC 

T 503 0.87 0.05 CHRETIEN 65 HLBC 
T 545 0.86 0.04 KREISLER 64 OSPK 
T 0.868 0.016 ALFF STEI 66 OSPK 
T 572 0,90 0.06 0.05 AUERBACH 66 OSPK 
T 4500 0.92 0.04 BALTAY 66 aRC 

a (o.'9o4) (0.024) BOTT-BOOE 66 OSPK 
5000 0.843 0,013 KIRSCH 66 HBC 

19994 0,856 0,008 DONALD 68 HBC 
H 20000  0,872 0,009 HILL 68 DBC 

T 
T AVG 0.8641 0.0065 0,0065 AVERAGE (ERROR INCL. SCALE FACTOR OF 1.5) 

KS MEAN LIFE (P0ST-1971 EXPERIMENTS) 
THESE VALUES ARE USED TO DETERMINE THE STABLE PARTICLE SUMM. TABLE 

T VALUES OF THE KS MEAN LIFE AND RATES. 
H F 50K 0.8958 0.0045 SKJEGGEST 72 HBC 

2173 (0.067) (0.024) FACKLER 73 OSPK 
T eM 0.8937 0.0048 GEWEEIGER 74 ASPK 
T C 0.8913 0.0032 CARITHERS 75 SPEC 

26K 0.881 0.009 ARONSON 76 SPEC 
A (0.905) (0.007) AROWSON 82 SPEC E=30-110 GEV 

ava "'o;8~B~ " 6.60~2 0.0022 AVERAGE 
T FIT 0.8923 0.0022 FROM FIT 

COMMENTS 
H HILL 68 HAS BEEN CBANGEO BY THE AUTHORS FROM THE PUBLISHED VALUE 
H (0.865+-0,009) BECAUSE OF A CORRECTION IN THE SHIFT DUE TO ETA+-. , 

T H SKJEGGESTAD 72 AND HILL 60 GIVE DETAILED DISCUSSIONS OF SYSTEMATICS 
T a ENCOUNTERED IN THIS TYPE OF EXPERIMENT, 

B KS MEAN LIFE NOT THE PRIMARY QUANTITY MEASURED IN THIS EXPT. 
F FACKLER 73 DOES NOT INCLUDE SYSTEMATIC ERRORS. 

C CARITHERS 75 VALUE IS FOR EL-KS MASS DIFFERENCE DM=.5348*-.0021. 
C THE DM DEPENDENCE OF THE TOTAL DECAY RATE (INVERSE MEAN LIFE) IS 
~ GAMMA(KS)=((1.122*-.OO4)+.16*(DM-.5348)/DM)*10**10 /SEa. 

VALUE WOULD NOT CHANGE WITH OUR CURRANT DM=.5349+-.0022. 
T A ARONSON 82 FIND THAT Ka MEAN LIFE MAY DEPEND ON THE KAON ENERGY. 

K°s PARTIAL DECAY MODES 

DECAY MASSES 

PI K~ ~ ~T+/£ - 140+ 140 

92 K~ ~ "/TO'T 0 135+ 135 

P3 KO.~ ~ ~-F~-- 106. 106 

P4 K~S e + e  - .511+.511 

K o P5 S ~ 7F-FTr--'y 140~ 140+ 0 
Pe K 0 "y "( O+ 0 

P7 KOS ~ 391" ° 135+ 135~ 135 

P8 K~ L~. 3]'+7£--~0 140. 140+ 135 

K~ BRANCHING RATIOS 

K~ ~ ( ~ +  7r-I/total (P l )  
R1 0.68 0.04 CRAWFORD 59 HBC 
R1 0.70 0.08 COLUMBIA 60 HBC 
al U U (0.740) (0,024) ANDERSON 62 Hal 
RI 3447 0.6?0 0.010 DOYLE 69 Hal PI- P TO LAM KO 
nl o ANDERSON RESULT NOT PUBLISHED, EVENTS ADDED TO BOYLE SAMPLE 
al ......... 
RI AVG 0.6710 0.0096 AVERAGE 
RI FIT 0.6861 0,0024 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

K~ ~ (~%r°)/totam (92) 

R2 0.27 0.11 CRAWFORO 59 HBC 
R2 0.26 0.06 BAGLIN ao HLBC 
e2 0.30 0.035 BROWN 61 HLBC 
R2 1066 0.335 0.014 BROWN 63 HLBC 
R2 198 0.288 0,021 CHRETIEN 63 HLRC 
R2 ......... 
R2 AVG 0.316 0.014 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 
R2 FIT 0.3139 0.0024 FROM WIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
0.316 :t 0 .014 (ERROR SCALED BY 1.3 ) 

[ Values above of weighted average, error, 
based upon the data in 

They are no1 naces- 
s our "best" values, 
-squares constrained fit 
mts of other (re,ated) 
~aL information 

0.15 0,25 

KsO ~ (rrO~_rO)/total 

X 2 

63 HLBC ! 8 
63 HLBC 18 
61 HLBC 02 
60 RLBC 0.0 
59 HBC 

4.7 
nfidel~ce Level = 0 195) 

0 .35  0 .45  0 55 
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For notation, see key on page 91. Stable Particle Full Listings 
Ko 

~c~ ~ ( ~ +  ~-)/(r%r B) (P1)/(P2) 
R3 N 267 (2.12) (0.17) BOZOKI 69 HLBC 
R3 G 3016 (2.285) (0.055) GOBBI 60 OSPK K+N TO KOP 
R3 3700 2.10 0.06 MORFIN 60 BLBC K+N TO KOP 
R3 G 7944 2,282 0.043 MOFFETY 70 OBPK K+N TO KOP 
R3 A B 6150 2.22 0,095 BALTAY 71 MBC K-PKTO P KO +NEUTRALS 
R3 3068 2.22 0. I0 ALITTI 72 BBC ÷ TO PI+ P KO 
R3 6380 2.22 O.OB MORSE 72 OBC K÷N TO KOP 
B3 B 701 2.10 0.11 NAGY 72 HLBC K+N TO KOP 
R3 4799 2.16 0 .08  HILL  73 DBC K+D TO KO P P 
R3 16K 2.169 0.094 COWELL 74 OBPK Pl- P TO LAM KO 
B3 1315 2.11 0.09 EVERMART 76 WIRE Pl- P TO LAM KO 
R3 B NAGV 72 IS A FINAL RESULT WHICH INCLUDES BOZOKI 69. 
R3 G MOF~ETT 70 IS A FINAL RESULT WHICH INCLUDES GOBBI 69, 
RB B THE DIRECTLY MEASURED QUANTITY IS KS TO PI÷PI~/ALL KOBAR=.345+-.005 
R3 A THE DIRECTLY MEASURED QUANTITY IS KB TO PI+ PI-/ALL K0=.345+-,005 
R3 ......... 
R3 AVG 2.197 0,026 AVERAGE 
R3 FIT 2.186 0.025 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

K~ ~ (#+g-)/( ' .T+'x - )  (units 10 B) (PS)/(PI) 
R4 TEST FOR DELTA(S) = I WEAK NEUTRAL CURRENT. ALLOWED BY FIRST ORDER 
R4 WEAK INTERACTION COMBINED WITH ELECTROMAGNETIC INTERACTION. 
R4 (10.0) OR LESS EL=.90 BOTT-BODE 67 OSPK 
R4 (20.0) OR LESS EL=.90 BOHM 69 OSPK 
R~ (1.07) OR LESS CL=.90 HYAMB 69 OBPK 
R4 S (32.6) OR LESS GL=.90 STUTZKE 69 OSPK 
R4 0 ,047  OR LESS CL=.90 OJESDAL 73 ASPK 
R4 B VALUE CALCULATED BY UB, USING 2.3 INSTEAD OF I EVENT, 90 PERE.CL 

K~ ~ ( ~ + T r - ~ ) / ( ~ + ~  - )  (units 10 -3) ( P B ) / ( P 1 )  
R5 27 3 3 NO RATIO2GIVENI BELLOTTI 66 HBC PG GT 50 MEV/C 
R5 10 . . WEBBER 70 HBC PG GT 50 MEV/C 
R5 B 2.8 0.6 BURGUN 73 HBC PG GT 50 MEV/E 
R5 C 29 (5.0)  (0.6)  BOBIBUT 74 BLBC PG GT 40 MEV/C 
R5 T 2.68 0.15 TAUREG 76 BPEE PG GT 50 MEV/C 
R5 B BURGUN 73 ESTIMATES THAT DIRECT EMISSION CONTRIBUTION IS .3+-.6 . 
B5 C BOBISUT 74 NOT INCLUDED IN AVERAGE BECAUSE P(GAMMA) CUT DIFFERS. 
R5 C ESTIMATES DIRECT EMISSION CONTRIBUTION TO BE 0.5 OR LESS, CL=.95. 
R5 T TAUREG 76 FIND DIRECT EMISSION CONTRIB LT .06,CL=.90. 
R5 ......... 
R5 AVS 2.70 0.14 AVERAGE 

K~ ~ (e + e - ) / ( c r + r  - )  (units 10 s) (P4)/(Pi) 
R6 TEST FOR DELTA(S) = I WEAK NEUTRAL CURRENT. ALLOWED BY FIRST ORDER 
R6 WEAK INTERACTION COMBINED WITH ELECTROMAGNETIC INTERACTION. 
R6 50.0 OR LESS EL=.90 BOHM 69 OSPK 

K [  ~ 2~/total (units 10 -3) (P6)  
R7 R 0 (21.0) OR LESS CL=.90 BANNER 69 OSPK 
R7 R 0 (2.2)  OR LESS EL=.90 REPELLIN 71 OBPK 
R7 R 0 (0,71) OR LEF EL=.90 BANNER 72 OBPK 
R7 0 (2 .0)  OR LE;S EL=.90 MORSE 72 DBE 
R7 0 0.4 OR LESS EL:.90 BARMIN2 73 HLBC 
R7 R THESE LIMITS ARE FOR MAXIMUM INTERFERENCE IN KS-KL TO 2GAMMAS 

K~ ~ ( ~ + ~ - r o ) / t o t a l  (units 10 -4) (P8) 
R8 (0.85) OR LESS EL=.90 METCRLF 72 ASPK 
R8 0.49 OR LESS EL=.90 BARMIN 85 HLBC K+ 850 MEV 

K~ ~ (~o~'e'B'O)/totfll (units 10 4) (PT) 

R9 (R.3) OR LESS CL=.90 BARMINI 73 BLBC 
R9 0.37 OR LESS CL=.90 BARMIN 83 HLBC 

N O T E  O N  C P  V I O L A T I O N  IN KOs --~ 3 x  

For K ° --~ 37r, the quantities which measure C P  

violation are the ratios of  amplitudes 

A s ( K  s -+ ~r + ~ -  r0) 
"q+-O = 

AL (K  L --~ Tr + cr-Tr O) ' 

A s ( K  S -~ lr0~r0r0) 
~lo00 = AL (K L --~ /r07r07r0) • 

If one assumes that C P T  invariance holds and that 

there are no transitions to I = 3 states, then R e 0 / + - o )  

and Re(~/000) can be neglected, and C P  violation would 
be observed as nonzero values of  I m 0 / + - 0 )  and 
Im(v0o0). Sections ET+ and ET0 list the relative rates 

(Imp/+ _0) 2 = I ' (Ks "-~ zc+Tr-Tr°) 

F(KL __. ~+~-~0) 

(IMP000)2 = F(Ks -~r0~0r0) 
r ( K  L -~  7rOrOTr O) 

obtained under the above assumptions. 
In the above expressions the three pions are res- 

tricted to the dominant symmetric I = 1 state, a CP = 

- 1 state which couples to K S only i f  C P  is violated. 
The decay K S --*- lr+Tr-Tr 0 also has CP-allowed ampli- 

tudes to I = 0 and I = 2 states of  the three pions. The 

angular momenta  in these states cannot be S wave so 
they are strongly suppressed by centrifugal barrier 

effects, and, for the I = 2 state, by the ,.DJ = 1/2 rule as 
well. For comparison with the CP-violating rate, we list 

in section RSQ the CP-conserving rate relative to 
K L ~ 7r+Tr-zr 0 decay. The CP-conserving limit is large 

and thus determines the branching ratio limit 
F(K S --~ 7r+Tr-Tr0)/total given in section RS. 

CP VIOLATION PARAMETERS IN K~ DECAY 

Im(~+_o) 2 
ET+ WHERE ETA+-O = A(KB -> PI+ PI -  PIG, CP VIOL.)/A(KL -> PI+ Pl -  PIO). 
ET+ CPT ASSUMED VALID ~ ( I .E .  RE(ETA+-O)=O) 
ST+ 18 (3.8)  OR LESS EL=.90 ANDERSON 65 HBC INCL. IN WEBBER 70 
ET+ (0.45) OR LESS EL=.O0 BEHR 66 HLBC 
ET+ 71 ( 0 .8 )  OR LESS EL=.90 WEBBER 70 HBE 
ET+ 99 ( 1 . 2 )  OR LESS EL=.90 CHO 71 DBC 
ET+ 98 ( 1 . 0 )  OR LESS CL=.90 JAMES 71 HBC INCL.  IN JAMES 72 
ET+ M 50 (1.2) OR LESS CL=.95 MEISNER 71 HBC CL=.9 NOT AVAIL. 
ET* 180 (0.66) OR LEES EL=.90 JAMES 72 HBC 
ET+ 99 (1.2) OR LESS EL=.90 JONES 72 OBPK 
ST÷ 384 0,12 OR LESS EL=.90 METCALF 72 RBPK 
ET÷ 148 (0.71) OR LESS EL=,90 MALLARY 73 OSPK RE(A)=-.05+-.17 
ET+ 192 (1.2) OR LESS CL=.90 BALDOCEOL 75 HLBE 
ET÷ B 601 (0.23) OR LESS EL=.90 BARMIN 85 HLBC K+ 850 MEV ] 
ET+ M THESE AUTHORS FIND REAL(A)= 2 .75 , - .65 ,  ABOVE VALUE AT RE(A)=O 
ET+ B BARMIN 85 FIND RE(ETA+-D)=(O.05+-0.17) AND IM(ETA+~O)=(O.15+-O.33). 

p2 
RSQ WHERE RHO=CABB(A(KB -> PI+ PI 'PIO, CP CONS.)/A(KL -> PI* P l -  PlO)). 
RBQ CONSERVES CP BUT LISTED HERE FOR COMPARISON WITH SECTION ET+ ABOVE. 
RBQ THIS LIMIT DETERMINES BRANCHING RATIO R8 ABOVE. 
RSQ 384 O.A2 OR LESS CL=.90 METCALF 72 ASPK 

Im(~ooo) 2 
ETO WHERE ETAO00 = AIKS INTO 3PIO, EP VIOLATING)/A(KL INTO 3PIO) 
ETO SEE COMMENTS IN SECTION ET+ ABOVE. 
ETO THIS LIMIT DETERMINES BRANCHING RATIO B9 ABOVE. 
ETO 22 (1.2)  OR LESS EL=.90 BARMINI 73 HLBC 
ETO (0.28) OR LEES CL=.90 OJESDAL 74 BPEC INDIRECT MEAS. 
ETO 632 0.1 OR LESS EL=.90 BARMIN 83 BLBC 
ETD GJEBDAL 74 USES K2PI, KMU3 AND KE3 DECAY RESULTS, UNITARITY, AND 
ETO CPT. CALCULATES ABB(ETAO00)=.26+-.20. WE CONVERT TO UPPER LIMIT. 
ETD BARMIN B3 ;IND BE(ETAO00)=(~.08÷-.18) AND IM(ETAO00)=(-.05~-.27) . 
ETO ASSUMING CPT INVARIANCE THEY OBTAIN THE LIMIT QUOTED ABOVE . 

REFERENCES FOR K O 

BOLOT 58 PRL 1 150 E BOLDT,D 0 CALDWELL,Y PAL (MIT) 
CRAWFORD 59 PRL 2 266 CRAWFORD,EREBTI,DOUGLABS,GOODITICHO 4 (LRL) 

BAGLIN 60 NC 18 1043 BAGLIN,BLOCHIBRIBSON,HENNEBSY + (EPOL) 
BOWEN 60 PR 119 2050 BOWEN/HARDY,REYNOLDS,SUN,MOOBB+ (PRIN~BNL) 
COLUMBIA 60 ROEH CONF 727 M SCHWARTZ * (COLUMBIA) 

BROWN 01 NE 19 1155 BRONN,BRYANT,BURNBTEIN,GLASER,KADYK+ (MICH) 
ANDERSON 62 CERN CONF 856 J A ANDERSON,F B CRAWFORD ÷ (LRL) 
BEBTABZA 62 PREPRINT 0105 BERTANZA,CONNOLLY,CULWICK,EIBLBR + (BNL) 

UNPUBLISHED, BUT RECERTIFIED BY AUTHORS, AUGUST 66. 

CHRETIEN 63 PR 131 2208 
BROWN 63 PR 150 769 
KREISLER 64 PR 136 0 1074 
ANDERSON 60 PRL 14 475 

ALFF-STE 66 PL 21 595 
AUERBACH 66 PR 149 1052 

ALSO 65 AUERBACH 
BALTAY 66 PR 142 932 
BEHR 66 PL 22 540 
BELLOTTI 66 NC 45A 737 
BOTT~BOD 66 PL 23 277 
KIRSCH 66 PR IAT 939 

BOTT-BOO 67 PL 2RB 194 
DONALD 68 PL 27B 58 
HILL 68 PR 171 1418 

BANNER 69 PR'188 2053 
BOHM 69 THESIS 
BOZDKI 69 PL 30B 490 
DOYLE 69 UCRL 18139-THESIS 
GOBBI 09 PRL 22 682 
MYAMS 69 PL 298 521 
MORFIN 69 PRL 23 660 
STUTZKE 69 PR 177 2009 

MOFFETT 70 BAPS 15 512 
WEBBER 70 PR DI 1967 

ALSO 69 UCRL 192Z6 THESIS 

EHRETIEN* (BRRNDEIB+BROWN+HARVARD+ MIT) 
BROWN,KADYK,TRILLING,ROE ÷ (LRL+MICR) 
M KBEIBLER,O OVERBETH,J CRONIN (PRINCETON) 
÷CRAWFOR,GOLOEN,BTERN,BINFORD + (LRL+WIBC) 

ALFF-STEINBERGER,HEUER,KLEINKNECHT + (CERN) 
AUERBACH,DOBBS,LANDE,MRNN,SEIULLI~ (PENN) 

BALTAY,BANDWEIBB,BTONEBILL + (YALE+BNL) 
BEHR,BRISSON,PETIAU+ (EPOL,MILA,PADO,ORSAY) 
+PULLIA,BALDO-CEOLIN ÷ (MILAN+PADUA) 
BOTT-BODENMAUBEN,DE BOUARD + (BERN) 
L KIRSCH,P SCHMIDT (COLUMBIA) 

BOTT-BODENHAUBEN,DE BOUARD,CASSEL~ (BERN) 
DONALD,BDWARDS,NISAR÷ (LIVP,CBRN,IPNP,CDEF) 
HILL,ROBINSON,BAKITT + (BNL,EARNEGIE) 

+CRONIN,LIU,PILCHER (PRINCETON) 
R. BOHM (AACH) 
+FENYVEB,GOMBOSI,NAGY,SURANYI+ (BUDAPEST) 
J.C. DOYLE (LRL) 
GOBBI,SREEN,HAKEL,MOFFETT,ROBEB+(ROCHESTBR) 
+KOCH,POTTER,VON LINDERN,LORENZ+(CERN~MPIM) 
MORFIN,BINCLAIR (MICH) 
+ABRBHIAN,JONES,MANTBEH,OR~,BMITH(ILLINOIS) 

~GOBBI,GREEN,HAKEL;ROBEN (ROCHESTER) 
• SOLMITZ,CRAWFORD,ALSTON-GARNJOST (LRL) 
B R WEBBER (LRL) 
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Stable Particle Full Listings 
Ko, Ko 

BALTAY 71 PRL 27 1678 
ALSO 71 HEVIS-187 THESIS 

CHO 71PR 03 1557 
JAMES 71 PL 350 265 
MEISHER 71 PR 03 59 
REPELLIN 71 PL 360 603 

ALITTI 72 PL 39B 568 
BANNER 72 PRL 29 237 
JAMES 72 NP 049 1 
JONES 72 NC 9A 151 

METCALF 72 PL 4DB 703 
MORSE 72 PRL 28 388 
NAGY 72 HP 047 94 

ALSO 69 PL 3DB 498 
SKJEGGES 72 NP B48 343 

BARMINI 73 PL ~60 465 
BARMINR 73 PL ~70 463 
BURGUN 73 PL 46~ 481 
FACKLER 78 PRL 31 847 
GJESDAL 73 PL 440 217 
HILL 73 PR 08 1290 
MALLARY 73 PR 07 1953 

BOBISUT 74 LND 11 646 
COWELL 74 PR DIQ 2083 
GEWENIGE 74 PL 480 487 
GJESDAL 74 PL 52B 119 

BALDOCEO 75 NC 25A 688 
CARITHER 75 PRL 34 1244 
ARONSON 76 NC 32A 236 
EVERHART 76 PR D14 661 
TAUREG 76 PL 650 92 
ARONSON 82 PRL 48 1306 

ALSO 82 PL 116B 73 
ALSO 83 PR 028 476 
ALSO 83 PR 028 495 

BARMIN 83 PL 1280 129 
ALSO 84 SJNP 39 269 

BARMIN 85 NC 85A 67 

BIRGE 60 ROCH DONF 601 
MULLER 60 PRL 4 418 
FITCH 61ND 22 1160 
GOOD 61 PR 124 1223 

CRAWFORO 62 CERN CDNF 827 
AUERBACH 65 PRL 14 192 
TRILLING 65 UCRL 16475 

UPDATED FROM 1965 ARGONNE 

+BRIDGEWATER,COOPER,GERSHWIN,HABIBI+ (COLU) 
WILLIAM A. COOPER (COLUMBIA) 
+DRALLE,CANTER,ENGLER,FISK* (CARN+BNL+EASE) 
+MONTANET,PAUL,PAULI÷ (CERN+SACL+OSLD) 
+MANN,HERTZBACH,KOFLER + (MASA+BNL+YALE) 
+WOLFF,CHOLLET,GAILLARD,JANE* (ORSA*CERN) 

J ALITTI,E LESQUOY,A MULLER (SACLAY) 
÷CRONIN,HOFFMAN,KNAPP,SHOCEET (PRINCETON) 
+MONTANE~,PAUL,CAETRE+ (CERN+SAEL+OSLO) 
+ABASHIAN,GRAHAM,MANTECH,ORR,SMITH* (ILL) 

+NEUHOFER,NIEBERCALL'+ (CERN+IPN+WIEN) 
÷NAUENBERG,BIERMAN,SAGER+ (COLO+PRIN÷UMD) 
+TELBISZ,VESZTERGOMBI (BUDAPEST) 
BOZOKZ,FENYVES,GOMBOSI,NAGY+ (BUDAPEST) 
SKJEGGESTAD,JAMES,MONTANET+(OSLO+GERN*BACL) 

÷BARYLOV,DAVIDENKO,DEMIDOV+ (ITEP) 
*BARYLOV,DAVIDENKO,DEMIDOV+ (ITEP) 
+BERTRANET,LESQUOY,MULLER,PAULI+(SAEL+CERN) 
+FRICCH,MARTIN,SMOOT,SOMPAYRAC EMIT) 
+PRESSER,STEFFEN,STEINBERGER+ (CERN+HEID) 
+SAKITT,SAMIOB,BURRIS,ENGLER+ (BNL+CARN) 
+BINNIE,GALLIVAN,GOMEZ,PECK,SCIULLI+ (EFT) 

+EUZITA,MATTIDLI,PUGLIERIN (PADO) 
+LEE-FRANZINI,ORCUTT,FRANZINI + (STON÷COLU) 
CEWENIBER,CJESDAL,PRESSER÷ (CERN+HEID) 
+PRESSER,STEFFEN,STEINBERGER + (CERN+HEID) 

BALDO-EEOLIN,BDBISUT,CALIMANI+ (PADO*WISC) 
CARITHERS,MODIS,NYGREN,PUN + (COLU÷NYU) 
÷MC]NTYRE,ROEHRID + (WISC*EFI*UC~D+ILLC) 
÷KRAUS,LANDE,LOND,LOWENSTEIN + (PENN) 
+EEDH,DYDAK,NAVARRIA÷ (HEID+CERN*DORT) 
+BDCK,CEENG,FISCHBACH (BNL+CHIC÷PURD) 
FISCHBACH,CEENG~ARONSON,BOCK(PUHD+BNL+CHIE) 
ARONBON,BOCK,CHENG,FISEHBACH(BNL+EHIC~PURD) 
ARONSON,BOCK,CHENG,FISCHBACH(BNL+CHIC+DURD) 
÷BARYLQV,CHISTYAKOVA,CHUVILO+ (ITEP+PADO) 
BARMIN,BARYLOV,GDLUBCHIKOV+ (ITEP+PADO) 
+BARYLOV,CHISTYAKOVA,CHUVILO+ (ITEP+PADO) 

PAPERS NOT REFERRED TO IN DATA 

R W BIRGE,P P ELY + (LRL+WISCONSIN) 
MULLER,BIRGE¢FOWLER,GDOD,PICCIONI+ILRL+BNL) 
V FITCH,P PIRDUE,R PERKIN~ (PRIN+LASL) 
GOOD,MATSEN,MULLER,PICCIONI + (LRL) 

F S CRAWFORD (LRL) 
AUERBADH,LANDE,MANN,SCIULLI,UTO + (PENNI 
GEORGE H TRILLING (LRL) 
CONF., PAGE 115. 

r •  l (yP) .  = 1 ( 0 _ )  LONG-LIVED K ° 

E ~  -- K~ M A S S  D I F F E R E N C E  
WE GIVE (KL~KS MASS DIFFERENCE / HBAR) IN UNITS OF 

TX (2.20) (0.35) ~ITCH 61CNTR 
X (0,84) (0.29) (D.22)GOOD 61 HLBC 

TXC 11.02) (D.2S) CAMERINI 62 HLBC 
TX (0.55) (0m24) AUBERT 65 HLBC 
X (0.26) (0.36) (D.26)BALDO-CEO 65 HLBC 

TXA (0.64) (0.12) CHRISTENS 65 OSPK 
TX (0.70) OR LESS FITCH 65 OSPK 
V 130 (0.89) {0.15) VISHNEVSK 65 OSPK 

(0.51A) (0.0398 ALFF-STEI 66 OSPK 
84 (0.42) (0.24) (0.36) BALDO-DEO 66 HLBE 

B (D.531) (D.027) BOTT-BODE 66 OSPK 
TX 77 (0.58) (0.17) CAMERINI 66 HBC~ 
N 72 (+0,64) (0.18) CANTER 66 DBC 

95 (0.62) (D.ID) (D.16) CHANG 66 HBC 
(0.81) (D.17) FUJI( 66 0SPK 

X 59 (0.74) (0.34) MEISNERI 66 HBC 
+ SIGN FAVORED MEISNER2 66 HBC 

(0.38) (0.16) JOVXNDVIC 66 OSPK 
T 136 (+0.64) (0.19) CANTER 67 DBE 
X (0.65) (0.11) MISEHKE 67 OSPK 
X 590 {Om59) (0.13) BALATZ 68 OSPK 
X (0.5208 (0.044) CARNEGIE 68 HBC 

TX (+0.487) (0,046) MELHOP 60 OSPK 
BX (0.547) (0.024) 80TT-BODE 69 OSPK 
FX (0.555) (0,020) FAISSNER 69 ASPK 

0,542 0,D06 CULLEN 70 ENTR 
(0.5~2) {OmO06) ARONSON 70 ASPK 
(0.481) (0,052) (OmD75)BALATS 710BPK 
(0,534) (0.007) CARNEGIE 71 ABPK 

T 119 (+0.67) (D.14) HILL 71DBC 
S 1 7 5 7  

ASSUMES CP CONS. 

CF. MEICNER 66 
CU AND AL REGEN 

KO+N INTO HYPER. 
C REGEN 

DBC KD+N INTO HYPER 
KO SCATTER IN 02 
KO+D INTO HYPER. 
IRON REGENERATOR 

C+URANIUM REGEN, 
KO~D INTO HYPER, 

AL REGENERATOR 
GAP METHOD 
S T , S T E E L  REGEN 
C REGEH 
REGEN IN CU 

GAP METHOD 

GAP METHOD 

(0.557) (D.038) FACNLER 73 OSPK 
D.5340 D.0030 GEWENIG3 7A SPED GAP METHOD 
0m5334 0.0040 GJESDAL 74 SPED CHG ASYMMETRY 

(0,~82) (0.014) ARONSON2 82 SPEE E=30-110 GEV 
COMMENTS 

NO ATTEMPT HAS BEEN MADE TO CORRECT OLDER EXPERIMENTS WIIH LARGE 
ERRORS FOR THE SUBSEQUENT CHANCES IN THE KS MEAN LIFE OR IN ETA+-. 
A KS MEAN LIFE OF 0.862 10"*~10 SEE WAS USED IN CONVERTING THE 
MASS DIFRERENCE FROM UNIIS OF INVERSE KS MEAN LIVES TO ABSOLUTE 
UNITS. VALUES NOT BEARING THIS FOOTNOTE EITHER WERE GIVEN IN 
ABSOLUTE UNITS OR WERE CONVERTED USING THE AUTHORS' VALUE 0g THE 
KS MEAN lIFE. 
CAMERINI 62 VALUE CHANCED FROM 1.7 (SEE TABLE I DF CAMERINI 66) 
CHRISTENOON 65 CORREDTED FOR INTERFERENCE BY FITCH 65 FOOTNOTE. 
VISHNEVSKY 65 NOT CORREDTED FOR INTERFERENCE EFFECTS. 
CANTER 66 ERROR IGNORES UNCRRTXINTY OF PHASE SHIFTS, THESE EVENTS 
ARE USED IN HILL 71, 
BOTT-BODENHAUSEN 69 IS A REEVALUATION OF BOTTLBODENHAUSEN 66. 
FAISSNER 69 HAS ADDNL. SYSTEMATIC ERROR LESS THAN TWO PERCENT, 
ARONSON 70 AND CARNEGIE 71 USE KS MEAN LIFE=.R62+~.O06 E~10 RED. 
WE HAVE NOT ATTEMPTED TO ADJUST THESE VALUES FOR THE SUBSEQUENT 
CHANGE IN THE KS MEAN LIFE OR IN ETA÷-. 
HILL 71 PRIMARY RESULT IS THAT DR IS POSITIVE. 
THE MAGNITUDE HAY HAVE AN ADDITIONAL SYSTEMATIC ERROR OF ABOUT 0.12 
NOT AVERAGED BECAUSE ERROR IS LARGE AND SYSTEMATICS NOT DISCUSSED. 
ARONBON 82 FIND THAT DELTA-M MAY DEPEND ON THE KAON ENERGY . 

0.5349 D.002S AVERAGE 

K~ M E A N  LIFE  (units 10 S sec) 

I ~L%"I .... 3 . 3m2 2m~ BARDON 58 CNTR 
T ASSUMED DS=DQ AND DELTA I=I/2 DRAWFORD 59 HBC 
T 15 5.1 2.4 1.3 DARMON 62 FBC 
T 5.3 0.6 FUJI( 64 OSPK 
T 1700 6.1 1.5 1.2 ASTBURY3 65 CNTR 

5.~5 0.14 DEVLIN 67 CNTR 
L (5.0) (0.5) LOWYS 67 HLBC 

T O.AM 5.154 D.044 VOSBURGH 72 CNTR 
T L SUM O~ PARTIAL DECAY RATES. 

AVG m N s Z ~ O l l  6m6~2 01042 AVERAGE 
T FIT 5.185 0.040 FROM FIT 

KOL P A R T I A L  DECAY M O D E S  

Pl K ° ~ 3w D 

P2 K o ~ 7r + 7r -  ~r ° 

P3 K ° ~ ~r/~v (called K~3 ) 

PA K ° ~ 7F e e (called Ke3 ) 

P5 K0L ~ / ~ + ~ -  
P6 g o ~ g + # -  

P7 Kz ~ e+e  - 
P8 K ° ~ e/,t  
P9 KC 2"/ 
PID K~ ~ 7r+Tr- ' , /  

Pll K~ ~ 7r°~ ° 

P12 K ° ~ 7 r e v - r  
K D P13 ~ 71"02"/' 

P14 K C e+ e - - r  
P15 K~ ~ #+#-~F 

P16 K ° ~ # + # - ~ r  C 

P17 K o ~ " . , r + T r - e + e  - 

P18 KOL ~ "g"D~±e~v  

P19 K~ ~ (~ ' #  atom) v 
P20 K o ~ ¢cDe+e  - 

K o P21 K~ ~ g + # - e + e -  
P22 e+ e - e +  e - 

DECAY MASSES 

135+ 135+ 133 

140+ 140+ 135 

140+ 106~ 0 

140+.511+ 0 

140+ 140 

106+ 106 

.511+.511 

.511, 106 

D+ 0 

14D* 140+ D 

135, 135 

140+.511+ D+ D 

135+ 0+ 0 

.511+.511+ D 

I06÷ 1D6+ D 

106+ I06+ 135 

140+ 140+.511+.511 

135- 140*.511+ 0 

135+.511+.511 

106÷ 106+.511÷.511 

.511+.511*.511+,511 

K ° C O N S T R A I N E D  FIT  
OVERALL FIT OF MEAN LIFE, WIDTHS AND BRANCHING 
RATIOS USES 65 DATA POINTS TO DETERMINE SIX 
QUANTITIES. OVERALL FIT HAS CHI-SQUARED=69.9 

FITTED PARTIAL DECAY MODE ER~.~CHING FRACTIONS 

The matrix below is derived from the error matrix for the fiIted partial decay mode 
branching fractions, Pb as follows: The diagonal elemenls are P,±rP,, where 
8P i = ~ / ~ ,  while the off-diagonal elemet~ts are the normalized correlation coeffi- 
cients /rPIbPj)/(gPI.SPj). For the defialtioIls of the iadlvidual Px, see the listings above: 
only those Pi appearing in the matrix are assumed in 1be fit to be nonzero and are 
thus constrained to add to 1. 

P 1 P 2 P 3 P4 P 5 P l l  
P ~ 12147+-,0101 
P -.664 .1240+-,0026) 
P 3 -.859 .460 .2711*-.0043 
p 4 -.914 ,490 .625 .3873+-.D056 
P 5 -.498 .545 .383 .407 .00203+-.(]0005 
P11 .233 -.167 -.215 -.228 -.125 .00094+-.00019 

FITTED PARTIAL DECAY MODE RATES 

The matrix below is the branching fraction matrix above, transformed [too raze space: 
i.e., G i ~ F 1 = Fto~IP v in appropriate units. In analog)' to the matrix above, the 
diagonal elements are G,+EG,, where ~G, = ~ ,  while the off-diagonal elements 
are the normalized correlation coefficients (rG,gG)/(rG,-CGi). Note that. because of the 
error in Ftom], the errors and corretativrls here are nol direct[) derivable from those 
above. 

G I G 2 G 3 G 4 G 5 011 
~ o ..... 002o 

~.485 .0239+-.0004 

G 5 --mST9 .371 .422 .446 .00039+--,00001 
011 .242 --,128 --.170 --.178 --.099 .00018+--.00004 

K~ DECAY R A T E S  

K ~  ~ ~D?r°?r° (units 106sec - l )  (G1)  

w1 54 3.22 1.03 0.84 BEHH 66 HLBC ASSUMES CP 
WI ......... 
WI FIT ~.14 0.20 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 13) 



For notation, see key on page 91. 

K~ ~ / £ + / £ - / £ 0  (units 106sec -I) (62) 
W2 18 3.26 0.77 ANDERSON 65 HBC 
W2 14 1.4 0.4 FRANZINI 65 HBC 
W2 136 2.62 0.28 0.27 BEER 66 HLBC ASSUMES CP 
W2 53 2.20 0.35 WEBBER 70 HBC ASSUMES CP 
W2 99 2.71 0.28 CHO 71 DBC ASSUMES CP 
W2 J 98 (2.51 (0.3) JAMES 71 HBC ASSUMES CP 
W2 50 2.12 0.33 MEISNER 71 HBC ASSUMES CP 
W2 J 180 2.35 0,20 JAMES 72 BBC ASSUMES CP 
W2 192 2.32 0.13 0.15 BALDOCEOL 75 HLBC ASSUMES CP 
W2 IN THE OVERALL FIT THIS RATE IS WELL DETERMINED BY THE MEAN LIFE AN 
W2 THE BRANCHING RATIO a2. FOR THIS REASON THE DISCREPANCY BETWEEN THE 
W2 W2 MEASUREMENTS DOES NOT AFFECT THE SCALE FACTOR OF THE OVERALL FIT 
W2 J JAMES 72 IS A FINAL MEASUREMENT AND INCLUDES JAMES 71. 
W2 . . . . . . . . .  
W2 AVG 2.34 0.11 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.21 
W2 FIT 2,392 0,040 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.21 

(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
2 .34  ± 0.11 (ERROR SCALED BY 1.2 ) 

" ' ~  "1" Values above of welghted average, error, 
and scale factor are based upon 1he data in 
this ideogram only. They ate not neces- 
sarily the same as our "best" values, 
obtained from a least-squares constrained fit 
ut i l iz ing measurements of other (re~ated) 
quantities as additional information. 

X 2 
. . . . . . .  BALDOCEOL 75 HLBC DO 
. . . . . . . .  JAMES 72 HaD O.O 

- -  . . . . . . . . .  MEISNER 71 HBC OA 
. . . . .  CHO 71 DBC 17 

. . . . . . .  WEARER 70 HBC 0 2 
. . . . . .  BEHR 60 HLBC 1.0 

y . . . . . .  FRANZINI 55 HBC 5 5 
" ANDERSON 65 HBC 

(Confidence Level = 0177) 
| 

4 6 

K ° ~ ~+TT'~  O 1106 see "l) 

K ~  ~ ¢ f e v  (units 1Oesec - l )  (G4) 
W3 7.52 0.85 0,72 AUBERT 65 BLBU DS=DQ,CP ASSUMED 
W5 620 7.81 0.56 CRAM 71 Has 
W3 ......... 
W3 AVG 7.71 0,46 AVERAGE 
W3 FIT 7,47 0.11 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 

K ~  ~ ~ p  + " a ' + / £ - ~  ° (units lO6sec i)  (G2+G3+G4) 
KL INTO CHARGED (UNITS 10"'6 SEC-I) (62+a3~64) 

W4 L=E OR MU 
W4 98 15.1 1.9 AUERBACH 68 OSPK 
W4 
W4 FIT 15.09 0.21 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.4) 

K ~  ~ W t V  (uni t s  106sec - I )  (63+641 
W5 C D 109 9.85 1.15 1.05 FRANZINI 65 MBC 
W5 335 (I0.3) (0.8) HILL 67 DBC K+N TO KO P 
W5 a 393 11m6 0.9 CHO 70 DBC K+N TO KOP 
W5 O 252 1~ml 1.3 WEBBER 71 HBC K-- P TO LOBAR N 
W5 D 410 12m4 0.7 BURGUN 72 Has g+P TO KOPPI+ 
W5 D 128 8.47 1.69 MANN 72 HBC K- P TO KOBAR M 
W5 C CHO 70 INCLUDES EVENTS OF BILL 67 
W5 D ASSUMES DS=DQ RULE 
W5 . . . . . . . . .  
W5 Ave 11.80 0.65 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5) 
W5 FIT 12.70 0.18 FROM FIT (ERROR INCLUDES SCALE FACTOR OF Im4) 

(SEE IDEOGRAM BELOWI 

WEIGHTED AVERAGE 
11.80 ± 0.65 (ERROR SCALED BY 1.5 ) 

tO 

Values above of weighted average, error, 
and scale factor are based upon the data in 
this ideogram only, They are no1 neces- 
sarily the same as our "best" values, 
obtained from a ;east-squares constrained fit 
uti l izing measurements of uther {related) 
quantities as additional information. 

X2 

. . . . . . .  MANN 72 HBC 34 
. . . . .  BURGUN 72 HBC 1 3 

' WEBBER 71 HBC 1 3 
. . . . . .  CHO 70 DBC O 0 

. . . . .  FRANZINI 05 HBC 2 5 

9.6 
(Confidence Level = 0.072) 

14 18 
0 K L ~ K,,~S + Ke3 (10 8 SeO "1} 

1 3 3  

Stable Particle Full Listings 

K 0 ~ / £ # V  (uni ts  108see ~ l )  (G31 
W6 19 4,54 1,24 1.08 LOWYS 67 HLBC 
W8 ......... 
W6 FIT 5,231 0.087 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 

R1 
R1 
al  
R1 

K[ 

R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 

K ~  B R A N C H I N G  R A T I O S  

( ~ ° ~ a T ~ ° ) / ( ~  ~ u -L /£+7U-- /£0)  (PI)/(P2+P3+P4) 

0.24 0.08 ANIKINA 64 00 
549 0.251 0.014 8UDAGOV 68 HLBC ORSAY MEASUR. 
444 0.277 0.021 BUDAGOV 60 HLBC EC. POLYTEC.MEAS 
29 0.31 0.07 0.06 KULYUKINA 68 CC 

AVG 0,260 0,011 AVERAGE 
FIT 0.274 0,016 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.8) 

(,t£+ ~ - -  ,j~O)/(~ ~ ~ 4- /£+'1"-- /£0) (P2)/(P2+PS*P4) 

~ E OR MU, 
0.185 0.038 

79 0,151 0.020 
75 0.157 0.03 
66 0.15 0.03 

326 0,159 0.015 
566 0,178 0.017 

1729 (0.144) (0,004) 
128 0,162 0.015 

0.161 0.005 
1402 0,167 0.016 
1590 0.1605 0.0038 
3200 0.146 0.004 
558 0.159 0.010 

6499 0.163 0.003 

AVG 
FIT 

ASTIER 61 CC 
ADAIR 64 HBC 

0.04 LUERS 64 MBC 
0.04 ASTBURYI 85 CC 

ASTBURY2 65 CC 
GUIDONI 05 HBC 
HOPKINS 65 HBC SEE HOPKINS 67 
HAWKINS 66 HBC 
HOPKINS 67 HBC 
KULYUKINA 58 c0 
ALEXANDER 73 HBC 
BRANDENBU 75 HBC 
EVANS 73 HLBC 
CBO 77 HBC 

0.1587 0,0024 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5) 
0.1585 0.0019 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2) 

(GEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
0.1587 ± 0 . 0 0 2 4  (ERROR SCALED BY 1.3 ) 

\ 
÷ 

Values above of weighted average, error, 
and scale factor are based upon the data in 
this ideogram only. They are not neces- 
sarily the same as our "best" values, 
obtained from a least-squares constrained fit 
util izing measurements o1 other (related) 
quantities as additional inforrqation, 

X 2 
. . . . . . . . . . . . .  CHO 77 HBC 2 O 

. . . . . . . . . . . .  EVANS 73 HLBC O O 
"~" . . . . . . . . . . .  BRANDENBU 73 HBC 10 1 

. . . . . . . . .  ALEXANDER 73 HBC 0 2 
- KULYUKINA 68 CC 0 3 

. . . . . . .  HOPKINS 67 HBC O 2 
. . . . . .  HAWKINS 66 HSC O 0 

. . . . . .  Gb]DON] 65 HaD 1 3 
. . . . . . . . . .  ASTBURY2 65 CC O O 

? t  . . . . . . . .  ASTBURYI 65 CC 
LURRS 54 HBC 

. . . . . . . . . .  ADAIR 64 HBC 
. - - 6 - - . . .  " AST]ER 61 CC 

14.2 
(Confidence Level = 0 077) 

0 10 0.14 0.18 0.22 0.26 

K~ ~ ( ~ + ~ ' ~ ° ) / c h e r g e d  

K~ ~ ( / £ # ~ ) / ( ~ l v  + /£+~r-/£ o) 
.3  ~; . . . . . .  
R3 0 2 (0.358) (0.07) LUERS 64 HBC 
R3 C 172 (0.39I (0.08) (0.I0) ASTBURYI 65 00 
R3 C 330 (0,5351 (0.055) KULYUKINA 68 Cc 
R3 C THIS MODE NOT MEASURED INDEPENDENTLY FROM R2 AND R4 
R3 ......... 
R3 FIT 0.3465 0.0028 FROM FIT 

K ~  ~ ( ~ - e ~ ) / ( T r C v  + ~ + 7 r - / £  e) 

aA IX . . . . . .  R4 0.48 0.11 NEAGU 61 00 
R4 153 0.487 0.05 LUERS 04 HaS 
R4 202 0.46 0,08 0.10 ASTBURYI 65 C0 
R4 500 0.498 0.052 KULYUKIMA 08 CC 
R4 ......... 
R4 AV6 0.485 0.032 AVERAeE 
RA FIT 0.4950 0.0029 FROM FIT 

~ ~ (~  e v) l ( ( /£ e v )+ (~  ~ ~)) 
320 0.415 0.120 ASTIER 61 CC 

R5 ......... 
R5 FIT 0.5882 0,0032 FROM FIT 

K [  ~ ( / £ + / £ ~ w e ) / t o t a l  
R6 
R6 . . . . . . . . .  
R6 FIT 0.1240 0.0020 FROM FIT 

K ~  ~ ( ~ C v ) / t o t a l  
R7 
R7 . . . . . . . . .  
R7 FIT 0.6584 0,0089 FROM FIT 

(P3)/(P2+P3+P4) 

(P4)/(P2+PS÷P4) 

(P41/(P3+P4) 

@2) 

(P3+P4) 



134 

Stable Particle Full Listings 

K[ ~ (27)/total  (units i0 4) 
C (1.35 (O.G) 

R8 
R8 K 
R8 
R8 
R8 R 
R8 
R8 ~ 
R8 ~ 
RB 
R8 R 
R8 C 
R8 K 
B8 
R8 
R8 AVG 

(P95 
CRIEGEE 66 OSPK 

32 8.7 2,2 TODOROFF 67 OSPK REEL.  CRIEGEE88 
33 (7.4) (1.6) CRONIN 1 67 OSPK 
90 5.5 1.1 KUNZ 88 OSPK NORM.TO 5PI(C+N) 
23 4,5 1.0 ENSTROM 710SPK KL 1.5-9 GEV/C 

5,0 {1 .0)  REPELLIN 710SPK 
4.34 0.84 BANNER2 72 OSPK 

THIS VALUE USES (EOO/E+-)**2=1,05+~O.14. IN GENERAL, S13R8 = 
(G.52*-O.55)*(IO**-4)*((EOG/E+-)**2). 
ASSUMES REGEN AMPL IN COPPER AT 2GEV IS 22 MS. TO EVALUATE 
FOR A GIVEN REGEN AMPL AND ERROR, MULTIPLY BY (REGEN AMPL/22MB)**2 

CRIEBEE 68 REPLACED BY TODOROFF 87 
CRONINI 67 REPLACED BY KUNZ 68. 

R21 BELOW GIVES (4.82+-,52)E-4. COMBINED AVG (4.85+-.37)E-4. 

4,89 0.54 AVERAGE 

K~ ~ (~+Tr- ) / (~r#v  ~ ~z+~r-Tr o) (units 10 a) 
R9 (P5)/(P2+P3+P4) 
R9 ~; ...... 
R9 0 (2.0) (0,¢) CHRISTENS 64 OSPK ETA+- ~ 1.95+-0.20 
R9 0 34 (2.08) (0.35) GALBRAITH 65 OSPK ETA*- 1.99+-0.18 
R9 0 (1.955 (0.26) BASILE 86 OGPK ETA+- = 1.92+-0.13 
R9 0 (1.993) (0,080) BOTT-BODE 86 OSPK ETA+- = 1.95*-0,04 
R9 M 4200 (2.60) (0.07) MEDSNER 73 ASPK ETA*- = 2.23+-0.05 
RO 0 OLD EXPERIMENTS EXCLUDED FROM PIT. SEE SUBSECTION E+- BELOW FOR 
R9 0 AVERAGE ETA+- OF THESE EXPERIMENTS AND FOR NOTE ON DISCREPANCY. 
R9 M FROM SAME DATA AS R27 MESSNER 73,BUT WITH DIFFERENT NORMALIZATION. 
R9 ......... 
R9 FIT 2.598 0.033 FROM FIT 

RIO 0.81 0.19 ADAIR 64 HRC 
RIO 0.82 0.10 DEBOUARD 67 OGPK 
R10 273 0.7 0.2 HAWKINS 67 HBC 
RID 0.81 0.08 HOPKINS 67 HE( 
RlO 770 0.71 0.05 BUDAGOV 88 HLBC 
RIO K (0.67) (0.135 KULYUKINA 68 CC 
RIO B 569 (0,715 (0.045 BEILLIERE 69 HLBC 
RIO 1309 (0.648) (0.030) EVANS 69 HLBC REPL, BY EVANS 73 
RIO 3548 0.68 0.08 BASILE 70 OSPK 
RIO 8700 0.741 0.044 RRANDENBU 75 HSC 
RIg 1509 0.662 0.050 EVANS 75 HLBC 
RIO IOK 0.682 0.037 WILLIAMS 74 ASPK 
RIO 35K 0,702 0.011 EGO 80 HBC 
R10 K KULYUKINA 68 RIO IS NOT MEASURED INDEPENDENTLY FROM R2 AND R4. 
RIO B SEILLIERE 69 IS A SCANNING EXPT USING SAME EXPOSURE AS BUDAGOV BE 
RIO ......... 
RIO AVG 0.7001 0.0093 AVERAGE 
RIO FIT 0.7001 0.0092 FROM FIT 

K [  ~ (p+#-) / (~C~ + "/r+'lr- '~ D) (units 10 -8)  
R11 (P6)/(P2~P3+P45 
R11 L=E OR MU. 
R11 TEST FBB DELTA(S) = I WEAK NEUTRAL CURRENT. ALLOWED BY FIRST ORDER 
R l l  WEAK INTERACTION COMBINED WITH ELECTROMAGNETIC INTERACTION. 
R11 (lOG.O) OR LESS ANIKINA 65 CC 
R11 (250.05 OR LESS CL=.9O ALFF-STEI 66 OSPK 
R11 (2.0) OR LESS CL=.9O BOTT~BODE 67 OSPK 
R11 (35.0) OR LESS EL=.90 FITCH 67 OSPK 

K~ ~ ( ~ + ~ - ~ ) / t o t a l  (units 10 -3) (PIO) 
R12 (15,05 OR LEGS ANIKINA 65 CC 
R12 O (5,05 OR LESS BELLOTTI 66 HLBC BAH KE 40-150 MV 
R12 1 (3,05 OR LESS NEFKENS 66 OGPK BAH KE 120 MEV 
R12 (O,&) OR LESS CL=.90 THATCHER 68 OSPK GAM KE 20-170 MV 
R12 (3,2) OR LESS EL=.90 BOBISUT 74 HLBC DAM KE GT GO MEV 
R12 D 24 (0,062) (0.0215 DONALDSI 74 SPEC 
R12 (0,465 OR LESS CL=.90 WOO 74 SPEC 
R12 H 516 (0.01525 (0,00185 CARROLL2 80 SPEC +-OGAM KE GT 20 MEV 
R12 J 546 (0,0289) (0,0028) CARROLL2 80 SPEC +-0 
R12 KI082 0,0441 0,0032 CARROLL2 SO SPEC +-OGAM KE ET 20 MEV 
R12 D USES KL TO PI+PI-PIO/ALL KL DECAYS = 0.126 
R12 H INTERNAL BREMSSTBAHLUNG COMPONENT ONLY. 
R12 J DIRECT 8AMMA EMISSION COMPONENT ONLY. 
R12 K BOTH COMPONENTS. USES KL TO PI+PI-PIO/ALL KL DECAYS = 0,1239 . 

K~ ~ ( e + e - ) / ( ~ l v  + ~r+~r- l r  e) (nnits 10 -6) 
R13 (P7)/(PB÷P3+P4) 
R13 L=E OR MU. 
R13 TEST FOR DELTA(S) = I WEAK NEUTRAL CURRENT. ALLOWED BY FIRST ORDER 
R13 WEAK INTERACTION COMBINED WITH ELECTROMAGNETIC INTERACTION. 
R13 (1000.05 OR LESS ANIKINA 85 CC 
R13 (200.0) OR LESS CL=.9D ALFF-STEI 66 OSPK 
R13 (23.0) OR LESS CL=.9O BOTT-BODE 67 OSPK 

K[ -- ( e p ) / ( ~ C v  + ~ + ~ r - ~ T  B) (units 10 -4)  
R14 (P85/(P2~93+P4) 
R14 L=E OR MU. 
R14 TEST OF LEPTON FAMILY NUMBER CONSERVATION. 
RI4 (10,05 OR LESS ANIKINA 65 C( 
R14 ( I ,05  OR LESS CL=.9O CARPENTER 68 OSPK 
RIG (0.15 OR LESS EL=.90 BOTT-BODE 67 OSPX 
R14 O.08 OR LESS CL=.9B FITCH 87 OSPK 

K [  ~ ( ~ -  e + 0 ) / ( ~  + e -  v) 
R15 0 97 (0.90) (0.185 NEAGU 61 EC 
R15 0 (1,01) (0.16) LUERS 64 HBC 
R15 0 894 (0.99) (0.023) KULYUKINA 66 CC 
R15 0 1559 (1.06) (0,055 VERHEY 66 OSPK 
R15 0 LOW PRECISION EXPTS NOT AVERAGED. FOR MORE PRECISE VALUE, 
R15 0 SEE $13A2 IN THE CP VIOLATION SECTION BELOW, 

K [  ~ ( ~ -  ~ +  u ) / ( ~ +  ~ -  ~) 
R16 IM 1.0081 0.0027 DORFAN 57 OSPK 
R16 SEE ALSO $13A2 AND S13AL IN THE CP VIOLATION SECTION BELOW. 

K~ ~ (~°Tre)/total (units 10 -3) (P115 
R17 C 7 (1.25 (1.5) (1.2) CRIEGEE 66 OSPK 
R17 C CRIEGEE EXPT NOT DESIGNED TO MEASURE 2PIO DECAY MODE 
R17 G 189 (2.5) (0.8) GAILLARD 69 OSPK E00=8.6+-0=8 
R17 G LATEST RESULT OF THIS EXPERIMENT GIVEN BY FAISSNER 70 R19 
R17 . . . . . . . . .  
RIT FIT 0.94 0.19 FROM FIT 

K ~  ~ (31TD)/(TF+'#r--~T o) (P1)/(P2) 
R18 188 2.0 0.6 ALEKSANYA 8A FBC 
R18 1010 1,80 0,13 BUDAGOV 68 HLBC 
R18 883 (1.655 (0.07) BARMIN2 72 HLBC ERROR STAT, ONLY 
R18 . . . . . . . . .  
R18 AVG 1.81 0.13 AVERAGE 
R18 FIT 1.73 0,I0 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.75 

K~ ~ (2~0)/(31r e) (units 10 -2) (P11)/(P1) 
R19 C 109 (1.89) (0.815 CRONIN 1 67 OSPK ETAOO=4.9+-0.5 
R19 C (1,365 (0.185 CRONIN 2 67 OSPK ETAO0=3.92*-0.3 
R19 C CRONIN2 IS FURTHER ANALYSIS OF CRONINI, NOW BOTH WITHDRAWN 
R19 NO EVENTS SEEN BARTLETT 88 OSPK SEE EGO BELOW 
R19 57 0.46 0.11 BANNER 69 OSPK ETAO0=2.2*-O.3 
R19 R 133 (1.31) (0.315 CENCE 69 OSPK ETAOO=5.7+-D.5 
R19 29 0.37 0.08 BARMIN 70 HLBC ETAOO=2.02+-0.23 
R19 30 0.32 0.15 BUDAGOV 70 HLBC ETAOO=I.9*-O.5 
R19 F 172 0.90 O.50 FAISSNER 70 OSPK ETAOO=3.2+-O.5 
R19 R 150 1.21 0.30 ROY 76 OSPK ETB00=3.8~-0.5 
R19 F FAISSNER 70 CONTAINS SAME GPIO EVENTS AS GAILLBRD 69 R17 
R19 R CENCE 89 EVENTS ARE INCLUDED IN REY 76. 
R19 ......... 
R19 AVE 0,437 0.092 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.65 
R19 FIT 0,437 0.085 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.5) 

(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
0.437 :L 0,092 (ERROR SCALED BY 1.6 ) 

i - I -  Values above of weighted average, error, 
and scale factor are based upon the data m 
this ideogram only They are not neces- 
sarily the same as our "best" values, 
obtained flora a least-squares constrained fit 
utirizing r~easurements of other (related) 
quantities as addil ion& informallon 

-O.b 0 5  
K ° ~ (2.rr°)/(3.n °) (10 "2} 

I 
I 

X 2 

. .  BEY 76 OSPK D 6 
. • FA;SSNER 70 OSPK 2 

• BUDAGOV 70 HLBC 0 6 
. . . .  BARMIN 70 HLBC 07 
• ' BANNER 69 OSPK 0 0 
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K~ ~ (~+~-)/{~'te) (units 10 -8) (P5)/(P3+P4) 

R20 O 309 (2.51) (0.23) DEBOUARD 67 OSPK ETA+-=2,OO+-O.O9 
R20 0 525 (2.35) (0,195 FITCH 67 OSPK ETA+-=I,94+-O.08 
R20 2703 3,04 0.14 DEVOE 77 SPEC ETA+-=2,G5+-O.G5 
R20 1887 3.13 0.14 COUPAL 85 SPEC ETA+-=2,28+-O.08 
R20 0 OLD EXPERIMENTS EXCLUDED FROM FIT. SEE SUBSECTION E*- BELOW FOR 
R20 0 AVERAGE ETA+- OF THESE EXPERIMENTS AND FOR NOTE ON DISCREPANCY. 
R20 . . . . . . . . .  
R20 AVG 3,085 0.099 AVERAGE 
R20 FIT 3,087 0.086 FROM FIT 

K~ ~ (2V)/(3~T B) (units 10 -3) (P9)/(P1) 
R21 18 2.5 0.7 ARNOLD 68 HLBC VACUUM DECAY 
R21 115 2.24 0.28 BANNER 89 OSPK 
R21 20 2.15 0.45 BBRMIN 71 HLBC 
R21 ......... 
R21 AV6 2.24 D.22 AVERAGE 

K ~  ~ ( p + # - ) / ( ~ + ~ - )  (uuits 10 6) (P6)/(P3) 
R22 TEST FOR DELTA(S) = I WEAK NEUTRAL CURRENT. ALLOWED BY FIRST ORDER 
R22 WEAK INTERACTION COMBINED WITH ELECTROMAGNETIC INTERACTION. 
R22 0 (140.) OR LESS EL=.90 FOETH 69 SPEC 
R22 0 (18.) OR LESS 0L=.90 BARRIULAT 70 SPEC 
R22 A 0 (1,555 OR LEGS EL=.90 CLARK 71 SPEC 
R22 C 9 5.8 2.3 1.5 EARITHERS 73 SPEC 
R22 F 5 4.2 5.1 2.G FUKUSHXMA 76 GPEC 
R88 15 4.0 1.4 0.9 8HOCHET 79 $PES 
R22 A CLARK 71 LIMIT RAISED FROM 1.2 E-06 BY FIELD 74 REANALYSI$. 
R22 k NOT IN AGREEMENT WITH SUBSEQUENT EXPTS. SO NOT AVERAGED. 
R22 C CARITNERS 73 ERRORS ARE AT CL=O.68, W.CARITHERS, PRIV.COMM, 1979. 
R22 F FUKUDNIMA 76 ERRORS ARE AT CL~DO PERCENT. 
R22 ......... 
RG2 AVG 4,47 0.95 AVERAGE 

K ~  ~ (e + e -  )/(~r+~r - )  (units 10 -s)  (P7)/(P5) 

R23 TEST FOR DELTA(S) = I WEAK NEUTRAL CURRENT. ALLOWED BY FIRST ORDER 
R23 WEAK INTERACTION COMBINED WITH ELECTROMAGNETIC INTERACTION, 
R23 0 10.0 OR LESS CL=.9O FOETH 69 ASPK 
R23 A (0.105 OR LESS CL=.9O CLARK 71 ASPK 
R23 A POSSIBLE (BUT UNKNOWN) SYSTEMATIC ERRORS, SEE NOTE A IN R22 ABOVE. 

K~ ~ ( e g ) / ( 1 r + ~  - )  (units 10 -5) (Pa)/(P55 
R24 L=E OR MU 
R24 A (0,105 OR LESS CL=.DO CLARK 71 ASPK 
R24 A POSSIBLE (BUT UNKNOWN) SYSTEMATIC ERRORS. SEE NOTE A tN R22 ABOVE. 

K~ ~ (Tre p V)/(Ke3 ) (units 10 -2) (p12)/(P3) 
R25 10 3,8 2.0 PEACH 71HLBC DAM KE GT 15 MEV 

K~ ~ (~rB2v)/(3W 0) (units 10 -3) (P13)/(P1) 
R26 O 1.1 OR LESS CL=,90 BANNER 69 OSPK 



For notation, see key on page 91. 

K~ ~ ('x + ~ - ) / ( ~ +  ~ -  ~o) (units 10 -2) (PS)/iP2) 
R27 4200 1.64 0.04 MEGBNER 73 ASPK ETA+- = 2.23 
R27 . . . . . . . . .  
R27 FIT 1,639 0.033 FROM FIT 

K~ ~ ( e + e - 7 ) / t o t a l  (units 10 -5) (P14) 
R28 TEST FOR DELTA(S)° 1 WEAK NEUTRAL CURRENT. ALLOWED BY FIRST ORDER 
R2B WEAK INTERACTION COMBINED WITH ELECTROMAGNETIC INTERACTION. 
R28 B 0 (2.7)  OR LESS CL=.90 BARMINI 72 HLBC 
R28 C 4 1.74 0.87 CARROLLI 80 SPED ~-0 
R28 ~ USES KL TO 3PIO/TOTAL=O.214 
R28 USES KL TO PF~PI-PIO/ALL KL DECAYS = D,1239 . 

K~ ~ ( #+# -~ ) t t o t a l  (nnits 10 6) CP15) 
R29 TEST FOR DELTA(S) = 1 WEAK NEUTRAL CURRENT. ALLOWED BY FIRST ORDER 
R29 WEAK INTERACTION COMBINED WITH ELECTROMAGNETIC INTERACTION. 
R29 D (7.81) OR LESS EL=,90 DONALDS3 74 SPED 
R29 C 1 0.28 0.28 CARROLLI 80 SPEC +-0 
R29 D USES KL TO RI*RI-PIO/ALL KL DECAYS = 0.126 . 
R29 C USES KL TO PI+PI-PIO/ALL KL DECAYS = 011239 1 

K~ ~ ( # + g - ~ o ) / t o t a l  (units 10 -5) (P16I 
RBO TEST FOR DELTA(S) = I WEAK NEUTRAL CURRENT. ALLOWED BY FIRST ORDER 
RBO WEAK INTERACTION COMBINED WITH ELECTROMAGNETIC INTERACTION. 
RBO D (0,66) OR LESS CL=.90 DONALDS5 74 SPED 
R30 C 0 0m12 OR LESS CL=.90 CARROLLI 80 SPED 
RBO D USES KL TO PI~RI-PIO/ALL KL DECAYS = 0.126 . 
R50 C USES KL TO RI÷PI-PIO/ALL KL DECAYS = 0.1239 , 

K~ ~ ( ~ - + g T - e + e - ) / t o t a l  (units 10 -6) (P17) 
R31 TEST FOR DELTA(S) = 1 WEAK NEUTRAL CURRENT. ALLOWED BY FIRST ORDER 
R31 WEAK INTERACTION COMBINED WITH ELECTROMAGNETIC INTERACTION. 
R31 (30,)  OR LESS ANIKINA 73 STRC 
R31 D (8,81) OR LESS CL=,90 DONALDSON 76 SPED 
R31 0 2,5 OR LESS CL=.90 BALATS 83 SPED 
R31 D USES KL TO PI+PI-PID/ALL KL DECAYS = 0.126 . 

K[ ~ (7r°~ ± e ~ v)/total (units 10 -3) (p18) 
R52 D (2.2) OR LESS CL=.90 DONALDS3 74 SPED 
R32 16 0,062 0.020 CARROLL3 80 SPEG 
RB2 D DONALDSON3 74 USES XL TO PI+RI-PIO/ALL KL DECAYS ~ 0.126 . 

g ~  ~ ((~r# a t o m ) v ) / ( ~ p )  (10 T) (R19)/(P3) 
R35 18 SEEN COOMBES 76 WIRE 
R33 155 3.88 0.41 ARONSON 82 SPED 

K~ ~ (e + e-~'°) / total  (units 10 -6) (P20) 
R34 TEST FOR DELTA(S) = 1 WEAK NEUTRAL CURRENT. ALLOWED BY FIRST ORDER 
R34 WEAK INTERACTION COMBINED WITH ELECTROMAGNETIC INTERACTION. 
R34 C 0 2.3 OR LESS CL=.90 CARROLLI 80 SPED 
R34 C USES KL TO PI+PI-RIO/ALL KL DECAYS = 0.1239 . 

K e ~ ( ~ + ~ - e + e - ) / t o t a l  (units 10 6) (R21) 
R~  TEST FOR DELTA(S) = 1 WEAK NEUTRAL CURRENT. ALLOWED BY FIRST ORDER 
R35 WEAK INTERACTION COMBINED WITH ELECTROMAGNETIC INTERACTION. 
R35 4.9 OR LESS CL=.90 BALATS 83 SPED 

K [  ~ (e + e -  O + e - ) / to ta l  (units 10 -6) (P22) 
R36 TEST FOR DELTA(S) = I WEAK NEUTRAL CURRENT, ALLOWED BY FIRST ORDER 
RGS WEAK INTERACTION COMBINED WITH ELECTROMAGNETIC INTERACTION. 
R56 2.6 OR LESS CL=.90 BALATG 85 SPED 

K~ ENERGY DEPENDENCE OF DALITZ PLOT 

FOR DISCUSSION, SEE NOTE OR SLOPE PARAMETERS IN THE K+- 
SECTION OF THE FULL LISTINGS ABOVE. 

MATRIX ELEMENT SQUARED = 1 + G*U + H'U**2 + J*V ~ K'V**2 
WHERE U=(BB-SO)/(MRI**2) AND V=(GI-BZ)/(MPI+**2) 

LINEAR COEFFICIENT g FOR I M ( K ~ - + T r - ~ ° ) 1 2  
GTO Q 79 (0.55) (0.23) ADAIR 64 HBC AT=-7.6 *- 1,7 
GTO Q 77 ( 0 ,51 )  (0 ,20 )  LUERS 64 HBC AV=-7.3 1,6 
GTO Q 66 I0.32) (0.13) ASTBURY1 65 CC AV=-S.5 +- 1.0 
GTO Q 510 (0.51) (0.09) ABTBURY2 65 DC AT=-(7.3 ~ -,8) 
GTO Q 280 (0.64) (0.17) ANIKINA 66 CC AV=-(B.2 -1.3) 
GTO Q 126 (0.70) (0.12) HAWKINS 66 HBC AT=-8.6 +- 0,7 
GTO Q 1350 (0.649) (0.044) HOPKINS 67 SBC AT=-O,294 +- .018 
STO Q 1198 (0.428} (0.055) NEFKENS 67 OBPK AU=-0,204 +- .025 
GTO Q 2446 (0.400) (0.045) BASILE2 68 OSPK AT=-0.188 +- .020 
GTO Q 29K (0.650) (0.012) ALBROW 70 ASPK AY=-0,858+-.015 
GTO QB 36K (0.595) (0.022) BUCHANAN 70 SPED AU=-0.278 +- .010 
GTO Q 4400 (0,664) (0,056) SMITH 70 OSPX AT=-O.30D +-0.024 
GTO Q 180 (0.50) (0.11) JAMES 72 HBC 
GTO g 1486 (0.608) (0,043) KRENZ 72 HLBC AT=-0,2?7 +- .018 
6TO Q 384 (0,688) (0.074) METGALF 72 ASPK AT=-O.31 .03 
GTO Q (0.612) (0,032) ALEXANDER 75 HBC 
GTO Q 3200 (0 .73 )  (0 .04 )  BRANDENBU 73 HBC 
GTO QC 20K (0 ,619)  (0 .027 )  BIGI 74 ABPK AT=-0.282 +- .011 
GTO 509K 0,677 0.010 MESSNER 74 ASPK AY=-0.917+-.013 
GTO Q 192 (0.69) ( 0 .07 )  BALDOCEOL 75 HLBC 
GTO Q 56K (0.590) (0.022) BUCHANAN 75 BPEC RU=-O.277 +- .010 
GTO H6499  0.681 0.024 CHO 77 HBC 
GTO 4709 0.620 0.023 PEACH 77 BBC 
GTO Q QUADRATIC DEPENDENCE REQUIRED BY SOME EXPERIMEWTS (SEE SECTIONS 
GTO Q HTO AND KTO BELOW). CORRELATIONS PREVENT US FROM AVERAGING RESULTS 
GTO Q OF FITS NOT INCLUDING G, H, AND K TERMS. 
GTO B BUCHANAN 70 RESULT REVISED BY BUCHANAN 75 TO INCLUDE RADIATIVE COR. 
GTO B AND TO USE MORE RELIABLE KL MOM,SPECT. OF 2NO EXPT.(RAD SAME BEAM). 
GTO C BISI  74 VALUE COMES FROM QUADRATIC FIT WFTM QUAD. TERM CONSISTENT 
6TO C WITH ZERO. GTO ERROR IS THUS LARGER THAN IF LINEAR FIT WERE USED. 
GTO . . . . . . . . .  
GTO AVG O.b70 0,014 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6)  

(SEE IDEOGRAM BELOW) 
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Ko 

WEIGHTED AVERAGE 
0 ,670  ~ 0 ,014  (ERROR SCALED BY 16  ) 

1 

0.55 0.60 0.65 0.70 
Slope parameter for K ° ~ ~T+YT'W ° 

2 
X 

. . . . .  PEACH 77 HBC 4 7 
. . . .  CHO 77 HBC 0 2 
. . . .  MESSNER 74 ASPK 05  

54  
(Confidence Level = 0 .066)  

0 .75  

COEFFICIENT h FOR ] M ( K ~ 7 ~ + ~ - T r B ) [  Z QUAD. 
RTO Q 29K (NO.OIl) (0.018) ALBROW 70 ABPK 
RTO Q 4400 (0.043) (0,052) SMITH 70 OSPK 
HTO 009K  0 . 0 7 9  0.007 MEBSNER 74 ASPK 
ffTO 6499 0.095 0.032 CHO 77 HBC 
HTO 4709 0.048 0.036 PEACH 77 HBC 
HTO SEE NOTES IN SECTION GTO ABOVE. 
MTO . . . . . . . . .  
HTO AVG 0.0786 0.0067 AVERAGE 

QUAD. COEFFICIENT k FOR I M ( K ~ + ~ - T r ° ) l ~  
MESSNER 74 ASPK KTO 509K 0.0097 0.0018 

KTO 6499 0,024 0.010 CHO 77 HBC 
KTO 4709 -0.008 0.012 PEACH 77 HBC 
KTO 
KTO AVG 0.0098 0.0018 AVERAGE 

LINEAR COEFFICIENT j FOR K~ ~ ~+~-~Ocp VIOLATING TERM 
JTR LISTED IN DR VIOLATION SECTION BELOW. 

K~ FORM FACTORS 

FOR DISCUSSION, SEE NOTE ON FORM FACTORS IN THE K+- 
SECTION OF THE FULL LISTINGS ABOVE. 

~ HE FORM FACTOR COMMENTS, THE FOLLOWING ABBREVIATIONS ARE USED. 
AND F- ARE FORM FACTORS FOR THE VECTOR MATRIX ELEMENT. 

FB AND FT REFER TO THE SCALAR AND TENSOR TERM. 
FO = IF*)  + (F-)*T/(MK**2-MRI**2) 
L+, L- AND LO ARE THE LINEAR EXPANSION COEFFS. OF F+, F- AND FO. 
L+ REFERS TO THE KMU5 VALUE EXCEPT IN THE HE3 SECTIONS. 
DXI/DL IS THE CORRELATION BETWEEN XI(O) AND L+ IN KMUB. 
DLO/DL* IS THE CORRELATION BETWEEN LO AND L+ IN KMUB, 
T = MOMENTUM TRANSFER TO THE PI IN UNITS OF MRI**2. 
DP = DALITZ PLOT ANALYSIS 
Pl PI SPECTRUM ANALYSIS 
MU = MU SPECTRUM ANALYSIS 
POL= MU POLARIZATION ANALYSIS 
BR = KMU3/KE3 BRANCHING RATIO ANALYSIS 
E = POSITRON OR ELECTRON SPECTRUM ANALYSIS 
RC = RADIATIVE CORRECTIONS 

~A = [ _ / [ +  (DETERMINED FROM SPECTRA) 
XIA A1341 +1.2 (0.8) CARPENTER 66 OBRK OF, DXI/DL=-I8 
XIA B 3140 (~3.9) (0.4) BABILE 70 OSPK OF, INDEP OF L+ 
XIA C 16K (-0.68) (0.12) (0.20) CHIEN 70 ASPK DR, DX(/EL=-26 
XIA D9086 -1.5 0.7 ALBROW 72 ASRK DR, OXI/DL=-28 
XIA C 16X (+0.50) (0.61) DALLY 72 ASPK DP, DXI/DL URKR. 
XIA E1385 ~I.00 (0.45) PEACH 73 HLBC DP, DXI/DL=M2D 
XIA F1.6M -0.11 0.07 DONALOG2 74 SPED DR, DXI/DL=-17 
XIA G 32K -0.25 0.22 BUCHANAN 75 SPED OF, DXI/DL=-5,9 
XIA H 16K ~0.13 0,23 HILL 79 STRC DR, DXI/DL=-20 
XIA H 14K +0.26 0.16 CRO 80 HBC DR, DXI/DL=-13 
XIA I150K -0.10 0.09 BIRULEV 81 SPEC DP I DXI/DL=-12 
XIA ......... 
XIA AV6 -0 .074  0.061 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,2) 
X I A  FIT -0 .11  0.09 FROM BIT (ERROR INCLUDES SCALE FACTOR OF 2 .3 )  I 

(BEE IDEOGRAM BELOW) 

XIA FIT DIBCUSSEO IN NOTE ON KL5 FORM FACTORS IN 1982 EDITION. 
XIA A CARPENTER 66 XI(O) IS FOR L+=O. DXI/DL IS FROM FIG. 9. 
XIA B BASILE 70 IS INCOMPATIBLE WITH ALL OTHER RESULTS. AUTHORS SUGGEST 
XIA B THAT EFFICIENCY ESTIMATES MIGHT BE RESPONSIBLE. 
XIA C C CHIEN 70 ERRORS ARE STATISTICAL ONLY. DXl/DL FROM FIG,4. 
XIA DALLY 72 IS A REANALYSIS OF CHIEN 70. THE DALLY 72 RESULT IS 
XIA C NOT COMPATIBLE WITH ASSUMPTION L-=O SO NOT INCLUDED IN OUR FIT. 
XIA C THE NON-ZERO L- VALUE AND THE RELATIVELY LARGE L+ VALUE FOUND BY 
XIA C DALLY 72 COME MAINLY FROM A SINGLE LOW T BIN (F IGS. I ,2 ) .  
XIA C THE (F+,XI) CORRELATION WAS IGNORED. 
XIA C WE ESTIMATE FROM FIG. 2 THAT FIXING L-=O WOULD GIVE XI(0)=-1.4+-0.3 
XIA C AND WOULD ADD 10 TO CHI SQUARED. DXI/DL IS MOT GIVEN. 
XIA D ALBROW 72 FIT HAS L- FREE, GETS L~=-.OBO+-,060 OR LAM=+.15+.17-.I1. 
XIA E PEACH 73 GIVES XI0=-.95+-.40 FOR L+=L-=.025 . THE ABOVE VALUE IS 
XIA E FOR L-=O. K.PEACH, PRIVATE COMMUNICATION(1974), 
XIA F DONALDSON2 74 GIVES X I= - .11 . - .02  NOT INCLUDING BYSTEMATICS. ABOVE 
XIA F ERROR AND DXI/DL WERE CALCULATED BY US FROM LO AND L+ ERRORS (WHICH 
XIA F INCLUDE SYSTEMATICS) AND DLO/DL÷. 
XIA G BUCHANAN 75 IS CALCULATED BY US FROM LO, L+ AND DLO/DL+ BECAUSE 
XIA G THEIR APPENDIX A VALUE - . 20+ -22  ASSUMES X I (T )  CONSTANT, I .E .  L-=L+, 
XIA H HILL 79 AND CHO BO CALCULATED BY US FROM LO, L+~ AND DLO/DL+. 
XIA I BIRULEV 81 ERROR, DXI/DL CALC. BY US FROM LO, L~. DLO/DL+=O USED. 
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KO 

WEIGHTED AVERAGE 
-0.O74 ± 0.081 (ERROR SCALED BY 1.2 ) 

Values above of weighled a~erage, error, 
and scale factor are based upon the data in 
this ideogram Only. They are no1 neces- 
sarily the same as our "best"  values, 
oblained from a leest-souares constrained fit 
u l i l iz ing measuremenls of other (reared) 
quantities as addit]ona, information 

X2 

B,GULEV 81 SPED 5 1 
' CHO 80 HBC 44 

HILL 79 STRC 0 B 
BUCHANAN 75 SPEC 0.6 

• 30NALDS2 74 SPEC 0 3 
l " ALBROW 72 ASPK 

I (Confidence Level = 0 189) 
I 

-2.5 -1.5 -0 .5  0.5 1 5 

~A = f - / f +  fo r  KOB decay  s p e c t r a  

~s ~ f _ / f  + (DETERMINED FROM K#3/Ke3 ) 
XIB THE KMU3/KE3 BRANCHING RATIO FIXES A RELATIONSHIP BETWEEN XI(O) 
XIB AND L+. WE QUOTE THE AUTHORS Xl(O) AND ASSOCIATED L+ BUT DO NOT 
XIB AVERAGE BECAUSE THE L+ VALUES DIFFER. THE FIT RESULT AND SCALE 
XIB FACTOR GIVEN IN THE NOTE ON KL3 FORM FACTORS IN THE K*- SECTION OF 
XIB THE DATA LISTINGS ARE NOT OBTAINED FROM THESE XIB VALUES. INSTEAD 
XIG THEY ARE OBTAINED DIRECTLY FROM THE AUTHORS KMU3/KE3 BRANCHING 
XIB RATIO VIA THE FITTED KMU3/KE3 RATIO (RIO). 
XIB 309 (+1.1) (1.1) ADAIR 64 HBC BR, L*=O 
XIB (+0.66) (0.9) ( I . 3 )  LUERS 64 HBC BR, L+=O 
XIB (+0.2) (0.8)  (1.5)  KULYUKINA 68 CC BR, L+=O 
XIB 569 (+0,65) (0.28) BEILLIERE 69 HLBE DR, L+=D 
XIB E 1309 (-0.2Z) (0.30) EVANS 69 HLBC 
XIB 3548 (-0.5I (0.5) BRSILE 70 OSPK BR, L+=.02 
XIB 6700  (0.5) (0.4) BRANDENBU 73 HBC BR,L÷=.019+-.013 
XIB E1359 (-0.00) (0,25) EVANS 73 HLSC BR, L+=.02 
XIB . . . . . . . . .  
XIB FIT -0.11 0,09 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.3) [ 

XIB FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN 1982 EDITION. 
XIB E EVANS 73 REPLACES EVANS 69. 

~c  ~ f_/f+(DETERMINED FROM ~ POLARIZATION IN K~3) 
XIC THE MU POLARIZATION I$ A MEASURE OF XI(T). NO ASSUMPTIONS ON L~- 
XIC NECESSARY, T (WEIGHTED BY SENSITIVITY TO XIO) SHOULD BE SPECIFIED. 
XIC IN L÷,XI(O) PARAMETERIZATION THIS IS XI(O) FOR L+=O. OXI/DL=XI*T. 
XIC FOR RAG, CORR. TO MUON POLARIZATION IN KMU3, SEE 6INSSERG 73. 
XIC T 2608 (-1.2) (0.5) AUERBACH 66 OSPK POLARIZATION 
XIC T 638 (-I.6) (0.5) ABRAMS 68 OSPK POLARIZATION 
XlC L -1.81 0.30 0.26 LONGO 69 CNTR POL. T=3.3 
XIC S2.2M -0.385 0.105 SANDWEISS 73 CNTR POL,DXI/DL=-6 
XIC H2D7K +0 .178  0.105 CLARK 77 SPED POL,DXI/DL=+.68 
XlC . . . . . . . . .  

xzc AVG -0,17- 0.28 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 3.9) 
XIC FIT -0,11 0.09 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.3) I 

(SEE IDEOGRAM BELOW) 

XIC FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN 1982 EDITION, 
XIC T T VALUE NOT GIVEN. 
XIC L LONGO 69 T=3.3 DALE. FROM GXI/DL=-6.0 (TABLE I) DIVIDED BY XI=-I.81 
XlC S SANDWEISS 73 IS FOR L+=O AND T=O. 
XIC H CLARK 77 T=+3.GO, DXI/DL=XI(T)*T=.178*3.80=+.68 . 

WEIGHTED AVERAGE 
-0.17 ± 0.28 (ERROR SCALED BY 3.9 ) 

-2 .5  -1 5 -0 .5  

~c = f - / f +  for  /('° 3 decay  /~ po la r iza t ion  

Values above of welghled average, error, 
and scale factor are based upon the data in 
this ideogram only. They are not neces- 
sardy the same as our "best" values, 
obtained from B Ieast-sqvares constrained fit 
utihzing measurements of other (relaled) 

uantitles as additional information 

X 2 

' ' • CLARK 77 SPED 107 
' SANDWEISS 73 CNTR 4 3 
' LONGO E9 CNTR 

159 
{Confidence Level < 0.001) 

i 

0.5  1.5 

IMAGINARY PART OF ~ (TEST OF T REVERSAL) 
IXl -0.2 0.6 ABRAMS 08 OSPK POLARIZATION 
IXl -0.02 0.08 LONGO 69 CNTR POL. T=3.3 
IXI 2 .2M -0.060 0.045 SANDWEISS 73 CNTR POL, T=0 
IXI S2.2M -0.085 0,064 SANDWEISS 73 CNTR POL,T=O 
IXI C207K 0,35 0,30 CLARK 77 SPED POL, T=0 
IXI  (0.012) (0.026) SDHMIDT 79 CNTR REPL.BY MORSE 80 
IX l  12M 0 .009  0,530 MORSE 80 CNTR POLARIZATION 
IXI S SANOWEISS 73 VALUE CORRECTED FROM VALUE QUOTED IN THEIR PAPER DUE 
IXl S TO NEW VALUE OF RE(XI). SEE FTNOTE 4 OF SCHMIDT 79. 
IXI E CLARK 77 VALUE HAS ADDITIONAL XIO DEPENDENCE +O.21*RE(XIO). 
Ix1 . . . . . . . . .  
IXI AVE -0.020 0.022 AVERAGE 

X+(LINEAR ENERGY DEPENDENCE OF f +  IN K#3 DECAY) 
L+M SEE ALSO THE CORRESPONDING ENTRIES AND NOTES IN SECTION XIA AND LO. 
L*M FOR RAD.COR, OF KMU5 DP SEE GIRSBURS 70 AND BECHERRAWY 70. 
L+M 16K (0.07) (0.02) CHIEN 70 ASPK REPL. BY DALLY 72 
L*M A9586 0 .085  0.015 ALBROW 72 ASPK DP 
L÷M 16K (0.11) (0.04) DALLY 72 ASPK DP 
L+M 02K (0.046) (0.008) ALBRECHT 74 WIRE REPL. BY BIRULEV 81 
L+M 1 .6M 0 .030  0.003 DONALDS2 7A SPEE DP 
L+M 32N 0.046 0.030 BUCHANAN 75 SPED DR 
L*M 129K (0.0337) (0.0033) DZHORDZHA 77 SPEE REPL, BY BIRULEV 81 
L+M 16K 0.028 0.011 HILL 79 STRC DP 
L+M 14K 0.028 0.010 CHO 80 HBC DP 
L+M 150K 0.0427 0.0044 BIRULEV 81 SPED DP 
L+M ......... 
L+M AVG 0.0347 0.0049 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2,1) 
L+M FIT 0.034 0.0G5 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.3) 

(SEE IDEOGRAM BELOW) 

L+M FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN 1982 EDITION. 

WEIGHTED AVERAGE 
0 . 0 3 4 7  ± 0 . 0 0 4 9  (ERROR SCALED BY 2,1 ) 

and scale factor are based upon 1he data in 
this ideogram only, They Ere not neces- 
sardy the same as our "best" values, 
obtained from a least-squares constrained fit 
ut{hzing measurements o1 other {reLeled) 
quaotities as additions, information. 

x2 
. . . . . . . . .  B~BULEV 81 SPEC 3 3 

. . . . . . . . . . .  CHO 80 HBC 0.5 
. . . . . . . . . . . .  HILL 78 STRC 5.4 
. . . . . . .  BUCHANAN 75 SPED 
. . . . . . .  DONALDS2 74 SPED 25 

• • ALBBOW 72 ASPK 112 

17 8 
(Confidence Level = 0001) 

0 . 0 0  0 . 0 4  0 .08  0.12 0.16 

o decay) X+ (Linear energy  d e p e n d e n c e  of  f+ ,  K,~ 3 

%o(LINEAR ENERGY DEPENDENCE OF fo IN K#3 DECAY) 
LO WHEREVER POSSIBLE, WE HAVE CONVERTED THE ABOVE VALUES OF XI(O) INTO 
LO VALUES OF LO USING THE ASSOCIATED L+M AND DXI/DL. 
LO L 1371 +0.05 (0.07) CARPENTER 66 OSPK DP,DLO/DL+=-O.54 
LO L -0.140 (0.043) (O.022)LONGO 69 CNTR POLIDLO/DL~=*.49 
LO B 3140 (-0.333) (0.034) BASILE 70 OSPK DP,DLO/DL+~+I. 
LO A 9086 -0.043 5.052 ALBRGW 72 ASPK DP,DLO/DL+=-1.39 
LO C 18K (-0*067) (0.227) DALLY 72 ASPK DP,DLO/DL+ UNKN. 
LO R 6700 (+0.06) (0.03) BRANDENBU 73 HBC BR,L+=.019+-.013 
LO P 1385 --Om060 (Om038) PEACH 73 HLBC DP,DLO/DL+=-0,71 
LO L 2.2M -0.018 (0,009) SANDWEZSS 73 CNTR POL,DLO/DL+=+.49 
LO B2K (+0.024) (0.011) ALBRECHT 74 WIRE REPL. BY BIRULEV 81 
LO E 1.6M +0 ,019  0.004 DONALDS2 74 SPED DP,DLO/DL+=-O.47 
LO F 32K +0 .025  0.019 BUCHANAN 75 SPEC DP,DLOIDL÷=+O.5 
LO L 207K +0.047 (0.009) CLARK 77 SPED POL,DLO/DL+=I.06 
LO 47K (+0.0485) (0.0070) DZHORDZHA 77 SPED RERL. BY BIRULEV 81 
LO 16K +0.039 0.010 HILL 79 STRC DP,DLD/DL+=-O.67 
L5 14K +0.050 0.008 CHO 80 HBC DP,DLO/DL+=-0.11 
LO G 14K (0.041) (0.008) CHO 80 HBC BR, L+=5.020 
LO H 150K 0 .0341  0.0067 BIRULEV 81 SPEC DP,DLO/DL+=? 
LD . . . . . . . . .  
LO AV6 0.0279 0.0057 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.9) 
LO FIT 0.055 0 .006  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.3) 

(SEE IDEOGRAM BELOW) 

LO FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN 1982 EDITION. 
LO LO VALUE Is FOR L+=O.03 CALCULATED BY US FROM xlo AND DXI/DL. 
LO BASILE 70 LO IS FOR L+=O. CALCULATED BY US FROM XIA WITH DXI/DL=O. 
LO BASILE 70 IS INCOMPATIBLE WITH ALL OTHER RESULTS. AUTHORS SUGGEST 
LO THAT EFFICIENCY ESTIMATES MIGHT BE RESPONSIBLE. 
LO ALBROW 72 LO IS CALCULATED BY US FROM XIA,L+ AND DXZ/DL. THEY GIVE 
LO A L0=-.043+-.059 FOR L-=O. WE USE OUR LARGER CALCULATED ERROR. 
LO DALLY 72 RIVES F0=1.20+-.53, L0=-.000+-.272, LOPRIME=-.006+-,045, 
L5 BUT WITH A DIFFERENT DEFINITION OF LO. OUR QUOTED LO IS HIS LO/FO. 
LO WE CANNOT CALCULATE TRUE LO ERROR WITHOUT HIS (LO,FO) CORRELATIONS. 
LO BEE ALSO NOTE C IN SECTION XIA. 
LO PEACH 73 ASSUMES L+=R.085. CALCULATED BY US FROM XIO AND DXIO/DL+. 
LG FIT FOR LQ DOES NOT INCLUDE THIS VALUE BUT INSTEAD INCLUDES THE 
LO R KMU3/KE3 RESULT FROM THIS EXPERIMENT. 
LO DONALDSON2 ?4 DLO/DL+ OBTAINED FROM FIG. 18. 
LO F BUCHANAN 75 VALUE IS FROM THEIR APPENDIX A AND USES ONLY KMU3 DATA, 
LO DLO/DL+ WAS OBTAINED BY PRIVATE COMMUNICATION, C.BUCHANAN, 1976. 
LO 5 CHO BO BR RESULT NOT INDEPENDENT OF THEIR DP RESULT. 
LO BIRULEV 81 GIVES DLO/DL+=-I.5, GIVING AN UNREASONABLY NARROW ERROR 
L5 ELLIPSE WHICH DOMINATES ALL OTHER RESULTS. WE USE DLO/DL÷=O. 
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WEIGHTED AVERAGE 
0 .0279 { 0 . 0 0 5 7  (ERROR SCALED BY 1.9 ) 

I " ~ i l ' i ' l "  Values above of weighted average, error, 
and scale factor are based UpOE the dEla in 
this ideogram only. They are not neces- 
sarily the same as our "best" values, 
obtained from a least-squares constrained fit 
util izing measurements of other {related) 
quantities as additions, information 

. . . .  BIRULEV 81 SPEC 0 8 
' " CHO 50 HBC 7 E 
. . . .  HILL 79 5TRC 12 

. . . . .  BUCPANAN 75 SPEC 0 0 
. . . .  DONALDS2 74 SPEC 5.0 
. . . .  ALBROW 72 ASPK 

~ n  1,~ 7 
fldence Level = 0005)  

-O.10 - 0 . 0 5  O.OO 0 .05  O.10 O.15 

X o (Linear energy dependanca of fo ,  K°a decay) 

X+(LINEAR ENERGY DEPENDENCE OF f+ IN Ke3 DECAY) 
L+E fOR RAD.EOR. OF KE3 DP SEE GINSBURG 67 AND BECHERRAWY 70. 
L+E 153 +0,07 0.06 LUERS 64 HBC DP, NO RC 
L+E 577 +0.15 0.08 FISHER 65 OSPK GP, NO RC 
L+E 762 -0.01 0.02 FIRESTONE 67 RBC DP, NO RE 
L*E 051 +0.01 0.015 KADYK 67 HBC E,PI, NO RC 
L*E 240 +0.08 0.10 0.05 LOWYS 67 FBC PI 
L+E 1000 0.02 0.013 ARONSON 68 OSPK PI 
L+E 4800 +0.023 0.012 BASILE 68 OSPK DP, NO RE 
L~E 42K 0,023 0,005 BISI 71 ASPK DP 
L+E 16K 0.05 0.01 CHIEN 71ASPK DP, NO RC 
L+E 1910 0.022 0.014 NEUHOFER 72 ASPK Pl 
L~E 5600 0,045 0.014 ALBROW 73 ASPK DP 
L+E 1871 0.019 0.013 BRANDENBU 73 HBC PI TRANSV, 
L÷E 2171 0.040 0.012 WANG 74 OSPK DP 
L+E 25K 0.0270 0.0028 BLUMENTHA 75 SPEC DP 

BUCHANAN 75 SPEC DP L+E 24K 0.044 0.006 
L+E 48K (0.032) (0.0042) BIRULEV 76 SPEC REPL. BY BIRULEV 81 
L+E 500K 0.0312 0.0025 aJESSAL 76 SPEC DP 
L+E E 12K 0,025 0.005 ENGLER 78 HBE DP 
L+E 18K 0.0348 0.0044 f r i l l  78 STRC DP 
L*E 26K (0,0286) (0.0049) BIRULEV 79 SPEC REPL. BY BIRULEV 81 
L+E E 19K (0.029) (0.005) CHO 80 HBC DP 
L+E 74K 0 .0306  0.0034 BIRULEV 81 SPEC DP 
L+E E ENGLER 70 USES UNIQUE KE3 SUBSET OF CHO 80 EVENTS AND IS LESS 
L+E E SUBJECT TO SYSTEMATIC EFFECTS. 
L+E . . . . . . . . .  
L÷E 8VG 0.0300 0.0016 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 

(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
0 . 0 3 0 0  ± O.OO16 (ERROR SCALED BY 1.2 ) 

-O.1 O.O 

X 2 .... 

. . . . . . . . . . .  BIRULEV 81 SPEC 0 0 
. . . . . . . . . . . . .  HILL 78 STRC 12 

. . . . . . . . . . . . . .  ENGLER 78 HBC 1.0 
. . . . . . . . . .  GJESDAL 76 SPEC 0 2 
. . . . . . . . . . .  BUCI'ANAN 75 SPEC 5 4 
. . . . . . . . . . . .  BLUMENTbA 75 SPEC 11 
. . . . . . . . . . .  WANG 74 OSPK 0 7 
. . . . . . . . . . . .  BRANDENBU 73 HBC 0 7 
. . . . . . . . . . . .  ALBROW 73 ASPK 11 
. . . . . . . . . . . .  NEUHOFER 72 ASPK O 3 

. . . . . . . .  CHEEN 71 ASPK 40 
. . . . . . . . . . . . . .  BLSI 7~ ASFK 2,0 

. . . . . . . . . . . .  BASPLE 08 OSPK 0 3 
. . . . . . . . . . . .  ARONSON 65 OSPK 06 

I . . . . . .  LOWYS 67 FBC 
. . . . . . . . . . .  KADYK 67 RBC ~ 8 

. . . . . . . . . . . .  FIRESTONE 67 RBC 
I " FISHER 65 OSFK 

~ 1 . . . . . . .  LUERS 64 HBC 

I I 
O.1 0,2 

20.6 
IConhdence Level = O.112) 

I 
0 3  

%+ (Linear energy dependence of  f + ,  Kea decay) 

l / s / f+ [  FOR Kea DECAY 
FS RATIO OF SCALAR TO F+ COUPLINGS 
FS (0.15) OR LESS CL=.68 KULYOKINA 67 CC 
FS 5600 (0.19) OR LESS CL=.95 ALBROW 73 AGPK 
FS 20K 0,04 OR LESS CL=.aa BLUMENTRA 75 SPEC 
FS 4SK (0.07) OR LESS CL=.68 BIRULEV 76 SPEC SEE ALSO BIRULEV 81 
FS 18K (0.095)0R LESS CL=.95 HILL 78 STRC 
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[ ET/f+ ] FOR Ke3 DECAY 
FT RATIO OF TENSOR TO F+ COUPLINGS 
FT (1.0) OR LESS EL=.68 KULYUKINA 67 CC 
FT 5600 (1.0) OR LESS EL=.95 ALBROW 73 ASPK 
FT 25K 0.23 OR LESS CL~.aR BLUMENTHA 75 SPEC 
FT 48K (0.34I OR LESS CL=.6B BIRULEV 76 SPEC SEE ALSO BIRULEV 81 
FT 10K (0.40) OR LESS EL=.95 HILL 78 STRC 

I f r / f + l  FOR KU3 DECAY 
FTM RATIO OF TENSOR TO F+ COUPLINGS 
FTM 0.12 0.12 BIRULEV 81 SPEC 

N O T E  ON C P  V I O L A T I O N  IN K O DECAY 

We list the parameters which measure CP violation 
in K ° decays and compare them with superweak model 

predictions. 

Parameters 

There are two different K O decays in which CP vio- 

lation has been observed (for details, see Kleinknechtl).  

(a) Asymmetry  in the K L --~ 7rT ~+-v decays. The 
quantity measured and compiled here is 

r ( K  L ~ l r -  e+v)  - r ( K  L -~ 7r+ e - u )  
6 =  

r ( K  L ~ 1 r - g % )  + r ( K  L ~ i r+e-~)  ' 

This asymmetry violates CP invariance. If  C P T  is 
good, for a pure KL 0 beam, ~ can be written as 

6 = 2[0 - Ix 12)/(I 1 - x  12)] Re , ,  

where x is defined below in the "Note on the AS = AQ 

Rule in K ° Decay," and ~ is the parameter of  the expan- 

sion 

I g L )  = [(1 + e ) [ g )  - ( 1  -,)IK'>]/[2(1 + l e ]2 ) ] ' /2 , ( la )  

] K s )  = [(1 + , ) [ g )  + ( 1  -- 0IK'>]/[2(1 + 1,12)] 1/2. ( lb)  

We list 6 separately for K O --~ rr#v and K O -+ Trey in 

sections A1 and A2 respectively, and list the combined 
values in section AL. 

(b) K L -+ 2r  decay. The relevant parameters are 

7 + -  = A ( K  L "-~ Tr+ T r - ) / A ( K s  -'~ Tr+ rr - )  

= I t /+_  t exp( iq~+_) ,  

%0 = A (K L -+ 7rOTrO)/A (K S ~ 7rOTr O) 

= 17/o01 exp(i4~o0) , 

~, defined in Eqs. (1) above, and 

e' = l i  ~f2 exp[i(62 - 60) ] I m ( A z / A o ) .  

Here the decay amplitudes to 7rTr states with definite 
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isospin I are given by 

(I =0[  T I K)  = exp(ib0)A 0 , 

( 1=21T  [K) = exp(i62)A 2 . 

where the 61 are the 7r~r scattering phase shifts at the K 

mass. Wu and Yang 2 derived the relationships 

7 + -  = ~ + d ,  7 0 0 = e - - 2 d ,  

assuming CPT invariance, using a phase convention in 

which A o is real, and neglecting small corrections of 

order ReA 2/ReA 0. 

Measurements of 17+-  l, 1'/0012, q~+-, and q~00 are 
listed in sections E+  --, EOS, F +  --, and F00. The FIT 

values given in these sections come from constrained 

fits which include the 17001/17+- I and 400 - 4 + -  
measurements from sections ER and DF, respectively. 

One can determine the values of l e I and I e'l using 

theoretical input on their phases. The phase of e is 

determined from unitarity and CPT invariance to be 

within a few degrees of the "superweak value" of 44* 

(for a recent analysis, see V. Barmin et al.3). The phase 

of g is given by 62 - 60 + 7r/2, which equals 48 + 8 ° from 

an analysis of ~rTr phase shifts. 4 Thus E and ~' have the 

same phase within 10 to 15 °. Therefore to a good 

approximation , 1 (  ) T =.6 17+-/7°°12-i = (-3.3 ± 4.2)x10 -3 .  

The value of  400 - q~+- is not used in this analysis, 

since taken literally it represents a violation of CPT 
invariance. 3 

Superweak model predictions for [ 7/00/7/+_ [, ~+ _, and 
Re 

The superweak model 5 predicts that 6 

1700/7+-I = 1, 

1 
and 

R e ~ =  [ 7 + - I  1+  

The latter two expressions and the values of the K ° - 
K ° mass difference Am = (0.5349 + 0.0022)x 1010 h 
s e c -  1, the K ~  mean life r S = (0.8923 + 
0.0022)x 10 -10  see, and the magnitude of the (K ° ~ 

7r+Tr-)/(K 0 --~ 7r+Tr - )  amplitude ratio I n + -  I = 

(2.275 ___ 0.021)x 10 - 3 ,  all from the current edition, 

result in the predictions that 

~b+_ = 4~00 = (43.67 +_ 0.14) ° 

and 

Re ~ = (1.646 _ 0.016)×10 - 3  . 

The above predictions can be compared with the 
experimental values 

Inooln+-I  = 1.010 ± 0.013, 

~b+_ = (44.6 + 1.2) °, 

400 = (54.5 ± 5.3) ° , 

Re e = (1.621 + 0.088)x10 - 3  , 

where Re e has been computed using the relation 

,(lx  1 R e E = ~  l _ l x l 2  , 

and our current values of the charge asymmetry parame- 

ter for leptonic K O decay 6 = (0.330 + 0.012)% and the 

AS = - A Q  amplitude (Rex, Irnx) = (0.009 + 0.020, 

-0 .004 ± 0.026). 

The superweak predictions are within one standard 

deviation of the data except for the measured value of 

~b0o, which is two standard deviations above the predic- 

tion. This results primarily from the CHRISTENSON1 

79 measurement ~b00 = (55.7 + 5.8) °. 

Searches for CP violation in K L ~ 3a- 

As was discussed in the note on K ~ 3~- decay in 

the K +- section of the Full Listings,'the Dalitz plot dis- 

tribution for this decay contains a charge asymmetry 

term with coefficient j ,  the presence of which would 

indicate CP violation. Experimenters have used several 

forms for this CP-violation term. As described in the 

"Note on Slope Parameters for K -+ 37r Decays" in the 

1982 edition of this Review, 7 we have converted all 

results to coefficient j and have listed the results in sec- 

tion JT0 below. The coefficient j is consistent with 

zero, i.e., absence of CP violation. 
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CP VIOLATION PARAMETERS IN K~ DECAYS 

. . . . . . .  CHARGE ASYM. 7c+~r -~  "° DECAYS . . . . . . . .  

C P  VIOL. COEFFICIENT j FOR I M ( K [ ~ ' + ~ ' - ~ r ° ) 1 2 .  
JTO DEFINED AT BEGINNING OF SECTION BTO ABOVE. SEE ALSO NOTE ON SLOPE 
JTO PARAMETERS IN X+- SECTION AND NOTE DN CP VIOLATION IN XL 
JTO DECAY ABOVE= 
JTO 238K  0.001 0.004 BLANPIED 68 
JTO 3M 0.0013 0.0009 SCRIBANO 70 
JTO 4400 O.O 0.017 SMITH 70 OSPK 
JTO 6499 0.001 0.011 CflO 77 
JTO 4709 -0,001 0.003 PEACH 77 
JTO ......... 
JTO AVG 0.00110 0,00084 AVERAGE 

. . . . . . . .  CHARGE ASYM. IN LEPTONIC DECAYS . . . . . . . .  

SUCH ASYMMETRY VIOLATES CP , IT IS RELATED TO REAL(EPSILON), 

K~ ~ ( ( ~ + T r - ~ ) - - ( ~ - # + v ) ) / ( ( / ~ + r - P ) + C # - ~ r + v ) )  (%) 
AID IM (0.403) (0.134) DORFAN 67 OSPK DERIVED FROM R16 
AID IM 0.57 0.17 PACIOTTI 69 OSPK 
AI 7,7M 0.278 0.051 PIECION[ 72 ASPK 
AI 4,1M 0.60 O.IG MOGARTHV 73 tilTS 
AI 15M 0.313 0.029 GEWENIGI 74 ASPK 
AID PACIDTTI 69 IS A REANALYSIS OF DORFAN 67 AND IS CORRECTED FOR 
AID MU÷ MU~ RANGE DIFFERENCE IN MCCARTHY 72. 
AI ......... 
AI AVG 0.319 0.038 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5) 

(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
O.319 ± 0.038 (ERROR SCALED BY 1.5 ) 

-t- 

. . . . . . . .  GEWENIG1 74 ASPK 0 0' " 
I ,, • MCCARTHY 73 CNTR 4 0 

. . . . . . . .  PICCIONI 72 ASPK 0 6 

~ ~ 1  ' PACIOTTI 69 OSPK 417 

, (Confidence Lever = 0 094) 

0 0 0.2 0.4 0.6 0 8  10 

Charge asymmetry for K ° ~ /~TTZ/ 

K~ ~ ((e+~-v)-(e-~'+~))/((e+Tr-v)+(e-~r+~)) (%) 
A2 B IOM (0.224) (0.036) BENNETT 67 CNTR 
A2 B IOM 0,246 0,059 SAAL 69 CNTR 
A2 IOM 0.346 0,033 MARX 70 CNTR 
A2 600K 0.36 0.18 ASHFORD 72 ASPK 

FITCH 73 ASPK A2 40M 0.318 0.038 
A2 34M 0.341 0.018 GEWENI61 74 ASPK 
A2 B SAAL 69 IS A REANALYSIS OF BENNETT 67 
A2 ......... 
A2 AVG 0.333 0.014 AVERAGE 

K~ ~ ( ¢ + ~ - v )  -- ( ¢ - T r + ~ ) / ( ¢ + ~ r - v )  + ( I -  ~ + ~ )  (%) 
AL (COMBINED AI AND A2) 
AL B IOM 0,246 0.059 $AAL 69 CNTR KE3 
AL D IM 0.57 0,17 PACIOTTI 69 OSPK KMU3 
AL IOM 0.346 0.033 MARX 70 CNTR KE3 
AL 6DOK 0.36 0.18 ASRFORD 72 ASPK KE3 
AL 7.?M 0.278 0.051 PIECIONI 72 ASPK KMU3 
AL 40M 0.318 0,038 FITCH 73 ASPK KE3 
AL 4,1M 0.60 0.14 MCCARTHY 73 CNTR KMU3 
AL 33M 0,333 0.050 WILLIAMS 73 ASPK KMU3+KE3 
AL 15M 0.313 0.029 GEWENI61 74 ASPK KMU3 
AL 34M 0,341 0,018 GEWENIGI 74 ASPK KE3 
AL SEE FOOTNOTES IN SECTIONS A1 AND A2 ABOVE. 
AL 
AL AVG " ' 0 : 3 i O ' "  0.012 AVERAGE 
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. . . . . . . .  PARAMETERS FOR K ° ~ 27r DECAY . . . . . .  

ETA+- = A(KL INTO PI+PI-)/A(KS INTO PI+PI-)  
ETAO0 = A(KL INTO RIOPIO)/A(KS INTO PIOPIO) 

THE FITTER VALUES OF ETA+- AND ETAO0 GIVEN BELOW ARE THE RESULTS 
OF A FIT TO ETA+-, ETAO0 AND ETAOO/ETA+- RESULTS, THE VALUES LISTED 
BELOW WHICH ARE NOT PARENTHESIZED ENTER THE FIT AS SHOWN. THE 
VALUES WHICH ARE PARENTHESIZED AND BEAR THE FOOTNOTE X DO NOT ENTER 
TEE FIT AS SHOWN. THESE EXPERIMENTS GIVE BRANCHING RATIOS AND ENTER 
THE FIT VIA THE QUANTITY ACTUALLY MEASURED - -  BRANCHING RATIOS 
R9, R20 AND R27 (ETA~-) AND R17 AND R19 (ETAOG). THESE BRANCHING 
RATIOS ARE COMBINED WITH CURRENT NORMALIZATIONS AND CURRENT KL AND KS 
MEAN LIVES TO OBTAIN PI PI RATES. THE ETA+- AND ETAO0 VALUES DETAINED 
FROM THESE RATES ARE ENTERED BELOW WITH THE NAME 'GKL/GKS'. 

] ~ol ~= I A(K~ ~2~r O)/A(K~ ~27rR) l : 
EOS 
EOS X O ( - 2 . )  (7.0)  
EOS X 57 (4.9)  (1 .2)  
EOS XR 133 (14,1) (3.4) 
GOB XF 180 (13.) (4.) 
EOS X 29 (4.08) (0.9) 
E0S X 30 (3.61) (1.9) 
E0S C 8.7 3.7 
EOS XF 172 (9.9) (3.4) 
EOS C 56 7.4 2.0 
EOS 
EOS 
EOS 
EOS 
EOS 
EGG 
EOS 
EOS 
EOS 
EOS 
EOS 
EOS 
EOS 
EOS 

(UNITS I0 " * -6 )  
BARTLETT 6B OSPK 
BANNER 69 OSPK 
EENCE 69 OSPK 
GAILLARD 69 OSPK 
BARMIN 70 ffLBC 
BUDAGOV 70 HLBC 
EHOLLET 70 OSPK CU REG.,4GAMMAS 
FAISSNER 70 OSPK 
WOLFF 710SPK CU REG.,4GAMMAS 

XR 150 (14.1) (5.4) REY 76 OSPK 
5,43 0.84 CHRISTEI 79 AGPK 

x 5.1 1,0 GKL/GKS 86 RVUE BR SCALE FACTOR=I.5 
X SEE NOTE ABOVE REGARDING FITTED VALUES BF ETA÷- AND ETAO0. 

CENCE 69 EVENTS ARE INCLUDED IN REY 76. 
FAISSNER 70 CONTAINS SAME 2RIO EVENTS AS GAILLARD 69 
CHOLLET 70 GIVES ETAOO=(1.23+-O.24)*(REGEN AMPL,2GEV/G CU)/IOOOOMB 
WOLFP 71 GIVES ETAOO=(1.13+-O.12)*(REGEN AMPL,2GEV/C CU)/IOOOOMB 
WE COMPUTE BOTH ETAO0**2 VALUES FOR (REGEN AMPL,2GEV/C CU)=24+-2MB. 
THIS REGEN AMPL RESULTS FROM AVERAGING OVER FAISSMER 69, 
EXTRAPOLATED USING OPTICAL MODEL CALCULTIOMS OF BOHM ET AL. 
PL 27G 594 (1968) AND THE DATA OF GALATS 71. (FROM H. FAISSNER, 
PRIVATE COMMUNICATION) 
FAISSNER 70 CONTAINS SAME 2PlO EVENTS AS GAILLARD 69 

EOS 
EOS AVG 5.58 0.60 AVERAGE 
EOS FIT 5.29 0,17 FROM FIT 

I noo I = I A ( K [ ~ 2 ~ F ° l / A ( K ~ 2 7 r ° ) [  (units 10 -3) 
EOD THE FIT VALUE ABOVE FOR ETADO**2 CORRESPONDS TO ETAO0=2,299+~O.036 

I ~ ÷ _ [ = I A ( K ~  ~ 1 r ÷ ~ - ) / A ( K ~  ~ ~ ÷ T r - ) l  (units 10 -3) 
E÷- X 45 ( I . 95 )  (0.20) CHRISTENS 64 OSPK 
E÷- X 54 (1.99) (0.16) GALBRAITH 65 OSPK 
E~ X (1.92) (0.13) SASILE 66 OSPK 
E+- X (1.95) (0.04) BOTT~BODE 66 OSPK 
E+- X (2.00) (0,09) DEBOUARD 67 OSPK 
E~~ X (1.94) (0.00) FITCH 67 OSPK 
E+- AX (1.95) (0.03) GKL/GKS 71 RVUE EXPTS. BEFORE 71 
E+- A AVERAGE OR ABOVE EXPERIMENTS. THESE ARE EXCLUDED FROM THE GKL/GKS, 
E~- A AVERAGE, AND FIT. VALUES BELOW SINCE THEY DO NOT AGREE WITH MORE 
E*- A RECENT PRECISE AND IN PRINCIPLE SUPERIOR EXPERIMENTS. 
E+- X 4200 (2.23) (0.05) MESSNER 73 ASPK 
E*- 2.30 0.035 GEWENIG2 74 ASPK 
E+- X 2703 (2.25) (0.05) DEVOE 77 BPEE 
E+- 2.27 0,12 EHRISTE2 79 ASPK 

E÷-E+- ZC1687 (2,09)2.28 (0,02)0,06 ARONSON2 82 SPEC E=30-110 GET 
COUPAL 85 5PEE P(K)=70 GEV/C 

E+- Z X 2,258 0,027 GKL/GKS 86 RVUE BR EXP. AFTER 71 
E+- ARONSON 02 FIND THAT ETA+- MAY DEPEND ON THE KAON ENERGY , 
E÷- X SEE NOTE ABOVE REGARDING FITTED VALUES OF ETA+- AND ETAO0, 
E+- C COUPAL 85 CONCLUDES: NO ENERGY DEPENDENCE OF E+-j BECAUSE THEIR 
E+- C VALUE IS CONSISTENT WITH ABOVE VALUES WHICH OCCUR AT LOWER ENERGIES 
E~- . ........ 
E÷- AVG 2,274 0,020 AVERAGE 
E+- FIT 2,275 0,021 FROM FIT 

I n ~ / ~ + -  I 
ER APPROX EQUAL TO I-3*EPSILON'IEPSILON. 
ER 124 1.03 0.07 BANNER1 72 OSPK 
ER 167 1.00 0.06 HOLDER 72 ASPK 
ER C (I.00) (0.09) CHRISTEI 79 ASPK 
ER B3152 1.014 0,017 BERNSTEIN 85 SPEC 
ER 1122 0,995 0.025 BLACK 85 SPEC 
ER C NOT INDEPENDENT OF E+- AND EOS VALUES WHICH ARE INCLUDED IN FIT. 
ER B STAT ERROR (0,016) AND SYST ERROR (0,007) ADDED IN QUADRATURE, 
ER . . . . . . . . .  
ER Ave 1.008 0,013 AVERAGE 
ER FIT 1.010 0.013 FROM FIT 

@+_, PHASE OF ~ + _  (degrees) 
F+- THE DEPENDENCE OF THE PHASE ON THE KL-KS MASS DIFFERENCE 
F*- IS GIVEN FOR EACH EXPERIMENT IN THE COMMENTS BELOW, WHERE DM IS 
F+- (MASS DIFF./HBAR) IN UNITS 10"'10 SEC-I. WE HAVE EVALUATED THESE 
F÷~ MASS DEPENDENCES USING OUR APRIL 1982 VALUE, DM=0.5349~-0,0022 
F+- TO OBTAIN THE VALUES AND AVERAGE QUOTED BELOW. WE ALSO GIVE THE 
F~- REGENERATOR PHASE FR IN THE COMMENTS BELOW. 
F+- 0 (45.0) (SO,O) FITCH 65 OSPK BE REGEM 
F~~ 0 (30.0) (45.0) FIRESTONE 66 HBC 
F+- 0 (70.0) (21.D) BOTT-BODE 67 OSPK C REGEN 
F+- 0 (25.0) (35.0) MISCHKE 67 OSPK CU REGEN 
F+- 0 OLD EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 
F+- N (51.0) (11.0) BENNETT2 68 CNTR CU REG. USES 
F+- C 34.2 10.0 BENNETT 69 CRTR CU REGEN 
F+- B 45.3 12.0 BOHM 69 OSPK VACUUM REGEM 
F+- F 45.2 7.4 FAISSNER 69 ASPK CU REGEN 
F~ J 40.6 4.2 JENSEN 70 ASPK VACUUM REGEM 
F+- D 37.2 12.0 BALATS 71 OSPK CU REGEN 
F+- P 36.2 6.1 CARNEGIE 72 ASPK CU REGEN 
F*- G 46.5 1,6 GEWENIG2 74 ASPK VACUUM REGER 
F+- H 45.5 2m8 CARITHERS 75 SPEC C REGEN 
F+-- 413 3.5 CHRISTE2 79 AsPK 
F+-- A (35.3) (3.9) AROMSON2 82 SPEG E=30--110 GET 
F*-- 
F+- AVG " 44~6 " ' "  i . 2  " AVERAGE 
F÷- FIT 44.6 1.2 FROM FIT 
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Stable Particle Full Listings 
Ko 

@oo, P H A S E  O F  floe (degrees) 
F00 FIRST QUADRANT PREFERRED GOBBI 69 OSPK 
FOO C 51.0 30.0 CHOLLET 70 OSPK CU RES.,4GAMMAG 
FOB W 56 38,0 25.0 WOLFF 710SPK CU RES.,4GAMMAG 
FOO 55.7 5,8 CHRISTEI 79 ASPK 
FO0 C CHOLLET 70 USES REGENERATOR PHASE FR=-46.5+-4.4 DEG. 
F00 W WOLFF 71 USES REGENERATOR PHASE FR=-48.2+-3.3 OEG. 
FO0 . . . . . . . . .  
FO0 AVS 54.7 5.6 AVERAGE 
FO0 FIT 54.5 5.3 FROM FIT ] 

P H A S E  D I F F E R E N C E  ¢oo -- ~ + -  (degrees) 
OF B C 7.6 18.0 BARBIELLi 73 ASPK 
OF (12.6) 46.2) CHRISTEI 79 ASPK 
DF B C INSEPENDENT OF REGENERATOR MECHANISMIDM,AND LIFETIMES. 
DF NOT INDEPENDENT OF PHI+- AND PHIO0 VALUES WHICH ARE INCLUDED IN FIT 
DF ......... 
OF FIT 9.8 5.4 FROM FIT [ 

NOTE ON AS = AQ RULE IN K ° DECAYS 

The relative amount of AS ~ ~Q component 
present is measured by the parameter x, defined as 

x = A (go__. ~r-g+v)/A (K 0 -~ ~r-g+v). 

We list Re{x } and Im{x  } for Ke3 and K 3  combined. 

x = ( A S = - & Q  A M P L I T U D E ) / ( A S = + A Q  A M P L I T U D E )  

REX REAL PART OF X 
REX C 152 0.06 0.18 0.44 BALDO-CE 65 HLBC K+ CHARGE EXCHWG 
REX 196 0.035 0.11 0.13 AUBERT 63 HLBC K+ CHARGE EXCHNG 
REX F 109 -0.00 0.16 0.28 ~RANZINI 65 HBC PBAR P 
REX 116 0.17 0.16 0.35 FELOMAN 67 OSPK PI-P TO KO LMBDA 
REX N 335 40.17) (0.I0) HILL 67 DBC K+D YIELDS KOPP 
REX B (0.03) (0.03) BENNETTI fib CNTR 
REX 121 0.09 0.07 0.09 JAMES 68 HBC PBAR P 
REX B -0.020 0.025 BENNETT 69 CNTR CHAR ASYMe CU RE 
REX 686 0.09 0.14 0.16 LITTENBER 69 OSPK K+N TO HOP 
REX N 215 0.12 0.09 CHO 70 DBC K+D TO KOPP 
REX U 222 (0.04) (0.07) (0.08) BURGUN 71HSC K+P TO KOPPI+ 
REX 252 0.25 Om07 Om09 WEBBER 71 RBC K--P TO KBAR N 
REX U 410 0.03 0.06 0.06 BURGUN 72 HBC K+P TO KOPPI+ 
REX 126 0.26 0.10 0.14 MANN 72 HBC K~P TO KOBAR N 
REX G 342 (-0,13) (0,11) MANTSCH 72 OSPK RE3 FROM KO LMB 
REX G D 100 (0.04) (0.10) (0.13) GRAHAM 72 OSPK KMU3 FROM KO LMB 
REX 442 -0.05 0.09 GRAHAM 72 BSPK PI-P TO KO LMBDA 
REX 1757 -0.008 0.044 FACKLER 73 OSPK KE3 FROM KO 
REX 1367 -0.03 0.07 HART 73 OSPK KE3 FROM KO LMB 
REX 1079 -0.070 0.036 MALLARY 73 OSPK RE3 PROM KO LM 
REX 4724 0.04 0.03 NIEBEHGA 74 AGPK K+P TO KOPPI* 
REX 79 0.10 0.18 0.19 SMITH 75 WIRE PI-P TO KO LMBOA 
REX C BALDO-CE 65 GIVES X AND THETA.CONVERTED BY US TO REX AND INN, 
REX F FRANZINI 65 GIVES X AND THETA.FOR REX AND IMX SEE SCHMIDT 67. 
REX N CHO 70 IS ANALYSIS OF UNAMBIGUOUS EVENTS IN NEW DATA AND HILL 67. 
REX U BURGUN 72 IS A FINAL RESULT WHICH INCLUDES BURGUN 71. 
REX B BENNETT 69 IS A REANALYSI5 OF BENNETT1 68. 
REX G SECOND GRAHAM 72 VALUE IS FIRST GRAHAM 72 VALUE COMBINED WITH 
REX G MANTSCH 72. REX . . . . . . . . .  
REX AVG 0.009 0.020 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4) 

(SEE IDEOGRAM BELOW) 

W E I G H T E D  AVERAGE 
0 . 0 0 9  ± 0 . 0 2 0  (ERROR S C A L E D  BY 1.4 ) 

4' X z 

. . . . . . .  SMITH 75 WIRE 
. . . . . . .  NIEBERGA 74 ASPK 1.1 

. . . . . . . . . . . .  MALLARY 73 OSPK 40  . . . . . . . . . . . .  HART 73 OSPK 0 3  

. . . . . . . . . . . . .  FACKLER 73 OSPK O1 

. . . . . . . . . . . . .  GRAHAM 72 OSPK 0 4  ~ 
i i' i i i l  . . . . .  MANN 72 MBC 

+ . . . . . .  EGGS. ,, 0, l ~ i l  . . . . . . .  CHO ?O DBC 1.5 
. . . . . . . .  LITTENBER 69 OSPK 0 3  

. . . . . . . . . . .  BENNETT 66 CNTR 1.3 
. . . . . . . . .  JAMES 68 ltBC 1.0 

I . . . .  FELDMAN 67 OSPK 
. . . . . . . . . .  FRANZINI 65 HBC 

. . . . . . .  AUBERT 65 HLBC 0 0  
. . . .  BALDO-CE 05 HLBC 

,v IConl idenee Level = O.O17) 

- 0 . 4  O.O 0 . 4  O 9  

Re(x)  (A S - . A  O amplitude) 

IMX IMAGINARY PART OF X 
IMX (ASSUMES M(KL)-M(KS) POSITIVE - -  SEE LISTING ABOVE) 
INX C 152 -0.44 0.32 0.19 BALDO~CE 65 HLBC K+ CHARGE EXCHH9 
IMX 196 -0.21 0.11 0.15 AUBERT 65 HLBC Ke CHARGE EXCHNG 
IMX F 109 ~0.24 0.40 0.30 FRANZINI 65 HBC PBAR P 
IMX 116 O.D 0.25 FELDMAN 67 OSPK PI-P ~O KO LMBDA 
IMX N 335 (--Om20) (Om10) HILL 67 SBC K+D YIELDS KDPP 
IMX 121 +0.22 0.37 0.29 JAMES 68 HBC PBAR P 
IMX 686 --0111 0.I0 0.11 LITTENBER 69 OSPK R+N TO KOP 
IMX N 215 -O.O8 0.07 CHO 70 DBC K+D TO KOPP 
IMX U 222 (0.12) (0.08) (0.09) BURGUN 71 HBC K+P TO KOPPI÷ 
IMX 252 0.0 0.08 WEBBER 71 HBC K-P TO KBAR E 
IMX U 410 0.07 0.06 0.07 BURGUN 72 HBC K+P TO KOPPI+ 
IMX 126 0.21 0.15 0.12 MANN 72 HBC K-P TO KOBAR N 
INN G 342 (-0.04) (0.16) MANTSCH 72 OSPK KE3 FROM KO LMB 
IMX G 100 (0.12) (0.17) (0.16) GRAHAM 72 OSPK KMU3 FROM KO LMB 
IMX G 442 D.05 0.13 GRAHAM 72 OSPK PI-P TO KO LMBDA 
IMK 1757 -0.017 0.060 FACKLER 73 OSPK KE3 FROM KO 
IMX 1367 0.09 0.07 HART 73 OSPK KE3 FROM KO LMH 
IMX 1070 0.107 0.092 0.074 MALLARY 73 OSPK KE3 FROM KO LM + 
[MX 4724  -0 .06  0.05 NIEBEHGA 74 ASPK K+P TO KOPPI+ 
INK 79 -0 . I0  0.16 0.19 SMITH 75 WIRE PI-P TO KO LMBDA 
IMX C BALDO-CE 65 GIVES X AND THETA.CONVERTES BY US TO REX AND IMX. 
IHX F ~RANZINI 65 GIVES X AND THETA.FOR REX AND IMX SEE SCHMIDT 67. 
IMX N FTNOTE 10 OF HILL 67 SHOULD READ ~0.58, NOT 0.58 (PRIV.COHM.). 
IMX N CHO 70 IS ANALYSIS OF UNAMBIGUOUS EVENTS IN NEW DATA AND HILL 67. 
IMX U BURGUN 72 IS A FINAL RESULT WHICH INCLUDES BURGUN 71. 
IMX G SECOND GRAHAM 72 VALUE IS FIRST GRAHAM 72 VALUE COMBINED WITH 
IMX G MANTSCH 72. 
IMX . . . . . . . . .  
IMX AVG -0.004 0.026 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1) 

R E F E R E N C E S  FOR K % 

BARDDN 58 ANP 5 156 
CRAWFORD 59 PRL 2 361 
ASTIER 61AIX CONF 1 227 
FITCH 61NC 22 1160 
GOOD 61 PR 124 1223 
HEAGU 61PRL 6 532 

ALSO 61 JETP 13 1138 

CAMERINI 62 PR 128 362 
DARMON 62 PL 3 57 

ADAIR 64 PL 12 67 
ALEKSANY 64 DUBNA 2 102 

ALSO 64 JETR 19 1019 
ANIKINA 64 JETP 19 42 
CHRISTEN 64 PRL 13 138 
FUJII 64 DURRA 2 146 
LUERS 64 PR 133 B 1276 

ANIKINA 65 JINR P 2480 
ANDERSON 65 PRL 14 475 
ASTBURY1 65 PL 16 80 

M BARDON,K LANDE,L LEDERMAN (COLUMBIA*BNL) 
CRAWFORD,CRESTI,DOUGLASS,GOOD + (LRL) 
ASTIER,BLASKOVIC,RIVET,SIAUD , (EPOL) 
V FITCH,P PIROUE,R PERKINS (PRINCETOn) 
DOOD,MATSEN,MULLER,PICCIONI,POWELL ¢ (LRL) 
EEAGU,OKONOV,PETROV,ROSAHOVA,RUSAKOV (JINR) 
NYAGU,OKONOV,PETROV,ROZANOVA,RUSAKOV (JINR) 

CAMERINI,FRY,GAIDOS,BIRDE,ELY * (WISC÷LRL) 
J DARMON,A ROUSSET,J SIX (EPOL) 

R K ADAIR,L E LEIPUNER (YALE+BNL) 
ALEKSANYAN,ALIKHANYAN,VARTAZARYAN~ (EREVAN) 
ALEKSANYAN+ (LEBEDEV+MOG ENG PHYS*EREVAN) 
ANIKINA,ZHURAVLEVA+ (GEORG ACAD SCI* SUBNA) 
CHRISTENSON,CRONIN,FITCH,TURLAY (PRINCETON) 
FUJII,JOVANDVICH,TURKOT+ (BNL,MARYLAND,MIT) 
LUERS,MITTRA,WILLIS,YAMAMOTO (BNL) 

ANIKINA,VARDENGA,ZHURAVLEVA,KOTLYA+ (OUBNA) 
ANDERSON,CRAWFORD,GOLDEN,STERN ÷ (LRL+WISC) 
ASTBURY,FINOCCHIARO,BEUOCH + (BERN*ZURICH) 

ALSO 65 HBLV.PH.AC.39 523 M PEPIN 
ASTBURY2 65 PL 18 175 ASTBURY,MICHELINI~BEUGCH + (BERN÷ZURICH) 
ASTBURY3 65 PL 18 178 

AUBERT 65 PL 17 59 
ALSO 67 LOWYS 

BALDO-CE 65 NC 38 604 
CHRISTEN 65 PR 140 B 74 
FISHER 65 ANL 7130 83 
FITCH 65 PRL 15 73 

FRANZIMI 65 PR 140 B 127 
GALBRAIT 65 PRL 14 38~ 
DUIDONI 65 ARGONNE CONF 49 
HOPKINS 65 ARGONNE 00NF 67 
VISHNEVS 65 PL 18 339 

ALFF-STE 66 PL 21 595 
ANIKINA 66 SJNP 2 339 
AUERBACH 66 PRL 17 980 
AUERBACH 66 PR 149 1052 

ALSO 65 PRL 14 192 
BALDO-CE 66 NC 45A 733 
BASILE 66 BALATON CONF 

BEHR 66 PL 22 540 
BELLOTTI 66 NC 45A 737 
BOTT-BOD 66 PL 23 277 
CAMERINI 66 PR 150 I148 
CANTER 66 PRL 17 942 
CARPENTE 66 PR 142 871 
CHANG 66 PL 23 702 

CRIEGEE 66 PRL 17 150 
FIRESTON 66 PRL 16 506 
FIRESTON 66 PRL 17 116 

ASTBURY,MICHELINI,BEUSCH + (BERN+ZURICH) 

AUBERT,BEHR,CANAVAN,CHOUHET+ (EPOL+ORSAY) 

BALDO-CEOLIN,CALIMANI~CIAMPOLILLO +(PADO) 
CHRISTENSON,CRONIN,FITCH,TURLAY (PRINCETON) 
FISHER,ABASHIAN,ABRAMS,CARPENTER+ (ILL) 
FITCH,ROTH,RUSS,VERNON (PRINCETON) 

FRANZINI,KIRSCH,PLANO ~ (COLUMBIA+RUTGERS) 
GALBRAITH,MANN~NG,JONES + (AERE*BRIS~RHEL) 
+BARNES,FOELGCHE,FERBEL,FIRESTD* (BNL+YALE) 
E W K MDPKINS,BACON,EISLER (VAND÷RUTGERS) 
VISHNEVSKY,GALANINA,SEMENOV * (ITEP) 

ALFF-STEINBERGER,HEUER,RUBBIA + (BERN) 
ANIKINA, VARDENGA, ZHURAVLEVA+ (JINR) 
AUERBACH,MANNIMCFARLANE,SCIULLI (PENN) 
AUERBACH,DOBRS,LANDE,MAHN,SCIULLI÷ (PENN) 
+LANDE,MANN,SCIULLI,UTO,WHITE,YOUNG (PENN) 
BALDO-CEOLIN,CALIMANI,CIAMPOLILLO+ (PADUA) 
BASILE,CRONIN,THEVENET * (SACLAY) 

• BRISSON,BALDO-CEOLIN,AUBERT+ (PADO,EPOL) 
BELLOTTI,PULLIA,SALDO-CEOLIN* (MILAN,PADUA) 
BOTT-BDDENHAUSEN,DE BOUAHD,CASSEL¢ (BERN) 
CAMERINI,CLINE,ENGLISHjFISCHBEIN+WISCONGIN 
+CHO,ENGLER,FISK,HILL + (CARNEGIE~SNL) 
CARPENTER,ABASHAN,ABRAMS,FISHER (ILLINOIS) 
CHANG,BASSANO,KIKUCHI,DODD+ (SYRACUSE,BNL) 

+FOX,FRAUENFELDER,HANSON,MDSCAT+ (ILLINOIS) 
FIRESTONE,KIM,LACH,SANDWEISS+ (YALEjBNL) 
FIRESTONE,KIM,LACH,SANDWEIGS* (YALE,BNL) 

FUJII 66 PRL 13 253 FUJII,JOVANOVICH,TURKOT,ZORN (BNL*MARYLAND) 
FUJII 66 IS THE CORRECTED VALUE GIVEN BY JOVANOVICH+ 66 

HAWKINS 66 PL 21 238 ~ J ~ HAWKINS (YALE) 
ALSO 67 PR 156 1444 HAWKINS (YALE) 

JOVANOVI 66 PRL 17 1075 
KULYUKIN 66 BERKELEY 20 
MEISNERI 65 PRL 16 278 
MEISNER2 66 PRL 17 492 
HEFKENS 66 PL 19 705 
VERHEY 66 PRL 17 669 

BENNETT 67 PHL 19 993 
BOTT-BOD 67 PL 24B 194 
BOTT-BOD 67 PL 24B 438 

ALSO 66 PL 20 212 
ALSO 66 PL 23 277 

CANTER 67 THESIS 

JOVANOVICM,FUJII,TURKOT,ZORN +(BNL÷UMD+MIT) 
KULYUKINA,MESTVIRISHVILI,NEAGU,PETR* (JINR) 
G W MEISNER,B B CRAWFORD,F CRAWFORD (LRL) 
G MEISNER,B CRAWFORD,F CRAWFORD (LRL) 
NEFKENS,ABAGHIAN,ABRAMS,CARPENTER+ (ILL) 
VERHEY,NEFKENS,ABASHIAW+ (ILL) 

BENNETT,NYGREN,SAALISTEINBERGEH +(COLUMBIA) 
BOTT-BOOENHAUSEN,DEBOUARD,CAGSEL + (BERN) 
BOTT-BODENHAUGEN,DEBOUARD,DEKKERS+ (BERN) 
BOTT-BODENHAUSEN,DEBOUARD,CASSEL+ (CERNI 
BOTT-BODENHAUSENIDEBOUARD,CASSEL÷ (BERN) 
J.M. CANTER (CARNEGIE) 

BROMIN 1 67 PRL 18 25 +KUNZ,RISK,WHEELER (PRINCETON) 
CRONIN 2 67 PRINC CONF(11/67) +KUNZ,RISK,WHEELER (PRINCETON) 
DEBOURRD 67 NC 52A 652 DEBOUARD,OEKKERS,JORDAN,MERMOD + (BERN) 

ALSO 65 PL 15 58 DE BOUARD,OEKKERS,GCHARFF+ (CERN÷ORSA+MPIM) 
DEVLIN 67 PRL 10 54 DEVLIN,SOLOMON,SHEPARD,BEALL+ (PRIN~UMD) 

ALSO 68 PR 169 1043  SAYER,BEALL,DEVLIN,SHE~RARD+ (UMD*PPA+PRIN) 



For notation, see key on page 91. 

BORFAN 67 PRL 19 987 
FELDMAN 67 PR 155 1611 
FIRGSTON 67 PRL 18 176 
FITCH 67 PR 164 1711 
HAWKINS 67 PR 156 1444 
WILL 67 PRL 19 668 

HOPKINS 67 PRL 19 185 
KABYK 67 PRL 19 597 
KULYUKIN 67 PREPRINT 
LOWYS 67 PL 2AS 75 
MISCHKE 67 PRL 18 138 
NEFKENG 67 PR 157 1233 
TODOROFF 67 THESIS 

ABRAMS 68 PR 176 1603 
ARNOLD 6E PL 28B 56 
ARONSON 68 PRL 20 287 

ALSO 69 PR 175 1708 
BALATZ 68 PL 268 320 
BARTLETT 68 PRL 21 558 

BAGILE 68 PL 2EB 542 
BASILE2 68 PL 28B 58 
BENNETT1 68 PL 27B 244 
BENNETT2 68 PL 27B 248 
BLANPIED 68 PRL 21 1650 
BUDAGOV 68 NG 57A 182 

ALSO 68 PL 288 215 

CARNEGIE 68 PRINC TR44 THESIS 
JAMES 68 NP B8 365 

ALSO 68 PRL 21 257 
KULYUKIN 6E JETP 26 20 
KUNZ 68 THESIS (PU 46) 
MELHOP 68 PR 172 1613 
THATCHER 68 PR 174 1674 

BANNER 69 PR 188 2033 
ALSO 68 PRL 21 1105 
ALSO 68 PRL 21 1107 

BEILLIER 69 PL 3BE 202 
BENNETT E9 PL 29B 317 
BOHM 69 NP B9 605 

ALSO 68 PL 278 321 

BDTT-BOD 69 CERN 69-7 329 
CENDE 69 PRL 22 1210 
EVANS 69 PRL 23 427 
FAISSNER 69 PL 308 204 
FOETH 69 PL 3BE 282 

GAILLARD 69 NE 59A 453 
ALSO 67 PRL 18 20 

GOBBI 69 PRL 22 685 
LITTENBE G9 PRL 22 654 
LONGD 69 PR 181 1808 
PACIOTTI 69 THESIS,UCBL 19446 
GAAL 69 THESIS 

ALBROW 70 PL 33B 516 
ABONSON 70 PRL 25 1057 
BABMIN 70  PL 338 377 
BASILE 70 PR D2 78 
BUCHANAN 70 

ALSO 71 

BUDAGOV 70 
ALSO 68 

CHIEN 70 
ALSO 71 

CHO 70 
ALSO 67 

CBOLLET 70 PL 31B 658 
CULLEN 70 PL 328 523 
DARRIULA 70 PL 33B 249 
FAISSNER 70 NC 7BA 57 
JENSEN 70 THESIS 

ALSO 69 PRL 23 615 

MARX 70 PL 32B 219 
ALSO 7~ THESIS,NEVIS 179 

SCRIBANO 70 PL 32B 224 
SMITH 70 PL 32B 133 
WEBBER 70 PR DI 1967 

ALSO 69 UCRL 19226 THESIS 

BALATS 71SJNP 13 53 
BARMIN 71 PL 35B 604 
BISI 71PL 368 533 
BURGUN 71 LNC 2 1169 
CARNEGIE 71 PR B4 I 
CHAN 71 LBL-350 THESIS 

DORFAN,ENSTBOM,RAYMOND,SCHWARTG +(SLAC+LRL) 
FELDMAN,FRANKEL,HIGHLAND,SLDAN (pENN) 
FIRES~DNE,KIM,LACR,SANDWEISS,+ (YALE,BNL) 
FITCH,ROTH,RUSS,VERNON (PRINCETON) 
C J B HAWKING (YALE) 
HILL,LUEBS,ROBINGON,CANTER+ (BNL,CARNEGIE) 

HOPKINS,BACON,EISLER (BNL) 
KADYK,CHAN,DRIJARB,OREN,SHELDON (LRL) 
KULYUKINA+MESTVIRISHVILI+NEAGU + (JINR) 
LOWYS,AUBERT,EHOUNET,PASCAUD+ (EPOL,ORSA) 
HISCHKE,ABASHIAN,ABRAMG÷ (ILLINOIS) 
+ABASHIANjABRAMS,EARPENTER,FISHER+ (ILL) 
JOHN A TODOROFF (ILLINOIS) 

+ABASHIAN,MISCHKE,NEFKENS,SMITH+ (ILLINOIS) 
ARNOLD,BUDAGOV,CUNDY,AUBERT÷ (CERN~OREAY) 
S.H.ARONSON, K.W.CHEN (PRINCETON) 
G H ARONSON, K W CHEN (PRINCETON) 
BALATZ,BEREZIN,VISHNEVSKY,GALANINA÷ (ITEP) 
BARTLETT,CARNEGIE,FITCH+ (PRINCETON) 

BASILEICBONIN,THEVENET,TURLAY+ (SACLAY) 
+CRONIN,THEVENET,TURLAY,ZYLBERAJCHe(SAGLAY) 
BENNETT,NYGREN,STEINBERGER+ (CDLUMBIA+CERN) 
BENNETT,NYGREN,STEINBEBBER+ (COLUMBIA+CERN) 
BLANPIED,LEVIT,ENGELS+ (CASE÷HARV+MGGI) 
BUDAGOV,BURMEISTER,CUNDY+ (CERN,ORSA,IPNP) 
+CUNDY,MYATT,NEZRICK+ (CERN,DRSA,EPOL) 

R.K.CABNEGIE (PRINCETON) 
F JAMES, H BRIAND (IPNP,CERN) 
HELLAND,LONGO,YDUNG (UCLA,MICH) 
KULYUKINA,MESTVIRISHVILI,NEAGU+ (JINR) 
P F KUNZ (PRINCETON) 
MELHOP MUSTY BOWLEGIBURNETT+ (LA JOLLA) 
THATCHER,ABASHIAN,ABRAMS,CARPENTER + (ILL) 

+CRONIN,LIU,PILCHER (PRINCETON) 
BANNEB,CRDNIN,LIU,PILCHER (PRINCETON) 
BANNER CRONIN,LIU,PILCHER (PRINCETON) 
BEILLIEBE,BOUTANG,LIMO8 (EPOL) 
+NYGREN,SAAL,STEINBERGER÷ (CDLU,BNL) 
+DARRIULAT,GROSSO,KAFTANOV÷ (CERN) 
BOHM~DARBIULAT,GROSSO,KAFTANOV (CERN) 

BOTT-BODENHAUSEN,DE BOUARD,CASSEL+ (CERN) 
EENCEzJONES,PETERSONISTENGER+ (HAWAII,LRL) 
EVANS,GOLDEN,MUIR,PEACH* (EDINBURGM,CERN) 
+FOETH,STAUDE,TITTEL~ (AACB,EERN,TORI) 
~HOLDEB,RADERMACHER + (AACHEN,CERN,TORINO) 

*GALBBAITH,HUGSRI,JANE* (CERN,RHEL,AACBEN) 
+KRIENEN,GALBRAITH,HUSSRI~ (CERN+RHEL÷AACHI 
+GREEN,HAKEL,MOFFETT,ROBEN,GOZ+ (ROCH+RUTG) 
LITTENBERG,FIELD,PICCIONI,MEHLHOP+ (UCSD) 
M J LONGO,K K YOUNG,J A HELLAND (MICH,UELA) 
M A PACIOTTI (LRL) 
H J SAAL (COLUMBIA) 

+ASTON,BABBER,BIRD,ELLISON + (MEHG+OARE) 
+EHRLICH,ROFER,JENSEN÷ (EFI,ILLC,SLAC) 
~BARYLON,BORISOV,BYSHEVA~ (ITEP,JINR) 
~CRONIN,TEEVENT,TURLAY,ZYLBERAJCH ÷ (SACL) 

PL 33B 623 +DRICKEY,RUDNICK,SHEPARD+ (SLAC,JHU,UCLA) 
PRIVATE COMMUNICATION, B. COX, FEB. 71 

PR D2 815 +CUNDY,MYATT,NEZRICK+ (CERN, ORSA,EPOL) 
PL 288 215 +CUNDY,MYATT,NEZBICK+ (CERH,ORSA,EPOL) 
PL 33B 627 C-Y.CHIEN,COX,ETTLINGER * (JHU+SLAC+UCLA) 
PRIVATE COMMUNICATION, B. COX, FEB. 71. 
PR DI 3031 ~DRALLE,CANTER,ENGLER,FISK+ (CARN,BNL,CAEE) 
PRL 19 668 HILL,LUERS,ROBINSON,SAKITT + (BNL,CARN) 

+GAILLARD,JANE,RATCLIFFE,REPELLIN ~ (CERN) 
+BARRIULAT,DEUTSCH,FBETH + (AACH,CERN~TORI) 
+FERRERO,GROSSO,HOLDER + IAACH,CERN,TORI) 
~REITHLER,THOME,GAILLARD+ (AACH,CERN,RHEL) 
D.A. JENSEN (EFI) 
JENSEN,ARONSON,EHRLICH,FRYBERGER+ (EFI,ILL) 

÷NYGREN,PEDPLGS,STEINBERGE~(DOLU,HARV,CERN) 
JAY MARX (COLUMBIA) 
+MANNELLI,PIERAZZINI,MABX+ (PISA,COLU,HABV) 
+WANG,WHATLEY,ZORN,HORNBDSTEL (UMB,BNL) 
+SOLMITZ,CRAWFORB,ALSTON-GARNJOST (LRL) 
B R WEBBER (LRL) 

+BEREZIN,VISHNEVSKII,GALANINA+ (ITEP) 
+BARYLOV,VESELOVSKY,DAVIDENKD+ (ITEP) 
+DARRIULAT,FEERERO,RUBBIA+ (AACH,CERN,TORI) 
+LESQUOY,MULLER,PAULI+ (SACL~CERN+DSLO) 
+CESTEB,FITEH,STROVINK,SULAK (PRIN) 
J.HIONG-SING tHAN (LBL) 

CHIEN 71PL 35B 261 
ALSO 72 DALLY 

CHO 71 PR D3 1557 
CLARK 71 PRL 26 1667 

ALSO 70 UCBL 19709=THESIS 
ALSO 71 UCRL 20264-THESIS 
ALSO 74 SLAG-PUB-1498 

ENSTROM 71 PR D4 2629 
ALSO 70 THESIS (SLAG 125) 

HILL 71PR D4 7 
JAMES 71 PL 35B 265 
MGISNER 71 PR D3 59 
PEACH 71PL 35B 351 

REPELLIN 71 PL 36B 603 
WEBBER 71 PR D3 64 

ALSO 68 PRL 21 498 
ALSO 69 UCRL 19266-THESIS 

WOLFF 71 PL 56B 517 

ALBROW 72 NP B44 1 
ASRFORB 72 PL 3EB 47 
BANNER1 72 PRL 28 1597 
BANNER2 72 PRL 29 237 
BARMINI 72 GJNP 15 636 
BARMIN2 72 SJNP 15 638 
BURGUN 72 NP B5O 194 
CARNEGIE 72 PR D6 2335 

+COX,ETTLINGER,RESVANIS+ (JHU,SLAC,UCLA) 

÷BRALLE,CANTER,ENGLER,FISK+ (CARN,BNL,CASE) 
+ELIOFF,FIELD,FRISCH,JOHNSON,KERTH+ (LRL) 
ROLLANB JOHNSON (LRL) 
HENRY FRISCH (LRL) 
R.C.FIELB (UNPUBLISHED) (SLAC) 

~AKAVIA,COOMBES,DORFAN+ (SLAC,STAN) 
J E ENSTROM (STANFORD) 
+SAKITT,SKJEGGESTAD,CANTER+ (BNL,EARN,CASE) 
+MONTANET,PAUL,PAULI+ (CERN+SACL+OSLO) 
+MANN,RERTZBACH,KOFLER ~ (MASA+BNL+YALE) 
*EVANS,MUIR~BUDAGOV,HOPKINS* (EDIN,CERN) 

+WOLFF,CHOLLET,GAILLARD,JANE+ (ORSA,CERN) 
+SOLMITZ,ERAWFORD,ALSTON-GARNJOST (LRL) 
WEBBER,SOLMITZ,CRAWFORD,ALSTONGARNJOST(LRL) 
B R WEBBER (LRL) 
+CHOLLET,REPELLIN,GAILLARD+ (ORSA,CERN) 

~ASTON,BARBER,BIRD,ELLISON+ (MCHS+DARE) 
+BROWN,MASEK,MAUNG,MILLER,RUDERMAN÷ (UCSD) 
~CRONIN,HOFFMANrKNAPP,SffOCHET (PRINCETON) 
+CRDNIN,HOFFMANIKNAPP,SHOEBET (PRINCETON) 
+DAVIDENKO,BEMIDOV,BOLGOLENKO+ (ITEP) 
+BARYLOVIGAVIDENKO,DEMIBOV+ (ITEP) 
+LESQUOY,MULLER,PAULI,+ (SACLeCERN+OSLO) 
+CESTER,FITCH,STROVINK,SULAK (PRINCETON) 
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/co 

DALLY 72 PL 418 647 
ALSO 70 CHIEN 
ALSO 71 CHIEN 

GRAHAM 72 NC 9A 166 
HOLDER 72 PL 40B 141 
JAMES 72 NP B49 1 
KRENZ 72 LNC ~ 213 

MANN 72 PR D6 137 
MANTGCH 72 NC 9A 160 
METCALF 72 PL 4BB 705 
NEUHOFER 72 PL AIB 642 
PICEIONI 72 PRL 29 1412 

ALSO 74 PR 09 2959 
VOSBURGH 72 PR 06 1834 

ALSO 71 PRL 26 666 

ALBROW 73 NP B58 22 
ALEXANBE 73 NP B65 301 
ANIKINA 73 PI-7539 COM.JINR 
BABBIELL 73 PL 43B 529 
BRANBENB 73 PR 08 1978 
CARITHER 73 PRL 31 1025 

ALSO 73 PRL 30 1556 
EVANS 73 PR B7 36 

ALSO 69 PRL 23 427 

FACKLER 73 PRL 31 847 
FITCH 73 PRL 31 1524 

ALSO 72 C00-3072-13 
HART 73 NP B66 317 
MALLARY 73 PR 07 1953 

ALSO 70 PRL 25 1214 

MCCARTHY 75 PR D7 687 
ALSO 72 PL 42B 291 
ALSO 71 THESIS LBL-550 

MESSNER 73 PRL 30 876 
PEACH 73 PL 438 G41 
SANDWEIS 73 PRL 30 1002 
WILLIAMS 73 PRL 31 1521 

ALBRECHT 74 PL 48B 393 
BISI 74 PL SOB 504 
BBBISUT 74 LNC 11 646 
GONALDSI 74 PRL 33 554 

ALSO 74 DONALDSON 3 
ALSO 76 DONALDSON 

BONALDS2 74 PR D9 2960 
ALSO 75 PRL 31 337 

DONALDS3 74 SLAG 184-THESIS 
ALSO 76 DONALDSON 

GEWENIGI 74 PL 488 485 
ALSO 74 EERN INT. SEPT. 

GENENIG2 74 PL G8B 487 
ALSO 74 PL 52B 119 

EEWENIG5 74 PL 528 108 
EJESDAL 74 PL 528 113 

MESSNEB 74 PBL 33 1458. 
NIEBERGA 7A PL 49B 103 
WANG 74 PR 09 540 
WILLIAMS 74 PRL 33 240 
WOO 74 LNC 10 38 

BALDOCEO 75 NC 25A 688 
BLUMENTB 75 PRL 34 164 
BUCHANAN 75 PR D11 457 
CARITHER 75 PRL 34 1244 
SMITH 75 UCSB THESIS-UNPUB 

BIRULEV 76 SJNP 2A, 178 
COOMBES 76 PRL 37 249 
DONALDSO 76 PR DIA 2839 

ALSO 74 SLAG 184-THESIS 
FUKUSNIM 76 PRL 36 348 
GJESDAL 76 NP B109 118 
REY 76 PR D13 1161 

ALSO 69 CENCE 

CHO 77 PR D15 587 
CLARK 77 PR B15 553 

ALSO 75 LBL-4275 THESIS 
BEVOE 77 PR D16 565 
DZHORDZH 77 SJNP 26 478 
PEACH 77 NP 0127 399 

ENGLER 78 PR 018 623 
HILL 78 PL 73B 483 
BIRULEV 79 SJNP 29 778 
CHRISTEI 79 PRL 43 1209 
CHRISTE2 79 PRL 45 1212 
HILL 79 NP B153 39 
SCHMIDT 79 PRL 43 556 
SRDEHET 79 PR D19 1965 

ALSO 77 PRL 39 59 

CARROLLI 80 PRL 44 525 
CARROLL2 80 PBL 44 529 
CARROLL3 8B PL 96B 407 
CEO 80 PR 022 2688 
MORSE 80 PR D21 1750 
B;RULEV 81NP B18E I 

ALSO 80 SJNP 31 622 
ARONEON 82 PRL 48 1078 
ARONSON2 82 PRL 48 1306 

ALSO 82 PL 116B 73 
ALSO 83 PR D28 476 
ALSO 83 PR D28 495 

BALATS 83 SJNP 58 556 
BEBNSTEI 85 PRL 54 1631 
BLACK 85 PRL 54 1628 
CDUPAL 85 PRL 55 566 

ALEXANDE 62 PRL 9 69 
JOVANOVI 63 BNL CONF 42 
STERN 6A PRL 12 459 
BGHR 65 ARGONNE CONF 59 
MEBTVIRI 65 JINR P 2449 
TRILLING 65 UCRL 16473 

UPDATEB FROM 1965 ARGONNE 

+INNOCENTI~SEPPI,CHIEN,COX÷ (SLAC÷JHU÷UCLA) 

+ABASHIAN,JOMES,MANTSCB,ORR+ (ILL÷NEAS) 
+RADERMACHER,STAUDE+ (AACH+CERN*TORI) 
+MONTANET,PAUL,SAETRE+ (CEBN+SACL+OSLD) 
+ROPKINS,EVAHS,MUIR,PEACH (AACH÷CERN+EDIN) 

+KOFLER,MEISNER,HERTZBACH* (MASA~BNL÷YALE) 
*ABASHIAN,GRAHAM,JONEG,ORR+ (ILL+NEAS) 
+NEUBOFER,NIEBERGALL+ (CERN+IPE+WIEN) 
+NIESERGALL,REGLER,STIER~ (CERN+ORSA*VIEN) 
*COOMBEG,BO~ALBSON,DORFAN,FRYBGRGER+ (SLAG) 
PICCIDNI,BONALDSON + (SLAC+UCSE+COLO) 
+DEVLIN,ESTERLING,GOZ,BRYMAN + (RUTB,MASA) 
VOSBURGH,DEVLIN,ESTERLING,GOZ + (RUTG,MASA) 

+ASTDN,BARBER,BIRB,ELLISON+ (MCHE~DARE) 
ALEXANDER,BENARY,BOROWITZ,LANDE÷(TELA+HEID) 
+BALASHOV,BANNIK + (JINR) 
BARBIELLINI,DARRIULAT,FAINBERG+ (CERN) 
BRANDENBURG,JOHNSON,LEITH,LODE+ (GLAC) 
CARITHERS,NYGREN,GORDON~ (COLU+BNL÷CERN) 
CARITHER$,MODIS,NYGREN,PUN~ (COLU÷CERN*NYU) 
+MUIR,PEACHjBUBAGOV+ (EDINBURGH+BERN) 
EVANE,GOLBEN,MUIR,PEAEH~ (EDINBURGH~GERN) 

+FRISEH,MARTIN,GMOOT,SOMPAYBAC (MIT) 
+HEPP,JENSEN,STROVINK,WEBB (PRIECETON) 
R.E.WEBB (THESIS) (PRINCETON) 
*HUTTON,FIELD,SHARP,BLACKMORE+ (CAVE+RHEL) 
+BINNIE,GALLIVAN,GOMEB/PECK,SCIULLI + (CIT) 
SCIULLI,GALLIVAN,BINNIG,GOMEZ ~ (CIT) 

+BBEWEB,BUDNITZ,ENTIS,GRAVENIMILLER+ ILBL) 
MCCARTHY,BREWER,BUDNITZ,ENTIS,GRAVEN+ (LBL) 
R.L.MCCARTBY (LBL) 
+MORSE,NAUENBERG,HITLIN + (COLD+SLAC*UCSC) 
÷EVANS,MUIR,HOPKINS,KRENZ (EDIN+CERN+AACH) 
+SUNDERLAND,TURNER,WILLIS,KELLER (YALE÷ANL) 
~LABEEN,LEIPUNER,SAPP,SESSOMS* (BNL+YALE) 

DUBNA+BERLIN*EUDAPEST÷PRAGUE+SERPUKH+SDFIA 
BISI,FERRERO (TORI) 
~HUZITA,MATTIDLI,PUGLIERIN (PASO) 
BONALDSON,HITLIN,KENNELLY,KIRKBY + (SLAG) 

DONALDSON,FRYBERGER,HITLIN,LIU~ (SLAC+UCSC) 
DONALDSDN,FRYBERGER,MITLIN,LIU+ (SLAC~UCSC) 
GREGORY J. DONALDSON (SLAG) 

GEWENIGER,GJESDAL,KAMAE,PRESSER+ICERN*HEID) 
VERA LUTH (THESIS-INT. REPT. 74-4)  (HEID) 
GEWENIGER,GJESDAL,PRESSER + (CERN÷HEID) 
GJESDAL,PBESSERISTEFFEN + (CEBN+HEID) 
GEWENIGER,GJEEDAL,PRESSER + (EERN+HEID) 
+PRESSER,KAMAE,STEFFEN+ (CERN+HEID) 

+FRANKLIN,MORSE,NAUENBERG+ (COLO+SLAC~UCSC) 
NIEBERGALL,REBLER,STIER + (CERN+ORSA+VIEN) 
+SMITH,WHATLEY,ZORN,HORNBOSTEL (UMD+ENL) 
+LARGEN,LEIPUNER,SAPP,SESSOMS + (BNL~YALE) 
+BUCHANAN,PEPPER (UCLA) 

BALOO-CEOLIN,BOBISUT,CALIMANI* (PADO+WIGC) 
BLUMENTBAL,FRANKEL,NAGY + IPENN+CHIC*TEMP) 
+DRICKEY,PEPPER,RUBNICK + (UCLA~SLAC+JHU) 
CARITHERS,MODIS,NYGREN,PUN + (COLU+NYU) 
JAMES G. SMITH (UCSD) 

+VESTERGDMBI,VOVENKO,VOTRUBA,GENCHEV+(JINR) 
+FLEXER,HALL,KENNELLY,KIBKBY + (STAN~NYU) 
BONALDSON,HITLIN,KENNELLY,KIRKBY,LIU+(SLAC) 
GREGORY J. DONALDSON (SLAC) 
FUKUSRIMA,JENSEN,SURKO,THALER+ (PRIN+MASA) 
÷KAMAE,PEESSER,STEFFEN + (CERN÷HEID) 
+CENCE,JONES,PARKER + (NBAM+HAWA÷LBL) 

*BERRICK,LISSAUEB,MILLER,ENGLER+ (ANL+CARN) 
+FIELB,HOLLEY,JOHNSON,KERTH,SAH,SBEG (LBL) 
GILBERT SHEN (LBL) 
+CRONIN,FRISCH,GROSSD-PILCHER+ (EFI+ANL) 
DZHORGZHADZE,KEKELIDZE,KRIVOKHIZHIN+ (JINR) 
+CAMERON + (BGNA*EDIN+GLAS+PISA+RHEL) 

+KEYE$,KRAEMER,TANAKA,CHO+ (CARN+ANL) 
+SAKITT,ENAPE,STEVENS* (BNL+SLAC+SBER) 
+VESTERGDMBI,GVAKEARIYA,GENCHEV~ (JINR) 
CHRISTENGON,GOLDMAN,HUMMEL,ROTH÷ (NYU) 
CHRIGTENSON,GOLDMAN,HUMMEL,ROTH+ (NYU) 
+SAKITT,SNAPE,STEVENS* (BNL÷SLAC~SBER) 
*BLATT,CAMPDELL,GRANNAN+ (YALE+BNL) 
+LINSAY,GROSSO-PILCHER,FRISCR+ (EFI+ANL) 
SHOCHET,LINGAY,BRDSSO-PILCHER,+ (EFI+ANL) 

*CHIANG,KYDIA,LI,LITTENBERG,MARX+(BNL*ROCH) 
+CHIANG,KYCIA,LI,LITTENBERG,MARX+(BNL+ROCH) 
+CHIANG,KYCIA,LI,LITTENBERG,MARX+(BNL+ROCH) 
~DERRICK,MILLEB,SCHLEBETH,ENGLEB+(ANL~EARN) 
+LEIPUNER,LABSEN,SCHMIDT,BLATT+ (BNL+YALE) 
+DZHORDZHABZE,GENCHEV,GRIGALASHVILI÷ (JINR) 
BIRULEV,VESTERGDMBI,GENCBEV + (JINR) 
+BERNSTEIN,BOCK + (BNL+CHIC+STAN+WISC) 
+BOCK,CHENG,FISCHBACH (BNL~CHIE~PUBD) 
FISDHBACH,CHENG,ARONSON,BOCK(PURD+BNL*CBIC) 
ARONSON,BOCK,CHENG,FISCHBACH(BNL+CHIC÷PUBD) 
ARONSON,DOCK,CHEBG,FISCHBACH(BNL+CHIC+PUBD) 
+BEREZIN,BOGDANOV,VISHNEVSKII+ (ITEP) 
BERNSTEIN,BOCK,CABLSMITH,COUPAL*(CHIC+SACL) 
+BLATT,CAMPBELL,KASHA,MANNELLI+ (BNL+YALE) 
+BERNSTEIN,BOCK,CARLSMITH, +(CHIC*SACL) 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

G ALEXANBER,S ALMEIDA,F CRAWFORG (LRL) 
JOVANOVIE,FISCRER,BURRIS * (BNL~MARYLAND) 
STEBN,BINFORD,LING,ANDERSON + (WISC+LRL) 
BEHR,BRIESDN,BELLOTTI~ (EPOL,MILA,PADO) 
MESTVIRISHVILI,NYAGU,PETROV,RUSAKOV+ (JINR) 
GEORGE H TRILLING (LBL) 
CONF., PAGE 115. 
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Stable Particle Full Listings 
K o, D -+ 

GINSSERG 67 PR 162 1570 EDWARD S GINSBERG (U. MASS BOSTON) 
RUBBIA 67  PL 240 531 C.RUGBIA,J.STEINBERGER (CERN+COLU) 

ALSO 1 66 PL 20 207 ALFF-STEINBERGER,HEUER,KLEIHKNEDHT+ (BERN) 
ALSO 2 66 PL 21 595 ALFF~STEINBERGER,HEUER,KLEINKNECHT÷ (CERN) 
ALSO 3 66 PL 23 167 C.RUBBIA,J.STEINBERGER (CERN+COLU) 

SCHMIDT 67 NEVIS 160(THESIS) P. SGHMIDT (COLUMBIA) 

CRONIN 68 VIENNA GONF P.281CRONIN,RAPPORTEURS TALK (PRINCETON) 
BECHERRA 70 PR DI 1452 T BEGHERRAWY (ROCH) 
GINSBERG 70 PR DI 229 E S GINSBERG flIT HAIFAI 
HEUSSE 70 LNC 3 449 +AUBERT,PASCAUD,VIALLE (ORSAY) 
GINSBERG 73 PR D8 3087 E S GINSBERG, J SMITH (MtT*STONI 
KLEINKNE 76 ARNS 26 I K. KLEINKNECHT (DORT) 

C H A R M E D  M E S O N S  

[ - ~  i(J~)=½(o ) 

D ± M A S S  ( M e V )  

M 50(1876.) (15.) PERUZZI 7G SMAG ~-  K-+PI~-PI÷- 
M (1874.) (5.) GOLDHABER 77 SMAG DO,D* RECOIL SPC 
M p (1868.5) (0.9) PERUZZI 77 SMAG E+E- 3.770EV ECM 
M (1874.) (11.) PICCOLO 77 SMAG ÷- E+E-4,03,4.AIEDM 

P (1868.4) ( 0 . 5 )  SGHINDLER 81 SMK2 * -  E+E- 3.770EV EDM 
P 1869.4 0.6 TRILLING 81RVUE ÷- EeE- 5.77BEV ECM 

6 1860. 16. AOAMOVICH 84 EMUL PHOTOPRODUCTION 
M 1863. ~. DERRICK 84 HRS E+E- 29GEV ECM 
M P PERUZZI 77 AND GCHINDLER 81 ERRORS D0 NOT INCLUDE THE 0.13 PERCENT 

P UNCERTAINTY IN THE ABSOLUTE SPEAR ENERGY CALIBRATION. TRILLING 81 
P USES THE HIGH PRECISION J/PSI AND PSI(3685) MEASUREMENTS OF 
P ZHOLENTZ 80 TO DETERMINE THIS UNCERTAINTY AND COMBINES THE 
P PERUZZI 77 AND SCHINDLER 81 RESULTS TO OBTAIN THE VALUE QUOTED. 

AVG ~8~9N~ " ~.~9" AVERAGE 

D ± M E A N  L I F E  (units  10 - t 3  see) 

(8 . )  OR LESS CL=.90 ARMENISE 79  HYBR NU P -->DIMUONS + 
4 2.5 2.2 1,1 ALLASIA 80 EMUL NU WIDEBAND 

T A (10.4) (5.9) (2,9) BACINO 80 BLCO E+E- 3.77 fiEV ECM 
I (2.2) (2.3I (I,1) SALLAGH 81 HYBR ~NAL 15FT, ~U HE-H2 C 

E 70 9.5 3.1 1,9 ALBINI 82 SILl CERN GAM SI 
T 15 8.4 5.5 2.2 AGUILAR 83 HYBR Pl- P, P P 

7 6,5 5.0 2.7 BADERTSCH 83 HYBR CERN Pl- NUGL. 
11 11.5 7.5 3.5 USHIDA 83 EMUL REPL. USHIDA 80 

T H 21 7.2 2.3 2.0 ABE 84 HYBR SLAG GAM P 20GEV 
T G 12 3.91 2.35 1.25 ADAMOVICH 84 EMUL PHOTOPRODUGTION 

2g 10.6 3.6 2.4 BAILEY 85 SILl + PI-BE 200 SEV 
A USES THEORETICAL RATE D TO (K E NU)=1.4"I0"'11 SEC**-I . 

T C BALLAGH 81 VALUE QUOTED HERE ASSUMES THAT ALL DILEPTON EVENTS 
T C CONTAIN DO OR D+, EACH WITH EQUAL NUMBERS OF SEMILEPTONIC DECAYS. 
T E ALSINI 82 ASSUMES D MOMENTUM IS I/2 BEAM MOMENTUM. 

H SOME EVENTS MAY BG D/S+ AND 5 EVENTS COULD BE LAMBDAIC+. 
G ESTIMATE SYSTEMATIC ERROR LESS THAN +1.2 -1.3 

T 
T AVE " "912" " ' i.3 " 1.0 AVERAGE 

D ± P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

Pl D + ~ K-3T+~ + 494+ 140+ 140 

P2 D + ~ T°/c + 498+ 140 

p3 D + ~ 71"+TF+Tr - 140+ 140+ 140 

P4 D + ~ 7 r + K + K  - 140+ 494~  4 9 4  

P5 D + ~ K + I T + T F  - 4 9 4 +  I 4 0 .  140 

P6 D -F ~ e + v  e . 5 1 1 +  0 

R7 D + ~ e + anything 
Pg D + ~ K -  anything 
R9 D + ~ ~-0 anything 4- K ° anything 
P10 D + ~ K + anything 
P11 D + ~ , , ~ ' ( 8 9 2 ) 0 ~  + 892+  140 

P12 D + ~ ~ 'DTr+qFO 498* 140+ 135 

P13 D + ~ KO~T+~T+ST-- 498* 140+ 140+ 140 

P15 D + ~ 7 c + q c  o 140+ 135 

P16 D + ~ K°K+ 498* 494 

R17 I) + ~ K-~+,~'+~r ° 494÷ 140+ 140+ 135 

P18 j~)+ ~ ~op+ 4984 769 

P19  D + - -  unfitted modes  (keeps fit program h a p p y )  

P20 D + ~ ~ + p ~  106. 0 

P21 D + ~ 7/ anything 
P2B D + ~ /z  + anything 
P23 D + ~ / t + #  - anything 
024 D + ~ ~ T  + 140,1020 

P25 D B" ~ K * ( 8 9 2 ) O K  + 8 9 2 .  4 9 4  

P26 D + ~ r r + K + K - ( n o n - r e s o n a n t )  140+ 494+ 49A 

D- MODES ARE CHARGE CONJUGATES OF THE ABOVE MODES 

F I T T E D  P A R T I A L  D E C A Y  M O D E  B R A N C H I N G  F R A C T I O N S  

The matrix below is denved from the error  ma t r ix  for the fitted partial decay mode 
branching fractions, Pi, as follows: The  diagonal elements are Pi±~Pi, where 
IP  i ~ ~ ,  while the off-diagonal elements are the normalized correlation 
coefficients (~Pi~Pj)/(IPI.~Pi).  For  the definitions of  the  ind lv idu~l  Pi, see the listings 
above; only those Pi appear ing  i n  the  ma t r ix  are assumed in the fit to be nonzero and 
are thus conslrained to add to 1. 

P I P17 P19 
P I .114A+-.0112 
P17 .105 .0636+-.0155 
P19 -.639 -.852 .g220+-.D200 

NOTE ON CHARMED PARTICLE BRANCHING 
FRACTIONS 

The determination of  D 0 and D + hadronic branch- 
ing fractions has been performed by three distinct tech- 
niques. The earliest measurements (PERUZZI 77, 
SCHARRE 78, and SCHINDLER 81) come from e + e  - 
collisions at the ~(3770) resonance. The rate at which 
D mesons are observed in a given channel is divided by 
the height of  the resonance (assumed to decay wholly to 
D / )  pairs) to obtain branching fractions. The height of  
the resonance is determined from a fine energy scan. 
The second technique (employed by AGUILAR 84 and 
AGUILAR2 84), in 7rp and pp scattering, relies on a 
determination of  branching fractions through the iden- 
tification of  specific 3- and 4-body final states relative to 
all 3- and 4-charged-prong vertices. These are normal- 
ized by the absolute topological branching fractions of  
D mesons determined from tagged e + e  - data. The 
third technique ~BALTRUSAITIS 86), also coming from 
e + e  - collisions at the ff(3770) resonance, compares the 
number of  fully reconstructed D/~ pairs with the 
number of  single D mesons reconstructed. This pro- 
vides an absolute measurement which does not rely on 
the resonance height and assumptions about its decay to 
charmed particles. 

The third technique is the most direct way of  
measuring the D meson branching fractions, relying 
solely on kinematics. The results indicate significantly 
higher branching fractions than the first technique, and 
are consistent With the second. For consistency in nor- 
malization, the results of  SCHINDLER &l have been re- 
scaled to reflect the cross section for charm production 
determined in BALTRUSAITIS 86. Earlier e + e -  
results are excluded from the averages unless they are in 
ratios independent of  this scale. The technique is justi- 
fied, as the production rates (a D .B ) in e + e -  experi- 
ments at Ecru = 3.77 GeV are generally in agreement, 
implying that the discrepancy in branching fractions lies 
either in the direct resonance-height determination or in 
the assumptions about the resonance decay. Other 



For notation, see key on page 91. 

experiments measuring D branching fractions by rela- 
tive measurements have been rescaled (when possible) 
to the measurement of  BALTRUSAITIS 86. 

D ± B R A N C H I N G  R A T I O S  

D + ~ ( K -  aay th ing) / to t a ]  (PB) 
RI 3 0.10 0.07 VUILLENIN 78 SNAG E+E- 3.772 GEV ELM 
RI 26 0.19 0~05 SUHINDLER 81 SMK2 E+E- 3.771 GEV EEM 
01 
RI AVG 0.160 0.043 AVERAGE 

D + ~ ( K  + a a y t h i n g ) / t o t a l  (RlO) 
R2 2 0.06 0.06 VUILLEMIN 78 SHAG E÷E- 3.772 GEV ELM 
R2 12 0.06 0.04 SCHINDLER 81 SMK2 E÷E- 3,771 GEV EEM 
R2 
N2 AVG 0.060 0.033 AVERAGE 

D + ~ (~-o a n y t h i n g  + K S a n y t h i n g ) / t o t a l  (R9) 

R3 3 0.39 0.29 VUILLEMIN 78 SHAG E÷E- 3.772 GEV ELM 
R3 15 0.52 0,18 SCHINDLER 81 SMK2 E+E- 3.771GEV ELM 
R3 
R3 AVG 0,48 0.15 AVERAGE 

D + and  D O ~ (~ any th ing ) / ( t o t a l  D + and  D °) 
R4 B (0.02) OR LESS BRANDELIK 79 DASH E+E- ECMf4.03GEV 
R4 0.13 OR LESS PARTRIDGE 81 CBAL E+E- ECM=3M77GEV 
R4 B BRANDELIK 79 RESULT BASED ON ABSENCE OF ETA SIGNAL AT 4.03 GEV. 
R4 B PARTRIDGE 81 OBSERVE SUBSTANTIALLY HIGHER ETA CROSS SECTION AT 4.03. 

D + ~ ( e  + a n y t h i n g ) / t o t a l  (P7) 
R5 0.220 0.044 0.022 BACINO 80 DLCO E+E- 3.77 SEV ELM 
R5 23 0.168 0.0E4 SCHINDLER 81 SMK2 H,E- 3.771 GEV ECM 
R5 A 158 0,170 0.020 BALTRUSAI 85 SMK3 E+E- 3.77SEV EEM I 
R5 A STATISTICAL AND SYSTEMATIC ERRORS ARE 0,019 AND 0.007. I 
R5 
R5 AVG 0.182 0,017 AVERAGE 

D + and  D O ~ (/z + any th ing ) / ( t o t a l  c h a r m )  (P22) 
R6 C 0.082 0.023 0,016 ALTHOFF 84 TASS E+E- ECM=34.SSEV l 
R6 A ~ 0.089 0,031 BARTEL 85 JADE E+E- ECM=34.6GEV 

I R6 C AVERAGE BR FOR C--> MU+ X. THE MIXTURE OF CHARMED PARTICLES 
R8 C IS UNXNOWN AND MAY ACTUALLY CONTAIN STATES OTHER THAN D MESONS. 
R6 A STATISTICAL AND SYSTEMATIC ERRORS ARE 0.018 AND 0.025. 
R6 
R6 AVG 0.080 0 . 0 1 7  AVERAGE 

(D + ~ e + V e ) / ( D +  ~ e + a n y t h i n g  + D O ~ e + a n y t h i n g )  
R7 0.10 OR LESS EL=.90 BRANDELIK 77 DASP E+E- 3.99-4.08 GEV 

D + ~ ( p +  P~)/Eota] (PEO) 
R8 A 0 0.02 OR LESS CL=.90 AUBERT 83 SPEC MU+ FE, 250 GEV 
R8 A AUBERT 83 OBTAIN UPPER LIMIT 0.014 ASSUMING THAT FINAL STATE 
R8R8 ~ wECONTAINSQuOTE EQUAL MIXTURE OF (E*,D-),(D+,ADO),(D-,DO) AND (DO ADO) . 

TUE L M T WH CH THEY GET UNDER MORE GENERAL ASSUMPTIONS . 

D + aad  D e ~ ( p + # -  u y t h i n g ) / ( t o t a l  c h a r m )  (P23) 
R9 ~ (0.007)0R LESS EL=.95 ALTHOFF 04 TASS E~E- ECM=34.55EV | 
R9 AVERAGE RR FOR E-->MU÷ MU- X. THE MIXTURE OF CHARMED PARTICLES 
R9 C IS UNKNOWN AND MAY ACTUALLY CONTAIN STATES OTHER THAN 0 MESONS. 

D + and  D O ~ ( e  + any th ing ) / ( t o t a l  D + and  D °) 
RIO ~ MEASURED AT THE P51(3772) GIVES A WEIGHTED AVERAGE OF l 
RIO (44 PET,) AND DO (56 PCT.) BRANCHING FRACTIONS. 
RIO 
RIO ONLY EXPERIMENTS AT 3.77 GEV ARE INCLUDED IN THE AVERAGE. 
RIO 
RIO 0.072 0.028 FELLER 70 SHAG E+E- 3.772 GEV ECM 
RIO A (0.08) (0.0153 BACINO 79 DLCO E+E- 3.772 GEV ECM 
RIO B 0.10 0.032 SCSINDLER 81SMK2 E+E- 3,771GEV 
RID C (0.092) (0.046) ALTHOFF2 84 TASS E+E- 3G,6GEV ELM 
RIO C (0.091) I0.013) KOOP 04 DLCO E+E~ ECM=29 GEV 
RIO EC (0.0913 (0.0163 AIHARA 85 TPC E÷E- ECM=29 GEV 
RIO 295 0.117 0.011 BALTRUSA 85 SMK3 E÷E- 3.77GEV ELM 
RIO A F (0.115) (0.0113 (O.OS9)PAL 06 DLCO E+E- 29 GEV ECM 
RIO NOT INDEPENDENT OF BACINO 80 R5 (De) AND R5 (DO), 
RIO B ISOLATES S+ AND DO INTO E÷ ANYTHING AND WEIGHTS FOR RELATIVE 
RIO S PRODUCTION (44% TO 56%) 
RlO E AVERAGE BR FOR C-->E+X, UNLIKE ELM=3.77 GEV, THE ADMIXTURE OF 
RIO C EHARMEO MBSONS FS UNXNOWN. 
RIO E THE STATISTICAL AND SYSTEMATIC ERRORS ARE 0,009 AND 0.013. I 
RIO F THIS MEASUREMENT SUPERSEDES KOOP 80. I R10 . . . . . . . . .  
RIO AVG 0.110 0,011 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1) 

D +  ~ (~ '+  ~ '° ) / to ta l  (P15) 
R l l  1 (0.0053)0R LESS CC=.90 BALTRUSZ 85 SME3 E*E- 3.77 GEV | 

D + ( ~ °  ~r + ) / t o t a l  (P2) 
R12A S 17 0.041 0.016 PERUZZI 77 SHAG E+E- 3.77GEV ELM 
R12B S 36 0.042 0,011 SCBINDLER 81SMK2 E+E- 3,771SEV ELM l 
R12 161 0,041 0,007 BALTRUSA 86 SMK3 E+E- 3.77GEV EEM 

I R12 S CORRECTED OY US USING THE SIGMA 0+=3.35 MS FROM SALTRUSA $6. 
R12A TNE UNCORBECTEU VALUE ~AS 0 .015+-0 .006 .  
R12B THE UNCORRECTED VALUE WAS 0.023+-0.007. 
R12 ......... 
R12 AVG 0.0413 0.0055 AVERAGE 

D+ (~ '°  K + ) / t o t a l  (P163 
R13 A 31 (0.0133 (O.OO5) BALTRUSA 86 SMK3 E+E- 3.77GEV ELM 
R13 A STATISTICAL AND SYSTEMATIC ERRORS ARE 0,004 AND 0.002. 

D + (K*(892)07c + ) / t o t a l  (R11) 
R14 92 EVENTS SEEN DRIJARD 79 SFM + p P,ECM=53 GEV 
R14 S 0,066 OR LESS EL=.90 SCHINDLER 81 SMK2 E+E- 3.771 SEV ECM 
R14 S THIS ENTRY WAS CORRECTED BY US USING THE SIGMA D+=3.35 NB FROM 
R14 S BALTRUSA 86. THE UNCORRECTED VALUE WAS 0.037 OR LESS. 
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D + " ~ ' " ~ "  " " ta '~BY2;°  K + ;/totam (P253 
R16 A 19 (0.006) (0.003) BALTRUSA 86 SMK~ E+E- 3.77GEV ECM 
R16 A STATISTICAL AND SYSTEMATIC ERRORS ARE 0,003 ANP 0.001. I 

D + ~ ( ~ r + ) / t o t a l  (R2A) 
R17 234 EVENTS SEEN GEORGIOP 05 SPED PROT-NUCL 400GEV J 
R17 R 21 (OM010) (0.003) BALTRUSA 86 SNK3 ++ E*E-- 3.77 SEV I R17 R STATISTICAL RND SYSTEMATIC ERRORS ARE 0.003 AND OMO01. 

D + ~ ( i f +  71 .+  ~ - ) / t o t a l  (P3) 
RIS A 57 (0.005) (0.002} BALTRUSA 86 SMK3 E+E- 3.775EV 8CM | 
R18 A STATISTICAL AND SYSTEMATIC ERRORS ARE O.O02 AND 0,001. I 

D + ~ ( K -  ~r + 7 r + ) / t o t a l  (P l )  
R19A S 85 0.107 0.025 PERUZZI 77 SHAG E+E- 3.775EV ELM 
R19B S 239 0.113 0.023 SCHINDLER 81 SMK2 E+E~ 3,771 GEV ELM | 
R19 8 0.14 0.06 0.05 AGUILAR 84 BYBR PI-P PP 360 GEV 

r R19 1164 0.116 0.016 BALTRUSA 06 SMK3 E+E- 3.77GEV ELM 
R19 S CORREETED BY US USING THE SIGMA D+=3.35 NB FROM BALTRUSA 86. 
R19A THE UNCORRECTED VALUE WAS 0,039+-0.010. 
R19B THE UNCORRECTED VALUE WAS 0.063+-0,015. 
R19 
R19 AVG 0.114 0.011 AVERAGE 
R19 FIT 0,114 0.011 FROM FIT 

D + (NO ~F + ~ l ) / t o t l l  (P12) 
R20 S 10 0.233 0.147 SCHINDLER 81 SMK2 E*E- 3.771GEV ECM | 
R20 15@ 0,129 0.034 BALTRUSA 86 SMK3 E+E- 3.77GEV ELM I R20 S THIS ENTRY WAS CORRECTED BY US USING TEE SIGMA D+=3.55 NB FROM 
R20 S BALTRUSA 86. THE UNCORRECTED VALUE WAS 0.129+-0,084. 
R20 
R20 AVG 0.134 0.033 AVERAGE 

D + ~ ( / (  - / ~  + / r  + Imn- re sommt) / to t a l  ( P26 ) 
R21 BALTRUSA 86 SMK3 E+E- 3.776EV ELM | A 37 (0,007) (0.003) 
RE1 A ERRORS ARE 0.003 AMP 0.001, STATISTICAL AND SYSTEMATIC I 

D+ ( l [ °  lC + X + ~ - ) / t o t t l  (P13F 
R22 S 21 0.152 0.058 SCHINSLER 81 SMK2 E+E~ 3,771 GEV ELM J 
R22 ~ THIS ENTRY WAS CORRECTED BY US USING THE SIGMA D+=3,35 NB FROM 

I R22 S SALTRUSA 86. THE UNCORRECTED VALUE WAS 0.004+-0.035. 

D +  ( K -  ~r + Tr + ~'e)/tntal (P17) 
R23 A 175 0.063 0.018 BALTRUSA 86 SMK3 E+E- 3.77EEV ELM J 
R23 A STATISTICAL AND SYSTEMATIC ERRORS ARE 0.014 AND 0.012. I 
R23 . . . . . . . . .  
R23 FIT 0.0S4 0.015 FROM FIT 

D + ( K -  ~r + l r  + / r  + ~ ' - ) / t o t l l  (P14) 
R24 
R24 
R24 S 

D + ~ 
R25 
R25 A 
R25 A 
R25 A 

D + 
R26 
R26 
N26 
R26 
R26 AVS 

D + 
R27 
R27 

D + 
R28 
R28 

D + 
R29 B 
R29 B 

R30 P 
RSO 
R30 B 
RSO 
R30 

D + 
R31 
R31 P 
R31 
R31 
R31 
R31 Q 

D + ~ 
R32 R 
R32 
R32 
R32 R 

R33 
R33 ~ 

D + ~ 
R34 
R34 
R34 FIT 

0.060 OR LESS EL=.90 SEHINOLER 81 SMK2 E+E- 3.771 GEV ECN | 
THIS ENTRY WAS CORRECTED BY US USING TEE SIGMA D+=3.35 NB FROM I OALTRUSA 06 .  THE UNCORRECTED VALUE WAS 0,041 OR LESS. 

( x  + x ' ) / ( ~ N  ~r + )  (P15)/(RE) 
(0.30)  OR LESS CL=.90 SCHINOLER 81SMK2 E+E- 3.771GEV ECM 

t 0.15 OR LESS CL=.90 BALTRUS2 85 SMK3 ERE- 3.77 GEV 
THIS ENTRY WAS CORRECTED BY US USING THE REVISED VALUE OF 
S(KOBAR PI+}=O.041 FROM BALTRUSA 86. 

( ~ |  K + )/(~'O "Jr + ) (P16)/(p2) 
0.25 0.15 SERINDLER 81 SMK2 E+E- 3.771 SEV ELM 

3 0,317 0,100 BALTRUS2 85 SMK3 E~E~ 3.77 SEV 
STATISTICAL AND SYSTEMATIC ERRORS ARE 0.088 AND 0,048. I 

0.296 0,083 AVERAGE 

( ~ o x + ) / ( 1 ( -  ~ +  ~r + )  (p2)/cP1) 
(0.45) OR LESS EL=.90 PICCOLO i77 SHAG +- E+E- 4,03GEV ELM 

OBTAINED FROM SIGMA*BR VALUES OF TABLE . 

( ~  gr + ) / ( K -  gr + "R *+  ) (P24/P1) 
2t 0.0B4 0,024 BALTRUS2 05 SMN3 + E+E- 3,77 GEV J 
STATISTICAL AND SYSTEMATIC ERRORS ARE 0.021 AND 0,011. | 

(,~'(892)= K + ) / ( K  - "r + "R " + )  (P25/P1) 
14 0,048 0.024 BALTRUS2 85 SMK5 + E÷E- 3.77 GEV | 
STATISTICAL AND SYSTEMATIC ERRORS ARE 0.021 AND 0.011. ! 

Or + 7r + 7 r - ) / ( ~ -  ~r + ~r + ) (P3) [(PF) 
(0.08)  OR LESS CL=.gO PICCOLO 77 SMAS ~- E+E- 4.03GEV ECM 
(O.00430R LESS CL=.gO SCNINOLER 81 SMK? E+E- 3.771 EEV ELM 

57 0.042 0,019 BALTRUS2 i85 SMK3 + E+E- 3.77 GEV I 
OBTAINED FROM SIGMA*BR VALUES OF TABLE . 
STATISTICAL AND SYSTEMATIO ERRORS ARE 0,016 AND 0,010. I 

0 r +  K +  K - ) / ( £ -  7r + x + ) (RG)/(P1) 
THESE MEASUREMENT DO NOT DISTINGUISH POSSIBLE RESONANT SUBSTRUCTURE 

(0.153 OR LESS CL=.go PICCOLO 77 SMBG +- E+E- 4.03SEV ELM 
0.14 OR LESS CL=.O0 SCHINSLER 81 SMK2 E+E- 5,771 GEV ELM 

5 (0.25)  (0.20)  BAILEY 84 SIL I  HADROPRODUCTION I 
OBTAINED FROM SIGMA*BR VALUES OF TABLE I. 
ONE EVENT CONSISTENT WITH D+- - - >  PHI PI+ 

(~r + K + K -  n o n - r e s o n u t ) / ( K -  7r + ~ + )  (p20/Pl)  
37 0.059 0.028 BALTRUS2 85 SMK3 + E+E- 3.77 GEV l 
THIS MEASUREMENT EXCLUDES CONTRIBUTIONS TO I K+ g- PI+ FROM PHI PI+ AND K*(892)0 K+. 
STATISTICAL AND SYSTEMATIC ERRORS ARE 0.026 AND 0.009. 

( K  + "Jr+ "~" - -  ) t ( K  - ";T + "~ '+ )  (P5) / (P1  ) 
0.05 OR LESS EL=.90 PICCOLO 177 SMAE +- E+E- 4.03GEV ECM 

OBTAINED FROM SIGMA*BR VALUES OF TABLE . 

(K- -  "I{'+ I( -+ 7rO)/(K - 7r + 7{ "+) (P17)/(Pl ) 
1 0.57 0.65 0,17 AGUILAR2 83 HYBR PI- P,360SEV 

0.56 0.14 FROM FIT 



1 4 4  

Stable Particle Full Listings 
D -+ D O 

GOLBRABE 76 PRL 37 255 
PERUZZI 76 PRL 37 569 
WIGS 76 PRL E7 1531 

BRARDELI 77 PL 70B 387 
GOLOHABE 77 PL 69B 503 
PERUZZ[ 77 PRL 39 1301 
PICCOLO 77 PL 70B 260 

FELLER 78 PRL 40 274 
VOILLEMI 78 PRL 41 1149 

ARMENISE 79 PL 86B 115 
BACINO 79 PRL 43 1073 
BRANDELI 79 PL 80B 412 
DRIJARD 79 PL 81B 250 

ALLASIA 80 NP 0176 13 
BACINO 80 PRL 45 329 
ZROLENTZ 80 PL 96B 214 

ALSO 81YAS.PHVS.34 1471 

BALLAGH 81 RR D24 7 
ALSO 80 PL 090 423 

PARTRIDG 01 PRL 47 760 
SCHINDLE 01 PR 024 78 

ALBINI 82 PL 1100 359 
AGUILAR 03 PL 122B 312 
AGUILAR2 83 PL 1230 98 
AUBERT 83 NP 0213 51 
BADERTSC 83 PL 123B 471 
USHIDA 83 PRL Sl 2362 

ABE 84 PR 030 1 
ABAMOVIC 04 PL 140B 119 
AGU[LAR 84 PL 135B 237 
ALTHOFF 84 ZPHY C22 219 
ALTHOFF2 04 PL 146B 443 
BAILEY 84 PL 139B 320 
DERRIUK 84 PRL 53 t971 
KOOP 84 PRL 52 970 
AEHARA 85 ZPHY C27 39 
BAILEY 88 ZPHY C28 357 
BALTRUSA 8S PRL 54 1976 
BALTRU52 85 PRL 55 150 
BARTEL 85 PL 1630 077 
EEORGIOP 80 Pl 152B 428 
RALTRUSA 86 SLAC-PUB-3861 
PAL 86 CALT-68-1283 

BARBAROG 78 LBL-8537 
WOJCICKI 78 SLAC-PUB-2232 
KIRKBY 79 SLAC-PUB-2419 
TRILLING 81 PRPL 75 57 

R E F E R E N C E S  F O R  D ± 

GOLDHABERtPIERRE,ABRAMS,ALAM+ (LBL+GLAC) 
+PICCOLO,FELBMAN,NGUYEN,WIGS+ (SLAC+LBL) 
+GOLDHABER,ABRAMS,ALAM,BOYARSKI+ (LBL+SLAC) 

BRAMDELIK + (AACH+DESY+HAMG+MPIM+TBKYF 
GOLOBABER,WISS,ABRAMS,ALAM + (LGL+SLAC) 
+PIGCOLO, FELDMAN+ (SLAG+LBL+NQES+BAWA) 
+PERUZZI,LUTH,NGUYEN,WISS,ABRANS+(SLAG+LBL) 

+LITKE,MADARAS,RONAN+ (LBL+SLAC+NWES+NAWA) 
VUILLEMIN,FELBMAN + (LBL+SLAG+NWES+HAWA) 

+ERRIQUEZ+ (BARI+CERN+EPOL+MILA+ORSA) 
+FERGUSON,NODULMAN+ (UCLA+SLAC+UCI+STON) 
BRANOELIK+ (AACH+DESY+NAMB+MPIM+TOKY) 
+FISCHER,GEIST+ (CERN+CDEF+HEID+KARL) 

(ANKA+LIBH+CERN+DUUG+LOUC+KEYN+PISA+ROMA+) 
+FERGUSON+ (UCLA+SLAC+STAN+UCI+STON) 
+KURDABZE,LELCBUK,MISHNEV,NIKITIN+ (NOVO) 
ZNOLENTZ + (NOVO) 

+BINGHAM+ (LBL+UCB+FNAL+HAWA+WASH+W~SO) 
BALLAGH + (LBL+UGB+FNAL+HAWA+WASH+WISCl 
PARTRIDGE,PECK+ (CIT+NARV+PRIN+STAN+SLAC) 
MARK IF COLLABORATION, SCHINDLER (SLAC+LBL) 

ALBIN]+ (FRAS+MILA+PISA+RORA+TORI+TRET1 
LEBC-EHS COLLAB., AGUILAR-BENITEZ+ (CERN+) 
LESO-EHS COLLAB., AGUILAR-BEMITEZ+ (CERN+) 
EUROPEAN MUON COLLAB. (CERN+DESY+FREI+) 
BADERTGCHERrHAHN,HUSENTOBLER+ (BERN+MRIM) 

(AICH+FMAL+KOBE+GEOU+MCGI+NAGO+OSU+OKAY+) 

SLAG HYBRID FACILITY PHOTON COL.(BIRM+BROW) 
MASS C., ADANOVICN+ (BGNA+CERN+FIRZ+GENO+) 
LEBE-EHS O.(ANIK+BRUX+CERN+MADR+HONS+NIJM+) 
TASSO C. (AACR+BONN+DESY+NAMB+LOIC+OXF+RL+) 
TASSO C. (AAOH+BONN+DESY+HAMB+LOIC+OXF+) 
ACCMOR E. (ANIK+BRIS+CERN+CRAG+MPIM+RL) 
HRS C, DERRICK+(ANL+IND+MICN+PURD+LRL+SLAG) 
DELCO COLLABORATION (CIT+SLAC+STAN) 
TPC COLL.(LBL+UCLA+UCR+JHU+YALE+TOKY+MASA+) 
ABCCMR COLLAB.(ANFK+BRIS+CERN+CRAC+RL+MPIM) 
MARK I l l  C., BALTRUBAITIS+ (CIT+UCSC+ILL+) 
MARK I l l  E., BALTRUSAITIS+ (SLAC+CIT+UCSC+) 
JADE C. (DESY+EAMB+HEID+LANC+MCHS+RL+TOKY+) 
SEOROIOPOULOG+ (TUFT+ARIZ+FNAL+FSU+NDAM+) 
MARK I l l  C., BALTRUGAITIS+ (SLAC+CIT+UCSC+) 
DELCO COLLABORATION (CIT+SLAC+STAN) 

REVIEWS 

A.BAMBARO-SALTIERI (BRICK 1978) (LBL) 
S.WOJCICKI (SLAG SUMMER INST,1978) (SLAG) 
J.KIRKBY (LEPTON CONF. BATAVIA, 1979)(5LAC) 
G.N.TRILLING (LBL+UCB)J 

~ - - ~  z(] P) = ½(o-) 

D ° M A S S  ( M e V )  

234(1865.) (15.) SOLDNAGER 76 SNAG K PI AND g 3Pl 
(1863.)  ( 3 . )  GOLDHABER 77 SMAE DO,D+ RECOIL SPG 

M P (1863,S) (0.93 PERUZZI 77 SHAG E+E- 3.77GE9 ECM 
(1868.) (11.) PICCOLO 77 SMAG E+E-4.03,4.41ECM 

64(1850,) (15. I  BALTAY 78 HBC NU NUCLsKOPIPI 
M A 94(1054.) ( 6 . )  ATIYA 79 SPEC GAM NUC-->DO OOBAR 
M 238(1863.0) (2.5) ASTOR 80 OMEN GAMMA P-->DOEAR 
M A 143(1860.) ( 2 . )  AVERY 80 SPEC GAMMA NUC-->D*+ 
M A 35(1869.) ( 4 . )  AVERY 80 SPEC GAMMA NUC-->D*+ 

1(1847.) (7 , )  FIORINO 81 EMUL GAMMA NUC-->OOBAR + 
P (1863.8) (0 .5 )  SCHINDLER 81 SMK2 E+E- 3.77SEV ECM 

P 1864.7 0,6  TRILLING 81RVUE +- E+E- 3.77GEV ECN 
22 1856. 36. ADAMOVICH 84 EMUL PHOTOPRODUCTION 

M 1861. 4.0 DERRICK 84 MRS E+E- 29GEV ECM 
M P PERUZZI 77 AND SCHINDLER 81 ERRORS DO NOT INCLUDE THE 0.13 PERCENT 

P UNCERTAINTY IN THE ABSOLUTE SPEAR ENERGY CALIBRATION. TRILLING 81 
P USES THE HIGH PRECISION J/PSI AND PSI(3685) MEASUREMENTS OF 

M P ZHOLEMTZ 80 TO DETERMINE THIS UNCERTAINTY AND COMBINES THE 
M P PERUZZI 77 AND SCRINDLER 81 RESULTS TO OBTAFN THE VALUE QUOTED, 

A ERROR DOES NOT INCLUDE POSSIBLE SYSTEMATIC MASS SCALE SHIFT, 
A ESTIMATED TO BE LESS THAN 5 HEY. 

M 
M AVG 1864.62 0.59 AVERAGE 

D~ - D ]  M A S S  D I F F E R E N C E  (eaRs  10 - 4  eV) 

o DO1 AND D02 ARE THE CP EIGENSTATES OF THE DO MESON. 
D B 6.5 OR LESS EL=.90 BODEK 82 BPEE PI- ,P FE-->DO 
D B BODEK 82 LIMIT IS FOR THE ABSOLUTE VALUE OF THE MASS DIFFERENCE. 
D B LIMIT INFERRED FROM DO-DOBAR MIXING, RATIO R8 BELOW. 

D ± - -  D O M A S S  D I F F E R E N C E  ( M e V )  

DM A 5.0 0.8 PERUZZI 77 SNAG +- E+E- 3.776EV ECM 
DM A 4.7 0,3 SCHINBLER 81 SMK2 E+E- 3.77GEV ECM 
DM A ROT INDEPENDENT OF 0+- AND DO MASS MEASUREMENTS. 
DM 
DM AVG 434 0.28 AVERAGE 

3 
T 
T B E 
T I 
T ~ I 
T 5 
T S 16 

16 
T 8~ 

T 

T 

T A 

T J 

T 
T AVG 

D e M E A N  L I F E  (uni ts  18 - i n  sec) 

( 8 . 0 )  OR LESS EL=.90 ARMENISE 79 HYBR NO P -->BIMUONS * 
(0.55) (0.57)  (0.E5) ALLASIA SO EMUL NU WIDEBAND 
(2 .1 )  OR LESS el=.95 BACINO 80 DLGO E+E- 3.77 GEV ECM 
(2 .0 )  (8 .2 )  (1 .3)  BALLAGH 81 HYBR FNAL 1EFT, NU NE-H2 
(2 .1 )  ADEVA 81 HYGR LEBE CERN-SPS PI-  P 
( 5 . 9 )  ADEVA 81 HYBR LEBC CERG-SPS PI-  P 
3.1 2.0 1.6 FUCHI 01 EMUL CERN-SPS HI-  NUC 
2.3 0.8 0,5 USHIDA 82 EBUL FNAL MU,ANU WIDEBND 
4.1 1.3 0.9 AGUILAR 83 HYBR PI-  P, P P 
4.1 0.6 1.4 BABERTSCH 83 HYBR CERB PI-  NUCL. 
6.8 2.3 1.8 ABE 84 HYBR SLAC GAM P 20GEV 

d 22 2.11 1.21 0.63 ADAMOVICH 84 EMUL PHOTOPRODUCTION 
27 4.2 1.6 1.4 YELTON 84 SMK2 E+E- ECM=29 GEV 
11 3.5 1.4 0.9 AGUILAR2 84 HYBR 0 PI-  P 360 GEV 
26 3.7 1.0 0.7 BAILEY 85 SILl 0 PI-BE 200 GEV 

269 4,6 1.7 YAMAMOTE 85 OLEO E+E- 29 GEV BEN 
ALLASIA 80 ASSUMES NO LONG-LENGTH LOSSES. VISIBILITY PROBLEMS IN 
THE EMUL. 
UEES THEORETICAL RATE 0 TO (K E RUI=1.4*lO*e11 SEE**-1 
BALLAGH 81 VALUE QUOTED HERE ASSUMES THAT ALL DILEPTON EVENTS 
CONTAIN 90 OR 0% EACH WITH EQUAL NUMBERS OF GEMILEPTOBIC DECAYS, 
ADEVA 81 FIRST AND SECOND VALUES ARE PROPER LIFETIMES OF DO AND ADO 
FROM SINGLE EVENT. DETECTION EFFICIENCY LOW FOR LIFETIMES 10~-13 
SEE OR LESS. 
CERN HA16 (LEBE~ENG) EXPT. PRESENTED AT MORIONB CONF. 82. 
USRIBA 82 BAVE S SEMI-LEPTONIO DECAYS NOT INOLUDED IN THIS NUMBER, 
BUT BELIEVED TO HAVE MUCH LONGER LIFETIMES. 
ESTIMATE SYSTEMATIC ERROR LESS THAN +0.8 -0 .7  
STATISTICAL AND SYSTEMATIC ERRORS ARE 1.5 AND (+0,6-0 .5)  
USES IMPACT PARAMETER TECRNFQUE. 

4.29 0.53 0.42 AVERAGE 

(D~  --  D~) /AYG. ,  M E A N  L I S Z  D I F F E R E N C E  

DT 001 AND 002 ARE THE CP EIGENSTATES OF THE DO MESON. 
BT B 0.55 OR LESS EL=.90 BOOER 82 SPEC PI- ,P FE-->DO 
DT B BOOER 82 LIMIT IS FOR THE ABSOLUTE VALUE OF THE MEAN LIFE 
DT B DIFFERENCE. LIMIT INFERRED FROM DO-OOBAR MIXING, RATIO R8 BELOW. 

D ± / D  D M E A N  L I F E  R A T I O  

TR NOT USED BY US TO CONSTRAIN BEST VALUES OF O LIFETIMES FOR SUMMARY 
TR TABLE 
TR A (4 .5 )  OR MORE CL=,9S BAEINO 00 DLCO E+E- 3.77 GEV ECM 
TR A 3.1 4.6 1.4 SCHINBLER 81 SMK2 E+E- 3.77 GEV ECM 
TR Z.8 1,1 0 .0  BAILEY SS SILl PI-BE 200 GEV | 
TR AB Z.3 O.G 0.4 . . . . . . . . .  85 SMK3 . . . .  5.77G . . . . .  I 
TR A FROM RATIO OF B+TO DO SEMILEPTONIC BRANCHING FRACTIONS. 
TR B STATISTICAL ERROR +0.5 -0 .4  SYSTEMATIC ERROR +-0.1.  I 
TR 
TR AVG 2.40 0.40 AVERAGE 

D R PARTIAL D E C A Y  M O D E S  

DECAY MASSES 

PI D 0 ~ K--T "+ 494+ 140 

P8 D 0 ~ K-~+/~+TT - 494+ 140+ 140+ 140 

P3 DO ~ ~0~+~- 490+ 140+ 140 

P4 D 0 ~ KO~+~-~T+~-- 498+ 140+ 140+ 140+ 

PG D o ~ ~r+/r - 140+ 140 

P6 D O --  K + ~ r - ( v i a  ~o)  494+ 140 

P7 D o ~ K+K - 494+ 494 

P8 D o ~ K-~+~ ° 494+ 140+ 135 

P9 D O ~ K077° 498+ 155 

PlO D O ~ e + ai lything 

R11 D O ~ K -  a n y d ~ n g  
P1E D O ~ K + anything 
P15 D O ~ ~ o  anything + K ° anything 
p14 D O ~ K*(892)-¢c  + 892+ 14o 
P15 D O ~ ~*(892)%r o 892+ 135 

P16 D O ~ K - - p  + 494+ 769 

P17 D s ~ ~ O p 0  498+ 769 

P18 D O ~ ~ - ~ ' - W + ~  + 140+ 140+ 140+ 140 

P19 D D ~ unfi t ted modes  (keeps fit p rogram happy)  
PRO D O ~ K - T r + ? r ° T r  D 494+ 140+ 135+ 135 

OZl D O ~ ~ any th ing  
P (SEE D+- SECTION FOR D+- AND 00 INTO ETA) 

PZ8 D O ~ K*(S92)°p ° 898+ 769 

P23 D O ~ K - ¢ c + p  D 494+ 160+ 769 

P24 D O ~ K*(g92)°¢c+¢r - 892+ 140+ 140 

P85 D O ~ K- -a2 (1320)  + 494.1518 

P26 D O ~ /t--  anything (via ~ a )  
P27 D O ~ # +  any th ing  
P88 D o ~ ] £ + ~ t -  106+ 106 

P29 DO ~ ~--/f+~O 140+ 140+ 135 

P30 D O ~ ~O~ 498+1020 

PSl D O ~ NON+K- 498+ 496+ 494 

P32 D O ~ K--W+~V0(QOn-DCsona]It) 494+ 140+ 135 

P33 D O ~ KoTc+Tr-(non-resonam) 498+ 140+ 140 
o + P54 D O K K K--(DOI1-TCSO13alIE) 490+ 494+ 494 

P35 D O ~ KOK°  498+ 498 



For notation, see key on page 91. 

P36 D O ~ K ° K - T r  + + K.°K+Tr-(non-resonant) 
P37 D O ~ K'(892)DK ° + K*(892)°K ° 
P38 D O ~ K ' ( 8 9 2 ) - K  + + K*(892)+K - 

DOBAR MODES ARE CHARGE CONJUGATES OF ABOVE MODES 

498+ 494+ 140 

892+ 498 

892+ 494 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The matrix below is derived ~om the e~or matrix for the fitted pa~ial decay mode 
branching ~actions, Pi, as follows: The diagonal elements are Pi ! 6P], where 
~Pi = ~ ,  while the off-diagon~ elements are the normal~ed co.elation coel~- 
cients (~P~P~)/(&Pi.~PI). For the definitions of the individual Pi. see the listings above; 
only lhose P~ appearing in the matrix are assumed in the fit to be nonzero and are 
thus constrained to add to 1. ~ \ ~  

P I P 2 P 3 P 5 P 7 P19 ~ 0040÷ 0037 
.227 , I093*-.0096 

P 3 .047  .011 .0846+-.0144 ~ .236 .OB4 . 0 1 1  oo18+-ooo~ 
.420 .095 .020  .099 . 0064~ - . 0011  

P19 -.384 -.575 -.791 -,117 -.20~ - .7440+-,0186 

D O B R A N C H I N G  R A T I O S  

SEE NOTE IN 0÷ -  SECTION CONCERNING REVISIONS TO HADRONIC 
BRANCHING FRACTIONS. 

D O ~ ( K -  anything)/total (P11) 
RI 19 0.35 0.10 VUILLEMIN 78 SMAG E+E- 3.772 GEV ECM 
RI 121 0.55 0.11 SCEINDLER 81 SMK2 E+E- 3,771 GEV EGM 
RI ......... 
RI AVG 0.440 0,100 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 

D 9 ~ ( K +  anythipg) / to ta l  (P12 )  
R2 25 ,0 )~8~/ 0.03 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM 

D O ~ (~o  'aa~hTn~ + K ° anything)/talal (P13) 
R3 6 0 .57  0 .26  VUILLEMIN 78 SMAE E+E- 3 .772  GEV ECM 
R3 13 \ O,29 0 .11  SCHIRDLER 81 SMK2 E+E- 3 ,771  GEV ECM 
R3 
R3 AVG " " dJ3 i  " "  0 . 10 "  AVERAGE 

D O ~ (e  + anything) / to ta l  (P10) 
R5 0 (O,0R) OR LESS CL=.95 BACINO 80 DLCO E+E- 3.77 GEV ECM 
R5 12 0.055 0.037 SCHINDLER 81 SMK2 E+E- 3,771 GEV ECM 
R5 3 0.051 0,048 0.014 AGUILAR 83 HYBR PI -  P, P P 
R5 A 137 0.075 0,012 BALTRUSAI 85 SMK3 E÷E- 3.77GEV ECM 
R5 A THE STATISTICAL AND SYSTEMATIC ERRORS ARE 0.011 AND 0,004. 
RB ......... 
R5 AVG 0,070 0,011 AVERAGE 

Do (# + p - ) / t o ~ l  (P28) 
R7 3.4E-4 OR LESS CL=.O0 AUBERT 85 EMC 0 DEEP INEL MU-NUC 

D O ~ ( # -  anything,  via ~ 0 ) / ( # +  any + / ~ -  s ay )  (P26 ) / (P26+P27 )  
R8 THIS IS A DU-DOBAR MIXING LIMIT. 
R8 0.044 OR LESS CL=.9D BODEK 82 SPEC PI- ,P FE-->DO 

D O ~ ( K + ~  - ,  via D ° ) / ( K - ~ +  + K + ~  - )  (P6 ) / (P l *P6 )  
R9 THIS IS A DO-DORAR MIXING LIMIT. 
R9 (0.16) OR LESS CL=.90 FELDMAN 77 SMAG D*+ TO DO PI+ 
R9 (0,18) OR LESS CL=.90 GOLDHABER 77 SMAG 
RO (0.11) OR LESS CL=.90 AVERY 80 SPEC GAMMA NUC -->D*+ 
R9 A (0.23) OR LESS CL=.O0 ALTHOFF 84 TABS E+E- 34,4 GEV 
R9 0.081 OR LESS CL=.9D YAMAMOTO 85 DLCO 0 E+E- 29 GEV ECM 
R9 2 (0.11) OR LESS CL~,90 ALBRECHT 85 ARC 0 E+E- 10 GEV ECM 
R9 A TECHNIGUE USES K+ PI DECAY TO DERIVE LIMIT 
R9 A ALSO DERIVE RATIO OF CHARM TO AVERAGE ALPHA-STRONG OF 
R9 A 1.00*-0.20+-0,20 AT 3R,4 GEV USING K+ PION MODES 

D o (Tr+~r - ) / to ta l  (P5) 
RlO A 39 ( 0 , 0018 )  ( 0 . 0007 )  BALTRUSA 88 SMK3 E rE -  3.77GEV ECM 
RIO A STATISTICAL AND SYSTEMATIC ERRORS ARE 0 .0006  AND 0 .0004 .  
RIO A NOT INDEPENDENT OF BALTRUSA2 85 R26. 

Do (K+K-)/toml (P7) 
R11 A 118 (0.0068) (0.0013) BALTRUSA 86 SMK3 E.E- 3,77GEV ECM 
Rli A STATISTICAL AND SYSTEMATIC ERRORS ARE 0.0011 AND 0.0007. 
R11 A NOT INDEPENDENT OF BALTRUSA2 05 R27. 

D D ( K -  7r +)/tottll (P1) 
RI2A S 130 0.056 0,012 PERUZZI 77 SMAG E+E- 3.77GEV ECM 
R12B S 263 0.054 D.008 SCMINDLER 81 SMK2 E+E- 3.771GEV ECM 
R12 c 930 0.056 0.005 BALTRUSA 86 SMK3 E+E- 3.77GEV ECM 
R12 S CORRECTED BY US USING THE SIGMA D0=4,48 NG FROM BALTRUSA 86. 
R12A THE UNCORRECTED VALUE WAS 0.022-0,006. p 
R12R THE UNCORRECTED VALUE WAS 0 ,030+ -0 .006 .  
R12 C THE STATISTICAL AND SYSTEMATIC ERRORS ARE 0 .004  AND O.O03. 
R12 . . . . . . . . .  
R12 AVG 0.0555 0.0040 AVERAGE 
R12 FIT 0 .0540  0 .0037  FROM FIT 

De (KO ~'°)/total (P9) 
R13 (0.06) OR LESS CL=.RO SCHARRE 78 SMAG E+E- 3.77 GEV 
R13 S 8 0.040 0,018 GCHINDLER 81 SMK2 E+E- 3,771 GEV EGM 
R13 S THIS ENTRY WAS CORRECTED BY US USING THE SIGMA D0=4,48 NB FROM 
R13 S BALTRUSA 80. THE UNCORRECTED VALUE WAS 0.022+-0.011. 

DO (KO p°)/total (P17) 
R14 S 1 0.0013 0.0094 0.0013 SCHINDLER 81SMK2 E+E- 3.771GEV ECM | 
R14 S THIS ENTRY WAS CORRECTED BY US USING THE SIGMA D0=4.48 NR FROM I R14 S GALTRUSA 86. THE UNCORRECTED VALUE WAS 0.001÷0.006-0.001. 
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Stable Particle Full Listings 
DO 

D O ~ ( K - p + ) / t o t a l  (p16) 
R15 S 31 0,129 D.051 0,053 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM 
R15 A 13 0,075 0.053 0.041 SUMMERS 84 TPS 0 PHOTOPRODUCTION 
R15 S THIS ENTRY WAS CORRECTED BY US USING THE SIGMA D0=4.48 NB FROM 
R15 S BALTRUSA 86. THE UNCORRECTED VALUE WAS 0,072*0.030-0.031. 
R15 A THIS ENTRY WAS CORRECTED BY US USING B(K- PI+)=O.056 FROM BALTRUSA 
R15 A 88. THE UNCORRECTED VALUE WAG 0,032~-0.023. 
R15 ......... 
R15 AVG 0.099 0.035 AVERAGE 

D O ~ ( K ' ( 8 9 2 ) -  ~ + ) / t o t a l  (P14) 

R16 S 25 0,070 0.027 SCHINDLER 01 SMK2 E+E- 3.771 GEV ECM 
R16 A 5 0.079 0.090 0.064 SUMMERS 84 TPS 0 PHOTOPRODUCTION 
R16 S THIS ENTRY WAS CORRECTED BY US USING THE SIGMA 00=4.48 NB ~RDM 
R16 S BALTRUSA 86. THE UNCORRECTED VALUE WAS 0.034+-0.014. 
R16 A THIS ENTRY WAG CORRECTED BY US USING B(K- PI~I=O.056 FROM BALTRUSA 
R16 A 86. THE UNCORRECTED VALUE WAS 0.034+-0,039. 
R16 ......... 
R16 AVG 0,071 0.025 AVERAGE 

Do (K'(892)° lro)/total (R15) 

R17 S 4 0,025 0.040 0.025 SCEINDLER 81 SMK2 E÷E~ 3.771 GEV ECM 
R17 A 2 0.021 0.033 0.021 SUMMERS 84 TPS 0 PHOTOPRODUCTION 
R17 S THIS ENTRY WAS CORRECTED BY US USING THE SIGMA 00=4.48 NS FROM 
R17 S BALTRUSA 06. THE UNCORRECTED VALUE WAS 0.014+D.023-0,014, 
R17 A THIS ENTRY WAS CORRECTED BY US USING B(K- PI÷)=O.056 FROM BALTRUSA 
R17 A 86. THE UNCORRECTED VALUE WAS 0.009+-0.014. 
R17 . . . . . . . . .  
R17 AVG 0.023 0.021 AVERAGE 

D O ~ (~ "+ ' a ' -  ~D ) / t o t a l  IR20 )  
R18 A 10 0.011 0.004 SALTRUS2 85 SMK3 E+E- 3.77 GEV 
RIS A ALL EVENTS CONSISTENT WITH RHOO PI0. STATISTICAL AND SYSTEMATIC 
R18 A ERRORS ARE 0.004 AND 0,002. 

D O ~ ( K -  7r + ~'°)/total (PB) 
R19 7 (0.12) (0.06) SCHARRE 78 SMAG E+E~ 3.77 GEV 
R19 G 37 0.152 0.054 GCHINDLER 81SMK2 E+E- 3,771GEV ECM 
R19 B 031 0.175 0.018 BALTRUSA 86 SMK3 E+E- 3.77GEV EGM 
R19 S THIS ENTRY WAS CORRECTED BY US USING THE SIGMA D0=4.48 NB FROM 
R19 S BALTRUSA 86. THE UNCORRECTED VALUE WAS 0.085+-0.032. 
R10 B THE STATISTICAL AND SYSTEMATIC ERRORS ARE 0.013 AND 0.013. 
R19 ......... 
R19 AV6 0.173 0,017 AVERAGE 

D O ~ ( K - ' ~ ' + ~  0 gon-resonant) / total  (P32) 

R20 0.043 OR LESS CL=.9O SCHINDLER 81 SMK2 E+E- 3,771 GEV ECM l 
R20 21 (0,121) (0.065) GUMMERS 84 TPS 0 PHOTORRODUCTION 
R20 THIS ENTRY WAS CORRECTED BY US USING THE SIGMA D0=4.48 NB FROM 
R2O BALTRUSA 86. THE UNCORRECTED VALUE WAS 0.023+-0,007. 
R20 THIS ENTRY WAS CORRECTED BY US USING BIN- PI*)=O.056 FROM BALTRUGA 
R20 86. THE UNCORRECTED VALUE WAG 0.052÷-0,029. 

D O ~ ( K e r r +  ~ - ) / t o t a l  ( p3 )  
RZ1A S 28 0,103 0,029 RERUZZI 77 SHAG E÷E~ 3.77GEV ECM 
R21B G 32 0,067 0.019 SCffINDLER 81 SMK2 E÷E- 3,771 GEV ECM 
R21 S CORRECTED BY US USING THE SIGMA D0=4,40 NB FROM BALTRUSA 88. 
R21A THE UNCORRECTED VALUE WAS 0,040+-0.013. 
R21B THE UNCORRECTED VALUE WAG 0,038+-0.012. 
R21 ......... 
R21AVG 0 ,078  0 .017  AVERAGE 
R21 F IT  0 .085  0 .014  FROM FIT 

D O ~ ( K O ~ + ~ r -  non-resonaat) / total  (P33) 

R22 S 10 0,020 D.017 0.016 SGHINDLER 81 SMK2 E+E- 3.771 GEV ECM 
R22 S CORRECTED BY US USING THE SIGMA D0=4.48 NB FROM BALTRUSA 86, 
R22 S THE UNCORRECTED VALUE WAG 0.011+-0.009. 

D o ~ ( ~ r + T f - ~ + ~ - ) / t o t a l  (P18)  
R23 B 9 0,015 0.008 BALTRUS2 85 SMK3 E+E- 3.77 GEV 
R23 B STATISTICAL AND SYSTEMATIC ERRORS ARE 0,006 ANO 0.002, 

De (K - ~I" + ~I" + "A" --)/tutti (P2) 

R24A S 44 0,080 0.024 PERUZZI 77 SNAG E+E- 3,77GEV ECM 
R24B S 185 0,152 0.030 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM 
R2A 6 0,10 0,04 AGUILAR 84 HYBR PI-P PP 360 GEV 
R24 8 0,071 0.025 AGUILAR2 04 HYBR O Pl- P 360 GEV 
R24 C 992 0,118 0.014 BALTRUSA 06 SMK3 E+E- 3.77GEV ECM 
R24 S CORRECTED BY US USING THE SIGMA D0=4.48 NB FROM BALTRUSA 86. 
R24A THE UNCORRECTED VALUE WAS 0.032+-0.011. 
R24B THE UNCORRECTED VALUE WAS 0.085~-0,021. 
R24 C THE STATISTICAL AND SYSTEMATIC ERRORS ARE 0,009 AND 0.011. 
R24 ......... 
R24 AVG 0,107 0.012 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 
R24 FIT 0.1093 0.0096 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

(BEE IDEOGRAM BELOW) 

D O ~ ( K -  7c + ~ ° ~ ° ) / t o t a l  CRZ0) 
R25 I SEEN ADEVA 81 HYBR PI -  P-->DO DOBAR 

D 0 ~ (IT + 7C-)/(K- "R "+) IPG)/cP1) 
R26 (0,07) OR LESS CL=.90 PICCOLO 77 SMAG E+E- 4.03 GEVECM 
R26 0.053 0.015 ABRAMS 79 SMK2 E+E- 3.77GEV ECM 
R26 B 39 0.033 0,012 BALTRUS2 85 SMK3 0 E~E- 3.77 GEV 
R28 B STATISTICAL AND SYSTEMATIC ERRORS ARE 0.010 AND 0,006, 
R26 ......... 
R26 AVG 0.0330 0.0094 AVERAGE 
R28 FIT 0.0330 0.0094 FROM FIT 

D o ( K +  K - ) / ( K -  C¢ +)  (P7) / IP l )  
R27 (0.07) OR LESS GL=.90 PICCOLO 77 SHAG E+E~ 4.O3GEV ECM 
R27 0.113 0.030 ABRAMS 79 SMK2 E+E- 3.77GEV ECM 
R27 B 118 0.122 0.022 BALTRUS2 85 SMK3 0 E+E- 3.77 GEV 
R27 B THE STATISTICAL AND SYSTEMATIC ERRORS ARE 0.010 AND 0.012. 
R27 ......... 
R27 AVG 0.119 0.018 AVERAGE 
R27 F IT  0 .119  0 .018  FROM FIT  

DO ( ~ e ~ r +  ~ r - ) / ( K -  ~-+) IR3 )ECP l l  
R28 116 2.8 1.0 PICCOLO 77 SHAG E+G-4,03,4.41ECM 
R28 35 1.7 0.8 AVERY 80 SPEC GAMMA NUC-->D*+ 
R28 ......... 
R28 AV6 2.13 0.62 AVERAGE 
R28 FIT 1,57 0.28 FROM FIT 
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Stable Particle Full Listings 
D °, D s 

W E I G H T E D  AVERAGE 
O.107 ± O,O12 (ERROR S C A L E D  BY 1,2 ) 

I - - I - -  Values above Df wetghled a~erage, error, 
based upon the data in 

They are no l  neces-  
,S Our "bes t "  va lues,  
~-squares constrained f i t  
!nts of other (re,aled) 
~at tnformation. 

O O  O.1 

B(D ° ~ K" w+ ~ +  ~ ' )  

D O ~ ( K -  7r + ~ +  ~ - ) / ( K -  ~r +) 
R29 P 2~4 2.2 0.8 
R29 10 2.0 d.O 

2 
X 

86 SMK3 0 6 
84 HYBR 2 0 
84 HYBD 0 0 
81 SMK2 2 3 
?7 SMAG 12 

6 2  
nf ldence Level = O.182) 

02  03  

(P2)/(PI) 
PICCOLO 77 SMAG E*E-A.O3,A.AIECM 
BAILEY 83 SPEC PI- BE-~> DO 

R29 E 2.17 0.36 ALBRECHT 85 ARG E+E- 10 GEV ECM 
R29 P THIS CHANNEL DOMINATED BY K- PI+ RHOO (85+-15 PERCENT). 
R29 P K* PI+ PI- AND K- A2+ CONSISTENT WITH O, K* RHOB FRAC IS 0 . I÷ -0 . I  . 
R29 E STATISTICAL AND SYSTEMATIC ERRORS ARE 0.28 AND 0.23. 
R29 E NOT INDEPENDENT OF (K~ 3PI)/TOTAL, 
RZ9 . . . . . . . . .  
R29 AVG 2.16 0.31 AVERAGE 
R29 FIT 2.02 0.20 FROM FIT 

D O ~ ( K -  n2( I320)+) / (K  - 7c + ~+ ~-) (P25)/(F2) 
R31 FOLLOWED BY DECAY A2÷ --> Pl+ PI+ Pl- (B.R.=0.35) 
R31 0.06 OR LESS PICCOLO 77 SMAG E÷E-R.O3,A.41ECM 

D ° ~ ( K -  ~ + pB ) / (K -  ~ +  ~ +  ~ - )  (P233/(P2) 
R32 180 0,85 0,11 0,22 PICCOLO 77 SMAG E+E-4.03,4.41ECM 
R52 2 (D.2) (0,2) EL=.90 BAILEY 83 SPEC PI BE --> DO 

D D (K*(892)OTr+Tr- ) / (K-Tr+Tr+Tr  - )  (P2A)/(P2) 
R33 FOLLOWED BY DECAY K*BAR(892)O - - >  K- Pl+ (B.R.=O.67) 
R33 P O (0,D) (0,2) (O,O) PICCOLO 77 SMAG E+E-4.O3,4.4~ECM 
R33 O 0.18 OR LESS EL=.90 BAILEY 83 SPEC PI BE -~> 00 
R33 P CORRESPONDS TO 0,53 AT CL=,9O. 

D O ~ ( K - 0 ~ ) / ( ~ 0 ~ +  Tt'--) (P30)/(P3) 

R34 26 0,186 0,052 ALBRECH2 85 ARG E+E- 10 GEV ECM 

D o  ~ (~D K +  K - ) / ( ~ o  ~ +  ~-- )  (P51) / (P3)  
R35 A 52 0,185 0.055 ALBRECH2 85 ARG E+E- 10 GEV ECM 
R35 A RESONANT CONTRIBUTIONS TO XOBAR K+ K- ARE NOT DISTINGUISHED 
R35 A (KOBAR PHI IS INCLUDED). 

De ( I f* (S92)°pO) / (K-Tr+Tr+Tr  - )  (PZZi / (p2)  
R36 FOLLOWEb BY DECAY K*BAR(892)O --> K- Pl+ (B.R.=0.67) 
R36 20 0,10 0.11 0.10 PICCOLO 77 SMAG E+E-4.OB,4.GIECM 
R36 5 (0.5) (0.2) EL=.90 BAILEY 83 SPEC PI BE --> DO 

D O ( r -  r - ,a-+ 7r + ) / ( K -  .a-+ 7r + - x -  ) (P18)/(P2) 

R37 0.21 OR LESS CL=.9O SCHINDLER 81SMK2 E+E- 3.771GSV EGM 

D D ( K °  ~ ) / t o t a l  (PSO) 
R3B B 0.011 0.008 0.005 BALTRUB2 86 SMK3 E+E~ 3.77 fiEV 
R3B B STAT ERROR (+.007-,005) AND SYBT ERROR (+.004-.002) ADDED IN GUADR. 

D o ~ ( K e K + K -  noa - r e sonan t ) / t o t a l  (P34) 
R39 B 0.011 0 .005  0.004 BALTRUS2 86 SMX3 E+E- 3.77 GEV l 
R39 B EXCLUDES CONTRIBUTIONS FROM DD --~ KOBAR PHI. I R39 B STAT ERROR (+.004-.003) AND SYBT BRROR (+.003-.002) ADDED IN QUADR. 

D o ( K °  K ° ) / t o t a l  CPBS) 
R40 o.ooa OR LESS EL=.90 BALTRUS2 86 SMK3 E+E- 5.77 GEV 

D O ~ ( K O K - ~ r  + + K O K +  ~ -  Bon-reson=nt ) / to ta l  (036) 
R41 B 0.016 OR LESS CL=,9O BALTRU$2 86 SMK3 E,E- 3.77 GEV 
R41 B DO --> K*(892) K EXCLUDES CONTRIBUTIONS FROM 

D e ~ (K*(892)OK ° + K ' ( S 9 2 ) ° K ° ) / t o t a l  (P37) 
R42 0.0073 OR LESS CL~.90 BALTRUS2 86 SMK5 E+E- 3.77 GEV 

D e ~ ( K * ( S 9 2 ) - K  + + K * ( 8 9 2 ) + K - ) / t o t a l  (P38> 
R43 0.011 0.005 BALTRUS2 86 SMK3 E÷E- 3.77 GEV 

GOLDHABE 76 PRL '37 255 
FELDMAN 77 PRL 38 1513 
GOLDHABE 77 PL 690 503 
PERUZZI 77 PRL 39 1301 
PICCOLO 77 PL 70B 260 

BALTAY 70 PRL 41 73 
SCHARRE 78 PRL 40 7~ 
VUILLEMI 78 PRL 41 1149 
ABRAMS 79 PRL 43 481 
ARMENIBE 79 PL 86B 115 
ATIYA 79 PRL ~3 414 

R E F E R E N C E S  F O R  D O 

GOLDHABER, PIERRE ,ABRAMS, ALAM+ (LBL~SLAC) 
+PERUZZ I, PICCOLO, ABRAMS, ALAM + (SLAE+LBL) 
GOLDHABER,WI SS,ABRAMS, ALAN + (LBL+GLAD) 
+PICCOLO, FE LDMAN+ (SLAC+LBL+NWES+HAWA) 
+PERUZZI,LUTR,NGUYEN,WIBS,ABRAMB+(SLAB+LBL) 

+CAROUMBALI S, FRENCH, H IBBS, HYL TON+ (COLU+BNL) 
+BARBARO-GALT I ERI + (BLAC~LBL+NWES*HAWA) 
VUILLEMIN, FELDMAN + (LBL+SLAC +NWES+HAWA ) 
+ALAN, BLOCKER, BOYARSK I+ (SLAC+LBL) 
*ERRIQUEZ* (BAR I+CERN+EPOL÷MI LA+ORSA ) 
~HOLMES,KNAPP,LEE+ (COLU+ILL+FNAL) 

ALLASIA 
ASTOR 
AVERY 
BACIND 
ZHOLENTZ 

ALSO 

ADEVA 
BALLAGH 

ALSO 
FIORINO 
FUCHI 
SCHINDLE 
BODEK 
USHIDA 
ABUILAR 
BADERTBC 
BAILEY 

ABE 
ADAMOVIC 
AGUILAR 
AGUILAR2 
ALTHOFF 
DERRICK 
HUMMERS 
YELTON 
ALBRECHT 
ALBREGH2 
AUBERT 
BAILEY 
BALTRUSA 
BALTRUS2 
YAMAMDTO 
YAMAMDT2 
BALTRUSA 
BALTRUS2 

BARBAROG 
NOJCIEXI 
KIRKBY 
TRILLING 

80 NP 0176 13 
80 PL 9GB 113 
80 PRL 44 1309 
80 PRL 45 329 
80 PL 96B 214 
81YAD.PHYS.34 1471 

81 PL I02B 285 
81 PR D2A 7 
80 PL 89B 423 
81 LNC 30 166 
81 LNC 31 199 
81PR D2A 78 
82 PL 113B 82 
82 PRL 48 844 
83 PL 122B 312 
83 PL 123B 471 
83 PL 132B 237 

84 PR D3O I 
84 PL 140B 123 
84 PL 135B 237 
84 PL 1469 266 
84 PL 138B 317 
84 PRL 53 1971 
84 PRL 52 410 
84 PRL 52 2019 
85 PL 1500 235 
85 PL 158R 525 
85 PL 1550 461 
85 ZPHY C28 357 
85 PRL 54 1976 
05 PRL 55 150 
85 PRL 54 522 
85 PR 032 2901 
~6 SLAE-PUB~3861 
86 SLAC-DUB-3858 

IANKA+LIBH+CERN+DUUG+LOUC+KEYN+PISA+ROMA÷) 
+(BONN÷CERN+EPOLeGLAS*LANC+MCHS+LALO+LPNP+I 
+WIGS,BUTLER,GLADDING+ (ILL+FNAL+COLU) 
+FERGUSON+ (UCLA*SLAC+BTAN+UCI+STON) 
+KURDADZE,LELCHUK,MIBHNEV,NIKITIN* (NOVO) 
ZHOLERTZ + (NOVO) 

+AGUILAR-BENITE2 + (LEBC-EHS COLLABORATION) 
÷BINGHAM÷ (LBL+UCB+FNAL+RAWA+WABH+WISC) 
BALLAGH + (LBL+UCB+FNAL*HAWA+WASH~WISC) 
FIORINQ+ (PHOTON-EMUL, OMEGA-PHOTON COLLS.) 
+HOGHINO,MIYANISHI+ (NAGO÷AICR÷TOKY÷YOKO) 
SCHINDLER,ALAM,SOYARBKY + (SLAC+LBL) 
~BREEDQN,COLEMAN÷ (ROCH+EIT+BHIC+FNAL~STAN) 

(AICH~FNAL+KOBE+SEOU+MBGI+NAGO+OSU÷OKAY+) 
LEBC-SHS CDLLAB., AGUILAR-BENITEZ÷ (CERN÷) 

BADERTGCHER,HAHN,HUGENTOBLER~ (RERN+MPIM) 
ACCMDR COLLAB., +BARDBLEY,BEEKER+ (CERN+) 

BLAC HYBRID FACILITY PHOTON COL.(BIRM+BROW) 
WA58 C,, ADAMOVICH+ (BGNA÷CERN*FIRZ+GENO+) 
LEBC-EBS C.(ANIKeBRUX+BERN+MADR+MONS+NIJM+) 
LEBC-EHS C.(ANIK÷BRUX+DERN+MABR+MONS+NIJM*) 
TANGO E. (AACH+BONN+DEBY*HAMB+LOIC+OXF+RL+) 
HRS C, DERRICK+(ANL+IND+MICH*PURD~LBL+SLAC) 
+ (UCGB÷CARL+COLO+FNAL+TNTO+OKLA+ENRE) 
MARK I I  COLLABORATION (SLAE~LBL+HARV) 
ARGUS 0. (DESY+DORT÷HEIB+IPPC+KANS+LUND~) 
ARGUS C. (DESY+DDRT+HEID+IPPC*KANG+LUND*) 
EMC COLL. (CERM+DEBY+FREI+XIEL*LANC+LAPP*) 
ARCCMR COLLAB.(ANIK+BRIB*CERN+CRAC~RL+MPIM) 
MARK I l l  B., BALTRUBAITIS* (CIT*UCSC+ILL~) 
MARK I l l  E., BALTRUBAITIB+ (BLAC÷CIT+UCSC+) 
DELCO EOLLAB. (CIT+SLAC*STAN) 
DELCO BOLLAB. YAMAMOTO* (CIT÷SLAC+BTAN) 
MARK I l l  C., BALTRUSAITIS÷ (SLAC+CIT+UCSC+) 
MARK I l l  C., BALTRUSAITIS÷ (SLAC+CIT+UCSC+) 

QUANTUM NUMBER DETERMINATIONS NUT REFERRED TO IN THE DATA LISTINGS 

77 PRL 39 262 *WIBS,ABRAMS,ALAM,BOYARSKI* (LBL+SLAC)J 

REVIEWS 

78 LBL -8537  A.BARBARO-GALTIERI (ERIEE 1978) (LBL) 
78 SLAC-DUB-2232 S.WOJCICKI (SLAG SUMMER INST.1978) (SLAG) 
79 SLAG-PUB-2419 J.KIRKBY (LEPTON CONF. BATAVIA, 1979)(SLAG) 
BI PRPL 75 57 G.H.TRILLING (LBL+UCB)J 

C H A R M E D  S T R A N G E  M E S O N  

Dl_us_ . +  [ l ( y p  ) = o(o - ) 

QUANTUM NUMBERS NOT MEASURES. VALUES ARE ASSIGNED 
HERE ASSUMING CHARMED~BTRANGE GROUND STATE D/B MESON. 
CHEN 85 OBSERVATIONS ARE CONSISTENT WITH J=O. 

N O T E  ON T H E  D s M E S O N  (by W. Toki,  SLAC) 

The mass  of  the D s(cs--) meson (formerly called the F 

meson)  is not as controversial as it was two years ago. 

Recent results from A R G U S ,  HRS,  and A C C M O R  con- 

firmed the decay D s  +- - *  ~ r  +- , first seen by CLEO. 

The table summarizes  the published masses  and branch- 

ing fractions (B) to ¢~--+. 

Mass Pro- B 
Expt. (MeV) Mode  duction (D r-+ ---. ¢~" + ) 

CLEO 1 1970 ¢7F +- e + e  - 4.4 
_+5---5 _+1.1% 

TASSO 2 1975 q~Tr -+ e + e  - 13 
+_9+10  +_5% 

A R G U S  3 1972.8 4~r +- e + e  - 3.2 
+3 .1  +_3.0 +_0.7+_0.5% 

A R G U S  1975.7 (;b3rr -+ e + e  - 
+_4 .7+3.0  

H R S  4 1963 q~rr +-- e + e  - 3.3 
.+_3+_3 +_1% 

A C C M O R  5 1975 K + K - T r  +- Hadron 
+_4 + Be 
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In addition, ACCMOR has published a D s  +- lifetime 
based on 3 events of (3.2 +_ ~.'0) × 10-13 sec, and HRS 

has submitted for publication a lifetime based on 17 
events measured at 1964 MeV of (3.5_+2"4. ___ 0.9) × 10-13 
sec. 6 

The TPC and ARGUS collaborations have published 

evidence for the D s ° . TPC observed D s" +- 

" y K + K - T r  ++- with a D * - D s mass difference of 
139.5_+8.3+9.7 MeV. s} ARGUS observed D s  *+ ~ 

',/q~Tr ± with a D s* - D s mass difference of 144_+ 9 + 7 
MeV. 8 In both measurements the D o* was seen only 

• . ~ - -  + 
when the 3' was associated with a K K 7r- mass near 
1970 MeV. 

In 7r-p collisions the LEBC-EHS collaboration has 
published upper limits for D s  +- - .  q~r -+.9 No cross 

section has been given by ACCMOR, so a comparison is 

not possible. 

The evidence for the D s  +- ~ ~Tr ++ decay mode 
disagrees with the ~bTr -+ evidence. The original DASP 

measurement o f  D s ±  --. rlx + had a mass of 2030_+ 60 
MeV.10,11 Although this mass is consistent with the 

1970 MeV mass, some results are in conflict with CRY- 

STAL B A L L  measurements. DASP observed a large 
threshold in inclusive ~ production slightly above charm 

threshold, whereas CRYSTAL BALL measured no 
increase. 12 Also the DASP cross section 

~(e+e  - ~ D s D s *  ) x B(Ds -+ --, ~71r -+) was 0.41 +0.18 
nb, and the CRYSTAL B A L L  upper limit to this mode 
was 0.09-0.29 nb. 13 In photoproduction, the Omega 

group has published evidence for D s ~ ~ r  ± , rl37r ± , 

n'3rr ±, and 4~0 -+ at 2020+ 10 MeV and also has set 
upper limits for D s --~ ~lr+. 14-  16 The upper limit on 

4~r -+ is 35 times smaller than the combination of the 
other modes they have observed. 

The recent evidence indicates that the D s mass is 
1970 MeV. The weighted mean of the masses in the 

table (using statistical errors only) is 1970 ± 3 MeV. 
The branching fractions for D s  +- ~ four have been 

calculated using a crude estimate of (rDs~s by counting 
quarks, assuming an sT  sea of 15% and scaling the 

hadron rate. (See the CLEO and TASSO publications.) 
The TASSO result is 2a higher than the other results, 

which are in reasonable agreement with each other. The 
weighted mean of these estimated branching fractions is 
3.6 ± 0.3%. 

The TASSO and HRS groups have published 
x (2E / V's-) distributions. The TASSO distribution is 
peaked at x = 0.5, and the HRS distribution is softer. 
Neither result is statistically compelling• 
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D ~  M A S S  ( M e V )  

4(2030.) (6D.) BRANDELIK 77 DASP *- IN BRANDELIK 79 
6(2030.) 160.) BRANDELIR 79 DASP +- E+E- ECM=4.A2GEV 
II2017.) (25.) AMMAR 80 HYBR + NU WIDEBAND 
I(2026.) (56.) USHIDA 80 EMUL - FNAL NU WIDEBAND 
I(2089.) I121.I USRIDA 80 EMUL + FNAL NO WIDEBAND 

A 460(2020,) I22.) ASTON 810MEG GAMMA P 
3012049,) I15.) ASTON2 81 OMEG *- GAMMA P 

(1970,) (I0.) ARGUS 83 ARG PRELIMINARY 
C 17(2017,) (13.) ATKINEON 83 OMEG +- GAMMA P 

104 1970, 7. CHEN 83 CLEO E+Eo ECM=ID.SGEV 
65 1948, 30. AIRARA 84 TPC E+E- 29 GEV ECM 

S 49 1975, 14. ALTHOFF 84 TASS +- E.E- ECMIA-25GEV 
1975.Q 4.0 BAILEY 84 SILl HAD+BE--> PHI PI*X 

L 16 1973.6 4.D ALBRECHT 85 ARG E+E- 10 GEV ECM 
D 30 1963. 4. DERRICK 85 HRS + E+E- 29 BEV ECM 

A ERROR QUOTED BY ASTOR 81 IS ID MED STAT AND <20 MEV SYST. 
A AVERAGE OF THREE MODES LISTED IN SECTIONS R2, R3, AND R4 BELOW. 

ATKINSON 83 MASS ERROR INCLUDES SYSTEMATIC UNCERTAINTIES. 
STATISTICAL AND SYSTEMATIC ERRORS COMBINED IN QUADRATURE. 
STAT. A~D SYST. ERRORS COMBIRED IN QUADR, FROM PEAR IN K~ K- PI 

D STATISTIEAL AND SYSTEMATIC ERRORS ADDED IN QUADRATURE. 
STATISTICAL AND SYSTEMATIC ERRORS ARE 2.6 AND 3.0. 

AVG 1970.5 2.5 AVERAGE IERROR INCLUDES SCALE FACTOR OP 1.2) 
(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
1970.5 ± 2 .5  (ERROR S C A L E D  BY 1.2 ) 

. . . . .  DERRICK 
. . . . . .  ALBRECHT 
. . . . .  BAtLEY 

. . . .  ALTHOFF 
, I " AIHARA 

CHEN 

1900 1940 

rn lO  s) (MeV)  

X 2 

85 HRS 3.5 
85 ARG 0.6 
84 SILl 13 
84 TAS$ 0 1 
84 TPC 
B3 CLEO 0.0 

5.5 
{Confidence Levee ~ 0 2 4 0 )  

t 

1980  2 0 2 0  
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Stable Particle Full Listings 
Ds~ B -+, B o 

D ~  M E A N  L I F E  (an t i s  10 I3 sec) 

2 (2.24) (2.7E) (1.05) USHIDA 80 EMUL NU WIDEBAND 
(1.4> AMMAR BO NYBR + NU WIDEBAND 

~ 1.9 1.3 0.7 USHISA 83 EMUL REPL. UBHIBA 80 
5.2 S.O 1.3 BAILEY B4 BILl HAD+BE--> PHI PI+X ] 

~ 17 3.5 2.6 2.0 JUNB 86 MRS + E+E- -> PHI PI~X ( BTAT. ERROR (+2,4 -1.8) AND SYST. ERROR (D.9) ADDED IN QUABR. 

AVS 21B6 L~T 0~4 AVERAGE 

Ds~ PARTIAL DECAY MODES 

DECAY MASSES 

PI D ± ~ ~ ~ ± 549+ 140 

P2 D~ ~ an)lhing 549+ o 

p3 D~ ~ ~ ~ ± ~+ ~- 549+ 140+ 140+ 140 

P4 D ~  ~ ~'~±~+~- 95B+ 140+ 140+ 140 

P5 D~ ~ ~ p ± Io2o+ 769 

P6 D ~  ~ ~ ~ ± 1020+ 140 

P7 D ~  ~ ~ ± ~ 106+ 0 

P8 D ~  ~ ~ ~ ± ~ + I T -  1020+ 140+ 140* 140 

Ds ~ BRANCHING RATIOS 

D ~  ~ (~ 7r±)/(~ anything) (PII/(P2) 
RI ~ 6 (0.09) (0.06) BRANDELIK 79 DASP E*E- ECM=R.42GEV 
RI DENOMINATOR INCONSISTENT WITH PARTRIDGE B1 (CRYSTAL BALL) 

D ~  ~ ~ ±  IP l )  
R2 40 ~- ~ EVENTS SEEN ABTON 81 OMEG GAMMA 
R2 17 +- EVENTS SEEN ATKINSON 83 OMEG GAMMA 

D ~  ~ ~IT±rc+IT - (P3) 
R5 360 * -  90 EVENTS SEEN ASTON SI OMEG GAMMA P 

D ~  ~ ~'~T±?F+TF - (P4) 
R4 60 +- 20 EVENTS SEEN ASTON ~I OMEG GAMMA P 

D ~  ~ ~p±  (PSi 
R5 83 +- 26 EVENTS SEEN ASTON2 B10MEG GAMMA P 

D ~  ~ (¢'A'±)/total (P6) 
RE (SEEN) ARGUS 83 ARG PRELIMINARY 
R6 A 104 (0.044) CHEN 83 OLEO *- E~E- ECM=IO.5GEV 
RE A 49 (0.13) (0.05) (0.08) ALTHOFP 84 TABS E~E- ECM14-25GEV 
R6 100 EVENTS SEEN ALBRECHT 85 ARE EeE-. 10 GEV ECM I 
R6 B 30 (0,033) (0.011) DSRRIOK 85 HRS • E+E- 29 GEV ECM ! 
R6 A BOTH VALUES BASED ON SAME CRUDE EBTIMATE OF D/B+- PRODUCTION LEVEL, 
R6 A ALTHOFF 84 ERRORS ARE STATISTICAL ANB SYSTEMATIC COMBINED IN 
R6 A QUADRATURE WITH ADDITIONAL NEGATIVE ERROR FOR D/S~- FROM PRIMARY B. 
R6 B SAME ASSUMPTIONS AS (A) APPLY; STATISTICAL ERROBB ONLY. 

D f f  ~ (~ ± u)/total (P7) 
R7 A 0 (0.03) OR LESS AUBERT 83 SPEE MU÷ FE, 250 GEV 
R7 A AUBERT 83 OBTAIN THIS LIMIT ASSUMING THAT D/S+- PRODUCTION RATE IS 
R7 A 20 PERCENT OF TOTAL CHARM PRODUCTION RATE . 

62 EVENTS SEEN ALBRECHT 85 ARG E~E- 10 GEV ECM 

D ~  ~ (¢ 7r ± 7c + IT- ) / (@T ±)  (PB/P6) 
R9 A 1.11 0.46 ALBRECHT B5 ARG E*E- 10 GEV ECM [ 
R9 A STATISTICAL AND SYSTEMATIC ERRORS ARE 0.37 AND 0,28. I 

BRANDBLI 
BRANDELI 
AMMAR 
USHIDA 

ABTQN 
ASTON2 
PARTRIDG 

ARGUS 
ATKINSON 
AUBERT 
CHEN 
UBHIOA 
AIHARA 
ALTHQFr 
BAILEY 
ALBRECHT 
DERRICK 
JUNG 

R E F E R E N C E S  FOR D ~  

77 PL 70B 132 BRANDELIK * (AACH+DESY~HAMB+MPIM+TOKY) 
79 PL HUB 412 SRANDEL IK+  (AABH÷DEBY~HAMB+MPIM*TOKY) 
80 PL 9~B 118 + (KANS~FNAL+SERP÷ITEP+CRAC+JINR+WASB+) 
80 PRL 45 1053 (AICH÷FGAL+KOBE+SEOU+MCGI+NABQ+OBU~OKAY+) 

81 PL I00B 91 (BONN+CERN+EPOL÷GLAS+LANC+MCHB+LALO+LPNP÷) 
81 NP B189 205 (BONN÷CERN+EPOL+GLRS+LANC+MCHG÷LALO÷LPNP÷) 
81 PRL 47 760 PARTRIDGE,PECK+ (CIT+HARV*PRIN+BTAN+SLAC) 

83 CERN COUR. 23 423 ARGUS COLLABORATION (PRELIMINARY) 
85 ZPHY C17 1 ~ (BONN~CERN+GLAB+LANB~MCHB+LPNP~RL+SHE~) 
83 NP B213 31 EUROPEAN MUON COLLAB. (CERN+DEBY+FREI+) 
83 PRL 51 634 + (BYRA~VAND+HARV+OBU+EORN~ITHAtROCH+RUTG) 
B3 PRL 51 2362. (AICH÷FNAL+KOBE*BEOU+MCGI~NAGO+OSU+OKAY÷) 
84 PRL 55 2465 TPC COLL. (LBL~UCLA÷UCR~JHU+YALE+TOKY+MABA) 
84 PL 136B 130 TASBO C. (AACH+BONN÷DEBY+HAMB+LOIC+OXF+RL+) 
84 PL 139B 320 ACCMOR C. (ANIK÷BRIS+CEHN+CRAC+MPIM+RL) 
B5 PL 153B 343 ARGUS C. (DESY÷DOBT+HEID+IPPB÷KANB*LUND~) 
85 PRL 54 2568 HRS COLL, (ANL*IND+MICB÷PURD+LBL+BLAC) 
86 PRL (TO BE PUBL.) RRB C.,+ABABHI (IND+ANL÷MICH+PURD*LBL) 

REVIEWS 

81PRPL 75 57 B.H.TRILLING (LBL+UCB) 

BOTTOM MESONS 

z(J P) = ½(o-) 

QUANTUM NUMBERS NOT MEASURED. VALUES SHOWN ARE QUARK MODEL 
PREDICTIONS. GEE ALBO THE LISTING FOR THE B (EOLLBWING THE 
ENTRY FOR THE BD) FOR MEASUREMENTS WHICH DO NOT IDENTIFY THE 
CHARGE STRTE. 

B ± M A S S  (MeV) 

A 6 (5270.8) (3.0)  BEBRENDS 83 OLEO ~- D*- PI+ PI÷ ~ CC 
B 5271.2 5.0 GILES 84 CLEO E~E- UPSILON 45 
A STATISTICAL (2,3 MEV) AND GYSTEMATZCAL I2.0 MEV) ERRORS COMBINED, 
G STATISTICAL ANB SYSTEMATIC ERRORS ARE 2.2 AND 2.0. 

B ± P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

P1 9 +  ~ ~o~ 1865~ 140 

P2 ~ + ~ D*(2OIO)-IT +IT+ 2007+ 140+ 140 

p5 9 + ~ J / i f (3097)  K + 3097+ 494 
P4 ~ + ~ p O ~ +  769* 140 

B- MODES ARE CHARGE CONJUGATES OF THE ABOVE MODES. 

B ± B R A N C H I N G  R A T I O S  

RIG CB B 2 I0.025) (0.025) BEHRBNDS 83 CLED E+ E-, UPBIL(AS) | 
RI 0.011 0,006 GILES 84 BLEO E~E- UPSILON 4S 

f 
R1 G B STATISTICAL AMB SYSTEMATIC ERRORS ARE 0.004 AND 0.003.  
RI CORREOTED BY US USING OUR NEW VALUE (0.054) FOR DO--> K- PI+. 
RI B UNCORRECTED VALUES WERE A ~ACTOR 1.8 LARGER. 
RIB  INCLUDES CONTAMINATION FROM (D*Q PI* P I - )  AND (D*- Pl+).  
RI E ADDED STATISTICAL AND SYSTEMATIC ERRORS IN QUADRATURE. 

B + ~ ( D * ( 2 0 1 0 ) - i T + ~ + ) / t o t a !  (ps) 
RZ G 6 0.027 0.017 BEBRENB$ 83 CLIO E+ E-, UPSIL(4B) 
R2 G ADDED STATISTICAL AND SYSTEMATIC ERRORS IN QUADRATURE. 
R2 G CORRECTED BY US USING OUR NEW VALUE (0,054) FOR DO--> K- PI+, 
R2 G UNCORRECTED VALUES WERE A FACTOR 1,8 LARGER. 

B + ~ ( J / ~ ( 3 0 9 7 )  K+) / t o t a l  (P3) 
R3 I 0.0026 'OR LESS CL=.9O GILES B4 OLEO + E+E- UPSILON 4S 

B + ~ (POiT+) / to ta l  (PA) 
R4 0 0.0006 ER LESS CL=.90 GILES 84 OLEO • E+E- UPSILON 45 

REFERENCES FOI~ J~ ± 

BEHRENDS 83 PRL 50 881 + (ROCH+RUTG+BYRA+VAND+CORN+ITHA+HARV+OBU) 
GILES 84 PR D30 22?9 OLEO C.(HARV+OSU+ROCH+RUTG+SYRA*VAND+CORN+) 

l ( Je )  = ~(o-  ) 

QUANTUM NUMBERS NOT MEASURBD. VALUES SHOWN ARE QUARK MODEL 
BREDICTIONB. BEE ALSO THE LISTING FOR THE B (FOLLOWING THIS 
ENTRY) FOR MEASUREMENTS WHICH DO NOT IDENTIFY THE CHARGE STATE, 

B B M A S S  (MeV) 

M A 5 (5274.2) I2.8) BEHRENDB 83 ELEO O D*- PI+ + CC 
Q 5275,2 2,B GILES 84 OLEO E+E- UPSILON 4S 

M A STATISTICAL (1.9 MEV) AND SYSTEMATICAL (2.0 MEV) ERRORS COMBINED, 
G STATISTICAL AND SYSTEMATIC ERRORS ARE 1,9 AND 2,0. 

B ° - B + M A S S  D I F F E R E N C E  (MeV) 

DM A (3.4)  (3.6)  BEHRENDB 83 OLEO E+E-, UPSILIAS) 
DM B 4.0 3M4 GILES 84 CLEO E+E-- UPSILON 4S 
DM A STATISTICAL IS.B) AND SYSTEMATICAL (2.0) ERRORS COMBINED. 
DM 6 STATISTICAL AND SYSTEMATIC ERRORS ARE 2.7 AND 2.0. 



For notation, see key on page 91. 

B e P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

PI B ° ~ DOcT+DF-- 1865, 140+ 140 

P2 B ° ~ D * ( 2 0 1 0 ) - ~  + 2007+ 140 

P3 B o ~ D * ( 2 0 1 0 ) - p  + 2007÷ 769 
P4 B D ~ J / ~ ( 3 0 9 7 )  K + ~ -  3097+ ~94+ 140 

P5 B ° ~ ~+ ~-- 140+ 140 

P6 B ° ~ e + e -  .511+,511 

P7 ~O ~ ~ +  ~ - -  106+ 106 

P8 B 0 ~ ( e + ~  - )  ~- ( e - ~  ~ )  .511+ 106 
P9 BO ~ ~o via mix ing  

BOBAR MODES ARE CHARGE GONJUGATEG OF THE ABOVE MODES. 

B o B R A N C H I N G  R A T I O S  

B e ~ (DeTc+  7 r - I / t o t a l  @1) 

RI G 5 0.07 0.05 BEHRENDS 88 CLEO E~ E-, UPSIL(4S) 
RIG GILES 84 ADDED STATISTICAL AND SYSTEMATIC ERRORS IN QUADRATURE. 
RI G CORRECTED BY US USING OUR NEW VALUE (0.054) FOR DO--> K- PI+. 
RIG UNCORRECTED VALUES WERE A FACTOR 1.8 LARGER. 
RI G INCLUDES CONTAMINATION FROM (D*0 PI+ PI-). 

B o ( D ' ( 2 O I 0 ) -  7c + ) / t o t a l  (P2) 
R2 B 5 (0.014) (0.011) BEHREHD$ 83 CLEO O E÷ E-, UPSIL(4S) 
R2 G A1 0.017 0.007 GILES 84 CLEO E÷E~ UPSILON 4S 
R2 B ADDED STATISTICAL AND SYSTEMATIC ERRORS IN QUADRATURE, 
R2 B CORRECTED BY US USING OUR NEW VALUE (0.054) FOR D0~-> K- PI+. 
R2 B UNCORRECTED VALUES WERE A FACTOR %8 LARGER. 
R2 B ASSUMES BID*÷ -> D Pl) = 0.6 - 
R2 G STATISTICAL AND SYSTEMATIC ERRORS ARE 0.005 AND 0.005. ASSUMES 
R2 G BIG*+ ->D PI)=O.8. ALSO ASSUMES CHARGED/NEUTRAL B RATIO FROM 
R2 G UPS(4S) IS 6 TO 4. QUOTED NUMBER IS CORRECTION DESCRIBED IN 
R2 B CHEN 85. 

~ o  ~ (D*(2010)+  p - ) / t o t a l  (PSI 
R3 C 19 0.081 0.066 0.038 CHEN 85 CLEO 0 E+ E-, UPSIL(4S) 
R3 C USES BID* ->DO Pl*)=O.6 AND B(UPS(4S)->BO BO-BAR)=O.A. STATISTICAL 
R3 C AND SYSTEMATIC ERRORS COMBINED IN QUADRATURE. 

B e ~ ( J / ~ ( 3 0 9 7 )  K + ~ T - ) / t o t a l  (P4) 
R4 2 0.0063 OR LESS CL=,90 GILES 84 CLEO E+E- UPSILON 4S 

BO (Tr + 7 r - I / t o t a l  (PSI 
R5 A 0,0005 DR LESS CL=,90 GILES 84 CLEO 0 E÷E- UPSILON 4S 

B ° ~ (e + e - ) / t a t a l  (P6) 
R6 TEST FOR DELTA(B) = I WEAK NEUTRAL CURRENT, 
R6 0.0008 OR LESS CL=.90 GILES 84 CLEO 0 E+E- UPSILON 4S 

B D ( # + # - ) / t o t a l  oPT) 
R7 TEST FOR DELTA(B) = 1 WEAK NEUTRAL CURRENT, 
R7 0.0002 OR LESS CL=.90 GILES 84 CLEO E+E- UPSILON 4S 

B ° ~ ( ( e + #  - )  + ( e - # + ) )  / to ta l  (pal  
R8 TEST OF LEPTON FAMILY NUMBER CONSERVATION. 
RS 0.0003 OR LESS CL=.90 GILES 84 CLEO E+E- UPSILON 4S 

B e ~ ( ~ o  via m i x i n g ) / t o t a l  (P9) 
R9 A (0.30) OR LESS CL=.90 AVERY 84 CLEO E÷E- UPSILON 4S 
R9 B 0.12 OR LESS CL=,90 SCHAAD 85 SMK2 0 E+E- ECM=29 GEV 
R9 A SAME SIGN DILEPTON EVENTS. LIMIT ASSUMES SEMILEPTONIC BR 
R9 A FOR B+ AND BO EQUAL. IF BO/B+- RATIO <0.58, NO LIMIT EXISTS. 
R9 B LIMIT IS AVERAGE PROB. FOR HADRON CONTAINING B QUARK 
R9 B TO PRODUCE A POSITIVE LEPTON. CM ENERGY HIGH ENOUGH TO ALLOW 
R9 B PRODUCTION OF B-STRANGE HADRONS. 

R E F E R E N C E S  F O R  B ° 

BEHRENDS 83 PRL 50 881 ~ (ROCH+RUTG+SYRA+VAND*CORN+ITHA÷HARV÷OSU) 
AVERY 84 PRL 53 1309 CLEO C.(CORN÷ITHA*HARV+OSU~ROCH~RUTG+SYRA+) 
GILES 84 PR 030 2279 CLEO C.(HARV+OSU+ROCH÷RUTG÷SYRA+VAND+CORN+) 
CHEN 85 PR 031 2386 CLEO C(BYRA+VAND+ALBA+CORN+HARV+ITHA+ROCfl+) 
SCHAAD 85 PL 160B 188 MARK II C., NELSON,ABRAMS+ (SLAC+LBL+HARV) 

D z(J  P) = ½(o ) 

QUANTUM NUMBERS NOT MEASURED. VALUES SHOWN ARE QUARK MODEL 
PREDICTIONS. THIS ENTRY LISTS MEASUREMENTS OF E MESON 
PARAMETERS FOR WHICH TRE CHARGE STATES ARE NOT SEPARATED. 
MEASUREMENTS IN WHICH THE CHARGE STATE IS CLEARLY IDENTIFIED 
ARE LISTED IN THE PRECEDING E~- AND 00 ENTRIES. 

B M A S S  ( M e V )  

A 5180 TO 5290 ANDREWS 80 CLEO UPSIL(4S) THRESHOLD 
A 5209 OR LESS FINOCCHIA 80 CUSB UPSIL(4S) THRESHOLG 

M AB 5263 TO 5278 SCHAMBERG 82 CUSG UPSIL(AS) THRESHOLD 
G 5273.0 2.4 GILES 84 CLEO E÷E- UPSILON 4S 
A REDETERMINATION OF THE CESR ENERGY SCALE CHANGED THE ANDREWS SO, 

M A FIWOCCHIARO 80, AND SCHAMBERGER 82 LIMITS FROM THEIR PUBLISHED 

~ B  V ....................... 
SCflAMSERGER 82 GEDUCED ABOVE LIMITS FROM NON-OBSERVATION OF EO MEV 

AB GAMMAS FROM B* - - >  B GAMMA AND UPSIL(4S) - - >  B B*. 
G STATISTICAL AND SYSTEMATIC ERRORS ARE 1.3 AND 2.0.  
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Stable Particle Full Listings 
B °, B 

B M E A N  L I F E  (uni t s  10 13 Bec) 

14. OR LESS CL=.95 BARTEL 82 JADE E+E-,AVG ECM 34 GEV 
18. 7.2 RERNAND2 83 MAC E+E- AT ECM=29 GEV 
12.0 5.4 4~7 LOCKYER 03 SMK2 E.E- AT ECM=29 GEV 

C 18.3 5.3 5.0 ALTHOFF2 84 TASS 0 E+E- 30-46.8 GEV 
D 46 11.6 4.4 4.1 KLEM 84 DLCO E+E- AT ECM=29 GEV 
E 2 P . . . . . . . . .  SETW- B . . . . . . . . . . . . . .  85 . . . .  350 . . . . . . . . . . .  

T A THE STATISTICAL AND SYSTEMATIC ERRORS ARE 6 AND 4. 
B THE STATISTICAL ERRORS ARE +4.5 AND -3,0, THE SYSTEMATIC ERROR IS 

3,0.  THE LIFETIME IS AN AVERAGE OVER BOTTOM PARTICLES PRODUCED. 
T STATISTICAL ANO SYSTEMATIC ERRORS ARE +3.8 -3.7 AND ,3.7 -3.4 
T D STATISTICAL ERRORS ÷3.7 -3,4 SYSTEMATIC ERRORS ~-2.3. 
T E THE MEAN FLIGHT TIME FOR THE ONE SO WAS 5E-13 SEE WHILE THE ONE B~ 
T E WAS 0.8E-13 SEC. 
T ......... 
T AVG 14.2 2.7 AVERAGE 

B P A R T I A L  D E C A Y  M O D E S  

P1 B ~ e/J  hadrons  
P2 B ~ /zP  hadrons  
P3 B - -  e + e -  any th ing  
P4 B ~ / Z + / t  - any th ing  
P5 B ~ K any th ing  
P6 B ~ J / ¢ ( 3 0 9 7 )  any th ing  
P7 B ~ D O any th ing  
P8 B ~ p any th ing  
P9 B ~ A any th ing  
P1D B ~ e u  hadrons  (noncharm)  
PII B ~ D*(2010) + a n ) t h i n g  
P12 B ~ D°Tr  + ,  D - T r  + ,  D'(2010)°1r  + ,  or D*(2010) -7 r  + 

B 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
R1 
R1 
RI 
RI 
RI 
RI 
RI 
RI 
RI 

B 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 

B 

R3 
R3 

B 
R4 
R4 
R4 
R4 
R4 

B 
~5 
R5 
R5 
R5 
R5 

B 

R6 
R6 
R6 
R6 
RO 
R6 
R6 
R6 
R6 

B B R A N C H I N G  R A T I O S  

(e  v h a d r o n s ) / t o t s l  (P1) 
0.132 0.016 KLOPFENST 83 CUSS DIRECT E AT UPS(4S) 

(0.116) (0.027) NELSON 83 SMK2 E+E-,ECM=29 GEV 
0 0.111 G.052 ALTHOFF3 84 TASG E÷E- 34.6GEV ECM 
F 0.120 0.009 CHEH 84 CLEO DIRE UP5(4S) 

(0.146) (0.028) HOOP 84 DLCO E+E- ECM=29 GEV 
H (0.110) (0.021) AIHARA 85 TPC E+E- ECM=29 GEV 

(0.149) (0,022) (O.019)PAL 86 DLCO E+E= 29 GEV ECM 
STATISTICAL AND SYSTEMATIC ERRORS ARE 0.008 AND 0.014. 

E THE STATISTICAL AND SYSTEMATIC ERRORS ARE 0.021 AND 0.017. 
E THE STATISTICAL AND SYSTEMATIC ERRORS ARE 0.007 AND 0.005 
G THE STATISTICAL AND SYSTEMATIC ERRORS ARE 0.080 AND 0,040. 

H THE STATISTICAL AND SYSTEMATIC. ERRORS ARE 0.018 AND 0.010. 
I THIS MEASUREMENT SUPERSEDES KOOP 84. 

ONLY THE EXPERIMENTS AT THE UPSILOfl(4S) ARE USED IN THE AVERAGE. 

AVG 0.1226 0.0078 AVERAGE 

( / t  ~ had rons ) / t o t a l  (P2) 
A (0.I05) (0.020) ADEVA2 83 MRRJ E+E- ECM=33-38.SGEV 

(0.155) (0,054) (0.029) FERNANSI 83 MAC E+E- AT ECM=29 EEV 
(0.117) (0.030) ALTHDFF 84 TAGS E÷E- ECM=34.5 GGV 
0.108 0.012 CHEN 84 CLEO SIR MU UPS(4S) 

E 0.112 0.013 LEVMAN 84 CUSS DIR MU UPS(4S) 
F (0.114) (0,031) BARTEL 85 JADE E+E- ECM=3A.6 GEV 
A THE STATISTICAL AND SYSTEMATIC ERRORS ARE 0.015 AND 0.013, 
D THE STATISTICAL AND SYSTEMATIC ERRORS ARE 0.028 AND 0.010~ 
C THE STATISTICAL AND SYSTEMATIC ERRORS ARE 0.006 AND 0.01. 

THE STATISTICAL AND SYSTEMATIC ERRORS ARE 0.009 AND 0.01. 
THE STATISTICAL AND SYSTEMATIC ERRORS ARE 0.018 AND 0.025. 

IHE AVERAGE OF THE FOUR HIGH-ENERGY RESULTS IS 0.113+-0.014. 
THESE EXPERIMENTS PRODUCE OTHER B01TOM PARTICLES IN ADDITION TD 
THE B MESON. 

AVG 0.1098 0.0088 AVERAGE 

(e + e -  anything)/total (P3)  
TEST FOR DELTA(B) = 1 WEAK NEUTRAL CURRENT. 

OmO~ OR LESS CL=mDO BEBEK 81 CLEO E+ E-- AT UPSIL(4G) 

( / ~ + / ~ -  a n y t h i n g ) / t a t a l  (P4) 

TEST FOR DELTA(HI = I WEAK NEUTRAL CURRENT. 
(O.01T)OR LESS CL=.90 CHADWICK 81 CLEO E+ E- AT UPSIL(4S) 
0.007 OR LESS CL:.95 ASEVAI 83 MRKJ Eel- 30<WCM<3B GEV 
O,OOT OR LESS CL=.95 BARTEL 83 JADE E+E- 33~44CM<36.7GEV 

(0.02) OR LEGS EL=.95 ALTROFF 84 TASS E+E-, ECM=3A.5 GEV 

(di lepton any th ing ) / t o t a l  (P3+P4) 

TEST FOR DELTA(B) = I WEAK NEUTRAL CURRERT. 
(O.OOB)OR LESS CL=.90 MATTEUZZI 83 SMB2 E+ E- AT ECM~29 BEY 
0.0062 OR LESS CL=.90 AVERY 84 CLEO E+E- UPSILON 4S 

DETERMINE RATIO OF B+ TO BO GEMILEPTONIC DECAYS TO BE IN THE RANGE 
A 0.25 TO 2.9 

( K  a n y t h i n g ) / t o t a l  (PS) 
SEEN BRODY 82 CLEO KAONS AT UPSIL(4S) 
SEEN GIANNINI 82 CUSS KAONS AT UPSIL(4S) 

ASSUMING UPSILON(4S) - ->  S BBARt A TOTAL OF 3.38+-0.34÷-0,68 KAONS 
PER UPSILON(AS) DECAY IS FOUND (THE SECOND ERROR IS SYSTEMATIC). IN 
THE CONTEXT OF THE STANDARD B-DECAY MODEL, THIS LEADS TO A VALUE 
FOR (B-QUARK - ->  C-QUARK)/(B-QUARK - ->  ALL) OF 1.09÷-0.33+-0.13. 
GIANNINI 82 AT CESR-CUSB OBSERVED %58÷-,35 KO PER HADRONIC EVENT 
MUCH HIGHER THAN 0.82+-0.10 BELOW THRESHOLD. CONSISTENT WITH 
PREDOMINANT B-->C X DECAY. 
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Stable Particle Full Listings 
B , p  

B ~ ( J / ~ ( 3 0 9 7 )  anything)/total <PG) 
R7 (D.O49)OR LESS EL=.90 MATTEUZZI 83 SMK2 E+ E- AT ECM=29 GEV 
R7 A 7 0,014 0.006 0 .005 ALBRECHT 85 ARE E+E~ NEAR UPS(AS) 
R7 C 46 0.011 0,003 HAAS 85 CLEO E+E- NEAR UPSIaS) 
R7 A STATISTICAL AND SYSTEMATIC ERRORS WERE ADDED IN QUADRATURE. 
R7 A ALBRECHT 85 ALSO REPORT A CL=.gD LIMIT OF 0,007 FOR B--> J/PSI + X 
R7 A WHERE M(X)<I GEV. 
R7 C THE STATISTICAl AND SYSTEMATIC ERRORS ARE 0.0021 AND 0.0023, 
R7 C DIMUON AND DIELECTRON EVENTS USED, 
R7 
RT AVE 0.0117 0.0026 AVERAGE 

B ~ ( D  O anything)/total (P7) 
R8 A 0.8 0.28 GREEN B3 CLEO G+ E- AT UPSIL(ASI 
RE A OBSERVED O.8+-O.2(STAT,)+~O.2(SYST.) DO PER B DECAY. 

B ~ ( p  anything)/total (PB) 
R9 A 0.036 DR MORE ALAM 83 ELEO PROTONS AT UPSI(AS) 
R9 A THE STATISTICAL AND SYSTEMATIC ERRORS ARE 0.006 AND 0.009. VALUES 
R9 A ARE gOR (BRIB~->B X)+BR(B-->PBAR X)/2. DATA ARE CONSISTENT WITH 
R9 A EQUAL YIELDS OF BARYONS AND ANTIBARYONS. USING ASSUMED YIELDS 
R9 A BELOW CUT, BRIB-~>P+XI;D.03 NOT INCLUDING PROTONS FROM LAM.DECAYS. 

B ~ ( ~  anything)/total (P9) 

RIO A 0.022 OR MURE ALAM 83 CLEO LAMBDAS AT UPSI(AS) 
R10 A THE STATISTICAl AND SYSTEMATIC ERRORS ARE D,007 AND 0.004. VALUES 
RIO A ARE FOR (BR(LAMBDA X)~BR(LAMBDABAR X)/2. DATA ARE CONSISTENT WITH 
RIO A EQUAL YIELDS OF BARYONS AND ANTIBARYONS. USING ASSUMED YIELDS 
RIG A BELOW CUT, SR(B-->LAMBDA X)=O.03. 

B ~ e p h a d r o n s ( n o n c h a r m ) / ( e  P h a d r o g s )  (PIO/PI) 
R11 (0.055)0R LESS EL=.9O KLOPFENST 83 CUSS DIRECT E AT UPS(AS) 
R11 0.04 OR LESS CL=.90 CHEN 84 ELEO E~E-DIR E UPSAS 

B ~ (D*(201O) + a n y t h i n g ) / t o t a l  (P11) 

R12 A 510 0.23 0.09 CSORNA 85 CLED E,E- UPSILQN(4S) 
R12 A ASGUMES OPSI4S)-~B BBAR, AND V-A MOMENTUM SPECTRUM TO 
R12 A EXTRAPOLATE BELOW I GEV/C D* MOMENTUM. STAT AND SYST. ERRORS 
R12 A COMBINED IN QUADR. 

B ~ (DOTe + ,  D--~T + ,  D*(2010)O~T + ,  D ' ( 2 O l O ) -  ~F+)/ to ta l  (P123  

R13 G 0,020 0.008 GILES 86 CLEO E,E- UPSJLOB 4S 
R13 G STATISTICAL AND SYSTEMATIC ERRORS ARE 0.006 AND 0.005. 
R13 E NO DEPENDENCE ON D; USED FAST-PI MOMENTUM. 

R E F E R E N C E S  F O R  R O T F O M  M E S O N  B 

ANDREWS 80 PRL 45 219 
F[NOCGHI 80 PRL 45 222 
BEBEK 81PRL 46 84 
CHADWICK 81PRL 46 88 

BARTEL 82 PL 1148 71 
BROSY 82 PRL 48 1070 
GIANNIBI 82 NP 8206 1 
SCHAMHER 82 PR D26 720 

ADEVAI 83 PRL 50 799 
ADEVA2 83 PRL 51 443 
ALAM 83 PRL 51 1143 
BARTEI 83 PL 132B 241 
FERNANDI 83 PRL 50 2054 
FERNAND2 83 PRL 51 1022 
GREEN 83 PRL 51 347 
KLDPFENS 83 PL 1308 444 
LOCKYER ~3 PRL 51 1316 
MATTEUZZ ~3 PL 129S 141 
NELSON ~3 PRL 50 15L2 

ALTHQFF 84 ZPHY C22 219 
ALTHOFF2 84 PL 1490 524 
ALTHOFF3 84 PL 1460 ~43 
AVERY 84 PRL 53 1309 
CHEN 84 PRL 52 1084 
GILES 84 PR DID 2279 
KLEM 84 PRL 53 1873 
KOOP 84 PRL 52 970 
LEVMA~ 84 PL 1418 271 
AIHARA 05 2PHY C27 3g 
ALBANESE 85 PL 1588 186 
ALBRECHT 85 PL 1628 393 
BARTEL 85 Pl 1638 277 
CSORNA 85 PRL 54 1894 
HAAS 85 PRL 55 1248 
PAL 86 GALT-68-1283 

÷ (CORN+HARV+ITBA+SYRA+ROCH+RUTG+VAND) 
FINOCCDIARO,GIANNINI,+ (STON+COLU*LSU) 
+ (HARV+ITHA~SYRA+ROCH+RUTG~VAND~CORN) 
+GANCI+(ROCR+RUTG+SYRA÷VAND+CQRN*HARV+ITHA) 

JADE C.(DESY+HAMB+HEID+LANC÷MCHG~RHEL*TOKY) 
+CHEN,+(SYRA÷VAND+CORN+ITRA+HARV+ROCH+RUTG) 
÷FINOCCHIARO,FRANZINI+ (STDN+CDLU÷LSU÷MPIM) 
SCSAMBERGER+ (STON*EOLU+LSU+MPIM) 

MARKJ C. (AACH+DESY÷MIT+MADRAAIKO~BHEP+CIT) 
MAEKJ C. (AACH+DESY+MIT+MADR+AIKO+BHEP+CIT) 
+ (VAND~HARV~OHIO+EORN*ITHA*ROEH+RUTG+SYRA) 
JADE C.(DESY+HAMB+HEID+LANE+MCES÷RHEL+TOKY) 
+MAC.C.(COLO+FRAS+HOUS+NEAS÷SLAC+UTAH+NISC) 
÷MAC.C,(COLO+FRRS+HOUS*NEAS+SIAC~UTAH+WISC) 
+ (RUTG+GYRA+VAND÷HARV*OBIO+CORN*ITRA+ROCH) 
KLOPFENSTEIN, CUSS C. (STON+EOLU+EORN+LSU+) 
+JAROS,NELSON,ABRAMS,+ (SLAC+LBL+UCB+HARV) 
MATTEUEZI,ABRAMS,AMIDEI+(SLAE+LBL+UCB+HARV) 
+BLONDEL,TRILLING+ {LBL*UCB+BLAC+HARV) 

TASSO ~. (AACH+SONN+DESY~HAMB+LOIC+OXF+RL÷) 
TASSO . (AAEH*BONN*DESY+BRIS+HAMB+LOIC+) 
TASSO C. (AACH+BONN~DESY+HAMB÷IOIC+OXF+) 
CLEO E.(CORN*ITHAeHARV+OSU*ROCH+RUTG+SYRA+) 
CLEO C (SYRA+VAND+CORN÷ITHA+HARV+USU+ROCH+) 
CLEO C (HARV+OSU+ROCH+RUTG+SYRA÷VAND+CORN+) 
DELCO COLLABORATION (CIT+SLAE+STAN) 
DELCO COLLABORATION (CIT*SLAC~STAN 
CUSR C. (LSU+MPIM+STON+COLU*CORM) 
TPC COLL. (LBL+UCLA+UCR+JHU+YALE*TOKY+MASA 
WAT5 EXPER.(BARIeCERN*DUUC+LOUC+NAGO+INFN+ 
ARGUS C, (DESY+DORT+HEID+IPPC+KANS÷LUND~ 
JADE C. (DESY+HAMB*HEID+LANC*MCRS+RL~TOKY+ 
CLEO C. (SYRA~VAND+ALBA÷CORN÷ITHA+ROCH+ 
CLEO C. (OHIO+ROCH*RUTG*SYRA+VAND+ALBA+ 
DELED COLLABORATION (CIT÷SLAC+STAN) 

N U C L E O N S  

I 

p M A S S  ( M e V )  

M 4938.256) (0,005) COHEN 65 RVUE 
M I938.2592) (0,0052) TAYLOR 69 RVUE USING NEW E/H 
M 938.2796 0.0027 COHEN 73 RVUE 

M A S S  ( M e V )  

MI 938.3 0.5 BAMBERGER 70 CNTR 
MI 938.179 0,050 HU 75 CNTR 
MI 938.829 Q.049 ROBERSON 77 CNTR 
MI 938.30 0.13 ROBERTS 78 CNTR 
MI ......... 
M1 AVG 938,816 0,036 AVBRAGE 

NOTE ON PROTON M E A N  LIFE LIMITS 

(by M. Goldhaber, Brookhaven National Laboratory, 
and F. Reines, University of  California, Irvine) 

Current ideas on the unification of  the weak, elec- 
tromagnetic, and strong forces suggest that baryon 
number might not be strictly conserved, so that the pro- 
ton could decay. In the Particle Properties Summary 
Tables there are nearly thirty particles listed with a mass 
smaller than that of  the proton (if  we count both parti- 
cles and antiparticles and different members of  multi- 
plets separately). Ten of these particles are fermions 
and the remainder bosuns. There are then a great many 
possible two-body decay modes of  the proton and an 
even larger number of three-body, etc., decay modes 
which satisfy charge, energy, momentum, and angular 
momentum conservation. Each decay mode has to con- 
tain at least one fermion to satisfy angular momentum 
conservation. 

The "decay signature" distributions as well as the 
backgrounds depend on detector characteristics (the 
material from which the detector is made, the method 
of detection, timing information, time resolution, etc.). 
The background, due chiefly to atmospheric neutrinos, 
depends also on the geomagnetic latitude and on the 
phase of  the solar cycle with which the magnetic field of 
the sun is associated. The depth-dependent cosmic ray 
background is due to cosmic ray muons and their pro- 
geny. For each possible proton decay signature there is 
a finite probability of  a background event with a similar 
signature, where the probability depends on the detector 
characteristics. 

The simplest grand unified theory, minimal SU(5), 
predicts e +Tr ° to be the predominant proton decay 
mode. The IMB lower limit on the partial mean life for 
this mode, 2× 1032 years, is at least a factor of  10 higher 
than predicted by minimal SU(5) theory. 

See also the reviews by Reines and Schultz, Surveys 
in High Energy Physics 1, 89 (1980); Goldhaber, Lang- 
acker, and Slansky, Science 210, 851 (1980); Goldhaber 
and Sulak, Comments Nucl. Part. Phys. 10, 215 (1981); 
D.H. Perkins, Ann. Rev. Nucl. Part. Sci. 34, 1 (1984); 
and J.M. LoSecco, Comments Nucl. Part. Phys. 15, 23 
(1985). 



For notation, see key on page 91. 

See also the neutron-antineutron oscillations section 
NAN in the neutron Full Listings below for another test 
of  baryon conservation. 

p M E A N  L I F E  (years)  

TEST OF BARYON CONSERVATION 
SEE PROTON PARTIAL MEAN LIVES SECTION FOR LIMITS WHICH DEPEND ON 

T DECAY MODES, 
T PfPROTON N=BOUND NEUTRON 

LIMIT CONFIDENCE REFERENCE BET PARTICLE 
(YEARS) LEVEL 

T H >1.6E25 EVANS 77 TEl30 P,N 
I ~ >3  E23 . . . .  o . . . .  P 

>3. E23 FLEROV 58 TH232 P,N 
T H CONVERTED TO MEAN LIFE BY DIVIDING HALF-LIFE BY LN(2)=.693 . 

TA 
TA 
TA 
TA 
TA 
TA 
TA 

M E A N  L I F E  (units  hours) 

(3,3E-8) OR MORE CL=.95 GANBULI 78 HBC PBAR-->ANYTHING 
432,) OR MORE BREGMAN 78 CNTN PBAR-->ANYTBING 

1700.) OR MORE CL=.90 BELL 70 CNTR PBAR-->E- PIO 
1 . E l l  OR MORE BOLDEN 79 SPEC PBAR-->ANYTHING 

BREGMAN 78 STORED ANTIPROTONS IN ICE STORAGE RING AT BERN 85 HOURS. 
BELL 79 STORED ANT/PROTONS IN ICE STORAGE RING FOR 10 DAYS. 
ROLDEN 79 VALUE INFERRED FROM PBAR/P RATIO IN COSMIC RAYS. 

p P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

PI N ~ e + any th ing  .511 

P2 N ~ # +  any th ing  106 
P3 p ~ e + ~ .511+ 0 
P4 ~ ~ ~ + ~ 106+ O 

P5 p ~ V ~ O+ 0 

P6 N ~ e + T {  .511+ 135 

P7 N ~ ~+TF 106+ 135 

P8 N ~ e + K  .511÷ 498 
P9 N ~ ~+K 106+ 498 

P10 N ~ p ~ O~ 140 

P11 N ~ Y K O+ 404 

P12 p ~ e + ~ .511+ 783 

P13 ~ ~ ~ + ~ 106+ 783 
P14 N ~ e + p .511+ 769 

P15 /~I ~ ~+ p 106+ 769 

P16 ~ ~ e + e + e -  .511+.511÷.511 

P17 p ~ ~ +  ~ + ~ - -  106+ 106+ 106 

P18 N ~ MK(892) o+ 892 

P19 N ~ e + T r  ° any th ing  .511+ 135 

P20 N ~ V any th ing  o 
P21 n ~ 3v O+ O+ 0 
P22 p ~ e + ~ ,511+ 549 

P23 p ~ ~ +  ~ 106+ 540 

P24 n ~ P ~  0* 549 
P25 N ~ P p  O+ 769 

P26 n ~ P ~ 0* 783 
P27 n ~ e + e- ~ .511+.511+ 0 

P2B H ~ ~ +  ~-- P 106+ 106+ 0 
P29 n ~ e - ~ l  "+  .511+ 135 

P30 n ~ ~--Tt "+ 106+ 135 

P31 ~ ~ e -  ~ + .511+ 760 

P32 n ~ ~ -  f l +  106+ 769 

p P A R T I A L  M E A N  L I V E S  (103B years)  

MEAN LIFE DIVIDED BY BRANCHING FRACTION. 

DECAYING PARTICLE - -  P=PROTON OR N=BOUNB NEUTRON. SEE COMMENTS 
FIELD. 

FOR POSSIBLE EVENTS - -  SAME EVENT MAY APPEAR UNDER MORE THAN ONE 
PARTIAL DECAY MODE. 

FOR POG$1SLE EVENTS - -  PARENTHETICAL NUMBERS ARE BACKGROUND 
ESTIMATES WHICH MAY BE ACCURATE TO A FACTOR OF 2. 

QUOTED LIMITS ARE WITHOUT BACKGROUND SUBTRACTION. 

EVENTS LIMIT CONFIDENCE REFERENCE DET PARTICLE 
(6KGD EST) LEVEL 

N ~ e + anything (103e yearN) 
TO1 D >0.6 CL=.90 LEARNED 79 CNTR P,N 
TO1D THE ELECTRON MAY BE PRIMARY OR SECONDARY. 

N ~ # +  anything (1030 years)  
TO2 VC 2 >12. CL=.90 CHERRY 81 CNTR P,N 
TO2 B > 1.8 CL=.90 COWBIK 80 CNTR P,N 
TO2 D > 6. CL=.O0 LEARNED 79 CNTR P,N 
TO2 D THE MUON MAY BE PRIMARY OR SECONDARY. 
TO2 C WE HAVE CONVERTED 2 PODS EVENTS TO .90 CL LIMIT. 

(P1) 

(P2) 
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P 

p ~ e + T (1030 years)  (P3) 
TO3 0 ( , 2 )  > 87, CL=.90 BLEWITT 85 CNTR P (FREE PROTON) I 

CL=.90 BLEWITT 85 CNTR P TO3 0(.2) >36 "I BURR I TO3 ~ > CL=.90 67 CNTR P 
TO3 WE HAVE CONVERTED HALF~LIFE TO .90 CL MEAN LIFE. 

P ~ # +  T (1030 years)  (P4) 
TO4 0( ,2 )  > 61. CLo.90 BLEWITT 85 CNTR ~ (FREE PROTON) I 
TO'A 0( .6 )  >280. CL=.9O BLEWITT 85 CNTR 
TO4 ~ > 0.3 CL~.90 BURR 67 CNTR P i 
TO4 WE HAVE CONVERTED HALF-LIFE TO .90 CL MEAN LIFE. 

B ~ P T (103B years) (PS) 
TOE 28(10) >11. CL=.90 PARK 85 CNTR N [ 

N ~ e + T r  (1030 years)  (P6) 
TO6 0 ( , 2 )  > 82. CL=.90 BLEWITT 85 CNTR ~ (FREE PROTON) 
TO6 0(.2) >250. CL~.90 BLEWITT 85 CNTR 
TO6 4(4) > 2~ CL~.90 PARK 85 ENTR N 
TO6 B I(.3) > 5 CL=.90 8ARTELT 83 CNTR P 
TO8 S I(.3) > 0.5 CL=.�O BARTELT 83 CNTR N 
TO6 ~ ~ . . . .  00 . . . . . . . . .  83 . . . .  ; ,N  
TO6 K ~ I ~8 DE=.90 KRISHNABW 82 CNTR 
TOE K 2 > 5,8 CL~.O0 KRIBHNAEW 82 CNTR N 
TO6 G 
TOE 
TO6 
TO6 G 

N 
TO7 
TOT 
T07 
T07 
TOT 

N 
T08 
T08 
T0B 

N 
TO0 
T00 
TO0 B 
TO9 B 
TO9 
TO9 K 
TO9 
TO9 
TO9 
TO9 
T09 

N 
T10 
T10 
T10 
T10 
T10 
T10 
T10 
T10 
T10 

N 
T l l  
T l l  
T l l  
T11 
T11 
T11 
Tli 
T11 
T11 ~ 
Tl l  B 
T11K 
T11 C 

p 

T12 
T12 
T12 B 
T12 K 
T12 C 
T12 B 
T12 K 
T12 C 

p 

TIS 
T13 

N 
T14 
T14 
T14 
T14 
T14 
T14 
T14 
T14 
T14 
T14 

N 
T15 
T15 
T15 

p 

T16 
T16 

> 0.1 CL=.90 EURR 67 CNTR N 
LIMIT BASED ON ZERO EVENTS. 
WE HAVE CALCULATED .90 CL LIMIT FROM I CONFINED EVENT. 
WE HAVE CONVERTED HALF-LIFE TO .90 CL MEAN LIFE. 

~ +  ~ (1030 yearN) IP7) 
0 ( .2 )  > 50. CL=.90 BLEWITT 85 CNTR P (FREE PROTON) . 
I ( . 4 )  >100. CL~.O0 BLEWITT 85 CNTR P 
I (4 )  > 30. CL=.90 PARK 85 CNTR N 

> 10. CL=.9D EATTIBTON 83 CNTR P,N 
> 1.3 DL=.90 ALEKSEEV 81 CNTR P,N 

e + K  (I030 yearN) (PB) 
7(8.5) >24. CL=.90 BLEWITT 85 CNTR P (FREE PROTON) l 
~(4) >77. CL=.90 BLEWITT 85 CNTR P I > 1.3 CL=.90 ALEKBEEV 81 CNTR P,N 

# + K (103° yearN) (P�) 
11(13) > 6.7 CL=.90 BLEWITT B5 CNTR (FREE PROTON) I 
~(8) >40. CL=.90 BLEWITT 85 CNTR 

I 
> 0,6 CL=.O0 BARTELT 83 CNTR 

0 > 0,4 CL=.90 BARTELT 83 CNTR 
> 6, CL=.90 BATTISTON 83 CNTR 
> 5,8 CL=.90 KRIBHNASW 82 CNTR 

O > 2.0 CL=.90 CHERRY 81 CNTR 
> 0,2 CL=.�D BURR 67 CNTR 

LIMIT BASED ON ZERO EVENTS. 
WE HAVE CALCULATED .90 CL LIMIT FROM I CONFINED EVENT. 
WE HAVE CONVERTED HALF-LIFE TO .90 BL MEAN LIFE. 

P ~  (1030 years)  010 )  

2~(19) >7, CL=.O0 PARK 85 CNTR P ~ I 
>7. CL=.90 BATTIBTON 83 CNTR 

=<3 >2, CL=.90 BATTIBTON 83 CNTR P 
>5.8 CL=.�B KRISHNASW 82 CNTR 
>0.3 CL=.O0 CHERRY BI CNTR P 
>0,1 67 CNTR P CL=.O0 GURR 

WE HAVE CALCULATED .00 CL LIMIT FROM I CONFINED EVENT. 
WE HAVE CONVERTED 2 PODS EVENTS TO .90 CL LIMIT. 
WE HAVE CONVERTED HALF-LIFE TO .90 CL MEAN LIFE. 

P K  (1030 years)  ( P l l )  
6 I l l )  > 1.8 CL=.OO BLEWITT 85 CNTR P (FREE PROTON) ] 
6(5) > 0.6 CL=.O0 BLEWITT 85 CNTR P 

l 
2(2) >10. DL=.90 PARK 85 CNTR N 
0 > 0,3 BL=.90 BARTELT 83 CNTR N 
0 > 0.1 CL=.90 BARTELT 83 CNTR P 
0 > 5. CL=.90 BATTISTON 83 CNTR N 
0 > 2. BL=.90 BATTISTON 83 CNTR F 

KRIBHNABW 82 > CL=.90 CNTR 5.8 P 
> 0,3 CL=.9O CHERRY 81 CNTR N 

LIMIT BASED ON ZERO EVENTS. 
WE HAVE CALCULATED .90 CL LIMIT FROM 1 CONFINED EVENT. 
WE HAVE CONVERTED 2 PODS EVENTS TO .90 CL LIMIT, 

e + ~ (1030 years)  (P12) 
6(7.5)  >12. CL=,go BLEWITT 85 CNTR P (FREE PROTON) I 
6(5.7) >37. CL=,O0 BLEWITT 85 CNTR P 

I I(,3) > 0,6 CL=,90 BARTELT 83 CNTR P 
I > 9.8 CL=,90 KRISHNABW 82 CNTR P 
2 > 2.8 CL=,O0 CHERRY 81 CNTR P 
LIMIT BASED ON ZERO EVENTS. 
WE HAVE CALCULATED .00 CL LIMIT FROM 0 CONFINED EVENTS. 
WE HAVE CONVERTED 2 PODS EVENTS TO .90 CL LIMIT. 

# + w  (1030 years)  ' (P13) 
9(8.7) >28"53 CL=,O0 BLEWITT 85 CNTR P (FREE PROTON) II 
8(7) > . CL=,90 BLEWITT 85 CNTR P 

e + p (1030 yearN) (P1G) 
6(8) > 6.7 CL=.90 BLEWITT 85 CNTR (FREE PROTON) 
747) >17. CL=.90 BLEWITT 85 CNTR 
4(2) >12. CL=.�O PARK 85 BNTR 
I(.3) > 0.6 CL=.90 BARTELT 83 CNTR 
I ( , 3 )  > 0.5 CL=,90 BARTELT 83 CNTR 

> 9.8 CL=.90 KRISHNAEW 82 CNTR 
CL=.90 CHERRY 81 CNTR >0 .8  

LIMIT BASED ON ZERO EVENTS. 
WE HAVE CALCULATED .90 CL LIMIT FROM 0 CONFINED EVENTS. 
WE HAVE CONVERTED 2 POSE EVENTS TO .00 CL LIMIT. 

# + p  (10 B° years)  (P13) 

4(5) >15"56 CL=.90 BLENITT 85 CNTR PP (FREE PROTON) 
4(5) > . CL=.O0 BLEWITT 85 CNTR 
I (2 )  > 9. CL=.9O PARK 85 CNTR N 

e + e + e -  (1030 yearN) (P16) 
0 ( .5 )  > 89. CL=,90 BLEWITT 85 CNTR P (FREE PROTON) 
OI.7) >510. BL=.90 BLEWITT 85 CNTR P 
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p , n  

p ~ ~+#+~ -  (1030 years) (P175 
T17 I(.75 > 44. CL=.90 BLEWITT 05 CMTR P (FREE PROTON) | 
T17 I(.9) ~190. CL=.90 BLEWITT 85 DNTR P I T17 B I > 2.1 CL=.9O BATTISTON 82 CNTR P 
T17 B WE HAVE CONVERTED 1POSS EVENT TO .90 CL LIMIT. 

N ~ PK*(892) (1030 years) (P18) 
T18 10(16) >5.8 CL~.90 BLEWITT 85 CNTR P (FREE PROTON) | 
F18 7(8) >9.6 CL=.90 BLEWITT 85 CNTR P 

l TIE 1(4I >7. CL=.90 PARK 85 ENTR N 
T18 B I >2.1 EL=.90 BATTISTON 82 CNTR P 
TIB B WE HAVE CONVERTED I POSE EVENT TO .90 CL LIMIT, 

N ~ e+TT D anything (1030 years) (P195 
T19 0 >0.6 CL=.9O LEARNED 79 CNTR P,N [ 

N ~ P anything (years) (P20) 
T20 L 0 >2.E26 CL=.90 LEARNED 79 CNTR R,N 
T20 L ANYTHING = PI, RHO, K, ETC. 

n ~ 3p (years) (P21) 

T21 0 >5.E26 CL=.90 LEARNED 79 CNTR N 

p ~ e + ~ (1030 years) (P2Z) 
T22 5(6.5) > 64. CL=.90 BLEWITT 85 CNTR P (FREE PROTON) 
T22 5(4.7) >200. EL=.90 BLEWITT 85 CHTR P 
T22 C 2 > 1.2 CL=,PO CHERRY 81 CNTR P 
T22 C WE HAVE CONVERTED 2 ROSS SVENTS TO .90 CL LIMIT. 

p ~ g +  ~ (1030 years) (PZ3) 
T23 6(6I >17. EL=,90 BLEWITT 85 CNTR P (FREE PROTON) 
T23 7(B) >46. CL=,90 BLEWITT 85 CNTR P 

n ~ P ~ (1030 years) (P24) 

T24T24 C ~(3) ~I~;6 . . . .  90 . . . . . .  81CNTR 
CL=,90 PARK 85 CNTR 

T24 C WE HAVE CONVERTED 2 POSS EVENTS TO .90 CL LIMIT. 

N ~ p p  (1030 years) (P25) 

T25 6(7) > 4.1 CL=,PD BLEWITT 85 CNTR P (FREE PROTON) 
T25 6(5) > 8.4 CL=.90 BLEWITT 85 CNTR P 
T25 7(57 > 2. EL=.90 PARK 85 CNTR N 
T25 C 2 > 0.9 CL=.90 CHERRY 81 DNTR P 
T25 C 2 > 0.6 CL=,90 CHERRY 81 CNTR N 
T25 C WE HAVE CONVERTED 2 POSS EVENTS TO .90 CL LIMIT. 

n ~ U co (1030 years) (P265 
CL=.90 PARK 85 CNTR ~ ~ I 

T26 ~(2) >I~. 0 CL=,90 CHERRY 81ENTR T26 C > . 
T26 C WE HAVE CONVERTED 2 POSS EVENTS TO .90 CL LIMIT. 

n ~ e + e -  p (1030 years) (P275 
T27 4(3) >26. CL=.90 PARK 85 CNTR N 

n ~ ~t + ~ -  P (1030 years) <P2B) 
T2B 4(7) >19. EL=.90 PARK 85 CNTR N 

n ~ e -  7r (1030 years) (P29) 

T29 2(A) >25, CL=.9D PARK 85 CNTR N 

B ~ ~ ~ 7T ( 1 0 3 0  years) (PSO) 
T30 2(3) >27. CL=.90 PARK 85 CNTR N 

H ~ e -  p (1030 years) (P31) 
T31 5(3) >12. CL=.90 PARK 85 CNTR N 

A ~ ~- p (1030 years) (P32) 

T32 2(2) >9. CL~.90 PARK 85 CNTR N 

N ~ 2 BODIES~ u- -FREE (103D years) (P6~P7+PB~P9) 
T33 0 >1.3 EL=.90 ALEKSEEV 81 ONTR P,N 

p MAGNETIC M O M E N T  ( e / 2 m p )  

MM I2.79276)(0.0000E) COHEN 65 RVUE 
MM (2.792782 0.000017) TAYLOR 69 RVUE USING NEW E/H 
MM A 2.7928458 .0000011 COHEN 73 RVUE 
MM A COHEN 73 HAVE MADE A CORRECTION (MULTIPLYING BY 1.0000256) OF THE 
MM R ORIGINAL DATA FOR DIAMAGNETIC SCREENING OF THE PROTON IN THE WATER 
MM A MOLECULE. MAMYRIN 03 REPORT THAT ACCOUNTING FOR NEW ATOMIC MASS 
MM A VALUES (AND OTHER CORRECTIONS] WILL REDUCE THE QUOTED VALUE BY 
MM A 1.000 O005375(WHICH WOULD GIVE 2.7928444 AFTER THE WATER 
MM A CORRECTION). 

MAGNETIC M O M E N T  ( e / 2 m p )  

MMI 0 (-1.85 (I,2) BUTTON 62 CMTR 
MMI R (~2.835 (0,105 FOX 72 CNTR 
MMI R (-2.8195 (0,0565 ROBERTS 74 DNTR 
MM1 2.791 0,021 BU 75 CNTR EXOTIC ATOMS 
MM1 R -2.017 0,048 ROBERTS 78 CNTR 
MMI 0 OLD EXPERIMENT WITH LARGE ERROR. ROT AVERAGED. 
MMI R ROBERTS 74 IS REANALYSIS OF FOX 72 DATA. REPLACES OLD FOX VALUE, 
MMI R ROBERTS 78 IS A REANALYGIS OF ROBERTS 74, 
MMI . . . . . . . . .  
MM1 AVG -2.795 0 . 0 1 9  AVERAGE 

p ELECTRIC DIPOLE M O M E N T  (units 10-ZGc-em) 

FORBIDDEN BY BOTH T INVARIANCE AND P INVARIANCE 

EDM IG (700.) (900.) HARRISOH 69 MBR 
EDM (55000.) OR LESS KHRIPLOVI 76 
EDM ~ (130.) (200.I WILKENING 84 [ 
EDM 900. 1400. WILKSNING 84 
EDM (400.) OR LESS DZUBA 85 THEO USE EDM OF 129XE 
EDM A FIRST WILKENING 84 NUMBER INCLUDES A FINITE SIZE EFFECT AND A 
EDM A MAGNETIC EFFECT; SECOND NUMBER IS MORE CAUTIOUS AND EXCLUDES FINITE 
EDM A SIZE EFFECT WHICH RELIES ON UNCERTAIN NUCLEAR INTEGRALS, 

p - e CHARGE DIFFERENCE (units e)  

SEE ALSO SECTION Q IN THE FULL LISTINGS FOR NEUTRONS BELOW, 

DQ S 1.0E-21 OR LESS DYLLA 73 NEUTRALITY OF SF6 
DQ (0.8E-215 OR LESS MARINELLI 84 RVUE 
DO O ASSUMES THAT Q(NEUTRON)=G(PROTON)-Q(E-). SEE DYLLA 73 FOR A 
DQ D SUMMARY OF EXPERIMENTS ON THE NEUTRALITY OF MATTER, 

BLEWITT 85 
DZUBA 85 
PARK 85 
MARINELL 84 
WILKENIN 04 
BARTELT 03 
BATTISTO 83 
MAMYRIH 83 
BATTISTO 82 
KRISHNAS 82 
ALEKSEEV 81 
CHERRY 81 
COWSIK 80 
BELL 79 
GOLDEN 79 
LEARNED 79 
BREENAN 78 
GANGULI 78 
ROBERTS 78 
EVANS 77 
ROBERSON 77 
KBRIRLOV 70 
HU 75 
ROBERTS 74 

ALSO 75 
COHEH 73 
DYLLA 73 
FOX 72 
BAMBERGE 70 
SIX TO 
HARRISON 69 

REFERENCES FOR p 

PRL 55 2114 
PL 1540 53 
PRL 54 22 
PL I~7B 439 
PR A29 425 
PRL S0 651 
PL 1330 454 
JETP 57 1152 
PL 1180 461 
PL 115B 349 
JETPL 33 651 
PRL 47 1507 
PR 022 2204 
PL 86B 215 
PRL 43 1196 
PRL 43 907 
PL 78B 174 
PL 74B 130 
PR D17 358 

(UCI+MICH+BNL+EIT+OLEV+HAWA+LOUCcWARSI 
DZUBA,FLAMBAUM,SILVESTROV (NOVO) 

(UCI+MICH+BNLeDIT¢CLEV÷HAWA÷LOUG*WARS) + 
MARINELLI,MORPURGO (GENO) 
WILKENING,RAMSEY,LARSOH IHARV~VIRG) 
+COURANT,HELLER,JOYCE,MARSHAK+ (MINN+AHL) 
BATTI~TONI,BELLOTTI+ (FRAS+MILA+LCGT+CERN) 
+ARUEV,ALEKSEENKO (IOFF) 
BATTISTONI,BELLOTTI+ (FRAS+MILA+LCGT÷CERN) 
KRISHNASWAMY,MENON,MONDAL~ (TIFR~OSKC+TOKY) 
+BAKATANOV,BUTKEVIDH,VOEVODSKII ÷ (LENI) 
+DEAKYNE,LANDE,LEE,STEINBERG + (PENN~BNL) 
R.COWGIK,V.S.NARASIMHAN (TIFR) 
*GALVETTI,CARRON,CHANEY,EITTOLIN+ (CERN) 
÷HORAN,HAUGER,BADHWAR,LACY+ (NASA*PSLL) 
+REINES,SONI (UCl) 
~CALVETTI,CARRON,CITTOLIN,HAUER,HERR+(CERN) 
+MALHOTRA,RAGHAVAN,SUBRAMANIAN + (TIFR) 
B. L. ROBERTS (WILL+RHEL) 

SCIENCE 197 989 +STEINBERG (BNL+PEMN) 
PR D16 1945 ÷KING,KUNSELMAN* IWYOM+CIT+CARN+VPI+WILL) 
JETP 44 25 I.B.KHRIPLOVICH (NUC.PEYS.INST.,SIBERIA) 
NP A254 408 +ASANO,CHEN,CHENG,DUGAN+ (COLU+YALE) 
PRL 33 1181 *COX,ECKHAUSE+ (WILL+VPI¢CARN+WYOM+CIT+BNL) 
PR 012 1232 ROBERTS,COX ~ (WILL+VPI~CARN+WYOM~CIT+BNL) 
J.PHYS.CHEM.REF.DATA 2, P,863, E.R.COHEN,B.N.TAYLOR 
PR A7 1224 H.F.DYLLA, J,G.KING (MIT) 
PRL 29 195 +BARNES,EISENSTEIN+(BNL+DARN+VPI+WILL*BYOM) 
PL 33B 233 BAMBERGER,LYNEN,PIEKARZ+ (MPIH÷CERN+KARL) 
THESIS CASE ; E DIX (CASE) 
PRL 22 1263 HARRISON,SANDARS,WRIGHT (CLARENDON OXFORD) 

TAYLOR 69 RMP 41 375 ÷PARKER,LANGENBER8 (PRIH+UCI+PENN) 
GURR 67 PR 158 1321 GURR,XROPP,REINES,MEYER (CASE,JOHANNESBURG) 

+DUMOND (N.AMER.AVIATION SCIENCE CENT.,CIT) COHEN 65 RMP 37 537 
BUTTON 62 OR 127 1297 J BUTTON,B MAGLIC (LBL) 
FLEROV 58 NOV PHYS DOK 3 79 FLEROV,KLDCHKOV,SKOBKIH,TERENTEV (USSR) 

QUANTUM HUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA LISTINGS 

KALOGERO 76 PRL 37 1037 KALOGEROPOULOS,CHIU,SUDARSHAN (SYRA÷TEXA)P 
FRANKLIN 77 PR 016 910 JERROLD FRANKLIN (HAIF)P 

i ( j p )  _ 1 ( 1 "+~ 
" " - E ' T  " 

M A S S  (MeV) 

MM T T (939.5527) (0.0052) TAYLOR 69 RVUE USING NEW E/H 
939.5731 0,0027 COHEN 73 RVUE 

M T (939.5730I (0.0026) GREENWOOD 80 CNTR N P --> D GAMMA 
M T THESE DETERMINATIONS OF NEUTRON MASS NOT INDEPENDENT OF 
M T NEUTRON-PROTON MASS DIFFERENCE MEASUREMENTS BELOW, 

/ i  - -  p M A S S  DIFFERENCE (MeV) 

M (I.29344) (0.00007) MATTAUCH 65 RVUE 
(I.293429)(0.0000365 COHEN 73 RVUE 

O M 1,293330 D.000040 VYLOV 78 CNTR N P --> D GAMMA 
M 1.293322 0.000017 GREENWOOD 80 CNTR N P 4-> D GAMMA 
M WE HAVE COBVERTED MEASURED NEUTRON-HYDROGEN MASS DIFFERENCE TO 

D M NEUTRON-PROTON MASS DIFFERENCE USING CURRENT VALUE OF ELECTRON MASS 
D M AND A HYDROGEN BINDING ENERGY OF 13.6 EV. 

AVG "1~2~3iG~ ~.60bDiG AVERAGE 



For notation, see key on page 91. 
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n 

n MEAN LIFE (units 103 see) 

THE ORIGIN OF THE DISCREPANCIES BETWEEN MEASUREMENTS OF THE 
NEUTRON MEAN LIFE IS NOT KNOWN. WE AVERAGE THE HIGHEST PRECISION 
MODERN EXPERIMENTS AND INCLUDE THE RESULTING SCALE FACTOR IN THE 
ERROR, AS USUAL. THE IDEOGRAM SHOWS THE INVERSE MEAN LIFE THE 
QUANTITY ACTUALLY USED N CALCULATING OUR AVERAGE VALUE. 

LIFETIMES FOR BOUND NEUTRONS ARE GIVEN IN THE PROTON MEAN LIVES 
SECTION 

(1.013) (0.026) SOSNOVSKI 59 CNTR 
(0.935) (0.014) CHRISTENS 67 CNTR REPL BY CHRISTENS72 
0.918 0,014 CHRISTENS 72 CNTR 

A 0.881 0.008 BONDARENK 78 CRTR 
0.937 0.018 BYRNE 80 CNTR 

(0.875) (0.095) KOSVINTSE BO CNTR 
B A (0.902) (0.010) WILKINSON 82 RVUE INFERRED VALUE 

INCLUDES CORRECTION FOR RECOIL PROTON SCATTERING SEE BONDARENKO 82. 
B RILKINSON 82 VALUE IN;ERRED FROM N DECAY CORRELATIONS. 

AVG 0.898 0.016 0.016 AVERAGE (ERROR INCL. SCALE FACTOR OF 2.4) 
(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
1.114 ± 0.019 (ERROR SCALED BY 2.4 ) 

1.00 105  t.10 

neutron decay rate (units 10 "a sac "1) 

2 
X 

' "  "8YRNE 80 CNTE 5 2 
"BONOARENK 78 CNTE 42 

' CHRISTENS 72 CNIR 22 

~ 116 
(Confidence Level = 0 003) 

I 
1.15 1 20 

n MAGNETIC MOMENT (NUCLEAR MAGNETONS, 938.2 MeV) 

MM (-1.913148 0.000066) COHEN 56 RVUE 
MM (-I.91304211 0.00000088) GREENE 77 MRS REPL. BY GREENE 79 
MM (-1.91304184 0.00000088) GREENE 79 MRS 
MM A -I,91304308 0.00000054 GREENE J 02 MRS REPLACES GREENE 79 ] 
MM A GREENE 82 MEASURES THE NEUTRON MAGNETIC MOMENT IN BOHR MAGNETONS 

I MM A TO BE 1.041 875 64E-3÷~0.000 000 26E-3. THE VALUE QUOTED ABOVE IS 
MM A OBTAINED BY MULTIPLYING BY M(PROTON)/M(ELECTRON)=1836.153000. 
MM A A MODIFIED VALUE WOULD BE OBTAINED USING A NEW UNPUBLISHED VALUE OF 
MM A 1836.152701) 

n ELECTRIC DIPOLE MOMENT (units 10-23e-cm) 

FORBIDDEN BY BOTH T INVARIANCE AND P INVARIANCE 

EDM M ( -20. )  (30.)  MILLER 67 MRS 
EDM +24. 39. SHULL 67 CNTR 
EDM M (50.)  OR LESS DRESS 68 MRS ABSOLUTE VALUE 

(5 . )  OR LESS BAIRD 69 MRS INCLUDED IN DRESS73 EDM 
EDM ~ 2. 39. APOSTOLES 70 MRS 
EDM O. 32 0.75 DRESS 73 MRS < 10"*-23 (CL~.80) 
EDM 0.04 0.15 DRESS 77 MRS < 3 E-24 (CLo.90) 
EDM A 0.040 0.075 ALTAREV 79 MRS < 1.6E-24 (CL=.90) 
EDM A 0.021 0.024 ALTAREV 81 MRS < 6 E-25 (CL=.9O) 
EDM M DRESS 68 INCLUDES DATA OF MILLER 67. 
EDM A ALTAREV 79 AND 81 USE ULTRACOLD NEUTRONS. 
EGM 
EDM AVG 0.025 0.023 AVERAGE 

n CHARGE 

SEE ALSO SECTION DQ IN THE FULL LISTINGS FOR PROTONS ABOVE 

NEUTRON CHARGE (UNITS 10"*-20 E) 
( -1 .5)  (2.2)  CL=.90 GAHLER 82 CNTR REACTOR N BEAM 

LIMIT ON n - ~  OSCILLATIONS 

NAN MEAN TIME FOR N-ANTIN TRANSITION IN VACUUM (UNITS SEC.) 
NAN TEST OF BARYON CONSERVATION. 
RAN LIMITS ARE DERIVED FROM EXPERIMENTAL LIMITS ON DELTA-B = 2 NUCLEAR 
NAN DECAY PROCESSES, USING THEORETICAL ASSUMPTIONS FOR NUCLEAR PHYSICS 
NAN EFFECTS. SEE ALSO THE THEORETICAL ANALYSIS OF DOVER, GAL, AND 
NAN RICHARDS, PR D27, 1090 (1983). SEE THE REVIEWS OF H.L. ANDERSON, 
RAN PROC. LASL CONF. ON NUCLEAR PARTICLE PHYSICS AT ENERGIES UP TO 31 
NAN GET, 1981. 

NAN ( I .E8)  OR MORE CHETYRKIN 81 THEO 
NAN (5.E?) OR MORE CL=.90 COWSIK 81 THEO 
NAN (3.E7) OR MORE ALBERICO 82 THEO 
NAN (2.E7) DR MORE CHERRY 83 CNTR+THY 
NAN (3.E7I OR MORE BATTISTON 84 CNTR 
NAN (2.7E7)TO 1.1E8 OR MORE JONES 84 CNTR+THY 
NAN ( I .E6)  OR MORE EL=.90 FIDECARO 05 CNTR FREE REACTOR N 
NAN 8,8E7 OR MORE EL=.90 PARK 85 CNTR÷THY 

n PARTIAL DECAY MODES 

DECAY MASSES 
DECAY MASSES 

n ~ p e - ~ e  P1 938..511+ 0 

P2 H ~ P Ve Ve 938~ O÷ 0 

n BRANCHING RATIOS 

n ~ (p Ve~e)/(p e -~  e) (P2) / Ip l )  
RI FORBIDDEN BY CHARGE GORSERVATION 
RI (3. E-19)OR LESS NORMAN 79 CHTR RB8?-->SR87M+NEUYRL 
RI 9. E-SA OR LESS BARABANOV 80 CNTR GA71-->GE71 + ANY 
RI (7.9B-21)0R LESS VAIDYA 83 CNTR RB87-->SR87M+NEUTRL 
RI R (9.7E-18)OR LESS CL=.90 ROY 83 CNTR 
RI R CD113 - > IN113M + NEUTRALS 

NOTE ON BARYON DECAY PARAMETERS 

A / V  ratio for baryon leptonic decays 

Consider the decay 

Bi--*-Bf + C + v .  

Assuming V, A theory, neglecting "induced" scalar, 
"induced" pseudoscalar, and axial weak-magnetism 
terms, and neglecting the q2 dependence of  the form 
factors, the baryon part of  the matrix element for these 
decays may be written as 1 

Bf [3"x(gv - gA "/5 ) + (gw/mBi)°~V qv]Bi " 

Here B i and B f  are spinors which represent initial and 
final baryons, gA and gv are the axial and vector cou- 
pling constants, gw is the weak magnetism coupling 
constant, and qv is the sum of the lepton momenta. 
The Pauli representation is used for the "y matrices. The 
ratio gA/gv may be written as 

gA/gv = I gA/gv ]exp(iq~), 

where q~ is 0 plus nTr if  time reversal holds. 2 
Experiments on the leptonic decays of  baryons other 

than the neutron have generally assumed q~ to be either 
0 or 7r, and have thus measured the magnitude and sign 
°fgA/gv" In studying neutron beta decay, however, 
experiments have been sensitive enough to measure (~ 
more precisely, and we include the phase angle in our 
Listings for this case. It is consistent with time-reversal 
invariance, and by using the above definition of  the 
matrix element with the Pauli representations, the value 
of  gA/gv in neutron beta decay is negative. 
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Due to statistical limitations, the weak magnetism 
form factor gw is usually assumed from CVC and 
SU(3), so that usually only gA and gv  are determined 
experimentally. This determination is accomplished in 
a variety of ways: 

(a) The lepton-neutrino angular Correlation provides 
a measure of the absolute value ofg A /gv  (for relevant 
formulas, see, e.g., Alhright3). 

(b) The up-down asymmetry of the lepton from 
polarized baryon decays provides a measure of gA/gY 
with its sign (for relevant formulas, see, e.g., Albright3). 

(c) The lepton spectrum, given enough statistics, pro- 
vides a measure ofg A /gv  with its sign (for relevant for- 
mulas, see, e.g., Bender et al.4). The lepton spectrum 
also provides a measure o fgw/g  A if the CVC-SU(3) 
assumption is relaxed. 

(d) The polarization of the decay baryon, from polar- 
ized or unpolarized initial baryon, also provides gA/gv 
with its sign (for formulas, see, e.g., Willis and Thomp- 
sonS). 

(e) The presence of a triple correlation term propor- 
tional to 

~rB i'(pe ×Pv) ' 

where the initial baryon is polarized or 

~Bs-(p ~ ×p) ,  
where the polarization of the decay baryon is observed 
provides a measure of the deviation of 4) from 0 or 7r, 
and is thus a test of time-reversal invariance (see, e.g., 
Willis and ThompsonS). 

We compile the ratio gA/gv with its sign, for those 
decays for which it has been measured. 

All the coupling constants and decay rates for baryon 
leptonic decays are related by Cabibbo's theory, 6 
extended to six quarks (and three mixing angles) by 
Kohayashi and Maskawa. 7 A discussion of the 

Kohayashi-Maskawa mixing matrix is given in the Mis- 
cellaneous Section of this Review. 

Asymmetry parameters in nanleptanic hyperon decays 

The transition matrix for hyperon decay may be 
written as 

M = s +p(a -q) ,  (1) 

where s and p are the parity-changing and the parity- 
conserving amplitudes, respectively; ~ is the Pauli spin 
operator, and q is a unit vector along the direction of 
the decay baryon in the hyperon rest frame. 

The asymmetry parameters are defined by the rela- 
tions 

a = 2 Re(s*p)/(Is 12+ JP 12), 

= 2 Im(s*p)/(Is [2+ ]p 12), 

V = ( ]s l  2 -  ]p lZ)/([s [2+ ]p[2) .  

With the transition matrix M given by Eq. (1) above, 

the angular distribution of the decay baryon, in the 
hyperon rest system, is of the form 

I = l + a P y . q ,  

where P y  = (Y ]a I Y) is the hyperon polarization. In 
the notation of Lee and Yang, 8 the polarization PB of 
the decay baryons is 

(a + Py-q)q + 3(Py×q) + 7 q x ( P r x q )  
P B =  1 + aPy.q 

where PB is defined in that rest system of the baryon 
obtained by a Lorentz transformation along q from the 
hyperon rest system in which q and P y  are defined. 
Note that a is the helicity of the decay baryon for unpo- 
larized hyperons. 

The three parameters a, 8, and ~ satisfy the relation 

a2 +f12 +3" 2 =  1. 

It is then convenient to describe hyperon nonleptonic 
decays in terms of the two independent parameters a 
and the angle 4~ defined by 

fl ~ (1 -a2)l/2sin~b, 

3" ~ (1 -- o~2)1/2COS q5 , 

which has a more nearly Gaussian distribution of meas- 
urement error than 3 or 3". Evidently 

- ~ - T r ~  ~ r  for 3 ' > 0 ,  

3 + ½ ~ r ~ < q ~ < ~ r  for 3 " < 0  I 

In discussing time-reversal invariance, the quantity of 
interest is A, defined by 

,x = 21s [ [p l cosa/(ls12 + lp [2), 

3 = - 2 h s  I [p[ sinA/([s [2+ IP 12); 

that is, A is the phase angle of s relative to p. Evidently 

2 ~ - ~ r  f o r a > O ,  

3 + _l--Tr ~< A ~ for a < 0 
2 m 



For notation, see key on page 91. 

Under the assumption of time-reversal invariance, the 
angle A must satisfy the relation 

A = 6 s - (Sp , 

modulo 7r, where 6s and 6p are the pion-baryon scatter- 
ing phase shifts at the appropriate energy and for the 
appropriate isospin state. For A decay, assuming the 
validity of the [ A/I = V2 rule, 

A = 6  s - ~ p  = ( 7 . 0 - + l . 0 )  deg. 9 

In the Stable Particle Full Listings we give a and (b for 
each decay since they are the most closely related to the 
experiments and are essentially uncorrelated. Whenever 
necessary we have changed the signs ofthe reported 
values, so as to agree with our conventions. In the 
Stable Particle Summary Table we give a, q~, and A with 
errors; and for convenience we also give the central 
value of 7, without an error. 
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DECAY PARAMETERS FOR n ~ p e - p  

gA/gv (see note above for sign convention) 
AVc  (-1.250) (0.044) CORFORTO 67 RVUE SEE NOTE C BELOW 
AV EP (-I.23) (0.01) CHRISTENS 67 CNTR N DECAY FT VALUE 
AV P (-1.22) (0,08) GRIGOREV 68 ENTR E-NU ASS CORREL 
AV P (-I.26) (0.02) CHRISTENS 70 CNTR PE,NEUT SPIN CORREL 
AV EP (-1.27) (0.025) EROZOLIMS 71 CNTR REPL.BY EROZOLIMS79 
AV EP (-1.239) (0.011) CHRISTENS 72 CNTR N DEC.* FT VALUE 
AV Pp (-1.263) (0.016) KROPF 74 RVUE N N DECAY ALONE 
AV -I.250 0.009 KROPF 74 RVUE DEC,4 FT VALUE 
AVE (-1.250) (0.036) SOBROZEMS 75 CNTR REPL,BY STRATOWA 78 
AV K -1.253 0.021 KROHN 75 CNTR PE,NEUT SPIN CORREL 
AV (-1.263) (0.015) EROZOLIMS 77 CNTR REPL,BY EROZOLIMS79 

-1.259 0.017 AVE STRATOWA 78 ONTR PROTON RECOIL SPECT 
AVE -1.261 0.012 EROZOLIMS 79 CNTR PE,NEUT SPIN CORREL 
AV -1,226 0.042 HOSTOVOY 83 RVUE 
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AV C CON~ORTO 67 COMBINES FREE NEUTRON DATA TO 1967. REPL. BY KROPF 74. 
AVE THESE EXPERIMENTS MEASURE THE ABSOLUTE VALUE OF SA/EV ONLY 
AV P KROPF 74 VALUE OBTAINED BY FITTING ALL DATA THROUGH 1972. 
AV K KROHR 75 PAPER GIVES - I .25B÷-.015 INCLUDING EVENTS O; CHRISTENS 70. 
AV K THE VALUE QUOTED ABOVE IS DERIVED FROM HIS A,BASED ON NEW EXPT ONLY 
AV . . . . . . . . .  
AV AVG 1.2539 0.0063 AVERAGE 

PHASE ANGLE OF gA RELATIVE TO gv (degrees) 
F TIME REVERSAL INVARIANCE WOULD REQUIRE THIS TO BE O OR 180 DEGREES 
F P (175.) (10,)  BURGY 60 CNTR POLAR. NEUTRONS 
F P (198.) (27.) CLARK 60 CNTR POLAR. NEUTRONS 

~ (176.1) (6,A) EONFORTO 6T RVUE 
(181.3) (1.3) EROZOLIMS 70 ENTR POLAR. NEUTRON 
180.35 0,63 EHOZOLIMS 74 CNTR POLAR. NEUTRONS 

P 181.1 1,3 KROPF 74 RVUE N DECAY 
180.14 0.22 STEINBERG 74 CNTR POLAR, NEUTRONS 
179.71 0.39 EHOZOLIMS 78 CNTR POLAR. NEUTRONS 

F C CONFORTO 67 COMBINES FREE NEUTRON DATA TO 1967. RERL. BY KROFF 74. 
F P KROPF 7A VALUE OBTAINED BY FITTING ALL DATA THROUGH 1972. 
F 
F AVG 180.11 0.17 AVERAGE 

TRIPLE CORRELATION COEFFICIENT 
Dl DI MEASURES COMPONENT OF NEUTRON SPIN PEHPENuiCULAR TO THE DECAY 
DI PLARE IN BETA DECAY. SHOULD BE ZERO IF T-INVARIANCE NOT 
DI VIOLATED. SEE NOTE ON BARYON DECAY PARAMETERS ABOVE. 
01 -0.01 0.01 EROZOLIMS 70 CNTR POLAR, NEUTRONS 
01 E -0.0027 0.0050 EROZOLIMS 74 CNTR POLAR. NEUTRONS 
DI E -0.0011 0.0017 STEINBERG 74 CNTR POLAR. NEUTRONS 
DI +0.0022 0.0030 EROZOLIMS 78 CNTR POLAR. NEUTRONS 
01 E EROZOLIMSKII 78 SAYS ASYMMETRIC PROTON LOSSBS AND NON-UNIFORM BEAM 
DI E POLARIZATION MAY GIVE SYSTEMATIC ERROR UP TO 0,008, THUS INCREASING 
DI E THE EROZOLIMSHII 74 ERROR TO 0.005 . STEINBERG 74, 76 ESTIMATES 
DI E THESE SYSTEMATIC ERRORS TO BE INSIGNIFICANT IN THEIR EXPERIMENT. 
01 . . . . . . . . .  
01 AVE -0.0007 0.0014 AVERAGE 

COHEN 56 
SOENOVSK 59 
BURBY 60 
CLARK 60 

MATTAUCH 65 
CHRISTEN 67 
CONFORTO 67 
MILLER 67 
SHULL 67 
DRESS E8 
GRIGOREV 68 

BAIRD 69 
TAYLOR 6R 
APOSTOLE 70 
CHRISTEN 70 
EROZOLIM 70 

ALSO 

EROZOLIM 71 
CHRISTEN 72 
COHEN 73 
DRESS 73 
KROPF 76 

ALSO 70 

EROZOLIM 74 
ETEINBER 74 

ALSO 76 
DOBROZEM 75 
KROHN 75 

DRESS 77 
EROZOLIM 77 
GREENE 77 
ERDEOLIM 70 
STRATOWA 78 
BONSAREN 7E 

ALSO 82 
VYLOV 78 

ALTAREV 79 
EROZOLIM 79 
GREENE 79 
NORMAN 79 

BARABANO 80 
BYRNE 80 
GREENWDO 80 
KOSVINTS 80 

ALTAREV 
CHETYRKI 
COWSIK 
ALSERICO 
BAHLER 
GREENE 
WILKINSO 82 
CHERRY 83 
MOSTOVOY 83 
ROY 83 
VAIDYA 83 
OATTISTO 84 
JONES 84 
FIDECARO 85 
PARK 85 

JACKSON 
COHEN 
BHALLA 
BYRNE 
FRANK 
WILKINSO 

PR 104 283 
JETP 9 717 
PR 120 1829 
CJP 38 693 

NP 67 1 
PL 268 11 
APAH 22 15 
PRL 19 381 
PRL 19 384 
PR 170 1200 
SJNP 6 239 

PR 179 1285 
RMP 41 375 
HRP 15 343 
PR CI 1693 ' 
SJNP 11 583 
PL 27B 557 

JETPL 13 252 
PR 05 1628 

REFERENCES FOR n 

V W COHEN, CORNBOLD, RAMSAY (SNL÷HARVARD) 
SOENOVSKII,SPIVAK,PROKDFEV ~ (IAE MOSCOW) 
+KROHN, NOVEY,RINGO (ANL+CHIC) 
+ROBSON 

+THIELE,WAPSTRA (MAX PLANCK IRST.CHEM.) 
CBR I STENSEN, N( ELSON, BAHNSEN, BROWN+ (RISO) 
G. CONFORTO (CERN) 
~DREGS,BAIRD, RAMSEY (ORNL÷HARV) 
C.G.SHULL, R. NATHANS (MIT+BNL) 
+BAIRD, M( LLER,RAMSEY (OHNL÷HARV) 
+GRISHIR,VLASIMIRSKII,NIKOLAEVSKII + (ITEP) 

+MILL ER, DRESS, RAMSEY (ORNL, HARV ) 
+PARKER, LANGENBERG (PRI N÷UCI+PENN) 
APOBTOLESCU, ISNESCU, IDNESCU-BU JOR + (SUCH) 
CHRISTENSEN, KROHN, R I NGO (ANL) 
EROZOL IMSK I ,  BONOAR ENKO, + (KIAE) 
EROZOL IMSKY, BONSARENKO + (KIAE) 

EROZOL IMSK I I ,  BONDARENRO + (KIAE) 
CHR I STENGEN, N I ELSON, BASNSEN, BROWN* (RISO) 

J.PHYS.CHEM,REF.DATA 2, P.663, E.R.COHEN,B.N.TAYLOR 
PR D7 3147 
ZPHY 267 129 
NP A156 160 

JETPL 20 345 
PRL 33 41 
PR D13 2469 
PR 011 510 
PL 55B 175 

PR 015 9 
JETPL 23 663 
PL 71B 297 
SJNP 28 48 
PR D18 3970 
JETPL 28 303 
SMOLENICE CONF. 
SJNP 28 585 

JETPL 29 730 
SJNP 30 356 
PR 020 2139 
PRL 43 1226 

JETPL 32 359 
PL 928 274 
PR C21 498 
JETPL 31 236 

81PL I02B 13 
81 PL 998 350 
BI PL I018 237 
82 PL 114B 200 
82 PR 025 2887 
82 METROLOGIA 10 93 

DRESS,MILLERtRAMSEY (ORNL*HARV) 
A KROPF,H PAUL (LINE) 
H PAUL (VIEN) 

EROZOLIMSKII,MOSTOVOI,FEDUNIN,FRANK+ 
STEINBERG,LIAUD,VIENON,HUGHES (YALE+GREN) 
STEINBERG,LIAUD,VIGNON,HUEHBS (YALE~GREN) 
DOSROEEMSKY,KERSCHBAUM,MORAW,PAUL + (SEIB) 
KROHN,RINGO (ANL) 

+MILLER,PENDLEBURY,PERRIN+ (ORNL+SREN+HARV) 
EROZOLIMSKII,FRANK,MOSTOVOI+ (KIAE) 
+RAMSEY,MAMPE+ (HARV+ILLG+SUSS+ORNL+CENG) 
EROZOLIMSKII,MOGTOVOI,FEDUNIN,FRANK+ (KIAE) 
÷DOSROZEMSKY,WEINZIERL (SEIB) 
BORDAREHKO,KURGUZOV,PROKOFEV+ (KIAE) 
L.N,SONDARENKO (KIAEI 
+GROMOV,IVANOV,OSIPENKO,FROLOV (JINR) 

+BORISOV,BRARDIN,EGOROV,EZHOV,IVANOV+(LEN() 
EROZOLIMSKII,FRANK,MDSTOVOI* (KIAE) 
~RAMSEY,MAMPE+ (HARV+ILLG÷SUSG+ORNL÷EENG) 
E.B.NORMAN, A.G.SEAMSTER (WASH) 

BARABANOV,VERETENKIN,GAVRIN + (LEN() 
+MORSE,GMITH,SHAIKH,GREEN,SREENE (SUSS+RL) 
R.C.GREENWOOD,R.C.CHRIEN (INEL+BNL) 
KDSVINTGBV,KUSHNIR,MOROZOV,TERERHOV (JINR) 

+BORISOV,BOROVIKOVA,BRANBIN,EGOROV + (LENI) 
CHETYRKIN,KAZARNOVSKY,KUZMIN÷ (INRM) 
COWSIK,NUSSINOV (UMD) 
~BOTTINO,MOLINARI (EERN+TORI) 
+KALUS,MAMPE (BAYR÷ILLG) 
÷RAMSEY+ (YALE÷HARV+ILLG÷SU$S+ORNL+CENG) 

NP A377 474 
PRL 50 1354 
JETPL 37 196 
PR 028 1770 
PR D27 486 
PL 1388 454 
PRL 52 720 
PL 1568 122 
NP B252 261 

57 PR 106 517 
65 RMP 37 537 
66 PL 19 691 
82 RPP 45 115 
82 SPU 25 280 
82 NP A377 474 

D,H.WILKINSON (SUSS+BNL) 
+LANSE,LEE,STEINBERB,CLEVELAND (PENN*BNL) 
YU.A,MOSTOVOY (KIAE) 
÷VAIDYA,EPHRAIM,DATAR,BHATKI+ (TIFR) 
+ROY,EPHRAIM,DATAR,OHATTACEERJEE (TIFR) 
BATTISTONI,BELLOTTI+ (FRAS+MILA+LCGT+CERN) 
IMB COLLABFUCI+MICH+BNL+CIT*CLEV*HAWA+LOUC) 
• LANCERI+ (CERN+ILLG+PADO÷RAL+SUSS) 
IMB COLLAB(UEI+MICH+BNL+CIT*CLEV+HAWA÷LOUC) 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

JACKSON,TREIMAN,WYLD (PRINCETON) 
÷SUMOND (N.AMER.AVIATION SCIENCE CENT.,CIT) 
C P BHALLA (ALABAMA) 
J.BYRNE (SUES) 
A.I.FRANK (KIAE) 
WILKINSON (SUSS) 
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STRANGENESS - -  1 BARYONS 

~ - ]  I(S p) = o(½ ) + 

A M A S S  (MeV) 

SINCE OUR FINAL VALUES FOR THE SIGMA AND LAMBDA MASSES COME FROM 
DOING AN OVERALL FIT TD ALL MEASURED MASSES AND MASS DIFFERENCES, 
WE HAVE USED THE UNEORRELATED MEASUREMENTS FROM SCHMIDT 65 RATHER 
THAN THE ONES COMING FROM ~HE OVERALL FIT REPORTED IN THAT PAPER. 
SINCE THERE SEEMS TO BE NO CONVINCING ARGUMENT AS TO WHY ONE SHOULD 
IGNORE DATA USING RANGE MEASUREMENTS, WE HAVE INCLUDED HERE VALUES 
DEPENbING ON PROTON AND PION RANGES. THE SCHMIDT 65 MASSES HAVE 
BEEN REEVALUATED USING OUR APRIL 1973 PROTON AND K~- AND PIT- 
MASSES. P. SEHMIDT, PRIVATE COMMUNICATION, (1974). 

1115.44 0.12 BHOWMIK 63 RVUE + SEE NOTE L BELOW 
ABOVE LAMBDA MASS HAS BEEN RAISED 35 KEV TO ACCOUNT FOR 46 KEV 
INCREASE IN PROTON MASS AND 11 KEV DECREASE IN PI÷- MASS. 

S 635(1115.86) (0.09) BALTAY 65 HBC ERROR IS STATIS. 
488 1115.65 0.07 SCSMIDT 05 HBC SEE NOTE N 

S 1147(1115,74) (0.04) CHIEN 66 HBC 6.9 PBAR P 
S 972(1115.69) (0.05) CBIEN 66 HBC 6.9 PBAR PANT]L 

1115.6 0.4 LONDON 66 HBC 
(1116.0) (0.2) BADIER 67 HBC 2.4 PSAR P,LLBAR 

195 1115.39 0.12 MAYEUR 67 EMUL 
1524(1115.52) (0.05) BOHM 70 EMUL 
955 1115.59 0,00 HYMAN 72 HEBC 
AVERAGE OF VERY INCONSISTENT DATA, ERROR STATISTICAL ONLY. AUTHORS 
DETECT SYSTEMATIC EFFECT OF ABOUT .15 MEV, WHICH THEY ATTRIBUTE 
TO ERROR IN RANGE-ENERGY RELATIONS, IN REGION BETA=0.6-0.7. 
THIS EFFECT, IF CONFIRMED, WOULD AFFECT VERY LITTLE THE VALUES OF 
BHOWMICK 63 AND MAYEUR 67. 
ERROR PURELY STATISTICAL. 

AVG 1115.566 0.056 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 
FIT 1115.596 0.046 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1,2) I 

(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
1115.566 ± 0 . 0 5 6  (ERROR SCALED BY 1.3 ) 

l ighted average, error, 
based upon 15e data in 

They are not neces- 
s our "best"  values, 
-squares constrained fit 
mrs of other (related} 
~a[ information. 

1115.0 1115.4 

A mass (MeV) 

2 
X 

72 HEBC 0 1 
67 EMUL 22 
66 HBC 
05 HBC 114 
63 RVUE 

4 8  
nfldence Level ~ O 108) 

1115.8 11162 

A - &  M A S S  DIFFERENCE (MeV) 

DM TEST OF CPT 
DM 0.05 0.06 ERIEN 66 HSC 6.9 PBAR P 

0.29 0.15 BADIER 67 RBC 2.4 PBAR P DM 
DM ......... 
DM AVG 0.083 0.083 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5) 

A MEAN LIFE (units 10 -10 sec) 

0 188 (2.63) (0.21) (0.21) BOLDT 58 CC 
0 825 (2.72) (0.16) (0.16) CRAWFORD 59 HBC 

T 0 140 (2.72) (0.29) (0,27) BOWEN 60 DC 
T 0 186 I2.60) (0.28) (0.20) CHANG 62 HBC 
T 0 799 (2.69) (0.11) (0.11) HUMPHREY 62 HBC 

0 2239 (2.36) (Om06) (0.06) BLOCK 63 HEBC 
0 706 (2.76) (Om20) CHRETIEN 63 HLBD 

T 0 794 (2.59) (0.09) HUBBARD 64 HBC 
0 2260 (2.31) (0.10) KREISLER 64 OSPK 
0 1378 (2.5R) (0.07) SCHWARTZ 64 HBC 

T 0 635 (2,51) (0.16) BALTAY 65 HBC 
T 0 2554 (2.6) (0.1) HILL 65 OSPK 
T 0 916 (2.35) (0.09) BURAN 66 HLBC 
T S 1147 (2.50) (0.14) CHIEN 66 HBC 
T S 972 (2.70) (0.20) CHIEN 66 MBC 

0 2215 (2.452) (0.056) (O.054)ENGELMANN 68 HBC 
0 585 (2.6S) (0.13) (0.11) AUERBACN 67 OSPK 

6.9 PBAR P 
6.9 PBAR P,ANTI 

0 (2.&4) (0.15) BADIER 67 HBC 2.4 PBAR P 
0 (2.55) (0.15) BADIER 67 HBC 2.4 FBAR P,ANTIL 

T 0 8342 (2.535) (0,035) GRIMM 68 HBC 
T 0 2600 (2.47) (0,00) HEPP 68 HBC 
T 0 1059 (2.39) (0.10) DEMIDOV 70 HLBC PI-P, 3.86 GEV/C 
T 0 4572 (2.54) (0.04) BALTAY 71 HBC K-P A] REST 
T 0 6582 (2,69) (0.05) AL~HOFF2 73 OSPK PI~N ~0 K*LAMRDA 
T 36K 2.626 0.020 POULARD 73 HBC K-R,KMOM .4T02.3 
T 34K 2.611 0,020 CLAYTON 75 ESC K-P,KMOM .96-1,4 
T 55K 2.69 0.03 ZECH 77 SPED NEUTRAL HYP. BEAM 

0 OLD LOWER STATISTICS EXPERIMENTS NOT INCLUDED IN AVERAGE. 
S ERROR PURELY STATISTICAL. 

T ......... 
T AVG 2.632 0.020 0.020 AVERAGE (ERROR INCL. SCALE FACTOR OF 1.6) 

(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
0 .3799  ± 0 . 0 0 2 9  (ERROR SCALED BY 1.6 ) 

0 .365  O.375 0 .385  

A decay  rate (units 101° sac "1) 

X2 

' ' ' ZECH 77 SPEC ~ "  
• ' CLAVTON 75 HBC ' 1 

. . . .  POULARD 73 HBC 0 1  

i Conf 5.1 ( ,deriDe Level = 0 079] 

0 3£5 

(A--&)/AVG., MEAN LIFE DIFFERENCE 

DT TEST OF CPT 
DT 0.044 0.085 BADIER 67 HBC 2.4 PBAR P 

A MAGNETIC M O M E N T  (MAGNETONS,  938.26 MeV) 

MM -1.5 0.5 COOL 62 OSPK 
MM 0.0 0.6 KERNAN 63 GC 
MM 8553 -1.39 0.72 ANDERSON 64 HBC 
MM 151 -0.5 0.28 CHARRIERE 65 EMUL 
MM 49 (-O.G7) (0.31) (0.37) BARKOV 71 EMUL PRELIM. RESULT 
MM 1300 -0.66 0.07 DAHLJENSE 71 EMUL HAG FIELD=2OOKG 
MM 3868 -0.73 0.18 HILL 710SPK 
MM 57 -0.65 0.28 BARKOV 72 EMUL INCLUDES BARKOV 71 

1,2M -0.57 0.05 BUNCE 76 SPED MM 
MM 550K -0.59 0.07 HELLER 77 SPEE 
MM 3M -0.6138 0.0047 SCHACHING 78 SPED 
MM 200K -0.606 0.015 COX 81 SPEC 
MM ......... 
MM AV6 -0,613D 0.0044 AVERAGE 

A ELECTRIC DIPOLE M O M E N T  (units 10-14e-cm)  
NONZERO VALUE IMPLIES VIOLATION OF T AND P 

EDM (5.0) OR LESS 0L=.95 GIBSON 66 EMUL 
EDM B (1.0) OR LESS CL=.95 BARON( 71 EMUL 
EDM P 0,015 OR LESS CLo.95 PONDROM 01 SPED 
EDM B BARONI MEASURES (-5.9.-2.9)'I0"*-15 E CM 
EDM P PONDROM 81 MEASURE (-3.0*-7.4)*10**~17 E CM . 

A PARTIAL DECAY M O D E S  

DECAY MASSES 

Pl A ~ p~r- 938+ 14D 

P2 A ~ n ~0 940+ 135 

P3 A ~ p ~- p 938+ 106+ O 

P4 A ~ p e-- ~ 958+.511+ 0 

P5 ~ ~ pT{'- ~ 938* 140+ O 

A BRANCHING RATIOS 

A ~ C" ~ - ) / ( ( P  ~ - ) + ( n  ~e)) (pl)/(Pl+p2) 
RI 0.627 0.031 CRAWFORD 59 HBC 
RI 0.65 0.05 COLUMBIA 60 HBC 
R1 U (0.685) (0.017) ANDERSON 62 HBC 
RI 903 0,643 0.016 HUMPHREY 62 HBC 
RI U 6736 0.635 0,007 DOYLE 69 HBD PI-P TO LAM. KO 
RI 4572 0.646 O.OOB BALTAY 71 HBC K-P AT REST 
RI U ANDERSON RESULT NOT PUBLISHED, EVENTS ADDED TO DOYLE SAMPLE. 
RI ......... 
R1 AVG 0,6399 0.0049 AVERAGE 
R1 FIT 0.6419 0.0049 FROM FIT 



For notation, see key on page 91. 

A ~ (n =o)/((p ~ - )+ (n  ~o)) (Pz)//Pl+P2) 
82 0.23 0.09 EISLER 57 HLBE 
R2 0,43 0.14 CRAWFORD 59 HBC 
82 0.28 0.08 BAGLIN 60 HLBC 
82 0.35 0.05 BROWN 63 HLBC 
R2 75 0.291 0.034 EHRETIEN 63 HLSC 
R2 ......... 
R2 AVG 0.304 0.025 AVERAGE 
82 FIT 0.3581 0.0049 FROM FIT 

A ~ (p e -  v)/total (units 1O -3) (P4) / (P I÷P2)  
R3 0 15 (2.0) (0.5) HUMPHREY 61 RVUE 
E3 0 8 (2.9) 11.5) (1.2) AUBERT 62 FBC 
83 N 150 (O.BE) (0.12) ELY 63 FBC K- AT REST 
R3 N 102 10.78) 10.12) (0.13) BAGLIN 64 FBC K- AT 1.45 GEV/C 
R3 0 20 11.55) (0.34) LIND 64 HBC 
83 N 143 (0.80) (0.08) MALONEY 69 HDC 
83 N 86 (0.78) (0.09) CANTER 71 BBC K-P AT REST 
83 N 218 (0.88) 10.10) LINDQUIST 710BPK PI- P TO KO LAM 
R3 N THESE VALUES HAVE BEEN CHANGED BY US INTO RATIOS TO PROTON PI-, 
R3 N BECAUSE THAT IS THE DIRECTLY MEASURED QUANTITY. SEE R5 BELOW 
R3 0 LOW STATISTICS EXPERIMENTS. NOT AVERAGED 

A ~ (p # -  v)/total (units 10 4) (P3)/(PI+P2) 
84 1 (0.2) OR MORE GOOD 62 HBC 
84 1 11.0) OR LESS ALSTDN 63 HBC 
R4 2 11.0) OR LESS HERMAN 64 FBE 
RA BETWEEN 1.3 AND 6.0 LIND 64 HBC 
84 3 1.3 0.7 LIND " 84 RVUE 
84 2 1.5 1.2 RONNE 64 FBC 
H4 9 2.4 0.8 CANTERI 71 HBC STOPPED K-P 
84 I~ 1.4 0.5 BAGGETT2 72 HBC STOP K- 
R4 ......... 
R4 AVE 1.57 0.35 AVERAGE 

A ~ (p e -  v ) / ( p ~ r - )  (units 10 -~) (PA) / (P1)  
RE 150 1,23 0.20 ELY 63 FBC 
85 120 1.17 0.18 BAELIN 64 FEE 
85 143 1.20 0.12 MALONEY 69 HBC 
R5 1078 1.31 0.06 ALTHOFFI 71 OSPK 
R5 C 86 1.17 0.13 CANTER 71 HBC K-R AT REST 
85 LC 218 11.32) (0.15) LINPQUIST 710SPK PI-P TD KO LAM 
85 I089 1.27 0.07 KATZ 73 HBC 
R5 L 544 1.23 0.11 LINBQUIST 77 SPEC PI-P TO KO LAM 
R5 I0R 1.313 0.024 WISE 80 SPEE 
85 7111 1.335 0.056 BOURQUIN 03 SPEC SPS HYPERON BEAM 
85 C CALCULATED BY US FROM R3 ASSUMING THE AUTHORS USED (P PI-)/TDT=2/3 
R5 L LINDDUIST 77 INCLUDES DATA OF LINBQUIST 71. 
R5 . . . . . . . . .  
R5 AVG 1.301 0.019 AVERAGE 

~ ( p ~ - ~ ) / ( p ~ - )  (chits tO - 3 )  (PS)/(P1) 
R6 72 1.32 0.22 BAGGETT3 72 HBC PI- MOM LT 95 MEV/C 

A DECAY PARAMETERS 

SEE NOTE ON BARYON DECAY PARAMETERS IN NEUTRD~ SECTION ABOVE. 

~_  (~ ~ ~--- p )  

~ 1156 0.62 0,07 CRONFN 63 CNTR LAMBDA FROM PI-P 
(0.663) (0.022) BERGE 66 RVUE INCLUDES ABOVE 

A- 10130 0.048 0,0~7 OVERSETH 67 OSPK LA~BDA FROM PI-P 
A- M 2529 (0.747) (0,086) MERRILL 60 HBE REPL BY DAUBER 68 
A- 3520 0.67 0.06 DAUBER 69 HBC FROM XI DECAY 
6- 10325  0.649 0.023 CLELAND 72 ~SPR LAMSDA FROM PI-P 
A- 8500 0.584 0,046 ASTBURY 75 SPEC LAMBDA FROM PI-P 
~: ......... 

AVG 0.642 0.013 AVERAGE 

~O/~-- FOR A (A ~ ~'Da/A -- ~--p) 

AO 1,10 0,27 CORK 60 CNTR 
AO 0 4760 ).0DO 0.068 OLSEN 70 OSPK PI+N TO K+ LAMBDA 
AO 0 DONE BY COMPARING PROTON DISTR.WITH N DISTR. FROM LRMBOA DECAY. 
AD . . . . . . . . .  
AO AVG 1.006 0.066 AVERAGE 

~(X)/~(A) 
AL TEST OF CP 
AL A IOK ~I.04 0.29 CHAUVAT 85 CNTR PP, PBAR P ISR 
AL A ASSUMES POLARIZATION IS SAME IN PEAR P TO LAMBDABAR X AND P P TO 
AL A LAMBDA X, TESTS OF THIS ASSUMPTION, BASED ON C-INVARIANCE AND 
AL A FRAGMENTATION, ARE SATISIFIED BY THE DATA. 

ANGLE (degrees) ( t a ~ / ~ )  
;- 1156 13.0 17.0 CRONIN 65 VSPR LAMBSA FROM PI~P 
F- 10130 -B.O 6.0 OVERSETH 67 OSPK LAMBDA FROM PI-P 
~ 7377 (~9.2) (5.2) CLELAND 67 OSPK REPL BY CLELAND 72 

10325 -7 .0  4 .5  CLELAND 72 OSPK LAMSOA FROM ~3-9 
F- . . . . . . . . .  
F- AVE -6.5 3.5 AVERAGE 

g ~ / g v  FOR A ~ p e -  v 
AV (FOR SIGN CONVENTION, SEE NOTE ON BARYON DECAY PARAMETERS IN 
AV NEUTRON SECTION ABOVE.) 

LIND 64 HBC AV C 22 (-I.03) 
AV C 102 (0.6) OR MORE BAGLIN 65 HLBC NO SIGN GIVEN 
AV C BETW 0. ADD -1.1 SARLOW 65 OSPK 
AV C 102 (0.7) OR MORE CL=.95 ELY 65 HLBC ABE. VALUE 
AV C EXPERIMENTS INCLUDED IN CONFORTO E5, RVUE 
AV -I.14 0.23 0.33 CONFORTO 65 RVUE 
AV M 14S -0,72 0.14 0.19 MALOMEY 69 ½BE 
AV M A 1078 (-0.62) (0.08) (O.D9) ALTHOFF2 710SPK POLARIZED LAMBDA 
AV 141 -0,75 0.15 0.18 CANTER 71 HBC 
AV M L 173 (-0.40) 10.13) (0.17) LINDQUIST 710SPK E-NO AND UP-DOWN 
AV 352 -0.74 0.09 0,12 8AG~ETTI 72 HBC STOP.K- 
AV A 017 -0.63 0.06 ALTHOFFI 73 OSPK POLARIZED LAMSDA 
AV 405 -0.47 0.09 BURNETT 76 SPEC E-NU AND SPIN 
AV L 441 -0.53 0.09 0.11 LINDQUIST 77 SPEC POL LAMBDA, 3 ABYMM 
AV M 1OK -0 .734 0.031 WISE f l l  SPEC E-NU ANG. EORREL. 
AV 7111 ~0.70 0.03 BOURQUIN 83 SPEC XI- --> LAMBDA PI- 
AV A ALTHOPEI 73 INCLUDES DATA OF ALTHOFF2 71, USES PROT SPECTRUM AND 
AV A THREE SPIN ASYMMETRIES. 
AV M EXPT MEASURES ONLY THE ABSOLUTE VALUE OF A/V 
AV L LINDQUIGT 77 INCLUDES DATA OF LIRDQUIST 71. 
~V ......... 
AV AVG -0.694 0.025 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 

(SEE IDEOGRAM BELOW) 

1 5 7  

Stable Particle Full Listings 
A 

W E I G H T E D  A V E R A G E  
- 0 . 6 9 4  ± 0 . 0 2 5  (ERROR S C A L E D  BY 1.3 ) 

-1,6 - 1 2  -O.D 

gw,/gv f o r  A ~ p e"  v 

X 2 

. . . . . . .  BOURQUIN 83 SPEC ~ "  

i IIU~D°U'ST 77 SPEC 27 
BURNETT 76 SPEC 
ALTHOEFI 73 OSPK 
BAGGETTI 72 HBC 0 2 
CANTER* 71 HBC 0 1 

. . . . .  MAIONEY 69 HBC 0 O x 
' ~ ' '  " CONFORT0 65 RVUE 

12.1 
(Conhdence Level = O 099) 

i I 

-O.4  O,0 0 . 4  

REFERENCES FOR A 

EISLER 57 NC 5 1700 
BOLDT 58 PRL 1 148 
CRAWFOHD 59 PRL 2 26E 

BAGLIN 80 NC 18 1043 
BOWEN DO PR 119 2030 
CORK 60 PR 120 1000 
COLUMBIA 60 ROCH CONF 726 
HUMPHREY 61PRL 8 478 

ANDERSON 62 KERN CONF 832 
AUBERT 62 NC 25 479 
CHANG 02 THESIS DUKE 
COOL 62 PR 127 2223 
GOOD 62 PRL 9 518 
HUMPHREY 62 PR 127 1305 

ALSTON 63 UERL 10926 
BHOWMIK 63 NC 28 1494 
BLOCK 63 PR 130 766 
BROWN 63 PR 130 769 
CHRETIEN 63 PR 131 2208 
CRONIN 63 PR 129 1795 
ELY 63 ~R 131 868 
KERNAN 63 PR 129 870 

ANDERSON 64 PRL 15 167 
BAGLIN 64 NC 35 977 
HUBBARD 64 PR 135 B 183 
KERNAN 64 PR 133 B 1271 
KREISLER 6~ PR 136 B 1074 
LIND 64 PR 135 B 1403 
RONNE 04 PL 11 357 
SCHWARTZ 64 UCRL 11360 THESIS 

BAGLIN 85 NC 35 977 
BALTAY 65 PR 140 B 1027 
BARLOW 65 RL 18 64 
CHARRIER 65 PL 15 66 

ALSO 66 NC 46A 205 
CONFORTO 65 EC INT HERZEGNOVI 
ELY 65 PR 137 S1302 
HILL 65 PRL 15 85 
SCHMIDT 65 PR 140 B 1328 

BEREE 66 BERKELEY 46 
BURAN 66 PL 20 318 
CHIEN 66 PR 152 1171 
ENGELMAN 66 NC 456 1038 
GIBSON 66 NC 45A 882 
LONDON 66 PR 143 1034 

AUERBACH 67 NC 47A 19 
BADIER 67 PL 25B 152 
CLELANB 67 PL 26B 45 
MAYEUR 67 U.LIBR.BRUX,BUL32 
OVERSETH 67 PRL 19 391 
GRIMM 68 NE 54A 187 
HEPP 68 EPMY 214 71 
MERRILL 68 PR 167 1202 

DAUBER 69 PR 179 1262 
DOYLE 69 UERL 18139-THESIS 
MALONEY 69 PRL 23 425 
BOBM 70 NC 706 384 
DEMIDOV 70 BJNP 10 681 
OLSEN 70 PRL 24 843 

ALTHOFFI 71PL 37B 531 
ALTHOFP2 71 PL 37B 535 
BALTAY 71 PR D4 670 
BARKOV 71JETPL 14 60 
BARONI 71 LNC 2 1256 
CANTER 71 PRL 26 868 

CANTERI 71 PRL 27 59 
OABLJENS 71NC 3A I 
~ILL 71 98 ~4 1979 

ALSO 65 PRL 15 85 
LINDQUIS 71 PRL 27 612 

BAGGETTI 72 ZPHY 249 279 
BAGGETT2 72 ZPHY 252 362 
BAGGETT3 72 PL 420 379 
BARKOV 72 JETPL 16 104 
CLELAND 72 MP B40 221 
HYMAN 72 PR 05 1063 

EISLER,PLANO,SAMIOS,SCHWARTZ + (COLU+BNL) 
E BOLDT,D 0 CALDWELL,Y PAL (MIT) 
CRAWFORD,CRESTI,DOUGLASS,GOOD + (LRL) 

BAGLFN,BLOCH,BRISSON,HENNESSY + (EPOL) 
BOWEN,HARDY,REYNOLDS,SUN + (PRINCETON) 
CORK,KERTH,WENZEL,CRONIN+ (LRL+PRIN+BNL) 
M SCHWARTZ + (COLUMBIA) 
HUMPRREY,KIRZ,ROSENFELO,RBEE * (LRL+SYRA) 

ANOGRSON,CRAWFORB,EOLDEN,LLOYD + (LRL) 
AUBERT,BRISSON,HENNESSY,SIX ~ (EPOL) 
CHUEN CHUEN CHANG (DUKE) 
COOL,HILL,MARSHALL + (BNL+MIT~NYU+ANL) 

~ GOOD,V G LIND (WISCONSIN) 
HUMPHREY,R R ROSS (LRL) 

ALSTON,KIRZ,NEUFELD,SOLMITZ,WOHLMUT (LRL) 
B BHOWMIK,D P GOYAL (DELHI) 
BLOCK,GESSABOLI,RATTI+(NWES+BGNA+SYRA+ORNL) 
BROWN,KADYR,TRILLING,ROE * (LRL+MICH) 
CHRETIEN,CROUCH÷ (BRAN¢BROWN÷HARVARD+MIT) 
J W CRONIN,O E OVERSETH (PRINCETON) 
ELY,GIDAL,KALMUS,OSWALD,POWELL ÷ (LRL) 
KERNAN,NDVEY,WARSHAW,WATTENSERG (ANL+ILL) 

J A ANDERSON,F S CRAWFORD (LRL) 
BAGLFN,BINSEAM+ (EPOL+CERR+LOUC+RHEL÷BERE) 
HUBBARD,BEREE,KALBFLEISCH,SEAFER ~ (LHL) 
KERNAN,POWELL,SANBLER ÷ (LRL÷LOUC) 
M N KREISLER,O OVERSETH,J CROBIN (PRIN) 
LIND,BINFORD,GOOD,STERN (WISCONSIN) 
RONNE+ (CERN+EPOL+LOUC++UNIV.BERGEN) 
JOSEPH ADAM SCHWARTZ (LRL) 

BAGLIN + (EPOL,CEBN,LOUC,RHEL,BERGEN) 
BALTAY,SANDWEISS,EULWICK,KOPP + (YALE÷BNL) 
J BARLOW,BLAIR,CONFORTO~ (CERN+RHEL~PENN) 
CHARRIERE,GIBEON+ (EPOL+BRIS+CERN*MPIM) 
CHARRIERE,EIBSON ÷ (EPOL,BRIS,CERN,MPIM) 
G CONFORTO (CERN) 
ELY,GIDAL,KALMUS,POWELL ~ (LRL,LOUC) 
NILL,LI,JENKINS,KYCIA,RUDERMAN (MIT,BNL) 
P SCHMIDT (COLOMBIA) 

BERGE,CABIBBO ((RVUE) LRL,CEBN) 
BURAN,EIVINDSON,SKJEEGEBTAO,TOFTE + (OSLO) 
+LACH,SANDWEISS,TAFT,YEB,OREN + (YALE*BNL) 
ENGELMANN,FILTHUTH,ALEXANDER~ (HEID,REHO) 
W M GIBSON,K GREEN (BRIS) 
LONDON,RAU,GOLDBERG,LICRTMAN+ (BNL,SYRA) 

AUERBAEH,BOWEN,DOBBS,LANDE,MANN+ (PENN) 
+BONNET,BRIANDET,SADOULET (EPOL) 
CLELAND,BIENLEIN,CONFORTO+ (CERN~GEVACLUND) 
G.MAYEUR,E,TOMPA,J.WICKENS (BELS,LOUC) 
0 E OVERSETH, R FROTH (MICH÷PRIN) 
H.-J.GHIMM (HEIDELBERG) 
V.HEPPIH, SCBLEICH (HEIDELBERG) 
MERRILL,SHAEER (LRL) 

+BERGE,HUBBARD,MERRILL,MILLER (LRL) 
J.C. DOYLE (LRL) 
MALONEY,SECHI-ZORN (UNIV MARYLAND) 
+ KRECKER + (BERL+BRUX+DUUC+LOUC+LOWC+WARS) 
+KIRILLOV-UGRYUMOV,PONOSOV,PROTASOV+ (ITEP) 
÷PONDROM,HANDLER,LIMON,SMITH * (WISE,MIEN) 

+BROWN,FREYTAG,BEARD,HEINTZE + (CERN,HEIB) 
+BROWN,FREYTAG,HEARD,HEINTZE ~ (CERN,HEID) 
+BRIDGEWATER,COOPER,HABIBI+ (COLU+BING) 
+GUREVICH,MAKARINA,MARTEMYANOV~ (ITEP) 
G BARONI,S PETRERA,G ROMANO (ROMA) 
+COLE,LEE-FRANZINI,LOVELESS + (STON+COLU) 

+COLE,LEE-FRANZINI,LOVELESS* (STON+COLU) 
DANL-JENSEN * (CERN+ANKA÷LAUB+MPIM+ROMA) 
• LI,~ENKIflS,KYDIA,RODER½AR (MIT,BNL) 
HILL,LI,JENKINS,KYCIA,RUDERMAN (MIT,BNL) 
LINDQUIST,SUMNER+ (EFI,WUSL,OSU,ANL) 

+BAEGETT,EISELE,FILTHUTH,EREHSE+ (MEID) 
+BAGGETT,EISELE,FILTHUTM,FREHSE÷ (HEID) 
+BAGGETT,EISELE,FILTHUTH,FREHSE,HEPP+(HEID} 
+GUREVICH,MAKARINA,MARTEMYANOV + (ITEP) 
+CONEORTD,EATON,GERBER+ (CERN+GEVA+LUND) 
+BUNMELL,DERRICK,FIELDS,KATZ+ IANL+CARN) 
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Stable Particle Full Listings 
A , Z  + 

ALTHOFFI 
ALTHOEF2 
KATE 
POULARD 

ASTBURY 
CLAYTON 
BUNCE 
BURNETT 

HELLER 
LINOQUIS 

ALSO 
ZECH 
SCHACBIN 

WISE 
COX 
PONDROM 
WISE 
BDURQUIN 
CHAUVAT 

ARMENTER 62 
BALTAY 62 
SERGE 63 

73 PL 48B 237 +BROWN,FREYTAG,HEARD,MEINTZE÷ (CERN+HEID) 
73 NP B66 29 +BROWN,FREYTAG,HEARD,HEINTZE+ (CERN*HEID) 
73 THESIS (MARYLAND) C,N.RATZ (UMD) 
73 PL &6B 135 +GIVERNAUO,BORG (GAOL) 

75 NP B99 30 +GALLIVAN,JAFAR * (LOIC+CERN+ETH*SACL) 
75 NP B95 130 ÷BAGON,BUTTERWORTH,WATERS + (LOIC*RHEL) 
76 PRL 36 1113 *HANDLER,MARCH,MARTIN ÷ (WISC+MICH+RUTG) 
76 NC 3AA 14 +INNES,MAGEK~MAUNE,MILLER,RUDERMAN* IUCSC) 

77 PL 68B 480 +OVERSETH,BUNCE,DYDAK ~ (MICH+WISC*HEID) 
77 PR 016 2104 LINDQUIST,SWALLOW,SUMNER * {EFI+OGU+ANL) 
76 JPG 2 L211 LINDQUIST,GWALLOW,SUMNER+(EFI*WUGL~OSU+ANL) 
77 NP B124 413 4DYDAK~NAVARRIA~ (SIEG*CERN*DORT*HEIO) 
78 PRL 41 1548 SCHACHINGER,BUNEE,COX ÷ (MICH~RUTG+WISC) 

80 PL 91B 165 ÷~ENSEN,KREISLER,LOMANNO,POSTER+ (MASA~BNL) 
81PRL 46 877 ¢DWORKIN * (MICH~WISE+RUTG+MINN+BNL) 
81 PR D23 814 +HANDLER,SHEAFF,COX * (WISC*MICH*RUTG+MINN) 
81 PL 988 123 +JENGEN,KREIGLER,LOMANNO,POSTER* (MASA+BNL) 
83 ZPHY C21 1 ÷BROWNe (BRIG~GEVA+HEIS+LALO+RL+STRB) 
85 PL 1638 273 *ERHAN,HAYES,+ IEERN*UDCF~UCLA+SACL) 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

CERN EONF 236 ARMENTEROS*(CERN+EPOL+LOIC+BIRM*CEN-SACLAY) 
CERN CONE 233 8ALTAY,FOWLER,SANDWEISS,CULWICK+ (YALE+BNL) 
THESIS (BERKELEY) J PETER BERGE (LRL) 

F ~  I(JP) = 1 ( 1 - ' )  

~ +  MASS (MeV) 

GEE NOTE PRECEDING LAMBDA MASS LISTINGS 

144 1189.38 0.15 BARKAS 63 EMUL + SEE NOTE S BELOW 
58 1189.48 0.22 BHOWMIK 64 EMUL SEE NOTE S BELOW 

S ABOVE SIGMA+ MASSES HAVE BEEN RAISED 80 KEY TO ACCOUNT FOR 46 KEV 
S INCREASE IN PROTON MASS AND 21 KEV DECREASE IN PION MASS 

4205 1189.61 0.08 SCHMIDT 65 88G BEE NOTE N 
1189.16 0,12 MYMAN 67 HEBC 

O 607 1189.33 0.04 BOHM 72 EMUL 
B BOHM 72 UPDATED WITH PDG APR. 73 K-, Pl- AND PIO MASSES. 

AVG 1189.371 0.060 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.8) 
FIT 1189.868 0.057 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.8) | 

(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
1189.371 ± 0 . 0 8 0  (ERROR SCALED BY 1.8 ) 

~ W L - ' I - -  Values above of weighled average, error, 
] ~ /  andsca[efaot  b a s e d u p o n t h e d a t a i n  . . . . .  

this ideGgram only. They are not neces- 
sarily 1he same as our "best"  values, 
obtained from a least-squares constrained fit 
u l i l izmg measurements of ether (retated) 
quantities as addLl~onal information, 

1188.8 1189.2 

Z + mass (MeV) 

. . . . . . .  BOHM 

. . . . . . .  HYMAN 

" '  "SCHMIDT 

BARKAS 

11896 1190.0 

2 
X 

72 EMUL 10 

67 HEBC 31 
68 HBC 89 
84 EMUL 0 2 
63 EMUL 0 0 

133 
(Conlidence Level = 0,010) 

~ +  M E A N  L I F E  (uni ts  I 0  -18  see) 

6LASER 58 RVUE 
127 0.98 0.16 0.12 PUSCHEL 60 EMUL 
41 0.82 0.34 0.20 EVANS 60 EMUL 

117 0.85 0.14 0,11 FREDEN 60 EMUL 
54 0,80 0.10 0.067 KAPLON 60 EMUL 
23 0.76 0.22 0.14 CHIESA 61 EMUL 

T 49 0.75 0.13 0.09 BESTHELOT 61 BLBC 
T 140 0.82 0.10 0.08 BARKAG 61 EMUL 

192 0.749 0.056 0.082 GRARD 62 HBC 
486 0.765 0.04 HUMPHREY 62 BBC 
208 0.84 0,12 0.08 BHOWMIK 64 EMUL 
181 0.84 0.09 BALTAY 65 HBC 
900 0.76 0.03 CARAYAN 85 BBC 

C 1300 0.83 0.032 CHANG 66 HBC 
T S 125 (0,86) (0.15) CHLEN 66 HBD + 6.9 PEAR P 
T S 117 61.10) (0.84) CHIEN 66 HBC - 6.9 PBAR P,ANT) 
T 381 0.80 0.07 COOK 66 OSPK 

10664 0.803 0.008 BARLOUTAU 69 HBC K-P .4-1.2 GEV/D 
20K 0,795 0.010 EISELE 70 HaG K-P AT REST 
526 0.83 0.04 BARKER 71 DBC K-N TO GIG* 2PI- 

8719 0.807 0.018 EONFORTO 76 HBC K-P 1-1.4 GEV/C 
30K 0.798 0.005 MARRAFFIN 80 HBC K- P TO GIG+ PI- 

C CHANG ERROR 0.018 RAISED BY US. SEE 1970 EDITION, RMP 42,123(1970) 
s ERROR PURELY STATISTICAL 

T AVG 0.7997 0.0036 0,0036 AVERAGE 

X+ M A G N E T I C  M O M E N T  ( M A G N E T O N S ,  938.26 M e V )  

MM 381 1.5 1.1 COOK 66 OSPK 
MM 52 3,5 1.5 KOTELCHUC 67 EMUL K-P AT 1.18BEV/C 
MM 51 3,0 1.2 SULLIVAN 67 EMUL PHOTOPRODUCTION 
MM 69 3.5 1.2 COMBE 68 EMUL 
MM 29333 2,1 1.0 MAST 68 HBE K~P AT .4 GEV/C 
MM 955 2.67 0.97 ALLEY 71 OSPK 1.28 GEV/C PI+P 
MM 2651 2.7 0.9 SAHA 73 RLBE K-P.28TO.55GEV/C 
MM S 8503 (2.95) (0.31) BOGLE 77 HBC K-P .46 GEV/C 
MM S 14K 2.30 0.14 SETTLES 79 HBC K-P,42TO.50GEV/C 
MM 44K 2.38 0.02 ANKENBRAH 83 CNTR 210GEV HYP.BEAM 
MM S SETTLES 79 INCLUDES DOBLE 77 DATA, 
MM ......... 
RM AVG 2.379 0.020 AVERAGE 

~ +  PARTIAL DECAY MODES 

DECAY MASSES 

Pl ~+ ~ p ";T D 988* 135 

P2 ~+ ~ n ~ + 990+ 140 

P3 ~ +  ~ n~T + ~ 940* 140+ 0 
P4 2 + ~ & £ + V 1116+,511+ O 
P5 2 + ~ ~ ~ 938+ O 
PO ~ +  ~ n ~  + ~ 940+ 106+ O 
P7 ~+ ~ n e + P 9&0+.511+ 0 

pB X + ~ p e + e -  938÷.511÷.511 

Z + B R A N C H I N G  R A T I O S  

2 + ~ (D 7V+)/(NTr) (P2)/ IPl+P2) 
RI 308 0.490 0.024 HUMPHREY 62 HBE 
R1 534 0.46 0.02 CHANG 66 HBC 
RI 1331 0.488 0.010 BARLOUTAU 69 Hal K-P .4-1.2 GEV/C 
RI 537 0,484 0.015 TOVEE 71EMUL 
RI 1861 0.488 0.008 NORAK 78 HBE BRITISH 1.5M (TST) 
81 M 1OK 0.4828 0.0036 MARRA~FIN 80 HBC K-P 420-500MEV/G 
RI M MARRAFFIRO 80 GIVES BR TO (P P)O)/ALL. RE QUOTE I-BR. 
RI ......... 
RI AVG 0.4886 0.0030 AVERAGE 

~ +  ~ ( ~  ~ +  ~)](Tr + B )  (units  l 0  - 3 )  (P3)/P2) 

R2 (1.8) ABOUT GAZIN2 65 HBC PI÷ LT 116 MEV/C 
R2 29 (0.27) (0.05) ANG 09 HBC PI+ LT 110 MEV/C 
82 180 0.93 0.10 EBENHOH 73 HBD PI+ LT 150 MEV/C 
R2 PI+ MOMENTUM CUTS DIFFER, NOT AVERAGED. LATEST VALUE USED IN 
R2 SUMMARY TABLE. 

2 + ~ (Ae+v)/total (uni ts  l 0  -S )  (P4) 

R8 W 4 (3.3) (I.7) WILLIS 64 HBC STOP. K- 
83 W EVENTS FROM THIS EXPERIMENT,INCLUDED IN EISELEI 69 
R3 6 2.0 0.8 BARASH 67 HBC STOP K- 
R3 5 1.6 0.7 GALTAY 69 HBC STOP K- 
R3 10 2.9 1.0 EISELEI 69 HBC STOP K- 
R3 ......... 
83 AVG 2.02 0.47 AVERAGE 

~ +  ~ ( j~ ~)/(p ~o) (units 10 -S) (PS)/(pl) 
84 1 (0.068)0R LESS CARRARA 64 HBC 
84 24 0.37 0.08 BAZIN 65 HBC 
R4 4 (0.17) OUARENI 65 EMUL 
R4 45 0.21 0.08 ANG 69 HGC STOP K- 
R4 31 0.276 0.051 EERSHWIN 69 HBC 
R4 46 0.211 0.038 MANZ 80 HBC K- P-->SIGMA÷ PI- 
R4 185 0.246 0.030 0.035 BIAGI 88 CNTR CERN HYPER. BEAM | 
R4 ......... 
R4 AV6 0.286 0.019 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1) 

X + ~ (n  e + v ) / ( n  ~ + )  (uni ts  l 0  - 5 )  (P7)/(P2) 

R5 TEST OF DELTA-$ = OELTA-Q RULE 
R5 EO 0 (16220)EFFECTIVE DENOM. COURANT 64 HBC SEE NOTE E 
R5 EO 0 (2720)EFFECTIVE DENOM. MURPHY 64 HBC SEE NOTE E 
R5 EO 1 (9690)EFFECTIVE DENOM. NRUENBERG 64 HBC SEE NOTE E 
R5 0 0 (324OR)EFFECTIVE OENOM. BIERMAN 68 HBC 
R5 UA 0 (80400)EFFECTIVE DENOM. EISELE2 69 HBC STOP K- 
R5 UO I (80000)EFFECTIVE OENOM. NORTON 69 HBC 
85 U 0 OLDER LOWER STATISTICS EXPTS. NOT INCLUDED IN AVERAGE. 
R5 0 105000 EFFECTIVE DENOM. SECHIZORN 73 HBC STOP K- 
85 U A O 111000 EFFECTIVE OENOM. EBENHOH 74 HBD STOP K- 
R5 U EFFECTIVE DENOM. CALCULATED BY US 
R8 E EFFECTIVE DENOM. TAKEN FROM EISELE 67 
R5 A EISELE2 69 REPLACED BY BY EBENHOH 74. 
88 
R5 AVG 1.1 OR LESS GL=.90 OUR AVERAGE (2.3 EVTS)/(EFF.ONDM.GUM) 
R5 NUMBER OF EVENTS INCREASED TO 2.3 FOR 9OPC CONFIDENCE LEVEL I 

Z + ~ (n # + v ) / ( ~ + n )  (units tO - s )  (P6)/(P2) 
86 TEST OF DELTA-8 = OELTA-Q RULE 
R6 1 (120)ANALYSED EVENTS BALTIERI G2 EMUL NO RATIO QUOTED 
R6 E O 10180 EFFECTIVE DENOM. COURANT 64 HBC SEG NOTE E 
R6 E 0 1710 EFFECTIVE DENOM. NAUENBGRG 64 HBC SEE NOTE E 
86 U 2 62000 EFFECTIVE DENOM. EIGELE2 89 HBC 
86 0 33800 EFFECTIVE DENOM. BAGGETT 69 HBE 
R6 E EFFECTIVE DENOM. TAKEN FROM EISELE 67 
86 U EFFECTIVE DENOM, CALCULATED BY US 
R6 
86 AVG " "6:2' "OR LESS" CL=.9O OUR AVERAGE (6.7 EVTS)/(EFF.GNOM,SUM) 
86 NUMBER OF EVENTS INCREASED TO 6.7 FOR BOPE EONFIDENCE LEVEL 

(2  + ~ n g +  V ) / ( X -  ~ n ¢- V) 
R7 TEST OF DELTA-S = OELTA-Q RULE, 
R7 0 (0.034)0R LESS BAGGETT 67 HBC 
87 1 IO.OaF OR LESS NORTON 69 HBC 
87 
87 AVG ' "0.043"08"-" "-LESS" CL=.9O OUR AVERAGE USING R5 AND 86 

2 + ~ (p e +  e - ) / t o t a l  (units 10 -6)  (p8) 
R8 7.0 OR LEG8 ANG 69 HBC STOP K- 
R8 A AN6 69 FOUND 3 E + E -  EVENTS IN AGREEMENT WITH GAMMA CONVERSION OF 
R8 A PROTON GAMMA DECAY ~LIMIT GIVEN HERE IS FOR NEUTRAL CURRENT 



For notation, see key on page 91. 

(Z + ~ n #  + g ) / ( z -  ~ n g - v )  
R9 2 0.06 0.045 0.03 EISELE2 69 HBC +- STOP K.- 
R9 
R9 . AVE " "0:12 "OR LE½S" EL=.90 OUR AVERAGE USSNG R6 

( z  + ~ n e  + ~ ) / ( z -  ~ h e - u )  
RIO E 0 (0.03) OR LESS CL=,9O EISELE2 69 HBC ~- STOP K -  
RIG 0 (0.12) OR LESS CL=.95 COLE 71 HBC STOP K- 
RIO D (0.018)0R LESS CL=.9O SECHIZORN 73 HSC ÷- STOP K~,POISSON 
RiO E D (0.019)0R LESS EL=.90 EBENHOH 74 HBC STOP K- 
Rqo E EISELE2 69 REPLACED BY EBENHOB 7 4 .  
RIO . . . . . . . . .  
RIO AVG 0.009 OR LESS OL=.90 OUR AVERAGE USING R5 

Z + D E C A Y  P A R A M E T E R S  

SEE NOTE ON BARYON DECAY PARAMETERS IN NEUTRON SECTION ABOVE. 

c(+/c( o FOR ~ + ( ' ~ +  ~ ~ + n ) / ( z  + ~ 7 r °p )  
A+O (+0.04) (0.11) CORK 60 CNTR SIR+ FROM PI+P 
A+O (*0.20) (0.24) TRIPP 62 HBC REPLAC.BY BANGER 
A+O O 3500 (-.01~) I0.052) BANGERTER 66 MBC BIG+ FROM K~P 
A+O 0 2600 (~.047I (0.07) BERLEY 66 HBC SIC~ PROM K-P 
A÷O 20K (-0.104) (0.028) REUCROFT 77 HBC REPL.BY MARRAFFIN080 
A~O 23K - 0 . 0 7 3  0.021 MARRAFFIN 80 MBC K~ P TO SIG~ PI- 
Aug O OLD RESULTS, HAVE BEEN REPLACED. SEE BELOW. 
A+O ......... 
A÷O FIT -0.069 0.013 FROM FIT 

~+ FOR Z+(Z+ ~ ~+n) 
A~+ 35000 0.069 0.017 BANGERTER 69 HBC K-P AT 400 MEV/C 

4101 0.037 0.049 BERLEY 70 HBC 

AVG 0.068 0 . 0 1 6  AVERAGE 
A~ FIT 0.068 0.013 FROM FIT 

a e FOR Z + ( X  + ~ ~TOp) 

AO -0,80 0,16 BEALL 62 CNTR 
AO (-0.907 (0.25) TRIPP 62 HBC REPLAO. BY 8ANGE 
AO O 5200 (~0.986) (0.072) BANGERTER 68 HBC K-P TO SIC+ Pl- 
AO 32000 -0.999 0.022 BANGERTER 89 MBC 
AO H 1335 -0.98 0.05 0.02 HARRIS 70 OSPK PI*P TO SIG+ K+ 
AO 16K -0.940 0.(]45 BELLAMY 72 ASPK PI+P TO SIG~ K+ 
AO L 1259 -0.945 0.055 0.042 LIPMAN 73 OSPK PI÷P TO BIG + 
AO L DECAY PROTONS SCATTERED OFF ALUMINUM. 
AO H DECAY PROTONS SCATTERED OFF CARBON. 
AO . . . . . . . . .  
AO AVE -0.979 0 . 0 1 6  AVERAGE 
AO FIT -0.98O 0.015 FROM PIT 

(~+ A N G L E  ( ~ +  ~ /tTr +)  (degrees) ( t an@+=/~ / ' y )  
F+ 0 370 (180.) (30.) BERLEY 66 HBC NEUTRON RESCATT. 
F÷ 560 143. 29. BANGERTI 69 BBC 
F+ CI054 184. 24. BERLEY 70 HBC K-P AT 400 MEV/C 
F+ C CHANGED FROM 176 TO 184 TO AGREE WITH SIGN CONVENTION. 
P+ 
F+ AVE 167.3 20.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1) 

(a 7 FOR ~ + ( : g +  ~ p ? )  
AC 61 -1.03 0.52 0.42 GERSHWIN 69 HBC K-P  TO BIG PI 
AG 46 -0.53 0.38 0.36 MANE 80 HBC K-  P~->SIGMA+ PI~ 
AE ......... 
AG "AVE -0.72 0.29 AVERAGE 

¢0 A N G L E  ( ~ +  ~ 7 rep )  (degrees) ( t an~bo=~ /7 )  
FO H 2 2 . 0  9 0 , 0  HARRIS 70  OSPK PimP TO RIG+ K+ 
FO L 1259 38.1 35.7 37.1 LIPMAN 73 OSPK PI+P TO SIG+K~ 
FO L DECAY PROTON SCATTERED OPF ALUMINUM. 
FO H DECAY PROTONS SCATTERED OFF CARBON, 
FO ......... 
FO AVE 35.8 33.7 AVERAGE 

CORK 60 PR 120 1000 
EVANS 60 NC 13 G73 
FREDEN CO NO i6 011 
KAPLON 80 AND 9 139 
PUSCHEL GO NP 20 254 

BARKAS 61 PR 124 1209 
BERTHELO01 NC 21 693 
CBIESA 61 N0.19 1171 

BEALL 62 PRL B 75 
GRARD 62 PR 127 607 
GALTIERI 82 PRL 9 26 
HUMPHREY 62 PR 127 1305 
TRIPP 62 PRL 9 66 

BARKAS 65 PRL 11 20 
ALSO 610CRL 9450 

BHOWMIK 64 NP 53 22 
CARRARA 64 PL 12 72 

R E F E R E N C E S  FOR ~ +  

CORK ,~ERTH ,WENZE L, CRON IN, COOL (LR L+PR IN+BNL) 
BR I ST+BRUGS+ IAS-U, COL-DUBLIN +LON+MI LAN~PAD 
S FREDEN,H KDRNBLUM,R WHITE (LRL) 
M KAPLON,A MELISSINOS,YAMANOUCEI (ROCH) 
M PUSCHEL (MAX PLANCK INST) 

BARKAG DYER MASDNINICHOLS,GMITH (LRL) 
BERTHE LOT, DAUb IN, SOUSSU + SACLAY+ORSAY 
CH IESA, QUASS IATI, R INAUDD (I NFN-TURIN) 

BEALL,CORK,KEEFE,MURPHY,WENZEL (LRL) 
F GRARD,G A SMITH (LRL) 
GALTI ER I, BARKAS, HECKMAN, PATR I CK, SMITH (LRL) 
w E EUMPBREY,R R ROSS (LRL) 
R D TRIPP,M B WATBON,M PERRO~LUZZI (LRL) 

W H SARKAS,J N DYER,H H BECKMANN ILRL) 
JOHN DYER (THESIS, BERKELEY) (LRL) 

B BHOWMIK,P JAIN,P MATHUR,LAKSHMI (DELHI) 
CARRARA, CRESTI, ERI GOLETTO, PERUZZO÷ (PADOVA) 

COURANT 64 PR 136 B 1791 COURANT,FILTHUTH+ (CERN+HEID+UMD+NRL~BNL) 
MURPHY CA PR 134 B 188 C THORNTON MURPHY (WISCONSIN) 
NAUENBER 84 PRL 12 6 7 9  NAUENBERG,MARATECK,÷ (COLU+RUTG~pRIN) 
WILLIS 64 PRL 13 291 WILLIS,COURANT,ENCELMAN+(BNL,CERN,HEID,UMD) 

BALTAY 60 PR 140 B 1027 BALTAY,SANDNEISS,CULWICK,KOPP + (YALE~BNL) 
BAZIN 65 PRL IA 154 BAZIN,BLUMENFELD,NAUENBERG ÷ (PRIN+COLU) 
BASIN2 65 PR 140 B1358 BAZIN,PLANO,SCMMIDT+ (PRIN,RUTG,COLU) 
CARAYAN 65 PR 138 B 433 CARAYANNOPOULOS,TAUTFEST,WILLMANN (PURDUE) 
QUARENI 65 NC 40 A 928 QUARENI,CARTACCI + (BGNA,FIRZrGENO,PARMA) 
SCHMIP7 65 PR 140 B 1328 P GCHMIDT (COLUMBIA) 

BANGERTE 66 PRL 17 495 BANGERTER,GAETIERI,BERGE,MURRAY+ (LRL) 
BERLEY 86 PRL 17 1071 +HERZBACH,KOFLER,YAMAMOTO + (BNL+MASA+yALE) 
CHANG 66 PR 151 1081 DHUNG YUN CHANG (COLUMBIA) 

ALSO 65 NET S 145 THESIS CHUNG YUN CHANG (COLUMBIA) 
CHIEN 66 PR 152 I~171 +LACH SANDWEISS TAFT,YEH,OREN * (YALE+BNL) 
COOK 66 PRL 17 223 V COOK,EWART,MASEK,ORR,PLATNER WASH NGTON 

Stable Particle Full 

159 

Listings 
Z + , Z  - 

RAGGETT 67 PRL 19 1458 BACEETT,DAY,BLASSER,KEHOE,KNOP~ (MARYLAND) 
ALSO 68 VIENNA ABS. 374 BAGGETT,KEHOE (MARYLAND) 
ALSO 6G PRIVATE COMM. N. BABGETT (MARYLAND) 

BARASH 67 PRL 19 181 
EISELE 67 ZPHY 205 409 
HYMAN 67 PL 25 B 376 
KOTELCHU 67 PRL 18 1166 
SULLIVAN 67 PRL 18 1185 

ALSO 64 PRL 13 246 

BIERMAN 68 PRL 20 1459 
COMBE 88 NE 57A 54 
MAST 68 PRL 20 1312 

ANG 89 ZPHY 220 151 
BAGGETT 89 MDDP-TR=973 
BALTAY 69 PRL 22 615 
SANGERTE 69 UCRL-19244 
BANGERTI 89 PR 187 1821 

BARASH,DAY,GLASSER,HEHOE,KNOP + (MARYLAND) 
+ENGELMANN,FILTHUTH,FOLISH,HEPP+ (HEID) 
+LOKEN,PEWITT,MCKENZIE,+ (ANL÷CARN+NWES) 
KOTELCHUCK,GOZAISULLIVAN,ROSS (VANDERBILT) 
SULLIVAN,MCINTURFF,KOTELCHUCH (VANDERBILT) 
A D MEINTURFF,G E ROOS (VANDERBILT) 

BIERMAN,KOUNDSU,NAUENBERG + (PRINCETON) 
CERN-BRISTOL-LAUSANNE-MUNICH~ROME-COLLABOR 
MAST,GERGHWIN,ALSTON~GARNJOST + (LRL) 

+EBENHDH,EISELE,ENGELMANN,FILTHUTH* (HEID) 
N V BAGCETT (THESIS) (UMD) 
BALTAY,FRANZINI,NEWMAN,NORTON+ (COLU,STON) 
ROGER QUELL BANGERTER (THESIS) (LRL) 
BANGGRTER,OARNJOST,GALTIERI,CERSHWIN~ (LRL) 

BARLOUTA 69  NP BIA 153 BARLOUTAUD,BELLEFDN,GRANET+(SACL+EERN+HEID) 
EISELEI 69 ZPHY 221 1 ÷ENCELMANN,FILTRUTH,FOHLIGCH,HEPP+ (REID) 
EISELE2 69 ZPHY 221 401 +ENGELMANN,FILTRUTH,FOHLIBCH,HEPP+ (HEID) 
GERSHWIN 69 PR 188 2077 +ALSTDN-GARNJOST,BANGERTER ÷ (LRL) 

ALSO UCRL 19246 THESIS LAWRENCE K GERSHWIN (LRL) 
NORTON 69 NEVIS 175 (THESIS) HERBERT NORTON (COLUMBIA) 

BERLEY 70 PR 01 2015 
EISELE 70 ZPHY 238 372 
HARRIS 70 PRL 24 165 

ALLEY 71PR 1 D33775 
BAKKER 71 LNC 
OOLE 71PR 04 631 
TOVEE 71 NP SO3 493 
BELLAMY 72 PL 398 299 
SOHM 72 UP B48 1 

ALSO 73 IIHE-73.2 NOV 

EBENHOH ?3 ZPHY 264 413 
LIPMAN 73 PL A3B RO 
SAGA 73 PR 07 3295 
SECHIZOR 73  PR 08 12 

EBENHOH 74 ZPHY 266 367 
CONFORTO 76 NP BI05 189 
DOBLE 77 PL G7B 483 
REUCROFT 77 PB 015 5 
NOWAK 78 NP B139 61 

SETTLES 79 PR D20 2154 
MANZ 80 PL 9fiB 217 
MARRAFFI 80 PR H21 2501 
ANKENBRA 83 PRL 51 853 
BIACI 85 ZPHY C28 495 

GLAGER 58  EERN CONF 270 

+YAMIN,HERTEBACH,KOFLER + (BNL,MASA,YALE) 
+FILTHUTH,HEPP,PRESSER,ZEEH (HEIDELBERG) 
+OVERSETH,PONDROMIDETTMANN (MICO,WISC) 

+BENBROOK,COOK,GLASS,GREEN,HAGUE + (WASH) 
~,SABRE COLLAB. (ZEEM~GACL+BGNA+REHO÷EPOL) 
÷LEE~FRANZENI,LGVELEGS,B~LTAY÷ (STON,COLU) 
LOUC,BELCRADE,BERL,BRUX,DUBLIN,WARS GOLLAB 
+ANDERSON,CRAWFORD,OSMDN+ (LOWC+RHEL+SUSS) 
BERLIN+BELGRADE+BRU×+DUBLIN+LOUC+WARSAW 
BRUSSELS BULLETIN, SAME COLLABORATION 

+EISELE,FILTHUTH,HEPP,LEITNER,THOUW÷ (REID) 
*UTO,WALKER,MONTGOMERY+ (RHEL÷SUSS*LOWC) 
+FETROVICH,CEINTZEL~AN,MELTZER + (EARN) 
B.SEGHI-ZORN,G.SNOW (UMD) 

+EISGLE,ENGELMANN,FILTHUTH,HEPP + (REID) 
+GOPAL,KALMUG,LITCHFIELD,ROSS * (RREL+LOIE) 
+COTTSTEIN,HAHSL,OERYNEK+ (MPIM*BORR~VAND) 
+ROOB,WATERS,WEBSTER,HANSL + (VAND~MPIM) 
+ARMSTRONC,DAVIS+ (LOUC~BELG+DURR÷WARS) 

+MANZ,MATT,HANSL,HERYNEK,DOBLE* (MPIM+VAND) 
+REUCROFT,SETTLES,WOLF * (MPIM+VAND) 
MARRAFFINO,REUCROFT,ROOS,WATERS+(VAND÷MPIM) 
ANKENBRANDT,BERCE* (FNAL÷IOWA+ISU+YALE) 
*BOURQUIN+ (BRIS+CERN+GEVA+HEID+LAUSeLOQM+) 

PAPERS NOT REFERRED TO IN  DATA LISTINGS 

GLASER,GOOD,MORRISDN (MICH+LRL) 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA LISTINGS 

TRIPP 62 PRL 8 175 R TRIPP,M WATSON,M FERRO~LUZZI (LHL) P 
ALFF 63 SIENA CONF 1 205 ALFF,NAUENBERG,KIRSCH,+ (COLU+RUTG÷SNL) 

ALSO 85 PR 137 B 1105 ALFF OELPAND BRUGGER,BERLEY÷(EOLU+RUTC÷BNL) 
COURANT 63 SIENA CONF 1 73 COURANT,FILTHUTH,BURNSTEIN,DAY÷ CERN+UMD 

F ~  I(JP) = 1(--~ +) 

Z -  M A S S  (MeV) 

M N SEE NOTE PRECEDING LAMBDA MASS LISTINCS 

3000 1197,43 0.08 SCHMIDT 65 HBC BEE NOTE N 
1197.24 0.15 DUEAN 75 ENTR EXOTIC ATOMS 

M . . . . . . . . .  
M AVE 1197.388 0.079 AVERAGE (ERROR INCLUDES SCALE FACTOR 0; 1.1) 
M FIT 1197.34 0.05 FROM FIT 

Z -  - Z + M A S S  D I F F E R E N C E  (MET) 

B7 8.25 0 . 4 0  BARKAS 63 EMUL 
2500 8.25 0.25 DOSCH 65 HBC 

86 7.91 0.23 BOHM 72 EMUL 

AVE 8.09 0.16 AVERAGE 
FIT 7.97 0.07 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 

Z -  A M A S S  D I F F E R E N C E  (MeV) 

DL N SEE NOTE PRECEDING LAMBDA MASS LISTINGS. 

DL 8i.70 0.19 BURNSTEIN 64 HBC 
DL 85 81.80 0.13 SCHMIDT 85 HBC SEE NOTE N 
DL 2 2 7 9  8 1 . 6 4  0 . 0 9  HEPP 68  HBC 
DL . . . . . . . . .  
OL AVE 81.693 0 . 0 6 9  AVERAGE 
DL FIT 81.741 0 .052 FROM FIT 
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Stable 
Z -  

Particle Full Listings 

Z -  M E A N  L I F E  (units 10 lO sec) 

T 1.67 0.40 0,28 BROWN 58 RLBC 
T 1.89 0.33 0.25 EISLER 58 HLBC Pl 

45 1.35 0.32 0.17 EHIESA 61 EMUL 
61 1.75 0.39 0.30 PARKAS 61 EMUL P2 

T 1208 1,58 0.06 0.06 HUMPHREY 62 HBC STOP. K- P3 
T C 3267 1.666 0.075 CHANG 66 RBC STOP. K- 
T S 61 (2.08) (0.22) CHIEN 66 HBC ~ 6.9 PBAR P F4 
T S 64 11.461 (0.31) CRIEN 66 EBC + 6.9 RBAR P,ANTI 

506 1,38 0.07 WRITEBIDE 68 HBC STOP. K- P5 
10253 1,472 0.016 BARLOUTAU 69 HBC K-P .4-1.2 GEV/C 

T 0.IM 1.485 0,022 EIBELE 70 RBC K-P AT REST 
T 1383 1.42 0.05 BAKKER 71 DBC K-N TO BIG- 2PI 

1.Al 0.09 0.08 TOVEF 71EMUL 
2400 1.463 0.039 ROBERTSON 72 HBC K~R .25 GEV/C 

T 8437 1.49 0.03 CONFORTO 76 RBC K-P 01.4 GEV/C 
T 16K 1.480 0.014 MARRAFFIN 80 RRC K- P TO SZG- HI+ 
T C CHANG ERROR 0.018 RAISED BY US. SEE 1970 EDITION, RMP 42,123(1970) 
T B ERROR PURELY STATISTICAL. 

AVG 1.482 0.011 0.011 AVERAGE (ERROR INCL. SCALE FACTOR OF 1.3) 
(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
0.6747 ± 0 . 0 0 5 0  (ERROR SCALED BY 1.3 ) 

X 2 

. . . . .  MARRAFFIN BO HBC 0.0 
. . . . . . . .  CONFORTO 76 HBC 0 1 

t -- :] : ' ROBERTSON 72 8BC 02 
• TOVEE 71 EMUL 07 
• BAKKEf~ 7" OBC 1.4 

. . . . . .  EISELE 70 HBC D 0 

. . . .  BARLOUTAU 69 HBC 0 4 
+ . . . . . .  WH&TESIDE 68 HBC 1 0 

. . . . .  CHANG 06 HBC 7 B 
• HUMPHREY 62 HBC 3 0 

I q i [ ' BARKAS 61 ~MOL 
• CHIESA 81 EMUL 

I EISLER 58 HLBC 
I BROWN 58 HLBC 

152 
~Confidence Level ~ 0 085) 

I 

0 4 0.6 0 .8  10  

E" d e c o y  ra te  (uni ts  10 l °  se~ "~) 

~ -  M A G N E T I C  M O M E N T  ( M A G N E T O N S ,  938.26 M e V )  

MM R BTWN -1.6 AND *0.8 FOX 73 ENTR BIG-ATOM FINE ST 
MM R -1.48 0.37 ROBERTS 74 CNTR SIC-ATOM FINE ST 
MR D -1.40 0.41 0.28 DUGAN 75 CNTR BIG-ATOM FINE ST 
MM D (0.651 (0,28) (0,40) DUGAN 75 CNTR SIS-ATOM FINE ST 
MM 28K -0.71 1.25 HANSL 78 HBC K-P-->BIG- PI+ 
MM 516K 0,89 O.14 DECK 83 SPEC P BEd>SIGMA- X 
MM -1.111 0,033 HERTZOG 83 CNTR SIC-ATOM FINE ST 
MM W -1.23 0.05 WAH 85 CNTR P CU -> SIGMA- X | 
RM R ROBERTS 74 INCLUDES DATA FROM FOX 73., 
MM D DUOAN 75 NEGATIVE VALUE AVERAGED SENCE IT AGREES WIT~ ROBERTS 74. 
MR W STATISTICAL AND SYSTEMATIC ERRORS ARE EACH 0.03. 
MM ......... 
MM AVG -1,141 0.051 AVERAGE (ERROR INCLUDES SCALE FRCTOR OF 1.9) 

(BEE IDEOGRAM BELOW) 

WE(GHTED AVERAGE 
-1.141 ± 0.051 (ERROR SCALED BY 1.9 ) 

X 2 

• HERIZOG 83 CNTR O.B 
DECK 83 SPEC 3 2 

• HANSL 78 HBC 
DUGAN 75 CNIR 
ROBERTS 74 CNTR 

72 
(Confidence Lave! = 0 0271 

i i 

-2 .5  -1.5 - 0  5 0.5 1.5 

E" m a g n e t i c  m o m e n t  

~ -  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

Z-- ~ ~ ~ -  940+ 140 

~ -  ~ ~ ~ -  P 940+ I06~ 0 

~ -  ~ ~ e -  P 940+.511, 0 

~-- ~ ~ e -  ~ 1116+,511+ 0 

X -  B R A N C H I N G  P A T I O S  

~ -  ~ (0 # -  v ) / ( ~  ~- )  (units 10 -3) (P3)l(P1) 
RI 22 0.66 0.15 COURANT 64 HBC 
RI 11 0.56 0.20 BAZIN 65 HBC FROM STOP. K~ 
RI 56 0.43 0.09 BABGETT 69 HBC STOP. K~ 
RI 72 0.43 0.00 ANG I 69 NBC STOP K- 
RI 15 0.38 0,11 COLE 71HBC STOP K- 
RI ......... 
RI AVG 0.447 0.043 AVERAGE 

~ -  ~ (~  e -  v ) / ( n ~ r - )  (units 10 -3)  (P41/(Pl) 
R2 9 11.0) (O.A) (0.3) MURPHY 6& NLBO 
R2 16 (I.571 (0.34) NAUENBERG 64 EBZ 
R2 16 (1.15) (0.4) MILLER 64 FBC 
R2 31 (1.4) (0.31 COURANT 64 HBC 
R2 180 1.11 0.09 BIERMAN 68 RBD 
R2 351 (I,02) 10,08) ANG I 69 HBC REPL. BY EBENHOH 74 
R2 57 0,97 0.15 COLE 71 HBC STOP K- 
R2 A 455 1,05 0.07 0.13 SECHIZORN 73 HBC STOP K- 
R2 A 601 1,09 0.06 0.08 EBENROH 74 HBC STOP K- 
R2 2847 0,90 0.05 BOURQUII 83 SPEC SPS NYPERON SEAM 
R2 A ADDITIONAL NEGATIVE SYSTEMATIC ERROR INCLUDED FOR INTERNAL 
R2 A RADIATIVE CORRECTEORS AND LATEST FORM FACTORS. SEE BOURQUINI 03. 
R2 
R2 AVE 1,022 0.034 AVERAGE 

X -  ~ (& e-  v ) / ( n a ' - )  (uni ts  I0 -4) (PS)/(P1) 
R3 11 0.75 0,28 COURANT 64 HBC STOP. K- 
R3 35 0.64 0.12 BARASH 67 BBC STOP K- 
R3 31 0,69 0.12 EISELEI 69 RBC STOP K- 
R5 31 0.52 0.09 BALTAY 69 HBC STOP K- 
R5 B 122 (0.60) 10,111 HERBERT 78 ASPK HYPERON BEAM 
R3 H 114 0.63 0,11 THOMPSON 80 ASPK HYPERON BEAM 
R3 B 1620 0.561 0.031 BOURQUIN 82 OPEC SPS HYPERON SEAM 
R3 ~ HERBERT 78 REPLACED BY THOMPSON 80. 
R3 B VALUE IS FROM BDURQUIN2 83. INCLUDES RAD. CORR. AND NEW ACCEPTANCE, 
R3 
R3 AVG 0.574 0.027 AVERAGE 

Z -  ~ (n 7r- V)/(n ~ ' - )  (units tO 3) (p21/(P1) 
R4 (I,I)APPROXIM. BAZIN 65 HBC Pl- LT 166 MEV/C 
R4 23 (D.I0) (0.021 ANB 2 09 HBC Pl- LT 110 MEV/C 
R4 292 0,46 0.06 EBENHOR 73 BBC PI~ LT 150 MEV/C 
R4 PI+ MOMENTUM CUTS DIFFER, NOT AVERAGED, LATEST VALUE USED IN 
RA OUMMARY TABLE. 

~ -  D E C A Y  P A R A M E T E R S  

gEE NOTE ON BARYON DECAY PARAMETERS IN NEUTRON SECTION ABOVE. 

- ( Z - )  
A- (-0.16) (0.21) TRIRR 02 HBC REPL.BY BANGERTE 
A- 0 6500 (-0,010) (0.043) BANGERTER 66 BBC K-P TO BIG- PI+ 
~ 0 6068 (~0.I04) (0,041 BERLEY 67 HBC K-P TO SIG- Pl+ 

51000 -0 ,071  0,012 BANGERTER 69 HBC 
A- B 5978 (-0.134) (0m034} BERLEY TO RBC K--P AT 400 MEV/C 
A- 60000 ~0,067 0.011 BOGERT 70 HBC K-P AT 400 MEV/C 
~Z 28K -0.062 0.024 HANBL 78 HBC K-P-->BIG- PI+ 

0 OLD REBULTB. HAVE BEEN REPLACED. 
A- B BERLEY 70 REPLACED BY BOGERT 70 

I :  . . . . . . . . .  AVG -0.0681 0,0077 AVERAGE 

@ A N G L E  (degrees) (tan @ ~ / V )  
~ 0 1006 BRRLEY 67 HBC K-P TO BIG- PI÷ (~22.) (30.) 

13B5 14. 19, BANGERTI 69 UBC 
F~ 01092 * 5. 23. BERLEY 70 HBE NEUTRON NESCATT. 
F- C CHANGED FROM -5 lO +5 TO AGREE WITH SIGN CONVENTION 
F- , ........ 
F- AVB 10.3 14.6 AVERAGE 

NOTE ON 2 -  ---- A e - r  

(by J.A. Thompson, University of Pittsburgh) 

The decay X- --,-Ae-v is of special interest because 
its form is predicted by the strong form of CVC and is 
not sensitive to the current octet assumptions or SU(3) 
structure constants which enter into Cabibbo's predic- 
tions for the other hyperon decays. For AS = 0 transi- 
tions, the weak interaction vector current is related to 
the electromagnetic current through a multiplicative 
constant, set by neutron beta decay, and an isospin rota- 

tion. 



For notation, see key on page 91. 

The decay Z ° --~ A3' (the isospin-rotation analogue of  
~ -  --~ Ae -u)  is mediated predominantly through the 
magnetic interaction, assuming there are no inhomo- 
geneities in the zo, A charge distributions. Thus we 
expect the gWM term, 

#ZA N/3 
gWM V~ 2 ~n [by SU(3)] , 

to dominate the vector part of  the weak current. The 

strong CVC predictions are thus: gv/gA = 0 and gWM 
1.6. 

gv/gJ, F O R  Z -  ~ A e - v  
AV (FOR SIGN CONVENTION, SEE NOTE ON BARYON DECAY PARAMETERS IN 
AV NEUTRON SECTION ABOVE. ) 
AV PREDICTED TO BE ZERO BY CONSERVED VECTOR CURRENT THEORY. 
AV VALUES AVERAGED ASSUME CVC-SU3 WEAK MAGNETISM TERM. 
AV FB 45 (0.31) (0.30) BARAGH 67 HBC 
AV FS 51 (0.7) IO,A) BALTAY 69 HBC USING SIG+- 
AV FS 81 (+0,22) (0.28) EIGELEI 69 HBC 
AV F S 186 0.45 0.20 FRANZINI 72 SBC USING GIG+- 
AV 55 -0.17 0.35 TANENBAUM 75 SPEG BNL HYPERON BEAM 
AV 114 -0.29 0.29 THOMPSON 80 ASPK BNL HYPERON BEAM 
AV S 1620 -0.034 0.080 BOURQUIN 82 GPEC SPS HYPERON BEAM 
AV B BARASH 67 MEASURED ABSOLUTE VALUE. 
AV S SIGN CHANGED TO AGREE WITH OUR CONVENTION. 
AV F FRANZINI 72 INCLUDES EVENTS OF BARASH 67, EISELEI 69, BALTAY 69. 
AV ......... 
AV AVG O.01 O.1O AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5) 

(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
0.01 ± 010 (ERROR SCALED BY 1.5 ) 

X 2 

. . . . . .  BOUROtJIN 02 SPEC 0 2  

. . . . .  THOMPSON 00 ASPK I 0 
TANENBAUM 75 SPEC 0 3 

i FRANZINI 72 NBC A 9 

85  
(Conhdence Level = O.O91) 

-1.O -0 .5  O.O 0.5 1.O 15 

Qv/g~. for  Z"  ~ A e" u 

gWM/gA F O R  2 -  ~ A e - o  
WM VALUES QUOTED ASSUME THE CVC PREDICTION GV=O. 
WM 186 2.4 2.1 FRANZINI 72 HBC USING SI6÷- 
WM 55 3.5 4.5 TANENBAUM 75 SPED BNL HYPERON BEAM 
WM 114 1.75 3.5 THOMPSON 80 ASPK BNL HYPERON BEAM 
WM ......... 
WM AVG 2.~ 1.7 AVERAGE 

gA/gv F O R  ~ -  ~ n e - ~  
AVI (FOR SIGN CONVENTION, SEE NOTE ON BARYON DECAY PARAMETERS IN 
AVI NEUTRON SECTION ABOVE.) 
AVI 57 (0.05) (0.23) (0.32) GERSHWIN 68 HBC REPLACED BY GER.69 
AVI 61 +0.19 0.20 0.17 GERSHWIN 69 HBC POLARIZED SIGMAS 
AVI 63 -0.33 0.30 0.85 BOGERT 70 HBC K-P AT 400 MEV/D 
AVI 43 -0.4 0.52 1.5 ELLIS 72 ASPK POLARIZED S~GMAS 
AVIS 193 ~0.15 OR LESS CL=.95 KELLER 82 SPE£ POLARIZED SIGMAS 
AVIS S4456 +0.33 BOURQUI1 83 SPEC SPG HYPERON BEAM 
AVIH S 25K +0.29 0.07 RSUEH 85 SPEC 250 GEV/G SIGMA- 
AV1 S $1GN CHANGED TO AGREE WITH OUR CONVENTION. 
AVIB THE VALUE +0.33 IS PREFERRED OVER -0.33 BY AT LEAST 2.8 STD, DEV. 
AVIB INCLUDING SYSTEMATIC ERRORS. 
AVIH FROM MEASUREMENT OF ELECTRON ASYMMETRY AE = -0.53+-0.14 

I gA /gv l  FOR Z -  ~ ne -p  
AV2 49 0.23 0.16 COLLERAIN 69 HBC NEUTRON SCATTER 
AV2 33 0.37 0.26 0.19 EISELE2 69 BBC NEUTRON SCATTER 
AV2 36 0.29 0.28 0.29 BALTAY 72 NBC NEUTRON SCATTER 
AV2 3507 0.435 0.035 TANENBAU 74 ASPK 
AV2 519 0.17 0.07 0,09 DECAMP 77 ELEC H.E.HYPERON BEAM 
AV2 B4456 0.34 0.05 BOURQUII 83 GPEC SPS HYPERON BEAM 
AV2R 25K 0.29 0.07 HSUEH 05 SPEC 250 GEV/C SIGMA- 
AV2 B POSITIVE SIGN OF GA/GV FAVORED BY AT LEAST 2.6 STANDARD DEVIATIONS. 
AV2R FROM MEASUREMENT OF ELECTRON ASYMMETRY AE = -0.53+-0.14 
AV2 ......... 
AV2 AVG 0.362 O.043 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.7) 

(SEE IDEOGRAM BELOW) 

BROWN 
EIGLER 

BARKAS 
CHIESA 
HUMPHREY 
TRIPP 

GARKAS 
BURNSTEI 
COURANT 
MILLER 
MURPHY 
NAUENBER 

BAZIN 
DOSCH 

ALSO 
SCHMIDT 
BANGERTE 
CHANG 
CHIEN 

BARAGH 
BERLEY 
BIERMAN 
GERSMWIN 
HERR 
WHITEGID 

ANG 
ANG 
BAGGETT 
BALTAY 
BANGERTE 
BANGERTI 

BARLOUTA 
COLLERAI 
EISELEI 
EISELEO 
GERSHWIN 

BERLEY 
BOGERT 
EISELE 

BAKKER 
COLE 

ALSO 
TOVEE 

BALTAY 
GOHM 
ELLIS 
FRANZINI 
ROBERTSO 

EBENHOH 
FOX 
GECHIZOR 

EBENHOH 
ROBERTS 

ALSO 
ALSO 

TANENBAU 
ALSO 

DUGAN 
TANENBAU 
CONFORTO 
DECAMP 

HANSL 
HERBERT 
MARRAFFI 
THOMPSON 

BOURQUIN 
ALSO 

KELLER 
BOURQUII 
BOURQUI2 

161 

Stable Particle Full Listings 

WEIGHTED AVERAGE 
0 . 3 8 2  ± 0 . 0 4 3  (ERROR SCALED BY 1.7 ) 

X 2 

. . . . . . .  HSUEH 05 SPEC "~ 

. . . . .  BOURQUI' ~3 SPEC 0 2 
. . . . .  DECAMP 77 ELEC 5 8 
. . . .  TANENBP, U 74 ASPK 4 3 

BALTAY 72 HBC 
" EISELE2 69 HBC 

. . . .  COLLERAIN 69 HBC 0 7 

175 
(Confidence Lever = O O17} 

- 0 2  0.2 0.6 1.O 

I g A / g v l  fo r  E" ~ n e" v 

58 CERN CONF 270 
58 NC SERIO IG 150 

61 PR 124 1209 
61NC 19 1171 
62 PR 127 1305 
62 PRL 9 D6 

63 PRL 11 26 
64 PRL 13 66 
64 PR 136 B 1791 
64 PL 11 262 
64 PR 134 B 188 
64 PRL 12 679 

65 PR 140 B 1358 
65 PL 14 239 
66 PR 151 1081 
65 PR 140 B 1328 
66 PRL 17 495 
66 PR 151 1001 
66 PR 152 1171 

67 PRL 19 101 
67 PRL 19 979 
68 PRL 20 1459 
68 PHL 20 1270 
68 ZPHY 214 71 
68 NG 5AA 537 

69 ZPRY 223 103 
69 ZPHY 228 151 
69 PRL 23 249 
69 PRL 22 615 
69 UCRL-19244 
69 PR 187 1821 

69 NP BIA 153 
69 PRL 23 19B 
69 ZPHY 221 1 
69 ZPHY 223 487 
69 UCRL-19246 

70 PR DI 2015 
70 PR G2 6 
70 ZPHY 238 372 

71LNC 1 37 
71 PR D4 631 
69 NEVIS-175 THESIS 
71 NP B33 493 

72 PR D5 1569 
72 NP 848 1 
72 NP 839 77 
72 PR D6 2417 
72 THESIS 

73 ZPHY 264 413 
73 PRL 31 1084 
T3 PR D8 12 

74 ZPHY 266 367 
74 PRL 32 1265 
74 PRL 33 122 
75 PR D12 1232 
74 PRL 33 175 
75 TANENBAUM 

75 NP A254 398 
75 PR D12 1871 
78 NP 5105 189 
77 PL 66B 295 

78 NP 8132 45 
78 PRL 40 1230 
80 PR D21 2501 
80 PR D21 25 

82 ZPHY C12 307 
83 BOURQUI2 
82 PRL 48 971 
83 ZPHY C21 17 
83 ZPHY CEI 27 

R E F E R E N C E S  F O R  ~--  

BROWN,GLAGER,GRAVES,PERL,CRONIN + (MICH) 
EISLER,BASSI,CONVERSI÷ (COLU,BNL,BENA,PISA) 

BARKAS,DYER,MAGON,NIGKOLS,SMITH (LRL) 
A M CHIEGA,B QUASSIATI,G RINAUDO (TURIN) 
W E HUMPHREY,R R ROSS (LRL) 
R O TRIPP,M WATSON,M FERRD~LUZZI (LRL) 

W H BARKAS,J N DYER,H H HECKMAN (LRL) 
GURNSTEIN,DAY,KEHOE,SECHI ZORN,SNOW (UMD) 
COURANT,FILTHUTH+ (CERN+SEID+UMD+NRL+BNL) 
MILLER,GTANNARD,BEZAGUET+ (LGUC,EPOL+BERG) 
c THORNTON MURPHY • (WISCONSIN) 
NAUENBERG,GCHMIDT,MARAPECK+(GOLU*RUTG+PRIN) 

BAZIN,PLANO,SCHMIDT + (PRIN+RUTG+COLU) 
DOSCH,ENGELMANN,FILTHUTG,HEPP,KLUGE÷ (HEID) 
CHUNG YUN CHANG (COLUMBIA) 
P SCHMIHT (COLUMBIA) 
BANGERTER,GALTIERI,BERGE,MURRAY+ ILRL) 
CHUNG YUN CHANG (COLUMBIA) 
+LACH,SANDWEISS,TAFT,YER,OREN + (YALE+BNL) 

BARASH,DAY,GLAGSER,KEHOE,KNOP + (MARYLAND) 
BERLEY,NERTZBACH,KOFLER + (BNL,MAEA,YALE) 
BIERMAN,KOUNUSU,NAUENBERG ÷ (PRINCETON) 
GERSHWIN,ALSTON-GARNJOST,BANGERTER* (LRL) 
V.HEPP,H. $CHLEICH (HEIDELBERG) 
H. WHITESIGE,J. GOLLUB (OBERLIN) 

ANG,EISELE,ENGBLMANN,FILTHUTH ÷ (HEID) 
+EGENHOR,EISELE,ENGELMANN,FILTHUTR+ (HEID) 
BAGQETT,KEHOE,SNOW (UNIV MARYLAND) 
BALTAY,FRANZINI,NEWMAN,NORTDN+ (COLU,STON) 
ROGER ODELL BANGERTER (THESIS) (LRL) 
BANGERTER,GARNJOGT,GALTIERI,GERGHWIN+ (LRL) 

BARLOUTAUD,BELLEFON,GRANET+ISACL÷CERNeHEIG) 
GOLLERAINE,DAY,GLAGSER,KNOP+(UNIV MARYLAND) 
+ENGELMANN,FILTHUTH,FOHLISCH,HEPP+ (HEID) 
EISELE,ENGELMANN,FILTHUTH,FOHLISCH+ (HEID) 
LAWRENCE KENNETH GERSHWIN (THESIS) ILRL) 

÷YAMIN,HERTZBACH,KOFLER + (BNL,MASA,YALE) 
+LUCAS,TAFT,WILLIS,BERLEY + (BNL,MASA,YALE) 
+FILTHUTH,HEPP,PRESSER,ZECH (HEIDELBERG) 

+,SABRE COLLAB. (ZEEM+SAGL+BGHA*REHO+EPOL) 
+LEE-FRANZINI,LOVELEGG,BALTAY+ (STON,COLU) 
HERBERT NORTON (COLUMBIA) 
LOUG,BELGRADE,BERL,BRUX,DUBLIN,WARS COLLAB 

+FEINMAN,FRANZINI,NEWMAN,YEH+ (COLU+STON) 
BERLIN~BELGRADE+BRUX*DUBLIN+LOUC+WARGAW 
OXF+AERE+RHEL+LOQM+LYON+NWEG+ITEP COLLABOR 
COLUMBIA+HEIDELBERG+MARYLAND+STONY BROOK 
R.M.ROBERTSON ( l I T )  

+EISELE,FILTGUTH,HEPR,LEITNER,THOUW* (HEID) 
+LAM,BARNEG,EISENBTEIN+ (BNL÷VPI+WILL+WYOM) 
B.SEGHI-ZORN,G.SNOW (UMD) 

+EISELE,ENGELMANN,FILTHUTH,HEPP * (HGID) 
WILL~VPI*CARN+WYOM+CIT COLLABORATION 
ERRATUM TO ROBERTS 74 
ROBERTS,COX + (WILL+VPI÷CARN+WYOM~RIT+BNL) 
TANENBAUM,HUNGERBUEHLER + (YALE~FNAL+BNL) 

+ASANO,CHEN,CHENG,HU,LIDOFSKY+ (COLU+YALE) 
TANENBAUM,HUNGERBUEHLER ÷ (YALE+FNAL+BNL) 
+GOPAL,KALMUS,LITDHFIELD,ROSG + (RHEL+LOIC) 
+BADIER,BLAND,CHOLLET,GAILLARD+ (LALO~EPOL) 

+MANZIMATT,REUCROFT,SETTLEG ÷ (MPIM+VAND) 
+CLELAND,COOPER,DRIS,ENGELS + (PITT+BNL) 
MARRAFFINO,REUDROFT,ROOS,WATERS+(VANG+MPIM) 
+CLELAND,COOPER,DRIS,ENGELG÷ (PITT+BNL) 

+BROWN ÷ (BRIS~GEVA+HEID+LALO+RL+STRB) 

~LESNIK,ROMANDWSKI,KEIG + (OSU+CHIC+ANL) 
BOURQUIN+ (BRIS+GEVA+HEID+LALO+RL+STRB) 
BOURQUIN+ (BRIS+GEVA+HEID+LALO+RL+STRB) 



1 6 2  

Stable Particle Full Listings 
E - ,  Eo, E - 

DECK 83 PR 028 1 
HERTZOG 83 PRL 51 1431 
HSUEH 85 PRL 54 2399 
WAH 85 PRL 55 2551 

÷BERETVAS,DEVLIN,LUK+ (RUTG÷WISC+MICH+MINN 
+ECKHAOSE~ (WILL÷BOST÷CIT+CARN~WYOM 
~MULLER, + (CHIC~ELMT+FNAL+ISU+LENI+YALE 
+CARDELLO,COOPER,TEIG, ÷ (FNAL+IOWA+IBU) 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

BROWN 57 PR 108 1036 J BROWN, D GLASER, M PERL  (MICR+BNL) 
MIETO 68 RMP 40 140 M M[ETO (STON) 

I (J  P) = l ( ½ - )  

JP NOT MEASURED FOR SIGMAO. ASSUMED SAME AS SIGMA~ 
AND SIGMA- TO ALLOW ISOTRIPLET ASSOCIATION. 

Z -  -- 23 s MASS DIFFERENCE (MeV) 
SEE NOTE PRECEDING LAMBDA MASS LISTINGS. 

01 18 4.75 0.I BURNSTEIN 64 HBC 
01 37 4.87 0.12 BOSCH G5 HBC 
Di 12 5.01 0,12 SCHMIDT 65 HBC SEE NOTE N 
DI 
01 AVG ~.860 0.076 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 
01 FIT 4,881 0.063 FROM FIT 

(SEE IDEOGRAM BELOW) 

W E I G H T E D  AVERAGE 
4 , 8 6 0  ~ 0 . 0 7 6  (ERROR S C A L E D  BY 1.2 ) 

Bighted aveIBge, error, 
based upon the datR in 

They are qot neces-  
hs our "best "  va lues ,  
t-squares c0nslrained f i I  
)nts of other (re,ated) 
la l in Iormat ion  

4 .4  4 .8  5.2 

E ' - E  ° m a s s  d i f f e r e n c e  (MoV)  

2 
X 

65 HBC 16 
65 HBC O 0 
64 HBC 12 

2 8  
nf idence Level = 0 249) 

5 6  

~o _ A MASS DIFFERENCE (MeV) 

SEE NOTE PRECEDING LAMBDA MASS LISTINGS. 

DL 208 76.63 0.28 SCHMIDT 65 HBC SEE NOTE N 
DL 109 76.23 0.55 COLAS 75 HLBC LAMBOA-GAMMA DEC 
DL ......... 
DL AVG 76.55 0.25 AVERAGE 
DL FIT 76.86 O.OB FROM FI~ 

Z ° MEAN LIFE (units 10 -19 sec) 

T (E-14 OR LESS) DAVIS 62 EMUL 
T Q.58 0.13 DYOAK 77 SPEC PRIMAKOFF EFFECT 

Z ° PARTIAL DECAY MODES 

DECAY MASSES 

PI Z ° ~ A ~ 1116+ 0 

P2 ~0 ~ A e + e- 1116*.511,.511 

P3 ~0 ~ A ~ ~ 1116~ 0~ O 

Z ° BRANCHING RATIOS 

~o ~(A e + e - ) / t o t a i  (P2)/(PI+P2) 
RI 0.00545 TBEORET. CAL. FEINBERG 58 QUANTUM ELECt. 

E 0 ~ ( A ~ ) / ( A ~ )  (P3)/(PI) 
R2 0.03 OR LESS CL=.90 COLAS 75 HLBC 

REFERENCES FOR ~o 

FEINBERG 58 PR 109 1019 
DAVIS 62 PR 127 605 
BURNSTEI 6A PRL 13 66 
DOBCH 65 PL 14 239 
BCHMIDT 65 PR 140 B 132B 

COLAS 75 NP B91 253 
DYDAK 77 NP B118 I 

G.FEINBERO (BNL) 
D DAVIB,R SETTI,M BAYMOND,G TOMASIN (EFt) 
BURNBTEIN,DAY,KESOE,SECHI ZORN,SNOW (UMD) 
DDSCH,ENGELMANN,FILTHUTH,EEPP,KLUOE÷ (HEID) 
P BGHMIDT (COLUMBIA) 

+FARWELL,FERRER,SIX (ORSA) 
+NAVARRIA,OVERSETH,STEFFEN+(DERN*DORT÷BEID) 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

COURANT,FILTHUTH,FRAN21NI+ (CBRN÷UMD*BRL) 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA LISTING@ 

ALFF 65 PR 137 B1105 ALFF,BELFANO,NAUENBERG+ (BOLUMBIA*RUTG+BNLIP 

STRANGENESS - 2  BARYONS 

[JP( ) = 5 ( ~  ) 

P NOT YET MEASURED. VALUE S~OWN IS QUARK MODEL PREDICITION. 

~ -  MASS (MeV) 

M H 14(1317.0) (2.2) WANG 64 HLBC 
M H 18(1317.9) (1.9) FOWLER 61 HLBC 

H (OLD DATA AND LOW STATISTICS DROPPED ON SUGGESTION OF J R HUBBARD) 
517 1321.4 0.4 JAUNEAU 63 FBC 

M 62 1321.1 0.65 SCHNEIDER 63 HBC 
241 1321.1 0,3 BADIERI 64 HBC 
ALL MASSES ABOVE WERE RAISED 0.09 MEV BECAUSE LAMBDA MASS RAISED 

149 1321.3 0.4 PJBRROU 65 HBC 
6 1321.67 0.52 CEIEN 66 HBC - 6.9 PBAR P 

M 299 1321.4 1.1 LONDON 66 HBC 
M G 195 1321.87 0,51 GOLDWABSE 70 HBC 5,5 K-P 

G USES LAMBDA MASS O~ 1115.58-M(XI) IS 1322.18 IF M(LAHBDA);1115.B4 
2fi8 1321.12 0.41 WILQUET 72 HLBC 

M 632 1321.46 0.34 BIBIARCA 75 OBC 4.9 GEV/C K-D 
. . . . . . . . .  

AVG 1321.34 0.14 AVERAGE 
M FIT 1321.32 0.13 FROM FIT 

E +  MASS (MeV) 

HI I(1322.0) (1.3) BROWN 62 HBC XIBAR+ 
Mi 5 1320,69 0.93 CR(EN 66 HBC * 6.9 PBAR P,ANTI 
MI S 12(1321.7) (D.6) SHEH 67 HBE XIBAR÷ 
MI 34 1321.2 O.R STONE 70 HBC 
MI 35 1321,6 0.8 VOTRUBA 72 HBC 10 GEV/C K+ P 
MIB THE ERROR IS STATISTICAL ONLY 
MI ......... 
MI AVG 1321.20 0.33 AVERAGE 
M4 FIT 1321.32 0.13 FROM FIT 

E -  -- ~ +  MASS DIFFERENCE (MeV) 

1.0 1.1 C~IEN 66 HBC 6.9 PBAR P 
MASS DIFFERENCE FROM SECTI0NS M-MI FS +0.I~+-0.36 NEV. 

~ -  MAGNETIC M O M E N T  (MAGNETONS, 938.26 MeV) 

MM 2724 ~0.I 2.1 BINGBAR 70 OSPK - 1.8 GEV/C K-P 
MM 2436 -2.1 O.B COOL 74 OBPK - 1,8 GEV/C K-P 
MM 218K ~0,69 0.04 RAMEIKA 84 OPEC 400 GEV P + BE 
MM ......... 
MM AVO ~0.693 0,040 AVERAGE 

~ -  MEAN LIFE (units 10 -1o sec) 

T H 11 (3.5) (3.4) (1.23) WANG 61 HLBC 
18 (1.28) (0,41) (0.25) FOWLER 61 HLBC H 

H (OLD DATA AND LOW STATISTICS DROPPED ON SUGGESTION OF J R HUBBARD) 
517 1.86 0.15 0,14 JAUBEAU 63 FBC 
62 1.55 0.31 0.31 SCHNEIDER 63 HBC 

T 356 (I.77) (0.12) CARMONY 64 ERC REP BY PJERROU 65 
T 794 1.69 0.07 HUBBARD 64 HBC 
T 246 1.70 0.12 PJERROU 65 HBC 
T S 6 (1137) (0,51) CSIEH 66 HBC - 6,9 PBAR P 

299 1,80 0.16 LONDON 66 HBS 
S (1.67) (0.07) BURGUB 68 HBC K-P AT 1,3-1.8 

2610 1,61 0.04 DAUBER 69 HBC 
680 1.73 0.08 0.07 MAYEUR 72 HLBC 2.1 GEV/C K 

4303 1.63 0.03 BALTAY 74 HBC 1.75 BEV/C K- 
S 2436 (1.637) (0.050) COOL 74 00PK ~ 1.8 GEV/C K-P 

T 1.67 0.08 DIBIANCA 75 DOS 4.9 GEV/C K-D 
T 4286 1.609 0.028 HEMINGWAY 78 HBC 4,2 GEV/C K- P 
T 41K 1,665 0,065 BOURQUIN 79 SPED HYPERON BEAM 
T 32K 1,652 0.051 BOURQUIN 84 OPEC HYPERON BEAM 
T B THE ERROR 10 STATISTICAL ONLY 

AVG " " I : 6 Z B ' "  ~.~1~ 0.015 AVEBAGB 



For notation, see key on page 91. 

~ +  MEAN LIFE (units 10 -10 sec) 

T~ S 5 EI.51) (D.55) CHIEN 66 HOE + 6,9 PBAR D,ANTI 
TI S 12 (1.9) (0.7) (0.5) SHEN 67 HOE XIBAR~ 

34 1,6 0.5 TI STONE 70 HDC 
TI S 35 (1.55) (0,35F (0.20) VOTRUSA 72 HBC 10 GEV/C K+ P 
TI S THE ERROR IS STATISTICAL ONLY 

~ -  PARTIAL DECAY MODES 

DECAY MASSES 

PI ~-- ~ A~T-- 1116÷ 140 

P2 ~-- ~ A e- P 1116+.511÷ 0 

P3 ~- ~ H W-- 940+ 140 

P4 ~-- ~ ~ #-- p 1116+ 106÷ 0 

P5 ~-- ~ ~0 e- p 1192~.511~ 0 

D6 ~ - -  ~ ~D~--  p 1192. 106~ O 

P7 ~--  ~ n e -  V 940+.511+ 0 

P8 ~-- ~ n ~-- ~ 940+ 106+ O 

P9 ~-- ~ ~-- ~ 1197+ 0 

P10 ~-- ~ ~ ~ ~ 938+ 140+ IAO 

R11 ~-- ~ ~ lr-- e - p  938+ 140+.511+ 0 

P12 ~-- ~ ~T-- #-- p 938+ 140+ I06+ 0 

P13 ~ -  ~ ~o~ -  p 1315÷.511+ 0 

E-  BRANCHING RATIOS 

E -  ~ ( A e - p ) / ( A ~ - )  (units 10 3) (P2) / (P I )  
RI I 155 EFFECTIVE DENOM. CARMONY 63 HBC 
RI 0 260 EFFECTIVE DENOM. JAUNEAU 63 HBC 
RI 0 220 EFFECTIVE DENOM, SERGE 60 HBC 
RI I 155 EFFECTIVE DENOM. LONDON 66 BBC 
RI 0 717 EFFECTIVE DENOM. TRIPPE 67 HBC 
RI 2 1976 EFFECTIVE DENOM. HUBBARD 6B HBC 
RI H 4 (1.15) (0.90) (0.55) HUBBARD 68 RVUE 
RI H HUBBARD 68 (RVUE) INCLODES ALL ABOVE EVENTS 
RI I 0.24 0.24 YEH 74 OBC 
RI 11 (0.31) (0.11) HERBERT 78 ASDK REPL,BY THOMPSON 80 
R1 11 0.30 0.13 THOMPSON BO ASPK HYPERON BEAM 
RI 2857 0.564 0.031 BOURQUIN B3 SPEC SPS HYPERON BEAM 

RI ......... 
RI AV6 0.545 D.059 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.0) 

(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
0.545 ± 0.059 (ERROR SCALED BY 2.0 ) 

X 2 
BOURQUIN 83 SPEC ~ "  

:i!, ,Ooolid . . . .  B  o,=OO,7, 

THOMPSON 80 ASPK 3.6 
YEH 74 SBD 

39  ' 

- 0 .2  0.2 0.6 10  

E" ~ (Ae'v)I(ATT') (10 "°) 

~ -  ~ ( / / ~ - ) / ( A ~ - )  (units 10 -3) (P3)/(Pl) 
DELTA(S)=2. FORBIDDEN IN FIRST ORDER WEAK INTERACTION. R2 

R2 (5 .0 I  OR LESS FERRO~LUZ 63 SBC 
R2 (1.1) OR LESS O~.UBER 69 HBD 
R2 0 (3.0)  OR LESS CL=.90 YEH 74 HBC 760 EFF.DEMOM. 
R2 0,019 OR LESS CL=.90 BIAGI2 82 SPED CEEN-SPS HYPERON BM 

E -  ~ (A~t-v) / to ta l  (units 10 -3) (P4) 
R3 (12.0) OR LESS BERGE 66 HBC 
R3 ( I , 3 )  OR LESS DAUBER 69 HBC 
R3 I ~m35 Om55 ~E~ 74 ~GC 2859 EFF.DENOM. 
R3 D (2.3) OR LESS EL=.90 THOMPSON 80 ASPK 1017 EFF.DENOM. 

E -  ~ ( ~ e e -  v)/total (units 10 -3) (D5) 
R4 (3 .0 )  OR LESS SERGE 66 HBC 
R4 (0,5)  OR LESS DAUBER 69 OBC 
R4 D (0.53) OR LESS CL=.90 YES 74 HBC 4363 EFF.DENDM. 
R4 O I0 .14)  OR LESS EL=.90 THOMPSON 80 AGPK 16000 EFE.DENOM. 
R4 184 0,087 0,017 BOURQUIN 83 SPEC SPB HYPERON BEAM 

E -  ~ (ZD# - V)/(A ~- )  (units 10 -3) ( P 6 ) / ( P I )  

R5 (5.0)  OR LESS BERGE 66 HBC 
R5 D 0m76 OR LESS DL=.90 YEE 74 HBC 3026 EFF.DENOM, 

~ -  ~ (~ e- V)/(A ~ - )  (units 10 -3) (PTI / (P I )  
R6 DELTA(St=2. FORBIDDEN IN FIRST ORDER WEAK INTERACTION. 
R6 (IO.D) OR LESS CLo,9D 81NGHAM 65 RVUE 
R6 0 3m2 OR LESS CL~.90 YEE 74 HBC 715 EFF.DENOM. 
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Stable Particle Full Listings 

R7 
R7 
R7 
R7 
R7 
R7 

R8 
R8 

R9 

R10 
RIO 

Rl l  
R11 

R12 
R12 

R13 

(ze e -  v + A e -  v)/total (units 10 -3) (P2+PSI 
17 (0.68) (0.22)  DUCLOS 71 OSPK SEE NOTE D 

3011 (0.631) (0.031) DOURQUIN 83 SPEC SPS HYPERON BEAM 
THIS EXPERIMENT CANNOT DISTINGUISH SIGMAO FROM LAMBSA. THE CABIBBO 
THEORY PREDICTS BIBMAO RATE ABOUT A FACTOR 6 SMALLER PRAN THE 
LAMBDA. 
BOURQUIN 03 VALUE IS CORRELATED WITH THEIR RESULT FOR RI AND R4. 

(n # -  v)/(A ~'-)  (units 10 3) (PB)/(PI) 
DELTA(S)=2. FORBIDDEN IN FIRST ORDER WEAK INTERACTION. 

0 15,3 OR LESS CL=.9D YES 74 HBC 150 EFP.OENOM, 

( Z -  ~)/(A ~ I ' - )  (units 10 -4) (PD)/(PI)  
0 11.5 OR LBSS CL=.90 YED 74 SBC 2000 EFF.DENOM. 

( p ' x -  ~T-)/(A ~'- )  (units 10 4) (DIO)/(P1) 
DELTA(St=2. FORBIDDEN IN FIRST ORDER WEAK INTERACTION. 
0 3.7 OR LESS CL=.90 YEH 74 HBC 6200 EFF.DENOM. 

( p ~ r -  e -  v)/(A 7r - )  (units 10 -4) (P l l ) / (P l )  
DELTAIS)=2. FORBIDDEN IN FIRST ORDER WEAK INTERACTION. 
0 3.7 OR LESS EL=.90 YEH 74 RBC 6200 EFE.DENOM. 

(p  T r -  # -  v ) l (A~r - )  (units 10 -4) (PlZ)/ (pl)  
DELTA(S)=2. FORBIDDEN IN FIRST ORDER WEAK INTERACTION. 
0 3,7 OR LESS EL=.90 YEH 74 HBC 6200 EFF.DENOM. 

(Z°e  - v)/(A l r - )  (units 10 -3) ( P 1 3 ) / ( R 1 )  

0 2.3 OR LESS 0L=.90 YEH 7A HBC 1000 EFF,DENOM. 

~ -  DECAY PARAMETERS 

GEE NOTE ON BARYON DECAY PARAMETERS IN NEUTRON SECTION ABOVE. 

a (~ - - )  a (A )  
AA 2781 -0,253 0.028 DAUBER 69 HDC 
AA 4303 -0.243 0.025 BALTAY 74 SBC 1.75 GEV/C K- 
AA 2436 -D.252 0.032 DOOL 74 OSFE 1.8 GEV/G 8-9 
AA 6599 -0.239 0.021 HEMINBWAY 7B HBC 4.2 GEV/C K- P 
AA 9046 -0,~15 0.026 CLELAND 8{) ASPK BNL HYPERON BEAM 
AA 1928 -0.303 0,006 RAMEIKA 81 SPEC 
AA 150K -0.299 0.007 BIAGI 82 SPEC CERN-SPS HYP.BM. 
AA 118 -0.207 0.020 ASTON 85 LAGS 'K- 
AA 218 -O.260 0.017 BENSINDER 85 R~S 5 GEV/C K- P 
AA . . . . . . . . .  
AA AVG -0.2919 0.0072 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.8) 

(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
-O.2919 ± 0.0072 (ERROR SCALED BY 1,8 ) 

• - - . ~  + 

. . . . . .  8ENRIHGER 85 MPS 35 
{ ~// I . . . .  ASTON 85 LASS 3 1 

. _ ~  . . . . . . . . .  B,&G[ 82 SPEC 1 0 
. . . . . . . . .  8AMEIKA 81 SPEC 3 4 

. . . . . . . . . .  CLRLAND 80 ASPK 0 0 
• • HEMINGWAY 78 RBC 6 4 

I . ' ~  . . . . .  COOL 74 osPK ~.0 
. . . .  BALTAY 74 HRC 3 8 

! . . . .  DAUBER 69 HBC 19 

255 
qf dence Level 0001} 

-O.4 - 0 . 3  -0 .2  -O.1 

a(~'l'a(A) 

a(~-) 
THE ABOVE AVERAGE, ALPHA(XI-)*ALPHA(LAMBDA)=-O.2919+-D.OOT2, S*=1.8 
DIVIDES BY OUR CURRENT AVERAGE ALPHA(LAMDDA)=D.642+-O.D13 GIVES 

A THE FOLLOWING AVERAGE VALUE FOR ALPHA(XI-F. 

AVG -0.455 0.015 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.8) 

@ ANGLE (degrees) (tan @ = ~ / ~ )  
~ (~16.0) (45.0 . . . . . . . .  6 . . . . . . . . . . .  ~ . . . . .  

62 (45.0) (36.D) SCHNEIDER 63 HBC SEE NOTE BELOW 
F 356 54.D 30.0 CARMONY 64 HBC SEE NOTE S BELOW 
F 1004 O. 12, BERGE 66 HBC SEE NOTE D BELOW 
F L 364 0.0 20.4 LONDON 66 HBC SEE NOTE D BELOW 
F 2529 (9.8)  (11.6) MERRILL 68 HBC REPL. BY DAUBER 69 
F 2781 -14, 11. GAUBER 69 HBC SEE NOTE A BELOW 
F 2724 -26,0 30.0 BINBNAM 70 OSPK 
F 4303 11.0 9,0 BALTAY 74 HBC 1.75 GEV/C K~ 
F 2436 5.0 16.0 COOL 74 OSPK - K 1"8oGEV/C K-P 
F 11K 5.0 10.0 ASTON 85 LASS - 
F E 21K 14.7 16.0 BENSINGER 85 MPD 5 GEV/C K- P 
F 0 OLD DATA NOT INCLUDED IN AVERAGE. 

D ERRORS MULTIPLIED BY 1,2 DUE TO APPROXIMATIONS USED FOR XI 
D POLARIZATION. (SEE DAUBER 68 FOR DETAILED DISCUSSION) 

F L A LONDON 66 USES ALPHA(LAMBDA) = 0,62 
USED ALPHA(LAMBDA) = 0.647 ~- 0.020. 

E BENSINGER 85 USED ALPHA(LAMSDA) = 0.642+-0.013. 
F 
F AVG 3.6 4.5 AVERAGE 
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S t a b l e  P a r t i c l e  F u l l  L i s t i n g s  
.~-, ~o 

gA/gv FOR ~ -  ~ A e - v  
AV (FOR SIGN CONVENTION, SEE NOTE ON BARYON DECAY PARAMETERS IN 
AV NEUTRON SECTION ABOVE.) 
AV 1992 0.25 0.05 BOURQUIN 83 SPEC SPS HYPERON BEAM 

REFERENCES FOR ~-- 

FOWLER" 61 PRL 6 134 ~OWLER,BIRGE,EBERHARD,ELY,GOOD,POWELL+(LRL) 
WANG 61 JETF 13 512 K WANG,T WANG,VIRYASOV,TING,SOLOVEV+ (JINR) 
BROWN 62 PRL 8 255 BROWN,CULWICK,FOWLER,GAILLDUD + IBNL*YALE) 

CARMONY 63 PRL 10 381 CARMONY, PJERROU (UCLA) 
FERRO-LU 63 PR 130 1568 FERRO-LUZZI,ALSTON,ROSENFELD,WOJBICXI (LRLI 
JAUNEAU 63 SIENA CONF A JAUNEAU+ (EPOL÷CERN+LOUC+RHEL+BERGEN) 

ALSO 63 PL 5 261 JAUNEAU,* (EPOL,CERN,LOUC,RBEL,BERGEN) 
SCHNEIDE 63 PL 4 360 H SCHNEIDER (CERN) 

CARMONY 6A PRL 12 482 CARMONY,PJERROU,BCHLEIN,SLATER,STORK+IUCLA) 
BADIERI 64 DUBNA CONF I 393 BADIER,DEMOULIN,BARLOUTAUD+(EPOL,SACL,ZEEM) 
HUBBARD 64 PR 135 B 183 HUBBARD,BERGE,KALBFLEISCHISHAFER + (LRL) 
BINGHAM 65 PRSL 285 202 H H BINGHAM (CERN) 
PJERROU 65 PRL 14 275 
PJERROU 65 THESIS 

SERGE 66 PR 147 945 
LONDON 66 PR 143 1034 
CHIEN 66 PR 152 I171 
SHEN 67 PL 25 B 443 
TRIPPE 67 PRIV. COMM. 

BURGUN 6E NP 08 447 
HUBBARD 68 PRL 20 465 
MERRILL 68 PR 167 1202 

DAUBER 69 PR 179 1262 
BINGHAM 70 PR DI 3010 
GOLDWASS 70 PR DI 1960 
STONE 70 PL 32B 515 

BUCLDS 71 NP 032 493 
NAYEUR 72 NP B47 333 
90TRUBA 72 NP 045 77 
WILQUET 72 PL 420 372 

BALTAY 7~ PR 09 49 
COOL 74 PR DI0 792 

ALSO 72 PRL 29 1630 
YEH 74 PR DIO 3545 
BIBIANCA 75 NF 098 137 

HEMINGWA 78 NP B142 205 
HERBERT 78 PRL 40 1230 
BOURQUIN 79 PL 87B 297 
ELELAND 80 PB 021 12 
THOMPSON 80 PR 021 25 
RAMEIKA 81 RU-O1-64(TRESIS) 
BIAGI 82 PL 1120 265 
BIAGI2 E2 PL 112B 277 
BOURQUIN SS ZPHY C21 1 
BOURQUIN 84 NP 0241 1 
RAMEIKA 84 PRL 52 581 
ASTON 05 PR 032 2270 
BENSINGE 85 ND B252 561 

+ SDHLEIN,SLATER,SMITH,STORK,TICHO (UCLA) 
G M PJERROU (UCLA) 

BERGE,EBERHARD,HUBBARD,ME'RRILL . (LRL) 
LONBON,RAU,GOLDBERG,LICHTMAN+(BNL+SYSACUSE) 
÷LACH,SANDWEISS,TAFT,YEH,OREN + (YALE+BNL) 
B.C,SHEN,A.FIRESTDNE,G,GOLDHABER IUCB+LRL) 
T. TRIPPE (UCLA) 

+MEYER,PAULI,TALLINI, + (SACL+CDEF+RHEL) 
HUBSARD,BERGE,DAUBER (LRL) 
MERRZLL,SHAFER (LRL)J 

+BERGE,HUBBARD,MERRILL,MILLER (LRL)J 
+COOK,HUMPHREY,SANDER,WILLIAMD+ (UCSD,WASH) 
GOLBWASSER, SCHULTZ (ILL) 
+BERLINGHIERI,BROMBERG,CBHEN,FERBEL ÷(ROBH) 

+FREYTAG,HEINTZE,HEINZELMAN,JONES+ (tERN) 
+VAN BINST,WILQUET+ (BRUX+CERN+TUFT+LOUC) 
VOTRUBA,SAFDER,RATCLIFFE (BIRM+EDIN) 
~FLIAGINE,GUY,KNIGHT+ (BRUX+CERN+TUFT+LOUC) 

+BRIBGEWATER,COOPER,GERSBWIN* (COLU+BING)J 
+GIACOMELLI,JENKINS,KYCIA,LEONTIC,LI+ (BNL) 
CDOL,GIACOMELLI,JENKINS,KYCIA,LEONTIC*(BNL) 
÷GAIGALAS,SMITH,ZENBLE,BALTAY ÷ IBING+COLUI 
F.A.DIBIANCA, R.J.ENDORF (CARNI 

NEMINGWAY,ARMENTEROS* (CERN+ZEEM+NIJM÷OXF) 
+CLELAND,CODPER,DRIS,ENGELS + (PITT+BNL) 

(BRIS+GEVA+HEID÷ORSA+RBEL÷STRB) 
+COOPER,BRIG,ENGELS,HERBERT÷ (OITT+BNL) 
+CLELAND,COOPER,DRIS,ENGELS+ (PITT*BNL) 
R.A.RAMEINA (RUTG) 
+ IBRIS+CAMB÷GEVA*REID+LAUS*LODM+RL) 
+ (LOQM+GEVA+RL~HEID+CAMB+LAUS+BRIS) 
÷BROWN+ (BRIS+GEVA*HEIB+LALD+RL+STRB) 

(BRIS+GEVX+HEID÷LALO+RAL+STRB) 
+BERETVAS,DECK,DEVLIN*IRUTB÷MICR*WISC÷MINN) 
+CARNEGIE,DUNWOODIE,+ (SLAC+CARL+CNRC+CINC) 
BENSINGER,+ (CHIC+ELMT~FNAL+ISU+LENI÷SMAS) 

F ~  I JP 1 1 + 
( )= ~(5  ) 

P NOT YET MEASURED. VALUE SHOWN IS QUARK MODEL PREDICITION. 

N O M A S S  (MeV) 

M 1 1313.4 1.8 PALMER 68 HBC 
M 49 1315.2 0.92 WILQUET 72 BLBC 

~VG I ~ I ~ 0 3  I m 6m82" AVERAG E 
M FIT 131~.91 0.55 FROM FIT 

~ -  _ ~D M A S S  D I F F E R E N C E  (MET)  

23 6.8 1.6 JAUNEAU 63 FBC 
45 16.1) 11.6) CARMONY 64 HBC REP BY PJERROU 65 

D 80 6.1 0.9 PJERROU 65 HBC 
29 6.9  2.2 LONDON 66 HBC 

D AVG 6.34 0.74 AVERAGE 
D FIT 6.41 O.S5 FROM FIT 

N O M E A N  L I F E  (units 10 -10 see) 

T 24 3.9 1.4 0.80 OAUNEAU 63 FBC 
T 45 (3,5) 11.0) (0.8) CARMONY 04 HBC REP BY PJERROU 65 
T 101 2.5 0.6 0,3 HUBBARD 64 HBC 
T SO 3.0 0,5 PJERROU 65 HBC 
T 340 3.07 0.22 0.20 D~UBER 69 BBC 

M 157 2.90 0~32 0.27 HAYEUR 72 HLBC 2.1 GEV/C K- 
652 2.88 0.21 0,19 BALTAY 74 BBC 1.75 BEV/C K- 

2 6300 2.77 0.16 ZECH 77 SPED NEUTRAL HYP. BEAM 
M MAYEUR 72 VALUE MODIFIED BY ERRATUM. 
Z ZECH 77 VALUE IS FOR LAMBDA LIFETIME=2.69E-10. FOR LAP LIFETIME 
Z DIFFERENT FROM THIS, TAUXIB=(2.77-ITAULAMBDA-2.69IIE-IO. 

AUG ''21903"" 0.099 0.093 AVERAGE 

N O M A G N E T I C  M O M E N T  ( M A G N E T O N S ,  938.26 MeV)  

MM A2K -1.20 0.06 BUNCE 79 SPED 
MM 270K -1.255 0.014 COX 81 SPED 
MN ......... 
MP AVE -1.250 0.014 AVERAGE 

N O PARTIAL DECAY MODES 

DECAY MASSES 

PI ~0 ~ A ~O 1116+ 135 

P2 N O ~ p ~-- 938+ 140 

PS N O ~ p e -- P 938+.511+ 0 

P4 N O ~ ~÷ e-- P I189+.511+ 0 

P5 N O ~ ~-- e + ~ 1197+.511+ 0 

P6 N O ~ ~+ ~-- V 1189, 106+ 0 

P7 ~0 ~ ~-- ~+ P 1197+ 106+ 0 

P8 N O ~ ~ ~ P 938+ 106÷ 0 

P9 N O ~ E ~ 1116+ 0 

PIO ~0 ~ ~0~ 1192+ 0 

~O B R A N C H I N G  RATIOS  

~e ~ ( p ~ - - ) / ( &  ~o) (units 10 3) (P2) l (P l )  
RI DELTA(S)=2. FORBIDDEN IN FIRST ORDER WEAK INTERACTION. 
RI 42700,) OR LESS TICHO 63 HBC 
RI (500.) OR LESS HUBBARD 66 HBC 
RI 190.) OR LEBS DAUBER 69 HBC 
B1 0 (180.I OR LESS CL=.9O YEH 74 HBC 1300 EFF.DENOM. 
RI 3,6 OR LESS CL=.90 GEWEMIGER 73 SPEC 

~O ~ ( D e -  v) / (±  Tc °) (units 10 -3 )  CPS)/(Pl) 
R2 DELTA(S)=2. FORBIDDEN IN FIRST ORDER WEAN INTERACTION. 
R2 127.0) OR LESS TICHO 63 HBC 
R2 16.0) OR LESS HUBBARD 66 HBC 
RE 1.3 OR LESS DAUBER 69 ~SD 
R2 O 13m4) OR LESS CL=.9O YEH 74 HBC 670 EFF,DENOM. 

N ° ~ (Z + e -  v)/(A ~e) (units 10 -3)  (PAl/(P1) 
R3 (13,0) OR LESS TICHO 63 HBC 
R3 17.0) OR LESS HUBBARD 66 HBC 
RS (1.5)  OR LESS DAUBER 69 HBC 
R3 O 1.1 OR LESS CL=.90 YEH 7A HBC 2100 EFF.DENOM. 

N 0 ~ (Z-- e + P)/(A 7r o) (units 10 -3)  (P5)/(PI) 
R4 TEST OF DELTA-S = DELTA-Q RULE 
R4 (6.0) OR LESS HUBBARD 66 HBC 
R4 41.5) OR LESS DAUBER 69 HBC 
R4 0 0.9 OR LESS CL~.90 YEH 74 HBC 2500 EFF.DENOM. 

N O ~ ( ~ +  g -  v)/total (nnits I0 3) <P6) 
R5 (7.0) OR LESS HUBBARD 66 HSC 
RS ( I . 5 )  OR LESS DAUBER 69 HBC 
R5 0 1.1 OR LESS CL~.90 YEH 74 RBC 2100 EFF.DENOM. 

N O ~ ( 2 -  ~ +  v ) / t o t a l ( u n i t s  10 -3 )  (PT) 
R6 TEST OF DELTA-S = BELTA-Q RULE 
R6 (6.0) OR LESS HUBBARD 66 HBC 
R6 11.5) OR LESS DAUBER 69 HBC 
R6 0 0.9 OR LESS CL=.90 YEH 7A HBC 2500 EFF.BENOM. 

N O ~ (p ~ - V ) / t o ~ l  (units 10 -3)  (P8) 

R7 DELTA(S)=2. FORBIDDEN IN ~IRST ORDER WEAK INTERACTION. 
R7 (6.0) OR LESS HUBBARD 66 HBC 
R7 1.3 OR LESS DAUBER 69 HBC 
R7 0 (3.5) OR LESS CL=.90 YEH 74 HBC 664 EFF.DENOM. 

N' ~ (,7)/(~yD)(.u~B 1D-B) (Pg),(PIi 
RE , YEH 74 HBC 200 EFF.DENOM, 

NO ~ (~oT)/ (  A ~D) (units 10 -2)  (PIO)/(P1) 
R9 0-I 6.5 OR LESS CL=.9O YEH 74 HBC 60 EFF.DENOM. 

~O DECAY P A R A M E T E R S  

SEE NOTE ON BARYON DECAY PARAMETERS IN NEUTRON SECTION ABOVE. 

~ (-0.091 10,461 PJERROU 65 HBC SEE NOTE ~ BELOW 
146 (-0.13) 10.17) BERGE 66 HBC SEE NOTE BELOW 

X 46 (-0.2) (0.4) lONDON 66 HBC SEE NOTE D BELOW 
A 739 -0.63 0.09 DAUBER 69 HBC 1.7-2.6 GEV/C K- 
B X 130 I-0.84) (0.27) MAYEUR 72 HLBC 2.1 GEV/C K- 

652 -0.54 0.10 BALTAY 74 HBC 1.75 BEV/C K- 
A U 6075 -0.490 O.OA2 BUNCE 78 SPED FNAL HYPERON BEAM 

H BOOK -0.405 0.012 HANDLER 02 SPED FNAL HYPERON BEAM 
X LOW STATISTICS EXPERIMENTS EXCLUDED FROM AVERAGE. 

A 0 ERRORS MULTIPLIED BY 1,1 DUE TO APPROXIMATIOMS USED FOR XI 
A D POLARIZATION. (SEE DAUBER 69 FOR DETAILED DISCUSSION) 
A A DAUBER 69 USES ALPHA LAMBDA = 0.650 +- 0.019. 
A B BALTAY 74 USES ALPHA-LAMBDA = 0,645 
A U BUNCE 7E USES ALpHA-LAMBDA = 0.G47 
A B HANDLER 82 USES ALPHA-LAMBDA=0.642+-O.013 
A . . . . . . . . .  
A AVG -0.413 0.022 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.0) 

(SEE IDEOGRAM BELOW) 
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Stable  Partic le  Full, List ings  
~o, ft- 

WEIGHTED AVERAGE 
-0.413 ± 0,022 (ERROR SCALED BY 2.0 ) 

" ~ ' " ' ~  ,,-I.- 

. . . . .  HANDLER 

. . . . .  BUNCE 
I . . . .  BA LTAY 

• • DAUBER 

- 0 7  - 0 . 5  - 0 . 3  

c( F °) 

2 
X 

82 SPED 05 
78 SPED 3 3 
74 HBC 
69 RBC 

38  
{ C o n f i d e n c e  L e v e l  ~ 0 0 5 1 ]  

I 

- O A  

@ ANGLE (degrees) (tan ~ ~ # / 7 )  
F 146 30. BERGE 66 HBC SEE NOTE 

A 739 19. DAUBER 69 HUG SEE NOTE BELOW 
652 16.0 17.0 BALTAY 74 HBC 1.75 GEV/C K- 

F A USED ALPHA LAMBDA = 0.647 +- 0.020. 
D ERRORS MULTIPLIED BY %2 DUE TO APPROXIMATIONS USED FOR X[ 

POLARIZATION. (SEE DAUBER 69 FOR DETAILED DISCUSSION) 
F ......... 
F AVG 20.7 11.7 AVERAGE 

ALVAREZ 59 PRL 2 215 
JAUNEAU 63 SIENA CONF 1 1 

ALSO 63 PL A 49 
TICHO 63 BNL CONF 410 

CARMONY 64 PRL 12 482 
HUBBARD 64 PR 135 B 183 
PJERROU 65 PRL 14 275 
PJERROU 65 THESIS 

BERGE 66 RR 147 945 
HUBBARD 66 UCRL 11510 
LONDON 66 PR 143 1034 

pALMER 68 PL 26B 323 
DAUBER 60 PR 179 1262 

MAYEUR 72 NP BAT 333 
ALSO 73 NP B53 268 

~IL~UET 7 2  RL ~8S 372 

BBLTAY 7~ PR 09 49 
YEH 74 PR 010 3565 
GEWENIGE 75 PL 57B 193 
ZECH 77 NP S124 413 

BUNCE 78 PR 018 633 
BUNGE 79 PL 88B 386 
COX 81PRL 46 8 7 7  
HANDLER 82 RR 025 639 

REFERENCES FOR ~o 

ALVAREZ, EBERHARD, GOOD, BRA2 IANO, T I CHO+ (LRL) 
JAUNEAU+ (EPOL+CERN+LOUD÷RHEL+BERGEN) 
JAUNEAU~ (EPOL+GERN÷ LOUC*RHEL+BERGEN ) 
HAROLD K TICHO (UCLA) 

CARMONY, p J ERROU, SCHLE IN, SLATER, STORK + (UCLA) 
HUBBARD, BERGE, KALBFLE ISCH, SHAFER ÷ (LRL) 
+ SDBLEI N, SLATBR,SM~TH, STORE,T ISHO IUCLA) 
G M FJERROU (UCLA) 

SERGE, EBERHARD, HUBBARD, MERRILL + (LRL) 
J RICHARD HUBBARD (THESIS,BERKELEY) (LRL) 
LONDON, RAU, GOLDBERG, L I CHTMAN*IBNL+SYRADUSE ) 

PALMER, RADO J I C I D,RAU,R I DHARDSON+ IBNL ,SYRA) 
~BERGE, HUBBARD, MERRILL, MILLER (LRLI 

+VAN BINST,WILQUET+ (BRUX+CERN~TUFT~LOUC) 
ERRATUM T0 MAYEUR 72 
+FLIAGI RE ,GUY ,KNIGHT ÷ I BRUK~DERN~TUFT * LOUD ) 

+BRIDGEWATER, COOPER, GERSHWI N÷ (COLU~BINGI J 
~GAIGALAS,SMITR,ZENDLE,BALTAY ~ (BING*COLU) 
GEWENIGER DJESDAL RRESSER + (CERN÷HEID) 
+DYDAK, NAVARRIA* (SIEG+CERN*DORT+HD D 

• HANDLER, MARCH,MART IN ~ (WISC÷MI CH+RUTGI 
+OVERSETH, COX, DWORK IN+ (BNL÷MI CH*RUTG+WISDI 
+DWORKIN + (M I CH+WI SD÷RUTG+MI NB*BNL) 
+GROBEL, PONDROM+ (Q I SC+MI CH*MI NNeRUTG) 

STRANGENESS --3 BARYON 

3+ i ( j  p)  = o( 7 ) 

QUANTUM NUMBERS ASSIGNED FROM SO3 

~ -  MA SS (MeY) 

M E I(1615.) EISENBERG 54 EMUL 
M r 1 1672.1 I. FRYI 55 EMUL 
M F 9 1670.6 ( I . )  FRYE SB EMUL 

I 1673.0 B.O ABRAMS 64 HBD INTO Xl- RIO 
3 167B.5 1,0 PALMER 88 HBC K-P 4.6,5. GEV/C 

M 3 1671.8 0.8 SCHULTZ 68 HBC K~P 5.5 GEV/C 
M 5 1674,2 1.6 SCOTTER 68 HBC K-P 6. GEV/C 
M B 6(1871.9) (1.2) SPETH 69 HBC K-P 10. GEV/C 
M B 13(1671.43) (0.78) ASDLV 73 HSD g-p 10. QEV/C 
S D 4 1673.4 1.7 DIBIANCA 75 DBC" 4.9 GEV/C K-D 
R 41 1673.0 0.8 BAUBILLIE 78 HBC 8.25 BEV/C K-P 
M 27 1671.7 0.6 HEMINGWAY 78 HBC 4.2 GEV/C K-P 
M 100 1673. 1. HARTOUNI 85 SPEC 80-280 GEV KL C 
M ......... 
M AVG 1878.43 D.32 AVERAGE 

MM THE UNAMBIGUOUS DISCOVERY OF OMEGA- IN BOTH PRODUCTION AND DECAY 
MODES OCCURRED IM EARNESt 64. 

E EISENBERG 54 MASS CALCULATED FOR DECAY IN FLIGHT. ALVAREZ ?3 HAS 
SHOWN THAT THE OMEGA INTERACTED WITH AG NUCLEUS TO GIVE K- XI AG. M 
BOTH FRY EVENTS IDENTIFIED AS OMEGA- BY ALVAREZ 73. 
FRY MASSES ASSUME DECAY TO LAMBDA K- AT REST. DECAY FROM ATOMIC 

MM F ORBIT GOULD DOPPLER SHIRT THE K- ENERGY AND RESULTING OMEGA- MASS 
F BY SEVERAL MEV FOR FRY 2. THIS SHIFT IS NEGLIGIBLE FOR FRY I 

M F BECAUSE TEE OMEGA DECAY IS APPROXIMATELY PERPENDICULAR TO ITS 
M F ORBITAL VELOCITY, AS IS KNOWN BECAUSE THE LAMBDA STRIKES THE 

F NUCLEUS (L.ALVAREZ, PRIVATE COMM. 1973). WE HAVE CALCULATED THE 
ERROR ASSUMING THAT ORBITAL N IS 4 OR LARGER. s F ABCLV VALUE INCLUDES THE SPETH 69 EVENTS. EXCLUDED FROM AVERAGE. 

B SEE NOTE D IN THE OMEGA- MEAN LIFE SECTION BELOW. 
D DIBIANCA 75 GIVES MASS FOR EACH EVENT. WE QUOTE AVERAGE. 

~ +  M A S S  (MeV) 

MB 1 1673.1 1.0 FIRESTONE 71 HBC 12 GEV/C K+D 
MB 72 1672, I. HARTOUNI 85 SPEC 80-280 GEV KL C 
MB ......... 
MB AVG 1672.55 0.71 AVERAGE 

9 -  MEAN LIFE (units 10 - l o  sec) 

40 0.80 0.16 0.12 BAUBILLIE 78 HBC 8.25 UEVIC K-P 
D 101 (1.41) (0.15) (0,24) DEUTSDHMA 78 HBC 10,18 GEV/C K- P 

T 39 0 , 7 5  0.14 0.11 HEMINGWAY 78 HBC 4.2 GEV/C K-P 
T 9875 0.823 0.018 BOORBUIN 84 SPED CERN SPS EYPERON BM I 

D DEUTSCHMANN 78 EXCLUDED FROM AVERAGE BECAUSE OF SIGNIFICANT 
D DISAGREEMENT WITH OTHER RECENT EXPERIMENTS, POSSIBLY DUE TO XI- 

T D CONTAMINATION. 

AVG D : 8 ~ B  661~ 0.013 AVERAGE 

~ -  PARTIAL DECAY M O D E S  

DECAY MASSES 

Pl ~-- ~ XK- 1116+ 494 

~2 ~ ~ ~Dw-- 1315+ 140 

R3 ~-- ~ ~-- ?I "D 1321+ 135 

P4 ~-- ~ A7F-- 1118+ 140 

P5 ~-- ~ ~-- ~ 1321÷ 0 

P6 ~- ~ ~ ( i 5 3 0 ) o ~  - 1 5 3 3 +  IBO 

P7 ~ - -  ~ ~o B- ~ 1315+.511+ 0 

P8 ~- ~ ~-- ~+Tr- 1321÷ 140~ 140 

RI 

R2 

R3 

R4 
RQ 

R5 

RE 

R7 

{2-- 

R8 

9 -  BRANCHING RATIOS 

A K -  (Pl) 

1AK 0 . 6 7 8  0,007 SOURQU[N 86 SPED DERN SPS HYPERON BM I 

~07F-- (P2) 

1947 0.286 0.007 BOURGUIN B4 SPEG CERN SPS HYPERON 8M 

~ -  ~O (P3) 

759 0.086 0,004 BOURQUIN 84 SPEC CERN SPS EYPERON BM I 

(A T r - I / t o t a l  (units IO 3) ( P H I  

DELTA(S)=2. FORBIDDEN IN FIRST ORDER WEAK INTERACTION. 
0 0.19 OR LESS DL=.90 SOU~QUIN 84 SPED EERK SPS HYPERON ~ i 

( ~ - V ) / t o t a l  (units 10 -3) (PSI 
9 2.2 OR LESS CL=.90 BOURQUIN 84 SPED CERN SPS HYPERDN BM ] 

(~(l$30)D~--)/ total  (uuits 10 3) <PSI 
4 0.64 0.51 D.20 BOURQUIN 84 SPED CBRN SPS HYPDRON BM ] 

(~Oe-~) / to ta l  (units 10 2) (p7) 
14 0.56 0.28 BOURQUIN 84 SPED CERN SPS HYPERON BM ] 

( ~ - T r + ~ ' - ) / t o t a l  (units 10 -~) (P8I 
A 4.3 3.4 1.3 BOURQUIN 8A SPED CERN SPS HYPERON BM ] 

~ -  DECAY pARAMETERS 

SEE NOTE ON BARYON DECAY PARAMETERS IN NEUTRON SECTION ABOVE. 

FOR ~ -  ~ K - K  
AL R 15 (-0.66) (D.36) (0.30) KOCHER 74 HBC 10 GEV/C K-P 
AL 40 0.58 0.50 BAUBILLIE 78 HBC 8.25 BEV/C K-P 
AL 40 -0.2 0,4 HEMINGWAY 78 HBC 4.2 GEV/C K~P 
AL 12K -O.02B 0.028 BDURQUIN 84 SPEC CERN ERE HYPERON BM 
AL K SEE NOTE D IN THE OMEGA- MEAN LIFE SECTION ABOVE. 
AL ......... 
AL AVO -0.024 D.028 AVERAGE 

FOR O -  7 r - E  ° 
AXO 1630 0.09 0.14 BOURQUIN 84 SPEC CERN SPS HYRERON BM 

FOR O-  ~ ~OE-  
AX- 614 0.05 0.21 BOURGUIN 84 SPED DERN SPS HYPERON BM 
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Stable Particle Full Listings 
. q -  Ac~ 

R E F E R E N C E S  FOR ~ -  

EISENBER 54 PR 96 541 
FRYI 55 PR 97 1109 
FRY2 55 NC 2 346 

ABRAMS 6g PRL 13 670 
BARNEDI 64 ERL 12 204 

PALMER 68 PL 260 323 
SCEULTZ 68 PR 160 15C9 
SCOTTER 68 DL 260 474 
SPETH 69 PL 290 252 

FIREDTON 71 PRL 26 410 
ABCLV 75 BP B61 102 
ALVAREZ 73 PR C8 702 
ROCKER 74 PL 51D 195 
CIBIANCA 75 NP B98 137 

BAUBILLI 78 RL 780 342 
DEUTSCHM 78 EL 730 96 
HEMINGWA 78 NP B142 205 
BOURQUIN 84 NR 0241 1 

ALSO 79 PL 87B 207 
ALSO 79 PL 88B 102 

EARTOUNI 85 PRL 54 620 

Y EZSENBERG (CORNELL) 
FRY,SCMNEPG,SWAMI (WISE) 
FRY,BCHNEPS,DWAMI (WISE) 

BURNSTEIN,GLASDER + (UMD+NRL) 
V E BARNES,CONNOLLY,CRENNELL,CULWICK+ (BNL) 

PALMER,RADOJICIC,RAU,RICHARCSON+ (BNL,DYRA) 
DCHULTZ+ (ILL,ARGONNE,NORTHWESTERN,WIDE) 
DCOTTER+ (DIRM,GLASEOW,LOIC,MUNFCH~OXF) 
SPETH+ (AACNEN,BERLIN,CERN,LOIC,VIEN) 

÷BOLDHABER,LISSAUER,SHELCON,TRILLING (LRL) 
AACHEN+BERLIN+CERN+LONDON+VIENNA COLLABOR. 
LUIS W. ALVAREZ (LBL) 
KOCHER,WERNNARC IINND+VIEN) 
F.A.DIBIANCA, R.J.ENDORF (CARN) 

BAUDILLIER + (BIRM+CERN+GLAS*MSU+LPNP) 
DEUTDCHMANN+(AACH+BERL*CERN+INNC+LOIC*VIEN) 
NEMINGWAY,ARMENTEROS+ (CERN+ZEEM÷NIJM*OXF) 

(BRIS÷GEVA*HEID+LALO~RAL~DTRB) 
BOURQUIN, (BRIS+GEVA+HEID*LALO+RAL) 
BOURQUIN~ (DRIS+GEVA+HEIC*LALO+RAL) 
÷ATIYA,HOLMED,KNAPP,LEE,+ (COLU*ILL+FNAL) 

C H A R M E D  B A R Y O N S  

l ( j p ) _ o ( l  + ) 

J NOT YET MEASURED. VALUE SHOWN IS QUARK MODEL PREDICTION. 
FOR THE (DIGMA/C)-(LAMBCA/C) MASS CIPFERENCE SEE THE SIGMA/C 
SECTION CF THE FULL LISTINGS FOR BARYONS. 

Ac+ M A S S  (MeV) 

M 1 2260. 20. CAZROLI 75 HBC + LAMBCA 2PI÷ DI- 
M 60 2260. 10. KNAPP 76 SPEC ANTILAM 2PI- PI+ 
M 1 (2248.) OR MORE BARIBH 77 DOE MODE P15 BELOW 

6 2257. IC. DALTAY 79 HLBC + LAMBDA PI* 
M I 2254. 12. CNOPS 79 CDC P K*(892) PI+ 
M A 30 2262. 10. GIBONI 79 SPED K- P PI+ 
MM A GIBONI 79 RESULT CHANGED FROM 2255+-4 BY AUTHORS. SEE KERNAN 79. 

39 2285. 6. ABRAMS 80 SMK2 +- K- P PI+ + D.C. 
M I 2260. 20. ALLASIA 80 EMUL D K- PI+ 
M 1 2290. 3. CALICCHIO BO HYBR P K- PI+ 

19 2275. 10. KITAGAKI BO CBE LAM PI+l KOBAR P 
MM 55 2284,0 5.0 RUSSELL 81 OPEC +- KOBAR P + D.C. 

3 2283.C 3.0 BOSETTI 02 HDC + P K- P I *  
M 3 2270.0 15.0 KITAGAKI 82 DEC SIGMAO PI+ 
M 3 2285. 23. ADAMOVICH 84 EMUL PHOTOPRODUCTION 

C 187 2268, 6. ALEEV 84 BIS2 N CARBON 50 GEV 
M C THIS MEASUREMENT USES LAM 3PI AND KOP PI* PI~ DECAYS. 
M ......... 

AVG 2281.2 3.0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.91 
(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
2281.2 ± 3.0 (ERROR SCALED BY 1.9 ) 

. . . . . .  ALEEV R4 BtS2 4.8 
' ' • ADAMOVICH B4 EMUL 

2 I 

2220 2260 
+ 

A c m 8 8 ~  

. . . . . .  KITAGAKI 82 DBC 0 6 

. . . . .  BOSETTI 82 HBC 0 4 

. . . . .  RUSSELL 81 SPEC 0 3 

. . . . . .  KITAGAKI 00 D~C 0 4 

. . . . .  CALICCHIO 80 HYBR B 7 

. . . . .  ALLASIA 80 EMUL 

. . . . .  ABRAMS 00 SMK2 0 4 

. . . .  GIBDNI 79 SPEC 3 7 

. . . . .  CNOPS 79 DBC 5 1 
BALTAY 70 HLBC 5 8 
KNAPP 76 SPEC 4 5 

. . . .  CAZZOLI 75 HBC 

34.~ 
~ - ~  I {Conf idence Leve~ < 0 0011 

2300 2340 

A ~  M E A N  LIFE  (units | 0  -13 see) 

T 1 (7.5) ANGELINI 79 NYBR P K- OF* 
T S 2.3 1.0 0.6 USNIDA 83 EMUL REPL. USHICA 80 

A 8 2.22 1.34 0.75 ACAMOVICH 84 EMUL PHOTOPRODUCTION 
A ESTIMATE SYSTEMATIC ERROR LESS THAN +0.6 -0.5. 

T 
T AVG 2.27 0.81 0.47 AVERAGE 

Ac + P A R T I A L  DECAY M O D E S  

DECAY MASSES 

,~.~ ~ ~_~T+TF+IT - 1116+ 140,  140+ 140 P1 

"k + ~.7C + 1116+ 140 p3P2 ".t~ 2 v xo o ~ .  G9~ 
P4 'L + p5 itft- ~ PK-rr+.v-i~o~ 938+ 494+ 140 

i ~  - -  A ( 1 2 3 2 ) + + K  - 1232+ ~,9G 
pgP6 2~ ± pKDw-- ' /F+ 938* 498+ 140* 14C 

PS A + ~ pK ' ( 892 ) -~  + 938+ 892~ 140 

P9 A + ~ + q T  ° 1189, 135 C 
P~O A.~ ~ ~°?C+ 1192. 1AO 

P11 ~-F ~ + / ]  1189~ R49 

-k ~,,~ ~ e + any th ing  P12 
A R" p e + any th ing  

PIAD15 '3.~c 2 A e + anyth ing  

P15 A +  c ~ P ~ c - T F O K ° e + p  938+ 140+ 135* 498* 

P16 Ac+ ~ A anything 

RI 
RI 
RI 
RI 
RI 
RI 

R2 
R2 
R2 
RG 
R2 
R2 
R2 

A+ 
R3 
R3 
R3 
R3 
R3 

R4 
R4 
R4 

Y 
RE 

A+ 
R7 
R7 
R7 

Rg 

A+ 
R9 
R9 
R9 
R9 
R9 
R9 

~+ 
R10 
R10 
R10 
R10 
R10 
R10 
R1C 
R10 
R10 
RIC 

A+ 
Rll 

R12 

~+ 
R13 

A+ 
R14 

A+ 
R1R 

A+ 
R16 

A ~  B R A N C H I N G  R A T I O S  

(.OK - 7r+)/ total  IDA) 
90 (SEEN) CRIJARD 79 SFM P P AT 62.8 GEV ECM 
98 (SEEN) GIBONI 79 SPEC P P AT 63 GEV ECM 
18 (SEEN) LOCKMAN 79 SPEC P P 53, 62 GEV ECM 
39 0.022 0.010 ABRAMS 80 DMK2 E+E- 5.2 GEV ECM 

(SEEN) CALICCHIO 80 hBC NUP IN BEBC-TST 
7 (SEEN) IRION 81 SPEC P P AT 63 GEV ECM 

(pK*(892)O)/(pK-~ +) (P5)/(PG) 
(SEEN) ANGELINI 79 HYDR NU EMUL WITH BEBE 

4 (SEEN) DRIJARD 79 SFM P P AT 52.5 GEV ECM 
0.IB 0,10 WEISS 80 SMK2 E+ E- 5.2 GEV ECM 

12 C.42 0.24 BASILS 81 CNTR P P -> LAM/C+ E- X 
THE ABOVE RATIOS INCLUDE THE KOBAR PIE MODE DF TEE K*C. 

AVE 0.216 0.092 AVERAGE 

(A(1232) + +  K-) / (p  K - 7r + ) opT)/(P4) 
40 (SEEN) DRIJARD 79 S~M P P AT 52.5 EEV ECM 

0.17 0.07 WEISS 80 SMK2 E+ E- 5,2 6EV ECM 
17 0.40 0.17 BASILE 81 CNTR P P ~> LAB/C+ E- X 

AVG 0.203 0,081 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.31 

pEO 
(SEEN) BALTAY 79 HLBC NU NE~H2 IN 15-FT 

1 (SEEN) KITAGAKI 80 DEC NU D IN FNAL 15-FT 
55 (SEEN) 55/75 RUSSELL 01 SPED PHOTOPRCDUCTION 

(p ~°)ICD K-Tr +) iP3)/iDG) 
12 0.5 0.25 WEISS 8C SMK2 E÷ E- 5.2 GEV ECM 

( p  K -  "g" + ) / ( p  T O) ( P A ) / ( P 3 )  
50 (1.51 OR LESS CL=.9C RUSSELL 81SPEC PHOTOPRODUCTION 

A 7£ + (D2) 

(P3) 

(SEEN) BALTAY 79 ELBC NU NE-H2 IN 15-FT 
(SEEN) KITAGAKI 80 CBC NU C IN FNAL 15-FT 

3 (SEEN) DON 83 DBC NU D QUADIELAST I 

(B.R) OR LESS CL=0.9 WEISS BO SMK2 E+ E- 5.2 GEV ECM 

(A ~+)/(p T °) iP2)2(cs) 
K 5 0.67 0.78 0.35 BALTAY 79 HLDC NU NE-H2 IN 15-RT 

9 0,51 0.62 0.27 KITAGAKI 80 DBC NU R IN FNAL 15-FT 
40 (0.4) OR LESS CL=.90 RUCCELL 81 SPED CHOTOPRODUCTION 

K CALCULATED BY KITAGAKI 80 FROM BALTAY 79 RESULTS. 

AVG 0.57 0.35 AVERAGE 

A ~ + ' 8 " + ' g  " -  (DI) 

g SEEN CAZZOLI 75 EBC Nb P IN DNL 7-FT 
6 SEEN KNARR 76 SDEC GAMMA BE 

SEEN BALTAY 79 HLBC NU NE-H2 IN 15-FT 
I SEEN GIBONI 79 SPED P P AT 63 GEV ECM 
18 SEEN LOCKMAN 79 SPEC P P 53, 02 GEV ECM 
C7 SEEN ALEEV 04 BIS2 N CARBON 58 GEV | 
70 (0.028) (0.013) BOWCOCK 85 CLEO E+E- ECM=IO.SGEV 

i BR(LAMBDA/C INTO LAMBCA 3PI) MAKES ASSUMPTIONS ON CHARM 
PRODUCTION AND LAMDDA/C PRODUCTION FROM CHARM. 
STATISTICAL AND SYSTEMATIC ERRORS ARE C.007 AND 0.011. 

(a ~÷  %+ ~-- ) / ( f f  K -  ~+ )  (PI)/IPG) 
1.4 OR LESS CL=0.9 WEISS 8C SMK2 E+ E- 5.2 GEV ECM 

(&~+  ~+  ~ - - ) i  (p~O) 
220 (3.11 OR LESS CL=.90 RUSSELL 

130 4.3 1.2 ALEEV 

AS 3 .5  OR LESS CL=.9C RUSSELL 

~c ~ + 

3 SEER KITAGAKI 

p K*(892)- "n -+ 
I SEEN CNOPS 

(PI)/(P5) 
81 SPED PHOTOPRODUCTION 

(P7)/(Pl) 
84 BIS2 N CARBON 4C~70 GEV 

(P7)/(P3) 
81 SPEC PHOTOPGODUCTION 

(P101 

82 DOE NU D IN FNAL 15-FT 

(PS) 

79 CBC NUN IN BNL 7-~T 



For notation, see key on page 91. 

~ ~ (e + anything)/total (P12) 
I 0.045 0.017 VELLA 82 SMK2 E+ E- 4.5-6.8 GEV 

A ~  ~ (p  e + anything)/total (P13) 
R18 M 0.018 0.009 VELLA 82 SMK2 E* E- 4,5-6.8 6EV 
R18 M THIS INCLUDES PROTONS FROM LAMBOA DECAY. 

A~ ~ (An + anything)/total (P14I 
R19 I (0.022)0R LESS CL=.90 BALLAGH 81 HYBR NU NE-H2 IN 15-FT 
R19 N 0.011 0.008 VELLA 82 SMK2 E+ E- 4.5-6.8 GEV 
R19 N THIS INCLUDES LAMBDAS FROM SIGMAO DECAY. 

A~ ~ (An + anything)/(A anything) (P14)/(P18) 
R20 S 0.027 0.017 SON 82 OBC NU D IN FNAL 15-FT 

v 0.065 0.041 VELLA 82 SMK2 E~E- 4.5-6.8 GEV R20 
R20 G SON 82 USES OWN DATA AND MU- E+ LAMBDA EVENTS OF MURTAGH 79 . 
R20 V THIS VALUE DEDUCED BY SON 82 FROM DATA OF VELLA 82. 
R20 ......... 
R20 AVG 0,033 0.016 AVERAGE 

CAZZOLI 75 
HNAPP 76 
BARISH 77 

ANGELINI 79 
BALTRY 79 
CNOPS 79 
DRIJARD 79 
GIBONI 79 
KERNAN 79 
LOCKMAN 79 
MURTAGH 79 

ABRAMS 80 
ALLASIA 80 
CALICCHI 80 
KITAGAKI 80 
WEISS 80 

BALLAGH 81 
BASILS 81 

(RION 81 
RUSSELL 81 
BOSETTI 82 
KITAGAKI 82 
SON 82 
VELLA 82 
SON 83 
USHIBA 83 
ADAMOVIC 84 
ALEEV 84 
BOWCOCK 85 

DERUJULA 
GAISSER 
LEE 
MULLER 
DIBITONT 
TRILLING 

R E F E R E N C E S  FOR A + 

PRL 34 1125 
PRL 37 882 
PR D15 

PL 840 150 
PRL 42 1721 
PRL 42 197 
9L 850 452 
PL 85G 437 

LEPTON CONF.FNAL 
PL 85B 443 
FERMILAB,SYMP.277 

PRL 44 10 
NP B176 13 
PL 930 521 
PRL 45 955 
TORONTO 00NF 319 

PR 024 
NC 628 4 

PL 99B 495 
PRL 46 799 
PL I090 234 
PRL 48 299 
PRL 49 1128 
PRL 48 1515 
PR 028 2129 
PRL 51 2362 
PL 140B 119 
ZPMY C23 533 
PRL 55 923 

PR 012 147 
PR D14 3155 
PR 015 157 
CERN/EP 79-148 
MADISON CONF. 
PRPL 75 57 

+CNOPS,CONNOLLY,LOUTTIT,MURTAGH, + (BNL) 
+LEE,LEUNG,SMITH * (COLU+BAWA+ILL+FNAL) 
+DERRICK,DOMBECK,MUSGRAVE ÷ (ANL+PURD) 

(RNNA÷LIBR+CERN*DUUC+LOUC+KEYN+PISR+ROMA*) 
+CAROUMBALIS,FRERCH,NIBBS, + (COLU+BNL) 
+CONNOLLYtKAHN,KIRK,MURTAGH,PALMER+ (BNL) 
~FIGCHER+ (CERN+CDEF÷DORTtHEID÷LAPP+WARS) 
+BIBITONTO* (AACH~CERN+HARV*MUNI*NWES*UCR) 
A. KERNAN (UCR) 
+MEYER,RANDER,SCHLEIN,WEBS+ (UCLA+SACL) 
M.J. MURTAGH (FNAL) 

+ALAM,BLOOKER,BOYARGKI, + (8LACtLBL) 
(ANKA+LIBH+CERN÷DUUC+LOUC*KEYN+PISA+ROMA+) 

• (BARI+BIRM+RRUX+CERN*EPOL+RHEL*GACL+LDUC) 
÷TANAKA,YUTA,ABE, +(TOHO*IIT*UMD*STON+TUFT) 
J M WEISS (SLAC) 

+BINGHAM * (LGL+UCBtFNRL+MAWA*WASR~WISC) 
+CARA ROMEO * (CERN+BGNA+PGIA*FRAS) 

+SEEBRUNNER, * (AACH+CERN+HARV+MUNI÷NWES 
+AVERY,BUTLER,GLADDING * (ILL+FNAL+COLU 
+GRAESSLER, + (AACH*BONN+CERN+MPIM*OXF 
+TANAKA,YUTA,ABE,+ (TOHO+IIT+UMD+STON~TUFT 
+SNOW,CNANG,KUGORI+(UMD*IIT*GTON+TOHO+TUFT 
÷TRILLING,ABRAMS,ALAM,+ (SLAC+LBL+UCB 
*SNOW,CBANG,KUNORI+(UMD+IIT*STON+TORO+TUFT 

(AICH+FNALcNOBE+SEOU+MCGI÷NAGO*OSU+OKAY* 
ADAMOVICH,WA58 C. (BGNA+CERN÷FIRZ*GERO+ 
BIB-2 COLLAB(BERL+JINR+LEBD+MOSU+PRAG+SOFI) 
OLEO C. (HRRV+OHIO+ROCH+RUTG+SYRA+VAND+ 

THEORY AND REVIEW 

+GEORBI,GLASHOW (HARV) 
T.K.GAISSER,F.HALZEN (BART÷WISC) 
+QUIGG,ROSNER (FNAL) 
F.MULLER (CARGESE LEC.1979) (CERN) 
D.DIBITONTO (CERN) 
G H TRILLING (LBL) 

OMITTED ,PROM 
SUMMARY TABLE 

l P I l + 

A NARROW SIGNAL (WIDTH COMPATIBLE WITH THE 25-MEV 
RESOLUTION) INTERPRETED AS R STABLE CHARMED STRANGE 
BARYON (QUARK CONTENT CBU). THIS INTERPRETATION 
SEEDS CONFIRMATION. 

BIAS(2 85 LOOK FOR THE ISOSPIN PARTNER XI/CO IN 
LAMBDA K- P i t  AND OTHER CHANNELS WITHOUT SUCCESS. 

~ MASS (MeV) 

M 82 2460. 25. BIAGI 83 SPVC 510- BE-->XI/C÷ X 

~ MEAN LIFE (units 10 -13  8ec) 

T 53 4.8 2.9 1.8 BIAGII 85 SPEC SiS- BE-->XI/C÷ X 

E~ PARTIAL DECAY MODES 

DECAY MASSES 

E~ ~ A K-~r + ~+ 1116+ 494+ 140÷ 140 

167 

Stable Particle Full Listings 

Nff BRANCHING RATIOS 

E~  ~ ± K - ~ r + ~  + (PI )  
RI A 82 SEEN BIAS( 83 SPEC GIG- BE-->XI/C+ X 
RI 
RI A BIAGI2 85 LOOK FOR BUT DO NOT SEE TEE XI/C+ IN P K- KOBAR Pl+ 
RI R (BRANCHING FRACTION < 0.08 WITH 90 PERCENT CL), P 2K- 2PI÷ (<0.03, 
RI A 90 PERCENT CL), OMEGA- K+ Pi¢, LAMBDA K'O Pit, AND SIGMA(13851+ K- 
RI A PIt. 

REFERENCES FOR .~e + 

BIAGI 83 PL 122B 455 * (BRIS÷CERN*GEVA+HEID*LAUS÷LOQM*MELB+RL) 
BIAGII 85 PL 1508 230 (BRIS+CERN+GEVA*HEID+LAUS+LDQM÷MELB÷RAL) 
BIAGI2 85 ZPHY C28 175 + (BRIS+CERN+GEVA+HEID+LAUS÷LOQM+MELB+RAL) 

a o  • 

was T O [ 
OMITTED FROM 
SUM~VIARY TABLE 

t(yP) 2 ( ) 

A CLUSTER OF THREE X l -  K- P l t  Pl+ EVENTS. THE 
(OMEGA/CO - XI/C+I MASS DIFFERENCE IS 280+-I0 MEV. 
THE INTERPRETATION AS BEING THE OMEGA/CO NEEDS 
CONFIRMATION. 

~ MASS (MeV) 

M 3 2740. 20. BIAGI 85 SPEC BIG- BE--> 

REFERENCES FOR ~e c 

BIAGI 85 ZPHY C28 175 + (BRIS+CERN+GEVA÷HEID÷LAUS~LOQM+MELB+RAL) 

B O T T O M  B A R Y O N  

D 
OMITTED FROM 
SUMMARY TABLE 

i ( d  ~) ~ 0 ( {  + ) 

QUANTUM NUMBERS NOT ESTABLISHED, TAKEN FROM QUARK 
MODEL. THE CLAIM BY BASILE 01 IS HOTLY DISPUTED 
BY DRIJRRD 82. BASILE 82 IS THE REPLY, AND 
ORIJARDI 82 IS THE REPLY TO THAT. 

A~ MASS (MeV) 

M 5425.0 175.0 75,0 BAGILE 81 SFM 0 P P 62 GEV ECM 

A~ PARTIAL DECAY MODES 

DECAY MASSES 

PI A~ ~ p D07V - 938+1865÷ 140 

A~ BRANCHING RATIOS 

~ ~ (p D°~r- ) / toml  (pl) 

SEEN BASILE 81 SFM DO TO K- PI÷ 

REFERENCES FOR A~ 

BRSILE 81 LNC 31 97 *BONVIClNI,CARA ROMEO+(CERN÷SGNA÷FRAS+PGIA) 
BASILE 82 NC 68A 289 +BONVICINI,CARA ROMEO+ (CERN÷BGNR+FRAG) 
DRIJARD 82 PL 108B 361 +FISCHER,t (DERN+CDEF+DORT*HEID+LAPP+WARS) 
DRIJARDI 82 CERR/EP 82-31 *FISCHER,+ (CERN~CDEF+DORT+HEIO¢LAPP+WARS) 



168 

Stable Particle Full Listings 
TOP H A D R O N  S E A R C H E S ,  FREE Q U A R K  S E A R C H E S  

S E A R C H E S  

I 
~gMITTED FROM SUM.~ARY 7~4BLE 

TOP H ADRON SEARCHES IN e + e -  COLLISIONS 
TE A NONE ECM=22-31,6 GEV BARTELI 79 JADE R 
~E B NONE ECR=22-31.6 GEV BARTEL2 79 JADE <S> 
TE C NONE ECR=31.6 GEV BARBER 79 MRKJ R,<S>,<T> 
TE D NONE ECM=22-31.6 BEV BERBER 79 PLUT R,<S>,<T>,MU 
TE E NONE ECM=30~36 GEV BARBER 80 MRKJ R.<T>,MU 
TE F NONE ECM=12-31.6 GEV BERGER 80 PLUT MU 
TE G NONE ECM=33-35.8 GEV BARTEL 81 JADE MU 
TE H NONE ECM=14-36.7 GEV BRANDELIK 82 TAES R 
TE I N~NE EBM < 38.54 GEV EL=.99 ADEVAI 83 MRKJ R,<T>,(MU~MU-X) 
TE NONE ECM < 38 EEV ADEVA2 83 MRKJ PT(MU),<T> 
TE K NONE ECM 39.8 - 45.2 GEV ALTHOFF 84 TABS R, EVENT SHAPE 
TE L NONE ECM 12. - 43. GEV ALTHOFF2 84 TASS APLANARITY 
TE M ROPJE EEM=33-36.72 GEV EL=.95 BEHREND 84 CELL APLANARITY 
TE M NONE ECM=38.66-46.78 CL=.D5 BEHREND 84 CELL APLANARITY 
TEN NONE ECM=AD-46.78 GEV EL=.95 ADEVA 85 MRKJ MU 
TE 
TE COMMENTS 
TE ALL ABOVE MEASUREMENTS ARE DONE AT DESY-PETRA. THE LAST COLUMN 
TE SPECIFIES MEASURED QUANTITIES. 
TE 
IE A BARTELI 79 SAW NO EVIDENCE OF NEW Q=2/3 QUARK PROD. IN R-RATIO. 
TE 
TE B BARTEL2 79 OBSERVE NO SIGNIFICANT ACCUMULATION OF SPHERICAL EVENTS. 
TE 
TE C BARBER 79 R,THRUST,SPHERBBITY INDICATE TOP-PRODUCTION UNLIKELY. 
TE 
TE D BERBER ?9 FIND R=3.88+0.22 WHICH ALONG WITH SPHERICITY AND THRUST 
TED SEHAVIORS IS AGAINST OPEN TOP ANTI-TOP CHANNEL BELOW 30GEV. FINAL 
TE D MUONS ARE ALSO CONSISTENT WITH EXPECTATION WITHOUT TOP QUARK STATE. 
TE 
TE E BARBER 60 FIND NO EVIDENCE FOR AN OPEN TOP ANTI-TOP THRESHOLD IN R, 
TE E THRUST DIST. AND INCLUSIVE MUONS. ENERGY SCAN IN THE RANGE 29.9<ECM 
TE E <31.6GEV REVEALS NO HADRON RESONANCE CORRESPONDING TO A (TOP-QUARK 
TB E ANTI-TOP-QUARK) BOUNO STATE. 
tE 
TE F BERGER 80 MEASURES INCLUSIVE MUONS WITH MOMENTUM >2 GEV/C. AGREE 
TE F WITH EXPECTED SEMILEPTONIC DECAYS FROM CHARMED AND BOTTOM MESONS. 
TE 
TE G 8ARTEL 81 MEASURES INCLUSIVE MUONS WITH MOMENTUM >1.4 GEV/C. AGREE 
TE G WITH EXPECTED SEMILEPTONIC DECAYS FRBM CHARMED AND BOTTOM MESONS. 
TE 
TE H SRANDELIK 82 GOT R=A,01÷-0.03+-0.2 WITH NO STEP FOR W>14GEV. NARROW 
TE H STATE SEARCH FOR W=33-36.7GEV SETS EE-WIDTH*BR(HADI<I.5KEV(CL=.DB). 
TE 
TE I ADEVAI ENERGY SCAN EXCLUDES OPEN TOP CONTINUUM BELOW 38.54 GEV AND 
TEI TOPONIUM BETWEEN 29.90 AND 38.63 GEV (HAD.BR*E-WIDTR < 2.0 KEV AT 
TE I CL=.D5). ALSO SET LIMIT BR(B-->MU+MU-X) < 0.007 (EL=.95) WHICH 
TE I EXCLUDES FLAVOR-CHANGING NEUTRAL CURRENT IN TOPLESS MODELS. 
TS 
TE K ALTHDFF 84 NARROW STATE SEARCH SETS LIMIT EE WIDTH*BR(HAD)<2.4 KEV 
TE K EL=.95 AND HEAVY CHRG I/3 (2/3) QUARK PAIR PRODUCTION ~21 GEV 
TE K (22 GEV), CL=.93 
TE 
TE L ALTHOFF2 84 EXCLUDE HEAVY QUARK PAIR PRODUCTION FOR MASSES IN GEV 
TEL 5<M<20,3 (2/3 CHARGE) AND 7<M<19 (I/3 CHARGE) USING APLANARITY. 
TE L DISTRIBUTIONS (CL=.D5) 
TE 
TE M BEHREND 8A EXCLUDE TOPONIUM BELOW 46.7 GEV AND CONTINUUM PRODUCTION 
TE M BELOW 23.3 GEV (2/3 CHARGE) AND 22.7 GEV (I/3 CHARGE) AT BL=.9O. 
TE M TOPONIUM SEARCH SETS LIMIT WIOTH(EE)*BR(HAD) < 2.9 KEV WHERE 
TE M TOPONIUM IS EXPECTED TO HAVE WIDTH(EE)=4-5 KEV. 
TE 
TE N AREVA 85 EXCLUDE TOPONIUM BELOW 46.6 GEV AND OPEN TOP CONTINUUM 
TE N BELOW 23.3 GEV AT CLo.DB. TOPONIUM SEARCH SETS LIMIT 
TE N WIDTH(BE)*BR(HAD) < 3 KEV. 
TE 
TE COMMENT 
TE 
TE RECENT UPPER LIMITS ON THE FLAVOR CHANGING NEUTRAL CURRENT DECAY 
TE OF BOTTOM MESON ARE IN CONFLICT WITH THE EXPECTED RATE IN THE 
TE TOPLESS MODEL AND SERVE AS INDIRECT SUPPORT FOR THE TOP QUARK, 
TE SEE PARTIAL DECAY MODE B-->MU+ MU- X OF THE BOTTOM MESON SECTION. 

TOP HADRON SEARCHES IN p p COLLISIONS 
TP A ARNISON 83 CALO UAI BOLLAB. 
TP= 1 BARBER 83 RVUE 
TP= 2 BAS~LE ~3 RVUE 
TP= 5 GODBOLE 83 RVUE 
TP B ARNISON 84 UAI P PBAR ECM=546+630 
TP C DILELLA 85 RVUE 
TP 
TP A ARNISON 83 OBSERVED 11 LARGE-PT ELECTRON EVENTS WITH A JET OPPO- 
TP A SITE TO THE TRACK WITHIN A 30 DEGREE AZIMUTHAL ANGLE. 
TP A INTERPRETATION OF THESE AS T-->E NU JET IS GIVEN BY 3 RVUES BELOW. 
TP 
TP B ARNISBN 84 OBSERVE EVENTS WITH ISOLATED LARGE-PT LEPTON AND 2 
TP B CENTRALLY-PRODUCED JETS. THESE EVENTS CLUSTER AROUND THE W MASS. 
TP B ARNIBON 84 ARGUE THAT THESE HAVE NO KNOWN SOURCE AND ARE CONSISTENT 
TP B WITH W~->T B(BAR) FOLLOWED BY T-->B LEPTON NU WHERE THE MASS OF 
TP B THE T-QUARK WOULD BE 30-50 GEV. EVENTS INCLUDE 9 WITH E, 3 WITH MU. 
TP 
TP C DILELLA 85 DICUSSES LIMITATIONS OF ABOVE UAI D~TA. W--> T B(BAR) 
TP C RATE WITH T-->8 E NU CAN BE PREDICTED FROM MEASURED BE(W) GIVING 
Tp C I - 3  EVENTS NOT 9 EVENTS. HOWEVER OTHER EVENTS MAY RESULT FROM 
TP C T T(BAR) PRODUCTION FOLLOWED BY EEMI-LEPTONIC DECAY OF T DR ~(BAR). 
TP C IN THIS LATTER CASE, THE CLUSTER AT THE W MASS IS COINCIDENCE OF 
TP C T T(BAR) THRESHOLD AND DECREASE OF T T(BAR) PRODUCTION. MUON 
TP C EVENTS HAVE DIFFERENT HADRONIC BACKGROUNDS SO FINAL MUON ANALYSIS 
TP B WILL STRENGTHEN (OR WEAKEN) T-QUARK HYPOTHESIS. 

REFERENCES FOR TOP HADRON SEARCHES 

BARTELI 79 RL 888 171 
BARTEL2 79 PL B9B 136 
BARBER 79 PL 85B A63 
BERGER 79 PL 86B 413 
BARBER 80 PRL 44 1722 
BERGER 80 PRL 45 1533 
BARTEL 81 PL 99B 277 
BRARBELI 82 PL 1138 A99 

ADEVAI 83 PRL 50 799 
ADEVA2 83 PRL 51 443 
ARNIBON 83 PL 122B 103 
BARBER 83 PL 1258 339 
BAEILE 83 LNE 37 255 
GODBOLE 83 PRL 50 1539 
ALTHOFF 84 PL 1588 441 
ALTHO~F2 84 ZPHY C22 307 
ARNISON 8A PL 1478 493 
BEHREND 84 PL IA4B 297 
ADEVA 85 PL 1528 439 
DILELLA 85 BARI CONF, 

JADE C.(DESY*HAMB*HEID+MCHS÷LANC+RHEL~TOKY) 
JADE C.(DESY÷HAMB*HEID~MCBS+LANB÷RBEL÷TOKY) 
MARK-J COLLAB. (AACH+DESY+MIT+AIKO+BREP) 
PLUTO C.(AACH+BERG+DESY+HAMB÷UMD+SIEG+WUPP) 
MARK-J COLLAB. (AACH+DESY*MIT*AIKO+BHEP) 
PLUTO C.(AACB+BERG+DESY+HAMB÷UMD*SIEG÷WUPP) 
+EORDS+(DESY+HAMB*HEID+LANC+MCHSeRHEL+TOKY) 
TABSO C. (AACH*BONN+DEEY*HAMB+LOIC+OXH+RL) 

MARKJ ~, (AACH+DESY+RIT*MADR+AIKO*BHEP÷CIT) 
MARKJ . (AAEH+OESY+MIT*MADR+AIKO+BHEP~CIT) 
UAI-C.(AACH÷LAPP~BIRM~CERN+HELS+LOQM+BDEF+) 
+MARTIN,PHILLIPS (DURH+WISC+RHEL) 
~BERBIERB,BONVICINI,CARA+ (CERN+BBNA~FRAS) 
R,M.GODBOLE,S.PAKVASA,D.P.ROY (BOMB+TZFR) 
TASSO ~. (AACH+BONN+DESY+HAMB+LOIC+OXF*RL+) 
TASSO . (AACH+BONN+DESY~HAMB+LOIC~OXF+RL+) 
UAI C.(AACH+LAPP÷BIRM~CERN+HARV+HELS+KIEL+) 
CELLO C. (DESY~GLAS÷HAMB+KARL+MPIP+ORGA~) 
MARK-J C,(AACE~BNL+CIT+DBSY~MIT+MADR+AIKO+) 
ALSO ISSUED AS CERN-EP-85-184 (CERN) 

I FREE QUARK SEARCHES [ 
OMITTED FROM SUMMARY TABLE 

(by W.P. Trower, Virginia Polytechnic Institute and 
State University) 

The basis for much of the theory of particle scatter- 
ing and hadron spectroscopy is the construction of the 
hadrons from a set of fractionally charged constituents 
(quarks). Central to this theory, QuantumChromo- 
Dynamics, is the as yet unproven prohibition that 
quarks must forever be confined to the mesons and 
baryons they make up. 

Experiments show that it is at best difficult to 
"unglue" quarks. Accelerator searches at increasing 
energies have produced no evidence for free quarks, 
while only a few cosmic-ray and matter searches have 
produced uncorroborated events. 

This compilation is only a guide to the literature, 
since the quoted experimental limits are often only indi- 
cative. 

QUARK PROD. CROSS SECTION 

G 

H 

QUARK X-SECT CHARGE 
EVENTS CM2 I/3E 

<IE-4 +-1,2,4 
<OE-5 +-I,5 
<BE-3 
<IE-2 +-1,~ 
<2E-4 ÷- 
<IE-40 ~-I,2 
<IE-A +-2 
<3E-I +-I,2 
<IE-36 +-I,2 
<3E-3 ~-I,2 
<IE-4 *-1,2 
<3E-3 >~-I/6 
<IE-2 ~-1,2 
<BE-2 +-1,2 
<2E-10 +-2,4 
<SE-3B +1,2 
<1E-33 +-I 
<9E-39 ~-I,2 
<8E-35 +I,2 
<SE-38 -1,2 
<IE-32 +2,4 
<BE-31 * -1 ,~  +I,2,A 
<6E-34 
<IE-36 = 
<IE 33 .... 
<DE-37 - 

B 0 <3E-37 -I,2 
<1E-35 +I,~ 

A 0 <2E-55 - 
<3E-35 +I,2 

0 <1E-32 +~,~2 
A <IE-35 +I,÷2 

0 <IE-3A + 
<IE-33 +I,2 

-- ACCELER. SEARCHES 

MASS REFERENCE DET BEAM 
GEV GEV 

<4 ALBRECHT 85 ARG 1DE÷E- 
BANNER 85 UA2 54OP AP 

I- AIHARAI 84 TPC 2DE÷E- 
1-13 AIRARA2 84 TPC 29E+E- 

SARWICK 84 CNTR 72AR40 
<10 BERGSMA 84 CHRM P,NU NUBAR 
<.4 BONDAR 84 CNTR 1.4E+E- 
<13 GURYN 84 CNTR 2DE+E- 
<9 AUBERT 83 SPEC 20BMU 
<2 BANNER 83 CNTR 540P AP 

- LINDGREN 83 CNTR ID6FE56 
PRICE 88 PLAS 7AARAO 

<14 MRRINII 82 CNTR 29E÷E- 
<12 ROSS 82 CNTR 29E~E- 
I-3 BUSSIERE BO CNTR 200PROT 
>5 STEVENSO 79 CNTR 30OPROT 

<20 BASILEI 78 SPEC 52P P 
<6 ANTREASY 77 SPEC 400PROT 

<20 FABJAN 75 CNTR 52P g 
4-9 NASH 74 CNTR 200PROT 

4-24 ALPER 73 SPEC 52P P 
<12 LEIPUNER 73 CNTR 30OPROT 
<13 BOTT 72 CNTR 52P P 

4 ANTIPOV 71 CNTR 7OPROT 
ALLABY 69 CNTR 28PROT 

< ANTIPOVI 69 CNTR 70PROT 
2-5 ANTIPOV2 69 CNTR 70PROT 
<7 DORFAN 65 CNTR 3DPROT 

<2.5-5 FRANZINI 65 CNTR 30PROT 
<2.2 BINSHAM 6~ HLBC 21PROT 
<4.0 SLUM 64 HBC 28PROT 
<2.5 HAGOPIAN 64 HBC 31PROT 

<2 LEIPUNER 64 CNTR 28PROT 
<2.A MORRIBON 64 HBC 24PROT 
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Stable Particle Full Listings 
FREE Q U A R K  S E A R C H E S ,  M A G N E T I C  M O N O P O L E  S E A R C H E S  

BOTT 72 PL 43B 693 
COX 73 PR 06 1203 
CROUCH 72 PR D5 2667 
DARDO 72 NC 9A 319 
EVANS 72 PRSE A70 143 
TOHWAR 72 JPA 5 569 
ANTIPOV 71NP B27 37A 
CHIN 71NC 2A 419 
CLARK 71 PRL 27 31 
HAZEN 71 PRI 26 582 
OOSIA 73 NC 66A 167 
CHU 73 PRL 24 917 

ALSO 70 PRL 25 53D 
ELSERT 70.NP H20 217 
FAISBNER 70 PRL 24 1357 
KSIDER 73 PR DI 833 
MORPURGO 70 NIM 79 93 
ALLABY 69 NC 64A 75 
ANTIPOVl 69 PL 29B 245 
ANTIROV2 69 PL 33B 576 
CAIRNS 69 PR 186 1394 
COOK 69 PR 188 2092 
FUKUSRIM 69 PR 178 2058 
MCCUSKER 69 PRL 23 658 
BELLAMY 68 PR 166 1391 
BJORMBOE 68 NS B53 241 
BRAGINSK 68 JETP 27 51 
BRIATORE 68 NC 37A B50 
FRANZINI 63 PRL 21 1013 
GARMIRE 68 PB 166 166 
HANAYAMA 63 CJP A6 0734 
KASHAI 63 PR 172 1297 
KASHA2 68 PRL 20 217 
KASRA3 68 SJP 46 $730 
RANK 68 PR 176 1635 
BARTON ~7 PRSL 90 87 
BATHOW 67 PL 23B 163 
BUMLERI 67 NC 49A 239 
BUHLER2 67 ME 51A 837 
FOES 67 PL 25B 166 
GOMEZ 67 PRL 13 1022 
KASHA 67 PR 154 1263 
STOVER 67 PR 164 1599 
BARTON 66 PL 21 363 
BENNETT 66 PRL 17 1196 
BUHLER 66 ME 45A 520 
CRUPKA 66 PRL 17 60 
GALLINAR 66 PL 23 609 
KASMA 66 PR 150 1143 
LAMB 66 PRL 17 1068 
MASSAM 63 HC 40A 589 
FRANZINI 65 PRL 14 196 
DORFAM 65 PRL 14 999 
DELISE 65 PR 140B 458 
BIMGHAM 64 PL 9 201 
BLUM 64 PRL 13 353A 
BOWER 64 PRL 13 723 
EAGOPIAN 64 PRL 13 280 
LEIPUNER 64 PRL 12 423 
MORRISON 64 PL 9 199 
SUNYAR 64 PR 136B 1157 
HILLAS 59 MAT 184 B92 
MILLIKAN 10 PHIL RAG 19 209 

LYONS 85 PRPL C129 225 
MARINELL 82 PRPL 85 161 

+EALDWELL,FABJAN,GRUHN,REAK* (CERN+MPIM) 
+BEOCHAMP,BOWEN,KALOACH (ARIZ) 
+MORI,SMITH (CASE) 
÷3AVARRA,PENENGO,SITTE (TORI) 
+~ANCEY,MUIR,WATSON (EDIN÷LEED) 
+NARANAN,SREEKANTAN (TIFR) 
+KACHANOV,KUTJIN,LANDSBERG,LEBEDEV* (SERP) 
÷3ANAYAMA,HARA,HIGASHI,TSUJI (OSAK) 
+ERNST,FINN,GRIFFIN,HANSEN,SMITH+ (LLLeLBL) 
HAZEN (MICH) 
+SRIATORE (TORI) 
~KIM,BEAM,KWAK (OSU+ROSE+KANS) 
ALLISON,DERRICK,HUNT,SIMPSON,VOYVODIC (ANL) 
+ERWIN,HERB,NIELSEN,PETRILAK,WEINBERG(WISC) 
+ffOLDER,KRISOR,MASON,SAWAF,UMBACH (AACH) 
+SOWEN,KALBACH (ARIZ) 
+SALLINARO,PALMIERI (GENO) 
+31ANCHINI,DIBDENS,DOBINSON,HARTUNG+ (CERN) 
+EARPOV,KHROMOV,LANDSBERG,LAPSHIN+ (SERP) 
+SOLOTOV,DEVISMEV,DEVISREVA,ISAKOV+ (SERP) 
*BCCKUSKER,REAK,WOOLCOTT (SYDM) 
÷OEPASQUALI,PRAUENFELDER,PEACOCK + tILL) 
FUKUSHIMA,KI~UNE,KONBO,EOSNIBA+ (TOKY) 
+CAIRNS (SYDN) 
+MOFSTADTER,LAKIN,PERL,TONER (STAN+SLAC) 
+OAMGARD,HANBEM÷ (30HR+TIFR+BERN+BERGI 
+ZELDOVICH,MARTYNOV,MIGULIN (MOSU) 
+EASTAGNOLI,HOLLINI,MASBAM~(TORI*CERN÷BGNA) 
+BMULMAN (COLU) 
+LEONG,SREEKATAN (MIT) 
+MARA,HIGASMI,KITAMURA,MIOND+ IOSAK) 
*STEFANSKI (SNL+YALE) 
+LARSEN,LEIPUNER,ADAIR (SNL+YALE) 
*LARSEN,LEIPUNER,ABAIR (SNL+YALE) 
RANK (MICH) 
BARTON (NPOL) 
+FREYTAE,SCHULZ,TESCH (DESY) 
+FORTUNATO,MASSAMeZIEHICHI (CERN+OGNA) 
+BALPIAZIMASSAM,ZICHICHI (CERN*BBNA+STRB) 
+SARELICK,HOMMA,LOBAR,OSBORNE,UGLUM (MIT) 
+NOBRAK,MOLINE,MULLINS,ORTM,VANPOTTEN+(CIT) 
+LEIPUNER,WANGLER~ALSPECTOR,ADAIR(ONL÷YALE) 
+MORAN,TRISCHKA (SYRA) 
+STOEKEL (NPOL) 
BENNETT (YALE) 
+EORTUNATO,MASSAM,MULLER÷ (CERN÷BONA+STRB) 
+SCHIFFER,STEVENS (ANL) 
GALLINARO,MORPUREO (GENO) 
+LEIPUNER,ADAIR (BNL÷YALE) 
+LUNDY,NOVEY,YOVANOVITCH (ANL) 
+MULLER,ZICHICHI (CERN) 
+LEONTIC,RAHM,SAMIOS,SCHWARTZ (BNL+COLU) 
+EAOES,LEDERMAN,LEE,TING (COLU) 
+BOWEN (ARIZ) 
~DICKINSON,DIEBOLD,KOCB,LEITH+ (CERN+EPOL) 
+BRANDT,COCCONI,CZYZEWSKI,DANYSZ+ ISESN) 
+DELISErKALBACM,MORTARA (ARIZ) 
÷EELOVE,EHRLICH¢LEBOY,LANZA,RAHM+(PENN+BML) 
+CHU,LARSEN,ADAIR (BNL+YALE) 
MORRISON (CERN) 
+SCMWARZSCHILD,CONNORS (BNLF 
÷CRANShAW (AERE) 
MILLIKAN (CHIC) 

REVIEWS 

LYONS (OXF) 
MARINELLI,MORPURGO (GENO) 

M A G N E T I C  M O N O P O L E  S E A R C H E S ]  

OMITTED FROM SLq~IMARY TABLE 

(by W.P. Trower, Virginia Polytechnic Institute and 
State University) 

Although the usual formulation of Maxwell's equa- 
tions suggests magnetic monopoles, no observed 
phenomenon requires them for explanation.1 A mono- 
pole anywhere in the universe results in electric charge 
quantization everywhere, and leads to the prediction of  
a least magnetic charge G = e/2a, the Dirac charge. 2 
Recently monopoles have become indispensable in 
many gauge theories, which endow them with a variety 
of extraordinarily large masses. 

Monopole detectors have predominantly used either 
induction or ionization. Induction experiments measure 
the monopole magnetic charge and are independent of 
monopole electric charge, mass, and velocity. A solitary 
monopole candidate event (CABRERA 82) has been 
detected by this method. Ionization experiments rely on 
a magnetic charge producing more ionization than an 

electrical charge with the same velocity. However, the 
ability to distinguish a monopole by ionization dimin- 
ishes with velocity. 

Cosmic rays are the most likely source of massive 
monopoles, since accelerator energies are insufficient to 
produce them. Evidence for such monopoles may also 
be obtained from astrophysical observations. 

This compilation is only a guide to the literature, 
since the quoted experimental limits are often only indi- 
cative. 

References 

1. J.D. Jackson, CERN-77-17 (1977). 

2. P.A.M. Dirac, Proc. Royal Soc. London A133, 60 
(1931). 

M O N O P O L E  PROD.  

MONOPOLE X-SECT 
EVENTS CM**2 

<3E 438 
<IE-31 
<4E-38 

A <8E-36 
<9E-BT 
<IE-37 
<IE-37 

A 0 <4E~53 ~ <IE-AO 
<2E-3B 

B 3 <IE-38 
<5E-43 
<2E-36 

0 <5E-42 
0 <6E-42 

C 0 <2E-36 
<IE-41 
<IE-AO 

0 <2E-AO 
0 <1E-33  
0 <2E-35 

C R O S S  SECT.  - ACCELER.  S E A R C H E S  

MASS CHG REFERENCE BET BEAM 
EEV G GEV 

<3 FRYBERGER 84 PLAS 29E÷E- I 
- 1,3 AUBERT 83 PLAS 540P AP 

<13 <6 MUSSET 83 PLAS 34E+E- 
<20 - DELL 82 CMTR 52P P 
<33 <3 KINOSHITA 82 PLAS 2BE+E- 
<23 <24 CARRIGAN 73 CNTR 63P P 
<33 ~3 HOFFMANN 73 PLAS 56P P 

DELL 76 SPRK 63P P 
STEVENS 76 SPRK 300PROT 

<5 <2 ZRELOV 76 CNTR 7OPROT 
BURKE 75 osPg 300NEUT 
CARR ISAN 75 HLHC 6NU 

<12 <13 EBERHARH 75 INDU 400PROT 
<33 ~3 GIASOMELL 75 PLAS 60P P 
<13 <24 CARRISAN 74 CNTR 400PROT 
<12 <24 CARRIGAN 73 CNTR 300PROT 

- I BARTLETT 72 CNTR .O01GAMA I 
<5 Z GUREVIEH 72 EMUL 70PROT 

<:L AMALDI 63 EMUL 28PROT 
<3 <2 PURCELL 63 CNTR 30PROT 

<4 F IOECARO E1 CNTR 23PROT 
<1 I BRADNER 59 EMUL 6PROT 

c - CBERENKOV RADIATION POLARIZATION. 
B REEXAMINES CERN NEUTRINO EXPTS. 
A - MULTIPHDTON EVENTS. 

M O N O P O L E  F L U X  

MONOPOL E FLUX 
EVENTS /CM2/S/BR 

c <IE-B3 
<5E-12 
<IE-16 
<6E~12 
<6E-I0 
<3E-15  
<IE-18 
<7E-12 

F <7E-13 
<2E-12 

F <6E-13 
C <2E-14 

F <4E-13 
E <IE-16 

F <1E-13 
<4E-13 

F D 
<4E-13 

F <IE-12 
<5E-12 

F <3E-13  
c <3E-12 

F <4E-11 
<5E-15 

F C C <8E-15  
<7E-22  

F <5E-12  
<2E-12  

F C <1E-18  
<1E-13  

F <2E-12  
6E-10  

F C 0 <1E-33  
C <3E-22 

F 3 <2E-11 
B <1E-12  

F O <2E-15 
<2E-A3 

F 0 <IE-13 
<3E-11 

F 0 <2E~11 
A (1E-I) 

F ~ <2E-13 
<IE-16 

F 0 <IE-19 
<5E-15 

F <2E-11 

- - - -  C O S M I C  RAY S E A R C H E S  

MASS CHG REFERENCE DET 
SEV G 

ARAFUNE 85 COSM 
1 BERMBN 85 INDU 

E15 - SRACCI 85 COSM 
1 CAPL IN 85 INDU 
I EOISU 85 INDU 

PARK 85 CNTE 
1 HARVEY 84 COSM 
I INCAMbEL 84 INDU 

KAJINOl 84 CNTR 
KAJIN02 84 CNTR 

I KAWASOE 84 CNTR 
KRISHNAS 84 CNTR 

1 LIES 04 CNTR 
PRICEI 84 MICA 

1 PRICE2 84 PLAS 
I TARLE B4 CNTR 

AMBEROON 33 EMUL 
1 BARTELT 83 CNTR 
I BARWICK 83 PLAS 
1 BATTI STO 03 CNTR 
1 BONARE LL 83 CNTR 

OOSETT I 83 CNTR 
1 CABRERA 83 INBU 
I DONE 85 PLAS 

ERREDE 03 CNT3 
FREESE 83 COSM 

1 GROOM 83 CNTR 
MASH IMO 83 CNTR 

<1E18 1 REPHAELI 83 COSM 
1 ALEXEYEV 02 CNTR 
I BONARELL 82 CNTR 

CABRERA 02 INOU 
DIMOPOUL 82 COSM 
KOLB 82 COSM 
MASH IMO 82 CNTR 

1 TURNER 02 COSM 
BARTLETT 81 PLAS 
BONNARDE 01 COSM 

>1 KINOSHIT 01 PLAS 
< IEq7  ULLMAN 81 CNTR 

BARTLETT 78 PLAS 
>200 2 PRICE 75 PLAS 

>2 FLEI SCBE 71 PLAS 
1 PARKER 70 COSM 

- >2 FLEZSCH3 E9 PLAS 
<15 <3 CARITHERS 66 ELEC 

- <I-3 MALKUS 51 EMUL 

COMMENTS 
(B=BETA=V/C) 

JOVIAN PLANETS 

SOLAR TRAPPING 

IE-3<B<IE-I 

3E-A<B 
3E~4<B<IE-I 
5E-A<B~1 
IE-3<B 
6E-A<B<2E-5 
3E-A<B<IE-3 
IE-4<B 
6E-A<B~2E~3 

E-Z<B<E-3 
7E-3<B<1 
1E-4<B<1 
IE-3<B<4E-1 
5E-4<B<5E-2 

1E-2<B<I 
IE-4<B<IE-I 
PULSARS 
IE-A<B<3E-2 
6E-4<B<I 
IMTERGLAC. FIELD 
B=3E-3 
7E-3<B<6E-I 
D6=+-.06 
NEUTRON STARS 
NEUTRON STARS 
1E-2<B<IE-I 
B=3E-3 
CONCENTRATOR 
NEUTRON STARS 
1E-3<B 
3E -A<B< IE -3  
CONCENTRATOR 

GALACTIC FIELD 
OBSIDIAN, MICA 
CONCENTRATOR 
CONCENTRATOR 



For notation, see key on page 91. 
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Stable Particle Full Listings 
MAGNETIC MONOPOLE SEARCHES, AXION SEARCHES 

F - USED DKMPR MECHANISM AND PENNING EFFECT. 
E - ASSUMES MONOPOLE ATTACHES FERN(ON RUCLEUS. 

F D - ANOMALOUS LONG-RANGE ALPHA TRACKS• 
F C - CATALYSIS OF NUCLEON DECAY. 
F B - REEVALUATES PARKER 70 LIMIT FOR GUT MONOPOLES. 

A - ALVAREZ 75, FLEISCHER 75, FRIEDLANDER 75, ROSS 76 EXPLAIN AS 
FRAGMENTING NUCLEUS• EBERHARD 75 DISCUSSES CONFLICT WITH OTHER 

F EXPTS. HAGSTROM 77 REINTERPRETS AS ANTINUCLEUS. PRICE 78 
F REASSESSES. 

M O N O P O L E  DENSITY - -  MATTER SEARCHES 

MONOPOLE DENSITY CHARGE REFERENCE SET MATERIAL 
EVENTS G 

0 <4E-6/GRA. > 6  ESISU 85 INDU IROR ORE 
C O <IE-9/GRAM 1 ARAFUNE 83 COSM SUN, CATALYSIS 

>1 >1E-14/GRAM >I/3 MIKHAILO 83 SPED IRON AEROSOLS 
0 <6E-33/NUCL 1 SCHATTEN 83 ELEC MOON WAKE 
0 <2E-28/NUCL CARRIGAM SO COSM EARTH HEAT 
0 <2E-4/PROT BRODERIC 79 COSM 42-CM ABSORPTION 

<6E-4/GRAM CARRIGAN 76 CNTR AIR, SEAWATER 
<5E-I/GRAM >.04 CABRERA 75 INDU 11 MATERIALS 
<2E-4/GRAM >.05 ROSS 73 INDU MOON ROCK 
<6E-7/GRAM <140 KOLN 71 CNTR SEAWATER 

O <2E-13VM**3 - SCHATTEN 70 ELEC MOON WAKE 
0 <IE-4/GRAM >0 FLEISCN2 69 PLAS MANGANESE 

<IE-2/GRAM <120 FLEISCHI 69 PLAS MANGANESE NODULES 
<2E-3/GRAM <I-3 GOTO 65 EMUL MAGNETITE, METEOR 

O <2E-2/GRAM PETUKBOV 63 CNTR METEORITE 

REFERENCES F O R  MAGNETIC M O N O P O L E  SEARCHES 

ARAFUNE 
BERMON 
BRACCI 

ALSO 
CAPLIN 
EBISU 
PARK 
FRYBERGE 
HARVEY 
INCANDEL 
KAJIN01 
XAJINO2 
KAWAGOE 
KRISNNAS 
LISS 
PRICE1 
PRICE2 
TARLE 
ANDERSON 
ARAFUNE 
AUBERT 
SARWICK 
BARTELT 
BATTISTO 
BONARELL 
BOSETTI 
CABRERA 
DOKE 
ERREDE 
FREESE 
GROOM 
MASHIMO 
MIKRAILO 
MUSSET 
REPHAELI 
SCHATTER 
ALEXEYEV 
BONARELL 
CABRERA 
DIMOPOUU 
DELL 
KINOSHIT 
KOLB 
MASHIMO 
TURNER 
BARTLETT 
BONRARDE 
KINOSHIT 
ULLMAN 
CARRIGAN 
BRODERIC 
BARTLETT 
CARRIGAN 
HOFFMANN 
PRICE 
HAGSTROM 
CARRIGAN 
DELL 
ROSS 
STEVENS 
ZRELOV 
ALVAREZ 
BURKE 
CASRERA 
CARRIGAN 

ALSO 
EBERHARD 
EBERHARD 
PLEISCHE 
PR~EOLAM 
GIACOMEL 
PRICE 
CARRIGAR 
CARRIGAN 
ROSS 

ALSO 
ALSO 

BARTLETT 
SUREVICH 

ALSO 
ALSO 

FLEISCHE 
KOLM 
PARKER 
SCHATTEN 
FLEISCHI 
FLEISCH2 

85 PR 032 2586 
85 PRL 55 1850 
85 NP B258 726 
85 LNC 42 123 
85 NAT 317 254 
85 JPS 11 883 
85 NP B252 261 
84 PR 029 1524 
84 NP B236 255 
84 PRL 53 2067 
84 PRL 52 1373 
84 JPG 10 447 
84 LNC 41 315 
84 PL 142B 99 
84 PR 030 884 
84 PRL 52 1265 
84 PL 1408 112 
84 PRL 52 90 
85 PR 028 2308 
83 PL 1338 380 
83 PL 120B 465 
83 PR 028 2358 
83 PRL 50 655 
83 PL 1338 454 
83 PL 126B 137 
83 PL 1338 265 
83 PRL 51 1933 
83 PL 129B 370 
83 PRL 51 245 
83 PRL 51 1625 
83 PRL 50 573 
83 PL 1288 327 
83 PL 1308 331 
83 PL 1288 333 
85 PL 121B 115 
83 PR D27 1525 
82 LNC 35 613 
82 PL 112B 100 
82 PRL 48 1378 
82 PL 1198 320 
82 NP B209 45 
82 PRL 48 77 
82 PRL 49 1373 
82 JPSJ 51 3067 
82 PR D26 1296 
81PR 024 612 
81PR D23 323 
81 PR D24 1707 
81 PRL 47 289 
00 NAT 288 348 
79 PR D19 1046 
78 PR 018 2253 
78 PR D17 1754 
78 LNC 23 357 
78 PR 018 1382 
77 PRL 38 729 
76 PR D13 1823 
76 LNC 15 269 
76 LBL-4665 
76 PR O14 2207 
76 CZJP B26 1306 
75 LBL-A260 
75 PL 60B 113 
75 PRO THESIS 
75 RP B91 279 
71PR D3 56 
75 LBL-4289 
75 PR D11 3099 
75 PRL 35 1412 
75 PRL 35 1167 
PB NC 28A 21 
75 PRL 35 487 
74 PR 010 3867 
73 PR 08 3717 
73 PR D8 698 
71PR D4 3260 
70 SOl 167 701 
72 PR 06 1817 
72 PL 30B 549 
72 JETP 34 917 
70 PL 318 394 
71 PR D4 24 
71 PR D4 1285 
PO APJ 160 383 
70 ~R 01 82~5 
69 PR 177 2029 
69 PR 184 1393 

+FUKUGITA,YANAGITA (TOKY+KYOT+IBAR) 
+CHAUDHARI,CHI,TESCHE,TSUEI (IBM) 
+FIORENTINI,MEZZDRANI (PISA+CAGL) 
+FIORENTINI (RIGA) 
+GUY,HARDIMAN,PARK,SCHOUTEN (LOft) 
+WATANABE (KOBE) 

(UCI+MICH+BNLeCIT+CLEV÷HAWA+LOUC÷WARS) + 
+COAN,KINOSHITA,PRICE (SLAC*UCS) 
HARVEY (PRIN) 
INCANDELA,CAMPBELL,FRISCH~ (CHIC+FNAL+MICH) 
+MGTSUNO,YUAN,KITAMURA (TDKY) 
~MATSUNO,KITAMURA,AOKI,YUAN,MITSUI+ (TOKY) 
+MASHIMO,NAKAMURA,NOEAKI,ORITO (TOKYI 
KRISHNASWAMY,MENON,~ (TIFR+OSKC+TOKY) 
+AHLEN,TARLE (UCB+IND+MIOH) 
+GUO,AHLEN,FLEISCHER (ROMA+UDB~IND+GESCI 
PRICE (CERNI 
÷AHLEN,LISS (UCB~MICM+INDI 
+LORD,STRAUSZ,WILKES (WASH) 
+FUKUGITA (TOKY+KYOTI 
+MUSSET,PRICE,VIALLE (CERN+LAPP) 
+KINOSHITA,PRICE (UCB) 
+COURANT,HELLER,JOYCE,MARSHAK+ (MINN+ANL) 
SATTISTONI,BELLOTTI+ (FRAS+MILA+TORI+CERN) 
SONARELLI,CAPILUPPI,DANTORE (BONA) 
÷GORRAM,HARRIS,LEARNED~ (AACR+HAWA+TOKY) 
÷TABER,GARDNER,BOURG ISTAN) 
+HAYAHSI,HAMASAKI÷ (TWAS+TRIK+TTAM+IPOR) 
*STONE+ (UCI+MICH+BNL+CIT+CLEV+HAWA*LOUC) 
+TURNER,SCHRAMM (CHIC) 
÷LOH,NELSON,RITSON (UTAM+STAN) 
+ORITO,KAWAGOE,NAKAMURA,NOZAKI (TOKY) 
MIKBAILOV (KAZA) 
~PRICE,LOMRMANN (CERN+HAMB) 
+TURNER (CHIC) 
SCHATTEN (NASA) 
+BOLIEV,CHUDAKOV,MAKOEV,MIKHEYEV+ (INRM) 
BORARELLI,CAPILUPPI,DANTONE,÷ (BGNA) 
CABRERA ISTAN) 
DIMOPOULDS,PRESKILL,WILCZEX (HARV~UCSB) 
+YUAR,ROBERTS,DOOHER+AMALDI+(BNL+ADEL+ROMA) 
KINDSHITA,PRICE,FRYBERGER (UCB+SLAC) 
*COLGATE,HARVEY (LASL+PRIN) 
÷KAWAGOE,KOSHIBA (TOKY) 
+PARKER,BOGDAN (CHIC) 
+SDO,FLEISCHER,HART,MOGROCAMPERD(COLO+GESC) 
BONNARDEAU (MPIM) 
KINOSHITA,PRICE (UCB) 
ULLMAN (LEHM+BNL) 
CARRIGAR (PNAL) 
BRODERIEK,FICENEE,TEPLITZ,TEPLITZ (VPI) 
÷SO0,WHITE (COLO+PRIN) 
*STRAUSS,GIACOMELLI IFNAL+BGNA) 
+KANTARDJIAN,DILIBERTO,MEDDI+ (CERN+ROMA) 
+SHIRK,OSBORNE,PINSKY (UCB+HOUS) 
HAGSTROM (LBL) 
~NEZRICK,STRAUSS (FNAL) 
+UTO,YUAR,AMALDI+ (CERN+BNL+ROMA~AOEL) 
ROSS (LBL) 
÷COLLINS,FICENEC,TRDWER,FISCHER+ (VPI~BRL) 
+KOLLARDVA,KOLLAR,LUPILTSEV,PAVLOVIC+IJINR) 
ALVAREZ (LBL) 
+GUSTAFSON,JONES,LONSO (MICH) 
CABRERA (STAN) 
÷NEZRICN (FNAL) 
+NEZRICK (FNAL) 
EBERRARD (LBL) 
+ROSS,TAYLOR,ALVAREZ,OBERLACK (LBL+MPIM) 
FLEISCHER,WALKER (GESC+WUSL) 
FRIEOLANOER (WUSL) 
GIACOMELLI,ROSSI,~ (BGNA+CERN+SACL+ROMA) 
+SHIRK,OSBORRE,PINSKY IUCB+HOUS) 
+NEZRICK,STRAUSS (FNAL) 
*NEZRICK,STRAUSS (FNAL) 
+EBERHARD,ALVAREZ,WATT (LBL~SLAC) 
EBERHARD,ROSS,ALVAREZ,WATT (LBL~SLAC) 
ALVAREZ,EBERRARD,ROSS,WATT (LBL+SLAC) 
+LAHANA (COLO) 
*KHAKIMOV,MARTEMIANOV+ (KIAE÷NOVO+SERP) 
BARKOV,GUREVICH,ZOLOTAREV (KIAE+NOVO+SERP) 
+KHAKIMOV,MARTEMIANOV (KIAE+NOVO+SERP) 
FLEISCHER,RART,NICHOLS,PRICE (GESC) 
+VILLA,ODIAN (NIT+GLAD) 
PARKER (CHIC) 
SOflATTEN (NASA) 
~LEISCHER,JACOBS,SCHWARTZ,PRICE (GESC+FSU) 
FLEISCHER,HART,JACOSS,+ (GESC+UNCS+GSCO) 

FLEISCH3 69 PR 184 1398  FLEISCHER,PRICE,WOODS (GESC) 
ALSO 70 JAR 41 958 +HART,JACOBS,PRICG,SCHWARTZ,WOODS (GESC) 

CARITHER 66 PR 149 1070 CARITHERS,STEFANSKI,ADAIR (YALE÷BNL) 
AMALDI 63 NC 28 773 ÷BARONI,MANFREDINI,BRADNER+(ROMA*UCSD+CERN) 
GOTD 63 PR 132 387 ÷KOLM,FORD " (TOKY÷MIT+BRAN) 
PETUKHOV 63 NP 49 87 +YAKIMENKO (LESS) 
PURCELL 63 PR 129 2326 +COLLINS,FUJII,HORNBOSTEL,TURKOT (HARV+BNL) 
FIDECARO 61 NC 22 657 +FINOCCHIARO,GIACOMELLI (CERN) 
BRAONER 59 PR 114 603 ÷ISBELL (LBL) 
MALKUS 51PR 83 899 MALKUS (CHIC) 

BIBLIOGRAPHIES 

CRAVEN 85 FERMILAB-85/13 +TROWER (FNAL+VPI) 
RUZICKA 80 JINR 2-80-850 +ZRELOV (JINR) 

REVIEWS 

GIACOMEL 84 RNC 7 12 1 GIACOMELLI (BGNA) 

I AXION SEARCHES I 
OM,(TTED FROM SLS~IM'ARY TABLE 

VARIOUS AXION SEARCHES IN P R O D U C r l O N  OR DECAY 
AX (VALUES QUOTED ARE AXION PRODUCTION RATIO TO PlO PROD CROSS SEC.) 
AX FOR THEORY AND REVIEW SEE WEINBERG PRL 40, 223 (1978); WILCZEK 
AX PRL 40, 279 (19IS); DONNELLY PR 018, 1607 (1978); BARSHAY ET AL., 
AX PRL 46, 1361 (1981); BARROSO+MUKHOPADHYAY PL 106, 91 (1981); AND 
AX PECCEI, PROD. INTL. NEUTRINO CONF., MAUl(1981), ED. CENCE (HAWAII). 
AX FOR INVISIBLE~AXION THEORY SEE E.G. WISE, GEORGI AND GLASHOW 
AX PRL 67, 402 (1981), AND FOR VERY HEAVY AXION THEORY SEE E.G. TYE 
AX PRL 47, 1035 (1981). FOR K --> Pl AO SEE ALSO E.G., GOLDMAN 
AX AND HOFFMAN, PRL 40, 220 (1978), FRERE ET AL. I PL 1038, 129 (1981). 
AX 
AX 

AXION PROD. IN HADR. COLLISIONS + BEAM D U M P  EXPTS. 
AXP LIMITS ARE FOR CS(AO)/CS(PIO). 
AXP 1. E-8 OR LESS el=.90 ALIBRAN 78 HYBR BEAM DUMP 

6. E-9 OR LESS CL=.95 ASRATYAN 78 CALO BEAM DUMP 
5.4E-14 OR LESS CL=.90 BELLOTTI 78 HLSC FOR MASS=I.S MEV 
4.1E- 9 OR LESS CL=.9O BELLOTTI 78 HLBC FOR MASS~I MEV 

A 1.5E- 8 OR LESS CL=.90 BELLOTTI 78 HLBC BEAM DUMP 
B I .  E-8 OR LESS CL=.9O BOSETTI 78 HYBR BEAM DUMP 

AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
~XP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXR 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
BXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 
AXP 

O DORMELLY 78 
0.5E-8 OR LESS CL=.9O HANSL1 78 WIRE REAM DUMP 

D MICELMAC 78 
VYSOTSSK T8 
BECMIS 79 CNTR 

I .  E-8 U. ~ESS CL=.DD COTEUS 79 OSPK BEAM DUMP 
I • E-3 OR LESS CL=.95 DISHAW 79 CALO GO0 GEV P P 

I 0 FAISSNER 80 OSPK BEAM DUMP,AO-->EeE- 
J I. E-8 OR LESS CL=.90 JACQUES 80 HLBC 20 GEV PROTONS 
J I. E-14 OR LESS CL=.90 JACQUES 80 HLBC BEAM DUMP 

SOUKA$ 80 CALO 28OEV P B.DUMP 
12 FAISSNEI 81 OSPK CERN PS NU WIDEBAND 
I~ FAISSNE2 81 OSPK REAM DUMP,AO~->2GAM 

KIM 81 OSPX 26 GEV P NUC-->AD X 
FETSDHER 82 RVUE CF.FAISSNER2 81 

24 FAISSNER 83 OSPK BEAM-DUMP,AO-->2GKM 
FAISSNER2 83 RVUE LAMP~ SEAM DUMP Q 

R FRANK 83 RVUE LAMPF SEAM DUMP 
HOFFMAN 83 CNTR PI-P-->N(AO-->E+E-) 

. E-11 OR LESS DL=.90 BERGSMA 85 CHRM CERN BEAM DUMP O 2 
T O 1. E-13 OR LESS el=.90 BERGSMA 85 CHRM CERN BEAM DUMP 

BELLOTTI 78 FIRST VALUE COMES FROM SEARCH FOR A-->E+E-. SECOND 
VALUE COMES FROM SEARCH FOR A~->2GAMMA, ASSUMING MASS<2*MASS(E-). 
FOR ANY MASS SATISFYING THIS,LIMIT IS ABOVE VALUE*(MASS**-A). 
THIRD VALUE USES DATA OF PL 6DB 401 AND QUOTES CS(PROD)*CS(INTER- 

A ACTION)<10**-67 CM**A. 

B BOSETTI 78 QUOTES CS(PROD)*CS(INTERACT)< 2.E-67 DR**4 

DORNELLY 78 EXAMINES DATA FROM REACTOR NEUTRINO EXPTS DF REINES 76 
AND GURR 74 AS WELL AS SLAC BEAM DUMP EXPT. EVIDENCE IS NEGATIVE. 

MICELMACHER 78 FINDS NO EVIDENCE OF AXIOM EXISTENCE IN REACTOR 
EXPTS OF REINES 76 AND GURR 74. (SEE REF UNDER DONNELLY 78 BELOW). 

VYSOTSSKII 78 DERIVED LOWER LIMIT FOR THE AXIDN MASS. 25 KEV FROM 
LUMINOSITY OF THE GUN AND 200 KEV FROM RED SUPERGIANTS. 

BECHIS 79 LOOKED FOR THE AXION PRODUCTION IN LOW ENERGY ELECTRON 
BREMSSTRAHLUNG AND THE SUBSEQUENT DECAY INTO EITHER 2GAMMAS OR 

F E÷ E-. NO SIGNAL FOUND. C.L.=O.9D LIMITS FOR MODEL PARAMETER(S) 
F ARE GIVEN. 

G COTEUS 79 IS A BEAM DUMP EXPERIMENT AT BNL. 

DISMAW 79 IS A CALORIMETRIC EXPERIMENT AND LOOKS FOR LOW ENERGY 
TAIL OF ENERGY DISTRIBUTUIONS DUE TO ENERGY LOST TO WEAKLY 

H INTERACTING PARTICLES. 

FAISSNER 80 IS SIN BEAM DUMP EXPT WITH 590 MEV PROTONS LOOKING FOR 
AO-->E+ E- DECAY. ASSUMING GO/PIO=5.SE-7,0BTAINED DECAY RATE LIMIT 
20/(A0 MASS) MEV/SEC (CL=.9OI,WHICH IS ABOUT 10"*-7 BELOW THEORY 
AND INTERPRETED AS UPPER LIMIT TO MASSIAD) < 2* MASS(E-). 

JACQUES 80 IS A BNL BEAM DUMP EXP. FIRST LIMIT ABOVE COMES FROM 
NON-OBSERVATION OF EXCESS NO-TYPE EVENTS (CSIPRDD)*CS(INTERACT) < 
7.E-68 CM**4,CL=O.90). SECOND LIMIT IS FROM NON-OBSERVATION OF 
AXION DECAYS INTO TWO GAMMAS OR E÷E-, AND FOR AXION MASS A FEW MEV. 

K SOUKAS 80 AT SNL OBSERVED NO EXCESS OF NO-TYPE EVENTS IN BEAM DUMP• 

L FAISSNERI BI SEE EXCESS MU E EVENTS. SUGGEST AXION INTERACTIONS. 

FAISSRER2 81 IS SIN SPOMEV PROTON BEAM DUMP. OBSERVED 14.5+-5.0 EVS 
OF 2GAMMA DECAY OF LONG-LIVED NEUTRAL PENETRATING PARTICLE WITH 

M M(2GAMMA) < APPROX. I MEV. AXION INTERPR. WITH ETA-AS MIXIRG GIVES 
MIAO)=(250+-2S)KEV, TAU(RGAMMA)=(7.3+-3.7)E-3 SEC FROM ABOVE RATE. 
SEE CRITICAL REMARKS BELOW IN COMMENTS OF FETSCHER 82, FAISSNER 85, 
FAISSNER2 83, FRANK 83, AND BERGSMA 85. ALSO SEE IN THE NEXT 
SUBSECTION ALEKSEEV 82, CAVAIGNAC 83, AND ANANEV 85. 
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AXP N KIN 81 ANALYZED 8 CANDIDATES FOR AO~->2GAMMA OBTAINED BY AACHEN- 
AXP N PADOVA EXPT AT CERN WITH 26 GEV PROTONS ON BE, ESTIMATED AXION MASS 
AXP N IS ABOUT 300 KEV AND LIFE IS 40.86 TO 5.6)E-3 S DEPENDING MODELS. 
AXP N FAIBBNER, PRIV. COMB, SAYS AXION PROD. UNDERESTIMATED AND MASS 
AXP N OVERESTIMATED. CORRECT VALUE AROUND 200 KEV. 
AXP 
AXE 0 FETBCHER 82 RE-ANALYZES SIN BEAM-DUMP DATA OF FAIBBNER 81. CLAIMS 
AXP 0 NO EVIDENCE FOR AXION SINCE S-GAMMA PEAK RATE REMARKABLY DECREASES 
AXP 0 IF IRON WALL IS SET IN FRONT OF THE DECAY REGION. 
RXP 
AXP P FAISBNER 88 OBSERVED 19 I-GAMMA AND 12 2-flAMMA EVENTS WHERE I AsBKGD 
AXP P SF 4.8 AND 2.3 RESPECTIVELY IS EXPECTED. A SMALL-ANGLE PEAK 
AXP P OBSERVED EVEN IF IRON WAIL IS BET IN FRONT OF THE DECAY REGION, 
RXP 
AXP Q FAISENER2 83 EXTRAPOLATE SIN GAM BIBNAL TO LAMPF NU EXP CONDITION. 
AXP Q RESULTING 870 GAMMAS ARE NOT AT VARIANCE WITH LAMPF UPPER LIMIT 
AXP Q OF 450 GAMMAS. DERIVED FROM LAMPF LIMIT THAT (DSIGMA(RO)/DOMEGA AT 
AXP Q 90 DEG)*MIAO)/TAU(AO) < 14"10"*=35 EM**2*SR**-I*MEV*MILLIEEC**-I. 
AKP Q BEE FRANK 83 (COMMENT R). 
AXP 
AXP R FRANK 83 STRESS THE IMPORTANCE OF LAMPF DATA BINS WITH NEGATIVE NET 
AKP R SIGNAL. BY STATISTICAL ANALYSIS SAY THAT LAMPF AND SIN-AS ARE AT 
AKP R VARIANCE WHEN EXTRAPOLATION BY PHASE SPACE MODEL IS DONE, 
AXP B THEY FIND LAMPF UPPER LIMIT IS 248 NOT 450 GAMMAS. BEE FAIBBNEB2 
AXP R AND COMMENT Q. 
AXP 
AXP S HOFFMAN 83 SET CL=.DO LIMIT DBIGMA/DT*BR(E+G~)<3.SE-32 CM**B/GEV**2 
AXP B FOR 140 <MIAO)<160 MEV. LIMIT ASSUMES TAUIAO) < 18"*-9 SEE. 
RXP 
AXP T BERGBMA 85 LBOK FOB AD-->2BAMMA, E+ E-, MU~ MU-. FIRST LIMIT ABOVE 
AXP T IS FOR M(AO)=I MEVI SECOND IS FOR 200 MEV. SEE THEIR FIG.4 ~OR 
AXP T EXCLUDED REGION ON FAO-M(AO) PLANE, WHERE FAD IS AO DECAY CONSTANT. 
AXP T FOB PECCEI-QUINN AS, M(AO)<180 KEV AND TAU > 0.037 BEE. (CL=O.9O). 
AXP T FOR THE AXION OF FAIBBNER2 81 AT 250 KEV, BERGSMA 85 EXPECT 15 
AXP T EVENTS BUT OBSERVE ZERO. 

AXION SEARCHES FROM P O S I T R O N I U M  OR Q U A R K O N I U M  ETC. 
AXD DECRY OR TRANSITION OF POBITRONIBM, QUABKONIUM, KRON, NUCLEON, AND 
AXD RADIOACTIVE NUCLEUS. LIMITS ARE FOR BRANCHING RATIO. 
AXD A CALAPRIC T9 CARBON 
AXD B ZHITNITS 79 HEAVY AXION 
AXB B 0 RBANO 81 CNTR STOPPED K~-->PI+ RO 
AXD D VUILLEUM 81 CNTR REACTOR,AS--> 2SAM 
AXD E 0 ZEHNBEB 81 CNTB BA*-->(RO-->2GAM)BA 
AND F ALEKBEEV 82 CNTR LI*,B* TR. AO->2GAM 
AXD G 0 ABANO 82 CNTR STOPPED K+-->PI+ AO 
AXD H BARROSO 82 PHOTO-PROD.IN ETRRB 
AXD I DATAR 82 CNTR LIGHT WATER REACTOR 
AXD J 1.4 E-5 OR LESS CL=,9O EDWARDS 82 BBAL J/PBI-->AO GAMMA 
AXD N LEHMANN 82 CNTB CU*-->(AO-->2BRM)EU 
AXD L 3.5 E-A OR LESS EL=.90 $1VERTZ 82 CUSB UPSI(IB)-->AO GAMMA 
AXD L 1.2 E-4 OR LESS CL=,9O SIVERTZ 82 CUBB UPBI(BB)-->AO GAMMA 
AXD M 0 IEBNDER 82 CNTR LI*,NB*DECAY,N-CAPT 
AXD N 3, E-4 ON LESS EL=.90 ALAM 83 CLEO UPBI(IS)-->AO GAMMA 

CARBONI 88 CNTR ORTHO~POSITRONIUM RXD 
RXD BAVAIGNR 8J £MTR NBRT*,O*TR.AO->2BRM 
AXD Q 9.1 E-A OR LESS CL=.90 NICZYPOB 83 LENA UPSI(IS)-->AO GAMMA 
AXD R (1.5-A)E-6 OR LESS CL=.DO YAMAZRKI 84 SPEC K-DECAY M<10OMEV 
AXB R 2. E-5 OR LESS EL=.90 YRMAZAKI 84 SPEC FOR 160<~M<260MEV 
AXB E ANANEV 88 CNTR LI*,D~ AO->2GAMMA 
AXD 
AXD A CALAPRICE 79 SAW NO AXION EMISSION FROM EXCITED STATES OF CARBON. 
AXD A SENSITIVE TO AXION MASS BETWEEN I AND 15 MEV. 
AXD 
AXD B ZHITNITBKII 79 ARGUE THAT A HEAVY AXION BY YANG (3<M<40 MEV) 
AXD B CONTRADICTS EXPERIMENTAL MUON ANOM. MAGNETIC MOMENTS. 
AXB 
AXB C ABANO 8~ IS KEK EXPT. BET BR(K+ -->PI+ AO) < 3.8E-8 AT CL=.90. 
AXD 
AXD 
AXB D VUILLEUMIER 81 I~ AT GRENOBLE REACTOR. SET LIMIT M(AO)<280 KEV, 

AXD E ZEHNDER 81 LOOKED EOR BA*~->AO BA TRANSITION WITH AO-->2GAMMA. 
AXB E OBTAINED 2GAMMA COINBIDENEE RATE < 2.2E-5 /SEC(CL=.95) EXCLUDING 
AXB E MAEBIAO)>160 KEV(OB 200 KEV DEPENDINB ON HIGGS MIXING), 
AXD E HOWEVER, SEE BARROBO + MURHOPADHYAY, RE~. ABOVE. 
RXB 
BXD F ALEKSEEV 82 WITH IBR-2 PULSED REACTOR EXCLUDE STANDARD AO AT BL=.95 
AXB F MASS-RANGES MIAO)<400 KEV I L l *  DECAY) AND 830 KEV<M(AO)<2.2MEV 
AXD F (DEUT* DECAY). 
AXD 
AXB G ASANO 82 AT KEK BET LIMIT8 FOR BR(K*-->PI* ROE FOB M(AO)<IOO MEV AS 
AXD G BR <4.E-8 FOR TAU(AO-->N-GAMMABI>I.E-9B, BR<I.4E-6 FOR TAU<I.E~DB. 
AXD 
AXD H BARROBO 82 DERIVE IN DFS-MOBEL(PL104B,199) AO MASS LIMITS FROM 
AXD H STELLER-ENERBY-LOBB BOUND, ALLOWED MASS REGIONS ARE 
AXD H MIAO)<IO EV (AXION INVISIBLE DUE TO VERY SMALL COUPLING), AND 
AXD H MIAO) AROUND 200 KEV (CORRESPONDING DFS-AO PARRN IS HARDLY 
AXD H COMPATIBLE WITH REACTOR DATA OF ZEHNBER 81I. 
AXO 
AXD I DATAR 82 LOOKED FOR AO-->BGAMMA IN NEUTRON CAPTURE (N P-->D AS) AT 
AXD I TARAPUB 500 MW REACTOR. SENSITIVE TO BUM OF I=0 AND I= I  AMPLITUDES, 
AXD I WITH ZEHNDER 81 ( ( I =0 ) - ( I = I ) )  RESULT, ASSERT NON-EX OF STANDARD AO. 
AXD 
AXD J EDWARDS 82 LOOKED FOR J/PSI-->GRMMR+AXION DECAYS BY LOOKING FOR 
AXD J EVENTS WITH A SINGLE GAMMA (OF ENERGY APPROX. I / 2  THE J/PSI MASS), 
AXD J PLUS NOTHING ELSE IN THE DETECTOR. THE LIMIT IS INCONSISTENT WITH 
AXB J THE RXION INTERPRETATION OF THE FAIBBNER2 81 RESULT. 
AXD 
AXD R LEBMBNN 82 OBTAINED AO-->SGAM RATE<6.2E-5 /BEC (CL=.95) EXCLUDING 
RXD K MASB(AXION) BETWEEN 100 AND 1000 KEV. 
AXD 
AXO L SIVERTZ 82 IS CESR EXPT. LOOKED FOR UPBI-->GAMHA AO, AS UNDETECTED. 
AXD L LIMIT FOR IB(NB) IS VALID FOR M(AO)<7 BEV 44 GEV). 
AXD 
AXD H ZEBNDER 82 USED GDESGEN 2.8GW LIGHT-WATER REACTOR TO CHECK AS PROD. 
AXE M NO TWO GAMMA PEAK IN LI*,NB* DECAY(BOTH SINGLE P TRANSITION) NOR IN 
AXD M N CAPTURE(COMB WITH PREVIOUS BA* MEG RESULT) RULES OUT STANDARD AO. 
AXD N BET LIMIT M(AO)<6OKEV FOR ANY AO. 
AXD 
AXD N ALAM 83 IS AT BESS. THIS LIMIT COMBINED WITH LIMIT FOR BB(J/PSI--> 
AXD N AO GAMMA) (EDWARDS 82) EXCLUDES STANDARD RXION. 
AXD 
AXD 0 CBRBONI 83 LOOKED FOR ORTHOPOBITRONIUM-->AO GAMMA. BET LIMIT FOR AS 
AXD O ELECTRON COUPLING SQUARED, B(EEAO)**2 / (Q*PI )  < 6 .E- IO  TO 7 .E-9  FOR 
AXD 0 MEAD)FROM 150 TO 900 KEVICL=.997). THIS IS ABOUT 1/10 OF fl-2 BOUND. 
AXD 
AXD P CAVAIGNAE 88 AT BUGEY REACTOR EXCLUDE AXION AT ANY MABB(NB97*BEEAY) 
AXD P AND AXION WITH M(AO) BETWEEN 275 AND 288 KEV (DEUTERON* DECAY). 
AND 
AXD 0 NICZYPORUK 83 IS DESY-DORIB EXPERIMENT. THIN LIMIT TOGETHER WITH 
AXB 9 LOWER LIMIT 9.2 E-4 OF BR(UPBI-->AO GAMMA) DERIVED FROM BR(J/PSI 
AXB 9 -->AO GAMMA) LIMIT (EDWARDS 82) EXCLUDES STANDARD AXION. 

AXD R YAMRZAKI 84 LOOKED FOR A DISCRETE LINE IN K+ -->PI+ X. SENSITIVE TO [ 
AXD R WIDE MASS RANGE (5~300MEV), INDEPENDENT OF WHETHER X DECAYS I AXD R PROMPTLY OR NOT. 
AXD 
AXD S ANANEV 85 WITH IBR-2 PULSED REACTOR EXCLUDE STANDARD AO AT EL=.95 | 
AXD S MASSES BELOW 470 KEV ILl* DECAY) AND BELOW 2*MASS(ELECTRON) FOR I AXD B DEUT* DECAY. 

REFERENCES FOR AXION SEARCHES 

ALIBBAN 78 PL 748 134 AACE~BARI~BERG*BRUX+CERN~EEOL÷MILA~OBBA+ 
ASRATYAN 78 PL 798 497 ~EPBTEIN,FRKHRUTBINOV+ (ITEP÷BERP) 
BELLOTTI 78 PL TDB 228 +FIORINI,ZANOTTI (MILA) 
BOSETTI 78 PL 7QB 143 +DEBEN+ (AAEH+BONN+CERN+LOIC+OXF+SABL) 

DONNELLY 78 PR 018 1607 +FREEDMANtLYTEL,PECEEI,ECHWARTZ (STAN) 
ALSO 76 PRL 37 818 REINES,GURR,SOBEL 
ALSO 74 PRL 33 179 SURB,REINES,SOBEL 

HANBLI 78 PL 748 139 +HOLDER,KNOBLOCH~(CERN÷DORT+EEID+EACL÷BBNA) 
MICELMAC 78 LNC 21 441 MICELMRCHER,PONTECOBVO (JINR) 
VYBOTSBK 78 JETPL 27 502 VYBOTESKII÷(INBT.APPL.MATH.,USSR ACA. BCI,) 

BECHIB TR PRL 42 1511 
CALAPRIC 79 PR 020 2708 
COTEUS 79 PRL 42 1438 
DIBHAW 79 PL 858 142 
ZHITNITS 79 BJNP 29 517 

FAIBSNER 80 PL 968 201 
JACQUES 80 PR D21 1206 
SOUKAB 80 PRL 44 '584 

ABANO 81 PL 107B 159 
FAISBNE1 81 ZPHY C10 95 
FAISBNE2 81 PL 1038 23A 
KIM 81 PL I05B 58 
VUILLEUM 81 PL 101B 841 
ZEHNDEB 81 PL IO48 494 

ALEKBEEV 82 JETPL 36 116 
ABANO 82 PL 113B 195 
BRRROEO 82 PL 116B 247 
DATAR 82 PL 114B E3 
EDWARDS 82 PRL 48 903 

FETBCHER 82 JPB 8 L147 
LEHMBNN 82 PL 115B 270 
SIVERTZ 82 PR 926 717 
ZEHNDEB 82 PL 110B 419 

ALAN 88 PR 027 1665 
CARBONI 83 PL 123B 349 
CAVAISNA 83 PL 121B 193 
FAIBBNER 88 PR 028 1198 
FAIEBNE2 83 PB B28 1787 
FRANK 83 PB D28 1790 
HOEFMAN 83 PR B28 660 
NICZYPOR 83 ZPHY C17 197 
YAMAZAK] 84 PRL 52 1089 
RNANEV 85 BJNP 41 885 
BERGEMA 85 PL 15TB 458 

+DOMBECK+ (UMD*COLU+A,F.R,R.I.-BETHEBDA) 
CALRPRICE,DUNFORD,KOUZEBsMILLER+ (PBIN) 
*BIEEBURG,FINE,LEE,BOKOLBKY+ (COLU+ILL+BNL) 
*BIAMANT-BERGER,FAEBSLER,LIU+ ISLAC+CIT) 
BHITNITBKII,SKOVPEN (NOVO) 

*FRENZEL,HEINRIGB,PREUBBGER,SAMM,SAMMIAACH) 
~KALELKAR,MILLEB,PLANO+ (NUTG*STEV÷COLU) 
~WANDERER,WENG,BREBMAN+(BNL+HARV+ORNL+PENN) 

~KIKUTANI,KUROKAWA+ (KEK+TOKY+OBAK) 
FRIBSNER,FRENZEL,GRIMM,HANBL,HOFFMAN+(AACH) 
EAISSNER,FRENZEL,HEINRIBB,PREUBBGER+ (AACH) 
B.R.KIM,CB.BTRMM (ARCH) 
VUILLEUMIER,BOEHM,BAHN,KWON+ (CIT*MUNI) 
A.ZEHNDEB (ETH) 

~KALININA,KRUBLOV,KULIKOV ÷ (MOBU~JINB) 
÷KIKUTANI,KUBOKAWA+ (KEK+TOKY+OBAK) 
A.BARROSO,C.BRANCO (LIEB) 
*BABA,BETIGERI,BINBH (BHAB) 
~PARTRIBGE,PECK+ (CIT+HARV÷PRIN+STAN*ELAC) 

W.FETSEHER (ETH) 
*LEBQUOY,MULLER,ZYLBERAJCH (SRCL) 
,LEE-ERANBINI+ (BTON+COLU+LSU+MPIM) 
+GABATHULER,VUILLEUMIER (ETH+BIN÷CIT) 

+ (VABB+EORN*ITHA+HARV*OHIB+ROCB+RUTG+SYRA) 
G.CARBONI,W.BRBME (CERN*MUNI) 
CAVAIGNAB,HOUMMABR,KOAEG,OET* (GREN~LAPP) 
*BEINRIGS,PREUSBEER,BRMM IAACH) 
FAISSNER,ERENZEL,BEINRIBB,PREUSBGER+ (AACH) 

(LRNL+YALE+LBL+MIT+BREL+BIN+CNBC+BERN) 
+FRRNK,MIBBHKE,MOIR,BCNARBT (LANL÷ARZS) 
NICZYPORUN÷ LENA COLLAB. (CRAB+ERLA÷OEBY+) 
*IBNIKAWA,TRNIGUBBI,YAMANAKA+ (TOKY*KEK) 
~KALINA,LUEHCHIKOV/OLBHEVSKII,+ (JINR) 
CHARM COLLAB. (ANIK~CERN+HAMB+ITEP+ROME) 

I SUPERSYMMETRIC PARTICLE SEARCHES ] 
OMITTED FROM SUMMARY TABLE 

ALL RESULTS SBOWN BELOW (EXCEPT WHERE STATED OTHERWISE) INVOLVE 
THE FOLLOWING "MINIMAL" ASSUMPTIONS: 

I )  THE PHOTIND IS THE LIGHTEBT BUPEBSYMMEYRIC PARTICLE. 
2) R-PARITY IS CONSERVED. 
3) THE MASS OF EXCHANGED PARTICLES IS LESS THAN ABOUT 280 GEV. 
4) MASS(L) = MABBIR) WHERE L AND R REFER TO THE SCALAR PARTNERS 

OF LEFT-AND RIGHT-HANDED FERMIONB. 

LIMITS INVOLVING NON-MINIMAL ASSUMPTIONS EITHER ABE IDENTIFIED 
WITH COMMENTS OR ABE IN THE MISCELLANEOUS SECTION. 

SCALAR v MASS LIMIT 
SNU A KANE 84 RVUE TAU-BECAY PRODUCT 
GNU B WARE 84 RVUE E+E- ELM=29 GEV 
SNUB FERNANDEZ 85 MAC E+E- ECM=29 GEV 
GNU 
SNU A ABOVE LIMIT IS FOR MIW-INO)=M(W). FOB OTBER CASES SEE THEIR FIG 2. 
GNU A FROM TAU - ->  (E B-NU(E) B-NUITAU)) OR (MU B-NUIMU) B-NU(TAU)) OR 
SNU A EE S-MU(E) S-NUCMUI;. 
GNU A MIS-NU(TAU)) + M(B-NU) > MITAU) 
GNU A M(B-NU(MU)) + M(B-NU(E)) > M(MU) 
SNU 
GNU B RARE 84 AND FERNANDEZ 85 ASSURE S-NEUTRINO IS LIBHTEBT STABLE BUSY 
GNU B PARTICLE OR DECAYS INVISIBLY. ALSO ASSUME W-INO MASS IS 20-29 GEV. 
SNUB LOOKED FOR SINGLE GAMMA EVENT (E+E- ~-> GNU BNUBAR GAMMA). LIMIT 
GNU B FROM 1 OBSERVED EVENT CONSISTENT WITH NU NUBAR GAMMA BACKGROUND IS 
SNUB M(SNU) > 10 GEV AT CL=.9O. 

SCALAR e MASS LIMIT 
BE NONE 2BEV TO 16.8BEV CL=.95 BEHRBNB 82 CELL E+E- 
BE NONE BELOW 18.GGEV BL=.95 BRANDELIK 82 TABS E+E- 
BE NONE BELOW 22.2GEV CL=.95 GLABNEY 83 BMK2 E.E- 
SE ELf .98 BARTEL 84 JADE E+E- 
SE BARTELZ 84 JADE E÷E- M(Z-INO)~OGEV 
SE NONE BELOW BZ.GGEV ELf.95 FERNANDEZ 84 MAC E+E- 
BE NONE BELOW 22 GEV CL=.9S RDEVR 85 NRKJ E+E- ECM=40-47 GEV 
BE NONE BELOW 25.2BEV EL=.95 BARTEL 85 JADE E+E- ECM=32-47 BEV 
SE NONE BELOW 22 GEV BL=.98 BARTEL 85 JADE E÷E- ECMffi32-47 BEV 
BE NONE BELOW 87 GEV CLffi.90 FERNANDEZ 85 MAC E÷E- ECM=29 GEV 
BE NONE BELOW 51 GEV EL=.90 BARTBA 86 ASP FOR M(PHTN9)=O GEV 
BE NONE BELOW 48 GEV BL=.9O SARTHA 88 ASP FOR M(PBTNO)ffi5 GEV 
BE NONE BELOW 58 GEV CL=.9O BABTHA 86 ASP FOR M(PHTNO)=IO GEV 



For notation, see key on page 91. 

SE A BNANDELIK 82 LIMIT IS FROM NO ENHANCEMENT IN EVENTS WITH THETA NEAR 
SEA  90 DEE(LIGHT SCALAR) AND WITH LARGE ACOPLANARITY (HEAVY SCALAR). 
SE 
SE B SLADNEY 83 LOOKED FOR LARGE PT E FROM SINGLY PRODUCED S-ELECTRONS. 
SE 
SE C BARTEL 84 MAKE NON-STANDARD ASSUMPTION THAT PHOTINO DECAYS TO 
SE C GOLDSTINO ~GAMMA. THEY LOOK FOR 2GAM EVTS FROM PHOTINO PAIR PROD. 
SE C FOR SUPENSYM BREAKING PARAM D=(IO0 GEV)**2, THEY FIND AT CL=.95 
SE C M(S-ELECTHON) > BO GEV. LIMIT IS ALSO APPLICABLE IF THE PHOTINO 
SE G DECAYS RADIATIVELY WITHIN THE DETECTOR. 
SE 
SE D BARTEL2 B4 LIMIT IS FROM NEUTRALINO SEARCH ASSUMING THAT 
SE D MASS(NEUTRALINO) < 30 GEV. USING ACOPLANAR EVENTS WITH MISSING PT. 
SE D UNDER THESE CONDITIONS, MESoELECTRON) > 50 GEV AT CL=.90. 
SE 
SE E FERNANDEZ 84 ANALYZED SINGLE ELECTRON EVENTS FROM SINGLY PRODUCED 
SEE S~ELECTRON. ENERGY DISTRIBUTION IS CONSISTENT WITH E+E-GAMMA BXGD• 
SE 
SE F BARTEL 85 CONSIDER SINGLE AND PAIR S-ELECTRON PRODUCTION AS WELL AS 
SE F PHOTINO PAIR*GAMMA• FIRST LIMIT IS FOR MASSLESS PHOTINO AND SECOND 
SE F IS FOR M(PHDTINO) < 15 GEV. BOTH ASSUME EQUAL MASS FOR LEFT AND 
SE F RIGHT S-ELECTRON. FOR RISE(R)) >> M(SE(L)) AND MASSLESS PHOTINO, 
SE F LIMIT IS 21.8 GEV [SEE ALSO THEIR FIG.2). 
SE 
GE G FERNANDEZ 8"5 ANALYZE SINGLE GAMMA EVENT EXPECTED FROM E÷E- ~-> 
SE S PHOTINO PAIR+GAMMA. ABOVE LIMIT IS FOR M(PHOTINO)=O AND EQUAL 
SE G MASS LEFT AND RIGHT S-E. (SEE ALSO FIG,2). FOR MIRIGHT) >> 
SE G M(LEFT), LIMIT IS 3D GEV. 
SE 
SE H SARTRA 86 SEARCH FOR ANOMALOUS PHOTONS FROM E+E- --> 
SE H (PHOTINO PEOTINO PHOTON) WHERE PHOTINOS ARE ASSUMED TO LEAVE 
SE H APPARATUS UNDETECTED. FOR M(RIGHT) >> M(LEFT) AND M(PHOTINO)=O, 
SE H LIMIT IS 42 GEV AT CL=.9O. 

S C A L A R  p M A S S  L I M I T  
SMU NONE 3GEV TO 15GEV CL=.9S BARBER 80 MRKJ E÷E- 
SMU NONE 3.3GEV TO 160EV CL=.P5 BEHNEND 82 CELL E+E- 
SMU A NONE BELOW 16.40EV GL=,9S BRANDELIK 82 TAGS E÷E- 
SMU B NONE BELOW 13,BGEV CL=.P5 FERNANDEZ 83 MAC E÷E- 
SMU B NONE BELOW 20 GEV CL=.95 ADEVA 85 MRKJ E+E- ECM=AO-47 GEV 
GMU C NONE BELOW 21. GEV CL=.95 BARTEL2 85 JADE E+E- ECM=32-47 GEV 
GMU C NONE BELOW 20.PGEV CL=,95 BARTEL2 85 JADE E+E- STABLE S-MU 
SMU 
SMU A BRANDELIK 82 LIMIT IS FROM NO ENHANCEMENT IN EVENTS WITH THETA NEAR 
$MU A 90 DEG(LIGHT SCALAR) AND WITH LARGE ASOPLANARITY (HEAVY SCALAR). 
SMU 
SMU B FERNANDEZ 83 AND ADEVA 85 OBSERVED NO EXCESS ACOPLANAR MU+MU- 
SMU B EVENTS, 
SMU 
SMU C BARTEL2 85 SECOND LIMIT IS FOR STABLE S-MU FROM NON-OBSERVATION OF 
SMU C SMU-PAIR PROD. FIRST LIMIT IS FOR S-MU --> MU + STABLE-PHOTINO 
SMU C FROM NON-OBSERVATION OF ACOPLANAR MU PAIR WITH LARGE MISSING PT 
SMU C AND APPLIES IF M(PHOTINO) < 15 GEV, FIRST LIMIT ASSUMES M(LEFT)= 
SMU C M(RIGRT); IF M(LEFT) >> M(RIGHT) THE LIMIT IS 20.3 GEV. 

S C A L A R  
STA 
STA 
STA 
STA 
STA 
STA 
STA 
STA A A 
STA 
STA 
STAB 
STA 
STA A 
STA A 
STA 
STAB  

M A S S  L I M I T  
SCALAR-TAU~->TAU PHOTINO LOOKS IDENTICAL TO CHGD-HIGGS-->TAU NU 
AS IN STABLE PARTICLE SEARCH SECTION. WHERE TAKEN FROM RESULTS 
QUOTED FOR CHGD-HIGGS, THE LIMITS BELOW CORRESPOND TO 
BR(TAU NU)~I,O LINE IN MASS-LIMIT GRAPHS FOR PAIR OF 
CGHD-HIBGS~>(TAU NU)÷(TAU NUt. 

IAGEV OR MORE CL=,PS ADEVA B2 MRKJ 
NONE 4GEV TO 14GEV CL=.95 BARTEL 82 JADE 
NONE 6GEV TO 15.3GEV CL=.PS BEHREND 82 CELL 
NONE M(TAU) TO 3.BSEV CL=,93 BEHREND 82 CELL 
NONE M(TAU) TO 9*9GEV CL=.90 BLOCKER 82 SMX2 
NONE BELOW 17 GEV CL=.95 ADEVA 85 MRKJ E+E- ECM=40-47 GEV 

SEHREND 82 FIRST LIMIT FOR SCALAR TAU IS FROM PT-CUT TAU-PAIR 
ANALYSIS, SECOND LIMIT FROM NO EXCESS TAU PAIR EVENTS. 

NO EXCESS ACOPLANAR MU AND HADRONIC JET. 

S C A L A R  
SQK 
SQK 
SQK 
SQK 
SQK 
SQK 
SQK 
SQK 
SOK 
SQX 
SQN 
SQK 
SQK 
SQK 
SQK 
SQK 
SQK 
SQK 
SQK 
SQK 
SQK 
SQK 
SQK 
SQK 
SQK 
SQK 
SQK 
SQK 
SQK 
SQK 
SQK 
SQK 
SQK 
BOX 
SQK 
SQX 

Q U A R K  M A S S  L I M I T  
NONE BELOW 3 GEV NAPPI 82 RVUE Q~2/3 SQUARE ONLY 

13000EV OR LESS HINCHLIFF 82 RVUE M(GLUINO)=2 GEV 
31000EV OR LESS HINCHLIFF 82 RVUE M(GLUINO)=4 GEV 

NONE BELOW 100 GEV BERDSMA 83 RVUE FOR M(GLUINO)<2 GEV 
NONE BELOW 40 GEV BARGER 84 RVUE P PEAR ECM=540 GEV 
NONE BELOW 40 GEV ELLIS2 84 RVUE M(GLNO) >> M(SQK) 

BAER 85 RVUE P PEAR 
NONE BELOW 25 GEV REYA 85 RVUE M(GLNO) >> M(SQK) 
NONE BELOW 70 GEV CL=,90 BARNETT 86 RVUE FOR M(GLNO)= 80 GEV 
NONE BELOW 60 GEV DL=.90 BARNETT 86 RVUE FOR M(GLNO)> 80 GEV 

NAPPI 82 LIMIT APPLIES TO CHARGE 2/3 SQUARK. NO LIMIT FOUND FOR 
A CHARGE I / 3 ,  LIMIT FROM P-WAVE SQUARK-SQUARK BOUND STATE NON- 

OBSERVATION IN E+E- ANNIHILATION. 

ABSTRACTED FROM DISCUSSION OF BEAM CONTAMINATION EXPER AT FNAL 
IN MINSHLIFFE 82. ASSUMES GLUINO--> QUARK QUARK PHOTINO. 

REANALYSIB OF CERN-SPS BEAM DUMP DATA. SEE THEIR FIG. I .  

BARGER 84 USE MONOJET + MISSING-PT EVENTS OBSERVED IN UAI 
D EXPERIMENT AT ECM=546 GEV AS UPPER LIMIT DUE TO SQUARE - ->  

QUARK÷PHOTINO ASSUMING M(BLUINO)=2*MISQUANX), 

ELLIS2 84 AND REYA 85 USE UAI MONOJET+MISSING-PT EVENTS AT ECM=SR6 
GEV. ASSUME SQUARE - ->  QUARK+PHOTINO. 

SAER 85 EVALUATE THE CONTRIBUTION OF SQUARK--~-QUARK +Z-INO, W-INO. 
E NO CHANGE IS NEEDED OF LIMIT ON M(GLUINO), M(SQUARK) DERIVED 

ASSUMING THE DOMINANCE OF SQUARK--> QUARK+PHOTINO. 

BARNETT 86 USE THE UAI MONOJET+MISSING-PT EVENTS AT 630 GEV. 
G THEY CONSIDER ALL SUPSRSYMMETRIC PROCESSES CONSISTENT WITH 

M(BLUINO) > M(PHOTINO) AND NEGLECT DECAYS TO W-INOS AND Z-INOS. 
G THEY CONCLUDE UAI MONOJETS CANNOT ORIGINATE IN GLUINO OR 

SCALAR QUARK PRODUCTION. 
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Stable  Particle Full  Listings 
SUPERSYMMETRIC PARTICLE SEARCHES 

G L U I N O  M A S S  L I M I T  
GNO THERE IS AN ONGOING CONTROVERSY (REFLECTED IN THESE LISTINGS) ABOUT 
GNO WHETHER VERY LIGHT GLUINOS ARE RULED OUT. THESE PAPERS SOMETIMES 
GNO MAKE DIFFERENT ASSUMPTIONS AND USE OIFFERENT CALCULATIONAL 
GNO TECHNIQUES. 
GNO NONE BELOW 2~3GEV KANE 82 RVUE BEAM DUMP 
GNO NONE BELOW 2 GEV BERGSMA B3 RVUE FOR M(S-QK)<IO0 GGV 
GNO BALL 84 CALO IF PHOTINO DECAYS 
GNO FARRAR 84 RVUE 
GNO NONE BELOW 3,7GEV CL=,68 LLEWELLYN 84 RVUE FOR MIS-QK)=3O GEV 
END NONE BELOW 60 GEV ALLAN 85 RVUE FOR M(SQ)~20-35 GEV 
GNO NONE BETWEEN 15-40 GEV ALTARELLI  85 RVUE ;OR MISQ)=IOO GEV 
GNO BAER 85 RVUE P PBAR 
DNO NONE BETWEEN D.5-A GEV COOPER-SA 85 BDMP FOR MISQ)< 65 EEV 
GNO NONE BETWEEN 0.5-3 GEV BOOPER-SA 85 BDMP FOR M(SQ)=150 EEV 
GNO NONE BETWEEN 0.5-2 GEV COOPER-SA 85 SDMP FOR MESQ)=300 EEV 
GNO NONE BETWEEN 2-4 GEV DAWSON 85 RVUE TAU > E-7 SEC 
GNO NONE BETWEEN I-2.5 GEV DAWSON 85 RVUE FOR M(SQK)=IOO GEV 
GNO DERUJULA 85 RVUE FOR M(SQ)=80 GEV 
GNO NONE BELOW 40 GEV ELLIS 85 RVUE P PEAR ECM=546 GEV 
GNO NONE BETWEEN .5-4.1GEV CL=.90 FARRAR 85 RVUE FNAL BEAM DUMP 
GNO NONE BELOW I GEV GOLDMAN 85 RVUE GLUONIUM 
GNO NONE BELOW I -2  GEV HABER 85 RVUE 
GNO NONE BELO~ 25 GEV REYA BS RVUE M(SQK) >> M(GLND) 
GNO BARGER 86 RVUE FOR M(SQ)= 100 GEV 
GNO NONE BETWEEN 3-62 GEV CL=.BO BARNETT 86 RVUE FOR M(SQ)~ 75 GEV 
GNO NONE BETWEEN 3-50 GEV CL=.90 BARNETT 86 RVUE FOR M(SQ)> 75 GEV 
GNO 
GNO KANE 82 INFERED ABOVE GLUINO MASS LIMIT FROM RETROACTIVE ANALYSIS 
GNO OF HAORONIC COLLISION AND BEAM DUMP EXPERIMENTS. LIMITS VALID IF 
DNO GLUINO DECAYS INSIDE DETECTOR. 
GNO 
GNO BERDSMA 83 IS REANALYSIS OF GERN-SPS BEAM-DUMP DATA. SEE THEIR 
GNO FIG. I. 
GNO 
END BALL 84 IS FNAL BEAM DUMP EXPERIMENT. OBSERVED NO INTERACTIONS OF 
GND PHOTINO IN THE CALORIMETER, WHERE PHOTINOS ARE EXPECTED TO COME 
GNO FROM PAIR-PRODUCED GLUINOS. SEARCH FOR LONG-LIVED PHOTINO 
GND INTERACTING IN CALORIMETER S6M FROM TARGET. LIMIT IS FOR MIS-QUARK) 
GND =40 GEV AND PROD CROSS SECTION PROPORTIONAL TO A**0•72, BALL 84 
GNO FIND NO GLUINO ALLOWED BELOW 4.1 GEV AT CL=.PD. THEIR FIG.I SHOWS 
GNO DEPENDENCE ON M(S-QUARK) AND A• SEE ALSO XANE 82 (PHYS. LETT, 
GNO 112B, 22T) 
GNO 
GNO FARRAR 84 ARGUES THAT M(GLUINO) < 100 MEV IS NOT RULED OUT IF THE 
GRO LIGHTEST R~HADRONS ARE LONG-LIVED, A LONG LIFETIME WOULD OCCUR IF 
GNO R-HADRONS ARE LIGHTER THAN PHOTINOS OR IF M(SQUARK)> 100 GEV. 
GNO 
GNO FROM BEBC DATA. 
GNO 
GNO ALLAN 85 LIMIT IS FROM CONSIDERING Q÷GLUON--> SQ*GLUINO FOLLOWED BY 
BNO SO--> Q*PHOTINO AND GLUINO--> Q~SQ~-> Q+QBAR÷PHOTINO ASSUMING 
DNO M(BLUINO)>M(SQUARK). LIMIT IS FOR SQUARX MASS BETWEEN 20 GEV TO 35 
GNO GEV, AND USED THE UAI MONOJET DATA AT ECM=546 GEV. 
GNO 
GNO ALTARELLI 85 SAY THAT M(GLUINO)<15 GEV CANNOT BE EXCLUDED BY UAI 
GNO MONOJET DATA AT 546 GEV DUE TO UNCERTAINTY IN FRAGMENTATION OF 
GNO OF LIGHT GLUINOS. THEY ANALYZE GLUINO-GLUINO PRODUCTION, 
GNO 
GNO BAER 85 EVALUATE THE CONTRIBUTION OF SQUARK--pQUARK ÷Z-INO, W-INO. 
GNO NO CHANGE IS NEEDED OF LIMIT ON M(SLUINO), M(SQUARK) DERIVED 
GNO ASSUMING THE DOMINANCE OF SQUARK--> QUARK+PHOTINO, 
GNO 
GNO COOPER-SARKAR 85 IS SEBC BEAM-DUMP. GLUINOS DECAYING IN DUMP WOULD 
GNO YIELD PHOTINOS IN THE DETECTOR GIVING NEUTRAL-CURRENT-LIKE 
GNO INTERACTIONS. FOR M(SQUARK) > 330 GEV, NO LIMIT IS SET. 
GNO 
GNO DAWSON 85 FIRST LIMIT FROM NEUTRAL PARTICLE SEARCH. SECOND LIMIT 
GNO BASED ON FNAL BEAM DUMP EXPERIMENT. 
GWO 
GNO DERUJULA 85 SAY THAT M(GLUINO)=3 GEV CANNOT BE EXCLUDED BY UAI 
GNO MONOJET DATA AT 546 GEV DUE TO UNCERTAINTY IN FRAGMENTATION OF 
GNO OF LIGHT GLUINOS. THEY ANALYZE GLUINO-GLUINO PRODUCTION. 
GNO 
GNO ELLIS 85 USE UAI MONOJET+MISSING-PT EVENTS AT EDM=54B GEV AS UPPER 
GNO LIMIT FOR BLUINO PAIR PRODUCTION WITH GLUINO - ->  Q QBAR PHOTINO. 
GNO GLUINO WITH MASS AROUND 3 GEV TO 20 GEV SEEMS EXCLUDED EVEN AFTER 
GNO THE EFFECT OF VARIOUS REFINEMENTS ARE INCLUDED. 
SNO 
GNO FARRAR 85 POINTS OUT THAT BALL 84 ANALYSIS APPLIES ONLY IF THE 
GNO GLUINOS DECAY BEFORE INTERACTING, I,E. M(SQUARK)<80*M(GLUINO)**I.S. 
GNO FARRAR 85 FINDS M(GLUINO)<D,5 NOT EXCLUDED FOR M(SQ)=30-1000 GEV 
GNO AND M(GLUINO)<I.O NOT EXCLUDED FOR MISQ)=IOO-50O GEV BY BALL 84 
GNO EXPERIMENT. 
GNO 
GNO GOLDMAN 85 USE NON-OBSERVATION OF A PSEUDOSCALAR GLUINO-GLUINO 
GNO BOUND STATE IN RADIATIVE PSI DECAY, 
END 
GNO HABER 85 IS BASED ON SURVEY OF ALL PREVIOUS SEARCHES SENSITIVE TO 
GRO LOW MASS BLUINOS, LIMIT HAKES ASSUMPTIONS REGARDING THE LIFETIME 
GNO AND ELECTRIC CHARGE OF THE LIGHTEST SUPERSYMMETRIC PARTICLE, 
GNO 
GNO REYA 85 USE UAI MONOJET+MIGSING-PT EVENTS AT ECM=546 GGV. ASSUME 
GNO GLUINO --> QUARK÷QUARK+PHOTINO. 
GNO 
GNO BARGER 86 SAY THAT M(GLUINO)=3-5 GEV CANNOT BE EXCLUDED BY UAI 
GNO MONOJET DATA AT 5A6 GEV DUE TO UNCERTAINTY IN FRAGMENTATION OF 
GNO OF LIGHT GLUINOS. THEY ANALYZE GLUIND-GLUINO PRODUCTION. THEY 
GNO ALSO ANALYZE THE GLUINO DISTRIBUTION FUNCTION AND ITS ROLE IN 
GNO GLUINO PRODUCTION. 
GNO 
GNO BARNETT 86 USES INCREASED STATISTICS OF UAI MDNOJET RESULTS AT 
GNO ECM=630 GEV PLUS A HIGHER-ORDER PROCESS TO RULE OUT LIGHT GLUINOS 
GNO WITH M(GLUINO)=3-15 GEV. 
GNO BARNETT 86 CONSIDER ALL SUPERSYMMETRIC PROCESSES CONSISTENT WITH 
GNO M(GLUINO) > M(PHOTINO) AND NEGLECT DECAYS TO W-INOS AND Z-INOS. 
GNO THEY CONCLUDE UAI MONOJETS CANNOT ORIGINATE IN GLUINO OR 
GNO SCALAR QUARK PRODUCTION, 
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S t a b l e  P a r t i c l e  F u l l  L i s t i n g s  
SUPERSYMMETRIC PARTICLE SEARCHES, OTHER STABLE PARTICLE SEARCHES 

PHOTINO MASS LIMIT 
PHO THE NON-COSMOLOGICAL LIMITS BELOW ASSUME THAT THE PHOTINO DECAYS 
PHO INTO GOLDBTINO+GAMMA. HDWEVBR, THIS IS NOT TRUE IN CURRENTLY 
PHO POPULAR THEORETICAL MODELS. 
PHO CABIBBO 81 RVUE COSMOLOGY 
PBO BEHREND 83 CELL E~E- 
PHO GOLDBERG 83 RVUE COSMOLOGY 
PHO KRAUSB 83 RVUE COSMOLOGY 
PHO VYSOTSKII B3 RVUE COSMOLOGY 
PHO BALL 84 CALO BEAM-DUMP 
PHO BARTEL 84 JADE E+E- 
PHO NONE BETWEEN 100 EV-2 GEV ELLIS 84 COSM FOR MIHVYI=40 GEV 
PHO NONE BETWEEN 100 BY-5 GEV ELLIS 84 COSM FOB M(HVY)=IO0 GEV 
PHO SILK 84 RVUE COSMOLOGY 
PHO ADEVA 85 MRKJ E+E- ECM=40-A7 GEV 
PHO 
P~O CABIBBO 81 CONSIDER PHDTINO ~-> GAMMA+GOLDSTINO. PHOTINO MUST BE 
PHO EITHER LIGHT ENOUGH (<30 EVI TO SATISFY EOSMOLOGY BOUND, OR HEAVY 
PHO ENOUGH (>0.3 MEV) TO HAVE DISAPPEARED AT EARLY UNIVERSE. 
PHO 
PHO BEHREND 83 AND BARTEL 84 LOOK FOR 2GAMMA EVENTS FROM PHOTINO PAIR 
PHO PRODUCTION. WITH SOPERSYM BREAKING PARAM D=IIO0 GEV)**2 AND 
PHO MID-ELECTRON)=40 GEV THE EXCLUDED REGIONS AT EL=.95 WOULD BE 
PHO M(PHOTINOI= 100 MEV - 13 SEV FOR BEBREND 83 
PHO MIPHOTINO)= 80 MEV ~ IE GEV FOR BARTEL 84 
PHO LIMIT IS ALSO APPLICABLE IF THE PEOTINO DECAYS RADIATIVELY WITHIN 
PHO THE DETECTOR. 
PHO 
PHO THESE AUTHORS REGUIRE THAT RELIC PHOTINOS FROM THE BIG BANG DO NOT 
PEO C GENERATE TO0 LARGE A CONTRIBUTION TO THE ENERGY DENSITY OF THE 
PHO UNIVERSE. 
RIO 
PHO KRAUBS 85 FINDS M(PHOTINO) NOT 30EV TO 2.SGEV. 
PHO D KRAUSS 05 TAKES INTO ACCOUNT THE GRAVITINO DECAY. FIND THAT LIMITS 
PHO DEPEND STRONGLY ON REHEATED TEMPERATURE. FOR EXAMPLE A NEW ALLOWED 
PHO REGION M(PHOTINO)=4-2OMEV EXISTS IF M(GRAVITINOI< 40TEV. SEE FIG.2. 
PHO 
PHO BALL 84 IS FNAL BEAM DUMP EXPERIMENT. OBSERVED NO PHOTINO DECAY, 
PHO E WHERE PHOTINOS ARE EXPECTED TO COME FROM GLUINOS PRODUCED AT THE 
PHO TARGET. THREE POSSIBLE PHOTINO LIFETIMES ARE CONBIDBRED. SLUINO 
PHO DECAY TO GOLDST[NO+GLUON IS ALSO CONSIDERED. 
PHD 
PHO ADEVA 85 IS SENSITIVE TO PHOTINO DECAY PATH < 5 CM. WITH 
PHO F M(B-ELECTSON)= 50 GEV; LIMIT (OL=,90) IS MIPHOTINO) ~ 20.5 GEV. 
PHO ASSUME PHOTINO DECAYS TO PBOTON*GOLDSTINO AND SEARCH POR ACOPLANAR 
PHO PHOTONS WITH LARGE MISSING PT. 

CHARGINO MASS LIMITS 
WNO CHARGINOB ARE UNKNOWN MIXTURES OF W-INOS AND CHARGED HIGGSINOB 
WNO ITHG SURERSYMMETRIC PARTNERS OF W AND HIOGS BOSONS). MASS LIMITS 
WNO ARE RELATIVELY MODEL-DEPENDENT, SO ASSUMPTIONS CONCERNING BRANCHING 
WNO RATIOS NEED TO BE SPECIFIED. WE QUOTE EXAMPLE VALUES. 
WNO 
WNO NONE BELOW 25 GEV CL=.95 ADEVA 84 MRKJ E÷E- ECM=30-47 GEV 
WNO NONE BELOW 22.5 GEV EL=.95 BARTEL3 95 JADE E+E- ECM=27-46 GEV 
WNO 
WNO ADEVA 84 OBSERVED NO EVENTS WITH SIGNATURE OF ACOPLARAR LEPTON PAIR 
WNO WITH MISSING ENERGY. LIMIT IS FOR MICHARGINO) >> M(PHOTINO) AND 
WNO HIS-NO). ASSUMES GHARDINO - ->  SNEUTRINO + LEPTON DOMINATES, 
WNO 
WNO BARTEL5 85 SEARCH CHARGIBO DECAY MODES (L GNU), (L NO PHOTINO), 
WNO (QUARK QUARK PHOTINO) AND (QUARK QUARK GLUINO) WITH GLUINO ~-> 
WNO (QUARK QUARK PHOTINO). THEY USE ACOPLABAR JETS, AEOPLANAR LEPTONS, 
WNO SPHERICAL HADRONIC EVENTS, R-MEASUREMENT, ETC. TO SEARCH. THE ABOVE 
WNO LIMIT IS TYPICAL OF MOST OF THEIR RESULTS; DETAILS WITH VARIOUS 
WNO BRANCHING RATIOS AND PHOTINO MASSES APPEAR IN FIG'S IN BARTEL3 85. 

NEUTRALINO MASS LIMITS 
ZNO 
ZNO 
ZNO 
ZNO 
ZNO 
ZNO 
ZNO 
ZNO 
ZNO 
GNO 
ZNO 
ZNO 
ZNO 
ZNO 
ZNO 
ZNO 
ZNO 
ZNO 
ZNO 
ZNO 
ZNO 
ZNO 
ZNO 
ZNO 
ZNO 
ZNO 
ZBO 
ZNO 
GNO 
ZNO 
ZNO 
ZNO 
ZND 
ZNO 
ZNO 
ZNO 
ZNO 
ZNO 
ZNO 
ZNO 
ZNO 
ZNO 
ZNO 
ZNO 
ZNO 

NEUTRALINOS ARE UNKNOWN MIXTURES OF Z-INOS, NEUTRAL HIGGSINOS, 
AND PHOTINOS (THE SUPERSYMMETRIC PARTNERS OF Z AND HIGGS BOSONS 
AND OF PBOTONS). IT IS NOT POSSIBLE TO QUOTE RIGOROUS MASS 
L IMITS BECAUSE THEY ARE EXTREMELY MODEL-DEPENDENT; I .E .  - THEY 
DEPEND ON BRANCHING RATIOS OF VARIOUS NEUTRALINO DECAY MODES, ON 
THE MASSES OF DECAY PRODUCTS (S-ELECTRON, PHOTINO, SOUARK, GLUINO), 
AND ON THE S-ELECTRON MASS EXCHANGED AT NEUTRALINO PRODUCTION. 
OFTEN LIMITS ARE GIVEN AS CONTOUR PLOTS IN THE MINEUTRALIBOI- 
MID-ELECTRON) PLANE VB OTHER PARAMETERS. WE QUOTE VALUES ONLY AS 
EXAMPLES. 

NONE BELOW $5 GEV EL=.95 ADEVA 84 MRKJ E÷E- ECM=29 GEV 
NONE BELOW 28 GEV EL=.95 BARTEL2 04 JADE E+E- ECM=27-46 GEV 

AKERLOF 85 MRS E+E- ECM=29 GEV 
BEHREND 85 CELL E+E- --~ONOJET+K 
ELLIS 85 RVUE COSMOLOGY 

ADEVA 84 OBSERVED NO EVENTS WITH SIGNATURE OF ACOPLANAR LEPTON 
PAIR WITH MISSING ENERGY. ABOVE EXAMPLE LIMIT IS FOR M(PHOTINO) <2 
GEV AND MIB~E) < AO GEV, AND ASSUMES BR(NEUTRALINO - ->  MU+ MU- 
PHOTINOI=(E*E- PHOTINO)=0,10. 9R=O.O5 GIVES 33.5 BEY LIMIT. 

BARTEL2 84 SEARCH FOR E÷E- -->NEUTRALINO+PHDTINO WITH NEOTRALINO~-> 
PHOTINO + E+B-, MU+MU-, Q GBAR, ETC, THEY SEE NO ACOPLANAR EVENTS 
WITH MIBSING-PT DUE TO TWO PHOTINO$. ABOVE EXAMPLE LIMIT IS FOR 
MIS-ELECTRON)=40 GEV AND FOR LIGHT STABLE PHOTINO WITH 
BR(BEUTRALINO - ->  E+E- PHOTINO) = 0.1.  

AKERLOF 85 IS E+E- MONOJET SEARCH MOTIVATED BY UA1MONOJET EVENTS. 
OBSERVED ONLY ONE EVENT CONSISTENT WITH E+E- - ->  PHOTINO+NEUTRALINO 
WHRE NEUTRALINO - ->  MONOJET. ASSUMING THAT MISDING-PT IS DUE TO 
PHOTINO, AND MONOJET DUE TO NEUTRALINO, LIMITS DEPENDENT ON THE 
MIXING AND MID-ELECTRON) ABE GIVEN, SEE THEIR FIG.4. 

BEHREND 05 FIND NO MONOJET AT ECM=40~4G GEV. CONSIDER NEUTRALINO 
PAIR PROD VIA GO. ONE IS ASSUMED AS MABSLEBS AND ESCAPES DETECTOR. 
LIMIT IS FOR THE HEAVIER ONE I DECAYING INTO A JET AND MASDLESS 
NEUTRALINO. BOTH NEUTRALINOS ARE ASSUMED TO BE PURE HIGGDINO. FOR 
THESE VERY MODEL-DEPENDENT RESULTS, BEHREND 85 EXCLUDES M=I.5-19.5 
GEV. 

ELLIS 85 FIND IF LIGHTEBT NEUTRALINO IS STABLE, THEN M(NEUTRALINO) 
NOT 100 EV - 2 SEV. THE UPPER LIMIT DEPENDS ON M(SQUARK) (SIMILAR 
TO THE RHOTINO LIMIT) AND ON NATURE OF NEUTRALINO, FOR PURE 
HIGGBINO THE UPPER LIMIT IS 5 GEV. 

SUPERSYMMETRY MISCELLANEOUS RESULTS 
OTH WHICH DO NOT APPEAR IN OTHER HEADINGS OR WHICH 
OTH MAKE NON-MINIMAL ASSUMPTIONS. 
OTH A BEHREND 83 CELL E-E+-->PHOTIND PAIR 
OTH B HOFFMAN 83 ENTR PI-P-->NIE+E-) 
OTH 
OTH A BEHREND 83 AT DEBY-PETRA BET EL=.95 LIMIT OF 1.1 PB FOR PHOTINO- 
OTH A ANTIPHOTINO PRODUCTION (M(PHOTINO)<2GEVI AT WCM AROUND 34GEV. 
OTH 
OTH B HOFPMAN 85 SET CL=.90 LIMIT DSIGMA/DT*BRIE+E~)<3.SE-32 CM**2/GEV*~2 
OTH B FOR SPIN-I PARTNER OF GOLDSTDNE FERMIONS WITH 140<M<160 MEV 
OTH B DECAYING INTO E~E- PAIR. 
OTH 
OTH BARBER 84 CONSIDER THAT S-MOON AND S-ELECTRON MAY MIX LEADING 
OTH TO NU-->E PHOTINO PHOTINO. THEY DISCUSS MASS-MIXING LIMITS FROM 
OTH DECAY OIST ASYM IN LBL-TRIUMF DATA AND E÷ POLARIZATION IN 
OTH SIN DATA. 
OTH 
OTH CHANOWITZ 83 FIND IN BAG-MODEL THAT CHARGED S-HADRON EXISTS 
OTH WHICH IS STABLE AGAINST STRONG DECAY IF M(GLUINO)> I GEV. 
OTH THIS IS IMPORTANT SINCE TRACKS FROM DECAY OF NEUTRAL S-HADRON 
OTH CANNOT BE REEONSTRUETED TO PRIMARY VERTEX BECAUSE OF MISSED 
OTH PHDTINO. CHARGED B=OADROB LEAVES TRACK FROM VERTEX. 
OTH 
OTH BRICK 84 REANALYZED FNAL 147GEV HBE DATA FOR R-DELTA++ WITH 
OTH TAU>IO**-9 BEG AND PLAB> 2GEV. BET EL=.90 UPPER LIMITS 6.1,4.A,AND 
OTH 29 MICROBARNS IN PP, PI+P, K+P COLLISIONS RESPECTIVELY. 
OTH R-DELTA÷+ IS OEPINED AS BEING GLUINO AND 3 UP QUARKS. IF 
OTH MASS=1.2-1.5 GEV, THEN LIMITS MAY BE LOWER THAN THEORY PREDICTIONS. 

REFERENCES FOR SUPERSYMMETR1C PARTICLE SEARCHES 

BARBER 80 PRL A5 1904 
CABIBBO 81 PL 105B 155 
ADEVA 82 PL 115B 345 
BARTEL 82 PL 1149 211 
BEHREND 82 PL 11¢B 287 
BLOCKER 82 PRL AO 517 
BRANDELI 82 PL 1179 305 
EINCHLIF 82 PROC SNOWMASS 82 
KANB 82 PL 112B 227 
NAPPI 82 PR D25 84 
SHANKER 02 NP 9204 375 
BEHREND 93 PL 123B 127 
BERGDMA 83 PL 121B 429 
CHANOWIT 83 PL 126B 225 
FERNANOE 83 PR D28 2721 
GLAONEY 83 PRL 51 225~ 
GOLDBERG 83 PRL 50 1419 
HOFFMAN 83 PR D28 600 
KRAUSS 83 NP B227 550 
VYSOTSKI 83 BJNP 37 948 
ADEVA 84 PRL 53 1800 
ARNISON 8A PL 1599 115 
BALL 8~ PRL 53 1314 
BARBER 84 PL 139B 427 
BARGER 84 PL 1459 147 
BARTEL 84 PL 139B 327 
BARTBL2 84 PL 146B 120 
BRICK 84 PB DSO 1134 
ELLIS 84 NP B238 453 
ELLIS2 84 NP 9246 189 
FARRAR 84 PRL 53 1029 
FEBNANDE 84 PRL 52 22 
KANE 84 NP B252 21 
LLEWELLY 84 PRPL 105 53 
SILK 84 PRL 55 624 
WARE 04 PL IA?B 415 
ADEVA 65 PL 152B 439 

ALSO 04 PRPL 109 131 
AKERLOF 05 PL 1569 271 
ALLAN 85 NP B259 77 
ALTARELL 85 PL 160B 317 
BAER 85 PL 1619 175 
BARTEL 85 PL 1526 385 
BARTEL2 85 PL 152B 392 
BARTEL5 85 ZPHY 29 505 
BEHREND 85 PL 161B 182 
COOPBR-S 85 PL 160B 212 
DAWSON 85 PR DSI 1581 
DERUJULA 85 NP 9261 587 
ELLIS 95 PL 157B 437 

ALSO 85 NP B259 109 
FARRAR 85 PRL 55 095 
FERNANDE 85 PRL 54 1119 
GOLDMAN 85 PHYSICA 15D 181 
HABER 85 PRPL 117 75 
REYA 85 PR D32 645 
ARNIBON 80 PL B TO BE PUB 
BARBER 80 PR D53 57 
BARWETT 86 NP B267 625 
BARTHA 80 PRL 56 685 

*BEGKER,BEI* (AACH+OEBYAMIT+AIKO+BHEP) 
NmCABIBBO,G.RmFARRAR,L.MAIANI (ROMA+RUTG) 
MARK-J COLLABIAACH+DESY+MIT+MAOR~ANIK+BHEP) 
JADE C. (DESY+BAMB+HEID+LANC+MEHS÷RL+TOKY) 
CELLO C. (DESY*KARL+MPIM+ORSA.LPNP+SACLI 
+MATTEUZZI,ABRAMS+ (HARV+SLAC*LBL) 
BLANDELIK* TASSO C. (AABH+BONN+DESY+HAMB+I 
HINCHLIFFE, LITTENBERD (LBL+BNL) 
B.L.KANE,J.P.LEVEILLE (MICH) 
C.NAPPI (PRIM) 
O.DHRNKER (TRIO) 
+ CELLO COL.(DESYeKARL÷MPIM+ORSA÷LPNP+SACL) 
+ CHARM COLLAB. (ANIK÷CERN+BAMB+MOSU+ROMA) 
M.CHANOWITZ,S.SHARPE (UBB+LBL) 
FERNANDEZ+ (COLO+FRAS+HOUS+NEAS+BLAE+UTAH+) 
+HOLLEBEEK,LECLAIRE,ABRAMS~ (BLAE+LBL+HARVI 
H.GOLDBERG (NEAS) 
÷FRANK,MISCHKE,MOIR,SCHARDT (LANL+ARZS) 
L,M.KRAUBB (HARV) 
M.I.VYSOTSKII IITBP) 
MARK-J E.(AACH+BNL~CIT÷DESY+MIT+MADR~ANIK~) 
UAI COLLAB.(AACH+LARP+BIRM+CERN÷HARV+HELS+) 
+COFFIN+ (MICH+FIRZ+ODU+FNAL+WIBE) 
J.S.BARBER, R.E.SBROCK (STON) 
V.BARGER,K,HAGIWARA,W.Y.KEUNG (WIBG*BNL) 
JADE C.(DESY+HEID+LABC÷MCOS÷UMD+RHEL+TOKY*) 
JADE C,(DESY+HAMB+HEID+LANE+MCHS+UMD+RHEL.) 
+ IBROW+BAMB+IIT+IND+MIT*MONS+NIJM+ORNL) 
+HAGELIN,NANOPOULOS,OLIVE,BREDNICKI IEERN) 
J.ELLIS,H.KOWALBKI (CERN*DESY) 
G.R.FARRAR (RUTB) 
FERNANDEZ+MAC BOLL, (COLO+FRAS÷HOUS.NEAB+) 
G.L.KANE,W.B.ROLNICK (NIEH+WAYNI 
C.H.LLEWELLYN SMITH IOXF) 
J.SILK,M.DREDNIEKI (UCB+UGSB) 
J.D.WARE AND M.E.MACHACEK (NEAS) 
MARK-J C.(AACH~BNL+CIT+DESY+MIT+MADR+ANIK+) 
MARK-J C., ADEVA÷ (AACH+BNL~CIT+DEBY+MIT+) 
HRB C. (MICH÷ANL+IND+PURD÷LBL+SLAC) 
A.ALLAN,E.GLOVER,B.GRAYSON (DURH) 
G.ALTARELLI,B.MELE,S.PETRARGA (ROMA+INFN) 
+ELL%S,GELMINI,NANOPOULOS,TATA ICBRB) 
JADE C.(DESY+HAMB+BEIO+LANE+MCHS~UMD~RHEL+) 
JADE C.(DEGY+HAMB+HEID+LANC+MCHS+UMD+RHEL+) 
JADE C.(DEDY+HAMB+HEID+LANC+MCHB+UMD+RHEL+) 
CELLO COL.,+ (DESY*GLAB+HAMB+KARL+MPIM+) 
WA00 C.,COOPER-SARKAR+(CERN+MPIM+OXF÷LOIC+) 
S,DAWSON,E.EICHTEN,E.QUIBG (LBL+FNAL) 
A. DE RUJULA,R. PETRONZID (BERN) 
J.ELLIB AND H.KOWALSKI (CERN+DEDY) 
J.ELLIS AND H,KOWALSKI ICERN+DESY) 
G.R.FARRAR (RUTS) 
MAC COLL.,FERNANDEZ+ (COLO+FRAS+HOUS+NEAS+I 
T.GOLDMAN,H.HABER (LANL+UCBC) 
H.EASERIG.KANE (UCDC+MICH) 
E.REYA,D.P.ROY (DORT) 
UAI COLLAB.(AACH+ANIK+LAPP+BIRM~CERN+HARV+) 
BARGER,JACOBS,WOODSIDE,HAGIWARA (WISC+DESY) 
M.BAR~ETT,B.NABBR,G.KARE (LBL+UCSC*MICH) 
ASP C.,+BURKE,EXTERMANN,~ (SLAC+MIT*WASB) 

I OTHER STABLE PARTICLE SEARCHES I 
03"HTTED FROM SU.~£MARY TABLE 

We collect here those searches which do not appear 
in any of the above search categories. These include 
searches for Higgs bosons (H and HKK), technipions 
(HGC), right-handed gauge bosons (MR), other nonstan- 
dard gauge bosons (W1C and Z1E), leptoquarks (EGT), 
familons (FCA), and centauros (CEN). Also shown are 
heavy particle searches in accelerator experiments (EE, 



For notation, see key on page 91. 

CH, CS, D, ICH, RPI, CA), in cosmic rays (F), and in 
matter (CON). Searches are also listed for light particles 
(C), highly ionizing particles (ION), penetrating non- 
nemrino-like particles (BD), and tachyons (TCF, TCM, 

TCD). Note that axion, supersymmetry, heavy neu- 
trino, and heavy lepton searches appear in separate sec- 
tions above. 

CENTAURO PROD. CROSS SEC. IN ACCELERATOR EXPER (cm 2) 
CEN A 0 ALPGARO 82 OA5 P PBAR COLLIDER 
CEN B 0 11. E-30)OR LESS ARNISON 83 OAT P PBAR COLLIDER 
CEN A ALBGARD 82 IS CERN COLLIDER EXPERIMENT WITH WCM=540 GEV(155 TEV LAB 
CEN A EQUIVALENT). OBSERVED NO LARGE CHGD MULTIPLICITY EVENTS WITH PHOTON 
CEN A MULTIPLICITY CONSISTENT WITH ZERO IN 3600 INELASTIC EVENTS. 
BEN B ARNFSON 83 IS CERN COLLIDER EXPT WITH WCM=540GEV. LOOKED FOR EVENTS 
CEN B WITH LARGE HAD. AND LOW EM CONTENT. NONE IN 48000 LOW BIAS EVENTS. 

LIGHT (BETWEEN p AND e MASSES) PARTICLE MASS 
(UNITS-ELECTRON MASSES) 

NONE BETWBEN 6 AND 25 BELOUSOV 60 CNTR GPlNOR,TAU>I E-S 
C NONE BETWEEN 2 AND 25 GORBUNOV 60 CC SPINOR,TAU>I E-9 

NONE BETWEEN 5 AND 175 COWARD 63 CNTR SPINOR,TAU>2G E-TO 
NONE BETWEEN 5 AND 175 COWARD 63 CNTR SCALAR,TAU>68 E-IS 

C A NONE BETWEEN 2 AND 13 BLAGOV 75 CNTR SBINOR,TAU>2E-IOSEC 
C A  HONE BETWEEN 2 AND 10.6 BLAGOV 75 CNTR SCALAR,TAU>2E-IOSEC 

B NONE BETWEEN 110 AND 180 VIERTEL 78 CNTR TAU >2.E-5 BED 

A BLAGOV 75 BOUNDS ON LIFETIME DEPEND ON MASS AND IMPROVE AS MASS 
A DECREASES. AT 2 GEV THE EXPERIMENT IS SENSITIVE TO TAU>3E-11 SEE 
A FOR SPINOR, IAU>5E-11 SEE FOR SCALAR. 

B VIERTEL 78 SEARCHES FOR MU+ -->X+ NU. FINDS SR<8.5E-6 IN MASS 
B RANGE GIVEN ABOVE (CL=.90). BEST LIMIT BR<S.E-T (EL=.90) IS ROUND 

C B AT MASG=8D MEV. 

R I G H T - - H A N D E D  W BOSON MASS L I M I T S  (GeV) 
MR A 
MR ~ 
MR 
MR C 
MR 
MR ~ 
MR 
MR 
MR MR ~ 
MR ~ 
MR 
MR 
MR ~ 
MR 
MR 
MR 

BERGSMA 83 DHRM * NU(MU)E-->MU NUE 
380. OR MORE CL=.90 CARR 83 ELEC MU+ DECAY 
400. OR MORE CA=.95 STOKER 85 ELEC + ANY L-R MIX ANG. | 
475. OR MORE EL=.95 STOKER 85 ELEC L-R MIX ANG<.041 I 

BERGSMA 83 SET LIMIT M(W2)/M(WI) > 1.9 AT CL=.90. ASSUMES NON-ZERO 
NEUTRINO MASS. 

CARR 83 IS TRIUMF EXPERIMENT WITH A HIGHLY POLARIZED MU÷ BEAM, 
LOOKED FOR DEVIATION FROM V-A AT THE HIGH MOMENTUM END OF THE DECAY 
E+ ENERGY SPECTRUM. LIMIT FROM PREVIOUS WORLD~AV.MUON POLARIZATION 
PARAMETER IS M(WR)> 240 GEV. ASSUMES A LIGHT RIGHT-HANDED NEUTRINO. 

STOKER 85 IS SAME TRIUMF EXPERIMENT AS CARR 83. HERE THEY MEASURE 
THE DECAY E+ SPECTRUM ASYMMETRY ABOVE 46MEV/C USING A MUON~SPIN- 
ROTATION TECHNIQUE. ASSUMED A LIGHT RIGHT-HANDED NEUTRINO. 
QUOTED LIMITS ARE FROM COMBINING WITH CARR 83. 

R I G H T - - H A N D E D  Z e BOSON MASS L I M I T S  (GeV) 
MRZ FOLLOWING FORMALISM OF RIZZO AND SENJANDVIC, 
MRZ PHYS. RGV. D24, 704 11981) 
MRZ A 150. OR MORE EL=.95 ADEVA 85 MRKJ ECM=I4.-46.8 GEV 
MRZ A ADEVA B5 MEASURE ASYMMETRY OF MU-PAIB PRODUCTION. 

CONSTRAINT ON COEFF (C) OF ADDITIONAL NEUTRAL CURRENT 
Vl TERM IN SU(2)*UI1)*G THEORY. C DEPENDS ON THE GROUP G. 
UI A 0.035 DR LESS CL=.95 ADEVA 85 MRKJ ECM~IA.-A6.8 GEV 
UI A ADEVA 85 MEASURE ASYMMETRY OF MU-PAIR PRODUCTION. SEE ALSO 
UI A ADEVA ET AL. IN PHYS. RED. I09, 133 11984) FOR MORE DETAILS 

SEARCH FOR A HEAVY CHARGED BOSON 
WlC OTHER THAN W IN COLLIDER EXPTS. 
WIC A NONE BELOW 170 GEV CL=.9D ARNISON2 83 UAI E NU MODE 
w1c B NONE BELOW 210 GEV EL=,90 ARNISON 86 UAI E NU MODE 
WIC 
WIG A ARNISON2 83 FIND AMONG AT W-->E NU CANDIDATES NO EVENT WITH EXCESS 
WIC A PT. ALSO SET SIGMA*BRIE NU) < 30 PB WITH DL=.9O AT ECM=540 GEV. 
WIG 
WIC B ARNISON 86 FIND NO EXCESS AT LARGE PT IN 148 W--> E NU EVENTS, 
WIG B SET LIMIT SIGMA*BRIG NU) < 10 PB AT EL=.90 AT ECM=546 AND 630 GEV. 

SEARCH FOR A HEAVY NEUTRAL BOSON OTHER THAN Z 
ZIE IN E+E- REACTIONS 
21E THESE SEARCHES MOTIVATED BY REPORTED Z--> X GAMMA WITH X--> E+ E- 
ZIE A NONE 39.8 TO 45.5 GEV ADEVA 84 MRKJ 
ZIE A NONE BELOW 47.8 GEV el=.95 ADEVA 84 MRKJ G(XO-->E~E-)=2MEV 
ZIE A NONE 39.8 TO 45.2 GEV BEBREND 84 CELL 
ZIE A NONE BELOW Z MASS CL=.95 BEHBEND 84 CELL G(Z -->EEGAM)>2OMEV 
ZIE B NONE BELOW 46.6 GEV CL=.95 ADEVA 85 MRKJ E.E- ECM=AO-A7 GEV 
ZIE B NONE BELOW 48 GEV CL=.95 ADEVA 85 MRKJ E.E- ECM=40-47 GEV 
ZIE 
ZIE A ADEVA 84 AND BEHREND 84 HAVE ECM=39.8-45.5 GEV. MRKJ SEARCHED 
ZIE A XO IN E+E- --> HADRONS, 2GAMMA, MU+MU-, E*E~ AND CELLO IN THE 
ZIE A SAME CHANNELS PLUS TAU PAIR. NO NARROW OR BROAD XO IS FOUND IN THE 
ZIE A ENERGY RANGE. THEY ALSO SEARCHED FOR THE EFFECT OF XO WITH MX > ECM 
ZIE A VIA INTERFERENCE. THE 2ND LIMITS ARE FROM BHABHA DATA AND FOR SPIN- 
ZIE A D-DOUBLET AND SPIN-O SINGLET IN MRKJ AND CELLO RESPECTIVELY. THE 
ZIE A ORIGINAL PAPERS ALSO LIST LIMITS IN INDIVIDUAL CHANNELS. 
ZIE 
ZIE B ADEVA 85 FIRST LIMIT IS FROM 2GAMMA, MU÷MU~, HADRONS ASSUMING XO 
ZIE G IS SCALAR. SECOND LIMIT IS FROM E~E~ CHANNEL. 
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SEARCH FOR A HEAVY NEUTRAL BOSON 
ZIG OTHER THAN Z IN COLLIDER EXPTS. 
ZIG A NONE BELOW 160 GEV CL=.90 ARNISON 86 UAI E÷ E- MODE 
ZIG A ARNISON 86 FIND NO EXCESS E+E- PAIRS AMONG 18 PAIRS FROM Z. 
ZIG A SET LIMIT SIGMA*BR(E+E-) < 13 PS AT EL=.90 AT ECM=546 AND 630 GEV. 

HIGGS BOSON MASS L I M I T  (GeV) 
O 0.409 OR MORE OZHELYADI 81 FTAPRIM-->ETA HIGGS 
D 0.325 OR MORE WILLEY 82 RVUE K÷-->DILEPTON+PI÷ 

C HOFFMAN 83 GNTR PI~P~->G(HO-->E*E-) 
D NONE .003 TO .014 EL=.95 FREEDMAN 84 CNTR HE*-->HE(HO-->E*E-) 
E NONE .08103 TO .0058A MUKHOPADH 84 RVUE 0~--> O(HO-->E÷E-) 

DZHELYADIW 81 OBTAINED BR(ETA PRIM-->ETA MU*MU~I<I.5E-5 (CL=.90) 
WHICH EXCLUDES A LIGHT HIGHS BOSUN IN MU+MU- CHANNEL. 

WILEY 82 CALCULATED SR(K~-->HO÷PI+) BY ONE-LOOP S-->D HO AND QUARK 
MODEL. EXCLUDE MIHO) < M(K)-M(PI). 

HOFFMAN 83 LOOKED FOR E÷E- PEAK FROM HIGGS PRODUCED IN PI-P CEX AT 
300MEV/C. SET CL=.90 LIM. DSIGMA/DT*BR(E÷E-)<3.5 E~32 CM**2/GEV**2 

C FOR 140 < M(HD) < 160 MEV. 

FREEDMAN 84 IS ANL EXP WITH DYNAMITRON PROTON BOMBARDING TRITIUM TO 
FORM HE*. THEY ALSO REANALYZE KOHLER 74 HE* DATA TO FIND ND MASS 

D REGION IS EXCLUDED BY THAT DATA. SEE ALSO COMMENT CARDS E BELOW. 

MUKHOPADHYAY 84 EXAMINE KOHLER 74 HE* AND C* DATA. CLAIM THAT NO 
MASS REGION CAN BE EXCLUDED BY 74 HE* DATA AS PROTON DECAY WIDTH OF 
HE* IS LARGE (BR(HE*-->HIGGS HE)=3.A E-11 IS VERY SMALL). ABOVE 
LIMIT IS FROM KOHLER 74 D* DECAY DATA. (KOHLER 74, PRL 33, 1628). 

COMMENT 
FOR EARLY HIGGS SEARCH PAPERS, SEE 
J.ELLIS, M.K.GAILLARD, D.V.NANOPOULOS, NUCL. PHYS. BIOD, 292, 1976 

CHARGED HIGGS (OR T E C H N I - P I O N )  MASS L I M I T  
HGC IN E÷ E- REACTION 
HGC EXCLUDED MASS REGION DEPENDS ON BRANCHING RATIO. SINCE BISGS 
HGC COUPLES TD HEAVY PARTICLES, DOMINANT EXPECTED MODES ARE (TAU NU) 
HGC AND (CHARM ANTI-S) IN THE SIMPLEST HIGGS MODELS. ALTHOUGH HIGGS IN 
HGC SIMPLEST MODELS HAVE THE USUAL K-M MIXING ANGLES, THIS MAY NOT BE 
HGC TRUE IN OTHER MODELS. IN PARTICULAR IF THE (C B) MIXING ANGLE WERE 
HGC NOT SMALL, THE (C B) MODE WOULD DOMINATE ABOVE (C B) THRESHOLD, 
HGC AND THE RESULTS BELOW WOULD NOT APPLY. SEE GRAPHS IN INDIVIDUAl 
HGC PAPERS. WE QUOTE ONLY A SAMPLE LIMIT FOR BR(TAU NU) SPECIFIED. 
HGC FOR A DISCUSSION, SEE EICHTEN ET AL., FERMILAB-PUB~85/145-T. 
HGC A NONE 5GEV TO 13GEV EL=.95 ADEVA 82 MRKJ BR(TAU HU)=.GS 
HGC A NONE 3OEV TO 13GEV EL=.95 BARTEL 82 JADE BR(TAU NU)=0.2-1,O 
HGC B NONE 7GEV TO 14GEV EL=.95 BEHREND 82 CELL BR(TAU NU)=.BO 
HGC A NONE 4GEV TO 9GEV CL=.90 BLOCKER 82 SMK2 BR(TAU NU)=.IO-.90 
HGD C NONE 5GEV TO 13GBV CL=.95 ALTHOFF 8) TABS H+ -->C S IU D) 
HGD NONE BELOW 14 GEV ADEVA 83 MRKJ H+H- -->MU HAD.JET 
HGC D NONE BELOW MID-MESON) CHEN 83 RVUE B DECAY AT UPSI(4S) 
HGC A NONE BELOW 17 GEV CL=.95 ADEVA 85 MRKJ BR(TAU NU)>.25 
HGC 
HGC A STUDIED H+ H- -->(TAU NU)+(TAU NU),(TAU NU)+HADRONS. 
HEC A SEARCH FOR MUON OPPOSITE HADRONIC SHOWER. 
HGC 
HGC B BEEREHD 82 STUDIED H+ H- -->(TAU NU)÷(TAU HU). SEE THEIR FIG.3, 
HBD 
HGE C ALTHOFF 83 ANALYZED A-JETS. LIMIT IS FOR R+ DECAYING PREDOMINANTLY 
HGC C INTO HADRONS. COMBINING WITH (TAU NUIRESULTS LIMIT APPLIES TO H+ 
HSC C WITH ANY HADRONIC BRANCHING RATIOS. ASSUME (C B) NOT IMPORTANT. 
HGC 
HGC D CHEN 83 EXCLUDE A MODEL WHERE B-->H+ LIGHT-QUARK AT BR=I, OBSERVED 
HGC D BR(B ->E X) WOULD REQUIRE BR(H÷-->TAU X)=I BUT THEN CHARGED ENERGY 
HGC D FRACTION WOULD BE SMALLER THAN EXPT VALUE(.60+ .OS).(CLEO DATA) 

SEARCHES FOR X(2200) (A H I G G S  CANDIDATE) 
HKK LIMITS ARE FOR BRANCHING PATIOS OR PRODUCTS OF BRANCHING PATIOS. 
HKK A 2.E-4 OR LESS EL=.90 BEHRENDS 84 CLEO UPSI(IS), K+K- MODE 
HKK A 9.E-5 OR LESS CL=.90 BEHRENDS 84 CLEO UPSI(2S), K+K- MODE 
HKK A 3.E-S OR LESS EL=.90 BEHRENDS 84 OLEO B-MESON , K+K- MODE 
HKK B (.5-1.5)E-3 DR LESS CL=.90 YDUSSEF 84 CUSB UPSI(IS)-->GAMMA X 
HKK B (.4-1.2)E~3 OR LESS CL=.9D YDUSSEF 84 CUSB UPSI(I,2S) TWO~CHGD 
HKK 
HKK A BEHRENDS 84 IST AND 2NS LIMITS ARE FOR BR(UPSI-->GAMMA XI)*BR(XI 
HKK A -->K÷K-), THE 3RD IS ~OR BR(B--> XI X)*BR(XI -->K.K-). ALL FOR MASS 
HKK A OF XI 2.2GEV, BUT WILL BE SIMILAR FOR 1.5-4GEV(IST,2ND) AND FOR 2~3 
HKK A GEVISRD). 
HKK 
HKK B CUSB 84 IST LIMIT IS FOR INCLUSIVE RADIATIVE DECAY, THE 2ND IS FOR 
HKK B BR(UPSI-->XI GAMMAI*BR(XI-->2CHGD). FOR M(XI)=I-7GEV. 

PARTICLES IN EXTENDED GAUGE T H E O R I E S  
GOT MASS BOUNDS DERIVED 
EGT A NONE BELOW O.5TGV(MTOP=GDGBV) SHANKER 82 RVUE DHGD-HIGGB 
EGT A NONE BELOW I .  TEV SHANKER 02 RVUE PG-LEP~OQUARK 
EGT A NONE BELOW 125TEV SHANKER 82 RVUE VECTOR-LEPTOQUARK 
EGT A NONE BELOW 350 GEV BRYMAN 83 CNTR CHGD-HIGGS 
EGT B NONE BELOW 350 TEV DESEPANDE 83 RVUE PATI-SALAM X-BOSON 
EGT C BALTRUSAI 85 SMK3 GOLDSTONE-BOSON 
EGT 
EGT A FROM (PI-->E NU)/(RI-->MU NO) RATIO. BRYMAN 83 BASED OH SHANKER 82 
EGT A MODEL WITH HIGGS-FERMION COUPLINGS PROPORTIONAL TO HEAVY FERRIOH 
EGT A MASSES. 
EGT 
EGT B DESHPANDE 83 USED UPPER LIMIT ON KL -->MU E DECAY WITH R.G.EQUATION 
EGT B TO ESTIMATE COUPLING AT THE HEAVY BOSON MASS. 
EGT B SEE ALSO DIMOPOULOS ET AL., NP 0102, 77 11981). 
EGT 
EGT C BALTRUSAITIS 85 SEARCH FOR LIGHT GOLDSTONE BOSON(G) OF BROKEN U11). 
EGT C EL=.95 LIMITS ARE BR(TAU-->MU+ G)/BR(TAU-->MU+ NU NU) < 0.125 AND 
EGT C BR(TAU-->E÷ G)/BR(TAD ->E+ NU NU) < 0.04. INFERRED LIMIT FOR THE 
EGT C SYMMETRY BREAKING SCALE IS M > 3000 TEV. 

PROD. OF PARTICLES IN EXTENDED GAUGE T H E O R I E S  
EGP A VERGADOS 82 GNTR 2BETA DECAY, SCALAR 
EGP 
EGP X VERGADOS 82 SETS LIMIT GH.LT.AE-3 FOR (DIMENSIONLESS) LEPTON-NUMBER 
EGP X VIOLATING COUPLING, OH, OF SCALAR BOSON TO NEUTRINOS, FROM ANALYSIS 
EOP A OF DATA ON DOUBLE BETA DECAY OF CA40. 
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OTHER STABLE PARTICLE SEARCHES 

OBS. OF EVENTS WITH LARGE MISSING PT IN COLL. EXPTS 
MPT ~ ~ EVENTS ARNISON 84 UAI ~ AP, ECM=540 DEV 
MPT EVENTS BAGHAIA B4 UA2 AP, ECM=340 GEV 
MPT 
MPT A ARNISON 84 OBSERVED 7 EVENTS WITH MISSING PT >40 GEV, 5 ASSOCIATED 
EFT A WITH A NARROW HADRONIC JEl, 2 WITH NEUTRAL EM CLUSTER. EXCEPT ONE 
EFT A OF THE LATTER EVENTS, NONE OF THEM CAN BE INTERPRETED BY W-->E NU 
MPT A AND ARNISON 84 SAYS THEY ARE UNLIKELY TO BE STANDARD BACKGROUND. 
MPT A THESE HAVE BEEN REFERRED TO AS MONOJET EVENTS. PRELIMINARY UAI 
MPT A RESULTS (REPORTED AT 1985 CONFERENCES) WITH A LARGER INTEGRATED 
MPT A LUMINOSITY INDICATE THAT MANY OR POSSIBLY ALL OF THE MONOJET 
MPT A EVENTS ARE DUE TO THE SUM OF SEVERAL DIFFERENT STANDARD MODEL 
MPT A BACKGROUNDS. 
MPT 
MPT B BAGNAIA S4 OBSERVED A EVENTS WITH MISSING PT > 25 GEV, WITH JET(S) 
MPT B OF PT >30 GEV, AND WITH ELECTRON OF PT >15 GEV. PRELIMINARY UA2 
MPT B RESULTS (REPORTED AT 1985 CONFERENCES) WITH A LARGER INTEGRATED 
MPT B LUMINOSITY CONTAIN NO ADDITIONAL EVENTS. 

HIGHLY IONIZING PARTICLE FLUX (nnmber/mB-year) 
ION 0 0.4 OR LESS CL=.95 KINOSHITA 81 PLAG Z/BETA 30-100 

TACHYON FLUX IN COSMI C RAYS (number/cmB-sec-sr) 
TC; GEE SMITH 77 FOR A REVIEW OF EARLIER COSMIC RAY AND ACCELERATOR 
TCF EXPERIMENTR. 
TC~ A NONE PRESCOTT 76 CNTR 
TCF B NONE SMITH 77 GNTR 
TCF C 0 2.3E-IQ DR LESS CL=.R5 BHAT 79 CNTR 
TCF D ~ 2.4E-9 OR LESS CL=.GO MARINI 82 CNTR V/C>/.2 
TCF 
TCF A PRESCOTT 76 REANALYZED CLAY AND CROUCH(C.C.)T4 DATA(NATURE 248,28). 
?CF A FOUND APPARATUS EFFECT,CORRECTION FOR WHICH MUCH REDUCES THE STAT. 
TCF A SIGNIFICANCE OF POSITIVE C,C.RESULT. ALSO PERFORMED TWO NEW EXPTS 
TCF A ONE USING C.C.APPARATUS,ANOTHER WITH NEW APPARATUS. SET UPPER LIMIT 
TCF A AT CL=.95 OF ABOUT 30 TACHYONS PER SHOWER WITH AVERAGE SIZE N=6E+S, 
TCF 
TCF B SMITH 77 ANALYZED MORE THAN 200000 SHOWERS(223 DAYS) WITH E>1.E+14 
TCF B EV SCANNING 290 E-6 SEE PERIOD BEFORE EACH SHOWER. OBSERVED EXCESS 
TCF B 46+-A0 EVE DOES NOT CONSTITUTE STATISTICALLY SIGNIFICANT EVIDENCE. 
TCP 
TCF C BHAT 79 IS AT OOTACAMUND(22OBM ABOVE SEA). NO SIGNAL IN 3621 HOURS. 
TCF 
TCF D MARINI 82 IS TOF MEASUREMENT USING PEP-GNTR AT SEA LEVEL. 

TCM TACMYON SEARCHES IN E* E- ANNIHILATION 
TCM A 0 I. E-6 OR LESS DL=.90 PEREPELIT 77 CNTR V~U(EQ) < I 
TCM A O I. E-5 OR LESS EL=.90 PEREPELIT 77 ONTR I < V*UIEQ) < 15 
TCM 
TCM A PEREPELITSA 77 IS HICHELSON-TYPE EXPT FOR PAIR-PRODUCED TACEYONS 
TCM A IN E+ E- ANNIHILATION (E+ FROM CU ISOTOPE). ABOVE LIMITS ARE FOR 
TCM A CS(E+E- -->TACHYON PAIR)/CSIE+E- -->EGAMMA) AND V*U(EQ) IS TACHYON 
TCM A VELOCITIES TIMES EARTH EQUATOR COMPONENT OF VELOCITY OF PREFERRED 
TCM A REFERENCE FRAME, 

TCD SEARCHES FOR TACHYONIC DECAY (LOWER LIMIT FOR MEAN LIFE IN YEARS) 
TED SEE LJUEICIC 75 FIG. I FOR REVIEW OF EARLIER EXPERIMENTS. 
TED A 4.6E+I~ OR MORE LJUBICIC 75 ELEC M(TACHYON)> 1.1NEV 
TCD 
TED A LJUBICIC 75 USED LEAD OXIDE CATHODE AND ELECTRON MULTIPLIER LOOKING 
TED A ~OR IONIZATION DUE TO TACHYONIG DECAY (SPONTANEOUS ACQUISITION OF 
TED A ENERGY) OF BOUND-STATE E-, SENSITIVE TO PROPER TAGHYON MASS>I.IKEV. 
TED A ABOVE LIMIT IS OBTAINED FROM OBSERVED E- EMISSION RATE 3/HOUR. 

FLAVOR--CHANGING AXIONLIKE PARTICLE (FAMILON=EA) 
FCA A D/COS 83 RVUE COSMOLOGY 
FCA A THE PRIMORDIAL HEAVY NEUTRINO MUST DECAY INTO NU AND FA EARLY SO 
FCA A THAT THE RED-SHIFTED DECAY PRODUCTS ARE BELOW CRITICAL DENSITY, SEE 
FCA A THEIR TABLE. IN ADDITION,K-->PI FA AND MU-->E FA ARE UNSEEN. COM- 
FCA A BINING THESE EXCLUDES M(HEAVY NU) BETWEEN SE-5 TO 5E-AMEVIMU DECAY) 
FCA A AND MIHEAVY NU) BETWEEN 5,E-3 TO O.IMEV(K-DECAY). 

t 

BD PROD. OF NEW PENETRATING NON-NU LIKE STAT~S 
BD IN BEg'DUMP 
BD A LOSECCO 81 CALO 28 DEV PROTONS 
BD A NO EXCESS N,C.EVS LEADS TO CSP*CSI*ACCEPTANCE<2.26E-71 CM**4 /NUC**2  
BD A (CL=.90)FOE LIGHT NEUTRALS. ACE. DEPENDS ON MODELS (0 . I  TO A.E-4), 

HEAVY PARTICLE PROD. CROSS SECTION IN e + e-- 
EE (RAT IO  TO CS(E+E- -->MU+MU-)). SEE ALSO IN QUARK SEARCH AND MAGNETIC 
EE MONOPOLE SEARCHES, 
EE A 0 S,O E-2 OR LESS CL=.DO BARTEL 80 JADE Q~13,4,5)/3 2-12GEV 
EE B 0 1.6 E-2 OR LESS CL=.R5 KINOSHITA 82 PLAS Q=3-180,M<14.SGEV 
EE 
EE A BARTEL 80 IS DESY PETRA EXPT WITH WC~=27-33 GEV. ABOVE LIMIT IS FOR 
EE A INCLUSIVE PAIR PROD AND RANGES BETWEEN I,E-I - I.E-2 DEPENDING ON 
EE A MASS AND PROD MOMENTUM DIET, (SEE THEIR FIGE.O,10,11). 
EE 
EE B KINDSEITA 82 IS SLAG PEP EXPT AT WCM=29 GEV USING LEXAN AND CR-39 
EE B PLASTIC SHEETS SENSITIVE TO HIGHLY IONIZING PARTICLES. 

HEAVY PARTICLE PROD. CROSS SECTION (cm 2) 
CH A O I, E-31 OR LESS LEIPUNER 73 CNTR +- M=3-11 GEV 
CH B 0.3-I.3E-31 OR LESS CARROLL 78 EPEC M=E.-E.5 GEV 
CE 
CH A LEIPUNER 73 IS AN NAL 300 GEV P EXPT, WOULD HAVE DETECTED PARTICLES 
CH A WITH LIFETIME GREATER THAN 200 NSEC. 
CH " , 
CH B CARROLL 7S LOOK FOR NEUTRAL, 5=-2 DIBYPERON RESONANCE IN 
CH G P P - ->  2K÷ X. CS VARIES WITHIN ABOVE LIMITS OVER MASS RANGE AND 
CH B FLAG=5.1"-5.9 DEV/C. 

HEAVY PARTICLE PROD. CROSS SECTION (cmB/N) 
CS A 0 2.5E-35 OR LESS GUSTAFGON 76 CNTR O TAU GT 10"*-7 
CS 
CS A GUSTAFSON 76 IS A 300 GEV FNAL EKPT LOCKING FOR HEAVY (M GT 2 GEV) 
CS A LONGLIVED NEUTRAL HADRONS IN THE MA NEUTRAL BEAM. THE ABOVE TYPICAL 
CS A VALUE IS FOR M=3 GEV AND ASSUMES AN INTERACTION CROSS SECTION OF 
CS A MB. VALUES AS A FUNCTION OF MASS AND INTERACTION CROSS SECTION 
CS A ARE GIVEN IN FIG. 2. 

HEAVY 
A 
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PARTICLE PROD. DIFFERENTIAL CROSS SECTION (cmZ/sr--GeV) 
1.5E-36 OR LESS DORFAN 65 CNTR BE TARGET M~3-7GEV 
3.0E-36 OR LESS DORFAH 65 CNTR FE TARGET M=3-TGEV 
2.AE-35 OR LESS CL=.OO SIMON 69 CNTR Q=- M=I-1.8 GEV 
2.GE~35 OR LESS EL=.90 ANTIPOVI 71CNTR Q=- M=1.2-1.7,2.1-4 

O 1.2E-35 BE LESS EL=.90 ANTIPOV2 71 CHTR Q=- M=0.2-2,8 
O 5.8E-34 OR LESS CL=,OO ALPER 73 SPEC +-  M=1.5-24 GEV 

I. E-31 DR LESS CL=.OO APPEL 74 CNTR +- R=3.2-7.2 GEV 
2.2E-33 OR LESS EL=.90 ALBROW 75 SPEC Q=+-I M=4-1S GEV 

0 1.1E-33 OR LESS BL=.90 ALBROW 75 SPEC Q=+-2 M=6-27 GEV 
0 8. E~35 OR LESS EL=.90 JOVANOUIC 75 CNTR +- M=15=26 GEV 

1,5E-34 OR LESS CL=,90 JOVANOVIC 75 CNTR g=+-2, M=3-I0 GEV 
6. E-35 OR LESS CL=.9O JOVANOVIC 75 BNTR g=+-2, M=10-26 GEV 

0 2.6E-36 OR LESS CL=.9O SALDIN 76 CNTR Q=-ll M=2.1-9.4 GEV 

DORFAN 65 IS A 30 DEV/C P EXPT AT BNL. UNITS ARE PER GEV MOMENTUM 
PER NUCLEUS. 

ANTIPDVI 71 LIMIT INFERRED FROM FLUX RATIO. 70 GEV P EXPERIMENT, 

ANTIPOV2 71 IS FROM SAME 70 GEV P EXP. AS ANTIPOVI 71 AND BINON 69. 

ALPER 73 IS BERN ISR 26÷26 DEV P+P EXPT. P>.R GEV, .2< BETA <.63. 

APPEL T4 IS HAL 300 HEV P+W EXPERIMENT. STUDIES FORWARD PRODUCTION 
OF HEAVY (UP TO 24 GEV) CHARGED PARTICLES WITH MOMENTA 24-200GEV(-) 
AND 40-150GEV I+EBG). ABOVE TYPICAL VALUE 1S FOR 75 GEV AND IS 
PER GEV MOMENTUM PER NUCLEON. 

ALBROW T5 IS k BERN ISR EXPT WITH ECM=33 GEV. THETA=40 MR. SEE 
FIG. 5 FOR MASS RANGES UP TO 35 EEV. 

JOVANOVICH 75 IS A BERN ISR 26+26 AND 15÷15 GEV P÷P EXPERIMENT. 
FIG.4 COVERS RANGES Q=I/3 TO 2 AND M=3 TO 26 SEV. 
VALUE IS PER BEV MOMENTUM. 

BALDIN 76 IS A 70 GEV SERP EXP. VALUE IS PER AL NUCLEUS AT 
THETA=O. FOR OTHER CHARGES IN RANGE -O.S TO -3.0, CL=.OS LIMIT IS 
(2.6E-36)/ABS(CHARGE) FOR MASS RANGE (2.1 TO 9.AGEVI*ABS(CHARGE). 
ASSUMES STABLE PARTICLE INTERACTING WITH MATTER AS DO ANTIPROTOHS. 

LONGLIVED HEAVY PARTICLE INVARIANT C.S, (cmB/GeVB/N) 
ICH ~ 1.1E-37 OR LESS CL=.90 curve 78 CNTR MASS=4-10 GEV 
ICH 3,0E-37 OR LESS EL=.90 VIDAL 78 CNTR MASS=4.5-6 GEV 
ICH C 6 ,  E-33 OR LESS CL=.90 ARMITAGE 79 SPEC M=1.87 GEV 
ICE C 1 .5E -33  OR LESS GL=.9D ARMITAGE 79 SPEG M=1 ,5 -3 .0  GEV 
ICB D BOZZOLI 79 CNTR Q=+-(2/3,1,4/3,2) 
ICH E 2 .5E -36  OR LESS EL=,90 THRON 85 CNTR Q=-1 M=4-12 SEV 
ICH E 1. E-35 OR LESS EL=.90 THRON 85 CNTR Q=+1 H=4-12 GEV 
ICH 
ICH A BUTTS 78 IS P BE EXPT AT FNAL SENSITIVE TO PARTICLES OF TAU>SE-ESEC 
XCH A VALUE IS FOR - . 3~X<0  AND PT=0 . I 75 .  
ICH 
ICH B VIDAL 78 IS FNAL 400 GEV PROTON EXPT. VALUE IS FOR X=O AND PT=O. 
ICH B PUTS LIFETIME LIMIT OF <5"10"*-8 SEE ON PARTICLE IN THIS MASS RANGE 
IBH 
IGH C ARRITAGE 79 IS CERN-ISR EXPT AT ECM=53 OEV, VALUE IS FOR X=O.I AND 
ICH C PT=0.15 ,  OBSERVED PARTICLES AT M=I .B7  GEV ARE FOUND ALL CONSISTENT 
ICH C WITH BEING ANTIDEUTERORS. 
ICH 
ICH D BOZZOLI 79 IS CERN-SPS 200 GEV P N EXPERIMENT. LOOKS FOR PARTICLE 
ICH O WITH TAU LARDER THAN 10"*-8 SEE. SEE THEIR F IG . / I - IS  FOR PRODUCTION 
ICH D CROSS SECTION UPPER LIMITS VS MASS. 
ICH 
ICH 
ICH 

E THRON 83 IS FNAL 400 GEV PROTON EXP. MASS DETERMINED FROM MEASURED l 
E VELOCITY AND MOMENTUM. LIMITS ARE FOR TAU> 3,10,*-9 SEC. I 

LONGLIVED HEAVY PARTICLE PRODUCTION 
RPl (CSIHEAVY PAHTICLE)/CS(PION)) KD 
RPl A 0 BUSSIERE 80  CNTR Q=÷-(2/3,I,4/3,2) 
RPI 
RPI A EUSSIERE 80 IS CERN-SPS EXPT WITH 200-240  GEV PROTONS ON BE AND AL 
RFI A TARGET. SEE THEIR F IG .G-7  FOR CS RATIO VE MASS. 

PROD. AND CAPT. OF LONG--LIVED MASSIVE PARTICLES (cm 2) 
CA A O 0 .1 -9E -36  OR LEES FRANKEL 7A CNTE TAU=I TO 1000 HRS 
CA B 0 1.4-9E-36 OR LESS FRANNEL 75 CNTR TAU=50 MS TO 10 HRS 
CA C O 2 -20E-34  OR LESS ALEKSEE1 76 ELEB TAU=IOO MS TO 1 BAY 
CA C O 0.2-8E-3~ OR LESS ALENSEE2 76 ELEC TAU=5 MS TO I BAY 
CA 
CA A IRANNEL 74 LOOKS FOR PARTICLES PRODUCED IN THICK AL TARGETS BY 
CA A 3DO-ADS GEV/C PROTONS. 
CA 
CA B FRANKEL 75 IS EXTENSION OF FRANKEL T4. 
CA 
CA C ALEKSEEV(I,2) 76 ARE 61-70 GEV P SERP EXPT. CS IS PER PB NUCLEUS. 



For notation, see key on page 91. 

HEAVY PARTICLE FLUX IN COSMIC RAYS 
(NUMBER/CM**2-SEC-SR) 

5.0E-11 OR LESS CL=.90 JONES 67 ELEC M=5 TO 15 GEV 
5.0E-I0 OR LESS BJORNBOE 68 CNTR M ABOVE 5 GEV 
3.0E-8 OR LESS DARDO 72 ENTR 
1.5E-9 OR LESS TONWAR 72 CNTR M GT 10 GEV 

A ~ 6 . . . . . . .  o . . . . . . . . . . . .  ~ GT ~ OEV 
7. E-IO OR LESS CL=.90 YOCK 75 ELEC +- GT OR LT -7E 

0 1.0E-9 OR LESS BRIATORE 76 ELEC 
1.3E-9 OR LESS CL~.90 BHAT 78 CNTR +- M GT 1GEV 
4.3+-1.3 E-11 GOODMAN 79 ELEC Pc>= 5 GEV 
3.0E-9 YOCK 80 SPRX M APPROX.=4,5 MP 

F 0 3.5E-11 OR LESS EL=.00 ULLMAN 81 CNTR PLANOK-MASS E+19GEV 
0 7. E-11 OR LESS CL=.90 ULLMAN 81 CNTR M=1.E-16GEV OR LESS 

F 3 2. E-9 YOLK 81 SPRK Q=+-I M ABOUT 4.SMP 
3 YOCK 81 SPRK FRACTIONALLY EHGD 

F 0 1,7E-11 OR LESS EL=.99 BHAT 82 CC 
O I. E-9 OR LESS CL~.90 MARINE 82 CNTR Q=*-I M ABOUT 4.SMP 

F SAKUYAMA 83 PLAS M ABOUT I TEV 
i 0 1,4E-12 OR LESS OLd.90 MINCER 85 CALO M >= 1 TEV 

F 0 3.2E-11 OR LESS CL=.O0 NAKAMURA 85 CNTR MASS >1.5 E-13 GRAM 

YOLK 74 EVENTS COULD BE TRITONS. 

BHAT 78 IS AT KOLAR GOLD FIELDS. LIMIT IS FOR TAU > I0"*-6 SEE. 

YOOK 80 EVENTS ARE WITH CHARGE EXACTLY OR APPROX. EQUAL TO UNITY. 

ULLMAN 81 IS SENSITIVE FOR HEAVY SLOW SINGLY CHARGE PARTICLE 
REACHING EARTH WITH VERTICAL VELOCITY 100-350 KM/B. 

YOLK 81 SAW ANOTHER 3 EVENTS WITH G=*-I AND M ABOUT 4.SMP AS WELL 
E AS 2 EVS WITH ~5.3MP,0~+-.75+-.05 AND ~2.8MP,Q=+-.70+-.05 AND I 

EVENT WITH M=(9.3÷~3.)MP,Q=~-.SQ+-.06 AS POSSIBLE HEAVY CANDIDATES. 

BHAT 82 OBSERVED 12 EVENTS WITH DELAY>2.E-B GEL AND WITH MORE THAN 
F 40 PARTICLES, I EV HAS GOOD HADRON SHOWER. HOWEVER ALL EVENTS ARE 

DELAYED IN ONLY ONE OF TWO DETECTORS IN CLOUD C.,AND COULD NOT BE 
DUE TO STRONGLY INTERACTING MASSIVE PARTICLE. 

MARINE 82 APPLIED PEP-CNTR FOR TOF. ABOVE LIMIT IS FOR VELOCITY=.54 
S OF LIGHT. LIMIT IS INCONSISTENT WITH YOLK 80,81 EVENTS IF ISOTROPIC 

DEPENDENCE ON ZENITH ANGLE IS ASSUMED. 

BAKUYAMA 83 ANALYZED 6000 EXTENDED AIR SHOWER EVENTS. INCREASE OF 
H DELAYED PARTICLES AND CHANGE OF LATERAL DISTRIBUTION ABOVE 10**17EV 

MAY INDICATE PRODUCTION OF VERY HEAVY PARENT AT TOP OF ATOMOSPHBRE. 

MINCER 85 IS HIGH STATISTICS STUDY OF CALO-SIGNALS DELAYED BY 
1 20-200 NS~C. CALIBRATION WITH ASS BEAM SHOWS THEY CAN BE ACCOUNTED 

FOR BY RARE FLUCTUATIONS IN SIGNALS FROM LOW-ENERGY HADRONS IN THE 
I SHOWER. CLAIM THAT PREVIOUS DELAYED SIGNALS INCLUDING BJORNBOE 68, 

DARDO 72, BHAT 82, SAKUYAMA 83 ABOVE MAY BE DUE TO THIS FAKE EFFECT 

NAKAMURA 85 AT KEK 5EARGHED FOR QUARK-MATTER. THESE MIGHT BE LUMPS 
J OF STRANGE QUARK MATTER WITH ROUGHLY ESUAL NUMBERS OF U,DtS QUARKS. 

THESE LUMPS OR NUCLEXRITES WERE ASSUMED TO HAVE M>1.SE-13 G AND 
VELOCETY/C OF E-4 TO E-3. 

CONCENTRATION OF HEAVY ( C H A R G E + l )  STABLE PARTICLES 
CON IN MATTER 
CON 2.E-22 TO I.E-21 OR LESS SMITH 79 SPEE WATER,M=6-350 MPROT 
CON (1. E-89~OR LEGS SMITH 88 SPEC WATER,M=30-4OOMPROT 
CON (2.  E-28)OR LESS SMITH 82 SPEC WATER,M=12-1000MPRO 
CON (I. E-14)OR LESS SMITH 82 SPEC WATERtM>IO00 MPROT 

REFERENCES FOR OTH E R NEW PARTICLE SEARCHES 

BELOUSOV 60 JETP 11 1143 
GORBUNOV 60 JETP 11 51 
COWARD 63 PR 131 1782 
DORFAN 65 PRL 14 999 
JONES 67 PR 164 1584 

BJDRNSOE 68 NC 853 241 
BINON 69 PL 300 510 

ARTIPOVI 71 PL 348 164 
ANTIPOV2 71 NP 631 235 
OARDO 72 NC 9A 319 
TONWAR 72 JPA 5 569 
ALPER 73 PL 46B 265 
LBIRUNER 73 PRL 31 1228 

APPEL 74 PRL 52 428 
FRANKEL 74 PR D9 1932 
YOLK 74 NP 878 175 

ALBROW 75 NP B97 189 
BLAGOV 75 YAD.FIZ. 211300 
FRANKEL 75 PR 012 2561 
JOVAMOVI 75 PL 568 105 
LJUBICIC 75 PR D11 696 
YORK 75 NP 888 216 

+RUGAKOV,TAMM,CERENKOV (LEBD) 
+SPIRIDONOV,CERENKOV (LEBD) 
+61TTELMAN,LYNOH,RITBDN (STAN) 
+EADES,LEDERMAHtLEE,TING (COLU) 

(MICH+WISC+LBL+UCLA+MINN+COSU+EOLO+MURA) 

+DAmGARD,HANSEN,CHATTERGEE+ (BONR+BERN) 
DUTEIL,KACHANOV,KHROMDV,KUTYIN+ (SERP) 

+DENISOV,DONSKOV,GORIN,KACHANOV* (SERP) 
• DENISOV,DONSKOV,GORIN,KACHANOV+ (SERP) 
OAROO,NAVARRA,PENENGO,BITTE (TORE) 
TONWAR,NARANAN,SREEKANTAN (TIFR) 

(CERN+LIVP+LUNO+BOHR+RHEL~STOH+BERG+LOUC) 
+LARSEN,SESSONS,SMITH,WILLIAMS+ (BNL+YALE) 

+BOURGUIN,GAINES,LEDERMAN,PAAR+ (COLU+FNAL) 
• FRATI,RESVANIG,YANG,NEZRICK (PENN+FNAL) 
P.C.M.YOCK (UNIV OF AUCKLAND) 

+BARBER,BENZ+(CERN+DARE+FOM*LANO+MCHS+UTRE) 
÷KOMAR,MURASHOVA,SYREISECHIKOVA÷ (LEBD) 
÷FRATI,RESVANIS,YANG,NEZRICK (PENN+FNAL) 
JOVANOVICH+ (MANI+AACH+CERN+GENO+HARV+TORI) 
+PAVLOVIC,PISK,LOGAN (ZAGR÷OTTA) 
P.C.M. YOLK (UNIV OF AUOKLAND+SLAC) 
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Stable Particle Full Listings 
OTHER STABLE PARTICLE SEARCHES 

ALEKSEEI 76 SJNP 22 531 
ALEKSEE2 76 SJNP 23 633 
BALDIN 76 SJNP 22 264 
BRIATORE 76 NC 31A 553 
GUGTA;SO 76 PRL 37 ~T4 
PRESCOTT 76 JOG 2 261 

PEREPELI 77 PL 67B 471 
SMITH 77 CJP 55 1280 

BHAT 78 PRAM 10 115 

CARROLL 78 PRL 41 777 
CUTTG TS PRL 41 363 
HANSL2 78 PL T7B 114 

ALSO 78 NP B142 381 

HOLDER 78 PL 738 105 
LOVELESS 78 PL 788 503 
MORI 78 PRL 40 432 
VIDAL 78 PL 7TB 344 
VIERTEL 78 LNC 22 235 

ARMITAGE 79 NP B150 S7 
BBAT 79 JPG 5 L13 
BOZZOLI 79 NP 8159 363 

GOODMAN 79 PR D19 2572 
SMITH 79 NP B149 525 

BARTEL 80 ZPHY C6 295 
BUSSIERE 80 NP 8174 1 
YORK 80 PR D22 61 

DZHELYAD 81 PL I058 239 
ALSO 81 SJNP 33 822 

KINOSHIT 81 PR D24 1707 
LOBECCO 61 PL I02B 209 
ULLMAN 81 PRL 47 289 
YOLK 81 PR 023 1207 

AOEVA 82 RL 115B 345 
ALPGARD 82 PL 1150 71 
BARTEL 82 PL 114B 211 
BEHREND 82 PL 114B 287 
BHAT 82 PR D25 2020 
BLOCKER 82 PRL 49 517 

KINOSHIT 82 PRL 48 77 
MARINE 82 PR 026 1777 
SHANKER 82 NP 8204 375 
SMITH 82 NP 8206 333 
VERGADOS 82 PL I09B 96 

ALSO 82 PL 113B 513 
ALSO 85 NP 218B 109 

WILLEY 82 PR D26 3287 

ADEVA 83 PRL 51 443 
ALTHOFF 83 PL 122B 95 
ARNISON 83 PL 1228 189 
ARNISON2 83 PL 129B 273 
BEHREND 83 PL 1238 127 
BERGBMA 83 PL 1228 465 
BRYMAN 83 PRL 50 7 

CARR 83 PRL 51 627 
CHEN 83 PL 1228 317 
DESEPAND 83 PR D27 1193 
OICUS 83 PR S28 1778 
HOFFMAN 83 PR 028 660 
SAKUYAMA 83 LNC 37 17 

ALSO 83 LNC 36 389 
ALSO 83 NO 78A 147 
ALSO 83 NC 6C 371 

ADEVA 84 PRL 53 134 
ARNISON 84 PL 139B 115 
BAGNAIA 84 PL 1398 105 
BEHREND 84 PL 1408 130 
SEHRENDS 84 PL 1378 277 
FREEDMAN 84 PRL 52 240 
MUKHOPAD 84 PR 029 565 
YOUSSEF 84 PL 1398 332 

ADEVA 85 PL 1528 439 
ALSO 84 PRPL 109 131 

BALTRUSA 85 PRL 55 1842 
MINCER 85 PR 038 541 
NAKAMURA 85 PL 161B 417 
STOXER 85 PRL 54 1887 
THROW 85 PR D31 451 
ARNISOfl 86 PL B TO B~ PUB 

ALEKBEEV,ZAITSEV,KALININA,KRUGLOV+ (JINR) 
ALEKSEEV,ZAITGEV,KALININA,KRUELOV+ (JINR) 
*VERTOGRADOV,VIBHNEVSKII,GRISHKEVICH~(JINR) 
+DAROO,PIAZZOLI,MANNOCCHI+ (LCGT÷FRAS+FREI) 
OOGTAFSON,AYRE,JONEG,LONGO,MURTHY (MICH) 
J.R.PRESCOTT (ADELAIDE) 

V.P.PEREPELITSA (ITEP) 
G.R.SMITH,S.STANDIL (MANE) 

+RAMANA MURTY (TIFR) 

+CHIANG,JOHNSON,KYCIA,KI + (BNL+PRIN) 
+DULUDE + (BROW+FNAL+ILL+BARI+MIT+WARB) 
+HOLbER,XNOBLOCH~(EERN+DORT*HEID÷SACL+BGNA) 
HANSL,HOLDER+ (CERN+DORT+HEID÷SACL+BGNA) 

÷KNOBLOCR,MAY+ (CERN÷DORT~HEID+SACL+BGNA) 
+BENADA+ (WISC+LBL+UCB+FMAL+HAWA+WASH) 
+BENVENUTI+ (FNAL+HARV*PENN*RUTG+WISC) 
÷HERB,LEDERMAN,BNYDER+ (COLU+FNAL÷STON+UCB) 
÷HAHN,SEHACHER (BERN) 

+BENZ,BOBBINK+ (CERN~OARE+FOM*MCHG+UTRECHT) 
BHAT,GOPALAKRISHNAN,GUPTA,TONWAR (TIFR) 
+BUSGIERE,GIAEOMELLI (BGNA+CERN+LAPP*SACL) 

+ELLSWORTH,ITO,MACFALL,SIOHAN 4 (UMD) 
+BENNETT (RHEL) 

JADE C.(DESY+HAMB*HEID+LANC+MCHS+RHEL÷TOKY) 
+GIACOMELLI,LESGUOY+ (BGNA+SACL+LAPD) 
YOLK (AUCK) 

+GOLOVKIN,KDNGTANTINOV,KONSTANTINOV+ (SERR) 
(YF 35 1529) VIKTOROV,GOLOVKIN+ (SERP) 

K.KINOSHITA,P.B,PRICE (UEB) 
~BULAK,GALIK,HORSTKOTTE* (MICH+PENN+BNL) 
J.D.ULLMAN (LEHM÷BNL) 
P.C.M.YOCK (AUCK) 

MARE-J COLLAB(AACN+DESY*M1T~MASR+ANIK+BHEP) 
+ UAS CQLLAB. (BONN~BRUX+CAVE+CERN÷STOH) 
JADE C. (OESYtHAMB+HEID+LANC+MCHS+RL÷TOKY) 
CELLS C. (DESY+KARL+MPIM~ORSA+LPNP+SACL) 
+GUPTA,RAMANA MURTEY,SREEKANTAE+ (TIFR) 
+MATTEUZZI,ABRAMG+ (HARV+SLAC+LBL) 

KINOSHITA,PRICE,FRYBERGER (UCB+GLAC) 
+PERUZZI,PICCOLO* (FRAD÷LBL+NWES÷STAN+HAWA) 
O.SHANKER (TRIU) 
+BENNETT,HOMER,LENIN,WALFORD,SMITH (PAL) 
J.O.VERGADOS (CERN) 
J,O.VERGADOS (CERNI 
J.O.VERGADOS (CERN) 
R.S.WILLEY,H.L.YU (PITT) 

MARKJ ~. (AACH+DESY+MIT+MADR+AIHO+BHEP*CIT) 
TABS0 . (AACH+BONN+DESY+HAMB+LOIC+OXF+) 
+ UAI COLLAB. (AACH*LAPP+BIRM+CERN+HELB+) 
UAI COLLAB.(AACH÷LAPP+BIRM+CERN*HELB+LOQM+) 
* CELLO EOL.(DESY+KARL+MPIM*ORBA*LPNP~SACL) 
CHARM C. (ANIX+EERN*HAMB+ITEP+ROMA) 
+OUBOIS,NUMAO÷ (TRIU+VICT+CNRG*BRCO*QUKI) 

*GIDAL,GOBBI,JODIDIO,ORAM+ (LBL~NWEG*TRIU) 
+ (SYRA+VAND+CORN+ITEA+HARV+OHIO+ROCH*RUTG) 
DESHPANDE,JOHNSON (ORES) 
D.A.DICUB,V.L.TEPLITZ (TEXA+UMO) 
+FRANK,MISCHKE,MOIR,SCHAROT (LANL+ARZS) 
E.SAKUYAMA,N.NUZUKI (MEIS) 
RIBAKUYAMA,K.WATANABE (MEIS) 
H.SAKUYAMA,K.WATANABE (MEIS) 
H.SAKUYAMA,K.WATANABE CMEIS) 

MARK-J COLLAB (AACH+BNL+CIT+SESY*MIT*MADR+) 
UAI COLLAB.(AACH~LAPP+BIRM*CERN+HARV÷HELS+) 
UA2 COLLAB. (BERN+CERN+BOHR+LALO+PAVI~SACL) 
CELLO COL. (OESY+OLAD+HAMB+KARL+MPIM÷LALO+) 
OLEO C. (ROCH+RUTG+SYRA*VANO+OORN÷ITHA÷) 
+NAPOLITANO,CAMP,KROUPA (ANL+CHIC) 
MUKH~ADHYAY,GOUDBMIT+ (RPI~SIN÷LISB) 
CUSB COLLABORATION(COLU÷BTON+OORN*LGU÷MPIM) 

MARK-J C.(AACH+BNL÷CIT÷OESY÷MIT+MADR~ANIK+) 
MARK-J C., AOEVA+ (AAEH+BNL+CIT+DESY+MIT+) 
MARK3 C.,BALTRUSAITIS+(CIT*UCSC~ILL+SLAC *) 
+FREOSENREICH,OOODMAM~ (UMO+GMAS+NSF) 
+HORIE,TAKAHABHI,TANIMORI (KEK+TOKYO) 
+BALKE,CARR,GISAL,JODIDIO~ (LBL+NWES+TRIU) 
+CARDELLO,CODPER,TEIG,WAH+ (YALE+FNAL+IOWA) 
UAI COLLAB.(AACH+ANIK+LAPP+BIRM+CERN+HARV+I 



178 

Meson Full Listings 
+- 7r O, (770) 7r ~ r/, p 

S = 0 ,  C = o ,  B = 0  MESON STATES 

IG(J P) = l - ( O - )  

SEE STABLE PARTICLE FULL LISTINGS 

F ' ~  l~(J PC) = 1 -(0- +) 
SEE STABLE PARTICLE FULL LISTINGS 

F ~ l  IG(J PC ) = 0 - ( 0 - - )  

SEE STABLE PARTICLE FULL LISTINGS 

1G(jPC)= 1+(1 - ) 

OUR LATEST MINIREVIEW ON THIS PARIICLE 
CAN BE FOUND IN THE 1984 EDITION. 

p ( 7 7 0 )  M A S S  ( M e V )  

WE NO LONGER LIST S-WAVE BREIT-WIGNER FITS, 
COMBINATORIAL BACKGROUND, AND INSIGNIFICANT 

M2 CHARGED ONLY 
M2 R (760.0) (9.0)  CARMONY 64 
M2 R (768.0) (5 .0)  BLIEGEN 65 
M2 R (765.0) (5,0) ALFF-STEI 66 
M2 R (760.0) 15.0) HAGOPIANI 66 
MO R (765.0) (5.0) HAGOPIAN2 66 
M2 R 2775 (753.5) 110.5) JACOBS 66 
M2 R 1758.0) 110.0) JAMES 66 
M2 R (749.0) 13.0) WEST 66 
M2 R (768.0) (5.0) MILLER 67 
M2 R (7?3.0) 12,0) BATON 68 
M2 
M2 z 900 767. 6. EISNER 67 
M2 A 9650 766.8 1.5 PlSUT 68 
M2 X 6500 766. 7. BYERLY 73 
M2 
M2 AVG " 7 6 6 ~ 8 " ' '  ~.4 B AVERAGE 

MO NEUTRAL ONLY 
MOP 4000 765. 5.0 ASBURY 0 67 
MOP 765.0 10.0 ALVENSLEB ?0 
MOP 775. 5. GLADDING 73 
MOP 140K 767,7 1.9 RIGGS 70 
NO P 1930 767,0 4.0 BALLAM 72 
MOP 2430 770.0 4.0 BALLAM 72 
MOP 767.6 2.7 BABTALUCC 78 
MO 
MO AVG 

MO 300 
MO 500 
MO (750.0) 
MO (770.0) 
MO (770.) 
MO 4207 (758.0) 
NO (765.0) 
MO (760.0) 
MO (768.0) 
MO (761,) 
MO (770.0) 
MO (775.0) 
MO (768.4F 
MO ( 7 7 8 . )  
NO 1770.) 
MO (775.)  
MO (776.3) 
MO (776.1) 
MO CH 1769,5) 
MO (770.) 
MO 
MO 2050 775.0 
MO A 13300 769.2 
NO 1700 774.0 
MO Z 11200 773.5 
MO 6800 764,0 
MOO 32O0O 775.0 
MO 4100 767, 
MO 76000 768.0 
NO ~ 769,0 
MO H 768.0 
MO G 777.'4 
MO K 775.9 
MO 
MO AV6 

"768:1" " " i . 3  " AVERAGE 

(760,0) 610.0) ABOLINS 63 
(770.0) (10.0) GOLDHABER 64 

(5.0)  ALFF-STEI 66 
(5.0)  HABOPI AN 1 66 
(5.) 
(7.5)  
18.0) 
(3.0) 
(2.0) 
(3;) 
14,0) 
(8.0) 
(2.4) 
12.) 
19.) 
(2.) 
(0.4) 
12.6) 
(0 .7 )  
(2.) 

3.0 
~1.5 
3.0 
1.7 
3.0 
4.0 
4. 
1.0 
3.0 
4.0 
2.0 
1.1 

PBAR P DATA WITH HIGH 
OR DOUBTFUL DATA. 

HBC * 3.5 PI+P,TCUT 4 
MMS 3-5 PI- P 
HBC + 2-3 PI+ P 
HBC - 3.0 PI- P 
HBC 2.14 PI-,TCUT12 
HBC - 2-3PI-,T CUT 00 
HBC + 2. I PI+,TCUT2.5 
HBC 2.1PI- P 
HBC 2.7 PI-,T CGT20 
HBC 2.8 PI-,T CUT13 

HBC - 4.2 PI-,T CUTIO 
RVUE 1.7-3.2PI-,OTI0 
OSPK 5. PI-  P 

CNTR 
CNTR 
CNTR 
CNTR 
HBC 
HBC 
CNTR 

GAMMA + PB 
GAMMA A,TCUT.01 
2.9-4.7 GAMMA P 
PHOTOPROD. 
2.8 GAMMA P 
4.7 GAMMA 
BREMS,E+E-P 

HBC 3.5 PI+P 
HBO 3.7 PI÷P 
HBC 2-3 PI+ P 
HBC 3.0 PI- P 

HAGOPIAN2 66 HBD 2.1 PI-rTCUT 12 
JACOBS 66 HBO 2~3PI-,T CUT 20 
JAMES 66 HBO 2.1PI+ P 
WEST 66 HBO 2.1 PI- P 
BACOR 67 HBD 1.7 PI-P 
HGWE 67 HBD 2.4 P)- P 
MILLER 67 HBC 2.7 P)-,T CUT20 
ARMENISE 68 DBC 5.1PI+O 
MALAMUO 69 HVUE 2-4 PI-P 
MYAMS 73 ASPK 17.PI-P,PI+PI-R 
ESTABROOK 74 RVUE 17 P)-P,PI+PI-R 
GRAYER 74 ASPK 17.PI~P,PI+PI-N 
RDOS 75 RVUE 0 PHASE SHIFTS 
BECKER 79 ASPK 17.PI-P POLARIG 
LANG 79 RVGE 
HEYN BO RVUE PION FORM FACTOR 

RYAMS 68 OSPK O 11.2 PI- P 
PISUT 68 RVUE 0 1.7-3.2PI~,C710 
REYNOLDS 69 HBC 0 2.26 PI- P 
JACOBS 72 HBC 0 2.8 PI- P 
RATCLI~F 72 ASPK 0 15. PI-P,TCUT.3 
PROTOPOPE 73 HBC 0 7.1PI+PITCUT.4 
ENGLER 74 DBC 0 6. PI+N,PI+PI-P 
DEGTSCHMA 76 HBC 0 16. PF+ P 
WICKLGNO 78 ASPK 0 3,4,6 PI~-PN 
BOHACIK 80 RVUE 0 
CHABAUD 83 ASPK 0 17 PI-P POLARFZ 
BARKOV 85 OLYA 0 PION FORM FACT. 

"771Z7" m " 1 " 2  m AVERAGE (ERROR INCLUDES SCALE FACTOR OF 0,2) 
(SEE IDEOGRAM BELOW) 

. . . . . . . . . .  ROTES . . . . . . . . . .  

FROM FIT OF 3-PARAMETER RELATIVISTIC P=WAVE BREIT WIGNER TO TOTAL 
MASS DISTRIBUTION. 
HEYR 80 INCLUDES ALL SPACELIKE AND TIMELIKE F(Pl) 
VALUES UNTIL 1978. 
FROM POLE EXTRAPOLATION 
ENERGY-DEPENDENT ANALYSIS OF BATON 70, HYAMS 73, 
PROTOPOPESCU 73 PHASE SHIFTS. 
FROM FIT OF 3-PARAMETER RELATIVISTIC BREIT-WIONER TO 
HELIOITY ZERO PART OF P-WAVE INTENSITY, CHABAUD 83 AND BECKER 79 
INCLUDE DATA OF GRAYER 7A. 
FROM PHASE SHIFT ANALYSIS OF GRAYER 74 DATA. 
FROM PHOTOPRODUCTIOR. 
INCLUDED IN PISUT 60 RVUE 
PHASE SHIFT ANALYSIS. SYSTEMATIC ERRORS ADDED CORRESPONDING 
TO SPREAD OF DIFFERENT FITS. 
MASS ERRORS ENLARGED BY US TO WIDTH/SQRT(R),SEE K* TYPED NOTE 
FROM THE GOUNRRIS-SAKURRI PARAMETRIZATION OF THE PION FORM FACTOR 

WEIGHTED AVERAGE 
771.7 = 1,2 (ERROR SCALED BY 2,2 ) 

755 765 

pO mass (MeV) 

2 

. . . .  BARKOV 85 OLYA 14X~ 
" "  "CHABAUD 83 ASP( 82 
• " BORACIK 00 EVUE 0 8 

. . . . . . .  WiCKLUND 78 ASPK O 8 
V . . . .  DEUTSCHMA 76 RBC 134 
' l ' ~ t | ' '  ' '  "ENGLER 74 DBC 14 

' "PROTOPOPE 73 RBC 07 
. . . . .  RATCL FF 72 ASPK 6 5 

. . . . .  JACOSS 72 HBC 12 
~ . . . . .  REYNOLDS EE RBC 0 E 
~ . . . .  E,sut ,0 RVOE 2, 

v \ H ~ s  Ro OSPR 

o2•  
W , (Conf,oence Level < 0.001I 

775 785 795 

p O p ± M A S S  D I F F E R E N C E  ( M e V )  

D A 8600 -5. 5. FOSTER 68 HBC +-0 PEAR P AT REST 
o 22950 2.A 2. I PISUT 68 RVUE P) R TO RHO N 
D A 3000 -4.0 4.0 REYNOLDS 69 HBC -0 G.26 P)- P 

AVG 0,3 2.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 
(SEE IDEOGRAM BELOW) 

D A FROM QUOTED MASSES OF CHARGED AND NEUTRAL MODES 

WEIGHTED AVERAGE 
0.3  ± 2.2 (ERROR SCALED BY 1.3 ) 

-15 -5 

p - p  mass d i f fe rence (MaV) 

2 
X 

' REYNOLDS 69 RBC 1 
• • PSUT 68 RVUE 10 

. . . .  FOSTER 68 HBC 11 

L 3.3 
(Conf,Oence Level = 0 /94)  

15 

,0(770) R A N G E  P A R A M E T E R  (GeV 1) 

R 5.8 0.9 0.7 CHABAUD 83 ASPK 0 17 PI-P POLARIZ 



For nolalion, see key on page 91. 
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Meson Full Listings 
p(770) 

p(770)  W I D T H  ( M e V )  

WE NO LONGER LIST S-WAVE BREIT-WIGNER FITS, 
COMBINATORIAL BACKGROUND, AND INSIGNIFICANT 

W2 CHARGED ONLY 
N2 (77.0) (20.0) 
W2 (lOB.O) 
W8 (187.0) (5,0)  
W2 (150.0) (20.0) 
W2 (135.0) (20.0) 
W2 2?75 (137.1) (20.0) 
w8 (147.0) (19.0) 
W2 (149.0) (13.0) 
W2 (153.0) (13.0) 
W2 (150.0) (5 .0)  
W2 
W2 900 146. 13. 
W2 A 9650 148.2 4.1 
W8 X 6500 145. 12. 
NZ 
W2 AVG 

WO NEUTRAL ONLY 
wo ; 4000 18o 
WO 160.0 1 i0 
WG P 140.0 5.0 
WO P 147. 11. 
WO P 14OK 146.1 2.9 
WO P 22430 155.0 12.0 
WO P 21930 145.0 13.0 
WB P 150.9 3.0 
WO 
wo AVG " 1 i 5 2 7 "  " " ~ . ~  " 

wo 300 (90,0) I10.0)  
WO 500 (130.0) 
WO ( I00 .0 )  
WO (120,0) (IO.D) 
wO (135.0) I20.O) 
WO 4207 (122.2) (15.0) 
WO (103.0) (13.0) 
WO (173.0) (13,0) 
WO R (148.0) IS.O) 
wO <152.) (15.) 
NO R (160.0) (15.0) 
NO (167.0) (6.0) 
WO R (132.0) (13.0) 
WO (152.) ( 2 . )  
WO H (143.) (13.) 
WO (163.) (4.) 
WO D (154.5) (1.0) 
WO (161.8) (7.6) 
WO EB (155.) (I.) 

WO Z 2250 148.0 12.0 
wo A 13300 163.0 15.0 
NO 1700 143.0 8.0 
NO 6800 157.0 8.0 
WO C 32000 100.0 10.0 
WO 4100 146. 14. 
WO 76000 154.0 2.0 
W8 X 152.0 g.o 
wo CH (148.0) (1.3) 
WO c S 148.0 6.0 
WO G 160.0 4.1 
WOK 150.5 3.0 
WD 
WO AVG "15823"'" i.4 ' 

PBAR P DATA WITH HIGH 
OR DOUBTFUL DATA. 

CARMONY 64 HBD + 3,5 PI+P,TCUT 4 
ALFF-STEI 66 HBC + PI+ P 2-3 
BLIEBEN 66 MMS - 3~5 PI-  P 
HABOPIANI 06 HBC ~ 3,0 PI -  P 
HAGOPIAN2 66 HBC - 2,14 PI-,TCUTI2 
JACOBB 66 HBC - 2~3PI-,T CUT 80 
JAMES 66 HBC + 2,1 PI+,TCUT2,5 
WEST 66 HBC 2,1 Pl- P 
MILLER 67 HBC - 2.7 PI-,T CUT20 
BATON 68 HBC 2.8 PI- P 

EISNER 67 HBC - 4.2 PI-,T EUTIO 
PIBUT 68 RVUE 1.7~3.2PI-,CT10 
BYERLY 73 OSPK 5. PI-  P 

147.8 5.7 AVERAGE 

ASBURY 2 67 CNTR 
LANZEROTT 68 CNTR 
ALVENSLEB 70 CNTR 
GLADDING 73 CNTR 
BIGGB 70 CNTR 
BALLAM 72 HBC 
BALLAM 72 BBC 
BARTALUCC T8 CNTR 

AVERAGE (ERROR INCLUDES 

ABOLINS 63 HBC 
GOLDHABER 64 HBC 
ALFF-BTEI 66 HBC 
HAGOPIANI 66 HBC 
HAGOPIAN2 66 HBC 
JACOBS 66 HBC 
JAMES 66 HBC 
WEST 66 HBC 
BACON 67 HBC 
HUNE 67 HBC 
MILLER 67 HBC 
ARMENISE 68 DBC 
MALAMUO 69 RVUE 
HYAMS 73 ASPK 
ESTABROOK 74 RVUE 
GRAYER 74 ASPK 
BOOS 75 RVUE 

(7.2) BECKER 79 ASPK 
HEYN 80 RVUE 

HYAMS 68 OSPK 
PISUT 68 RVUE 
REYNOLDS 69 HBC 
RATCLIFF 72 ASPK 
PROTOPOPE 73 HBC 
ENGLER 74 DBC 
OEUTSCHMA 76 HBC 
WECKLUMO 78 ASPK 
LABS 79 RVUE 
BOHACIK 80 RVUE 

4.0 CHABAUD 83 ASPK 
BARKOV 85 OLYA 

AVERAGE 

GAMMA • PB 
GAMMA P 
GAMMA A, TCUT.Ol 
BREMS. 
PHOTOPROD. 
4.7 GAMMA P 
2.8 GAMMA P 
BREMS, E+E-P 

SCALE FACTOR OF 1.6) 

3m5 PI+P 
3.7 PI+P 
2--3 PI+ P 
3.0 PI-- P 
2.14 PI--P,LOW T 
2--3PI--,T CUT 20 
2.1 PI+ P 
2.1 PI-- P 
1.7 PI--P 
2.4 PI~ P 
2.7 PI~,T CUT2D 
5.1 PI+D 
2 R Pl-P 
17.PI-P,PI+PI-N 
17 PI-P~PI+PI-N 
17,RI-P,PI*PI-H 
PHASE SHIFTS 
17.PI-P POLARIZ 
PION FORM FACT. 

11,2 PI- P 
1.7-3.2PI-,CTIO 
2.26 PI P 
15, PI-P,TCUT.3 
7.1 PI+P,TCUT.4 
6. PI+N,PI+Pl ~P 
16, PI* P 

0 5,A,6 ~I~-~N 

0 
17 P IP  POLARI2 
PION FORM FACT. 

. . . . . . . . . .  NOTES . . . . . . . . . .  

FROM FI~ OF 3-PARAMETER RELATIVISTIC P-WAVE BREIT WIGNER TO TOTAL 
A MASS DISTRIBUTION. 

HEYN 80 INCLUDES ALL SPACELIKE AND TIMELIKE F(PI) 
VALUES UNTIL 1970. 
FROM POLE EXTRAPOLATION 
ENERGY-DEPENDENT ANALYSIS OF BATON 70, HYAMS 73, 
PRDTOPOPESCU 73 PHASE SHIFTS. 
FROM FIT OF 3-PARAMETER RELATIVISTIC BREIT~WIGNSR TO 
HELICITY ZERO PART DF F-WAVE INTENSITY. CEABAUD 83 AND BECKER 79 
INCLUDE DATA OF BRAYER 74. 
FROM PHASE SHIFC ANALYSIS OF GRAYER 74 DATA. 
FROM PHOTBPRODUCTION, MODEL DEPENDENT, 
INCLUDED IN RISUT 68 RVUE 
PHASE SHIFT ANALYSIS. SYSTEMATIC ERRORS ADDED CORRESPONDING 
TO SPREAD OF DIFFERENT FITS. 

Z WIDTH ERRORS ENLARGED BY US TO 4*WIDTH/BQRTIN),SEE K* TYPED NOTE 
FROM THE GOUNARFS-SAKURAI PARAMETRIZATION OF THE PION FORM FACTOR 

p(770)  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

P1 p ~ 27F 140, 140 

P2 p ~ 4~T 140+ 140, 14D+ 140 

P3 p ~ ~ 140. 0 

P4 p ~ d + ¢- .511+.511 

P5 p ~ ~ r ~ ( V I O L A T E S  G) 140, 549 

P6 p ~ ~ + ~-- 106+ 106 

P7 p ~ 7 r + ~ - " a ' ° ( V I O L A T E S  G) 140+ 140+ 135 

P8 p ~ ~ ~ 549+ O 

p ( 7 7 0 )  P A R T I A L  W I D T H S  (keY) 

p ~ Or 7 )  IS3) 
w3 (35.0) (10.o) GOBBI 74 OSPK - 23. PI-A,PI-PIOA 
W3 71.0 7.0 JENSEN 83 SPED PI-A,PI- RIO A 

p(770)  B R A N C H I N G  R A T I O S  

p ~ 4"/r/2¢r (PZ) / (P l )  

RI RHD+~ INTO (PI+- PI+ P I -  PlO) / (PI+- PIG) 
R( (O.O02)OR LESS FERBEL 66 HBC *- PI+ P ABOVE 2.5 
R( 0.0035 0.004 JAMES 66 HBG + 2.1 PI+P 

R( RHO0 INTO (PI+ Pl- PI+ PE-) / (PI+ PI-) 
RI (O.GO8)OR LESS JAMES 60 HBG O 2.1 PI÷R 
R( (O.O02)OR LESS CHUNG 68 HBG 0 3.2,4.2 PI-P 
R( (O.O02)OR LESS CL=.9O HUSON 68 HLBC O 16.0 PI- P 
RI (O.OO15)R LESS CL=.90 ERBB 69 HBE O 2.5-5.8 GAMMA P 

p ~ (e  + e - - ) / 0T  + ~ - - )  (uni ts  10 4) (RAI / (P l )  
R8 
R3 P 94 
R3 H 
R3 A 33 
R3 
R5 F 
R3 
R3 S 

R3 
R5 ~ 
R5 S 
B3 H 
R3 P 

p ~ 
RR 

p ~ 
R5 
R5 
R5 ~ 
R5 W 
R3 
R5 AVG 

R5 
R5 ~ 
R5 R 
R5 
R5 ~ 
R5 W 
R5 W 

p ~ 
R6 
R6 ~ 
p ~ 
R7 ~ 
N7 
R7 A 
R7 A 
R7 B 

(0.88) (0.14) ASBURY I 67 CNTR PHOTOPRODUCTZDN 
(0.68) ( I . I )  (0.5)  HERTZBACH 67 OGPK ASSUME SU(B)+MIXING 
I0.58) (0.11) ASTVACATU 68 OSPK ASSUME SU(3)+MIXING 
I0.50) (0.10) AUSLENDER 69 OSPK E+E- COLLID.BEAM 
(O.Ag) (0.12) (0,15) BIGGS 70 CNTR PHOTOPROBUCTIDN 
(0 ,4 ( )  (0.05) BENAKSAS 72 OSPK E÷E- DOLL.BEAMS 
0.450 0.021 BARKOV B50LYA E+F= 

NOT SEPARATED FROM OMEGA DECAY. ERROR STATISTICAL ONLY. 
ASSUMING RHO WIDTH IAO MEV. ERROR STATISTICAL ONLY. 
SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 
MOT SEPARATED FROM OMEGA DECAY. 
POSSIBLY LARGE RHO-OMEGA INTERFERENCE 

(3'F n) / (2/£)  (P5) / (P l I  
(O,OO8)OR LESS FERBEL G6 HBC +- PI+ P ABOVE 2.5 

(~ + ~ - - ) / ( / ¢ +  ~ - - )  (uni ts  IO - 4 )  (P6)/ (P1) 

0.97 0.31 0.33 HYAMS 67 OSFK 11 PI- LI H 
0.82 0.16 0.36 BOTHWELL 69 CNTR PHOTOPRODUCTION 
0.56 0.15 WEHMAHR 69 OSPK 12 PI- ON C,FE 

0,67 0.12 AVERAGE 

HYAMS MASS REBOI. IS 20 MEV. THE OMEGA REGION WAS EXCLUDED. 
POSSIBLY LARGE RHO-OMEGA INTERFERENCE LEADS US TO INCREASE 
THE MINUS ERROR 
RESULT CONTAINS (11 +- 11) PER CENT CORRECTION USING BUI3) 
FOR CENTRAL VALUE. THE ERROR ON THE CORRECTION TAKES ACCOUNT 
OF POSSIBLE RHO-OMEGA INTERFERENCE AND THE UPPER LIMIT AGREES 
WITH THE UPPER LIMIT OF (OMEGA INTO MU÷ MU-) FROM THIS EXPT. 

01 " +  "/~-- ~TO)/(/F + W--) (P7 ) / IP I )  
(0.01) OR LESS CL=.S4 ABRAMS 71 HBC O 3.7 PI* P 

MODEL DEPENDENT,ASSUMES I = 1,2,0R 3 FOR THE 3PI SYSTEM 

(~ ~)/total (units 1O 4) (P8 )  

(8.6) (0.9) ANDREWS 77 CNTR O 6,7-10 GAMMA CU 
(5.4) (1.1) ANDREWS 77 CNTR O 6.7~10 GAMMA CU 

SOLUTION CORRESPONDING TO CONSTRUCTIVE OMEGA-RHO INTERFERENCE 
THE QUARK MODEL PREDICTS A RELATIVE DECAY PHASE OF ZERO. 
SOLUTION CORRESPONDING TO DESTRUCTIVE OMEBA-RHO INTERFERENCE 

R E F E R E N C E S  F O R  p(770)  

ANDERSON 61 PRL 6 385 ANDERSON,BANB,BURKE,CARMONY,SCHMITZ (LRL) 
ERWIN 61PRL 6 628 A.R.,R.MARCH,W.D.WALKER,E.WEBT (WISE) 

KENNEY 62 PR 126 738 V P KEHNEY,W D SHEPHARD,C D GALL (KENTUCKY) 
BAMIOS 62 PRL R 139 SAMIOS,BACHMAN,LEA+ (BNL+CUNY*COLU+KNTY) 
XUONG 62 PR 128 1849 NGUYEN HUU XUONG,GERALD R LYNCH (LRL) 

ABOLINS 63 PRL 11 381 ABOLINS,LANDER,MEHLHOP,NGUYEN~YAGER (UCSD) 
ALITTI 63 NC 29 515 ALITTI,BATON,ARMENISE+(SACL÷ORSA*BARI+BGNA) 
CHADWICK 63 PRL 10 62 CHADWICK,DAVIES,DERRICK,CRESTI + (OXF+FADO) 
GUIRAGOS 63 PRL 11 85 ZAVEN GUIRAGOSSIAN (LRL) 
GACLAY 63 SIENA CONF 1 239 SACLAY*ORSAY+BARI + BOLOGNA- COLLABORATIBN 

BONDAR 64 NC 31 729 
CARMONY 64 DUBNA DONF 1 486 
GOLDHABE 64 PRL 12 336 

ALYEA 65 PL 15 82 
ARMENISE 65 NC 37 361 
BLIEDEN 65 PL 19 444 
CLARK 65 PR 139 B 1556 
SUTAY 65 NC 39 381 
LANZEROT 65 RRL 15 210 
ZBANIB 65 PHL 14 721 

ACCENSI 66 PL 20 557 
ALFE-STE 66 PR 145 1072 
BALTAY 66 PR 145 1103 
BLIEOEN 66 NC 45 71 
CAMBRIDG 66 PR 146 994 
CASON 66 PR 148 1282 
DEUTSCHM 66 PL 20 82 
FERBEL 66 PL 21 111 
FIOECARO 66 PL 23 163 
HAGOPIAI 66 PR 145 1128 
HABOPIA2 G6 PR 152 1183 
HUSON 66 PL 20 91 
JACOBS 66 UCRL-1687T 
JAMES 66 PR 142 896 
WEST 66 PR 149 1089 

ALLES-BO 67 NG ~O A 776 
AGBURY 1 67 PRL 19 869 
ABBURY 2 67 PRL 19 865 
BACON 67 PR 157 1263 
BANNER 67 PL 25 B 300 
BARLOW 67 NC 50A 701 
BATON 67 PL 25 B 419 

ALSO 67 NP B 3 349 

BONDAR+ (AACHEN+BIRM÷BONN+DESY+LOIC+MPIM) 
CARMONY,HOA,LANDER,NG.H.XUONG,YAGER (UCSD) 
GOLDHABER,BROWN,KADYK,SHEN÷ (LRL+UCB) 

ALYEA,DRITTENDEN,MARTIN,RHOOE + (INDIANA) 
SACLAY+ORSAY+BARI÷BOLOGNA COLLABORATION 
CERN MISSING MASS SPECTROMETER GROUP ICERN) 
A CLARK,DHRISTENSON,CRONIN,TURLAYIPRINCETO) 
GUTAY,LANNUTTI,TULI (FSU) 
LANEEROTTI,BLUMENTHAL,EHN,FAISSLER + (HARV) 
ZDANIS,MADANSKY,KRAEMER + (JHU+BNL) 

ACCENGI,ALLES-BORELLI,FRENCH,FRISK~ (CERN) 
ALFF-STEINBERGER,BERLEY,BRUGGER+ICOLU+RUTG) 
+FRANZINI,LUTJENS,SBVERINS,TYCKB+(CDLUMBIA) 
CERN MISSING MASS SPECTROMETER GROUP (CERN) 
CAMBRrDGE BOBBLE CHAMBER GROUP EMIT+HARV~) 
N M CASON (WISCONSIN) 
DEUTGCHMANN,STEINBER5 + (AACH+BERLIN+ CERN) 
FERBEL (ROCHESTER) 
G+M FIDECARO,J POIRIERtF SEHIAVON (BERN) 
HAGOPIAN,SELOVE,ALITTI,BATON+ (PENN+SACLAY) 
HAGOPIAN,PAN (PENNBYLVANIA,LRL-BERKELEY) 
HUBON,ALLARB,BRIJARD,HENNESSY+ (ORSAY~EPOL) 
L,D.JACOBS (LRL) 
F E JAMBB,KRAYBILL (YALE~BROOKRAVEN) 
WBST,BOYD,ERWIN,WALKER (WISCONSIN) 

ALLES-BORELLI,FRENCH,FRISK,+ (CERN+BONN) 
+BECKER~BERTRAM+JOOG+JORDAN+ IDESY*COLU) 
*BECKER+BERTRAM÷JOOS~JDRDAN÷ (DESY+COLU) 
+RICKINBER,BILL,HOPKINS,ROBINSON+ (BNL) 
÷EAYOUX,HAMEL,ZSEMBERY,CHEZE+ (SACLAY*CAENI 
~LILLEBTOL+MDNTANET* (CERN+CDEF+IRAD+LIVP) 
J.BATON,G.LAURENS,J.REIGNIER (SACLAY) 
J.BATON,G.LAUREHS,J.REIGNIEH (SACLAY) 
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CLEAR 67 NC 49A 399 
DANYSZ 67 NC 51 A 801 
EISNER 67 PR 164 1699 
FRENCH 67 NC 52A 442 
HERTZBAC 67 PR 155 1461 
HUWE 67 PL 248 252 
HYAM$ 67 PL 2AB 634 
HILLER 67 PR 153 1423 
POIRIER 67 PR 183 1462 

ABE COLL 68 NP 84 001 
ARMENISE 68 NC 56A 999 
ASTVACAT 68 PL 27 S 45 
BATON 68 PR 176 1574 
BLECHSCH 68 NC 53 A 1045 

ALSO 67 NE 32 A 1348 
EHUNG 68 PR 165 1491 
DONALD 68 NP B 6 174 
POSTER 68 NP B 6 107 
EUSDN 68 PL 20B 208 
HYAMS 68 NP B 7 1 
JONES 68 PR 166 1405 
JOHNSON 68 PR 176 1651 
KEY 68 PR 166 1430 
LAMGA 68 PR 166 1395 
LANBEROT 68 PR 166 1365 
MAR~TEDK 68 PRL 21 1613 
~ISUT 60 NP B B 325 

AUGUSTII 69 PL 28 B 508 
AUGUSTI2 69 LNC 2 214 
AUSLENDE 69 SJNP 9 69 
ERBE 69 PR 188 2060 
HAISSINS 69 ARGONNE CONF. 373 
JUHALA 69 PR 184 1461 
MALAMUD 69 ARGONNE EONF.P.93 
MILLER 69 PR 178 2061 
MOTT 69 PR 177 1966 
REYNOLDS 69 PR 184 1424 
ROOE 69 NP B 10 563 
ROTHWELI 69 PRL 23 1521 
SCHAREN 69 ARGONNE CONF.306 
WEHMANN 60 PR 178 2095 

ALVENSLE 70 PRL 24 786 
BATON 70 PL 33 B 528 
BIEDS 70 PRL 24 1197 
GINGHAM 70 PRL 24 955 
GALLOWAY 70 PR D I 3077 

ABRAMS 71PR D ~ 653 
BLOODWOR 71 NP B 35 133 
BEERY 71 PR D 3 635 

BAILLON 72 PL 38 B 558 
BALLAM 72 PR D 5 545 
SASDEVAN 72 PL &1 B 178 
BENABSAS 72 PL 39 B 289 
DRIVER 72 NP B 38 1 
EIOENBER 72 PR D 5 15 
GRAYER 72 PHIL.EONF.PROE. 5 
GRAYER 72 NP B 50 29 
OACOBS 72 PR S 6 1291 
RATCLIF; 72 PL 38 B 345 
TAKAHASH 72 PR D 6 1266 

BYERLY 73 PR D 7 637 
CGARLESW 73 NP B 65 255 
GLADDING 78 PB D 8 3721 
HYAMS 73 NP B 64 154 
PROTOPOP 73 PR D ? 1280 

CARROLL 74 PR D 10 1430 
ENGLER 74 PR D 10 2070 
ESTABRO0 74 NP B 79 301 
GOBBI 74 PRL 33 I&50 
GRAYER 7A NP B 75 189 
HADER 74 PR D10 1387 
NORDBERG 74 PL 51 B 106 
SPITAL ?4 PR D 9 126 

MONTONEN 75 LNC 12 627 
ROOS 75 NP B 97 165 

DEUTSCHE ?6 NP B 103 426 

ANDREWS 77 ERE 38 198 

BALTAY 78 PR D 17 62 
BARTALUC 78 NC 44 A 567 
QOENZER 78 PL 76 B 512 
WICKLUND 78 PR D 17 1197 

DECKER 79 NP B 151 46 
LANG 79 PR S 19 956 

BERG 80 PRL 44 706 
BOHACIK 80 PR D 21 1342 
HEYN 00 ZPHY C 7 160 

ALEKSBEV 82 JETP 55 591 

GHASAUD 83 NP B 223 1 
JENSEN 83 PR D 27 26 
KURDADZE 83 JETPL 37 613 

BARKOV 85 NP B 256 365 
RYBICKI 85 ZPHY C 28 55 

÷JOHNSTON+COOPER+MANNER+ (TNTO+ANL+WISC) 
DANYSZ*FRENCH+SIMAK <CERN) 
+JOHNSON÷KLEIN*PETERS÷SAENI+YEN÷ (PURDUE) 
~KINSON~MCDONALD+RIDDIEORD* ICERN*BIRM) 
EERTZBACH,KRAEMER,MADANSKI,EDANIS+(JHU*BNL) 
+MARQUIT+OPPENEEIMER+SCHULTZ+WILSDN (EOLU) 
+KOEH+PELLEET+POTTER÷VONLINDERN+tCERN+MPIM) 
MILLER,GUTRY,JOHNSON,LOEF~LER + (PURDUE) 
+BIGWAS,CASON,DERADO,KENNEY+ (NDAM*PENN) 

AACHEN+BERLZN+CERN OLLABORATION 
+GHIDINI,FORINO+ IBARI+BGIA÷FIRZ*ORSAY) 
ASTVACATUROV,AZIMOV,BALDIN+ (JINR+MOSCOW) 
J.P. BATON, E. LAURENS (SACLAY) 
BLECHSCEMIOT,SOWD,BLSNER,+ (DESY+MCES) 

S.U.CHUNG,O.I.DABL,J.KIRZ,D.H.MILLER (LRL) 
+EDWARDS,FRODESEN,BETTINI+ ILIVP+OGLOePADO) 
+GAVILLET+LABROSSE+MONTANET+ (EERN+CDEF) 
+LUBATTI,SIX,VEILLET,+ (ORSA~MILA+UCLA) 
*KOCH,POTTER,WILSON,VDN LINDERN+(CERN+MPIM) 
+BLEULER,CALDWELL,ELSNER,HARTING÷ (EERN) 
~POIRIER,BISWAE,GUTAY4 (NDAM÷PURO+SLAC) 
+PRENtICE÷COOPER÷MANNER÷ (TNTO*ANL÷WIGC) 
÷CASON+BISWAS+DERADO+GROVES+ (NOTREDAME) 
LANZERDTTI,BLUMENTHAL,EHN,FAIGSLER + IHARV) 
+HAGOPIAN,* (PENN+LRL*EOLO+PURD~TNTO*WISC) 
J.PISUT,M.ROOS (EERN) 

*SIZOT÷BUON+HAISEINSKI*LALANNE+ (ORSAY) 
÷LEFRANCOIS,LEHMANN,MARIN,~ (ORSAY) 
AUSLENDER,BUDKER,PANTUGDVA,PESTOV÷ (NOVO) 
GERMAN BUBBLE CHAMBER COLL. (DESY) 
J.HAISSINSKI (ORSAY) 
+LEACOCK,RNODE,KOPELRAN,LIBBY,+ (ISU+COLOI 
E.MALAMUD, P.SCHLEIN IUCLA) 
R.MILLER,LICHTMAN,WILLMANN (PURDUE) 
+AMMAR,DAVIS,KROPAC,BLATE,DAGAN+ (NWES÷ANL) 
~ALBRIGHT~BRADLEY.BRUCKER,HARMS+ (FSU) 
M.ROOS,J.PISUT (CERN*BRATISLAVA) 
+CHASEtEARLES,GETTNER,ELASE,WEINSTEI÷INEAS) 
SCHARENGUIVEL (PURDUE) 
+ENGELS,WILSON,+ (EARV+EASE÷GLAE÷CORN*MCGI) 

ALVENSLEBEN,BECKER,BERTRAM,CHEN,EOHEN(SESY) 
~LAURENSIREIGNIER (SACLAY) 
*BRABEN,ELIEFT,GAEATHULER,KITCHING÷ (BARE) 
+FRETTER,MOFFEIT,BALLAM÷ ILRL+SLAC÷TUFT) 
+MOTT,ALYA,LEE,MARTIN,PRIEKETT (IND) 

+BARNHAM,BUTLER,COYNE,GOLDHABER,NALL,+(LBL) 
BLOODWORTH,JAEKSON,PRENTICE,YOON (TORONTO) 
+BISWAS,CAGON,DROVES,JOHNSON,+ (NOTRE DAME) 

*CARNEGIE,KLUGE,LEITH,LYNCH,RATCLIFF÷(SLAC) 
÷CNAOWICK,BINGHAM,MILBURN,+ (SLAE*LBL+TUFT) 
BABDEVANT,~ROGGATT,PETERSEN (OERN) 
*EOSME,JEAN-MARIE,JULLIAN,LAPLANEHE,÷(DRGA) 
*HEINLDTH,HOHNE,HOFMANN,RATEJE,+IDESY+HAMBI 
EISENSERG,BALLAM,DAGAN,+ (REHO÷SLAC+TELA) 
+MYAMS,JONES,SCHLEIN,BLUM,SIETL+tCERN÷MPIM) 
*HYAMS,JONES,WEILHAMMER,BLUM,* ICERN~MPIM) 
L.O.JACDBS ISACLAY) 
+BOLOS,CARNEGIE,KLUGE,LEITM,LYNEH,+ (SLAG) 
TAKAHASHI,BARISH,~ (TOHO+PENN+NDAM*ANL) 

+ANTHONY,DOFFIN,MEANLEY,MEYER,RIEE,* (MICH) 
CHARLESWORTH,EMMS,BELL,* (RHEL÷BIRM+DURH) 
÷RUSSEL,TANNENBAUM,WEISS,THOMSON (HARV) 
÷JONES,WEILHAMMER,BLUM,DIETL,÷ (EERN÷MPIM) 
PROTOPOEESCU,GARNjOST,GALTIERI,FLATTE+(LBL) 

~MATTHEWS,WALKER* (SLAC+DUKE+WISC*TNTO) 
+KRAEMER,TOAFF,WEISSER,DIAZ+ (EARN+CASE) 
P.ESTASROOKG,A.D.MARTIN (DORMS 
+ROSEN,SCOTT,SHAPIRO+ (NWES+ROCH÷CARN) 
G.GRAYER,HYAMS,BLUM,DIETL,÷ (DERN+MDIM) 
+GODOUS,EULEtZER,KIETIAKOWSKY,LEVY÷ (MITt 
+ABRAMSON,ANDREWS,HARVEY,÷ (EORN+ROCH) 
R.SPITAL,D.R.YENNIE (CORN) 

C.MONTONEN,M.ROOS,N.TORNQVIST (HELS) 
M.ROOS (HELS) 

+KIRK,+(AACH+BERL+BONN+CERN+CRAE+HEID+WASSI 

+FUKUSHIMA,BARVEY,LDBKOWICZ,MAY,* (ROCH) 

+CAUTIS,COHEN,CSORNA,SMITH,YEH,*(COLU+BING) 
5ARTALUCCI,BASINI,SERTOLUCCI, (DESY÷FRAS) 
*RIBES,RUMPF,SERTRAND,SIZOT,CHASE,+ (LALO) 
+AYRES,DIEBOLD,GREENE,KRAMER,PAWLICKI tANL) 

+BLANAR,BLUM,CERRADA÷ tMPIM*CERN*ZEEM+CRAC) 
C.B.LAflG,A.MAS-PARAREDA (GRAB) 

÷CHANDLEE,BIEL,HEPPELMANN,+(ROCHeFNAL+MINN) 
J.BOHACIK,H.KUHNELT (BRATISLAVA÷WIEN) 
M.;.HEYN,C.B.LANG (GRAZ) 

ALEKSEEVA,KARTAMYSHEV,MAKARIN÷ (KIAE) 

+GORLICH,CERRADA+ {CERN+CRAC~MPIM) 
*BERG,BIEL,COLLICK+ (ROEH+FNAL+MINN) 
+LELCHUK,PAKHTUSOVA+ INOVD) 

+~HILINGAROV,EIDELMAN,KHAZIN,LELCHUK*INOVD) 
RYBICKI,SAKREJDA (CRAE) 

IO(J Pc) ~ 0 ( l - - )  

(o(783) M A S S  (MeV)  

R 2198 (783.4) (0.78 
s~ .... t784 ........ 

M (782.0) (0 .8)  
M 
M 2400 782.4 0.5 
M 700 784.1 1.2 
M F 783.2 1.6 
M 248 783.6 1,0 

510 781.0 0,6  
o 783.7 1.0 

M 418 782.5 0.8 
M S 7000 782.4 0.5 

2100 783.5 0.8 
535 782.7 0.9 

M 1430 781.8 0.6 
M 5000 782.6 0.8 

783.3 0.4 
33260 782,5 0.8 

M 782.4 0.4 

BALTAY 67 HBC O.O PBAR P 
ATHERTON 70 HBC 3.6 PBAR P, 7 PI 
OREN 74 EBC 2.3 PBAR P,5PI 

BIZZARRI 69 HBC 0 PBAR P 
ABRAMOVIC 70 HBC 3.9 PI- P 
BIGGS 70 CNTR PHOTOPRODUGTION 
BIZZARRI 71 HBC 0.0 P PBAR K+K- 
BIZZABRI 71HBC 0.0 P PBAR 81KI 
COYNE 71SBC 3.7 PI* P 
AGUILAR 72 HBE 3.9,A.6 K- P 
KEYNE 76 CNTR PI~P, OMEGA N 
GESSASOLI 77 HBC 11 PI-P,OMEGA PI 
APELDOORN 78 HBC 7.2 PB P,PB P OM 
COOPER 78 HBC ,7 - .8  PB P,5 PI 
BENKEEIRI 79 OMBG 9-12 PI+- P 
DORDIER 80 WIRE 5~E-,PI*PI-PIO 
ROOS 80 RVUE 0-3.6 PBAR P 
KURDAUZ2 83 OLYA E÷E- 

AVG 782.58 0.18 AVERAGE (ERROR INCLUDES SCALE ~ACTOR OF t. II 

B OBSERVED BY THRESHOLb-EROSSING TECHNEQUE. MASS RESOL.=4.8 MEV FWMM 
D FROM BEST-RESOLUTION SAMPLE OF COYNE 71 

F FROM OMEGA-RHD INTERFERENCE IN THE PI*PI- MASS SPECTRUM 
F ASSUMING OMEGA WIDTH 12.6 MEV. 

S R INCLUDED IN ROOS 77,79 RVUE 
ERROR INCLUDES 0.5 MEV MASS SCALE ERROR 

M 

(.o(783) W I D T H  {MeV) 

wW 750 8.8 3.0 
11.2 2.7 

W 510 10.3 1,4 
248 12.8 3.0 

W 4270 9.5 1.0 
418 13.3 B. 

W 9.1 0.8 
W 10.5 1.5 
W E 940 730 1.07 
W B 20000 10.22 0.43 
W 2100 0,4 2.5 
W 1430 12,0 2.0 
W 9.0 0.8 
W 9.8 0.9 

ABRAMOVIC 70 HBE 3.9 El- P 
ATHERTON 70 HBE 3.6 RBAR P, 7 P[ 
BIBZARRI 71 HBC 0.0 P PBAR KIKI 
BIZZARRI 71 HBC 0.0 P PBAR K+K- 
COYNE 71 HBC 3.7 El+ P 
AGUILAR 72 HBD 3,9,4.6 K- P 
SENAKSASI 72 OSPK S+E- COLL.BEAMS 
BORENSTEI 72 HBC 2.18 K~P 
BROWN 72 MMS 2.5 PI~ P,N MMS I 
KEYNE ' 76 CNTR PI-P, OMEGA N 
OESSAROLI 77 HBC 11 PI-P,OMEGA Pl 
COOPER 78 HBC .7-.8 PB P,5 Pl 
CORDIER BO WIRE E+E-,PI*PI-PIO 
KUREADZ2 83 OLYA E.E- 

AVG "'91Ri " "  6,b" AVERAGE 

~ OBSERVED BY THRESHOLD-CROSSING TECHNIQUE. MASS RESOL.=~.8 MEV FWHM 
ERROR TAKES ACCOUNT OP SYBTEMATICS ADDED QUAORATIEALLY 

C0(783) P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

Pl c~ ~ ~T+/C--TC ° 140+ 140+ 135 

P2 60 ~ 7 c + l r - ( V I O L A T E S  G) 140+ IAO 

P3 C~ ~ ?rO,y 135. O 

P4 C~ ~ 3~'+?~-'y 140+ 140+ 0 

p5 ~0 ~ 2~D~f 135+ 135+ 0 

P6 Co ~ ~/-~ 549+ 0 

P7 Co ~ G-I-e - .511+.511 

P8 Co ~ ~4-~z- 106+ 106 

P9 OJ ~ ~1T°(VIOLATES C) 569* 135 

El0 Co ~ 3"*/ O÷ O~ 0 

P11 OP ~ /FO~+~ - 135+ 106+ 106 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The matrix below is derived from the error matrix for the fitted partial deca5 mode 
branching fractions. Pr as follows: The diagonal elements are P,=EP b where 
~P, = ~ ,  while the off-diagonal elements are the normalized correlation coeffi- 
cients (~P~iPj>/(APi,APj). For the definitions of the indlvldual P~, see the listings above; 
only those PI appeanng in the matrix are assumed in the fit to be nonzero and are 
thus constrained to add to t. 

P 1 P 2  P 3  
g ~ .0961 . . . . . .  2 

-.4116 .0170+-.0022 
P 5 ~.9001 -.0079 .0869÷-.D047 



For notation, see key on page 91. 

W(783) B R A N C H I N G  R A T I O S  

w ~ n e u t r a l s / ( ~  + ~ -  ~o)  (P3+...)/IPI) 
R1 20 0.11 0,02 BUSCHBECK 63 HBC 1.5 K-P 
RI 35 O.08 D.03 KRAEMER 64 DBC 1.2 PI+D 
G1 C 65 (0.10) (0.04) ALFF STEI 66 HBC GORR.BY BCHULTZICDL) 
RI 850 0.134 0.026 DIGIUGNO 66 CNTR 1.4 PI-P 
RI 348 0.097 0.016 FLATTE 66 HBC %8 K~P 
RI 0.06 0.05 0.02 JAMES 66 HBC 2.1 PI÷P 
R1 19 0.10 0.03 BARASH 67 HSC 0.0 PBAR P 
R1 45 0.15 0.04 AGUILAR 72 HBC 3.9,4.6 K~ P 
RI C CORR. BY SCHULTZ(COL)69 
R~ . . . . . . . . .  
RI AVG 0.I035 0.0093 AVERAGE 
RI FIT 0.0970 0.0058 FROM FIT 

~ ( ~ + ~ - ) / ( T r + T r - ' / r ° ) .  S E E  A L S O  RI5 (R2)/(Pl) 
R2 R (0.011)0R MORE CL=.95 ABRAMOVIC 70 HBC 3.9 PI- P 
R2 B (0.014) (0.005) (D,O04)BIGGS 70 CNTR PHOTOPRODUCYION 
R2 R (0.035)0R LESS CL=.95 BIZZARRI 70 BBC RBAR N AT REST 
R2 (0.019)0R MORE CL=.95 CHAPMAN 70 RSC 1.6~2.2 P PBAR 
R2 R 0.022 0.009 0.01 ROOS 70 RVUE 
R2 0.028 0.006 BERREND 71 ASPK PHOTORRODUCTION 
R2 S 0.021 0.028 0.009 RATCLIFF 72 ASPK 15.Pl- R,N 2PI 
R2 (0.0115)0R MORE BURNS 73 HBC .6-1.1PBAR P 
R2 C (0.04) (0.02) LYONS 77 BBC 3-4 K-P,LAM OMEG 
RO ......... 
RB AVG 0.0259 0.0049 AVERAGE 
R2 FIT 0.0189 0.0025 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

R2 B RE-EVALUATED UNDER R2 BY BEBREND 71 USING MORE ACCURATE OMEGA 
R2 B TO RHO PHOTORRODUCTION CROSS-SECTION RATIO. 
R2 C ASSUMING COMPLETE RHO-OREGA COHERENCE 
R2 R RODS 70 COMBINES ABRAMOVICH 70 AND BIZZARRI 70 
R2 B SIGNIFICANT INTERFERENCE EFFECT OBSERVED.NB OF OMEGA INTO 3Pl 
R2 S COMES FROM AN EXTRAPOLATION. 

w - -  (~TD~)/(~ + ~ -  ~o) (P3)/(P1) 
R3 0.13 0.04 JACQUET 69 HLBC 
R5 0.081 0.020 BALDIN 71 HLBC 2.9 PI+ P 
R3 0.109 0.025 BENAKSAS2 72 OSRK E+E- COLL.BEAMS 
R3 0.084 0.013 KEYNE 76 CNTR PI-R, OMEGA N 
R3 ......... 
R3 AVG 0m0898 0m0097 AVERAGE 
R3 FIT 0.0970 0.0058 FROM FIT 

~ ( ~  + ~ -  7 ) / ( ~  + 7 r -  7r o) (p~)/(p~ ) 
R4 (0.05) OR LESS CL=.90 FLATTE 66 HBC 1.8 K-P 
R~ (.06610R LESS CL=.90 KALBFLEI 75 BBC 2.2 K- R,GAMMA + 

~ ( # +  ~ - ) / ( T r  + 7T-- 7£BXuBIts 10 - 3 )  (PB) / (P1)  
R6 (1.2) OR LESS GALTIERI 65 HBC 2.7 K~P 
R6 (I,7) OR LESS CL=.74 FLATTE 66 BBC 1.8 K-P 
R6 (0.2) OR LESS WILSON 69 OSPK 12 El- ON C,FE 

~ (2~r° ~ ) / ( ~ °  ~ )  (PE)/IRS) 
R7 (0 .1)  OR LESS BARMIN 64 HLBC 1.3-2.8 PI-P 
R7 (0.14) OR LESS BALDIN 71 HLBC 2.9 PI÷ P 
R7 (0,15) OR LESS CL~.90 BENANSAS2 72 OSPK E,E- COAL. BEAMS 
R7 (0.18) OR LESS OL=0,95 KEYNE 76 CNTR PI-P,OMEGA N 

~ (~TT O ~ ~ ) / ( ~ + ~ - - ~ 0 )  (Pg+P6)/(Pl) 
R2 (0,017)0R LESS CL=.go FLATTE 66 BBC 1.8 K-P 
R2 (0.045)0R LESS CL=.95 JACQUET 69 HLBC 

~ neu t r a l s / cha rged  (P3+...)/(P1+P2...) 

R9 0.124 0.021 FELDMAN 67 OSPN 1.2 El- P 
R~ ......... 
R9 FIT 0.0952 0.0057 FROM FIT 

W ~ ( 2 7 F e y ) / ( ~  + ~ - -  ~0)  (P5)/IR1) 
RIO (0.08) OR LESS CL=.95 JACQUET 69 HLBC 

R11 0.010 0.045 APEL 72 OSPK 4-8 PI- P,N 3GAM 

¢~ ~ (~TO#+~-- ) / to ta l  (units 10 -B)  (p11) 
R12 0.096 0.023 DZHELYADI 81 CNTR 25-33 PI-R,OME N 

w ~ ( e  + e - ) / t o t a l  (units 10 -4 )  (PT) 
R13 A 33 (0.65) (0.13) ASTVACATU 68 OSPK ASSUME SU(5)+MZXING 
R15 Z (0.40) (0.21) ROLLINII 68 CNTR %7 PI-P 
R18 E (0.92) (0.07) AUGUSTII 69 OSPK E+E-, 2El 
R15 0.83 0.I0 BENAKSASI 72 OSPK E+E-, 3PI 
R15 0.675 0,069 CORNIER 80 WIRE E+ E-,5Pl 
R13 O.G4 0,04 KURDADZ2 83 OLYA E + E- 
R13 
R13 AVG 0.668 0.D41 AVERAGE (ERROR INCLUDES SCALE FACTOR O; 1.2) 

R15 A NOT RESOLVED GROM RHO DECAY. ERROR STATISTICAL ONLY, 
R13 E RESCALED BY US TO CORRESPOND TO OMEGA WIDTH 10,1 MEV, 
R13 2 MASS RESOLUTION OF BOLLINI I IS +-I0 MEV,HIB ERROR 15 +~.15 
R13 Z WITHOUT RHO-OMEEA INTERFERENCE. COMPLETE INTERGERENCE WOULD 
R13 Z CHANGE VALUE BY +~35 PER CENT. THEREFORE WE INCREASED ERROR. 

~ neutrals/total (P3+...) 

RIR 0.084 0.015 BOLLINI 68 CNTR 2.1 PI- P 
RIR 0.079 0.019 DEINET 69 DSPK 1.5 El- P 
R14 0.075 0,025 BIZZARRI 71HBC ! ~  P PBAR 
RIB 42 0 . 0 7 3  0.018 BASILE 72 CNTR I Pl- P 
R1R . . . . . . . . .  
R14 AVG 0.0788 0.0092 AVERAGE 
R14 FIT 0,0869 O.OOA7 FROM FIT 
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~ ( ~ ) / t o t a l .  S E E  A L S O  R2 (P2) 
R15 (0.032) (0,020) (D.019)AUGUSTI2 69 OSPK E~E~ COLL.BEAMS 
R15 (O.O03)OR MORE CL=.95 GOLDHABER 69 HBC 3.7-4.0 PI+P 
R15 (0.014)0R MORE CL=.95 ALLISON 70 HBC 1.3-I.7 PBAR P 
R15 B (0,0080) (0.0028) (O.002)BIGGS 70 CNTR PHOTOPRODUCTION 
R15 0,0122 0.0030 ALVENSLEB 71 CNTR RHOTOPRODUCTION 
R15 0.013 0.012 0.009 MOFFEIT 71 HBC 2.8,4.7 GAMMA P 
R15 (0 ,036)  (0 .024)  (O.018)BENBKSAS 72 OBPK E~E- COLL.BEAMG 
R15 F (0,035) (0.018) BRANDENBU 76 ASPK 13.K-P,PI+PI- 
R15 F (0,04) (0.03) (0.02) HOLMGREN 77 HSC 4.2 K~P,PI+PI- 
R15 0,016 0 . 0 0 9  0.007 QUENZER 72 CNTR E÷E- COLL.BGARS 
R15 F (0,010) (0.001) WICKLUND 78 ASPK 3,4,6 PI+ PN 
R15 0.023 0.005 BARKOV B50LYA E~E- I 
R15 . . . . . . . . .  
R15 AVB 0.0150 0,0026 AVERAGE (ERROR INCLUDES SCALE FACTOR D; 1.1) 
R15 FIT 0.0170 0.0022 FROM Eli (ERROR INCLUDES SCALE FACTOR OF 1.1) 

R15 B RE EVALUATED UNDER R2 BY BEHREND 71 USING MORE ACCURATE OMEGA 
R15 B TD RHO PHOTOPRDDUCTION CROSS-SECTION RATIO. 
R15 F FROM A MODEL DEPENDENT ANALYSIS ASSUMING COMPLETE COHERENCE. 

~ (2~'0 7 ) /neutra ls  ( P S ) / ( R 3 , . . . )  
R17 (0.19) OR LESS CL=.90 DEINET 69 OSPK 
RI? D (0.22) (0.071 DAKIN 72 OGPK 1.4 Pl- E,N MMO 
R17 D SEE R18 

~ (~ °T) / (neutra l s )  (P3 ) / (P3+ . . . )  
RIB (0.81) OR MORE CL=.90 DEINET 69 OSPK 
R18 D (0.78) (0.07) DAKIN 72 OBPK 1.4 Pl- P,N MMO 
R18 D ERROR STATISTICAL ONLY.AUTHORS OBTAIN GOOD FIT ALSO ASSUMING 
R18 D PrO GAMMA AS THE ONLY NEUTRAL DECAY. 

~ (~ 7) / total  (units lO - 4 )  (RE) 

R19 A (8.0) (2.5) (1.83 ANDREWS 77 CNTR 6.7-10 GAMMA CU 
R19 B (29.0) (7.0) ANDREWS 77 CNTR 6.7~10 GAMMA CU 
R19 A SOLUTION CORRESPONDING TO CONSTRUCTIVE OMEGA-RHO INTERFERENCE 
R19 A THE GUARK MODEL PREDICTS A RELATIVE DECAY PHASE OF ZERO 
R19 B SOLUTION CORRESPONDING TO DESTRUCTIVE OMEGA-RHO INTERFERENCE 

R20 S 30 (1.2) (0.6) DZHELYAOI 79 CNTR 25-33 PI- P 
R20 S SUPERSEDED BY DZGELYABIN 81 RESULT ABOVE. 

R E F E R E N C E S  F O R  c~(783) 

MAGLIC ~I RRL 7 178 
PEVSNER 61PRL 7 421 
XUONB 61RRL 7 527 

ALFF 62 PRL 9 325 
ARMENTER 62 CERN CONF 90 
STEVENSO 62 PR 125 687 

ARMENTER 63 SIENA CONE 1 296 
BARMIN 65 SIENA CONF I 207 
BUSCHBEC 65 SIENA CONE 1 166 
GELFAND 65 PRL 11 486 
MURRAY 63 PL 7 358 

BARMIN 64 JETP 18 1269 
KRAEMER 64 PR 136 B 496 

BINNIE 65 PL 18 548 
GALTIERI 65 RRL 14 279 
MILLER D 65 CU-237/NEVIS-131 
ZDANIB 65 PRL 14 721 

ALFF-STE 66 PR 145 1072 
DIGIUGNO 66 NC 44A 1272 
FLATTE 66 PR 145 1050 
JAMES 66 PR 142 896 

BALTAY 67 PRL 18 93 
BARASG 67 PR 156 1399 
FELDMAN 67 PR 159 1219 
HERTZBAC 67 PR 155, 1461 

ASTVACAT 68 PL 27 S 45 
BOLLINI 68 NC 56 A 551 
BOLLINII 68 NC 57 A 404 
KEY 68 PR 166 1430 
PISUT 62 NP B 6 325 
WEHMANN 6S PRL 20 748 

AUGUSTII 69 PL 28 B 515 
AUGUSTI2 69 LNC 2 214 
BIZZARRI GR NP B 14 169 
DANBURG 69 UCRL-19275 
DEINET 69 PL 30 B 426 
ERWIN 69 NP B 9 864 
GOLDHABE 69 PRL 23,1351 
JACQUET 69 NC 63 A 743 
MILLER 69 PR 178 2061 
STRUGALB 69 PL 29 B 532 
WILSON 69 PRIVATE COMB. 

ABRAMOVI 70 NP B 20 209 
GIZZARRI 70 PRL 25 1385 
ALLISON 70 PRL 2A 618 
ATBERTON 70 NP B IB 221 
BFGGS 70 PRL 24 1201 
CASON 70 PR D 1 851 
CHAPMAN 70 NR B SA 445 
DANBURG 70 PR D 2 2564 
FLATTE 70 PR S 1 1 
GOLDHABE 70 PHILB,CONF.P.59 
RAGORIAN 70 PRL 25 1050 
ROOS 70 DNPL/R7 P.178 

B MBGLIC,ALVAREZ,ROSENFELD,STEVENSON (LRL) 
PEVSNER,KRAEMER,NUSSBAUM,RICHARD+(JHU+NWEB) 
NGUYEN RUU XUONG,GERALD R LYNCH (LRL) 

ALEF,BERLEY,COLLEY,BEL;AND + (COLU*RUTGERS) 
R ARMENTBROS,R BUDDE + (CERN+CDEF+EPOL) 
STEVENSON,ALVAREZ,MAGLIC,ROGENEELD (LRL) 

ARMENTEROB,EDWARBS,JACDBSEN* (CERN+CDEE) 
BARMIN,DOLGOLENNO,KRESTNIKOV+ (ITEP) 
BUBCHBECKIOZAPP+ (VIENNA+GERM+AMSTERDAM) 
GELFANO,MILLER,NUBSBAUM,RATAU+ (COLU+RUTG) 
RURRAY,FERROLUZZI,BUWE,SHAFER,$OLMITZ+(LRL) 

BARMIN,DOLGOLENNO,KRESTNIKOV ÷ (ITER) 
KRAEMER,MADANBKY,MEER+ (JHU+NWES*WOOD) 

BINNIE,DUANE,JANE,W JONES+ (LOIC+MCHS) 
A BARBARO GALTIERI,R G TRIPE (LRL) 
DAVID C MILLER (THEBISI (COLUMBIA) 
ZDANIS,MABBNSKY,KRAEMER,HERTZBACH+(JHU+BNL) 

ALFF-STEINBERGER,BERLEYIBRUGGER*(COLU÷RUTG) 
Dr GIUGNO,PERUZZI,TROISE÷ (NAPL+FRAS+TRST) 
+HUWE,MURRAY,BUTTON-SHAFER,SOLMITZ+ (LRL) 
E E JAMES,KRAYBILL IYALE*BROOKHAVEN) 

+FRANZINI,SEVERIENS,YEH,ZANELLO (COLUMBIA) 
BARASH,KIRSCH,MILLER,TAN (COLUMBIA) 
+FRATI,GLEESON,HALPERN,NUSSBAUM+ (PENN) 
HERTZBACH,KRAEMER,MADANBHI,ZDANIB÷(JHU+BNL) 

ASTVACATUROV,AZIMOV,BALDIN+ (JINR÷MOSCOW) 
*BUHLER,BALPIAZ,MASSAM+ (CERN*BGNA+STRB) 
÷BUHLER,DALRIAZ,MASBAM* (CERN~BGNA+STRBF 
+PRENTICE+COOPER+MANNER (TNTO÷BNL+WIBC) 
J.PISUT,M,ROOS (CERN) 
+ENGELS+ (HARVARD+CASE+SLAC+CORNELL÷MCGILL) 

+BENAKSAB,BUON,GRACCO,RAIBSINBKI,+ (ORSAY) 
+LEFRANCOIS,LEBMANN,MARINI÷ (ORSAY) 
+FOSTER,GAVILLET,MONTANET,+ (CERN+CDEE) 
JEROME S. DANBURG, THESIS (LRLI 
+MENZIONE,MULLER,BUNIATOV* (KARL+GERM) 
+WALNEG,BOBHAW,WEINBERG (WISC+PRIN*VANB) 
*BUTLER,GOYNE,HALL,MACNAUGHTON,TRILINB(LRL) 
+NGUYEN-KHAC,HAATUFT,BALSTEINSLI(EPOL÷BERG) 
R.MILLER,LICHTMAN,WILLMANN (PURDUE) 
+CHUVILO,FBNYVES,+ (WARS÷JINR÷BUDA) 
RICHARD WILSON (SEE ALSO RR 178 2095)(HARV) 

ABRAMOVICR,BLUMENEELD,BRUYANT,+ (CERN) 
+CIAPETTI,GORE,GASEERO,GUIDONI,+(ROMA+SYRA) 
+COOPER,FIELDS,RHINES (ANL) 
*BLAIR,CELNIKER,DOMINGO,FRENCR+ (CERN+IPN) 
+CLIFFT,GABATHULER,KITCHING,RAND (DARE) 
+ANDREWS,BIBNAS,GROVES,HARRINBTON,+ (NDAMI 
+DAVIOSON,GREEN,LYS,ROE,VANDER VELDE (MICH) 
+ABOL]NS,DAHL,DAVIES,HOCH,KIRZ,MILLER+(LRL) 
STANLEY M. PLATTE (LRL) 
BERSON GOLDGABER,REVIEW (LRL) 
S. AND V.HAGOPIAN,BOGART,SELOVE (FSU+PENN) 
PROC* DARESBURY STUDY WEEKEND NO I. (GERM) 
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ABRAMS 71PR D 4 653 
ALVENSLE 71 PRL 27 888 
ANGELOW 71 SJNP 12 427 
BALDIN 71 SJNP 13 750 
RARDADIN 71 PR 04 2711 
BEHREND 71 PRL 27 61 
BIZZARRI 71 NP B 27 140 
BLOODWOR 71 HP B 35 133 
CHAPMAN 71PR D 3 38 
COYNE 71NP B 32 333 
FIELDS 71 PRL 27 1749 
MATTREWS 71 PRL 26 400 
MOFFEIT 71NP B 29 349 

AGUILAR 72 PR D 6 29 
ApEL 72 PL 41S 234 
BASILE 72 PRIL.COHF.PROC153 
BENAKSAS 72 PL 39 R 289 
SENAKSAI 72 PL 42 B 507 
BENAKSA2 72 PL 42 B 511 
BROWN FB PL 42 0 117 
DAKIN 72 PR D 6 2321 
EISENBER 72 RR D 5 15 
RATCLIFF 72 PL 38 B 345 
BORENSTE T2 PR D 5 1559 

BINNIE 73 PR D 8 2789 
BURNS 73 RR D 7 1310 

EGTABRO0 74 NP B 81 TO 
GREGORIO 74 NC 20 A 637 
KRAMER 74 PRL 33 505 
OMEN 74 NP B 71 189 

EMMS 75 NP B98 1 
KALBFLE I  75 RR D 11 987 
ROOS 75 NP S 97 165 

GRANDENB 76 NP B 104 ~13 
REYNE 76 PR D 14 28 

ALSO 73 BINNIE 

ANDREWS 77 PRL 38 198 
BARTKE 77 NP B 118 360 
GESSAROL 77 NP B 126 382 
HOLMGREN 77 PL 66 B 191 
LYONS 77 NP B 125 207 
ROOS 77 LNC 19 419 

APELDOOR 78 NP ~ 133  ~45 
COOPER 78 NP 146 
QUENZER 78 PL 76 B 512 
WICKLUND 78  PR 0 17 1197 

BENKHEIR 79 NP B 150 268 
DZHELYAD 79  PL 84 B 143 

CORDIER 80 NP B 172 13 
ROOS 50 LNC 27 321 

DZHELYAD 81 PL 102 B 296 

KURDADZI 83 JETPL 37 613 
KURDADZ2 83 JETPL 36 274 

BARKOV 85 NP 8 256 365 

÷BARNHAM,BU~LER,COYNE,GOLDHABER,HALL,+ILBL) 
ALVENSLEBEN,BECKER,BUSZA,CHEN,COHEN,+(DESY) 
+GRAMENITSKY,K~NASIRSKY,KERATSCHEW,+ (JINR) 
*YERGAKOV,TRESUKHOVSKY,SRISHOV (ITEP) 
BARDADIN-OTWINOWSRA,HOFMOKL,MICHEJDA+lWASS) 
~LEE,NORDBERG,WEHMAN,* (ROCH+CDRN+FHAL) 
+MONTANET,NILSSON,D-AHDLAU,+ (CERN*CDE~) 
BLOODWDRTH,JACKSON,RRENTICE,YOON (TORONTO) 
*FORTNEY,FQWLER (DUKE) 
*BUTLER,FANG-LANDAU,MACNRUGHTON (LRL) 
+COOPER,RHI~ES,ALLISDN (ANL+OXF) 
+PRENTICE,YQON,CARROLL,WALKER,÷ (TNTO~WISC) 
+BINGHAM,FRSTTER,SALLAM+(LRL÷UCB+SLAC+TUFT) 

AGUILAR BENI~EZ,CHUNG,EISNER,SAMIOS (BNL) 
÷AUSLANDER,MULLER,BERTDLUCCI,+ (KARL+PIGA) 
~BOLLINI,BROGLIN,DALPIAZ,FRABETTI,* (CERN) 
+COSME,JEAN-MARIE,JULLIAN,LAPLANCHE,÷(ORSA) 
BENAKSAS,COSME,JEAN-MARIE,JULLIAN (ORSAY) 
BENAKSAS,COSMEtJEAN-MARIE,JULLIAN ~(ORSAY) 
+DOWNIBG,HOLLOWAY,HULD,BERNSTEIN÷(ILL*ILLC) 
+HAUSER,KREISLER,MISCHKE (PRINCETON) 
EIGBNBERG,BALLAM,DAGAN,+ (REHO+SLAC+TELA) 
+BULOS,CARNEGIE,KLUGR,LEITH¢LYNCN,~ (SLAC) 
BORENGTEIN,DANBURG,KALBFLEISCR,÷ (BNL+MICH) 

~CARR,DEBENHAM,DUANE,GARBUTT,÷ (LOIC+SHMP) 
+CONDON,KIM,MANDELKERN,PRICE,SCHULTZ (UCI) 

ESTABROOKS,HYAMS,JONES,BLUM, (CERN+MREM) 
M.A.GREGORIO (ICTR-TRIESTE) 
+AYRES,DIEBOLD,GREENE,PAWLICKI+ (ANL) 
+GOOPER,FIELDS,RMINES,ALLISON~ (ANL÷OXF) 

+KINSON¢STBGEY,BELL,DALE+ (B[RM+DURH+RHEL) 
KALSFLEIGCH,STRAND,CHAPMAN (BNL+MIGH) 
M.ROOS (HELS) 

BRANDENBURG,EARNEGIE,CASHMORE,DAVIER~(SLAD) 
+BINNIE,CARR,DEBENHAM,GARRUTT,* (LOIC+SRBP) 

+FUKUSHIMA,HARVEY,LOSKOWICZtNAYt* (ROCH) 
+ (AACH+BERL+BONN+CERN+CRAC~LOIC÷WIEN*WARS) 
GESSAROLI,* (BGNA÷FIRZ+GENO*MILA+OXF+RAVI) 
~JONGEJANS,ENGELEN,~ (CERN+AMSI+NIJM~OXF) 
*COOPER,CLARK (OX~) 
M.ROOS (HELSINKI) 

VAN APELDOQRN,GRUNDEMAN,HARTING,+ (ZEEM) 
+GURTU,MONTANET,~ (TIFR+CERN+CDE~+MADR) 
+RIBES,RUMPF,SERTRAND,BIZOT,CHASE,+ (LALO) 
+AYRES,DIEBOLD,GREENE,KRAMER,PAWLIGKI (ANL) 

BENKHEIRI,EISENS?EIN,+(EPOL+CERN+DDEF÷LALO) 
DZHELYADIN,GOLOVKIN,GRITSUK,+ (SERP) 

÷DELCOUR~,ESCHSTRUTH,FULDA,+ (LALO) 
*PELLINEN (HELS) 

DZRELYADIN,GOLOVKIN,KONSTANTINOV,+ (SERF) 

÷LELCHOK,PAKHTUSOVA+ (NOVO) 
+PAKETUSOVA,SIDOROV+ (NOVO) 

+CHILINGAROV,EIDELMAN,KHAZIN,LELGHUK÷(NOVO) 

iO(dPC ) : 0 - ( 0  - )  

OUR LATEST MINIREVIEW ON THIS PARTICLE 
CAN BE FOUND IN THE 1984 EDITION. 

~'(958) M A S S  (MeV) 

M 957. 1.1" RITTENBER 69 HBC % ? - 2 . 7  R- ~P 
M 3415 956.1 I BASILEI 71CNTR 1.6 PI- P,N 

535 957.4 1.4 BASILEI 71 CNTR 1.6 Pl- P,N 
1414 958.2 0.5 DANBURG 73 HBC 2.2 K-P,LAM XO 

M 400 958. I. JACOBS 73 HBC 2.9 K R,LAM go 
M 9 5 7 . 4 6  0.33 DUANE 74 MMS Pl- P,N  MM 
M 
M AVG 957,57 0.25 AVSRAGE 

~'(958) W I D T H  (MeV) 

WE INCLUDE DIRECT MEASUREMENTS OF THE ETA' TOTAL WIDTH 
AND GAMMA GAMMA PARTIAL WIDTH TOGETHER WITH THE MEASURED 
BRANCHING RATIOS IN THE FIT FOR ~HE PARTIAL DECAY RATES. 

1000 0.28 0.10 BINNIE 79 MMS 0 PI- R,N MM 

W ~IT 0.243 0.02g FROM FIT 

~'(958) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

PI t ~ 7r + W-- ~ 140+ 140+ 549 

PI(N) E%AS DECAy INTO ALL NEUTRALS 
PI(C) E~AG DECAY CHARGED 

PB 7" ~ ~0 ~0~ 13S+ 135+ 549 

PS(N) ErAS DECAY INTO ALL NEOTRALS 
P2(C) ETA~ DECAY CHARGED 

P3 ~' ~ w + ~ - ~ ( i n c l u d i n g  p y )  1 4 0 .  140+ 0 

P5 ~' ~ w ~ 788÷ 0 

P6 ~'  ~ 3~o(VIOLATES ISOSPIN CONSERV.) 13E+ 135+ 135 

P7 ~ ~ 00~ 769+ 0 

PlO ~/ ~ qr+~ - e + e- 140+ 140+.511+.511 

P11 ~' ~ 27F 140+ 140 

P12 7' ~ 3w 140~ 140+ 135 

P13 ~ ~ 4~ 140+ 140+ 140, 140 

P14 ~' ~ 5~ 

P15 7' ~ 67r 

P16 7' ~ 7 r O e + e - (  VIOLATES C IN BORN APPROX)135+.511*,511 

p17 7' ~ ~ e + e - ( V I O L A T E S  C IN BORN APPROX) 549*.51%.511 

P18 ~' ~ ~OoO(VIOLAT~S C) 135~ 769 

P19 7' ~ ~Dw (VIOLATES C) 135+ 783 

p20 t ~ ~+ -- ~ 106, 106+ D 

P21 ~' ~ ~ ~ + ~-- 549÷ 106. 106 

P22 7' ~ ~0~+ ~-- 135+ 106+ 106 

FITTED PARTIAL DECAY MODE BR'kNCHING F R A ~  

The matrix below is deri*ed from the error matrix for tee fitted partial deca? mode 
branching fractions. P,, as follows: The diagonal elemenIS are P,:aP,, ~here 
aPi = % ' ~ ,  while the offidmgonal elements are the n_~)rmafized correlation coeffi- 
cients ~aP,~P~)/(bP,'~Pj). For the definitions of the individual P,, see (he lisdngs above; 
onb ~hose P, appearing in lhe matrix are assumed in the fit to be nonzero and are 
thus constrained ~o add to I, 

p I P 2 P 3 P 4 P 5 P 6  
p I .4260~-.0174 
P 2 -.6506 .2265+ .0206 
P 3 -.2723 -.5056 .2597÷-.0160 
P 4 .0352 -.I090 .0053 .0185+ .0016 
P 5 .068T ~.2097 -.1420 -.0053 .0275~ .0054 
P 6 -,2353 .3~47 -.1854 -.0379 -.0758 .0017+~.0004 

FITTED P&RTIAL DECAY MODE RATES 

The matrix belo~ is the branching fraction mamx above, transformed into rate space; 
i.e., G I ~ FI = FiomlP ,. in appropriate units. In analogs to the matrix abo~c, the 

elements are G,=SG i, where ~G, ~ ~ ,  while the off-diagonal elements diagonal 
are the ~ ] i z e d  correlation coefficients (SGEbGj}/(SGdSGj). Note ~hat, because of the 
error in r,o,al, the errors and correlations here are not directly derivable from those 
above. 

G I G 2 G 3 G 4 G 5 G 6 
G I ,I034÷-.0126 
G 2 .6286 .0550+-.0085 
G 3 .8243 .6004 .0727~-.0093 
G 4 .6600 .5158 ,6269 ,0045*-.0004 
E 5 .4987 .2974 .~081 .3462 .0067+-.0015 
G 6 .3339 .5183 .3180 .2761 .1573 .0004÷-.0001 

7'(958) P A R T I A L  W I D T H S  (keV) 

7 '  ~ ( ~ 7 )  (G4) 

W4 USINg B R (ETA' INTO RH00 GAMMA) = 0.30 l 
W4 C 213 5.D 1.0 BARTEL 02 JADE E*E-,E*E- RHO GA 
W4 C 43 6.2 1.6 BEHREND 83 CELL E+E-,E+E- RHO GA 
W4 C 95 5.B 1.6 JENNI 88 SMK2 E÷E-,E+E- RHO GA 
W4 C 5.1 0.8 ALTHOFF 84 TAGS E+E-,EeE-PI*PI-G ] 
W4 C 3.8 0.5 BGRGER 84 PLUT E÷E~,E+E-P]+PI-G I N4 C 44.2) 40.7) SENS 85 TPC E*E-,E+E-2PI GAM 
W4 ......... 
W4 AVG 4.47 0.39 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.1) 
w4 FIT 4.S0 0.37 FROM FIT 

W4 C THE SYSTEMATIC ERROR HAS BEEN ADDED QUADRATICALLY 

7'(958) B R A N C H I N G  R A T I O S  

~" ~ (7  + ~ -  ~(neutral decay))/total (PlN) 
RI 281 0,314 0.026 RITTENBER 69 HBC 1.7-2.7 K-P 
RI 
RI FIT 0.302 ,~ 0.012 FROM FIT 

~'  ~ ( ~ + T r -  + neutrals)/total (PIN+P2C÷PG) 

R2 33 0,35 0.06 BADIER 63 Hag 3.0 K-P 
R2 39 0.4 0.I LONDON 66 HBC 2.2 K-P 
R2 ......... 
R2 AVG 0.363 0.051 AVERAGE 
R2 FIT 0.393 0.011 FROM FIT 

7 '  ~ (~  + 7 -  ~(charged decay))/total (plC) 
R3 7 0.07 0.04 8ADIER 65 HBC 3.0 g-P 
R3 10 0.1 0.04 LONDON 66 HBC 2.2 K-P 
R3 107 0.123 0.014 RITTENSER 69 HBC 1.7-2.7 K-P 
RS ......... 
R3 AVG 0,116 0.013 AVERAGE 
R3 FIT 0,1240 0.0051 FROM FIT 



For notation, see key on page 91. 

fi" ~ (Tr + ~ -  + neutrals)/total (P2C÷PS) 
R4 EXCLUDING (PI÷ PI- ETA(NEUTRAL DEEAY))/TDTAL 
RR A3 0.0~5 0.029 RIT~ENBER 69 RBC 1 ,7 -2 ,7  K-P 
R4 ......... 
R4 FIT 0.0907 0.0069 PROM FIT 

~/ ~ neu t ra l s / t o t a l  (P2N+P4) 
R5 123 0,189 0.026 RITTENBER 69 HBC 1.7-2,7 K-P 
R5 535 0,183 0.022 BASILEI 71CNTR 1.6 Pl- P,N XO 
R5 ......... 
R5 AVE 0.187 0M017 AVERAGE 
R5 FIT 0.182 0.014 FROM FIT 

~ '  ~ (Tr + o r -  ~ (including p T))/total (p3) 
RO 35 0.34 0.09 BADIER 65 HBC 3.0 K-P 
R6 20 0.2 0.1 LONDON 66 DBC 2.2 K-P 
RO 298 0.329 0.033 RITTENBER 69 HBC 1.7-2.7 K-P 
R6 ......... 
R6 AVE 0.319 0.030 AVERAGE 
R6 FIT 0.300 0.016 FROM FIT 

~' ~ (Tr + ~ -  ~ (including p V))/(~r ~- ~) (P3)/(PI+P2) 
R7 0.31 0.13 DAVID 68 HBC 5.5 K~ P 
R7 . . . . . . . . .  
R7 FIT 0.459 0.035 FROM FIT 

~'  ~ ( ~ ° e + e - ) / t o t a l  (P10) 
R8 I0.013)0R LESS RITTENDER 65 HBD 2.7 K-P 

~ '  ~ (~ e + e - ) / to t= l  Ip17) 
R9 (0.011)0R LESS RITTENBER 65 HBC 2.7 K-P 

~'  ~ (7~OpO)/total (P18) 
RIO tO.OR) OR LESS DITTENBER 65 HBC 2.7 K-P 

~ '  ~ (~ r+~ r  - e + e - ) / t e t a l  (P10) 
R12 (O.O06)OR LESS RITTENBER 65 HBC 2.7 K-P 

~ '  ~ (2~')/tetal ( P l l )  
R13 (0.07} OR LESS LONDON 66 DBC COMPILATION 

~ '  ~ (3~)/ total  (P12) 
R14 (0.07) OR LESS LONDON 66 HBC COMPILATION 

~ '  ~ ( 4 ~ ) / t o t a l  (P13) 
R15 (0.01) OR LESS LONDON 66 HBC COMPILATION 

~' ~ (6~r)/total (P15} 
R16 (0.01) OR LESS LONDON 66 HBC COMPILATION 

~/ ~ (¢~ ~)/('1T + 7£-- ~)  I P S ) / ( P I )  
R17 68 0.068 0.013 ZANFINO 77 ASPK 8.4 PI-P 
R17 ......... 
R17 FIT 0.063 0.013 FROM FIT 

~ '  ~ ( ~ +  ~T-- v(includingp T))/(~- ~" ~ + w ~)  
R18 (P3)/(PI+P2÷P5) 
R18 0.25 0,14 DAUBER 64 HBC 1.95 K~P 
R18 ......... 
N18 FIT 0.441 0,034 FROM FIT 

~'  ~ (2~)/total (PA) 
R19 31 0 . 0 2 0  0 , 0 0 8  0.006 HARVEY 710SPK 3.65 PI~ P,N XO 
R19 68 0.0171 0.0033 DALPIAE 72 ENTR 1.6 Pl- P,N XO 
R19 0,023 0,007 DUANE 74 MMS PI-P,N MM 
R19 6000 0.018 0,002 APEL 79 CNTR 13~40 P l -  P 
R19 . . . . . . . . .  
R19 AVG 0,0183 0,0016 AVERAGE 
R19 FIT 0.0185 0,0016 FROM FIT 

~ '  ~ (7c + ~r-) / total  (P11) 
RE0 (0 .02)  OR LESS RITTENBER 69 HBC 1 .7 -2 .7  K~P 
R20 (0.08) OR LESS EL=.95 DANBURB 73 HBE 2.2 K-P~LAM XO 

~'  ~ ( ~ r + ' / r - T r ° ) / t o t a l  (P12) 
R21 (0.03) OR LESS RITTENBER 69 HBC 1.7-2.7 K-P 
R21 (0.09) OR LESS CL=.95 DANBURG 73 HBC 2.2 K~P,LAM XO 

~' ~ (~ '+TC+Tr-~r - ) / to ta l  (P13) 
R22 (0.01) OR LESS RITTENBER 69 HBC 1.7 2.7 K-P 
R22 (0.01) OR LESS EL=.05 DANBURD 73 HBC 2.2 K-P,LAM NO 

~ ~ (~F + 7C + I T -  ~ -  7co)/total (P14) 
R25 (0.01) OR LESS RITTENBER 09 HBC 1.7-2.7 K-P 

~'  ~ U r + ~ r + ~ r - ~ r  - + neutrals)/total (P15+...) 
R24 10.01) OR LESS RITTENBER 69 HBC 1.7-2.7 K-P 

~" ~ (p°~)/(~r+ 7r- ~) (PT)/cP3) 
R25 0.94 0.20 AGUILAR 70 HBC 3.9-4.6K-P 
R25 E 473 ~.15 0.10 DANBURG 73 HBE 2.2 K-P,LAM XO 
R25 E 473 (0.95) OR MORE CL=.95 DANBURG 73 HBC 2.2 K-P,LAM XB 
R25 137 1.01 0.15 JACOBS 73 HBC 2.9 K-P,LAM XO 
R25 ......... 
R25 AVG 1.082 0.077 AVERAGE 

R23 E EQUIVALENT STATEMENTS 

~'  ~ (~roTco~(3~r° decay))/total (P2N(3PIO)) 
R2D 4 0.11 0.06 BENSINGER 70 DBC 2.2 PI+ .D 
R26 . . . . . . . . .  
R26 FIT 0.0680 0.0062 FROM FIT 
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~ '  ~ (Tr + 7 r -  ~ ) / ( l r  + ~- -fl(neutral decay)) 
R27 A73 0.92 0.1A DANBURG 73 HBC 
R27 192 1.11 0.18 JACOBS 73 HBC 
R27 ......... 
R27 AVG 0.99 D.11 AVERAGE 
R27 FIT 0.992 0.075 FROM FIT 

~ '  ~ (2V)/(TrBTr°~(nentral decay)) 
R28 16 0,188 0.058 APEL 72 OSPK 
R20 ......... 
R23 FIT 0.115 0.015 FROM FIT 

fi' ~ ( ~ + / t - ) / ( 2 ~ X n n i t s  10 -3) 
R29 33 4.9 1.2 VIKTOROV 80 CNTR 

~'  ~ (~ # +  ~ - ) / t o t a l  (units 10 5) 
R30 11.5) OR LESS EL=.90 DZHELYAD 81CNTR 

~ '  ~ (Trop+#-- ) / to ta l  (units 10 - s )  
R31 (6.0) OR LESS CL~mPO DZHELYAD 81 CNTR 

~ '  ~ (3~r° ) /0 r%T~)  
R32 0.0073 0.0018 BISON 8A SPED 
R32 . . . . . . . . .  
R32 FIT 0.0075 0.0013 FROM FIT 

(P3)/(PIN) 
2.2 K-P,LAM XD 
2.9 K-P,LAM XO 

IPA)/(PZN) 
3.8 Pl- P,N XO 

(P20)/IPA) 

25,33 PI-P,2MU G 

(pEt) 

30 PI-P,ETAP N 

IP22) 

30 PI-P,ETAP N 

(P6)/(P2) 

30-40 PI-P,G DAM 

~'(958) C NONCONSERVING DECAY PARAMETER 

SEE THE NOTE ON ETA DECAY PARAMETERS IN THE STABLE PARTICLE 
FULL LISTINGS FOR DEFINITION OF THIS PARAMETER 

DECAY ASYMMETRY PARAMETER FOR PI÷ PI- GAMMA 
152 .07 .08 RITTENBE 65 HBC 2.1-2.7 K-P 
103 .00 .10 KALBFLEI 75 HBC 3.2 K-P 
295 -.069 .078 GRIGORIA 75 STRC 2.I PI~P 

AVG -0.001 0.049 AVERAGE 

REFERENCES FOR 7/'(958) 

DAUBER 64 PRL 13 449 
ALSO 64 BUBNA CONF 1 418 

GOLDBERG 64 PRL 12 546 
GOLDBERG 64 PRL 13 249 
KALBFLEI 64 PRL 12 527 
KALBFLE2 64 PRL 13 349 

BADIER 05 PL 17 337 
NIENZLE 65 PL 19 438 
RITTENBE 65 PRL 15 556 
TRILLING 65 PL 19 427 

COHN 66 PL 21 347 
LONDON 66 PR 143 1034 
MARTIN 66 PL 22,352 

BARBARO~ E8 PRL 20 349 
BARLBUTA 68 PL 26 B 674 
BOLLINI 68 NE 50 A 289 
DAVIS 68 PL 27 B 532 

DUFEY 69 PL 29 B 605 
MOTT 69 PR 177 1966 
RITTENBE 69 UCRL-18863 

AGUILAR 70 FRL 25 1635 
BENSINGE 70 PL 33 B 505 

BARDABIN 71PR D4 2711 
BASILEI 71NC 3 A 371 
BASILE2 71 NP B 33 29 
HARVEY 71 PRL 27 385 
OGIEVETS 71 PL 35 B 09 

AGUILAR 72 PR D 6 29 
APEL 72 PL 40 B 680 
BINNIE 72 PL 39 B 275 
BLOODWOR 72 NP B 39 525 
DALPIAZ 72 PL 42 B 377 
RADER 72 PR D 6 3059 

DANBURG 73 PR D 3 3744 
JACDB$ 73 PR D 3 18 
KALBFLEI 73 PRL 31 333 

BALTAY 74 PR 09 2999 
DUANE 74 PRL 32 425 
GAULT 74 NC 24 A 239 
KALBFLEI 74 PR DI0 916 

GRIGORIA 75 NP B91 232 
KALBFLEI 75 PR D11 987 

CERRADA 77 NP B 12E 109 
BELAGUIL 77 PR 016 2833 
GESSAROL 77 NP B 126 382 
LEDNICKY 77 E2-10521,22,23 
ZANFINO 77 PRL 38 930 

ABRAM5 79 PRL 43 ~77 
APEL 79 PL 83 B 131 
BINNIE 79 PL 83 B 141 
DZHELYAD 79 PL B 88 379 

VIKTOROV 80 SJNP 32 520 

DZHELYAD 81 PL 105 B 239 

BARTEL 82 PL 115 B 190 
BICKERST 82 ZPHY C 16 171 

BERREND 83 PL 125 B 518 
ALSO 82 PL 114 B 378 

JENNI 83 PR D 27 1031 

DAUBER,SLATER,SMITH,STORK,TICHO (UCLA)JP 
DAUBBR,SLATER,L T SMITH,STORK,TIC~O (UCLA) 
+GUNDEIR,LICNTMAN,CONNOLLY,EART,+ISYRAeBNL) 
+GUNDEIK,LEITNER,DDNNOLLY,HART,÷ (SYRA+BNL) 
KALBFLEISCH,ALVAREZ,BARBARO-GALTIERI,+(LRL)JP 
G.R.KALBFLEISCH,O.DAHL,A.RITTENBERG (LRL)JP 

BADIER,DEMOULIN,BARLOUTAUD+(EPOL÷SACL*AMST) 
KIENZLE,MABLIC,LEVRAT,LEFEBVRES + (CERN) 
RITTENBERG,KALBFLEISCM (LRL+BNL) 
+BROWNIGOLDHABERS,KADYK,SCANIO (LRL) 

COHN,MCCULLOCH,BUGG,CONDO (ORNL+TENN+UCND) 
LONDBN,RAU,SAMIOS,EOLDBERE * (BNL+SYRAEUSE)IJP 
MARTIN,CRITTENDEN,SCHROEDER (INDIANA U)I 

BARBARO~GALTIERI,MATISONsRITTENBERE+ (LRL)I=D 
BARLOUTAUD÷ (SACLAY÷AMDT÷BGNA+REHO+EPOL)I=O 
• BUHLER,DALPIAZ,MASSAM* (CERN+BGNA+STRB) 
÷AMMAR,MOTT,DAGAN,DERRICK,FIELDS (NWES+ANL) 

+GOBBI,POUCHON,CNOPS,+ (ETH*EERN+SACL)IJP 
+AMMAR,DAVIS,KRDPACjSLATE,DAGAN+ (NWEE÷ANL) 
ALAN RITTENBERG (THESIS) (LRL)I=O 

AGUILAR-BENITEZ,BASSANO,SAMIOS,BARNES÷(BNL) 
BENSINGER,ERWIN,THOMPSON,W.D.WALNER (WISC) 

BARDADIN-OTWINOWSKA,HOFMOKL,MICHEJDA+IWARS) 
+BOLLINI,DALPIAZ,FRABETT!,+(CERN+BGNA+STRB) 
÷BOLLINI,DALPIAZ,FRABETTI,+(CERN÷BGNA*STRB) 
4MARQUIT,PETERSON,RHOADES,+ (MINN+MICH) 
OEIEVETSKY,TYBOR,ZASLAVEKY (DUBNA) 

AGUILARIBENITEZ,CHUNG,EISNER,SAMIOS (BNL) 
+AUGLANBER,MULLER,BERTOLUCCI,+ (KARL+PISAI 
+EAMILLERI,DUANE,GARBUTT,BURTON+(LOIC+SHNP) 
BLOODWORTH,JAEKSON,PRENTICE,YOON (TORONTO) 
+FRABETTI,MASDAM,NAVARRIA,ZICNICHI (CERN) 
~ABOLINS,DAHL,DANBURG,DAVIES,HOCH,÷ (LBL) 

÷KALBFLEISCH,BORENSTEIN,CHAPMAN,+(BNL÷MICH) JP 
• CHANG,GAUTHIER,+ (BRAN+UMD~SYRA+TUFT) JP 
KALBFLEISCH,CHAPMAN,+ (BNL*MICH÷LGL) JP 

+COHEN,CSORNA,HABIBI,KALELKAR,÷ (COLU÷BING) JP 
+BINNIE,CAMILLERI,CARR,PEBENHAM+(LOIE+SHMP) 
+JDNES,SCADRON,THENS (DURH+LOIC÷ARIZ) 
G.R.KALBFLEISCH (BNL) 

GRIGORIAN,LADAGE,MELLEMA,RUDNICK,~ (UCLA) 
KALBFLEISCH,STRAND,DHAPMAN {BNL+MICH) 

• NAGNER,BLOCKZIJL,+ (CERN~AMST+NIJM+OXE) JP 
F.DEL AGUILA AND N.G.DONCEL (BARCELONA) JP 
GEDSAROLI,÷ (BGNA~FIRZ÷GENO+MILA+OXF+PAVI) 
R.LEBNICKY (JINR) JP 
• BROCKMAN,DANKOWYCH,+ (CARL+MCBI+OHIO+TNTD) 

+ALAM,BLOCKER,BOYARSKI,~ (SLAC~LBL) 
+AUGENSTEIN,BERTOLUCCI(KARL+PIDA+SERP+WIEN) 
+EARR,DEBENHAM,JONES,KARAMI,KEYNE+ (LOIC) 
DZHELYADIN,GOLOVKIN,GRITZUK,KACHANOV+ISERP) 

~GOLOVKIN,DZHELYADIN,ZALTSEV,MUKHIN,+(NOVO) 

DZHELYADIN,GOLOVKIN,KONSTANTINOV,+ (SERP) 

+CORDS+(DESY+HAMB÷HEID+LANC+MCNS~RREL+TOKY) 
BICKERSTAFF,MCKELLAR (MELB) 

+D-AGOSTINI+(DESY+KARL+MPIM+LALO+LPNP+SACL) 
BEBREND+ (DESY÷KARL+MPIM÷LALO+LPNP+SACL) 
+BURKE,TELNOV,ABRAME,BLOCKER÷ ISLAC+LBL) 
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ALTHOPF 8A PL 147 B 487 (TASSO COLLABORATION) 
BERBER 84 PL 142 B 125 (AACH+SERG+DEGY+GLAS+HAMB+UMD~SIEG+TELA+] 
BINON 84 PL 140 S 264 +DONSKOV,DUTEIL,÷ (SERP+BELG+LAPP+CERN) 

SENS 85 SLAC-PUB-3754 PHYSICS IN COLLISION V CONFERENCE (SLAG) 

I f0(975) I '°uec)=°+{°++l 
was S(975). 

THE ISOSEALAR S-WAVE. 

FOR EARLY WORK USING BREIT-WIGNER OR SCATTERING 
LENGTH PARAMETRIZATION IN FITS TO THE K KGAR MASS 
SPECTRUM, SEE REFERENCE SECTION AND OUR 1972 EDITION. 

fo(975) MASS OR REAL PART OF POLE POSITION (MeV) 

MI POLE POSITION DETERMINATIONS 
MI R (997.) (6.) 
MI A (997.) 
MI R (1012.) (6.) 
M1 R (I007.) (20.) 
MI A [986.) (5.) 
MI AD (998.0) (7.0) 
MI E (988.) 
MI F (966.) 

M2 987. ;: 
M2 969.0 0 
M2 C ~86. 10. 
M2 (986.) 
M2 974.0 A.O 
M2 G 985.0 39.0 
M2 ......... 
M2 AVE 975,4 3.7 

PROTOPOPE 73 HSG PI+ P 
ESTABROOK 73 ASPK 17 PI-P,PI÷PI-N 
GRAYER 73 ASPK 17 PI-P,PI~PI~H 
HYAMS 73 AGPK 17 PI-P,N PI+PI- 
FUJII 75 RVUE 17 FI-P,PI+PI-N 
BOHACIK 80 RVUE 
IRVING 81RVUE 
IRVING 81RVUE 

BINNIE 78 CNTR HI- P,MM N 
LEEPER 77 ASPK 2-2.4 PI-P 
AGUILAR 78 HBC .7 PEAR P, KS KS 
MART~N 79 RVUE 
GIDAL 81 SMK2 J/PSI DECAY 
ETKINI 82 MPS 23 P(-P,2KOS R 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4) 
(SEE IDEOGRAM BELOW) 

M3 MASS DETERMINATIONS (REAL PART OF MASS MATRIX EIGENVALUE) 
M3 S (975.) ACHASOV 80 RVUE 
M3 B (985.) TORNQVIST 82 RVUE 

M A FROM SINGLE CHANNEL FIT TO HYAMS 73 BA~A. 
B COUPLED CHANNEL ANALYSIS WITH FINITE WIDTH CORRECTIONS. 
D POLE POSITIONS FROM ALMOST MODEL-INDEPENDENT PARAMETRIZATION 

M C FROM COUPLED CHANNEL FIT TO HYAMG 73 AND PROTOPOPESCU 73 DATA. 
C WITH A SIMULTANEOUS FIT T0 THE PI Pl PHASE-SHIFTS, 
C INELASTICITY AND TO THE KS KS INVARIANT MASS. 

M E FROM COUPLED CHANNEL ANALYSIS OF Pl N --> P/ DIN OR R KBAR N DATA 
M E FROM BRAYER 73 AND COHEN 80 

F SIMILAR TO (E), BUT OMIT Pl N ~-> PI PIN MOMENTS, AND INCLUDE 
F K- P - - >  P1* P l -  Y DATA 
R INCLUDED IN ABUILRR 78 FIT 
G ETKINI 82 QUOTES ERRORS +9/-39 MEV. WE USE +-39 MEV IN THE AVERAGE. 

WEIGHTED AVERAGE 
975.4  ~ 3.7 {ERROR S C A L E D  BY 1.4 ) 

-t- 

, ' ETKIN1 
GIDAL 
AGUILAB 
LEEPER 
BINNIE 

r 

9 8 0  9 4 0  

Real  p a r t  fo (975)  p o l e  p o s i t i o n  (MeV)  

X 2 

82 MPS 
B1 SMK2 0 1 
78 HBC 11 
77 ASPK ', 7 
73 CNTR 2 7 

5.6 
[ConflUence Level ffi 0 131) 

i 0 2 0  1 0 6 0  

Wl 
Wl 
WIA (5,) 
WI (5.) W1 ~ (16,) 

WIA (19,) (3.) FUJII 75 RVUE 
WIAD (19,0) (6.0") SOHAC]K 80 RVUE 
WI E (8,) IRVING 81RVUE 
WI P (24,) IRVING 81RVUE 

We 24, 7. BINNIE 73 CNTR 
W2 15,0 4. 0 LEEPER 77 ASPK 
W2 C SO, 40. AGUILAR 78 HGC 
W2 (7.) MARTIN 79 RVUE 
W2 14.0 5.0 6IDAL 81SMK2 
W2 60.0 141.0 10.0 ETKINI 82 MPG 
w2 
W2 AVG 16,4 2.8 AVERAGE 

/ '0(975) W I D T H  O R  I M A G  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  
(MEV) 

~ OLE POSITION DETERMINATIONS (CORRESPONDS TO HALF-WIDTH,NOT FULL WIDTH) 
127.) . . . . . . . .  oH,, .... , .... 

EGTABROOK 73 ASPK ~ PI-P,PI+PI-N 
GRAYER 73 AGPK PI-P,PI+PI-N 

(15,) (5.) HYAMS 78 AGPK 17 PT-P,N PI+Pl- 
17 PI-P,PI+PI-N 

PI- P,MM N 
2-2.4 PI-P 
.7 PEAR P, KS KS 

J/PSI DECAY 
23 PI-P,2KOS N 

M3 FULL WIDTH DETERMINATIONS (FROM IMAG PART OF MASS MATRIX EIGENVALUE) 
W3 S 70 TO 300 ACHASOV 80 RVUE 
W3 0 (400.) APPROX. TORNQVIST 82 RVUE 

A FROM SINGLE CHANNEL FIT TO EYAMS 73 DATA. 
O COUPLED CHANNPL ANALYSIS WITH FINITE WIDTH CORRECTIONS. 

W C FROM COUPLED CHANNEL FIT TO HYAM$ 73 AND PROTOPOHESCU 73 DATA. 
C WITH A SIMULTANEOUS FIT TO THE PI Pl PHASE-SHIFTS, 
C INELASTICITY AND TO THE KS KS INVARIANT MASS. 

W D POLE POSITIONS FROM ALMOST MODEL-INDEPENDENT PARAMETRIZATIDN 
W E FROM COUPLED CHANNEL ANALYSIS OF PTN --> P/ PIN OR K KBAR N DATA 
W E FROM BRAYER 78 AND COHEN 80 

F SIMILAR TO (E), BUT OMIT P/ N - ->  O/ P/ N MOMENTS, AND INCLUDE 
F K- P --> PI+ PI- Y DATA 

W R INCLUDED IN ABUTLAR 7B ~IT 

/ '0(975) P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

PI fo(975) ~ K~"  498. 498 
p2 fo(975) ~ 71" 71" IAO+ 140 

P3 fe(975) ~ ~ ~ 549+ 549 

fD(975) B R A N C H I N G  R A T I O S  

/'D(975) ~ (Tr 7r) / to ta l  (P2) 
RI (0.71) HYAMS 75 NSPK 17.2 PI-P,PI÷PI- 
RI 0.78 D.03 WETZEL 76 OSPK 8.9 PI-P,KS KS N 
RI 0.81 0.09 0.04 GABON 78 GTRC 7. PI- P,KS KS N 
RI 0.67 0.09 LOVERRE 80 HSC 4. HI- P,K K N 
RI . . . . . . . . .  
R1 AVG 0.776 0 .026  AVERAGE 

R E F E R E N C E S  F O R  /'0(975) 

WANG 61JETP 13 328 

BIGI 62 CERN CONF 247 
BINGHAM 62 CERN DONF 240 
ERWIN 62 PRL 9 34 

BALTAY 64 DUSNA CONF 1 409 
BARMIN 64 DUBNA DONF I 433 

CRENNELL 66 PRL 16 1025 
HESS 66 PRL 17 1109 

BARLOW 67 NC 30A 701 
SEUSCH 67 PL 25 B 357 
DAHL 67 PR 163 1377 

ALITTI 68 PRL 21 1705 
LAI 68 PHILAD.CONF.P,303 
PHELAN 68 THESIS 

ALSO 68 PRL 21 316 

AGUILAR- 69 PL 29 B 241 
ALSO 69 NP B 14 193 

HOANG 69 NC 61A 325 
HOANG 69 PR 184 1363 

BADIER 70 NP B 22 512 
BATON 70 PL 33 B 528 
BEUGCH 70 PHILA.CONF.P.185 
HYAMS 70 PHILA.CONF.P.41 

ALSO 70 NP B 22 189 
OH 70 PRD 1 2494 

ALSTON-G 71 PL 36 B 152 

BASDEVAN 72 PL 941AB1178 
DAMERI 72 NO 
DUBOO 72 NP R 46 420 
FLATTE 72 PL 88 B 232 
GRAYER 72 PHIL.CONF.PROC. 5 
WILLIAMS 72 PRD 6 3178 

SINNIE 73 PRL 31 1534 
DIAMOND 73 PR 0 7 1977 
EGTASROO 73 TALLAHASSEE 
FUJI/ 73 NE 13 A 311 
BRAYER 73 TALLAHASSEE 
HYANS 73 NP B 64 154 
ODHS 73 THESIS 
PROTOPOP 73 PRD 7 1280 

GRAYER 74 Np B 75 189 
GRAYER 74 NP B 76 375 
MORGAN 74 PL 518 71 

FUJI/ 73 NP B85 179 
HYAMS 73 NP B 100 205 
MORGAN 75 ARGONNE CONF. 45 
PAWLIDKI 75 PR D12 631 

BRANDEB 76 NP B 104 413 
BUTTRAM 76 PRD 13 1138 
CERRADA 76 PL 62 B 353 
FLATTE 76 PL 63 B 228 
WETEEL 76 NP S 115 208 
WILKINS 76 9R D 13 1831 

FROGATT 77 Np B 129 89 
LEEPER 77 PRD 16 2034 
MARTIN 77 NP B 121 514 
PAWLICKI 77 PRD 15 3196 

AGUILAR 78 NP B 140 73 
BALAND 78 NP B 140 220 
CAGON 78 PRL 41 271 

WANG TSU-TSENG,VEKSLER,VRANA,÷ (JINRI 

BIBI,S SRANDT, R CARRARA + (CEHN) 
H BINGHAM,M BLOCH + (EPOL+CERN) 

ERWIN,HOYER,MARCH,WALKER,WANSLER (WISCtBNL) 

BALTAY,LACH,CRENNELL,OREN,STUMP +(YALE÷BNL) 
BARMIN,DOLGOLENKO,YEROFEEV,KRESTNI+ (ITEP) 

CRENNELL,KALBFLEISCH,LAI,SCARR,SCHU÷ (BNL) 
+DAHL+HARDY+KIRZ÷MILLEH (LRL) 

+LILLESTOL+MONTANET+ (CERN+CDEF÷IRAD+LIVP) 
+FISCHER,SOBBI,ASTBURY+ (ETH+GERN) 
+HARDY+HESS*KIRZ+MILLER (LRL) 

*BARNES,CRENNELL,FLAMINIO,GOLDGERG,+ (BNL) 
KWAN WU LAI (BNL) 
JAMES J. PHELAN (ANL+ST.LOUIS UNIV) 
HOANG,EARTLY,PHELAN,ROBERTS+(ANL+CHIC÷NDAM) 

M.AGUILAR-BENITEZ,J.BARLOW,+ (CERN+ODEFI 
M.ABUILAR-SENITEZ,J.BARLOW,+ (CERN+CDEF) 
T.F.HOANG (ANL) 
+EARTLY,PRELAN,RDBERTS,* (ANL*ILLC) 

+BONNET,DREVILLON,BAUBILLIEH,+ (EPOL+IPNP) 
*LAURENG,REIGNIER (SACLAYI 
W.BEUSCH (ETH÷CERN) 
÷KOEH,BEUSDE,+ (EERN+MPIM÷ETH*LOIC+HAWA) 
HYAMS,KOCH,POTTER,VON LINDERN,* (CERN+MPIM) 
+GARFTNKEL,MORSE,WALKER,PRENTIEE(WISO+TNTO) 

ALSTON-GARNJOST,BARBARO-GALTIERI,* (LBL) 

BASDEVANT,FROGGATT,PETERSEN (CERN) 
+BORZATTA,GOUSSU,+ (GENO~MILA+SACL) 
+GOLDBERG,MAKOWSKI,DONALD,+ (LPNP+LIVP) 
+ALGTON-BARNJOST,BAREARO-GALTIERI,* (LBL) 
÷HYAMS,JONES,SCHLEIN,BLUM,DIETL~ICERN÷MPIM) 
P.K.WILLIAMG (FSU) 

+CARR,DEBENHAM,DUANE,GARBUTT,+ (LOIC+SHMP) 
+BINKLEY,+ (WIBC+DUKE+COLO+TNTO÷OHIO) 
EGTABROOKS,MARTIN,GRAYER,HYAMS+ (CERN*MPIM) 
Y.FUJII,M.KATO (TOKYO) 
*HYAMS,JONES,BLUM,DIETL,KOCH~ (CERN+MPIM) 
÷JONES,WEILHAMMER,BLUM,DIETL,+ (CERN+MHIM) 
W.OCHS IMP/M) 
PROTOPOPESCU,GARNJOST,GALTIERI,FLATTE+(LBL) 

+HYAMS,JONES,BLUM,DIETL,KOCH+ (CERN÷MPIM) 
+HYAMS,JONEG,BLUM,DIETL (CERN*MPIM) 
D.MORGAN (RHEL) 

Y.FUJII,M.FUKUGITA (TORY) 
+JONES,WEILHAMMER,BLUM,DIETL+ (CERN÷MPIM) 
D. MORGAN (RHEL) 
÷AYREG,DIEBOLD,GREENE,KRAMER,WICKLUND (ANL) 

+EARNEGIE,CASHMORE,DAVIER,LASINGKI,+ (SLAC) 
+CRAWLEY,DUKE,LAMB,LEEPER,PETERSON (ISU) 
+GONZALEZ-ARROYO,RUBIO,YNDURAIN ICERN+MADR) 
S.M.FLATTE (CERN) 
+~REUDENREICH,BEUSCH,* (ETH+CERN+LOIC) 
+ALBRIGHT,S+V HAGOPIAN,LANNUTTI (FEB] 

+PETERSEN (GLASGOW*COPENHAGEN) 
+BUTTRAM,DRAWLEY,DUKE,LAMB,PETERSON (ISU) 
+OZMUTLU,GQUIRES (DURHAM) 
+NYREG,COHEN,DTEBOLD,KRAMER,WICKLUND (ANL)I J 

~CERRADA,+ (MADRIG+BOMBAY+OERN÷PARIS) 
eGRARD,JOHNSON,+ (MONG+SELG÷CERN+LOTC÷LALO) 
+BAUMSAUGH,BISHOP,BISWAG,KENNEY,+(NDAM+ANL) 



For notation, see key on page 91. 

ACHASOV 79 PL 88 B 367 
APEL 79 NP 160 42 
BECKER 79 NP 151 46 
COROEN 79 NP 157 250 
ESTABRO0 79 PR 19 2678 
GREENHUT 79 PR 20 2326 
MARTIN 79 NR 158 520 
POLYCHRO 79 PR 19 1317 

ACHABOV 80 BJNP 32 568 
BOHACIK 80 PRO 21 1342 
COHEN 80 PR D 22 2595 
LOVERRE BO ZPHY C 6 107 
WICKLUND 00 PRL 45 1469 

ACHABOV 81 PL 102 B 196 
AGUILAR 81 ZPHY C 10 299 
GIDAL 81 PL 107 B 153 
IRVING 81 ZPHY C 10 45 
ROUSSARI 81 PL 105 B 304 

BARBER 82 ZPHY C 12 1 
ETKINI 82 PR D 25 1786 
ETKIN2 82 PRO 25 2446 
TORNGVIB 02 PAL 49 624 

MENNEBSI 83 ZPRY C 16 241 

÷OEVYANIN,SHESTAKOV (NOVO) 
+AUSLANDER,MULLER,REHAK~ (KARL+PISA) 
+BLANAR,BLUM,OERRADA÷ (MPIM+CERN*ZEEM÷CRAC) 
+DOWELL,GARVEY,JOBGS,~(BIRM*RHEL+TELA÷LOWE) JR 
P.ESTABROOKS (CARL) 
+INTEMANN (GGTOI 
÷OZMUTLU (DURHII,JR 
POLYCHRONAKOS,CASON,BISHOP~ (NDAM+ANL) 

+DEVYANIN,BHESTAKOV (NOVO) 
J.BOHACIK,M.KUHNELT (BRATISLAVA+WIENI 
+AYRES,DIEBOLD,KRAMER,PAWLIEKI+ (ANLII,JP 
+ARMENTEROB,DIONIBI+ (CERN*COEF÷MAOR÷GTOH)I,JP 
eAYRES,CDHEN,OIEBOLD,PAWLICKI (ANL) 

+DBVYANIN,SHESTAKOV (NOVO) 
AGUILAR-BENITEZ,OONE,MARTIN (MADR+DURR) 
~GOLOHABER,GUY,MILLIKAN,ABRAMS,+ (SLAC+LBL) 
÷MARTIN,DONE (LIVP÷DURH) 
ROUSSARIB,BURKE,ABRAMS,ALAM,~ (SLAC÷LBL) 

+OAINTON,BRODBEGK,BROOKES,+(DARE+LANC÷SHEF) 
• FOLEY,LAI,LINDENBAUM÷ (BNL÷CUNY+TUFT+VANB) 
+FOLEY,LAI,LINDENBAUM+ (BNL÷CUNY÷TUFT÷VAND) 
N.A.TORNQVIBT (HELB) 

G.MENNEBBIER (MONP) 

I a0(980 ,-<o~+> 
was 6(980) ] z~(s~c)= 

OUR LATEST MINIREVIEW ON THIS PARTICLE 
CAN BE FOUND IN THE 19B4 EOITIBN. 

ao(980)  M A S S  

ETA PI FINAL STATE ONLY. 
10 (960.) APPROL 
BO (975.0) 
15 (980.0) (10.8) 

M 21 (948.0) (7.0) 
M 

30 980,0 10 .0  
20 970.0 10 .0  

M 980. 10. 
M 150 972. 10. 
M C 70 989.0 10.0 

80977.0981° I!:~ 
M 47 980. . 

50 978,0 18.0 
R 145 990.0 7.0 

M R 500 986. 3. 
976. 6. 

M ~EVIEW ARTICLES 
(982.) 
(9?0.) 

AVG "9 i 2 : 6 ' ' "  i . 9  " AVERAGE 

(MeV) 

CHUNG B 68 HBC - 3.2 PI~P 
DE;OIX 68 HBC 1.2 PB P,ETA PI 
MILLER 69 HOE - 4 ,5  K-N,ETA PE 
BARDADIN 71 HBC +~ 8 PI*P,P FI PI 

AMMAR 6B HBC +- ,5.5K-,ETA PI 
BARNES 69 HBC - 4-5 K-P,PI-ETA 
CAMPBELL 69 DBC +- 2,7 PI+ D 
OEFOIX 72 HBE + -  0 . 7  PBAR P ,7  Pl 
WELLS 75 HBE - 3.1-6 K-PIETA PI 
GAY 76 HBC - 4.2 K-P,ETA PI 
GRASSLER 77 HBC 16 PI -+P ,ETA  PI 
CONFOATO 78 OGPK - 4.5 PI -P ,P  X- 
OOROEN 78 OMEG 12-15PI~P,ETA PI 
EURTU 79 HBC 4.2 K-  P,ETA PI 
EVANGELIS 810MEG 12 PI -P ,ETA3P IP  
ATKINSON 84 OMEG +- 25-55GAM P,ETAPI l 

ACHASOVI 80 RVUE 
TORNQVIST 82 RVUE 

C SYSTEMATIC ERROR 6 MEV DUE TO ENERGY CALIBRATION ADDED 
B R COUPLED CHANNEL ANALYSIS WITH FIRFTE WIOT~ CORRECTIONS. 

M FROM FI(1285) DECAY 

K KBAR ONLY, BEE THE TYPED NOTE ABOVE 
143(I005.5) 7.0+SYSTEMATIC ROBENFELD 65 RVUE +- 

M A I00{1016.) ( I0.)  ASTIER 67 HBC ÷- 8 gBBN P 
M 316 976. 6. DE BILLY 80 HBC 1.2-2 PB P,O OMB 

H A ABTIER 67 INCLUDES DATA OF BARLOW 67,CONFORTO 67,ARMENTEROB 65. 

a0(980)  W I D T H  ( M e V )  

ETA P~ FINAL STATE ONLY 
0 (25.0) 

20 (50.0) OR LESS 
150 (30.) (5.) 

W 70 (16.0) (25.0I 

50 80 .0  30,0 
40.  15. 

w 15 60 .0  30 .0  
W 21 31.0 28.0 

N 55.0 15.0 
44 ,0  22 .0  

47 60. 50. 
50 86.0 80.0 

W 145 60.0 20 .0  
W R 500 62. 15. 

REVIEW ARTICLES 
W F 80 TO 300 
; ~ 103 TO 2~  . . . . .  

(500.) 

DEFOFX 68 HBC +- 1.2 PB P,ETA PI 
BARNES 69 HBC 4-5 K-P,PI-ETA 
DEFOIX 72 HBC 0.7 PBAR P,7 PI 

( 16 .0 )  WELLS 75 HBC - 3 . 1 -6  K~P,ETA PF 

AMMAR 6B ROE ÷-  ,5.5K-,ETA Pl 
CAMPBELL 69 DBC 2m7 P[+ D 
MILLER 69 HBC - 415 K-N,ETA PI 
BABOADFN 71HBC 8 PI÷P ,P  FI PI 
GAY 76 HBC - 4.2 K-P ETA PI 
GRAGSLER 77 HBO 16 PI -+P ,ETA  Pl 

30.  CONFORTO 78 OSPK - 4 . 5  P I -P ,P  X-  
50.0 CORDEN 78 OMEG ~2-15PI-P,ETA PI 

BUATU 79 HBC 4.2 K- P,ETA PI 
EVANGELIB 81 OMEG 12 PI-P,ETA3PIP 

FLATTE 76 RVUE - 4.2 K-P,BTA Pl 
ACHASOV1 80 RVUE 
TORNQVIST BZ RVUE 

W 
W AVG 53.7 6.7 AVERAGE 

B COUPLED CHANNEL ANALYSIS WITH FINITE WIDTH CORRECTIONS. 
F USING A TWO CHANNEL RESONANCE PARAMETRIZATION OF GAY 76 DATA. 

W N THE BRROR IN THE PAPER IS WRONGLY QUOTED AT ONE POINT 
W R FROM FI(1285I DECAY 

K KBAR ONLY, BEE THE TYPED NOTE ABOVE 
143 (57,0) 13.0+SYSTEMATIC ROBENFELD 65 RVUE + -  

A 100 (25.) APPROX. ABTIER 67 HBD BEE NOTE A ABOVE 
M (120.) APPROX. MORGAN 75 RVUE 1.2 PBAR P 

A M ASTIER 67 INCLUDES DATA OF BARLOW 67,CONFORTO 67,ARMENTEROG 85. 
FROM COUPLED CHANNEL FIT TO DUBOC 72 DATA 
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Meson Full Listings 
fo(975), ao(980) 

ao(980) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

P1 aD(980 ) ~ ~ ' n  549+ 13S 
P2 80(980 ) ~ p 7F 769+ 135 
P3 80(980) ~ K K  498. 498 

P4 80(980) ~ r ~' IAo+ 95B 

aB(980 ) B R A N C H I N G  R A T I O S  

aD(980) ~ (p ~)I(~ r )  (Pz)l(pl) 
RI (0.25) OR LESS EL=.70 AMMAR 70 HBC +- 4.1,5.RE-,ETA PI 

ao(950 ) ~ (KK)/(~Tr) (P3)/(Pll 
R2 L (0.25) (0.08) DEFOIX 72 HBC ÷- 0.7 PBAR P 
R2 SEEN SAY 76 HBC 4.2 K-P ETA PI 
R2 L (0.7) (0.3I BORDEN 78 OMEG 12-15PI-P 
R2 B (O.75)T0 4.2 ACHASOVI 80 RVUE 
R2 B COUPLED CHANNEL ANALYSIS WITH FINITE WIDTH CORRECTIONS. 
R2 L FROM THE DECAY OF FI(1285). 

TURKOT 65 

ARMENTER 65 
BARABH 65 
KIENZLE 65 
ROBENFSL 65 

ALLEN O 66 
BALTAY 66 
FOCACCI 66 
OOSTENS 66 

ALLISON 67 
ASTIER 67 

ABTIER 67 
BAILLON 67 
BANNER 1 67 
BANNER 2 67 
BARLOW 67 
CONFORTO 67 

AMMAR 88 
CHUMS S 68 
DEFOIX 68 
SALTIERI 60 
JUHALA 8E 
SABRE CO 68 

BARNES 69 
CAMPBELL B9 
CRENNELL 69 
JUHALA 69 
KRUBE 69 
LIPKIN 69 
MILLER 69 

ALSO 69 
SCHROEOE 69 

ABOLING 70 
AMMAR 70 
COOPER 70 
YIOU 70 

ANDERSON 71 
BARDADIN 71 

BINNIE 72 
CHESHIRE 72 
DEFOIX 72 
OUBOC 72 
HOLLOWAY 72 

ATHERTON 73 

BINNIE 74 
KALBFLEF 74 
MORGAN 74 

BUTTRAM 75 
MORGAN 75 
WELLS 75 

GAY 76 
~LATTE 76 

GRABBLEA 77 
IRVING 77 
MARTIN 77 
MAY 77 

EONFORTO 78 
CORDEN 78 
MARTIN 78 

AEHABOV 79 
EBTABRO0 79 
GURTU 79 
MARTIN 79 

ACRASOVI 80 
AOHABOV2 80 
BRAMON 80 
DE BILLY 80 

EVANGELI 81NP B 178 197 

AOHASOV 82 TP-20-130 
BIONERST 82 ZPHY C 16 171 
TORNQVIS 82 PRL 49 624 

BRAMON 03 PL 120 B 240 

R E F E R E N C E S  FOR ao(980) 

SIENA CONF 1 661 +COLL INS ,FUJ I I ,EEHP*  (BNL*PITTBSURGH) 

PL 17 344 ARMENTEROB,EDWARDB, JACOBSEN + (CERN÷COEF) 
PR 139 B 1659 +FRANZINI,KIRSCH,MILLER,STEINBERGER+ (COLU) 
PL 19 438 * MAGLIC,LEVRAT,LEFEBVRES + (CBRN) 
OXFORD CONF 58 A H ROSENFELD (LRL--RVUE) 

PL 2P 543 +GP FIBHER,G GODOEN,L MARSHALL,GEARS (COLOIG=+ 
PR 142 B 932 +LADH,SANOWEISS,TAFT,YEH,STONERILL+ (YALE) 
PRL 17 890 ÷ EIENZLE,LEVRAT,MAGLIC,MARTIN (CERN) 
PL 22 70B +CRAVANON,CROZON,TOCQUEVILLE (EACLAY,CDEF)I=I 

PL 25B 819 +CRUZ+ (OXF+MPIM+BIRM+RHEL÷GLAB+LOIC) 
PL 25 B 294 eMONTANET,BAUBILLIER,DUBDC+(CDEF+CERN+IRAD) 
INCLUDES DATA OF BARLOW 67,CONFORTO 67,ARMENTEROS 65. 
NC 50A 393 +EOWARDS+D~ANDLAU~ASTIER~ (CERN+CDEF÷IRAD) 
PL 25 B 300 +FAYOUX,HAMEL,ZBEMBERY,CEEZE+ (SACLAY÷CAEN) 
PL 25 B 569 +CHEZE,HAMEL,MAREL,TEIGER÷ (CDEF+SACL) 
NE 50 A 70~ *MONTANET,D-ANDLAU+ (CEAN+CDEF÷IRAD+LIVP) 
NP B3 469 CONFORTO,MARECHAL+ (CERN+CDEF+IPNP+LIVP) 

PRL 21 1832 +DAVIS,KROPAC,DERRICK,FIELDS,~ (NWEB+ANL) 
PR 155 1491 +O.DAHL, J. KIRZ, D.H.MILLER (LRL) 
PL 28 B 255 *RIVET,BIAUD,CONFORTO~ (CDEF+IPNP+CERN) 
PRL 20 349 BBRBARO-GALTIERI,MATIBON,RITTENBERG+ (LRL) 
PL 27 B 257 +LEACOCK,RHODEcKOPELMAN,LIBBY÷ (IOWA+COLD) 
PL 26 B 674 BARLOUTAUO+ (GACL*AMST+BGNA+REHO+EPOLI 

PRL 23 610 +CHUNB,EIENER,BABSANO,GOLDBERG+ (BNL+SYRA) 
PRL 22 1204 J.H.OAMPBELL,LICHTMAN,LOEFFLER,÷ (PURDUE) 
PRL 22 1398 ~KARBHON,KWAN WU LAI,+ (BNL÷NYU) 
PR 184 1461 +LEACOCX,RHODE,KOPELMAM,LIBBY,+ (ISU+OOLO) 
PR 177 1951 KRUSE,LOOE,GOLDWAGSER (ILLINOIS) 
PRL 22 212 +MEBHKOV (REHO÷NBS) Jp 
PL 29 B 255 D.H.MILLER,B.L.KRAMER,D.D.CARMDNY,+(PURDUE) 
RR 188 2011 YEN,AMMANN,CARNONY,ELBNBR,+ (PURDUE) 
PR 188 2081 SCHROEDER,KERNAN,FIBHER,LIBBY,+ (ISU+COLOI 

PRL 25 469 +GRAVEN,MOCARTHY,G.SMITH,L.BMITH÷ (LRL+UCD) 
PR D 2 430 +KROPAC,DAVIS,DERRICK,+(KANS+NWES+ANL+WISO) 
NP B 23 605 +HANNERrMUSGRAVG,POLLARO,VOYVODIC (ANL) 
THESIS, A 646 TCHIU-PUNG YIOU (ORSAY) 

PRL 26 I00 +DIXIT,+ (EHIC÷ANL÷CARL+LASL+CNRC+NAGOYA) 
PR 04 2711  BARDADIN-OTWINOWSKA,HOFMOKL,MICHEJDA~(WARS) 

PL 39 B 275 +CAMILLERI,DUANE,GARBUTT,BURTON+(LOIC+SEMP) 
PRL 28 520 +HOFFMAN,GARFINKEL~÷ (IOWA+ANL÷PURD) 
NP B 44 125 ÷NAGCIMBNTO,BIZZARRI,+ (CDEF+CERN) 
NP B A6 429 +GOLDBERG,MAKOWBK(,DONALD,+ (LPNP~LIVP) 
PHIL.GONF.PROC.133÷HULD,KOETZ,KRUBEIBEANSTEIN,+ (ILL+ILLC) 

PL 43 B 249 +FAANEK,FRENCH,GHIDINI,HILPERT,÷ (CERN) 

PRL 32 392 +CAMILLERI,CARR,DEBENHAM,+ (LOIC~SHMP) 
NP B69 279 KALBELEIBCH,VANDERBURG,e (BNL+RUTG+IND) 
PL 51B 71 O.MORGAN (RHEL) 

PRL 55 970 +CBAWLEY,DUKE,LAMB,LEEPER,PETERBON (ISUI 
ARGONNE CONF. 45 D.MORGAN (REEL) 
NP B 101 333 ÷RAOOJICIC,ROSCOG,LYONB (OXP) 

PL 63 B 220 +GHALOUPEA,BLOKZIJL,HEINEN+(CERN÷AMST÷NIJM) JP 
PL 63 B 224 S.M.FLATTE (CERN) 

NP B 121 109 + (AACH+BERLeBONN+CERN÷CRAC+HEID+WARG) 
PL 70 B 217 A.C.IRVINB (LIVERPOOL) 
NP B 121 514 +OZMUTLU,SQUIRES (DURHAM) 
PR D 16 1983 ÷ABRAMSON,ANDREWS,BUBNELLO,~ (ROCH+CORN) 

LNC 23 419 B÷G CONFORTO,KEY+(RHEL+TNTO+CHIC~FNAL÷WISC) 
NP B 144 255 ÷CORBETT,ALEXANOER,+ (BIRM+RHEL*TRLA+LOWC) 
ANP 114 1 A.D.MARTIN,M.R,PENNINGTON (CERN) 

PL 88 B 367 +DEVYANIN,RHESTAKOV (NOVO) 
PR D 19 2678 P.ESTABROOKS (CARL) 
NR B 151 181 +GAVILLET,BLOKZIJL,+ (CERN÷ZEEM÷NIJH+OXF) 
NP B 158 520 ÷OZMUTLU (DURH) 

S~N~ 32 568 ÷DEVYANIM,SHESTAKOV (NOVO) 
PL 96 B 168. ~DEVYANIN,SHESTAKOV (NOVO) 
PL 93 B 65 +MANGO (BARD) 
NP B 176 I +BRIANO,DUBOC,LEVY~ (CURI+LAUS+NEUC÷GLAS) 

EVANGELISTA+(BARI+BONN+CERN+DARE+LIVP÷MILA) 

+DEVYANIN,BHESTAKOV (NOVO) 
BICKERBTAFF,MOKELLAR (MELB) 
N.A.TORNQVIST (HELS) 

÷MABBO (BARD) 
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4TKINGON 84 PL 138 B 459 ATKINSON÷ (BONN+CERN+GLAS÷LANC+MCHS*LPNP+) 
BITUKOV 84 PL 144 B 133 ÷OOROFEEV,DZHELYADIN,GOLOVKIN,KULIK,+(SERP) 

@(1020) M A S S  (MeV) 

WE ONLY AVERAGE MASS AND WIDTH VALUES WHEN TKE 
SYSTEMATIC ERRORS HAVE BEEN EVALUATED. 

M 410 101910 0.3 STOTTLEMY 71 HBC 2.9 K~P,Y K KBAR 
M D 120 I019.6 0.5 AGUILRR 72 HBE 3.9,4.8 K- P 

D 100 1019.9 0.5 AGUILAR 72 HOE 3.9,4.8 K- P 
131 I020.4 0.5 COLLEY 72 BBC IO.K+ P,K+ P PHI 
100 102018 0.4 BALLAM 73 HBC 2m8 -- 9.3 G P 

1019.4 0.7 BINNIE 73 CNTK PI-P,PHI N 
M AK 500(1019.5) (0.6) AYRES 74 ASPK 3-CPI/K-P,K+K- 

984 1019.4 0.8 BESCH 74 CNTK 2 GAMMA P,PK÷K- 
AR 170(1020.38 (0.4) DE OROOT 74 HBC 4.2 K-P,L K+K- 

M 454 I019.7 Om5 KALBFLEIS 7G HBC 2.18 K-P,K KBAN 
A81800(I019.78 (0.2) AKERLOF 77 SPEE 400 P+A,K÷K~ 
AR 905(I020.4I (0.3) BALDI 77 ENTR 10 K-P,K-PBI P 

M A 38311020.08 (1.08 BALDI 77 ENTR 10 PI-P,PI-PHI P 
482504(I020.08 (0.2) BALDI 77 CNTR I0 K+P,K+PH[ P 
AK 721(I022.08 (1.0) BALDI 77 CNTN 10 P PiP PHI P 

800 1018.9 0.6 COHEN 77 ASPK 6 Pl- PN,K+K-PN 
1019.52 0.13 BUKIN I 78 OLYA E+E- COLL.BEAMS 

M 337 1019.4 0.5 COOPER 78 BSC m7--.8 PB P,KS KO 
1100 I019.54 0.12 BARKOV 79 EMUL E+E- COLLmBEAMS 

R 6730(I019.78 (0.18 DAUM 81 SPEC P BE,K~ K- X 
M C 766 I019,8 0.5 IVSNOV 810LYA I-1.4 E÷E-,K÷K- 
M 1500 1019.3 0.1 ARENTON 82 AEMS 11.8 POL.P P,KK 

25080 1019.87 0,17 PELLINE~ 82 RRUE 
A (1021.0) (0.2) ARMSTRONG 83 OMEG 18.5 K-P,K-K~LRM 
4 (1020,08 (Om5) ARMSTRONg 83 OME6 18.5 K-P,K-K+LAM 
A (1019.7) (0.3) BKRRTE 83 GOLf 190 PI-BE,2MU 

M C 5079 1019.7 0.1& ALBRECHT 85 ARO E+E-,HADRONS 

AVE I019,541 0.062 AVEKAGE (EKKOR INCLUDES SCALE FACTOR OF 1.2) 
(SEE IDEOGRAM BELOW) 

R SYSTEMATIC ERRORS NOT EVALUATED. 
E SYSTEMATIC ESRDR ADDED QUADRATICALLY BY US. 
D MASS ERRORS ENLARGED BY US TO WIDTH/SQRT(NI,SEE K* TYPED NOTE 
R INCLUDED IN PELLINEN 82 RVUE 

WEIGHTED AVERAGE 
1019.541 = 0.062 (ERROR SCALED BY 12 ) 

÷ 

1019 1019 

¢ m a s s  (MeV)  

2 
X 

. . . . . .  ALBRECHT 85 AftG 13 
PELLINEN 82 EVUE 0 6 
ARENTON 82 AEMB 5 S 
[VANOV 81 OLYA 0 3 
BARNOV 79 EMUL O0 

o i  COQPER 7B HBC 
BUK,N I 75 OLYA 0 0 

I COHEN 77 ASPK ", 
EALBFLEIS 76 HE~C 0 1 
BESCH 74 CNTR 

- I , " "  BINNIE 73 CNTR 
' BALLAM 73 HBC 3 6 

 i 
OOLLE¥ , HBC BO 
AGUILAR 72 HBC 0 5 
AGUILAH 72 HBC 0 0 
STOT~LEMY 71 HBC 1,~ 

178 
(Conf dence Level = 0.1658 

i 

1020 1021 1022 

@(1020) W I D T H  (MeV) 

WE ONLY AVERAGE MASS AND WISTH VALUES WHEN THE 
SYSTEMATIC EROKRS HAVE BEEN EVALUATED. 

W D 150 4.2 1.4 AUGUSTIN 89 OOPK E* E- COLLmBEAMS 
W 4.09 0.29 BIZOT 70 OGPK E÷ E- COLL,BEAMS 
W D 681 4.67 0.72 BALAKIN 71 OSPK E÷ E- COLL.BEAM 
W D 120 4.6 1.7 AGUILAR 72 HSC 3.9,4.6 K- P 
W D 100 4.7 1.9 AGUILAK 72 HOE 3.9~4.6 K~ P 
W D 131 5.0 1.8 SOLLEY 72 HSC tO.K+ P,K* P PHI 
W O 454 3.8 8.7 BORENSTEI 72 HSC 2,18 K-P,K KSAK 
W D 100 3.8 1.5 BALLAM 73 HSG 2.8 - 9.3 G P 
W 4.5 1.1 BINNIE 73 CNTR PI-P,PGI N 

AD 500 (4.5) (0.8) AYRES 74 ASPK 3-SPI/K-P,K*K- 
D 984 414 0.6 BESCH 74 CNTR 2 GAMMA P,PK*K- 

W 3.81 0.37 COSME 2 ?40SPK E+E- COLL.BEAMS 
W AD 170 (4.2) (1.38 DE 6KOOT 74 HBC 4.2 K-P,L K+K- 

4 01300 4.5 0.50 AKERLOF 77 SPEC 400 P+A,K+K~ 
B 03681 4,36 0,29 BUKIN I 78 OLYA E÷E- COLL.BEAMS 

W D 337 3m6 O.B COOPER 78 HSC .7--.8 PB P,K~ KO 
w 01100 4.58 0.55 BARKOV 79 EMUL E~E- COAL.BEAMS 
W D 4.3 0,6 CORDIER 80 WIRE E+E-,PI+PI~PIO 
W D 766 4.2 0.6 IVANGV 810LYA I-1.4 E~E-,K+K- 
W 1500 4.5 0.7 ARENTON 82 AEMS 11.8 POL.P P,KK 
W ......... 
W AUG 4.22 0.13 AVERAGE 

B 4 SYSTEMATIC ERRORS NOT EVALUATED. 
NUMBER OF EVENTS INCLUDES A SMALL BACKGROUND CONTRIBUTION, 

W "D WIDTH ERRORS ENLARGED BY US TO 4*WIDTH/SORT(N), SEE K* TYPED NOTE 

@(1020) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

pl C~ ~ K + K  - 494~ 494 

PZ 0 O 

",,~O(~IIC[UC~Ilg p i T )  140+ 140. 135 
K K S 498+ 698 

P8 (~ 71" 7r- 
pA (~ ~ ~ (  549+ 0 

P5 (~ ~ e + e  - .511~.E11 

P6 @ ~ #+~- 108+ 106 

P7 ~ ~ ~TO'F 135~ 0 

P8 ~ ~ r r + ' x - ( V I O L A T E S  G) 140+ 140 

P9 ~ ~ ~+ 'A ' - -~ /  140~ 140+ 0 

DID ¢, ~ ~ "y (VIOLATES C) 783+ 0 

R11 ¢ ~ ~Tr°(VIOLATES C) 549+ 135 

P12 @ ~ p 'F(VIOLATES C) 769+ 0 

P13 (~ ~ ~ + r~eutrals 
P14 (~ ~ 5Tr 140, 140+ IGO+ q&o+ 

P15 ~ ~ ~ + T r - T r + r r - ( V I O L A T E S  G) 140. 140. 140¢ 140 

P16 (~ ~ p'R" 769+ 140 

_FITTED PARTIAL DECAY MODE BP--a.NCHING FR~.CTIONS 

The matrix below is derived from the ecror matrix for the filled partial decay mode 
branching fractions, PI, ~$ follows: The diagonal elements are Px-~PI, where 
~PI = ~ } ,  while the off-diagonal elements are the normalized correlatiorl coeffi- 
cients (~PI~PI)/(bPI'EPI). For the definitioras of the individual Pl, see the listings above; 
only those P, apPealing in the matrix are assumed in the fit to be nonzero and are 
thus constrained 1o add to I, 

P I P 2 P 3 P 4 ~ 4950~ 0132 
-,4802 .3434+-.0092 

p 3 - .8005 -, 1623 .1488,-.0137 
P 4 -.0118 -.0261 -,0111 .0128+-.0006 

@(1020) B R A N C H I N G  R A T I O S  

~ ( K  + K - ) / ( K  K + ",T + Tr-- ~r D) (P1)/(P1,PZ.P3) 
RI 252 0,48 0.04 LINDSEY 68 HBG 2.7 K-P 
81 0.540 0,034 BALAKIN 71 OSPK E+ E- COLL.BEAM 

D.406 0,044 CHATELUS 71 OSPK E4 E- CQLL.BEAMS K1 
RI 270 0.49 0,06 DE GROOT 74 RSC 4,2 K-P,L PHI 

KALBFLEIS 76 HBC 2.18 K-P RI 321 0.45 0,05 
81 ......... 
Kl AVG 0.497 0,019 AVERAGE 
RI FIT 0,501 0,015 FROM FIT (EKKOK INCLUDES SCALE FACTOR OF 1,98 

~ (KOL K o ) / ( K  K + lr + 7 r -  lr o) 02)/(Pl÷p2÷p3) 

, 2  167 0.40 0,04 LINDSEY 66 HBC 2.7 K-P 
RE 0.257 0.038 BALAKIN 71 OSPK E4 E- COLL.BEAMS 
K2 133 0.27 0.03 KALBFLEIS 76 HOE 2.18 K-P 
S2 0.310 0.024 DRUZHININ 8A CNTR E+E-,KL KS 
sg . . . . . . . . .  
K2 AVG 0.304 0 . 0 2 6  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.78 
R2 FIT 0.3479 0.0094 FKOM FIT (EKKOK INCLUDES SCALE FACTOR OF 1.3) 

(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
0.304 :L 0,026 (ERROR SCALED BY 1.7 ) 

0.15 0 . 2 5  0 , 3 5  0 . 4 5  0 , 5 5  

~ (K~K~)/{KK + ~T+~'~ °) 

@ ~ ( ~ + ~ - ? r K ( i n c l u d i n g p ~ ) ) / t o t a l  (P3) 
83 E 0.139 0.007 PARROOR2 76 OSPK E+E- COLL.BEAMS 
R3 E USING TOTAL WIDTS 4.1MEV. THE 3Pl MODE IS MORE THAN 80 PER CENT 
R3 E RHO PI AT THE 90 PER CENT C.L, 
83 ......... 
R3 FIT 0.149 0,014 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.3) 



For notation, see key on page 91. 

~ ( g ~  K~)/(K~;) 
R5 10 0.40 0.10 SCRLEIN 63 HBC 
R5 52 0.48 0.07 BADIER 65 HBC 
R5 0.44 0.07 LONDON 66 HBC 
R5 . . . . . . . . .  
RB AVG O.44G 0.044 AVERAGE 
R5 FIT 0.410 0.012 FROM FIT (ERROR INCLUDES 

¢ ~ (x+~-~O(includiagp~r))l(K~) 
R6 0.30 0.15 LONDON 66 HBC 
R6 0.237 0,039 CERRADA 77 OBC 
R8 ......... 
R6 AVG 0.241 0.038 AVERAGE 
R6 FIT 0.177 0.019 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.33 

~ Or + ' x -  7r°(includingp ~))I(K[ K~) (P3)/(P2) 
R7 0.47 0.06 COSME I 74 OSPK E+E- COLL.BEAMB 
07 0.56 0.13 BUKIN I 78 OLYA E+ E- COLL.BEAMS 
R7 ......... 
R7 AVO 0.486 0.054 AVERAGE 
R7 FIT 0.433 0.043 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.0) 

@ ~ (#+#- ) / to ta l  (units l0 4) IRa) 
RIO 2.34 1.01 MOY 69 CNTR PMOTOPROD. 
RIO 2.17 0.60 EARLEG 70 CNTR 6.0 BREMSSTR. 
RIO 2.89 0.46 HAYES 71 ENTR PHOTOPROD. 
RIO ......... 
RIO AVG 2.48 0.34 AVERAGE 

@ ~ (~ 7)/total iRA) 
R11R 54 0.015 0.004 COSME 7E OSPK E+E- COLL.BEAMG 
R11B (0.02430R LESS CL=0.95 CDSME 76 OSPK E+E~ COLL.BEAM5 
R11 0.0135 0.0029 ANDREWS 77 ENTR 6.7-10 GAMMA CU 
R11 29O 0.0088 0.0020 KURDADZE 85 OLYA E+E-,3 GAMMA 
RIIA 0,0130 0.0008 DRUZHININ 84 CRTR E+E-,3 GAMMA 
R11C 0.014 0.002 DRUZHININ 04 CNTR E÷E-,6 GAMMA 
R11 ......... 
R11 AVO 0.01282 0.00068 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.23 
011 FIT 0.01283 0.00057 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.13 

R11A FROM 2GAMMA DECAY MODE OF ETA 
R11B FROM PI÷RI-PIO DECAY MODE OF ETA 

(P2I/IPI+P2) 

2.0 K-P 
3 ,0  K-P 
2.2 K-P 

SCALE FACTOR OF 1.5) 

(p3)/(PI~R2) 

2.2 K~P 
4.2 K-P,LAM 3Pl 

R11C FROM 3PlO DECAY MODE OF ETA 

@ ~ ( ~ +  ~ -  V)/total @9) 
R12 (0.04) OR LESS LINDSEY 65 UBC 2.7 K-P 
R12 IO,00730R LESS CL=.90 COSME I 74 OSPK E÷E~ COLL.BEAMS 
R12 ( . 08 )  OR LESS CL=.90 NALBFLEI 75 HBC 2.2 K~ P,GAMMA + 

~ (~ ~)/total (PIO) 
R14 (0.053 OR LESS LINDBEY 66 HBC 2.7 (-P 

@ ~ (pT ) / t o t a l  <P123 
R15 (0.02) OR LESS LINDSEY 68 HBC 2.7 K-R 

@ ~ (e + e-)/total (units 10 4) IES) 
RIG 2m81 0m25 BALAKIN 710SPK E+ E~ COLL.BEAMS 
R16 5"50 0.27 CHATELUS 710SPK E+ E-- COLE.BEAMS 
R16 3"3 0"3 COSME I 74 OSRK E÷ E-- COLE.BEARS 
RIG E 3.10 0.14 RARROURI 76 OSPK E* E-- COLL.BEAMS 
R18 3,00 0.21 BUKIN I 7B OLYA E+ E-- COLL.BEAMS 
R16 ......... 
R16 AVG 3.107 0.096 AVERAGE 

B16 E USING TOTAL WIDTH 4.2 MEV. THEY DETECT 3PI MODE AND OBSERVE 
R16 E SIGNIFICANT INTERFERENCE WITH OMEGA TAIL. THIS IS ACCOUNTED FOR 
R16 E IN THE RESULT QUOTED ABOVE 

@ ~ (lro~)/total (units 10 3) (R7) 
R17 32 1.4 0.5 COSME 76 OSPK E+E- COLL. BEAMS 
R17 1.30 0,13 DRUZHININ 84 CNTR E+E-,3 GAMMA 
R17 . . . . . . . . .  
R17 AVB 1.31 0.13 AVERAGE 

@ ~ ( ~ +  ~-)/total  (units 10 -4) (P8) 
R18 (2.73 OR LESS CL=.95 ALVENSLE 72 OSPK GAMMA+C 
R18 (4.0) OR LESS CL=.95 JULLIAN 78 OSPK E+ E- COLL.BEAMS 
R18 (6.6) OR LESS CL=.95 BUKIN 2 78 OLYA E~ E- DOLL.BEAMS 
RIGA 1.94 1.03 0.81 VASSERMAN 810LYA E+ E- COLL.BEAMS 
RIGA USING PHI INTO (E~ E-I/TOTAL = 3.1 

~ (K~K~)/(K+K -) IPzI/(P1) 
R19 144 0.89 0.10 AGUILAR 72 HBC 3.9,4.6 K- P 
R19 125 (1.153 (0.153 COLLEY 72 HBC tO.K* P,K+ P PHI 

0.71 0.05 019 LAVEN 77 BBC 10 K-P,K~K-LAMBD 
019 0.71 O.OG LYONS 77 HBE 3-4 K-P,LAMB PHI 

0.70 0.05 BUKIN I 78 OLYA E+ E- DOLL.BEAMS 019 
019 0.82 0.08 LOSTY 78 HBC 4.2 K-P,PHI HYP 
019 . . . . . . . . .  
R19 AVG 0.736 0.030 AVERAGE 
R19 FIT 0.694 0.034 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.5) 

~ (-n'+Tr-~°(includingp ~))/(K+K -)  IP3I/(RI) 
R20 34 0.28 0.09 AGUILAR 72 HBC 3.9,4.6 K- P 
R20 ......... 
RGO FIT D.301 0.036 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.4) 

@ ~ (2~+2~-~o)/(K+K -)  (P14)/(P13 
R21 (0.023 OR LESS CL=0.95 AGUILAR 72 HBC 3.9,4.6 K- P 

@ ~ (Tr+~r-~r+~-- ) / to ta l  (units 10 -4) (P15) 
R22 (8m73 OR LESS CL=.go COROIER 79 WIRE E+ E-,4PI 

@ ~ (p ~)/(7c + ~r- ~o) IR1S) / IP3 )  
023 (0.8) OR MORE CL-.90 JULLIAN 76 OSPK E÷ E1 COLLBEAM 
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~(]020) 

REFERENCES FOR ~(1020) 

BERTANZA 62 PRL 9 18D BERTANZA,BRISSON,CONNOLLY,HART • (BNL÷BYRA) 

ARMENTER 65 SIENA CONF 2 70 ARMENTEROS,EDWARDS,ASTIER+ (CERN+CDEF) 
GELFAND 63 PRL 11 438 GELFAND,MILLER,NUSSBAUM,KIRSCU~ (COLU+RUTG) 
SEHLEIN 63 PRL I0 368 SCHLEIN,SLATER,SMITN,STORK,TICHO (UCLA) 

BADIER 65 PL 17 337 BADIER,DEMOULIN,BARLOUTAUD+ (SACL~AMST) 
BERLEY 65 PR 139 B 1097 D BERLEY,N GELFAND (BRL+COLUMBIB) 

A BARBARD GALTIERI,R D TRIPE (LRL) GALTIERI 65 PRL ~4 279 
LINDSEY 85 PRL 15 221 JAMES S LINDSEY,GERALD A SMITH (LRL) 

LINDSEY 85 DATA INCLUDED IN LINDSEY 86 BELOW 
MILLER 65 CU-237(NEVIS 1313 DAVID C MILLER (THESIS) (COLUMBIA) 

GRAY 86 PRL 17 501 
LINDBEY 66 RR 147 913 
LINOSEYI 66 PL 20 93 
LONDON 66 PR 143 1034 

ABRAMS 67 MD TECH RED 72D 
BARLOW 67 NC 50A 7DI 
CHASE 67 PRL 18 710 
DAHL 67 PR 163 1377 
HERTZBAC 67 PR 155 1461 
KHACHATU 67 PL 24B 3~9 

ABRAMS 68 DR 175 1697 
ASTVACAT 88 PL 27 B 45 

ALSO 67 PRL 19 869 
NECKER 68 PRL 21 1504 
BINNIE 68 PL 278 106 
BOLLINI 68 NC 58 A 1171 
MOSTEK 68 RRL 20 1057 
WEBMANN 60 PRL 20 748 

AUGUSTIN 5R PL 28 B 517 
MOY 69 THESIS 
SCOTTER 69 NC 62 A 1057 

+BAGERTY,BIZZARRI,CIARETTI + (SYRA+RDMA)JPG 
JAMES S LINDSEY, GERALD A SMITH (LRL) 
J.S.LINDSEY, G.B.SMITM (LRL) 
LDNDON,RAU,SAMIOS,GOLDBERG ~ (BNL+SYRACUSE) 

GERALD ABRAMS , THESIS (MARYLAND) 
÷LILLEBTOL+MONTANET+ (CERN+CDEF+IRAD÷LIVP) 
R.C.CHASE,P.ROTHWELL,R.WEINBTEIN (EEA÷NEAS) 
+HARDY~HEBS+KIRG~MILL~R (LRL) 
HERTZBACB,KRAEMER,MADANSKI,ZDANIS~IJHU+BNL) 
HHACHATURYAN+AZIMOV+BALDIN÷BELOUSOV÷IDUBNA) 

+GLASSER,KEBOE,SECHI-ZORN,WOLSKY (MARYLAND) 
ABTVACATUROV,AZIMOV,BALDIN÷ (JINR+MOSCOW) 
ASBURY,BECKER,BERTRAM,TIND÷ (DENY÷COLUMBIA) 
+BERTRAM,BINKLEY,JORDAN,KNASEL~ (DEBYARIT) 
*DUANE~FARUQI+BORSEY÷ (LOIC+RHEL) 
+BUHLER,DALPIAZ,MASSAM+ ICERN+BGNA+STRB) 
+EISENHANDLERIMCCLELLAN,MISTRY÷ (CORNELL) 
+ENGELS+ (HARVARD+CASE+SLAC+CORNELL+MCGILL) 

÷BIZOT,BUON,DELCOURT,HAIB$1NSKI,+ IOREAY) 
KEN MIN MDY (NORTHEASTERN UNIVERSITY) 
+ERSKINE,PALER,+ (BIRM+GLAS÷LOIC+MPIM+OXF) 

BIZOT ?O PL 32 416 +BUON,CHATELUS,JEANJEAN,LALANNE,+ 
ALSO 69 PEREZ-Y-JORBA, LIVERPOOL SYMP.69 

BIZOT2 70 LNC 4 1273 
EARLEB 70 PRL 25 1312 
HYAMS FO NP B 22 I89 

ALVENBLE 71 PRL 27 N41 
BALAKIN 71 PL 34 B 328 
EHATELUS 71 LAL 12471THESIS) 

ALSO 70 BIZOT 
DIEIANCA 71 NP B 35 13 
HAYES 71PR D A 899 
STOTTLEM 71 ORE 2504 ITD 

AGUILAR 72 PR E 8 29 
ALVENSLE 72 PRL 28 66 
BALAKIN 72 PL 40 B 431 
BASILE 72 NP B 44 605 
BENAKBAS 72 PL 42 B 511 
BORENSTE 72 PR D 5 1559. 
COLLEY 72 NP H 50 1 

...... 75 PR ~ ; 313D 
BINNIE 73 PR 2789 

AYRES 74 PRL 32 IA63 
BENCH 74 NP B70 257 
BIZZARRI 74 NC 20A 393 
COBME 1 74 PL 48 B 155 
COSME 2 74 PL 48 R 159 
DE GROOT 74 ND 874 77 

KALBFLEI 75 PR D11 987 

COSME 76 PL 63 B 352 
JULLIAN 76 TBILIGI VDL.2 R19 
KALBFLEI 76 PB D 13 22 
PARROURI 78 PL 63 B 357 
RARROUR2 76 PL 63 B 362 

ANERLOF 77 PRL 59 861 
ANDREWS 77 PRL 38 198 
BALDI 77 EL 68 B 581 

(ORSR) 

~DELCOURT,JEANJEAN,LALANNE,÷ (ORSAY) 
+FAISGLER,GETTNER,LUTZ,MOY,~ANG,+ (NEAB) 
+KOCH,ROTTER,V.LINDERN,LORENZ,LUTJENSICERN) 

ALVENSLEBEN,BECKER,BUSZA/CBEN,+ (MIT÷DESY) 
+BUDKER,PAKHTUSOVA,SIDOROV,SKRINSKY,+(NOV01 
Y.CHATELUS (STRASBOURG) 

+EINSCHLAG,ENDDRF,ENGLER,FISR,+ (CORN) 
+IMLAY,JOBEPH~KEIZER,STEIN (CORN) 
A.R.STOTTLEMYER,TRESIS (MARYLAND) 

AGUILAR-BENITEZ,CHUNG,EIGNER,SAMIOS (BNL) 
ALVENGLEBEN,REEKER,BIGBS,BINKLEY÷(MIT+DESY) 
+BOKIN,PAKHTUSOVA,BIDOROV,+ (NOVOSIBIRSK) 
+DALPIAZ,FRABETTI,ZICEICHI*(CERN+BGNA+STRB) 
~COSME,JEAN-MARIE,JULLIAN,LAPLANCHE÷(ORGAY) 
BORENSTEIN,DANBURG,KALBFLEISCH,÷ (BNL+MICH) 
+JOBEB,RIDDIFORD,GRIFFITHS,+ (BIRM+GLAS) 

+CHADWICK,EIBENBERG,BINGHAM,+ (SLAC~LBL) 
+CARR,DEBENHAM,DUANE,GRRBUTT,÷ (LOICeSHMP) 

÷DIEBOLD,GREENE,KRAMER,LEVINE,+ (ANL) 
+HARTMANN,KOSE,KRAUTSCHNEIDER,PAUL,~ (BONN) 
+CIAPETTI,DIONISI,DORE,GASPERO~ (RDMA) 
+jEAN-MARIE,JULLIAN,LAPLANCBE,+ (OREAY) 
÷JGAN=MARIE,JULLIAN,LAPLANCEE,+ (OR5AY) 
+HOOGLAND,JONGEJANS,METZGER+ (AMST+NIJM) 

KALBFLEISCB,STRAND,CHAPMAN (BNL+MICH) 

+EOURAU,DUDELZAK,GRELAUD,JEAN-MARIE+IORSAY) 
B.JULLIAN (ORSAY) 
KALBFLEISCH,STRAND,CHAPMAN IBNL+MICH) 
+GRELAUD,COSME,COURAU,DUDELZAK,÷ (ORSAY) 
+GRELAUD,COSME,COURAU,DUDELZAK,+ IORSAY) 

+ALLEY,BINTINGER,DITZLER,+ (FNAL+MICH+PURD) 
~FUKUSHIMA,DARVEY,LOBKOWICZ,MAY,+ (RDCH) 
+BOHRINGER,DORSAZ,HUNGERBBHLER,+ (GENEVA) 
+BLOCKZIJL,HEINEN,+ (AMGT*CERN+NIJM+OXF) CERRAQA 

COHEN 
COURANT 
EVANGEL 
LAVEN 
LYONS 

BARTALUC 78 NC 44 A 5B7 
BUKIN 1 78 SJNP 27 516 
BUKIN 2 78 SJNP 27 521 
cOOPER 78 NP ~ I .  
LOSTY 78 NP 133 8 

BARKOV 79 IVAF 79-93 
CORDIER 79 Pl B 81 389 

CDRDIER 80 NP B172 13 
BOOS 80 LNC 27 321 

DRUM 81 PL 100 B 439 
IVANOV 01PL 107 B 297 

ALSO 82 PRIVATE COMM. 
VABSERMA 81 PL 99 B 62 

ARENTON 82 PR D 25 GGA1 
PELLINEN 82 PS 25 599 

ARMSTRON 83 NR B 224 193 
BARATE 83 PL 121 B 449 
KURDADZE 83 JETPL 38 306 

DRUZBINI 84 PL 144 B 136 

ALBRECHT 85 PL 153 B 345 

77 NP B 126 241 
77 PRL 38 269 ÷AYRES,DIBBOLD,KRAMER,PAWLICKI,WICKLUND(ANL) 
77 PR D 16 I +MAKDISI,MARSHAK,PETERSONrRUDDICH,+ (MINN) 
77 NP B 127 384 EVANGELISTA,÷ (BARI~BONN+CERN+DARE+GLAS÷) 
77 NP B 127 43 ~OTTER,KLEIN,+ (AACH~BERL+CERN÷LOIC÷WIEN) 
77 NP B 125 207 +COOPER,CLARK (OXF) 

BARTALUCCI,BASINI,HERTOLUCCI+ (DESY+FRAS) 
*KURDADZE,SEREDNYAKOV,SIDOROV+ (NOVO) 
÷KURDADZE,SIDOROV,SKRINSKII* (NOVO) 
+GURTU,MONTANET,+ (TIFR~CERNeCDEF÷MADR) 
+HOLMGREN,BLOKZIJL,+ (CERN÷AMST+NIJM÷OXF) 

÷ZOLOTOREV,MAKARINA,MISEAKOVA,+ (NOVO) 
+DELCOURT,ESCHGTRUTR,FULDA,+ (LALO) 

÷DELCOURT,ESCHSTRUTH,FULDA+ (ORSAY) 
*PELLINEN (HELS) 

+BARDSLEY+ (AMBT+BRIS+CERN*CRAC~MPIMeRHEL) 
+KURDADZE,LELCHUK,BIDOROV,GKRINSKY,* (NOVO) 
S.I.EIDELMAN (NOVO) 
VASSERMAN,KURDADZE,GIDOROV,SKRINBKY* (NOVO) 

+AYRES,DIEBOLD,MAY,SWALLOW÷ (ANL÷ILL) 
A.pELLINEN, M.RDOS (HELS) 

ARMSTRONG+ (BARI+BIRM+CEON÷BILA+LPNR~PAVI) 
÷BAREYRE,ASTBURY,MCEWEN(BACL+LOIC+SHMP*IND) 
÷LELCHUK,RDOT÷ (NOVO) 

+GOLUBEV,IVANCHENKD,PERYSHKIN,REDKO,+(NOVO) 

+ORESCHER,HELLER* (ARGUS COLLABORATION) 
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Meson Full Listings 
h 1(1190),  b 1 ( !235)  

I h 1(1190) I was H(1190) 
IG(JPC)=o-(I  - ) 

h l ( l l 9 O  ) M A S S  ( M e V )  

M T C 1190. 60. DANKOWYGH 81 SPEC 08 PI P,3 PIN 
M (1175.0) APPROX TORNOVIST 82 RVUE 

T C USES THE MODEL OF BOWLER 75 
FROM A UNITARIZED QUARK MODEL CALCULATION 

f i l ( l l 9 0 )  W I D T H  ( M e V )  

W T c 320. 50. DANKOWYCH 81 SPEC 08 PI P,3 PI S 
W (365.0) APPROX TORNQVIST 82 RVUE 

T C USES THE MODEL OF BOWLER 75 
FROM A UMITARIZED QUARK MODEL CALCULATION 

b l ( l l 9 0  ) P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

h i ( i t 9 0 )  ~ p ~  769÷ 155 

h l ( l l g 0  ) B R A N C H I N G  R A T I O S  

h l ( l l 9 O  ) ~ ( p ~ ) / t o t a l  (P1) 
RI SEEN DANKOWYC 81SPEC 8 PI P,3 PIN 
RI SEEN ATKINSON 84 OMEG 20-70GAB P,3 Pl 

R E F E R E N C E S  F O R  h t ( l l 9 0 )  

BOWLER 75 NP 897 227 ÷GAME,ATTCNISON,DAINTOR (OXF+DARE) 

DANKOWYG 81 PRL 46 580 ~BROCKMAN,EDWARDS*(TNTO*BNL÷CARL+MCGI+OMIO) 

TORNQVIS 82 NP B 203 268 TORNQVIST (HELS) 

ATKINSON 84 NP B 231 15 ATKINSON+ (BONN+CERN+GLAG+LANC+MCHS+LPNP~) 

[ b{1235) . . . .  
was B(1233) ] 

IO(JPC)= l + ( l  + - )  

b1(1235)  M A S S  ( M e V )  

M W (1228.) (5.) FRENKIEL 72 HBC +- O. PBAR Pl,5 Pl 
M 360(1208.0) (18.0) GAVILLET 78 HBC 4.2 K-P,BAEKWARD 
M T (1245.0) APPROX TORNQVIST 82 RVUE 
M (1213.) (5.) ATKINS03 84 OMEG 020-70GAB P 
M (1271.) (11.) COLLICK 84 SPEC + 200 Pl+Z,Z PIOME 

M 1220. 20. CHUNG 68 HBC - 3.2,4.2 P[- P 
M 1240.0 20.0 ANDERSON 70 CNTR 0 5-18 GAMMA P 

1236.0 15.0 HOOGLAND 70 DBC - 3.0 K- D 
0 1163 1243. 6. OTT 72 HBC + 7.1PI+ P 

M 1235. 15. AFZAL 73 HBE 11.7 PI~ P 
M 1268. 16. AFZAL 73 BBC - 11.2 P I -  P 
M 1400 1222. 4. CHALOUPKA 74 HBE - 3.9 PI-P 

600 1220. 7, KARSHON 74 HBC + 4.9 PI+P 
890 1245.0 11.0 FLATTE 76 HBC - 4,2 K-P,PI-OMEGA 

M 450 1251.0 8.0 GESSAROLI 77 MBC - 11 Pl-P,PI- OME 
M 225 1240,0 15,0 BALTAY 78 HBC 15 PI+P,P 4PI 
M 105 1234.0 15.0 BLOODWORT 80 HBC 8,2 K- P 
M 1239. 5. EVANGELIS 81 DMEG - 12 PI-P,OME PIP 

1222. 6, ATKINS01 84 OMEG 25~556AM P,OM PI 
1257. 7. ATKINS01 84 OMEG 025-550AM P,OM PI 

AVG 1232.6 3.0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5) 
(SEE IDEOORAM BELOW) 

0 W FROM FIT OF THE MASS SPECTRUM 
FIT REQUIRES AN ADDITIONAL JP=I- RESONANCE 

M W AT 1256 MEV, WIDTH 129 MEV. 
M T FROM A UM)TARIZED QUARK MODEL CALCULATION 

W E I G H T E D  AVERAGE 
1232.6  - 3.O (ERROR S C A L E D  BY 1.5 ) 

+ 
~/ x 2 
N/ 

ATIqNSOl 84 OMEG 0 . 4  
~,TKINS01 84 OMEG 3 1 
EVANGELIS 81 0WEG 1 6 
B~OODWORT 80 HBC O0 
BA LTAY 78 HBC 0 2 
GESSAPOLI 77 HBC 5 3 
FLATTE 7E HBC 1 3 
KARSHON 74 HBC 3 2 
CHALOUPKA 7~ HBC 7 0 
AFZAL 73 HBC 4 0 
&F2AL 73 HBC 0 0  
OTT 72 HBC 3.0 
HOOGLAND 70 DBC 0 1 
ANDERSON 70 CNTR 01 
CHUNG 68 HBC 0 Z 

{ConflUence Leve : 0 .006)  

1180 1220 1260 1 3 0 0  1 3 4 0  

b1(1235) m a s s  (MsV)  

b1(1235)  W I D T H  ( M e V )  

W (126.) (10.) 
360 (163.0) (50,8) 

W T (118.0) APPROX 
W (231.) (14.) 
W (232.) (29.) 

150. 20. 
132,0 20.0 

W 0 1163 134. 23. 
120. 50. 
150. 50. 

1400 135, 20. 
600 156. 22. 
890 182.0 45.0 
450 155.0 32.0 

W 225 170,0 50,0 
W 105 150.0 50.0 
W 170. 15. 
W 
w AvE I g O ~ O '  ~.~ 

FRERKIEL 72 MBC +- O. PBAR Pl,5 PI 
EAVILLET 78 HBC 4.2 K-P,BACKWARD 
TORNQVIST 82 RVUE 
ATKINS03 84 OMEG 02D-70BAM P 
OOLLICK 84 SPED + 200 PI+Z,Z PIOME 

CHUNG 68 HSC - 3.2,~.2 PI-  P 
HOOGLAND 70 DEC 3.0 K- D 

26. OTT 72 HBC * 7,1 PI~ P 
AFZAL 73 HBC + 11.7 PI+ P 
AFZAL 73 HBC - 11.2 Pl- P 
CHALOUPKA 74 HBC - S,9 PI-P 
KARSHON 74 HBC ~ ~.9 PI+F 
FLATTE 76 HBE - 4.2 K-P,PI-OMEGA 
GESSAROLI 77 EBE - 11 PI-P,PI- OME 
BALTAY 78 EBE ~ 15 PI+P,P 4PI 
BLOODWORT 80 HBC - 8.2 K- P 
EVANGELIB 81 OMEE - 12 PI-P,OME PIP 

AVERAGE 

o FROM FIT OF THE MASS SPECTRUM 
SEE NOTE UNDER THE MASS ABOVE. 

W FROM A UNITARIZED QUARK MODEL CALCULAIION 

b~.(1235) P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

P1 b((1235)  ~ ~ ~ 783+ 140 

R2 h i ( t 2 3 5 )  ~ 2'n " + 2 ~ -  1A0. 140. 140, 140 
P3 b i (1235)  ~ K K  4R4* 494 

pA bx(1235) ~ ~ ~ 140+ 140 

P5 b1(1235) ~ T 0  135+1020 

P6 b](1235)  ~ ~ ~ ( F O R B I D D E N  BY G) 549+ 14O 
P7 b1(1235) ~ K K w  494+ 494+ 140 

P8 b t (1235)  ~ ~ 0  549+ 769 

b1(1235 ) P A R T I A L  W I D T H S  (keV) 

b1(1235)  ~ ~r ± ~ (B3) 

W5 230.0 60.0 COLLIOK 84 SFEC + 200 PI+Z,Z PIDME 

b1(1235 ) D-wave/S-wave R A T I O  I N  co 7r D E C A Y  

D$ 0.5 0.1 CHALOUPKA 74 HBC - 5,9-7,5 PI-P 
DS 600 0*35 0.25 KARSHON 74 HBC 4.9 PI+P 

0.21 0.08 05 CHUNG 75 HSC + 7.1PIeP 
DS 0.4 0.1 0.1 GESSAROLI 77 HBC 11 PI-P,PI- OME 

0.235 0.047 ATKING03 84 OMEG 20-70 GAM P DS 
DS ......... 
DS AVG 0.260 0.035 AVERAGE 



For notation, see key on page 91. 

b](1235) 
R1 

b1(1235 ) 

R2 

bi(1235 ) 

b1(1235) 

b1(1235 ) 
R5 

b1(1235) 
R6 

b1(1235) 
R7 

b1(1235) 
R8 

b](1235) 
R9 

bt(1235) BRANCHING RATIOS 

(47r)/(~ 7r) (P2)/(P~i 
(0,5) OR LESS ABOLINS 63 HBC + 3.5 PI÷P 

(K TOI(~ ~r) (03)/(01) 
40,02) OR LESS DABL 67 HBC ~ 1.6-4.2 El- P 
(0,10) OR LESS CL~.90 BALTAY 67 HBC 0.0 PBAR P 
40,08) OR LESS CL=.95 BIZZARRI 69 HBC 0 PBAR P 

(~" ~)l(Tr ~) (P4)/cpl) 

40.3) OR LESS ADERHOLZ 64 HBC 4.0 PI÷P 
( 0 . 1 5 )  OR LESS E L : . 9 0  OTT 72 HBC ÷ 7 . 1  P I +  P 

(0.015)0R LESS DAHL 67 HBC 1.6-4.2 El- P 
(0.04) OR LESS CL=.95 SIZZARRI 69 HBC +- 0 PBAR P 

(~ ~)l(~r ~) (PB):(P~i 
40,25) OR LESS EL=.90 BALTAY 67 HBC +-  O.O PBAR P 

((K K ) *  ~o) / (~  w) 
(0.08) OR LESS CL=.90 BALTAY 67 HBC + O.O PBAR P 

(0.02) OR LESS CL=.9D BALTAY 07 HBC 4- 0.0 PBA- P 

(K~ K~ ~±)1(~ ~)  
(0.06) OR LESS EL=.90 BALTAY 67 HBC ÷- 0.0 PBAR P 

(~ p)/(~ ~) (P8)/(Pi) 
(0.10) OR LESS ATKINSO2 84 OMEG 20~70 GAM P 

REFERENCES FOR b1(1235 ) 

ABOLINS 63 PRL 11 381 
BONDAR 63 EL 5 209 

ADERHOLZ 64 PL 10 2&0 
CARMONY 64  PRL 12 254 

GOLDHABE 65 PRL 15 118 

BALTAY 67 PRL 18 93 
PAHL 67 PR 163 1377 
LEE 67 PR 159 1156 
SLATTERY 67 NC 50A 377 

ASCOLI 68 PRL 20 1411 
BOESEBEC 68 NP B 4 501 
GASO 68 NC 54 A 983 
EHUNG 68 PR 165 1491 

SIZZARRI 69 NP B 14 169 

ANDERSON 70 PR D I 27 
CASO TO LNE 5 707 
CASON 70 PR D 1 851 
EROFEEV 70 SJNP 11 450 
NONES 70 PR D 2 827 
HOOGLAND 70 PL 33 B 631 
MIYASBIT 70 PR D 1 771 
POLS 70 NP B 25 109 
WERBROUC 70 LNC C 1267 

DEVONS 71 PRL 27 1614 

FRENKIEL 72 NP B 47 61 
OTT 72 LBL-1547 
SISTERSO 72 NP B 48 493 

AFZAL 73 LNE 15 A 61 
ARMENISE 73 NC 17 R 707 
ARMENIBE 73 LNC 8 425 
ARNOLD 73 LNC 6 707 
GABON 73 PR D ? 1971 
CASON 1 73 NP B 64 14 
CHUNG 73 PL 47 B 526 
COHEN 73 PR D 8 23 

BALLAM 74 NP B76 375 
CHALOUPK 7A PL 510 407 
KARSHON 74 PR 010 3608 

CHUNG 75 PR 011 2426 
DUBOVIKO 75 SJNP 20 220 

FLATTG 76 PL 64 B 225 

GESSAROL 77 NP B 126 382 

BALTAY 78 PR D 17 62 
GAVILCET 70 PL 78 B 158 

BLOODWOR 80 LNC 27 555 

EVANGELI 81 NP B 178 197 
WONG 81ERL 46 974 

TORNRVIS 82 NP B 203 268 

ATKINS01 84 PL 138 B 459 
ATKINS02 84 NP B 242 269 
ATKINS03 84 NP B 243 1 
COLLICK 84 PRL 53 2374 

ABOLINS,LANDER,MEHLHOP,XUONG,YAGER (UCSD) 
BONDAR,DODD+ (AACHEN+BIRM+HAMB+LOIC÷MPIM) 

AACHEN+BERLJN+BIRM + BONN÷HAMBUR~LOIE+MPIM 
CARMONY,LANDER,RINPFLEIBCH,XUGNG,YAGERIUCB) JP 

G GOLDHABER,S GOLDHABER,KADYK,SHEN (LRL) 

+SEVERIENS+YEH÷EANELLO (COLU+BNL) 
+HARDY+MESS+KIRZ+MILLER (LRL) 
+MOEBS,ROE,SINCLAIR,VANDERVELDE (MICH) 
+KRAYBILL÷FORMAN+FERBEL (YALE+ROCH) 

÷CRAWLEY,MORTARA,S~APIRO tILL) JP 
BOESEBECE,DEUTSCRMANN,+(AACHEN+BERLER+CERN) 
÷CONPE÷OORDS*DIAZ+ (GENOVA*HAMB{MILA÷SACL) 
S.U.CHUNG,O.DAHL,J.KIRZ,D.B.MILLER (LRL) 

+FOSTER,GAVILLET,MSNTANET,÷ (CERN+CDEF) 

÷GUSIAVSON,JOHNSON,+ (SLAC+CIT+UCSB+NEAS) 
+CONTE,TOMASINI,CORDS*(GEND÷HAMB÷MILA+SACL) 
÷ANDREWS,BIBWAS,GROVES,HARRINGTON,+ (ROAM) 
+VETLITSKY,WLADIMIRSKY,GRIGOREV,+ (ITEP) 
+CASDN,BISWAS,HELLAND,KENNEY,MEGAHAN+(NDAM) 
SABRE COLLABOR. (AMST÷SACL÷BGNA+REHO+EPOL) 
MIYASHITA,VON KROGH,KOPELMAN,LIBBY (COLO) 
+BOEEKMANN,CIRBA,÷ (BONN+DURH+EPOL~PORI) 
WERBROUCK,RINAUDO,~ ITORI+NIJM÷BONN+LBL)JP 

~KOZLOWSKI.HORWITE,~ (COLU+SYRA) 

÷GHESQUIERE,LILLESTOL,CHUNG,÷ (CDEF÷CERNIJP 
R.L.OTT THESIS (LBL)JP 
SISTERSON,HARRISON,REYDA,JOGNSON,÷(HARVARD) 

+BASSLER,÷ (DURH*GENO+DESY÷MILA~SACL) JP 
+FORINO,CARPACCI,+ (BARI+BGNA+FIRZ) 
+FORINO,CARTACCI,+ (BARI+BGNA+FIRZ) 
÷ENGEL,ESEOUBGS,KURTZ,LLDRET,PATY,* (STRB) 
~BISWAS,KENNEY,MADDEN,SANDER,SHEPHARD(NDAM) 
÷MADDEN,BISHOP,BISWAS,KERNEY,~ (NDAM) 
÷PROTOPOPESCUtLYNCH,FLATTE,÷ (BNL+LBL÷UCSC) JP 
+~ERBEL,SLATTERY (ROCHESTER) 

÷CHADWICK,BINGHAM,FRETTER÷ (SLAC+LBL+MPIM) 
CHALOUPKA,FERRANDO,LOSTY,MONTANET (CERN) JP 
÷MIKENBERG,EIBENBERG,PITLUCK,RDNAT+ (RERO) JP 

÷PROTOPOPESCU,LYNCH,FLATTE,÷ (BNL+LBL÷UCSC) JP 
M.S.DUBOVIKOV,I.A.EROFEEV (ITEP) JP 

+GAY,BLOKZIJL,METZGER,÷(EERN+AMST~NIJM÷OXF) JP 

6ESSAROLI,÷ (BGNA+FIRZ+GENO+MILA~OXF+PAVI) JP 

+CAUTIS,COHEN,CSORNA,SMITH,YEH,+ICOLU÷BIRG) 
÷DIONISI,GURTU,+ (CERN+AMST,NIJM+OXF) JP 

BLOODWORTR,+ (BIRM+CERN÷GLAS~MSU+LPNP) 

EVANGELIBTA÷(BARI+BONN~CERN+DARE+LIVP+MILA) 
+KEY,FRISKGN,CLING,DEBONTE+(TNTO+YDRK÷DURD) 

TORNQVIS~ (HELS) 

ATKINSON+ (BONN+EERN~GLAS÷LANC÷MCHS+LPNP÷) 
ATKINSON+ (BONR+CERN+ELAS+LANC+MCHS+LPNE+) 
ATKINSON+ (BONN~CERN~GLAS÷LANC+MERS+LPNP+) 
÷BEPPELMANN,BERG,JONCKHEERE(MINN~ROCH+FNAL) 
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Meson Full Listings 
b1(1235 ), fo(1240), p(1250) 

f0(1240) ] la<jec)=°-(°+') 
Iwas gs(1240) . . . . . . . . . . . . . . . . . . . . . . . . . . .  o . . . . . . . . . . .  

NAMED G/S BY ETKIN 82. 
NEEDS CONFIRMATION. 

OMITTED FROM 
SLL'dMARY Z4BLE 

/'o(1240) MASS (MeV) 

M A 1240.0 22.0 ETKIR 82 MEG 0 23 PI-P,KSKS h 

M A FROM AN AMPLITUDE ANALYSIS OF THE KOS NOB SYSTEM. SYSTEMATIC 
M A ERROR ADDED QUADRATICALLY BY US. 

/'o(1240) WIDTH (MeV) 

w A 140.0 22.0 ETKIN 82 MPS 0 23 PI-P,KSKS N 

A FROM AN AMPLITUDE ANALYSIS OF THE KOS KOS SYSTEM. SYSTEMATIC 
A ERROR ADDED QUADRATICALLY BY US. 

/'0(1240) PARTIAL DECAY M O D E S  

DECAY MASSES 

P1 f j (1240)  ~ K ~" 498+ 498 

REFERENCES FOR fo(1240) 

BAUBIELI 03 ZPHY C 17 309 BAUBILLIER÷ (BIRM+CERN+GLAS*MSU+LPNP) 
ETKIN 82 PR D 25 2446 +FOLEY,LAI,CINDENBAUM÷ (BNL*CUNY+TUFT÷VAND) JP 

j p(1250) j : / : c )=  ~-~I -) 
FORMERLY CALLED RHO PRIME. 

O.a/'ITTED FROM EVIDENCE NOT COMPELLING. 
SU~vIMARY Z4BLE 

p(1250) MASS (MeV) 

PRENKIEL 72 HBC ÷- O.PBARP,OMEGA Pl M 1256. I "0 
M 1266.0 . BARTALUCC 79 DASP 07 GAM P,E~E- P 
M A (1250.) ASTOR 80 OMEG DO-TOG P,OME PIO 
M A (1290.) (40.) BARBER 80 SPEC 3-5 G P,ONEG PIO 
M 
M AVG 1264.0 4.5 AVERAGE 

M A NOT SEPARATED FROM BI(1235),NOT PURE JP=I- EFFECT 

p(1250) WIDTH (MeV) 

w 130. 20. FRENKIEL 72 ~BC +-  O.EBARP,OMEBA PI 
W 110.0 35.0 BARTALUCC 79 DASP 07 GAM P,E*E- P 
W A (300.) ASTON 80 OMEG 20-700 P,OME PIO 
W A (320.) (I00.) BARBER 80 SPEC 3 E G P,OMEG PIO 

AVG " 1 2 5 : 1 " ' ' 1 7 . 4  AVERAGE 

W A NOT SEPARATED FROM B1(1235),NOT PURE JP=1- EFFECT 

REFERENCES FOR p(1250) 

ANDERSON 70 PR D 1 27 +GUSTAVSON,JOHNSON,+ (SLAC,CIT÷OCSB÷NEAS) 

PODOLSKY 71 UCRL 20128 W.J.PODOLSKY,PH.D. THESIS (LBL) 

FRENKIEL 7Z NP B 47 61 ÷6RESQUIERE,LILLESTOL,CHUNG,* (CDEF+CERN)JP 
WOLF 70 ITHACA N.Y. CONF, G.WOLF,P.213 (SLAC) 

CHUNG 73 PL 47 B 526 
BRAMON 73 LNC 8 659 

BALLAM 74 NP 076 375 
CHALOUPK 7L PL 510 407 
CONVERSI 74 PL 52B 495 
ESTABRO0 74 NP 079 301 
KARSHON 74 PR DI0 3608 

ALLES 75 NC 30A 136 
CHUNG 75 PR D11 2426 
~STABRO0 75 NP 095 322 
PROGGATT 75 NP B91 454 
HYAMS 75 NP 0100 205 

+PROTOPOPESCU,LYNCH,FLATTE,+ (BNL~LBL+OCSC) 
A.BRAMON (FRASCATI) 

÷CHADWICK,BINGHAM,FRETTER÷ (SLAC+LBL+MPIM) 
GHALOUPKA,FERRANDO,LOSTY,MONTANET (CGRN) 
+PAOLUZI,CERADINI,GRILLI÷ (ROMA÷~RAS) 
P.ESTABROOKS,A.D.MARTIN (DURH) 
÷MIKENBERG,EISENBERG,PITLUCK,RONAT÷ (REHO) JP 

ALLES-BORELLI,BERNARDINI+ (CERN~BGNA÷FRAS) 
*PROTOPOPESGU,LYNCH,ELATTE,+ (BNL÷LBL+UCBC) 
P.ES~ABROOKB,A.D.MARTIN (DURH) 
C.D.FROGBATT,J.L.PETERSEN (GLAS*NORD) 
+JONES,WEILHAMMER,BLUM,DIETL÷ (CERN*MPIM) 
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Meson Full Listings 
p(1250),/2(1270) 

BASSOMPI 76 PL 65 B 397 BASSOMPIERRE,BINDER,+ (MULH+STRB÷TORI) 

BUDNEV 77 PL 70 B 365 N.M.BUDNEV,V.M.BUDNEV,V.V.SEREBRYAKOV(NOVO) 
COSTA 77 PL 67 B 213 COSTA DE BEAUREGARD,PHAM,PIRE,TRUONG (EPOL) 
GESSAROL 77 NP B 126 382 GESSANOLI,÷ (BGNA+FIRZ+GENO~MILA+OXF+PAVI) 

BUKIN 78 PL 73 B 226 +VASSERMAN,KOOP,KURDADZE,SIDOROV,¢ (NOVO) 

BACCI 79 PL B 86 234 +DE ZORZI,PENSO,STELLA,+ (ROMA+BBNAeERAE) 
BARTALUC 79 NC 49 A 207 BARTALUCCI,BASINI,BERTOLUCCI÷ (DESY÷FRAS) 

ASTON 80 PL 92 B 211 (BONN+CERN+EPOL+GLAS+LANC+MCES+ORSA+PARIS~) 
BARBER 80 ZPHY D A 169 +DAINTON,RRODBECK,BROOKES,+IDARE÷LANB+SHEF) 

BARKOV 85 NP B 256 365 +CHILINGARDV,EIDELMAN,KHAZIN,LELCHUK+INOVO) 

If2(1270) IG(J PC) 0+(2 + was f(12-U/'7 "̂ ] 
t )  

[~(12701 M A S S  (MeV) 

M (1273,0) (7,0) ARMENISE 70 NBC 9 PI+ N -- MM P 
M 600(1275.D) (10.0) OH 70 HBC 1.26 PI- PrP F2 
M E (1273.03 (6.0) STURTEBEC 70 HBC 8.PI-P,5.4 Pled 
M 2000(1261.0) (10.0) JACORS 72 HBC 2.8 El- P 
M IOK 1269. 4, APEL 75 CRTR 40 El-P, N 2PIG 
M IH (1269.) (4.) ERTASROOK 75 RVUE 17 PI-P,PI+PI-N 
MIB (1275.) (4.) HYAMS 75 ASPK 17 PI-P,PI+PI-N 
M 6 (1273.8) (2.8) (2.7) BECKER 79 ASPK 17 PI- P POLARIZ 

; T 1~60 lO61.1276 1~: 
M T 360 1270. 10. 
M 1265. 8. 
M d 1268.0 6,0 
M 1275.0 13.0 

5300 1277.0 4.0 
600 1258.0 10.0 

M 4600 1272. 4. 
M 16000 1284,0 I0,0 
M 1282,0 5.0 

1281.0 7.0 
3K 1280.0 20.0 

M 1280.0 4.0 
M 3K 1284.0 30.0 

1273.3 2.3 
1276.0 7.0 

RABIN 67 HBC 8.5 PI+ P 
ARMENISE 68 DBC 5.1PIeN,P PI* - 
ARMENISE 68 ODD 5.1PleN,P PIG D 
BOESEBECK 60 HBC 8 PI+ P 
JOHNSON 68 HBC 3.7-4.2 PI-FP 2 
ARMENISE 70 HBC 9 PI+ N - -  P 
FLATTE 71 HBC 7.0 El+ P 
TAKAHAEHI 72 EBB 8. PI- P,N 2PI 
ENGLER 74 DBC 6. PI+N,PI÷PI-P 
DEUTSCHMA 76 HBC 16 PI+P 
CORDEN 79 OMEG 12-15PI-P, N 2PI 
GIDAL 81 SMX2 J/PSI DECAY 
APEL 82 CSTR 25 PI-P, R 2PlO 
CANON 82 STRC 8 PI+P,PI+2PIO P 
BINON 83 GAM2 38 PI-P, N 2 ETA 
CHABAUD 83 ASPK 17 PI-P POLARIZ 
COURAU 84 DLCO E+E-,E+E- PI+Pl- 

M 
M AVG "-'1273,8" " " "'1.5 " AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 

~ INCLUDED IN CHABAUO 83 ANALYSIS 
USES SAME DATA AS HYAMS 75 

M I ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT PHASE-SHIFT SOLUTIONS 
J JOHNSON 68 INCLUDEG BONDAR 63, LEE 64, DERADO 65, EISNER 67. 

T MASS ERRORS ENLARGED BY US TO WIDTH/GQRT(N),SEE K*(892) TYPED NOTE 

[2(1270) W I D T H  (MeV) 

(151.0) (25.0) ARMERISE 70 HBC 9 PI+ N -- MM P 
T 600 C120.0) (20.0) OR 70 HBC 1.26 PI- P,P F2 

JACOBS 72 HBC 2.8 PI-  2000 (130.0) (25.0) P 
IOK 190. 10. APEL 75 CNTR AO PI-P, R 2P£0 

IH (209.) (10.) ESTABROOK 75 RVUE 17 PI-P,PI+PI-N 
IG (188.) (4.) HYAMS 75 ASPK 17 PI-P,PI+PI-N 

W G (183.2) (8.3) (7.9) BECKER 79 ASPX 17 PI- P POLANIZ 

155. 17, 
T 1960 216. 20. 

W 128. 23. 
J 176.0 13.0 

T 173.0 25.0 
W 196.0 18.0 
W 5500 183.0 15.0 
W T 6O0 166,0 28.0 

4600 192. 16. 
16000 225.0 38.0 

W T 650 187.0 30.0 
216.0 13.0 
186.0 27.0 

3K 196.0 10.0 
152.0 9.0 

W 3K 240.0 40,0 

RABIN 67 HBC 8.5 PI* P 
ARMENISE 68 ode 5.1 PI+N,P PI+ - 
BOESEBECK 60 HBC 8 PI+ P 
JOHNSON 80 RBC 3.7-4.2 --2PI-FP 
ARMERISE 70 HBC 9 PI+ N P 
BTUNTEBEC 70 HBC 8 .P I -P ,5 .4  PI+D 
FLATTE 71 HBC 7.PI+P,DELTA++F2 
TAKAHASHI 72 HBC 8. P I -  P,N 2El 
ENGLER 74 DBC 6. PI+N,PI÷P+-P 
DEUTSCHMA 76 HBC 16 PI+p 
ANTIPOV 77 BIBS 25 PI-P,P 3PI 
CORDER 79 OME6 12-15PI-P, N 2PI 
GIOAL 81 5MK2 J/PSI DECRY 
APEL 82 CNTR 25 PImp, N 2PIG 
CASON 82 STRC 8 PI+P,PI+2PIO P 
BINON 83 GAM2 38 PI-P, N 2 ETA 

w 179.2 6.9 6.6 CHARAUD 83 ASPK 17 PI- P POLANTZ 
160.0 11.0 DENNEY 83 LASS 10 PI~N /PI+ P 

w AVG 176.2 5,3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5) 
(SEE IDEOGRAM BELOW) 

~ INCLUDED IN CHABAUD 83 ANALYSIS 
USES SAME DATA AS HYAMS 75 

[ ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT PHASE-SHIFT SOLUTIONS 
J JOHNSON 68 INCLUDES BONDAR 63, LEE 64, DERADO 65, EISNER 67. 

W T WIDTH ERRORS ENLARGED BY US TO G*WIDTH/SQRT(N),SEE K*(892) NOTE 

~f2(1270) P A R T I A L  D E C A Y  M O D E S  

P1 f2(1270) ~ 7r'n 
P2 f2(1270) ~ 27r+2rr  - 
P3 f2(1270) ~ rc+~r-2", 'r  ° 
P4 fz(1270) ~ K K  
P5 f2(1270) ~ K K T r  
P6 f2(1270) ~ ~TrTr 
P7 f2(1270) ~ 'q~ 
P8 f2(1270) ~ '7'3' 

DECAY MASSES 

140+ 140 

140+ 140+ IAG+ 140 

140+ 140+ 135+ 135 

498+ 498 
498+ 498+ 140 

549+ 140÷ 140 

549+ 549 
O+ 9 

WEIGHTED AVERAGE 
1762 ± 5.3 {ERROR SCALED BY 1.5 ) 

+ x2 

. . . . . . .  DENNEY 83 LASS 2 2 
' CHABAUB 03 ASPK 0 2 

--I" " " ' ' CASON 02 STRC ? 2 
• GIDAL 61 SMK2 0 1 
• CORDER 79 0MEG 9 4 

ANTIPOV 77 CIBS 0 1 
• DEUTSCHMA 76 HBC I 7 

ENGLER 74 DBC I 0 
' TAKAHASHI 72 NBC G 1 
' FLATTE 71 HBC O 2 
STUNTEBEC 70 HBC 12 
ARMENISE 70 HBC 0 0 
JOHNSON 08 HBC 0 0 
BOESEBECK 60 HBC 4 4 

• ARMENISE 68 DBC 4 0 
RABtN 57 HBC 15 3~ 

(Confidence Level = O OOa} 
/ 

50 150 250 350  

f2(1270) w i d t h  {MeV) 

[z(1270) P A R T I A L  W I D T H S  (keY) 

[2(1270) ~ ~ T (G8) 
W8 A 2.3 O.B BERBER 80 PLUT E+ E- 
W8 D 3,2 0.6 RRANDELIK 81 TAGS GAM GAM,2PI 
W8 D 3.6 0.6 ROUSSARIE 81 SMK2 GRM GAM,2PI 
W8 D 2.7 0.6 EDWARDS 82 CBAL GAM GAM,2PIO 
W8 DH (2.9) (0.8) (0.7) EDWARDS 82 CRAL GAM GAM,2PIO 
W8 S 2.3 0.5 FRAZER 83 JADE E+E-,E+E- PI~PI- 
W8 D 2.5 0.5 BEHREND 84 CELL E~E-,E+E- PI*PI- 
W8 2.70 0.21 COURAU 84 DLCO E÷E-,E+E- PI*PI- 
W8 D 2.52 0.40 SMITH 84 SMK2 E÷E-,E÷E- K+X- 
W8 0 2.85 0.60 BERGER 84 PLUT E*E-,E+E- 2PI 
W8 D (3.2) (0,4) SERS 85 TPC E+E-,E+E- 2El 
W8 DH (3.6) (0.5) SENS 85 TPC E+E-,E+E- 2PI 
WB 
W8 AVG 2.70 0.14 AVERAGE 

W8 A USING MASS, WIDTH AND BRIF2(1270) TO 2El) FROM PDG 1978 
W8 D SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 
W8 H IF HELICITY=2 ASSUMPTION IS NOT MADE 

[2(1270) B R A N C H I N G  RATIOS  

/2(1270) ~ (27r + 21r--)/(~T 7 0  (P2I / (P1) 
RI 0.047 0,013 OH 70 HBC 1.26 Pl- P,P F2 
RI 154 0.037 0,007 ANDERSON 73 DBC 6. PI+N,P E2 
R1 (O.O33)OR LESS B.L.=.90 BUGG 73 DBC 8. PIcN,P F2 
RI 70 0.G51 0,025 EISENBERG 74 HBC 4.9 PI+P,DEL++F2 
RI 285 0.043 0.007 .011 LOUIE 74 HBC 3.9 PI- P,N F2 
RI 160 0.024 0.006 EMMS 75 ORE G. PI*NfP F2 
R1 ......... 
RI AVG 8.0340 0.0045 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 

f2(1270) ~ OT + W -  2~re)/(Tr 7r) CP3)/(P1 ) 
R2 SHOULD BE TWICE RI IF DECAY IS RHO-RHO (SEE ASCOLI 68) 
R2 600 0.13 0.06 EISENBERG 74 HBC 4.9 PI+P,DEL++F2 
R2 (0.07) EMMG 75 DBC 4. PI+R,P F2 

f2(1270) ~ (KK) / (TC'D ' )  (PB)/IP1) 
R3 WE ONLY AVERAGE EXPERIMENTS WHICH EITHER TAKE INTO ACCOUNT F2-A2 
R3 INTERFERENCE EXPLICITLY OR DEMONSTRATE THAT A2 PRODUCTION IS 
R3 NEGLIGIBLE. 
R3 W (0.029) (O.O06) WSTZEL 76 OSPK 8.9 PI-P,KS KS 
R3 BC (0.047) (0.005) PAWLICKI 77 GPEC 6, PI N,K+ K- N 
R3 AN (0,028) (0.005) CANON 78 STRC 7, PI-P,KS KS N 

R3 E (0.047) (0.012) BEUSCH 67 OSPK 5,7,12 PI-P 
R3 20 0.031 0.012 ADERHOLZ 69 HBC 8 El+ P,K+K-PI- 
R3 0.025 0.015 EMMS 75 DBC 4. PI~N,P F2 
R3 0,030 0.005 MARTIN 79 RVUE 
R3 M 0.027 0.009 POLYCHROR 79 STRC 7. PI-P,KS KS R 
R3 D 0.036 0.005 COSTA 80 OMEB I-2.2 PI-P,K+K-N 
R3 0.039 0.008 LOVERRE 80 HBC #. PI-P,K K N 
R3 (0.03)  OR LESS CL=.95 AEUILAR 81 Rat 4.2 K-P,LAM 2K 
R3 0.045 0.009 CHABAUD 81 ASPK 17 PI-P POLARIZ 
R3 0.037 0.008 0.021 ETKIN 82 MPS 23 PI-P,2KOG N 
R3 . . . . . . . . .  
R3 AVG 0.0340 G,0027 AVERAGE 

R3 C THIS DETERMINATION HAS QUANTITATIVELY ACCOUNTED FOR BOTH F2'(1525) 
R3 C AND A2(1320) INTERFERENCE EFFECTS. 
R3 M TAKES INTO ACCOUNT THE F2(1270)-E2'(1525) INTERFERENCE 
R3 R BY EXTRAPOLATION TO THE PION POLE 
R3 W USING F2'(1525) WIDTH = 40 MEV 
R3 A INCLUDED IN POLYCHRONAXO$ 79, 
R3 B INCLUDED IN MARTIN 79 REVIEW. 
R3 D RE-EVALUATED BY CHABAUD 83.W. 
R3 E + SYSTEMATIC ERRORS. 

[2(1270) ~ ( K D K - ~  + + C.C.) / (~Tr)  (P5)/ (P1) 
R4 (.O04)OR LESS CL=.95 EMMS 75 DBC 4. PI+N,P F2 

[2(1270) ~ (n 7r iT)/(Tr ?c) (P6) / (P1) 
RE (.010IOR LESS CL~.95 EMMS 75 DBC 4. PI÷N,P F2 



For notation, see key on page 91. 

f2(1270) ~ (~ ~ ) / ( ~  ~r) (p7I/(PII 
R6 (.09) OR LESS CL=.95 EISENBERG 74 HBC 4.9 PI*P,DEL÷+F2 
R6 (.016)0R LESS EL=.95 EMMS 75 HBC 4- PI+N,P F2 
R6 (.05) OR LESS CL=.95 EDWARDS 82 CBAL SAM GAM,4GAMMA 

[2(1270) ~ ( ~  ~)/ to ta l  (~nits 10 -3)  (P7) 

R7 5.2 1.7 BINON 83 GAM2 38 Pl- P,4 GAMMA I 
R7 2.8 0.7 ALDE 85 GAM4 100PI- P,~ GAMMA i 
RT ......... 
R7 AVE 3.15 0.84 AVERAGE (ERROR-INCLUDES SCALE FACTOR OF 1.3) 

f2(1270) ~ (71" 7r)/ total  1P1) 
RIO 600 0.8 0,04 OH 70 BBC 01.26 PI- P,P F2 
RIO 250 0.85 0.05 BEAUPRE 71 HBC 08 PI+ P,DEL++F2 
RIOIH (0.82) (0.01) ESTAEROOK 75 RVUE 17 PI-P,PI+PI-N 
RIOIG (0.803) 40.003) HYAMS 75 ASPK 17 PI-P,PI+PI-N 
RIO 0.847 0.016 DECKER 79 ASPK 17 PI~ P POLARIZ 
RIO 0.849 0.025 CHABAUD 83 ASPK 17 Pl-P POLARIZ 
RIO . . . . . . . . .  
RIO AVG 0.843 0 .012  AVERAGE 

RIO G INCLUDED IN DECKER 79 ANALYSIS 
RIO H USES SAME DATA AS HYAMS 75 
RIOl ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT PHASE-SHIFT SOLUTIONS 

R E F E R E N C E S  FOR /'~(1270) 

SELOVE 62 RRL 9 272 
BONDAR 63 PL 5 153 
6UIRAGOS 63 PRL 11 85 
HAGOPIAN 63 PRL 10 533 
VEILLET 63 PRL 10 29 

ADERHOLZ 64 PL 10 240 
BRUYANT 64 PL 10 232 
LEE 64 PRL 12 342 
SODICKSO 64 PRL 12 485 

BARMIN 65 SJNP 1 230 
BARMIN 65 SJNP I 623 
CHUN6 65 PRL 15 325 
DERADO 63 PRL 14 872 
GUIRAGOS 65 PRL 11 85 
WANSLER 65 PR 137 B 41& 

ACCENSI 66 PL 20 557 
JACOBS 66 UCRL-16877 
WAHLIG 66 PR 147 941 

BARLOW 67 NC 5DA 701 
BEUSGH 67 FL 25 S 357 
DAHL 67 PR 163 1377 
EISNER 67 PR 164 1699 
POIRIER 67 PR 163 1462 
RABIN 67 THESIS 

ARMENISE 68 NC 54 A 999 
ASCOLI 68 PRL 21 1712 
BOESEBEC 68 NP B 4 501 
FOSTER 68 NP B 6 107 
JOHNSON 68 PR 176 1651 
LAMSA 68 PR 166 1395 
WHITENER 68 NC 53A 817 

ADERHOLZ 69 NP B 11 259 
AGUILAR 69 PL 29 B 2~I 
ARMENISE 69 LNC 2 501 
CAGO 69 NC 62 A 755 
DONALD 69 NP D 11 551 

AGUILAR 70 PRL 25 58 
ARMENISE 70 LMC 4 199 
BADIER 70 NP B 22 512 
OH 70 PR D 1 2494 
STUNTEBE 70 PL 32 B 391 

BARHADIN 71PR D4 2711 
BEAOPRE 71 NP B 28 77 
FARBER 71 NP B 29 237 
FLATTE 71 PL 34 B 551 

AGUILAR 72 PR D 6 29 
BISWAS 72 PR D 5 1564 
FOGLI 72 NC 8 A 670 
BRAYER 72 PHIL.CONF.PROC. 5 
JACOBS 72 PR H 6 1291 
KEMP 72 NE 8 A 611 
SCARROTT 72 LNE 3 271 
TAKAHASH 72 PR D 6 1266 
WHITEHEA 72 NP B 48 865 

ANDERSON 73 PRL 31 562 
BUGG 73 PR D 7 3264 
CHARLESW 73 NP B 85 253 
HYAMS 73 NP B 64 134 
TOET 73 NP B 63 248 

EISENBER 74 PL 52B 239 
ENGLER 74 PR HI0 2070 
ERAYER 74 NP B 75 189 
EOLLOWAY 74 PR H9 1161 
LOUIE 74 PL 488 385 

APEL 75 EL 57B 398 
EMMS 75 NP B96 155 
ESTABRO0 75 NP B95 322 
HYAMS 75 NP BI00 205 
PAWLICKI 75 PR D12 631 

DEUTSCHM 76 NP S 103 426 
WETZEL 76 NP B 115 208 

ALEXANDE 77 NP B 131 365 
ANTIPOV 77 NP B 119 45 
PAWLICKI 77 PR D 15 3196 

SELOVE,HAGOPIANrBROHY,BAKER,LEBOY (PENN) 
BONDAR+ (AACHEN+BIRM+BONN+DESY÷LOIC÷MPIM) 
Z.G.T. GUIRAGOSSIAN (LRL) 
V HAGOPIAN,W SELDVE (PENN) 
VEILLET,HENNESSY,BINGHAM,BLOCH+(EPOL~MILAN) 

AACHEN÷SERLIR+BERLIN+BONN+HAMBURG+LOIC+MRI 
BRUYANT,GOLDBERG,HOLDER,FLEURY~ (CERN+EPOL) 
LEE,ROE,SINCLAIR,VANDERVELDE (MICH) 
SODICKSON,WAHLIG,MANNELLI,FRISCH* (MIT) 

+GOLGOLENKO,ELENSKY,EROFEEV+ (ITEP MOSCOW) 
÷DOLGOLENKO+EROFEEV~KRESTNIKOV+ (]TEP MOSC) 
CHUNS,DAHL,HARDY,HESS,JACOBS,KIRZ (LRL) 
DERADO,KENNEY,POIRIER,SHEPHARD (NOTRE DAME) 
Z G T GUIRAGOSSIAN (LRL) 
T P WANBLER,A R ERWIN,W WALKER (WISCONSIN) 

ACCENSI,ALLES-SORELLI,FRENCH,FRISK+ (CERN) 
L.D.JACOBS,THESIS (LRL) 
+SHIBATA,GORDON,FRISCH,MANNELLI (MET+PISA) 

+LILLESTOL÷MONTANET+ (CERN+CDEF+IRAD+LIVP) 
+FISCHER,GOBBI,ASTBURY+ (ETH+CERN) 
+HARDY+HESS+KIRZ~MILLER (LRL) 
+JOHNSON+KLEIN+PETERS÷SARNI+YEN+ (PURDUE) 
+BISWAS,CASON,DERADB,KENNEY+ (NDAM+PENN) 
M. RABIN (RUTGERS) 

+FORINO÷CARTACCI+ (BARI+BGNA+FIRENZE+ORSAY) 
G.ASCOLI,H.B.CRAWLEY,D.W.MORTARA,+ (ILL) 
BOESEBECR,DEUTSCHMANN,+(AACHEN÷BERLIN+CERN) 
+GAVILLET~LABROSSE+MONTANET+ (CERN÷CDEF) 
+POIRIER,BISWAS,GUTAY+ (NDAM+PURD+SLAC) 
+CASON+BISWAS+DERADO*GROVES+ (NOTREDAME) 
*MCEWEN,OTT,AITKEN+ (AERE*SHMP+LDUC) 

+BARTSCH,+ (AACH+BERL+CERN÷JAGL+WARS) 
M.AGUILAR-BENITEZ,J.BARLOW,÷ (CERN+CDE~) 
~GHIDINI,FORINO,CARTACCI+ (BARI+BGNA+FIRZ) 
+CONTE,BENZ,÷ (SENO+DESY+HAMB+MILA+SACL) 
~EDWARBS,BURAN,BETTINI,+ (LIVP+OSLO÷PADO) 

AGUILAR-BENITEZ,BARNES,SASSANO,+ (BNL÷SYRA) 
+GHIDINI,FORING,CARTACCI,÷ (BARI+BGNA+FIRZ) 
+BONNET,DREVILLON,BAUBILLIER,+ (EPOL+IPNP) 
+GARFINKEL,MORSE,WALKER,PRENTICE(WISC+TNTO)P 
STUNTEBECK,KENNEY,DEERY,BISWAS,CASON+(NDAM) 

BARDANIN-OTWINOWSKA,HOFMOKL,+ (WARS) 
*DEUTSCHMANN,GRAESSLER,+ (AACB+BERL+CERN) 
+DE PINTO,BISWAS,CASON,DEERY,KENNEY,+(NDAM) 
+ALSTON-GARNJOST,BARBARO-GALTIERI,+ (LBL) 

AGUILAR-BENITEZ,CHUNG,EISNER¢SAMIOS (BNL) 
+CASDN,HARRINGTON,KENNEY,SHEPHARH (NDAM) 
FOGLI-MUCIACCIA,PICCIARELLI (BARI) 
+HYAMS,JDNES,SCHLEIN,BLUM,DIETL+(CERN+MPIM) 
L.D.JACOBS (SACLAY) 
+MAJDR,CONTRI,+ (DURH+GENO÷MILA+EPOL~LPNP) 
SCARROTT,KEMP (DURHAM) 
TAKAHASHI,BARISH,+ (TOHO+PENN+NHAM+ANL) 
WHITEHERD,AULD,÷ (AERE+RHEL÷SHMP+LOUC) 

+ENGLER,KRAEMER,TOAF,DIAZ,+ (CARN+CASE) 
+CONDO,HART,COBN,ENDDR~,+ (TENN~ORNL+CINC) 
CRARLESWORTH,EMMS,BELL,+ (RHEL*BIRM+DURH) 
+JONES,WEILHAMMER,BLUM,DIETL,+ (CERN+MPIM) 
+THUAN,MAJOR,RINAUDO,+(NIJM+BONN~DURH+TORI) 

EISENBERG,ENGLER,HABER,KARSHDN+ (REDO) 
+KRAEMER,TOAFF,WEISSER,DIAZ+ (DARN+CASE) 
G.GRAYER,HYAMS,BLUM,DIETL,+ (CERN+MPIM) 
÷HULD,JORDAN,KOETZ,BERNSTEIN+ (ILL+ILLC) 
+ALITTI,GANDOIG,CRALOUPKA+ (SACL+CERN) 

+AUGENSTEIN+ (KARL+PISA+SERP+WIEN÷CERN) 
+KINSON,STACEY,VOTRUBA~ (BIRM+DURH+RHEL) 
P.ESTABROOKS,A.D.MARTIN (DURH) 
+JONES,WEILHAMMER,BLUM,DIETL+ (CERN÷MPIM) 
÷AYRES,DIEBOLG,GREENE,KRAMER,WICKLUND (ANL) 

+KIRK,+(AACH+BERL+BONN*CERN+CRAC÷HEID~WARS) 
+FREUDENREICH,BEUSCH,+ (ETH+CERN+LOIC) 

ALEXANDER,CORDEN,+ (TELA+BIRM+RHEL+LDWC) 
+BUSNELLO,DAMGAARB,KIENZLE,+ (SERP+GEVA) 
+AYRES,COHEN,DIESOLD,KRAMER,WICKLUND (ANL) 
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BALTAY 78 PR D 17 62 
GABON 78 PRL 41 271 

BECKER 79 NP B 151 46 
CORDEN 79 NP B 157 250 
MARTIN 79 NP B 158 520 
POLYCERO 79 PR D 19 1317 

BERGER 80 DESY 80/3A 
COSTA 80 NP B 175 402 
GORLICH BO NP B 174 16 
LOVERRE 80 ZPHY C 6 187 

AGUILAR 81 ZPHY C 8 313 
BRANDELI 81 ZPHY C 10 117 
CHABAOD 81 APP S 12 575 
GIDAL 81 PL 107 B 153 
ROOSSARI 81 PL 105 B 304 

APEL 82 NP S 201 197 
CASON 82 PRL 48 1316 
EDWARDS 82 PL 110 S 82 
ETKIN 82 PR D 23 1786 

ARMSTRON 83 NP B 224 193 
BINON 83 NC A 78 313 

ALSO 83 SJNP 38 934 
CASON 83 PR D 28 1586 
CHABAUD 83 NP B 223 1 
DENNEY 83 PR D 28 2726 
FRAZER 83 AACHEN CONF. 
JENNI 83 PR D 27 1031 

BEHREND 84 ZPNY C 23 223 
COURAU 84 PL 147 B 227 
SMITH 84 PR D 30 851 
BERGER 84 ZRHY C 26 199 

ALOE 85 CERN-EP/85-153 
RYBICKI 85 ZPHY C 28 65 
SENS 85 SLAC-PUB-3754 

*CAUTIS,COHEN,CSORNA,SMITH,YEH,+(COLU+BING) 
÷BAUMBAUGH,BISHOP,BISWAS,KENNEY,÷(NDAM+ANL) 

*BLANAR,BLUM,CERRADA+ (MPIM+CERN~ZEEM+CRAC) 
~DOWELL,GARVEY,JOBFS,+(BIRM+RHEL+TELA+LOWC) 
+OZMUTLU (DURH) 
POLYCHRONAKOS,CASON,BISHOP÷ (NDAM÷ANL) 

+SENZER*(AACH+BERG+DDSY+HAMB+UMD+SIEG+WUPG) 
+ (BARI+BONN+CERN+GLAS+LIVP+M~LA+WIEN) 
+NICZYPORUK,ROZANSKA* (CRAC÷MPIM*CERN+ZEEM) 
+ARMENTEROS,DIONISI÷ (CERN+CDEF+MADR+STOH) 

+ALBAJAR,ARMENTEROS,* ICERN+CDEF~MADR+STOH) 
BRANDELIK,BOERNER,+ (TASSO COLLABORATION) 
+NICZYPORUK,BECKER+ (CERN÷CRAC*MPIM) 
+GOLDHABER,GUY,MILLIKAN,ABRAMS,+ (SLAC~LBL) 
ROUSSARIE,BURKE,ABRAMS,ALAM,÷ (SLAC+LBL) 

+AUGENSTEIN+ (KARL÷PISA+SERP~WIEN*CERN) 
+BIGWAS,BAUMBAUGH,BISHOP,CANNATA+(NDAM÷ANL) 
+PARTRIDGE,PECK,+ (CIT+EARV~PRIN+STAN*SLAE) 
+FOLEY,LRI,LINDENBAUM+ (BNL+CUNY*TOFT÷VAND) 

ARMSTRONG+ (SARI÷BIRM+CERN+MILA+LPNPePAVI) 
+DONSKOV,DUTEIL+ (BELG~LAPP+SERP÷CERN) 
+GOUANERE,HOSMKOV+ (BELG+LARP+SERP÷CERN) 
+CANNATA,BAUMBAUGH,BISHOP,WATSON+(NDAM+ANL) 
+GORLICH,GERRAHA+ (CERN+CBAC+MPIM) 
+CRANLEY,FFRESTONE,CDAPMAN÷ (IOWA+MICH) 
RAPPORTEUR TALK (UCSD) 
÷BURKE,TELNOV,ABRAMS,BLOCKER+ (5LAC÷LBL) 

CELLO CDLLAB(HESY~KARL÷MPIM÷LALO+LPNP+SACL) 
+JOHNSON,SHERMAN,ATWOOD,BAILLON~ (CIT+SLAC) 
+BURKE,ABRAMSIBLOCKER,LEVI,*(SLAC÷LBL+HARV) 
+KLOVNING,BUREER+ (PLUTO COLLABORATION) 

÷BINON,BRICMAN,DUTEIL+(BELG÷LAPP+SERP+CERN) 
RYBICKI,SAKREJDA (CRAG) 
PHYSICS IN COLLISION V CONFERENCE (SLAG) 

l a 1(1270) xc(sPc)= i-(1--) 
was A 1(1270) I 

OUR LATEST MINIREVI~W ON THIS PARTICLE CAN BE FOUND IN THE 1984 EDITION. 

a1(1270 ) M A S S  (MeV) 

M A B 1270. TO 1850. BOWLER 75 RVUE ÷- 7-40 PI+- P 
M (1382.) BASDEVANT 77 RVUE 25,40 PI- P 
M F D (1041.0) 413.0) GAVILLET 77 HBC 4.2 K~ P,S 3Pl 
M 1240.0 80.0 DANKOWYCH 81 SPEC 08.45 PI-P,3Pl N 
M G 1280.0 30.0 DRUM 81 CNTR 63~94 El- P 
M E (1230.0) 430.0) LONGACRE 82 RVUE 

T (1250.0) APPROX TORNQVIST 82 RVUE 
UQ (1056.) (25.) RUCKSTUHL 85 DLCO E+E-,TAU* TAU- 

AVG i2~5:1" "ELi AVERAGE 

M A B USES DATA OF ANTIPOV 73,ASCOLI 74,OTTER 74,TABAK 74,THOMPSON 74. 
M USES ANTIPOV 73 DATA. WE SELECT SOLUTION S OF BASDEVANT 77. 
M D USES THE MODEL DF BOWLER 75. 
M E USES MULTICHANNEL AITCHISON-BOWLER MODEL. 
M E USES DATA FROM GAVILLET 77, DRUM 80 AND DANKOWYCH 81. 

~ PRODUCED IN K- BACKWARD SCATTERING. 
SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 

M T FROM A UNITARIZED QUARK MODEL CALCULATION 
M U FROM TAU --> AI + NEUTRINO DECAYS. 

a1(1270) W I D T H  (MeV) 

A S 240. TO 280. BOWLER 75 RVUE +- 7-40 PI+- P 
(A70.) BASDEVANT 77 RVUE 25,40 PI- P 

F (230.0) (50.0) GAVILLET 77 HBC 4.2 K- P,S 3PI 
380.0 100.0 DANKOWYCH 81 SPED 08.45 PI-P,3PI N D 

D 300.0 50.0 DAUM 81 CNTR 63,94 PI~ P 
(330.0) (60.0) LONGACRE 82 RVUE 
(234.0) APPROX TORNQVIST 82 RVUE 

UQ (476.) (143.) (132.) RUDKSTUHL 85 DLCO E+E-,CAU+ TAU~ 

AVG 316.0 44.7 AVERAGE 

A B USES DATA OF ANTIPOV 73,ASCOLI 74,OTTER 74,TABAK 74,THOMPSON 74. 
USES ANTIPOV 73 DATA. WE SELECT SOLUTION B OF BASDEVANT 77. 

E 0 USES THE MODEL OF BOWLER 75. 
USES MULTICHANNEL AITCHISON-BOWLER MODEL. 
USES DATA FROM GAVILLET 77, DRUM 80 AND DANKOWYCH 81. 
PRODUCED IN R- BACKWARD SCATTERING. 

? YSTEMATIC ERROR ADDED QUADRATICALLY BY US. 
FROM A UNITARIZEB QUARK MODEL CALCULATION 

U FROM TAU --> AI + NEUTRINO DECAYS. 

a1(1270 ) P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

at(1270 ) ~ p_~ 769+ 140 

a i ( I270)  ~ KK 494+ 4 9 8  
a l ( t 270 )  ~ r ( r r ) S _ w a v e  14o+ 1~0.  14o 

a1(1270 ) ~ ~ 140+ 0 
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a 1(1270/, r/(1275),/1(1285) 

a1(1270) PARTIAL WIDTHS (keV) 

• a1(1270 ) ~ 7 r ± 7  
W~ 640.0 246,0 ZIELINBKI 84 SPEC 20D PI+Z,Z 3 Pl I 

a~(1270) BRANCHING RATIOS 

a~(1270) ~ (w (Tr 7C)S_.a,e)/( p ~) 
R4 E 0.003 O,OO3 LON~ACRE 82 RVUE 
RA E USES MULTICHANNEL AITCHISON-BOWLER MODEL. 
R4 E USES DATA FROM GAVILLE~ 77, DAUM 80 AND DANKOWYCH 8 1 .  

(P3I/(PI) 

REFERENCES FOR ~1(1270) 

BELLINI 63 NC 29 896 

ADER~BLZ 64 PL 10 226 
GOLDHASE 84 PRL 12 336 
LANDER 64 PRL 13 346 A 

ABOLINB 65 ATHENSIOHIO)BONF. 
ALITTI 65 PL 15 69 

ALLARD 66 NO L6A 737 
DEUTSCHM 66 PL 20 82 
HESS 66 UCRL-16832 

ALLISON 67 PL 258 619 
RAHL 67 PR 163 1377 
DANYSZ 87 NC 51A 801 
JUHALA 67 PRL 19 1355 
SLATTEBY 67 NC 5OA 377 

ARNENISE 68 PL 26 B 336 
ASEOLI 68 PRL 21 113 
BALLAM 68 PRL 21 95L 
BOESEBEE BB NP B 4 501 
CASO 68 NC 54 A 983 
CHUBG 68 PR 165 1491 
CNOPS 68 PRL 21 1609 
FRIDMAN 68 PR 167 1268 
JUNKMANN 68 NP 88 471 
KEY 68 PR 166 1430 

ALEXANBE 69 PR 183 1168 
ALLABY 69 PL 298 198 
ANDERSON 69 PRL 22 1390 
BERLINBH 69 PRL 23 42 
DONALD 69 NP B 11 551 
FAYOLLE 69 BP B 13 AO 
JUHALA 69'PR 184 1461 
KENYON 69 PRL 23 146 

ARMENIOE ~0 LNC 4 199 
ASCOLI 70 PRL 25 982 
BRANDENB 70 UP B16 369 
CASO 70 LNC 3 707 
CRENNELL 70 RRL 24 781 
GAREL[CK 70 PHILAD.CDNF.P.2O5 
RABIN 70 PRL 24 925 

ASCOLI 71 RRL 26 929 
BEMPORAD 71 UP B 33 397 
BERGER 71 PHENOMENBLOGT IN 
RINAUDO 71NC 5 A 239 

BERENYI 72 UP B 37 621 
BLOODWOR 72 UP B 46 402 
DIEBOLB 72 BATAV.EONF.3P.17 
LANSA 72 NP B 41 388 
MORSE 72 NP B L3 77 

ANTIPOUI 73 UP B 83 153 
ANTIPOU2 73 UP 8 63 141 
ARNOLD 73 NC 17 A 393 
ASCOLI 1 73 PRD 8 3894 
ASCOLI 2 73 PRL 31 795 
ATHERTON 73 PL ~3 B 249 
READ 73 NP B 64 511 

ASCOLI 24 PR 09 1963 
BOWLER 74 NP B74 493 
KRUSE 74 PRL 32 1328 
LICHTMAN 7~ NP BB1 31 
OTTER 74 NP BOO 1 
TABAK 74 BOSTON CONF. P.46 
THOMPS01 7~ PR D9 560 
THOMPS02 74 NP B69 381 

ABASHIAN 75 PRL 34 691 
AITCHIBO 75 PL 59 B 288 
ASCOLI 75 PRD 12 43 
BEUSCH 75 PL 55B 97 
BOSETT[ 75 NP B 101 3OL 
BOWLER 75 NP 897 227 
DIAZ 75 PR 12 D 1272 
EMMS I 75 NP B93 1 
EMMS 2 75 PL 60 B 109 
HORNE 7R PR 011 996 
KANE 75 TENTH RENCONTRE 
WAGNER 75 PL 58B 201 

BAUBILLI 76 NP B 115 237 
BENZ 76 NP B 115 3 8 5  
BRAYSHAW 76 PRL 36 73 

BAL~AY 77 PRL.B9 591 
BASDEVAN 72 PRD 16 657 
BAUTIS 77 THESIS NEVIR 221 
CERRADA 77 NP B 126 241 
FERRER 77 THESIS,LAL 1295 
GAVILLE~ 77 PL 69 B 119 
HABER 77 NP B 129 429 
LONGACRE 77 PRL 38 1509 
SCHULT 77 PRD 16 68 

BELLINI,FIORINI,HERZ,NEGRI,RATTI (MILAN) 

AACH+BERL+BIRM+BONN+DESY+HAMBURG+LBIC÷MPIM 
GOLDHABER,BROWN,KADYK,SHEN+ (LRL+UC8) 
LANDER,ABOLINR,EARMONY,HENDRICKS ÷ (UCSD) JP 

+CARMONY,LANbER,XUDNG,YAGER (LA JOLLA)I~I 
ALITTI,BATON,DELER,CRUSSARD+ (SACL+BGNA) 

+DRIJARD+HENNESSY+ (ORSAY÷MILAN+SACL÷UCB) 
DEUTSCHMANN,STEINBERG + (AACH+BERLIN+EERN) 
R I HESS (THESIS, BERKELEY) (LRL) 

+CRUZ+ (OXF÷MPIM+BIRM+RHBL+GLAS+LOIC) 
+HARDY+HESS+KIRZ÷MILLER (LRL) 
DANYSZ÷FRENCR+SIMAK (BERN) 
+LEACOCK+RHOBE+KOPELMAN+ (10WA+COLO) 
+KRAYBILI+FORMAN~FEREEL (YALE+ROCH) JP 

+FORINO~CARTACCI+ (BARI+BGNA+FIRZ+ORSAY) 
+CRBWLEY,KRUSE,MORTARA,SCHAFER,+ (ILLINOIS) 
+BRODY,CHADWICK,FRIES,GUIRAGOSBIAN+ (SLAC)JP 
BOESEBEEK,DEUTSCHMANN,+(AACHEN+BERLIN+CERN) 
+CONTE*CORDS,DIAZ÷ (GENOVA+HAMB+MILA+SACL) 
S.U.CHUNG,O.DAHL,J.KIRE,O.H.MILLER (LRL) 
+HBUGH,COHN,SUGG+ (BNL+BRNL+UCND÷TENB+PENN) 
+MAURER,MICHALBN,OUDET+ (HEID+STRASBOURG) 
+CDECONI+ (AACH+BERL+BONN+CERN+WARS) 
*PRENTICE*COOPER+MANNER+ (TNTO*ANL*WIRE) 

G.ALEXANDER,A.FIRESTONE,E.GOLDHABER (LRL) 
~BINON+DIDDENS+DUTEIL+KLOVNING . . . .  (BERN) 
*COLLINS,+ (BNL+CARN) 
BERLINGHIERI,FARSER,+ (ROEH) 
+EDWARDS,BURAN,BETTINI,+ (LIVP+OSLO+PADO) 
~DE MONTAIGNAC,MORAND,STRACRMAN÷ (PARIS) 
+LEACOCK,RHBDE,KOPELMAN,LIBBY,~ (ISU+COLO) 
+KINSON,SCARR,+ (BNL+UCND+ORNL) 

+GHIDINI,FBRING,CARTACCI,+ (BARI+BGNA+FIRR) 
~BROCKWAY,CRAWLEY,EISENSTEIN,HANFT,+ (ILL) JP 
+BRENNER,IOFFREDO,JOHNSON,KIM+ (HARVARD) 
+CORDS,COSTA* (GENO+DEGY~HAMB+MILB÷BACL) 
+KARSHON,LAI,SCARR,SIMS (BNL) 
D.A.GARELICK,REVIEW (NORTHEASTERN) 
+GALTIERI,DERENZO,FLATTE,FRIEDMAN+ (LRL) 

ILLINOIS+GENO+HAMB÷MIL÷SACL÷HARV+TNTO+WISC 
+BEUSCH,MELIRSINOS,+ (CERN+ETH+LOIE+MILA) 
PARTICLE PHYRICS, EALTECH 1971 (LRL) 
+BOECKNANN,MAJOR+(TORI+BONN+DURH+BIJM÷EPDL) JP 

+PRENTICE,STRENBERG,YOON,WALKER (TNTO+WISC) 
BLOODWORTH,JACKSON,PRENTICE,YOON (TORONTO) 

R.DIEBOLD RAPPORTEUR TALK (ANL) 
+EZELL,GAIDOS,WILLMANN (PURDUE) 
+OH,WALKER,JOHNSTON,YOON (WISC+TNTO) 

+ASCOLI,BUSNELLO,FOEACCI,+ (CERN+SERP) JP 
+ASCOLI,BUSNELLO,FOCACCI,+ (CERN÷SERP) JP 
+ENGEL,ESCOUBES,GEMESY,JANOSSY,+(STRB+BUDA) 
+JONES,WEINSTEIN,WYLD (ILL) 
+CHAPIN,EUTLER,HOLLOWAY,KOEBTER,KRUSE÷(ILL) aP 
+FRANEK,FRENCH,GHIDINI,HILPERT,÷ (CERN) 
B.J.READ (DESY) 

+CUTLER,JONES,KRUSE,ROBERTS,WEINSTEIN*(ILL) 
*DAINTON,KADDOURA,AITGBIBON (OXF) 
+ROBERTS,EDELSTEIN+ (ILL+CABN+NWES+ROCH) JP 
~BISWAS,CASON,KENNEY,MCGAHAN,+ (NDAM) JP 
+RUDOLPH+ (AACH+BERL+BOBN+EERN*HEID) JP 
+RONAT,RORENFELD,LARINSKI+ (LBL+SLAC) JP 
THOMPSON,GAIBOS,MCILWAIN,WILLMANN (PURD) JR 
THOMPSON,BADEWITZ,GAIDOS,MCILWAIN+ (PURR) JP 

+BEAMER,BROSB,EISENSTEIN,+ (ILL+ANL+ISU) 
I.J.R.AITCHIBON, R.J.BOLDING (OXFORD) 
G.ASCOL[. H.W.WYLD (ILLINOIS) 
+POLGAR,FREUBENREICH+ (CERN+ETH+LOIC+MILA) 
~OTTER+(AACH+BERL+BONN+CERN~HEID+LOIC+WIEN) 
+BAME,AITCHIBON,DAINTON (OXF+DARE) 
+DIBIANCA,~IBKINGER,DADO,ENGLEB÷(CASE+CARN) JP 
+JONES,KINSON,BELL,DALE+ (BIRM÷DURH+RHEL) JP 
+JONES,KINBON,BELL,DALE+ (BIRM+DURH+RHEL) JP 
+S.HAGOPIAN,V.HAGOPIAN,BENSINGER+IFRU+BRAB) 

DE MORIOND (MICH) 
+TABAK,CHEW (LBL) JP 

BAUBILLIER,RIVOAL,ARMENIRE + IBARI+LPNP) JP 
+BRAUN +(AACHEN+BONN+HAMBURG+HEIDBERG+MPIM) 
D.BRAYSHAW (SLAB) 

÷EAUTIS,KALELKAR (COLUMBIA) JP 
BABSEVANT,BERGER (FNAL+ANL) JP 
C.V.CAUTIS (COLUMBIA) JP 
+BLOCKZIJL,HEINEN+ (AMST+CERN+NIJM+OXF) JP 
A.FERRER SORIA (ORSAY) 
+BLOCKZIJL,ENGELEN+ (AMST+CERN+NIJM+OXF) JP 
H.E.HABER,G.L.KANE (UNIV. OF MICHIGAN) 
+AARON (NORTHEABTERN,BOSTON) JP 
+ WYLD (ILLINOIS) JP 

ALEXANDE 78 PL 73 B 99 
BALTAY 78 PRD 17 62 
BASDEVAN 78 PRL 40 994 
CORDEN 78  NP B 136 77 
FERRER 1 78  PL 74 B 287 
FERRER 2 78 NP B 142 77 
JAROS 78 PRL 40 1120 
PERNEGR 78 NP B 13~ 436 
ROBERTS 7a PRD 18 59 

GORDIER g9 PL B 81 389 
KASPER 79 NR B 156 207 
MAZZUCAT 79 NP B 156 532 

DAUM 8O PL 89 S 281 
WAGNER 80 ZPHY C 3 193 

AARON 81 PRD 24 1207 
DANKOWYC 81 PRL 46 580 
DAUM 81 NP B 182 269 
FOSTER 81 NP B 187 231 

ARMRTRON 82 NP B 202 1 
BELLINI 82 NP B 199 I 
ETKIN 82 PRD 25 1786 
GAVILLET 82 ZPHY C 16 119 
LONBACRE 82 PRD 26 83 
TORNQVIS 82 NP B 203 268 

LEEDOM 83 RR D 27 1426 

ZIELINSK 84 PRD 30 1855 
ZIEIINSK BA PRL 52 1195 
RUCKSTUH 88 CALT-68-1310 

ALEXANDER,KNIES,+(DESY~AACR+HAMB+SIEG+WUPG) 
÷CAUTIS,COHEN,CSORNA,KALELKAR+ (COLU+BING) 
BASDEVANT,BERGER (FNAL÷ANL) 
DOWELL,GARVEY,JOBES+ (BIRM+RHEL~TELA+LOWC) 
+TREILLE,RIVET ÷ (ORSAY+CERN+CDEF+LPNP) 
+TREILLE,RIVET (ORSAY+CERN+COEF+LPNP) 
+ABRAMS,ALAN+ (SLAC+LBL+NWES+HANA) 
+AEBISGHER+ (ETR+CERN+LOIC*MILA) 
÷KRUSE,EDELSTEIN+ (ILL+CARN+NWES~ROCH) 

+DELCOURT,ESCHSTRUTH,FULDA,+ (LALD) 
+CHAPMAN,DEROAEH,GOLD,KLEIN,HARTIN+ (MELB) 
MAZZUCATO,PENNINGTON+ (CERN+ZEEM+NIJM+OXF) 

+RERIZBERGER+(AMST+CERN+CRAC+MPIM+OXF+RhEL) 
+ALEXANDER+ (AACH+DESY+HAMB+SIEG+WUPP) 

+LONGACRE (NEAS+BNL) 
*BROEKMAN,EDWARDS+(TNTO+BNL*CARL+MCGI+OBIO) 
+HERTZBERGER~(AMST+CERN+CRAE+MRIM+OXF+RHEL) 
+BLOKZIJL,ARMENTERDS,+ (OXF+ZEEM+CERN÷NIJM) 

+8ACCAR(AACH*BARI+BONN+CERN+GLAS+LIVR~MILA) 
+ (CERN+MILA+JIBR+BENA+HELS+PAVI+WBRS+VIEN) 
+FOLEY,LAI,LINDENBAUM+ (BNL+CUNY÷TUFT+VAND) 
+ARNENTEROS,AGUILAR+ (CERNeCDEF*PADO+ROMA) 
R.S.LONBACRE (BNL) 
TORNQVIST (EELS) 

+DE BONTE,GAIDOS,KEY,WONG+ (PURD+TNTO) 

÷BERG,CHANDLEE,CIHANGIR.+ (ROCH+MINN~RNAL) 
+BERG,CHANDLEE,CIHANGIR.+ (ROCH÷MINN+FNAL) 
RUEKSTUHL,STROYNOWSKI,+ (CIT÷SLAC+BTAN) 

r/(1275) I *qaec~= °-<°-~J 
SEEN IN PHASE SHIFTS ANALYSIS OF THE ETA PI~ PI- 

OMITTED FROM SYSTEM WITH PI~ PI- IN AN R-WAVE (STANTON 791. 
SZ~MARY TABLE WAIT CONFIRMATION. 

7(1275) M A S S  (MeV) 

M (1275.) APPROX. STANTON 79 CNTR 0 8.LPI-P,ETA 2Pl 

7(1275) W I D T H  (MeV) 

w I70.) APPROX. STANION 79 CNTR O 8.API~,ETA 2PI 

7(1275) PARTIAL DECAY MODES 

DECAY MASSES 

pl 7(1275) ~ a0(980) ~ 983~ IAO 

P2 ~(1275) ~ ~gg+91 - -  549+ 1AO+ 140 

7(1275) BRANCHING RATIOS. 

7(1275) ~ a0(980) 71" ( p l )  
R1 LARGE STANTON 29 CNTR 0 8.API-P,ETB 2 Pl 

REFERENCES FOR 7(1275) 

RTANTOB 79 PRk 42 346 +BROCKMAN,DANKOWYCH,+ (OSU÷CARL+MCGI÷TNTO) JP 

BARNES 82 PL 118 B 365 T.BARNES AND F.E.CLOSE (RHEL) 
TANIMOTO 82 PL 116 B 198 M.TANINOTD (BIEL) 

ATKINSON 84 PL 138 B 459 ATKINSON+ (BONN+GERN+GLAS~LBNG÷MCRS+LPNP÷) 

I f~(1285) ~-. was D(128~) ] 
io(jPc) = 0+(-I-+) 

/'1(1285) M A S S  (MeV) 

M S 50011280.) (5.) 
M 34(1271.R) (10.0) 
M P 46(1275.01 APPROX, 

M 1283.0 5.O 
M 1290. 7. 
M 1870.0 10.0 
M 1285 ~: 
M ~303,0 O 
M 1283.0 6.0 
M 158 1292. IB. 

180 1286. . 5 
210 1279.0 5.0 

M 85 1295.0 12.0 
320 1282.0 2.0 
200 1288.0 9.0 

THUN 72 MMS 13.4 Pl- P 
BORDEN 78 OMEE 12-15PI-P,K+K-PI 
BTANTON 79 CNTR 8.SPI~P,2GAM 2Pl 

. . . . . . . . . . .  6 .... ;~; ; 
D-ANDLAU 68 HBC 1.2 PBAR P, FS 
CAMPBELL 69 DBC 2.7 PI+ D 
LORSTAD 69 HBE 0.7 PB P, 4,5-BODY 
BARDADIN 71 HBC B PI÷ P, P+6PI 
BOERBBECK 71 HBC 16.0 Pl P,5 Pl 
DEFOIX 72 HBC 0.7 PEAR P,7 Pl 
DUBOE 72 HBC 1_2 PEAR P,2KAPI 
GRASBLER 77 HBC 16 . PI-+ P 
CORDER 78 OMEG 12~15PI-P, N 5PI 
NACASCH 78 HBC .7+.76 PB P,KKBP 
GURTU 79 HBC 4.2 K- P,ETA 2Pl 



For notation, see key on page 91. 

31 1275.0 6.0 BROMBERG 80 SPEC 100 PI-P,2KPIX 
103 1283.0 8.0 DIONISI 80 HaG 4. PI- P,K KB PI 

1278. . EVANGELIS 81 OMEG 12 PI-P,ETA3PIP 4 
T 11279.) ARPROX TORNQVIST 02 RVUE 

M 1285.0 2.0 PALANO 83 OMEG 85 PP PI+P,2KPFX 
604 1270.0 2,0 ARMSTRONG 84 OMEG 85 PI÷P,K KBARPI 
353 1287.0 5.0 BITUKOV 8L SPEC 32 PI-P,K+K-PIO 

M 1286,0 1.0 CHAUVAT 04 SPEC [SR 31.5 PP 
1285.0 2.0 CHUNG B5 SPEC 0 8 PI-P,K K PIN 

M AVG "-'1285.4" " " ""1.3 " AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.1) 

P FROM PEASE SHIFT ANALYSIS OF ETA PI÷Pl- SYSTEM. 
S SEEN IN THE MISSING MASS SPECTRUM 

M T FROM A UNITARIZED QUARK MODEL CALCULATION 

f1(1285) W I D T H  (MeV) 

ONLY EXPERIMENTS GFVING WIDTH ERROR LESS 
THAN 20 MET ARE KEPT FOR AVERAGING. 

W R (35.0) (10,0) DAHL 67 HBC 1.6-4.2 PI- P 
W R (60.) (15.) LORSTAD 69 HBE 0.7 PB P, 4,5-BODY 
H R 150 (28.) (5.) DEFOIX 72 HSG 0.7 PBAR P,7 P9 
w R 180 (46.) (9.) DUBOC 72 HBC 1.2 PeAR P,2KGPI 
W S 500 I37.) (5.) THUN 72 MMS 15,4 PI- P 
W P (10.0) APPROX. STANTON 79 ENTR 8.5PI-P,2GAM 2Pl 

30.0 15.0 CAMPBELL 69 Dec 2.7 Pl~ D 
10.0 I0.0 BOESEBECK 71 HBC 16,0 PI P,5 PI 

210 24.0 18.0 GRASSLER 77 HBC 16. PI-÷ P 
320 28.3 6.7 NACASCH 78 HBC 7~.76 PB P,KKBP 

W 200 25.0 15.0 GURTU 79 HBC 4 L~- P,ETA 2Pl 
w 103 29.0 10.0 DIONISI 80 HBC 4: PI- P,K KB PI 
W 26. 12. EVANGELIS 81 OMEG 12 PI-P,ETA3RIP 
W 26. 5. PALANO 83 OMEG 85 PP PI÷P,2KPIX 
W 604 32.0 3.0 ARMSTRONG 84 OMEG 85 PI+P,K KBARPI 
W 24.0 3.0 EHAUVAT 84 SPEE ISR 31.5 PP 

22.0 2.0 CHUNG 85 SPEC 0 0 PI-P,K K PIN 

W AVE " -'24.9" " " "-1.6 " AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 

P FROM PHASE SHIFT ANALYSIS OF ETA PI*PZ- SYSTEM. 
R RESOLUTION NOT UNFOLDED 

w S SEEN IN THE MISSING MASS SPECTRUM 

f1(1285) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

Pl f1(1285) ~ K ~ ' ~  498+ 498+ 155 

P2 fL(1285) ~ ~ p  135{ 183+ 769 
P5 f1(1285) ~ ~71"r 549+ 135+ 135 

P4 f1(1285) ~ ad980)  w 980+ 135 

P5 f1(1285)  ~ 2 r  + 2 ~ - -  140+ 140+ 140+ 1GO 
P6 f1(1285) ~ K*(892) k" 89Z+ 498 

P7 f i ( 1 2 8 5 )  ~ 4 ~  140{ 140. 1AO+ 14D 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The matrix beIow is derived from the error matrix for the fitted partial deca~ mode 
branching fmclions, PI, as follows: The diagonal elements are P,=aP,, where 
6P i ~ ~ ,  while lhe off-dlagonal eIements are the n0~alizcd correlation coeffi- 
cients ~aPxaPl)/(~P~,fiPl), For the definilions of the individual Pi, see the lislings above; 
only those P, appearing in the matrix are assumed in the fit to be nonzero and are 
thus constrained to add to E 

P 1 P 5 P 7 
P I .1117+-.0266 
P 3 .2931 .4883+-.0586 
P 7 -.6152 .9341 .4000+-.0711 

f=(1285) B R A N C H I N G  R A T I O S  

THE FI(1285) BRANCHING RATIOS FIT IS MADE WITH THE ASSUMPTION THAT 
THE FI(1285) INTO 4Pl DECAY IS ALWAYS VIA DECAY INTO I=I Pl PI 
PAIRS (E.G., RHO Pl PI) .  

f1(1285) ~ ( ~  7F p)/(K E "a') (P2)/(R1) 
R1 (2 .0 )  OR LESS DAHL 67 MBE PI+- 
RI D (4.0) OR LESS DONALD 60 HBC 1.2 PBAR P,5P+ 
RI D THIS IS FOR (RHOO PI+ PI-)/(K KBAR PrO) 

/1(1285) ~ (K E 7r)/(~ ~ ~ )  (PI)/(RA) 
R2 0.16 0.08 CAMPBELL 69 DeC 2.7 Plt  D 
R2 K 0.20 0.08 DEFOIX 72 HSC 0.7 PBAR P,7 Pl 
R2 O.E 0.2 CORDEN 78 ONES 12~15PI-P 
R2 0.42 0.15 GURTU 79 HBC 4.2 K- P 
R2 
R2 AVE 0,229 0.061 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.2) 
R2 FIT 0.229 0.053 FROM FIT 

(SEE IDEOGRAM BELOW) 

R2 K K XBAR SYSTEM CHARACTERIZED BY THE I=I THEESHOLD 
R2 K ENHANCEMENT (SEE UNDER AO(980)). 
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v 

- 0  2 0 .2  

W E I G H T E D  AVERAGE 
0 . 2 2 9  ± O.O61 (ERROR S C A L E D  BY 1.2 ) 

~ I W .  Values above of weighted average, error, 
end scale factor are based upon the dale m 
th is  ideogram only. They are not neces- 
sar i ly  the same as our "best "  values, 
obtained from a !east-squares constrained fix 
u t i l iz ing measurements  of other {related) 
quanti t ies as additional informat,on. 

. . . . . .  GURTU 79 HBC -- 
• • CORDEN 78 OMEG 1 8 

. . . . . . .  DEPOIX 72 HBC 0 1 
. . . . . . . .  CAMPBELL 69 DeC 0 7 

-TT" 
(Conhdence Level = 0 2281 

0 .6  1 0  

f1(1285) ~ (KK"rr)/(rprTT) 

f1(1285) ~ (aD(980) ~c)l(~ II" 7r) (P4)/(R3) 
R3 SEEN DEFOIX 68 HBE PBAR P 
R3 1.0 0.3 GRASSLER 77 HBC D 16. PI-+ P 
R3 0.6 0.3 0.2 CORDEN 78 OMEG 12-15PI-P 
R3 0.72 0.15 6URTU 79 HBC 4.2 K- P 
R3 . . . . . . . . .  
R5 AVG 0.74 0.12 AVERAGE 

f1(1285) ~ (27 r+27r - ( inc lud ing  p~))/(~'n'+TF -) 
R4 (PS)/(G/3P3) 
R4 0.46 0.15 GRABSLER 77 HBC 16. PI-+ P 
R4 D.32 0.20 GUHTU 79 HBE 4.2 K- P 
RA 
RA AVG 0.41 0.12 AVERAGE 
R4 FIT 0.41 0.12 FROM FIT 

f1(1285) ~ (K*(892) K) / to ta l  (P6) 
R5 NOT SEEN NADASCH 77 HBC .7+.76 PB R,KKBP 

f1(1285) ~ ( p O ~ r + ~ ' - ) / ( 2 7 r + 2 ~ r - )  (1/3P2)/(PS) 
R6 1.0 0.4 GRASSLER 77 ESC 16 GET PI+- P 

f1(1285) ~ (p 7C 7r)/(~ ¢r 7r) (P2)E(PA) 
R7 C (0.4) OR LESS EL=.95 CORDEN 78 OMEG 12-15PI-P 
R7 C NOTE THAT EORDEN 78 AND GRASSLER 77 ARE IN DISAGREEMENT. 

R E F E R E N C E S  FOR f1(1285) 

D-ANDLAU 65 PL 17 347 
MILLER 65 PRL 14 1074 

RAHLOW 67 NE 50 A 701 
DAHL 67 PR 163 1377 

D~ANDLAU 68 NP B 5 693 
DEFOIX 68 PL 28 B 353 

CAMPBELL 69 PRL 22 1204 
DONALD 69 NP B 11 551 
LORSTAD 69 NR B 14 63 
OTWINOWS 69 PL 29 B 529 

AMMAR 70 PR 02 430 

BARDADIN 71PR D4 2711 
BOESEBEE 7 1 P L  34 B 659 
GOLDBERG 71 LNC 1 627 

BERENYI 72 NP I 37 ~21 
CHAPMAN 72 NR 42 
DEPOIX 72 NP B 44 125 
DUBOC 72 NP B 46 429 
THUN 72 PRL 28 1733 

VUILLEMI 75 LNE 14 165 
WELLS 75 NP B 101 333 

HANDLER 76 NP B II0 173 
VUILLEMI 76 NC 33A 133 

GRASSLER 77 NP B 121 189 

CORDEN 70 NP B 144 253 
IRVING 7B NP B 139 327 
NACASEH 78 NP B 135 203 

GURTU 79 NP B 151 181 
STANTON 79 PRL 42 546 

BROMBERG SO PR 0 22 1515 
DE BILLY 80 NP B 176 1 
DIONISI 80 NP B 169 1 

EVANGELI 81NP B 178 197 

6AVILLET 82 ZPHY C 16 119 
TORNQVIS 82 NP B 203 268 

PALANO 83 CERN/EP 83-I07 

+BARLOW,ADAMSON,÷ (CDEF+EERN*IRAD+LIVP) 
+CHUNG,DAHL,HESSIHARDY,KIRZ,* (LRL+UER) 

+MONTANET,D-ANDLAU+ (CERN+EDEF+IRAD+LIVP) 
+HARDY+EESS+KIRZ+MILLER (LRL)I JR 

~ASTIER,SARLOW+ (COEF+GERN+IRAD+LIVP)I JP 
+RIVET,SIAUD,CONFORTO+ (EDEF÷IPNP+CERN) 

+LICHTMAN,* (PURE) 
+EDWARDS,BUHAN,BETTFNI,+ (LIVP÷OBLO+PADO) 
B.LORSTAD,D-ANDLAU,ASTFER,+ (EDEF+CERN) JP 
S.OTWINOWSKI (WARSAW) 

+KROPAC,DAVIS,DERHICK÷ (KANS+NWES*ANL+WISC) 

BARDADIN-OTWINDWSKA,EOFMOKL,MICHEJDA÷(WARE) 
(AACE+BERLeSONN+CERN+CRAC+HEID+WARS) 

+MAKOWSKI,TOUCHARD,DONALD,+ ((PN+LIVP) JP 

+PRENTICE,STEENSERG,YOON,WALKER (TNTO+WIGC) 
+CHURCH,LYS,MURPHY,RING,VANDER TILDE (MIEH) 
+NASCIMENTO,BIZZARRI,÷ (EDEF*CERN) 
+GOLDBERG,MAKOWSKI,DONALD,+ (LPNP÷LIVP) 
+BLIEDEN,FINOCCHIARO,BOWEN,+ (STON+NEAS) 

VUILLEMIN,+ (LAUS+NEUC+LPNP*LIVP÷GLAS) JP 
+RADOJICIC,ROSCOE,LYONS,+ (OXF) 

*PLANO,BRUGKER,KOLLER+ (RUTG÷STEV+SETO) 
VUILLEMIN+ (LAUG+NEUE+LPNP+LIVP+GLAS) 

*(AACHEN+BERLIN+BONN+CERN+ERACOW+HEID÷WARS) 

+CORBETT,ALEXANDER,+ (BIRM+RHEL+TELA*LOWC) JR 
X.C.IRVING,E.R.SEPANGI (LIVP) 
+DEFOIX,DOBRZYNSKI,+ (PARZG÷MADRID+CERN) 

+GAVILLET,BLOKZIJL,+ (EERN+ZEEM+NIJM+DXFF 
+BROERNAN,DANKOWYCH,~ (OSU+EARL*MCGI+TNTO) JR 

+HAGGERTY,ABRAMS,DZIERBAICIT+ENAL+ILLC+INE) 
*BRFAND,DUBOE,LEVY+ {CURI+LAUS+NEUC+GLAG) JP 
+GAVILLET,ARMENTEROS* (EERN+MAOR+CDEF+GTOH) 

EVANGELISTA+(BARI÷BONN*CERN+DARE+LIVR+MILA) 

+ARMENTEROS,AGUILAR+ (CERN+EDEE+PADO*ROMA) 
TORNQVIST (HELS) 

÷ARMSTRONG,APOSTOLAKIS(ATEN+BARI+BIRM+CERN) 
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ARMSTRON 8A PL 146 B 273 +BLOODWORTH,BURNB,÷ (ATHU÷BARI÷BIRRfCERN) JP 
ADKINSQN 84 PL 130 B 459 ATKINBON+ (BONN*DERN÷GLAS÷LANC÷MCHS÷LPNP+) 
BITUKOV 84 PL 144 B 138 ~DOROFEEV,DZHELYADIN,GOLBVKIN,KULIK,+(SERP) 
CHAUVAT 54 PL 148 B 382 +MERITET,BONINO,ALITI+(CERN÷UDCF+UCLA~SACL) 

ASTON 85 PR B 32 2255 ÷CARNEGIE,DUNWOODIE,DURKIN÷(SLAC+CARL~CNRC) 
CHUN5 85 PRL 55 779 +FERNOW,BOEHNLSIN~ (BNL+FLOR+IND~SMAS) Jp 

fo(1300) l~(J~e)=o-(o--) 
was E(1300) [ 

OUR LATEST MIHIREVIEW ON THIS PARTICLE CAN BE FOUND IN THE 1984 EDITION. 

/ 'o(1300) M A S S  ( M e V )  

(1256.0) FROGOATT 77 RVUE 
(1270.) APPROX. MARTIN 78 RVUE 

M (1300.) APPROX. PDLYEHRON 79 STRC 
MM 1425. 15. WIDKLURG BO SPEC 

(1394.) IRVING 01 RVUE 
M 1463.0 9.0 ETKINI 82 MPS 

C 1470.0 22.4 ETKIN2 BE MPS 
MM (1237.) APPROX TORNQVIST 82 RVUE 

1220.0 40.0 ALOE 85 GAMA 

M M AVERAGE'MEANINS(ESS'(SCiLE FACTOR = 3.6)  

PI÷PI= CHANNEL 
PI+PI- CHANNEL 

. Pl N,D+ 
PI+PI~,K KBAR CH 
23 PI-P,2KOS N 
23 PI-P,REOB N 

IOOPl P,2 ETA 

FIT INCLUDES INTERFERING ;0(1240) RESONANCE. SYSTEMATIC 
ERROR ADDED QUADRATICALLY BY US. 

/ 'o(1300) W I D T H  ( M e V )  

w E (AO0.) APPROX. FROGGATT 77 RVUE PI+PI~ CHANNEL 
W (150.) APPROX. POLYCHRON 79 STRC 7, PI-P,KS KS N 
W 160, 30. WICKLUND 80 SPEC 6. PI N,K4 K= N 
w P (220.) IRVING 81 BVUE PI+PI-,K KBAR CH 

118.0 138.0 16.0 ETKINI 82 MRS 23 PI-P,2KOB N 
C 140.0 22.0 ETKIN2 82 MRS 23 PI-P,2KOS N 

W (1400.) APPROX. TORNQVIST 82 RVUE 
W 320.0 40.0 ALDE 85 SAM4 lOOP)- P,2 ETA 

AVERAGE'MEANINGCESS'(SC;LE &ACTOR = 2.8)  

C FIT INCLUDES INTERFERING FO(12AO) RESONANCE. SYSTEMATIC 
C ERROR ADDED QUADRATICALLY BY US. 

W S WIDTH DEFINED AS DISTANCE BETWEEN 45 AND 135 DEGREES PHASE SHIFT. 
W P FROM POLE POSE)ION 

fo(1300)  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

pl fo(1300 ~ ~ ~ 140+ 140 
p2 fo(1300)  ~ K K  495÷ 498 
P3 fo(1300)  ~ ~ 0A9+ BA9 

/ 'o(1300) B R A N C H I N G  R A T I O S  

fo(1300)  ~ (Tr 7c)/total  t (Pl) 
RI (0.73) HYAMB 75 ASPX 1 7 . 2  PI-P,PI+PI- 
RI 0.936 0 . 0 1 9  0.015 GORLICH 80 ASPK 17,18 PI~P POLAR 
RI (0.93) LOVERRE 80 BBC 4. Pl- P,K K N 
RI (0.93) APPROX. TORNQVIST 02 RVUE 

/ 'o(1300) ~ (K  ~ ) / ( 7 r  Tc) (P2)/(pl) 
RB 0.08 0.01 COSTA 80 DMEG 0 10 Pl-P,K÷ K- N 

R E F E R E N C E S  F O R  1"o(1300) 

SAMIOS 62 PRL 9 139 

BLOKHINT 63 JETP 17 BO 
BOOTH 63 PR IBG 2314 
KIRZ 63 PR 130 2481 

BARISB 64 PR 135 B 416 
CRAWFORD 6A PRL 13 A21 
GEL FABR 64  PRL 12 674 
KALMUS 64 PRL 13 99 

÷BACHMAN,LEA+ (BNL÷CUNY+COLU*KNTY) 

BLOKHINTBEVA,SREIBINNIK,ZHUKOV + (DUBNA) 
ABASHIAN (LRL) 

*SCHWARTZ ~ TRIPP (LRL) 

BARISH,XURZ,PEREZ-MENDEZ,SOLOMON (LRL) 
*GROSBMAN,LLOYD,PRICE,FOWLER (LRL) 
GEL FABRO,DE PRETIS,JONES÷ (FRASCATI) 
÷KERNAN,PU,POWELL,BDWD (LRL÷WISCONSIN) 

BATON 
BIRGE 
BROWN 
DURAND 65 PRL 14 329 

BETTINI 66  NC 42A 695 
JACOBS 66 PRL 16 669 
KOPELMAN 66 PL 22 115 
LOVELADE 66 PL 22 332 

ANDERSON 67 PBL IB 89 
BEUSCH 67 PL 25 B 357 
CLEGG 67  PR 163 1664 
EORBETT 67 PR 156 1451 
SUTAY 67 PRL 18 142 
JOHNSON 67 PR 163 1497 
MALAMUD 67 PRL 19 1056 
WALKER 67 BMP 39 695 
WALKER 67 PRL 18 630 

65 NC 36 1 1 4 9  J.P.BATON, J.REBNIER (SACLAY) 
65 PR 139 B 1600 *ELY÷GIOAL+KALMUS+CAMERINI÷ (LRL+WISC) 
65 CORAL GABLES 219 BROWN÷FAIER (NORTHWESTERN) 

L. DURAND AND Y.T. CHIU (YALE) 

+CRESTI,LIMENTANI,LOR[A,PERUZZO÷(PADO+PISA) 
+SELOVE (LRL) 
+ALLEN,SODDEN,MARSHALL + (COLORADO+IOWA) 
LOVELACE,HEINZ,DONNAGHIE (CERN) 

+FUKUI÷KESSLER* (CHIC+ANL+CNRC~MCGILL*LOQM) 
~FISCHER,GOBBI,ABTBURY* (ETB*CERN) 
A.B.CLEGG (LANCASTER) 
+DAMERFLL~MIDDLEMAB÷NEWTON (OXF+RHEL) 
+JOHNSON+LOEFFLER+MCILWAIN÷ (PURDUE÷LRL) 
+GUTAY,EIBNER,KLEIN,PETERB,BAHRI,YEN+(PURD) 
E.MALAMUD ÷ P.E.SGHLEIN (UCLA) 
W.D.WALKER (WISCONSIN) 
÷CARROLL,GARFINKEL,OH (WISCONSIN) 

BANDER 
BISWAS 
BRAUN 
DUTTA RO 
EISENHAN 
FOSTER 
HYAMS 
JONES 
JOHNSON 
LOVELACE 
MARATECK 

BIZZARRI 
DAVISON 
DEINET 
ELY 
FELDMAN 
GUTAY 
HALL 
HOPKINSO 
MALAMUB 
MORGAN 
ROBERTS 
SCHARENI 
SCHAREN2 
SMITH 
SONDEREG 
STRUGALS 

ALSO 
WAGNER 

BARTSDB 
BATON 
BRODY 
DIAZ 
HYAMS 
MAUNG 
MORGAN I 
MORGAN 2 
NIELSEN 
OH 
SCHARERG 
SHIBATA 

ALSTON-G 
BANAIGS 
BEAUPRE 
BENSIRSE 
DUBAL 
GUILLOU 
GUTAY 
HAMILTON 
KIM 
LYNG RED 

APEL 
BAILLOR 
BASDEVAN 
BRODY I 
BRODY 2 
DARRELL 
ELVEKJAE 
~LATTE 
FREHKIEL 
BAIDOS 
PRASAD 
RIELBEN 
WHITEHEA 
WILLIAMS 

68 PR 168 1579 
68 PL 27 B 513 
68 PRL 21 1275 
68 PR 169 1357 
68 PRL 20 75B 
68 NP B 6 107 
68 NP 07 1 
68 PR 166 1405 
68 PR 176 1651 
68 PL 25 B 26A 
68 PRL 21 1613 

69 NP B14 169(SEE P. 
69 PB IBO 1333 
69 PL 80 B 359 
69 PR 100 1319 
69 PRL 22 316 
69 NP B 12 31 
69 NP B 12 573 
69 NC 59 A 181 
69 ARGONNE CON;.P.93 
69 NP B 10 261 
69 PL 29 B 368 
69 ARGONNE CON~.306 
69 PR 186 1387 
69 PRL 23 335 
69 BEE BASDEVAHT 72 
09 PL 29 B 518 
70 RP B 24 358 
G9 NC 64 A 189 

70  NP B 22 1 
70 PL 33 B 528 
70 PRL 2A 948 
70 NP B 16 259 
70 PHILAD.CONF.P.~I 
70 PL 33 B 521 

÷SHAW,FULCO (UC IRVINE+B.BARBARA) 
+CABON,JOHNSOH,KENNEY,POIRIER+ (NDAM) 
BRAUN,CLINE,SCHERER (WISCONSIN) 
B. DUTTA ROY, I.R. LAPIDUS (STEV) 
EISENHANDLER,MISTRY,MOSTEK + (CORNELL) 
+GAVILLET÷LABROSBE+MONTANET+ (CERN+CDEF) 
*KBCH,POTTER,..VON LINDERN,LOREN(CERN*MPIM) 
+CALDWELL+ZACHAROV+HARTING+BLEULER+ (CERH) 
+POIRIER,BIBWAS,GUTAY* (NDAM÷PURD÷SLAC) 
C.LOVELACE (CERN) 
*HAEOPIAN,+ (PENN+LRL÷COLO*RURD*TNTO÷WISC) 

190)*FOSTER,GAVILLET,GHEBGUIERE+ (CERNeCDEF) 
*BACASTOW,BARKAS,* (UCR+UCB) 
+MENZIDNE,MULLER,STAUDENMAIER,+ (KARL+CERN) 
÷GIDAL,HASOPIAN,÷ (UCB÷LOUCeWISC) 
+FRATI,SLEESON,HALPERN,NUSSBAUM,÷ (PENN) 
÷CARMONY,CBONKA,LOEFFLER,MEIERE (PURDUE) 
+MURRAY,RIDDIFORD (BIRMINGHAM) 
J.HOPKINSON,R.G.RDBERTS (CERN) 
E.MALAMUB, P.BCHLE]N (UCLA) 
D.MORGAN,G.SBAW (RHEL) 
R.G. ROBERTS, F. WAGNER (GERM) 
SCHARENGUIVEL (PURDUE) 
SBHARENGUIVEL(PURD*LRL÷CERN+COLO+PENN~TNTO) 
G,A.SMITH, R.J.MANNING (MSU~LRL) 
SONDEREGGER,BONAMY (BACL) 
÷CHUVILO,FENYVES,+ (WARS+JINR+BUDA) 
STRUGALBKI,CHUVILO,FENYVES,GEMESY,* (DUBNA) 
F.WAGNER (CERN) 

~KEPPEL,GENBCH,MORRISON,+ (AACH+BERL+CERN) 
÷LAURENS,REIGRIER (BAGLAY) 
÷GROVES,VANBERG,MAGLIC+(PENN+RUTG*UPNJ÷ANL) 
+GAVILLET,LABROSSE,MONTANET+ (CERN+CDEF) 
÷SCHLEIN,BEUBCH,+ (CERN+MPIM+ETH+LOIC÷HAWA) 
÷MASEK,MILLER,RUDERMAN,VERNON,÷ (UCSD*LRL) 

70  SPRINGER TRACTS MOD.PHYB.,VOL.55,P.I. MORGAN,RISUT(RHEL÷CERN) 
70  PR D 2 520 D.MORGAN,S.SHAW (RHEL) 
70 NP B 22 525 ÷LYNG-PETERSEN,PIETARINEH (NBRDITA) 
70 PR D 1 2494 +GARFINKEL,MORSE~WALKER,PBENTICE(WISC÷TNTO) 
70 NP B 22 16 SCHARENGUIVEL,GUTAY,MILLER,+ (PURD+REHN) 
70 PRL 25 1227 +FRISCH,WAHLIS (MIT) 

71 PL 36 B 152 ALSTON-GARNJOBT,BARBARO-GAITIERI,+ (LBL) 
71 NP B 20 509 +BERGER,DUFLO,GOLDZAHL,COTTEREA*(SACL+CAEN) 
71 NP B 28 77 +BEUTSCHMANH,GRAESSLER,* (AACH+BERL+CERN) 
71 PL 36 B 134 BEHBIRGER,ERWIM,THOMPSON,W.D.WALKER (WISC) 

(CNRC÷CARL) 71 NP B 32 535 L.DUBAL,D.J.BROWN 
71 NC 5 A 659 LB GUILLOUtMOREL,NAVELET (CERN) 
71 NP B 27 A56 +5CHARENBUIVEL,FUEHB,GAIDOS,MILLER,+ (PURE) 
71 SPRINGER TRACTS MOD.PHYS.,VOL. 57,P.A1 J.HAMILTON (NORDITA) 
71 PR D 4 265 +BANDER (UCI) 
71 PGYS.REPRTS 2 155 J.LYNG PETERSEN (REVIEW) (CERN) 

72 PL 41B 0A2 
72 PL 38 B 555 
72 PL 41 B 175 
72 PRL 28 1215 
72 PRL 2E 1217 
72 RRL 28 315 
72 NP B 43 445 
72 PL 38 B 252 
72 NP B 47 61 
72 NP B A6 A&9 
72 PRO 6 3216 
72 NP B 49 586 
72 NP B 48 365 
72 PR D 6 3178 

ZYLBERSZ 72 PL 35 B 457 

AMJOB 73 NP B E7 37 
BANAIGBI 73 PL 43 B 585 
BANAIGS2 73 MP B 67 1 
BASDEVAN 73 AIX CONF.P.220 
BEIER 78 PRL 30 399 
BINNIE 73 PRL 31 1554 
BRAUN 73 PR D 8 3794 
HYAMS 73 NP B 64 134 

FOR OTHER RESULTS ON SAME 
OCHS 73 
PILKURN 73 
PROTOPOP 73 
RIBBER 73 
SKUJA 73 

BASDEVAN 74 
BONNIER 74 
CARROLL 74 
ENGLER 74 
EBTABRO0 74 
ORAYER 74 
JONES 74 
MORGAN TA 
ORITO 74 
PASCUAL 74 

BAR-NIR 75 
BARRY 75  
BABDEVAN 75  
DONOHUE 75 
ESTABRO0 75 
FROGGATT 75 
FUJI) 75 
HYAMS 75 
MORGAN 75 
RIEBTER 75 
$HIMADA 75 
SRINIVAS 75 

BANAIGS 76 
CASON 76 
CERRADA 76 
COMMON 76 
PLATTE 76 
GRIVAZ 76 
OWENS 76 
PAWLICKI 76 
WETZEL 76 

FROGGATT 77 
DAVID 77  
MARTIN 77  
PAWLIBKI 77 
ROBSELET 77  

THESIS 
NP B 65 460 
PR D 7 1280 
PL 48 B 68 
PRL 31 653 

NP 72 413 
NP 83 440 
PR IO 1430 
PR 10 2070 
NP 79 301 
NP 76 375 

NP 518~ 98 
PL 71 
PL 48 B 880 
NP B 83 362 

NP B 87 109 
NP B 85 239 
NP B 90 285 
NC 25 A 409 
BP B 95 322 
NP B 91 454 
NP B 85 179 
NP B 100 205 
ARGONNE CONF. 45 
NP B 96 407 
NP B 100 225 
PR D 12 651 

NP B 105 52 
PRL 30 1485 
PL 62 B 353 
NP B 103 IO9 
PL 63 B 220 
PL 61B ADD 
NP B 112 514 
PRL 87 1606 
H P  B 115 208 

NP B 129 59 
PR D 16 2D27 
NP B 121 514 
PR D 15 3196 
PR D 15 5 7 4  

~AUSLANDER,MULLER,BERTOLUCCI,* (KARL+PlEA) 
+CARNEGIE,KLUGE,LEITH,LYNCH,RATCLIFF+(BLAC) 
BASDEVANT,FROGGATT,PETERSEN (CERN) 
+GROVES,MAGLICH,NOREM,+ (PENN÷RUTG÷UPNJ) 
H.BRODY (PENNSYLVANIA) 
+DIAMOND,FIREBAUGH,MATTHEWS,÷ (WIBC+TNTO) 
F.ELVEXJAER (AARHUB) 
+ALBTOH-SARNJOST,BARBARO-GALTIERI, (LBL) 
÷GHESQUIERE,LILLESTOL,CHUNG,* (CDEF+DERN) 
÷MEILWAIN,THOMPSON,MILLMANN (PURDUE) 
*BREHM (UNIV,OF MASSACHUSETTS) 
H.NIELSEN,G.OADES (NORD÷AARHUS) 
WHITEHEAD,AULD,~ (AERE÷RHEL÷SHMP÷LOUC) 
P.K.WILLIAMS (FSU) 
ZYLBERSZTEJN,BASILE,BOURQUIH,+ (GEVA+BACL) 

~B.LEVY,A.BANTDRO (SACLAY) 
÷CDTTEREAU,FABBRI,~ (SACL÷CAEN÷FRAS) 
+BERGER,OOLBZAHL,COTTEREAU,÷ (SACL+CAEN) 
J.L.BABDEVANT RAPPORTEUR TALK (PARIS Vl) 
+BUCHHOLZ,MANN,PARKER,ROBERTS (PENN) 
+CARR,DEBENHAM,DUANE,GARBUTT,÷ (LOIC+BHMP) 
*D~CLINE (WISE) 
÷JDNES,WEILHAMMER,BLUM,DIETL,+ (CERN+MPIM) 
EXPERIMENT SEE GRAYER 74 
THESIS (MPIM) 
÷SDHMIDT,MARTIN,+ (KARL+CERN+LOUC+NIJM) 
PROTOPDPESCU,GARNJOBT,GALTIERI,FLATTE+(LBL) 
T.RISBER,M.B.BHUSTER (BACL) 
*WAHLIG,RISBER,PRIPSTEIN,NELSBN,÷ (lBL) 

BASDEVANT,FROGBATT,PETERSEN (LPTP+NORD) 
B.BONNIER,N,JOHANNESSDN (CERN) 
÷MATTHEWS,WALKER+ (SLAC+GUKE÷WIBD+TNTO) 
+KRAEMER,TOAFF,WEIBBER,DIAZ* (GARB+CASE) 
P.ESTABRODKS,A.D.MARTIN (BURN) 
+BYAMB,JONEB,BLUM,DIETL (CERN+MPIM) 
+ALLISON,SAXON (OXF) 
O.MORGAN (RHEL) 
*PERRER,PAOLUZI,SANTDNICO (FRAS+ROMA) 
P.PASCUAL,F,J.YNDURAIN (BARC÷MADU) 

÷RISSER,SHUSTER (CERN+UCSB÷TELA) 
G.W.BARR¥ (PURD) 
BASDEVANT,EHAPELLE,LOPEZ,BIGELLE (LPTR) 
J.T.DONOHUGtY.LEROYER (BORD) 
P.ESTABROOKB,A,B,MARTIN (DURH) 
C.D.FROGGATT,J.L.PETERSEN (GLAB+NDRD) 
Y.FUJII,M.FUKUGITA (TOKY) 
+JONEB,WEILHAMMER,BLUM,DIETL+ (CSRN*MPIM) 
D.MORGAN (RHEA) 
+ARNOLD,ENGEL,PATY (BTRB) 
T.SHIMAOA (TOKY) 
BRINIVABAN,HELLAND,LENNDX,KLEM+ (NDAM÷ANL) 

~BERGER,GOLBZAHL,EOTTEREAU+(SACL*CAEN÷;RAS)I,JP 
+POLYCHRONAKOB,BISHOP,BISWAB,+ (NDAM*ANL)I J 
+GONZALEZ-ARROYD,RUBIO,YNBURAIN (CERN÷MABR) 
A.K.COMMON (KENT) JP 
S.M.FLATTE (CERN) 
+DAVIB,HALSTEINSLID,IRWIN,+(LALO÷BERS~EPOL) 
+EIBNER,CBUNG,PROTOPORESCU (CASE+BNL) 
+AYRES,COHEM,DIEBOLD,KRAMGR,WICKLUND (ANL)I,JP 
+FREUDENREICH,BEUSCH,+ (ETH*CERN+LOIC) 

*PETERBEN (GLASGOM~COPENHAGEN) 
+VILLET,AYEDIBAREYRE,BORBBAUD,+ (SACL) 
+OZMUTLU,SQDIREB (DURHAM) 
+AYRES,COBEN,DEEBOLD,KRAMER,WIDKLUND (ANL)I J 
*EXTERMANN,FISHER,BERGER,BLOCH,*(GEVA÷SACL) 



For notation, see key on page 91. 

AGUILAR 78 NP B 140 73 
6ELFAND 78 NP B 138 365 
HOLMGREN 78 PL 77 B 304 
MARTIN 78 AND 114 1 

ACSASOV 79 PL 88 367 
APEL 79 NP 160 42 
BECKER 1 79 NP 180 301 
BECKER 2 79 NR 151 46 
BORREANI 79 MP 147 28 
CORDEN 79 NP 157 250 
DONONUE 79 NP 158 123 
ESTABRO0 79 PR 19 2678 
GREENHUT 79 PR 20 2326 
JAFFE T 79 PR 19 2108 
MARTIR 79 SP 188 520 
POLYDHRO 79 PR 19 1317 

ACHASOV 80 SJNP 32 566 
BOHAGIK ~0 PR 21 1342 
COHER 80 PR 22 2595 
COSTA 60 NP 175 402 
DE BILLY 80 NP 176 1 
GORLICH SO RP 174 16 
GOTTESMA 60 RR 22 1503 
LBVERRE 80 ZPHY C 6 187 
WICKLUND 80 PRL 48 1469 

ACHASOV 81 PL 102 B 196 
AGUTLAR 81ZPHY C 10 299 
AGUILAR2 81ZPHY C $ 313 
BOREANI 81 NP B 187 42 
BISWAB 81DRL 47 1378 
BRANDELI 81 ZPHY C 10 117 
GIDAL 81PL 107 B 153 
IRVING 81 ZPHY C 10 45 

ALEKSEEV 62 JETP 55 591 
CASON 82 PRL 48 1316 
ETKINI 82 PRD 25 1766 
ETKIN2 62 PRD 25 2446 
SCHNITZE 82 PR B 117 96 
TORNQVIS 62 PRL 49 624 

BAUBILLI 83 ZPHY C 17 309 
EASON 83 PRD 28 1586 
HITLIN 83 CORNELL CONF. 746 
MENNESSI 83 BPHY C 16 241 
TORNQVIS 83 EMS CONFERENCE 

ACHASOV 84 ZPBY C 22 53 
MORGAN 84 PL 137 B 411 

ALBE 65 CERN-EP/85-153 
CLARK 85 PRD 32 1061 
RYBZCKI 85 ZPHY c 28 65 

+CERRADA,+ (MADBID+BOMBAY+CERN~PARIB) 
÷DADAN,LISSAUER,OREN,ABRAMS+ (TELA~UCB) 
*PENNINDTON (STOM+CERN) 
A.D.MARTIR,M.R.PENRINGTON (CERN) 

+DEVYANIN,SNESTAKOV (NOVO) 
+AUSLANDER,MULLER,REHAK÷ (KARL+PISA) 
+8LANAR,BLUM.CERRADA+ (MPIM÷CERN+ZEEM+CRAC) 
+8LANAR,BLUM,EERRADA+ (MPIM*CERN+ZEEM+CRAC) 
*FISHER,GUY,ELY,LEUTZI+(TORI+RHEL+LBL+DSRN) 
+DOWELL,BARVEY,JOBES,~(BIRM+RREL*TELA+LOWC) Jp 
+LEROYER (BORD+ANL+OXF) 
P,ESTABROOKS (CARL) 
+INTEMANN (SETO) 
R,L.JAFFE,F.E.LOW (MIT) 
*OZMUTLU (DURH)I,JP 
POLYCHRONAKOS,CASON,BISHOP+ (NDAM÷ANL)I,JP 

*DEVYARIN,SHESTAKOV (NOVO) 
J,BONACIK,B.KUBNELT (BRATISLAVA+W1BM) 
+AYRES,DIEBOLD,KRAMER,PAWLICKI~ (ANL)I,JP 
+ (BARI+BONN~CERN+GLAS+LIVP+MILA+WIEN) 
+BRIAND,DUBOC,LEVY+ (CURI+LAUS÷NEBC+ELAS) Jp 
*NICZYPORUK.ROZARSKA+ (CRAC+MPIM+CERN+ZEEM) 
GOTTESMAN,JACOBS,+ (SYRAeBRAN*BNL~CINE) 
+ARMENTEROS,DIONISI+ (CERN+CDEF+MAPR÷STOH)I,JP 
*AYRES,COHER,DIEBOLD,PAWLICKI (ANL) 

+BEVYANIN,SHESTAKOV (NOVO) 
AGUILAR-BENITEZ,DONE,MARTIN (MAPR÷DURH) 
~ALBAJAR,ARMENTEROS,~ (BERN~CBEF+MADR÷STDBI 
÷6UY,MAREHETTO,MAURIZIO,. (TORI+RHEL+CERN) 
+8ASON,BBUMBAUGR,BISHOP,CANNATA,÷(NDAM+ANL) 
BRRNDELIK+ (AACH+BONN~DESY+BAMB*LOIC÷OXF+) 
+BOLDBABER,GUYtMILLIKAN,ABRAMS,+ (SLAC+LBL) 
+MARTIN,OONE (LIVR+DURH) 

ALEKSEEVA,KARTAMYSHEV,MAKARIN* (KIAE) 
÷BISWAS,BAUMBAUGH,BISROPICANNATA+(NBAM+ANL) 
+FOLEY,LAI,LINDENBAUM~ (BNL+CUNY+TUFT~VAND) 
*FOLEY,LAI,LINBENBAUM* (BNL+CUNY~TUFT+VAND) 
H,SCHNITZER (BRAN) 
N.A.TORMOVIST (HELS) 

BAUBILLIER+ (BIRM+DERB*BLAS÷MSU+LPBp) 
+CANNATA,BAUMBAUGH,BISHOP,WATSON+(RDAM+ANL) 
DAVID HITLIN, RAPPORTEUR'S TALK (BIT) 
G,MENNESSIER (MONPI 
N.A.TORNQVIST (HELSI 

÷DEVYANIN,SHESTAKOV (NOVO) 
~PENNINGTON (RHEL+BURH) 

~BINON,BRICMAN,DUTEIL÷(BELG+LAPP~SERP+CERR) 
~BARLOW+ (FLOR+DUKE+TENN+ORNL*STON+SLAC) 
RYBIDKI,SAKREJDA (CRAC) 

I 7r(,1300) I IcIsPc)~ 1 (o -~) 

SEEM IN PARTIAL WAVE ANALYSIS OF THE 
DIFFRACTIVELY PRODUCED 3PI SYSTEM. 

~(1300) M A S S  (MeV) 

M E 1273.0 50.0 AARON 81 RVUE 
M 1542. 20. EONESINI 81 OMEE 12 PI-PI3Pl p 

(1400.) APPROX, DAUM 81 SPEE 63,94 PI-  P 
1240. 30, BELLINI 62 SREE 40 PI-AI3PI A 

M 1190. 30. ZIELINSKI 64 SPEE 200 PI+Z,Z 3 PI [ 

AVERABE'MEANINGLESSm(SCALE RACTOR = 2.6) 

~ USES MULTICEANNEL AITCHISON-BOWLER MODEL. 
USES DATA FROM DRUM 80 AND DANKOWYCH 81. 

~(I30O) WIDTH (MeV) 

E 580.0 100.0 AARON 81RVUE 
220. 70. BOBESINI 81 OMEG 12 PI-P,3PI P 

W (600.) APPROX. DAUM 81 SPEC 63,94 PI-  P 
W 360. 120, BELLINI 82 SPED 40 PI-A,API A 
W 440. 80. ZIELINSKI 84 SPEE 200 PI+Z,Z 3 PI [ 

AVERAGE"MEANIND[ESS*(SCALE PACTOR = 1.8) 

~ USES MULTICRANNEL AITCH[SON-BOWLER MODEL. 
USES DATA FROM DAUM 8O AND DAMKOWYCH 81. 

~r(1300) PARTIAL DECAY M O D E S  

DECAY MASSES 
Pl T{'(]300) ~ p ~  769+ 140 
P2 ~(1300) ~ f o ( 1 3 0 0 )  11" 1300+ 140 

P3 ~(1300) ~ ~ ( ~  ~)S-wave 140+ 140+ 140 

7r(1300) BRANCHING RATIOS 

7r(I3O0) ~ (~  (~'rc)s_wave/(p 7r)) 
R1E (2.12) AARON 81RVUE 
RI E USES MULTICHANNEL AITCHISON-BOWLER MODEL. 
RI E USES DATA FROM DAUM 80 AND DANKOWYCH 81. 

(P3)/(P1) 

1 9 5  

Meson Full Listings 
fo(1300), 7r(1300), a2(1320 ) 

REFERENCES FOR ~(1300) 

DAUM 80 PL 80 B 281 +HERTZBERBER+(AMST+CERN+CRAC÷MPIM+OXF+RHEL) 

AARON 81 PRD 24 1207 +LONBACRE (NEAS+BBL) 
BELLINI 81 LISBON CONF. 413 +IVANSHIR,FRABETTI,* (MILA+JINR+BGNA) 
BOMESINI 81PL 103 B 78 *DONALD,+ (MILA+LIVP+DARE+CERN+BARI+BBNNI 
DARKOWYC 81 PRL 46 580 +BROCKMAN,EDWARDS÷(TNTO+BNL+CARL*MCGI+OHIO) 
DAUM 81 NP B 182 269 +HERTZBERGER+(AMST÷CERN+CRAC*MPIM+OXF÷RHEL) 
EVANGELI 81 NP B 178 197 EVBNGELISTA+(BARI+BONN+CERN+DARE+LIVP+MILA) 

BELLINI 82 PRL 48 1697  +FRABETTI,IVANSHIN,LITKIN+ (MILA+BGNA+JINR) 

LEEDOM 63 PRD 27 1428 *DE BONTE,GAIBO$,KEYtWONG~ (PURD~TNTO) 

ZIELINSK 84 PRD 30 1855 +BERG,CRANDLEEjCIHANGIR,+ (ROCE*MINN+FBAL) 

a2(1320) I A 2 ( 1 3 2 0 )  . . . . .  × . . . . .  E . . . . .  v . . . . . . . . . . . . . . . . . . . .  18 was  
MEV ARE KEPT FOR AVERAfiJMG. 

az(1320) M A S S  (McV), 3~  MODE 

# ~# 1311.o 6.o 
1520. I0. 
1510.0 14.0 

941 1306.0 4.0 
280 1313.0 7.0 
300 1504.0 4.5 

M 10000 1307. 5, 
M 5000 1309. 5 . 
M 28000 1299.0 6.0 
M 24000 1300. 6.0 
M 17000 1309.0 4.0 

160 1307. 7. 
P 1318. ~. 

M 1580 1306. . ; ; 1,oo 1315. ;: 
1200 1298. 

M 1097 1320.0 10.0 
P 490(1343.0) (11.0)  

41285.0) (9.0) 
1306.0 8.0 

P 25000 1317.0 2.0 
M P 1310. 2. 

ARMENISE 68 DBC 0 5,1PI+B 
BOESEBECK 66 BBC 0 E PI* P 
EISENBERS 69 EBB + 4.3,5.3 GAMMA p 
ALSTON 70 HBC 7.0 PI+P,3PI p 
BOCKMANN 70 RBC 05. PI+P 
BARNHAM 71 HBC + 3.7 PI+ P,(3PI)+ 
BINRIE1 71 MRS ~I-P NEAR A2 TaR 
BIWMIEI 71MMS PI-P NEAR A2 TB~ 
BOWEN 71 MMS 5. Pl- P 
BOWER 71 MMS 8. PI~ P 
BOWEN 71MMS 7, Pl- P 
BLOODWORT 72 HBC ÷ 5.45 PI+ P,P 3PI 
ANTIPOVI 73 CNTR 25.,40. Pl- P 
CHALOUPKA 73 RBC 3.9 PI~ P,P A2 
EMMB 78 DBC 04. PI+N,P A20 
WAGNER 75 HBC +007"15 PI+P,DEL+*A2 
BALTAY 1 78 HBC PI+P,P 4PI 
BALTAY ! T8 HBC 0 15 PI+P,DEL 3P1 
CORDEN 2 78 OMEG - 12-15 PI-P,3Pl N 
FERRER 76 OMED ~ 9 PI-P,P 3Pl 
DAUM 60 SPEE 63,94 Pl- R= 3PI 
EVANGELIS 610MEG - 12 RI-P,3PI P 

AVE 1310.7 1.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 
(SEE IDEOGRAM BELOW) 

FROM A FIT TD JP=2÷ RHO RI PARTIAL WAVE 

WEIGHTED AVERAGE 
1310.'/ ± 1.3 (ERROR SCALED BY 1.3 ) 

" - ~ +  

" ~  . . . . . . . . .  8VANGELIS 81 OMEG 0 1 
v !1" . . . . . .  DAUM 80 SPEC 10 0 

" I ~ . . . . . . .  FERRER 78 OMEG 0 3 
~ '  I ' " BALTAY I ?S HBC 0.9 

' ~ I T  . . . . . .  WAGNER 75 HBC 2 5 
. 1 ~  I . . . .  EMMS 75 DBC 11 

" ~ I  . . . . .  CHALOUPKA 73 NBC 0 3 
. . . . .  ANTIPOVI 73 CNTR 0 7 

" ~  . . . . . .  BLOODWOBT 72 HBC 0 3 
. . . . . . .  B(]WEN 71 MMS O 2 
. . . . .  BOWEN 7: MMS 3 2 
. . . . . . .  BOWEN 71 MMS 3 8 
. . . . . . .  BINNIE1 71 MMS 0.1 

. . . . .  BINNrE1 71 MMS 0 5 
. . . . . . .  BAF~NHAM 71 HBC 2 2 

. . . . .  BOCKMANN 70 HBC 0 1 
. . . . . . .  ALRTON 70 HRC 1 

/ ~ / - - ~ "  i " {ECCi!!CC K i i  i i !  2B.6 ~90 

. ,coo,io L . . . .  . . . . .  o o , A ,  

1280 1300  1320 1340 

eB(1320) mass (MeV),  3'a- mode  

a2(1320) M A S S  (MeV), K±Kes MODE 

MK S 1500 1319.0 3.0 
MK 730 131L0 4.0 
MK 2784 1320.0 2.0 
MK 11000 1312.0 4.0 
MK 4730 1316.0 2.0 
MK 380 1324.0 5.0 
MK R S 1318. 1, 
MK 4000 1320.0 2.0 
MK P w1000 1330.0 11.0 
ME P W4700 1319.0 $,0 
MK P W5200 1324.0 6.0 
MK ......... 
MK AVG 1318.22 O.TO 

GRAYER 71 ASPK - 17.2 PI-P,K-KS P 
FOLEY 72 CNTR 20,3 PI -  P,E~ KS 
MARGULIES 76 SPEC - 23,PI-P,K~KS 
CHABAUD 78 SPED -9.8 PI-P,K- KS P 
CHABAUD 76 SPEC ~ 16,8PI-P,K- KS P 
HYAMS 78 ASPK + 12.7 PI+P~K+KS P 
MARTIN 1 78 SPED -10 PI P.KS K- P 
CHABAUO 80 SPED - 17RI~NUCLEI,KSK, 
CLELAND 82 SPED 30 PI+P,KS K+ P 
CLELANO 62 SPEC 80 PI÷P,K$ K+ p 
CLELAND 62 SPED - SO PI-P,KS K- p 

AVERAGE 

MK S SYSTEMATIC ERROR IN MASS SCALE SUBTRACTED 
MK W NUMBER OF EVENTS EVALUATED BY US. 



196 

Meson Full Listings 
a 2(1320) 

a2(1320)  M A S S  (MeV) ,  ~ M O D E  

M E 1000 1323. 8. KEY 73 OSPK - S.PI-P,P PI-ETA 
M EM 6200(1324.) (8 . )  CONFORTO 73 DSPK 6.PI-P,P MMS- 
M 2561 1336.2 1.7 DELFOSSE 81 SPED PI+-P,PI÷-ETA P 
M 1653 1330.7 2.A DELFOSSE 81 SPED PI+ P,P(*-ETA P 
M 
M AVG 1334,0 2.6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.9) 

M E M ERROR INCLUDES 5 MEV SYSTEMATIC MASS-SCALE ERROR 
M MISSING MASS WITH ENRICHED MMS=ETA P I - ,  ETA = 2GAMMA 

~2(1320)  W I D T H  (MeV) ,  37r M O D E  

W 260 96,0 16.0 
w 9LI Z9,0 12.0 

360 111.4 18.0 
10000 (100.) 

W 5000 72. 16"05. 
w 28000 105.0 
W 24000 99.0 5.0 
W 17000 103.0 5.0 
W p 115. 15. 
W 1580 90. 15. 
W P 1600 112. 18. 
W P $1200 122. 14. 
W 1097 110.0 15.0 

P &90 (115.03 (14.03 
(150.0) (20.0) 

w P 25000 96.0 9.0 
w P 97. 5. 

ARMENISE 68 DBC 0 5.1 Pl+D 
ALSTON 70 HBE + 7.0 PI+P,3Pl P 
BARNHAM 71 HBC + 3.7 PI+ P,(SPI)÷ 
BINNIEI 71MMS - PI-P NEAR A2 7ER 
SINNIEI 71 MRS - PI-D NEAR A2 THR 
BOWEN 71 MMS - 5. Pl- P 
BOWEN 71MMS 5. PI÷ P 
BOWEN 71 MMS - 7. DI- P 
ANTIPOVI 73 CNTR - 25.,AO. PI- P 
CHALOUPKA 73 EBC 3.9 PI- P,P A2 
EMMS 75 DBC OA. PI+N,R A2D 
WAGNER 75 HBC +007"15 PI*P,DEL÷+A2 
BALTAY 1 78 HBC PI+P,P 4PE 
BALTAY I 78 HBC O 15 PI+P,DEL 3PI 
CORDEN 2 78 OMEG 12-15 PI-P,3Pl N 
DAUM 80 SPED 63,94 Pl -  P= 3PI 
EVANGELIS 81 OMEG 12 PI-P,3Pl P 

w . . . . . . . . .  
W AVS I00.6 2.2 AVERAGE 

S WIDTH ERRORS ENLARGED BY US TO A*WIDTH/SQRT(N),SEE K*(8923 NO~E 
P FROM A FIT TO JP=2+ RHO Pl PARTIAL WAVE 

~2(1320) W I D T H  (MeV) ,  K ± K~ M O D E  

WK S1500 123.0 13.0 GRAYER 71 ASPK - 17.2 PI-P,K-KS P 
WK 730 113.0 19.0 FOLEY 72 CNTR 20.3 PI- ElK- KS 
WK SGT2& I05.0 8.0 MARGULIES 26 SPEC - 23.PI-P,K~KS 
WK 350 110.0 18.0 HYAMS 78 ASPK + 12.7 PI+P~K+KS P 
WK 11000 126.0 11.0 CHABAUD 78 SPEC -9.8 P(-P,K- KS P 
WK 4730 101.0 8.0 CHABAUD 78 SPED - 18.80I-P,K- KS P 

MARTIN 1 78 SPED -10 01 P,K~ K- P WK P SAD00 113. 
WK 106.0 10 CHABAUD gO SPED - 17PI-NUCL~I,KBK- 
WK P W1000 121.0 51.0 CLELAND 82 SPEC 30 PI÷P,KS K+ P 
wg P W~700 112.0 20.0 CLELAND 62 SPED 50 PI+P,KS K~ P 
WK P W5200 120.0 25.0 CLELAND 82 SPEC 50 PI-P,KS K- P 
WK ......... 
WK AVG 109.8 2.& AVERAGE 

WK P FROM A FIT TO JP=2+ PARTIAL WAVE. 
WK S WIDTH ERRORS ENLARGED BY US TO 4*WIDTH/SQRT(N),SEE K* TYPED NOTE 
WK W NUMBER OF EVENTS EVALUATED BY US. 

az (1320)  W I D T H  (MeV) ,  ~Tr M O D E  

W 1000 108. 9. KEY 73 OSOK - 6.PI-P,P PI-ETA 
W M 6200 (10A.) (9. ) CONFORTO 73 OSPR 6.PI-P,P MMS- 
W 2~61 112.2 5.7 DELFOSSE BI SPEC PI* P,PI+-ETA P 
W 1653 116.6 7.7 DELFOSSE 81 SPED PI+-P,PI+-ETA P 
w 
w AVS 112.6 4.1 AVERAGE 

W M MISSING MASS WITH ENRICHED MMS=ETA El-, ETA = 2GAMMA 

a~(1320)  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

pl ~2(1320) ~ p ";r 769+ 140 

P2 a2(1320) ~ K K  494+ 498 

03 a2(1320) ~ ~ TF 549* 140 

Da a2(1320) ~ ~ ~ ~ 140+ 1AO~ 783 

Ps S a2(1320 ) ~ ~ + ~ - ~ ° ( e x c l u d i n g p ~ )  14o* 140* 135 

~6 S a2(1320) ~ ~ + ~ - T r ' - ( e x c I u d i n g # ~ )  ~40+ 140+ 140 

P7 S a2(1320) ~ z ~  140. 0 

D8 S a2(1320) ~ ~ ' w  958+ 14o 

~9 S a2(1320) ~ 77 o+ 0 

P s SMALL, NOT USED IN THE FIT 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The malnx below is derived from the error matrix for the fitted partial decay mode 
branching fractions, P,, as fullows: The diagonal elemenls are P,±~P,, where 
GP I = ~ ,  %bile the off-diagonal elements are the normalized correlation 
coefficients (~P~aP)//EGP,.GPj). For the definilions of the individual Pv see the listings 
abo~e, onl 5 those Pi appearing in the matnx are assumed in the fil to be nonzero and 
are thus constrained to add to 1. 

P I P 2 P 3 P g 
P I .7006+ .0225 
P 2 -.I065 .0487, .OOgQ 
P 3 -.0680 .0451 . IAt*8+- .0117 
P A -.8336 .2037 -.3936 . 1058+-.0250 

a2(1320)  P A R T I A L  W I D T H S  (keV)  

a2(1320)  ~ 7 r ± ~  (ST) 
W7 M (461.) (110.) MAY 77 SPED ~- 9.7 SAM N,A2 X 
W7 295. 60. CIERNSIR 82 SPEC 200 PI÷Z,Z A2 

82(1320) "~ 7 7 /Gg) 
W9 E G 22 0,77 0.32 EDWARDS 82 CBAL E+ E-,PIO ETA 
W9 F E 35 0.81 0.33 BERREND 83 CELL E+E-,E+E- 3 P( 
W9 F E 0.84 0.17 FRAZER 83 JADE E*E-,E~E- 3 PI 
N9 E 1.06 0.26 BERGER 8A PLUT E*E ,E+E- 3 P( 
W9 
W9 AVG 0.87 0.12 AVERAGE 

E SYSTEMAT)E ERROR ADDED QUADRATICALLY BY US 
F FROM RHD P( DECAY MODE 

W M MQVEL DEPENDENT 
W G FROM ETA PIO DECAY MOVE. 

a2(1320 ) B R A N C H I N G  R A T I O S  

~2(1320) ~ ( K -  K ~ ) / ( p  ~ )  ( p 2 ) / ( p l )  
RI C (0.054) (0.0223 CHUNG 68 HBS 3.2 PI-P 
RI C (0.06) (0.03) RBRAMOVIC 70 HBC 3.93 PI- P 
RI C (0.07) (0,03) NEF 70 MMS - 7.0 El- P 
RI C 113 (0.097) (0.0183 ALSTON 21 HBC 7.0 PI÷ P 
RI C 50 (0.056) (O.01g) CHALOURKA 73 HBC ~ 3.9 El- P,P A2 
RI 0.070 0.017 CHABAUD 7R RVUE 
RI C INCLUDED IN CHABAUD 78 RVUE. 
R1 ......... 
RI FIT 0.070 0.012 FROM EIT 

a2(1320  ) ~ (~Tr ) / ( p~  + K K  + n ~ )  (P3)/(Pl*P2~P3) 
R2 34 0.15 O.OR BARNHAM 71 HBC + 3.7 PI+ 0 
R2 0.13 0.04 ESPIGAT 72 HBC O.PBAR P, 
R2 
R2 AVG 0.140 0.028 AVERAGE 
R2 FIT 0.102 0.012 FROM FIT 

a2(1320)  ~ ( ~ ) l ( p T r )  <PS)I(PF) 
R3 0.22 0.09 CONTE 67 HBC - 11.0 PI-P 
R3 22 0.23 O.OS ASCOLI 68 EBC 5 PI-P 
R3 0.12 0.08 CRU~G 6~ HBC - 3.2 PI-P 
R3 15 0.25 0.09 BOCKMANN 70 HBC 5.0 Pl÷P 
R3 167 0.246 0.042 ALSTQN 71 RBC * 7.0 PI÷ P 
R3 149 0.211 0.044 CHALOUPKA 73 HBS - 3.9 PI- P,P A2 
R3 52 0,22 0.05 RNTIPOV 73 CNTR 40. PI-P,P A2 
R3 0,18 0,05 FORINO 76 RBC 11 PZ- P,ETA P( 
R3 
R3 AVG 0,213 0.020 AVERAGE 
R3 FIT 0,207 0.018 FROM FIT 

a l ( 1 3 2 0 )  ~ ( ~ ' r ) / t o t a l  (Dg) 
R4 (0,02) OR LESS CL:.97 BARNMAM 71 HBC + 3.7 PI÷ P 

a2(1320)  ~ (~'~)l(p ~)  (Pg) / (PI )  
R5 0.04 0,03 0.04 BOCKMANN 70 HBE 0 5.0 PI+ P 
R5 (0.04) OR LESS ALSTON 71HBC + 7.0 PI+ P 
R5 (O.01130R LESS EL=.90 EISERSTEI 73 HBC - 5 .P I -  P,P 6PI 

a2(1320 ) ~ ( K K ) / ( p  7r + K K + ~ ~ )  (E2)/(P%R2+P3) 
Rg 17 0.06 0.03 BARNHAM 71 HBC + 3.Y PI* P,KSK+P 
R8 A (0.0201 (O.OOA) ESPIGAT 72 HBC O.PSAR P, 
R8 g 0.03 0.02 DAMERI 72 EBC 11. PI-  P 
RB 0.05 0.02 TOET 73 HBC 5. Pl+ P,P K+ KO 
RB 0.09 0.04 TOET 73 HBC ~0 5.PI+P,PI+P K KB 
RB A NOT AVERAGED BECAUSE OF DISCREPANCY BETWEEN MASSES 
R8 A FROM (K KBAR) AND (EHO El) MOVES 
Rg 
R8 AVG 0.048 0.012 AVERAGE 
R8 FIT 0.0545 0.0088 FROM FIT 

02(1328) ~ (~+  7 r -  7F--) I (o0~ - )  (P6£)/(PIC) 
R9 (0.23) OR LESS CL=.90 ABRAMOVIC 70 HBC - 3.93 DI-  P 

a2(1320 ) ~ ( ~ 7 ) / t o t a !  <07) 
RIIR 0,005 0.005 0.003 EISENBERG 72 HBC PffOTOPRODUCTION 
R11R PION EXCHANGE MODEL USED IN THIS ESTIMATION 

02(1320) - -  (~o ~ ~)/(p ~) (Pg>/(pl)  
RI2 (0.193 (OmO8) DEFOIX 73 HBC 0 0.7 PBAR 0,7 P( 
R12 279 0.10 0.05 CHALOUEKA 73 HBC - 3.9 El- P,P A2 
R12 60 0.28 0.09 DIAZ 74 DBC 0 6.PI~N,P(SPI)O 
R12 K 140 (0.29) (0.08) KARSHON ?A HBC 0 4.9 PI+R,DEL++A2 
R12 K 60 (0.10) (0.041 KARSHON 7& RBC ÷ 4.9 PIAP,P A2* 
R12 K 0.18 0.08 KARSHON 74 HBC AVS OF ABOVE TWO 
R12 . . . . . . . . .  
R12 AVG 0.151 0,049 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.33 
R12 FIT 0.151 0.040 FROM FIT 

(SEE IDEOGRAM BELOW) 

R12 K KARSHON 74 SUGGEST AN ADDITIONAL I=O STATE, STRONGLY COUPLED 
RIG K TO OMEGA P( Pl COULD EXPLAIN DISCREPANCIES IN BRANCHING RATIOS 
R12 K AND MASSES. WE USE A DENTRgL VALUE AND A SYST. SPREAD. 



For notation, see key on page 91. 

W E I G H T E D  AVERAGE 
0.151 ± 0 . 0 4 9  {ERROR S C A L E D  BY 1.3 ) 

] Values above of weighted a~erage, error, 
and scale "~actor are based upon the dale ,r 
this ideogram ooly. They are not neces-  

/ ,,,w// sar{Iy the same as our  "bes t "  va~ues, 
/ ~ /  obtained f . . . .  Ieast-sq . . . . . . . . .  trained f~t 

/ ~ utihZing rreasuraments Of OthEr (rElatEdl 
quantit ies as addit ions information 2 

.... KARSHON 74 HBC 0 1 
• ' O~AZ  74 BBC 2 1 

• " CHALOUPKA 73 H8C 10 

• 3 2  
(Confidence LeveJ ~ 0 199) 

-0.1 0,1 0 .3  0 5  

a2(1320) ~ (G;~TTr)/(p~r~ 

REFERENCES FOR az(1320) 

ADERHOLZ 64 PL 10 226 (AACHEN+BERLIN÷BIRM+BONN*HAMBURG÷LOIC~MPlM) 
CHUNG 64 PRL 12 621 +OAHL,HARDY,HESS,KALBFLCISCH,KIRZ (LRL) 
60LDHABE 64 DUBNA CONF 1 480 G GOLDHABER,S GOLDHABER,OHALLORAN,SHEN(LRL) 

ALSO 64 PRL 12 336 C+S.GOLDHABER,BROWN,KADYK,TRILLING,+ (LBL) 
LANDER 64 PRL 13 346 +ABDLINS,CARMONY,NENDRIKS,XUONG+ (LA JOLLA) 

ABOLING 65 ATHENS(OHIO)CONF. 
ADERHOLZ 65 PR 138 B 897 
ALITTI 65 PL 15 69 
CHUNG 65 PRL IB 325 
FORINO 65 PL 19 68 
LEFEBVRE 65 PL 19 434 
SEIDLITZ 65 PRL 15 217 

BARNES e6 PRL 16 41 
BENSON 66 MICH C00-1112-4 

ALSO 66 PRL 16 1177 
EHRLICH 66 PR 152 1194 
FERBEL 66 PL 21 111 
LEVRAT 66 PL 22 714 

ARMENISE 67 PL 255 53 
BALTAV 67 PL 836 160 
BARLOW 67 NC 50A 701 
BARTSCH 67 PL 258 48 
BEUSCH 67 PL 25 B 357 
GABON 67 PRL 18 880 
CHIKOVKN 67 PL 25B 44 
CHUNG 67 PRL 18 100 

ALSO 66 UCRL-16832 
COHN 67 NP SI 57 
CONFORTO 57 NP B3 469 
CONTE 67 NC 51A 175 
DAHL 67 PR 163 1377 
DANYSZ 67 NC 51A 801 
SLATTERy 67 NC 508 377 

ARMERISE 68 PL 268 336 
ASCOLI 68 PRL 20 1321 
SALLAM 68 PRL 21 934 
SENZ 68 PL 28 B 233 
BOESEBEC 68 NP B 4 501 
CASO 68 BC 54 A 983 
CHUNG 68 PR 165 1491 
CRENNELL 68 PRL 20 1318 
OORALG 68 PL GG O 327 
FOSTER 68 NP B 8 174 
FGIDMAN 68 PR 167 1268 
JUNKMANN 68 NP B8 471 
KEY 68 PR 166 1430 
LAMSA 68 PR 166 1395 
VON KROG 68 PL 27 B 253 

ADERHOLZ 69 RP B 11 259 
AGUILARI 69 PL 29 B 62 
AGUILAR2 69 PL 29 B 241 
ANDERSON 69 PRL 22 1390 
ARMENISE 69 LNC 2 501 
CHIKOVAN 69 PL 28 B 526 
CRENNELL 69 PRL 22 1327 
DONALD 69 NP E 12 323 
EISENBER 69 PRL 23 1322 
VETLITSK 69 SJNP 9 596 

ABRAMOVI 70 NP B 29 466 
ALSTON 70 PL 33 B 607 
ASCOLI 70 PRL 25 962 
BASILE 70 LNC 4 838 
RAUD1 70 PL 31B 397 
BAUD2 70 PHILAD.CONF,P.311 
BAUD3 70 PL 31B 401 
BOCKMAHN 78 NP B 16 221 
BUTLER 70 UORL 19845 
CAROLL 70 PRL 25 1393 
CASO 70 LNO 3 707 

+CARMONY,LANDERtXUONG,YAGER (LA JOLLA)I=I 
(AACHEN+SERL*BIRM+BONN*HAMS+LOIC+MPIM) 

ALITT[,BATON,DELER,GRUSSARD+ (SACLAY+BGRA) Jp 
~GAHL,HARDY,HESS,JRCOBS,KIRZ,MILLER (LRL) 
+GESSAROLI+ (BGNA+BARI~FIRZ+ORSA+SACL) 
CERN MISSING MASS SPECTROMETER CROUP (CERN) 
L SEIDLITZ,O I DAHL,D H MILLER (LRL) 

EARNES,FOWLER,LAE,OREMSTEIN + (BNL+CUEY) 
G.C.BENGON, THESIS (MICH) 
G BENSON,LOVELL,MARQUIT,ROE + (MIGHt 
R. EHRLIGH,W.SELOVE,M.YUTA (PENN) 
FERBEL (ROCHESTER) 
CERN MISSING MASS SPECTROMETER GROUP (CERN) 

ARMENISE,FORINO,+ (BARI+BBNA~FIRZ+ORBAY) 
*EIRSCH+KUBG~YEH÷RABEN (COLU+BNL*RUTGERG) 
+LILLEGTOL+MONTAHET~ (CERN~CDEF+IRAD+LIVP) 
+DEUTSCHMANN+GROTE+COCCONI+(AACR+BERL*CERN) 
+;ISCHER,GOBBI,ASTBURY~ (ETH+CERN) 
*LAMSA,SISWAS,DERADO,GROVES,+ (NOTREDAME) 
CERN MISSING MASS SPECTROMETER GROUP (CERN) 
+DAHL,HARDY,HESS,KIRZ,MILLER (LRL) 
RICHARD I HESS--THESIS,BERKELEY (LRL) 
+MCCULLOCH+BUGG+CONO0 (ORNL+UNIV.TENN.t 
÷MARECHAL,MONTANET÷ (CERN+00EF+IPN÷L~VP) 
+TOMAGINI,CORDSe(GENOVA+HAMB÷MILANO+SACLAY) 
+HARDY+HESS+KIRZ+MILLER (LRL) 
DANYSZ+FRENCH+SIMAK (CERN) 
+KRAYBILL*FORMAN+FERBEL (YALE+ROCH) Jp 

ARME~ISE,FORINO,+ (SARI+BGRA*FIRZ+ORSAY> 
+CRAWLEY,MORTARA,SHAPIRO,BRIDGES~(ILLINOIS) Op 
+BRODY,CEADWICK,FRIEG,GUIRAGOSGIAN+ (SLAG) 
CERN MISSING MASG SPECTROMETER GROUP (CERN) 
BOESEBECK,DEUTSCHMANN,+(RACMEN+BERLIN+CERN) 
+CONTE+CORDS+DIA2+ (GENOVA+HAMB+MILAN÷SACL) 
S.U.CHUNG,D.DAHL,J.KIRZ,D.H.MILLER (LRL) 
+KARBHON+KWAN LAI,SCARR,SKILLICORN (BNL) 
+~RODESEN+BETTIN(+ (LIVERPOOL÷OSLO+PADUA) 
+@AVILLET,LABROSEE,MONTANET,÷ (OERN+CDEF) 
+MAURER,MICHALON,OUDET*(HEID +GTRASBOURG) 
+COCCONI,+ (AACH+BERL÷BONN+CERN+WARS) 
+PRENTICE+COOPER+MANNER+ (TNTO+ANL+WISC) 
~CASON÷BIBWAS*DERADO+GROVES+ (HOTREOAME) 
+MIYASHITA,KOPELMAN,MARSHALL LIBBY (COLO) 

*BARTSCH,+ (AACH÷BERL*CERN+JAGL+WARS) 
+BARLOW,JACOBS,DELLA NEGRA*(SERN+CDEF~LIVP) 
M.RGUILAR-BENITEZ,J.BARLOW,+ (CERN+CDEF) 
+COLLINS,+ (BNL+CARN) 
÷GEIDIRI,FORINC,CARTACCI+ (BARI+BGNA+FIRZ) 
CERN MISSING MASS SPECTROMETER GROUP (FERN) Jp 
+KARSHON,KWAN NU LAI',+ (BNL)IJP 
+~DWARDS,FOSTER,MOORE (LIVERPOOL> 
E)SENBERG,HABER,BALLAM,CHADWICK÷(REHO+SLAC) 
VETLITSKY,ERIGOREYEV,GRISHIN,+ (ITEP) 

ABRAMOVICH,BLUMENFELD,BRUYANT,+ (CERN) JP 
+SARBARO,BUHL,SERENZO,EPPERSON,FLATTE+(LRL) 
~BROCKWAY,CRAWLEY,EISENSTEIN,HANFT,+ (ILL) JP 
*DALPIAZ/FRABETTI,MASSAM,+ (CERN+GGNA+STRS) 
CERN 60SON SPECTROMETER GROUP (CERN) 
CERN BOSON SPECTROMETER GROUP (CERN) 
CERN BOSON SPECTROMETER GROUP (CERN) 
+MAJOR,POLS,+ (BONN+DURH+NIJM~EPOL+TORI) 
THESIS (LRL) 
*FIREBAUGH,GARFINKEL,MORSE,OH,+ (WISC÷TNTO) 
*CONTE,TOMASINI,CORDG+IGENO+HAMB+MILA+SACL) 

DIAZ 70 NP B 16 239 +BAVILLET,LABROSSE,MONTANET+ (CERN+CDEF)JP 
DZIERBA 70 PRD 2 2544 +SHEPEARD,BISWAS,CASON,JOHNSON,KENHEY(NDAM) 
GARFINKE 70 PL 33 B 536 GARFINKEL,AMMANN,CARMONY,YEN (PURD)JPC 
JOHNSTON 70 NP B 24 253 +KEY,PRENTICE,YOON,GAR~INKEL,+ (TNTO+WISC) 
KRUSE 70 PEILAD.CONF.P.359 U.KRUSE, PARTIAL WAVE ANALYSIS (ILL) JP 
NEF 70 THESIS*PRIV.COMM.CERN BOSON SPEOTROMETER GROUP (CERN) 
SUTHERLA 70 PHILAD.CONF.P.369 G.SUTHERLAND,INTERFERING RESONANGE(GLASGOW) 

AGUILAR 71 PRD 4 2583 
ALSTOH 71 PL 34 B IS6 
BARNHAM 71 PRL 26 1494 
BEKETOV 71SJNP 4 765 
BINNIEI 71 PL 36 B 257 
BIHNIE2 71 PL 36 R 537 
SOWEN 71 PRL 26 1663 
CRENNEL 71 PL 35 B 185 
FARBER 71 NP B 29 237 
FOLEY 71 PRL 26 413 
GRAYER 71PL 34 B 333 
LYNCH 71UCRL 20022 AND 7t 
RINAUDO 71 NC 5 A 239 

ANKENSRA 72 PRL 29 1688 
BERENYI 72 NP G 37 621 
BLOODWOR 72 NP B 37 203 
DAMER) 72 NC 9 A I 
DIEBOLD 72 BATAV)A CONF. 
EISENSER 72 PRD 5 15 
ESPIBAT 72 NP B 36 93 
FOLEY 72 PRD 6 747 
LASSILA 72 PRL 28 1491 
MORSE 72 HP B 43 77 

AMMANN 73 PRD 7 1345 
ANKEBRAN 73 PRD 0 2785 
ANTIPOV 73 NP B 63 173 
ANTIPOVI 73 NP B 63 153 
ANTIPOV2 73 NP B 63 141 
CASON 73 NP B 64 14 
CHALOUPK 73 PL 44 B 211 
CONFORTO 73 PL 45 B 154 
DEFOIX 73 PL 43 B 141 
EISE~STE 73 PRo  7 27~ 
KEY 73 PRL 30 503 
TOET 73 NP B 63 248 

D]AZ 74 PRL 32 260 
KARSHON 74 PRL 32 852 
OTTER 74 NP 880 1 
THOMPS01 74 PR S9 560 
THOMPS02 74 NP B69 381 

ABASHIAN 75 PRL 34 691 
EMMS 75 PL 388 117 
LOSTY 75 PL 5CO 96 
UNDERWO0 75 PR D11 2345 

ALSO 73 CONFORTO, 73 KEY 
WAGNER 75 PL 388 201 

FORINO 76 NC A 35 465 
HANDLER ~6 NP B 110 173 
MARGULIE 76 PRD 14 667 

CERRADA 77 NP B 126 241 
MAY 77 PR 0 16 1983 
PAWLICKI 77 PRD 15 3196 

BALTAY 1 78 PRO 17 62 
BALTAY 2 78 PRL 40 87 
CHABAUD 78 NP B 145 349 
CORDEN 1 78 NP B 136 77 
CORDER 2 78 NP B 138 235 
FERRER 78 PL 74 B 287 
RYAMS 78 NP S 146 303 
MARTIN 1 78 PL 74 B 417 
MARTIN 2 78 NP S 140 138 

GHABAUD 80 NF B 175 189 
DAUM 80 PL 89 B 276 

DAUM 81 NP B 182 269 
DELFOSSE 81NP E 183 349 
EVANGEL] 81 HP B 178 197 

BEHREND 82 PL 114 B 378 
CIHANGIR 82 PL 117 B 123 
CLELAND 82 NP B 208 228 
EDWARDS 82 PL 110 B 82 
BEHREND 83 PL 125 S 518 
FRAZER 83 AACHEN CONF. 
JENNI 83 PRD 27 1031 

BERBER 84 PL 149 B 427 
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Meson Full Listings 
a2(1320), f2(1410) 

AGUILAR-BENITEZ,EISNER,KINSON (BNL) 
+BARBARO,BUHL,DERENZO,EPPERSON,FLATTE+(LRL) 
+ABRAMS,BUTLER,COYNE,GOLDHABER,HALL,÷ (LBL) 
÷SOMBEDWSKY,KONOWALOVtKRUTSCHININ,÷ (ITEP) Jp 
+CAMILLERI,DUANE,FARUQI,GURTON,+(LOIC+SHMP) 
+CAMILLERI,DUANE,FARUQI,BURTOH,+(LOIC+SHMP) 
~FARLES,FAISSLER,BLIESEN,+ (NEAS+STON) 
+GORDON,KWAN-WU LAI,GCARR (BNL) 
+DE PINTO,BISWAS,CAGON,DEERY,KENNEY,÷(NDAM) 
÷LOVE,OZAKI,PLATNER,LINDENBAUM,+ (BNL+CUNY) 
*HYAMS,JONEG,SCHLEIN,SLUM,DIETL+ICERN+MPIM) 
AMSTERDAM CONF. G.LVNCR ILBL) 
+BOEOKMANN,MAJOR+(TORI+BONN+DURH+NIJM+EPOL) Jp 

ANKENBRANDT,BRABSON,CRITTENDEB,HEINZ,+(IND) 
+PRENTICE,STEENBERG,YOON,WALKER (TNTO*WISC) 
BLOODWORTH,JACKSDN,PRENTICE,YOON (TNTO) 
+BORZATTA,GOUSSU,+ (GENO+MILA*SACL) 
R.DIEBOLD RAPPORTEUR TALK (ANL) 
EISENSaRB,BALLAM,DAGAN,+ (REHO+SLAC*TELA) 
~BHESQUIERE,LILLESTOL,MONTANET (CERN~CDEF) 
÷LOVE,OZAKI,PLATNER,LINDENBAUM,+ (BNL~CUNY) 
LASSILA,YOUNG (IOWA) 
• OH,WALKER,JOHNSTON,YOON (WISC+TNTO) 

+CRRMONY,GARFINKEL,GUTAY,MILLER+(PURD+IUPU) 
ANKEBRANDT,BRABSON,CRITTENDEN,HEINZ,÷ (INS) 
+ASCOLI,BUSNELLO,POSACC),+ (CERN*SERP) JP 
÷ASCOL),BUSNELLO,FOCACCI,+ (CERN+GERP) JP 
+ASCOLI,BUSNELLO,FOCACCI,÷ (CERN+SERP) JP 
+MADDEN,BISHOP,BISWAS,KENNEY,+ (NDAM) 
CHALOUPKA,DOBRZYNGKI,FERRANDO,LOSTY,+(CERN) 
+MOBLEY,KEY,PERPOST,+ (EFI÷FNAL+TNTO~WIGC) 
+OOBRZYNSKI,ESPIGAT,NASCIMENTO,+ (CDEF) 
EISENSTEIN,SCHULTZ,ASCOLI,IOFFREO0,+ (ILL) 
+CONFORTO,MOBLEY,+ (TNTO+EFI+FNAL+WISC) 
+THUAN,MAJOR,RINAUDO,+(NIJM+BONN+DURH~TORI) 

+DIBIANGA,FICKINGER,ARDERSON,+ (CASE+CARN) 
~MIKENBERG,PITLUCK,EISENBERG,RONAT÷ (REHO) 
+RUDOLPH+ (AACH+BERL~BONN+CERN÷HE~D) JP 
THOMPSON,GAIDOS,MCILHAIN,WILLMANN (PURD) JP 
THOMPSON,BADEWITZ,EAIDOS,MCILWAIN* (PURD) Jp 

+BEAMER,BROSG,EISENGTEIN,+ (ILL+ANL*ISU) 
+JONES,KISSON,STACEY,BELL+ (BIRM+OURH*RHEL) Jp 
+CHALOUPKA,MOSTANET,GANDOIS+ (CERN÷GAEL) JP 
UNBERWOOO,CONFORTO,KEY+(EFI~FNAL+TNTO~WIGC) 

+TGBAK,CEEW (LEt) JP 

+GESSAROLI,+ EGNA+FIRZ+GENO÷MILA+O×F~PAV 
÷PLANO,BRUCKNER,KOLLER,,+ (RUTG,GTEV~SETO) 
+KRAMER,FOLEY,LOVE,LINDENBAUM,+ (BNL+GUNY) 

+BLOCKZIJL,HEINEN,+ (AMST+CERN+NIJM+OXF) 
• ABRAMSON,ANDREWS,BUSNELLO,+ (RDOH+CDRN) 
+AYRES,COGER,OIESOLD,KRAMER,WICKLURO IANL)I d 
~CAUTIS,COHEN,CSQRNA,SMITH,YEH,~(COLU*BING) 
+CAUTIE,KALELKAR (COLU) Jp 
÷HYAMS,JONES,WEILHAMMER,BLUM,+ (CERN~MPIMt 
OOWELL,~ARVEY,JOBES+ (BIRM÷RHEL+TELA+LOWC) Jp 
+CORBETT,ALEXANDER,+ (BIRM+RHEL*TELA+LOWC) 
+TREILLE,RIVET + (ORSAY÷CERN+CDEF+LPNP) 
+JONES,WEILHAM~ES,BLUM,÷ (CERN+MPIM~ATEN) 
+OZMUTLU+BALDI,BOHRINGER,DORSAZ+IDURH~GEVA) Jp 
÷OZMUTLU,BALDI,BOHRINGER,DORSAZ~(DURHeGEVA) 

+EYAMS,PAPADOPOULOU,+ (CERN*MPIM+AMST) 
+HERTZBERGER+(CMST÷CERN+CRAC+MPIM+OXF~RHEL) jp 

+HERTZSERGER÷(AMST+CERN+CRAG÷MPIM*OXF~RHEL) 
+GUISAN,MARTZN,MUHLEMAGN,WEILL,*(GEVA~LAUS) 
EVANGELIGTA+(BARI+BONN+CERN+DARE~LIVP~MILA) 

+D-AGOSTINI+(DESY+KARL+MPIM÷LALO+LPNPeSACLt 
+BERG,BIEL,CMANDLEE,FERBEL+(FRALeMINN+ROCH) 
+DELFOSSE,DORSRZ,BLOOR(DURH+GEVA+LAUS+PITT) 
+PARTRIOEE,PECK,~ ICIT*HARV+PRIN+STAN÷SLAC) 
~D-AGOSTIHI+(DESY+KARL~MPIM+LALO+LPNP+SACL) 
RAPPORTEUR TALK (UCSD) 
÷BURKE,TELNOV,ABRAHS,BLGCKER+ (SLAC+LBL) 

+KLOVNIHG,BURGER+ (PLUTO COLLABORATION) 

] f2(1410) [ 
OMITTED FRO,'vl 
SU,~/IMARY TABLE 

I G ( j P C )  ~ 0+(2 + - )  

TRIG ERTRT LISTS PEAKS OF LOW STATEST[CAL SEGNIFICANCE 
SEEN IN THE KS KS SYSTEM. J=2 FROM EVIDENCE IN THE D 
WAVE (DAUM 841, I=0 FROM ABSENCE OF CHARGED STATES. 

f2(/4IO) M A S S  (MeV) 

M U 1439.0 5.0 6.0 BEOSCH 67 OSPK 317,12 PI-P,KSKS I 
M 1436.0 26.0 16.0 DAUM 84 CNTR 17-18 PI-P,K+ E- l M 1412.0 3.0 DAUM 84 CNTR 63PI-P,KSKG,K÷K- 
M 0 NOT SEEN BY WETZEL 76 

AVERAGS'NEAN~NGLESS'ISO~LE FACTOR = 4.3)  

/'2(1410) WIDTH (MeV) 

WW C 43.0 17.0 18.0 BEUSCH 67 OSPK 5,7,12 PI-P,KSKS | 
81.0 56.0 29.0 CIAOM 84 CNTR 17-18 PI-P,K+ K -  I W 14.0 6.0 DAUM 84 CNTR 63PI-P, KSKS,K+K- 

W C HOT SEEN BY WETZEL 76 
W ......... 
W AVERAGE MEANINGLESS (SCALE FACTOR = 1.6) 
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Meson Full Listings 
f2(1410), f1(1420) 

/2(1410) P A R T I A L  D E C A Y  M O D E S  

pl  f~([410) o o K S K s 
DECAY MASSES 

498+ 498 

R E F E R E N C E S  FOR /'2(1410) 

BEUSCH 67 OL 25 B 357 +FISCHER,GOBBI,ASTBURY+ (ETH+CERN) 

BEUSCH 70 EXPERIM.MESON SPECTROSCOPY,P.185,COLUMBIA U. PRESS (ETH*CERN) 

GALOSHIN 76 SJNP 24 297 +BOLONKIN,VLADIMIRSKIJ,GRIGORJEV,* (ITEP) 
WETZEL 76 NP 8 115 208 ~FREUDENREICH,SEUSCH,÷ (ETH+CERN+LOIC) 

POLYCHRO 79 PRD 19 1317 POLYCGRONAKOS,CAGON,GISHOP+ (NDAM÷ANL) 

CHABAUD 81 APP S 12 575 +NICZYPORUK~BECKER+ (CERN+CRAC~MPIM)JP 

ETKIN 82 PRD Z5 1786 +FOLEY,LAI,LINDENBAUM÷ (BNL+CUNY+TUPTeVANDI 

CHABAUD 83 NP B 223 1 *GORLICH,CERRADA+ (CERN+CRAC+MPIM)JP 
~ALKA 83 THESIS 12301PH H.PALKA (CRAC)JP 

DAUN 84 ZPHY C 23 3~9 *HERTZBERGER+(AMST~CERN*CRAC÷MPIM+OXF+RHEL)AP 
TURNAU 84 ZPHY C 25 299 J.TURNAU (CRAC) 

I f1(1420) 
was  E ( 1 4 2 0 )  ] 

IG(J Pc ) = 0+(1 ~ +) 

NOTE ON f1(1420)  AND ~(1440) 

For this edition we continue to split the data on 
f1(1420)/~(1440) into two entries according to the pro- 
posed .].PC assignments. 

The jPC = 1 + + state (DIONISI 80, ARMSTRONG 
84), now called f1(1420),  appears to have a dominant 
decay mode into the K*(892)~" system. 

The state with jPC = 0 -  + is now called ~(1440). 
Under this entry we group the results obtained in the 
early ffp annihilation experiment at rest (BAILLON 
67,83), in the study of  the radiative decay of  the J/~ 
resonance (SCHARRE 80,81, EDWARDS 82, RICH- 
MAN 85), and in a hadroproduction experiment 
(CHUNG 85). The 7/(1440) is largely coupled to the 
a0(980)Tr decay channel, although the lack of  a signal in 
the ~77rTr system (EDWARDS 83) is a source of  concern. 

The CHUNG 85 study of  the KKTr system is based 
on more than ten times the statistics of  DIONISI 80. 
The jPC = 0 -  + wave dominates the 1420-MeV mass 
region with little evidence for a 1 + + resonance. The 
CHUNG 85 results may suggest that the f l ( 1 4 2 0 )  is in 
f a c t  t h e  ~ ( 1 4 4 0 ) .  

f1(1420) MASS (MeV) 

1420. 20. OAHL 67 HBC 1.6-4.2 PI- P 
1423.0 10.0 FRENCH 67 HBC 3-4 PBAR P 

M 510 1420. 7. LORSTA9 89 HGC .TPB P,4~5-BOOY 
M 170 1398. 10. DEFOIX 72 BBC 0.7 PEAR P,7 Pl 

200 1406. 7. DUBOC 72 HBC 1.2 PBAR P,2K4PI 
1417.5 4. NACASCH 78 HBC .7 , .76 PBAR P 

A 1440.0 10.0 BROMBERG 80 SPEC 100 PI~P,2KPIX 
221 1426.0 6.0 DIONISI 80 GBC 4. PI-P,K K Pl N 

(1431.0) APPROX TORNQVIST 82 RVUE 
T 1520 1425.0 2.0 ARMSTRONG 84 OMEG 85 PI+P,K KBAGPI 

M 1422.0 5.0 CHAUVAT 84 SPEC ISR 31.5 PP I 

AVG 1422.3 2.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5) 
(SEE IDEOGRAM BELOW) 

A MASS ERROR INCREASED TO ACCOUNT FOR A0(980) MASS CUT 
A UNCERTAINTIES 

M T FROM A UNITARIZED QUARK MODEL CALCULATION 

WEIGHTED AVERAGE 
1422.3 = 2,1 (ERROR SCALED BY 1.5 ) "--~÷ 

h(  

1380 1400 1420 

/1(1420) mass  (MeV) 

X 2 

' CNAUVAT 84 SPEC 
i ARMSTRONG 04 O~EG 1 B 

DIONIS[ BO HBC 0,4 
I • BROMBERG BO SPEC 31 

• NACASCH 78 HBC 1.4 
DUBOC 72 HBC 5.4 

. . . . . .  [bEFOIX 72 HBC 5 S 
LORSTAD 69 HBC 0 1 

i ~  ~RENCH 57 NBC O0 
DAHL 67 HBC 

182 
(Conf idence Lever = 0 020) 

I 

1440 1460 1480 

f1(1420) WIDTH (MeV) 

60,0 20,0 DAHL 67 HBC 1.6-4.2 Pl- P 
45. 20, FRENCH 67 HBC 5-4 PEAR P 

W 310 60m 20m LORSTAD 69 HBC .7PB P,4,5-BODY 
W 170 50. 10. DEFOIX 72 HBC 0.7 PBAR P,7 PI 
W 280 50. 12. DUBOC 72 HBC 1.2 PBAR P,2K4Pl 
W 53. 20.0 NACASCH 78 HBC .7,.76 PBAR P 
W 82.0 14.0 BROMBEGG 80 SPEC 100 PI-P,2KPIX 
W 221 40.0 15.0 DIONISI 80 HGC 4. PI-P,K K Pl N 
W 1520 62.0 5.0 ARMSTRONG 84 OMEE 85 PI+P,K KBARPI 
W 47.0 I0.0 CGAUVAT 84 SPEC ISR 31.5 PP U 
W 
W AVG " 5 5 : 9 " ' "  3.4 " AVERAGE 

fl(1420) PARTIAL DECAY MODES 

DECAY MASSES 

Pl f1(1420) ~ KK*(892) 498+ 092 
P2 f1(1420) ~ K K ~  498* 498+ 140 

P3 fi(1420) ~ ~ p  140. 140. 789 

P4 f i (1420)  ~ ao(980) ~ 983. 140 
95 f](1420) ~ ~ r ~  549. 140. I40 
PB f1(1420) ~ 4 ~  140+ 140. 140, 140 
P7 f t (1420)  ~ 3 3  O* O 

f1(1420) r(l)*r(~, "~)/r(total) (keY) 

r(K ~ ~-)*r(~ 7)/Fftotal) 
W7 (8.0) OR LESS CL=0,95 JENNI 83 SMK2 RAM GAM,KKBAR PI 

f1(1420) B R A N C H I N G  R A T I O S  

/'1(1420) ~ (KK*(892) + C.C.) / (K K ~ )  (pl)/(PG) 
R1 0.76 0.08 BROMBERG 80 SPEC 100 PI~P,2KPIX 
RI 0.88 0.12 DIONISI 80 HBC 4. PI-P,K R PIN 
RI ......... 
RI AVERAGE MEANINGLESS 

fl(1420) ~ ( ~  ~ p) / (K  K. ~r) 
R2 (2.0)  OR LESS DAHL 67 HBC 
RE (0.3) OR LESS CL=.95 CORDEN 78 OMEG 

f ] (1420)  ~ (~TrTr ) / (KK~)  
R3 (1.5)  OR LESS CL=.95 FOSTER 6B HBC 
R3 1.5 0.8 ' DEFOIX 72 HBC 
R3 (0.5) OR LESS CL=.95 CORDEN 78 OMER 

f1(1420) ~ (aD(980) ~ ) / ( ~  ~ 7r) 
R4 0.4 0.2 DEFOIX 72 HBC 
R4 NOT SEEN IN EITHER MODE CORDER 78 OMEG 

f , (1420)  ~ (4~) / (KK*(892)  + C.C.) 
R5 (O,90)OR LESS CL=.95 DIONISI 80 HBC 

f , (1420)  ~ (KKTr) / (~o(980)  7r + KK*(892)  + C.C) 
R6 (P2)/(PI+P4) 
R6 C 0.65 0.27 DIONISI 80 HBC 4. PI-P 
G6 C CALCULATED USING, 
R6 C (AO(9BO) INTO E KB)/(AD(980) INTO ETA PI)=O.24+-O.07 

[1(1420) ~ (aS(g80) ~) / (KK*(892))  (P4I/(PI) 
R7 (0.04) OR LESS CL=.68 ARMSTRONG 84 OMEG 85 PI+P,KKBAR PI 

(PS)/(P2) 
0 1.6-4.2 PI- P 
12-15PI-P 

- 0.0 PBAR (pPS)/(PG) 
0.7 PBAR P 
12-15PI -P 

(P4)/(PS) 
0.7 PBAR 9,7 Pl 
12-15PI-P 

(P6)/(PI) 
4. PI-P,K K Pl N 



For nora/ion, see key on page 91. 

REFERENCES FOR /~(1420) 

BARASH 67 PR 156 1399 
DAHL 67 PR 163 1877 

ALSO 65 PRL 14 1074 
FRENCH 67 NC 52A 438 

FOSTER 68 NP B 8 174 

BETTINI 69 NC 62 A 1038 
LORSTAD 69 NP B 14 63 

DEVONS 71 PRL 27 1614 

....... 72 RP ~ ~z 11 
DEFOIX 72 NP 44 25 
DUBOE 72 NP B 46 429 

VUILLEMI 75 LNC 14 165 

HANDLER 76 NP B 110 173 
VUILLEMI 76 NC 33A 138 

GRASSLER 77 NP B 121 189 

BARASH,KIRSCH,MILLER,TAN (COLUMBIA) 
+HARDY+HESS+KIRZ~MILLGR (LRL)I JP 
MILLSR,CHUNB,DAHL,HESS,HARDY,KIRZ+(LRL+UCB) 
*KINSON+MCDONALS+RIDDIFORD+ (CERN+BIRM) 

~SAVILLET,LADRDSSE,MONTANET,* (CERN+CDEF) 

+CRESTI,LIMENTANI,BERTANZA,BIGI+(PADO*PISAIIC 
B.LORSTAD~D-ANDLAU,ASTIER,+ (CDEF+CERN) JP 

+KOZLOWSKI,HORWITZ,+ (CDLU+SYRA) 

+CHURCH,LYS,MURPHY,RING,VANDER VELDE (MIDH) 
+NASCIMENTO,BIZZARRI,+ (CDEF+CERN) 
+GOLDBERE,MAHOWSKI,DONALD,+ (LPNO+LIVP) 

VUILLEMIN,+ (LAUSeREUC+LPNP+LIVP+GLAS) JP 

*PLANO,BRUGKER,KOLLER÷ (RUTG+STEV*SETO) 
+VUILLEMIN,+ (LAUS~NEUC+LPNP*LIVP+GLAS) 

+(AACHEN+BERLIN~BONN~CERN~CRACOW*HEID÷WARS) 

CORDEN 78 NP B 144 253 *CORBETT,ALEXANDER,* <BIRM~RHEL*TELA÷LOWC) 
IRVING 78 RP B 139 327 A,C.IRVING,H.R.SEPANGI (LIVP) 
NACASCH 78 NP B 135 283 +DEFOIX,DOBRZYNSKI,* (PARIS+MADRID÷GEHN) 

STANTON 79 PRL 42 346 ~BROCKMAN,DANEOWYEH,e (OSU+CARL+MCGI+TNTO) JP 

BROMBERG 80 PH D 22 1513 *HAGGERTY,ABRAMS,OZIERBA(CIT+FNAL+ILLC*IND) 
ALSO 82 PRIVATE COMM. C.BROMBERG (MSU) 

DIONISI 80 NP B 169 I *GAVILLET,ARMENTEROS+ (DERN+MADR~CDEF+STOH)I,JP 
LACAZE 81 NP B 186 247 +NAVELET ($ACL) 

BAILLON 82 PARIS CONFERENCE P.BAILLON (CERN) 
GAVILLET 02 ZPHY C 16 119 ÷ARMENTEROS,AGUILAR~ (CERN÷EDEF+PADO*ROMA) 
EDWARDS 82 PRL 49 259 +PARTRIDGE,PECK÷ (CIT+HARV+PRIN+STAN+SLAC) 

ALSO 83 PRL 50 219 EDWARDS+PARTRIDGE*(EIT+HARV÷PRIN+STAN+SLAC) 
TORNQVIS B2 NP S 205 268 TORNQVIST (HELS) 

BAILLON 83 CERN/EP 83-82 P.BAILLON (GERM) 
EDWARDS 83 PRL 51 859 +PARTRIDGE,PECK+ (CIT+HARV+PRIN+STAN+SLAC) 
HITLIN 88 CORRELL CONF. 746 DAVID HITLIN, RAPPORTEUR'S TALC (CIT) 
JENNI 83 PR D 27 1031 +SURKE,TELNOV,ALAM,BOYARSKI+ (SLAC*LBL) 
MENNESSI 83 ZPRY E 16 241 G.MENNESSIER (MONP) 

ARMSTRON 84 PL 146 B 273 +BLOODWORTH,BURNS,~ (ATHUeBARI+BIRM~CERN) JP 
CHAUVAT 8A PL 148 B 382 ~MERITET,BDNINO,ALITI+(CERN+UDDF+UCLA*SACL) 

RSTON 85 PR D 32 2255 *CARNESIE,DUNWOODIE,DURKIN+(SLAC÷CARL+SNRC) 
CHUNG 85 PRL 55 779 +FERNOW,SOEHNLEIN* (BNL+FLOR÷IND+SMAS) 

r/(1440) I +, 
t(1440) ................ 6 . . . . . . . . . . . . . . . . .  80. w a s  

SEE MINIREVIEW UNDER FI(1420)I 

~(1440) M A S S  (MeV) 

1425. 7. BAILLON 67 HBC O. PBAR P 
1440.0 I0.0 15.0 SCHARRE 80 SMK2 E+E-,J/PSI,E SAM 

M 174 1440.0 20.0 15.0 EDWARDS 82 GBAL J/PSI,ETA SAM 
M 1421.0 2,0 CHUNG 85 SPED O B PI-P,K K Pl N [ 
M D 340 1456.0 8.0 RIEHMAN 85 SMK3 J/PSI,KS K~ PI-S 

I M D 402 1461.0 7.0 RICHMAN 85 SMK3 J/PSI,K+ K- PlOD 
M DX (1A20.O) (25.0) RICHMAN 85 SMK3 J/PSI,PI~PI-2GAM 

AVERAGE MEANINGLESS (SCALE FACTOR ~ 3.4) 

D SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 
THIS PEAK IN THE GAMMA RRO CHANNEL MAY ROT BE RELATED TO THE 

M ETA(14401. 

~(1440) WIDTH (MeV) 

w 80. 10. BAILLON 67 HBC O. PBAR P 
W 50.0 30.0 20.0 SCHARRE 80 SMK2 E*E-,J/PSI,E SAM 

174 55.0 20,0 30.0 EDWARDS 82 CBAL J/PSI,ETA DAM 
60.0 10.0 CHUNG 85 SPEC 0 8 PI-P,K K PIN [ 

D 340 95.0 18.0 RICHMAN SS SMK3 J/PSI,KO K+ PI-G I D 402 101.0 14.0 RICHMAN 85 SMK3 J/PSI,K+ K~ PIOG 
W DX (133.0) (63.0I RICHMAN 85 SMK3 J/PSI,PI+PI-2GAM 
W 
W AVG " -'75.7" " " --7.5 • AVERAGE (ERROR INCLUSES SCALE FACTOR OF %3) 

D SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 
X THIS PEAK IN THE GAMMA RHO CHANNEL MAY NOT BE RELATED TO THE 

W X ETA(14401. 

7/(1440) DECAY M O D E S  

DECAY MASSES 

Pl ~(1440) ~ KK*(892) A98. 892 

P2 ~(1440) ~ K KIT 498+ 498+ 140 

P3 ~(1440) ~ ~ ~ p 140+ 140. 769 

PA ~(1440) ~ a~980) ~ 983~ 140 

P5 ~(1440) ~ ~7'F~ 549+ 140+ 140 

P6 ~(1440) ~ 471" 140+ 140+ 140+ 140 

P7 ~(1440) ~ ~ O+ O 

P8 ~(1440) ~ pO T 769+ O 

1 9 9  

Meson Full Listings 
f1(1420), n(1440), f2(1525) 

r /0 440) r(I)*F(y 3,)/r(total) (keV) 

P(K K 7r)*r(V 7)/P(total) 
W7 (8.0) OR LESS CA-0.95 JENNI 83 SMK2 SAM SAM,KKBAH Pl 

T(p o ~/ ),p(./ ~/ )/F(total) 
W8 (1.5) OR LESS CL=O.95 ALTHOFE 8A TASS E*E-,E+E-PI+PI-G [ 

ff(1440) BRANCHING RATIOS 

~(1440) ~ (KK*(892) + C.C.) / (KK~)  (PII/(P2) 

RI .50 .10 BAILLON 67 HBC 0.0 PBAR P 

~(1440) ~ (~"a"/r)/(KK~) (PSI/(P2) 
R3 (I.1) OR LESS CL~,90 SCHARRE 80 SMK2 E+E-,J/PSI,E GAM 
R3 (0.5) OR LESS EL=.90 EDWARDS 83 CBAL J/PSIrHADR SAM 

~(14,10) ~ (~'K*(892) +C.C.)/(ao(980) 7r + KK*(892) +C.C) 
R0 (P l I / (P l+P4 )  
R6 (0.25) OR LESS CL=.90 EDWARDS 82 CBAL J/PSI,ETA GAM 

REFERENCES FOR ~(1440) 

BAILLON 67 NE SOA 393 +EDWARDS+D-ANDLAU+ASTIER+ (CERN+DDEF÷IRAD) 

SCHARRE 80 PL 97 B 329 ÷TRILLING,ABRAMG,ALAM,BLOCKER+ (SLAC+LBL) 

CHANOWIT 81 PRL 46 981 CHANOWITZ (LBL) 
LIPKIN 81PL 106 B 114 LIPKIN (FNAL) 
SCHARRE 81 BONN CONF. 163 D.L.SCHARRE (SLAC) 

ALSO 81 SANTA CRUZ CONF. COYNE,EDWARDS,+ (PRIN+CIT+HARV÷STAN÷SLAC) 
ALSO 80 MORIORD II G3 ASEHMAN,PARTRIDGE+(PRIN*CIT+HARV+STAN+SLAC) 

ALTHOFF S2 ZPHY C 16 13 +BOERNER,BURKSARDT+ (TASSO COLLABORATION) 
SAILLON 82 PARIS CONFERENCE P.BAILLON (CERN) 
BARNES 82 PL 116 B 365 T.BARNES AND F.E.CLOSE (RHEL) 
BARNES 82 NP B 198 360 *CLOSE,MONAGHAN (RHEL÷OXF) 
DONOSHUE 82 PL 112 B 409 J.F.DONOGHUE AND H,GOMM (MASA) 
EDWARDS 82 PRL 49 259 *PARTRIDGE,PECK+ (CIT+HARV+PRIN+STAN+SLAC) 

ALSO 83 PRL 50 219 EDWARSD+PARTRIDGE+(CIT+HARV+PRIN~STAN÷SLAC) 
MINAMI 82 PL 113 B 69 S.EINAMI (OSKC) 
TANIMOTO 82 PL 116 B 198 M.TANIMOTO (BIEL) 

BAILLON 83 CERR/GP 83-82 P.BAILLON (CERN) 
EDWARDS 83 PRL 51 859 +PARTRIDGE,PECK+ (CIT+HARV*PRIN+STAN÷SLAC) 
JENNI 83 PR D 27 1031 *BURKE,TELNOV,ABRAMS,BLOCKER+ (SLAC+LBL) 

ALTHOFF 8A PL 147 B 487 ITASSO COLLABORATION) 
LIPKIN 84 PL 135 B 215 ~COHEN (REHO+CARACAS) 

BARTEL 85 DESY 85-081 (DESY~BAMB+HEID÷LANC÷MCHS+UMD+RHEL÷TOKY) 
CHANOWIT 85 LBL-20091 M.S.CHANOWITZ (LBL) 
SHUNS 85 PRL 55 779 *FGRNOW,BOEHNLEIN* (BNL*FLOR+IND+SMAS) JP 
FRANK 85 PL 158 B 442 +ISSUR,ODONNELL,WEINSTEIN (TNTO) 
RICHMAN 85 CALT-68-1260 20TH RENCONTRE DE MORIOND (CIT) 

I f~(1525) _ I 
was f (1525) I 

IG(J PC) = 0-(2 + ~) 

f~(1525) M A S S  (MeV) 

MI PRODUCED BY PION BEAM 
MI N (1502.0) (25.0) CORDEN 79 OMEG 12-15PI~P, N 2PI 
MI 
MI C 1506.0 7.5 PAWLICKI 77 SPGC 6.PI N,K+K- 
MI 1492.0 29.0 GORLICH 80 ASPK 17 Pl- P,POLARIZ 
MI D 1498.0 9. 8. CHABAUO 81ASPK 6 PI-P 
MI 1497.0 8. 9. CHABAUD 81ASPK 18.4 PI-P 
MI ......... 
MI AVG ~500.0 4.6 AVERAGE 

M2 PRODUCED BY K÷- BEAM 
M2 I1515.0) (7,0) AMMAR 67 HBC 5.5 K-P,K KBAR 
M2 46(1514.) (4.) COLLEY 72 HBC IS.K+ P,K+ K- 
M2 47(1521.) (7.) VIDEAU 72 HBC 4.K- P,K KBAR 
M2 
M2 100 1519. 7. AGUILAR 72 BBC 3.9,4.8 K~,K KS 
M2 120 1527.0 3. 0 BRANDENSU 76 ASPK 18.K-P,K+K- 
M2 123 1522.0 6.0 BARREIRO 77 HBC 4.15 K P,KS KS 
M2 186 1528. 7. EVANGELIS 77 OMEG 10 K- P 
M2 050 1521.0 6.0 AGUILAR 81 BBC 4.2 K-P,LAM 2K 
M2 572 1521.0 8.0 ALHARRAN 81 HBC 8,25 K-P,LAM 2K 
M2 1529.0 3.0 ARMSTRONG 83 OMEG 18.5 K~P,K-K+LAM 
M2 
M2 AVG i 5 2 4 ; G ' ' "  i.5 " AVERAGE 

M C WITH A PHASE SHIFT ANALYSIS 
MASS ERRORS ENLARGED BY US BY FACTOR 1.5. C 

N FROM AN AMPLITUDE ANALYSIS WHERE THE F2'(1525) WIDTH AND 
M N ELASTICITY ARE IN COMPLETE DISAGREEMENT WITH VALUES 

N OBTAINED FROM KKBAR CHANNEL MAKING THE SOLUTION DUBIOUS. 
D CHABAUD 81 IS A RE-ANALYZES PAWLICKI 77 DATA. 
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Meson Full Listings 
f2 (1525), fl(1530), f0(1590) 

f~(1525)  W I D T H  (MeV) 

w1 PRODUCED BY PION BEAM 
WI N 1165.0)  (42.0) CORDEN 79 OMEG 12-15PI-P, N 2El 
w1 (150.0) (83.0) (50.0) GORLICH 80 ASPK 17 El- P,POLARIZ 
Wl 
WI b 66.0 15.0 PAWLICKI 77 SPEC 6.PI N,K~K- 
WI M 92.0 39.0 22.0 POLYCRRON 79 STRC 7. PI-P,KS KS N 
WI D 69,D 22. 16. CRABAUD 81 ASPK 6 Pl-P 
WI 137.0 23. 21. CHABAUD 81 ASPK 18.G PI-P 
WI 
WI AVG 85.7 16.0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6) 

W2 PRODUCED BY K+~ BEAM 
W2 (35.0) 125.0) AMMAR 67 HBC 5.5 K~P, K KBAR 
W2 46 (28.) 115.) EOLLEY 72 HBC 10.K+ P,K+ K 
W2 A7 (LO.) 110.) VIDEAU 72 HBC 4.K- P,K KBAR 
W2 
W2 100 69. 22. AGUILAR 72 HBC 3.9,4.6 K-P,K KB 
W2 120 61.0 8.0 BRANDENBU 76 ASPK 13.K-P,K*K- 
W2 123 62.0 19.0 IL.O BARREIRO 77 HBC A.15 K-PtKS KS 
W2 166 72.0 25.0 CVANGELIS 77 OMEG 10 K- D 
W2 650 85.0 16.0 AGUILAR 81 HBC 4.2 K-P,LAM 2K 
W2 572 80.0 14.0 11.0 ALHARRAN 81 HBC 8.25 K-P, LAM 2K 
W2 83.0 15.0 ARMSTRONG 83 OMES 18.5 K-P,K-K~LAM 
W2 ......... 
W2 AVB 70.3 ~. I  AVERAGE 

w E WITH A PHASE SHIFT ANALYSIS 
w C WIDTH ERRORS ENLARGED BY US BY FACTOR 1.5. 
W M FROM A PIT T0 THE D WAVE WITH F2(1270)-F2'(1525) INTERFERENCE. 
W M MASS F~XED AT 1516 MER. 

N SEE NOTE N UNDER MASS. 
D CHABAUD 81 IS A RE-ANALYZES PAWLICKI 77 DATA. 

f~(1525)  P A R T I A L  D E C A Y  M O D E S  

pl f£(1525) ~ ~ 

p2 f~(I525)  ~ K K  

p8 f~(1525) ~ KK ' (8 9 2 )  

PA f~(1525) -- p 

D5 f~(1525) ~ -,'r'a- 

p6 f~(1525) ~ 7rKK 

pT f~( t525)  ~ w + ~ + T r - ~ - -  

p8 f£(1525) ~ ~ T 

DECAY MASSES 

140+ 140 

498÷ 498 

A9L+ 892 

549+ 549 

140+ ILD+ 549 

140~ 49S+ A98 

140+ 140. 140* 140 

O÷ O 

f~(1525) PARTIAL WIDTHS (keV) 

W8 B D 0.11 0.05 ALTHOFF 83 TAGS 

W8 B USING BRANCHING RATIO F2'(1525) INTO K KBAR = I. 
WS D SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 

(G8) 
GAN GAM,2K J 

f~(1525)  B R A N C H I N G  R A T I O S  

f~(1525) ~ ( ~ r ) / t o t a l  (pl) 
RI c (0.0086) OR LESS BEUSCH 75 OSPK 8.9 PI-P,KO KS N 
RI 10.063)0R LESS CL=0.9O BRANDENBU 76 ASPK 13.K-P,K+K- 
RI (0.045)0R LESS CL~O.95 BARREIRO 77 HBC 4.15 K-P,KS KS 
RI E 0.012 0.00~ PAWLICKI 77 GPEC 6.Pl N,K+K 
RI N 10.19) (0.03) CORDEN 79 OMEG 12-15RE-P, N 2PI 
RI C D 0.0075 0.0025 MARTIN 79 RVUE 
RI 0.007 0.002 COSTA 80 OMEG 10 PI~P,K~ K- N 
RI C (0.027) 10.071) (O.013)SORLICH 80 ASPK 17,18 PI-P POLAR 

(0.06) DR LESS CL=.95 AGUILAR 81HBC 4.2 K-P,LAM 2K RI 
RI ......... 
RI ~VG 0.0078 0.0015 AVERAGE 

RI C ASSUMING THAT THE F2'11525) IS PRODUCED BY AN ODE 
RI PRODUCTION MECHANISM. 
R1 D MARTIN 79 USES THE PAWLICKI 77 DATA WITH DI;~ERENT INPU~ 
RI VALUE OF THE F2(1270) INTO K KBAR BRANCHING RATIO. 
RI N SEE NOTE N UNDER MASS. 

f~(1525)  ~ (~ ~)/(KK) (P4)/(P2) 
R5 (0.50) OR LESS BARNES 67 HBC 4.6, 5.0 K~ P 

f~(1525) ~ (wTr#)/(KK) (PS)/(P2) 
RL (0~3) OR LESS CL=.67 AMMAR 67 HBC 
RL (0.~I) OR LESS CL~.95 AGUILAR 72 HBE 3.9,4.6 K- P 

f~(1525) ~ (~K~,  + KK'(892))I(KK) (P6+PAI/(P2) 

R5 (O.A) OR LESS CL=.67 AMMAR 67 HBC 
R5 (0.35) OR LESS CL=.95 AGUILAR 72 HBC 3.9,L.6 K P 

f~(1525) -- ( ~ +  ~ +  Tr-  yr-)/(K K) (P7)/(P2) 
R6 (0.32) OR LESS CL=.95 AGUILAR 72 HBC 3.9,4.6 K- P 

REFERENCES FOR f~(1525) 

BARNES 65 PRL 15 322 

CRENNELL 66 PRL 16 1025 

ABRAMS 67 PRL 18 620 
AMMAR 67 ERL 19 1071 
BARNES 67 PRL 19 964 

ALITTI 68 PRL 21 1705 

LORSTAD 69 NP B 14 63 
SCOTTER 69 NC 62 A 1057 

AGUILAR 72 PR D 6 29 
COLLEY 72 NP B 30 1 
VIDEAU 72 PL ~I B 213 

~EUGCH 75 PL 60 B 101 

BRANDENB 70 NP B 104 413 

BARREIRO 77 NP B 121 237 
EVANGELI 77 NP B 127 38A 
LAVEN 77 NP B 127 43 
PAWLICKI 77 PR D 15 8196 

SEEKER 79 NP B 151 46 
CORDEN 79 NP B 157 250 
MARTIN 79 NP B 158 520 
POLYCHRO 79 PR D 19 1317 

COSTA BO NP B 175 ~02 
GORLICH BO NP B 12A 16 

AGUILAR 81 ZPHY C B 313 
ALHARRAN 81 NP B 191 26 
CHABAUD 81 APP B 12 575 

ARMSTRON 82 PL 110 B 77 
ETKIN 82 PR D 23 1786 
LUKE 82 DESY 82 73 

ALTUSF~ 03 PL 121 B 216 
ARMSTRON 03 NP B 220 193 
GRAY 83 PR D 27 307 
JENNI 83 OR D 27 1031 

+CULWICK,GUIDDNI,KALBFLEISCR,GOZ~(BNL+SYRA) 

+ KALBFLRISCH,LAI,SCARR,SEHUMANN + (BNL)I 

*KEHOE,GLASSER,SECHI-ZORN,WOLSKY (MARYLAND) 
÷DAVIS,HWANG,DAGAN,DERRICK + (NWES+ANL) JP 
+DORNAN,GOLDBERG,LEITNER + (BNL+SYRACUSEIICJP 

+BARNES,CRENNELL,FLAMINIO,GOLDBERG,+ (BNL) 

B.LORSTAD,D-ANDLAU,ASTIER,+ (CDEF*CERN) 
+ERSKINE,PALER,~ (BIRM~GLAS÷LOIC÷MDIM+OXF) 

AGUILAR-BENITEZ,CHUNG,EISNER,SAMIOS (BNL) 
+JOBES,RIDDIFORD,GRIFFITRS,* (BIRM+SLAG) 
÷VIDEAU,ROUSE,BARRELET,DEBRION,÷(EPOL+BACL) 

+BIRMAN,WEBSDALE,WEIZEL (CERN÷ETH) 

BRANDENBURS,CARNEGIE,CASHMORE,DAVIER÷(SLAC) 

+DIAZ,GAY,HEMINGWAY,+ (CERN+AMST*NIJM÷OXFI 
EVANGELISTA,+ (RARI+BONN+CERN+DARE+GLAS+) 
+OTTER,KLEIN,+ (AACH*BERL~CERN+LOIC+WIEN) 
÷AYREStCOHEN,DIESDLD,KRAMER,WICKLUND (ANL)I JP 

+SLANAR,BLUM¢CERRADA+ (MPIM~CERN+ZEEM+CRAC) 
+DOWELL,GARVEY,JOBES,÷(BIRM÷RHEL~TELA+LOWC) JP 
+OZMUTLU (DURH) 
POLYCHRONAKOS,CASON,BISHOP+ (NDAM+ANL) 

+ (BARI*BONN~CERN~GLAS+LIVP÷MILA÷WIEN) 
+NICZYPORUK,ROZANSKA÷ (CRAC÷MPIM+GERN÷ZEEMI 

÷ALBAJAR,ARMENTEROS,÷ (CERN+CDEF+MADR+STOH) 
÷BAUBILLIER,+ (BIRM+CERN+GLAS÷MICH*LPNP) 
+NICZYPORUK,BECKER* (CERN+CRAC+MPIM) 

~BAUBILLIER+(BARI+BIRN+CERN÷MILA+LPNP÷PAVI) 
~FDLEY,LAI,LINDENBAUM+ (BNL+CUNY+TUFT+VAND) 
D.LUKE (DESY) 

÷BRANDELIK,BOERNER+ (TASSO COLLABORATION) 
ARMSTRONG+ (BARI*BIRM+CERN+MILA÷LPNP÷PAVII 
+KALOSEROPOOLOS,NANSY,ROYIZENONE (SYRA) 
+BURKE,TELNOV,ABRAMS,BLOCKER~ (SLAC+LBL) 

J fl(1530) __. ] IG(jPC)=o+(1-+) 
D(153U) NAMED D RRI'E BY SA~ILLET S2 w a s  

NEEDS CONE IRMATION. 

OMITTED FROM 
SUMMARY TABLE 

f1(1530) M A S S  (MeV) 

M 271 1526.0 6.0 GAVILLET 82 HRC 0 4.2 K P,LAM KKPI 

f , (1530)  W I D T H  (MeV) 

W 271 107.0 15.0 GAVILLET 02 HBC O 4.2 K-P,LAM KKPI 

/'i(1530) PARTIAL DECAY MODES 

DECAY MASSES 

pl f i (1530)  ~ KK'1892)  494+ 892 

R E F E R E N C E S  FOR /'1(1530) 

GAVILLET 82 ZPHY C 16 119 ÷ARMENYEROS,AGUILAR+ (CERN+CDEF~PADO+ROMA) 

BAILLON 03 CERN/EP 83-82 P.BAILLDN (CERN) 

/'o(1590) M A S S  (MeV) 

M 1592.0 25.0 BINON 83 GAM2 058 Pl P,A GAMMA 
M 1568.0 33.0 BINON 84 GAM2 38 PI-P,ETA' ETA 

J M A 1575.0 45.0 RLDE 85 GAMA 0100 PI P,4 GAMMA 
M A 1603.0 35.0 ALDE 85 GAMA 0100 Pl-P,S GAMMA 
M ......... 
M AVG 1586.S 16.2 AVERAGE 

M A RROM CENTRAL VALUE AND SPREAD OF TWO SOLUTIONS 



F o r  no ta t ion ,  s e e  k e y  on p a g e  91. 

re(1590) W I D T H  (MeV) 

210m0 40mO BINON 83 GAM2 038 PI--P~4 GAMMA | 
260.0 60.0 81NON 84 SAM2 38 PI-P,ETA' ETA 

I A 265.0 85.0 ALOE 85 SAM4 0100 PI-P,4 GAMMA 
A 320.0 80.O ALOE 85 SAM4 0100 PI-P,8 GAMMA 

W ......... 
W AVG 286.9 50.4 AVERAGE 

M "A FROM CENTRAL VALUE AND SPREAD OF TWO SOLUTIONS 

t"o(1590) P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

Pl fo(1590) ~ 7 7  549+  549 

P2 fD(1590) ~ 7 7' 549. 958 

P8 fo(t590) ~ r o t  ° 135+ ~55 
P4 fo(1590) ~ K ~" 498+ 498 

re (1590)  B R A N C H I N G  R A T I O S  

fo(1590)  ~ (7 7 ) / t o t a l  
RI LARGE BINON 83 SAM2 

G(I590)  ~ (7 731(77) 
R2 2.7 0.8 BINON 84 SAM2 

f0(1590) ~ ( - n ' ° 7 r ° ) / ( ~ )  
R3 (0.3) OR LESS BINON 83 GAM2 

fo(1590) ~ (KK)/(77) 
R4 (0.6) OR LESS BINON 83 SAM2 

(P l )  
038 PI-P,4 GAMMA 

(PB)/ (P l )  
038 PI-P,4 GAMMA 

(PA) / (PI )  
03S PI-P,4 GAMMA 

(P4)/(PI) 

058 PIMP,4 GAMMA 

R E F E R E N C E S  F O R  /'o(1590) 

BINON 83 NC A 78 313 +DONSHOV,DUTEIL+ (BELG+LAPP+SSRP+CERN)IGJP 

BINON 84 NC A 80 383 +BRICMAN,DSNSKOV+ (BELS+LAPP+SERP+CERN) 

ALOE 85 CERN-EP/85-153 +BINON,BRISMAN,DUTEIL+(BELG+LAPP+SERP+CERNIIGJP 

I p(1600) [ xG(JPc> = 1+o --) 

OUR LATEST MINIREVIEW ON THIS PARTICLE CAN BE FOUND IN THE 1984 EDITION. 

p ( 1 6 0 0 )  M A S S  ( M e V )  

P[+ Pl MOSE 
H (1590.) (20.) 

M P 1610m 30m 
P (1575.1 

R 1600.0 10.0 
1598.0 24.0 22.0 

P (1659.) (25.) 
M M 1590. 20. 
M 1550. 70. 

K KBAR MODE 
1600 1582~ 36. 

M MIXED MODES 
M G 1580. 20. 
M ......... 

HYAMS 73 ASPK 0 17 PI-P,N PI+PI- 
FROGGATT 77 RVUE 0 17 PI-P,PI+PI-N 
MARTIN 78 RVUE 0 17 PI-P,PI+PI-N 
ATIYA 79 SPEC 50 GAM E,2Pl 
BEAKER 79 ASPK D 17 Pl -  P POLARIZ 
LAND 79 RVUE O 
ASTON I 80 OMEG 20-70GAM P,8 PI 
ABE 84 HYBR 20 SAM P,PI÷PI-P 

CLELAND 82 SPEC +- 50 PI P,KS K+-P 

BUON 82 0MI E*E-,HASRONS 

M AVG 1595.2 7.3 AVERAGE 

2(PI+ PI-) MODE 
400 1430, 50. SINGHAM 72 HBC 0 9,3 SAM PrP 4Pl 

M M 1550. 60. CONVERSI 74 OSPN 0 E+ E ,2(PI+PI-) 
M 160 1550. 50. SEHAEHT 74 STRC 0 5.5-9 G P,P 4Pl 

340 1450. 100. SCHACHT 74 STRC 9 18 G PsP 4Pl 0 
D 65(1570.) (60.) ALEXANDER 75 HBC 0 7.5 GAM P,P 4P[ 

M E {1500.) ATIYA 79 SPEC 50 GAM C,4 PI~- 
M A (1666.) (39.) SACCI 80 FRAG E* E-, 2(PI+PI-) 

34(1780.) KILLIAN 80 SPEC 11 E-P,2(PI+PI-) 
M 1520. 30. ASTON I 81 ONES 20-70GAM P,4 Pl 

M 0 1654. 25. DIBIANCA 81 DBC 0 PI+D,PP2(PI~PI-) 
M A 1570. 20. DORDIER 82 0MI E+E-,2(PI+Pl-) 
M B (1540.) PENSO 82 RVUE E+ E-, 2(PI+PI-) 

4VERAGE'MEANINGZESS'(SCiLE FACTOR = 2.1) 

M PI+ Pl- PIO PIO MODE 
M 1680, 30. ATKINS02 85 OMEG 20-70 GAM P 

A DIMPLE RELATIV. BREIT-WIGNER FIT WITH MODEL DEPENDENT WIDTH 
B ASSUMING RHO+FO(1300I DECAY MODE INTERFERES WITN 

M B A1(12705+PI BACKGROUND 
C PARAMETERS ROUGHLY ESTIMATES,NOT FROM A FIT 
D SKEW MASS DISTRIBUTION COMPENSATED BY ROSS-DTDDOLSKY FACTOR 

M H INCLUDED IN BECKER 79 ANALYSIS 
M M SIMPLE RELATIV. BREIT WIGNER FIT WITH CONSTANT WIDTH 

FROM PNASE SHIFT ANALYSIS OF HYAMS 73 GATA 
R AN ADDITIONAL 40 MEV UNCERTAINTY IN BOTH THE MASS AND WIDTH 
R IS PRESENT DUE TO THE CHOICE OF THE BACKGROUND SHAPE. 

G PROM GLOBAL FIT OF RHO,OMEGA,PHI AND THEIR RADIAL EXCITATIONS TO 
G CHANNELS OMEGA PI+PI-,K*K-,KS KL,KS K+- PI-+. 
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Meson Full Listings 
fo(1590), p(1600) 

p ( 1 6 0 0 )  W I D T H  ( M e V )  

w PI+ P l -  MODE 
W (180.) (50.) HYAMS 75 ASPK 0 17 PI-P,N PI+PI- H 

P 300. 100. FROGGATT 77 RVUE 0 17 PI-P,PI÷PI-N 
W P (340.) MARTIN 78 RVUE 0 17 PI~P,PI+PI-N 

R 283.0 14.0 ATIYA 79 SPEC 50 GAM E,2Pl 
175.0 98.0 53.0 BEAKER 79 ASPK 0 17 PI- P POLARIZ 

W P (232.) (34.) LANG 79 RVUE 0 
W M 230.0 80.0 ASTON I BS OMEG 20-70 GAM P,2Pl 
W 280. 30. 80. ABE 04 HYSR 20 SAM P,PI+PI-P I 
WW X KBAR MODE 

1600 265. 120. CLELAND 82 SPEC +- 50 Pl P,KS K+-P 

340. 81). BUON 82 DM1 E+E-,HADRONS 
W . . . . . . . . .  
w AVG 279.9 12.8 AVERAGE 

2(PI+ PI-) MODE 
400 650. 100. BINGHAM 72 HBC D 9.3 GAM P,P 4Pl 

W, M 360, 100. CONVERSI 74 OSPK E÷ E~,2(PI÷PI-) 0 
E 160 400. 120. SCHACHT 74 STRC O 5,5-9 G P,P 4PI 

W E 340 850. 200. SCHACHT 74 STRC 0 9-18 G P,P 4Pl 
W D 65 (340.) (160.) ALEXANDER 75 EBC 7.5 SAM P,P 4Pl 0 
W (600.) ATIYA 79 SPEC 50 SAM C,4 PI÷- 
W A (700.) (160.) BACCI 80 FRAG E~ E~, 2(PI+PI-) 
W 34 (lOS.) KILLIAN 80 SPEC 11 E-P,2(PI÷PI-) 
W B M (230.) PENSO 80 RVUE E+ E-, 2(PI+PI-) 

400. 50. ASTSN I 81 OMEG 20-TOGAM P,4 Pl 
W 0 400, 146. DIBIANC4 81 DBC 0 PI+D,PP2(PI+PI-) 
W A 510. 40. CORDIER 82 DMI E+E~,2IPI÷PI-) 
W ......... 
W AVERAGE MEANINGLESS (SCALE FACTOR = 1.45 

W PI÷ Pl- P~O PlO MODE 
W 300. 50. ATKINS02 85 OMEG 20-70 GAM P I 

W A DIMPLE RELATIV. BREIT-WIGNER FIT WITH MODEL DEPENDENT WIDTH 
B ASSUMING RHO+FO(1300) DECAY MODE INTERFERES WITH 

M B AI(1270)+PI BACKGROUND 
wW C PARAMETERS ROUGHLY ESTIMATED~NOT FROM A FIT 

D SKEW MASS DISTRIBUTION COMPENSATED BY ROSS-STODOLSKY FACTOR 
W E WIDTH ERRORS ENLARGED BY US TO 4*WIDTH/SQRT(N),SEE K*(892) NSTE 

H INCLUDED IN BEAKER 79 ANALYSIS 
M SIMPLE RELATIV. SREIF WISNER FIT WITH CONSTANT WIDTH 

W 0 ONE PEAK FIT RESULT, 
W P FROM PHASE SHIFT ANALYSIS OF EYAMS 73 DATA 
WW R AN ADDITIONAL 40 MEV UNCERTAINTY IN BOTH THE MASS AND WIDTH 

R IS PRESENT DUE TO THE CHOICE OF THE BACKGROUND SHAPE. 
W G FROM GLOBAL FIT OF RHO,OMEGA,PHI AND THEIR RADIAL EXCITATIONS TO 

G CHANNELS OMEGA PI+PI-,K+K-,KS KL,KS K*- PI-+. 

p (1600 )  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

P1 p(1600)  ~ p Tr + 7 - -  769+ 140. 140 

P2 p(1600) ~ 47r ± %0* 140÷ 140+ 140 

P3 p(1600) ~ p p 769~ 769 

P4 p(1600) ~ 7F~T 140~ 140 

P5 p(1600)  ~ I~K 494+ 494 

P6 p(1600) ~ ",T~ 140. 783 

P7 #(1600) ~ pOTr07f'D 769+ 135+ 135 

P8 p(1600) ~ e + e -  .511+.511 

P9 p(1600)  ~ p ± ~ ~ 7 ° 769+ 140+ 135 

PlD 0(1600)  ~ KK*(892)  + C.C. 494+ 892 

P11 p(1600) ~ 7"R" 7 140+ 140+ 549 

P12 p(1600) ~ p71"/£ 769+ 140+ 140 

p ( 1 6 0 0 )  P A R T I A L  W I D T H S  (keV) 

p (1600 )  ~ e + e -  (GS) 

W8 S (7.5)  (1.5)  DELCOUR2 81 DMI E÷ E-, 2(PI*PI~) 

W8 0 MODEL DEPENDENT, NOT INDEPENDENT OF DELCOUR2 81 WIDTH TIMES E÷E- 
W8 0 BRANCHING RATIO BELOW 

p ( 1 6 0 0 )  B R A N C H I N G  R A T I O S  

p (1600 )  ~ ( p ~ z + T r - ) / ( 4 ~ r  ± )  
RI S (0.80) 
RI 500 0.7 0.1 
RI (1.0) APPROX. 
R1 S THE PI PI SYSTEM IS IN S-WAVE 

p (1600 )  ~ ( ~ r + l r - ) / ( 4 7 r  ± )  
R3 S (0.2) OR LESS 
R3 E (0,14) OR LESS 
R3 0.13 0.05 
R3 S 2 SIGMA UPPER LIMIT 
R3 E UPPER LIMIT IS ESTIMATE 

p (1600 )  ~ ( K K ) / ( 4 ~ c  ± )  
R4 
R4 
R4 

(PI)I(P2) 

BINSHAM 72 HBC 9.3 GAM P,P 4PI 
SCBACHT 74 DTRC 5.5-18 G P,P 4PI 
DELEOUR2 81 DMI E÷E-,2(PI+PI-) 

(PA)/(P2) 

GINGHAM 72 HBC 9.3 GAM P,P 2PI 
DAVIER 73 STRC 6-18 G P,P 4Pl 
ASTON I SO OMEG 20-70 SAM p,2PI 

(P5)/(P2) 
(0.04) OR LESS CL=0.95 BINGHAM 72 HSC 0 9.3 SAM P 
0.015 0.010 DELCOUR2 81 0MI E+E-,KBAR K 

ASSUMING RHO(16005 AND OMEGA RAD.EXIT. TO BE DEGENERATE IN MASS. 
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Meson Full Listings 
p(1600). ~3(1670) 

p(1600) ~ ('a "+ ~ - ) / t o t a l  (P~) 
R5 E 10.151 OR LESS EISENBGRB 73 HBC 5 PC+ P,DEL~÷2PI 
R5 H (0.25) (D.05) HYAMS 73 ASPK 17 PI-P,N PI+PI- 
R 5 0 . Z O  0.05 MONTANGT 73 HBC PBAR P AT REST 
RG C (0.2R) OR LESS COSTA 2 77 RVUE E+E-,2 Pl ~ 4 P( 
R5 P (0.3R) 10.05) PROGGATT 77 RVUE 17 PI-P,pI+PI-N 
RG P (0.15)T0 0.30 MARTIN 78 RVUE 17 PI-PtPI+PI~N 
RG 0.287 O.OA3 O.OG2 BECKER 79 ASPK 17 Pl- P POLARIZ 
RR ......... 
R5 AVERAGE MEANINGLESS (SCALE FACTOR = 1.31 

R5 C E ESTIMATE USING UNITARITY,TIME REVERSAL INVARIANCE,BREIT WIDNER 
R5 ESIIMATED USING BPE MODEL. 
R5 pH INCLUDED IN BECKER 79 ANALYSIS 
R5 ~ROM PHASE SHIFT ANALYSIS OF EYAMS 73 DATA 

0(1600 ) ~ (pO~rO~ro)/(p± ~r~ ~o) (pT)/(p9) 
R6 10.151 OR LESS ATKINSON 82 OMEG 0 2O-7OGAM p,API P 
R6 10.101 OR LESS ATKINSO2 85 OMEG 20~70 GAMP 

p(160O) ~ (7r + 7r-  + neutrals)/(47r ±) (p7 . . . . .  ) / ( p2 )  
R7 U 12.61 (0.4) BALLAM 74 HBC 9.3 GAMMA P 
R7 U UPPER LIMIT, BACKGROUND NOT SUBTRACTED 

p(1600) ~ (7r';'r~)/(47r ±) (p11~/p2 
RB 10.11 APPROX. ASTON I 80 OMEG 20-70 GAMP 
RB 0.123 0.027 DELCOURT 82 DMI E+E-,PI÷RI~MM 

p(160O) ~ (KK*1892) + C.C.)/(47r ±) (PIO)I(P2) 
R9 D 0.15 0.03 DELCOUR2 BI DMI E+E-,KBAR K P( 
R9 D ASSUMING RHO(1600) AND OMEGA RAD.EXIT. TO BE DEGENERATE IN MASS. 

p(1600) ~ ( K  K ) / ( K K * ( 8 9 2 )  + C.C.) (P5)/P101 
RIO 0.052 0.026 BOON 82 DMI E~E-,HADRONS 

pC1600) r(1)*r(e + e-)/F(total) (keV) 

THIS COMBINATION OF A PARTIAL WIDTH WITH THE PARTIAL WIDTH INTO 
E+G- AND WITH THE TOTAL WIDTH IS OBTAINED FROM THE CROSS-SECTION 
INTO CHANNEL(1) IN E+E- ANNIHILATION. 

F(4~ ±)*P(e + e - ) / r ( to t a l )  (G21*(G81/TOTAL 

02 2.83 0.42 BACCI 80 FRAG E+ E-, 2(PI*PI-) 
02 P ,0.41 PENSO 80 RVUE E* E-, 2(PI~PI-) 
G2 2.6 0.2 DELCOUR2 81 DMI E+ E , 2(PI*Pl-) 
G2 ......... 
02 AVG 2.64 0.18 AVERAGE 

G2 P ASSUMING RHO ~0113001 DECAY MODE INTERFERES WITH AI(12701 P( 
G2 P BACKGROUND. 

F(K K)*r(e + e - ) / r ( to t a l )  (051*(081/TOTAL 

05 M (D.R351 (0.029) BIZOT BO DMI E÷ E- 

P(KK*(8921 + C.C.)*r(e+e-) /F( to ta l )  (GIO)*(RBI/TOTAL 
010 M I0.3051 tO.D?1) B~ZOT 80 DM~ E+ E- 

F(p ~ ~ ) * F ( e  + e-)/V(total)  (G121*(68)/TOTAL 
012 M 13.5101 (0.090) BIZOT 80 DMI E+ E- 

G M MODEL DEPENDENT 

REFERENCES FOR p(16OO) 

ALVENSLE 71 PRL 26 273 ALVENSLEBEN,BECKER,BERTRAM,CBEN,÷(DEBY+MIT) G 
~RAU~ 71 ~P B30 213 +F~IOMAN, BERBER, OI~ERNAUD,÷ (S~RASBO0~B) G 
BOLOS 71 RRL 26 149 ÷BUSZA,KEHOE,BENISTON,+ (SLAC+UMD+IBM+LBL) R 

BACCI 72 PL 38B 551 +PENSO,SALVINI,STELLA,BALDINI-CE(ROMA÷FRAS) JPC 
SARBARIN 72 LNC 3 689 BARBARINO,CERADIN(,+ (FRAS÷ROMA+PADO~UMD)IGJP 
BARTOLI 72 PRD 6 2374 ÷FELICETTI~OGREN,+ (FRAS+ROHA+NAPL)IGJP 
GINGHAM 72 PL 410 635 +RABIN,ROSENPELD,SMADJA,YOST÷(LBL,UCR,SLAC)IGJP 
BRAMON 72 LNC 3 693 +GRECO (THEORETICAL PAPER) (FRASGATI) 
DIEBOLD 72 BATAVIA CONF. R.DIEBOLD RAPPBRTEUR TALK (ANL) 
EISENBGR 72 PRD 5 15 EIBENBERR,BALLAM,DAGAN,* (REBO+SLACeTELA) 
LAYSSAC 72 NC IOA ~07 J.LAYSSAC,F.M.RENARD (MONP) 
SMADJA 72 PHIL.CONF.PROC349 ÷BINGHAM,FRETTER,BALLAM,CHADWICK+CLBL+SLAC) 

CERADINI 73 PL 43 B 341 +CONVESSI,EKSTRAND,GRILLI~+(ROMA+FRAB@ADD)IGJP 
CHUND 73 PL 47 B 526 +PROTOPOPESEU,LYNCH,~LATTE+ (BNL~LBL+URC) 
DAVIES 73 NP S S~ 31 +DERADO,FEIES,L~U,MOZLEY,OG~AW,PARK,~(SLAC) 
EISENBER 73 PL 43 B 149 EISENBERG,KARSHON,MIKENBERBtPITLUCK,+(REHO) 
HYAHS 73 NP B 64 134 +JONES,WEILHAMMER,BLUM,DIETL,+ (CERN+MPIM) 
KREUZER 73 PRD S 1A31 H.J.KREUZER,A.N.KAMAL (UNIV. OF ALBERTA) 
OCHS 75 THESIS THESIS <MPIM) 
MONTANE T 73 ERICE SCHOOL 51~ L.MONTANET (CERN) 
PARK 75 NP B 50 45 J.E.H.PARK (MPIM) ~P 

BALL~M 7~ Nq ~76 ~75 ~O~OWIEK,BI~HAM,FRETTER+ ~BLAC÷LBL+MP~ 
BERNABEI 74 LNC 11 261 +D.ANGELO,SPILLANTINI,VALENTE (ROMA*FRAS) 
CHALOUPK ?4 PL 51 B 407 CHALOUPKA,FERRANDO,LOSTY,MONTANET (CERN) 

+PAOLUZI,CERABINI,GRILL]+ (ROMA+FRAS) CONVERSI 74 PL 520 093 
ESTABRO0 74 NP B79 301 P.ESTABROOKS,G,D.MARTIN (BUSH) 
;ERBEL 7~ PR D9 82~ T.FERBEL AND P.SLATTERY (ROCH) 
GRAYER 7~ NP B 75 189 G.GRAYER,HYAMS,BLUM,DIETL,+ (CERN+MPIM) 
HIRSHFEL 74 NP B74 211 A.C.HIRSHFELD,G.KRAMER (HAMB) 
SCHACH7 7A ~P BB9 2DS +OERADD,FRIES,PARK,YOOMT (~PIM) 

ALEXANDE 75 PL 57B 487 ALEXANDER,BENARY,GANDSMAN,LISSAUER+ (TELA) 
ALLES 75 NE 30A 136 ALLES-BORELLI,BERNARDINI+ (CERN+BGNA+ERAS) 
CHUNG 73 PRD 11 2~36 +RROTOPOPESCU,LYNCHrFLATTE÷ (BNL+LBL+USC) 
ESTABRO0 75 NP 095 322 P.ESTABROOES,A.D.MARTIN (DURH) 
FROGGATT 75 NP B91 454 E.D.FROGGATT,J.L.PETERSEN (GLAS+NORD) 
HYAMS 75 NP 0100 205 +JONES,WEILHAMMER,BLUM,DIETL÷ (CERN+MPIM) 
LANG 75 PL 580 450 C.S.LANG,I.S.STEFANESCU (KARL) 
LANGACHE 75 PRU 13 697 P.LANGACKER,G,BEGRE (PENN) 
LEE 75 STANFORD CONF.213 WONYONG LEE (COLD) 
ROOS 75 NP B 97 165 M.ROOS (HELS) 

BASSOMPl 76 PL 65 B 397 BASSOMPIERRE,BINDER,+ (MULH+STRB+TORI) 
COMI~I]N 76 NP B 103 109 A.K.COMMON (KENT) JR 
JOHNSON 76 PL 63 B 95 +MARTIN=PENNIWGTON (DURB+CERN) JP 

BUDNEV 77 
COSTA 1 77 
COSTA 2 77 
FROGGATT 77 
GESSAROL ?7 

GENSINI 78 
MAR?IN 78 

ATIYA 79 
BAECI 79 
BECKER 79 
CDRDEN 79 
CDRDIBR ?9 
COSME 79 
LANG 79 
RICHARD 7g 

ASTON ~ 80 
ASTO~ 80 
BARBER BO 
BACCI 80 
BIZDT 80 
HEYN 80 
KILLIAN 80 
O-DONNEL 80 
PENSO 80 

ASTON ~ 81 
ASTON 01 
DELGOURT 81 
DELCOUR2 81 

ALSO 82 
DIBIANCA 81 

ATKINSDN 82 
BUON 82 
CORDIER 82 
DELEOURT 82 
CLELAND 82 
PENSO 02 
SRARSROD 82 

PL 70 B 365 N.M.BUDNEV,V.M.BUDNEV,V.V.SERGBRYAKOV(NOVO) 
PL 67 B 213 COSTA DE BEAUREGARD,PHAM,PIRE,TRUONG (EPOL) 
PL 71 S 345 COSTA DE BEAUREGARD,PIRE,T.N.TRUONR (EPOL) 
NP B 129 89 C.D.FROGGATT,J.L.PETERSEN (GLAS+BBMR) 
NP B 126 382 GESSAROLI~ (BRNA+;IRZ+GENO+MILA÷OXF+PAVI) 

PRD 17 1368 PAOLO M GENSINI (BLAB) 
ANP 114 1 A.D.MARTIN,M.R.PENNrBRTON (CERN) 

PRL 43 1691 ~HOLMES,KNAPP,LEE,$ETO,+ (COLU+ILL+FNAL) 
PL B 86 234 ÷DE ZORZI,PENSO,STELLA,÷ (ROMA~BGNA+FRAS) 
NP B 151 ~6 ÷BLANAR,BLUM,CERRADA+ (MPIM÷CERN÷ZEEM+RRAC) 
UP B 157 250 +DOWELL,GARVEY,JOBGS,+(BIRM÷RHGL+TELA~LOWC) JP 
PL 01 B 389 +DELCOORT,ESCHSTRUTH,FULDA+ (LALE) 
NP B 152 215 ÷DUDELZAB,RRELAUD,JEAN-MARIE,JBLLIAN÷ (IPN~ 
PRD 19 956 C.B.LANG,A.MAB-PARAREDA (RRAZ) 
FERMILAB SYMP.469 F.RICHARD (LALO) 

PL 92 B 215 (BONN÷CERN+EROL+GLAS+LANC+MCHR+ORSA+PARIS÷) 
~P B 170 269 (BONW+CERh~EPOL+OLAS÷LA~C+MS~S~O~SA÷RARSS÷) 
ZPHY C 4 169 *DAINTON,BRODBECKtBROOKES,÷(DARE÷LANC÷SHEF) 
PL 95 B 139 +DE ZORZI,RENSO,BALDINI-CELIO,+ (ROMA÷;RAS) 
MAbISON CONF. 546 *BISELLD,BUON,CDRDIBR,DELCOURT,~(LALO÷OSTL) 
ZRBy C 7 169 M.F.HEYN,C.B.LANG (RRAZ) 
PRD 21 3005 +TREADWBLL,AHRENB,BERKELMAN,CARSEL,+ (CORN) 
PRD 22 711 p.J.O-DONNELL (TORONTO) 
PL 95 B 143 G.PENSO,TRAN N.TRUONG (ROMA+EPOL) 

NP B 189 15 (BONN+CERN+EPOL+GLAS+LANCeMCHS+ORSA+PARIS+) 
PL 104 B 231 (BONN+CERN*BPOL+GLAS~LANC+MCHS+ORSA+PARIB+) 
PL 99 B 257 +BISELLO,BIZOT,BUON,CORDIER,MANE (ORSAY) 
BONN CONF. 205 B.DELCOURT (ORSAY) 
PL I090 129 CORDIER,+ (ORSAY) 
PRD 23 595 +FICKINSER,MALKO,DADO,ENGELER,+ (CASE+EARN) 

PL 108 B 55 + (BONN÷CERN+GLAS÷LANC+MCHS*CURI+RHEL+SHEF) 
PL 118 B 221 +BISELLO,BIZOT,CORDIER,DELCOURT~(LALO+MONP) 
RL 109 B 129 ÷BISELLO,BIZOT,BUON,DELCOORT (LALO) 
PL 113 B 93 +BIBELLO,BIZOT,BUON,CORDIER,MANE (LALO) 
NP 9 208 228 +DELFOSSE,DORSAZ,GLOOR(DURH+GEVA÷LAUS+PITT) 
NC 68 A 213 ÷PEWSO,TRAN N.TRUONB (ROMA+EPOL) 
PRD 26 1 +WILSON,ANDERSON,FRANCIS+(HARV~EFI÷ILL~OXF) 

AUGUSTIN 83 LAL/83-21 +AYAGH,BISELLO,BALDINI+ (LALO÷RADO÷;RAS) 
ATKINB01 83 NP B 229 269 ATKINSON+ (BONN+OERN+GLAS+LANC+MCHSeLPNP+) 
ATKINS02 R3 PL 127 B 132 ATKINSON+ (BONN+CERN÷GLAS÷LANC~MCHB+LPNP+) 

ABE 84 PRL 53 751 SLAG HYBRID FACILITY PHOTON COLLABORATION 
ATKIN501 84 NP B 231 1 ATKINSON+ (BONN+CERN+GLAS~LANC÷MCHS+LPNP~) 
ATKINS02 84 NP B 231 15 ATKINBON* (BONN+CERN+GLAS~LANC+MEHS+LPNP~) 

ATKINSOG 85 ZPHY C 26 499 ATKINSON÷ (BONN÷CERN+GLAS+LANO÷MCHS~LPNP+) 
BARKOV 85 UP B 256 365 +CHILINDAROV,EIDELMAN,KHAZIN,LELCHUK÷(NOVO) 

[ ~3(1670) 
was w(1670) I IG(J PC) = 0-(3 ) 

co3(1670 ) MASS (MeV) 

1636. 20. 
Q 1695.0 20.0 

1670. 20. 
200 1679. 17. 

M 500 1678. 14. 
N g 200 1660. 13. 
M P 600 1669. 11. 

P ~11o<17ooo) ....... 
AS0 1673.0 12.0 

M 1630.0 12.0 
M 60 1685.0 20.0 
M 

M AVG ~6L719"'" ;.L" 

ARMENISE 68 DBC 5.1PI+N,P(3PI)O 
BARNES 69 HBC 0 4.6 K-P,OMEG2PI 
KENYON 69 DBC 8. PI+N,P(3PI)O 
MATTHEWS 71 DBC 7.0 PI+M,P(3Pl)O 
DIAZ 74 DBC 6. PI+N,P(3PI)O 
DIAZ 74 DBC 6. PI÷N,P[SPI)O 
WARNER 75 HBC 7. RI÷P,DEL÷+3PI 
CERRADA 77 HBC 4.2 K-P,LAM 3PI 
BALTAY 78 HBC 15 PI÷P,DEL 3Pl 
CORDEN 78 OMEG 8-12 PI- P,N 3PI 
BAUBILLIE 79 HBC 8.2R- P,BACKWARD 

E PHASE ROTATION SEEN FOR JP 3- (RHO PI) WAVE. 
P FROM A FIT TO I=O, JP=3- RHO P( PARTIAL WAVE 

M Q FROM IOMESA P(PI) MODE 

w3(1670 ) WIDTH (MeV) 

W 112. 60. ARMENISE 68 DBC 5.I PIAN,P(3PI)B 
Q (SO.) 120.) BARNES 69 HBC 0 4.6 K-P,OMEG2PI 

100. 40. KENYON 69 DBC 8. PI+N,P(SPI)O 
w S 200 155. 40. MATTHEWS 71 DBC 7.0 PI+N,P(3PI)O 
W 500 167. 40. DIAZ 74 DBC 6. PI+N,P(3PI)O 
W G 200 122. 39. DIA2 74 DBC 6. PI+N,P(SRI)O 
W P S 600 173. 28. WAGNER 75 HBC 7. PI÷P,DEL÷+3PI 

BALTAY 78 HBC 15 PI÷P,BEL 3PI P E 430 173.0 16.0 
253.0 39.0 CORDEN 78 DMEG 8-12 Pl P,N 3Pl 

W s 60 160.0 80.0 BAUBILLIE 79 HBC R.2K- P,BACKRARD 
W ......... 
W AVG 166.1 12.0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.11 

E pHASE RBTATION BEEN FOR JP 3- (RHO Pl) WAVE. 
P FROM A FIT TO I=0, JP=3- RHO Pl PARTIAL RAVE 

S WIDTH ERRORS ENLARGED BY UR TO G*WIDTH/SQRT(N),SEE K*(8921 NOTE 
Q FROM (OMEGA P( PI ) MODE 

co3(1670 ) PARTIAL DECAY MODES 

DECAY MASSES 

Pl W3(1670)  ~ 37r(inc[uding p ~) 135+ 135* 135 
P2 w3(16701 ~ 57r(including w g +  7 - )  135* 135+ 135+ 135 
P3 w3([670) ~ p ~ 769* 135 
P4 w3(1670) ~ ~ ~ ~ 783+ 135+ 135 

R5 W3(1670) ~ b1(1235) ~ 1234+ 135 



For notation, see key on page 91. 

C~s(1670 ) B R A N C H I N G  R A T I O S  

c03(1670 ) ~ (576)/(3"n') (P2) / (P I )  
RI 200 0.97 0.28 DIAZ 74 DBC 6. PI÷N,P(SPI)O 

¢03(1670 ) - -  ( p~ r ) / ( 3~ r )  (P3)/(PI) 

R2 200 (0.70) OR MORE MATTHEWS 71 DBC 7.0 PI~N,P(3PI)D 

c03(1670 ) - -  (w "n- ~F)/(p ",r) (FA)/(P3) 
R3 100 0.71 0,27 BIAZ 74 DBC 6. PI+N,P(SPI)D 

C03(1670 ) ~ (b1(1235)  7r')/(p 11") (P5) / (P3)  
R4 POSSIBLY SECN BIAZ 74 DBC 6. PI+N,P(SPI)D 

c03(1670 ) ~ (b1(1235)  7r)/(wTr~r) (PS ) / (P4 )  
R5 1.0 O.O 0.25 BAUBILLIE 79 HBC 8.2K~ P,BACKWARD 

R E F E R E N C E S  F O R  w3(1670 ) 

ARMENISE 68 PL 268 336 

BARNES 69 PRL 23 142 
KENYON 69 PRL 23 146 

ARMENISE 70 LNC 4 199 

MATTHEWS 71PR D 3 2561 
MATTHEWI 71 LNC 1 361 

DIAZ 74 PRL 32 260 

WAGNER 75 PL 58B 201 

CERRADA 77 NP B 126 241 

8~LTAY 78 PRL 40 87 
CORDEN 78 NP B ~38 235 

BAUBILLI 79 PL B 89 131 

+GHIDINI,FORINO+ (8ARI+BGNA +FIRZ +ORSAY) 

+CHUNG,EISNER,FLAMINIO,+ (BNL) 
~KINSON,SCARR,+ (BNL+UCND+ORNL) 

+GHIDINI,FORINO,CARTACCI,+ (BARI+BGNA+FIRZ) 

+PRENTICE,YOON,CARROLL,~ (TNTD+WISC) 
*PRENT~CE,YOON,CARROLL,÷ (TNTO~WISC) 

+DIBIANCA,FICKINGER,ANDERSON,+ (CASE÷DARN) 

÷TABAK,CHEW (LBL)JP 

+BLOCKZIJL,HEINEN,+ (AMST+CERN~NIJM+OXF)JP 

*CAUTIO,KALELRAR (COLU)JP 
~EORBETT,ALEXANDER,+ (BIRM~RHEL÷TELA+LDWC) 

BAUBILLIER~ (BIRM+CERN÷GLAS+MSU+LPNP) 

[ 7r2(1680) was A3(1680 )l 
OUR LATEST MINIREVIEW ON THIS PARTICLE CAN BE FOUND IN THE 1984 EDITION. 

~2(1680)  M A S S  ( M e V )  

MM 1660.0 20 .0  CASO 69 8BC - 11 PI-P, DE-F2 
260 1660. 25. CASO 72 HOG 11.7 PI÷ P 

M P 1650. 30. ANTIPOVI 73 CNTR 25.,AD. PI- P 
M P 1660. 10. ASCOLI 1 73 HBC - 5~25 PI- P,P RE2 
M P E (1600.) (I0.) THOMPSON 74 HBC 13. Pl+ P,P DE2+ 
M 575 1640. 10. KALELKAR 75 HBC + 15 PI÷P,P RE+F2 
M P 2M 1662.0 10.0 BALTAY 77 HBC O 15 PI+ P,P 3F~ 
M R (1650.0) PERNEBR 78 CNTR - 9+53*15,PI- HUG. 
M P D 1657.0 ~4,0 DAUM 80 SPED - 63-94 Pl- P, 5PI 
M L (1710.0) (20.0) DAUM 81 SPED 63,94 Pl- P 
M P 1676. 6. EVANBELIS 81 OMEB 12 Pl-P,3PI P 
M 

~d3:5 
q 1 

M AVG 4.7 AVERAGC (ERROR INCLUDES SCALE FAG'fOR OF 1.2) 
(SEE IDEOGRAM BELOW) 

M CLEAR PHASE ROTATION SEEN IN (2-S),(2-P),(2-D) WAVES. 
WE QUOTE CENTRAL VALUE AND SPREAD DF SINGLE-RESONANCE : i  FITS TO THREE CHANNELS. 

M E EVIDENCE FOR A ROTATION OF THE PHASE CLAIMED, 
M FROM A TWO RESONANCE FIT TO FOUR 2-0+ WAVES. THIS SHOULD NOT BE L 

L AVERAGED WITH ALL THE SINGLE RESONANCE FITS. 
P FROM A FIT TO JP=2-S (F2(1270) PI) PARTIAL WAVE 

R CLEAR PHASE ROTATION SEEN IN (2-S) AND (2~P) WAVES 

WEIGHTED AVERAGE 
1663 .5  ± 4 .7  (ERROR SCALED BY  1.2 ) 

2 
X 

. . . . . .  EVANGEL]S 81 OMEG 4 3 

. . . . .  DAUM 80 8PEC 02  
. . . .  BA LTAY 77 HBC O0 
. . . .  KALELKAR 75 HBC 5 5 
. . . .  ASCOLI I 73 HBC 0 1 

. . . .  ANTIPOV 1 73 CNTR 0 2 
• " ' CASQ 72 HBC 0 0 
...... CASO 69 BBC 0 0 

105 

(Con f i dence  Level  = 0 .163)  

1600  1640  1680  1720  

~G(1680) m a s s  (MeV) 

203 

Meson Full Listings 
~'3(1670), ~r2(1680) 

7r2(1680 ) W I D T H  ( M e V )  

297 240.0 50.0 
(130.) 

W (150.0) 
W P 200. TO 400, 
w 260 190. I00. 

; .... 50 
270. 60. 

w P E (310.) (40.) 
W 575 240. 30. 

P 2000 285.0 6D.O 

w ~ .0010)2.0 200 

w L 312.0 50,0 
P 260. 20. 

W . . . . . . . . .  
W AVE 248.3 11.2 

ARMENISE 69 DBC ~ 5.1 PI+D,3PI*÷- 
CASO 69 HBC - 11 Pl- P 
CASO 69 HBC - 11.0 Pl-P,Pl- F2 
CASO 72 HBC ~ 11.7 PI+ P 
CASO 72 HBC + 11.7 DE+ P 
ANTIPOVI 73 CNTR ~ 25.,40. PI- P 
ASCDLI 1 78 HBC ~ 5~25 PI~ P,P PIG 
THOMPSON 74 HOG * 13. PI+ P,P PI2+ 
KALELKAR 75 HOE * 15 PI+P,P PI+F2 
BALTAY 77 EGG 0 15 PI÷ P,P 3Pl 
PERNEGR 78 CNTR ~ 9*13+15,PI- NUC. 

80 SPED 63-94 PI~  P, 3PI DAUM 
DAUM 81 SPED - 63,94 P]- P 
EVANEELIS 81 OMEG 12 PI-P,3Pl P 

~ SEE NOTE D UNDER MASS. 
EVIDENCE FOR A ROTATION OF THE PHASE CLAIMED. 

W L FROM A TWO RESONANCE FIT TO FOUR 2-S+ WAVES. THIS SHOULD NOT BE 
W L AVERAGED WITH ALL THE SINGLE RESONANCE FITS. 
W P FROM A FIT TO JP=2- F2(1270) PI PARTIAL WAVE 
W R CLEAR PHASE ROTATION SEEN IN (2-S) AND (2-P) WAVES 

7r2(1680) P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

Pl 71"2(1680 ) ~ 3~T 0 135+ 135+ 135 

p2 ~2(1680) ~ p ~ 135+ 769 

P3 ~2(1680) ~ g ~ 135+ 549 
P4 71"2(1680) ~ 5 ~  140+ 140+ 140. 140 + 

P5 ~2(1680) - -  K~'*(892) 498+ 892 
P6 ~2(1680) ~ K K T/- A98+ 498+ 185 

P7 ~2(1680) ~ K K  498+ ~98 
ps "n'2(1680) ~ f~(1270) 7r 1274+ 135 
P9 7r2(1680) ~ w ~ 71" 783+ 135+ 135 

P10 'Ir2(1680) ~ 3 ~  140+ 140+ 140 

P11 "n-2(1680 ) ~ fo(1300) 7r 1300. 140 

~r2(1680 ) B R A N C H I N G  R A T I O S  

~2 (1680 )  ~ ( IT ± pO)/(~± ,.1.+ 11---) (E2CI/(PIC) 
R2 (0.3) OR LESS BARTSCH 68 HBC + S. PI+ P,3Pl P 
R2 (0.4) OR kESS FERBEL 68 RVUE ~- 
R2 L 0.29 0.05 DAUM 81 SPEC 63,94 Pl- P 
R2 L FROM A TWO RESONANCE FIT TO FOUR 2-0+ WAVES. 

7~2(1680 ) ~ ( , r r ± f 2 ( 1 2 7 0 ) ) / ( ~  "± ~+ ~ r - )  ( p s ) / ( p l c )  
R3 (WITH F2(1270) INTO RE+ RE~) 
R3 (0.59) BARTSCB 68 HBC + 8. PI+ P,3PI P 
R3 0,35 0.20 BALTAY 68 HBE + 7~8.5 PI+P 
R3 D.76 0.24 0.34 ARMENISE 69 DBC + 5.1PI÷B,3PZ++- 
R3 L 0.61 0.04 DAUM 81 SPEC 63,94 Pl- P 
R3 A FOR JP=1+ 
R3 B FOR JR=O- 
R3 L FROM A TWO RESONANCE FIT TO FOUR 2-0+ WAVES. 
R3 
R3 AVG 0,603 0.$50 AVERAGE (ERROR INCLUDES SCALE FACTOR DF 1.3) 

,/r2(1680 ) ~ (~± ~)/(~T ± ~+ ~-) (p3)/(pIc) 

R5 (ALL ETA DECAYS) 
R5 (0.09) OR LESS BALTAY 68 HBC ÷ 7-8.5 PI*P 
R5 (0.10) OR LESS CRENNELL 70 HOE - 6. Pl P,F2 PI 

7r~(1680) ~ ( ~ ± 2 " x + 2 ' r - ) / ( ~ ± T r + ' x  - )  (P4C)/(PIC) 
RE (0.1) OR LESS BALTAY 68 HBC ~ 7,8.5 RE+ P 
R6 (0.10) OR LESS CRENNELL 70 HBC ~ 6. P+- P,F2 P+ 

71"2(1680 ) ~ (~ ±fD(1300)) / (W ± ~ +  ~ - - )  (Pq1)/(P1C) 
R11 (WITH FO(1300) INTO PI* P l - )  
R11 L 0.10 0.05 DAUM 81 SPEC 63,94 PI- P 
R11 L FROM A TWO RESOMANCE FIT TO FOUR 2-0+ WAVES. 

• n'2(1680 ) ~ ( K K ° ( 8 9 2 ) ) / ( ~  ± / '2 (1270) )  (PS)/(P8) 
R13M 0.075 0.025 ARMSTRONG 82 DMEG - 16 PI~P,K~K-PI-P 
R13M FROM A PARTIAL WAVE ANALYSIS OF K+ K- Pl- SYSTCM 

D-wave~S-wave R A T I O  F O R  7r2(1686 ) ~ f2(1270)  7r 
R14 L 0.22 0.10 DAUM 81 SPED E3,9L PI- P 
R14 L FROM A TWO RESONANCE PIT TD FOUR 2-8+ WAVES. 

R E F E R E N C E S  F O R  ~2(1680)  

FORINO E5 PL 19 68 +GESSAROLI÷ (BGNA÷BARI*FIRZ~ORSA+SACL) 

FOCACCI 66 PRL 17 890 CERN MISSING MASS SPECTROMEJER GROUP (CERN) 
LEVRAT 66 PL 22 714 CERN MISSING MASS SPECTROMETER GROUP (CERN) 
LUBATTI 66 THESIS BERKELEY H.J.LUSATTI (LRL)I -2-  
VETLITSK 66 PL 21 579 VETLITSKY,GUSZAVIN,KLEGER,ZOLGANOV+ (ITEP) 

DANYSZ 67 NC 51 A 801 DANYSZ÷FRENCB+SIMAK (CERN) 
DUBAL 67 NR B3 435 CERN MISSING MASS SPECTROMETER GROUP (CERN) 

ALSO 68 THESIS 1456 L.DUBAL (6ENEVE) 

BALTAY 68 PRL 20 88T +KUNE÷YEH+FERBEL+ (COLU+RODH+RUTG+YALE)I=I 
8ARTSDH 68 NP B 7 345 +KEPPEL,KRAUS,+ (AACH÷BERL+GERN) JP 
CASO 68 NC 54 A 983 +CONTE+CORDS+DIAZ+ (GENOVA+HAMB*MILA+SACL) 
FERBEL 68 PHILA.CONF.335 T.FERBEL (ROCHESTER) 
IOFFREDO 68 PRL 21 1212 +BRANDENBURGIBRENNER,EISENSTEIN+ (HARVARD) 
LAMSA 68 PR 166 1395 +DASON+BISWAB+DERADO+GROVES* (NOTREDAOE) 
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Meson Full Listings 
;r2(1680). 4>(1680), p3(1690) 

ANMENISE 69 LNC 2 501 
BARNES 69 PRL 23 142 
CASO 69 LNC 2 ~37 

BRAHDENB 70 NP B16 360 
CRENNELL 70 PRL 24 781 
CHIEN 70 PHILAD.CONF.P.275 
MIYASHIT 70 PR D 1 771 

BEKETOV 71SJNP 4 765 
PALER 71PRL 26 1675 

ALEXANDE 72 NP B A5 29 
ARMENISE 72 LNC # 201 
CASO 72 NP B 36 349 
HARRISON 72 PRL 28 775 
SALZBERG 72 NP B 41 397 

ANTIPOVI 73 NP B 63 153 
ANTIPOVG 73 NP B 63 141 
...... ; 73 oR ~ ~ GG9 
ASCOLI 73 PR 3894 

ASGOLI 7A PR D9 1963 
LIBHTMAN 74 NP B81 31 
OTTER 74 NP B8O I 
TABAK 74 SOSTON CON~. 
THOMPSON 74 PRL 32 331 

ALSO 74 NP 069 301 

BEKETOV 75 SJNE SO 379 
EMMS 75 PL 60 B I09 
HORNE 75 PH 011 996 
KALELKAR 75 THESIS(NEUIS 207) 
WAGNER 75 PL 580 201 

BALTAY 77 RRL 39 591 
CAUTIS 77 THESIS NGVIS 221 
CERRADA 77 NP @ 126 241 

BALTAY 78 PR D 17 52 
CORDEN 70 NP B 136 77 
PERNEGR 78 NP B 134 436 
ROBERTS 78 PR D 18 59 

DAUM 80 PL 09 B 285 

DAUM 81 NP B 182 269 
EVANGELI 81 ND B 178 197 

ALSO 81 NP B 186 594 

ARMSTRON 82 NP B 202 1 
BELLINI 82 NP B 199 I 

CHEN 83 PM D 28 2304 
LEEDOM 83 PR D 27 I~26 

+GHIDINZ,FORINO,CARTACCI÷ (BARI+BGNA+FIRZ) 
+CHONG,EISNER,FLAMINIG,÷ (BNL) 
÷COHTE,TDMASINI,CANTORE+ (GENO*MILA*SACL) 

+BRENNER,IOFFREDO,JOHNSON,KIM+ (HARVARD) 
+KARSHON,LAI,SCARR,SIMS (BNL) 
G.Y.CHIEN, REVIEW (JOHNS HOPKINS) 
MIYASHITA,VON KROGH,KOPELMAN,LIBBY (COLO) 

÷SOMBKOWSKY,KONOWALOV,KRUTSCHININ,+ (ITEP) Jp 
+BADEWITZ,BARTON,MILLER,PALFREY,TEBES(PURD) 

ALEXANDER,BAR-NIR,BENARY,DAGAN,+ (TELA) 
+FORINO,CARTACCI,÷ (BARI*BGNA÷FIRZI 
~MADDOCK,BASSLER*(DURH÷GEND+DESY+MILA+SACL) 
÷HEYDA,JOHNSON,KIM,LAW,MUELLER,~ (HARV) 
÷HARRISON,HEYDA,JOHMSON,KIM,LAW,+ (HART) 

+ASEOLI,GUSNELLO,FOCAECI,+ (CERN+SERP) Jp 
+ASCOLI,BUSNELLD,FOCACCI,~ (CERN÷SERP) JP 
INTERNAT. COLLABORATION (ILL+) JP 
÷JDNES,WEINSTEIN,WYLD ( ILL)  JP 

+CUTLER,JONES,KRUSE,ROBERTS,WEINSTEIN+(ILL) 
*BISWAS,SASON,KENNEY,MCGAHAN,÷ (NDAM) 
÷RUDOLPH+ (AACH+SERL÷BONN+EERN+HEID) JP 
÷RONAT,NOSENFELD,LASINSKI÷ (LBL+SLAC) JP 
÷BADEWZTZ,GAIDOS,MCILWAIN,PALER,÷ (PURD) JP 
THOMPSON,BADEWITZ,GAIDOS,MCILWAIN+ (PURD) JP 

*ZOMSKOVSKII,KAIDALON,KONOVALDV÷ (ITEP) 
+JONES,KINSON,BELL,DALE+ (BIRM÷DURH÷RHEL) JP 
+S.HAGOPIAN,V.HAGOPIAM,BENSINGER+(FSU÷BRAN) 
M.S.KALELKAR (BOLL) 
+TABAK,CHEW (LBL) JP 

+CAUTIS,KALELKAR (COLUMBIA) JP 
C.V.CAUTIS (COLUMBIA) Oh 
+BLOCKZIJL,HEINEN,+ (AMST÷CERN÷NIJM+OX~) JP 

÷CAUTIS,EBHEN,CSORNA,KALELKAR÷ (COLU÷BING) 
DOWELL,GARVEY,JOBES÷ (BIRM+RHEL+TELA+LOWC) JP 
÷AEBISEHER+ (ETH÷CERN*LOIC÷MILA) 
÷KRUSE,EDELSTEIN÷ (ILL+CARN÷NWES*RDCH) 

÷HERTZBERGER+(AMST+EESN+CRAC÷MPIM÷OXF+RBEL) JP 

÷HERTZBERGER.(AMST*CERN+ERAC÷MPIM*OXF÷RHEL) 
EVANGELIOTA*(BARI+BONN÷CERN+DARE+LIVP÷MILA) 
(ERRATUM) 

÷SACCAR(AACH*BARI*BONN*CERN+GLAS+LIVP÷MILA) 
(EERN+MILA+JINR*BGNA*HELS÷PAVI+WARS+VIEN) 

÷FENKER+(ARIZ*FNAL÷FLOR~NDAM+TUFT~VAND÷VPI) 
÷DE BONTE,GAIDOS,KEY,WONG÷ (PURD+TNTO) 

[ ~(1680) [ IGuPC)=o (1--) 
FORMERLY CALLED PHIPRIME. 

FIRST IDENTIFIED USING DALITZ PLOT ANALYSIS OF E+E- INTO K E*(892) 
(BIZOT 80, DELEOURT 81) WE LIST BELOW CANDIDATES FOR TNE OMEGA AND 
PHI RADIAL EXCITATIONS UNTIL THEY ARE WELL ESTABLISHED. 

@(1680) M A S S  (MeV) 

M K KBAR MODE 
1690. 10. ASTON B 

C 1680. 10. SUON 
M D 1677. 12. MANE 
M 1760. 20. ATKINS01 
M 
M AVERAGE MEANINGLESS (SCALE FACTOR = 2.2) 

PIONS MODE 
(1652.0) (17.0) COSME 

M 21 1679. 34. ESPOSITO 
D 1657. 13. CORDIER 
A (1670.) (2O.I ATKINSO2 

AVERAGE'M~A~I~SCG~S"  " 

B JP NOT UNAMBIGUOUOLY I -  
C FROM GLOBAL FIT OP RRO,OMEGA,PHI AND THEIR RADIAL EXCITATIONS TO 
c CHANNELS OMEGA PI*PI-,K÷K-,KS KL,KS Ke-PI-+. ASSUME MASS 1570 MET 
C AND WIDTH 510 MET FOR RHO RAG. EXIT.,MASS 1570 AND WIDTH SO0 MEV 

N C FOR OMEGA RADIAL EXCITATION. 
D RI I  TO ONE CHANNEL ONLY, NEGLECTING INTERFERENCE WITH OMEGA, 
D RHO(IBOO) 

M A MAY BE PHI OR OMEGA RADIAL EXCITATION. INTERPREXATION COMPLICATED. 

81 OMEG 25-70 GAM P,K+K- 
82 DMI E+E-,HADRONS 
82 DMI E+E-,MS K Pl 
85 OMEG 20-70 GAM PKKGAR 

79 OSPK O E+ E-,BPI 
80 FRAM E÷E-,3 Pl 
81DMI E+E-,OMEGA BPI 
83 OMEG 20-70 GAM P,3 Pl 

~(1680) W I D T H  (MeV) 

100. 40. ASTON 81 OMEG 25 70 GAM P,K+K- 
w C 185. 22. BOON 82 DMI E÷E-, HADRONS 
W D 102. 36. MANE 82 DMI E~E-,KS K Pl 
W 80. AO. ATKINS01 85 OMEG 20-70 GAM PKKBAR J 
W . . . . . . . . .  

AVERAGE MEANINGLESS (SCALE FACTOR = 1.7) 

PIONS MODE 
(42.0) (17.0) COSME 79 OSPK 0 E÷ E-,3PI 

W 21 99. 09. ESPOSITO 80 FRAM E÷E-,3 Pl 
W D 136. 46. CORDIER 81 DM1 E*E-,OMEGA 2Pl 
W A (160.) (20.) ATKINS02 83 OMEG 20-70 GAM P,3 PI 

AVERAGE'M~ANINGLE;S' ' " 

W B JP NOT UNAMBIGUOUSLY I- 
N C SEE NOTE C UNDER MASS. 
W D FIT TO ONE CHANNEL ONLY, NEGLECTING INTERFERENCE WITH OMEGA, 
w P RHO(1600) 
w A MAY BE PHI OR OMEGA RADIAL EXCITATION. INTERPRETATION COMPLICATED. 

@(1680) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

P1 @(1680) ~ W ~ ~ 783÷ 140. 140 

p2 @(1680) ~ 3~  laD÷ I~0+ IsS 

P3 @(1680) ~ K~" ~94. 49A 

pA ~(1680) ~ K*(892) K + C.C. 892+ G9~ 

p5 @(1680) ~ K ~ K ~  498+ 4g~* 1A0 
P6 0(1680) e -  g-- .511~,511 

@(1680) B R A N C H I N G  R A T I O S  

@(1680) ~ (w 7r + 7r-) / (K*(892) K + CIC.) (PI ) / (PA)  
RI (0.10) OR LESS BUON 82 DMI E+E- 

@(1680) ~ (KK)/(K*(892) K + C.C.) (ES)/(PA) 
R2 D,O? 0.01 BOON 82 DM1 E÷E- 

@(1680) ~ ( K * ( 8 9 2 ) K ) / ( K ~ K ± z r  ~) (PG)/(P5) 

R3 DOMINANT MANE B2 DMI E÷E- ,KS K+- PI-÷ 

@(1680) ~ (3~) / to ta l  (P2) 
RL SEEN ATEINS02 83 OMEG 20-70 GAM P,3 PI ] 

@(1680) r ( 1 ) * r ( e  + e - ) / P ( t o t a l )  (keY) 

THIS COMBINATION OF A PARTIAL WIDTH WITH THE PARTIAL WIDTH INTO 
E.E- AND WITH THE TO~AL WIDTH IS OBTAINED FROM THE INTEGRATED 
CROSS SECTION INTO CHANNEL(1) IN E*E- ANNIHILATION. 
WE ONLY LIST DATA NOT HAVING BEEN USED TO DETERMINE THE PARTIAL 
WIDTH G(I) OR THE BRANCHING RATIO G(1)/TOTAL. 

r ( ~  7r rr)*r(e + e - ) / r ( t o t a l )  ( G I ) *( 06 )/TO rAL 
01 M (O.017)APPROX BIGOT 80 DMI O E+ E 

r(Kf()*r(e+ e-)/r(total) (GS)*(GG)/TOTAL 

03 M (0.053) (D.035) BIGOT 80 DMI O E÷ E~ 

r(K'(892) K + C,C.)*r(e + e-) /r(total)  (GG)*(G6)/TOTAL 
04 M (0.A13) (0.033) BIZOT 80 0MI 0 E÷ E- 

G M MODEL DEPENDENT 

COGME 

ASTDN 
BIZOT 
ESPOSITO BO LME 28 195 

ASTON 81 PL 104 B 231 
CORGIER 81 PL 106 B 155 
DELCOURT 81 RL 99 B 257 
MANE 81 PL 99 B 261 

BUON 82 PL 118 B 221 
MANE 82 PL 112 B 178 

AUSUSTIN 83 LAL/83-21 
ATKIHSOI 83 NP B 229 269 
ATKINS02 83 PL 127 B 132 

............ ~ G~I I 
ATKINS02 84 NP 231 5 

ATKIMS01 85 ZPHy C 27 233 

REFERENCES FOR @(1680) 

79 NP B 152 215 *DUDELZAKtSRELAUD,JEAN~MARIEtJULLIAN÷(IPNP) 

80 NP B 174 269 (BONN*CERN~EPOL÷GLAS+LANC*MCHS÷ORSA*IPNP *) 
80 MADISON CONF. 546 +BISELLO,BUON,CORDIER,DELCOURT,+(LALO~USTL) 

+MARINI,PATTERI,NIGRO÷(FRAS+NAPL+PADO÷ROMA) 

(GONN+CERN÷EPOL+GLAS+LAHC÷MCHS*ORSA~PARIS÷) 
÷BISELLO,BIZOT,BUON,DELCDURT,MANE (ORSAY) 
+BISELLO,BIZOT,BUON,CORDIER,MANE (ORSAY) 
÷BISELLO,BIZOT,BUDN,CORDIER,DELCOUR~(ORSAY) 

*BISELLO,BIZOT,CORDIER,DELCOURTt(LALD÷MONP) 
*BISELLO,BIZOT,BUON,DELCOURT,FAYARD,+(LALO) 

*AYACH,BISELLO,BALDINI÷ (LALO÷PADD+FRAS) 
ATKINSDN* (BONN÷CERN*GLAS+LANC÷MCHG+LPNP+) 
ATKINSON÷ (BONN*CERN+GLAS*LANC+MCHS+LPNP+) 

ATKINSON÷ (BONN~CERN*QLAS~LANC*MCHS*LPNP~) 
ATKINSON÷ (BONN÷CERN+OLAS+LANC÷MCHG+LPNP+) 

ATKINSON+ (BONN÷CERN÷SLAS+LANC÷MCHS÷LPNP+) 

J P3(1690) was g(1690) ] 
IG(J PC ) = 1+(3 - - )  

p3(1690) M A S S  (MeV) 

WE ONLY INCLUDE HIGH STATISTICS EXPERIMENTS IN THE AVERAGE FOR THE 
2PI AND KKBAR MODES. 

2PI MODE 

M 1670.0 30.0 GOLDBERG 65 HSD O 6 PI+D, 8 PI-P 
(1603.) (13.) ARMENISE 68 DSC 5.1 PI* D D 
(1737.0) (23.0) ARMENISE 70 DDC 0 9 PI+ N 

M 122 1650.0 35.0 BARTSEH 70 HBC * 8 Pie P,2 PI 
M 1687. 21. STUNTEBEC 70 HDBC 0 8. PI-P,5.A PI+D 

12. MATTHEWS 71 DBC 0 7. PI+ N M q678, 
M E 600 1690. 7. ENGLER 74 DBC ~ 6 PI~N,PI~PI-P 
M S 1693. 8. GRAYER 74 ASPK v .7 RI-P,PI÷PI-N 
M G I (1692.} (12.) ESTABROOK 75 RVUE 17 PI-P,PI+PI-N 
M I (1722.) (3.) HYAMS 75 ASPK O 17 PI-P,PI~PI-N 
M E 175 1678.0 12.0 ANTIPOV 77 CIBS D 25 Pl P,P 3Pl 
M 476 1679.0 11.0 GALTAY 78 HBC 0 15 PI*P,PI+PI- 
M M (1734.0) (I0.0) CORDEN 79 OMEG 12-15PI-P, N 2Pl 
M 1677. I~. EVANGELIS 010MEG - 12 Pl-P,2PI P 
M 
M E MASS ERRORS ENLARGED BY US TO WIDTH/SQRT(N),SEE H*(092) TYPED NOTE 
M G USES SAME DATA AS HYAMS 75 

ERROR TAKES ACCOUNT OF SPREAD Or DIFFERENT PHASE~SH~FT SOLUTIONS 
M M FROM A PHASE SHIFT SOLUTION CONTAINING A F2'(1525) WIDTH 
M M TWO TIMES LARGER THAN THE K KGAR RESULT. 



For notation, see key on page 91 

K KBAR + K KBAR Pl MODE 

N 1690.0 16.0 ADERHOLZ 69 MBC + 8 Pl+ P,KKBARPI 
M 1692. 6. BLUM 75 ASPK 018.4 PI-P,N K÷K- 

P S 6K 1698. 12. MARTIN 1 78 OPEC 10 PI P,KS K- P 
1699.0 5,0 ALPER gO CNTR 0 62 PI-P,K* K- N 

M L 11694.0) (8.0) COSTA 80 OMEG 10. PI-P,K+ K- N 
M 

L THEY CANNOT DISTINGUISH BETWEEN RH03(1690) AND OMEDA311670). 
P FROM A FIT TO JP=3- PARTIAL WAVE. 

M S SYSTEMATIC ERROR ON MASS SCALE SUSTRAUTED 
M 

RVG i66o:9"" ~.~ 
(APl)*- MODE 

M 1720. 15. 
144 1680.0 40.0 

F I02(1689.0) (20.0) 
M 1705.0 21.0 
M 1630. 15. 

1687. 20. 
F (1685.) 114,) 

M F 6611733.) (9.) 
M 1670.  10. 
M 177 1665,0 15.0 
M A (169A,) (6.) 
M B 11718.) (10 . )  
M C (1673.) (9,) 

BALTAY 68 HBC * 7, 8.5 PI+ P 
BARTSCH 70 HBC 8 PI+ P,4 PI 
BARTSCH 70 HBC 8 PI+ P,2 REO 
CASO 70 HBC - 11.2PI-P,RHO 2PI 
HOLMES 72 HBC ÷ 10.-12. K÷ P 
CASON 73 HBC - 8 . , 1 8 . 5  P I -  P 
CANON 73 ~BC - 8 . , 1 8 . 5  Pl- P 
KLIGER 74 MBC - 4.5 PI-P,P API 
THOMPSON 74 HBC + 13 PI+ P 
BALTAY 78 HDC ~ 15 PI+P,P 4PI 
EVANGELI 810NEG - 12 PI-P,(4PII-P 
EVANGELI 810MEG 12 PI P,(API)-P 
EVANGELI 810MEG - 12 PI-P,(API)-P 

M 
M AVG "-'1675.2" ' "11.1"" • AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.9) 

(SEE IDEOGRAM BELOW) 

A FROM RHO- REO0 MODE, NOT INDEPENDENT OF (B), (C) 
FROM (A2)- PIO MODE, NOT INDEPENDENT OF (A), (C) 

M FROM (A2)0 P I -  MODE, NOT INDEPENDENT OF (A), (B) 
w = FROM IREO÷ RHOO) MODE 

W E I G H T E D  AVERAGE 
1675.2 ± 11.1 (ERROR S C A L E D  BY 1.9 ) "--~+ 

X 2 

. . . .  BALTAY 78 HBC 
. . . .  THOMPSON 7a HBC 0 3  
. . . .  CASON 73 HBC 0 3  

, ~  . . . .  HOLMES 72 HBC 91 
. . . .  CASO 70 HBC 2 0 

. . . .  BARTSCH 70 HBC 0 0 
' ' BALTAY 68 HBC 8 9 

IConf,dence Level = 0 002) 

1550 1650 1750 1850  

P0(1690}  m a s s  (MeV),  (47T) = m o d e  

OMEGA PI MODE 

1654, 24. BARNHAM 70 HBC + 10 K+ P,OMEGA Pl 
1686, 9. THOMPSON 74 HBC + 13 PI+ P 

M 1 6 6 6 , g  14.0 GESSAROLI 77 HBG 11 PI-P,OMEGA Pl 
1690, 15. EVANEELI5 81 OMEG 12 PI-P,OME PIP 

M AVG 1680,1 6.6 AVERAGE 

p 3 ( 1 6 9 0 )  W I D T H  ( M e V )  

WE ONLY INCLUDE HIGH STATISTICS EXPERIMENTS 
2PI AND HKBAR MODES. 

w 2PI MODE 
W 
W 180,D 40.0 GOLDBERG 65 HBC 0 6 PI+D, 8 PI-P 
W 188, 49. ARMENISE 68 DBC 0 5.1 PI+ D 
W 171,0 65.0 ARMENISE 70 DBC 0 9 PI+ D 
W 122 180,D ~O.O BARTSUH 70 HBC + 8 PI* P,2 PI 
W 267. 72. 46. STUNTRDEC 70 HDBU 0 8. PI-P,5.4 PI÷D 
W 156,  86. MATTHEWS 71 DBC 0 7. PI+ N 
W 600 167, 40. ENGLER 74 DBC O 6- PI+N,PI+PI-P 
W G 200, 18. GRAYER 74 ASPK 0 17 PI-P,PI~PI-N 

G[ (240,) (30.) ESTABROOK 75 RVUE 17 PI-P,PI+PI-N 
I {267,) 130.) HYAMS 75 ASPK 0 17 PI~P,PI+PI-N 

T 175 162,0 50.0 ANTIPOV 77 CIBS 0 25 PI-P,P 3PI 
476 116,0 30.D BALTAY 78 HBC 0 15 PI+PsPI+PI- 

W 1206.0) OR MORE EL=.84 DECKER 79 ASPK 0 17 PI-  P POLARIZ 
w M 1322,0) (35.01 CORDEN 79 OMEG 12-15PI-P, N 2PI 
W 246. 37. EVANGELI9 810MEG - 12 PI-P,2PI P 
W 220. 29. OENNEY 03 LASS 10 PI÷N /Pl÷ P ] 
W 

I FROM PHASE-SHIFT ANALYSIS 
ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT PHASE-SHIFT SOLUTIONS 

W G USES SAME DATA AS HYAMS 75 AND DECKER 79 
W M FROM A PHASE SHIFT SOLUTION CONTAINING A F2'(1525) WIDTH 
W M TWO TIMES LARGER THAN THE K KBAR RESULT. 
W T WIDTH ERRORS ENLARGED BY US TO 4*WIDTH/SQRT(N),SEE K*(892) NOTE 

2 0 5  

Meson Full Listings 
p3(1690) 

K KBAR + K KBAR Pl MODE 

W 112.0 60.0 ADERMDLZ 69 HBE + 8 Pl+ P,KKBARPI 
205, 20. BLUM 75 ASPK 018.4 PI-P,N K+K- 

P 6000 199. 40. MARTIN I T8 SPEC 10 PI P,KS K- P 
W 219.0 4.0 ALPER 80 CNTR O 62 PI-P,K+ K- N 
W L (186.0) (11.0) COSTA 80 OMEG 10. PI~P,K* K- N 
W 
W L THEY CANNOT DISTINGUISH BETWEEN RH03(1690) AND 0MEGAg(1670). 
W P FROM A FIT TO JP=3- PARTIAL WAVE. 
W 
W 
W AVG "2i3:6" " " 5.1 " AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4) 

(SEE IDEOGRAM BELOW) ' 

W E I G H T E D  AVERAGE 
213.6 ± 5.1 (ERROR S C A L E D  BY 1.4 ) 

2 

. . . . . . .  ALFER , 80 CNTR I 8 
" ~  MARTIN 1 78 SPEC 0 1 

BLUM 75 ASPK 0 2 
I . . . . . . .  AOERMOLZ 69 HBC 

. . . . . . .  DENNEY 03 LASS 0 0 
. . . .  EVANGELIS 81 CMEG 0 8 

+ . . . . .  B ALTAY 78 HBC 10 0 
I . . . . . . . . .  ANTIPOV 77 CIBS 

'-] . . . . .  ORAYER 74 ASPK O 6 
[ . . . . . .  ENGLER 74 OBC 14 

. . . . .  MATTHEWS 71 DBC 2,6 
I • • STUNTEBEC 70 HDBC 

I . . . . .  BARTSCH 70 HBC 1 3 
I " " AEMENISE 70 ~BC 

I ~ 1  ' • • ARMENISE 60 DBC ' GOLDBERG 65 HBC 0 7 

2OO 
IConfidence Level = 0 029) 

,. I I 

0 100  2 0 0  3 0 0  4 0 0  5 0 0  

p 3 ( 1 6 9 0 )  w i d t h  (MeV) ,  ~r~r + KK + KK ~T m o d e s  

W (API)*- MODE 
W 
W 100. 35. BALTAY 68 HRC * 7, 8.5 PI* P 
W 144 135.0 3 0 , 0  BARTSEH 70 EBC B Pl+  P,A PI 

90 1180.0) (3~.0) BARTSEH 70 HBC g PI+ P,A2 PI 
F 102 1160.0) (30.0) BARTSCH 70 HBC 8 PI+ P,2 RHO 

W 130, 30. HOLMES 72 HBC I0.-12. K+ P 
169. 70. 48. CANON 73 Hag - 8.,18.5 PI- P 

F (125.) (83.) (35.) CANON 73 HBC 8.,18.5 PI- P 
F 66 (150.) KLIGER 74 HDC - 4.5 PI-P,P 4Pl 

W 106.  25. THOMPSON 74 HBC 18 PI÷ P 
N 177 109.0 30.0 BALTAY 78 HBC + 15 PI+P,P 4PI 
W A 1123.) 113.) EVANGELI 81 OME6 12 PI-P,{gPII-P 
w 0 (230.) 128.) EVANGELI 810MEG - 12 PI-P,(gPII-P 

C 1184.) (33.) EVANGELI 81 OMEG- 12 PI-P,(gPII-P 

W AVG 117,8 12.9 AVERAGE 

A FROM RHO- RHO0 MODE, NOT INDEPENDENT OF (B), (C) 
B FROM (A2)- PI8 MODE, NOT INDEPENDENT OF (A), (C) 
C FROM (A2)O PI~ MODE, NOT INDEPENDENT OF (A), (B) 
F FROM (RHO÷- RHO0) MODE 

OMEGA Pl MODE 

W 130. 73. 43. BARNHAM 70 HBC ÷+ 10 r~+P OMEGA PI 
W 89. 25. THOMPSON 74 HBC 13 
W 160.0 56,0 GESSAROLI 77 HBE 11 PI-P,ONEGA Pl 
W 190. 65. EVANGELIS 81 OMEG- 12 PI-P,OME PIP 
W 
W AVG 112.9 20.6 AVERAGE 

p 3 ( 1 6 9 6 )  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

P1 03 (1690)  ~ • ~ 14o+ 140 

P2 p 3 ( 1 6 9 0 )  ~ 4 7 r ( i n c l u d i n g  T ° ' S )  140+ 140~ IAO+ 140 

P3 p 3 ( t 6 9 0 )  ~ K K ~  498+ 498+ 140 

P4 p3 (1690)  ~ K ~ "  498+ 498 

P9 p3 (1690)  ~ ' n r  p ( e x c l u d i n g  2 p  a n d  a 2 w )  140+ 1 4 0 .  769 

P6 p3 (1690)  ~ a 2 ( 1 3 2 0 )  ~ 1318+ 140 

P7 pS(1690)  ~ W 71" 1AO+ 783 

P8 p s ( 1 6 9 0 )  ~ 2 p  769+ 769 

P9 p 3 ( t 6 9 0 )  ~ ~ ~ 1020+ 140 

P10 p s ( 1 6 9 0 )  ~ ~ 7F 549+ 140 

P l l  p 5 ( 1 6 9 0 )  ~ 7 r ~ ' f f + ~ T  - W 0 140+ 140+ 140 .  140 

FITTED PARTIAL D E C A Y M O D E  B R A N C H I N G  FRACTION~ 

The matrix below is derived from the error matrix for the titled partial decay mode 
branching fractions, PI, as follows: The diagona[ elements are P,±fiPx, where 
*Pi = ~ ,  while the off-diagonal elements are the &ormallzed correlation coeffi- 
cients (fiPi6Pj)/(6Pi,gPI). For the definitions of  the individual PI, see the [isfings above; 
only those Pi appearing in the matrix are assumed in the fit to be nonzero and  are 
thus constrained to add to 1. 
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Meson Full Listings 
P3(1690). X(1700) 

P I P 2 P 3 p L 
P I .23804-.0129 
P O -.7561 .7090+ .0189 
P 3 .1510 .7&15 .0378÷-.012E 
p & - . 1452  - .  07,78 - . 0230  . 0151* - . 0031  

p3(1690)  B R A N C H I N G  R A T I O S  

p3(1690)  ~ (2w) / to ta l  (DI) 
RI G p 0.22 0.0~ MATTHEWS 71 HDBC D 7. PI+N,PI-P 
RI (0.245) (0.006) ESTABROOK 75 RVUE 17 PI-P,PI+PI-N 
RI 0,259 0.010 0.019 DECKER 79 ASPK 0 17 P[- P POLARIZ 
RI 0.23 0.02 CORDEN 79 OMEG 12-15El-P, N 2El 
RI 
RI AVG 0.243 0.013 AVERAGE 
RI FIT 0.238 0.013 FROM FIT 

R1 G FROM PHASE-SHIFT ANALYSIS OF HYAMS 75 DATA 
Rq H INCLUDED IN BECKER 79 ANALYSIS 
RI P OPE MODEL USED IN THIS ESTIMATION 

p3(1690)  ~ ( 2 ¢ r ) / ( ~ ±  ~ +  ~ -  ~o)  (~ I ) / (P11)  
R2 (0.12) OR LESS BALLAM 71 HBC - 16. P l -  P 
RE (0.2) OR LESS HOLMES 72 NEE I0.-12. K÷ P 
R2 0.35 0.11 CASON 73 HBE - 8.,18.5 PI-  P 

p3(1690)  ~ (271")/(4~) (P l ) / (P2)  
R3 0.30 0.10 BALTAY 78 HBE 0 13 PI÷P,P 4Pl 
R3 
R3 FI~ 0.336 0.026 ~ROM FIT 

p3(1690)  ~ (K  K ) / ( 2 ~ )  IRA) / (R I )  
R4 0.191 0.040 0.03? GORLICH 00 ASPK O 17,18 P~-P POLAR 
R4 . . . . . . . . .  
R4 FIT 0.063 0.014 FROM FIT (ERROR INCLUDEE SCALE FACTOR OF 1.3) 

p3(1690)  ~ ( K K  ~ ) / ( 2 ~ )  (P3) / (P I )  
R5 A 0.16 0.05 BARTSCH 70 HBE + 8. PI÷ P 
R5 A INCREASED BY US TO CORRESPOND TO RH03(1690) INTO (2PI)=.EL 
R5 ......... 
R5 FIT 0.159 0.051 FROM PIT 

p3(1690)  ~ (p 2 ¢ r ) / ( ~  ± ~ + ~ -  ~D) (P5÷P6~P8)/(P11) 
R6 CONSISTENT WITH I .  CASO 68 HBC - 11 PI -  P 
R6 11.1 10.15) BARTSCH 70 HBC 8. PI+ P 
R6 0.08 0.15 BALLAM 71 HBC - 16. PI~ P 
R6 0.96 0.21 BALTAY 78 HBE ~ 15 PI+E,R 4El 
R6 
R6 AVG 0.91 0.10 AVERAGE 

p3(1690)  ~ ( 2 p ) / ( ~  ± 7r + ~ -  ~o)  IP8)/(P11) 
R7 (0.7)  (0.15) BARTSCH 70 HBG + 8. El+ P 
R7 66 (0.56) KLIGER 7L HBC 4.5 PI~P,P &PI 
R7 T (0.13) (0.09) THOMPSON 74 HBC 13 PI+ P 
R7 0.12 0.11 BALTAY 70 HBC + 15 PI÷P,P 4El 
R7 T R~O RHO AND A211320) Pl MODES ARE INDISTINGUISHABLE 

p3(1690)  ~ (2p)/(p 2 ~ )  (P8 ) / IP5+P6~PS)  
R8 0.48 0.16 CASO 68 HBC 11 El -  P 

p3 (1690 )  ~ (~z ) / ( ~±  ~+  ~ -  ~o )  (P6 ) / (P11 )  

R9 (0.6)  BALTAY 68 HBC ÷ 87'8"5p1+ PI÷P 
R9 (0.6) 10.15) BARTSCH 70 HBC . P 
R9 NOT SEEN CASON 73 HBE - 8. ,18.5 PI P 
R9 T (0.36) (0.14) THOMPSON 74 HBC 13 PI~P 
R9 0.66 0.08 BALTAY 70 HBC ÷ 15 PI÷P,P APl 
R9 T RHO RHO AND A211320) Pl MODES ARE INDISTINGUISHABLE 

p3(1690)  ~ ( ~ w ) / ( ~ ± ~ + ~ - ~  °) (P7 ) / IP11 )  
Rqo 0.25 0.10 BALTAY 68 HBC ÷ 7-8.5 PI+P 
RqD 0.25 0.10 JOHNSTON 68 HBC 7.0 El- P 
Rqo 0 .12  0.07 BALLAM 71 HBC - 16. P l -  P 
R10 (0.09) OR LESS KLIGER 74 HBC 4.5 PI-P,P 4El 
R10 0.33 0.07 THOMPSON 7~ HBC 13 El+ P 
RIO 10.11) OR LESS CL=O.95 BALTAY 78 HBG ÷ 15 DI÷P,P 4PI 
RIO 
RIO AVG 0.233 0.050 AVERAGE (ERROR INCLUDES SCALE FACTOR OP 1.2) 

p3(1690)  ~ ( ~  6) / ( 'n  "± w + ~ - ' a  "°) (P9) / (P11)  
R11 (0.11) OR LESS BALTAY 68 HBC + 7,8.5 PI+P 

p3(1690)  ~ ( ~ ±  2 ~  + 2 ~ - -  7Fe)/(Tr ± ~ +  ~ - -  ~-O) 
R12 10.15) OR LESS BALTAY 68 HBC ÷ 7,8.5 PI+ P 

p3(1690)  ~ ( ~  ~ ) / ( ~ ±  ~ +  ~ -  ~o)  (PlO)/(P11) 
R13 (0.02) OR LESS THOMPSON 74 HBC + 13 PI+ P 

p~(1690)  ~ ( K K ) / t o t a l  Ip~) 
R14 B 0.013 0.004 MARTIN 2 78 SPEC -10 Pl P,KS g~ P 
R14 0.013 0.003 COSTA 80 OMEG O 10 PI-P,R+ K- N 
RI& B FROM SQRT(P1*P&)=0.056÷-O.034 ASSUMING (2PII/TOTAL;P1=0.24 

RI~ AVG 0.0130 0.0024 AVERAGE 
R14 FIT 0.0151 0.0031 PROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 

p3(1690)  ~ ( T r w ) / ( ~ w  + 20 )  (P7)/(PT÷PR) 
R16 0 ,22  0 .08  CASON 73 HBC - 8 . , 18 ,5  P I -  P 

R E F E R E N C E S  F O R  p3(1690)  

BELLINI 65 NC ~D A 9&8 BELLINI,Of CORATO,DUIMIO,FIORINI (MILANO) 
DEUTSCHM 65 PL 18 351 M.DEUTSCHMANN ET AL (AACHEN+BERLIN÷CERN) 
~ORINO 65 PL 19 65 FORINO,GEBSAROLI ÷ (80LOGNA÷DRSAY+SACLAY) 
GOLDBERG 65 PL 17 33& GOLDBERG÷ (CERN+EPOL÷BRSAY÷MILANO+OEA-SACL) 

ERRLICH 66 OR 152 1194 
GOCACCI 66 PRL 17 890 
LEVRAT 66 PL 22 714 
SEGUINOT 66 PL 19 712 

ABRAMS 67 PRL 18 620 
DANYSZ 67 PL 26B 309 
DUBAL 67 NP 03 435 

ALSO 68 THESIS I&56 
FRENCH 67 NC 52A 442 

ARMENISE 68 NC 54 A 999 
BALTAY 68 PRL 20 087 
BISWAS 68 PRL 21 50 
BOESEBEC 68 NP B 4 501 
CASD 68 NC 54 A 083 
CRENNELL 68 PL 28 B 136 
JOHNSTON 68 PRL 20 I~14 

ADERHOL2 69 NP 0 11 259 
ANDERSON 69 PRL 22 1390 
BARISH 69 PR 184 1375 
CASO 69 NC 62 A 755 
VETLITSK E9 SJNP 9 A61 

ARMENISE 70 LNC 4 199 
BARNHAM 70 PRL 24 1083 
BARTSCH 70 NP B 22 109 
CASO 70 LNC 3 707 
KRAMER 70 PRL 25 396 
MAURER TO THESIS N0.588 
STUNTESE 70 PL 32 B 391 

BALLAM 71 PR D 3 2606 
BRAWN 71NP B 30 213 
GRAYER 71PL 35 B 610 
MATTHEWS 71NP B 331 

ARMENISE 72 LNC 4 205 
ALSO 75 INC 14 177 

BOWEN 72 PRL 29 090 
CLAYTON 72 NP B 47 81 
BRAYER 72 PHIL.CONF.PROC. 5 
HOLMES 72 PR D 6 3336 

ARNOLD 73 LNC 6 707 
CASON 73 PR D 7 1971 
GABON 1 73 NP B 64 16 
HYAMS 73 NP B 64 134 
ROBERTSO 73 PR D 7 2554 

DUBOVIKO 74 SJNP 19 568 
ENGLER 7& PR 010 2070 
BRAYER 7& NP B 73 189 
KLIGER 74 SJNP 19 428 
OREN 74 NP S71 109 
THOMPSON 74 ND S69 220 

BLUM 75 PL 57B 403 
ESTABR00 75 NP 095 322 
HYAMS 75 NP 0100 205 
KALELKAR 75 TRESIS(NEVIS 207) 

AN~IPOV 77 NO B 119 45 
GFSSAROL 77 NP 0 126 382 

BALTAY 78 PR D 17 62 
FORINO 78 NP B 139 413 
MARTIN I 78 RL 7& B 417 
MARTIN 2 78 NP B 140 158 
MARTIN 3 78 ANP 114 1 

BECKER 79 NP B 151 46 
CORDEN 79 NP B 157 250 
EVANGELI 79 ND B 15L 381 

ALPER 80 PL 94 B 422 
COSTA 80 NP B 175 402 
GORLICH 00 NP B 174 16 

EVANGELI 01 NP B 178 197 

BARNETT 83 PL 120 B 455 

DENNEY 83 PR D 28 2726 

R. EHRLICR,W.SELOVE,H.YUTA (PENNSYLVANIA) 
CERN MISSING MASS SPECTROMETER GROUP (CERN) 
CERN MISSING MASS SPECTROMETER GROUP (CERN) 
CERN MISSING MASS SPECTROMETER GROUP (FERN) 

+KEHOE+GLASSER+SECHI-ZORN~WOLSRY (MARYLAND) 
+FRENCH÷KINSON~SIMAK÷ (CERN~LIVERPOOL) 
~FDCACCI+KIENZLE+LECHANOINE÷LEVRAT+ (CERN) 
L.DUBAL (GENEVE) 
*KINSON+MCDONALD÷RIDDIFORD~ (CERN+BIRM) 

*FDRINO+CARTACCI*(BARI+BGNA +FIRENZE*ORSAY)I 
*KUNG+YEH÷FERBEL÷ (COLU+ROCH+RUTG+YALE)I=I 
+CASON,DZIERBA,GROVES,KENNEY,+ (NDAM) 
BOESEBEEK,DEUTSCHMANN,+(AACHEN+BERLIN+CERN) 
+CONTE+CORDS~DIAZ+ (GENOVA÷HAMB+MILA+SACL) 
+KARSHON,LAI,SCARR,SKILLICBRN (BNL) 
+PRENTICE,STEENBERG,YODN (TORONTO+WISC)IJP 

+BARTSCHs* (AACH+BERL÷CERN+JABL+WARS) 
+COLLINS,BLIEDEN+ (BNL+CARN) 
+SELOVE,BISWAS,CASON,+ (PENN÷NDAM+ROCH) 
+CONTE,BENZ,+ (GENO+DESY+HAMB÷MILA+SACL) 
+GUZHAVIN,KLIGER,KOLGANOV,LEBEDEV÷ (IIEP) 

+GHIDINI,FORINO,EARTACCI,~ (BARI+BGNA+FIRZ) 
~COLLEY,JOBEB,KENYON,PATHAK,RIDDIFORD(BIRM) 
+KRAUS,TSANOS,GROTE,KOTZAN.(AACH÷BERL÷CERN) 
+CONTE,TDMASINI,CORDS÷(GENO÷HAMB÷MILA+SACL) 
*BARTON,GUTAY,LICHTMAN,MILLER,- (PURDUE) 
G.MAURER (STRASBOURG) 
STUNTEBECK,KENNEY,DEERY,BISWAS,CASON+(NDAM) 

+CHADWICK,GUIRAGDSSZAN,JOHNSON,~ ISAAC) 
+FRIDMAN,BERBER,GIVERNAUD,KAHN,÷ (STRB) 
÷EYAMS,JONES,SCHLEIN,BLUM,+ (CERN*MPIM)jp3 
+PRENTICE,YOON,CARROLL,÷ (TNTO+WISC)JP3- 

+FORINO,CARTACCI,+ (BARI+BGNA÷FIRZ) 
+FOGLI-MUCIACCIA,FORINO÷ (BARI+BGNA÷FIRZ) JP 
÷EARLES,FAISSLER,BLIEDEN,+ (NEAS~STON) 
÷MASON,MUIRHEAD,RIGOPOULBB,~ (LIVP+PATR) 
-MYAMS,JONES,SCHLEIN,BLUM,DIETL+(CERN÷MPIM) 
*FERBEL,SLATTERY,WERNER (ROCH) 

÷ENGEL,ESCOUBES,KURTZ,LLORET,PATY,+ (STRB) 
+BISWAS,KENNEY,MADDEN,SANDER,SHEPHARD(NDAM) 
÷MADDEN,BISHOP,BISWAS,KENNEY,+ (NDAM) 
÷JONES,WEILHAMMER,SLUR,DIETL,+ (CERN+MPIM) 
ROBERTSON,NALKER,DAVIS (DUKE÷WISC) 

DUBOVIKOV,MATSYUK,NILOV,SOKOLOV lITER) 
*KRAEMER,TDAFF,WEISSER,OIAZ+ (CARN+CASE) 
E.GRAYER,HYAMS,BLUM,DIEIL,+ (CERN+MPIM) 
÷BEKETOV,GRECHKO,GUZHAVIN,DUBOVIKOV+ (ITEP) 
+COOPER,FIELDS,RHINES,WHITMORE,+ (ANL+OXF) 
+GAIDOS,MCILWAIN,MILLER,MULERA,+ (PURD) 

÷CHABAUD,DIETL,GARELICK,GRAYER+ (CERN÷MPIM) JP 
P.ESTABROOKS,A.D.MARTIN (DURH) 
~JONES,WEILHAMMER,BLUM,DIETL+ (CERN÷MPIM) 
M.S.KALELKAR (COLU)[=I 

÷BUSNELLO,OAMGAARD,KIENZLE* (CERN+SERD)' 
GESSAROLI,÷ (BGNA÷FIRZ+EENO*MILA+OXF÷PAVI) 

+BAUTIS,COHEN,CSORNA,SMITR,YEH,+(CBLU+BING) 
÷CARTACCI¢~ (BGNA÷FIRZ+GENO÷MILA+OXF÷PAVI) JP 
+02MUTLU+BALDI,BOHRINGER,DORSAZ+(DURH*GEVA) 
+OZMUTLU,BALDI,BOHRINGER,DORSAZ+(DURH~GEVA) 
A.D.MARTIN,M.R.PENNINGTON (CERN) 

+BLANAR,BLUM,CERRADA+ (MPIM+CERN+ZEEM+CRAC) 
+DOWELL,EARVEY,JOBES,+(BIRM+R~EL+TELA+LOWC) JR 
+ (BARI÷BONN+CERN÷DARE*GLAS÷LIVP÷MILA÷WIEN) 

÷DECKER,+ (AMST+CERN+CRAC+MPIM÷OXF÷RHEL) 
÷ (BARI+BONN+CERN+GLAS*LIVP÷MILA÷WIEN) 
÷NICZYPORUK,ROZANSKA+ (CRAC÷MPIM+CERN÷ZEEM) 

EVAMGELISTA~IBARI÷BONN÷CERN+DARE+LIVP+MILA) 

+BLOCKUS,BURKA,CHIEN,CHRISTIAN÷ (JHU) 

÷CRANLEY,FIRESTONE,CEAPMAN÷ (IOWA*RICH) 

X(1700) [ zG(-rPc) . . . . .  +<?~/ 
n(1700) ........ E . . . . . . . . . . . . . . . . . . . . . . . .  w a s  

PRODUCED IN THE RADIATIVE DECAY OF THE J/PSI(3097). 
MAY CONTAIN SIGNIFICANT SUB-STRUCTURE. RELATION TO 

O~IITTED FRO.~£ OTHER ENHANCEMENTS SEEN IN RADIATIVE J/PSI DECAY 
SU,'uI]VI"ARY TABLE UNCLEAR (SEE ffITLIN 83). 

TENTATIVELY CALLED X11700) BY US. 

X(170O) M A S S  ( M e V )  

M 1700.0 &5. EDWARDS 83 CBAL J/PSI,ETA 2RIGAM 

X(170O) W I D T H  ( M e V )  

W 320. 110. EDWARDS 83 CBAL J/PSI,ETA 2PIGAM 

R E F E R E N C E S  F O R  X(1700 )  

EDWARDS 83 PRL 51 859 +PARTRIDGE,PECK+ (CIT+HARV+PRIN÷STAN+SLAG) 
HITLIN 83 CORNELL CONF. D. HITLIN (SIT) 



For nomEon, see key on page 91. 

I f2(1720) . ] IG(jPC)=O+(2++) 
was 0(1690) . . . . . . . . . . . . . . . . . . . . .  

SEEN IN J/PSI INTO GAMMA F2(1720), THEREFORE C=+, 
F2(1720) DECAYS INTO 2ETA, THEREFORE IG=O+. 
JP=2- Is PREFERRED OVER 0+, HIGHER SPINS NOT 
STUDIED. 

MASS AND WIDTH DETERMINAT~DN COMPLICATED BY OVERLAP WITH F2'(1525) 
IN MASS SPECTRA. POSSIBLE CONNECTION O; THIS STATE WITH STRUCTURE 
SEEN IN J/PSI TO GAMMA RHO RHO AND IN J/PSI TO GAMMA ETA PI  PI 
IS UNCLEAR (SEE BURKE 82, H I T L I N  83). RECENT RESULTS (BALTRUSAITIS 85) 
INDICATE THAT THE RHO RHO ENHANCEMENT IS JP=O , HENCE UNRELATED TO THE 
~ 2 ( 1 7 2 0 ) ,  

f~(1720) M A S S  (MeV) 

M E (1640.) (50.) EDWARDS 02 CBAL O J/PSI,GAM 2ETA 
M 1708.0 30.0 FRANKLIN 82 SMK2 E+E-,GAM K* K- 
M 1670. 50. BLOOM 03 CBAL O J/PSI,GAM 2ETA 
M 1720. 10. PERRIER 8A SMK3 J/PSI,GAM K+ K- 
M 1713. 15. PERRIER B# SMK3 J/PSI,GAM PI+PI- 
M 
M AVG 1 7 i 6 : D ' ' "  7.9 " AVERAGE 

M E FROM F I T  NEGLECTING NEARBY F 2 ' ( 1 5 2 5 ) ,  RBPLACED BY BLOOM 8 3 .  

[2(1720) W I D T H  (MeV) 

w E (220.) (I00.) (70.) EDWARDS 82 CBAL 0 J/PSI,GAM BETA 
W 156.0 60.0 FRANKLIN 82 SMK2 E+E-,GAM K+ K- 
W 160. 80. BLOOM 83 CBAL 0 J/PSI,GAM 2ETA 
W 130. GO. PERRIER 04 SMK3 J/PSI,GAM K+ K- 
W ......... 
W AVG 13A.I 18.5 AVERAGE 

W E FROM FIT NEGLECTING NEARBY F2'(1525). REPLACED BY BLOOM 83. 

/'2(1720) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

pl fl(1720) ~ ~ _  5A9~ 549 

P2 f2(1720) ~ K K  A98+ AgB 

P3 f2(1720) ~ fi p 769+ 769 
P4 f2(1720) ~ w w 783+ 783 

P5 f2(I720) ~ ~ ~ 140+ %0 

R E F E R E N C E S  FOR f2(1720) 

ALTHOFF 82 EPHY C 16 13 *BOERNER,BURKHARDT+ (TASSO COLLABORATION) 
BARNES 82 PL 11E B 365 T.BARNES AND F.E.CLOSE IRHEL) 
BARNES 82 NP B 190 360 +CLOSE,MONAGBAN (RHEL+OXF) 
BURKE 82 PRL 49 632 +TRILLING,ABRAMS,ALAM,BLOCKER,+ (LBL+SLAC) 
EDWARDS 82 PRL 48 A58 +PARTRIDGE,PECK,+ (CIT+HARV÷PRIN+STAN+SLAC) 
FRANKLIN 82 SLAC-254 M.E.B.FRANKLIN (SLAC) 
TANIMOTO 82 PL 116 B 190 M.TANIMOTD (BIEL) 

ALTHOFF 83 PL 121 B 216 ÷BRANDELIK,BOERNER~ (TASSO COLLABORATION) 
BARNETT 83 PL 120 B A55 *BLOCKUS,BURKA,CHIEN,CHRISTIAN÷ (JHU) 
BLOOM 83 ARMS 33 143 BLOOM,PECK (SLAC÷CIT) 
HITLIN 03 CORNELL EONF.746 D.HITLIN (CIT) 
PERRIER 84 SLAC-PUB~3A36 J.PERRIER (UCSC÷SLAC) 

BALTRUSA 85 SLAC-PUB-3E8G BALTRUSAITIS, (CIT*UCSC+[LL~SLAC÷WASH) 

I f°(1730)-~" I was S(173u) x°(:Pc)=°+m-+) 
NAMED S ~ PRIME BY ETKIN 82 
SEEN IN PHASE SHIFT ANALYSIS DF ROB KOS SYSTEM. 
NEEDS CONFIRMATION. 

OMITTED FROM 
SUMMAR]" TABLE 

[o(1730) MASS (MeV) 

M A S 1730.0 22.0 ETKIN2 82 MPS O 23 PI-P,KSKS R 
M 1 7 4 2 . 0  15.0 WILLIAMS 84 MPSF 200PI-N,KBKS X 

A V E R A G E ' M E A N I N G [ E S B ' ' "  

A ~ROM AN AMPLITUDE ANALYSIS B~ THE KOS KOS SYSTEM. 
S SYSTEMATIC ERROR ADDGD QUADRATICALLY BY US, 

fo(1730) WIDTH (MeV) 

A 2OO.O 156.0 9.0 ETKINI 82 MPG O 23 Pl-P,KSKS N 
57.0 38.0 WILLIAMS 84 MPSF 200PI-N,KSKB X 

W 
W AVG 82.0 54.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6) 

Q A :ROM AN AMPLITUDE ANALYSIS OF THE KOS KOS SYSTEM. 

2 0 7  

Meson Full Listings 
f2(1720),/0(1730), ~(1770), f2(1810) 

[o(1730) PARTIAL DECAY MODES 

DECAY MASSES 

pl fo(1730) ~ KK 498~ A9B 

R E F E R E N C E S  FOR [o(1730) 

ETKINI 82 OR D 25 1786 ÷FOLEY,LAI,LINDENBAUM÷ (BNL+CUNY+TUFT*VAND)JP 
ETKIN2 82 PR D 25 2446 +FOLEY,LAI,LINDENBAUM+ (BNL+CUNY+TUFT÷VAND) 

WILLIAMS 84 PR D 30 877 +OIAMOND÷(VAND÷NDAM÷TUFT+ARIZ÷FNAL~FSU+VPI) 

[ rr(1770) I [ G ( j P C ) = I - ( O - - )  

SEEN IN PARTIAL WAVE ANALYSIS OF THE DIFFRACTIVELY 
OMITTED FROM PRODUCED 3PI SYSTEM. 
SU,~,IdARY ~ B L E  NEEDS CONFIRMATION. 

~(1770) M A S S  (MeV) 

M 1100 1770. 3D. BELLINI 82 SPEC - ~O PIcA,BEt A 

~(1770) W I D T H  (MeV) 

W 1100 310. 50. BELLINI 02 SPEC - AO PZ-A,3PI A 

~(1770) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

pl ~(1770)  ~ fo(1300) ~ IBO0~ %0 
P2 7(1770) ~ p ~ 769* 140 

"X(1770) B R A N C H I N G  R A T I O S  

~'(1770) ~ (/'o(1300) 7r)/total (pl) 
RI DOMINANT CELLINI 82 SPBC - 40 PI A,3Pl A 

7r(1770) ~ (p 7r)/total (p2I 
R2 NOT SEEN BELLINI 82 SPEC - 40 PI-A,3Pl A 

R E F E R E N C E S  FOR 7(1770) 

BELLINI 82 PRL 48 1697 +FRABEETI,IVANSHIN,LITKIN* (MILA*BGNA+JINR) 

I f2(1810) [ I°(sPc)=°+(2++> f(1810) . . . . . . . . . . . . . . . . .  8~ol w a s  
FROM AN AMPLITUDE ANALYSIS OF THE K÷K- SYSTEM SEEN 
IN El- P INTO K÷ K- N AT 10 GEV/C. NOT CONFIRMED 

OMITTED FBOM BY BTKIN 02. SEEN ALSO IN PI+PI-  TO 2RIO AMPLITUDE 
S L ~ M A R Y  TABLE ANALYSIS (CASON 82),BUT NOT SEEN IN THE PARTIAL 

WAVE ANALYSIS OF THE PI+P l -  SYSTEM. 
NEEDS CONFIRMATION. 

[2(1810) M A S S  (MeV) 

M A 1857.0 35.0 24.0 COSTA 80 OMEB O 10 PI-P,K+ K- N 
M 1799.0 15.0 CASON 82 STRC 0 8 PI÷P,PIe2PIO P 
M ......... 
M AVERAGE MEANINGLESS (SCALE FACTOR = 1.8) 

M A ERROR INCREASED BY SPREAD OF TWO SOLUTIONS. 

[2(1810) W I D T H  (MeV) 

W A 185.0 I02.0 139.0 COSTA 80 OMEG ~ 10 Pl-P,K* K- N 
N 200.0 42.0 35.0 CASON 82 STRC B PI+P,PI÷2PIO P 

AVERAGBM~A~I~GCdS " '  

W A ERROR INCREASED BY SPREAD OF TWO SOLUTIONS. 

/'2(1810) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

pl fz(1810) ~ K + K  - 49A* AgA 

P2 f2(1810) ~ 7rzr 1A0~ 140 
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Meson Full Listings 
f2(1810), 4~j(1850), X(1935) 

/2(1810) BRANCHING RATIOS 

f2(1810) ~ (K + K- ) / t o t a l  (P l )  
RI SEEN COSTA 80 OMFG O 10 PI-P,K+ K- N 

/2(1810) -- (Tr ~)/total (PZ) 
R2 0.44 0.03 CABON 82 STRC O 8 PI+P,PI÷2PIO P 

REFERENCES FOR /2(1810) 

COSTA BO NP B 175 402 (BARI~BONN+DERN~GLAS÷LIVP÷MILA+WIEN) 

GABON 82 PRL 48 1316 ~BISWAS,BAUMBAUGH,BISHOP,CANNATA÷(NDAM+ANL) 
ETKIN 82 PR D 25 1786  ÷FOLEY,LAI,LINDENBAUM+ (BNL+CUNY÷TUFT+VAND) 

GABON 83 PR D 28 1586  *CANNATA,BAUMBAUBH,BISHOP,WATSON÷(NDAM*ANL) 

q S j ( 1 8 5 0 )  [ ! ° (JPc)=o~(~ .  7~ ) 

was ¢(1850) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DISTRIBUTIONS. 

~s(1850) M A S S  (MeV) 

M 123 1850.0 10.0 ALHARRAN 81 HBC 8.85 K-P,LAM 2K 
M 430 1870.0 30.0 20.0 ARMSTRONG 82 OMEG 18.5 K-P,K-K*LAM 

AVG i 8 ~ 8 : 8  ~ . ~  AVERAGE 

~j(1850)  WIDTH (MeV) 

w 125 8O.O 40.0 30.0 ALHARRAN 81 HBD 8.25 K-P,LAM 2K 
w 430 160.0 90.0 50.0 ARMSTRONG 82 OMEG 18.5 K-P,K-K÷LAM 
W 
W AVE 96.0 32.0 AVERAGE 

~j(1850)  PARTIAL DECAY M O D E S  

DECAY MASSES 

¢j(1850) ~ K K  494. A9A 

~(1850) ~ K*(892) K + C.C. 892+ 49A 

q~j(1850) BRANCHING RATIOS 

¢ j (1850)  ~ (K'(892) K + C.C. ) / (KK)  (P2) / (P I )  
RI 0.8 0.4 ALHARRAN 81 OMEG 8.25 K-P,LAM 2K 

REFERENCES FOR ~j(1850)  

ASTON 80 PL 92 B 219 (BONN*CERN+EPOL+GLAS+LARC*MCHS~ORSA÷PARIS+) 

ALHARRAN 81PL IOl B 357 +AMIRZADEH,+ (BIRM+CERN÷GLAS+MIDH*LPNP) 

ARMBTRON 82 PL 110 B 77 ~BAUBILLIER÷(BARI*BIRM+CERN÷MILA+LPNP*PAVI)JP 
CORDIER 82 PL 110 B 335 +BISELLO,BIZOT,BUON,DELDDURT,FAYARD,+(LALO) 

J X(1935) J rc<sPc)~ ~(~ ~ ) 
S(1935) . . . . . . . . . . . . . . . . . . .  938 ...... w a s  

SEE NAKAMURA 84 AND OUR 1984 EDITION. 

OMITTED FROM 
SgJ]'vl.adABY TABLE 

X(1935) MASS (MeV) 

X(1935) CHANNEL NBAR N 

(1968.) BENVENUTI 7~ HBC . I  - .8 PBAR 
S 1932. 2. CARROLL 74 CNTR S CHAN.PBAR P,D 

(1942.) ( ) D-ANDLAU 75 HBC 0 .175-.750 PBAR P 0. 
(1934.4) (2.6) (1.4) KALOGERO 75 DBC - PBAR N ANNIH 

S 1935.9 1.0 CHALOUPKA 76 HBC 0 PBAR P TOT,ELAS 
1939.0 3.0 BRUCKNER 77 8PEC O .4-.85 PBAR P 
1935.5 1.0 SAKAMOTO 79 HBC 0 .37-,73 PB P 
1930.0 2.0 AGTON 80 OMEG SAM P,P PBAR X 

A M (1949.) (10.) DEFOIX 80 HBG O 0 PBAR P,SPI 
1939.0 2.0 HAM!LTO2 80 CNTR S CHAN,PBAR P 

PRODUCTION EXPERIMENTS 
M 36(1940.0) (1.0)  DAUM 80 CNTR O 93 P P,PB P + X 

AVERAGE MEANINGLESS (SCALE FACTOR = 1.7) 

A FROM ENERGY DEPENDENCE OF 5Pl DROBS-SECTION.IG=I- FROM OBSERVATION 
A M OF OMEGA RHO DECAY. P=* AND J>1. A2(1820) PI PI ALSO SEEN. 
B SEEN AS A BUMP IN THE PBAR P - KS KL CROSS SECTION WITH JPC=I--. 

M NOT SEEN BY CARSON 72 WITH GgUAL STATISTICS. 
C FROM ENERGY DEPENDENCE OF FAR BACKWARD ELASTIC SCATTERING. 

SOME INDICATION OF ADDITIONAL STRUCTURE. 

M M I=O FAVORED,J=O OR I,SEEN IN TOTAL PBAR P TOTAL CROSS-SECTION, 
PRIMARLY FROM ANNIH. REACTIONS. NOT SEEN IN PBAR D TOTAL AND M 

M ANNIH. DROSS SECTIONS. 
N SEEN IN 3 CHARGED RODE, NOT SEEN BY BONER 73 WITH 6X STATISTICS. 
S NARROW BUMP SEEN IN TOTAL PBAR P,D CROSS-SEDTIONS.ISOSPIN UNCERTAIN 

NOT SEEN IN PEAR P CEX BY GARNJOST 75,CHALOUPKA 76, INTEGRATED 
DROSS-SECTION 3X LARGER THAN BRUCKNER 77. 

M Z NOT SEEN BY ALBERT 79 WITH COMPARABLE STATISTICS. 

X(1935) WIDTH (MeV) 

X(1935) CHANNEL NBAR N 
(49.)  (9 . )  . . . . . . . . . .  ~ .25 . . . . . . .  
(35.) BENVENUTI 71 HBC .I ~ .8 PBAR 

S 9. 4. 3. CARROLL 74 DNTR S CHAN.PBAR P,B 
W C (57.5) 15. ) D~ANDLAU 75 HBC 0 .175-.780 PBAR P 
W Z (11.) (II.) (A.) KALOGERO 75 DBC - PBAR N ANNIE 
W S 8.8 4.3 3.2 CHALOUPKA 76 HBC 0 PBAR P TOT,ELAS 

(4.0) OR LESS BRUCKNER 77 SPED 0 ,4-,85 PBAR P 
2.8 1.4 SAKAMOTO 79 HBC O ,37-.73 PB P 

12.0 7.0 ASTON 80 OMEG GAM P,P PBAR X 
A M (80. ]  (20.)  DEFGIX 80 HBC 0 0 PBAR P,EPI 

22.0 6.0 HAMILT02 80 CNTR S CHAN,PBAR P 

W PRODUCTION EXPERIMENTS 
w (6.0) APPROX. DAUM 80 CNTR 93 P P,PB P + X 

AVERAGE MEANINGLESS (SCALE FACTOR = 1.9) 

W SEE FOOTNOTES UNDER X(1985) MASS ABOVE 

X(1935) PARTIAL DECAY MODES 

DECAY MASSES 

X(1935) ~ ffp 938+ 938 

ELINE 68 

DLINE 70 
ALSO 70 

BENVENUT 71 
PINSKI 71 

BIZZARRI 72 
BOWEN 1 72 

BOWEN 73 
BURNS 73 
KIENZLE 73 

BURNS 74 
CARROLl 74 

ABASHIAN 75 
D-ANDLAU 78 
DEFOIX 78 
DONNACHI 75 
GARNJOST 75 
KALOGERO 78 
WEINBART 75 

ABASEIAN 76 
DEFOIX 76 
DOVER 76 
CHALOUPK 76 

BENKHEIR 77 
BRUEKNER 77 
MONTANET 77 
ROSBI 77 

CARTER 78 
CUTTS 78 
PENNINGT 78 

ALBERI 79 
ALSTON-G 79 
CARROLL 79 
DELCOURT 79 
GIBRARD 79 
KLUYVER 79 
RICHARD 79 
SAKAMOTO 79 

ALLEN 80 
ASTON BO 
BIONTA SO 
CHUNG 80 
DAUM BO 
DEFOIK 80 

ALSO 80 
HAMILT01 80 
HAMILT02 80 
KAMAE BO 

BAUM 81 
GANGULI 81 
JABTRZEM Bl 
LOWENBTE 81 

SUMIYOBH 82 

BARNETT 83 
BENBINBE 83 

NAKAMURA 84 

BODENKAM 85 
BRANDD 85 
TIMMERS 85 

REFERENCES FOR X(1935) 

PRL 21 1268 

PREPRINT 
KIEV CONF. 

PRL 27 283 
PRL 27 1548 

PR D 6 160 
PRL 29 898 

PRL 80 382 
PR D 8 1286 
PR D 7 3520 

NC 2OA 468 
PRL 32 247 

PRL 34 691 
PL 588 223 
PALERMO CONF. 
ND 26 A 317 
PRL 35 1685 
PRL 34 1047 
PRL 34 12DI 

PR D 13 5 
STOCK.BYMP.NBAR-N 
PL 62 B 293 
PL 61B 487 

PL B 68 485 
PL 67 B 282 
BOSTON CONF. 260 
PL 70 B 255 

NP B 132 176 
PR D 17 16 
NP B 137 77 

PL 83 B 247 
PRL A8 1901 
PR D 19 1950 
PL B 86 395 
PRL 42 1595 
ZPHY C 2 351 
BATAVIA CONF. 469 
NP B ~58 410 

BREBSANONE 175 
PL 93 B 517 
PRL 46 970 
PRL 45 1611 
PL 90 B 475 
NP B 162 12 
NP B 168 41 
PRL 44 1179 
PRL 44 1182 
PRL 44 1439 

PL 100 B 439 
NP B 185 895 
PR D 23 2784 
PR P 23 2788 

PRL 49 628 

PR D 27 493 
PR D 27 1417 

PR D 29 349 

NP B 255 717 
PL 158 B 505 
PR D 31 99 

÷ENGLISH,REEDER,TERRELL,TWITTY (WISCONSIN) 

D.CLINE,J.ENGLISH,D.D.REEDER (WISC)J 
ASTIER RAPPORTEUR TALK 

BENVENUTI,CCINE,RUTZ,REEDER,BCHERER (WISC) 
STEPHEN S. P INGKY (UTAH+ARGONNE) 

+GUIDONI,MARZANO,CABTELLI,÷ (ROMA+TRST) 
+EARLEB,FAIBBLER,BLIEDEN,+ (NEAS+STON) 

+EARLEB,FAISSLER,BLIEDEN,÷ (NEAS+STON) 
+CONDON,DONAHUE,MANDELKERN,PRIDE,+ (UCI) 
W.KIENZLE (CERN) 

+DONDON,MANDELKERN,PRIEE,BCHULTZ (UCI) 
+CHIANG,KYC;A,LI,MAEUR,MICHAEL,÷ (BNL) 

÷BEAMER,BROSS,EISENSTEIN,+ (ILL+ANL+ISU) 
+CDHEN-EANOUNA,LALOUM,LUTZ,PETRI(CDEF÷PIBA)JP 
B.FRENCH, RAPPORTEURS TALK (DDEF) 
A.DONNADHIE,P.R.TROMAS (MANCHESTER) 
+KENNEY,POLLARD,ROBG,TRIPP,+ (LBL*MHCO) 
KALOGEROPOULOS,TZANAKOS (SYRA) 
WEINGARTEN,OKUBO (ROCH) 

+WATSON,GELFAND,BUTTRAM,+(ILL+ANL~CHIC~ISU) 
+LADRON DE GUEVARA,ANGELINI,÷ (CDEF+PIBA) 
*KAHANA (BNL) 
DHALOUPKA,+ (DERN*LIVP+MONS+PADO+ROMA*TRST) 

BENKHEIRI,BOUDROT,÷ (DERN+CDEF+EPOL÷LALO) 
÷GRANZ,INGHAM,KILIAN,LYNEN+(MPIH+HEID+CERN) 
L.MONTANET (CERN) 
G.C.ROBSI,G.VENEZIANO (CERN) 

A.A.CARTER (LOQM)JP 
+GOODtGRANNIS,GREEN,LGE,DITTMAN+(STON÷WIBC) 
M.R. PENNINGTON (CERN) 

*ALVEAR,CABTELLI,POROPAT÷ (TRST+CERN÷IFRJ) 
ALSTON-GARNJOBT,HAMILTON+ (LBL÷MTHO+BNL) 
+DHIANG,KYCIA,LI,LITTENBERG,* (BNL÷ROCH) 
~DERADO,BERTRAND,BIBELLO,BIZOT,BUON,+(LALO) 
*AHRENB,BERKELMAN,CASBEL,DAY,HABGING+(CORN) 
J.C. KLUYVER (AMST) 
F. RICHARD (LALO) 
*HABHIMOTO,BAI,YAMAMOTO~ (TOKY) 

5TH EUROPEAN SYMPOSIUM ON N-NRAR INTS. 
(BONN~CERN+EPOL+GLAB+LANC*MEHS+ORBA+PARIS*) 
+CARROLL,EDELSTEIN,+ (BNL+CARN+FNAL+SMAS) 
+ETKIN,BENSINGER,+(BNL÷BRAN+CUNY+SMAS+MASA) 
*HERTEBERGER+(AMST+CERN+CRAC+MPIM+OXF+RHEL) 
+DOBRZYNSKI,ANGELINI,BIGI,+ (CDEF+PISA) 
EGPFEAT,DEFOIX,DOBRZYNSKI+ (CDEF+PISA) 
HAMILTON,PUN,TRIPP,LAZARUS,+ (LBL+BNL+MTHO) 
HAMILTON,PUN,TRIPP,LAZARUS,+ (LBL+BNL+MTHO) 
+AIHARA,CHIBA,FUJII,IWASAKI,+ (TOKY*HIRO) 

+HGRTZBERBER*(AMGT+CERN+CRAC+MPIM*OXF÷RHEL) 
+CERRADA,DEFOIX,~(TIFR+CERN+CDEF+MADR+PISA) 
JABTRZEMBSKI,MANDELKERN,+ (TEMP+UCI+UNM) 
LOWENSTEIN,PEASLEE,+ (BNL+DOE+MGU+SYRA) 

+CHIBA,FUJII,IKEDA,TAKABA,~ (TOKY+KEK÷TBUK) 

+BLOCKUS,BURKA,DHIEN,CHRISTIAN+ (JHU) 
BENBINGER,CHUNG (BRAN+BNL+CINC+FSU÷SMAB) 

+AIHARA,CHIBA,FUJII,FUKUMA,+ (TOKY+HIRO) 

BODENKAMP,FRIES,BERREND,HESSE+ (KARL+DESY) 
+DAFTARI+ (SYRA*PENN+BNL÷MSU+UMD+TEMP) 
+VAN DER SANDEM,DE SWART (NIJM) 



For notation, see key on page 91, 

] f4(2030) I 
was h(203u) I 

I 

I G ( J  PC ) = 0 * ( 4  + - )  

f4(2030)  M A S S  ( M e V )  

M 700 2020. 30. APEL 75 CN~R 40. PI-P,N 2RIO 
2050. 25. BLUM 75 ASPK 18.A PI-P,N K+K- 

(1922.0) fiR.O) ANTIPOV 77 CIBS O 25 PI-P,P 3PI 
M (1935.0) (13.0) COROEN 79 OMEG 12-15PI-R, N 2PI 
M (1988.0) (7.0) EVANGELIS 79 OMEG 10. PI-P,K+ K- N 
M M (2040.0) 110.0) ROZANSKA 80 SERE 18.PI-P,P PBN 
M M (1978.0) (5.0) ALPER 80 CNTR 62 PI-P,K+ K- N 
M N 2015.0 28.0 CASDN 82 STRC 0 8 PI÷PtPI÷2PIO P 
M E 2031.0 36.0 ETKIN 82 MRS O 23 PI-P,2KOS N 
M N 40K 2020.0 20.0 BINON 84 SPEC 0 38 PI-P,N 2PIO 
M 2000.0 60mO RLDE 85 GAM4 IooPI-- P,2 ETA 
M 
M AVG 2025.9 11.5 AVERAGE 

M M I:O,JP=4+ FROM AMPLITUDE ANALYSIS ASSUMING ONE PION EXCHANGE 
M T WIDTH ERRORS ENLARGED BY US TO 4"WIDTH/SQRT(N),SEE K* TYPED NOTE 
M E ETKIN 82 QUOTES ERRORS +25/-36 MEV. WE USE +-36 MEV IN THE AVERAGE. 
M N FROM AMPLITUDE ANALYSIS OF REACTION PI+PI- TO 2PIO 

f4(2030)  W I D T H  ( M e V )  

700 180. 60. APEL 75 CNTR 40. PI-P,N 2RIO 
225. 120. 70. BLUM 75 ASPK 18.4 PI-P,N K÷K- 

W T (I07.0) (56.0) ANTIPOV 77 CIBS 0 25 PI-P,P 3PI 
W M (263.0) (57.0) CORDEN 79 OMEG 12-15PI-P, N 2Pl 
W (lOG.O) (28.0) EVANGELIS 79 OMEG I0. PI-P,K+ K- N 

M (IAD.O) (15.0) ROZANSKA 80 SPRK 18.PI-P,P PBN 
M (243.0) (16.01 ALPER 80 CNTR 62 Pl-P,K+ K- N 

W N 186.0 I03.0 58.0 CASON 82 STRC O O PI+P,PI+2PID P 
W E 309.0 119.0 ETKIN 82 MPS 0 23 PI-P,EKOS N 
W N 4OK 240.0 40.0 BINON 84 SPEC 0 38 PI-P,N 2R[0 
W 190.0 14.0 DENNEY E3 LASS 10 PI+N /PI+ P 
W 400.0 I00.0 ALOE 85 GAM4 lOOPI- P,2 ETA 

RVG "199:4" " "12.5 " AVERAGE 

M I=O,JP=4+ FROM AMPLITUDE ANALYSIS ASSUMING ONE PION EXCHANGE 
E ETKIN 82 QUOTES ERRORS ÷36/-119 MEV. WE USE +-119 MEV. 

W N FROM AMPLITUDE ANALYSIS OR REACTION El+El- TO 2PIO 

/4(2030)  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

P1 f4(2030) ~ ~ ~ 140+ 140 
E2 f4(2030) ~ K K  R98+ A98 
P3 f4(2030)  ~ ~ ~ 5~9+ 549 

/ '4(2030) B R A N C H I N G  R A T I O S  

/ '4(2030) ~ (Tr 7 ) / t o t a l  
RI 0.17 0.02 CORDEN 79 OMEG 
RI 0.16 0.03 CASON 82 STRC 
RI ......... 
RI AVG 0,167 0.017 AVERAGE 

/ '4(2030) ~ ( K  ~ ' ) / ( r  7 0  
R2 0.04 0.02 0.01 ETKIN 82 MPS 

/'4(2030) ~ (~ ~)/total (units 10 -3)  
R3 2.2 1.0 ALOE 85 GAM4 

(Pl) 

12-15PI-P, N 2Pl 
0 8 DI+P,PI+EPIO P 

(P2)/(PI) 

0 23 PI-P,EKOS N 

(PT) 

100 PI-P,R GAMMA 

R E F E R E N C E S  F O R  / '4(2030) 

WAGNER 74 LONDON CONF. 

APEL 75 PL 578 398 
BLUR 75 PL 578 408 

ANTIPOV 77 NP B 119 45 

CORDEN 79 NP B 157 250 
EVANGELI 79 NP B 154 351 

ALPER 80 PL 94 B 422 
ROZANSKA 00 NP B 162 505 

GOTTESMA 81 PR D 22 1503 

CASON 02 PRL 48 1316 
ETKIN 82 PR D 25 1786 

CASON 83 PR D 2E 1586 
DENNEY 83 PR D 28 2726 

BINON 84 LNG 39 41 

ALDE 85 CERN-ER/85-153 

F. WAGNER, RAPPORTEURS TALK (MPIM) 

+AUGENSTEIN+ (KARL+PISA+SERP÷WIEN+CERNIJP 
*CHABAUD,DIETL,GARELICK,GRAYER+ (CERN+MPIMIJP 

+BUSNELLO,DAMGAARD,KIENZLE+ (CERN+SERP) 

÷DOWELL,GARVEY,JOBES,+IBIRR÷RHELeTELA÷LOWCIJP 
(BARI+BONN+CERN~DARE~GLAS+LIVP÷MILA+WIEN) 

÷BECKER,* (AMST+CERN+CRAC*MPIM+OXF÷RHEL) 
*BLUM,DIETL,GRAYER,LOREN2+ (MDIM~CERN) 

GOTTESMAN,JACDBS,+ (SYRA+RRAN+BNL+CINC) 

+BISWAS,BAUMRAUGR,BISHOP,CANNATA÷(NDAM+ANL) 
÷FOLEY,LAI,LINDENBAUM+ (BNL~CUNY+TUFT+VAND) 

+CANNATA,BAUMBAUGH,BISHOP,WATSON+(NDAM+ANL) 
~CRANLEY,FIRESTONE,CHAPMAN+ (IOWA+MICH) 

+DONSKOV,DUTEIL,GOUANERE+ (SERP+BELG~LAPP) 

4RINDN,BRICMAN,DUTEIL+(BELG÷LAPP÷SERP~CERN) 

2O9 

Meson Full Listings 
f4(2030), a4(2040), a3(2050) 

la4(2040) I was 6(2040) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PI+PI-PIO SYSTEMS. 
NEEDS CONFIRMATION. 

OMITTED FR03"I 
SU~.IdAR Y TABLE 

a4(2040)  M A S S  ( M e V )  

M YM (1903.0) (10.0) BALDI 78 SPEC 10 Pl-P,P KS K- 
M 2030.0 50.0 CORDEN 78 OMEG-O 15 Pl- P,3 Pl N 
M C 20GD.O 30.0 CLELAND 82 SPEC + 50 Pl P,KS K+ P 
M 
M AVG 2037.4 25.7 AVERAGE 

yM JP:A+ IS FAVORED , THOUGH 2+ CANNOT BE EXCLUDED. 
FROM A FIT TO THE Y(8,0) MOMENT. LIMIIED BY PHASE SPACE. 

M C FROM AN AMPLITUDE ANALYSIS 
M 

n4(2040) W I D T H  ( M e V )  

W YM (166.0) (43.0) BALDI 78 SPEC IOPI-P,P KS K 
W 510.0 200.0 CORDEN 78 OMEG-O 15 Pl- P,3 Pl N 
W C 300.0 150.0 CLELAND 82 SPEC +- 50 Pl P,KE K*-P 
w 
W AVG 426.8 120.0 AVERAGE 

yM JP=4+ IS FAVORED , THOUGH 2+ CANNOT BE EXCLUDED. 
;ROM A FIT TO THE Y(8,0) MOMENT. LIMITED BY PHASE SPACE. 

W C FROM AN AMPLITUDE ANALYSIS 
W 

a4(2040)  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

Pl a J 2 0 4 0 )  - -  K ,K  494+ a9z 
p2 a4(2040) ~ "h - +  7 -  70 1LO* 140. 135 

a4(2040) B R A N C H I N G  R A T I O S  

a((2040) ~ (KK)/ tota l  (p l )  
RI SEEN BALDI 78 SPEC +- 10 PI-R,KS K- P 

a4(2040)  ~ ( T r + T r - z r ° ) / t o t a l  (RE) 
R2 SEEN CORDEN 78 OMEG 0 15 Pl- P,3 Pl N 

R E F E R E N C E S  F O R  a4(2040)  

BALDI 78 PL 74 B 413 ÷BOHRINGER,DORSAZ,HUNGERBULER,+ (GENEVA) JP 
CORDEN 78 NP B 136 77 DOWELL,GARVEY,JOBES+ (BIRM+RHEL+TELA÷LOWC)JP 

DELFOSSE 81 NP S 183 349 ÷DORSAZ,EXTERMANN,GLOOR,WEILI,+ (GEVA÷LAUS) 

CLELAND 82 NP B 208 220 +DELrOSSE,DORSAZ,GLOOR(DURH+GEVA+LAUS+PITT) 

la3(2050) I was A (2050) 
i ~ W G ~ . I ~ L  o . . . .  

OMITTED FROM 
SUMMARY TABLE 

~ 3(2050) M A S S  ( M e V )  

20E 20RO. 40. KALELKAR 73 HBC * 15PI÷P,P PI÷RH03 
(2100.) APPROX ANTIPOV 77 C IBS  25PI-P,P PI RE03 

M (2214,) (15.) BALTAY 77 HBC 0 15PI-P,DEL÷+3PI 

a 3(2050) W I D T H  ( M e V )  

208 340. 80. KALELKAR 75 HBC * 15PI+P,P PI+RE03 
W (500.) APPROX. ANTIPOV 77 ClBS 25PI P,P PI-RH03 
W (355.) E21.) BALTAY 77 HBC 0 15PI-P,DEL++3PI 

a3(2050)  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

r l  a3(2050) ~ 371- 14o+ 1LO* 140 

RE a3(2050) ~ 03(1690) 7c 169% 140 
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Meson Full Listings 
a3(2050 ), ~2(2100), p(2150) 

a3(2050) BRANCHING RATIOS 

a3(2050 ) ~ (p3(1690) 7r)/(3~r) ( p2 ) / ( ~1 )  
RI DOMINANT KALELKAR 75 HBC + 15 PI+P,P 3Pl 

REFERENCES FOR a3(2050) 

HUSON 68 PL 20 B 208 *LUBATTI,BELLINI,BINGHAM,* (ORSA+MILA,LBL) 

BEMPORAD 71NP B 33 397 ~DU~EY,CODLINS,~ (CERN+ETH+LOIC+MILA) 

CLAYTON 72 NP B ~7 81 +MASON,MUIRHEAD,RIGOPOULOS,+ (LIVP+PATR) 

GASTIEN 73 UPPSALA CON=. 73 +DUNN,HARRIS,LUBATTI,SINGHAM,+ (SEAT+UCB) 

OREN 74 NP 071 189 +COOPER,FIELDS,RHINES,WHITMORE,+ (ANL+OXF) 

DEUTSCHM 75 NP 099 397 DEUTSCHMANN,+ (ABBCCHW COLLABORATION) 
KALELKAR 75 IHESIS (NEVIS  207)  M.S.KALELKAR (COLU) 

ANTIPOV 77 NP B 119 45 +BUSNELLO,DAMGAARD,KIENZLE+ (CERN+SERP) 
BALTAY 77 DR1 39 591 +CAUTIS,KALELKAR (COLUMBIA)JP 

HARRIS 81 ZPHY C 9 275 +DUNN,LUBATTI,MORIYASU,PODOLSKY+ (SEAT+UCB) 
CAUTIS 77 THESIS NEVIS 221 C.V.CAUTIS (COLUMGIA)JP 

BALTAY 78 PRD 17 52 +CAUTIS,COREN,CSORNA,KALELKAR+ (COLU+BING) 

I r r2(2100) 
was A (2100) 

OMITTED FRO~ SUMMARY Z4BLE 

I IG(j PC) = 1 (2 -) 

FORMERLY CALLED PI, 
SEEN IN THE (RHO P I ) ,  (F011300) P l ) ,  AND 
{E2(1270) Pl) JP = 2- WAVES OF THE DIFFRACTIVELY 
PRODUCED 3Pl SYSTEM. NEEDS CONFIRMATION. 

~x(2100) MASS (MeV) 

M L 0100. 150. SAUM 81 CNTR 

L FROM A TWO RESONANCE FIT TO FOUR 2-0- WAVES. 

63,9A PI- P,3PI 

~2(2100) WIDTH (MeV) 

W L 651. 50. DAUM 81 CNTR 63,9~ Pl P,SPI 

W L FROM A TWO RESONANCE FIT TO POUR 2-0+  WAVES. 

~z(2100) PARTIAL DECAY MODES 

DECAY MASSES 

Pl 7r2(2100 ) ~ 31T 1/.0+ 140+ 140 

R2 /FZ(2100 ) ~ p~ 769+ 140 

p3 / r 2 (2100 )  - - f 2 ( t 270 )  "a- 127A+ 140 

p~ ~T2(2100) ~ f o ( t 300 )  ",T 1300+ 1AO 

¢r2(2100 ) BRANCHING RATIOS 

~z(2100) ~ ( p ' , T ) / ( 3W)  (PE I / ( p l )  
RI L 0.19 0.05 DAUM 81 CNTR 63,9A Pl- P 

~2(2100) ~ (1"2(1270) ~)/(3w) (PB) / (p l )  
R2 L 0 .30  0.09 DAUM 81 ENTR 63,94 P l -  P 

~2(2100) ~ (/"o(1300) ~) / (3~)  IPA ) / ( p l )  
R3 L 0.~5 0.07 DAUM 81 CNTR 63,94 P l -  P 

D-wave/S-~ave RATIO FOR 7r2(2100 ) -- /2(1270) 
L 0.39 0.23 DRUM 81 CNTR 63,94 Pl- P 

R L FROM A TWO RESONANCE FIT TO FOUR 2-0+ WAVES. 

REFERENCES FOR ~2(2100) 

DRUM 81 NO B 182 269 *HERTZBERSER*(AMST+CERN+CRAC~MPIM~OXF,RNEL) 

I p(2150) I sG(:Pc>= 1-<1--/ 
THIS ENTRY WAS PREVIOUSLY CALLED TI(2190). 

O~v[ITTED FRO.4( CONTAINS ONLY RESULTS FROM FORMATION EXPERIMENTS, FOR 
SU.~[~/[ARY T4BLE PRODUCTION EXPERIMENTS SEE THE NBAR N(12OO-36DO) ENTRY. 

SEE ALSO F2(2150), RH03(2250), FR(2300), RH05(2350) 

OUR LATEST MINIREVIEW ON THIS PARTICLE CAN BE FOUND IN THE 1984 EDITION. 

PBAR P INTO Pl Pl 

P 12100.0) APPROX. 
P 12170.0) APPROX. 

S CHANNEL NUCLEON ANTINUCLEON 

B 2190. I~. 
I 2193. . 

E I 2155.0 15.0 
I 12190.0) APPROX. 

AVERAGE MEANINGLESS 

p(2150) MASS (MeV) 

MARTIN A 80 RVOE 
MARTIN G 80 RVUE 

ABRAMS 70 CN~R ~ CHANNEL PBAR 
ALSPECTOR 73 C~TR CHANNEL PBAR 
COUPLAND 77 CNTR O 17-2.APB-P,PB-P 
CUTTS 78 CNTR .97-3. PB P,NB N 

p I=1,JP=1~ FROM SIMULTANEOUS ANALYSIS OF P PB - ->  PI-RI+ AND PlO P10 
M 8 SEEN AS BUMP IN I= l  STATE. SEE ALSO COOPER 68. 

B PEASLEE 75 CONFIRM PBAR P RESULTS OF ABRAMS 70,N0 NARROW STRUCTURE 
M E FROM A FIT  TO THE TOTAL ELASTIC CROSS SECTION. 

I ISOSPINS O AND 1 NOT SEPARATED 

p(2150) WIDTH (MeV) 

PBAR P INTO Pl P[ 

P (200.0) APPROX. MARTIN A 80 RVUE 
P (250.0) APPROX. MARTIN B 80 RVUE 

s CHANNEL NUCLEON ANTINUCLEON 

5 (05.)  APPROX. ABRAMS 70 CNTR S CHANNEL PBAR N 
I 98. 8.  ALSPECTOR 73 CNTR CHANNEL PBAR S P 

E 135.0 75.0 COUPLAND 77 CNTR 0 .7-2.APB-P,PB-P 
P I=i,JP=1- FROM SIMULTANEOUS ANALYSIS OF P PB --> PI-P]+ AND 910 PIO 

AVERAGE MEANINGLESS 

B SEE NOTE B ABOVE, 
W E FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 

I ISOSPINS 0 AND I NOT SEPARATED 

REFERENCES FOR p(2150) 

ABRAMS 07 PRL 18 1209 

COOPER 68 PRL 20 1059 

BRICMAN 59 PL 29 B 451 

ABRAMS 70 PRD I 1917 

BACON 71NR B 32 66 
FIELDS 71PRL 27 1749 
YOH 71 PRL 26 922 

ALEXANDE 72 NR B 45 29 
DONALD 72 PL 40 B 506 

ALSPECTO 73 PRL 30 511 
BACON 73 PRD 7 577 
BETTINI 73 NC 15 A 565 
DONALO 73 NP B 61 333 
NICHOLSO 73 PRD 7 2572 

BERTANZA 74 NC 23A 209 
HYAMS 74 NP B 73 202 

DONNACHI 75 NC 26 A 317 
EISENHAN 75 NP B 96 109 
HANDLER 75 NP 0101 35 
HUESMAN 75 NC 25A 91 
PEASLEE 75 PL 5TB 189 

GAY 76 NC 31A 593 
ZEMANY 76 NP B 103 537 

CARTER 1 77 PL 67 B 117 
CARTER 2 77 PL 67 B 122 
CARTER 3 77 NP B 127 202 
COUPLAND 77 PL 71 B 460 
JONES 77 NP B 119 476 
MONTANET 77 BOSTON CONF. 200 

CARTER 1 78 NR B 132 176 
CARTER 2 78 NP B 141 467 
CUTTS 78 PR 0 17 16 

MARTIN 79 PL 86 B 93 

MARTIN A 80 N~ B 169 216 
MARTIN B BO NP B 176 355 

+COOL,GIACOMELLI,KYCIA,LEONTIC,LIr+ (BNL) 

+HYMAN,MANNER,MUSGRAVE,VOYVODIC (ANL) 

÷FERRO-LUZZI,BIZARD,÷ (CERN÷CAEN+SACL) 

+CODL,GIACOMELLI,KYCIA,LEONTIC,LI,+ (6NL) 

*BUTTERWORTH,MILLER,PHELAN.+ (RHEL+LIVP) 
÷COOPER,RHINES,ALLISON (ANL+OXF) 
÷BARISH,CARDLL,LOBKOVICZ+ (CIT+BNL+ROCH) 

ALEXANGER,BAR-NIR,BEVARY,DAGAN,+ (TELA) 
÷GALLETLY,EDWARDS,DE BILLY,+ (LIVP~LPNP) 

ALSPECTOR,COHEN,CVIJANOVICR,* (RUTS÷UPNJ) 
*BUTTERNORTH, (RHEL÷LIVP) 
÷GARNJOST,BIGI,+ (PADO÷LBL*PISA~TORI) 
*EDWARDS,GIBBINS,BRIAND,DUBDC,~ (LIVP*LPNP) 
NICEOLSON,DELORME,CARROLL,~ (CIT~ROCH+SNL) 

+BIGI,CASALI,LARICCIA,÷ (PISA~PADO÷TORI) 
+JONES,WEILEAMMER,BLUM,+ (CERN÷MPIM) 

A.DONNACRIE,P.R.THOMAS (MANCHESTER) 
EISENHANDLER,GIBSON,+ (LOQM÷LIVP÷DARE+RHEL) 
÷JACQUES,JONES,PANDOULAS,- (RUTG÷STEV+ALBA) 
+GARNJOST,ROSS,+ (LBL~PADO+PlSA+TORI) 
+DEMAREO,GUERRIERO,+ (CANB÷BARI+BROW+MIT) 

+JEANNERET,BOGDANSKI,+(NEUC÷LAUS+LIUP*LPNP) 
÷MING MA,MOUNTZ,SMITH (MSU) 

÷COUPLAND,EISENHANDLER,ASTBURY,~(LOQM+RHEL)JP 
A.A.CARTER (LOQMIJP 
÷COUPLAND,ATKINSON,ARNISONA(LOQM+DARE*RHEL) 
+EISENRANDLER,OIBSDN,ASTBURY,+ (LDQM~RHEL) 
M.D.JONES,R.J.PLANO (RUTG) 
L.MDNTANET (CERN) 

A.A.CARTER {LOOM)JR 
A.A.CARTER (LOQM) 
÷GOOG,GRANNIS,BREEN,LEE~PITTMAN*(STON÷WISC) 

A.R. MARTIN~M.R. PENNINGTON IDURR) 

A.D. MARTIN,M.R. PENNINBTON (DURR)JP 
B.R.MARTIN,D.MORUAN (LOUC÷RHEL)JR 



For notation, see key on page 91. 

f,(ZlSO) MASS (MeV) 

fd21SO) WIDTH (MeV) 

f#150) PARTIAL DECAY MODES 

REFERENCES FOR f,(ZlSO) 
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Meson Full Listings 
f2t2150), X(22201, f2(2240), ~~(2250) 

f&240) MASS (Mel’) 

f*(2240) WIDTH (MeV) 

f*(2240) PARTIAL DECAY MODES 

,73(2250) MASS (MeV) 
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Meson Full Listings 
p3(2250), f4(2300), p5(2350) 

N J I=1,JP=3- FROM ANPLITUOE ANALYSIS. 
~ I=O,I.JP=3- FROM BARRELET ZERO ANALYSIS. 

I=I,JP~3- FROM SIMULTANEOUS ANALYSIS OF P PB - ->  Pl-P[+ AND PIO PlO 

M S CHANNEL NUCLEON ANTINUCLEON 
M 

. . . . . . .  ~ . . . . . . . . . . . . .  ~ . . . . . . . . . . . .  
I 2193. . ALSPECTOR 73 CNTR CHANNEL PBAR P 

M E 2155.0 15.0 COUPLANB 27 CNTR O .7-2.APB-P,PB P 
M I (2190.0) APPROX. CUTTS 78 CNTR .97-3. PB P,NB N 

M AVERAGE MEANINGLESS 

M B SEEN AS BUMP IN I=1 STATE. SEE ALSO COOPER 68. 
M B PPASLEE 75 CONFIRM PBAR P RESULTS OF ABRAMS 70,NO NARROW STRUCTURE 
M E FROM A FIT TO THE TOTAL ELASTIC DROSS SECTION. 
M I ISOSPINS 0 AND I NOT SEPARATED 

p3(2250) WIDTH (MeV) 

PBAR P INTO PI Pl OR K KB 

W J (200.O) APPROX. DARTER 1 77 CNTR 0 .7-2.4P0 P,PIPI 
W X (150.0) APPROX. DARTER 2 78 CNTR 0 .T-2.4PB P,K-K~ 

P (200.0) APPROX. MARTIN A 80 RVUE 
P (250.0) APPROX. MARTIN B 80 RVUE 

W J l~1,JP=3- FROM AMPLITUDE ANALYSIS. 
W K ]=O,1.JP=3- FROM BARRELET ZERO ANALYSIS. 
W P I=I,JP=3- FROM SIMULTANEOUS ANALYSIS OF P PB --> PI~PI~ AND PIO PIO 

S CHANNEL NUCLEON ANTINUCLEON 

W B (85.) APPROX. ABRAMS 70 SNTR S CHANNEL RBAR N 
W I 98. 8. ALSPECTOR 73 SNTR S CHANNEL PBAR P 
w E I 135.0 75.0 COUPLAND 77 CNTR 0 .7-2.4PB-P,PB-P 
W ......... 
W AVERAGE MEANINGLESS 

W B SEE NOTE B ABOVE. 
W E FROM A ~IT TO THE TOTAL ELASTIC CROSS SECTION. 
W I ISOSPINS 0 AND I NOT SEPARATED 

REFERENCES FOR p3(2250) 

ABRAMS 67 PRL 18 1209 

COOPER 68 PRL 20 1059 

ABRAMS 70 PRD I 1917 

FIELDS 71PRL  27 17~9 
YOH 71PRL 26 922 

ALSPECTO 73 RRL 30 511 
BETTINI 73 NC 15 A 563 
DONNACHI 73 LNC 7 285 
NICHOLSO 73 PRD 7 2572 

BERTANZA 7~ NC 23A 209 

ZEMANY 76 NP B 103 537 

CARTER 1 77 PL 67 B 117 
CARTER 2 77 PL 67 B 122 
CARTER 3 77 NP S 127 202 

+COOL,GIACOMELLI,KYCIA,LEONTIC,LI,* {UNL) 

+HYNAN,MANNER,MUSGRAVE,VOYVODIC (ANL) 

+COOL,GIACOMELLI,KYCIA,LEONTIC,LI,÷ (BNL) 

+COOPER,RHINES,ALLISON IANL~OXF) 
~BARISH,CAROLL,LOBKOVIDZ* (CIT+BNL÷ROCH) 

ALSPECTOR,EOHEN,CVIJANUVICH,+ (RUTG*UPNJ) 
+GARNJOST,BIGI,+ (PAOO+LBL÷PISA*TORI) 
A.DONNACHIE,P.R.TROMAS (MANCHESTER) 
NICHOLSON,OELORME,CARROLL,* (CIT+ROCH÷BNL) 

~BIGI,CASALI,LARICCIA,+ (PISA÷PADO+TORI) 

+NINE MA,MOUNTZ,SMITH (MSU) 

~COUPLAND,RIBENHANDLER,ASTBURY,÷(LOQM+RHEL)jp 
A.A.CARTER (tOQM)JP 
+COUPLAND,ATKINSON,ARNISON÷ILOQMcDARE÷RHEL) 

COUPLAND 77 PL 71 B 460 ÷EISENHANDLER,GIBSON,ASTBURY,+ (LOQM÷RHEL) 
MONTANET 77 BOSTON CONF. 260 L.MONTANET (CERN) 

DARTER I 78 NP B 132 176 A.A.CARTER (LOQM)JP 
CARIER 2 78 NP B 141 LE7 A.A.CARTER (LOOM) 
CUTTS 78 PR S 17 16 +GOOD,GRANNIS,GREEN,LEE,PITTMAN+(STON~WISC) 

MARTIN 79 PL 86 B 93 A.D. MARTIN,M.R. PENNINGTON (DURH) 

MARTIN A 80 NP B 169 216 A.D. MARTIN,M,R. PENNINGTON (DURHFJP 
MARTIN B SO NP 0 176 355 R.R.MARFIN,D,MORGAN (LOUC*RHEL)JP 

I f4(2300) 
was e(2300) [ 

OMITTED FROM 
SLM'd.4RY TABLE 

IG(J PC) = 0+(4 * +) 

THIS ENTRY ~AS PREVIOUSLY CALLED U012350). 
CONTAINS UNLY RESULTS FROM FORMATION EXPERIMENTS, 
FOR PRODUCTION EXPERIMENTS SEE THE NBARN(1200-3600) 
ENTRY, SEE ALSO RHO(2150), F2(2150), RH03(2250), 
RH05(2350). 

#'4(2300) MASS (MeV) 

PBAR P INTO Pl Pl OR KB K 

J (2310.01 APPROX. CARTER I 77 CNTR 0 .7-2.4PB P,PIPI 
K (2340.0) APPROX. CARTER 2 78 CNTR 0 .T~2.APB P,K-K+ 

(23S0.0) APPROX. DULUDE2 78 OSPK I.-2.PB P,PIOPIO 
P (2300.0) APPROX. MARTIN A BO RVUE 
P (2300.0) APPROX. MARTIN B 80 RVUE 

J I=O,JP=A+ FROM AMPLITUDE ANALYSIS. 
I=O,JP=4+ ~ROM BARRELET ZERO ANALYSIS 
I=O,JP=4+ FROM SIMULTANEOUS ANALYSIS OF PRB --> Pl~PI+ AND PIO PIO 

S CHANNEL PBAR P DR NBAR N 

2375. 10. ABRAMS 70 DNTR S CHANNEL NBAR N 
I (2359.) IS.) ALSPECTOR 73 DNIR S DHANNEL PBAR p 

El (2345) (15.0) COUPLAND 77 CNTR 0 .7~2.APB~P,PB-P 
I (2380.0) APPROX. CUTTS 78 CNTR .97-3. PB P,NB N 

E ;ROM A FIT TO THE 30TAL ELASTIC CROSS SECTION. 
I ISOSPINS 0 AND I NOT SEPARATED 

/'4(2300) WIDTH (MeV) 

w DBAR P INTO Pl P[ OR KB K 
W 
W J (210.0) APPROX. CARTER 1 77 ENTR 0 .7-2.4PB E,PlPl 

K (150.0) APPROX. CARTER 2 78 CNTR .7-2*APB P,K K¢ O 
P (200.) APPROX. MARTIN A 80 RVUE 

w J I=O,JP=A+ FROM AMPLITUDE ANALYSIS. 
K I=O,JP~4÷ FROM BARRELET ZERO ANALYSIS 
P I=OtJP=A+ FROM SIMULTANEOUS ANAL• OF P PBAR - -> PI-PI÷ AND PIO PIO 

S CHANNEL PBAR P OR NBAR N 

W (190.) APPROX. ABRAMS 70 CNTR S CHANNEL NBAR N 
W I (165.) (18.)  (8.1 ALOPEDTOR 73 CNTR S CHANNEL PBAR P 
w El (135.0) (150.0) (65.0) COUPLANO 77 CNTR O .2-2.LPB-P,PB-P 

E- FROM A FIT TO THE TOTAL ELASTIC DROSS SECTION. 
i ISOSPINS O AND I NOT SEPARATED 

REFERENCES FOR f4(2300) 

BRICMAN 69 PL 29 B 451 

ABRAMS 70 PR P 1 1917 

FIELDS 71 PRL 27 1749 
YOR 71 PRL 26 922 

EASTMAN 72 NP B 51 29 

ALSPEDTO 73 PRL 30 511 
DONNACHI 73 LNC 7 285 
NICROLSO 73 PRD 7 2572 

HYAMS 7A NP B 73 202 
MING MA 74 NP 068 214 

DONNACRI 75 NC 26 A 317 
EISRNHAN 75 NP B 96 109 

CARTER ~ 77 PL 6~ ~ 11T 
DARTER 77 PL 67 122 
CARTER 3 77 NP B 127 202 

+FERRO-LUZZI,BIZARDt+ (EERN+CAEN+SACL) 

*COOL,EIACOMELLI,KYCIA,LEONTIC,LI,÷ (BNL) 

÷COOPER,RHINES,ALLISON (ANL~OXF) 
÷BARISH,CAROLL,LOBKOVIDZ~ (CIT+BNL~ROCH) 

+MINE MA,OR,PARKER,SMITH,SPRAFKA (MSU) 

ALSPECTOR,COHEN,CVIJANOVICM,* (RUTG+UPNJ) 
AIDONNADHIE,P.R.THOMAS (MANCHESTER) 
NICHOLSON,DELORME,DARRDLL,+ (CIT+RODH+BNL) 

÷JONES,WEILEAMMER,BLUM,+ (CERN÷MPIM) 
÷MOUNTZ,ZEMANY,SMITH (MICH) 

A.DONNACHIE,P.R.THOMAS (MANCHESTER) 
EISENRANDLER,GIBSON,~ (LOQM+LIVP~DARE~RHEL) 

+DOUPLAND,EIBENHANDLER,ASTBURY,*(LOQM÷RHEL)JP 
A.A.CARTER (LOQM)JP 
÷COUPLAND,ATKINSBN,ARNISON~(LOOM÷DARE÷RHEL) 

CDUPLAND 77 PL 71 B 460 ÷EISENHANDLER,GIBSON,ASTBURY,÷ ILOQM+RHEL) 
MONTANET 77 BOSTON CONF. 260 L.MONTANET (CERN) 

CARTER 1 78 NP B 132 176 A.A.CARTER (LOOMIJP 
CARTER 2 70 NP B 141 A67 A.A.CARTER (LOOM) 
DUTTS 78 PRD 17 16 +GOOD,GRANNIS,EREEN,LEE,PITTMAN*(STON+WISC) 
DULUDEI 78 PL 79 S 329 ÷LANOU,MASSIMO,PEASLEE+ (BROW÷MIT¢BARI)JP 
DULUDE2 78 PL 79 E 335 *LANOU,MASBIMO,PEASLRE+ (BROW~MIT*BARI)JP 

MARTIN 79 PL 86 S 95 A.U. MARTIN,M.R. PENNINGTON (DURH) 

BOWCODK 80 LND 20 21 J.E.BOWCOCK,D.C.HODGSON (BIRM) 
MARTIN A BONE B 169 216 A.D. MARTIN,M.R. PENNINGTON (DURH)JP 
MARTIN B 80 NP B 176 355 B.R.MARTIN,D.MORBAN (LOUC+RREL)JP 

p5(2350) [ ±GImPs)= t+(5--i 
0(2350) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (SA0O). w a s  

CONTAINS ONLY RRSULTS FROM FORMATION EXPERIMENTS, 
FOR PRODUCTION EXPERIMENTS SEE THE NBARN(1200-3600) 

OMITTED FRO,Ill ENTRY. SEE ALSO RHO(2150), F2(2150), RH03(2250), 
SUMMARY TABLE FA(2300). 

ps(2350) MASS (MeV) 

M PBAR P INTO Pl PI OR KB K 
M J (2480.0F APPROX. CARTER 1 77 CNTR O .7 2.APB P,PIPI 
M K (2500.01 APPROX. CARTER 2 78 CNTR O .7-2.4PB P,K-K+ 

(2250.0) APPROX. MARTIN A 8D RVUE P 
P (2300.D) APPROX. MARTIN B 00 RVUE 

M J l=1,JP=5- FROM AMPLITUDE ANALYSIS. 
~ l=O,1.dP=5- FROM BARRELET ZERO ANALYSIS. 

I : I , JP=5 -  FROM SIMULTANEOUS ANALYSIS OF P PS - ->  PI-PI÷ AND PIO PIO 

S CHANNEL NUCLEON ANTINUCLEON 

M A 2350. 10. ABRAMS 70 CNTR S CHANNEL NBAR N 
N N (2360.0) (25.0) OH 70 HDBC -OPBAR(P,N),K~K2PI 

I (2339.) (2.) ALSPEDTOR 73 DNTR S CHANNEL PBAR P 
El (23&5.0) (15.0) COUPLAND 77 CNTR 0 .7-2.4PB-P,PE-P 

M I (2380.0) APPROX. DUTTS 78 CNTR .97-3. PB P,NB N 

M A FOR I= I  NBAR N 
M E FROM A FIT TO THE TOTAL ELASTIC DROSS SECTION. 
M I ISOSPINS 0 AND I NOT SEPARATED 
M N NO EVIDENCE FOR THIS BUMP SEEN IN THE PBAR P DATA OF CHAPMAN 71 
M N NARROW STATE NOT CONFIRMED BY OH 73 WITH MORE DATA. 

ps(2350) WIDTH (MeV) 

PBAR P INTO Pl Pl OR KB K 
J (210.0) APPROX. CARTER ~ 77 CNTR ~ .7-2.4P8 P,PIPI 

~ (130.0) APPROX. DARTER 78 CNTR .7-2.4PB P,K~K+ 
(300.0) APPROX. MARTIN ~ 80 RVUE 

W P (250.0) APPROX. MARTIN 80 RVUE 

W J I=I,JP=5- FROM AMPLITUDE ANALYSIS. 
W ~ I=O,I.JP=S- FROM BARRELET ZERO ANALYSIS. 
W I=1,JP=5 FROM SIMULTANEOUS ANALYSIS OF P PB --> El-El÷ AND PlO PIO 
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For notation, see key on page 91. Meson Full Listings 
P5(2350), a6(2450), f6(2510), e +e-(1100--2200), :~7N( 1200-- 3600 

s CHANNEL NUCLEON ANTINUCLEON 

(140.) APPROX. ABRAMS 67 CNTR S CHANNEL PBAR N 
N (60.0) OR LESS OH 70 UDBC OPBAR(P,N),K*K2PI 
I (165.) (18.) (8.) ALSPECTOR 73 CNTR S CHANNEL PBAR P 

El (135.0) (150.0) (65.0) COUPLAND 77 CNTR D .7-2.APB-P,PB-P 

W E FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 
W I ISOSPINS 0 AND I NOT SEPARATED 
w N NO EVIDENCE FOR THIS BUMP SEEN IN THE PEAR P DATA OF CHAPMAN 71 
W N NARROW STATE NOT CONFIRMED BY OH 73 WITH MORE DATA. 

REFERENCES FOR ps(2350) 

ABRAMS 67 PRL 18 1209 

BRICMAN 69 PL 29 H 451 
CASO 69 LNC 3 707 

ABRAMS 70 PR D 1 1917 
OH 70 PRL 24 1257 

CHAPMAN 71PR 04 1275 
FIELDS 71 PRL 27 1749 
YOH 71PRL 26 922 

EASTMAN 72 NP B 51 29 
MING MA 72 NP B 51 77 
OH 72 NP B 51 57 

ALSPECTB 73 PRL 30 511 
NISHOLSO 73 PR D 7 2572 

HYAME 74 NP B 73 202 
MINE MA 74 NP 068 21L 

DONNACHI 75 NC 26 A 317 
EISENHAN 75 NP B 96 109 

CARTER I 77 PL 67 B 117 
DARTER 2 77 PL 67 B 122 
CARTER 3 77 RP B 127 202 
COUPLAND 77 PL 71 B 460 
MONTANET 77 BOSTON CONF. 260 

CARTER I 78 NP U 132 176 
CARTER 2 78 NP B 141 467 
CUTTS 78 PR D 17 16 

MARTIN 79 PL 86 B 93 

BOWCOCK 80 LNC 28 21 
MARTIN A 80 NP B 169 216 
MARTIN B 80 NP B 176 355 

÷COOL,GIACOMELLI,KYCIA,LEDRTIC,LI,+ (BNL) 

+FERRO-LUZZ[,BIZARD,÷ (CERN+CAEN+SACL) 
÷CONTE,BEN2,+ (GENO+DESY+HAMB+MILA~SACL) 

+COOL,GIACOMELLI,KYCIA,LEONTIC,LI,+ (BNL) 
+PARKER,EASTMAN,SMITH,SPRAFKA,MA (MSU) 

+GREEN,LYS,MURPHY,RING,* (MICH) 
+COOPER,RHINES,ALLISDN (ANL+OXE) 
+BARISR,CAROLL,LOBKOVIC2+ (CIT+BNL+ROCH) 

+MINE MA,OH,PARKERtSMITH,SPRAFKA (MSU) 
+EASEMAN,OH,PARKER,SMITB,SPRAFRA (MSU) 
+EASTMAN,MINE MA,PARKER,SMITH,÷ (MSU) 

ALSPEETOR,COHEN,CVIJANOVICH,+ (RUTG+UPNJ) 
RICHOLSON,DELORMEtCARROLL,÷ (CIT~ROCH÷BNL) 

+JONES,WEILHAMMER,BLUM,+ (CFRM~MPIM) 
*MOUNTZ,ZEMANY,SMITH (MICH) 

A.DUNNACHIE,P.R.THOMAS (MANCHESTER) 
EISENHANDLFR,GIBSON,+ (LDQM+LIVP+DARE+RHEL) 

~COUPLAND,EISENHANDLER,ASTBURY,+(LOQM÷RHEL)jP 
A.A.CARTER (LOQM)JP 
÷COUPLAND,ATKINSON,ARNISON÷(LOQM+DARE~RHEL) 
÷EISENHANDLER,GIBSON,ASTBURY,÷ (LOQM÷RHEL) 
L.MONTANET (CERN) 

A.A.CARTER (LOQMIJP 
A.A.CARTER (LOQM) 
+GOOD,GRANNIS,GREEN,LEE,PIITMAN÷(STON÷WISC) 

A.D. MARTIN,M.R. PENNINGTON (DURH) 

J.E.BOWCOCK,D.C.HODGSON (BIRM) 
A.D. MARTIM,M.R. PENNINGTON (DURH)JP 
B.R.MARTIN,D.MORSAN (LOUC÷RMEL)JP 

a6(2450) [ io(jt'c)=l (6--) 
was 6(2450) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SYSTEM. NEEDS CONFIRMATION. 

OMITTED FI~OM 
SUMMARY TABLE 

a6(2450) M A S S  (MeV) 

M C 2450. 130. CLELAND 82 SPEC +- 50 PI P,KS K+-P 

M C FROM AN AMPLITUDE ANALYSIS 

a6(2450 ) WIDTH (MeV) 

W C 400. 250. CLELAND 82 SPEC +~ 50 PI P,KS K+-P 

M C FROM AN AMPLITUDE ANALYSIS 

a6(2450 ) PARTIAL DECAY MO D E S 

DECAY MASSES 

Pl a6(2450 ) ~ K K  ~98. ~98 

REFERENCES FOR aR(2450 ) 

CLELANO 82 NP B 208 228 +DELFOSSE,OORSAZ,GLOOR(DURH+GEVA+LAUS~PITT) 

f~(2510) WIDTH (MeV) 

W 240.0 60.0 BINON 84 SPEC 0 23 PI-P,N 2PlO 

/'6(2510) PARTIAL DECAY MODES 

DECAY MASSES 

PI f j2510)  ~ ~ ~ 135+ 135 

REFERENCES FOR f6(2510) 

BINON 84 LNC 39 41 ÷DONSKOV,OUTEIL,GOUANERE+ (SERP+BELE+LAPP) JP 

e+e-(1100--2200) I I°lJc~=7~ll--) 

OMITTED FROM THIS ENTRY CONTAINS NON-STRANGE VECTOR MESONS 
SbMMARY TABLE COUPLED TO E+ E-(PHOTON) BETWEEN PHI AND J/PSI 

MASS REGION. SEE ALSO RHO(1250), RHO(1600),AND 
PHI(1680). 

e + e - ( l 1 0 0 - 2 2 0 0 )  MASSES AND WIDTHS (MeV) 

M (~097.0) (16.0) (19.0) BARTALUCC 79 QSPK 7 SAM P,E+ E- P 
W (31.0) (2A.O) (20.0) BARTALUCC 79 OSPK 7 SAM PiE+ F- P 

M (1830.0) APPROX. PETERSDN 78 SPEC SAM P,K+ K~ P 
W (120.0) APPROX. PETERSON 78 SPEC GAM P,K+ K- P 

C (2130.) APPRUX. ESPOSITI 78 FRAM E÷E ,K*(892)÷.. 
C (30.)  APPROX. ESPOSITI 78 ~RAM E+E-,K*(892)+.. 

M A (1820.) APPROX. SPINETTI 79 RVUE E+E-,4 P I * -  2GAM 
w A (30.) APPROX. SPINETTI 79 RVUE E+E ,4 PI+- 2GAM 

INTEGRATED CROSS-SECTION OF BACCI 77, BARBIELLINI 77, ESPOSITO 77. 
NOT SEEN BY DELCOURT 79. 

REFERENCES FOR e + e - ( l l 0 0  2200) 

SACCI 75 PL 58 B 481 

BASSI 76 PL 64 B 356 

BACCI 77 PL B 68 393 
BARBIELL 77 PL B 68 397 
BARTALUC 77 NC A 39 374 
ESPOSITO 77 PL B 68 389 

AMBROSIO 78 PL 80 B 141 
BALDINI 70 PL 78 B 167 
ESPOSITI 7E LNC 22 305 
ESPOSIT2 78 LNC 23 604 
PETERSON 70 PR D 18 3955 

• BIDOLI,PENSO,STELLA,BALDINI,+ (ROMA~FRAS) 

+BIDOLI,PENSO,STELLA,BALDINI,+ (ROMA+FRAS) 

+DE 20RZI,PENSO,STELLA,BALDINI,+(ROMA+FRAS) 
BARBIELLINI,BARLETTA,+(FRAS+NAPL+PISA+SANI) 
BARTALUCCI BERTOLUCCI,BRADASCHIA(DSSY~FRAS) 
• FELICETTI,MARINI,÷ (FRAS÷NAPL÷PADO+ROMA) 

~CERRITO,BEMPORAU,BROSCO,~ (NARL+PISA+ROMA) 
+BATTISTONI,CAPON,BACCI,DEZORZI+(FRAS÷ROMA) 
ESPOSITO,FELICETTI+ (FRAS÷NAPL÷PADO+ROMA) 
ESPOSITO,FEIICETTI+ (FRAS+NAPL+PAOD+ROMA) 
+DIXON,EHRLICH,GALIK,LARSON+ (CORN÷HARV) 

BARTALUC 79 NC 49 A 207 BARTALUCCI,BASINI,HEREOLUCEI* (DESY+FRAS) 
DELCOURT 79 BATAVIA CONF.499 +BERTRAND,EISELLO,BIZOT,BUON,CORDIER*(LALO) 
ESPOSITO 79 LNC 25 5 *MARINI ,PALLOTTA+ (FRAS+UMD÷PADD÷ROMA) 
SPINETTI 79 BATAVIA CONF.506 M. SPINETTI (~RAS) 

BALDINI 81 ARC 30 337 +BATTISTONI,CAPON~BACCI,DEZORZI.(FRAS÷ROMA) 

l N(12oo-36oo)l 
O.W1TTED FROM THIS ENTRY CONTAINS VARIOUS HIGH MASS, NON-STRANGE 
S C ~ . ~ A R Y  TABLE STRUCTURES COUPLED TO 7HE BARYON-ANTIBARYON SYSTEM AS 

WELL AS QUASI-NUCLEAR BOUND STATES BELOW THRESHOLP. 

SEE ALSO X(1935), RH0(2150), F2(2130), RH03(2250), F4(2300), RH0512350). 
EVIDENCE FOR STRUCTURES COUPLED TO THE ANTIHYPERON NUCLEON (OR C,C.) 
SYSTEM IS LISTED UNDER K(2200). 

N N ( 1 2 0 0 - 3 6 0 0 )  MASSES  AND WIDTHS (MeV) 

f6(2510) [ zG(JPc)=°+(6++) 
r(2510) . . . . . . . . . . .  o. w a s  

NEEDS CONE IRMATION. 

OMITTED FROM 
SG]I/fMAR¥ TABLE 

/'6(2510) MA SS (MeV) 

M 2510.0 30.0 BINON 84 SPEC 0 38 PI-P,N 2RIO 

M W G 1210. 5.0 RICHTER 83 CNTR 0 STOPPED PBARS 

M W E (1395.) PAVLOPOUL 78 CNTR STOPPED PBARS 

M 1637.1 5.6 7.3 ADIELS 84 CNTR PBAR HELIUM 

M W E 1638. 3.0 RICHTER 83 CNER O STOPPED PEARS 

M 1644,0 5.6 7.3 ADIELS 84 CNTR PBAR HELIUM 

M W G (1646.) PAVLOPOUL 78 CNTR STOPPED PBARS 

W S (16E4.) PAVLOPOUL 7E CNTR STOPPED PBARS 
1607.1 5.0 4,3 AHIELS 84 CNTR PEAR HELIUM 
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Meson Full Listings 
A:N( 1 2 0 0 -  3600), X ( 1 9 0 0 -  3600) 

M 
W 

K 

L 

w" 

w 
K 

M 
w 

z 

M A 
W A 

A 

M 
W 

d 

V 

W 
W 

w G 169~. 2 . 0  RICHTER 03 CNTR 0 STOPPED PBARS 

G 1771. 1.0 RICHTER 03 CNTR 0 STOPPED PBARS 
OBSERVED WIDTHS CONSISTENT WITH EXPERIMENTAL RESOLUTION. 
THEY LOOKED FOR RADIAHIVE TRANSIIIONS TO BOUND P PBAR STATES, 
MONO-ENERDETIC GAMMA RAYS DEIECTED. 

ZD (179A.5) ( I . 4 )  GRAY 71 DBC - O.PBAR D 
ZD (8.) OR LESS £L=.95 GRAY 71 DEC O.PBAR D 
D DECAYS TO FOUR OR MORE PIONS,I=I. 

Z NOT SEEN BY AMBLER 80. 

(1897.) (I.) KALOCERO 75 DBC PEAR N ANNIH 
(25.) ( 6 . )  KALOGERO 75 DBC PBAR N ANNIH 

Z NOT SEEN BY ALBERI 99, AMBLER 80. 

B (1897.0) ( 1 7 . 0 )  ABAGHIAN 76 STRC 8PI P , P  3El 
B (110.0) (82.0) ABASEIAN 76 STRC 8El P,P 3El 
B PRODUCED BACKWARDS. 

R (1920.0) APPROX. EVANGELIS 79 OMEC 10,16 PI P,PB P 
(190.0) APPROX. EVANGELIS 79 OMEG 10,16 P( P,PB P 

R l=1,JP=1- FROM A MASO DEPENDENT PARTIAL WAVE ANALYS~S TAKING 
R SOLUTION A. 

19~0. 20. TANIMORI 85 CNTR .4 - .8  PPBAR,M÷M- 
(40.)  OR LESS IANIMORI 85 CNTR ,A- .8  PPBAR,M÷M- 

I 1949. 10. DEFDZX 00 HBC 0 0-1.2 PB P,5 Pl 
80. 20. BENDIX 80 HBC O 0-1.2 PB P,5 P[ 

I ISOSPIN = I ;AVORED 

z 153(2020.0) (3.0) BENKHEIRI 77 OMEG O 9,12PI-P,PPPBPI- 
z 153 (2~.0) (12.0) BENKHEIRI 77 OMEG 0 9,12PI-P,PPPBPl- 
Z NOT SEEN By BIONTA 80, CARROLL 80, HAMILTON 00, BANKS 81, CHUNG 81, 
Z T BARNETT 83. 

(2020.0) APPROX. 
4160.0) APPROX. 

T l=O,JP=2* FROM A MASS 
T SOLUTION A. 

z ( 2 0 2 2 . 0 )  (6.0) 
Z (1~.0) (13.C) 

2023.0 5.0 
27.0 12.0 

z (2026.0) (5.0) 
Z (20.0) (11.0) 

EVANGELIS 79 OMEG 10,16 Pl-P,PB P 
EVANGELIS 79 OMEG 10,16 Pl-P,PB P 

DEPENDENT PARTIAL WAVE ANALYSIS TAKING 

AZOOZ 83 HYBR ÷ E PBARP,PNBAR3Pl 
AZOOZ 83 HYBR 6 PBARP,PNBAR3PI 

GODENKAM~ 83 SPEE ~ GAB P, PBAR ~ 
BODENKAMP 83 SPED SAM P, PBAR 

AZOOZ 83 HYBR - 4 PBARP,PBARN3PI 
AZOOZ 83 HYBR 4 PBARP,PBARN3PI 

Z080. 10. KREYMER 80 STRC D 13 PI-D,PPBN(N) 
110. 20. KREYMER 80 STRC 0 13 PI-D,PPBN(N) 

NEUTRON SPECTATOR. SEE ALSO NPPBPI-(P) CHANNEL FOLLOWING. 

2090.0 20.0 KREYMER 80 STRC 13 PI D,NPPBPI-P 
170.0 50.0 KREYMER 8D STRC 13 PI-D,NPRBPI-P 

PROTON SPECTATOR. SEE ALSO PPSNIN) CHANNEL ABOVE. 

R (2110.0) APPROX. EVANCELIS 79 OMEC 10,16 PI-P,PB P 
R (330.0) APPROX. EVANCELIS 79 OMEC 10,16 Pl-P,PB P 
R I=I,JP=3- ~ROM A MASS DEPENDENT PARTIAL WAVE ANALYSIS TAKING 
R SOLUTION A. 

N 2110.0 10.0 ROZANSKA 80 SPRK 18.PI-P,P PB N 
N 190.0 10.0 ROZANSKA 80 SPRK 18.PI-P,P PB N 
N I=I,JP=3- FROM AMPLITUDE ANALYSIS ASSUMING ONE PION EXCHANGE 

( l a . )  DONALD 73 HBC CHANNEL PEAR P 
S SEEN IN FINAL STATE (OMEGA El÷ P l - )  

M 2100.0 10.0 ROZANSKA 80 SPRK 18.PI-P,P PB N 
M 270.0 10.0 ROZANSKA 80 SPRK 18.PI~P,P PB N 
M IoO,JP=G~ FROM AMPLITUDE ANALYSIS ASSUMING ONE PION EXCHANGE 

(2190.0) KALBFLEIS 69 HBC 0 S-CHANNEL PBARP 
BETWEEN 20 AND 8O MEV RALBPLEIS 69 HBE 0 S-CHANNEL PBARP 

SEEN IN PEAR P TO REO0 RHO0 PIO. IG=1-. 
NOT SEEN BY BACON 73, DONALD 73. 
NOT SEEN BY ZEMANY 76 IN RHO0 RHO0 PI~. 

58(2204.0) (5.0) BENKHEIRI 77 OMEG - 9,12PI~P,PPPBPI- 
58 (16.) OR LESS BENKHEIRI 77 OBEG 9.12PI-PtPPPBPl- 
NOT SEEN BY BIONTA 80, BANKS 81, CHUNC 81, BARNETT 83 . 

(2207.) (13,) ALLES~BOR 67 HBC G 5.7 PBAR P 
(62.) (52.) ALLES-BOR 67 HBD G 5.7 PBAR 

ALLES-BDRSLLI 67 SEE NEUTRAL MODE ONLY (PI+PI-PIO) 

2210.0 79.0 21.0 EVANGEL2 79 OMEG 10. PI-P,K~ K- N 
(203.0) APPROX. EVANGEL2 79 OMEG 10. PI-P,K+ K- N 

R (2260.0) APPROX. EVANGELIS 79 OMEG 10,16 Pl-P,PB P 
R (~AO.O) APPROX, EVANGELIS 79 OMEG 10,16 Pl-P,PB P 

I=O,JP=4+ FROM A MASS DEPENDENT PARTIAL WAVE ANALYSIS TAKING 
SOLUTION A. 

2307.0 6.0 ALPER 80 CNTR 0 62 PI-P,K+ K~ N 
245.0 20.0 ALPER 80 CNTR 0 02 Pl-P,K+ K- N 

M 2380.0 10.0 ROZANSKA 80 SPRK 1S.PI~P,P PB N 
B 380.0 20.0 ROZANSKA BO SPRK IB,PI-P,P PB N 
M I=O,JP=4÷ FROM AMPLITUDE ANALYSIS ASSUMING ONE PlON EXCHANGE 

M (2450.0) (10.0) ROZANGKA 00 SPRK 18,PI-P,P PB N 
M (280.0) 420.0) ROZANSKA BO BPRK 18.PI-P,R PB N 
M I=I,JP=O- FROM AMPLITUDE ANALYSIS ASSUMING ONE PION EXCHANGE 

(2480.0) (30.0) CARTER ?7 CNTR 0 .7-2.4PB P,PIPl 
(210.0) (25.0) CARTER 77 CNTR 0 .7-2.APB P,PIPl 

I=I ,JP=5- FRBM AMPLITUDE ANALYSIS OF PBAR P INTO Pl El ,  

K 42500.0) APPROX, CARTER 78  CNTR O .7-2.4PB P,K-K~ 
K (150.0) APPROX. CARTER 78 DNTR 0 ,7-2.GPB P,K-K÷ 
K l=Oe1.JP=5~ gROM BARRELET ZERO ANALYSIS. 

42710.0) 420,0) ROZANSKA 80 SPRK 1 8 . P I - P , P  PB N 
(170.0) (40.0) ROZANEKA 80 CPRK 18.PI-P,P PG N 

(2850,0) (5,0) BRAUN 76 DBC - 5.GPBAR D,N NBP+ 
(39.) OR LESS BRAUN 76 DEC 5.5PBAR D,N NED÷ 

DECAYS TO NBAR N AND NBAR N El.  NOT SEEN BY BARNETT 83. 

(3080.) (20.)  ALEXANDER 72 HBC O 6.94 PBAR P 
(220.) (70.)  ALEXANDER 72 HBC O 6.94 PBAR P 

DECAYS TO 3PI* 3PI- 
NOT SEEN BY KALELKAR 75 WITH 1.5 TIMES MORE DATA 

M X 43370.) (10.)  ALEXANDER 72 HBC 0 6.94 PBAR P 
w X (150.) (40.)  ALEXANDER 72 HBC 0 6.94 PBAR P 

N DECAYS TO 4PI+ APl- 

M Y (3390.) 420.) ALEXANDER 72 HBC 0 6.94 PBAR P 
W Y (220.) (100.) ALEXANDER 72 HBC 0 6.94 PBAR P 

Y DECAYS TO 3El+ 3PI- 
Y NOT SEEN BY KALELKAR 75 WITH 1.5 TIMES MORE DATA 

M Z (3600.) 420.) ALEXANDER 72 HBC D 6.9~ PBAR P 
w z (140.) 420.) ALEXANDER 72 HBC 0 6.94 PEAR P 

Z DECAYS TO 4PI~ API- 

ALLES BO 67 NC 50 A 776 

KALGFLEI 69 PL 29 B 258 

ALEXANDE 70 PRL 25 63 
KALB~LEI 70 PHILAD.CONF.P.GO9 

GRAY 71 PRL 26 1491 

ALEXANDE 72 NP B 45 29 
BDGDANOV 72 PRL 28 IL18 
BUGG 72 PR D 6 3047 
CLAYTON 72 NP B ~7 81 

BOWEN 73 PRL 30 332 
DONALD 73 NP B 61 333 
GRAY 73 PRL 30 1091 
NICHOLSD 73 PR D 7 2572 

HYAMS 74 NP B 73 20G 

DONNACHI 75 NC 26 A 317 
EISENHAN 75 NP B 96 109 
KALOGERO 75 PRL 34 I0&7 

ABASHIAN 76 PR D 13 5 
BRAUN 76 PL B 60 A81 
ZEMANY 76 NP B 103 537 

BENKHEIR 77 PL B 68 A83 
CARTER 77 PL 67 B 117 
EVANGELI 77 PL B 72 139 

BALTAY 78 PR D 17 62 
CARTER 78 NP B 141 467 
PAVLOPOU 78 EL 72 B 415 
PENNINCT 78 NP B 137 77 

ALBERI 79 PL 83 B 247 
ALSTON-G 79 PRL 43 1901 
ARMSTRON 79 PL B 85 30& 
BENKHEIR 79 PL 81 B 380 
BOWCOEK 79 PREP. BIRMINGH. 
CARROLL 79 PR D 19 1950 
DELCOURT 79 PL B 86 395 
EVANGEL( 79 NP B 153 253 
EVANGEL2 79 NP B 154 301 
CIBBARD 79 PRL 42 1593 
MARTIN 79 PL B 86 93 

ALPER 80 PL 94 B 422 
AMSLER 80 PRL A4 853 
BIONTA BO PRL 44 909 
BIONTA 2 80 PRL 46 970 
CARROLL 80 PRL 44 1572 
CHUNG 80 PRL 45 1611 
DEFOIX 80 NP B 162 12 
HAMILTON 80 PRL 44 1179 
KREYMER 80 PR D 22 36 
ROZANSKA 80 NP B 162 505 

BANKS 81 PL 100 B 191 
CHUNG 81PRL 46 395 

AJALTOUN 82 NP B 209 301 

AZOQ2 83 PL 122 B ~71 
BARNETT 83 PR D 27 493 
BENOINCE 83 PR D 27 1417 
BODENKAM 83 PL 133 B 275 
RICHTER 83 PL 126 B 2SG 

ADIELS 84 PL 138 B 235 
AZOOZ 84 NR B 244 277 

ANGELOPO 85 PL 159 B 210 
BODENKAM 85 NP B 255 717 
TANIMORI 83 PRL 55 1835 

R E F E R E N C E S  FOR N 'N(1200-3600)  

ALLES~BORELLI,FRENCE,FRISK,+ (CERN+BONN)C; 

G.KALSFLEISCH,R.STRAND,V.VANDERBURG (BNL) 

+BAR-NIR,DAGAN,GIDAL,GRUNHAUS÷ (TEL-AVIV) 
G.KALSFLEISCH AND D.MILLER REVIEWS (BNL) 

+HAGERT,KALOCEROPOULOS (SYRA) 

ALEXANDER,BAR-NIR,BEVARY,DAGAN,~ (TELA) 
BOCDANOVA,DALKAROV,SHAPIRO (I~EP) 
÷CONDO,HART,CDHN,ENDORF,+ (TENN+ORNL*EINC) 
+MASON,MUIRHEAD,RIGOPOULOS,~ (LIVP~PATR) 

~EARLES,FAISSLER,BLIEDEN,+ (NEAS+STON) 
*EDWARDS,CIBBINS,BRIAND,DUBOC,÷ (LIVP+LPNP) 
~PAPABOPOULOU,KARAGEROPOULOS,+ (ATEN~SYRA) 
NICHOLSON,DELORME,CARROLL,÷ (CIT+ROCH+BNL) 

÷JONES,WEILHAMMER,BLUM,+ (CERN÷MPlMI 

A.DONNACHIE,P.R.THOMAS (MANCHESTER) 
EISENHANDLER,GIESON,t (LOQM+LIVP*DARE+RHEL) 
KALOGERGPOULOS,TZANAKOS 4SYRA) 

+WATSON,GELFAND,BUTTRAM+(ILL+ANL+CHIC~IOGA) 
~BRICK,FRIDMAN,CERBER,JUILLOT,MAURERe(STRB) 
+MING MA,MOUNTZ,SMITH (MSU) 

BENKHEIRI,BOUCROT,÷ (CERN-CDEF+EPOL*LALO) 
÷COUPLAND,EISENHANDLER,ASTBURY,+GLOQM+RHELIJP 
EVANCELISTA÷ (BARI+BONN+CERN+DARE~GLAS+) 

+CAUTIS,COHEN,COORNA,KALELKAR+ ICOLU+BING) 
A.A.CARTER (LOGM) 
PAVLOPOULOS÷ (KARL+BASL~CERN÷STOH+ETRB) 
M.R. PENNINCTON ICERN) 

*ALVEAR,CASTELLI,PDROPAT+ (TRST~CERN÷IFRJ) 
ALSTON-GARNJOST,HAMILTON+ (LBL+BTHO+BNL) 
ARMSTRONG* (AACH+BARI*BONN÷CERN+GLAS*LIVP~) 
BENKHEIRI,BDUCRDT,÷ (EPOL+LALO+CDEF÷CERN) 
J,E.BOWCOCK,D.C.HODGSON (SIRM) 
+CHIANC,KYCIA,LI,LITTENBERG,÷ (BNL÷ROCH) 
+DERADO,SERTRAND,BIGELLO,BIZOT,BUON,÷(LALO) 
+ (BARI+BONN+CERN*DARE÷GLASGLIVP÷MILA*WIEN) 

(BARI+BONN+CERN+DARE+GLAS+LIVP*MILA~WIEN) 
÷AHRENS,BERKELMAN,CASSEL,DAY,HARDING+(CORN) 
A.D. MARTIN,M.R. PENNINGTON (DURH) 

+BECKER,+ (AMST+CERN+CRAC+MPIM÷OXF*RREL) 
÷AUERBACH,MANDELKERN,+ 4UNMeTEMP~UCl) 
÷DARROLL,EDELSTEIN,÷ (BNL*CARN÷FNAL+SMAS) 
~CARRDLL,EDELSTEIN,÷ (BNL+CARN÷FNAL+SMAS) 
~CHIANC,JOHNSON,CESTER,WEBB,+ (BNL+PRIN) 
÷ETKIN,BENSINGER,÷(BNL+BRAN+CUNY÷BMAG+MASA) 
+OOBRZYNSKI,ANCELINI,BIGI,+ (CDEF÷PISA) 
+PUN,TRIPP,LAZARUC,NICEOLSON (LBL~BNL÷MTHD) 
~BACCETT,FIECUTH,ALAM,+(IND÷PURD÷SLAC÷VAND) 
*BLUM,DIETL,CRAYER,LORENZ~ (MPIM+CERN) 

*BOOTH,CAMPBELL,ARMSTRONG,÷ (LIVP÷CERN) 
÷BENGINGER,+ (BNL+BRAN~CINC,FSU+SMAS) 

AJALTOUNI,BACHMAN~ (CERN+NEUC÷EPDL+CDEF) 

+BUTTERWORTHILOIC~RHEL*SACL+SLAC+TOHO÷TUFT) 
+BLOCKUS,BURKA,CHIEN,CHRIGTIAN+ (JHU) 
BENSINCER,CHUNG (BRAN+BNL+CINC*FSU.SMAS) 
BODENKAMP,FRIES,BEHREND,FENNER÷ (KARL~DESY) 
+ADIELS (BASL*KARL+STOM+STRB÷THES) 

+BACKENSTOSS* 4BASL+KARL~STOH+STRB÷THES) 
+BUTTERWORTH(LOIC+RHEL÷SACL+SLAC+TORO÷TUFT) 

ANCELDPOULOS~ 4ATHU÷UCI÷UNM~PENNeTEMP) 
BDDENKAMP,FRZES,BEHREND,HESSE+ (KARL+DESY) 
+FUJII,KAGEYAMA,NAKAMURA,GAI÷ (TOKY~TSUK) 

X(1900-3600) ] 

O,~'ITTED FRO.V; THIS ENTRY CONYAING VARIOUS HIGH-MASS 
SUMMARY TABLE NON-STRANGE PEAKS. 

The high-mass region is covered nearly continuously 
by evidence for peaks of various widths and decay 
modes. As a satisfactory grouping into particles is not 
yet possible, we list all the Y = 0 bumps coupled neither 
to NN nor to e + e  - ,  and having M > 1900 MeV, 
together, ordered by increasing mass. Note that 
ANT1POV 72 (Tr-p ~ p M M -  at 25 and 40 GeV/c) 
see no narrow bumps. 



For notation, see key on page 91. 

G 

R K 
w 

F 

W AW 

E 

M 

M C 
W C 

C 

M B w~ 
B 

E 

C 

M Y 
W Y 

X(1900-3600)  MASSES AND WIDTHS (MeV) 

1870.0 40.0 ALOE 85 GAMA 0100 PL-Pt2 ETA 
250.0 30.0 ALDE 85 SAM4 0100 PI-P,2 ETA 

SEEN IN J=2 WAVE IN ONE OF THE TWO AMBIGUOUS SOLUTIONS. 

10011898.) (18,) THOMPSON 7~ HBC ÷ 13 PI+ P,2RHO 
I00 (108.) (41.) (27.) THOMPSON 74 HBC 13 PI+ P,2RHO 

I00(1900.) (40.) BOESBBECK 68 SBC + 8 PI+ P,PI+ PIG 
100 (216.) (105.) BOESEBECK 68 HBC 8 El+ P,PI+ PIO 

(1970.) (10.) CHLIAPN]K 80 HBC 0 32 K+ P,2KS 2PI 
(1970.) (I0.) CHLIAPNIK 80 HBC 0 32 K* P,2KS 2El 

30(1973.0) (15.0) CASO 70 HBE - 11,2PI-PtRHO 2PI 
30 (80.0) CASO 70 HBC ~ 11.GPI-P,RHO 2PI 

40(1975.0) (12.0) KRAMER 70 HBE + 13.1 PI+ P,2PI 
40 (52.0) OR LESS EL=,90 KRAMER 70 HBE + 13.1 PI+ P~2PI 
2PI PEAK OF KRAMER NOT SEEN IN SAME EXP KITH MORE DATA(THOMPSON 74) 

50(2070.) TAKAHASHI 72 HBE 8. PI-P,N 2El 
50 (180.) TAKAHASHI 72 HBE 8. PI-P,N 2PI 

2100.0 40.0 ALDE 85 SAM4 0100 El-P,2 ETA 
250.0 40.0 ALOE 85 GAM4 0100 PI-P,2 ETA 

SEEN IN J=O WAVE IN ONE OF THE TWO AMBIGUOUS SOLUTIONS. 

24(2145.) (I0.) AJINENKO SO HBE + 32 K*P,PSl PI~ X 
10(2100.) (20,) BARTH 82 BEBC 70 K+P,PHI PI~ P 
28 (25.) OR LESS AJISENKO BO HSE + 32 K+P,PHI PI~ X 
ASTON 81 SEES NO PEAK, HAS 850 EVENTS IN AJINENKO+SARTH BINS. 
ARESTGV 80 SEES NO PEAK, 
COMPATIBLE WITH ESTIMATED EXPERIMENTAL RESOLUTION 

(2157,0) (I0.0) KRAMER 70 HBC + 13.1 El+ P,2P[ 
(68.0) (22.0) KRAMER 70 HBE + 13.1PI+ P,2RI 

EVIDENCE OF KRAMER 70 DISAPPEARED WITH MORE STATISTICS(THOMPSON 74) 

(2190,0) (10.0) CLAYTON 87 HBC +- 2.5PBAR,AR+OMESA 

(2207.0) (22.0) CASO 70 HBC - 11.2PI- P,NOTE C 
(130.0) CASO 70 HBC 11.2PI- P,NOTE C 

SEEN IN RHO- El+ Pl- (OMEGA AND ETA ANTISELEETED IN 4P[ SYSTEM) 

(2300.0) (100.0) ATKINSON 84 OMEG +-020-70GAM P,RHS F 
(250.0) APPROX. ATKINSON 84 OMEG ÷-020~70EAM P,RHO F 

126(2340.) (20.) BALTAY 75 HBC + 15 PI+P,P5PI 
126 (180.) (60.) BALTAY 75 HBC 15 RI~P,PSPI 
DOMINANT DECAY INTO RHO0 RHOO El+. BALTAY 78 FINDS CONFIRMATION 
IN 2PI+Pl-2PIO EVENTS WHICH CONTAIN RHO+ RHOO PIG AND 2RHO+PI-. 

(2500.0) (32.0) ANDERSON 69 MMS - 16 PI- P,BACKW9 
(87.0) ANDERSON 69 MMS - 18 El- P,BAEKW9 

350(2620.) (GO.) BAUD 69 MMS - 8.-10. El- P 
550 (85.) (30.) BAUD 69 MMS 8.-10. PI- P 

(2676,0) (27,0) CASO 70 HBC - 11.2PI- P,NOTE C 
(150.0) CASO 70 HBC - 11.2PI- P,NOTE C 

SEEN IN RSO- PIt PI- (OMEGA AND ETA ANTISELECTEO IN API SYSTEM) 

(2747.1 (32.) DENNEY 83 LASS 10 PI÷N /PI+ P 
(195.) (75.) DENNEY 83 LASS 10 PI+N /El÷ P 

640(2800.) (20.) BAUD 69 MMS ~ 8.-10. PI- P 
640 (46.) II0.) BAUD 69 MMS 8 . - 1 0 .  PI~ P 

15(2020.) (10.) SABAU 71 HBC + 8. El+ P 
15 (50.) (10,) SABAU 71 HBC 8. El+ P 
SEEN IN (K KBAR Pl El)+ MASS DISTRIBUTION 

230(2880.) (20,) BAUD 69 MMS - 8.=I0. Pl- P 
230 (15,) OR LESS BAUD 69 MMS 8.-I0. El-  P 

43(3013.) (5.) YOST 71 HBC + 11.PI÷ P,P(BPI)+ 

~ 33 (40,) OR LESS YOET 71 HSC 11.pI+ P,P(SPI) 
. S,D. EFFECT . DECAY TO 7PIONS 

NOT SEEN BY KALELKAR 75 WITH 5 TIMES MORE DATA 

(3025.0) (20.0) BAUD 70 MRS = 10.5-13 El- P 
(25.0) APPROX. BAUD 70 MMS 10.5-13 PI- P 

(3075.0) (20.0) BAUD 70 MMS - I0,5~13 PI- P 
(25.0) APPROX. BAUD 7O MMS 10.5-13 PI~ P 

(3143.0) (20.0) BAUD 70 MMS - 10,5-15 PI- P 
(10.0) OR LESS BAUD 70 MMS I0.5-15 El- P 

(3475.0) (GO.O) BAUD 70 MRS ~ 14~15.5 PI- P 
(30.0) APPROX. BAUD 70 MMS 14-13.5 PI- P 

(3535.0) (20.0) BAUD 70 MMS ~ 14-15.5 El- P 
(30.0) APPROX. BAUD 70 MRS IA-IE.S El- P 

CLAYTON 

BOESEBEC 68 NP B ~ 501 

ANDERSON 69 PRL 22 1390 
BAUD 69 PL 300 129 

BAUD 70 PL 31B 549 
CASO 70 LNC 3 707 
KRAMER 70 PRL 25 396 

SABAU 71LNC 1 514 
YOST 71PR D 3 842 

TAKAHASH 72 PR 0 6 1268 

THBMPSON 74 NP B09 220 

BALTAY 75 PRL 35 891 +CAUTIS:EOHEN,KALELKAR,RISELLO,÷(COLU+BING) 
KALELKAR 75 THESIS(NEVIS 2S7) M.S,KALELKAR (EOLU) 
KEMP 75 NE 27 A 155 *LOTTS,CONTRI,TEODORO+(DURH+GENO+MILA+LPNP) 

REFERENCES FOR X(1900-3600)  

67 HBIDBG.EONF.P.57 +MASON,MUIRHEAD,FILIPPAS+(LIVERPOOL+ATHENS) 

BOESEBECK,DEUTSCHMANN,+(AACHEN+SERLIN~CERN) 

+COLLINS,+ (BNL+CARN) 
CERN BOSON SPECTROMETER GROUP ICERN) 

CERN BOSON SPECTROMETER GROUP (CERN) 
+CONTE,TOMASINI,CORDS+(GENO+HAMB+MILA+SACL) 
÷BARTON,EUTAY,LICHTMAN,MILLER,÷ (PURDUE) 

+URETSKY (BUCH+ANL) 
+MORRIS,ALBRISHT,SRUCKES,LANNUTTI (FSU) 

TAKAHASHI,BARISH,÷ (TOHO+PENN+NDAM+ANL) 

+GAIDOS,MCILWAIN,MILLER,MULERA,+ (PURD) 

2 1 5  

Meson Full Listings 
X(1900-3600), CHARMONIUM, ~c(2980) 

BALTAY 78 PR D 17 52 
BLANAR 79 PR D 20 615 
CLINE 79 PRL 43 1771 

AJINENKO 80 PL 93 S 451 
CHLIAPNI 80 ZPHY C 3 285 

ASTON 81NR B 189 2O5 

BARTH 82 PL 117 B 267 

ATKINSON 83 CERN-EP/83-106 
DENNEY 83 PR D 28 2726 

ATKINSON 84 NR B 239 1 
DOVER 84 PL 146 B 103 

ALOE 85 EERN-EP/85-153 

~CAUTIS,COHEN,CSORNA,KALELKAR÷ (COLU*SING) 
+BOYER,EARLES,FAISSLER,GARELICK÷ (NEAS) 
+DE BONTE,GAIDOS,LEEDOM,KEY,+ (PURD+TNTO) 

+CHLIAPNIKOV,+ (SERP*BELG+MONG*SACL) 
CHLIAPNIKOV,SERDYUKOV,÷ (SERP+BRUX+MONS) 

(BONN÷CERN+EPOL+SLAS÷LANC+MCHE+ORSA+RHEL++) 

*DREVERMANN+(BELG+CERN+GENO~MONS~NIJM~SERE) 

+ (BONN+CERN+GLAS÷LANC*MCHS+IPNP*RHEL+SHEE) 
+CRANLEY,FIRESTSNE,CBAPMAN÷ (IOWA+MICH)J=7~ 

(BONN+CERN+GLAS÷LANE÷MEHE+IPNP+RHEL+SHEF) 
E.B.SOVER (ORSA) 

*BINON,BRICMAN,pUTEIL÷(BELG+LAPP*SERP+CERN) 

THE CHARMONIUM SYSTEM 

~ ' ( 5 6 8 5 )  

~c_(~5_90)~ 71-A-~ ~ ×(3555) 

hadrons hodrons "7" * ro dial ive 

j P c  0 - +  I - -  0 ++ I ÷+ 2 +~ 

The current state of knowledge of the charmonium sys- 
tem and transitions, as interpreted by the charmonium 
model. Uncertain states and transitions are indicated by 
dashed lines. The notation -y* refers to decay processes 
involving intermediate virtual photons, including decays 
to e+e  - and t~+~ - .  

]~c(2980) ] IC/seC)=°+/0-÷) 
OBSERVED IN THE INCLUSIVE GAMMA SPECTRUM GENERATED FROM 
RSI(3685) DECAY, THEREFORE C=+. FROM THE 4Pl DECAY G=+, 

THEREFORE I=O. FROM ANGULAR DISTRIBUTION IN J/PSI TO ETA/C, ETA/C TO 
PHI PHI, JP~O- (SALTRUSAITIS 84). 

~c(2980) MASS (MeV) 

M M 1~ 2982. 8. SIMEL BO SMK2 E~ E- 
M M (298G,) (9. ) PARTRIDGE SO CBAL E+ E- 
M B (2976,) (8 . )  BALTRUSAI 04 SMK3 J/PSI, 2 PHI GAM 
M 75(2977,) (A.)  BALTRUSAI 85 SMK3 J/PSI,ETA 2El G 
M A 2980,2 1.6 BALTSUSAI 85 SMK3 J/PSI,ETAC GAMMA 
M 2984, 5. GAISER 85 CBAL J/PSI,GAMMA X 

AVE 2 9 i 0 : 6 " ' "  i . 5  " AVERAGE 

M M MASS ADJUSTED BY US TO CORRESPOND TO J/PSI(3097) MASS = 3097. 
M B ETA/C TO PHI PHI 
M A AVERAGE OF SEVERAL DECAY MODES. 

~c(2980) WIDTH (M©V) 

W 18 ( 4 0 . )  OR LESS CL=.90 HIMEL 80 SMK2 ~ :  ~ :  
w (20.)  OR LESS EL=.90 PARTRIDGE 80 CBAL 
w A 75 11. 18. BALTRUSAI 85 SMK3 J/PSI,ETA 2PI G 

11.5 4.5 GAISER 85 CBAL J/PSI,GAMMA X 

. AVE ilZS"'" ~" AVERAGE 

W A AVERAGE OF SEVERAL DECAY MODES, 
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Meson Full Listings 
%(2980). J/#(3097) 

~c(2980)  P A R T I A L  D E C A Y  M O D E S  

P HADRONIE DECAYS 
p . . . . . . . . . . . . . . .  

P11 ffc(2980) ~ 2 (~  + ~ - )  140+ I~0+ 140÷ 140 

P12 ~C(2980) ~ p p  938+ 938 

PlB ~c(2980) + 7F + ~ - - p p  140+ 140+ 938+ 938 

P14 ~c(2980) ~ K , V g  ~98+ 498+ 14o 

P15 ~c(~980) ~ ~+ ~-K+K - 140+ 140+ 494+ 494 

P16 ~c(2980) ~ ~ ~+ ~- 549* 140. 140 

p17 ~c(2980)  + ~ ~ 1020+1020 

p18 Pc(2980) ~ K*(892) K ' (892)  892+ 892 

P19 ~C(2980) ~ p p 769+ 769 

P20 ~c(2980) ~ w ~ 783+ 783 

pzq ~c(2980) ~ ao(980) r 983+ 140 

PBa ~c(2980) ~ a~(1320) ~ 13~8+ 140 

p23 ~c(2980) ~ f2(1270) ~ 127A+ 5A9 

P2a ~c(2980) ~ ~ '2W 950+ 1~0+ 140 

P25 ~c(2980) ~ ~ 2K 549* 498+ 498 

P26 ~c(2980) ~ K ' (892)  K -  ~ +  ~ C,C, 892* 498+ 140 

P RADIATIVE DECAYS 
p . . . . . . . . .  

P31 ~c(2980) ~ ~ y O+ 0 

~e(2980)  B R A N C H I N G  R A T I O S  

R HADRONIG DECAYS 
R . . . . . . . .  

~c(2980)  ~ ( 2 ( ~  + ~ - ) ) / t o t a l  (P11) 

Rq A 0.013 0.009 0.006 HIMEL 80 SMK2 PSI3685,ETAC GAM 
RI F 0,013 0.006 BALTRUSAI 85 SNK3 J/PSI,ETAC GAMMA 
RI 
RI AVB 0.0130 O.OO47 AVERAGE 

~ c ( 2 9 8 0 )  + ( p  p ) / t o t a l  (p12) 
R2 A 0 . 0 0 2  0.002 0.001 HIMEL 80 SMR2 PSI3685,ETAE GAM 
R2 E 0.0011 0.0006 BALTRUSAI 05 SMN3 J/PSI,ETAC GAMMA 
R2 
R2 AVG 0.00122 0.00056 AVERAGE 

~e (2980 )  + ( ~ +  ~ -  p ~ ) / t o t a l  <p13) 
R3 (O.012)OR LESS CA=.90 HIMEL 80 SMK2 PSI3685,ETAC GAM 

~c(2980)  + ( K  K ~ ) / t o t a l  (p14) 

R4 A B 0.I05 0.056 O.OA2 HIMEL 80 SMK2 PSI3685,ETAC GAM 
R4 C (O.071)OR LESS CL~.90 PARTRIDGE 00 COAL J/PSI,ETA/C GAM 
RL E 0.048 0.017 BALTRUSAI 85 SMK3 J/PSI,ETAC GAMMA 
R4 
RC AVG 0.054 0.018 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1) 

~c(2980)  - -  ( ~  + ~ -  K + K - ) / t o t a l  (P151 

R5 A 0.009 0.014 0.006 HIMEL 80 SMK2 PSI3685,ETAC GAM 
R5 E 0,021 0.007 BALTRUSAI 85 SMK3 J/PSI,ETAC GAMMA 
R5 ......... 
R5 AVG 0.0171 0.0057 AVERAGE 

~c(2980)  ~ (~21 r ) / t o t a l  ( P 1 6 )  

R6 C 18 0.036 0.024 PARTRIDGE 80 CBAL J/PSI,ETA/C GAM 
R6 E 0.05~ 0.020 BALTRUSAI 85 SMK3 J/PSI,ETAC GAMMA 
R6 
R6 AVG 0.047 0.015 AVERAGE 

~ e ( 2 9 8 0 )  + 1~ ~ ) / t o t a l  (P17) 
R7 C S 16 0.0080 0.0030 BALTRUSAI 84 SMK3 J/PSI, 2 PHI GAM 

~c(2980)  ~ (K*(892)  K ' ( 8 9 2 ) ) / t o t a l  (P18) 

R8 E 0.009 0.005 BALTRUSAI 85 SMK3 J/PSI,ETAC GAMMA 

~c(2980)  + (p  p ) / t o t a l  <P19) 

ROE (O.01430R LESS EL=,9 BALTRUGAI 85 SMK3 J/PSI,ETAC GAMMA 

~c(2980)  + ( ~  w) / to l a l  (P2O)  

RIOE (O.BO31)OR LESS EL=.9 BALTRUSAI 85 SMK3 J/PSI,ETAC GAMMA 

~c(2980)  ~ (a0(980)  ~ ) / t o t a l  (P21) 

R11E F (0.02) Off LESS EL=.9 BALTRUSAI 05 SMK3 J/PSI,ETAC GAMMA 

n c ( 2 9 8 0 )  - -  (a~(1320)  ~ ) / t o t a l  (P221 
RI2E (0.02) OR LESS CL~ .9  BALTRUSAI 85 SMK3 J/PSI,ETAC GAMMA 

~e(2980)  ~ (/ '2(1270) ~ ) / to ta l  (P23I 
RI3E (O.011)OR LESS CL:.9 BALTRUSAI 85 SMKB. J/PSI,ETAC BAMMA 

~c(2980)  + ( ~ ' 2 ~ ) / t o t a l  (~24) 
RI~E 0.041 0.017 BALTRUSAI 85 SMK3 J/PSI,ETAC GAMMA 

~c(2980)  + (~ 2K)/total (P251 

RIBS (0.031)0R LESS EL=.9 BALTRUSAI 85 SMK3 J/PSI,ETAC GAMMA 

~c(2980)  ~ (K*(892) K -  7r + + C.C.) / to ta l  (P2B> 

R16E 0.02 0.007 BALTRUSAI 85 SMK3 J/PSI,EIAC GAMMA 

RADIATIVE DECAYS 

~c(2980)  ~ ( ~ T ) / t o t a l  (uni ts  10 -4 )  (p31) 

R31C (10.)  OR LESS EL=.90 BLOOM 83 EBAL J/PSI,ETA/C GAM 
R31 (5.5) OR LESS CL=.9O BAGLIN 85 SPEC PBAR P,E+ E~ 

ESTIMATED USING BR (PGI(3685) INTO ETA/C(2980) GAMMA) = .0043 
THE ERRORS DO NOT CONTAIN THE UNCERTAINTY IN TEE PSI(3685) DECAY. 

B NOT SEEN BY PARTRIDGE IN K+ K- PIG. 
C USING BR(J/PSI INTO ETA/G GAMMA) = 0.0127+-0.0036 

E BALTRUSAITIS 83 USES BR(J/PSI INTO ETA/C GAMNA)=O.0127+-B.0036 
F WE ARE ASSUMING BR(AO(980) INTO ETA PIT LARGER THAN 0.5 
S STATISTICAL AND SYSTEMATIC ERRORS ADDED IN QUADRATURE. 

R E F E R E N C E S  F O R  ~c (2980)  

BLOOM 79 FERMILAB SYMP.92 E.D.BLOOM (CIT*HARWPRIN+SLAC÷STAN) 

HIMEL 80 PRL 45 1146  ÷TRILLING,ABRAMS,ALAM+ (SLAE+LBL+UCB) 
PARTRIDG 80 PRL 45 1150  PARtRIDGE,PECK÷ (CI~+HARV+PRIN+STAN~SLAC) 

BLOOM 83 ARNS 33 143 BLOOM,PECK (SLAB+BIT) 

BALTRUSA 84 PRL 52 2126 BALTRUSAITIS+ (CIT*UCSC+ILL+SLAC+WASH)JP 

BABLIN 85 CERN~PRE-85 (LAPP÷CERN+GEND+LYON+OSLO+ROMA+STRB+TDRI) 
BALTRUSA 85 SLAB PUB~3704 BALTRUSAITIS+ (CIT÷UCSC+ILL+SLAE~WASH) 

ALSO 86 PRIVATE COMM. R. PARTRIDGE (UGSC) 
BAISER 85 SLAC-PUB-2899 +BLODM,BULOS* (CIT~HARV+PRIN+STAN÷GLAC) 

I J/~(3097) I x~(JPc)= °-°--) 

J / ~ ( 3 0 9 7 )  M A S S  ( M e V )  

WE USE INDEPENDENT MEASUREMENTS OF THE J/PSI(B097) 
MASS, THE PS1(3683) MASS AND THE MASS DIFFERENCE 70 
PERFORM A CONSTRAINED =IT. 

(3100.) ALBERT 74 SPEC 28. PP(E+E-) 
L (3105.) (3.) AUGUSTIN 74 SMAG GeE- 

3103. 6. BEMPORAD 75 ~RAB E÷E- 
3095. 4. BOYARSKI 73 SMAG E÷E- 
3089.5 31. CRIEGEE 75 PLUT E+E- 
3098. 6. PREPOST 75 SREC 13.~21.GAMMA B 
3096.0 3O.B SNYDER 76 SPEB AO0 P BE,E+E- 

F 3097.0 I. BRANDELIK 79 DASP E+ E- 
502 3006.93 0.09 EHOLERTZ 80 OLYA E~E- COLL.BEAMS 
38K 3090.4 2.0 LEMOIGNE 82 GOLf 190 EI-Bfi,2MU 

D 190 3096.92 0.29 BAGLIN 85 SPEC PBAR P,E+ E- 

AVG 3096.933 0.086 AVERAGE 
FIT 3096.93 0.09 FROM FIT 

F FROM A SIMULTANEOUS FIT TO E÷ E-,MU+ MU- AND HADRONIC CHANNELS 
F ASSUMING G(E÷ E-) = G(MU+ MU-) 

l BOYARSKI 75 IS A REEVALUATION OF AUGUSTIN 74 BASED 
L ON A RECALIBRATION OF THE SPEAR BEAM ENERGY. 

M 0 MASS, WIDTH, PARTIAL WIDTHS, AND BRANCHING RATIOS ALL OBTAINED 
0 FROM ONE OVERALL FIT TO DATA OF THIS EXPERIMENT. 

M 
ERROR OF ABOUT I PER CENT FROM THE UNCERTAINTY IN CALIBRATION OF 

M THE BEAM ENERGY, 

B SYSTEMATIC ERROR AOBED QUADRATICALLY BY US 

d / ~ ( 3 0 9 7 )  W I D T H  (keY) 

69. 15. BOYARSRI 75 SMAG E~E- 
68. 26. BALDINII 75 FRAG E+G- 

W ~0 ~ ~SPOSITO 75 ;RAM E+E- 

l : 50. 13. BRANOELIK 79 DASP E+ E- 
W F FROM A SIMULTANEOUS FIT TO E÷ E-,MU÷ MU- AND HAORONIC CHANNELS 
W ~ ASSUMING G(E÷ E-) : G(MU+ MU-) 
W ......... 
W AVG 63.0 8.6 AVERAGE 

J A b ( 3 0 9 7 )  P A R T I A L  D E C A Y  M O D E S  

pl J / ~ ( 3 0 9 7 )  - -  e + e  - 
P2 J / ~ ( 3 0 9 7 )  ~ # + # -  
P6 J / ~ ( 3 0 9 7 )  ~ hadrons  
PA J /~ ' (3097)  ~ vir~ual'y ~ hadrons  

P HADRONIG DECAYS 
p ............... 

P6 J/~p(3097) - -  ~ ' + T r -  
P7 J / ~ ( 3 0 9 7 )  ~ ~ r + T r - ~ r  o 

P8 J/~p(3097) ~ 2 ( ~ + ' a  " - )  
p9 J/~p(3097) ~ 2(7c+7c - )  "a "° 
PIG J/~p(3097) ~ 3(Tr+~r - )  
P11 J/~p(3097) ~ 3('a'+', 'r - )  ~D 
p~R J / ~ ( 3 0 9 7 )  ~ 41Tr+Tr - )  ~T O 

DECAY MASSES 

.511+.511 

106+ 106 

140. 140 

IaO+ 140+ 135 

140. 140+ 140+ 140 

140. 140+ 140÷ 1404 
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For notation, see key on page 91. Meson Full Listings 
J/~p(3097) 

P13 J / ~ 1 3 0 9 7 )  ~ K + K -  
D14 J /~13097)  ~ K°&K~ 
P15 J / ~ ( 3 0 9 7 )  ~ K K  7r 
P16 J / ~ ( 3 0 9 7 )  ~ ~ + R r - K + K  - 
P17 J / ~ ( 3 0 9 7 )  ~ 2(7r + ~ - )  K + K  - 
P18 J / ~ ( 3 0 9 7 )  ~ ~ +  ~ -  ~OK+K- 
P19 J / ~ ( 3 0 9 7 )  ~ 2(K + K - )  
P2O J / ~ ( 3 0 9 7 )  ~ p 7r 

P21 J /~13097)  ~ p°Rr° 
P22 J / ~ ( 3 0 9 7 )  ~ p 

P23 J / ~ ( 3 0 9 7 )  ~ p ~'  
P24 J / ~ ( 3 0 9 7 )  ~ w 7rRr 
P26 J / ~ ( 3 0 9 7 )  - -  w 471- 
P27 J / ~ ( 3 0 9 7 )  ~ w K~" 
P28 J / ~ ( 3 0 9 7 )  ~ wf2(1270 ) 

p~9 J / ~ ( 3 0 9 7 )  ~ wf~(1525)  
P3O J / ~ ( 3 0 9 7 )  ~ w 

P31 J / ~ ( 3097 )  ~ w ~' 
P32 J / # ( 3 0 9 7 )  ~ w ~o 
P33 J / # ( 3 0 9 7 )  ~ ~ ~o 

P34 J / ~ ( 3 0 9 7 )  ~ @ ~  
P35 J / ~ ( 3 0 9 7 )  ~ ~ 2 ( r + r  - )  
P36 J / ~ ( 3 0 9 7 )  ~ ~ K K  
P37 J / ~ ( 3 0 9 7 )  ~ @ 

P38 J / ~ ( 3 0 9 7 )  ~ ~ ~ '  
P39 J / ~ ( 3 0 9 7 )  ~ ~f2(1270)  

PAO J / ~ 1 3 0 9 7 )  ~ @f~(1525) 
P41 J / ~ 1 3 0 9 7 )  ~ ~f0(975)  
P42 J / ~ ( 3 0 9 7 )  ~ a2(1320) 

P43 J / ~ ( 3 0 9 7 )  ~ a 2 0 3 2 0 )  p 
PA4 J / ~ ( 3 0 9 7 )  ~ K K ' ( 8 9 2 )  + C.C. 

P45 J / ~ ( 3 0 9 7 )  ~ K K ~ ( I 4 3 0 )  + C.C. 
P#6 J /~13097)  ~ K ' (892)  K ' (892)  

E47 J / ~ ( 3 0 9 7 )  ~ K~(1430)  ~'~(1430) 

P4B J / ~ ( 3 0 9 7 )  ~ K ' (892)  K~(1430)  + C.C. 
P49 J / ~ ( 3 0 9 7 )  ~ ~ b 1 ( 1 2 3 5 )  

P50 J / ~ ( 3 0 9 7 )  ~ p p  
P52 J / ~ ( 3 0 9 7 )  ~ p p T r  ° 

P53 J / ~ ( 3 0 9 7 )  ~ p n ~ -  
p54 J / ~ ( 3 0 9 7 )  ~ p p ~ +  ~ -  
P55 J / ~ ( 3 0 9 7 )  ~ p p ~ +  ~ -  ~D 

P56 J / ~ ( 3 0 9 7 )  ~ p p ~  

p57 J / ~ ( 3 0 9 7 )  ~ p ~ p  
058 J / ~ ( 3 0 9 7 )  ~ p e w  

P59 J / ~ ( 3 0 9 7 )  ~ p p  ~'  
P6O J /~13097)  ~ A A 
P61 J / ~ ( 3 0 9 7 )  ~ A 
P62 J / ~ ( 3 0 9 7 )  ~ ~ 
P63 J / ~ ( 3 0 9 7 )  ~ Z Z 
P6A J / ~ ( 3 0 9 7 )  - -  n 
P65 J / ~ ( 3 0 9 7 )  ~ n n~ + ~ -  
P66 J / i f ( 3 0 9 7 )  ~ A(1232)++A(1232)  - -  
P67 J / i f ( 3 0 9 7 )  ~ ~(1385) w Z(1385)  ± 
P68 J / ~ ( 3 0 9 7 )  ~ N(1385) w Z ±  

R69 J / ~ ( 3 0 9 7 )  ~ p N ( 1 4 4 0 - 1 5 3 5 )  + 
PTO J / ~ ( 3 0 9 7 )  ~ A ( 1 2 3 2 ) + + p ~  - 
p71 J / ~ ( 3 0 9 7 )  ~ A Z  ± ~ 
P72 J / ~ ( 3 0 9 7 )  ~ p K - ~  
P73 J / ~ ( 3 0 9 7 )  ~ p K - ~  ° 
P7~ J / ~ ( 3 0 9 7 )  ~ p K- Z(1385) ° 
P75 J / i f (3097)  ~ K so KLO 

RADIATIVE DECAYS 

PBO J / ~ ( 3 0 9 7 )  ~ 7 7 

P81 J / } ( 3 0 9 7 )  ~ 37 

PB2 J / ~ ( 3 0 9 7 )  ~ ~° 7 

P83 J / ~ 1 3 0 9 7 )  ~ ~ 7 

PB4 J / ~ ( 3 0 9 7 )  ~ ~ ' ~  
P85 J / ~ ( 3 0 9 7 )  ~ ~c(2980) T 

P86 J / ~ ( 3 0 9 7 )  ~ f 2 ( 1 2 7 0 )  T 

P87 J / ~ ( 3 0 9 7 )  ~ f£ (1525)  7 

P88 J / ~ 1 3 0 9 7 )  ~ f i (1285)  7 

P89 J / ~ ( 3 0 9 7 )  ~ ~(1440) 7 

P90 J / ~ ( 3 0 9 7 )  ~ PP7 

P91 J / ~ ( 3 0 9 7 )  ~ f2(1720) 7 
P92 3 / 4 ( 3 0 9 7 )  ~ X(2220)  7 

494+ 494 

498+ 498 

498+ A98+ 140 

140+ 140+ 494* 494 

140+ 140, 135* 494* 

494+ 494+ 494* 49A 

769+ 140 

769+ 135 

769+ 549 

769+ 958 

783+ 140* 140 

783+ 140* 140~ 140+ 

783+ 498+ 498 

783+1274 

783+1525 

783* 549 

783÷ 958 

783, 135 

1020+ 135 

I020~ 140+ IAD 

1020+ 140+ 140+ 140 * 
1020+ 498+ 498 

1020+ 549 

1020+ 958 

1020+1274 

1020+1525 

1020÷ 975 

1318÷ 140 

1318~ 769 

498+ 892 

498+1425 

892+ 892 

1425+1425 

892+1425 

140+1234 

938* 938 

938+ 938+ 135 

938+ 940* 140 

938~ 938* 140÷ 140 

938+ 938+ ILO* 140~ 

938~ 938* 549 

938+ 938+ 769 

938* 938+ 788 

938* 9384 958 

1116+1116 

1116+1192 

1315+1315 

1192+1192 

940+ 940 

940* 9&O* 140+ 140 

1232,1232 

1385*1385 

1385* 135 

938+1440 

1232+ 938+ 140 

1116+ 135* 140 

938* ~94+1116 

938+ 494+1192 

938* 494+1385 

498* 498 

O+ 0 

o+ o+ 0 

135+ 0 

549+ 0 

958+ 0 

2981+ 0 

1274+ o 

1525, 0 

1283+ o 

1440. 0 

938+ 938+ 0 

1720~ D 

2220+ D 

P9S J / ¢ ( 3 0 9 7 )  ~ p p ~ R r -  7 938* 938+ 140+ 14C- 
ERA J / i f (3097)  ~ p fl 7 769* 769~ o 
p95 J/E(3097) ~ 27r +2~T-7 140+ 140+ I~0. 14o+ 

p96 J / ~ ( 3 0 9 7 )  ~ ~ ~ 7r ~ 549+ 140+ 140+ O 

P97 J / ~ ( 3 0 9 7 )  - -  ~ ~ 7 o* 783+ 783 
ROB J / ~ ( 3 0 9 7 )  ~ O @~ I020÷I020. o 

J / ~ ( 3 0 9 7 )  P A R T I A L  W I D T H S  

J / ~ ( 3 0 9 7 )  ~ e + e - ( k e V )  <G1) 
WI ~.8 0.6 BOYARSKI 75 SMAG E+E- 
WI B (4.6) (.8) DALDINII 75 FRAG E+E- 
WI A,6 1.0 ESPOSITO 75 FRAM E÷E 
WI B ASSUMING EQUAL PARGIAL WIDTHS FOR (E+E-) AND (MU*MU-) 
WI F (4.4) (0.6) BRANDELIK 79 DASP E* E- 
WI F FROM A SIMULTANEOUS FIT TO E+ E ,MU+ MU- AND HADRONIC CHANNELS 
Wl F ASSUMING G(£+ E-) = G(MU+ MU-) 
Wl 
WI AVE 4.75 0.51 AVERAGE 

J / @ ( 3 0 9 7 )  ~ # + # - ( k e V )  (G2) 
W2 418 0.6 BOYARSKI 75 SMAG E-E- 
W2 5.0 1.0 ESPOSITO 75 FRAM E-E- 
W2 
W2 AVG &.85 0.51 AVERAGE 

J / ~ ( 3 0 9 7 )  ~ h a d r o n s ( k e V )  (G3) 
W3 59. IA. BOYARSBI 75 SMAG E÷E- 
W3 59. 24, BALDINII 75 FRAG E*E- 
W3 50. 25. EDPOSITO 75 FRAM E+E~ 
WS 
W3 AVE 57.3 10.9 AVERAGE 

J / ~ ( 3 0 9 7 )  ~ 7 ~ h a d r o n s ( k e V )  (GA) 

W4 C 12. 2. BOYARSKI 75 SMAG E*E- 
W4 C INCLUDED IN W3 

J / ~ ( 3 0 9 7 )  ~ 7 ~ (eV) (G70) 
WTO 15.4) OR LESS CL=O.90 BRANDELIK 79 DASP E~ E- 

J / ~ ( 3 0 9 7 )  B R A N C H I N G  R A T I O S  

FOR THE BRANCHING RATIOS RI - RA, SEE ALSO THE PARTIAL 
WIDTHS ABOVE, AND (PARTIAL WIDTHS)*RI BELOW. 

J/@(3097) ~ (e + +-)/total (pl)/(pl+p2+p3) 

RI 0.069 0.009 BOYARSKI 75 SMAG R+E- 

J / ~ ( 3 0 9 7 )  ~ ( # +  # - ) / t o t a l  (PE)/IP1+P2*O3) 
R2 D.069 0.009 BOYARDKI 75 SMAE EeE- 

J / ~ ( 3 0 9 7 )  ~ (had rons ) / t o t a l  (P3)/(PI+P2*P3) 

R3 0.86 0.02 BOYARGKI 75 SMAG E÷E- 

J / ~ ( 3 0 9 7 )  ~ (7 ~ h a d r o n s ) / t o t a l  (P&) 

R4 C .17 .02 BOYARSKI 75 SMAG E+E- 
R4 C INCLUDED IN R3 

J / ~ ( 3 0 9 7 )  ~ ( i f + e - - ) / ( # + #  - )  (P l ) / (P2)  
R5 1.00 0.05 BOYARSKI 75 SMAB E+E- 
R5 0.93 0.10 FORD 75 GPEC E+E- 
R5 .91 .15 ESPOSITO 75 ~RAM E+E 
R5 ......... 
R5 AVE 0.980 0.043 AVERAGE 

R HADRONIC DECAYS 
R ............... 

J / ~ ( 3 0 9 7 )  ~ ( ~ + ~ - ) / t o t a l  (uni ts  10 - 4 )  (p6) 
R6 I 1.6 1,6 VANNUCCI 77 SMAG E*E- 
R6 5 1.0 0.5 BRANDELIK 78 DASP E+E 
R6 G 84 1.58 0.25 BALTRUSA3 85 SMK3 E+E-,HADRONS 
R6 S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 
R6 
R6 AVE 1.47 0.23 AVERAGE 

J / ~ 1 3 0 9 7 )  ~ U r + ~ - - ' / r ° ) / t o t a l  lEZ) 
R7 168 0.015 0.002 FRANKLIN 83 SMK2 5÷E-,EAURONS 
R7 0.0149 0.0022 EINGWEILE 83 SMK3 E+E-,HADRONG 
R7 ......... 
R7 AVE 0.0150 0.0015 AVERAGE 

J / ~ ( 3 0 9 7 )  ~ ( 2 ( ~ T + w - ) ) / t o t a l  (Pa) 
R8 76 .DO4 .DOl JEAN-MARl 76 SMAG E*E- 

J / ~ ( 3 0 9 7 )  ~ ( 2 ( ~ + 7 r  - )  ~r°)/total (PR) 

R9 675 .OA .01 JEAN-MARl 76 SMAG E÷E- 
R9 1500 0.0364 0.0052 BURMESTER 77 PLOT E+E- 
R9 147 O.0317 0.D042 FRANKLIN 83 SMK2 E+E-,~ADRONS 
R9 
R9 AVG 0,0342 0.0031 AVERAGE 

• / / ~ ( 3 0 9 7 )  ~ ( 3 ( 7 r + ' x - ) / t o t a l  (plO) 

RIO 32 .DO4 .002 JEAN-MARl 76 SMAG E*E- 

J / ~ ( 3 0 9 7 )  ~ ( 3 ( ' x + 7 c  - )  ~ '° ) / Io ta l  (p11) 
R11 181 .O29 ,007 JEAN-MARl 76 GMAG E~E- 
R11 11 0.928 0.009 FRANKLIN 83 SMK2 E*E-,HADRONS 
R11 ......... 
R11 AVG 0.0286 0.0055 AVERAGE 

J / ~ ( 3 0 9 7 )  ~ (4(~c + ~ ' - )  " r°) / lo ta l  (PlE) 
R12 13 .009 .DO3 JEAN-MARl 76 SMAG E+E 
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7/¢(3097) 

J/~13097)  ~ (K+K-) / to ta l  (units 10 4) (P13) 
R13 2 2.0 1.6 VANNUCCI 77 SNAG E+E~,K~K- 
R13 6 2.2 0.9 BRANDELIK 79 DASP E+E-,K*K- 
RIBS 110 2.39 0.33 BALTRUSA3 85 SMK3 E÷E-,K+K- 
RIBS SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 
R13 ......... 
R13 AVB 2.35 0.30 AVERAGE 

J / ~ ( 3 0 9 7 )  ~ (K~K~)/total (units 10 -4) (P14) 
R14C (0.052)0R LESS CL=O.9D BALTRUSAI 85 SMK3 E÷E-,HADRONS 
R14C FORBIDDEN BY CP. 

J/~(3097)  -- (K K ~)/total (units 10 4) (R15) 
RIG 126 78.0 21.0 VANNUCCI 77 SMAG E+E~,KS K÷- Pl-÷ 
RIG 25 55.2 12.0 FRANKLIN 83 SMK2 E÷E~,K÷ K- PID 
R15 
RIG AVG 60.0 l B . &  AVERAGE 

J/~(3097)  ~ (~'+ ~r- K + K-)/total  ( P 1 6 )  

R16 205 0.0072 0.0023 VANNUCCI 77 SNAG E÷E- 

J/~(3097)  ~ (2(~r + 7r-) K + K - ) / t o t a l  ( p l T )  
R17 30 0.0031 0.0013 VANNUCCI 77 SNAG E~E- 

J/~(3097)  ~ (Tr + 7 r -  7rO K + K-) / total  (DI~) 
R18 309 0.012 0.003 VANNUCCI 77 SMAG E÷E~ 

J / ~ (3 0 9 7 )  -- 2(K + K- ) / t o t a l  (P19) 
R19 0.0007 0.0003 VANNUCCI 77 SNAG E÷E- 

J/~(3097)  ~ (p~r)/Intal (P2o) 
R20 543 0 . 0 1 0  0 . 0 0 2  BARTEL 1 76 CNTR E . E -  
R20 153 0.013 0.003 JEAN-MARl 76 SMAG E+ E E÷E- 
R2R 183 0.016 0.004 ALEXANDER 78 PLUT - 
R20 0.0133 0.0D21 BRANBELIK 78 DASP E{E-,PI÷PI-GAMMA 
REO 150 0.013 0.005 FRANKLIN 83 SMK2 E+E-,HADRDNB 
R20 0.0133 0.0015 BALTRUSE BS SMK3 E+E ,PIOPI+PI- 
R20 . . . . . . . . . .  
R2O AVG 0.01270 0.00091 AVERAGE 

J / ~ (3 0 9 7 )  ~ (pDTra)/(p ~) I P 2 1 ) / P ( 2 0 )  

R21 0.39 O.li BARTEL i 76 CNTR E+E- 
R21 0.37 0.09 JEAN-MARl 76 SMAG E E+E- 
R21 0.35 0 . 0 8  ALEXANDER 78  PLUT E÷ - 
R21 0.32 0.08 BRANDELIK 78 DASP E+E-,PI+PI-GAMMA 
R21 (0.363 (0.03) SCBARRE 79 BMAG E÷E- 
R21 
R21AVG 0.352 0,044 AVERAGE 

J /~ (3097)  ~ ( p  ~)/total (units 10 3) ( P 2 2 )  

R22 0.18 O.O~ SALTRUS2 85 SMK3 E+E-,PI+PI-ETA 

J /~ (3097)  ~ ( p  n')/total (units 10 3) ( P 2 3 )  

R23 10.1) OR LESS BALTRUS2 85 SMK3 E÷E-,4PI ETA 

J / ~ ( 3 0 9 7 )  ~ ( ~  ~r + ~ ' - ) / t o t a l  (units 10 -3 )  ( P 2 4 )  

R24 215 7.8 1.6 BURMES~ER 77 PLUT E+E~ 
R24 348 6.8 1.9 VANNUCCI 77 SNAG E+E-  
R24 
R2& AVG " "71L" " " 1.2 " AVERAGE 

J /~13097)  ~ (~ ~r ~r)/(2(~r + ~r- )  ~r o) (R24)/(P9) 
R25K J (0.3)  JEAN MARl 76 SNAG E~E- 
R25 J FINAL STATE 2(PI+ Pl-)PlO 
R23K UNDER THE ASSUMPTION THAT Pl Pl IS ISOSPIN D 

J / ~ (3 0 9 7 )  ~ ( ~  2~r + 27c-)/total (P26) 
R26 140 0.0085 0.0034 VANNUCCI 77 SNAG E÷E- 

J / ~ (3 0 9 7 )  -- ( c o / K ) / t o t a l  ( P 2 7 )  

R27 22 0.0016 0.0010 FELBMAN 77 SNAG E+E- 

J / ~ (3 0 9 7 )  - -  (~/z(127O))/total ( P 2 8 )  

RGB B1 0.0019 0.0008 VANNUCCI 77 SNAG E+E 
RG8 70 0.0040 0.0016 BURMESTER 77 PLUT E+E- 
R28 . . . . . . . . .  
R28 AVG 0.00232 0.00086 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 

3/~(3097)  ~ (~/~(1525))/total  (units 10 4) <R29) 
RE9 11.6) OR LESS CL=O.9O VANNUCCI 77 SMAG E+E- 

J/~(3097)  ~ (w~)/total (units 10 a) (p30) 
RED 1.9 0.4 BALTRUS2 85 SMK3 E+E-,3PI ETA 

J / ~ (3 0 9 7 )  ~ (co ~')/total (units 10 -S) (P31) 
R31 0.39 0.13 BALTRUS2 85 SMK5 3Pl RHO GAMMA 
R31 0.~3 O.2O 0.23 BALTRUS2 85 SMK3 PIOPI+PI-ETA2PI 
R31 . . . . . . . . .  
R3q AVG O.GO O.il AVERAGE 

J / ~ (3 0 9 7 )  ~ ( w ~ ) / t o t a l  (units 10 S) ( P 3 2 )  

R32 0.67 0.13 BALTRUS2 85 SMK3 PlOPI+Pl- RIO 

J / ~ (3 0 9 7 )  ~ (~ ro ) / to t a l  (units 10 -3) ( P 3 3 )  

R33 10.013) OR LESS BALTRUS2 85 SMK3 E~E-, K+K-PIO 

J / ~ ( 3 0 9 7 )  ~ (@ sT+ m--)/total (PB4) 
R3~ 23 0.0021 0.0009 FELDMAN 77 SNAG E÷E- 

J/~(3097)  ~ (~ 2Ur + 7r-))/total (DSS) 
RS5 (O.OOq5)OR LESS EL=0.90 VANNUGC[ 77 SNAG E÷E- 

J/~(3097) ~ (@KK)/total (P36) 
RE6 14 0.0018 0.0008 PELDMAN 77  SHAG E + E -  

2/6(3097)  ~ ($~) / to ta l  (units 10 -3) (P37) 
R37 5 1.0 0.6 VANNUDCI 77 GMAG G+E- 
R37 0.69 0.11 BALTRUG2 85 SMK3 K+K-NEUTRALS 
R37 0.64 0.17 BALTRUS2 85 SMK3 E+E-,K÷K-ETA 
R57 0.61 0,16 BALTRUB2 B3 SMK3 E+E-,K÷K-3PI 
R37 ......... 
R37 AVG 0.665 0.079 AVERAGE 

J / ~ ( 3 0 9 7 )  ~ (@~')/total (units 10 -3) (P38) 
R38 11.3) OR LESS CL=0.90 VANNUCCI 77 SNAG E+E- 
R3B 0.39 0,12 BALTRUS2 85 SMK5 K+K-RHOB GAMMNA 
R38 0.365 0.064 SALTRUS2 85 SMK3 K+K-GTA PI*RI- 
R38 ......... 
R38 AVG 0.371 0.056 AVERAGE 

J /~ (3097 )  ~ (~fs(1270))/total  (units 10 -4) (P39) 

R39 (3.7) OR LEGS CL=0.90 VANNUCEI 77 SMAG E+E- 

J /~ (3097 )  -- (~f~(1525))/tutal  (units 10 -4) (P~D) 
R4OB 6 8.0 5.0 VANNUCCI 77  SMAG E~E- 
RGOB 46 3.4 1.3 GIDAL 81 SMK2 E+E- 
RGOB ASSUMES F2'11525) INTO K KSAR IS 100 PER CENT. 
R40 
RGO AVG " " 3 ~ 7 '  " " i . 3  " AVERAGE 

J /~ (3097 )  ~ (~f0(975))/tolal (units lO -4) ( P ~ I )  

R41 50 2.6 0.6 GIDAL 81 SMK2 E+E- 

J /~13097)  ~ (~" ± as)/total (p~2) 
R42 (0.0043)0R LESS CL=O.90 BRAUNSCRW 76 DASP E*E~ 

J /~ (3097 )  ~ (pas(1320))/ total  (P43) 
R43 36 D.OO84 0.0045 VANNUCCI 77 SMAG E~E- 

J /~13097)  ~ (KK*1892) ~ C.C.)/total (units 10 4) (p4&) 
RG4 39 82. 24. BRAUNSCHW 76 DASP E÷E-,K* K'BAR-+ 
RAG 48 64. 12. VANNUDCI 77 SMAG E+E ,K+- K'BAR-+ 
RGL 45 54. 12. VANNUCCI 77 SNAG E÷E-,KO K'BARB 
RG& 24 52.8 11.4 FRANKLIN 83 SMK2 E÷E-,K÷- K'BAR + 

100. 13. BALTRUS2 85 SMK3 E*E~,K~K** RG£A 
R44B 120. 15. BALTRUS2 85 SMK3 E÷E-,K-K*÷ 
R4&C 7B. 13. BALTRUS2 85 SMK3 E÷E-,KO K*O 
RL4A FROM K** K- • C.C. TO FINAL STATE K+- KS PI-÷ AND ISOSPIN INV, 
RL~B FROM K*÷ K- * C.C TO FINAL STATE K÷ K- RiO AND ISOSPIN INV. 
R44C FROM K*O KOBAR + C.C TO FINAL STATE K+- KS Pl+~ AND ISOSPIN INV. 
R44 . . . . . . . . .  
R44 AVG 74.6 9.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.8) 

J/@(3097) ~ (K K~(1430))/total (R45) 
R45 <0.0066)0R LESS CL=O.90 BRAUNSCHW 76 RASP E~E-,K*-K2*BAR-+ 
R45 IO.OD4) OR LESS CL=0.90 VANNUCCI 77 SNAG E+E-,KB K2*BARO 

J / ~ ( 3 0 9 7 )  ~ (K*(892)OK'(Ogz)O)/total (P46) 
R46 (O.ODOS)BR LESS CL~0.90 VANNUCCI 77 SMAG E~E- 

J/@(3097) ~ (K~(1430)°K~(1430)°)/total (P47) 
R47 (O.OO29)DR LESS CL=0.90 VANNUCCI 77 SNAG E+E- 

J /~ (3097 )  ~ (K*(892)OK~(1430) ° ÷ C.C.)/total (P48) 
R48 40 0.0067 0.0026 VANNUCCI 77 SNAG E{E 

J / ~ ( 3 0 9 7 )  ~ (b1(1235) ± ~ ~)/total  (p~9) 

R49 87 0.0029 0.0007 BURMESTER 77 PLUT EmE- 

J /~ (3097 )  -- ( p p ) / t o t a l  (units 10 -3) 1P50 )  

R50 2.0 0.5 BESCH 78 BONA E*E 
R50 A 331 2.2 0.2 RERUZZI 78 SNAG E+E- 
R50 135 2.5 0.4 BRANDELIK 79 DASP E+ E- 
R50S 1420 2.16 0.17 EATON 84 SMK2 E÷E-,HADRONS GAM 
R50S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US, 
RSO A ASSUMING ANGULAR DISTRIBUTION (I.+COS(THETA)**2) 
R5O . . . . . . . . .  
RED AVG 2.20 0.12 AVERAGE 

J /~ (3097 )  (~  p ) / ( ~ +  ~ - )  ( P s o ) / ( P G )  
R51 A 20 .051 .02 WIIK 75 PLUT E~E- 
R51 A ASSUMING ANGULAR DISTRIBUTION (I.-COS(THETA)~*2) 

J/~(3097)  ~ (pp~o) / t0 ta l  (units 10 3) (P52) 
R52 109 1.00 0,15 PERUZZI 78 SNAG ~÷Ez,P DR 
R52 1.4 0.4 BRANDELZK 79 DASP ~÷ ~- 
R52B 683 1.13 0.13 EATON 84 SMK2 E÷E-,HADRONS GAN 
R523 SYSTEMATIC ERROR ADDER QUADRATICALLY BY US, 
R52 
R52 AVG 1.093 0.095 AVERAGE 

J /~13097)  ~ ( p H  ~ - ) / t o l a l  (units 10 3) (P33) 
R53 194 2.16 0.29 PERUZZI 78 SMAG E÷E-,P PI- 
R33B 204 2.04 0.27 PERUZZI 78 SNAG E+E-,P PI~ 
R53 32 1.7 0.7 BESCH 81 BONA E+E- 
R53B 5 1.6 1.2 BESCH 81 BONA E*E- 
R533 1288 2*02 0.24 EATON 84 SMK2 E+E-,P PI- 
R533 81191 1.93 O.2A EATON 84 SHK2 E+E~,P PI÷ 
R53G SYSTEMATIC ERROR ADDED QUADRATICALLY BY US, 
R33B FROM ANTI-CHANNEL (ROAR N PI+) 
R53 ......... 
R53 AVG 2.01 0.13 AVERAGE 

J/~(3097)  ~ ( p p  w+  ~ - ) / t o ta l  (units 10 3) (D54) 
R54 533 5.5 0.6 PERUZZI 78 SHAG E+E-,P PB I-2Pl 
R54 L8 3.8 1.6 BESCH 81 BONA E~E- 
R54S 1435 6.&6 0.46 EATON B4 SHK2 E+E-,HADRONS GAM 
R543 SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 
R54 
RSA AVG 5.99 0,48 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 



For notation, see key on page 91. 

J /~(3097)  ~ ( p p T r + ~ - T r ° ) / t o t a l  (units 10 -S) (P55) 
R55 INCLUDING P PBAR P1+PI- GAMMA AND EXCLUDING OMEGA,ETA,ETA' 
R55 39 1.6 0.6 PERUZZI 78 SMAG E÷E-,P PB 2PI 
R55S 364 3.36 0.71 EATON 84 SMK2 E+E-,HADRDNS 
R55S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 
R35 
R55 AVG 2.33 0.87 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.9) 

J /~ (3097)  ~ ( p p  ~)/total (units 10 -3) (P56) 
R56 197 2.3 0.4 PERUZZI 78 SMAG E+E .P PR O-2Pl 
R56 2.5 1.2 BRANDELIK 79 DASP =÷ 
R56S 826 2.03 0.20 EATON 84 BMK2 E+E-,HADRDNS GAM 
R50S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 
R56 
R56 AVG 2.09 0.18 AVERAGE 

J /~(3097)  ~ ( p p  p)/total (units 10 -3) (P57) 
R5T (0.31) OR LESS el=.90 EATON 84 SMK2 E~E~,HADRONS GAM 

J /~ (3097)  ~ (p~c~)/total  (units 10 -3) (POE) 
R58 77 1.6 0.3 PEROZZI 78 SMAG E+E-,P PB I-2PI 
R58S 4B6 1.10 0.25 EATON 84 SMK2 E+E-,HADRONS GAM 
R58S SYSTEMATIC ERROR ADOED QUADRATICALLY BY US. 
R58 
R58 AVG 1.30 0.25 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 

J /~ (3097)  ~ (p  p ~')/total (units 10 3) (P59) 
R59 19 1.8 0.6 PERUZZI 78 SMAG E+E-,P PB I~2Pl 
R59S 19 0.68 0.29 EATON 84 SMK2 E÷F-,HADRONS GAM 
R59S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 
R59 
R59 AVG 0.89 0.44 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.7) 

J / ~ ( 3 0 9 7 )  ~ ( A  A)/total (units 10 -3)  (PEO) 
R60 196 1,1 0.2 PERUZZI 78 SHAG E+E-,L X,LBAR L 
R60 5 2.6 1.6 BESCH 81 BONA E÷E- 
R60S 365 1.58 0.21 EATON 84 SMK2 E+E ,HADRONS GAM 
R60S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US, 
R60 
R60 AVG 1.34 0.24 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.7) 

J /~(3097)  ~ (A~)/total (units 10 3) (P61) 
R61 (0.15) OR LESS CL=0.90 PERUZZI 78 SHAG E+E-,LAMBDA X 

J /~(3097)  ~ (~ ~)/total (units 10 3) (P62) 
R62 71 3.2 O.B PERUZZI 78 SHAG E÷E-,L LBAR 
R62S 194 2.28 0.44 EATON 84 SMK2 E÷E-,HADRONS GAM 
R62S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 
R62 
R62 AVG 2.49 0.39 AVERAGE 

J /~ (3097)  ~ ( ~ ) / t o t a l  (units 10 -3) IP63) 
R63 52 3.9 1.2 PERUZZI 78 SMAG E+E-,SIGO SIGBO 
R63 3 7.2 7.8 BESCH 81 BONA E+E-,SIG+ SIGB- 
R63S 90 4.7L 0.90 EATON 84 SMK2 E~E~,SIGO SIGBD 
R63S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 
R63 
R63 RVG 4.46 0.72 AVERAGE 

J / ~ ( 3 0 9 7 )  ~ (nn-)/total (units 10 -S) (RE4) 
R64 0.18 0.09 BESCH 78 BONA E+E- 

J /~ (3097 )  - -  (n  ~- ~+  ~ - ) / t o t a l  (units 10 3) 
R65 (P65) 
R65 5 3.0 3.6 BESCR 81 BONA E+E- 

J/t~(3097) ~ (A(1232) ++  A(1232)-- ) / to ta l  (units 10 3) 
R66 (P66) 
R66S 233 1.10 0.29 EATON 84 SMK2 E÷E-,HADRONS GAM 
R66S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 

J /~(3097)  ~ (~(1385) ~ Z(1385)±)/total (chits 10 3) 
R67 (P67) 
R67S 56 0,86 0.32 EATON 84 SMK2 E+E-,SIGMA*- 
R67S 68 1.03 0,48 EATON 84 SMK2 E+E-,SIGMA*+ 
R67S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US,SEE TEXT SEC.IV.C.2. 
R67 ......... 
R67 AVG 0.91 0.27 AVERAGE 

J /¢ (3097)  ~ ( ~ ( 1 3 8 5 ) ~ ± ) / t o t a l  (units 10 3) (960) 
R68S 26 0.29 0.17 EATON 84 SMK2 E÷E-,SIGMA*- 
R68S 28 0.31 0.19 EATON 84 SMK2 E÷E-,SIGMA*÷ 
R68S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US,SEE tEXT SEC.IV.C.2. 
R68 
R68 AVG 0.30 0.13 AVERAGE 

J /~(3097)  ~ (pN(1440  1535)+)/total (units 10 -3) (P69) 
R69S 109 0.93 0.35 EATON OA SMK2 E+E-,HADRONS GAM 
R69S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 

J /~(3097)  ~ ( A ( 1 2 3 2 ) + + ~ - ) / t o t a l  (units 10 3) (P?O) 
R70S 332 1.58 0.46 EATON 84 SMK2 E~E-,HADRONS GAM 
R70$ SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 

J /~(3097)  ~ (AZ±Tr~) / to ta l  (units 10 3) (P71) 
R71S 135 1.53 0.56 EATON 84 SMK2 E+E-,HADRONS+PI 
R71S 118 1.30 0.52 EATON 84 SMK2 E+E-,HADRONS-PI+ 
R71S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US,SEE TEXT SEC.IV.C.2. 
R71 
R71 AVG 1.45 0.38 AVERAGE 

J / ~ ( 3 0 9 7 )  - -  (p K -  A)/total (units 10 3) (PTZ) 
R72S 307 0.89 0.16 EATON 84 SMK2 E~E-,HADRONS GAM 
R72S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 

J / ~ ( 3 0 9 7 )  ~ (p K -  ~°)/total (units 10 3) (P73) 
R73S 90 0,29 0.08 EATON 84 SMK2 E÷E~,HADRONS GAM 
R73S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 

J /~(3097)  ~ (pK-~(1385)°)/total (units 10 -3) (P74) 
R74S 89 0.51 0.32 EATON 84 SMK2 E÷E-,HADRONS GAM 
R74S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 
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J /~(3097)  ~ (K~ K~)/total (units 10-4) (pTb) 
R75S 74 1.01 0,18 BALTRUSA3 85 SMK3 E÷E-,KS KL 
R75S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 

RADIATIVE DECAYS 

J /~(3097)  ~ (2~)/total (units 10 3) (P80) 
RBO (0.5) OR LESS CL=O.90 BARTEL 77 CNTR E*E- 

J /~(3097)  - -  (3~)/total (units 10 3) (P81> 
R81 (O.055)OR LESS EL:O.90 PARTRIDGE 80 CBAL E+E-,3 GAMMA 

J /~ (3097)  ~ (~°7) / to ta l  (units 10 -3) (P82) 
R82 10 0.073 0.047 BRANRELIK 79 DASP E+ E- 
R82 0.036 0.013 BLOOM 03 CBAL E÷ E ,3 GAMMA 
R82 ......... 
R82 AVG 0.039 0.013 AVERAGE 

J /~ (3097)  ~ ( ~ ) / t o t a l  (units 10 -3) (983) 
R83 21 1.3 O.A BARTEL 77 CNTR E~Ez.3 GAMMA 
R83 0.02 0.10 BRANDELIK 79 DASP :* E 
R83S O.SS 0.14 BLOOM S3 CBAL E+ E-,3 GAMMA 
R83S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 
R83 
R83 AVG 0.859 0.080 AVERAGE 

J /~(3097)  ~ (~ '7) / total  (units 10 -S) (P84) 
R84 (3.2) DR LESS EL;,90 MURTAS 26 FRAG E.E- 
R84 57 (2.4) (0.7) BARTEL 1 76 CNTR E+E ,E GAMMA RHO 
R84 6 2.9 1.1 BRANDELIK 79 RASP E÷E-,3 GAMMA 
R84B (3.8)  (1.3)  SCHARRE 79 SMAG E.E-, GAMMA X 
R84 (3.4) (0.7) SCHARRE 79 SMAG E÷F-,2 Pl 2GAMMA 
R84S 4.1 0.7 BLOOM 83 GBAL E÷E-,3G÷HADR GAM 
RBAS 4.6 0.8 EINSWEILE 83 SMK3 E÷E-,HADRONS GAM 
R84S 4.7 1.0 EINSWEILE 83 SMK3 E+E-,HADRONS BAH 
R84B FROM THE INCLUSIVE GAMMA DECAY SPECTRUM 
R84S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 
R84 . . . . . . . . .  
R84 AVG 4,17 O.L3 AVERAGE 

J /~(3097)  ~ (~c(2980) ~)/total <p85) 

R85 16 SEEN BALTRUBAI 84 GMK3 J/RSI,2PHI GAMMA 
R85 0,0127 0.0036 GAISER 85 CBAL J/PSI,GAMMA X 

J /~(3097)  ~ (f2(1270) 7)/total  (units 10 -3) (986) 
R86 35 2.0 0.7 ALEXANDER 78 PLUT 0 E~E- 
R86 T 3D 1.R 0.6 SRANBELIK 78 RASP E+E ,PI÷RI-GAMMA 
R86S 178 1.48 0.39 EDWARDSI 82 CBAL E÷E-,2 RIO GAMMA 
R86S 1.7 0.3 EINSWEILE 03 SMK3 E÷E-,HADRONS GAM 
R86 . . . . . . . . .  
R86 AVG 1.60 0.21 AVERAGE 

R86 T RE-STATED BY US'TO TAKE ACCOUNT 0F SPREAD OF EI,ME,E3 TRANSITIONS. 
R86S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 

J /~(3097)  ~ (F£(1525) ~)/total (units 10 3) (p87I 
R87 3 (0.23) OR LESS CL=O.90 ALEXANDER 78 PLUT E+E-,K+K- GAMMA 
R87 I ~ (0.34) OR LESS CL=O.90 BRANDELIK 79 RASP E÷E-,PI÷PI-GAMMA 
R87A 0.18 0.10 FRANKLI2 83 SMK2 J/PGI,K KBAR BAH 
R87S A 0.16 0.05 EINSWEILE 83 SMK3 E~E ,HADRONS GAM 
R87A USING BRANCHING RATIO (72'(1525) INTO K KBAR) = 1.0 
R87 I ASSUMING ISOTROPIC RRDDUCTION AND DECAY 0F THE 72'(1525) 
R87 I AND ISOSDIN. 
R87S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 

J/@(3097) ~ (/'1(1285) 7)/total  (p88) 
R88 D (O.OD6)OR LESS CL=.9O SCHARRE 80 SMK2 E÷E- 
R88 D USING BR(FI(1285) INTO K KBAR Pl)=O.12 

J /~(3097)  ~ (7(1440) ~)/total (P89) 
R89C B O.OOL3 0.0017 SCRARRE 80 SMK2 E*E- 
R89S B 0.0040 0.0012 EDWARDS3 82 CBAL J/PSI,ETA GAM 
R89S B 0.0050 0.00D9 RICHMAN 85 SMK3 J/RSI,K K Pl GAM 
R89 
R89 AVG 0.00459 0.00066 AVERAGE 

R89 B INCLUDES UNKNOWN BRANCHING FRACTION ETA(1440) INTO K KBAR Pl. 
R89C CORRECTED FOR SPIN-ZERO HYPOTHESIS FOR ETA(14~O). 
R89S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 

J /~ (3097)  ~ ( p p ~ ) / t o t a l  (units tO -a)  (P9O) 
R90 (0.11) OR LESS CL:O.90 PERUZZI 78 SMAG E÷E-jP PB SHOWER 
Rgos 49 0.38 0.10 EATON SA SMKS E+E-,HADRONS GAM 
R90S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 

J /~(3097)  ~ (/'2(1720) 7)/total (units 10 4) (P91) 
R91A (3.0) (1.6) EDWARDS2 82 CBAL E*E-,ETA ETA GAM 
RQIS B 4.8 1,1 GINSWEILE 03 GMK3 E÷E-,K÷K- GAMMA 
R91S B 6mO 3.4 FRANKLI2 83 SMKB E~E ,K+K-- GAMMA 
R91A INCLUDES UNKNOWN BRANCHING FRACYION TO ETA ETA. 
R91 B INCLUDES UNKNOWN BRANCHING FRACTION TO K+K--. 
R91S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 
R91 . . . . . . . . .  
R91AVG 4.9 1.0 AVERAGE 

J /~(3097)  ~ (X(2220) ~)/total (units 10 -S) (P92) 

R92S B 93 8.4 3.8 3.2 BALTRUSA4 85 SMK3 J/PSI, K÷ K- GAM 
R92G B 23 13. 7. 6. BALTRUSA4 85 SMK3 J/PSI, KS KS GAM 
R92 B INCLUDES UNKNOWN BRANCHING FRACTION INTO K KBAR. 
R92S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 
R92 
R92 AVG 9.L 3.1 AVERAGE 

J /~(3097)  ~ ( p p  ~r + ~r- 7)/total (units 10 -3) (P93) 
R93 (0.79) OR LESS CL=.90 EATON 84 SMK2 

J /~(3097)  ~ (pOpOT)/total (units 10 3) (P9L) 
R94B M 1.25 0.53 BURKE 82 SMK2 E+E-,HADRDNS GAM 
RgA M RHO RHO MASS LESS THAN 2.0 GEV. 
R94G SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 
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J /~(3097) ,  xo(3415) 

J / i f (3097)  ~ ( 2 ~ *  2 ~ -  ~) / to ta l  (units 10 -3)  
R958 M 6.85 ~.28 BURKE 82 SMK2 
R95 M ~PI MASS LESS THAN 2.5 GEV. 
R958 SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 

J / ~ ( 3 0 9 7 )  --  ~ 9  ~ r R ) / t o t a l  (units 10 3) 
R96S M . 1.2 EDWARDS 83 CBAL 
R96S M 7.8  2.7 EDWARDS 83 CBAL 
R96 M BROAD ENHANCEMENT AT 1700 MEV. 
R96B SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 
R96 . . . . . . . . .  
R96 AVG 6.2 1.1 AVERAGE 

J / ~ ( 3 0 9 7 )  ~ (w w y) / to ta l  (units 10 3) 

R97S 1.76 0.46 BALTRUSAI 85 SMK3 
R978 SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 

(P95) 
E+E-,HADRONS GAM 

(P96) 
J/PSI,ETA P I *P I -  
J/PSI,ETA 2PIO 

(P92) 
E*E-,HADRONS GAM l 

J/~(3097) r ( l ) * r ( e  + e - ) / p ( t o t a l )  (keV) 

T~IS COMBINATION OF A PARTIAL WIDTH WITH THE PARTIAL WIDTH 
INTO E-E- AND WITH THE TOTAL WIDTH IS OBTAINED FROM THE INTEGRATED 
CROSS~SECTION INTO CHANNEL(1) IN THE E÷E- ANNIHILATION. 

F(e + e - ) * P ( e  + e - ) /F ( tn t a l )  
81S .32 .07 BALDINII 75 FRAG EeE- 
81 .34 .14 BEMPORAD 75 FRAB E+E- 
81 S .34 .09 ESPOSITO 75 FRAM E*E- 
81S .36 .10 FORD 75 SPEG E÷E 
G1 0.35 0 .02 BRANDELIK 79 DASP E~E- 
G1 . . . . . . . . .  
81 AVE 0.348 OmO18 AVERAGE 

r ( #  + ~ - ) * r ( e  + e - ) / r ( t o t a l )  
82 .31 .09 BEMPORAU 75 FRAB E*E- 
82 .51 .09 OASPI 75 DASP E+E- 
G2 8 .38 .05 ESPOSITO 75 FRAM E*E 
82 S .A6 .I0 LIBERMAN 75 SPEC E+E- 
82 ......... 
82 AVG 0.401 0.037 AVERAGE 

r ( had ron i c )* r ( e  + e - ) / F ( t o t a l )  
08 ~ ~: :~ . . . . . . . . .  5 . . . . . . . .  
83 9 ESPOSITO 75 FRAM E÷E- 
83 
83 AVG 3.95 0.57 AVERAGE 

G S DATA REDUNDANT WITH BRANCHING RATING OR PARTIAL WIDTHS ABOVE 

R E F E R E N C E S  FOR J / ~ ( 3 0 9 7 )  

CHRISTEN 70 PRL 25 1523  CHRISTENSON,HICKS,LEDERMAN+ (COLU~BNL+CERN) 

ABRAMS 74 PAL 33 1453  +BRIBGS,AUGUSTIN,BOYARSKI+ (LBL~SLAC) 
ASH 74 LNC 11 705 +ZORN,BARTOLI÷ (FRAS+UMD+NAPL+PADO÷ROMA) 
AUBERT 74 PAL 33 1408  +BECKER,BIGGS,BURGER,CHEN,EVERHART(MIT+BNL) 
AUGUSTIN 74 PAL 33 1406 +BOYARSKI,ABRAMS,BRIGGS+ (SLAC+LBL) 
BACCI 74 PAL 33 1408  ÷BARTOLI,BARBARINO,BARBIELLINI÷ (FRASCATI) 

ALSO 74 PRL 33 1649 FOR ERRATA 
BALDINI- 74 LNC 11 711 BALDINI-CELIB,BACGI+ (FRASCATI+ROMA) 
BARBIELL 74 LNC 11 718 BARBIELLINI,BEMPORAD+ (PRAS÷NAPL÷PISA÷ROMA) 
BRAUNSCH 74 PL 538 393 BRAUNSCNGEIG+ (AACHEN÷HAMB+MUNICH+TOKYO) 

ANDREWS 75 PRL 34 231 +HARVEY,LOBKOWICZ,MAY,NORDBERG (ROCH÷CORN) 
AUBERT 75 NP B 89 1 ÷BECKER,BIGGS,BURGER,GLFNN,÷ (MIT+BNL) 
BACCI 75 LNC 12 269 ePENSO,STELLA,BALDINI-CELIO,÷ (ROMA+FRAS) 
BALDINII 75 PL 588 471 BALDINI-CELIO,BOZZO,CAPON,BACCI+(FRAG÷ROMA) 
BALDINI2 75 PL 588 475 BALDINI-CELID,CAPON,DEL FABBRO+ {ERAS+ROMA) 
BEMPDRAD 75 STANFORD SYMP.113 C.BEMPORAD (PISA+FRASCATI) 
BLANAR 75 PRL 35 3~6 +BOYER,FAISSLER,GARELICK.GETTNER,+ (NEAS) 
BOYARSKI 75 PRL 34 1357  +BREIDENBACH,BULOS,FBLDMAN,÷ (SLAC+LBL)JPC 
BRAUNSCN 75 PL 538 491 BRAUNSCNWEIG+ (AACHEN÷HAMB+MUNICH~TOKYO) 
BUSSER 75 PL 56 B 482 +BLUMENFELD,BANNER,+ (CERN÷COLU+ROCK÷SACL) 
CAMERINI 75 PRL 35 483 +LEARNED,PREPOST,ASH,ANDERGON,÷ (WISC÷SLAC) 
CRIEGEE 75 PL 53B 489 +DEHNE,FRANKE,HORLITZ,RRECHLOCK÷ (DESY) 
DAKIN 75 PL 56 B 405 +KREISLEH,BOLON,HEILE+ (MASA+MIT+SLAC) 
DASPl 75 PL 568 491 BRAUNSCHWEIG,KONIGS,+ (AACH÷BEGY+MPIM*TOKY) 
DASP2 75 PL 57B 297 BRAUNSCHWEIG,KONIGS,+ (AACH+DESY÷MPIM÷TOKY) 
ESPOSITO 75 LNC 14 73 +BARTOLI,BISELLO,+ (~RAS*NAPL+PADO~ROMA) 
;ORB 75 PRL 34 60& +BERON,HILGER,HOFSTADTER+ (SLAC+PENN) 
GITTELMA 75 PRL 35 1616 81TTELMAN+HANSON+LARSON÷LOH÷ (CORN) 
BRECO 75 PL 56B 367 ~PANCHERI-SRIVASTAVA,SRIVASTAVA (FRAG) 
HEINTZE 75 STANFORD SYMP.97 J.HEINTZE (HEIDELBERG) 
JACKSON 75 NIM 128 13 J.D.JACKSON,D.SCHARRE (LBL) 
KNAPPI 75 PRL 34 1040 +LEE,BRONSTEIN÷ (COLU+HAWA÷CORN+ILL+FNAL) 
KNAPP2 75 PRL 34 1044  ~LEE,SRONSTEIN÷ (COLU÷HAWA÷CORN+ILL~FNAL) 
LIBERMAN 75 STANFORD SYMP.55 A.D.LIBERMAN (STANFORD) 
MARTIN 75 PRL 34 288 +BOLDN,DAKIN,FELDMAN,HANSON+(MIT+MASA÷SLAC) 
PREPOST 75 STANFORD SYMP.241R.PREPOST (WISCONSIN) 
SIMPSON 75 PAL 35 699 ~BERBN,FDRD,HILGER,HOFSTADTER,* (STAR+PENN) 
WIIK 75 STANFORD SYMP.89 B.H.WIIK (OESY) 
YENNIE 75 PRL 34 239 D.R.YENNIE (CORNELL) 

ANTIPOV 76 TBILISI CONF.N 0 ~BESSUBOV,BUDANOV,BUSHNIN,DENISOV,+ (SERP) 
BARTEL 1 76 PL 84 B 483 *DUINKER,OLSSON,STEF~EN,HEIN~ZE~(DESY+HEID) 
BRAONSCH 78 PL 63 B 487 BRAUNGCHWEIG,+ (AACH+DESY÷HAMB÷MPIM÷TOKY) 
BUGGER 76 NP B 113 189 +BLUMENFELD,BANNER,+ (CERN÷COLU+RDOK÷8AGL) 
JEAN-MAR 78 PRL 36 291. +ABRAMS,BOYARSKI,BREIDENBACH,+ (SLAC+LBL)IG 
MURTAS 76 TBILISI CONF. N60 G.P.MURTAS (ERAS) 
PIERRE 76 TBILISI CONF. N46 F.PIERRE (SLAC÷LBL) 
DRYDEN 76 PAL 36 1415 +HOM,LEDERMAN,APPEL,KAPLAN+(COLU+FNAL÷STON) 

BARTEL 77 PL 66 B 489 *DUINKER,DLSSON,HEINTZE,+ (DESY+HEID) 
BIDDICK 77 PRL 38 1324 +BURNETT+ (UCSD+UMD+PAVI+PRIN+SLAC÷STAN) 
BU~MESTE 77 PL 72 B 135 BURMESTER,CRIEGEE,* (DESY÷HAMB+SIEG÷WUPP) 
CBRDEN 77 PL 68 B 96 +DOWELL,+ (BIRM+CERN+MPIM÷NEBC+EPOL+RHEL) 
FELDMAN 77 PL 33 C 285 *PERL (LBL÷SLAC) 
VANNUCCI 77 PRD 15 1814 +ABRAMS,ALAM,BOYARSKI,+ (SLAC*LBL) 
YAMADA 77 HAMB. CONF. P. 69 YAMABA (DESY÷TOKY) 

ALEXANDE 70 PL 72 8 493 ALEXANDER,CRIEGEE,+ (DESY+HAMB+SIEE÷WUPP) 
BESCH 78 PL 78 B 347 *EISERMANN,KOWALSKI,V EYSS+(BONN+DESY+MANZ) 
BRANDELI 70 PL 74 B 292 BRANDELIK,CORDS+ (AACH+DESY+HAMB÷MPIM+TDKY) 
PERUZZI 78 PRP 17 2901  ~PICCOLO,ALAM,BOYARSKI,GOLDHABER~(SLAC+LBL) 

8RANDELI 79 ZPHY C 1 233 8RANDELIK,CORDS,~(AACH+DESY~HAMB+MPIM+TOKY) 
KIRK 79 PRL 42 619 +GOODMAN,ALVERSON,+(FNAL+HARV÷ILL÷OXF÷TUFT) 
SCHARRE 79 SLAG-PUB-2321 D.L. SCHARRE (SLAC+LBL) 

ALSO 79 LBL 9502 ABRAMS,ALAM,BLOCKER,BOYARSKI,÷ (SLAC÷LBL) 

PARTRIDG 80 PRL ~4 712 PARTRIDGE,PECK,+ (CIT÷HARV~PRIN+SLAC+STAN) 
SCHARRE 88 PL 97 B 329 ~TRILLING,ABRAMS,ALAM,BLOCKER+ (8LAC+LBL) 
ZHOLENTZ 80 PL 96 B 214 +KURDADZE,LELCHUK,MISHNEV,NIKITIN÷ (NOVO) 

ALSO 81 YAD.PHYS. 8g 1471 ZHOLENTZ ET AL. (NBVO) 

BESCH 81ZPHV C 8 1 +E[SERMANN,LOHR,KOWALSKI,+ (BONN*DESY*NANZ) 
GIDAL 81 PL 107 B 153 +GOLDHABER,GUY,MILLIKAN,ABRAMS÷ (SLAC÷LBL) 

BURKE 82 PRL 49 632 ÷IRILLING,ABRAMS,ALAM,BLOCKER÷ (SLAC+LBL) 
EDWARDSI 82 PRD 25 3065 +PARTRIDGE,PECK,* (CIT+HARV+PRIN÷STAN~SLAC) 
EDWARDS2 82 PRL 48 458 +PARTRIDGE,PECK,+ (CIT÷HARV+PRIN+STAN÷SLAC) 

ALSO 83 BLOOM 83 
EDWARDS3 82 PAL 49 259 +PARTRIDGE,PECK÷ (CIT~HARV+PRrN÷STAN÷SLAC) 
LEMBIGNE 82 PL 113 B 509 +BARATE,ASTBURY,MCEWEN.(SACL÷LOIE÷SHMP÷IND) 

BARATE 83 PL 121 B 449 +BAREYRE,ASTBURY,MCEWEN(SACL+LOIC+SEMP+IND) 
BLOBM 83 ARNS 33 143 BLOOM,PECK (SLAC÷CIT) 
EDWARDS 83 PAL 51 859 +PARTRIDGE,PEEK+ (CIT*HARV+PRIN÷STAN÷SLAC) 
EINSWEIL 83 BRIGHTON SON~.348 K.F.EINSWEILER~MARKIII COLLABORATION (SLAC) 
FRANKLIN 83 SLAG-PUB-3092 +FRANKLINtFELDMAN,ABRAMS,ALAM÷ (LBL÷8LAC) 
FRANKLI2 83 SLAG-254 THESIS M.E.B.FRANKLIN (STAR) 

BAL~RUSA 84 PRL 52 2126  BALTRUSAIEIS÷ (CIT+UCSC+ILL+SLAC+WASH) 
EATON 84 PRD 29 804 ÷GOLDHABER,ABRAES,ALAM,BOYARSKI÷ (LBL+SLAC) 

BAGLIN 85 CERN-PRF-85 (LAPP÷CERN+GENO÷LYDN÷OSLO+ROMA÷STRB÷TORI) 
SALTRUSA 85 PAL 55 1723 BALTRUSAITIS+ (CIT÷UCSC+ILL*SLAC÷WASH) 
SALTRUS2 85 PRD 32 2883  BALTRUSAITIG+ (CIT÷UCSC+ILL÷SLAC÷WASH) 
BALTRUS3 85 PRD 32 566 BALTRUSAITIS+ (CIT÷UCSC+ILL+SLAC÷WAS~) 
BALTRUS4 85 GLAC-PUB-3786 BALTRUSAIEI8+ ICIT*UCSC+ILL*SLAG+WASH) 
GAISER 85 SLAC~PUB 2899 +BLOOM,SULOS÷ (CIT+NARV+PRIN+STAN+SLAC) 
RICHMAN 85 CALT-68-1260 207H RENCONTRE DE MORIOND (CIT) 

I X0(3415)  I IO(JPC):O'(O**) 
was x(3415) I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  STI!I~(T!ilS!IB-~iEI~sTTIENRTE!!!!E!Ti!÷T~IEP~P~!~E[~!II D''~EC'AY 

EXCLUDED BY PI+ Pl-  AND K+ K DECAYS. JP=O+ PREEERRED (FELDMAN 77). 

X0(3415) M A S S  (HEY) 

M 2(3~07.0) (8.0) WIIK 75 DASP E+E-,J/PSI 2 GAM 
M B 3415.0 9.0 BIDBICK 77 CNTR E+E-,MONOCHR.GAM 
M D 3422.0 10.0 BARTEL 78 CNIR E!E ,J/PSI 2 GAM 
M D M 3416.0 6.0 TANENBAUM 78 SMAG c+ E- I 
M D E 8414.8 1.1 HIMEL 79 SMK2 E+E-,HADRONS 

AVE 3414.9 1.1 AVERAGE 

M D MASS VALUE SHIFTED BY US BY AMOUNT APPROPRIATE FOR 
M D P81(3685) MASS=3686 ANB PSI(3097) MASS=3092. 
M E SYSTEMATIC ERROR ADDED LINEARLY BY US 
M H FROM A SIMULTANEOUS FIT TO RADIATIVE AND HADRONIC DECAY CHANNELS 
M M SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 

Xo(3415) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

P1 XO(3415) ~ 7( . +  ~ -  140.  140 

P2 XD(3415) ~ K + K  - 494+ 494 

P3 X0(3415) ~ 2(~ + w - )  140+ 14o* 14o+ 14o 

P4 XD(3415) ~ 3(w + w - )  
P5 X0(3415) ~ W + T - K  + K -  140+ 140. 494+ 494 

P6 Xo(3415) ~ J /~(3097)  7 3097+ 0 

P7 X0(3415) ~ T T B+ 0 
PB XD(3415) ~ W + r - - p p  140+ 140+ 938+ 938 

P9 Xo(3415) ~ pO ~+ ~- 769+ 140, 140 

PlO X0(3415) ~ K*(892)°K±'a -~ B9Z+ 494+ 140 

Pll XD(3415) ~ f f p  938~ 938 

Xo(3415) B R A N C H I N G  R A T I O S  

XO(3415) ~ (7 7) / to ta l  (p7) 
RIT (O.OO1530R LEGS CL=0.90 YAMADA 77 DASP E+ E-,3 GAMMA l 

X0(3415) ~ 2(W + rC--)/totll IPI) 

R2 T 0.038 0.008 TANENBAUM 78 SMAG PSI(3685)TO GAM GHI I 

Xo(3415) ~ ( w + R r - K + K - ) / l o t a l  (p5) 
R3 T 0.029 0.008 TANENBAUM 78 SMAG PSI(3685)TO BAR SHE l 

XD(3415) ~ 3(W + 7 r - I / t o t a l  (P4) 
RG T 0.015 0.085 TANENBAUM 78 SMAG PSII3685)TO GAM CNI 

X0(3415) ~ (RE + ~r - ) / to ta l  (P1) 
R5 T 0,008 0.083 TANENBAUM 78 SMAG PSI(3685)TO GAM CNI 
R5 T O.OO7 OmO03 BRANDEL2 79 BASP PSI(3685)TO CAM CHI 
R5 ......... 
R5 AVG 0.0075 0.0021 AVERAGE 



For  notation, see key on page 91. 

X0(3415) ~ ( K  + K - ) / t o t a l  (P2) 
R6 T 0.009 0.004 TANENBAUM 78 SMAG P51(3685)T0 GAM CHI 
R6 T 0.006 0.003 BRANDEL2 79 DASP PSI(3685)rO GAM CH1 
R6 ......... 
R6 AVG 0.0071 0.0024 AVERAGE 

Xo(3415) ~ (Tr + ' x -  p O ) / t o t a l  1P8> 
R7 T 0.005 0.002 TANENBAUM 78 SMAG PSI(5685)T0 GAM CBI 

X0(3415) ~ ( J / ~ ( 3 0 9 7 )  7 ) / t o t a l  (96) 
R8 T 0.021 0.021 TANENBAUM 78 SMAG PS[(3685)T0 GAM CHI 
R8 T 0.018 0.009 BARTEL 78 CNTR PS(13685)T0 GAM CHI 
R8 T 0.032 0.021 BRANDEL2 79 DASP PSI(3685)T0 GAM CHI 
R8 T (0.059)0R LESS CL=0.90 HIMEL 80 SMK2 PSI(3685)T0 GAM CHI 
R8 T S 17 0.0063 0.0018 OREGLIA 82 CBAL PSI13685)T0 DAM CHI 
R8 
R8 AVG 0.0070 0.0023 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 

X0(3415) ~ ( p % r + T r - ) / t o t a l  (p9) 
R9 T 0.016 0.005 TANENBAUM 78 SMAG PSI(3685)T0 DAM CHI 

X0(3415) ~ (K*(892)OK ± 71"~)/total (PlO) 
RIOT 0.012 0.005 TANENBAUM 78 SMAS PS113685)T0 GAM CHI 

~o(3415)  ~ ( p p ) / t o t a l  (uni ts  1O 2) (p11) 
R11T (0.09) OR LESS GL=0.90 BRANDEL2 79 DASP PSI(3685)TO GAM CMI 

R S SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 
T CALCULATED USING PSI13685) 70 (GAMMA CHIO(3415))/TOTAL=O.094 
T THE ERRDRS DO NOT CONTAIN THE UNCERTAINTY IN THE PSI13685) DECAY. 

R E F E R E N C E S  F O R  X0(3415)  

FELDMAN 75 PRL 35 821 ÷JEAN-MARIE,SADOULET,VANNUGCI,+ (LBL÷SLAC) 
ALSO 75 PRL 35 1189 (ERRATA) 

TANENBAU 75 PRL 35 1323 TANENRAUM,WHITAKER,ABRAMS,+ (LBL+SLAC) 
WIIK 75 STANFORD SYMP.69 B.H.WIIK (DESY) 

BIDDICK 77 PRL 38 1324 +BURNETT+ (UCSB÷UMD÷PAVI÷PR~N+SLAC+STAN) 
FELDMAN 77 PL 33 C 205 +PERL (LBL÷GLAC) 
YAMAOA 77 HAMS. CONF. P. 69 YAMADA (DESY+TOKY) 

BARTEL 78 PL 79 B 492 
TANENBAU 78 PR D 17 1731 

ALSO 82 PRIVATE COMM. 

BRANDELI 79 ZPHY C 1 233 
BRANDEL2 79 N9 B 160 426 
HIMEL 79 THESIS SLAG-223 

ALSO 82 PRIVATE COMM. 
KIRK 79 PRL 42 619 

BIMEL 80 PRL 44 920 

OREGLIA 82 PR D 25 2259 

DITTMANN,DUINKER,OLSSON,O?NEILL÷(DESY÷BEID) 
TANENBAUM,ALAM,BDYARSKI,÷ (SLAC+LBL) 
G.H.TRILLING (LBL÷UCB) 

BRANDELIK,CDRDS,+(AACB÷DESY*HAMB+MPIM~TOKY) 
BRANDELIK,CORDS,÷(AACH*DESY+HAMB+MP[M+TOKY) 
T.M.BIMEL (SLAC) 
G.B.IRILLING (LBL+UCB) 
+GOODMAN,ALVERSON,+(FNAL+RARV÷ILL*OXE+TUFT) 

+ABRAMS,ALAM,BLOCKER,÷ (LBL÷SLAC) 

+PARTRIDGE,BLODM,~(SLAC÷GZT+HARV÷PRIN+STAN) 

X1(3510) [ rG(Jec)=°+<l++> 
was x(3510) . . . . . . . . . . . . . . . . .  

OBSERVED IN THE RADIATIVE SEQUENTIAL DECAY 
OF THE PSI(3685) INTO CH11(3510) GAMMA, CH11(3510) 

INTO J/PSI13097) GAMMA. ~HEREFORE, C=*. THE LACK OF DECAYS INTO 
PI~ P I -  OR K÷K IS SUGGESTIVE OF JP = ABNORMAL. THE DECAYS INTO 
4PI AND 6PI IMPLY G=÷, THUS I=0. J=O,2 EXCLUDED BY ANGULAR 
DISTRIBUTION IN THE (GAMMA J/PSI) DECAY. JR=i+ PREFERRED 
(FELDMAN 77, DREGLIA 82) 

X1(3510) M A S S  ( M e V )  

40(3500.) 110.) TANENBAUM 75 SMAG 
7E3307 .B) E7.0) WICK 75 gASP 
(3510.0) (20.0) SARTEL 76 CNTR 

D 367 3513.0 7.0 BIDDICK 77 CNTR 
D 3507.0 3.0 BARTEL 78 CNTR 
D M 3505.0 6.0 TANENBAUM 78 SMAG 

21 3509.0 11.0 BRANDEL2 79 OASR 
15(3520.) LEMOIGNE 79 GOLI 

D 254 3510.1 1.1 HIMEL 80 SMR2 
P 91 3507.4 1.7 LEMOIGNE 82 GOLf 
E 3510.4 0.6 OREGLIA 82 CBAL 
F 3511.4 0.5 BAGLIN 85 SPEC 

AVG 3510.67 D.51 

D 
M D 

E 
M 

M M 
P 

HADRONS GAM 
E~E , a / p s i  2 DAM 
E÷E-,J/PSI 2 DAM 
E*E-,MONOC½R.GAM 
E*E~,J/PSI 2 GAM 
E+ E~ 
E+E-,J/PSI 2DAM 
150 PI-BE,2MU 
E+E-,J/PSI 2 DAM 
190 PI-BE,GAMBMU 
E+G-,J/PSI 2 GAM 
PBAR P,G+ E- 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4) 

MASS VALUE SHIFTED BY US BY AMOUNT APPROPRIATE FOR 
PSI(3685) MA8S:3686 AND 951(3097) MASS=3097 

ASSUMING PSI13685) MASS=3686 AND PSI(3097) MASS=SO97. 
SYSTEMATEC ERROR ADDED QUADRATICALLY BY US 
FROM A SIMULTANEOUS FIT TO RADIATIVE AND HADRONIC DECAY CHANNELS 

SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 
J/PSI MASS CONSTRAINED TO 3097. 

X1(3510) W I D T H  ( M e V )  

W (0.97) OR LESS CL=0.90 BAGLIN 85 SPEC PRAR P,E÷ E- 

Meson 
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Full Listings 
?1o(3415). ?11(3510) 

Xj(3510)  P A R T I A L  D E C A Y  M O D E S  

PI X~(3510) ~ J / ~ ( 3 0 9 7 )  7 
P2 XI(3510) ~ ~ +  IT-  
93 X1(3510) ~ K + K  - 

P~ X1(3510) ~ 7 7 
P5 XI(3510) ~ 2(IT + ~ r - )  

96 X113510) ~ 3 (~+7F  - )  

p7 X113510) ~ ~ +  ~ - K + K  - 

P0 Xl(35tO) ~ ~ +  ~ - p p  
99 XI(35IO) ~ pO~r+ ~ -  

vlo  XI(3510) ~ K ' ( 8 9 2 ) O K ± ~  ~ 

P11 X1(3510) ~ p p  

DECAY MASSES 

3097* 0 

ILO÷ 140 

494÷ L9C 

O+ 0 

140+ IAO÷ 140+ I~O 

140+ 140. A9A+ 494 

140* 140, 938+ 938 

769* 140~ IGO 

892+ 494* 140 

938* 938 

X1(3510) B R A N C H I N G  R A T I O S  

Xl (3510)  ~ ( d / ~ ( 3 0 9 7 )  7 ) / t o t a l  (PI)  
RI I (0.58) 10.17) BIDDICK 77 CNTR PSI(3685)T0 GAM CHI 
RI I 0.29 0.05 BARTEL 78 CNTR PSI13685)T0 GAM CHI 
RI T 0.28 0.09 TANENBAUM 78 SMAG PGI(3685)T0 GAM CHI 
RI T 0.19 0.05 BRANDEL2 79 DASP PSI(3685)TO GAM CHI 
RI T 0.28 0.07 EIMEL 80 SMK2 PS113685)T0 SAM CHI 
RI T 943 0.274 0.046 OREGLIA 82 CBAL PGI(3685)TO GAM CHI 
RI ......... 
RI AVG 0.258 0.025 AVERAGE 

X1(3510) ~ (IT + 7r-- + K + K - ) / t o t a l  (pz .p3)  
R2 T (0.0017)0R LESS FELDMAN 77 SMAG P51(3685)T0 GAM CHI 
R2 T (0.0038)0R LESS CL=0.90 BRANDEL2 79 DASP P5113685)T0 GAM CHI 

Xl(3510)  ~ (7  7 ) / t o t a l  (94) 
R3 T (O.O015)OR LESS EL=0.90 YAMADA 77 DASP E+ E-,5 GAMMA 

X1(3510) ~ 2 ( ~  + 7 r - ) / t o t a l  (P5) 
R4 T 0.017 0.005 TANENBAUM 78 SMAG PS[(3685)T0 GAM CHI 

Xl(3510)  ~ ( ~ +  7 r -  K + K - ) / t o t a l  (97) 
R5 T 0.009 0.004 ~ANENBAUM 78 SMAG P5113685)70 DAM EHI 

X1(3510) ~ 31~ - +  ; T - ) / t o t a l  (P6) 
R6 T 0.022 0.009 TANENBAUM 70 SMAG 05113685)70 GAM CHI 

X1(3510)  ~ (7r + 7 r -  p p , ) / to ta l  (90) 
R7 T 0.0014 0.0009 7ANENBAQM 78 SMAG PSI(3685)TO GAM CBI 

X1(3510)  ~ ( p O i T + ¢ r - ) / t o t a l  (P9) 
R8 T 0.0040 0.0035 TANENBAUM 78 SMAG PSI13605)T0 GAM CH1 

X1(3510) ~ (K ' (892 )DK ± 7 r ~ ) / t o t a l  <91o) 
R9 T 0.0032 0.0021 TANENBAUM 78 SMAB PSI(3685)T0 GAM CHI 

X 1 ( 3 5 1 0 )  ~ ( p p ) / t o t a l  (uni ts  10 - 4 )  (P I I )  
R11T (12.0) OR LESS EL=0.90 BRANDEL2 79 DASP PSI13605)T0 GAM SHI 
R11 10.5) OR LARGE CL~0.95 BAGLIN 85 SPEC PBAR P,E+ E 

R T ESTIMATED USING PSI(3685) TO (GAMMA PC)ITOTAL=O.089 
R T THE ERRORS DO NOT CONTAIN THE UNCERTAINTY IN THE PSI13685) DECAY. 

R E F E R E N C E S  F O R  Xi(3510)  

DASP 75 PL 57B 407 BRAUNSCHWSIG,KONIGS,+ (AACH÷DESY+MPlM*TOKY) 
FELDMAN 75 STANFORD SYMP.39 G.J.FELDMAN (SLAC) 
HEINTZE 75 STANFORD SYMP.97 J.GEINTZE (HEIDELBERG) 
SIMPSON 75 PRL 35 699 ~BERON,FORD,BILGER±HDFSTADTER,+ (STAN+PENN) 
TANENBAU 75 PRL 35 1323 TANENBAUM,WHITAKER,ABRAMS,+ (LBL+SLAC) 
WIIK 75 STANFORD SYMP.69 B.H.WIIK (DESY) 

BARTEL 7G TBILISI GONF.N75 +DUINKER,OLSSON,HEINTZE,+ (DEBY+HEID) 

BIDDICK 77 PRL 38 1324 +BURNETT+ (UCSD+UMO+PAVZ~PRIN+SLAC+STAN) 
FELDMAN 77 PL 33 C 285 *PERL (LBL+SLAC) 
YAMADA 77 BAMB. CONF. P. 69 YAMADA (DESY*TOKY) 

BARTEL 78 PL 79 B 492 ~DITTMANN,DUINKGR,OLSSON,ONEILL÷(DESY-HEID) 
TANENBAU 78 PR D 17 1731 TANENBAUM,ALAM,BOYARSKI,÷ ISLAC÷LBL) 

ALSO 82 PRIVATE COMM. G.H.TRILLING (LBL+UCB) 

BRANDELI 79 ZPHY C 1 233 BRANDELIK,CORDS,+(AAEH÷DESY+HAMG+MRIM÷TOKY) 
BRANDEL2 79 NP B 160 426 BRANDELIK,CDRDS,+(AAGH+DESY+HAMB+MPIM*TOKY) 
KIRK 79 PRL 42 619 ÷GOODMAN,ALVERSflN,+(FNAL+HARV+ILL*OXF*TUFT) 
LEMOIGNE 79 EERMILAB CONF.52A ~ABDLINS,BARATEj+ (SACL÷LOIC~SNMP*IND) 

HIMEL 80 PRL 44 920 ÷ABRAMS,ALAM,BLOCKER,+ (LBL-SLAC) 
ALSO 82 PRIVATE COMM. G.R.TRILLING (LBL~UCB) 

LEMOIGNE 82 PL 113 B 509 +BARATE,ASTBURY,MCEWEN+(SACL+LOIC÷SHMP+IND) 
OREGLIA 82 PRO 25 2259 +PARTRIDGE,BLOOM,*ISLAC+CIT~HARV*PRIN*STAN) 

ALSO 82 PRIVATE COMM. M OREGLIA (E [ )  

BARATE 83 PL 121 B 449 +BAREYRE,ASTBURY,MCEWEN(SACL*LDIC*SHMP+IND) 

BAGLIN 85 CERN-PRE-85 (LAPP+CERN+GENO~LYON÷OSLO+ROMA÷STRB÷TORI) 
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Meson Full Listings 
x2(3555), r/c(3590) 

' X2(3555 ) [ 1G(jPC)=o+(2-+) 
X(3555) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (3685) . . . .  w a s  

CH12(3555) GAMMA. THEREFORE C=÷, THE OBSERVED 
DECAY INTO 4PI AND 6PI IMPLY G=÷, THUS I=O. 

J=O IS EXCLUDED BY THE ANGULAR DISTRIBUTION IN THE HADRONIE 
DECAYS. JP ABNORMAL EXCLUDED BY PI+ E l -  AND K+ K~ DECAYS. 
JP=2÷ PREFERRED (FELDMAN 77, OREGLIA 82). 

X~(3555) M A S S  ( M e V )  

M (3550.0) (10.D) TRILLING 76 SNAG 
M 4(3543.0) (10.0) WHITAKER 76 SMAG 
M D 360 3563.0 7.0 BIDDICN 77 CNTR 
M O 3553.0 4.0 BARTEL 78 ENTR 

EANENBAUM 78 SMAG M D M 3553.0 6.0 
15 3551.0 11.0 BRANDEL2 79 DASP 

D 69 3557. 1.5 HIMEL 80 SMK2 
N P 66 3553.4 2.2 LEMDIGNE 82 GOLf 
M E 3555.9 0.7 DREGLIA 82 CBAL 
M F 3056.8 0.6 BAGLIN 05 SPEC 
M ......... 
M AVD 3556.31 0.42 AVERAGE 

E+E-,HADRONS GAM 
E+E-,J/PSI 2 GAM 
E*E-,MONDCHR.GAM ~:ELJ,PSI 2 SAM 

E*E-,J/PSI 2SAM 
E÷E-,J/PSI 2 SAM 
190 PI-BE,GAM2MU 
E+E-,J/PSI 2 SAM 
PBAR P,E+ E- 

M D MASS VALUE SHIFTED BY US BY AMOUNT APPROPRIATE FOR 
~ P81(3685) MASS=3686 AND PSI(3097) MASS=3097. 

ASSUMING PSI(3685) MASS=3686 AND PSI(3097) MASS=3097. 
M F SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 
M M FROM A SIMULTANEOUS FIT TO RADIATIVE AND RADRONIC DECAY CHANNELS 

M SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 
P J/PSI MASS CONSTRAINED TO 3097 

Xz(3555)  W I D T H  ( M e V )  

w 2.9 1.0 1.1 BAGLIN 85 SPEC PBAR P,E* E- 

Xz(3555)  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

P1 X2(3555) ~ ~ +  ~- -  140+ 140 

P2 X2(3555) ~ K + K -  494+ ~94 

p3 X2(3555) - -  2 (~  + ~ - )  14o+ 160. 140+ 140 

P4 X2(3555) ~ 3(~ + ~ - )  

P5 X2(3555) - -  7r + ~- K +K- 140. IAO* 494+ 494 

PE X2(3555) ~ J / ~ ( 3 0 9 7 )  7 5097* 0 

R7 X2(3555) ~ 7 ~ O* 0 

P8 X2(3555) ~ ~ +  ~ - - p p  140* 140÷ 938+ 938 
P9 X2(3555) ~ pO~+~-- 769~ 140* l&0 

PlO X2(3555) ~ K ' ( 8 9 2 ) O K ± ~  ~ 892* 494* 140 

011 X2(3555) ~ p p  930+ 938 

P12 X2(3555) ~ J / ~ ( 3 0 9 7 )  ~ + ~ - ~ o  3097* 140* 140+ 135 

Xz(3555)  B R A N C H I N G  R A T I O S  

X2(3555) ~ (% 7 ) / t o t a l  CP7) 
RI T (O.OOOG)OR LESS CL=O.90 YAMADA 77 DASP E+ E-,3 GAMMA 

Xz(3555)  - -  2(7r + 7 r - I / t o t a l  (03) 
R2 T 0.022 0.005 TANENBAUM 78 SNAG PSI(3685)TO GAMCHI 

Xz(3555) ~ (Tr + 7 r -  K + K - I / t o t a l  (05) 
R3 T 0.019 0.005 TANENBAUM 78 SMA6 PSI(3685)TO BAN CHI 

Xz(3555)  ~ 3(7r + 7 r - I / t o t a l  (P~) 
R4 T 0.011 0.008 TANENBAOM 78 SNAG PSI(3685)TO SAM CHI 

X2(3555) ~ (Tr + 7 r -  + K + K - ) / t o t a l  (RI+P2) 
R5 T 0.0025 0.0010 TANENBAUM 78 SNAG PSI(3685)TO GAMCHI 

Xz(3555) ~ ( T r + T r - p p ) / t o t a l  (Psi 
RD T 0,0033 D.OO15 TANENBAOM 78 SMAG PSI(3685)TO SAM CHI 

X2(3555) ~ ( J / ~ ( 3 0 9 7 )  7 ) / t o t a l  (PD) 
R? T (0.28) (0.13) BIDDICK 7? ENTR PSI(3685)TO GAMCHI 
R7 T 0.13 0.03 BARTEL 78 CNTR PSI(3685)TO GAMCHI 
R7 t 0.11 0.13 0.07 SPITZER 78 PLUT PSI(3685)TO GAMCHI 
R7 T 0.13 0.08 TANENBAUM 78 SNAG PSI(3685)TO SAM CHI 
R7 T 0.18 0.05 BRANDEL2 79 DASP PGII3685)TO SAM CHI 
R7 T 0.14 0.04 HIMEL 80 GMK2 PGI(3685)fO SAM CRI 
R7 T 479 0.162 0.028 OREGLIA 82 CBAL PSI(3683)TO GAMCHI 
R7 ......... 
R7 AVG 0.148 0.017 AVERAGE 

X~(3555) ~ ( p O / p + T r - ) / t o t a l  (Pg) 
R8 T 0.0067 0.0040 TANENBAUM 78 SMAG PSI(3685)TO GAMCHI 

X2(3555) ~ (K*(892)°K±Tr~)/total {PIO) 
R9 T 0.0047 0.0028 TANENBAUM 78 SMAG PSI(3685)TO GAMCHI 

X2(3555)  ~ ( T c + 7 r - ) / t o t a l  (uni ts  10 3) (DI) 
RIOT 4 1.9 1.0 BRANDELI 79 GASP PSI(3685)TD GAMCHI 

X2(3555)  ~ (K+K-)/total (uni ts  10 - 3 )  (02) 
R11T 2 1.5 1.1 BRANDELI 79 DASD PSI(3685)TD GAMCHI 

X2(3555)  ~ ( # p ) / t o t a l  (uni ts  10 - 3 )  (P11) 
R12T (0.97 OR LESS EL=0.90 BRANDEL2 79 DASP PSI(3685)TO GAM GHI 
R12 7 .6  &,O 2.0 SAGLIN 85 SPEC PBAR P,E+ E- 

Xz(3555)  ~ ( J / ~ ( 3 0 9 7 )  7 r+Tr -TrO) / to t a l  (012) 
R13 (0.015)0R LESS EL=.90 BARATE 81 SPED 190 PI-BE,2PI2MU 

R T ESTIMATED USING PSI(5685) TO (GAMMA CHI2(3555))/TOTAL=O.078 
R T THE ERRORS DD NOT CONTAIN THE UNCERTAINTY IN ~RE PSI(3685) DECAY. 

EELDMAN 75 
ALSO 75 

TANENBAU 75 

TRILLING 76 
WHITAKER 76 

BIDDIDK 77 
FELDMAN 77 
YAMADA 77 

BARTEL 78 
SPITZER 78 
TANENBAU 78 

ALSO 82 

BRANDELI 79 
BRANDEL2 79 
KIRK 70 

HIMEL 80 
ALSO 82 

BARATE 81 

LEMOIGNE 82 
OREGLIA 82 

ALS0 82 

BARATE 83 

BAGLIN 85 

R E F E R E N C E S  F O R  X2(3555) 

ERE 35 821 +JEAN-MARIE.SADDULET,VANNUCCI,+ (LBL+SLAC) 
PRL 35 1189 (ERRATA) 
PRL 35 1323 TANENBAUM,WRITAKER,ABRAMS,* (LBL+SLAC) 

STANFORD SYMP.A37 G. H. TRILLING (LBL) 
PRL 37 1596  +TANENBAUM,ABRAMS,ALAM,BOYARSKI,+(SLAC÷LBL) 

PRL 38 1324 ÷BURNETT÷ (UCSO*UMD*PAVI+PRIN~SLAC+STAN) 
DL 53 D 285 +PERL (LBL+SLAC) 
HAMB. CONF. P. 69 YAMADA (DESY+TDKY) 

PL 79 B 492 DITTMANN,DUINKER,DLSSON,O?NEILL*(DESY÷HEID) 
KYOTO SUM. INST.47 H. SPITZER (HAMB) 
PR D 17 1731  TANENBAUM,ALAM,BOYARSKI,+ (SIAC+LBL) 
PRIVATE COMM. G.H.TRILLING (LBL~UCB) 

ZPHY C 1 233 BRANDELIK,CORDS,÷(AACH+DESY~HAMB*MPIM+TOKY) 
NP B 160 426 BRANDELIK,DORDS,+(AACH+DESY+HAMB+MPIM+TOKY) 
PRL 42 619 ÷GOODMAN,ALVERSON,+(FNAL+HARV÷ILL+OXF+TUFE) 

PRL AL 920 *ABRAMS,ALAN,BLOCKER,÷ (LBL÷SLAC) 
PRIVATE COMM. G.H.TRILLING (LBL+UCB) 

PR 0 24 2994  *ASTBURY,MCEWEN,* (SACL+LOIC÷SHMP+CERN~IND) 

PL 113 B 509 +BARATE,ASTBURY,MCEWEN+(SACL+LOIC+SHMP+IND) 
PR D 25 2259 +PARTRIDGE,BLOOM,+(SLAC÷EIT+HARV÷PRIN+STAN) 
PRIVATE COMM. N. OREGLIA (EFI) 

PL 121 B ~&9 +BAREYRE,AS~SURY,MCEWEN(SACL+LOIC+SHMP+IND) 

CERN-PRE-85 (LAPP+CERN+GENO÷EYDN+OSLO+ROMA÷STRB÷TORI) 

r/c(3590) I lGcjPc>=7~(~*+) 
OUR LATEST MINIREVIEW ON THIS PARTICLE 

OMITTED FROM CAN BE FOUND IN THE 1984 EDITION. 
SU3CF.Zv[ARY TABLE NEEDS CONFIRMATION. 

~c(3590)  M A S S  ( M e Y )  

M A 3594.0 5.0 EDWARDS 02 CBAL E+E ,GAM INCA 

M A ASSUMING MASS OF PSI(3685) = 3686 MEV, 

~c(3590)  W I D T H  ( M e V )  

W (8.0)  OR LESS EL=.95 EDWARDS 82 CBAL E+E-,GAM IRCL 

~c(3590)  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

P1 ~c{3590) ~ hadrons  

~c (3590)  B R A N C H I N G  R A T I O S  

~ c ( 3 5 9 0 )  ~ h a d r o n s  (El)  

RI SEEN EDWARDS 82 CBAL E÷E-,GAM INCL 

R E F E R E N C E S  F O R  ~c(3590)  

BARTEL 78 PL 79 B 492 ÷DITTMANN,DUINKER,OLSSON,* (DESY+HEID) 

PORTER 81 SLAC SUM.CONF.355 +EDWARDS,+ (CIT+HARV+PRIN+STAN+SLAC) 

EDWARDS 82 PRL 48 70 *PARTRIDGE,PECK,+ (CIT+HARV÷PRIN+STAN{SLAC) 
OREGLIA 82 PR D 25 2259 +PARTR~DGE,BLOOM,*(SLAC*CIT~HARV+PRIN+STAN) 



For  notation, see key on page  91. 

[ @(3685) [ ~ols~)=o-/~ --) 

@(3685) M A S S  (MeV) 

WE USE INDEPENDENT MEASUREMENTS OF THE J/DSI(3097) 
MASS, THE PSI(3685) MASS, AND THE MASS DIFFERENCE TO 
PERFORM A CONSTRAINED FIT. 

M S R 3680.3 37. CRIEGEE 75 PLUT E*E- 
M (3684.) (5.) LUTH 75 SMAS E*E-  
M 3684. 9. PREPOST 75 SPEC 21. GAMMA S 

140(3683.0) (6.0) LEMOIGNE 79 GOLf 0 150EPI-BE,2MU 
F 3686. 3. SRANDELI 79 gASP E + 

M 413 3686.00 0.10 ZHOLENIZ 80 OLYA E+E- CDLL.BEAMS 
M ......... 
M AVE 3686,000 0 .100  AVERAGE 
M FIT 3685.00 0.10 FROM FIT 

F FROM A SIMULTANEOUS FIT TO E~ E-,MU÷ MU- AND HADRONIC CHANNELS 
F ASSUMING G(E+ E-) = G(MU+ MU-) 
R REDUNDANT WITH DATA IN MASS DIFFERENCE BELOW 
S ERROR OF ABOUT I PER CENT FROM THE UNCERTAINTY IN CALIBRATION OF 

M S THE BEAM ENERGY. 

@(3685) 3/@(3097) M A S S  D I F F E R E N C E  (MeV) 

DM 588 .7  .8  LUTH 75 SMAG 
DM R (589.07) (0.13) ZHOLENT2 80 OLYA E*E-  
DM 589.7 1.2 LEMOIGNE 82 GOLf 190 PI-BE,2MU 
DM ......... 
DM AVE 589.01 0.67 AVERAGE 
DM FIT  589 .06  0.13 FROM FIT 

DM R REDUNDANT WITH DATA IN MASS ABOVE 

@(3685) W I D T H  (keV) 

228. 56. LUTH 75 SMAG 
F 202. 57. SRANDELI 79 gASP E+ E- 
F FROM A SIMULTANEOUS FIT TD E+ E-,MU+ MU- AND HADNONIC CHANNELS 
F ASSUMING 6(E÷ E-) = G(MU+ MU-I 

W ......... 
W AVG 215.2 39.9 AVERAGE 

~b(3685) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

pl @(3685) ~ e + e -  .511+.5~1 

P2 ~(3685) ~ F + #  - 100+ lO6 

~3 ~(3685) hadrons 
D4 @(3685) ~ v i~u a l~  ~ hadrons 

P DECAYS INTO J/PSI(3097) + ANYTHING 
p .............................. 

P l l  @(3685) ~ Y/~(3097) + anblhing 
P12 ~(3685) ~ J /~(3097)  + neutrals 

P15 @(3685) ~ J /~(3097)  7r + r -  3097+ 140+ 14o 

F14 @(3685) ~ J / ~ ( 3 0 9 7 )  ~ ° r °  3097+ 155. 135 

R15 ~(3685) - -  J/@(3097) ~ 3097+ 549 
P16 ~(3685) ~ J/@(3097) 7 7  3097+ 0+ 0 

R17 ff(3685) ~ J /~(3097)  7r ° 3097+ 135 

P17 SMALL ---- N O T  USED IN H T  

HADRONIC DECAYS 

P21 ~(3685) ~ ~+  ~- -  140÷ 140 

P22 ~(3685) ~ p 71" 769÷ 140 

F23 @(3685) ~ K + K  - 494+ 494 
P24 ff(3685) ~ 2(7r + ~ - )  140+ 140+ 140* 140 

P25 @(3685) ~ 2(71 -+ ~ - - )  71-0 140+ 140+ 140 .  140 

P26 @(3685) ~ ~ + T r - K + K  - 140+ 140+ 494÷ 494 

PZ7 @(3685) ~ ~ p  938+ 938 
P28 @(3685) ~ &A 1116~1116 

P29 @(3685) ~ ~ 1321+1321 

P31 ~(3685) ~ ~r + w - p ~  140+ 140+ 938+ 938 

P32 ~(3685) ~ 3(7r + ~ - )  

P33 ~(3685) ~ p ° ~ + T T -  769+ 140+ 140 

P54 @(3685) ~ K*(892)°K ± ~ 892+ 494* 14o 
P35 ~(3685) ~ p p  71 "O 938+ 938* 135 

R36 ~(3685) ~ 7V + ~-- ~0 140+ 140+ 135 

p3z @(3685) ~ 3 ( r + ' x  - )  w ° 
P3B ~(3685) ~ K + K  - ~ o  494+ 494+ 135 

P39 ff(3685) ~ K ± K ' ( 8 9 2 )  ~ 494+ 892 
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ff(3685) 

RADIATIVE DECAYS 

ps1 @(3685) ~ ~ u+ o 

p52 @(3685) ~ ~ o ~  135+ o 
P53 @(3685) ~ ~ 7  549~ 0 

P54 ff(3685) ~ ~ ' ~  958+ D 

P56 @(3685) ~ XO(3415) 7 3415. O 

P58 @(3685) ~ X1(3510) T 3510. O 
P59 @(3685) ~ X2(3555) 3 3556+ o 

P60 @(3685) ~ X](3510) + anything 
P61 @(3685) ~ ~c(2980) 7 2981÷ 0 

P62 ~(3685) ~ ~(1440) 7 IA4O+ O 

P63 @(3685) ~ ~c(3590) 7 5594÷ 0 

HTTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The matrix below is deri~ed from the error matrix for the fitted partial decay mode 
branching fractions, Pv as follows: The diagonal elements are PI*GPI, where 
8P i = ~ ,  while the off*diagonal elemenlS are the normalized correlation coeffi- 
cients (gPI~Pi)/(RP~.~PI). For the definitions of the individual P. see the hsdngs above; 
only those Pi appearing in the matrix are assumed in the fit to be nonzero and are 
Ihus conslrained to add to 1. 

J / ~  ~+~ d,'~ r:~ ° J /$  ~ d/(¢ + OTHER NON=J,~. 

~;~7'5 .41o . . . . . . . .  
.8343 .2176--.0522 

J"G~ ER .0155 .0130 .0265*-.0036 
J,'G - OTH .g864 .0643 -.0298 .0573+-. 0464 
NON-J,V, -.9819 ~.8192 -.0273 -,5955 .3081÷-.1510 

@(3685) P A R T I A L  W I D T H S  

~(3685) ~ e + e - ( keV )  (E l )  
w1 F 2.1 .3 LUTH 75 SMAG E÷E- 
WI F 2. 0.3 BRANDELI 79 DASP E÷ E- 
WI F FROM A SIMULTANEOUS FIT TO E÷ E-,MO+ MU- AND HADRONIE CHANNELS 
WI F ASSUMING G(E+ E-) = G(MU+ MU-) 
WI ......... 
WI AVE 2.05 0.21 AVERAGE 

~(3685) ~ hadrons (keV)  (G3) 

W3 224. 56. LUTH 75 SMAG E÷E- 

@(3685) ~ ~ ~ (eV) (G51) 
W51 RS. OR LESS CL=O.9D BRANDELI 79 gASP E÷ E- 

@(3685) B R A N C H I N G  R A T I O S  

@(3685) ~ (e + e - ) / t o t a l  (P l )  
R1 L . 0088  . 0013  FELDMAN 77 RVUE E+E- 
RI L FROM AN OVERALL FIT ASSUMING EQUAL PARTIAL WIDTHS FOR (E+E-) 
RI L AND IMU+MU-). FOR A MEASUREMENT OF THE RATIO SEE THE ENTRY R4 BELOW 
RI L INCLUDES LUTH 75,MILEER 75,BURMESTER 77 

@(3685) ~ ( / ~ + # - ) / t o t a l  (PZ) 
R2 H .0077  . 0017  HILGER 75 SPEC E+E~ 
R2 H RE-STATED BY US USING (J/PSI(3097)+ANYTHING)/TOTAL =0.55 

@(3685) ~ (hadrons)/total  (p3) 
R3 P .981 .003 LUTH 75 SMAG E+E- 
R3 P INCLUDES CASCADE DECAY INTO J/PSI(3097) 

@(3685) ~ (/.t + ~ - ) / ( e  + e - )  ( P Z ) / ( p l )  
R4 .89 .16 BOYARSKI 75 SMAG E+E- 

~ ( 3 6 8 5 )  ~ (~  ~ hadrons)/total  (p4) 

R5 C .029 .004 LUTH 75 SMAG E*E~ 
R5 C INCLUDED IN R5 

R SECAYS INTO JIPSI(3097) ÷ ANYTHING 
R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

@(3685) ~ (J /@(3097) + anything)/ tota l  @111 
RIO .57 .08 ABRAMS 75 SMA6 E*E- 
R10 0 .51  0 .12  BRANDEL1 79 gASP E÷ E-  
RIO . . . . . . . . .  
RIO AVG 0 .552  0 .067  AVERAGE 
RIO FIT 0.69 0,15 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 3.1) 

@(3685) ~ ( J / @ ( 3 0 9 7 ) + n e u t r a l s ) / ( J / ~ ( 3 0 9 7 ) ÷ a n y t h i n g )  (P12)/(P11) 
R11 .41 .02 TANENBAUM 76 SMAG E+E- 
R11 ......... 
R11 FIT 0.395 0.027 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.4) 

~(3685) ~ (J /@(3097)  ~r 7r)/total (P13+PIA) 
R12 0.48 0.06 ABRAMSI 75 SMAG E+E-,JPSI PI+PI- 
R12 0.51 0.087 ABRAMSI 75 SMAG E+E-,JPSI 2PIO 
R12 0.54 0.09 WIIK 75 gASP E+E-,JPSI PI+PI- 
R12 0.54 0.18 WIIK 75 DASP E+E-,JPSI 2PIO 
R12 ......... 
R12 AVG 0.503 0.042 AVERAGE 
R12 FIT 0.411 0.082 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.7) 
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¢(3~85) 

~(3685) ~ (J /~(3097)  ~o~o)/(J/@(3097) ~ + ~ r - )  (P14)/(P13) 
R14 H ( .64) ( .15) HILGER 75 SPED E+E- 
R14 0.53 0.06 TANENBAUM 76 SMAG E+E- 
R14 H IGNORING THE (J/PSI ETA) AND (J/PSI GAMMA GAMMA) DECAYS 
R14 ......... 
R14 FIT 0,530 0.070 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2) 

@(3685) ~ (J /~(3097)  ~)/total (P15) 
Rt5 S 44 (.043) (.008) TANENBAUM 76 SMAG E÷E- 
R15 164 0,036 0.005 BARTEL 78 CNTR G+E- 
R15 S 17 (0.035) (0.009) BRANDEL2 79 DASP E÷E-,PSI 2GAM 
R15 166 0.025 0.006 HIM~L 80 SMK2 E÷E- 
R15 D 386 0.0218 0,0038 DREGLIA 80 CBAL S+E-,PSI 2SAM 
R15 ......... 
R15 AVG 0.0266 0.0044 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6) 
R15 FIT 0.0265 0.0036 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 

(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
0.0266 ± 0 .0044 (ERROR SCALED BY 1.6 ) 

I 

0.01 0.02 0 03 0.04 

y/(3685) ~ (J/~13097) ~)/total 

Values above of welghte0 average, error, 
and sca e factor are based upon the dale ,n 
this ~deogram only They are no1 neces- 
sarily the same as DUr "best* values, 
obtaLned from a east-squeles constrained fi'[ 
utigzmg measu'ements of other (re,eted} 
quantities as adbl~loqal information. 

X2 

. . . .  OREGLIA 80 CBAE I 6 

. . . .  HIPEL 80 SMK2 0 1 
ARTEL 78 CNTR 3 5 

(Confidence Level = 0 074) 

0 05 0 ,06  

@(3685) ~ (J /~(3097)  ~'°)/total (P17I 
R16 7 0,0015 0.0006 BIMEL 80 SMK2 E~E- 
R16 D 23 0.0009 0.0008 OREDLIA 80 CBAL PSI3685,PSI 2GRM 
R16 
R16 AVG 0.00102 0.00027 AVERAGE 

HADRONIC DECAYS 

~(3685) ~ (~T+~r-)/total (nnits 10 -4)  (P21) 
R20 (0.5) OR LESS EL=0.98 FELDMAN 77 SHAG E_E÷E- 
R2O Om8 0.5 BRANDELI 79 DASP E+ 

@ ( 3 6 8 5 )  ~ ( 2 ( ~ + ~  - )  ~o)/total (P25) 
R22 ,0035 .0015 ABRRMS 75 SMAG E+E- 
R22 42 0.003 0.0008 FRANKLIN 83 SMK2 E+E-,HADRONS 
R22 ......... 
R22 AVG 0.00311 0.00071 AVERAGE 

~(3685) ~ (K+K-)/total (units 10 -4)  i (PG3) 
R23 (0.5) OR LESS DL=O.9O FELOMAN 77 SMAG E,E- 
R23 1.0 Om7 BRANDELI 79 DASP E÷ G-- 

~(3685) ~: ( ~+  ~ -  K + K- ) / to ta l  (P26) 
R24K 0.0016 0.0004 TANENBAUM 78 SHAG E÷E- 
R24K ASSUMING ENTIRELY STRONG DECAY 

@(3685) ~ ~ p ) / t o t a l  (units 10 -4) (P27) 
R25 2.3 0.7 FELDMAN 77 SMAG E E~E- 
R25 4 1.4 0.8 BRANDELI 79 GASP E+ 
R25 ......... 
R25 AVG 1.91 0.58 AVERAGE 

@(3685) ~ (p~-)/total (units 10 -4)  @82) 
R26 N 110.) OR LESS EL=.9O ABRAMS 75 SMAG E+E- 
R26 110.) DR LESS EL=0.90 BARTEL 76 CNTR E+E- 
R26 I (O.BS) OR LESS CL=O.90 FRANKLIN 83 SMK2 E+E-,HADRONS 
R26 h FINAL STATE RHO8 RiO 

~(3685) ~ 2(~ + ~ - ) / t o t a l  (P24) 
R27 0.00045 0.0001 TANENBAUM 78 SMAG E+E- 

¢(3685) ~ (AA)/total (PBaI 
R28 (O.OO04)OR LESS CL=O.90 FELDMAN 77 SMAG E÷E- 

~(3685) ~ ( ~ - E ± ) / t o t a l  (929) 
R29 (O.OOD2) FELDMAN 77 SHAG E+S- 

~(3685) ~ (Tr + w -  pp ) / t o t a l  (units 10 -3) (P51) 
R51S 0.8 0.2 TANENBAUM 78 SMAG E+ E- 
R31S ASSUMING ENTIRELY STRONG DECAY 

~(3685) ~ 3(7r + 7F-)/total (units 10 -3) (P32) 
R32S 0.15 0.1 TANENBAUM 78 SHAG E* E- 

~(3685) ~ (pOTr+~r-)/total (units 10 -3) (P33) 
R33 0.42 0.15 TANENBAUM 78 SHAG E~ E- 

~(3685) ~ (K'(892)°K±Tr~)/total (units 10 -S) (P54) 
R54 0.67 0.25 TRNENBAUM 78 SHAG E+ E- 

~(3685) ~ (pp~zo)/total (units 10 -4) (P35) 
R35 9 1.4 0.5 FRANKLIN 83 SMK2 E+E-,HADRONS 

~(3685) ~ (~Y + 7r -  7co)/total (units 10 5) (P361 
R36 4 8.5 4.6 FRANKLIN 83 SMK2 E+Eo,aADRONS 

@(3685) ~ (3(Ir+Tr-)TFe)/total {P37) 
R37 6 .0035 .0016 FRANKLIN 83 SMK2 E~E-,HADRONS 

@(3685) ~ (K + K -  ~r°)/total (units 10 5) (R38) 
R38 I 12.96) OR LESS CL:O.9O FRANKLIN 83 SMK2 E+E-~HADRONS 

~(3685) ~ (K±K*(892)~)/total (units 10 -5) (P39) 

R39 0 11.79) OR LESS EL=O.90 FRANKLIN 03 SMK2 E+E~,HADRONS 

RADIATIVE DECAYS 

@(3685) ~ (~°7) / to ta l  (P52) 
R42 U (.BO54)R LESS EL:.95 LIBERMAN 75 SPEC E+E- 
R42 (.01) OR LESS CL=.90 WIIK 75 DASR E~E- 

~(3685) ~ ( ~ ) / t o t a l  (units 10 2) (P53) 
R43 (O.O2)OR LESS CL=O.90 YAMADA 77 DASR E÷ E-,3 GAMMA 

@(3685) ~ (~ '~)/ total  (units 10 -2) (R54) 
R44E (0.11) OR LESS CL=O.90 BARTEL 76 CNTR E+E 
R44 R (0.6) OR LESS CL=0.90 BRAUNSGHW 77 DASP E+E- 

@(3685) ~ (XG(3415) 7)/total  (units 10 -2) @56) 
R55 A 7.5 2.6 WHITAKER 76 SMAG E+E- 
R55 A 7.2 2.3 BIDDICK 77 CNTR E+E~,MONOCHR.GAM 
R55D A 9,9 0.9 GAISER 85 CBAL E*E~,MONOCBR.GAM 
R55 . . . . . . . . .  
R55 AVG 9.35 0,80 AVERAGE 

@(3685) ~ (XI(3510) ~)/total (units 10 -2) (R58) 
R58 B 7.1 1,9 BIDDICK 77 CNTR E+E-,MONOEHR,SAN 
R58D G 9.0 0.9 6AISER 85 CBAL E+E~,MONOCHR.GAM 
R58 . . . . . . . . .  
R58 AVG 8.65 0.81 AVERAGE 

@(3685) ~ (X2(3555) v)/total (units 10 -2) (P59) 
R59 B 7.0 2.0 BIDDICK 77 CNTR E+E-,MONOCHR.GAM 
R590 P 8,0 0.9 GAISER 85 CBAL E÷E-,MONOCEB.GAM 
R59 
R59 AV6 7.83 0.82 AVERAGE 

@(3685) ~ (~c(2980) ~)/tatal (units 10 -2) (R611 

R60 0,28 0.06 GAISER 85 CBAL E÷E-,MONOCHR.GAM 

@(3685) ~ (~(1440) 7)/total  (units 10 -3) (R62) 
R61 E 10,12) OR LESS EL=.90 SCHARRE 80 SMAG E+5- 

@(3685) ~ (~c(3590) 7)/total (units 10 -2) (P63) 

R62 (0.2) TO 1.3 EL=.95 EDWARDS 82 CBAL E÷E-,MONOCHR.GAM 

ANGULAR DISTRIBUTION (I+COS*'2) ASSUMED 
VALID FOR ISDTROPIC DISTRIBUTION OF THE PHOTON 

C THE VALUE IS NORMALIZED TO THE BRANCHING RATIO FOR PSI18685) 
C INTO (J/PSI(GO97) ETA)/TOTAL. 

SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 
INCLUDES UNKNOWN BRANCHING FRACTION ETA(1440) INTO K KBAR Pl. 

F ANGULAR DISTRIBUTION 11-0,052"COS*'2) ASSUMED 
ANGULAR DISTRIBUTION 11-0.189"COS*'2) ASSUMED 
RE-STATED BY US USING (MU+MU-)/TOTAL = .0077 

R RE-STATED BY US USING TOTAL DECAY WIDTH 228 KEV. 
S LOW STATISTICS DATA REMOVED FROM AVERAGE. 

~(3685) £(I)*r(e + e-) /P( tota l )  (keV) 

THIS COMBINATION OF A PARTIAL WIDTH WITH THE PARTIAL WIDTH 
INTO E~E- AND WITH THE TOTAL WIDTH IS OBTAINED FROM THE INTEGRATED 
CROSS-SECTION INTO CHANNEL(1) IN THE E+E- ANNIHILATION. 
WE ONLY LIST DATA NOT HAVING BEEN USED TO DETERMINE THE PARTIAL 
WIDTH G(1) OR THE BRANCHING RATIO G(1)/TOTAL. 

r (hadronic)*£(e + e -)/F(total)  
G3 2.2 .4 

REFERENCES FOR ~(3685) 

ABRAMS 74 PRL 33 1453 +BRIGGS,AUGUSTIN,BflYARGKI~ (LBL+SLAC) 

ABRAMS 75 STANFORD SYMP.25 G.S.ABRAMS (LBL) 
ABRAMS( 75 PRL 34 1181 *BRIGGS,CHINOWGKY,FRIEDBER6,+ (LBL+SLAC) 
AUBERT 75 RRL 33 1624 +BECKER,BIGGS,BUBGER,GLENN+ (MIT~BNL) 
BOYARSKI 75 PALERMO CONF. 54 +BREIDENBACH,BULOS,ASRAMS,BRIGGS+(SLAC+LBL) 
CAMERINI 75 PRL 85 483 +LEARNED,PREPOGT,ASH,ANDERSONf+ (WISE+SLAG) 
CRIEGEE 75 PL 53B 489 +DEBNE,FRANKE,HORLITZ,KRECHLOCK~ (DESY) 
DASP3 75 PL 57B A07 BRAUNSCHWEIG,KON]GS,+ (AACH~DESY+MPIM+TOKY) 
FELDMAN 75 PRL 35 821 +JEAN-MARIE,SASOULET,VANNUCCI,÷ (LBL+SLAC) 
GRECO 75 PL 56B 367 +PANCHERI-SRIVASTAVA,SRIVASTAVA (FRAS) 
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JACKSON 25 RIM 128 13 
HILGER 75 PRL 35 625 
LIBERMAN 75 STANFORD SYMP.55 
LOTH 75 PRL 35 1124 
PREPOST 75 STANFORD SYMP.241 
SIMPSON 75 PRL 35 699 
WIIK 75 STANFORD SYMR.69 

BARTEL 76 PL 64 B 483 
SNYDER 76 PRL 36 1415 
TARENBAU 76 PRL 36 402 
WHITAKER 76 PRL 37 1596 

BIDDICK 77 PRL 38 1324 
BRAUNSCH 77 PL 67 B 249 
BURMESIE 77 PL 66 B 395 
FELDMAN 77 PL 33 C 285 
YAMADA 77 GARB. CONF. P. 69 

BARTEL 78 PL 79 B 492 
TANENBAU 78 PR D 17 1731 

BRANDELI 79 ZPHY G 1 233 
BRANDEL2 79 NP B 160 426 
LEMOIGNE 79 FERHILAB CONF.52L 

HIRE( 80 PRL 44 920 
OREGLIA 80 PRL 45 959 
PARTRIOE 80 PRL 45 115D 
SCHARRE 80 PL 97 B 329 
ZEOLGNTZ 80 PL 96 B 214 

ALSO 81 YADIPHYS. 3A 1471 

BARATE 81 PR D 24 299~ 

EDWARDS 82 PRL 48 70 
LEMO[GNE 82 PL 113 B 509 

BARATE $3 PL 121S 449 
FRANKLIN 83 PRL 51 963 
FRANKL12 83 SLAG-254 THESIS 

GAISER 85 SLAC-PUB~2899 

J.D.JACKSON,D.SCHARRE (LBL) 
+BERON,FORD,HOFSTADTER,HOWELL,+ (STAN*PENN) 
A.D.LIBERMAN (STANFORD) 
÷BOYARSKI,LYNCH,BREIDENBACH,+ (SLAC+LBL)JPC 

(WISCONSIN) R.PREPOST 
+BERON,FORD,HILGER,HOFSTADTER,+ (STAN+PENN) 
B.H.WIIK (DESY) 

+DUINKER,OLSSON,STEFPEN,HEINTZE÷(DESY*HEID) 
+HOR,LEDERMAN,APPEL,KAPLAN+(COLU*FNAL*STON) 
TANENBAUM,ARRAMS,BOYARSKI,BULOS,÷(SLAC+LBL)IG 
+TANENBAUM,ABRAMS,ALAM,BOYARSKI,÷(SLAC÷LBL) 

÷BURNETT÷ (UCSD*UMD~PAVI+PRIN+SLAC÷STAN) 
BRAUNSCHWEIG,+ (AACH*DESY+BAMB+MPIM+TOKY) 
BURMESTER,CRIEGEE,+ (DESY~HAMB+SIEG+WUPP) 
+PERL (LSL+SLAC) 
YAMADA (DESY+TOKY) 

OITTMANN,DUINKER,OLSSON,D?NEILL*(DESY÷HEID) 
TANERBAUM,ALAM,BOYARSKI,+ (SLAC+LBL) 

BRANDSLIK,CORDS,+(AACH*DESY*HAMB+MPIM+TOKY) 
BRANDELIK,COROS,+(AACH*DESY+HAMB+MPIM+rOKY) 
*ABOLINS,BARATE,+ (SACL+LOIC÷SHMP*IND) 

~ABRAMS,ALAM,DLOCKER,* (LBL+SLACI 
+PARTRIDGE* (SLAC+CIT*HARV+PRIN+STAN) 
PARTRIDGE,PEEK* (CIR+HARV+PRIN+STAN÷SLAC) 
*TRILLING,ABRAMS,ALAM,BLOCKER+ (SLAC*LBL) 
÷KURDADZE,LELEHUK,MISHNEV,NIKITIN÷ (NOVO) 
ZHDLENTZ ST AL. (NOVO) 

+ASTBURY,MCEWEN,* (SACL+LOIC*SSMP~CERN÷IRD) 

~PARTRIDGE,PECK,÷ (CIT+HARV+PRIN+STAN+SLAC) 
*BARATE,ASTBURY,MCEWEN+(SACL*IOIG*SHMP+IND) 

+BAREYRE,ASTBURY,MCEWEN(SACL*LOIC*SHMR+IND) 
*FRANKLIN,FELDMAN,ABRAMS,ALAM÷ (LBL÷SLAC) 
M.E.B.FRANKLIN (STAN) 

*BLOOM,BOLOS* (CIT+HARV+PRIN*STAN÷SLAC) 

f f (3770)  M A S S  ( M e V )  

M E 3772.0 (DmO) RAPIOIS 77 SMAG O E*F-- 
M E 3770. (6mO) BACINO 78 DLCD 0 E÷E-- 
M E 3764.0 15.0) SCGINDLER 80 SHAG E+ E-- 
M E ERRORS INCLUDE SYSTEMATIC COMMON TO ALL EXPERIMENTS 
M ......... 
M MASS 3769.9 2.5 FROM PSI(3685) MASS AND MASS DIFFERENCE 
M BELOW 

~ ( 3 7 7 0 )  --  ~ (3685 )  M A S S  D I F F E R E N C E  ( M e V )  
DM 88,0 3,0 RAPIDIS 77 SMAE E*E~ 
DM S 86.0 2.0 BACINO 78 DLCO E*E- 
DM S SPEAR PSI PRIME MASS 13684) SUBTRACTED (SEE SCHINDLER 80) 
DM 8010 2.0 SCHINDLER 80 SMAG E* E- 
DM . . . . . . . . .  
DM AVE 85.9 2.4 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.8) 

~(3770)  W I D T H  ( M e V )  

W 28.0 5.0 RAPIDIS 77 SMAG 0 E+E- 
W 24.0 5.0 BACINO 78 DLCO 0 E+E- 
R 24.0 5.0 SCHIRDLER 80 SMAG E+ E- 
W ......... 
W AVG 25.3 2.9 AVERAGE 

~(3770 )  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

P1 ~(3770)  ~ e + e -  .511+.511 
P2 ~(3770) ~ DD 1869+1869 

~(3770)  P A R T I A L  W I D T H S  (keV) 

~ ( 3 7 7 0 )  ~ e + e -  (GI) 
WI R 0.37 0.09 RAP~DIS 77 SHAG 0 E+E 
WI 0.18 0.06 BACINO 78 DLCO O E+E- 
WI 0.276 0.050 SCHINDLER 80 SHAG E+ E- 
WI R SEE ALSO R2 BELOW 
WI ......... 
WI AVE 0.257 0.046 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 

~b(3770) B R A N C H I N G  R A T I O S  

~b(3770) ~ ( D D ) / t o t a l  1P2) 
RI DOMINANT PERUZZI 77 SMAG E+E-,D DEAR 

ff(3770) ~ ( e + e - ) / t o t a l  (units 10 5) (P1) 
R2 1.3 O.2 RAPIDIS 77 SMAD O E+E- 
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Meson Full Listings 
#(3685), $(3770), ~(4030) 

R E F E R E N C E S  F O R  ~ (3770 )  

PERUZZI 77 PRL 39 1301 ÷PICCOLO,FFLDMAN,PERL,+(SLAC,LBL,NWES~HAWA) 
RAPIDIS 77 PRL 39 526 +GOBBI,LUKE,PERL,÷(STAN+SLAC*LBL+NWESoHAWA) 

BACINO 78 PRL 40 671 +BAUMGARTEN,BIRKWOOO,+ (SLAC+STAN*UCLA+UCI) 

SCHINDLE SO PR D 21 2716 SCHIRDLER,SIFGRIST,ALAM,BOYARSKI-(SLAC+LBL) 

I ¢(4030) [ IG(jPC)=??(I-7 

NOTE ON ~b(4030) AND ~b(4160) 

Although these peaks are clearly separated from each 

other in the DASP experiment (BRANDELIK 78, 79) 

and are confirmed with much fewer statistics by 

PLUTO (BURMESTER 77), the existence of two reso- 

nances is in doubt. The SPEAR MARK-I data 
(SIEGRIST 82) show only one broad structure between 
3.9 and 4.1 GeV, upon which there may be a sharp, rise 

at 4.0 GeV. Part of the discrepancy between the experi- 

ments may come from the radiative corrections which 

tend to enhance any structure seen. A deviation from a 
naive Breit-Wigner-like structure is expected at 4.02 

GeV, where the D'D* threshold opens up. 
It is difficult to accommodate within a conventional 

charmonium model two resonances with large e + e -  

coupling in this region. A 3S state is expected near 4.10 
GeV (RICHARDSON 79), while the slightly heavier 2D 

state should couple only very weakly to e+e  - ,  even 
when relativistic or coupled-channel effects are included 

(HEIKKILA 84). Therefore an identification of ~(4160) 

as the 2D state is hardly possible. Thus, if there really 
are two peaks, one must have a new type of state, e.g., a 

"hybrid" c-d'g state (ONO 84). New data in this region 

would be most welcome. 

+~4o3o) MASS (MeV) 

M 4028,0 2.5 GOLDHABER 77 SHAG E+E- 
M &OAO,O I0.0 BRANDELIK 70 DASP E*E- 
M 
M AVG 4028,7 2.B AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 

~ ( 4 0 3 0 )  W I D T H  ( M e V )  

W 52.0 10.0 BRANDELIK 78 DASP E+E- 

~(4030 )  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

Pl ~(4030)  ~ D D  1869+1869 

P2 ~(4030)  ~ D*(2010) D + C.C. 200~.1865 
P3 ~(4030)  ~ D' (2010)  /9"(2010) 2DOT+2DO7 
P6 ~(4030)  ~ J / ~ ( 3 0 9 7 )  + hadrons 
P5 ~(4030)  ~ e + e -  .511+.511 
P6 f f (4030)  ~ ~ +  ~- -  1D6+ 106 

~ ( 4 0 3 0 )  P A R T I A L  W I D T H S  (keV) 

~ (4030 )  ~ e + e -  
W5 0.75 0,15 BRARDEtIK 78 OASP 

(G5) 



226 

Meson Full Listings 
(4030), ~(4160), ~}(4415), BOTTOMONIUM 

~(4030) BRANCHING RATIOS 

~(4030) ~ (D°Da)/(D*(2010)~D° + D.C.) (P1)/(pZ) 
RI P 0.05 0.03 GDLDHABER 77 SMAG O E+ E- 

~(4030) ~ (D'(IOIO)° D*(2OIO)°)/(D*(2OIO)° D ° + C.C.) 
R2 (P3)/(P2) 
R2 P 32.0 12.0 GOLDHABER 77 SMAG 0 E+ F- 

R P PHASE SPACE FACTOR (P**3) EXPLICITLY REMOVED. 

~(4030) ~ (J /~(3097)  + hadrons)/total (PA) 
R3 LOOKED FOR BURMESTER 77 PLUT E*E- 

~(4030) ~ (e + e - ) / t o t a l  (units 10 -5) (Ps> 
R4 (1.0)  APPROX. FELDMAN 77 SMAG E+ E- 

REFERENCES FOR ~b(4030) 

AUGUSTIN 75 PRL 34 764 
BAgEl 75 PL 58S 481 
BOYARSKI 75 RRL 3& 762 
ESPOSITO 75 PL 58B 478 

PERUZZI 76 PRL 37 569 

BURMESTE 27 PL 66 B 395 
GOLDHABE 77 PL 69 B 503 
FELDMAN 77 PL 33 C 285 
LUTH 77 PL 70 B 120 

BRANDELI 78 PL 76 B 361 
ALSO 79 2PEY C 1 233 

KIRKBY 79 SBRMILAB SYMP.107 
RIDHARDS 79 PL 82 B 272 

SIEGRIST 82 PR D 26 969 

HEIKKILA 8& PR D 29 110 
ONO 84 ZPRY C 26 307 

+BOYARSKI,ABRAMB,BRIGGS÷ (SLAC*LBL) 
÷BIDOLI,PENBO,STELLA,÷ (ROMA÷FR~S) 
*BREIDENBACH,ABRAMS,BRIGGS,÷ (SLAC÷LBLI 
+FELICETTI,PERUZZI,+ (FRAS*NAPL*PADO*ROMA) 

÷PICCOLD,FELDMAN,NGUYEN,WISS,* (SLAC÷LBL) 

*CRIEGEE,DEHNE+ (DESY*HAMB*SIEG+WUPP) 
GOLDHABER,NISS,ABRAMS,ALAM,LUTH,+(LBL+SLAC) 
*PERL (LBL+SLAC) 
+PIERRE,ABRAMS,ALAM,BOYRRSKI,~ (LBL÷SLAC) 

BRANDELIK,CORDS,+(AACH+DESY÷HAMB÷MRIM÷TOKY) 
BRANDELIK,CORDS,÷(AAEH+DESY÷HAMB-MPIM+TOKY) 

J. KIRKBY RAPPORTEUR (SLAC) 
J.L.RIC~ARDSON (SLAC) 

÷SCHWITTERS,ALAM,CHINOWSKY,+ (SLAC+LBL) 

+TORNQVIST,ONO (HELS÷TDKY) 
SEIJI ONO (ORSA) 

[ ~b(4160) I IG(jPC)=??(I--) 

SEE NOTE UNDER PSI(4030) 

@(4160) MASS (MeV) 

M L159.0 20.0 BRANDELIK 78 DASP E*E- 

@(4160) WIDTH (Mef)  

w 78.0 20.0 BRANDELIK 78 DASP E+E 

~(4160) PARTIAL DECAY MODES 

DECAY MASSES 
Pl @(4160) ~ e + e -  .511+.511 

~(4160) PARTIAL WIDTHS (keV) 

~(4160) ~ e + e -  (G l I  
w1 0.77 0.23 BRANDELIK 78 DASP E÷ E- 

REFERENCES FOR ~(4160) 

BURMESTE ?7 PL 66 B 395 +CRIEGEE.DEHNE÷ (DESY+HAMB*SIEG+WUPP) 

BRANDELI 78 PL 76 B 361 BRANDELIK,CORDS* (AAEH÷DESY+NAMB+MPIMeTOKY) 

KIRKBY 79 FERMILAB SYMP.IG7 J. KIRKBY RAPPORGEUR (BLAC) 

ONO 84 ERHY C 26 307 SEIJI ONO (ORSA) 

[ ~b(4415) I ,a(jec) = ?~<t--~ 

~(4415) MASS (MeV) 

M 4414. 7. SIEBRIST 76 SMAG E+E- 
M (4~00.) APPROX. KNIES 77 RLUT 0 E*E~,MU* MU- 

4417.0 I0 .0  BRANDELIK 78 DASP E+E- 
M . . . . . . . . .  
M AVG 4415.0 5.7 AVERAGE 

~(4415) WIDTH (MeV) 

w 33. 10. SIEGRIST 76 SMAG E+S- 
w 66.0 15.0 BRANDELIK 78 DASP E~S- 
W ......... 
W AVG L3.2 15.2 AVERAGE (ERROR INCLUDES SCALE FACTOR DF 1.8) 

~(4415) PARTIAL DECAY MODES 

DECRY MASSES 
@(4415) ~ e + e -  .511+.511 

~(4415) PARTIAL WIDTHS (keV) 

@(4415) ~ e + e -  
W1 0.44 0.14 BIEGRIGT 76 SNAG E+ E- 
w1 0.49 0.13 BRANDELIN 78 DASP E÷ E- 
Wl . . . . . . . . .  
w1 AVS 0.467 0.095 AVERAGE 

(G/)  

~(4415) BRANCHING RATIOS 

~(4415) ~ hadrons/total 
R2 DOMINANT SIEGRISI 76 SNAG 

REFERENCES FOR @(4415) 

SIEGRIST 76 PRL 36 700 +ABRAMS,BOYARSKI,BREIDENBACH,+ (LBL+SLAC) 

BURMESTE 77 PL 66 B 395 +CRIEGEE,DERNE~ (DESY+HAMB+SIEG*WUPR) 
KNIEG 77 HAMBURG SYNP.93 G.KNIES HAMBURG TALK ON PLUTO COLLAB.(DESY) 
LUTH 77 RL 70 B 120 +PIERRE,ABRAMS,ALAM,BOYARSKI,÷ (LBL÷SLAC) 

BRANDELI 78 PL 76 B 361 BRANDELIK,CORDS÷ (AAEH~DESY+HAMB~MPIM+TOKY) 

THE BOTTOMONIUM SYSTEM 

T(6S) 

T(~s) 

T(4S) 

~(3s) 

~b(2s) 

~b0S) 
jPC = 0-+ 

BB t h r e s h o l d  

Xb~(2P) 

Zb°[2P) 

Xbo(IP) 

~:Os) 

1 - -  1 +-  0++,1++,2 ++ 

The level scheme of  the bb- states with the names as 
adopted in this issue of the Review of Particle Proper- 
ties. Singlet states are called r/b and hb, triplet states T 
and Xb J. In parentheses it is sufficient to give the radial 
quantum number and the orbital angular momentum to 
specify the states with all their quantum numbers. E.g., 

1 hb(2P )means2 P l w i t h n  = 2, L = 1, S = 0, J = 1, 
PC = + - .  If  found, D - w a v e  states would be called 

T (nD) and Xbj(nD ) with J = 1,2,3 rlb(nD), hb(nD),  j , 
and n = 1,2,3,4, - • - .  T h e  figure also s h o w s  the 
observed  hadronic  transi t ions  as sol id  l ines and the 
observed  radiat ive  transi t ions  as photon ic  lines. 



For notation, see key on page 91. 

NOTE ON WIDTH DETERMINATIONS OF THE T 
STATES 

As is the case for J /~(3097)  and ~(3685), the full 
widths of the hound bb- states T(1S), T(2S), and T(3S) are 
not directly measurable, since they are much smaller 
than the energy resolution &the  e + e -  storage rings 
where these states are produced. The common indirect 
method to determine F starts from 

r = F e e ~ B e g ,  (1) 

where I ~  is one leptonic partial width and Bt,a is the 
corresponding branching fraction (¢ = e, #, or ~-). One 
then assumes e-p-T universality and uses 

I~g = Eee, (2) 

BCg = average of Bee , Bitix, and B.~.. 

The electronic partial width I'ee is also not directly 
measureable at e + e -  storage rings, only the combina- 

tion reeFhad/I ", where rha d is the hadronic partial 
width and 

Fha d + 3Fee = F.  (3) 

This combination is obtained experimentally from the 
energy-integrated hadronic cross section 

f a(e + e - ~ T--*hadrons) dE 
resonance 

67r FeeFhad 
M 2 F × Cr ' (4) 

where M is the T mass and C r is the radiative correc- 
tion. The knowledge of  the Bgg then allows one to 
extract Fee using Eq. (3): 

Fee Fha d / F 
tee (1 - 3 B e e )  " (5) 

The Listings give experimental results only on Bee, Bit#, 
BzT, and Fee. The Pee entries are checked (within sta- 
tistical errors) or re-evaluated for the proper (1 - 3 Btc)  
correction in Eq. (5). The full widths ofT(IS), T(2S), 
and T(3S) are then calculated from the averages for Fee 
and BEE, using Eqs. (1) and (2). We no longer list I ~ 
evaluations of  individual experiments. Also note that 
the procedure adopted here relies only on experimental 
results and not on model assumptions like 
Fggg[T(2S)]/Fee [T(2S)] = Pggg [T( 1S)]/Fee [T(1S)], 
where Vggg is the partial width for three-gluon decay. 
This assumption was made in, e.g., MAGERAS 81, 
NICZYPORUKZ 81, and in former editions of  this 
Review. 
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Meson Full Listings 
B O T T O M O N I U M ,  T(9460) 

l T ( 9 4 6 0 )  
or T(IS) I [ G ( j P C ) = ? ? ( I  - ) 

~(9460) M A S S  (MeV) 

M 9460.6 0.4 ARTAMONO 84 REDE E+E- ~HADRONS 
M Q 9459.97 0.13 MAC KAY 84 REDE E÷E- -~SADRONS 
M 
M AVG 9460.03 0.19 AVERAGE (ERROR INCLUDES SCALE FACTOR O; 1.5) 

M O SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 

T(9460) W I D T H  (keV) 

B 43.1 3.1 

B OUR EVAL. FROM W2,RI,RB,R3 BELOW ASSUMING E-MU-TAU UNIVERSALITY 

T(9460) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

P1 T(9460) - -  ~ +  ~ -  106+ 106 

D2 T(9460) ~ e + e--  .511+.511 

P3 T(9460) ~ T + T-- 1784+1784 

P EADRONIC DECAYS 
p . . . . . . . . . . . .  

Pll T(9460) ~ p ~ 769+ 140 
PIG T(9460) ~ J /~(3097)  + anx~hing 

T(9460) P A R T I A L  W I D T H S  (keV) 

T(9460) " e + e -  
W2 1.33 0.14 BERGER 79 PLUT 
W2 1.08 0.25 BOCK 80 GNTR 
W2 Q 1.23 0.14 ALBRECHT 82 SASP 
W2 G 1.13 0.12 NIBZYPOR 82 LENA 
W2 G 1.15 0.11 TOTS 83 CUSB 
W2 O 1.30 0.09 GILES 84 CLEO 
WG ......... 
W2 AVG 1.22~ 0.050 AVERAGE 

W2 Q SYSTEMATIC ERRORS ADDED QUADRATICALLY BE US. 

(G2) 
E+E- -,HADRONS 
E÷E- -~SASRONS 
E + E -  -~HADRONS 
E+E~ ~>HADRONS 
E+E- ~>HADRONS 
E÷E- -~HABRONS 

T(9460) 
R1 
R1 
R1 Q 
RI Q R1 ~ 
R1 
R1 Q 
R1 
RI AVG 

T(9460) 
R2 
R2 R2 ~ 
R2 
R2 AVE 

~(9460) 
R3 O 
R3 A Q 
R8 
R3 AVG 

T(9460) B R A N C H I N G  R A T I O S  

(kt + ~-) / tota l  
0.022 0.020 BERBER 79 PLOT 
0.014 0.034 0.014 BOCK 80 CNTR 
0.032 0.013 ALBRECHT 82 SASP 
0.038 0.015 NICZYPDR 82 LENA 
0.027 0.004 ANDREWS 83 BLEO 
0.027 0.004 TOTS 83 CUSB 
0.029 0.004 BESSON 84 CLEO 

0.0278 0.0022 AVERAGE 

(e + e-) / total  
0.051 0.030 BERBER 80 PLUT 
0.028 0.005 ALBRECHT 84 ARG 
0.028 0.004 BESSON 84 CLEO 

0.0282 0.0031 AVERAGE 

( r  + r-) / total  
0.034 0.006 GILES 83 CLEO 
0.0307 0.0051 ALBRECH3 85 ARG 

0.0321 0.0089 AVERAGE 

(Pl)  
E+E- -~NU+MU- 
E+E- -~MU+MU- 
E+E- -~MU+MU- 
E+E- -~MU+MU- 
E+E- -~MU+MU- 
E+E- ->MU÷MU- 
YBS-~PI*PI- 2MU 

(P2) 

E+E- ->E+E- 
Y2S->PI+PI-E÷E- 
YBS~>P£~PI-G+E- 

(P3) 

E+E- -.-YAU+TAU- 
YGS-~PI+PI-2TAU 

R5 A USING BR(Y18->EEI=BR(YIS->MUMU)=O.029, NOT USED FOR IOTAL 
R3 A WIDTH EVALUATION. 

T(9460) ~ (p 7r)/total 
R11 1.0021)DR LESS CL:O.9O NICZYPOR 83 LENA 

T(9460) ~ ( J / ~ ( 3 0 9 7 )  + a=ything)/total 
R12 ( .02) OR LESS CL=0.90 NICZYPOR 83 LENA 

R Q SYSTEMATIC ERRORS ADDED QUADRATICALLY BY US. 

(PIll 

(PIG) 

R E F E R E N C E S  FOR T(9460) 

COBB 77 PL 72 B 273 +IWATA,FABJAN,GOLDBERG+(BNL÷CERN÷SYRA+YALE) 
HERB 77 PRL 39 252 +HOM,LEDERMAN,APPEL,ITO,÷ (COLU+FNAL÷STON) 
INNES 77 PRL 39 1240  +APPEL,BROWN,HERB,HOM,FISK+ICOLU÷FNAL÷STON) 

BERGER 78 PL 76 B 243 +ALEXANDER,DAUM,+(AACH+DESY*HAMB~SIEG*WUPG) 
81ENLEIN 78 PL 78 B 360 +GLAWE,BOCK,BLANAR,* (DESY÷HAMB~HEID*MPIM) 
DARDEN 78 PL 76 B 246 B.W.DARDEN+ (DASP2 COLLAB.) 
GARELICK 78 PR D 18 945 ~GAUTHIER,HICKS,OLIVER,+ (NEAS+WASH*TUFT) 
KAPLAN 78 PRL 40 435 +APPEL,HERB,HOM,LEDERNAN,÷ (STON+FNAL÷COLU) 
YOH 78 PRL 41 684 ÷HERB,HOM,LEDERMAN,UENO,÷ (COIU+~NAL÷STON) 
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Meson Full Listings 
T(9460), Xb0(9860), Xb 1(9895), Xb2( 9915) 

ANGELIG 79 
BADIER 79 
BERBER 79 
DARDEN 79 

ALBRECHT 80 
ANDREWS BO 
BERGER 80 
BOGK 80 
BOHRINGE 80 
KOURKOUM 80 

MADERAS 81 
MUELLER 81 
NICZYPOR 81 

ALBRECHT 82 
ARTAMONO 82 
NICZYDOR 82 

ANDREW~ 83 
GILES 85 
NECZYPOR 83 
TOTS 83 

ALBRECHT 84 
ARTAMONO 84 
BESSON 84 
GILES 84 
MAC KAY 84 

ALBRECH3 85 

PL 87 B 398 
PL 86 B 98 
ZPHY C 1 343 
PL 80 B 419 

PL 93 B 500 
PRL 44 1108 
RL 93 B 497 
ZPHY E 6 125 
PRL 44 1111 
PL 91B 481 

PRL 46 1115 
PRL 46 1181 
RRL 46 92 

PL 116 B 383 
PL 118 B 225 
ZPHY C 15 299 

+SESCH,BLUMENFELD,+ (EERN÷COLU+OXF+ROCK) 
+BOUCROT,BURGUN+ (SACL+CERN÷CBEF*EPOL+LALO) 
+ALEXANDER+ (AACH÷DESY*HAMB*SIEG~WURG) 
C.W.DARDEN÷ (DASP2 COLLAB.) 

H.ALBRECHT+ (DASD2 EOLLAB.) 
+ (CORN÷HARV+ITHA+LEMO+ROCH÷RUTG*SYRA÷VAND) 
+LACKAS,RAUPACH,+(AACH÷DESY+HAMB~SIEG+NUPP) 
+BLANAR,BLUM,BIENLEIN+(HEID+MPIM~DESY*HAMB) 
BOHRINGER,COSTANTISI,FINOCCHIARO(COLU+STON) 
KOURKOUMELIS+(ATHU+NTUA*BNL+CERN~SYRA+YALE) 

+BOHRINGER,FINOCCHIARO+(COLU+STON~LSU~MPIM) 
÷ (RUTG+SYRA+LEMO÷VAND+CORN+ITHA+RARV+ROCH) 
NIEZYPORUK,CHEN,VOGEL,WEGENER÷(LENA COLLAB) 

H.ALBRECHT+ (DASP2 COLLAB.) 
+BARU,BLINOV,SONDAR,SUKIN,GROSHEV+ (NOVO) 
NIGZYPORUK,FOLGER,BIENLEIN~ (LENA EOLLAB) 

PRL 50 BO7 ÷ (CORN+ITHA+HARV÷OSU+ROCH+RUTG~SYRA~VAND) 
PRL 50 877 (HARV+OSU÷ROCH*RUTG÷SYRA+VAND~CORN÷ITHA) 
ZPHY C 17 197 (CRAC+ERLA+DESY÷NIjM÷PITT÷SACL+TELA+WURZ) 
CORNELL CONF.P.248 P.M,TUTS(CUGB COLLAB.) 

PL 13~ B 137 H.ALBREEHT+ (ARGUS COLLAB.) 
PL 137 B 272 ARTAMONOV+BARU+BLINOV+BDNDAR+ (NOVOSIBIRSK) 
PR D 30 1433  +GREEN÷HICKSeNAMJOSHI+SANNAS+(GLEO COLLAB.) 
PR D 29 1285 ~HASSARDeHEMPSTEAD+KINOSHITA+(CLEO CDLLAB.) 
RR D 29 2483 ÷CUSB COLL.+ (HARV*CORN+COLU+LSU*MPIM+ALBA) 

PL 154 B 452 H.ALBRECET+ (ARGUS COLLAB.) 

I Xb0(9860) 
or xbo(1P) I 

IG  ( J  PC ) = ??(0 preferred = +) 

OBSERVED IN RADIATIVE DECAY OF THE 
UPSILON(lOB23), THEREFORE C=+. 
BRANCHING RATIO REQUIRES El TRANSITION, MI IS 
STRONGLY DISFAVOURED, THEREFORE P=+. 

X80(9860) M A S S  (MeV) 

~ ~ (9872.8) (5.1)  KLOPFENS S3 CUGB Y2S->GAMMA X 
9864.1 7.1 RAASI 84 CLEO Y2G->CORV.GAM x 

M U Q 9858.3 3.I NERNST 85 CBAL Y2S~>GAMMA X 
M U Q 9860.0 1.5 ALBREEH2 85 ARG Y2S->CONV.fiAM X 
M 
M AVG 9859.8 1,3 AVERAGE 

U FROM GAMMA ENERGY BELOW, ASSUMING UPSILON(10025) MASS = 10023.4 MEV 
Q SYSTEMATIC ERRORS ADDED QUADRATICALLY BY US 

7 ENERGY IN T(10023) DECAY (MeV) 

DM Q (149.4) (5.1) XLOPFENS 83 CUSS Y2S->GAMMA X 
DM Q 158,0 7.1 HAASI 84 CLEO Y2S->EONV.GAM X 
DM Q 165,8 3.1 NERNST 85 CBAL Y2S->GAMMA X 
DM Q 162.1 1,5 ALBRECH2 85 ARG Y2S->EONV,GRM X 
DM 
BM AVG "1i215" "' i.i" AVERAGE 
DM Q SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 

X80(9860) PARTIAL DECAY M O D E S  

DGCAY MASSES 

Xbo(9860) ~ T(9460) ~ 9460+ 0 

Xbo(9860) BRANCHING RATIOS 

X80(9860) ~ (T(9460) 7)/ total  (P1) 

RI (0.11) OR LESS CL=.9O PAUSS 85 CUSB Y2S->2 GAM L+L- 
RI (0.06) OR LESS EL=.90 WALK 85 CBAL Y2G->2 SAM L+L- 

REFERENCES FOR Xbe(9860) 

KLOPFENS 83 PRL 51 160 KLOPFENSTEIN÷HDRSTKOTTE+ (CUSB COLLAB.) 
PAUSS 83 PL 130 B 439 ÷DIETL,EIGEN+ (MPIM+COLU÷CORN+LSU+STON) 

HAASI 84 PRL 52 799 +JENSEN+KAGAN*KASS÷BEHRENDS+ (CLEO COLLAB.) 

ALBRECH2 85 PL 160 B 531 H.ALBRECHT÷ (ARGUS COLLAB.) 
NERNST 85 PRL 54 2195 +ANTREASYAN+ASCRMAN+ (CRYSTAL BALL COLLAB.) 
WALK 85 SLAC-PUB-382D ~ZSCHORSCH+ (CRYSTAL BALL COLLAB.) 

oXr b 1(9895) Xbl (1P) ] 
i G ( j e t )  = ?7(1 preferred + +) 

OBSERVED IN RADIATIVE DECAY OF THE 
UPSILON(1D023), THEREFORE C=+. 
BRANCHING RATIO REQUIRES El TRANSITION, M1 IS 
STRONOLY DISFAVOURED, THEREFORE P=*. 

Xb1(9895) MASS (MeV) 

U Q 9894.4 3.0 KLDPFENS 83 CUSS YSS->GAMMA X 
9892.D 3.0 PAUSS 83 CUSB Y2S->2 SAM L+L- 

M U Q 9893.6 1.3 HAASI 84 CLEO Y2S->CONV.GAM X 
M U Q 9892.0 2.5 NERNST 85 CSAL Y2S->GAMMA X 
M U Q 9B9O.B 1.1 ALBRECH2 85 ARG Y2S->CONV.GAM X 
M U Q 9890.8 1.6 WALK 85 CBAL Y2S->2 GAM L+L- 
M 
M AVG 9891,89 0.68 AVERAGE 

Q SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 
M U FROM GAMMA ENERGY BELOW ASSUMING UPSILON(lOB23) MASS = 10023.4 MEV 

T ENERGY IN T(10023) DECAY (MeV) 

DM g 128.1 3.0 KLOPFENS 83 CUSB Y2S->GAMMA X 
DM Q 130.6 3.0 PAUSS 83 EUSB Y2S->2 SAM L÷L~ 
DM Q 129.0 1.3 HAASI 84 CLEO Y2S->GDNV.GAM X 
BM Q 130.6 2.5 NERRST 85 CBAL Y2S->GAMMA X 
DM Q 131.7 1.1 ALBRECH2 85 ARG Y2S->CDNV.GAM X 
DM Q 131.7 1.6 WALK 85 CBAL Y2S->2 SAM LeL- 
DM . . . . . . . . .  
DM AVG 130.65 0.68 AVERAGE 

DR Q SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 

Xb1(9895) PARTIAL DECAY M O D E S  

DECAY MASSES 

Xbi(9895) ~ T(9460) 7 9460+ 0 

Xb1(9895) BRANCHING RATIOS 

Xb1(9895) ~ (T(9460) v)/total  (Pl)  

RI 0.47 0.18 KLOPFENS 83 CUSB Y2G->2 GAM L+L- 
RI Q 0.32 0.09 WALK 85 CBAL Y2S->2 SAM L+L~ 
RI . . . . . . . . .  
RI AVG 0.350 0.080 AVERAGE 

RI Q SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 

REFERENCES FOR X81(9895) 

KLOPFENS 85 PRL 51 160 KLOPFENSTEIN+HORSTKOTTE+ (CUSB COLLAB.) 
PAUSS 83 PL 130 B 439 *DIETL,EIGEN+ (MPIM+COLU+CORN÷LSU+STON) 

HAASI 84 RRL 52 799 +JENSEN+KAGAR+KASS+BEHRERDS* (CLEO COLLAB.) 

ALBRECH2 85 PL 160 B 331 H.ALSRECHT÷ (ARGUS COLLAB.) 
NERNST 85 PRL 54 2195 *ANTREASYAR÷ASCHMAN+ (CRYSTAL BALL COLLAB.) 
WALK 85 SLAC-PUB-3820 +ZSCHBRSGH+ (CRYSTAL BALL COLLAB.) 

×82(9915) 
or Xb2(1P) [ 

I O (jPC) = ??(2 preferred + - ) 

OBSERVED IN RADIATIVE DECAY OF THE 
UPGILDN(10023), THEREFORE C=*. 
BRANCHING RATIO REQUIRES El TRANSITION, MI IS 
STRONGLY DISFAVOURED, THEREFORE P=÷. 

Xb2(9915) M A S S  (MeV) 

U Q 9914.6 2.0 XLOPFENS 83 CUSB Y2S->GAMMA X 
9914.0 4.0 PAUSS 83 CUSB Y2S->2 GAM L+L- 

M U Q 9913.3 1.2 HAASI 84 CLEO Y2S->CONV.GAM X 
M U Q 9912.4 2.3 RERNST 85 CBAL Y2S=>GAMMA X 
M U Q 9912.2 1.0 ALBRECH2 85 ARG Y2S->CONV.GAM X 
M U g 9915.8 1.7 WALK 85 CBAL Y2S->2 SAM L+L- 

AVG 99 i3 :29  " "  0 . i 3 "  AVERAGE 

Q SYSTEMATIC ERRORS ADDED QUADRATICALLY BY US 
U FROM GAMMA ENERGY BELOW ASSUMING UPSILON(IDO23) MASS = 10023,4 MEV 



For notaHon, see key on page 91. 

E N E R G Y  I N  T(10023)  D E C A Y  ( M e V )  

DM Q 108.2 2.0 KLOPFENS 83 CUSB Y2S->GAMMA X 
DM 108.8 A.O PAUSE 83 CUSB Y2S->2 GAM L+L- 
DM Q ~09.5 1.2 HAASI 84 CLEO Y2S >CONV.GAM X 
BM G 110.4 2.3 NERNST 85 EBAL YBS->BAMMA X 
DM G 110.6 1.0 ALBRECH2 83 ARG Y2S->CONU.GAM X 
DM q 107.0 1,7 WALK 85 CBAL Y2S >2 GAM L+L- 
DR ......... 
DM AVG 109.51 0.63 AVERAGE 

DM Q SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 

Xb2(9915)  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

Xb2(9915) ~ T(9460) T 9A60÷ O 

Xb~(9915)  B R A N C H I N G  R A T I O S  

Xb2(9915)  ~ (T(9460)  T ) / to t a l  (P1) 

RI 0.20 0.05 KLOPFENS 83 CUSB Y2S->2GAM L÷L- 
RI G 0.27 O.OB WALK 85 CBAL Y2S->2 GAM L+L 
RI 
RI AVG 0.220 O .OA2  AVERAGE 

RI G SYSTEMATIC ERRBRS ADDED QUADRATICALLY BY US 

R E F E R E N C E S  F O R  Xb2(9915)  

KLORFENS 83 DRL 51 160 KLOPEENSTEIN+HORSTKOTTE+ (CUSB COLLAB.) 
PAUSE 83 PL 130 B 439 +DIETL,EIGEN+ (MDIM~COLU*CORN+LSU+STON) 

HAASI 8~ PRL 52 799 ÷JENSBN÷KAGAN+KASS+BEHRENDS* ({LEO COLLAB.) 

ALBRECH2 85 PL 160 B 331 H.ALBRECHT~ (ARGUS COLLAB.) 
NERNST 83 PRL 54 2195 *ANTREASYAN+ASCHMAN* (CRYSTAL BALL CBLLAB.) 
WALK 85 SLAG-PUB-3820 ÷2SCHORSCH+ (CRYSTAL BALL COLLAB.) 

T(10023) 
or T(2S)[ 

1G(J PC) = ??(1 - )  

T(10023)  M A S S  (GeV) 

10.0238 0,0005 ARTRMONO 84 REDE E+E- ->HABBONS 
I0.0231 O.O00A BARBER 8A REDE B+E~ ->HADRONS 

M . . . . . . . . .  
M AVG 10.02337 0.00034 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1) 

W B 

W B 

T(10023)  W I D T H  (keV) 

30.0 7.3 

OUR EVAL. FROM W2,RI,R3 BELOW ASSURING E-MU-TAU UNIVERSALITY 

T(10023)  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

pl T(10023) ~ # + # - -  106+ 106 
P2 T(10023) . e + e -  .511+.511 

P3 T(10023) ~ T + r - -  1784÷1784 
P4 T(I0023) ~ T(9460) ~ +  ~ -  9460* 140* 140 
p3 T(10023) ~ T(9460) ~ozrO 9460+ 135÷ 135 
p6 T(10023) ~ T(9460) ~ 9960+ 549 
p7 T(10023) ~ Xb2(9915) ~ 9915~ o 

R8 T(10023) ~ Xb1(9895) 7 9895÷ 0 

P9 T(10023) ~ Xb0(9860) T 9860+ O 

~(10023)  P A R T I A L  W I D T H S  (keV) 

T(10023)  ~ e + e -  (G2) 
W2 A 0.39 0.16 BOCK 80 CBTR E~E- ->HADRONS 
w2 Q 0.56 0.09 NICZYPOI 81 LENA E+E- ->HADRONS 
W2 A Q 0.58 0,12 ALBRECHT 82 DASP E+E- ->HADRORS 
W2 Q 0.56 O.OB TUTS 83 CUSB E÷E- ->BABRONS 
W2 G 0.52 0.05 GILES 84 CLBO E÷E- ->HADRONS 
W2 
W2 AVG 0.337 0.033 AVERAGE 

W2 Q SYSTEMATIC ERROR ADDBD QUADRATICALLY BY US. 
W2 A USING B.R. UPSILDN(10028) INTD (MU*MU-)/TOTAL FROM AVG BELOW 
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Xb2(9915), °f(10023) 

T(10023)  B R A N C H I N G  R A T I O S  

T(10023)  ~ ( ~ +  # - ) / t o l a l  (p~) 
RI (O.03B)OR LESS EL=O.DO NICZYPOl 81 LENA E+E ,MU+MU- 
RI G 0.019 0.006 TUTS 83 CUSB E÷E-,MU+MU- 
Ri Q 0.018 0.009 HAABR 84 {LEO E÷E-,MU+MU- 
RI Q 0.0157 0.0090 ALBRECHt 85 ARG E+E ,MU+MU- 
RI ......... 
RI AVG B.01BO 0.0044 AVERAGE 

T(10023)  ~ (7 + T - I / t o t a l  (p3) 
R3 G 0.017 0.016 HAAS2 84 CLEO E+E- ~,BAU*TAU- 

T(10023)  - -  (T(9460)  7F + ~ - - ) / t o t a l  (R4) 
R4 7 0.21 0.07 NICBYE02 81 LENA E~E--~L*L-PI*Pl- 
R4 Q 0.179 0.023 ALBRECHT 84 ARG El+El- MISS.MASS 
R4 G 0.191 0,013 BESEON 84 CLEO PI-PI- MISS.MASS 
R4 0.189 0.026 FONSECA BA CUSB E+E--~L÷L-P(+Pl- 
R4 0.169 0.040 GELPHMAB BS CBAL E÷E ~E+E-PI+Pl- 
RA 
RG RVG "'011875 " 0.0099 AVERAGE 

• (10023)  ~ (T(9460)"/ro~D)/ tota l  (p5) 
R3 0.103 0.023 FONSECA 84 COBB E-E- .L+L-PIOPlO 
R5 Q 0.085 0.02~ HELLER 84 ARG E~E--~L÷L-PIBPIO 
RE O.OBD 0.015 GELPHMAN 85 CBAL E~E--~L+L-PIBPlO 
R5 
R3 AVG 0.086 0.011 AVERAGE 

T(10023)  ~ (T(9460)  ~ ) / to ta l  (PB) 
R6 (0.002)0R LESS CL=O.9O FONSECA 8~ CUSB 
R6 (0,010)0R LESS GL=O.90 BESSON 8A CLEO 

T(10023)  ~ (Xb2(9915)  ~ ) / t o t a l  (P7) 

R7 0.061 0.014 KLOPFENS 83 CUSB E+E- -,GAMMA X 
R7 Q 0.102 0.028 HAASi 8A CLEO E+E--~CONV.GAM X 
R7 Q 0.050 0.012 NERNGT 85 CBAL E+E- -~GARMA X 
R7 Q 0.098 0.032 ALBRECH2 85 ~RG E+E--~CONV,GAM X 
R7 ......... 
R7 AVG 0,0657 0.0087 AVERAGE 

~(10023)  ~ (Xb1(9895)  7 ) / t o t a l  IPSI 
R8 0.039 O.OIL KLDpFENS 83 CUSB E+E --GAMMA X 
R8 Q O.OBO 0.023 HAASI 8A CLEO E+E--~CONV.GAM x 
R8 Q 0.065 0.01~ NERNST 85 CBAL E+E- -,GAMMA X 

0.091 0.028 ALBRECH2 85 ARG E+E -CONV.GAM X R8 Q 
B8 ......... 
R8 AVG 0.0673 0.0086 AVERAGE 

T(10023)  ~ (Xb0(9860)  ~ ) / t o t a l  (P9) 

R9 (0.035) (O.01A> KLOPFENS 83 CUSB E+E- -~GAMMA X 
R9 Q 0.044 0.025 HAASq 84 CLEO E+E--.CONV.GAM X 
R9 Q 0.036 0,012 NERNSI 85 CBAL E~E- -..GAMMA X 
R9 Q 0,064 0.021 ALBRECH2 85 ARG E+E--~CBNV.GA v X 
R9 ......... 
R9 AVG 0.0481 0.0096 AVERAGE 

R G SYSTEMATIC ERRORS ADDED QUADRATICALLY BY US 

R E F E R E N C E S  F O R  ~(10023)  

CBBB 77 PL 72 B 273 -IWATA,FABJAN,GOLDBERG+(BNL+CERN+SYRA+YALE) 
HERB 77 PRL 39 252 +HOM,LEDERMAN,APPEL,ITO,+ (COLU*~NAL+STON) 
INNES 77 PRL 39 1240  ÷APPEL,BROWN,HERB,HOM,FISK*(COLU+FNAL+STON) 

BIENLEIN 78 PL 78 B 300 +GLAWE,BOCK,BLANAR,+ (DESY+HAMB+HEID+MPI~) 
DARDEN 78 PL 78 B 364 C.W.DARDEN+ (DASP2 COLLAB.) 
KAPLAN 78 PRL 40 433 *ARREL,HERB,HOM,LEDERMAR,+ (STON+FNAL*COLU) 
YOH 78 PRL 41 684 *RERB,BOM,LEDERMAN,UENO,+ (COLU*FNAL~STON) 

UENO 79 PRL 42 486 +BROWN,HERB,ROM,FISK,ITD,+ (FNAL~CDLU+SION) 

ANDREWS 00 PRL 44 1108 • (CORN+HARV+ITRA*LEMB+ROCH÷RUTG+SYRA+VAND) 
ARESTOV BO IREP 80-165 +BDGOLJUBSK(,* (SERP) 
BOCK RO BPHY C 6 125 +BLANAR,BLUM,BIENLEIN+(HEID+MPIM+DESY+HAMB) 
BOHRINGE BO PRL 4C 1111  BOHRINGER,CDSTANTINZ,FINOCCRIARD(COLU+STON) 
KOURKOUM 00 PL 91 B 481 KOURKOUMELIS+(ATHU~N~UA+BNL+CERN+SYRA+YALE) 

MAGERAS 81 PRL L6 1115  *BOHRINGER,FINOCCHIARO+(COLU~STON÷LBU+MPIM) 
MUELLER 81 PRL A6 1181 + (RUTG+SYRA+LEMO+VAND+EORN*ITHA-HARV+ROCH) 
NICZYP01 81 PL 99 B 169 NICZYPORUK,CHEN,VOGEL,WEGENER+(LENA COLLAB) 
NICZYP02 81 PL 100 B 93 NICZYPORUK,CHEN,FOLGER,LURZ,~ (LENA COLLAB) 

ALBRECHT 82 PL 116 B 383 ~BQFMANN,SCHUBERT(DESY~DOR~+HEID+LUND+ITEP) 
GREEN 82 DRL 49 617 ÷(RUTG*SYRA+VAND+CORN÷ITHACA+HARV+OSU÷ROCH) 

ANDREWS 83 PRL 50 807 + (CORN+ITHA+HARV+OSU+ROCH÷RUTG+SYRA+VAND) 
KLOPFBNS 88 PRL 51 160 KLOPFENSTEIN,HAN~ (STDN+COLU+CORN÷LSU+MPIM) 
TUTS 83 CORNELL CONF.P.EB~ P.M.TUTS(CUSB COLLAB.) 

ALBRECHT 8~ PL 134 B 137 fl. ALBRECHT÷ (ARGUS CDLLAB.) 
ARTAMONO 8~ PL 137 B 272 +BARU,BLINOV,BONDAR,BUKIN,GRDSHEV+ (NOVO) 
BARBER 8~ PL 135 B 498 +(DESY,ARGUS GOLLAB*CRYSTAL BALL COLLABOR.) 
BESGON 84 PR D 30 1433 +GREEN+HICKS*BAMJOSHI+SANNES+(CLED COLLAB.) 
FONSECA 84 NP B 242 31 +MAGERAS+SDN*DIETL+EIBEN+ (CUSB COLLAB.) 
GILES 84 DR D 29 1285 +HASSARD+HEMPSTEAD+KINOSHITA÷(CLEO COLLAB.) 
BAASI 84 PRL 52 799 +JENSEN÷KAGAN*KASS+BEHRENDS+ (CLEO COLLAB.) 
HAAS2 84 PR D 30 1996  +JENSEN÷KAGAB÷KASS+BERRENDS÷ (CLEO COLLAB.) 
HELLER 84 THESIS R.HELLER, UN[V.HEIDELBERG (ARGUS COLLAB.) 

ALBREGRI 85 ZPHY C 28 45 H.ALBRECHT+ (ARGUS COLLAB.) 
ALBRECH2 85 PL 160 B 331 HIALBRECRT÷ (ARGUS COLLAB.) 
GELPHMRN 85 PR D 11 2893  ÷LURZ÷ANTREASYAN4 (CRYSTAL BALL COLLAB.) 
NERNST 85 PRL 54 2195 +ANTREASYAN+ASCHMAN÷ (CRYSTAL BALL COLLAB.) 
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Xb0(10235) - Xb 1(10255), X02(10270), Y(10355) 

I Xb0(10235)] IG(JPC)=??(Opreferred +" ) 
Xbot2P~j[%l . . . . . . . . . .  R . . . . . . . . . . . . . . . . . .  o r  

UPSILON(10355), THEREFORE C=÷. 
BRANCHING RATIO REQUIRES El TRANSITION MI IS 

OMITTED FROM STRONGLY D S~AVOURED, THEREFORE p= , .  
S6;E/~L4RY TAELE NEEDS CONFIRMATION. 

Xbo(10235) MASS (GeV) 

u 10.2327 .0050 

O FROM GAMMA ENERGY BELOW ASSUMING UPSILON(t0353) MASS = I0355.5 MEV 

ENERGY IN T(103S5) DECAY (MeV) 

DM Q 122.1 5.0 TUTS 83 CUSB 

D~ Q SYSTEMATEG ERROR AODES QUAORATIO~LLY BY US, 

E÷E- ->GAMMA X 

Xbo(10235) PARTIAL DECAY MODES 

DECAY MASSES 
Pl Xbo(I0235) ~ T(9460) ~ 9460+ 0 

P2 Xbo(10235) ~ T(10023) ~ 10023+ 0 

REFERENCES FOR Xbo(10235) 

EIGEN 82 PRL 49 1516  ÷BOHRINEER,HERB+ (MPIM÷COLO*CORN+STON+LSU) 
HAN 82 PRL 49 1612 +HORSTKOTTE,IMLAY+(GOLU÷STON+CORN*LSO÷MPIM) 

rUTS 83 CORNELL CONF.P.28A P.M.TUTSICUSB COLLAG.) 

Xrb 1(10255)| I G ( j P c ) ~ ? ? ( l p r e f e r r e d  " +  ) 

X b  z(2P)] . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
UPSILON(10355), THEREFORE C:+. 
BRANCHING RATIO REQUIRES E1 TRANSITION, MI IS 
STRONGLY DISPAVOURED, THEREFORE P=+. 

X01(10255)  M A S S  (GeV) 

M U 10.2560 .0020 EIGEN 82 CUSS E÷E-->2 GAB L~L- 
M U Q 10.2536 .0030 TOTS 83 CUSS E+E- ->GAMMA X 

AVE " I01255~ " 0.0017 AVERAGE 

M O FROM GAMMA ENERGY BELOW ASSUMING UPSILONIIOS55) MASS = 10355.5 MEV. 
M Q SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 

ENERGY IN T(10355) DECAY (MeV) 

DM 99.0 2.0 EIGEN 82 CUSS E÷E-->2 GAM L+L- 
DM Q 101.4 3.0 TUBS 83 CUSS S,E- ->GAMMA X 
DB 
SM AVE " 99:7" " " i . 7  ' AVERAGE 

DM G SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 

Xbj(10255) PARTIAL DECAY MODES 

DECAY MASSES 

Pl XbI(10255) ~ T(9460 )  ~ 9460*  0 

P2 Xbl(10255) ~ ~(10023) y 10023* 0 

REFERENCES FOR Xbl(10255) 

EIGEN 82 PRL 49 1616  +BOHRINGER,HERB+ (MPIM-COLU+CORN+STON*LSU) 
HAN 82 PRL 49 1612 ÷HORSTKOTTE,IMLAY÷(COLU~STON~CORN+LSU÷MPIM) 

TOTS 83 CORNELL CONE.P.2B4 P.M.TUTS(CUSB COLLAB.) 

I Xb2(10270) 
or XD2(2P) I I G ( j PC ) = 77( 2 preferred + + ) 

OBSERVED IN RADIATIVE DECAY OF THE 
UPSILON(IS355), THEREFORE C=÷. 
BRANCHING RAIIO REQUIRES El TRANSITION, MI IS 
SIRONGLY DIGFAVOORED, THEREFORE P=+. 

Xbz(10270)  M A S S  (GeV) 

M U 10.2712 .0030 EIGEN 82 CUSB E+E-->2 GAB L*L- 
M U Q 10.2710 .OOSO TUTS 83 CUSS E*E- >GAMMA X 

AVE 10.2711 0.0017 AVERAGE 

U FROM GAMMA ENERGY BELOW ASSUMING UPSILON(10355) MASS = 10355.5 MEV. 
Q SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 

ENERGY IN T(10355) DECAY (MeV) 

DM 84.0 3.0 EIGEN 82 CUSB E+E-->2 GAB L+L- 
DM Q 84.2 2.0 TUTS 83 CUSB E+E- ->GAMMA X 
DM 
DM AVE " ~:1" ' i . ~  • AVERAGE 

DM Q SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 

Xb~(10270) PARTIAL DECAY MODES 

DECAY MASSES 
Pl %b~(10270) ~ Y(9460) ~ 9&60+ 0 

P2 Xb2 (10270 )  ~ T (10023 )  T 10023+ S 

REFERENCES FOR Xb2(10270) 

EIGEN 82 PRL 49 1616 *BOHRINGER,HERB÷ (MPIM+GOLU÷CORN*STON~LSU) 
CAN B2 PRL 49 1612 ~HORSTKOTTE,IMLAY*(COLU+STON+CORN+LSU*MPIM) 

TOTS B3 CORNELL CONE, P.284 P.M.TUTS(CUSB COLLAB.) 

'1'(10355) or T(3S) I IG{jPC)=?~(I ) 

T(10355) MASS (GeV) 

M 10.3555 0.0005 ARTAMONO 84 REDE E+E- >HADRONS 

T(10355) WIDTH (keY) 

w B 12.0 10.0 A.O 

W B OUR EVAL. FROM W2,RI BELOW ASSUMING E-MU-UNIVERSALRTY 

T(10355) PARTIAL DECAY MODES 

Pl T(10355) ~ g +  g-- 
P2 T(10355) -- e + e -  
P3 T(10355) ~ ~ +  ~ -  T(9460) 
P4 T(I0355)" ~ ~ +  ~ -  T(10023) 
P5 ~(10355) ~ Xb2(10270) 
P6 T(10355) ~ Xb1(10255) T 
P7 ~(I0355) ~ Xb0(10235) 

DECAY MASSES 

106+ 106 

.511÷.511 

140+ 140+9400 

1&O÷ 140+10023 

10271÷ 0 

10254+ 0 

10233+ 0 

T(10355) PARTIAL WIDTHS (keV) 

T(10355) ~ (e + e - )  
W2 Q 0.39 0.04 TOTS 83 CUSS 
W2 Q 0 .42  O.05 GILES 84 CLBO 
W2 . . . . . . . . .  
W2 AVE 0.402 0~031 AVERAGE 

W2 Q SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 

I62) 

E+E- ->HADRONS 1 
E ÷ E -  ->BADRONS 



For notation, see key on page 9I. 

T(10355) BRANCHING RATIOS 

T(10355) ~ (~+ ~ - ) / t o t a l  (Pl) 

RI QI096 0,033 0,015 ANDREWS 83 CLEO E+E- ->MU+MU- 

T(10355) ~ (T(9460) 7r + 7r-I/total EP3) 
R3 Q 22 0.049 0.010 GREEN 82 CEEO Y3S->DI+PI~L+L- 
R3 26 0.039 0.013 MAGERAS 82 CUSB Y3S->PI'~DI~L÷L- 
R3 ......... 
R3 AVG 0.0453 0.0079 AVERAGE 

T(10355) ~ (T(10023) 7r + 7r-I/total (PAl 
R4 5 0.031 0.020 MAGERAS 82 CUGB Y3S~>PI+PI-L+L- 

T(10355) ~ (Xb2(10270) ~)/total (P51 

R5 0.127 0.041 TUTS 83 CUSB E.E- ->GAMMA X 

T(10355) ~ (Xb1(10255) v)/total (P6) 
R6 0.156 0.042 TUTS 83 CUSB E+E- ->GAMMA X 

T(10355) ~ (Xb0(10235) ~)/totaI (R7) 

R7 0.076 0.035 TUTS 83 CUSB E*E- ->GAMMA X 

Q SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 

REFERENCES FOR T(10355) 

COBB 77 PL 72 B 273 
HERB 77 PRL 39 252 
INNES 77 RRL 39 1240 

KAPLAN 78 PRL 40 435 
YOH 78 PRL 41 684 

UENO 79 PRL 42 A86 

ANDREWS 80 PRL 4~ 1108 
BOHRINGE 80 DRL ~A 1111 

GREEN 82 PRL 49 617 
HAN 82 PRL 49 1612 
MAGERAS 82 PL 118 B 453 
PETERSON 82 PL 11~ S 277 

*IWATA,FABJAN,GOLDBERD÷(BNL+EERN~SYRA+YALE) 
~HOM,LEDERMAN,APPEL,ITO,÷ (DOLU~NAL÷STON) 
+ARPEL,BROWN,HERB,HOM,~ISK+(COLU+FNAL÷STONI 

+APPEL,RERB,HOM,LEPERMAN,+ (STDN+FNAL÷COLU) 
+HERB,HOM,LEDERMAN,UENO,÷ (COLU+FNAL÷STON) 

+BROWN,HERB,HOM,FISK,ITO,÷ (FNAL~COLU+STON) 

+ (CORN÷HARV~ITHA+LEMO+ROCH+RUTG÷SYRA÷VAND) 
BOHRINGER,EOSTANTINI,FINOCCHIARO(COLU÷STON) 

+(RUTG~SYRA*VANQ÷CORN+ITHACA+HARV+OSU+ROCH) 
+HORSTKOTTE,IMLAY~(COLU+STON+CORN+LSU÷MPIM) 
*HERB,IMLAY÷ (COLU*CORN÷LSU÷MPIN+STON) 
~GIANNINI,LEE-FRANZINI÷(COLU+STON+LSU+MDIM) 

ANDREWS 85 PRL 50 807 ÷ (CORN+ITHA+HARV+OSU÷ROCR÷RUTG+SYRA+VAND) 
TUTS 83 CORNELL CONF.P.20A P.M.TU~S(CUSB COLLAB.) 

ARTAMONO 84 RL 137 B 272 ARTAMONOV+BARU+BLINOV*BUNDAR÷ (NOVOSIBIRSK) 
GILES 84 PR D 29 1285  +HASSARD+HEMRSTEAD+KINOSEITA÷(CLEO COLLAR.) 

T(10575) 
or T(4S) ] 

[G(J PC) = ??(1 -) 

T(10575) MASS (GeV) 

~ ~ 10.5775 0.0058 BESSON 05 CLEO G.E-  ->HADRONS 
10 .5774  0 .0058  LOVELOCK 05 CUSB G÷E ->~ADRONS 

M . . . . . . . . .  
M AVG I0,5775 0,0041 AVERAGE 

M Q SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 
M A SYS.ERR.=O.004 INCREASED ~OR AVERAGING PURPOSE, SEE PROCEDURES C2 
M B NO SYSTEMATIC ERROR GIVEN, WE ASSURE IT EQUAL TO BESSON 85 

T(10575) WIDTH (MeV) 

Q 20 .0  4.5 SESSON 85 CLEO E+E- ->HADRONS 
25. 2.5 LOVELOCK 85 CUSB E~E~ ->HADRONS 

W 
W AVG 23.8 2.2 AVERAGE 

W Q SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 

T(10575) PARTIAL DECAY MODES 

DECAY MASHES 

T(10575) ~ e + e -  .511..51~ 

T(10575) PARTIAL WIDTHS (keV) 

Y(10575) ~ (e+e -)  ( s i )  
w1 Q 0.192 0.039 BESSON 85 CLEO E+R- ~>HADRONS 
WI 0.283 0.037 LOVELOCK 85 CUSB E,E- ->NADRONS 
Wl ......... 
w1 AVG 0.240 0.045 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.7) 

WI Q SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 

23t 

Meson Full Listings 
Y(10355), r(lo575), Y(lo86o), Y(11o2o) 

REFERENCES FOR T(10575) 

ANDREWS 80 PRL A5 219 + (CORN+EARV*ITHA+LEMO+ROCH*RUTG*SYRA+VAND) 
FINOCCEI 80 PRL 45 222 FINDCCHIARO,GIANRINI,BDHRINGER,+(COLU+STON) 

BESSON 85 PRL 54 581 +GREEN*NAMJOSHI~SANNES÷SKUBIC+(CLEO COLLAB) 
LOVELOCK 85 PRL 54 377 +HDRSTKOTTE÷KLOPFENSTEIN* (CUSS COLLAB) 

T(10S60) 
or T(5S) I 

IG (J PC ) = ??(I - - )  

T(10860) MASS (GeV) 

Q 10.868 0.008 BESSON 85 CLEO E+E- -~HADRONS 
I0.B45 0.020 LOVELOCK 85 CUSB E+E~ ~HAPRONS 

M 
M AVG 10,8648 0.0079 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1) 

M Q SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 

T(10860) WIDTH (MeV) 

w Q 112.0 29.0 BESSON 85 CLEO E*E- ->RADRONS 
W 110.0 15.0 LOVELOCK 85 CUSB E÷E- ->HADRONS 

AVG " 1 i 0 : 4 " ' ' 1 i . 3  " AVERAGE 

W Q SYSTEMATIC ERROR ADDED QUADRATICALLY BY US. 

T(10860) PARTIAL DECAY MODES 

DECAY MASSES 

01 T(10860) ~ e + e -  . 511+ .511  

T(10860) PARTIAL WIDTHS (keV) 

T(10860) ~ (e + e - )  (El)  
WI Q 0,22 0.09 BESSON 85 CLEO E+E- -~ADRONS 
WI 0,365 0.070 LOVELOCK 85 CUSR E÷E- -~HADRONS 
WI 
WI AVG 0,310 0.070 AVERAGE (ERROR INCLUDES SCALE FACTOR Or 1.3) 

N1 Q SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 

REFERENCES FOR T(10860) 

BESSON 85 PRL 54 381 *GREEN+NAMJOSHI~GANNES*SKUBIC+(CLEO COLLAB) 
LOVELOEK 85 PRL 54 377 +HORSTKOTTE+KLOR~ENSTEIN÷ (CUSB COLLAB) 

IT(11020) 
or T(6S) ] 

lO(JPC)~??(1 ) 

TEl 1020) MASS (GeV) 

Q 11.019 0.009 BESSON 85 CLED E+E -~HADRONS 
11.020 0.030 LOVELOCK 85 CUSB E÷E- ~HADRONS 

M . . . . . . . . .  
M AVG 11.0191 0.0086 AVERAGE 

M Q SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 

TEl1020) WIDTH (MeV) 

w Q 61.0 26.0 BESSON 85 CLEO E~E- -~HADRONS 
W 90.0 20.0 LOVELOCK 85 CUSB E*E ~HADRONS 
W 
W AVG 79.2 15.9 AVERAGE 

W Q SYSTEMATIC ERROR ADDED QUADRATICALLY BY US, 

TEll020) PARTIAL DECAY MODES 

* DECAY MASSES 

T(II020) e + e -  .511+.511 
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Meson Full Listings 
T(11020) ,  K +-, K °, K*(892)  

T(lI020) PARTIAL WIDTHS (keY) 

~ ( I I 0 2 0 )  ~ ( e  + e - )  (GI )  
W1 G B.095 B.046 BESSON 85 CLEO E~E- ->HADRONS I 
W1 0.156 B.090 LOVELOCK BE CUSS E+E- ->HADRONS I 
WI ......... 
w1 AVG B.130 B.030 AVERAEE 

W1 Q SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 

REFERENCES FOR T(U020) 

BESSON 85 PRL 54 381 +GREEN~NXMJOSHI+BANNES+BKUBIC+ICLEO COLLAB) 
LOVELOCX 85 PRL 54 377 *HORSTKOTTE+KLOPFENETEIN+ (CUSB OOLLAB) 

S = _ + I ,  C = 0 ,  B = 0  MESON STATES 

K~ :(je) = ½(o ) 

SEE STABLE PARTICLE FULL LISTINGS 

r ~  , 1(+P)_ ½(o ) 
SEE STABLE PARTICLE FULL LISTINGS 

z(se)= ½(i-) 

K'(892) MASS (MeV) 

M CHARGED ONLY. TBIS IS WHAT APPEARS 
W 1700 891.0 1.2 

D 620 891. 2.3 
M 720 890. 3.B 
M 680 889. 3.0 
M 0 BAD 880. 2.5 

D 341 892.0 2.6 
1080 891.0 2.0 

M 2886 894. 1.0 
728 892. 2. 

3229 892. 1.0 
M DI027 892. 1.6 
M 4404 892.2 1.5 
M D 765 894.2 2.0 
M W D1150 894.3 1.5 
M I 9008 (891.9) (0.7) 

1800 890.7 B.9 
1225 886.6 2.4 

M 6706 891.7 0.6 
M X 895.3 4.0 

x 889.5 4.1 
892.8 1.6 

380 896.0 1.9 
187 886.0 2.3 

M 4100 891.0 1.0 
M W D 800 890.0  2 .3  

w 03800 896.0 1.1 
W D3608 893.0 1,0 

M 3700 891,7 2.1 
M 5840 892.6 0.5 
M 888.0  3.B 
M 891.0 1.0  

ON MESON SUMMARY TABLE I -  
WOJCICKI 64 HBC .7  K-PIKO P1-) 
DE BAERE 67 ESC + 3.5 K+P (KB PI+) 
BARLOW 67 HBC 1.2 PBARP(KO PI) 
BARLOW 87 MBC 1.2 PBARP(K PI) 
DE WIT 68 HBC 3.0 K-P 
BCBWEINGR 68 HBC - 5.5 K-PIKO PI-) 
CRENNELL 69 DBC 3.9 K-N (KOPI-) 
FRIEDMAN 69 HBC - 2.I K-PIKB Pl-) 
FRIEDMAN 69 HBC 2.45 K-P(KO PI-) 
FRIEDMAN 69 HBC - 2.6 K-P(KO PI-) 
FRIEDMAN 69 HBO - 2.7 K-P(KO P[-) 
AEUILARI 71HBD - 3.9,4.6 K- P 
CLARK 73 HBC - 3.13 K-PIKO PI-) 
CLARK 73 HBC 3.3 X-P,P PI- KB 
PALER 75 HBC 14,3 K-P,K*- x+ 
AGUILAR 78 HBC +- .76 PB P,K KS PI 
BALAND 78 HBC 12 PB P,INCLUBIV 
COOPER 78 HBC .76 PB P,INCLUSV 
MARTIN 78 SPEC 10 K,-P,KB PIP 
MARTIN 78 SPEC 10 K+-P,KB PIP 
AJINENKO 80 SBC 32 K+P 
DELFOSSE 81 SPED ÷ K*-P,K+- PIG P 
DELFOBSE 81SPEE - K÷-P,K+- PIO P 
TOAFF 81 HBC - 6.5 K-P,KO PI- P 
DLELAND 82 SPED * 30 X+P,KS PI*P 
CLELANG 82 SPED + 50 K+P,K$ PI*P 
DLELANO 82 SFEC 58 K*P,KS PI-P 
BARTH 83 HSC 70 K+P,KO PI+ X 
BAUBILLIE 84 flBC - 8.25 K-P,KOPI-P 
NAPIER S4 SPED + 200 PI-P,2KO X I NAPIER 84 SPED -200 PI-P,2KO X 

M ......... 
M AVE 892.11 0.32 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4) 

(SEE IDEOGRAM BELOW) 

NEUTRAL ONLY, 
DIO4B 894,7 1.4 DAUBER 67 HBC 02.0 K-PIK-PI÷) 

IOK 893.7 2.0 DAVIS 69 HBC 0 12. K+P(K+PI-) 
w 4300 895.0 1.0 SABER 70 DBC 0 3. K-N IK-PI+) 

M 52934 897.9 1.1 AGUILARI 71HBD 0 5.9,4.6 K- P 
M D5362 898.0 B.7 AGUILARI 71HBC 0 3.9,4.6 K- P 
M 01700 898.4 1.3 BUCHNER 72 DBB 04.6 K+ N,K~ PI- 
M 3186 896.0 1.0 LEWIS 73 HBC 02.1-2.7 K+P 
M D 894.0 1.3 LINBLIN 73 HBC 02-13 K+P,K{PI- 
M 1OK 896.0 0.6 FOX 7A RVUE 0 2 K-P,K-PI÷N 
M 896.0 0.6 FOX 7A RVUE 0 2 K+N,K+PI-P 

C 898. . MATIBON 7A HBC 0~2 K+P,K÷PI- 2 
3600 895.5 1.0 MCCUBBIN 75 HBD B 3.6 K-P,K-PI+N 

I 22K (897.1I (0.7I PALER 75 BBC 014.3 K-P,K*O XB 
897.6 0.9 BOWLER 77 DBC 05.4 K+DIK+PZ-P P 

M 1180 898.& %4 AGUILAR 78 HBC 0 .76 PS P,K KS PI 
M P (895.7) (0.3) EBTABROOX 78 XSPK 013 K+-P,K+-PI÷- 
M 894.9 1.8  WICKLUND 78 ASPK 0 3,4,6 PI+-PN 
M C (892.8) (1.3) LANB 79 RVUE 0 
M 28K 897. 1. EVANGELIS SO OMEG 0 10 PI-P 
M 894.6 .8 ASTDN 81 LASS 0 11K-P,K- PI+ N 
M 5900 900.7 1.1 BARTH 83 HBC O 70 K÷P,K÷ PI- X 

M M  
......... 

AVG 896.45 0 .37  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6) 
(SEE IDEOGRAM BELOW) 

M ~ FROM POLE EXTRAPOLATION. 
MASS ERRORS ENLARGED BY us TO GAMMA/SQRTLN). SEE TYPED NOTE. 

PHASE-SPACE M pl INCLUSIVE REACTION, COMPLICATEO BACKGROUND AND EFFECTS 
FROM PHASE SHIFT ANALYSIS OF 155000 EVENTS. 

M W NUMBER OF EVENTS IN PEAK REEVALUATED BY US 
M X SYSTEMATIC ERROR ADDED 

WEIGHTED AVERAGE 
892.11 ± 0 . 3 2  (ERROR S C A L E D  BY 1.4 ) 

" ~  'l" X 2 

. . . . . . . .  NAPIER 84 SREC 12 
J ~ . . . . . . .  NAPIER 84 SPEC " 9 

. . . . . .  BAUBILLIF 84 HBC 1.0 

. . . . . .  BAR-H 83 RBC 0 B 
"-]'-- " ' ' CLELAND 82 SREC 0 B 
v + ' • CLELAND 82 SPEC "2 5 

J . . . . . . . .  CLELAND 82 SPED 0 8 
"-~--~ . . . . .  TOAFF 81 HBC ~ B 

J . . . . . . . . .  DELFOSSE 51 SPED 71 
v j • • DELFOSSE 81 SPEC 4 2 

AJINENKO BO HBC 0 2 
I v . . . .  MARTIN 78 SPEC 

f ' MARTIN 78 SPEC 
. . . . .  COOPER 78 HBC 0 5  

J . . . . . . .  BALAND 78 HBC 5 3 

- 7 i ~  . . . . .  AGUILAR 78 HBC 2 5 
. . . . .  CLARK 73 HBC 21 
. . . .  CLARK 73 BBC 11 

_ ~ ,  ~_i  . . . .  AGUILAR! 71 RBC 0 0 
. . . . . . .  FR!EDMAN E9 RBC 0 0 

. . . . . .  FRIEDMAN E9 HBC 0 0 
. . . .  FRIEDMAB EB HBC $ 0 

' • FRIEDMAN 68 HBC 3.6 
~'--I"1"~'~ ' " • CRENNELL E9 DBC 0 B 

. . . .  SCHWEINGR 68 HBC 0 0 
v . . . .  DEWIT BE HBC 27 

. . . .  BARLOW 67 HBC 11 
v . . . .  BARLOW 67 HBC C5 

. . . .  DE BAERE 67 HBC 0 2 
' • • WOJC~CKI 64 HBC B 9 

= IConf idence Lever = 0 003)  

8 8 0  8 8 5  8 9 0  8 9 5  9 0 0  9 0 5  

K'~(892) m a s s  ( M o V )  

W E I G H T E D  A V E R A G E  
8 9 6 . 4 5  ± 0 . 3 7  (ERROR S C A L E D  BY 1.6 ) 

- , . =  
+ 
V '--Jr ' - -  ' BARTH v 

8 9 0  8 9 4  8 9 8  

K * ( 8 9 2 }  O m a s s  ( M e V )  

X 2 

83 HBC 14 9 
. . . . . .  ASTON 81 LA~S 5 3 
. . . . . .  E'VANGELIS EO OMEG 0 3 
. . . . . . .  WICKLUND 78 ASPK 0 9 

J . . . .  AGUIIAR 78 HBC ~ 9 
. . . . . . .  BOWLER 77 DBC 10 

. . . . . . . . .  MCCUBBIN 75 HBC B.9 
. . . . . . .  MATtBON 74 HBC 0 1 
. . . . .  FOX 74 RVUE D B 
. . . . .  FOX 74 RVUE O 6 
. . . .  L]NGLIN 73 HBC 36 

. . . .  LEWIS 73 NBC 0 2 
. . . . . .  BUCHNER 72 DBC 22 
. . . . . .  AGUILA81 71 HBC 4 E 
. . . . . . . .  AGUILAR1 71 HBC ' 7 

HABE8 70 OBC 2 1 

iill i i ~AV,B ER NBC ~E 
DAUBER 67 HBC 1.B 

45.4 
{Conhdence Level <: 0 001) 

9 0 2  9 0 6  

NOTE ON K*(892) MASSES AND MASS DIFFER- 
ENCES 

Unrealistically small errors are reported by some 
experiments. We use simple "realistic" tests for the 
minimum errors on the determination of  mass and 
width from a sample of  N events: 



For nolation, see key on page 91. 

F F 
amin(m) = . ~  , 6min(F ) = 4 ~ - .  

(For a detailed discussion, see the 1971 edition of  this 
note.) We consistently increase unrealistic errors before 
averaging. 

K*(892) O K*(892) ± M A S S  D I F F E R E N C E  (MeV) 

D W 283 6.3 4.1 BARASH 67 HBC 0 PBAR P 
D SD1400 (6.5) (5.0) FICENECI 68 HBC 1.3 K P 
D S01800 (9.5) (5.0) FICENEC2 68 GEE 2.7 K- P 
D 7338 5.7 1.7 AGUILARI 71 HBC ~0 3.9,4.6 K- P 
D 2980 7.7 1.7 AGUILAR 78 HGC ~= 36 PB P,K KS PI 
D 
D AVG 6.7 1.2 AVERAGE 

D S D MASS ERRORS ENLARGED BY US TO GAMNA/SGRf(N). SEE TYPED NOTE. 
D DATA WITH MASS ERROR OF 3 MEV OR MORE NOT AVERAGED 
D W NUMBER OF EVENTS IN PEAK REEVALUATED BY US 

K*(892) WIDTH (MeV) 

CHARGED ONLY. THIS IS WHAT APPEARS ON MESON SUMMARY 
W 01700 46.D 5.0 WOJCICKI 64 HBG 

W D 620 56.0 9.0 DE BAERE 67 HBC 
W 720 43. 9.0 BARLOW 67 HBC 
W D 600 53. 9.0 BARLOW 67 HBC 

540 44.0 80 DE WIT 68 DGC D 
D2886 53. 4.0 FRIEDMAN 69 HBC 

W D 728 49. 7.3 FRIEDMAN 69 HBC 
W D3229 46. 3.2 FRIEDMAN 69 HBC 
W DI027 49. 6.1 FRIEDMAN 69 EBC 
W D4404 54.3 3.3 AGUILARI 71HDC 
W D 765 46.3 6,7 CLARK 73 HGC 

W D1150 48.2 5.7 CLARK 73 HBC 
I 9000 (52.1) (2.2) PALER 75 HBC 

W 1800 45.8 3.6 AGUILAR 78 HBC 
w 1225 A3.0 8.4 BALAND 78 HBC 
W 06706 52.0 2.5 COOPER 78 HBC 

50.9 2.3 MARTIN 78 SPEC 
50.5 5.6 AJINENKO 80 HGC 

W 3SO 62.6 3.8 DELFOSSE 81 SPEC 
187 50.5 3.9 GELFOSSE 81SPEO 

4100 51.0 2.0 TOAFF 01 HBC 
W W D 800 64.0 9.2 CLELAND 82 SPEC 
W W D3200 62.0 4.4 CLELAND 02 SPEC 
W W 03600 55.0 4.0 CLELAND 02 SPEC 
W 3700 42.8 7.1 BARTH 83 HBC 
W 5840 49.0 2.0 
W 54.0 9.0 
W 56.0 4.0 

AVG " ~:i~ " 6.~4 

TABLE 
1.7 K-P(KO PI-) 
3.5 K*P(KO PI+) 

1.2 PBARP(KO PI) 
+-  1 .2  PBARP(K P I )  

3. K- D 
2.1 K-P(KO Pl-) 
2.45K-P(KO Pl-) 
2.6 K-P(KO Pl-) 
2 .7  K P(KO Pl-) 
3.9,4.6 K- P 

3.13K-P,P PI~ KO 
3.3 K-P,P Pl- KO 
14.3 K-P,K*- X+ 

+- .78 PB P,K KS P: 
12 PB P,INCLUSIV 
.76 PB P,INCLUSV 
10 K~-R,KS P) P 
32 K÷P 
K+ P,K÷- P[O P 
K+-P,K+- RIO P 
6.5 K-P,KO PI- P 
30 K÷P,NS PI+P 
50 K÷P,KS PI+P 

- 50 K÷P,KS PI-P 
÷ 70 K÷R,KO PIt X 

BAUBILLIR 84 HBC - 8.25 K-P,KOPl-P 
NAPIER 84 SPEC 200 PI-P,2KO X 
NAPIER 84 SPEC -200 PI-P,2KO X 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1) 

NEUTRAL ONLY. 
D1040 44. 5.5 DAUBER 67 HBC 0 2.0 K- P 

w D )OK 53.2 2.1 DAVIS 69 HSC 0 12. K+P(K+Pl-) 
W W D4300 54.0 3.3 HABER 70 DBC 0 3. K-N (K-P)+) 
W 2934 55.8 ~.2 3.4 AGUILARI 71 HBC 0 3.9,4.6 K- P 
w 05362 48.5 2.7 AGUILARI 71 HGC 0 3.9,4.6 K- P 
W D1700 51.4 5.0 BUCHNER 72 DBC 04.6 K+ N,K÷ PI-P 
W D3186 46.O 3.3 LEWIS 73 HBC 02.1-2.T K+P 
W C (46.5) (1.5) LINGLIN 73 HBC 02 -13  K*P,K+Pl- 
W IOK 47. 2. FOX 74 RVUE 0 2 K-P,K-PI+N 
W 51. 2: FOX 74 RVUE 0 2 K÷N,K+PI-P 
W C 3600 (47.) (~ ) MATISON 74 HBC 012 K÷P,K+PI- 

48. . 2. MCCUBBIN 75 HBC D 3.6 K-P,K-PI+N 
I 28K (50.8) (2.5) PALER 75 HBC 014.3 K-P,K*O XO 

w 48 .9  2 .5  BOWLER 77 DBC 05 .4  K÷D,K+PI~P P 
1180 45.9 4.8 AGUILAR 78 HBC 0 .76 PB PtK KS P) 

P (52.9) (0.~) ESTABRDOK 78 ASPK 013 K+~P,K÷-PI+- 
W 51.2 1.7 WICKLUND 78 ASPK D 3,4,6 PI+-PN 

(40.1) (6.0) LANG 79 RVUE 
W W G 28X 54. 2. EVANGELIS 80 OMEG 0 10 PImP 

0 

W 49,8 1.2 ASTON 81 LASS O 11 K-P,K- PI+ N 
w 5900 46.5 4m3 BARTH 83 HBC 0 70 K÷P,K+ Pl-- X 
W 
W AVG 50.24 0.65 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1) 

~ FROM POLE EXTRAPOLATION. 
WIDTH ERRORS ENLARGED DY US TO 4*GAMMA/SQRT(N). SEE TYPED NOTE. 

~ INCLUSIVE REACTION. COMPLICATED BACKGROUND AND PHASE-SPACE EFFECTS 
W ~ ~ROM PHASE SHIgT ANALYSIS OF 155000 EVENTS. 

~UMBER OF EVENTS IN PEAK REEVALUATED BY US 

K*(892) PARTIAL DECAY M O D E S  

DECAY MASSES 

Pl  K*(892) ~ K 7r 494+ 140 

PZ K'(892) ~ K ~ ' l r  494. 140+ 14o 

P3 K*(892) ± ~ K ± T 494+ 0 
p4 K*(892) o ~ K ° T  498+ 0 

K*(892) P A R T I A L  W I D T H S  (keV) 

K*(892) ± ~ (K ± ~ )  (03) 
W3 48.0 11,0 BERG 83 SPEC - 158 K-A,K PI A 
W3 51.0 5.0 CHANDLEE 83 SPEC 200 K~A,K PI A 
W3 ......... 
W3 AVG 50.5 A.6 AVERAGE 

K*(892) ° ~ ( K ° ~ )  (04) 
W4 584 116.5 9.9 CARLSMITH 86 SPEC 0 KOL A,KOS RIO A 

Meson Full 
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Listings 
K*(892) 

K*(892) B R A N C H I N G  R A T I O S  

K ' ( 8 9 2 )  ~ (K  ~" ~)/(K ~) (02)/(pl ) 
R) 0 (O.O02)OR LESS WOJCICKI2 64 HBC - 1.7 K-P 
RI 0 (O.O007)R LESS EL=0.95 JONGEJANS 70 HBC 4 K-P,P KO 2Pl 

K*(892) ± ~ (K ± V)/total (units 10 -3)  (P3) 
R2 (1.6) OR LESS CL~.95 BEMPORAD 72 CNTR + 10.-16. K+A,COUL 

K'(892) ° ~ (K°~) / tota l  (units 10 3) I P ~ )  

R3 1.5 0.7 CARITHERS 75 CNTR O 8-16KBARO A,COUL 

ALSTON 

ALEXANDE 
COLLEY 

CHADWICK 
GOLDHABE 

WOJCICKI 

ADELMAN 
FERRO-LU 
FERRO-LU 
GELSEMA 
WANGLER 

BARASH 
BARLOW 
BOMSE 
CONFDRTO 
DAUBER 
DE BAERE 
FRENCH 
GEORGE 
SALLSTRD 

DE WIT 
FICENECI 
FIGENEC2 
KANG 
SCHWErNG 

CRENNELL 
DAVIS 
DE BAERE 
FRIEDMAN 
JUHALA 
LIND 

ATHERTON 
HABER 

AGUILAR 
AGUILARI 
BARNHAM 
BUCHNER 
CORDS 
MERCER 
YUTA 

ABRAMOVI 
GINGHAM 
BEMPORAD 
BRUNET 
BUCHNER 
CRENNELL 
DEUTSCHM 
ENGELMAN 
ROUGE 
TIEDKE 

GERTHON 
CHARRIER 
CLARK 
LEWIS 
LINGLIN 
WALUCH 

FOX 
MATISON 

BRANDENB 
CARITHER 
MCCUBBIN 
PALER 

KIRK 

BOWLER 

AGUILAR 
BALAND 
BALOI 
COOPER 
ENGELEN 
ESTABRO0 

ALSO 
JONGEJAN 
MARTIN 
WICKLUND 

LANG 

AJINENKO 
EVANGEL) 

ASTON 
BERG 
DELFOSSE 
TOAFF 

CLELAND 

BARTH 
BERG 
CHANDLEE 

81 

62 
62 

63 
65 

64 

65 
65 
65 
65 
65 

67 
67 
67 
87 
87 
87 
67 
67 
67 

68 
88 
68 
68 
68 

89 
69 
69 
69 
89 
69 

70 
70 

71 
T) 
71 

R E F E R E N C E S  FOR K*(892) 

PRL 6 300 

PRL 8 4A7 
CERN SONF 315 

PL 6 309 
ATHENS CONF 92 

PR 135 B 484 

ATHENS 527 
NO 36 1101 
NC 39 417 
~HESIS 
PR 137 G 414 

PR 156 1399 
NO 50 A 701 
PR 158 1298 
NP B3 469 
PR 153 1403 
NC 51A 401 
NC 42A 4~2 
NC 49A 9 
NS 49A 340 

THESIS 
PR 169 1034 
PR 175 1725 
PR 178 1587 
PR 166 1317 

PRL 22 487 
PRL 23 1071 
NC 61 A 397 
UCRL-18880 

PR 184 1461 
NP B I~ I 

NP B 16 416 
NP G 17 289 

PRL 26 468 
PR 0 4 2583 
NP B 28 171 

ALSTON,ALVAREZ,EBERHARDtGOOD,GRAZIANO+(LRL) 

ALEXANDER,KALBFLEISCH,MILLER,G SMITH (LRL) 
D COLLEY,N GELFAND ÷ (COLUMBIA÷RUTGERS) 

CHADWICK,CRENNELL,DAVIES,BETTINI+(OX;+PADO) 
SULAMITH GOLDHABGR (LRL) 

STANLEY G WOJCICKI (LRL) 

STUART LEE ADELMAN (SAVENDISH) 
FERRO-LUZZI,GEORGE,HENRI,JONGEJANS (CERN) 
FERRO LUZZI,GEORGE,GDLDSCHMIDT-CLER÷ (BERN) 
E,S.GELSEMA (SEE ALSO PD 10 341)(AMSTERDAM) 
WANGLER,ERWIN,WALKER (WISCONSIN) 

BARASH,KIRSCH,MILLER,TAN (COLUMBIA) 
+MON~ANET,D-ANDLAU~ (SERN÷CDEF+IRAD+LIVR) 
+DORENSTEIN+COLE+GILLESPIE~ (JOHN HOPKINS) 
+MARECHAL,MONTANET÷CERN*CDEF+IPN*LIVERPOOL 
+5CHLEIN,SLATER,TICHO (UCLA) 
+GOLDSCHMIDT-GLERMONT,HENRI+ (BRUX+CERN) 
+KINSON+MCDONALD+RIDDIFORD+ (CERN+BIRM) 
+GOLDSCHMIDT-CLERMONr+HENRI+ (CERN+GRUX) 
SALLSTROM*OTTER+EKSPONG (STOCKHOLM) 

S, DE WIT (AMSTERDAM) 
+HULSIZER÷SWANSON+TROWER ( ILL ) "  
FICENEC, GORDON, TROWER (ILLINOIS) 
Y.W.KANG (IOWA) 
SCHWEINGRUBER,DERRICK,FIELDS* (ANL+NWES) 

*KARSHON,LAI,ONEALL,SCARR (SNL) 
÷DERENZO,FLATTE,ALSTON,LYNCE,SOLMITZ ILRL) 
*00LDSCHMIDT-CLERMONT,HENRI,÷ (BELG+CERN) 
JIFRIEDMAN,PH.D. THESIS (LRL) 
+LEACOCK,RHODE,KOPELMAN,LIBBY,+ (ISU+COLO) 
+ALEXANDER,FIRES~ONE,FU,GOLDHABER (LRL) JP 

*FRANEK,~RENCH,FRISK,BEDNAR+ (CERN+PRAG) 
+SHAPIRA,ALEXANDER+ (REHO+SASL÷BGNA+EPO1) 

+BARNES,GASSANO,EISNER,KINSON,SAMIOS (GNL) 
+EISNER,KINSON (GNL) 
eEOLLEY,JOBES,GRIF~ITHS,HUGHES,+(BIRM+GLAS) 

71NP B 29 381 
71PR D 4 1974 
71 NP B32 381 
71PRL 26 1502 

72 NP 39 189 
72 NP 41 I 
72 NP 51 1 
72 NP 37 114 
72 NP 45 333 
72 PR 8 1220 
72 NP 38 373 
72 PR 5 2162 
72 NP 46 29 
72 NP 39 596 

73 NP 63 54 
73 NP 51 317 
73 NP 54 432 
73 NP 80 283 
73 NP 55 408 
75 PR 8 2837 

74 NP G80 403 
74 PR 09 1872 

75 PL 59 B 405 
75 PRL 35 349 
75 NP 886 13 
75 NP 096 I 

78 NP 116 99 

77 NP 128 31 

78 NP 141 101 
78 NP 140 220 
78 NP 134 365 
78 RP 136 365 
78 NP 134 14 
78 NP 133 490 
78 PR 17 658 
78 NP 139 383 
78 NP 134 392 
78 PR 17 1197 

79 PR 19 956 

80 ZPHY 5 177 
80 NP B 165 383 

0~ PL 106 ~ 235 
81 PL 98 B 119 
81NP B 183 349 
81 PR D 23 1500 

88 NP B 208 189 

83 NP B 223 296 
83 THESIS 
83 SO0 3065 354 

+DEHM,GOEBEL,GOLDSEHMID~,+ (MPIM+CDRN*BELG) 
+CARMONY,ERWIN,MEIERE,+ (PURD÷UCD*IUPU) 
+ANTICH,CALLAHAN,GHIEN,COX,+ (JOHN HOPKINS) 
~DERRICK,ENGELMANN,MUSGRAVE (ANL+EFI) 

ABRAMOVICH,CHALDUPKA,CHUNG,HILPERT,+ (GERM) 
+ (INTERNATIONAL K~ COLLABORATION) 
~BEUSCH,FREUDENREICH,÷ (CERN~ETH~LOIC) 
~DANYSZ,GOLDSACK,÷ (CDEP*SASL+LDIC+LOWC) 
+DGHM,CHARRIERE,CORNET,÷ (MPlM+CERN÷BRGX) 
+GORDON,KWAN-WU LAI,SCARR (BNL) 
DEUTSCHMANN,+ (ABCLV COLLABORATION) 
ENGELMANN,MUSGRAVE,FORMAN,+ (ANL÷E~I) 
÷VIDEAU,VOLTE,DE BRION,+ (GPOL÷SACL) 
÷GRIJNS,HEINEN,DE GROOT,+ (NIJM+AMST) 

÷MONJANET,PAUL,BERTRANET,+ (CERN+SACL) 
CHARRIERE,DRIJARD,DE BAERE,+ (CERN+BELG) 
+LYONS,RADOJICIC (OXFORD) 
+ALLEN,JACOBS,DANYSZ,BORG,÷(LOWC+LOIC+CDGF) 
D.LINGLIN (GERM) 
÷FLATTE,FRIEDMAN (LBL) 

G.C.POX,M.L.GRISS (CIT) 
+GALTIERI,GARNJOST,FLATTE,FRJEDMAN,÷ (LDL) 

BRANDENSURG,CARNEGIE,GASHMORE,DAVIER+(SLAC) 
CARITHERS,MUHLEMANN,UNDERWOOD,~ (RODE+MCGI) 
N.A.MCCUBBIN,L.LYONS (DX~) 
+TOVEY,SHAH,SPIRO,CHAURAND÷(RHEL+SADL+EPOL) 

+KLEIN,COUNIHAN,+(AACH+BERL+CERR÷LOIC÷WIEN) 

+CAINTON,DRAKE,WILLIAMS (OXFORD) 

~FERNANDEZ,COOPER,+ (MADR÷TIFR÷CERN~CDEF) 
*GRARD,JDHNSON,+ (MONS+BELG+CERN÷LOIC+LALO) 
÷BOHRINGER,DORSAZ,RUNGERBUHLER~ (GEVA) 
÷GURTU,DOBRZYNSKI,+ (TIFR÷CERN÷CDEF÷MADR) 
*JONGEJANS,HEMINGWAY,+ (NIJM÷ZEEM+CERN~OX~) 
ESTABROOKS,CARNEGIE,+ (MONT+CARL~DURH÷SLAS) 
ESTABROOXS,CARNEGIE* (MGNT*CARL+DURH+SLAG) 
JONGEJANS,CERRADA,+ (2GEM+CERN+NIJM+OXF) 
+SHIMADA,BALDI,BOHRINGER,DORSAZ+(DURH~GEVA) 
÷AYRES,DIEBOLD,GREENE,KRAMER,PAWLICKI (ANL) 

C.B.LANG,A.MAS-PARAREDA (GRA2) 

~BARTH,DUJARDIN,+ (SERR~LIBH÷MONS+SACL) 
÷ (BARI*BONN+CERN+DARE÷GLAS÷LIVP+MILA+WIEN) 

÷CARNEGID,DUNWOODIE,DURKIN÷(SLAC+CARL+OTTA) Jp 
+CHANDLEE,BIEL,HEPPELMANN,*(ROCH÷FNAL+MINN) 
÷GOISAN,MAR~IN,MUHLEMANN,WEILL,+(GEVA+LAUS) 
+MUSGRAVE,AMMAR,DAVIS,ECKLUND,~ (ANL+KANS) 

+OELFOSSE,GORSAZ,GLOOR(DURH+GEVA+LAUS*PITT) 

+DREVERMANN+(BRUX+CERN÷GENO÷MONS~NIJM+SERP) 
D.GERG (ROCH) 
+BERG,CIHANGIR,COLLICK+ (ROCH+FNAL~HINN) 
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Meson Full Listings 
K*(892), K1(I280 ) 

BAUBILLI 84 ZPHY C 20 37 BAUBILL IER+  (BIRM~CERN+GLAS+MICH+LPNP) 
NAPIER 84 PL I~9 B 514 *CHEN* (TUFT*ARIZ+FNAL+FLOR*NDAM*VAND÷VIRG) 

CARLSMIT 86 PRL 56 18 CARLSMITH,BERNSTEIN,PEYAUD,TURLAY(EFI+SACL) 

l K1(1280) . was Q(128u) ] ~(:~): ~2°+) 
OUR LATEST MINIREVIEW ON THIS PARTICLE CAN BE FOUND IN THE 1984 EDITION. 

K~(1280)  M A S S  ( M e V )  

MI PRODUCED BY BEAMS OTHER THAN K MESONS 
MI A 1242.0 9.0 1D.0 ASTIER 69 HBC 0 PBAR P 
MI A THIS IS THE C MESON. 
M1 A5(1300.) CRENNELL 67 HBC 0 0 Pl- P,LK2FI 
MI LO(1300.) CRENNELL 72 HBC 0 4.SPI-P,LK2Pl 
MI 31011294.) (10.) RODEBACK Bl HBC 4 PI~P,LAM K 2PI 

M2 PRODUCED BY K-, BACKWARDS SCATTERING, HYPERON EXCHANGE 
M2 700 1275.0 10.0 GAVILLET 78 HBC + 4,2 K-P,XI~KPlPI 

MS PRODUCED BY K BFAMS 
M3 4,200 . . . . . . . .  2 . . . . .  2 x÷ P 
M3 (1234.) (12.)  FIRESTONE 72 DBC 12. N÷ B 
M3 (1300.) APPROX. BRANDENB 76 ASPK +~ 18 K+-P,(KPIPI)P 
M3 E (1289.0) (25.0)' CARNEGIE 77 ASPK 18 K÷-P~P KPIFI 
M3 (127D.0) APPROX. OTTER 76 HBC IO-IL-IBK-P 
M3 (130B.0) APPROX. VERGEEST 79 HBD +- 4,2 K-P,K PI Pl 
M3 1270. 10. DAUB 81 CNTR 8~ K-P,K 2P[ P 
M3 T 41276.0) APPROR TORNQVIST 82 RVUE 
M3 
M3 E FROM A MODEL DEPENDENT FIT WITH GAUSSIAN BACKGROUND TO 
M3 E BRANDENBURG 76 DATA. 
M3 T FROM A UNITARIZED QUARK MODEL CALCULATION 

K1(1280 ) W I D T H  ( M e V )  

WI PRODUCED BY BEAMS OTHER THAN K MESONS 
w1 127.0 7.0 25.0 ASTIER 69 HBC 0 PBAR P 
WI 45 (60.) CRENNELL 67 HBC 0 6 Pl- P 
WI AO (60.) CRENNELL 72 HBC O 4.SPI~P,LK2PI 
WI 310 (66.) (15.) ROBEBACK 81 HBC 4 PI P,LAM K 2Pl 

W2 PRODUCED BY K , BACKWARDS SCATTERING, HYPERON EXCHANGE 
WZ 700 75.0 15 .0  GAVILLET 78 HBC ÷ 4.2 K-P,XI~KPIFI 

W3 PRODUCED BY K BEAMS 
H3 (120,) DAVIS 72 HBC + 12. K~ P 
W3 (188,) (21.) FIRESTONE 72 DBC 12. K+ B 
W3 (200.) APPROX. BRANDENB 76 ASPK +- 13 K÷-P,(KPIPI)P 
W3 E (150,00) (71.0) CARNEGIE 77 ASPK 13 K+-P,P KPIPI 
W3 4150,0) APPROX. VERGEEST 79 HBC 4,2 K-P,K PI PI 
W3 90, B. DAUB 81 CNTR - 63 K-P,K 291 P 
W3 
W3 E SEE NOTE E ABOVE. 

K1(1280 ) P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

Pl K1( [280  ) ~ K * (892 )  ~ 892 *  140 

PG KI( [280)  ~ K p 498+ 769 

p3 K1(1280) ~ K ~ 498* 140 

P4 K1(1280) ~ K ~ 498* 5~9 
P5 K t ( I 2 8 0 )  ~ K w 498+ 785 

P6 K1(1280 } ~ K ~ w 498* 140+ 140 

P? Kt(1280)  ~ K~(1350)  r 1350+ 1AO 

P8 K1(1280) ~ Kfo(1300)  498+1300 

K1(1280)  P A R T I A L  W I D T H S  ( M e V )  

K1(1280 ) ~ K*(892) w (B l )  
w1 2.0 2.0 CARNEGIE1 77 ASPK + 13 K~=P,IKPIPI)P 
WI 14.0 11.0 MAZZUBATO 29 HBC + -  4.2 K-F,XI-KPIPI 
WI 
WI AVG " "214" " " 2.0 " AVERAGE 

K1(1280 ) ~ K p (G2) 
W2 75.0 6mO CARNEGIEI 77 ASPK +-- 13 K÷--P,(KPIPI)P 
W2 57.0 5.0 MAZZUCAFO 79 BBC 4.2 K--P,XI--KPIPI 
W2 ......... 
WG AVG B~.~ 8.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.3) 

K1(1280 ) ~ K ~  (GB) 
W5 24.0 S.O CARNEGIEI 77 ASPK +- 13 K~-P,(KPIPI)P 
W5 4.0 4.00 MAZZUCATD 79 HBC 4.2 K-P,XI-KPIPI 
W5 ......... 
W5 AVG 16.8 9.6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 4.0) 

K l ( I 2 8 0 )  ~ K ~ ( 1 3 5 0 )  ~ (G7) 
W7 26.0 6.0 CARNEGIEI 77 ASPK * -  13 KA-P,(KPIPIIP 

K1(1280) - -  fo ( I300)  K (G8)  
W8 22.0 5.0 CARNEGIEI 77 ASPK +- 13 K+-P,(KPIPl)P 

K1(1280)  B R A N C H I N G  R A T I O S  

K1(1280)  ~ (K*(892) 7r) / to ta l  (P1) 
RI F 0.16 0.05 DAUM 81 CNTR 63 K~P,K 2PI P 

K1(1280)  ~ (Kp)/totsl (92) 
R2 F 0.42 0,06 DAUM 81CNTR 63 K-P,K 2PI P 
R2 DOMINANT RODEBACR 81HBC 4 PI-P,LAM K 2Pl 

KI(1280 ) ~ ( K ~ ) / t o t a l  (P5) 
R3 F 0.11 0.02 DAUB 81CNTR 63 K-P,K 2PI P 

K1(1280 ) ~ ( K ; ( 1 3 5 0 )  7r) / to ta l  (p7) 
R4 F 0.28 0.04 DAUM 01 CNTR 63 K-P,K 2PI P 

K ] ( ] 2 8 0 )  ~ (K fe(13OO))/total (P8) 
R5 E 0.03 0.02 DAUM BI CNTR 63 K-P,K 2PI P 

K I ( 1 2 8 0 )  ~ (K~) / (Kp)  (PS)/(P2) 
R6 (O.SO) OR LESS CL=.95 ROSEBACX 81 HBC 4 PI-P,LAM K 2Pl 

D-wave~S-wave R A T I O  F O R  K1(1280 ) ~ K*(892) ~r 
R9 F 1.0 0.7 DAUM 81 CNTR 63 K-P,K 2PI P 

R F AVERAGE FROM LOW AND HIGH T DATA. 

ARMENTER 
ALSO 

ARMENTER 
ALSO 

ALM~IDA 

SHEN 
ALSO 

BASSOMPI 
BERLINGE 
CRENNELL 
DE BAERE 

ALSO 
GOLDEABE 67 

BARTSCH 68 
BOMSE 88 
DEN~GRI 68 

ALEXANDE 69 
ANDREWS 69 
ASTIER 69 
BARSARO 69 
BETTINI 69 
BISHOP 69 
CEIFN 69 
CHUBG 69 
CDLLEY 69 
ERWIN 69 
FRIEDMAN 69 
WERNER 69 

ABRAMS 70 
ANTIBH 70 
BOWLER 70 
FAR~ER 70 

BARNHAM 71 
DENEGRI 71 
FORMAN 71 
GAR;INKE 71 

ANDERSON 72 
GINGHAM 72 
BRANDENB 72 
BRANDENR 72 
CRENNELL 72 
DAVIS 72 
FIRESTON 72 
EIRESTON172 
FRATI 72 
HAATUFT 72 

BABLOUTA 73 
GINGHAM 73 
DE JONGR 75 
JONES 73 
LEWIS 73 
WERNER 73 

ANGELOPO 74 
BOWLER 74 
DAVIDSON 74 
DEUT$CHM 74 

ANT~POV 75 
BOWLER 75 
DORE 75 
DREVILLO 75 
DUNWOOBI 75 
OTTERI 75 
OTTER2 75 
OTTER3 75 
TOVEY 75 

BASDEVAN 76 
BOAL 76 
BOWLER 76 
BRANDENB 76 
OTTER 76 
VERGEEST 76 

CARNEGIE 77 
CARNEGIE177 

BEUSCH 78 
GAVILLET 78 
WOOL 78 

R E F E R E N C E S  F O R  K1(1280 ) 

64 DUBNA CONF I 577 ARMENTERO$,EDWARDS,D-ANDLAU ÷ (CERN+CDEF) 
64 DUBNA CONF I 017 R ARMENTEROS (RAPPORTEUR) 
64 PL 9 207 ARMENTEROS,EDWARDS,D-ANDLAU,~ (EERN+BDGF) 
66 PR 145 1095  BARASH,KIRSCH,MILLER,TAN (COLUMBIA) 

65 PL 10 184 ALMEIDA,ATHERTON,BYER,DORNAN,FORSON÷ (CAVE) 

66 PRL 17 726 *BUTTERWORTR,FU,GOLDHABERS,TRILLING (LRL) 
66 PRIVATE COMM. GERSON GOLDHABER (LRL) 

07 Pl 26B 3O BASSOMPIERRE,GBLDSCHMIDT* (CERN÷BRUX÷BIRM)IJP 
67 PRL 18 1087 BERLINGHIERI+FARBER+FERBFL+FORMAN (ROCH)IJP 
67 PRL 19 4L ~KALBFLEISCH,LAI,SCARR,SCHUMANN (BNL)I 
67 NC 49A 374 +BEBAISIEUX~FAST+FILIPPAS+ (CERN+BRUX) 
PRIVATE GOMMUNIBATIBN BY B. JONGEJANG 

PRL 19 978 

NP 08 9 
PRL 20 1519 
PRL 20 1194 

NP B 13 503 
PRL 22 731 
NP B 10 65 
PRL 22 1207 
NC 62 A 1038 
NP B 9 403 
PL 290 483 
FR 182 1443 
NC A 59 519 
NP B 9 364 
UCRL~IB860 

PR 188 2023 

PRD 1 2433 
NP B 20 201 
EL 31B 318 
PRO 1 70 

NP 025 49 
NP B 28 13 
PRD 3 2610 
PRL 28 1505 

PRD 6 1823 
NP B 48 509 
NF B 45 397 
PRL 2B 932 
PR B 6 1220 
PRD 5 2688 
PRD 5 505 
NP B 47 348 
PRD 6 2361 
NP B 48 78 

NP 59 374 
NP 52 31 
NP 58 110 
NP 52 383 
NP 60 283 
PR 7 1275 

NC 2OA 49 
NP 074 493 
PR D9 7R 
PL 49B 388 

UP B86 381 
NP B97 227 
LNC 13 265 
PL 55 B 245 
NP B91 189 
NP BB4 333 
NP 093 365 
NP B96 29 
NP B95 109 

PRL 37 977 
PRD 14 2998 
JPG 3 775 
PRL 26 703 
NP B 106 77 
PL 62 B 471 

NP B 127 509 
PL B 68 287 

PL 74 B 282 
PL 76 B 517 
NP B 132 401 

G.GOLDHABER (LBLI 

÷COCCONI,+ (AACH÷BERL+CERN+LDIC÷VIEN) 
÷BQRENSTEIN,CALLAHAN,COLE,COX,÷ (JOHNHOPR) 12 
÷CALLAHAN÷ETTLINGER+GILLESPlE+ (JOHNHOPK) 

G.ALEXANDER,FIRESTONE,BDLDHABER,* (LRLI 
+LACH,LUDLAM,SANDWEISS,BERGER,+ (YALE+LRL) 
+MARECHAL,MONTANET,+ (CDEF+CERN+IPNP+LIVP)IJP 
BARBARO-GALTIERI,DAVIG,FLATTE,÷ . (LRL) 
+CRESTI,LIMENTANI,BERTAUZA,BIGI~(PADO+PISA)I 
+BOSHAW,ERWIN,WALKER (WISC) 
+MALAMUD,MELLEMA,RUDNICK,SCHLEIN+ (UCLA) 
+EISNER+BALI+LUERS (BNL) 
*EASTWOOD,+ (BIRM*GLAS+LOIC+MPIM÷OXF*RHEL) 
+WALKER,GOSHAW,WEINBERG (WISC*PRIN~VAND) 
J.FRIEDMAN,PH.D. THESIS (LRL) 
+AMMAR,DAVIS,KROPAC,YARGER,CHO,* (NWBS÷ANL) I+ 

*EISENSTEIN,KIM,MARSHALL,O HALLORAN,+ ( ILL)  
+CARSON,CHIEN,COX,DENEGRI,ETTLINGER,* (JHU) I+ 
M.G.BOWLER (OXFORD) 
+FERBEL,SLATTERY,YUTA (ROCH) I~ 

*COLLEY,GRIFFITHS,ALPER, + (BIRM*GLAS+OXF) 
+ANTICH,CALLAHAN,CARSON,CHIEN,EOX,+ (JHU) I÷ 
+GELFAND,LEARY,MOSER,SEIOL,WOLFSON (EFI) 
GARFINKEL,HOLLAND,CARMONY,LANDER*(PURD+UCD) I+ 

÷FRANKLIB,GODDBN,ROPELMAN,LIBBY,TAN (COLO) 
*EISENSTEIN,GRARD,HEROUET,+ (CERN÷BRUX) 
BRANDENBURG,BROBY,JOHNSON,LEITB,LOOB+(BLAC) 
BRANDENBURG,JOHNSON,LEITH,LOOS,LUSTE÷(SLAC) 
+GORDON,KWAN-WU LAI,SCARR (BNL) 
+ALSTON,BARBARO,FLATTE,ERIEDMAN,LYNCH+ILBL) 
FIRESTONE,GOLDHABER,LISSAUER,TRILLING (LBL) 
A.FIRESTONE (CIT) 
+HALPERN,HARBIS,SNAPE,CARNAHAN,+(PENN+CINC) 
+ARNOLB,EAGUENAUER,+ (BERG*STRB*EPBL*MADR) 

+DREVILLON,SHAH,+ (SACL+EPOL*RHEL) JP 
+FARWEL,+ (LBL+ORSAY+BNL+SABLAY+MILAN) JP 
+CORNET,CHARRIERE,÷ (BRUX+MONS+CERN+MPIM) 
G.T.JONES (CERN) JP 
*ALLEN,JACOSS,DANYSZ,BORG,+(LOWC+LOIC+CBEF) 
+SLATTERY,FERBEL (ROCHESTER) 

ANGELOPOULOS,~ILIPPAS+(ATBU+ATEN~LIVP+VIBN) JP 
+DAINTON,KADSOURA,AITCHISON (ORF) 
*CBAPMAN,GREEN,LYS,ROE (MICH) 
DEUTSCHMANN,÷ (AACH+BEBL+CERN~LOIC÷VIEN) JP 

+ASCOLI,BUSNELLO,KIENZLE* (SERP+CERN÷ILL) JP 
*GAME,AITCEISON,BAINTON (OXF+DARE) 
*GUIDONI,LAAKSO,MARINI,GONFORTO+(ROMA÷RHEL) 
DRBVILLON,BORENSTEIN÷ (EPOL+BOHR+CDEF) JP 
DUNMOODIE,GRANT÷ (CERN+BELG~MONS÷MPIM) JP 
+ (AACH+BERL+GERN+LOIC+VIEN+ATHU+ATEN+LIVP) JP 
+RUDOLPH,RUMPF÷ (AACH÷SERL+CERN+LOIC÷VIEN) JP 
+RUBOLPH,SEYFERT+(AACH+BERL~CERB*LOIC+VIEN)I,JP 
+HANSEN,BORENSTEIN,BORG~ (RHEL*EPOL~SACL)I,JP 

BA$BEVANT,BERGER (FNAL+ANL) 
*EDWARDS,KAMAL,TORGEGON (ALBERTA) 
M.G.BOWLER (OXFORD) 
BRANDENBURG,CARNEGIE,EASHMORE,DAVIBR~(SLAC) JP 
+ (AACR÷BERL+CERN~LDIC÷VIEN+LPNP+RHEL+SACL) JP 
+ENGELEN,JONGEJANG,÷ (AMST*CBRN+NIJM+OXF) JP 

÷CASEMORE,DAVIER,DUNWOODIE,LASINSKI+ (SLAG) 
+CASHMORE,DUNWOODIE,LASINSKI,+ (SLAG) 

÷BIRMAN,KONIGS,OTTER,+ (CERN+AACH+ETH) JP 
+DIAZ,DIONISI,* (AMST+CERN÷NIJM*DXF) JP 
~PALER,CHAURABD,÷ (LPNP÷RHEL~BACLAY) 



For notation, see key on page 91. 

BASDEVAN 79 PR B 19 2Q6 
MAZZUCAT 79 NP B 156 532 
VEREEEST 79 NP B 158 265 

..... 80 Np ~182 ~89 
DIONISI 80 NP 169 
ETKIN 80 PR B 22 42 
IRVING 80 JPG 6 153 
RABFORD 80 NP B 167 181 

DAUM 81 NP B 187 1 
OTTER 81 NP B 181 1 
RDDEBACK 81 ZPHY C 9 9 

BAUBILLI 82 NP B 202 21 
FERNANDE 82 ZPHY C 16 95 
GAVILLET 82 ZPHY C 16 119 
TORNQVIS 82 NB B 203 268 

BASDEVANT,BERSER (ANL) 
MAZZUGATB,PENNINGTON+ (CERN÷ZEEM~NIJM+OXF) 
+JONGEJANS,DIONISI,+ (NIJM+AMST+CFRN+OXF) 

÷BARREY,BUTTERWORTH,ANSORBE,÷ (LOIC+CAVE) 
+GAVILLET,ARMENTEROS+ (CERN~MADR+CDEF+STOR) 
+FOLEY,LINDENBAUM,XRAMER,* (BNL+CUNY)Jp 
A.C.IRVIGG ILIVP) 
RABFORD,BRANDENBURG (MIT) 

÷HERTZBERSER*(AMST+CERN÷CRAC+MPIM*OXF+RHGL) 
(AACH+BERL÷LOIE+VIEN~BIRM*BELG+EERN÷MONS) 

+SJOGBEN,ARMENTEROB,÷ (CERN÷CDEF+MADR÷STBH) 

BAUBILLIER+ (BIRM+CERN÷GLAS+MSU~LPNP) 
FERNANDEZ,AGUILAR+ IMADR+CERR+CDEF÷STOH)Jp 
*ARMENTEROS,AGUILAR+ (CERN+CDBF+PADO÷ROMA) 
TORNQVIST (HELS) 

I K~ (1350) +~o +) 
was ~(1350) [ ~(~e)~_ 

OUR LATEST MINIREVIEW ON THIS PARTICLE CAN BE FOUND IN THE 1984 EDITION. 

K~(1350) M A S S  (MeV) 

C (1425.) APPROX. ESTABROOK 78 ASPK 13 K÷- P 
(I~50.0) APPROX. MARTIN 78 SPEC 10 K÷~P,KS Pl P 

M P (1278.) (50.) LAG8 79 RVUE 0 
M (1400.) APPROX. ASTON 81 LASS O 11K-P,K- PI+ N 
M T (1350.) TORNQVIST 82 RVUE 13 K+- P 
M (1430.) APPROX. BAUBILLIE 8& HBC - 8.25 K-P,KOPI-P 

C FROM ELASTIC K PI PARTIAL WAVE ANALYSIS. 
P POLE EXTRAPOLATION USING ~IRESTBNE 72 AND MATISOR 74 DATA. 

M ~ FROM A UNITARIZEB QUARK MODEL CALCULATION 

K~(1350) W I D T H  (MeV) 

c 200-300 APPRBX. ESTABROOK 78 ASPK 13 K*- P 
P (540.) (106.) LANG 79 RVUE O 

W (250.) APPROX. ASTON 81 LASS 0 11 K-P,K- PI÷ N 
W ~ (430.) OR MORE TORNQVIST 82 RVUE 13 K+- P 
W (200.) APPROX. BAUBILLIE 84 HBC - 8.25 K-P,KOPI-P 

C FROM ELASTIC K PI PARTIAL WAVE ANALYSIS. 
P POLE EXTRAPOLATION USING FIRESTONE 72 AND MATISON 74 DATA. 

W T FROM A UNITARIZED QUARK MODEL CALCULATION 

K~(1350) PART][AL DECAY M O D E S  

DECAY MASSES 

PI K~(1350) ~ K ~  498* 135 

p2 K~(1350) ~ K ~ 498+ 549 

P3 K~(1350) ~ K t 49B÷ 958 

K~(1350) B R A N C H I N G  R A T I O S  

K~(1350) ~ ( K ~ ) / t o t a l  IP l )  
N RI (0.85) APPROX. ASTON 81 LASS 0 11K-P,K- PI+ 

RI T 40.93) APPROX. TORNQVIGT 82 RVUE 13 K+-P 

R1 T FROM A UNITARIZEB QUARK MODEL CALCULATION 

R E F E R E N C E S  F O R  K~(1350) 

TRIPBE 68 PL 28 B 203 +CHIEN,MALAMUD:MELLEMA,SCHLEIN,+ (UCLA) 

CRENNELL 69 RRL 22 A87 +KARBHON,LAI,O.NEALL,SCARR (BNL) 
DODD 69 RR IT7 1994  *JOLDERBMA,PALMER,BAMIDB (BNL) 
GOLDBERG 69 PL 30 B 434 SABRE COLLABOR. (SACL+AMST÷BGNA+RBHO*BPOL) 
SCHLEIN 69 ARGONNE CONF. 446 P.SCHLEIN (UCLA) 

FIREBTON 71 PRL 26 1460  R.FIRESTONE,G.GOLBHABER,B.LISSAUER (LRL) 
MERCER 71 NP 832 381 eANTICHtCALLAHAN,CRIEN,COX,÷ (JOHN HOPKINS) 
YUTA 71BRL 26 1502 +DERRICK,ENGELMANN,MUSGRAVE (ANL+EFI) 

AGUILAR 72 PR D 6 11 AGUILAR-BENITEZ,CHUNG,EISNER (BNL) 
BINBHAM 72 NP B Q1 1 + (INTERNATIONAL K+ COLLABORATION) 
BUCHNER 72 NP B 45 333 +DEHM,CHARRIERE,CORNET,+ (MPIM+CERN+BRUX) 
CHUNG 72 PRL 29 1570  +EISNER,ABUILAR~BENITEZ (BNL) 
CRENNELL 72 PR D 6 1220  +GORDON,KWAN=WU LAI,SCARR (BNL) 
DIEBOLD 72 BATAV.CONF. V.3 17R.DIEBOLD RAPPDRTEUR TALK (ANL) 
ENGELMAN 72 PR D 5 2162 ENGELMANN,MUBERAVE,FORMAN,+ (ANL÷EFI) 
FIRESTON 72 PR b 5 2188 ÷GOLDHABER, LISSAUBR, TRILLING (LBL)PWA 
FRATI 72 PR D 6 2361 +HALRERN,HARGIB,SNAPF,CARNARAN,~(RENN+CINC) 
MATISON 72 LBL 1537 (THESIS) REVISED VERSION WILL GO TO PHYS.REV. LBL 
ROUGE 72 NP B 46 29 *VIDEAU,VOLTE,DE BR ION,~  (EPOL*SACL) 

CORDS 73 NP B 84 109 *CARMDNY,LANDER,MEIERE,+ (PURD*UCD÷IUPU) 
GALTIERI 73 LBL 1772  +MATIBON,GARNJOST,FLATTE,FRIEDMAN* (LBL) 
LINGLIN 73 NP S 55 408 D.LINSLIN (CERN) 
YUTA 73 NP B 52 70 +ENSELMANN,MUBBRAVE,FDRMAN,~ (ANL+EFI) 

FOX 74 NP BOO 403 G.C.FOX,M.L.GRISS (CIT) 
MATISON 74 PR D9 1872  +GALTIERI,GARNJOST,FLATTE,FRIEDMAN,+ (LBL) 
MORGAN 74 PL 51B 71 D.MORGAN (RHEL) 
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M e s o n  Full  Lis t ings  
K!(1280), K(~(1350), K1(1400) 

BAKER 75 NP B99 211 ~SANERJEE,CAMRBELL,ALLEN,MARCH- (LOIC÷LOWC) 
LAUSCHER 75 NP BS6 189 +OTTER,WIECZOREK,÷ (ABCLV COLLABORATION) 
MORGAN 75 ARGONNE CONF. 45 D.MORGAN (RHFL) 

CRIEN 76 NP B 106 355 

BOWLER 77 NP B 126 31 
BPIRD 77 NP S 125 162 

BALDI 78 NP B 134 365 
ENGELEN 78 NP B 134 14 
ESTABRBO 78 NP B 133 490 
MARTIN 78 NP B 134 392 

ESTABRBD 79 PR B 19 2678 
LANG 79 PR D 19 956 

ASTON 81 PL 106 B 235 
TOAFF 81 DR D 23 1500 

TGRNQVIS B2 PRL 49 624 

BAUBILLI 84 ZPHY C 26 37 

+FEIOCK,LUCAS,PEVSNER,ZDANIS (3ALrIMORE) 

~DAINTON,DRAKE,WILLIAMS (DXFORB) 
+BARLOUTAUD,COMBER,PALGR,* (SACL*RBEL-EPDL) 

÷BOHRINGER,DORSAZ,BUNBERBUHLER+ (BEVA) 
+JONGEJANS,REMINGWAY,4 (NIJM÷ZERM÷CERN+OX~) 
ESTABROOKS,CARNEGIE,* (MONT+CARL÷DURH+SLAC) 
+SSIMADA,BALDI,SOHRINGER,BORSAZ+IDURH÷GEVA) 

P.ESTABROOKB (CARL) 
C.B.LANG,A.MAS-PARAREBA (GRAZ) 

÷CARNEBIE,BUNWOODIE,BURKIN~(SLAC+CARLQOTTA)JP 
~MUSGRAVF,AMMAR,DAVIS.RCKLUND,+ (ANL+KANS) 

N.A.TORNQVIST (HELS) 

BAURILLIER+ (BIRM÷CERN*SLAS+MICH+LPNP) 

I K l (1400 )  I I(JP)= I(I+) 
was Q(1400) [ 

I 

KI(1400) M A S S  (MeV) 

M 4142 . . . . . .  ~s ~ . . . . . . .  R- R 
M (1368.) (18.) FIRESTONE 72 DBC 12. R- D 

(1400.) APPROX. BRANDENB 76 ASPK *~ 13 K÷-P,(KPlPI)P 
E 41404.0) (I0.0) CARNEGIE 77 ASPK 13 K÷-P,P RPIPl 

M (1400.0) APPROX. VERGEEST 79 HBC - Q.2 K-P,K Pl Pl 
1415. ETKIN 80 MPS +0 6 K-P,KO PI*  RI -  M 15. 

M 1410. 25. DAUM 81 CNTR 63 K-P,K 2PI P 
1392. 18. BAUBILLIE 82 HBC 0 8.25 K-P,KS 2PIN 

T (1350.) APPROX CORNQVIST 82 RVUE 
M . . . . . . . . .  
M AVG 1406.3 10.5 AVERAGE 

M E FROM A MODEL DEPENDENT FIT WITH GAUBSIAN BACKGROUND TO 
E BRANDENBURG 76 DATA. 
T FROM A UNITARIZED QUARK MODEL CALGULATION 

KI(1400) W I D T H  (MeV) 

w (80.) DAVIS 72 HBC ~ 12. K+ P 
w (241.) (30.)  FIRESTONE 72 DBC + 12. K* 3 

(160.) APPROX. BRANDENB 76 ASPK +- 13 K+-P,(KPIPI)P 
E (142.0) (16.0) CARNEGIE 77 ASPK + 13 K*-P,P KBIPI 

(200.0) APPROX. VERGEGST 79 HBC +- 4.2 K-P,K Pl Pl 
180. 10. ETKIN 80 MRS O 6 K=P,KO PI÷ PI -  

W 190. 25. DRUM 81 CNTR ~ 63 K-P,K 2Pl P 
W 276. 65. BAUBILLIE BE HBC 0 8.25 K-P,KS 2PIN 

AVG "I+3:9" " ~.~ AVERABE 

w E SEE NOTE E ABOVE. 

KI(1400 ) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

Pl Kt(1400) ~ K'(892) ~ 892+ 140 

P2 KI(1400) ~ K p  QgB* 769 

P3 KI(1400) ~ K ~  498. 140 

P4 KI(1400) ~ K ~ 498* 549 
P5 KI(I400) ~ K w  ~98- 783 

P6 KI([400) ~ K ~  ~ 498+ 140+ 140 

p7 K1(1400) ~ K~(1350) 7r 1350+ 140 

p8 Kl(1400) ~ Kfu(1300) 498~1300 

K1(1400 ) P A R T I A L  W I D T H S  (MeV) 

KI(1400 ) ~ K*(892) ~ (GI) 
w1 117.0 1B.O CARNEBIEI 77 ASPK +- 13 K+ P,(KPIRI)P 

KI(1400 ) ~ K p (s2) 
W2 2.0 l.O CARREGIEI 77 ASRK +- 13 K*~P,(KPIPI)P 

Kl(1400) ~ K ~  (GS) 
W5 23.0 12.0 CARNEGIEI 77 ASPK +- 13 K+-P,(KPIPI)P 

Kj(1400) B R A N C H I N G  R A T I O S  

K](1400 ) ~ (K*(892) ~r)/total ( p l l  
RI F 0.94 0.06 DAUM 81 CNTR 63 K-P,K 2PI P 

Kl(140O ) ~ (Kp)/total (PZ) 
R2 F 0.03 0.03 DRUM 81 CNTR 63 K P,K BP~ P 

Kl(1400  ) ~ (Ko0) / total  (p5) 
R3 F 0.01 O.Ol DAUM 81 CNTR 63 K-P,K 2PI 



2 3 6  

Meson Full Listings 
K[(1400), K*(1410), K~(1430) 

K I ( | 4 0 0  ) ~ (K~(1350) ~) / to ta l  IP7) 
R~ c (O.OO) APPROX. DAUM 81 CNTR 63 K-P,K 2El P 

K~(14O0) ~ (Kfo(1300) ~ ) / to ta l  (p8) 
R5 g 0.02 0.02 DAUM 81 CNTR 63 K-P,K 2El P 

D-wave~S-wave R A T I O  FOR K~(14O0) ~ K'(892)  ~- 
R9 F 0.04 0.01 DAOM 81 CNTR 63 K-P,K 2Pl 

R g AVERAGE FROM LOW AND HIGH T DATA. 

R E F E R E N C E S  FOR Kl(1400) 

ARMENrER 64 DUBNA CON~ I 577 
ALSO 64 DUBNA CONE I 617 

ARMFNTER 64 PL 9 207 
ALSO 66 PR 145 1095 

ALME[OA 63 PL 16 184 

SMEN 66 PRL 17 726 
ALSO 65 PRIVATE COMM. 

BASSOMPI 67 PL 268 30 
BERLINGH 67 PRL 18 1087 
ERENNELL 67 PRL 19 L4 
DE BAERE 67 NC 49A 374 

ARMENTERDS,EDWARDS,D-ASDLAU + (CERN+CDEF) 
R ARMENTEROS (RAPRORIEUR) 
ARMENTEROS,EDWARDS,D-ASDLAU,+ (CERN÷CDEF) 
BARASH,KIRSCH,MILLER,TAN (COLUMBIA) 

ALMEIDA,ATHERTON,BYER,DORNAN,FORSDN~ (CAVE) 

*BUTTERWORTH,FO,GDLDHASERS,TRILLING (LRL) 
GERSON GOLDHABER (LRL) 

BASSOMPIERRE,GOLSSCHMIDT÷ (CERN÷BRUX÷BIRM)IJP 
BERLINGHIERI*FARSER÷FERBEL+FORMAN (RDCH)IJP 
-KALBFLEISCH,LAI,SCARR,SCHUMANN (BNL)I 
+9EBAISIEUX*FAST~FILIPPAS+ (CERN+BRUX) 

ALSO PRIVATE COMMUNICATION BY B. JONEEJANS 
GOLDHABE 67 PRL 19 976 G.GOLDHADER (LBL) 

BARTSCH 60 NP 88 9 *COCCONI,* (AACH*BERL+CERN÷LOIC*VIEN) 
~OMSE 68 PRL 20 1519 +SORENSTEIN,CALLAHAN,CDLE,COX,÷ (JOHNHOPK) I~ 
DENEGRI 68 PRL 20 1194 +CALLAHAN+ETTLINGER÷GILLESPIE÷ (JOHNHOPK) I* 

ALEXANDE 69 NP 8 13 503 G.ALEXANDER,FIRESTONE,GOLDHABER,+ (LRL) 
ANDREWS 69 PRL 22 731 *LACH,LODLAM,SANDWEISS,BERGER,* (YALE÷LRL) 
ASTIER 69 NP B 10 65 *MARECHAL,MONTANET,+ (CDEF+CERN~IPNP÷LIVP)IJP 
BARBARO 69 PRL 22 1207 BARBARO-GALTIERI,DAVIS,FLAITE,+ (LRL) 
BETTINI 69 NE 62 A 1038 +CRESTI,LIMERTANItBERTAUZA,BIEI+IPADO+P~SA)I 
BISHOP 69 NP S 9 403 +GOSHAW,ERWIN,WALKER (WISE) 
CHIEN 69 PL 29B 433 *MALAMUD,MELLEMA,RUDNICK,SCHLEIN÷ (OCLA) 
SHUNS 69 PR 182 1442 ÷EISNER+SALI÷LUBRS (BNL) 
COLLEY 09 NC A 59 519 ÷EASTWOOD~ IBIRM+GLAS*LOIC+MPIM÷OXF+RHEL) 
ERWIN 09 NP B 9 364 ÷WALKER,G~SHAW,WEINBERS (WISC+PRIN+VAND) 
FRIEDMAN 69 UCRL 10860  J.FRIEDMAN,PH.D. THESIS (LRL) 
WERNER 69 PR 188 2023  +AMMAR,DAVIS,KROPAC,YARGER,CHO,~ (NWES÷ANL) I *  

ABRAMS 70 PR D 1 2433  ÷EISENSTEIN,KIM,MARSHALL,O-HALLORAN,* ( ILL)  
ANTICH 70 NP B 20 201 +CARSON,CHIEN,COX,DENESRI,ETTLINGER,+ (JHU) I+ 
BOWLER 70 PL 31 B 318 M.B.BOWLER (OXFORD) 
FARBER 70 PR D 1 78 +FERBEL,SLATTERY,YUTA (ROCH) I÷ 

BARNHAM 71 NP 825 49 +COLLEY,GRI~FITHS,ALPER, • (BIRM+ELAS+OXF) 
DENESRI 71 UP B 28 13 *ANTICH,CALLAHAN,CARSON,CHIEN,COX,+ (JHU) I+ 
FORMAN 71 PR D 3 2610 *GELPAND,LEARY,MOSER,SEIDL,WOLFSON (EFI) 
GARFINKE 21 PRL 26 1505  EARFINKEL~HOLLANS,EARMONY,LANDER+(PURD+UED) I+ 

ANDERSON 72 PR 6 1823 -FRANKLIN,GODDEN,KOPELMAN,LIBBY,TAN (COLO) 
BINGHAM 72 NP 48 589 ,EISENSTE~N,GRARD,HERQUET,+ (CERN*BRUX) 
BRANDENB 72 NR 45 397 BRANDENBURG,BRDDY,JOHNSON,LEITH,LOOS~(SLAC) 
BRANDENB 72 PRL 28 932 BRANDENBURG,JOHNSON,LEITH,LOOS,LUSTE÷(SLAC) 
CRENNELL 72 PR 6 1220  +GORDON,K~AN-WU LAI,SCARR (BNL) 
DAVIS 72 PR 5 2688  *ALSTON,BARBARD,FLATTE,FRIEDMAN,LYNCH+(LBL) 
=IRESTON 72 PR 5 505 FIRESTONE,GOLDHABER,LISSAUER,TRILLINB (LBL) 
FIRESTON17E NP ~7 348 A.FIRESTONE (SIT) 
~RATI 72 PR 6 2361 -HALPERN,HARGIS,SNAPE,CARNAMAN,+IPENN+CINE) 
HAATU~T 72 NP G8 28 *ARNOLD,HAGUENAUER,+ (BERG+STRB*EPOL÷MADR) 

BARLOUTA 73 NP 59 374 *DREVILLON,SHAH,÷ (SACL+EPOL÷RHEL) JP 
BINGHAM 73 NP 52 31 +FARWEL,+ (LSL+ORSAY~BNL+SACLAY+MILAN) JP 
DF JONGH 73 NP 58 110 ~CORNET,EHARRIERE,* (BRUX+MONS+CERN+MPIM) 
JONES 75 NP 52 283 G.T.JONES (CERN) JP 
LEWIS 73 NP 60 283 +ALLEN,JAEOBS,DANYSZ,BORB,+(LOWC+LOIC+CDEF) 
WERNER 73 PR ? 1275  +SLATTERY,FERBEL (ROCHESTER) 

ANGELOPO 74 NE 20A 49 ANGELOPOULOS,FILIRPAS+(ATHU~ATEN+LIVP+VIEN) JP 
BOWLER 74 NP B74 493 +DAINrON,KADDOURA,AITCHISON (OXF) 
DAVIDSON 74 PR 09 77 +CHAPMAN,SREEN,LYS,ROE (MICH) 
DFUTSCHM 74 PL L9B 388 DEUTSCHMANN,+ (AA.CH+BERL÷CERN*LOICAVIEN) JP 

ANTIPOV 75 NP 886 381 ~ASCOLI,BUSNELLO,KIENZLE* (SERP+CERN~ILL) JP 
BOWLER 75 ~P 897 227 +GAME,AITCHISON,DAINTON (OXF+DARE) 
DONE 75 LNC 13 265 +GUIDONI,LAAKSO,MARINI,CONFORTO*(ROMA+RREL~ 
DREVILLO 75 PL 53 B 243 DREVILLON,BORENSTEIN÷ (EPOL+BOHR÷CDEF7 JP 
DUNWODDI 75 NP 891 189 DUNMOODIE,GRANT* (CERN+BELG+MONS+MPIM; JR 
OTTERI 75 up 884 333 + (AACH*BERL+CERN+LOIC÷VIEN*ATHU÷ATEN*LIVP) JP 
OTTER2 73 NP B93 363 +RUDOLPH,RUMPP+ (AACH+BERL÷CERN*LOIC+VIEN) JP 
OTTER3 75 NP B96 29 -RUDOLPH,SEYFERT÷(AACH~BERL÷CERN+LDIC+VIEN)I,JP 
TOVFY 75 NP B95 109 ~HANSEN,BORENSTEIN,BORG÷ (RHEL÷EPOL+SACL)[,jP 

BASDEVAN 76 PRL 37 977 BASDEVANT,BERGER (FNAL÷ANL) 
GOAL 76 PR D 14 2998 *EDWARDS,KAMAL,TORGESON (ALBERTA) 
BOWLER 76 JPS 3 775 M.G.SOWLER (OXFORD) 
SRANDENB 76 PRL 26 703 BRANDENBURG,CARNEGIE,CASHMORE,DAVIER+ISLAE) dP 
OTTER 76 NP B 106 77 * (AACH+BERL*CERN*LOIC~VIEN+LPNP+RHEL÷SACL) Jp 
VERGEEST 76 PL 62 B ~71 *ENGELEN,JOMGEJANS,+ (AMST÷CERN+NIJM÷OXF) JP 

CARNEGIE 77 NP B 127 509 +CASHMORE,DAVIER,DUNWOODIE~LASINSKI÷ (SLAB) 
EARNEBIE177 PL B 68 287 +CASHMORE,OUNWOODIE,LASINSKI,÷ (SLAC) 

BEUSCH 78 PL 7a B 282 +BIRMAN,KONIGS,OTTER,~ (CERN+AACH÷ETH) JP 
GAVrLLFT 78 PL 76 B 517 +DIAZ,DIONISI,+ (AMST~CERN+NIJM~OXF) JP 
WOHL 78 NP B 132 401 ~PALER,CHAURAND,+ (LRNP+RHEL÷SACLAY) 

~ASDEVAN 79 PR D 19 E46 BASDSVANT,BERGER (ANL) 
MAZZbEAT 79 NP B 156 522 MAZZUEATO,PENNINGTON+ (CERN÷ZEEM+NIJM+OXF) 
VERGEEST 79 up B 158 265 +JONGEJANS,DIONISI,+ (NIJM*AMST~EERN+OXF) 

BACON 80 NO B 162 189 +BARREY,BUTTERWORTH,ANSORGE,+ (LOIC+CAVE) 
DIONISI 80 NP B 169 1 *GAVILLET,ARMENTBROS+ (CERN÷MADR*CDEF÷STOH) 
ETKIN 80 PR D 22 42 -FOLEY,LINDENBAUM,KRAMER,+ (BNL÷CUNY) dP 
IRVING 80 JPG 6 153 A.C.IRVING (LIVP) 
RADFORD 80 NP B 167 181 RADFORD,BRANDENBURG (MIT) 

DAUM 81 NP ~ 187 I *HERIEBERGER÷IAMST+EERN*CRAC÷MPIM+QXF÷RHEL) 
OTTER 81 NP 181 (AACH+BERL+LOIC÷VIEN+BIRM+BELE+CSRN+MONSI 
RODEBACK 81 ZDRy C 9 9 ~SJOEREN,ARMENTEROS,* (CERN+CDEF÷MADR*STOH) 

BAUBILLI 82 NP B 202 21 BAUBILL IER÷  (BIRM÷CERN+GLAS~MSU÷LPNP) 
;ERNANDE 82 ZPHY C 16 95 FERNANDEZ,AEU[LAR+ (MADR÷CERN÷CDEF*STOH) 
TORNQVIS 82 NP B 203 268 TORNQVIST (HFIS) 

K*(1410) ] 
01t41TTED FROM 
SUMMARY TABLE 

l(j  e) = ~(]-) 
SEEN IN PARTIAL WAVE ANALYSIS OF THE KO PI+ El -  
SYSTEM. 

K'(1410) M A S S  (MeV) 

M 1500. 50. ETKIN 80 MPS 0 6K-P,KO El+ PI -  
M 1474. 25. BAUSILLIE 82 HBC 0 8.25K P,KS 2PI N 
M D 1412.0 9.2 ASTBN 84 LASS 0 11K-P,KO 201 R 
M 
M AVG 1425.6 20.4 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.5) 

M D SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 

K'(1410) W I D T H  (MeV) 

w 500. I00. FTKIN BO MRS 0 OK-P,KO El+ PI -  
W 275. 65. BAUBILLIF 82 HBC 0 8.25K~P,KS 2El N 
W D 196.0 22.0 ASTON 84 LASS 0 11K~P,KO 2Pl N 
W 
W AVG 216.4 45.0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.2) 

W D SYSTEMATIC ERROR ADDED QUADRATICALLY BY US . 

K*(1410) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

Pl K'(I410) ~ K ~  494+ 140 

P2 K'(1410) ~ K'(892) ~" 892* %0 

p3 K*(1410) ~ K p 494+ 769 

K'(1410) B P ~ N C H I N G  R A T I O S  

K'(1410) ~ (K  p) / (K*(892)  ~ )  IP2) / IP2)  
RI 10.17) OR LESS ELf.95 ASTON 84 LASS O 11 K-P,KO 2PI N 

K°(1410)  - -  (K ~)/(K*(892) 7r) (P l ) / (P2)  
R2 (0.16) OR LESS EL=.95 ASTOS 84 LASS 0 11 K-P,KO 201 N 

R E F E R E N C E S  FOR K*(1410) 

ETKIN 80 PR D 22 42 *EOLEY,LINDENBAUM,KRAMFR,* (BNL*EUNY)JP 
BAUBILLI 82 NP B 202 21 BAUSZLL IER+  (BIRM÷CERN÷ELAS÷MSU÷LPNP) 
ASTON 84 PL 149 B 258 +CARNEGIE,DUNWOODIE,DURKIN+(SLAC+EARL~OrTA)JP 

I K~(1430) I I ( J P ) = @ ( 2  - ) 

wa~ K*(1430) .... . . . . . . . . . .  2 ......................... 
MORE RELIABLE DETERMINATIONS OF THE MASS AND 
WLDTH. 

K~(1430 )  MASS (MeY)  

CHARGED ONLY, WITH FINAL STATE K Pl 
D 39 I&23. 11.0 BASSAMO 67 HBC ~ 4.6-5.0K-P,KOPI- 

SCHWEINGR 68 HBC 5.5 K P (K PI) D 63 1427.0 12.0 
220 1416.0 10.0 CRENNELL 

LIND 
AGUILARI 

MI 
MI 
MI 
MI 
MI D 60 1414. 13.0 
MI 1400 1420.0 3.1 
MI W D 225 1425. 8.0 
MI B 1428.0 4.6 
MI B 1423.0 4.6 
MI D 579(1448.S) (5.0) 
MI D 29211431.8) 45.6) 
MI 935 1423.0 3.0 
MI W D 400 1436. 5.5 
MI W 01500 1430. 3.2 
MI W D1200 1430. 3.2 
MI 1587 1420. 4. 
MI 
.1  AvE i 4 ~ S : 0 ' ' "  i . g  " 

M4 NEUTRAL ONLY 
M4 2200 1421.1 2.6 
M4 1800 1419.1 3.7 
M4 600 1416. 6. 
M4 1100 1427. 3. 
MA C 1420.1 4.3 
M4 800 1421.6 4.2 
M4 E 41423.0) (3.0) 
M4 300 1420.0 7.0 
M4 P 1440.0 10.0 
M4 P 11424.0) I2.0) 
M4 1450, 30. 
M4 1428. 3. 
M4 P I1471.) (12.) 
M4 F 1433. 12. 
MA 
M~ ~VG i 4 } 3 : 3 " ' "  i .~  " 

69 DBC - 3.9 K-N CKOPI-) 
69 HBC 9. K÷ P(KO PI+) 
71 HBC 3.9,4.6 K- P 

BARNHAM 71 HBC ÷ K÷ P,KO PI+ P 
MARTIN 78 SPEC 10 K+ P,KS P IP  H 
MARTIN 78 SPEC 10 K÷-P,KS Pl P H 
DELFOSSF 81 SPEC K+-P,K÷- PIO P 
DELFOSSE 81SPEE - K*-P,K+- PIO P 
TOAFF 81HBC 0.5 K-P,KO PI- P 
CLELAND S2 SPEC * 30 K+P,KS PI+P 
CLELAND 82 SPEC + 50 K+P,KS PI~P 
CLELAND 82 SPEC 50 K+P,KS PI-P 
BAUBILLIE BA HBE 8.25 K-P,KOPI-P 

AVERAGE (ERROR INCLUDES SCALE FACTOR O~ 1.1) 

DAVIS 69 HBC 0 12. K÷ PIK÷PI ) 
AGOILARI 71 HBC O 3.9,4.6 K- P 
CORDS 71 DBC D 9. K+ N,K+ PI- P 
BUCHNER 72 DEC 0 4.6 K+ N,K÷ PI-P 
LINGLIN 73 HBC 0 2-13 K+P,K÷PI- 
MECUBBIN 75 HBC 0 3.6 K-P,K-PI+N 
ETKIN 76 SPEE 06.K-P,KO PI*PI- 
HENDRICKX 76 DSC 8.25 K+N,K*PI 
BOWLER 77 DEC 5.5 K÷D,K PIP P 
ESTABROOK 78 ASPK 13K+-P,P K PI 
ETKIN 80 SPEC 6.K-P,KO PI÷PI-N 
ASTON 81 LASS 11 K-P,K- PI+ N 
BAUBILLIE 82 HBC 8.25 K P,KS 2PIN 
ASTON 84 LASS 11K-P,KS 2PI N 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1) 



For notation, see key on page 91. 

M D SYSTEMATIC ERROR ADDED BY US. 
FROM POLE EXTRAPOLATION, USING WORLD K+P DST C 

D ERRORS ENLARGED BY US TO GAMMA/SQRT(NI. SEE TYPED NOTE ON K*(892) 
M E SEE MORE RECENT PARTIAL RAVE ANALYSIS (ETKIN 80) 
M P FROM PHASE SHIFT OR PARTIAL WAVE ANALYSIS. 
M W NUMBER OF EVENTS IN PEAK REEAVALUATEO BY US 
M F SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 

K~(1430)  W I D T H  ( M e V )  

w1 CHARGED ONLY, WITH FINAL STATE K PI 
~I 1400 94.7 15.1 12.5 AGUILAR1 71 HBC ~ 3.9,4.6 K- P 
WI 96.5 3,8 
WI 97.7 4.0 
WI D 579 118.9 20.0 
Wl D 292 96.0 22.5 
WI 935 85.0 16.0 
WI W D 400 109. 22. 
WI W D1500 124. 12.8 
WI W D1200 113. 12.8 
WI 1587 I02. 10. 
WI 
Wl AVG " ~9 :o"  ' " L ~  " 

W4 NEUTRAL ONLY 
wA 2200 101. 10. 
W4 1800 116.6 10.3 
W4 D1100 I09. 14.0 
W4 C (61.0) (14.0) 
W4 800 116. 18. 
W4 P (170.0) (20.0) 
N4 P (98.0) (5.0) 
W4 P IAO. 30. 
W4 98. 8. 
w4 P (143.) (3A.) 
W4 F 131. 31. 
W4 
w4 AVG ' 1 8 6 : o ' "  " ; . ~  " 

MARTIN 78 SPEC + 10 K÷-P,KS P IP  
MARTIN 78 SPEC 10 K+~P,KS P IP  
BELFOSSE 81 SPEC K÷-P,K~- PIO P 
DELFOSSE 81 SPEC K+-P,K+- RIO P 
TOAFF 81 HBC 6.5 K-P,KO PI-  P 
CLELAND 82 SPEC 30 K+P,KS PI~P 
CLELAND 82 SPEC 50 K+P,KS PI+P 
CLELAND 82 SPEC - 50 K+R,KS PI-P 
BAUBILLIE 84 HBC - 8.25 K-P,KOEI-D 

AVERAGE 

DAVIS 69 HBC 0 12. K+ P (K El) 
15.5 AGUILARI 71 HBC 0 3.9,4.6 K- P 

DUCHNER 72 DBE 0 4.6 K+ N,K+ PI-P 
LINGLIN 73 HBC O 2-13 K~P,K+PI- 
MCCUBBIN 75 HBC 0 3.6 K-P,K-PZ+N 
BOWLER 77 DBC 0 5.5 K÷D,R PIP P 
ESTABROOK 78 ASPK 0 13K+-P,P K PI 

ETKIN 80 SPEC 0 6.K-P,KO PI~PI-N 
ASTON 81 LASS 0 11 K-P,K- PI* N 
BAUBILLIE 82 HOE 0 8.25 K-P,KS 2PIN 
ASTON 84 LASS 0 11 K-P,KO ZPI N l 

AVERAGE 

w C D FROM POLE EXTRAPOLATION, USING WORLD K+P DST 
ERRORS ENLARGED BY US TO 4*GAMMA/SQRT(N). SEE K*(892) TYPED NOTE. 

P FROM PHASE SHIFT OR PARTIAL WAVE ANALYSIS. 
W W NUMBER OF EVENTS IN PEAK REEAVALUATED BY US 
W F SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 

K~(1430)  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

Pl K~(1430)  ~ K ~ 494+ 140 

P2 K~(1430)  ~ K*(892) ~ 892+ 140 

P3 K~(1430) ~ K p 494+ 769 

P4 K~(1430) ~ K w 494+ 783 

P5 K~(1430) - -  K ~ 494+ 549 

p6 K~(1430) ~ K*(892) ~Tr 892+ 140+ 140 

P7 K~(1430) ~ K w  ~ 494+ 283+ 140 

P8 K~(1430) ~ K ~ 494+ 0 

]FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The matrix below is derived from the error matrix for the fitted partial decay mode 
branching fractions, Pi, as fogows: The diagonal elements are P, ± 5P,, wkere 
6P~ = X./(BP~PI), while the off-diagonal elements are the normalized correlation coeffi- 
cients (6P~aPj//(aP~'BPj). For the definitions of the individual P~, see the listings above; 
only those Pi appearing in the matrix are assumed in the fit to be nonzero and are 
thus constrained 1o add Io 1. 

P I P 2 P 3 P 4 P 5 R 6 
P I .A490+-.0266 
P 2 .1249 ,2356~-.0177 
P 3 .0359 .5676 .0862+-.0081 
P 4 -.2093 -.2008 -.1486 .043 I+-.0155 
P 5 -.4935 -.4172 -.3104 -.0918 ,0512+-.0286 
P 6 -.4366 -.8951 -.2959 .0955 -. 1533 .1345+-.0269 

K ~ ( 1 4 3 0 )  P A R T I A L  W I D T H S  (keV)  

K ~ ( 1 4 3 0 )  ~ K ~ (GO) 
W8 240. 45. CIBANGIR 82 SPEC + 200 PI+Z,Z A2 

K~(1430)  B R A N C H I N G  R A T I O S  

K ~ ( 1 4 3 0 )  ~ (KTc) / to ta l  (Pl)  
RI ~ 0.49 0.02 ESTADROOR 78 ASPK + 13K+-P,P K Pl 
RI r 0,43 0,01 ASTON 81 LASS 0 11 K-P,K- PI+ N 
R1 p FROM PHASE SHIFTS ANALYSIS. 
RI ......... 
RI AVG 0.442 0.024 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.7) 
RI FIT 0.449 0,027 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 3.2I 

K ~ ( 1 4 3 0 )  ~ (K ' (892 )  z ' ) I (K 7c + K ~ 7r) (P2I/(PI+R2+P3) 
R2 QR (0.45) (0.13) BADIER 65 HBC 3.0 K P 
R2 Q (0.47) (0.10) BASSANO 67 HBC ~0 4.6, 5.0 K- P 

K ~ ( 1 4 3 0 )  ~ (K p ) I (K  ~ + K ~r ~ )  (P3)/(PI*P2+P3) 
R3 QR (0.14) (0.07) BADIER 65 HBC 3.0 K-P 
R3 0 (0.14) (0.I0) BASSANO 67 HBC [0 4.6, 5.0 K- P 
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Meson Full Listings 
K ~ ( 1 4 3 0 )  

K ~ ( 1 4 3 0 )  ~ (K*(892) ~) / (K  ~ )  (P2) / (P1)  
R4 0.65 0.20 SHEN 66 HBC 0 N* PRODUCED 
R4 Q (0.03) (0.20) SMEN 66 HBC + NO N* PRODUCED 
R4 0.52 0.12 SCHWEINGR 08 HBC O 4.1+5,5 K- P 
R4 Q 84 (0.93) (0.11) BISHOP 69 HBC 3.5 K+ P 
R4 0.47 0.08 AGUILARI 71 HBC 3.9,4.6 K~ P 
R4 AQ 150 (0.65) (0.25) ANTIPOV 75 ASPK 40 K-P,K*- P 
R4 0.54 0.16 DEEM 74 DBC 0 4.6 K+ N 
R4 0.6Z 0.19 LAUSCHER 75 HBC 010,16 K-P,K-PI+N 
RA 0.44 0.09 ASTON 84 LASS 0 11K-P,KO 2Pl N [ 
R4 A K*(892) P[ SIGNAL FROM PARTIAL WAVE ANALYSIS OF (K-El+El-) SYSTEM 
R4 ......... 
R4 AVG 0.495 0.048 AVERAGE 
RA FIT 0.525 0.047 FROM FIT (ERROR'INCLUDES SCALE FACTOR OF 1.3) 

K ~ ( 1 4 3 0 )  ~ (Kw) / (KTc )  
R5 R 0.19 0.16 
R5 (0.08) OR LESS 
R5 (0.2) OR LESS 
R5 0.13 0.07 
R5 0.05 0.04 
R5 (0.2) OR LESS 
R5 ......... 
R5 AVG 0.075 0.034 
R5 FIT 0.096 0.036 

K~(1430)  ~ ( K p ) / ( K ~ r )  
R6 (0.09) OR LESS 
R6 0.26 0.16 
R6 (0.2)  OR LESS 
R6 (0.3)  OR LESS 
R6 O 15 (0.I~) 40.06) 
R6 0.16 0.05 
R6 0.02 0.10 
R6 0.18 0.05 

(Pg)/(PI) 

BADIER 65 HBC - 3.0 K-P 
SHEN 66 HBE 4.6 K*P 
BAGSOMPIE 69 HBC + 5 K÷ P 
SASEOMPIE 69 HBC O 5 K+ P 
AGUILARI 71 HBC 3.9-A,6 K- P 

CL=.95 CHUBS 74 HBC - 7.3  K-P,K*- P 

AVERAGE 
FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

(E3)/(PI) 

CHUNG 65 BBC + 0 3.9-4.2 PI- P 
SCHWEINGR 68 HDC 0 4.1÷5.5 K- P 
BASSOMPIE 69 HBC + 5 K+ P 
BASSOMPIE 69 HBC 0 5 K+ P 
BISHOP 69 DDC 3.5 K÷ P 
AGUILAR1 71BBC 3.9,~.6 K- P 

0.02 DEHM 74 DBC 0 4.6 K+ N 
ASTON 84 LASS 0 11K-P,KO 2PI N I 

R6 ......... 
R6 AVG 0.136 0.040 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 
R6 FIT 0.192 0.021 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 

(SEE IDEOGRAM BELOW) 
R6 S USES RESULTS OF OTTER 75 (GEE R7 BELOW). WE DO NOT AVERAGE THIS 
R6 S STATISTICALLY REDUNDANT RATIO, BUT KEEP THE LAUSCHER 75 RESULT 
R6 S FOR R4 ABOVE. 

W E I G H T E D  AVERAGE 
0 .136  ± 0 .04 -0  (ERROR S C A L E D  BY 1.3 ) 

"-~_+_ 
Values above of weighted average, error, 
and scale factor are based upon 1he data ~n 
th's ideogram only. They ore nol  neces-  
sar,h/ the same as our "bes t "  va lues,  
obtained frorr s least-squares constrained fit 
utd,z ing measurements  of other (re~aled) 

~ / . /  quanti f ies as addit ona, informabon. X 2 

. . . . .  ASTON 54 LASS 

. . . . . .  DEHM 74 DBC 37 

. . . . . .  AGUILAR" 71 HBC 0 2 /-,7 (Conll(~enoe Le'vel = 0 148) 

- 0 2  0 . 0  0 2  0 4  0 .6  

K~(1430)  ~ (Kp}/(K~) 

K ~ ( 1 4 3 0 )  ~ (Kp)/(K*(892) 7c) (P3) / (P2)  

R7 (0.40) OR LESS CL=.90 FIELD 67 HBC - 3 
R7 P 130 0.13 0.09 OTTER 75 EBC 08,10,1g K~P,K* N 
R7 AN (0.03) (0.03) ANTIPOV 75 ASPK - 40 K-PIK*- P 
R7 P 0,30 0.10 VERBEEST 76 HBC 0 4.2 K-P,P KOEIPI 
R2 P (0.33) APPROX. ETKIN 80 SPEC 0 6.K-P,KO PI+PI-N 
R7 0.39 0.03 DAUM 81CNTR 63 K-P,K 2El P 
R7 O.38 0.09 DAUDILLIE 82 HBC 0 8.25 K-P,KS 2PIN 
R7 (0.20) APPROX. FERNANDEZ 82 HBC -A PI-P,LAM K 2PI 
R7 0.42 0.08 ASTON 84 LASS 0 11 K-P,KO 2PI N [ 
R7 ......... 
R7 AVG 0.370 0.035 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4) 
R7 FIT 8.366 0.029 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.8) 

(SEE IDEOGRAM BELOW) 
R7 A N K RHO MODE NOT OBSERVED 
R7 FROM PARTIAL WAVE ANALYSIS OF (K-PI÷PI-) SYSTEM 
R7 P FROM PARTIAL WAVE ANALYSIS OF (KO PI+ PI-) SYSTEM 

K ~ ( 1 4 3 0 )  ~ (K~)/(K*(892)  ~ )  (p4) / (p2)  
R8 Q (0.10) (0.04) FIELD 67 HBC - 3.8 K- P 

K ~ ( 1 4 3 0 )  ~ ( K  n) / (K*(892)  ~ )  (PS)/CP2) 
R9 Q (0.07) 40.04) FIELD 67 HBC - 3.8 K- P 

K~(1430)  ~ (K~) I (Kgr )  (RO)/(P1) 
R10 R 0.05 0.06 BADIER 65 HBC - 3 .0  K-P 
RIO R (0,065)0R LESS DASSOMPIE 69 HBC 5.0 K+P 
RIO (0.02) OR LESS BISHOP 69 HBC 3.5 K+ P 
RIO (0.04) OR LESS CL=.95 AGUILARI 71 HBC 3.9-4.6 K- P 
RIO ......... 
RIO FIT 0.115 0.067 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 

K~(1430) ~ (K*(892) ~ ) / t o t a l  (P6) 
RIIT 0.12 0.04 GOLBBERB 76 HBC - 3 K-P,R KOPIPIPI 
R11 ......... 
R11 FIT 0.135 0.027 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1:2) 
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Meson Full Listings 
K~(1430), K(1460), K2(1580 ) 

WEIGHTED AVERAGE 
0.370 = 0 . 0 3 5  (ERROR SCALED BY 1.4 ) 

I ""~-'1-- Values above Of weighted average, error, 
and scale factor are based upon the data ,n 
this ideogram only, They ale not neces-  
sariry the same as our "bes t "  va lues,  
obtained from S feast-squares constrained ht  
u t i l iz ing measurements  of  other (related} 
quant i t ies as add;t~or, sI i n fo rma l lon  

I / . x ~ .  \ . .  

' ASTON 64 L~,SS 0.4 
" BAUBILLIE 82 HBC 0 0 
" 3AUM 81 CNTR 04  
' VERGEEST 76 HBC 0 0 

' OTTER 75 HBC 7 1 

8.0 
{Confidence Level = 0.093) 

-0.1 0.1 0,3 0.5 0.7 0.9 

K~(1430) ~ (Kp)I(K"(892) Tr) 

K~(1430) ~ (K'(892) ~Tr')/(K~) <PGI/(P~) 
R12T R 0,21 0.08 JONGEJANS 78 HBC - 4K-P,P KOOPIPIPI 
R12 ......... 
R12 FIT 0,300 0.069 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 

K~(1430) ~ (K w 7r)/total (units 1O -s) (PT) 
R15 O (0.72) OR LESS CL=O.95 JONBEJANS 7B HBC 4 K-PeP KO 4Pl 

FOLLOWING SUGGESTION BY AGUILAR 70, WE DO NOT MAKE USE OF MEASURE- 
MENTS WHERE THE IN Pl PI) BACKGROUND SUBTRACTION IS DIFFICULT DUE 

QR RESTATEDTO THE NEARBYBy us.K1(1400) REGION. 

T ASSUMING PI PI SYSTEM HAS ISOSPIN I, WHICH IS SUPPORTED BY 
T THE DATA 

REFERENCES FOR K~(1430) 

BADIER,DEMOULIN,GOLDBERG~ (EPOL+SACL+AMST) 
+DAHL,RARDY,HESS,JACBBS,KIRZ,MILLER (LRL) 
FOCARDI,MINGUZZI RANZI,SERRA+(BOLDGNA+SKCL) 

+BUTTERWORTH,FU,GOLDHABERS,TRILLIND (LRL) 
GERSON GOLDHABER (LRL) 

~GOLDBERG,GOZ,BARNES,LEITNER*IBNL~SYRACUSE) 
BASSOMPIERRE,BOLDSCHMIDT÷ (CERN+BRUX÷BIRMIIJP 
+KALBFLEIGCH,LAI,SEARR,SCMUMANN (BNL) 
+HARDY+HESS*KIRZ*MILLER (LRL) 
HARDY,EHUNG,DAHL,HESS,KIRZ,MILLER (LRL) 
+GOLDSCHMIDT-CLERMONT,HENRI+ (BRUX+CERN) 
+HENORICKS÷PICCIONI+YABER (LAJOLLA) 
G.GOLDHABER,;IRESTONE,SHEN (LRL) 

+DEUTSCHMANN+ (AACH+BERL~CERN+LOIC+VIENNA) 
BARTGCH,SEUTDCHMANN,MORRISDB÷ (ABCLIIC)V) 

+CALLAHAN,CARGDN,CDX,DENEGRI,÷ (JHU) 
L.DUBAL (GENEVE) 
Y,W.KANG (IOWA) 
SCHWEINGRUBER,DERRIEK,FIELDS+ (ANL+NWES) 
P.L.SCHWEINGRUBER (NORTHWESTERNrEVANSTON) 

BASSOMPIERE,GOLDSCHMIST-CLERM.* (CERN+BRUX) JP 
+GOSHAW,ERWIN,WALKER (WISE) 
+KARSHON,LAI,ONEALL,SCARR (BNL) 
*DERENZO,FLATTE,ALSTON,LYNCH,SOLMITZ (LRL) 
÷GOLDSCHMIDT-CLERMONT,HENRI,* (BELG÷CGRR) 
J.FRIEDMAN,PR.D. THESIS (LRL) 
÷ALEXANDER,FIRESTONE,FU,GOLDHABER (LRL) JP 

÷EISENSTEIN,KIM,MARSHALL,O.HALLORAN,+ (ILL) 
AGUILAR~BENITEZ,BASSANO,EISNER,÷ (BNL+PURD) 

+EISNER,KINSON (BNL) 
*COLLEY,JOBEB,GRIFFITHS,HUGHES,*(BIRM+GLASI 
*CARMONY,ERGIN,MEIERE,+ (PURD*UCD+IUPU) 

÷DEHM,CHARRIERE,CORNET,~ (MPIM+CERN~BRUX) 
÷GORDON,KWAN-WU LAI,SEARR (SNL) 
DEUTSEHMANN,+ (ABCLV COLLABORATION) 
ENGELMANN,MUSGRAVE,FORMAN,+ (ANL~EFI) 
~HALPERN,HARSIS,SNAPE,CARRAHAN,÷(PENN+CINC) 
+VIDEAU,VOLTE,DE BRION,+ (EPOL+SACL) 
+GRIJNS,HEINEN,DE GROOT,+ (NIJM+AMST) 

CBARRIERE,DRIJARD,DE BAERE,+ (CERN÷BELG) 
GOLDSEHMIDT-CLERMONT (CERN) 
+LYONStRADOJICIC (OXFORD) 
+CORNET,CHARRIERE,+ (BRUK+MONS+CERN÷MPIM) 
D.LINGLIN (CERN) 
+FLATTE,FRIEDMAN (LBL) 

+EISNER,PROTOPOPESCU,SAMIO$,STRAND (BNL) 
+GOBBEL,WITTEK,WOLF,+ (MPIM÷BRUX+MDNS+CERN) 

+ASCOLI,BUGNELLO,KIENZLE~ (SERP+CERN+ILL) 
+OTTER,WIECZOREK,+ (ABCLV COLLABORATIONIJP 
N.A.MCCUBBIN,L.LYONS (OXF) 

(AACH+BERL+CERN+LOIC+VIEN÷AYHU+ATEN*LIVP) 

+FOLEY,GOLOMAN,LINDENBAUM,KIM,÷ (BNL~CUNY) 
J.BOLDBERG (HAIFA) 
+VIGNAUD,BURLAUO,+ (MONS+SACL+LPNP*BELG) 
+KLEIN,EOUNIHAN,+IAACH~SERL+CERN~LOIC*WIEN) 
÷ENGELEN,JONGEJANS,+ (AMSTeCERN+NIJM+OXF)JP 

BADIER 65 PL 19 612 
CHUNS 65 PRL 15 325 
FOCARSI 65 PL 16 351 

SHEN 66 PRL 17 726 
ALSO 66 PRIVATE COMM. 

BASSANO 67 PRL 19 968 
BASSOMPl 67 PL 268 30 
CRENNELL 67 PRL 19 44 
DAHL 67 PR 163 1377 

ALSO 65 PRL 14 401 
DE BAERE 67 NE 51 A 401 
FIELD 67 PL 24B 638 
60LDHABE 67 PRL 19 972 

ADERHOLZ 68 NP B 5 567 
ALSO 66 PL 22 557 

ANTICH 68 PRL 21 1842 
DUBAL 68 THESIS 1456 
KANG 68 PR 176 1587 
SCHWEINS 68 PR 166 1317 

ALSO 67 THESIS 

BASSOMPI 69 NP 813 189 
BISHOP 69 NP B 9 403 
ERENNELL 69 PRL 22 487 
DAVIS 69 PRL 23 1071 
DE BAERE 69 NC 61A 397 
FRIEDMAN 69 UCRL-18860 
LIND 69 NP B 14 1 

ABRAMS 70 PR D 1 2433 
AGUILAR 70 PRL 25 1362 

AGUILARI 71 PR D 4 2583 
BARNBAM 71 NP B 28 171 
CORDS 71 PR D 4 1974 

BUCHNER 72 NP B 45 333 
CRENNELL 72 PR D 6 1220 
DEUTSCHM 72 NP B 36 373 
ENGELMAN 72 PR D 5 2162 
FRATI 72 PR D 6 2361 
ROUGE 72 NP B 46 29 
TIECKE 72 NP B 39 596 

CBARRIER 73 NP B 51 317 
ALSO 75 PRIVATE COMM. 

CLARK 78 NP B 54 432 
DE JDNBH 73 NP B 58 110 
LINGLIN 78 NP B 55 408 
WALUCH 73 PR D 8 2837 

CNUNG 74 PL 518 413 
DEHM 74 NP B75 47 

ANTIPOV 75 NP 886 381 
LAUSCHER 75 NP 886 189 
MCCUBBIN 75 NP 886 13 
OTTER 75 NP B84 333 

ETKIN 76 PRL 36 1482 
GOLDBERG 76 LNE 17 253 
HENDRIEK 76 NP B 112 189 
KIRK 76 NP B 116 99 
VERGEEST 76 PL 62 B 471 

BOWLER 77 NP B 126 31 

BALDI 78 NP B 134 365 
BOHM 78 PRL 41 1761 
ENGELEN 78 NP B 134 14 
ESTABROO 78 NP B 183 490 

ALSO 78 PR S 17 658 
JONGEJAN 78 NP B 159 383 
MARTIN 78 NP B 134 392 

ETKIN 8D PR 0 22 42 

ASTON 81 PL 106 B 235 
DAUM 81 NP B 187 1 
DELFOSSE 81NP B 183 349 
TOAFF 81 PR D 25 1500 

BAUBILLI 82 NP B 202 21 
EIHANGIR 82 PL 117 B 125 
CLELAND 82 NP B OOB 189 
FERNANDE 82 ZPHY C 16 95 

ASTON 84 NP 247 B 261 
BAUBILLI 84 ZPHY C 26 37 

+SAINTON,DRAKE,WILLIAMS (OXFORD) 

+BOHRINGER,DORSAZ,HUN~ERBUHLER+ (GEVA) 
+VAN DALEN,+ (AACH,UCR+CERN+HARV*MUNI+NWES) 
+JONGEJANS,HEMINGWAY,, (NIJM÷ZEEM~CERN+OXF) 
ESTABROOKS,EARNEGIE,~ (MONT+CARL÷SURH+SLAC) 
ESTABROOKS,CARNEGIE+ (MONT*CARL*SURH*SLAC) 
JONGEJANS,CERRADA,+ (ZEEM+CERN*NIJM+OXF) 
+SHIMADA,BALDI,BOHRINGER,DDRSAZ*(DURH+GEVA) 

~FOLEY,LINDENBAUM,KRAMER,+ (BNL÷CUNY)Jp 

+CARNEGIE,SUNWOODIE,DURKIN~(GLAC+CARL+OTTA)Jp 
+HERTZBERGER+(AMST+CERN+CRAC*MPIM÷OXF+RHEL) 
+GUISAN,MARTIN,MUHLEMANN,WEILL,+(GEVA~LAUS) 
÷MUSGRAVE,AMMAR,DAVIS,ECKLUNB,+ (ANL÷KANS) 

OAUBILLZER÷ (BIRM*CERN+GLAS+MSU÷LPNP) 
+BERG,BIEL,GHANDLEE,FERBEL+(FNAL+MINN*ROCH) 
÷DELFDBSE,DORSAZ,BLOOR(DURH+GEVA+LAUS÷PITT) 
FERNANDEZ,AGUILAR+ (MABR+CERN+CDEF+STDH) 

+CARNEGIE,DUNWOODIE,DURKIN+(SLAC÷CARL÷OTTA) 
BAUBILLIER+ (BIRM+CERN+GLAE+MICH~LPNP) 

K(1460) [ 
K(1400) ~o .......... R . . . . . . . .  w a s  

OBSERVED IN K PI PI PARYIAL-~AVE ANALYSIS. 
NOT SEEN BY VERGEESC 79. 

OMITTED FBO,V WAIT CONFIRMATION. 
SUMMARY TABLE 

K(1460) MASS (MeV) 

K (1400.) APPROX. BRANDENBU 76 ASPK ÷- 13 R÷-P,gPlPl 
(1460.) APPROX. DAUM 81 CNTR 63 K-P,K 2PI P 

A COUPLED MAINLY TO K F0(1300). DECAY INTO K*(892) PI SEEN. 

K(1460) WIDTH (MeV) 

A (250.) APPROX. BRANOENBU 76 ASPK +- 13 K+-P,KPIPI 
(260.) APPROX. OAUM 01 CNTR 63 K-P,K 2PI P 

W A COUPLED MAINLY TO K FO(1300). DECAY INTO K*(892) PI SEEN. 

K(1460) PARTIAL DECAY MODES 

DECAY MASSES 

P1 K(1460) ~ K*(892) ~ 89B+ 150 

P2 K(1460) ~ K p  494+ 769 

P3 K(1460) ~ K~(1350) ~ 1350~ 140 

K(1460) PARTIAL WIDTHS (MeV) 

K(1460) ~ K'(892) 7F (St) 

W1 (109.) APPROX. OAUM 81 CNTR 63 K-P,K 2Pl P 

K(1460) ~ K p (GZ) 

W2 (34.) APPROX. DAUM 81 CNTR 63 K-P,K 2PI P 

K(1460) ~ K~(1350) 7r (G3) 
W3 (117.) APPROX. OAUM 81 CNTR 63 K-P,g 2Pl P 

REFERENCES FOR K(1460) 

BRANDENB 76 PRL 36 1239 BRANDENBURG,CARNEGIEICASHMORE,DAVIER÷(SLACIJP 

VERGEEST 79 NP B 158 265 +JONGEJANS,SIONISI,+ (NIJM+AMST÷CERN+OXF) 

DAUM 81 NP B 187 1 +HERTBBERGER+(AMST+CERN+ERAC+MPIM+OKF+RHEL) 

BARNES 82 PL 116 B 365 T.BARNES AND F.E.CLOSE (RHEL) 
TANIMOTO 82 PL 116 B 198 M.TANIMOTO (BIEL) 

I K9(1580) I zuP)= ½/2-) 
wa~ L(1580) ...................................... 

SYSTEM. (OTTER 78). 
NEEDS CONFIRMATION. 

OMITTED FRO,~ 
SG]~/$MARY TABLE 

K2(1580 ) MASS (MeV) 

M (1580.) APPROX. OTTER 79 - I0,14,16 K- P 



For notation, see key on page 91. 

K2(1580 ) WIDTH (MeV) 

W 1110.) APPROX. OTTER 79 ~ I0,14,16 K P 

K2(1580 ) PARTIAL DECAY MODES 

DECAY MASSES 

Pl K2(1580) ~ K'(892) 7r 892+ 140 

P2 K2(1580) ~ K~(I430) ~ 1425+ 140 

K2(1580 ) BRANCHING RATIOS 

K2(1580 ) ~ (K*(892) 7r)/total (P1) 
WI SEEN OTTER 79 HBC - 10,1~,16 K- P 

K2(1580 ) ~ (K~(1430) 7c)/total (P2) 
W2 POSSIBLY SEEN OTTER 79 RBC - 10,14,16 K- P 

REFERENCES FOR K2(1580 ) 

OTTER 79 NP B 147 1 +RUDOLPH,+ (AACH+BERL+CERN+LOIC+WISN)jp 

I K2(1770) was L(1770) [ l<Jh=½(2 > 
OUR LATEST MINIREVIEW ON THIS PARTICLE CAN BE FOUND IN THE 1984 EDITION. 

K2(1770 ) MASS (MeV) 

1745.0 20.0 AGUILAR 70 HBC - 4.6 K- P 
1780.0 15~0 BARTSCH 70 HBC 10.1 K- P 

(1760.0) (15.0) LUDLAM 70 HBC - 12,6 K- P 
x 1765.0 40.0 COLLEY 71HBC 10.K+P,K 2PI 

(1740.0) OENEGRI 71DBC 12.6 K-D,K 2Pl D 
1767. 6. BLIEDEN 72 MMS 11.-16. K- P 

P 306 1730. 20. FIRESTONE 72 DBC ~ 12. K+ D 
60 1710. 15, CHUNG 74 HBC - 7.3K-P,K-OMEGA P 

(1820.) APPROX. DAUM 81 CNTR 63 K-P,K 2Pl P 
(1730.) APPROX. ARMSTRONG 83 OMEG 18.5 K-P,3K P 

AVG 1758.D 10.0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.1) 
(SEE IDEOGRAM BELOW) 

P PRODUCED IN CONJUNCTION WITH EXCITED DEUTERON, 
X SYSTEMATIC ERRORS ADDED CORRESP. TO SPREAD OF DIFFERENT FITS. 

W E I G H T E D  AVERAGE 
1758.9 J: 10 .0  (ERROR S C A L E D  BY 2.1 ) 

I " 

I r 

1650  1700 1750 

K2(1770) m a s s  (MeV)  

X 2 

. . . . .  CHUNG 74 HBC 106 

. . . .  FIRESTONE 72 DBC 21 

. . . . . .  8LIEDEN 72 MMS 18 
' COLLEY 71 HBC 

"~-- -  " 8AR-SCH 70 HBC 2 0 

~ 1 ~  . . . .  AGU]LAR 70 HBC 0.5 

, {Confidence Level = 0 0021 

1 8 0 0  1850  
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Meson Full Listings 
K2(1580), K2(1770) 

K2(1770) WIDTH (MeV) 

100,0 50.0 AGUILAR 70 HBC 4.6 K- P 
138.0 40.0 BARTSCR 70 HBC 10.1 K- P 

w (50.0) (40.0) (20.0) LUDLAM 70 RBC 12.6 K- P 
W X 90. 70, COLLEY 71 RBC IO.K*P,K 2Pl 
W (130.0) DENEGRI 710BC 12.6 K-OrK 2PI D 

BLIEDEN 72 MMS 11.-16. K- P W 100. 26. 
P 306 210. 30m FIRESTONE 72 DBC 12. K+ O 

60 110. 50. OHUNO 74 HBC 7.3K-P,K-OMEGA P 
W (200,) APPROX. DAUM 81 CNTR 63 K-P,K 2PI P 
W (220.) APPROX. ARMSTRONG 83 OMEG 18.5 K-P,3K P 

AVG 135.1 20.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4) 
(SEE IDEOGRAM BELOW) 

P PRODUCED IN CONJUNCTION WITH EXCITED DEUTERON 
X SYSTEMATIC ERRORS ADDED CORRESP. TO SPREAD OF DIFFERENT FITS. 

W E I G H T E D  AVERAGE 
135.1 ± 2 0 . 9  (ERROR S C A L E D  BY 1.4 ) 

"~..+_ 

1OO 2 0 0  

K2(1770) w i d t h  (MeV)  

I X2 

. . . . .  CHUNG 74 HBC 0 3 
• FIPESTONE 72 DBC 6 2 
• BLIEDEN 72 MMS 18 
• CCLLEY 71 HBC 0 

~ /  [ [ BARTSCH 70 RBC 0 0 
• AGUILAR 70 HBC 0 5 

(Conf lderce Level = O 101) 

3 0 0  4 0 0  

K2(1770 ) PARTIAL DECAY MODES 

DECAY MASSES 

Pl K2(1770) ~ K ~  w 498+ 135+ 135 

P2 K2(1770 ) ~ K~(1430)  ~ 135"1425 

P3 K2(1770) ~ K ~  ~ ~ 498* 135+ 135+ 135 

P4 K2(1770 ) ~ K*(892) ~ 892+ 135 

P5 K2(1770 ) ~ K*(892) p 892, 769 
P6 K2(1770 ) ~ K*(892) w 892* 783 
P7 K2(1770) ~ K*(892) ~r 892. 135+ 135 
p8 K2(1770) ~ Kw 498* 783 
P9 K2(1770 ) ~ Kf2(1270 ) 498+1274 

PIO K2(1770) ~ K ~ 494*1020 

K 2 ( 1 7 7 0 )  BRANCHING RATIOS 

Kz(1770) ~ (K~(1439) "Jr') / (K"Jr ~)  (P2) / (P1)  
RI (K2*(1430) INTO K PI) 
RI (1.0) BARBARO 69 EBC + 12.0 K+ P 
RI 0.2 0.2 AGUILAR 70 RBC 4.6 K- P 
RI (1.0) OR LESS BARTSCH 70 HBC - 10.1 K- P 
RI (1.0) OR LESS COLLEY 71 HBC 10. K+ P 
RI P (1.0) APPROX. FIRESTONE 72 DBC + 12. K+ D 
RI (0.6) APPROX. DAUM 81 CNTR 63 K-P,K 2PI P 
RI P PRODUCED IN CONJUNCTION WITH EXCITED DEUTERON 
RI R FOR DISCUSSION OF THE EXPERIMENTAL EVIDENCE ON OTHER DECAY 
RI R MODES SEE HUGHES 71,SLATTERY 71,EISNER 74. 

K2(1770) ~ (K w)/total (P8) 
R2 SEEN £RUNG 74 RBC - 7.3K-P,K-OMEGAP 
R2 SEEN OTTER 81 HBC +- 8.25,10,16 K+~P 

K2(1770 ) ~ (K*(892) ~)/(KTFTF) (P4)/(P1) 
R3 (0.24) APPROX. DAUM 81 CNTR 63 K-P,K 2PI P 

K2(3770 ) ~ (Kf2(1270))/(K~) (P9) /CP l )  
R4 (F2(1270) INTO PI PI) 
R4 (0.16) APPROX, DAUM 81 CSTR 63 K-P,K 2Pl P 

K2(1770) ~ (K~)/total @10) 
R5 SEEN ARMSTRON6 83 OMEG- 18.5 K-P,K-PHI 
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Meson Full Listings 
K2(1770), K~(1780) 

REFERENCES FOR K2(1770) 

BARTSCH 66 PL 22 357 

BERLINGH 87 PRL 18 1087 
CARMONY 67 PRL 18 615 
JOBES 67 PL 26B 49 

BARTSCH 68 NP 88 9 
DENEGRI 68 PRL 20 1194 

ANDREWS 69 PRL 22 731 
BARBARO 69 PRL 22 1207 
EOLLEY 69 RE A 59 519 

AGUILAR 70 PRL 25 54 
BARTSCH 70 PL 33 B 186 
LUOLAM 70 PR D 2 1234 

COLLEY 71 NP B 26 71 
DENEBRI 71 NP B 28 13 

ANDERSON 72 PR D 6 1823 
BLIEDEN 72 PL 39 B 668 
FIRESTON 72 PR D 5 505 

BARLOUTA 73 NP B 59 374 
BINGHAM 73 NP B 52 31 
CHARRIER 73 NP B 51 317 

CHUNG 74 PL 518 412 
DEUTSCRM 74 PL 498 388 
EISNER 74 BOSTON CONF 

ANTIPOV 75 NP BBG 381 
OTTER 75 NP 893 365 

OTTER 79 NP B 147 1 

........ ~ 187 1 
OTTER 81 NP 181 

ARMSTRON 83 MP B 221 1 

÷DEUTSCHMANN,+ (AACH÷BERL+CERN÷LOIG÷VIENF 

BERLINGHIERI+FARBER+FERBEL~FORMAN+ (ROCHII 
D.CARMONY,T.RENDRICKS,L.LANDER (LA JOLLA) 
+BASSOMPIERRE,DE BAERE + (BIRM*CERN÷BRUX) 

+COCCONI,* (AACH÷BERL+EERN*LOIC+VIEN) 
+CALLAHAN÷ETTLINGER+GILLEBPIE÷ (JHU) 

~LACH,LUDLAM,SANDWEISS,BERGER,÷ (YALE*LRL) 
BARBARO-GALTFERI,DAVIS,FLATTE,+ (LRL) 
+EABTWODD,* (BIRM+GLAS+LOIC~MPIM+OXF~RHEL) 

AGUILAR-BENITEZ,BARNES,BASSANO,CHUNG,+(BNL) 
÷DEUTSCHMANN,+ (AAEH+BERL+CERN+LOIC+VIEN) 
+SANDWEISS,SLAUGHTER (YALE) 

÷JOBES,KENYON,PATHAK,HUGHES,÷ (BIRM÷GLAS) 
+ANTICH,CALLAHAN,CARSON,CHIEN,COX,+ (JRU)JP 

*FRANKLIN,GODDEN,KOPELMAN,LIBBY,TAN (COLO) 
÷FINOCCHIARO,BOWEN,EARLES,~ (STON÷NEAS) 
FIRESTONE,GOLDHABER,LISSAUER,TRILLING (LBL) 

*DREVILLON,BHAH,+ (SACL+EPOL÷RNEL) 
÷FARWEL,+ (LBL+ORSAY*BNL÷SACLAY+MILAN) 
CHARRIERE,DRIJARD,DE BAERE,÷ (CERN÷BELG) 

+EIBNER,PROTOROPESCU,SAMIOS,STRAND (BNL) 
DEUTSCHMANN,+ (AACH÷BERL*CERN+LOIC*VIEN)JP 
R.L.EIBNER REVIEW TALK (BNL) 

+ASCOLI,BUBNELLO~KIENZLE+ (SERP+CERN+ILL)JP 
+RODOLPH,RUMPF÷ (AACH+BERL+CERN+LOIC+VIEN)JP 

+RUDOLPH,~ (AACH+BERL÷CERN+LOIC+WIEN)JP 

~HERTEBERBER+(AMST+CERN+CRAC+MPIM+OXF+RHEL) 
(AACH+BERL+LOIC+VIEN+BIRM+BELG~CERN+MONS) 

ARMSTRONG+ (BARI+BIRM*CERN+MILA+LPNP+PAVI) 

[ K~(1780) was K*(1780) 1 .e,={,3, 

OUR LATEST MINIREVIEW ON THIS PARTICLE CAN BE ~OUND IN THE 1984 EDITION. 

K~(1780) M A S S  (MeV) 

1779.0 1%0 
1776, 28. 
1812.0 28,0 
1786.0 8.0 
1850. 50. 

J 1786. 15. 
K 1753. 25. 

190 1762.0 9.0 
1790.0 15.0 

2060 1784.0 9.0 
F 1790.0 28.0 

300 1780.0 9.0 

AVG i 7 ~ o ; 0 "  " "  ; . i  " 

BALD[ 76 SPED * 10 X~P,KO PIeP 
BRANDENB 76 ASPK 013 X+-P,K+-PI-+ 
BEUSCR 78 OMEG IOK-P,XO PI+PI-N 
CHUNG 78 MRS 0 K-P,K-P[+N 6 6EV 
ETKIN 80 MRS B 6 K-P,KO El+ PI-  
ASTON I 81 LASS B 11 K-P,K~ P[~ N 

18. ASTON 2 81 LASS 0 11 K-P,K- PI+ N 
TOAFF 81 BBC - 6.5 K-P,KO PI- P 
BAUBILLIE 82 NBC 0 8.25 K-P,KS2PIN 
CLELAND 82 SPEC +- 50 K+P,KS PI*-P 
ASTON 84 LASS 0 11 K-P,XO 2PI N I 
BAUBILLIE 84 HBE - 8.25 X-P,KOPI-P I 

AVERAGE 

CONFIRMED BY PHASE SHIFT ANALYSIS OF ESTABROOKS 77,YIELDS JP=3- 
M FROM A FIT TO Y(6,D) MOMENt. 

K FROM ENERGY INDEPENDENT PWA. 
M M FROM A FIT TO Y(6,2) MOMENT. JP=3- FOUND. 

SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 

K~(1780) W I D T H  (MeV)  

M 135.0 22.0 BALDI 76 SPED + 10 K*P,KO Pl+P 
E (270.) (70.)  BRANDENB 76 ASPK 015 N*-P,K+-PI-+ 

W D 181.0 44.0 BEUSCH 78 OMEG IOK-P,KO El+PlaN 
W 96.0 31.0 CHUNG 78 MPS 0 K-P,K-PI+N 8 GEV 
W 240. 50. ETKIN 80 MPS 0 6 N-P,KB PI+ P I -  

~ 225. 60 . . . . . .  ~ . . . . . . . . . . . . . . . . . .  
300. 170. 80. ABTON 81 LASS 0 11 K-P,K- El+ 

W 190 (80.)  APPROX. TOAFF 81 EBC - 6.5 K-P,KO El -  P 
W (150.0) APPROX BAUBILLIE 82 HBC 0 8=25 K-P,KSGPIN 
w 2060 191.0 24.0 CLELAND 82 SPEC +- 50 K+P,KS PI*-P 
W F 138.0 44.0 ASTON 84 LASS D 11K-P,KD 2PI N [ 
W 300 99.0 30.0 BAUBILLIE 84 HBC - 8.25 K~P,KOPI-P I 

AVE 150.5 16.5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4) 
(SEE IDEOGRAM BELOW) 

D ERRORS ENLARGED BY US TO 4*GAMMA/SQRTIN). SEE K*(892) TYPED NOTE. 
ESTABROOKS 77 FIND THAT BRANDENBURG 76 DATA ARE CONSISTENT 

w WITH 175 MEV WIDTH.NDT AVERAGED. 
W J FROM A FIT TO Y(6,0) MOMENT. 
W K FROM ENERGY INDEPENDENT PWA. 

M FROM A FIT TO Y(6,2) MOMENT. JP=3- FOUND. 
F SYSTEMATIC ERROR ADDED QUADRATICALLY BY US, 

WEIGHTED AVERAGE 
150.5 ± 16.5 (ERROR SCALED BY 1.4 ) 

-I- 

, SAUBILLIE 
ASTON 
CLELAND 

• ASTON 2 
• ASTON 1 

ETKIN 
CNUNG 
BEUSCF 
BALDL 

2 0 0  

K~11780) w i d t h  (MeV) 

2 
X 

84 HBC 2 9 
84 LASS 0 1 
82 SPEC 2 9 
8t LASS 
81 LASS 15 
00 MRS 3 2 
78 MPS 3 1 
78 OMEG 0 5 
76 SPEC 0 5 

14,7 
(Conlioence Level = 00,40) 

I 

400 600 

K~(1780) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

P1 K ~ ( 1 7 8 0 )  ~ K ' , ' r  494+ 140 

P2 K~(1780) ~ K*(892) ~ 892+ 140 

p3 K~(1780) ~ Kp 494+ 769 

P4 K~(1780) ~ K~(I430) ~ 1425+ 140 

R5 K{(1780) ~ K W ~  494+ 140* 140 

E8 K~(1780) ~ K'(892) p 1275+ 769 

Kj(1780) BRANCHING RATIOS 

K~(1780) ~ (K~) / tota l  (El)  
R4 0.19 0.02 ESTABRO0 78 ASPK 0 13 K+-P,K Pl 
R4 0.18 0.01 ASTON 2 81 LASS 0 11 K-P,K- PI+ N 
R~ 
R4 AVG 0.~66 0.512 AVERAGE (ERRDR INCLUDES SCALE FACTOR OF 1.3) 

K~(1780) ~ (Kp)/(K*(892) "n') (E3I/(P2) 
R5 (0.77) OR LESS CL=.95 ASTON 84 LASS O 11 K-P,KO 2PI N l 

K~(1780) ~ (K~(1430) -x)/(K'(892) ~ )  (p4)/(p2) 
R6 (1.78) OR LESS CL=.95 ASTON 84 LASS 0 11 K-P,KO 2PI N l 

K~(1780) ~ (K'(892) ~)/(K~r) (P2) / (P l )  
R7 1.09 0.26 ASTON 84 LASS O 11 K-P,KO 2El N l 

REFERENCES FOR K~(1780) 

CARMONY 71 PRL 27 1160 
FIRESTON 71 EL 36 B 515 

AGUILAR 73 PRL 30 672 
WALUCH 75 PH D 8 2837 

BALDI 76 PL 63 B 544 
BRANDENB 76 PL 60 B 478 
SPIRO 76 PL GO B 389 

BOWLER 77 NP B 126 51 
CARMONY 77 PR D 16 1251 
6RASSLER 77 NP B 125 189 

BEUSGH 78 PL 74 B 282 
CHUNG 78 PRL 40 555 
ESTABRO0 78 NP B 133 490 

ALSO 78 PR D 17 658 

CLELAND 80 PL 978 465 
ENGELEN 80 NP B 167 61 
ETKIN 80 ER D 22 42 

ASTON 1 81 PL 99 B 502 
ASTON 2 81 PL 106 B 235 
TOAFF 81 PR D 23 1500 

BAUBILLI 82 NP B 202 21 
CLELAND 82 NP B 208 189 

ASTON 84 NP 249 B 281 
BAUBILLI 84 ZPNY C 26 37 

*CORDS,CLOPP,ERWIN,MEIERE,+ (PURD+UCD*IUPU) 
FIRESTONE,EOLDHABER,LJSSAUER,TRILLIN6 (LBL) 

+CHUNG,EISNER,PROTOPOPESCUtSAMIOS,+ (BNL) 
*FLATTE,FRIEDMAN (LBL) 

*BOEHRINGER,DORBAB,HUNGERBUHLER,+ (GENEVA)JR 
BRANDENGURG,CARNEGIE,CASHMORE,DAVIER+(SLACIJP 
*BARLDUTAUD,PALER,CHAURAND*(SACL+RHEL+EPOL)JP 

+DAINTON,DRAKE,WILLIAMS (OXFORDIJP 
+CLOPP,LANDER,MEIERE,YEN,÷ (PURD+UCD*IUPU) 
*KLUGOW,~ (AACHEN+BERLIN+CERN÷LOIC÷VIENNA) 

+BIRMAN,NONIGS,OTTER,+ (CERN+AACH+ETH)JP 
+ETKIN,FLAMINO+ (BNL÷BRAN+CUNYRMABA*PENNIJP 
ESTABROOKS,CARNEGIE,¢ (MONT*CARL~DURH÷BLAC)JP 
ESTABROOKB,CARNEGIE+ (MONT÷DARL+DURH+SLAC) 

+DORBAZ,MARTIN,NEF,+ (PITT+GEVA+LAUS+DURHIJP 
+JONGEJANSeDIONISJ~ (N~JM+AMGT÷CERN+OXFIJP 
+FOLEY,LINDENBAUM,KRAMER,+ (BML÷CUNY)JP 

+DUNWDODIE,OURKIN,FIEBUTH+ ISLAC+EARL+OTTA)JP 
÷CARNEGIE,DUNWOODIE,DURKIN÷(SLAC+CARL+OTTA)JP 
+MUSGRAVE,AMMAR,DAVIS,ECKLUND,* (ANL*XANS) 

BAUBILLIER* (BIRM*CERN+GLAS+MSO*LPNP) 
*DELFOBSE,DORSAZ,GLODR(DURH÷GEVA+LAUS+PITT) 

+CARNEGIE,DUNWOODIE,DURKIN*ISLAC÷CARL*OTTA) 
BAUBILLIER÷ (BIRM÷CERN+GLAS+MICH÷LPNP) 



For notation, see key on page 91. 

K*(1790) I 
OMITTED FROM 
SUs~,~ARY TABLE SEEN IN PARTIAL WAVE ANALYSIS OF THE KO PI+Pl- 

OR K- PI+ SYSTEMS. 

K*(1790)  M A S S  ( M e V )  

M 1650 APPROX. ESTABROOK 78 ASPK 0 13K÷-P,K+-PI+ N 
M 1800. 70. ETKIN 80 MPS O 6 K-P,KO PI+PI-N 
M 1700 APPROX. ASTON 81 LASS O 11 K-P,K- PI* N 
M D 1786.0 9,0 ABTON 84 LASS O 11K P,KO 2Pl N 
M 
M AVG i 7 ~ 6 i 2 "  " ' ~.~" AVEBAOE 

M D SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 

K*(1790)  W I D T H  ( M e V )  

w 250-300 APPROX. ESTABROOK 78 ASPK 0 13K*-P,K¢-PI~ N 
W 170. 50. ETKIN 80 MPS 0 6 K-P,KO PI+PI-N 

(200) APPROX. ASTOR 81 LASS 0 11K-P,K- PI+ N 
B 195.0 22.0 ASTON 8A LASS 0 11K P,KO 2Pl N 

W ......... 
W AVG 186.3 17.7 AVERAGE 

W D SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 

K ' ( 1 7 9 0 )  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

Pi K*(1790) ~ K ~ R94÷ 140 

P2 K'(17901 ~ K*(892) ~ 892~ 140 
P3 K*(1790) ~ K p 494* 769 

K ' ( 1 7 9 0 )  B R A N C H I N G  R A T I O S  

K ' ( 1 7 9 0 )  ~ (K p)/(K*(892) w)  (P3)/(P2) 
RI 3.4 1.3 ASTON 84 LASS 0 11 K-P,KO 2P1 N 

K ' ( 1 7 9 0 )  ~ (K  7 r ) / (K ' (892 )  ~ )  (P I ) / (P2)  
R2 2.8 1.1 ASTON 84 LASS O 11K-P,KO 2Pl N 

K ' ( 1 7 9 0 )  - -  ( K p ) / ( K ~ )  <R3)/(Pl) 
R3 1.2 O.A ASTON 8~ LASS 0 11K-P,KO 2Pl N 

R E F E R E N C E S  F O R  K ' ( 1 7 9 0 )  

ESTABRO0 78 NP B 133 490 ESTABROOKS,CARNEGIE,+ (MONT~CARL+DURH+SLAC)JP 

ETKIN 80 PRD 22 42 ÷FOLEY,LINDENBAUM,KRAMER,+ (BNL+CUNY)JP 

ASTON 81 PL 106 B 235 +CARNEBIE,DUNWOODIE,DURKIN*(SLAC+CARL+OTTA)JP 

AS~ON 84 PL 149 B 258 +CARNEGIE,DUNWOODIE,DURKIN~(SLAC+EARL+OTTA)JP 

K(1830) I m~)=½m ) 
SEEN IN PARTIAL WAVE ANALYSIS OF K- pHI SYSTEM. 

O'dITTED FROM NEEDS CONFIRMATION. 
SU34~'ARY TABLE 

K ( 1 8 3 0 )  M A S S  ( M e V )  

M (1830.0) APPROX ARMSTRONG 88 OMEG ~ 18.5 K-P,3K P 

K ( 1 8 3 0 )  W I D T H  ( M e V )  

w (250.0) APPROX ARMSTRONG 83 OMEG- 18.5 K-P,3K P 

K ( 1 8 3 0 )  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

PI K(1830)  ~ K(~ 694+1020 

R E F E R E N C E S  F O R  K ( 1 8 3 0 )  

ARMSTRON 83 NP B 221 1 ARMS?RONG~ (BARI+BIRM+CERN*M]LA+LPNP~PAVI) JP 
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Meson  Full Listings 
K*(1790), K(1830), K2 (2060) 

[X,~ (2060) I i .J~l = }<4+> 
was  K*(2060) I 

K 2 ( 2 0 6 0  ) M A S S  ( M e V )  

M 488 2115. R6. CARRONY 77 HBC 0 9 K+D,K+ PIONS 
M C D (2092.) (21,) ASTON I 81 LASS 011.K P,K PI+ N 

2070. I00, ~0. ASTON 2 8q LASS 011.K-R,K PI~ N M 
M 650 2088. 20. BAUBIILIE 82 HBC - 8.25 K-P,KS Pl-P 
M W B 400 2039. 10, CLELAND 82 SPEC 50 K*P,KS Pl--P 

AVERAGE MEANINGLESS ISCALE FACTOR : 1.8) 

M B FROM A FIT TO 8 MOMENTS. 
M W NUMBER OF EVENTS EVALUATED BY US. 

C FROM A FIT TO Y(5,B), Y(7,O) AND Y(8,0) MOMENTS. 
D FROM ENERGY INDEPENDENT PWA. 

K 2 ( 2 0 6 0  ) W I D T H  ( M e V )  

300. 200, GARMONY 77 HBC 0 9 K+D,K+ PIONS 
C D (205.) 170,) 155.) ASTOR I 81 LASS 011.K-P,K PI* N 

W 240. 500. 100. ASTON 2 01 LASS 011.K-P,K- PI+ N 
W 650 170. 100. 50. BAUBILLIE BB RBC - 8.25 K-P,KS PI-P 
W W B 400 189. 35, CLELANO 82 SPEC 50 K+P,KS PI÷-P 

~ AVERAGE'M~ANI~SCE;S''" 
w B FROM A FIT TO g MOMENTS. 
W W NUMBER OF EVENTS EVALUATED BY US. 
W C FROM A FIT TO YIS,O), Y(7,O) AND Y(8,D) MOMENTS. 
W D FROM ENERGY INDEPENDENT PWA. 

K ~ ( 2 0 6 0 )  P A R T I A L  D E C A Y  M O D E S  

P1 K2(2060)  ~ K J r  

p2 K~(2060)  ~ K'1892) ~Tr  

P3 K~(2060)  ~ pK7~ 

p4 K.~(2060) ~ wK~T 

p5 K,~12060) ~ K ' (892)  w ~ r c  

DECAY MASSES 

A94~ q40 

892+ I~0~ 140 

769* 498+ 140 

783+ 490+ 140 

892÷ IAO÷ 140- 135 

K 2 ( 2 0 6 0 )  B R A N C H I N G  R A T I O S  

K ~ ( 2 0 6 0 )  ~ ( K ~ ) / t o t a l  (PI)  
RI 0.07 0.01 ASTON 2 81 LASS O 11 K-P,K- Pl+ N 

K~(2OL0)  ~ ( K ' ( 8 9 2 )  ~r 'n ' ) / total  (p2) 
R2 SEEN BAUBILLIE 82 HBC - B.25K-P,KS 3Pl P 

K 2 ( 2 0 6 0 )  ~ (pK~) / t o ta l  IPB) 
R3 SEEN BAUBILLIE 82 HBC - 8.25K-P,KS 3P IP 

K 2 ( 2 0 6 0 )  ~ (w K ~ ) / t o t a l  IP~) 
R4 SEEN BAUBILLIE 82 HBC - 8.LSK-P,KS 3Pl P 

K 2 ( 2 0 6 0 )  ~ (K*(892) ~ w ~ ) / t o t a l  ~ Ip5) 
R5 POSSIBLY SEEN BAUBILLIE 82 HBC 8.23K-P,KS 3PI P 

R E F E R E N C E S  F O R  K ~ ( 2 0 6 0 )  

CARMONY 71 PRL 27 1160 *CORDS,CLOPP,ERNIN,MEIERE,+ (PURO+UCD+IND) 

EARMONY 77 PRD 16 1251 +CLOPP,LANDER,MEIERE,YEN,+ (PURD+UCD÷IUPU) 

BROMBERG 80 PR B 22 1513 ÷HAGGERTY,ABRAMS,DZIERBA(CIT+FNAL÷IILC+IND) 
CLELANB 80 PL 97B 465 ~DORSAZ,MARTIN,NEF,+ (PIT~+GEVA~LAUS*DURH)JP 

ASION 1 81 PL 99 B 502 ~DUNWOODIE,DURKIN,FIEGUTH+ ISLAE-GARL+OT~A)JP 
ASTON 2 81 PL 106 B 235 +CARNEGIE,DUNWOODIE,DURKIN+(SLAC*CARL+OTTA)JP 
BAUBILLI 82 PL 118 B 447 BAUBILL~ER,BURNS+ (BIRM÷CERN*GLAS+MSU+LPNP) 
ELELAND 82 NP B 208 189 ~DELFOSSE,DORSAZ,GLOOR(DURH-GEVA+LAUS+PITT) 
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Meson Full Listings 
K2(2250), K3(2320 ). K4(2500 ). D + D °, D*(2010) ± 

K2(2250) I 
was K(2250) I~E~R~A~AI~; . . . . . . . . . . . . . . . . . . . . . . . . . .  

SYSTEMS REPORTED IN THE 2100-2300 MEV REGION AS 
O~[TTED FRO.SI WELL AS ENHANCEMENTS SEEN IN ANTIBYPERON NUCLEON 
SL'.II~RY TqBLE GYSTEM, EITHER IN THE MASS SPECTRA OR IN T~E JP=2- 

WAVE. 

K2(2250) MA SS (MeV) 

M 20(2240. )  (20 . )  LISSAUER 70 HBC 9. K+ P 
M C (2200. )  APPROX. SLATTERY 71RVUE 8 13 ~÷ P 
¥ 37(2147. )  (L.1 CHLIAPNIK 79 HBC + K+P TO LAM-BAR p 
M Q 2235. 50m BAUBILLIE 81 HBC B. K-P,LAM PBAR 
M Q 2260. 20. CLELAND 81 SPEC 50 K+P,LAM PBAR 
M R 2200.0 40.0 ARMSTRONG 83 OMEG - 18 K-P,LAM PBAR 
M . . . . . . . . .  
M AVG 2245.5 16.8 AVERAGE 

M C COMPILATION OF (ANTZHYP.~NUCLEON) MASS IN K* P 8. 13. GEV/C 
Q J P = 2  ~ROM MOMENTS ANALYSIS. 

K2(2250 ) WIDTH (MeV) 

W 20 (BO.) 120.) LISSAUBR ?O HBG 9. K+ R 
w C (200.1 APPROX. SLATTERY 71 RVUE 8~13 K÷ P 
W 37 140.) APPROX. CHLIAPNIK 79 H B E +  X*P TO LAM~BAR P 
W Q (2DO.) APPROX. BAUBILLIE BI HBC 8. K-P,LAM PBAR 
W Q 210. 30. CLELAND 81 SPEC 50 K*P,LAM PBAR 

Q 150.0 3O.S ARMSTRONG 83 OMEG - 18 K-P,LAM PBAR 

W AVG 180.0 50.0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4) 

W C COMPILATION OP (ANTIHYP.-NUELEON) MASS IN K+ P 8.-13. GEV/C 
w Q JR:2- FROM MOMENTS ANALYSIS. 

K~(2250) PARTIAL DECAY MO D E S 

DECAY MASSES 

DI K2(2250) ~ K ~ g 498+ 135* 135 

P2 K2(2250 ) ~ Ap  1116+ 938 

REFERENCES FOR K2(2250) 

ALEXANDE 68 PRL 20 755 ALEXANDER,FIRESTONE,GDLDRABER,BHEN (LRL) 

LISSAUER 70 NP B 18 ~91 ~ALEXANDER,FIRESTONE,GOLDHABER (LBLI 

SLATTERY 71 UR 875-332(PREP) P.SLATTERY,A REVIEW OF STRANGE MESONS(ROCH) 

EHLIAPNI 79 NP B 158 253 CHLIAPNIKOVtGERDYUKOV+ (CERN+BELG+MONS) 

BAUBILL[ 51NP B I53 1 BAUBILLIER,~ (BIRM÷CERN~GLAS~MBU÷LPNP) JP 
CLELAND 81NP B 104 1 ÷NEF,MARTIN,* (PlRT+GEVA÷EAUS÷DURH) JP 

ARMS~RON 83 NP B 227 365 ARMSTRONG÷ (BARI+BIRM*CERN+MILA+LPNP÷PAVI) 

K3(2320) I = 1(3+) was K(2320) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

JP~3* WAVE OF THE ANTIRYPERON NUCLEON SYSTEM 

O~IITTED FROM 
.RL'~I.Et.I]~Y T~BLE 

K3(2320) MA SS (MeV) 

M P 2320.0 30.0 CLELAND 81 SPEC *- 50 K+P,LAM PBAR 
M P 2530.0 40.S ARMSTRONG 83 BMEG 18 K-P,LAM PBAR 
M 

M AVG 2323.6 24.0 AVERAGE 

M P JR=3+ ~ROM MOMENTS ANALYSIS 

K3(2320) WIDTH (MeV) 

w P (250.0)  APPROX. GLELAND 81 SPEC +- 50 K*P,LAM PBAR 
W P 150.0 3Q.O ARMSTRONG 83 OMEG 18 K-P,LAM PBAR 

W P JP=5÷ FROM MOMENTS ANALYSIS 

K3(2320 ) PARTIAL DECAY MO D E S 

DECAY MASSES 

K312320 ) ~ Ap 1116+ 935 

REFERENCES FOR K3(2320) 

CLELAND 81 NP B 184 I ÷NEF,MARTIN,÷ (PITC÷GEVA÷LAUS+BURH) 

ARMSTRON 53 NP B 227 360 ARMSTRONG+ (BARI÷BIRM+CERN+MILA÷LPNP~PAVI) 

I K4(2500)= ] /(JP)=I(4 ' 
K ~ z o O 0 )  . . . . . . . . .  ~ ............................ w a s  

JP=4 WAVE OF THE AN~IHYPERON NUCLEON SYSTEM 

OMITTED FROM 
S{.'MMARY TABLE 

K4(2500 ) .MASS (MeV) 

M R 2490.0 20.0 CLELAND 81 SPEC +- 50 K+P,LAM PBAR 

B R JP=4  FROM MOMENTS ANALYSIS 

K4(2500) WIDTH (MeV) 

W R (250.0) APPROX. CLELAND 81 SPEC *- 50 KeP,LAM PBAR 

W R JP=4- FROM MOMENTS ANALYSIS 

REFERENCES FOR K4(2500 ) 

CLELAND 81 NP B 18~ I *NEF,MAR~IN,* (PITT÷GEVA*LAUS+DURH) 

C = + I ,  B = 0  MESON STATES 

F ~  IuP)= ½1o-> 
SEE STABLE PARTICLE FULL LISTINGS 

F~ z(J el = ½1o-) 
BEE STABLE PARTICLE FULL LISTINGS 

I D*(2°1°)-+ ] '<~'= }<~-' 

D*(2010) ± MASS (MeV) 

M G (2008,3 13.) GOLDRABE 77 SMAG +- E÷E- 
M P 12008.6) (I.0I PERUZZI 77 BRAG E+E- 

MASS 2010.1 0.7 ~ROM GO MASS (TRILLING 81 RBUE) AND 
M MASS DIFFERENCE BELOW 

M G FROM SIMUL~ANEUS FIT TO D*(201B)+, D*(201O)O, D+, AND DO, NOT 
M G INDEPENDENT OF FELDMAN 77 MASS DIFFERENCE BELOW. 
M P PERUZZI 77 MASS NOT INDEPENDENT OF FELDMAN 77 MASS DIFFERENCE 
M P BELOW AND PERUZZI 77 DO MAOS VALUE. 

D * ( 2 0 1 9 )  + - -  D O MASS DIFFERENCE (MeV) 

DM 30 145.3 0,5 FELDMAN 77 SMAG D*+ TO DO PI÷ 
DM 2 I~5.2 Om6 BLIETSCHA 79 BEBC NEUTRINO P 
DM 1145.5) APPROX. AVERY 8D SPEC GAMMA A 
DM 60 145.5 0.3 FITCH 81 SPEC Pl-- A 
DM 14 145.5 0.5 YELTON 82 SMK2 29 E*E--,K--PI* 
DM 16 145.8 1.5 AHLEN 85 HRS D*+ TO DO PI+ 
DM 12 145.1 1.8 BAILEY 83 SPEC D*+-- TO DO PI*-- 
DM 25 145.5 0.3 BAILEY 83 SPEC D*+-- TO DO PI*-- 
DM 14 145.1 B.5 BAILEY 83 SPEC D*+-- TO DO PI÷-- 
BM D 143.46 O.OB ALBRECHT 85 ARG D*÷-- TO DO PI+ 
DM 
DM AVG 145.451 0.072 AVERAGE 

DM D sYSTEMATIC ERROR ADDED QUADRATICALLY BY US 



For notation, see key on page 91. 

D*(2010) + - D'(2010) ° M A S S  D I F F E R E N C E  (MeV) 

EM P 2.6 1.8 PERUZZI 72 SHAG +- E+E- 
EM P NOT INDEPENDENT OF FELBMAN 77 MASS DIFFERENCE ABOVE, PERUZZI 77 
EM P DO MASS, AND GDLDRABER 77 0"(2010)0 MASS. 
EM 
EM DMASS " "2.9" " " "'1.3 " FROM (D*÷)~(DO) AND (D*O)-(DO) 
EM MASS ~IFFERENCEB 

D*(2010) ± W I D T H  (MeV)  

30 (2.0)  OR LESS CL=.90 FELDMAN 77 SHAG D*+ TO DO PI+ 
(2.2) OR LESS YLLTON 82 SMK2 29 E*E-,K PI+PI- 

D*(2010) ± P A R T I A L  DECAY M O D E S  

DECAY MASSES 

Pl D*(2010) + ~ D o ~  + 1865+ 140 

P2 D'(2010) + ~ D + V  1869÷ 0 

P3 D'(2010) + ~ D + r 0 1869+ 135 

P D*(2OlO)~ MODES ARE CHARGE CONJUGATES OF ABOVE MODES 

EITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The matrix below is derived from the error matrix for the fitted partial decay mode 
branching fractions. P.. as folio'as: The diagonal eIements are P,-~Fi, where 
SP, = ~ .  while the off-diagonal elements are the normalized correlation coem- 
cients (BP~SPI)/(dPc6PI), For the deflnilions of the individual P~, see the Iistings above: 
onIy those P, appearing in *he matrix are assumed in the fit to be nonzero and are 
1bus constrained to add to 1. 

P I P 2 P 3 
P I .L892+-.0832 
P 2 -.7652 .1708*-, I087 
P 3 .0000 -.6430 .3400~ .0700 

D*(2010) ± B R A N C H I N G  R A T I O S  

D*(2010) + ~ (DecF+) / to ta l  ( p l )  
R1G 0.8 0.15 BO~DHABE 77 SMAG ~ ~.E Z 
RI O.4A 0.I0 DOLES 82 SMK2 =÷ E- 
RIG ASSUMING THAT ISOSPJN IS CONSERVED IN THE DECAY 
RI . . . . . . . . .  
RI AVG 0.4B9 0.083 AVERAGE 
RI FIT O.AB9 0.083 FROM FIT 

D'(2010)  + ~ (D + ~) / to ta l  (R2) 
R2 C (0.22) (0.12) DOLES 82 SMK2 E* E 
R2 C NOT INDEPENBENT OF RI AND R5 MEASUREMENT, 
R2 
R2 FIT 0.17 0.11 FROM FIT 

D'(2010)  + ~ (D + 7r°)/total (D3) 
R3 0.34 0.07 DOLES 02 SMK2 E~ E- 
R3 . . . . . . . . .  
R3 FIT 0.340 0.070 FROM FIT 

PERUZZI 76 

FELDMAN 77 
DERUZZI 77 
GOLDHABE 77 

BLIETSCH 79 

AVERY 80 

FITCH 81 
TRILLING 81 

BEBEK 82 
COLES 82 
YELTON 82 

ABLEN 03 
ALTHOFF 83 
BAILEY 83 

ALBRECHT 85 

R E F E R E N C E S  FOR D*(2010) ± 

PRL 37 569 

PRL 58 1313 
PRL 39 1301 
PL 69 B 503 

PL 86 B 108 

PRL 44 1309 

PRL 46 701 
PRPL 75 57 

PRL 49 610 
PR D26 2190 
PRL 49 430 

PRL 51 1147 
PL 126 B A98 
RL 132 B 230 

PL 150 B 235 

*RICCOLO,FELDMAN,NGUYEN,WISB,+ (SLAC*LBL) 

+PERUZZl,PICCOLO,ABRAMB,ALAM÷ (BLAC÷LBL) 
*PICCOLO,~ELBMAN,PERL,+(SLAC,LBL,NWES~HAWA) 
+WISS,ABRAMG,ALAM,BOYARSKI,* (LBL÷BLAD) 

BLIBTSCHAU,÷ (AACH÷BBNN÷CERN÷MPIMeOXF) 

+WISS,BINKLEY,ATIYA,+ FILL*FNAL+COLU) 

+DEVAUX,CAVABLIA,MAY,÷ (PRIN~SACL+CORI*BNL) 
G.H.TRILLING (LBL÷UCB) 

*IHARV+OSU+ROCH~RUTG*SYRA÷VANG+CORN~ITHAGA) 
÷ABRAMG,BLOCKER,BLONDEL+ (LBL÷SLAC) 
+FELBMAN,GOLDHABER,+ (BLAC÷LBL+UCB÷HARV) 

÷AKERLOF+ (ANL+IND+LBL÷MICH+PURD~BLAD) 
+FISCHER,BURKHARDT* (TASSO COLLABORATION) 
+BARPBLEY+ (AMGT+BRIG÷CERN+CRAC÷MRIM÷RHEL) 

+DRESCHER,HELLER+ (ARGUS COLLABORATION) 
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Meson Full Listings 
D *(2010) : ,  D *(2010) °, D *(2420) 0 

D*(2010)° I I(JP)=½(I ) 
J CONSISTENT WITH I ,  VALUE O RULED 0ur (NGUYEN 77), 

D'(2010) ° M A S S  (MeV) 

M G (2006.1 (1.S) GOLDHABE 77 SMAG E*E- 
M G FROM SIMULTANEUS FIT TO D*(2010)÷, D*(2BIO)O, D÷, AND DO. 

MASS 2007.2 2.1 FROM 00 MASS (TRILLING 81 RVUE) AND 
M MASS DIFFERENCE BELOW 

D'(2010) ° - D O M A S S  DIFFERENCE (MeV) 

DM G IA2.7 1.7 GOLDHABE 77 SMAG O E+E- 
DM 142.2 2.0 SADROZIN go CBAL 0 D'O TO DO PlO 
DM G FROM SIMULTANEOUS FIT TO D*(2010)÷, DW(2010)O, D*, AND DO. 
DM 
DH AVG "14215 " ' "  i . 3  " AVERAGE 

D*(2010) e W I D T H  (MeV) 

w (5, )  OR LESS GOLDGAB2 76 SMAG E+E- TO D~D * 

D*(2010) ° P A R T I A L  DECAY M O D E S  

DECAY MASSES 

D'(2010) ° ~ O°71- o 1865+ 135 

D'(2010) o ~ DO'y 1865. 0 

D*(2010)BARO MOBES ARE CHARGE CONJUGATES OF ABOVE MODES 

D'(2010)  ° B R A N C H I N G  R A T I O S  

D"(2010) ° ~ (DOT)/ (DOg ° + DOT) (P2)/(PI-R2) 
RI G O.G5 0.15 GOLDBABE 77 SHAG E+F- 
R1 0.47 0.12 DOLES 02 SMK2 E÷ E- 
RI 0.53 0.15 BARTEL 05 JADE E+ E-tHADRONB 
RI G WE QUOTE THE NORMAL FIT VALUE PROM TABLE I .  THE ISO-SPIN 
RI G CONSTRAINED FIT IS NOW KNOWN TO GIVE A D0 GAMMA FRACTION WHICH IS 
R IG  TO0 LARGE. SEE DETAILS IN ;OOTNOTE 21 OF FELDMAN 77 REVIEW. 
RI . . . . . . . . .  . 
R1 AVG 0.485 0.076 AVERAGE 

R E F E R E N C E S  FOR D*(2010) o 

GOLDHABI 76 PRL 37 255 GOLDHABER,PIERRE,ABRAMS,ALAM,+ (LBL+SLAC) 
GOLDHAB2 76 $LAC CONF. 379 G.GOLDHABER (AVAIL. AS LBL-553G) (LBL+SLAC) 

GOLDHABE 77 Pl 69 B 503 GOLDHABER,ABRAMS,ALAM÷ {LBL÷SLAC) 
FELDMAN 77 BANFF SUM.INBT 75 G.J.FELDMAN (GLAD) 
NBOYEN 77 PRL 39 262 ÷WISB,ABRAMS,ALAM,BOYARSKI,* (LBL÷SLAC) 

SADROZIN 80 MADISON CONF. 601 SADROZINSKI,+ (PRIN~CIT*HARV+SLAC*STAN) 

TRILLING 81PRPL 75 57 G.H.TRILLING (LBL*UCB) 
COLES 82 PR 026 2190  +ABRAMS,BLOCKER,BLONDEL+ (LBL÷SLAC) 

BARTEL 85 PL 1618 197 +DIETRICH,AMBRUS÷ (JADE COLLABORATION) 

D*(2420) [ reel = ½~75 
BEEN IN D* (2010 )+  P I -  

OMITTED FROM JP=O* RULED OUT 
SU',I3IARY TABLE 

D*(2420) ° M A S S  (MeV) 

M 2420. g. ALBRECHT g5 ARG E,E-,D*+ Pl- A 

D*(2420) ° W I D T H  (MeV) 

w 70. 21. ALBRECHT 85 ARG E+E-,D** Pl K 

D*(2420) ° P A R T I A L  DECAY M O D E S  

D*(2420) o ~ D*(2010) + ~ -  

DECAY NAGSES 

P1 2010 .  1~0 
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Meson Full Listings 
-- B °, B*(5325) ,  E X O T I C S  D*(2420)  °, D,5 ±" Ds*(2110), B - ,  

D*(2420) ° BRANCHING RATIOS 

D*(2420)o ~ (D-(2010)+~--) / total  (P l )  
RI SEEN ALBRECHT 85 ARG E+E-,D,+ P I -  X 

REFERENCES FOR D*(2420) ° 

ALBRECHT 85 DESY 85-119 (ARGUS COLLABORATION) 

D s t U  P) = o(o ) 
was F -+ SEE STA.LE ~ARTICLS FOLL LISTINGS 

I Ds*(2110) m P) = ?<~5 
was F*(2140) I 

OMITTED FRO5[ 
S1tIEiIRY TqBLE 

Ds(2110) MA SS (MeV) 

M D 2113. 8. 

M D OUR EVALUATION PROM D/S MASS= 1972 MEV AND DM AVERAGE BELOW 

D;(2110) + -- D ~  MA SS DIFFERENCE (MeV) 

DM 110. 46. BRANDRLIK 79 DASH +- E+E-,D/S GAMMA 
DM D 60 139.5 12.E AIHRRA 84 TPC + -E+E~,HADRONS 
DM D ]44,0 11.4 ALBRECHT 8~ ARG E~E ,D/S GAMMA 
DM S 143.0 18.0 ASRATYAN 85 HLBC FNAL 15FT,NU-H2 
DM ......... 
DM AVD 141.3 7.6 AVERAGE 

M D SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 

DR'(2110 ) PARTIAL DECAY M O D E S  

DECAY MASSES 

Ds*(2110 ) ~ Ds7 1971+ 0 

D~(2110) BRANCHING RATIOS 

D~(2110) ~ ( D  s ~ ) / t o t a l  

R1 SEEN BY ALL FOUR GROUPS QUOTED ABOVE FOR DM 

REFERENCES FOR D;(2110) 

6RANDELI 77 PL 70 B 152 BRANDELIK,CORDS,+(AACH+DESY~HANS+MpIM÷TOKY) 

BRANDELI 78 Pk 76 B 361 BRANDELIK,CORDS,÷(AACH+OESY+HAMB+MPIM÷TDKY) 

BRANDELI 79 PL 80 B 412 BRANDELIK,CORDS,+(AACH+DESY+HAMB÷MRIM+TOKY) 

AIHARA 84 PRL 53 2~65 +ALSTON* (LBL~UGLA+UCR+JHG+MAGA+TOKY*YALE) 
ALBRECHT 84 PL 146 B 111 + (DESY~DOR~+HE(D÷IPPC~KANS~LQND+ITEP+USCC) 

ASRATYAN 85 PL 156 B 447 +FEDOTOV,AMMOSOV,BURTOVOY÷ (ITEP+SERP) 

B=_+I M E S O N  S T A T E S  

F ~  I(JP) ~ ?(??) 

SEE STABLE PARTICLE FULL LISTINGS 

i ( j p  ) ~ ?(??) 

SEE STABLE PARTICLE FULL LISTINGS 

B*(5325) [ I(JP)=?(? ?) 

OMITTED FROM 
SUMMARY TABLE 

R'(5325) MASS (MeV) 

M D 1400 5325.0 5.0 HEN 85 CUSS 0 E~E-,GAMMA E X 

M D FROM S MASS 5272.3÷-2.5 MEV AND MASS DIFFERENCE BELOW 

B*(5325) -- B M A S S  DIFFERENCE (MeV) 

DM D 1400 52.0 4.5 HEN 85 CUSS 0 E+E-,GAMMA E X 

M O SYSTEMATIC ERROR ADDED QUADRATICALLY BY US 

REFERENCES FOR B*(5325) 

HAN 85 PRL 55 36 ~ELOPFENSTEIN,MAGERAS+ (COLU+LSU*MPlM*STON) 

E X O T I C  M E S O N  S T A T E S  

E X O T I C S  [ 
03"IITTED FRO,~/ 
Sb~.'IM4RY TABLE 

THE PURPOSE OF THIS ENTRY IS r o  PROVIDE A LIST OF 
REFERENCES FOR EXOTIC MESON SEARCHES (SEE THE SECTION 
ON THE NONRELATIVISTIC QUARK MODEL IN THE MIOEELLANEDUS 
SECTION OF THIS REVIEW), AS WELL AS THEORETICALLY BASED 
SUGGESTIONS FOR EXPERIMENTS. NOTE THAT LIPKZN 73 
PROPOSES EXPERIMENTS WHICH ARE CONCLUSIVE EVSN IF 
NEGATIVE RESULTS ARE OBTAINED. 

ROSENFEL 

DODD 

CHO 
GIAEOMEL 
LYS 
ROSNER 

BUHL 

COHEN 
DURUSOY 

ALAN 
COHEN 
OREN 
BALTRY 
DAVIS 

BRUNDIER 

BOUCROT 
HOOGLAND 
HOOGLAND 
MOSER 

ALAN 
ARMSTRON 

LEMOIGNE 

ROOIJMAN 

AGUILAR 
APEL 
BIONTA 
EVANGELI 
FRAME 
IRVING 

DOVER 
JENKINS 
KITAZOE 

ROSNER 

ROSNER 

FAIMAN 
LIPKIN 

HOLMGREN 

ARENTON 

ACHASDV 

REFERENCES FOR EXOTICS 

REPORTS ON SEARCHES 

68 PHILA.CONF.P.A55 A.H.ROSENFELD (LRL) 

69 PR 177 1991 +JOLDERSMR, PALMER, SAMIDS (BNL) 
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NOTE ON N AND A RESONANCES 

I, Introduction 

(by G. Hohler, University of Karlsruhe) 

The excited states of the nucleon have been studied 

in a large number of formation and production experi- 
ments. Production experiments are not suitable for 

accurate determination of resonance parameters but will 

be essential in searching for the many predicted nucleon 
resonances that decouple from the ~'N channel) 

The masses, widths, and elasticities of the N and A 

resonances in the Baryon Summary Table come almost 
entirely from partial-wave analyses of rrN total, elastic, 

and charge-exchange scattering data (see Sec. II, below). 
Similar methods have been used to get the Nn, AK, and 
ZK branching fractions. Other branching fractions 
come from isobar-model analyses ofvrN --,- Nvrvr data 

(Sec. III). Finally, some N 7  branching fractions have 

been determined from photoproduction experiments 

(Sec. IV). 

Table 1 lists all the N and A entries in the Baryon 
Listings and gives our evaluation of the status of each, 
both overall and channel by channel. Only the estab- 

lished resonances (overall status 3 or 4 stars) appear in 

the Baryon Summary Table. A resonance is considered 
to be well established only if it has been seen in at least 
two independent analyses and if its partial wave does 

not behave erratically or have large errors. Good reason 
for a cautious attitude is the fact that some recent 
data 2,3 differ appreciably from earlier data and from 

predictions of the analyses. 
The Baryon Listings give, in addition to the usual 

Breit-Wigner parameters, the locations and the residues 
of the poles of the resonant partial waves on the second 

sheet of the complex energy plane as obtained from ¢rN 
partial-wave analyses and from the isobar-model ana- 
lyses of 7rN -~ Nvr~r. 

The Listings are much shortened by the omission of 
many now-obsolete results, nearly all which were pub- 
lished before 1975. There also used to be separate 

entries for bumps seen in production experiments - -  
bumps with masses in the 1440-MeV region, the 1520- 

MeV region, etc. - -  but these have been removed. All 
the omitted material may be found in our 1982 edition. 4 

There are two recent extensive reviews of nucleon 
resonances. 5,6 

Further progress in understanding the N and A reso- 
nances depends on investigations of three different 
types. 

Baryon Full 

245 

Listings 
N's and A's 

Table  1. The  status of  the N and A resonances.  Only  those wi th  an overall  status 
o f  *** or **** are inc luded  in the main  Baryon S u m m a r y  Table.  

Status as seen in -- 

Overal l  
Particle L21.Z I status N r  N ~  AK ZK &r NO .V7 

N(939) P I I  **** 
N(1440) P I I  **** **** * 
N(1520) DI3  **** **** * 
N(1535) S I I  **** **** **** 
N(1540) P13 * 
N(1650) S ~  . . . . . . . . .  
N(1675) **** **** * 
N(1680) F I5  **** **** 
N(1700) D13 *** *** * 
N(1710) P I I  *** *** * 
N(1720) P I3  **** **** * 
N(1960) ? * 
N(1990) F17 ** ** * 
N(2000) F15 ** ** * 
N(2080) D I3 ** ** * 
N(2090) S I I  * * 
N(2100) P I I  * * 
N(2190) GI7 **** **** * 
N(2200) D I 5  ** ** * 
N(2220) H I 9  **** **** * 
N(2250) Gt9  **** **** * 

N(2600) ~ 1 1 ~  . . . . . .  
N(2700) 3 ** ** 
N ( ~ 3 0 0 0 )  

*** ** 

*** , *** 
**** **** **** 

* . 2  *** 

*** * *** 

**** **** **** 
** * ** 
** * *** 

A(1232) P33 **** **** F **** 
A(1550) P31 * o * * * 
A(1600) P33 ** ** r ** * ** 
A(1620) $31 **** **** b **** **** *~* 
A(1700) 'D33 2,** **** i * *** ** *** 
A(1900) $31 *** *** d * * * 
A(1905) F35 **** **** d * ** * *** 
~(1910)  P31 2 . . 2  **** e * * * * 
A(1920) P33 *** *** n * * * 
A(1930) D35 *** *** F * * 
A(1940) D33 * * o 
A(1950) F37 **** **** . r b ** 
A(2000) F35 ** 
A(2150) $31 * * i 
A(2200) G37 * * d 
&(2300) H39 ** ** d 
A(2350) D35 * * e 
A(2390) F37 * * n 
A(2400) G39 ** ** 
A(2420) H311 2.** **** * 

A(2750) ~)~75 . . . .  
A(2950) ** ** 
~(~3000) 

**** Good ,  clear, and unmistakable .  
*** Good ,  but  in need o f  clarification or  nol  absolutely certain. 

** N o t  established; needs  conf irmat ion.  
. Evidence  weak; could  disappear.  

(1) New accurate data: Much new data is coming 
from groups working at LAMPF, 7 and there is also 
some new accurate data from the Leningrad group. 8 

These groups are also preparing to measure spin- 
rotation data, the first such in the resonance region. 
Very unfortunately, however, none of this work extends 

above a mass of about 1500 MeV, and to our knowledge 
there are no plans anywhere for new measurements at 
higher masses. The recently published results of an 
older high-statistics measurement of 7r +p backward dif- 
ferential cross sections from 1.3 to 2.5 GeV/c 3 disagree 
significantly with previous high-statistics experiments 
and thus also with predictions from partial-wave ana- 
lyses. 5 
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(2) New partial-wave analyses: Existing solutions 

will need to be adjusted to get a good fit to the new 
data. 9 However, this is only the first step of an iterative 

procedure. A unique and reliable result can be obtained 
only if, in addition, rather strong analyticity constraints 

are imposed on the amplitudes. The CMU-LBL and 

Karlsruhe groups have computer programs for this pur- 

pose, but new fits has not yet been made due to lack of 

manpower. 

(3) New theoretical investigations: The relation 
between the resonance parameters determined from 
partial-wave analyses and the quantities derived from 

lattice calculations and various models needs clarifying. 

Until this difficult problem is solved, the uncertainties 
involved in comparing theoretical predictions with the 

parameters listed in our Table should be kept much in 

mind. 

References for seetion I 

1. R. Koniuk and N. Isgur, Phys. Rev. D21, 1868 
(1980). 

2. 7rN Newsletter No. 1 (1984), eds. G. Hohler and 
B.M.K. Nefkens. 

3. D.J. Candlin et al., Nucl. Phys. B244, 23 (1984). 

4. Particle Data Group, Phys. Lett. I I1B (1982). 

5. G. H~hler, Pion-Nucleon Scattering, Landolt- 
Bornstein Vol. I /9b (1983), ed. H. Schopper, 
Springer Verlag. 

6. A.J.G. Hey and R.L. Kelly, Phys. Reports 96, 71 
(1983). 

7. A. Mokhtari et al., Phys. Rev. Lett. 55, 359 (1985). 
See also B.M.K. Nefkens in Proceedings of the X m 
International Conference on Few Body Problems, 
Vol. I (Karlsruhe, 1983), ed. B. Zeitnitz, p. 193c. 
This group also has preliminary data on 7r-p 
charge-exchange cross sections and polarization 
parameters. 

8. V.V. Abaev et al., Z. Phys. C (in press). 

9. R.A. Arndt et al., Phys. Rev. D32, 1085 (1985). 

II.  Two-body partial-wave analyses  and determination 

of resonance parameters 

(by G. Hohler, University of Karlsruhe) 

~rN partial-wave analysis: Even if 7rN --~ 7rN 

scattering data were measured with infinite accuracy, it 
would not be possible in the inelastic region to deter- 
mine a unique set of partial waves from the data alone. 
It is essential to add theoretical constraints, and unitar- 
ity, analyticity, and isospin invariance are chosen in 

order to avoid the biases that a specific model or 
parametrization might introduce. 

Atkinson et al., 1 continuing earlier work, investi- 
gated to what extent amplitudes are restricted by just 

unitarity if the do/dfl and P angular distributions for 
7r+p elastic scattering are given at one energy with very 

high precision. They found a variety of solutions differ- 

ing from one another substantially in some of the lower 

partial waves and strongly in the tail of high partial 
waves. They concluded that cutting off the partial-wave 

expansion sharply (which was done in many early and 
in some recent analyses 2'3) is not justified. 

In QCD, isospin is not exactly conserved in strong 
interactions because the masses of the up and down 

quarks are different. The only well-established experi- 

mental evidence for a violation is in the A(1232) region, 

where one is expected because the A ++ and A ° masses 
are different. Other reported violations turned out to be 
caused by errors in the data or the analysis. 4 

The uniqueness problem remains even if one 

includes data for all three reactions plus unitarity and 
isospin invariance; it is still necessary to add analyticity 

constraints. Many analyses have used as input predic- 
tions for the forward amplitudes, which follow from 
total-cross-section data, the optical theorem, and for- 

ward dispersion relations, but this is still not nearly 

enough. 
Constraints based on Mandelstam's 2-variable 

analyticity have so far been used successfully only in the 
CMU-LBL 5 and Karlsruhe-Helsinki 6'7 analyses. In 

both, long tails of high partial waves were admitted, but 

only some global results for these waves should be taken 
seriously, not the value of a particular high wave. The 

resonance masses, widths, and elasticities in the Baryon 
Summary Table are mainly determined by these two 
analyses, whose partial-wave amplitudes are shown in 

Fig. 1. More detailed figures and speed plots may be 
found in Ref. 8. 

Results from other recent analyses should be con- 
sidered preliminary as long as the compatibility with 
analyticity constraints and the effect of the neglect of 
higher partial waves have not been investigated (see 
Sec. 2.1 in Ref. 7). 

Substantial progress may be expected when final 
results of several experiments now in progress are avail- 
able. 9 The analysis will be simplified and improved if 
predictions for the tail of high partial waves, based on 
new evaluations of the nearby parts of the Mandelstam 
double spectral function,10 are used. R. Kochl 1 

included these predictions in getting a smooth interpola- 
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Fig. l(a). The L21.2J = St1, P11, P13' and D 13 partial-wave amplitudes for 7rN elastic scattering. The upper 
plot for each ampfitude is from HOEHLER 79 and the lower one is from CUTKOSKY 80. In the Argand plots, 
the ticks are at integral multiples of  50 MeV, and the established resonances are shown at their nominal posi- 
tions. The real and imaginary parts of  the amplitudes as functions of  energy are shown projected in alignment 
with the Argand plots (in the projections of  the CUTKOSKY 80 amplitudes, the "data points" are results of  
energy-independent fits, and the curves are from an energy-dependent fit to join them). 
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Fig. 1 (c). The L 21.2J = G 19, H 19, and H 111 partial-wave amplitudes for 7rN elastic scattering. The upper plot 
for each amplitude is from HOEHLER 79 and the lower one is from CUTKOSKY 80. In the Argand plots, the 
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tion of the earlier Karlsruhe solution for D and higher 

partial waves constrained by the condition that the 

partial-wave dispersion relations be satisfied. Koch's 

solution improves the information on the shape of the 

resonance structures and has been used for a determina- 
tion of the pole parameters.12 

In a second paper,13 Koch presented real parts of 

partial waves up to 500 MeV/c from a projection of 

fixed-t dispersion relations (an exact version of the 

approach of Ref. 14). Agreement with the results of the 

quite different application of analyticity constraints in 

the first paper is in general good, which justifies the use 

of Mandelstam analyticity in partial-wave analysis. A 

smooth solution, taking the S and P waves from 

Ref. 13 and the D and higher waves from Ref. 11, is 

being prepared. The solution will be checked by calcu- 

lating the zero trajectories and should be a good starting 
solution in the analysis of new data, 

The data are still too poor for a good test of predic- 

tions for the highest resonances (masses > 2.2 GeV). 

Evidence for resonances in this range has been reported 
by Koch 6 and by Hendry. 15 See also Ref. 7. 

Determination o f  resonance parameters: Since a 

dynamical theory of 7rN scattering does not yet exist, 

the resonance parameters are not uniquely defined. One 

can fit a partial-wave amplitude with a phenomenologi- 

cal ansatz consisting of a generalized Breit-Wigner form 

plus a background term, and most of the earlier ana- 

lyses, including the first CMU-LBL analysis and the KH 

78 analysis, 6 used a prescription of this type. A more 

sophisticated multichannel coupled resonance scheme 

was used in the more recent work of the CMU-LBL 

group. 5 The parameters listed in the Baryon Summary 

Table were obtained using these methods. 

A difficulty that becomes more and more important 

as the energy increases is that some "background terms" 

such as diffraction and ,o-exchange make contributions 

to the partial waves that resemble highly inelastic reso- 

nances (see Sec. 2.4.1.1 in Ref. 7). The energy depen- 

dences are different, but at high energies the speed with 

which an amplitude traverses the complex plane cannot 

be accurately determined due to insufficient data. 

Furthermore, it is a dynamical question whether this 

background is part of the resonance mechanism. 

If the resonances are ordered according to the shapes 
of their Argand plots, one finds a continuous transition 

from textbook-type resonances to tiny wiggles superim- 

posed on a huge background. The Baryon Summary 
Table lists all objects that have a "resonance-like" shape 

of the Argand diagram and a maximum of the speed. It 
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is up to the reader to decide which of these objects are 

"resonances" in the framework of his or her model. 

The above discussion shows that a comparison of 

the resonance masses listed in the Baryon Summary 

Table with predictions from lattice calculations or from 

quark-shell, bag, Skyrmion, or other models is quite 

uncertain, especially where mass differences are small. 

since the models cannot yet describe the scattering pro- 

cess and take into account the background. 

A cautionary example has been given by Blankleider 

and Walker, 16 who used separable potentials for the 

reactions rrN + ~rN, 7rN --~ 7rA, and 7rA --~ 7rA and got 

excellent fits to the Pl l ,  D13, D15, and $31 waves 
without explicitly introducing the lowest 4-star reso- 

nances in these waves. Since various parameters have 

been fitted, the authors do not claim that their mechan- 

ism explains the resonances. But the opening of an ine- 

lastic channel contributes to the shape of a resonant 

amplitude, as may also be seen from the partial wave 

dispersion relation (or from the discussion by Ball and 

Frazerl7). This effect is disregarded in the usual extrac- 

tion of resonance parameters from models. 

The Baryon Listings contain a second set of reso- 

nance parameters, the locations and residues of the reso- 

nance poles on the second sheet of the s plane. These 

may be determined in a (more or less) model- 

independent way. Table 2 summarizes some of the 
recent results. 2(b)'5,12 Note, however, that Fondu el 

al. 18 were able to fit the resonant P33 amplitude without 

a pole. A theoretical assumption that excludes 

parametrizations of this type is needed. 

Remarkably, there exist families of resonances in 

which the splittings of the pole positions are comparable 

with the errors; i.e., degeneracy is not excluded. 7 For 

example, all six isospin-l/2 partial waves from S l l  to 

F15 have a well-established resonance with a pole near 

= (1665-60i) MeV, and at least six of the seven pos- 

sible isospin-3/2 resonances from $31 to F37 have a 
pole near (1880-120i) MeV. 

We have not included in the Listings the zeros of the 

partial-wave amplitudes given in Ref. 2(b) because a 

zero in the neighborhood of a resonance pole gives only 

information on the background. However, zero trajec- 
tories of the invariant and transversity amplitudes may 

be of fundamental importance (see Sect. 2.4.3 in Ref. 7). 

Inelastic 2-body reactions: Partial-wave analyses of 

the inelastic 2-body reactions 7rN ~ Ab7, 3_K, and EK 

are similar to 7rN --~ ~rA' analyses. However, since the 

data are far less complete and accurate, energy- 
dependent parametrizations must be used. 
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Table 2. Recent determinations of pole pi~rameters of 3- artd 4- 
star N and A resonances. Cutkosky et al.Sand Arndt et al. 2(b) 
have taken into account inelastic channels in the isobar approxi- 
mation. In general, a resonance has a pole in several sheets of 
the energy plane. The parameters here are of the pole reached 
most directlv from the physical region. In certain cases, this con- 
dition is ambiguous because a strong inelastic channel (Art, Nr/, 
Np. etc.) opens within the width of the resonance. Iftheoreti- 
cians working on quark or bag models use the parameters, they 
should keep in mind that their models do np,~ include the effects 
caused by the opening of inelastic' " channels. ~ In particular, 2(bllhev 
should not try to describe the two poles gi en by Arndt et al. 
for the ,V(1440) P 1' A splitting of this resonance was claimed 
earl er from an anfiIys s of the elastic data alone, but this was not 
tenable (see the remark in Sec 2 1 8 of Ref. 7) The po e param- 
eters determined by M. Sararu 12 for a selection of resonances 
follow from Koch's smoothed version It of the Karlsruhe solu- 
tion without taking into account data for inelastic scattering. 

Pole position (MeV) Residue 

Resonance ReW - 2 x I m W  I r I (MeV) 0 (°) RefJ 

A'(1440) P l l  1375+30 180±40 52_+5 100+35 C 
1355 200 62 - 108 t A 1416 156 118 - 4  / 

~V(1520) DI3 1510±5 I14_+10 35±2 12±5 C 
1508 124 40 - 9  A 

N(1535) S11 1510±50 260+80 120z40 +15±45 C 
1464 150 40 44 A 

:V(1650) SII  1640=20 150=30 60+-10 - 7 5 + 2 5  C 
1656 108 34 -54  A 

N(1675) D15 1660=10 140=10 31+5 30=10 C 
1658 136 32 -20  A 

N(1680) F15 1667±5 110_+ 10 34+2 25=5 C 
1668 110 33 - 18 A 
1671 122 25 20 S 

N(1700) DI3 1660_+30 90+40 6±3 0_+50 C 
1676 48 2 +43 A 

N(1710) PII 1690-+20 80+20 8±2  ~175-+35 C 
(not seen) A 

,V(1720) PI3 1680+30 120_+40 8-+2 160±30 C 
1690 66 3.7 138 A 
1670 188 8 -127 S 

N(2190) GI7 2100+-50 400+160 25_+10 30+50 C 
2056 580 40 -18  S 

N(2220) HI9 2160=80 480_-100 45-+20 45-+25 C 
2130 340 19 -47 S 

N(2250) G19 2150+50 360+100 20-+6 50-+20 C 

N(2600) I111 2589 460 S 

A(1232) P33 1210_+1 100_+2 53+2 - 4 7 = 1  C 
1211 102 56 -30  A 
1209 100 S 

A(1620) $31 1600_+15 120_+20 15-2  - 110-+20 C 
1592 108 13 117 A 

A(1700) D33 1675_+_25 220_+40 13--3 -20+25  C 
1674 336 32 - 24 A 
1680 226 14 +34 S 

A(1900) $31 1870--_40 180_+50 10-+3 +20+-40 C 

A(1905) F35 1830=40 280_+60 25+-8 - 5 0 + 2 0  C 
1872 228 23 - 13 A 
1850 220 10 -11 S 

A(1910) P31 1880+30 200-+40 20+4 90-+30 C 
1883 392 27 -89  S 

A(1920) P33 1900±80 300±100 24+4 -150±30  C 
(not seen) A 

A(1930) D35 1890_+50 260_+60 18±6 -20+_40 C 

A(1950) F37 1890- 15 260+40 50-+7 -33-+8 C 
1864 216 50 -20  A 
1890 242 32 -22  S 

A(2420) H311 2360-+100420+100 18+-6 - 3 0 ~ 4 0  C 

PC ffi Cutkosky et al., 5 A ~ Arndt et al., 2(b) and S = Sararu. 12 

The best results, which give resonance masses and 
widths as well as couplings, follow from the 7r-p --~ 
AK ° data of the Rutherford group. 19 In one analysis, 

the nonresonant and high waves were represented by a 
reggeized K* exchange term.19,20 In another analysis, a 

Lagrangian model  was used for the long-range forces. 2l 

In general, agreement with the rrN ~ 7rN analyses is 

good, but there are discrepancies for the PI1 N(1710) 

and D15 N(1675) widths and for the D15 N(2200) mass. 
In an analysis of  the less accurate 7r-p ~ nr/data, 22 

the partial waves were parametrized as Breit-Wigner 

resonances without background. The resonance spec- 
trum was assumed and the data were used to determine 
the n 7/couplings. For resonances with relatively large 

couplings, the masses and widths were varied in a 
second step. 

The results derived from the bubble-chamber data 
for 7r+p --~ 2 + K  + 23 have large uncertainties. Values 

of  the resonance masses were assumed and Breit-Wigner 

forms and an empirical ansatz for the background were 
used for partial waves up to F waves (the G waves are 

probably not negligible at 1.7 GeV/c) .  The recent addi- 
tion of  precise data from 1820 to 2350 MeV 24 has 
allowed an improved analysis. 25 The solution found is 

unique. Above 2 GeV, all the resonances with two or 

more stars are seen, but none of  the 1-star states is sup- 
ported. 

In a recent note, 26 Isgur has pointed out that distor- 

tions of  resonance couplings can occur in cases such as 

7rN --~ A ~ 2K if the threshold is just below the reso- 
nance mass. 

A possible new resonance, an N(1960),  has been 
detected in the final state ~(1385)-  K + in neutron car- 
bon reactions. 27 If confirmed, the small width (27 _+ 15 

MeV) indicates an exotic nature. 
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III. The a-N ~ N~r~r reaction 

(by D.M. Manley, Lawrence Livermore National 
Laboratory) 

Dalitz plots reveal that the ~N ~ N,~  reaction is 

dominated by the formation of N and & resonances 
which decay into quasi-2-body channels. This observa- 

tion prompts the analysis of this reaction by isobar 

models in which the partial-wave amplitudes are 

represented by a coherent sum over quasi-2-body chan- 
nels, such as ~N ~ &(1232)rr, ,~N ~ Np, ~N 

N(7rTr) S, and ~N ~ N(1440)Tr, where (TrTr) S is the 
strong isospin-0, S-wave 7rTr interaction. The resulting 
fitted amplitudes contain valuable information about 

the couplings of the N and ~ resonances to the quasi-2- 
body channels. 

While the analyses determine the relative phases of 

the quasi-2-body amplitudes, their overall phase is arbi- 

trary. In this edition, all couplings are expressed accord- 
ing to the "baryon-first" convention,1 with the overall 

phase determined by choosing the coupling sign of the 

$31A(1620) to the ATr channel to be negative. Experi- 

mentally, this coupling is strong in all analyses per- 
formed thus far. Furthermore, quark-model calculations 

for this coupling are simplified by the absence of other 

low-mass $31 resonances. Further details of the isobar- 
model formalism and a definition of the couplings are 
given in our 1982 edition. 2 

The Baryon Summary Table includes branching frac- 

tions for the N~rTr quasi-2-body channels. For this edi- 
tion, these branching fractions were re-evaluated (a 

number of the branching fractions have been changed 
considerably) based upon the results of five energy- 

independent partial-wave analyses (IPWA), one of 

which is new. The Listings give the results from these 

five. Further details of the four older analyses are also 

discussed in our 1982 edition. 
LONGACRE 75 and 78 (LBL-SLAC) 3 are resonance 

analyses of the partial-wave solution of Herndon et al., 4 

which was obtained from an isobar-model analysis of 
170,000 ~r-p ~ n 7r-Tr +, ~r-p ~ pTr-Tr 0, and ~r+p 

pTr+Tr 0 events between 1300 and 1990 MeV c.m. 

energy. The Ax(1232)Tr, Np, and N(TrTr) S channels were 
included. The couplings and T-matrix poles of nine N 
and five A resonances are given in the Listings. 

LONGACRE 77 (Saclay) 5 is a similar analysis of 
91,000 events between 1360 and 1760 MeV. This work, 
unlike that of Herndon et al., 4 included a nonzero range 
in the centrifugal barrier term that enters into the 
isobar-model parametrization. The importance of a 
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nonzero range has been discussed by Dolbeau et al.l 

Several waves (especially Np waves) that were small in 

the LBL-SLAC solution 4 contribute significantly in this 

analysis, mainly because of the choice of a nonzero- 
range barrier. The Listings include couplings and pole 

positions for ten N and six A resonances, including a 

P13N(1540) and a P31/~(1550), which this analysis sug- 
gested for the first time. 

NOVOSELLER 78 (Cal Tech) 6 is an analysis 

between 1630 and 1990 MeV based in part on the 
analysis of Herndon et al. 4 Starting with the LBL-SLAC 

solution as input, a solution was generated without the 
unitarity constraints imposed by Herndon et al. 4 

Another solution was generated in a similar manner by 
including in the fit a high-partial-wave background 

derived from single-pion exchange. The most important 

contribution from this background is in the D-wave NO 
channel of the G 17 wave. It was concluded that the 
contribution from the NTr~r channel, with the two pions 

in the isospin-2 Swave, is small below 1970 MeV. It 

also was concluded that the solution of Herndon et al. 4 

may be questionable for the PI 1, P13, and F35 waves 
above 1700 MeV because of inconsistencies in the solu- 

tions obtained under different fitting conditions. 
BARNHAM 80 (Imperial College) 7 is an analysis of 

44,000 7r+p --~ p~r+~r 0 and rr+p --~ nTr+Tr + events 

between 1400 and 1700 MeV. The analysis included 

A(1232)Tr, NO, and N(1440)~r channels, and used a 
zero-range barrier. Evidence was found for the 

P31 A(1550) seen by LONGACRE 77, and for significant 

decay of the P33 A(1600) into N(1440)7r, a mode first 

considered by this analysis. The Listings include cou- 
plings for four A resonances. 

MANLEY 84 (VPI&SU) 8 is a major new analysis of 
241,000 ~r-p --~ n ~r-Tr +, 7r-p --~ pTr-Tr 0, 7r+p --~ 

prr+~r °, and 7r+p ~ nrr+~r + events between 1320 and 

1930 MeV. The main channels considered were 

A(1232)Tr, NO, NOrTr) S, and N(1440)Tr. Also investi- 
gated, however, were the channels N(1520)~r, N(1535)~', 
and N(1675)~r. Actual resonance parameters have not 
been published, so the Listings include only the signs 
and sizes (large or small) of the couplings. The analysis 
used a nonzero-range centrifugal barrier factor, and for 

the first time investigated the importance of partial 
waves with L > 3 (G waves). 

The analysis found evidence for a large D-wave NO 
decay in the G 17 wave, possibly associated with the 
G 17 N(2190). Unlike earlier analyses, essentially all 
inelasticity in the P31 wave was accounted for by deca~y 
into N(1440)Tr. A large N(1440)Tr decay for the 

P33A(1600) was found, as did BARNHAM 80. No evi- 

dence was found for the P 13 N(1540) and P31 A(1550) 
claimed by LONGACRE 77 and BARNHAM 80. In 
agreement with LONGACRE 75, no evidence was found 

for an N~-rr decay of the D35 A(1930), even though ~rA' 
elastic analyses predict a large inelastic decay for this 

resonance. Also in agreement with LONGACRE 75, a 
large F-wave A(1232)Tr decay was found for the 

F37 A(1950), although the resonant phases determined 
by the two analyses differ by about 60 ° . It was pointed 

out 8 that this conflict could be resolved if the large P- 
wave Np decay observed by LONGACRE 75 and 

MANLEY 84 in the F35 wave were associated with a 
second resonance, an F35 A(2000), above the 

F35A(1905). This higher mass F35 resonance is of 
interest because it is predicted by the Isgur-Karl quark 

model; 9 failure to observe it in ~r?¢ elastic analyses is 
not surprising since it should couple weakly to the ~rN 

channel. 

This analysis also found tentative evidence for 

several new resonances, including a P13 and an F15 at 

about 1850 MeV, and an SI1, a P l l ,  and a D13 at 
about 1900 MeV. (Since no actual masses or other 
parameters have been published, these resonances are 

not included in the Listings.) 
Table 3 gives a compilation, adapted in part from 

MANLEY 84, of the signs of the ~'N --~ NTrTr couplings. 

Only those decay channels found to be significant in at 

least one analysis are included. 
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Table  3. The signs of  the rrN ~ NwTr couplings 
according to four analyses. Letter  subscripts give the 
final-state orbital  angular  momenta .  The  p states are 
labeled by twice the total final-state spin, 2S .  A " 0 "  
indicates a negligibly small  coupling. A question mark  
indicates the sign is inde te rminant  or  quest ionable 
because the resonant ampl i tude  is rotated more  "than 70 ° 
away from the imaginary axis. An asterisk at the right 
indicates the coupling sign is considered to be well 
established by Manley 84. 

Long- Long- Barn- 
Decay acre acre ham Manley 

Resonance channel  75,783 775 807 848 

N(1440)  P t l  (AW)p + +9 + " 
(Npl) P --  - 0 
(NP3) P 0 + 0 
:V(r~r) s -? - + 

N(1520) D13 (A,-r) S . . . .  
(.~Tr)D -- _ 
( N P 3 ) s  - -9  . 
:V(~rw) S -? 0 

3:(1535) SII (A~r) D +? 0 0 
( , v < )  s - ?  _ , 
,V(~rr) s + + + . 

N(1540) Pl3 (AW)p ? 0 
( N p l )  P + 0 

N(1650) Sli (Arr)D + + • 
(Npl) S --? +? 
(NP3) D 0 + +? 
N(Tr r )  s + 0 + 

• V ( I 6 7 5 )  D I 5  (A~) D + + + * 
(NP3)D 0 -- 
S(,-rr. ) s 0 + 0 

N(I680) Ft5 (Ar0p - - * 
(Art) F + + + * 
(~VP3)p 
(NP3) F 0 - 
N(~vr) s + + + . 

,V(I700) DI3 (Ar)S 0 -? 
(Mr) D + ? 4- 
( N P 3 )  S + - -?  0 
N (Trrc) s + 0 + 

N(1710) PII (~,W)p + - 
(NPl)p - + + 
(NO3) P 0 9 + 0 
?¢(~)s - - "  

N(1720)  PI3  (AW)p 0 -- 0 
( : \ :P I )P  + -- 0 

" (NP3)p 0 + 0 
N (,'rTr) s 0 - 0 

A(1550) P3I (Ax-)p - ? 0 
(NP3) P - ? 0 

a,(1600) P33 (a'w)P + _ + + + 
(At) r 0 ? 0 
(Npj)p 0 + ? 0 
(NP3) P 0 + ? 0 

f(N*rOp + + 

A(1620) $31 (Ar )D . . . .  
( N P l )  S + + + + 
( N o 3 )  o 0 - ? - 

A(1700) D33 (A~V)S + 4- + + 
(ATr) D + ?  + ? + 
( N p l )  D 0 0 0 

(Xp3)  s - ~ ~+ + 

, ',(1905) F35 (Azr)p 0 + 
(A'n')F + ÷ 

A(1910) P31 (ATr)p + 0 
(Np3) P + 0 
"}'(N*Tr)? + 

A(1950) U37 (ATr)F + + 
( N P 3 )  F + ?  0 

A(2000) F35 (NP3)p + 4- 

?The  N* here is the P l l  N(1440) .  
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IV. Photoproduction and Compton scattering 

(by R.L. Crawford, Univers i ty  o f  Glasgow) 

The  TN couplings o f  the N and A resonances are 

obtained f rom partial-wave analyses o f  single-pion pho- 
toproduction on protons  and  neut rons  and  of  Compton  

scattering on protons.  The defini t ions of  the couplings 

and  a discuss ion o f  the me thods  used in the analyses 

m a y  be found in our  1976 edition. 1 The  large a m o u n t  

o f  pion photoproduct ion  data, including m a n y  measure-  

men t s  f rom single and  double polarization experiments ,  

has  permit ted accurate m e a s u r e m e n t  of  m a n y  of  the 

couplings and  de terminat ion  o f  the signs o f  m a n y  more. 

Recently, pho ton  couplings in the second and  third reso- 

nance regions have  also been obtained from accurate 

measu remen t s  o f  proton Compton-scat ter ing differential 

cross sections; the results, with a few exceptions,  agree 

with those f rom photoproduct ion.  All these analyses 

rely heavily upon  7rN ~ 7rN analyses for informat ion  

on the  existence, masses,  and  widths o f  the resonances.  

The  only photoproduct ion  analyses that  quote reso- 

nance masses  and  widths as Well as couplings are 

BERENDS 75, BERENDS 77, B A R B O U R  78, and  

C R A W F O R D  80. These  results are of  interest since 

they give access to the charge + 1 states o f  the reso- 

nances.  In particular, the mass  of  the A(1232) + seems 

to be as well de te rmined  as those o f  the A ++ and  A ° 

seen in elastic 7rN scattering. 

There  are three ma in  me thods  o f  analysis. 

( a  ) T h e  s i m p l e  i s o b a r  m o d e l :  The simple isobar 

model  is an energy-dependent  partial-wave analysis 

(DPWA) in which the partial waves  are parametr ized as 

Breit-Wigner resonances  plus background.  The  model  is 

relatively s imple but  is flexible enough to give good fits. 

However,  there are possible problems about  the unique-  

ness  o f  the solut ions obtained, and  it is not  clear how 

the form of  the parametr iza t ion distorts the solutions.  

The  Listings give the results o f  the isobar analyses o f  

T A K E D A  80 and  BRATASHEVSKIJ  80 (photoproduc-  

tion), and  o f  ISHII 80 and  W A D A  84 (Compton  

scattering). The  two photoproduct ion  analyses use 

small  data  sets. The  large-scale isobar analysis o f  

M E T C A L F  74 is now obsolete and  has  been omitted.  

(b  ) F i x e d - t  d i s p e r s i o n  r e l a t i o n s  ( F T D R  ): Here only 

the imaginary  parts  o f  the product ion ampl i tudes  are 

parametrized,  and  the real parts are calculated f rom 

them using fixed-t dispersion relations. The  resonance 

dominance  o f  the imaginary  parts permits  a relatively 

s imple parametr iza t ion scheme,  and  there are fewer 
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ambiguity problems than in the isobar model. How- 

ever, it is less flexible than the isobar model and gives 

poorer fits, and it can only be used properly in a large- 

scale analysis over a wide energy range. 

The Listings give the results from the FTDR ana- 

lyses of AZNAURYAN 77, BARBOUR 78, ARAI 80, 

CRAWFORD 80, FUJII 81, and AWAJI 81. NOELLE 

78 is a hybrid analysis using FTDR in a coupled- 

channel isobar calculation. 

(c ) Energy-independent analyses (IPWA ): These 

evaluate the partial-wave amplitudes by fitting at essen- 

tially single energies. At low energies, Watson's theorem 

is used to fix the complex phases of many of the partial 

waves. This allows a unique solution but becomes diffi- 

cult above the first resonance region due to the onset of 

inelasticity. BERENDS 77 is the only true IPWA that 

has been extended into the second resonance region. 

CRAWFORD 83 is an IPWA that depends on the 

CRAWFORD 80 FTDR analysis to give stable solu- 

tions, and is thus not independent of the energy- 

dependent analysis. 

New data in the Listings: Reflecting the decline in 

interest in baryon physics, there is only one new 

analysis in the Listings. WADA 84 is an isobar-model 

analysis of Compton scattering on protons using data on 

differential cross sections in the second and third reso- 

nance regions. Most of the couplings agree well with 

previously determined values from photoproduction. 

The exceptions are A~/2 for the PI1 N(1440) and the 

P33 A(1600), which disagree badly with other 

measurements, particularly with those from photopro- 

duction. However, these results should not yet be taken 

seriously since the quality of the photoproduction data 

is much higher and restricts the values of the couplings 

more strongly than do the Compton scattering data. 

Also, WADA 84 does not fit the couplings of all the 

resonances in the energy range of the analysis. Many of 

the more important couplings are not varied but are 

given values from the photoproduction analysis of 

AWAJI 81. Fitting all the couplings might give results 

for them all that are compatible with the photoproduc- 

tion results. 
The Baryon Summary Table now gives the N3 ~ 

branching fractions for the resonances whose couplings 

are considered to have an unambiguous sign. These 
branching fractions have been calculated from the cou- 

plings given by the most reliable analyses in the Listings 

using the partial width 

r k2 _ I> ]-IA,<,)2+ iA,.,i 2-] 

where M N and M R are the masses of the nucleon and 

resonance, J is the resonance spin, and k is the c.m. 

decay momentum. 

Resonance couplings in the Listings: The Listings 

omit a number of analyses that now must be considered 

to be obsolete. These are ROSSI 73, HEMMII 73, 

HEMMI2 73, BENEVENTANO 74, METCALF 74, 

KRIVETS 75 (all isobar model), MOORHOUSE 73, 

DEVENISH 73, KNIES 74, MOORHOUSE 74, 

DEVENISH2 74, CRAWFORD 75, and BARBOUR 76 

(all FTDR). They may all be found in our 1982 edi- 
tion. 7 

The errors quoted for the couplings in the Listings 

are calculated in different ways in the different analyses. 

They are therefore not comparable and should be used 

with care. FELLER 76, AZNAURYAN 77, and ARM 

80 obtain errors using the sensitivity of the "best possi- 

ble" X 2 to the value of each coupling. BARBOUR 78. 

CRAWFORD 80, and CRAWFORD 83 attempt to 

assess the effects of the systematic errors caused by the 

different possible parametrization schemes, especially 

those for the background, and quote errors that reflect 

this. AWAJI 81 gives errors which also include a con- 

tribution from the uncertainty in the 7rN elasticity used 

to calculate the couplings from the partial waves. 

In general, it is likely that the systematic differences 

between the analyses caused by the different parametri- 

zation schemes are more indicative than are the indivi- 

dual errors quoted in each analysis. 

Table 4 gives a compilation of the couplings from 

BARBOUR 78, ARAI 80, CRAWFORD 80, FUJII 81. 

AWAJI 81, and CRAWFORD 83. The errors given are 

a combination of the statistical errors quoted in the ana- 

lyses and the systematic differences between them. The 

Table is unchanged from the previous edition except 

that two values are quoted for A 1/2 of the 5'31.3,(1620) 
to take account of the large spread in values obtained 

for this coupling. This can be attributed to imaginaD 
background in the partial wave, which is treated dif- 

ferently, or ignored, in the different analyses. The 

second value uses only the Glasgow analyses (BAR- 

BOUR 78, CRAWFORD 80, and CRAWFORD 83). 
The Glasgow FTDR analyses obtain stable and accept- 

able values for the mass and width of this resonance, 

and it is thus reasonable to infer that the coupling 

obtained is accurate. 



For notation, see key on page 91. 

Table 4. A compilation of measured -fN decay couplings. 
Sources are given in the text. 

(a) Proton-target couplings 

Resonance Hell- Couplings Status 
city (GeV-I/2× 10-3) 

N(1440) PI1 1/2 -69 _+ 7 good 
N(1520) DI3 1/2 -22 _+ 10 good 

3/2 +167 +_ 10 good 

N(1535) S11 1/2 +73 _+ 14 good 
N(1650) S11 1/2 ÷48 _+ 16 good 
N(1675) DI5 1/2 +19 + 12 good, nonzero 

3/2 +19 _+ 12 good, nonzero 

N(1680) FI5 1/2 - 17 _+ 10 good, nonzero 
3/2 +127 ± 12 good 

N(1700) D13 1/2 -22 - 13 good, small 
3/2 0 -+ 19 fair, small 

N(1710) Pll 1/2 +5 -+ 16 fair, small 

N(1720) PI3 1/2 .-52 _+ 39 poor 
3/2 -35 +- 24 fair 

N(1990) F17 1/2 .-24 _+ 30 poor 
3/2 .-31 _+ 55 bad 

`5(1232) P33 1/2 -141 _+ 5 very good 
3/2 -258 _+ I1 verygood 

A(1550)P31 1/2 +16 +_ 16 doubtful 
,5(1600) P33 1/2 -20 _+ 29 poor, small 

3/2 +1 _+ 22 fair, small 

,5(1620)$31 1/2 +19 _+ 16 fair 
(1/2 --30 -+ 10 good -- see text) 

,5(1700)D33 1/2 +116 _+ 17 good 
3/2 +77 _+ 28 fair 

,5(1900)$31 1/2 +10 -- ? ? 
A(1905)F35 1/2 +27 _+ 13 good 

3/2 -47 _+ i9 fair 

A(1910) P31 1/2 -12 _+ 30 poor 

A(1920) P33 1/2 +40 _+ ? ? 
3/2 +23 _+ ? ? 

,5(1930) D35 1/2 -30 _+ 40 poor 
3/2 -10 _+ 35 poor 

A(1950) F37 1/2 -73 _+ 14 good 
3/2 -90 _+ 13 good 

(b) Neutron-target couplings 

Resonance Hell- Couplings Status 
city (GeV-I/2× 10-3) 

N(1440)Pll 1/2 +37 _+ 19 fair 

N(1520) D13 1/2 -65 _+ 13 good 
3/2 -144 _+ 14 good 

N(1535) Sll I/2 -76 _+ 32 fair 

N(1650) Sll 1/2 -17 + 37 poor 

N(1675) DI5 1/2 -47 ~ 23 fair 
3/2 -69 _+ 19 fair 

N(1680) F15 1/2 +31 ~ 13 good 
3/2 -30 _+ I4 good 

N(1700) DI3 1/2 0 _+ 56 bad 
3/2 -2  +_ 44 bad 

N(1710) PI! 1/2 -5 -+ 23 fair, small 
N(1720) PI3 1/2 -2  _+ 26 fair, small 

3/2 -43 + 94 very bad 

N(1990)FI7 l/2 -49 _+ 45 poor 
3/2 -122 +_ 55 poor 
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The E / M  ratio of the P33A(1232): There is con- 

tinuing interest in the E2/M 1 ratio of  the A(1232). In 

the simplest form of  the quark model, it is predicted to 

be zero, 2 but in more recent models this is not the 

case, 3 an effect attributed to tensor quark-quark forces 

giving D-wave components  in the wave functions. 

Tanabe and Ohta 4 have evaluated the ratio using a 

phenomenological model, derived from the work of  Ols- 

son, 5 which includes nonresonant background not usu- 

ally included when extracting the A --~ N'y couplings. 

Effectively, this work defines renormalized couplings 

that are evaluated by fitting the model to the partial 

waves from the IPWA of BERENDS 75. The couplings 

obtained are A 1/2 = -0.093 + 0.005 GeV-1/2 and A 3/2 = 

-0 .142+0.009 GeV -1/2. These are not included in the 

Listings since it is not clear that they are the same quan- 

tities as are given there. The E2/M 1 ratio obtained is 

+0.037_+ 0.004. A more recent, unpublished analysis, 

also based on the approach of  Olsson and using IPWA 

of the first resonance region, has been carded out by 

Davidson , Muldaopadhyay, and Wittman. 6 The values 

obtained are A 1/2 = -0.125 + 0.003 G e V -  1/2, A 3/2 = 

-0 .229 _+ 0.006 G e V -  1/2, and E2/M 1 = -0.015 _+ 0.002. 

It should be noted that the errors in the compiled 

values of  A 1/2 and A3/2 in Table 4 do not accurately 

reflect the precision with which E2/M 1 is given in the 

Listings, since the errors contain components,  such as in 

overall normalization, that do not contribute to this 

ratio. Calculation ofE2/M 1 from the individual entries 

and then combining them gives -0.013 _+ 0.005. 

References for section IV 
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3. N. Isgur, G. Karl, and R. Koniuk, Phys. Rev. D25, 
2394 (1983); G. K~lbermann and J.M. Eisenberg, 
Phys. Rev. D28, 71 (1983); J. Dey and M. Dey, 
Phys. Lett. 138B, 200 (1984); and D. Drechsel and 
M.M. Giannini, Phys. Lett. 143B, 329 (1984). 

4. H. Tanabe and K. Ohta, Phys, Rev. C31, 1876 
(1985). 

5. M.G. Olsson, Nucl. Phys. B78, 55 (1974). 

6. R. Davidson, N.C. Mukhopadhyay, and R. Witt- 
man, Preprint, Rensselaer Polytechnic Inst., New 
York (1985). 

7. Particle Data Group, Phys. Lett. l l l B  (1982). 
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V. Electroproduction 

The excitation of the N and A resonances has been 
investigated using pion and ~ electroproduction data. 
However, the level of  activity in this field is presently 
low, and the interested reader is referred to our 1982 
edition 1 and to an extensive review. 2 

Since 1982, additional information has been 
obtained from ~r + electroproduction about the switching 
in dominance of  the helicity 3/2 and 1/2 amplitudes of 
the DI3 N(1520) and FI5 N(1680) as Q2 moves from 
the photoproduction limit. 3 In ~ electroproduction, 4 
the Q2 dependence of  the S l l  N(1535) cross section has 
been examined for Q2 up to 3 GeV 2. It is found that 
the slow decrease of  production of  the S 11 compared to 
that of  the D13 N(1520) continues to these values of 
Q2. Both these features of  electroproduction are already 
well known and have been described in the reviews 
mentioned above. 

References for section V 

1. Particle Data Group, Phys. Lett. 111B (1982). 

2. F. Foster and G. Hughes, Rep. Prog. Phys. 46, 
1445 (1983). 

3. H. Breuker et al., Zeit. Physik C13, l l3 (1982). 

4. F.W. Brasse et aL, Zeit. Physik C22, 33 (1984). 

VI. Production experiments 

Partial-wave analyses of  course separate partial 
waves, whereas a peak in a cross section or an invariant 
mass distribution usually cannot be disentangled from 
background and analyzed for its quantum numbers; and 
more than one resonance may be contributing to the 
peak. We used to have separate entries in the Baryon 
Listings for bumps seen in production experiments in 
the 1440-MeV region, the 1520-MeV region, etc., but 
these have been removed. They last appeared in our 
1982 edition. 1 

Reference for section VI 

1. Particle Data Group, Phys. Lett. l l l B  (1982). 

N B A R Y O N S  ( S = 0 ,  I=1/2) 

r ~  ] I + l ( JP)  

SEE STABLE PARTICLES. 

F ~  1 l -  I ( J e ) =  ~ (7  ) 

SEE STABLE P~RTICLES. 

I I [ j p  I 1- N(1440) P l l  { ) = ~ ( ~  ) Stat . . . . . . .  

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ~RE NON OBSOLETE AND HAVE 
BEEN OMITTED. THEY MAY BE FOUND IN OUR 1982 EDITION (PHYSICS LETTERS 
111B) .  

IN ADDITION, RESULTS IN THIS REGION FROM PRODUCTION EXPERIMENTS, 
WHICH USED TO BE LISTED SEPARATELY AS THE NEXT ENTRY, HAVE BEEN 
ENTIRELY REMOVED, THEY TOO MAY BE FOUND IN OUR 1982 EDITION. 

N(1440) MASS (MeV) 

M A 1415, OR 1390. LONGACRE 75 IPWA Pl N TO 2PI N 
M A THE 2 SETS OF PARAMETERS ARE FROM METHODS I AND 2 OF LONGACRE 75, 
M ( I&60 .0 )  BERENDS 77 IPWA Pl N PHOTOPRQD. 
M B (1380.D) LONGAERE 77 IPWA Pl N TO 2PI N 
M B ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION S2, EXCEPT FOR THE POLE 
M B POSITION WHICH IS FROM SOLUTIONS $I AND CI, 

[1417,D) BARBOUR 78 DPWA PI-N PHOTOPROD. 
C (1472,0) BAKER 79 DPWA 0 PI -  P TO ETA N 

M (1450.0) (30.0) CUTKOSKY 79 IPWA P[ N TO Pl N 
M 1410.0 12,0 HOEHLER 79 IPWA P[ N TO Pl N 
M (1411,0) CRAWFORD 80 DPWA PIN PHOTOPROD. 
M 1440.0 30.0 CUTKOSKY 80 IPWA Pl N TO Pl 

N(1440) WIDTH (MeV) 

w A 180, OR 200. LONGACRE 75 IPWA Pl N TO 2Pl N 
W (279.0)  BERENDS 77 IPWA P~-N PHOTOPROD. 

S (200.0)  LONGACRE 77 IOWA P I N  TO 2Pl N 
(331.0)  BARBOUR 78 DPWA PI~N PHOTOPROD. 

W C (113.0) BAKER 79 DPWA 0 Pl- P TO ETA N 
W (370.0)  (80.0)  CUTKOSKY 79 IPWA P I N  TO P I N  
W 135.0 10.0 HOEHLER 79 [PWA PIN TO PIN 
W (334.0)  CRAWFORD 80 DPNA P ] N  PHOTOPROD. 
W 3&O.O 70.0 CUTKOSKY 80 [PWA P I N  TO P I N  

N(1440) REAL PART OF POLE POSITION (MeV) 

RE B 1360.0 OR 1333,0 LONGACRE 77 IPWA Pl N TO 2PI N 
RE 1381.0 OR 1379.0 LONGACRE 78 IPWA P I N  TO 2PI N 
RE [1389.0)  GUTKOSKY 79 IPWA Pl N TO Pl N 
RE 1375.0 30,0 CUTKDSKY 80 IPWA Pl N TO PIN 
RE F (1359.) ARNST 85 DPWA Pl N TO Pl q 
RE F ARNDT 84 FIND A SECOND P11 POLE AT (1410, -80) MEV. 

N(1440) -2*IMAG PART OF POLE POSITION (MeV) 

IM B 167.0 OR 234.0 LONGACRE 77 IPWA P I N  TO SOl N 
IM 209.0 OR 210,0 LONGACRE 78 IPWA Pl N TO 2PI N 
IM (178.0)  CUTKOSKY 79 IPWA Pl N TO Pl N 
IM 180.0 LO.O CUTKOSKY 80 IPWA P I N  TO Pl N 
IM ; (200, )  ARNDT 85 DPWA Pl N TO Pl N 

N(1440) REAL PART OF ELASTIC POLE RESIDUE (MeV) 

RER ( -9 .0 )  CUTKOSKY 79 IPWA P I N  TO P I N  
RER - 9 . 0  31.0 CUTKOSKY 80 [PWA Pl N TO P I N  

N(1440) IMAG PART OF ELASTIC POLE RESIDUE (MeV) 

IMR (-48.0> CUTKOSKY 79 IPWA P I N  TO Pl N 
IMR -51.0  7.0 CUTKOSKY 80 IPWA P I N  TO Pl N 

N(1440) ABSOLUTE VALUE OF POLE RESIDUE (MeV) 

ABS 52.0 5.0 CUTKOSKY 80 IPWA Pl N TO Pl S 



For m~la[ion, see key  on page 91. 

,N'(1440) PHASE OF POLE RESIDUE (RADIANS) 

- ! . 75  0.61 CUTKOSKY 80 IPWA P IN  TO Pl N 

N(1440) PARTIAL DECAY MODES 

DECAY MASSES 

P1 N(1440) -- .~ ~ 938* 140 

P2 N(14400 ~ ,V~ 940+ 549 
P3 :V(I440) ~ A K 1116. 498 

p~ N(1440) ~ ,\r ~.g. 938+ 1~0+ 140 

P5 N(1440) ~ A(t232) ~, p-wave 1888+ 14o 

P6 N(1440) ~ N p, S=I /2 ,  P-wave 938+ 769 
07 N(I440) ~ N p, S=3/2,  P-wave 938+ 769 

PB N(1440) ~ A ' ( ~ ) S ~ a v e  938+ 140÷ 140 

09 N(14400 ~ p %  h e l i c i t y = l / 2  938* 8 

~IC N(1440) ~ n % he]iciD = I /2  94o* 0 

N(1440) BRANCHING RATIOS 

N(1440) ~ (N~) / to t a l  (E l )  
RI (0.65) (0.05) CUTKOSKY 79 IPWA P IN  TO Pl N 
RI 0.51 0.05 HOERLER 79 IPWA PIN TO PIN 
RI 0.68 0.04 CUTKOSKY 80 IPWA P] N TO PIN 

N(1440) in N ~ ~ N ~ SQRT(PI*P2) 
R2 D (*0.328) FELTESSE 75 DPWA 0 1488 TO 1745 MEV 
R2 D AN ALTERNATIVE WHICH CANNOT BE DISTINGUISHED FROM THIS IS TO HAVE 
RE D A P13 RESONANCE WITH M=IS30, W=79, AND EOUPLING=*.BYI 
RE E BAKER 79 FINDS A COUPLING OF THE N(1440) TO THE N ETA CHANNEL 
R2 C NEAR [BUT SLIGHTLY BELOW) THRESHOLD. 

R NOTE: SIGNS OF COUPLINGS FROM Pl N INTO N Pl Pl ANALYSES CHANGED 
R IN 1986 EDITION TO AGREE WITH BARYON-FIRST CONVENTION WITH 

THE OVERALL PHASE AMBIGUITY RESOLVED BY CHOOSING A NEGATIVE 
SIGN FOR DELTA(1620) S31 COUPLING TO DELTA(12320 PI, 

N(1440) in N ~  ~ A(1232) ~, P-wave SORT(El*P5) 
R3 A ~0.30 OR ÷0.37 LONGACRE 75 IPWA Pl N TO 2PI N 
R5 B (+0m410 LONGACRE 77 IPWA PIN TO 2PI N 
R3 B LONGACRE 77 CONSIDER THIS COUPLING TO HE WELL DETERMINED. 
R3 E - (LARGE) MANLEY 84 lPWA Pl N TO 2El N 
R3 E MANLEY 84 CONSIDER THIS COUPLING SIGN TO BE HELL DETERMINED. 

N(1440) in N ~  ~ N p, S = 1 / 2 ,  P-wave SQRT(PI*PG) 
R4 A 0.0 DR +0.23 LONGACRE 75 IPWA PIN TO 2El N 
R4 B (-0.110 LONGACRE 77 IPWA Pl N TO EEl N 
R4 (0.01 MANLEY 84 IPWA P IN  TO 2El N 

N(1440) in .N~ ~ N p ,  S = 3 / 2 ,  P-wave SBRT(PI*P7) 
R5 B (+0,18) LONGACRE 77 IPWA Pl N TO 2El N 
R5 B LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 
R5 (0.00 MANLEY 84 IPWA Pl N TO 2PI N 

N(1440) in N ~ - -  ,N" (~Yr)s.wa, e BQRT(PI*PB) 

R6 A -0.18 OR -0.23 LONGACRE 75 IPWA Pl N TO 2El N 
R6 B (-0.18) LONGACRE 77 IPHA PIN TO 2Pl N 
R6 * (LARGE) MANLEY 84 IPHA PIN TO 8PI N 

N(1440) PHOTON DECAY AMPLITUDES (GeV ]/2) 

N(1440) -- p %  he l ie i ly=I /2  (GeV J/z) 
81 0.087 0.006 FELLER 76 DPWA Pl N PHOTOPROD. 
81 -8.038 0.013 AZNAURYAN 77 DPWA PIO PHTPRDzSOL I 
81 -0.019 0.011 AZNAURYAN 77 DPWA PIO PHTPRD,SOL 0 
81 (0.076) BERENDS 77 IPWA PI-N PHOTORROD. 
81 -0.075 0.015 BARBOUR 78 DPWA PI-N PHOTOPROO. 
81 N (-0.1250 NOELLE 78 PI-N PHOTOPROD. 
~I N CONVERTED ~0 OUR CONVENTIONS USING M=I.486, W=.618 FROM NOELLE 78. 
81 -0.069 0.DO& ARM 80 OPWA PIN PHOTO FIT I 

-0.066 0.004 ARAI B0 DPWA P IN  PHOTO FIT 2 
81 -0.079 0.009 BRATASHEV 80 DPWA P IN  PHOTORROD. 
81 -0.068 0.015 CRAWFORD 80 DPWA Pl N PHOTOPROD. 
~I -0.058~ 0.0148 ISHII 80 DPHA P COMRTON BCA~ 
A" -0.063 0.008 AWAJI 81 DPHA Pl N PHOTOPROD. 

-0.069 0.018 ~" CRAWFORD 83 IPHA Pl N PHOTOPROD. 
A1 p (-0.129) WADA 84 DPWA COMPTON SCATT. 
81 ~ :NCONSISTENT WITH OTHER ANALYSES -- SEE MINI-REVIEW. 

N(1440) ~ ~ ,  he l ie i ty=l /2  (GeV J/2) 
~2 +0.059 0.016 BARBOUR 78 DPWA PI-N PHOTOPROD. 
82 N (0.0620 NOELLE 78 Pl N PHOTOPROD. 
82 0.023 0.009 ARAI BO DPWA P IN  PHOTO FIT I 
82 0.019 0.012 ARAI 80 DPWA P IN  PHOTO FIT 8 
82 0.056 0.015 CRAWFORD 80 DPWA PIN PROTOPRDD. 
82 -O.OE9 0.035 TAKEDA 80 DPWA Pl N PHOTOPROD. 
82 0,037 0.010 AWAJI 81DPWA Pl N PHOTOPROD. 
AE 0.030 0.003 FUJII 81 DPWA Pl N PHDTOPROD. 
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REFERENCES FOR N(1440) 

FOR EARLY REFERENCES, SEE PHYSICS LETTERS 1110 (1982). 

FELTESSE 75 NP H93 242 +AYED,BAREYRE,BORGEAUD,DAVID,ERNWEIN~(SACL)IJP 
LONGACRE 75 PL SSB 415 +ROSENFELD,LASINSKI,SMADJA+ (LBL÷SLAE)IJP 
FELLER 78 NP 0104 219 ÷FUKUBHIMA,HORIKAWA,KAJIKAWA* (NAGO÷OSAK)IJP 
AZNAURYA 77 EEl 264(57)-77 *AKOPOV,EAGDASARYAN (YERE)IJP 
BERENDS 77 NP B136 317 F A BERENDS,A DONNACHIE ([EID+MCHS)IJP 
LONGACRE 77 NP B122 493 LONGACRE,DOLBEAU (SACL)IJP 

ALSO 76 NP BI08 365 DOLBEAU,TRIANTIS,NEVEU,CADIET (SACL)IJP 
BARBOUR 78 NP B141 253 HARBOUR,CRAWFORD,PARSONS (GLAS) 
LONGACRE 78 PR D17 1795  ~LASINSKI,ROSENFELD,SMADJA+ (LBL*SLAC) 
NOELLE 78 PTP 60 778 P BOELLE (NAGO) 
BAKER 79 NP B156 93 *BROWN,CLARK,DAVIES,REPAGTER,EVANS~ (RHEL)IJP 
CUTKOSKY 79 PR D2O 2839  +FORSYTH,HENDRICK,KELLY (CARN÷LBL)IJP 
HOEHLER YR HANDBOOK OF PI-N SCATTERING, PHYSIK OATEN VOL.12 1 

÷KAISER,KDCH,PIETARINEN (KARL)IJP 
ALSO 80 TORONTO CONE 3 R KOCH (KARL)IJR 

ARAI 80 TORONTO CONE 93 I ARAI (TOKY) 
ALSO 82 NP B194 251 I ARAI, H FUJII (TOKY) 

BRATASHE 80 NP 0168 585 BRRTASHEVSKIJ,GORBENKO,DEREBCHINSKIJ÷(KHAR) 
CRAWFORD 80 TORONTO CONF 107 R i GRAWFORD (GIAS) 
CUTKDSKY 80 TORONTO CONE 19 +FORSYTH,BABCOCK,KELLY,HENDRICK (CARN*LBL)IJP 
ISHII  BO NP D165 189 IBHII,EGAWA,KATO,MIYACHI+ (KYOT÷TOKY) 
TAKEDA 80 NP 0168 17 TAKEDA,ARAI,FUJII,IKEDA,IWASAKI+ (TOKY) 
AWAJI 81 BONN EONF 352 R KAJIKAHA (TALK) (NAGO) 

ALSO 82 NP 0197 365 FUJII,HAYASHII,IHATA,KAJIKAWA+ (NAGO) 
FDJII 81 NP B187 53 FUJII,HAYASHII,IHATA,I(AJIKAWA÷ (TOHY) 
CRAHFORD 83 NP B211 1 R L CRABFORD, W T MORTON (GLAS) 
HAWLEY 84 PR 030 904 MANLEY,ARNDT,GORADIA,TEPLITZ (VPI) 
WADA 84 NP 0247 313 ÷EGAWA,IMANISHI,ISHII,KATO,UKAI+ (INUS) 
ARNDT 85 PR 032 1085 R A ARNDT, J M FORD, L D ROPER (VPI) 

I N(1520) D13 I z(:P)-½(~ ) Stat . . . . . . .  

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOW OBSOLETE AND HAVE 
BEEN ON;TTED. THEY MAY BE FOUND IN OUR 1982 EDITION (PHYSICS LETTERS 
111B). 

IN ADDITION, RESULTS IN THIS REGION FROM PRODUCTION EXPERIMENTS, 
WHICH USED IO BE LISTED SEPARATELY AS THE NEXT ENTRY, HAVE BEEN 
ENTIRELY REMOVED. THEY TO0 MAY BE FOUND IN OUR 1982 EDITION. 

N(1520) MASS (MeV) 

N A 1524. OR 1520. LONGACRE 75 IRWA Pl N TO 2El N 
M A THE 2 SETS OF PARAMETERS ARE FROM METHODS I AND 2 OF LONGAERE 75. 

(1510.00 BERENDS 77 IPWA PI-B PHOTOPROO. 
B (1510.0) LONBACRE 77 IRWA PIN TO 2El N 

M H ALL LONGAERET7 PARAMETERS ARE FROM SOLUTION $2, EXCEPT FOR THE POLE 
M B POSITION WHICH IS FROM SOLUTIONS SI AND CI. 

(1503.0) BARBOUR 78 DPHA PI-N PHOTOPROD. 
(1525.0) (15.00 CUTKOSKY 79 IPHA PIN TO Pl N 

M 1519.0 ~.0 HOEHLER 79 IPWA P IN  TO Pl N 
M (150~.0) CRAWFORD 80 DRWA P IN  RHOTOPROD. 
M 1525.0 10.0 CUTHOSKY BO IPWA Pl N TO Pl N 

W A 

W B 
W 
W 

w 
w 

N(1520) WIDTH (MeV) 

120. OR 150. 
(105.00 
(110.00 
(135.00 
(183.00 
(125.00 (25.0) 
114.0 7.0 

(124.00 
IEO.O 15.0 

LONGACRE 75 IPWA P IN  TO 2El N 
BERENDS 77 IPWA PI-N PHOTOPROD. 
LONGACRE 77 IPWA P IN  TO 2El N 
BARHOUR 78 DPWA PI-N PHOTOPRDD. 
BAKER 79 DPWA 0 El -  P TO ETA N 
CUTKOSKY 79 IPWA PIN TO PI H 
HOEHLER 79 IPWA PIN TO PIN 
CRAWFORD 80 DPWA PIN PHOTOPROD. 
CUTKOBKY 80 IPWA Pl N TO P IN  

N(1520) REAL PART OF POLE POSITION (MeV) 

RE B 1508.0 OR 1505.0 
RE 1514.0 OR 1511.0 
RE (1510.00 
RE 1510.0 5.0 
RE (1510.) 

LONGAERE 77 IPHA Pl N TO 2Pl N 
LONGACRE 78 IPWA Pl N TO 2El N 
COTKOSKY 79 IPWA Pl N TO Pl N 
CUTKOSKY BO IPWA P IN  TO Pl N 
ARNDT 85 DPWA Pl N TO P IN  

N(1520) - 2 * I M A G  PART OF POLE POSITION (MeV) 

109.0 DR 107.0 
146.0 OR 137.0 

(114.0) 
114.0 10.0 

(122.) 

LONGACRE 77 IPWA P IN  TO 2El N 
LONGACRE 78 IPWA Pl N TO 2El N 
CUTKOBKY 79 IRWA P IN  TO Pl N 

ARNDT 85 DPWA PI TO PI 

RER 
RER 

N(1520) REAL PART OF ELASTIC POLE RESIDUE (MeV) 

(84.00 CUTKOSKY 79 IPWA P IN  TO RI N 
34.0 E.O CUTKOBKY 80 IPWA P IN  TO PI H 

IMR 
IMR 

N(1520) IMAG PART OF ELASTIC POLE RESIDUE (MeV) 

( -8 .0)  CUTKOBKY 79 IPWA P IN  TO Pl N 
-7.0 3.0 CUTKOSKY 80 IPWA P IN  TO PI N 
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Baryon Full Listings 
N(1520), N(1535) 

N(1520) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

P1 N(1520) ~ N ~ 938+ 140 
P2 N(1520) ~ N g 940+ 549 
P3 N(1520) ~ A K  1116+ 408 

R4 N(1520) ~ N ~ 938+ 140÷ 140 

P5 N(1520) ~ A(1232) ~,  S-wave 1232+ 140 

P6 N(1520) ~ A(1232) ~,  D-wave 1232. 140 

P7 N(1520) ~ N p,  S - 1 / 2 ,  D-wave 938+ 769 

P8 N(1520) -- N p, S=3/2 ,  S-wave 938+ 769 

P9 N(1520) ~ N p, S-3 /2 ,  D-wave 938+ 769 

PIO N(1520) ~ N(w~)S.wav e 938. 140÷ 140 

Pl1 N(1520) ~ P T ,  he l /c i ty~ l /2  938+ O 

plS N(I520) ~ p % helici ty~3/2 938+ 0 
Pl3 N(1520) + n %  he l ic i ty~ l /2  940+ O 
P14 N(1520) + n % helici ty=3/2 9~0* o 

N(1520) B R A N C H I N G  R A T I O S  

N(1520) ~ ( N ~ ) / t o t a l  (Pl) 

RI (0.56) (0.06) CUTKOSKY 79 IPWA Pl N TO PIN 
RI 0.54 0.03 HOEHLER 70 [PUN Pl N TO PIN 
RI O.5B 0.03 CUTKOGKY 80 IPWA Pl N TO Pl N 

N(1520) in N ~  ~ N ~ SQRT(PI*P2) 

R2 +0.011 OR +0.088 FELTESSE 75 DPHA 0 1488 TO 1745 MEV 
R2 (Om02) BAKER 79 DPHA 0 Pl- P TO ETA N 

R NOTE: SIGNS OF COUPLINGS FROM Pl N INTO N Pl PI ANALYSES CHANGED 
R IN 1986 EDITION TO AGREE WITH BARYON FIRST CONVENTION WITH 
R THE OVERALL PHASE AMBIGUITY RESOLVED BY CHOOSING A NEGATIVE 
R SIGN FOR DELTA(q620) S31 COUPLING TO DELTA(1232) Pl. 

N(1520) in N ~ + A(1232) ~ ,  S-wave  SGRT(PI~PS) 
R3 A -0.27 OR -0.24 LONGACRE 75 IPWA P IN  TO 2P1 N 
R3 B (-0.28) LONGACRE 77 IPWA P IN  TO 2PI N 
R3 B LONGACRS 77 CONSIDER ~HIS COUPLING TO BE WELL DETERMINED. 
R3 C - (LARGE) MANLEY S4 IPWA Pl N TO 2PI N 
R3 C MANLEY 8~ CONSIDER THIS COUPLING SIGN TO BE HELL DEIERMINED. 

N(1520) in N ~ ~ A(1232) w, D-wave SORT(PI*P6) 

R4 A -0.2~ OR -0.30 LONGACRE 75 IPWA Pl N TO 2PI N 
R4 B (-0.21) LONGACRE 77 IPHA Pl N T0 2PI N 

R6 B LONGACRE 77 CONSIDER THIS COUPLING TO BE HELL DEIERMINED. 
R4 C - (LARGE) MANLEY 84 IPWA Pl N T0 2Pl N 
R4 C MANLEY BG CONSIDER THIS COUPLING SIGN TO BE WELL DETERMINED. 

N(1520) in N ~  + N p,  S = 3 / 2 ,  S-wave SGRT(PI*R8) 
R5 A -0.32 OR -0.24 LONGAGRE 75 ]PWA Pl N TO 2Pl N 
R5 B (-0.35) LONGACRE 77 IPWA PIN TO 2Pl N 
R5 B LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 
R5 ~ (LARGE) Pl N TO 2PI N 
Ro . . . . .  ; 84 c . . . . . . . . . . . . . . . . .  ~R~N +oS~EI~ . . . . . . . . . . . .  

N(1520) in N ~  ~ N(7r~')s.wave SQRTCPI*P10) 

R6 A O.O OR -0.17 LONGACRE 75 IPWA Pl N TO 2Pl N 
R6 B (-0.13) LONGACRE 77 IPWA Pl N TO 2Pl N 

N(1520) P H O T O N  DECAY A M P L I T U D E S  (GeV z/z) 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI- 
REVIEW PRECEDING SHE BARYON LISTINGS. 

N(1520) ~ p T, h e l i c l t y : l / 2  (GeV -1/2) 
AI -0.005 0.005 FELLER 76 DPWA PIN PHOTOPROD. 
AI -O.OOS 0.003 AZNAURYAN 77 DPWA PlO PNTPRD,SOL I 
AI -0.030 0.002 AZNAURYAN 77 DPWA RIO PHTPRD,SOL 2 
AI (-0.021) BERENDS 77 IPWA PI-N PHOTOPROD. 
AI PI-N PHOTOPROD. 

PI-N DGOTOPROD. 
FROM NOELLE 78. 
PIN PHOTO FIT I 
PIN PHOTO FIT 8 
Pl N PHOTOPROD. 
Pl N DHOTOPROD. 
P CDMPTON SCAT 
PIN  PHOTOPROD. 
PIN PHOTOPRDD. 
COMPTON SCATT. 

AI 
AI 
AI 
AI 
AI 
AI 
AI 
AI 
AI 
AI 

N 0 5 2 0 )  
42 
A2 
A2 
42 
42 
A2 N 
A2 
42 
42 
42 
42 
42 
AG 
A2 

N(1520) - -  
A3 
A3 N 
A3 
A3 
A3 
A3 
A3 
A3 

-0.018 0.008 BARBOUR 78 DPWA 
(-0.008) NOELLE 78 

CONVERTED TO OUR CONVENTIONS USING M=I.528, W~.187 
-0.032 0.005 ARAI 80 DPHA 
-0.032 0.004 ARAI 80 DOWA 
-0.031 0.009 BRATASHEV 80 DPWA 
-0.019 0.007 CRAWFORD 80 DPWA 
-0.0430 0.0063 ISHII 80 DPWA 
-0.007 0.004 AWAJI 81 DPWA 
-0.028 0.014 CRAW~ORD 83 IPWA 

( 0 . 0 1 2 )  WADA 84 DPWA 

p %  h e l i c i t y : 3 / 2  (GeV i n )  
÷0.164 0.008 FELLER 76 OPWA P I N  PHOTOPROD. 
+0.182 0.006 AZNAURYAN 77 DPWA PIO PHTPRD,SOL 1 
+0.133 0.002 AZNAURYAN 77 DPWA PlO PHTPRD,SOL 2 

(+0.075) BERENDS 77 IPWA PI-N PHOTOPROD. 
+0.157 0.007 BARBOUR 78 DPWA PI-N PHOTOPROD, 
(0.206) NOELLE 78 PI-N PHOTOPROD. 
0.178 0.003 ARAI 80 DPWA Pl N PHOTO FIT 1 
0.162 0.003 ARAI 80 DPWA Pl N PHOTO FIT 2 
0.166 0.005 SRATASREV 80 DPWA PIN PHOTOPROD. 
0.167 0.010 CRAWFORD 80 DPWA PIN PHOTOPROD. 
0.1695 0.0014 ISHII 80 OPWA P COMPTON SCAT 
0.168 0.013 AWAJI 81DPWA PIN PHOTOPROD. 

PIN PHOTORROD. 
COMPTON SCANT. 

0.156 0.022 CRAWFORD 83 IPWA 
(0.~68) WADA 84 DPWA 

n % h e l i e i t y : l / 2  (GeV -1/2) 
-0.055 0.014 BARBOUR 78 DPWA 

(-0.060) NOELLE 78 
-0.0?6 0.006 ARAI 80 DPWA 
-0.071 0.011 ARAI 80 DPWA 
-0.056 0.011 CRAWFORD 80 DPWA 
-0.050 0.014 TAKEDA 80 DPHA 
-0.066 0.013 AWAJI 81 DPHA 
-0.067 0.004 FUJII 81DPWA 

PI-N PROTOPROD. 
PI-N PHOTOPROD. 
PI PHOTO FIX I 
Pl PHOTO FIT G 
Pl PHOTOPROD. 
PI PHOTOPROD. 
PI PHOTOPROD. 
Pl PHOTOPR00. 

V(1520) + n 7,  he l ie i ty=3/2  (GeV 1'2) 
44 -0.141 0.015 BARBOUR 78 DPWA Pl ~ PHOTOPROD. 
A4 N (-0.127) NOELLE 78 Pl N PHOTOPROD. 
A4 -0.147 0.008 ARAI 80 DPWA Pl PHOTO FrT I 
44 -0.148 0.009 ARAI 80 DPWA Pl PHOTO TIT 2 
~4 -0.144 0.015 CRAHFORD 80 DPWA Pl PHOTOPROD. 
A4 -0.118 0.011 TAKEDA 80 DPWA Pl PHOTOPROD. 
~4 -0.124 0.009 AWAJI 81 DPHA Pl PHOTOPROD. 
A4 0.158 0.003 FUJII 81 DPWA Pl PHO~OPROD. 

REFERENCES FOR ~N(1520) 

FOR EARLY REFERENCES, SEE PHYSICS LETTERS 1118 (190E). 
FOR VERY EARLY REFERENCES, SEE RMP 37, 633 (1965). 

FELTESSE 75 NP 893 242 *AYEB,SAREYRE,BORGEAUD,DAVID,ERNWEIN+ISACL)IJP 
LONGACRE 75 PL S5B 415 +ROSENFELD,LASINSKItSMADJA+ (LBL+SLAC)IJP 
TELLER 76 NP 0104 219 +FUKUSHIMA,HORIKAWA,KAJIKAWA+ (NAEO~OSAK)IJP 
AZNAURYA 77 EFI-264(57) 77 -AKOPOV,BAGDASARYAN (YERE)IJP 
BERENDB 77 NP 8136 317 F A BERENDS,A DONNACHIE (LEID+MCHS)IJP 
LONGACRE 77 NP 8122 493 LONGACRE,DOLBEAU (SACL)IJP 

ALSO 76 NP BI08 365 DOLBEAU,TRIANTIS,NEVEU,CADIET (SACL)IJP 
BARBOUR 78 NP 8141 253 BARBOUR,CRAWFORD,PARSONS (BLAB) 
LONGAERE 78 PR 017 1795 +LASINSKI,RDSENFELD,SMADJA+ (LBL*SLAC) 
NOELLE 78 PTP 60 778 P NQELLE (NABO) 
BAKER 79 NP 8156 93 +BROWN,CLARK,DAVIES,DEPAGTER,EVANS+ (RHEL)IJP 
CUTKOSKY 79 RR 020 2839 +FORSYTR,HENDRICK,KELLY (CARN+LBL)IJP 
HOEHLER 79 HANDBOOK OP PI-N SCATTERING, PHYSIK OATEN VOL.IR-I 

+KAIBER,KOCR,PIETARINEN (KARL)IJP 
ALSO 80 TORONTO CONF 3 R KOCH (KARL)IJP 

ARAI 80 TORONTO CONF 93 I ARAI (TOKY) 
ALSO 82 NP 8194 251 I ARAI, H FUJII (TDKY) 

BRATABHE 80 NP G166 525 BRATASHEVSKIJ,GBRBENKO,DEREBCHINSKIJ~(KHAR) 
CRAWFORD 80 TORONTO CONF 107 R L CRAWFORD (BLAB) 
CUTKOSKY 80 TORONTO CONF 19 ÷FORSYTH,BABSOCK,KELLY,HENDRICK (CARN+LBL)IJP 
ISHI I  80 NP S165 189 ISHII,EGAHA,KATO,MIYACH[+ (KYOT-TOKY) 
TAKEOA 80 NP B188 17 TAKEDA,ARAI,FUJII,IKEDA,IWASAKI+ (TOKY) 
AWAJI 81 BONN CONF 352 R KAJIKAWA (TALK) (NAGO) 

ALSO 82 NP B197 865 FUJII,HAYABHII,IWATA,KAJIKAWA+ (NAGO) 
FUJII 81 NP B187 53 FUJII,HAYASHII,IWATA,KAJIKAWA+ (TOKY) 
ERAWFORD 83 NP B211 1 R L CRAWFORDt W T MORTON (GLAS) 
MANLEY B4 PR 030 904 MANLEY,ARNDT,GORADIA,TEPLITZ (VPl) 
WADA 84 NP 8247 313 +EGAWA,IMANISHI,ISHTI,KATO,UKAI+ (INUS) 
ARNDT 85 PR 032 1085 R A ARNDT, J M FORD, L D RO9ER (VPl) 

I I p i I N(1535) Sll I(J ) = ~ ( ~  ) StaI  . . . . . . .  

MOST OF THE RESULTG PUBIISHED BEFORE 1975 ARE NOW OBSOLETE AND HAVE 
BEEN OMITTED. TREY MAY BE FOUND IN OUR 1982 EDITION (PHYSICS LETTERS 
1110). 

N(1535) M A S S  (MeV) 

A 1520. OR 1510. LONGACRE 75 IPHA Pl N TO 2PI N 
A THE Z SETS OF PARAMETERS ARE PROM METHODS I AND 2 OF LONGACRE 75. 

M (1500.0) BERENDE 77 IPWA PI-N PROTOPROD. 
M 1547.0 6.0 BHANDARI 77 BPWA 0 USES ETA N CUSP 

S (1520.0) LONEACRE 77 IPWA PIN ~0 SPl N 
G ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION SE, EXCEPT FOR THE POLE 

M B POSITION WHICH IS FROM SOLUTIONS $I AND CI. 
(1511.0) BARBQUR 70 DPWA PI-N PHDTOPROD. 
(1540.0) (20.0) CUTKOSKY 79 IPWA Pl N TO Pl N 
1528.0 7.0 ROEHLER 79 IPWA Pl N TO PIN 

(1513.0) CRAWFORD BO DPWA Pl N PHOTOPROD. 
M 1550.0 40.0 CUTKOGKY 80 IPWA PIN TO PIN 

W A 

W 
W B 
W 
W 

w 
W 

N(1535) W I D T H  (MeV) 

75. OR 100. 
(57.0) 
139.0 33.0 

(135.0) 
(132.0) 
(180.01 
(270.D) (50.0) 
120.0 20.0 

(136.0) 
240.0 80.0 

LONGACRE 75 IPWA Pl N TO 2PI N 
BERENDS 77 IPWA Pl N PHOTOPROD. 
BHANDARI 77 DPW~ 0 USES ETA N CUSP 
LONGACRE 77 IPHA Pl N TO 2PI N 
BARBOUR 70 DPWA PI-N PROTOPROD. 
BAKER 79 DPWA 0 P l -  P TO ETA N 
CUTKOSKY 79 IPWA Pl N TO Pl N 
HOEBLER 79 IPWA Pl N T0 Pl N 
CRAWFORD 80 DPWA P IN  RHOTOPROD. 
CUTKOSKY 80 IPWA Pl N TO PIN 

N(1535) REAL PART OF POLE P O S I T I O N  (MeV) 

1519.0 A.O BHANDARI 77 DPWA 0 USES ETA N CUSP 
1525.0 DR 1527.0 LONGACRE 77 £PWA Pl N TO 2PI N 
1496.0 OR 1499.0 LONGACRE 7D IPWA Pl N TO EPI N 

(1465.0) CUTKOSKY 79 IPHA Pl N TO Pl N 
1510.0 80.0 OUTKOSKY 80 IPHA Pl N TO Pl N 

(1461.) ARNDT 85 DPWA Pl N TO Pl N 

N(1535) - 2 * I M A G  PART OF POLE P O S I T I O N  (MeV) 

140.0 32.0 BHANDARI 77 DPWA 0 USES ETA N CUSP 
135.0 OR 123.0 LONEACRE 77 IPWA PIN TO EPI N 
103.0 OR 105.0 LONGACRE 78 IPWA PIN TO 2Pl N 

(256.0) CUTKOSKY 79 IPWA Pl N TO Pl N 
260.0 80.0 CUTKOSKY 80 IPWA PIN TO PIN 

(140.) ARNDT 85 DPWA Pl N TO PI N 



For m~lalion, see/,'e3" on page 91. 

N ( 1 5 3 5 )  R E A L  P A R T  O F  E L A S T I C  P O L E  R E S I D U E  ( M e V )  

RER 20.0 21.0 
RER (48.0) 
HER 116.0 46.0 

BHANDARI 77 DPWA 0 USES ETA N CUSP 
EUTKOSKY 79 IRWA Pl N TO PI N 
CUTKOSKY 80 IPWA Pl N TO PIN 

N ( 1 5 3 5 )  I M A G  P A R T  O F  E L A S T I C  P O L E  R E S I D U E  (M~Y)  

IMR 15.0 8.0 
I~R ( -67 .0 )  
INR 31.0 92,0 

BHANDARI 77 OPWA 0 USES ETA N CUSP 
CUTKOSKY 79 IPWA P I N  TO PI N 
CUTKOSKY 80 IPWA P I N  TO P I N  

N ( 1 5 3 5 )  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

Pl N(1535)  ~ N ~ 938+ 140 

P2 N(1535)  ~ N ~ 940. 549 
P3 N(1535)  ~ A K  1116. 498 

P4 N(1535)  ~ N ~ 938+ 140+ 140 
P5 N(1535)  ~ 5.(1232) w, D-wave  1232+ IL0 

P8 N(1535)  ~ N p. S ~ 1 / 2 ,  S -wave  938. 769 
p7 N(1535)  ~ N p, S = 3 / 2 ,  D-wave 938+ 769 

98 N(1535)  ~ N ( ~  ~)S.wave 938+ 140+ 140 

p9 N(1535)  ~ p %, he l i c i t y -  1/2 938. 0 

PlB N(1535)  ~ n % he l i c i t y -  1/2 940~ 0 

N ( 1 5 3 5 )  B R A N C H I N G  R A T I O S  

N ( 1 5 3 5 )  ~ ( N ~ ) / t o t a l  4P~) 
R1 0.297 0.026 BHANDARI 77 DPRA 0 USES ETA N CUSP 
R1 40.45) 40.06) CUTKOSKY 79 IPWA Pl N TO Pl N 
R1 0.38 0.04 HOEHLER 79 IPWA P I N  TO P[ N 
R1 0,50 0.10 COFKQSKY 80 IPWA Pl N TO PIN 

N ( 1 5 3 5 )  in N ~ ~ N ~ SORT(PI*PE) 
RE 4+0.48) FELTESSE 75 DPWA 0 1488 TO 1745 MEV 
R2 (÷0.33) BAKER 79 DPWA 0 PI~ P TO ETA N 

NOTE: SIGNS OF COUPLINGS FROM Pl N INTO N Pl PI ANALYSES CHANGED 
IN 1986 EDITION TO AGREE WITH BARYON-FIRST CONVENTION WITH 

R THE OVERALL PHASE AMBIGUITY RESOLVED BY CHOOSING A NEGATIVE 
R SIGN FOR DELTA(1620) $31 COUPLING TO DELTA41232) PC. 

N ( 1 5 3 5 )  in N ~ ~ A(1232) ~ ,  D-wave  SQRT(PI*PS) 
R3 A O.O OR -B.06 LONGACRE 75 IPWA PIN TO 2PI N 
R3 B (O.O0) LONBACRE 77 IPWA P[N TO 2PI N 

N ( 1 5 3 5 )  in _ N ~  ~ N p ,  S = 1 / 2 ,  S - w a v e  SQRT(PI*P6) 
R4 A 0.12 OR -0.09 LONGACRE 75 IPWA Pl N TO 2PI N 
R4 B ( - 0 , 1 0 )  LBNGACRE 77 IPWA Pl N TO 2Pl N 
R4 £ (SMALL) MANLEY 84 IPWA Pl N TO 2PI N 
R4 C MaNLEY 84 CONSIDER THIS COUPLING SIGN TO BE WELL DETERMINED. I 

N ( 1 5 3 5 )  in  N ~  ~ . ~ r (~W)s .~ave  SORTGPI*PB) 

R5 A 0.1 OR +0.09 LONGACRE 75 IPWA P I N  TO 2PI N 
RB 8 (+0.08) LONGACRE 77 IPWA Pl N TO 2Pl N 
R5 C + (SMALL) MANLBY 84 IPWA Pl N TO 2Pl N I 
R5 C MANLEY 84 CONSIDER TH[S COURTING SIGN TO BE WELL DETERMINED. I 

N ( 1 5 3 5 )  ~ (p  T) / to ta l  (PO) 
R6 D B.0020 B.0007 BEANS 72 MPWA P ETA PHOTOPROD. 
R5 D BR~(DEANSTS RADIATIVE WIDTH)/(NOMINAL FULL WIDTHs210 MEV) 
R6 D THE HIGKS73 ENTRY UNDER R7 IS A MORE RECENT RESULT BY SAME GROUP. 

N(1535)  in p T - -  p ~ SQRT(P9*P2) 

R7 (0.0366) HICKS 73 MPWA GAM P-ETA P 

N(1535) P H O T O N  D E C A Y  A M P L I T U D E S  (GeV -1/2) 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI- 
REVIEW PRECEDING THE BARYON LISTINGS. 

N(1535)  - -  p %  h e l i c i t y ~ l / 2  ( B e Y  I/2) 
81 +O.OTO O.OOG ~ELLER 76 DPWA 
81 +0.046 0.007 AZNAURYAN 77 DPWA 
81 +0.I01 0.812 AZNAURYAN 77 DPWA 
81 (+0.034) BERENDS 77 IPWA 
~I +O.08E 0.019 BARBOUR 78 DPWA 
A" N (0 .046 )  NOELLE 78 
~" N COKVERTED TO OUR CONVENTIONS USING M=1.BG8, W=.078 
A" 0.083 0.007 ARAI 80 DPWA 
81 O.OSO 0.007 ARAI 80 DPWA 
AI 0.029 0.007 BRATASHEV 80 DPWA 
AI 0.065 0.016 CRAWFORD 80 DPWA 
81 0.0704 0.0091 ISHII 80 DPWA 
A1 0 , 0 7 7  0.021 AWAJI 81 DPW~ 
al 0.053 0.015 CRAWFORD 83 IPWA 
AI (0.055) WADA 84 DPWA 

~%(1535) ~ n ~,  h e l i c i t y = l / 2  (GeV - I / 2 )  
~2 -o.1~2 B03G BARBOU~ 78 DPWA 

N (~O.O&S) NOLLE 78 
~2 -EB~S 0.819 ARAI 80 O~WA 
a2 - 0 .075  0.018 ARAI 80 OPWA 
82 -0.098 0.026 CRAWEORD 80 DPWA 
82 -B.01~ 0.017 
82 0.035 0.014 
AZ -B.OSZ O.O0~ 

Pl N PHOTOPROD. 
PlO PHTPRB,SOL I 
PIO PHTPRD,SOL 2 
PI-N PHOTOPROD. 
Pl N PHOTOPROD. 
PI-N PHOTOPROD. 
FROM NOELLE 78. 
Pl N PHOTO F I I I  
Pl N PHOTO FIT 8 
Pl N PHOTOPROD. 
Pl N PHOTOPROD. 
P EOMPTON SCAT 
PI ~ PHOTOPROD. 
PI PHOTOPROD. 
COMPTON SCATT. I 

Pl N PHOTOPROD. 
PI-N PHOTOPROD. 
P IN  PHOTO FIT I 
Pl N PHOTO FIT 2 
Pl N PHOTOPROD. 

TAKEDA 80 DPWA P IN  PHOTOPROB. 
AWAJI 81 DPWA PIN PHOTOPROD. 
FUJII 81 DPWA P IN  PHOTOPROD. 

2 6 3  

Baryon Full Listings 
N(I 535), N(1540) 

R E F E R E N C E S  F O R  N ( 1 5 3 5 )  

FOB EARLY REFERENCES, SEE PHYSICS LETTERS 111B (1982). 

DEANS 72 RN 3 217 +JACOBS, LYONS, HICKS (SFLA+CARN) 
HICKS 73 PR D7 2614 +DEANS,JACOBS,LYONS÷ (CARN~ORNL+BFLA)IJP 
FELTOSBE 75 NP 895 242 +AYED,BAREYRE,BORGEAUD,DAVIO,ERNWEIN+ISACL)IJP 
LONGACRE 75 PL 55B 418 +ROSENFELD,LASINSKIISMAOJA* 4LBL+SLBCIIJP 
FELLER 76 NP 8104 219 ~FUKUSHIMA,BORIKAWA,KAJIKAWA+ (NAGO+OBAK)IJP 
AZNAURYA 77 EFI-264(57)-77 ÷AKOPOV,BAGDASARYAN (YERE)IJR 
BERENBS 77 NP B136 317 F A BERRNDS,A OONNACEIE (LEID~MCHS)IJP 
BHANBARI 77 PR 015 192 R BHANDARI,Y-A CHAO (CARN)IJP 
LONGACRE 77 NP 8122 493 LONBACRE,DOLOEAU (GAOL)lIP 

ALSO 78 NP 8108 365 DOLBEAU,TRIANTIS,NEVEU,CADIET 4BALL)liP 
BARBOUR 78 NP B141 253 BARBOUR,CRAWFORD,PARSONS 4GLAS) 
LONBACRE 78 PR D17 1795 *LASINSKI,ROSEN~ELD,SMADJA+ (LBL+SLAC) 
NOELLE 78 pTP 60 778 P NOELLE (NAG0) 
BAKER 79 NP B156 95 ÷BROWN,OLARK,DAVIES,DEPAGTER,EVANS* (RHEL)IJP 
COTKOBKY 79 PR 020 2839  +FORSYTE,HENDRICK,KELLY (CARN+LBL)IJP 
HOEBCER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK DATEN VOL.12~I 

~KAISER,KOCH,PIETARINEN 4KARL)lIP 
ALSO 80 TORONTO CONF 3 R KOCH IKARL)IJP 

ARAI 80 IORONTO CONF 93 I ARAI 4TOKY) 
ALSO 82 NP 8194 251 I ARAI, H EUJII 4TOKY) 

BRATASHE 80 NP 8166 525 BRATASHFVSKIJ,GORBENKO,BEREBCHINSKIJ+GKRAR) 
CRAWEDRD 80 TORONTO CONE 107 R L CRAWFORD (GLAS) 
EUTKOSKY 80 TORONTO CONE 19 +FORSYTB,BABCOCK,KELLY,HENORICK (EARN÷LBL)IJP 
ISHII 80 NP B165 189 [SHII,EGAWA,KATO,MIYAEHI÷ (KYOT+TOKY) 
TAKEDA 80 NP B168 17 TAKEDA,ARAI,FUJII,IKEDA, IWASAKI+ 4TOKY) 
AWAJI 81 BONN CONF 352 R KAJIKAWA 4TALK) (NAOO) 

ALSO 82 NP 8197 365 FUJII,HAYASHII,IWATA,KAJIKAWA+ (NAOO) 
EUJII 81 NP B1S7 53 FUJII,HAYASHII,IWATA,KAJIKAWA+ (TOKY) 
CRAWFORD 83 NP 8211 1 R L CRAWPORD, W T MORTON 4BLAB) 
MANLEY 84 PR D30 904 MANLEY,ARNDT,GORADIA,TEPLITZ (VPl) 
WADA 84 NP B247 313 +EGAWA,IMANISHI,ISHII,KATO,UKAI+ (INUS) 
ARNDT 85 PR D32 1085 R A ARNDT, J M FORD, L D ROPER (VPI) 

N(1540) P13 [ ~(~P)='  3~ ~ ( ~  ) Sta tus :  * 

OMITTED FROM SU~tMARY TABLE 

THIS RESONANCE HAS NOT BEEN SEEN IN Pl N - ->  Pl N 
ANALYSES, AND ITS EXISTENCE IS THUS DOUBTFUL, 

N ( 1 5 4 0 )  M A S S  ( M e V )  

M A (1540.0) LONGACRE 77 IPW8 Pl N TO 2Pl N 
M A ALL LONGACREFT PARAMETERS ARE FROM SOLUTION $2, EXCEPT FOR THE POLE 
M A POSITION WHICH IS FROM BOLUTION~ SI AND CI. 

N ( 1 5 4 0 )  W I D T H  ( M e V )  

w A 4200.0) LONGACRE 77 IPWA P IN  TO 2PI N 

N(1540) R E A L  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

RE A 1535.0 OR 1482.0 LONGACRE 77 IPRA Pl N TO 2Pl N 

N ( 1 5 4 0 )  - 2 * I M A G  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

IM A 207.0 OR 314.0 LONGAERE 77 IPWA Pl N TO 2Pl N 

N ( 1 5 4 0 )  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

01 N(1540)  ~ N 7r 938* 140 
02 N(1540)  ~ A(1232) ~ ,  P -wave  1232. 140 

P3 N(1540)  ~ N p, S = 1 / 2 ,  P -wave  938. 769 
P4 N(1540)  ~ N p, S = 3 / 2 ,  P -wave  938. 769 

P5 N(1540)  ~ N ( ~ ) s . w a v e  938+ 140- 140 

P8 N(1540)  ~ p T 938+ 0 

N ( 1 5 4 0 )  B R A N C H I N G  R A T I O S  

R NOTE: SIGNS OF COUPLINGS FROM P IN  INTO N Pl Pl ANALYSES CHANGED 
R IN 1986 EDITION TO AGREE WIIH BARYON-FIRST CONVENTION WITH 

THE OVERALL PHASE AMBIGUITY RESOLVED BY CHOOSING AINEGATIVE 
SIGN FOR DELTA(1820) $31 COUPLING TO DELTA(1232) P . 

N ( 1 5 4 0 )  in N ~  ~ A(1232) g ,  P -wave  SQRTGPI*P2) 
R1 A (~0.11) LONGACRE 77 IPWA Pl N TO 2Pl M 

N ( 1 5 4 0 )  in N ~  ~ N p ,  S ~ 1 / 2 ,  P - w a v e  SQRT(Pl*P3) 
R2 A (*0.08) LONGACRE 77 IPWA Pl N TO 2Pl N 

N ( 1 5 4 0 )  in N ~  ~ N p ,  S = 3 / 2 ,  P - w a v e  SGRT(PI*P4) 
R3 A 40.00) LONGACRE 77 IPWA Pl N TO 2Pl N 

N ( 1 5 4 0 )  in N z c  ~ N ( ~ ) s _ w a v  e SQRTIPI*P5) 

R4 A (0.00) LONGACRE 77 IPWA Pl N TO 2PI N 



2 6 4  

Baryon Full Listings 
N(1540), N(1650) 

N ( 1 5 4 0 )  P H O T O N  D E C A Y  A M P L I T U D E S  (GeV - l / a )  

_N(1540) ~ p % h e l i e i t y = l / 2  (GeV 1/2) 
Aq 0.014 0,028 GRAWFORD 83 IOWA P I N  PHOTOPROD. 

N ( 1 5 4 0 )  ~ p % h e l i c i t y - - 3 / 2  (GeV 1/2) 
A2 0.009 0.027 CRAWFORD 83 IOWA Pl N PHDTOPROD. 

R E F E R E N C E S  F O R  N ( 1 5 4 0 )  

LONGACRE 77 NP 8122 493 LONGACRE,DOLBEAU 4SACL)IJP 
ALSO 76 NP 8108 365 DOLBEAU,TRIARTIS~NEVEU,CADIET 4SACL)IJP 

CRAWFORD 83 NP B211 1 R L CRAWFORD, W T MORTON 4GLAS) 

I N(1650) $11 I *(2P):±(4 ) 2 z S ta tus :  * * * *  

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOW OBSOLETE AND HAVE 
BEEN OMITTED. THEY HAY BE FOUND IN OUR 1982 EDITION (PHYSICS LETTERS 
111B). 

N ( 1 6 5 0 )  M A S S  ( M e V )  

41675.0) KNASEL 75 DPWA 0 Pl P TO KO LAM 
1675. OR 1660. LONGACRE 75 IOWA Pl N TO 2Pl N 

THE 2 SETS OF PARAMETERS ~RE FROM METHODS I AND 2 OF LONGACRE 75. 
(1700.0) 45.0) BAKER 77 IPWA 0 PI- P TO K LAM, 
41680.0) BAKER 77 DPWA 0 Pl- P TO K LAM, 

THE TWO ENTRIES FOR BAKER 77 ARE FOR AN IOWA USING THE BARRELET 
ZERO METHOD AND A CONVENTIONAL ENERGY-DEPENDENT ANALYSIS. 

(1700,0) LONGACRE 77 IOWA Pl N TO 2Pl N 
ALL LONGACRE77 PARAMETERS ARE FROM SDLUTION $2, EXCEPT FOR THE POLE 
POSITION WHICH IS FROM SOLUTIONS SI AND C1. 

(1680.0)  BAKER 78 DPWA 0 P l -  P TO K LAM 
41694.0) BARBOUR 78 OPWA PI-N PHOTOPROD. 
(1640.0)  (30 .0)  CUTKOSKY 79 IOWA Pl N TO Pl N 

1670.0 B.0 HOEHLER 79 IOWA Pl N TO Pl N 
(1608.0) CRAWFORD 80 DPWA Pl N PHOTOPROD. 
1650.0 30.0 CUTKOSKY 80 IOWA PIN TO PIN 

41672.0) MUGEITE 80 IOWA 0 Pl- P TO K LAM 
41680.0) SAXON 8D DPWA 0 PI- P TO K LAM 

N ( 1 6 5 0 )  W I D T H  ( M e V )  

W (170.0) 
W A 150. OR 130. 
g B 4130.0) (10.0) 
W B 490.0) 
W C 4170.0) 
W (90 ,0 )  
w 4193,0) 
w (140.0) (40.0) 
w 180.0 20.0 
w (183.0) 

150.0 40.0 
4179.0) 

w (120.0)  

KNASEL 75 DPWA O P l -  P TO KO LAM 
LONGACRE 75 IPWA Pl N TO 2PI N 
BAKER 77 IOWA O P l -  P TO K LAM. 
BAKER 77 DPWA 0 P l -  P TO R LAM. 
LONGACRE 77 IOWA Pl N TO 2Pl R 
BAKER 70 DPWA 0 PI-  P TO K LAM 
BARBOUR 78 DPWA PI-N PHOTOPROD. 
CUTKOSKY 79 IOWA Pl N TO P I N  
HOEHLER 79 IOWA Pl N TO P I N  
CRAWFORD 80 DPWA Pl N PHOTOPROD. 
CUTKOSKY 80 IOWA P I N  TO P I N  
MUSETTE 80 IOWA ~ PI- ~ I0 ~ LAM 
SAXON 80 DPWA PI- TO LAM 

N ( 1 6 5 0 )  R E A L  P A R T  O F  P O L E  P O S I T I O N  ( M e Y )  

RE C 1699.0 OR 1698.0 
RE 1648.0 OR 1651.0 
RE (1639.0) 
RE 16A0,0 20.0 
RE (1660.) 

LONGACRE 77 IPWA Pl N TO 2Pl N 
LONGACRE 78 IOWA P I N  TO 2Pl N 
CUTKOSKY 79 IOWA P I N  TO Pl N 
CUTKOBKY 80 IOWA P I N  TO P I N  
ARNDT 85 DPWA Pl N TO P I N  

N ( 1 6 5 0 )  - - 2 * I M A G  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

IM C 17~.0 OR 173.0 
IM 117.0 OR 119.0 
IM (140.0) 
IM 150.0 3D.0 
IM 4122.) 

LONGACRE 77 IOWA Pl N TO 2PI N 
LONGACRE 78 IPWA Pl N TO 2PI N 
CU~KOSRY 79 I P . A  P I .  ~0 PIN 
CUTKOSKY 80 IOWA Pl N TO Pl N 
ARNDT 85 DPWA PIN TO Pl N 

RER 
RER 

N ( 1 6 5 0 )  R E A L  P A R T  O F  E L A S T I C  P O L E  R E S I D U E  ( M e V )  

45.0)  CUIKOSKY 79 IOWA P I N  TO Pl N 
16.0 25.0 CUTKOSKY 80 IOWA PIN TO Pl N 

N ( 1 6 5 0 )  I M A G  P A R T  O F  E L A S T I  I]  P O L E  R E S I D U E  ( M e V )  

IMR ( 5 8 . 0 )  CUTKOSKY 79 IOWA Pl ~ TO Pl 
IMR -58.0 iLmO CUTKOSKY 80 IOWA Pl TO Pl 

N ( 1 6 5 0 )  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

pl N(1650)  - -  N ~ 938+ 140 

P2 N ( [ 650 )  ~ N ~ 940+ 549 

~s N(1650)  ~ A K  1116- ~98 
p4 N(1650)  ~ Z K  1189- A94 
p5 N(I650 )  ~ N ~ 938- 140+ 140 

P6 N(1650)  ~ A(1232) 7 ,  D-wave  1232÷ I~0 

P7 N(1650)  ~ N p,  S = 1 / 2 ,  S -wave  930+ 769 
PB N(1650)  ~ N p,  S = 3 / 2 ,  D-wave  938- 769 

P9 N(1650)  ~ N ( ~ w ) s . w a v  e 938- 140+ 140 

p lo  N(1650)  ~ N(1440)  ~ ,  S-wave  1G~0- 14o 

P11 N(1650)  ~ p % hel ic i ty= 1/2 930- 0 

P12 N(1650)  ~ n 7 ,  h e l i c i t y :  1/2 9A0+ 0 

N ( 1 6 5 0 )  B R A N C H I N G  R A T I O S  

N ( 1 6 5 0 )  ~ ( N  ~ ) / t o t a l  ( p l )  

Rq (0.60)  (0 .05)  CUTKO~KY 79 IOWA Pl N TO P I N  
Rq 0,61 0.04 HOEHLDR ?9 IOWA Pl N TO Pl N 
RI Om65 0.10 CUTKOSKY 00 IOWA PIN TO Pl N 

N ( 1 6 5 0 )  in N ~  ~ N ~  SQRT(PI*PG) 

R2 E (~0.09) BAKER 79 DPWA O Pl- P TO ETA N 
R2 E THIS COUPLING WAS FIXED DURING FITTING, BUT THE NEGATIVE SIGN 
R2 E RELATIVE TO N41535) IS WELL DETERMINED. 

N ( 1 6 5 0 )  in N ~  ~ A K  EQRT4PI*PAI 

R3 (0 .12)  KNASEL 75 DPWA 0 P l -  P TO KO LAM 
R3 B (0.23) (0.01) BAKER 77 IPWA 0 P£- P TO K LAM. 
R3 B (-0.25) BAKER 77 DPWA 0 Pl- P TO K LAM. 
R3 F (-0.25) BAKER 78 BPWA O Pl- P TO K LAM 
R3 ~ THE (UNDETERMINED) OVERALL PHASE OF ALL COUPLINGS HAS BEEN 
R3 F CHANGED TO AGREE WITH PREVIOUS CONVENTIONS. SUPERSEDED BY SAXON 80. 
R3 (-0,22) SAXON 80 DPWA 0 PIP TO K LRM 
R3 4-0.22) BELL 83 DPWA 0 Pl- P TO LAM KO 

N7(1650) iR ~/" 71" ~ ~ K  SQRTCPI*P4) 

R4 D 0.066 TO 0.137 BEANS 75 DPWA Pl N TO K SIGMA 
R4 D RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 
R4 (0.20) KNASEL 75 DPWA 0 
R4 (-0.254) LIVANOS 80 DPWA Pl P TO K SIGMA 

NOTE: SIGNS OF COUPLINGS FROM Pl N INTO N PI Pl ANALYSES CHANGED 
IN 1986 EDITION TO AGREE WITH BARYON FIRST CONVENTION WITH 

R THE OVERALL PHASE AMBIGUITY RESOLVED BY CHOOSING A NEGATIVE 
R SIGN FOR DEL~A41620) 531 COUPLING TO DELTA41232) PT 

N ( 1 6 5 0 )  in N zr ~ A(1232) ~ ,  D-wave  SQRT(PI*P6) 

LONBACRE 75 IPWA PIN TO BPl N R5 A +0.16 OR +0.15 
R5 E 4+0.29) LONGACRE 77 IOWA PIN TO 2Pl N 
R5 C LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 
R5 G ÷ (LARGE) MANLEY SA IOWA Pl N TO 2Pl 
R5 B MANLEY 84 CONSIDER THIS COUPLING SIGN TO BE WELL DETERMINED. 

N ( 1 6 5 0 )  in N ~  ~ N p,  S = 1 / 2 ,  S -wave  SQRT(PI-P7) 

R6 A 0.23 OR -0.16 LONGACRE 75 IOWA PIN TO 2Pl N 
R6 C 4÷0.17) LONSACRE 77 IOWA Pl N TO 2PI N 
R6 4-) MANLEY R~ IOWA Pl N TO 2PI h 

N ( 1 6 5 0 )  in N ~ ~ N p,  S = 3 / 2 ,  D - w a v e  SQRTAPI*PS) 

R7 C (+0.29) LONGACRE 77 IOWA Pl N TO 2PI g 
R7 C LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 
R7 (LARGE) MANLEY 84 IOWA P I N  TO 2Pl N 

N ( 1 6 5 0 )  in N ~ ~ N ( I r ~ ) s _ w a v  e SQRTAP I~p9) 

RB A +0.23 OR ÷0.25 LONGACRE 75 ~PWA Pl N TO 2Pl N 
R8 C 40.00) LONGACRE 77 IOWA Pl N TO 2Pl N 
RB (+) MANLEY 8~ IOWA P I N  TO 2Pl N 

N ( 1 6 5 0 )  in N ~ ~ N ( 1 4 4 0 )  lr, S -wave  SQRE(PI*PIO) 

R9 (+) MANLEY 84 IOWA Pl N TO BPl h 

N ( 1 6 5 0 )  in p ~ ~ p ~ SQRT(PII*~B) 

RIO (0,0101) HICKS 73 MPWA GAM P-ETA P 

N ( 1 6 5 0 )  in p 7 ~ A K  SORT(PIt*P3, 

R11 (O.O02)OR LESS ORIT02 69 CNTR K LAM PHOTOPRD 
R11 (0.0072) SCBORSCH 70 DPWA K LAM PHOTOPBO. 
Rift 40.0060) DEANS 72 MPWA SAM P K L~,SOL 0 

N ( 1 6 5 0 )  P H O T O N  D E C A Y  A M P L I T U D E S  (GeV t/2) 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI- 
REVIEW PRECEDING THE BARYON LISTINGS. 

N ( 1 6 5 0 )  ~ p %  h e l i c i t y = l / 2  (GeV I/~) 
A1 +0.068 0.009 FELLER 76 DPWA PIN PHOTOPROD. 
AI +0.004 0,004 AZNAURYAN 77 DPWA OlD PHTPRD,SOL I 
A1 ÷0.003 0.004 AZNAURYAN 77 DPWA PIO pHTpRD,SOL 2 
AI +O.OA8 0.017 8ARBOUR 70 BPWA PI-N PHOTOPROg, 
A1 0.065 0.005 ARAI SO DPWA Pl N PHOTO FIT I 
A1 0.061 0.005 ARAI 80 DPWA Pl N PHOTO PIT 2 
AI 0.031 0.017 CRAWFORD BO DPWA PIN PHOTOPROD, 
AI 0.050 0.010 AWAJI 81 DPWA Pl N PHOTOPROD. 
AI 0.033 0.015 CRAWFORD 83 IPWA P~ N PHOTOPROD. 
A1 ( 0 . 0 9 1 )  WADA 8L DPWA COMPTON SCATT. 



For notatimz, see k<r on page 91. 

N ( 1 6 5 0 )  ~ n % h e l i c i t y = l / 2  (GeV u2)  
A2 -0.0~5 0.024 BARBOUR 78 DPWA PI-N PHOTOPROD. 
A2 0.010 O.OEO ARAI NO DPWA Pl PHOTO FIT I 
A2 0 .008  0.019 ARAI 80 DPWA Pl pHOTO FIT 2 
A2 -0.068 0.040 CRAWFORD 80 DPWA Pl PBOTORROD. 
~2 0.011 0 ,011  TAKEDA 80 DPWA Pl P~OTOPROD. 
A2 -0 ,008  0.004 AWAJI 81 DPWA P] PHOTOPROD. 
A 2 0.00~ 0.004 FUJII 81DPWA PI PHOTOPROD. 

R E F E R E N C E S  F O R  N ( 1 6 5 0 )  

FOR EARLY REFERENCES, SEE PHYSICS LETTERS 111B (1982). 

ORITD2 69 INS J 113 S ORITO (THESIS) (TOKY) 
SCHORSCH 70 NP 825 179 ~TIETGE,WEILNNBECK (MPIM) 
DEANS 72 PR 06 1906 DEANS,JACOBS, LYONS,MONTGOMERY (SFLA)IJP 
HICKS 73 PR D7 26 IL +DEANS,JAEOBS,LYONS÷ (CARN+ORNL*SFLA)IJP 
DEANS 75 NP B96 90 +MITCHELL,MONTGOMERY,+ (SFLA+ALAH)IJP 
KNASEL 75 PR D11 1 +LINDQUIST,NELSON+ (CRIC+WUSL+OSU÷ANL)IJP 
LONGACRE 75 PL 558 415 +ROSENFELD,LASINSKI,SMADJA* (LBL+SLAC)IJP 
~ELLER 26 NP B104 219 +RUKUSHIMA,HORIKAWA,KAJIKAWA+ (NAGO+DSAK)IJP 
AZNAURYA 77 EPI~264($7) 77 +AKOPOV,RAGDASARYAN (YERE)IJP 
BAKER 77 NP B126 365 +BLISSET,BLOODWORTH,BROOME,HART+ (RHEL)IJP 
LONGACRE 77 NP 8122 493 LONGACRE,DOLBEAU ISACL)IJP 

ALSO 76 NP 8108 365 DOLBEAU,TRIANrIS,NEVEU,CADIET (SACL)IJP 
BAKER 78 NP B141 29 +BLISSET~BLOOBWORTH,BROOME+ (RL+CAMBIIJP 
BARBOUR 78 NP 8141 253 BARBOUR,GRAWFORD,PARSONS (GLAS) 
LONGACRE 7E PR D17 1795  +LASINSKI,ROSENFELB,SMADJA~ (LGL+SLAC) 
BAKER 79 NP 8156 93 +BROWN,CLRRK,DAVIES,DEPAGTER,EVANS÷ (RHEL)IJP 
CUTKOSKY 79 PR 020 2839  +FORSYTH,HENDRICK,KELLY (CARN+LBL)IJP 
HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK OATEN VOL.12-1 

*KAISER,KOCH,PIETARINEN (KARL)LIP 
ALSO 80 TORONTO CONE 3 R KOCH (KARL)IJP 

ARAI 80 TORONTO CON; 93 I ARAI (TOKY) 
ALSO 82 NP 8194 251 I ARAI, R FUJII (TOKY) 

CRAWFORD 80 TORONTO CONF 107 R L CRAWFORD (GLAS) 
CUTKOSKY 80 TORONTO CONF 19 ~FORSYTH,BABCOCK,KELLY,HENDRICN (CARN+LBL)IJP 
LIVANOS EO TORONTO CONF 35 +BATON,COUTURES,KOCHOWSKI,NEVEU (SACL)IJP 
MUSETTE 00 NC 57A 37 M MUSETTE (BRUX)IJP 
SAXON 80 NP BIE2 522 +BAKER,BELL,BLISSETT,BLOODWORTH+IRHEL+BRIS)IJP 
TAKEDA 80 NP 816N 17 TAKEBA,ARAI,FUJII,IKEDA,IWASAKI+ (TONY} 
ARAJI 81 BONN CONF 352 R KAJIKAWA (TALK) (NAGO) 

ALSO NE NP 8197 365 RUJII,HAYASHII,IWATR,KAJIKAWA~ (NAGO) 
FUJI[ 81 NP B187 53 FUJII,HAYASHII,IWATA,KAJIKAWA+ (TOKY) 
BELL 83 NP 8222 389 +BLISSET,BROOME,DALEY,HNRT,LINTERN,+ (RLIIJP 
CRAW;ORB 83 NP 8211 1 (GLAS) R L CRAWFORD, W T MORTON 
MANLEY 84 PR D30 904 MANLEY,ARNDT,GORADIA,TEPLIFZ (VPI) 
WADA 84 NP B247 313 +EGAWA,IMANISHI,ISHII,KATO,UKA[÷ (INUS) 
ARNDT 85 PR 032 1085 R A ARNDT, J M FORD, L D ROPER (VPI) 

N ( 1 6 7 5 )  D15 *ue)=7{v ) Status . . . . .  

MOST 0F THE RESULTS PUBLISHED BEFORE 1975 ARE NOW OBSOLETE AND HAVE 
BEEN OMITTED. THEY MAY BE FOUND IN OUR 1982 EDITION (PHYSICS LETTERS 
1118 ) .  

IN ADDITION, RESULTS IN THIS REGION FROM PRODUCTION EXPERIMENTS, 
WHICH USED TO BE LISTED SEPARATELY IN AN ENIRY FOLLOWING THE 
N(1700), HAVE BEEN ENTIRELY REMOVED. THEY TOO MAY BE ROUND IN OUR 
1982 EDITION. 

N ( 1 6 7 5 )  M A S S  ( M e V )  

R A 1660. OR 1660. LONGACRE 75 IPWA Pl N TO 2PI N 
M A THE 2 SETS OF PARAMETERS ARE FROM METHODS I AND 2 OF LONGACRE 75. 
M B (1650.0) LONGACRE 77 IPWA P IN  TO 2PI N 
M B ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION $2, EXCEPT FOR THE POLE 
M B POSITION WHICH IS FROM SOLUTIONS SI AND CI. 
M (1680.0) BARBOUR 78 DPWA PI-N PHOTOPROD. 
M (1680.0) (15.0) CUTKOSKY 79 IPWA PIN TO Pl N 
M 1679.0 8.0 HOERLER 79 IPWA PIN TO PIN 
M (1685.0) CRAWFORD 80 DPWA PIN PHOTOPROD. 
M 1675.0 10.0 CUTKOSKY 80 IPWA P[N TO PIN 

(1670.0) SAXON NO DPWA 0 PI- P TO K LAM 

N ( 1 6 7 5 )  W I D T H  ( M e V )  

w A 145. OR 150. LONGACRE 75 IPWA P IN  TO 291 N 
W 8 (130.0) LONGACRE 77 IPWA P IN  TO 2Pl N 
w 1192.0) BARBOUR 78 DPWA PI-N PHOTOPROD. 
W (88.0) BAKER ~9 DPWA 0 PI P TO ETA N 

(IEO.O) (30.0) CUTKOSKY 79 IPWA PIN TO Pl N 
120.0 15.0 HOEHLER 79 IPWA PIN TO Pl N 

w 1191.0) CRAWFORD 80 DPNA P IN  PHOTOPROD. 
w 160.0 20.0 CU~KOSKY 80 IPWA PIN TO Pl N 
W (40.0) SAXON 80 DPWA 0 PI~ P TO K LAM 

N ( 1 6 7 5 )  R E A L  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

RE B 1649.0 OR 1650.0 
RE 1663.0 OR 1668.0 
RE (1663.0) 
RE 1660.0 10.0 
RE (1661.) 

~ONGACRE Z? ~PWA P~ N TO 2pi N 
LONGACRE 78 IPWA Pl N TO 2PI N 
CUTKDSKY 79 IPWA P IN  TO Pl N 
CUTKOSKY 80 IPWA Pl N TO P IN  
ARNDT 85 DPWA Pl N TO P IN  

N ( 1 6 7 5 )  - 2 * I M A G  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

IM B 127 .0  0R 127 .0  
IM 1~6,0  OR 171 .0  
IM ( 150 .0 )  
]M 140 .0  10 .0  
IM ( 142 . )  

LONGACRE 77 IPWA P IN  TO 2Pl N 
LONGACRE 78 IPWA P IN  TO 2PI N 
CUTKOSKY 79 [PWA Pl N TO Pl N 
CUTKOSKY SO IPWA Pl N TO RI N 
ARNOT 85 DPWA P IN  TO Pl N 

265 

Baryon Full Listings 
N(1650) ,  N(1675)  

RER 
RER 

N ( 1 6 7 5 )  R E A L  P A R T  O F  E L A S T I C  P O L E  R E S I D U E  ( M e V )  

(33.0) CUTNOSKY 79 IPWA P IN  TO P IN  
27.0 5.0 CUTKOSKY 80 IPRA P IN  TO PI N 

IMR 
IMR 

N ( 1 6 7 5 )  I M A G  P A R T  O F  E L A S T I C  P O L E  R E S I D U E  ( M e V )  

( -11.0)  CUTKOSKY 79 IPWA P IN  TO Pl N 
-16.0 5.0 CUTKOSKY 80 IPWA Pl N TO PI N 

N ( 1 6 7 5 )  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

P1 Nf1675) ~ N ~ 938+ 14o 

P2 N(1675)  ~ N ~  9L0+ 549 
p5 N (1675 )  ~ A K  1116+ 498 

PG N(1675)  ~ ~ K  1189+ 49k 

P5 N(1675)  - -  N ~ T r  938+ 140+ IAO 

P6 N(1675)  ~ A(1232) 7r, D-wave  1232+ 140 

P7 N(1675)  ~ A(1232) ~ ,  G-wave  1232+ 140 
P8 N(1675)  ~ N p,  S =  1/2, D-wave  938+ 769 
p9 N(1675)  ~ N p, S = 3 / 2 ,  D-wave  938+ 769 
Pl0 N(1675)  ~ N p,  S = 3 / 2 ,  G-wave  938+ 769 

P l l  N(1675)  ~ N(~Tr)S.wave 938* 140+ 140 

p12 N(1675)  ~ N(1520)  ~ ,  P -wave  1520+ 1~0 
P13 Nf1675)  ~ p % h e l i c i t y ~ l / 2  9384 0 

P14 N(1675)  ~ p %  he l i c i ty~3 /2  938+ o 
915 N( t675 )  ~ n T ,  h d i c i t y ~ l / 2  940+ o 

916 N(1675)  - -  n % he l i c i ty~3 /2  9G0+ O 

N ( 1 6 7 5 )  B R A N C H I N G  R A T I O S  

N ( 1 6 7 5 )  ~ (NTr ) / t o t a l  (911 
RI (0.35) (0.06) CUTKOSKY 79 IPWA P IN  TO P IN  
RI 0.38 0.03 HOEHLER 79 IRWA P IN  TO P IN  
RI 0.38 0.05 CUTKOSKY 80 IPWA PIN TO Pl N 

N ( 1 6 7 5 )  in N zF ~ N ff SQRT(PI*P2) 

R2 0.0 OR +0.009 FELTESSE 75 DPWA 0 1488 TO 1745 MEV 
R2 (-0.07) B~KER 79 DPNA 0 Pl- P TO ETA N 

N(1675) in N ~  ~ A K  SGRE(PI*P3) 
R3 -O.03A 0.006 DEVENISB 74 0 FIXED T DISP REL 
R3 COUPLING TO LAMBDA K NOT REQUIRED IN THE ANALYSES OF BAKER 77 AND 
R3 BAKER 78 
R3 C (+0.036) SAXON SO DPWA O Pl -  P TO K LAM 
R3 C SUPERSEDES BAKER 78. COUPLING PHASE IS NEAR 90 DEGREES. 
R3 (-0.01) BELL 83 DPWA 0 PI- P TO LAM KO 

N ( 1 6 7 5 )  i n  N ~  ~ Z K  SQRTEPI*P4) 

R4 D LESS THAN 0.003 DEANS 75 DPWA PIN TO K SIGMA 
RG D RANGE GIVEN IS FROM FOUR NEST SOLUTIONS. DEANS 75 DISAGREES 
R4 D WITH PIt P TO K+ SIGMA+ DATA OF WINNIK 77 AROUND 1920 MEV. 

R NOTE: SIGNS 0F COUPLINGS FROM Pl N INTO N Pl PI ANALYSES CHANGED 
R IN 1986 EDITION TO AGREE WITH BARYON-FIRST CONVENTION WITH 

THE OVERALL PHASE AMBIGUITY RESOLVED BY CHOOSING A NEGATIVE 
SIGN POR DELTA(1620) $31 COUPLING TO DELTA(1232) HI. 

N ( 1 6 7 5 )  in M ~r ~ A(1232) 71", D-wave  SQRT(PI*P6) 

R5 A +0.45 OR +0.50 LONGACRE 75 IPWA Pl N TO 2PI N 
R5 0 (÷0.46) LONGACRE T7 EPWA PE 8 TO 291 N 
R5 B LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 
R5 E (~0.5) NOVOSELLE 78 ZPWA PIN TO 2PI N 
R5 E BW FIT TO LONGACRE 75 IPWA. 
R5 F + (LARGE) MANLEY 84 IPWA Pl N TO 2PI N 
RB P MANLEY 84 CONSIDER THIS COUPLING SIGN TO BE WELL DETERMINED. 

N ( 1 6 7 5 )  in N ~  ~ N p ,  S = 3 / 2 ,  D-wave  SQRT(PI*P9) 
R6 B (-0,15) LONGACRE 77 IPWA PIN TO 2Pl N 
R8 B LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 
R6 (SMALL) MANLEY 8& IPWA PIN TO 2PI N 

N(1675 )  i n  N IF ~ N (~ ' n ) s_wav  e SQRT(P l *P11)  

R7 B (÷0,03) LONGACRE 77 IPWA PIN TO 2PI N 

N ( 1 6 7 5 )  in N T r  ~ N ( 1 5 2 0 )  ~ ,  P - w a v e  SQRT(P1*P12) 
R8 (-0.15) MANLEY 84 [PWA PIN 70 2PI N 

N ( 1 6 7 5 )  P H O T O N  D E C A Y  A M P L I T U D E S  (GeV -1/2) 

FOR DEFINITION OF GAMMA NUCLEON DECAY AMPLITUDES, SEE MINI- 
REVIEW PRECEDING THE BARYON LISTINGS, 

N ( 1 6 7 5 )  ~ 9 %  h e l i e i t y = I / 2  (GeV - I / 2 )  
AI +0.034 0.004 FELLER 76 RPWA Pl N PHOTOPROD. 
AI ~0.034 0.003 AZNAURYNN 77 DPWA PIG PHTPRDtSOL I 
AI ÷0.071" 0.002 AZNAURYAN 77 DPWA PIO P~TPRD,SOL 2 
AI 40.022 0.010 BARBOUR 78 DRWA PIN PHOTOPROD, 
AI 0.006 0.005 ARAI 80 DPWA PIN PHOTO FIT I 
A1 0.006 0.004 ARAI 80 DPWA P~ N PHOTO FIT 2 
AI 0.023 0.015 CRAWFORD 80 DPWA Pl N PHOTOPROD. 
AI 0.034 0.005 AWAJI 81DPWA PIN PHOTOPROD. 
AI 0.021 0.011 CRAWFORD 83 IPWA PIN PHOTOPROD. 
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Baryon Full Listings 
N(1675), N(1680) 

N(1675) ~ p %  heRc i ty=3 /2  (GeV 1/2) 
A2 *0.019 0.009 ~ELLE~ 76 DPWA 
82 +O.01O 0.010 AZNAURYAN 77 DPWA 
82 +0.002 0.021 AZNAURYAN 77 DPWA 
82 +0.015 0.006 BARBOUR 78 DPWA 
82 0.030 O.0OA ANAl 80 DPWA 
82 0.029 O.OOa ARAI 80 DRWA 
A2 0.003 0.012 CRAWPORD 80 DRWA 
A2 0.02~ 0.008 AWAJI 81DPWA 
82 0.015 0.009 CRAWFDRD 83 IPWA 

N(1675) ~ n % h e l l c i t y = l / 2  (GeV -1/2) 
A3 -0.066 O.O2O BARBOUR 78 DPWA 
A3 -0.039 0.017 ARAI 80 DPWA 
A3 -0.025 0.027 ARAI 80 SPWA 
83 -0.059 0.015 CRAWFORD 80 BPWA 
A3 ~0.021 0.011 FAKEBA BO DPWA 
83 -0.057 0.024 AWAJI 01DPWA 
A3 -0.033 0.004 FUJII 81DPWA 

N(1675) ~ n y ,  he l l e i t y~3 /2  (GeV a/z) 
84 -0.073 0.014 BARBOUR 78 BPWA 
A4 0.066 0.026 ARAI 80 DPWA 
84 -0.071 0.022 ARAI 80 DPWA 
AA -0.059 0.020 CRAWFORD 80 DPWA 
AA -0.030 0.012 TAKEDA 80 DPWA 
A~ -0.077 0.018 AWAJI 81DPWA 
A4 -0.069 0.004 FUJII 81 DPWA 

PIN  PHOTOPROD. 
PlO PBTPRD,SOL 1 
PlO PHTPRD,SOL 2 
PI-N PHOTOPROO. 
RI ~ . . . . . . . .  
PI PHOTO FIT 
P IN  PROTDPROD. 
P IN  PHOTDPRO8. 
Pl N PHOTDPROD. 

PIN PHOTOPROD. 
Pl PHOTO FIT I 
PI PHOTO FIT 2 
Pl PHOTOPROD. 
Pl PHOTOPROD. 
Pl PROTOPROD. 
Pl PHOTOPROD. 

PI-N RHOTOPROS. 
Pl PHOTO FIT 1 
Pl PHOTO FIT 2 
Pl PROTOPROB. 
Pl PHOTOPROD. 
Pl PHOTOPROD. 
PI PHOTOPROD. 

R E F E R E N C E S  FOR N(1675) 

FOR EARLY REFERENCES, SEE PHYSICS LETTERS 111B (1982). 

DEVENISH 24 NP B81 330 DEVENISH,FROGGATT,MARTIN (DEBY+NORD÷LOUC) 
DEANS 75 NP B96 90 ÷MITCHELL,MONTGOMERY,~ (SFLA+ALAH)IJP 
;ELTESSE 75 NP B93 2&2 +AYED,BAREYRE,BORGEAUD,DAVID,ERNWEIN~(SACL)IJP 
LONGACRE 75 PL 55B ~15 +ROSENEELD,LASINSKI,SMABJA* (LBL÷SLAC)IJR 
FELLER 76 NP B104 219 *FGKUSHIMA,BORIKAWA,KAJIKAWA+ (NAGO+OSAK)IJP 
AZNAURYA 77 EFI-26~(57)-77 ~AKOPOV,BAGSASARYAN (YERE)IJP 
LONGACRE 77 UP 8122 493 LONGACRE,DOLBEAU (SACL)IJP 

ALSO 76 UP 8108 365 DOLBEAU,TRIANTIS,NEVEU,CADIET (SACL)IJP 
BAKER 77 NP 8126 365 +BLISSET,BLOODWORTH,BROOME,HART* IRHEL)IJP 
WINNIK 77 NP 8128 66 +TOAFF,REVEL~GOLDBERG,BERNY (HAIF)I 
BARBOUR 78 NP 8141 253 BARBOUR,CRAWFORD,PARSONS (GLAS) 
LONGACRE 78 PR 017 1795  ÷LASINSKI,ROSENFELD,SMADJA* (LBL+SLAC) 
NOVOSELL 78 NP 8137 009 D E NOVOSELLER (CIT)IJP 

ALSO 78 NP B137 445 D E NOVOSELLER (CIT)IJP 
BAKER 79 NP S156 95 +BROWN,CLARK,DAVIES,DEPAGTER,EVANS÷ (RHEL)IJP 
CUTKOSKY 79 PR D20 2839 +FORSYTH,HENDRICK,KELLY (CARN+LBL)IJR 
HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK OATEN VDL.12-1 

+KAISER,KOCH,PIETARINEN (KARL)IJP 
ALSO 80 TORONTO CONF 3 R KOCH (KARL)IJP 

ARAI 80 TORONTO CONF 93 I ANAl (TOKY) 
ALSO 82 NP B194 251 I ARAI, H FUJII (TOKY) 

CRAWFORD 80 TORONTO CONF 107 R L CRAWFDRS (GLAS) 
CUTKDSKY BO TORONTO CONF 19 +FORSYTH,BABCOCK,KELLY,HRNDRICK (CARN~LBL)IJP 
SAXON 80 NP 8162 022 +8AKER,BELL,BLISSETT,BLOODWORTh~(RHEL+BRIS)IJP 
TAKEDA BO NP 8168 17 TAKEDA,ARAI,FUJII,IKEDA,IWASAKI+ (TOKY) 
AWAJI 81 BONN CONF 352 R KAJIKAWA (TALK) (NASO) 

ALSO 82 NP 8197 365 PUJII,HAYASHII,IWATA,KAJIKAWA+ (NAGO) 
FUJII 81 NP BIB7 53 FUJII,HAYASHII,IWATA,KAJIKAWA* (TORY) 
BELL 03 NP 8222 889 +8LISSET,BROOME,DALEY,hART,LINTERN,+ (RL)IJP 

(SLAG) CRAWFORD 03 NP 8211 1 R L CRAWFORD, W T MORTON 
MANLEY 04 PR D30 904 MANLEY,ARNDT,GORASIA,TEPLITZ (VPl) 
ARNBT 05 PR D32 1085 R A ARNDT, J M FORD, L D ROPER (VPI) 

[ l JP I 5 - N(1680) F15 ( ) = ~ ( ~  ) Status:  . . . .  

MOST OF THE RESULTS PUBLISHES BEFORE 1975 ARE NOW OBSOLETE AND HAVE 
BEEN OMITTED. ThEY MAY BE FOUND IN OUR 1982 EDITION (PHYSICS LETTERS 
111B). 

IN ADDITION, RESULTS IN THIS REGION FROM PRODUCTION EXPERIMENTS, 
WHICH USED TO BE LISTED SEPARATELY IN AN ENTRY FOLLOWING THE 
N(1700), HAVE BEEN ENTIRELY REMOVED. THEY TOO MAY BE FOUND IN OUR 
1982 EDITION. 

N(1680) M A S S  (MeV) 

(1685.0) KNASEL 75 DPWA O Pl- P TO KO LAM 
1680. OR 1670. LBNGACRE 75 IPWA Pl U TO 2PI N 

M THE 2 SETS O~ PARAMETERS ARE FROM METHODS I AND 2 OF LONGACRE 75. 
M B (1660.0) LONGACRE 77 IPWA PIN TO 2P1 N 
M B ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION S2, EXCEPT FOR THE POLE 

POSITION WHICH IS FROM OOLUTIONS BI AND CI. B 
(1680.0) SARBOUR 78 DPWA PI-N PHOTOPROD. 

M (1680.0) (15.0) CUTKOSKY 79 IPWA Pl N TO PIN 
M 1684.0 3.0 HOEHLER 79 IPWA PIN TO PIN 
M (1682.0) CRAWFORO 8B SPNA Pl N PHOTOPROD. 
M 1680.0 10.0 CUTKOSKY 80 IPWA Pl N TO PIN 

N(1680) W I D T H  (MeV) 

(155.0) KNASEL 75 DPWA 0 PI -  P TO KO LAM 
125. OR 130. LONGACRE 70 IPWA Pl N TO 2Pl N 

(100.0) LONGACRE 77 IPWA Pl N TO 2Pl N 
(119.0) BARBOUR 70 DPWA Pl N PHOTOPROD. 
(180.0) (25.0) CUTKOSKY 79 IPWA PIN TO PIN 
128.0 8.0 HOEHLER 79 IPWA Pl N TO PIN 

(181.0) CRANFORD 80 BPWA PIN PHOTOPRO0. 
120.0 10.0 CUTKOSKY 80 IPWA PIN TO PI U 

N(1680) REAL PART OF POLE P O S I T I O N  (MeV) 

RE S 1658.0 OR 1653.B LONGACRE 77 IPWA Pl N TO 2Pl N 
RE 16B8.0 OR 1674.0 LONGACRE 78 IPWA PIN TO 2Pl N 
RE (1686.0) CUTKOSKY 79 IPWA PIN TO PIN 
RE 1687.0 5.0 CUTKOSKY 80 IPWA Pl N TO Pl N 
RE (1680.) ARNDT 85 DPWA Pl N TO Pl N 

N(1680) 2*IMAG PART OF POLE P O S I T I O N  (MeV) 

IM B 145.0 OR 143.0 LONGACRE 77 IPWA Pl U TO 2PI U 
IM 132.0 OR 137.0 LONGACRE 78 IRWA Pl N TO 2PI N 
IM (112,0) CUTKOSKY 79 IPWA Pl N TO Pl N 
IM 110.0 10.0 CUTKOSKY 80 IPWA Pl N TO Pl N 
IM (12B.) ARNST 85 DPWA pI u TO Pl N 

RER 
RER 

N(1680) REAL PART OF E L A S T I C  POLE RESIDUE (MeV) 

(3%0) CUTKOSKY 79 IPWA P IN  TO P IN  
31.0 2.0 CUTKOSKY 80 IPWA Pl N TO ~I N 

IMR 
IMR 

N(1680) I M A G  PART OF E L A S T I C  POLE R E S I D U E  (MeV) 

( 15 .0 )  CUTKOSKY 79 IPWA PIN TO Pl N 
- I ~ . 0  8,0 CUTKOSKY 80 IPWA Pl N To Pl N 

N(1680) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

PI N(16~0) ~ ~r~ 938+ I~0 

P2 .~'([680) ~ ~i~ 940* 549 

R5 N(1680) ~ A K  1116÷ A98 
p4 N(1680) ~ Z K  1189÷ ~94 

P5 N(1680) ~ N ~ ~ 938* 1L0- ~40 

P8 N(1680) ~ A(1232) g ,  P-wave 1282~ 1~0 

R7 N(1680) ~ A(1232) ~,  F-wave 1G32+ 1~0 

R8 N(1680) ~ N p ,  S=1/2 ,  F-wave 988+ 769 

R9 N(1680) ~ N p, S - 3 / 2 ,  P-wave 988. 769 

p10 N(1680) ~ N p, S - 3 / 2 ,  F-wave 938+ 769 

P11 N(1680) ~ N ( ~ ) s w a v e  938* 140+ IZO 

P12 N(1680) ~ p %  hel ic i ty=l /2  938. 0 

p13 N(1680) ~ p y ,  he[icity=3/2 938- 0 

p14 N(1680) ~ n T, he l i c i t y - I / 2  9~o* o 
P15 N(1680) ~ n T, helicity=3/2 9~0÷ o 

N(1680) B R A N C H I N G  R A T I O S  

N(1680) ~ (NTr)/ total  <pl) 
RI (0.62) (0.06) CUTKOSKY 79 IPWA Pl N TO PIN 
RI 0.65 0.02 HOEHLER 79 IPWA PIN TO PIN 
RI 0.62 0.05 CUTKOSKY 80 £PWA Pl N TO P IN  

N(1680) in N Tr ~ N ~ SQRT(pI*PG) 

R2 NOT SEEN BAKER 79 DPWA O PI-  P TO ETA N 

N(1680) ~ ( N  ~)/total (P2) 
R3 C (0.0004) BOTKE 69 ~PWA I POLE + REBON. 

(0.005) (B.O02) DEANS 69 MPWA T POLE RESON. RS~ 
R3 0.0005 OR 0.001 CARRERAS 70 ~PWA T POLE + RESON. 
R3 C PARAMETRIZAFION USED COULD BE IN BANGER OF DOUBLE COUNTING 

aN'(1680) ~ ( N  ~) / (N  ~)  (PZ) / (pl)  
R4 (0.027)0R LESS HEUSCH 66 RVUE + RIO, ETA PHOTO 

N(1680)  in N TF ~ A K SQRT(pl*PB) 
R5 -0.009 0.009 DEVENISH 74 O FIXED T DISK REL 
R5 (0.01) KNASEL 75 DPWA 0 PI- P TO KO LAP 
R5 COUPLING TO LAMBDA K NOT REQUIRED IN THE ANALYSES OF BAKER 77, 
R5 SAXON 80, OR BELL 83. 

N(1680) in N ~  ~ Z K  SQRT(pI*P4) 
R6 D LESS THAN 0.001 DEANS 75 DPWA Pl N TO K SIGMA 
R6 P RANGE GIVEN IS FROM 3 OF 4 BEST SOLUTIONS, NBT PRESENT IN SLTN.i. 
R6 D DEANO 75 DISAGREES WITH PI* P TO K+ SIGMAe DATA OF WINNZK 77 
R6 D AROUND 1920 MEV. 

NOTE: SIGNS OF COUPLINGS PROM Pl N INTO N Pl PI ANALYSES CHANGED 
IN 1988 EDITION TO AGREE WrTH BARYON-FIRST CONVENTION WITH 
THE OVERALL PHASE AMBIGUITY RESOLVED BY CHOOSING A NEGATIVE 
SIGN FOR DELTA(1620) $31 COUPLING TO DELTA(1232) Pl. 

N(1680)  in N Tr ~ A(1232) 7r, P-wave SQRT(PI*P6) 
R7 A -0.26 OR -0.25 LONGACRE 75 IPWA Pl N TO 2Pl N 
R7 B (-0.27) LONGACRE 77 IPWA PIN TO 2Pl N 
R7 B LONGACRE 77 CONGIDER THIS COUPLING TO BE WELL DETERMINED. 
R7 E (-0.38) NOVOSELLE 78 IPWA Pl N TO 2P[ N 
R7 E BW FIT TB LONGAERE 75 IPWA. 
R7 F - (LARGE) MANLEY 84 IPWA Pl N TO 2Pl N [ 
R7 F MANLEY 84 CONSIGER THIS COUPLING SIGN TO BE WELL DETERMINED. i 

N(1680) in N T r  ~ A(1232) ~ ,  F-wave SQRT(pI*pT) 
R8 A " Ow OR +Om08 LONGACRE 75 [PWA Pl N TO 2Pl N 
R8 B (+0.07) LQNGACRE 77 IPWA Pl N TO 2PZ N 
R8 E (+0.05) NOVOSELLE 78 IPWA Pl U TO 2Pl N 
R8 F + (SMALL) MANLEY 84 IPNA Pl N TO 2PI N I 
R8 F MANLEY 84 CONSIDER THIS COUPLING SIGN TO BE WELL OETERMINEO. I 
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N(1680) in N ~  ~ N p, S ~ 3 / 2 ,  P-wave SQRT(PI*P9) 

89 -0.27 OR -O.3O LONGACRE 75 IPWA Pl N TO 2PI N 
89 (-8.23) LONGACRE 77 IPWA PIN TO 2Pl N 
R9 LONGAERE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 
89 (-0.34) NOVOSELLE 78 IPWA Pl N TO 2Pl N 
89 (LARGE) MANLEY 84 IPWA Pl N TO 2Pl N 
89 MANLEY 84 CONSIDER THIS COUPLING SIGN TO BE WELL DETERMINED. 

N(1680) in N w  ~ N p ,  S ~ 3 / 2 ,  F-wave BQRT(Pl~P1O) 
RIO B ( -0 .15 )  LONGACRE 27 IPWA P I N  TO 2PI N 
R~O B LONEACRE 77 CONSI]ER THIS COUPLING TO BE WELL DETERMINED. 
R"O - (SMALL) MANLEY 8& IPWA Pl N TO 2PI N 

N(1680) in N ~ ~ N ( ~  ~)s-~ave SQR T (P I*P 11 ) 

LONGACRE 75 IPWA Pl N TO 2P[ N Rl l  A ~0.28  OR +0 .30  
R11 B (+0.31) LONGACRE 77 IPWA PIN TO EPl N 
RI !  B LONG~CRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 
R11 E (+0.42) NOVOSELLE 78 IPWA P I N  TO ZRl N 
R11 F + (LARGE) MANLEY 8A IPWA PIN TO 2PI N 
R11 F MANLEY 8& CONSIDER THIS COUPLING SIGN TO BE WELL DETERMINED. 

N(1680) P H O T O N  DECAY A M P L I T U D E S  (GeV J/2) 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI 
REVIEW PRECEDING THE BARYON LISTINGS. 

N(1680) ~ P T, h e i i c i t y = l / 2  (GeV -1/2) 
AI -0 .009 0.002 FELLER 76 
AI -0 .007 0.002 AZNAURYAN 77 
AI -0.010 O.OOl AZNAURYAN 77 
AI O.OO5 0.015 BARBOUR 78 
AI -0.028 0.003 ARAI 80 
A1 -0.026 0.003 ARAI 80 
A1 0 ,018  0 ,014  CRAWFORD 80 
AI -0.009 0.006 AWAJI 81 
al -0.017 0.018 CRAWFORD 83 

N(1680) ~ p % helic t y ~ 3 / 2  (GeV I/~) 
a2 +0.121 0 ,010  =ELLER 76 
A2 .0.112 0.002 AZNAURYAN 77 
A2 +0.114 0 .002  AZNAURYAN 77 
~2 +0.138 0.021 BARBOUR 78 
A2 0.I~5 0.003 ARAI 80 
A2 0.122 0.003 ARAI 80 
A2 0.141 0.014 CRAWFORD 80 
AB 0.115 0.008 AWAJI 81 
A2 0.132 0.0!0 CRAWEORD 83 

N(1680) ~ O 7, h e l i c i t y = l / 2  (GeV t/z) 
~3 ÷0 ,037  0 .010  BARBOUR 78 
A3 D.02B 0.005 ARAI 80 
A3 0.028 0.014 ARAI 80 
A3 0.04~ 0.012 CRAWFORD 80 
A3 D.025 0 .010  TAKEOA 80 
~3 D.017 O.01A AWAJI 81 
~3 0 .032  0 .003  FUJ I I  81 

N(1680) ~ n 7, he l ic i ty=3/2  (OeV l,z) 
~L -0.038 0 ,018  BARBOUR 7B 
Aa -O.O2~ 0.009 ARAI 80 
A~ -0.029 0 ,017  ARAI 80 
A¢ -0.033 0.015 CRAWPORD BO 
A6 -0.035 0.012 TAKEDA 80 
A~ 0.033 0.013 ~WAJI 81 
A~ -O.OG3 0.005 FUJI[ 81 

DPWA Pl N PHO~OPROD. 
OPWA PIO PHTPRO,SOL I 
DPWA PlO PHTPRD,SOL 2 
DPWA Pl N PHOTOPROD. 
DPWA P I N  PHOTO FIT 1 
DPWA P I N  PHOTO FIT 2 
DPWA Pl N PHOTOPROD. 
DPWA PIN  PHOTOPROD. 
IPWA P I N  PHOTOPRDD. 

DPWA P I N  PHOTOPROB. 
DPWA RIO PHIPRD,SOL I 
DPWA PIO PHTPRD,SOL 2 
DPWA Pl N PHOTOPROO. 
DPWA Pl N PHOTO FIT 1 
DPWA 81 N PHOTO FIT 2 
GPWA P~ N PBOTOPROD. 
DPWA P I N  PHOTOPROD. 
IPWA Pl N PHOTOPROD. 

DPWA P(-N PHOTOPROD. 
DPWA Pl PHOTO FIT I 
DPWA Pl PHOTO FIT 2 
DPWA Pl PNOTOPROD. 
DPWA Pl PHOTOPROB. 
DPWA Pl PHOTOPROB. 
DPWA PI PHOTOPROD. 

DPWA Pl N PHOTOPROD. 
DPWA Pl PHOTO FIT 1 
OPWA PI PHOTO FIT 2 
DPWA PI PHOTOPROD. 
DPWA P] PHOTOPROD. 
DPWA PI PHOTOPROD. 
DRWA P] PHOTOPROD. 

R E F E RE NCES FOR N(1680) 

FOR EARLY REFERENCES, SEE PHYSICS LETTERS 111B (1982).  
FOR VER Y EARLY REFERENCES, SEE RMP 37, 635 (1965). 

HE'JSCH 56 PRL 17 1019 
BOTKE 69 PR IBD 1417 
DEANS 69 PR 185 1797 
CARRERAS 70 ~p 163 35 
DEVE~SSH 74 NP B81 330 
DEANS 75 NP 896 90 
K~ASEL 78 PR 011 ! 
[ONGACRE 75 PL 558 415 
FE-LER 76 NP B104 219 
AZNALRY~ 77 BFI G6~(57) 77 
BAKER 77 NP 8126 365 
LONGACRE 77 NP B122 493 

C A HEUSCH, C Y PRESCOTT, R F DASHEN (CIT) 
J C BOTKE (UCSB) 

DEANS, J WOOTEN (SFLA) 
CARRERAS, A DONNACHIE (DARE-MCHS) 

DEVENISB,FROGGATT,MARTIN (DESY*NORD÷LOUC) 
+MITCHELL,MONTGOMERY,+ (SFLA÷ALAH)IJP 
+LINDQUIST,NELSON÷ (CHIC+WUSL+OSU+ANL)IJP 
+ROSENFELD,LAGINSKI~BMADJA÷ (LBL+SLAC)IJP 
÷FUKUSHIMA,HORIKAWA~KAJIKAWA÷ (NABO+OSAK)IJP 
+AKOPOV,BAGDASARYAN (YERE)IJP 
+BLISSET,BLOODWBRTH,BROOME,HBRT~ (RHEL)IJP 
LONGACRE,DOLBEAU (SACL)IJP 

ALSO 78 NP 8108 ~65 DOLBEAU,TRIARTIB,NEVEU,CADIET (SACL)IJP 
wINSIK 77 hP 8128 66 +TOAF~,REVELtGDLDBERG,BERNY (HAIF)I 
BAR,OUR 78 NP B1&1 253 BARBOUR,CRAWFORD,PARSONS (BLAB) 
LORG~CRE 7B PR D17 1795 *LASINSKI,ROSENFELD,SMADJA+ (LBL÷SLAC) 
NOVOSELL 78 NP 8137 509 O E NOVOSELLER (CIT)IJP 

ALSO 78 NR 8157 ~45 D E NOVOSELLER (CI])IJP 
BAKER 79 NP B~56 93 +BROWN,CLARK,DAVIES,DEPAGTER,BVANS+ (RHEL)IJP 
CUTKOSKY 79 PR D20 2839 +FORSYTH,HENDRICK,KELLY (CARN+LBL)IJP 
HOE'LER 79 HAKDBOOK Og PI-N SCATTERING, PBYSIK PATEN VOL.12-1 

+KAISER,KOCH,PIETARINEN (KARL)IJP 
ALSO 80 TORONTO CONF 3 R KOCH (KARL)IJP 

ARA] 80 TORONTO CONP 93 I ARAI (TOKY) 
ALSO 82 NP 9194 251 I ARAI, H FUJII (TOKY) 

CRA'WFOR3 BO TORONTO CONF 107 R L CRAW~ORD (BLAB) 
CUTKOSKY BO TOR0NTO CONF 19 -FORSYTH,BABCOCK,KEILY,HENDRICK (CARN+LBL)IJP 
SAXON BO N p B162 522 *BAKER,BELL,BLOODWORTH~ (RHEL+BRIS) IJP  
T~KEOA BO NP B168 17 TAKEOAtARAI,FUJII,IKEDA,IWASAKI+ (TOKY) 
AWAJI 81 BONN COhP 352 R KAJIKAWA (TALK) (NAGO) 

A_SO 82 ~o B197 365 FUJITtHAYASHII,IWATA,KAJIKAWA+ (NAGO) 
FUJII 81 ~P 8187 53 PUJII,HAYASHII,IWATA,KAJIKAWA+ (TOKY) 
B~LL 83 NP 8222 389 +BL[SSET,BROOME~DALEY,HART,LINTERN,+ (RL)IJP 
CRAWFORD 83 NP BG11 1 R l CRAWFORD, W T MORTON (BLAB) 
M~NLE v 8L OR DSO 90~ MANLEY,ARNDT,GORADIA,TEPLITZ (VPl)  
ARNDT 85 PR 032 1085 R A ARNDT, J M FORD, L D ROPER (VPl) 

267 

Baryon Full Listings 
:V(1680), N(1700) 

I I 1 J P  1 3 - N ( 1 7 0 0 )  D13 ( ) = 5 ( 7  ) Stat . . . . . .  

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOW OBSOLETE AND HAVE 
BEEN OMITTED. THEY MAY BE FOUND IN OUR 1982 EDITION (PHYSICS LETTERS 
111B). 

IN ADDITION, RESULTS IN THIS REGION FROM PRODUCTION EXPERIMENTS, 
WHICH USED TO BE LISTED SEPARATELY AS THE NEXT ENTRY, HAVE BEEN 
ENTIRELY REMOVED. THEY TOO MAY BE POUND IN OUR 1982 EDITION. 

THE VARIOUS PARTIAL-WAVE ANALYSES DO NOT AGREE VERY WELL. 

N(1700) M A S S  (MeV) 

M A 1710. OR 1710. LONBACRE 75 IPWA Pl N TO 281 N 
M A THE 2 SETS OF PARAMETERS ARE FROM METHODS fl AND 2 O~ LONGACRE 75. 

B (1670.0) (10.0) BAKER 77 ~PWA 0 El- P TO K LAM. 
C (1690.0) BAKER 77 DPWA 0 Pl- P TO K LAM. 

M B THE TWO ENTRIES FOR BAKER 77 ARE FOR AN IPWA USING THE BARRELET 
M C ZERO METHOD AND A CONVENTIONAL ENERGY-DEPENDENT ANALYSIS. 
M D (1660.0) LONGACRE 77 IPWA P1 N TO 281 N 
M D ALL LONGACRB77 PARAMETERS ARE FROM SOLUTION S2, EXCEPT FOR THE POLE 
M D POSITION WHICH 18 FROM SOLUTIONS $I AND CI. 
M 1690. TO 1710. BAKER 78 DPWA 0 PI- P TO K LAM 
M (1719.0) BARBOUR 78 DPWA P I N  PHOTOPROD. 
M E (1880.0) BAKER 79 DPWA 0 P I -  P TO ETA N 
M E THE HIGH MASS FOUND BY BAKER 79 MAY BE INFLUENCED BY THE N(2O80). 
M [1670.0)  (25 .0)  CUTKOSKY 79 IPWA P I N  TO P I N  
M 1731.0 15.0 HOEHLER 79 IPWA Pl N TO 81 N 
M (1709.0) CRAWFORD 80 DPWA P I N  PHOTOPROD. 
M 1675.0 85.0 CUTKOSKY 80 IPWA PIN TO Pl N 
M (1850.D) SAXON 80 DPWA 0 Pl- P TO K LAB 

N(1700) W I D T H  (MeV) 

w A 100. OR 300. LONGACRE 75 IPWA Pl N TO 2PI N 
W B (90.0)  (25 .0)  BAKER 77 IPWA 0 P l -  P TO K LAM. 
W C (100.0)  BAKER 77 DPWA 0 P l -  P TO K LAM. 
W D (600.0)  LDNGACRE 77 IPWA P I N  TO 2PI N 

70. TO 100. BAKER 7B DPWA 0 Pl P TO K LAM 
(126.0)  BARBOUR 78 DPWA Pl N PHOTOPROD. 

W E (87.0)  BAKER 79 DPWA 0 P I -  P TO ETA N 
W (80.0) (40.0) CUTKOSKY 79 IPWA P I N  TO Pl N 
W 110.0 3D.O HOEHLER 79 IPWA Pl N TO Pl N 

(166.0) CRAWFORD 80 DPWA PIN PHOTOPROD* 
90.0 ~D.0 CUTKOGKY 88 IPWA Pl N TO Pl N 

w (70.0)  SAXON 80 DPWA 0 P l -  P TO K LAM 

N(1700) R E A L  PART OF POLE P O S I T I O N  (MeV) 

RE D 1616.0 OR 1613.0 LONGACRE 77 IPWA Pl N TO 2PI N 
RE 1710.0 OR 1678.0 LONGACRE 78 IPWA PIN TO 2Pl N 
RE (1660.0) CUTKOSKY 79 IPWA Pl N TO PIN 
RE 1660.0 30.0 CUTKOSKY 80 IPWA PIN TO PIN 
RE (1670.) ARNDT 85 DPWA PIN TO Pl N 

N(1700) - - 2 * I M A G  PART OF POLE P O S I T I O N  (MeV) 

IM 0 577.0 OR 575.0 LONGACRE 77 IPWA P I N  TO 2Pl N 
IM 607.0 OR 567.0 LONGACRE 78 IPWA PIN TO 2PT N 
IM (76.0) CUTKOSKY 79 IPWA Pl N TO Pl N 
IM 90.0 40.0 CUTKOSKY 80 IPWA Pl N TO El N 
IM (80.) ARNDT 85 DPWA Pl N TO Pl N 

RER 
RER 

N(1700) REAL PART OF E L A S T I C  POLE R E S I D U E  (MeV) 

(4 .0)  CUTKOSKY 79 IPWA Pl N T8 Pl R 
6.0 3.0 CU]KOSKY 80 IPWA Pl N TO Pl N 

IMR 
IMR 

N(1700) I M A G  PART OF E L A S T I C  POLE R E S I D U E  (MeV) 

( 0 . 3 )  CUTKOSKY 79 IPWA Pl N TO 81 N 
0 .0  5.D CUTKOSKY 80 IPWA Pl N TO PI N 

N(1700) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

P1 N(IV00) ~ N ~ 938* 140 

P2 N(1700) ~ N ~  940* 549 

P3 N(1700) ~ AK 1116+ 498 

P4 N(1700) ~ Z K  1189+ 494 

85 N(1700) ~ &(1232) ~,  S-wave 1232.  I~8  

P6 N (1700 )  ~ ,5 (1232)  7 ,  D -wave  1232 .  140 

P? N(1700) ~ N p,  S - 1 / 2 ,  D-wave 938* 769 

PB N(1700) ~ N p, S=3/2 ,  S-wave 938 .  769 

P9 N(1700) ~ N p, S=3/2 ,  D.wave  938+ 769 

E l0  N(1700) ~ N(W~)s.wav e 938*  140+ 140 

P11 N(t700) ~ p %  he l ic i ty=I /2  938+ O 
P12 N(1700) ~ p %  helici ty=3/2 93B* 0 
p ls  N(1700) ~ n 7, he l ic i ty=I /2  940. 0 
P14 N(1700) ~ n V, helici ty=3/2 9ao+ O 
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Baryon Full Listings 
A:(1700), A7(1710) 

N(1700) BRANCHING RATIOS 

N(1700) ~ ( N ~ ) / t o t a l  (Pl) 

RI (0.10) (0.02) CUTKOGKY 79 ]PWA P IN  TO Pl N 
RI 0.08 0.03 HOEHLER 79 IPWA P[ N TO P IN  
RI 0.11 0.08 CUTKOSKY 80 IPWA P IN  TO P IN  

N(1700 )  i n  N ,'n- - .  _N ~ SQRT(PI*P2)  
R2 (0.065) BAKER 79 DPWA 0 PI- P TO ETA N 

N(170O) in N ~  ~ A K  SQRT(PI*P3) 
R3 +0.020 0.019 DEVENIGH 74 0 FIXBD T DISP REL 
R3 B (-0.08) (0.004) BAKER 77 IPWA 0 PI- P TO K LAM. 
R3 C ( -0 .03)  BAKER 77 DPWA 0 El -  P TO K LAM. 
R3 F (-O.OL) BAKER 78 DPWA 0 PI- P TO K LAM 
R3 F THE (UNDETERMINED) OVERALL PHASE OF ALL COUPLINGS HAS BEEN 
R3 F CHANGED TO AGREE WITH PREVIOUS CONVENTIONS. SUPERSEDED BY SAXON GO. 
R3 (-0.012) SAXON 80 DPWA 0 El P TO K LAM 
R3 (-0.012) BELL 83 DPWA O El -  P TO LAM KO 

N(17O0) in N ~  ~ Z K  SQRTIPI*P4) 
R4 G LESS THAN 0.017 DEANS 75 DPWA Pl N TO K SIGMA 
R4 0 RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 
R4 NOT SEEN LIVANOS 80 DPWA Pl P TO K SIGMA 

R NOTE: SIGNS OF COUPLINGS FROM P IN  INTO N PI PI ANALYSES CHANGED 
R IN 1986 EDITION TO AGREE WITH BARYON-FIRST CONVENTION WITH 

THE OVERALL PHASE AMBIGUITY RESOLVED BY CHOOSING AINEGATIVE 
SIGN FOR DELTA(1620) $31 COUPLING TO DELTA(1232) P . 

N(17OO) in N Tr ~ A(1232) ~,  S-wave SQRTIPI*PS)  
R5 A -0.15 OR - 0 . 16  LONGACRE 75 IPWA Pl h TO 2PI N 
R5 0 (O.O0) LONGACRE 77 IPWA PIN TO GPI N 
R5 (SMALL) MANLEY BA [PWA Pl R TO 2PI N 

N(1700) in N ~ ~ A(1232) "if, D-wave SORT(El*P6) 
R6 A +0.10 OR +0.14 LONGAGRE 75 IPWA Pl N TO 2Pl N 
R6 ~ (-0.12) LONGACRE 77 IPWA Pl S TO 2Pl N 
R6 + (SMALL) MANLEY 8~ IPWA PIN TO 2PI N 

N(17O0) i n  N ~  ~ NO,  S = 3 / 2 ,  S-wave SGRTIPI*PB) 
R7 A O. OR ~0.07 LONGAERE 75 IPWA P[ N TO 2P[ N 
R7 0 (-0.07) LONGAERE 77 IPWA P[ N TO 2P[ N 

N(1700) in N ~  ~ .~r(~Tr)s_wav e SQRT(PI*PIO) 

R8 A +0.2 OR +0.2 LONGACRE 75 IPWA Pl N TO 2PI N 
RB D (0.00) LONGACRE 77 IPWA P[ N TO 2PI N 
R8 + (SMALL) MANLEY 84 IPWA P IN  TO 2PI N 

N(IT00) in p ~ ~ AK SQRTIIP11÷PI2)*P3) 

R9 (0.0077} DEANS 72 MPWA EAM P-K LM,SOL D 

N(1700) PHOTON DECAY A M P L I T U D E S  (GeV 1/2) 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI 
REVIEW PRECEDING THE BARYON LISTINGS. 

N(17O0) ~ p %  he l i c i ty= l /2  (CeV -1/~) 
AI -O.01L 0.025 FELLER 76 DPWA P IN  PHOTDPROD. 
AI ÷0.078 0.008 AZNAURYAN 77 DPWA PIO PHTPRD,SOL I 
AI ÷0.038 0.005 AZNAURYAN 77 DPWA P10 PH/PRD,SOL 2 
AI -0.033 0.021 BARBOUR 78 DPWA PI-N EHOTOPROD. 
AI -0.028 0.007 ARAI 80 DPWA P IN  PHOTO FIT I 
AI ~0.029 0.006 ARAI 80 DPWA El N PHOTO FIT 2 
AI -0.024 0.019 CRAWFORD 80 DPWA Pl N PHOTOPROD. 
AI -0.002 0.013 AWAJ[ 81DPWA Pl N PHOTOPROD. 
AI - 0 . 016  0.014 CRAWFORD 83 IPWA PIN PHOTOPROD. 

N(17O0) ~ p % hel ic i ty=3/2 (GeV J/2) 
AG 0.0 D.014 FELLER 76 DPWA El N PHOTOPROS. 
A2 -0.066 0.007 AZNAURYAN 77 DPWA RIO PHTPRD,SOL I 
AG -0.048 0.007 AZNAURYAN 77 DPWA PIO PHEPRD,SOL 2 
A2 -O.01L 0.025 BARBOUR 78 DPWA PI-N PHOTOPROD. 
A2 -0.002 0.005 ARAI BO DPWA Pl N PHOTO FIT I 
A2 0.014 0.005 ARAI BO DPWA P IN  PHOTO FIT 2 
A2 0.017 0.014 CRAWFORD 80 DPWA Pl N PROTOPROD. 
A2 0.029 0.014 AWAJI 81 DPWA PIN PHOTOPROD. 
A2 -0.009 0.012 CRAWFORD 83 IPWA P IN  PHOTOPROD. 

N(I700)  ~ n % he l i c i ty= l /2  (GeY -1/2) 
A3 ~0.050 0.042 BARBOUR 78 DPNA P[-N PHOTOPROD. 
A3 -0.052 0.030 ARAI 80 DPWA P[ N PHOTO FIT I 
A3 -0.055 0.030 ARAI 80 DPWA Pl N PHOTO FIT 2 
A3 0.052 0.035 ERAWFORD 80 DRWA Pl N PHOTOPROD. 
A3 0.006 0.024 AWAJI 81DPWA Pl N PHOTOPROD. 
A3 -O.O02 0,013 FUJII 81 DPWA Pl N PHOTOPROD. 

N(17OO) ~ n T, hel ici ty=3/2 (GeV l / z )  
AA +0.035 0.030 BARBOUR 78 DPWA PI-N PHOTOPROD. 
A4 0.037 0.036 ARAI 80 DPWA PIN P~OIO FIT I 
AA -0.033 0.024 ARAI 80 DPWA PIN  PHOTO FIT 2 
Ah 0.041 0.030 CRAWFORD 80 DPWA PIN PHOTOPROD. 
A4 -0.033 0.017 AWAJI 81DPWA PIN PHOTOPROD. 
A4 0.018 0.018 FUJII 81 DPWA PIN PHOTOPROD. 

REFERENCES FOR N(I700)  

FOR EARLY REFERENCES, SEE PHYSICS LETTERS 111B I1982). 

DEANS 72 PR 06 1906 DEANS,JACOBG, LYONS,MONTGOMERY (SFLA)IJP 
DEVENISH 74 NP 881 330 DEVENISH,FROGEATT,MARTIN (DESY÷NORD+LOUC) 
DEANS 75 NP 896 90 +MITCHELL~MONTGOMERY,+ (SFLA+ALAH)IJP 
LONGACRE 75 PL 5SB 415 +ROSENFELD,LASINSKI,GMADJA÷ (LBL+SLAC)IJP 
FELLER 76 NP BlO& 219 ~FUKUSHINA,HORIKAWA,KAJIKAWA* (NAGO~OSAK)IJP 

AZNAURYA 77 EFI-264(37)-77 +AKOPOV,BAGDASARYAN (YERE)IJP 
BAKER 77 NP 8126 365 +BLISSET,BLOODWORTH,BROOME,HART* (RHEL)ZJP 

(SACL)IJP LONGACRE 77 NP B122 493 LONGACRE,DOLBEAU 
ALSO 76 NP 8108 365 DOLBEAU,TRIANTIS±NEVEU,CADIET (SACL)IJP 

BAKER 78 NP BI&I 29 +BLISSET,BLOODWORTH,BROOME* (RL+CAMB)IJP 
BARBOUR 78 NP B1&1 253 BARBOUR,CRAWFORD,PARSONS (GLAS) 
LONGACRE 78 PR D17 1795  +L~SINSKI,ROSENFELD,SMADJA+ (LBL+SLAC) 
BAKER 79 NP B156 93 +BROWS,CLARK,DAVIES,DEPAGTE.R,EV~NS÷ (RHEL)!JP 
CUTKOSKY 79 PR 020 2839  +FORSYIH,HENDRIBK,KELLY (CARN+LBL)IJP 
HOEHLER 79 HANOBOOK OF PI-N SCATTERING, PHYSIK DATEN VOL.12-1 

+KAISER,KOCH,PIETARINEN (KARLIIJP 
ALSO 80 TORONTO CONF 3 R KOCH [KAR~IIJP 

ARAI 80 TORONTO CONF 93 I ARAI (TOKY) 
ALSO 82 NP B194 251 I ARAI, H FUJII (TOKY) 

CRAWFORD 80 TORONTO CONF 107 R L CRAWFORD (GLAS) 
CUTKOSKY 80 TORONTO CONF 19 *FORSYTH,BASCOCK,KELLY,HENDRICK (CARN+LBL)IJ ~ 
LIVANOS 80 TORONTO CONF 35 +BATON,COUTURES,KOCHOWSKI,NEVEU (SACL)IJ ~ 
SAXON 80 NP B162 822 ~BAKER,BELL,BLISSETT,BLOODWORTH~(RHEL-BR!S)IJP 
RWAJI 81 BONN CONF 352 R KAJIKAWA (TALK) (NAGO) 

ALSO 82 NP 8197 365 FUJIZ,HAYASHr~,rWATA,KAJIKAWA+ (NAGO) 
FUJII 81 NP B187 83 FUJII,HAYASH[I,[WATA,KAJIKAWA~ (TOKY) 
BELL 83 NP G222 389 *BLISSET,BROOME,DALEY,HAST,LINTERN,* (SL)IJP 
GRAWFORD 83 NP 8211 1 R L CRAWFORD, W T MORTON (GLAS) 
MANLEY 84 PR D30 904 MANLEY,ARNDT,GORADIA,TEPLITZ (VPI) 
ARNDT 85 PR 032 1085 R A ARNDT, J M FORD, L D ROPER (VPI) 

I 1 p I i + N(1710) PI1 t u  ) : 7 ( ~  ) Star . . . . . .  

MOST OF THE RESULTS PUBLISHED BEFORE 1973 ARE NOW OBSOLETE AND HAVE 
BEEN OMITTED. THEY MAY BE FOUND IN OUR 1982 EDITION (PHYSICS LETTERS 
111B) .  

THE VARIOUS PARTIAL-WAVE ANALYSES DO NOT AEREE VERY WELL. 

N(1710) MASS (MeV) 

(1670.0) KNASEL 75 DPWA 0 Pl P TO KO LAM 
A 1730. OR 1710. LONGACRE 75 IPWA P[ N TO 2El N 
A THE 2 SETS OF PARAMETERS ARE FROM METHODS I AND 2 OF LONGACRE 75. 
B (1625.0) (I0.0) BAKER 77 IPWA 0 P!- ~ TO K LAM. 

(1650.0) BAKER 72 OPWA 0 Pl- P TO K LAM. 
THE TWO ENTRIES FOR BAKER 77 ARE FOR AN IPWA USING THE BARRELET 

C ZERO METHOD AND A CONVENTIONAL ENERGY-DEPENDENT ANALYSIS, 
S (1720.0) LONGACRE 77 [PWA PIN TO 2Pl N 

ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION $2, EXCEPT FOR THE POLE 
POSITION WHICH IS FROM SOLUTIONS $I AND CI. 

1650. TO 1680. BAKER 78 DPWA 0 PI- P TO K LAM 
(1721.0) BARBOUR 78 DPWA PI-N PHOTOURO9. 
(1690.0) BAKER 79 DPWA O PI P TO ETA N 
(1710.0) (60.0) CUTKOGKY 79 IPWA Pl N TO PIN  
1723.0 9.0 HOEHLER 79 IPWA P IN  TO P IN  

(1692.0) CRAWFORD 80 DPWA PIN PHOTOPROD. 
1700.0 50.0 CUTKOSKY 80 IPWA Pl h TO PIN  

(1730.0) SAXON 80 DPWA O Pl -  P TO K LAM 

w 
w A 
w B 
W C 
W D 
W 

W 
w 
w 
w 
w 
w 

RE S 
RE 
RE 
RE 

IM D 
IM 
IM 
IM 

N(1710) WIDTH (MeV) 

(17A.0) 
165. OR 75. 

(160.0) (6.0)  
(95.0) 

(120.0) 
90.  TO 150. 

(167.0) 
{97.0) 

(100.0) (50.0) 
120.0 15.0 

(200.0) 
90.0 30.0 

<550 .0 )  
( 5~0 .0 )  

KNASEL 75 DPWA 0 P[- P TO KS LAM 
LDNGACRE 75 IPWA Pl N TO 2PI N 
BAKER 79 IPWA 0 PI-  P TO K LAM. 
BAKER 77 DPWA O PI-  P TO K LAM. 
LONGACRE 77 IPWA Pl N ~0 2Pl N 
BAKER 78 DPWA O P[- P TO K LAM 
BARBOUR 70 DPWA PI-N PHOTOPROD. 
BAKER 79 DPWA 0 Pl-  P TO ETA N 
CUTKOSKY 79 IPWA PIN TO Pl N 
HOENLER 79 IPWA PIN TO Pl N 
ERAWFORD 80 DPWA Pl N PHOTOPROD. 
CUTKOSKY 00 IPWA Pl N TO Pl N 
SAXON 80 DPWA O El- P TO K LAM 
BELL BS DPWA 0 PI-  P TO LAM KO 

N(1710) REAL PART OF POLE POSITION (MeV) 

1720.0 OR 1711.0 
1708.0 OR I?12.0 

11692.0) 
1690.0 20.0 

LONGACRE 77 IPWA Pl N TO 2Pl N 
LONGACRE 78 IPWA Pl N TO 2P] N 
CUTKOSKY 79 IPWA Pl N TO P] N 
CUTKOSKY 80 [PWA Pl N TO Pl N 

N(1710) - 2 * I M A G  PART OF POLE POSITION (MeV) 

125.0 OR 115.0 LONGACRE 77 IPWA P[ N TO 2Pl N 
17.00S 22.0 LONGACRE 78 IPWA Pl N TO 2Pl N 

(88.0) CUTKOSKY 79 ]PWA Pl N TO Pl N 
BO.O 20.0 CUTKOSKY 80 IPWA Pl N TO P[ N 

N(1710) REAL PART OF ELASTIC POLE RESIDUE (MeV) 

RER (9 .0 )  CUTKOSKY 79 IPWA P IN  IO P IN  
RER -B.O 2.0 CUTKOSKY BO IPWA Pl N TO Pl N 

N(1710) IMAG PART OF ELASTIC POLE RESIDUE (MeV) 

IMR (0 . I )  CUTKOSKY 79 IPWA Pl N TO Pl N 
IMR 1.0 5.0 CUTKOSKY 80 IPWA Pl N TO Pl N 



For m)iati(m, see key  on page  9l  
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Baryon Full Listings 
N(1710), N(1720) 

N ( 1 7 1 0 )  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

=1 N(1710)  ~ A ' ~  938+ %0 

~2 N(1710)  ~ N fl 9ZO+ 549 
~3 N(1710)  ~ A K  11164 498 

=C N(1710)  ~ ~ K  1189+ 494 

=5 N ( I T I 0 )  ~ l \ ' ~  9384 1404 140 

P6 N ( I T I 0 )  ~ A(1232) w, P-wave  1ZBZ+ 1~0 
p7 N(1710)  ~ N p, S - 1 / 2 .  P -wave  93B+ 769 
PB N(1710)  ~ Np ,  S - 3 / 2 .  P -wave  930+ 769 

09 A'(1710) ~ N ( ~ ) S . ~ a v e  938* 1~0+ 140 

p10 N ( I 7 [ 0 )  ~ p % helicity-- 1/2 930* 0 
E l l  N(17[0 )  ~ n T, hel ic i ty= I /2  9G0~ O 

N ( 1 7 1 0 )  B R A N C H I N G  R A T I O S  

N i l 7 1 0 )  ~ ( N ~ ) / t o r a l  (P I )  
R1 10.19) (0 .05)  CUTKOSKY 79 IPWA Pl N TO Pl N 
RI 0.12 O.OL ROEHLER 79 IPWA Pl N TO Pl N 
RI 0.20 0.0~ CUTKOSKY 80 IPWA Pl N TO Pl N 

N ( 1 7 1 0 )  in N ~ ~ N~  SQRT(PI*P2)  
R2 (0.22) BAKER 79 DPBA 0 Pl P TO ETA N 

N ( 1 7 1 0 )  in N ~  ~ A K SQRS(PI*P3) 

KNASEL 75 DPWA 0 PI- P TO KD LAM R3 10.10) 
R3 B ( 0 . 0 5 )  (0 .05)  BAKER 77 IPWA 0 E l -  P TO K IAM. 
R3 C ( - 0 . I 0 )  BAKER 77 DPWA 0 PI -  P TO K LAM. 
R3 E C-0.1S) BAKER 78 DPWA 0 PI -  P 50 K LAM 
R~ E THE (UNDETERMINED) OVERALL PHASE O~ ALL COUPLINGS FROM BAKER 78 
R3 E HAS B~EN CHANGED TO AGREE WITH PREVIOUS CONVENTIONS. SUPERSEDED 
RE E BY SAXON 80. 
R3 (+0.14) SAXON BO DPWA 0 P l -  P TO K LAM 
R3 ( . 0 . 1 6 )  BELL 83 DPWA O Pl P TO LAM KO 

N ( 1 7 1 0 )  in N~ ~ Z K  SQRT(PI*PG) 

R4 F 0.075 TO 0.203 DEANS 75 DPW~ PIN TO K SIGMA 
R4 F RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 
R4 (-OiO3~) LIVANOS BO DPWA Pl P 50 K SIGMA 

R NOTE: SIGHS OF COUPLINGS FROM P I N  INIO N Pl Pl  ANALYSES CHANGED 
R IN 1986 EDITION TO AGREE WITH BARYON-FIRST CONVENTION WITH 

THE OVERALL PHASE AMBIGUITY RESOLVED BY CHOOSING A NEGATIVE 
SIGN FOR DELTA(1620) $31 COUPLING TO DELTA(1232) PI .  

N ( 1 7 1 0 )  in N ~ ~ A(1232) ~ SQRT(Pl*P6) 

R5 A 0.13 OR 40.20 LONGACRE 75 IPWA P I N  TO 2PI N 
R5 D (-0. 17) LONGACRE 77 IPWA PIN TO 2Pl N 
R5 ( ) MANLEY 84 IPWA El N TO 2Pl N I 

N ( I 7 1 0 )  in N~ ~ N p, S = 1 / 2 ,  P - w a v e  SQRT(PI*P7) 

R6 A 0.32 OR -0 .20  LONGACRE 75 IPWA PIN  TO 2Pl N 
R6 D (-0.19) LONGACRE 77 IPWA PIN TO 2PI N 
R6 (-) MANLEY 84 IPWA El N TO 2Pl N 

N ( ] T I 0 )  in N ~  ~ N p ,  S = 3 / 2 ,  P -wave  SORT(El*P8) 

R7 3 (+0.31) 

N ( 1 7 1 0 )  in N ~ ~ N ( ~  ~)s-wtve 
R8 ~ - 0 . 18  OR -0.28 
R8 D (-O.E6) 

N ( 1 7 1 0 )  in p ~ ~ p 
R9 (0.0075) 

N(171O) in p ~  ~ A K  
RIO (0.0027) 
RIO (O.OOBB) 
RIO 10.010~) 

LONGACR5 ?7 IPWA P I N  TD 2PI N 

SQRT(PI*P9) 

LONGACRE 75 IPWA P I N  TO 2PI N 
LONGACRE 77 IPWA Pl N TO 2PI N 

SORT(RID*P2) 

HICKS 73 MPWA GAM P-ETA P 

3QRT(PIO*P3) 

0RIT02 69 CNTR K LAM PHOTOPRO 
SCHORSCH 70 DPWA K LAM PHOTOPRO. 
DEANS 72 MPWA GAM P-K LM,SOL D 

N ( 1 7 1 0 )  P H O T O N  D E C A Y  A M P L I T U D E S  (GeV -1/2) 

R E ~ w D ~ I ~  D ~ E G ~ ¢ ~ U ~ O ~ N ~ C  . . . . . . . . . . . . . . . . . . . . .  

N (I71O )  - -  p 7 ,  h e l i c i t y = l / 2  (GeV 1/2) 
A" +0.G53 0.019 FELLER 76 DPWA Pl N PHDTOPROD. 
A" +0.001 0.039 BARBOUR 78 DPWA PI-N PHOTOPROD. 
A' -0.009 0.006 ARAI 80 DPWA PIN PHOTO FIT  1 
A" 0.012 0.005 ARAI 80 DPWA Pl N PHOTO FIT 2 
A" 0.015 0.025 CRAWFORD 80 DPWA Pl N PHOTOPROD. 
A' 0.028 0.009 AWAJI 81 OPWA PIN PHOTOPROD. 
A" 0.006 0.018 CRAWFORD 83 IPWA P I N  PHDTOPROD. 

N (1710)  ~ D 7 ,  he l i c i ty=  1/2  (GeV 1/2) 
A2 -O.O2B 0.045 BARBOUR 78 DOWA PI-N PHOTOPROD. 
A2 0.005 0.013 ARAI 80 OPWA P I N  PHOTO FIT I 
A2 0.011 0.021 ARAI 80 DPWA P I N  PHOTO FIT 2 
A2 -0.017 0.020 CRAWFORD 80 DPWA Pl N PHOTOPROD. 
A2 O.O00 0.018 AWAJI 81 DPWA P I N  PHOTOPROD. 
A2 -0.001 0.003 FUJII 81 DPWA Pl N PHOTOPROD. 

R E F E R E N C E S  F O R  N ( 1 7 1 0 )  

FOR E~RLY REFERENCES, SEE PHYSICS LETTERS 111B 11982). 

Onl-02 69 INS J 113 S ORITO (THESIS) 
SCHORSCH 70 Np BE5 179 -TIETGE,WFILNBOECK 

(TOKY) 
CMPIM) 

DEANS 72 PR 06 1908 DEANS,JACOBS, LYONS,MONTGOMERY (SFLA)IJP 
HICKS 73 RR D7 2 6 1 C  +DEANS,JACOBS,LYBNS+ (CARN+ORNL~SFLA)IJP 
DEANS 75 NP 896 90 ÷MITCHELL,MONTGOMERY,~ (SFLA~ALAH)IJP 
KNABEL 75 PR D11 1 +LIBDQUIST,NELSON* (CHIC+WUSL+OSU÷ANL)IJP 
LONBACRE 75 PL 53B 415 +ROSENFELD,LASINSKI,SMADJA+ (LBL*SLAC)IJP 
FELLER 76 NP BI04 219 ÷FUKUSHIMA,HORIKAWA,KAJIKAWA+ (NAGO*OSAK)IJP 
BAKER 77 NP S126 365 +BLISSET,BLOODWORTH,BROOME,HART+ (RHEL)IJP 
LONGACRE 77 NP B122 493 LONGACRE,DOLBE~U CSACI)IJP 

ALSO 76 NP 8108 365 DOLBEAU,TRIANTIS,NEVEU,CADIET (SACL)IJP 
BAKER 78 NP 8141 29 +BLISSET,BLOODWORTH,BRODME~ (RL~CAMB)IJP 
BARBOUR 78 NP 8141 253 BARBOUR,CRAWFORD,RARSONS (GLAS) 
LONEACRE 78 PR D17 1795 +LASINSKI,ROSENFELD,SMADJA+ (LBL~SLAC) 
BAKER 79 BP 8156 93 ~BROWN.CLARK,DAVIES,DEPAGTER,EVANS+ (RHEL)IJP 
CUTKOSKY 79 PR 020 2839 ÷FDRSYTH,HENDRICK,KELLY (CARN+LBL)IJP 
HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK OATEN VOL.12 1 

+KAISER,KOCE,PIETARINEN (KARLIIJP 
ALSO B0 TORONTO CONF 3 R KOCH (KARL)IJP 

ARAI 80 TORONTO CONF 93 I ARAI (TORY) 
ALSO 82 NP B194 251 I ARAI, H FUJII (TORY) 

CRAWFORD 80 TORONTO CONF 107 R L CRAWFORB (BLAB) 
CUIKOSKY 80 TORONTO CONF 19 +FDRSYTH,BABCOCK,KELLY,HENDRICK (CARN*LBL)IJP 
LIVANOS 80 TORONTO CONF 35 ÷BArON,COUTURES,KOCHOWSKI,NEVEU (SACL)IJP 
SAXON 80 NP B162 522 +BAKER,BELL,BLISSETT,BLOODWORTH÷IRHEL+BRIS)IJP 
AWAJI 81 BONN CON~ 352 R KAJIKAWA (TALK) (NAGO) 

ALSO 82 NP B197 865 FUJII,HAYASHII,IWATA,KAJIKAWA+ (NAGO) 
~UJII 81 NP B187 53 FUJII.HAYASHII,IWATA,KAJIKAWA+ (TORY) 
BELL 83 NP B222 389 +BLISSET,BROOME,DALEY,HART,LINTERN,÷ (RL)IJP 
CRAWFORD 83 NP B211 1 R L CRAWFORD, W T MOR~ON (GLAS) 
MANLEY 8L PR D3O 904 MANLEY,ARNDT,GDRADIA,TEPLITZ (VPI) 

] I JP  - i 3 + N(1720) PI3 ~ ~ ) S t a t  . . . . . . .  

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOW OBSOLETE AND HAVE 
BEEN OMITTED. THEY MAY BE FOUND IN OUR 1982 EDITION (PHYSICS LETTERS 
1118 ) .  

N ( 1 7 2 0 )  M A S S  ( M e V )  

11850.0) KNASEL 75 DPWA O PI- P TO KO LAM 
1695. OR 1720. LONGACRE 75 IPWA PIN TO 2Pl N 

THE 2 SETS OF PARAMETERS ARE FROM METHODS I AND 2 OF LONGACRE 75. 
B 11640.0) 110.0) BAKER 77 IPWA 0 PI -  P TO K LAM. 
C 11710.0) BAKER 77 DPWA 0 PI -  P TO K LAM. 
B BAKER 77 IS BASED ON AN IPWA USING THE BARRELET ZERO METHOD. 
D 11750.0) LONGACRE 77 IPWA P I N  TO 2PI N 
D ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION $2, EXCEPT FOR THE POLE 
D POSITION WHICH IS FROM SOLUTIONS SI AND CI. 

1710. TO 1790~ BAKER 78 DPWA O PI- P TO K LAM 
11809.0) BARBOUR 78 DPWA PI-N PHOTOPROD. 
11740.0) (80.0)  CUTKOSKY 79 IPWA El N TO P I N  

1710.0 20,0 HOEHLER 79 IPWA El N TO P I N  
11785.0) CRAWFORD BO DPWA PIN PHOTOPROD. 
1700.0 50.0 CUTKOSKY 80 )PWA Pl N TO Pl N 

(1690.0)  SAXON 80 DPWA O E l -  P TD K LAM 

N ( 1 7 2 0 )  W I D T H  ( M e V )  

W (327.0) 
W A I15. OR 150. 
w B (200.0)  150.0) 
w C 1500.0) 
W D 1130.0) 

300. TO &OO, 
(285.0)  

w (G~7.0) 
w 1210.0) (80.0) 
w 190.0 30.0 
W (308m0) 
w 125.0 70.0 
W (120.0) 

ENASEL 75 DPWA 0 PI -  P TO KO LAM 
LONGACRE 73 IPWA P I N  TO 2PI N 

BAKER 77 DPWA E l -  TO K LAM. 
LONGACRE 77 IPWA P I N  TO BPl N 
BAKER 78 DPWA 0 E l -  P TO K LAM 
BARBOUR 78 DPWA P I N  PHOTOPROO. 
BAKER 79 DPWA 0 E l -  P TO ETA N 
CUTKOSKY 79 IPWA P I N  TO P I N  
HOEHLER 79 IPWA P I N  TO P I N  
CRAWFORD 80 DPWA Pl N PHOTOPROO. 
CUTKOSKY 80 IPWA Pl N TO Pl N 
SAXON 80 DPWA 0 El- P TO K LAM 

N ( 1 7 2 0 )  R E A L  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

RE D 1745.0 OR 17AB.0 
RE 1718.0 OR 1716.0 
RE 11702.0) 
RE 1680.0 30.0 
RE 11705.1 

LONGACRE 77 IPWA Pl N TO 2PI N 
LONGACRE 78 IPWA Pl N TO 2Pl N 
CUTKOSKY 79 IPWA P I N  TO Pl N 
CUTKOSKY 80 IPWA Pl N TO PI N 
ARNDT 85 DPWA Pl N TO Pl N 

N ( 1 7 2 0 )  - 2 * I M A G  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

IM D 135.0 OR 123.0 
IM 124.0 OR 126.0 
IM (158.0)  
IM 120.0 4O.O 
IM (80 . )  

LONGACRE 77 IPWA P I N  TO 2Pl N 
LONGACRE 78 IPWA Pl N TO BPI N 
CUTKOSKY 79 IPWA Pl N TO Pl N 
CUTKOSKY BO IPWA P I N  TO Pl N 
ARNDT 85 DPWA Pl N TO Pl N 

RER 
RER 

N ( 1 7 2 0 )  R E A L  P A R T  O F  E L A S T I C  P O L E  R E S I D U E  ( M e V )  

( -E.O) CUTKOSKY 79 IPWA P I N  TO Pl N 
- 8 . 0  2 .0  CUTKOSKY 80 IPWA Pl N TO Pl N 

IMR 
IMR 

N ( 1 7 2 0 )  I M A G  P A R T  O F  E L A S T I C  P O L E  R E S I D U E  ( M e V )  

( - 8 . 0 )  CUTKOSKY 79 IPWA Pl N TO P I N  
- 3 . 0  4 .0  CUTKOSKY BO IPWA Pl N TO Pl N 
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Baryon Full Listings 
N(1720), N<1960), N(1990) 

N(1720)  P A R T I A L  DECAY M O D E S  

DECAY MASSES 

pl N(1720) ~ N ~  938+ 140 
P2 N(1720) ~ N ~ 940+ 549 
03 N(1720) ~ AK 1118+ 498 

p~ N(I720) ~ ~ K  1189+ 494 

P3 N(1720) ~ N ~ 938÷ 140* 1A0 

P6 N(1720) ~ A(1232) ~,  P-wave 1232+ 140 

P7 N(1720) ~ N p. S =  1/2, P-wave 938+ 769 

P8 N(1720) ~ N p, S=3/2 ,  P-wave 938+ 769 

P9 N(1720) ~ N(~Tr)S_wav e 938+ 140+ 1~0 

PlO N(1720) ~ p ~, he l ic i ty=l /2  938+ 0 
P11 N(1720) ~ 0 %  helicity=3/2 938+ o 

P12 N(1720) ~ n % he l ic i ty=l /2  940+ 0 
P13 N(1720) ~ n T, he l ic i ty -3 /2  940. 0 

N(1720) B R A N C H I N G  R A T I O S  

N(1720)  ~ (Nvr) / to ta l  (01) 
RI (0.19) (0.05) CUTKOSKY 79 IPWA P IN  TO P IN  
HI 0.14 0.03 EOEHLER 79 IPWA PIN TO PIN 
RI 0.10 0.04 CUTKOSKY 80 IPWA Pl N TO PIN 

N(1720)  in N v r  ~ N f f  SGRT(PI*PB) 
RB (-O.O8) BAKER 79 DPWA O PI- P TO ETA N 

N(1720) in N~T ~ A K  SQRT(PI*P3) 
R3 B (0.08) (0,02) BAKER 77 IPWA 0 Pl- P T0 K LAM. 
R3 C (-0.09) BAKER 77 DPWA 0 PI- P TD K LAM. 
R3 E ( -0 .09)  BAKER 78 DPWA O Pl- P TO K LAM 
R3 E THE (UNDETERMINED) OVERALL PHASE OF ALL COUPLINGS FROM HAG BEEN 
R3 E CHANGED TO AGREE WITH PREVIOUS CONVENTIONS. SUPERSEDED BY SAXON 80. 
R3 (-0.11) SAXON 80 DPWA 0 Pl- P TO K LAM 
R3 (0.09) BELL 83 DPWA 0 PI- P TO LAM KO 

N(1720) in N ~ r  ~ Z K  SGRT(PI*P~) 

RA F 0,051 TO 0.087 DEANS 75 DDWA PIN TO K SIGMA 
R4 F RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. DEANS 73 DISAGREES WITH 
R4 F PI+ P TO K÷ SIGMA+ DATA OF WINNIK 77 AROUND 192D MEV. 

NOTE: SIGNS 0F COUPLINGS FROM PIN INTO N PI PI ANALYSES CHANGED 
IN 1986 EDITION TO AGREE WITH BARYON-FIRST CONVENTION WITH 

R THE OVERALL PHASE AMBIGUITY RESOLVED BY CHOOSING A NEGATIVE 
R SIGN ~OR DELTA(1620) $31 COUPLING TO DELTA(1232) PI. 

N(1720) in N 77 ~ ~(1232)z-, P-wave SQRT(PI*PB) 
R5 D (-0.17) LONGAERE 77 IPWA P] N TO 2PI N 

N(172@) in N 77 ~ N p,  S = 1 / 2 ,  P-wave SQRT(PI*P7) 

R6 A +0.35 OR ÷0.40 LONGACRE 75 IPWA PIN TO 2PI N 
R6 D (-0.26) LONGACRE 77 IPWA PIN TO 2PI N 

N(1720)  in N ~ r  ~ N p, S = 3 / 2 ,  P-wave  SQRT(PI*P8) 

R7 D (+0.15) LONGACRE 77 IPWA Pl N TO 2PI N 

N(1720) in N vr ~ N(~'n-)s.wmv e SQRT(PI*P9) 

R8 D (-0.19) LONGACRE 77 IPWA P I N  TO 2PI N 

N(1720) in p 7 ~ p fi SQRT((PIB+P11)*P2) 

R9 (0.0052) HICKS 73 BPWA GAM P-ETA P 

N(1720) iB ~ T ~ A K SQRT((P10+P111*P3) 

RIB (0.0082) DEANS 72 MPWA SAM P-K LM,SOL D 

N(1720) P H O T O N  DECAY A M P L I T U D E S  (GeV I/2) 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI 
REVIEW PRECEDING THE BARYON LISTINGS. 

N(1720) ~ 0 %  h e l i c i t y = l / 2  (GeV J/2) 
AI ~0.122 0.018 AZNAURYAN 77 DPWA PIO PHTPRD,SOL 1 
AI +D.054 D.012 AZNAURYAN 77 DPWA P10 PHTPRD,SOL 2 
A1 +0.111 0.047 BARBOUR 78 DPWA PI-N PHOTOPROD. 
AI 0.031 0.009 ARAI 80 DPWA PIN PHOTO FIT 1 
AI 0.071 0.010 ARAI BO SPWA P I N  PHOTO FIT 2 
AI 0.038 0.080 CRAWFBRD 80 DPWA P IN  PHOTOPROD. 
AI -D.OO4 D.OO7 AWAQI B1DPWA P IN  PHOTOPROD. 
A1 O.OA4 0.066 CRAWFORD 83 IPWA Pl N PHOTOPROD. 

N(1720)  ~ p % he l i c i ty=3 /2  (GeY -1/2) 
A2 +0.034 0.018 AZNRURYAN 77 DPWA PlO PHTPRD,SOL 1 
A2 0.000 0.016 AZNAURYAN 77 DPWA PIO PHTPRD,SOL 2 
A2 -0.063 0.032 BARBOUR 78 DPWA PI-N PHOTOPROD. 
A2 -0.038 0.010 ARAI 80 DPWA Pl N PHOTO FIT I 
A2 -0.011 0.011 ARAI 80 DPWA Pl N PHOTO FIT 2 
A2 -0.014 0.040 CRAWFORD 80 DPWA Pl N PHOTOPROD. 
A2 -O.OAO 0.016 AWAJI 81DPWA Pl N PHOTOPROD. 
A2 -0.024 0,006 CRAWFORD 83 IPWA PIN PHOTODROD. 

N(1720)  ~ n % h e l i c i t y = l / 2  (GeV -1/~) 
A3 +0.007 0.080 BARBOUR 78 DPWA PI-N PHBTOPROD. 
A3 -0.019 0.033 ARAI 80 DPWA PIN PHOTO FIT 1 
A3 0.001 0.038 ARAI 80 DPWA Pl N PHOTO PIT 2 
A3 -0.003 0.03~ CRAWFORD 80 DPWA PIN PHOTOPROD. 
A3 OmO02 OmO05 AWAJI 81 DPWA Pl N PHOTOPROD. 

N(1720) ~ n T, he l ic i ty=3/2  (GeV -J/2) 
A4 +0.051 0.051 SARSOUR 78 DPWA 
A4 0.139 0.039 ARAI 80 DPWA 
A4 -0.134 O.OA~ ARAI 80 DPWA 
A4 0.018 0.028 CRAWFORD 80 DPWA 
A4 -D.015 0.019 AWAJI 81DPWA 

PI-N PHOTOPROD. 
Pl N PHOTO PIT I 
Pl N PHOTO ~Ir  2 
Pl N PHOTOPROD. 
Pl h PHOTOPROD. 

REFERENCES FOR N(1720) 

FOR EARLY REFERENCES, SEE PHYSICS LETTERS I~IB (1982). 

DEANS 72 PR 06 1906 DSANS,JACOBS, LYONS,MONTGOMERY (SFLA)IJP 
HICKS 73 PR 07 2614 +DEANS,JACOBS,LYONS+ (CARN+ORNL+SRLA)IJP 
DEANS 75 NP B96 90 +MITCHELL,MONTGOMERY,+ (S~LA÷ALAH)IJP 
KNASEL 75 PR 011 1 
LONGACRE 75 PL 55B G15 
AZNAURYA 77 EFI-2BA(57)-77 
BAKER 77 NP 0126 365 
LONGACRE 77 NP B122 493 

ALSO 76 NP BI08 365 
WINNIK 77 NP 0128 66 
BAKER 78 NP BIGI 29 
BARBOUR 78 NP 0141 253 
LONGACRE 78 PR 017 1795 
BAKER 79 NP B136 93 
CUTKOSKY 79 PR 020 2839 ÷FORSYTH,HENDRICK,KELLY 
HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK OATEN VOL.12 1 

+KAISER,KOCHtPIETARINEN (KARL)IJP 
ALSO BO TORONTO CONF 3 R KOCH -- (KARL)IJP 

ARAI BO TORONTO CONF 93 I ARAI (TOKY) 
ALSO 82 NP B196 251 I ARAI, H FUJII (TOKY) 

CRAWFORD 00 TORONTO CONF 107 R L CRAWFORD (GLASS 
CUTKOSKY BO TORONTO CONF 19 ÷FORSYTB,BABCOCK,KDLLY,HENDRICK (CARN÷LBL)IJP 
SAXON BO NP B162 522 ÷BAKER,BELL,BLISSETT,BLOODWORTH÷(RHEL+BRIS)IJP 
AWAJI 01 BONN CONF 352 R KAJIKAWA (TALK) (NABOB 

ALSO 02 NP 0197 363 FUJII,HAYASHII,IWBTA,KAJ~KAWA+ (NAGO) 
BELL 83 NP B222 389 ~BLISSET,BROOME,DALEY,BART,IINTERN,+ (RL)IJP 
CRAWFBRD 83 NP 0211 1 R L CRAWFORD, W T MORTON (GLASS 
ARNDT 85 PR D32 1085 R A ARNDT, J M FORD, L D ROPER (VPI) 

÷LINDQUIST,NELSON+ (CHIC-WUSI÷OSU÷ANL)IJP 
÷ROSENFELD,LASINSKI,SMADJA* (LBL+SLAC)IJP 
+AKOPOV,BAGOASARYAN (YERE)IJP 
+BLISSET,BLOODWORTH,BROOME,HART* (RHEL)IJP 
LONGACRE,DOLBEBU (SACL)IJP 
DOLBEAU,TRIANTIS,NEVEU,CADTET (SACL)IJP 
÷TOAFF,REVEL,GOLDBERG,BERNY (HAIF)I 
÷BLISSET,BLOODWORTH,BROOME* (RL÷CAMB)IJP 
BARBOUR,ERAWFORD,PARSONS (GLASS 
÷LASINSKI,ROSENFELD,SHADJA+ (LBL+SLAC) 
÷BRBWN,CLARK,DAVIES,DEPAGTER,EVANS÷ (RHEL)IJP 

(CARN+LBL)IJP 

N(1960) I IuP>=½< ) Stat . . . .  

OMITTED FB0.44 SU~[MAR Y TABLE 

A NARROW PEAK IN SIGMA(1385)- K+ DIFFRACTIVELY PRODUCED BY NEUTRONS 
ON QUASI-FREE NUCLEONS 07 CARBON. THE SPIN-PARITY IS ONE OF 5/2-, 
7/2-, ETC. 

N(1960) M A S S  (MeV) 

M 1956. 0, 6. ALEEV 84 BIBS 0 SIG(1385)- K+ 

N(1960) W I D T H  (MeV) 

W 27. 15. ALEEV 8L BIB2 O SIG(1385)- K÷ 

REFERENCES FOR N'(1960) 

ALEEV 84 ZPRY C25 205 (JINR+BERL+LEBD+MOSU+PRAS+SOFI+TBLI) 

I 1jR I 7- N(1990) F17 ~ ) = 7 ( 7  ) s ta tus :  * *  

OMITTED FROM SUMMARY TABLE 

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOW OBSOLETE AND HAVE 
BEEN OMITTED. THEY MAY BE FOUND IN OUR 1982 EDITION (PHYSICS LETTERS 
111B). 

THE VARIOUS ANALYSES DO NOT AGREE VERY WELL WITH ONE ANOTHER. 

N(1990) M A S S  (MeV) 

M (1999.0) BARBOUR 7B DRWA PI-N PHOTOPROD. 
M (1970.0) (80.0) CUTKOSK¥ 79 IPWA Pl N TO P IN  
M 2005.0 150.0 HOEHLER 79 IPWA PIN TO PIN 

(2018.0) CRAWFORD 80 DPWA Pl N PHOTOPRQD. 
1970.0 50.0 CUTKOSKY 80 IPWA Pl N TO PIN 

N(1990) W I D T H  (MeV) 

(216.0) BARBOUR 78 DPWA PI-N PHOTOPROD. 
(325.0) (150.0) CUTKOSKY 79 IPWA Pl N T0 PIN 

W 350.0 100.0 HOEHLER 79 IPWA Pl N T0 Pl N 
W (295.01 CRAWFORD 80 DPWA PIN PHOTOPROD. 
W 350.0 120.0 CUTKOSKY BO ]PWA Pl N 70 PIN 



For notation, see key on page 91. 

N ( 1 9 9 0 )  R E A L  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

(1899.0) CUTKOSKY 79 IPWA Pl N ~0 PIN  
1900.0 30.0 CUTKOSKY 80 IPWA Pl N TO P IN  

N'(1990) - 2 * I M A G  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

(208.0) CUTKOSKY 79 IPWA PIN TO Pl N 
260.0 60.0 CUTKOSKY 80 IPWA PIN TO Pl N 

RER 
RER 

N ( 1 9 9 0 )  R E A L  P A R T  O F  E L A S T I C  P O L E  R E S I D U E  ( M e V )  

(3.0)  COTKOSKY 79 IPWA P IN  TO P IN  
5.0 4.0 CUTKOSKY BO IPWA Pl N TO Pl N 

IMR 
IMR 

N ( 1 9 9 0 )  1MAG P A R T  O F  E L A S T I C  P O L E  R E S I D U E  ( M e V )  

( 6 . 0 )  CUTKOSKY 79 I~WA Pl N TO Pl N 
-8.0 4.0 CUTKOSKY BO IPWA Pl N TO Pl N 

N ( 1 9 9 0 )  P A R T I A L  D E C A Y  M O D E S  

pl N(1990) ~ N 7r 
p2 N(1990) ~ N 
z3 N(1990)  ~ A K  

~4 N(1990)  ~ Z K  

p0 N(1990)  ~ N Tr~ 
p6 N(1990)  ~ p y ,  he l i c i iy -  1/2 
p7 N(1990)  ~ p ?, he l i c i t y -3 /2  
p8 ,V(t990) ~ n y ,  h e l i c i t y = l / 2  
p9 N(1990)  ~ n y,  he l i c i t y -3 /2  

DECAY MASSES 

938÷ 140 

940* 549 

1116+ 498 

1189. 494 

93B+ 160+ 140 
938* 0 

938÷ D 

9~0÷ O 

940+ 0 

N(1990)  B R A N C H I N G  R A T I O S  

N(1990 )  ~ ( N ~ ) / t o t a l  
R1 (O.OS) (0.02) 
RI 0.04 0.02 
R1 0,06 0.02 

N ( 1 9 9 0 )  in N ~  ~ N ~  
R2 (0.043) 

N ( 1 9 9 0 )  in N ~  ~ A K 
R3 0.021 0,033 
R3 NOT SEEN 
R3 (+0,01) 

N (1990)  in N ' ~  - -  ~ K  

(Pl)  
CUTKOSKY 79 IPWA P IN  TO P IN  
HOEHLER 79 IPWA P IN  TO P IN  
CUTKOSKY 80 IFWA P IN  TO El N 

SQRT(PI*P2) 
BAKER 79 DRWA 0 Pl P TO ETA N 

SQRTIPI*P3) 
DEVEN.ISH 74 0 FIXED T DISE REL 
SAXON 00 DPWA 0 Pl P TO KLAN 
BELL 03 DPWA 0 Pl P TO LAMKO 

SQRT(PI*PA) 
R4 (0.06) LANGBEIN 73 IPWA Pl N-K GIG,SOL I 
R4 A G.010 TO 0.003 DEANS 75 DPWA P IN  TO K SIGMA 
R4 A RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 

N(1990)  in N ~ ~ , N ' ~  SQRT(PI*P5) 
R5 NOT SEEN LONGACRE 75 IPWA PIN TO 2PI N [ 
R5 NOT SEEN MANLEY 84 IPWA Pl N ~0 2Pl N I 

N(1990)  in P 7  ~ P ~  SQRT((P6+PT)*P2) 

R6 (0.0045) HICKS 73 MPWA GAM P-ETA p 

N ( 1 9 9 0 )  in p 7 ~ A K  SQRT((P6*P7)*P3) 
R7 (0.0034) DEANS 72 MPWA GAM P-K LM,SOL D 

N ( 1 9 9 0 )  P H O T O N  D E C A Y  A M P L I T U D E S  (GeY -1/2) 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLIYODES, SEE NINI- 
REVIEW PRECEDING THE BARYON LISTINGS. 

N ( 1 9 9 0 )  - -  p %  h e l i c i t y = l / 2  (GeY - I / : )  
AI (0.040) BAKBOUR 78 DPWA RI-N PHOTOPROD. 
81 0.001 0.040 CRAWFORD 80 DPWA P IN  PHOTOPROD. 
A] 0.030 0.029 AWAJI 81 DPWA PIN PHOTOPROD. 

N ( 1 9 9 0 )  ~ p % hel ici tyff i3/2 (GeV -1/2) 
82 (*O.OO~) BARBOUR 78 DPWA PI-N PHOTOPROD. 
82 0.004 0.025 CRAWFORD BO DPWA Pl N PHOTOPROD. 
AE 0.086 0.060 AWAJI 81 DPWA PIN PHOTOPROD. 

N{1990)  ~ n % h e l i c i t y = I / 2  (GeV i/2) 
83 (-0.069) BARBOUR 78 DpWA PI-N PHOTOPROD. 
A3 -0.078 0.030 CRAWFORD SO DPWA Pl N PHOTDPROD. 
A5 (-0.001) AWAJI BI BPWA Pl N PBOTOPROD. 

N ( 1 9 9 0 )  ~ n % h e l i c i t y = 3 / 2  (GeV wE) 
A4 (-0.072) BARBOUR 78 DPWA PI-N PHOTOPROD. 
A4 -0.116 0.045 CRAWFORD SO DPWA P I N  PHOTOPROD. 
AC (0 .178 )  AWAJI 81 DPWA P IN  PHOTOPROD. 
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Baryon Full Listings 
N ( 1 9 9 0 ) ;  N ( 2 0 0 0 )  

R E F E R E N C E S  F O R  N ( 1 9 9 0 )  

FOR EARLY REFERENCES, SEE PHYSICS LETTERS 1110 (1982). 

DEANS 72 PR 06 1908 BEANS,JACOBS, LYONS,MONTGOMERY (SFLA)IJP 
HICKS 73 PR D7 2614  +DEANS,JACOBS,LYONS÷ (CARN÷ORNL+SFLA)IJP 
LANGBEIN 73 NP B53 251 LANGBEIN,WAGNER (MONIIIJP 
DEVENISH 7L NP 081 330 DEVENISH,FROGGATT,MARTIN (DESY+NORD÷LOUC) 
DEANS 75 NP 098 90 ~NITCHELL,MON~GOMERY,÷ (SFLA+ALAH)IJP 
LONGACRE 73 PL 550 415 +ROSENFELD,LASINSKI,SMADJA+ (LBL+SLAC)IJP 
BARBOUR 78 NP B141 253 BARBOUR,CRAWFORD,PARSONS (GLAS) 
BAKER 79 NP 0156 93 ÷BROWN,CLARK,DAVIES,DEPAGIER,EVANS+ (RHEL)IJP 
CUTKOSKY 79 PR D20 2839  ÷FORSYTH,BENDRICK,KELLY (CARN*LBLIIJP 
HOEHLER 79 HANDBOOK OF RI-N SCATTERING, PHYSIK DATEN V0L.12-I 

÷KAISER,KOCH,PIETARINEN (KARL)IJP 
ALSO 80 TORONTO CONF 3 R KOCH (KARL)IJP 

ERAWFORD 80 TORONTO CONF 107 R L CRAWFORD (GLAS) 
CUTKOSKY 80 TORONTO CONF 19 +gORSYTH,BABEOCK,NELLY,HENDRICK (CARN~LSL)IJP 
SAXON 80 NR 0162 522 ÷BAKER,BELL,BLISSETT,BLOODWORTH+(R~EL+BRIS)IJP 
AWAJI 81 BONN CONF 352 R KAJIKAWA (TALK) (NAGO) 

ALSO 82 NP 0197 365 FUJII,HAYASHII,IWKTA,KAJIKAWA÷ (NAGO) 
BELL 83 NP 0222 389 +BLISSET,SROOME,DALEY,HART,LINTERN,÷ (RL)IJP 
CRAWFORD 83 NP 0211 1 R L CRAWFORD, W T MORTON (GLAS) 
MANLEY SA PR D30 90~ MANLEY,ARNDT,GORADIA,TEPLITZ (VPI) 

I [ "~ L ~+ N(2000)  El5  ( )=TIT ) Status: ** 

O M I T T E D  F R O M  S U M M A R Y  T 4 B L E  

OLDER RESULTS HAVE BEEN RETAINE~ SIMPLY BECAUSE THERE IS LITTLE 
INFORMATION AT ALL ABOUT THIS STATE. 

N ( 2 0 0 0 )  M A S S  ( M e V )  

(2175.0) ALMEHED 72 IPWA 
(1930.0) DEANS 72 MPWA GAM P K LM,SOL D 

A (1970.0) LANGBEIN 73 IPWA PI N-K GIG,SOL Z 
A NOT SEEN IN SOLUTION I OF LANGBEIN 73. 

(2025.0) AYED 76 IPWA 
1882.0 I0.0 HOEHLER 79 IPWA PIN ~0 El N 

w (150.0) 
w (112.0) 

A (170.0) 
(157.0) 

W 95.0 20.0 

N ( 2 0 0 0 )  W I D T H  ( M e V )  

ALMEHED 72 IPWA 
DEANS 72 MPWA GAM P-K LM,SOL D 
LANGBEIN 73 IPWA Pl N-K SIG,SOL 2 
AYED 76 IPWA 
HOEHLSR 79 IPWA Pl N TO Pl N 

N ( 2 0 0 0 )  P A R T I A L  D E C A Y  M O D E S  

Pl N(2000)  ~ N i t  
p2 N(2000)  ~ N 
P3 N(2000)  ~ A K  
r,4 N(2000)  ~ Z K  
~5 N(2000)  ~ p % h e l i c i t y = l / 2  
~E N(2000)  ~ p % he l i c i ty=3 /2  
P7 N(2000)  ~ n % h e l i c i t y ~ l / 2  
PB N(2000)  ~ n % he l i c i ty=3 /2  

DECAY MASSES 

938+ 140 

940+ 549 

1116+ 490 

1189+ 49~ 

938+ O 

938+ 0 

940~ 0 

940+ 0 

N ( 2 0 0 0 )  B R A N C H I N G  R A T I O S  . 

N ( 2 0 0 0 )  ~ ( N ~ ) / t o t a l  (P I )  
RI (0.25) ALMEHED 72 IPWA 
R1 (0.08) AYED 76 IRWA 
RI 0.04 0.02 HOEHLER 79 IPWA P IN  TO P IN  

~r(2000)  ig ]~9I" ~ ~ r ~  SQRT(PI*P2) 

R2 (+0.03) BAKER 79 DPWA 0 PI- P TO ETA N 

N(200O) in N ~  ~ ± K  SGRT(PI*P3) 

R3 NOT SEEN SAXON 80 DPWA 0 Pl P TO KLAM 

N ( 2 0 0 0 )  in N ~  ~ Z K  SQRT(PI*PA) 
R4 A (0.03) LANGBEIN 73 IPWA Pl N-K SIG,SOL 2 
R4 B (0.022) DEANS 75 DPWA P IN  TO K SIGMA 
R4 B VALUE GIVEN IS FROM SOLUTION I ,  NOT PRESENT IN SOLUTIONS 2,3,4.  

N(2000)  in p 7 ~ ± K  SQRT((PE÷P6)*P3) 

R3 (0.0022} DEANS 72 MPWA GAN P-K LM,SOL D 

R E F E R E N C E S  F O R  N ( 2 0 0 0 )  

ALMEHED 72 NP 040 157 +LOVELACE (RUTG)IJP 
DEANS 72 PR D6 1906  DEANS,JACOBS, LYONS,MONTGDMERY (SFLAIIJR 
LANGBEIN 73 NP 053 251 LANGBEIN,WAGNER (MUNI)IJP 
DEANS 75 NP B96 90 ~MITDHELL,MONTGOMERY,~ (SPEa+ALAH)!J~ 
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Baryon Full Listings 
N(2000), A7(2080), N(2090) 

AYED 76 CEA-N-1921 AYED (THESIS)  (SACL)IJP 
MA 76 PR 013 3027 E MA,G L SHAW (OREG~UCI)IJP 
BAKER 79 NP 8156 93 +BROWN,CLARK,DAV]ES,DEPAGTER,EVANS÷ (RHEL)IJP 
HOEHLER 79 HANDBOOK OF PI-N SCATTERING r PHYSIK EATEN VOL.12-1 

+KA I SER ,KOCH,PIETAR INEN (KARL)I JR 
ALSO 80 TORONTO CONE 3 R KOCH (KARL)I JR 

SAXON S0 NP 8162 522 +BAKER,BELL,BLISSETT,BLOODWORTH÷IRHEL-BRIS)IJP 

] l jp  1 3 N(2080) D 13 < ) =  2 ( 2  ) Sta tus :  ~ * 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

THERE IS SOME EVIDENCE THAT TWO RESONANCES EXIST IN THIS WAVE BETWEEN 
1800 AND 2200 MEV (SEE CUTKOSKY 80) .  THE SOLUTION OF HOEHLER 79 IS 
QUITE DIFFERENT. 

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOW OBSOLETE AND HAVE 
BEEN OMITTED. THEY MAY BE FOUND IN OUR 1982 EDITION (PHYSICS LETTERS 
1118). 

N ( 2 0 8 0 )  MASS ( M e ¥ )  

M A (1830.0) (50 .0)  CUTKOSKY 79 IPWA Pl N TO P I N  
M B (2100.0) 180.0) CUTKOSKY 79 IPWA PIN TO PI N 
M AB CUTKOSKY 79 FIND A LOWER MASS 013 RESONANCE, AS WELL AS ONE IN THIS 
M AB MASS REGION. BOTH ARE LISTED HERE, AND LABELED A AND B. 
M 2081.0 EO.O HOEHLER 79 IPWA PIN TO PIN 
M C 1880.0 100.0 CUTKOSKY 80 IPWA Pl N TO Pl N 
M D 2060.0 80.0 CUTKOSKY 80 IPWA Pl N TO El N 
M CO CUTKOSKY 80 AGAIN FINDS A LOWER MASS B13 RESONANCE, AS WELL AS ONE 
M CD IN TH]S MASS REGION. BOTH ARE LISTED HERE, LABELED C AND D. 
M (1900.0) SAXON 80 DPWA 0 Pl- P TO KLAM 
M (1920.0) BELL 83 DPWA 0 El- P ~0 LAM KO 

N ( 2 0 8 0 )  W I D T H  ( M e V )  

W A (125.0) (50.0) 
W B (300.0) (100.0) 

265.0 &O.O 
180 .0  60.0 

W 300.0 100 .0  
w (240.0) 
w (320.0) 

CUTKOSKY 79 IPWA Pl N TO P I N  
CUTKOSKY 79 IPWA P I N  TO P I N  
HOEHLER 79 IPWA PIN TO PIN 
CUTKOSKY BO IPWA PIN IO Pl N 
CUTKOSKY B0 IPWA Pl N TO Pl N 
SAXON 80 DPWA 0 PI~ P TO KLAM 
BELL 83 DPWA 0 PI- P TO LAM KO 

N ( 2 0 8 0 )  R E A L  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

RE A (1818 .0 )  
RE B (2053 .0 )  
RE C 1880 .0  100 .0  
RE D 2050 .0  70 .0  

CUTKOSKY 79 IPWA Pl N TO P I N  
CUTKOSKY 79 IPWA Pl N TO PI N 
CUTKOSKY 80 IPWA Pl N TO P I N  
CUTKOSKY 00 IPWA Rl N TO P I N  

N ( 2 0 8 0 )  - 2 * I M A G  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

IM A (122.0)  CUTKOSKY 79 IPWA Pl N TO Pl N 
IM B (308,0)  CUTKOSKY 79 IRWA Pl N TO Pl N 
IM C 160 .0  BO.O CUTKOSKY 80 IPWA Pl N TO P I N  
IM D 200.0 BO.O CUTKOSKY 80 IPWA Pl N TO P I N  

N ( 2 0 8 0 )  R E A L  P A R T  O F  E L A S T I C  P O L E  R E S I D U E  ( M e V )  

RER A (3 .0)  CUTKOSKY 79 IPWA Pl N TO P I N  
RER B (24.0)  CUTKOSKY 79 IPWA P I N  TO PI N 
RER C - 2 . 0  14.0 CUTKOSKY 80 IPWA Pl N TO P! N 
R E R D  30.0 20.0 CUTKOSgY 80 IPWA Pl N TO P] N 

N ( 2 0 8 0 )  I M A G  P A R T  O F  E L A S T I C  P O L E  R E S I D U E  ( M e V )  

IMR A ( -3 .0 )  CUTKOSKY 79 IPWA P I N  TO Pl N 
IMR B ( - I 0 . 0 )  CUTKOSKY 79 IPWA Pl N TO PI N 
IMR C 10.0 5.0 CUTKOSKY BO IPWA P I N  TO Pl N 
IMR D O.O 52.0 CUTKOSKY 80 IPWA Pl N TO Pl N 

N ( 2 0 8 0 )  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

Pl N(2080)  ~ N ~  938~ 140 

p2 N(2080)  ~ X ~ 940 .  549 

P3 N(2080)  ~ A K  1116* 498 
p4 N(2080)  ~ YK 1189+ &94 

p5 N(2080)  ~ ArlTTC 938+ 140+ 140 

p6 N(2080)  ~ p y,  helicity = 1/2 938+ o 

P7 N(2080)  ~ p y,  he t i c i ty=3 /2  938+ 0 

p8 N(2080)  ~ n T, h e l i c i l y = l / 2  9A0+ 0 

p9 N(2080)  ~ n % he l i c i ty=3 /2  9AO÷ o 

N ( 2 0 8 0 )  B R A N C H I N G  R A T I O S  

N ( 2 0 8 0 )  ~ ( N  ~ ) / t o t a l  
RI A (0.06) (0.03) 
RI B (0.13) (0.05) 
81 0.06 0.02 
R1 C 0.10 0.0~ 
81 D 0 .14  0 .07  

N ( 2 0 8 0 )  in N ~ ~ N 

R2 NOT SEEN 

N ( 2 0 8 0 )  in N w ~ A E 
83 (+0.03) 
R3 ( +0 .04 )  

(E l )  

CUTKOSKY 79 IPWA Pl N TO Pl N 
CU~KOSKY 79 IPWA Pl N TO Pl N 
EOEBLER 79 IPWA Pl N TO P I N  
CUTKOSKY SO IPWA PI ~ TO Pl N 
CUTKOSKY BO IPWA P I N  TO Pl N 

SQRT(~q*~2) 
BAKER 79 DPWA 0 p l -  P TO ETA N 

SQRT(PI*P3) 

SAXON 80 DPWA 0 Pl- P TO K tAM 
BELL 83 DPWA 0 E l -  P TO LAV KO 

N ( 2 0 8 0 )  in N • ~ Z K  SQRT(PI*PA) 

R4 E 0.014 TO 0.037 DEANS 75 DPWA Pl ~ TO K SIGMA 
84 E RANGE GIVEN IS FROM ~OUR BEST SOLUTIONS. DISAGREES WITH Pl~ P TO 
R4 E K+ SIGMA+ DATA OF WINNIK 77 AROUND 1920 MEV. 

N ( 2 0 8 0 )  in p T ~ P ~ SGRT((P6+PT)*PB) 

R5 (0.0037) HICKS 73 MPWA GAM P-ETA P 

N ( 2 0 8 0 )  in p T ~ A K  SQRT((P6+P7)*P3) 

R6 (0.0070) DEANS 72 MPWA GAM P-K LM,SOL D 

N ( 2 0 8 0 )  P H O T O N  D E C A Y  A M P L I T U D E S  (GeV J/:) 

FOR DEFINITION OF GAMMA NUCLEON DECAY AMPLITUDES, SEE MINI- 
REVIEW PRECEDING THE BARYON LISTINGS. 

N ( 2 0 8 0 )  ~ p %  hel ic i tyf f i l /2  (GeV 1/2) 
AI 0.026 0.052 DEVENISH 74 OOWA PIN PEOTOPROD. 
A1 -0.020 0.008 AWAJI 81 3PWA PIN PHOTOPROB. 

N ( 2 0 8 0 )  ~ p y ,  h e l i c i t y = 3 / 2  (GeV - l /~ )  
A2 0.128 0.057 DEVENISH 7& DOWA P I N  PHOTOPROD. 
A2 0.017 0.011 AWAJI 81 DPWA PZN PHOTOPROD. 

N ( 2 0 8 0 )  ~ n % h e l i c i t y = I / 2  ( G e Y  i;2) 
A3 0.053 0.083 DEVENISH 7~ DPWA P[ N PHOTOPROD. 
A3 0.007 0.013 AWAJI 81 DPWA Pl N PHOTOPROD. 

N'(2080) ~ D y ,  h e l i c i t y = 3 / 2  (GeV L'2) 
AA 0 . I 00  0 . I& I  DEVENISH 2~ DPWA P[ N OBOTOPROD. 
AA -0.053 0.034 AWAJI 81 DPWA Pl N PHOTOPROD. 

R E F E R E N C E S  F O R  N ( 2 0 8 0 )  

FOR EARLY REFERENCES, SEE PHYSICS LETTERS 111B [1982). 

DEANS 72 PR 06 1906 BEANS,JACOBS, LYONS,MONTGOMERY (S:LA)IJP 
HICKS 73 PR DT 261~ +DEANS,JACOBS,LYONS+ (CARN+ORNL-SFLA)IJP 
DEVENISH 74 PL 52B 227 DEVENISB,LYTH,RANKIN (DESY+LANC-BONN)IJP 
DEANS 75 NP 896 90 +MITCHELL,MONTGOMERY,+ (SFLA-ALAH)IJP 
WINNIK 77 NR 8128 66 +TOAFF,REVEL,BOLDBERG,BERNY (HAIF)I 
BAKER 79 NP 8156 93 +BROWB,CLARK,DAVIES,DEPAGTER,EVANS+ (RHEL)IJP 
CUTKOSKY 79 PR D2O 2839 +FORSYTR,HENDRICK,KELLY (CARN-LBL)IJP 
HDEHLER 79 HANDBOOK OR PI-B SCATTERING, PHYSIK OATEN VOL.12-1 

+KAISER,KOCH,RIETARINEN (KARL)IJP 
ALSO 80 TORONTO CONE 3 R KOCH IRARL)IJP 

CUTKOSKY 80 TORONTO CDNF 19 *FORSYTH,BASCOCK,KELLY,HENDRIEK (CARN÷LBL)IJP 
SAXON 80 NP 8162 522 +BAKER,BELL,BLISSETT,BLOODWORTH+(RHEL-BRIS)IJP 
AWAJI 81 BONN CONg 352 R KAJIKAWA (TALK) (NAGO) 

ALSO 82 NP B197 365 FUJII,HAYASHII,IWATA,KAJIKAWA+ (NAEO) 
BELL 83 NP B222 389 +BLISSET,BROOME,DALEY,HART,LINTERN,* (RL)IJP 

] p I I N(2090)  S l l  l(J ~=7<7 ~ st~t . . . .  

O M I T T E D  F R O M  SL@BMARY TABLE 

ANY STRUCTURE IN THIS WAVE ABOVE 1800 MEV IS LISTED HERE. A FEW EARLY 
RESULTS THAT ARE NOW OBSOLETE HAVE BEEN OMITTED. 

N ( 2 0 9 0 )  M A S S  ( M e V )  

1880.0 20.0 HOEHLER 79 [PWA Pl N TO Pl N 
2180.0 80.0 CUTKOSKY 80 IPWA Pl N TO Pl N 

N ( 2 0 9 0 )  W I D T H  ( M e V )  

95.0 30.0 HOEELER 79 IPWA PIN TO R] N 
350.0 100.0 CUTKOSKY 80 IPWA Pl N TO P1 N 

N ( 2 0 9 0 )  R E A L  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

1937.0 OR 1969.0 LONGACRE 78 IRMA Pl N TO 2El N ] 
2150.0 70.0 CUTKOSKY 80 IPWA PIN TO Pl N 



For notation, see key on page 91 

N ( 2 0 9 0 )  2 * I M A G  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

139.0 OR 131.0 LONGACRE 78 IPWA Pl N TO 2El N [ 
350.0 100.0 CUTKOSKY 80 IPWA Pl N TO PIN 

N ( 2 0 9 0 )  R E A L  P A R T  O F  E L A S T I C  P O L E  R E S I D U E  ( M e V )  

RER 40.0 20.0 CUTKOSKY 80 IRWA P I N  TO Pl N 

N ( 2 0 9 0 )  I M A G  P A R T  O F  E L A S T I C  P O L E  R E S I D U E  ( M e V )  

IMR G.O 60,0 COTKOSKY 80 IPWA P I N  TO Pl N 

N ( 2 0 9 0 )  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

pl N(2090)  - -  N ~  o38. 14o 

~2 N (2090 )  ~ A K 1116.  L98 

N ( 2 0 9 0 )  B R A N C H I N G  R A T I O S  

N(209U) ~ ( N ~ ) / t o t a l  (E l )  
RI 0.09 0.05 HOEHLER 79 IPWA PIN TO PIN 
Ri 0.18 0.08 CUTKOSKY SO IPWA Pl N TO P I N  

N ( 2 0 9 0 )  in , N ~  ~ A K SQRI(Pl*P2) 
R2 NOT SEEN SAXON 80 DPWA 0 Pl P EO K LAM 

R E F E R E N C E S  F O R  N ( 2 0 9 0 )  

LONGACRE 70 PR D17 1795 +LASINSKI,ROSENFELD,SMADJA* (LBL+SLAC) 
HOEHLER 79 RANDBOOK OF PI h SCATTERING, PHYSIK DATEN VOL.12-1 

+KAISER,KOCH,PIETARINEN (KARL)IJP 
ALSO 80 TORONTO CONF 3 R KOCH (KARL) I JP  

CUTKOSKY 80 TORONTO CONE 19 -FORSYTH,BABCOCK,KELLY,HENDRICK (CARN+LBL)IJP 
SAXON 80 NP B162 522 ~BAKER,BELL,BLISSETT,BLOODWORTH+(RHEL+BRIS)IJP 

I I i i ~ N(2100) Pll /(JP)=o(7 ) S ta tus :  * 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

N ( 2 1 0 0 )  M A S S  ( M e V )  

M 2050.0 20.0 HOEHLER 79 IPWA Pl N EO PIN 
2125.0 75.0 COTKOSKY 80 IPWA Pl N TO Pl N 

N(21OO) W I D T H  ( M e V )  

w 200.0 30.0 HOEHLER 79 IPWA Pl N TO P I N  
W 260.0 100.0 CUTKOSKY 80 IPWA Pl N TO P I N  

N(21O0)  R E A L  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

RE 2120.0 40.0 CUTKOSKY 80 IPWA Pl N 10 Pl N 

N ( 2 1 0 0 )  2 * I M A G  P A R T  O F  P O L E  P O S I T I O N  (MeY)  

IM 240.0 00.0 CUTKOSKY 80 IPWA PIN TO Pl N 

N(21O0)  R E A L  P A R T  O F  E L A S T I C  P O L E  R E S I D U E  ( M e V )  

RER 11.0 7.0 CUTKOSKY 00 IPWA P I N  TO 01 N 

N ( 2 1 0 0 )  I M A G  P A R T  O F  E L A S T I C  P O L E  R E S I D U E  ( M e V )  

IMR 8.0  6 .0  CUTKOSKY 00 IRWA P I N  TO Pl N 

N(210O) P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

Pl N(2100)  ~ N W 958+ 140 
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Baryon Full Listings 
N(2090), N(2100), N(2190) 

N ( 2 1 0 0 )  B R A N C H I N G  R A T I O S  

N ( 2 1 0 0 )  ~ ( N  ~) ] to t a l  
Ri 0 . I 0  0.04 HOEHLER 79 IPWA P I N  TO Pl N 
Rq 0.12 0.03 CUTKOSKY 80 IPWA Pl N TO Pl N 

R E F E R E N C E S  F O R  N ( 2 1 0 0 )  

HOEHLER 79 HANDBOOK O~ PI-N SCATTERING, PHYSIK DA}EN VOL.12-1 
+KAISER,KOCH,PIETARINEN (KARL)IJP 

KOCH 00 TORONTD CONF 3 R KOCH (KARL)IJP 
CUTKOSKY 80 TORONTO CONE 19 ~FORSYTH,BABCOCK,KELLY,HENDRICK (CARN+LBL)IJP 

lN(2190) G17 I I(sP)=½(~ -) status . . . . .  

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOW OBSOLETE AND HAVE 
BEEN OMITTED. ~HEY MAY BE FOUND IN OUR 1982 EDITION (PHYSICS LETTERS 
111B) .  

N ( 2 1 9 0 )  M A S S  (MeV)  

M (2117.0) 
M 2140.0 40.0 
M (2140.0) 
M (2150.0) (100.0) 
M 2140.0 12.0 
M (2098.0) 
M 2200.0 70.0 
M (2180.0) 

BARBOUR 78 DPWA PI-N PHOTOPROD. 
HENDRY 78 MPWA Pl N TO Pl N 
BAKER 79 DPWA 0 P l -  P TO ETA N 
CUTKOSKY 70 IPWA Pl N TO Pl N 
EOEHLER 79 IPWA Pl N TO Pl N 
CRAWFORD 80 DPWA Pl N PHOTOPROD. 
CUTKDSKY 80 IPWA Pl N TO P I N  
SAXON 80 DPWA 0 Pl- P TO K LAM 

N ( 2 1 9 0 )  W I D T H  ( M e V )  

W (220.0)  
W 270.0 50.0 
W (319.0)  
W (300.0)  (100.0)  

390.0 30.0 
(238.0) 

W 500 .0  150 .0  
w (80.0)  

BARBOOR 70 DPWA PI-N PHOTOPROD. 
HENDRY 70 MPWA P I N  TO Pl N 
BAKER 79 DPWA 0 PI P TO ETA N 
CUTKOSKY 79 IPWA Pl N TO P I N  
HOEHLER 79 IPWA P I N  TO P I N  
CRAWFORD 80 DPWA P I N  PHOTOPROD. 
CUTKOSKY 80 IPWA P I N  TO P I N  
SAXON 80 DPWA 0 P I -  P TO K LAM 

N ( 2 1 9 0 )  R E A L  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

RE (2111.0) CUTKOSKY 79 IEWA Pl N TO Pl N 
RE 2100.0 50.0 CUTKOSKY 00 IPWA PIN TO PIN 

N ( 2 1 9 0 )  - 2 * I M A G  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

IM (308.0)  CUTKOSKY 79 IPWA Pl N TO Pl N 
IM &00.0 160.0 CUTKOSKY 80 IPWA Pl N TO Pl N 

RER 
RER 

N ( 2 1 9 0 )  R E A L  P A R T  O F  E L A S T I C  P O L E  R E S I D U E  ( M e V )  

I24 .0 )  CUTKOSKY 79 IPWA Pl N TO P I N  
22.0 I~.0 CUTKOSKY 80 IPWA Pl N TO El N 

IMR 
IMR 

N ( 2 1 9 0 )  I M A G  P A R T  O F  E L A S T I C  P O L E  R E S I D U E  (M©V) 

( 1 2 . 0 )  CUTKOSKY 79 IPWA Pl N TO P I N  
-13 .0  20.0 CUTKOSKY 80 IPWA P I N  TO Pl N 

N ( 2 1 9 0 )  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

P1 N(2190)  ~ N ~ 938+ 140 
P2 N(2190)  ~ N ~  940+ 549 
P3 N(2190)  ~ A K  1116+ 494 
P4 N(2190)  ~ ~ K  1189+ 494 
PS N(2190)  ~ N TI-~ 938+ 1~0+ 1L0 
P6 N ( 2 t 9 0 )  ~ N p ,  S = 3 / 2 ,  D-wave  938+ 769 
R7 N(2190)  ~ p T, h e l i c i t y = l / 2  938+ 0 
p8 N(2190)  ~ P T ,  he l i c i ty=3 /2  938+ 0 
09 N(2190)  ~ n % hel ic i ty= 1/2 940+ 0 

pl0 N(2190)  ~ n % he l i c i ty=3 /2  9~0* 0 

N ( 2 1 9 0 )  B R A N C H I N G  R A T I O S  

N ( 2 1 9 0 )  ~ ( N  ~ ) / t o t a l  
Rq O.qE 0.04 HENORY 78 MPWA Pl N TO Pl N 
Rq (0 .16)  (0 .07)  CUTKOSKY 79 IPWA Pl N TO Pl N 
RI 0.14 0.02 HOEHLER 79 [PWA P[ N TO PIN 
Rq 0.12 0.06 CUTKOSKY 80 IPWA Pl N TO PIN 

(P1)  
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Baryon Full Listings 
N(2190), N(2200), N(2220) 

N(2190) in N ~  ~ N ~  SBRT(PI*P2) 
R2 (+0.052) BAKER 79 DPWA O PI-  P TO ETA N 

R3 ( 0.021 SAXON 80 DPWA 0 PI-  P TO KLAM 
83 LID.DE) BELL 83 DPWA O Pl P TO LAMKO 

N(2190) in N w ~ ZK  SORT(RE*P4) 
R G ~ O.01L TO 01019 DEANS 75 DPWA Pl N TO K SIGMA 
R~ RANGE SIREN IS FROM FOUR BEST SOLUTIONS. DISAGREES WITH PI+ P TO 
R4 A K~ SIGMA+ DATA O~ WINNIK 77 AROUND 1920 MEV. 

N'(2190) in . 'Y~  ~ N p ,  S=3/2 ,  D-wave EQRTGPI*PB) 
85 - (LARGE) MANLEY 84 IPWA Pl N TO 2PI N I 

N(2190) in p T ~ P ~ SQRT(GP7+PB)*P2) 
86 (0.00941 HICKS 73 MPWA GAM P~ETA P 

N(2190) in p ? ~ A K SGRT((p7+PS)*P3) 
87 (DID16 I ) DEANS 72 MPWA GAM P-K LR,SOL P 

N(2190) PHOTON DECAY AMPLITUDES (GeV -1/~) 

FOR DEFINITION OF GAMMA-NUCLEON DECA~ AMPLITUDES, SEE MINI- 
REVIEW PRECEDING THE BARYON LISTINGS. 

X(2190) -- p %  hel ic i ty=l /2  (GeV -1/2) 

N(2190) 

.~-(2190) 

N(2190) 

(-Oi030) BARBOUR 78 DPWA PI-N DHOTOPRDD. 
( 0 . 055 )  CRAW~ORS 80 DPWA P( N PHOTOPRDD, 

p % helieity=3/2 (GeV J/2) 
(+0.1801 BARBOUR 78 DPWA P1-R PHOTOPROD. 
(0.0811 CRRWFORD BO DPWA Pl N PHOTOPROD. 

n ?, hel ic i ty=l /2 (GeV -1/2) 
(.010851 SARBOUR 78 DPWA PI-N PHOTOPROD. 
(-0.042) CRAWFORD 80 DPWA Pl N PHOTOPROD. 

n y ,  he l ic i ty=3/2  (GeV 1/2) 
( -0 .0071 BARBOUR 78 ~PWA PI-N DHOTOPROD. 
(-0,q26) tRAWFORD 80 D~WA ~E N ~HOTOPROD. 

REFERENCES FOR N(2190) 

FOR EARLY REFERENCES, SEE PHYSICS LETTERS 111B 41982I. 

DEANS 72 PR 36 1906 OEANS,JACOBS, LYONS,MONTGOMERY (SFLA)IJP 
HICKS 73 PR O7 261A  ~DEANS,JACOBS,LYONS~ (CARN÷ORNL+SFLAIIJP 
WINNIK 77 
BARBOUR 78 
HENDRV 78 

BAKER 79 
CUTKDSKY 79 
HOEHLER 79 

ALSO 80 
CRAg'FOR] 80 
CUTKOEKY BD 
SAXON BO 
~ER~RX 8~ 
BELL 83 
CRAWFORD 83 
MANLEY 8A 

ALSO 84 

NP B128 66 +TOAFF,REVEL,GOLDBERG,BERNY (HAIF)I 
NP B141 253 BARBOUR,CRAWFORD,PARSDNS (GLAS) 
PRL 41 222 A W HENDRY (IND+LBL)IJP 
THE ANALYSIS AND RESULTS ARE DISCUSSED MORE FULLY IN HENDRY 81. 
NP S156 93 *BROWN,CLARK,DAVIES,DEPAGTER,EVANS~ (RHELI~JP 
PR DEO 2839 *FORSYTH,HENDRICK,KELLY (CARN+LBL)IJP 
HANDBOOK OF PI~N SCATTERING, PHYSIX DATER VOL.12 1 

+KAISER,KORH,PlETARINEN (KARL)IJP 
TORONTO CBNF 3 R KOCH (KARL)IJP 
TORONTO CONF 107 R L CRAWFBRD (6LAS) 
TORONTO CONF 19 *=ORSYTH,BABCOCK,KELLY,HENDRICK (OARN~LRL)IJP 

NP S162 522 ~BAKER,BELL,RLISSETT,BLOODWOR~R+(RHEL+BRISIIJP 
~8P 136 I A W BEN~'¢ 41~B) 
NP B222 389 ~RLISSET,BROOME,DALEY,HART,LINTERN,÷ (RLIIJP 
NP B211 1 R L CRAWFORD, W T MORTON (GLAS) 
PR P30 904 MANLEY,ARNDT,RORADIA,TEPLITZ (VPl) 
PRL 52 2122 MANLEY (VPl) 

t 

N(2200) D15 l I J  )=_5(_5 ) StaI . . . . .  

OttlTTED FROM Sf_MVI4RY K4BLE 

THE MASS IS NOT WELL DETERMINED. A FEW EARLY RESULTS HAVE BEER OMITTED. 

N(2200) MASS (MeV) 

2228.0 30.0 BOEHLER 79 IPWA P( N TO PIN 
2100.0 80.0 CUTKOSKY 80 IPWA P( N TO PJ N 

(1920.01 SAXON 80 DPWA O O PI-  P TO KLAM 
41900.0) BELL 83 DPWA PI-  P TO LAM KD 

N(2200) WIDTH (MeV) 

310.0 50.0 NOEHLER 79 [PWA Pl N TO Pl N 
400.0 100.0 CUTKOSKY BO IPWA P IN  TO Pl N 

(220.0) SAXON 00 DPWA 0 o Pl- P TO KLAM 
(130.01 RELL 83 DPWA 91- P TO LAM KD 

N(2200) REAL PART OF POLE POSITION (MeV) 

RE 2100.0 60.0 CUTKOSKY 80 IPWA PIN TO P~ N 

N(2200) -2*IMAG PART OF POLE POSITION (MeV) 

I~ 360.0 8O.O CUTKOSKY 80 IPWA PIN TO Pl N 

N(22001 REAL PART OF ELASTIC pOLE RESIDUE (MeV) 

RER 0.0 17.0 CUTKDSKY 80 IPW~ Pl N TO ~I N 

N(2200) IMAG PART OF ELASTIC POLE RESIDUE (MeV) 

IMR -20.0 10.0 CUTKOSKY 80 IPWA P IN  TO Pl N 

N(2200) PARTIAL DECAY MODES 

DECAY MASSES 

P1 N(2200) + .V~ 93B+ 140 
P2 N(2200) ~ N ~  9AO+ 549 
P5 N(2200) ~ AK 1116. A98 

N(2200) BRANCHING RATIOS 

N(2200) ~ (N w)/total IP1) 
81 O.D7 0.02 HOEHLER 79 IPWA Pl N TO PI 
81 0.10 0.03 CUTROSKY 00 IPWA P( N TO P( 

N(2200) in N ~  ~ N~ SQRT(PI"P2) 
82 40.066) BAKER 79 DPWA O PI P ~0 ETA N 

N(2200) in .N~ ~ AK SQRT(PI*R3) 
83 ( -0 .05)  SAXON 80 DPWA O Pl p TO KLAM 
R3 (-O.O3) BELL 83 DPWA 0 Pl- P TO LAMKO 

REFERENCES FOR N(2200) 

ALMEHED EE NP BAD 157 +LOVELACE (LUND.RUTGIIJP 
AYED 76 CEA-N-1921 AYED (THESID) (SACL)IJP 
MA 76 PR D13 3027 E MA,G L SHAW 40REG+UCI)IJP 
BAKER 77 NP 0126 365 tSLISSET,BLOOPWORTH,BROOME,HART+ (RHEL)IJP 
BAKER 79 NP 0156 93 +BROWN,CLARK DAVIES,DEDAGTER,EVANS+ (RHEL)IJP 
HOEHLER 79 HANDBOOK OF PI-N SCATTERING, DHYSIK PATEN VOL. 2 

+KAISERIKOCH,PIEIARINEN (KARL)IJP 
ALSO 80 TORONTO CONF 3 R KOCH (KARL)IJP 

CUTKOSKY 80 TORONTO CDNF 19 ÷FORSYTH,BABCDCK,KELLY,HENDRICK (CARN÷LBL)IJP 
SAXON 80 NP B162 522 +BAKER BELL,BLISSETT,BLOODWORTH+(RHEL+BRIS)IJP 
BELL 88 RP BZ2Z 589 +BLCDSET,BROOME,OALEY,H~RT,LINTERR,+ (EL JP 

N(2220) HI9 [ t(jp) , 9+ 2(T ) Status: * * * * 

MOST OF THE RESULTS PUBLISHED" BEFORE 1975 ARE NOW OBSOLETE AND HAVE 
BEEN OMITTED. THEY MAY BE FOUND IN OUR 1982 EDITION (PHYSICS LETTERS 
111B). 

N(2220) MASS (MeV) 

2300.0 I00.0 HENDRY 78 RPWA Pl N TO P( N 
(2050.0) BAKER 79 DPWA 0 Pl- P TD ETA N 
(2250.0) CUTKOSKY 79 IPWA P( N TO Pl N 
2205.0 10.0 HDEHLER 79 IPWA P( N TO Pl N 
2230.0 80.0 CUTKOSRY 80 IPWA P( N TO P( N 

N(2220) WIDTH (MeV) 

450.0 150.0 HENDRY 98 MPWA Pl N TO PIN 
(450.0) CUFKOSKY 79 IPWA P( N TO Pl N 
365, 0 3OmO HOEHLER 79 IPWA P( N TO P( N 
500,0 150.0 CUTKOSKY 80 IPWA PIN TO PIN 

N(2220) REAL PART OF POLE POSITION (MeV) 

(2180,0) CUTKOSKY 79 IPWA Pl ~ TO P[ N 
2160,0 8O.O CUTXOSKY 80 IPWA PI TO PIN 

N(2220) 2*IMAG PART OF POLE POSITION (MeV) 

(400.0) CUEXOSKY 79 IPWA P( N TO Pl 
480.0 100.0 CUTKOSKY BO IPWA P( N TO P( 

RER 
RER 

IMR 
IMR 

N(2220) REAL PART OF ELASTIC POLE RESIDUE (MeV) 

(37.0) CUTKOSKY 79 IPWA Ol N TO Pl s 
32.0 20.0 CUTKOSKY 80 IPRA PIN TO Pl N 

N(2220) IMAG PART OF ELASTIC POLE RESIDUE (MeV) 

(21.0) CUTKOSXY 29 IP~A P( N TO PI 
-32.D 20.0 CUTKOSKY SO IPWA PIN TO Pl 



For no[ation, see key on page 91. 

N(2220) PARTIAL DECAY MODES 

DECAY MASSES 

Pl N(2220) ~ N ~  938+ 140 

p2 N(2220) ~ N~/ 940+ 549 
P3 N(2220) ~ &K 1116+ 498 

N(2220) BRANCHING RATIOS 

N(2220) ~ ( N ~ ) / t o t a l  ( p l )  

R( 0.12 0.04 HENDRY 78 MRWA Pl N TO Pl N 
R( (0.20) CUTKOSKY 79 IPRA Pl N TO P( N 
R( 0.18 0.015 SOEHLER 79 IPWA PIN TO P( N 
R( 0.15 0.03 CUTKOSKY 80 IPWA Pl N TO Pl N 

N(2220) in N~r  ~ N g SORT(El*PSI 
R2 (0.034) BAKER 79 DPWA 0 PI -  P TO ETA N 

N(2220) in N 7r ~ AK SQRTIPI*P3) 

R3 NOT SEEN SAXON 80 DP~A 0 PI~ P TO K LAM 
R3 NOT REQUIRED BELL 83 DPWA 0 Pl-  P TO LAM KO 

REFERENCES FOR N(2220) 

FOR EARLY REFERENCES, SEE PHYSICS LETTERS 1118 (1982). 

~ENDRY 78 PRL 41 222 A W HENDRY (IND+LBL)IJP 
- -  THE ANALYSIS AND RESULTS ARE DISCUSSED MORE FULLY IN HENDRY 81. 

BAKER 79 NP O156 93 +BROWN,CLARK,DAVIES,OEPAGTER,EVANS+ (RHEL)IJR 
CUTKOSKY 79 PR D20 2839  +FORSYTB,H£NDRICK,KELLY (CARN*LBLIIJP 
HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK OATEN VDL.12~I 

+KAISER,KOCH,PIETARINEN (KARL)IJP 
ALSO 80 TDRONTU CONF 3 R KOCH (KARL)IJP 

COTKOSKY 80 TORONTO CONF 19 ÷~ORSYTH,BABCOCK,KELLY,HENDRICK (CARN+LBL)IJP 
SAXON 80 NP 0162 522 ÷BAKER,BELL,BLISSETT,BLOODWDRTS+(RHEL+BRIS)IJp 
HENDRY 81 ANP 136 1 A W HEHDRY (IND) 
BELL S3 NP B222 389 +BLISSET,BROONE,DALEY,HART,LINTERN,+ (RL)IJP 

I N(2250) G 19 [ s(jp)= I 9 ~(~  ) Status: * * * *  

N(225{}) MASS (MeV) 

M 2200.0 100.0 SENDRY E8 MPWA P IN  TO P( N 
M (2200.0) CUTKOSKY 79 IP~A P( N TO P] N 
M 2268.0 15.D HOESLER 79 IPWA Pl N TO PIN 
M 2250.D 80,0 CUTKOSKY 80 IPWA PIN TO P( N 

N(2250) WIDTH (Meg)  

W 350.0 100.0 HENDRY 78 MPWA Pl N TO P( N 
W (330.0) CUTKOSKY 79 IPWA P IN  TO Pl N 

300.0 40.0 SOEHLER 79 IPWA Pl ~ TO PI 
480.0 120.0 CUTKOSKY 80 IPWA Pl TO Pl 

N(2250) REAL PART OF POLE POSITION (MeV) 

RE (2169.0) CUTKOSKY 79 IPWA Pl N TO P( N 
RE 2150.0 50.0 CUTKOSKY 80 IOWA Pl N TO Pl N 

N(2250) - 2 * I M A G  PART OF POLE POSITION (MeV) 

IM (290.0) CUTKOSKY 79 IPWA P( N TO P( N 
IM 360.0 100.0 CUTKDSKY 80 IPWA P( N TO P( N 

RER 
RER 

N(2250) REAL PART OF ELASTIC POLE RESIDUE (MeV) 

(15.0) CUTKOSKY 79 IPWA PI ~ TO P IN  
13.0 7.0 CUTKOSKY 80 IPWA Pl TO Pl N 

IMR 
IMR 

N(2250) IMAG PART OF ELASTIC POLE RESIDUE (MeV) 

( -7 .0 )  CUTKOSKY 79 IEWA P( N T0 Pl N 
~15.0 6.0 CUTKOSKY 80 IPWA Pl N TO P[ N 

N(2250) PARTIAL DECAY MODES 

DECAY MASSES 

Pl N(2250) ~ N W 938+ 140 

P2 N(2250) ~ / ~  940+ 549 
P3 N(2250) ~ AK 1116. 498 
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Baryon Full Listings 
N(2220), N(2250), N(2600), N<2700) 

N(2250) BRANCHING RATIOS 

N(2250) ~ ( N ~ ) / t o t a l  
R( 0.09 0.02 
R1 (0.10) 
R( 0.10 0.02 
R( 0,10 0.02 

N(2250) in N z" ~ N 
R2 (0 .043 )  

N(2250) in N Tr ~ A K 
R3 NOT SEEN 
R3 (-0.02) 

SENDRY 
CUTKQSKY 
HOESLER 
CUTKOSKY 

BAKER 

SAXON 
BELL 

(P l )  
78 MPWA P] N TO P; N 
79 IPWA P IN  TO PIN  
79 IPWA Pl N TO P( N 
80 IPWA P( N TO P( N 

SQRTIPq~Ps) 

79 DPWA 0 PI= P TO ETA N 

SQRT(PI*P3) 
80 DPWA O 0 PI -  P TO K LAM 
83 DPWA PI~ P TO LAM KO 

REFERENCES FOR N(2250) 

AYED 76 CEA-N-1921 AYED (THESIS) (SACLIIJP 
HENDRY 78 RRL 41 222 A W HENDRY (IND-LBL)IJP 

-- THE ANALYSIS AND RESULTS ARE DISCUSSED MORE FULLY IN HENDRY 81. 
BAKER 79 NP B156 93 +BROHN,CLARK,DAVIES,DEPAGTER,EVANS+ (RHEL)IJP 
CUTKOSKY 79 PR D20 2839  +FORSYTH,HENDRICK,KELLY (CARN+LBL)[JP 
HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK OATEN VOL.12-1 

+KAISER,KOCH,PIETARINEN (KARL)(JR 
ALSO 80 TORONTO CONF 5 R KOCH (KARL)IJP 

CU~KOSKY 80 TORONTO CON~ 19 ÷FORSYTS,BABCOCK,KELLY,SENDR]CK (CARN+LBL)IJP 
SAXON 80 NP B162 522 ÷BAKER,BELL,BLISSETT,BLOODWORTH+(RHEL~BRIS)IJP 
HENDRY 81 AND 136 1 A W HENDRY (IND) 
BELL 83 NP B222 389 +BLISSET,BRDOME,DALEY,HART,LINTERN,+ IRL)IJR 

N(2600) I 111 I l(jp)= i 1~ T ( T  ) Status: * * *  

N(2600) MASS (MeY) 

2700.0 100.0 HENDRY 78 MPWA Pl N 70 P IN  
"2577.0 50.0 HOEHLER 79 IP~A Pl N TO PIN 

N(2600) WIDTH (MeV) 

900.0 100.0 SENDRY 78 MPWA P( ~ TO PI 
400.0 I00.0 HOEHLER 79 IPWA Pl TO P( 

N(2600) PARTIAL DECAY MODES 

DECAY MASSES 

N(2600) ~ N 7r 938~ 140 

N(2600) BRANCHING RATIOS 

N(2600) ~ (NTc)/total (p l )  
R( 0.08 0.02 SEHDRY 78 MPWA P( N TO P( N 
R( 0.05 0.01 HDEHLER 79 IPWA PIN TO Pl N 

REFERENCES FOR N(2600) 

HENDRY 78 PRL 41 222 A W HENDRY (IND*LBL)IJP 
- -  THE ANALYSIS AND RESULTS ARE DISCUSSED MORE FULLY IN HENORY 81. 

SOEHLER 79 HANDBOOK OF PI-N SCATTERING, PSYSIK DATFN VOL.12-1 
+KAISER,KOCH,PIETARINEN (KARL)IJP 

ALSO 80 TORONTO CONF 5 R KOCH (KARL)IJP 
HENDRY 81 ANP 136 I A W EENDRY (IND) 

N(2700) K 113 ] 1(se)=½(~] +) slat . . . . .  

OMITTED FROM SUMMARY TABLE 

N(2700) MASS (MeV) 

M 5000.0 ~00.0 HENDRY 78 MPWA pl N TO Pl N 
M 2612.0 45.0 HOEHL~R 79 IPHA Pl N TO Pl N 

N(2700) WIDTH (MeV) 

w 900.0 150.0 HENDRY 78 MPWA P( N TO Pl N 
W 350.0 50.0 HOEHLER 79 IPWA P IN  TO P( N 
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Baryon Full Listings 
N(2700), N(~3000), A(1232) 

N(2700) PARTIAL DECAY MODES 

N(2700) ~ N 7r 
DECAY MASSES 

988+ 140 

N(2700) BRANCHING RATIOS 

N(2700) ~ (N 7r)/total 
RI 0.07 0.02 bENDaY 78  MPWA 
RI 0.04 0.01 ~OEHLER 79 IPWA 

Pi ~ . . . .  
P; TD P; 

(PI)  

REFERENCES FOR N(2700) 

HENDRY 78 PRL 41 222 A W HENDRY (IND÷LBL)IJP 
--  THE ANALYSIS AND RESULTS ARE DISCUSSED MORE FULLY IN HENDRy 81. 

HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK DATEN VOL,12-1 
+KAIGER,KOCH,PIETARINEN (KARLIIJR 

ALSO 80 TORONTO CONF 3 R KOCH (KARL)IJP 
HENDRY 81 ANP 136 1 A W HENDRY (IND) 

--;3000 M e V  R E G I O N  - -  1 =  1/2  F O R M A T I O N  E X P E R I M E N T S  

WE LIST HERE MISCELLANEOUS HIGH-MASS CANDIDATES FOR ISOSPIN-I/2 
RESONANCES FOUND IN pARTIAL WAVE ANALYSES. $0 FAR, ND ANALYSIS OF 
THIS REGION HAS USED ALL THE AVAILABLE DATA OR INCORPORATED 
ANALYTICITY CONSTRAINTS. 

OUR 1982 EDITION ALSO HAD AN N(30305, AN N(5245), AN N(3690), AND 
AN N(37555. NOTHING HAS BEEN HEARD FROM THEM SINCE THE 1960'S, 
AND UNDER THE AUTHORITY GRANTED UNTO US BY THE STATUTE OF LIMITATIONS 
WE DECLARE THEM TO BE DEAD. THE LAST THREE WERE NARROW PEAKS SEEN 
IN PRODUCTION EXPERIMENTS, THE N(303Q) WAG DEDUCED FROM TOTAL-CROSS- 
SECTION AND 180-DEG ELASTIC-CROSS-SECTION MEASUREMENTS; PLACED 
IN THE BARYON SUMMARY TABLE IN THE ANYTHING-GOES 1960's, IT REMAINED 
THERE DUE TO INATYERTION UNTIL THE 1984 EDITION. 

N ( ~ 3 0 0 0 )  MASS (MeV) 

M 3500.0 200.0 HENbRY 78 MPWA 
M 3800.0 200.0 HENDRY 78 MPWA 
M 4100.0 200.0 HENDRY 78 MPWA 
M (2600.0) KOCH 80 ]PWA 

(3100.05 KOCH 80 IPWA 
(3500.0) KOCH 80 IPWA 

M 3500.0 TO 4000.0 KOCH 80 IPWA 

Pl L115 
PI M117 
PI N119 
Pl D13 
Pl L115 
P; M117 
P; N119 

N ( ~ 3 0 0 0 )  WIDTH (MeV) 

w 13Q0,0 200.0 HENDRY 78 MPWA Pl N L115 
W 1600,0 200.0 HENDRY 78 MPWA Pl N M117 
W 1900.0 300.0 HENDRY 78 MPWA P; N N119 

N(~30O0) PARTIAL DECAY M O D E S  

DECAY MASSES 

P1 N(~30005 ~ N ~  938+ 140 

N(~3O00) BRANCHING RATIOS 

N ( ~ 3 0 0 0 )  ~ (NTr)/total ( P 1 )  

RI 0.055 0.02 HENDRY 78 MPWA PIN L115 
81 0.040 0.015 BENDRY 78 MPWA Pl N M117 
RI 0.030 0.015 HENDRY 78 MPWA Pl N N119 

REFERENCES FOR N(~30O0) 

BENDRY 78 PRL 41 222 A W HENBRY (IND+LBL)IJP 
- -  THE ANALYSIS AND RESULTS ARE DISCUSSED MORE FULLY IN HENDRY 81. 

KOCH BO TORONTO CONF 3 R KOCH (KARL)IJP 
HENDRY 81 ANP 136 1 A W HENDRY IINO)IJP 

A BARYONS (S=0, •=3/2) 

I [ JP 3.3 + A(1232) P33 ) =V tZ  ) Status . . . . .  

MOST OF THE RESULTS PUBLISHED BEFORE 1977 ARE NOR OBSOLETE AND HAVE 
SEEN OMITTED. THEY MAY BE FOUND IN OUR 1982 EDITION (PHYSICS LETTERS 
1 1 1 B ) .  

IN ADDITION, RESULTS IN THIS REGION FROM PRODUCTION EXPERIMENTS, 
WHICH USED TO BE LISTED SEPARATELY AS THE NEXT ENTRY, HAVE BEEN 
ENTIRELY REMOVED. THEY TOO MAY BE FDUND IN OUR 1982 EDITION. 

A(1232) MASS (MeV) 

1233.0 2.0 HOEHLER 79 IPWA P; ~ TO Pl 
1232.0 3.0 EUTKOSKY 80 IPWA P; TO PI 

M++ 1231,1 0.2 PEDRONI 78 DPWA ++ PIN 70-870 MET 
M+* 1230.9 0.3 KOCH 80 IPWA ++ Pl N TO Pl N 
M+÷ 1230.6 0.2 ZIDELL 80 DPWA ++ Pl N 0-350 MET 

M+ (1231.85 BERENDS 75 IPWA + GAM P TO P; NUC 
M+ 11231.2) BARBOUR 78 DPWA PI-N PHOTOPROD. 
M+ 1234.9 1.4 MIROSHNIC 79 + FIT PHOTOPROD. 
M+ (1231.6) CRAWFORD 80 DPWA Pl N PHOTODROD. 

MO 1235.8 0.2 PEDRONI 78 DPWA O P; N 70-570 MET 
MO 1233.6 0.5 KOCH 80 IPWA O P; N TO PIN 
MO 1232.5 0.3 2IDELL 80 DPWA 0 Pl N 0-350 MET 

A(1232) WIDTH (MeV) 

116.0 5.D HOEHLER 79 IPWA Pl N TO Pl N 
120.0 5.0 CUTKOSKY 80 IPWA Pl N TO Pl N 

W*÷ 111.3 0.5 FEDRONI 78 DPWA ++ PIN 70-370 MET 
W*+ 111.0 1.0 KOCH 80 IPWA P; N TO PIN 
W*÷ 113.2 0.3 ZIDELL 80 DPWA ++ P; N 0-350 MET 

~ + (111.0) BARBOUR 78 DPWA PI-N PHOTDPROD. 
+ 131,I 2.4 MIROSHNIC 79 + FIT PHOTOPROD. 

W+ 1111.2) CRAWFORD 80 DPWA P; N PHOTOPROD. 

NO 117.9 0,9 REDRONI 70 DRRA 0 Pl N 70-370 MET 
NO 113.0 1.5 KOCH 80 IPWA 0 Pl N TO Pl N 
WO 121.8 0.4 ZIDELL 80 DPWA O PIN 0-350 MET 

A(1232) ~ - A(1232) + +  MASS DIFFERENCE (MeV) 

~ (2.7)  (0.3)  PEDRONI 78 DPWA P IN  704370 MET 
REDUNDANT WITH DATA IN MASS LISTING. 

A USING PI+-D AS WELL, PEDRONI 78 DETERMINE (M- - M++)+(MO - M+)/3 = 
A 4,6~-0,2 MET. 

&(1232) ° -- A(1232) + +  WIDTH DIFFERENCE (MeV) 

WD A (6.6)  (1.0)  PEDRONI 78 DPWA P IN  70-370 MET 
WD A REDUNDANT WITH DATA IN MASS LISTING. 

RE 
RE 

R+÷ 
R+÷ 
R÷÷ 
R+* 

R÷+ 

RE+ 
RE+ 

RED 
RED 
REO 
REO 

A(1232) REAL PART OF POLE POSITION (MeV) 

1210.0 1.0 CUTKOSKY 80 IPWA Pl N TO Pl N 
(1210.) ARNDT 85 DPWA P; N TO P; N 

1209.6 0.5 VASAN 76 ++ FIT CARTER 73 
FROM FITS TO COULOMB-BARRIER-CORRECTED CARTER 75 PHASE SHIFT. 

1210.5 TO 1210.8 VASAN 76 *+ FIT CARTER 73 
FROM FITS TO CARTER 73 NUCLEAR PHASE SHIFT WITHOUT COULOMB BARRIER 
CORRECTIONS, 

(1210.45 (0.175 ZIDELL 78 ÷+ FIT ZIDELL 78 
FIT TO ZIDELL 78 NUCLEAR PHASE SHIFT WITHOUT COULOMB 
BARRIER CORRECTIONS. 

1210.70 D. IG ZIDELL 80 DPWA ++ P; N 0-350 MET 
FIT TO ZIDELL 80 NUCLEAR PHASE S H I F T S .  THE ACCURACY CLAIMED ON THE 
REAL PART IS CONSIDERABLY BETTER THAN IS ALLOWED BY U N C E R T A I N T I E S  
IN THE BEAM MOMENTUM. 

1208.0 2.0 CAMPBELL 76 ~ FIT PHOTOPROD. 
1206.9,-0.9 TO 1210.5÷-1.8 MIROSHNIC 79 FIT PMOTOPROD. 

1210,75 0.6 VASAN 76 O FIT CARTER 73 
11210.25 VASAN 76 0 FIT CARTER 73 
11209.5) 10.415 ZIDELL 78 0 FIT ZIBELL 78 
1210,30 0.36 ZIDELL 80 DPWA 0 Pl N 0-350 MET 

A(1232) - I M A G  PART OF POLE POSITION (MeV) 

IM 50.0 1.0 CUTKOSKY 00 IRWA Pl N TQ Pl N 
IM (50,) ARNDT S5 DPWA Pl N TO P; N 

I~. ~ 504 05 ....... ;: .......... 5 
++ 49.9 TO 50.0 VASAN 76 FIT CARTER 75 

I~+ D (49.745) 10.145 ZIDELL 78 +÷ FIT 21DELL 78 
I++ E 49.61 O.q2 ZIDELL 80 DPWA +e PIN 0-350 MET 



For nntation, see key on  page 91. 

~M+ D3.O 8.0 CAMPBELL 76 ~ FIT PHOTOPKVU. 
ZM+ 55.6- %0 TO 58 ,3+ - I . I  MIROSHNIC 79 FIT PHOTOPROD. 

lHO B 52.8 0.6 VASAN 76 0 FIT CARTER 73 
IMD C 52.9 IO 53.1 VASAN 76 0 FIT CARTER 73 
[NO D (52.45) (0,2) 21DELL 78 O FIT ZIDELL 78 
£HD E 5L.O 0.26 ZIDELL SO DPWA 0 Pl N ~-350 MEV 

A(1232) A B S O L U T E  V A L U E  O F  E L A S T I C  P O L E  R E S I D U E  
(ME~) 

ABS 53.0 2.0 CUTKOSKY 80 IPWA Pl N TO Pl N 

A++ B 5E.~ TO 53.2 VASAN 76 ++ FIT  CARTER ~3 
A++ C 52.1 TO 52.4 VASAN 76 FIT CARTER 73 

AGO B 5~.8 TO 55.0 VASAN 76 +. FIT CARTER 73 
ABD C 55.2 TO 55.3 VASAN 76 -~ FIT CARTER 73 

A(1232) P H A S E  O F  E L A S T I C  P O L E  R E S I D U E  ( R A D I A N S )  

D~ -0 ,88  0,0E CUTKOSKY gO IP~ P I g  TO ~ M 

P-+ B 0.822 TO -0.833 VASAN 76 .~ FIT CARTER 75 
P-+ C 0,823 TO -0.830 VASAN 76 FIT CARTER 73 

PHO B ~0,840 TO 0.867 VASAN 76 +¢ FIT CARTER 73 
PHO C 0,848 TO -0.G56 VASAN 76 FIT CARTER 73 

A(1232) P H A S E  O F  M 1 + ( 3 / 2 )  p H O T O P R O D U C T I O N  
MULTIPOLE AMPLITUOE pOLE RESIDUE 

M1P INFORMATION ON THE PHASE (AND MAGNITUDE) 0~ THE MI+(5/2) MULTIPOLE 
NIP AMPLITUDE POLE RESIDUE IS CONTAINED IMPLICITLY IN THE PAPER OF 
PlP MIROSBNICHENKO 79. THEY FIND THAT THE PHASE IS CONSISTENT WITH 
NIP BEING EQUAL TO THAT OF THE ELASTIC POLE RESIUDE. 

A(1232) M A G N E T I C  M O M E N T  ( N U C L E A R  M A G N E T O N S )  

HN +L.7 TO *6.7 NEFKENS 78 PIP TO P I P  SAM 

A(1232) P A R T I A L  D E C A Y  M O D E S  

UECAY MASSES 

Pl A(1232) ~ N ~  938+ 1~0 

RG A(1232) ~ N ~  ~ 938+ 1L0+ 140 
PS A(1232) ~ ~ r ~  938+ 0 

P~ A(I232) ~ N% helicity ~ 1/2 938* 0 

P5 A(]232) ~ N 7,  h d i c i t y ~ 3 / 2  938+ 0 

A(1232) B R A N C H I N G  R A T I O S  

A(1232) e ~ ( N  TO/total (Pl)  
R1 ( 1 . 0 )  HOEHLGR 79 IPWA Pl ~ lO Pl N 
Rq ( 1 . 0 )  CUTKOSKY 80 IPWA PI TO Pl N 

A(1232) P H O T O N  D E C A Y  A M P L I T U D E S  (GeV 1:2) 

A(1232) ~ N %  h e l i c i t y - - l / 2  (GeV ~'~) 
AI D.141 0.006 FELLER 76 DPWA Pl N PHOTOPROD. 
A~ -0.156 0.002 AZ~AORYAN 77 DP~A 910 ~TRRD,SOL 
AI -0.139 D.OOB ASNAURVAN 77 DPWA PIO PHTPRD,SOL 2 

0 .142  0.007 BARBOUR 78 DPWA PI-N PHOTOPROD. AI 
AI N ( - 0 . 1~0 )  NOELLE 78 PI-N PHOTOPROD. 
AI h CONVERTED TO OUR CONVENTIONS USING M=1-E32, W=.110 FROM NOELLE 78, 
AI ~0,147 0.001 ARAI 80 DPHA Pl N PHOTO FIT fl 
AI -0.~45 O.DD1 ARAI 80 DPWA Pl N PHOTO FIT 2 
AI 0.136 0.006 ERAWFORD 80 DPWA PIN  PHOTOPROD. 
AI 0.130 0.004 AWAJI 81 OPWA PIN PHOTOPROB. 
AI -0.145 0.015 CRAWFORD 83 IPWA PIN PHOTOPROB. 

A(1232) ~ N %  h e l i c i t y = 3 / 2  (GeV L'z) 
A2 - 0 . 256  0.003 FELLER 76 DPWA Pl N PHOTOPROD. 
A2 -0.G55 0.002 AZNAURYAN 77 OPWA PlO PHTPRD,SOL I 
A2 0.256 0.002 AZNAURYAN 77 DPWA RIO PRTPRD,SOL 2 
A2 -0.271 0.010 BARBOUR 78 DPWA P~-N PHOTDPROO. 
AE N (-0.247) NOELLE 78 PI-N PHOTOPROD. 
A2 -0.264 0.002 ANAl 80 DPWA Pl N PHOTO Pl~ I 
A2 -0.261 0.002 ANAl 80 DPWA PIN PHOTO PIT 2 
AE -0.247 0.010 CRAWFORD 80 DPWA Pl N PHOTOPROD. 
AE ~0.E59 0.006 AWAJI 81DPWA PIN PHOTOPROD. 
AE -0.263 0.026 CRAWFORD 83 IPWA Pl N PHOTOPROD. 

R E F E R E N C E S  F O R  A(1232) 

FOR EARLY REPERENCESt SEE PHYSICS LETTERS 1118 (1982). 

BERENDS 75 NP 884 342 BERENDStDONNACHIE (LEID÷MCHS) 
CAMPBELL 76 PR DIA 2631  CAMPBELL,SHAW,BALL (BOIS~UCI+UTAH)IJP 
ZELLER 76 NP BIOL 219 +FUKUBHIMA,HORIKAWA,KAJIKAWA+ (NAGO~OSAK)IJP 
VASAN 76 NP S106 535 S S VASAN (CARN)IJP 

ALSO 76 NP BlOC 526 S S VASAN (CARN)IJP 
AZNAURYA 77 EFI EEAfSE~-77 ÷AKOPOV,BAGDASARYAN (YERE)IJP 
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Baryon Full Listings 
A(1232), A(1550) 

BARBOUR 78 NP BI~I Zb~ BARBOUR,CRAWFURD,PARSDNS (GLAS) 
NEFKENS 78 PR 018 3911  +ARMAN,SALLAGH,GLODIS,HAODOCK+ (UCLA+CAIH)IJP 
NOELLE 78 PTR 60 778 P NOELLE (NAGS) 
PEDRONI 76 NP A300 321 ~GABATHULER,DOMINGO,HIRT+ (SIN~GREN+KARL*+)~JP 
ZIDELL 78 LNC 21 140 V S ZIDELL R A ARNDT,L D ROPER (VPI)IJP 
HOEHLSR 79 HANDBOOK OF PI-N SCATTERING, RHYSIK OATEN VOL.12 ~ 

÷KAISER,KOCH,RIETARINEN (KARL)IJP 
ALSO 80 TORONTO CONP 3 R KOCH (KARL)IJP 

MIROSHNI 79 SJNP 29 94 MIROSHNICHENRO,NIKIFOROV,SANIN~ (KHAR)~ Jp 
ANAl 80 TORONTO CONF 93 I ARAI (TOKY) 

ALSO 82 NP 8194 251 (TOKY) I ARAI, H FUJII 
CRAWFORD 60 TORONTO CONE 107 R L CRAWFORG (GLAS) 
CUTKOSKY 80 TORONTO EONF 19 ~EORSYTH,BABCOEK,KELLY,HENDRICK (EARN+LBL)IJR 
KOCH 80 NP A338 331 R KOCH, E PlETARINEN (KARL)IJR 
ZIDELL 80 PR 021 1255 V S ZIDELL,R A ARNDT,L D ROPER (VPl) IJp 
AWAJI 61 BONN CONF 352 R KAJIKAWA (TALK) (NAGO) 

ALSO 62 NP S197 365 FUJII,HAYASHII,IWAEA,KAJIKAWA÷ (NAGO) 
CRAWFORD 63 NP B211 1 R L CRAWFORD, W T MOR~ON (GLASI 
ARNDT 65 PR D32 1085 R A ARNDT, J M FORD, L D ROPER (VPI) 

[ A(1550) P31 I I(:P)=~(½ +) Status: * 

O~ITTED FROM SUMMARY TABLE 

7HIS RESONANCE HAS NOT SEEN SEEN IN Pl N - , Pl N ANALYSES, AND ITS 
EXISTENCE IS THUS DOUBTFUL. 

A(1550) M A S S  ( M e V )  

M A (1550.0) LONGACRE 77 IRWA Pl N TO 2PI N 
M A ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION $2, EXCEP~ FOR THE POLE 
M A POSITION WHECH IS FROM SOLUTIONS Sq AND CI. 
H (1525.0) BARNHAM 80 IPWA ++ PIN TO 2Pl N 
M (150G.0) CRAWFORD 80 DPWA PIN PHOTOPROD- 

A(1550) W I D T H  ( M e V )  

w A (110.0) LONGAERE 77 IPWA Pl N TO 2Pl 
W . (40.0) BARNHAM 80 IPHA ++ PIN TO 2PI 
W (137.0) CRAWFORD 80 DPWA Pl N PHOTOPROD. 

&(1550) REAL P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

RE A 1554.D OR 1553.0 LONGACRE 77 IPWA PJ N TO 2PI N 

A(1550) - - 2 * I M A G  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

IM A 105.0 DR 104.0 LONGAERE 77 IPWA Pl N TO 2Pl N 

A(1550) P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

P1 A (1550 )  ~ N~  938+ 140 

PZ A(1550) ~ A(1232) ~ ,  P -wave  1232+ 140 

P3 A(1550) ~ N O ,  S = 3 / 2 ,  P -wave  938+ 769 

~4 A(~550) ~ N %  helic~t~=~/2 938+ G 

A(1550) B R A N C H I N G  R A T I O S  

R NOTE: SIENS OE COUPLINGS ERO~ Pl ~ iNTO N PI P~ ~NALYSES CHANGED 
R IN 1986 EDITION TO AGREE WITH BARYON-FIRST CONVENTION WITH 
R THE OVERALL PHASE AMBIGUITY RESOLVED BY CHOOSING P AINEGAFIVE 
R SIGN FOR DELTA(1620) $31 COUPLING TO DELTA(1232) . 

A(1550) in N ~  - -  A(1232) ~ ,  P - w a v e  SQRT(P I~pS) 
RI A (-0.11) LONGACRE 77 IPWA Pl N TO 2PI 
al ~ ,13  0 .05  B~8~M 80 IEW~ +~ ~I N TO SPI 

A(1550) in N ~ "  ~ N p,  S = 3 / 2 ,  P - w a v e  SQRT(P1 ~P3) 
R2 A (0 .08 )  LONGACRE 77 IPWA Pl N TO 2Pl 
R2 0.17 0.05 BARNHAM 80 IPWA ~+ PIN TO 2PI 

A(1550) P H O T O N  D E C A Y  A M P L I T U D E S  (GeV L,2) 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI- 
REVIEW PRECEDING THE BARYON LISTINGS. 

A(I550) ~ N %  h e l i c i t y = l / 2  (GeV 1:2) 
AI (0.013) CRAWFORD 80 DPWA Pl N PHOTOPR00. 
AI 0.016 0.016 CRAWFORD 83 IPWA Pl N PHOTORROD. 

R E F E R E N C E S  F O R  A(1550) 

LONEACRE 77 NP B122 493 LONGACRE,DOLBEAU (SACL)IJP 
ALSO 76 NP GI08 365 DOLBEAU,TRIANTIS,NEVEUICADIET (SACL)IJP 

BARNHAM 80 NP 8168 243 BARNHAM,SLISKMAN,MIER-JEDRZEJOWICZ+ (LOIS) 
CRAWFORG 80 TORONTO EONF 107 R L CRAWFORD (SLAB) 
CRAWFORD 83 NP 8211 1 R L CRAWFORD, W T MGRTON (GLAS) 
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Baryon Full Listings 
A(1600), A(1620) 

I ] P 3 3  + A(1600) P33 ~ U  ) =~ (T  ) S t a t  . . . . .  

OMITTED FROM SL~'vI,~,IARY TABLE 

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOW OBSOLETE AND ~AVE 
BEEN OMITTED. THEY MAY BE FOUND IN OUR 1982 EDITION (PHYSICS LETTERS 
1118). 

THE AGREEMENT AMONG THE VARIOUS ANALYSES IS NOT VERY GOOD. 

A(1600) M A S S  ( M e V )  

A 1900. OR 1640. LOSGACRE 75 IPWA PI B T0 2Pl N 
A THE 2 SETS OF PARAMETERS ARE PROM METHODS I AND 2 OF LONGACRE 75. 

M B (1560.0) LONBACRE 77 IPWA P IN  TO 2PI N 
M B ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION $2, EXCEPT FOR THE POLE 
M B POSITION WHICH IS FROM SOLUTIONS Sl AND El. 

(1640.0) (SO.O) CUYKOSKY 79 IPWA Pl N TO Pl N 
1522.0 13 .0  HOEHLER 79 IPWA Pl N TO Pl N 

M (1690.0) BARNHAM 80 IPWA ++ PIN TO 2PI N 
M 1600.0 SO.O CU~KOSKY 80 IPWA Pl N TO Pl N 

A(1600) W I D T H  ( M e V )  

A 205. OR 500. LONGACRE 75 IPWA PI 
(180.0) LONGACRE 77 IPWA Pl 

W (370.0) (70.0) CUTKOSKY 79 IPWA Pl 
220.0 40.0 NOEHLER 79 IPWR Pl 

(250.0) BARNRAM 80 IPWA ++ PI 
W 3OO.O IOO.O CUTKOSKY 80 IPWA PI 

TO 2Pl N 
ro 2Pl N 
TO PI 
TO Pl 
TO 2PI N 
TO Pl N 

A(1600) R E A L  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

RE B 1541.0 OR 1542.0 
RE 1609.0 OR 1610.0 
RE (1547.0) 
RE 1550.0 40.0 
RE (1581.) 

LBNGACRE 77 IPWA P IN  TO 2Pl N 
LONGACRE 78 IPWA Pl N TO 2Pl N 
EUTKOSKY 79 IPWA P IN  TO P IN  
CUTKOSKY 80 IPWA Pl N TO Pl N 
ARNDT 85 DPWA PIN TO Pl N 

A(1600) - 2 * I M A G  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

IM B 178.0 OR 178.0 
IM 323.0 OR 325.0 
IM (230.0) 
IM 200.0 60.0 
IM (ADO.) 

LONGACRE 77 IPWA PIN  TO 2Pl N 
LONGACRE 78 IPWA Pl N TO 2Pl N 
CUTKOSKY 79 IPWA Pl N TO P IN  
CUTKOSKY 80 IPWA Pl N TO P I N  
ARNDT 85 DPWA Pl N TO Pl N 

RER 
RER 

A(1600) R E A L  P A R T  O F  E L A S T I C  P O L E  R E S I D U E  ( M e V )  

(18.0) CUTKOSKY 79 IPWA PIN TO Pl N 
-~5.0 6.0 CUTKOSKY 80 IPWA PIN TO PI N 

IMR 
IMR 

A(1600) I M A G  P A R T  O F  E L A S T I C  P O L E  R E S I D U E  ( M e V )  

(-11.G) CUTKOSNY 79 IPWA Pl N TO P I N  
8.0 8.0 CUTKOSKY SO IPWA Pl N TO PIN 

A(1600) P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

El A(1600) ~ A'7~" 938+ 140 
P2 A(1600) ~ Z K  1189÷ 494 

P5 a(1600) ~ A(1232) ~r, P -wave  1232+  140 

P4 A(L600) ~ A(1232) 7r, F -wave  1232+ 140 

P5 A(1600) ~ N p ,  S - t / 2 ,  P -wave  938+ 769 
P6 A(1600) ~ NO,  S = 3 / 2 ,  P -wave  938+ 769 
P7 A(1600) ~ N p, S ~ 3 / 2 ,  F -wave  938+ 769 
P8 A(1600) ~ N(1440)  ~ ,  P-wave  144o+ 140 

P9 A(1600) ~ N %  hel ic i ty= 1/2 938+ 0 
PlO A(1600) ~ N T, he l i c i ty=3 /2  938+ 0 

A(1600) B R A N C H I N G  R A T I O S  

A(16O0) ~ (NTr ) / t o t a l  (pl) 

RI (0.20) (0.04) CUTKOSKY 79 IPWA Pl N TO Pl B 
RI 0.21 0.06 BOEHLER 79 IPWA PIg TO Pl N 
RI 0.18 0.04 EUTKOSKY 80 IPWA Pl N TO Pl N 

A(I~00)  iR N g l" ~ ~ K  SQRTIPI*P2) 

R2 C 0.006 TO 0.042 DEANS 75 DPWA PIN TO K SIGMA 
R2 C RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 
R2 C DEANS75 DISAGREES WIIH PI+ P TO K+ SIGMA÷ DATR OF WINNIKT7 
R2 C AROUND 1920 MEV. 

R NOTE: SIGNS OF COUPLINGS FROM P IN  INTO N Pl PI ANALYSES CHANGED 
R IN 1986 EDITION TO AGREE WITH BARYON-FIRST CONVENTION WITH 

THE OVERALL PHASE AMBIGUITY RESOLVED BY CHOOSING A NEGATIVE 
SIGB FOR DELTA(1620) $31 COUPLING TD DELTAI1232) Pl. 

A(16OO) in N T r  ~ A(1232) ~ ,  P -wave  SQR~IPI,P3) 
R3 A +0.36 OR +0.30 LONGACRE 75 IPWA Pl N TO 2P[ N 
R3 B (+0.34) LONGACRE 77 IPWA PIN TO 2PI N 
R3 B IONGACRE 77 CONSIDER THIS COUPLING TO RE WELL DETERMINED. 
R3 D (0.3) NOVOSELLE 78 IPWA PIN TO 2Pl N 
R3 D BW FI~ TO LONGACRE 75 IPWA, PHASE IS NEAR -90 DEGREES. 
R3 E (0.27) NOVOSBLLE 78 IPWA PIN TO 2Pl N 
R3 E BW FIT TO NOVOSELLER 78 IPWA, PHASE IS NEAR -90 DEGREES. THIS FIT 
R3 E ASSUMES THE MASS IS NEAR 1900 MEV. 
R3 *0.24 0.G5 BARNHAM 80 IPWA +÷ PIN TO 2PI N 
R3 F + (LARGE) MANLEY 84 IPWA Pl N TO 2Pl N 
R3 F MANLEY 84 CBNBIDER THIS COUPLING SIGN T0 BE WELL DETERMINED. 

A(160O) in N ~  ~ A(1232) ~ ,  F -wave  SQRT(Pl*P4) 
R4 B (-0.07) LONGACRE 77 IPWA Pl N TO 2PI N 

A(1600) in N ' ~  ~ N p ,  S ~ 1 / 2 ,  P -wave  SQRT(PI*P5) 

R5 B (*O.ID) LONGACRE 77 IPWA Pl N TO 2PI N 

A(1600) in N ~  ~ N p, S ~ 3 / 2 ,  P - w a v e  SQRC(PI*P6) 
R6 R (+0.10) LONGACRE 77 IPWA PIN TO 2P1 N 

A(16O0) in N ~ ~ N ( 1 4 4 0 )  ~ ,  P - w a v e  SQRT(PI*P8) 
R7 +0.23 0.04 BARNHAM 80 IPWA ++ PIN TO 2PI N 
R7 F + (LARGE) NANLEY 84 IPWA Pl N TO 2PI N 
R7 E MANLEY 84 CONSIDER THIS COUPLING SIGN TO BE WELL DETERMINED. 

A(1600) P H O T O N  D E C A Y  A M P L I T U D E S  (GeV -1/2) 

A(1600) - -  N % h e l i e i t y ~ l / 2  (GeV -J /2)  
81 0.0 0.020 FELLER 76 DPWA P IN  PHOTOPROD. 
AI +O.OO8 0.018 AZNAURYAN 77 DPWA RIO pHTPRD,SBL I 
81 0.119 0.014 AZNAURYAN 77 DPWA PIO PHTPRD,SOL 2 
81 O.OOO 0.030 BARBOUR 78 DPWA PI-N PHOTOPROD. 
81 0.005 0.020 CRAWFORD 80 GPWA Pl N PHOTOPROD. 
AI -0.046 0.013 AWAJI $1DPWA Pl N PHOTOPROD. 
81 -0.039 0.030 CRAWFORD 83 IPWA Pl N PHOTOPROD. 
81 P (-O.2OO) WADA S4 DPWA COMPTON SCATT. 
81 P INCONSISTENT WITH OTHER ANALYSES -- SEE MINI-REVIEW. 

A(160O) ~ N % h e l i c i t ? ~ 3 / 2  (GeV - I / z )  
82 O.O 0.015 FELLER 76 DPWA P IN  PHOTOPROD. 
82 -0.133 0.042 AZNAURYAN 77 DPWA RIB PHTPRD,SOL I 
82 0.088 0.037 AZNAURYAN 77 DPWA RIO PHTPRD,SOL 2 

BARBOUR 78 DPWA PI-N PROTOPROD. A2 O.OOD 0.045 
82 -0.009 0.020 CRAWFORD 80 DPWA PIN PHOTOPROD. 
82 0.025 0.031 AWAJI 81 DPWA Pl N PHOTOPROB. 
82 -0.013 0.014 CRAWFORD 83 IPWA PIN PHOIOPROD. 
82 40.023) WADA 84 DPWA COMPTON SCATT. 

R E F E R E N C E S  F O R  A(1600) 

FOR EARLY REFERENCES, SEE PHYSICS LETTERS 111B (1982). 

DEANS 75 NP B96 90 +MITCHELL,MONTGOMERY,+ (SFLA+ALAH)IJP 
LONGACRE 75 PL 33B 415 +ROSENFELD,LASINSKI,SMADJA+ (LBL+SLAC)IJP 
FELLER 76 NP 8104 219 +FUKUBHIMAtHORIKAWA,KAJIKAWA+ (NAGO+OSAK)IJP 
~ZNAURYA 77 EPI-264(57) 77 +AKOPOV,BAGDASARYAN (YERE)IJP 
LONSACRE 77 NP B122 498 LONGACRE,BOLBEAU (SACL)IJP 

ALSO 76 NP BI08 365 DOLBEAU,TRIANTIS,NEVEU,CADIET (SACL)IJP 
WINNIK 77 NP 8128 66 +TOAEE,REVEL,GOLDBERG,BERNY (HAIF)I 
BARBOUR 78 NP B141 253 BARBOUR,CRAWFORD,PARSBNS (GLAS) 
LONGACRE 78 PR 017 1795 +LAEINBKI,ROSENFELD,SMADJA+ (LBL+SLAC) 
NOVOSELL 78 NP 8137 509 D E NOVOSELLER <CIC)IJP 

ALSO 78 NP B137 445 (CIT)IJP 0 E NOVOSELLER 
CUTKOSKY 79 PR D2D 2839  +FORSYTH,HENDRICK,KELLY (CARN+LBLI IJP 
HOEHLER 79 HANDBOOK DF PI-N SCATTERING, PHYSIK DAYEN VOL.12-1 

*KAISER~KOCH,PIETARINEN (KARL)IJP 
ALSO BO TORONTO CONE 3 R KOCH (KARL)IJP 

BARNHAM SO NP G168 243 BARNHAM,GLICKMAN,MIER-JEDRZEJOWICT+ (LOIC) 
CRKWFORD 80 TORONTO CONE 107 R L CRANFORD (GLAS) 
GUTKOBKY $0 TORONTO CONE 19 +FORSYTH,BABCOCK,KELLY,HENDRICK (CARN+LBL)IJP 
AWAJI 81 BONN CONF 352 R KAJIKAWA (TALK) (NAGO) 

ALSO 82 NP 8197 365 FUJII,HAYASRII,INATA,KAJIKANA+ (NAGO) 
CRAWFORD 83 NP 8211 1 R L CRKWgORD, W T MORTON (GLAS) 
MANLEY 84 PR D30 904 MANLEY,ARNDT,GORADIA,TEPLITZ (VP[) 
WAD8 84 NP 8247 313 +EGAWA, IMANIBHI,ISHII,KATO,UKAI+ (INUS) 
ARNDT 85 PR 032 1085 R A ARNDT, J M FORD, L B ROPER (VPl) 

I I 1 JP 3 1 - zX(1620) $31 ~ ) = 5 < 5 )  sta~s: . . . .  

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOW OBSOLETE AND HAVE 
BEEN OMITTEG. THEY MAY BE FOUND IN OUR 1982 EDITION (PHYSICS LETTERS 
111B). 

A(1620) M A S S  ( M e V )  

M A 1625. OR 1600, LONGACRE 75 IPWA Pl N TO 2PI N 
M A THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND E OF LONGACRE 75. 
M B (1580.0) LONGACRE 77 IPWA Pl N TO 2PI N 

G ALL LONGACRE77 PARAMETERS ARE PROM SOLUTION $2, EXCEPT FOR THE POLE 
B POSITION WHICH IS FROM SOLUTIONS $I AND CI. 

M (1662.0) BARGUUR 78 DPWA PI-N PHOTOPROD. 
M (1620.0) (20,0) CUTKOSKY 79 IPWA PIN TO PIN 
M 101n n 7.0 HOEHLE~ 79 IoWA P[N Tn PI 



For notation, see key on page 91. 

( Io20.0)  BARNHAM 80 IPWA ++ P IN  TO ZPI N 
C (1712.8) (6.0)  CHEW 80 BPWA PI+P TO PI+P 

(1786.7) (2.0)  CHEW 80 BPWA ++ PI÷P TO PI÷P 
D CHEW 80 REPORTS TWO $31 RESONANCES AT SOMEWHAT HIGHER MASSES THAN 

CD OTHER ANALYSES. THEY ARE LISTED HERE, AS C AND D. PROBLEMS WITH 
CD THIS ANALYSIS ARE DISCUSSED IN SEC.2.1.11 OF HOEHLER 83. 

(1657.0) CRAWFORD 80 DPWA Pl N PHOTOPROD, 
1620.0 20.0 CUTKOSKY 80  IPWA Pl N TO PIN 

4(1620) WIDTH (MeV) 

w A 160. OR 150. LONGACRE 75 IPWA Pl N TO 2El N 
w B (120.0) LONGAGRE 77 [PWA Pl N TO 2El H 

(180.0) BARBOUR 78 DPWA PI-N PHOTOPROD. 
(140.0) (20.0) CUTKOSHY 79 IPWA P IN  TO Pl N 

W 139.0 18.0 HOEHLER 79 IPWA Pl N TO Pl N 
1120.0) BARNHAM O0 IPWA ÷+ Pl N TO 2Pl N 
(228.3) 118.0) CHEW 80 BPWA PI+P TO PI*P 

W (30.0) (6.4) CHEW 80 BPWA ++ P I + P  TO PI*P 
W 1151.0) CRAWFORD 80 DPWA PIN PHOTOPROD. 
W 140.0 2 0 . 0  CUTKOSKY 80 IPWA PIN TO PIN  

4(1620) REAL PART OF POLE POSITION (MeV) 

RE B 1 5 7 5 , 0  OR 1572.0 LONGACRE 77 IPWA P IN  To 2El N 
RE 1583.0 OR 1583.0 LONGACRE 78 IPWA PIN TO 2PI N 
RE 11597.0) CUTKDSKY 79 IPWA PIN TO Pl N 
RE 1600.0 15.0 CUTKOSHY 80 IPWA P IN  TO Pl N 
RE 11599.) ARNDT 85 DPWA Pl N TO PIN 

4(1620) -2* IMAG PART OF POLE POSITION (MeV) 

[M B 119.0 OR 128.0 LONSACRE 77 IPWA Pl N TO 2El N 
IM 143.0 OR 149.0 LONGACRE 78 IPWA Pl N TO 2El N 
IM 1120.0) CUTKOSKY 79 IRMA Pl N TD P IN  
IM 120.0 20.0 CUTKOSKY 80 IPWA PIN TB P~ N 
IN ( 1 2 0 , )  ARNDT 85 DPWA Pl N TO Pl N 

HER 
RER 

4(1620) REAL PART OF ELASTIC POLE RESIDUE (MeV) 

( -6 .0)  CUTKOSKY 79 IPWA P IN  TO Pl N 
-5.0 5.0 CUTKOSKY 80 IPWA RI N TO Pl N 

4(1620) IMAG PART OF ELASTIC POLE RESIDUE (MeV) 

IMR (15.0) CUTKOSKY 79 IPWA PIN TO PIN 
IMR -14.0 3.0 CUTKOSKY 80 IPWA P IN  TO Pl N 

4(1620) PARTIAL DECAY MODES 

DECAY MASSES 

p r  A(1620) ~ N ~  938+ 140 
P2 4(1620) ~ N~TI* 9 3 8 +  1AO+ 140 

p8 4(1620) ~ 4(1232) ~,  D-wave 1232+ 140 

p~ 4(1620) ~ N p, S =  1/2, S-wave 938+ 769 

P5 4(1620) ~ N p ,  S=3/2, D-wave 938+ 769 

P6 4(1620) ~ N(1440) ~, S-wave 1AAO* 1~0 

P7 4(1620) ~ N % he c t y =  1/2 938* 0 

4(1628) BRANCHING RATIOS 

4(1620) ~ (N~r)/total ( P l )  

RI (0,25) (O.O~) CUTKOSKY 79 IPWA Pl N TO Pl N 
RI 0,35 0.06 HOEHLER 79 IRMA Pl N TO P IN  
RI C (0,60) CHEW 80 BPWA +4 PI+P TO PI+P 
RI D 10,36) CHEW 80 BPWA ÷+ PI+P TO PI+P 
RI 0,25 0.03 CUTKOSKY 80 IPWA PIN TO Pl N 

R NOTE: SIGNS OF COUPLINGS FROM P IN  INTO N Pl Pl ANALYSES CHANGED 
R IN 1988 EDITION TO AGREE WITH BARYON-FIRST CONVENTION WITH 
R THE OVERALL PHASE AMBIGUITY RESOLVED BY CHOOSING A NEGATIVE 
R SIGN FOR DELTA(1620) 531 COUPLING TO DELTA(1832) PI. 

4(1620) in N~r ~ 4(1232) 7r, D-wave SORT(El*P3) 

R2 A -0.40 OR 0.40 LONDACRE 75 IPWA PIN TO 2Pl N 
R2 B (0.39) LONGACRE 77 IPWA PI H I0 2Pl N 
R2 B LONGACRE 77 CONSIDER r~IB COUPLING TO BE WELL DETERMINED. 
R2 -0.33 0.06 BARNHAM 80 IPWA .4 p[ N TO 2PI N 
R2 ~ (LARGE) PIN TO 2PI N 

40620)  in N Tr ~ N p ,  S=1/2 ,  S-wave SQRT(PI*P4) 
R3 A 0.18 OR +0.28 LONGACRE 75 IPWA Pl N TO 2PI N 
R3 B (+0.08) LONGACRE 77 IPWA Pl N TO 2Pl N 
R3 +0.40 0.10 BARNHAM 80 IPWA +÷ Pl N TO 2PI H 
R3 E * (LARGE) HARLEY 84 IPWA Pl N TO 2Pl N 
R3 E MANLEY 84 CONSIDER THIS COUPLING SIGN TO BE WELL DETERMINED. 

4(1620) in N ~  ~ N p ,  S~3/2 ,  D-wave SQRT(PI*PS) 
R~ B (-0.15) LONGACRE 77 IPWA PIN TO 2Pl N 
RA (SMALL) MANLEY 84 IPWA Pl N TO 2Pl N 

4(1620) in N IT ~ N(1440) 7r, S-wave SQRTIPI*P6) 

RE 0.11 0.05 BARNHAM 80 IPWA ++ PIN TO 2Pl N 
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Baryon Full Listings 
A(1620),  A(1700) 

A(1620) PHOTON DECAY AMPLITUDES (GeV -1/2) 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI- 
REVIEW PRECEDING THE BARYON LISTINGS. 

4(1620) ~ N ~ ,  helJei ty=l/2 (GeV -1/2) 
AI -0.005 0.016 FELLER 76 DPWA Pl N PHOTOPROD. 
AI -0.014 0.030 AZNAURYAN 77 DPWA PIO PHTPRD,SDL I 
AI 0.000 0.014 AZNAURYAN 77 DPWA PIO PHTPRD,SOL 2 
AI +0.034 0.028 BARBDUR 78 DPWA PI-N PHOTOPROD. 
AI -0.022 0.007 ARAI 80 DPWA PIN PHOTO PIT I 
AI -0.026 0,008 ARAI 80 DPWA Pl N PHOTO FIT 2 
AI 0.021 0.020 CRAWFORD 80 DPWA PIN PHOTOPROD. 
AI 0.126 0.021 TAKEDA 80 DPWA Pl N PHOTOPROD. 
AI 0.010 0.015 AWAJI 81 DPWR PIN PHOTOPROD. 
AI 0.035 0.010 ORAWFORD 83 IPWA PIN PHOTOPROD. 
AI (0.066) WADA 84 DRWA CORPTON SCATT. 

REFERENCES FOR 4(1620) 

FOR EARLY REFERENCES, SEE PHYSICS LETTERS 1118 11982). 

LONGACRE 75 RL 55B 415 +ROSENFELD,LASINSKI,SMADJA~ (LBL+SLAC)IJP 
FELLER 76 NP 810~ 219 +FUKUSHIMA,HORIKAWA,KAJIKAMA+ (NAGO÷OSAK)IJP 
AZNAURYA 77 EFI-26A(57)-77 +AKOPOV,BAGDASARYAN (YERE)IJP 
LONGACRE 77 NP B122 493 LONGACRE,DOLBEAU (SACLIIJP 

ALSO 76 NP B108 365 DOLBEAU,TRIANTISINEVEU,CAD.IGT (SACL)IJP 
BARBOUR 78 NP BIAI 258 BARBOUR,CNAWFORD,PARSONS (GLAS) 
LONGACRE 78 PR D17 1795 ÷LASINSKI,ROSENFELD,SMADJA+ (LBL÷SLAC) 
CUTKOSKY 79 PR D20 2839 ~EORSYTH,HENORICK,KELLY (CARN+LBL)IJP 
HOEHERR 79 HANDBOOK OF PI-N SCATTERING, PHYSIK PATEN VOL.12-1 

÷KAISER,KOCH,PIETARINEN (KARL)lIP 
ALSO 80 TORONTO CONE 3 R KOCH (KARLIIJP 

ARAI 80 TORONTO CONE 93 I ARAI (TOKYI 
ALSO 82 NP B19A 251 I ARAI, H FUJII (TOKY) 

BARNHAM 80 NP B168 243 BARNHAM,GLICKMAN,MIER-JEDRZEJOWICZ÷ (LOIC) 
CHEW 80 TORONTO CONF 123 D M CHEW (LBL)IJP 
CRAWFORD 80 TORONTO CONF 107 R L CRAWFORD (GLAS) 
CUTKOSKY 80 TORONTO CONF 19 +FORSYTH,BABCOCK,KELLY,HENDHICK (CARN+LBL)IJP 
TAKEDA 80 NP 8168 17 TAKEDA,ARAI,FUJII,IKEDA,IWASAKI* (TOKY) 
AWAJI 81 BONN CONF 352 R KAJIKAWA (TALK) (NAGO) 

ALSO 82 NP 8197 365 FUJII,HAYASHII,IWATA,KAJIKAWA+ (NAGO) 
CRAWFDRD 83 NE 8211 1 R L CRAWFORO, W T MORTON (GLAS) 
HOEHLER 83 LANDOLT-BORNSTEIN VOL 1-982 G HOEHLER (KARL) 
MANLEY 84 PR D30 904 MANLEY,ARNDT,GORADIA,TEPLITZ (VPI) 
WAOA 84 NP B247 313 +EGAWA,IMANISHI,~SHII,KATO,UKAI÷ (INUS) 
ARNOT 85 PR D32 1085 R A ARNDT, J M FORD, L 0 ROPER (VPl) 

I 1 JP 3 3 A(1700) D33 ( ) = 7 ( 2  ) Stat . . . . . . .  

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NON OBSOLETE AND HAVE 
BEEN OMITTED. THEY MAY BE FOUND IN OUR 1982 EDITION (PHYSICS LETTERS 
1 1 1 B 1 .  

A(170O) MASS (MeV) 

M A 1725. OR 1680. LONGACRE 75 IPWA P IN  TO 2El N 
M A THE 2 SETS OF PARAMETERS ARE FROM METHODS I AND 2 OF LONGACRE 75. 
M B (1600.0) LONGACRE 77 IPWA P IN  TO 2El N 
M B ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION $2, EXCEPT FOR THE POLE 
M B POSITION WHICH IS FROM SOLUTIONS $I AND CI. 

(1629.0) BARBOUR 78 DPWA PI-N PHOTOPROD. 
(1730.0) 130.0) CUTKDSKY 79 IPWA Pl N TO PIN 

M 1680.0 70.0 HOEHLER 79 IPWA Pl N TO Pl N 
(1650.0) BARNHAM 80 IPWA ++ Pl N TO 2Pl N 

C 11718.4I (13.1) (18.0) CHEW 80 BPWA ++ PI*P TO PI+P 
M C PROBLEMS WITH THIS ANALYSIS ARE DISCUSSED IN SEC.2.1.11 OF 
M C HOEHLER 83. 
M (1622.0) CRAWFORD 80 DPWA El N PHOTOPROD. 
M 1710.0 30.0 CUTKOSKY 80 IPWA P IN  TO PEN 

A(1700) WIDTH (MeV) 

W A 190. OR 240. LONGACRE 
W B (200.0) LONGACRE 
W (216.0) BARBOUR 
W (300.0) (100.0) CUTKOSKY 

230.0 80.0 HOEHLER 
(160.01 BARNHAM 

w C (193.31 (26.0) CHEW 
W (209.0) CRAWFORD 
w 200.0 80.0 CUTKOSKY 

75 IPWA Pl N TO 2Pl N 
77 IPWA Pl N TO 2Pl N 
78 DPWA PI-N PHOTOPROD, 
79 IPWA PIN TO Pl N 
79 IPWA Pl N TO Pl N 
80 IPWA ÷+ PIN TO 2Pl N 
80 BPWA P I + P  TO P I * P  
80 DPWA PI H PHOTOPROD, 
80 IPWA Pl N TO Pl N 

A(1700) REAL PART OF POLE POSITION (MeV) 

RE S 1600.0 OR 159A.0 LONGACRE 
RE 1681.0 OR 1672.0 LONGACRE 
RE (1691.0) GUTKOSRY 
RE 1673.0 25.0 GU~KOSKY 
RE (1668.) ARNOT 

77 . . . . . .  I . . . . .  
78 IPWA PI TO 2Pl 
79 IPWA Pl N TO PIN 
80 IPWA PIN TO PIN 
85 DPWA Pl N TO PIN 

A(1700) -2*IMAG PART OF POLE POSITION (MeV) 

IM B 208.0 OR 201.0 LONGACRE 77 IPWA Pl N TD 2Pl N 
IM 245.0 OR 241.0 LONGACRE 78 IPWA Pl N TO 2Pl N 
IM (292.0) CUTKOSKY 79 IPWA Pl N TO Pl N 
IM 220.0 40.0 CUTKOSKY 80 IPWA Pl N TO PIN 
IM 1320.) ARNDT 85 DPWA PIN TO Pl N 
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Baryon Full Listings 
A(1700), A(1900) 

RER 
RER 

A(1700) REAL PART OF E L A S T I C  POLE R E S I D U E  (MeV) 

(26.0) CUTKOSKY 79 [PWA Pl N TO Pl N 
12.0 3 .0  CUTKOSKY 80 IPWA Pl N TO Pl N 

IMR 
IMR 

A(1700) I M A G  P A R T  OF E L A S T I C  P O L E  R E S I D U E  (MeV) 

( - 2 . 0 )  CUTKOSKY 79 IPWA P I N  TO Pl N 
-&.O 5.0 CUTKOSKY 80 IPWA P I N  TO Pl N 

A(170@) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

Pl &(1700) ~ N~ 938+ I~0 

P2 A(1700) ~ ZK 1189+ 494 

P3 A(1700) ~ N ~ T r  938+ IA0+ 140 

pA A( I700 )  ~ &(1232) w, S-wave 1232+ IAO 

P5 -%(1700) ~ ~(1232) /c, D-wave 1E3Z+ 140 

P6 &(1700) ~ N p ,  S--1/2, D-wave 930~ 769 

or A(1700) ~ N p, S=3/2 ,  S-wave 938. 769 

p8 A(1700) ~ N p ,  S=3/2 ,  D-wave 938+ 769 
P9 A(1700) ~ N % he l ic i ly=l /2  938+ 0 
P l0  A(1700) ~ N %  helicily--3/2 938+ 0 

A(1700) B R A N C H I N G  R A T I O S  

A(170O) ~ ( N ~ ) / t o t a l  (P1) 
RI (0.12) (O.OG) CUTKOSKY 79 IPWA Pl N TO P I N  
Rq 0.20 Om03 HOEHLER 79 IPWA Pl N TO Pl N 
R1 C (0.16) CHEW 80 BPWA ++ PI+P TO PI+P 
RI 0.12 0.03 CUTKOSKY 80 IPWA Pl N TO PIN 

A(1700) in N ' ~  ~ Z K SGRT(Pl *P2)  
R2 D O.OOq TO 0 .011  DEANS 75 DPWA PIN TO K SIGMA 
R2 D RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 
R2 D DEANS75 DISAGREES WITH PI+ P TO K~ SIGMA+ DATA OF WINNIK77 
R2 D AROUND 1920 MEV. 
R2 (.002) LIVANDS 80 DPWA Pl P TO K SIGMA 

R NOTE: SIGHS OF COUPLINGS FROM P I N  INTO N PI PI ANALYSES CHANGED 
R IN 1986 EDITION TO AGREE WITH BARYON-FIRST CONVENTION WITH 
R THE OVERALL PHASE AMBIGUITY RESOLVED BY CHOOSING A NEGATIVE 
R SIGN FOR DELTA(1020) $31 COUPLING TO DELTA(1232) PI .  

A(I700) in N ~  ~ A(1232) 7F. S-wave  SGRT(PI*P4) 
R3 B A +0.25 OR +0.24 LONGACRE 75 IPWA P IN  TO 2PI N N 
R3 (+0.30I LONGACRE 77 IPWA P IN  TO 2Pl 
R3 B LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 
R3 ¢0.18 O.OA BARNHAM 80 IPWA +~ Pl N TO 2PI N 
R3 E (+) MANLEY 84 IPWA PIN TO 2Pl N 
R3 E MANLEY 84 CONSIDER THIS COUPLING SIGN TO BE WELL DETERMINED. 

A(1700) in N ~  ~ A(1232) g ,  D-wave  SQRT(PI"P5) 
R4 A 0. OR +0.I0 LONGAERE 75 IPWA Pl N TO 2Pl N 
R6 B (÷0.05) LONGACRE 77 IRWA Pl N TO 2PI N 
R4 0.14 0.04 BARN~AM 80 IPWA ++ Pl N TO 201 N 
RA E (~) MANLEY 84 IPWA P[ N TO 2Pl N 
R4 E MANLEY 04 CONSIDER THIS COUPLING SIGN TO BE WELL DETERMINED. 

A(17OO) in N¢F ~ N p,  S = 1 / 2 ,  D-wave SQRT(PI*P6) 
R5 +0.17 0 .05  BARNHAM 80 IPWA *+ Pl N TO 2PI N 

A(17OO) in N Tr ~ N p, S = 3 / 2 ,  S=wave SQRT(PI"PT) 
R6 A 0.20 OR -0.30 LONGACRE 75 IPWA Pl N TO 2Pl N 
R6 B (+0.D4) LONGACRE 77 IPWA Pl N TO 2PI N 
R6 (+) MANLEY 8& IPWA PIN TO 2PI N 

A(17OO) in N~" ~ N p. S ~ 3 / 2 ,  D-wave  SQRT(PI*P8) 

R7 0.18 0 .07  BARNMAM 80 IPWA ++ Pl N TO 2Pl N 

A(1700) P H O T O N  DECAY A M P L I T U D E S  (GeV 1.,2) 

FOR DEFIN)IION OF GAMMA~NUCLEON DECAY AMPLITUDES, SEE MINI- 
REVIEW PRECEDING THE BARYON LIS%INGS, 

A(1700) ~ N %  h e l i c i t y = l / 2  (GeV L'2) 
A1 ÷0.072 0.033 FELLSR 76 OPWA Pl N PHOTOPROO. 
AT +0.147 0.013 AZNAURYAN 77 DPWA PlO PRTPRD,SOL I 
AT +0.136 0.013 AZNAURYAN 77 BPWA RIO PHTPRD,SOL 2 
AT ~0.130 0.037 BARBOUR 78 DPWA PI-N PHOTOPROD. 
AI 0.112 0.006 ARAI 80 DPWA Pl N PHOTO FIT I 
AT 0.130 0.006 ARAI 80 DPWA Pl N PHOTO FIT 2 
AT 0.123 0.022 CRAWgORD 80 DPWA PIN PHOHOPROD. 
A1 0.089 0.033 AWAJI 81 DPWA p I N  PHOTOPROD. 
AT 0.111 0.017 CRAWFORD 83 IPWA P[ N PHOTOPROD, 

A(17O0) ~ N T, he l i c i ty=3 /2  (GeV I / z )  
A2 +0 .087  0.023 FELLER 76 DPWA P~ N PHOTOPROD. 
A2 *0.053 0.003 AZNAURYAN 77 DPWA PIO PHTPRD,SOL 1 
A2 +0.022 0 ,003  AZNAURYAN 77 DPWA RiO PHTPRD,SOL 2 
A2 .0.098 0.036 BARBOUR 78 DPNA PI-N PMOTOPROD. 
A2 0.047 0.007 ARAI 80 DPWA P IN  PHOTO FIT 1 
A2 0.050 0.007 ARAI 80 DPNA PIN PHOTO FIT 2 
A2 0.108 0.015 CRAWFORD 80 DPNA Pl N PHOTOPROD. 
A2 0.060 0.015 AWAJI 81 DPWA Pl N PBOTOPROD. 
A2 0.107 0.015 CRAWFORD 83 IPWA PIN PHOTOPROD. 

REFERENCES FOR A(1700) 

FOR EARLY REFERENCES, SEE PHYSICS LETTERS 1118 (1982). 

DEANS 75 NO B96 90 *MITCHELL,MONTGOMERY,* (BFLA-ALAH)IJP 
LQNGACRE 78 PL 550 415 +ROSENFELD,LASINSKI,SMADJA~ (LBL-SLAC)IJP 
FELLER 76 NP BIOL 219 *FUKUSHIMA,HORIKAWA,KAJIKAWA+ (NAGO+OGAK)IJP 
AZNAURYA 77 EFI-26A(57)-77 ~AKOPOV,BAGDASARYAN {YERE)IJP 
LQNGACRE 77 NP 0122 493 LONGAGRE,DOLBGAU (SACL)ZJP 

ALSO 76 NP B108 365 DOLBEAU,TRIANTIS,NEVEU,CADIET (SAGL)IJP 
WINNIK 77 NP R128 66 +TOAFP,REVEL,GOLDBERG,BERNY (HAIF)I 
RARBOUR 78 NP DIAl 253 BARBOUR,CRAWFORD,PARSONS (GIAS) 
LONGACRE 78 PR D17 1795 *LASINSKI,RDSENFELD,SMADJA+ (LBL+SLAC) 
CUTKOSKY 79 PR 020 2839  +~ORSYTH,HENDRICK,KELLY (CARN+LBL)IJP 
HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK OATEN VOL.12-1 

+KAISER,KOCH,PIETARINEN {KARL)!JP 
ALSO 80 TORONTO CONE 3 R KOCH (KARL)IJP 

ARAI 80 TORONTO CON~ 98 I ARAI (TOKY) 
ALSO 82 NP B19A 251 I ARAI, H FUJII (TOKY) 

BARNHAM 80 NP 0168 2~3 BARNHAM,GLICKMAN,MIER-JEDRZEJOWICZ+ (LOIC) 
CHEW 80 TORONTO CONF 123 D M CHEW (LBL)IJP 
CRAWFORD 80 TORONTO CONF 107 R L CRAWEORD (SLAB) 
CUTKOSKY 80 TORONTO CONF 19 +FORSYTH,BABCOCK,NELLY,HENORICK (CARN~LBL)IJP 
LIVANOS 80 TORONTO CONF 35 ~BATONtCOUTURES,KOCHOWSKI,NBVEU (SACL)IJP 
ANAJI 81 BONN CONF 352 R KAJIKAWA (TALK) IMAGO) 

ALSO 82 MP 0197 365 FUJII,HAYASHII,IWATA,KAJIKAWA+ IMAGO) 
CRAWFORD 83 NP 0211 1 R L CRAWFORD, W I MORTON (SLAB) 
HOEHLER 83 LANDOLT-BORNSTEIN VOL I-9B2 G HOEHLER (KARL) 
MANLEY 8C PR D3O 90A MANLEY,ARNDT,GORADIA,TEPLITZ (VPI) 
ARNDT 85 PR D32 1085 R A ARNOT, d M FORD, L D ROPER (VPl) 

jAIl900) $31 [ z<JP)=~(" ) Stat . . . . . .  

(1850.0) (35.0) 
1908.0 30 .0  

M (1918 .5 )  (23.0) 
M (1803.0) 
M 1890.0 50 .0  

A(1900) M A S S  (MeV) 

CUTKOSKY 79 IPWA Pl N TO Pl N 
HOEHLER 79 IPWA P IN  TO Pl N 
CHEW 80 BPWA *+ PImP ~0 PI+P 
CRAWFORD 80 DPWA p [N  PHOTOPROD. 
CUTKOSKY 80 IPWA P IN  TO P IN  

A(1900) W I D T H  (MeV) 

w (130.0) (40.0) 
w 140.0 40.0 

(93.5) (5A.0) 
(137.0) 

w 170.0 50.0 

CUTKOSKY 79 IRWA Pl N TO Pl N 
HOEHLER 79 IPWA Pl N TO P IN  
CHEW 80 BPWA ++ PI+P TO PI+P 
CRAWFORD 00 DPWA Pl N PHOTOPROD. 
CUTKOSKY 80 IPWA Pl N TO .Pl N 

A(1900) REAL PART OF P O L E  P O S I T I O N  (MeV) 

2029.0 OR 2025.0 LONGACRE 78 IPWA Pl N TO 2Pl N [ 
(1844.0) CUTKOSKY 79 IPWA Pl N TO Pl N 
1870,0 40.0 CUTKOSKY 80 IPWA Pl N TO Pl N 

A(1900) - 2 * I M A G  PART OF POLE P O S I T I O N  (MeV) 

169.0 OR 163.0 LONGACRE 78 IPWA Pl N TO 2Pl N ] 
(162.0) CUTKOSKY 79 IPWA P£ N TO Pl h 
180.0 00.0 CUTKOSKY 80 IPWA Pl N TO PIN 

RER 
RER 

A(1900) REAL PART O F  E L A S T I C  POLE R E S I D U E  (MeV) 

(7.0)  CUTKOSKY 79 IPWA P IN  TO P IN  
9.0 4.0 CUTKOSKY 80 IPWA P IN  TO P IN  

IMR 
IMR 

A(1900) I M A G  PART OF E L A S T I C  POLE RESIDUE (MeV) 

( 1 . 0 )  CUTKOSKY 79 10WA Pl N TO Pl N 
3.0 7.0 CUTKOSKY 80 IPWA Pl N TO Pl N 

A(19O0) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

Pl A(I900) - -  N ~  938+ ILO 

P2 A(1900) ~ ~ K  1189. 494 

P3 A(I900) ~ N p, S=3/2 ,  D-wave 938+ 769 
P~ A(t900) ~ NI t440)  ",'r, S-wave 144o+ 1AO 
P5 A(1900) ~ N %  helicity= 1/2 938+ o 

A(1900) B R A N C H I N G  R A T I O S  

&(1900) ~ (N ~)/total 
R1 (0.08) (0.03) CUTKOSKY 79 IRWA Pl N TO Pl N 
RI 0.08 0.04 HOEHLER 79 IPWA Pl N TO Pl N 
RI (0.28) CHEW 80 BPWA *~ P;+P TO PI+P 
RI 0.10 0.03 CUTKOSKY 80 IPWA Pl N TO PIN 



For notation, see key on page 91. 

A(1900) in N ~  ~ ~ K  SGRT(PI*P2) 
R2 (0.11) LANGBEIN 73 IPWA Pl N-K BIG,SOL 1 
R2 (0.12) LANGBEIN 73 IOWA PI N~K GIG,SOL 2 
RE A (0.076) DEANS 75 DPNA PIN TO K SIGMA 
R2 A VALUE GIVEN IS FROM SOLUTION I ,  NOT PRESENT IN SOLUTIONS 2,3,6.  

A(IQO0) in N ~  ~ N p, S - 3 / 2 ,  D-wave  SQRT(PI*P3) 

R3 (LARGE) MANLEY 84 IOWA Pl N TO 2Pl N I 

A(I90O) in N ' r  ~ N ( 1 4 4 0 )  ~ ,  S -wave  SORT(PI*RA) 
R4 + (LARGE) MANLEY BL IPWA P IN  TO 2PI N I 

A(1900) P H O T O N  D E C A Y  A M P L I T U D E S  (GeV 1/2) 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI- 
REVIEW PRECEDING THE BARYON LISTINGS. 

A(lgO0) ~ N ' %  h e l i c i r y = l / 2  (GeV 1/2) 
AI -0.006 TO -O.OE5 CRAWFORD 80 DPWA P IN  PHOTOPROD. 
AI 0.029 0.008 AWAJI 81 DPWA PIN PHOTOPROD. 
AI O.OO& 0.016 CRAWFORD 83 IRWA Pl N PHOTOPROD. 

R E F E R E N C E S  F O R  6(1900) 

FOR EARLY REFERENCES, SEE PHYSICS LETTERS 1118 (1982), 

LANGBEIN 73 NP 853 251 LANGBEIN,WAGNER (MUNI)IJP 
DEANS 75 NP 896 90 +MITCHELL,MONTGOMERY,+ ($FLA+ALAH)IJP 
LONGACRE 78 PR D17 1795 +LASINSKI,ROSENFELD,SMADJA+ (LBL+SLAC) 
CUT~OSKY 79 PR B2O 2839  +FORSYTH,HENDRICK,KELLY (CARN+LBL)IJP 
HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK OATEN VOL.12-1 

+KAISER,KDCH,PIETARINEN (KARL)IJP 
ALSO 80 TORONTO CONR i~  R KOCH (KARL)IJP 

CHEW 80 TORONTO CONF D M CHEW (LBL)IJP 
CRAWFORD 80 TORONTO CONE R L CRAWFORD (GLAS) 
CUTKOSKY 80 TORONTO CONF 19 +FORSYTH,BARCOCK,KELLYtHENDRICK (CARN+LBL)IJP 
AWAJI 81 BONN CONF 352 R KAJIKAWA (TALK) (NAGO) 

ALSO 82 NP G197 365 FUJII,HAYASHII,IWATA,KAJIKAWA+ (NAGO) 
CRAWFORD 83 NP B211 1 G L CRAWFORD, W T MORTON (GLAS) 
MANLEY 8& PR DBO 9OL MANLEY,ARNDT,GORADIA,TEPLITZ (VOLE 

I I p 3 5 - A(1905) F35 t ( J  1~ ~(~- ) Stat  . . . . . . .  

MOST O~ THE RESULTS PUBLISHED BEFORE 1975 ARE NOW OBSOLETE AND HAVE 
BEEN OMITTED. THEY MAY BE FOUND IN OUR 1982 EDITION (PHYSICS LETTERS 
1110 ) .  

CUTKOSKY 80 ALSO FINDS WEAK EVIDENCE FOR A HIGHER MASS F35 RESONANCE 
IN ADDITION 10 THIS STATE. BOTH RESONANCES ARE LISTED HERE ~OR NOW. 

A(1905) M A S S  ( M e V )  

A I870. OR 1830. LONGACRE 75 IPWA P IN  TO 2P1 N 
A THE 2 SETS OF PARAMETERS ARE =ROM METHODS I AND B OE LONGACRE 75.  

(1892.0) BARBOUR 78 DPWA PIN PHOTOPRDD. 
(1920.0) (30.0) CUTKOSKY 79 IOWA PIN TO PIN 
1905.0 20.0 HOEBLER 79 IPWA PIN TO PIN 

(1787.0) (6.0)  (5.Z) CHEW BO BPWA ++ PI+P TO PI+P 
( 1880 .0 )  CRAWFORD 80 DPWA Pl N PHOTOPROD. 

B 1910.0 30.0 CUTROSKY 80 IOWA Pl N TO PIN 
C 2200.0 125.0 CUTKOSKY 80 IRWA PIN TO Pl N 

BC CUTKOSKY 80 FINDS A HIGHER MASS F39 RESONANCE AS WELL AS THE ONE IN 
BE THIS MASS REGION. THEY ARE LISTED HERE AS B AND C. 

A(1905) W I D T H  ( M e V )  

255. OR 220. LONGACRE 75 IPWR Pl N TO 2Pl N 
(159.0) BARBOUR 78 DPWA PI-N PHOTORROD. 
(BAD.D) (80.0) CUTKOSKY 79 IOWA Pl N TO Pl N 
260.0 20.0 HOEHLER 79 IPWA Pl N TO Pl N 
(66.0) (24.0) C16.0) CHEW 80 BPWA ++ PI÷P TO PI+P 

(193.0) CRAWPORD BO DPWA Pl N PHOTOPROD. 
LOO.O I00.0 COTKOSKY 80 IPWA Pl N TO Pl N 
A00.0 125.0 CUTKOSKY 80 IPWA Pl N TO PIN 

RE 
RE 
RE 
RE 
RE 

A(1905) R E A L  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

1813.0 OR 1808.0 
(1865.0) 
1830.0 AO.O 
2150.0 100.0 

(1830.) 

LONGACRE 78 IOWA P IN  TO 2Pl N 
CUTKOSKY 79 IRWA P IN  TO P IN  
CUTKOSKY 80 IOWA P[ N TO Pl N 
CUTKOSKY BO IPWA Pl N TO Pl N 
ARNDT 85 DRWA Pl N TO Pl N 

IM 
IM 
IM B 

A(19115) - - 2 * I M A G  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

193.0 OR 187.0 
(266.0) 
280.0 60.0 
350.0 100.0 

(180.) 

LONGACRE 78 IOWA Pl N TO 2PI N 
CUTKOSKY 79 IOWA P IN  TO Pl N 
CUTKOSKY 80 IPWA Pl N TO Pl N 
CUTKOSKY 80 IOWA Pl N TO P IN  
ARNDT 85 DRWA Pl N TO Pl N 
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Baryon Full Listings 
A(1900), A(1905) 

6(1905) R E A L  P A R T  O F  E L A S T I C  P O L E  R E S I D U E  ( M e V )  

RER (20.0) CUTKOBKY 79 IPWA Pl N TO Pl N 
RER B 16.0 0.0 CUTKOSKY 80 IPWA Pl N TO Pl N 
RER C -1~.0 13.0 CUTKOBKY 00 IPWA PIN TO Pl N 

A(1905) I M A G  P A R T  O F  E L A S T I C  P O L E  R E S I D U E  ( M e V )  

IMR ( -5 .0)  
IMR B -19.0 8.0 
IMR C 8.0 22.0 

CUTKDSKY 79 IOWA P IN  TO P IN  
CUTKOSKY 80 IOWA P IN  TO Pl N 
CUTKOSKY 80 IPWA P IN  TO P IN  

A(1905) P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

Pl A(1905) ~ N~ 938÷ 140 

P2 A(1905) ~ Z K  1189+ 494 
P3 6(1905) ~ N 7 r ~  938+ 140* 140 
P~ A(I905) ~ A(1232) 7r, P -wave  1232÷ 140 

P5 A(1905) - -  A(1232) 7r, F -wave  1232+ 140 

P6 -4.(1905) ~ N p, S =  1/2, F -wave  038+ 769 
PZ A(1905) ~ N p,  S = 3 / 2 ,  P -wave  938+ 769 
P8 A(1905) ~ N p,  S = 3 / 2 ,  F -wave  938+ 769 
P9 A(1905) ~ N %  hel ic i ty= 1/2 938÷ 0 
P10 A(1905) ~ N %  he l i c i ty~3 /2  938+ o 

A(1905) B R A N C H I N G  R A T I O S  

A(1905) ~ (NTr ) / t o t a l  (Pl)  
RI (0.15) (0.02) CUTKOSKY 79 IRWA Pl N TO PIN 
RI 0.15 0.02 HOEHLER 79 IPWA PIN DO PIN 
RI (0.11) CHEW BD GPWA ++ PI+P TO RI÷P 
RI B 0.08 O.O3 CUTKOGKY BO IPWA Pl N TO Pl N 
RI C 0.07 0.0~ CUTKOSKY 00 IPWA P IN  TO P IN  

A(1905) in N ~  ~ ~ K  SQRT(PI*P2) 

R2 D D.021 TO 0.054 DEANS 75 DPWA Pl N TO K SIGMA 
R2 D RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 
R2 (-0.013) LIVANOS 80 DRWA Pl P TO K SIGMA 

NOTE: SIGNS OF COUPLINGS FROM Pl N INTO N PI El ANALYSES CHANGED 
IN 1986 EDITION TO AGREE WITH BARYON-FIRST CONVENTION WITH 

R THE OVERALL PHASE AMBIGUITY RESOLVED BY CHOOSING P AINEGATIVE 
R SIGN FOR DELTA(1620) $31 COUPLING TO DELTA(1232) . 

A(1905) in N ~  ~ A(1232) ~ ,  P -wave  SQRT(PI*PA)  
R3 + (SMALL) MANLEY 84 IPWA Pl N TO BPl N 

~(1905 )  in N ~  ~ A(1232)  ~, F-wave SQRT(PI*P5) 
R4 A +0.12 OR +0.20 LONGACRE 75 IOWA PIN TO 2Pl N 
R& E (+0.17) NOVOSELLE 78 IOWA PIN TO 2Pl N 
RA E BW FIT TO LONGACRE 75 IPWA. 
R4 F (+0.06) NOVOSELLE 78 IPGA Pl N TO 2Pl N 
R~ F BW FIT TO NOVOSELLER 78 IOWA. 
RL G (+) MANLEY BG EPW~ P IN  TO 2PI N 
R4 B MANLEY 84 CONSIDER THIS COUPLING SIGN TO BE WELL DETERMINED. 
RA G MANLEY 84 SUGGEST THAT THE LARGE N RHG DECAY SEEN IN PREVIOUS 
R4 G ANALYSES IS PREDOMINANTLY FROM A HIGHER MASS F35 RESONANCE. 
R4 G SEE LISTINGS FOR DELTA(2GOOI F35. 

A(1905) in N Tr ~ N p, S = 3 / 2 ,  P - w a v e  SQRT(PI*P7) 

R5 A *0.28 OR +0.33 LONGACRE 75 IOWA PIN TO 2PI N 
R5 E (+0.28) NOVOSELLE 78 IOWA Pl N TO 2Pl N 
R5 H +0.11 TO *0.33 NOVOSELLE 78 IPWA PIN TO 2Pl N 
R5 H BW FIT 10 NOVOBELLER 78 IOWA, PHASE IS NEAR 90 DEGREES. 

A(1905) P H O T O N  D E C A Y  A M P L I T U D E S  (GeV - I / 2 )  

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI- 
REVIEW PRECEDING THE BARYON LISTINGS. 

A(1905) ~ N %  h e l i e i t y = l / 2  (GeY I/2) 
AI -D.001 0.012 AZNAURYAN 77 DPWA 
AI +0.O63 0.018 AZNAURYAN 77 DPWA 
AI +0.033 0.018 BARBOUR 78 DPWA 
AI 0.022 0.010 ARAI 80 BEWA 
A1 0.031 0.009 ARAI 80 DPWA 
AI 0.024 0.014 CRAWFORD 80 DPWA 
AI 0.043 0.020 AWAJI 81DRWA 
AI 0m021 Om010 CRAWFORD 83 IPWA 

A(1905) ~ N ? ,  h e l i c i t y = 3 / 2  (GeV -1/2) 
A2 -0.094 0.027 AZNAURYAN 77 DRWA 
A2 0.101 0.018 AZNAURYAN 77 DPWA 
A2 -0.055 0.019 BARBOUR 78 DPWA 
A2 -0.029 0.007 ARAI 80 DRWA 
A2 -0.045 0.006 ARAI 80 DPWA 
A2 -0.072 0.035 CRAWFORD 80 DPWA 
A2 -0.025 0.023 AWAJI 81 DPWA 
A2 -0.056 0.028 CRAWFORD 83 IOWA 

PIO PHTPRD,SOL 
PIG PHTPRD,SOL 
PI~N RHOTOPROD. 
Pl N PHOSO FIT I 
Pl N PHOTO FIT 2 
P I N  PHOTOPROD. 
Pl N PHOTDPROD. 
P IN  PHOTOPROD. 

PIO PHTRRO,SOL 
PIO PHTPRD,SOL 
PI-N PHOTOPROD. 
Pi.  . . . . . . . .  
PI PHOTO FIT 
Pl N PHOTOPROD. 
PI NN PHOTOPROD. 
PI PHOTOPROD. 

R E F E R E N C E S  F O R  A(1905) 

FOR EARLY REFERENCES, SEE PHYSICS LETTERS 1118 (1982). 

DEANS 75 NP 896 90 +MITCHELL,MONTGOMERY,+ (SFLA+ALAH)IJP 
LONGACRE 75 PL 55B 415 +ROSENFELD,LASINSKI,SMADJA+ (LBL+SLAC)IJP 
AZNAURVA 77 F~ I -24& (~7  -77 +AROPOV,BAGDASARYAN (YERE)IJP 
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Baryon Full Listings 
A(1905), A(1910), A(1920) 

BARBOUR ?8 NP B141 253 BARBOUR,CRAWFORU,PARSONS (GLAS) 
LONGACRE 78 PR 017 1795  ~LASINSKI,ROSENFELD,SMADJA÷ (LBL*SLAC) 
NOVDSELL 78 NP 0137 509 D E NOVOSELLER (CIT)IJP 

ALSO 78 NP B137 465 D E NOVOSELLER (CIT)IJP 
CUTKDSKY 79 PR 020 2839 +FORSYTH,HENDRICK,KELLY (CARN~LBL)IJP 
HOEHLER ?9 HANDBOOK OF PI-N SCATTERING, PHYSIK OATEN VOL.12~I 

+KAIBER,KOCH,PIETARINEN (KAHL)IJP 
ALSO BO TORONTO CONF 3 R KOCH (KARL)IJP 

ARAI 80 TORONTO CONF 93 I ARAI (TOKY) 
ALSO 82 NP B19A 251 I ARAI, H FUJII (TOKY) 

CHEW 80 TORONTO CONE 123 D M CHEW (LBLIIJP 
CRAWFORD 80 TORONTO CONF 107 R L CRAWFORD (GLAS) 
CUTKOBKY 80 TORONTO CONF 19 ÷FORSYTH,BABCOCK,KELLY,HENDRICK (CARN+LBL)IJP 
LIVANOS 80 TORONTO CONF 35 +BATON,COUTURES,KOCHOWSKI,NEVEU (SACL)IJP 
AWAJI 81 BONN CONF 352 R KAJIKAWA (TALK) (NABOB 

ALSO 82 NP B197 365 FUJII,HAYASHII,IWATA,KAJIKAWA÷ (NABOB 
CRAWFORO 83 NP 0211 1 R L CRAWFORD, W T MORTON (GLAS) 
MANLEY 84 PR D3O 904 MANLEY,ARNBT,GORADIA,TEPLITZ (VPI) 

ALSO 84 PRL 52 2122 MANLEY (VET) 
ARHDT 85 PR 032 1085 R A ARNDT, J M FORD, L D ROPER (VEIl 

A(1910) P31 ] ~(jp) 5 ~+ ,, ~ ( 5  ) S t a tu s :  * * * *  

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOW OBSOLETE AND HAVE 
BEEN OMITTED. THEY MAY BE FOUND IN OUR 1982 EDITION (PHYSICS LETTERS 
111B). 

A(1910) M A S S  ( M e V )  

A (1790.01 LONGACRE 77 IPWA Pl N TO 2El N 
A ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION $2, EXCEPT FOR THE POLE 

M A POSITION WHICH IS FROM SOLUTIONS $I AND CI. 
M (1899.01 BARBOUR 78 DPWA PI-N PHOTOPROD. 

(1980.0) (50.01 CUTKOSKY 79 IPWA Pl N TO Pl N 
1888.0 20.0 HDEHLER 79 IPWA Pl N TO P I N  

M B (1715.21 (21.01 CHEW 80 BPWA +÷ PI+P TO PI+P 
M C (1778.41 (9.0) CHEW SO BPWA PI*P TO PI+P 

(1960.1) (21.01 CHEW 80 BPWA ++ PI+P TO EI+P D 
(2181.41 (13.01 (14.31 CHEW 80 BPWA ÷+ PI+P 50 PZ+P 

N B CHEW 80 REPORTS FOUR RESONANCES IN THE P31 WAVE. ALL ARE LISTED 
M DE HERE LABELED B-E. PROBLEMS WITH THIS ANALYSIS ARE DISCUSSED IN 
M DE SEC.2.1.11 OF HOEHLER 83. 
M (1981.01 CRAWFORD 80 OPWA Pl N PHOTOPROD. 
M 1910.0 40.0 CUTKOSKY 80 IPWA Pl N TO Pl N 

A(191O) W I D T H  ( M e V )  

W A (170.0) LONGACRE 77 IPWA Pl N TO 2Pl N 
W (230.0) BARBOUR 78 DPWA PI-N PHOIOPROD. 

(300.0) (100.01 CUTKOSKY 79 IPWA Pl N TO Pl N 
280,0 30.0 HOE~LER 79 IPWA Pl N TO PIN 

W B (93.3) (55.0) CHEW 80 BPWA ++ PI+P TO PI+P 
W C (23.0) (29.0) CHEW 80 BPWA PI+P TO PI+P 
W D (152.91 (60.0) CHEW 80 BPWA +~ PI+P TD PI÷P 

E (I72.2) (37,0) CHEW 80 BPWA PI+P TO EI*P ++ 
(381.01 CRAWFORD 80 DPWA PIN PHOTOPROD. 

W 225.0 50.0 CUTKOSKY 80 3PWA Pl N TO PIN 

A(1910) R E A L  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

RE A 1792.0 OR 1801.0 LONGACRE 77 IPWA Pl N TO 2Pl N 
RE (1871.0) CUTKOSKY 79 IPWA PIN TO Pl N 
RE 1880.0 80.0 CUTKOSKY 80 IPWA Pl N TO P IN  

A(1910) - - 2 * I M A G  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

IM A 172.0 OR 165.0 LONGACRE 77 IPWA Pl N TO 2Pl N 
IM (200.0) CUTKOSKY 79 IPWA PIN TO Pl N 
IM 200.D 40.0 EUTKOSKY 80 IPWA Pl N TO P IN  

A(1910) R E A L  P A R T  O F  E L A S T I C  P O L E  R E S I D U E  ( M e V )  

RER (~0.8) CUTKOBKY 79 IPWA P IN  lO Pl N 
RER D.O I0 .0  CUTKOSKY EO IPWA Pl N TO Pl N 

IMR 
IMR 

A(1910) I M A G  P A R T  O F  E L A S T I C  P O L E  R E S I D U E  ( M e V )  

(-18,01 CUTKOSKY 79 IPWA Pl N TO P IN  
-2O.D 4.0 CUTKOSKY 80 IPWA PIN TO PIN 

A(1910) P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

Pl A(1910) ~ N Tr 938÷ 140 

P2 A(Ig[0)  ~ ~K 1189+ 494 

P3 A(1910) ~ N ~ r  988+ 140~ 140 
P4 A(1910) ~ A(1232) ~ ,  P -wave  IZ32+ 140 
P5 A(1910) ~ N O ,  S = 3 / 2 ,  P -wave  938* 769 
P6 A(1910) ~ N(1440)  7r, P -wave  1L40+ 140 

P7 A(1910) ~ N %  hel ic i ty= 1/2 938+ 0 

A(1910) B R A N C H I N G  R A T I O S  

A(1910) ~ ( N ~ ) / t o t a l  (p l )  
RI (0.191 (0.04) CUTKOSKY 79 IPWA PIN TO Pl N 
RI 0.24 0.06 HOEHLER 79 IPWA Pl N TO PI R 
RI *B (O.IS) CHEW 80 BPWA ++ PI÷P TO PI*P 
RI *C (0.20) CHEW 80 BPWA ++ PI+P TO PI+P 
RI *D (0.171 CHEW 80 BPWA PI+P TO PI+P 
RI *E (0,401 CHEW 80 BPWA +~ PI=P TO PI+P 
RI 0,19 0.Q3 EUTKOSKY 80 IPWA P IN  TO PZ N 

A(1910) in N i t  ~ Z K  SORT(El"P2) 

R8 F 0.082 TO 0.184 BEANS 75 BPWA Pl N TO K SIGMA 
R2 F RANGE GIVEN IS FROM FOUR BEST SOLUTIONS, 
R2 (-0.0191 LIVANOS 80 DPWA Pl P TO K SIGMA 

NOTE: SIGNS OF COUPLINGS FROM PIN INTO N Pl PI ANALYSES CHANGED 
IN 1986 EDITION TO AGREE WITH BARYON-~IRST CONVENTION WITH 

R THE OVERALL PHASE AMBIGUITY RESOLVED BY CHOOSING A NEGATIVE 
R SIGN FOR DELTA(1620) S31 COUPLING TO DELTA(IS32) Pl .  

A(1910) in N ~  ~ A(1232) 7r, P - w a v e  BQRT(PI*P4) 
R3 A (+0.06) LONGACRE 77 IPWA Pl N TO 2PI N 

A(1910) in N'Tr ~ N p, S = 3 / 2 ,  P -wave  ~QRT(PI"P51 

R4 A G (~0.29) LONGACRE 77 IPWA P I N  TO 2PI N 
R~ (+0.171 NOVOSELLE 78 IPWA P IN  TO 2Pl N 
RA G EVIDENCE FOR THIS COUELINS IS WEAK, SEE NOVOSELLER 78. THIS 
R4 G COUPLING ASSUMES THE MASS IS NEAR 1820 MEV. 

A(1910) in N ~ ~ N ( 1 4 4 0 )  ~ ,  P - w a v e  ~QRT(PI*PE) 
RE H + (LARGE) MANLEY 84 IPWA P IN  TU 2PI N l 
R5 H MANLEY THIS THE INELASTICITY. MODE ACCOUNTS FOR ALL 84 FINDS DECAY I 

A(1910) P H O T O N  D E C A Y  A M P L I T U D E S  (GeV -1/2) 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI- 
REVIEW PRECEDING THE BARYON LISTINGS. 

A(1910) ~ N %  h e l i c i t y = l / 2  (GeV I/~) 

AI +O.OLO 0.013 AZNAURYAN 77 DPWA PlO PHTPRD,SOL 1 
AI +0.039 0.012 AZNAURYAN 77 DPWA RIO PHTPRD,SOL 2 
AI -0.035 0.021 BARBOUR 78 DRWA PI-N PHO~OPROD. 
AI -0.012 0.005 ARAI 80 DPWA PIN PHOTO FIT I 
AI -0.031 O.OD4 ARAI 80 DPWA PIN PHOTO FIT 2 
AI -0.005 0.030 CRAWFORB 80 DPWA Pl H PHDTOPROO. 
AI 0.025 U.011 AWAJI 81DPWA Pl N PHOTOPROD. 
AI O.OIA O.030 CRAWFORD 83 IPWA P IN  PHOTOPROD. 

R E F E R E N C E S  F O R  A(1910) 

FOR EARLY REFERENCES, SEE PHYSICS LETTERS 111B (1982). 

DEANS 75 NP B96 90 +MITCHELL,MONTGOMERY,÷ (SFLA÷ALAH)IJP 
AZNAURYA 77 E~I-264(571-77 +AKDPOV,BAGDASARYAN (YERE)IJP 
LONGAERE 77 NP B122 493 LONGACRE,DOLBEAU (SACL)IdP 

ALSO 76 NP 0108 365 DOLBEAU,TRIANTIS,NEVEU,CADIET (SACL)IJP 
BARBOUR ?8 NP B141 253 BARBDUR,CRAWFORD,PARSONS (BLAB) 
NOVOSELL 78 NP 0137 509 D E NOVOSELLER (CIT)IJP 

ALSO 78 NP B137 445 D E NOVOBELLER (CIT)IJR 
£UTKOGKY 79 PR B20 2839 +FORSYTH,HENDRICK,KELLY (CARN÷LBL)IJP 
HDEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK DATER VOL.12-1 

÷KAISER,KOCH,PIETARINEN (KARL)IJP 
ALSO 80 TORONTO EONF 3 R KOCH (KARL)IjP 

ARAI 80 TORONTO CONF 93 I ARAI (TOKY) 
ALSO 82 HP 0194 251 I ARAI, H FUJII (TORY) 

CHEW 80 TORONTO CONE 103 D M CHEW (LBL)IJP 
CRAWFORD 80 TORONTO CONF 107 R L CRAWFORD (6LAS) 
CUTKOSKY 80 TORONTO CONF 19 +FORSYTH,BABGOCK,KELLY,HENDRICK (CARN~LBL)IJP 
LIVANOS 80 TORONTO CONF 35 +BATON,COOTURES,KOCHOWSKI,NEVEU (SACL)IJP 
AWAJI 81 BONN CONF 352 R KAJIKAWA (TALK) (NABOB 

ALSO BE NP 0197 365 EUJII,HAYRSHIIIIWATA,KAJIKAWA÷ (NAGO) 
CRAWFORD 83 NP B211 1 R L CRAWFORD, W T MORTON (GLAD) 
HOEHLER 83 LANDOLT-BORNSTEIN VOL 1-902 G HOEHLER (KARL) 
MANLEY 84 PR 030 904 MANLEY,ARNDT,GORAOIA,TEPLIT7 (VPI) 

I [ 3 3 + A(1920) P33 IuP/=5(~ ) . S t a t  . . . . . .  

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOW OBSOLETE AND HAVE 
BEEN OMITTED. THEY MAY BE FOUND IN OUR 1982 EDITION (PHYSICB LETTERS 
111B). 

A(1920) M A S S  ( M e V )  

(1960.01 (80.0) CUTKOSKY 79 IPWA PI ~ TO PI 
1868.0 10.0 HOEBLER 79 IPWA PI TO PI 

M A (1955.01 (13.01 CHEW 80 BPWA e+ PI÷P TO PI÷P 
M B 12063.0) (13.6) (12.9) CHEW 00 BPWA +4 PI~P TO PI÷P 
M AB CHEW 80 REPORTS TWO P3B RESONANCES IN THIS MASS REGION. BOTH ARE 
M AB LISTED HERE, LABELED A AND B. PROBLEMS WITH THIS ANALYSIS ARE 
M AS DISCUSSED IN SEC.2.1.11 OF HOEHLER 83. 
M 1920.0 80.0 CUTKOSKY 80 IPWA ~I N TO Pl N 

A(1920) W I D T H  ( M e V )  

W (300.0) ( I00 .0 )  GUTKOSKY 
W 220.0 80.0 HOEHLER 
w A (88,3) (35.0) CHEW 
W B (62.0) (4~.0) CHEW 
W 300.0 100.0 GOTKOSKY 

79 IRWA P IN  TO Pl N 
79 IPWA Pl N TO Pl N 
BO BPWA ÷÷ PI+P TO PI+P 
EO BPWA ÷+ PI+P TO PI÷P 
80 IPWA P IN  TO P IN  



For notation, see key on page 91. 

A(1920) REAL PART OF POLE POSITION (MET) 

(1933.05 CUTKOSKY 79 IPWA Pl N TO PIN 
1900.0 80.0 CUTKOSKY 80 IPWA Pl N TO PI N 

A(1920) -2* IMAG PART OF POLE POSITION (MET) 

(280.0) CUTKOSKY 79 IPWA Pl N TO P IN  
300.0 100.0 CUTKOSKY 80 IPWA P IN  TO PI 

RER 
RER 

A(1920) REAL PART OF ELASTIC POLE RESIDUE (MeV) 

(~10.0) CUTNOSKY ?9 IPWA Pl N TO Pl N 
~21.0 7.0 CUTKOSKY 80 IPWA El N TO Pl N 

IMB 
IMR 

A(1920) IMAG PART OF ELASTIC POLE RESIDUE (MET) 

(~2T.O) CUTKOSKY 79 IPWA P IN  70 Pl N 
-12.0 11.0 CUTKOSKY 80 IPWA Pl N TO Pl N 

A(1920) PARTIAL DECAY MODES 

DECAY MASSES 

01 A(1920) - -  N~  938+ 140 

pz A(1920) ~ ~K 1189÷ 494 
05 A(1920) ~ A(1232) 7r, P-wave 1232+ 140 

P~ A(1920) ~ N(1440) 7r, P-wave 1440, 14o 

P5 4(1920) ~ N y ,  hel/city~ 1/2 938* 0 
p8 A(1920) ~ N %  helicity~3/2 938~ o 

A(1920) BRANCHING RATIOS 

A(1920) ~ (N~) / to ta l  (E l i  
RI (0.17) (0.04) CUTKDSKY 79 IPWA Pl N TO P IN  
RI 0.14 0.04 HOEHLER 79 IPWA Pl N To Pl N 
RI A (0.24) CHEW SO BPWA +÷ PI+P TO Pl÷P 
R1 B (0,18I CHEW 80 BPWA PI+P TO PImP 
R1 0,20 0,05 COTKOSXY 80 IP~A Pl N TO P I N  

4(1920) in N vr ~ ZK SQRT(PI*P2) 

R2 C 0.048 TO 0,120 DEANS 75 DPWA PIN TO K SIGMA 
R2 C RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 
R2 (-0,049) LIVANOS 80 DPWA PIP TO K SIGMA 

4(1920) in N Tr ~ A(1232) ~, P-wave SQRT(PI*P3 ) 

R3 (*) MANLEY 84 IPWA PIN TO 2El N 

A(1920) in N ~  ~ N(1440) /r, P-wave SQRT(PI*P4) 

RA (+) MANLEY 84 IPWA PIN TO 2PI N 

A(1920) PHOTON DECAY AMPLITUDES (GeT I/2) 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI- 
REVIEW PRECEDING THE BARYON LISTINGS. 

A(1920) ~ N ? ,  helici ty=I/2 (GeY 1/2) 
AI 0.040 0,014 AWAJI 81 DPWA P IN  PHOTOPROD. 

4(1920) ~ N %  helieityffi3/2 (GeT -1/2) 
A2 0.023 0.017 AWAJI 81 DPNA PIN PHOTOPROD. 

REFERENCES FOR A(1920) 

FOR EARLY REFERENCES, SEE PHYSICS LETTERS 1118 (19825, 

DEANS 75 NP 096 90 ~NITEHELL,MONTGOMERY,+ (SFLA+ALAH)IJP 
CUTKDBKY 79 PR D2O 2839  +FORSYTH,HENDRIDK,KELLY (CARN~LBL)IJP 
HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK DATEN VOL.12-1 

÷KAISER,KOCH,PIETARINEN (KARL)IJP 
ALSO 80 TORONTO CONF 3 S KOCH (KARL)IJP 

EHEW 80 TORONTO EONF ~83 O M CHEW (LBL ) I JP  
CUTKOSKY 80 TORONTO CON; 19 +FORSYTH,SABCOCK,KELLY,HENDRICK (CARN÷LBL)IJP 
LIVANOS 80 TORONTO CDNF 35 +BATON,COUTURES,KOCHOWGKI,NEVEU (SASL)IJP 
AWAJI 81 BONN CONF 352 R KAJIKAWA (TALK) (NAGO) 

ALSO 82 NP S197 365 FUJII,HAYASHII,IWATA,KAJIKAWA+ (NAGO) 
HOEHLER 83 LANOOLT-BORNSTEIN VOL 1-982 G HOEHLER (KARL) 
MANLEY 86 PR 030 90~ MA~LEY,ARNOT,GBRADIA,TEPLrTZ (VPI) 
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Baryon Full Listings 
A(1920), A(1930) 

1A(1930) D351 , j , . _ 8 , -  ) - ~ ( 2  ) Status: * * *  

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOW OBSOLETE AND HAVE 
BEEN OMITTED. THEY MAY BE FOUND IN OUR 1982 EDITION (PHYSICS LETTERS 
111G). 

THE AGREEMENT AMONG THE VARIOUS ANALYSES IS NOT VERY GOOD. 

A(1930) MASS (MeV) 

(2024.0) BARBOUR 78 DPWA PI-N PHOTOPROD. 
(1930.05 (20.0) CUTKOSKY 79 IPWA P IN  TO P IN  
190110 1510 HOE~LER 79 IPWA PIN TO Pl N 

(1910.05 (15.0I (17,2> D~8W 80 BPWA ++ PI+P TO PI÷P 
(2000.0) CRAWFORD 80 DPWA P IN  PHOTOPROD. 
1940.0 30.0 CUTKOSKY 80 IPWA Pl N TO P IN  

A(1930) WIDTH (MeV) 

(462.0) BARBOUR 78 DPWA PI-N PHOTOPROD. 
(280.0) (90.05 CUTKOSKY 79 IPWA Pl N TO Pl N 

195.0 60.0 HOEHLER 29 IPWA Pl N TO Pl N 
(74,8) (17.05 116.05 CHEW 80 BPWA ++ ~ I *P  TO PImP 

(442.0) CRAWFORD 80 DPWA Pl N PHOTOPROD. 
320.0 60,0 CUTKOSKY 80 IPWA PI H TO PIN 

4(1930) REAL PART OF POLE POS|TgON (MET) 

(1908.05 CUTKOSKY 79 IPWA P IN  TO P IN  
1890.0 50.0 CUTKOSKY 80 IPWA P IN  TO PI 

A(1930) -2* IMAG PART OF POLE POSITION (MET) 

(226.0) CUTKOSKY 79 IPWA Pl ~ TO Pl 
260.0 60.0 CUTKOSKY 80 IPWA PI TO PJ 

RER 
RER 

A(1930) REAL PART OF ELASTIC POLE RESIDUE (MET) 

(13.0I CUTKOGKY 79 IPWA Pl ~ TO Pl 
17.0 7.0 CUTKOSKY 80 IPWA Pl TO PI 

IMP 
IMR 

A(1930) I M A G  PART OF E L A S T I C  POLE RESIDUE (MET) 

(2.0) CUTKOSKY 79 IPWA Pl I TO PI 
-6.0 12.0 DUTKOSKY 80 IPWA PI TO Pl 

A(1930) PARTIAL DECAY MODES 

DECAY MASSES 

PI 4(19305 ~ N~  938+ 140 

P2 4(1930) ~ ~/(~ 1189÷ 494 

E8 4 (1930 )  ~ N ~  988+ 140÷ 140 

P4 A(1930) ~ N %  helicity= I/2 938+ 0 

P5 ~(1930) N% helicity=3/2 988+ o 

A(1930) BRANCHING RATIOS 

A(1930) ~ (Nlr)/ total  (El) 
RI (0.125 (0.03) EUTKOSKY 79 IPWA Pl N TO PI 
RI 0.04 0.03 HOEHLER 79 IPWA Pl N TO PI 
RI (0.11) CHEW 80 BPWA ÷÷ PI+P TO PI*P 
RI 0,14 0.04 CUTKOSKY 80 IPWA Pl N TO P~ N 

A(1930) in N¢c ~ ~ K  SQRI(PI*P2) 
R2 A 0.018 TO O.03S DEANS 75 DPWA P IN  TO K SIGMA 
R2 A RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 
R2 (-0.0315 LIVAHOS 80 DPWA Pl P TO K SIGMA 

A(1930) in N vr ~ N~r 7r SQRT(PI*P3) 

R3 NOT SEEN LONGACRE 75 IPWA PIN TO 2El N [ 
R3 NOT SESN MANLEY 84 IPWA Pl N TO 2El N I 

A(1930) PHOTON DECAY AMPLITUDES (GeT 1/2) 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI- 
REVIEW PRECEDING THE BARYON LISTINGS. 

A(1930) ~ N %  he l i c i t y= l /2  (GeT 1/2) 
A1 0.062 0m064 SARBOUR 78 DPWA PI-N PHOTOPROD, 
AI -0,038 0.047 CRAWFORD 80 DPWA Pl N PflOTOPROD. 
A1 0.009 OmD09 AWAJI 81 DPWA Pl N PHOTOPROD. 

A(1930) ~ N %  h©licity~3/2 (GeT 1/2) 
A2 ÷0.019 0.084 BARBOUR 78 DPWA PI-N PHOTOPROD. 
A2 -0.023 0.080 ERAWFORD 80 DPWA Pl N PHOTOPROG. 
A2 -0.025 0.011 AWAJI 81 DPWA PIN PHOTOPROD. 
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Baryon Full Listings 
A(1930), A(1940), A(1950) 

REFERENCES FOR A(1930) 

FOR EARLY REFERENCES, SEE PHYSICS LETTERS 111B (1982). 

DEANS 75 NP 896 90 +MITCHELL,MONTGOMERY,+ (SFLA+ALAH)IJP 
LONGACRE 75 PL 559 415 ÷ROSENFELD,LASINSKI,SMADJA+ (LBL~SLACIIJP 
BARBOUR 78 NP 8141 255 BARBOUR,CRAWFORD,PARSONS (GLAS) 
CUTKOSKY 79 PR 020 2839 *PORSYTH,HENDRICK,KELLY (CARN+LBLIIJP 
HOEHLER ?9 HANDBOOK OF PI-N SCATTERING, PRYSIK DATEN VOL.12-1 

+KAISER,KOCHrPIETARINEN (KARL)IJP 
ALSO 80 TORONTO CDNF 3 R KOCH (KARLIIJP 

CHEW 80 TORONTO CONF 123 D M CHEW (LBL)IJP 
CRAWFORD 80 TORONTO CONF 107 R L CRAWFORD (BLAB) 
OUTKOSKY 80 TORONTO COHF 19 +FORSYTH,BABCOCK,KELLY,HENDRICK (CARN+LBL)IJP 
LIUANOS 80 TORONTO CONF 35 *BATON,COUTURES,KOCHOWSKI,NEVEU (SACL)IJP 
AWAJI 81 BONN CONF 352 R KAJIKAWA (TALK) (NAGO) 

ALSO 82 NP 8197 365 FUJII,HAYASHII,IWATA,KAJIKAWA~ (NAGO) 
CRAWFORO 83 NP B211 1 R L CRAWFORD, W T MORTON (GLAD) 
MANLEY 84 PR 030 904 MANLEY,ARNDT,GORADIA,TEPLITZ (VPI) 

A(1940) D33l mR)=35 5 ( 5  ) Status: * 

OMITTED FROM SUM]ffARY TABLE 

A(1940) MASS (MeV) 

1940.0 100.0 CUTKOSKY 80 IPWA Pl N TO Pl N 
(2058.1) (34.5) CHEW 80 BPWA ~ PI*P TO PI+P 

A(1940) W I D T H  (MeV) 

200.0 100.0 CUTKOSKY 80 IPWA Pl N TO Pl N 
(198.4) (45.5) CHEW 80 BPW3 ++ PI+P TD PI+P 

A(1940) REAL PART OF POLE POSITION (MeV) 

1900.0 100.0 CUTKOSKY 30 IPWA Pl N TO PIN 

A(1940) -2* IMAG PART OF POLE POSITION (MeV) 

200,0 80.0 CUTKOSKY 80 IPWA Pl N TO Pl N 

A(1940) REAL PART OF ELASTIC POLE RESIDUE (MeV) 

RER -6.0 5.0 CUTKOSKY 30 IPWA P IN  TO Pl N 

A(1940) IMAG PART OF ELASTIC POLE RESIDUE (MeV) 

IMR 6.0 5.0 CUTKOSKY 80 IPWA Pl N TO PIN 

A(1940) PARTIAL DECAY MODES 

pl A(1940) ~ N X 
P2 A(1940) ~ N %  helicity=l/2 
p3 A(1940) * N %  helicity=3/2 

DECAY MASSES 

938* 140 

930. O 

938+ O 

A(1940) BRANCHING RATIOS 

A(1940) ~ (N ¢c)/total 
RI 0.05 0.02 
R1 (0.18) 

CUTKOSKY 80 IPWA Pl N TO Pl N 
CHEW 80 BPWA ++ PI+P TO PI+P 

(Pl) 

A(1940) PHOTON DECAY AMPLITUDES (GeV -I/2) 

A(1940) -- N %  hel ic i ty=l /2 (GeV ~1/1) 
81 -0,D36 0.058 AWAJI 81 OPWA Pl N PHOTOPROD. 

A(1940) ~ N %  helicity=3/2 (GeV -l /z)  
82 -0.031 0.012 AWAJI 81 DPWA PIN PHOTOPROD. 

REFERENCES FOR A(1940) 

CHEW 80 TORONTO CONF 123 D M CHEW (LBL)IJP 
CUTKOSKY 80 TORONTO CONF 19 +FORSYTH:BABCODK,KELLY,HENDRICK (CARN+LBLIIJP 
AWAJI 81 BONN CONF 352 R KAJIKAWA (TALK) (NAEO) 

.ALSO 82 NP 8197 365 FUJII,HAYASHII~IWATA,KAJIKAWA+ (NAGO) 

I [ JP 3 7 - A ( 1 9 5 0 )  F37 ( ) = ~ ( 5  ) Stat . . . . . . .  

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOW OBSOLETE AND HAVE 
BEEN OMITTED. THEY MAY BE FOUND IN OUR 1982 EDITION (PHYSICS LETTERS 
111B). 

IN ADDITION, RESULTS IN THIS REGION FROM PRODUCTION EXPERIMENTS, 
WHICH USED TO BE LISTED SEPARATELY AS THE NEXT ENTRY, HAVE BEEN 
ENTIRELY REMOVED. THEY TOO MAY BE FOUND IN OUR 1982 EDITION. 

A(1950) MASS (MeV) 

M A 1930. OR 1925. LONGACRE 75 IPWA Pl N TO 2PI N 
A THE 2 SETS OF PARAMETERS ARE FROM METHODS I AND 2 OF LONGACRE 75. 

(1912.0) BARBOUR 78 DPWA PI-N PHOTOPROD. 
M (1950.0) (20.0) CUTKOBKY 79 IPWA Pl N TO Pl N 
M 1913.0 8.0 ~OEHLER 79 IPWA Pl N TO PIN 
M (1855.0) (11.0) (10.0) CHEW 80 BPWA +* PI.P TO PI+P 
M (1902.0) CRAWFQRD 80 DPWA Pl N PHOTOPRDD. 
M 1950,0 15,0 CUTKOSKY 80 IPWA PIN TO Pl N 

A(1950) WIDTH (MeV) 

235. OR 2LO. LONGACRE 75 IPWA Pl N TO 2PI N 
(198.0) BARBOUR 78 DPWA Plan PHOTOPROD. 
(360.0) (60.0) CUTKOSKY 79 IPWA P I N  TO Pl N 
224.0 10.0 HOEHLER 79 IPWA PIN TO Pl N 

(157.2) (E2.0) (19.0) CHEW 80 BPWA *+ PI~P TO PI~P 
(225.0) CRAWFORD 80 DPWA Pl N PHOTOPROD. 
340.0 50.0 CUTKOSKY 80 IPWA PIN TO Pl N 

A(1950) REAL PART OF POLE POSITION (MeV) 

RE 1924.0 DR 1924.0 
RE (1892.0) 
RE 1890.0 15.0 
RE (1858.) 

LONGACRE 78 IPWA P IN  TO 2Pl N 
CUTKOSKY 79 IPWA Pl N TO P IN  
CUTKOSKY 80 IPWA Pl N TO Pl N 
ARNDT 85 DPWA PIN TO Pl N 

A(1950) --2*IMAG PART OF POLE POSITION (MeV) 

IM 258.0 OR 258.0 LONGACRE 78 IPWA PIN TO 2PI N 
IM (248.0) CUTKOSHY 79 IPWA Pl N TO Pl N 
IM 260.0 40.0 CUTKOSKY 00 IPWA Pl N TO Pl N 
IM (238.) ARNDT 85 DPWA Pl N TO Pl N 

RER 
RER 

A(1950) REAL PART OF ELASTIC POLE RESIDUE (MeV) 

(45,0) CUTKOSKY 79 IPWA Pl N TO Pl N 
42.0 7.0 CUTKOSKY 80 IPWA PIN TO Pl N 

IMR 
IMR 

A(1950) IMAG PART OF ELASTIC POLE RESIDUE (MeV) 

( -24.0)  CUTKOSKY 79 IPWA Pl N TO Pl N 
-27.0 7.0 EUTKOSKY 80 IPWA Pl N TO P IN  

A(1950) PARTIAL DECAY MODES 

DECAY MASSES 

pl A(1950) ~ N w 938* ~0 
P2 A(1950) ~ ZK 1189+ 494 

P3 A(1950) -- A(1232) ~, F-wave 1232+ 140 
P4 A(1950) ~ A(1232) ~, H-wave 1232+ IAO 
P5 A(1950) ~ Np,  S= 1/2, F-wave 938+ 769 
P6 A(1950) ~ Np ,  S=3/2, F-wave 938+ 769 
P7 A(1950) ~ N([680) 7r, P-wave 1680+ 1¢o 
p8 A(1950) ~ N %  helicity=l/2 938+ 0 
P9 A(1950) ~ N %  helicity=3/2 938+ O 

A(1950) BRANCHING RATIOS 

A(1950) ~ (N~r)/tota! (P1) 
RI (0.40) (0.02) CUTKOSKY 79 IPWA PIN TO PIN 
RI 8.38 0.02 HOEHLER 79 IPWA PIN TO PI N 
RI (0.44) CHEW SO BPWA ÷+ PI÷P TO PI+P 
RI 0.39 0.04 CUTKOSKY 80 IPWA PIN TO PIN 

A(1950) in N~" ~ ZK SQRT(PI*P2) 
R2 B 0.022 TO 0.040 DEANS 75 BPWA P IN  TO K SIGMA 
R2 B RANGE GIVEN IS FROM ~0OR BEST SOLUTIONS. 
R2 B DEANS75 AND LANGBEIN73 DISAGREE WITH PI* P TO K+ SIGMA* DATA OF 
R2 B WINNIK77 AROUND 1920 MEV. 



For notation, see key on page 91. 

R NOIE: SIGNS OF COUPLINGS FROM Pl N INTO N Pl PI  ANALYSES Ch~GED 
R IN 1986 EDITION TO AGREE WITH BARYON-FIRST CONVENTION WITH 
R THE OVERALL PHASE AMBIGUITY RESOLVED BY CHOOSING A NEGATIVE 
R SIGN FOR DELTA(IS20) S31 COUPLING TO DELTA(1232) PI. 

A(1950) in N¢r  ~ A(1232) ~, F-wave SQRT(PI*P3) 
R3 A ÷0.25 OR +0.32 LONGACRE 75 IPWA Pl N TO 2Pl N 
R3 C (0.21) NOVOSELLE 78 IPWA Pl N TO 2PI N 
R3 C BW FIT TO LONGACRE 75 IPWA, PHASE IS NEAR -60 DEGREES. 
R3 D (0.38) NOVOSELLE 78 IRMA Pl N TO 2PI N 
R3 D BW FIT TO NOVOSELLER 78 IPWA, PHASE IS NEAR -60 DEGREES. 
R3 ÷ (LARGE) MANLEY 84 IPWA Pl N TO 2PI N 
R3 MANLEY 84 CONSIDER THIS COUPLING SIGN TO BE WELL DETERMINED. 

A(1950) in N Tr ~ N p ,  S = 3 / 2 ,  F-wave SGRTIPI*PE) 
RB A 0.18 OR +0.24 LONGACRE 75 IPWA Pl N TO 2PI N 
R4 E (0.24) NOVOSELLE 78 IPWA Pl N TO 2Pl N 
R~ E SW FIT TO LONGACRE 75 IPWA, PHASE IS HEAR 120 DEGREES. 
R4 F {0.43) NOVOSELLE 78 IPWA Pl N TO 2PI N 
R4 F BW FIT TO NOVOSELLER 78 IPWA, PHASE IS NEAR 120 DEGREES. 

A(1950) in N ~  ~ N(1680) ¢r, P-wave SQRT(PI*P7) 
R5 (+D.20) MANLEY 84 IPWA P IN  TO 2PI N 

A(1950) P H O T O N  DECAY AMPLITUDES (GeV t/2) 

FOR DEFINITION O~ GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI- 
REVIEW PRECEDING THE BARYON LISTINGS. 

A(1950) ~ N %  he l i c i ty~ l /2  (GeV -j/2) 
AI -0.078 0,008 AZNAURYAN 77 DRWA PlO PHTPRD,SOL 1 
AI -0.132 D.015 AZNAURYAN 77 DPWA RIO PHTPRO,SOL 2 
AI -0.058 0.013 BARBOUR 78 DPWA PI-N PHOTOPROD. 
AI -0.091 0.005 ARAI 80 DPWA P IN  PHOTO FIT 1 
AI -0.083 0.005 ARAI 80 DPWA Pl N PHOTO FIT 2 
AI -0.067 0.01¢ CRAWFORD 80 DPWA Pl N PHOTOPRDD. 
AI -0.068 0.007 AWAJI 81DPWA Pl N PHOTOPROD. 

&(1950) ~ N %  hel ici ty~3/2 (GeV -1/2) 
A2 -0.160 0.016 AZNAURYAN 77 DPWA RIO PHTPRD,SOL 1 
A2 -0.169 0.015 AZNAURYAN 77 DPWA PIO PHTPRD,SOL 2 
A2 -0.075 0.020 BARBOUR 78 DPWA PI-N PHOTOPROD. 
A2 -0.I01 0.005 ARAI 80 DPWA Pl N PHOTO FIT 1 
A2 -0 . I00  0.005 ARAI 80 DPWA P IN  PHOTO FIT 2 
A2 -0.082 0.017 CRAWFORS 80 DPWA P IN  PHOTOPRDS. 
A2 -0.094 0.016 AWAJI 81DPWA Pl N PHOTOPROD. 

REFERENCES FOR A(1950) 

FOR EARLY REFERENCES, SEE PHYSICS LETTERS 1118 (1982). 

DEANS 75 NP 896 90 ÷MITCHELL,MONTGOMERY,÷ (SFLA+ALAH)IJP 
LONGACRE 75 PL 588 415 ÷ROSEN;ELD,LASINSKI,SMADJA+ (LBL*SLACIIJP 
AZMAURYA 77 EFI-264(57)-77 ÷AKOPOV,BAGDASARYAN (YEREIIJP 
WINNIK 77 NP B128 66 ÷TOAFF,REVEL,GOLDBERG,BERNY (HAIFI I  
BARBOUR 78 NP B141 253 BARBOUR,CRAWFORD,PARSONS (GLAS) 
LONGACRE 78 PR 017 1795 +LASINSKI,ROSENFELD,SMASJA~ (LBL+SLAC) 
NOVOSELL 78 NP 8137 509 S E NOVOSELLER (CIT)IJP 

ALSO 78 NR 8137 445 D E MOVDSELLER (CIT)IJP 
CUTKOSKY 79 PR 020 2839  +~ORSYTH,HENDRICK,RELLY (CARN+LBL)IJP 
HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK OATEN VOL.12-1 

÷KAISER,KOCH,PIETARINEM (KARL)IJP 
ALSO 80 TORONTO CONF 3 R KOCH (KARL)IJP 

ARAI 80 TORONTO CONF 93 I ARAI (TOKY) 
ALSO 82 NP B194 251 I ARAI, H ~UJII (TOKY) 

CHEW 80 TORONTO CONF 123 D M CHEW (LBL)IJP 
CRAWFORD 80 TORONTO CONF 107 R L CRAWFORD (GLAS) 
CUTKOSKY 80 TORONTO CONF 19 +FDRSYTH,BABDOCK,KELLY,HENDRICK (CARN+LBLIIJP 
AWAJI 81 BONN CDNF 382 R KAJIKAWA (TALK) <NAGO) 

ALSO 82 NP 8197 365 FUJII,HAYASHII,IWATA,KAJIKANA÷ (NAGO) 
CRAWFBRD 83 NP B211 1 R L CRAWFORD, W T MORTON (GLAS) 
NANLEY 84 PR 030 904 MANLEY,ARNDT,GORADIA,TEPLITZ (VPI) 

ALSO 8A PRL 52 2122 MANLEY (VPI) 
ARNDT 85 PR D32 1085 R A ARNOT, J M FORD, l D ROPER (VPI) 

] l P 3 5 +  A(2000) F35 ( : ) =  ~ (~  ) Stat  . . . . .  

OMITTED FROM SUMMARY TABLE 

A(2000) M A S S  (MeV) 

MANLEY 84 IPWA Pl N TO 2Pl N 

A(2000) PARTIAL DECAY M O D E S  

DECAY MASSES 

Pl A(2000) ~ N vr 938~ 140 
P2 A(2000) ~ N p, S=3/2,  P-wave 938+ 769 

A(2000) BRANCHING RATIOS 

A(2000) in N Tr ~ N p, S = 3 / 2 ,  P-wave SORT(PI*P2) 
RI A + (LARGE) MANLEY 84 IPWA P IN  TO 2Pl N 
RI A MANLEY 84 CONSIDER THIS COUPLING SIGN TO BE WELL DETERMINED, 
RI A THIS RESONANCE HAS NOT BEEN SEEN IN Pl N - > Pl N ANALYSES, 
R1 A THUS, ITS COUPLINS TO THE N Pl CHANNEL IS EXPECTED TO BE WEAK. 
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Baryon Full Listings 
A(1950), A(2000), A(2150), A(2200) 

REFERENCES FOR A(2000) 

MANLEY 84 PR 030 904 MANLEY,ARMOT,GORAOIA,TEPLITZ IVPl)  
ALSO 84 PRL 52 2122 MANLEY (VPI) 

[ A(2150) $31 I i j p  3 1  ( )=7(g  ) Status: * 
OMITTED FROM SL'MMARY TABLE 

A(2150) MASS (MeV) 

2150.0 I00.0 CUTKOSKY 80 IPWA Pl N TO Pl N 
(2047.4) (27.0) CHEW 80 BPWA ÷~ PI*P TO PI+P 
(2203.2) (8.4) CHEW 80 BRWA ++ PI+P TO PI+P 

AS CHEW 80 REPORTS TWO S31 RESONANCES IN THIS MASS REGION LABELED 
AB A AND B. PROBLEMS WITH THIS ANALYSIS ARE DISCUSSED IN SEC.2.1.11 
AB HOEMLER 83. 

A(2150) WIDTH (MeV) 

200.0 I00.0 CUTKDSKY 80 IPWA Pl N TO Pl N 
(121.6) (62.0) CHEW 80 BPWA +÷ PI+P TO PI+P 

W (120.5) (45.0) CHEW 80 BPWA ++ PI~P TO P I ÷ P  

A(2150) REAL PART OF POLE POSITION (MeV) 

2140.0 80.0 CUTKOSKY 80 IPWA Pl N TO Pl M 

A(2150) - 2 * I M A G  PART OF POLE POSITION (MeV) 

200.0 80.0 CUTKOSKY 80 IPWA Pl N TO Pl N 

A(2150) REAL PART OF ELASTIC POLE RESIDUE (MeV) 

RER 4.0 10.0 CUTKOSKY 80 IPWA Pl N TO Pl N 

A(2150) IMAG P~RT OF ELASTIC POLE RESIDUE (MeV) 

IMR -6.0 6.0 CUTKOSKY 80 IPWA Pl N TO PIN 

A(2150) PARTIAL DECAY M O D E S  

DECAY MASSES 

A(2150) ~ N ~  938+ t40 

A(2150) BRANCHING RATIOS 

A12150) ~ ( N r ) / t o t a l  
RI O.O8 0.02 CUTKOSKY 80 IPWA P IN  TO P IN  
RI A (0.41) CHEW 80 BPWA ÷+ PI+P TO PI+P 
RIB  (0.57) CHEW 80 BPWA ~ PI~P TO PI+P 

(PI)  

REFERENCES FOR A(2150) 

CHEW 80 TORONTO CONF 123 D M CHEW (LBL)IJP 
CUTKOSKY 80 TORONTO CONF 19 +FORSYTH,BABCOCK,KELLY,EENDRICK (CARN÷LBLIIJP 
HOEHLER 83 LANDOLT-BORNSTEIN VOL I-9B2 G HOEHLER (KARL) 

I A(2200) G37 I ,(jb)= 3(2-  ) Status: 
OMITTED FROM SU~/dMARY TABLE 

THE AGREEMENT AMONG THE VARIOUS ANALYSES IS NOT VERY GOOD. 

A(2200) M A S S  (MeV) 

M 2280.0 80.0 HENDRY 78 MPWA Pl N TO Pl N 
M (2200.0) CUTKOSKY 79 IPWA P IN  TO PI N 
M 2218.0 60mO HOEHLER 79 IPWA Pl N TO Pl N 
M 2200.D 80mO CUTKOSKY 80 IPWA Pl N TO Pl N 

A12200) WIDTH (MeV) 

400.0 150.0 HENDRY 78 MPWA Pl ~ TO PI 
(350.0) CUTKOSKY 79 IPWA PI TO PI 

W 400.0 100.0 HOEHLER 79 IPWA Pl N TO Pl N 
W 450.0 100.0 CUTKOSKY 80 IPWA Pl N TO P IN  
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Baryon Full Listings 
A(2200), A(2300), A(2350) 

A(2200) REAL PART OF POLE POSITION (MeV) 

(2094.0) CUTKOSKY 79 IOWA Pl N TO Pl N 
2100.0 50.0 CUTKOSKY 8D IOWA Pl N T0 PZ N 

A(2200) 2*IMAG PART OF POLE POSITION (MeV) 

(294.0)  CUTKOSKY 79 IOWA P I N  TO Pl N 
340.0 80.0 CUTKOBKY 80 IOWA Pl N TO PI N 

RER 
RER 

A(2200) REAL PART OF ELASTIC POLE RESIDUE (MeV) 

(2 .0 )  CUTKOSKY 79 IPWA PI S TO Pl N 
3 .0  5.D CUTKOSKY 80 IOWA P I N  TO PI N 

IMR 
IMR 

A(2200) IMAG PART OF ELASTIC POLE RESIDUE (MeV) 

(-7.0) CUTKOSKY 79 IOWA Pl N TO Pl N 
-8.0 3.0 CUTKOSKY 80  IOWA Pl N TO PIN 

A(2200) PARTIAL DECAY MODES 

DECAY MASSES 

A(2200) ~ N ~  938÷ 140 

A(2200) BRANCHING RATIOS 

A(2200) ~ (NTr)/total 
RI 0.09 0.02 
RI (0 .05)  
RI D.05 0.02 
RI 0.06 0.02 

HENDRY 78 MPWA P I N  TO Pl N 
CUTKOSKY 79 IPWA Pl N TO Pl N 
HOEHLER 79 IPWA PIN TO Pl N 
CUTKOSKY BO IPWA PIN 70 P[ N 

REFERENCES FOR A(2200) 

HENDRY 78 PRL 41 222 A w HENDRY (IND+LBL)IJD 
- -  THE ANALYSIS AND RESULTS ARE DISCUSSED MORE FULLY IN HENDRY 81. 

CUTKOSKY 79 PR D20 2839 ÷FORSYTH,HENDRICK,KELLY (CARN*LBL)IJP 
HOERLER 79 HANDBOOK OF PI-N SCATTERING, PHYSlK OATEN VOL.12-1 

+KAISER,KOCH,PIETARINEN (KARL)IJP 
ALSO 80 TBRONTD CONF 3 R KOCH (KARL)IJP 

CUTKOSKY 80 TORONTO CONF 19 ÷FDRSYTH,BABCOCK,KELLY,HENDRIGK (CARN÷LBL)IJP 
HENDRY 81 AND 136 1 A W HENDRY (IND) 

IA(2300) H39 I t j e  3 9 -  ( )=  
~ (~  ) Status: **  

OMITTED FROM SUMMARY TABLE 

A(2300) MASS (MeV) 

M 2450.0 100.0 HENBRY 78 MPWA Pl N TO Pl N 
M 2217.0 80.0 HOEHLER 79 IPWA P1 N TO Pl N 
M (2204.5) (3.4) CHEW 80 BPWA ++ Pl+P TO PI+P 
M 2400.0 125.0 CUTKOSKY 80 IOWA Pl N TO Pl N 

A(2300) WIDTH (MeV) 

500.0 200.0 HENDRY 78 MPWA Pl N TO Pl N 
300.0 I00.0 HOEHLER 79 IPWA Pl N TO PIN 

w (32.3)  ( I . 0 )  CHEW BO BPWA +* PI*P TO PI+P 
w 425.0 150.0 CUTKOBKY 80 IOWA PIN TO PIN 

A(2300) REAL PART OF POLE POSITION (MeV) 

RE 2370.0 80 ,0  CUTKOSKY 80  IOWA Pl N TO Pl N 

A(2300) -2* IMAG PART OF POLE POSITION (MeV) 

IM A2O.O 160.0 CUTKOSKY 80 IPWA Pl N TO Pl N 

A(2300) REAL PART OF ELASTIC POLE RESIDUE (MeV) 

HER 9.0  4 .0  CUTKOSKY 80 IOWA P I N  TO P l n  

A(2300) IMAG PART OF ELASTIC POLE RESIDUE (MeV) 

IMR -3.0 5.0 CUTKOSKY 80 IPWB PIN TO Pl N 

A(2300) PARTIAL DECAY MODES 

DECAY MASSES 

A(2300) ~ N ~  93B~ 140 

A(2300) BRANCHING RATIOS 

A(2300) ~ (NTr)/total 
rl O.OB 0.02 HENDRY 78 MPWA P l n  TB Pl N 
RI 0.03 0.02 HOEHLE~ 2D IPWB Pl N 70 Pl N 
RI (0.05) CHEW 80 BPWA ~÷ Pl+P TO PI+P 
RI O.O6 0.02 CUTKOSKY 80 IPWA PIN T0 Pl N 

REFERENCES FOR A(2300) 

HENBRY 78 PRL 41 222 A W HENDNY (IND+LBL)IJP 
- -  THE ANALYSIS AND RESULTS ARE DISCUSSED MORE FULLY IN HENDRY 81. 

HOERLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK OATEN VOL.12-1 
÷KAISGR,KOCH,PIETARINEN • (KARL)IJP 

ALSO BO TORONTO CONE 3 R KOCH (KARL)IJP 
CHEW BO TORONTO CONE 123 D M CHEW (LBL)IJP 
CUTKBSKY BO TORONTO CONE 19 +FORSYTH,BABCOCK,KELLY,HENDRICK (CARN+LBL)IJP 
HENDRY 81ANP 136 1 A W HENDRY (IND) 

I [ p 3 5-  A(2350) D35 l(s >=5(5 ) StaI . . . .  
OMITTED FROM SUMMARY TABLE 

A(2350) MASS (MeV) 

2305.0 26.0 HOEHLER 79 IPWA Pl N TO Pl N 
2400.0 125.0 CUTKOSKY 80 IPWA Pl N TO PI N 

a(2350) WIDTH (MeV) 

w 300.0 70.0 HOEHLER 79 IOWA Pl N TO Pl N 
W 400.0 150.0 CUTKOSKY 80 IPWA Pl N TO PIN 

A(2350) REAL PART OF POLE POSITION (MeV) 

BE 240D.O 125.0 CUTKOSKY 80 IOWA Pl H TO P[N 

A(2350) - 2* IMAG PART OF POLE POSITION (MeV) 

IM 400.0 150.0 CUTKOSKY 80 IPWA Pl N TO Pl N 

A(2350) REAL PART OF ELASTIC POLE RESIDUE (MeV) 

HER 5.0 17.0 CUTKOSKY 80 IPWA PIN TO PIN 

A(2350) IMAG PART OF ELASTIC POLE RESIDUE (MeV) 

IMR -14.0 I0.0 COTKOSKE 00 (OWA Pl N TO PIN 

A(2350) PARTIAL DECAY MODES 

DECAY MASSES 

Pl A(2350) ~ N ~  938+ 140 

A(2350) BRANCHING RATIOS 

A(2350) ~ (N~) / to ta l  (Pll 
RI O.OA 0.02 HOEHLER 79 IPWA P I N  TO Pl N 
RI 0.20 0.10 CUTKOBKY 80 IOWA PIN TO Pl N 

REFERENCES FOR A(2350) 

BOEHLER 79 HANDBOOK OF PI-N SCATTERING, PBYSIK OATEN VOL.12-1 
+KAISER,KOCH,PIETARINEN (KARLIIJP 

ALSO 80 TORONTO CONE 3 R KOCH (KARL)IJP 
CUTKOSKY BO TORONTO CONF 19 +FORSYTH,BABCOCK,KELLY,HENDRICK (CARN+LBL)IJP 



For notation, see key on page 91. 

A(2390) F37 [ 1 JP 3 7 + ( )=2 - (T  ) Status: * 

OMITTED FROM SU)dMARY TABLE 

A(2390) MASS (MeV) 

8.0.0 . . . . . . . . . . .  ,~ . . . . . .  ~ . . . .  
2350.0 100.0 CUTKOSKY BO IPWA PI TO Pl 

A(2390) WIDTH (MeV) 

300.0 8D.0 HOEHLER 79 IPWA PI ~ TO PI 
300.0 100.0 CUTKOSKY 80 IPWA Pl TO Pl 

A(2390) REAL PART OF POLE POSITION (MeV) 

RE 2350.0 100.0 CUTKOSKY 80 IPWA P IN  TO P IN  

&(2390) -2* IMAG PART OF POLE POSITION (MeV) 

IM 260.0 100.0 CUTKOSKY 80 IPWA Pl N TO P IN  

&(2390) REAL PART OF ELASTIC POLE RESIDUE (MeV) 

RER O.O 13.0 CUTKOSKY 80 IPWA P IN  TO P IN  

A(2390) IMAG PART OF ELASTIC POLE RESIDUE (MeV) 

IMR -12,0 6.0 CUTKOSKY 80 IPWA P IN  TO P IN  

A(23~) PARTIAL DECAY MODES 

DECAY MASSES 

P1 &(2390) ~ N Tr 938. oA0 

A(2390) BRANCHING RATIOS 

&(2390) ~ (NTr)/total cP1) 
RI 0 .07  0.04 HOEHLER 79 IPWA P IN  TO Pl N 
RI 0 .08  0.04 CUTKOSKY 00 IPWA P IN  TO PIN  

REFERENCES FOR A(2390) 

HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK DATES VOL.12-1 
+KAISER,KOCH,PIETARINEN (KARL)IJP 

ALSO 80 TORONTO CONF 3 R KOCH (KARL)IJP 
CUTKOSKY 80 TORONTO CONF 19 +FORSYTN,BABCOCK,KELLY,HENDRIDK (CARN+LBL)IJP 

&(2400) G39 ] m~)= 8 9- 5(5 ) Status: ** 

OMITTED FROM SUMMARY TABLE 

&(2400) MASS (MeV) 

2800.0 100 .0  HENDRY 78 MPWA PI S TO PI S 
2468.0 50 .0  HOEHLER 79 IRMA PIN  TO P IN  

M 2300.0 I00.0 CUTKOSKY 80 IPWA PIN TO PIN 

A(2400) WIDTH (MeV) 

450.0 200.0 HENDRY 78 MPWA Pl ~ TO PI 
480.0 100.0 HOEHLER 79 IRMA PI TO PI 

W 330.0 100.0 CUTKOSKY 80 IRMA Pl N TO P IN  

&(2400) REAL PART OF POLE POSITION (MeV) 

RE 2260.0 60.0 CUTKOSKY 80 IPWA Pl N TO Pl S 

A(2400) -2* IMAG PART OF POLE POSITION (MeV) 

IM 320.0 160.0 CUTKOSKY 80 IPWA Pl N TO PI S 

2 8 7  

Baryon Full Listings 
2x(2390), 2x(2400), &(2420) 

A(2400) REAL PART OF ELASTIC POLE RESIDUE (MEN) 

7.0 4.0 COTKDSKY 80 IRWA P IN  TO P IN  

&(2400) IMAG PART OF ELASTIC POLE RESIDUE (MeV) 

IMR -3.0 3.0 CUTKOSKY 80 IPWA P IN  TO Pl N 

&(2400) PARTIAL DECAY MODES 

DECAY MASSES 

&(2400) ~ N ~  938* 160 

A(2400) BRANCHING RATIOS 

&(2400) ~ (N ~)/total 
RI 0 . I0  0,03 HENDRY 78 MPWA P IN  TO OIN 
RI 0.00 0.03 HOEHLER 79 IPWA R IN  TO Pl N 
RI 0.05 0.02 EUTKOGKY 80 IPWA P IN  TO P IN  

(PI) 

REFERENCES FOR P,(2400) 

AYED 76 CEA-N-1921 AYED (THESIS) (SACL)IJP 
HGNDRY 78 PRL 41 222 A W HENDRY (IND+LBL)IJP 

- -  THE ANALYSIS AND RESULTS ARE DISCUSSED MORE FULLY IN HENDR 
HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK DATEN VOL.18-1 

+KAISER,KOCH,PIETARINEN (KARL)IJP 
ALSO 80 TORONTO CONF 3 R KOCH (KARL)IJP 

CUTKOSKY 80 TORONTO CONF 19 +FORSYTH,BABCOCK,KELLY,HENDRICK (CARN÷LBL)IJP 
HENDRY 81 ANP 136 1 A W RENDRY (ING) 

lA(2420) H311 I raP)=3@ ÷) Status: . . . .  

MOST OF THE RESULTS PUBLISHED BEFORE 1978 ARE NOW OBSOLETE AND HAVE 
BEEN OMITTED. THEY MAY BE FOUND IN OUR 1982 EDITION (PHYSICS LETTERS 
111B). 

IN ADDITION, RESULTS IN THIS R~GION FROM PRODUCTION EXPERIMENTS, 
WHICH USED TO BE LISTED SEPARATELY AS THE NEXT ENTRY, HAVE BEEN 
ENTIRELY REMOVED. THEY TOO MAY BE FOUND IN OUR 1982 EDITION. 

&(2420) MASS (MeV) 

2400.8 60.0 HENDRY 78 MPWA Pl ~ TO Pl 
2416.0 17.0 HOEHLER 79 IRWA Pl TO Pl 

M (2358.0) (9.0) CHEW 80 BPWA *÷ PI÷P TO PI*P 
M 2400.0 125.0 CUTKOSKY 80 IPWA PIN TO Pl N 

&(2420) WIDTH (MeV) 

460.0 100.0 HENDRY 78 MPWA Pl I TO Pl 
340.0 28.0 HOEHLER 79 IPWA PI TO PI 

M (202.2) (45.0) CHEW 80 BPWA +* PI÷P TO PI*P 
W 450.0 150 .0  CUTKOSKY 80 IPWA PIN TO PIN 

A(2420) REAL PART OF POLE POSITION (MeV) 

RE 2880.0 100.0 CUTKOSKY 80 IPWA PIN TO PIN 

A(2420) -2* IMAG PART OF POLE POSITION (MeV) 

IM 420.0 100.0 CUTKOSKY 80 IPWA P IN  TO P IN  

A(2420) REAL PART OF ELASTIC POLE RESIDUE (MeV) 

RER 16.0 8.0 CUTKOSKY 80 IPWA P IN  TO P IN  

&(2420) IMAG PART  OF ELAST IC  POLE RES IDUE (MeY)  

IMR -9.0 11.0 EUTKOSKY 80 IPWA Pl N TO Pl N 

A(2420) PARTIAL DECAY MODES 

DECAY MASSES 

P1 &(2420) ~ N~r 938. 1A0 
P2 &(2420) ~ ~K 1197. 494 
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Baryon Full Listings 
A(2420), A(2750), /x(2950), A(~3000) 

A(2420) BRANCHING RATIOS 

6(2420) ~ (NTr)/total 
RI 0.11 0.02 HENDRY 78 MPWA P IN  TO P IN  
RI 0,08 0,015 HOEHLER 79 IPWA PIN TO Pl N 
RI (0.22) CHEW 80 BPWA ++ PI+P TO PI+P 
RI 0.08 0.03 CUTKOSKY 80 IPWA PIN TO PIN 

REFERENCES FOR A(2420) 

FOR EARLY REFERENCES, SEE PHYSICS LETTERS 1 1 1 0  (1982). 

HENDRY 78 PRL 41 222 A W HENDRY (IND+LSL)IJP 
-- TEE ANALYSIS AND RESULTS ARE DISCUSSED MORE FULLY IN HENDRY 81. 

HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK DATEN VOL.12-1 
+~AISER,KOCH,PIETARINEN (KARLIIJP 

ALSO BO TORONTO CONF 3 R KOCH (KARLIIJP 
CHEW SO TORONTO CONF 123 D M CHEW (LBL)IJP 
CUTKOSKY SO TORONTO CONF 19 +FORSYTH,BABDOCR KELLY,HENDRICK (CARN.LBL)IJp 
HENDRY 8 ANP 36 1 A W HENDRY lIND) 

A(2750) I313 I z(Ye)=3(~ -) st~t . . . . .  

OMITTED FROM SUM.IvIARY TABLE 

A(2750) MA SS (MeV) 

M 265010 100"0 HENDRY 78 MPWA Pl N TO P IN  
M 2794.0 80mO HOEHLER 79 IPWA PIN TO PIN 

A(2750) WIDTH (MeV) 

500 mO 100NO HENDRY 78  MPWA Pl ~ TO PI 
350.D I00.0 HOEHLER 79 IPWA Pl TO Pl 

A(2750) PARTIAL DECAY M O D E S  

DECAY MASSES 

A(2750) ~ N ~  938+ 140 

A(2750) BRANCHING RATIOS 

A(2750) ~ (N  ~)/total  
RI OmOS OmO~ HENDRY 78 MPWA P IN  TO P IN  
RI 0.04 0.015 HOEHLER 79 IPWA El N TO PI N 

(PI) 

REFERENCES FOR A(2750) 

EENDRY 78 PRL 41 222 A W HENDRY (IND÷LBL)IJP 
- THE ANALYSIS AND RESULTS ARE DISDUSEED MORE FULLY IN HENDRY 81. 

HOEHLER 79 HANDBOOK OF PI-N SCATTERINGj PHYSIK OATEN VOL.12-1 
+KAIEER,KOEH,PIETARINEN (KARLIIJP 

ALSO 00 TORONTO CONF 3 R KOCH (K~'RL)IJp 
HENDRY 81 ANP 136 1 A W HENDRY (IND) 

[.A(2950) K3151 '(Ye)=~(~) Status: ** 

OMITTED FROM SUM.adARY TABLE 

A(2950) MA SS (MeV) 

2850.0 100.0 HENDRY 78 MPWA Pl ~ TO Pl 
2990.0 IOO.O HOEHLER 79 IPWA Pl TO Pl 

A(2950) WIDTH , (MeV) 

700mO 200"0 HENDRY 78 MPWA PI I TO Pl N 
33D.O 100.0 HOEHLER 79 IPWA Pl TO Pl N 

A(2950) PARTIAL DECAY M O D E S  

~(2950) ~ N Tr 
DECAY MASSES 

938+ 140 

A(2950) BRANCHING RATIOS 

A(2950) ~ (NTr)/total 
RI 0,03 0.01 HENSRY 78  MPWA 
RI 0.04 0.02 HOEHLER 79 IPWA 

~I TO PI 
TO PI 

(PII 

REFERENCES FOR A(2950) 

HENDRY 78 PRL 41 222 A W HENDRY (IND+LBL)IJP 
~-  THE ANALYSIS AND RESULTS ARE DISCUSSED MORE FULLY IN HENDRY 81. 

HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYDIK DATEN VOL.12-1 
+KAISER,KOCH,PIETARINEN (KARL)IJP 

ALSO BO TORONTO CONF 3 R KOCH (KARL)IJP 
HENDRY BI ANP 136 I A W HENDRY lIND) 

~ 3 0 0 0  M e V  R E G I O N  - -  I = 3 / 2  F O R M A T I O N  E X P E R I M E N T S  

WE LIST HERE MISCELLANEOUS HIGH-MASS CANDIDATES FOR ISDEPIN-3/2 
RESONANCES FOUND IN PARTIAL-WAVE ANALYSES. SO FAR, NO ANALYSIS OF 
THIS REGION HAS USED ALL THE AVAILABLE DATA OR INCORPORATED 
ANALYTICITY CONSTRAINTS, 

OUR 1982 EDITION ALSO HAD A DELTA(2850) AND A DELTA (323D). 
NOTHING HAS BEEN HEARD FROM THEM IN 10 YEARS, AND UNDER TEE 
AUTHORITY GRANTED UNTO US BY THE STATUTE OF LIMITATIONS, WE 
DECLARE THEM TO BE DEAD. THE EVIDENCE FOR THEM WAS DEDUCED FROM 
TOTAL-CROSS-SECTION AND 1SO-DEE-ELASTIC-CROSS-SECTION MEASUREMENTS. 
PLACED IN THE BARYON SUMMARY TABLE IN THE ANYTHING-GOES 1960'S, THEY 
REMAINED THERE DUE TO INATTENTION UNTIL THE 1984 EDITION. 

A(~3000) MASS (MeV) 

2050,0 130.0 HENDRY 70 MPWA PI 1311 
3200.0 200.0 HENBRY 70 MPWA PI K313 
3300,0 200.0 HENDRY 78 MPWA PI L317 
3700,0 200.0 RENSRY 78 MPWA PI M319 
4100,0 300.0 HENDRY 78 MPWA Pl N321 

(3300,0) KOCH 80 IPWA Pl L317 
(3500,0) KOCH 80 IPWA PI M315 

IN ADDITION, KOCH 80 REPORT SOME EVIDENCE FOR AN $31DELTAI2700) 
AND A P33 DELTA(2800). 

A(~3000) WIDTH (MeV) 

700.0 200,0 HENDRY 78 MPWA Pl N 1311 
1000.0 300.0 HENDRY 78 MPWA PIN K313 

W 1100.0 300.0 HENDRY 78 MPWA PIN L317 
1300.0 400.0 HENDRY 7S MPWA Pl N M319 
1600.0 500.0 HENDRY 78 MPWA Pl N N321 

A(~3000) PARTIAL DECAY M O D E S  

DECAY MASSES 

A(~30O0) ~ N ~  938. 140 

A(~3000) BRANCHING RATIOS 

A(~3000) ~ (N 7r)/total 
RI 0.06 Om02 HENDRY 78 MPWA Pl N 1311 
RI 0.045 0.02 HENDRY 78 MPWA PIN K313 
RI 0.03 0.01 HENDRY 78 MPWA Pl N L317 
RI 0.025 0.01 HENDRY 78 MPWA Pl N M319 
RI 0.018 0.01 HENDRY 7E MPWA Pl N N321 

(PI) 

REFERENCES FOR A(~3O00) 

HENDRY 78 PRL 41 222 A W HENDRY (IND~LBL)IJP 
- -  THE ANALYSIS AND RESULTS ARE DISCUSSED MORE FULLY IN HENDRY 81. 

KOCH 80 TORONTO CONF 3 R KOCH (KARL)IJP 
HENDRY 81 ANP 136 1 A W HENDRY (IND) 



For notation, see k ey  on page  91. 

NOTE ON THE S = +1 BARYON SYSTEM 

The evidence for strangeness +1 baryon resonances 
was reviewed in our 1976 edition, l and more recently 
by Kelly 2 and by Oades. 3 Two new partial-wave ana- 

lyses 4 have appeared since our 1984 edition. Both 

claim that the P13 and perhaps other waves resonate. 
However, the results permit no definite conclusion - -  

the same story heard for 15 years. The standards of 
proof must simply be much more severe here than in a 
channel in which many resonances are already known to 

exist. The general prejudice against baryons not made 
of three quarks and the lack of any experimental activity 

in this area make it likely that it will be another 15 years 

before the issue is decided. 

References 

1. Particle Data Group, Rev. Mod. Phys. 48, S188 
(1976). 

2. R.L. Kelly, in Proceedings of the Meeting on 
Exotic Resonances (Hiroshima, 1978), ed. I. Endo 
et al. 

3. G.C. Oades, in Low and Intermediate Energy 
Kaon-Nuc[eon Physics (1981), ed. E. Ferrari and G. 
Violini. 

4. K. Hashimoto, Phys. Rev. C29, 1377 (1984); and 
R.A. Arndt and L.D. Roper, Phys. Rev. D31, 2230 
(1985). 

Z B A R Y O N S  ( S = + I )  

I Z0(1780) POII l(JP)=O(½ +) Sta tu s :  * 

OMITTED FROM SC'~MARY Z4BLE 

WILSON 72, GIACOMELLI 74, AND NAKAJIMA 82 FIND SOME SOLUTIONS WITH 
RESONANT LIKE BEHAVIOR IN THE POl PARTIAL WAVE. THE EFFECT SEEN IN 
THE I:O TOTAL CROSS SECTION, Ig A RESONANCE, MUST HAVE SPIN=I/2, 
BECAUSE THE INEZASTIC CROSS SECTION IS VERY SMALL AND THE TOTAL CROSS 
SECTION IS ABOUT 4*P l /K* '2 .  

ZO(1780) MASS (MeV) 

M 1780.0 10.0 COOL 70 CNTR + K+P, D TOTAL 
M A SEEN DOWELL 70 CNTR K+P,D TOTAL 
M A SEE ALSO DISCUSSION OF LYNCH 70. 
M B (1800.0) WILSON 72 PWA K~N POI-WAVE 
M B ESTIMATE OF PARAMETERS FROM BW + QUADRATIC BACKGROUND FIT TO P01. 

C (1750.0) CARROLL 73 CNTR KN I=O TCS,FIT I 
M C (1825.0) CARROLL 73 CNTR KR I=O TCS FIT 2 
M C FIT i :F IT  OF SINGLE L=1BW+BACKGROUND TO l=O TCS FROM O.4- i . I 'GEV/C 
M C FIT 2=FIT OF L=q AND L=2 BWS TO SAME DATA,SEE Z0(1865) FOR L=2 PART 
M 41740.0) G~ACOMEL 74 PWA 0.88-1.51 GEV/C 
M (1778.0)  NAKAJIMA 82 PWA KN 0.2-1.6 EEV/C 

ZO(17SO) WIDTH (MeV) 

(565.0) COOL 70 CNTR ~ K+P, b TOTAL 
B 13gO.O) WILSON 72 PWA K+N POI-WAVE 

W ~ (600.0) CARROLL 73 CNTR KN I~O TCS,FIT 
W 4845.0) CARROLL 73 ENTR KN I=O TCSIFIT 
W (300.0) GIACOMBL 74 PWA 0.38-1.51GEV/C 
W (662.0) NAKAJIMA 82 PWA KN 0.2-1.6 GEV/C 
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Baryon Full Listings 
Z's ,  Zo(1780), Zo(1865 ) 

go(1780 ) PARTIAL DECAY MODES 

DECAY MASSES 

Z0(1780) ~ N K  9~0~ 494 

Zo(1780 ) BRANCHING RATIOS 

Zo(1780) ~ ( N K ) / t o t a l  IPl) 

RE (0.95) COOL 70 CNTR * R-P, O TOTAL 
RE B (0.85) WILSON 72 RWA K~N POI-WAVE 
RE C (0.75) CARROLL 73 CNTR IF J=qI2,FIT 1 
RE C (0.91) CARROLL 73 CNTR IF J=q/B,FIT Z 
RE (0.85) GIACOMEL 74 PWA .38-1.51GEV/C 
RI (0.56) NAKAJIMA 82 PWA KN 0 .2 - I . 6  GEV/C 

COOL 70 
ALSO 69 
ALSO 70 

DOWELL 70 
WILSON 72 
CARROLl 73 
GIACOMEL 74 
NAKAJIMA 82 

LYNCH 70 DUKE 9 
HIRATA 71NP B30 157 
BOWEN 73 PR D7 22 
JOHNSON 74 PL 5OB 343 
CAMERON 75 PALERMO CONF. 
BIGI 76 NP 8110 25 
ROIESNEL 79 PR D2O 1646 
MARTIN DO TORONTO CONF. 355 
OADES 81 ROME CONF. 53 
CORDEN DB PR D25 720 

REFERENCES FOR Zo(1780) 

DUKE CONF 47 R L COOL (BNL) 
PL 308 564 ABRAMS,COOL,GIACOMEILI,KYCIA,LI + (BNL) 
PR Ol 1887  COOL,GIACOMELLI,KYCIA,LEONTIC,LI + (BNL) 
DUKE 53 J D DOWEL (BIRM) 
NR 842 445 +GRIFFITHS,HIRATA ~ (GGNA~GLAS*ROMA+TRST) 
PL 458 531 +KYCIA,LI,MICHAEL,MOCKETT,RAHM÷ IBNL)I 
NP 871 188 GIACOMELLI,+ (BGNA÷GLAS+ROMA+TRST)IJP 
PL 112B 80 +KIM,KOBAYASBI,MASAIKE,MURAKAMI,~ 4KEK)IJP 

PAPERS NOT REFERRED TO IN DA~A LISTINGS 

G LYNCH (REVIEWER) (LRL) 
÷GOLDHABER,HALL,SEEGER,TRILLING,WOHL (LBL)IJP 
+JENKINS,KALBACH,PETERSEN ~ (ARIZ÷MICH) 
JOHNSON,VLASSOPULOS (CERN÷OURR) 
+CAPILUPPI+ (8GNA+EBIN+GLAS*PISA*RHEL)IJP 
+CAMERON+ IBGNA*EDIN+GLAS~PISA+RHEL)IJP 
C ROIESNEL (MIT) 
B R MARTIN,G C OADES (LDUC+AARH) 
LOW + INTERMEDIATE ENERGY RN PHYSICS (AARH) 
+COX,KELSEYtLAWRENCE,WATKINS÷ (BIRM+LPNP) 

SEE OUR 1982 EDITION (PHYS. LETT. 111B) FOR A NUMBER OF OTHER 
REFERENCES TO EXPERIMENTAL WORK IN THIS REGION. 

I Z0(1865) D03 I IcJP)=°(~ -) Status: * 

OMITTED FROM SUMMARY TABLE 

THIS EFFECT IS STRONGLY ASSOCIATED WITH THE K* N THRESHOLD. SEE ALSO 
THE TO(q780). 

M 
M 
M 
M 

M A 
M 

Ze(1865 ) MASS (MeV) 

(1860.0) (15.0) CARTER 67 THEO DISPERSION REL. 
I1868.0) (I0.0) COOL 70 CNTR K*P, D TOTAL 

AARON 73 MPWA I=D KN .6-i.6G/E I1830.D) 
I18AO.D) CARROLL 73 CNTR KN I=O TCS~FI7 2 

FIT2=FIT OF L=1 AND L=2 BWS TO I=O TCS FROM 0,4-1,1 GEV/C, 
SEE Z0(1780) FOR FIT I AND L=1 PART OF FIT 2. 

(1907.0) NAKAJrMA 82 PWA KN 0.2-I.6 GEV/C 

ZB(1865 ) WIDTH (MeV) 

w (200.0) 450.0) CARTER 67 THEO 
W 4160.0) 430.0) COOL 70 CNTR 
W (100.0) AARON 73 MPWA IffiO KN .6-I.6G/C 
W A (75.0) CARROLL 73 CNTR KN I=0 TCS,FIT 2 
W (291.0) NAKAJIMA 82 PWA KN 0.2-I.6 GEV/C 

ZB(1865 ) PARTIAL DECAY MODES 

DECAY MASSES 

Pl Z0(|865 ) ~ .A~K 940+ 494 

pG Zo(1865) -- NK'(892) 938+ 892 

ZD(1865 ) BRANCHING RATIOS 

Zo(186S ) ~ ( N K ) / t o t a l  (Pl)  
RE (0.155) (0.025) CARTER 67 THEO IF J~3/2 
RI (D.115) (D.025) COOL 7D CNTR IF J=3/2 
RE A (D.OB5) CARROLL 73 CNTR IF J=3/2,FIT 2 
RE 40.35) NAKAJIMA 82 PWA KN 0.2-I,6 GEV/C 

Z D ( 1 8 6 5 )  ~ (NK' (Sg2) ) / to ta l  (PG) 
R2 MAIN INELASTIC DECAY RIRATA 68 HBC 

REFERENCES FOR Zo(1865 ) 

CARTER 67 PRL 18 801 
HIRATA 68 PRL 21 1485 
COOL 70 PR DE 1887 

ALSO 66 PRL 17 102 
ALSO 69 PL 3OB 564 

AARON 73 PR D7 1401 
CARROLL 73 PL 45B 531 
NAKAJIMA 82 PL 1128 80 

A A CARTER (CAVE) 
HIRATA, WOHL, GOLDHABER, TRILLING (LRL) 
COOL,EIACOMELLI,KYCIA,LEONTIC,LI + IBNL) 
+GIACOMELLI,KYCIA,LEONTIC,LI,LUNDBY,+ (BNL) I 
ABRAMS,COOL,GIACOMELLI,KYEIA,LI + (BNL) 
AARON,RICH,HOGAN,SRIVASTAVA (LASL+NEAS)IJP 
*KYCIA,LI,MICHAEL,MOCKETT,RAHM+ (BNL)I 
+KIM,KOBAYASHI,MASAIKE,MURAKAMI,* (KEK)IJP 
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Baryon Full Listings 
Zo(1865), Z](1725), Zt(1900), Z~(2150) 

HIRATA 70 DUKE 429 
AARON 71 PRL 26 407 
HIRATA-I 71 NR 633 AA5 
GIACOMEL 72 NP 837 577 
WILSON 72 NP B42 445  
BASHZMOT 84 PR C29 1377 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

÷GOLDHABER,SEEGER,TRILLING,WOHL (LRL) 
+AMADO~SILBAR (NEAS+RENN+LASL)IJP 
+GOLDBABER,HALL,SEEGER,TRILLING,WOHL (LBL) 
GIACOMELLI,+ (BGNA*GLAS÷ROMA+TRBT) 
-GRIFFITHS,HIRATA + (BBNA+ELAS~ROMA+TRST) 
HASHIMDTO (VPI+KYOT) 

Z1(1725) Pall ,~s~)=,(½ ) StaI . . . .  
OMITTED FROM SUMMARY TABLE 

BOTH HASHIMOTO 84 AND ARNDT 85 SEE EVIDENCE ~OR A RESONANCE IN THE 
P11-WAVE (HASHIMOTO GIVES NO PARAMETERS). 

Z1(1725)  R E A L  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

RE (1725.) ARNDT 85 DPWA K- P ELASTIC 

Z1(1725 ) - - I M A G I N A R Y  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

IM (61.)  ARNDT 05 DPWA K+ P ELASTIC 

R E F E R E N C E S  F O R  Z1(1725  ) 

HASRIMOT 84 PR C29 1377  HASHIMOTO (VPI+KYOT) 
ARNDT 05 PR 031 2230 ARNDT,ROPER (VPl) 

Z l ( 1 9 0 0 )  P13 I ;<JP)=~(}+) Status: • 

OMITTED FROM SUMmArY TABLE 

THIS EFFECT IS STRONGLY ASSOCIATED WITH THE K-DELTA THRESHOLD. 

Z l ( 1 9 0 0 )  M A S S  ( M e V )  

~ (1932.0) AYED 70 IPWA PI3,GOL.I 
(1099.0) AYED 70 IPWA P13,SOL.II 

A (2030.0) AYED 70 IPWA S i1 ,SOL. I I I  
M A THREE SOLNB IN ORDER OF DECREASING SIGNIFICANCE. THOUGH AYED 70 

A GIVE PARAMETERS,THEY CONCLUDE RBSONANT INTERPRETATION DOUBTFUL. 
B (1030.0) BARNBTT 70 IPWA PI3,$OLN III 

M B RESONANCE SIGNAL BARELY ABOVE BACKGROUND DUB TO THE LARGE ERRORS 
IN THE AMPLITUDES RESULTING FROM THE ANALYSIS B 
1900,0 10.0 COOL 70 CNTR +÷ K+R TOTAL 

M (1880.0) ALBROW 71 IPWA SOL. GAMMA 
M C (1890.0) KATO 71 IPWA SOL I(FIT BW) 

C (2040.0) KATO 71 IPWA SOL I I (F IT  BW) 
C KATO 71 ESTIMATE RESONANCE PARAMETBRS - -  UPDATED PHASE SHIFTS 

M E PUBLISHED IN MILLER 72. 
M (1931.0) NAKAJIMA 82 PWA KN 0.2 1.6 GEV/C 

w A (520.0) 
W A (397.0) 
N A (557.0) 
W B (120.0) 

( 2 A O , O )  
(190,0) 

W C (280.0) 
W C (260.0) 
W (347.0) 

ZI(190O)  W I D T H  ( M e V )  

AYED 70 IPWA K+P 
AYED 70 IRWA K+P 
AYED 70 IPWA K+P 
BARNBTT 70 IPWA Pq3,SOLN I l l  
COOL 70 CNTR ++ K+- TOTAL 
ALBROW 71 IPWA SOL. GAMMA 
KATO 71 IPWA SOL I (FIT BW) 
KATO 71 IPWA SOL II(FIT BW) 
NAKAJIMA 82 PWA KN 0.2-1.6 GEV/C 

Z I ( 1 9 0 0 )  R E A L  P A R T  O F  P O L E  P O S I T I O N  

RE D (1787.0) ARNDT 74 DPWA K* p ELASTIC 
RE D SUPERSEDED BY ABBOT 7 8 .  
RE (1796.0) ARNDT 78 DPWA K+ p 
RE E (1780.) ARNDT 85 DPWA K+ P ELASTIC 
RE E ARNDT 85 BELIEVE THAT THEIR 1978 RESULB MAY BE MORE ACCURATE. 

Z I ( 1 9 0 0  ) - I M A G I N A R Y  P A R T  O F  P O L E  P O S I T I O N  

IM D (100.0) ARNDT 74 DPWA K+ P ELASTIC 
IM (101.0) ARNDT 78 DPWA K+ P 
IM E (140.) ARNDT 85 DPWA K÷ P ELASTIC 

Z I ( 1 9 0 0  ) P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

PI ZI (1900  ) ~ N K 938* 494 

pz Z I ( I 9 0 0 )  ~ A(1232) K ~282. 494 

Z l ( 1 9 0 0  ) B R A N C H I N G  R A T I O S  

Z1(1900)  ~ ( N K ) / t o t a l  (p l )  
R1 (0.10) OR LESS CARTER 67 THEO DISPERSION REL. 
RI A (0.16) AYED 70 IPWA 
RI A (0.20) AYED 70 IPWA 
RI A (0.17) AYED 70 IPWA 
R1 B (0.12) BARNETT 70 IPWA PI3,SOLN Ill 
RI (0.12) (ASSUMING J=3/2) COOL 70 CNTR ++ K+P TOTAL 
RI (0.15) ALBROW 71 IPWA ++ SOL. GAMMA 
RI C (0.22) KATO 71 IPWA SOL I(FIT BW) 
RI C I0.27) KATO 71 IPWA SOL IT(FIT BW) 
RI (0.24) NAKAJIMA 82 PWA KN 0.2-1.6 GEV/C 

Zl(19O0)  - -  (A(1232) K ) / t o t a l  (PB) 

R2 MAIN INELASTIC DECAY BLAND 67 HBC +* 
R2 NO EVIDENCE, SPEED HAS MINIM. GRIFFITHS 72 HBC K÷P .9 - I .S  GEV/C 

R E F E R E N C E S  F O R  Z I ( 1 9 0 0  ) 

BLAND 67 PRL 18 1077 
CARTER 67 PRL 18 801 

AYED 70 PL 326 ~0~ 
BARNETT 70 U MD,RPT 70-101 

ALSO 70 DUKE L43 
COOL 70 PR DI 1887 

ALSO 66 PRL 17 102 

ALBROW 71 NP 830 273 
ALSO 70 DUKE 375 

KATO 71MORIONO 
ALSO 70 DUKE 367 
ALSO 70 PRL 2A 615 

GRIFFITH 72 NP 038 365 
MILLER 72 NP B37 401 
BBNDT 74 PRL 33 987 
ARNDT 78 PR 018 3278 
NAKAJIMA 02 PL 112B 80 
ARNBT 85 PR 031 2230 

+BOWLER,BROWN,G*S GOLDHA3ER,SEEGER,- (LRL) 
A A CARTER (CAVE) 

+BAREYRE, FELTESSE, VILLET (SACL)IJP 
BARNETT,GOLDMAN,LAABANEN,STEINBERG (UMD)IJP 
BARNETT,GOLDMAN,LAABANEN,STEINBERG IUMD)IJP 
+GIACOMELLI, KYCIA, LEONTIC, L l ,  + (BNL) I 
COOL,GIAEOMELLI,KYCIA,LEONPIC,LI + (BNL) 

+ANDERSON,ALMEMEB . . . .  ,UDO,WAGNER (CERN)IJP 
ERNE,SENS,WAGNER (CERN)IJP 
+KOEHLER,...,YOKOSAWA,BURLESON (ANL-NWES)IJP 
A YOKOSAWA (ANL)IJP 
KATO,KOEHLER,NOVEY,YOKOSAWA+ (ANL+NWES)IJP 

+HIRATB,BUGHES + (BGNA÷GL~S+ROMA+TRSI) 
÷NOVEY,YOKOSAWA,CUTKOSKY - (ANL+CARN-NWES)IJP 
ARNDT,HACKMBN,ROPER,STEINBERG (VPI.UMD)IJP 
ARNDT,ROPER,STEINBERG (VPI+UMD) 
+KIM,KOBAYASHI,MASAIKE,MURAKAMI,÷ (KEK)IJP 
ARNDT,ROPER (VPI) 

REVIEW IALKS AND PAPERS - -  
LEVISETT 69 LUBD CONF 341 R LEVI SETTI (RAPPORTEUR) (CHIC) 
GOLDHABE 70 DUKE 407 G GOLDHABER (REVIEWER) (LRL) 
DOWELL 72 NAL REVIEW REVIEW TALK IN BARYON SESSION (BIRM) 
LOVELACE 72 NAL REVIEW RAPPORTEUR'S TALK (RUTG) 
DOWEL 73 PURDUE CONF. 157 DOWELL (BIRM) 
CUTKOBKY 74 LONDON CONF II-5A CUTKOSKY (CARN) 
KELLY 73 ANL-HEP-CP-75-S8 REVIEW TALK IN BARYON SESSION (LBL) 
URBAN 75 PL 60B 77 URBAN (LBL) 
MARTIN 76 OKPORD CONF. 409 RAPPORTEUR'S TALK (LOUC) 
KELLY 78 HUPD-7813 44 MTG, ON EXOTIC RESONANCES, HIROSBIMA (LBL) 
OADES 81 ROME CONF. 53 LOW - INTERMEDIATE ENERGY KB PHYSICS (AARH) 

SEE ALSO OUR 1982 EDITION (PRYS. LETT. 1110) FOR R LARGE NUMBER O~ 
OTHER REFERENCES TO THEORETICAL AND EXPERIMENTAL hORK IN THIS REGION 

I Z1(2150) I I ( J P ) = I (  ) Sta tus :  * 

OMITTED FROM SUMMARY TABLE 

UNTIL THERE IS FURTHER CLARIFICATION, WE PLACE TOGETHER HERE A SMALL 
BUMP SEEN LONG AGO IN THE K+ P TOTAL CROSS SECTION AND POLE PARAMETERS 
FOR B POSSIBLE D15 RESONANCE FOUND IN A PARTIAL-WAVE ANALYSIS. 

Z1(2150  ) M A S S  ( M e V )  

M 2150,0 20.0 ABRAMS 70 CNTR ** K÷P TOTAL 

Z1(2150  ) W I D T H  ( M e V )  

W (175.0) ABRAMS 70 CNTR ~ K+P TOTAL 

Z1(2150)  R E A L  P A R T  O F  P O L E  P O S I T I O N  {MeV) 

RE (2161.) ARNDT 85 DPWA K* P ELASTIC 

Z1(2150 ) - I M A G I N A R Y  P A R T  O F  P O L E  P O S I T I O N  ( M e V )  

IM (160.) ARNDT 85 DRWA K+ P ELASTIC 

Z1(2150  ) P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

PI Z1(2150) ~ N~K\ 958+ CBz 

Z1(2150  ) B R A N C H I N G  R A T I O S  

Z l ( 2 1 5 0  ) ~ ( N K ) / t o t a l  (p l )  
RI J IS NOT KNOWN, ~ME FOLLOWING IS ( J * I / 2 ) *P l  
RI (0.04) ABRAMS 70 CNTR + KeP TOTAL 



For notation, see key on page 91 

REFERENCES FOR Z1(2150) 

ABRAMS 70 PR Ol 1917 +CBOL,GIACOMELLI,KYCIA,LEONIlC,LI + (BNL) 
ALSO 67 PRL 19 257 ABRAMS,COOL,GIACOMELLI,KYCIA,LEONTIC+ (BNL) 

ARNDT 85 PR D31 2230 ARNDT,ROPER (VPl) 

Z1(2500) BUMPS I .~)=~( ~ status: 
04dIFTED FROM S L M M A R Y  TABLE 

A SMALL BUMP IN THE TOTAL CROSS SECTION AT 2.7 GEV/C. 

Z j(2500) M A S S  (MeV) 

M 2 5 0 0 . 0  2 0 . 0  ABRAMS 70 CNIR * *  K+P TOTAL 

Z1(2500 ) W I D T H  (MeV) 

w ( 1 6 0 . 0 )  ABRAMS 70 CNTR .* K÷P TOTAL 

Zj(2500) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

Pl Z1(2500 ) ~ .;VK 938+ 494 

ZI(2S00 ) B R A N C H I N G  R A T I O S  

Zx(2500) ~ ( N / ) / t o t a l  ( P l )  
R1 J is NOT KNOWN, THE FOLLOWING IS (J+I/2)*P1 
R1 (0.03) ABRAMS 70 CNTR ÷+ K+P TOTAL 

REFERENCES FOR ZI(2500 ) 

ABRAMS 70 PR DI 1917 +COOL,GIACOMELLI,KYCIA,LEONTIC,LI + (BNL) 
ALSO 67 PRL 19 257 ABRAMS,COOL,G~ACOMELLI,KYCIA,LEONTIC+ (BNL) 

N O T E  ON A A N D  ~ R E S O N A N C E S  

I. Introduction 

There is actually a new result or two on A and 1~ 

resonances for this edition. There are new results on 
the ~(1385) and A(1405), leftovers from the old 4.2 
GeV/c  K - p  experiment.1 There are two modest addi- 

tions to the set of scattering data, mentioned in Sec. II 

below. There is some recent work on the nature of  the 
how-energy J~N system bearing on the interpretation of  

the A(1405), and this difficult object is also being got at 
by studying radiative annihilation of  the K -  hydrogen 

atom (see the Listings for references). Generally, how- 

ever, the field remains at a standstill. It can only be 
revived if one of  the lower energy accelerators becomes 

a kaon factory. 
Table 1 is an attempt to evaluate the status, both 

overall and channel by channel, of  each A and I~ reso- 
nance in the full Baryon Listings; the evaluations are of  
course partly subjective. A blank indicates there is no 
evidence at all; either the relevant couplings are small or 
the resonance does not really exist. The main Baryon 
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B a r y o n  Ful l  L i s t i n g s  
Z 1 ( 2 1 5 0 ) ,  Z t ( 2 5 0 0 ) ,  A's a n d  E's 

Table 1. The status of the A and Z resonances. Only those with an 
overall stacus of *** or **** are included in the main Baryon Table. 

Status as seen in -- 

Overall 
Particle LI.ZI status NK Avr 27r Other channels 

A(] 116) P01 **** Nvr (weak y) 
A(1405) S o l  **** **** F **** 
A(1520) DO3 **** **** o **** Arrrq A7 

r ** A(1600) P01 *** *** 
A(1670) S0I  **** **** b **** A~ 
A(1690) D03 **** **** i **** Mr r ,  2rrrr 
A(1800) S0I  *** *** d ** NK*, Z(1385)7r 
A(1800) P01 *** *** d ** 3;K* 
A(1820) F05 **** **** e **** 2(I385) 7r 
A(1830) D05 **** *** n **** 2(1385) r 
A(1890) P03 **** **** F ** NK*, 2(1385)7r 
A(2000) * o * A~, NK* 

A(2020) F07 * * r * 
A(2100) G07 **** **** b *** Aw, :Vg* 
A(21 I0) F05 *** ** i * Aw, NK* 
A(2325) D03 * * d Aw 
A(2350) *** *** d * 
A(2585) ** ** e 

n 

Z{]193) P I I  **** N r  (~eakly) 
Z(1385) PI3  **** **** **** 
Z(1480) * * * * 
E(1560) ** ** ** 
Z(1580) D I3 ** * * 
E(1620) S I I  ** ** * * 
2(1660) P l l  *** *** * ** 
2(1670) D13 **** **** **** **** several others 
Z(1690) ** * ** * A ~  
Z(1750) S I I  *** *** ** * ~ 
2(1770) P I I  * 
2(1775) Dr5 **** **** **** *** several others 
2(1840) P 13 * * ** * N.'~* 
Z(1880) P I I  ** ** ** 
2(1915) F I5  **** *** **** *** 2(1385)r 
2(1940) D I3 *** * *** ** quasi-2-body 
2(2000) S l l  * • , NK*.MI520)w 
2(2030) F t7  **** **** **** ** severalothers 
2(2070) F I 5  * * * 
2(2080) P I3  ** ** 
2(2100) G iv * * * 
£(2250) *** *** * * 
~(2455) ** , 
2(2620) ** * 
2(3000) * * * 
2(3170) * multi-body 

• *** Good. clear, and unmistakable. 
• ** Good. but in need of clarification or not absolutely ce~ain. 

• , No1 established: needs confirmation. 
• Evidence weak: could disappear. 

Summary Table includes only the established reso- 

nances (overall status 3 or 4 stars). A number of  the 1- 
and 2-star entries may eventually disappear, but there 

are certainly many resonances yet to be discovered 
underlying the established ones. 

None of  the A's and Y,'s proposed in the last decade 

couple strongly to the main 2-body decay channels NK,  

A~r, and ~zr, and thus they seldom appear in cross sec- 
tions or invariant mass distributions. However, when 
the reactions K N  ~ K N ,  K N  ~ Arc, and R'N ~ Zlr are 
analyzed, some of  the partial-wave amplitudes traverse 
small, more-or-less resonance-like circles. The question 
in each case is: Is this really a resonance, or is it an idle 
meander? Is the effect even real, or is it the result of  
imperfect data and analysis? 
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Baryon Full Listings 
A's and  2:'s 

What follows is the review, slightly revised, from our 

1984 edition: it summarizes "recent" progress and 
problems. (For another brief overview, see Tripp. 2) In 

the Listings, some obsolete results, nearly all from 

before 1975, have been removed. This has been done 

only for the established A's and Z's, where the addition 

of much improved data to partial-wave analyses has 

really made obsolete the older results. Where little new 
has been learned in the last decade, or where the situa- 

tion is uncertain, nothing has been removed. 

II.  Formation experiments 

(by G.P. Gopal, Rutherford Appleton Laboratory) 

Partial-wave analyses have been made mainly for the 
NK, A~r, and ~ -  channels, but there are also a few 

results for the EK, Ao~, and some quasi-2-body channels. 
Early analyses usually covered only the range of a single 

bubble chamber experiment. Although the amplitudes 
from analyses in neighboring mass ranges often did not 

join smoothly, they did give fairly reliable information 

about the strongly coupled resonances. More recent 

analyses have used the Breit-Wigner forms of the dom- 
inant resonances as input to provide constraints in 

determining the overall amplitudes and thus in learning 

about the less prominent resonances. Besides covering 
wider ranges, some of the more ambitious of the ana- 

lyses at the lower energies have treated several channels 
simultaneously, so that unitarity constraints are 

automatically satisfied and only a single mass and width 
is obtained for each resonance. 

In the mid and late 1970'% much new data became 
available. Results from several large K - p  bubble 
chamber experiments were published, 3"6 and other bub- 

ble chamber experiments studied K-n reactions 7 and 

K°p reactions. 8 Counter experiments measured the 
K-p ~ KOn total and differential cross sections at low 

energies, 9 the K-p polarizations down to 1630 MeV for 
the first time, 10 the K-p polarizations from 1700 to 

1900 MeV with an order of magnitude increase in staffs- 
tics, l 1 the K n elastic angular distributions from 1600 
to 1800 MeV 12 and from 1900 to 2300 MeV, 13 and the 

180 ° K-p and 0 ° Z-rr  + differential cross sections from 
1550 to 1900 MeV. 14 

More recently, there have been new measurements of 
K-n elastic scattering between 1600 and 1740 MeV. 15 

Also, new total and differential cross-section data on 
K-p,  K0n, Z-+~-~, and A~r 0 between 1437 and 1486 
MeV have become available. 16 They clearly show the 
onset of P-wave amplitudes by 1450 MeV, which brings 

into question analyses of low energy data that assumed 

only S waves were significant. Finally, there are new 
Y.-+7:-7- differential cross-section and polarization distri- 

butions in a region where data were sparse, from 1650 
to 1715 MeVJ 7 

We now compare the more recent analyses with each 

other and with the data. Some of the data have yet to 

be incorporated into any analysis. 

The NK channel: The most recent analysis 18 is an 

update of the old Rutherford Lab-Imperial College 
(RLIC 77) analysis. 19 As before, it is a conventional 

energy-dependent analysis with the added constraint 

that the masses and widths of the resonances had to be 

consistent with those determined in the inelastic chan- 
nels analyzed previously - -  A~r, ~Tr, A( 1520)7r, :~(1385)7r. 

and NJ~*(892). The analysis also goes closer to thres- 
hold, covering 1470 to 2170 MeV. It does not include 

the data from a number of the more recent experiments 
mentioned above. As before, angular distributions (a 

total of 5110 data points) were fit directly. The new 
amplitudes differ little from the RLIC 77 amplitudes. 

However, the K - n  data removed some of the uncer- 

tainties in the ~ resonances. 
The LBL-Mt. Holyoke-CERN analysis 20 covers the 

narrower range of 1500 to 1940 MeV and also includes 

most of the new data. It is an energy-dependent 
analysis using a unitary background parametrized in 

terms of scattering lengths. The cusp effects at the At/ 

and ~/ thresholds  are included by introducing a square- 
root singularity in the energy variation of the widths of 

the appropriate resonances. This group's own high- 
statistics charge-exchange data 9 (which do not agree 

with bubble chamber measurements) all but kill the less 

well-established resonances. 

The University College, London (UCL) K-matrix 

energy-dependent analysis 21 covers from 1540 to 2000 

MeV. The NK amplitudes are consistent with those of 
the other analyses over most of this range. However, at 

the low end there are major differences, due to the 
absence of constraints from the A(1520), which lies just 
outside the range covered. The K - n  angular distribu- 
tions and K-p polarization measurements are not fit 
very well. 

The above analyses, all below 2200 MeV, are com- 
plemented by the College de France-Saclay (CdF-S) 
energy-dependent analysis 6 covering from 2070 to 2440 
MeV. Besides the conventional polynomial parametri- 
zation of the background amplitudes, also tried is a 

parametrization using constraints imposed by the dual- 
ity hypothesis (that s-channel backgrounds come 
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For notation, see key on page 91. Baryon Full Listings 
A's and  7% 

exclusively from the t-channel Pomeron exchange 

amplitude). With 30 fewer free parameters, the results 
are consistent with the conventional approach. 

The ZT channel: There is very little agreement, par- 
ticularly about the lower partial waves, between the two 
multichannel analyses. 19,21 The low-energy 

KOLp ~ Z0~r + data 8 are better explained by the RLIC 

77 amplitudes than by the UCL amplitudes. At the high 

end, there is good continuity between the RLIC 77 
amplitudes and those from the single-channel analysis of 
the CdF-S collaboration 6 covering from 2070 to 2440 

MeV. The 3`(1520) and 3`(2110) resonances, which lie 

outside the range covered by the UCL analysis, clearly 
provide strong constraints. 

The A~r channel: This isospin-1 channel has been 

the subject of many energy-dependent and -independent 
analyses (for example, RLIC 77,19 UCL, 21 Baillon- 
Litchfield, 22 de Bellefon-Berthon, 23 and Van Horn24). 

However, even the widespread use of the method of 
Barrelet zeroes has not helped to resolve the ~ spectrum 

- -  probably because most Z resonances simply do not 
couple strongly to the NK initial state. 

Quasi-2-bodv channel~: The RLIC zroup has made 
energy-dependent anmyses of the A( 1520)7r, Z( 1385)7r, 

and N,<*(892) channels over the widest ranges for 
which data are available. The data were extracted from 
the appropriate 3-particle final states by making 4- 

variable fits to an incoherent superposition of quasi-2- 
body final states and 3-particle Lorentz-invariant phase 

space. The quality of the fits suggests a maximum 
model-dependent systematic uncertainty of 10%. The 
.A_c0 channel has been analyzed from threshold to 2440 

MeV by the CdF-S collaboration. 6 

Sign conventions for resonance couplings: In terms 
of the isospin-0 and - 1 elastic scattering amplitudes A 0 

and A 1, the amplitude for K-p ~ K,°n scattering is 

_+ (A 1 - A 0)/2, where the sign depends on conventions 
used in conjunction with the Clebsch-Gordan coeffi- 

cients (such as, is the baryon or the meson the "first" 
particle). If this reaction is partial-wave analyzed and if 

the overall phase is chosen so that, say, the D15 ~(1775) 
amplitude at resonance points along the positive ima- 
ginary axis (points "up"), then any Z at resonance will 

point "up" and any 3, at resonance will point "down" 

(along the negative imaginary axis). Thus the phase at 

resonance determines the isospin. The above ignores 
background amplitudes in the resonating partial waves. 

Tha~ is the basic idea. In a similar but somewhat 
more complicated way, the phases of the KN --~ Mr and 

KN --~ ZTr amplitudes for a resonating wave help deter- 
mine the SU(3) multiplet to which the resonance 
belongs. Again, a convention has to be adopted for 

some overall arbitrary phases: which way is "up"? Our 
convention is that of Levi-Setti 25 and is shown in Fig. 

1, which also compares experimental results with 

/,oJ {8} N !81 181 i,oi I'l 
~'(1385) A { r670) A(1690] A(1820) A(1830) ~(2030) A(:~LOO) 

m13 SOl D03 F05 005 FIT GO7 
• X X X X 

"v" f "v" ',," f 'v  "'# "< "',," "'#f", 
,,;,', ?, ), J, I ,', i ~ /, /, I/, i ), / ) ,  l/, / 

X X X X X X 
SOl 003  DI3 S I1 015 F~5 

A(1405) A(1520) T(r670) ]£ (1750) ]£ (1775) "¢(1915) 

I'i I'( 181 {8} 181 181 

~'(17501 ]£(1775) ~'(19151 ~(2030) 
• x s t l D,5 ~,5 r~<7 

X X × 
Pl3 DI3 

]~(1385) ~('670) 
!,oi V 

Fig. 1. The signs of the imaginary parts of resonating amplitudes in the J~V --~ Mr and ZTr channels. The signs 
of the E(1385) and 3`(1405), marked with a o, are set by convention, and then the others are determined relative 
to them. The signs required by the SU(3) assignments of the resonances are shown with an arrow, and the exper- 
imentally determined signs are shown with an ×.  
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theoretical predictions for the signs of several reso- 
nances. In the Listings, a + or - sign in front of a 

measurement of an inelastic resonance coupling indi- 
cates the sign (the absence of a sign means that the sign 

is not determined, not that it is positive). For more 
details, see Appendix II of our 1982 edition. 26 

Argand plots: Figure 2 shows some representative 

Argand plots of partial-wave amplitudes. For the N~" 
channel we show the amplitudes from RLIC 7719 and 

from LBL-Mt. Holyoke-CERN, 20 and for the Art and 
Z~r channels we show those from RLIC 7719 and from 
UCL.21 

Errors on masses and widths: The errors quoted on 

resonance parameters from partial-wave analyses are 

often only statistical, and the parameters can change by 

more than these errors when a different parametrization 
of the waves is used. Furthermore, the different ana- 

lyses use more or less the same data, so it is not really 
appropriate to treat the different determinations of the 
resonance parameters as independent or to average 

them together. In any case, the spread of the masses, 

widths, and branching fractions from the different ana- 
lyses is certainly a better indication of the uncertainties 

than are the quoted errors. In the Baryon Summary 

Table, usually a range reflecting the spread of the values 
is given rather than a particular value with error. 

For three states, the A(1520), the A(1820), and the 
E(1775), there is enough information to make an overall 

fit to the various branching fractions. It is then neces- 
sary to use the quoted errors, but the errors obtained 

from the fit should not be taken seriously. 

Ill .  Production experiments 

Partial-wave analyses of course separate partial 
waves, whereas a peak in a cross section or an invariant 

mass distribution usually cannot be disentangled from 
background and analyzed for its quantum numbers; and 

more than one resonance may be contributing to the 
peak. Results from partial-wave analyses and from pro- 
duction experiments are generally kept separate in the 
Listings, and in the Baryon Summary Table results from 
production experiments are used only for the low-mass 
states. The E(1385) and A(1405) of course lie below the 
~'N threshold and everything about them comes from 
production experiments; and production and formation 
experiments agree quite well in the case of A(1520) and 

results have been combined. There is some 
disagreement between production and formation expert- 

ments in the 1600-1700-MeV region: see the Note on 
the E(1670). 
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Fig. 2(a) The L = S01 and P partial-wave amplitudes for ~'N scattering in the elastic and Err channels 
• I - 2 J  O J  . . " 

The lower plot for each amplitude is from RLIC 77, the upper plots for the elastzc amphtudes are from ALSTON 
78, and the upper plots for the ~Tr amplitudes are from MARTIN 77. In the Argand plots, the ticks are at 
integral multiples of  50 MeV, and the established resonances are shown at their nominal positions [the S01 
A(1405) is of  course below threshold and is not shown]. The real and imaginary parts of  the amplitudes as func- 
tions of  energy are shown projected in alignment with the Argand plots. 



296 

Baryon Full Listings 
A's and 27s 

r 

i 
i 

I 
i 
[ 

i 

-2s 28 s o  

/ 

J nolm(Po3) 

7~ 

/ :  

KN~KN P(]3 AMPLITUDE 

- ~ O  - . ~ 5  

tS~[ 

170£ 

1900 

~llo0 

.z 

~ao- 

~nu 

t=oo 

~1ou 

KN~E P03 AMPLITUDE 

- , 6 0  - ~ 5  .2S 

~UU 

Z~O0 

-,so - zB 

J.o~- 

tsoo  

KN~F,N D03 AMPLITUDE 

9oo 

ENr~cv ~u~v) 

.2 

XSIOO -'r~ 17100 ~ I 

^(tSZ0) -.=6j ~ ~1O0 

' ~t(D~3) 
rano0 lnoo 

,oo ~-~ KN~rE D08 AMPLITUDE 

aoD~ 

Z~Z*GT (~,V) ENZ~gT I~oV) ZXgmOy (~*V) 

Fig. 2(b). The L1.2J = P03 and D03 partial-wave amplitudes for KN scattering in the elastic and Err channels. 
The lower plot for each amplitudeis from RLIC 77, the upper plots for the elastic amplitudes are from ALSTON 
78, and the upper plots for the 27r amplitudes are from MARTIN 77. In the Argand plots, the ticks are at 
integral multiples of  50 MeV, and the established resonances are shown at their nominal positions. The real and 
imaginary parts of  the amplitudes as functions of  energy are shown projected in alignment with the Argand plots. 
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Fig. 2(c). The LI.2J = D05 and F05 partial-wave amplitudes for KN scattering in the elastic and ZTr channels. 
The lower plot for each amplitude is from RLIC 77, the upper plots for the elastic amplitudes are from ALSTON 
78, and the upper plots for the Z~r amplitudes are from MARTIN 77. In the Argand plots, the ticks are at 
integral multiples of  50 MeV, and the established resonances are shown at their nominal positions. The real and 
imaginary parts of  the amplitudes as functions of  energy are shown projected in alignment with the Argand plots. 
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Fig. 2(d). The L1.2J = F07 and Go7 partial-wave amplitudes for ~'N scattering in the elastic and Z~r channels. 
The lower plot for each amplitude ]s from RLIC 77, the upper plots for the elastic amplitudes are from ALSTON 
78, and the upper plots for the X~r amplitudes are from MARTIN 77. In the Argand plots, the ticks are at 
integral multiples of 50 MeV, and the established resonance is shown at its nominal position. The real and ima- 
ginary parts of the amplitudes as functions of energy are shown projected in alignment with the Argand plots. 
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Fig. 2(e). The .LI.2j = S ll  partial-wave amplitudes for 
KN scattering in the elastic, A~r, and E~" channels. The 
lower plot for each amplitude is from RLIC 77, the 
upper plot for tl3e elastic amplitude is from ALSTON 
78, and the upper plots for the ATr and ZTr channels are 
from MARTIN 77. In the Argand plots, the ticks are at 
integral multiples of 50 MeV, and the established reso- 
nance is shown at its nominal position. The real and 
imaginary parts of the amplitudes as functions of energy 
are shown projected in alignment with the Argand plots. 
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Fig. 2(g). The LI.2J = P13 partial-wave amplitudes for 
KN scattering in the elastic, Mr, and ~Tr channels. The 
lower plot for each amplitude is from RLIC 77, the 
upper plot for the elastic amplitude is from ALSTON 
78, and the upper plots for the A~r and Err channels are 
from MARTIN 77. In the Argand plots, the ticks are at 
integral multiples of 50 MeV [the Z(1385) is of  course 
below threshold and is not shown]. The real and ima- 
ginary parts of the amplitudes as functions of energy are 
shown projected in alignment with the Argand plots. 
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Fig. 2(h). The L 1.2J = D13 partial-wave amplitudes for 
K N  scattering in the elasuc, ATr, and ZTr channels. The 
lower plot for each amplitude is from RLIC 77, the 
upper plot for the elastic amplitude is from ALSTON 
78, and the upper plots for the ATr and Z~- channels are 
from MARTIN 77. In the Argand plots, the ticks are at 
integral multiples of 50 MeV, and the established reso- 
nances are shown at their nominal positions. The real 
and imaginary parts of the amplitudes as functions of 
energy are shown projected in alignment with the 
Argand plots. 
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Fig. 2(i). The LI.2J = D I5 partial-wave amplitudes for 
KN scattering in the elastic, A~r, and 2:~- channels. The 
lower plot for each amplitude is from RLIC 77, the 
upper plot for the elastic amplitude is from ALSTON 
78, and the upper plots for the ATr and ZTr channels are 
from MARTIN 77. In the Argand plots, the ticks are at 
integral multiples of  50 MeV, and the established reso- 
nance is shown at its nominal position. The real and 
imaginary parts of  the amplitudes as functions of energy 
are shown projected in alignment with the Argand plots. 
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Fig. 2(k). The L1.2J = F17 partial-wave amplitudes for 
KN scattering in the elastic, ATr, and Zcr channels. The 
lower plot for each amplitude is from RLIC 77, the 
upper plot for the elastic amplitude is from ALSTON 
78, and the upper plots for the ATr and ZTr channels are 
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imaginary, parts of the amplitudes as functions of  energy 
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Baryon Full Listings 
A, Af1405),A(1520) 

A B A R Y O N S  ( S = - - I ,  [=0)  

F ~  I(JP) = 0(1 Status: * * * * 
~) 

SEE STABLE PARTICLES. 

I,A(IQ05) S01 ! sCJP)=°(½ ) Star . . . . . . .  

PRODUCTION EXPERIMENTS 

THIS RESONANCE IS IDENTIFIED WITH THE VIRTUAL BOUND STATE IN THE 
NIKBAR SYSTEM POUND IN THE ANALYSIS OF LOW ENERGY K- P INTERACTIONS. 
WE LIST THOSE RESULTS SEPARATELY IN THE NEXT ENTRY. WE USE ONLY 
PRODUCTION EXPERIMENTS FOR GETTING IHE MASS AND WIDTH FOR THE BARYON 
SUMMARY TABLE. 

A(1405) .MASS (MeV) (PROD. EXP.) 

(1405.03 ALSTON 61 HBG KIP 1 . 1 5  GEV/C 
(1410.0) ALEXANDER 62 HBC Pl-P 2.1 GEV/C 
(I~05.0) ALSTON 62 HBC K-P 1.2-.5 GEVIC 
(1382.03 IS.O) ENGLER 65 HDBC Pl P, PI+D 1.68 
1400.0 24.0 MUSGRAVE 65 HBC PBAR P 3-4 GEV/C 

67 1400.0 510 BIRMINGHA 66 HGC K-P 3.5 
120 1405.0 5.0 GALTIERI 68 DBC K-D 2.1-2.70EV/C 
400 ABOUT IZ05.0 THOMAS 73 HBC PI- P 1.69 GEV/C 

A 700(1391.0) (I,0> HEMINGWAY 85 USE K-P 4,2 GEV 
A HEMINSWAY $5 FINDS SIGMA Pl MASS DISTRIBUTION IS ASYMMETRIC AND 
A BREIT-WIGNER FIT IS POOR. 

AVG I~02.4 3.5 AVERAGE 

A(1405) WIDTH (MeV) (PROD. EXP,) 

( 2 0 . 0 )  ALSTON 61 HBC 
35.0 5.0 ALEXANDER 62 HBC 

(50.0) ALBION 62 HBC 
( 8 9 . 0 )  (20.0) ENGLER 65 HDBC 
60.0 20.0 MUSGRAVE 65 HBC 

67 50.0 10.0 BIRMINGHA 66 HBC K-P 3.5 
120 35.0 8.0 GALTIERI 68 DBE K-D 2.1-2.7GEV/C 
400 45.0 TO 55.0 THOMAS 73 HBC P I ~  P 1.69 GEVIC 

A 700 (32.0) (1.03 HEMINGWAY S5 HBC K P 4.2 GEV 

AVG 38.I 3.9 AVERAGE 

PI 

P2 

A(1405) PARTIAL DECAY MO D E S (PROD. EXP.) 

DECAY MASSES 

A ( 1 4 0 5 )  ~ $ ~  1 1 8 9 -  140 

A(I405) ~ .VK $38- A94 

A(14O$) BRANCHING RATIOS 

4(1405) ~ ( N K ) / ( Z r )  c R e ) / I P 1 )  

RI (0.033 OR LESS HEMINGIIAY 85 HBC KIp 4,2 GEVIC 

REFERENCES FOR A(1405) (PROD. EXP.) 

ALBION 61 PRL 6 698 AALVAREZ,EBERHARD,GOOD,GRAZIANO, + (LRL) I 
ALEXANDE 62 PRL 8 4 4 7  ALEXANDER,KALSFLEISCH,MILLER,SMITH (LRL) I 
ALSTON 62 CERN CONF 311 ~ALVAREZ,FERRO-LUZZI,ROSENFELD, . (LRL) i 
ENGLER 65 PRL 15 224 *~ISK,KRAEMER,MELTZER,WESTGARD,+ (CARN~BNLI IJ 
MUSGRAVE 65 NC 35 735 *PETMEZAS,+ (BISM+CERN*EPOL÷LOIC÷SAEL) 
BIRMISGH 66 PR 152 1148 (BIRM+GLAS+LOIC+OXF+RHEL) 
GALTIERI 6S PRL 21 573 BARBARO GALTIERI,CHADWICK + (LRL÷SLAC) 
THOMAS 73 NP S56 15 *ENGLER,PISK,KRAEMER (CMU) J 
HEMINGWA 85 NR B253 742 R d HEMINGWAY (CERN) J 

1405 MeV REGION: EXTRAPOLATIONS BELOW THRESHOLD 

i ( j  P) = 0(~2 ) 

~HERE IS A RATHER EXTENSIVE LITERATURE ON THE LOW-ENERGY KBAR-N 
SYSTEM, ONLY A SMALL PART OF WHICH IS LISTED HERE. FOR A REVIEW OF 
THE SIATUS OF THE LAMBDA(1405), SEE DALITZ 80. FOR RECENT MODELS OF 
THE LOW ENERGY KBAR N SYSTEM, SEE KIANG 8~ AND VAN DIJK 84. FOR 
ANALYSIS OF THE RADIATIVE ANNIHILATION OF THE KAONIC HYDROGEN ATOM 
AND THE LAMBDA(1405), SEE DAREWYCH 85 AND BURKHARDT 85. FURTHER 
REFERENCES MAY BE FOUND IN THESE PAPERS. 

A(1405) MASh  (Me~) 

I¢~0.7 (~.03 KIM 55 HBC 0 E:F RANGE FIT 
IG09.6 ~Ii73 SAKITI 65 NBS O-EFF-RANGE 7ZT 

DATA OF SAKLTT ARE USED IN FIT BY KITTEL. 
I~0715 (1,2) KITTEL 66 HBC O-EFF RANGE Pl] 
l~OS.O (3,0) KIM 67 HBC K MATRIX FIT(K a > 
1 4 1 6 , 0  ( 4 , 0 )  MARTIN 69 HBC CONST. K MATRIX 

(1421.03 MARTIN 70 RVUE CONST. K MATRIX 
(1406.03 CHAO 73 DPW4 O-RNG. PIT.SOL B 

SEE ALSO THE ACCOMPANYING RARER OF THOMAS 73. 

A(1405) WIDTH (MeV) 

37.0 (3.2) KIM 65 HBC 
28.2 (4.13 SAKITT 65 HBC 
34.1 ( 4 . 1 )  KITTEL 66 HBC 
50.0 (5.0) KIN 67 HBE K MATRIX FIT(KP) 
29.0 (6.0) MARTIN 69 HBC CONST. K MATRIX 

(20.0) MARTIN 70 RVUE CONST. K MATRIX 
(55.0) CHAO 73 DRWA O-RNG. ~IT.SOL B 

ASYMMETRrC SHAPE, W/2=41MEV BELOW RESONANCE, 14 MEV ABOVE. 

REFERENCES FOR A(1405) (EXTRAPOLATIONS) 

KIM 65 PRL 14 29 J K KIM (COLU)IJR 
SAKITT 65 PR 139 B719  +DAY,GLASSERsSESMAN,FRIEDMAN, ÷ (U~D÷LRL)IJP 
KITTEL 66 PL 21 349 H KITTEL, G OTTER, I WACEK (VIEN)IJP 
KIM 67 PRI 19 1074 J KIM (YALS)JP 
MARTIN 69 PR 183 1352 B R MARTIN, M SAKI~T (LOUC~BNL) 
MARTIN 70 NP B16 479 A 0 MARTIN, G E ROSS (DURH)IJP 
CHAO 73 NP B56 46 CHAO,KRAEMER,THOMAS,MARTIN (RHEL+CARN~LOUE)IJP 

ALSO 73 NP B56 15 THOMAB,ENGLER,FIBK,KRAEMER (CARN)IJ 
DALITZ 80 IN LOW SOD INTERMEDIATE ENERGY KAON NUCLEON PHYSICS (OXP) 
KIANG 84 mR C30 163S 
VAN DIJR 84 PR 030 937 
BURKHARD 85 NP A440 653 
DAREWYCH 85 PR 032 1765 

ABRAMS 65 PR 139 8454 
DONALD 65 PL 22 711 
KADYK 66 PRL 17 599 
DALITZ 67 PR 153 1617 
DALITZ 70 DUKE-HR 70 OS 
CLINE 71 PRL 26 119& 
MARTIN 71 PL 3SB 62 
DOBSON 72 PR 06 3256 
GALTISRI 72 LBL 555 
RAJASEKA 72 PR 05 610 

ALSO EARLIER PARERS CITED IN RAJASEKARAN 72. 
SHAW 73 PURDUE CONF. 417 SHAW 
OADES 77  NC 42A 462 G C OADES,E RASCHE 

+KUMAR,NOGAMI,VAN DIJK (D~LH+MCMS) 
W VAN oIJK CMCmS) 
BURKHARDT,LOWE,RDSENTHAL (NOTT~BIRM+WM]U) 
+KONIUK,ISGUR (YORK+INTO) 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

G S ABRAMS, B SECHI-ZORN (UM~>IJP 
EDWARDS, LYS, NISAR, MOORE (LIVP) 

+OREN, G+B GOLDHABER, TRILLING (LRL)IJP 
DALITZ, WONG, RAJASEKARAN (OXF.BOMS) 

(OX~) D DALITZ 
CLINE,R LAUMANN,J MAPP (WISC) 
D MARTIN,B R MARTIN,ROSS (DURH~LOUC-RHEL) 
N DOBSON,R MCELHANEY (HAWA) 

A BARBARO GALTIERI (LBL) 
RAJASEKARAN (TIFR> 

(UCI)IJP 
(AARH÷TURI)IJP 

THE MEASUREMENTS OF THE MASS, WIDTH, AND ELASTICITY THAT WERE 
PUBLISHED BEFORE 1975 ~RE NOW OBSOLETE AND HAVE BEEN RSMOVSD. T~EV 
WERE LAST LISTED IN OUR 1982 EDITION (PHYSICS LETTERS 1118>. ALL THE 
REFERENCES HAVE SEEN REIAINSD. 

PRODUCTION AND FORMATION EXPERIMENTS AGREE QUITE WELL WITH EACH OTHER, 
SO THE TWO ARE LISTED TOGEIHER HERE. 

THE DECAY MODE LAMBDA PI PI IS LARGELY DUE TO SIGMA(1385) Pl .  ONLY 
THE VALUES OF CSIBMAI13853 PF)EILAMSDA 2Pl) GIVEN BY MAST 7Z AND 
CORDEN 75 ARE BASED ON REAL 3-BODY PARTIAL-WAVE ANALYSES (~HE OLDER 
RESULTS USED CRUDER METHODS). THE DISCREPANCY BETWEEN THE TWO RESULTS 
IS ESSENTIALLY DUE TO THE DIFFERENT HYPOTHESES MADE CONCERNING THE 
SHARE OF THE (PI PI)B-WAVE STATE. 

A(1520) MASS (MeV) 

M 2000 1519.4 0.3 CORDEN 75 DBC K- D 1.4-1.8GV/C 
&K 1519.7 0.3 CAMERON 77 HBC K-P 0.96-I.360EV 

1519.0 1.0 RLIC 77 DPWA KBAR N MULTISHNL 
1520.0 0,5 ALBION 78 DPWA KBAR N ELASTIC 

5g 1517.8 1.2 BARLAG 79 ~BE K-P AT 4.2 GSV/E 
M 300 1517.3 1.5 BARBER 80 SPEC GAM P TO K* Y* 
M 1519.0 1.0 GOPAL 80 DPWA KBAR N ELASTIC 

AVG i5iRZ56 &~8" AVERAGE 

A(1520) WIDTH (MeV) 

w 2000 15.5 1.6 CORDEN 75 DBC K- D %4 %SGv/C 
4K 16.3 O.S CAMERON 77 HBC K-P 0.96-1.360EV 

15.0 0.5 RLIC 77 DPWA KBAR N MULTISHNL 
15.4 0.5 ALBION 7S DPWA KBAR ELASTIC N 

A 677 IL.D 3.0 BARLAG 79 HSC K-P AT 4,2 DSV/C 
W A PROM BEST-RESSLU~ION SAMPLE OF LAMBDA Pl PI EVENTS ONLY. 
W SO0 16.3 3.3 BARBER 80 SPEC GAM P TO K÷ Y~ 
W 16.0 1.0 GOPAL 80 DPWA KBAR N ELASTIC 

AVG " ~5:50 " G.~7 AVERAGE 



For notation, see key on page 91. 

A(15201 P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

Pl A(1520) ~ N K" 938+ A94 

p2 Mr520)  ~ Z ~ 1189+ 140 

P3 A(1520) ~ A ~ ~ 1116+ 140- 140 

p4 A(I520) ~ A ~ 1116. 0 

05 A([520) ~ zO~ 1192÷ 0 

06 A([~20) ~ ~ ~ ~ 1192+ 140+ 160 

R7 A(1520) ~ Z(1385) ~ 1385+ 1A0 

PS A(1520) ~ ~(1385) ~ r ( ~ A  w ~ )  1116+ 1AO+ 140 

P9 A(1520) - -  A( ' ; r  W)S-wave 1520+ lAD* 140 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The maxri× below is deri~ed from the e~or matrix for the fitted partml decay mode 
branching fractions. Pb as follows: The dmgonal elements are P~±BP,. where 

= \,<6~P,GP,), ~hile the off-diagonal elements are the ~orrnalized correlation coeffi- 
ciems :OP,~Pj#(EP,.SP) For the definitions of the individual P,, see the hstings above; 
onb  those P: appeanng in the maIrix are assumed in the fit to be nonzero and are 
thus constramed to add to I. 

P I P 2 P 3 P A P 5 P 6 
.4475+-.0066 

2 - ,6724  .421A+-,OO6T 
- .283  z- - .3058  0952+- .0043  
-.0895 ~.0870 -.0370 .0079*-.001A 
-.2280 -.2212 ~.0942 .OIBO .0195+-.003A 
-.O3AB .0333 .0141 -.0027 -.0069 .0086~-.0005 

A(1520)  B R A N C H I N G  R A T I O S  

A(1520) ~ (~ ¢r)/(NK) (P2 ) / (P l )  
RI 1.72 0.78 MUSGRAVE 65 HBC 
RI 0.96 0.20 DABL 67 HBC PI-P 1.6-4 GEV/C 
RI 0.73 0.11 DAUBER 67 HBC K-P AT E.GEV/C 
RI 1.06 0.I~ SCBEUER 68 DBE 0 K-N 3 GEV/C 
R1 0.82 0.08 BURKHARDT 69 HBC K-P .B-I.~ GEV/C 
RI (I.06) (0.12) BERTHON 74 HBC 0 QUASI 2 BODY CS 
R( B 0.98 0.03 RLIC 77 DPWA KBAR N MULTICHNL 
R( B N KBAR TO SIGMA Pl AMPLITUDE AT RESONANCE IS +0.46 e / -  0.01. 
R( . . . . . . . . .  
RI AVG 0.951 O.OAL AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.7) 
R1 FIT 0.9L2 0.026 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 

A(1520) ~ ( A c r ~ ) / ( N K )  (P3) / (P l )  
R2 0.17 0.05 DARL 67 HBC P1-P 1.6 4 GEV/C 
R2 0.21 0.18 DAUBER 67 HBC K-P AT 2.gEV/C 
R2 0.19 0.04 SCHEUER 68 DBC O K-N 3 GEV/C 
R2 0.22 0.03 BURKBARDT 69 HBC K-P .8-1,2 GEV/C 
R2 (0.2) KIP 71 DPWA K MATRIX ANAL. 
RE (0.27) (0.13) BERTHON 7A HBC 0 QUASI 2 BODY CS 
R2 
RE AVG 0.202 0.021 AVERAGE 
RE FIT 0.213 0.011 FROM FIT (ERROR INCLUDES SCALE ~ACTOR OF 1.1) 

A(1520) ~ (Z ~ ) / ( A  ~ W) (P2)/(03) 
R3 4.5 1.0 ARMENTERO 65 HBC 
R3 3.3 1,1 BIRMINGHA 66 HBC K-P 3.5 
R3 3.9 1.0 UHLIG 67 HBC K-P .9-I.0 GEV/C 
R3 
R3 ~VG 3,94 0.59 AVERAGE 
R3 FIT 4.L3 0.23 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

A(1520) ~ (A ~ ) / t o t a l  (%) CPA) 
RA 238 0.80 0.14 MAST 68 HBC 0 USING ELAET=.45 
R4 
RA FIT 0.79 0,14 FROM FIT 

A(1520) ~ (~D~) / Io ta l  (%) (P5) 
R5 C 2.0 0.35 MAST 68 HBC SEE VOTE S 
R5 C RATIOS CALCULATED PROM R4, ASSUMING SU(3), NEEDED TO CONSTRAIN 
RE C ALL THE LAMSDA(ISEO) BRANCHING RATIOS TO BE UNITY. 
RE ......... 
R5 FIT 1.95 0.34 PROM PIT 

A(1520) ~ ( N  K ) / t o t a l  (P1) 
R6 0.gAS 0.014 BORDEN 75 DBC K D 1.4-1.8GV/C 
R6 (0.42) MAST 76 HBC 0 ~ P CEX 
R6 D (0.47) (0.01) RLIC 77 OPWA KBAR N MULTICHNL 
R6 D (N KBAR)/TOTAL FROM RLIC 27 IS SUPERSEDED BY RURAL SO. 
R6 0.45 0.03 ALSTON 78 DPWA KBAR N ELASTIC 
R6 0.47 0.02 GOPAL 80 OPWA KBAR N ELASTIC 
R6 
R6 AVG 0.455 0.011 AVERAGE 
R6 FIT 0.4475 0.0066 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2) 

A(1520) ~ (X ~ ) / t o t a l  (P2) 
R7 0.55 0.09 WATSON 63 RSC K P ALL CHANNELS 
R7 0.418 0.017 GALTIERI 69 HSC 0 K-P .28-.A5GEV/C 
R7 (0.46) KIM 71 DPWA K~MATRIX ANAl. 
R7 0.426 0.014 BORDEN 75 DBC K~ D I.&-I.BBV/C 
R7 
R7 AVG 0.425 0.511 AVERAGE 
R7 ~IY 0.4214 0.0062 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2) 

A(1520) ~ (~ ~ w) / to ta l  (P6) 
R8 0.010 0.0015 GALTIERI 69 HBC 0 K-P .28-.45GEV/E 
R8 E 0.0085 0.0006 MAST2 73 MPWA K-P TO 2PI BIG 
RE E BASED ON ASSUMED ELASTICITY OF 0.46. 
RS P 0.007 0.002 BORDEN 75 DBC K- D 1.4~1.8GV/C 
RB F MUCH OF THE SIGMA PIP DECAY PROCEEDS VIA SIGMA(1385) Pl. 
R8 ......... 
R8 AVG 0.00858 0.00054 AVERAGE 
R8 FIT 0.00857 0.00054 FROM FIT 
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Baryon Full Listings 
A(1520), 3_(1600) 

A(1520) ~ (Z(1385)  7r ~ A ~r 7r) /± 7c ¢r 
R9 (PO)/(P3) 
R9 MORE THAN 0,10 CLINE 69 DBC K-D TO 2PI LAM N 
R9 G 0.39 0.10 BURKHARDT 71RBC LAM. 3Pl PROD. 
R9 G CENTRAL SIR(1514 1524) GIVES .E4+~,10 - -  OTHER BINS LOWER BY 2-5SIG 
R9 H (1.0) CBAN 72 IPWA K-P TO LAM 2PI 
R9 N ONLY THE SIGMA(1385) DS03 SEEMS TO CONTRIBUTE. 
R9 I 0.82 0.10 MAST 73 IOWA K-P TO 2Pl LAM 
R9 I BOTH SIGMA(13B5) DSO3 AND SIGMA (PI PI) DP03 CONTRIBUTE. 
R9 0.58 0.22 COROEN 75 DBC K~ D 1.4-1.8GV/C 

A(1520) ~ (Z(1385)  ~ ) / t o t a l  (PT) 
RIO 0.041 0.005 CHAN 72 HBC K-P TO LAM 2Pl 

A(1520) ~ (A 7r cO/ to ta l  (P3) 
R11 J 0.11 0.01 MAST 23"IPWA K-P TO 2PI LAM 
R11 J BASED ON ASSUMED ELASTICITY OF 0,A6+/-0.02. 
R11 0.091 0.006 COROEN 75 OBC K D I.A-I.BGV/C 
R11 ......... 
R11AVG 0.0960 0.0084 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6) 
R11 FIT 0.0952 0.0043 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

A(1520) ~ (A (~r~r)s_ ,a ,e ) / to ta l  (P9) 

R12 0.20 0.08 BORDEN 75 DBC K- D 1.4-1.8GV/C 

R E F E R E N C E S  FOR A(1520) 

FERRO-LU 62 PRL 8 28 
GALTIERI 63 PL 6 296 
WATSON 63 PR 131 2248 
ALMEIDA 64 PL 9 204 
ARMENTER 65 PL 19 338 
NUSGRAVE 65 NC 35 735 
BIRMINGH 66 PR 152 1148 
DAHL 67 PR 163 1377 
DAUBER 67 PL R4B 525 
UHLIG 67 PR 153 1448 
MAST 68 PRL 21 1715 
SCHEUER 68 NP B8 503 
BURKHARD 09 NP 514 106 
CLINE 59 LNC 2 407 
BALTIERI 69 LUND 352 

ALSO 70 DUKE 95 
BERLEY 70 PR DI 1996 
BURKRARDT71 NP 527 8~ 
COLLEY 71NP 831 61 
KIM 71PRL 27 356 

ALSO 70 DUKE 161 
CHAN 72 PRL 28 256 
MAST 73 PR D? 5 
MASI2 73 PR 07 3212 
BERTHON ?4 NC 21A IL6 
GOLOWICH 74 PR DI0 3861 
BORDEN 75 NP SBA 306 
MAST 76 PR OIL 13 
CAMERON 77 NP 8131 399 
RLIC 77 NP 8119 362 
ALSTON 78 PR DIG 182 

ALSO 77 PRL 38 1007 
BARLAG 79 NP B149 220 
BARBER 
GOPAL 

M FERRO~LUZZI,R D TRIPP,M B WATSON (LRL)IJP 
A BARBARO-GALTIERI,A HUSSAIN,RD TRIPP (LRL) 

B WATSON, M FERRO-LUZZI, R D TRIPP (LRL)IJP 
P ALMSIDA, G R LYNCH (CERN) 

ARMENTEROS,F~LUZZI, + (CERN+HEID÷SACL) 
+PETMEZAS,+ (5IRM+CERN÷EPOL+LOIC+SACL) 

(51RM÷GLAS÷LOIC+ONg+RHEL) 
DAHL,HARDY,HESS,KIRZ,MILLER (LRL) 
+MALAMUD,SCHLEIN,SLATERISTORK (UCLA) 
+CHARLTON,CONDON,SLASSER,YODH,* (UMD+NRL) 
MAST,ALSTON,BANGERTER,BALTIERI+ (LRL) 
SABRE COLLAB. (SACL*AMST*BGNA÷REHO+EPOL) 
+FILTHUTH,KLUGE~ (HEID+EFI+CERN+SACL) 
+LAUMANN,MAPP (WISC) 
BARBARO-GALTIERI,BANGERTER,MAST,TRIpR (LRL) 
R D TRIPP (LRL) 
+YARIN,KOFLER,MANN,MEISNER+ (BNL+MASA+YALE)IJP 
+FILTHUTH,KLOGE,OBERLACK+÷ IHEID+CERN+SACL) 
+COX,EASTWOOD,gRY*.. (BIRM÷EDIN+GLAS+LOIC) 
J K KIM (HARV)IJP 
J K KIM (HARV)IJP 
+BUT.-SMAFER,HERTZBACR,KOFLER*÷ (MABA+YALE) 
÷ALSTON~GARNJOST,BANSERTER,+ (LBL)IJP 
÷BANGERTER,ALSTDN-GARNJOST,+ ILBL)IJP 
BERTHON,TRISTRAM,÷ (CDEF+RHEL+SACL*STRB) 
E GOLOWICH (SLAC) 
CORDEN,COX,DARTNELL,KENYON,ONEALE,÷ (SIRM) 
MAST,ALSTON GARNJOSTtBANGERTER+ (LBL) 
÷FRANEKrGOPAL,KALMUS,MCPHERSON+ (RHEL÷LDIC)IJP 
GOPAL,ROSS,VAN HORN,MCPHERSON÷ (LOIC+RHEL)IJP 
+KENNEY,POLLARD,ROSS+ (LBL+MTHO+CERN)IJP 
ALSTON-SARNJOST,KENNEY,* (LBL*MTHO+CERN)IJP 
~BLOKZIJL,JONGEJANS÷ (AMST÷CERN÷NIJM+OXF) 

BO ZPHY C7 12 ÷DAINTON,LEE,MARSHALL* (DARE÷LANC÷SHEF) 
BO TORONTO CONF 159 G P GOPAL (RHEL)IJP 

SEE THE NOTE FOR THE LAMBDAI1800, JR=I/Z+) PSI. SOMEWHERE IN THIS 
REGION THERE IS PROBABLY ONE, AND PERHAPS TWO, POl STATES. 

A(1600) M A S S  (MeV)  

M A (1570.0) KIM 71 OPWA K-MATRIX ANAL. 
M A POSSIBLE EFFECT IN SIGMA PI AND N KBAR CHANNELS. 
M 1620.0 10.0 LANGBEIN 72 IPWA MULTICRANNEL 
M 1596.0 (6.0) WANE 74 DPWA K P TO PI SIS 
M B 16A6.0 7,0 CARROLL 76 DPWA I=0 TOTAL CS 

B TOTAL CROSS SECTION BUMP WITH (J+I/2)X=O.OA. 
C 1572, OR 1617. MARTIN 77 DPWA KBAR N MULTICHNL 

M C THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
M C PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 
M 1573.0 25.0 RLIC 77 DPWA KBAR N MULTICHNL 
M 170310 100.0 ALSTON 78 DPWA KBAR N ELASTIC 
M 1568.0 (20.0) ROPAL 80 DPWA KBAR N ELASTIC 

A(1600) W I D T H  ( M e V )  

w A (50.0) KIM 71DPWA K-MATRIX ANAL. 
W 60.0 10.0 LANGBEIN 72 IPWA MULTICHANNEL 

175.0 (20.0) KANE 74 DPWA K-P TO Pl SIG 
(20.0) CARROLL 26 OPWA I=0 TOTAL ES 

W 247. OR 271. MARTIN 77 DPWA KBAR N MULTICHNL 
147.0 50.0 RLIC 77 DPWA KBAR N MULTICRNL 
593.0 200.0 ALSTON 78 DPWA KBAR N ELASTIC 

W 116.0 (20.0) GBPAL 80 DPWA KBAR N ELASTIC 

A(1600) P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

pl A(1600) ~ ,VK 938+ 49& 

P2 A(1600) ~ Z TY 1189+ 140 



308 

Baryon Full Listings 
A(1600), A(]670), A(1690) 

A(1600)  B R A N C H I N G  R A T I O S  

A(1600)  ~ ( N K ) / t o t a l  (Pl)  
RI 0.25 0.15 LANGBEIN 72 IPWA MULTICHANNEL 
RI C 0.30 OR 0.29 MARTIN 77 OEWA KBAR N MULTICHNL 
RID  (0.24) (O.0A) RLIC 77 DPWA RBAR N MULTICHNL 
RI D IN KBAR)ITOIAL ;ROM RLIC 77 IS SUPERSEDED BY SOPAL 80. 
RI 0.14 0.05 ALSTON 78 OPWA KBAR N ELASTIC 
RI 0.23 (0.04) GOPAL 80 DPNA KBAR N ELASTIC 

A(1600)  in N K ~ E ~ SORTIPI"P2) 
R2 0.20 0.09 LANGBEIN 72 IPWA MULTICHANNEL 
RS 0.33 I0.11) KANE 74 DPWA K-P TO PI GIG 
R2 NOT SESN BEPR2 76 DPWA -0 K- NUC TO SIG Pl 
R2 E -0.39 OR -0.39 MARTIN 77 DPWA KBAR N MULTICHNL 
R2 - 0 . 16  0 ,04  RLIC 77 DPWA KBAR N MULTICHNL 

R E F E R E N C E S  F O R  A(1600)  

KIM 71PRL 27 356 J K KIM (HARV)IJP 
ALSO 70 DUKE 161 J K KIM (HARV)IJR 

LANGBEIN 72 NP BAR 47T +WAGNER (MPIM)IJP 
KANE 74 LBL-2~ES D FKANE (LBL)IJR 
CARROLL 76 PRL 37 806 +CHIANG,KYCIA,LI,RAZUR,MICHAEL+ (BNL)I 
HEPP2 76 PL 65R 487 +BRAUN,GRIMM,STROBELE,THOL+ICERN÷HEID+MPIM)IJP 
MARTIN 77 NP 8127 349 MARTIN,PIDCOCK,MOORHOOSE (LOOC+GLAS)IJP 

ALSO 77 NP BIE6 266 MARTIN,PIDCOCK ILOUC) 
ALSO 77 NP B126 285 MARTIN,PIOCOCK (LOUC)IJP 

RLIC 77 NP B119 362 GOPAL,ROSS,VAN BORN,MCPHERSON÷ ILOIC+RHEL)IJP 
ALSTON 78 PR 018 182 +KENNEY,POLLARD,ROSS+ (LBL+MTHO~CERN)IJP 

ALSO 77 PRL 38 1007 ALSTON GARNJOST,KENNEY,~ (LBL+MTHO+CERN)IJP 
GOPAL 80 TORONTO CON~ 159 G P GOPAL (RHEL)IJP 

M1670) S01 ] ~(J~)=o(~ ) st~t . . . . . . .  

THE MEASUREMENTS OF THE MASS, WIDTH, AND ELASTICITY THAT WERE 
PUBLISHED BEFORE 1974 ARE NOW OBSOLETE AND HAVE SEEN REMOVED. THEY 
WERE LAST LISTED IN OUR 1982 EOIEION (PHYSICS LETTERS 111B). ALL 
THE REFERENCES HAVE BEEN RETAINED. 

A(1670)  M A S S  ( M e V )  

M 1679.0 ( I . 0 )  KANE 74 DPWA K-P TO Pl GIG 
M 1665.0 (5.0)  PREVOSI 74 DPWA O- K-N TO S(1385)PI 

1675.0 {2.0) SLOP2 76 DPWA -O K- NUC TO GIG PI 
(1664.0) MARTIN 77 DPWA KBAR N MULTICHNL 

M MARTIN 77 OBTAINS IDENTICAL RESONANCE PARAMETERS FROM THE 
M A T-MATRIX POLE AND PROM A B-W FIT. 
M 1670,0 (5.0) RLIE 77 DPWA KBAR N MULTICHNL 
M 1671 .0  (3.0)  ALSTON 78 DPWA KBAR N ELASTIC 
M 1667,0 (5.0) GOPAL 80 DPWA KBAR N ELASTIC 
M 1670.8 (1.7) KOISO 85 DPWA K- P TO SIGMA Pl l 

A(1670)  W I D T H  ( M e V )  

W AO.O I3.0) KANE 
W 19.0 (5.0) PREVOST 
W 46.0 (5.0) HEpP2 
W A (12.0) MARTIN 

45.0 (10.0) RLIC 
29.0 (5.0) ALSTON 

W 29.0 (5.0) GOPAL 
W 3A.I (3.7) KOISO 

74 DPWA K-P TO PI GIG 
74 DPWA O- K-N TO S(1385)PI 
76 DPWA -0 K= NUC TO GIG Pl 
77 DPWA KBAR N MULTIGHNL 
77 DPWA KBAR N MUL~ICHNL 
78 DPWA KBAR N ELASTIC 
80 DPWA KBAR N ELASTIC 
85 DPWA K- P TO SIGMA PI 

A(1670)  P A R T I A L  D E C A Y  M O D E S  

Pl A(1670) ~ N 
P2 A(1670) ~ ± 
P5 A(1670) ~ ~ 
PB A(1670) ~ Z(1385) 

DECAY MASSES 

938+ 494 

1116÷ 549 

1189÷ 140 

1385. 140 

A(1670)  B R A N C H I N G  R A T I O S  

A(1670)  -~ ( N K ) / t o t a l  (P l )  
Rq A (0.15) MARTIN 77 DPWA KBAR N MULTICHNL 
RIB  (O.OD) (0.03) RLIC 77 DPWA KBAR N MOLTICHNL 
RI B (h KBAR)/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80. 
RI 0.17 (0.03) ALSTON 78 DPWA KBAR N ELASTIC 
RI O.qS (0.03) GOPAL 80 DPWA KBAR N ELASTIC 

A(1670) in , ' VK  ~ A ~ SORTIPI"P2) 
RE C D,20 OR 0 .23  BERLEY 65 HBC 0 
R2 C THE FIRST VALUE ASSUMES THE BRANCHING RATIO INTO LAMBDA ETA IS 
R2 C SMALL, THE SECOND THAT IT IS LARGE. BECAUSE THE RESONANCE IS NEAR 
R2 C THE LAMBDA ETA THRESHOLD, THE BRANDHING RATIO AFFECTS THE MOMENTUM 
R2 C DEPENDENCE OF THE TOTAL WIDTH, AND THUS ALSO THE RESONANCE PARA- 
R2 C METERS OBTAINED BY FITTING TO THE DA~A. 
RS I0.26) ARMENT-3 69 HBC 0 
R2 (O.E~) KIM 71 DPWA K-MATRIX ANAL. 
R2 ~0.20 (0.05) SAXTER 73 DPWA 0 K- P TO NEUTRALS 

A(1670)  in N K ~ Z 
R3 -0.27 (0.02) 
R3 -0.23 (0.03) 
R3 -0.29 I0.03) 
R3 A (-0.13) 
R3 -0.31 (0.03) 
R3 0.26 (0.02) 

A(1670)  in N K ~ Z(1385)  
R4 -0.18 0.05 

SORT(At*P3) 
KANE 74 DPWA K-P TO Pl GIG 
LONDON 75 HLBC 0 K- P ~0 SIGO PlO 
HEPP2 76 DPWA -0 K NUC TO GIG Pl 
MAR~IN 77 DPWA KBAR N MULTICHNL 
RL]C 77 DPWA KBAR N MUL$ICNNL 
KOISO 85 DPWA K- P TO SIGMA Pl 

SQRT(PI*RA) 

PREVOST 74 DPWA 0 K-N TO S(1385)PI 

R E F E R E N C E S  F O R  A(1670)  

BERLEY 65 PRL 15 641 ÷CONNOLLY, HART, RAUM, STONEHILL, * (BNL)IJP 
BIRMINGH 66 PR 152 1148 (BIRM+GLAS÷LOIC+OXF*RHEL) 
ARMENT 1 68 NP BS 195 ARMENTEROS, BAILLON, ÷ ICERN+HEID~SACL)IJP 
ARMENT-2 68 NR BB 223 ARMENTEROS, BAILLON, + ICERN÷HEID,SACL)IJP 
ARMENT-3 69 LUND PAPER 229 ARMENTEROS, BAILLON,  ICERN÷HEID*SACL)IJP 

VALUES ARE QUOTED IN LEVI SETTI 69. 
ARMEHT-4 69 NP BIA 91 ARMENTEROS, BAILLON, ÷ (CERN~HEID~SAEL)IJP 
BERLEY 69 PL 30S 430 ÷ HART, RAHM, WILLIS, YAMAMOTO (BNL)IJP 
LEVISETT 69 LUND 339 R LEVI SECTI IRAPPORTEUR) (CHIC) 
GALTIERI 70 DUKE 173 A BARBARO GALEIERI (LRL)IJP 
CONFORTO 71 HP S34 41 +LEVI SETTI,LASINSKI..OBERLACK÷* (EFI+HEID)IJP 
KIN 71 PRL 27 356 J K KIM (HARV)IJP 

ALSO 70 DUKE 161 d K KIM (HARV)IJP 
LANGBEIN 72 NP SO7 477 eWAGNER (MPIM)IJP 
BAXTER 73 NP 067 125 BAXTER,BUCKINGBAM,CORBETT,OUNN,+ (OXF)IJP 
HART 73 PURDUE CONF. 311 +RICE,BACASTOW,FUNG,÷ (TENN÷UCR÷MASA~BUFF)IJP 
KANE 74 LBL-245E D FKANE (LBL)IJP 
PREVOST 74 NP B69 246 PREVOST,BARLDUTAUD,~ (SACL+CERN~HEID) 
LONDON 75 NP B8S 289 LONOON,YU,BOYD,+ (ONL÷CERN÷EPOL~ORSA+TORI) 
HEPP2 75 PL 65B A87 +BRAUNtGRIMM,BTROBELE,THOC÷ICERN+HEID÷MPIM)IJP 
MARTIN 77 NP B12T 349 MARTIN,RZDCOCK,MOORROUSE (LOUC+GLAG)IJP 

ALSO 77 NR B126 266 MARTIN,PIDCOCK (LOUC) 
ALSO 77 NP B126 285 MARTIN,RIUCOCK (LOUC)IJP 

RLIC 77 NP 0119 362 GOPAL,ROSS,VAN HORN,MCP~ERSON÷ (LOIC÷RHEL)IJP 
ALSTON 78 PR DIS 182 +KENNEY,POLLARD,ROSS÷ (LBL÷MTHO÷CERN)IJP 

ALSO T7 PRL 38 1007 ALSTON-GARNJOST,KENNEY,+ (LBL-MCHO~CERN)IJP 
GOPAL BO TORONTO CONF 159 E P GOPAL (RHEL)IJP 
KOISO 85 NR AA33 619 ~SAI,YAMAMOTO,KOFLER (TOKY~MASA) 

A(1690) D03 ] I(sP)=o(-~ -) status: **** 

THE MEASUREMENTS OF IRE MASS, WIDTH, AND ELASTICITY THAT WERE 
PUBLISHED BEFORE 1974 ARE NOW OBSOLETE AND HAVE BEEN REMOVED. THEY 
WERE LAST LISTED IN OUR 1982 EDITION (PHYSICS LETTERS 111B). ALL 
THE REFERENCES HAVE BEEN RETAINED. 

A(1690)  M A S S  (MeY)  

M 1689.0 (1.0) KANE 74 DPWA K-P TO PI GIG 
M 1692.0 (4.0) CARROLL 76 DPWA I~O TOTAL CS 
M 1690.0 (3.0) HERR2 76 DPW~ -0 K- NUC TO SIG P] 
M A 1687. OR 1689. MARTIN 77 DPWA KBAR N MULTICHNL 
M A THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
M A PARAMETERS FROM THE T~MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 
M A ANOTHER 5/2- LAMBDA AT 1966 MEV IS ALSO SUGGESTED BY MARTIN 77, 
M A BUT IS VERY UNCERTAIN. 
M 1690.0 (3.0)  RLIC 77 DPWA KSAR N RULTICHNL 
M 1692.0 (5.0) ALSTON 78 DPWA KOAR N ELASTIC 
M 1690.0 (5,D) GOPAL 80 DPWA KBAR N ELASTIC 
M 1695.7 (2,6) KOISO 85 DPWA K- P TO SIGMA PI 

A(1690)  W I D T H  ( M e V )  

60.0 (4.0) 
(38.0) 
82.0 (8.0) 
62. DR 62. 
60.0 I5.0) 
64.0 (10.0) 
61.0 (5.0) 
67.2 (5.6) 

KANE 74 OPWA K-P TO pl GIG 
CARROLL 76 OPWA I=O TOTAL CS 
HEPP2 76 DPWA -D R- NUC TO GIG Pl 
MARTIN 77 DPWA KBAR N MULTICHNL 
RLIC 77 DPWA KBAR N MULTICHNL 
ALSTON 78 DPWA KSAR N ELASTIC 
GOPAL 80 DPWA KBAR N ELASTIC 
KOISO 85 DPWA K- P TO SIGMA Pl 

A(1690)  P A R T I A L  D E C A Y  M O D E S  

A(1690) ~ N ~ "  
A(1690) ~ ZRC 
A(1690) ~ A ~ 
±(1690) ~ ~ 
A(1690) ~ Z(1385) ~ ,  S-w~ve 
A(1690) ~ A 

DECAY MASSES 

938- Ag~ 

1189+ 140 

1116+ 140+ 140 

1192+ 140. 140 

1385+ 190 

1116+ 549 



For notation, see key on page 91. 

A(1690)  B R A N C H I N G  R A T I O S  

THE SUM OF ALL THE QUOTED BRANCHING RATIOS IS MORE THAN 1.0• THE 
TWO-BODY RATIOS ARE FROM PARTIAL-WAVE ANALYSES, AND THUS PROBABLY ARE 
MORE RELIABLE THAN THE THREE-BODY RATIOS, W~ICH ARE DETERMINED FROM 
BUMPS IN CROSS SECTIONS. OF THE LATTER, THE SIGMA Pl PI BUMP LOOKS 
MORE SIGNIFICANT (THE ERROR GIVEN FOR THE LAMBDA 01 P[ RATIO LOOKS UN- 
REASONABLY SMALL)• HARDLY ANY OF THE SIGMA Pl Pl DECAY CAN BE VIA 
SIGMA(1385), FOR THEN NINE TIMES AS MUCH LAMBDA Pl Pl DECAY WOULD BE 
REQUIRED• 

A(1690)  ~ ( N K ) / t o t a l  (P l )  
RI A 0•28 OR 0.26 MARTIN 77 DPNA HOAR N MULTICHNL 
RI S (0.24) (0.03) RLIC 77 DPWA KBAR N MULTICBNL 
RI B (N KBAR)/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80. 
RI 0.22 (0.03) ALSTON 78 DPWA KBAR N ELASTIC 
RI 0.23 (0.03) GOPAL 80 DPWA KBAR N ELASTIC 

A(1690)  in N K - -  ~Tr SQRTIP I *P2)  
R2 -0.28 (0.02) KANE 74 DPWA K-P 50 PI SIG 
R2 0.28 (0.03) LONDON 75 HLBC 0 K- P TO SIGO PIO 
R2 -0.29 (0.03) HEPP2 76 DPWA -0 K~ NUC TO SIG PI 
R2 A -0.30 OR ~0.28 MARTIN 77 DPWA KBAR N MULTICBNL 
R2 -0.25 (0.03) RLIC 77 DPWA KBAR N MULTICHNL 
R2 -0.34 (0.02) KOISO B5 DPWA K P TO SIGMA El [ 

A(1690)  in ,NK  ~ A ~r ~- SQRTIPI*P3) 
R3 C (0.25) (D.02) BARTLEY 68 HDBC 0 LAM 2El CROS SEC 
R3 C ONLY CROSS-SECTION DATA USED. ENHANCEMENT NOT SEEN BY PREVOST 71, 

A(1690) in N K ~ ~ ~ ~ SQRT(PI*P~) 
R4 (0.21) ARMENT-2 68 HDBC 0 K-N TO SIG Pl Pl 

A(1690)  in N ' K  ~ A ~ SQRT(PI*P6) 
R5 0.00 (0.03) BAXTER 73 DPWA 0 K- P TO NEUTRALS 

A(1690) in N K ~ ~(1385)  ~ ,  S - w a v e  SQRT(PI*PS) 

RE +0.27 0.04 PREVOST 74 DPWA O- K-N TO S(1385)PI 

R E F E R E N C E S  F O R  A(1690)  

ARMENT-I 6B NP B8 195 ARMENTEROS, BAILLON, + (CERN+HEID+SACL)IJP 
ARMENT-2 6B NP 88 216 ARMENTEROS, BAILLON, + (CERN+REID÷SACL) I 
ARMENT-5 6B NP B8 223 ARMENTEROS, BAILLON, ÷ (CERN+HEID*SACL)IJP 
BARTLEY 68 PRL 21 1111  +CHU,DOWD,GREENE,+ (TUFT+FSU+BRAN) I 
BUBG 88 PR 168 1468  +GILMORE, KNIGHT, + (BLRM+CAVE+RHEL) I 

ALSO 67 PRL 18 62 DAV IES ,DOWELL ,+  (BIRM+CAVE+RHEL) I 
CONFORTO 6B NP B8 265 ÷HARMSEN, LASIRSKI, ÷ (CHIC÷HEID)IJP 
ARMENT-4 69 NP B14 91 ARMENTEROS, BAILLON, + (CERN*HEID+SACLIIJP 
BERLEY 89 PL 30B 430 + HART, RAHM, WILLIS, YAMAMOTD (BNL)IJP 
BERTANZA 69 PR 177 2036 +BIGI,DARRARA,CASALI, + (PISA*BNL÷YALE)IJP 
GALTIPHI 70 DUKE 173 A BARBARO BALT)ERI (LRL)IJP 
CONFORTO 71 NP B34 41 +LEVI SETTI,LASINSKI..OBERLACK+ (EFI+HEID)IJP 
KIM 71PRL 27 356 J K KIM (HARV)IJP 

ALSO 70 DUKE 161 J K K)M (RARV)IJP 
PREVOST 71 AMSTERDAM CONE + CHS COLLABORATION (DERN+HEID÷SACL) 
LANGBEIN 72 NP B47 477 +WAGNER (MPIM)IJP 
BAXTER 73 NP B67 125 BAXTER,BUCKINGHAM,CORBETT,DUNN,+ (OXF)IJP 
HART 73 PURDUE CONF. 311 +RICE,BACASTOW,EUNG,+ (TENN+UCR÷MASA+BUFF)IJP 
KANE 74 LBL-2L52 D F KANE (LBL)IJP 
PREVOST 74 NP B69 246 PREVOST,OARLOUTAUD,+ (SACL+DERN+EEID) 
LONDON 75 NP B85 289 LONDON,YU,BOYD,~ (BNL+CERN÷EPOL+ORSA*TORI) 
CARROLL 76 PRL 37 806 *CHIANG,KYCIA,LI,MAZUR,MICRAEL÷ (BNL)I 
HEPP2 76 PL 65B 487 +BRAUN,GRIMM,STROBELEITHOL+(CERN+HEID+MPIM)IJP 
MARTIN 77 NP B127 349 MARTIN,PIDCOCK,MOORHOUSE (LOUC+GLAS)IJP 

ALSO 77 NP B126 266 MARTIN,PIDCOCK (LOUD) 
ALSO 77 NP B126 285 MARTIN,PIDCODK (LOUC)IJP 

RLIC 77 NP B119 362 GOPAL,ROSS,VAN MORN,MCPHERSON~ (LOIC+RHEL)IJR 
ALSTON 78 PR 018 182 +KEMNEY,POLLARD,ROSS+ (LBL+MTHO+CERN)IJP 

ALSO 77 PRL 38 1007 ALSTON-GARNJOST,KBNNEY,÷ (LBL+MTHO+CERN)IJP 
GOPAL 80 TORONTO CONF 159 G P GOPAL (RHEL)IJP 
NOISO 85 NP A433 819 +SAIIYAMAMDTO,KOFLER (TOKY+MASA) 

A(1800) S01 [ ruP)=°(½ -) Star . . . . . .  

THE S01 AMPLITUDE SHOWS A RATHER CLEAR SECOND RESONANCE BEHAVIOR IN 
THE 1700-1900 MEV REGION. THERE ARE MAJOR DISAGREEMENTS ABOUT THE 
MASS, WIDTH, AND COUPLINGS, 

A(1800)  M A S S  ( M e V )  

(1872,0) (10•0) BRICMAN 70 DPWA TOT, ELAS, CBEX 
(1780.0) KIM 71 DPWA K~MATRIX ANAL• 

M 1830,0 (20.0) LANGBEIN 72 IPWA MULTICHANNEL 
M A 1767. OR 1842. MARTIN 77 DPWA KOAR N MULTICBNL 
M A THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
M A PARAMETERS FROM THE T-MATRIX POLE AND FROM A O W FIT, RESPECTIVELY. 
M 1825.0 (20.0) RLIC 77 DPWA KBAR N MULTICHNL 
R 1725.0 (20.0) ALSTON 78 DPWA KBAR N ELASTIC 
M 1841.0 (10.0) GDPAL 80 DPWA KBAR N ELASTIC 

A(1800)  W I D T H  ( M e V )  

( I00 .0 )  ( 20 .0 )  BRICMAN 70 DPWA TOT, ELAS, CHEX 
(40.0) KIM 71 DPWA K-MATRIX ANAL. 

W 70.0 (15.0) LANGBEIN 72 IPWA MULTICHANNEL 
W A 435. OR 473. MARTIN 77 DPWA KBAR N MULTIDHNL 
w 230.0 (20.0) RLIC 77 DPWA KBAR N MULTIEHNL 

185.0 (20.0) ALSTON 7B DPNA KBAR ELASTIC N 
228.0 ( 20 .0 )  GOPAL 80 DPWA KBAR N ELASTIC 
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Baryon Full Listings 
A(1690), A(1800) 

A(1800)  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

Pl A(1800) ~ N K  938~ 494 
P2 A(1800 )  ~ Z 7T 1189+ 140 
P3 A (1800 )  ~ ~(1385) ~ 1385÷ 140 

P4 A(1800) ~ NK*(892) ,  S l - w a v e  9~o+ 892 
PS A(1800) ~ N K*(892), D3-wave 940* 892 

A(1800)  B R A N C H I N G  R A T I O S  

A(1800)  ~ ( N K ) / t o t a l  (El)  
RI (0•18) (0.02) BRICMAN 70 DPWA TOT, ELAS, CHEX 
R1 (0.80) KIM 71 DPWA K~MATRIX ANAL. 
RI 0.35 (0•15) LANGBEIN 72 IPWA MULTICHANNEL 
RI A 1.21 OR 0•70 MARTIN 77 BPWA KBAR N MULEICHNL 
RI B (0•37) (0.05) RLIC 77 DPWA KBAR N MULTICHN1 
RI B (N KBAR)/TOTAL FROM RLIC 77 IS SUPERSEDES BY GOPAL 80. 
RI 0•28 (0.05) ALSTON 78 BPWA KBAR N ELASTIC 
RI 0•36 (0•04) GOPAL 80 DPWA KBAR N ELASTIC 

A(1800)  i n  N K ~ ~ ~T SQRT(PI*P2) 
R2 (0•24) KIP 71 DPWA K-MATRIX ANAL. 
R2 A -0.7~ OR -0.43 MARTIN 77 DPWA KBAR N MULTICHNL 
R2 -0.08 (0.05) RLIG 77 DEWA KBAR N MULTICHNL 

A(IB00)  in N K ~ ~(1385)  ~ SQRT(PI*P3) 
R3 C +0.056 0.028 CAMERON 78 DPWA 0 K-P TO S(1385)Pl 
R3 C SIGN CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST CONVENTION. 

A(18OO) in N K ~ N K*(892),  S l - w a v e  SQRT(PI*PG) 
R4 D -0.17 0•03 CAMERON2 78 DPWA K-P TO K*N 
R4 D THE SIGN HERE IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST 
R4 D CONVENTION. 

A(180O) in ,N~" ~ N K * ( 8 9 2 ) ,  D3-wave  SQRT(PI"P5) 
R5 -0.13 0.04 CAMERON2 78 DPWA K-P TO K*N 

R E F E R E N C E S  F O R  A(1800)  

BRICMAN 70 PL 338 511 C BRICMAN, M FERRO-LUZZI, J P LAGNAUX(CERN)IJP 
KIM 71 PRL 27 356 J K KIM IHARV)IJP 

ALSO 70 DUKE 161 ~ X ELM (EAR,)l iP 
LANGBEIN 72 NP B47 477 +WAGNER (MPIM)IJP 
MARTIN 77 NP B127 349 MARTIN,PIDCOCK,MOORROUSE (LOUC*GLAS)IJP 

ALSO 77 NP B126 266 MARTIN,PIDCOCK (LOUD) 
ALSO 77 NP 8126 285 MARTIN,PIDOOCK (LOUC)IJP 

RLIC 77 NP B119 362 GOPAL,ROSS,VAN EORN,MCPHERSON+ (LOIC+RHEL)IJP 
ALSTON 7S PR D18 182 +KENNEY,POLLARD,ROSS+ (LBL÷MTEO+CERN)IJP 

ALSO 77 PRL 38 1007 ALSTON-GKRNJOST,KENNEY,+ (LBL÷MTHO+CERN)IJP 
CAMERON 78 NP B143 189 +9RANEK,GOPAL,BACON,BUTTERWORTH+(RHEL+LOIC)IJP 
CAMERON2 78 NP S146 327 +ERANEK,GOPAL~KALMUS,MCPBERSON,+(RHEL~LOIC)IJP 
GOPAL 80 TORONTO CONE 159 G P GOPAL (RHEL)IJP 

I A(I800) P01 [ luP)=°(~: +) Star . . . . . .  

THE EVIDENCE FOR THIS STATE IS SOMEWHAT CONFUSED. IT WAS FIRST 
SUGGESTED IN A PARTIAL-WAVE ANALYSIS OF N KBAR DATA BY THE BEHAVIOUR 
OF THE P01 AMPLITUDE WHEN IT WAS PARAMETRIZED AS A TWO-STRAIGHT-LINE 
BACKGROUND (ARMENTERDB 68). 

ALMOST ALL THE RECENT ANALYSES CONTAIN A PGI STATE, AND SOMETIMES 
TWO, BUT THE MASSES, WIDTHS, AND BRANCHING RATIOS VARY GREATLY• 
SEE ALSO THE LAMSDA(1600) P01 LISTING. 

A(1800)  M A S S  ( M e V )  

(1745.0) ARMENTERO 68 HBC 0 ELASTIC, CH EXCH 
(1740.0) BAILEY 69 DPWA O PLASTIC, EH PXCH 
(1800.0) ARMENTERO 70 HBC O ELASTIC, CH EX 
(1750.0) ARMENTERO 70 HBC D SIGMA PI 

A (1690.0) (10.0) GALTIERI 70 HBC O SIG PI,EDPWA 
A ERROR STATIST. ONLY- NO ERROR DUE TO PARTICULAR P.W.ANAL. INCLUDED 

(1755.0) KIM 71 DPWA K MATRIX ANAL. 
1780.0 20.0 LANGBEIN 72 IPWA MULTICBANNEL 
1746.0 10.0 PREVOST 74 DPWA O- K-N TO S(1385)PI 
1735.0 5.0 CARROLL 76 DPWA I=O TOTAL CS 

B 1861. OR 1953. MARTIN 77 DPWA KBAR N MULTICHNL 
B THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
S PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 

1853.0 20.0 RLIC 77 DPWA KBAR N MULTICHNL 
1841,0 (20.0) GOPAL 80 DPWA KBAR N ELASTIC 

A(1800)  W I D T H  ( M e V )  

(147.0) 
(300.0) 
(30.0) 
(70.0) 
(22.0) 
(35.0) 
120.0 10.0 
46.0 20.0 

(28.O) 
535. OR 583. 
166.0 20.0 
90.0 20.0 

184.0 (20.0) 

ARMENTERO 68 BBC 0 
BAILEY 69 DPWA 0 ELASTIC, CH EXCH 
ARMENTERO 70 HBD 0 ELASTIC, CH EX 
ARMENTERO 70 HBC 0 SIGMA PI 
GALTIERI 70 HBC 0 SIG PI,EDPWA 
KIM 71 DPNA K-MATRIX ANAL. 
LANGBEIN 72 IPWA MULTICHANNEL 
PREVOST 74 OPMA O- K-N TO S(1385)PI 
CARROLL 76 DPWA I=O TOTAL CS 
MARTIN 77 DPWA KBAR N MULTICHNL 
RLIC 77 DPWA KBAR N MULTICBNL 
CAMERON2 78 BPWA K-P TO K*(892) N 
GOPAL 80 DPWA KBAR N ELASTIC 
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Baryon Full Listings 
A(1800), A(1820) 

A(1800) P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

pl A(1800) ~ N K 938+ 494 

P2 A(1800) ~ E ~ 1189+ 140 

P3 A(1800) ~ E(1385) 7r 1385+ 140 

P4 A(I800) ~ N K*(892), P l-wave 940. 892 

P5 A(1800) ~ NK ' (892 ) ,  P3-wave 940*  892 

A(1800) B R A N C H I N G  R A T I O S  

A(1800) ~ (NK)/total  (P1) 
RI (O.A) ARMENTERO 6B DPWA O ELASTIC, CH EXCE 
RI (0 .55)  BAILEY 69 DPWA O ELASTIC, CH EXCH 
RI (0 .15)  ARMENTERO 70 DPWA 0 ELASTIC, CH EXCH 
RI (0 .30)  KIM 71 DPWA K-MATRIX ANAL. 
RI 0.36 0.D5 LANGBEZN 72 IPWA MULTICHANNEL 
RI B 0.52 OR 0.49 MARTIN 77 DPWA KBAR N MULTICHNL 
RI C (0 .21)  (0 .04)  RLIC 77 DPWA KBAR N MULTICHNL 
RI C (N NBAR)/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80. 
RI 0.24 (O.OA) GOPAL 80 DPWA KBAR N ELASTIC 

A(1800) in N K ~ X ~ SQRT(PI*P2) 

R2 D (~0.20) ARMENTERG 70 DPWA O K-P TO SIGMA Pl 
R2 D PUBLISHED SIGN CHANGED TO AGREE WITH LUND 1969 CONVENTION (SEE NOTE 
R2 D ON LAMBDA AND SIGMA RESONANCES). 
R2 A (-0.13) (0.03) GALTIERI TO BPWA 0 K-P TO SIGMA PI 
R2 (0.17) KIM 71 DPWA K-MATRIX ANAL. 
R2 (0.01) OR LESS LANGBEIN 72 IPWA MULTICHANNEL 
R2 B +0.25 OR +0.23 MARTIN 77 DPWA KBAR N MULTICHNL 
R2 -0.24 0.04 RLIC 77 DPWA KSAR N MULTICHNL 

A(18OO) in N K ~ E(1385)  ~ SGRT(PI*P3) 

R3 +0.18 0.10 PREVOST 74 DPWA O- K~N TO 5(1385}PI 

A(1800) in N K  ~ NK*(892), P l - w a v e  SQRI(PI*PA) 

R4 E -0 .14  0.03 CAMERON2 78 DPWA K-P TO K*N 
R4 E THE SIGN HERE IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST 
R4 E CONVENTION. 

A(1800) ifl N K  --  N K ° ( 8 9 2 ) ,  P3-wave  SQRT(PI*P5) 

R5 +0.35 0.06 CAMERON2 78 DPWA K-P TO K*N 

R E F E R E N C E S  F O R  A(180O) 

ARMENTER 68 NP B8 195 ARMENTEROS, BAILLON, * (CERN÷HEID+SACL)IJP 
BAILEY 69 THESIS UCRL-50617 DAVID SAAL BAILEY (LLL)IJP 
ARMENTER 70 DUKE CONE 123 ARMENTEROS, BAILLON, + (CERN*HEID)IJP 
GALTIERI 70 DUKE CONE 173 A BARBARO-SALTIERI (LRL)IJP 
KIM 71PRL 27 356 J K KIM (HARV)IJP 

ALSO 70 DUKE 161 J K KIM (HARV)IJP 
LANGBEIN 72 NP B~7 477 +WAGNER (MPIM)IJP 
PREVBST 74 NP B69 246 PREVOST,BARLOUTAUD,+ (GAEL+CERN+HEIB) 
CARROLL 76 PRL 37 806 +CHIANG,KYCIA,LI,MAZUR,MICHAEL+ (BNL)I 
MARTIN 77 NP B127 3~9 MARTIN,PIDCOCK,MOORHOUSE (LOUC+GLAS)IJP 

ALSO 77 NP B126 266 MARTIN,PIDCOCK (LOUD) 
ALSO 77 NP B126 285 MARTIN,PIDCOCK (LOUC)IJP 

RLIC 77 NP B119 362 GOPALjROSS,VAN BORN,MCPHERSON* (LOIC+RHEL)IJP 
CAMERON2 78 NP SI~6 327 ÷FRANEK,GOPAL,KALMUS,MCPHERRON,+(RHEL+LOIC)IJP 
GOPAL BO TORONTO CBNF 159 G P GOPAL (RHEL)IJP 

I A(1820) F05 I me)=°<~ -) Star . . . . . . .  

FOR MOST RESULIS PUBLISHED BEFORE 1973 (THEY ARE NOW OBSOLETE), SEE 
OUR 1982 EDITION (PHYSICS LETTERS 111B). ALL THE REFERENCES HAVE 
BEEN RETAINED. 

MOST OF THE QUOTED ERRORS ARE STATISTICAL ONLY. THE SYSTEMATIC ERRORS 
DUE TO THE PARTICULAR PARAMETRIZATIONS USED IN THE P.N .A ,  ARE NOT 
INCLUDED. FOR THIS REASBN WE DO NOT CALCULATE WEIGHTED AVERAGES FOR 
THE MASG AND WIDTH. 

A{1820) M A S S  ( M e V )  

1821.0 (2 .0 )  KANE 74 DPWA K~P TO PI BIB 
(1830.0) DEDLAIS 77 DPWA KBAR N TO KBAR N 

M A 1817. OR 1819. MARTIN 77 OPWA KBAR N MULTIEHNL 
M A THE TWO ENTRIES FOR MARTIN 77 CORRESPOND 70 EXTRACTION OF RESONANCE 

A PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 
1822.0 (2.0) RLIC 77 DPWA KBAR N MULTICHNL 

M 1819.0 (Z.D) ALSTDN 78 DPWA KBAR N ELASTIC 
M 1823.0 ( 3 , 0 )  GOPAL 80 DPWA KBAR N ELASTIC 

A(1820) W I D T H  (MeV)  

87.0 (3.0) 
(82.0) 
76. OR 76. 
BI.0 (5.0) 
72.0 (5.0) 
77.0 (5.0) 

KANE 74 BPWA K-P TO PI BIG 
DECLAIS 77 DPWA KBAR N TO KBAR N 
MARTIN 77 DPWA KBAR N MULTICHNL 
RLIC 77 DPWA KBAR N MULIICHNL 
ALBION 78 DPWA KBAR N ELASTIC 
GOPAL 80 DPWA KSAR N ELASTIC 

A(1820) P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

Pl A(1820) ~ .~" K 938- A9~ 

P2 A(1820) ~ E ~ 1189- 140 

P3 A([820) ~ ~ ~ ~ 1192+ 140- 140 

pA A(1820 )  ~ A ~ 1116+ 549 

P5 A(1820) ~ ~(1385) ~ ,  P-wave 1385+ /40 

P6 A(1820) + Z(I385)  r ,  F-wave 1385+ 1~0 

FITTED P&RT[AL DEC~Y MODE BRANCHING FRAC]IONS 

The matrix belo~ ~s derived from the error matrix for the fitted partial deca~ mode 
branching fraclions. P,. as follows: The diagonal elements are P±rP~. ~here 
5p I = ~ .  while the off-diagonal elements are tile normalized correlation coefl]- 
cienls (~PIrP;).'(~Pu~Pj). For the definitions of the individual P,. see the listings above. 
onl E /hose P, appearing in the matrix are assumed in the fit to be nonzero and are 
thus constrained ~o add m I. 

P I P 2 P 3 P 4 P 5 P 6 

P ~ .5940+-.0304 
P .2306 .1320~-.028B 
P 3 -.2081 .0481 .1046+ .0293 
P 4 -.3697 .5263 -.5507 . 1468.-.0447 
P 5 .0910 .0210 .0190 -.1571 .0155+-.0086 
P 8 -.0568 .0131 .0118 .119B .0052 .0071+ .0063 

A(1820) B R A N C H I N G  R A T I O S  

ERRORS QUOTED BY EXPERIMENTERS DO NOT INCLUDE UNCERTAINTY DUE 
TO PARAMETRIZATION USED IN THE P.W.A. THEY SHOULD BE INCREASED. 

A(1820) ~ ( N K ) / t o t a l  (PIE 

RI (0 .51)  DECLAIS 77 DPWA KBAR N TO KBAB N 
RI A 0.59 OR 0.58 MARTIN 77 DPWA KBAR N NULTICRNL 
RI B (0.57) (0.02) RLIC 77 DPWA KBAR N MULTIEHNL 
RI B (N KBAR)/TOTAL FROM RLIC 77 IS SUPERSEDED BY SEPAL SO. 
RI 0.60 0.03 
RI 0.58 (0.02) 
RI ......... 
RI FIT 0.594 O.O3O 

A(1820) in N K ~ Z 
R2 -0.28 (0.01) 
R2 A 0.25 OR -0.25 
R2 -0.28 0.03 
R2 ......... 
R2 F IT  0 .280  0 .030  

A(1820) ia .NrK ~ A T 
R3 -D.096 0.040 
R3 ......... 
R3 FIT 0.096 0.026 

A(1820) ~ (Z(1385)  ~ ) / t o t a l  
RA O.ZO S .05  
R4 
RA FIT 0.I05 0.029 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.5) 

A(1820) ~ (~  ~ ~ ) / t o t a l  (P3) 

R5 C NO CLEAR SIGNAL ARMENT-4 68 HDBC 0 K-N TO SIS PI PI 
R5 C THERE IS A SUGGESTION OF A BUMP, ENOUGH ~o BE CONSISTENT WITH 
R5 C WHAT IS EXPECTED ~ROM SIGMA(13BE) TO SIGMA Pl DECAY -- ABOUT O.OS. 
R5 ......... 
Rg FIT 0.147 0.045 FROM FIT 

A(1820) in N K ~ X(1385) ~ ,  P -wave  SQRT(PIxP5) 

R6 +0.27 0.03 PREVOST 74 DPWA O K N TO S(1385)PI 
R6 D -0.167 0.054 CAMERON 78 DPWA 0 K-P TO S(13B5)PI 
R6 D THE SIGN HERE AND IN R7 IS CHANGED TO BE IN ACCORD WITH IBE 
R6 D BARYON-FIRST CONVENTION. 
R6 . . . . . . . . .  
R6 AVG MOD 0.246 0.044 AVERABE (ERROR INCLUDES SCALE FACTOR OF 1.7) 
R6 FIT 0,249 0.034 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.5) 

A(1820) in N K ~ E(1385) ~ F-wave SQRT(p I *p6 )  
R7 D +0.065 0.029 CAMERON R8 BPWA O K-P TO B(IS85)PI 
R7 ......... 
R7 FIT 0.065 0.029 FROM FIT 

ALSTON 78 DPWA KBAR N ELASTIC 
GOPAL BO DPWA KBAR N ELASTIC 

FROM FIT 

SQRT(PI*P2) 

KANE 7k DPWA K-P TO PI SIG 
MARTIN 77 DPWA KBAR N MULTICHNL 
RLIC 77 OPWA KBAR N MULTICHNL 

FROM FIT 

SQRT(PI*pA) 

O.O2O RADER 73 MPNA 

FROM FIT 

(BE) 

BIRGE 65 HBC 0 K-P TO LAM Pl Pl 

R E F E R E N C E S  F O R  &(1820) 

CHAMBERL 62 PR 125 1896 CHAMBERLAIN,CROWE,KEEFE,KERIH, + (LRL) I 
GALHIERI 63 PL 6 296 A BARBARO-GALTIERI,A HUSSAIN,R D TRIPP(LRL)IJ 
SODICKSO 64 PR 133 B757 SODICKSON,MANNELLI,FRISCH,WAHLIG (MIT+BNL) J 
BIRGE 65 ATHENS CONF 296 +ELY,KALMUS,KERNAN,LOUIE,SAHOURIA, + (LRL)IJP 
HOLLEY 65 UCRL-16274 THESIS W R HOLLEY (LRL) J 
BIRMINGH 66 PR 152 1148 (BIRM+GLAS~LDIC+OXF+RHEL) 
COOL 66 PRL 16 1228 +BIACOMELLI,KYCIA,LEONTIC,LUNDBY + (BNL)I 
GELFAND 66 PRL 17 1224 +HARMSEN,LEVI-SETTI,PREDAEEI* (EFI+ANL) 
ARMENTER 67 NP B3 592 ARMENTEROB,FERRO-LUZZI+ (CERN+HEID+SACL)IJP 
ARMENT-I 67 PL 24B 198 ARMENTEROS, F LUZZI, ÷ (CERN÷HEID+SACL)IJP 
ARMENT-2 67 ZPBY 202 AS6 ARMENTEROG, F LUZZZ, + (CBRN÷HEID+SADL)IJP 
BELL 67 PRL 19 936 R B BELL (LRL)IJP 
ARMENT-3 68 NP B8 195 ARMENTEROS, BAILLON, + (EERN~HEID+SACL)IJP 
ARMENT-4 68 NP B8 216 ARMENTEROS, BAILLON, + (CERN~HEID*SACL) [ 
BUBG 68 PR 168 1466 +GILMORE, KNIGHT, (RHEL~BIRM÷CAVE) 1 
CONFORTO 68 NP B8 265 *HARMSEN, LASINSKI, + (CHIC*HEIO)IJP 
LASINSKI 68 PR 163 1792 LASINSKI, LEVI SETTI, PREDaZZI (CHIC) JP 



For notation, see key on page 91. 

BRICMAN 
BRICMANI 
COOL 
GALTIERI 
CON~ORTO 
KIM 

ALSO 
PREVOST 
KANE 
LAHGBEIN 
RADER 
KANE 
PREVOST 
DECLAIS 
MARTIN 

ALSO 
ALSO 

RLIC 
ALSTON 

ALSO 
CAMERON 
GOPAL 

70 PL 318 152 +FEHRD LUZZI, PERREAU,+ (SERN+CAEN*SACL) 
70 PL 338 511 +FERRO~LUZZI,LAGNAUX (CERN) 
70 PR 01 1887 +GIACOMELLI, KYCIA, LEONTIE, LI, + (BNL) I 
70 DUKE CON~ 173 A BARBARO-GALTIERI (LRL)IJP 
71 NP B3L 41 +LEVI SETTI,LASINSKI..OBERLACK÷ (EFI+HEID)IJR 
71PRL 27 356 J K KIM (HARV)IJP 
70 DUKE 161 J H KIM (HARV)IJP 
71 AMSTERDAM CONE + DHS COLLABORATION (CERH+HEIO+BAEL) 
72 PR 05 1583 D F KANE (LBL)IJP 
72 NP BA7 477 +WAGNER (MRIM)IJP 
73 NC 16A 178 +BARLOUTAUD,+ (SACL+HEID÷CERN+R~EL+CDEF) 
74 LBL-2452 D F KAHE (LBL)IJP 
74 NP 869 246 PREVDST,BARLOUTAUO,+ (SACL+CERN÷HEID) 
77 CERN 77-16 ~DUCHON,LOUVEL,PATRY,SEGUINOT+ (CAEN+CERNIIJP 
77 NP 8127 349 MARTIN,PIDCOCK,M00RHOUSE (LOUC+GLAS)IJP 
77 NP 8126 266 MARTIN,RIDCOCK (LOUD) 
77 NP 8126 2S5 MARTIN,PIDCOCK (LOUC)IJP 
77 NP 8119 362 GOPAL,ROSS,VAN HORN,MCPHERSON~ ILOIC+RHEL)IJP 
78 PR D10 182 +KENNEY,POLLARD,ROSS÷ (LBL+MTHO+CERN)IJP 
77 PRL 38 1007  ALSTON-GARNJOST,KENNGY,+ (LBL+MTHO÷CERN)IJP 
78 NP 8143 189 *FRANEK,GOPAL,GACON,BUTTERWORTH÷(RHEL÷LOICIIJR 
80 TORONTO CONE 159 G P GOPAL (RHEL)IJP 

I A(1830) D05 [ ~(sP)=°(~ +) Star . . . . . . .  

~OR RESULTS PUBLISHED BEFORE 1973 (THEY ARE NOW OBSOLETE), SEE OUR 
1982 EDITION (PHYSICS LETTERS 11~B). ALL THE REFERENCES HAVE BEEN 
RETAINED. 

THE BEST EVIDENCE FOR THIS RESONANCE COMES FROM THE SIGMA Pl CHANNEL. 

&(1830) M A S S  (MeV) 

M 1825.0 (I.0) KANE 74 DPWA K-P TO Pl GIG 
M A 1817. OR 1818. MARTIN 77 DPWA KBAR N MULTICHNL 

A THE ~WO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
A PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 

M IB25.0 (10.0) RLIC 77 DPWA KBAR N MULTICHNL 
M I831.0 (10.0) GOPAL 80 DPWA KBAR N ELAST]C 

A(1830) W I D T H  (MeV) 

119.0 (3.0) KANE 74 DPWA K-P TO Pl BIG 
56. OR 56. MARTIN 77 BRNA KBAR H MULTICHNL 
9G.O (10.0) RLIC 77 OPWA KBAR N MULTICHNL 

100.0 (10.0) GOPAL 80 DPWA KBAR N ELASTIC 

A(1830) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

Pl A(1830) ~ .VK 938* 494 

P2 A(1830) ~ ~7/- 1189+ 140 

P3 A(1830) ~ ~(1385) 7r, D-wave 1383. 140 
P~ A(1830) ~ A ~ 1116+ 549 

A(1830) B R A N C H I N G  R A T I O S  

A(1830) ~ ( N  K) / to ta l  (P l )  
RI A O.OA OR 0.04 MARTIN 77 DPWA KBAR N MOLTICHNL 
RIG (0.04) (0.03) RLIC 77 DPWA KBAR N MULTICHNL 
Rq B (N KBAR)/TOTAL FROM RLIC 77 IS SUPERSEDED BY GORAL 80, 
RI 0.02 (0.02) ALSTON 78 DPWA KBAR N ELASTIC 
RI 0.08 (0.03) GOPAL 80 DPWA KBAR N ELASTIC 

,~(1830) ifl ~ ' K  ~ ~ 71" SQRT(PI*P2) 

R2 -0.15 (0.01) KANE 74 GPWA N-P TO PI BIG 
R2 A -0.17 OR 0.17 MARTIN 77 DPWA KBAR N MULTICBNL 
R2 0.17 (0.03) RLIC 77 DPWA KBAR N MULTICHNL 

A(1830) in N K ~ A ~ SQRT(PI*PA) 
R3 0.044 0.020 RADER 73 MPWA 

A(1830) in N K  ~ ~(1385) ~+ D-wave SQRT(Pl*P3) 
RL +0.13 0.03 PREVOST 74 OPWA O- K-N TO S(1385)PI 
R4 C +0.141 0.014 CAMERON 78 OPWA 0 K-P TO S(1385)Pl 
R~ C CAMERON 78 UPPER LIMIT ON O-WAVE DECAY IS 0.03. THE SIGN HERE IS 
R4 C CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST CONVENTION. 

R E F E R E N C E S  FOR A(1830) 

ARMEN~ER 67 PL 248 198 ARMENTEROS, F LUZZI, * (CERN~HEID=$ACL)IJP 
BELL 67 PRL 19 936 R B BELL (LRL)IJP 
ARMENTER 68 NP B8 195 ARMENTEROS, BAILLON, * (CERN+~EID+SACL)IJP 
GONFORTO 68 NP 88 265 -HARMSEN, LASINSKI, + (CHIC+HEID)IJp 

IS SUPERSEDED BY CDNFORTO 71. 
BRICMANI 70 PL 538 511 +FERRO-LUZZI,LAGNAOX (CERN) 
GALTZERI 70 DUKE CONE 173 A BARBARO-GALTIERI (LRL)IJP 
CONFORTO 71 NP B3L 41 +LEVI SETTI,LASINSKI..OBERLACK++ (EFI+HEIR)IJP 
KIM 71PRL 27 356 J K KIM (HARV)IJP 

ALSO 70 DUKE 161 J K KIM (HARV)IJP 
KANE 72 PR D5 1583 D F KARE (LBL)IJP 
LANGBEIN 7E NP BAT 477 ~WAGNER (MPIM)IJP 
RADER 73 NC 16A 170 +BARLOUTAUR,÷ (SACL+HEID+CERN+RHEL+CDEP) 
KANE 74 LBL-2452 D F KAHE (LBL)IJR 
PRE'70S ~ 74 N ~ B69 ~L6 PREVOBT,BA~LOUTAUD,. (SACL+CERN+HEIDI 
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Baryon Full Listings 
A(1820), A(1830), A(1890) 

MARTIN 77 NP B127 5~y MARTIN,PIDCOCH,MOORHOUSE (LOUC+GLAGIIJP 
ALSO 77 NP 8126 266 MARTIN,PIDCOCK (LOUD) 
ALSO 77 NP B126 285 MARTIN,PIDCOOK (LOUC)IJP 

REID 77 NP 8119 362 GOPAL,ROSS,VAN HORN,MCPHERSON+ (LOIC+RHEL)IJP 
ALSTON 70 PR D18 182 +KENNEY,POLLARD,ROSS+ (LBL÷MTHO÷CERN)IJP 

ALSO 77 PGL 38 1007 ALSTON-GARNJOST,KENHEY,+ (LBL+MTHO+CERN)IJP 
CAMERON 78 NP 8143 189 ÷FRANEK,GOPAL,BACON,BUTTGRWORTH+(RHEL+LOICIIJP 
GOPAL 80 TORONTO CONF 159 G P GOPAL (RHEL)IJP 

A(1890) P03 I l(JP)=o(3=) status: . . . .  

FOR RESULTS PUBLISHED BEFORE 1974 (THEY ARE NOW OBSOLETE), SEE OUR 
1982 EDITION (PHYSICS LETTERS I11B). ALL THE REFERENCES HAVE BEEN 
RETAINED. 

THE JR=3/2+ ASSIGNMENT IS CONSISTENT WITH ALL AVAILABLE DATA 
(INCLUDING POLARIZATION) AND RECENT PARTIAL-WAVE ANALYSES. THE 
DOMINANT INELASTIC MODES REMAIN UNKNOWN. 

A(1890) M A S S  (MeV) 

M 1894.0 10.0 HEMINGWA 75 DPWA 0 K- P TO KBAR N 
M A (1900.0) NAKKASYA 75 DPWA 0 K-P TO LAM. OMG. 
M A FOUND IN ORE OF TWO REST SOLUTIONS. 
M SEEN BACSARI 77 IPWA 0 K-P TO (AM. OMG. 
M B 1856. OR 1888. MARTIN 77 DPWA KBAR N MULTICHHL 

B THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
B PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 

1900.0 5.0 RLIC 77 DPWA KBAR N MULTIDHNL 
1908.0 10.0 ALSTON 78 GRWA KBAR N ELASTIC 

M 1897.0 (5.0) SOPAL 80 DRWA KBAR N ELASTIC 

A(1890) W I D T H  (MeV) 

107.0 I0.0 

~ ,1ooo) I~3 
w 191. OR 
W 72.0 10.0 

119,0 20.0 
74.0 (10.0) 

HEMINGWA 75 DPWA 0 K- P TO KBAR N 
NAKKASYA 75 OPWA 0 K-P TO LAM. OMG. 
MARTIN 77 DRWK KBAR N MULTICHNL 
RLIC 77 DPWA KBAR N MULTICHNL 
ALSTON 78 DPWA KBAR N ELASTIC 
GOPAL 80 DPWA KBAR N ELASTIC 

A(1890) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

Pl A(]890) ~ N K  938+ 494 

PG A(1890) ~ ~Tr 1189+ 140 

P3 A(1890) ~ • ~ 1116, 783 

P4 A(1890) ~ ~(1385) ~, P-wave 1385+ 140 

P5 ,k(1890) ~ Z(1385) ~ ,  F-wave 1385+ 140 
P6 A(1890) ~ N K'(892), P l -wave  940+ 892 

A(1890) B R A N C H I N G  R A T I O S  

A(1890) ~ ( N K ) / t o t a l  <Pl) 
RI 0.24 0.04 HEMINGWA 75 DPWA 0 K- P TO KBAR N 
RI G 0.36 OR 0.34 MARTIN 77 DPWA HBAR N MULTIDHNL 
RI C (0.18) (0.02) RLIE 77 RPWA KBAR N MULTICHNL 
RI C (N KBAR)/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80. 
RI 0.34 0.05 ALSTON 78 DPWA KBAR N ELASTIC 
RI 0.20 (0.02) GOPAL 80 DPWA KBAR N ELASTIC 

A(1890) ~ (~ ~')/total (PSI 
R2 (0.03) OR LESS LANGBEIN 72 IPWA MULTICHANNEL 

A(1890) in  N K ~ Z 7r SQRT(PI*P2) 

R3 B +0.15 OR *0.1A MARTIN 77 GPWA KBAR N MULTICHNL 
R3 -0.09 0.03 RLIC 77 GPWA KBAR N MULTICHNL 

A(1890) in N K ~ A w SGRT(RI*P3) 

RA A (0.032) NAKKABYA 75 DPWA 0 K-R TO LAM. OMS. 

A(1890) in N K  ~ Z(1385) ~ ,  P-wave SQRT(PI*P4) 
R5 LESS THAN 0.03 CAMERON 78 DPWA 0 K P TO S(1385)PI 

A(1890) in N K ~ ~(1385) ~ ,  F-wave SQRT<RI~PB) 
R6 D -0.126 0.055 CAMERON 78 DPWA 0 K-P TO S(1385)PI 
R6 D SIGN CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST CONVENTION. 

A(1890) in N~" ~ N K*(892), P l - w a v e  SQRT(PI*P6) 
R7 E -0.07 0.03 CAMERON2 78 DPWA K-P TO K*N 
R7 E THE SIGN HERE IS CHANGED TD BE IN ACCORD WITH THE BARYON-FIRST 
R7 E CONVENTION. UPPER LIMITS ON THE P3 AND F3 NAVES ARE EACH 0.03. 

R E F E R E N C E S  FOR A(1890) 

ARMENTER 67 NP B3 592 
ARMENTER068 NP B0 193 
BUGS 68 PR 168 1466 
CONFOHTO 68 NP 88 265 
GALTIERI 68 PRL 21 573 
LEVISETT 69 LUND 339 
BRICMAN 70 PL 318 152 
BRICmANI 70 Pl 358 51~ 

ARMENTGROS, F-LUZZI, + (CERN+HEID+SACL)IJP 
ARMENTEROS, BAILLON, ~ (CERN+HEID÷SACL)IJP 
~GILMORE, KNIGHT, ÷ (RHEL+BIRM+CAVE) I 
÷HARMSEN, LASINSKI, + (CHIC~HEID)IJP 
BARBARO-SALTIERI, MATISON, + (LRL+SLAC) 
R LEVI SETTI (RAPPDRTEUR) (EFI) 
+FBRRO LUZZI, PERREAU,+ (CERN+CAEN+SACL) 
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Baryon Full Listings 
A(1890), A(2000), A(2020), A(2100) 

ALBROW 71NP B29 ~13 
CONFORTO 71 NP B34 41 
KIM 71 PRL 27 356 

ALSO 70 DUKE 161 
LANGBEIN 72 NP BQ7 477 
LEA 73 NP B56 77 
HENINGWA 25 NP B91 12 
NAKKASYA 25 NP B93 85 
BACCARI 77 NC QIA 96 
MARTIN 77 NP B127 349 

ALSO 77 NP B126 266 
ALSO 27 NP B126 285 

RLIC 77 NP B119 362 
ALSTON 78 PR D18 182 

ALSO 27 PRL 38 1007 

*ANDERSON,BOSNJAKOVIG,DAUM,ERNZ,* (CERN~ 
,LEVI SETTI,LASINSKI..OBERLACK++ (EFI*HEID)IJF 
J K KIM (HARV)IJP 
J K KIM (HARV)IJP 
~WAGNER (MPlM)IJP 
+MARTIN,MOORHOUSE~ (RNEL+LOUC+GLAS÷AARH)IJP 
HEMINGWAY,EADES,NARMSEN÷ ICERN+HEID+MPIM)IJP 
A NAKKASYAN (CERN)IJP 
+POULARD,REVEL,TALLINI+ (SACL*CDEF)IJP 
MARTIN,PIDCOCK,MOORHOUSE (LOUC+GLAS)IJP 
MARTIN,PIDCOCK (LOUC) 
MAREIN,PIDCOCK (IOUC)IJP 
GOPAL,ROSS,VAN HORN,MCRHERSON+ (LOIC+RHEL)IJP 
+KENNEY,POLLARD,ROSS÷ (LBL+MTHO÷CERN)IJP 
ALSTON-GARNJOST,KENNEY,÷ (LBL+MTHO+CERN)[JP 

CAMERON 78 NP B143 189 +FRANEK,GOPAL,BACON,BUTTERWORTH+(RHEL÷LOIC)IJP 
CAMERON2 78 NP B146 327 ÷FRANEK,GOPAL,KALMUS,MCPEERSDN,÷(RHEL÷LOIC)IJP 
GOPAL ED TORONTO CONE 159 G P GOPAL (RHEL)IJP 

A(2000) [ /(JP)=0( ) Stat . . . .  

OMITTED FR03"I SUM3,I4RY TABLE 

WE LIST HERE ALL THE AMBIGUOUS RESONANCE POSSIBLITIES WITH A MASS 
AROUND 2 GEV. THE PROPOSED QUANTUM NUMBERS ARE D3 (GALTIERI 70 IN 
SIGMA P l ) ,  03¢F5, P3÷D5, OR PI+D3 (BRANDSTETTER 72 IN LAMBDA OMEGA), 
AND $I (CAMERON2 78 IN N R*) .  THE FIRST TWO OF THE ABOVE ANALYSES 
SHOULD NOW BE CONSIDERED OBSOLETE. 

A(2000)  M A S S  ( M e V )  

(2010.01 (50.0) GALTIERI 70 DPWA D K-P TO SIGMA PI 
A 1935. TO 1971. BRANDSTE 72 DPWA D K-P TO LAM. OMG. 
A 1951. TO 2034. BRANDSTE 72 DPWA O K P TO LAM. OMG. 
A PARAMETERS QUOTED ARE RANGES FROM THREE BEST FITS, THE LOWER 
A (HIGHER) MASS STATE PROBABLY HAS J.LE.3/2(5/21. 

2030.0 30.0 CAMERON2 78 DPWA K-P TO K*(E921 N 

w 
w 

A(2000)  W I D T H  ( M e V )  

(130 .0 )  (50 .0)  GALIIERI 70 DPWA 0 K-P TO SIGMA Pl 
180. TO ROD. (LWR. MASS) BRANDSTE 72 DPWA D K-P TO LAM. OMG. 
73. TD 154. (HGR. MASS) BRANDSTE 72 DPWA 0 K-P TO LAN. OMG. 

125.0 25.0 CAMERON2 78 DPWA K-P TO K*(8921 N 

A(2000)  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

Pl A(2000) ~ N / ~  938+ 494 

P2 A(2000) ~ ~ ~ 1189÷ 140 

P3 A(2000) ~ A ~ 1116+ 783 

p~ A(2000) ~ N K' (892) ,  S l - w a v e  940* 892 
p5 A(2000) ~ N K ' ( 8 9 2 ) .  D3-wave 940+ 892 

A(2000)  B R A N C H I N G  R A T I O S  

A(2000) in N K  ~ X ~ SQRT(RI*P2) 

RI (-0.20) (0.04) GALTIERI 70 DPWA 0 K-P TO SIGMA PI 

A(2000) in N K ~ A ~ SQRT(Pl*P3) 
RE A 0.17 TO 0.25 (LWR.) BRANDSTE 72 DPWA O K-P TO LAM. OMB. 
R2 A O.OC TO 0.15 (HGR.) BRANDSTE 72 DPWA O K-P TO LAM. OMG. 

A(2000) in X K ~ NK*(892),  S l - w a v e  SQRT(PI*PQ) 

R3 B -0 .12  0.03 CAMERON2 78 DPWA K-P TO K*N 
R3 B TEE SIGN HERE IS CHANGED 70 BE IN ACCORD WITH THE BARYON-FIRST 
R3 B CONVENTION. 

A(2000) in N K  ~ N K*(892), D3-wave  SQRT(Pl *P5)  
R4 +0.09 O.O3 CAMERON2 78 DPWA K-P TO K*N 

REFERENCES FOR A(2000) 

GALTIERI 70 DUKE CONF 173 A BARBARO-GALTIERI (LRLIIJP 
BRANDSTE 72 NP B39 13 BRANDSTETTER,BUTTERWORTH,+ (RHEL+CDEFeSACL) 
CAMERON8 78 NP B146 327 ÷FRANEK,GOPAL,KALMUS,MCPHERSON,+(RHEL+LDIC)IJP 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

NAKKASYA 75 NP H93 85 A NAKKASYAN (CERN)IJP 

] A(2020) F07 ] mp): 0 (~  +) S ta r  . . . .  

OMITTED FROM SUMMARY Z4BLE 

EFFECTS IN THIS PARTIAL WAVE HAVE BEEN OBSERVED AT DIZFERENT ENERGIES 
IN TWO CHANNELS. IN LITEHFIELD 71, NEED ~OR THE STATE RESTS SOLELY ON 
POSSIBLY INCONSISTENT POLARIZATION MEASUREMENT AT 1 ,784  GEV/C. 
HEMINGWAY 75 ANALYSIS OF N KBAR DOES NOT REQUIRE THIS STATE. RLIC 77 
DO NOT NEED IT IN EITHER N KBAR OR SIGMA E l .  WITH NEW K- NEUTRON 
ANGULAR DISTRIBUTIONS INCLUDED, DECLAIS 77 SEE THIS STATE. HOWEVER, 
THIS AND OTHER NEW DATA ARE INCLUDED IN GOPAL 80 AND THIS STATE IS NOT 
REQUIRED. BACARI 77 WEAKLY SUPPORTS THIS STATE. 

M 12020.0) I20.01 
M (2100.01 I3O.O) 
M I2140.01 
M (2117.01 

A(2020)  M A S S  ( M e V )  

GALT[ERI 70 DPWA O K P TO SIGMA Pl 
LITCHFI~ 71DPWA K P TO KBAR N 
BACCARI 77 DPWA D K=P TO LAM. OMG. 
DECLAIS 72 DPWA KBAR N TO KBAR N 

W (160.01 (30.0) 
W (120.0) (30.0) 
W (128.0) 
W (167.01 

A(2020) W I D T H  ( M e V )  

GALTIERI 70 DPWA 0 K-P TO SIGMA Pl 
LITCHFIE 71 DPWA K-P TO KBAR N 
BACCARI 77 DPWA 0 K-P TO LAM. OMG. 
DECLAIS 77 DPWA KBAR N TO KBAR N 

A(2020)  P A R T I A L  DECAY M O D E S  

DECAY MASSES 

pl A(2020) ~ A ' K  938+ ~9a 
p2 A(2020) ~ Z ~ 1189. 1Q0 
p3 A(2020) ~ .~m 1116+ 783 

A(2020)  B R A N C H I N G  R A T I O S  

A(2020)  ~ ( N K ) / l o t a l  (E l )  

Rq (O.O5) (0,02) LITCHFIE 71 DPWA K-P TO KBAR N 
RI (0.051 DECLAIS 77 DPWA KBAR N TO KBAR N 

A(2020)  in N K  ~ ~ r~ SQRT(PI*PE) 

R2 ( 0.151 (O,O2) GALTIERI 70 DPWA 0 K-P TO SIGMA RE 

A(2020)  in N K ~ A ~ SORT(El*P3) 

R3 LESS THAN 0,05 BACCARI 77 DPWA O K-P TO LAM. OMG. 

R E F E R E N C E S  F O R  A(2020)  

GALTIERI 70 DUKE CONE 175 A BARBARO GALTIERI (LRL)IJP 
LITCHFIE 71 NP B30 125 LITCHFIELD,...-LESOUOY,+.. (RHEL÷CDEF+SACLIIJP 
BACCARI 77 NC AIA 96 +POULARD,REVEL,TALLINI+ (SACL+CDEP)IJP 
DECLAIS 77 CERN 77 -16  +DUCHON,LOUVEL,EATRY,SEGUINOT- (CAEN+CERN)IJP 

PAPERS NOT REEERRED TO IN DATA LISTINGS 

HEMINGWA 75 NP B91 12 HEMINGWAY,E~DES,HARMSEN+ (CERN+HEID*MPIM)IJP 

[ A(2100) G07 [ n:P):°(;2 ) star . . . . . . .  

FOR MOST RESULTS PUBLISHED BEFORE 1973 (THEY ARE NOW OBSOLETE), SEE 
OUR 1982 EDITION (PHYSICS LETTERS 111B). ALL THE REFERENCES HAVE BEEN 
RETAINED. 

THIS ENTRY ONLY INCLUDES RESULTS FROM PARTIAL WAVE ANALYSES. 
PARAMETERS OF PEAKS SEEN IN CROSS SECTIONS AND INVARIANT-MASS 
DISTRIBUTIONS AROUND 2100 MEV ARE GIVEN IN A SEPARATE ENTRY BELOW. 

A(2100)  M A S S  ( M e V )  

2115.D liD.D) KANE ?Q DPWA K-P TO Pl BIG 
2105.0 (10.01 HEMINGWAY 75 DPWA 0 K- P TO KBAR N 

A 2110. OR 2089. NAKKASYA 75 DPWA O K-P TO LAM. OMG. 
A QUOTED PARAMETERS CORRESPOND TO THE TWO BEST SOLUTIONS FOUND. 
A EACH HAS THE LAMBDA(2100) AND ONE ADDITIONAL RESONANCE (P3 OR F5). 

(EOgA.O) BACCARI 77 DPWA O K P TO LAM. DMG. 
(2094.0) DECLAIS 77 DPWA KBAR N TO KBAR N 
2110.0 (10.0) RLIC 72 DPWA KBAR N MULTICHNL 
2106.0 (30.0) BELLE~ON 78 DPWA OKBAR N TO KBAR N 
2104.0 (iO.O) GOPAL 80 DPWA KBAR N ELASTIC 



For notation, see key on page 91. 

A(2100)  W I D T H  ( M e V )  

w 152.0 (15.0) 
w 241.0 (30.0) 

A 24L. OR 302. 
(98.0) 

w (250.0) 
250.0 (30.0) 
157.0 (~0.0) 

KANE 74 DPWA K-P TO PI SIG 
HEMINGWAY 75 DPWA 0 K- P TO KBAR N 
NAKKASYA 75 DPWA O K-P TO LAM. OMG. 
BACCARI 77 DPWA 0 K-P ~0 LAM. OMG. 
DECLAIS 72 BPWA KBAR N TO KSAR N 
RLIC 77 DPWA KBAR N MULTICHNL 
BELLEFON 78 DPWA O KBAR N TO KBAR N 

A(2100)  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

Pl A(2100) ~ N z~ 938* 494 
P2 A(2100) ~ Z ~ 1189+ 140 
P3 A(2100) ~ S K 1321+ 498 

P4 &(2100) ~ A ~ 1116+ 783 

P5 A(2100) ~ .~ ~ 1116+ 549 

06 A(2100) ~ N K*(892), D3-wave 940+ 892 
pz A(2100) ~ N K ' ( 8 9 2 ) ,  G l - w a v e  94o* 892 

A(2100)  B R A N C H I N G  R A T I O S  

A(2100)  ~ ( , N K ) / t o t a l  (P l )  
RI 0.31 (0.03) HEMINGWA 75 DPWA O K P TO KBAR N 
RI (0.29) DECLAIS 77 DPWA KBAR N TO KSAR N 
RI C (0.30) (0.031 RLIC 77 DPWA KBAR N MULTICHNL 
RI C (N KBAR)/TDTAL FROM RLIC R7 IS SUPERSEDED BY GOPAL 80. 
RI 0.24 (0.06) BELLEFON 78 DPWA 0 KBAR N TO KBAR N 
RI 0.34 (0.03) GOPAL 80 DPWA KBAR N ELASTIC 

A(210O) in N K ~ ~ w 
R2 +0.11 (0.01) KANE 74 DPWA 
RE +0.12 (0.04) RLIC 77 DPWA 

M21O0) in N K ~ E K 
R3 (0.05) TRIPP 67 RVUE 
R3 (0.003) MULLER 69 DPWA 
R8 0.055 0.018 LITCHFIE 71 DPWA 

A(2100)  in N K  ~ A w 
R4 A 0.122 OR 0.154 NAKKASYA 75 DPWA 
R4 D (-0.070) BACCARI 77 DPWA 
R4 D (*0.011) BACCARI 22 DPWA 
R4 D (*0.008) BACCARI 77 DPWA 
R4 D NOTE THAT THE S ENTRIES FOR BACCARI27 ARE FOR 3 

A(210O) in N K ~ A 
R5 -0.050 0.020 RADER 73 MPWA 

A(210O) in N K ~ ,NK*(892) ,  D3-wave  SQRT(PI*P6) 
R6 -0.21 0.04 CAMERON2 78 DPWA K P TO K*N 

A(2100)  in N K  ~ NK*(892), G l - w a v e  SQRT(PI*P7) 
R7 E -O.O4 0.03 CAMERON2 78 DPWA K-P TO K*N 
R7 E THE SIGN HERE IS CHANGED TO BE IN ACCORD WITH THE BARYON FIRST 
R7 E CONVENTION. THE UPPER LIMIT ON THE G3 WAVE IS 0.03. 

SQRT(PI*P2) 
K-P TO Pl SIG 
KBAR N MULTICRNL 

SQRT(PI*PS) 
K-P TO XI K 

K P TO Xl K 

SQRT(P I*04) 
K-P TO LAM. OMG. 
GO37 WAVE 

0 GG 17-WAVE 
0 GG37-WAVE 

DIFFERENT WAVES. 

SQRT(pI*P5) 

R E F E R E N C E S  F O R  A(2100)  

WOHL 66 PRL 17 107 C G WOHL, F T SOLMITZ, M L STEVENSON (LRL)IJP 
TRIPP 67 NP 83 10 * LEITH, ÷ (LRL+SLAC÷ CERN+HEID÷SAGL) 
BURGUN 68 NP B8 447 ÷MEYER,PAULI, ÷ (SACL+COE~+RHEL) 
DAUM 68 NP B7 19 +ERNE, LAGNAUX, SENS, STEUER, UDO (CERN)JP 
MULLER 69 THESIS,UCRL 19372 R A MULLER (LRL) 
BERTHONI 70 NP B2A 417 ~VRANA, BUTTERWORTH, + (CDEI*RHEL*SACLIIJP 
GAL~IERI 70 DUKE CONE 173 A BARBARO-GALTIERI (LRL)IJP 
LITCH~IE 71 NP B50 125 LITCHFIELD,...*LESQUOY,+ (RHEL+CDEF+SACL)IJP 
BRANDSTE 72 NE 839 13 BRANDSTETTER÷...+TALLINI (RHEL÷CDEF÷SACL)IJP 
KANE 72 PR 05 1583 0 £ KANE (LBL)IJP 
RADER 73 NC 16A 178 +BARLOUTAUB,+ (SACL*HEIS+CERN÷RHEL+CBEF) 
KANE 74 LBL-2452 D F KANE (LBL)IJP 
HBMINGWA 75 NR 891 12 HEMINGWAY,EAOES,HARMSEN+ (CERN+HEID+MPIM)IJP 
NAKKASYA 75 NP 895 85 A NAKKASYAN (CERN)IJP 
BACCARI 77 NC AIA 96 +POULARD,REVEL,TALLINI+ (SACL~COEF)IJP 
DECLAIS 77 CERN 77-16 +DUCHON,LOUVEL,PATRY,SEGUINOT~ (CABN+CERN)IJP 
RLIC 77 NP 8119 362 GOPAL,ROSS,VAN HORN,MCPHERSON+ (LOIC+RHEL)IJP 
BELLEFBN 78 NC 42A 403 +BERTHON,BILLOIR,BRUNET+ (CDGF~SACL)IJP 
CAMERON2 78 NP 8146 327 +FRANEK,GOPAL,KALMUS,MCPHERSON,÷(RHEL÷LOIE)IJP 
GOPAL BO TORONTO CONE 159 G P GOPAL (RREL)IJE 

2 1 0 0  M e V  R E G I O N  - -  P R O D U C T I O N  A N D  o-TOTA L E X P ' T S  

[(JP)=O( ) S t a tu s :  * * * *  

SEE THE NorE TO THE GO? LAMBDA(2100), IN FRONT OF THIS ENTRY. HERE WE 
LIST ONLY PARAMETERS OF PEAKS IN CROSS SECTIONS AND INVARIANT-MASS 
DISTRIBUTIONS. THE CROSS SECTION PEAKS ARE AT LEAST DOMINANTLY 
ASSOCIATED WITH THE LAMBDA(2100), BUT MAY CONTAIN A SMALL CONTRIBUTION 
FROM THE SUGGESTED BUT NOT ESTABLISHED OTHER RESONANCES IN THIS REGION. 
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Baryon Full Listings 
A(2100), A(2110) 

A(2100)  M A S S  ( M e V )  ( P R O D .  EXP. )  

M (2097.0) (8.0) 
M 2100.0 (7.0) 
M 2121.0 (5.0) 
M 2107.0 (10.0) 
M I2135.0) (20.0) 

BOCK 65 RBC PBAR P 5.7 GEV/C 
BUGG 68 GNTR K-P, D TOTAL 
BRICMAN 70 CNTR 0 TOTAL AND CH EX 
COOL 70 CNTR K-P, O lOYAL 
LU 70 CNTR 0 GAMMA P TO K+ Y* 

A(2100)  W I D T H  ( M e V )  ( P R O D .  EXP. )  

(24.0) (14.0) (24.0) BOCK 65 HBC INTO KBAR N (PI)  
140.0 (15.0) BUGG 68 CNTR 
IA7.0 (15.0) BRICMAN 70 CNIR 0 TOTAL AND CR EX 
185.0 COOL 70 CNTR K-P, D TOTAL 

W (AO.O) LU 70 CNTR O GAMMA p TO K+ Y* 

A(2100) P A R T I A L  D E C A Y  M O D E S  ( P R O D .  EXP. )  

DECAY MASSES 

P1 A(2100) ~ , ¥ K  938+ 494 
P2 A(2100) ~ N K w  938+ 498+ 140 

P3 ,%(2100) ~ A ~ 1116~ 549 

P4 A(2100) ~ A~  1116, 783 

A(2100)  B R A N C H I N G  R A T I O S  ( P R O D .  EXP. )  

A(2100)  - -  ( N K ) / t o t a l  (PI)  
RI THESE VALUES OF ELASTICITIES ASSUME J=7/2 - -  
RI 0.305 BUGG 68 CNER 
RI 0.24 (0.02) BRICMAN 70 CNTR O TOTAL AND CG EX 
RI 0.4 COOL 70 CNTR K-P, D TOTAL 

,%(2100) ~ ( N K T r ) / t o t a l  (P2) 
R2 SEEN BUCK 65 HBC 

A(2100)  in N K ~ A ~ SQRT(PI*PSI 
R3 (0.09) OR LESS FLATTE 2 67 HBC O K-P IO LAM ETA 

E(2100) ~ ( ~ ) / t o t a l  (P4) 
R4 (0.1)  OR LESS FLATTE I 87 HBC 0 K-P TO LAM OMEGA 

R E F E R E N C E S  F O R  A(2100)  ( P R O D .  EXP. )  

SOCK 65 PL 17 166 
COOL 66 PRL 16 1228 

SUPERSEDED BY COOL 70. 
FLATTE 1 67 PR 155 1517 
FLATTE 2 67 PR 163 1441 
BUGG 68 PR 168 1466 
BRIEMAN 70 PL 318 152 
COOL 70 PR D1 1887 
LU 70 PR D2 1846 

+C00PER,FRENCH,KINSON, + (CERN+SACL) 
+GIACOMELLI,KYCIA,LEONTIC,LI,LUNDBY,+ (BNL) I 

S M FLATTE (LRL) 
S M FLATTE, C G WOHL (LRL) 
+GILMORE,KNIGHT, + (RHEL~BIRM+CAVE) I 
~FERRO LUZZI, PERREAU,+ (CERN+CAEN+SACL) 
+GIACOMELLI, KYCIA, LEONTIC, I f ,  + (BNL) I 
+GREENBERG, HUGHES, MINEHART, MORI,~ (YALE) 

A(2110) F05 i t(J')=°(~ -) st~t . . . . . .  

FOR RESULTS PUBLISHED BEFORE 1974 (THEY ARE NOW OBSOLETE), SEE OUR 
1982 EDITION (PHYSICS LETTERS 111S). ALL THE REFERERCES HAVE BEEN 
RETAINED. 

THIS RESONANCE IS IN THE BARYON SUMMARY TABLE, BUT THE EVIDENCE FOR IT 
COULD BE IMPROVED. 

A(2110)  M A S S  ( M e V )  

M 21i2.0 7.0 KANE 74 DPWA K-P TO PI SIG 
M A (2103.0) NAKKASYA 75 DPWA 0 K-P TO LAM. OMG. 

FOUND IN ONE OF TWO BEST SOLUTIONS. A 
(2137.0) BACCARI 77 OPWA 0 K-P EO LAM. OMG. 

M 2140.0 (20.0) BELLEFON 77 DPWA 0 K- P TO SIG Pl 
2100.0 (50.0) RLIC 77 DPWA KBAR N MULTICRNL 
2106.0 (80.0) BELLEFON 78 DPWA O KBAR N TO KBAR N 

M 2125.0 (25.0) CAMERON2 78 DPWA K-P TO K*(892) N 
M 2092.0 (25.0) GOPAL 80 DEWA KBAR N ELASTIC 

A(2110)  W I D T H  ( M e V )  

190.0 (30.0) 
A (391.0) 

w (132.0) 
140.0 (20.0) 
200.0 (50.0) 
251.0 (50.0) 
160.0 (30.0) 

W 245.0 (28.0) 

KANE 74 DRWA K-P TO El SIG 
NAKKASYA 75 DPWA O K-P TO LAM. OMG. 
BACCARI 77 DPWA 0 K-P TO LAM. OMG. 
BELLEFON 77 DPWA 0 K- P TO SIG PI 
RLIC 77 DPWA CBAR N MULTICHNL 
BELLEFON 78 DPWA O KBAR N TO KBAR N 
CAMERON2 78 DPWA K-P TO K*(892) N 
60PAL 80 DPWA KBAR N ELASTIC 
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Baryon Full 
A(21 lo), A(2325), 

Listings 
.1(2350), a(2585) 

A(Zll0) PARTIAL DECAY MODES 

A(2110) BRANCHING RATIOS 

REFERENCES FOR h(2110) 

A(2325) MASS (MeV) 

A(2325) WIDTH (MeV) 

A(2325) PARTIAL DECAY MODES 

OECA” H&SSES 
P, .1(2325) _ NK 938+ 494 
PP .,(2325) + .1” ,116, 783 

A(2325) BRANCHING RATlOS 

h(2325) in NE - hw SoRTcP,*PZ) 

A(2350) BUMPS I(Iq=o(;+) status: * * * 

h(2350) MASS (MeV) (PROD. EXP.) 

1(2350) WIDTH (MeV) (PROD. EXP.) 

A(2350) PARTIAL DECAY MODES (PROD. EXP.) 

P, .\(2350) - h’K 

PZ .1(2350) - 271 
P3 .1(2350) - AW 

REFERENCES FOR t(2350) (PROD. EXP.) 

h(2585) BUMPS I(Jp)=o( ) status: * * 

OM17TED ma!4 SliMMARY TABLE 

A(2585) MASS (Me%‘) (PROD. EXP.) 



For notation, see key on page 91. 
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Baryon Full Listings 
A(2585), ~+, E-, Eo ~(1385) 

A(2585) W I D T H  (MeV) (PROD.  EXP.)  

~w (300.01 ABRAMS 70 CNTR K-P, D TOTAL 
(15D.0) LU 70 CNTR 0 GAMMA P -o g+ Y* 

A(2585) P A R T I A L  D E C A Y  M O D E S  (PROD.  EXP.)  

DECAY MASSES 

PC A(2585) ~ N ~ "  938+ 494 

A(2585) B R A N C H I N G  R A T I O S  (PROD.  EXP.)  

A(2585) ~ ( N K ) / t o t a l  (PC) 
RI d IS NOT KNOWN. THE FOLLOWING IS (J+1/2)*P1, 
RI (1.0) ABRAMS 70 CNTR K-P, D TOTAL 
RI A (0.12) (0.12) BRICMAN 70 CNTR TOTAL AND CM EX 
RI A RESONANCE AT END OF REGION ANALYZED - -  NO CLEAR SIGNAL. 

R E F E R E N C E S  FOR A(2585) (PROD,  EXP.)  

COOL 66 PRL 16 1228  ÷GIACOMELLI,KYCIA,LEONTIC,LUNDBY + (BNL)I 
SUPERSEDED BY ABRAMS 70, 

ABRAMS 70 PR DI 1917 ÷COOL, GIACOMELLI, KYCIA, LEONTIC, ÷ (BNL) I 
BRICMR8 70 ~ 3~B 152 ÷~ERRO LUZZI, PERREAU,~ (EERN~CAEN+SAOL) 
LU 70 PR D2 I846 +GREENBERG, HUGHES, MINEHART, MORE,+ (YALE) 

BARYONS ( S = - l ,  I-----1) 

' ~  I(JP) = 1(12 +) StatUS: * * * * 

SEE STABLE PARTICLES. 

V-1 I + I(J P) = 1(~ ) Status:  * * * * 

SEE STABLE PARTICLES. 

I('IP) = 1 ( I + )  Sta tus :  * * * * 

SEE STABLE PARTICLES. 

] ~(1385) P13 I x(:e)=l(~-/ Status: . . . .  

EARLY MEASUREMENTS OF THE MASS AND WIDTH FOR COMBINED CHARGE STATES 
HAVE BEEN REMOVED. THEY MAY BE FOUND IN OUR 1984 EDITION (REV. MOD. 
PHYE. 56, NO. 2, PART El, APRIL 1984). 

WE NO LONGER USE EVERY PUBLISHED VALUE, OUT AVERAGE ONLY THE MOST 
SIGNIFICANT DETERMINATIONS. NEITHER DO WE AVERAGE RESULTS FROM 
INCLUSIVE EXPERIMENTS WITH LARGE BACKGROUNDS OR RESULTS WHICH ARE NOT 
ACCOMPANIED BY AT LEAST A DISCUSSION ON EXPERIMENTAL RESOLUTION. 
NEVEREHELESE SYSTEMATIC DIFFERENCES BETWEEN EXPERIMENTS REMAIN (SEE 
THE IDEOGRAMS INSERTED IN THE LISTINGS BELOW). THESE DIFFERENCES COULD 
ARISE FROM INTERFERENCE EFFECTS THAT CHANGE WITH PRODUCTION MECHANISM 
ANG/OR BEAM MOMENTUM. THEY CAN ALSO BE ACCOUNTED FOR IN PART BY 
DIFFERENCES IN THE PARAMETRIZATIONB EMPLOYED (SEE BORENSTEIN 74 FOR A 
DISCUSSION ON THIS POINT}. THUS BORENSTEE8 74 USE A SPElT-WIENER WITH 
ENERGY INDEPENDENT WIDTH, SINCE A P-WAVE WAS FOUND TO GIVE 
UNSATISFACTORY FITS. CAMERON 78 USE TEE SAME FORM. ON THE OTHER HAND 
HOLMGREN 77 OBTAIN A GOOD FIT TO THEIR LAMBDA Pl MASS SPECTRUM WITH A 
P-WAVE BREIT-WIGNER, BUT INCLUDE THE PARTIAL WIDTH FOR THE SIGMA Pl 
DECAY MODE IN THE PARAMETRIZATION. AGUILAR-BENITEZ 81 GIVE MASSES 
AND WIDTHS FOR FIVE DIFFERENT BREIT-WIGNER SHAPES. TEE RESULTS VARY 
CONSIDERABLY (ONLY THE BEST-FIT B-WAVE RESULTS ARE GIVEN HERE). 

• (1385) M A S S  (MeV) 

240 1385 1 2.5 THOMAS 73 HBC 0 PI-P TO PIOKOLM 
ERROR ENLARGED TO EAMMA/SQRT(N . SEE NOTE ON K* MASS IN 1984 ED. 

3 O0 1380.0 2.0 BORENSTE 74 HBC 0 K-P TO(1385)+PIS 
FROM FIT TO LAM FED MASS SPECTRUM (IN LAM PC+ PC- RIO EVENTS) WITH 
WO FIXED AT 34 MEV. 

500(1389.0) (3.0)  BAOBILLIE 79 HSC 0 K-P AT 8.25 GEV 
FROM FIT TO INCLUSIVE LAMBDA P[O SPECTRUM WITH WIDTH FIXED AT 
GO MEV. 

3720 138~.I 0.8 AGUILER 81 ~8C + ~-R A.2, LA~ 3DE 

AVE i383Z7" • " i . 0  " AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4) 

M+ A 156(1376.0) (3.9) ELY 61 HLBC + K-P 1.11 GEV/C 
M* 170(1375,0) (3.9) COOPER 84 BBC K-R 1.45 GEV/C 
~ 859 1381.0 1.6 HUWE 64 BBC + K-P 1.22 GEV/C 

750 1382.0 1.0 ARMENTERO 65 HBC K-P .9-I,2 GEV/C 
M÷ A 250(1384.3) (1.9) SMITH 85 HBC K-P 1.8 GEV/C 
M* A 250(1382.6I (2.1) SMITH 65 HBC K-P 1.93 GEV/C 
M+ A 62(1383,0) (8,0) BIRMINGHA 66 HBC K P 3.5 GEV/C 
M+ 135(1378.0) (5.0) LONDON 66 BBC K-P 2.24 GEV/C 
M÷ 1260 1384.4 1.0 SIEGEL 67 HBC K-P AT 2.1 GEV/C 
~ 46(1390.0) (6.0) AGUILAR 70 HBC K-P G GEV/SIG.PI 

400 1382,0 2.0 AGUILAR 72 HBC + K~P TO LAM~PI$ 
~* 2300 1383,5 0.85 RA81BI 73 MaC + K-P TO ZP[ LAM 

D 3740(1382.0) (1.0) BERTBON 74 HBC + K-P 1263-1843MEV 
~ D ERRORS STATISTICAL ONLY. RESOLUTION NOT UNFOLDED. 
M+ 6846 1381.0 1.0 BORENSTE 74 HBC ~ K-P TO(1385)÷PIS 
M+ E (1380.0) (2.0) BARDADIN 75 HBC + K- P 14.3 GEV/C 
~ F 22K(1385,0) (3.0) BARREIRO 77 HBC ÷ K-P AT 4.2 GEV E 

F INCLUDES DATA OF HDLMGREN 77. 
M+ G 2594(1305.0) (1.0) HOLMGREN 77 HBC K-P AT 4.2 GEV 
~ G SUPERSEDED BY AGUILAR 81. 

6900 1301.9 0.3 CAMERON 78 HBC K~P D.96-1.36GEV 
~ E 7K(1381,0) (2.0) BAUBILLIE 79 HBC K-P AT 8.25 6EV 

2K(1391.0) (2.0) CAUTIS 79 BYBR PI÷/K-R 11.5 GEV 
M+ E 100(1390.0) (2.0] SUGAHARA 79 HBC PI-P AT 6 EEV/C 
M* 600(1385.1) (1.2) BAKER 80 HYBR PI+P 7 GEV/C 
M÷ 750(1383.2) (I.0) BAKER 80 BTBR K-P 7 GEV/E 
M÷ 5256 1384.5 0,5 AGUILAR 81 HBC K-P 4,2. LAM 2PC 
M+ 9361 1383.0 0.6 AGUILAR 81 HBC K-P 4.2, CAM 3PC 
M+ 1897 1384.1 O.T BAUBILLI 84 HBC K-P, 8.25 GEV/C 
M+ 
M* A E FROM FIT TO INCLUSIVE LAMBBA PC SPECTRUM. 
M+ ERROR ENLARGED TO GAMMA/SQRT(N). SEE NOTE ON K* MASS IN 1984 ED. 
~: ......... 

AVE 1382.79 0.38 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.0) 
(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
1382.79 ± 0 .38  (ERROR SCALED BY 2.0 ) 

+ 

,c,, 
v 
v 
v 
v 

X 2 

, ~  . . . . .  BAUBILLI 84 Hr~C 3.5 
. . . . . . .  AGUILAR 81 HBC 0 3 

. . . . . . . .  CAMERON 78 HBC 8 8 

. . . . . . .  BORENSTE 74 HBC 32 

. . . . . . .  HABIBI 73 HBC 07 
. . . . . . . . . . . .  AGUILAR 72 HBC 

. . . . . .  SIEGEL 67 HBC 26 
. . . . . . . . . . .  ARMENTERO 65 HBC 0 6 
. . . . . . . . . .  hUWE 64 HBC 1 3 

32 6 
(ColnfJdenoe Level < 0 001] 

1375 1380 1385 1390 1395 1400 

'~(1365}" mass (.MBV} 

M- 93(1382,0) (3.0) BABE 61DBC K-D 0.45 6EV/C 
M- A 224(1376.0) (4.4) ELY 61HLBC K-P 1.11GEV/C 
M- 200(1392.0) (8.2) COOPER 64 HBC K~P 1.45 GEV/C 
~ A 1086 1385,3 1,9 HUWE 64 HBC K-P 1,15-1,308EV 

1380 1384.0 1.0 ARMENTERO 65 HBC K-P .9-1.2 GEV/C 
M- A 120(1391.5) (2.6) SMITH 65 HBC K-P 1,8 GEV/C 
8- A 58(1399.8) (2.2) SMITH 65 H~C K-P 1.95 GEV/D 
M~ 15(1389.0) (9.0) LONDON 66 HBC K-P AT 2.24 GEV 
M- 370 1390.7 2.0 SIEGEL 67 HBC K-P AT 2.1 GEV/C 
M- 1900 1390.7 1.2 HABIBI 73 HBC K-P TO 2Pl CAM 
M- A 630 1387.1 1.9 THOMAS 73 HBC PI-P TO PI-K÷LM 
~ D 3060(1389.0) (1,0) 8EMTMON 74 ~BC K-9 1263-1843ME~ 

D ERRORS STATISTICAL ONLY. RESOLUTION NOT UNFOLDED. 
M- 2303 1383.0 2.0 BORENSTE 74 HBC - K-P TO(1385)+PIS 
~- E (1383.0) (2.0) BARDADC8 73 BeE - K- P 14.3 GEWC 
~ FE 12K(1387.0) (3.0) BARREIRO 77 HBC K-P AT 4.2 OEV 

F G INCLUDES DATA OF HOLMGREN 77 
~ 193(1391.0) (3.0) EOLMGREN 77 HBC - K-P AT 4,2 6EV 

G SUPERSEDED BY AGUILAR 81. 
M- 9720 1387,6 0.3 CAMERON 78 HBD - K-P 0,96~1.368EV 
M- E 4,5K(1383.0) (I.0) BAUBILLIE 79 HBC K-P AT 8.25 GEV 
M- E 150(1380.0) (6.0) SUGAHARA 79 HBC PI-P AT 6 GEV/C 
M~ 620 1388.3 1,7 AGUILAR 81 HBC ÷ K-P 4.2, CAM 2PC 
M- 3346 1384.9 0.8 AGUILAR 81 HBC K-P 4.2, LAM 3PC i 
M- 
~ E FROM FIT TO INCLUSIVE LAMBDA PC SPECTRUM. 

A ERROR ENLARGED TO GAMMA/SORT(N), SEE NOTE ON K* MASS IN 1984 ED. 
~: ......... 

AVe 1387.18 0.55 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.2) 
(SEE IDEOGRAM BELOW) 
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Baryon Full Listings 
z(1385) 

WEIGHTED AVERAGE 
1387.18 ± 0•55 (ERROR SCALED BY 2.2 ) 

" *  "1- 

X 2 

" l "  . . . . .  AGUILAR 81 HBC 81 
" " AGUILAR 81 HBC 0 4 

. . . . .  CAMERON 70 HBC !.0 
• ' BORENSTE 74 HBC 4 4 

-- " ~ : ~ - - ' - -  ' THOMAS 73 HBC OO 
' HABIBI 73 HBO 8.5 

~[/[  I ' SIEGEL 67 HBC 31 
. . . . .  • ARMENTERO 65 HBC 101 

~ ~ l  ' x ~ / ~ H U W E I  64 HBC 37.710 

{Conf;dence Level < 0 0 0 1 }  

1375 1380  1385 1390  1395 1 4 0 0  

E(1385)"  m a s s  (MAY} 

~ ( 1 3 8 5 ) -  --  7-(1385) + M A S S  D I F F E R E N C E  ( M e V )  

D-+ R (0.0) (4.2) ELY 61 ~LBC +- K-P 1,11 GEVIC 
D-+ R (17.0) (7.0) COOPER 64 RBC K-P 1.45 GEVIC 
D-* R (4.3) (2.2) HUWE 64 HBC ÷- K-P 1.22 GEV/C 
D-* R (2,0) (1.5) ARMENTERO 65 HBC +- K-P .9=I,2 GEV/C 
0-* R (7 .2 )  (2.1) SMITH 65 RBC +4 K-P 1.8 GEV/C 
D-+ R (17.2) (2.0) SMITH 65 HBC ÷- K-P 1,95 GEV/C 
D-÷ R (11.0) (9,0) LONDON 66 HBC +- K-P 2.24 GEV/C 
O-* 9 .0  ~[~ LONDON 66 HBC ÷- LANBDA 5PI EVTS 
D-+ R (6.3) ( ) SIEGEL 67 HBC +- K-P AT 2.1 GEV/C 
D-÷ R (7.21 (1,4) EABIBI 73 HBC K-P TO 2P[ LAM 
D-+ R BETWEEN -2 AND +6 CL=.95 BORENSTE 74 HBC ÷- K-P EO(1305)*PIS 
D-* 
D-* R REDUNDANT WITH DATA IN MASS LISTINGS. 

~(1385) e --  X(1388) + M A S S  D I F F E R E N C E  (MeV) 

DO+ ~ BETWEEN -4 AND +4 6L=.93 BORENSTE 74 HBC +0 K-P TO(1385)+PIS 
DO~ REDUNDANT WITH DATA IN MASS LISTINGS, 

~ ( 1 3 8 5 ) -  - X(1385)  ° MASS DIFFERENCE (MeV) 

0-0 ~ (2.0) (2,A) THOMAS 73 HBC -0 PI-P TO PI-K+LM 
D-O REDUNDANT WITH DATA IN MASS LISTINGS. 

X(1385)  WIDTH (MeV) 

WO ID6 (30.0) (9.03 CURTIS 63 OSPK 0 Ol-P 1.3 GEV/C 
WO M 240 39.3 10.2 THOMAS 73 HBC 0 PI-P TO PIOKOLM 
WO M ERROR ENLARGED TO 4*GAMMA/SORT(N). SEE NOTE ON K* MASS IN 1984 GO. 
WO N 3100 (53.0) (8.0) BORENSTE 74 HBC 0 K-P TO(1385)+PIS 
WO N CONSISTENT WITH WO=W+=W-. 
WO 5722 34.B 5.6 AGUILAR 81 HBC + K-P 4.2, LAM 3PI 
WO 
WO AVG " 35:8" " " 4.9 " AVERAGE 

W÷ M 154 (48.0) (16.0) ELY 61HLBC ÷ K-P 1.11GEV/C 
w÷ M 170 (51.0) (16.0) COOPER 64 EBC K~P 1.45 6EV/C 
W~ M 859 46,5 6.4 HUWE 64 HBC + K-P 1.15-1.30GEV 
W* M 750 32,0 4.7 ARMENTERO 65 EBC K-P .95-1.20GEV 
W* M 250 (30.3) (7.5) SMITH 65 HBC K-P 1.8 GEV/C 
W÷ M 230 (33.1) (8.3) SMITH 65 HBC K-P 1.95 GEV/C 
W÷ M 62 (25.0) (32.0) BIRMINGHA 66 HBC K-P 3,5 GEV/G 
W~ M 1260 36.0 A.O SIEGEL 67 HBC K-P AT 2.1GEV/C 
~ M 46 (33.0) (20.0) AGUILAR 70 HBC + K-P 4 GEV/SIG,PI 

400 32.5 6.0 AflUILAR 72 HBC + K-P TO LAM+PIS 
w+W+ M D 2300 38.3 3,2 RABID] 73 HBC ++ K-P TO 2PI LAM 

3740 (AS.OF (3 .0 )  BERTHON 24 HBC K-P 1263-1843MEV 
W+ D ERRORS STATISTICAL ONLY. RESOLUTION NOT UNFOLDED. 
W+ P 6846 34.0 1.6 BORENSTE 74 HBC + K-P TO(1385)*PIS 
~ P RESULTS FROM LAM PI+ PI~ AND LAM PI÷ PI- PIO COMBINED BY US. 

E (40,0) (3.2) BARDADIN 75 HBC + K- P 14.3 GEV/C 
W+ FE 22K (43.0) (5.0) BARREIRO 77 HBC + K-P AT 4.2 GEV 
W+ F INCLUDES DATA OF HOLMGREN 77 
W+ G 2594 (34.0) (2.0) HOLMGREN 77 HBC + K-P AT 4.2 6EV 
w+ 6900 35,5 1.9 CAMERON 78 HBC + K-P 0.96-1.36GEV 
W+ E 7K (37.0) (2.0) BAUBILLIE 79 HBC K-P AT 8.25 GEV 
~ 2K (30.0) (4.0) CAUTIS 79 HYBR PI+/K-P 11.5 GEV 

E I00 (30.D) (6,0) SUGARARA 79 HBC PI-P AT 6 GEV/C 
~ 600 (40.0) (3 .0)  BAKER BO HYBR Pl+P 7 GEV/C C 

750 (37.0) (2.0)  BAKER BO HYBR * K-P 7 GEV/O 
W* 5256 35.1 1.7 AGUILAR 81 HBC K-P 4.2, LAM 2PI 
W+ 9361 37.5 2,0 AGUILAR 81 MBC K-P 4.2, LAM 3PI 
W+ 1897 37.2 2.0 BAUBILLI 84 HBC K-P, 8,23 GEV/C 
W* 
~ M E FROM FIT TO INCLUSIVE LAMBOR PI SPECTRUM. 

ERROR ENLARGED TO 4*GAMMA/SQRT(N), SEE NOTE ON K* MASS IN 1984 ED. 

AVE 35.80 0.75 AVERAGE 

(40.0) DAHL 61DBC K-D 0.45 GEV/C 
224 (66.0) (18.0) ELY 61 HLBC K-P 1.11 GEV/C 
200 (88.0) (24.0) COOPER 64 NBC K-P 1.45 GEV/C 

1086 62.D 7,D HUWE 64 HBC K-P 1.15-1.30GEV 
1382 38.0 4.1 ARMENTERO 65 HBC K-P .95-1.20 GEV 
120 (29.2) (10.6) SMITH 65 HBC K-P 1.60 GEV/E 
58 (17,1) (8.9) SMITH 65 NBC K-P 1.95 GEV/C 

370 31.0 6,5 SIEGEL 67 HBC K-P AT 2.1GEV/C 
1900 51.9 4,8 HABIBI 73 HBC K-P TO 2PI LAM 
630 48.2 7.7  THOMAS 73 HBC P]-P TO PI-KDLM 

3060 (40.0) (3.0) BERTHON 74 HBC K-P 1263-1843MEV 
ERRORS STATISTICAL ONLY. RESOLUTION NOT UNFOLDED. 

2303 35.0 3.0 BORENSTE 7L HBC - K-P TO(1385)¢PIS 
RESULTS FROM LAM Pl÷ P I -  AND LAM PI÷ P l -  PID COMBINED BY US, 

(47,0) (6.0) BARDABIN 75 HBC - K- P 14.3 GEV/C 
FE 12K (45.0) (5.0) BARREIRO 77 HBC K-P AT 4.2 GEV 

INCLUDES DATA OF HOLMBREN 77 
193 (35.0) (10.0) HOLMGREN 77 HBC - K-P AT 4.2 GEV 

9720 39.2 1,7 CAMERON 78 HBC K-P 0.96-1.36GGV 
4.5K (44.0) (4.0) BAUBILLIE 79 HBC - K-P AT 8.25 GEV 
150 (58,0) (&.OF SUGAHARA 79 HBC - PI~P AT 6 GEV/C 
620 38.4 10.7 AGUILAR 81 HBC K-P 4.2, LAM 2PI I 

3346 34.6 4.2 AGUILAR 81 HBC K-P 4.2, LAM 3Pl I 

E FROM FIT TO INCLUSIVE LAMBDA PI SPECTRUM. 
M ERROR ENLARGED TO 4*GAMMA/SORT(N). SEE NOTE ON K * MASS IN 1984 ED. 

AVG 39.4 2,1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.7) 
(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
39.4 ± 2.1 {ERROR SCALED BY 1,7 ) "--~+ 

X 2 

. . . . . . . . .  AGUILAR 81 HBC ] 3  
AGUILAR 81 HBC O.O 
CAMERON 78 NBC 0 0 
BORENSTE 74 NBC 2 2 

• I . . . . .  THOMAS 73 HBC 13 
HABIBI 73 HBC 07 
• SIEGEL 67 HBC ~7 
' ARMENTERO 65 HBC 0 1 
' HUWE 6d HBC 10 4 

, (Conf,dence Level = 0 0 0 2 )  

10 3 0  5 0  70  9 0  

} ] (1385)"  w i d t h  {MoV)  

RE+ 
RE- 

Z(1385) R E A L  P A R T  OF POLE P O S I T I O N  (MeV) 

1379,0 1.0 LICHTENB 74 + EXTRAP HABIBI73 
1383.0 1.0 LIGHTENS 74 EXTRAP EABIBI73 

Z(1385) - - I M A G I N A R Y  PART OF P O L E  P O S I T I O N  (MeV) 

IM~ 17.5 1.5 LICSTENB 74 * EXTRAP HABISI73 
IM- 22.5 1,5 LICHTENB 74 EXTRAP HABIBI73 

~(1385) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

Pl Z(1385) ~ A ~ 1116+ 140 

P2 Z(1385) ~ ~7F 1189+ 140 

P3 ~(1385) ~ A~_ 1116+ 0 

P4 ~(1385) ~ N K 938+ 494 
P5 ~(1385) ~ ~ 1197+ 0 

"~(1385) B R A N C H I N G  R A T I O S  

z O 3 s 5 )  - ( ~  Z ) / ( A  ~) 
R1 (0.04F (0.04) 
RI (0,04) OR LESS 
R1 0.09 0.04 
RI 0,163 0.041 
R1 0.08 0.06 
RI 0.13 0.04 
RI 0,18 0.04 
RI 0.16 0.07 
R1 0,18 0.04 
R1 0.10 0,05 
RI 0.16 0.03 
RI 0.11 0.02 
Rq 0.21 0.05 
RI 0.20 0,06 
RI ......... 
R1 AVG 0,135 0.011 

(P2) / (P I )  
BASTIEN 61 HBC +- 
ALSTON 62 HBC +-OK-P 1.15 GEV/C 
HUWE 64 HBC +- K-P 1.2-1.7 GEV 
ARMENTERO 65 HBC ÷- K-P ,95-1.20 GEV 
LONDON 66 HBC + K-P 2.24 GEV/G 
PAN 69 HBC PI+ P - K Y PI 
COLLEY 71 DBC -0 K-N 1.5 GEV PROD 
AGUILAR 72 HBC + K-P 3.9n4.6 GEV 
MAST2 73 MPWA K~P ~ 2PI SIG/LM 
THOMAS 73 HBC - PI-P TO Pl K Y 
BGRTHON 74 HBC ~ K-P 1263-1843MEV 
BERTHON 74 HBC - K-P 1265-1843MEV 
BORENSTE 74 HBC + K-P TO(1385)+PIS 
DIONISI 78 HBC *- K-P TO Y* K KBRR 



For notation, see key on page 91. 

Z(1385) ~ (A T)/total (pS) 
R2 1 (0.17) (0.17) MEISNER 72 HBC O I EVENT ONLY 

Z(1385) in N K  -- A ~ SQRT(PI*P&) 
R3 S -0.506 0.319 DEVENISH 74 O FIXED T DISP REL 
R3 S EXTRAPOLATION OF PARAMETRIZEB AMPLITUDE BELOW THRESHOLD. 

X(1385) ~ (A 7)/(A ~)  (R3) / (PI )  
R~ (0.06) OR LESS CL=.9D COLAS 75 HLBC 0 K-P 575 970 MEV 

Z(1385) ~ (~ T)/(A ~)  (P5)/<Pl) 
R5 (0.05) OR LESS EL=.90 COLAS 70 HLSE 0 K-P 575-970 MEV 

REFERENCES FOR Y~(1385) 

ALSTON 60 PRL 5 520 
BASTIEN 61 PRL 6 702 
SERGE 61PRL 6 557 
DAHL 61 PRL 6 142 
ELY 61PRL 7 461 
MARTIN 61 PRL 6 283 
ALSTON 62 CERN CONF 311 
COLLEY 62 PR 128 1930 
CURTIS 63 PR 132 1771 
COOPER 6L PL 8 365 
HUWE 64 UCRL-11291 THESIS 

ALSO 69 PR IB0 18E~ 
ARMENTER 85 PL 19 75 
BALTAy 05 PR 140 B1027 
MUSGRAVE 65 NC 35 735 
SMITH 65 THESIS (UCLA) 
BIRMINGH E6 PR 152 11GB 
LONDON 66 PR 143 1034 
SIEGEL 67 UCRL 18041 THESIS 
PRN 69 PRL 23 BOB 
ASUILAR 70 PRL 25 58 
ATHERTON 71 NP 829 477 
COLLEY 71 NP 831 61 
AGU[LAR 72 PR 06 29 
MEISNER 72 NC 12A 62 
AM~ANN 73 PR 07 1345 
HAST2 73 PR 07 3212 

ALSO 73 PR 07 5 
HABIBI 73 NEVIS 199(THESIS) 

ALSO 73 PURD73, PG. 387 
THOMAS 73 NP B56 15 
BERTHON 74 NC 21A IA6 
BORENSTE 74 PR D9 3006 
DEVENISH Z4 NP 881 330 
LICHTENB 74 PR DID 3865 

ALSO 74 PRIV. COMM. 
ATHERT01 75 NC 25A 1 
BARDADIN 75 NP 890 A 18 
COLAS 75 NP 891 253 
BARREIRO 77 NP 8126 319 
HOLMGREN 77 NP 8119 261 
ALSTON 7B PR 018 182 
CAMERON 78 NP 8143 189 
DIONIS [  78 PL 7BB 15& 
BANERJEE 79 ZPHY C3 1 
BAUBILLI 79 NP H148 18 
CAUTIS 79 NP 8156 507 
SUGAHARR 79 NP B156 237 
BAKER 80 NP 8166 207 
AGUILAR 81 AgIS A77 144 
HAUBILLI 84 ZPHY C23 213 

MALAMUD 64 PL 10 145 
SHAFER 6L PR 134 B1372 
HUNGERBU 7L PR DID 2051 
WALTER 79 ZPHY C3 89 
~GUILAR 80 ZPHY C6 109 
BALAND 80 ZPHY C3 187 
~ IAG:  B ZPHY C9 3DE 

*ALVAREZ,EBERHARD,GOOD,GRAZIANO, ÷ (LRL) I 
P BASTIEN,M FERRO-LUZZI,A H ROSENFELD (LRL) 
+BASTIEN,DAHL,FERRO-LUZZI,KIRZ, + (LRL) 
*HORWITZ,MILLER,MURRRY,WHITE (LRL) 
~FUNG,GIDAL,PAN,POWELL,WHITE (LRL) J 
÷LEIPUNER,CHINOWSKY,SHIVELY, + (BNL+YALE) 
*ALVAREZ,FERRO LUZZItROSENFELD, ~ (LRL) 
~GELFAND,NAUENBERG, • (COLU*RUTG) JP 
*COFFIN,MEYER,TERWILLIGER (MICH) J 
÷FILTHUTH,FRIDMAN,MALAHUD, { (CERN*AMST) 
D O HUWE (LRL) JP 
D O HUWE (LRL) 
ARMENTEROS, ÷ (CERN÷HEID+SAEL) 
~SANDWEISS,TAFT,CULWICK,KOPP, ÷ (YALE÷BNLI 
+PETMEZAS,+ (BIRM+CERN+EPOL+LOIE÷SAEL) 
L T SMITH (UCLAI 

(BIRM+GLAS~LDIC÷OXF÷RHEL) 
+RAU,SAMIOS,YAMAMOTOIGDLDBERG,* (BNL÷SYRA) J 
D M SIEGEL (LRL) 
+FORMAN (PENN) I 
+BARNES, BASSANO, CHUMS, EISNER,÷(BNL+SYRA) 
+CELNIKIER,CLAYTON,FRENEH,FRISK,+ (BERN) 
÷COX,EASTWOOD,FR¥÷.. (BIRM~EDIN÷GLAS+LOIC) 
AGUILAR-BENITEZ,CHUNG,EISNER,SAMIOS (BNL) 
G MEISNER (U NC GREENSBORO+LBL) 
÷CARMONY,GARFINKEL,GUTAY,÷ (PURD÷IUPU) 
÷BANGERTER,ALSTON-GARNJOST,+ (LBL)IJP 
MAST,BANGERTER,ALSTON-EARNJOST,+ ( LBL ) I JP  
M BABIBI (COLU) 
BALTAY,BRIBGEWATER,COOPER,+ (COLU+BING) 
THOMAS,ENGLER,FISK,KRAEMER (EARN) JP 
BERTHON,TRISTRAM,+ (CDEF+RHEL+SACL+STRB) 
BORENSTEIN,KALBFLEISCH,STRAND,~ (BNL*MICH) 
DEVENISH,FROGGATT,MARTIN (BESY+NORD÷LOUC) 
D B LICHTENBERG (IND) 
D B LICHTENBERG (IND) 
ATHERTON,BAR-NIR,FRENCH (EERN) 
BARDADIN-OTWINOWSKA~ (SACL÷EPOL+RHEL) 
COLAS,FARWELL,FERRER,SIX (ORSA) 
+BERGE,GANGULI,BLOKZIJL+ (CERN+AMST+NIJM) 
÷AGUILAR-BENITEZ,KLUYVER+ (CERN+AMST+NIJM) 
ALSTON~GARNJOST,KENNEY* (LBL+MHCO÷EERN) 
÷FRANEK,GOPAL,BACON,BUTTERWORTH+IRHEL+LOIC) 
+ARMENTEROS,DIAZ (CERN+AMST*NIJM+OXF) 
*GANGULI,MALHOTRA,RAGRAVAN,SUDHAKAR (TIFR) 
BAUBILLIER+ (BIRM+CERN+GLAS+MSU+LPNPI 
+BALLAM,BOUCHEZ,EARROLL,CHADWICK+ (SLAC) 
÷OCHIAI,FUKUI,COOPER÷ (KEK+OSKC÷KINK) 
+CHIMA,DORNAN,GIBBS,HALL,MILLER+ (LOIE) 
M AGUILAR-BENITEZ, J SALICIO (MADR) 
BAUBILLIER÷ (BIRM+CERN+GLAS+MSU+LPNP) 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

E MALAMUD, P E SCHLEIN (CERN+UCLA) JD 
J B SHAFER, D 0 HUWE (LRL) JP 
HUNGERBUHLER,MAJKA,+ (YALE*FNAL*BNL+PITT) 
*SEEKER÷ (SERL*AAGH+CERN+SERP+SACL+VIEN) 
AGUILAR-BENITEZ+ (MADR+STOH÷CERN+CDEF) 
÷POIRET+(MDNS÷SERP+SACL÷ALMA-ATA+MOSU+BELG) 

(BRIS-CA~B-GEVA÷HEIDALAUS*LOQM+RHE~j 

[ E(1480) BUMPS [ ~(se>=~( ) Stat . . . .  

O~ITTED FROM SUMMARY TABLE 

PEAKS ARE SEEN IN LAMBDA Pl AND SIGMA Pl SPECTRA IN THE REACTION PI÷P 
TO K+ PI Y AT 1.7 GEV/C. ALSO THE Y POLARIZATION OSCILLATES IN THE 
SAME REGION. 

SEE MILLER 70 FOR A DISCUSSION OF THIS STATE. HE SUGGESTS A POSSIBLE 
ALTERNATE EXPLANATION IN TERMS OF A REFLECTION OF N(1675) DECAY 
TO LAMBDA K. HOWEVER, SUCH AN EXPLANATION FOR THE K* SIGMA+ PlO 
CHANNEL SEEMS UNLIKELY (SEE PAN 70) IN TERMS OF KNOWN BELIAl1650) 
DECAY INTO SIGMA K. IN ADDITION SUCH REFLECTIONS WOULD ALSO HAVE 
TO ACCOUNT FOR THE OSCILLATION OF THE Y POLARIZATION IN THE 1480 
MASS REGION. 

HANSON 71, WITH FEWER DATA THAN PAN 70, CAN NEITHER CONFIRM NOR 
DENY THE EXISTENCE OF THIS STATE. MAST 75 SEES NO STRUCTURE IN THIS 
MASS REGION IN K~ P TO LAMBDA PIO. 

ENGELEN 81 PERFORM A MULTI-CHANNEL ANALYSIS OF K-P --> KO PI- P AT 
4.2 GEV/C. THEY OBSERVE A 3.5 STD. BEV. SIGNAL AT 1480 MEV IN P KOBAR 
WHICH CANNOT BE EXPLAINED AS A REFLECTIQN OF ANY COMPETING CHANNEL. 

~(1480) MASS (MeV) (PROD. EXP.) 

M 1479.0 I0 .0  PAN 70 HBC ~ PI+P TO K Pl LAM 
M 1465.0 15.0 PAN 70 HBC + PIeD TO K PI BIG 
M I~85.0 10.0 CLINE 73 MPWA K- D TO LM Pl- P 
M 120(1480.0) ENGELEN 80 HBC + K-P TO KO PI- P 
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Baryon Full Listings 
E(1385), E(1480), Z(t560) 

X(1480) WIDTH (MeV) (PROD. EXP.) 

w 31.0 15.0 PAN 70 HBC + PI+P TO K Pl LAM 
W 30.0 20.0 PAN 70 HBC PI+P TO K Pl DIG 

40.0 20.0 CLINE 73 MPWA K- D TO LM PI~ P 
120 80.0 20.0 ENGELEN 80 HBC ÷ K-P TO KO Pl- D 

Z(1480) PARTIAL DECAY MODES (PROD. EXP.) 

DECAY MASSES 

Pl E(1480) ~ N~" 938+ 494 

P2 E(1480) ~ ~ 71" 1116+ 140 

P3 Z(1480) ~ Z ~ 1189+ 140 

~(1480) BRANCHING RATIOS (PROD. EXP.) 

Z(1480) ~ (Z ~)/(A ~)  (PB)I(PZ) 
RI 0.82 0.51 PAN 70 HBD t 

~(1400) ~ (p KB)/(A ~)  (P I ) / (P2)  
R2 0.36 0.25 PAN 70 HBC + 

Z(1480) ~ (NK)/ to ta l  (P1) 

R3 SMALL CLIME 73 MPWA K- D TO LM PI~ P 

REFERENCES FOR ~(1480) (PROD. EXP.) 

PAN 70 PR 02, 49 +FORMAN,XO,HAGOPIAN,SELOVE (PENN) 
CLIME 73 LNC 6 205 CLINEtLAUMANN,MAPP (WISCIIJP 
ENGELEN BONP 8167 61 +HEINEN,XITTEL,METZGER÷(NIJM÷AMST+EERN+OXF) 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

YU-LI FA 69 PRL 23 806 YU~LI PAN, F L FORMAN (PENN) I 
YU-LI PA 69 PRL 23 808 YU-LI PAN, F L FORMAN (PENN) I 
MILLER 70 DUKE 229 D H MILLER (REVIEW TALK) (PURD) 
HANSON 71 PR D4 1296 ÷KALMUS,LOUIE (LBL) I 
MAST 75 DR D11 3078 +ALSTON-GARNJOST,BANGERTER÷ (LBL) 

2(1560) BUMPS [ I(JP)=I( ) Star . . . . .  

OMITTED FROM SU*vIMARY TABLE 

THIS ENTRY LISTS PEAKS REPORTED IN MASS SPECTRA AROUND 1560 MEV 
WITHOUT IMPLYING THAT THEY ARE NECESSARILY RELATED. 

DIONISI 78 OBSERVE A 6 STD. DEVIATION ENHANCEMENT AT 1553 MEV IN THE 
CHARGED (LAMBDA/SIGMA PI) MASS SPECTRA FROM K-R - ->  LAMBDA/SIGMA PI K 
KBAR AT 4.2 GEV/C. IN A CERN IDR EXPERIMENT, LOCKMAH 78 REPORT A NARROW 
6 STD. DEVIATION ENHANCEMENT AT 1572 MEV IN THE LAMBDA P I * /P I -  SYSTEMS 
CROM THE REACTION P P -~> LAMBDA PI+ Pl -  * ANYTHING AT C.M. ENERGIES 
OF 55 AND 62 GEV. 

THESE ENHANCEMENTS ARE UNLIKELY TO BE ASSOCIATED WITH THE SIGMA(1580) 
(WHICH HAS NOT BEEN CONFIRMED BY SEVERAL RECENT EXPERIMENTS ~- SEE 
THE LISTINGS BELOW). 

CARROLL 76 OBSERVE A BUMP AT 1550 MEV (AS WELL AS AT 1580 MEV) IN THE 
K-N I= I  TOTAL CROSS SECTION, BUT UNCERTAINTIES IN CROSS SECTION 
MEASUREMENTS OUTSIDE THE MASS RANGE OF THE EXPERIMENT PRECLUDE 
ESTIMATING ITS SIGNIFICANCE. 

SEE ALSO MEADOWS 80 FOR A REVIEW OF THIS STATE. 

~(1560) MASS (MeV) (PROD. EXP.) 

M 121 1553.0 7.0 DIDNISI 78 HBC +- X-P TO Y* K KBAR 
M AO 1572.0 A.O LOCKMAN 78 SPEC PP TO L Pl Pl X 

Z(1560) WIDTH (MeV) (PROD. EXP.) 

121 79.0 30.0 DIBNISI 78 HBC +- K-P TO Y* K KBAR 
A AO 15.0 6.0 LOCKMAN 78 SPEC PP TO L Pl Pl X 

W A OBSERVED WIDTH CONSISTENT WITH EXPERIMENTAL RESOLUTION. 

Z(1560) PARTIAL DECAY MODES (PROD. EXP.) 

DECAY MASSES 

~(1560) ~ ± r 1116÷ 140 
Z(1560) ~ ~7i" 1189+ 1~0 

Z(1568) BRANCHING RATIOS (PROD. EXP.) 

Z(1560) ~ Z 7c/(~ 7r + A ~)  (P2)/(PI+P2) 
RI 0.35 0.18 DIONISI 78 HBC +- K-P TO Y* K KBAR 

Z(1560) ~ (X ~r)/total (P1)  
R2 SEEN LOCKMAN 78 SPED +- PP TO L Pl P IX  
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Baryon Full Listings 
Z(1560), 2;(1580), 2(1620) 

R E F E R E N C E S  FOR Z(1560) (PROD.  EXP.)  

DIONIS[ 78 PL 788 154 +ARMENTEROS,DIAZ+ (CERN+AMST*NIJM+OXF)I 
LOCKMAN 78 CEN DPHPE 78-01 +MEYER,RANDER,POSTER,SCHLEIN{ (UCLA~SACL) 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

CARROLL 76 PRL 57 806 +CHIANG,KYCIA,LI,MAZUR,MICHAEL+ (BNL)I 
MEADOWS 80 TORONTO CONF. 283 B T MEADOWS (CINCI 

[ ~(1580) D13 I z(se)=l(~ ) Scat . . . . .  
OMITTED FROM SC'Mt,IARY TABLE 

OBSERVED IN K- N I=I TOTAL CS WITHOUT JP ASSIGNMENT AT BNL ILl 73, 
CARROLL 73, CARROLL 76) AND IN PWA OF R~ P --> LAMBDA PI FOR CM 
ENERGIES=IS60-1600 MEV BY LITCHFIELD 74, IITCHFIELD 74 FINDS JP=3/2-. 
NOT SEEN BY ENGLER 78 OR BY CAMERON 78 (WITH LARGER STATISTICS) IN 
KLONG R TS PI÷ LAMSDA AND PI+ SIGMAO. 

• (1580) M A S S  (MeV) 

A 1582.0 4.0 LITCHFIEL 74 DPWA 0 K- P TO LAM PI 
B 1583.0 4.0 CARROLL 76 DPWA I= I  TOTAL CS 

AVG i582:5"'" 2.8 " AVERAGE 

A 11.0 
B (15 .0 )  

Z(1580) W I D T H  (MeV) 

4.0 LITCHFIEL 74 DPWA 0 K- P TO LAM PI 
CARROLL 78 DPWA I= I  TOTAL CS 

Z(1580) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

Pl ~( |580)  ~ N~"  938+ 494 

P2 ~(1580) ~ A VF 1118+ 140 

P3 ~(1580) ~ ~ ~ 1189÷ 140 

~(1580) B R A N C H I N G  R A T I O S  

"£(1580) ~ ( N K ) / t o t a l  (pl) 

RI A +0.03 0.01 LITCBFIEL 74 DPWA KSAR N MULTICHNL 
R1 A MAIN EVPECT OBSERVED BY LITCHFIELD 74 IS IN PI LAMBDA PINAL STATE( 
RI A KBAR N AND SIGMA Pl COUPLINGS ALSO ESTIMATED FROM NULTICHANNEL f i T  
RI A INCLUDING TOTAL CROSS SECTION DATA I L l  73). 
RI B TOTAL CROSS SECTION RUMP WITH (J+1/2)X=.06 SEEN BY CARROLL 76 

~(1~80) in N K ~ A ~ SQRT(PI*P2) 

LITCRFIEL 74 BPWA 0 K- P TO LAM P] R2 A *0.I0 0.02 
R2 NOT SEEN CAMERON 78 HBC + KL P TO PI* LAM 
B2 NOT SEEN ENGLER 78 HBC KL P TO PI+ LAM 

~(15@0) in N K ~ Z ~" SQRT(PI*P3) 

R3 A ÷0.03 0.04 LITCHFIEL 74 DPWA KBAR N MULTICHNL 
R3 NOT SEEN CAMERON 78 HBC + KL P TO PL+ SIC0 
R3 NOT SEEN ENGLER 78 HBC + KL P T0 of+ SIGO 

R E F E R E N C E S  FOR ~(1580) 

LITCHFIE 74 PL 51B 509 LITCHFIELD (CERN)IJP 
CARROLL 76 PRL 57 806 ~CHIANG,KYCIA,LI,MAZUR,MICHAEL.* (BNL)I 
ENGLER 76 PL 838 231 ÷KEYES,KRAEMER,SCHLERETH,TANAKA+ (CARN÷ANL)I 
CAMERON 70 NP 8132 189 ÷CAPILUPPI+ (BGNA÷EDIN+ELAS+PISA*RHEL)I 
ENGLER 78 PR D~8 3061  +KEYES,KRAEMER,TANAKA,CHO,+ (CARN+ANL) 

PAPERS NOT REFERREG TO IN DATA LISTINGS 

CARROLL 73 APS BRKLY MTG 208 CARROLL,CHIANG,KYCIA,LI,MAZUR,MICHAEL+(BNL)I 
LI 73 PURDUE CONE. 283 LI IBNL)I 

I 23(1620) SI1 [ r(JP)~(½ -) Scat . . . . .  
OMITTED FROM SL'MMAR Y TABLE 

THE $11 STATE AT 1897 MEV REPORTED BY VANHORN 75 IS INTERMEDIATE IN 
MASS BETWEEN THE SIGMA(1620) AND S168A(1750). WE TENTATIVELY LIST IT 
UNDER SIGMA(1750). CARROLL 76 SEES TWO BUMPS IN THE I=I TOTAL CROSS 
SECTIONS NEAR THIS MASS. 

PRODUCTION EXPERIMENTS ARE LISTED SEPARATELY IN THE NEXT ENTRY. 

X(1620) M A S S  (MeV) 

M (1620.0) KIM 71DRWA K-MATRIX ANAL. 
M 1630.0 ( I 0 , 0 I  LANGBEIN 72 IOWA MULTICBANNEL 
M A 1608.0 5.0 CARROLL 76 DPWA I= l  TOTAL CS 
M B 1633.0 I0 .0  CARROLL 76 DPWA I= l  TOTAL CS 
M C (1600.0I (6.0) MORRIS 78 DPWA - K- N TO LAM Pl- 
M C AN EQUALLY GOOD FIT IS OBTAINED WITHOUT INCLUDING THIS RESONANCE. 

Z(1620) W I D T H  (MeV) 

w (40.0) KIM 71 DPWA K~MATRIX ANAL. 
W 65.0 (20.0) LANGBEIN 72 IPWA MULTICHANNFL 
W A (15.0) CARROLL 76 DPWA I=I TOTAL CS 
W B (10.0) CARROLL 76 DPWA I:I TOTAL CS 
W C (87.0) (19.0) MORRIS 78 DPWA - K- N TO LAM PI- 

Z(1620) P A R T I A L  DECAY M O D E S  

DECAY MASSES 
Pl ~(1620) ~ ~r/~ 938+ 494 

P2 Z(1620) ~ ~ ~ 1189+ 140 

P3 Z(1620) ~ ,k v l" 1116+ 135 

~(1620) B R A N C H I N G  R A T I O S  

Z(1620) ~ ( N K ) / t o t a l  IP l )  
RI 10.05) KIM 71 DPWA K-MATRIX ANAL. 
RID 0.05 OR LESS WONG 71 DPWA K-+P--LAM*PI 
RID K-MATRIX FIT(NEGLECTS 3-BODY CHANNELS) REQUIRES NO RESONANCE 
RI 0.22 (0.02) LANGBEIN 72 IPWA MULTICHANNEL 
RI A IOTAL CROSS SECTION BUMP WITH (J+1/2)X=.06 SEEN BY CARROLL 76 
RI B TOTAL CROSS SECTION BUMP WITH (J+I/2)X=.04 SEEN BY CARROLL 76 

Z(1620) in N K ~ Z ~  SQRT(PI*P2) 

R2 (0.08) KIM 71 DPWA K-MATRIX ANAL. 
R2 0.40 (0.06) LANGBEIN 72 IPWA MULTICHANNEL 
R2 NOT SEEN HEPP2 76 DPWA -0 K- NUC TO SIC Pl 

~(1620) in N K ~ A 11" SQRT(PI*P3) 

R3 (0.15) KIM 71 DPWA K-MATRIX ANAL. 
R3 NOT SEEN BAILLON 75 IPWA KBAR N TO LAM Pl 
R3 C (0.12) (0,02) MORRIS 78 DPWA - K- N TO LAM Pl- 

R E F E R E N C E S  FOR Z(1620) 

KIM 71PRL 27 356 
ALSO 20 DUKE 161 

WONG 71 NC 2A 353 
LANGBEIN 72 NP 847 477 
BAILLON 75 NP 894 39 
CARROLL 76 PRL 37 806 
HEPP2 76 PL 658 487 
MORRIS 78 PR D17 55 

VANHORN 75 NP 887 145 
ALSO 75 NP 887 157 

J K KIN (HARV)IJP 
J K KIN (HARV)IJP 
N 3 NONG (YALE)IJP 
+WAGNER (MPIM)IJP 
P BAILLON, P J LITCHFIELD (CERN÷RHEL)IJP 
+CHIANG,KYCIA,LI,MAZUR,MICHABL+ (BNL)I 
÷SRAUN,BRIMM,STROBELE,THOL÷(CERN÷HEID+MPIMIIJP 
+ALBRIGHT,COLLERAINE,KrMEL,LANNUTTI (FSU)IJP 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

j VA~ HORN ILSL>IJP 
VAN HORN (LBL)IJR 

1620 M e V  R E G I O N  --  P R O D U C T I O N  E X P E R I M E N T S  

I ( J  P) = 1( ) 

FORMATION EXPERIMENTS ARE LISTED SEPARATELY IN THE PREVIOUS ENTRY. 

THIS RESONANCE NEEDS CONFIRMATION, THE RESULTS OF CRENNELL 69 AP 3.9 
GEV/C ARE NOT CONFIRMED BY THE SABRE COLLABORATION AT 3.0 GEV/C 
(SABRE 70). HOWEVER IN AN EXPERIMENT AT 4.5 GEV/C, AMMANN 70 SEE A 
PEAK AT 1642 MEV WHICH ON THE BASIS OF BRANCHING RATIOS THEY DO NOT 
ASSOCIATE WITH THE SIGMA(1670). SEE MILLER 70 FOR A REVIEW OF THESE 
CONFLICTS. 

~(1620) M A S S  (MeV) (PROD.  EXP.)  

A (1610.0) (8.0) CRENNELL 68 DBC +- K-D 3.9 GEV/C 
A EVENTS OF ERENNELL 68 ARE IN THE LARGER SAMPLE OF CRENNELL 69. 

20 1618.0 3.0 BLUMENFEL 69 BBC * KO LONG + PROTON 
1619.0 B.Q CRENNELL 60 DBE *- K-N TO LAM 3Pl 
1642.0 12.0 AMMANN 70 DBC K-N 4.5 GEV/C 

Z(1620) W I D T H  (MeV) (PROD.  EXP.)  

(66.0) (16.0) CRENNELL 68 DBC ÷- SEE NOTE N ABOVE 
30.0 10.0 BLUMENFEL 69 HBC 
72.0 22.0 15.0 CRENNELL 69 DBC 
55.0 24.0 AMMANN 70 DBC K-N 4.5 GEV/G 

~(1620) P A R T I A L  DECAY M O D E S  (PROD.  EXP.)  

DECAY MASSES 
~(1620) ~ N.K 938+ 494 
~(1620) ~ A ~ 1116. 140 

~(1620) ~ Z(1385) ~ 1385+ 1~0 
~(1620) ~ A ~  1116+ 140. 140 

~(1620) ~ Z ~ 1189+ 140 
Z(1620) o A(1405) w 1405+ 140 



For notation, see key on page 91. 

Z(1620) BRANCHING RATIOS (PROD. EXP.) 

~(1620) ~ (A ~ ~)/(A ~ )  (PA)/(P3) 
RI IC (2.5) APPROX BLUMENFEL 69 HBC ÷ 

Z(1620) ~ (N K)/(A ~ )  (P I I / (PE)  
R2 (O.O) (0.1)  CRENNELL 68 oac + 
R2 O.A O.A AMMANN 70 DSC K P 4.5 GEV/C 

X(1620) ~ (A 7r)/total (DE) 
R3 LARGE CRENNELL 6S DBC ÷- 

Z(1620) --  (Z(1385) ~)/(A ~ )  (P3)/(P2) 
R4 (0.2) (0.1) CRENNELL 68 DBC * 
R4 (0.3) OR LESS CL:.95 AMMANN 70 DBC K-P 4.5 GEV/C 

X(1620) ~ (Z ~)/(A ~) (PG)/IP2) 
R5 (1.1)(95 PC UPPER LIMIT) AMMANN 70 OaC K-N L.5 GEV/C 

Z(1620) ~ (A(1405) 7r)/(A ~ )  (P6)/(P2) 

R6 0.7 0.4 AMMANN 70 DBC K-P A.5 GEV/C 

REFERENCES FOR ~(1620) (PROD. EXP.) 

CRENNELL 68 PRL 21 648 ~DELANEY, ;LAMINIO, KARSHON, * IBNL*CUNY) I 
BLUMENCE 69 PL 29B 58 BLUMENFELD, KALBFLEISCH (DNL) I 
CRENNELL 69 LUND PAPER 103 *KARSHON, LAI, DNEIL, SCARR, ÷ (BNL+CUNY) I 

RESULTS ARE QUOTED IN LEVI SETTI 69. 
AMMANN 70 PRL 24 327 - GARFINKEL, CARMORY, GUTAY,+ (PURD÷IND) 

ALSO 73 PR D7 13A5 AMMANN,EARMONY,GAR~INKEL, (PURD+IUPU) 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

ARMENTER 68 NP 68 183 ARMENTEROS,BAILLON + (CERN+HEID+SACL) 
LEVISETT 69 LUND EONF R LEVI SETTI (RAPPDRTEUR) (EFI) 
TRIPP 69 UCRL 19361 R D TRIPE (LRL) 
ARMENTER 70 DUKE 123 ARMENTEROS,BAILLON + (GERN÷HEID+SACL) 
MILLER 90 DUKE 229 D H MILLER (REVIEW TALK) (PURD) 
SABRE 70 NP S16 201 SABRE COLLAB. (SACL+AMST+BGNA+RERO+EPOL) 
HUNGERBU 7& PR DIO 2051 HONGERBUHLER,MAJKA,+ (YALE÷~NAL+BNL*PITT) 

I E(1660)  P l l  I x(sP/~l(½ -~ stat . . . . . .  

FOR RESULTS PUBLISHED BEFORE 1974 (THEY ARE NOW OBSOLETE), SEE OUR 
1982 EDITION (PHYSICS LETTERS 111B). ALL THE REFERENCES HAVE BEEN 
RETAINED. 

~(1660) MASS (MeV) 

M 1670.0 (20.0) KANE 74 DPWA K-P TO El BIG 
M A (1660.0) (30.0) BAILLON 75 IPWA KBAR N TO LAM El 
M A FROM SOLUTION I OF BAILLON 75, NOT PRESENT IN SOLUTION 2 
M B (1671.0) (2.0)  PONTE 75 DPWA 0 K- P TO LAM PI 
M S FROM SOLUTION 2 OF PONTE 75, NOT PRESENT IN SOLUTION I .  
M 1600.0 (25.0) VANHORN 75 DPWA O K- P TO LAM PIO 
M C 1565. OR 1597. MARTIN 77 DPWA KBAR N MULTICHNL 
M C THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
M C PARAMETERS PROM THE T~MATRIX POLE AND ~ROM A S-W FIT, RESPECTIVELY. 
M 1676.0 (15.0) RLIC 77 DPWA KBAR N MULTICHNL 
M 1679.0 (I0,0) ALSTON 78 DPWA KBAR N ELASTIC 
M 1670.0 (10.0) GOPAL SO DPWA KBAR N ELASTIC 
M D 1665.I (11.2) KOISO 85 DPWA K-P TO SIGMA Pl 
M D BUT THE EVIDENCE IS WEAK. 

~(1660) WIDTH (MeV) 

w 250.0 (110.0) KANE 74 DPWA K-P TO PI BIG 
W A (80.0) (AO.O) BAILLON 75 IPWA KBAR N TO LAM PI 
w B (81.0) (10.0) PONTE 75 DPWA 0 K- P TO LAH PI 
W 230.0 (165.0) (60.0) VANHORN 75 DPWA O K- P TO iAN RIO 

C 202. OR 217. MARTIN 77 DPWA KBAR N MULTICHNL 
120.0 (20.0) RLIC 77 DPWA KSAR N MULTICHNL 

W 38.0 (10.0) ALSTON 78 DPWA KBAR N ELASTIC 
152.0 (20.0) GDPAL 80 DPWA KBAR N ELASTIC 

D 81.5 (22.2) KOISO 85 DPWA K-P TO SIGMA Pl 

~(1660) PARTIAL DECAY M O D E S  

DECAY MASSES 

Pl X(1660) ~ N K 988+ A9A 

P2 ~(]660) ~ Z ~ 1189+ 140 

P3 ~(]660) ~ A ~ 1116+ 140 

Z(1660) BRANCHING RATIOS 

Z(1660) in N K ~ X ~" SQRT(PI*P2) 
RI -0.11 (0.01) KANE 74 DPWA K-R TO Pl BIG 
RI NOT SEEN HEPP2 76 DPWA -O K- NUC TO BIG Pl 
RI C -0.54 OR -0.37 MARTIN 77 DPWA KBAR N MULTICHNL 
RI -D.16 (0.03) RLIC 77 DPWA KBAR N MULTICHNL 
RI D 0.13 (0.04) KOISD 85 DRWA K-P TO SIGMA PI 

319 

Baryon Full Listings 
Z(1620) ,  Z(1660) ,  E(1670)  

~(1660) ~ ( N K ) / t o t a l  (PI)  
R2 C 0.27 OR 0.29 MARTIN 77 DPWA KBAR N MULTICHNL 
R2 E LESS THAN 0.04 RLIC 77 DPWA KBAR N MULTICRNL 
R2 E (N KBAR)/TOTAL FROM RLEC 77 IS SUPERSEDED BY GOPAL 80. 
R2 0.10 (0.05) ALSTON 78 DPWA KBAR N ELASTIC 
R2 0.12 (D.03) GDPAL 80 DPWA KBAR N ELASTIC 

~(1660) in N~7 ~ A ~z SORT(El*P3) 
R3 A (-0.04) (0.02) BAILLON 75 IPWA KBAR N TO LAM Pl 
R3 B (÷0.16) (0.01) DONEE 75 DPWA 0 K- P TO LAM PI 

0.12 (0.12) IO.OL) VANRORN 75 DPWA 0 K- P TO LAM PlO R3 
R3 C -0.10 OR -0.11 MARTIN 77 DPWA KBAR N MULTICHNL 
R3 LESS THAN 0.04 RLIC 77 DPWA KBAR N MULTICHNL 

REFERENCES FOR ~(1660) 

ARMENTER 70 DUKE 123 ARMENTEROS, BAIELON, + (CERN÷HEID)IJP 
KIM 71 PRL 27 356 J K KIM (HARV)IJP 

ALSO 70 DUKE 161 J K KIM (HARV)IJP 
HART 73 PURDUE CONF. 311 +RICE,BACASTOW,FUNG,+ (TENN+UCR~MASA÷BUFF)IJP 
LEA 73 NP S56 97 ÷MARTIR,MOORHOUSE+ (RREL*LOUC÷GLAS÷AARH)IJP 
KANE 76 LBL-2L52 D F KANE ILBL)IJP 
BAILLON 75 NP 894 39 P BAILLON, P J LITCHFIELD (CERN÷RHEL)IJP 
PONTE 75 PR D12 2597 ÷HERTZBACH,BUTTON-SHAFER* (MASA~EENN÷UCR)IJP 
VANHORN 75 NP 887 145 A J VAN HORN (LSL)IJP 

ALSO 75 NP S87 157 A J VAN HORN (LBL)IJP 
HERR2 76 PL 658 487 ÷BRAUN,GRIMM,STROBELE,THOL+(CERN÷HEID÷MPIM)IJP 
MARTIN 77 NP 8127 349 MARTIN,PIDCOCK,MODRHOUSE (LOUC÷GLAS)IJP 

ALSO 77 NP B126 266 MARTIN,PIDCOCK (LOUC) 
ALSO 77 NP B126 285 MARTIN,PIDCOCK (LOUC)IJP 

RLIC 77 NP 8119 362 GOPAL,ROSS,VAN HORN,MCRRERSON+ (LOIC+RHEL)IJP 
ALSTON 78 PR D18 182 +KENNEY,POLLARD,ROSS+ (LBL÷MTHO+CERN)IJP 

ALSO T7 PRL 38 1007  ALSTON-GARNJOST,KENNEY,+ (LBL÷MTHO+CERN)IJP 
GOPAL 80 TORONTO CDNF 159 G P GDPAL (RHEL)IJP 
KOISO 85 NP A433 619 +SAI,YAMAMOTO,KOFLER (TOKY÷MASA) 

NOTE ON THE Z(1670) 

Production experiments: The measured $~r/:Z~rTr 
branching ratio for produced ~(1670)'s is strongly 
dependent on momentum transfer. This was first 
discovered by EBERHARD 69, who suggested that there 
exist two X resonances with the same mass and quan- 
tum numbers: one with a large ZTrTr [mainly A(1405)Tr] 
decay mode produced peripherally, and the other with a 
large ~Tr decay mode produced at larger angles. These 
results were confirmed by AGUILAR-BENITEZ 70, 
ASPELL 74, ESTES 74, and TIMMERMANS 76. The 
most likely quantum numbers for both the ~" and the 
A(1405)Tr states are D 13" There is also possibly a third 
Z, the Z(1690) in the Listings, the main evidence for 
which is a large ATr/Z~r branching ratio. These topics 
have been reviewed by EBERHARD 73 and by 
MILLER 70. 

Formation experiments: Two states are also 
observed near this mass in formation experiments. One 
of  these, the D 13 ~(1670), has the same quantum 
numbers as those observed in production and has a 
large ZTr/ZTrTr branching ratio. It may well be the 
Z(1670) produced at larger angles (see TIMMERMANS 
76). The other state, the P I 1 2(1660), has different 
quantum numbers from those seen in production, and 
its X~r/~Tr branching ratio is unknown. Thus its rela- 
tion to the produced Z( 1670)% remains obscure. 
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Baryon Full Listings 
X(1670) 

Z(1670) D13 [ I(Je)=l(3-) Stat . . . . . . .  

FOR MOST RESULTS PUBLISHED BEFORE 1974 (THEY ARE NOW OBSOLETE), SEE 
OUR 1982 EDITION (PHYSICS LETTERS 1118). ALL THE REFERENCES HAVE BEEN 
RETAINED. 

RESULTS FROM PRODUCTION EXPERIMENTS ARE LISTED SEPARATELY IN THE NEXT 
ENTRY. 

X(1670) M A S S  (MeV) 

M 1670.0 (2 .0 )  KANE 74 RPWA K-P TO PI SIS 
M 1685.0 (20 .0)  BAILLON 75 IPWA KBAR N TO LAM Pl 
M A (1671.0) (3.0) PONTE 75 DPWA B K- P TO LAM Pl 
M A FROM SOLUTION I OF PONCE 75. 
M B (1653.0) (2.0) PONTE 75 DPWA D K- P TO LAM Pl 
M 8 FROM SOLUTION 2 OF PONTE 75. 
M 1659.0 (12.0) (5.0) VANHORN 75 DPWA O K- P TO LAM RiO 
M (1650.0) BELLEFON 76 IPWA 0 K- P TO LAM PI 

1670.0 (6.0) HEPP2 76 DPWA O K NUC TO SIG PI 
1667. OR 1668. MARTIN 77 DPWA KBAR N MULTICHNL 

M THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
M C PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 

1670.D (5.O) RLIC 77 DPWA KBAR N MULTICHNL 
1679.0 (I0.0) ALSTON 78 DPWA KBAR N ELASTIC 

M 1682.0 (5.0) GOPAL 80 DPWA KBAR N ELASTIC 
M 1665.1 (4.1) KOISO 85 DPWA K P TO SIGMA Pl 

X(1670) W I D T H  (MeV) 

w 79.0 (6 .0 )  KANE 7~ DPWA K P TO Pl SIS 
W 85.0 (25 .0)  BAILLON 75 IPWA KERR N TO LAM PI 
W A (44.0) (11.0) PONTE 75 DPWA 0 K- p TO LAM Pl 
W B (76.0) (5.0) PONTE 75 DPWA 0 K- P TO LAM PI 
W 32.0 (11.0) VANHORN 75 DPWA 0 K- P TO LAM PIO 
W (80.0) BELLEFON 76 IPWA 0 K- P TO LAM PI 
W 56.0 (3.0) HEPP2 76 DPWA 0 K NUS TO BIG PI 

C 46. OR 46. MARTIN 77 DPWA KBAR N MULTICHNL 
50.0 (5 .0)  RLIC 77 DPWA KBAR N MULTICHNL 

w 56.0 (20.0) ALSTON 78 DPWA KBAR N ELASTIC 
79.0 (10.0) GOPAL 80 DPWA KBAR N ELASTIC 
65.0 (7.3) KOISO 85 DPWA K- P TO SIGMA PI 

Z(1670) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

Pl ~(1670) ~ N2~ 938+ 494 

P2 Z(1670) ~ A ~ 1116+ 1A0 

P3 ~(1670) ~ ~ ~ 1189+ 140 

P4 ~ (1670 )  ~ A ~ ~ 1116~ 140 .  140 

95 Z(1670) ~ ~ ~ ~ 1192+ 140÷ 140 

P8 ~(1670) ~ Z(1385) ~ ,  S-wave 1385+ 1A0 

P7 ~(1670) ~ A(1405) ~ 1405+ 140 

P8 ~(1670) ~ A(1520) ~ 1520+ 140 

X(1670) B R A N C H I N G  R A T I O S  

Z(1670) ( N K ) / t o t a l  (Pl) 

R] C 0.07 OR 0.07 MARTIN 77 DPWA KBAR N MULTICBNL 
R] D (O.OB) (0 .03)  RLIC 77 DPWA KBAR N MULT~CHNL 
R] D (N KBAR)EEOIAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 00. 
R] 0.11 (0.03) ALSTON 78 DPWA KBAR N ELASTIC 
R] 0.10 (0.03) GOPAL 80 DPWA KBAR N ELASTIC 

Z ( 1 6 7 0 )  - -  (A~rTr) / total  (P4) 
R2 (0.11) OR LESS ARMENTE3 68 HBC K-P (PI=.091 

Z(1670) ~ ( ~ r T r ) / t o t a I  (PS) 

R3 (0.14) OR LESS ARMENTE3 68 HBC K-P AND D~P1=.09 
R5 WHICH CANNOT BE SIGMA(1305) RATIO ONLY EOR (SIG2PI) SYSTEM IN I=I, 

Z(1670) ~ (A(14OS) ~r)/total (P7) 

RA (0 .06 )  OR LESS ARMENTE3 68 HBC K-P AND D-P]=.09 

~(1670) in N K ~ A ~ SQRT(PI*P2) 

R5 +O.Oi8 0.060 DEVENISH 74 B PIXED T DIEP REL 
RS +0.06 (0.02)  BAILLON 75 IRWA KBAR N T0 LAM PI 
R5 A (0 .08)  (0 .01)  PORTE 75 DPWA O K- P TO LAM PI 
R5 B (0.17) (0.01) PONTE 75 DPWR 0 K- P TO LAM Rl 
R5 +0,09 (0.02) VANHORN 75 DPWA 0 K- P TO LAM RIO 
R5 (+0.05) BELLEFON 76 IPWA 0 K- P TO LAM PI 
R5 C +0 ,00  OR +0.00 MARTIN 77 DPWA KBAR N MULTICHNL 
R5 ¢0.10 (0 ,02)  RLIC 77 RPWA KBAR N MULTICENL 
R5 R 0.17 (0.03) MORRIS 78 DPWA - K- N TO LAM PI- 
R5 S 0.13 (0.02) MORRIS 78 DPWA - K- N TO LAM PI- 
R5 F RESULTS ARE WITH AND WITHOUT AN $11 SIG(1620) IN THE FIT. 

~(1670) in N K ~ Z ~ SORT(BI~P3) 
R6 ,0.21 (0.03) KANE 74 DPWA K-R TO PI SIS 
R6 • +0.20 (0.01) HERR2 76 DPWA -0 K- NOB T0 BIG PI 
R6 C ,0.18 OR +0.17 MARTIN 77 DPWA KBAR N MULTICENL 
R6 +0.21 (0.02) RLIC 77 DPWA KBAR N MULTICENL 
R6 +0.20 (0.02) KOISO 85 DPWA K- P TO SIEMA PI 

~(1670) in N K ~ X(1385) ~', S-wave SQRTCPI*P6) 

R7 G (0.17) (0.02) SIMS 68 DBC - LAM 2Pl EROS.SEE 
R7 G SIMS 68 USES ONLY CROSS-SECT. DATA. RESULT USED AS UPPER LIMIT ONLY 
R7 +0.11 0.03 PREVOST 74 DPWA O- K-N TO B(1380)PI 

Z(1670) ~ (A(14OS)~)*(NK)/total**2 (PT*Pl)  
R8 (0.03) OR LESS BERLEY 69 HBC O K-P .6-.82 GEV/C 
R8 H 0.007 (0.002) BRUCKER 70 DBC - K~N TO SIG 2Pl 
RB B ASSUMING LAMBDA(~A05) PI CROSS SECTION BUMP DUE ONLY TO 3 / 2 -  RESON. 

~(1670) ~ (A(1405) ~) / (Z(1385)  ~ )  (PT) I (P6)  
R9 0.23 SO.OR) BRUCKER 70 DEC - K-N TO BIG 2Pl 

X(1670) i n  ,NK  ~ A(1520) ~ SQRT(Pl*PB) 

R10 [ 0.081 0.016 CAMERON 77 PPWA O P-WAVE DECAY 
RIO [ CAMERON77 UPPER LIMIT ON F-WAVE DECAY IS 0.05 
RIO I ASSUMES LAMBDA(I520) ELASTICITY=.A6. 

REFERENCES FOR Z(1670) 

BASTIENI 63 
BASTIEN2 63 
t ZAREH 63 
BERLEY 6~ 
SCHLEIN 66 
SMART 66 
ARMEN~ER 67 
ARMENTER 68 
ARMBNTEI 68 
ARMENTE2 68 
ARMENTE3 68 
SIMS 68 
ARMENTSL 69 
ARMENT-5 69 
BERLEY 69 
ARMENTER 70 
BRUCKER 70 
GALTIERI 70 

PRL 10 188 P LSBASTIEN, J P BERGE (LRL) iJ 
UCRL-10779 THESIS P L BASTIEN (LRL) Id 
PRL 11 470 TALER ZADEB,PROWSE,SCELEIN,SLATER,* (UCLA) JP 
DUBNA CORF I 565 +CONNOLLY,HART,RAHM,STONEHILL, ÷ (BNL)IJP 
UCLA-1016 P E SCHLEIN, T B TRIPPE (UCLA) JP 
PRL 17 556 W M SMART,A KERNAN,G E KALMUS,R P ELY (LRL)IJP 
NP B3 592 ARMENTEROS,FERRO-LOZTI÷ (CERN÷HEID+SACL) 
NP 88 195 ARMENTEROS,BAILLON * (CERN+HEID*SACL)IJP 
NP S8 103 ARMENTEROS,BAILLON + (CERN+HEID÷SACL)IJP 
NP B8 223 ARMENTEROS+BAILLON (CERN+HEID+SACL)IJP 
PL EBB 521 ARMENTEROS,BAILLON + (CERN÷HEID+SACL)I 
PRL 21 1413 SIMB,ALBRIGHT,BARTLEY,MEER* (FSU+TUFT~BRAN) 
NP BID 459 ARMENTEROS,BAILLON,MINTEN + (CERN÷SACL) J 
NP B14 91 ARMENTEROS, BAILLON, + (CERN+HEID+SACL)IJP 
PL 3OB 430 BERLEY,HART,HAHM,WILLIS,YAMAMOTO (3NL) 
DUKE 123 ARMENTEROS, BAILLON, ÷ (CERN+HEID) 
DUKE 155 -HARRISON,SIMS,ALBRIGHT,CHANBLER*+ (FSU)I 
DUKE 173 A BARBARO GALTIERI (LRL)IJP 

BUDGEN 71 LNC 2 85 D BUDGEN (DURH)IJP 
KIM 71PRL 27 356 J K KIN (HARV)IJP 

ALSO 70 DUKE 161 J K KIM (EARV)IJP 
PREVOST 71 AMSTERDAM CONF + CHB COLLABORATION (CERN+HEID~SACL) 
LANGBEIN 72 'NP B47 477 +WAGNER (MPIM)IJP 
BAXTER 73 NP 867 125 BAXTER,BUCKINGHAM,CORBETT,DUNN,+ (OXC)IJP 
HART 73 PURDUE CONF. 311 +RICE,BACASTOW,FUNG,÷ (TENN+UCR+MASA~BU~)IJP 
DEVENISH 74 NP 801 330 DEVENZSH,FROGGATT,MARTIN (DESY+NORD+LOUC) 
KANE 74 LBL-2452 D F KANE (LEA) l IP 
PREVOST 74 NP B69 246 PREVOST,BARLOUTAUD,~ (SACL+CERN+HEID) 
BAILLON 75 NP B9A 39 P BAILLON, P J LITCBFIELD (CERN÷RHEL)IJP 
PONTE 75 PR D12 2597 ÷HERTZBACH,BUTTON-SHAFER* (MASA+TENN+UCRIIJP 
VANHDRN 75 NP BE7 145 A J VAN HORN (LBL)IJP 

ALSO 75 NP BE7 157 A J VAN HORN (LBL)IJP 
BELLEFON 76 NP 8109 129 DE BELLEFON,BERTHON (CDE~)IJP 
HERR2 76 PL 65B kS7 ÷BRAUN,GRIMM,STROBELE,THOL+(CERN÷HEID÷MPIM)IJP 
CAMERON 77 NP 8131 399 *~RANEK,GOPAL,KALMUS,MCPHERSON+ (RHEL+LOIC)IJP 
MARTIN 77 NP B127 349 MARTIN,RIDCOCK,MOORHOUSE (LOUC÷GLAS)IJP 

ALSO 77 NP 8126 266 MARTIN,PIDCOCK (LOUC) 
ALSO 77 NP 8126 285 MARTIN,PIDCOCK (LOUC)IJP 

RLIC 77 NP BI19 362 BOPAL,ROSB,VAN EORN,MCPBERSON* (LBIC+RHEL)IJP 
ALSTON 78 PR 010 182 •KENNEY,POLLARD,ROSS÷ (LBL+MTHO+CERN)IJP 

ALSO 77 PRL 30 1007 ALSTON-GARNJOST,KENNEY,÷ (LBL*MTHO÷CERN)IJP 
MORRIS 78 PH D17 55 ÷ALBRIGHT,CDLLERAINE,KIMEL,LANNUTTI (FSU)IJP 
GOPAL 00 TORONTO CONF 159 E P BOPAL (RHEL)IJP 
KOISB 85 NP A433 619 +SAI,YAMAMOTO,KOFLER (TOKY-MASA) 

2;(1670) BUMPS [ HJP)=I( ) 

FORMATION EXPERIMENTS ARE LISTED SEPARATELY IN THE PRECEDING ENTRY. 

PROBABLY THERE ARE TWO STATES AT SAME MASS WITH SAME QUANTUM NUMBERS, 
ONE DECAYING INTO SIGMA Pl AND LAMBDA PI,  THE OTHER INTO LAMBDA(1405) 
pl, SEE THE NOTE PRECEDING THE PRECEDING ENTRY. 

~(1670) M A S S  (MeV) (PROD.  EXP.) 

(1685.0) ALEXANDER 62 HBC -0 PI-P 2-2.2 GEV/C 
1660.0 10.0 ALVAREZ 63 HBC + K-P 1.51 GEY/C 

(1665.01 (5.0) BUGG 68 CNTR K-P, D TOTAL C.S 
70(1861.0) (9.0) PRIMER 88 HBC + K-P 4.6-5. GEV/C 

M SEE BARNES 69 FOR NEW ANALYSIS OF DATA (3 TIMES MORE DATA) 
1670.0 8.0 AGUZLAR 70 HBC SIG.Pl K-P 4 GEV 
1668.0 10.0 AGUILAR 70 EBB BIG.2PI K-P AGEV 

M 1665.0 1.0 APSELL 74 BBC K- P 2.87 GEV/C 
M 1200 1880+/-2, OR 1683+/-5. BERTHON 7A BBC 0 QUASI 2 BODY CS 
M B 1670.0 A.O CARROLL 76 DPWA I=I TOTAL CS 
M B TOTAL CROSS SECTION BUMP WITH (J÷I/2)X=.23 
M C 1675,0 10.0 HEPPI 76 DBC - K-N 1.6-1.75 GEV 
M C ENHANCEMENTS IN SIG Pl AND BIG P] Pl CHANNEL CROSS SECTIONS. 
M 1855. TO 1677. TIMMERMA 76 HBC , K- P 4.2 GEV/C 
M D 150(1660.0) (10.0) FERRER 810MEG - PI-P 9,12 GEV/C 
M D BACKWARD PRODUCTION IN LAMBDA Pl- K+ FINAL STATE. 

Z(1670) W I D T H  (MeV) (PROD.  EXP.)  

w (45.0) ALEXANDER 62 HBC -0 
W 40.0 10.0 ALVAREB 63 HBE • 
W (30.0) (15.0) BUGG 68 CNTR 
W A 70 (60.0) (20.0) PRIMER 68 HBC * K-P 4.6-5. GEV/C 
W 110,0 12.0 AGUILAR 70 HBC SIG.Pl K-P 4 GEV 
W 135.0 40.0 30.0 ASOILAR 70 HBC SIG.EPI K-P 4GEV 
W 67.0 2.4 APSELL 74 EBB K- P 2.87 GEV/C 

B (52.0) CARROLL 76 DPWA I=I TOTAL CS 
48, TO 63. TIMMERMA 78 BBC * K- P 4.2 GEV/C 

W D 150 (90.0) (20,0) FEHRER 81 DMEG - PI-P 9,12 GEV/C 



For notation, see key on page 91. 

Z(1670) PARTIAL DECAY MODES (PROD. EXP.) 

DECAY MASSES 

Pl Z(1670) ~ N K 938÷ 494 
P2 Z(1670} ~ A ~ 1116, 140 

P3 Z(1670) ~ ~Tr" 1189+ 140 

p4 Z(1670) ~ & ~ 7  1116+ 140+ 140 

P5 ~ ( t 670 )  ~ ~ ~ 1192+ 140. 140 

P6 Z(I670) ~ ~(1385) w 1385+ 140 

P7 ~(1670) ~ A(1405) ~ 1405+ 140 

• (1670) BRANCHING RATIOS (PROD. EXP.) 

Z(1670) ~ ( N  I () /(Z 7) (P l ) / (P3 )  
RI 0 (0.19) OR LESS ALVAREZ 63 RBC + K-P 1.15 GEV/C 
RI (0.5)~ 0.25 OR MORE GMIIS 63 HBE -0 
R1 {0.6) OR LESS LONDON 66 HBC +0 K-P 2.25 GEV/C 
R1 (0.025) BUGG 68 CNTR ASSUMING J=5/2 
RI 0 (0.24) OR LESS PRIMER 68 HBC + K-P 4.6 5. GEV/C 
RI (0,26) OR LESS BARNES 69 HBC K-P 3.9-5 GEV/C 
RI (0.2) OR LESS AGUILAR 70 HBC 
RI (0.I0) OR LESS BERTSON 74 HBC 0 QUASI 2 BODY CS 
RI (0.03) OR LESS TIMMERMA 76 HBC + K- P 4.2 GEV/C 

Z(1670) ~ (A  7 ) / IX  7 )  (PB)/<P3) 
R2 130 (1.20) ALVAREZ 63 HBC + K-P 1.15 GEV/E 
R2 (1.2) SMITE 63 SBC -0 
R2 0.15 0.07 HUWE 64 HBC + 
R2 0.6 OR LESS LONDON 86 HBC ÷ K~P 2.25 GEV/C 
R2 33 0.11 0.06 BUTTON-S 68 HBC K-P AT 1.7 GEV/C 
R2 A 0 (0.0) PRIMER 68 EBC + K-P 3.9-5 GEV/E 
R2 A PRIMER 68 ASSUMED THIS DECAY TO BE ALL SIGMA(1690) - GEE BARNES 69 
R2 A FOR NEWW INTERPRATATION OF DATA.(3 TIMES MORE DATA) - 
R2 0.45 0.15 BARNES 69 HBC + K-P 3.9-5 GEV/C 
R2 (0.55) {0.11) BERTHON 74 HBC 0 QUASI 2 BODY CS 
R2 0.76 0.09 ESTEG 74 HBC 
R2 (0.45)+I- 0.07 OR LESS TIMMERMA 76 RBE 

Z(1670) ~ (A~ ) I (Z~ )  
R3 90 (0.56) ALVANEZ 63 HBC 
R3 (0.17) SMITH 63 HBC 
R3 (0.6)  OR LESS LONDON 66 HBC 

~(1670) ~ (X~7 ) / (Z~ )  
R4 180 (0.56) ALVARED 63 HBC 
R& LARGEST AT SMALL ANGLES ESTES 74 HBC 
RA E (0.2)OR LESS HEPPI 76 DBC 

Z(1670) ~ (A(1405) 7)/(Z7) 

R5 50 3.0 1.6 LONDON 66 HBC 
R5 A 17 (0.58) (0.20) PRIMER 68 HBC 
R5 LARGEST AT SMALL ANGLES ESTES 74 HBC 
R5 DE 1.8+/-0.3 TO 0.02÷/-0.07 TIMMERMA 76 HBC 
R5 E DEPENDING ON PRODUCTION ANGLE 

Z(1670) ~ (Z 7 ) / (Z  7 7 )  
R6 0.4 OR LESS BIRMINGSA 66 SSC 
R6 0.30 0,15 LONDON 66 HBC 
R6 F BETWEEN 2,5 AND 0.24 EBERHARD 59 HBC 
R6 F DEPENDING ON THE PRODUCTION ANGLE 
R6 G VARIES WITH PROD. ANGLE APSELL TL HBC 
R6 II.39) (0.16) BERTHON 74 HBC 
R6 G APSELL 74, ESTES 74 AND TIMMERMANS 76 FIND STRONG BRANCHING RATIO 
R6 G DEPENDENCE UN PRODUCTION ANGLE, AS IN EARLIER PROD. EXPERIMENTS, 

Z(1670) ~ (A(I4O5) ~ ) / ( Z  7 ~ )  (P7 ) / (P5 )  
R7 0,90 0.I0 0.16 EBERHARD 65 HBC + K-P 2.45 GEV/C 
R7 1.00 0.02 APSELL 74 HBC K- P 2.87 GEV/C 
R7 0.97 0.08 TIMMERMA 76 HBC K- P 4.2 GEV/C 

0 K-P,2.1÷2.6GEV/C 
+ K- P 4.2 GEV/C 

(P4)/IP3) 

- +0 K-P 1.15 GEV/C 

+ K-P AT 2.25 GEV/C 

IP5)/(P3) 

N-P 1.15 GEV/C 
+0 K-P,2.1+2.6GEV/C 
- K N 1.6-1,75 GEV 

(PT)/IPS) 

K-P 2.25 GEV/C 
K-P 4.6-5. GEVFC 

+- K P 2.1÷2.6GEV/C 
K-P 4.2 GEV/E 

(PS)/(PB) 

+ K-P AT 3.5 GEV/C 
K~P 2.25 GEV/E 
N-P AT 2.6 GEV/C 

* K-P 2.87 GEV/C 
0 QUASI 2 BODY GS 

Z(1670) ~ (A(1405) 7r)/(Z(1385) 7 )  {P7)/(R6) 
R8 (0.8)  OR LESS EBERHARD 65 HBE + K-P 2.45 GEV/C 

X(1670) ~ (A 7 7 ) / ( Z  7 7 )  (pA)/ IP5)  
R9 0.35 0.2 BIRMINGHA 66 HBC * K-P AT 3.5 GEV/C 

Z(1670) ~ (A r ) / (ZT r7 )  (P2)/(PB) 
RIO (0.2)  OR LESS SIRMINGSA 66 HBC * K-P AT 3.5 GEV/C 

Z(1670) ~ ( A ~ ) / ( A ~  + Z T )  (PZ)/IP2*P3) 
R11 (0,6)  OR LESS AGUILAR 70 HBC 

Z(1670) ~ (Z(1385) 7 ) / (Z  ~ )  ¢p6F/cps) 
R12 (0,21)+/- 0.05 OR LESS TIMMERMA 76 RBC K- P 4.2 GEV/C 

Z(1670) QUANTUM NUMBERS (PROD. EXP.) 

JP=3/2* LEVEQUE 65 EBE S16MA(1405) PI 
JR=3/2- ESERHARD 67 HBC ÷ SIGMA(1405) P) 
JP=3/2- BUTTON-SH 68 HBC ~- INTO SIGZERO Pl 

REFERENCES FOR ~(1670) (PROD. EXP,) 

ALEXANDE 62 CERN CONE 320 ALEXANDERIJACOBS:KALBFLEIECH,MILLERt+ (LRL) I 
ALVAREB 63 PRL 10 184 +ALSTON,FERRO-LUZZI,HUWE, * (LRL) I 
SMITH 63 ATHENS CONF 67 G A SMITH (LRL) 
HUWE 64 PR 180 1824(1969) D 0 HUWE (LRL) 
EBERHARD 65 PRL IA 466 +SHIVELY,ROSS~SIEGAL,FICENEC, + (LRL+ILL) I 
BIRMINGS 66 PR 152 1148 (BIRM+GLAS+LOIC+OXF+RREL) 
LONDDN 66 PR IA3 1034  +RAU,SAMIOG,YAMAMOTO,GOLDBERG,+ (BNL+SYRAF IJ 
BUGG E8 PR 168 1466  +GILMORE,KNIGHT,DAVIES+ (BIRM*CAVE+RHEL)I 
BUTTON-S 68 PRL 21 1123 J BUTTON-SSAFER IMASA÷LRL) JP 
PRIMER 68 PRL 20 610 ÷GOLDBERG,JAEGER,BARNES,DORNAN + (SYRA+BNL) 
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BARNES 69 BNL 13823 ~CHUNG,EISNER,FLAMINIO÷ (BNL~GYRA) 
EBERHARD 69 PRL 22 200 ÷FRIEDMAN,PRIPGTEIN,ROSS (LRL) 
AGUILAR 70 PRL 25 58 ÷BARNES, BASGARO, CHUNG, EISNER,+IBNL+SYRA) 
APSELL 74 PR 010 1419 APSELL,FORD,GOUREVITCE+IBRAN+UMD+SYRA+TUFT)I 
BERTHON 74 NC BIA 146 BERTHON,TRISTRAM,+ (CDEF÷RREL+GACL~STRB) 
ESTES 74 LBL~3827 (THESIS) R D ESTES (LBL) 
CARROLL 76 PRL 37 806 +CHIANG,KYCIA,LI,MAZUR,MIEHAEL÷ (BNL)I 
HEPPI 76 NP 0115 82 +BRAUN,GRIMM,STROBELE,THOL÷(CERN+HEID+MPIM)I 
TIMMERMA 76 NP G112 77 TIMMERMANS,ENGBLEN+ (NIJM+EERN+AMST+OXF) Jp 
FERRER 81 NP 0178 378 +TREILLE,RIVET,VOLTE+ (CERN~CDEF+EPOL*LALO) 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

LEVEQUE 65 PL 18 69 + (GACL+EPOL÷GLAS+LOIC÷OXF÷RSEL) JP 
LEE 66 PRL 17 45 Y Y LEE, D D REEDER, R W HARTUNG (WISE) JP 
EBERHARD 67 PR 163 I~46 +PRIPSTEIN,SHIVELY,KRUGE,SWANSON (LRL+ILL)IJP 
MILLER 70 DUKE 229 D H MILLER (REVIEW TALK) (PURD) 
EBERHARD 73 PURDUE CONF. 247 p EBERHARD (LBL)IJP 
EUNGERBU 74 PR 010 2051 HUNGERBUHLER,MAJKA,~ (YALE~ENAL+BNL+PITT) 

2;(1690) BUMPS [ ~(JP)=t( ) Star . . . . .  

03¢ITTED FROM SUMMARY TABLE 

SEE THE NOTE PRECEDING THE SIGMA(1670) LISTINGS. SEEN IN PRODUCTION 
EXPERIMENTS ONLY, MAINLY IN LAMBDA PI.  

~(1690) MASS (MeV) (PROD. EXP.) 

30(1715.0) (12.0) COLLEY 67 SBC + K-P 6 GEV/C 
A 60(169L.0) (24.0) PRIMER 68 HBC + K-P 4.6-5 6EV/C 

M A SEE SIGMA(1670) LIGTING-AGUILAR 70 WITH THREE TIMES THE DATA OF 
M A PRIMER 68 SHOW THAT THEY HAVE NO EVIDENCE FOR SIGMA(1690) 

B (1700.0) (6.0) SIMS 68 HBC - N-N TO LAM Pl P) 
B THIS ANALYSIS, WHICH IS DIFFICULT AND REQUIRES SEVERAL ASSUMPTIONS 
B AND SHOWS NO UNAMBIGUOUS SIGMA(1690) SIGNAL, SUGGESTS JR=5/2÷. 
B SUCH A Y* WOULD LEAD ALL PREVIOUSLY KNOWN Y* TRAJECTORIES. 

M 15(1698.0) (20,0) ADERHOLB 69 HBC ~ PI+P 8 GEV/C 
M 46(1682.D) (2,0) BLUMENFEL 69 HBC + KO LONG ÷ PROTON 

(1700.0) (20.0) MOTT 69 RBC K~P 5.5 GEV/C 
C 70(1698,0) (20.0) GODDARD 79 HBE * ~I+P 10.3 GEV/E 

M E FROM ILAMBDA PI+) K+ FINAL STATE. J~I/2 NOT REQUIRED BY DATA. 
M D 40(1707.0) (20.0) GODDARD 79 SBC + PI+P 10.3 EEV/C 
M D FROM (LAMBDA Pl+) (K PIP+ FINAL STATE. J>I/2 INDICATED, BUT LARGE 
M D BACKGROUND PRECLUDES DEFINITE CONCLUSION. 

• (1690) WIDTH (MeV) (PROD. EXP.) 

30 ( I00 .0)  (35.0) COLLEY 67 HBC ÷ 
A 60 (105.0) (35.0) PRIMER 68 HBC 

w B (62.0) (14.0) SIMS 68 HBC - SEE NOTE N ABOVE 
W 15 (142.0) (40.0) ADERHOLZ 69 SBD PI+P 8 GEV/C 

46 I25.0) (10.0) BLUMENFEL 69 HBS + 
(130,0) (25.0) MOTT 69 HBD ÷ 

W C 70 (240.0) (60.0) GODDARD 79 HBC + PI÷P 10.3 GEV/C 
W D 40 (130.0) (100.0) (60.0) GODDARD 79 HBC * PI÷P 10.3 GEV/C 

Z(1690) PARTIAL DECAY MODES (PROD. EXP.) 

DECAY MASSES 

pl ~(1690) ~ NK  938+ 494 

P2 ~(]690) ~ ~ ~ 1116+ 140 

P3 Z(1690) ~ ~ 7  1189+ 140 

P4 ~(1690) ~ ~(1385) ~ 1585+ 140 

P5 ~(t690) --  A r T ( i n c l u d i n g  P4) 1116. 140~ 140 

~(1690) BRANCHING RATIOS (PROD. EXP.) 

~ ( 1 6 9 0 )  ~ (NK)/(A~) (P I ) / IP2 )  
R1 18 0.4 0.25 COLLEY 67 HBC + 6/30 EVENTS 
RI (0.2) OR LESS MOTT 69 RBC 
RI SMALL GOODARD 79 HBE PI÷P 10.2 GEV/E 

Z(1690) ~ ( Z ~ ) / ( A 7 )  (P3)/(P2) 
R2 0.3 0.3 COLLEY 67 RBC + 4/30 EVENTS 
R2 (0.4)  OR LESS EL=,90 MOTT 69 SBC ÷ 
R2 SMALL GODDARD 79 HBC PI+P I0,2 GEV/C 

Z(1690) ~ (~(1385) ~)/(A 7 )  (P4)/(P2) 
R3 (0.5) OR LESS MOTT 69 HBC + 

Z(1690) ~ (A 7 7 ) / (A  ~ )  (PS)/IP2) 
R4 0,5 0.25 COLLEY 67 HBC + 15/30 EVENTS 
R4 2.0 0.6 BLUMENFEL 69 HBD + 31/15 EVENTS 
R4 ......... 
R4 AVG 0.72 0.53 AVERAGE (ERROR INCLUDES SCALE fACTOR OF 2,3) 

~(1690) ~ (~(1385) 7) / (A ~ ~ )  (P4)/(p5) 
R5 SMALL COLLEY 67 HBC + 
R5 LARGE SIMS 68 RBC N-N TO L2PI 

REFERENCES FOR Z(1690) (PROD. EXP,) 

COLLEY 67 PL 24B 489 (BIRM+GLAG+LOIC+MUNI*OXF*RHEL) I 
DERRICK 67 PRL 18 266 +FIELDS, LOKEN, AMMAR, (ANL+NWES) I 

REPLACED BY MOTT 69. 
PRIMER 68 PRL 20 610 +GOLDBERE, JAEGER, BARNES, + (SYRACUSE÷BNL) I 
SIMS 68 PRL 21 1413 +ALBRIGHT, + (FSU÷TUFT+BRAN) I 
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Baryon Full Listings 
Z(i690), ~(1750), Z(1770) 

AOERHOLZ 69 NP 811 25R 
BLUMENFE 69 PL 298 58 
MUTT 69 PR 177 1966 
GODDARD 79 PR 819 1350 

AGUILAR 70 PRL 25 58 
COOPER 70 NP B23 605 

÷BARTSCH,SCHuLI~*kAACm+BERL+~RN+SRAb÷wAMB)[ 
B J BLUMENFELD, G R KALBFLEISCH (BNL) I 
*AMMAR, DAVIS, RROPAC, + (NWES*ANL) I 
~KEY,LUSTE,PRENTICE,YOON,GORDON+ (TNEO÷BNL)I,J 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

AGUILAR-BENITEZ,BARNES,BASSANO+ (BNL*SYRA) 
~MANNER,MUSGRAVE,POLLARD,VOYVODIC (ANL)I 

[ ~(1750) S l l  ] I(JP)=[(12+) Star . . . . . .  

FOR MOST RESULTS PUBLISHED BEFORE 1974 (THEY ARE NOV OBSOLETE), SEE 
OUR 1982 EDITION (PHYSICS LETTERS 1118). ALL THE REFERENCES HAVE BEEN 
RETAINED. 

THERE IS EVIDENCE FOR THIS SLATE IN MANY PARIlAL-WAVE ANALYSES, BUT 
WITH RATHER WIDE VARIATIONS IN THE MASS, WIDTH AND COUPLINGS. THE 
LATEST ANALYSES INDICATED SIGNIFICANT COUPLINGS TO N KBAR AND LAMBDA 
Pl,  AS WELL AS SIGMA E~A WHOSE THRESHOLD 1S NEARBY AT 1745 MEV 
(JONES 74) ,  

~(1750) M A S S  (MeV) 

(1785.0) (12.0) CHU 74 DBC - ; iT  SIB ErA CS 
A (1760.0) (5.0)  JONES 7A HBC 0 FIT SIGO ETA CS 
A S-WAVE BW FIT TO THRSHLU C.S., NO BKGND. ERRORS STATISTICAL ONLY 

(1739.0) (10.0I PREVOST 74 DPWA 0- K-N TO S(13S5)Pl 
B 11780.0) (30.0) BAILLON 75 IPWA KBAR N TO LAM Pl 
B FROM SOLUTION I OF DAILLON 75. 

(170D.0) (30.0) BAILLON 75 IpwA KBAR N TO LAM PI 
FROM SOLUTION 2 OF SAILLON 75. 

(1697.0) (20.0) (10.0) VANHORN 75 DPWA 0 K- P TO LAM RIO 
I1730.0) BELLGFON 76 [PWA 0 K- P TO LAM Pl 
1715.0 I0.0 CARROLL 76 OPWA I=I TOTAL CS 

A TOTAL CROSS SECTION BUMP WITH (J+I/R)X:O.30. 
E 1800. OR 1813. MARTIN 77 DPWA KBAR N MULTICHNL 
E THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
E PARAMETERS FROM THE T-MATRIX POLE AND EROM A B-W FIT, RESPECTIVELY. 

1770.0 15.0 RLIC 77 DPWA KBAR N MULTICHNL 
1770.0 10.0 ALSTON 78 DPWA KBAR N ELASTIC 
1756.0 (I0.0) GOPAL 80 DPWA KBAR N ELASTIC 

YO750) W I D T H  (MeV) 

w (89.0) (33.0) CHU 74 DBC - FIT BIG- ETA CS 
W A (92.0) (7.0)  JONES 7& HOE 0 FIT SIS+ETA CS 

(108.0) (20.0) PREVOST 7& DPWA O- K-N TO S(1385)P[ 
( IA0.0)  (80.0) BAILLON 75 IPWA KBAR N TO LAM PI B 

W C (160.0) (50.0) BAILLON 75 IPWA KBAR N TO LAM Pl 
W (68.0) (14.0) (12.D) VANHDRN 75 DPWA 0 K- P TO LAM RIO 
W (110,0) BELLEFON 76 IPWA 0 K- P TO LAM Pl 

D (10.0) CARROLL 76 DPWA I= I  TOTAL ES 
E 117. OR I19. MARTIN 77 DPWA KBAR N MULTICHNL 

W 60,0 10.0 RLIC 77 DPWA KBAR N MULTICHNL 
181,0 20.0 ALSTON 78 DPWA KBAR N ELASTIC 
6~.0 (10.0) GOPAL 80 DRWA KBAR N ELASTIC 

Z(1750) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

Pl Z(1750) ~ N~"  938~ 49¢ 
P2 Z(1750) ~ ~ 1192÷ 5a9 
03 E(1750) ~ A ~ 1116÷ 155 

94 N(1750) ~ ~71- 1189+ 1LO 

p5 ~(1750) ~ 2(1385) ~ 138B+ 1AO 
P6 Z(1750) ~ A(1520) ~ 1520+ 140 

~(1750) B R A N C H I N G  R A T I O S  

~(1750) ~ ( N K ) / t o t a l  (PI) 
RI E 0.06 OR 0.05 MARTIN 77 DPWA KBAR N MULTICHNL 
RI F (0 ,15 )  (0.03) RLIC 77 DPWA KBAR N MULTICHNL 
Ri E (N KBAR)/TDTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80. 
RI 0.33 0.05 ALSTON 78 DPWA KBAR N ELASTIC 
RI 0 . I~  (0.03) GOPAL 80 DPWA KBAR N ELASTIC 

Z(1750) in N K ~ ~ ~ SQRT(PI*P2) 
R2 SEEN CLING 69 DBC ~ THRESHOLD BUMP 
R2 A (0.23) (0.01) JONES 7A HBC 0 FIT SIG+ETA CS 

~(1750) in N K ~ A ~- SQRT(PI*P3) 
R3 (-0.120) (0.077) DEVENISH 7A 0 FIXED T LISP REL 
R3 B (-0.12) (0.02) BAILLON 75 IPWA KBAR N TO LAM Pl 
R3 C (-0.13) (0.03) BAILLON 73 IPWA KBAR N TO LAM Pl 
R3 (-0.13) (0.04) VANHORN 75 DPWA 0 K- P TO LAM PlO 
R3 (-0.12) BELLEFON 76 IPWA 0 K- P TO LAM Pl 
R3 E 0.10 OR -0.09 MARTIN 77 DPWA KBAR N MULTICHNI 
R3 (0.04) (0.03) RLIC 77 DPWA KBAR N MULTICHNL 

Z(1750) in N K  ~ ~ ~ SQRT(PI*P4) 
R4 (0.13) (0.02) LANBBEIN 72 IPWA MULTICHANNEL 
R4 E +0.06 OR +0.06 MARTIN 77 DPWA KBAR N MULTICHNL 
R4 -0.09 0.05 RLIC 77 DPWA KBAR N MULTICHNL 

Z(1750)  in  N K ~ ~ (1385)  ~r SQRT(PI*P4) 
RS +0.18 8.15 PREVOST 74 DPWA 0 K N TO S(1385)~I 

Z(1750) in N K ~ A(1520) ~ SQRT(Pl*P6} 
R6 G 0.032 0.021 CAMERON 77 DPWA O p~WAVE DECAY 
R6 G ASSUMES LAMBOA(1320) ELASTICITY=.40 

R E F E R E N C E S  FOR ~(1750) 

FERRO-LU 66 BERKELEY CONF 183 M FERRD LUZZl (RAPRORTEUR) (CERN) 
CLINE 67 PL 25B 4i CLINE, OLSEON (~[SC)IJP 
MEYER 67 HEIDELBERG C 117 J MEYER (RAPPORTEUR) (SACL)IJ# 
ARMENTER 88 NP B8 188 ARMENTEROS, BAILLON, + (CERN*HEID~SACL)IJP 
ARMENTER B9 LUND CONI PAPER ARMEN~EROS, BAILLON, + (CERN+HEID÷SACL)IJP 
ARMENTER 70 DUKE 123 ARMENTEROS, BAILLON, + (CERN+HEID)IJP 
HARRISON 70 FSU-HEP 7013k I W C HARRISON (THESIS) (FSU) 
EONFORTO 71 NP B3& +LEVI SETTI,LASINSKI..OBERLACK~- (EFI÷HEID)IJP 
HIM 71 PRL 27 356 

ALSO 70 DUKE 161 
LANGBEIN 72 NP 847 477 
BAXTER 73 NP B67 125 
CHU 74 NC 20A 35 
JONES 7~ NP 673 141 
OEVENISH 74 NP B81 330 
PREVOST 74 NP B69 248 
BAILLON 75 NP B9& 39 
VANHORN 75 NP B87 I~5 

ALSO 75 NP B87 157 
BELLEFON 76 NP BI09 129 
CARROLL 76 PBL 37 806 
CAMERON 77 NP B131 399 
MARTIN 77 NP B127 349 

J K KIM (HARV)IJP 
J K KIM (HARV)IJP 
+WAGNER (MPIM)IJP 
BAXTER,BUCKINEHAM,EORBETT,DUNN,+ (OXF)IJP 
CHU,BARTLEY,+ (SUNY PLATTSBUREH~TUFT+BRAN)IJP 
JONES ICHIC)IJP 
DEVENISH,FROGGATT,MARTIN (DEEY+NORD-LOUC) 
PRFVOST,BAHLOUTAUD,÷ (SACL+CERK+HEID) 
P BAIL[ON, P J LITCHEIELD (CERN+RHEL)IJP 
A J VAN HORN (LBL)IJP 
A J VAN HORN (LBL)IJP 
DE BELLEFON,BERTHON (CDEF)IJP 
+CHIANG,KYCIA,LI,MAZUR,MICHAEL~ (BNL)I 
+FRANEK,SOPAL,KALMUS,MCPHERSON* (RHEL*LOIC)IJP 
MARTIN,PIDEDCK,MOORHOUSE (LOUC+GLAS)IJP 

ALSO 77 NP 8126 266 MARTIN,PIDGOCK (LOUC) 
ALSO 77 NP B126 285 MARTIN,PIDEOCK (LOUC)IJP 

RLIC 77 NP B119 362 GOPAL,ROSS,VAN HORN,MCPHERS~N- (LOIC÷RHEL)IJP 
ALSTON 78 PR 818 182 *KENNEY,POLLARD,RDSS* (LBL+MTHD÷CERN)IJP 

ALSO 77 PRL 38 1007  ALSTON-GARNJOST,KENNEY,* (LBL÷~EHO+CERN)IJP 
GOPAL BO TORONTO CONE 159 G P GOPAL (RHEL)IJP 

I ~(1770)  P 11 [ ~u P) = 1 ( ~  +) Status: * 

O M I T T E D  F R O M  SU.44"MAR Y T A B L E  

EVIDENCE FOR THIS STATE NOW RESTS SOLELY ON SOLUTION I OF BAILLON 75 - 
BUT THE LAMBDA PI PARTIAL-WAVE AMPLITUDES OF THIS SOLUTION ARE IN 
DISAGREEMENT WITH AMPLITUDES FROM MOST OTHER LAMBDA PI ANALYSES, 

Z(1770) M A S S  (MeV) 

(1772.0) KANE 72 DPWA H P TO SIGMA 01 
STATE IS NOT REQUIRED IN KANE 7L WHICH SUPERSEDES KANE 72. 

B 1770.0 20.0 BAILLON 75 IPWA KBAR N TO Pl LAM 
C B FROM SOLUTION I Or BAILLON 75, NOT PRESENT IN SOLUTION 2. 

(1738.0) (IO.O) RLIC 77 DPWA KBAR N MULTICHNL 
C STATE REQUIRED TO FIT I=I TOTAL X-SECTION OF CARROLL 76 IN KBAR N 
C CHANNEL. NEW K-P POLARIZATION AND K- NEUTRON DIFFERENTIAL X-SECTION 
C DATA MORE CONSISTENT WITH SIGMA(1660) P11 IN GOPAL 80 ANALYSIS. 

W A B 
W 
W C 

Z(1770) W I D T H  (MeV) 

(80.0) KARL 72 DPWA K-P TO SIGMA Pl 
80.0 30.0 BAILLON 75 IPWA KBAR N TO Pl LAP 

(72.0) (10.0) RLIC 77 DPWA KBAR N MULTICHNL 

Z(1770) P A R T I A L  DECAY M O D E S  

DECAY MASSES 

pl Z(1770) ~ . ¥ K  938+ 494 

P2 2(1770) ~ A ~ 1116+ 140 

P3 Z(1770) ~ Z ~  1189. 140 

Z(1770) B R A N C H I N G  R A T I O S  

Z(1770) ~ ( N K ) / t o t a l  (p l )  
RI C (O.1A) (0.04) RLIC 77 DPWA KBAR N MULTICHNL 

Z(1770)  in N K ~ A ~ SQRT(PI*P2) 
R2 B -O.OB 0.02 BAILLON 75 IPWA KBAR N TO PT LAM 
R2 LESS THAN 0.04 RLIC 77 DPWA KBAR N MULFICHNL 

Z(1770) in N K ~ Z I r  SORT(PI*P3) 
R3 A (-0.108) KANE 72 DPWA K-P TO SIGMA Pl 
R3 LESS THAN O.OA RLIC 77 DPWA KBAR N MULTICHNL 

REFERENCES FOR Z(1770) 

KANE 72 PR D5 1588 D F KANE (LBL) 
BAILLON 75 NP B9A 39 P BAILLON, P J LITCHFIELD (CERN+RHEL)IJP 
RLIC 77 NP B119 362 GDPAL,ROSS,VAN HORN,MCPHERSON* (LOIC*RHEL)IJP 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

KANE 74 LBL-2452 D F KANE (LBL)IJP 
CARROLL 76 PRL 37 806 ÷CHIANG,KYCIA,LI,MAZUR,MICHAEL,+ (BNL)I 



For notation, see key on page 91. 

I ~(1775) DI5 I I<JP)=I(5-) Star . . . . . . .  

FOR MOST RESULTS PUBLISHED BEFORE 1974 (THEY ARE NOW OBSOLETE), SEE 
OUR 1982 EDITION (PHYSICS LETTERS 111B). ALL THE REFERENCES HAVE BEEN 
RETAINED. 

Z(1775)  M A S S  ( M e V )  

M 1772.0 (6.D) HANE 74 DPWA K-P TO PI SIS 
M 1775.0 10.0 BAILLON 75 IPWA KBAR N TO LAM Pl 
M 1774.D 10.0 VANHORN 75 DPWA 0 K- P TO LAM RIO 
M (1765.0) BELLEFON 76 IPWA 0 K P TO LAM PI 
M A 1772. OR 1777. MARTIN 77 DPWA KBAR N MULTIGHNL 
M h THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
M A PARAMETERS FROM THE T MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 
M 1774.0 5.0 RLIC 77 DPWA KBAR N MULTIEHNL 
M 1777.0 5.0 ALSTON 78 DPWA KBAR N ELASTIC 
M 1778.0 (5.0) GOPAL 80 DPWA KBAR N ELASTIC 

z(1775) WIDTH (MeV) 

w 1 5 4 . 0  (IO.O) KANE 74  DPWA K-P TO PI SIS 
w 125.0 15.0 BAILLON 75 IPWA KBAR N TO LAM Pl 

146.0 18.0 VANHORN 75 DPWA O K- P TO LAM RIO 
(120.0) BELLEFON 76 IPRA 0 K- P TD LAM PI 

W A 102. OR 103. MARTIN 77 BPWA KSAR N MULTICHNL 
130.0 10.0 RLIC 77 DPWA KBAR N MULTICHNL 
116.0 10.0 ALSTON 78 DPWA KBAR N ELASTIC 

W 137.0 (10.0) GOPAL 80 DPWA KBAR N ELASTIC 
W 
W AVG "125.9"-" " " --6.0 " AVERAGE 

• (1775) P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

PI 2 0 7 7 5 )  ~ N K 938+ 494 

P2 ~(1775) ~ A 71" 1116÷ 135 

P3 Z(1775) ~ A(1520) TF 1520+ %0 

P4 Z(1775) ~ ~(1385) ~ ,  D-wave  1 3 8 5 .  140 

P5 2(1775) ~ Z ~ 1 1 8 9 .  140 

P6 Z(1775) ~ Z ~ 1192+ 549 

P7 Z(1775) ~ ~ ~Tr  1192+ 140~ 140 

FITTED PARTI~kL DECAY MODE BRANCHING FRACTIONS 

The matrix belo~ is derived from the error matrix for the fitted partial decay mode 
branching fractions, Pi, as follows: The diagonal elements are Pi:rPb where 
5P~ = ~ ,  while the off-diagonal elements are the normalized correlation eoeffi- 
ciems (rP~rPi)/(6PI'rPj). For the definitions of lhe individuaI Pi, see the hstings above; 
onb  those P, appearing in the matrix are assumed in the fit to be nonzero and are 
thus constrained to add to 1. 

p I R 2 P 3 04 P 5 P6 
P I .4520+-.0333 
P 2 -.1658 .1497+-.0139 
P 3 -.7170 .1184 .1869÷-.0259 
p 4 -.5842 .0969 .4174 .0790+-.0099 
P 3 -.2374 .039 L, .1695 .1387 ,0374÷-.0121 
P 6 -.1406 -.4778 -.3639 -.1568 -.3887 .0950+- .0270 

Z(1775) B R A N C H I N G  R A T I O S  

ERRORS QUOTED BY EXPERIMENTERS DO NOT INCLUDE UNCERTAINTY DUE 
TO PARAMETRIZATION USED IN THE P,W.A. THEY SHOULD BE INCREASED. 

~(1775) ~ (NK)/ tota l  (01)  
RI A 0,37 OR 0.36 MARTIN 77 DPNA NEAR N MULTICHNL 
RE B (0.41) (0.03) RLIC 77 DPWA KBAR N MULTICHNL 
RE B (N KBAR)/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80. 
RE 0.37 0.03 
RE 0,40 (0.02) 
RI ......... 
RI FIT 0.452 0.033 

~(1775) ia N K  ~ A 7r 
R2 -0.259 0.048 
R2 -0.25 0.02 
R2 -0.28 0.04 
R2 (-0.30) 
R2 A ~D.29 OR -0.28 
RG - O . 2 B  0 . 0 3  
R2 . . . . . . . . .  
R2 AVG MOD 0.261 0.015 

ALSTON 78 DPWA KBAR N ELASTIC 
GOPAL 80 DPWA KBAR N ELASTIC 

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.9) 

SQRT(PI*P2) 
DEVENISH 74 0 FIXED T DISP REL 
BAILLON 75 IPWA XBAR N TO LAM PI 

D.05 VANHORN 75 DPWA 0 K- P TO LAM PIO 
BELLEFON 76 IPWA 0 K- P TO LAM PI 
MARTIN 77 DPWA KBAR N MULTICHNL 
RLIC 77 DPWA KBAR N MULTICHNL 

R2 FIT 0.260 0.014 FROM FIT (ERROR INCLUDES SCALE FACTOR OF %1) 

~(1775)  in N K ~ A(1520) ~ SQRT(PI*PS) 

R3 D.27 0.03 ARMENTERO 65 HBC 0 K-P TO Y'1520 PI 
R3 0,31 0.02 BARLETTA 72 DPWA O K-P TO Y'1520 PI 
R3 C -0.305 0.010 CAMERON 77 DPWA 0 K-P TO L(152O)PI 
R3 C LISTED RATE COMBINES P- AND F-WAVE DECAYS AND ASSUMES LAMBDA(1520) 
R3 C ELASTICITY=.46. THE CAMERON 77 RESULTS FOR THE SEPARATE P- AND 
R3 C F-WAVE DECAYS ARE -0.303÷/-.010 AND -0.037t/-.014, RESPECTIVELY. 
R3 C THE SIGNS ARE CHANGED HERE TO BE IN ACCORD WITH THE BARYON-FIRST 
R3 C CONVENTION. 
R3 ......... 
R5 AVG HOD 0.5051 0.0086 AVERAGE 
R3 FIT 0.291 0.015 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.7) 
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Baryon Full Listings 
2;(1775), Z(1840) 

~(1775)  in N ~ 7  ~ Z(1385)  71-, D-wave SQRT(PI*PA) 
R4 (0.24) (0.03) ARMENT-2 67 HBC B K-P TO LAM PI PI 
R4 D (0.32) (0.06) SIMS 68 EBC - K-N TO LAM PI Pl 
R4 D SIMS 68 USES ONLY CROSS-SECT. DATA. RESULT USED AS UPPER LIMIT ONLY 
R4 +0.20 0.02 PREVOST 74 DPWA O- K~N TO S(1385)PI 
R4 C -0.184 0.011 CAMERON 78 DPNA 0 K-P TO S(1385)PI 
R4 C CAMERON 78 UPPER LIMIT ON G-WAVE DECAY IS 0.03. 
R4 ......... 
R4 AVG HOD 0.1877 0.0096 AVERAGE 
R4 FIT 0.1889 0.0096 FROM FIT 

z(1775) in N K ~ ~Tr SQRT(PI*PS) 
R5 0.09 (0.01) KANE 74 DPWA K-P TO PI GIG 
R3 A ÷0.08 OR +0.08 MARTIN 77 OPWA KBAR N MULTICHNL 
R5 +0.13 0.D2 RLIE 77 DPWA KBAR N MULTICHNL 
R5 ......... 
R5 FIT 0.130 0.020 FROM FIT 

R6 0.33 0.05 
R6 ......... 
R6 FIT 0.331 0.042 

Z(1775) ~ (A(1520)~)/(NK) 
R7 0.28 0 . 0 8  
R7 . . . . . . . . .  
R7 FIT 0.413 0.082 

z(1775) ~ (Z0385)~r)/(N~) 
R8 0.25 0.09 
R8 ......... 
R8 FIT 0.175 0.031 

z(1775) ~ (~ ~-)/tota! 
R9 
R9 
R9 
R9 
R9 

(P2) / (P I )  
UHLIG 67 HBC D K-P,.9 GEV/C 

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2) 

(P3) / (P I )  
UHLIG 67 HBC 0 K-P,.9 GEV/C 

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.5) 

(PA) / (PI )  
UHLIG 67 HBC O K-P,.9 GEV/C 

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.4) 

(07) 

E (0.12) ARMENT-268 HDBC -O K-N TO GIG PI Pl 
E FOR ABOUT 3/A OF THIS, THE SIGMA PI SYSTEM HAS I=O AND IS ALMOST 
E ENTIRELY LAMBDA(1520). FOR THE REST, THE SIGMA Pl HAS I=I. THIS 
E IS ABOUT WHAT IS EXPECTED FROM THE KNOWN RATE SIGMA(1775) TO 
E 81GMAE1385) PI, AS SEEN IN LAMBDA Pl PI. 

R E F E R E N C E S  F O R  2;(1775) 

GALTIERI 63 PL 6 296 A BARBARO-GALTIERI,A HUSSAIN,R D TRIPP(LRL)IJ 
ARMENTER ~5 PL 19338 ARMENTEROS, + (CERN÷HEID+SACL)IJP 
BELL I 86 PRL 16203 R B BELL, R W BIRGE, Y-L PAN, R T PU (LRL)IJP 
BELL 2 66 UCRL-16936 THESIS R B BELL (LRL)IJP 
FENSTER 66 PRL 17841 ÷GELPAND,HARMSEN,L-SETTI,+ (CHICAANL+CERN)IJP 

-- FENSTER 66 IS SUPERSEDED BY BARLETTA 72 
ARMENTER 67 PL 248198 ARMENTEROS,FSRRO~LUZZI+ (CERN+HEID+SACL)IJP 
ARMENT-267 ZEIT.PHYS.202486 ARMENTEROE,FERRO-LUZZI+ (CERN+HEID+SAEL) 
UHLIG 67 PR 1551448 ÷CHARLTON,EONDON,GLASSER,YODH,+ (UMD+NRL) 
ARMENT-168 NP B8195 ARMENTEROS, BAILLON, ¢ (CERN+HEIS+SACL)IJP 
ARMENT-268 NP 88216 ARMENTEROS, SAILLON, + (CERN+HEID+SACL) I 
BUGS 68 PR 1681466 *GILMORE,KNIGHT,DAVIES+ (BIRM÷CAVE+RHEL)I 
CONFORTO 68 NP B8265 *HARMSE~, LASINSKI, * (CHIC+HEID)IJP 

SUPERSEDED BY EONFORTO 71, 
SIMS 68 PRL 211413 SIMS,ALBRIGHT,BARTLEY,MEER* (FSU*TUFT+BRAN) 
SMART 68 PR 1691330 W M SMART (LRL)IJP 
BRICMAR170 PL 33R 511 *FERRO-LUZZI,LAGNAUX (CERN) 
COOL 70 PR 011887 *BIACOMELLI, KYCIA, LEONTIE, LI, + (BNL) I 
GALTIER170 DUKE CONF 173 A BARBARO-GALTIERI (LRL)IJP 
HARRISON 70 FSU-HEP 701341 W E HARRISON (THESIS) (FSU) 
CONFORTO 71 NP B34 *LEVI SETTI,LASINSKI..OBERLACK*+ (EFI+HEID)IJP 

J K KIM (HARV)IJP KIM 71PRL 27356 
ALSO 70 DUKE 101 J K KIM (HARV)IJP 

PREVOST 71 AMSTERDAM EONF + CHS COLLABORATION (CERN+EEID*SAGL) 
BARLETTA 72 NP 84045 W A BARLETTA (EP]) IJP 
KANE 72 PR 05.1383 D F KANE (LBL)IJP 
LANGBEIN 72 NP B 4 7 4 7 7  +WAGNER (MPIM)IJP 
DEVENISR 74 NP B81330 DEVENISH,FROGGATT,MARTIN (DESY+NORD*LOUE) 
KANE 74 LBL-2452 D F KANE (LBL)IJP 
PREVOST 74 NP B69246 PREVBST,BARLOUTAUD,* (SACL+CERN+HEID) 
BAILLON 73 NP 89439 P BAILLON, P J LITCHFIELD (CERN*RHEL)IJP 
VANHORN 75 NP 887145 A J VAN HORN (LBL)IJP 

ALSO 75 NP 887157 A J VAN HORN (LBL)IJP 
BELLEFON 76 NP BI09129 DE BELLEFON,BERTEON (CDEF)IJP 
CAMERON 77 NP 8131399 +FRANEK,GOPAL,KALMUS,MCPHERSON+ (RHEL+LOIC)IJP 
MARTIN 77 NP B127349 MARTIN,PIDCOCK,MDORHOUSE (LOUC÷GLAG)IJP 

ALSO 77 NP 8126266 MARTIN,PIDCOCK (LOUG) 
ALSO 77 NP B126285 MARTIN,PIDCOCK (LOUC)IJP 

RLIC 77 NP R119362 GOPAL,ROSS,VAN HORN,MEPHERSON+ (LOIC+RHEL)IJP 
ALSTDN 78 PR 018182 +KENNSY,EOLLARD,ROSS+ (LBL+MTHO÷CERD)IJP 

ALSO 77 PRL 381007 ALGTON-GARNJOST,KENNEY,+ (LBL+MTHO+CERN)IJP 
CAMERON 78 NP 8143189 ÷FRANEK,GOPAL,BAEON,SUTTERWORTH+(RHEL*LOIE)IJP 
GOPAL 80 TORONTO CONF 159 G P GOPAL (RHEL)IJP 

N(1840) P13 [ l(JP)=l(~-) Stat . . . .  

OMITTED FRO~I SUMMARY TABLE 

FOR THE TIME BEING, WE LIST ALL RESONANCE CLAIMS IN THE PI3-WAVE IN 
THE 1700-1900 MEV MASS REGION TOGETHER UNDER THIS HEADING. 

• (1840) M A S S  ( M e V )  

1840,0 (10.D) LANGBEIN 72 IPWA MULTICHANNEL 
(1720.D) (30.0) BAILLON 75 IPWA XBAR N TO LAM PI 

M FROM SOLUTION I OF BAILLON 75, ROT PRESENT IN SOLUTION 2. 
M 1925.0 (200.0) VANHORN 75 DPWA 0 K- P TO LAM PID 
M B 1798. OR 1802. MARTIN 77 SPWA KBAR N MULTICHNL 

B THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
B PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 
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Baryon Full Listings 
Z(!840), Z(I880), 2;(1915) 

Z(1840) W I D T H  ( M e V )  

120.0 ( I 0 ,0 )  LANGBEIN 72 IPWA MUL]ICHANNEL 
R (120.05 (30.0) BAILLON 75 IPWA KBAR N TO LAM PI 

w 65.0 (50.0) (20.0) VANHORN 75 DPWA 0 K- P TO LAM P10 
W B 93. OR 93. MARTIN 77 DPWA KBAR N MULTICHNL 

Z(1840)  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

Pl Z(1840) ~ N ~  938* 494 
P2 Z(1840) ~ Z ~ 1189+ 140 

P3 ~(1840) ~ A TV 1116÷ 135 

:~(1840) B R A N C H I N G  R A T I O S  

Z(1840)  ~ ( N K ) / t o t a l  
RI 0.37 0(~,13) 
RI S 0.0 OR , 

R2 0.15 (0.04) 
R2 S -0.04 OR -0.04 

2(1840)  in N K  ~ A ~r 
R3 0.20 (0.04) 
R3 +0.122 0.078 
R3 A (+0.11) (0.02) 
R3 +0.08 (0.04) 
R3 S ÷0.03 OR +0.05 

(015 
LANEBEIN 72 IPNA  MULTICHANNEL 
MARTIN 77  DPWA KBAR N MULTICHNL 

SQRT(PI"P2) 
LANGBEIN 72 IPWA MULTIEHANNEL 
MARTIN 77 DPWA KBAR N MUL~ICHNL 

SQRT(PI*P3) 
LANGBEIN 72 IPWA MULTICHANNEL 
DEVENISH 7~ 0 FIXED T DISP REL 
BAILLON 75 IPWA KBAR N TO LAM Pl 
VANHORN 75 DPWA 0 K- P TO LAM RIO 
MARTIN 77 DPWA KBAR N MULTICHNL 

R E F E R E N C E S  F O R  ~(1840)  

LANGBEIN 72 NP B47 477 *WAGNER IMPIM)IJP 
DEVEN)SH 74 NP 081 850 DEVENISH,FROGGATT,MARTIN (DESY+NORD+LOUC) 
BAILLON 75 NP B94 39 P BAILLON, P J LITCHFIELD (CERN÷RHEL)IJP 
VANHDRN 75 NP B87 145 A J VAN HORN (LBL)IJP 

ALSO 75 NP 087 157 A J VAN HORN (LBL)IJP 
MARTIN 77 NP B127 349 MARTIN,PIDCOCK,MOORHOUSE (LOUC+GLAS)IJP 

ALSO 77 NP B126 266 MARTIN,PIDCOCK (LOUC) 
ALSO 77 NP 8126 285 MARTIN,PIDCOCK (LOUC)IJP 

I 2(1880) PI1 I ~(JP)=I(½ ÷) Statu . . . .  

OMITTED FROM SUMMARY TABLE 

A RESONANCE IS SUGGESTED BY SEVERAL PARTIAL-WAVE ANALYSES ACROSS THIS 
REGION, BUT WITH WIDE VARIATIONS IN THE MASS AND OTHER PARAMETERS. WE 
LIST HERE ALL CLAIMS WHICH LIE WELL ABOVE THE SIGMA(IT70). 

Z(1880)  M A S S  ( M e V )  

M 1882.0 40.0 SMART 68 DPWA -0 K- N TO LAM Pl 
M (1850.05 BAILEY 69 DPWA 0 ELASTIC, CE EXCH 
M ABOUT 1850.0 ARMENTERO 70 IPWA -0 ELASTIC, CH EXCH 

1950.0 50.0 GALTIERI 70 DPWA K- N TO LAM PI =0 
1920.0 30.0 LITCHFIEL 70 DPWA -0 K- N TO LAM P! 

M A (1898,0) LEA 78 DPWA MULTICHNL K-MTRX 
M A ONLY UNCONSTRAINED STATES FROM TRBLE 1 OF LEA73 ARE IN LISTINGS. 
M B (1960.05 (30,05 BAILLON 75 IPWA KBAR N TO LAM PI 
M B FROM SOLUTION I OF BAILLON 75, NOT PRESENT IN SOLUTION 2, 
M 1905.0 SO,O VANHORN 75 OPWA 0 K- P TO LAM PIO 

E IB47, OR I063. MARTIN 77 DPWA KBAR N MULTICHNL 
C THE TWO ENTRIEB FOR MARTIN 77 CORRESPOND TO EXTRAETION O; RESONANCE 

M C PARAMETERS FROM THE T-MATRIX ROLE AND FROM A B-W FIT, RESPECTIVELY. 
1870.0 10.0 CAMERON2 78 DPWA K-P TO K*(8925 N 
1826.0 (20.05 GOPAL 80 DPWA KBAR N ELASTIC 

~(1880)  W I D T H  ( M e V )  

222.0 150.0 
(200.0) 

W ABOUT 30,0 
W 200.0 50.0 
W 170.D 40,0 

B A (282,2) 
(260,05 (40.0) 

W 220.0 140.0 
216, OR 220. c 
80.0 10.0 

W 88.0 (15.0I 

SMART 68 DPWA -0 K- N TO LAM PI 
BAILEY 69 DPWA 0 ELASTIC, CH EXCH 
ARMENTERO 70 IPWA -0 ELASTIC, CR EXCH 
GALTIERI 70 DPWA -0 K- N TO LAM PI 
LITCHFIEL 70 DPWA -8 K- N TO LAM PI 
LEA 73 DPWA MULTICHNL K-MTRX 
BAILLON 75 IPWA KBAR N TO LAM PI 
VANHDRN 75 DPWA 0 K- P TO LAM P10 
MARTIN 77 DRWA KBAR N MULTICHNL 
CAMERON2 78 DPWA K-P TO K*(892) N 
GOPAL 80 DPWA KBAR N ELASTIC 

~(1880)  P A R T I A L  D E C A Y  M O D E S  

z 0 8 8 o )  ~ N- ,~  

~ ( 1 8 8 0 )  ~ A~r  

~(1880) ~ z 
2(1880) ~ NK'(892),  P l - w a v e  
~(1880) ~ N K ' ( 8 9 2 ) ,  P3 -wave  

DECAY MASSES 

938+ 494 

1116+ 185 

1197+ 140 

940* 892 

940+ 892 

Z(1880)  B R A N C H I N G  R A T I O S  

Z(1880)  ~ (N  K)/ tota]  (015 
RI (0.22) BAILEY 69 DPWA 0 ELASTIC, CH EXCH 
RI (0,20) ARMEN~ERO 70 IPWA ~ 0 ELASTIC, CH EXCH 
RI A (0.315 LEA 73 DPWA MULTICHNL K MIRX 
RI C 0.27 OR 0.27 MARTIN 77 DPWA REAR N MULTICHNL 
RI 0.06 (0.02I BOPAL 80 DPWA KBAR N ELASTIC 

Z ( 1 8 8 0 )  in  N K - -  A ~ SQRT(PI*P2) 
R2 -0.11 0.03 SMART EB .... ~ ~ ~ ....... 
R2 -0.09 0,04 BALTIERI 70 DPWA TD LAM Pl 
R2 -0.14 0.03 LITCRFIEL 70 DPWR -0 K- N TO LAM PI 
R2 A ( -0 .30)  LEA 73 DPWA MULTICHNL K-MTRX 
R2 ~0.169 0.119 DEVENISH 74 0 FIXED T DISP REL 
R2 B (-0.125 (0.02) BAILLON 75 IPWA KSAR N TO LAM Pl 
R2 +0.05 0.07 0.02 VANHORN 75 DPWA 0 K- P TO LAM PIO 
R2 C -0.24 OR -0.24 MARTIN 77 PPWA KBAR N MULTICHNL 

~(18~Q) IR N K ~ ~ ~ SQRT(P!*P3) 
R3 A NOT SEEN LEA 73 DPWA MULTICHNL K~MFRX 
R3 C +0.30 OR ÷0.29 MARTIN 77 DPWB KBAR N MULTICHNL 

Z(1880)  in N K  ~ N K * ( 8 9 2 ) ,  P l - w a v e  SQRT(PI"P4) 
R4 D -0.05 0,03 CAMERON2 78 DPWA K-P TO K*N 
R4 D THE SIGN HERE IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST 
R4 D CONVENTION. 

~(1880)  ia N K  ~ N K ' ( 8 9 2 ) ,  P3 -wave  SQRT(PI~P5) 

R5 ÷0.11 0.03 CAMERON2 78 DPWA K-P TO K*N 

R E F E R E N C E S  F O R  23(1880) 

SMART 68 PR 169 1330 W M SMART (LRL)IJP 
BAILEY 69 THESIS UCRL-50617 DAVID SAAL BAILEY (LLL)IJP 
ARMENTER 70 DUKE CONF 123 ARMENTEROS, BAILLON, * (CERN~HEID)IJP 
GALTIERI 70 DUKE CON~ 175 A BARBARO-GALTIERI (LRL)IJP 
LITEMFIE 70 NP 022 269 P J LITCEFIELD (RHEL)ZJP 
LEA 75 NP B56 77 +MARTIN,MOORHOUSE+ (RHEL+LOUC+GLAS+AARH)IJP 
DEVENISE 74 NP B81 330 DEVENISH,FROGGATT,MARTIN (DESY+NORD÷LOUC) 
BAILLON 75 NP B94 39 P BAILLON, P J LITCRFIELD (SERN~RHEL)IJP 
VANHORN 75 NP 087 145 A J VAN HORN (LBL)IJP 

ALSO ?5 NP B87 157 A J VAN HORN (LBL)IJP 
MARTIN 77 NP 0127 349 MARTIN,PIDCOCK,MOORROUSE (LOUC+GLASIIJP 

ALSO 77 NP 0126 266 MARTIN,PIDCOCK (LOUC) 
ALSO 77 NP B126 285 MARTIN,PIDCOCK (LOUCIIJP 

CAMERON2 78 NP 0146 327 +FRRNEK,GOPAL,KALMUS,MCPHERSON,+(RHEL+LOIC)IJP 
GOPAL 80 TORONTO CONF 159 G P GDPAL (RHEL)IJP 

[i~(1915) F151 Status: . . . .  

FOR RESULTS PUBLISHED BEFORE 1974 (THEY ARE NOW OBSOLETE), SEE OUR 
1982 EDITION (PHYSICS LETTERS 111B). ALL THE REFERENCES HAVE BEEN 
RETAINED, 

THIS RESONANCE WAS FIRST SEEN IN TEE TOTAL-CROSS-SECTION MEASUREMENTS 
OF COOL 66, IN THIO ENTRY, HOWEVER, WE LISl  ONLY THE RESULTS FROM 
PARTIAL-WAVE ANALYSES. SEE THE NEXT ENTRY FOR THE PARAMETERS DF PEAKS 
SEEN AROUND 1900-1950 MEV IN CROSS SECTIONS AND INVARIAST-MASS 
DISTRIBUTIONS. WE MARE THIS SEPARATION BECAUSE ONLY THE PARTIAL-WAVE 
ANALYSES ISOLATE TEE FI5-WAVE. SEE ALSO THE NOTE TO TEE NEXT ENTRY, 

~(1915)  M A S S  ( M e V )  

M 1920.0 (5.0)  RANT 74 DPWA K-P TO Pl SIS 
M 1920.0 30.0 BAILLON 75 IPWA KBAR N TO LAM PI 
M 1914.0 10.0 HEMINGWA 75 DPWA 0 K- P TO KBAR N 
M 1920.0 15.0 20.0 VANHORN 75 DPWA 0 K- P TO LAM PI0 

(1915.05 BELLEEON 76 [PWA 0 K- P TO LAM PI 
1900,0 4.0 CORDER 76 DPWA - K- N TO PI -  LAM 

M PREFERRED SOLUTION 3, SEE CORDER 76 FOR OTHER POSSIBLILITES. 
M 8 CORDER 76 INCLUbES THE DATA DF COX 70 AS A SUBSAMPLE 
M B 1894.D 5.0 CORDENI 77 - K- N TO Pl RIG 
M B 1909.0 5,0 EORDENI 77 K~ N TO PI SIG 

B THE 2 ENTRIES FOR EORDEN177 ARE FROM 2 DIFFERENT ACCEPTABLE SLTNS. 
NOT SEEN DECLAIS 77 DPHA KBAR N TO KBAR N 

E 1925. OR 1933. MARTIN 77 SPWA KBAR N MULTICHNL 
C THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 

M E PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 
M 1920.0 10.0 RLIC 77 DPWA KBAR N MULTICHNL 
M 1937.0 20.0 ALSTON 78 SPRA KBAR N ELASTIC 

w 
w 

w 
w w 
W 
w 

2(1915)  W I D T H  ( M e V )  

162.0 (25.0) 
70.0 20.O 
85.0 15.0 

102.0 18.0 
(60.0) 
75,0 14.0 

10T.O 14.0 
85.0 13,0 

171. OR 175. 
1 3 0 , 0  10.0 
161.0 20.0 

KANE 74 DPWA K~P TO PI SIG 
BAILLON 75 IPWA KBAR N TO LAM Pl 
HEMINGWA 75 DPWA 0 K- TO KBAR N 
VANHORN 75 DPWA 0 K- TO LAM PIO 
BELLEFON 70 IPWA 0 K- TO LAM PI 
COBDEN 76 DPWA - K- TO PI- LAM 
CDROENI 77 - K- TO PI SIG 
CDEDENI 77 - K- TO PI SIG 
MARTIN 77 DPWA KBAR N MULT[CBNL 
RLIC 77 DPWA KBAR N MULTICHNL 
ALSTON 78 DPWA KBAR N ELASTIC 



For notation, see key on page 91. 

/~(1915) PARTIAL DECAY MODES 

DECAY MASSES 

91 Z(1915) ~ N/~ 938+ A94 
P2 Z(1915) ~ A ~ 1116+ 140 

P3 ~([9[5) ~ • ~ 1189+ 140 

PR ~(t9t5)  ~ ~(1385) 7r, P-wave 1385+ 140 

ps ~(19t5) ~ ~(1385) ~,  F-wave 1585+ 140 

~(1915) BRANCHING RATIOS 

~(1915) ~ ( N K ) / t o t a l  011  
R) 0.11 (0.041 HEMIRGWA 75 DPWA 0 K- P TO KBAR N 
R) C 0.08 OR 0.08 MARTIN 77 DPWA KBAR N MULTICHNL 
R) D (0.05) (0.03) RLIC 77 OPWA KBAR N MULTICSNL 
R) D (N KBAR)/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80. 
R) 0.14 (0.05) ALSTON 78 OPWA KBAR N ELASTIC 
R) E 0.03 (0.021 GOPAL 80 DPWA KBAR N ELASTIC 
R) E MASS AND WIDTH FIXED TO RLIC 77 VALUES DUE TO LOW ELASTICITY. 

Z(I915) in N K ~ A ~ SQRT(PI*P2) 
R2 -0.087 (0.056) DEVENISH 74 0 FIXED T DISP EEL 
R2 =0.06 (0.02) SAILLON 75 IPWA KBAR N TO LRM P) 
R2 -0.09 (0.02) VRNHORN 75 DPWA O K- P TO LRM PIO 
R2 (-0.101 BELLEFOR 76 IPWA 0 K- P TO LAM P) 
R2 A -0.10 0.01 CORDEN 76 DPWA - K= N TO PI- LRM 
R2 C -0,09 OR -0.09 MARTIN 77 DOWA KDAR N MULTIEHNL 
R2 -0.09 (0.03) RLIC 77 DPWA KBAR N MULTICHSL 

• (1915) in N~" ~ ~ 7r SQRT(PI*P3) 
R3 -0.16 (0,03) KANE 74 DPWA K-P TO P) SIG 
R3 B -0.17 0.01 CORDENI 77 - K- N TB P) SIS 
R3 B -0.15 0.02 CORDENI 77 - K- N TO PI SIS 
R3 C -0.05 OR -0.05 MARTIN 77 UPGA KBAR N MULTICHNL 
R3 -0.19 (0.03) RLID 77 DPGA KBAR N MULTICSNL 
R3 . . . . . . . . .  
R3 AVG MOO 0.1660 0.0089 AVERAGE 

• (1915) in N~T ~ ~(1385) ~ ,  P-wave SGRT(PI*P4) 
RA LESS THAN 0,01 CAMERON 78 DPWA O K-P TO S(1585101 

~(1915) in N K ~ ~(1385) 7 ,  F-wave SQRT(PI*P5) 
R5 F +0.039 0.009 CAMERON 78 DPWR 0 K-P TO S(1385191 
R5 F THE SIGN IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST 
R5 F CONVENTION. 

SMART 
ARMENTER 
RRMERTEI 
CONFORTO 
SMART 
BERTHON 
BERTHONI 
BRICHANI 
COX 
SALTIER) 
LITCHFIE 
CONFORTO 
LITCHFIE 
KANE 
DEVENISH 
KANE 
BAILLON 
EEMINGWA 
VANHDRN 

ALSO 
BELLEFON 
CORDEN 
EORDENI 
DECLA)S 
MARTIN 

ALSO 
ALSO 

RLIC 
ALETON 

ALSO 
CAMERON 
GOPAL 

REFERENCES FOR ~(1915) 

66 PRL 17 556 W M SMAST,A KERNAN,G E KALMUS,R P ELY (LRL)IJP 
67 PL 24B 198 ARMENTEROS,FERRO-LUZZI+ (CERN÷HEIO+SACL~ 
67 NP 85 592 ARMENTEROS,FERRO-LUZZI+ (EERN~HEID+SACL) 
68 NP 88 265 *HARMSEN, LASINSKI, + (CHIC+HEIDI 
68 PR 169 1330 W M SMART (LRLIIJP 
70 NP B20 476 +RANGAN, VRARA, ÷ (CDEF*RHEL+SACL)IJP 
70 NP 824 417 +VRANAI BUTTERWOSTH, + (EDEF÷REEL+SACL)IJ 
70 PL 338 511 *FERRO-LUZZI,LAGNAUX (CERN) 
70 NP B19 61 *ISLAM, COLLEY, + (BIRM÷EDIN+GLAS÷LOIC)IJP 
70 DUKE CONF 173 A BARBARO-GALTIERI (LRL)IJP 
70 NP B22 269 P J LITCHFIELD (RHEL)IJP 
71 NP B34 41 *LEVI SETTI,LASINSKI..OBERLACK++ (EFI+HEID)IJP 
71 NP B30 125 LITCHFIELD,...~LESQUOY,÷.. (RHEL+CDEF+SACL)IJP 
72 PR D5 1583 D F KANE (LSL)IJP 
74 NP B81 330 DEVENISH,FROGGATT,MRRTIN (DESY+NORD÷LOUC) 
74 LBL-2452 D F KAHE (LBLIIJP 
75 NP 894 39 P BAILLON, P J LITCHEIELD (CERN+RHEL))JP 
75 NP 891 12 HEMINGWAY,EADES,HARMSEN+ (CERN+HEID+MPIM)IJP 
75 NP B87 145 A J VAN HORN (LBL)IJP 
75 NP B87 157 A J VAN HORN (LBL)IJP 
76 NP 8109 129 DE BELLEFON,BERTHON (EBEF)IJP 
76 NP 8104 302 +EOX,DARTNELL,KENYON,ONEALE,SUMORDK+ (BIRM)IJP 
77 RP 8125 61 +COX,KENYON,BNEALE,STUBBS,SUMOROK+ (BIRM)IJP 
77 OERN 77-16 +DUCHON,LOUVEL,PATRY,SEGUINOT+ (CAEN+CERN)IJP 
77 NP 8127 349 MARTIN,PIDEOCK,MOORSOUSE (LOUC+GLAS)IJP 
77 RP 8126 266 MARTIN,PIDEOCK (LOUC) 
77 NP B126 285 MARTIN,PIDCOCK (LOUCIIJP 
77 NP Bl19 352 GOPAL,ROSS,VAN HORN,MCPHERSON+ (LOIC+RHEL)IJP 
78 PR D18 182 +KENNEY,POLLARD,ROSS+ (LBL*MTHO+EERN)IJP 
77 PRL 38 1007 ALSTON-GARNJOST,KENNEY,+ (LBL*MTHO+EERN)IJP 
78 NP BIAS 189 +FRANEK,GOPAL,BAEON,BUTTERWORTH+(RHEL+LOIC)IJP 
80 TORONTO CONF 159 G P GOPAL (RHELI)JP 

1915 M e V  R E G I O N  - -  P R O D U C T I O N  A N D  o'TOTA L E X P ' T S  

I(J P) = 1( ) 

SEE TEE NOTES TO THE SIGMA(1915) AND SIGMA(19401, WHICH IMMEDIATELY 
PRECEDE AND FOLLOW THIS ENTRY. HERE WE LIST ONLY PARAMETERS OF PEAKS 
SEEN IN CROSS SECTIONS AND INVARIANT-MRSS DISTRIBUTIONS. THE CROSS- 
SECTION PEAKS ARE ALMOST CERTAINLY ASSOCIATED WITH THE F15 SIGMA(1915) 
SEEN IN PARTIAL-WAVE ANALYSES. THE INVARIANT-MAES PEAKS SEEM MORE 
LIKELY TO BE ASSOCIATED WITH THE D13 SIGMA(1940), 

Z(1915) MASS (MeV) (PROD. EXP.) 

CROSS-SECTION PEAKS -- 
1905.0 5.0 BUGS 68 CNTR K-P/ B TOTAL 
1906.0 6.0 BRICMAN 70 CNTR 0 TOTAL AND CH EX 
1912.0 10.0 COOL 70 CNTR K-P, D TOTAL 
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Baryon Full Listings 
Z(1915), Z(1940) 

INVARIAN~MASS-DISTRIBUTION PEAKS - -  
(1942.01 (9.0)  BOOK 65 HBC PBAR P 5,7 6EV/C 
1940.0 11.0 AGUILAR 70 HBC + 3.9~4.6 GEV/C K- 

42 1979.0 14.0 BRIEFEL 77 HBO XI K MODE 2.PK-P 
M A 200(1910.0) (17.0) FERRER 810MEG - PI-P 9,12 GEV/C 
M A BACKWARD PRODUCTION IN LAMBDA PI- K+ FINAL STATE. 
M ELASTIC DES - -  

B 1931.0 9.0 DADO 72 HBC 0 R-P ELSTC DES 
B G7 INDICATED BY LEDENDRE COEFFS.,G9 NOT RULED OUT. 

Z(1915) WIDTH (MeV) (PROD. EXP.) 

CROSS-SECTION PEAKS - -  
60.0 10.0 BUGG 68 CNTR 

W 50.0 12.0 BRICMAN 70 CNTR O TOTAL AND CH EX 
(30.0) COOL 70 CNTR K-P, D TOTAL 

INVARIANT-MASS-DIRTRISUTION PEAKS - -  
W (36.0) (20.0) (36.07 BOOK 65 HBC 
W 90.0 20.0 AGUILAR 70 HBC + 3.9-4.6 GEV/C K- 

42 69.0 32.0 BRIEFEL 77 HBC Xl K RODE 2.9K-P 
A 200 (87.0) (25.0) FERRER 810MEG - PI-P 9,12 GEV/C 

ELASTIC DES -- 
B 70.0 14.0 DADO 72 HSC 0 K-P ELSTC DES 

• (1915) PARTIAL DECAY MODES (P~OD. EXP.) 

DECAY MASSES 

P1 ~(19[5) ~ N/~ 938+ 494 

92 ~([915) ~ A ~ 1116+ 135 

P3 ~(I915) ~ ~ ~ 1189+ 140 

PA Z(1915) ~ ~ K  1315+ 494 

Z(1915) BRANCHING RATIOS (PROD. EXP.) 

Z(1915) ~ ( N K ) / t o t a l  (P~) 
RI THESE VALUES OF ELASTICITIES ASSUME 0=5/2 ~- 
R) 0.06 BUGS 68 CMTR ASSUMING J=5/2 
RI 0.07 0.02 BRIEMAN 70 ERTR 0 TOTAL AND OH EX 
R1 0.07 COOL 70 CNTR K-P, D TOTAL 
R1 B THIS ELASTICITY ASSUMES J=7/2 
R1 B 0.62 0.08 DADO 72 HSC 0 K-P ELSTC DOS 
Rl 
R) AVG 0.10 0.13 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 6.7) 

• (1915) ~ (NK)/(ZTF) ( 91 ) / (P5 )  
R2 (0.37) OR LESS BARNES 69 HBE + I STAN. DEV. 

• (1915) ~ (A W)/(Z'a') (P2)/(P3) 
R3 (0.28) OR LESS BARNES 69 HBC + I STAN. DEV. 

• (1915) ~ (E K)/total (P4)  
R4 42 SEEN BRIEFEL 77 HBC + K-P 2.87 GEV 

REFERENCES FOR :~(1915) (PROD. EXP.) 

BOOK 65 PL 17 166 *COOPER,FRENCH,KINSOR, + (CERN+SRCL) I 
COOL 66 PRL 16 1228 +GIACOMELLI,KYCIA,LEONTIC,LI,LUNDBY,+ (BNL) I 

SUPERSEDED BY COOL 70. 
BUGS 68 PR 168 1466 ~EILMORE,KNIGHT,DAVIES* (BIRM+CAVE+RSEL)I 
PRIMER 68 9RL 20 610 +SOLDBERG,JAEGER,BARNES,DORNAN ÷ (SYRA+BNL) 

SUPERSEDED BY BARNES 69 AND RGUILAR-BENITEZ 70. 
BARNES 69 PRL 22 479 ~FLAMINIO,MONTRNET,SAMIOS + (BNL+SYRA) 
AGUILAR 70 PRL 25 58 AGUILAR-BENITEZ, BARNES, ~ (BNL+SYRA) 
BRICMAN 70 PL 318 152 +FERRO LUZZI, PERREAU,+ (CERN+EAEN+SAEL) 
COOL 70 PR 01 1887  +GIACOMELLI, KYCIA, LEONTIC, L I ,  + (BNL) I 
DRDO 72 PRL 29 1695  +BIRMAN,GOLDBERG,WEISS (HAIF)JP 
BRIEFEL 77 PR D10 2706  +GOUREVITDH,CHANG÷ (BRAN+UMD+SYRA+TUFT) 
FERRER 81 NP B178 373 +TREILLE,RIVET,VOLTE+ (CERN+CDEF+EPOL+LALO) 

[ ~(1940) D13 [ I ( J P ) = I ( @ - )  Status: * * *  

FOR RESULTS PUBLISHED BEFORE 1974 (THEY ARE NOW OBSOLETE), SEE OUR 
1982 EDITION (PHYSICS LETTERS 111B). ALL THE REFERENCES HAVE BEEN 
RETAINED. 

SOME, NOT ALL, PARTIAL-WAVE ANALYSES SUGGEST A STATE IN THIS REGION. 
IT 15 PERHAPS ASSOCIATED WITH THE BUMPS SEEN IN PRODUCTION EXPERIMENTS 
NEAR THIS MASS (SEE THE PREEEOING ENTRY). THIS STATE IS NOT REQUIRED 
IN K- NEUTRON TO (PI SIGMA)- ANALYSIS OF GOYAL 77. KBAR N ANALYSIS 
(60PAL 80) WITH K- NEUTRON ELASTIC DATA DOES NOT REQUIRE THIS STATE. 

~(1940) MASS (MeV) 

1935.0 (80 .0 )  KANE 74 DPWA K-P TO PI SID 
1940.0 20.0 LITCHFI2 74 BPWA 0 K-P TO L(1520)PI 
1950.0 20.0 LITSHFI3 74 DPWA 0 K-P TO KBAR DEL 
1950.0 30.0 BAILLON 75 IPWA KBAR N TO LAM PI 
1949:0 40.0 60.0 . . . . . . . .  5 . . . .  0 K- P TO LAM PIO 

(1940.01 BELLEFDN 76 IPWA TO LAM P) 0 K- P 
SLIGHT BUMP IN MODULUS OF FT-WAVE. 

B 1886, OR 1893. MARTIN 77 SPWA KBAR N MULTICHNL 
B THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION O; RESONANCE 
B PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 

1920.0 50.0 RLIC 77 DpWA NBARN MULTICHNL 
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Z(1940)  W I D T H  ( M e V )  

330,0 (80.0) KAHE 74 DPWA K-P TO PI GIG 
60.0 20.0 LITCHFI2 74 DPWA 0 K~P TO L(152D)PI 
70.0 30.0 20.0 LITCHFI3 74 DPWA O K-P TO KBAR DEL 

150.0 75.0 BAILLON 75 IPWA KBAR N TO LAM Pl 
160.0 70,0 40.0 VANHORN 75 DPWA O K- P TO LAM PIO 
157, OR 159, MARTIN 77 DPWA KBAR N MULIICHNL 
300.0 80.0 RLIC 77 OPWA KBAR N MULTICHNL 
170.0 25.0 CAMERON2 78 DPWA K P TO K*(892) H 

Z(1940)  P A R T I A L  D E C A Y  M O D E S  

DECAY BASSES 

Pl ~(1940) ~ N K 938~ 49A 
P2 ~(1940) ~ A ~ 1116+ 140 

P3 Z(1940) ~ ~ W 1189. 140 

p4 Z(1940) ~ A(1520) ~ ,  P -wave  1520÷ 135 
P5 Z(1940) ~ A(1520) ~ ,  F -wave  1520. 135 
P6 Z(1940) ~ A(1232) ~ ' ,  S -wave  ~2S0. G9G 
PT Z(1940) ~ A(1232) K', D-wave  1282* 494 
P8 Z(1940) ~ N(1385) ~r, S -wave  1385÷ 140 
P9 ~(1940) ~ NK*(892) ,  S3 -wave  940. B92 

~(1940)  B R A N C H I N G  R A T I O S  

~(1940)  ~ ( N K ) / t o t a l  (P l )  
RI B 0.14 OR 0.13 MARTIN 77 DPWA KBAR N MULTICHNL 
RI LESS THAN 0.04 RLIC 77 DPWA KBAR H MULTICHNL 
RI NO SIGNAL FOR THIS STATE WITH X LARGER THAN ABOUT 0.05 IN THE 
RI ANALYSIS OF HEMINGWAY 75. 

~(1940) in N K  ~ X 7r 
R2 -0.153 0.070 
R2 -0.04 0.02 
R2 -0.05 0.03 
R2 B -0.15 OR -0.14 
RO -0.06 0.03 

~(1940) in N K ~ Z 
R3 -0.14 (0.04) 
R5 B ~0.16 OR ÷0.16 
R3 -0.08 0.04 

~(1940)  in N K  ~ A(1520)  
RA C -0.11 0.04 
R4 C ASSUMES LAMBDA(1520) 
RA D LESS THAN 0.03 
R4 D ASSUMES LAMBDA(1520) 

SQRT(PI*P2) 
DEVENISH 74 O FIXED T DISP REL 
BAILLON 75 IPWA KBAR N TO LAM PI 

0.02 VANHORN 75 DPWA 0 H-P TO LAM 010 
MARTIN 77 DPWA KBAR N MULTICHNL 
RLIE 77 RPWA KBAR N MULTICHNL 

SQRT(PI*BE} 

KANE 74 DPWA K-P TO PI SIS 
MARTIN 77 DPWA KBAR N MULTICHNL 
RLIC 77 DPWA KBAR N MULTICHNL 

~, P - w a v e  SQRT(PI*P4) 

LITCHFI2 74 DPWA 0 K-P TO L(1520)PI 
ELASTICITY=.45,SIGB RLTV. TO SIG(2030) DECAY. 

CAMERON 77 DPWA 0 K-P TO L(1520)01 
ELASTICITY=.46. 

Z(1940)  in N K ~ A(1520)  ~r, F - w a v e  SQRT(PI*P5) 
R5 ~ -0.08 0,04 LITCHFI2 74 DPWA 0 K-P TO L(1520)PI 
R5 0,062 0.021 CAMERON 77 DPWA 0 K-P TO L(1520)PI 

Z(1940) in N K ~ A(1232)  K ,  S - w a v e  SQRT(PI*P6) 

R6 ~ -0.16 0,05 LITCHFI5 74 DPWA O K-P TO KBAR DEL 
R6 SIGN RELATIVE TO SIGMA(2030) DECAY 

Z(1940)  in N K ~ A(1232)  K ,  D-wave  SQRT(PI*P7) 
R7 E -0.14 0,05 LITCH;18 74 BPWA D K-P TD KBAR DEL 

~(1940) in N K ~ ~(1385) ~ ,  S - w a v e  SQRT(PI*P8) 

R8 F ~0.066 0.025 CAMERON 78 DPWA 0 K-P TO 5(1385)PI 
R8 F SIGN CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST CONVENTION. 

~(1940) in N K ~ NK'(892) ,  S3-wave  SQRT(PI*P9) 

R9 ~ -0.89 0.02 EAMERON2 78 DPWA K-P TO K*N 
R9 UPPER LIMITS ON THE DI AND D3-WAVES ARE EACH 0.03. 

R E F E R E N C E S  F O R  ~'(1940) 

GALTIERI 
LITCHFIE 
KANE 72 PR D5 1583 
LEA T3 NP B06 77 
OEVEHISH 74 NP 881 330 
KANE 74 LBL~8438 
LZTCHFIE 74 NP B74 19 
LITCHFI3 74 NP B74 39 
BAILLOM 75 NP 894 39 
HEMINGWA 75 NP 891 12 
VANHORN 75 NP 807 145 

ALSO 75 NP GO7 157 
BELLEFON 76 NP 8109 129 
CAMERON 77 NP 8131 399 
BOYAL 77 PR D16 2746 
MARTIN 77 NP 8127 349 

ALSO 77 NP B126 266 
ALSO 77 NP B126 285 

RLIC 77 NP 8119 362 
CAMERON 78 NP 8143 189 
CAMERONB 78 NP 8146 327 

70 DUKE CONF 175 A BARBARO-GALTIERI (LRL)IJP 
70 BP 822 269 P J LITCHFIELD (RHEL)IJP 

b F KANE (LBL)IJP 
*MARTIN,MOORHOUSE÷ (RNEL÷LOUC÷GLAS~AARH)IJP 
DEVEHISH,FROGGATT,MARTIN (DESY÷NORD+LOUC) 
o ~ KA~E ~LBL~IJP 
LITCHFIELD,HEMINGWAY,BAILLON,* ICERN~HEIO)IJP 
LITCBFIELD,HEMINGWAY,BAILLONr* (CERN~HEID)IJP 
P BAILLON, P J LITSHFIELO (CERN*RHEL)IJP 
BEMINGWAY,EADES,HARMGEN+ (CERN+HEID+MPIM)IJP 
A J VAN HORN (LBL)IJP 
A J VAN HORN (LBL)IJP 
DE BELLEFON,BERTHON (CDEF)IJP 
+FRANEK,GOPAL,KALMUS,MCPHEREON+ (RHEL+LOIC)IJP 
+SODHI (DELH) 
MARTIN,PIDCOCK,MOORHOUSE (LOUC+SLAG)IJP 
MARTIN,PIDCOSK (LOUC) 
MARTIN,PIDCOCK (LOUC)IJP 
GOPAL,ROSS,VAN HORN,MCPEERSON* (LOIC+RHEL)IJP 
+FRANEK,GOPAL,BACON,BUTTERWORTH+(RHEL+LOIC)IJP 
*FRANEK,GOPAL,KALMUS,MCPHERBON,+(RHEL+LOIC)IJP 

l~(2000) S l l  [ ~(s~):l(~ ) status: * 
O M I T T E D  F R O M  S U M M A R Y  T A B L E  

WE LIST HERE ALL REPORTED $11 EIATHS LYING ABOVE THE SIGMA(1750). 

X(2000)  M A S S  ( M e V )  

M 2004.0 40,0 VANHORN 75 DPWA O K-P TO LAM PIG 
M A 1755. OR 1834. MARTIN 77 DPWA KBAR N MULTICHNL 
M A THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OP RESONANCE 

A PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 
1955.0 15.D RLIC 77 DPWA KBAR N MDLTICHBL 

M 1944.0 (15.0) EOPAL 80 DPWA KBAR N ELASTIC 

~(2000)  W I D T H  ( M e V )  

116.0 40.0 VANHORN 75 DPWA 0 H-P TO LAM PIO 
413. OR 450. MARTIN 77 DPWA KBAR N MULTICHNL 
170.0 GO.O RLIC 77 DPWA KBAR N MULTICHNL 
215.0 (25.0) GOPAL 80 DPWA KBAR N ELASTIC 

Z(2000)  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

P1 Z(2000) ~ N K  938+ 494 
P2 X(2000) ~ A Tr 1116+ 135 
05 ~(2000) ~ ~ ~ 1197+ 140 

P4 ~(2000) ~ ±(1520) 7r 1500+ 140 

ps Z(2000) ~ N K*(892), S l - w a v e  940+ 892 
PB Z(2000) ~ N K ' ( 8 9 2 ) ,  D3-wave 940~ 808 

Z(2000)  B R A N C H I N G  R A T I O S  

Z(2000)  ~ ( N K ) / t o t a l  (PI)  
RI A 0.62 OH 0.57 MARTIN 77 DPWA KBAR N MULTICHNL 
R IB  (0.44) (0.05) RLIC 77 DPWA KBAR N MULTICHNL 
RI B (N KBAR)/TOTAL FROM RLIC 77 IS SUPERSEDED BY SOPAL 80. 
RI 0.51 (0.05) GOPAL 00 DPWA KBAR N ELASTIC 

Z(2000) JB N K ~ ATC SGRT(PI*P2) 

H2 NOT SEEN BAILLON 75 IPWA KBAR N TO LAM Pl 
R2 +0,07 0,02 0.01 VANHOHN 75 OPWA 0 K-P TO LAM PIO 
R2 A -0,19 OR -0.18 MARTIN 77 DPWA KBAR N MULTICHNL 
R2 0.08 0.03 RLIC 77 DPWA KBAR N MULTICMNL 

Z(2000)  iB M K ~ Z 71" SQRT(PI*P3) 

R3 A +0.26 OR ~0.2A MARTIN 77 DPWA KBAR N MULTICHHL 
R3 +0.20 0.04 RLIC 77 DPWA KBAR N MULTICHNL 

~(2000)  in N K ~ A(1520)  ~ SQRT(PI*PA) 
R4 S +0.081 0.021 CAMERON 77 DPWA O P-WAVE DECAY 
R4 C ASSUMES LAMBDA(1520) ELASTICITY=O.46, THE SIGN IS CHANGED HERE TO 
R4 C BE IN ACCORD WITH THE BARYON-FIRST CONVENTION. 

Z(200Q) in N K  ~ NK*(892), S l - w a v e  GQRT(PI*P5) 
R5 D +0.10 0.02 CAMERON2 78 DPWA K-P TO K'N 
R5 D THE SIGN HERE IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST 
R5 D CONVENTION. 

~ ( 2 ~ )  in  N K ~ N K * ( 8 9 2 ) ,  D3-wave  SQRT(PI"P6) 
R6 -0.07 0.03 CAMERON2 78 DPWA K-P TO K*N 

R E F E R E N C E S  F O R  Z(2000)  

BAILLON 75 NP B94 39 P BAILLON, P J LITCHFIELD (CERN+RHEL)IJP 
VANHORN 75 NP 887 145 A J VAN HORN (LBL)[JP 

ALSO 75 NF B87 157 A J VAN HORN (LBL)IdP 
CAMERON 77 NP 8131 399 *FRANEK,GOPAL,KALMUS,MCPHERSON÷ (RHEL+LOIC)IJP 
MARTIN 77 NP 8127 349 MARTIN,PIDCOCK,MOORHOUEE (LOUC+GLAS)IJP 

ALSO 77 NP 8126 266 MARTIN,PIBCOCK (LOGS) 
ALSO 77 NP 8126 285 MARTIN,PIDCOCK (LOUC)IJP 

RLIC 77 NP B119 362 GOPAL,ROSS,VAN HORN,MCPHERSON÷ (LOIC+RHELIIJP 
CAMERON2 78 NP B146 327 +FRANEK,GOPAL,KALMUS,MCPHERSON +(RHEL+LOICIIJP 
GOPAL 80 TORONTO CONF 59 G P OOPAL (RHEL)IJP 



For notation, see key on page 91. 

I Z(2030) F17 1 1(r,O)=~(7+) Stat . . . . . . .  

FOR MOST RESULTS PUBLISHED ~EFDRE 1974 (THEY ARE NOW OBSOLETE), SEE 
OUR 1982 EDITION (PHYSICS LETTERS I11B). ALL THE REFERENCES HAVE BEEN 
RETAINED. 

THIS ENTRY ONLY INCLUDES RESULTS FROM PARTIAL WAVE ANALYSES. 
PARAMETERS OF PEAKS SEEN IN CROSS SECTIONS AND INVARIANT-MASS 
DISTRIBUTIONS AROUND 2030 MEV MAY BE FOUND IN OUR 1984 EDITION, 
REV. MOO. PHYS. 56 (APRIL 1984, PART IT). 

Z(2030)  M A S S  ( M e V )  

2020.0 (6.0)  KANE 74 DPWA K-P TO Pl DIG 
2025.0 10.0 LITCHFII 74 DPWA 0 K-P TO L(1820)Pl 

M 2035.0 10.0 LITEH;12 74 DPWA 0 N-P TO L(1520)PI 
M 2020.0 30.0 LITCHFI3 74 DPWA 0 N-P TO KBAR GEL 
M 2035.0 15.0 BAILLON 75 IOWA KBAR N TO LAM P( 
M 2038.0 10.0 HEMINGWA 75 DPWA 0 K- P T0 KBAR N 

8048.0 11.0 VANHORN 73 OPWA O K-P TO LAM PlO 
(2030.0) BELLEFDN 76 IPWA D K- TO LAM Pl P 

M A 2030.0 3.0 BORDEN 76 DPWA - N- N TO PI- LAM 
PREFERRED SOLUTION 3, SEE BORDEN 76 FOR OTMER POSSIBILITIES, A 

2038.0 qO.O BORDEN2 77 - K- N TO N* N 
M 2027. TO 2057. GOYAL 77 DPWA - K- N TO SI~ Pl 
M 2040.0 5.0 RLIC 77 DPWA KBAR N MULTICHNL 
M 2036.0 (5.0)  GOPAL 80 DPWA KBAR N ELASTIC 

~(2030)  W I D T H  ( M e V )  

111.0 (5.0) 
70. TO 125. 

W 160.0 20.0 
w 200.0 30.0 

180.0 20.0 
172.0 15.0 

w 178.0 13.0 
(160.0) 

A 201.0 9.0 
w 137.0 40.0 

(260.01 
126. TO 195. 

W 190.0 I0.0 
w 172,0 (10.0) 

KANE 74 DPWA K-P TO Pl SIS 
LITEHFII 74 OPWA 0 N-P TO L(1820)Pl 
LITCHFI2 74 DPWA 0 E-P TO L(1520)PI 
LITCHFI3 74 DPWA 0 K-P TO NBAR GEL 
BAILLON 75 IPWA KBAR N TO LAM Pl 
HEMINGWA 75 DPWA 0 K- P TO NBAR N 
VANHORN 75 DPWA 0 K-P TO LAM PIO 
BELLEFON 76 IOWA 0 K- P TO LAM P( 
BORDEN 78 DPWA - K~ N TO PI~ LAM 
BORDEN2 77 - K- N TO K* N 
DEGLAIS 77 DPWA KBAR N TO NBAR N 
GOYAL 77 DPWA K- N TO S10 Pl 
RLIC 77 DPWA KBAR N MULTIGHNL 
GOPAL 80 DPWA KBAR N ELASTIC 

"~(2030) P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

pl X(2030) ~ N K  938* 49~ 

P2 2(2030) ~ A ~ ~114+ 135 

P3 Z(2030) ~ 2 ~  1189+ 140 

P~ Z(2030) ~ ~ K  1321+ ~98 
P5 Z(2030) ~ A(1820) ~ ,  P -wave  1820+ 135 

P6 Z(2030) - -  A(1520) 7r, D-wave  152o+ 135 

P7 B(2030) ~ A(1520) ~ ,  G-wave  1520+ 155 
p8 ~(2030) ~ A(1232) ~' ,  F - w a v e  1B32* 494 
p9 Z(2030) ~ A(I232)  ~ ' ,  H - w a v e  1232. 494 

plO ~(2030) ~ ~(1385) 7r, F - w a v e  1385+ 140 

P11 E(2030) ~ NK*(892) ,  F l - w a v e  940+ 892 
p lz  Z(2030) ~ NK*(892) ,  F3 -wavc  940¢ 892 

~(2030)  B R A N C H I N G  R A T I O S  

2 (2030)  ~ ( N ~ 7 ) / t o t a l  (pl) 

R1 0.10 0.05 HEMINGWA ?5 DPWA O K- P TO NBAR N 
RI (0.15) DECLAIS 77 DPWA NBAR N TO KBAR N 
R( ~ (0.24) (0.02) RLIC 77 DPWA KBAR N MULTICHNL 
RI (N KBAR)/TOTAL FROM RLIG 77 IS SUPERSEDED BY GOPAL 80. 
R( 0.19 (0.03) GOPAL 80 DPWA KBAR N ELASTIC 

Z(2030)  in N K ~ A ~ SQRTIPI*P2) 

R2 *0.195 0.055 DEVBNISH 74 0 FIXED T DISP REL 
R2 +0.18 0.02 BAILLON 75 IPWA KSAR N TO LAM Pl 
R2 ÷0.20 0.01 VANHORN 75 OPWA O K-P TO LAM PIO 
R2 (0.20) SELLEFON 74 IPWA O K- P TO LAM Pl 
R2 A +0.20 0.01 GORDEN 76 DPWA - K- N TO Pl- LAM 
R2 ~0.18 0.02 RLIC 77 DPHA KBAR N MULTICHNL 

Z(20J 0 )  in N ~ 7  ~ X ~ SQRTIPI*P3I 
R3 -0.10 10.01) KANE 74 DPWA K-P TO P( SIG 
R3 C -0,09 0.01 BORDEN( 77 - K- N TO PI SIG 
R3 C -0.06 0.01 CORDENI 77 ~ K- N TO PI SIS 
R3 C THE 2 ENTRIES FOR BORDEN(77 ARE FROM 2 DIFFERENT ACCEPTABLE SLTNS. 
R3 D (-0.085) 10.02) GOYAL 77 DPWA - K- N TO SIS P( 
R3 D THIS COUPLING IS EXTRACTED FROM UNNORMALIZED DATA. 
R8 -0 ,35  O,O3 RLIC 77 DPWA KBAR N MULTICNNL 

~(2030)  in N K ~ ~ K  SQRTIPI*P4) 
R4 (0.05) OR LESS TRIPP 67 RVUE 0 K-F TO X( K 
R4 10.05) OR LESS BURGUN 68 DPWA 0 K-P TO XI N 
R4 (0.025) MULLER 69 DPWA 0 

Z(2030)  in N ~ (  ~ A(1820)  ~',  P - w a v e  8QRT(PI*pS) 
R5 ~ 0.18 O.OL LITCHFII 76 DPWA 0 g-P TO L(1820)Pl 
R5 ASSUMES LAMBDAI1820) ELASTICITY=.6 
R5 0.14 0.02 GORDEN2 75 DBC ~ KBAR PI-  NUCLEON 
R5 
R5 AVS 0.148 0.018 AVERAGE 
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2(2030) in N K  ~ A(1520) g ,  D-wave  SQRTIPI*FG) 
R6 F 0.14 0.05 LITCHFI2 74 DPWA 0 N-P TO L(1520)PI 
R6 F ASSUMES LAMBDA(1520) ELASTICITY=.45 
R6 G (0.10) (0.03) BORDEN2 75 DBC - KBAR PI~ NUCLEON 
R6 G UPPER LIMIT 
R6 H ÷0.114 0.010 CAMERON 77 DPWA 0 K-P T0 L(1520)Pl 
R6 H ASSUMES LAMBDA(1520) ELASTICITY=.46. THE SIGN IS CHANGED HERE TO 
R6 H SE IN ACCORD WITH THE BARYON-FIRST CONVEN~ION. 
R6 ......... 
R6 AVG 0.1166 0.0095 AVERAGE 

2(2030)  in N K  ~ A(1520)  ~ ,  G-wave  SQRTIPI*PT) 
R7 F 0.02 0.02 LITCHFI2 74 DPNA 0 N-P TO L(1520)Pl 
R7 H .0.146 0.810 CAMERON 77 DPWA 0 K-P TO L(1520)PI 
R7 
R7 AVG " "0~121" " 0.050 AVERAGE IERROR INCLUDES SCALE FACTOR OF 5.6) 

Z(2030) in N K ~ A(1232) K ,  F -wave  SQRT(PI*P8) 
RO 0.16 0.03 LITCHFI3 74 DPWA 0 R-P TO KBAR GEL 
RB G (0.17) (0.03) BORDEN2 75 OBC - KBAR P l -  NUCLEON 
R8 G UPPER LIMIT 

• (2@30) JR h, r K ~ A(1232)  K ,  H - w a v e  SQRTIPl*P9) 
R9 O.OO 0.02 LITC~FI3 74 GPWA 0 R-P TO NBAR GEL 

Z(2030)  in N K ~ Z(1385)  w ,  F-wave SQRT(PI*PlO) 
RIO I *0.153 0.026 CAMERON 78 DPWA 0 N-P TO S(1385)PI 
RIO I THE SIGN IS CHANGED HERE TO BE IN ACCORD WITH THE BARYON-FIRST 
RIO I CONVENTION, 

2(203@) in N K ~ NK'(892) ,  F l - w a v e  SQRT(P1*P11) 
R11 -0.02 0.01 BORDEN2 77 N-D TO K*N 
R11 d +0.06 0.03 CAMERON2 78 ERWA N-P TO K*N 
R11 J THE SIGN HERE 10 CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST 
R11 J CONVENTION, 
R11 ......... 
R11 AVG MOD 0.024 0.012 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 

2(2030)  in N K ~ N K ' ( 8 9 2 ) ,  F3 -wave  GQRT(P1*P12) 

R12 -0.12 0.02 BORDEN2 77 K-D TO K*N 
R12 N +0.04 0.03 CAMERON2 70 DPWA N-P TO N*N 
R12 K THE UPPER LIMIT ON THE D3-WAVE IS 0.03. 
R12 ......... 
R12 AVG MOD 0.095 0.037 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.2) 

WOHL 
TRIPP 
BURGUN 
DAUM 
SMART 
MULLER 
BERTHON 
BERTHONI 
COX 
GALTIERI 
LITCNF1S 
CAMPBELL 
LITCHFIE 
KANE 
DEVENISH 
KANE 
LITGHFII 
LITCHFI2 
LITCHFI3 
BAILLON 
BORDEN2 
HEMINGWA 
VANHORN 

ALSO 
BELLEFON 
BORDEN 
CAMERON 
BORDEN( 
BORDEN2 
DECLAZS 
GOYAL 
RLIG 
CAMERON 
CAMERON8 
GOPAL 

R E F E R E N C E S  F O R  Z(2030)  

66 PRL 17 107 C G WOHL, F T SOLMITZ, M L STEVENSON (LRL)IJP 
67 NP 83 10 + LEITH, + ILRL+SLAC+ CERN+HEID+SACL) 
68 NP B8 447 +MEYER,PAULI,TALLINI + (SACL+CDEF*RHEL) 
68 NP 87 19 ~ERNE,LAGNAUX,SENS,STEUER,UDO (BERN)JR 
68 PR 169 1334 W M SMART (LRL)IJP 
69 THESIS,UCRL 19372 R A MULLER (LRL) 
70 NP 820 476 +RANGAN, VRANA, + (CbEF+RHEL*SACL)IJP 
70 NP 824 417 +VRANA, BUTTERWORTH, + (CDEF*RHEL+SACL)IJP 
70 NP 819 61 *ISLAM, COLLEY, + (BIRM+EDIN+GLAS*LOIC)IJP 
70 DUKE CONF 173 A BARBARO-GALTIERI (LRL)IJP 
70 NP 882 869 P J LITCNFIELD (RRELIIJP 
71 NP B25 75 +MORTON, NEGUS, GOYAL, MILLER (GLAS*LOIC)IJP 
71 NP B30 125 LITCHFIELD,...*LESQUOY,+,. (RHEL*CDEF+SACL)IJp 
72 PR 05 1583 D F KANE (LBL)IJP 
74 NP B81 330 DEVENISH,FROGGATT,MARTIN (DESY+NORD+LOUC) 
74 LBL-2452 D ; MANE (LBL)IJP 
74 NP 874 12 LITGHFIELD,HEMINGWAY,BAILLON,+ (CERN+HEID)IJP 
74 NP 874 19 LITBHFIELD,HEMINGWAY,GAILLON,+ (CERN+HGZD)IJp 
74 NP 874 39 LITCHFIELD,HEMINGWAY,BAILLON,+ (CSRN+HBIDIIJP 
75 NP B94 39 P BAILLON, P J LITCHFIELD (GERN+RHEL)IJP 
75 NP B92 380 +COX,DARTNELL,KENYON,ONEALE,SUMOROK+ (BIRM)IJP 
75 NP B91 12 HEMINGWAY,EADES,RARMSEN+ (CERN+HEID+MpIM)IJp 
75 NP 887 145 A J VAN HORN (LBL)IJp 
75 NP 887 157 A J VAN HORN (LBL)IJP 
78 NP 8189 129 DE BELLEFON,BERTHON (CDEF)IJP 
76 MP BI04 582 +COXtDARTNELL,KENYON,ONEALE,SUMOROK* (BIRM)IJP 
77 NP B131 399 +FRANEK,GOPAL,KALMU$,MCPHERSON+ (RHEL*LOIE)IJP 
77 NP 8125 61 +COX,KENYON~ONEALE,STUBBS,SUMOROK+ (BIRM)IJP 
77 NP B121 565 +GON,KENYON,ONBALE,STUBBS,SUMORDK+ (BIRM)IJP 
77 CERN 77-16 +DUEHON,LOUVEL,PATRY,GEGUINDT+ (GAEN+CERN)IJP 
77 PR D16 2746 D P SOYAL,A V SODHI (DELH)IJP 
77 NP B119 362 GOPAL,ROSS,VAN EORN,MCPHERSON+ (LOIC÷RREL)IJP 
78 NP B143 189 +FRANEK,GOPAL,BACON,BUTTERWORTH+(RHEL÷LOIC)IJP 
78 NP 8148 387 ~FRANENIGOPAL,NALMUStMEPNERSON,+(RBEL÷LO1C)IJP 
80 TORONTO CONF 150 G P GOPAL (RHEL)IjP 

2;(2070) F15 [ r(J~)=~(~-/ status: • 
O,~VlITTED FROM SbS~MARY TABLE 

THIS STATE SUGGESTED BY 8ERTHON 70 NOW FINDS CONFIRMATION IN GOPAL 80 
WITH NEW N-P POLARIZATION AND K- NEUTRON ANGULAR DISTRIBUTIONS. THE 
VERY BROAD STATE SEEN IN KANE 7Z CS NOT REQUIRED IN THE LATER INANE 74) 
ANALYSIS OF Pl SIGMA. 

2(2070)  M A S S  ( M e V )  

(2070.0) (10.0) BERTHONI 70 DPWA - K- P TO SIS PI 
(2057.0) KANE 72 DPWA K-P TO SIGMA Pl 
2051.0 (25.0) GOPAL 80 DPWA NBAR N ELASTIC 

2(2070)  W I D T H  (MEV)  

(140.0) (20.0) BERTHONI 70 DPWA - K- P TO SIS P~ 
(906.0) KANE 72 DPWA K-P TO SIGMA PI 
300.0 (30.0) GOPAL 80 DPWA KBAR N ELASTIC 
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Baryon Full Listings 
~(2070), 2:(2080), Z(2100), 2(2250) 

~(2070) PARTIAL DECAY MODES 

DECAY MASSES 

Pl Z(2070) ~ ~rK 938+ 494 

P2 Z(2070) ~ ~Tr 1189+ 140 

~(2070) BRANCHING RATIOS 

~(2070) in N K ~ ~ 7r SQRTIP1*92) 
RI I+D.12) (0.02) BERTHONI 70 DPWA - K- P TO GIG Pl 
RI (+0. I04I  KANE 72 DPWA K-P TO SIGMA HI 

Z(2070) ~ ( N K ) / t o t a l  ( p l )  
R2 0 . 0 8  (0.033 GOPAL 80 DPMA KDAR N ELASTIC 

REFERENCES FOR Z(2070) 

BERTHONI 70 NP B24 417 +VRANA,BUTTERWORTH,+ (CDEF+RHEL+SACLIIJP 
KANE 72 PR 05 1583 D F KAME (LBL) 
GOPAL 80 TORONTO COMF 159 G P GOPAL (RHEL)IJP 

[ ~(2080) P13 [ I ( J P ) = I ( ~  +) Star . . . . .  

OMITTED FROM SUMMARY TABLE 

SUCH A RESONANCE IS SUGGESTED BY SOME BUT NOT ALL PARTIAL-WAVE 
ANALYSES ACROSS THIS REGION. 

Z(2080) MASS (MeV) 

M (2082.0) (4.03 COX 70 DPWA - K- ~ TO LAM PI 
M (2070.D) (30.0) LITCHFIEL 70 DPWA -0 ~- , TO LAM Pl 
M A 2120,0 40.0 BAILLON 75 IPWA KBAR N TO LAM Pl 
M A FROM SOLUTION I OF BAILLON 75. 
M B 2140.0 40.0 BAILLON 75 IPWA KBAR N TO LAM P[ 
M B FROM SOLUTION 2 OF BAILLON 75, 
M 2140,0 30.0 BELLEF01 75 DPWA 0 K- P TO LAM PlO 

C 2070. TO 2120. BELLEFON 76 IPWA 0 K- P TO LAM Pl 
C SUPERSEDES BELLEF01 75. 

M D 2091.0 T,0 CORDEN 76 DPWA - K- N TO P l -  LAM 
M 0 PREFERRED SOLUTION 5, SEE CORDEN 76 FOR OTHER POSSIBLILITES, 
M D INCLUDING A D15 AT THIS MASS. 
M D CORDEN 76 INCLUDES THE DATA OF COX 70 AS A SUBSAMPLE. 

I87.0)  (20.0) 
(250,0) (40.0) 

W A 240.0 50.0 
W B 200.0 50.0 

180.0 20mO 
C ( I00 ,0)  

W 0 186.0 A8,0 

Z(2080) W I D T H  (MeV) 

LITCHFIEL 70 DPWA -0 TO LAM PI 
BAILLON 75 IPWA KDAR N TO LAM Pl 
BAILLON 75 IPWA KBAR N TO LAM PI 
BELLEF01 75 DPWA 0 K- P TO LAM RIO 
BELLEFON 76 IPWA 0 K- P TO LAM PI 
CORDEN 76 DPWA - K- N TO Pl- LAM 

Z(2080) PARTIAL DECAY MODES 

DECAY MASSES 

PI Z(2080) ~ N K  938+ 494 
P2 ~(2080) ~ ~ ~ 1116+ 140 

E(2080) BRANCHING RATIOS 

Z(2080) in N K ~ A ~r SQRTIPI*P2) 
R1 (-0.16) (0.03) COX 70 DPWA - K- N TO LAM PI 
RI I~0,09) (0.03) LITCHFIEL 70 DPWA -0 K- N TO LAM PI 
RI A -0.13 0.04 BAILLON 75 IPWA KBAR N TO LAM PI 
RIB  -0.13 0.OA BAILLON 75 IPWA KBAR N TO LAM Pl 
RI +0.19 0.03 BELLEF01 75 DPWA 0 K- P TO LAM PIO 
RI C ( -0 .10)  BELLE;ON 76 IPWA 0 K- P TO LAM PI 
RI D -0.I0 0.03 CORDEN 76 DPWA - K- N TO PI- LAM 

REFERENCES FOR ~(2080) 

cox 70 NO B19 61 
LITCHFIE 70 NP 022 269 
BAILLON 75 NP 094 39 
BELLEF01 75 MP 890 1 
BELLEFON 76 NP 0109 129 
CORDEM 70 NP 0104 382 

+ISLAM, COLLEY, + (BIRM+EDIN+GLAS+LOIC)IJP 
P J LITCHFIELD (RHELIIJP 
P BAILLON, P J LITCHFIELD (CERN+RHEL)IJP 
DE BELLEFON,BERTHON~BRUNET+ (CDEF*SACL)IJP 
DE BELLEFON,BERTHON (CDEF)IJP 
+COX,DARTNELL,KENYON,ONEALE,SUMBROK+ (BIRM)IJP 

2;(2100) G17 ] x(JB)='(72 ) Status: * 

OMITTED FRO,~ SUMMARY TABLE 

~(2100) MASS (MeV) 

(2060.0) (20.0) GALTIERI 70 DPWA 0 K-P TO LAMBDA PI 
(2120.0) (30.0) GALTIERI ?0 DPWA 0 K-P TO SIGMA Pl 

Z(2100) WIDTH (MeV) 

(70.0) 130.0) GALTIERI 70 DPWA 0 K-P TO LAMBDA Pl 
(135.0) I30.0)  GALTIERI 70 DPWA 0 K-P TO SIGMA PI 

Z(2100) PARTIAL DECAY MODES 

DECAY MASSES 

PI ~(2100) ~ N K 938+ RD~ 

P2 Z(2100) ~ A ~ 1116~ 135 

P3 ~(2100) ~ ~71- 1189+ 140 

Z(2100) BRANCHING RATIOS 

Z(2100) in N K ~ A 7r SQRT(PIwP2) 
RI ( -0 .07 I  (0.02) GALTIERI 70 DPWA 0 K-P TO LAMBDA PI 

Z(2100) in N K  ~ Z~r SGRT(PI*P3) 
R2 (+0.13) (0.02) GALTIERI 70 DPWA 0 K-P TO SIGMA Pl 

REFERENCES FOR Z(2100) 

GALTIERI 70 DUKE CONE 173 A BARBARO-GALTIERI ILRL)IJP 

2:(2250) BUMPS I x(yP)= 1( ) Stat . . . . . .  

TEE PARTIAL-WAVE ANALYSIS RESULTS ARE TOO WEAK TO WARRANT SEPARATING 
THEM FROM THE PRODUCTION AND CROSS-SECTION EXPERIMENTS. LASINSKI 71 
IN KBAR N, USING A POMERON+RESONANEES MODEL, AND BELLEFONI 76, 
BELLEFON 77, AND BELLEFON 78 (COLLEGE DE FRANCE-SACLAY GROUP) IN 
DPWA'S OF KBAR N TO LAMRDA PI,  SIGMA PI ,  AND KBAR N, RESPECTIVELY, 
SUGGEST THE PRESENCE OF TWO RESONANCES AROUND THIS MASS VALUE. 

Z(2250) MASS (MeV) (PROD. EXP.) 

(2245.0) BLANPIED 65 GNTR GAMMA P TO K+ Y" 
(2299.0) (6.0)  BOCK 65 HBG PEAR P 5.7 GEV/C 
2250.0 7.0 BUGG 60 CNTR K-P, D TOTAL 
2280.0 14.0 AGUILAR 70 HBC + K- 3.9-4.6 GEV/C 
2257.0 11.0 BRICMAN 70 CNTR 0 TOTAL AND CH EX 
2255.0 10.0 COOL 70 GNTR K-P, D TOTAL 

(2250.0) (20.0) LU 70 CNTR 0 GAMMA P TO K~ Y* 
(2260.0) (30.0I BELLEF01 75 DPWA D5-WAVE 
(2215.0) (10.0) BELLEF01 75 DPWA G9 OR H11-WAVE 

A EVIDENCE FOR 2 RESONANCES IN THIS LAMBDA PI DPWA 
B 2500,0 30.0 BELLEF02 75 HDC 0 K- P TO XI*O KO 
c 2251.0 30.0 20.0 VANHORN 75 DPWA 0 K-P TO LAM PIO 
C VANHORN72 VALUE FROM A DPWA THAT FINDS JP:5/2+. 

D (2280.0) BELLEFON 76 IPWA 0 DS-WAVE 
D (2215.0) BELLEFOM 76 IPWA 0 G9-WAVE 
D SUPERSEDES BELLEF01 75. 

2275.0 20.0 BELLEFON 77 DPWA 0 D5-WAVE 
2215.0 20.0 BELLEFON 77 DPWA 0 G9~WAVE 
2270.0 50.0 BELLEFON 7R DPWA 0 DS-WAVE 
2210.0 30.0 BELLEFON 78 DPWA 0 G9-WAVE 

Z(2250) WIDTH (MeV) (PROD. EXP.) 

(150.0) BLAMPIED 65 
(21.0) (17.0) (21.0) BOCK 65 
230.0 20,0 BUGG 68 
100.0 20.0 AGUILAR 70 
164.0 50.0 BRICMAN 70 

(170.0) COOL 70 
(122.0) LU 70 
(100.0) (20.0) BELLEF01 75 
I60.0) (A0.0) (20.0) BELLEF01 75 
130.0 20.0 BELLEF02 75 
192.0 30.0 VANHORN 75 

(100.01 BELLEFOM 76 
(140.0) BELLEFON 76 

70.0 20.0 BELLEFON 77 
60.0 20.0 BELLEFON 77 

120.0 40.0 
BO.O 20.0 

CNTR GAMMA P TO K* Y* 
HBC PBAR P 5.7 GEV/C 
CNTR K-P, D TOTAL 
RBC + K- 3.9-4.6 GEV/C 
ENTR 0 TOTAL AND CH EX 
CNTR K~P, D TOTAL 
CNTR 0 GAMMA P TO K* Y* 
DPWA D5-WAVE 
DPWA G9 OR H11-WAVE 
HDC K- P TO XI*O KO 
DPWA K-P TO LAM PIO 
IPWA D5-WAVE 
IPWA G9-WAVE 
DPWA D5-WAVE 
DPWA G9-WAVE 

DELLEFON 78 DPWA D5-WAVE 
BELLEFON 78 DPWA GD-WAVE 



For notation, see key on page 91. 

Z(2250) PARTIAL DECAY M O D E S  (PROD. EXP.) 

DECAY MASSES 
pl Z(2250) ~ N K  938~ 498 
P2 Z(2250) ~ & ~ 1116~ 135 

P3 2(2250) ~ ~;v 1189+ 140 

PA Z(2250) ~ N ~ ' ~  938+ 498+ 140 

P5 Z(2250) ~ E(1530) K 1533+ 498 

Z(2250) BRANCHING RATIOS (PROD. EXP.) 

• (2250) ~ ( N K ) / t o t t l  (P1) 
R1 0.08 0.02 BELLEFON 78 OPWA O 05-WAVE 
R1 0.02 0.01 BELLEFON 78 DPWA O G9-WAVE 

• (2250) in N K ~ A 7c SGRT(PI*P2) 
R2 -0.18 (FOR dP=9/2-)  GALTIERI 70 DPWA K-P TO LAMBDA PI 
R2 A (+0.12) (0.03) BELLEF01 75 DPWA D5-WAVE 
R2 A (-0.09) (0.02) BELLEF01 75 SPWA G9 OR H11-WAVE 
R8 D C -0.16 0.03 VANHORN 75 DPWA 0 K-P TO LAM RIO 
R2 (+0.11) BELLEFON 76 IPWA 0 DS-WAVE 
R2 D (-0.I0) BELLEFON 76 IPgA 0 G9-WAVE 

Z(2250) in N K ~ Z ~ SQRT(PI*P3) 
R3 +0.07 (FOR JR=9/2-)  SALTIER] 70 DPWA K-P TO SIGMA PI 
R3 +0.06 0.02 BELLEFON 77 DPWA 0 DS-WAVE 
R3 ~0.03 0.02 BELLEFON 77 DPWA 0 ER-WAVE 

Z(2250) --  ( N K ) / ( ~ )  (P1) / (P3)  
R4 (0.18) OR LESS BARNES 69 MBC + I STAN OEV LIMIT 

Z(2250) ~ (A¢r)/(Zct-) (PZ)/(R3) 
R5 (0.18) OR LESS BARNES 69 HBC + 1 STAN DEV LIMIT 

Z(2250) in  N K  ~ ~(1530)BK ° SQRT(PI*P5) 
R6 B 0.09 0.02 BELLEF02 75 HBC 0 K- P TO Xl*O KO 
R6 B SEEN IN DOS-WAVE IN NEUTRAL CHANNEL ONLY, ISOSPIN UNDETERMINED. 

Z(2250) ~ ( N K ) / t o t a I  I J * l / 2 ) * ~ P 1 )  
R7 J IS NOT DETERMINED IN THESE EXPTS. THE POLLOWING IS IJ+II2)*PI. 
R7 (0.47)  BUGG 68 CNTR 
R7 (0.16)  (0.12)  BRICMAH 70 CNTR 0 TOTAL AND CH EX 
R7 (0.42)  COOL 70 CHTR K-P, D TOTAL 

REFERENCES FOR ~(2250) (PROD. EXP,) 

BLANPIED 65 PRL 14 741 +GREENBERfi,HUGHES,KITCNING, * (YALE*CEA) 
SOCK 65 PL 17 100 +COOPER,FRENCH,KINSON, + (CERN+SACL) 
BUGG 68 PR 168 1460 ~GILMORE,KNIGHT, + (RHEL+BIRM+CAVE) I 
BARNES 69 PRL 22 479 +FLAMINIO,MONTANET,SAMIOS ~ (BNL+SYRA) 
AGUILAR 70 PRt 25 58 AGUILAR-BENITEZ, BARNES, + (BNL+SYRA) 
BRICMAN 70 PL 51B 152 +FERRO LUZZI, PERREAU,+ (CERN+CAEN+SACL) 
COOL 70 PR DI 1 8 8 7  +GIACOMELLI, KYCIA, LEONTIC, LI, + (BNL) I 
GALTIERI 70 DUKE CONF 173 A BARBARO-GALTIERI (LRL)IJP 
LU 70 PR 02 1 8 4 6  *GREENBERG, HUGHES, NINEHART, MORIt+ (YALE) 
BELLEF01 75 NP 890 1 DE 8ELLEFO2,BERTHON,BRUNET+ (COEF+SACL)IJP 
BELLEF02 75 NC 28A 289 DE BELLEFO2,BERTHON,BILLOIR+ (CDEF+SACL) 
VANHORN 75 NP B87 145 A J VAN HORN (LBL)IJP 

ALSO 75 NP 887 15T A d VAN HORN (LBL)IJP 
BELLEFON 76 NP B109 129 DE SELLEFON,BERTHON (CDEF)IJP 
BELLEFON 77 NC 57A 175 DE BELLEFOM,BERTHON,BILLOIR+ (CDEF+SACL)IJP 
BELLEFON 78 NC 428 403 +BERTHON,BILLOIR,BRUNET+ (CDEF+SACL)IJP 

PAPERS HOT REFERRED TO IN DATA LISTINGS 

COOL 66 PRL 16 1228 +GIACOMELLI,KYCIAeLEONTIC,LI,LUNDBY,* (BNL) I 
SUPERSEDED BY COOL 70. 

DAUBER 66 PL 23 154 +SCHLEIN, SLATER, STORK, TIGHO (UCLA÷LRL) J 
SUGGESTS J=922 RESONANT BEHAVIOR IN SIGMA- Pie, BUT APPEARS 

INCONSISTENT WITH PARAMETERS OF COOL 66. 
DAUM 68 NP B7 19 +ERNE, LAGNAUX, SENS, STEUER, UDO (CERN)JP 
LASINSKI 71 NP B29 125 T A LASINSKI (EFI)IJP 
HEMINGWA 75 NP 091 12 HEMINGWAY,EADES,HARMSEH+ (CERN+HEID+MRIMIIJP 

I 18(2455) BUMPS I rue )= l (  ) status: , ,  

OM'ITTED EROM SUMMARY TABLE 

THERE IS ALSO SOME SLIGHT EVIDENCE FOR Y* STATES IN THIS MASS REGION 
FROM THE REACTION GAMMA + P TO K+ + MISSING NABS --  SEE GREENBERG 68. 

Z(2455) M A S S  (MeV) (PROD. EXP.) 

2455.0 7.0 BUGG 60 CNTR K-P, O TOTAL 
M 2455.0 lOmO ABRAMS 70 CNTR K-P, O TOTAL 
M 
M AVG 2455.0 5.7 AVERAGE 

~(2455) WIDTH (MeV) (PROD. EXP.) 

100.0 20.0 BUGG 68 CNTR 
140.0 ABRAMS 70 CNTR K-P, O TOTAL 
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Baryon Full Listings 
Z(2250), 2;(2455), Z(2620), ~(3000) 

Z(2455) PARTIAL DECAY MODES (PROD. EXP.) 

DECAY MASSES 
~(2455) ~ N~" 938+ ARA 

~(2455) BRANCHING RATIOS (PROD. EXP.) 

• (2455) ~ (NK) / to t a l  (P1) 
RI d IS NOT KNOWN. THE POLLOWING IS (d+1/2)*P1. 
RI (0.3) BUEG 68 CNTR 
RI 0.39 ABRAMS 70 CNTR K-P, D TOTAL 
RI A (0.05) (0.05) BRICMAN 70 CNTR 0 TOTAL AND CH EX 
RI A FIT OF TOTAL CROSS SECTION GIVEN BY BRICMAN 70 IS POOR IN 
RI k THIS REGION. 

REFERENCES FOR ~(2455) (PROD. EXP.) 

SUGG 68 PR 168 1466 +GILMORE,KNIGHT, + (RHEL+BIRM÷CAVE) I 
ABRAMS 70 PR DI 1917 +COOL, GIACOMELLI, NYCIA, LEONTIC, + (BNL) I 
BRICMAN 70 PL 31B 152 +FERRO LUZZI, PERREAU,+ (CERN~CAEN+SACL) 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

ABRAMS 67 PRL 19 678 ~COOL,GZACOMELLI,KYCIA,LEONTIC,LI, + (BNL) 
SUPERSEDED BY ABRAMS 70. 

GREEHBER 68 PRL 20 221 GREENDERG, HUGHES, LU, MINEHARO, + (YALE) 

Y(2620) I x ( s e ) =  I( ) StaI . . . . .  
I BUMPS 

OMITTED FROM SL'MM~Ry TABLE 

Z(2620) M A S S  (MeV) (PROD. EXP.) 

2620.0 15 . . . . . . . .  70 CNTR ~P ~i T . . . .  
2542.0 22.0 DIBIANCA 75 DBC 

Z(2620) WIDTH (MeV) (PROD. EXP.) 

w 1175.0) ABRAMS 70 CNTR K-P, D TOTAL 
W 221.0 81.0 DIBIANCA 75 DBC X( K P( 

~(2620) PARTIAL DECAY MODES (PROD. EXP.) 

DECAY MASSES 

pl ~(2620) ~ N~" 938+ 49~ 

X(2620) B R A N C H I N G  P A T I O S  (PROD. EXP.)  

• (2620) ~ (NK) / to t a l  (P l )  
RI J IS NOT KNOWN. THE FOLLOWING IS (J+1/2)*Pl. 
RI (0.32) ABRAMS 70 CNTR K-P, D TOTAL 
RI D.36 D.12 BRICMAN 70 CNTR 0 TOTAL AND CH EX 

REFERENCES FOR ~(2620) (PROD. EXP.) 

ABRAMS 67 PRL 19 678 +COOL,GIACOMELLI,KYCIA,LEONTIC,LI, * (BNL) 
SUPERSEDED BY ABRAMS 70. 

ABRAMS 70 PR D1 1917 +COOL, GIACOMELLI, NYCIA, LEONTIC, + (BNL) l 
BRICMAN 70 PL 31B 152 +FERRO LUZZI, PERREAU,+ (CERN+CAEN+SACL) 

DIBIANCA 75 NP BR8 137 DIBIANCA,ENDORFR (CARN) 

1 8(3000) BUMPS I l (je)=l(  ) status: * 

OMITTED ,FROM SUMMARY TABLE 

ENHANCEMENT IN LAMBDA PIaNg RBAR N INVARIA~T MASS SPECTRA AND IN 
MISSING MASS OF NEUTRALS RECOILING AGAINST KO. 

Z(3000) M A S S  (MeV) (PROD. EXP.) 

M (3000.0) EHRLICN 66 HBC 0 PI-P 7m91GEV/C 

Z(3000) PARTIAL DECAY M O D E S  (PROD. EXP.) 

DECAY MASSES 
~(3000) ~ N K  938. 494 
~(3000) ~ ± ~  11~6+ 140 
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Baryon Full Listings 
~(3000) ,  ~(3170) ,  X's 

R E F E R E N C E S  F O R  ~(3000)  ( P R O D .  EXP. )  

EHRLICH 66 PR 152 1~9A R EHRLICE, W SELOVE, H YUTA 

Z(3170)  B U M P S  ] I ( J P ) = I (  ) S t a tus :  * 

OM'[TTED FROM S ~ . ~ t A R Y  TABLE 

BEEN BY AMIBZAOEB 79 AS A NARROW 6.5 STO. DEV. ENHANCEMENT IN THE 
REACTION K-P - ->  Y* P l -  USING DATA FROM TWO INOBPENDENT HIGH 
STATISTICS BUBBLE CHAMBER EXPERIMENTS AT 8,25 AND 6.5 GEV/C. THE 
DOMINANT DECAY MODES ARE INTO MULTI-BODY, MULTI~BTBANEE FINAL STATES 
AND THE PRODUCTION IS VIA I=5/2 BARYON EXCHANGE. I= I  IS FAVORED. 

NOT SEEN IN A K- P EXPERIMENT IN LASS AT 11 GEV/C (ABTON 8S). 

• (3170)  M A S S  ( M e V )  ( P R O D .  EXP. )  

M S5 3170,0 5 .0  AMIRZAD 79 HBC + K-P TO Y* P I -  

Z(3170)  W I D T H  ( M e Y )  ( P R O D .  EXP. )  

w A 3$ (20.0) OR LEBS AMIRZAD 79 HBC * K-P TO Y* P I -  
W A OBSERVED WIDTH CONSISTENT WITH EXPERIMENTAL RESOLUTION, 

~(3170)  P A R T I A L  D E C A Y  M O D E S  ( P R O D .  EXP. )  

DECAY MASSES 

P1 Z(3170) ~ A K h "  + ~ ' s  
PE Z(3170) ~ Z K 3 2  + r ' s  
P3 Z(3170) ~ ~ K  + 7r's 

Z(3170)  B R A N C H I N G  R A T I O S  ( P R O D .  EXP. )  

~(3170)  ~ (A K K + ~ ' s ) / t o t a l  (P l )  
RI SEEN AMIRZAD 79 HBC + K-P TO Y* PI~ 

Z(3170)  ~ ( ~ K K  + ~"s ) / to t a l  (PB) 
R2 SEEN AMIRZAD 79 HBC + K-P TO Y* Pl -  

Y(3170) ~ ( ~ K  + ~r ' s ) / to ta l  (ps) 
RS SEEN AMIRZAD 79 HBC ~ K-P TO Y* PI- 

R E F E R E N C E S  F O R  ~(3170)  ( P R O D .  EXP. )  

AMIRZAO 79 PL 89B 125 AMIRZADEH~ (BIRM*CESN+SLAB+MSU+LPNP÷CAMB*)I 
ALSO 80 TORONTO EONF. 263 J B KINBON+ (BIRM+CERR+GLAS+MBU+LPNP~CAMB+)I 

ASTON 85 PR O32 2270 + LASS COLLABORATION (SLAC+EARL*CNRE+CINC) 

NOTE ON 2 RESONANCES 

Not much is known about E resonances. This is 
because (1) they can only be produced as a part of a 

final state, and so the analysis is more complicated than 
if direct formation were possible, (2) they are produced 

with small cross sections (typically a few #b), and (3) the 
final states are topologically complicated and difficult to 
study with electronic techniques. Thus our early infor- 
mation about 2 resonances came entirely from bubble 
chamber experiments, where the numbers of events are 
small, and the best information is still from bubble 
chamber experiments. 

The accompanying table gives our evaluation of the 
present status of the ~ resonances. Until fairly recently 
only the ~(1530) was really well established. However, 
the late 1970's saw a major improvement with results 
from the large K - p  bubble chamber experiment at 4.2 

Table I. The status of the 2 resonances. Only those with an  overall status of  *** or 
**** are included in the BaD'on Summary  Table 

Status as seen in -- 
Overall 

Particle L21.2 J status ~ AK ZK 2(1530)~r Olher  channels 

E(1318) P l l  **~* 
2(1530) P I 3  **** **** 
E(1630) , 
2(7680) ** * 
E(1820) 13 *** * *** 
E(I940)  ** ** 
~(2030) 1 *** ** 
2(2120) * * 
N(2250) ** 
2(2370) 1 ** 
2(2500) * * 

3-bod) decays 
3-bod? decays 
3-bod? decays 

**** Good,  clear, and  unmistakable. 
*** Good, bu~ in need of  clarification or not absoluteb certain. 

~* Not established; needs confirmation.  
. Evidence weak: could disappear. 

GeV/c (GAY 76, HEMINGWAY 77). The E(1820) and 

E(2030) were firmly established as narrow states (widths 
of about 20 MeV), and the spin of the ~(1820) was 
found to be 3/2 (TEODORO 78). 

Since then, however, not much has changed, 

although there is some improved evidence for the 
E(2250) and the E(2370). There is probably at least one 
other E in the 1850-2000-MeV region, and there are 

indications of several others above 2000 MeV. Indeed, 

there should be many ~ resonances below 2500 MeV, 

and the broad (and not completely established) E(1940) 
could well be a mixture of several of them. For now we 

are forced to grouptogether differing observations and 
await new results. The differences among experiments 

are shown in ideograms in the Listings; the wait for new 
results is almost certain to be a long one. 

In the last few years, results from experiments using 

electronic methods have appeared. BIAGI 81 used the 
CERN hyperon beam to study inclusive M (  and E~r 
mass spectra from 102 and 135 GeV/c ~ -  incident on 

hydrogen and deuterium. They saw a large E(1820) sig- 
nal in AK as well as a peak at about 1700 MeV, which 

might be associated with the threshold enhancement 
seen by DIONISI 78. The N(1940) appears as a broad 

bump in the 2~" mass spectrum, and there is a very 
clean ~(1530)signal. And Brookhaven multiparticle 
spectrometer measurements of K - p  --~ K + anything at 
5 GeV/c (JENKINS 83) have seen all the established 
resonances and also the less well-established E(2250), 
~(2370), and ~(2500). 

For a detailed review, see Meadows. 1 
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For notation, see key on page 91. 

~, BARYONS (S=-2 ,  1=1/2) 

F ~  l(jp~ _ 1 ( 1 . . - ~ . ~  ) 

SEE STABLE PARTICLES. 

l(j P) = i ( i  ) 
0 2 

SEE STABLE PARTICLES. 

I ~(1530) P131 I(JP)- ] 3 +  - ~ ( ~  ) Status: * * * *  

THIS IS THE ONLY X( RESONANCE WHOSE PROPERTIES ARE ALL REASONABLY 
WELL KNOWN. SPIN-PARITY 3/2+ IS FAVORED BY THE DATA, 

WE 00 NOT USE DETERMINATIONS OF THE MASS AND WIDTH HERE UNLESS THEY 
ARE ACCOMPANIED BY SOME DISCUSSION OF SYSTEMATICS AND RESOLUTION. 

~(1530) M A S S  (MeV) 

MIXED CHARGES 
20(1535.0) BERTANZA 62 HBC 

M 55(1529.0) (5.0) PJERROU 62 HBC 
M (1532.0) (2.D) BADIER 64 HBC 

~: NEGA . . . . . . . . . . . . .  
38 1535.7 .2 LONDON 66 HaG 

BALTAY 72 HaD ~: 334(153&.7) (1.1) 
185 1536,2 1.6 KIRSCH 72 HBC 

M- 1535.3 2.0 ROSS2 73 HBC 
M- 48(1540.0) (3.0)  BERTHON 7R HBC 
M~ 153A.5 1.2 BELLEF02 75 HBC 
~: ......... 

AVE 1535.18 0.84 AVERAGE 
M- FIT 1534.97 0.63 FROM FIT (ERROR INCLUDES 

MO NEUTRAL CHARGE ONLY 
MO 76 1528.7 1.1 LONDON 66 HDC 
NO 59 1531,4 0.8 BADIER 72 SEE 
MO 1262 1552.0 0,4 BALTRY 72 HEC 
MO 324 1551.3 0.6 BORENSTEI 72 HSC 
MO 286 1532.3 0.7 KIRSCM 72 HOG 
NO 1555.0 1.0 ROSS2 73 HSC 
NO 97(1533.6) (I,4) BERTHON 74 HaG 
MO 1532.2 03 BELLEF02 75 HSC 
NO 80(1527.0) (6.0) SIXEL 79 HSC 
MO 100(1535.0) (4.0) SIXEL 79 HBC 
NO A 2700(1532.1) (0.6) BAUBILLIE 81 HBC 
MO A FIT TO INCLUSIVE SPECTRUM. RESOLUTION (5 NEV) 
MO 
MO 
MO 
MO AVG 
MO FIT 

K-P 2.3 GEV/C 
: K-P 1.8 GEV/G 
-0 K-P 3 GEV/C 

K-P 2.24 GEV/C 
K-P 1.75 GEV 

- K-P 2.87GEV/C 
Xl KBAR Pl (Pl) 
QUASI 2 BODY CS 

- K-P TO X l -  R P (  

SCALE FACTOR OF 1.0) 

K=P 2.24 GEV/C 
K-P AT 3,95GEV/C 

0 K~P 1.75 GEV 
K-P 2.2GEV/C 
K-P 2.8?GEV/C 
Xl KBAR PI (PI )  

0 QUASI 2 BODY CS 
0 K-P TO XI -  K PI 
0 INCL. K-P 10 GEV 
0 INCL, K-P 16 GEV 

NO 0 T N-P AT 0,25 GEV 
UNFOLDED. 

450(1530.0) (1.0) BIAGI 81 SPED - HYPERON BEAM 
1244(1532.1) (0.4) ASTON 85 LASS K-P 11 GEV/C 

1531.78 0.34 AVERAGE (ERROR INCLUDES SCALE ~ACTOR OF 1.4) 
1531.80 0.31 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 

(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
1531.78 ± 0 . 3 4  (ERROR SCALED BY 1.4 ) 

1526 1530 

E(1530) ° mass  (MeV)  

B 

AVG 
FIT 
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Baryon Full Listings 
.~-, E °, E(]530) 

E(1530)-  - ~(1530) o M A S S  DIFFERENCE (Meg)  

5m7 3.0 PJERROU 65 HBC -0 %8-1.95 GEV/C 
(7.0) (4.0) LONDON 66 HBC -O 2.24 GEV/C 
2.0 3.2 MERRILL 66 HaD -0 1.7-2.7 GEV/C 
2.7 1.0 BALTAY 72 HaD -0 K-P 1.75 GEV 

(3 .9)  (1.8)  KIRSCH 72 HBC -0 K- P 2.87 GEV/C 
REDUNDANT WITH DATA IN MASS LISTING. 

2.92 0.91 AVERAGE 
3.17 0.64 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 

E(1530) WIDTH (MeV) 

W MIXED CHARGES 
20 (55,0) OR LESS 

W- NEGATIVE CHARGE ONLY 
w- 7.8 3.5 
W- 16.2 4.6 
N~ 8.5 5,6 
W- 9.6 2.8 
W- . ........ 
W- RVG 10.1 1.9 

WO NEUTRAL CHARGE ONLY 
WO 7.0 2.0 
wo 7.0 7.0 
WO 8.5 3.5 
WO 11.0 2,0 
WO 9.0 0.7 
wO 8.4 I .A 
WO 11.0 1,8 
wo 9.1 2.4 
wO 9.5 1.2 

BERTANZA 62 HBC -0 R-P 2.3 EEV/C 

7.B BALTAY 72 HBC - K-P 1.75 GEV 
KIRSCff 72 HBC - X(-  PIO,XIO PI-  
ROSS2 73 HBC X( KBAR P((Pl) 
BELLEF02 75 HBC - K-P TO XI- K F( 

AVERAGE 

SCHLEIN 63 HBC 0 1,6, 1.95 GEV/C 
SERGE 66 HBC 0 1.5-1.7  GEV/C 
LONDON 66 HBC 0 2.24 GEV/C 
BADIER 72 HBC 0 K-P AT 3.95GEV/C 
BALTAY 72 HBC 0 K-P 1.75 GEV 
BORERSTEI 72 HBC 0 x I -  PI+ MODE 
KIRSCH 72 RBC 0 X(~ P(+ 
ROSS2 73 RaG 0 X( KBAR PI (PI)  
BELLEF02 75 HBC 0 K-P TO XI- K P( 

WO C 80 (19.0) (6 .0)  SIXEL 79 HBC 0 INCL. R-P 10 GEV 
WO C 100 (14.0) (5,0)  SIXEL 79 HBC 0 INCL. K-P 16 GEV 
WO C EXPERIMENTAL RESOLUTION OF 15 MEV NOT UNFOLDED. 
WO D 2700 (12.8) ( I .D )  BAUBILLIE 81 EBC O K-P AT B.25 GEV 
WO 9 FIT TO INCLUSIVE SPECTRUM. RESOLUTION (5 MEV) NOT UNFOLDED. 
WO . . . . . . . . .  
WO AVG 9.14 0.48 AVERAGE 

REO 
RE- 

IMO 
IM- 

E(1530) REAL PART OF POLE POSITION (MeV) 

1531.6 0,4 LIGHTENS 7A 0 EXTRAP HABIBI73 
1554.4 1.1 LIGHTENS 74 - EXTRAP HABIBI73 

E(1530) IMAGINARY PART OF POLE POSITION (MeV) 

4.45 0.35 LICHTENB 74 0 ENTRAP HABIBI73 
3.9 1.75 3,9 LICHTENB 74 - EXTRAP HABIBI73 

~(1530) PARTIAL DECAY M O D E S  

DECAY MASSES 

Pt N(1530) ~ ~'i'l" 1321. 140 

P2 ~(1530) ~ ~ 1321* 0 

~(1530) BRANCHING RATIOS 

~'(1530) ~ ( ~ 3 0 / t o t a l  (P2) 
R1 (0,04) OR LESS CL=.90 KALBFLEI 75 HBC - K-P AT 2.18 GEV 

REFERENCES FOR E(1530) 

BERTANZA 62 PRL 9 180 
PJERROU 62 PRL 9 114 
SCHLEIN 63 PRL 11 167 
BADIER 64 DUBNA I 593 
PJERROU 65 PRL 14 275 

Values above Of weighled average, error, BERGE 06 PR 147 945 
and scaie factor are based upon the dala in LONDON 66 PR 143 1034 
this ideogram only. They are not neces- MERRILL 66 UCRL-16455 THESIS 

BADIER 72 NP B37 429 
sari ly (he same as our "best"  values, BALTAY 72 PL 42B 129 
obtained from a least-squares constrained fir ALSO 73 NEVIS 199 THESIS 
uti l izing measurements of other (related} BORENSTE 72 PR DS 1559 
quanlities as additional information KIRSDH 72 NP B40 349 

ROSS2 73 PURDUE CONF. 355 
BERTHON 74 NC 21A 146 
LICHTENB 74 PR 910 3865 

ALSO 74 PRIV. COMM. 
X 2 BELLEF02 75 NC 20A 289 

KALBFLEI 75 PR D l l  987 
' '  BELLEF02 75 HBC 04 SIXEL 79 NP B159 125 

'BOSS2 73 HBC 15 BAUBILLI 81NP B192 1 
BIAGI 81 ZPHY C9 305 

. . . .  KIRSCH 72 HBC O 5 ASTON 85 PR D32 2270 

. . . . .  BORENSTEE 72 HBC 0 E 

. . . .  BA~AY 72 HBC 0 3 

. . . . .  BADIER 72 HBC 02 SNAFER 66 PR 142 885 

. . . . .  LONDON 66 HBC 79 RUNGERBU 74 PR 910 2051 
~ BRIEFEL 75 PR 912 1859 

BRIEFEL 77 PR 916 2706 
(Confidence Level = 0.077) MAZZUCAT 01 NP 9178 1 

l I 

1534 1538 

+BRISSON,CONNOLLY,GOLDBERS,GRAY,+(BNL+SYRA) IJ 
+PROWSE,SCHLEIN,SLATER,STORK,TICHO (UCLR) I 
+GARMONY,PJERROU,SLATER,STORK,TICHO (UCLA)IJP 
+DEMDULIN,GOLDBER6, + (EPOL÷SACL+AMST) I 
+SCffLEIN,SLATER,SMITH,STDRK,TICSO (UCLA) 
+EBERHARD,HUSBARD,MERRILL,B-SHAFER,+ (LRLI I 
+RAU,SAMIOS,YAMAMOTO,GOLDBERG,+ (BNL+SYRA) IJ 
D W MERRILL (LRL) JP 
+DARRELET,CNARLTON,VIDEAU (EPOL) 
+9RIDGEWATER,COOPER,GERSHWIN,+ (COLU+BING) 
HABIBI (COLU) 
BORENSTEIN,DANBURG,NRLBFLEISCH++ (BNL+MICH) I 
SCHMIDT+CRANG,HEMINGWAY(BRAN+UMD+SYRA~TUFT) I 
ROSS,LLOYD,RADOJICIC (OXF) 
BERTHON,TRISTRAM,+ (CDEF+RHEL+SACL+STRB) 
D B LICHTENBERS (IND) 
D S LICHTENBERG (IND) 
DE EELLEFON,BERTHON,BILLOIR+ (DDEF*SAEL) 
KALSFLEXSEH,STRAND,CHAPMAN (BNL*MIDfl) 
+BOTTCHER,KLEIN+ (AACM+BERL+CERN+LOIC÷VIEN) 
BAUSILLIER+ (BIRM+CERN+GLAS+MSU*LPNP) 

LASS (BRIS+CAMB+GEVA*HEID+LAUS+LOQM*RNEL) 
COLLABORATION (SLAC+CARL+CNRC+CINC) 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

BUTTON-GHAFER,LINDSEY,MURRAY,BMITH (LRL) JP 
NUNGERSUHLER,MAJKA,+ (YALE+FNAL÷BNL*PITT) 
+GOUREVXTDH,KIRSCR+ (BRAN+UMD+SYRA+TUFT) 
+GOUREVIT£H,CHANS+ (BRAN+UMD+SYRA+TUFT) 
MAZEUCATO,PENNXNO+ (AMST+CBRN+NIJM+OXF) 
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Baryon Full Listings 
E(1630), ~(1680), .~(1820) 

I ( J P ) =  ~( ) Status: * 

OMITTED FROM Sb~VL~'ARV TABLE 
SEEN ONLY IN THE Xl PI CHANNEL. 

BARTSCH 69 SEE A SMALL, BROAD ENHANCEMENT NEAR 1650 MEV - IT IS NOT 
CLEAR THAT IT IS THE SAME PHENOMENON AS BRIEFEL 77, WHO FIND 
CS=2.6÷-0.9 MICROBARNS AT 2.87 GEV/C INCIDENT K- MOMENTUM. 

BOREHSIEIN 72 SEE NO EFFECT IN THIS REGION. THEY FIND CS<2 MICROBARNS 
AT 2,18 GEV/C. 

ROSS 72 ARGUE THAT THE EFFECT THEY SEE IS NOT THE SAME AS THAT 
SEEN BY BRIEFEL 77 (WHOSE PRELIMINARY RESULTS WERE REPORTED IN 
BMST 70), AND FIND CS=2+-I MICROBARNS AT 3.3 GEV/C. 

BELLEPON 75 FIND A CS OF AROUND 10 MICROBARNB NEAR 2 GEV/C, 
BUT LESS THAN 3 MICROBARNS AROUND 2.3 GEV/C. 

NOT SEEN BY HASSALL 81 IN A HIGH STATISTICS BUBBLE CHAMBER 
EXPERIMENT (46 EVENTS/MICROBARN) AT 6.5 GEV/O. 

~(1630) MASS (MeV) 

M 29 1606.0 6.0 ROSS 72 HBC O K-P AT 3.1-5.7 
M 3G 1633.0 12.0 BELLEF02 75 HBC 0 K-P TO Xl- K Pl 
M 31 1624.0 3.0 BRIEFEL 77 HBC 0 K-P 2.87 GEV/C 

~(1630) WIDTH (MeV) 

w 29 21.0 7.0 ROSS 72 HBC 0 X l -P I *  K*O(890) 
w 34 40.0 15.0 BELLEF02 75 HBC 0 K-P TO XI- K Pl 
W A 31 (22.5) BRIEFEL 77 HBC 0 K-P 2.87 GEV/C 
w A GOODNESS OF FIT INSENSITIVE TO VALUES BETWEEN 15 AND 30 MEV. 

~(1630) PARTIAL DECAY MODES 

E(1630) ~ ~ r 

SEEN IN K- P TO XI -  PI* KO AND X l -  PIO K+. 

DECAY MASSES 

132% 140 

REFERENCES FOR ~(1630) 

ROSS 72 PL 388 17T +BURAN,LLOYD,MULVEY,RADOJICIC (OXF) I 
BELLEF02 75 NC 28A 289 DE BELLEFON,BERTHON,BILLOIR+ (ODEF+SACL) 
BRIEFEL 77  PR D16 2706 +GOUREVITCH,CHANG+ (BRAN*UMD+SYRA+TUFT) 

ALSO 70 DUKE CONF. 317 BMST (BRAN+UMD~SYRAcTUFT) 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

APSELL 69 PRL 23 884 (BRAN+UMD+SYRA+TUFT) 
SUPERSEDED BY BMST 70. 

BARTSEH 69 PL 28B 439 + (AACH+BERL~CERN÷LOIC+VIEN) 
KALBFLEI 70 DUKE CONF 331 G R KALBFLEISCH (BNL) I 
BORENSTE 72 PR 05 1559 BORENSTEIN,OANBURG,KALBFLEISCH+÷ (BNL+MICH) I 
SCHMIDT 73 PURDUE CONF. 363 SCHMIDT (BRAN) 
EUNGERBU 74 PR 010 2051  HUNGERBUHLER,MAJKA,~ (YALE+FNAL+BNL+PITT) 
BRIEFEL 75 PR D12 1859 +GOUREVITOH,KIRSCH+ (BRANeUMD~SYRA+TUFT) 
HASSALL 81 NP B189 397 +ANSORGE,CARTER,NEALE,RUSHBROOKE+(CAMB÷MSU) 

l I E(1680) "JR)=~( / Status: * *  

OMITTED FROM SUMMARY TABLE 

SEEN BY DIONISI 78 AS A THRESHOLD ENHANCEMENT IN BOTH THE NEUTRAL 
AND NEGATIVELY CHARGED SIGMA KBAR MASS SPECTRA FROM THE REACTIONS 
K-P ~-> (SIGMA KBAR) K PI AT 4.2 GEV/C. THE DATA FROM THE SIGMA 
KBAR CHANNELS ALONE CANNOT DISTINGUISfl BETWEEN A RESONANCE 
INTERPRETATION AND A LARGE SCATTERING LENGTH. 

WEAKER EVIDENCE FOR AN ENHANCEMENT AT THE SAME MASS IS SEEN IN THE 
CORRESPONDING LAMBDA KBAR CHANNELS AND A COUPLED CHANNEL ANALYSIS 
YIELD~ RESULTS CONSISTENT WITH A NEW XI .  

THE HYPERON BEAM EXPERIMENT OF BIAGI 81 OBSERVE AN ENHANCEMENT AT 
1700 MEV IN THE DIFFRACTIVELY PRODUCED LAMBDA K- SYSTEM. A PEAK IS 
ALSO OBSERVED IN THE LAMBDA NO MASS SPECTRUM AT 1660 MEV WHICH IS 
CONSISTENT WITH A RESONANCE OF MASS 1720 MEV DEOAYINS INTO SIGMAO 
KO, WITH THE GAMMA FROM THE SIGMAO DECAY NOT DETECTED. 

~(1680) MASS (MeV) 

MO NEUTRAL CHARGE 
MO A 175(1699.0) (5.0) DIONISI 78 HBC 0 K-P AT 4.2 GEV/C 
MO A FROM FIT TO SIGMA+ K- SPECTRUM 
MOB 183(1684.0) (5.0) DIONISI 78 HBC 0 K-P AT 4.2 GEV/C 
MOB FROM COUPLED CHANNEL ANALYSIS OF SIGMA+ K- AND LAMBDA KO SPECTRA 

~[ NEGATIVE CHARGE 
C 4~(169A.0) (8 .0)  DIONISI 78 HSC - K-P AT 4.2 GEV/C 

M~ C FROM COUPLED CHANNEL ANALYSIS OF SIGMAO K AND LAMBDA K- SPECTRA 

~ - D 150(1700.0) (10.0) BIAGI 81SPGC - HYPERON SEAM 
- D FIT TO INCLUSIVE SPECTRUM FROM XI~N - - >  LAM K -  X 

X(1680) WIDTH (MeV) 

NO NEUTRAL CHARGE 
WO A 175 (4A.O) (23,0) DIONISl 78 HBE O K-P AT 4,2 GEV/C 
WO S 186 (2O.O) (4.0) DIONISI 78 HBC 0 K~P AT 4.2 GEV/C 

~: HEGATIVE C"ARGE 
C 45 (26.0) (6.0)  DIONISI 78 HBC ~ K-P AT 4.2 GEVIC 

w- D 150 (47.0) (14.0) BIAGI 81 SPEC HYPERON BEAM 

~(1680) PARTIAL DECAY MODES 

DECAY MASSES 

P1 ~(1680) ~ ~K 1192+ 498 
P2 ~(1680) ~ A/~ 1116~ 4 9 8  

P3 E(1680) -- ~ 1315~ 155 
PA ~(1680) ~ ~(1530) ~" 1535* 155 
P5 X(1680) ~ ~ r ~(including ~(1530) 7r) 1515. 155. 135 

E(1680) BRANCHING RATIOS 

E(1680) ~ (ZK) / (AK)  (PI)/(P2) 

RI E (2.7) (0.9) DIONISI 78 8BC 0 K=P AT 4.2 GEV/C 
RI E NEUTRAL CHARGE 
RI F (3.1) (I.A) DIONISI 78 HBG - K-P AT 4.2 GEV/C 
RI F NEGATIVE CHARGE 

E(1680) . (~'x)/(~K) (P3)/(P1) 

R2 (0.09) OR LESS OIONISI 7S HBC 0 K-P AT 4.2 GEV/C 

~(1680) ~ ( Z -  ~ +  ~ e ) / ( ~ T )  ( P S ) / ( P I )  

R3 (0.04) OR LESS DIONISI 78 HBC 0 K-P AT 4.2 GEV/C 

~(1680) ~ ( ~ -  ~ +  ~ - ) / ( ~ K )  (P5)/(pl)  
R4 (0.03) OR LESS DIONISI 78 HBC ~ K-P AT 4.2 GEV/C 

~(1680) ~ (~(1530) ~ ) / ( Z K )  (P4)/(pl)  
R5 (0.06) OR LESS DIONISI 78 HBC - K-P AT 4.2 GEV/C 

DIONISI 
BIAGI 

REFERENCES FOR ~(1680) 

78 PL 80B 145 +DIAZ,ARMENTEROS+ (CERN÷AMST*NIJM+OXF)I,Jp 
81 ZPHY C9 305 (BRIS+CAMB÷GEVA+HEID÷LAUS+LOQM+RHEL) 

[ ~ ( 1 8 2 0 )  [ m~)= ,  3 ) ~(~ Status: *** 

WE LIST SERE EVERYTHING REPORTED IN THE MASS RANGE 1750-1875 MEV. 

The clearest evidence for the E(1820) comes from 

GAY 76, who saw an 8-standard-deviation peak in A K -  

and smaller signals in E(1530)~" and ZK. The peak is 
narrow (F = 21 _ 7 MeV), whereas earlier (and much 

smaller) experiments found widths of up to 100 MeV 
(see the Listings below). A spin-parity analysis of the 

GAY 76 data, but with more events (TEODORO 78), 
favors spin 3/2 but cannot make a parity discrimination. 

BIAGI 81 used the CERN hyperon beam to study 
E -  interactions in hydrogen and deuterium. The dif- 

fractively produced A K -  system has a broad peak 
(F = 72 _+ 20 MeV) at 1830 MeV on top of a substan- 

tial background. There is also a smaller peak in the 
inclusive AK ° spectrum. 

Neither GAY 76 nor BIAGI 81 saw a peak in the 27r 
channel. It is possible that ~ r  peaks seen in this region 
by some of the lower momentum experiments were at 
least partly due to the ~(1940), with a shape distorted by 
the limited phase space available (SMITH 65). Further- 
more, some of the early experiments were forced to add 
several different channels together to overcome poor 
statistics (CRENNELL 70, BADIER 71). 
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~(1820 )  M A S S  ( M e V )  

M (1770.0) HALSTEIRS 63 FBC -0 K-FR 3.5 GEV/C 
M 30 1814.0 4.0 BAOIER 68 HSC 0 LAMBDA KOEAR 

29 1817.0 7,0 SMITH 1 65 HBC -0 LAMBDA KBAR 
40 1830.0 10.0 ALITTI 69 HBC LAM, RIG KBAR 

M A 25 1830.0 10.0 CREflNELL 70 DBC [0 3.6,  3.9 OEV/C 
A B FROM FIT TO INCLUSIVE Xl PI= XI PI PI AND LAMBDA K- SPECTRA 

(1826.0} (12,0) CRENNELL 70 DBC -0 3.6,  3.9 GEV/C 
M B FROM FIT TO INCLUSIVE XI PI AND XI PI Pl SPECTRA ONLY 
M C 28 1762.0 8.0 NAPIER 72 HBC -0 XI PI ,XI2PI,K Y 
M C 38 1838.0 5,0 BADIER 72 HBC -OXI PI,XI2PI,K Y 
M C BADIER 72 ADDS ALL CHANNELS AND DIVIDES PEAK IN LOWER AND HIGHER 
M C MASS REGIONS, THE DATA EAN ALSO BE FITTED WITH A SINGLE BREIT- 

C WIENER OF MASS 1800 AND WIDTH 150 MEV. 
D 30 1821.0 5.0 ROSS1 73 HBC -0 LAMBDA K-/KBARO 
D LESS SIGNIFICANT ENHANCEMENTS SEEN IN XI(1530) PI (M=1825,W=iO0) 
D AND SIGMA KBAR (M=1810+-9,W=10+-11). 

M 1807.0 27.0 DISIANCA 75 DBC -0 XI 2Pl,  X l *  Pl 
M 150 1823.0 2.0 GAY 76 HBC - K- P AT 4.2 6EV 
M 74 1797.0 19.0 BRIEFEL 77 RBC 0 XI PI (2.87 K-P) 
M 68 1829.0 9.0 8RIEFEL 77 RBC -0 XI(1530) PI 

39 1860.0 14.0 BRIEFEL 77 HBC - SIGMA- KORAR 
44 1870,0 9.0 BRIEFEL 77 NBC 0 LAMBDA KOBAR 

M 57 1813.0 4.0 BRIEFEL 77 HBC - LAMBRA N- 
M E 300 1830.0 6.0  BIAGI 81 SPED HYPERON BEAM 
M E FIT TO INCLUSIVE SPECTRUM FROM XI-N --> LAM N- X 
M 1822.0 6.0 JENKINS 83 MRS - K- P TO K+ MM 

AVG 1821.9 3.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 3.0)  
(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
1821.9 ± 3.9 (ERROR SCALED BY 3 .0  ) 

1700 

X2 

. . . . . . . .  JENKINS 83 MPS 0 0 
. . . . . . .  B,AGI 81 SREC 18 
. . . . . . .  BR~EFEL 77 HBC A 9 

• -P- ' ' ' BRIEFEL 77 HBC 286 
r~_ - } - -  . . . .  BRIEFEL 77 HBC 7 A 

. . . . . .  B81EFEL 77 HBC 0.8 
. . . . . . . .  BRIEFEL 77 HBC 

. . . . . . .  GAY 76 HBC 0 3 
! . . . . . . . .  DIBIANCA 75 DBC 

/ ~  ROSS1 73 HBC 0 0 
,2 ,OA 

- t -  . BADIE8 72 HBC 50 0 
CRENNELL 70 DBC 0 7 
ALITTI E9 HBC 0 7 
SMITH 1 65 HBC 0 S 
BADIER 05 HBC 3 9 

I (Conf,oence Level < 0.001) 

1750 1800 1850 1900 1950 

E(1820) mass (MeV) 

E(1820)  W I D T H  ( M e V )  

(80.0) OR LESS 
(12.0) (A.O) 

W 30.0 7.0 
w 55.0 40.0 20.0 

A B 103,0 38.0 24.0 
(48.0) (36.0) (19.0) 

W C 51.0 13,0 
W C 58.0 13.0 

D 30 12.0 A.O 
85.0 58.0 

W 130 21.0 7,0 
w 74 99,0 57.0 
W 08 52.0 3A.D 
W 39 72.0 17.0 
W 44 44.0 11.0 
W 57 26.0 11.0 
w E 300 72.0 20.0 

HALSTEINS 63 FBC -0 K-FR 3.5 GGV/C 
BADIER 65 HBC 0 LAMBDA KOBAR 
SMITH2 65 HBC -0 LAMBEA KBAR 
ALITTI 69 HBC - LAM, SIG KSAR 
CRENNELL 70 DBC R 3.6,  3.9 GEV/C 
CRENNELL 70 DBC ~ 3,6, 3.0 EEV/C 
BADIER 72 HBC -0 LOWER MASS 
BADIER 72 RBC -0 HIGHER MASS 
ROSSI 73 HBC ~ LAMBDA K-/KBARO 
DIBIANCA 75 DBC ~ XI 2P I ,  XI*  PI 
GAY 76 HBC - K- P AT 4,2 GEV 
BRIEFEL 77 HBC 0 XI Pl (2.87 K-P) 
BRIEFEL 77 HBC -0 XI(1530) Pl 
RRIEFEL 77 NBC - SIGMA- KOBAR 
BRIEFEL 77 HSC 0 LAMBER KOBAR 
BRIEFEL 77 HBC - LAMBDA K~ 
BIAGI 81SPEC - HYPERON BEAM 

W 
W AVE 26.3 5.8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.2) 

(SEE IDEOGRAM BELOW) 

E(1820)  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 
Pl ~(1820) ~ A~" 1116~ 498 

02 Z(1820) ~ ~ w 1321+ 140 

P3 ~(1820) ~ ~ K  1197+ 498 

RA ~(1820) ~ ~(1530) r 1533+ 140 

P5 E(1820) ~ E ~ w ( e x c l u d i n g  E(1530) ~ )  1321+ 140~ 140 

3 3 3  

Baryon Full Listings 
E ( 1 8 2 0 )  

WEIGHTED AVERAGE 
26.3  = 5.8 (ERROR SCALED BY 2.2 ) 

+ 

| . . . . . . . .  B~AGI 

. . . . . . . . . . .  BRIEFEL 

I Iv, 7 -+-- . . . . . . . . .  B A , E F E L  

. . . . . . . . .  BSIEFEL 

. . . . . . . . . . . . .  GAY 
' " DIBIANCA 

. . . . . . . . . . . . .  ROSS1 
. . . .  BADIER 

. . . . . . . . . .  BADIEB 
, - - I - - . .  . . . .  CRENNELL 

. . . . . . . . .  ALITTI 

- 5 0  50 

.~(1820) w i d t h  (MaV) 

2 
X 

81 SPEC 5 2 

77 HBC 0 0 
77 HBC 2.6 
77 HBC 7 2 
77 HBC 
77 HBC 
76 HBC 0.6 
75 DBC 
73 HBC 127 
72 HBC 6 0 
72 HBC 3 6 
70 DBC 
69 HBC 
65 HBC 0 3 

38 2 
(Confidence Leve1<O.O01) 

150 250 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The matrix below is derived from the error matrix for lhe fitted paltia[ decay mode 
branching fractions, Ph as follows: The diagonal elements are Pi*-6P~, where 
fiPt = ~ ,  while the off<tiagonal elements are the normalized correlation coeffi- 
cients (6Pi~Pj)/(fiPi.&Pj). For the definitions of the individuaI Pi, see the lisfings above; 
only those PL appearing in the matrix are assumed in the fil to be nonzero and are 
thus constrained to add 1o I. 

P i P 2 P 3 P 4 
R I .4074+-.0871 
P 2 -.761 .1889+-.0829 
P 3 .133 -.808 .1463+-.0477 
P 4 -.822 .581 -.501 .1674,-.0647 

~(1820) 

~(1820) ~ (AE) / tot~ l  
R1 0,30 0.13 
R1 . . . . . . . . .  
R1 FIT 0.497 0M087 

~(1820 )  ~ ( ~ ' ) / t o t a l  
R2 0.10 0,I0 
R2 . . . . . . . . .  
R2 FIT 0.189 0.053 

X(1820)  ~ (~  ~r)/(A ~ ' )  
R21 0.20 0.20 
R21 (0.36) OR LESS 
R21 . . . . . . . . .  
R21 FIT 0.38 0.16 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1,5) 

~(1820)  ~ (X 7 0 / ( ~ ( 1 5 3 0 )  ~ )  (P2)/ (P4) 
R22 1.5 0.6 O.A APSELL 70 HBC 0 K-P AT 2,87 GEV 
R22 . . . . . . . . .  
R22 FIT 1.15 0.36 FROM FIT 

E(1820)  ~ ( Z K ) / t o t a l  (P3) 

R3 (0.02/  OR LESS TRIPP 67 RVUE 
83 0M3O 0.15 ALITTI 09 HBC - K-P 3 , 9 - 5 . 0  GEV 
R3 . . . . . . . . .  
R3 FIT 0.146 0.048 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

E(1820)  ~ (ZK)/(AK) (P3 ) / IP I )  
R31 0.24 0.10 GAY 76 HBC - K- P AT 4.2 GEV 
R31 ......... 
R31 FIT 0.29 0.10 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

~(1820)  ~ (~(1530)  l r ) / t o t a l  (P4) 

84 0.30 0.18 ALITTI 59 HBC - K-P 3.9-5.0 GEV 
R4 F (0.28) OR LESS DAUBER 69 H00 K-P 2,7 GEV/C 
R4 F USES IN PART THE SAME DATA AS SMITH 65 
R4 G NOT SEEN RAESALL 81 RBC K-P 6.5 GEV/C 
RA SEEN ASTON 85 LASS K-P 11 GEV/C ] 
R4 G INCLUDING XI PI PI 
R4 . . . . . . . . .  
R4 FIT 0.167 0,065 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.6) 

~(1820)  ~ (~(1530)  ~ r ) / ( A ~ )  (P4)/(PI) 

841 0.26 0.13 SMITHI 65 HBC -0 K-P 2.48-2.700EV 
R41 1.'0 0.8 SAY 76 HBC - K- P AT 4.2 EEV 
R41 ......... 
R41 AVE 0.38 0.27 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.3) 
R41 FIT 0.34 0.18 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.7) 

B R A N C H I N G  R A T I O S  

(P1) 

ALITTI G9 HBC - K-P 3 .9 -5 .0  GEV 

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .8 )  

(P2) 
ALITTI 69 HBC - K-P 3 .9-5 .0  GEV 

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1,2) 

(P2I / (P1) 
BADIER 65 HBC 0 K-P AT 3 GEV 

CL=.98 GAY 70 HBC - A- P AT 4.2 GEV 
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Baryon Full Listings 
E(1820), E(1940) 

- - (1820)  ~ (-- w ¢r ) / (A  K )  (RS)/(PIJ 
R51 (0 .1 )  ON MORE SMITH1 65 HBC -0 K-P 2.45-2.70BEV 

- - (1820)  ~ ( - - ~ ' ~ ) 1 ( - - ( 1 5 3 0 )  "if) (PS)/IPA) 
R52 H (0 .3 )  ( 0 . 5 )  APSELL 70 HBC 0 K-P AT "2.87 GEV 
RB2 H OR LESS. UPPER LIMIT FOR THE 3-BODY DECAY 
R52 CONSISTENT WITH ZERO 6AY 76  MBC - K-P AT 4.2 GEV 

- - (1820)  ~ (-- 'a" 7r ( includinl  ~ ( 1 5 3 0 )  ~r))/(A K )  
R53 (P4+P5)/ (P1) 
R53 I ( 0 .14 )  OR LESS BADIER 65 HBC 0 1 STD.DEV.LIMIT 
RB3 I FOR THE DECAY MODE (X l -  RI÷ RIO) ONLY 

R E F E R E N C E S  F O R  -- (1820)  

HALSTEIN 63 SIENA CONF 175 
BADIER 65 PL 16 171 
SMITH1 65 PRL 14 25 
SMITH2 65 ATHENS CONF 251 
TRIPP 67 NP B3 10 

USES DATA OF SMITH1. 

ALITTI 69 PRL 22 79 
DAUBER 69 PR 179 1262 
APSELL 70 PRL 24 777 
CRENNELL 70 PR D1 847 
BADIER 72 NP B37 429 
ROSS1 73 PURDUE CONF. 345 

DIBIANCA 75 NP 098 137 
GAY 76 PL 62B 477 
BRIEFEL 77 PR D16 2706 

ALSO 70 DUKE CONF. 317 
BIAGI 81ZPHY B9 305 
HASSALL Bl NP B189 397 
JENKINS 83 PRL 51 951 
ASTON 85 PR D32 2270 

SMITH 64 PRL 13 61 
MERRILL 68 PR 167 1202 
APSELL 69 PRL 23 884 

SUPERSEDED BY BRIEFEL 77. 
SCHMIDT 73 PURDUE CONF. 365 
BRIEFEL 75 PR 012 1859 
TEODORO 78 PL 77B 451 

MALSTEINSLID,+ (BERG+CERN+EPOL+RNEL+LOUC) 
+DENOULIN,GOLDBERB, + (EPOL+BACL+AMST) 
+LINDSEY,BUTTON-SNAFER,MURRAY (LRL) IJP 
G A SMITH, J S LIMOSEY (LRL) 
+ LEITH, + (LRL+SLAC+CERN+MEID+BACL) 

+BARNEB,FLAMINIO,METZBER, + (BNL+$YRA) I 
+BERNE, HUBBARD, MERRILL, MULLER ILRL) 
+ (BRAN+UMD+SYRA+TUFT) I 
+KARSHON, LAI ,  ONEALL, SCBRR, SCHUMANN(BNL) 
+BARRELET,CHARLTON,VIDEAU (EPOL) 
ROSB,LLOYD,NADOJICIC (OXF) 

DIBIANCA,ENDORF (EARN) 
+ARMENTEROS,BERGE,SAVILLST~(AMST+CERN+NIJM)IJ 
+GOUREVITCH,EHANG+ (BRAR+UMD+BYRA+TUFT) 
BMST (BRAB+UMD+BYRA+TUFT) 
+ (BRIS÷CAMB+GEVB+HEID+LAUS+LOQM+RHEL) 
+ANSORGE,CARTER,NEALE,RUSHBNOOKE+(CAMB+MSU) 
+ALBRIGHT,DIANOND,+(FSU+BRAN+LBL+CINC+SMAS) 
+ LASS COLLABORATION (SLAC+CARL+CNRC+CINC) 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

+LINDSEY,MURRAY,BUTTON-SHAFEN+ ILRL) IJP 
D W MERRILL, d BUTTON-BHAFER ILRL) 
+ (BRAN+UMD+SYRA~TUFT) 

SCMMIDT (BRAN) 
+GOUREVITCH,KIRBEH+ (BRAN*UMD~SYRA+TUFT) 
+DIAZ,DIONISI,BLOKZIJL+(RMST÷CERN+NIJM+OXF) JP 

J E(1940) J l/s~=½1 ) stetuE: * *  

OMITTED FROM SUMMARY TABLE 
WE LIST UMDER XI(1940) EVERYTHING REPORTED IN THE MASS 
RANGE 1875-2000 MEV. 

- - (1940)  M A S S  ( M e V )  

55 1933.0 16.0 BADIER 85 HBE 0 X I -  PI+ 
27 1930.0 20.0 ALITTI 68 HBC 0 X I -  PI+ 

M 66 1894,0 18.0 DAUBER 69 HBC - XI PI 
M 21 1955.0 14.0 fiOLDNASSE 70 HBC - XI Pl 
M 29 1956.0 6.0 BADIER 72 HBC XI PI,XI2PI,K Y 

25 1952.0 11.0 ROSS1 73 (XI PI)- 
1900.0 12.0 DIBIANCA 75 DR£ Xl PI 

M 159 1961.0 18.0 BRIEFEL 77 HBC 0 XI -P I+ (2 .87  K-P) 
44 1936.0 22.0 BRIEFEL 77 HBC X IOP I - ( 2 . 87  K-P) - 

56 1964.0 10.0 BRIEFEL 77 HBC -0 XI(1530) PI 
M A 150 1957.0 7.0 BIAGI 81 SPED X 0 HYPERON BEAM 
M A FIT TO INCLUSIVE SPECTRUM FROM XI-N - ->  X I -  P I *  

(SEE IDEOGRAM BELOW) 

- I -  

1860  1900  1940  

- - (1940)  mess  (MBV)  

X 2 

. . . . . . .  BI~GI 01 SPEC 10 
BRIEFEL 77 HBC 4 O 

. . . . . . .  BBIEREL 77 HBC O 1 
BEIEFEL 77 HBC O 9 

. . . . . .  D~BIANCA 75 DBC 13 5 

. . . . .  ROSS1 73 0 5 

. . . . .  BADIER 72 HBC 3 9 

. . . . . .  GOLDWASBB 70 HBC 0 6 
. . . . .  DAUBER 69 HBC 7 8 
. . . . .  ALITTI 68 HBC 0 5 

. . . .  BADIER 65 HBC 0 5 

33.3 ~ _ "(Confidence Level < 0 001) 

1980  2020  

- - (1940)  W I D T H  ( M e V )  

35 140.0 35.0 BADIER 65 HBE 0 X l -  PI* 
27 80.0 40.0 ALITTI 68 HBC 0 X l -  PI+ 
66 98.0 23.0 DAUBER 69 HBC - XI PI 
21 56.0 26.0 GOLDWASSE 70 NBC XI PI 
29 35.0 11.0 BADIER 72 MBC XI PI ,XI2PI ,K Y 

38.0 10.0 ROSS1 73 (XI P13- 
63.0 78.0 DIBIANCA 75 DBE Xl Pl 

159 159.0 57.0 BRIEFEL 77 HBC 0 N I lP I+ (2 .87  K-P) 
44 87.0 26..0 BRIEFEL 77 NBB - X IOP I - ( 2 . 87  K-P) 
56 60.0 39.0 BRIEFEL 77 NBC -0 X I (1530)  PI 

A 150 80.0 8.0 BIAf i l  81 SPED 0 HYPERON BEAM 
(BEE IDEOGRAM BELOW) 

X 2 

. . . . . . . . . . . .  BtAGI 01 SPBC 04  
. . . . . . . . . . .  BR~EFEL 77 HBC 0.0 

. . . . . . . . . .  BRIEFEL 77 HBC ",5 
I " ' ' BRIEFEL 77 HBC 
. . . . . . .  DIBIANCA 75 DBC 

. . . . . . . . . . .  ROSS1 73 2 E 
. . . . . . . . . . .  BADIER 72 HBC 3 3 

. . . . . . . . . . . .  GOLDWASSE 70 HBC O0 
. . . . . . . . .  DAUBER 69 HBC 3 5 

. . . . . . . .  ALITTI 68 HBC 0 4 
. . . . .  BADIER 65 HBC 59 

179 
nfldence Level = 0022 )  

- 50  50  150 250  350  

"=(1940) w id th  (MeV)  

- - (1940)  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

P1 ~(1940) ~ - - ~  1321+ 140 

P2 ~(1940) ~ --(1530) 7T 1533. 140 
P3 --(1940) ~ -- ~ i f (exc lud ing  --(1530) ~ )  1321+ 140+ 140 
PA --(1940) - -  - -o~ - -  1015+ 140 
P5 X(1940) ~ ---- ~0 13214 135 
P6 ~(1940) ~ ~ g  1197+ 498 

--(1940)  B R A N C H I N G  R A T I O S  

THE XI11940) IS SEEN MAINLY IN XI PI AND SOME IN XI(1530) Pl .  IT 
HAS BEEN LOOKED FOR IN OTHER CHANNELS BUT ONLY OBSERVED BY HASSALL 81 
WHO SEE A 3SIGMA EFFECT IN SIGMA KBAR, 

--(194o) ~ (=~)/(--(153o) ~) 
RI 2.8 0.7 0.6 

--(1940) ~ (-- ~ r)/(--0530 ) ~) 
R2 0.0 0.3 

- - (1940)  ~ ( - - ° ' x - ) / ( - - - T c ° )  
R3 25 2.6 6.0 1.6 

~ ( 1 9 4 0 )  ~ ( ~ ) / t o t a l  
R4 17 POSSIBLY SEEN 

(F I ) / (P2)  
APSELL 70 HBC O 

(P3)/(P2) 
APSELL 70 HBC 0 

(P4)/(P5) 
ROSS1 73 (XI PI)- 

(P6) 
HRSBALL 81 HBC - K-P AT 6.5 GEV/C 

R E F E R E N C E S  F O R  --(1940)~ 

BADIER 65 PL 16 171 ~DEMOULIN,GOLDBERG, + (EPOL*SACL+AMST) I 
ALITTI 68 PRL 21 1119  +FLAMINIO,METZGER,RADOJIEIE,+ (BNL*SYRA) I 
DAUBER 69 PR 179 1262 +BERNE, HUBBARD, MERRILL, MULLER (LRL) I 

(BRAN+UMD+SYRA+TUFT) APSELL 70 PRL 24 777  + I 
GOLDWASS 70 PR D1 1960 E L GOLDWASSER, P F SCHULTZ ( ILL INOIS)  
BADIER 72 NP B37 429 +BARRELET,CHARLTON,VIDEAU (EPOL) 
ROSS1 73 PURDUE CONF. 345 ROSS,LLOYD,RADOJICIC (OXF) 

DIBIANCA 75 NP B98 137 DIBIANCA,ENDORF (EARN) 
RRIEFEL 77 PR D16 2706  *GOUREVITBH,CHANG+ (BRAN+UMD+SYRA+TUFT) 

ALSO 70 DUKE CONF. 317 BMST (BRAN+UMD+SYRA+TUFT) 
BIAEI 81 ZPHY C9 305 + (BRIS~CAMB+EEVA+HEID+LAUS+LOQM+RHEL) 
MASSALL 81 NP B189 397 +ANBORGE,CARTER,NENLE,RUSHBROOKE+(CAMB~MSU) 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

APSELL 69 PRL 23 884 (BRAN+UMD+SYRA+TUFT) 
SUPERSEDED BY BNST 70. 

SBHM1DT 73 PURDUE CONF. 363 SCMMIDT (BRAN) 
BRIEFEL 75 PR D12 1859  +GOUREVITCHIKIRSCH÷ - (BRAN+UMD+SYRA+TUFT) 



For notation, see key on page 91. 

lE(2030) I rJe" 1>5 / l=2(~ - ) Status: * * *  

THE EVIDENCE FOR THIS STATE HAS BEEN MUCH IMPROVED BY HEMINGWAY 77, WHO 
SEE AN 8 STD. DEV. ENBANGEMENT IN SIGMA KBAR AND A WEAKER COUPLING TO 
LAMBDA KBAR. ALITTI 68 AND HEMINGWAY 77 OBSERVE NO SIGNALS IN THE 
X) P[ PI (OR XI(1530) PI)  CHANNEL, IN CONTRAST TO DISIANCA 75. THE 
DECAY INTO LAMBDA/SISMA KBAR PI REPORTED BY BARTSCH 69 IS ALSO NOT 
CONFIRMED BY HEMINGWAY 77. 

A MOMENTS ANALYSIS OF THE HEMINGWAY 77 DATA INDICATES THAT THE SPIN 
IS GREATER THAN OR EQUAL TO 5/2 AT A LEVEL OF 3 STD. DEVIATIONS. 

E(2030) MASS (MeV) 

42 2050.0 10.0 ALITTI 69 HBC - K~P 3.9-5 GEV/C 
40 2058.0 17.0 BARTSCH 69 HBC -0 K-R 10 GEV/C 
15 2019.0 7.0 ROSSI 73 HBE -0 SIGMA KBAR 

2044.0 8.0 DIBIANEA 75 DBD -0 XI 2PI, X l *  PI 
200 2024.0 2,0 HEMINGWAY 77 HBE - K-P AT 4.2 GEV 

2022.0 7.0 JENKINS 83 MPS - K~ P TO K+ MM 

AVG 2025:1' " " 2.~+ " AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.3) 
(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
2025.1 :~ 2.4 (ERROR SCALED BY 13  ) 

41 

3( 2 

i " i JENKINS 83 UPS 02 
HEMINGWAY 77 HBC 0 3 
DIBIANCA 75 DBC 56 
ROSS1 73 HBC O 8 
BAR~SCH 00 HBC 
ALITTI 69 qBC 0 2 

7 / "  
(Conf;dence Levee : 0.132) 

I 

2 0 0 0  2 0 2 0  2 0 4 0  2 0 6 0  2 0 8 0  2~00 

E (2030 )  mass  (MeV) 

E(2030) WIDTH (MeV) 

W 45.0 40.0 20.0 ALITTI 69 HBC - K-P 3.9-5 GEV/C 
w 57.0 50.0 SARTSCH 69 HBC ~0 K-P 10 GEV/C 
W 15 53.0 17.0 ROSSI 73 HBC -0 SIGMA KBAR 
w 60.0 24.0 DIBIANCA 75 DBC -0 XI 2Plj  X[*  Pl 

200 16.0 5.0 HEMINGWAY 77 EBE - K-P AT 4.2 GEV 

W AVG 20,5 5.7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 
(SEE IDEOGRAM BELOW) 

WEIGHTED AVERAGE 
20.5  :i. 5.7 (ERROR SCALED BY 1.2 ) "--~+ 

X 2 

HEMINGW~Y 77 HBC O 8 " 
" I ' ' ' i  i i  DIBIANCA 75 DBC 27 

ROSS{ 73 HBC 0 5 
I " ' -  ". BAHTSCH 69 HBC ~5 

. . . .  ALITTI 69 HBC 0 7 

I {Confidence Level : 0 184) 

- 5 0  0 50 100 150 

- - (2030}  w i d t h  (MeV) 
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Baryon Full Listings 
E(2030),  Z(2120) 

~(2030) PARTIAL DECAY MODES 

DECAY MASSES 

91 E(2030) ~ ~ 7£ 1321+ 140 

P2 ~(2030) ~ AK 1116. 498 
P3 ~(2030) ~ z g  1197. 498 

pG ~(2030) ~ ~(I530) ~ 1533. 140 
P5 E(2030) ~ ~ ~Tr(excluding E(1530) ~) 1321. IAO~ 140 

P6 E(2030) ~ A / ~  1116+ 498+ 140 

P7 E(2030) ~ ~/~71" 1189+ 498+ 160 

~(2o3o) 
R1 

~(2030) 
Rll 

E(2030) 
R2 

E(2030) 
R21 

E(2O3O) 
R3 

~(2030) 
R4 

E(2030) ~ 
R41 
R41 A 
R41 A FOR 

~(2030) 
R6 

E(2030) 
R61 

E(2830) 
R7 

~(2030) 

R71 ~ FOR R71 

~(2030) BRANCHING RATIOS 

(~ 7r)/(modes PI to P4) (PI)I(PI÷P2÷P3+P4) 
(0.30) OR LESS ALITTI 60 HBC - I STD DEV LIMIT 

(~ 7 r ) / ( ~K )  (P1)/CPS) 
(0.19) OR LESS CL=.95 HEMINGWAY 77 HBG - K-P AT 4.2 EEV 

(AK)/(alodes PI to P4) (P2)I(PI+P2+P3+PG) 
0.25 0.15 ALITTI 69 HBC - K-P 3.9~5 GSV/C 

(A K) / (~  K)  (P2)/(PS) 
0.22 0.09 HEMINGWAY 77 HBC - K-P AT 4.2 GEV 

(~T)/(modes Pl  to P4) (P3)/(PI+PS*P3÷PA) 
0.75 0.20 ALITTI 69 HBE - K~P 3.9-5 EEV/C 

(E(1530) ~r)/(nlodes Pi  to P4) (PA)/(PI+P2+P3+P4) 
(0.15) OR LESS ALITTI 69 ERE - I STD DEV LIMIT 

(E ¢c ¢c including E(1530) ~ ) / (ZK)  
(PG+P5)/(P3) 

(0.11) OR LESS CL=.95 HEMINGWAY 77 HBC - K-P AT 4.2 GEV 
TEE DECAY MODE IX ) -  PI+ PI - )  ONLY 

(h ~" w)/total (P6) 
SEEN BARTSCH 69 BBC K-P AT 10 GEV 

(AK "/r)/(~K) (p6)/(ps) 
(0.32) OR LESS CL=m95 HEMINGWAY 77 HBC - K-P AT 4.2 BEV 

(Z K 7Q/total (pz) 
SEEN BARTSCH 69 HBC K-P AT 10 GEV 

(~ K 7F)/(ZK) (P?)/(P3) 

(Om04) OR LESS EL=.95 HEMINGWAY 77 HBC - K-P AT h.2 GEV 
THE DECAY MODE (SIGMA+- K- PI-+) ONLY 

REFERENCES FOR E(2030) 

ALITTI 69 PRL 22 79 +BARNES,FLAMINIO,METZGER, + (BNL*SYRA) I 
BARTSCH 69 PL 28B 439 + (AACN~BERL+CERN÷LOIC+VIEN) 
ROSS{ 73 PURDUE CONF. 345 ROSS,LLOYD,RADOJICIC (OXF) 

DIBIANDA 75 NP B98 137 DIBIANEA,ENDORF (EARN) 
HEMINGWA 77 PL 68B 197 HEMINEWAY,ARMENTEROS+ (AMST+CERN+NIJM+OXF) IJ 

ALSO 76 PL 62B 477 GAY,ARMENTEROS,BERGE+ (AMST+CERN+NIJM) 
JENKINS 83 PRL 51 951 +ALBRIEHT,DIAMOND,+(FSU+BRAN+LBL+CINC+SMAS) 

I E(2120) ] 1uP)=½( ) star . . . .  
OMITTED FROM SLTvL~AR¥ TABLE 

THIS EFFECT IS REPORTED IN GAY 76 AS A FOUR STANDARD DEVIATION 
ENHANCEMENT IN LAMBDA K-. AN ANALYSIS OF TEE SAME DATA BY HEMINGWAY 77, 
BUT WITH ADDITIONAL STATISTICS, POINTS OUT THAT THE SIGNIFICANCE OF THE 
ENHANCEMENT IS GREATLY REDUCED IF A RESTRICTIVE FOUR-MOMENTUM CUT 
(U-CUT) IS MADE. THIS SUGGESTS AN ANOMALOUS PRODUCTION MECHANISM IF THE 
STATE IS GENUINE, 

CGLIAPNIKOV 79 REPORT A BUMP OF 18 EVENTS AT 2157 MEV IN AN INCLUSIVE 
LAMBDABAR K+ SPECTRUM FROM K+P INTERACTIONS AT 32 GEV/D. THE K÷ ARE 
NOT UNIQUELY IDENTIFIED. BUMPS WITH LOWER NUMBERS OF EVENTS ARE ALSO 
REPORTED AT 2240, 2830, AND 2540 MEV. 

E(2120) MASS (MeV) 

2123.0 T.O GAY 76 RBD - K- P AT 4.2 GEV 
18(2137.0) (4,0) CELIAPNIK 79 HBC LAMBDABAR K÷ 

E(2120) WIDTH (MeV) 

25.0 12.0 GAY 76 HBC - K- P AT 4.2 GEV 
18 (20.0) OR LESS CHLIAPNIK 79 GBC LAMSDABAR K÷ 
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Baryon Full Listings 
E(2120), E(2250), E(2370), E(2500) 

~(2120) PARTIAL DECAY MODES 

DECAY MASSES 

Pl  E(2120) ~ AK 1116~ 498 

E(2120) BRANCHING RATIOS 

E(2120) ~ (A K)/total (PI) 

RI SEEN SAY 76 BBC - K- P AT 4.2 GEV 

REFERENCES FOR ~(2120) 

GAY 76 PL 628 477 +ARMENTBROS,BERGE,GAVILLET÷(AMST+CERN+NIJM)I 
HEMINGNA 77 PL 680 197 HEMINGWAY,ARMENTEROB~ (AMST+CERN+NIJM+OXP) 
CHLIAPNI 79 NP B158 253 EHLIAPNIKOV,GERDYUKOV+ (BERP~BELG+MONS) 

l ( r ,  o ) = l (  ) Status: * *  

OMITTED FROM SUMMARY TABLE 

TBE EVIDENCE FOR THIS STATE IS MIXED. BARTBCH 69 SEE A BUMP OF NOT 
MUEH STATISTICAL SIGNIFICANCE IN LAMBDA-KBAR~PI, SIGMA-KBAR-PI, AND 
× I -P I -P I  MASS SPECTRA. GDLDWASSER 70 SEE A NARROWER BUMP IN Xl PI-PI  
AT A HIGHER MASS. NOT SEEN BY HASBALL 81 WITH 45 EVENTS/MICROBARN AT 
6.S GEV/C, SEEN BY JENKINS 83. 

E(2250) MASS (MeV) 

55 2244.0 52.0 BARTSCH 69 HBC K P 10 GEV/C 
18 2295.0 15.0 GOLDWASSE 70 HBC - K-P 5.5 GEV/C 

2214.0 5.0 JENKINS 83 MRS - K- P TO K+ MM 

E(2250) WIDTH (MeV) 

130.0 BO.O BARTSCH 69 HBC 
LESS THAN 30.0 GOLDWASSE 70 HBE - K-P 5.5 GEV/C 

E(2250) PARTIAL DECAY MODES 

DECAY MASSES 

PI 2(2250) ~ ~ ~ ~ 1321+ 140+ 140 

P2 ~(2250) ~ N/~71" 1116+ A98+ 140 

P3 ~(2250) ~ Zg  ~ 1197+ 498+ 140 

REFERENCES FOR ~(2250) 

BARTSCB 69 PL 28B 439 . (AACH÷BERL+CERN~LOIC+VIEN) 
GOLDWASS 70 PR DI 1960 E L GOLDWASSER, P F SCHULTZ ( ILL)  
JENKINS B3 PRL 51 951 +ALBRIEBT,DIAMDND,+IFSU~BRAN÷LRL*CINC*BMAB) 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

HASSALL Sl NP B189 397 +ANSORGE,CARTER,NEALE,RUSHBROOKE*(CAMB+MSU) 

I(JP) = ~( ) Status: * * 

O.Id'ITTED FROM SE@IMARY TABLE 

SEEN BY AMIRZADEH 80 AND HASSALL 81 IN THE CHARGED AND NEUTRAL 
LAMBDA/SIGMA KBAR Pl MASS SPECTRA FROM THE REACTIONS K-P - ->  
XII1530) K AND XI(1530) K PI,  AMIRZADEH 80 ALSO OBSERVE A SMALL 
EFFECT AT THE SAME MASS IN THE OMEGA- K MASS SPECTRUM. KINSON BO 
RE-ANALYSE THE DATA OF AMIRZADEN 80 BUT WITR 50 PER CENT MORE 
STATISTICS. 

~(2370) MASS (MeV) 

2592.0 27.0 BIBIANEA 75 DBC XI 2PI 
94 2373.0 8,0 AMIRZAD 80 HBC -0 K-P AT 8.25 GEV 
50(2370.0) HASSALL 81HBC -0 K-P AT 6.5 GED/C 

2356,0 10.0 JENKINS 03 MPS - K- P TO K+ MM 

AVE 2567.7 7.0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1) 

~(2370) WIDTH (MeV) 

75.0 69.0 DIBIANCA 75 DBG Xl 2PI 
94 80.0 25.0 AMIRZAB 80 HBC -0 K-P AT 8.25 GEV 

W 50 (SO.O) GASSALL 01BBC -0 K-P AT 6.5 GEV/C 

ARB " ÷ D J N ' ' ' 2 i . g  " AVERASB 

E(2370) PARTIAL DECAY MODES 

DECAY MASSES 

pl E(2370) ~ ±KTr(including P4+P6) 1116÷ 498÷ 140 
DE E(2370) ~ ZK~(including P5 +P6) 1197÷ G98+ IGO 

P3 ~(2370) ~ ~ - K  1672+ 498 
pc ~(2370) ~ A K'(892) 1116+ 892 
p5 E(2370) ~ ZK*(892) 1197+ 892 
P6 E(2370) ~ ~(1385) K 1385~ N9E 

E(2370) BRANCHING RATIOS 

~(2370) ~ (A K 7r)/total ( p l )  
R1 SEEN AMIRZAD 80 HBC -O K-P AT 8.25 GEV 

E(2370) ~ (Z K 7r)/total (pz) 
R2 SEEN AMIRZAD BO BBE 0 K-P AT 8.25 GEV 

~(2370) - -  (A /ZK  7r)/total (~ I .p2)  
R3 50 SEEN HASSAEL 81 HBC -O K-P AT 6.5 SEV/C 

E(2370) ~ ( ~ -  K)/total Ip3) 
R4 0.09 0.04 KINSON SO HBC - K-P AT 8.25 GEV 

E(2370) ~ (A/~K*(892))/total IP~+p5) 
R5 0.22 0.13 KINSON SO BBC ~ K-P AT 8.25 GEV 

E(2370) ~ (Z(1385) K)/total (pG) 
R6 0.12 O.OB KINSBN 80 HBC K-P AT 8.25 GEV 

REFERENCES FOR ~(2370) 

DIBIANCA 75 NO B9B 137 DISIANCA,ENDORF (CARNI 
AMIRZAD 80 PL 90B 324 AMIRZADEH÷  (BIRM*CERN+GLAG.MSU+LPNP)I 
KINSON 8D TORONTO CONF. 263 J B RIBBON÷ (BIRM~CERN+GLAS÷MSU÷LPNP)I 
HASSALL 81 NP B189 397 +ANSORGE,CARTER,NEALB,RUSHGROOKE+(CAMB~MGU) 
JENKINS 83 PRL 51 951 *ALBRIGHT,DIAMOND,÷(FSU÷BRAN+LBL+CINC*SMAS) 

l (JP ) = ~ (  ) Status: * 

OMITTED FRO,~ SUMMARY TABLE 

THE ALITTI 69 PEAK MIGHT BE INSTEAD THE XI(2370) OR MIGHT BE NEITHER 
THE RI(2570) NOR THE XI(2500). 

~(2500) MASS (MeV) 

30 2430,0 20.0 ALITTI 69 HBC K-P 4.6-5 GEV/C 
45 2500.0 10.0 BARTSCH 69 NBC ~O K-P 10 GEV/C 

2505.0 10.0 JENKINS 83 MPS K- P TO K+ MM 

E(2500) WIDTH (MeV) 

150.0 60.0 40.0 GLITTI 69 HBC - 
59.0 27.0 BARTSCH 69 HBC -0 

E(2500) PARTIAL DECAY MODES 

DECAY MASSES 

PI ~(2500) ~ ~ ~ 1321+ 140 

P2 ~(2500) -- AK 1116~ 49B 
P3 ~(2500) ~ ZK 1197+ 49B 
PG ~(2500) ~ E(1530) 7r 1553+ 1~0 

p5 ~(2500) ~ A(or ~) K ~  1110+ 4DB. 1~0 
P6 E (2500 )  ~ E ~ ~ 1321+ 140+ 140 

~(2500) BRANCHING RATIOS 

~ ( 2 5 0 0 )  ~ (~ ~')/(modes P1 to P4) (PI)/(PI÷PG~PG÷PG) 
RI (0 .5)  OR LESS ALITTI 69 HBC I STD DEV LIMIT 

~(2500) ~ (AK)/(modes PI to P4) (P2)/(PI+P2÷P3÷PA) 
R2 0.5 0.2 ALITTI 09 HBC - 

E(2500) ~ (EK)/(modes PI to P4) (P3)/IPI*P2*P3~PA) 
R3 0.5 0.2 ALITTI 69 HBC 

E(2500) ~ (~(1530) ~r)/(modes P1 to P4) (P4)/(PI~P2*P3÷PA) 
R4 (0.2) OR LESS ALITTI 09 HBC I STD DEV LIMIT 

E ( 2 5 0 0 )  ~ ( A ( o r  ~ ) K ~ r ) / t o t a l  (PS) 
R5 SEEN BARTSEH 09 HBC -O 

~(2500) ~ (~ ~ ~r)/total (P6) 
R6 SEEN BARTSCH 69 HBC -0 



For notation, see key on page 91. 

ALITTI 69 PRL 22 79 
BARTSCH 69 PL 2BB 439 
JENKINS 83 PRL 51 951 

R E F E R E N C E S  F O R  E(2500)  

+BARNEG,FLAMINIO,HETZGER, + (BNL+SYRA) I 
+ (AAEH+BERL+CERN÷LOIC÷VIEN) 
+ALBRIGHT,DIAMOND,÷(FSU÷BRAN4LBL+CIHC+SMAS) 

fZ B A R Y O N S  ( S = - 3 ,  I = 0 )  

F ~  l(J P) = 0( ) S t a tu s :  * * * * 

SEE STABLE PARTICLES. 

CHARMED BARYONS 

F ~  [(JP)=o( ) 

SEE STABLE PARTICLES. 
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E(2500) ,  9. , A +, Zc(2450) ,  Eft, ~2 o, A o, D I B A R Y O N S  

w~_s A + 

OMITTED FROM SUMMARY TABLE 

SEE STABLE PARTICLES, 

[Q~ 1(Je) = 

w a s  T O [ 

OMITTED FROM SUMMARY TABLE 

SEE STABLE PARTICLES. 

BOTTOM (BEAUTY) BARYON 

l ( jp  ) = 

OMITTED FRO,a/( SU~v[MABY TABLE 
SEE STABLE PARTICLES. 

I Zc(2450) I 1(Je) = tl) status: ** 

OMITTED FROM SUMMARY TABLE 

THE SIGMA/C DECAYS TO LAMSDA/C PI, AND THE SCHISM IN MASSES HERE 
REFLECTS THAT IN MEASUREMENTS OF THE LAMBOA/C MASS (THE HIGHER MASSES 
ARE PRESENTLY FAVORED). THE IMPRESSIVE AGREEMENT QN THE SIGMA/C- 
LAMBDA/C MASS DIPFERENCE STRONGLY INDICATES THIS TO BE THE CASE, 
RATHER THAN THAT TWO STATES (THE SIGMA/C AND Y*/C) ARE BEING OBSERVED. 

THIS PARTICLE IS AT ABOUT THE 2-AND=I/2 STAR LEVEL. A DEFINITIVE 
EXPERIMENT IS NEEDED. 

Z e ( 2 4 5 0  ) M A S S  ( M e V )  

2426.0 12.0 CAZZOLI 75 HBC ~+ NU P IN BNL 7-FT 
(2460.0) KNAPP 76 SPEC GAMMA BE 
(2439.0) OR MORE BARISH 77 DBC ÷÷ NU D IN 12-FT 
2425.0 10.0 SALTAY 79 HLBC ÷+ NU NE-H IN 15-FT 
2457.0 4.0 CALICCHIO 80 ESC + NU P IN BEBC-TST 
2454.0 5.0 BOSETTI 82 HBC *+ NO P IN BEBC 
(2480.0) ADAHOVIEH 84 EMUL GAMMA NOC--OMEGA 

Zc(2450)  --  a + M A S S  D I F F E R E N C E  ( M e V )  

I 166.0 15.0 CAZZBLI 75 HBC ++ NU P IN BNL 7-FT 
6 168.0 3.0 BALTAY 79 HLBC NU NE-H IN 15-FT 

O I 168.0 3.0 CALICCHIO 80 HBC * NU P IN BEBC-TST 
O I 166.0 1.0 BOSETTI 82 HBC ++ HU P IN BEBC 

~ c ( 2 4 5 0 )  P A R T I A L  D E C A Y  M O D E S  

DECAY MASSES 

Zc(2450)  ~ A ~  2282+ 140 

R E F E R E N C E S  F O R  ~c(2450) 

CAZZOLI 75 PRL 34 1125 ÷CNOPS,CONNOLLY,LOUTTIT,MURTAGH, ÷ (BNL) 
KHAPP 76 PRL 37 882 *LEE,LEUNG,SMITH, ÷ (COLU~HAWA+ILL+FNAL) 
GARISH 77 PR D15 1 +DERRICKtDOMBECK,MUSGRAVE , + (ANL+PURD) 
BALTAY 79 PRL 42 1721 +CAROUMBALIS,FRENCH,HIBBS , ÷ (COLU+BNLII 
CALIEEHI BO PL 93B 521 + (BARI÷BERM+BRUX÷CERN+EPOL+RHEL+SACL+LOUC) 
BOSETTI 02 PL I09S 234 ÷GRAESSLER, ÷ (AACR+BONN+CERN*MPIM÷OXF) 
ADAMOVIC B4 PL 140B 119 ADAMOVIEH+ (BGNA÷CERN÷PIRZ+GEHOeMAGR~LEBD+) 

THEORY AND REVIEW 

DERUJULA 75 PR D12 147 +GEORGI,GLASHOW (EARV) 
LEE 77 PR D15 157 +GUIGG,ROSNER (FNAL) 
TRILLING 81PRPL 75 57 G H TRILLING (LBL) 

NOTE ON DIBARYON RESONANCES 

(by L.D. Roper, Virginia Polytechnic Institute and State 
University) 

Probably the first modern theoretical discussion of 
dibaryon resonances was by Oakes. 1 The first experi- 
mental hints were in a Ap invariant mass distribution 
by Dahl et al., 2 and in the 1D 2 state in a pp partial- 
wave analysis by Arndt. 3 [The notation is (2S + 1)Lj ' 
where S, L, and J are the spin, orbital, and total angu- 
lar momenta. The Pauli principle restricts two nucleons 
to the foilowing states: 

I =0: (3S1,3D 1),lPI,3D2,(3D3,3G3),lF3,3G4 

1 = 1: ISo,3Po,3PI,(3P2,3F2),lD2,3F3,... 

Here the states that couple together (same JP) are 
grouped together in parentheses. Similarly, only certain 
states are allowed for AA, etc.] 

Interest in dibaryons rose dramatically in 1977 when 
strong energy dependence was unexpectedly observed in 
pp polarization experiments at Argonne. 4 At about the 
same time, Hoshizaki claimed to have found dibaryon 
resonances in a pp partial-wave analysis, 5 and Jaffe 
gave a detailed theoretical treatment of  multiquark 
states. 6 There is now a vast literature on dibaryon reso- 
nances. 
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However, there is still disagreement about what 

"dibaryon resonances" are. There is little doubt there 

are distinct structures in N N  partial-wave amplitudes 

that look very much like ordinary highly inelastic reso- 

nances, such as are seen in a-N scattering. The question 

is whether these structures are caused by resonance 

poles in the complex energy plane or by some other 

structure of the scattering amplitude. 

One of the arguments about dibaryon resonances is 

whether they are calculable in terms of quark theory or 

should instead be calculated using some hadron interac- 

tion theory without reference to the underlying quarks. 

Both approaches have had successes and failures, so 

possibly both will make contributions to unraveling the 

mysteries of dibaryon resonances. 

The idea that dibaryon resonances are "pseudo- 

resonances "7 has taken some new turns. The idea is 

that box diagrams (e.g., involving NA in N N  scattering) 

create resonance-like loops in the Argand diagram 

without resonance poles actually existing. The problem 

with believing this is whether poles would be created 

when one unitarizes the box-diagram calculations in 

order to calculate physical scattering amplitudes. Kloet 

and Tjon 8 have recently shown that a model exists in 

which, indeed, this is the case. However, resonance 

hunters should definitely report pole positions rather 

than looping Argand diagrams in the future. All who 

suggest that the N N  ID 2 and 3F 3 resonance-like struc- 

tures are resonances or are instead due to some other 

dynamics must take their case to the world collection of 

N N  scattering data in the form of a detailed partial- 

wave analysis, and should report the existence or nonex- 

istence of resonance poles. 
Closely related to the work described above is that of 

Ueda, 9 in which Faddeev 7rNN dynamics is fitted to the 

N N  partial-wave amplitudes. Although the fit is not 

good, the approximately correct structure is present. 

The interesting point is that poles do occur on the 

"resonance" sheets in the complex energy plane. Ueda 

claims this work is important because many claims for 

resonance poles assume that the poles exist, but the Fad- 
deer approach does not make such prior assumptions. 

VerWest 10 recently reported separable potential 

fits to the 1D 2 and 3F 3 N N  amplitudes and model 
claims some solutions had no resonance poles, but 
Kloet and Tjon 11 have shown that these potential 

model fits all do, indeed, have resonance poles. 
Dinucleon resonances also communicate with the 3'd 

and ~rd channels. There is not much 3~d data, and the 

multipole analysis does not tell much about which 

dibaryons might be involved. In the 7rd channel, uncer- 

tainties abound, and partial-wave analyses yield poor 

fits compared to &W analyses. In addition to NN 

analyses, results from analyses of~rd ~ ~rd, red ~ zcpn, 

pp --~ ~rd, and 7d --~ pn scattering are listed below. 

Most of these strongly indicate the existence of dibaryon 

in the ID 2 and 3F 3 N N  states, and resonances some 
indicate possible resonances in the 1S0, 3S1, 3P1, 3P2, 

3D3, 1F3, 1G4, and other states. 

Since our last edition, many more papers have been 

published about dibaryon resonances. There are eleven 

new references for dinucleons and one for strange 

dibaryons giving values for the resonance-pole (or 

Breit-Wigner) parameters. Many of the new references 

are fits to ~rd partial-wave amplitudes, in which the cou- 

plings to dibaryons appear to be larger than in N N  

amplitudes. 

Some notable papers in which narrow (width < 20 

MeV) dibaryon production peaks are seen are: 

(1) Siemiarczuk et al. 12 for the dp ~ (np)p and dp 

pTrX reactions; (2) Bairamov el al. 13 for pC --~ npX; 

(3) Zelinski et al. 14 for 4Hep ~ dppn; and (4) 

Tatischeffet al. 15 for p3He --,- dX  and 3Hep --~ dX  

reactions. 

However, Katayama et al. 16 claims to have done an 

experiment similar to that of Siemiarczuk et al. and sees 

no peaks; and Combes et al. 17 sees no narrow dibaryon 

resonances in dd ~ dX .  Tatischeff 15 suggests that the 

reason some experiments do not see these narrow peaks 

is that they appear as small bumps on a large back- 

ground and may not be observable except at the max- 

ima of the production cross sections. 

Since our last edition, only one paper has appeared 

giving data on strange dibaryon states. It appears that 

1 dominant resonance is in the 3S 1 the strangeness 
state, an SU(3) partner of the deuteron. Dalitz, 18 in an 

excellent review concludes that the S = - 1 3S reso- ' 1 
nance pole probably exists. However, May et al. 19 sees 

no enhancements in the Y.+n, 1~°p, or Ap invariant 
mass spectra in K - d  --~ re-X;  and Arenton et al. 20 sees 

none in the Ap spectrum in pp --~ ApK +. 

In the Listings below, we separate the determinations 

of pole positions and Breit-Wigner parameters. To be a 

resonance, the pole must occur on the lower half of the 

second sheet for the elastic channel; it may be a bound 

state or resonance for inelastic channels. 

In summary, this reviewer feels that the evidence, 

both experimental and theoretical, for the 1D 2 and 3F 3 

dinucleon resonances is now very strong. The theoreti- 

cal calculations almost all now agree that resonance 
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poles occur in the h?V amplitudes. The disagreement 
among production experiments is inherent in the diffi- 

culties of such experiments; overlapping highly inelastic 

resonances are very difficult to see in final states. 

For more detailed reviews of dibaryons, expressing a 

wide variety of opinions, see Hoshizaki,21 Bug,22 

Kamae,23 Vinh Mau,24 Kr011,~~ Locher,26 Svarc,27 and 

Yokasawa.” 

Experimentalists wishing to look for strange 

dibaryons should peruse the recent paper by Aerts and 

Dover.29 
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DIBARYONS 

S = 0 DIBARYONS 

BARYON PJUMBER 2, STRANGENESS 0 STATES 

B=Z, S=O, ‘D, -- BREIT-WIGNER MASS (MeV) 
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B = 2 ,  S = 0 ,  1D 2 - - -  B R E I T - - W I G N E R  WIDTH (MeV) 

BREIT-WISNER WIDTH APPROXIMATELY EQUALS 2 TIMES IM(POLE POSITION). 

100. TO 150. HOSEIZAKI 79 NN 102 ASSUMED BCKGRND 
A (134.0) KAMO 80 PPPD ID2 

W ( 75 .0 )  HOFTIEEE 81 RID/ ID2 
W B (56,0) KANAI 81 RID 1D2 SOL. B 
W B (54.0) LANAI 81 PID I02 SOL. C 
W 50. TO 100. OAKUNO 82 PNI 

E (61.0) UEDA 82 NN I02 FADDEEV ''FIT'' 
G (50.0) FERREIRA 83 PIDF I02 

W F (85.03 LOCHER 83 PID I02 
w 100m TO 200. GRACH 84 NN I02 P MATRIX ANAL. 
W 107.0 23.0 STRAKOVSK 84 PIDP I02 
w F (124.) HIROSHIGE 85 PIP 1D2 USES LYON AMPL, 
W 
W G RESONANCE MASS FIXED, 

B = 2 ,  S = 0 ,  1D 2 - - - -  B R E I T - - W I G N E R  ELASTICITY 

BREIT-WIGNER ELASTICITY APPROXIMATELY EQUALS 
ABS(RBBIDUE OF POLE)IIM(POLE POSITION). 

(0 .1)  HOSHIZAKI 79 NN ID2 
Om3 TO 0.5 GRACH 84 NN I02 

B = 2 ,  S = 0 ,  ID 2 BREIT WIGNER ~ - d  INELASTICITY 

BREIT-WIGHER ELASTICITY APPROXIMATELY EQUALS 
ABS(RESIDUE OF POLE)/IM(POLE POSITION). 

R2 (0.26) KANAI 81 PID I02 
R2 D (0.29) LOCHER 83 RID ID2 
R2 G (O.09) FERRBIRA 83 PID ID2 
R2 H (0.29) SMIIH 84 PID 105 
R2 F (O.AD) HIROGHIGE 85 RID I02 USES LYON AMPLI 
R2 
R2 H FADDEEV + RESONANCE FIT TO VECTOR ANALYZING POWER; VARIED ONLY 
R2 H ELASTICITY; MASSES AND WIDTHS FIXED AT LOCHRER'S VALUES. 

B = 2 ,  S = 0 ,  ~D 2 - Re(POLE POSITION)  (MeV) 

RE(POLE POSITION) APPROXIMATELY EQUALS BREIT-WIGNER MASS, 

RE (2045.0) BUANDARI 81 NN ID2 K-MATRIX FIT 
RE (2135.0) SRANDARI 81 HN I02 M-MATRIX FIT 
RE (2150.0) EDWARDS 81 NN I02 K-MATRIX FIT 
RE I (2153.0) KLOET 81 NN ID2 ROT. MODEL FIT 
RE J (2110.0) UEDA 82 NN ID2 ;ADDEEV ''FIT'' 
RE K 2120, TO 2150. BHANDARI 83 NN ID2 M-MATRIX FIT 
RE J 2149. TO 2150, KLOET 83 NN I02 COUP. CHAN. FI~ 
RE E 2150. TO 2170, GRACH 84 NN I02 
RE 
RE I KLOET 81 DOES NOT SHOW GOODNESS OF FIT TO 192. 
RE J NOT A SOOD FIT TO PARTIAL-WAVE AMPLITUDES. 
RE K BHANDARI 83 CLAIMS ID2 IS AN N-DELTA BOUND STATE. 

B = 2 ,  S = 0 ,  1D 2 - - -  Ia t (POLE POSITION)  (MeV) 

IM(ROLE POSITION) APPROXIMATELY EQUALS ONE-HALF BREIT-WIGNER WIDTH. 

IM (110.0) BHANDARI 81NN ID2 K MATRIX FIT 
IM (90.£) BHANDARI 81 NN 102 M-MATRIX FIT 
IM (56.0) EDWARDS 81 NN I02 K-MATRIX FIT 
IM I (46.0) KLOET 81 NN ID2 POT. MODEL FIT 
IM J (54.0) UEDA 82 NN I02 FADDEEV ''MDFIT 
IM K 80. TO 100. BHANDARI 83 NN 102 M-MATRIX fit 
IM J ~9m TD 45. KLOET 83 NN ID2 CDUP. CHAN. FIT 

B = 2 ,  S = 0 ,  ID 2 - -- I RESIDUE I / I ra (POLE POSITION)  

ABS(RES)/IM(POLE POSITION) APPROXIMATELY EQUALS BREIT-WIGNER 
ELASTICITY. 

RES (0,175) BHANDARI 81NN ID2 K-MATRIX FIT 
RES (0,2) BHANDARI 81NN I02 M-MATRIX FIT 
RES (0,29) EDWARDS 81 NN I02 K~MATRIX FIT 
RES K 0,1 TO 0.3 BHANDARI 83 NN ID2 M-MATRIX FIT 

NN(2250) I=1, 3F 3 [ 
OMITTED FROM SUMMARY TABLE 

Status: * * 

B = 2 ,  S = 0 ,  3F 3 - - - -  B R E I T - - W I G N E R  MASS (MeV) 

t (2390,0} GREIN 78 NNF 3E3 
(2220,0) HOSHIZAKI 78 NN 3F3 ASSUMED BCKGRND 

M M 2260, (FIXED) [KEOA 80 GDPN 3F3 SOL, A 
M 2296,0 11.0 IKEDA BD GDPN 3F3 SOL, A' 
M 2307,0 12.0 IKEDA 80 GDPN 3F3 SOL. B'' 
M A . (2185,0) KAMO 80 PPPD 3F3 
M B (2260,0) RANK( 81 PlD 3F3 SOL. B AND C 
M 2251, TO 2266. BHANDARI 82 NN 3F3 
M 2220. TO 2260. DAKHNO 82 PNI 3F3(OR 3D3/3G3) 
M L (2310,0) GREIN 82 NNF 3F3 
M N 2200m0 I0,0 SHAMU 82 NPT 3F3 
R C (2155.0) UEDA 82 NN 3F3 FADDEEV ''FIT'' 
M (2036,0) JAUCH 8~ PIPR 3F3 

2170.0 b.O STRAKOVSK 84 PIDP 3F3 
0 2240.0 5.0 TATISCHEF 85 HPDX 3F3 

L GREIN 78 AND GREIN 82 SEE NO I02 RESONANCE. 
N M IKEOA ~0 GIVES TWO OTHER SOLUTIONS WITH POORER FITS TO DATA, 
M N THIS IS AN N P RESONRNCE. 

AVG 2218.4 22.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 7,A) 

B = 2 ,  S = 0 ,  3F 3 - - -  B R E I T - - W I G N E R  WIDTH (MeV) 

w L (290,0) GREIN T8 NNF 3F3 
50. TO 100: HOSEIZAKI 70 NN 3P3 ASSUMED BCKGRND 

M 200. (FIXED) IKEOA 80 GDPN 3F3 SOL. A 
W 177 .0  32.0 IKEDA 80 GOPN 3F3 SOL. A' 
W S13.O 54.0 IKEDA 80 GDPN 3F3 SOL. B ' '  

; (81.0) KAMO 80 PPPD 3F3 
(181.0) KANAI 81 PID 3F3 SOL. B 

Q B (171.0) KANAI 81PID 3F3 SOL. C 
70 .  TO 100.  BHANDARI 82 NN 3F3 

100.  TO 200, DAKHNO 82 PNI 3F3(OR 3D3/3G3) 
W N 134,0 910 SHAMU 82 NPT 3F3 

(60.0) UEDA 82 NN 3F3 FADDEEV 'IFIT'' C 
G (7~.0) FERRSIRA 03 PIDF 3F3 

W (120,0) JAUCH 84 PIPR 3F3 
W 142.0 9.0 STRAKOVSK 84 PIDP 3F3 
W 0 16.0 3.0 TATI£GHEF 85 HPDX 3F3 

B = 2 ,  S = 0 ,  3F 3 - - - -  B R E I T - W I G N E R  ELASTICITY 

RI (0.2)  HOSEIZAKI 78 NN 3~3 
R1 P 0.11 TO 0.13 BHANDARI B2 NN 3F3 
RI Q 0.096 0.012 SHAMb 02 NPT 3F3 
RI G (0.05) FBRREIRA 03 PIDF SF3 
RI (0.21) JAUCN 04 RIPR 3F3 

RIP BEANDARI 82 REPORTS RIP( D)=0.2 TD 0.3 AND RIM DBLTA)=D.6 TO 0.7. 
RI Q THIS NP VALUE IS EQUIVALENT TO (0.19+-0.02) FOR PP, 

B = 2 ,  S = 0 ,  3F 3 - - -  Re(POLE POSITION)  (MeV) 

RE (2190.0) BHANDARI 81NN 3F3 K-MATRIX FIT 
RE (2215,0) BHANDARI 81NN 3F3 M-MATRIX FIT 
RE (2185.0) EDWARDS 81 NN 3F3 K-MATRIX FIT 
RE I2175.0) KLOET 81 NN 3F3 POT. MODEL FIT 
RE 2218. TO 2200. BHANDARI 82 NN 3F3 BREIT-WIG, FIT 
RE J (2134.0) UEDA 82 NN 3F3 FADDEEV ''PIT'' 
RE J (2211.0) VERWRST 82 NN 3F3 POT. MODEL FIT 
RE R 2210. TO 2220. BHANDARI 83 NN 3F3 M-MATRIX FIT 
RE J 2148, TO 2149. KLOET 83 HN 3F3 COUP. CHAN. Ell 
RE S 2162. TO 2173. KLOE~ 83 NN 3F3 COUP. CHAN. FIT 

RE R BHANOARI 83 CLAIMS 3F3 IS NOT AN N-DELTA BOUND STATE. 
RE S KLOET 83 FOUND TWO NEARBY 3F3 POLES. 

B = 2 ,  S = 0 ,  3F 3 - - -  Im(POL]~ POSITION)  (MeV) 

IM (65,0) BHANDARI 81 NN 3F3 K-MATRIX FIT 
IM (70,0) BHANOARI 81 NN 3F3 M-MATRIX FIT 
IM (70.0) EDWARDS 81 NN 3F3 K-MATRIX FIT 
IM (43.0) KLOET 81NN 3F3 POT. MODEL FIT 
IM 45. TO 60. BHANDARI 82 NN 3F5 BREIT-WIG. FIT 
IM d (52.0) UEDA 82 NN 3F3 FADDBEV ''FIT'' 
IM J (35.0) VERWEST 82 NN 3F3 POT. MODEL FIT 
IM R 60, TO 80. BHANDARI 83 NN 3F3 H-MATRIX FIT 
IM d 33. TO 38m KLOET 83 NN 3F3 COUP. CHAN, FIT 
IM S 43. TO 48. KLOET 83 NN 3F3 COUP, DHAN, Fll 

B = 2 ,  S = 0 ,  SF 3 - - I RESIDUE I t im(POLE POSITION)  

RES (0.15) BHKNDARI 81 NN 3F3 K-MATRIX FIT 
RES (0.15) BHANDARI 61 NN 3F3 M-MATRIX FIT 
RES (0,30) EDWARDS 81 NN 3F3 K-MATRIX F~T 
RES 0.08 TO 0.13 BHANDARI 82 NN 3F3 BREIY-WIG, FIT 
RES R 0.1 TO 0,2 BHANDARI 83 NN M~MATRIX F)T 

I OTHER N N  I 
OMITTED FRO,'vI SUM.'dARY TABLE 

Status: * 

B = 2 ,  S = 0  MISCELL.  - - - -  B R E I T - - W I G N E R  MASS (MeV) 

M (2170.0) (10.0) ALADASHVI 76 DB PP INVARIANT MASS 
M (2250.0) GREIN SO NNF 351 OR 3DS 

HASBIMOTO S0 NN IF3 ASSUMED BCKGRND (2190,0) 
(230E,0) (69,0) IKEDA BO GDPN 351 SOL, A 

M 2580. (FIXED) IKEDA SO GDPN 351 SOL. A' 
M (2290.0) (14.0) IKEDA 00 GDPN 3P2 SOL. C 

2300. (FIXED) IKEDA 80 GDPN 3SI SOL. C 
(2377.0) (17.0) IKEDA 80 GDPN 3D3 SOL, B'' 

M A (2100.0) KAMO 80 PPPD IS0 
M A (2117.0) KAMO RO PPPD 3P2 

~ (E140.0) KAMD aO PPPD 3F2 
(2159.0) KAMO 80 PPPO 3PI 

M (2230.0) ARGAN 81GD 
M B (2290.0) KANAI 81 PID 3P2 SOL, B : ~ ,23000) KANA . . . . . . . . . . . . .  

(2510.0) KAHAI 81 PID IG4 SOL, 
M B (2530.0) KANAI 81 PIP ISO SOL. C 
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Baryon Full 
DIBARYONS 

Listings 

B=2,  S = - - I  ---- Re(POLE POSITION) (MeV) 

RE(POLE POSITION) APPROXIMATELY EQUALS BREIT-WIUHER MASS. 

RE J (2132,0) NAGELS 79 BB 3SI Q=I 
RE J (2137.0) NAUELS 79 RS 3SI Q=O 
RE B (2129.0) DOSES 80 LPIH 3SI Q=I 
RE (2127.0) TAKAEASHI 80 BB 3SI Q=0,1,2 
RE (2148.0) TAKAHASH] 80 BB IP Q=0,1,2 
HE 
RE J NAGELS 79 REPORTS POLE POSITION ;OR TWO DIFFERENT 3SI CHARGE 
RE U STATES. 

IM J 
IM J 
IM B 
IM 
IM 

B=2,  S = - - I  - - -  Ira(POLE POSITION) (MeV) 

[M(POLE POSITION) APPROXIMATELY EQUALS ONE=HALF BREIT-WIGNER WIDTH. 

(2.4) NAGELS 79 BB 3SI Q=I 
(2.6) NAGELS 79 BB 3SI Q=O 
(5.0) QOSCH 80 LPIM 3SI Q=I 
(9.0) TAKAHASHI 80 BB 3SI Q=0,I,2 
(8.0) TAKAHASHI 80 BB IP Q=0,I,2 

COHN 64 
CLING 68 
ALEXANDE 69 
JAI~ 69 
TAN 69 
EASTWOOD 71 
SIMS 71 
SHAHBAZI 73 
SODHI 75 
BRAUN 77 
GOYAL 78 
NAGELS 79 
DOSCH 80 
GOYAL 80 
TAKAHASH BO 
SHAHBAZI 82 
PIGOT 85 

OIROUE 64 
ALEXANDG 68 
BUNNEL 70 
GOYAL 71 
KADYR 71 
DOSCH 78 
MIZ~NO 79 
RDOSEN 79 
D'ASOSTI 81 
KIMURA 81 
TOKER 81 
AERTS 85 

REFERENCES FOR B=2,  S ~ - I  STATES 

PRL 22 668 
PRL 20 1452 
PRL 22 483 
PR 187 1816 
PRL 25 395 
PR 03 2603 
PR 03 1162 
NP B53 19 
NP B97 403 
NP S124 45 
PR 018 948 
PR D20 1633 
ZPRY C3 2A9 
PTP 64 700 
NP A356 347 
NP A374 73C 
NP BSA9 172 

PL 11 164 
PR 173 1452 
PR 02 98 
PR D3 1259 
NP 027 13 
RR D18 4071 
PTP 6Z 1691 
NC B49 217 
PL I04B 330 
PTP 65 649 
NP A862 405 
NP R253 116 

H 0 CO~N,K H BH~TT,W M BUGG (ORNL+TENN) 
D CLINE,R LAUMANM,J RAPP (WISE) 
ALEXANDER,HALL,JEW,KALMUS,KERNAN (LBL+UCR) 
P L JA£N (BOFF) 
T H TAN (SLAG) 
÷FRY,HEATHCOTE,ISLAN÷ (BIRM+EDIN÷GLAS+LOIC) 
+O'NEAL,ALBRIGHT,BRUCKSR,LANUTTI (FSU) 
B SHAHBAZIAN,A TIMONINA (JINR) 
A SODHI,D GOYAL (DELHI 
÷GRIMM,HEPP,STROEBELE,THOEL+ (HEID÷MRIM) 
D GOYAL,A SOQHI (DELHI 
M NXEELS,T RIJKEN,J DESWART (NIJM) 
H DOBCH,[ STAMATESCU (HEID) 
D GOYAL,J MISRA (DELHI 
TAKAHAEHI,IWAMURAIKIMURA,KUME (TORY) 
SHAHSAZIAQ,TEMNIKOV,TIMONINA (JINR) 
+5E BRION,EAILLET,EHEZE+ (ROMA÷SACL+VAND) 

PAPERS NOT REFERRED TO ZN DATA LISTINGS 

P A PIROUE (PRIM) 
÷KASHORN,$HAPIRA+ (REHO+REID) 
÷DERRICK,FIELDS,HYMAN,KEYES (NWES*ANL) 
D P GOYAL (DELHI 
*ALEXARDER,CHAN,GAPO$CHKIQ,TRILLING (LBL) 
B G DOSCH,V HEPP (HE ID)  
T MIZUNO (TOKY) 
*VARDERVELDE-WILQUET,WICKENS, (LOUC+BRUX) 

(ROMA÷SACL+VAND) 
M KIMURA,Y IWAMURA,Y TAKAHASHI (TOKY) 

TOKER,A GAL,J EZSENBERG (HEBR*TELA) 
T M AERTS,C B DOVER (CERN+IPH) 

S = - 2  DIBARYON] 
OMITTED FROM SUMMARY TABLE 

BARYON NUMBER 2, STRANGENESS - 2  STATES 

IN THIS SECTION WE USE THE FOLLOWING ABBREVIATIONS FOR MEASURED 
QUANTITIES~- 

LLIM LAMBDA-LAMHDA INVARIA~T MASS 
LLPI LAMBDA LAMBDA-Pl INVARIANT MASS 
XPIM XI-P ]NVARIANT MASS 

B=2,  S ~ - 2  - MASS (MeV)  

M A (2357.0) (4.0) BEILLIERE 72 LLIM Q=0 GAUSSIAN FIT 
(2365.3) (9.6) SHAEBAZIA 73 LLIM Q=O B 

C (2480.0) GOYAL 80 XPIM Q=O 
M 

A K- D TO XI- P KO. 
N P TO LAMBDA LAMBDA X AND P[- P TO ERMBDA LAMBOA X FOR P ~N C12. 

M GOYAL 80 ALSO SEES A SHOULDER AT 2360 MET. 

B=2,  S = - 2  - WIDTH (MeV) 

w A (15.0) (4.0) BEILLIERE 72 LLIM Q=O GAUSS(AN FIT 
W B (4?.0) (15.7) SRAHSAZIA 73 LLIM Q=O 

REFERENCES FOR B=2, S = - 2  STATES 

BEILLIER 72PL 59B 571 BEILLIEREtMAYEUR+ (BRUX+CERN÷TUFT÷LOUC) 
SHAHBAZI 73 NO 053 19 B SHAHBAZIAN,A TIMONINA (JINR) 
GOYAL 80 PR 021 607 D GOYAL,J MISRA,A SODHI (DELHI 
SHAHBAZI 82 NP A37~ 73C SMAHBAZIAN,TEMNIKOV,TIMONINA (JINR) 

PAPERS NOT REFERRED TO IN DATA LISTINGS 

CARROLL 78 PRL 41 777 +CHIANG,JOHNSON,KYCIA,KI,÷ (BNL÷PRIH) 
D'AGOSTI 82 NP R209 1 (INFN+SACL*VAND÷CERN) 
AERTS 85 NP R253 116 A T M AGRTS,C B DOVER (CERN+IPN) 
WALCHER 85 MR X434 343C T WALCHER (MRIHI 
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ACCESSING AND USING PARTICLE PHYSICS DATABASES 

A number of publicly accessible computer databases 
containing particle physics information now exist at various 
institutions. Some of these databases are for literature 
searching, allowing the user to locate papers of interest, 
while others contain actual numerical data. The following 
discussion gives some idea of what is available and how to 
get started accessing and using these databases. The two 
locations covered are SLAC and Rutherford Appleton 
Laboratory (RAL). 

The SLAC Particle Physics Databases 

The databases of interest at SLAC are: (1) HEP, a 
literature-searching guide for all particle physics journal arti- 
cles, preprints, reports, theses, etc.. indexed by the standard 
bibliographic quantities; (2) DATAGUIDE, an adjunct to 
HEP, which indexes papers containing experimental data by 
accelerator, detector, beam momentum, reactions and parti- 
cles studied; (3) PARTICLES (formerly RPP), containing 
the Full Listings from this Review of Particle Properties, 
indexed by particle and particle property; (4) REACTIONS, 
containing numerical data (e.g., cross sections, polarizations, 
etc.) on reactions; and (5) EXPERIMENTS. a guide to 
current and past particle physics experiments, indexed simi- 
larly to the HEP and DATAGUIDE databases. 

All these databases are managed by the SPIRES data- 
base management system, which runs interactively under 
VM/CMS on SLAC's IBM 3081 computer. To enter 
SPIRES, once you are logged onto the computer, key in 
SPIRES. You can then obtain information about the data- 
base you are interested in by typing in, say, EXPLAIN 
PARTICLES. To actually access the database, enter, for 
example, SELECT PARTICLES. You may then find out 
what terms are available for searching on by keying in 
SHOW INDICES. To see the form of the contents of a par- 
ticular index, say the PP (particle property) index of the 
PARTICLES database, key in BROWSE PP; this will give 
you an idea of what kinds of expressions appear in this 
index, and thus will suggest what form you should use in 
your search. Then to do an actual search for information, 
say for the RPP Full Listings on the rt meson mass, you 
would key in a command like FIND PP ETA MASS, fol- 
lowed by the command TYPE; this would print out the 
Listings for the n mass. At any time, you may get help by 
typing in such commands as EXPLAIN EXPLAIN, 
EXPLAIN SHOW INDICES, EXPLAIN BROWSE, 
EXPLAIN FIND, EXPLAIN TYPE, etc. When you are fin- 
ished searching, key in EXIT, which gets you out of 
SPIRES. 

Anyone who has an account on the SLAC computing 
system can access these databases online. If you do not 
have an account and cannot find anyone who does (at main 
laboratories, ask at the library.), please contact SLAC 
directly. More information on how to access and search the 
databases can be found in the report "A User's Guide to 
Particle Physics Computer-Searchable Databases on the 
SLAC-SPIRES System," LBL-19173, available from the Par- 
ticle Data Group, Bldg. 50 - -  Room 308, Lawrence Berke- 
ley Laboratory, Berkeley, CA 94720, USA. An extensive 
wall poster, "A Guide to VM SPIRES," is available from 
the Library, SLAC, P.O. Box 4349, Stanford, CA 94305, 
USA. You may also contact Alan Rittenberg at LBL 
(CMS-id AXRVX, tel. 415-486-4723, or 451-4723 on FTS), 
or Louise Addis at SLAC (CMS-id ADDIS, tel. 415-854- 
3300, ext. 2411). 

The Durham-RAL Particle Physics Databases 

These databases contain compilations of current and 
past experimental particle physics data (e.g., reaction cross 
sections), and are available for interactive searching under 
CMS on both the Rutherford Appleton and CERN central 
computers. The topics included are: (1) two-body (and 
quasi-two-body) reactions; (2) hadron and photon one- and 
two-panicle inclusive distributions; (3) lepton-produced 
inclusive data (i.e., deep inelastic scattering, structure func- 
tions, etc.); and (4) data from e÷e - annihilations. The 
databases also contain complete bibliographic information 
on these and other related topics, status information of 
current particle physics experiments, and the Full Listings 
from this Review of Particle Properties. To insure that the 
databases are up to date, experimentalists are urged to send 
their data to the compilers immediately on completion. 

The databases can easily used by anyone having net- 
work access to the RAL computer (PSS address 
23422351919169, then RLIB) or to CERN; a guest account 
(PDG password HEPDATA) is available at RAL for those 
who do not have their own CMS account. An EXEC file, 
HEPDATA, on the UDISK gives direct access to the data- 
bases, and contains an extensive built-in HELP facility to 
assist the unfamiliar user. Data are retrieved using a simple 
keyword-based search, and can be displayed in either tabu- 
lar or (at RAL) graphical form. 

For more information, or a guide to the service, please 
contact Mike Whalley at Durham University, England 
(CMS-id MRW; tel. 0385-64971, ext. 591), or Dick Roberts 
at RAL (CMS-id RGR; tel. 0235-21900, ext. 5259). 
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I N D E X  

A + [ n o w  cal led  E + ]  .................................................................... 167 

A (1680) or  A 3 [ n o w  cal led  7r2(1680)1 ................................... 23, 203 
A(2100)  [ n o w  cal led  7r2(2100) ] .................................................... 210 
a0(980)  [was  ~3(980)] .............................................................. 21, 185 
a1(1270  ) [was  A ( 1 2 7 0 ) O r A l ]  ............................................... 22, 191 
a2(1320)  [was  A2(1320)  ] ....................................................... 22, 195 
a3(2050)  Iwas  A(2050)]  ............................................................... 209 
a4(2040)  was  6(2040)1 ................................................................. 209 
a6(2450)  was  ~3(2450)1 213 
Abbrev ia t ions  used in Full Listings ............................................... 92 
Accelera tor  pa rame te r s  ................................................................... 39 
Activi ty,  unit  of, for rad ioac t iv i ty  .................................................. 47 
a s, Q C D  coupl ing cons tant  ............................................................ 72 
Ainu (a tomic  mass  unit),  va lue  o f  .................................................. 36 
Argand  d iagram,  defini t ion ............................................................ 59 
Argand  d i ag rams  for A and  I; resonances  .................................... 295 
Argand  d i ag rams  for N and  A resonances  ................................... 247 
As t ronomica l  unit,  va lue  o f  ............................................................ 37 
Astrophysics  .................................................................................... 37 
At tenua t ion  length for pho tons  ...................................................... 50 
At tenuat ion ,  pho ton  and  electron .................................................. 50 
A t o m i c  and  nuclear  proper t ies  o f  mater ia ls  .................................. 38 
A t o m i c  mass  unit,  va lue  o f  ............................................................ 36 
Authors  and  consul tants  for this Rev iew ......................................... 3 
Averag ing  data,  relat ions for .......................................................... 54 
Averag ing  o f  particle propert ies  da ta  in this Rev iew ...................... 6 
A v o g a d r o  number ,  va lue  o f  ............................................................ 36 
Axion  searches ........................................................................ 19, 171 
B (bo t tom meson)  .................................................................. 15, 148 
b quark  l ifetime and  K-M mat r ix  .................................................. 75 

B -+ ........................................................................................... 15, 148 
B 0, ~ 0  ...................................................................................... 15, 148 

B*(5325)  ........................................................................................ 244 
b1(1235)  [was  B(1235)]  ......................................................... 22, 188 
Baryon conserva t ion ,  tests of  (see also p m e a n  life, 

n - E  oscillations) ................................................................ 69 
Baryon decay parameters ,  note  on ............................................... 153 
Baryon resonances  .................................................................. 30, 245 

Cascade  resonances  (E resonances)  .................................. 35, 330 
C h a r m e d  baryons  .................................................................... 337 
Contents  o f  Baryon Full Listings (status table) ....................... 30 
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