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N N Kinematics 

Plab Tlab Ec.m. P.::.m. 4 ..... Plob Tlob Ec.m . p 4.1<" pleb Tlab E p 4.1<" c .m. c .m. c.m. 
(MeV/c) (MeV) (MeV) (l!.eY/c) (mb) 

(MeV/c) (MeV) (l!eV) (MeV/c) (mb) (GeV/c) (GeV) (GeV) (GeV/c) (mb) 

0 0 1877 0 
20 0 1877 10 48908.14 1360 730 2212 585 14 . 27 3.0 2 . 2 2.11 1.02 4.13 
40 1 1H17 20 12231.20 1400 747 2219 592 13.95 3 . 2 2 . 4 2.83 1.06 4. 35 
60 2 1877 30 5439 .17 1420 764 2226 599 13.65 3 .4 2.6 2 . 89 1.10 4.03 
80 3 1 878 ~0 3061 . 96 1440 780 2233 605 13.36 3.6 2.8 2 . 96 1.14 3. 75 

100 5 1 879 50 1961. 64 1460 797 2240 6 12 13.08 3.8 3 . 0 3 . 02 1.18 3. 50 
120 8 1880 60 1363.94 1480 8 14 2247 618 12.80 4 .0 3 . 2 3 . 08 1.22 3 . 29 
140 10 1 882 70 1003.54 1500 831 2254 624 12.54 4.2 3.4 3.14 1.26 3 .10 
160 14 1883 ao 769.62 1520 848 2261 63 1 12.29 4.4 3.6 3 .19 1.29 2 . 93 
180 17 1 885 ~0 609.24 1540 66; 2268 63 7 12.05 4.6 3 . 8 3.25 1. 33 2. 71 
200 2 1 1 887 99 494.52 1560 882 2275 643 11.82 4.8 4.0 3.31 1. 36 2 . 64 
220 25 1889 1•)9 409 . 63 1580 899 2282 650 11.59 5.0 4.1 3 . 36 1.40 2.51 
240 30 1 892 ll9 345 . 07 1600 917 2289 656 11.37 5.2 4.3 3.42 1.43 2.40 
260 35 1894 1.29 294.82 1620 934 2296 662 11.16 5.4 4.5 3 . 4 7 1.46 2.29 
280 41 1897 138 254 . 94 1640 951 2 304 668 10.96 5 . 6 4.7 3 . 52 1.49 2. 20 
300 47 1900 l.;.B 222 .76 1660 969 2311 6 74 10.76 s.s 4.9 3 . 58 1.52 2.11 
320 53 1903 158 196.43 1680 986 2318 680 10.57 6 . 0 5 . 1 3 . 63 1.55 2.03 
340 60 1906 1 ~7 174. 60 1700 1003 2325 686 10.39 6 . 2 5 . 3 3.68 1. 58 1.95 
360 67 1910 111 156 . 30 1120 1021 2332 692 10 .21 6 .4 5 . 5 3 . 13 1.61 1.88 
380 74 1913 1 ~6 140.81 1140 1039 2339 698 10 . 04 6 . 6 5.7 3 . 78 1. 64 1. 82 
400 82 19 17 B6 12 7. 58 1760 1056 2346 704 9.87 6 .8 5 . 9 3 . 83 1.67 1.76 
420 90 1921 2J5 11 6 .1 9 1780 1074 2353 71 0 9. 71 1.0 6 .1 3.87 1.70 1.70 
440 98 1925 214 106.32 1800 1092 2360 716 9.55 7.2 6 . 3 3.92 1.72 1.65 
460 107 1929 224 97 .7 0 1820 1109 2367 721 9 . 40 7.4 6 . 5 3.97 1.75 1.60 
480 116 1933 233 90 . 13 1840 1127 2374 121 9.25 7.6 6 . 7 4.02 1. 78 1.55 
500 125 1938 242 83.45 1860 1145 2381 733 9.10 1. 8 6.9 4.06 1.80 1.51 
520 134 1943 251 77.52 1880 1163 2388 739 8.96 8 . 0 7.1 4.11 1. 83 1.46 
540 144 1947 260 72. 24 1900 1181 2395 744 8.83 8. 2 7.3 4 .1 5 1. 85 1.42 
560 1 54 1952 259 67.51 1920 1199 2402 750 8.70 8.4 7.5 4.20 1.88 1.39 
580 16 5 1957 2 78 63 . 25 1940 1217 2409 756 8 . 57 8.6 1.1 4.24 1.90 1.35 
600 175 1962 287 59.42 1960 1235 2416 761 8 .44 8 . 8 7. 9 4.29 1. 93 1.32 
620 186 1967 H6 55.94 1980 1253 2423 767 8 . 32 9 . 0 8.1 4.33 1.95 1. 29 
640 197 1973 304 52 .7 8 2000 1271 2430 772 8 . 20 9.2 a. 3 4.37 1.97 1.25 
660 209 1978 313 49.90 2020 1289 2437 718 8 . 09 9 .4 8 . 5 4.41 z.oo 1. 23 
680 221 1984 322 47.21 2040 1307 2444 783 7.97 9 . 6 8.7 4.46 2 . 02 1 . 20 
100 232 1989 330 44.86 2060 1325 2451 789 7.87 9 . 8 8.9 4 . 50 2 . 04 1.11 
720 244 1995 339 42.65 2080 1344 2458 794 7.76 10.0 9.1 4.54 2.07 1.14 
740 257 2001 347 40 . 61 2100 1362 2465 799 7.65 10.5 9.6 4.64 2 . 12 1.09 
760 269 200 7 355 38 .7 2 2120 1380 2472 805 7.55 11.0 10.1 4. 74 2.18 1.03 
780 282 2013 354 36 . 98 2140 1398 2479 810 7.45 11.5 10.6 4.84 2.23 .98 
800 295 2019 372 35 . 37 2160 1417 2486 8 15 7.36 12 .o 11.1 4.93 2.28 .94 
820 308 2025 380 33 .86 2180 1435 2493 821 7.26 12.5 11.6 5.03 2.33 .90 
840 321 2031 3S8 32.47 2200 1453 2500 826 7.17 13.0 12.1 5 .1 2 2.38 .86 
860 335 2037 396 31.16 2220 1472 2507 831 7 . 08 13.5 12 . 6 5.21 2.43 .83 
880 348 2043 404 29.95 2240 1490 2514 836 6.99 14.0 13 .1 5.30 2.48 .80 
900 362 2049 412 28 . 81 2260 1509 2520 84 1 6.91 14.5 13.6 5.39 2.53 .17 
920 376 2056 420 27.74 2280 1527 2527 846 6 . 83 15.0 14.1 5.47 2.57 .74 
940 390 2062 428 26.74 2300 1546 2534 852 6.74 16.0 15.1 5.64 2.66 .69 
960 404 2069 435 25 . 80 2320 1564 2541 857 6.66 11.0 16.1 5. 81 2.75 .65 
980 418 2075 443 24.91 2340 1583 2548 862 6.59 18.0 17.1 5 . 97 2.83 . 61 

1000 433 2082 451 24.07 2360 1601 2555 86 7 6.51 19.0 18.1 6.12 2.91 . 58 
1020 448 2088 458 23.29 2380 1620 2561 872 6.43 20 . 0 19.1 6.27 2. 99 .55 
1040 462 2095 466 22.54 2400 1639 2568 871 6 . 36 22 . 0 21.1 6 . 56 3.14 .49 
1060 477 2102 473 21.84 2420 1657 2575 882 6.29 24.0 23.1 6 . 84 3.29 .45 
1080 492 2108 481 21.17 2440 16 76 2582 887 6.22 26 . 0 25.1 7.ll 3.43 .42 
1100 508 2115 488 20 . 54 2460 1695 2589 892 6.15 28.0 27.1 1. 31 3.56 .38 
1120 523 2122 495 19.94 2480 1113 2595 897 6 . 08 30 . 0 29.1 7.62 3.69 .36 
1140 538 2129 502 19.37 2500 1732 2602 901 6.02 32 . 0 31.1 7.86 3 .82 • 34 
1160 554 2135 510 18.83 2520 1751 2609 906 5. 95 34.0 33.1 8.10 3.94 .32 
1180 569 2142 517 18.31 2540 1769 2616 911 5.89 36.0 35.1 8. 33 4 . 06 .30 
1200 5 85 2 149 524 17.82 2560 1788 2622 916 5.83 38 . 0 37.1 8.55 4.17 .28 
1220 601 2156 531 11.35 2580 1807 2629 921 5. 71 40.0 39.1 8.77 4.28 .21 
1240 617 2163 538 i6.90 2600 1826 2636 926 5 . 71 42.0 41.1 8 . 98 4 . ~9 .25 
1260 633 2110 545 16 . 48 2620 1845 2643 930 5.65 44 . 0 43.1 9.18 4.50 .24 
1280 649 2177 552 16 . 07 2640 1864 2649 935 5.59 46.0 45.1 9.39 4.60 .23 
1300 665 2184 559 15.68 2660 1882 2656 940 5.54 48.0 47.1 9.58 4.70 .22 
1320 681 2191 565 15.30 2680 1901 2663 944 5.48 50.0 49.1 9.78 4.80 .21 
1)40 698 2198 572 14.94 2700 1920 2669 949 5.4 3 55.0 54.1 10.25 5.04 .19 
1360 714 2205 579 14.60 2720 1939 2676 954 5. 38 60.0 59 .1 10.69 5.26 .18 

2740 1958 2682 958 5 .32 65.0 64.1 11.12 5. 48 .16 
2760 19 77 2689 963 5.27 70.0 69.1 11.54 5.69 .15 
2780 1996 2696 968 5. 22 
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PREFACE TO THE SERIES 

This is the third in a new series of re

ports produced by the Particle Data Group. 

In this series we will collect and display total 

and differential eros s sections, polarizations, 

mass spectra, ann other similar data. Each 

report will cover one input channel. This one 

is NN (the first one was on K+N:I: and the sec

ond on YN§). In the next few months we hope 

to bring out rr +N and NN. Following later will 

be rr -N, K-N, etc. All reports will be com

plete from January 1968, and will also contain 

selected results before that date. The reports 

will be updated periodically, as necessary. 

At present there are many physicists 

in the Particle Data Group who are working on 

one or more phases of these reports. They 

are: 
I. System Development (LRL) 

Art Rosenfeld 

LeRoy Price 

Odette Benary 

Naomi Schmidt t 

II. Encoding and Verifying Data, Editing 
Reports, Fitting Data (LRL) 

Odette Benary 

LeRoy Price 

ILT.. Readinll:~<~,nd Evalu_'OI:~.~~g_-~~rticles, and 
Analyzing Compiled Data in: 

K+N Interactions 

Odette Benary (LRL) 

Roger Bland (Ecole Polytechnique) 

LeRoy Price (LRL) 

Naomi Schmidt (Brandeis) 

*Charles Wohl (Oxford) 

Victor Henri (CF.RN) 

K-N Interactions- below 2.0 GeV/c 

*Claude Bricman (CERN) 

K- N Interactions - above 2. 0 GeV / c 

J. Badier (Ecole Polytechnique) 

'~Enzo Flaminio (BNL) 

G. Kayas (Ecole Polytechnique) 

Brian Musgrave (ANL) 

rr + N Interactions 

*Henry Lubatti (Univ. of Wash. ) 

Fred Winkelmann (SLAG) 

James Wolfson (M. I. T. ) 

rr N Interactions 

*Alan Thorndike (BNL) 

Frank Turkot (BNL) 

YN and NN Interactions 

Gideon Alexander (Tel-Aviv) 

~'Odette Benary (LRL) 

NN Interactions 

Pierre Bastien (Univ. of Wash.) 

':'Tom Ferbel (Rochester) 

David Miller (M. I. T. ) 

Paul Slattery (Rochester) 

Yoshio Sumi (Osaka) 

Toshihiro Yoshida (Kyoto) 

If you have any suggestions for improving 

these reports, please let us know. Our ad

dress is: 

~~ 

Particle Data Center 
Lawrence Radiation Laboratory 

~~!~~~~y!. -~~~i!9!:~~C:.- ~~ ?~g---
(415) 843-2740, Ext. 6301; 
nights, weekends,· and holidays 
call 642-0466 

11 Chairman. 11 

tNow at Brandeis Univ. , Waltham, 
Massachusetts. 

+Particle Data Group (L. R. Price, N. 
Barash-Schmidt, 0. Benary, R. W. Bland, 
A. H. Rosenfeld, C. G. Wohl), "A Compilation 
of K+N Reactions," UCRL-20 000 K+N (Sept. 
1969). The supply of this first report has now 
been exhausted. 
9Particle Data Group (0. Benary, N. Barash
Schmidt, L. R. Price, A. H. Rosenfeld, and 
G. Alexander, "A Compilation of YN Reac
tions," UCRJ .-20 000 YN (Jan. 1970 ). These 
are available from LRL-Berkeley and CERN . 

.------LEGAL NOTICE----~ l 
This report was prepared as an account of -:vork 
sponsored by the United States Government_. Ne1ther 
the United States nor the United States Atom1c Energy 
Commission, nor any of their employee~, nor any· of 
their contractors subcontractors, or therr employees, 
m;~kes any warra~ty, express or implied, or assumes any 
lee;~l liability or respomil.oility for the ~r.r.nracv. com
pleteness or usefulness of any InformatiOn, app~r~tus, 
product or process disclosed, or re~resents that 1ts use 
would not infringe privately owned nghts. 

D~IlUBJJ..I~QN OF :~.li.U) lJU~U~NT LS UNLlMlTED 
- , 
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1. Data (] 
da da Re f(O) 
dw·' dt a=Imf{O) 

PP .... total 26 -29 (11) 
elastic 26 -29 (11) 30 -55 (11) 56 -57 (13) 
NN1r 72 -73 (15) 
NN1r1r 80 -81 (15) 
NN1r1r1T 82(15) 
u1r+ 74 -75 (Ei) 76 -79 (15) 
dp+ 83(19) 110(19) 
N~ 84 -85 (16) 86 -90 (16) 
NN* 92 -93'(17) 94 -97, ( ) 

98 -99 100-101 17 

~~ 106-107(18) 
N~' D. 1U6-iU7(18) 
N1r~ 104-105(18) 
pp(w, 11, p) 108-109(19) 
additional 

nonstrange 
reactions 83(15) 

strange -particle 
prudu<.:tiun 112-122(19) 

n-prongs 122(19) 
nn-+ total 125(19) 

elastic 126(19) 
np. pn -+ total 128-130(2.0) 

elastic (including .131 (2 0) 
charge exchange) 

132-142. (20) 
144-145 

143(21) 

inelastic 158(20) 
NN(I=O)-• total 160-161(22) 
pd, nd-+ total 164-165(22) 

elastic 168(22) 166-169(22) 

da 
du 

146-153(21) 

5 

5 

5 

7 

8 

8 

11 

11 

19 

19 

22 

22 

22 

Polarization 

58 -70 (14) 

154-157(21) 
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pp Inelastic 
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A. Momentum Index 

B. Keyword Index 

Reference List .. 

lV 
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140 
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NN AND ND INTERACTIONS (ABOVE 0.5 GeV/c)
A COMPILATION 

Particle Data Group 

Odette Benary and LeRoy R. Friel:' 

Lawrence Radiation Laboratory'~ 
University ·of California 

Berkeley, California 94720 

and 

Gideon Alexander 

Tel-Aviv University 
Ramat Aviv, Tel-Aviv, Israel 

ABSTRACT-We compile 165 papers reporting pp, np, nn, pd, and nd interactions from 0.5 to 

70 GeV/c. We display cross sections, angular distributions, and polarizations as well as our fits 

to some of the data. Included are indices to the papers, as well as a complete listing of the selec

ted data. The cutoff date for this report was 1 July 1970. 

* The Berkeley Particle Data Group is jointly supported by the U. S. Atomic Energy Commission, 
the National Science Foundation,and the office of Standard Reference Data of the National Bureau of Standards. 
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Introduction 

It has been known for some time that a 

comprehensive, evaluated compilation of ex

perimental high energy. physics results is es

sential. In the past there have been numerous 

collections of data, generally covering rather 

narrow fields. But because they were not com

puterized, the authors became "exhausted" on 

the first edition, and updated versions were 

never published. 

Encouraged by the success of the Particle 

Data Group's computerized "Particle Proper

ties Tables, ' 1 *we have started also to com

pile cross -sectional data. Our system is 

completely computer based, so that we will 

be able to answer specific user requests, in 

addition to periodically publishing the col

lected data. 

During the last three years, we have 

had two full-time physicists here at LRL 

developing and coding the system pro

grams. 

During the last year we have been 

feeding data into the system-and this report 

on NN is our third result. (We consider 

these first few reports to be more or less 

"debug" versions -we are still trying to 

figure out the best ways to organize the re

ports and present the data. ) 

We plan to continue our program develop

ment and would appreciate any comments you 

may have on the way the data are displayed, 

the types of data collected, etc. In the next 

few months we hope to go to a form of photo

composition. This means essentially that we 

will have an unlimited character set and can 

print Greek letters instead of having to spell 

them out, for P.x::~mple. 

* Particle Data Group, Rev. Mod. Phys. 42, 
87 (1970). -

5 

Scope of the Compilation 

1. We will collect all experimental high 

energy physics results that can be represented 

by simple tables or graphs, i.e., (], da /dw, 

polarizations, angular distributions, density 

matrices, etc. 

We leave it to Data Summary Type Li

braries to store Dalitz plots or .other 2:: 2 -di

mensional displays (although the presP.nce of 

such data is indicated in our KEY WORDS). In 

any case our printed compilations should serve 

as a necessary "table of contents" to a DST 

library. 

2. The data come primarily from pub

lished journals, e. g. , Physical Review, 

Physical Review Letters, Nuclear Physics, 

Physics Letters, Nuovo Cimento, etc. 

We do also compile unpublished theses 

and conference reports -if the reports give 

enough information to permit a valid evaluation 

of the experiment and analysis. 

We do not record data that appear in ab

stract form only, nor do we generally accept 

preprints unless the article has already been 

accepted for publication. 

3. The compilation is to be complete from 

January 1968. Before that time we will enter 

data t,hat are particularly important. But the 

b.ulk of the pre -1968 papers will not be put in

to our system. 

4. To reduce the number of errors to the 

very minimum, all punched information is 

checked by the physicist who read the article 

and by another physicist as well. 

Data Handling 

In order to make this compilation as ac

curate and complete as possible, many physi~ 

~.:i!:lt!:l are involved. These physicists fall into 

two general categories: 

a) Those who read and evaluate the data. 

These physicists (referred to as 11 readers") 

are generally experimentalists chosen for 

their "expertise" in a particular field. In 



general they are not from LRL. ·They are 

organized into small groups, each group being 

responsible for a different input channel. 

b) Those physicsts who encode the data, 

run the programs, write system programs, 

etc. These are all at LRL. 

The list below indicates the most impor

tant steps that every article must go through 

in order to have its information entered onto 

the DATA TAPE (the magnetic tape that con

tains all of our data). This list is summarized 

in the 11 Flow Diagram" in Fig. A. 

a) The "reader" (physicist) finds a rele

vant article, :reads il. n•arks it, fills out a 

form, and mails a copy of the article plus the 

form tu us. 

b) 01.1r secretary assigns it a number and 

it is logged in. 

c) The LRL physicist responsible for this 

ini~ia.l Rtate quickly scans it, writes out the 

standard KEY WORDS, etc. , to help in the 

next step. 

d) Our secretary transcribes bibliographic 

information, putting abstract, citahons, com
ments, beam information, and KEY WORDS, 

onto coding sh.,.P.t.A. 

e) The LRL phyRicist transcribes the 

data that the reader has selected onto coding 

sheets (this is much more laborious than you 

1-...-.ight ouopoot). 

f) Key-punch operators punch the data. 

g) The LRL physicist puts the cards for 

a particular article into the correct order. 

h) Cards are put onto the DATA TAPE 

with the DA TAPE prog:r:am. 

i) If any cards are out of order, essential 

information missing, etc., the article is re:. 

jected by DATAPE. The physicist repairs the 

deck, and it is again put through DATAPE. 

j) The output DATA TAPE is read by the 

SKELM program, which makes a listing of all 

the data stored for each article. 

6 

k) The SKELM is looked over by the 

LRL physicist for obvious errors. 

1) SKELM output is mailed to the original 

physicist "reader," who checks all entries 

carefully and returns SKELM plus corrections 

(if any) to us. 

m) If any errors are found, steps 

e) through 1) are repeated as many times as 

necessary. 

n) When the reader has no more correc

tions or changes to make, the LRL physicist 

gives the article its final verification (i. e. , 

he rechecks an data wllh tlH:: u~igiual o.rtiele), 

The name o{ this physicist is pul on the tape, 

and the article is then ready to be used by any 

one of a number of programs. 

Steps b) through n) take, on the aver

age, about 1-3/4 hours per article (1-1/4 

hour physicist + 1/2 hour secretary). 

Even after being verified, an article can 

have its contents slightly increased, e. g., if 

renormalized data are added. In this case 

only steps e) through k) are repeated. 

Agc~.lu, ... 11 Ll:uo o.bove io juot to get th'i' r1 at<~ 

onto the DATA TAPE. When preparing are

port ouch a.s this,· rn<~.ny il.orlitional tasks are 

involved. A few ly ]Jicc~.l uiie! are: 

a) Collecting all the data on a particular 

set of reactions -plotting them, looking at 

systematic errors, removing obviously bad 

data frura llu:: gn1ph.! (but loi:lNing it in th'.' 

tables). 

b) Ironing out normalization differences 

between experiments. 

c) Worrying about the various ways in 

which different authors make resonance cuts 

and subtractions. 

d) Deciding what types of curves (if any) 

should be fit to certain classes of data. 



Reader 
(physicist): 

LRL 
secretary: 

Find Check 
and 
read 

a) 

Assign 
number 

and 
log in 

b) 

printout 
for errors 

I) 

Biblio. 
info. 
d) 
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Quick scan Transcribe Put cards Repair 
Look for 

Final LRL obvious key words data in order physicist: c) e) g) 

Fig. A. 

Collaboration with Other Groups 

Some physicists in Europe have formed a 

group called HERA (High Energy Reactions 

* Analysis) to also compile cross-section data. 

We are trying to keep in close contact with 

one another in order to minimize duplication 

of effort Lulh in programming and data 

collection. Their first reports t were published 

last year and more reports are expected soon. 

*See B. Sadoulet, 11 An Example of an Organi
zation u! Compilation of Data, 11 Preprint 
CERN/D. Ph. II/PHYSICS 68-21. 
tG. Giacomelli, P. Pini, and S. Stagni, 11 A 
Cornpilation of Pion-Nucleon Scattering Data, 11 

CERN-HERA 69-1 (1960). B. Sadoulet, 11 Data 
Compilation of Antiproton-Proton Reactions into 
AntihypP.ro:n-Hyperon, 11 CERN··HERA69-2 (1969). 

bad data 
i) 

errors 
k) 

2 

verification 
n) 

No 
errors 
found 

XBI. 701-U2 

We also cooperate with HERA on report 

distribution: LRL prints and distributes both 

HERA and our reports for the Western· Hemi

sphere and Japan, and CERN does the same 

for the rest of the world. 

We originally planned to collaborate 

closely with John Hornbostel of BNL. He had 

been compiling eros s- section information for 

a number of years and was going to bring out 

a series of reports covering the data. ap

pearing before January 1968. Sadly, however, 

he died early last year. with the project in

completed. We wish to thank BNL for sending 

all of his files to us. 



We also thank the Michigan Cross Section 

Group for sending us all of their files. Their 

report is referred to in the next section under 

Williams et al. 

Other Cross -Section Compilations 

We present below (in chronological order) 

all of th~;: prP.vious large cros·s -section compila

tions that we know of. In addition to just listing 

data, some of them have nice reviews, per

form various fits to the data, etc. 

• V. S. Barashenkov and V. M. Maltsev, 

Cross Sections for Elementary Particle In

teractions, Fortsch. Physik .2_, 54<:1 (1':1b1). 

• V, S. Barashenkov and J. Patera, Cross 

Sections for Antinucleon Production, Fortsch. 

Physik.!..!_, 469 (1963). 

• V. S. Barashenkov and J. Patera, 

Strange Particle Production, F'ortsch. Physik 

.!..!_, 479 (1963). 

• M. N. Focacci and G. Giacomelli, ~ 

Proton Elastic Scattering, CERN 66-18 (1966) 
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Scope of This Compilation 

This compilation of NN interactions 

covers the range of beam momenta from 0.5 

to 70 GeV I c. We do not include any cosmic 

ray data or data obtained from emulsions. 

Our lower limit of 0. 5 GeV I c was selec

ted to coincide approximately with the upper

m.ost energy at which reliable NN phase shift 

analyses have been performed. Data below 

0. 5 GeV I c will be the topic of a later report. 

For already available information on this low

energy range see: 

1) V. S. Barashenkov and V. M. Maltsev, 

Cross Sections for Elementary Particle In

teractions, Fortschr. Physik _2, 549 (1961); 

2) M. H. McGregor, R. A. Arndt, and 

R. M. Wright, (p, p) and (n, p) Data Listing 

0-+ 750 MeVIc, UCRL-50426 (1968). 

For continuity we have in a few places 

presented data below our cutoff of 0.5 GeVIc; 

in these cases we have taken the data from the 

compilation of Barashenkov and Maltsev 

(above). 

In this report we have included all arti

cles reporting NN data in our energy range 

published since 1 January 1968. In addition 

we have included many important works be

fore that date. In particular we have included 

most of the papers used in two earlier compil-
·" 

ations on high-energy NN interactions.~ Our 

final cutoff date for inclusion in this report is 

15 June 1970. 

pp Interactions 

11 

It is not surprising that most of the data 

on NN interactions above 0. 5 GeV I c are on the 

pp interaction. Not only is it easier to form 

well-defined proton beams than neutron beams, 

* G. Alexander, 0. Benary, and U. Maor, 
Data Corn.pilatio11 of Proton-Proton Interac
tions Between 1 and 32 GeVIc. Nucl. Phys. B5, 
1 (1968); G. Alexander, 0. Benary, and U-.
Maor, Data Compilation of Baryon-Baryon 
Interactions. II Proton-Neutron Collisions 
Bf:twf:en 1 and 2 7 GeV I c, Nucl. Phys, B 7, 
281 (1968). -

but one can also use a pure hydrogen target

thus eliminating the subtractions and correc

tions which must be applied in order to extract 

neutron data when using proton beams on com

plex targets. Also, the art of building high

energy proton beams is much older and more 

highly developed than it is for neutron beams. 

Total pp Cross Section 

Although there is a huge dip in the O'T(pp) 

below 2 GeV I c (in the vicinity of the 1 rr and 2rr 

thresholds), above 2 GeVIc there is no appreci

able structure (see Figs. 1a, b, c). For most 1 
purposes this cross section can be considered 

to be a constant 40 mb from 5 GeV I c up to the 

highest momentum yet reported (30 GeVIc). 

Elastic pp Cross Section t 

From Fig. 1 we see that below about 

1 GeV I c, ae1(pp) is equal to aT (pp). Above 

2 GeVIc there is no appreciable structure in 

ael From 7 to 30 GeVIc. aellaT"" 114. 

Elastic pp Angular Distributions 

In contrast to many other elastic pro

cesses (e. g. , rr±N scattering), there· are no 

known resonances in the pp system. Thus the 

angular distributions for pp elastic scattering 

are somewhat simpler than those of the other 

processes. 

Empirically, however, the pp angular 

distributions do divide into two regions: 

1) The forward region (where the shape is 

expressible as a diffraction peak), and 

2) The large-angle region (i.e. , outside the 

diffraction-peak region). 

Let us first consider the forward region where 

the cross section decreases approximately ex

ponentially in t . As the energy increases 

this region extends out to higher t values. 

Around Pbeam = 1 GeV I c, the diffraction 

't For a good discussion of NN elastic scattering 
see: Yoshio Sumi and Toshihiro Yoshida, 
Suppl. Prog. Teor. Phys. (Kyoto) Extra 
Number, p. 53 (1967). This is a special edition 
devoted entirely to 11 Experimental Data on 
Hadron Interactions in GcV Region. 11 



2 

region extends out to about I t I = 0. 5 (GeV I c )2 

(i.e. , to fJ = 90 deg). At the highest en-
c.m. 

2 ergies it extends out to 1 t 1:::: 1 (GeV I c) 

(e. g. , fJ = 17 deg at 26 GeV I c). In Fig. c.m. 
2 we display the log of daldt vs. It 1. In this 

figure we have also plotted out best fits (solid 

lines) to the data of the formula 

da da I bt 
dt = dt t=O e ' 

using only data in the interval 0.03 :::::lti:::::0.3 

(GeVIc
2

. This interval was arbitrarily selec

ted to be a compromise that would permit us 

to use the same interval to fit all of the data. --- --
A word of caution: the results of fits of this 

nature are extremely cutoff dependent. We 

have plotted our best-fit parameters in Figs. 

3a and 3b. In Table I we give the values of 

the parameters reported by the experimenters 

to their own data. Figure 3 is the same as 

3b except that we have added the slope fits 

done by the Serpukov group. The vertical 

discontinunity between these fits and ours is 

not meaningful since they use a different fit

tlng interval. etc. 

It is easy to see from Fig. 3b that the 

diffraction peak for pp elastic scattering 

shrinks rapidly-particularly up to a P-beam 

of ab<?ut 6 GeV I c.'~ From 6 to 22 GeV I c the 

slope appears to be roughly constant at about 

I -2 9 (GeV c)· . The Serpukov data perhaps 

show a slow additional shrinkage from 50 to 

70 GeVIc. 

In Fig. 3a we see that our fitted values 

of the intercept daldt t=O are generally larger 

than the optical lower limit (represented by the 

smooth curve in Fig. 3a), showing that the 

forward elastic amplitude is not purely imagi

nary. 

* Carrigan has recently proposed that there is 
a" break" in the diffraction peak at 
I tl = 0.15 (GeVIc) 2 at energies around 20 

GeV I c. See R. A. Carrigan, Jr. , Phys. Rev. 
Letters 24, 168 (1969) for his full discussion. 

12 

We now turn to the "large angles" re

gion, t i.e. , the region outside of the diffrac-

tion peak and extending up to f) = 90 deg 
c.m. 

(there is always a symmetry about 90 deg for 

identical particles in the initial or final state). 

Here we find the two general features (Figs. 

2, 4, and 5): 

1) At fixed Pb , daldt varies in general earn 
rather slowly with t (in the large angle re-

gion), and 

2) At fixed t, daldt decreases very rap-

idly with irH.:real:ling Pb . The larger the 
earn 

value of t, the faster the fall-off. 

In 1964 Orear:!: fitted these features 

[of the Cornell-BNL wide angle data of 

Cocconi et al. Phys. Rev. 138, B165 (1965)] 

with the simple formula 

pl 

S ( ~~) c. m. = Ae- b 

where S is the c. m. energy squared, P 
1 

is the transverse momentum, and b is a 

"universal" constant. 

However, as h1gher-energy d.ata oecame avail

able, it became clear that the value of b was 

in fact energy dependent. In addition various 

"breaks" and "wiggles" began to be dis

covered. In 1967 Krisch'~* proposed an em

pirical formula that has had outstanding quali-

4 
5 

tative success. In Fig. 6 we reproduce one 6 
ot J:<..hsch; s plots. 1t is easy 1:6 see eha.e his 

formula of the type 

da 
dt t 

i=1 
c. e 

1 

a. 
1 

where 13 is the c. m. velocity of the proton, 

t . 
See Charles B. Chiu, Rev. Mod. Phys. 41, 

640 (1969) for an excellent discussion of 
large-angle scattering including various 
models. 
:t: 
~!· Orear, Phys. Letters _!l, 190 (1964). 

~~For the exact form of his formula and de
tails of the fitting, the reader is referred to 
A. D. Krisch, Phys. Rev. Letters 19, 1149 
(1967). -
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does an admirable job of fitting the data over 

12 orders of magnitude (both small angles and 

large angles). 

·Neither the significance of the depen

dence upon the variable 13
2 P~ nor the reason 

for the breaks in the curve in Fig. 6 is yet 

clear. It has been suggested that the breaks 

might be associated with the openings of vari

ous inelastic processes. 

Although Krisch's fit explains the gen

eral features of the elastic pp data, there is 

some "fine structure" that it does not ex

plain. This oscillatory structure is nicely 

displayed in Fig. 7 [taken from J. V. Allaby 

et al., in Proceedings of Topical Conference 

on High Energy Collisions of Hadrons (CERN, 

Geneva, 1968), p. 580]. Allaby et al. point 

out that: "Such an oscillation is reminiscent 

of similar phenomena seen in TTp, Kp and pp 

scattering. A simple -minded interpretation 

of such behaviour is in terms of diffraction 

scattering. There, as well as here, the first 

diffraction minimum reveals itself when the 

cross section has fallen below a level of about 

1o-28cm2/(GeV)2 . Equating the dips of the 

oscillatiuu lo the zeros of the firot order 

Des sel function, J 
1 

(R y't) results in an ob

sorbing disc radius of R = 0.6 f, an anoma

lously small value. In any case, it seems 

premature to conlude that large angle proton

proton scattering is dynamically nothing else 

than the tail of diffraction scattering." 

There are two experiments (Diddens 

et al. , Ref. 53 , and Cocconi et al. , 

Ref. 161 ) that report results on pp elastic 

angular distributions at fixed angle rather 

than fixeC! e!l.~,E.gy· We have not reproduced 

their data in this section, but it is tabulated 

in Sec. III of this report. 

Re/Im Ratio of the Forward pp Elastic 
Amplitude 

The real part of the forward elastic 

amplltude is of great iule l't::::; L. Its n'lagrlitudc 

can be estimated by extrapolating dae
1
/dt to 

13 

t = 0 and then using the optical theorem to 

evaluate the imaginary part from the total 
;,~ 

cross section. 

If one looks at da/dt at extremely for

ward angles {in the Coulomb interference re

gion [e. g. , It I < 0. 01 (GeV /c/ 1} one can pre

sumable measure not only the magnitude but 

also the sign of the real part. As a matter of 

fact, this is exactly what is generally done 

(see, e. g., Fig. 8). 

In reality, of course the determination 

of Re(f)/Im(f) at zero degrees is considerably 

more complicated than suggested by the above 

simple prescription. For instance, Re(f) 

means only the total nuclear contribution; i. e. , 

the Coulomb scattering contributions must be 

removed. This subtraction is somewhat model 

dependent. 

In addition, if all of the forward ampli

tude cannot be explained by the imaginary spin

independent part, the discrepancy can be due 

to either: 

1) A real part of the forward spin-indepen

dent amplitude, and/ or 

2) The existence of a spin-dependent part 

of the fo:o:wr~.rrl r~.mplitude. 

The separation of these effects is not 

easy, and it seems probable that other data, 

in addition to precise da/ dt' s, are going to 

have to be employed to finally resolve the 

ambiguities. 

In reporting their results, authors usu

ally give the ratio of the Real part to the 

Imaginary part of the spin-independent for

ward amplitude (defined as appl· In Fig. 9 

we have plotted most of the measurements of 

app d~ne recently (i.e. , since 1964). The 

agreement above 2 GeV / c with the curve cal

culated from forward dispersion relations by 

'~SP.P. the discussion by H. A. Bethe, Ann. 
Phys. (N.Y.)~· 190 (1958). 

8 
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Soding is quite striking. However, below 

2 GeV I c they appear to disagree completely. 

It is interesting to note that 2 GeVIc is also the 

place where the total cross section levels off 

and begins to assume a relatively constant 

value. A possible connection between these 

two effects is speculated upon by Bellettini 

et al. t 

Actually, Soding' s calculation is based 

upon the assumption that the spin-dependent 

part of the forward amplitude is zero (i.e. , 

l3pp = 0). As Fig. 9 shows, the experimental 

points do agree with the calculation at high 

energies, suggesting that l3pp is indeed con

sistent with 0. 

However, below - 2 GeV I c the expe ri-

mental values for a are much smaller than 
pp 

the calculated ones, suggesting that l3pp might 

become important at low energies. This is 

confirmed by the values of 13 reported by 
PP 

Dutton et al. 

Flab 

1. 2.9 

1. 54 

L54 

1.69 

(Refs. 51 and 52 ). 

13pp 

0.7!:1± 0.27 

0. 50± 0.10} two separate 
O. 2 5 ± O. 36 experiments 

0.50 ± 0.13 

Thus it seems that the spin-dependent 

part of the elastic scattering amplitude de

creases with increasing momentum. 

Polarization in Elastic pp Scattering 

Good polarization measuremP.nts on pp 

elastic scattering are vital to the pp phase 

shift analyses. In Fig. 10 we plot the polari

zations at various momenta. The distributions 

are presented !or 0 ::S cos e ~ 1 because 
· c.m .. 

the symmetry of the identical protons requires 

that the distributions be antisymmetric about 

* P. SOtling, Real Part of the ..1:-'roton-Proton 
and Proton-Antiproton Forward Scattering 
Amplitude at High Energies, Phys. Letters 
8, 285 (64). 
t 

Bellettini et al., Phys. Letters 14, 164 
(1965). 
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cos e = o. 
c.m. 
In Fig. 11 we have plotted [after Grannis 11 

et al., Phys. Rev. 148, 1297 (1966)] the maxi

mum polarization vs. beam momentum. It is 

easy to see that there is a maximum at .about 

1.4GeVIc. 

Elil.stic pp Partial-Wave Analyses 

A partial-wave analysis is the most com

plete de·scription we have of an elementary 

particle reaction. All possible information is 

contained in it. However, such analyses are 

in practice feasible only for the low-energy 

regions whP.re only a few partial waves need 

be considered, and only a very few inelastic 

channels are open. MacGregor et al. have 

managed to extend the pp elastic partial-wave 

analysis up to 1.4 GeV I c.* However, they 

point out that above 1 GeVIc these analyses 

are really only qualitative so far. 

As a matter of fact, it is because the 

low-energy data is well described by partial

wave analyses and the high-energy (about 

~ 1 GeV/c) data a1·e not, that we decided to 

brmg out our NN com.pilation in lwu parts: 

this first section covering 0.5 GeVIc and.above, 

and a. ~et.:untl section (some time in the future) 

below 0. 5 GeV I c. 

Although we are goi11.g to leave all the 

partial-wave results for our later report, in. 

this section we would just like to iridic ate the 

general 11 state -ot -the -art. 11 

In March 196 7 the University of Florida 

hosted the International Conference on the Nu

cleon-Nucleon Interaction. A rather COinplete 

report of. this conference is the subject of the 

special issue of the July 1967 Reviews of 

Modern Physics. In their introductory paper 

to this issue Green, MacGregor, and Wilson 

n1a k>? the fulh>\Ving comments: 11 Our ltnowlcdge 

of the N-N interaction around 1960 might be 

TMacGregor et al. , Determination of the Nu
cleon-Nucleon Scattering Matrix. VIII. (p, p) 
Analysis from 350 to 750 MeV, Phys. Rev. 
169, 1149 (1968). 
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summarized by the succinct statement of 

Professor M. L. Goldberger: 1 There are few 

problems in modern theoretical physics which 

have attracted more attention than that of 

trying to determine the fundamental interac

tion between two nucleons. It is also true 

that scarcely ever has the world of physics 

owed so little to so many. In general, in 

surveying the field, one is oppressed by the 

unbelievable confusion and conflict that exists. 

It is hard to believe that many of the authors 

arP. t;;~.lking about the same problem or, in 

fact, that they know what the problem is. ' 

After three days of presentations and discus

sions at the 1967 N-N Interaction Conference 

at the University of Florida in Gainesville, it 

would appear that our view has improved con

siderably from the bleak picture of 1960. In

deed several relatively simple and accurate 

descriptions of the nucleon-nucleon interaction 

based upon meson field theory have emerged. 

While the formalisms used differ greatly, it 

appears now that these theories have about the 

same physical substance and that the various 

authors are not only talking about the same 

problern uul Lhat correspondences between the 

various languages arc being established." 

Inelastic pp Reactions* 

The total pp inelastic cross section can 

be easily estimated by eye from Fig. 1b or 

1c.. It is virtually zero below 1 GeVIc; it 

quickly increases to about 30 mb by 2 GeV I c 

and remains relatively constant up to the 

highest energies yet reported (30 GeVIc). As 

we will see in the next section, the inelastic 

reactions are dominated by D. and N'' produc-

tions. 

In Fig. 12 we present the single-pion 

production cross sections (which include 

* For further information on NN inelastic pro-
cesses, see the excellent review talk by 
E. Lillenthun, Lund Conference, 1969. Also 
see Kimio Fujimura, Suppl. Prog. Theor. 
Phys. (Kyoto), Extra Number, (1967), p. 282. 
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resonance contributions). Because of the im

portance of D. (1236) production, the pm/ 

cross section is considerably larger than the 

pp1r 0 cross section. We will shortly see that 

those single-pion production cross sections 

follow rather closely the shapes of the 

pp -+ ND.(1236) cross sections. 

We next present a plot of the cross sec-
+ tion for pp-+ d1r (Figs. 13a and 13b). Note 

that the steep decrease of a with Pbeam is 

reasonably well fit by the form a = KP.b-n 
earn 

(the dashed line in Fig. 13b). The significance 

of this fit and the fitted value of n = 4. 2 9 ± 0. 04 

will be discussed in a later section. 

We present in Fig. 14 the differential 

cross sections for the reaction pp-+ dlT+. 

Since the initial- state particles are identical, 

these distributions are symmetric about 

cos e = 0. It is clear that the distributions 
c.m. 

are peaked in the forward (backward) direction, 

and this peaking increases as the energy in

creases from 1. 7 to 3. 6 GeV I c. 

Next we turn to double -pion production 
+ -and in particular to pp -+ pprr lT , as the other 

three possible double-pion processes 

PP -+ pplTOlTO 

pn1r+1To 

+ + nnrr lT 

each involve two missing neutrals and are 

therefore considerably harder to detect (and 

are underconstrained in the bubble chamber). 

In Fig. 15 we see that the double-pion cross, 

section displays the same general features as 

the single-pion production: a peak near thresh

old (neither as high nor as sharp as for the 

single-pion case, however), tapering off to a 

rather constant value at higher beam momenta. 

When we look at resonance production shortly 

we will see that most of this distribution is due 
.. ~ 

to quasi-two-body reactions involving N 's 

and .6.' s. 

In Fig. 16 we see that the triple-pion 

production cross sections have the same 

13 

14 

15 

16 



general shape as the single- and double-pion 

productions. Again this plot contains a large 

smount of resonance contributions. 

Finally in Table II we present the avail

able data on 4- and 5 -pion production, as well 

as deuteron+3rr and deuteron+4rr reactions. 

These data are not plotted because there are 

too few points available. 
;~ 

N and 6. Resonances 

The most thoroughly investigated phe

nomena in the pp inelastic final states are the 

nucleon resonances -and for go.od reason. 

They make up generally from 50 to 80% of 

the inelastic cross section. 

Before proceeding to look at the data, 

it is essential to understand a couple of basic 

facts about how these experiments are per

formed. Briefly, there are two basic methods 

of gathering data on resonance production in 

inelastic reactions, and each tyP.e has its ad

vantages and disadvantages that must be under

stood before the data can be properly inter

pl•otodz 

1) 'l'he II missing mass" experiments. In 

these one usually measures only the mass re

coiling against the detected particle (neutral 

or charged). Thus these experiments are 

able to measure the total production cross 

sections for all decay modes of the produced 

resonance. However, they generally must 

measure 

da * dt (pp -pN ) 

over some limited t range, and then assume 

a dependence like 

~~=A eBt 

in order to evaluate the integrated cross sec

tion. 

2) The "bubble chamber-like" experiments. 

These have the advantage of being able to de

tect all angular regions equally. However, 

only part of the decay modes are generally 

detected. 

16 

This latter point brings us to the ques

tion of how to correct for unmeasured decay 

modes. Where possible we have used isospin 

relations. For resonances that have both Nrr 

and Nrrrr decay modes and only the Nrr mode 

has been reported, we have usP.cl the factor 

_ r(N*- Nrr) 
X = r (N~- all) 

as given by the most recent "Reviews of 

Particle Pr.oper.ties." The error in x has 

boon included in our quoted L.£u~5~st:!~.:Liunal 

errors. 
Another proble1n that affects any type 

of detector is the separation of " signal" from 

"background." Frequently thest:! re~unances 

sit on top of large backgrounds so the subtrac

tions become complicated. See for P.xr~.rnple 

the mass plots in Fujimura' s review article. t 

With these preliminaries understood, we 

now turn to the data, taking the baryon reso

nances in roughly increasing mass order. 

6.(1236) 

The eros s :;;ections for the u:r~.r.t.i nns 

pp ... n6. ++ and pp - p6. + and plotted in Fig. 17. 17 
From isospin the ratio of a(n6. ++)/ (p6. +) should 

hP. .1. r~nrl th.,. r1.::~t" ;., ("Qn~iihnt with thin. 'J'he 

dashed line in Fig. 17b repre~ents our best 

fit of a(n6.++), above 10 GeV/c, to the formula 

a = KP-n 
be. am 

(with best-fit value of n = 2. 20 ± 0.16 ). The 

significance of this parameterization will be 

explained in a later section. We did not fit 
+ a(p6. ) because as yet there are too few data 

above 10 GeV / o. 

In Fig. 18 we present the differential 

cross section~ for (a) pp _.. n6. (1236)++ and 
+ (b) pp- p6.(1236) . In Figs. 18a and 18b we 

have also displCt.yeu Lltt:! I't:!sull~ of uur fits to 

the data of the form da/dt = Aebt. In Fig. 18c 

*Particle Data Group, Review of Particle 
Properties, Rev. Mod. Phys. 42, 87 (1970). 
tK F .. 't -. UJlmura, .9..1?· ~· 
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20 
21 

we have plotted our best-fit values of b. We see 

that the diffraction peak is shrinking for the 

pll. + processses, but it is not clear whether 

the pp .... nll. ++ peak is shrinking or not. One 

should not put too much faith into the actual 

numbers plotted in Fig. 18c. As we have said 

before, the data (Figs. 18a and 18b) are sensi

tive to background subtractions, etc. 

N*(1470, 112+), N'~(1520, 312-), 
N"~(2190, 7/2-) 

Next we look at the "elastic-like" pp 

* . 19 interactions, i. e. , pp ..... p N 11 2 . In F1g. a 

is a [pN,~(1470)"1 ]; Fig. 19b, a[pN*(1520)+ J 
and Fig. 19c shows a[pN*(2190)+] in addition 

to the previous two. We see that although the 

* + * + productions of N (1470) and N (1520) are 

essentially of the same magnitude around 4 

GeVIc, by 10 GeVIc the N*(1520)+ has dropped 

~· by a factor of 3, whereas the N (1470) has re-

mained relatively constant (and does so all the 

way up to 30 GeVIc). 

17 

The energy dependence of these "elastic

like" reactions is in marked contrast to the 

ll-(1236) production, which continues to de~ 

crease as a f~nction of energy (see Fig. 17b). 

They are, however, quite similar to the pp . 

elastic scattering, which also is about constant 

above 10 GeV I c. 

The .6.(1236) cross section falls so fast 

that although at - 4 GeVIc the pll. (1236) pro

duction is considerably greater than pN>:< (14 70 

or 1520), by 10 GeVIc it is less than that fur 

N*(1470) and .by 15 GeVIc it is less than for 

N'~ (1520). 

Figures 20 and 21 show the differential 

* + cross sections for the processes pp ..... pN (1470) 

* + and pp ..... pN (1520) respectively. From the 

data we have displayed it is not easy tu tell 

whether the~e diffraction peaks are shrinking 

or not. In Table III we have plotted the parame

ters that various experimenters have obtained 

in fitting to their own data. Although the fits 

were not done in a completely consistent man

ner from one experiment to another (i.e. , 

various J t I. cuts, different background subtrac

tions), it does appear that neither the N':'(1470), 

* * theN (1520), nor the .N (2190) peaks are in 

fact shrinking. Notice also that the N* (14 70) 

peak,is considerably sharper than that of the ... * 
N""(1520) and N (2190). Also, notice by com-

paring Table. III with Fig. 3 (the coefficients 

for. the pp elastic scattering) that the N':'(1470) 

[as well as thP. ll-(1236)] are about twice.as 

steep as the elastic, where the d~ (1520) and 

N"~(2190) [as ~ell as the composite "N*(1688)"] 

are only about half as steep. 

In the" large angle~' [I tl > 1 (GeV I c)
2

] 
;'! + 

region we have no data on pp ..... pN .(1470). How-

ever, for the pN* (1520{ final state (Fig. 21) 

we do have some i.nformation for large I tl. The 

data below -19 GeV I c show a very flat depen

dence on t. We can also see that the daldt 

values in this region decrease as Pbeam in

creases. These two characteristics are also 

found in the elastic pp scattering, and thus the 

reaction pp .... pN'\1520)+is sometimes said to 

exhibit "elastic-like behavior in the region 

It 1 > 1." If we look at the data at 19.2 GeVIc, 

however, we see that the cross section in this 

region is still rather t dependent. More data 

above 8 GeVIc would be most helpful in under

standing this reaction. 

* "N (1688)" Bump 

•Next we look at the "N". (1688)". Actually 

rrN phase shift analyses have shown that this 

region contains a number of resonances with 
P . I -differing J and I-spm [e. g., N(1670, 5 2 ), 

N(1688, 512+), N" (1700, 112 -). ll-(1650, 112- ), 

ll.( 16 70, 312 -)]. Thus it is impossible at pre sent 

to correct for unseen decay modes. There

fore, in Fig. 22 we have plotted only those ex

periments (mostly counters) that reported all 

decay modes. In this figure we see that the 
. '~ + 

composite "N (1688) " production cross sec-

tion is r.oughly constant from 4 to 30 GeV I c·. 
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In Fig. 23 we plot the available differenti- 23 
~· + al cross sections for pp ..... p" N (1688) . " 
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Again in Table III we present the fitted 

parameters for this distribution. They show 
~ * that the" N..-(1688)," like the other N 's(1470, 

1520, and 2190), does not have a shrinking 

diffraction peak. 

In the large -angle region 

[It I> 1 (GeVIc/'] we find; behavior quite 

analogous to that found in the reaction 

pp- pN(1520~ i.e., below 19 GeVIc the do/dt 

is quite constant in It I but falls with increasing 

beam momentum (11 elastic-like"). Again, 

however, the data at 19.2 GeV lc does not show 

th1s behavior, but rather continues to de

crease as It I increases. 

A Parameterization of the do/dt' s 

Ankenbrandt et al. [Phys. Rev. 170, 

1223 (1968)] have introduced an interesting 

parameterization of the inelastic channels we 

have been considering. Probably stimulated 

by the success that plotting the elastic do/dt 
2 vs. P 
1 

has shown, they introduce the kine-

matic variable 

v ;;;; - [ t.11 I (t+ 11 l 1 • 
where t and u are the familiar Mandelstam 

variables: 
2 

t::: (P
1 

. P 3) ; 

u=(P1-P4)2 

As they point out, v has some of the 

desirabl~ properties that _p~ manife ... sts for 

elast:lc scattering (v is identically P~ fo~ 

elastic scattering). It is symmetric under 

interchange of the initial state protons; it 

takes the same value for the inverse process; 

and it reduces to ( -t) for small I vI . 

In Fig. 24 we display the results of our 

fits of the form 
d<7 -vivo 
dt =be 

+ * "" * 'II; to the pp-+ p6 , pN (1520), p" N (1688)", and 

pp elastic scattering data. The results of such 

fits are of course dependent somewhat upon 

the range of v values chosen. Following 

Ankenbrandt et al. we fitted the reactions 
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to the above formula for v values just outside 

of the diffraction peak. Thus, this figure is 

essentially identical to that presented by 

Ankenbrandt et al. , except that we have ex

tended the plot above their 7 GeV I c upper 

limit. 

As already noted by Ankenbrandt et al. , 

the most striking feature of Fig. 24 is the 

tendency of all the slopes toward the same 

value (ilvo::::: 2.5) around 7 GeVIc. We see 

that above 7 GeV I c. the elastic points are 

slowly falling. The points at 19 GeV I c: ::..rP. 

interesting but may not be very significant 

since the experiment covers a somewhat dif

ferent t range than do the lower-momentum 

experiments. Additional experiments above 

7 GeV I c would be most useful. 

Baryon Resonances in Other Final States 

So far we have been considering the pro

duction of baryon resonances in the simplest 

manner, i.e., in quasi-two-body final states, 

where one particle is a nucleon. However, 

thero are u few bubble ehat'l'lbel' expe:rirr.t:11ts 

which also look at baryon production in more 

complicated situationo. In Fig. 25 we aee 25 
:;iuglt::-I'e1:1unam:e production~ (a) pp-+ pff- L1++ 

and (b) pp -+ p'11'+6 ° In Fig. 26 iR rli F~pl;;:~yerl 26 
the double-resonance production: 

(a) pp -+ L1 ++ 6° and (b) pp ·-+ 6 ++N* (1520) 0• 

In addition thP. rP. h::..vP. hPPn n11rn Prn11" 

results published on various other final states 

* containing N 's and 6' s. Such data may be 

found in the following articles (in Sec. III). 

First author 

Alexander 
Almeida 
Bodini 
Boggild 
Boggild 
Caso 
Connolly 
Connolly 
Ginestet 
Kay as 
Kinsey 
Klein 
Yekutieli 

Reference rio. 

57 
153 
139 

96 
159 
120 

93 
97 

131 
82 

126 
122 

83 
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29 
30 

31 

32 

3 

Boson Resonances 

In contrast to rrN and KN interactions, 

19 

about the same cross sections as the other 

strange four-body proce!!·ses in Figs. 31 and 

the NN initial state has no bosons. Thus the 32. 

lack of boson resonances in NN final states is 

not too surprising. In general, boson reso

nance production seems to be only about 1% 

as probable as nucleon resonance production 

in pp reactions. 

In Fig. 27 we present the cross sec

tions for (a) pp - ppw and (b) pp - PPTJ· 

In Table II we give the only cross sec

tion measurement (at 21.1 GeV I c) for the 

process pp - dp + In Fig. 28 is shown the 

dp + production angular distribution corre

spending to this point. 

Strange -Particle Production in pp Interactions 

The production of strange-particle final 

states accounts for only about 1% of the total 

inelastic cross section in the energy range 

measured so far (up to - 10 GeVIc). Many 

of these reactions are dominated by strong 

* * * * N , Y , ~ , or K production. 

The three-body final states are dis

played in Fig. 29 (pp- p.AK), Fig. 30a 

(pp- p~+Ko ), and Fig. 30b (pp- p ~oK+). 
(The only other possible strange three-body 

+ + final state is nK ~ and no data has yet been 

reported for this reaction.) We see from 

Figs. 30a and 30b that the cross sections for 

p~oK+ and p l:+Ko are about equal. We also 

note that the p.AK+ cross section is about 

2 112 times as great as either of the ~ cross 

sections. 

Next we display the four-body final 

states. In Fig. 31 are all possible reactions 

of the type pp- N.AK11. w~ ace that in tho 

energy interval measured (- 5 to 10 GeV I c) 

all three reactions have about equal eros s 

secti.ons. 

In Fig. 32 are plotted all possible re

actions of th~ type N~K0 rr. 

Figure 33 shows the reactions 

(a) pp K 0 'R0 and (b) pnK+Ko. The~;~ havt: 

In Table IV are listed various strange-

particle production cross sections from 4-, 5-, 

and 6-body final states. These data are not 

plotted because they are too sparse. 

* For cro:;;s sections involving Y pro-

ductions see Klein et al. (Ref. 122 ). 

pp- n-prongs 

Table V displays the cross sections for 

the reactions pp - n-prongs. 

nn Interactions 

By isospin invariance the nn interac

tions should be identical to the pp interac

tions reported in the previous section (as long 

as one stays out of the Coulomb-force region). 

In Fig. 34 we have plotted the values of 34 
aT (nn) along with a smooth curve for aT (pp) 

taken from Fig. 1. Considering the difficulties 

associated with nn experiments (with we shall 

enumerate in the next section on np and pn 

interactions) the agreement seems quite good. 

In Fig. 35 is displayed the most recent 35 
(1956!) differential cross- section measure-

ment for elastic nn scattering. It appears to 

be quite consistent with pp elastic scattering 

at the same energy. 

np and pn Interactions 

By 11 np 11 interactions we mean those in

teractions where the n is the beam particle 

and the p is the target; 11 pn11 obviously then 

means the reverse situation. We know that 

as far as the basic interactions are concerned 

the np and pn interactions must be identical. 

However, due to the differe:O.ces in experi

mental techniques and setup, it is worthwhile 

keeping the np and pn reactions somewhat 

separate. The major experimental differences 

(and problems) are: 

1) !!?.· Although deuteron beams are occa

sionally used, one ordinarily uses free neu

trons <:m n. hydrogen target. This is a most 
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desir.able situation except that, at present, 

high-energy monoenergetic neutral beams are 

hard to construct. Thus the data are some

times "smeared out" over a large region of 

center-of-mass energy. Also the calculation 

of the absolute beam normalization is fre

quently rather difficult. 

2) ~· Here one usually uses a conventional 

proton beam, but the target is deuterium (or 

something even more complex). · This then 

calls for various 11 deuteron corrections" to 

be applied, including those for screening, 

spectatol' momentum: .F'ermi motion, and re

scattering. These various corrections are 

not too well known and thus introduce uncer

'tainties. 

Becau.se of the difficulties involved, the 

np and pn interactions have not been mea

sured as well as the pp interactions, as will 

be obvious from the data we have reproduced 

in this section. 

pn and np Total Cross Sections 

In Fig. 36 we have plotted the np and pn 

total cross section~ (a) on a log-log plot and 

(b) on a linear s<;ale. The data below 0. 5 

GeV I c are from the ·compilation of Barashenkov 

et al. We have plotted only those pn data 

that have had Glauber-type corrections applied. 

The solid curve is a smooth curve drawn 

through the pp total cross section of Fig. 1. 

The following observations may be made: 

1) The pn data seem to fall consistently 

higher than the np data; 
, T . 

2) Althougho (np) is considerably less than 

aT (pp) below about 4 GeVIc, they cross at· 

ab'out 4. 5 GeV I c and then again at about 10 

GeVIc. Above about 10 GeVIc tli.ey are very 

close together aml for most practical purposes 

may be considered to be identical. 

np and pn Elastic Scattering (Including Charge 
Exchange) -

lF el el · 
The a (np) and a (pn) data are dls-

played in Fig. 37a. The solid curve is the 

ael (pp), taken from the data of Fig. 1. 
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Although there are only very few data, we see 

that the np and pn data appear to agree with 

one another·, and that above 1 GeV I c they are 
el 

very close to the a (pp). 

In Fig. 37b we present the np "charge 

exchange" cross sections. These are just 

those elastic eveub; in which the beam particle 

is scattered backwards in the center of mass, 

thus the data in Fig. 37a includes these data. 

Even though there are only three data points. 

we fitted them to the eq\lation 

-n· 
0' "" KPbeam 

The Aolid line shows our best-fit curve 

(n = 3.0 ± 0.6). The possible significance of 

this parameterization is explained in a later 

section. 

np and pn Elastic Angular Distributions 
(Including Charge Exchange) 

The elastic np (or pn) differential cross 

section may be divided into three regions: 

1) In the forward direction (Fig. 38) 

there is a diffraction peak similar to that 

found il1 pp elastic scattering. The straight 

lines are our fits of the forward peaks to th~ 

formula 

daldt = dal ebt 
dt t=O 

"' ~ 
In Fig. 39 we display our fitted slopes. We 

s;w~ th""t the peo.lt shl'i11ks as Pbeam increases 

from threshold up to - 10 GeV I c. Fo:r com

parison we have also plotted the results of 

our fits (from Fig. 36) for pp elastic scat

tering. We see that the np and pp slopes are 

about equal up to 6 GeV I l:. · Above 6 GeV I c 

there seems to be a difference between the np 

and pp data [the pp has a constant slope of 

38 

39 

I -2 I -2] - 9 (GeV c) ;np of - 7 (GeV c) . However, 

*All experiments represented in Fig. 39, 
except Dzhelepov ( Re£.13 7 ) have normalized 
their data, using the optical theorem and 
taking various amounts of real parts. Thus a 
plot of the intercept dal dt I t=O is in this case 
relatively meaningless and we do not give 
it. 
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this difference is due only to the fact that the 

pp data were fit over a smaller t range than 

were the np. As a matter of fact, if one uses 

the same .t range for pp that is used for np, 

the two sets of slopes are perfectly consistent. 

The results of various author's fits to 

their own data are given in Table VI. 

So far we have been considering only 

the !P elastic scattering. We also have one 

experiment on pn elastic scattering, and pre

sent it in Fig. 40. The only reason for s·epa

rating this one pn experiment from the numerous 

np experiments is that (as discussed earlier) 

the experimental techniques (and biases) are 

quite different in the two processes. 

Just as is done for the elastic pp scat

tering, one can deduce the Reiim part of the 

forward np (or pn) amplitude from the elastic 

scattering (plus total eros s section) data. This 

difficult task has been done at only four 

momenta so far, and the results are displayed 

in Fig. 41. 

2) In the large-angle region (see Fig. 42) 

the np differential cross section is fairly flat 

and decreases rapidly with beam energy-in 

strong analogy tu pp elastic scattering (the 

elastic pp drops slightly faster). There is 

also generally a minimum near e = 90 deg. 
c.m. 

3) In the backwards direction (Fig. 43) 

there exists a "charge exchange" peak. Un

like the forward np scattering, in backward 

np scattering experimenters have been able to 

measure much closer to the kinematical limit 

(u = 0), because it is easier to detect a for

ward-going particle if it is of a type different 

from the beam particle. Experimenters have 

succeeded in ):11P.asuring very close to the 

180 deg (u = 0) point, and they have uncovered 

a very interesting effect: below - 1 GcV lc a 

very sharp peak appears for lui < 0.01 

(GeVIc)
2

. We have fitted these do/du's to 

da dal bu theform du=duu=Oe (jui:S0.01). Our 

* fitted parameters appear in Fig. 44. We can 

see the precipitous decrease in intercept as 

the beam momentum increases from 0.6 to 

1. 0 GeV I c in Fig. 44a. The dotted line repre

!:Ients our best fit to the form 

dal = KP-n 
du u=O beam 

with a best fit of n = 2.02 ± 0.02. 

In Fig. 44b we see that the slope appears 

to go through some sort of maximum around 

0. 8 GeV I c and then begins to decrease (i. e. , 

the peak shrinks as the beam momentum is in

creased to - 0. 8 GeV I c, and then it beings to 

expand). 

A recent article by Mishke et al.t points 

out that this maximum in the slope is near the 

one -pion threshold. Possible explanations of 

this structure suggested by those authors are: 

(a) threshold effects, (b) a possible two-baryon 

particle or resonant state, and (c) the influence 

oft-channel resonances on the back scattering 

cross section. It is not yet clear what mecha

nism is involved in the np charge exchange 

process. For a review of many of _!he various 

proposed mechanisms and their criticisms, see 

for example Shepa rrl P.t al. (Ref. 94 ). 

Polarization in Elastic np and pn Scattering 

44 

In Fig. 45 we present data from a recent 45 
experiment on (backwards) !P elastic scattering. 

In Fig. 46 are displayed data on polarization in 4 6 
~elastic scattering. In contrast to the pp 

elastic data (where the polarization must be 

antisymmetric about cos e = 0) the np data c.m. 
is displayed in cos e from -1 to + 1. It is in-

teresting that over the entire energy range 

cove red from Pb = U. 8 to 1. 3 GeV I c, there eam 
is a pronounced dip at cos e "" -0.2 and the 

*The only authors who give fits to these distri
butions are Shepard et al. (Ref. 94 in 
Sec. III). Thus we have not separately tabu
lated them here. 
t· . 

R. E. M1shke, P. F. Shepard, and T. Y. 
Devlin, Structure in np Charge Exchange, 
Phys. Rev. Letters 23, 542 (1969). 
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polarization reaches its maximum values at 

cos e :::: +0.8. ( Ieos e I:::: 0.8 is also where 

the pp elastic polarization reaches its maxi

mum.) 

Inelastic np and pn Reactions 

Data on np and pn inelastic reactions 

are very sparse. In Table VII we list all of 

the data on these reactions picked up in our 

compilation. 

NN Reactions in the I = 0 State 

Since the pp (and nn) are in pure I= 1, 

we need not make special mention of the I= 1 

reactions. 'l'he I= 0 part of the NN interac

tions must, however, be determined by sub

traction. 

From isospin we have 

a1 0 " 2a - a = np pp 

So far np data has been so sparse that 

this formula can be applied meaningfully only 

to the total cross section. In Fig. 47 we see 

the NN(I=O) total cross section, along with a 

curve of the NN(I=1) total cross section [i.e., 

(J T (pp), taken from Fig. 1]. From this 

figure we see that although the I=1 interaction 

dominates from 1.25 to 4 GeV/c, the I=O part 

becomes the larger around 4 GeV /c and re

mains so at least up to 10 GeV/c. This tend

ency for the lower L-spin to predominate 

seems to be a general property of high-energy 

cross sections. 

Interactions with Deuterons: pd, nd, and dp 

In order to get information on pn, nn, 

or np reactions, one frequently uses deuteri

um as the fieutron source and then 11 corrects" 

the deuteriurn data appropriately to extract 

the neutron data. 

In this section we present some of these 

deuterium data, which are interesting in their 

CfWli ~·ighl. 

Figure 48 shows pd and nd total cross 

sections. Since the deuteron has I=O, isospin 

invariance requires that both of these pro

cesses be identical. Although the nd data are 
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scanty they do in fact agree. 

In Table IX we list the only available 
el 

data on a (pd). 

Figure 49 displays a very forward region in 49 
pd elastic scattering (in the Coulomb inter-· 

ference regi·on). The purpose of this experi-

ment was to measure cr (i. e. , the ratio of 
np 

the Re/Im parts of the np forward elastis scat-

tering amplitude). 

Fin~Hy in Fig. ~0 wP. prPsP.nt variouD 50 
pd elastic dii'fe:r.P.ntial cross sections. 

A Parameterization of the I!ltegrated Cr~s..:! 
.5ectiofia 

For two-body and quasi-two-body final 

states, Morrison'~ has proposed a parameteri

zation of the high-energy cross sections as a 

function of the incident mom.entum: 

a = const .. Pb-n , 
eam 

(1) 

suggesting that the value of the exponent n 

might indicate what mechanism is involved in 

a particular reaction. He proposes the fol

lowing: 

0 

1 .. 5 

2.0 

4 

;; .l!;lashc-like 11 

Non· otrangc n'lcson exd1c~.ug~:: 

Strange n'leson ~::.x.change 

Baryon exchange 

'~ D. R. 0. Morrison, Interpretation of the 
Variation of Cross Section with Incident 
Momentum for Inelastic Two Body Reactions, 
Phys. Letters~· 528 (1966). 
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We have fitted to formula (1) the following reactions: 

Energy Restrictions Fitted value n. 
Reaction interval on experiments of n Morrison 

PP-+ drr+ All data None 4.29 ± 0.04 4 

- nfl. 1"1" Above 10 GeV/c None 2.2 ± 0.16 1.5 

- pN"' (14 70 )+ Above 10 GeV/c Only experiments b 
("Roper") reporting production -0.09±0.27 

cross section for ~p 
.. decay modes of N 

-+ pN""(t520)+ Above 10GeV/c II 0.10±0.33 0 

Elastic Above 10 GeV/c None -0.22 ± 0.06 0 

np - pn (charge All data None 3.0 ±0.6 1.5 or 4 
exchange) 

Except for the last entry, agreements between Morrison's predictions and what one might 

reasonably expect in each of these reactions is really quite good. 
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2q2 Table 

Plnb 
2 p2 plab Plab c.m. 

MeV c 2 (GeV/c) 

0 1380 685389 3.0 2.07 
20 1':19 1400 700943 3.2 2.25 
40 799 1420 716565 3.4 2.43 
60 1798 1440 732254 3.6 2.61 
80 3194 1460 748009 3.8 2.79 

100 4985 1480 763826 4.0 2.97 
120 7170 1500 779705 4.2 3.16 
140 9746 157.0 795644 4.4 3.34 
160 12708 1540 811641 4.6 3.52 
180 16053 1560 827694 4.8 3.71 
200 19777 1580 843802 5.0 3.89 
220 23876 1600 859963 5.2 4.08 

- 24o 28343 1620. 876176 5.4 4.26 
260 33174 1640 892439 5.6 4.45 
280 38364 1660 908751 5.8 4.63 
300 43905 1680 925111 6.0 4.82 
320 49791 1700 941517 6.2 5.00 
340 56017 1720 957969 6.4 5.19 
360 62575 1740 974464 6.6 5.37 
380 69459 1760 991002 ~.8 5.56 
400 76661 1780 1007582 7.0 5.75 
420 !l4175 1800 10?.4202 1. 2 5.93 
440 91993 1820 1040862 7.4 6.12 
460 100108 1840 105'(560 ., • 6 6.30 
480 108512 1860 1074296 7.!l 6.49 
500 117198 1880 1091068 8.0 6.68 
520 126159 1900 1107876 8.2 6.86 
540 135388 1920 1124718 8.4 7.05 
56'0 1'~'•!l78 1<J40 1141595 8.6 7.24 
580 154621 1960 1158504 8.8 7.42 
600 164609 1980 1175446 9.0 7.61 
620 174838 2000 1192419 9.2 7.80 
640 18.5291:1 ?.0?0 ! :>nq423 ') • 'I 7.9!l 
660 195984 2040 l226457 9.6 6.17 
680 206889 2060 1243520 9.8 8.36 
700 218006 2080 1260611 10.0 8.54 
720 229329 2100 1277730 10.5 9.01 
740 240852 2120 1294876 ll. 0 9.40 
760 ~52560 i:! 1 ItO 1 )!Z04C) ll • ., 9.95 
7130 26't472 2160 1329248 12.0 10.41 
800 276558 2180 1346472 12.5 10.88 
820 288821 2200 1363721 13.0 ll.35 
840 301254 2220 1380994 13.5 11.82 
860 313852 2240 1398290 14.0 12.28 
880 326611 2260 1415610 14.'} 12.75 
~uo 33957.5 2280 1432952 15.0 13.2/. 
920 352589 2300 ·1450316 16.0 14.16 
940 3657CJ9 73?0 1467702 1 7. 0 15.09 
960 379150 2340 1485108 18.0 16.03 
980 392638 2360 1502536 19.0 16.97 

1000 406258 2380 1.51':1983 20.0 17.91 
1020 420006 2400 1537451 27. .o 19.78 
1040 433878 2420 1554937 24.0 21.66 
1060 447!!71 2440 . 1572443 26.0 23.53 
1080 461980 2460 1589967 28.0 25.41 
1100 476201 2480 1607509 30.0 27.28 
1120 490532 2500 1625069 32.0 29.16 
1140 504970 2520 1642646 34.0 ~1.03 
1160 519509 2540 1660240 36.0 32.91 
1180 534148 2560 1677851 38.0 34.78 
1200 548884 2580 1695478 40.0 36.66 
1220 5S3713 2600 1713121 42.0 38.54 
1240 578633 2620 1130780 44.0 40.41 
1260 593641 ~640 1748454 46.0 42.29 
1280 608733 2660 1766143 4A.O 44.16 
1300 623909 2680 1783847 50.0 46.04 
1320 639165 2700 1801565 55.0 50.73 
1340 654498 2720 1819298 60.0 55.42 
1360 669907 2740 1837044 65.0 60.11 

2760 1854804 10.0 64.80 
2780 1872577 
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pp Total and Elastic Cross Sections 

For elastic scattering the expression fort in the c.m. is t = -2q2 (1 -cos e c.m)· 

We give in the tables for elastic differential cross section 2q2 in (GeV/c) 2 and 

call it 20 SQUARE. 

On the facing page we have tabulated 2q2 vs incident nucleon momentum. 
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{ 
total 

PP ~ elastic 

Pbeam (GeV/c) ototal (mb) 0 elastic (mb) References pbeam (GeV /c) 0 total (mb) 0 elastic (mb) References 

·" Hto.oo t n.oo BARASHENKO 61 X 3.&7 42.10 t 1.20 HART 62 
.19 tss.oo z.oo 8AIUSHfNI(Q 61 X ) . 73 42 . 68 .o• &UGG 66 

·" 92.00 t.oo RAII-''iHENKO " X 3 . 91 ~oz.n . o. BUGG 66 

·'" ro.oo t.oo BARASHENKO 61 X 4 . 00 41.60 .62 LONGO 62 
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Fig .. 1a. pp total and elastic cross sections from 0.1 GeV/c up to the highest reported momentum. Data below our cutoff 

of 0. 5 G_eV/ c are from the review· article of Barashenkov (Ref. 56 ). For a linear representation of this same data se·e 

Figs. ib and ic. 
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Fig. ·ib. Same as Fig. ia, but now on linear scales. 
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pp elastic du/dt 
"'OMENTUM TRANS.FER BETWEEN BEAM AND SCATT BEAM 

IGEV/CI**2 

~EAM MOMENTUMICENTRAL VALUEI= .849 GEV/C 

REAM MOMENTUM RANGES FROM .800 TO .899 GEV/C 

MINIMUM 

.050 

.100 

.150 

.200 

.250 

MOM TR 

MAXIMUM 

.099 

.149 

.199 

.249 

.299 

20 SQUARE= .307 

RYAN PPPA 

SIGMA +- DS!GMA 
IM1LL1BARNS/IGEV/CI**21 

89.500 4.000 
80.700 4.500 
76.600 3.200 
84.300 3.700 
81.800 4.900 

PPAR-11 119691 SPRK 

BEAM MOMENTU~ICENTRAL VALUE!= 1.049 GEV/C 

BEAM MOMENTUM RANGES FROM 1.000 TO 1.099 GEV/C 

BEAM MOMENTUMICENTRAL VALUE!= .949 GEV/C 

REAM MOMENTUM RANGES FROM .900 TO .999 GEV/C 

MINIMUM 

.050 

.100 

.150 

.200 
• 250 
.300 

'10M TR 

MAXIMUM 

.099 

.149 

.199. 

.249 

.299 

.349 

2Q SQUARE= .372 

SIGMA +- OSIGMA 
(MILLI~ARNS/IGEV/CI**Z 

76.100 3.800 
67.800 5.300 
71.200 4.200 
63.900 3.900 
66.600 2.800 
66.300 3.200 

PLUS POSSIBLE SYSTEMATIC ERROR OF +- 1PER CENT 

~.YAN PPPA PPAR-11 11969) SPRK 

BEAM MOMENTUMICENTRAL VALUE!= 1.149 GEV/C 

BEA~ MOMENTUM RANGES FROM 1.100 TO 1.199 GEV/C 

MOM TR MOM TR 

MINIMUM MAXIMUM SIGMA +- DSIGMA 
IMILLI8ARNS/IGEV/CI**21 

.050 .099 58.100 2.900 

.100 .149 63.600 3.300 

.1~0 o1?? 16.600 :1.500 

.200 .249 58.600 3.700 
• 2SO .2'1'1 ~ ..... llll L.'tUU 

• 300 .349 . 46.900 2.300 
• 350 .399 49.500 2.600 
.400 .449 50.900 ~-000 

20 SQUARE= .441 
PLUS P055l~l~ ~V~ItMAIIL .tK«UK U~ t~ lPEK LENI 

RYAN PPPA PPAR-11 11969) 

BEAM MOMENTUM= 1.168 GEV/C 

****THIS DATA WAS READ FROM A GRAPH**** 

MOM TRANSF 

.126 

.1 7'1 

.231 

.284 

.336 

.389 

.441 

.494 

SIGMA +- OS!GMA 
IM1LLIBARNS/IGEV/CI**21 

53.812 3.~!11 
48.43i 4.105 
47.833 4.185 
50.225 4.783 
46.637 4.783 
41.854 4.185 
41.854 4.185 
37.071 3.587 

20 SQUARE= .525 

SALOON I NC 26 137 6 I 1962 I 

SPRK 

HBC 

MINIMUM MAXI'1UM SIGMA +- DSIGMA 
IMILLIBARNS/IGEV/CI**21 

.050 .099 53.300 2.800 
• 100 .149 52.700 2.800 
.1§0 ."1'."1 43-.?t;\t) 2. ~H)n 
.200 .249 45.100 3.600 
·'-'U .L'I'I &+o. lOU l.~uu 
• 300 .349 41.400 2.100 
• 350 .399 36.300 2.000 
.400 .449 33. bOO 2.uuu 
.4';0 .499. 40.400 2.400 
• 500 • 549 36.?00 2.900 

2Q SQUARE= .512 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 2PER CENT 

RYAN PPPA PPAR-11 I 19691 SPRK 

BEAM MOMENTUMICENTRAL VALUE!= 1.249 GcV/C 

BEAM MOMENTUM RANGES FROM 1.200 TO 1.299 GEV/C 

'10M TR 

MINIMUM MAXIMUM Sl{;MA +- U~lt;MA 

!MILLIOAR~5/IGEV/CI•?21 

• 050 .099 62.200 3.700 
.100 .149 54.100 3.300 
.150 .199 4 7. 200 3.2UU 
.200 .2 1t9 39.700 3.100 
.250 .299 33.900 3.400 
.300 .349 36.000 4.200 
.3~0 .3~~ Z6o400 4.600 
.400 .449 25.500 1.700 
.450 .499 22.400 1.700 
• 500 .549 25.200 1.800 
.550 .599 24.000 1.900 
.600 .649 24.100 1.400 

20 SQUARE= .586 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 2PE~ CENT 

RYAN PPPA PPAR-tt I 19691 SPRK 
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Fig. ?.. pp elastic differential cross secticns. For experi

ments measuring especial!l.y small angles or very large 

angles, see the following figures. Since the two particles 

are identical the angular C.istributions are symmetric about 

90 de.5. So as not to mask possible structures, systematic 

errors have not been inch:.ded, even though they may have 

been .siven by the authors. Some distributi::ms given orig-

inally as da/dw vs. e have been transfcrmed to da/dt c.m. 
vs. t. We have not included Connolly et a]. (Ref .. 93 I, 

which reports numbers of events, rather than da/dt (and 

does not give a factor that would enable us :o convert to a). 

The solid lines are the results of our least-squares fit to 
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da/dt = ~~~ =~. ebt, using data in the interval 0.03 :5ltl 

:5 0. 3 (GeV~ c) . This interval was arbitrarily selected to 

be a compromise that would allow us to use the same inter

val to fit all the data. Author's extrapolated values for 

da/dt at t = 0 were not used in our fits. WARNING-the 

fit is very cutoff dependent. The fitted parameters are 

plotted in Fig. 3. The vertical arrows represent the 

values of t at e = 90 deg. In those cases where the c.m. 
beam has a very wide momentum spread (see facing 

table), we have placed the arrow at the position corre

sponding to the middle of the rnomentum range (i. e. , at 

the value appearing on the figure). 

ttj 
~ 

C1) ...... 
~ 
CJJ 
("'+-...... 
0 

c.. 
q 

lJ.) 

" -·p. 
('+ 



32 

pp elastic du/dt 
MOMENTUM TRANSFER BETWEEN BEAM AND SCATT BEAM 

l GEV/C IUZ 

BEAM MOMENTUMlCENTRAL VALUEI= 1.349 GEV/C 

BEA~ MOMENTUM RANGES FROM 1,300 TO 1.399 GEV/C 

1-lnM TR 

MINIMUM MAXIMUM SIGMA +- OSIGMA 
lMILLIBARNS/lGEV/CI••zl 

.oso .099 80.600 3.900 

.[00 .149 63.800 3.700 
• 150 .199 46.600 3.200 
.zoo .249 38.600 3.200 
.250 .299 40.800 3.700 
.300 • 349 28.000 4.100 
.350 .399 23.000 1.700 
.400 .449 18.800 1.500 
.450 .499 15.300 1.400 
.500 .549 15.100 1.400 
• 550 .599 13.500 1.400 
.600 .649 14.000 l. 500 
.650 .699 u. 800 1.400 

20 SOU ARE= .662 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 3PER CENT 

RYAN PPPA PPAR-11 (19691 SPRK 

BEAM MOMENTU~lCENTRAL VALUEI= 1.549 GEV/C 

BEAM MOMENTUM RANGES FROM 1.500 TO 1.599 GEV/C 

MOM TR 

~INIMUM MAXIMUM SIGMA •- O.SIGMA 
lMILLIBARNS/lGEV/CI*•21 

- 1.1~11 .U'I'I 'l~.!>uu 5.!100 
.too .199 55.300 4.900 
.200 .299 31.600 3.100 
.300 • .l'l\1 l'l • .lUU L.'IUU 
.400 .499 14.000 1.300 
• 500 ,599 8.800 1.100 
.600 .699 7.000 1.100 
• 700 .799 6.800 1.100 
• 800 .899 7.100 .900 
.900 .999 6.600 1.100 

ZQ SQUARE= .819 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 1PER CENT 

M t"AIII PP,A ~rAn 11 l 1?6? I srnK 

BEAM MOMENTUMlCENTAAL VALUEI= 1.749 GEV/C 

BEAM MOMENTUM RANGES FROM 1.700 TO 1.799 GEV/C 

MINIMUM 

.050 

.[00 

.200 
• 300 
• 500 
• ()00 
• 700 
• 800 
.900 

MOM TR 

MAXIMUM 

.099 

.199 

.Z'I9 

.399 

.599 

.t.•J•J 

.·799 

.899 

.999 

ZQ SQUARE= .982 

SIGMA +-· OSIGMA 
lMILLIBARNS/lGEV/CI••21 

98.500 9.100 
46.000 8.900 
Z7.ZOO ~.700 
16.900 7.700 
6.800 1.300 
'.lOll l.lOO 
6.500 1.300 
4. 800 1. 500 
5.000 1.600 

.PLUS POSSIBLE SYSTEMATIC ERROR OF +- 1PER CENT 

RYAN PPPA PPAR-11 ( 19691 SPRK 

BEAM MOMENTUMlCENTRAL VALUEI= 1.450 GEV/C 

BEAM MOMENTUM RANGES FROM 1.400 TO 1,499 GEV/C 

M0'1 TR 

MINIMUM MAXIMUM SIGMA +- DSIGMA 
lMILLIBARNS/lGEV/CI•*21 

.a so .099 89.100 5.000 

.100 .149 68.500 4.300 

.150 .199 54.600 4.000 

.201) .249 42.700 3.600 

.250 .299 32.100 3.600 

.300 .349 22.600 3.300 

.350 .399 19.800 4,500 

.400 .449 19.300 1.700 

.450 .499 16.400 1.500 

.500 .549 12.700 1.400 
• 550 .599 10.500 1.300 
.600 .649 8.500 1.200 
.650 .699 10.400 1.400 
• 700 • 749 5.500 1.100 

20 SQUARE= .740 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- ZPER CENT 

RYAN PPPA PPAR-11 ( 19691 SPRK 

BEAM MOMENTUMICENTRAL VALUEI= 1.649 GEV/C 

BEAM MOMENTUM RANGES FROM 1.600 TO 1.699 GEV/C 

MD~ TR 

MHIIMUM MAXIMUM SIGMA +- OSIGMA 
lMILLIBARNS/IGEV/CI*•ZI 

• c.'o .o?? ?JoOOO 6.::!00 
.100 ,[99 58.500 6.100 
• 200 .299 28.800 4.700 
• .;uu -~~' 1'•700 :J.~oo 
.500 .599 8.300 1.200 
.bOO .b'l'l 5.bUU l.jU(J 
.700 .799 4.600 1.000 
.800 .899 4.600 .900 
.900 .999 5.600 1.100 

ZQ SQUARE= .900 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 1PER CENT 

RYAN PPPA PPAR-11 ( 19691 SPRK 

BEAM MOMENTUM= 2.230 GEV/C 

•u•THIS DATA WAS READ FROH A GRAPH**•* 

MOM TRANSF SIGMA +- OSIGMA 
CMILLIBARNS/lGEV/~1•*21 

.010 B.l39 4.069 

.ozo 47.475 9.947 

.032 76.865 9.043 

.04B 9l.6'10 n.~b4 

.06R ~5-907 n.'it.4 

.090 72.343 9.043 

.116 49.736 4.521 

.lt.t.. "\A, tl.'\7 Q.li\7! 
.1 76 36. 17 z 4.521 
.z 12 29.389 4.521 
.z 50 21.251 4.521 
.290 21.251 4.521 
.340 14.016 3.617 
.390 15.825 z.Z6t 
.440 12.208 2.261 
.490 7.686 1.356 
.550 4.521 1.356 
.640 5.878 .904 
.no 4.069 .904 

ZQ SQUARE= 1. 390 

EISNER PR 138 B670ll9651 HBC 
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du/dt 

Pbeam- 1.1111 

'0 
Q) 

::l 
~ ..... ..... 
$:I 
0 
C) 

N 
Pbeam.. 1.1JII 

biJ ..... 
c... 

Pbeam= 1.711 

Pbeam"' 2.23 

i 

1.4 1.6 1.8 2.0 



34 

pp elastic dcr/dt 
MOMENTUM TRANSFER tsETWEEN BEAM AND SCATT BEAM 

IGEV/CI .. Z 

MOM TII.ANSF 

.210 
,)QQ 

.sao 

.bBO 

.790 

.'l40 
.940 

\.)40 
1.750 
lo'll!U 

20 SQUARE• 
PlUS POSSIBLe 

51 GMA +- OSIGMA 
I HILL II:IAII.NS/IGEV/C 1 .. 21 

10.000 4,000 
B.CJOO , 700 
).200 .zoo 
2.100 .zoo 
1.480 ,OQO 
t.ooo .oso 
1.050 .050 

.630 .OlD 
,470 ,OlD 

.U.!U 

2.051 
SYSIEHUIC EIUlUR. UF ·- rPER tENT 

Af«ENBRANO .. 170 12231l'H•BI CNTR 

BEAM HQ."'ENTUM• S.SZO GEV/C 

••••THIS DATA oUtS READ FROM A GRAPH•••• 

"0" " 
MINIMUM MAXII1Uflt SIGMA OSIGMA 

I Ml LLI BARNS/IGEV/C 1 .. 21 
.oto .020 ZS.CJ20 ).527 
.ozo .0)0 57.840 s.zoq 
.0)0 .040 01. 1120 'j,452 
.040 .oso 54.000 S.OCJI 
.oso .060 62.880 5.494 ... .nln ton nnn ' '" .070 .oao 4).920 4.591 
.ooo .0?0 \looODO .. ,(,\\ 

.o~o olOO )OoOOO .... no 
• too .uo )6.000 4.157 
.uo .uo Z9.040 3,1)4 
.IZO .l)O 32.880 3,91) 
,lJQ • 140 2b.aao 3.5n 
.140 .150 Z1.840 3.65() 
.ISO .160 24,9b0 3,4bl 
olbU .l.IU l4,1:111U l.obiJ 
.l10 .LBO ltlo'lbQ 3.0l1 
.teo .190 18.000 Z.939 
.IQO .zoo 18.'il60 3.011 
.zoo -210 18.480 z, •ne 
oo!IU .uu lli,IJU 
.uo ,;!'JO 10.~60 l.l~ 1 
.110 ,140 11.040 ~- ~M 
.240 .250 14!..880 2,61) 
.zso .Z60 tO.SbO 2.251 
.lbO -210 10.080 2.200 
.210 .zeo lo!o.880 2.b13 
.zao .Z90 1),9()0 1.828 
.29o .300 bo480 1.1b4 
.300 .HO 12.000 2.400 
.310 .320 1.920 t.QSO 
.Ho .no ~.120 ,Z,(I'\ii! 
.330 ,)41) q,()I)Q lolo\1 
•. hO .no 1,'il20 1.950 
,)50 .360 5.520 1.628 
,)()0 ,)11) s.szo 1.6Z8 
.Ho .380 1.no 1.'il50 
.380 .390 4,080 1.399 
,)90 .400 s.zao 1o 5'12 
,4QO .410 4.oao t.3'l9 
,'flU •"LU ... uau 1.~.,., 

.4ZO .430 5.0lt0 1.555 ... .un 6..000 ' "' .HO ,It 50 1.9l0 ,IUQ 

.It SO ,4!.bO 4.0d0 1.399 

.460 ,lt10 t.4lt0 .all 

.410 ,480 2.880 t.11b 

... au ,rovu I.VlU .VbU 
,4qO .500 l.'l20 .960 
.~oo ,OIQ Zoi3SO Lol76 
·?10 .s~o z,ae.o lol16 
.szo .5)0 z.eeo 1.116 
0 ~~., • ~~t;l L. ~'!" .OH 
.540 .550 z.aso 1.116 
.550 .5b0 .~bO ,()10, 

.St.O • S10 o • .480 
- .. 

.510 .sao 1.920 .'il60 

.sao .5'l0 Z.400 1.013 

.S'iiO ,bOO 2.400 1.013 

.600 .610 ,9b0 .b19 

.610 ,bZO 1.440 .all 

.620 .630 ,960 o61'il 
ob30 .b40 ,960 .b19 
ou•u ;uJu o'fiJU .bl<,l 
obSQ • bbO o • .480 - .. 
obbO • b10 o • ,loBO 

• o. 
.b10 .b80 0- ,480 

- o. 
• 680 • 690 o • . .480 

- .. 
.b90 .100 1.920 .9()0 
.700 .110 ,9()0 ,()19 
.110 . no o • .loBO 

- o. 
• 1:.!0 . no o • . .480 

- 0-
.130 ,140 .9b0 .b19 
.Ho .7'10 a.no .9hn 

20 SQUARE• 4,)1) 

ALEXANDER '" 1281tlt9b71 HBC 

BEAM MOMENTUM• 6.800 GEV/C 

MOM TR 

MINIMUM SIGMA t- OSHiMA 
IIIIII.IRAOt.IHit,:i=ll.ll:lhl!l 

10. IEURAPOLAfEO POINT llOS,qoo•-Z,loOOI 
.Qll .OZ5 86,800 3,lo00 
.O)l .031 1b.100 3.000 
.Olol .OSO b9.300 2.500 
.058 .068 57,100 2.100 
.015 .089 46,800 1.800 
.09) .109 4t.b00 1.800 
.228 .Zb8 10.880 .4lo0 
.292 .Hl. t..no;n ,11('1 
.363 .4Z1 3.830 .210 
0 438 .514!. 2-230 .uo 
.5t9 .609 1.zz2 .on 
.60S .111 .111 .06b 
.b91 .819 ,lol8 .OH 
.794 ,932 .zH .on 

lQ ~\oiUAitt:ll 5o5bU 
PLUS POSSIBLE SYSTEMATIC ERROR OF.•- bPER CENT 

FOLEY PRL II 4i!51l9b)l CNTR 

IJEAM MOMENTUM• 4.000 GEV/C 

••••THI S DATA io!AS READ FROM A GRAPH•••• 

MOM TRANSF 

.025 

.040 

.oso 

.o7S 

.too 

.1)0 

.150 
:l!O 
.;?30 
.zro 
.380 
.b50 

1.100 
t.JOO 
1.600 
2.400 

SIGMA t- OSIGMA 
IMILL18ARNS/IGEV/CI .. 21 

ao.ooo a.ooo 
70.000 8.000 
67.000 11.000 
50.000 1.000 
40.ooo 8,ooo 
32.000 6,000 
28.000 5.000 
B~606 ~LOoo 
20.000 3,000 
15.000 .1.000 
a.ooo 1.ooo 
1.300 ,400 

.360 .too 

.020 .oso 

.080 .003 

.011 .OOZ 

20 SQUARE• z,q75 

COLETTI NC 

OEAM M011ENTU11• 6.600 GEVIC 

••••THIS DATA WAS READ fR011 A GRAPH•••• 

MUM TR 

HBC 

MINIMUM SIGI1A ._ OSIGMA 
I Ml LL IBAP.NS/ HOiiV/C l..,.l I 

o • 
.020 
.040 
.060 
.080 
.100 
.120 
.140 
.160 
.180 
.zoo 
.Z20 
,ZA~ 

.l60 

.280 

.300 

.320 
,)40 
.360 
.3ao 
.400 
.420 
.~ItO 

.460 

.480 

.500 

.szo 

.540 

.0:!0 

.040 

.060 

.080 

.100 

.120 
.140 
.teo 
.180 
.zoo 
.2ZO 
.240 
.z~o 
.,Z81) 
.300 
.320 
.340 
.3b0 
.3aO 
.400 
.4ZO 
.440 
.460 
.480 
.500 
.5ZO 
.540 
.560 

20 SQUARE• S,314 

COlTON UCLA 1025 

16.§00 
bZ.OOO 
60.500 
~3.000 
loO.OOO 
38.000 
38.000 
30.000 
24.000 
zt.OOO 
11.000 
\4.000 
IA,OOO 
ll.OOO 
9.000 
b.OOO 
5.500 
6.500 
4.500 
3.000 
Z.500 
).750 
3.500 
z.ooo 
2.750 
Z.150 
1.500 
1.500 

Z.Oll 
),q)1 

3.88'l 
3.640 
).162 
3.082 
3.08Z 
z.r:n 
2.44Q 
2.zqt 
2,0b2 
1.811 
1. en 
t.o58 
1.500 
1.225 
1.113 
1.215 
1.061 

.866 
• 7q1 
.968 
,qJ5 
.107 
,829 
.8Z9 
.6l2 
.biZ 

HBC 

••••THIS DATA WAS READ FROM A GRAPH•••• 

MINIMUM 

oOIO 
.OlO 
,UJU 
.040 
.oso 
.060 
.070 
.oao 
.090 
.too 
• 110 
.120 
.130 
.11.n 
.150 
.160 
.110 
.180 
,l'lO 
.zoo 
-210 
.uo 
.230 
.240 
.Z50 
.Z60 
, Z10 
.z8o 
0 ~~0 

.300 

.:no 

.320 
,))0 

.340 

.3SO 

.360 

.:pi) 

.380 

.390 
,loOO 
.410 
.420 
.430 
0 ~ \0 
.450 
.lt60 
.470 
,ltqQ 
.500 
.S10 
0 520 
,5)0 
o5lo0 
.550 
.SbO 
.510 
.580 
,5qo 
.600 
.biD 

MAXIMUM 

.Oi!O 

.OJO 

.U40 

.050 

.ObO 

.010 

.coo 
,090 
.too 
.110 
.120 
.IJO 
.140 
o1'i.O 
.160 
.ua 
.tao 
.tqo 
.zoo 
.210 
.Z20 
.lJU 
.240 
.250 
.2()0 
.Z10 
.280 
.zqo 
o300 
.310 
oZ.LU 
.no 
.340 
.350 
.360 
,)10 
.380 
,)ql) 

.400 
,lt10 
,4ZO 
.430 
,loo\0 
·"50 
.460 
,470 
,480 
.500 
.510 
.520 
.530 
.540 
.!i:iO 
.560 
.510 
.580 
.590 
.600 
.610 
.bZO 

20 SQUARE• 5o61Z 

ALEXANDER PR 

SIGMA •- OSIGMA 
11\ILLI OAnl;l/1 Ot."o'/C I;. 6ol I 

14ob00 .to04-6 
.. o.ooo '·"n 
50.000 5.000 
nR.OOO 'io.A11 
SOoOOO 5o000 
54.000 S.l96 
'oOoOOO ~.0~'1 

43.000 4.631 
50.000 5.000 
40.000 4.412 
31.000 ).937 
Z4.000 3.4blt 
zq,ooo J.aoa 
11 nno 1 111 
1a.ooo 3.ooo 
i"n.noo loHi" 
Z1.000 3.611t 
zo.ooo l.lbZ 
1Z.OOO 2.449 
1S.OOO Z.139 
13.000 2.S50 
1q.uuu t..6<o6 
13.000 2.550 
6.000 1.732 

11.soo z.5'l8 
11.000 Z.34S 
12.000 2 ....... 9 
1o.5oo z.z9t 
11o000 Z.91:i 
13.soo 2,5q9 
,,.;;Uvu ,Z,oqo 
1o.ooo z.236 
o.ooo z.ooo 
5.000 1.581 
4.000 1.414 
6.000 1.132 
s.ooo 1.181 
2.700 1.162 
z.OOO loOOO 
3.000 l.ZZ5 
b.OOO 1.132 
z.ooo 1.000 
4,500 1.500 
'•000 ,,,01 
4.500 t.soo 
4.SOO 1.500 
1.000 ,101 
1.ooo .101 
1.000 .101 
.soc .500 

1.500 .86() 
.500 .soo 

1.000 .101 
1.500 .8bb 
1.000 .107 
.500 .soo 

1.500 .8bb 
.500 .500 

1.500 .866 
1.SOO .866 

113 1322119681 HBC 
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pp elastic du/dt 
MOMENTUM TRANSFEK HETWEEN 8EAH AND SCAlf BEAM 

IGEV/CI .. Z 

BEAM MOMENTUMa 8.100 GEV/C 

110M TR 

MINIMUM MAXIMUM SIGMA +- DSIGHA 
I MILL IBARNS/IGEV/C 1 .. 21 

10, IEXTRAPOLATEO POINT I 79.050+-3,2791 
.060 .080 44.955 2.464 
.oao .too 37.260 z.243 
.100 .120 34.560 2.160 
.120 .140 29.835 2.007 
ol4Q olbQ 27,675 (,9)3 
.too .uu u.uu 1.111 
.tao .zoo tl.sso t.539 
.zoo .nn 16.875 1.509 
.220 .240 13.500 1.350 
o24Q ,260 10.125 lol69 
.260 .100 11.340 1.237 
.ZRO .300 9.L80 l.ll3 
.300 .320 7.560 1.010 
.320 .340 6.075 .906 
.340 .360 5.940 .895 
.360 .380 5.400 .854 
0180 .400 ).645 • 701 
.400 .420 3.)75 .675 
.420 .440 4,455 • 776 

ZQ SQUARE.. 6. 710 

GINESTEf NP lHl 283119691 HBC 

SEAM MOMENTUM., 8.800 GEV/C 

MOM TR 

MINIMUM MAltiMUM SIGMA +- OSIGMA 
I Mllll HARNS/1 GEV/C 1 .. 21 

10. !EXTRAPOLATED POINT 1106.400-2 .. 7001 
.. 036 .. 042 74.700 z.soo 
,(152 .Ob2 &0.,00 2 .. 100 
.on .084 49.900 1 .. 100 
.. OQl .ILJ 38.900 1.200 
-126 .148 32.200 1.200 
.. 1s5 .u1 22.510 .no 
.242 .284 q.500 .380 
.:no .364 s.120 .zso 
,JBS .453 2.840 .\60 
o464 ,544 (,554 .. 102 
.<;49 .645 .805 .063 
o64l .753 ,402 ,Q40 
.739 .867 .192 .026 
• 843 .989 .112 .020 

2Q SQUARE .. 7.423 
PLUS POSSIBLE SYSTEMATIC ERROR OF •- 6PER CENT 

Fnl FY II 4]'11 19631 

BEAM HOMENTU/4 .. 10.940 GEV/C 

•. wo 
.2~3 
.333 
.4ll 
.493 
.582 
.679 
.782 
.8'H 

5-fr.u& ... nstr.,.,. 
I Mllli86RNSII G!;VIf;,l .. ll 

lJ.l\IU .HU 
1;1;.100 .2~1) 
4.660 .160 
2.570 .110 
1.411 .076 

.641 .048 
• 393 .039 
.178 .026 
.094 .018 

CNTR 

euu 

BEAM MOMENTUM= 8. 500 GEV/C 

""" TRANSF SIGMA OSIGHA 
I MILL I BARNS/I GEV/C 1 .. 2) 

.no 24.500 .bbO 

.150 20.650 ,610 

.170 17.780 .570 

.190 14.990 .520 

.220 11.800 .330 

.260 a. 740 ,280 

.300 7.210 .250 

.340 4. 770 .zoo 

.HU '··'"u 1 L iU 

.420 2o49Q .150 

.460 1o 7'10 .120 

.500 1. 310 .110 

.540 lo139 .098 

.sao .BOO .085 

.650 .485 .041 

.150 -278 .032 

.850 -123 .021 

.950 .')59 .016 
1.050 .ass .016 

2Q SQUARE= 7.143 
PLUS POSS ISLE S't'STEHATIC I::KKUK U~ ·- 7PER CENT 

HARTING NC ,. 6011965) SPRK 

BEAM MOMENTUH=10.800 GEV/C 

11011 TR 

MINIMUM MAXIMUM SIGMA •- OSIGMA 
I MILll SARNS/tGEV /C 1 .. 21 

10. IEXTRAPOLATEO POINT tl02.800•-3.100I 
.053 .063 59.400 1.700 
oOit ,OQL 4-4o000 1o 1100 
.107 .1~, H.TOO 1.100 
o\4>4 .170 2l.HO .760 
.188 .220 16.560 .610 
.230 .270 10.260 .450 
.247 .289 8.100 .320 
• 316 .370 4.530 .210 
.393 .461 2.380 .130 
.474 .556 1.148 .075 
.563 .661 .548 .044 
.656 .110 .Z9:i .o~? 
.758 .890 .138 .. 018 

ZQ SQUARE= 9. 291 
PLUS POSSIBLE SYSTEMATIC ERROR OF+- 6PER CENT 

FOLEY PRL l1 425119631 CNTR 

SEAM MOMENTUHa12. 800 GEV/C 

IIIQIII TP 

HINIHUH HAXIHUH ~ll.MA ..._ U~ll.HA 
I Mltl.l At.RNS/1 r;.Fv lf:.l••ll 

10. )EXTRAPOLATED POINT ll04.Q00+-4,l001 
.045 .053 66.200 4.600 
.067 .079 46 .. "100 1.100 
ollQ o130 33,900 1o400 
.1S3 .179 22.900 1.100 
.206 .242 13.930 .780 
.256 .300 6.880 .280 
.260 .306 7.840 .S40 

1111 170 
.408 .478 1.no .110 
a.;H 1lTT • 100 •O"l 
• 583 .685 .420 .036 
• 60Z • 000 • ZZ? oOZ5 
.788 .924 .091 .015 

20 SQUARE.- 11.162 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 6PER CENT 

FOl..EY PRL 11 425119631 CNTR 

BEAK HOMENTUK .. 12.400 GEV/C 

MOM TRANSF 

.130 

.150 

.170 

.190 

.220 
•. HO 
.300 
.340 
.380 
.410 
.460 
.sao 
.540 
.sao 
.6SO 
.750 
.850 
.950 

(.100 
1.300 
1.500 
2.000 

SIGMA +-- OSIGMA 
I KILL I tiAKNS/ I GEV/C IU21 

23.430 
18.400 
16.220 
12:.440 
10.430 

7.150 
5.360 
3.600 
2.960 
2.too 
1.430 
1.280 
.815 
.506 
.310 
.178 
.087 
.034 
.ozo 
.012 
.01Z 
.004 

.no 

.650 

.610 

.490 

.320 

.260 

.220 

.190 

.160 

.140 

.no 

.110 

.091 

.069 

.038 

.Olb 

.ozo 
.Oil 
.006 
.oos 
.oos 
.002 

]Q SQUARE• lOo 767 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- TPER CENT 

HARTING NC 38 60t 19651 SPRK 
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38· 

pp elastic du/dt. 
HQfl(fNTUfl( TRANSFER BETWEEN BEAH AND SCATT BEAM 

IGEVICJ .. 2 

BEAM HOMENTUH•l4,'il30 GCVIC 

'40Jit TR MOM TRANSF SIGMA - OSIGMA 

MINIMUM MAXIMUM SIGMA +- DSJGHA 
I MILLIBARNS/1 GEV/C 1 .. 21 

t HILL I BARNS/ tGEVIC 1 .. 21 
.216 
.284 
.)60 
,444 
.534 

11.480 .230 
6.670 .160 

10. IEXTRAPOLAfEO POINT 1103.200+-4.8001 
.Qbl .071 49.400 1.900 
.110 .130 34.200 1.300 
.147 .173 20.820 .960 
.lUJ .H~ lU.'I!JU .!S8U 
.270 .318 5.780 .zso 
-l74 .322 5.830 .470 
.346 .406 2.930 .• ISO 
.355 .417 2.400 .280 
.431 .sos 1.489 .089 
.519 .609 .663 .050 
.615 .721 .311 .030 
.719 .843 .128 .017 

2Q SQUARE= 13.034 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 6PER CENT 

FULEV P•L 11 425119631 

BEAM HOMENTUM::~JS.SOO GEV/C 

HOM TRANSF SIG~A +- OSIGHA 
l14lll IBARNS/IGEV/Cl .. ZI 

IS.1JJ 13.&H 
34.693 5.232 
l2.)Q3 1.859 
2.938 .470 

.sos .106 

OIDOENS PRL 9 108119621 

BEAM MOHENTU/1=18.400 GEY/C 

MOM TRANSF 

.tqo 

.220 

.260 

.)00 

.340 

.380 

.420 

... uo 

.500 
,fi,Q 

.HO 

.b50 

.150 

.uo 
,950 

t:igg 
1.500 
2.000 
3.600 

SIGMA +- OSIGHA 
I HI Lli6ARNS/I GH /C )Ul I 

12.510 .abo 
10.260 .bOO 
7.350 .470 
lt. 800 .2b0 
3. 570 .220 
2. 3b0 • 170 
1.710 .120 
l.t~~ .10D 
1.0b4 .095 

n11 
.387 .057 
.277 .030 
.O'il2 ,018 
,n.t.• .n11 
.050 .014 
.013 .005 
.OOS .UU:J 
.002 .002 
.ooo .ooo 
.ooo .ooo 

2Q SQUAREa 16.406 

t:NIK 

CNTR 

PLUS POSSIBLE SYSTEMATIC ERROR OF +- 7PEP CENT 

HARTING NC 38 60119651 SPRK 

),480 .100 
•• 752 .064 

.886 .03'il 

:m :m :~f~ 
O!Q SQUAA6· U.l55 

FOLEY PRL 15 4511965) CNTR 

SEAM M014ENTUHa16.700 GEV/C 

MOM TR 

MINIMUM MAXIMUM ~llO"'A +- USI(.MA 
I Ml Lll BARNS/IGEV/C 1 .. 21 

10. I EXTRAPOLATED POINT I 92.200+-5.5001 
.039 
.on 
.130 
;. 160 
.259 
.283 
• 350 
.l6l 
.44Q 
.452 

.045 5b.OOO 4,300 

• 542 
-~47. 

.O'H 

.152 
1l.LO 
.303 
.333 
.410 
.424 
.521 
.530 
.636 
• 7'i4 

2Q SQUAREa 14.813 

4~.-.oo 
24.420 
1,.r: \0 

7.030 
5.060 
2. 810 
2.430 
1.114 
1.090 
.471 
.214 

~.<)00 

.980 
of.oOO 
.430 
.220 
.2b0 
.130 
-"'~ 
.170 
.038 
.023 

PLUS POSSIBLE SYSTEMATIC ERROR OF •- 6PER CENT 

FOLEY PRL 11 425119631 CNTR 

BEAM HOMENTUM•18.600 GEVIC 

MOM TRANSF SIGMA +- USIGMA 

,U,jl 

.134 

.289 

.521 
• f9't 

I HILL I BARNS/I GE"V/C 1 .. 21 
l'i',U'i' lT,.;,ll 
24,991 4.998 

4.771 ,954 
.606 .145 
,1).,5 .02ti 

2Q SQUARE• 16.593 

OJODENS PRL 9 108119621 

BEAM MOMENTUM•19.200 GEVIC 

HOM TRAN SF SIGMA - DSIGHA 
IHICROBARNS/IGEVIC 1 .. 21 

.u,& &t&,UU.I)UO 
o147 21400.000 . ,,a 1n1nn.nnn 
.)29 4170.000 
o446 1600,QOQ 
.511 96S.OOO 
.set !i4h.nnn 
.654 2'il5.000 
IT:It llo'hOOO 
.au 76.ooo 
.8119 J t.uuu 
o'il89 18 .. 200 

1 .. oa2 to.lOO 
1.180 6.160 
1.281 4. 3.20 
lo385 3.850 
1.494 3.400 
lo606 ],060 
1.721 2.330 
t.a.too 2.210 
1.962 1.1140 
2.oea 1.600 
2-216 1.250 
2.348 ,947 
2.483 .b85 
2.620 .604 
2.761 .511 
].050 .257 
3.349 .159 
].658 .085 
3.976 .054 
4.302 .032 
4,6Jb .016 
4o?76 .au 
'1.'\?.J .. ooo 
5.676 .005 
b.UJJ .004 

20 SQUARE• 17.15b 

1910.000 
1284.000 
hiA.nnn 
250.200 

9b.OOO 
s·t.9oo 
"\?.. 760 
17.700 
0.?~0 

4.560 
2.220 
1.092 

• 618 
.370 
.259 
.211 
.i:!U4 
.184 
.140 
-\"\" 
.llb 
.096 
.075 
.057 
.041 
.036 
.031 
.015 
.010 
.005 • 
.003 
.002 
.001 
.001 
.ooo 
.ooo 
.ooo 

PLUS POSSIBlE SYSTEMATIC ERROR 0~ +- 8PER. CENT 

ALLABY PL 288 67119681 CNTR 

CNTR 
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du/dt 

Pbeam•11i.IIO 

Pbeam•18.70 

t 

o. .2 .4 .6 .a 1.0 1.2 1.4 1.6 1.a 2.0 

ltl (GeV /c)~ 

~ 
<II 
;j 

.5 ..... 
~ 
0 
u 
-; 

N 

oO . .... 
~ 



BEAM MOMENTUM=l9.600 GEV/C 

MINIMUM 

.106 

.177 

.256 

.278 

.353 

.357 

.444 

.476 

.536 

.637 
• 746 

MOM TR 

MAXIMUM 

I O. I EX TRAPOLATEO 
.l.!4 
.207 
• 300 
.326 
.415 
.419 
.522 
• 558 
.630 
.747 
.876 

2Q SQUARE= 17.531 

40 

pp elastic du/dt 
MOMENTUM TRANSFER BETWEEN BEAM AND SCATT SEAM 

IGEV/CI**Z 

BEAM MOMENTUM=l9.B40 GEV/C 

MOM TRANSF SIGMA +- DSIGMA 
IMILLIBARNS/IGEV/CI**21 

SIGMA +- DSIGMA 
I IH LLI OAnll~ll OCV .'G 1,.,.~ I 

POINT I 96.500+-7.0001 
29.400 1.200 
14.080 .410 
6.390 .260 
5.010 .240 
2.260 .130 
2. 400 • 130 
1.089 .076 

.110 .073 

.465 .043 

.156 .023 

.113 .018 

.230 

.JOJ 

.383 

.474 

.569 

.674 

.787 

9. 290 .2ao 
L1t,Q 1Qn 
2 •. &40 .120 
1.2(,9 .070 
.552 .042 
.291 .030 
.100 .018 

2Q SQUARE= 17.755 

FOLEY PRL 15 45119651 

PLUS POSSIBLE SYSTEMATIC ERROR OF +- &PER CENT 

FOLEY PRL 11 425119631 CNTR 

~~AM HOMENTUM=21.120 GEV/C 

MOM TRAN SF SIGMA ·- DSIGMA 
IMICROBARNS/IGEV/CI**21 

.070 39300.000 1572.000 

.178 14400.000 576.000 

.277 6000.000 240.000 

.398 2150.000 86.000 

.539 690.000 27.600 
• .70 1 212.0.00 8.480 
• 790 88.600 3.544 
.883 40.100 1.604 
.982 18.200 .728 

l.ue9 10.100 w '10' .. 
1.1 93 5.~~9 .209 
1.305 4.040 .162 
1.423 3.120 .125 
1.544 2.740 .llO 
1.670 2.510 .100 
1.800 £oliO .08 11 

1.934 1.760 .070 

2Q SQUARE= 18.Y5!i 
I'll IS POSSIBLE SYSTEMATIC ERROR Of +- 8PER 

ALLABY PL 28B 67119681 

BEAM MOMENTUM=21.980 GtV/~ 

MOM fRANSF SIGMA +- OS IGMA 
IHILLIBARNS/IGEV/CI**21 

.235 

.309 

.392 

.485 

.5 83 
,(,91 
,Rn7 

8.980 .280 
4.820 .180 
2.250 .100 
1.100 .063 

.494 .038 

.209 .024 

.096 .016 

2C SQUARE= 19.668 

FOLEY PRL 15 45119651 

CENT 

CNTR 

CNTR 

BEAM MOMENTUM=21.400 GEV/C 

HOM TRAN SF 

.032 

.156 

.365 

.681 
1.047 

SIGMA +- DSIGHA 
IMILLIBARNS/IGEV/CI**21 

59.505 12.496 
14.059 2.531 
2.092 .39B 
.170 .034 
.015 .005 

2C SQUARE= 19.218 

DIDDENS PRL 9 108119621 

SEAM MOMENTUM=Z4.630 GEV/C 

HOM TRANSF 

.254 

.334 

.424 
• 52 5 
.632 
.748 

SIGMA +- OSIGMA 
IMILLIBAKNS/IGEV/CI••21 
7.560 .340 
3.740 .210 
1.7l2 .122 

.824 .074 

.203 .031) 

.110 .028 

2Q SQUARE= 22.246 

FOLEY PRL 15 45(19651 

~~1\M. MUHiiNfUM~l6 .lOO O.EV /( 

MOM TRAN SF 

.064 

.267 

.597 
1.040 

SIGMA +- OSIGMA 
!MILLI8ARNS/IGEV/CI**21 

50.069 11.015 
5.934 1.246 

.328 .072 
• 020 .006 

2C SQUARE= 23.718 

qiOOENS PRL 9 108119621 CNIK 

CNTR 

CNTR 
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Fits to the PP elastic scattering data 
dofdt (t = Ob SLOPE 

p~:~n:>~9..:~!:~---~~~~:..~!~~--------~~:'.i:~---------~-2!_r-:_ __ 
.849 87.47 :1: 5.07 ,)5 %: .32 \.90 
.949 78.27 4.<;18 .66 .31 .64 

1.049 62.87 ),93 .46 .)1 \.06 
1.149 56.38 ).17 .87 .35 1.26 
1.!119 7R.4l b.40 ),Ql .48 .03 
1.149 105.92 7.88 4.10 ,43 z.so 
1,450 128.86 10.44 4,<18 .so .OCt 
1.549 IH.SL 13,84 b.21 ,64 .H 
4.ooo 86.94 e.ol 6.59 .67 .tto 
s.szo 86.53 4,90 a.os .39 t.Zl 
b.600 89.52 5.06 7.68 .)9 .60 
6.800 102.07 6.87 9.05 .24 .62 
6. 920 8),94 4.72 7. 58 0 38 z. 21 
8.100 h.90 4.14 l,ZO .H .84 
a.soo 6z.es s.t6 7.45 .21 t.6o 
8.800 101.10 6.88 a,ql .ll loll 

10.800 98.50 6.55 9.11 .18 1.89 

:i:~~6 ~:.;~ ~:ci~ ~=~~ :~~ l~lf 
14.800 98.13 7.20 9.62 .22 2.52 
HoolOO 85,54 ?,2Q A.91> .34 ,54 
t9.600 as.s6 e.oo 9.3tt ,Js .14 
21.120 7),30 7.03 9.07 .27 .26 

Table I. Fits reported by authors to their own pp elastic scattering data. 

data see Fig. 3. 

rbcam. 
(GeV/c t I min I 1 I max 

.so ... 
t,nn 

\o\0 

t.zo 

1.3-0 

1.4U 

loSO 

\olO 

.02 

s.sz .03 

b-60 .06 

o.qz .04 

a.to .oo 

R."in ,1'\ 

a.so .n 

a.so .tl 

10.1,1~ 

12.40 .13 

u.•o .n 
n.oo .ot 

\4.93 

ts.n .ot 

18.40 .\IJ 

18.40 .\9 

18.40 .\9 

tB.al .ot 

"·A1 .01 

21.88 

24.7Z .01 

za.so 

]0.62 .01 

33o5) oOl 

)6.4) .01 

39.5) .01 

41-b) .01 

~t5.13 .at 

48,<J3 .01 

52-13 .01 

54.33 .ot 

ST.ol .ot 

oo.zJ .ot 

b3.53 .01 

1}"·1 ~ 

o9.93 .ot 

... 

.75 

.15 

oil 

... ... 
z.oo ... 
.II 

).bO ... 
·" 

·" 

·" 
·" 

·" 
·" 
·" 
·" 
·" 
·" 
·" 
·" 
·" 
·" 
·" 
·" 
·" 
·" 

Y•A•EXPI-BT•tT•!Zl 

Y•A•EXPI-BT+CT••Zl 

. Y•A•EXPI-BT+CT••Zl 

Y•A•EXPI-BT+CT••Zl 

X•EXPIA+B(T)I 

K•EXPIAt-BITI+CIT .. ZJI 

II·A''IUI"IU'PII 

llaFIPI6~AT.C.T••11 

" .. i:.d·i<~. urn . cn••tJi 

X•EKPIA+BTI 

X•EXPIA+BT+C·T .. •ZI 

X • EXPIA + BIT I + Cf1' .. 211 

fi•£)1111-B'AI!Sit IJ 

x•ExPr A•Af•tTU21 

X•EXPIA•BT+CT.••zl 

Y•EXPI-B•ABSITJI 

X • EXPIA • 81TI • CIT .. 211 

X • EltPIA • 81TJ • CtT .. Zll 

'I • fYPIA • f\1 T I t r.n••? II 

Y•EKP(-8U8SfTII 

Y•EXPI-8U8SITII 

Y.f KP( -B•ABSI Til 

Y•EKPI-B.A8SITII 

PARAMETERS 

87.10 t 5.1o 8 

78.80 4,70 B 

b4.70 3.60 8 

79,60 4.70 B 

107,.40 SaGO D 

lH.LO 7.10 8 

126.20 9.60 8 

1)7.00 11.70 8 

\40.90 15.70 8 

91.0~ s.oo 8 

4.39 .04 8 

4.1t5 .05 8 

~4.00 !!:. 50 11 

-1.17 .57 c 
-1.00 .52 c 

-2.01 .47 c 
-lt.38 .44 c 
-~.lb 

,I.Jo r. 

.34 c 

6.70 .so 

7.17 ... 
·" 
.92 c 

.1~ I. 

80.00 3.00 lA!-180 7.50 .20 

lt.ZO .03 8 7.75 .u 
lt.24 .04 8 8.16 .28 c 
o\,27 .Olo 8 8.35 .25 c 

'-~~ • 09 0 v.H -~' c 
lo.2b .u~ tJ 

4.15 .03 B 8.19 .13 

lo.3S .03 8 9.71 .16 c 

9.81 .)5 

4.32 .to e 8.89 .52 c 

"·":! .ut s 
~o.u .o8 D 

4.39 .\3 8 9,79 .63 c 
10.46 .12 

4.19 .15 8 8.68 .lQ c 
10.58 .12 

4.38 .16 8 9.63 .78 c 

q,nn .Jn 

4.09 • 30 8 7.97 1.56 c 

10.59 .11 

10.17 .11 

7.34 .11 8 •10.91 1.05 c 

10.68 .11 

10.66 .11 

iO.H .ll 

t0.89 .to 

10.87 .14 

10.95 .10 

11.19 .11 

11.31 .11 

ll.24 .12 

11.16 • 10 

11.40 .09 

11.76 .12 

11.52 .12 

11.38 .11 

1.89 \.69 

.72 \.31 

2.10 

).96 .72 

... ot .&9 

3.5& .)9 

3.80 .57 

4.39 .12 

t.so ·" 
1.05 \.72 

J.bB ... 

.84 .)6 

i.i4 .u 
1 ,. 

1.41 ... 
2.33 .14 

.98 .62 

\.53 .69 

.10 .92 

1.56 .89 

.82 1:83 

4.18 z.u 

For our fits to these 
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Fits to the. pp elastic scattering data .. 
200 12 

(a) 
10 

160 

j 
I I I I I I 

B 

I II rr 120 

I I I I I 
I I - 6 
u .. 

li L I 
......... 

I - :> ,....., u BD Q) o-....... t t!) 
II :> 

i t - 4 
.... Q) 
........ t!) 

I 
.... _ 

rz:l 'CI' 0.. '.o 40 0 

~ s ~ 2 C/l 

0 o I 
0 5 10 15 20 25 0 s 10 16 20 

Pbeam (GeV/c) Pbeam (GeV /c) 

12 

I I i I 
1 

I I 

t i I t t i· § t I 

10 H 
I I If I I I . 

B 

Ilf .. ri I - 6 u 
......... 

I :> 
Q) 

t!) - 4 

IZl I 0.. 
0 
~ 2 

(c) Vl 

0 i 
0 16 30 46 60 76 

Pbeam (GeV /c) 

Fig. 3. Coefficients from our least-squares fit of the pp elastic scattering da/dt to the form 

da/dt = ~~~ . ebt over the interval 0.03 S ltl S 0.3 (GeV/c)
2

. Systematic scaling errors in 

(b) 

t;;;O dO' 2 
the data have been folded into the errors of dt lt=O· In the table X /N is the chi-square of the fit 

divided by the number of degrees of freedom. We have tabulated and plotted values only from 

those distributions giving x2 
/N S 5 and a relative error in ~~~t=O S 10%. The solid line in 

(a) is the optical lower limit calculated from <Ttotal (pp), Fig. 1. The two points falling below 

this line (represented by0) are from an experiment that starts at a relatively high It I v~lue of 

- U.15 (GeV/c)?.. 'l'he fitted values of these parameters whenever given by the authors are shown 

in Table·!. For convenience we have plotted the Serpukov results in Fig. 3c together with ours. 

The vertical discontinuity between these fits and ours is not meaningful since they use a different 

cutoff, etc. 

25 
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pp elastic du / dt 
(large Ill ) 

MOMENTUM TRANSFER BETWEEN BEAM AND SCATT BEAM 
IGEV/CI**2 

BEAM MOMENTUM= 4.000 GEV/C 

HOM TRAN~F 

.4BO 

.490 

.540 

.&90 
l.lBO 
l.b 10 
2.230 
2.B50 

SIGMA +- OSIGHA 
IMILLIBARNS/IGEV/CI**21 
4.900 .300 
4.500 .300 
3.200 .zoo 
1.&00 .100 

• 320 .100 
.1B8 .007 
• 087 .004 
.059 .002 

20 SQUARE= 2.975 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 7PER CENT 

ANKEN8RAND PR 170 1223119bBI 

BEAM MOMENTUM= 1>.070 GEV/C 

HOM TRAN SF 

1.090 
1.230 
1. 510 
l.B30 
2.180 
2.180 
2.~00 

2.510 
2.850 
3.320 
3.900 
-\o,'t '•0 
4.bbU 
<t,ooo 
4.670 

S'l GHA +- OS I GMA 
IMILLIBARNS/IGEV/CI**ZI 
.zoo .ozo 
.123 .009 

.• 057 .003 
.029 .002 
,Qp .001 
• 017 .002 
• (,1!7 • nn? 
.012 .001 
.009 .001 
.OOb ,(100 
.005 .ooo 
.ool .ooo 
• .:nn .ooo 
.oo~ .ooo 
.003 .000 

ZQ SQUARE= 4,883 

CNTR 

PLUS POSSIBLE SYSTEMATIC ERROR OF +- 7PER CENT 

ANKENBRANO PR 170 1ZZ31191>BI 

BEAM MOMENTUM= 7,120 GEV/C 

HOM TRANSF 

1.420 
1.5BO 
I.HIU 
2.370 
2.110 
3.11>0 
4o31>0 
4.41>0 
4.1>30 
5.1>70 

SIGMA +- OSIGHA 
IHil~IRARNS/IGEV/CI**ZI 

.OS3 .001> 

.034 ,004 
,(JH .ooz 
.008 • 001 
• 006 .001 
.004 .001 
.ooz .ooo 
.001 .ooo 
.001 .ooo 
.001 .ooo 

20 SQUARE= 5,858 

CNTR 

PLUS POSSIBLE SYSTEMATIC ERROR OF +- 7PER CENT 

ANKENBRANO PR 170 12231191>BI CNTR 

BEAM MOMENTUM= 5.020 GEV/C 

HOPI TRANSF 

.no 

.750 

.150 

.B30 
,840 

1.030 
1.040 
1.520 
1.71>0 
1.800 
z.8oo 
,.ooo 
3.230 
J.5YO 
3.&40 
3.&40 
3.800 

SIGMA +- OSIGMA 
IHILLIBARNS/IGEV/CI**ZI 
.950 .01>0 

t.o5o .o8o 
1.070 .080 
.630 .040 
.110 .050 
.320 .030 
.330 .020 
.100 .010 
.0&4 .005 
,ObO .003 
.021 .001 
.oco .oo~ 
.011 .ooo 
.01' .001 
.011> .ooo 
.015 .001 
.019 ,002 

20 SQUARE= 3.911 
PLUS POSSIBLE SYSTEHAIIC ~KKOR OF +- 7PER CENT 

ANKENBKANU PR 170 12231191>81 C NTR. 

BEAH MOMENTUM= 7,100 GEV/C 

MINIMUM 

2.902 
3.080 
3.353 
3.6l1 
~.91 q 
4.30B 
4.B05 
5.81Q 

HOM TR 

MAXI HUH 

2.937 
3.111> 
3.390 
3.611 
~.9~7 
4.348 
4.B45 
5.81>0 

lO SQU••~= '·"'q 

S I GHA +- OS IGHA 
IMICROBARNS/IGEV/CI**ZI 
4.401 .171> 
3.71>1> .151 
2.733 .109 
2.l~l ,UHb 
lol>bb .0~1 
1.263 .051 

.894 .036 

.&73 .027 

PLU3 P03HOLC 5Y5HHATIC (RROR Of o- 7rER CE'IT 

ALLABY CERN 

H~AH MOMENTUM• B.100 GEVIC 

MINIMUM 

1.!:6? 
1.B03 
2.050 
2. 311 
?· 584 
2.868 
3.11>3 
3.31>5 
3.571 
3.888 
4.212 
4,544 
4,995 
5.571 
b. 747 

HOM TR 

MAXI HUH 

1. 5~~ 
1.835 
2.084 
2.341> 
2.1>21 
2.906 
3.203 
3.406 
3.1>13 
3.931 
4.251> 
4.589 
5.041 
5.1>18 
6.794 

ZQ SQUARE= 1>.770 

l:oR-7 ~A0119bAI CNTR 

SIGMA +- OSIGHA 
IHICROBARNS/IGEV/CI**ZI 

1 .. IH ,HQ 
11.239 .450 
a. 399 .336 
5.912 .236 
4,41>4 .179 
3.081 .123 
2.19'> .088 
1.852 .074 
1.470 .059 
1.012 .040 
.721 .029 
• 544 .022 
.349 .014 
.271> .011 
.184 .007 

PLUS POSSIBLE SYSTEMATIC ERROR OF +- 7PER CENT 

ALL ABY CERN 68-7 5HOll~bHI CNrR 
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BEAM MOMENT~M= 9.200 GEV/C 

MOM TR 

MINIMUM 

1.807 
2.076 
2. 361 
2.661 
2. 975 
3. 302 
3.642 
3.875 
4.112 
't,'t77 
4.B51 
<;.7.37. 
5.752 
6.416 
7.769 

MAXIMUM 

1.842 
2.113 

. 2.400 
2.702 
3.018 
).11,7 
3.6BB 
3.922 
4.160 
4.526 
4.901 
5.284 
5.805 
6.469 
7.824 

2Q SQUARE= 7.796 

46 

pp elastic 
(large It I ) 

du/dt 

MOMENTUM TKANSFER. BETWEEN BEAM AND SCATT BEAM 
I GEV/C 1**2 

BEAM MOMENTUM=10.100 

SIGMA +- OS IGMA 
IHICROBARNS/IGEV/CI**21 
7.084 .2B3 
5.392 .216 
4.142 .166 
3.135 .125 
1.950 .078 
1.365 .ass 

.923 .037 

.681 .027 

.496 .020 
• 315 .013 
.2ll • 009 
.161 .006 
.117 .005 
.090 .004 
.085 .003 

MINIMUM 

2.001 
2.198 
2.403 
2. 616 
2. B35 
3.062 
3.296 
3. 536 
3. 782 
4.034 
4.292 
4.555 
4.959 
5.373 
5.796 
6. 372 
7.107 

MOM TR 

MAXIMUM 

2.040 
2.239 
2.445 
2.659 
2.880 
3.108 
3.343 
3.585 
3.832 
4.086 
4.34~ 
4.609 
5.014 
5.429 
5.853 
6.431 
7.167 

PLUS POSSIBLE SYSTEMATIC ERROR OF +- 7PER CENT 8.607 8.667 

ALLABY CERN 68-7 ~801191)81 CNTR ?Q SQUARE• 8.637 

GEV/C 

SIGMA +- OSIGMA 
IMICROBARNS/CGEV/CI**21 
4.343 .174 
4.05'1 • 162 
3. 266 • 131 
2.481 .099 
1.826 .073 
1.357 .05'• 
.958 .038 
.7[9 .029 
.468 .019 
.350 .014 
• 2~1 .UlU 
.186 .007 
.123 .005 
.093 .004 
.068 .003 
.053 .002 
.01,4 .002 
.038 .002 

PLUS POSSIBLE SYSTEMATIC ERROR OF +- 7PER CENT 

BEAM HOMENTUH=11.100 

MOM TR 

MINIMUM MAX I MUM 

2.218 2.261 
~ .. S',? .:l.liQ'• 
2.699 2.947 
3.267 3.317 
).t..5;! ]. 706 
4.054 4.109 
4.4Tl 4.~l8 
4. 757 4.915 
5.048 ~.1u 1 
5.496 '·'57 5.955 6.017 
6.424 6.487 
7.062 7.126 
7.876 7.942 
9. 538 9·.605 

2Q SQUARE= 9.57i 

GEV/C 

SIGMA t- DSIGHA 
CH((.R0RARNS/IGEV/CI**21 
3.368 .i35 
l.l?c:t ,1)87 

1.319 .U~3 

.783 .031 

.4H .• Ql? 

.236 .009 
ol-1>6 . •006 
.103 .004 
.Uil .uu~ 

.051 .002 

.038 .002 

.031 .001 

.025 .001 

.022 .001 

.020 .001 

PLUS POSSIBLE SYST~MATIC ERROR OF •- 7rER CENT 

ALLABY CERN 68-7 580119681 CNTR 

ALL ABY CERN 

BEAM HOMENTUM•12.100 

HOM TR 

MINIMUM MAXI HUH 

2.435 2.482 
1.1QR 7.A.r.A 
3.182 3.235 
3.586 3.641 
4.nnq 4.nn7 
4.450 4.510 
1t.908 't.970 
5. 222 ,.2B5 
,.Hl 5.606 
6o033 6.100 
6. 537 6.605 
7.0,1 7. 121 
7. 752 7.823 
8.646 a. 11a 

10.470 10.543 

21J ~IJUAK ~= 1U. 5U I 

68-7 580119681 CNTR 

GEV/C 

51 GMA +- OS IGMA 
IMICROBARNS/IGEV/CI**21 
2.1U~ .084 
c.lnn .n!t7 

.&24 .025 

.331 .013 
.177 .007 
.096 .004 
.055 .OOl 
.043 .002 
.oJ+ .oot 
.021 .001 
.018 .001 
.015 .001 
.011 .001 
.010 .001 
.010 .001 

PLUS POSSIBLE SYSTEMATIC ERROR OF +- 7PER CENT 

ALLABY CERN 68-7 5BOI19681 CNTR 
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pp elastic du/dl 
(large It I ) 

• 
10 

5 .. .. .. • 2 .. 
1 .. .. .. .. .. 

~ 
.. • Pbeam .. s.ao -... • 0 .. • 

' T ~ • 
t-' 10 -' 5 
,.c .... 

2 • ::t .. 
1 .. 

'--' • • 
~ • ... 
"C • 
' 

.. .. Pbaam-10.10 
b .. 

"C .. • • .. ;o 

t Q) 

;:J 

10 .: ..... ..., 
5 .: 

• 0 

2 • ~ 

1 • "<!' .. oil 
• .. ~ 

.. • Pbeam=11.10 II 

• • • • .. • 
10 l 

5 

2 • 
1 • .. 

• .. 
• . .. 

• Pbe-am=12.10 • • Ill • . .. Ill 
t 

~ 2 3 4 5 6 7 B 9 10 11 

It I (GeV /c)2 
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pp elastic dcr/dt 
(large It I ) 

·MOMENTUM TRANSFER BETWEEN BEAM AND SCATT BEAM 
I GEV/C 1**2 

BEAM MOMENTUH=14.250 GEV/C 

MOM TRANSF 

7.627 
B.443 
9. 703 

12.519 

S I GHA +- OS IGMA 
INANOBARNS/IGEV/CI**21 
4.070 .125 
3.147 .100 
2.344 .07.5 
1.777 .050 

2Q SQUARE= 12.519 
PLUS POSSIBLE SYSTEMATIC ERROR OF •- 7PER CENT 

ALL ABY PL 25B 156119671 CNTR 

BEAM MOMENTUM=16.900 GEV/C 

MOM TRANSF 

9.139 
9.870 

10.365 
11.118 
11.626 
12.3 96 
12.913 
13.693 
15.001 

SIGMA +- OS IGHA 
INANOBARNS/IGEV/Cl**21 

.901 .017 
• 708 .025 
.641 .021 
.540 .017 
.461 .013 
.410 .017 
.385 .013 
.364 .017 
.335 .021 

ZQ SQUARE= 1~.001 
PLUS POSSIBLE SYSTEMATIC ERROR Of •- 7PER CENT 

BEAH MOMENTUM=19.300 GEV/C 

MOM TRAN SF 

9.6BB 
11.068 
12.785 
l7 .2 49 

SIGMA +- OS IGMA 
I NANODARNS/ I GEV IC t••z I 
.263 .011 
.153 .010 
.106 .008 
.072 .007 

211• 96lUhRC~ 1 T.l'o' 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 7PER CENT 

ALLABY PL 25B 156119671 CNTR 

ALL ABY PL 25B 156119671 

BEAM MOHENTUM=21.300 GEV/C 

HOM TRANSF 

11.345 
12.5 83 
14.174 
18.12 3 

SIGMA +- OSIGMA 
INANOBAKNS/IutV/Cl**2l 
.076 .006 
.047 .004 
.035 .003 
.021 .003 

ZU SUUAKE= 19.1l4 

CNTR 

PLUS POSSIBLE SYST~MATI' ~RROR OF •- 7PER f.fNT 

ALL ABY PL 258 156119671 CNTR 
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elastic du/dt· 
(large Ill ) 

• 
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.. .. .. .. • • r 
Pbeam=18.90 
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pp elastic dCT/dw at (J c.m. .goo 

BEAM MOI-IENTUM 

"1 IN 1'1UM MAXIMUM SIGMA +- DSIGMA 
tr.EV/Cl IMICRUBARNS/STERADIANI 

4. 975 5.025 8.51000 • 246 79 
5.095 5.105 7.90000 .26070 
5.195 5. 20 5 7:09000 • 21979 
5.295 5.305 6.49000 .23304 
5.395 5.405 5.53000 .1 7143 
5.495 5.505 4.90000 .16660 
5.595 5.605 4.47000 .1385 7 
5. 695 '5.705 3. ·r2ooo o1l2"f6 
5.795 5.805 3.37000 .111?1 
5.895 5.905 2.74000 .09590 
5.995 6.005 2.44000 .07564 
6.095 6.105 2.19000 .08103 
6.195 6.205 1.83000 • OF> 771 
6.395 6.405 1. 50000 .0'5550 
6.595 6.605 1.07000 .050?9 
6.795 6.805 .79600 .03741 
e.'.lQ~ 7.00~ .6t.500 .o~" ... "' 
7.195 7.205 .51500 .02060 
7.395 7.405 .38600 .01853 
7.595 7.605 .30500 .01647 
7.79'j 7.805 .25300 .01136 
7.995 8.005 .21700 .00976 
8.095 8.105 .16900 .00659 
8.195 8.205 .17200 • 00 75 7 
8.295 8.305 .15400 .00585 
8.395 8.405 .15300 .00704 
8.595 8.605 .12700 .00584 
8.795 8.805 .10300 .00494 
8.995 9.005 • 08090 • 003 72 
9.195 9.7.05 .07800 .00335 
9.395 9.405 .06760 .00358 
9.595 9.605 .05890 .00289 
9.795 9.805 .05360 .00252 
9.995 10.005 .04680 .00229 

10.195 10.205 oO"o'o:lO ·0021.1 
10.395 10,4(1~ • 03860 • ()(1llll 
10.595 10.60 5 .03560 .00171 
10.795 10.805 .03030 .00148 
10.995 11.005 • 02840 .00156 
11.195 11. !05 .02550 • oou·o 
11.395 11.405 .02020 .00109 
11.595 11.605 .01900 .00099 
11.795 11.805 .01530 • 00083 
11.995 12.005 .01430 .00077 
12.195 12.205 .01180 .00063 
12.395 12.405 .01160 .00063 
1?.5'15 12.605 .00951 .00060 
1Z.79') 12.805 .OQ867 .00049 
12.995 13.005 .00739 .00044 
13.195 13.205 .0077.2 .00051 
13.395 13.405 .00525 .00030 

2Q SQUARE= 8~. 567 
PLUS POSSIBLE SYSTEt~ATIC ERROR Of +- 2PER CENT 

AKEP-UlF PR Ei'l 11"301196'71 CtHR 
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Fig. 5. 
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elastic du/dw at 

7 8 9 10 11 

Pbeam (GeV /c) 

8 . =90° 
C.m. 

~KERLOF 67 

12 13 14 

pp elastic do/ dw at e = 90 deg from pb = 5 to 14 GeV I c. c. m. eam 

15 



dc
r+

[ 
cm

2 
] 

d-
{G

eV
/d

2 

o,
 

o,
 

o,
 

q 
o,

 
01

1 
(I

I 
(I

I 
(I

I 
(I

I 
(I

I 

"' 
~
 

C7
l 

CJ
I 

~
 

(I
I 

IV
 

~
 

'o:
> 

(.}
1 

1-
·~

 
N

l 

~-u
.,.

 
en

 
.;.

,.,
 

'G
)''

 
.....

 

.--:
£C

D 
C

l)
 <
 

CD
 

.....
.. 

0 ..
_.

 
.. ~
 

I 
N

 
.... 

- ~ (}
'I

 
"

Q
 

N
 

~-
-~

 
N

 

F
ig

. 
6

. 
T

h
e
 p

p
 d

if
fe

re
n

ti
a
l 

c
ro

s
s
 s

e
c
ti

o
n

 p
lo

tt
e
d

 v
er

s:
.1

s 

f32 
P~
 [

ta
k

e
n

 f
ro

m
 A

. 
D

. 
K

ri
s
c
h

, 
P

h
y

s.
 

R
e
v

. 
L

e
tt

e
rs

 ..!
.1.

• 
1

1
4

9
 (

1
9

6
7

)]
. 

T
h

e
 l

:i
n

es
 i

n
d

ic
a
te

 
th

~ 
th

re
e
 c
ha

rc
.c

t~
ri

st
ic

 

sl
o

p
e
s 

ir
. 

th
e
 d

if
fe

re
n

ti
a
l 

c
ro

s
s
 
se

c
:i

o
n

 d
at

c1
.. 

W
e 

re
fe

::
-

b
.e

 

re
a
d

e
r 

to
 K

ri
s
c
h

's
 a

rt
ic

le
 f

o
r 

th
e
 d

e
ta

il
s 

o
f 

th
e
 f

it
. 

T
 :1

e 

0
, (I

I -
.o

, 
o,

 
a 

I 
o,

 
o,

 
0

, 
(I

I 
N

 
I'>

 
N

 
N

 
N

 
0 

CD
 

CD
 

~
 

C7
l 

IJ
I 

\'
 .. 

CD
I 0 o
. 

1:
D N

 

r
~
 

N
 

N
 

..
..

. ~
 N
 

d
a+

 /d
t 

is
 n

o
t 

a
c
tu

a
ll

y
 t

h
e
 d

if
fe

re
n

ti
a
l 

cr
O

IS
S

 
se

c
ti

o
n

, 
b

u
t 

ra
th

e
r 

th
e
 d

if
fe

re
n

ti
a
l 

c
ro

s
s
 s

e
c
ti

o
n

 m
u

l-
:i

p
le

d
 b

y
 a

 m
o

n
o



to
n

ic
a
ll

y
 d

e
c
re

a
s
in

g
 f

a
c
tc

r.
 

w
h

ic
h

 e
q

u
a
le

 
1 

a
t 

e 
=

 0 
d

e
g

 

a
n

d
 0

.5
 a

t 
9

0
 d

eg
. 

~
 

1-
tj CD

 .....
, 

~
·
 

UJ
 

c+
 

.....
 

0 Q
. 

q
 

U
'l 

" 
N

 

~
 

(
+

 



10·25 

10"26 

10-27 

10-28 

;::-
~ 
~ 10"29 

E 
~ 

-"0 --8 
10"30 

10.)1 

10.)2 

10-33 

10"34 

pp elastic 

~ 
\\~'\· 

\ \ 
\ '\ 

\\ 
\ \ 
\ ·~ 

\ t;. 

\ ~ 
t(GeV~=1\ 

\ 
\ 

\ 
\ 
\ 

\ 
\ 
\ 

• Po.levsky et al (1967) t70 GeV/c \ 
" Clyde · ( 1966 l 10 5.0 7.0 'lOS \ 
v Arioenblundt (1966) 10 \\ 
• Foley et al (1963) 8.8 

Foley et al 119651 . 21.9 
• Harting et al 1196Sl 8.5 12.4 
+ Orear et al. 11966) 8.0 12.0 
• This ecperimert 71 a.i 9.2 10.1 11.1 12.1 

Alk:t!V et al 11967) 14.25 1tl9 19.3 • 21.3 
• Diddens et al. 11962) 215 21.9 
• Cecconi et al. (1965) 20.9 21.7 

\\j 
\ 
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du/dt 
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PP elastic du/dw (very forward angles) 
DISTRIBUTION IN THE ANGLE OF THE SCATT BEAM WITH RESPECT TO THE BEAM DIRECTION IN THE LAB SYSTEM 

SEAM MOMENTUM= 1. 290 GEV/C 

THETAIOEGI SIGMA +- OSIGMA 
IMILLIBARNS/STERAOIANI 

1.175 692.000 100.000 
1.269 697.000 85.000 
1.40'4 608.000 73.000 
1.518 306.000 60.000 
1.633 292.000 33.000 
1.748 263.000 30.000 
1.862 244.UUU 2/.UUU 
1.977 214.000 24.000 
2.091 162.000 a.uuo 
2.206 164.000 20.000 
2.320 167.000 19.000 
2.435 154.000 18.000 
2.550 142.000 17.000 
2.664 163.000 17,000 
2. 779 136.000 16.000 
2.893 132.000 16.000 
3.008 137.000 15.000 
3.237 132.000 20.000 
3. 352 97.000 20.000 
3.466 101.000 20.000 
C\. ~AI 9!..000 lQ,OOO 
3.696 81.000 19.000 
3.810 69.000 IA,OOO 
3.925 78.000 16.000 
4.039 n.ooo 16.000 
4.154 59.000 14.000 

2Q SQUARE= .616 

DUTTON PL 266 679119681 SPRK 

BEAM MOMENTUM= 1. 540 GEV/C 

THETA! OEGI SIGMA +- U51GMA 
IMILLIBARNS/STERAOIANI 

.945 1014.000 
1.060 590.000 
1.175 532.000 
1.289 337.000 
1.404 ~lluOOU 
1.518 278.000 
1.633 22~-IIUU 
1.748 220.000 
1.862 147.000 
loY,., 16~.000 
2.091 146.000 
,,206 l':ll.UOU 
z~)?o 136.000 
2.435 135.660 
2.550 116.000 

. 2.664 13 5. 000 
2.779 144.000 
2.893 144.000 
3.008 101.000 
3.123 128.000 
~,237 91.000 
3. 352 126.000 
Jo .. 66 ')5.000 
3,58l 123.000 
3.696 106.000 
3.810 102.000 
3.925 1U5.000 
4.039 96.000 
4.154 86.000 

2Q SQUARE= .812 

OUTTOII Pb 

243.000 
76.000 
58.000 
36.000 
31.000 
27.000 
zq.uou 
22.000 
19.000 
zz.ooo 
21.000 
zu.ouo 
18.001) 
18.000 
17.000 
16.000 
16.000 
15.000 
14.000 
15.000 
14.000 
14.000 
u.ooo 
13.000 
13~000 
12.000 
12.000 
11.000. 
10.000 

~PRK 

BEAM MOMENTUM= 1.690 GEV/C 

THETAIOEGI 

MINIMUM 

1.060 
1.289 
1.518 
l. 748 
[,977 
2.206 
2.435 
2.664 
2.893 

MAXIMUM 

1.1/~ 

1.404 
1.633 
1.862 
2.091 
2.320 
2.550 
2. 779 
3.008 

2Q SQUARE= .933 

DUTTON PL 

BEAM MOMENTUM= 1.390 GEV/C 

THETAIOEGI SIGMA +- OSIGMA 
IMILLIBARNS/STERAOIANI 

1.003 1039.000 135.000 
1.117 535.000 n.ooo 
1.232 524.000 40.000 
1.346 430.000 31.000 
l. 461 384.000 28.000 
1.5 76 324.000 24.000 
l.U ~0 tur,ooo tto066 
1.805 212.000 20.000 
1.919 l7!i.OOO 19.000 
2.034 130.000 l7 .ooo 
2.149 146.000 16.000 
2.263 129.000 14.000 
2.378 75.000 13.000 
2.492 106.000 13.000 
2.607 99.000 13.000 
2. 722 121.000 13.000 
2.836 94.000 lZ,OOO 
2.951 95.000 12.000 
3,065 99.000 12.000 
3.180 94.000 11.000 
3.295 97.000 11.000 
3.40'1 11.000 11.UUU 
3.524 81.000 11.000 
3.638 96.000 11.000 
3. 753 80.000 10.000 
3.867 n.ooo 9.000 
3.Y82 6Z,UUU 9.000 
4.097 56.000 1.000 

2Q SQUARE= ,693 

DUTTON. Pt 266 

BEAM MOMENTUM= 1.540 GEV/C 

THETA( OEGI 

MINIMUM MAXIMUM 

1.003 1.117 
1.117 1.232 
1.?.32 1.341> 
1.346 i.461 
1. ~u .\.. ~71> 
1.576 1.690 
1.690 1.805 
[.,ens 1.919 
1.919 2.034 
~.014 ?.149 
2.149 2.26) 
z,zu3 2.:nw 
2. 318 2,49'. 
2.492 2.607 
2o607 2. 722 
2. 722 2.836 

2Q SQUARE= .812 

OUTTOII .Ol 

SIGMA +- OSIGMA 
IMILLIBARNS/STERAOIANI 

372.000 50.000 
253.000 39.000 
194.000 32.000 
142.000 26.000 
137,000 23.000 
121.000 20.000 
142.000 19.000 
154.000 19,000 
133.000 17.000 

258 245119671 SPRK 

679119681 :;.,RK 

SIGMA +- OSIGMA 
(MILLIBARNS/STERAOIANI 

533.000 53.000 
472.000 47.000 
431.000 41.000 
321.000 34.UUU 
?.59.000 30.000 
219.000 27.000 
176.000 25.000 
[44,Q00 22.000 
176.000 22.000 
100.000 zo.ooo 
122.000 19.0QO 
11"· non Jq.ooo 
127.000 19.000 
114.000 16.000 
1'.9.000 17.000 
111.000 17.000 

~5R 24~119671 SPR~ 



~ .. .. ....... 
.D 

..§. 
3 

"" ....... 
b 

"" 

"i:' .. ....... 
.D 

..§. 
3 

"" ....... 
b 

"" 

55 

PP elastic dcr/dw (very forward angles) 

tGDO 1600r------------------------------.---------, 

OUTTDH 6B OUTTDH 6B 

1280 P~".':.m= 1.290 GeV/c '---------i 1280 P~".':.m= 1.390 GeV/c L---------1 

"i:' .. 
....... 

••• 

640 

I 
I I 

..0 ••o ..§. 
3 

"" ....... 
640 b 

"" 
320 320 

0 

I I I I r- I 1 1 1 1 ioo' 
0 • 0 

1600 1600 

OUTTDH 6B OUTTDH 87 

1280 P~".':.m= 1.540 GeV/c L----------1 1280 P~".':.m= 1.540 GeV/c._ _______ ---i 

i:' .. 
' .D ••• ! ••o 
3 

"" ....... 
640 b 840 

"" I I 
320 l20 

0 0 
0 0 

1600r---------------------------------.---------, 

P~".':.m = 1.690 GeV /c 
DUTTDM 67 

UDD 

'11 ....... 
..0 
..§. ••o 
3 

"" I; ••o 
"" 

320 + 
++ 

+ ++++ It I + . ..., j_OO) Loot 
0 ~ .... 

0 
't.Blab 

Fig. 8. pp elastic differential cross sections at very forward angles. The main purpose of 

such experiments (in the Coulomb-nuclear interference region) is to accurately measure .param

eters rP..laterl to the forward nuclear elastic amplitudes. 
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pp· Re 

E c.m. 
()(.~ 60L pbeam (GeV/c) (GeV) References 

----------------------------------------------------------· 
1.29 2.18 -. 76 .13 DUTTON 68 
1.39 2.22 -.58 .06 OUTTON 68 
1.54 2.27 -.30 .09 DUTTON 67 
1.54 2.27 -.32 .07 DUTTON 68 
1.69 2.32 -.so .15 DUTTON 67 
1.69 2.32· .10 .16 DUTTON 67 
l.70 2.32 -.007 .07 DOWELL 64 
2.78 2.70 -.17 .o8 Kl RlLLOVA 64 
7.85 :t .02 4.07 -.29 .03 TAVLUR 65 

10~ ll 4.56 -.43 .04 BE LLETTI NI 65 
10.90 4.12 -.25 .01 !UKlLLUVA 64 
19.3 3 6.17 -.33 .03 BELLETTINI 65 
24.00 6.84 -.19 .09 LOHRMANN 64 
26.42 7~17 -.32 .03 BELLETTINI 65 

REFERENCES 
l DOWELL 64 ••••• PL 12 252 CNTR 
2 KIRILLOVA 64 ••••• PL 13 93 CNTR 
3 LOHRMANN 64 ••••• PL 13 78 EMUL 
4 8ELLETTINI 65 ••••• PL 14 164 SPRK 
5 TAYLOR 65 ••••• PL 14 54 SPRK 
6 OllTTON 67 ••• ~.PL 2 56 245 SPRK 
7 DUTTON 6 8 ••••• PL 268 679 SPRK 



E C.M. (GeV) 
.6 2~0 2~5 3~0 3.5 4~0 4~5 5~0 5~5 6~0 6~5 7~0 7 ;.5 

1 OOWELL 64 
2 KIRILLDV~ 64 
3 LDHRM~NN 64 .4 
4 8ELLETTINI 65 
5 T~VLDR 65 
6 DUTTON 67 ,__..., 

.2 7 DUTTON 68 -0 ......._.... 
...... 

s 0. 

\ -'-.... -.2 t -0 -......._.... 
~ r ...... 

Q) -.4 I· 0:: 
~ 

il -.6 
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0 6 12 18 24 30 
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Fig. 9. Ratio of real to imaginary parts of the pp forward nuclear elastic scattering amplitude. The smooth curve is the 

dispersion relation calculation by 3oding (see text). 

tO 
tocj 

::0 
CD 

t-+, 
(1) ...... ,-.... 

0 
~ 

""" t-1 U1 

E --.1 

~ -,-.... 
0 

. ..._.., 



58 

Polarization lfi, pp elastic scattering 
DISTRIBUTION IN COSITHETAI OF THE SCATT BEAM WITH RESPECT TO THE BEAM DIRECTION IN THE C.M. SYSTEM 

~EAM MOMENTUM= .B23 GEV/C 

COSI THETA I 

MINIMIJI'1 

.047 

.124 
.342 
• 413 
.&05 
.&41 
• 809 

MAXIMUM 

.172 

.244 
.4&0 
• 512 
.b77 
• 713 
.B55 

2Q SQUARE= • 291 

POLARIZ+-D!'OL 

.035 
.117 
.217 
.21b 
.3&2 
.374 
.402 

.ooa 

.007 

.008 

.007 

.011 

.007 

.025 

PLUS POSSIBLE SYSTEMATIC ERROR OF +- 3PER CENT 

f.HENG PR 

BEAM MOMENTUM= .~54 GEV/C 

COS I THETA I 

MINIMUM 

.06b 

.103 

.3&0 

.394 
'621 
.631 
.ooo 

MAXIMUM 

.194 

.223 

.477 

.497 

.714 
• 711 
.05} 

2Q SQUARE= .375 

1&3 1470119&71 

POLAR I Z +-OPOL 

.084 

.105 

.272 

.275 

.419 

.419 
·'•'•l 

.009 

.008 

.010 

.oo8 

.all 

.008 
• 01'• 

CNTR 

PLUS POSSIBLE SYSTEMATIC ~RROR OF +- 3PER CENT 

CHENG PR 163 1470119671 CNTR 

BEAM MOMENTUM= 1.090 GEV/C 

t;r)SI THFTA I Plli.AR I 7 t-fiPill. 

-.063 -.b10 .005 
-.007 -.031 .013 

.049 .015 .016 

.110 .060 .010 

.163 .094 .005 

.1 77 .095 .009 

.225 • 087 .019 

.242 .125 .013 

.286 .141 .017 

.302 .190 .020 

.365 .230 .020 

.426 .260 .020 

.447 .295 .020 

.485 • 300 .020 

.500 • ~.iU .020 
• 542 • 34D .032 
,559 • 345 .022 
.610 • 435 .040 
.620 .375 .022 
.667 .454 .030 
.674 .420 .032 
•. , 22 .490 .034 
• 729 .430 .022 
• 771 .440 .054 
.823 .490 .035 

2Q SQUARE= .469 

COlZIKA PR 164 16 72119671 CNTR 

SEAM 11UMENTUM= .850 GEV/C 

COS I THETA I 

MIN!Mi.JM MAXIMUM PULARil+-DPOL 

-.701 -.167 -.094 .027 
-.131 -.096 -.054 .024 
-. 063 -.028 -.008 .025 

.002 ~037 .016 .027 
• 065 .099 .163 • 035 
.247 .281 .187 .023 
• 3D2 .335 .165 .023 
.357 .389 • 191 .024 
.41D .442 .256 .027 
.460 .491 .255 .ozo 
.509 .539 .317 .022 
.555 .584 • 324 .025 
• 599 .&27 .349 .031 
• 6 1t 1 .668 • 389 .045 

2Q SQUARE= .308 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 6PER CENT 

BETl PR 

BEAM MOMENTUM= 1,090 GEV/C 

COSITHETAI 

MINIMUM MAXIMUM 

• 082 .203 
• 089 .213 
.376 .480 
.379 .492 
• 618 .700 
.636 .728 
.790 • ~11 
.009 • 85 11 

2Q SQUARE= .469 

148 1289119661 CNTR 

POLARIZ+-OPOL 

.113 

.107 

.313 
• 270 
.452 
.461 
-~to 
·'•90 

• 016 
.015 
.025 
.010 
.014 
.U1B 
.. (l~Q 

.011 

~LU~ PUSSIHL~ SYsr€~ArtC E~AU~ UF •• SPfA CE~T 

CHENG PR 163 1470(19671 CNTR 

BEAM MOMENTUM= 1.213 GEV/C 

r.llSI THF.TA l POLAR I Z +- OPOL 

-.240 -.235 .014 
-.105 -.OB4 .011 
-.021 -.018 .010 

.OJ7 .040 .ou 

.106 .106 .Oll 

.179 .160 .013 

.249 .231. .013 

.391 .297 .015 

.45b .380 .020 

.585 • 425 .022 

.645 .459 .020 
• 702 .488 .025 
.755 .488 .026 
.804 .526 .027 
.!14H .473 .117 
.921 .445 .074 

2Q SQI.!AR E= .558 

COIGNET NC 43A 708119661 CNTR 
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Fig. 10. Polarization in pp elastic scattering. Whenever a distribution was given in e c. m. or 

t, we transfored it to cos(e ). Due to the indistinguishability of the protons, the polariza-c.m. 
tion is antisymmetric about e = 90 deg. c.m. 
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Polarization 1n pp elastic scattering 

OISTRIB~TION IN COSITHETAI OF THE SCATT BEAM WITH RESPECT TO THE BEAM DIRECTION IN THE C.M. SYSTEM 

BEAM MOMENT~M= 1.219 GEV/C 

COS I THETA I 

MINIM~M 

.uo~ 

.108 

.358 

.396 

.606 

.&47 

.809 

.80B 

MAXIH~M 

•10ft 
.232 
.l,b6 
.508 
.691 
.737 
• 839 
._856 

2Q SQUARE= .563 

POLAR I Z+-OPOL 

.11'• 

.168 

.361 

.399 

.484 

.516 

.595 

.513 

.07~ 

,010 
.038 
.019 
.010 
.010 
.035 
.010 

PLUS POSSIBLE SYSTEMATIC ERROR OF +- 3PER CENT 

CHENG PR 163 1470( 19671 CNTR 

BEAM MOMENTUM= 1.237 GEV/C 

COS I THETA I 

MINIMUM MAXIM~M POLAR I Z+-OPOL 

• 078 .148 .091 .015 
.181 .249 .238 .016 
• Z7l .337 • 357 .019 
.277 .l44 .Jl~ .u1e 
.HI) -~~~ 
.3{1 .435 

.~63 t9!9 
o413 .026 

.426 .488 .492 .019 

. 11nn .559 • 505 .019 

4Q iiJV.•.o S= . ~7n 
PLUS POSSIRLE SYSTEMATIC ERROR OF +- l9PER CENT 

BETZ PR 148 1289( 1'1661 CNTR 

BEAM MOMENTUM= 1.3U3 GEV/C 

COSI THF.TAI POLARIZ+-DPOL 

.667 .580 .046 
,RR4 .506 .016 
.'132 .448 .028 
.'160 • 357 .019 
.978 .272 .017 
.984 .242 .026 
.992 .140 .ozq 
."9'16. .051 .024 
.9'17 • 012 .028 

2Q SQUARE= .626 

AZHGIREI SJNP 63611'1661 CNTR 

BEAM MOMENTUM= 1.230 GEV/C 

COS I THETA I POLARIZ+-DPOL 

.007 -.006 .020 

.o&8 .029 .015 

.12'1 .122 .010 

.1 YJ .16U .Ul!i 

.257 .210 .020 
.2'16 .290 .070 
.31'1 .265 .020 
• 337 .320 .01'1 
.384 • 345 .020 
.400 .380 .018 
.466 .400 .036 
• 524 .465 .025 
.540 .410 .025 
.585 .500 .024 
.&00 .455 .024 
.&28 .410 .045 
.643 • 500 .023 
.660 .450 .019 
.&82 .476 .029 
.T\8 .450 .026 
• 736 .480 .027 
.768 .415 .02'1 
.790 .440 .026 
.817 .415 .043 
.05? .HQ Ml 

.R63 .440 .o8o 

2Q SQUARE= .571 

COZZ IKh PR 164 16 72 I I 96 71 CNTR 

REAM MOMENTUM= 1.263 GEV/C 

COSITHETAI 

MINIMUM MAXIMUM POLARIZ+-OPOL 

-.017 .027 • 012 .009 
• 154 .197 .181 .016 
.292 .333 .296 .014 ... )) .~n ~~n'i .0?1 
.469 .507 .395 .014 
.4YY • :.~31 .... ~~ .oa 
.532 .569 .419 .014 
• 563 .598 .445 .014 
• 994 .6~? • '• 8.1: .Olt.. 
.609 .643 .. 4Q' .014 
• bl' .u~e &1'l~ .014 
.63q .b7Z .482 .016 
.b~~ .688 .-.e, .nn• 
.1)11) • 702 • 501 .01'• 
.684 • 715 .508 .014 
.698 • 728 .513 .016 
.711 .741 • 511 .014 
.738 .767 • 518 .014 
• 764 • 792 .522 .019 
.789 .815 • 522 .019 
.813 .lUI .... u ,O£\ 
• 03 ~ n•n ·'•qq .QZI 
.870 • 896 .475 .024 

2Q SQ~ARE= • 596 

XAZARINOV RMP 39 509(19671 CNTR 

RFAM MOMENTUM= 1.317 GEV/C 

LU~liH~IAJ 

MINIMUM HAXIM~M POLAR I Z+-DPOL 

.Ill .146 .on .044 

.163 .198 .151 .036 
.213 .24'1 .247 .on 
.264 .297 .274 .027 
• 312 • 345 .293 .030 
.379 .412 .363 • 01 1J 
.427 .459 .399 .018 
.477 • 508 .430 .017 
• 524 .553 .484 .018 
.569 .598 .529 .013 
• 613 .640 .570 .013 
.655 .681 .596 .017 
.&95 .719 .583 .011 
~ 733 .756 • 578 .019 
• 768 .790 .578 .028 

2Q SQUARE= .637 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- &PER CENT 

BETZ PR 148 1289(19661 CNTR 
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Polarization lll pp elastic scattering 

.. .. 

.7 .7 COZZIICA S7 

plab = 1.219 GeV /c .. beam + .. p~·e~m = 1.230 GeV/c 

.s --+-- ,_,_.. .. 
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.. 
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• 7 BETZ •• .7 ICAZARitiDU S7 
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beam .. 1.303 GeV/c p~·tl~m= 1.317 GeV/r-
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.J .3 +++ .. 1 .2 
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Fig. 10 (continued) 
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Polarization 1n pp elastic scattering 
DISTRIBUTION IN COSITHETAI OF THE SCATT BEAM WITH RESPECT TO THE BEAM DIRECTION IN THE C.M. SYSTEM · 

BEAM MOMENTUM= 1.343 GEV/C 

COS !THETA I 

MINIMUM MAXIMUM POLARIZ+-DPOL 

.007 .129 .109 .03B 

.163 .286 .255 .015 

.~U\1' ... u:. .1~\ .0~? 

.443 .552 ,474 .Oil 

.~66 .6,2 .52? .022 

.686 .769 .558 .016 
• 794 .829 .522 .012 
.B43 .B74 .555 .019 

2Q SQUARE= .657 
PLUS POSSIBLE SYSTEMATIC ERROR OF ·- 3PER CENT 

CHENG PR 163 147011?671 CNTR 

BEAM MOMENTUM• 1.387 GEV IC 

COSI THEUI 

MINIMUM MAXIMUM POLARIZ+-DPOL 

.101 .136 .144 .023 

.153 .187 .180 .018 

.204 .239 .231 .o 18 

.254 .287 .304 .018 
• 302 .335 .342 .018 
• 352 • 384 .365 .017 
.399 .431 .419 .618 
.471 • 502 .473 .014 
• 520 .549 .498 .013 
.565 • 593 .497 .013 
;hi n .637 .520 .Oll 
.652 .678 .528 .Ull 
tb?) ."119 .~o;q .015 
• 731 ."155 .56.0 .014 
• 768 .790 .553 .017 
• BOJ .An .519 .028 
.B34 .853 .579 .649 

2U SQUARE• .691 
PLUS POSSI UU ~Y'!> I t;fiA 11~ r:I\Ji.Oi\ or 1.rr.n C(IIT 

BETZ PR 148 12891 19661 CNTR 

BEAM MOMENTUM= 1. 487 GEV/C 

COSITHETAI POLARIZ+-OPOL 

.059 .056 .085 

.124 .100 .036 

.187 .155 .016 

.2 52 .225 .017 
• 322 .300 .011 
.us .·Hs .035 
.384 .335 .025 
.4U(J • 355 .017 
.445 • 330 .01.7 
.463 .392 • 012 
.~24 .410 .017 
.593 ,445 .016 
.605 .465 .016 
.652 .455 .015 
.667 .435 .022 
.691 .410 .040 
• 710 .450 .017 
.722 .475 .016 
.743 .476 .030 
• 773 .455 .012 
• 797 .484 .025 
.823 .443 .016 
.842 .470 .025 
.866 .443 .029 
.883 .465 .035 
.919 .435 .035 

2Q SQUARE= • 769 

COZZ IKA PR 164 1672119671 r.NTR 

BEAM MOMENTUM= 1.3B5 GEV/C 

CDSITHETAI 

MINI HUH MAXIMUM POLARIZ+-DPOL 

.269 .269 • 268 .015 

.335 • 335 .296 .050 
.(oM o'tO't .364 .030 
.463 .463 .404 .u~u 

• ~71 ,527 .460 .020 
.585 ,585 .496 .030 
.669 .669 .500 .030 
• 724 • 724 ·.550 .030 
• 777 .711 • 570 .030 
• 827 .827 .530 .040 
• 868 .868 .520 .040 
.903 .903 .490 .030 
• 91A .960 .367 .032 
.988 .997 .liB .160 

2Q SQUARE= .690 

eOUIIIA r" ·~~ ·~77119h71 

BEAM MOMENTUM= 1.404 GEV/C 

COS ITHET A I POLARIZ+-OPOL 

.065 

.439 

.598 

.680 

.721 

.o•H 

.470 

.530 

.513 
.541 

2Q SQUARE= .704 

.078 

.067 

.029 

.044 

.075 

f.NTR 

PLUS POSSIBLE SVSTEMAIIC ERROR OF+- SP~R CENT 

NEAL PR 161 1374119671 CNTR+SPRK 

9EAH HOMENIUM= l.OU'I Gt:v/C 

COS I THETA I POLAR I Z +- OPOL 

.624 .370 .018 

.6B2 • 385 .024 
• 738 .385 .024 
• 794 .445 .024 
.841 .435 .021 
.883 .400 .017 
,\llij • .}'+U .018 

2Q SQUARE= • 867 

COlZ I KA PR 1~4 1~771 19671 CNTR 
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·Polarization 1n pp elastic scattering 

.. .. 
·' tHEttG ., ·' CDZZIICA ., 
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Fig. 10 (continued) 
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Polarization 1n pp elastic scattering 
DISTRIBUTION IN COSITHETAI OF THE SCATT BEAM WITH RESPECT TO. THE BEAM DIRECTION IN THE C.M. SYSTEM 

BEAM MOMENTUM= 1. 729 GEV/C 

COSITHETAI POLAR I Z+-OPOL 

.052 -.017 .046 

.118 .090 .020 

.l B4 .092 .on 

.249 .080 .035 

.316 .210 .020 

.3~3 • 210 .060 

.388 .287 .050 

.429 .265 .030 

.500 .285 .020 

.56B .330 .020 

.627 .330 .020 

.643 .345 .021 

.687 • 360 .025 

.702 .370 .020 

.743 .405 .027 

.759 • 385 .030 

.Bl3 .370 .030 
• 858 • 355 .020 
.900 .• 345 .040 

2Q SQUARE• .965 

COZZ IKA PR 164 1672119671 

BEAM MOMENTUM= l. '115 GEV/C 

COSITHETAI 

MINIMUM MAXIMUM POLARIZ+-OPDL 

.o8o .080 -.016 

.146 • 146 -.083 

.211 .211 .035 

.281 .l8l .020 

.349 .349 ,OBO 

.367 .367 .085 

.418 .418 .085 

.432 .432 .105 
.503 .503 .190 
• •H ,,11 .2H 
.588 .58B .245 
,591 ·'~' •~lO 
·.635 .635 .305 
.656 .656 .330 
.656 .65b .337 
.698 .698 .310 
• 7L 7 .Ill dli9 
• 721 .721 .385 
• 775 .775 .375 
• 777 • 777 .392 
.B27 .827 .405 
.829· .829 .370 
.875 .875 .390 
.876 .876 • 355 
.914 .914 .350 
.916 .941 .224 
.962 .979 .124 

2Q SQUARE= 1.120 

COZZ IKA PR 164 16 721196 7 I 

B[AM MQHiNTUH~ l. ~91 f.FV tr 

COS! THETA I POLARIZ+-OPOL 

.164 

.217 

.Ho 

.4 71 

.559 

.647 
• 718 
• 782 
• 841 
.876 

o. 
.025 
.025 
.141 
.151 
.177 
.369 
.335 
• 352 
.228 

2Q SQUARE= 1.529 

.031 

.030 

.02~ 

.035 

.053 

.040 

.020 

.025 

.032 

.029 

.070 

.025 

.017 

.035 
• o2B 
.030 
.024 
.019 
.020 
. 024 
.020 
.oc~ 
.024 
.019 
.o~oo 
.036 
•011 
.037 
.015 
.060 
.ot6 
.044 
.025 
.034 
.090 
.030 
.on 

CNTR 

CNTR 

PLUS POSSIBLE SYSTEMATIC ERROR OF +- 5PER CENT 

NEAL PR 161 1374119671 CNTR+,SPRK 

BEAM MOMENTUM= l. 730 GEV/C 

COS l THETA I PULARl Z+-OPOL 

.031 -.021 .034 

.221 .095 .029 

.319 .265 .037 
.366 -245 .033 
·'•18 ·258 .on 
.475 • 32 5 .033 
-~33 .417 .038 
.593 .481 .023 
.738 .464 .040 
• 767 .419 .031 

2Q SQUARE~ .966 
PLUS POSSIBLE SYSTEMATIC ERROR OF ·- 5PER CENT 

NEAL PR 161 1374119671 

BEAM MOMENTUM= 2.054 GEV/C 

COSITHEIAI POL U I I. +-llPnt 

.031 .034 .029 

.142 • 059 .034 

.263 .062 .032 

.370 .034 .030 

.482 .190 .025 

.600 -266 .07.0 
.646 .339 . .022 
.687 o407 .025 
,776 • 343 .045 
.B2l .403 .030 
.845 .361 .036 

ZQ SQUARE= 1.238 
Hll' ro"II!Li i"'!'~T~MAff(' F.(IRnR nF ·- ~PFR f.FNT 

NEAL PR 161 1374119671 

8EA~ ~O~ENTU~= Zo466 GEV/C 

COS I IHETAI 

MINIMUM MAXIMUM POLARIZ+-DPOL 

.791 

.818 
• 844 
.869 
-891 
.911 

.812 

.838 

.863 

.885 

.906 

.925 

2Q SQUARE= 1.595 

.3~2 

.396 

.404 

.423 

.389 

.431 

.ozo 

.017 

.016 

.015 

.014 

.021 

PLUS POSSIBLE SYSTEMATIC ERROR OF +- 12PER CENT 

GRANNIS PR 148 1297119661 CNTR 



65 

·Polarization lll pp elastic scattering 
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Fig. 10 (continued) 
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Polarization 1n pp elastic scattering 

DISTRIBUTION IN COSITHETAI OF THE SCATT BEAM WITH RESPECT TO THE BEAM DIRECTION IN THE C.M. SYSTEM 

BEAM MOMENTUM; 3.037 GEV/C 

COSITHETA I POLAR I Z+-OPOL 

.083 .006 .061 
-353 .093 .050 
.466 .020 .041 
.544 .04B .075 
.5 BB • 147 .032 
.612 .134 .036 
.634 .163 .037 
.6BO .1B2 .033 
• 726 .17B .027 
-761 .205 .025 
.7BO .229 .052 
.BOB .292 .030 
.B62 .252 .026 
.Bqo .315 .026 
.?o~ 0 ;!11 .n" 

2Q SQUARE• 2.102 
PLUS POSSIBLE SYSTEMATIC ERROR Of 5PER CENT 

NEAL PR 161 1374119671 CNTR+SPRK 

REAM MOMENTUM; 3.670 GEV/C 

COSITHETAI 

MINIMUM MAXIMUM POLARIZ+-DPOL 

• 605 .632 .104 .092 
.633 .660 • 171 .055 
.66? .695 • 130 .042 
.690 .714 .156 .040 
.717 .741 .21B .036 
• 743 .766 .142 .031 
• 76B • 790 .196 .027 
• 793 .B14 .225 .023 
, Rl ~ • ~~5 .242 .022 
• B26 .B45 .283 .U2H 
• 0:39 .B•T • 7.70 .019 
• 84B .Hbb .221 .ozz 
.B69 .BB6 .260 .020 
.B8Q .905 • z~~ .017 
.907 .921 .245 .015 
.n~ ,937 .7.:n .01~ 
.940 .951 • 1BB .020 
.953 .963 .151 .085 

2Q SQUARE; 2.674 
PLUS POSSIBLE SYSTEMATIC ERROR Of +- 12PER CENT 

GRANNIS PR 148 1297119661 CNTR 

BEAM MOMENTUM= 4.B4B GEV/C 

CO 51 THE lA I 

MINIMUM 

.B7B 
• B94 
• 909 
• 9?.3 
• 935 
.94B 
.9<;8 

MAXIMUM 

.B94 

.909 . 

.QJi 

.935 

.947 

.958 

.96B 

2Q SQUARC• 3,753 

POLAR I Z+-DPOL 

.1~4 

.181 

.717 

.193 

.211 

.191 

.144 

.026 

.022 

.ozo 

.017 

.01~ 

.016 
.025 

PLUS POSSIBLE SYSTEMATIC ERROR Of +- 12PER CENT 

GRAtltH ~ po, CNTR 

BEAM MOMENTUM; 3.660 GEV/C 

COSITHETAI POLARIZ+-OPOL 

.297 

.499 

.OHU 
• 750 
.810 
.851 
.915 
.926 

.043 

.115 

.142 

.175 

.199 

.237 

.1B8 

.193 

2Q SQUARE• 2.665 

.059 

.055 

.on 

.on 

.057 

.039 
-054 
.026 

PLU~ POSSIBLE SYSTEMATIC ERROR OF 5PER CENT 

NEAL PR 

BEAM MOMENTUM= 4.33B GEV/C 

COS I THETA I 

MINIMUM 

.774 

.794 
• B14 
.B33 
• B51 
.B68 
.B85 
.900 
.915 
-~28 

MAXIMUM 

.795 
• B15 
.B34 
.8,2 
.869 
.BB5 
.900 
.915 
.928 
.9~1 

20 S~UA~~· 3.ta4 

161 1374119671 

POLAR I Z +-OPOL 

.127 

.OB3 

.123 

.131 

.224 

.207 
.21B 
.203 
.203 
• 171 

.063 

.054 

.044 

.046 

.035 
.030 
.02B 
.024 
.021 
.01.9 

CNTR+SPRK 

PLUS POSSIBLE SYSTEMATIC ERROR 0~ +-, llP~H CENT 

GRANNI~ 

BEAM MOMENTUM~ 5.150 GEV/C 

COSITHETAI POLARil+-OPOL 

.566 

.611 

.635 

.663 

.695 
• 7 22 
• 74 7 
• 772 
.794 
.814 
.B34 
.B61 
.H81 
.901 
.916 
.931 
.945 

.320 
.180 
.250 
.,;u 
.260 
.240 
.200 
.140 
.130 
.!~0 
.120 
.120 
.170 
.180 
.190 
.210 
.220 

2Q SQUARE• 4.031 

.130 

.130 

.100 

.100 

.oao 

.070 

.050 

.oo;o 

.030 

.030 

.020 

.020 
oOIO 
.OlD 
.010 
.010 
.010 

CNTII 

GRAPHO:O:'OO: 

PLUS POSSIBLE SYSTEMATIC ERROR OF +- lOPER CENT 

BOOTH PRL 21 651119681 CNTR 



67 

Polarization lll pp elastic scattering 
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Fig. 10 (continued) 
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Polarization 1n pp elastic . scattering 

DISTRIBUTION IN COSITHETAI OF THE SCATT BEAM WITH RESPECT TO THE BEAM DIRECTION IN THE C.M. SYSTEM 

BEAM MOMENTUM= 5,914 GEV/C 

COS I THETA I 

MINIMUM MAXIMUM J'Ul"-K I Li'""Ut'Ul 

.191 .811 .041 .138 
.818 • 838 .100 .121 
• 835 .854 .206 .100 
• 851 .B69 .231 .087 
.867 .8B4 .008 .062 
• 881 .897 .145 .055 
.B96 .911 .201 .059 
.899 .914 .138 .034 
.909 .n1 .226 .054 
.911 .925 .136 .030 
.924 .937 .185 .027 
.935 .947 .178 .022 
.946 .956 .153 .019 
• 956 ,965 .166 .019 
,9os· .913 .1~2 .024 
.972 .~80 .089 .100 

2Q SQUARE= 4. 73B 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 12PER CENT 

GRANNIS PR 148 1297119661 CNTR 

BEhM MOMENTUM= 6.01)0 C.F.V/C 

COS I THETA I 

MINIMUM MAXIMUM POLARIZ+-DPOL 

·'•81 • 564 .060 
• 564 .606 .086 
.606 .647 .120 
.647 .689 .074 
.6B9 .730 .154 
.no .751 .244 
• 751 ,117, .217 
• n2 • 792 .Ill 
.70l an• .tnn 
• 803 .813 .034 
.813 .824 • 039 ., .. .A>4 .Ob4 
• 834 .844 .107 
• 811 11 A~lli .M7 .8, .06::i .107 
• uo~ • 81:J •llt 
• 875 .a~<> • 052 
• 886 .896 .090 
• 896 .907 .099 
.907 .917 .ua 
.917 .927 .124 
.927 .93B .l12 
.938 .948 .142 
.948 .950 .131 
.9~R .9o9 .137 
.969 .979 ;u9 
,979 .??0 .108 

2Q SQUARE= 1t.iH8 
PLUS POS'S I 6LE SYSTEMATIC ERROR OF +- 5PER 

60RGHINI PL 31B 405(19701 

~EAH MOM~NTUM=lO.OOO GEV/C 

COSITHETAI 

.913 

.920 
,qz7 
.934 
.941 
.947 
.953 
.959 
.964 
.969 
.973 
.978 
,981 
.965 
,988 

POLARIZ•-DPOL 

.080 

.l17 

.on 

.067 

.024 

.067 

.081 

.093 

.082 

.071 

.093 

.097 

.058 

.059 
.074 

.045 
.• 01,(, 

.037 

.028 

.023 

.019 

.018 

.017 

.014 

.013 

.013 

.015 

.o23 

.030 

.072 

2Q SQUARE= 8.543 

.092 

.102 

.127 

.086 

.069 

.083 

.on 

.Ob2 

.06R 

.056 

.045 
,Q4Z 
.037 
.0~0 
.0.:!9 
•O~"l 
.019 
.017 
.Oj~ 

.013 

.011 

.009 
.009 
.007 
.007 
.008 
,032 

CENT 

CNTR 

PLUS POSSIBLE SYSTEMATIC ERROR OF +- 5PER CENT 

BORGHINI PL 246 77119671 CNTR 

,.,;. 

BEAM MOMENTUM= 6.000 GEV/C 

COSI THETA I POLARIZ+-DPOL 

.ti,U .U'9l. • iUof 

.862 .062 .080 

.874 .135 .041 
,886 .063 .029 
.896 .lOB .023 
.907 • 083 .019 
.917 .117 .OlB 
.926 .141 .017 
.935 .095 .015 
.944 .117 .014 
,952 .101 .014 
.959 .138 .016 
,966 .122 .025 
.972 .041 .034 
.9n .124 .069 

lU ~UUAK~= 4.~18 

eLUS POSSIBLE SYSTEMATIC ERROR Of 5PER CENT 

BORGHI Nl PL 246 nct9671 CNTR 

BEAM MOMENTUM= 7,026 GEV/C 

COS I THETA I 

MINIMUM MAXI HUH POLARIZ+-DPOL 

.860 .8n .002 .074 
• 874 .890 .142 .053 
.888 .903 .085 .042 
• 897 .912 .on .064 
.901 .916 .l17 .032 
.910 .924 .157 .053 
.913 .927 .169 .027 
.<n2 ·'-~.i' .oLUO .00:0.:! 
.9H ·?it~ .262 .037 
,943 .954 .Ill .U31 
.953 .963 .196 .028 
.9ol .970 .In .03.1 

.969 ,qn .Ill .ua+~ 

~Q ~QUARE~ ~.770 
~LU3 ro~'lnLr SVGT~HhTit 6ROQO nG •• I?PFR tFNT 

GRANNIS PR 148 1297( 19661 CN!'R 

BEAH HOHENTUM=l2.000 GEV/C 

C0 51 TllCTAI rOLARIZ+-DPOL 

.927 

.940 

.948 

.954 

.959 

.964 
,969 
.973 
.977 
.981 
.984 
.987 
.990 

.002 

.066 

.073 

.046 
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.055 
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.064 

.066 

.042 

.036 

.032 

.034 

2Q SQUARE= 10.413 

.056 
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.020 
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.012 
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CNTR 
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Fig. 10 (continued) 
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PP elastic scattering. 
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pp Inelastic Interactions-Non-Strange Particle Production 



pbeam (GeV/c) References 

1.17 • 91 ± .15 5.21 :!: .44 BALDONI 62 
1.39 3.46 .25 CENCE 63 
1.66 3.70 • 30 18.30 • 70 BUGG 64 
2.23 3.98 + .27 17.22 + .66 EISNER 65 

- • 26 - .57 
2.81 3.85 .22 16.06 .44 FJCKINGER 62 
3.67 2.90 • 31 11.44 .65 SMITH 61 
4.00 2.60 .30 9.70 .40 CO LETT I 67 '"0 5.52 2. 77 .11 B. 03 .19 ALEX ANDER 67 
6.07 2.80 .30 6.70 .so HN 68 t-o 
6.60 5.73 .35 MA 69 
6.60 2.06 .19 4.89 .28 CCL TON 68 ~ 6.92 2.00 .20 5.20 .40 ALEXAN::ltR 68 
8.10 1.75 .20 4.50 .40 GINESET 69 

-J 
10.01 1.40 .30 4.10 .40 ALMEID~ 68 N 
19.00 1.10 .20 1.90 .20 BOGGILD 69 
28.50 1.50 .10 CONNOLLY 67 

~ '\:1 
REFERENCES 

1 SMITH 61 ••••• PR 123 2160 HBC ~ :::1 
2 BALDONI 62 ••••• NC 26 1376 HBC 

~ ~ 3 FICKINGER 62 ••••• PR 125 2082 HBC 
4 CENCE 63 ••••• PR 131 2713 CNTR 0 + 5 BUGG 64 ••••• PR 133Eo1 017 HBC 
6 EISNER 65 ••••• PR 138 B670 HBC 
7 ALEXANDER 6 7 ••••• PR 154 1284 HBC 
8 COLETTI 6 7 ••••• NC 49A 479 HBC 
9 CONNOLLY 67 ••••• BNL 11980 HBC 

10 ALEXANDER 68 ••••• PR 173 1322 HBC 
11 ALMEIDA 6B ••••• PR 174 1638 HBC 
12 COL TON 68 •••• .• UCLA 1025 HBC 
13 TAN . 6B ••••• PL 288 195 HBC 
14 BOGGILD 69 ••••• PL 308 369 HBC 
15 GINESTET 69 ••••• NP 813 283 HBC 
16 MA 69 ••••• PRL 23 342 HBC 
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Fig. 12. Single-pion production in pp collisions including contributions from resonances. 



E c.m. 
Pbeam (GeV/c) (GeV) ad1r+ (mb) 

1.17 .. .10 2 .. 14 2.75 + .29 -
1.66 .17 2.31 .48 .08 
1.68 2.32 • 5-!> .03 
1. 70 2.32 • 45 .05 
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Cross section for pp-+d 1T+ 
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Fig. 13. Cross section for pp -+ drr +. (a) Linear representation; (b) log-log display. The 

dashed line represents our best fit to these data, 
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Differential Cross section for 

DISTRIBUTION IN COSITHET41 OF THE DEUTERON WITH RESPECT TO THE BE4M DIRECTION IN THE C.M. SYSTEM 

BE4M MOMENTUM= 1.168 GEV/C 
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Differential-' Cross section for 

DISTRIBUTION IN COSITHETAI Of THE DEUTERON WITH RESPECT TO THE BEAM DIRECTION IN THE C.M. SYSTEM 

BEAM MOMENTUM= 2.466 GEV/C 
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Fig. 15. Cross sections for pp-+ pprr + rr- including any contributions from resonances. 
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Table II. Some nonstrange inelastic reactions in pp scattering. 

pbeam (GeV/c) 

2.23 
4.00 

REFERENCES 

2.31 f .20 
3.80 .JO 

EISNER 65 ••••• PR 
80DINI 68 ••••• NC 
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5.52 
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11
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pbeam ap.d+ (mb) an~++ (mb) References 

(GeV/c) ~ +-+ p7TO ._d + - n7T + .d + -+ all modes 

2.800 10.630 :t .290 BACON 67 
2.8.50 3.8()0 ± .600 BLAIR 69 
4.000 1.170 ± .293 • 970 :!: .294 2.1ll0 • 415 4.850 • 279 COLETTI 67 
4. 55 0 1.500 .200 BL.tdR 69 
5.520 • 720 .050 .750 • 080 1.410 .094 3.250 .160 ALEXANDER 67 
6.000 .3J.o .076 ANDERSON 66 
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.l, 10.010 1.180 .140 ALME II) A 68 
13.000 .55D • 099 MA 70 ~ 15.000 .h2 .100 ANDERSON 66 
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du/dl for 

BEAM MOMENTUM= z.aoo cevtc 

***HHIS DATA WAS REAU FROM 

MOM ,. 
MINIMUM MA.XIMUN 

.048 .011 
• 079 .OttB 
.llO .079 
.141 .110 
.171 .141 
• 202 .171 
.233 .202 
.26 .. .233 
.295 .264 
• 326 .295 
.357 .326 
.388 .357 
• .C.l? • 388 
.450 .419 
.481' .450 
• 512 .481 
.543 .512 
.574 .543 
.605 .574 
.636 .605 
.CJCJ1 .636 
.MJ8 .667 
.729 .698 
.760 .129 
• 791 .760 

2U SUUAKE= 1.890 

BACON PR 

BEAM MOMENTUM= 6.600 GEV/C 

:4014 ,. 
MINIMUM MAXIMUP1 

.002 .010 

.010 .020 

.020 .. 030 

.030 .040 

.040 .060 

.060 .oao 

.080 .100 

.IOU ollU 

.120 .140 

.tcuJ .1.63 

.160 .180 
• 180 .zoo 
.zoo .220 
.220 .240 
.240 .ZbO 
• 260 • 280 
.Z80 .300 

20 SQUARE .. 5.374 

MA PRL 

O(AH HOHENTUH ... 8. 100 ~t;v/r. 

HOM TR 

MINIMUM MAX I MUM 

o. .ozo 
.ozo .040 
.040 .060 
.060 .060 
• 080 .100 
.100 .120 
.120 .140 
.140 .160 
.160 .I RO 

.180 .zoo 

.zoo • 2ZO 

.zzo .240 

.240 .260 
• 260 .. 280 
.zoo • 300 
• 300 .3ZO 

.320 .340 

.340 .360 
• 360 • 380 

.380 .400 

.400 .4ZO 

ZQ SQUARE= 6. 710 

GINESTET NP 

MOMENTUM TRANSFER BETWEEN BEAM AND DEL TAu 
I GEV/C t••z 

A GRAPH**** 

SIGMA +- DSIGMA 
C MILL I BARNS/ C GEV /C J .. 2) 

68.63866 5. 78042 
54.52H9 5.15180 
36.26652 4. 20173 
32.128 fj 3. 9,471 
18.25496 2.98102 
16.06437 2.79645 
10.22278 2.23079 
10.22278 2.23079 

7.30198 1. 88536 
6. 32839 t. 75518 
6.32839 1.75518 
5.59819 1.65082 
8.03218 1.97139 
4. 86799 1. 53939 
7.30198 1.88536 
3.16419 1.24110 
3. 89439 1. 37688 
4. 86799 1.53939 
5.59819 1.65082 
3.16419 1.24110 
3~ 89439 1.37688 
l.947ZO .97360 
1.94720 • 97360 
3.8943CJ 1. 3 7688 
4. 86 79CJ 1. 53939 

162 13201196"11 H6C 

Sl GHA t- OSIGMA 
( P11lli8ARNS/IGEV /C l**Zl 

11.80000 1.12000 
15 .. 00000 1.13000 
12.40000 1.03000 
12.25000 1.02000 
ll.10000 .69000 

7.44000 • 57000 
b. 80000 .54000 
~.HUJO .t.t,nnn 
3. 64000 .40000 
J. rJ£Ono ,, 1.nnn 
z.zzooo • 31000 
2.27000 .31000 
2.27000 .31000 
1.b.i00U .! 7000 
1. 75000 • Z8000 
1.4\000 • 25000 
1.37000 • 24000 

23 34Zil969l HBC 

SiGMA +- OSlGMA 
I HILl I R.4RN~/IGEV /C 1 .. 21 
6. 46000 
3.64500 
3.64500 
,o:::.Sb500 
Z.OZ500 
:lolbUUU 
1. 62000 

.81000 
1.Z1500 

.67500 

.61000 
1.21500 

• 27000 
• 27000 
.27000 

o • 

• 13500 
.13500 

o • 

.93531 
0 70148 
.70148 
• !iBOit5 
.5Z285 
• !14000 
.46765 
.33068 
.40500 
.30187 
• 33066 
.~0500 
.1909Z 
.19092 
.190'92 

.135 
o • 

.13500 

.13500 
+ .135 
- o • 

• 27000 .t909Z 
o. + .135 

- o. 

813 Z8311969l HBC 

BEAM HOMENTUH= 5.520 GEV/C 

•o.•THIS DATA WAS READ FROM A GRAPH•••• 

MINIMUM 

.044 
• 085 
.1Z5 
.U6 
• Z06 
.247 
.287 
• 327 
.368 
.408 
.449 
.489 
• 530 
.570 
.611 
.651 

MOM TR 

MAX.~ HUH 

.004 

.044 

.085 

.17'i 

.166 

.zo6 

.247 
.287 
.327 
0 368 
.408 
.449 
.489 
.!i30 
.570 
.611 

ZQ SQUAREa 4.373 

ALEXANDER PR 

BEAM MOMENTUM= 6.9ZO GEV/C 

SIGHA t- OSIGMA 
I HI LLIBARNS/ I GEV IC l**2l 

10.87499 
6.83571 
4. 35000 
2.q5178 
1.55357 
1.24286 
1.08750 
1.5"5357 
1.08750 

.77679 
0 77679 
• 6Z143 
.46607 
• 46607 
• 46607 
.31071 

154 lZ84t 1961) HBC 

•••*THIS DATA WAS READ FROM A GRAPH**** 

HWIHUI\ 

o • 
.025 
.050 
.075 
.too 
oiZ' 
.150 
.115 
.2UU 
.Z25 
.Z50 
• ~7'i 
.300 
.325 
.350 
.375 
.400 
.425 
.450 
.475 
.500 
.525 
.550 
.575 

HOM TR 

MAX I MUM 

.025 

.050 

.075 

.too 

.125 

.150 

.115 

.zoo 

.a.~ 

.250 
.275 
.300 
.325 
• 350 
.375-
o'tOO 
• 4Z5 
.450 
... 15 
.500 
.5l5. 
.550 
.575 
.600 

20 SQUARE= 5.672 

•• 

BEAH MOM£NTUN:=~10.010 GEVIC 

<otr.KA t- DSIGI1A 
I HILL I BARNS/ C GEV IC l**2 I 

11.00000 
13.00000 
13.50000 

7.00000 
3. 70000 
4. 70000 
1. ·ruuou 
4.00000 
;, 0~000 
1.40000 
z.ooooo 
1.60000 
2.40000 
o • 
1. 00000 

.40000 
o • 
1.00000 

.50000 
• 30000 
• 60000 
• 40000 
.60000 
• 40000 

HBC 

u .. TH'5 OATA WAS READ FROM A GRAPHu•• 

o. 
.020 
.040 
.0!.0 
.o8o 
.100 
.120 
.14U 
.160 
.zoo 
.zzo 
.240 
.Z60 
.Z80 

rtOH Tl\ 

ZQ SQUARE= 

DEHNE 

HAX I HUM 

.020 

.040 

.060 

.oeo 

.100 

.1ZO 

.140 

.160 

.180 

.220 

.Z40 

.260 . 

.Z80 
• 300 

8.553 

NC 

SIGMA +- DSIGMA 
I MlllJBARNS/IGEV/C l*~Zl 
6.70000 1.70000 
5.00000 1.60000 
3. 30000 1.10000 
7.o;nnno 1,ooooo 
2.50000 1.00000 
1. 70000 • 8 5000 

• BOOOO • 55000 
1· 70000 • ~ 5000 
2.30000 • 70000 

• 85000 0 60000 
.42000 .4ZOOO 
.42000 .4ZOOO 
• 85000 • 60000 
0 4ZOOO .42000 

53A 23211968} H6C 
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dujdt for pil(1236)+ 

BEAM MOMENTUM'= z. B50 GEVIC 

HOM TRANSF SIGMA +- OSIGMA 
I Ml LLIBARNSI I GEVIC l••z I 

.031 13.10000 • Jqloo 

.034 12.80000 • 38400 
• 039 16.70000 .50100 
.048 9.05000 .27150 
.049 9.60000 • 28ROO 
.052 7.40000 • 22200 
.058 8.30000 • 24900 
.065 11.10000 .33900 
.o72 1. 50000 .22500 
.018 10.90000 .32700 
• 085 1 o. 90000 .32.700 
.092 7. 30000 .l.l'1'00 
• 102 7-60000 • 22600 
.110 6.60COO .19800 
.119 6. 80000 .20400 
.128 5.60000 .16800 
.138 5.60000 .16800 
.148 5.45000 .16350 
.160 5.48000 .16440 

20 SQUARE::o 1.435 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- LOPER CENT 

BLAIR NC 63A 529119691 CNTR 

BEAM MOMENTUM= 4. 550 GEV IC 

MOM TRANSF SIGMA +- DSIGMA 
I Ml LLIBARNSit GEVIC 1•*2 I 

.034 4.65000 .13950 

.035 s. 30000 .15900 

.042 s. 60000 .16800 

.043 4. 70000 .14100 

.053 5.05000 .15150 

.OSJ ]. 80000 • 11400 

.064 4. 10000 .. 12300 

.075 3 .. 40000 .10200 

.089 2.85000 .08550 

.096 3.25000 .09750 

.109 2 .lt-0000 .07200 

.. 140 1.81000 .05/t-30 

.160 1. 80000 .05400 

.161 1. 57000 .04710 

.180 1.81000 • 05430 

.181 1.17000 .03510 

.zzo • 90000 .02700 

.240 • 94000 .02820 

.z 70 .bOOOO .01000 

ZQ SQUAREc 3.479 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 10PER CENT 

BLAIR NC 63A 529( 19691 

BEAM Hl.J!'IENTUM= 6.070 GEVIC 

HOM TRANSF 

1.030 
t.l 60 
1.440 
1.750 
l.OBO 
2.400 
2.730 
3.180 
3. 750 
4.2 50 

SIGMA +- OSIGMA 
I Ml LLIBARNSII GEVIC J .. 2 J 

.01100 .00300 

.OllOO .00300 

.00900 .00300 

.00660 .00090 

.uu,uu ·00100 

.00300 .00060 

.00210 .00040 
.00090 .. 00010 
.(10050 .00010 
.00040 .00020 

2Q SQUARE"' 4. 883 

CNTR 

PLUS POSSIBLE SYSTEMATIC ERROR OF +- 12PER CENT 

ANKENBRANO •• 110 12231196BI CNTR 

MOMENTUM TRANSFER BETWEEN BEAK AND PROTON 
IGEV/CJ••2 

BEAM MOMENTUK:o 2.980 GEVIC 

MOM TRANSF 

.260 

.290 

.370 

.640 

.740 

.880 
1.260 
1. 630 

Sl GMA t- OSIGMA 
I HILL I BARNS/ IGEVIC J0•2J 
I • t;OOOO • 20000 
.90000 .10000 
• 90000 • 10000 
• 39000 .04000 
• 39000 • 04000 
.31000 .03000 
.10000 .02000 
• 15000 • 02000 

2Q SQUARE::~ 2.051 
PLUS POSSIBLE SYSTEMATIC ERROR Of +- 12PER CENT 

ANKENBRANO •• 170 12231 1968) 

BEAM MOMENTUM= 5 .. 020 GEVIC 

MOM TRAN SF 

• 700 
.800 
.990 

1.460 
1.720 
1.910 
2.670 
3.080 

SIGMA +- DSIGMA 
I MILl.IBARNS/ I GEVIC 1••2) 
.07600 .00800 
.04300 .00600 
.02400 .00300 
.01200 .00300 
.00500 .00100 
.ooqoo .oo1oo 
.oo,so .000§0 
.00200 .00100 

20 SQUARE.. 3.911 

CNIM 

PLUS POSSIBLE SYSTEMATIC ERROR OF t- 12PER CENT 

ANKENBRANO PR 110 122311968) 

BE-'1'1 MOMENTUM= 7. ~20 GEV IC 

MOM TRANSF 

1.330 
1.500 
1. 720 
2.270 
1.11nn 
3.050 
4.220 

SIGMA •- DSIGMA 
IMILLI BARNS/I GEV IC J••2 J 

• 00800 • 00300 
.oosoo .00100 
.00420 .00080 
• 00260 • 00090 
.00110 .00050 
.oo 100 .00060 
.00025 .00009 

20 sauARE• s.8S8 

CNTR 

PLUS POSSIBLE SYSTEMATIC ERROR OF +- llPtM CENT 

ANKE NBRANO •• 170 122311968) CNTR 

BEAM MOMENTUM• 4.000 GEVIC 

HOM TRANSF 

.450 

.510 

.640 
1.120 
1.520 
2.120 
2.650 

SIGMA +- OSIGMA 
I MILL I BARNS/ C GEVIC J••2 J 
.41000 .04000 
.2~000 .OlOOO 
.18000 .02000 
• O•HOO • 00900 
.o2~too .oo3oo 
.02100 .00200 
.02100 .00200 

2Q SQUARE,. 2.975 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 12PER CENT 

ANKENBRANO PR 170 122311968) 

BEAM MOMENTUM .. 6.060 GEV/C 

MOM TRANSF 

.056 

.070 

.107 

.128 

.154 

.260 

SIGMA +- OSIGMA 
I HILL IBARNSI CGEVICI ••21 
1. 74000 .05220 
1.94ooo .05820 
1.06000 .03180 
.61000 .02010 
.59000 .01770 
.27000 .00810 

20 SQUARE'"' 4.873 

CNTR 

PLUS POSSI9LE SYSTEMATIC ERROR OF +- 10PER CENT 

BLAIR NC 63A 529119691 CNTR 

BEAM MOMENTUM= 7.880 GEVIC 

MOJI4 TRANSF SIGMA +- OS lGMA 
I Ml LLlBARNS/fGEVIC 1••2 J 

.046 1. 75000 .05250 

.089 • 72000 .02160 

.093 1o 00000 .03000 

.114 • 58000 .01740 

.117 .63000 .01890 
•loWJ •'·1000 ,n17':\n 
.181 • 35000 .01050 
.217 • 17000 .00510 
.250 .17000 .00510 
.260 .1')000 .00570 
.295 .16000 .00480 
.340 • 06000 .00180 
.390 .12000 .00360 
.440 • 04600 .00138 
.sao .07400 .00222 
.526 • 02900 .00087 

20 SQUARE::~ 6.565 
PLUS POSSIBLE SYSTEMATIC ERROR OF +-- 10PER CENT 

BLAIR NC 63A 5291 1969) CNTR 
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Fit to du/dt for pp N Ll(1236) 

14 

(c) I 
12 f f 

I 10 

I 

B 
" I -0 
.......... 

6 > Q) I ~ -
~ 

4 

P-t 
nA++ 0 

(; ....:I 
{/] 2 

. pA+ 

0 
1 2 3 4 5 6 7 B 9 10 

Pbeam (GeV/c) 

Fig. 18 (continued) 

da /dt [ t = oh SLOPE 
pbeam (GeV/c) mb/(GeVfc) (GeVfc)"2 x2/N 

z. 800 101.44 ± 15.67 10. 11 ± 1. 36 .• 70 } 6.600 18. 52 1. 46 11.62 .75 1. 95 nt.++ 8.100 5. 86 1. 45 10. 4R :' .. 33 • 37 
10. OIO 3. 34 f. 36 3. 33 3. 46 • 48 

2. !ISO 12.65 ± 1. 29 5. 41 ± • 21 "·"} 4. sso· 7.·12 .n 9. 09 • 16 19. 32 pt.+ 6. 06U 4.06 • 44 12.93 • 37 25.90 
7.880 2.46 • 26 11.71 • 29 27.02 



pbeam 

(GeV/c) 

4. 550 

92 

apN*(1470)+ (mb) 

5. 520 
6.060 
6.070 
7. 880 
8.100 

10.000 

.sao ~ .160 .360 ± .060 

.270 .130 .llO .090 

.500 .150 .250 .150 

10.010 
15.000 
20.000 
28.500 

.zoo • 130 

30.000 

REFERENCES 
ANDERSON 66 •• • • .PRL 
ALE X ANDER 6 7 • • • •. PR 
CONNOLLY 67 ••••• BNL 
ALMEIDA 68 ••••• PR 
TAN 68 •• • •• PL 
BLAIR 69 ••••• NC 
GINESTET 69 ••••• NP 

(GeV/c) 

16 
154 

11980 
174 
288 
634 
813 

855 
1281t 

1638 
1.5 
52• 
283 

4.000 
•• 550 
5. 520 
6.060 
6.070 
7.880 

.388 i: .zen .130 :1: .015 

.(t40 • 200 o. .040 

.150 .090 .080 .oso 

10.000 
15.000 
zn.noo 
30.000 

pbeam 

(GeV/c) 

20.000 
30.000 

REFERENCES 
ANDERSON 66 ••••• PRL 
AlEXANDER 67 ••••• PR 
COLETTI 67 ••••• NC 
TAN 68 ••••• PL 
BLAlK 6~. •• •• ru.. 

Ec.m. 
tGeV) 

6.272 
7.621 

REFERENCES 
ANDERSON 66 ........ PRL 

Pbeam 

(GeV/c) 
Ec.m. 
(GeV) 

6.000 :1:. .020 
10.010 .010 
19.000 
21.800 

3. 627 
4. 542 
6.120 
6. 535 

REFEP.EN(.F~ 

AUtEIDA 68 ••••• PR 

16 855 
154 1281t 
49A 479 
288 195 
.:,,, r;;"l 

apN*(2190)+ (mb) 

N* .... all modes 

.128 .021t 

.108 .036 

16 855 

apN*(1470)+ (mb) 

N*'"' pn+n 

.680 t .090 

.180 .040 

.oeo .o2o 

.155 .030 

BOGGILD 68 ..... :su8 YNA 
1.74 163a 

21 1368 
17707 

JESPERSEN 68 ...... PRL 
KINSEY 68 ••••• UCRL 

pbeam 
Ec.m. 

apN•(15:!0)~ (mb) 

(l.rV/c.) (CeV) N* .... rr+rr· 

5. 520 t .010 3. 503 .570 .050 
10.010 .010 4. 542 .150 .OitO 

REFERENCES 
ALEXANDER 67 ...... PR 154 1284 
ALHE I OA 68 ••••• PR 114 1638 

N* .... all mod~s 

[t1~~~! 
[ : ~~~ 

• 450 
[ i, 230 

•544 
~490 
,620 
:660 
~sou 
.·744 

SPRK 
HBC 
H8C 
H8C 
HBC 
CNTR 
H8C 

'080 
; 40 ) 
, tao 
; 270) 
; 090 
'380) 

~ ~~~] 
'i06 
J 150 

+i 2.00 
-;iOO 
~ 350 

N* .... all modes 

·j980 1 
.,680 
,a3o 
;,450 
0 430 
.,3i0 
•1196 
•. i60' 
.• no 
•. i66 

SPRK 
HBC 
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H8C 
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srnK 

H8C 
HBC 
HBC 
IIOC 

H8C 
H8C 

.-550) 

.uuu 
; 390) 
, U';IU 
0 i90) 
0 050 
.'056 
;o32 
.~030 
."042 
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BEAM MOMENTUM= 

HOM TRAN SF 

.044 

.045 

.052 
• 053 
.062 
.063 
• 073 
.OR4 
.098 
.117 
.1 ... 11 
• 166 
.220 

2Q SQUARE= 

94 

du/dt for pp~pN(1470)+ 

MOMENTUM TRANSFER BETWEEN BEAM AND PROTON 
IGEV/CI,..2 

4.550 GEV/C 

SIGMA +- DSIGMA 
1HilLIBARNS/IGEV/CI**21 
2. 72000 .08160 
3.05000 .o•n5o 
3.02000 .09060 
2.61000 .07630 
2. 2.0000 .06600 
2.30000 .06900 
z.nooo .06390 
I, 53000 .04590 

iiAH HQHCNTUH• 6o060 ~EV/C 

MOM TRANSI' 

.061 
.074 
.110 
.130 
.154 
.260 

S i t;MA +- OSIGMA 
IHILLIBARNS/IGEV/CI**21 
2.50000 .07500 
2.50000 .07500 

.70000 .02100 

.38000 .01140 

.45000 .01350 

.13000 .003~0 

2Q SQUARE= 4~B73 
1. 3LOOO ,03930 PLUS POSSIBLE SYSTEMATIC ERROR OF +- 10PER CENT 
1. 08000 .03240 

.6Tuuu ,ULUlU BLAIR NC 63A 52911?691 CNTR 

.!i5000 .01650 
• 26000 .00760 

3.479 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- lOPER CENT 

BLAIR NC 63A 529119691 CNTR 

BEAM MOMENTUM= 7.880 GEV/C 

MOM TRANSF 

.048 

.090 

.094 

.I I~ 

.117 

.14~ 

.180 

.214 

.250 

.?90 

SIGMA +- OS I GMA 
IMILLIBARNS/IGEV/CI**21 
2.20000 .06600 

.69000 .02070 

.79000 .02370 

.1~000 .010~0 
.54000 .01620 
.L~OOO .00786 
.25000 .00750 
.15000 .00~50 
.16000 ,004RO 
.07000 .00210 

2Q SQUARE= 6.565 
PLUS POSSIBLE SYSTEMATIC F.RROR Ul' +- 10PER CENT 

IlL AIR NC 63A 529119691 CNTR 



95 

du/dl for pp4pN(1470)+ 

~ 

10 
5 

2~, 
1 ' ... + 

0 .. 
Pbeam= ,,660 

r-

""" ..... -* ~ I ......... 
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p.. 
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~ p.. 
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Q,) 

l-' 10 "" 0 .... ._., 
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.0 2 • 
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"' 

.. 
s:: 

'--' 
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riA 
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"" "'CJ u 
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Pbaam= 8.080 
...... 
ns .... .... s:: 
Q) 

"" Q) 

~~ 
.... 

~ . 
.... .... 
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... 
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t>!l .... 
~ .. .... .... .. 

Pbaam= ?.880 

o. .2 .4 .6 .B 1.0 1.2 1.4 1.6 1.8 2.0 

It I (GeV /c)2 
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du/dt for pp~pN(1520)+ 
MOMENTUM TRANSFER BETWEEN DEAH AND PROTON 

CGEV/C1•*2 

BEAM MOMENTUM= 4.000 GEV/C 

HOM TRANSF 

.440 

.500 

.620 
1.060 
1.430 
1.990 
?..050 

SIGMA +- OSICMA 
I MILL I BARNS/I GEV /C 1 .. 2 I 
.25000 .04000 
.20000 .02000 
.15000 .02000 
• 15000 .02000 
• I 2000 • 00900 
• on oo • oo6oo 
• I 2200 • 00900 

2Q SQUARE= 2.975 
PLUS POSSIBLE SYSTEHAfiC ERRUK OF +• 12PER CEtiT 

ANKENBRANO PR 170 12231196BI 

BEAM MOMENTUM= 5.020 GEV/C 

HOM TRANSF 

.670 

.160 

.qtto 

SIGMA +- OSIGMA 
(MILL I BARN5/( GEV/C 1•*l1 
.10000 .10000 
.10500 .00900 
• OBBOO • 00600 
.07000 .01000 
• 05200 • 00600 
.05700 .OU500 
.03100 .00300 
.03000 .0'1000 

CNTR 

BEAM MOMENTUM= 4.550 GEV/C 

MOM TRAN SF S I GMA +- OS I GMA 
I HILL I BARNS/ C GEV/C 1**21 

.057 I. 30000 .03900 

.058 I. 27000 .03BIO 

.064 2. 05000 .06150 

.065 1.92000 • 05760 

.074 1.2BOOO .03840 
.075 1.35000 .04050 
.OB5 I. 52000 .04560 
.095 I. 2BOOO .03B40 
.107 1. 29000 .03870 
.126 1.43000 .042qO 
.157 1.26UUU .03700 
.I 73 .99000 .02970 
.175 • 67000 .02010 
.Lql • 64000 .01920 
.191 .67000 .02010 
.230 .49000 .01470 
.2 50 • 64000 .01920 
.2 70 .62000 .01 B60 

2Q SQUARE= 3.479 
•LUS POSSIHLE SYSTEMATIC Ertfl.QR OF +- lOPF.R 

BLAIR 

BEAM MOMENTUM= 

MOM TRANSF 

.065 

.079 

.114 

.134 

.I. 57 
,260 

NC 63A 52911'~691 

6. 060 GEV /C 

SIGMA +- OSIGMA 
I HILLI BARNS/I GEV /C I .. 21 
1.15000 .03450 

• 99000 • 02970 
.95000 .02850 
• 79000 .02310 
• 55000 .01650 
• 32000 • 00960 

2Q SQUARE= 4. R73 

CENT 

CNTR 

1.1 AO 
l. t-alO 
1.790 
2.490 
2.830 
2.860 
3.140 

.03100 .00500 PLUS POSSIBLE SYSTEMATIC ERROR OF +- lOPER CENT 
• 02500 .00500 

20 SOUAR~= 3.911 
PLUS POSSIBLE SYSTEMATIC ERROR OF +· 12PER CENT 

ANKENBRANO PR 170 12231196BI CNTR 

BEAM MOMENTUM= 6 ... 070 GEV/C 

MOM T RAf\ISF SIGMA ·- U~IUHA 
I HILL IBARN5/ ( CEV/C f*tt2) 

.QAO • 066UU .uuouv 
l .IQQ .l)hlOO • 00600 
1.360 .O!>YUU .vueuu 
J.ho;O • 03200 .00300 
1.970 • 02BOO .00400 
2.4!"10 .O!IJOO .00200 
2. 5BO .01400 .00100 
3.000 .01070 .00070 
3.520 • OOB20 .00060 
3.890 • 00700 .00100 
t..n?n .ooo~o .00080 

20 SUUAKI:• -.. ee.s 
PUIS POSSIBLE SYSTEMATIC ERROR OF+· 12PER CENT 

Af\IKENBRANO PR 170 1223119681 CNTR 

B(A H HOMENTUM= 7.880 GEV/C 

HOM TRAN SF ~llol'lA ..,_ 0.SI014A 
(Mfii.IBARNS/IGEV/CI*•21 

.051 1.12000 .03360 

.o•2 .57000 .01110 

.('lqh • 48000 .01440 

.116 .44000 .013~0 

.11? .45000 .01)50 

.146 .40000 .01200 

.180 .32000 ,00960 

.z1~ .26000 • 00780 

.z 50 • 24000 .uOHO 
.255 .27000 .OOBIO 
.2 BB .19000 .00510 
.340 .23000 .00690 
.380 .12000 .00360 
.414 .08200 .00246 
.460 • 06000 .00180 
.484 .06800 .00204 
.509 .10000 .00300 
.626 .02BOO .OOOB4 
.670 .05100 .00153 
.750 • 06500 .00195 
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ALL ABY PL 28B 229119681 

CNTR 

CNTR 



d
a
/d

t 
[m

b
/(

G
eV

 /c
)
~
 

.. 
.. 

.. 
'" 

I 
II

 

.r 
p

. 
·' 

q 
;., 

. . 
.. 

• 
....

....
.. 

. 
.. 

. . 
p.

. 

'· 
("

+
' 

c. 
.....

 
... 

• 
0 

"
"
"
'I

D
 

., 
C

l 
Il

l 
..

 

"0
 

<
c.

 
....

....
 

"0
 

0 
..

 
._

,.
 

.j. 
.. .,

 
• 

• 
"t:

: 
"' 

.. 
.., 

.., 
.., 

.., 
... 

... 
;,

 
... 

2:
 

-
J
 

rr
 

rr
 

rr 
rr

 
rr 

rr 
rr 

,....
... 

.. 
.. 

.. 
.. 

.. 
.. 

.. 
.. 

c. 
.. 

.. 
.. 

6 
.. 

6 
.. 

.. 
....

....
 

II 
II 

II 
II 

II 
II 

CJ
1 

0 
0 

I 
I 

0 
I 

0 
D

 
.. 

.. 
N

 
<D

 
... 

... 
"' 

"' 
"' 

.. 
.. 

ID
 

., 
.. 

;.
 

c. 
c. 

c. 
0.

 
c. 

a 
Il

l 

"' 
... 

"' 
"' 

"' 
a 

0 
"' 

a 
a 

a 
a 

a 
a 

a 
a 

.....
.... 

;, 
+

 

F
ig

. 
2

1
. 

D
if

fe
re

n
t:

.a
l 

c
ro

s
s
 s

e
c
ti

o
n

s 
fo

r 
* 

+
 

p
p

 -
+

 
p 

N
 

(1
5

2
0

) 
• 



Pbeam 

(GeV/c) 

4.550 
6.060 
7.880 
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pp p Bump 

MOMENTUM TRANSFER BETWEEN BEAM AND PROTON 
IGEV/Ct•*2 

BEAM MOMENTUM= 4.000 GEV/C 

HOH TRA~Sf 

.470 

.520 

.&40 
1.050 
1.400 
1.930 

SIGMA+- DSIGMA 
I MILL 18ARNS/t GEV/C 1••21 

• bbOOO • 09000 
• 34000 • 03000 
.45000 .04000 
• 23000 .03000 
.16000 .01000 
.12900 .00900 

ZQ SQUARE= 2.975 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 12PER CENT 

ANKENSRANO PR 170 12231 196BI 

BEAM MOMENTUM= 5.020 GEV/C 

HOM TRANSF 

.670 
• 750 
.920 

1.330 
1.550 
1. 1.!0 
2.390 
2. 740 

SIGMA +- OSIGHA 
I MILLI8AKNSII C£V /C 1••21 

.23000 .02000 

.1BOOO .02000 

.12000 .01000 

.09000 .• 01000 
• 01 Boo . ooeoo 
.07400 .00700 
.05100 .00400 
• 04300 • OOBOO 

2Q SQUARE= 3. 911 

CNTR 

PLUS POSSIBLE SYSTEHAT IC ERROR OF +- l2P~R CENT 

ANKE NSRANO PR 170 l223tl9bBI 

BEAM MOMENTUM= 6.070 GEV/C 

HOM TRAN SF 

.950 
l.U/0 
1.320 
1.590 
1·900 
2.1 BO 
~.C.70 

2 .BBO 
3. 3 BO 
3.B50 

SIGH4 +- DSICHA 
I MILL I BARNS/I GEV/C 1 .. 21 
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.02000 .00200 
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.OlOBO .OOOBO 
• 00170 • OOOBO 
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20 SOII6~E= 1t •. 86) 

CNTR 

PLUS POSSIBLE SYSTEMATIC ERROR nF •- 12PFA fC.NT 

ANKENBRANO PR 170 122)( 1968) CNTR 
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.121 • 78000 .02340 
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.613 • 08200 .00246 
.640 .07 200 .00216 
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Table III. Fits to do/dt for various pp quasi-two-body final states. These are the values the 

authors report when fitting their own data. Thus there may be some inconsistencies from ex

periment to experiment. 

pbeam It I 
(GeV/c) mm max 

2.85 

4.55 

6.00 

6.06 

7. 88 

10.00 

15.00 

4.55 

6.06 

6.070 

'· ~8 
10.00 

15.00 

20.00 

21.800 

30.00 

c .. o6 

7.88 

10.00 

15.00 

20.00 

30.00 

,, . f'li. 

6.06 

7,88 

10.00 

15.00 

20.00 

30.00 

.03 

.03 

.01 

.05 

.04 

.01 

.02 

.04 

.06 

.04 

.01 

.02 

.02 

.07 

.06 

.09 

.ao 

.20 

.20 

.20 

.08 

.05 

.01 

.02 

.U4 

.07 

.160 

.270 

.110 

.260 

.340 

.130 

.130 

.220 

.160 

.14!i 

.110 

.140 

.140 

• 250 

.130 

• 290 

,484 

.900 

.900 

.900 

'770 

• 300 

.500 

.800 

,600 

.800 

.900 

FORMULA 

A 

A 

X=A~EXP!8~Tl A 

A 

A 

A 

A 

A 

Bl 

A 

A 

A 

A 

B 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

PARAMETERS 

15.ooo:± 1.6oo a 

6.900 

2.960 

2.800 

.700 B 

.560 B 

.500 B 

2.100 .300 B 

1.600 .500 B 

1.500 1.000 B 

5.5oo .800 a 

8.800 2.900 B 

.10.400 1.000 

5.900 2.500 8 

6.060 1.000 B 

4, BOO .900 B 

4.750 1.200 B 

18.000 2.300 

8,820 4.2oo a· 

~.~00 .:zoo I} 

1.YUU .r.uu 8 

.'100 .100 B 

• 310 

.330 

.360 

2.100 

1.800 

1.300 

1.280 

1.610 

l.'t70 

1. 790 

.120 a 

.010 B 

.070 ij 

.100 B 

.500 B 

.~oo o 

.200 B 

.100 B 

.170 B 

.zoo 8 

.290 B 

6.900 :t 1. 200 

8. 900 • 900 

15.800 2.900 

10.000 1.000 

9.900 .600 

17.300 2.000 

21.100 4.400 

14.000 1.300 

20.700 2. 700 

22.100 4.101) 

22.300 3.400 

15.900 2.300 

14.400 2. 500 

23.500 5.100 

~.400 .ROll 

7.100 1 .tOO 

5.200 .500 

3.950 .510 

3.880 .450 

3.830 .370 

4. 300 • 500 

4.600 1.300 

5,600 1.300 

4.800 

4.500 

5.050 

5.250 

6.190 

.400 

.500 

• 380 

.4AO 

.500 

p~+ 

pN*(1470) 

pN*(1520) 

pN*(1688) 

References 

BLAIR 

BLAIR 69 

ANDERSON 66 

BLAIR 69 

BLAIR 69 

ANDERSON 66 

ANDERSON 66 

BLAIR 69 
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TAN 68 

BLAIR 69 

ANDERSON 66 

ANDERSON 66 

ANDERSON 66 

JESPERSEN r,~ 

ANDERSON 66 

BLAIR 69 
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BLAIR 69 
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ANDERSON 66 
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Fits to vartous pp 

5 

4 

3 

2 

1 

0 
0 4 8 12 

Pbeam (GeV /c) 

dcr / dt's. 

pp 
)( pt.+ 

c pN"'(l520)+. 

o pN*(1688)+ 

_I 
-- 1 

16 20 

Fig. 24. Results of,our least-sfuares fits to various pp quasi-'"two-body differential cross sec

tions of the form da /ctt = Ae-v vo, where v is as defined in the text. The points at 19 GeV/c 

have been fitted over a somewhat different v region than were the lower-energy points. 

SLOPE ( 1/V.) 
Pbeam (GeV/c) (GeVfc)'2 x2fN 

5. 02 3.12 ±. 03 11, 31 
6. 07 2. 7 • 14 1. 53 
7. 1 2, 55 • 06 1. 67 
7. 12 2, 63 ,17 1. 31 
8. 1 2. 47 • 03 4, 84 
9. 2 2, 23 • 02 6.78 elastic 

10. 1 2. 11 • 01 9. 35 
11, 1 1. 93 • 01 12, 38 
12.1 1, 73 • 01 11,76 
19. 7, 2, 17 0 02 1, 72 

2, 98 1, Q3 • !B 1, 11 

} 4.0 2, 80 • 09 8. 83 
5. 02 2. 59 • 13 4. 48 
6. 07 2, 44 ,15 2, 28 
7. 12 2. 12 • 26 • 34 

pt.+ 

4. 00 ,73 • 10 2. 62 } 5. 02 1. 04 • 09 .45 
G, 07 1, 60 • 06 .• 69 
7, 12 1, 91 .11 1. 66 

19.2 2, 22 ,18 2, 29 

4, 00 1, 55 .11 5. 28 } 5. 02 1, 31 • 09 2. ·o7 
6, 07 1, 87 • 06 1, 33 
7. 12 2, 22 • 12 1. 66 

19. z ~. 9~ • 27 'l. 43 

.. (, 
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.. PP~ 

Ec.m. 
Pbeam (GeV/c) (GeV) References 

5. 520 ± .010 3.503 .280 :!: .040 ALEXANDER 67 
5. 'HC .oso ::!.&20 1o180 .200 CASO 68 
f:,.'lOO 3.851 2.300 .300 YF.KUT!ELI 69 

10.010 .010 4.542 1.250 .140 ALMEIDA bS 
19.000 6.120 .830 .15C BOGGILD 68 
28.500 7.434 .bOO .1 00 CONNOLLY 67 

REFERENCES 
l ALEXANDER 67 ••••• PR 154 1284 
:z CONNOLLY 67 ••••• ~NL 11980 
3 ALMEIDA 6!! •••• ,fJR 174 1630 
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5 CASO 68 ... , .NC 55A 66 
6 YEKUTIELI 69 ••••• REHC 

Pbcam (GeV/c) 

6. u .... p7T 

5. 52G .Po ... .010 
5. 'i7C .050 

10.010 .290 .116 
19.000 • 180 .030 
28.500 .080 .D20 

Ki!ftii.!!NC~3 
1 ALEXANDeR 67 •••• -"~ 154 1Z~4 
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4 BCGGILD 68 ..... SUB VNA 
5 CASO 68 ..... NC 55 A 66 

tJ. 0 ·• ALL MODE3 

.360 ~ 
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pp~ 

pbeam (GeV/c) 

!GEV/C I 

5.520 
5. '170 
6.000 
(,,900 
·a. 11 c 

1'l.OOO 
28.500 

1' 
2 
3 
4 
5 
6 
7 

• 250 ± 
.720 
• 660 
.420 
• 220 
.020 
.020 

F<EFER.ENCES 
ALEXA~DER 67 ••••• PR 
CONNOLLY 67 ••••• BNL 

.C4C 

.150 
• 07G 
.100 
.051 
.ClO 
.010 

BOGGILD 68 ••••• S~B VNA 
CASC (,Q ••••• NC 
KAYAS 68 ••••• NP 
KINSEY 68 ••••• UCRL 
YEKUTIELI 69 ••••• REHC 

Pl.Jeam (GeV/c) 

!GEV/Cl 

5. 520 
5. <;7C 
6.000 
6.900 
8.110 

19.000 

1 
2 
3 

" 5· 
6 

:'<ll N . __. p7T~ 

.020 ± .020 

.23.0 • 120 

.440 .oo;o 

.23D .070 

.130 • 041 

.020 .010 

I<I::HIH:NCES 
ALEXANDER 61 ••• -.PK 

BOGGILD oa ••••• suo VNA 
CASO 66 ••••• NC 
KAY AS 68. • • • • Nf.' 
KINSEY 66 ••••• UCRL 
YEKUT I EL 1 69; •••• RI:HG 

106 

L1( 1236) +-+ L1( 1236)0 

il( 1236) +-+N* (1520) 0 

a~++~o (mb) 

154 1284 
11960 

55A 66 
es 169 

17707 

154 1264 

55 A 66 
B5 to<; 

17707 

t:J. 0 - ALL MODES 

• 750 ± 
2.160 
1.980 
1.260 

.120 I 

.450) 
• 210 J. 
• 3CO J 
.154 J 
.1)30 1 
.030) 

.660 
·.060 
.060 

N-1-0 _.. ALL MODES 

.113 
1.302 
2.4'l0 
1.302 

.736 
• 113 

:!: .1131* 
.679) 
.263 J 
• 396 J 
.229 J 
• 057 J 

HRC 
HOC 
HBC 
HRC: 
HRC 
HBC 
HBC 

HRC 
HRC 
HBC 
HRC 
IIOC 
HBC 

DATA IN PARENTHESES HAVE BEEN CALCULATED flY US. 

References 

ALF.XANDER 
CASO 
KINSCY 
YE~UT !ELI 
KAY AS 
BOGGILD 
CONNOLLY 

(;1 

66 
68 
69 
66 
68 
67 

References 

ALEXANDER 
CASO 
KINSEY 
YEKUT!ELI 
KAY AS 
BOGGILD 

67 
66 
66 
69 
66 
68 

"The error (-Ao/o) in X= r(N* -+N~) ___ hit~ ou·ot· lo'""'" f<>1dQd in tho quoted error•. 
r(N*-all modes) 
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~(1236)++Ll( 1236)0 

pp~ 

il( 1236)++N* (1520) 0 

Ec,M, (GeV) 
3 ,o 3,5 4,0 4,5 5.0 5 _5 6.0 6.5 ?.0 1.~ 

:1. ALEXANDER 67 
7. CONNOLLY 67 

2.7 3 BOGGILD 66 
pp->L'1++L'1o 4 CASD 68 

5 KAY AS 69. 
6 KINSE.Y 68 

2.4 7 YEKUTIE.LI 6S 

:1.0 15 20 25 30 

Fig. 26. Some double-resonance production cross sections in pp collisions. (a) L:l.(1236)++ 

L:l.(1Z36) 0 and (b) 6(1236)++ N(15Z0) 0 • Both have be<:>:n <:-nrrec.ted for all modes. These data are 

from bubble chambers. 
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I wpn PP 4 PP 'I 

pbeam (GeV/c) appw (mb) 

W ~ ALLMODES 

4.000 .080 .±. .030 .092 .t .034 I* 
5.520 .110 .020 .126 ,023 I 
5.970 .180 .cso .207 .057 I 
6.600 .180 .023 .207 .026 I 
6.900 • 140 .040 .161 .046 I 

10.010 .145 .030 .167 .1)34 I 
2 e. 500 .050 .010 o057 .0111 

REFERENCES 
1 ALEXANDER 67,,,,,PR 154 1284 HBC 
2 CONNOLLY 67,,,,,BNL 11980 HBC 
3 ALMEIDA 68,,,,,PR 174 1638 HBC 
4 BOO IN! 68,,,,,NC 58 A 175 HBC 
5 CASO 68,,,,,NC 55 A 66 HBC 
h COL TON 69.,,.,UCRL 19330 HBC 
7 YEKUT !Ell 69,,,,,REHO HBC 

pbeam (GeV/c) 

1) ~ ALL MODES 

4.000 .040 :t .020 • L'tO t ,Q70 I'!' 
!i• !iC 0 ,ULU .ll!l.l .070 .Q3!j 1 
5.970 ,U/U .050 .245 • 175 I 
6.600 .029 .009 .101 .031 I 
6.900 .040 .010 .140 .0351 

10.010 ,O"'h .01 'i .1.1!6 .onJ 

1\~rCI'.CiiCel 
1 Ai_EX4NOER 67 ••••• PR 154 1284 HBC 
2 ALMEIDA 6S,,,,,PR 174 '1638 HBC 
3 BODIN! 68,,,,.NC 58 A 175 HBC 
4 CASO 68,,,,,NC 55 A 66 HBC 
5 COLTON 69,,,,,UCRL 19330 HRC 
6 YEKUT IEL l 69,,,,,REHO HBC 

Ec.m. 
Pbeam (GeV/c) (GeV) appoo (mb) References 

----------~------------------~!!~~~----------------------------------------------
5.520 .010 3.503 .0.70 :!: .050 ALEXANDER 67 J Not p1ot1;ec;!, 
o. 110 .. 010 -+. 1~0 ..... 10 KA~AH btl 

REFERENCES 
ALEXANDER 67 ..... PR 1~4 12M HBC 

2 KAY AS 6!1 •••••• NP B5 169 68 Hf\C: 

References 

BODIN! 66 
ALEXANDER 67 
CASO 68 
COLTON 69 
YEKUT l E L1 69 
ALMEIDA 60 
CUNNOLLV 67 

References 

RnnJMI 60 
1\ltXANDER 67 
CASO 68 
COLTON 69 
YEKUTIE Ll 69 
AL"1tlUA I>R 

. r(w- ,,+ ,-,o) 
*The error m X = .::...:=::...:.;....::....::...!.... __ 

r (w ... all modes) 

+ - 0 

(-1o/o) and X= T(1J ... " " " ) (-4o/o) have not been·fo1ded in the quoted errors. 
r(1) -an modes) 

DATA IN PARENTHESES HAVE BEEN CORRECTED BY US. 



c 

N
 .. ~ "'
~ 

"' r:t:;; "c
r .. B
 -~ I'D
 <
 

.....
.....

 
()

 -
:;

[ .. N
 

u 
(m

b)
 

u 
(m

b)
 

c 
;., 

;., 
i.,

 
;. 

;., 
" 

c 
;. 

.. 
0 

;. 
Q

J 
.. 

0 
N

 
Il

l 
... 

CD
 

~
 

;, 
i.,

 
i.,

 
~
 

Il
l 

c 
;., 

c 
;.. 

U
l 

;. 
;. 

Il
l 

0 
0 

c 
c 

Il
l 

U
l 

c 
N

 
N

 

j,
 

b 
c 

N
 

N
 

j,
 

" 
w

 

"' 
0 

w
 

"' j, 
I 

.. 0 

... 
0 

~~ 

c w
 

T
 

;., 

I 
U1

 .., j,
 

.. N
 

c 
~
 

w
 

"t
l 

"C
 

. 
..,[

Zj
 

"C
 

----
---

r:
t-

~ 

U
1n

 
.. :,

 
.. 

"C
 

"
'-

' 

II:
 

B
 

"C
 

.. 

e:: 

"C
 

.. 
"C

 
c
-
-
. 

-
Q

J 
~ 

c 
~
 

~
 

en
 

"C
 

I'D
 

I'D
 

<
 

~
 

"C
 

-
.::s

 
.. ;., 

e.
 

"' 
j,

 
c
n

U
1

"
"

W
N

t-
6

 
~
c
n
U
'
I
.
P
.
W
N
"
"
"
'
 

.. 
~
g
~
g
~
g
~
 

N
 .. 

"'
r-

U1
C~

~~
~"

 
C

:-
tO

H
 

C
lJ

 
' 

;::
~ 
~~

F~
 o

 

~g
~g
:~
~ 

~ 
~
~
~
~
~
:
 

~c
 
~~

~ 
M

:Z
 

n
o

 
~ 

!:: 
.. 

... 
~ 

-<!
:J 

... 

" 
en

 D
H

n
 en

 
~ ~

 ::1 
Q

J 
Q

J
"
 "~

~ 
:
:
:
;
:
~
 U

l 

w
 

c 

F
ig

. 
2

7
. 

B
o

so
n

 r
e
so

n
a
n

c
e
 p

ro
d

u
c
ti

o
n

 i
n

 
p

p
 i

n
te

ra
c
ti

o
n

s.
 

(a
) 

p
p

-
p

p
w

 
a
n

d
 

(b
) 

p
p

-
PP

TJ
· 

A
l-

. 
+

 -
0 

th
o

u
g

h
 t

h
e
 a

u
th

o
rs

 s
ta

te
 t

h
a
t 

th
e
ir

 c
ro

s
s
 
se

c
ti

o
n

s 
a
re

 o
n

ly
 f

o
r 

th
e
 d

e
c
a
y

 T
J 

-r
r 

rr 
rr 

, 
th

e)
• 

h
a
v

e
 

a
p

p
a
re

n
tl

y
 n

o
t 

m
a
d

e
 a

n
y

 c
u

ts
 t

o
 s

e
p

a
ra

te
 r

r0
1

s 
fr

o
m

 -
y1

s.
 

S
in

c
e
 a

t 
4 

to
 1

0
 G

e
V

/c
 (

w
h

e
re

 a
ll

 o
f 

th
e
se

 e
x

p
e
ri

m
e
n

ts
 a

re
 d

o
n

e
) 

in
 t

h
e
 b

u
b

b
le

 c
h

a
m

b
e
r 

th
e
 r

r0 
1 
s 

an
d

 '
{

1 
s 

a
re

 
re

a
d

il
y

 c
o

n
fu

se
d

, 
w

e
 

b
e
li

e
v

e
 t

h
a
t 

th
e
ir

 n
u

m
b

e
r3

 a
re

 r
e
a
ll

y
 f

o
r 

th
e
 s

u
m

 o
f 

th
e
 r

r+
rr

-r
r0 

a
n

d
 r

r+
rr

--
y 

m
o

d
e
s,

 
a
n

d
 w

e
 h

a
v

e
 

u
se

d
 t

h
is

 a
ss

u
m

p
ti

o
n

 i
n

 C
•)

rr
e
c
ti

n
g

 t
o

 t
h

e
 t

o
ta

l 
d

e
c
a
y

s.
 

C
ro

s
s
 
se

c
ti

o
n

s 
fo

r 
p 

p
ro

d
u

c
ti

o
n

 a
re

 

ta
b

u
la

te
d

 o
n

ly
. 

~
 

~
 ,(. 

~
 

~
 

,....
.... 
~
 

€ 
"b

 
~
 

I'D
 <
 -

-0 -.o
 



.090 

.081 

.072 

,..... 
s.. .063 
(IJ 

' .g_ .054 -
.045 

.036 

.027 

.018 

.009 

o. 
o. 

110 

du/dt for 

RLLRBY 69 

I 
I 

I - _.,. ·-.45 .90 1.35 1.80 2.25 2.70 3.15 3.60 4.05 

DI~TRIBUTIDI'l IN THE Al'lGI.E OF THE DEUTERON WITH RESPECT TO TH~ I!~Afll UIKE~Iiul; Ill Til~ LloD 3V!iT(II 

BEAH HDHENTUH=ll.lDO GEV/C 

THETAIDEGI 

-. 716 
1· 1 ft6 
1. 719 
2.292 
2.865 
3.438 

SJGHA t- OSIGHA 
IHICRDBARNS/STERAOIANI 

.078 .012 

.025 .004 

.012 .002 
.004 .001 
.001 .uuu 
.ooo .ooo 

ZQ SQUARE= 18,936 
PLUS POSSIBLE SYSTEMATIC ERRO~ OF +- l2PER CENT 

ALL ABY PL 298 198( 19691 CNTR 

Fig. 28. Differential cross sections for the pp- dp +. 

4.50 
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pp Inelastic Interactions-Strange Particle Production 



E c.m. 
Pbeam (GeVf.-:.) (GeV) apAK+ (mb) References 

-------------------------------------------------------------------------------
2. 807 + .005 2.705 .018 t .005 FICKINGE.R 62 
3.349 .195 2.879 .024 .004 HOGAN 68 
3.670 .03 7 2.978 .051 .012 LOUTTI T 61 
4.950 3.349 .048 .004 BIERMAN 66 
5.520 .010 3.503 .036 .010 ALEXANDER 67 
5.970 .050 3.620 .059 .011 CASO 68 
6.050 .060 3.640 .054 + .003 CHINOWSKY 68 

- .005 
6.920 .075 3.856 .043 .008 ALEXANDER 68 
7.870 4.078 .054 .007 FIREBAUGH 68 

REFERENCES 
1 LOUTT:T 61 ••••• PR 123 1465 HBC 
2 FICKINGER 62 ••••• PR 125 2082 HBC 
3 B I E1H.,AN 66 ••••• P~ 147 922 HBC 
4 ALEXANDER 67 ••••• PR 154 1284 HBC 
5 AlEXAr~OER 68 ••••• NC 53A 455 HBC 
6 CASO 68 ••••• NC 55 A 66 HBC 
7 CHINOWSKY 68 ••••• PR 165 1466 HBC 
8 FIREBAUGH 68 ••••• PR 172 1354 HBC 
9 HOGAN 68 ••••• PR 166 1472 CNTR 

toO 
~ 
t 
~ 

..... ..... 

> N 

~ 
+ 



E C.M. (GeV) 
.10 2.00 2.25 2.50 2.75 3.00 3.25 3.50 3.75 4. 00 . 4.25 4.50 

1 LOUT TIT E>1 
2 FICKINGER E>2 

. 09 3 BIERM~N bb 
4 ~LEX~NOER E)7 
5 ~LEX~NOER E>8 
b c~so E>8 

.08 7 CHINOWSKY E>8 
8 FIREB~UGH E>8 
9 HOG~N E>8 

.07 
~ 
'"0 

.OE> 

t 
.!, 
~ - > ..c .05 ~ E + ..... ....._., ..... 

.04 \.>) 

b 

.03 

.02 

.01 

0. 
0 2 4 

1' 
b 8 10 

TIUIECHIILII 

plab 
beam (GeV/c) 

Fig. 29. Cross section for pp-+ pAK+, including any possible resonance contributions. 
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E c.m. 

114 

(a) 

Pbeam (GeV/c) (GeV) ap~+Ko (mb) References 
-------------------~-------------------------------~~~~=------------------------

3.670 ± 
4.Y':SU 
4.950 
5.520 
6.050 
6.920 
7.870 

10.000 

1 
2 
3 
4 
5 
6 
7 
8 

.031 2.918 .030 :!' 
3.349 .on 
3.349 .025 

.010 3.503 .004 

.060 3.640 .026 

.075 3.856 .020 
4.018 .014 
4.540 .060 

REFERENCES 
LOUTTIT 61 ••••• PR 
BIERMAN 66 ••••• PR 
ALEXANDER 67 ••••• PR 
HOLMGREN 67 ••••• NC 
ALEXANDER 68 ••••• NC 
CHINOWSKY 68 ••••• PR 
FIREBAUGH 68 ••••• PR 
SONDHI 6B ••••• PL 

E c.m. 

.010 

.003 

.002 

.004 

.004 

.007 

.005 

.020 

(b) 

Pbeam (GeV/c) (GeV) ap~OK+ (mb) 

3. o IU ± .03'7· ~.976 .013 ± .OOT 
4.950 3.349 .025 .003 
5.520 .010 3.503 .016 .007 
5.970 .050 3.620 .012 .005 
6.050 .060 3.640 .011 + .004 

- .002 
6.920 .075 3.856 .029 .007 
7.870 4.078 .025 .oo5 

REFERENCES 
1 LOUTTIT 61 ••••• PR 
2 BIERMAN 66 ••••• PR 
3 ALEXANDER 67 ••••• PR 
4 ALEXANDER 68 • ." ••• NC 
5 CASO 68 ••••• NC 
6 CHINOWSKY 6B ••••• PR 
7 FIREBAUGH 68 ••••• PR 

LOUTTI T 61 
DI CRr~AN 66 
SONDHI 68 
ALEXANDER 67 
CHINOWSKY 68 
ALEXANDER 68 
FIREBAUGH 68 
HOLMGREN 67 

123 1465 HBC 
147 922 HBC 
154 1284 H8C 
51 A 305 HBC 

53A 455 HBC 
165 1466 HBC 

-172 1354 HBC 
268 645 tiDC 

References 

LOUTTIT 61 
BIERMAN 66 
ALEXANDER 67 
CASO 68 
CHINOWSKY 68 

ALEXANDER 68 
FIREBAUGH 68 

123 1465 HBC 
147 - 922 HBC 
154 1284 HBC 

53A 455 HBC 
55 A 66 HBC 
165 1466 HBC 
172 1354 HBC 
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pp4 

Ec.M. (GeV) 
_10 r--2~--25 ___ 2~--5_o __ 2_-~7_5 ___ 3~-~o~o ___ 3_.L2_5~--3~--s_o ____ 3~--7_s~ __ 4-L.o~o _____ 4_L.2_5~----4~-~5_o ____ ~ 

.09 

.08 

.07 

. 06 

.--.. 
..0 .05 s ......... 

.04 
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. 03 

.02 

.01 

0. 

.050 

.045 

.040 

.035 

.030 

.--.. 
..0 .025 s ......... 

.020 
b 

.016 

.010 

.006 

0. 

1 

3 

t 
3 

·----

(a) 

5 7 

p~aebam (GeV /c) 

Ec.M. (GeV) 
2.87 2.99 3.11· 3.23 3.35 3.47 J.69 0.;'1 

(b) 

4 6 6 

LOUTTIT 61 
8IERMRN 66 
RLEXRNDER 67 
HOLMGREN 67 
RLEXRNDER 68 
CHINOW5KY 68 
FIRE BRUGH 68 
SONDHI 68 

9 11 

3.83 .3 .ss 4.07 

1 LOUTTIT 61 
2 8IERMRN 66 
3 RLEXRNOER 67 
4 RLEXRNOER 68 
6 CRSO 68 
6 CHINOWSKY 68 
7 FIREBRU6H 6E! 
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pp NAK1r 
E c.m. 

Pbeam (GeV/c) (GeV) apAKOrr+ (mb) 

4.950 
5.520 
5.970 
6.000 
6.920 
7.870 

10.000 

1 
2 
3 
4 
5 
6 
7 

3.349 .042 
t .010 3.503 .078 

.050 3.620 .071 

.001 3.627 .064 

.075 3.856 .090 
4.078 .012 
4.540 .106 

REFERENCES 
BIERMAN 66 ••••• PR 
ALEXANDER 67 ••••• PR 
HOLMGREN 67 ••••• NC 
ALEXANDER 68 ••••• NC 
CASO 68 ••••• NC 
FIREBAUGH 68 ••••• PR 
KLEIN 68 ••••• UCRL 

E c.m. 

:1 .005 
.013 
.010 
.006 
.010 
.001 
.029 

Pbeam (GeV /c) (GeV) anAK+rr+ (mb) 

4.950 
5.520 ± 
6.060 
6.920 
7.870 

1 
2 
3 
4 
5 

3.349 • 041 
.010 3.503 .075 
.007 3.b-'i .043 
.075 3.856 .078 

4.078 .101 

REFERENCES 
BIERMAN 66 ••••• PR 
ALEXANDER 67 ••••• PR 
ALEXANDER 68 ••••• NC 
FIREBAUGH 6·8 ••••• PR 
KLEIN 68 ••••• UCRL 

E c.m. 

'j: .005 
.Ulb 
• oos. 
.ou 
.010 

Pbeam (GeV/c) (GeV) apAK+rro (mb) 

. 4.950 3.349 .028 j: .003 
5.520 :t .010 3.503 .062 .012 
6.000 .007 3.627 .039 .006 
6.920 .075 3.856 .074 .010 
7.870 4.078 .077 .009 

REFERENCES 
1 BIERMAN 66 ••••• PR 
2 ALEXANDER 67 ••••• PR 
3 ALEXANDER 68 ••••• NC 
4 FIREBAUGH 68 ••••• PR 
5 KLEIN 68 ••••• UCRL 

References 

BIERMAN 66 
ALEXANDER 67 
CASO 68 
KLEIN 68 
ALEXANDER 68 
FIREBAUGH 68 
HOLMGREN 67 

147 922 
154 1284 
51A 305 

53A 455 
55 A 66 
172 1354 

18306 

References 

BIERMAN 66 
AL~XANDER 67 
Kb61N I.R 
ALEXANDER 68 
FIREBAUGH 68 

147 922 
154 1284 

53A 455 
112 1354 

18306 

References 

BIERMAN 66 
ALEXANDER 67 
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E . c.m. 
Pbeam (GeV/c) (GeV) apLoKo7T+ (mb) References 

4.950 
5.520 ;t 
s.•no 
6.000 
6.920 
7.870 

1 
2 
3 
4 
5 
6 

3.349 .020 
.010 3.503 .029 
.050 3.620 .016 
.007 3.627 .011 
.075 3.856 .054 

4.078 .029 

REFERENCES 
BIERMAN 66 ••••• P.R 
ALEXANDER 67 ••••• PR 
ALEXANOER 68 ••••• NC 
CASO 68 ••••• NC 
FIREBAUGH 68 ••• : •• PR 
KLEIN 68 ••••• UCRL 

E c.m. 

± .003 BIERMAN 66 
.012 ALEXANOER 67 
.005 CASO 68 
.002 KLEIN 68 
.012 ALEXANDER 68 
.007 FIREBAUGH 68 

147 n2 
154 1284 

53 A 455 
55A 66 
172 1354 

18306 

Pbeam (GeV /c) (GeV) anL +Ko1T+ (mb) References 

4.950 3.349 .007 ± .002 BIERMAN 66 
5.520 ± .010 3.503 .004 .004 ALEXANDER 67 
6.920 .075 3.856 .005 • 004 ALEXANDER 68 
7.870 4.078 .021 .006 FIREBAUGH 68 

10.000 4~540 • 04') .016 IIOLI~GRCN 67 

RI:FERENCE$ 
1 RTFRMAN hh ••••• PR 147 9?7 
2 ALEXANDER 67 ••••• PR 154 1284 
3 HOLMGREN 67 ••••• NC 51 A 305 
4 ALEXANDER 68 ••••• NC 53 A 455 
5 FIREBAUGH 68 ••••• PR 172 1354 

References 

4.'/~U 3.34t.J .007 :t .002 BIERMAN 66 
5.52 0 ± .010 3.503 .009 .007 ALEXANDER 67 
6.920 .075 3.856 .011 .005 ALEXANDER 68 
7.870 4.078 .018 .006 FIREBAUGH 68 

10.000 4.~40 .031 .013 HOLMGREN 67 

REFERENCES 
1 BIERMAN 66 ••••• PR 147 922 
2 ALEXANDER 67 ••••• PR 154 1284 
3 HOLMGREN 67 ••••• NC 51 A 305 
4 ALEXANDER 68 ••••• NC 53A 455 
5 FIREBAUGH 68 •• · ••• PR 172 1354 

HBC 
HBC 
HBC 
HBC 
HBC 
HBC 

HRr: 
HBC 
HBC 
HBC 
HBC 

HBC 
HBC 
HBC 
HBC 
HBC 



'· 

•' 



E c.m. 

.pp~ 

Pbeam (GeV/c) (GeV) appK9KO (mb) 

4.950 
5.520 
5.970 
6.920 
7.870 

10.000 

1 
2 
3 
4 
5 
6 

3.349 .003 
± .010 3.503 .006 

.050 3.620 .005 

.075 3.856 .oo8 
4.078 .010 
4.540 .033 

REFEP.ENCES 
BIERMAN 66 ••••• PR 
ALEXANDER 67 ••••• PR 
HOLMGREN 67 ••••• NC 
ALEXANDER 68 ••••• J:IIG 
CASO 68 ••••• NC 
FIREBAUGH 68 ••••• PR 

E-c.m. 

t .001 
.004 
.003 
.004 
.003 
.016 

120 

Rderences 

BIERMAN 66 
ALEXANDER 67 
CASO 68 
ALEXANDER 68 
FIREBAUGH 68 
HOLMGREN 67 

147 922 
154 1284 
51 A 305 

53A 455 
55 A 66 . 
172 1354 

Pbeam (GeV/c) (GeV) apnK+Ko (mb) References 

4.956 3.349 • 012 ! .003 BIERMAN 66 
5.520 :!: .010 3.503 .019 .010 ALEXANDER 67 
5.970 .050 3.620 .013 .007 ·cASO 68 
6.920 .075 3.856 .028 .008 ALEXANDER 68 
7. 870 4.078 .025 .0.07 FIREBAUGH 68 

REFERENCES 
1 BIERMAN 66. • •• ·• PR 147 922 
2 ALEXANDER 6 7 ••••• PR 154 1284 
3 ALEXANDER 68 ••••• NC 53A 455 
4 CASO 68 ••••• NC 55A 66 
5 FIREBAUGH 68 ••••• PR 172 1354 

HBG 
HBG 
HBC 
HBG 
HBC 
HBC 

HBC 
HBC 
HBC 
HBC 
HBC 



::::r" 
2.75 3.00 

I I 

.040 

.035 

.030 

-..0 .025 

E ..........-
.020 

b 

.01.5 

.01.0 l 

.005 L 

0 0 

2 4 

.050 2.50 2.75 3.00 

.045 L 

I 
.040 

.035 

.030 

-..0 .025 

E _,. 
.020 

b 

.015 

.01.0 

,005 

0 0 

2 4 

Fig. 33, 

121 

pp~ 
{ 

ppKoKo 

pnK+Ko 

Ec.M. (GeV) 
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Table IV. Various pp strange-particle cross sections (not plotted). 
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Table V. Cross sections for various reactions of the type pp ..... n-prongs (not plotted). 
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nn total cross. ·section 
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Fig. 34. nn total cross section. The smooth c::nrve is the pp total cross section from Fig. 1. 
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nn elastic da/dw 
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Fig. 35. nn elastic differential cross section. ·Because of the indistinguishability of the neu-

trons. this distribution is symmetric about cos e = 0. c. ni. 
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np and pn Interactions 
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Fig. 36. np and pn t::>tal cross sections. (3.) On log-log 

plot and (b) on a linear scale. We have plo:ted only those 

pn data that have had Glauber-type corrections applied. 

The a::compa:1ying table ccntains the non-GJauber cor-
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rected points as .well. The solid curve in (a) is the pp 

total cross section from Fig. L In (b) we have not in

cluded symbols on the points in order not to mask the 

actual values. 
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Fig. 36 (continued) 
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np} elastic 
pn 

cross sections 

Ec.K. (GeV) 
SO r-~2~0~0~~2L2~S~2~S~0~~2L?~S~~3~0~0--~3~2~S--~~~~~=---~~=r.~~~~~~~ 3 so 3 ?6 • 00 4 25 4 so 

1 m~~~~g~ 66 
2 63 
3 BES~IU 69 
4 BATSON S9 
s MURRAY 6? 

.. F (b) 

I 

(a) 

40 
I 

I 
I 

1''\ 
I 

3D 
II 

np 

0.5 

I 
I 

I 

I 

!: 
20 

~ 
,, pn 

TJ 

I 

I 

10 
0.1 

Total elastic b 

'. 
0 o~----------~~----------~------------~------------~a~----------~1~o '. 3 

p~•:'am (GeV /c) 

Pbeam (GeV/c) ~~~\;) a~~ (mb) References 

--~---------------------·-·------~- ----------------------------------------
.645 
,q;n 

l. I '1~ 
6.500~ '3.500 

1.'175 lo2.700:t ,900 
z.cs9 B.ooo z.ooo 
2.1411 26.000 ),000 
J.75J 12.500 .600 

AEF~I'.tNCtS 
OlHElEPOV Sb ••••• CEA.N CQNF 
KAlARINOV 63 ••••• JffP 
BESLIU 6'1 •••• ,NC 

2.313 16.200! ).500 
2.323 1'1.500 z.soo 

' t.l.AUIJI:H CORRECTION APPLIED 

REFERENCES 
BATSOrt 'iiQ,,, •• P.ROY.~OC. 
MURq_Ay b7 ... ,,NC 

KAlAA:INOV 63 
OliiElEPOV 56 
OlHELEPOV 56 
8ESLIU 119 

2 
16 2't 

!lATSON 
MURRAY 

I 

lJ"J 

"' 

" . 67 • 

CNTR 
CNU 
HL8C 

cc 
CNTR 

0.05 
PALEVSKI 62 

2 FRIEOES 65 

3 MANNING 66 

Charge exchange only 

O.OIL-----~~~~~-L-L~~ 
2.0 4.0 8.0 

Pbeam (GeV/c) Ec.m. o~~ (mb) References __________ __<S:~Y) _____________________________________________________________ _ 
1.000 2.768 t-100 :t .250 
3.611 2.979 ,.,Jo ,lhn 
II,UUUJ. ,040 4,106 ,060 ,030 

REFERENCES 
PA\.EVSKY A1 •• ,, .P~I. 
FRIEOES bS ••••• PRL 
f'U.NNING 6b ••••• NC 

FRIEOES 65 
P.\l,iiV!OKY bt 
l'tANNII'IG 

• 5\.1 ... 
lS lll 

4U lb7 

CNTR 
Cf'ITR 
SPRK 

Fig. 37. Elastic cross sections for (a) all np and pn, and (b) np in the backward directiononly 

(i.e. , charge exchange). The pn data have had Glauber-type corrections applied. The solid 

curve in (a) represents the pp elastic data (Fig. 1). The dashed line in (b) represents our 

best fit to the data of a= Kpb-n (n = 3.0 ± 0.6). Note the surprisingly few experiments that 
earn 

have been reported on these reactions. 
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np· Forward elastic dcr/dt 

MOMENTUM TRANSFER BETWEEN SEAM AND SCAff BEAM 
IGEV/CJ .. 2 

'tEAM MOMENTUM., .&45 GEV/C 

*•••THI S DATA WAS READ FROM A GltAPH•••• 

MOM TRANSF SIGMA ·- OSI GMA 
I HILL I BARNS/IGEV/C JU2J 

.001 318.091 83.708 

.003 277.?11 23.438 

.011 157.372 23.438 

.025 140.630 16.742 

.046 100.450 13.3•;) 

.lUIJ 5).700 lO.O't~ 

.114 13.663 3.348 

.lit~ ht..9tt1 3.348 

.178 66.967 1.348 

.211 13.663 3.348 

.246 9). 751 ).348 

.2 lb 110.495 6.697 

.303 127.231 6.697 
.)31 157.372 6.697 
.)47 184.158 3.348 
.)60 234.383 3. 348 
.3&4 271.7.15 3. 348 
.367 308.046 6.6Q7 
.371 348. Zlb &.&97 
.373 3Bt.HO 6.697 
.375 355.058 10.045 

20 SQUARE" .188 

KAURI NOV JETP •• 24119631 

BEA.'( MOME~TUM~ 1.257 GEV/C 

.... THIS ouA .,AS ReAD FROM A GRAPH•• .. 

MOM T~A'II SF 

.009 
.047 
.1D 
.166 
.235 
.Z?b 
.389 
.4R8 
.601 
• 714 
.803 
.?13 
.994 

1.075 
1.127 
1.147 
1.162 
1.11'3 
1.180 
1 1117 

AMAGL08f.L I 

S I GHA +- OS I GHA 
(HILL I BARNS/I GEV/C 1 .. 21 

88.226 
.. ,.148 
H.nn 
27.637 
23.385 
IIL070 
15.'144 
12. 751!> 
ll.b93 
10.630 
10.630 
14- fiR I 
17.0C7 
Z7.637 
.37.Z04 
42.518 
49.959 
1!>3. 77B 
70.155 
B'j.~p 

JETP 

11.693 
8.504 
2..126 
3.189 
;::.tzo 
1.063 
1o063, 
\.063 
\.01!>3 
1.063 
1.063 
1.063 
I.Ot>) 
2.126 
3.189 
3.189 
4.252 
4.Z52 
4.l5Z 
5.315 

37 llZ5119601 

St:AH MWH:N I Ul'l•t:t:i•TIU.l 'H,&,UC I• ;1 IIJ. I r,PV/C 

SEA~ H0'4ENTUM RANGES FM.UH \.691 10 2.78~ 

••••THIS QAU WAS READ FROM A GRAPH•••• 

MOM TRANSF 

.zso 

.)50 

.soo 

.600 
• '!r,n 
.sao 
.a so 

1.000 
1.ZOO 
1.4§0 

SIG"'A - OSIGMA 
I MILL I BARNS/I GEV/C 1 .. 21 

Zl.OOO z.ooo 
a.ooo t.ooo 
1.nnn t.ooo 
2.550 5.000 
i'o'iOD .4'10 
t .. 5oo .t.oo 
l·""o .. 450 

.800 • 3oo 
0 700 .100 
.'iM .100 

2Q SQUARE= 1.398 

KREISlER PRL 16 1Zl71 19661 

CNTR 

CNTR 

GEV/G 

SPRK 

MOM TRANSF 

.0'18 

.159 

.224 

.297 

.385 

.478 

.513 

.667 

.nt. 

.848 

.929 
1.001 
1.045 
1.078 
1.088 

SIGMA t- OSIGMA 
C 141 Lli6AR~S/ I GEV/C IUZI 

4?..no 2.309 
34.6)8 3.464 
zo.5j6 1.'163 
7.4.241 z.30'J 
18.474 1 .. 501 
12.101 .n4 
10.507 .693 
9.00& .517 
Q.OOo<. .577 

11:54& .BOB 
19.628 1.501 
Z4.247 ,l. JU<j 
39.256 3.464 
61.194 5.773 
96.980. f;l.ORZ 

ZQ SQUARE= • 544 
PLUS POSSIBLE SYSTEMATIC ERkOR OF +- 13PER CENT 

DZHELEPOV CERN CONF z ll51195bl CNTR 

BEAM HOMENTUHICENTRAL VALUE!<> t.Q75 GEV/C 

BEA .'4 MOMENTUM RANGES FROM l. 700 TO 2. 2 50 GEV /C 

~OM TR 

MINIMU"1 

.\00 
• .?00 
.300 
.'100 
.500 
.&00 
.100 
• BOO 
.900 

1.000 
1.Z50 

~AX I~U/o4 

.zoo 
.300 
.itOO 
.sao 
.bOO 
.700 
.aoo 
.qoo 

1.000 
1.250 
1. 550 

ZO SQUARE= 1.171 

SIGMA +- OSIG~A 

I 141lll BARNS/IGEV/C I• •z I 
4b.OOB 5.Z31 
n.956 3.038 
15. :H'h 1.744 
8.090 1.031 
7.501 .~10 
'-l36 • 442 
z. 7Z2 .45T 
1.957 .zen 
1.53b .260 
1.034 .176 
\.077 .Z24 

PLUS POSSIBLE SYSTEMATIC ERROR OF SPER CENT 

PERL SLAC PUB-b2Z 119691 SPRK 

BEA'4 MOHENTU141CEtHRAL VALUEI= Z.520 GEV/C 

DCA/! HO~!jf.JTIIIII 76NiiF~ FROM l!~50 TO 2.790 GEV/C 

MOM TR 

MINIMUM 

.100 

.zoo 

.300 

.400 
• 500 
.bOO 
.700 
.BOO 
.900 

! . nno 
1.200 
1 .~oo 
\.bOO 
t.~;~on 

z.ooo 

.zoo 

.sou 

.400 

.sao 

.bOO 

.100 

.sao 

.900 
1.000 
1.ZOO 
1.400 
I .t-.00 
l.SOU 
z.ooo 
Z.490 

7'1 "QUARE• t.64Z 

:; I G~1A 1- OS lr:-r•A 
11-!ll,l,! BARN$/CCI;VIr.l .. 21 

49.933 5.2liS 
19.~47 2.073 
13.5BZ l.bBI 

7.128 .161 
3. 745 .4b8 
z.397 .3BZ 
1.706 .223 
1.090 .154 
1.051 .153 

.b3b .084 
• ~Uo .Of•'• 
.353 .049 
.l TO .U'J ~ 
.Z99 .049 
.j'l1 .ooo 

PLUS POSSIBLE SYSTEMATIC ERRUH. Ut-

PERL SLAC PU8-6Z2 11969 I SPRK 

UEAM HO~ENIUM RANGE~ FRO!-\ Zo1q0 TO ~-"0 GEV/C 

MINIMUM 

.too 

.2CO 

.300 
o'tOO 
.500 
.bOO 
.700 
.800 
.900 

1.000 
1.200 
1.400 
1.600 
t.aoo 
2.200 
2.600 
3.000 

MOM TR 

HU 1HUA 

.LOO 

.300 

.400 

.51)0 

.ooo 
• 700 
.800 
.900 

1.000 
1.200 
\.400 
1.600 
1.800 
2.200 
Z.bOO 
3.000 
3.430 

ZQ SOUARE• 2.113 

51GMA t- DSIGM4 
I HILl I BARNS/IGEV/C 1**21 

';'•·"l7 ~-0'0 
lB. Ill 1. 553 
8.2b2 1.003 
b.2b1 • 7dZ 
2. ~~·, • 391 
1.9Z7 0 26B 
1.535 .Z59 
1-2Z3 .171 

.bbb .103 
0 714 .083 
.597 .015 
.337 .040 
.zn .035 
.171 .ozo 
.115 .015 
.\40 .ozs 
.122 .031 

PLUS POSSIBLE SYSTEM6TIL EkROH. OF 5f'EH. '&NT 

SLAC PU8-6Z2 119b91 SPRK 

0 FOR DISPLAY OF THESE DATA SEE FIG. 4Z 
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np Forward elastic da/ dt 

MOMENTUM TRANSFER BETWEEN BEAM AND SCATT BEAM 
IGEV/Cl••z 

BEAM HO,..ENTUMICENTRAL VALUEJ = 3.306 GEV/C SEAM H011ENTUM ICtN TRAL VALUE I= 3.570 GEV/C 

BEAM MOMENTUM RANGES FROM 2. 785 TO 3. B26 GEV/C SEAM M0/-1ENTUI'I RANGES FROM 3.310 ro 3. 830 GEV /C 

•oo•THIS DATA WAS READ FROM A GRAPHOoO:OO HOM TR 

MOM TRAN SF SIGMA +- OS tGHA MINIMUM MAX l."tUH S I GHA +- OSIGHA 
I HILL I BARNS/ tGEV/C 1**2) I HI LLI6ARNS/ I GEV /C I **2 J 

• 2c;n 24.000 z.ooo .100 0 200 43.885 3.679 
.3 50 15.000 z.ooo 0 200 • 300 15.932 1. 214 
.450 5.400 0 700 • 300 .400 d. 703 .860 
0 550 5.600 .600 .400 • 500 s. 564 .729 
.650 2. 650 .450 0 500 .bUV 3. )27 • 356 
• 750 1.100 0 300 0 600 • 700 1.432 .188 
.900 l. 150 0 300 0 700 .BOO • 808 0 143 

1.000 1 0 050 .zso .BOO .900 • 687 0 14Z 
1.Z 00 .sao .150 .900 1.000 ob54 .096 
1.400 .400 .100 1 .ooo 1.200 .442 .050' 
1. 800 .400 .050. 1.ZOO 1. 400 .23Z • 035 
,.o;oo .160 .030 1. 400 1. 600 .Z1B .033 
3.200 0 150 .040 1.600 1.BOO • 164 .OZ2 

L. 800 z.uuu .1)0 .019 
20 SOUAR E"' 2. 343 2. 000 z. 500 • 084 .012 

2 0 500 3.000 .081 .oo? 
KREISLER PRl 16 1217119661 SPRK 3.000 3. 500 .045 .007 

3.500 4.370 • 059 .01Z 

20 SQUARE= 2. 5R2 
PLUS POSSIBLE SYSTEMATIC ERROR OF SPER CENT 

PERL SLAC PUB-622 ( 1969) SPRK 

0(:Ai1 MO~ENTUMCC ENTRAI. VALUE)= 4.085 GEV/C BEAM MOMEtHUMICENTRAL VALUE)= 4.338 GEV/C 

ll(AM t1011ENTUM RANGES FROM 3,630 TO 4,340 GEV/C BEAM MOMENTUM ~ANGC5 rnoM .3.826 TO 4.R49 CEV/C 

MOM TR ****HII S DATA .oiAS READ FRO rot A GIUPH>ll**.(l: 

HI~ IMU/1 HAX IMUH SIGMA· +- OSIG~A M0:-1 TRANSF Sl Gi-tA ~ US I GMA 
I HI Lll BARNS/I GEV /C )o oz I · f MILL I Ht..I(NS/1 GEV/C 10 •21 

0 100 .zoo 36.458 2.676 .zoo 18.000 z.oco .wo • 300 1B.225 I. 196 • 300 '-1./)t)Q 1.000 
.300 .400 8,090 • 708 .4 ou 4. 30t: • 7~0 
.400 • 500 4.257 • 559 .550 z. 700 0 400 
• 500 • bOO 2.473 o337 0 700 1.400 • 300 
o600 • 700 l. 559 • 1•z o800 ,900 .zoo 
• 700 .800 1.007 • 141 ,qoo .600 .130 
• ROO .900 .413 .090 .950 0 350 .110 
.900 t.uuu , biZ oll9 loliJO • 340 .060 

1.000 l.ZOO 0 256 .034 1. 400 0 310 .070 
l.l.UU i'~6G .l2'l .n'lo 1. 750 o080 .ozo 
1.400 1.600 .171 .ozo ~ .5UO .u:.i• .eoo 
1. 600 1'.BOO o109 .01B 3. 500 .037 .010 
1. 800 z. 000 .012 .013 4.600 .034 .006 
2.000 z 0 500 • 050 .007 
z 0 500 3.000 .03 7 .007 20 SQUARE= 3. 283 
•• 000 ,.;oo .026 .00«, 
1. linn 4.000 .oB .UU4 ltnCI&LER PRI 16 Llllll966J SPRI( 
4.001) 4. sou .01~ .ou•t 
4.50\) !:i. 300 • 0~5 • 013 

ZQ SOUARC• 3. 051 
PLUS POSS ISLE SYSTEMATIC ERROR OF SPER CENT 

PERL SLAC PUB-622 I 1969) SPRK 

BEAM MOMENTUMCCENTRAL VALUE I= 4.595 GEV/C D(Af·l MOMENTUMICENTtl.llt VALUE I= 5.105. GEV/C 

BEA!'I MOMENTUM RANGES FROM 4.340 TO 4.850 GEV/C BEAM MOMENTUM RANGES FROM 4. ij50 TO 5. 360 GEV/C 

MOM TR· MOM TR 

11JNIMUM HA:< I HUM Sl GMA +- DSIGMA MINIMUM MAX IMUH SIGMA +- OS I G~A 
I Mllll BARNS/I GEV /C) t1 *2 I f MILLIBARNS/IGEV /C 1*•21 

.100 .zoo 34 0 84 7 2.177 .110 0 200 33o477 2oORO 
oLUU .100 11 .q'ln .no .zoo .300 16. "14H 1.000 
.300 .400 6. 294 .490 dVU • ~tOO 7 ,lMo 

0 '?3 
.400 .500 3.037 a35't .400 0 500 3.464 • 369 
0 500 .600 1.484 .z 1.7 .500 .600 t."J\)3 • 2Ult 
.600 • 700 .973 0 1Z1 .600 • 700 1.036 • 134 
,/U\) .ooo • 571 .OBO • 700 • BOO • 545 .075 
• BOO .900 .414 .068 

0 800 ,qoo • 568 .n7q .qoo t.UOO • ~'·8 .0~5 • 900 1.000 • 281 .ass 
1.000 1.ZOO .Z10 .031 1.000 t.;wu .197 .035 
1.200 1.400 .117 .016 1.200 1.400 .090 .014 
1.400 1.600 .078 .013 1.400 1.600 .060 .011 
1.600 1. BOO .055 .012 1 .600 1.800 .044 .010 
1.BOO z.ooo .OZ5 .006 1. BOO z.ooo .02B .009 
2 .ooo z. 500 .021 .003 2.000 2. 500 • 014 .002 
2. 500 3.000 .014 .003 2 0 500 3.000 .016 .003 
3.000 3 0 500 .o ll .003 3.000 3.500 .QIO .ooz 
3.500 4.000 .009 • 002 3.500 4.180 .004 .001 
4.000 4. 500 .01Z .ooz 4.330 5.000 .006 .002 
4.500 5.000 .012 .ooz 5. 000 5. 500 .006 .002 
5.000 5.500 .oos .002 5.500 6 .ooo .010 .001 
5.500 6. Z50 0 ozo .006 b. 000 6.500 .012 .003 

6.500 7.180 .017 .005 
20 SQUARE= 3. 519 

PLUS POSSIBLE SYSTEMATIC ERROR OF 5PER CENT 2Q SQUARE= 3.989 
PLUS POSS l BLE SYSTEMATIC ERROR OF 5PEK CENT 

PERL SlAC PUB-622 ( 196ql SPRK 
PERL SLAC PUB-622 ( lq691 SPRK 
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np Forward elastic do/ dt 
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np Forward elastic do-/dt 
MOMENTUM TRANSFER BETWEEN SEAM AND SCATT BEAM 

IGEV/CI••z 

UEA"' MOMENTUMICENTRAL VALUE)= 5.357 ~EV/C 

REAH MOMENTUM RANGES FROM 4.849 TO 5.865 GEV/C 

•••*THIS DATA WAS READ FROM A GRAPHoooo 

MOM TRA~SF Sl GMA +- OS I GMA 
t MILL I BARNS/ I GEV/C 1**21 

• .200 14.000 t.ooo 
• 350 6. 500 • 500 
.4'i0 4,000 • 300 
• 550 • 850 .140 
.650 1.100 .too 
• 750 .440 .070 
.850 .610 .100 

1.000 • 320 • oao 
t.t50 .ttO .020 
t.350 .090 .020 
l. 750 .050 .OlO 
2. 'iOO • 016 .004 
3.600 .00& .002 
4. 700 .005 .002 
5. 500 .JOb .003 
6.500 • 008 .1)03 • 

20 SQUARE= 4. 221 

KREISLER PRL t6 1217119661 ~~-~1<~ 

BEAM MO:-tENTUMl t:.t:NTRAL VAUIFt:- 6.120 r.EV/C 

BEAM MOMENT Ur-I lUNGES FROM 5.870 TO ~-·no GEV /C 

MOM TR 

MINIMUM MAX I MUM Sl GMA +- OSIGMA 
I MILL 16ARNSI( GEV /C) ••21 

• L31) • 200 30.350 2. 318 
• 200 • 300 15.PH .970 
• 300 .400 6-Ilb .421 
.400 .sao 3. 240 • 283 
• 500 .bOO 2-269 .267 
.600 • 700 l-196 .us 
0 700 • 600 .631 .07B 
, onn .900 • 361 • 050 
.900 t.ooo .ol{..U ,?'ll.t 

! ,noo 1, 200 .tll .022 
t. 200 l. 4~~ .uu!J .OH 
1.400 !.600 .030 .UU7 
1. 6CO 1.800 .022 • 005 
t.I:IUO ~.ooo ·OZl .006 
2. 000 2. 500 .012 • 001 
I. 0 ~00 3 .ooo ,006 .001 
3. 000 3. 500 .005 .out 
3. 500 4.000 .Q06 .002 
4.000 4. 790 .oot .OOt 
5. 650 7.000 .002 .001 
7 .ooo 8.000 .cos~ .001 
8.000 a. l.iu ·012 ~001 

20 SQUARE= 4.928 
PLUS POSSIBLE SYSTEMATIC ERROR OF 5PER CENT 

PER.L Sl AC PUB-622 I lq69J SPRK 

REAM MUMENTUHICENTRAL YALUEI= 6.775 GEV/C 

BEAM MO!-tENTUM RANGES FROM 6.370 TO 7.180 lii:V/C 

MUM TR 

MINIMUM MAXIMUM S l6MA ·- OSIGMA 
(MILl I dARNS/ lGEV/C 1**21 

.1.70 .zoo 32.876 3. 598 
• zoo .300 l5.4U l.VUU 
.300 • .t.oo f;l. 7\6 .S78 
.400 • 500 3. 901 0 327 
.5no 0 600 2. 050 .252 
.600 • 700 1. 177 .149 
• 700 .sao • 1oq 0 089 
.aoo .000 I )t)Z .057 
.900 1.000 • 282 .049 

t.OOO t.200 ol4b .026 
t. 200 t.4nn .059 .017 
1.400 l.61JU •0~7 .IJ11 
1.600 1.800 .041 .009 
1. 800 2.000 .ots .005 
2.000 2. 500 .ots .004 
2. 500 3.000 .006 .002 
3.000 3.500 .004 .001 
3. 500 4.000 • 005 .002 
4.000 5. 090 .Q01 .001 
b. 360 7. 250 .003 .001 
7. 350 8.500 .oat .001 
a. sao q. 630 .006 .002 

20 SQUARE• 5. 536 
PLUS POSS 18L E SVSTEMAT IC ERROR OF 5PER CENT 

PERL SLAC PU8-622 ( 19691 SPRK 

BEAM HOMENTI.JMICENTRAL VALUE)= ~.615 GEV/C 

BEAM MOMENTUM RANGES FROM 5.360 TO 5 .. 970 GEV/C 

MOM TR 

MINIMUM MAX I HUM S IGHA +- DSIGHA 
I HI LLI BARNS/ I GEV /C l •HZ I 

.uo .200 39.129 2.611 
• 200 .300 17.365 t. t6t 
• 300 .400 8. 532 • 583 
.400 • 500 4. 792 .413 
.500 .600 2 I ,,1 • 302 
.600 .700 L.4RO .t50 
• 700 • 800 • 791 .091 
.800 .900 • 455 .066 
.900 t.OOO .305 .056 

1.000 t. 200 • 167 • 030 
1.200 1.400 .t58 .024 
1. 400 1.600 .055 .oto 
1. bOO 1. BOO .030 .007 
I. 800 2 .ooo .o:n .OOB 
2.000 2. 500 .022 .004 
2. 500 3.000 .013 .002 
3.000 3. 500 .004 .002 
3. 500 4.4BO .!)04 .001 
4.990 6.000 .004 .001 
n.ooo 6. 500 .oos .002 
6. 500 7.000 .006 .002 
1. 000 7.500 .o l3 .004 
7.500 1. 970 .Ot2 .005 

2W SQUARE-= 4o't&O 
Pl. US PQ~SIBLE SYSTEMATIC ERROR llF 5PER CENT 

PERL Slft.C PUR-622 ( 1969) SPRK 

BHM MOMENTUM lCENTRAL VALUE I= 6. 522 ~EV/C 

BEAM ~OMENTUM RANG.CS H..OH 5.865 TO 7.178 

•004-THI S U.llll\ 'JIA.j RC•u nwM /1, IJPAVII.tt,-~ 

MOM T~AN Sf S 10M i.e , . 0~1 Gli• 
I MILLIBARNS/lliEV/CI••ZJ 

.2 50 14.000 t.OOO 

.HiO 6. 700 .500 

.400 3.100 .200 
.'inn l 1 3QQ • 200 
.600 • 9)0 .t~U 

• 700 .800 .130 
.ROO .400 .Q90 
.qou .z~o .ooo 

1.100 .100 .OJU 
1.350 .0'•0 .o l2 
1. 700 .027 .ooa 
2. 500 .013 .003 
3. 500 • 004 .001 
4.400 .004 .002 
b. 300 .002 .001 
7.500 .OV4 ·002 
u.tsoo .nos .003 

2Q SQUARE= !j. :101 

K~(l t.I.ER PRI. t6 1217(19661 

BEAM MOMENTUM= 7.400 GEV/C 

HOM TRANSF 

.174 

.ll! 

.274 
.323 
.3 72 
.423 
.473 
.538 
.649 
• 743 
• 85t 
.934 

20 SQUARE= 

C 188ARO 

SIG"'A +- USilo1'1A 
I MILL I BARNS/ I GEV/C 1**21 

22.000 1.300 
15•'100 1.000 
10.300 .860 
8.200 .750 
5. 700 .660 
3.690 .'i40 
2.570 .560 
2.600 .460 
1.160 .340 

.764 .270 

.423 .210 
• 208 .070 

b. 111 

PRL 

GEV/C 

SPRK 

SPRK+CNTR 
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np Forward elastic do-/ dt 
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np Forward elastic da/dt 

MOMENTUM TRANSFER BETWEEN BEAM AND SCATT BEAM 
IGEV/CI**2 

BEAM MOMENTUMICENTRAL VALUE!= 9.B95 GEV/C 

BEAM MOMENTUM RANGES FROM 8.890 T010. 899 

*'""*THIS DATA WAS READ FROM A GRAPH**** 

MOM TRAN SF SIGMA +- OSIGMA 
IMILLIBARNS/IGEV/CI**2l 

.350 6.600 .400 

.450 3.100 .lUU 

.550 1. 700 .zoo 

.650 .710 .090 

.750 .350 .080 
• 850 .190 .050 
.950 .090 .040 

1.050 .01>2 .030 
1. 150 .021> .021> 
1. 2 50 .018 .018 

2Q SQUARE= 8.444 

ENGLER PL 29B 3211 191>91 

BEAM MOMENTUM=15.400 GEV/C 

MOM TRANSF SIGMA +- OSIGMA 
IMILLIBARNS/IGEV/CI**2l 

.175 20.700 .870 

.223 14.100 .770 

.273 10.000 .1>30 

.323 7 •. 460 .540 

.373 5.130 .450 

.423 3.200 .370 

.474 2. 180 .320 

.549 1.540 .230 

.6<,9 • 555 .1 '•0 

.745 .294 .100 
.H<i6 .1~6 .06T 
.969 .056 .022 

1.197 .010 .006 
1. 515 .019 .008 

ZC SQUARE* 13.5~4 

GIBBARD PRL 24 22Cl97(l) 

BEAM MOMENTUM=23.400 GEV/C 

MOM TRAN.SF 

.227 

.273 
.• 324 
.373 
.422 
.474 
.550 
.650 
• 743 
.848 
.982 

1; 1 ij5 

SIGMA +- oSIGMA 
IIIILLIBARN5/IGEV/Cl**21 

11.700 .820 
6.560 .470 
4.610 .380 
3.030 .310 
2.160 .270 
1.370 .220 
.721 .150 
• 421 .110 
.072 .039 
.110 .051 
.016 .009 
.012 .006 

2Q SQUARE= 21.091 

GIBBARD PRL 24 22119701 

GEV/C 

SPP.K 

SPRK+CNTR 

SPRK+CNTR 

BEAM MOMENTUM=11.400 GEV/C 

MOM TRANSF SIGMA +- OSIGMA 
IMILLIBARNS/IGEV/Cl**21 

.175 21.000 .930 

.224 15.500 .880 

.274 1 O. bOO .700 

.323 7.180 • 570 

.3 74 5. 340 .510 

.422 3.500 .430 

.474 2.590 .390 

.545 1. 830 .21>0 

.1>51 • 799 .170 

.744 .421> .130 
.841> .301> .llO 
.974 .1 73 .091> 

1.170 .069 .021 
1.476 .034 .012 

2Q SQUARE= 9.851 

Gl BBARO PRL 24 22119701 

BEAM MOMENTUM=19.400 GEV/C 

MOM TRANSF Sl GMA +- OSIGMA 
IMILLIBARNS/IGEV/Cl**2l 

.223 14.800 • 790 

.274 9.940 .1>30 

.323 b.b20 .510 

.374 4.680 .'t 1t0 

.423 3.580 .390 

.473 2. 380 .320 

.550 1.140 .220 

.1>38 .1>33 .140 

.743 .328 .100 
• 851 .147 .01>9 
.QR~ .067. .07.0 

1.201 .036 .013 
1.638 .002 .003 

2Q SQUARE= 17.342 

(:IRRhR.O PRI. 24 2Z! 19791 

BEAM MOMENTUM=27.400 GEV/C 

/~uM TI\AI~ 3f 51GI·IA I· 051GIIA 
IMILLIBARNS/IGEV/Cl**21 

.325 

.373 

.422 

.472 

.553 

.6~1 

.738 

.E:l81 . 

4.840 .680 
3.080 .490 
2.190 .430 
1.370 .250 
.951 .260 
.391 .160 
.065 .026 
.• 012 .009 

2Q SQUARE= 24.842 

G! RI:URO PRL 24 22 !19701 

51'KKICNTR 

SI'KK~LNIK 

SPRK+CNTR 
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np Forward elastic du /dt 

Pbeam= 9.896 

Pbeam=11.,00 

~ i 
f 

~ I<""' ......... 
() 

.......... 
> '"0 
Q) Q) 

t!l ::l - s:: 
.......... 

. ... .... 
..0 s:: 

s Pbeam=16,,00 0 
u 

~ i 
f 

00 

..... <'"\ 

"1:1 f bO 
.......... . ... 
b 2 

~ 
"1:1 

Pbea =23.-'00 

0 • , 2. • 4 • 6 • B 1. 0 1 • 2 1. 4 1. 6 1. 9 2 , 0 

ltl (GeV /c)1 



140 

Fits to np forward elastic da / dt. 

~0 r-----------------~----~----------~----..... 1 

f } 

B 

6 

4 

2 

0 J 
D 5 

f 

I I 

10 15 

Pbeam. (GeV /c) 

SLOPE 

I 

o 'PP 
np 

20 

I 

25 

Pboam (GeV/c) 
do/dt [t = 0~ 
mb/(GeV /c)" (G.:.Vfcr2 x2/N 

----------------·----~-------------~~----- ~-----=~-------------
1.194 53.88 ~ 7. 53 2.80 t .12 .96 
L.c;n'i 88.70 11.93 4.93 .30 1.75 
2.520 10b.b3 t,.oo L01 .lO 1.50 
3.0§0 91.76 10.36 6. 03 .26 3.16 
3.570 93.42 Y.MM u.Ja ·2' 3.94 
4.085 91.84 9.01 6.54 .24 1. 55 
4.5Q5 89.29 8.23 7.37 .23 4.96 
5.10~ 101.09 9.29 7.28 .23 1.09 
s. 615 98.94 9.14 b. 72 .21 2.23 
6.120 79.04 l.b~ 6.73 • 21 5.41 
6. 775 96.90 11.22 6.97 .27 1.88 
7.400 65.31 5.95 6.47 .32 • 74 

11.400 70.74 4.96 6.92 .24 .28 
!• t.nn 72.83 5.03 7.23 .24 .42 
19.400 7/.JM o.11 7 t.R. .l?, .27 
23.4UU &i.t>Q R.BZ 8.26 .39 .Ma 

Fig. 39. The slope (b) coeffic1elit trow uui' leo.ot "q'.1"1"PR fit to ~he forward np elastic differ-

9I"ti>d cross section to.the formula da /dt = ~~~t=O· ebt over the range ltl S 0. 7 (GeV / c)2.. In 

th9 t>~hlP. x2
/N is the chi-square of the fit divided by the uuwbcr of dogrP.Ps nf freedom. We have 

2 
tabulated and plottecl values from only those dblii.buhono ha.vil!g X /N;:;;;: 6. All experiments in 

this figure, except Dzhelepov (Ref .137 ), have normalized their data by using the optical the

orem, laking various amounts of real parts. Thus a plot of the intercept, da/ dt 1 t=O is mean

ingless in the present case, and we have not given it. A more serious consiut:i'ation (oince it 

can affect not only the intercept but aiso the slope) is the fact that dt.:r/rlt has not heen measured 

at small angles (i.e., small It I values). Thus there could be considerable structure that has 

not yet been uncovered. [See for example Fig. 43, which shows that the structure in the back

ward direction is very narrow indeed, starting at fuf S 0.01 (GeV/c)
2
.] Therefore one must be 

very cautious about using the values from our fits above. For comparison we have also plotted 

our fits to the slopes of the pp elastic scattering (from Fig. 3b). For a discussion of the~ 

par·ent difference between the np and pp data see the text. Fitted values of the slope, whenever 

given by the authors, a.re presented in Table VI. 
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Table VI. Fits reported by authors to their own np forward elastic scattering data. For our 

fits to these data see Fig. 39. 

pbeam 
(GeV/c) 

t.70 

t.70 

2.30 

2.30 

2.785 

2.80 

2. 80 

3.30 

3.30 

3.80 

3.80 

3. 826 

4.30 

4.30 

4.80 

4.80 

4. 849 

5.40 

5.865 

5.90 

6.40 

6.876 

7,4QO 

8.890 

t0.899 

tt.400 

t2.905 

t4.9t0 

t5.400 

t9.400 

23.400 

2 7. 400 

It I 
min max 

.to .400 

.to .500 

.to .400 

.to .500 

.to .500 

.to .400 

.to .500 

.to .400 

.to .500 

.to .400 

.to .400 

.to .500 

.to .400 

.to .500 

.to • 500 

.to 

.to • 500 

FORMULA 

X=A*EXPI-8*TI 

Y=A*EXPI-S•TJ 

Y=A*EXPI-B*TI 

Y=A*EXPI-B*TI 

X=A*EXP[ -B*T I 

Y=A*EXPI-B*TI 

Y=A*EXPI-B*TI 

Y=A*EXPI-B*TI 

Y=A*EXPI-B*T I 

Y=A*EXPI-B*TI 

Y=A*EXPI-B*TI 

Y=A*EXPI-B*TI 

Y=A*EXP[ -B*T I 

Y=A*EXPI-B*T I 

Y=A*EXPI -BH l 

X=EXP I A+BT I 

X=A*EXPI-B*TI 

Y=A*EXPI-B*Tl 

Y=AOEXPI -B*T I 

Y=A*EXPI-B*Tl 

X~EXPIA+BTI 

Y=EXPI-MARSI Tl I 

X=EXP[A+BTI 

X=EXPIA+BTI 

Y=EXPI-A*ABSITII 

X=E XP[ A+BT I 

X=EXPI HOT I 

Y=EXPI-A*ABSIT11 

Y=E XPI -A*ABS I TJ 1 

Y=EXPI_:A*ABSITI 1 

Y=EXPI-A*ABSI Tl 1 

B 

B 

B 

B 

B 

8 

B 

8 

8 

8 

8 

8 

B 

A 

A 

A 

PARAMETERS 

-6.32t ± .647 

-5.500 

-5.660 

-6.670 

-6.220 

-5.527 

-6.860 

-8.480 

-7.t40 

-8.230 

-7.330 

-7.480 

-6.655 

-a. no 

-8.250 

-7.630 

-7.650 

6.220 

-7.720 

-7.llO 

-7.562 

-7.940 

-7.3tO 

6.430 

T.OtO 

7.t40 

7.040 

7.120 

7.640 

8.060 

7.290 

7.3t0 

8.570 

8.580 

.BOO 

.540 

.BtO 

.480 

.463 

.480 

• 740 

.460 

.640 

.430 

.570 

.432 

.490 

.380 

.480 

.360 

.3t0 

.4ll 

.no 

.39t 

.370 

.440 

.480 

.380 

.460 

.7.7.0 

.6t0 

• eeo 

.230 

• 2 io 

.330 

.380 
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PERL 
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69 

70 
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69 

70 
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pn elastic d(J ;' dt 

~ 

-
,_.. 

100 0 

~ so .. .. ,. 
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..0 I ! Pbfa1= 1.890 e 2 t f f L.....l 
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Fig. 40. pn elastic differential cross section. t is the momentum transfer between the out

going and incoming protons. 

MOM~NTUM TRAN5rCR ~ETWEEN H'AM A~O sr~TT RFAM 
IGEV/CI>~<>~<2 

BEAM MOMENTUM= 1.690 GEV/C 

>~<.o<.o<>~<THIS DATA WAS READ FROM A GRAPH>~<>~<>~<>~< 

MOM TRAN SF 

10• 
.032 
.056 
.088 
.125 
.219 

SIGMA +- DSIGMA 
I"ILLI~ARN£/IC,V/CI~~1) 

ICKTR4POlAT6D POINT fl0h.R94•-R.0671 

.• 33'• 
.467 
.615 
,777. 
.935 

1.097 
1. 254 
1.402 
1.535 
1. (I~ l 
1.744 
1.869 

2Q SQUARE= 

MURRAY 

84.708 5.378 
70.590 2.689 
51. 766 1. 145 
37.648 1.345 
16.135 1.345 
10.757 1.'145 
8.740 .672 
4.014 .b72 
3.361 .672 
2.017 .672 
1.345 .672 
1.345 .672 
1.345 .672 
2.017 .672 
2.689 l-:145 
6. 723 1.345 

24.875 6. 723 

.935 

NC 49A 26111'1671 CNTR 
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pn 
Re 

np 

E C.M. (GeV) 
1.0 2.00 2.03 2.06 2.09 2.12 2.15 2.18 2.21 2.24 2.27 

1 DUTTON 
1 DUTTON 

.8 

,......, .s -0 -...... .4 

8 . pn 

-
I· 

np ........... .2 0 -0 -...... 0. 
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0::: 
1....-1 -.2 

I 
Ill 

tS 
-.4 

l -.s 

-.B 

-1.0 
.7 .8 .9 1.0 1_.1 1.2 1.3 1.4 1.5 1.6 

plab 
beam (GeV /c) 

Fig. 41. Ratio of the real to the imaginary parts of the forward np elastic scattering ampli

tudes. 

Pbeam (GeV/c) 

• 85 
1.?9 
1.39 
1.54 

Ec.m. 
(GeV) 
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2.18 
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np backward da/du. 

U BETWEEN BEAM AND SCATT TARG 
IGEV/CI .. Z 

BEAM MOMENTUHICENTRAL VALUE I= .613 GEV/C BEAM HOHENTUHICENTRAL VALUEI= .637 GEV/C 

BEAM MOMENTUM RANGES FROM .600 TO .625 GEV/C BEAM MOMENTUM RANGES FROM ,625 TO .650 

u SIGMA +- OSIGMA u SIGMA +- OSIGMA 
IMILLIBARNS/IGEV/CIOOZI IMilLIBARNS/IGEV/CI••ZI 

-.u~7 87.8 20 z.zBo -.117 71 .. ~('10 7 .. AOO 
-.086 96.170 2.400 -.105 B5.000 ZollO 
-.o·r6 1U4.0H0 2.470 -.09] 86.110 2.280 
-.066 116.530 4.200 -.oBz 95.210 2.400 
-.056 126.440 4.400 -.011 108.550 4.100 
-.047 140.050 4.600 -.061 120.360 4.300 
-.009 235.100 7.600 -.051 130.280 4.500 
-.006 244.000 7.300 -.043 133.890 4.600 
-.003 282.300 10.900 -.010 231.700 7.400 
-.ooz 317.300 11.400 -.006 231.400 7.200 
-.001 331.400 10.300 -.004 211•700 10. BOO 
-.001 339.700 9,900 -.003 278.400 10.700 
-.uuu ~58.700 13.300 -.002 317.000 10-lOO 
-.ooo 355.800 19.000 -.001 346.200 10.000 

-.ooo 374.200 13 .ooo 
ZQ SQUARE= .111 -.000 396.700 22.600 

PLUS POSSIBLE SYSTEMATIC ERROR OF BPER CENT 
2Q SQI.IAR F= .184 

SHEPARD PPAR 10 119691 SPRK PLUS POSSIBLE SYSTEMATIC ERROR OF 5PER 

SHEPARD PPAR 10 119691 

BEAM MOMENTUM= • 645 GEV/C BEAM HOHENTUHICENTRAL VALUE I= .662 GEV/C 

••••THIS DATA WAS READ FROH A GRAPH**** BEAM HOHENIUH KANGES FROM .650 TO obi~ 

u SIGMA +- OSIGHA u SIGMA +- OSIGMA 
IMILLIBARNS/IGEV/CI•*21 IHILLIBARNS/IGEV/CI••21 

-.374 318.091 83.70B -.126 6Z.BOO z.soo 
-.372 277,911 23.438 -.113 76.190 . 2.110 
-.364 157.)72 23.43B -.100 79.150 2.160 
-.)50 1'•0.&30 16.742 -.oBB 86.130 2.zeo. 
-.329 100.450 13.393 -.011 102.840 3.900 
-.276 83 0 708 10.045 -.066 114.650 4.200 
-. 261 73.663 3.348 -.056 123.860 4.300 
-.230 66.967 3.348 -.046 132.570 4.500 
-.197 66.967 3.348 -.011 213.900 7.100 
-,lnc:; 73.663 3.348 -.007 230.700 7.100 
-.130 43.753 3,348 ·aDO~ L!t.O. 700 lO.FOO 
a.) nn 110.49~ 6.697 -.003 294.BOO 11.000 
-.072 127.237 6.6?7 -.UUL Jll. • .lUU 10•000 
-.044 157.312 6.691 -.001 337. BOO 9.800 
-,OZ9 184.15B 3.348 -.ooo 337.300 1't.900 
-.015 Z34.3B3 3.H8 -.ooo JOJ.100 :!:!.800 
-.o 11 Z71,l~5 3.348 
-.008 30A.nt.~.o 1..1.41 HI lQUAH• • t ?7 
-.nn~o H6,ZZ6 {;ty~97 ~LIJS POSSIBLE SVSI.MAI" ~Ki<OR OP 4PER 
-.002 3B1. 710 6.691 

.ooo 385.058 10.04~ SHErARD PPAR 10 119691 

2Q SQUARE= .188 

KAZARINOV JETP 16 24119631 CNTR 

BEAM HOMeNTUHICENTRAL VALU[I• .688 GEV/C REAM MOHENTUHICENTRAL VALUE I= .112 GEV/C 

aea,. NON~NTIJM RANGES FROM .675 TO .700 GEV/C BEAM MOMENTUM RANGES FROM 0 700 TO • 725 

u SIGH A ·- OSIGMA u SIGMA +- OSIGMA 
IMILLIBARNS/IGEV/CI••ZI IMILLIBARNS/IGEv/cl••zl 

-.135 54.700 ~ .. '300 -.144 51.800 2.200 
-.121 65.180 1.940 -.130 SH, H~O 1.850 
-.108 68.580 1.970 -.116 62.650 1.900 
•.U'if' n.no ~.o~o . -,IQZ 69.060 1.920 
-.I)R'. 85.480 3.610 -.088 11.390 3. 310 
-.071 107.150 4.010 -.076 81.440 ).410 
-.060 110.890 4.110 -.064 98. z 50 3.720 
-.049 114.830 4.110 -.053 96.180 3.720 
-.011 180.800 6.300 -.043 111.010 4.020 
-.001 218.000 6.800 -.018 154.100 6.000 
-.004 236.400 9.800 -.012 164.000 ~.~uu 

-.003 276.900 10.400 -.008 196.600 6.400 
-.002 275.600 9.500 -.005 204.100 9.000 
-.001 300.900 8,900 -.003 242.300 9.600 
-.000 318.400 11.400 -.002 249. 700• 8.900 
-.ooo 354.300 21.200 -.001 276.100 8.400 

-.ooo 300.000 10.900 
2Q SQUARE= .211 -.ooo 288.600 17.600 

PLUS POSSIBLE SYSTEMATIC ERROR OF 3PER CENT 
ZQ SQUARE= .225 

SHEPARD PPAR 10 119691 SPRK PLUS.POSSIBLE SYSTEMATIC ERROR OF 3PER 

SHEPARD PPAR 10 119691 

GEV/C 

CENT 

SPRK 

G~V/C 

CEIH 

SPRK 

GEV/C 

CENT 

SPRK 
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np backward 

U BETWEEN BEAM AND SCATT TARG 
IGEY/CJ••z 

BEAM MOMENTUMICENTRAL VALUEI• .71t2 GEY/C 

BEAM MOMENTUM RANGES FROM .725 TO .760 GEY/C 

SIGMA +- OSIGMA 
I MILL I BARNSilGEV/C I ••z I 

-.173 j.,.,oo 1.600 
-.156 43.300 1.600 
-.141 49.420 1. 370 
-.125 54.690 1.510 
-.110 59.830 1.590 
-.096 65.140 2.610 
-.082 66.080 2.620 
-.069 81.730 2.920 
-.057 88.320 3.020 
-.046 96.740 3.220 
-.020 132.000 4.&00 
-.013 144. zoo 4.600 
-.008 158.400 4.800 
-.005 182.100 7.200 
-.003 194.300 7.200 
•aOOt! :121 1M 

~:m -.001 257.800 
-.000 271.900 9.200 
-.000 323.300 l4.YUU 

20 SQUARE= .242 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 3PER CENT. 

SHE~AI<O PPAR 10 11969) SPRK 

SEAM MOMENTUMICENTRAL VALUEJ:o .875 GEY/C 

BEAM M0!'4ENTUM RANGES FROM .850 TO .900 GEY/C 

SIGMA +- OSIGHA 
I MILL I BARNSJ(GEV/C 1••2 J 

-.25• 2l. zoo 1.11)1) 
-.237 22.800 1.000 
-.214 23.700 1.000 
-.193 25.900 1.000 
-.172 29.000 1.100 
-.151 36.040 .960 
-.131 36.940 1.610 
-.11 ~ ~0.130 1. 730 
-.095 47,.436 1.8,U 
.. n79 !6: ~~g 2.090 
-.Ot.lt l.ttu 
-.o5o 66.030 2.340 
-.027 82. 800 3.000 
-·61? ac;.,.nn 3.200 
-.1)11 IOit.ZOO 3.300 
.,nn7 122.400 4.'1UU 
-.oo5 144.600 ).£~00 

-.003 180.100 5.600 
-.002 193.000 '5.100 
-.001 208.800 6.400 
-.ooo 2;n.aoo 10.600 

20 SQUARE= • 323 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 2PER CENT 

SHEPARD PPAR 10 11969J SPRIC. 

BEAM MOHENTUMCCENTRAL VALUEJ= .975 GEV/C 

BEAM MOMENTUM RANGES FROM .9~U TO 1.000 GEV/f; 

U JIOIIA!·!:'CII';/1!6 

-.H1 -· '~) 
-. 531 
-.504 
-.479 
-.454 
-.42A 
-.318 
-.:191 
-.265 
-.237 
-.211 
-.107 
-.162 
-.140 
-.118 
-.098 
-.079 
-.062 
-.048 
-.023 
-.014 
-.009 
-.006 
-.004 
-.002 
-.001 
-.ooo 

I MILLI BARNS!( GEV /C 1• •2: i 
33.660 
H.mm 
28.470 
't.1. 370 
23.010 
22.320 
18.970 
15.900 
16.000 
1'5.200 
17.000 
20.700 
:u.u4CI 
25.530 
30.970 
33.520 
40.570 
45.660 
56.150 
59.880 
75. oou 
91.300 

107.300 
120.100 
143.700 
165.600 
182.600 
195.600 

1.610 
Li~lC 
1.4i0 
1.3.20 
1.220 
1.130 
1.030 

.'100 

.900 

.BUU 

.900 

.900 

.o1o 
1.410 
1.550 
1. 700 
1.850 
1.880 
2.150 
2.310 
2.900 
3.100 
4.700 
4.800 
4.800 
4.600 
6.000 

10.000 

2Q SQUARE= .389 
PLUS POSSIBLE SYSTEMATIC ERROR OF •- 2PER CENT 

SHF.PARO PPAR 10 11969) SPRK 

du/du. 

BEAM MOMENTUMICENTRAL VALUEI= .830 GEV/C 

BEAM MOMENTUM RANGES FROM .810 TO .850 GEV/C 

SIGMA +- OSIGMA 
I HI Lll BARNS I( GEV /C J ••2 I 

-.214 28.500 1.300 
-.194 29.400 1-200 
-.174 33.420 l.100 
-.155 37.340 1.140 
-.131 41.670 1.210 
-.119 46.050 2.oao 
-.102 48.440 2.090 
-.086 55.470 2.310 
-.072 58.430 2.320 
-.058 73.890 2.640 
-.02S 103.000 3. 700 
-.on ltR.ROO 3.900 
-.010 125.000 3.900 
-.006 131.800 5. 700 
-.004 149.900 S.900 
-.003 19S.100 6.200 
-.001 218.700 6.100 
~.uut t:u.~ao ., 1nn 
-.000 238.000 11.800 

20 SQUARE= • 29S 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 2PER CENT 

SHEPARD PPAR 10 ( 1969J SPRIC. 

DEAH KOHENHIMICENTRAL VALUEia .925 CEV/t 

BEAM MOMENJUM RANGES FROM .900 ro .950 GEV/C 

SJGHA ·- OSIGMA 
I Nllli8ARNS/t GEV/C 1••2 t 

-.505 31.420 1.510 
-.4A2 30.600 1.410 
-.460 29.090 l.no 
-.436 26.880 1 .. 320 
-.412 24.480 1.230 
-.289 20.100 1.ooo 
-.262 19.900 1.ooo 
-.238 21.400 1.ooo 
-. 214 21.500 1.ooo 
-·1 ?1 llJ. c.nn 1.090 
-.169 29.940 .940 
.u1 " .,n 

t:t~~ -.1lb 39.100 
-.107 4S.310 1.9SO 
-.088 48.400 1.990 
-.u ,~ '5, .. ~)0 ?.) o\0 
-.o:;c.. 6&. lQO Z,)OO 
... 0~1 .,~.non ~-900 
-.013 104.500 3.)00 
-.008 1ll.OOO 4. 700 
-.005 140.600 s.soo 
-.003 lS2.200 So300 
-.002 111.700 tt.aoo 
.... 001 :!04 .oon ~.400 

-.ooo 207.700 10.200 

20 SQUARE::o • 3S6 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 2PER CENT 

SHEPARD PPAR 10 11969J SPRK 

BEAN HOMENTUMICENTRAL VALUE)"' 1.0SO GEY/C 

BEAM MOHENTUM RANGES fROM 1.000 TO 1.100 GEV/C 

SIGMA •- DSIGMA 
( MILLIBARNS/IGEV/C l .. 2 t 

-.&?a Jl.UlU l.;Hf) 
-.655 29.780 1.110 
-.6.'1R 
-.bU't 

25, ~~0 1.010 
t~.no .•u:u 

-.574 21.980 .920 
-.544 20.21U •030 
-.51S 17.500 .730 
-.485 16.790 • 740 
-,)63 12-400 .600 
-.332 11.300 .soo 
-.JO~ u.~nn .sao 
-.271 12.600 .sao 
-.242 15.900 .600 
-. ?14 17.240 .sao 
-.l8b 10.?50 -940 
-.160 24.420 1.100 
-.136 26.740 1.130 
-.112 31.890 1.300 
-.091 38.980 1.480 
-.012 44.760 1.S10 
-.ass 49.120 1.690 
-.QJ,Q 54.800 1.800 
-.027 64.400 .2:.000 
-.016 74.600 2.100 
-.010 93.600 3.300 
-.007 100.500 3.400 
-.004 120.300 3.400 
-.002 137.900 3.SOO 
-.001 1S4.900 4.200 
-.ooo 159.900 6. 700 

2Q SQUARE= .440 
PLUS POSSJ9LE SYSTEMATIC ERROR OF +- 2PER CENT 

SHEPARI) PPAR 10 SPRIC. 
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np backward da/du. 

I Pbeam"" ·''a 

J 
1.0~ 

,! 

s8~ 
.... 

• •• 
i Pbeam"" .830 

200L 

J tooL 

• 
s~ 

.. 
II • so • • II 

t Pbeam"" .876 
W"' 200 

1 -() ~ 

'- '"0 

> 10 Q) 
;:s 

Ql • 1=: 
l-' ..... 

• i' 
..... - s 1=: 

'- • 0 

.0 all 
u 

a 500 -
I ""' ........ Ill. ""' 

:;j t Pbeam"" .926 t>i> 
"t1 200 

1 
..... 

'- ""' b 
"t1 10 

• 

s:l 

• I • • • 
Ill • I 

I • II II 

20o\. t 

J 
Pbeam"" .976 

100L 

• 
s~ .. 

• • 
II 

II .I 
I • 200L II a I Pbeam= 1.060 

l 
J 100L 

s~ 
• • •• • • 

2~ 
II 

•• • • 
t 

II•· 

-.s -.4 -.3 -.2 -.1 o. .1 .2 ,3 .4 .Iii 

u (GeV /c)2 



np 

BEAM MOHENTU~ICENTRAl VAlUEia 1.150 GEV/C 

BEAM MOMENTUM RANGES FROM 1.100 TO 1.200 GEV/C 

-.849 
-.823 
-. r<~H 
-.766 
-.138 
-. 709 
-.676 
-.643 
-.606 
-.573 
-.465 
-.tt3l 
-.391 
-.356 
-.323 
-.289 
-.254 
-.222 
-.192 
-.161 
-.134 
-.109 
-.085 
-.065 
-.047 
-.032 
-.OP~ 

-.012 
-.ooa 
-.oos 
-.003 
-.oat 
-.ooo 

SIGMA t-- DSIGMA 
t fl41 tLI BARNS/I GEV/C IUZI 

31.700 
za.no 
2~.780 

23.150 
19.910 
17.890 
15.670 
13.220 
12.340 
10.810 

7.600 
7.200 
7.100 
7.700 
8.400 

10.130 
11.930 
12.130 
13.760 
lb.720 
16.820 
23.510 
28.450 
33.280 
41.200 
43.500 
'i5.900 
64.900 
80.700 
95.500 

110.400 
ll).lQO 
136.700 

1.810 
lo 510 
).710 
1.010 

.910 

.azo 

.azo 

.730 

.630 

.640 

.sao 
.400 
.400 
.400 
.400 
.420 
.420 
.azo 
.840 
.810 
.890 

1.0~0 
1.230 
.990 

t.soo 
1.600 
1.800 
z.aoo 
3.000 
3.000 
3.600 
1.600 
6.200 

ZQ SQUARE a • 512 
PLUS POSSIBLE SYSTEMATIC ERROR OF - 3PER CENT 

SHEPARD PPAR lO 119691 SPRK 

!U:A"' MOMENTUHICENTII:Al VALUtl'= 1.~00 CEV/C 

BEA"' HOME:N I UH RANGC!i FROM 1, 400 TO 1. 600 GEV /C 

-1.268 
-1.230 

1· t 7" 
-1.147 
-l,.U'Jts 
-1.048 
-1.009 
-.q55 
-.905 
-.8~b 

-. 799 
- .. 743 
-.679 
-.636 
-.584 
-.522 
-.4 70 
- .. 4lU 
-.373 
-.313 
-.265 
-.223 
-.1BO 
-.14) 
-.109 
-.079 
-.054 
-.032 
-.0~0 

-.014 
-.oo8 
-.004 
-.002 
-.000 

SIGMA +- OSIGHA 
I HI LLIBARNS/1 GEV/C J .. 21 

16.170 1.610 
12.780 1.010 
10.400 .710 
1.800 :btU 
,·,. ',j'!Q 

4.Z10 
4. 760 
3.140 
2.650 
2.Jt.O 
1.740 
2. 200 
z.zoo 
2.200 
2.500 
3. 700 
3.200 
l.5'10 
3.130 
3.950 
3. 750 
5.170 
6.900 
9.390 

11.080 
14.100 
17.400 
21 .. 200 
)1).100 
35.ZOO 
40 .. 200 
44.700 
50.tt00 
57.000 

••n 
.310 
.110 
.310 
.210 
.7.10 
.zzo 
.zoo 
.zoo 
.zoo 
.zoo 
.zoo 
.zoo 
Hn 

.380 

.300 

.390 

.390 

.530 

.S4U 

.430 

.4'JIU 

.800 

.900 
1.500 
1.600 
1.600 
2.000 
2.300 
3.300. 

2Q SQUARE~ • 179 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 6PER CENT 

SHEPARD PPAR lO I 19691 SPRK 

150 

backward da/du. 

U BETWEEN BEAM AND SCA TT TARG 
IGEVICI .. Z 

BEAM HOHENTUH::o 1.257 GEV/C 

• ••• THJ S OA TA WAS READ FROM A GRAPH•• •• 

SIGMA +- DSIGHA 
I MILL I RARNS/IGEV/C 1••21 

-1.113 as. 226 11.693 
-1.135 S3.14tt 8.~04 
-1.069 39.330 2.tz6 
-l.t)1fa 27.637 3.189 
-.947 23.385 Z.t.i!:eo 
-.881 18.070 l-063 
-.H3 15.944 l.Qb) 
-.694 12.756 1.063 
-.581 11.693 1.063 
-.468 10.630 1oQ63 
-.379 10.630 1.063 
-.269 14.881 1oQ63 

• -.188 17.007 1.063 
-.107 27.637 2.126 
-.055 37.2:04 3.149 
-.036 42.518 3.189 
-.020 49.959 4.252 
-.009 63.178 4.252 
-.002 70.155 4-252 

:ooo 85.037 5.315 

ZQ SQUARE= .591 
PLUS I'OSSIIRE s·tSTEHATlt ERROR OF - 19PER CENT 

AHAGLOBEll JETP 37 112511960) 

BEAM HOHENTUMa 1.356 GEV/C 

-.045 
.-.035 
-.o28 
-.ozo 
-.014 
-.009 
-.005 
-.002 

.ooo 

2Q SQUARE• 

LARSEN 

SIGMA +- OSIGHA 
I MILL IBARNSIIGEV/C 1 .. 21 

24.995 2.169 
25.560 2-264 
31.597 2o64l 
29.428 2.358 
36.219 2.924 
37.445 3.584 
41.406 3.&78 
47.537 4.810 
58.006 5.093 

.&66 

NL 14 ll!l~?l1n"nl 

BEAM MOHENTUHCCENTA.Al VALUCP' 1.uUO OEYIC 

CNTR 

CNTR 

SEAM MOMENTUM RANGES ~KUM 1.&00 TO 2.00/) GEV/(. 

51 GHA +- OS lGHA 
I MILL I BARNS/ IGEV/C 1 .. 21 

-1.&24 8.450 1.010 
-1.550 6.560 .810 
-1.517 5.680 .510 

:t::gti 3.670 .. 310 
,.uuv .H('I 

1 '016.1 ?..;~.Q .310 
-1.293 1.~70 •~lU 
-l.~'i4 1.060 .uo 
-1.163 1. 510 .llO 
-1.098 1.100 .uo 
-1 .. 047 .890 .110 
-.892 1.000 .100 
-.831 1.100 .too 
-. 770 1.400 .too 
-.694 1.500 .100 
-.614 1.900 .zoo 
-.559 1.410 .260 
-.483 1. 560 .260 
..... 417 1.9"9 .260 
-.358 2.540 .liU 
-. 290 iJ.lHI .270 
-.246 3.560 .270 
-.192 5.390 .410 
-.147 6.000 .. 320 
-.101 S.tc,O .311) 
-.072 10.700 .600 
-.U41f H. ~00 • 700 
-.028 17.900 1.000 
-.019 23.900 1.200 
-.011 25.400 1.100 
-.006 J2.100 1 .. 1t00 
-.002 38.100 z.ooo 
-.ooo lb. 800 2.500 

ZQ SQUARE"' 1.024 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 8PER CENT 

SHEPARD PPAR lO 119691 SPRK 

BEAM HOHENTUHCCENTRAL VALUEI• 1.300 GEV/C 

BEAM MOMENTUM RANGES FROM 1.200 TO 1.400 GEV/C 

u SIGMA +- DSIGHA 
I HIlL I 8ARNS/IGEV/C 1 .. 21 

-.997 34.110 2.110 
-.963 29.550 1. 510 
-.9,0 ~ ... 180 1.110 
-.895 18.800 .810 
-. 861 17.360 .810 
-.924 14.190 .710 
-.714 11. 5ZO .620 
-.735 10.060 .520 
-.696 8.070 .420 
-.656 7.3ZO .420 
-.527 4.200 .300 
-.486 4.000 .zoo 
-.439 4.900 .300 
-. 399 4.900 .300 
-.358 5.250 .250 
-.:H3 5.610 .?30 
-.275 5.910 .370 
-.238 6.140 .380 
-.202 7.390 .380 
-.167 9.180 .szo 
-.136 10.750 .520 
-.107 15.540 .660 
-.081 20.720 .570 
-. 059 25.740 .650 
-.OftO 30.900 1.000 
-.024 34.300 1.ooo 
-.015 42.600 1.600 
-.010 5-\.100 1.900 
-.006 57.600 1.700 
-.DOl h5.300 2.200 
- .. 001 81.600 2.400 
-.000 87.800 ). 700 

2Q SQUARE"' • 623 
PLLIS PIISSIBl.e 5Y51t:MTIC rRnnl\ OF - 4PER CENT 

SHEPARD PPAR lO 119691 SPRK 

SEAM HO.-!&NTIJI!hl 8.000 CEV/C 

u SIGMA •- DSIGJ14A 
t HILL 18ARf~!i/l GE'I/C 1••1 I 

-.475 .030 .010 
-.424 .020 
-.375 .040 
-.329 .040 .010 
-.286 .oso .010 
.. ,£.\(1 n•n 
-.209 .080 
-.174 .!'.tV 
-.143 .no .020 
-.129 .100 .OlD 
-.ll1 .170 .030 
-.107 .180 
-.091 .210 
-.087 .180 
-.078 .220 
-.069 .230 
-,!)fll .170 
-.054 .230 
-.046 .270 .040 
-.040 • 340 
-:6l4 ollU 
-.t)?A .290 
-.023 .390 
-.018 .350 
-.014 .470 
-.011 .o;,o 
-.008 .480 .050 
-·005 .h70 
-.003 .710 .060 
-.002 .960 .060 
-.001 .840 .060 
- .. 000 .951;'1 .090 

ZQ SQUARE: 6.67& 
PLUS POSSIBLE SVSTEHATIC ERROR OF - 30PER CENT 

HANNING NC .,. l67119661 SPRK 
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Fits to np backward elastic da/du. 

460 11l0 

I (a) (b) 

:a eo l UB 

I 270 \ !Ia l I .. 

~II \ 
I -CJ .. ..... - I > CJ 190 ..... Q) a• 

> I t!J 
Q) -

1 }11 
~ I 

~ ..... a. .c !10 r 0 JZ a ~ 

II 
Vl 

I 

0 0 0 1 2 J " s a 7 B !I 0 1 2 J • s a 7 B 9 

Pbeam (GeV/c) 
Pbeam (GeV/c) 

do/du [u= ob SLOPE 

pbeam (GeV/c) mbf(GcVfc) (GeVfc)"2 x2/N 

----------------------------------------------------------------.01, Hl.,ll t za.111 '1-ll ! 4.06 l • .) .. 
.637 350.52 18.59 51.59 ) .. 73 7.02 
.645 395.•H 6.61 30.18 3.66 1.11 
.662 353.72 15.8~ 67 •• 7 5.98 ·" .688 320.25 11.6b 58.12 5.68 1.55 
o1ll 290.46 10.67 56.56 5.45 lo 78 
.HZ 276 .. 8) 9.82 75.22 4.61 5.53 
.830 248.40 7.42 uo.o 7.57 1.06 
.975 ;!;!~.68 6o5l OS.?<! t..lo~ ... 
.925 207.22 boll 80.)9 b.OO 1.)0 
.975 189.76 S.H 71.04 5.59 .97 

L.O~O 16-2.51 4.82 12.00 b. 7.3 ·" 1.150 127.40 4.Q9 57.6) 5.80 1. 77 
1.257 80.30 15.78 28.08 9.86 2.35 
1.300 87.53 4.24 70.46 7.08 2.42 
1.356 54.83 ).85 47.01 13.67 ... 
1.501) 54 .. 70 3.q3 38.14 7.36 ... 
1.aoc Jq.zJ 3.86 32.lq 13.43 1.32 
8.ooo ... .30 sq. 55 ts.qo 2.07 

Fig. 44. Coefficients from our least-squares fit of the np differential cross section in the 

backward d,irection to the formula do/du =~a~ . ebu over the range lui::::: 0.01 (GeV/c)
2 . Sys-

u u=O dal 2 
tematic scaling errors in the data have been folded into the errors of -d . In the table X /N 

u u=O 
is the chi-square of the fit divided by the number of degrees of freedom. Notice the possible struc-

ture in the slope around 0. 8 GeV /c. See text for a discussion of this effect. We have fit the inter

cept to da/du lu=O = Kph-n and find n = 2.02 ± 0.02, with x2 
/N = 3.04. We have not plotted this 

P.a.m 
in (a) beca~se it obscures the data. 
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Polarization 1n np elastic scattering 

OISTRIRUTION I~ COSITHETAI OF THE SCATT TARG WITH RESPECT TO THE BEAM DIRECTION IN THE C.M. SYSTEM 

BEA~ MOMENTUM= 1.500 GEV/C 

COSIT"ETAI 

MlNJ~U~ ~AX I MUM 

.6l!i 

.743 

.872 

.923 

.961 

.743 

.872 

.923 

.961 

.987 

20 SOUARE= .779 

POL AO I Z +-(lPOL 

-.lw-20 
-.140 
-.040 
-.060 
-.100 

_, 

.t50 

.040 

.030 

.040 

.080 

PLUS POSSIBLE SYSTEMATIC ERROR OF +- 96PER CENT 

ROBRISH PL 

BF.AM MOMENTUM= 3.500 GEV/C 

C0$(TII~TA) 

MINIMIIM MAX I MUM 

• lbl 
.841 
• 881 
.921 
.960 
.976 
.988 
.996 

.Ml 
.• R8 1 

.921 

.960 

.976 

.98B 

.996 
1.000 

20 SQUARE= 2.519 

318 617119701 CNTR 

POI.AR!l+-DPOL 

-.260 
-.220 
-.310 
-.210 
-.270 
-.150 
-ol/U 

.040 

.090 

.090 

.060 

.040 

.050 

.050 

.OTO 

.120 

PLUS POSSIBLE SYSTEMATIC ERROR OF +- 5PER CENT 

I\ DBA ISH 

A~AM MOMENTUM= 5.250 b~V/L 

COSITHETAI 

MINI"'UM 

• 854 
.903 
.927 
• 951 
.976 
.'lb5 
.993 
.998 

MAXIMUM 

.903 

.927 

.951 

.97~ 

.985 .H, 

.998 
1.000 

20 SQUARE= 4.123 

BEAM MOMENTUM= 2.500 GEV/C 

COSITHETAI 

MINII<IIM MAXIMUM 

.&31 
• 754 
.815 
.877 
.938 
.9&3 
• 982 
.994 

• 75'• 
.815 
.877 
.938 
.963 
.982 
.994 

1.000 

20 SQUARE= 1.624 

POLARIZ+-DPOL 

-.610 
-.360 
-.280 
-.170 
-.170 
-.170 
-.030 
-.030 

.240 

.110 

.060 

.040 

.040 

.050 

.060 
-120 

PLUS PQSSIRLE SYSTEMATIC ERROR OF +- 96PER CENT 

~ODR ISH PL 

6EAM MOMENTUM= 4.500 GEV/C 

COSITHETAI 

MINIMI.JM MAXTMIJH 

.82~ 

.883 

.913 

.942 

.971 

.983 

.991 

.997 

.88~ 

.913 

.942 

.971 

.9B3 

.991 

.997 
1.000 

20 SQUARE= 3.432 

318 617(19701 

POLAR I Z+-OPOL 

-.490 
-.340 
-.220 
-.140 
-.110 
-.090 

.040 
-.110 

.070 

.070 

.050 

.040 

.050 

.050 

.060 

.too 

CNTR 

PLUS POSSIBLE SYSTEMATIC ERROR OF +- 96PER CENT 

~L 

POLAR! Z+-OPOL 

-.420 
-.170 
-.370 
-.280 
-.260 
. ,2(;>0 
-.090 
-.200 

.090 

.090 

.070 

.050 

.060 

.o&o 

.070 

.120 

31B 617119701 CNTA 

PLUS POSSIBLE SYSTEMATIC ERROR OF+- 96PER CENT 

P.OBR ISH PL 31R · 617119701 CNTR 
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Polarization 1n n p elastic scattering· 

.2 

.1 RDBRISH 70 

o. P~".':.m= 1.500 GeVfc plab = 
beam 2.500 GeV/c 

-.1 

-.2 

-.l 

-.4 

+-HI 

t 
-.. 
-.6 --
-.7 

-.9 -.9 
-1.0 -.a -.6 -.4 -.2 o. .2 .. .6 .a 1.0 -1.0 -.. -.. - .. .. • 2 o . .. • 6 .. 1.0 

.2 .2r---------------------------------------------------, 

.1 P~".':.m= 3.500 GeV/c .1 p~·.•.m= 4.500 GeV/c 

0. o. 

- .. 

-.1 

-.2 

- .l 

-.. 
I~ 
l 

-.1 

-.2 

- .l 

-.s -.s t 
-.6 -.• 

IROSRISH 70. -.7 

-.a 

-.7 

-.a 

IROBRISH 70 

-1.0 -.9 -.6 -.4 -.2 D. ,2 .6 .a 1.0 -1.0 -.a -.6 -.4 -.2 o. .2 .6 .. 1.0 

.2 

.1 RDBRISH 70 

n. 

-.. 
-.2 

-.l 

-.• 
-.. 
-.6 

-.7 

-.a 
-1.0 -.9 - .. -.• -.2 o. • 2 .. .. .. l.O 

Fig. 45. Polarization in backwards np elastic scattering. 0 is the angle between the incident 

neutron and the outgoing proton. This data is preliminary. 
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Polarization 1n pn elastic scattering 

DISTRIBUTIO~ IN COSITHET41 OF THE SC4TT BE4M WITH RESPECT TO THE BE4M DIRECTION IN THE C.M. SYSTEM 

BE4M MOMENTUM= • 823 GEV/C 

COSITHET41 

MINIMUM M4X I MUM POL4RIZ+-DPOL 

-.854 -.698 -.133 .031 
..• 737 -.556 -.174 .018 
-.561 -.324 -.218 .Ul6 
-. 302 -.035 -.239 .019 
-.021 .255 -.114 .024 

• 262 .521 ,093 .020 
• 574 • 759 • 287 .026 
.768 .896 .421 .038 

2Q SQU4RE= .291 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 3PER CENT 

f.HEN<i PR 163 1470119671 CNTR 

BEAM MOMENtUM= 1.U90 GEV/C 

COSITHETAI 

MINIMUM 

-. 867 
-. 727 
-. 514 
-.239 

• 051 
• 332 
.;19 
• 775 

MAXIMUM 

-.769 
-.576 
-.327 
-.035 

.254 

.518 

.738 

.886 

2Q SQUARE= .470 

POLARil+-DPOL 

-.111 
-.14'1 
-.263 
-.264 
-.155 

,090 
.7';5 
.297 

.017 

.017 

.017 

.018 

.017 

.017 
,(llh 
.024 

PLUS POSSIBI F SYSTEMATIC ERROR OF +- 3PER CENT 

l.HtN" I' A 1 ... '1 1470119(>7! 

COSITHETAI 

MINIMUM 

-. 849 
-.674 
-.443 
-.165 

.120 
• 392 
.62'1 
• 807 

MAXIMUM 

-. 747 
-.527 
-.267 
.on 
.324 
.589 
• '792 
.922 

2Q SQUARE= • 658 

CNTR 

BE4M MOMENTUM= .954 GEV/C 

COS I THE HI 

MINIMUM MAXIMUM POLARil+-DPOL 

-.861 -.757 -.104 .056 
-. 731 -.576 -.1~9 .018 
-. 51+6 -.340 -.272 .022 
-.284 -.051 -.309 .025 
-.002 .240 -.152 .026 

.279 .509 .083 .032 
• 571 .750 .264 .023 
• 766 .697 .411 .087 

2Q SQII4RE= .376 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 3PER CENT 

CHENG PR 

REIIM MOMF.NTUM= 1.219 GEV/C 

COSITHETAI 

MINIMUM 

-.872 
-. 721 
-.505 
-. 232 

.052 

.335 
• 584 
.111 

MAXIMUM 

-. 772 
..:.572 
-.327 
-.036 

.249 
.512 
.735 
.on 

2~ SQUARE= .56' 

163 1470119671 

POLARil+-DPOL 

-.090 
-.241 
-.345 
-. 315 
-.155 

.084 

.251 

.'lh4 

.023 

.023 

.030 

.oH 

.026 

.030 

.041 

.040 

CNTR 

PLUS POSSIBLE SYSTEMATIC ERROR OF +- 3PER CENt 

CHENG 

POLARil+-OPOL 

-.146 
-.247 
-.411 
-.352 
-.068 

.157 
• :i05 
.334 

.019 

.U19 

.032 

.026 

.!)30 

.u.B 
• 017 
.027 

I'R 163 1470119611 CNTR 

PLUS PUSSIBLE SYSitMIU IC ERROR OF o- JI'ER CENT 

C:ltENG PR 163 i470119671 CNTR 
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Table VII. Various pn inelastic cross sections (not plotted). 

Ec.m. 
Pbeam (GeV/c} (GeV) apn1lo (mb) 

1.662 2.313 14.300!3.500 

S GLAUBER CORRECTION APPLIED 

REFERENCES 
BATSON 59 •• , •• P.ROY.SOt. 

Ec.m. 
Pbeam (GeV/c} (GeV) · app7!· (mb) 

1.662 
1.825 :t .045 
2.110 .045 
7.000 

2.313 
2. 370 
2.470 
3.877 

2.700 t. .600 
2.570 .140 
2.680 .190 
t.oto .t::t.n 

S GLAUBER CORRECTION APPLIED 

REFERENCES 
HAT SON 59 ••••• P.ROY.SOC. 
511APIRA foR~ .•••• PRL 
BRUNT 69 ••••• PR 

Ec.m. 
"Pbeam (GcV/c} (GeV) ap1171 +1l- (mb) 

1.825 :! .045 
z.uo .045 
6. 980 

2.370 
2.4 70 
3. 873 

• 770 :t .010 
1.750 .zoo 
3. 720 .220 

$ GLAUBER CORREC II UN APPLIED 

REFERENCES 
BRUNT 69 ••••• PR 
SHAP IRA 70 • .... • REHO 

t.OH ! .n.. 7.110 
2.110 .045 2.470 

.160 " .030 

.BO .u~u 

S GLAUBER CORR~C f I ON APPLI CD 

REFERENCES 
BRUNT 69 ••••• PR. 

Ec.m. 

4.300.:!: 1.100 

251 233 

References 

BATSON 
BRUNT 
BRUNT 
SHAP IRA 

251 ill 
21 1835. 

18' 1856 

59 
69 
69 
68 

I1.efe.rences 

BRUNT 
BRUNT 
SHAP IRA 

187 1856 

69 s 
69 s 
70 s 

References 

URUNI 
DRUUf 

187 1856 

Pbe~m (GeV/c} (GeV) apN*(l470)Q (mb) References 

7.000. 3.877 SHAP IRA 68 

REFERENCES 
SHAJJIRA 6B ..... flRL 21 1835 

Ec.m. 
Pbeam (GeV/c} (GeV) o.,6++A· (mb) References 

References 

BATSON 59 s 

Ct 

Ct 
oat 
HBt 

HBt 
HBt 

HBt 

OBC 

--------·------------------------------·-----------------------------------
.6" .... 01! 

3.873 1.100 •• zoo 

s GLAUBER tORREtTlON APPLIED 

REFERENCES 
SHAP(RA 70 • ••• • REHO 

SHAP IRA 70 s 

HBt 
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NN Interactions in the I = 0 State 
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NN total cross section (1=0) 

E c.m. 
T pbeam (GeV/c) (GeV) 0 NN (mb) References 

--------------------------------------------------------------------------
1.11 :!" .01 2.12 36.75 .:t .75 BUGG 66 
1.29 .01 2.18 34.42 .52 BUGG 66 
1.41 .01 2.22 32.99 .38 BUGG 66 
1.61 .01 2.29 32.22 .36 BUGG 66 
1.66 .01 2. 31 32.76 .35 8UGG 66 
1.78 .01 z. 35 33.68 .26 BUGG 66 
1.86 .01 2.38 35.04 .23 BUGG 66 
1.94 .01 2. 41 35.76 .?4 BUGG 66 
1.95 .01 2. 41 35.61 .22 BUGG 66 
2.08 .01 2.46 36.68 .22 BUGG 66 
2 .. 21 .01 2.00 37.54 .26 t:WGI, 66 
2.20 .01 2.'33 313.'+4 oLl 8UGG 66 
2.45 .01 2.59 39.52 .20 BUGG 66 
2.59 .01 2.6 3 40.24 .19 BUGG 66 
2.68 .01 2.66 40.62 .19 BUGG 66 
2.10 .01 2.67 40.72 .19 BUGG 66 
2.82 .01 2.71 41.08 .19 BUGG 66 
2.86 .01 2.72 41.21 .19 BUGG 66 
2.96 .01 2.75 41.66 .19 BUGG 66 
2.99 .01 2.11 41.85 .19 BUGG 66 
3.00 2.77 38.57 .23 ABRAMS 69 
3.05 .02 2.78 41.64 .19 BUGG 66 
3.11 .02 2.80 42.33 .19 BUGG 66 
3.14 • 02 2.81 42.19 .18 BUGG 66 
3.28 .02 2.86 42.03 .18 BUGG 66 
3.30 .02 2.86 42.31 .18 BUGG 66 
3.44 .02 2.91 41.96 .18 BUGG 66 
3.55 .02 2.94 42.05 .16 BUGG 66 
3.91 .02 3.05 42.7'5 .15 BUGG 66 
4.04 .02 3. 09 42.86 .1 7 BUGG 66 
4.26 .02 3.16 42.76 .17 BUGG 66 
4.55 .oz 3.24 43.03 .11 BUGG 66 
4.97 .oz 3. 3'5 4?.9R • 17 BUGG 66 
5.22 .03 3.42 42.87 .13 BUGG 66 
5.53 .03 3.50 43.19 .11 BUGG 66 
5.82 .03 3.58 42.80 .17 BUGG 66 
7.83 .04 4.07 42.58 .20 BUGG 66 

Q.EFER ENCES 
1 BUGG 66 ••••• PR 146 980 CNTR 
2 ABRAMS 69 ••••• BNL 14125 CNTR 
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Fig. 47. NN total cross section in the I = 0 state. The solid line represents the I = 1 total cross section [i.e., the 
total . ] cr (pp) from F1g. 1 . 
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pd 
total cross sections 

nd 
Ec.m. 

T pbeam (GeV/c) (GeV) apd (mb) References 

----------------------------------------------------------------------------------
1. 111 .006 3.138 67.209 :t .090 BUGG 66 
1. 289 .006 3.221 76.905 • 110 BUGG 66 
1.408 • 007 3.277 80.490 .057 BUGG 66 
1.607 .008 3.373 82.472 .063 OUGG 66 
1.660 .008 3.398 82.889 .063 BUGG 66 
1. 780 • 009 3.456 83.377 .052 BUGG 66 
1.858 .009 3.493 84. 03 9 .047 BUGG 66 
1.940 .010 3. 532 84.260 .046 BUGG 66 
1.952 .010 3.538 84.280 .047 BUGG 66 
2.079 .n1 n 1.599 84.526 .047 BUGG 66 
2.212 • 011 3.662 84.524 .047 ~uGG (,(, 

2.280 .011 3.694 84.624 .047 BUGG 66 
2.450 .01? 3. 773 84.23 9 .047 BUGG 66 
2.592 .Ul~ :1.639 O'r.212 .O't7 All(;(; 66 
£.b80 .o 1) 3.91<> At..nR~ .O't4 BUGG 66 
2. 704 .014 3.890 83.912 .047 BUGG bb 
2.819 .014 3.942 83.846 .047 BUGG 66 
2.857 .014 3.959 83.790 .047 BUGG 66 
2. 958 .015 4.004 83.602 .047 BUGG 66 
2.994 .015 4.020 83.452 .047 BUGG 66 
3.000 4.023 81.780 .658 ABRAMS 69 
3.054 .015 4.047 83.289 .047 BUGG 66 
3.110 .016 4.072 83.328 .047 BUGG 66 
3.142 .016 4.086 83.166 .047 BUGG 66 
3.277 .016 4.145 82.4 89 .047 tiUGG 66 
3.303 .017 4.156 82.730 .047 BUGG 66 
3.444 .017 4.217 81.960 .047 BUGG 66 
3.546 .018 4.261 81.710 .047 BUGG 66 
3.908 .020 4.412 81.107 .033 BUGG 66 
4.037 .020 4.465 80.930 .047 BUGG 66 
4.265 .021 4.558 80.417 .047 BUGG 66 
4.552 .023 4.672 80.125 .047 t!UGG 66 
4.966 .025 4.832 79.632 .047 BUGG 66 
5.221 .026 4.928 79.578 .037 BUGG 66 
5.526 .o28 5.041 79.316 .047 BUGG 66 
5.824 .029 5.150 79.091 .047 BUGG 66 
6.000 .105 5.213 17.400 1. 300 GALBRAITH 65 
7.835 .039 5.830 77.858 • 052 BUGG 66 
8.000 .140 5. 8 B2 1~;>.?00 1.300 GALBRI\ITH 6S 

10.000 .175 6.4 B6 75. 800 1.300 GALBRAITH 6~ 

12.000 .210 7.038 74.400 1.300 GALBRAITH 65 
14.000 .245 7.551 74.000 1. 300 GALBRAITH 65 
16.000 .2BO a. 031 73.700 1.300 GALBRAITH 65 
18.000 .315 8.4 e5 12.800 1. 300 GALBRAITH 65 
19.300 8.767 74.100 .700 BELLETTINI 65 
20.000 .350 8.915 72.100 1.300 GALBRAITH 65 
22.000 .385 9.326 71.600 1.300 GALBRAITH 65 

REFERENCES 
1 BELLETTINI 65 ••••• PL 19 341 SPRK,CIIITR 
2 GALBRAITH 65 ••••• PR 138 B913 CNTR 
3 BUGG 66 ••.•• PR 146 980 CIIITR 
4 ABRAMS 69 ••••• BIIIL 14125 CIIITR 

Ec.m. 
Pbeam (GeV/c) (GeV) aJd (mb) References 

2.1)')6 4.022 80.300 ± 1.900 PALEVSKY 64 
4.000 ! .600 4.451 80.300 1.900 PAKI<.ER 70 
5.700 .600 5.105 77.800 1.300 PARKER 70 
6.371 5. 343 76.000 2.400 PANTUEV 65 
9.192 6.249 71.600 2.500 PANTUEV 65 

10.000 6.486 73.300 1.100 ENGLER 68 
14.600 7.698 72.200 1.500 KREISLER 68 
27.000 10.282 69.700 .700 KREISLER 68 

REFERENCES 
1 PALEVSKY 64 ••••• PAPIS CONF 1964 162 CNTR 
2 PANTUEV 65 ••••• SJNP 1 93 CNTR 
3 ENGLER 68 ••••• PL 27B 599 CNTR 
4 KREISLER 68 ••••• PRL 20 468 C'IITR 
5 PARKER 70 ••••• PL 31B 246 Ct.TR 
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pd elastic dcr /~10 (very. forward angles) 

DISTRIBUTION IN THE ANGLE OF THE SCATT BEAM WITH RESPECT TO THE BEAM DIRECTION IN THE LAB SYSTEM 

BEAM HOME NTUM= 1. 290 GEV/C 

THETA I DEGJ 

MINIMUM MAXIMUM SIGMA +- DSIGMA 
IMILLIBARNS/STERADIANI 

1. 117 1.232 1072.000 96.000 
1.232 1.346 756.000 82.000 
1.346 1.461 653.000 70.000 
1.461 1.576 622.000 63.000 
1.576 1.690 447.000 54.000 
1.690 1.805 392 .ooo 52.000 
1. 805 1.919 392.000 29.000 
1.919 2.034 382.000 27.000 
2.034 2.149 363.000 26.000 
2.149 2.263 350.000 25.000 
2. 263 2.378 394•000 25.000 
2.378 Z.ft92 3~0.000 23.000 
2.492 2.607 334.000 23.000 
2.607 2. 722 389.000 23.000 
2.722 2.836 364.000 23.000 
2.836 2.951 348.000 22.000 
2.951 3.065 311.000 21.000 

2Q SQUARE= 1.128 

DUTTON PRI_ n 1411>119681 SPRK 

O(Afl fiOII(PHUfl• 1. s•.o C~V.'G 

THETAIDEGI 

MINIMUM MAXIMUM SIGMA +- DSIGMA 
IMILLIBAKNS/SitKAUIANI 

1.003 l.ll 7 851;>,QQQ 87,0()0 
1.117 1.232 536.000 64.000 
1. 232 1.346 458.000 57.000 
1 .346 1.461 458.000 50.000 
1. 461 1.576 499.000 47.000 
1.576 1.690 440.000 24.000 
1.690 1.805 436.000 22.000 
1.805 1.919 401.000 21.000 
1.919 Z.0~4 413.000 zo.ooo 
2.040 Z.lH 39Z.OOO zo.ooo 
2.149 2.263 347.000 18.000 
2.263 2.311:1 34b.OUO li:I.UOO 
2.378 2.492 338.000 18.000 
2. 492 2.607 311.000 17.000 
2.607 2.722 336.000 17.000 
2.722 2.836 324.000 16.000 
2. 836 2.951 356.000 16.000 
2.951 3.065 361.000 16.000 
3.065 3.180 32 7 .ooo 16.000 
3.1110 J.2'1~ JUb.UUU 1b.UU0 
).295 3o40? 314.000 16.000 
3;409 3. 524 278.000 15.000 
3. 524 3.638 277.000 15.000 
3. b31:1 3. 753 307.000 15.000 
3. 753 3. 867 273.1)01) 15.00() 
3. 867 3.982 253.000 14.000 
3~982 4.097 254.000 14.000 

2Q SQUARE= 1.494 

DUTTON PRL 21 1416119681 SPRK 

BEAM MOMENTUM= 1. 390 GEV/C 

THETA I OEGI 

MINIMUM MAX I MUM 

1.060 1.175 
1. 175 1.289 
1.289 1.404 
1.404 1. 518 
1. 518 1.633 
1. 633 1.748 
1.748 1.862 
1.862 1.977 
1.977 2.091 
2.091 2.206 
2.206 2.320 
~. nu 2o4J5 
2.435 2.550 
2.550 2.664 
2.664 2. 779 

. 2.779 2.893 
2.893 3.008 
3.008 3.123 
3.123 3.237 
3~237 3.352 
3 •. 352. 3.46(> 
3.41>1> 3.5H1 
3. 5Hl . 3.b9l> 
3.696 3.810 
3.810 3.925 

2Q SQUARE= 1. 271 

DUTTON PRL 

THETAIDEGI 

MINIMUM 

1 .117 
1.232 
1.346 
1. '•61 
1.576 
1.690 
1. 805 
1. 919 
2.034 
2. 1411 
2.263 
2. 378 
2.492 
2.607 
2.722 

MAXIMUM 

I .7'17 
l-e346 

. 1.461 
1. 576 
1.690 
1. 805 
1.919 
2. 03.4 
2.149 
2.2~~ 

2.378" 
2.492 
2.607 
2. 722 
2.836 

ZQ SQUARE= 1o7Z5 

OVTTO,.. Pl. 

SIGMA +- DSIGMA 
IMILLIBARNS/STERAOIANI 

791.000 63.000 
607.000 43.000 
520.000 34.000 
511.000 32.000 
482.000 29.000 
424.000 27 .• 000 
395."000 2 5~000 
357.000 24.000 
347.000 22.000 
312.000 il.ooo 
326.000 21.000 
~'IUo.UUU ~o.uuu 

297 .ooo 19.000 
296;ooo 19.000 
292.000 19.000 
302.000 19.000 
268.000 18.000 
247.000 17.000 
289.000 18.000 
257.000 17.000 
250.000 11.000 
2S2.UOO 17.000 
2211.000 1b.OOO 
274.000 16.000 
249.000 16.000 

21 1416119681 SPRK 

SIGMA +- DSIGMA 
(MitLiAARN~i~tF~ibiiNI 

r,qA.nnn '!q.nnn 
546.000 36.000 
471.000 33.000 
494.000 32.000 
395.ooo 28.ooo 
356.000 27.000 
332.000 25.000 
359.000 26.000 
346.000 25.000 
317.000 Z3,QOO 
344.000 23.000 
286.000 22.000 
304.000 22.000 
290.000 23.000 
323.000 23.000 

SPRK 

J 
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Fig. 49. Small-angle pd elastic differential cross sections in the Coulomb-nuclear interfer-

ence region. e is the angle between the incoming and outgoing proton. The main purpose of 

such experiments is to accurately measure parameters related to the forward nuclear elastic 

amplitudes. 
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.pd elastic du/d~. 
OISTRIIWTIUN IN COSt THETA I OF THE SCATT OEA.'4 W JTit RES.,ECT TO THE BEAM OIREC liON IN THE C.M. SYSTEN 

~EAM MO'IENTUMro 1.\'J•t GtV/1.. 

COS I THEY AI Sl GMA .. OS I GMA COS I THETA I SIGMA •- OSIGMA 
I MllliRARNS/SfERAOIANI I M I CROtiARNS/ S TERAO I AN I 

-.971 .172 .026 -.885 12.990 .420 
-.947 .lb8 .007 -.8 75 10.930 .360 
-.9ll .112 .cos -.850 8.eoo .290 
-.899 .121 .009 -.az5 7.990 .zoo 
-.862 .ll7 .018 -.BOO o.szo .zzo 
-. 793 .071 .007 -. 750 4.520 • 150 
-.705 .037 .003 -. 700 3.100 .1\Q 
-.'5 86 .020 o003 -.650 2.B40 .090 
-.438 .022 .002: -.bOO 2.700 .120 
-.352 I 07.1. ,I}Q) -.550 2.150 .130 
-.257 .028 .002 -.sou 1.990 .0?0 
-.156 • 039 .cos 
-.04 7 .045 .ooz 20 SQUARE., 1. 734 

.Obb .ass .003 PLUS POSSIBLE SYSTEJo!ATIC ERMUR OF •- 1CPER CENT 

.182 • 071 .003 

.297 .QS] .cos COLE"4AN PR 164 1655119671 CNTR 

.423 .091 .005 

.492 0 081 .005 
0 539 .Qql .oos 
.bO'j ollO ,1)10 

.648 .150 .010 
• 708 .270 • .020 
0 711 0 380 .ozo 
.8(11 0 820 .070 
.833 1.240 .100 
.878 ). 100 .sao 
.904 3. 700 .bOO 
o'IJB b. Q/)1) .bOO 
.938 7. 700 .bOO 
.957 11.900 1.900 

2Q SQUARE=z .993 

t ihC.CIIT fl!l.l. ,. 716119701 CNTR 

BEAM MOMENTUM"' 2.032 GEV/C BEAM MOMENTUM=> ?..251 GEV/C 

COS C THETA I SIGMA •- U~IC.MA GOSI THETA) ~~~~MA •- OSICHA 
I Ml CROBAHNS/ S TEP..\1) I liN I C 14 I CROBARNS/ S TERAO I AN I 

-.895 4.5oo .:no -.900 2.050 •• nu 
-.875 4. 070 •. ht) -. tf75 I. 710 .110 
-.850 3.470 .260 -.850 t.aoo .120 
-.825 3.3qo .210 -.800 • 76a .o8o 
-.aaa . 2.220 .. uo -. 750 .63a .ooa 
-. 750 1.490 .150 -. 700 .490 .040 
-. 700 l.ORO .110 -.650 .30a .o3a 
-.65a 1.oao .1oa -.eao •. Ha .030 
-.ooa .sao .aso -.550 .290 .030 
-.ssa .56a .Ot.O -.sao • 290 .030 
-.5ao .660 .060 
-.4ba .5ao .oso 20 SQUARE= 2.630 

PLUS POSSIBLE SYSTEMATIC ERROR OF •- lC'PER CENT 
2Q SQUARE= 2.210 

~LU~ P'U:)l(lill! !S'I~tb•,,•,Tir, ~aun~ nr. 11 IOPFR CliNT PR 164 16551 19671 

lMo lfliill9t171 CNTR 

BEAM H0/14ENTUH"" 2. 784 CEV/C 

CUSI THETA I 

·"'"" .600 
.b>O 
• 700 
• /~0 
.sao 
.850 
.875 

S I G.'1A •- OS I GHA 
{ M! <;ROBARNS/ S TERAO I AN I 
4.970 .1 ~0 
7.110 .210 

l/..18U .;)T..:. 
2Z,N(l .680 
36.420 l.O'JO 
51.550 1.550 
b4.b50 1.940 
78.090 2.520 

2\J StJUARE= 3.537 
PLUS POSSIBLE SYSTEMATIC ERROR OF •- lOPER CENT 

CULl: !-IAN r~ITR' 

Table VIII. pd elastic cross section (nut plotted). 

Ec.m. 
Pbeam (GeV/c) (GeV) a elastic (mb) 

19.300 8.767 9.zoo .Joo" 

REFERENCES 
BHLETTINI 65 ••••• PL 

References 

BElLETTINI 65 

SPRK,CNfR 

CNTR 
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pd elastic dcr/dO 

10r-------------.-------------------------------------------- .. 
UINCENT 70 

P~"."am = 1.194 GeV /r::. p~•ebam = 1.696 GeV/r::. COLEMAI'I 

12 

10 10 
[ 
I 

'I 
I' 
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Fig. 50. pd elastic differential cross sections. 
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Section Ill. 

DATA LISTINGS 
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In this section we present a listing of all. 

the NN articles on our DATA TAPE. These 

are the actual data used in forming the graphs 

and tables in Section II. The information is 

presented article-by-article, just as we store 

it. 

We debated for some time whether or not 

we should give these listings because they are 

rather lengthy. As an experiment, we de

cided to put them in the first few editions. If 

you find them useful, let us know. 

Actually, these listings do contain a large 

amount of information not included in the 

tables and graphs already presented in Sec

tion II. 

• In particular there are a number of 

articles giving mass spectra etc., for which 

we have punched no data but have punched the 

bibliographic information and keywords. A 

person interested in nucleon interactions may 

find many of these papers quite useful. (These 

papers are not referred to in any way in Sec

tion II. ) 

• In addition we have also punched the 

title and abstract for every article, to assist 

you in your selection of articles for further 

reading. 

• Also in this section you will find~ 

ments on many pieces of data-it is in general 

not yet practical to present these comments 

in Section II. 

• Many articles give data that we feel 

we cannot meaninfgully compile at present 

(only partially corrected, integrated only 

over a certain interval, etc.). These data 

have in many cases been punched and will be 

found in this section. 

• You will all:lu fiw.l. iu Lhi~:~ l:lt:<.:Liuit, daLa 

reported as upper and lower limits, approxi

mate values, etc. 

0 We also indicate here how background

resonance separations were made and the 

values of the parameters usP.c'l (or fitted). 

e Occasionally we do not use the data 
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as originally given in the article. This section 

tells exactly where our data came from (pri

vate communications, unpublished c.ompanion 

report, etc. ). 

• The size of an experiment is frequently 

indicated by the total number of pictures taken, 

or by the number of events in various distribu

tions. 

• To give you an idea of the scope of a 

particular article, KEYWORDS are included 

for each article. These words can also be 

used to form classified indices (see Section 

IV). 

• Some papers give fitted values for 

various parameters in which we are inter

ested. These fits will be found in this sec

tion. 

To repeat, the above items are some of 

the things you will find in this section that 

are not presented in Section II. 

We have also found that theses are fre

quently hard to come by. Thus we feel that 

our listing of theses may help give their data 

greater distribution than they might otherwise 

have. We would like to make the general ap

peal that a copy of all particle physics theses 

be sent to us. 

Finally this section may serve the useful 

function of permitting the reader to easily 

check on the accuracy of our input data. The 

data is arranged article-by-article, and in 

most cases we have indicated [in square 

brackets] the exact location of the data in 

the article (i.e., the figure, .table, or page 

number). If you find any errors or misinter

pretations, please let us know as soon as pos

~:~ible. 

As for the organization of the information 

in this section, we should first mention that 

the order of the articles is "random, " and 

has no physical meaning. The order is, how

ever, the same as given in the Reference list, 
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and as given in the Indices in Section IV. 

Above the double line in each article you 

will find the title, authors and institutions, 

abstract (if the article had one), citations, 

KEY WORDS, comments, beam information, 

etc. 

Below the double line in each article ap

pear the data. We generally enter the data in 

exactly the same units as given by the authors. 

(This is done primarily to facilitate the veri

fication of the data. ) If we do alter the data 

in any way, we indicate this fact by an ap

propriate comment. 

Occasionally authors give the same data 

in two different forms. We punch both, if we 

feel that both forms are useful, and display 

them side-by-side in the listings that follow. 

We have tried to be particularly careful 

about including systematic errors, whenever 

given by the authors. We have also tried to 

indicate exactly how resonance and background 

separations have been made. In some cases 

it is quite unclear from the original article 

anc;l we h9-ve had to contact the authors directly. 

Another reason for contacting authors has 

been to get tables of data that correspond to 

the publi~hed liraphs. If we are unable to get 

tables from an author, or if the article is 

more than a couple of years old, we read the 

data off the published graph, and then include 

the warnin~ that " '!'his data was read from a 

graph. 11 (In some cases the tables we re

ceived have been more up to date than the pub

lished graphs. ) 

Because of the limitations imposed by not 

having a printer with Greek letters, we have 

had to spell out many sytnbols. One exception 

is, however, the abbreviation for microbarns, 

!J.b: we use 11 UB. 11 We hope that we will be 

able, in the near future, to use a more com

plete set of characters, so that our output will 

be easier to read. 
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~TOTAL CROSS-SECTIONS fOR N P ANC N 0 SCATTERING AT 10 GEV/C NEUTRON MOMENTUM. 

L!.J J .ENGLER ,K.HORN, J. KONJ G ,F. ~ONr\ JG, P.SCHLUOECKER, H. SCHOPPER, P .S lEVERS, H.ULLRICH 
GERMANY 1 

K.RUNGE IEURCPEAN ORG. FOR NUC. RES., GENEVA, SWITZERLAND) 

IPHYS. LETTERS 218, 599 ( 196A11 

( TECHNJ SCHE UNI Yo KARLSRUHE, KARLSRUHE, 

ABSTRACT THE TOTAl NEUTRON CROSS-SECTIONS WERE MEASURED WITH HIGH PRECISICN FOP HYDROGEN AND OEUTERIU"4. AT AN AVEP.AGE 
NEUTRON MOMENTUM OF 10 GEV/C WE OBTAINED fHE TOTAL CPOSS SECTIONS FOR NP ., 3';1.5 •- 0.5 to~R ANO NO= 73.3 +- 1.1 "18. 
THESE VALUES AP.E IN EXCELLENT AGREEMENT WITH PP AND PO TOTAl CROSS SECTIONS. NO ENERGY DEPENDENCE lrtAS FOUND FOR NP 
CROSS SECT ION BETWEEN 4 AND 10 GEV/L 

CITATIONS 
PHYS. REV. 100,242 (19551, PHYS. REV. 135,8358 (11~64), PHYS. REV. lETTERS ZOt 468119681, PHYS. R.EV •. l38, 8913119651, 
PHYS. REV. lETTERS 19, 857 H9671, CEPN MPS/Al0-7 119631, CERN TH 851, ZUR.N. EKSP. TEQP. FIZ. 4Z, 39Z 1196ZJ, JETP 
15 Z1Z (19bZI, ZURN. EKSP. TEOR. FJZ. 45, 1808 fl9631, JETP 18 1Z39 11964), INT'l. CONGRESS ON NUCLEAR 
PHYSICS,PARIS,FRANCE 16Z I 196-4), ANO PHYS. REV. 101, 4Z7 (1<;561. 

ART IC.LE READ Si ODETTE AENAA.Y IN 1/0~, AND VERIFJI!D B'r' LeROY PRICE. 

BEAM NO. 1 IS NEUTRON fJN PROTCN FROM 4.3 TO 10.0 GEVIC. 
NO. Z IS NEUTRON ON DEUTERON AT 10 GEVIC. 

THIS t:XPERIMENT USES COUNTEP.S. 

KEV WORDS • CROSS SECT lOti 

NEUTRON PROTON TOTAL CROSS SECT ION. 

LABCRATQRY 
BEAM MOMENTUM 

GEV/C I 1 j 
•• 3 
•• 5 

10.0 

[ l I I"!EAN VALUES. 

MILL I-BARNS 
'tO,'t l ,9 
38.7 1.5 
39.5 .s. 

NEUTRON DEUTERON TOTAl CROSS SECTION. 

LABORATORY 
BEAM MOMENTUM 

GEV/C I 1 J 
10. 

Ill MEAN VALUE. 

Ml lli-BARNS 
73.3 ·- 1.1 

[TABlE 18 I 

I PAGE bOll 

r::il TOTAL NEUTRON-PROTON INTERACTION CROSS SECTION AT 5.5 GEV. IPHYS. LETTERS 7, 80 119631 J 

l.!::.JH.N.KHAC:HATURYAN,V.S.PANTUYEV (JOINT INST. FOR NUCL, RESEARCH, OUE\tiAt USSRJ 

CITATIONS 
JETP 4Z 392119631, JETP 4Z 909 1196Zit JETP 44 1411 119631, REVIEW OF SCIENTIFIC INSTRUMEN~S 3Z, 949 11961), UCRL 
8559 (1958), PHYS. REV. 1Z3t 1850 119611, AND PHYS. REV. 98, 1369 (19551. 

ARTICLE READ BY ODETTE BENARY IN 1/69, AND VERIFIED BY LEROY PRICE. 

BE:AM IS NI::UIKUN UN HYUKUGtN l.U,.,.,UUNU HUM hU~H IU l • .ittU ~t:V!l.. IHt:A~ 1\INETI\. ENERGt = q.2 TO 6.~ G!!\1) 

THIS EXPERIMENT USES COUNTERS. 

KEY WORDS • CROSS SECTION 

NEUTRON PROTON TOTAL CROSS SECT ION. 

LABORATORY 
BEAM ENERGY 

GEV l 1 J 
5. 5 

( 1 1 MEAN VALUE. 

MILL I-BARNS 
41.2 ·- 1.7 

{PAGE 811 
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@]NEUTRON-PROTON SCATTERING AND THE OETEPM!NATION OF THE PION-NUCLEON COUPLING CONSTANT. 

R.P.LARSEN tU.C. LAWRENCE RAO. LAB .. , BERKElEY, CALIF., USAJ 

(NUOVO CIMENTO 18, 1039 119601 1 

CITATIONS 
PHYS. REV. 112r 1380 11958), UCRL 8148 11958), REVIEW OF SCIENTIFIC INSTRUMENTS 26, 229 11955), ZURN. EKSP. TFOP. 
FIZ. 21, lll3 11951), UCRL 8523 (1'~581, AND PHYS. REV. 116, 226 119591. 

ARTICLE READ BY ODETTE BENARY IN l/69, AND VERIFIED BY lERCY PRICE. 

BEAM NO. 1 IS NEUTRON CN PROTON AT 1.356 GEV/C. (REA" KINETIC ENERGY= .11 GEVI 
NO.2 IS NEUTRON ON DEUTERON AT 1.356 GEV/C. ISEAM KINETIC ENERGY., .11 GEVI 

THIS EXPERIMENT USES COI.:NTERS. 

GENEctAL COMP'ENTS ON THIS ARTICLE 
1 THE DIFFERENTIAL CROSS SECTION WAS MEASURED IN THE CHARGE EXCHANGE REGION lCENTEJ:l. OF MASS SCATTERING ANGLE BETWEEN 

160 AND 180 DEGREES). 

KEY WORDS • DIFFERENTIAL CROSS SECTIGN FITS 

COHPOUNC KEY WOROS • FITS DIFFERENTIAL CROSS SECTION 

ElASTIC DIFFERENTIAl CRCSS SECTION FOR NEUTRCN PROTON. 

LABORATORY ·sEAM ENERC:Y "' .11 <:EV I MEAN VALUE 1. 

THETA 
DEGREES 
180.00 
115.89 
112.94 
1/U.&U 
168.25 
165.90 
163.25 
161.31 
158.90 

D-S JGMA/0-0MEGA 
l'!e/SR 

6.15 +-.54 
5.04 .51 
4. 39 • 39 
J.~·, • Je 
3.84 • 31 
J.tZ • 25 
3.35 .28 
2.11 .24 
2.65 • 23 

(TABLE 11 

THETA IS THE ANGLE THAT THE NEUTRON MAKES WITH THE BEAM IN THE GRANO C.M. 

rAlTHE REAL PART OF THE PROTON-NEUTRON SCATTERING AMPLITUDE AT 19.3 GEV/C. (Pt'!VS. lETTERS 19, 341 ( 19651 I 

L.:!.JG.BELLETT IN I 1 G.COCCON IrA. N.OJ OOENS, E .llllETHUNrG.MATTHIAE ,J.P. SCANLON, A.M.WETHEREll [EUROPEAN OPG. FOR NUC • RES., GENEVA, 
SWITZERLAND I 

C I lATIONS 
PHYS. LETTERS 14r 164 U9651r CERN 64-30 U9641r PHYS. REV. 138, 8913 119651, INT.CON. ON NUC.FORCES ••• UNIV. COLLEGE, 
LONDON 1 233 11959), PHYS. REV. 135,·8358 (19641, PHYS. REV. ll2t 618119581, NUOVO C.IMt:NlU llr biU 1111!)~1, ANU UUI!NA 
E-1820 119641. 

ARTICLE READ BY OCETTE SENARY IN l/69, AND VERIFIED BY lEROY PRICE. 

BEAM IS PROTON ON DEUTERON AT 19.3 GEV/C. 

THIS EX PER I ME NT USES SPARK CHAMBERS AND COUNTERS. 

KEY WORDS • CROSS SECT ION CtFFERENTIAL CROSS SECTION 

PROTON DEUTERON TOTAL CROSS SECTION. 

LABORATORY 
BEAf!l "'O"ENTUM 

GEV/~ 
19.3 

Ml LLI-BARNS 
14.1 +- .1 

PROTON NEUTRON TOTAL CROSS SECTION. 
GLAUBER CORRECTION AflflliED 

LABORATORY 
BEAM I'IOH!NfUH 

GEV/C 
19.3 

Hllli-BAR"'S 
38.9 ·- .1 

PROTON DEUTERON ELASTIC CROSS SECTION. 

(PAGE 3421 

(PAGE 3431 

(PAGE 3441 

C THE QUASI ElASTIC t .. S.HAS BEEt\ REHOVEO J 

LABCRATCRY 
BEAM MOMENTUM 

GEV/C 
19.3 

MILLI-BARNS 
9.2 +- .3 
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rt:lNEUTRON-NUCLEON INTERACTlONS IN THE GEV ENERGY RECIO~. (INT'L• CONGRESS ON NUCLEAR PHYSICS,PARJS,FRANCE 1964 162 Cl9b41l 

~.H.PALEVSKV,J.L.FRiEOCS,R.J.SUTTEP,P.E.CHRIEN,H.R.MUETHER (BROOKHAVEN NAT. LAR., UPTON, L.t., N.y., USA) 

CITATIONS 
PHV'S. REV. LETTi:RS 9, 509 (19621 1 PHYS. LETTERS 4, l'i 119631, PHYS. REV. LETTERS 11, 88 119631, PHVS. REV. LETTERS 11 • 
444 ll'i631 1 OUBNA 01329 llc;6)1 1 PHYS. REV. 103 1 211 119561, AND PHYS. P:EV. LETTERS q, 32 (19621. 

ARTICLE Ri:AC BY OI:!:TTE BENARY l/11 1/bCO, AND VERIFIED BY LEROY PRICE. 

BEAY. NO.1 IS NEUTRON CN PROTON .:RQM 1.380 TO 3.620 GEV/C. CBEAM KINETIC ENERGY"' .13 TO 2.80 GEYI 
NO.2 IS NEUTROU GN DEUTERON AT 2.996 GEV/C. IBEA"4 KINETIC ENERGY a 2.2 GEVI 

THIS EXPERIMENT USES COUNTERS. 

KEY WCRDS • CRC!SS SECTICN 

NEUTRON PROTON TOTAL CRCSS SECT ION. 

LABORATORY 
BEAM ENERGY 

GEV 
.13 

1.60 
2.20 
2.80 

Ml LL 1-Btr.R~S 
35.8 1.6 
38.3 2.1 
40.3 1.4 
39.4 3.3 

NEUTPON DEUTERON TOTAL CROSS SECT ION • 

LABORATORY 
BEAM ENERGY 

GEV 
z.z 

MILL 1-BAR~S 
80.3 ·- 1.9 

(PAGE 1631 

IPAGE 163) 

rii'lAN INVESTIGATION OF THE REACTIO~ PP•D PI+ liT AN INCIDENT PROTON ENERGY OF 990 MEV. [PHYS. LETTERS 11, 253 119641) 

~ K .R.CHAPMAN, T. W. JONES, Q.H.KHU, J.S. C.I1CKEE, H.B .VAN OER RAAY, Y. TANIMURA [BIRMINGHAM UNI V., BIRMINGHAM, ENGLAND] 

CITtr.TIONS 
ZURN. EKSP. TEOR. FJZ. 34, 767 119581, UNJV. OF MICH. TECH. REPORT 16, AND OOKl· AKAO. NAUK. SSSR 100 673 11955). 

ARTICLE READ BY ODETTE BENtr.RY IN 4/67, AND VERIFIED BY LEROY PPICE. 

BEA/<! IS PROTON ON PROTON AT 1.68 GEV/C. 

THIS EXPERIMENT USES COUNTERS • 

KEY WORDS • CROSS SECT ION DIFFERENTIAl CROSS SECTION 

CR GS S SECT ION FOR 

ltr.BORATORY 
BEA~ ENERGY 

G'v 
• 99 

PROTON PROTON • DEUTERON PI+. 

"'I(RC-"AHN~ 

560. ·- 30 • 

(PAGE 2531 

~NEUTRAL-PION PRODUCTION FROM PROTON· PROTON COLLISIONS AT 735 MEV. IPHYS. REV. 131, 2113 119631 l 

R.J.CENCE,O.l.UNO,G.O .... EAO,B.J.HOYER {U.C. lAWRENCE RAD. LAB., BERKELEY, CALIF., USA) 

ABSTRACT AN INVEST IGATJDN HAS BEEN MADE OF THE REACTION- PP•PP PIO AT AN ~NI;lOEfiT PRCTQN ENERGY OF 735 "F.V. THF 
i:A'i'fi\IUL ~RUIUN DEAI'I Ut- IHt IB4-IN. ~VNLHRUCYCLUTRUN BOMBA.ROED A LIQtJJO-HYbRQGEk lARGEr. GAMMA-RAY ENERGY SPECTRA 
WERE MEASURED AT LABORATORY ANGLES OF 6t 32, AND 60 DEG WITH RESPECT TO THE PROTON BEAM. TWO HIGH-RESOLUTION PAIR 
SPECTROMETERS WERE USED TO MAKE THESE MEASURE'MENTS. CO!'IPUTER CODES WERE USED TO MAt<E All NECESSARY CORRECTIONS TO THE 
DATA AND DETERMINE THE FINAL SPECTRA. NO EVIDENCE IS FOUND FOR HIGH-ENERGY GAH~A RAYS PRODUCED FRO"' ANY SOURCE OTHER 
THW NEUTRAL-PION DeCAY. THE CROSS SEC! toN t-U"' 1-'10 1-'KUUUt:TION WAS MEASURED TO BE 3.46 +- 0.25 MB. BY USE OF THE 
METHOD OF LEAST SQUARES, ANGULAR AND MOMENTUM DISTRIBUTIONS OF THE NEUTRAL PION IN THE TWO-PROTON BARYCENTRIC SYSTEM 
WERE DETERMINED FROI1 THE PHOTON SPECTRA. THE PION ANGULAR DISTRIBUTION IS GIVEN BY 0-SIGMA /0-0MEGA a CSIGMA-T/4 PJI(O, 
834 + 0.099 13 COS-SQUARED THETAI + 0.067 (5,COS .. 4 THETAIJ, WHERE THETA IS THE BARYCENTRIC ANGLE OF EMISSION. PION 
MOMENTUM DISTRIBUTIONS ARE GIVEN FOR THREE ANGLES. THE RESULTS ARE SHOWN TO GIVE REASONABLE AGREEMENT WITH THE ISOBAR 
HODEL. 

CITATIONS 
PHYS. REV. 92, 780 119531, PHYS. REV. 92, 749 (19531, UCRL 1637 119521, ANNUAL REV. OF NUCLEAR SCIENCE 4, 219 11954), 
PHYS. REV. 96, 139 119541, JETP 9 1179 119591, PHYS. REV. 109, 1716 tl958}, CAPNEGIE INST. OF TECH. REPORT NY0-1108 
119561, PHYS. REV. 88, 632 119521, PHILOSOPHICAL MAGAZINE Z Zl5 119571, PROC. OF THE POYAL SOCIETY OF LONDON A251, 
218 11959), PHYS. REV. 107, 283 Cl957J, JETP 5 618 119571, PHYS. REV. 113, 1339 (1959), JETP 5 779 I1957J, UCRL 10187 
119621, UCRL 9292 (19601, UCRl 10781 119631, UCRl 8000 119571, PROC. OF THE ROYAL SOCIETY OF LONDON AU6, 83 119341, 
PHYS. REV. 93, 788 (lq541, PHYS. REV., AND 105, 1874 119571,. 

ARTICLE READ BY ODETTE SENARY IN 5/67, AND VERIFIED BY LEROY PRICE. 

I) fA~ IS t-ihfiON UN 1-'~U I UN A I 1. J'l GEV/t • 

THIS EXPERIMENT uSES COUNTERS. 

KEY HC:RDS • CROSS SECT ION MCiiii.AR DIHR I RUT ION 

CROSS SECT JON FOR PROTON PROTON • PROTON PROTON PJO. 

I ARnRATORY 
BEAM ENERGY 

GEV 
.735 

MILL I-BARNS 
3.46 ·- .25 

(PAGE Z117J 
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~ E .8 JERMAN, A. P.COLLERA INE, U.NAUENBERG 
PRINCETON, N.J.,USAJ 
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IPHYS. REV. 141, c;zz 119661 I 

(PRI~CETON UNJV., PRINCETON, N. J., USA, AND PRINCETON-PENN. PPOTON ACCEL., 

ABSTRACT A SEARCH FOR OIBARYON RESONANT STATES WAS CARRIED OUT IN PP COLLISIONS AT 5.0 BEV/C IN THE 80-IN RROOKH/IVEN 
BUBBLE CHAMBER. A TOTAL OF ABOUT 1400 EVENTS \4AS MEASURED AND ANALVZEO. WE WERE NOT ABLE TO DETECT ANY EFFFCT WHICH 
COULD BE CQNSTRUEO AS BEING DUE TO A OIBARYON RESONANCE. WE OBSERVED THE Y*lll ANC THE N .. + RESONANCE. WE ALSO 
OBSERVE THE EFFECT OF THE 1688*++ RESONANCE IN ITS (LAMBOA-O,K+J DECAY MOCE. OUii DATA A~E CONSISTENT WITH THE 
ONE-PION-EKCHANGE MODEL. 

CIT AT IONS 
PHYS. REV. 131, 223CJ 11963), PHYS. lETTERS 11, 164 tl9641, BULL. Afo'. PHYS. SOC. 10, 511 119651, PI-'YS. REV. LETTERS 14 
604 119651, PHYS. REV. LETTERS 13, 355 11964}, PH'tS. REV. 123, 1465 119611, BNL DC-H-10, CERN 60-33, CERN 61-29, 
PHYS. REV. 12Br 1836 (19621, BNL BC-04-3-B, PHYS. REV. 120, 988 (19601, PHYS. PEV. 125, 1048 119621, PHYS. REV. 133, 
8458 119641, PHYS. REV. LETTERS 15, 468 119651, NUOVO CIMENTO 34t 735119641, NUOVO CI"!ENTO 34, 1644 119641, ANC 
PHYS. REV. LETTERS 8, 14C Cl9621. 

ARTICLE READ ev OCETTE BENARY IN 4/67, AND VERIFIED BY LEROY PRICE. 

BEAM lS PROTON ON PROTON AT 4.95 GEY/C. 

THIS EXPERI~ENT USES Tt-!E B.N.L. 80 It\. IHI BUBBLE CHAMBER. 

KEY WORDS • CROSS SECTION OALITZ PLOT MASS SPECTRUM MODELS ANGULAR DISTRIBUTION STRANGE PAPTICLES 
'N*I16881' Y*l13851 

IT ABLE 1 J 

. LABORATORY BEAM "!OMENTUM ., 4.95 GEHC. 

P.EACTION MICRO-BARNS NO. EVENTS 
PROTCH~ PJIOTON • 

PROTON LAMBDA K+ 48. +- 4. 173 
PROTON S IGMAO K+ 25. 3. 91 
PROTCN LA"tBOA K+ P 10 za. 3. liZ 
NEUTRON LA~BOA K+ PI+ 41. 5. lb3 
PROTON LAMBDA Ph KO 42. 5. 198 
PROTON PI+ KO SIGHAO zo. '· .. 
PROTON SIGMA+ KO 17. 3. 31 
PROTON PIO SIGMA+ KO 1. z. 13 
NEUTRON PI+ SIGMA+ KO 1. z. 14 
PROTON Ph K• PI- Lt1f'80A 1. > .• " PROTON k+ NEUTRON KOSAR 12. 3. 21 
PROTON PROTON KO KOOAR 3. 1. 10 

roleLASTIC SCATTERING OF PROTONS, ANTIPROTONS, NEGATIVE PIONS, AND NEGATIVE K4.0NS AT HIGH ENERGIES. t...::.J 15,451196511 
( PHYS. PEV. LETTERS 

K.J.FOLEY,E.S.GILHDRE,S.J.LtNDENBAUM,H.A.LOVE,S.QZAKI,E.H.HILLEN,R.YAHAOA, L.C.L.YUAN I BROOKHAVEN NAT. LAB., UPTON, L.I., N. 
Y. r USA J 

CLOSELY RELATEC REFERENCES 
CONTINUATION OF PREVIOUS EXPERHENT IN PHYS. REV. LETTERS llt 425 U9b3). 

ADO IT ICi~AL CITATIONS 
PHYS. REV. LETTERS 10, 37b 119b3), NUCLEAR INSTRUME~TS AND METHODS 30, 45 119641, PHYS. REV. LETTERS 11, 503 119b31, 
PHYS. REV. LETfERS a, l73 (19621, PHVS. R.EV. lETTERS 7, 184 llQbll, PHVS. REV. U:llt;KS 1, 3SZ t1~bllt YHVS. KfV. l.N, 
2285 (1963), PHYS. REV. LETTERS 12, 206 (1964), AND PHYS. REV. 138, 81167 (1964). 

ARTICLE READ BY ODETTE SENARY Jr.; blb1, AND VERIFIED BY LEROY PRICE. 

BEAM NO. IS PROTON ON PROTON FRO"! 10.94 T( 24.63 GEV/C. 
IS PI- ON PROTCN FP:OM 14.84 TO 25.34 GEVIC. NO. 

NO. 
NO. 

IS ANTI-PROTON ON PROTON FROM 11.80 TO 15.91 GEV/C. 
IS K- ON PROTGN FRO~ 11.88 TO 15.91 GEV/C. 

THIS EXPERIMENT USES COUNTERS. 

KEY HORCS • DIFFERENT~AL CROSS SECTION FITS 

COMPOUND KEY WORDS • FITS DIFFERENTIAL CROSS SECTION 

ELASTIC DIFFERENTIAL CRC!SS SECTION FOR PROTON PROTON. 

LABORATORY BEAM MOMENTUM = 10.94 GEV/C. 

_, 
tGEV/CI .. 2 

.200 

.2b3 

.333 

.4ll 

.493 

.582 
;.6T1 
.782 
.89l . 

0-SHHA/C-T 
MB/IGEV/()U2 

13.190 +- .320 
8.100 .230 
4.660 .160 
z.,o .uo 
1. 411 .C76 
.641 .C48 
.:l'J!I • 639 
.178 .C26 
.0'94 .eta 

(TABLE ll 

T IS THE MOMENTUM TP4.~SFER 8FTWEFN THF. I tNr.OMTt~~r. PROTON I t.Nn THF. rnuTr.nrNr. PROTON I. 

ElASTIC Cl FFERENT IAL CROSS SECT ION FOR PROTON PROTON. 

LABORATORY SEA,.-. MOMENTU~ = 14.93 GEV/C. 

-T 
IGEV/C)**2 

.21b 

.284 
• 360 
.444 
• 534 
.631 
.736 

D-SIGMA/0-T 
MBI(GEV/C) U2 

11.480 +- .230 
6.67C .160 
).480 .100 
1.752 .064 
.886 .C39 
.402 .024 
.lHt,l .Ulb 

(TABLE 11 

T IS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING PROTON) AND THE (OUTGOING PROTON). 
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ElASTIC DIFFERENTIAL CRCSS SECTIGN FCR PPOTOl\ PRQTOf..l. [TABLE l1 

LABORATORY BEAM ~OHENTUI' = 19.84 GEV/C. 

-T 
tGEV/C ) .. 2 

.230 
• 302 
.383 
.474 
• 569 
.674 
• 787 

D-SIGHA/0-T 
HB/ tGEY/C J .. 2 
9.290 •- .zao 
5.140 .190 
2.t40 .120 
1.269 .C70 
.552 .042 
.291 .C30 
• 100 .018 

T IS THE P40~ENTU"' TRANSFER BETWEEti THE llNCOMJNG PROTONJ AND THE IOUTGOING PROTONJ. 

ELASTIC 0 IFFERENT I Al CROSS SECT ION FCR PROTON PROTON. IT ABLE 1 J 

LABORATORY BEAto! HOHENTU"'· = 21.88 GEV/C. 

-T 
IGEV/CI .. 2 

.235 

.309 

.392 

.485 
• 583 
.691 
.801 

0-SIGMA/0-T 
MB/IGEV/CJU2 
8.990 +- .280 
.c.. ezo • 1eo 
2.250 .100 
1.100 .C63 

.494 .C38 

.209 .024 

.09t .Cl6 

T IS THE MOMENTUM TRANSFER BETftEEN TilE IIP~COHING PP.OTONJ AtlO TilE IOUTCOINC PRCTO~J. 

ELASTIC DIFFERENTIAl CRGSS SECTION FCR PROTON PROTON. (TABLE 11 

LABORATORY BEA"' fo!D~EHU/11 ,. 24.63 GEV/C. 

-T 
IGEV/C IU2 

.254 
• 334 
.424 
.525 
.632 
• 746 

D-SII::HA/0-T 
M8/IGEV/CI .. 2 
7.560 +- .340 
3. 740 • 210 
1. 712 • 122 
.824 .074 
.203 .(36 
.110 .028 

TIS THE MOMENTUM TRANSFER BETWEEN THE (INCO"!ING PROTON) AND THE (OUTGOING PROTON). 

FIT TO ELASTIC DIFFERENTIAL CROSS SECTION FOR PROTON PROTON. I TABLE 1 J 

LABORATORY BEAM MOMENTU-M ,. 10.94 GEV/C. 
FITTED FORMULA IS D-SJGMA/D-T "' EXP(A + B(TJ + CIT .. 2JI 

WHERE D-SIGJI1A/D-T IS IN HB/CGEV/CJ .. 2 AND T IS IN CGEV/CI**2• T IS THE MOMENTUM TRANSFER BETWEEN THE 
I INCOMING PROTON) AND THE I OUTGOING PROTON). 

FITTED VALUE 

A ... 4.25 •- .o~ 

B "' 8.56 +- .47 
c .. 1.20 ·- .54 

FIT TO ElASTIC DIFFERENTIAL CROSS SECTION FOR PROTON PROTON. ITABLE 11 

LABORATORY BEA .... "'0"'ENTU"' "' 14.93 GEV/C. 
FITTED FORMULA IS 0-SIGHA/0-T = EXPU + BIT) + ClT .. 2ll 

WHERE 0-SIGMA/0-T IS IN M8/IGEV/CI .. 2 AND T IS IN IGEV/CI**2• T IS THE MOMENTUM TRANSFER BETWEEN THE 
(INCOMING PROTON) AND THE I OUTGOING PROTON J. 

FITTED· VALUES 

A = 4.32 +- .10 
a = a. B9 •- • 52 
c "' .98 ·- .62 

FIT TO ElASTIC DIFFERENTIAL CROSS SECTION FOR PROTON PROTON. 

LABORATORY BEAM MOJoi.ENTU"' .., 19.84 GEV/C. 

[U.BLE 11 

FITTED FORMULA IS 0-SJGMA/0-T = EXPU + B(TJ + CIT .. 211 

WHERE D-SIGMA/0-T IS IN HB/tGEV/CI .. 2 AND T IS IN CGEVICI**2• T IS THE MOMENTUM TRANSFER BETWEEN THE 
(INCOMING PROTON) AND THE I OUTGOING PROTON). 

FITTED VALUES 

A ~ 4.19 +- .15 
A = e. 68 •- • 79 
c .. • 70 - .C)2 

FIT TO ElASTIC OIFFERENTIH CROSS SECTION FOR PROTON PROTON. (TABLE lJ 

LABORATORY BEAM .... OMEI\'TUH • 21.BB GEVIC. 
FITTED FORMULA IS 0-SIGHA/D-T = EXPU + BIT) + C(T .. 2JI 

WHERE 0-SIGMA/D-T IS IN HB/IGEV/CI .. 2 AND T IS IN (Gf:V/CI*•2. T IS THE MOMENTUM TRANSFER BETWEEN THE 
(INCOMING PROTON) ANO THE I OUTGOING PROTON). 

r I THO VAlUES 

A • 4.38 +- .16 
B = 9.63 +- .7B 
c .. 1.56 ·- .89 
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FIT Jo ELASTIC DIFFEFlENTIAL CROSS SECTION FOR PROTON PRGTON. [TABLE 11 

LABORATORY BEAM MOMENTU..,, "' 24.63 GEV/C. 
FITTED FORMULA IS O-SIG11A/O-T '" EXPIA • BITJ * ((T .. ZJI 

WHERE 0-SlGHA/0-T IS IN M8/(GEV/CI**2 AND T IS IN IGEVICI**2• T IS THE MOMENTUM TRANSFER BETWEEN THE 
(INCOMING PROTON I ANC THE I OUTGOING PROTON]. 

FITTED VALUES 

A ,. 4.09 •- .30 
8 = 1.97 +- 1.56 
c .. .82 ·- 1.83 

r:iii1PROTON-PROTON INTERACTIONS AT 2.75 BEY. [PHYS. REV. 103, 1484 1195611 

~M.M.BLCCK,E.H.I-'ARTH IOUKE UNIVERSITY, DURHAM, N.C., USA) 
Y.T.COCCONI,E.HART ICC:RNEll UNIV., ITHACA, N.Y., US4) 
W.B.FOWLER,R.P.SHUTT,A.I1. THORNCIKE,Ioi.L.WHITTEMORE (BROOKHAVEN NAT. LAB., UPTON, L.J., N.Y., USAJ 

ABSTRACT 212 INTERACT IONS OF 2.75-BEV PROTONS HAVE BEEN OBSERVED IN A HYDROGEN-FILLED DIFFUSION CLOUD CHA~BER. H:E 
DATA INDICATE AN ELASTIC CFIOSS SECTION OF 15 MILLJBARNS, WITH ABOUT 9 MILLIBARNS CROSS SECTION FOR SINGLE PION 
PRODUCTION, 13 MllliBARNS FOR DOUBLE, AND 4 FOR TRIPLE. THERE IS ONE EXA!<!PLE OF QUADRUPLE PION PRODUCTION. ONE 
DEFINITE EXAMPLE OF THE PRCOUCTION OF HEAVY UNSTABLE PARTICLES WAS OBSERVED, AND TWO DOUBTFUL CASES. THE ~EOIAN 
ELASTIC SCATTERING ANGLE WAS 19 OEG. IN THE C.~. SYSTE"'• ANGLE AND MOMENTUM DISTRIBUTIONS FOR INELASTIC EVENTS ARE 
CONSISTENT WITH THOSE OBSERVED AT LCWER ENERGIES. 

tIT AT IONS 
PHYS. REV. 103, 1412 (19561, PHYS. REV. 103, 147'9 119561, PHYS. REV. 103, 1489 119561, REVIEW OF SCIENTIFIC 
INSTRUMENTS 25t 996 119551, PHYS. REV. 103, 212 (19561, REV. HOD. PHYS. "27, 1 (19551, PHYS. REV. 98, 121 (19551, ANI 
PHYS. REV. 99, 261 ( 19551. 

ARTICLE READ BY OCETTE SENARY IN 3/67, AND VERIFIED BY LEROY PRICE. 

BEA~ IS PROTON ON PROTON AT 3.57 GEV/C. 

THIS EXPERIMENT USES A CLOUD CHoHI!BER. 

KEY ftORDS • CROSS SECTICN DIFFERENTIAL CROSS SECTION 

LABORATORY eEAM ENEMGY "' 2. -~~ +- .lU GEV. 

REACTION 
PMU I UN PRUTUN • 

TOTAl 

ELASTIC 
TOTAL INELASTIC 

( 11 VALUE IS APPROXIMATE CNLY. 

IPAGE 14851 

~ILL I-BARNS 

35. + s. 
- 5. 

15. ( 11 
26. ( 11 

NO. EVENTS 

64 

61 
150 

r:i11THE REAL PART OF THE FCRW'R!J AMP~!Ttj~~ JN PRQTQN-PRQTQ~ ~~1\TT~~IN.Ii AT \r7 G~Vftr tPHYS. LETT~RS 12, Z:l2 fi'Jft'tll 

L.!.!.J J.D.OQWELL, R.J.HOHER, Q.f.KHAN, W .K .MCFARLANE, J. S.C.HCKEE ,A.W.O' DELL ( Bl RHI NGHAH UN I \1., 81 RP".. NGHAJII':, Et\GLAND I 

CLOSELY R~L~T~D ~Ef~R~NtES 
SEE ALSO SIENNA CQNFERENCE 683 (19631. 

AUUIIIUNAL l.IIAIIUN~ • 

r~~!i I ~e~ilf~!T~~~~ ~iu!0~ ,.~ 1 ~~~~UJ ~H~~Y:,~E~~~~s L~l r~~!i ( ~:6~~~ ~~~~~I~ ~:5~~g ~~~E~;~ H~l?i4~ fYib~) ~I ~S~l~Ai 0 ' lO't~ 
INSTRUMENTS AND METHODS 17, ·1 11'962). NUOVO CIMENTO 18, 818 11960), KYnTn IINIVFR!;.TTY RFJP-31 (19b3), PI-IYS. LETTERS 
285 11964), PHYS. REV. lllt 1178 (19581, SIENNA CONFERENCF. 593 119631, PHYS. LETTF.RS 3, 184 (1963), At\NALS OF PHYSI 
3, 190 t 19581, NUC. PHYS. 9, 60C 119591, JETP 18 412 ( 1964), AND SIENNA CONFERENCE 598 11963). 

ARTICLE READ BY ODETTE SENARY lfl. 10/69, AND VERIFIED BY LEROY PRICE. 

BEAM IS PROTON ON PROTON AT 1.1 GEV/C. 

THIS EXPERIMENT USES COUNTERS. 

KEY WORDS • REA~ IAMPLITVDEI/IMPGI~AR.Y IAMPLITVDOI DIFFERENTIAL tROSS SECTION 

THE RE/11'4 RATIO FOR THE FORWARD ELASTIC AMFLITUDE FOR PROTON PROTON. 

LABORATORY 
BEAM MOMENTUM 

GE\1/C 
1.1 

ALPHA 

-.OC7 •- .C70 

(PAGE 25o4J 

r1"";1PROTON-PROTON SCATTER lNG AT VERY SMAll ANGLES AT 

L...!..!::JE .LOHRMANN ,H.MEYER I DEUTSCHE S ElEKTRCfi.EN-SYNCH., 
H.WINZELER (EUROPEAN ORC. FOR NUC. RES., GENEVA, 

24 GEV/C. ( PHYS. LETTERS 13, 78 1196411 

CITATIONS 

HAMBURG, GERMANY 1 
SWITZERLAND J 

ANNALS OF PHYSICS 3, 190 (19581, PHYS. REV. LETTERS 11, 425 (19631, AND PHYS. LETTERS 7, 73 (1963). 

ARTICLE READ RY OCETTE BENAP:Y IN 10/69, AND VERIFIED RY LEROY PRICE. 

BEAH IS PROTON ON PROTc:N AT 24 HV/C. 

THIS EXPERIMENT USES EMULSIONS. 

KEY WORDS • REAL IAHPLITUOEJ/IMAGINAPY IAHPLITUCEI DIFFERENTIAL CROSS SECTION 
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THE RE/1'1 RATIO FOR THE FO~WARO ELASTIC AMPLITUDE FOR PROTON PROTON • 

LABORATORY 
eEAI'! ..-.CMENTUM 

GE\1/C 
Z4. 

.aLPHA 

-.19 •- .CCJ 

( PfiGE 79 I 

r:i"':ilNUCL.EON-NUCLEON TOTAL CROSS SECTIONS FROM 1.1 TO 8 GEVIC. (PHYS. REV. 146, 980 11966) I 

~ U .V .BUGG, D.C. SALTER ,G.H.ST AFFOAC (RUTHERf!:CRD HIGH EN. LAB., C)-Ill TON, DIO.BERK. ENGLAND I 
R.F.GEORGE,K.F.RilEY,R.J.TfiPPER (CAVENDISH LAS., CAMS. UNIV., Ctr.MBRIOGE, ENGLANOJ 

A~~TkACI MtASUKt:Mt:NIS HAY!; l!EEN ~ACE GF THE TOTAl CROSS SECTIONS SIGPU(P-PI AND SIGMAIP-01 OVER THE LABORATORY 
MOMENTUM RANGE 1.1 TO 8 GEV/C, WITH RElATIVE ERRORS OF 0.1 PER CENT. Tt-tE ABSOLUTE ACCURACIES OF THESE CROSS SECTIONS 
ARE LIMITED TC 0.3 PER CENT BY LACK OF INFORMATION WHICH WILL AllOW THE COULOMB-NUCLEAR lNTERFER.ENCE TC BE CALCULI!.TED 
ACCURATELY. VALUES OF THE TOTAL CROSS SECTIONS SIGMAIP-NI AND SIGMA(I=OI AilE' DECUCF.O BY ASSUMING THE GLAUI\ER 
CORRECTION. STRUCTURE IS OBSERVED IN SIGMA{P-PI NEAR A MASS VALUE OF 2.75 GEV/C-SQUAREQ; ITS INTERPRETATION IS 
DISCUSSED. SlGMA(I:~rOI RISES RAPIDLY IN THE RANGE 2.3 TO 2.9 GEVIC-SQUAREO, AND THIS IS ATTRIBUTED TO THE ONSET OF 
STRONG INELASTIC SCATTERING. 

CLOSELY RELATED REFERENCES 
THIS ARTICLE SUPERSEDES P~YS. REV. LETTERS 15, 214 119651. 

ADDITIONAL CITATIGNS 
PHYS. REV. 103, 211 119561, PHYS. REV. 125, 701 IJCJ621, OOKL. AKAO. NAUK. SSSR 104 380 119551, PHYS. REV. LETTERS 9, 
32 (19621, PHYS. REV. 138, 8913 119b51t PHYS. REV. LETTERS 7, 185 119611, DQKL. AKAO. NAUK. SSSP 104 117 (19551, 
SOVIET JNP 1 93 (19651, INT'L• CONGRESS ON NUCLEAP PHYSICS,PARIS,FRAf\ICE 2 162 (19641, NUOVO CIMENTO 34, 825 119641, 
PHYS. REV. LETTERS 11, 425 119631, PHYS. REV. LETTERS 9, 10B 119621, PHYS. LETTEPS 14, 54 fl9651t RUTHERFORD HIGH 
ENERGY LAB. NIRL/R/95, REVIEW OF SCIENTIFIC INSTRUMENTS 24, 72 fl9531, PHYS. REV. LETTE~S 13, 205 (19641, PHYS. 
LETT!:RS 13 1 7B 119641, PHYS. P.EV. LETTERS 14, 74 119651t PHYS. LETTERS 13, 93 119641, SIENNA CONFERENCE 1 6B3 119631, 
PHYS. LETTERS 12,252119641, PHYS. LETTERS 14, 164119651, PHYS. LETTERS 8, 2B5 {19641, PHYS. LETTERS 20,203119661 
PHYS. REV. LETTERS 5, 263 119601, PHYS. REV. 112, 2077 1195Bit SOVIET JNP 1 379 119651, PHYS. REV. 100, 242 119551, 
SIENNA CONFERENCE 1 634 119631, PHYS. REV. 142, 1195 119661, PHYS. REV. 123, 1393 (19611, PROC. OF THE ROYAL SOCIETY 
OF LONDON A244, 491 f195BI, NUOVO CIMENTO 27, 1450 f19631t PHYS. REV. 123, 216C 119611, PHYS. REV. 125, 20B2 119621, 
PHYS. REV. 125, 2091 119621, PHYS. REV. 133, 81017 11964), PHYS. REV. 138, B67C (1965), NUOVO C".IHENTO 30, 2'+0 (1963Jt 
PHYS. REV. LETTERS 13, ~68 119641, PHYS. LETTERS llr 164 119641, AND ._.HYS. REV. LETTERS 14, 604 flc;J65J. 

ARTICLE READ BY OCETTE SENARY I~' 4/67, AND VERIF1EC BY LERCY PRICE. 

BEAM NO. 1 IS PRGTON Of\' PROTCh' FRGto! 1.111 TO 7.B35 GEV/C. 
NO. 2 IS PROTON ON CEUTERON FROM 1.111 TO 7.B35 GEV/C. 

THIS EXPERII":ENT USES C:OI1NTF.P.S. 

KEY W0110S • CROSS Sl:CTiml R[AL (AMPLITUDEJIIHAGINARY (AHPLITUDEI 

PROTON PROTON TOTAL CROSS SECT IGN. 
COULOMB CORRECTIONS APPLIED 

LABORATORY 
BEAM MOMENTUM 

GEV/C 

1.111 
1. 289 
1.40B 
1.607 
1.660 
1.7BO 
1.B5B 
1.940 
1.952 
2.019 
2. 212 
2.280 
2.419 
2.450 
z. 592 
2.680 
2.704 
2. 819 
2.B57 
1,951 
;!.')'14 
3.054 
3.110 
3.131 
3.142 
3.277 
3.303 
3. 444! 
3. 546 
3. 731 
3.908 
4.037 
4.265 
4. 552 
4.7Bl 
4.966 
.5.~~1 
5.526 
5.B24 
7.B35 

PER CENT 
.5 
• 5 
.5 
.5 
.5 
.5 
• 5 
.5 
.5 
.5 
.5 
.5 
.5 
• 5 
• 5 
.5 
.5 
.5 
.5 . ' .5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
• 5 
.5 
.5 
.5 
.5 
.5 
.5 
-~ 
• 5 
.5 
.5 

I'!ILLJ-BARI\S 

34.C29 .110 
43.234 .113 
46.487 .052 
47.476 .c5B 
47.553 .OSB 
47.4'ii0 .046 
47.455 .041 
ttl. 357 • C4!6 
47.4!Qq .041 
47.224 .C41 
46.985 .046 
o46.669 .041 
o46.130 .041 
45.827 .041 
45.533 .Citl 
45.331 .C41 
45.171t .041 
45.0C8 .04!1 
o44.92B .041 
'tft,6:1L .O'tl 
-44.4l:G .04!1 
44.1+01 .041 
44.1B8 .C41 
44.156 .Oitl 
44.114 .041 
43.610 .C41 
43.669 .041 
lt3. 13€ .041 
42. 97B • C37 
42.6BO .041 
42 .. 316 .C41 
42.136 .041 
41.165 .C41 
41.457 .041 
41.377 .037 
41.165 .Clt1 
41.171 .on 
ItO. B78 .QH 
40.BltB .Oit1 
40.075 .052 

(TABLE 21 
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PROTON NEUTRON TOTAL CROSS SECTION. (TABLE 51 

• • THIS DATA SHOULD NOT BE USEC * * ( VALUES ARE APPROXIMATE ONLY J 
GlAUBER + FERMI MOTION CORRNS. APPLIED 

LABORATORY 
BEAM MOMENTUM 

GEV/C MILL 1-BAR~S Ill 
PER CENT 

1.111 .5 35.22 
1.289 • 5 31!. 76 
1.408 .5 3'i.6l 
1.607 .5 39.61 
l.t60 .5 ]c;.97 
1.780 .5 40.51 
t.ase • 5 41.20 
1.94J .5 ltl.Slt 
1.952 .5 41.49 
:l.UI'I • 5 41.~5 

2.212 .5 42.27 
z.zeo .o 42.57 
2.450 • 5 lt2.6'i 
z. 592 .5 42.91 
z.ta·o • 5 43.00 
z. 704 .5 42.97 
2.819 .5 43.06 
2.857 .5 4~.0t; 

2.958 .5 43.17 
2.994 • 5 43.17 
3.054 .5 4~.04 

3.110 .5 4~.27 
:3.142 .5 4~.17 

3.277 .5 42.84 
3. 303 • 5 43.00 
3.444 .5 -42.56 
3. 546 .5 42.52 
3.908 .5 42.56 
4.037 .5 42.51 
4.265 • 5 42.27 
4. 552 .5 42.24 
4.966 .5 42.08 
5. 221 .5 lt2.03 
5. 526 .5 42.04 
5~ ~24 -~ 41.A:\ 
1. 835 .5 41.33 

(lJ VALVES 4RE tr.PPR(iXIJHroTf. nNI_'Y. 

PROTON NEUTRON TOTAL CRC:::SS SECT ION. (TABLE 51 
GLAUBER CORRECTION APPlt ED 

lABCPATCRV 
BEAM ~OMENTUM 

GEV/C Mllli-BARNS 
PER CENT 

1 .. 111 .5 35. l2C .260 
1.289 .5 38.640 .200 
1.~08 • 5 39.440 .. 140 

'· ,07 .. Jt.l. T~Q .Ut.l 
1.660 .5 ~0.090 .130 
1 .1BI'l . ' 4tr:. o;o;g • 1n• 
1.0~0 .. lt1•221t .oo;o 
1.Ci40 • 5 ~1 .. 530 .090 
1.952 .5 oU.~l'i • C81 
2.079 .5 ~1.905 .085 
2. 212 .5 42.174 .on 
2.280 .5 ~2. 500 .081 
2. 650 . ~ 4~.11A4 .n11 
?. "iQ1 . ' ~?.Allin • r.lh 
2.690 .5 42.961 .074 
Z.101t .5 ,.~.'))) .C76 
2.819 .5 ft3.0 11 .076 
2.1357 • 5 43.Q37 _.,,~. 

2.958 .5 43.11~ .C76 
2. 994 • 5 43.115 .076 
3.054 .5 42.979 .076 
3.110 .5 43.226 .075 
3.142 .5 43. 118 .oH 
1.171 ·' !11. fll1 .n77 
3.303 .5 42.986 .072 

''""'" . ' Ha,Ol. aOTO 
3.546 .5 42.522 .069 
3.908 ·' 42.525 .057 
4.031 .5 42.4Cj5 .068 
4.265 .5 42.276 .069 
4. 552 .5 42.255 .C69 
4.966 .5 42.069 .068 
5.221 .5 42.017 .053 
5. 526 .5 42.034 .C69 
5.82 11 .5 41.821 .ClO 
7.835 .5 41.328 .. ceo 



PROTON CEUTERON TOTAL CROSS SECTION. 
COUL0/'18 CORRECT ICNS APPLIEC 

UeORATQRV 
BEAM IIOMENTUH 

GEV/C Mllli-RARNS 
PER CENT 

1.111 +- .5 b7.209 +- .C90 
1.289 .5 76.905 .uo 
1.408 • 5 8Q.4c;o .CSl 
1.607 .5 82 .. 412 .063 
1.660 .5 82.889 .063 
1. 780 .5 83.3 77 .052 
1.858 .5 84.039 .C47 
1.t;40 .s tstt.tbU .U .. b 
1.c;52 .5 E4. 2ec .C47 
2.079 .5 84.526 .047 
2. 212 .5 84.524 .C47 
2. 280 .5 84.624 .C47 
2.450 .5 84.23c; .047 
2. 592 .5 84.212 .C47 
2.680 ·' 84.085 .C44 
2.704 .5 83.912 .047 
2.819 .5 83.846 .C47 
2.857 .5 83.790 .047 
2.~58 .5 e3.6C2 .c .. 7 
2.994 .5 83.-452 .C47 
3.C54 .5 83.28c; .C47 
3.110 .5 83. 32E • (47 
3. 142 .5 83.166 .047 
3.277 .5 e2. 489 .047 
3.303 .5 82.730 .047 
3.444 .5 81.960 .047 
3.546 .5 81. 710 • (47 
3.90R . ' 81.107 .033 
4.03 7 .5 eo. 930 .C47 
4.265 .5 80.417 .047 
4.552 • 5 80.125 .047 
4.966 .5 79.632 .C47 
5.221 .5 79.578 .037 
5.526 .5 79.316 .C47 
5.824 .5 79.091 .047 
7.835 .5 77.858 .C52 

I = 0 NUCLECN NUCLEON TOTAL CROSS SHTION. 
((jUL0/18 CORRECT IONS APPLIED 

LABORATORY 
BEAM MOMENTUM 

GEV/C MILL I-BARNS 
PER CENT 

1.111 ·- • 5 36.75 +- .75 
1. 289 .5 34.42 • 52 
1.408 .5 32.99 • 38 
1.607 .5 32.22 • 36 
1.660 .5 32.76 .35 
1. 780 • 5 33.68 .26 
t.858 .5 35.04 • 23 
1.940 • 5 35.76 .24 
1-q52 .. l5.td .n 
2.079 .5 36.68 • 22 
2. 212 .5 37.54 .26 
2.280 .5 38.44 .21 
2.450 .5 39.52 .20 
2. 592 .5 40.24 .to 
2.680 .5 40.(:2 .19 
2.704 .5 40.72 .19 
2. 819 .5 41.0!1 ·'" 2.857 • 5 41.21 .19 
2. 9513 .5 41.66 .19 
2.994 .5 41.85 • 19 
3.054 .5 4l.f:4 .19 
).110 .5 42.33 .19 
3.142 • 5 42.19 .18 
3.277 .5 -'2.03 .18 
3.303 .5 .,42 .. 31 • 18 
3. 444 .5 41.96 .18 
) .. 54(: .5 42.05 .16 
3.~09 .s 42.75 .15 
4.037 • 5 42.86 .11 
't.265 .5 42.76 .11 
't.S52 .5 43.03 .11 
4.c;66 .s 42.Cj8 .11 
5.221 .5 't2.87 .13 
5.526 • 5 43.19 .17 
5.824 .5 42.80 .11 

• 7.835 .5 42.58 .20 

183 

ITABLE 41 

[TABLE 51 
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r1""'A1s!o'ALL-ANGLE ElASTIC SCATTERING CF 24~5 GEV/C PROTONS ON HYDROGEN NUCLEI. IPHYS. LETTERS 7, 73 (196311 

L.!.:!.l p .BRE JTENLOHNER, P. EGLI ,H. HOFER ,W.KCCH,M. t.;I KOLIC, J.PAHL, A.PALL INGER, E .PALLINGER,M.SCHNEEBERGEP ,R • SCHNEEAERGEP ,H. "I NZElER ( 
UNIV. BERN, BERN, SWITZEFILANDJ 

G.CZAPEK 1 G .. KELLNER (UNIV. WIEN, WIEr\, AUSTRIA) 

CITATIONS 
NUOVO ClMENTO 10, 525 Cl9581r PHS. REV. LETTERS 7, 185 (19611, PHYS. REV. LETTERS 10, 413 (1963), JETP 37 651 Cl9591 
PHYS. REV. LETTERS 9 1 108 (19621, PHYS. REV. LETTERS 10, 376 (19631, PHYS. LETTERS 1, 29 Cl962), AND PHYS. REV. 
LETTERS 9, 183 llt;6ZI. 

AJHICLE READ BY ODETTE SENARY IN lt/67, A~O VERIFIED BY LEROY PRICE. 

BEA~ 1 S PROTON Of\ PROTON AT 24.5 GEY/C. 

THIS EXPERII"ENT USES A HYCROGEN BUBBLE CHAMBER AND EMULSIONS. 

KEY WORCS • CROSS SECTION 

LABORUORY eEAfol MOMENTUM 

REACTION 
PROTON PROTON .. 

TOTAL 
ELASTIC 

DIFFERENTIAL CROSS SECTION 

(PAGE 751 

"" 2tt.5 GEV/C. 

FIT TC ELASTIC CIFFERENTIH CRCSS SECTION FOR PROTON PROTON. 

LABORATORY BEA~ HOMENTUH ,. 2tt.5 GEV/C. 
F l TTED FQRfoiULA IS C-SI GMA/0-T ~ A*EXPl B•T 1 

~ILL I-BARNS 

39.3 +- .a 
8.8 .3 

(PAGE 751 

WHERE D-SIGMA/0-T IS IN M8/ICEV/CI••2 AND T IS IN ICEV/CJ••2. T IS THE MOMENTUM TRANSFER BETWEEN THE 
( INCC~JNG PROTON I ANC THE (OUTGOING PROTON). 

r ITTFO VAI.IIr~ 

B .. 9.0 ·- .. ] 

f""1"'C1HtGH-ENERGY, SMALL-ANGLE, PP AND P-BAR P SCATTERING, AND PP TOTAL CROSS SECTIONS. {PHYS. REV. LETTERS 19, 

L!.:::!.J K .J. FOLEY, R. S .JONES ,S. J. Ll NOE "BAUH, W • A .LOVE, S.OlAK 1, E. D • PLATNER, C. A. QUARLES, E. H. WILL EN ( BROOKHAVEN NAT. LAB • , 
L.(., N.Y., USAJ 

CJTATIC"S 

857 119671 I 

UPTON, 

PHYS. REV. LETTERS 19, 193119671, PHYS. REV. LETTERS 19,330119671, PHYS. LETTERS lit, 1M 119651, PHYS. LETTERS 19, 
705 119661, PHYS. REV. 146, c;90 119661, PHYS. REV. LETTERS 7, 185 1196U, PHYS. REV. 138, 8913 119651, PHYS. LETTERS 
13, 78 tl964), NUOVO CIMENTO 38, 95 ll965f, PHYS. LETTERS 14, Sit ll'il65J, PHYS. LETTERS 13, 93 11'il6itl, PHYS. REV. 
LETTERS H~ 14 11c;65J, PHY~. LETTERS 13t 185 119641! AND PHYS. LETTERS Br 285 1!96itl. 

ARTICLE READ BY ODETTE SENARY (II. 11/67, AND VERIFIEC BY LEROY PRICE. 

BEAJol NO. l IS PROTON ON PROTC:::N FROM 7.B2 TO 26.00 GEV/C. 
NO. 2 IS ANTI-PROTON ON PROTON AT 12 GEV/C. 

THIS EXPERII'!ENT USES COUNTERS. 

KEY WORDS • tROSS SeCTION ReAL I A/II'PL IT UDEll IMAGINARY lAMPL TTUDE I 

PROTON PROTGN TOTAL CROSS SECTION. 

LABORATQJ:IY 
BEA~ fi;QMENTUM 

I,I:V/t 

7.82 
9 .so 

11.90 
1tt.Ol 
Hh03 
17.91 
20.22 
20.46 
22.00 
2it.OO 
26.00 

PiR 'i~T 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 

1.0 
1.0 
loO 

M llll-SAR~S 

tt0.34 +- .12 
~9. 84 .12 
39.62 .12 
39.tt2 .12 
39.23 .12 
39.18 .12 
39.C5 .12 
3'9.C9 .12 
38. B8 .12 
38.89 .12 
38.'i10 .12 

(TABLE 11 

r1""'Q'lANALYSIS OF PP • PP PI+ PI- AT 16 GEV/C BY THE MULTl-REGGE-PCLE EXCHANGE ~ODE. 
~J.G.P.USHBRQOKE,J.R.HILLIA~S (CAVENDISII LAO., CAMD. UNIV., CAMBRIDGe, eNGLAND) 

(PHYS. REV. LETTERS 22, 248 (19691 J 

RUHKA'r LAjlel\l,.~fli·.-Rl Ull1JII.I8U'11UIIl~ f'U~ IHE RI::Ati'JUN pp-.pp PH PI- AT lit CEV/t. AA.~ tON~BJENt wiTH PREDICTIONS OF A 
REGGE-POLE MODEL JNCOPPORATING EXCHANGE OF A REGGEllEO PION. THE TREI/'4AN-YANG ANGLE DISTRIBUTION AFFORDS A 
DISTINCTIVE TEST IN FAVOR CF PION REGGEilATlON FOR THIS REACTION. 

CJTATIOiol3 
PHYS. REV. LETTERS 19, {;14 (19671, PHYS. REV. 163, 1572 (19671, NUOVO Ct,.,ENTO 27, 1450 119631, PHYS. REV. LETTERS 21, 
701 Cl9681, PHYS. REV. LETTERS 20, 961t 119681, AND PHYS. REV. lETTERS 20, 1078 Cl96BJ. 

ARTICLE READ BY ODETTE BENAP.Y IN 2169, AND VERIFIED BY lERCY PPICE. 

BEAM IS PROTON ON PROTON AT 16 GEVIC. 

THIS EXPERIMENT USES THE CERN 2"' (HI BUBBLE CHAP'4BER. 

KEY WORDS • CROSS SECTION ~CDELS MASS SPECTRUM ANGULAR DISTRIBUTION 



CROSS SECT ION FOR 

LABORATCRV 
BEA,.. I".CI"Efo:TUH 

GEY/C ... 
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PROTCN PROTON • PROTON PROTON PI• Pl-. IPAGE 2511 

MILLI-BAP~S 

1.66 + • 13 
- .Cl: 

~SCATTERING OF PROTONS I!Y CEU!ERIU"' FRCH l.C TO 2.0 BEY. fPHYS. REV. 164, 165S 1196711 

L...!.!.JE.COLEMAN,R.M.HEINZ,O.E.OVERSETJ-4,D.E.PEllETT (UNIV. OF I".ICHIGAN, J!NN ARI!OR, "'IC.-:., USAJ 

ABSTRACT THE DIFFERENTIAL CROSS SECT IONS FOR PROTON-DEUTERON ELASTIC SCATTERING AT HIGH 111\0MENTUH TRANSFEPS HAVE BEEN 
MEASURED AT INCIDENT PROTO~ KINETIC ENERGIES FRO"' 1 TO 2 BEV IN A COUNTEP EXPERIMENT.THE DIFFERENTIAL CPOSS SECTIONS 
FOR BACKWARD HASTIC SCATTERING AT INCIDENT KINeTIC ENERGIES OF 1.0, 1.3, AND loS BEV HAVE BEEt-. MEASURED FOP VALUES 
OF THE COSINE OF THE CENTER-OF-I"ASS PFIOTON SCATT'ERING ANGLE l COS THETA•I FROM -O.S TO -0.9, WHICH CORRESPONDS TO 
VALUES OF THE FOUR-HOHENTUI'I TRANSFER SQUARED 1-TI FROM 2.6 TO 5.0 IBEV/CI-SOUAREO. A BACKWARD PEAK IS OBSEPVfO, AND 
THE CROSS SECTION DECREASES RAPIDLY WITH INCREASING ENERGY. AT 2.0 BEY, THE FORWARD ELASTIC DIFFERENTIAL CP:OSS 
SECTION HAS BEEN MEASUREC FOR-T FROM 0.44 TO 1.54 IBEVICI-SQUAREO, OR COS THETU fR(~ 0.875 TC 0.565. A SHOULOERLIKE 
DEPARTURE FROM THE FORWARD OIFFRACTIGN PEAK IS OBSERVED. 

CLOSELY RELATED REFERENCES 
CONTINUATION OF PRE.VICUS EXPERI,..HT IN PHYS. REV. LETTERS 10, 761 (19061. 

ACOITIO"'Al CITHIO"'S 
PHYS. REV. LETTERS 17, 827 (196t:l, PHYS. REV. 142, 1195 119661, PHYS. REV. 138, 86tc~ t 19651, PHVS. REV. 140, 81291 
(19651, PHYS. REV. 130, 276 119631, PHYS. REV. 126, 831 (19621, PHYS. LETTERS 248, 598 119671, JETP 5 3ll ll9571, PHYS. 
REV. LETTERS 13, 59 119641, SULlo AM. PHYS. SOC. 10, 19 (19651, PHYS. REV. 143, 1340 119661, PHYSo REV. 133, 81507 
119641, PHYS. REV. 111, 1386 11~581, PHYS. REV. 103, 211 119561, NUC. PHYS. 12, 629 119591, NUC. PHYS. 1, 379 fl9651, 
AND JETP 3 8 (19661. 

ARTICLE REA'O BY ODETTE SENARY I~ l/6'il, AND VERIFIED BY LEROY PRICE. 

tst:AI'I aS ilfulTON ~N UEuTER(~ HIQI' t.c.'lO TO 2.7tsc, GEV/C.. I&EAI'I 1'-INETIC. E"fERC.T a l TO l C.EVI 

THIS EX PER IHENT USES COUNTERS. 

KEY WORDS • DIFFERENTIAL CROSS SECTICt\ FITS MODELS 

COHPOUNC KEY WORDS • FITS DIFFERENTIAL CROSS SECTION 

ElASTIC DIFFERENTIAL CRCSS SECTION FCR PROTO~ DEUTERON. 

LABORATORY eEAH ENERGY a 1. GEV. 

COSITHeTAJ 

-.885 
-.875 
-.850 
-.825 
-.sao 
-. 750 
-. 700 
-.650 
-.600 
-.550 
-.sao 

t-S I GMA/0-0~eGA 
Ue/SR [ 1 I 

12.'i19 +- .42 
10.93 .36 
a.ao .29 
7.'i19 • 26 
6.82 .22 
4. 52 .15 
3.30 .11 
2.84 .09 
2.10 .12 
2. 15 .13 
t.Ci9 .C'il 

(TABLE 21 

THETA IS THE ANGLE THAT THE PROTON I"'.AKES WITH THE BEAM IN THE GRANO C.M. 

( ll PLUS POSSIBLE SYSTHAliC ERROR OF +- 10 PER CENT. 

ELASTIC DIFFERENTIAL CROSS SliCTION FOP. PROTON 06UT6RON. 

LABORATORY BEAM ENERGY .. 1.3 GEV. 

COSt THETA I 

-.895 
-.875 
... QiO 
-.825 
-.BOO 
-.750 
... 700 
-.650 
-.600 
-.550 
-.sao 
-.460 

0- S I GMA/0-0MEGA 
UB/SR ( 11 

4. sc +- .33 
4.07 .35 
:1.'•7 •. H 
3.39 .23 
2.22 .11 
1.49 .15 
1.08 .11 
1.00 olD 
.so .cs 
.56 .06 
.66 .06 
• 50 .OS 

(TABLE 21 

THETA IS THE ANGLE THAT THE PROTON MAKES WITH THE BEAI". IN THE GR.6NC C.M. 

l 11 PLUS POSSIBLE SYSTE,..AlJC ERPOR OF +- 10 PER CENT. 

ELASTIC DIFFERENTIAL CROSS SECTION FCR PROTON DEUTERON. 

LABORATORY BEA~ ENERGY a 1.5 fEY. 

COSITHETU 

-.900 
-.875 
-. 850 
-.sao 
-.1SO 
- .. 700 
-.650 
-.60G 
-.550 
-.sao 

O-S tGMA/0-0MEGA 
Ue/SR lll 

2.05 ·- • 21 
1.73 .11 
l.C6 .12 

• 76 .oa 
.63 .C6 
.49 .C4 
.30 .03 
.34 .03 
.29 .03 
.29 .03 

(TABLE 21 

THETA IS THE ANGLE THAT THE PROTON HAKES WITH THE BEAM IN THE GRANO C.H. 

( 11 PLUS.POSSIBLE SYSTEJIIAliC ERROR OF +- 10 PER CENT. 
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EL.6STIC DIFFERENTIAL CRCSS SECTION FCR PROTON DEUTERON. 

LABORATORY BEAM ENERGY ~ 2. GEV. 

COS( THETA I 

.875 
• 850 
.BOO 
.750 
.700 
.650 
.60C 
• 565 

C-S I G~A/C-Oflt!EGA 
UB/SR (1 I 

78.C9 2.52 
64.65 1.94 
51.55 1.55 
36.42 1.09 
22.79 .68 
12.18 .37 
1. ll .21 
4.97 .15 

ITABLE 31 

THETA IS THE ANGLE THAT THE PROTON MAKES WITH THE BEAM IN THE GRANC C.M. 

Ill PLUS POSSI8LE SYSTEI'ATIC EFIRCR CF +- 10 PER CENT. 

GfilsTRUCTURE IN THE ANGUL.6R DISTRIBUTION OF HIGH ENERGY PROTON-PROTON SCATTERING. IPHYS. LETTERS 288, 67 1196811 

L...!..!:!J J .V.ALLABY, F.B INON,A.N .01 OOEN S r P.OUTE ll ,A .KLOVNI NG,R. MEUNJ ER ,J .P.PE IGNEUX, E • J.SACHAR lOIS, K.SCHLUPMANN ,M .SP IGH!:l ,J.P. SlPO 
A.M.THORNOI KfrA.H.WETHERELL IEUPCPEAN ORG. FOR NUC. RES., GENEVA, SWITZERLAND) 

ABSTPACT RESULTS ARE PRESENTED ON MEASUREMENTS OF ELASTIC PROTON-PROTON SCATTERING AT 19.2 AND 11.1 GEV/C IN THE 
ANGULAR REGION WHEPe PREV10l1Sl"'' STRUCTUPE HAD BEEN UBst:HVI:U A I LUWEK ENERGIES. 

CLOSEL V RELATED REFERENCES 
CONTINUATION OF PREVICUS EXPERI~E~T IN PHYS. LETTERS 2SB, 156 11CJ671. 

A COlT tONAl Cl TAT IONS 
UCRL 16275 ('19661, PHYS. REV. 170, 1223 (19681, PHYS. LETTERS 278, 49 (19681, CERN MPS/H/68-1 119681, NUCLEAR 
INSTRUMENTS AND I'!ETHCOS 22, 165 119631, BNL 11360 119671, NUOVO C.IHENTO 38, 60 11965), PHYS. REV. 152, 1162 1196&1 1 

PHVS. REV. LETTERS 11, 1105 (19661, Pt-(YS. REV. n~, lJ.JH 11'-lbllt INT. CONF. ON H.e. PHYS.,NUC.STRUCTUREtRCHOYOTII JltO 
11967), PHVS. REV. 170, 1591119681, PHYS. REV. LETTERS 20,637 t1CJ681, PHVS. REV. LETTERS 20, 1213 (1968), CERN 
TH-892, CERN TH-91"4, AND CERN TH-909. 

ARTICLE READ eY OCETTE SENARY IN 1/69, AND VERIFIED BY LEROY PPICE. 

BEAfr'. IS PROTON CN PROTON FRO!" 19.20 TO 21.l2 GEV/C. 

THIS EXPERII"ENT USES COIJNTF.RS. 

KEY HOPCS • OJFFERENTT~t r.ROSS SECTION 

ELASTIC DIFFERENTIAL CRCSS SECTIC!N FCR PROTOt.i PROTON. (TABLE 11 

LABORATORY E!EAI" HOI"ENTUM ,. 19.2 CEV/C. 

T 0-SIGHA/0-T 
ICEV/CI .. 2 UB/ICEV/CI .. 2 Ill 

PEP CENT 
• 0575 48500 • • oJ.I,(t; 11Ann • 
• 2290 10300 • • 
.HRR •170, h 
• ~ltt.1 160C • • 
• 5112 965 • • • seas 546. • 
• 6540 295 • 
• 7316 149 • 
.R1·n H, 
.1:1~~0 "· .JOISRh 1ft, 

1.0920 1C. • 
1.1000 .. • 1.2810 .. • 1 ~ 3R!'i0 '· • 1.4940 3. • 1.6060 3. • 1.7210 2. • 1.8400 2. • 1.9620 2. • 2.091i10 z. 
2.2160 I. 
l,.HOO .. 
2."4830 I • 
.2.6200 I, 
2. 7610 I. • 
3.0500 o. • 3.3490 o. • 3.f:seo c. • 3.9760 o. • 
4.3020 o. • 
4.636C o. • 4.9760 o. • 5.3230 "· 5.6760 ( .. 
6.0330 c. 

T IS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING PROTON) AND THE (OUTGOING PROTON). 

11J PLUS POSSIBLE SYSlEI'ATIC ERROR OF+- 8 PER CENT. 



ELASTIC DIFFERENTIAL CROSS SECTION FCR PROTON PROTON. 

LABORATORY SEA..,, MO~ENTU~ "' 21.12 GEV/C. 

1 
(GEV/CI .. 2 

• C696 
• 1716 
• 2769 
• 3~ 75 
• 5391 
• 7012 
• 7898 
• 883'• 
• 9818 

1.0850 
l.ltt30 
1.3050 
1.4230 
1.5440 
1.6700 
t. eeoc 
1.9340 

0-SI G,.A/C-T 
UBilGEV/CIU2 Ill 

PER CENT 
3930C • 
14400 • 

60CC • 
215C • 
690 • 
212 • ... 

'•0 • 
18 • 
10 • 
. s. .. 
3. 

'· '· 
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(TABLE l J 

T IS THE.HDHENTUM TRANSFER BETWEEN THE (INCOMING PROTON) AND THE IOUTGOI~G PROTCNI. 

I 1 I PLUS POSSIBLE SYSTE,..ATIC ERRCR OF +- 8 PER CENT. 

r:i"'nlstGHA PRODUCTION IN PP tOUlSlO'-S AT :; GEVIC, lPHYS. LETTEJ\S 2t~B, 645 ( 196811 

~~~SCNOHI (PRINCETON-PENN. PROTON ACCEL._, PRINCETON, N.J.,USAJ 

ABSTRACT THE CROSS SECTION FOR THE REACTION PP • SIGI"A+ K+ N AT 5 GEV/C IS MEASURED TO BE 48.1 +- 3.5 MICPOBARNS. THE 
tc SIGHA MASS SPECTRUM SHOWS Alii ENHANCEMENT AT 1.86 GEV, WHICH MAY BE DUE TO THE OElTA(l9201 RESONANCE. ADEQUACY OF 
THE ONE-PION EXCHANGE 1400El FOR THE REACTION IS DISCUSSED. THE CROSS SECTION FOR THE REACTION PP • SIGMA+ KO P IS 
FOUND TO BE 24.9 +- 2.3 MICROBARNS •. 

CITATIONS 
ATHENS CONFERENCE 72 (1q6SI, CERN 00 63/12, CERN DO 62/10, AND PHYS. REV. 147, 922 119661. 

ARTICLE READ BY ODETTE BEt;ARY IN 1/69, ANC VERIFIED BY LEROY PP:ICE. 

BEAJol. IS PP:OTON GN PP:OTON AT 4.95 GEY/C. 

THIS EXPERIMENT USES THE B.N.L. 80 U. (HJ BUBBLE CHAMBER. A TOTAL OF 120000 PICTURES ARE REPORTED ON. 

GENERAL CCM~ENTS CN THIS ARTICLE 
1 THE K SIGMA INVARIANT MASS SPECT. SHOWS AN ENHANCEMENT WHICH friiAY BE DUE TO THE N*ll92DI RESONANCE. 

KEY WORDS • CROSS SECTICN 0.6LITZ PLOT MASS SPECTRUM 
BARYON RESONANCE WITH y,.l AT 1860 MEV 

lABGRATORY f!EA,., ~OMENTUM 

REACTION 
PROTOt, PRCTCN • 

S IGHA+ K+ NEUTRON 
SIGMA+ KO PROTON 

I PAGE 645 J 

ANGULAR DISTRIBUTION MODELS 

fi!JCRC-BUNS 

4B.l 3.S 
24.9 2.3 

r:iiilPOLARIZATION IN PROTON-PROTON SCATTERINGS AT 735 MEV. [PHYS. REV. 14B, 12BO ( 1q66J J 

~P.G.HCHANIGAL,R.O.EANOI,S.N.KAPLAN,B.J.HOYER IU.C. LAWRENCE RAO. LAB., BERKELEY, CALIF., USAJ 

ABSTR/ICT NEW MEASUREMENTS B'f CHE~G OF P-C POLARIZATION AS .&. FUNCTION OF AI'\GLE .&.t.;Q INCIDENT PROTON ENERGY AllOW US TO 
REDUCE UNCERTAINTY It; OUR PREVIOUSLY REPORTED MEASUREMENT OF PP POLARIZATION. ON THE BASIS OF THIS NEW JNFQRMAT ION, 
IT IS CONCLUDED THAT THE PP POLAP:IlATIO"'' 4T 735 MEV REACHES A MAXIMUM OF 160 +- 21 PER CENT. 

CLOSELY RELATED P:EFERENCES 
THIS ARTICLE SUPERSEDES PART OF PHY$. Rt;V, l37t 8620 ll96'5t. 

AODITIO~'AL CITATIONS 
PHYS. REV. l37, B620 119651, UCRL ll926 (19651, BULL. AM. PHYS. SOC. lOt 717 119651, AND PHVS. REV. 148 1 1289 (19661. 

ARTICLE READ BY OCETTE SENARY IN 4/61, AND VERIFIED BY LEROY PP:ICE. 

BEAM IS PROTON ON PROTON AT 1.385 GE'VIC. 

THIS EXPERIMENT USES CCUNTERS. 

GENERAl COMMENTS ON THIS ARTICLE 
1 FIRST S~ATHRING ON HYCRtGENo SECQNO Sf.ATTFRINr. ON f.ARRON. 

KEY WORDS • POLARIZATION 
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ELASTIC POLAR IZAT ICN FCR PPOTCt\ PROTGN. 

LABORATORY BEAM ENERGY "' .135 CEV IAPPROXIHATELY). 

IT HIS DATA REPLACES \lA LUES GIVEN EARLIE~ IN MCMANIGAL tEl AL., PHYS. REV. 137, Bb20 11965) 1 

THETA PCLHIZATION 
CEGREES 

4.5 .2<.8 .013 
6.C • 352 .cu 
1. 3 .)87 .cu ... .421 .015 

10.0 .468 .Cl3 
11.5 • 530 .017 
13.0 • 543 .015 
15.3 .574 .eta 
16.4 .602 .023 
IA.n . ~~~ :m zo.s .591 

THETA IS THE ANGLE ThAT THE PROTON HAKES WITH THE BEA-t IN THE LAB. 
THE POLARIZATION IS OF THE PROTON ALONG THE NORMAL TO Ttl£ PRODUCTION PLANE IN THE GRAND C.M. 

r::i11PRODUCTION OF THE N•ll410t IN PO •FISPECTATORI PP PI- AT 7.0 GEY/C. lPHYS. RE:V. LETTERS 21, 1835, 11968)1 

L!::.!.JA.S~APIRA,Q.BENARY,Y.EISENBERG,E.E.RONAT,C.YAFFE,G.YEKUTIEll (WEIZMANN JNST. OF SCI., P:EHOVOTH, ISRAEl) 

ABSTRACT WE SEE A SIGNIFICAH PEAK CM ~ 1.446 +- 0.011 GEV, GA14MA ~ 198 +- 40 MEV), CONSISTENT WITH A I~ 112t J • 1/2 
STATE, IN THE P PI- MASS OISTRIOUTfON OF THE REACTION PO • PISPECTATQRI PP PI- AT 7.0 GEV/C. WE INTERPRET IT AS THE 
N•C14701 PRODUCED IN THE REACTION PN • PN•Oil4701 IN•Oil~70) • P Pt-J IN DEUTERIU~. THf PRODUCTION OF THE N•ll4701 IS 
STRONGLY PERIPHERAL AND FAVORS I a 0 EXCHANGE. A DISCUSSION OF THIS PEAK IN TERMS OF DOUBLE-R.EGGE-POLE EXCHANGE 
MECHANISM IS PRESENTED. 

CIT AT IONS 
PHYS. LETTERS 18, 342 C196SJ, HEIDELBERG CONFERENCE 79 (19671, NUOVO CIMENTO 50A, 1000 11967), NUOVO Cli'IENTO 35, 1052 
11965) 1 PHYS. LETTERS 18, 167 119651, PHYS. REV. LETTERS lb, 855 119661, PHYS. REV. LETTERS 11t 789 (1966), PHYS. 
REV. LETTERS 19 1 397 11967J, PHYS. REV. LETTERS 12, 3't0 C19MJ 1 PHYS. REV. LETTERS 20, 164119681, PHYS. REV. LETTERS 
21 1 697 119681, REV. MOO. PHYS. 40, 77 119681, PHYS. FIEV. LETTERS 11t 884 Cl966J, PHYS. REV. LETTERS 2lt 701 119681, 
PHYS. REV. 146, 'ileO 119661, HANDBUCH DER PHYSIK 39 1 119571, UCRL 9691 11961 I, PHYS. FIEV. 156, 1685 ( 19671, PHYS. 
R.f!V. LETTERS 21• 4~4 (1960Jt NUOYO CIMCtHO 34r 1644 tl9641r PHYS. REV. LETTERS 16, 1217 119661, PHY$. P,EV. LETTEPS 19 
61"t (lt;67J, NUOVO CIMENTO 49A, 157 Cl9671, AND PHYS. REV. 166, 1768 (19681. 

ARTICLE REAC BY OCETTE SENARY IN 1/69, AND YEA I FlED BY LEROY PRICE. 

BEA)II. IS PROTON ON DEUTERON AT 1 GHIC. 

THIS EXPERIMENT USES THE B.N.l. 80 t~. IHI BUBBLE CliAMBER. A TOTAL OF 48000 PICTURES ARE PEPOR TED ON. 

GENERAL CC11HENTS ON THIS ARTICLE 
1 NORH.&LilED TO COUNTER EXPERIMENTS 

KEY WORDS • CROSS SECT ION Ht.SS SPECTRUM ANGULAR OlSTPIBUTION FITS 

CO~POUND KEY WORDS • FITS Ah"GCLAP CISTRII!UTION 

CROSS SECT ION FOR PROTON NEUTRCN • PROTON PROTON Pl-. [PAGE 1835 I 

I NUT t:WOU:C.:ItU ~llf UtUit:HCN EffECTS. t 

LABORATORY 
ilt;AI'I I'IUI'IeNI Ul'l 

GEV/C 
1. 

CROSS SECT ION FOR 

MILL I-BARNS 
1.01 ~- .u 

PROTON NEUTRON • PROTON N•I1H0)0. (PAGE 1838} 
N•Cllt7010 • PROTON PI- llJ 

I NOT CORRECTED FOP OEUTERCN EFFECTS. I 

LABORATOPY 
81:AI'I I'IUI'IeN I Ul'l 

GE"IC 
1. 

Mlllt-8ARr\S (2) 
.s 

HOOELS 

[ 11 FITTED FOR MASS AND/OR WIDTH ( MASS .. 1 .. 446 GEV; WIDTH= .198 GEV It ANC THEN TOOK ONLY EVENTS ABOVE (FITTED I 
BACKGROUND. 

121 VALUE IS APPROlltMATE CNLY. 
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~DIFFERENTIAL CROSS SECTIONS FCR THE REACTIONS PP • D PI• AND PP • D RHO• AT 21 GEV/C. !PHVS. LETTERS 2q8, (q8 11 ... 11 

J • V .ALLABY, F. 8 I NON, A. N. CJ ODEN S, P .OUT Ell, A • KLCVN I NG, R • MEUNIER ,J • P. PE I GNEUX, E • J • SA CHAR 10 IS, K • SCHLUP~ANN, M. S PI GHEL, J .P • STROOT, 
A.H.THORNDI KE, A.M.WETHERHL (EUROPEAN ORG. FOR NUC. RES., GENEVA, SWITZERLAND) 

ABSTRACT RESULTS ARE PRESENTED FROM AN EXPERIMENT IN WHICH HIGH-ENERGY OEUTEAQNSt PROCUCEO BY PROTON-PROTON 
INTERACTIONS AT 21.1 GEY/C lNCICENT HCMENTUM, WERE DETECTED OVER A R.ANGE OF ANGLES FROM 12.5 MRAD TO 60 MPAO IN THE 
LABORATORY SYSTEM. FFIOM THE 1'40,ENTUM SPECTRA OF THE DEUTERONS, THE FINAL STATES 0 PI+ AND D RHO+ HAVE BEEN 
IDENTIFIED. THE ANGULAR DISTRIBUTION FOR THESE REACTIONS ARE PRESENTED AND COMPARED "ITH PREVIOUS DATA AT LOWf.R 
ENERGIES. 

CLOSELY RELUEC REFERENCES 
CONTINUATION OF PR!;VIOUS EXPERifii.ENT IN VIENNA CONFERENCE 353 111,1b8J, AND CERN NP-66-2 11966). 

AODITIOUL CITATIONS 
PHYS. REV. 95, 638 llli151tJ, OOKL. AKAD. NAUK. SSSR 100 613 119551. PHYS. RfV. 133, 81016 ll961tl, PHYS. LETTEPS 1lr 253 
(l961tJr PHYS. REV. 167, 1232 11968) 1 PHYS. LETTERS llr lbl ll96ltJ, PHYS. REV. LETTERS 11, tt7lt 11963), PHYS. LETTERS 7 
222 11963), PHYS. REV. LETTERS 21r 853 119681, PHYS. REV. 142, 918 11966), PHYS. REV. LETTERS 11, lDO (.1966), PHYS. 
REV. lb5r 1442 11fi681, PHY5. AE\1. 136, B779 11964), PHYS. LETTERS 28B, 67 (19681, ANNUAL REV. OF NUCLEAR SCIENCE 13, 
261 119631, NUCLEAR INSTRUf'IENTS AND METHODS 22, 165 11963), REVIEW OF SCIENTIFIC INSTAU)otENTS 35, 1523 119641, PHYS. 
REV. LETTERS 18, 89 11967), PHYS. REV. LETTERS 9, 133 119621r PHYS. REV. 154, 1284 (19671, PHYS. REV. 161, 1387 119671, 
NUOVO CIMENTO 55, 66 11968), PHYS. LETTERS 22, 528 119661, PHYS. REV. 134, 8454 119641, NUt. PHYS. 87, 31 11968), 
PHYS. REV. LETTERS 21, 38Cil 119681, PHYS. REV. LETTERS 22, 102 119691, AND VIENNA CONFERENCE 376 119b81. 

ARTICLE READ BY ODETTE SENARY IN 6/69, AND VERIFIED BY LEROY pqJCE. 

BEAM IS PROTON GN PROTON AT 21.1 GEV/C. 

THJ S EX PER I fiE NT USES COUNTERS. 

KEY WORDS • CROSS SECTION DIFFERENTIAL CROSS SECTION 

COMPOUND KEY WORDS • FITS DIFFERENTIAL CROSS SECTION 

LABORATORY fEAM MOMENTU~ 

REACTION 
PROTON PRCTON • 

CEUTERON PI+ 
CEUTERON RHOI7651+ 

[PAGE 200 I 

"' 21.1 GE\1/C +- 21PfR CENTI. 

Ill PLUS POSSIBLE SYSHfiiAIIl.: t:RRUH U~ +- 1l .-,tK (i:NI. 

FITS 

M I CAD-BARNS ( 1 I 

.0151 ·- .0015 

.0159 .0021t 

DIFFERENTIAL CROSS SECTION FCR PROTON PROTON • OEUTEROt..' PI+. (TABLE 11 

LABOR.ATORY BEAM MOI'!ENTUfll • 21.1 GEV/C •- 2CPER CENTt. 

THETA 
RAO~ANS 

.0125 

.0200 

.0300 

.o~oo 

.D5DD 

.0600 

C-S I GI'!A/0-DI"EGA 
US/SR ( 1 J 

.0113 

.0282 

.0103 

.DOH 
.0009 
.0006 

PEP CENT 
15 
15 
15 
15 
20 
20 

THETA IS THE ANGLE THAT THE DEUTERON ~AKES WITH THE BEA!'4 IN THE LAS. 

ll J PI,.IJS POSS ISLE SYSTEI"ATIC ERROP OF +- 12 PER CENT. 

DIFFEFIENTJAL CROSS SECTION FOR PROTON PROTON • DEUTERON RHO I 7651+. 

LABORATORY BEAM MO~ENTU~. "' 21.1 CEVIC +- 21PER CENT). 

THETA 
RADIANS 

.0125 

.0200 

.0300 

.0400 

.0500 

.. 0600 

D-S I GMA/D-OHEGA 
uets~ 111 

.ana 

.0255 

.0118 

.OO~t3 

.coca 

.OOCit 

PEP CENT 
15 
15 
15 
15 
20 
2C 

THETA IS THE ANGLE THAT THE DEUTERON 11AKES WITH THE BEA"" IN THE LAB. 

(1) PLUS POSSIBLE SYSTE)IIAlJC ERROR CF •- 12 PER CENT. 

DIFFERENTIAL CROSS SECTION FOR PROTON PROTON • DEUTERON PI+. 

LABORATORY BEAM MQ)IIft..JUH ,. 19.2 GEV/C +- 21PER CENTJ. 

THETA 
RbDIANS 

.D4 

C-S IGMA/D-DMEGA 
UB/SR ( 11 

PEA CHiT 
.0048 ·- 15 

THETA IS THE ANGLE THAT THE DEUTERON MAKES WITH THE BEAM IN THE LAB. 

( 11 PLUS POSSIBLE SYSTE.,ATIC ERROR OF •- 12 PER CENT. 

(TABLE 11 

ITABLE 11 
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DIFFERENTIAL CROSS SECTION FOR PROTOt\ PROTCN • CEUTERON AHQ( 7651+. 

LABORATORY BEAfo' loiOf!ICHUfo! 19.2 GEV/C +- 2CPER CENTI. 

THETA 
RADIANS. 

.04 

c:..s IGJIIA/0-0MEGA 
UB/SR (1) 

PER CENT 
.00~9 ·- 15 

THETA IS THE ANGLE H·AT lt'lE DEUTERON MAKES WITH THE BEAM IN THE LAB. 

lll PLUS POSSIBLE SYSTEI".AliC ERROR OF +- 12 PER CENT. 

I TABLE 11 

DIFFERENTIAL CROSS SECTION I=CR PROTON PROTON DEUTERON PI+. {TABLE 1 I 

LABORATORY BEAfo! MOMENTUM = 19.4 GEV/C +- 2CPER CENT). 

THETA 
RACIANS 

.()25 

0-SIGI'U/0-0f'EGA 
UB/SR Ill 

PER CENT 
.az •- 3C 

THETA IS THE ANGLE THAT THE OEUTEFION HAKES WITH THE BEAM IN THE LAB. 

l Ll PLUS POSSIBLE SYSTE,.,ATIC ERROR OF +- 12 PER CENT. 

~SCATTERING OF 200 MEV NEUTRONS BY PRCTONS. IJETP 16 24 (196311 

~Y.M.KAlARINOVtYU.t\.SII":OI\"OV (JQJfi.T INST. FOFI NUCL. RESEARCH, OUBNA, USSR) 

A,8STRAGT tHE TOTAL AND THE DIFFERENTIAL CP.OSS SliCTIONS FOR THE SCATTERING tF 200 MEV tEFFECTIVE E~EPGY) N~UTP.ONS BY 
PROTONS WERE MEASURED. THE TOTAL CROSS SECTION IS 142.7 +- 0.91 X 10 .. -27 CH-SOUAREO. THE FUNCTION SIGMAITHETAI IS 
APPRECIABLY ASYMMETRIC WITH RESPECT TO THE ANGLE THETA = 90 DEG. THE PION-NUCLEON I~TERACliON CONSTANT, DETERMINED 
FROM THE ANGULAR DISTRIBUTIONS OF THE SCATTERED PARTICLES, IS F-SOUAREO • 0.08 +- 0.02. 

CITATIONS 
JETP 37 1587 119591, JETP 10 1125 (19591, PHVS. REV. 116, 226 Cl959), JETP 38 660 119601, JETP ll 414 ll9b01t JETP 39 
949 (19601, JETP 12 657 119611, JETP 41 197 119611, JETP 14 143 119621, PHYS. REV. 72, 1008 119481, REV. MOO. PHVS. 30 
J60 {1~50), Jl::Tr J't 53 ll'l581t JETr 7 37 11?581, PHYS. REV. 88, 15 1195~1, AND JINR 0-573 11'~601 • 

.\RTICLE READ BY ODETTE SENARY IN l/6~t AND VERIFIED BY LEROY PP.ICE. 

BEA"' IS NEUTRON ON HYCROGEN CQJIII.POUNO AT .654 GEV/C. IBEAM KINETIC ENERGY • •205 GEVI 

THIS EXPERIMENT USES COL'NTERS. 

KEY WGROS • CROSS SECT ICN 0 IFFER ENT IAL CROSS SECT ION 

(PAGE 24) 

LABORATORY BEAM ENERGY .a .2 GEY IHEAN YALUEI. 

REACTION MILLI-BARNS 
N~UTRQN PROTON • 

TOTAL 42.7 +- .9 
ELASTIC 4Z.7 .9(11 

(1) AT THIS ENERGY, THIS IS THE ONLY CHANNEl OPEN •• 

ELASTIC DIFFERENTIAL CRCSS SECT JON FGR NEUTRON PROTON. (FIGURE 21 

LABORATORY BEAM ENER(;Y "' .2 GEV I Jrii:EAN VALUEJ • 

• THIS DATA WAS READ FROI" A GRAPH • 

Tt'leT,A C•S llifliA/C•OMEGA 
DEGREES fi!B/SA 

1. 9.5 2.5 
10. 8.3 .1 
20. 4.7 • 7 
30. 4.2 .5 
41. 3.0 .4 
62. 2. 5 .3 
• r. lol ·' 77. 2.0 .I 
87. 2.0 .I 
97. 2-2 .I 

108. 2.8 .I 
118. 3 o3 o2 
128. 3.8 .2 
HO. ··1 ,, 
148. 5 o5 .I 
157. 7.0 .I 
160. R.l .I 
163. 9.2 .2 
lb8. 10.4 .2 
n2. 11.4 .2 
180. 11.5 .3 

THETA IS THE ANGLE THAT THE NEUTRON MAKES WITH THE BEAM IN THE GRAND C.M. 
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r:i'::ilPOLARIZHION PARAMETER IN P-P SCATTERING FROio' 328 TO 736 f!IEV. lPHYS. REV. 148, 128'i 119661) 

~F .BET Z,J. ARENS,O.CHAHBERLAIN ,H. CCST, P.GRAM.:I S, /I'.HANSROUl, L. HOLLOWAY, C .SC 1-'Ul T Zr G.SHAP IRQ I U.C. LAWRENCE RAC. LAB • r BERKElEY, 
CALIF., USA) 

ABSTRACT THE POLARIZATION PARAMETER IN ELASTIC PROTON-PROTOIII SCATTERING HAS BEEN MEASURED USING AN UNPOLARIZED PROHlN 
BEAM AND A POLARIZED PROTON TARGET. MEASUREMENTS WERE TAKEN AT LABORATORY KINETIC ENEPGIES OF 328r 614r 679, AND 736 
MEV IN THE ANGULAR REGIGPI.S FRCM 33 TO 110 CEGREES CENTER-OF-MASS. THE RESULTS INDICATE THAT THE loi.AXIMUH POLARilATION 
AT A GIVEN ENERGY INCREASES IN THE REGIGN FROM 328 TO 679 MEV. AT 328 MEV THE RESULTS ARF. IN GOOD AGREEMENT WITH 
THOSE OF A PREVICUS EXPERI~ENT AT 315 MEV PERFOR11EO BY THE DOUBLE-SCATTERING TECHNIQUE. 

CITATIONS 
ANNUAL REV. OF NUCLEAR SCIENCE 10, 291 119601, PHYS. LETTERS 3, 2b5 119631 1 PHYS. REV. 138 1 R291 119651, BUll. AM. 
PHYS. SOC. 9, 724 ll9641, ~NNUAL REV. OF NUCLEAR SCIENCE 6, 443 119561, PHYS. REV. 148, 1297 C 19661, PHYS. LETTERS 2, 
310 C1'il621, PHYS. LETTERS 7, 293 119631, UCRL 11149, PRCG. NUCL. TECH. INSTR. 1 173119641, KYOTO UNIVEPStTY RJFP-30 
119631, UCRL 11!;6!;, AND PHV5. REV. l0$t ZOO 11'J571. 

ARTICLE READ BY ODETTE BENARV IN 4/67, AND VERIFIED BY LER~V PRICE. 

BEAM IS PROTON ON HYDROGEN COMPOUND FRO' .B50 TO 1.386 GEV/C. TARGET IS POLARIZED 40 PER CENT INOR,.AL TO THE BEAM 
DIRECTION I. 

THIS EXPERIMENT USES COLNTERS. 

KEY WORDS • POLARIZATION 

ELASTIC POLARIZATION FOR PROTON PROTO..:. (TABLE 21 

LABORATORY BEAM ENERGY = .614 •- .OC5 GEV. 

HETA POLARIZATION 11 J 
DEGREES 

58.o 2.0 .505 .C19 
62.8 z.o .492 .019 
6t:.2 z.o .413 .C20 
67.5 2.0 .463 .C19 
71.9 2.0 .325 .ate 
72.3 2.0 .357 .C19 
77.6 2.0 .238 .016 
83.5 2.0 .091 .015 

THETA IS THE ANGLE THAT THE PROTON ~AKES WITH THE eEAH IN THE GRANO C.P'!. 
THE POLARIZATION IS OF THE PROTON ALONG THE NORMAL TO THE PRODUCTION PLANE IN THE GRANO C.~. 

111 PLUS POSSIBLE SYSTE..-ATJC ERROR OF+- 19 PER CENT. 

ElASTIC POLARIZATION FOR PROTOI\ PRCTCN. [TABLE 31 

LABOKATORY BEAM HEAGY '" .679 +- .007 GEV. 

THETA POLARIZATION Ill 
DEGREES 

38.8 1.0 .578 .028 
41.9 1.0 • 578 .019 
45.0 1.0 • 583 .Cl7 
48.1 1.0 .596 .017 
51.2 1.0 .570 .013 
54.3 1.0 .529 .oi3 
51.4t 1.0 .484 .018 
60.5 1.0 .430 .Cl7 
63.7 1.0 .399 .018 
66.7 1.0 .363 .C19 
70.8 1.0 .293 .CJO 
7J. 7 1·0 • 271t .027 
76.7 1.0 • 247 .031 
79.6 1.0 .151 .036 
02.(, 1.0 .013 .Cit4to 

THETA IS THE ANGLE THAT THE PROTON HAKES WITH THE BEAM IN THE GRANO C.M. 
THE POLARlZATION IS OF THE PROTON ALONG THE NORHAl TO THE PRODUCTION PlANE IN THE CRANC C.H. 

( 1) PLUS POSSlBlE SYSTEI"Al(C ERROR OF+ 6.5- 5.8 PER CENT. 

EL.A!;TIC r"OloiRIUTICN fGR PROTON PROTON. l TAOL( 4to 1 

LA80RATORY BEAM ENERGY .. • 736 +- .CC5 GEV. 

THETA POLARIZATION Ill 
DEGREES 

)2.5 1.0 .5H .049 
35.6 1.0 .57q .cz8 
38.8 1.0 • 553 .017 
42.0 1.0 • 5t0 .014 
45.1 1.0 .559 .015 
48.3 1.0 • 528 .011 
!;}.A, loO .~i!O •till 
54.6 1.0 • 497 .013 
57.7 1.0 • 4-;8 .013 
60.q 1.0 .473 .014 
65.5 1.0 .419 .018 
06.4 1.(1 .Jo::i .1)11 
71.4 1.0 .342 • CIS 
74.3 1.0 • 304 .018 
77.2 1.0 .231 .018 
ac.z ).0 .180 .018 
83.2 1.0 .144 .023 

THETA IS THE ANGLE THAT THE PROTON HAKES WITH THE BEAM IN THE GRANO C.M. 
THE POLARIZATION IS CF THE PROTON ALONG THE NORMAL TO THE PRODUCTION PlANE IN THE GRAND C.M. 

111 PLUS POSSIBLE SYSTE..,ATIC ERPDR OF • 6.5- 5.8 PER CENT. 
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HASTIC POLARIZATION fOR PROTCI'Ii PROTON. [TABlE II 

LABORATORY BEAM ENERGY • 328 ·- .006 GEV • 

THETA PCLHI ZAT ION Ill 
DEGREES 

lt~.l t.o .389 .C4S 
52.2 ).0 • 349 .031 
55.3 1.0 .324 .~25 

58 .. 4 1.0 .311 .022 
61.6 t.o • 2~5 .020 
.64.8 ).0 .256 .027 
68. 1 1.0 .191 .024 
71.4 ).0 .165 .023 
14.1 t.o .187 .023 
85.3 1.0 • 163 .C35 
88.9 1.0 .016 .021 
'}2.6 1.0 •.006 .02' 
96.5 ).0 -.054 .C24 

100.6 t.o -.0?'• .Q.:!l 

THETA IS THE ANGLE Tt-:AT THE PROTON MAKES WITH THE BEAM IN THE GRANO C.~. 
THE POLARIZATION IS OF THE PROTGN ALONG THE NORMAL TO THE PRODUCTION PLANE IN H!E GP.ANO C.!4. 

Ill PLUS POSSIBLE SYSTEI'ATIC ERROR OF+ 6.5- 5.8 PER CENT. 

~TOTAL CROSS SECTIC~S OF PRQTOt..S WITH I'ICJII:ENTUM BETWEEN 10 AND 28 GEV/C. (PHYS. REV. LETTERS 5, 576 ( 1960l I 

l.!:..::!.JA.A5HMORE,G.COCCONI,A.N.OIODEtiS,A.M.WETHEREll I EUROPEAN ORG. FOR NUC. RES., GENEVA, SWITZERLAND) 

CJTJH IONS 
HELVETICA PHYSICA ACTA 33 544 (19601, REVIEW OF SCIENTIFIC INSTRUMENTS 25, 1C1C 1195-41, PHYS. REV. LETTERS 5, 333 
(19601, AND PHYS. REV. LETlERS 3, 5b8 11959). 

ARTICLE READ BY ODETTE SENARY IN -4/67, AND VERIFIEC BY LEROY PRICE. 

SEAl" NO. 1 IS PROTON ON HOROGEN COMPOUND FROM 9.9 TO 28.4 GEVIC. 
NO. 2 IS PROTON ON CEUTERIUM CGMPOUND FRCM 9.9 TO 24.2 GEY/C. 

THIS EXPERII"ENT USES COUNTERS. 

GENERAL COMMENTS ON THIS .ARTICLE 
1 FOR THE P-N MEASUREMENTS H20 liND 02C TARGETS WERE USED. 

KEY WORDS • CROSS SEC liON 

PROTON PROTON TOTAL CROSS SECTION. 

LABORATORY 
SEAl" I"OMENTUM 

GEY/C ... 
12.4 
15.8 
11.1 
19.4 

PER CENT 
2.5 
2.5 
2.5 

'·' 2.5 
.!..:t 
2.5 
2.5 

MILLI-BARfi'S 

39.4 1.5 
3c;.o t.s 
Je. 1 1.5 
J'l. I 1., 
39.7 1.5 .. , 

1.5 
1.5 

PROTON NEUTRON TOTAL CROSS SECTION. 

(FIGURE 21 

(FIGURE 2) 

I P-N CROSS SECTION WAS MEASURED USING D20 AND H20 TARGETS. GLAUBER CORRECTION NOT APPLIED. I 

LABORATORY 
SEA~ P'CMENTUM 

GEV/C 

,., 
15.8 

'"·' 

PER CENT 
Mllli-BARfiS 

>.n 
~.n 
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r;"iilPROOUCTION OF K MESONS IN THREE-I:JOOY STATES IN PROTON-PROTON INTERACTIONS AT b BEVIC. (PHVS. REV. 165, 1466 I 1"~68) I 

~W.CHINO'hSKV,R.R.Kli\SEY,S.L.KLEit.,,...MANCELKEIU.:,J.SCt'ULTZ (U.C. lAWRENCE RAO. lAB., BERKELEY, CALIF., USAI 
F.MARTJN, !i.L.PERL,T.H.TAN ISTUFORD LINEAR ACCEL. CNTR., STANFORO,CAUF., USAI 

ABSTRACT ANALYSIS OF <nOD EVENTS, CONT.IIINING AT LEAST ONE OBSERVED NEUHIAL OR CHARGED DECAY, PRODUCED BY 6-AEV/C 
PROTONS IN THE LRL 72-IN. LIQUID-HYDROGEN BUBBLE CHAMBER HAS 'tiElOEO 1746 EXAMPLES OF THE REACTION PROTON-PROTON 
•HYPERON K-MESON NUCLEON. PRODUCTION CROSS SECTIONS FOR THESE THREE-BODY REACTIONS ARE AS FOLLCWS -- LM~BCA K+ P = 
541-5 +31 MJCROBARNS; SIGMA-0 K+ P "' 171-2 +41 MICROBARNS; SIGMA+ KO P"' 26 •- 4 MICFOBA'I.NS; SIGMA• Kt- N '" 57 •- 7 
HICROBARNS. STRONG N• PRQDUCTIOI\ IS OBSERVEO IN 4Ll CHANNELS. IN PARTICULAR, ONE OP MORET '" 112 RF.SONA"'T ST4HS WITH. 
MASS NEAR 1700 MEV/C-SOUJ!REQ, CECAYING INTO LAM8D4 Kt-, AND A T '" 3/2 RESONANCE WITH ,.ASS 1920 M(V/C-SQUARED, CEC6YING 
INTO SIGMAt- Kt-, ARE PROOUCED. II\ ALL CASES THE DATA ARE CONSISTENT WITH A PRnOUCTJON PROCESS DOMINATED BY A 
SINGLE-PION-EXCH6NGE MEC~A~ISI'!. NO EVIDENCE IS FOUND FOR A OIBARYC~ STalE IN EITHEP THF. LAHBOA-PROTCN Oil 
SIGMA-NUClEON SYSTEM. 

CITATIOt.S 
PHtS. R!V. 131t 22)9 11?631, PHYS. PEV. LETTEilS llt ?.A?. 119641t PHYS. REV. LETTERS 12,625119641, BULL. A.M. PHYS. SGC. 
10, 529 119651, PHYS. LETTERS 21, 587 (19661, PHYS. LETTERS 21, 236 11966), UNIV. OF MARYL6NQ 469 tl9651, ~HYS. REV. 
LETTERS 14, 604 llli651, PHYS. LETTEilS 11, 164 119641, BUll. AM. PHYS. SOC. 12, 517 119651, PHYS. REV. LETTERS 15, 207 
119651, UCRL 8346, LRL INTERDEPART~Ef.iTAl REPOPT EET-1071, PHYS. REV. 147,922119661, REV. MOO. PHYS. 39, 1 119671, 
PHYS. REV. 1398, 1348 111i651, PHYS. REV. LETTERS 10, 192119631, PHYS. REV. 148, 1444119661, NUC. Pl'YS. 83, 10119671, 
PHYS. REV. 113, 1640 119591, PHYS. REV. 120, 98tJ 119601, PHYS. REV. 12lt 1541 119bll, PHYS. REV. 125, 1048 119621, 
NUOVO CtM=NTO 33, li06 ttc;641, PHYS. REV. 139, 8428 119651, PHYS. PEV. LETTERS 19, 1079 119671, PHYS. REV. lETTERS 9, 
135 ( 19621, PHYS. REV. LETTERS 7, 188 119611, PHYS. LETTERS 16, 83 I 19651 t PHYS. REV. 139B, 1411 119651, NUOVO 
CIMENTO 43A, 142 Cl966), NUOVO CIMENTG 4SA, 885 ll966), PHYS. REV. 139, 61097 11965t, CERN TCl/66-20, PHYS. REV. 
LETTERS 8, 332 11962), Pt!YS. REV. 133, 8457 119641, UCRL 10838, PHYS. REV. 108, 1353 11957), AND PHYS. REV. 163, 1430 
c 1967). 

ARTICLE R€60 BY OCETTE SENARY lt. l/69, AND VERIFIED BY LEROY PRICE. 

BEAM IS PROTON ON PROTON AT 6 GEV/C. 

THIS EXPERIMENT USES HiE L.R.L. 72 IN. CHI BUBBLE CHAMBER. A TOTAL OF 500CCO PICTURES ARE REPORTED ON. 

GENEIUL COMMENTS ON THIS ARTICLE 
l CONSIDERABlE NUCLEON ISOBAR PRODUCTION IN•I19201 AND N*ll688)) OBSERVED IN THE Kt- SIGMAt-, AND K• LAME!OA EFFECTIVE 

MASS OISTRIBUTtONS. 

KEY WORDS .. CROSS SECT ION 

LABORATORY E!EA!o! MOMENTU~ 

H6CTION 
PROTON PROTON • 

LA"4BOA PROTON K+ 

S IGMAO PROTON K• 

SIGMA• PROTON KO 
SIGMA• K+ NEUTRON 

ANGULAR OISTR I BUT ION 

., 6.C5 +- .06 GEV/C. 

OALI TZ PLOT MASS SPECTRUM 

(TABLE 1 J 

MICRO-BARNS 

54. .. 3. 
- 5. 

17. .. 4. 
- 2. 

2b. 
57. 

4. I 11 
7. 

I 11 B65EC ON F.VF.NTS WHERE THE KO DECAY IS SEEN •• 

~ODELS 

f271NP ElASTIC CHARGE EXCHANGE IN THE BEV ENERG.Y REGION. IPHYS. REV. lETTERS 9, 509 tl9621J 

L.!:.!...JH.PALEVSKY,J.A.fo!OCRE,R.L.STE6RNS,H.R.~EUTHER,A.J.SUTTER,R.E.CHRIEN,A.P.JAIN K.OTNES IBROOKHAVEN NAT. LAB., UPTON, L.J., N. 
Y., USA I 

CLOSELY RELATED REFERENCES 
PART OF THIS ARTICLE SUPERSEDED BY PHYS. REV. LETTERS 15, 38 C1965). 

ACCIT IC~Al CITATJC:t;S 
NUOVO CIHENTO 18, 1039 ll~C.O), PHV&. REV. q5, 1026 11954), PHY~ .. REV. lllt 13B C19581, PHYS. REV. lETTERS 6, 484 119611, 
PHYS. REV. 127, 1836 119621, REV. MOO. PHYS. 33, 458 119611, REV. MOO. PHYS. 28, 214 119561, AND FORTSCHRIT It Ut:l< 
PHYSIK 9, 549 (19611. 

' ARTICLE READ BY ODETTE SENARY IN 1/69, AND VERIFIED ·By LEROY PRICE. 

BEAM IS NEUTRON ON PROTOK FRCM 2.828 TO 3.672 GEV/C. IBEAI'! KINETIC ENERGY'" 2.04 TO 2.85 GEVI 

THIS EXPERI~ENT USES COUNTERS. 

KEY WORDS .. CROSS SECTION DIFFERENTIAL CPOSS SECTION 

NEUTRCN PROTON ELASJI C CROSS SECT ION. (PAGE Slll 

DATA IS INTEGRATED OVER COStTHETAI FROM -1. TO Q •• THETA IS THE ANGLE THAT THE NEUTRON MAKES WITH THE BUM IN THE 
GRANO C.M. 

(THIS DATA SHOULD NOT BE USED- MORE RECENT VAlUES MAY BE FOUND IN FRIEOES, ET AL., PHYS. REV. LETTERS 15, 38 Cl965)J 

LABORATORY 
BEAM ENERGY 

GEV 
2.o4 

MILL I-BARNS 
.65 ·- .15 

NEUTRON PROTON ELASTIC CROSS SECTION. (PACE 5111 

0416 t.S INTFGRATEO OYEP COS~THETAI FROM -1. TO 0 •• THETA IS THE ANGLE THAT THE NEUTRON MAKES WITH THE BEA .. IN THE 
GRANO C.M. 

LABOR/\ TORY 
BEAH ENERGY 

GEV 
2.85 

MILL I-BARNS 
• 43 ·- .16 
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r:::;:a,PAOTON-PROTON INTERACTIONS AT 810 MEV. IPHYS. REV. 103, 1472 tl95bl I 

~T.W.MORRIS,E.C.FOWLER,J.O.GARRISON (YALE UNI\1., NEW HAVEN, CCNN., USA) 

ABSTRACT 244 EXAMPLES OF PPI:TON-PROTON SCATTERING HAVE BEEN ORSERVED BY USING THE HYDROGH.'-FILLE.D OIFFUSIOK CLOUD 
CHAMBER OF THE BROOKHAVEN CLOUD CHA!<tBER GROUP. THE MEAN ENERGY OF THE INCIDENT PROTONS WAS MEliSURED TORE 810 -+- 100 
MEV. THE REACTlONS OBSEPVEC WERE 11) PP • PP, 12b EXAMPLES, 12J PP • P N PI+, 84 EXAI'!PLES, (31 PP • 0 Pit, 1 EXAI1PLE, 
AND 14) PP • PP PlOt 5 EXAf'PLES, WITH 28 EXAMPLES WHICH CAN BE EITHEP PEACTJQf.; 121 OR 141. THE TOTAL PPCTON PPOTO"' 
CROSS SECTION WAS OETEP ..... INED TO BE 45 +- b MB. THE RATJC R OF THE CROSS SECTlON FOR PI+ PRODUCTION TO THAT FOR PIO 
PRCOUCTION IS 17 +- tl. Arl. ElASTIC DIFFERENTIAl DISTRIBUTlON STRONGlY PEAKED IN THE FCRWA~O DIRECTION WAS OBTAINEC. 
ANGlE AND MOMENTUM OJSTRIBUTIGNS OF PARTICLES ANC ANGUlAR CORRELATIONS BETWEEN PAIRS OF PARTICLES FROM FtEACTJON 121 
ARE PRESENTED. NO INTERACTIONS lEADING TO THE PRODUCTION OF MORE THAt-: ONE I".ESGN OR OF HEAVY UNSTABLE PARTICLf:S WERE 
I DENT I FlED. 

CIT AT IONS 
REV. MOO. PHVS. 22, 77 11'il501, PRCC. PHYS. MATH. SOC. JAPAN 17 48 l1'i1351, PHYS. REV. 98, 1513 11'i155J, PHYS. PEV. 'ilS, 
840 119551 1 PHYS. REV. 91 1 583 11'i1551 1 PHYS. REV. 95 1 1694 119541, PHYS. RfV. 9), 1430 119541, NATURE 173 946 11'il541, 
PHYS. REV. 93,927 11'il531, PHYS. REV. 83, 929119511, PHYS. REV. 81,593 11951), PHYS. REV. 90,998119531, Pt-YS. 
REV. 95, 1026 11954), PHYS. REV. 95, 663 119541, Pt-IYS. REV. 103, 212 ll'i1561, PHYS. P.EV. 91, 791·11c:l551, PHYS. REV. 91 
1287 119S31, PHYS. REV. 93,861 11'il541, PHYS. REV. 98, 121119551, PHYS. REV. 97, 1186119551, PROC. OF THE ROYAL 
SOCIETY OF LONDON A230, 215 119551, PRO(. OF THE ROYAL SOCIETY OF LONDON A230t Z22 119551, PHILOSOPHICAL MAGAliNt:: 46 
811 fl955), Pl:fYS •• REV. 100, 962 119551, AND ROCHESTER CCNFERENCE 43 119551. 

ARTICL! ~!AD 8"1' OCfllt; t'CNARY IN 3/blt ANO VERIFIEC BY LEROY PRICE. 

f!EliH IS PROTON ON PRQTCN AT 1.48 GEV/C. 

THIS EXPERIMENT USES A CLOUD CHA~BER. A TCTAL OF 17500 PICTURES ARE REPORTEC ON. 

KEY WC~DS • CROSS SECT ION DIFFERENTIAL C~OSS SECTION 

PROTON PROTCN TciTAL CRGSS SECT IGN. 

LABO~UORY 
BEA~ ENERGY 

GEV 
.81 ·- .10 

MILL I-BARNS 
45. ·- 6. 

t P~GE 14 75 J 

NO. EVENTS 
856 

r:;"''lNUClEON AND NUCLEAR CROSS SECTIO~S FCR POSITIVE PIONS liND PROTONS ABOVE 1.4 BEY/C. 

~~~~.J.LCNGO,O.J.MCYER (U.C. LAWRCNCE RAQ. LAB., BERI\ELEY, CALIF., USA) 

( PHYS. REV. 125, 7C1 I 1q62 I I 

~BSTRbr:T TOTAL IPI+ PI AND (PJ'I CAOS5 SC:CTIONS IN THE MCfi'ENIUH lUNGE 1.4 TO 4.0 GEV/C ARE PRESENTED. THESE MEASUPEMENTS, 
WITH AN ACCURACY OF APPROXIMATElY 2 PER CENT, WERE HADE AT THE BERKElEY BEVATRON BY USING COUNTER TECHNIQUES. PIONS 
WERE DISTINGUISHED FP01'4 PROTONS BY P"EANS OF A GAS-FillEC CERENKOV COUNTER. THE tPI+ PI TOTAL CP.OSS SECTU1N WAS FOUND 
TO BE ALMOST CONSTANT ABOVE 2.0 BEV/C AT A VALUE NEAR zq MS. THE CPPI CROSS SECTION CECREAS!:S GRADUALLY FROM 47.5MB 
TO 41.1MB OVER THE MOMENTUM RANGE COVERED. TRANSMISSION MEASUREMENTS OF PI+ NUCLEUS AND P NUCLEUS CRQ!::~ SECTIONS IN 
BOTH GOOD AND POOR GEOMETRY WERE MACE AT 3.0 BEV/C. THE RESULTS ARE COMPAPEO WITH THE PREDICTIONS OF THE OPTIC~L ~toDEl. 
IN CO"'TRAST TO MOST PREVIOUS WORK AT HIGH ENERGIES, AN ESSENTIALLY EXACT SOLUTION OF THE WliVE f.CUATION FOR A 
POTENTIAL WELL WITH /J OTFFIJSF.: EDGE WAS U$EO. THE VALUES OF THE IMAGtNAR'1' PART Ul: .IHI: OPTICAL f'OfENTIAL THAT BEST FIT 
THE EXPERH4ENTAL DATA ARE IN GOOD AGREEMENT WITH THE PREDICTED VALUES. NO STRGNG CONCLUSION PEGARDING THE REAL PART 
OF THE POTENTIAL WAS POSS.IBlE. ABSORPTHlN AND TOTAL ElASTIC SCATTERING CROSS SECTIONS FOR BEt C, Al 1 AND CU ARE 
PRESENTED. THE TOTAL ELASTIC SCATTERING CROSS SECTIONS FR0"1 THIS EXPERIMENT DISAGREE WITH WIKNER'S FOR PI- NUCLEUS 
SCATTERING. 

CLOSELY RELATED REFERENCES 
THIS ARTICLE SUPERSEDES PHS. REV. LETTERS 3t 568 ll9'5QI. 

ADDITIONAL CITATIONS 
PHVS. REV. l25t 690 11?bZJ, RCVICW OF SCU!NTIFIC IN:\IKUHENJS '\n, J:!l,~ (19591, UCRL 8000 11Qnlt UCRL 3301 1 UCRL Htt~l 
119~91, J. KI:S. NATIONAL BURE:~U OF STANDARDS ltl 379 119481, REVIEW OF SCIENTIFIC INSTRUMENTS 25, 1070 119541, UCPL 
8030 11961), ATOMIC ENERGY RE~. ESTAB., HARWELL, REPORT M521 (19591, PHYS. REV. 2, 117 t1959l, PHYS. PEV. 99, 857 
{19551, PHYS. REV. LETTERS 5, 333119601, NUOVO CIMENTO 19, 210 ll9611t PHYS. REV. LETTERS 4, 242 119601, PHYS. REV. 
120, 1458 119601, PHYS. REV. 101, 891 119561, PHYS. REV. 102, 1157 119561, PHYS. REV. 118, 824 11960) 1 NUOVO CIMENTO 
10, 452 tl958J, NUC. PHYS. 13, 549 119591, PHYS. REV. 118, 579 119601 1 UCRL 8966 119591 1 ANNUAL REV. OF Nllf:IF6R 
SCIF.NC".F A, 49 119581, P.EV. HOD. J'IIY5• ZOr 214 11~56), ANNUAL MI:V. OF NUCLEAR SCJENr:F 7, 231 119571, PHYS. A(V, lOOt 
795 tl?571t PIWS. REV. 86, 1035 ll"'~llo PHYS. REII. 107, 1121 tl9~71t JETP 14 4qq llfil:iRa. ~WY( D5:u !.,-;"!H!l' "' 9H 
UNQI, .'.119 U81'1l ,,,'1"'11 lii~•li; . -~ 

ARTICLE REAU HY UOEHE BENAA.Y IN 6/67, AND VERIFIED ey LEROY PRICE. 

BEAM NO. 1 IS PROTON H PROTCN FROM 1.42 TO 4.00 GEV/C. 
NO. 2 IS PI+ ON PROTON FRC"" 1.42 TO 4.00 GEV/C. 

THIS EXPERI~ENT USES CCUNTEPS. 

KEY WORDS • CROSS SECTION FITS MODELS 

COMPOUND KEY WORDS • FITS HOOELS 

PROTON PROTON TOTAL CROSS SECTIQN. (TABLE ll 

LABORATORY 
f!E/11' P"CMENTUH 

GEV/C Ht LLI-BAR,.,S 
PER C~NT 

I·"' 7 . '·' .~o ' ,,o 
.45 

l.bO 2., 41.50 . 1.02 
.61 

1.73 2.5 46. 2D . .82 
,46 

1.89 2.5 46.80 . 1.51 . .. 
2.05 2.5 45.30 . 1.12 

.47 
2.47 2.5 45.10 . .83 

.4> 
2.91 2.5 44.50 . .46 

.42 
3.58 2.5 43.20 • .43 

.43 
4.00 2.5 41.6C + .62 

•• 2 



195 

rJOlK+ MESON PRODUCTION IN PP COLLI~IONS AT 2.5-3.0 GEV. (PHYS. REV. 166, H7Z (19681 I 

l..::::!.!:!.Jw.J.HOGAN,P.A.PlRCUE,A.J.S.SMITh (PRJ,..CETCh UNIV., PJUNCETON, N.J., USA) 

ABSTRACT DJFFERENTI/Il CROSS SECTIONS AS A FUNCTIJN OF M0fo4ENTUH ARE PRESENTED FGR THE PRODUCTION OF K+ ~ESONS IN PP 
COLLISIONS AT INCJCENT PRCTON Efi.ERGIES OF 2.54, z.aa, AND 3.03 GEV. THE ~EASUREHENTS loiERE H40E AT 20 OEG., 30 DE'G., 
AND 40 OEG. RELATIVE TO THE DIRECTION OF THE INTER.t.IAL PROTON 8EAM•OF THE PRINCETON-PENNSYLVANIA ACCElERATOR. AT 2.51t 
GEV, THE RESULTS FOLLOW CLOSELY THE PREDICTIONS FROM PHASE SPACE (h'JJ)-4 60 PER CENT K+ SIG~A N AND 40 PER CENT K+ 
lAMBDA PIN THE FINAL SUTE.J AT 2.88 AND 3.03 GEV, HOWEVER, THERE IS A DEFINITE OISAGP.EEHENT WITH PHASE SPACE. THE 
DATA ARE COMPARED TO THE PREDICTIONS OF THREE ~~OELS -- ( 11 A "'-00El BAS EO ON TI"E ASSUMPTION THH K'S AQE PRODUCED VIA 
PP • K+ X+, WHERE X+ IS A 8=2, S :: -1 RESONANCE WHICH DECAYS INTO A NUCLEON+HYPERON; (21 THE ISOBAR MOCEl; ANO 131 
THE ONE-PION-EXCHANGE MODEL. ~C!OEL Ill IS FOUND TO BE INCONCLUSIVE, MODEL 121 IS INADEQUATE, AND MODEL 131 IS PAPTLY 
SUCCESSFUl IN PREDICTING TCTAL CROSS SECTIONS, SUT NOT IN INTERPRETING THE DETAILED EXPERIMENTAL OBSERVATIONS. 

CITATIOt\S 
PHYS. REV. 148, 1315119661. PHYS. LETTERS 11, 1!4 119641, PHYS. REV. 108,1048119571, Pt'YS. PEV. 108, 1322 119'.i71, 
PHYS. REV. 112,614119581, PHYS. REV. 123, 1465119611, IEEE TRANS. NUCL. SCI. 12 251 119651, PHYS. REV. 128,2373 
(19621, IEEE TRANS. NUCL. SCI. 12 249 119651, REVIEW OF SCIENTIFIC INSTRUMENTS 25, 1070 (19541, PHYS. LETTEPS 20, 318 
(19661, PHYS. REV. LETTERS 13, t:68 11961tl, PHYS. REV. llt7, 922 ll9b61, PHYS. PEV. lOS, 1874 (19571, PHYS. REV. 106, 
1107 (19571, PHYS. REV. LETTERS 5, 24 119601, PHYS. REV. 109, 1723 (19581, PHYS. REV. 23, 333 119611, BULL. Afll. PHYS. 
SOC. 9, 420 119641, t\UOVC CII1ENTO 35, 735 119651, PHYS. REV. 154, 1284 119671, NUOVO CIMENTO 47A, 322 119671, PHYS. 
REV. 137, 8962 11965), NUOVO CIMENTO 24, 1t53 (19621, PHYS. REV. LETTERS 7, 387 119611, NUOVO CIMENTO 27, 1450 119631 1 

NUOVO CIMENTO 21, 1028 119611 1 CERN CONFERENCE 271 (19621, PHYS. REV. 133, 8458 119641, PHYS. REV. 120,988 (JC~60J, 

AND PHYS. REV. 125, 10.48_(19621. 

ARTICLE READ BY (!OETTE DENARY IP. l/6'i1t AND VERIFIED BY LEROY PRICE • 

. BEAM IS PROTON Of\ PRCTON FROM 3.308 TO 3.825 GEVIC. f BEAM KINETIC ENERGY .. 2.5 TO 3.0 GEVJ 

THIS EXPERIMENT USES COUNTERS. 

KEY WORDS • CROSS SECTION CIFFERENTIAL CROSS SECTION MODELS MASS SPECTRUM 

CfiOSS SECT JON FOR PROTON PROTON • K+ LAI18DA PROTON + K+ SJG~A NUClEON. 

LABOIUTORY 
8EA~ ENERGY 

GEV 
2.54 ·- .oz 

HICRC-BARNS 
61. +- 10. 

(TABLE 21 

CROSS SECTION FOR PROTCJ\ PPCTON • K+ LAMBDA PPOTON • K+ SIGMA NUCLEON + K+ SIGI'IA NUCLEON PION + k+ LAMBDA 
NUCLEON PION. (TABLE 2 J 

LABORATORY 
BEAM ENERGY 

GEV 
2.88 ·- .02 

MICRC-BARf\S 
123. +- 21. 

CROSS SECTION FOR PROTON PROTON • K+ LAMBDA PROTON + K+ SIGMA NUCLEON + K+ SIGMA NUCLEON PION + K+ LA~eOA 
NUCLEON PION. l TAHU 'l. J 

LABORATORY 
SEA"! ENERGY 

GEV 
3.03 +- .02 

MICRC-BARNS 
160. +- 2'i1. 

LABORATORY BEAM ENERGY "' 2.54 +- .02 GEV. 

nEJef IOU 
PROTON PROTON .. 

K+ LAMBDA PROTON 
K+ SJG~A NUCLECN 

[PAGE 11t77J 

FRACTION 
!'IIi!) CiilJT ( l J 

40. 
60. 

( 1 J THESE FRACTIONS SHOULC BE fiULT lPLI EO BY 61. +- 10. TO GET CROSS SECT IONS IN MJCROBARNS. 
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r::i'11sTRANGE-PARTICLE PRODUCTION IN 8-BEV/C. PROTCt\-PROTCN 1/'H~RACTIONS. IPHYS. REV. 172, 1354 (1~6811 
L.::!.!J M .FIRE BAUGH ,G. ASCOLI, E .L.GCLDnASSER ,11.0. SARC, J .WRAY (UN IV. OF llll NOI S, URBANA, ILL., USA I 

ABSTP.ACT A SYSTEMATIC SURVEY OF STRANGE-PARTICLE FINAL STATES PROCUCEO BY 8-BEV/C PROTONS ~AS H.AOE IN TH[ BNl 80-11'·. 
HYDROGEN BUBBLE CHAMBER. CROSS SECTIONS WERE ~EASUREO FOR SOliE 33 REACTIONS. THE RATIO OF THE CROSS SECTION FQP THE K 
K-BA't CHAN~ELS TC THE TOTAL STRANGE-PliRTICLE CP:OSS SECTION WAS MEASURED TO BE 0.12 AND APPEARS TO RE RISING IN THIS 
110MENTUM REGION. THE TOT/IL CROSS SF.CTJCN FO't STRANGE-PARTICLE PRODUCTION IS ESTIMATED AS 1.8 +- 0.2 MB. COMPAPJSON IS 
"'ADE OF THE DATA WITH THE PREDICTIONS OF THE ONE-PION-EXCHANGE MODEL, ANC AT LEAST PARTIAL AGREEMENT OCCURS FOR T~E 
K+ P LA!'IBOA AND PI K N SIGJoiA FINAL STATES. THE K P SIGMA STATES APPEAR TO COt>TAIN N*(lqz4) .. K SJG~A, AND THE PI K ~ 

LAMBDA STATES All INCLUDE Y*l13851 PRODtJCTION W(TH THE PI+ KO P LAMBDA STATE ALSO CONTAINING N*l12161 AND K*l8901 
PROOUCTJONa AN EXAJIIIN.6TICN OF HE FIVE- AND SIX-BODY Kt LAMBDA STATES INDICATES STPONG Y*ll3851 AND N*l12361 
PRODUCTION. FINALLY, All FINAL STATES CONTAINING A K ANC A LAMBDA SHOW A DEPENDENCE ON MIK 1 LA"'ADAI WHICH IS WELL 
PARAMETERIZED BY A BREIT-WIGNEP. SHAPE WITH HIOI = 1171 MEV AND GAMMA= 345 MEV. THIS BEHAVIOR IS INTERPRETFO AS BEING 
CONSISTENT WITH ONE-PIOI\ EXCHANGE AS THE COHINANT HECHA~IS~ FOR THESE JIEACTIONS. 

CJTnJONS 
PHYS. REV. 123, 1465119611, PHYS. REV. 147,922119661, PHYS. REV. LETTERS 13, 355A 119641, PHYS. REV. 165, 1466 
11968), BUlla AM. PHYS. SOC. 12, 505 11967), BULL. AM. PHYS. SOC. 12, 505 119671, NUOVO CI"''ENTQ.51, 305 119671, NUOVO 
CIMENTO 29,8 f19631r NUC. PI.Y5. 60t 20~ (19641, PHYS. REV. LETTEttS 14,604 11965), PH't"S. AEV. LETTEP:S 13,668 (1964) 
BULla AM. PHYS. SOCa 11; 342 l11j66J, PHYS. LETTERS 20, 318 119661r PHYS. LETTERS lit 164 119641, BNL HlO 119621, 
PHYS. REV. 138, 8913 11965), PRGC. OF THE ROYAL SOCIETY OF LONDON 378A, 401 119641, PHYS. LETTERS 13, 190119641, PHYS. 
REV. 137, 8708 11965 ), PHYS. REV. 156, 1555 I 19671, PHYS. REV. U:TTERS 18, 1218 I 19671, PHYS. REV. LETTERS 19, 198 
119671, BULL. AM. PHYS. SOC. llt 360 (19661, BULL. AM. PHYS. SOC. 12, 45 09671, PHYS. R.EV. 125 1 1048 1196Zit NUOVO 
CIMENTO 15,652 11CJ601, PHYS. REV. 120,599 11'~60), PHYS. REV. LETTERS 19,1079119671, PHYS. REV. lETTERS 8, 332 
119621, NUOV0 CJI'I:E~TC 43, U010 119661, PHYS. REV. 139, Bl097 119651, PHYS. REV. 138, 8433119651, PHYS. REV. 134, 
8383 11964), PhYS. REV. 126, 366 11CJ621t PHYS. REV. 127,607 1196Zit REV. 1'!00. PHYS. 33, 374119611, PHYS. REV. 163, 
1419 119671, PI-YS. REV. LETTERS 9, 135 1196ZI, PHYS. REV. 129, 2743 119631, NUOVO CI~ENTO 43, 142 119661, NUOVO 
CH!EIIITO 45t885 119661, CEPN 66-18 119661, PHYS. REV. 137, 81Z3Z llq6SJ, PHYS. REV. LETTERS 18, 266 11';611, PHYS. 
LETTERS 24B, 489 119671, Al\0 BULL. AH. PHYS. SOC. 12, 916 119671. 

ARTIClE READ BY ODETTE SENARY IN 1/6t;, AND VERIFIED BY LEROY PRICE. 

BEA~ IS PROTON 01\ PRCTC:N AT 1.e1 GEV/C. 

THIS EXPERIP.CENT USES THE B.N.L. 80 )h. IHI BUBRLE CHAI1BEfl. A TOTAL OF 37000 PICTURES ARE REPORTEC ON. 

KEY WORDS .. CROSS SECTION ANGULAR OISTR IBUTJON OALJTZ PLOT MASS SPECTRUto! 
OELTAI19201 K*l8c:;CI Y*l13851 STRANGE PARTICLES 

LAftCRATORf ·~EAJO: HOI'II:NI'U,.., c ., .s·r GEV/C. 

REACTION 
PROTON PROTON .. 

K+ PROTON LAMBDA 
K+ PROTCN SIGM~O 
KO PROTON SIGMA+ 
PROTON PROTON KO KOSAR 
K+ PROTON KOSAR ~EUTRON 
r It K t lAHOOA tl[UTA01i 
IC+ PROTCN lAMSC~ P 10 
PI+ PROTON KO LAMBDA 
PI+ PROTON KO SIGMAO 
PI+ SIGMA+ KO 1\EUTRCto. 
PROTON SIGMA+ KO PIO 
K+ PROTON SIGfiA+ PI-
PI+ K+ PROTnN !i.Tr.Mb-
PI' PROTON KO KOBA~ NEUTRON 
K+ PROTON PROTGN PI- KOSAR 
1-11• JJHUIUN J.IW.UIUN K- Kn-
PI+ K+ PROTON PI- LAMBDA 
PI+ PROTON KQ LAMBDA P 10 
PIt Pit KO I AHAn6 NFIITAON 
PI+ K+ PROTON PI- SIGMAO 
K+ 1-'MUTUN SIGMA+ PI- P 10 
Jll+ 1-'MUIUN SIGMA+ PI- KO 
Pf+ K+ SIGMA+ PI- NEUTRON 
r11 lli 'ROTOI~ 31\lMA• P.iu 
PI+ PI+ PROTON !i.Tr.fo'a- KO 
PIt Pit K+ SlOMA .. NI!UTRON 
PI+ PRCTCN PROTON PI- KQ KCBitR 
PI+ K+ PR.OfON PI- KORAR NEUTRON 
PI+ PROTON PROTON K- KC PIC 
PI+ PI+ PROTON K- KO NEUTRON 
PI+ PI+ PROTON PI- KQ LAMB Cit 
PI+ K+ PROTON PI- LAMBDA PIO 
PI+ PI+ K+ PI- LAMBDA NEUTROto. 

LABORATORY eEAJI4 MOMENTUM 

REACT ION 
PPOTON PP:OTON -

rurAL 
STR.O.Nr.F PARTlClES 

1. E1 GEV/f:. 

ITABLE 11 

MICRO-BARNS 

54.4 +- 7.3 
25.2 5.0 
14.3 5.1 
10.4 3. 3 
25.0 6.7-

1Ul.U 10.) 
11.5 8.7 
72.4 7.4 
29.5 1.0 
21.4 •• 2 
17.9 5.7 
37.4 1. 8 
11 .r. .. 
24.8 1Z.4 ... 6 • 

n.o ~-2 
49.0 7.2 
67.4 15.0 
~o.~ Oo> 
21.4 4. A 
)7.' 1. I 
14.7 7.4 
28.8 .. , 
22.2 4.6 
~ ... 1 !:i.6 
6.8 2.6 

'·' 2.' 
7.8 3.q s., 3.4 
3 •• 2. 8 

23.1 4.2 
39.5 •• 3 
?0.'1 •• 7 

(PAGE 1356) 

HILL!-BAANS 

39.6 +- •• 3 
1.8 .2 

MODELS DElTA( 12381 
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~5-BEV NEUTRON CROSS SECTIONS IN HYCR(GEN ANO OTHER ELEMENTS IPHYS. REV. 123, JE50 llq611l 

J.H.ATKINSON,W.N.HESS,V.PEREZ-~ENDEZ,R.WAllACE [U.C. LAWRENCE RAQ. LAe., BERKE:lEY, CALIF., USA) 

ABSTRACT THIS EXPERIMENT f'fASUREC THE 1'\EUTRON TOTAL ANC REACTION CROSS SECTIONS AT 5.0 BEV. T'IANS"'ISSlCN ~EASUFiEMENTS 
WERE HADE IN GOOD ANC POOR GECMETRY. THE HIGH ENERGY NEUTRON BEAM ~AS PRCOUCED loiHF.N THE BEVATRON CIRCULATING PROTON 
BEA"4 STRUCK A COPPER TARGET. NEUTRONS WERE IDENTIFIED AY THEIR PRODUCTION OF.PJONS IN A HRYlliUJol RLOCK. THE PIONS 
~CRE THEN DETECTED BY A CCLNTER Tfl.ESCOPE INCLUDING A GAS CERENKCV COUNTER. TH THRESHOLD OF THIS GAS CER£NI(QV 
COUNTER OEFJNEC THt: HAN EFFECTIVE NEUTRON ENERGY AT 5.0 +- 0.4 8EVt ~ITH THE HALF-INTENSITY PCINTS OF THE NC:UTRON 
ENERGY OISTRIBliTION AT 5.9 1\NO 4.2 BEll. THE CROSS SECTIONS MEASURED FOR THE VI\RIOUS ElEMENTS APF.C IN MllliBARNSI 

PB Sf\ CU 1\l C H 
SIGMA(T) 2534 •- lOS 1986 •- 88 1158 •- 34 614 +- 33 319 +- 20 33.t +- 1.6 
SIGHAIRI 1670 +- 79 586 +- 25 381 +- 27 235 +- 16 
THE 5-BEV TOfAl CRCSS SECTIONS ARE 20 PER CENT a·ELOW THE TOTAL CROSS-SECTIONS MEASURED AT 1.4 REV BY COOP ET Al., 
WHEREAS THE REACTlC:N CROSS SECTJCNS REMAIN ESSENTIAllY CONSTANT AS A FUNCTION OF ENERGY ABOVE 300 MEV. THIS BEHAVIOR 
OF THE CROSS SECTICNS CAN eE INTERPRETEC BY A GENERALIZED "DIFFRACTION THEGRY OEVHOPEO BY GLASSGOLD AND GRIEOEP. 

CIT ATtOI\S 
PHYS. REV. 98, 1361j 119551, PHYS. PEV. c;a, 1393 119551, PHYS. REV. 107, 859 119571, PHYS. REV. LETTERS 2, 169 119591, 
REVIEW OF SCIENTIFIC INSTRUMENTS 30, 1004 119591, UCRL 8559 119581, PHYS. PEV. 114, 1374 119591, UCRL 3289 119561, 
NUOVO CI~ENTO 4, 359 lllj561, PHYS. REV. 107, 1121 119571, J. WASH. ACAO. SCI. 29 H6 (19391, PHYS. REV. 105, 1587 
(19571, AM. PHYS. 10100.119601, PHYS. REV. 75, 1352119491, PHYS. REV. 98, 1387119551, P.EV. 1'00. PHYS. 28, 214119561, 
AND REV. MCD. PHYS. 30, 4)0 119501. 

APTICLE READ BY OCETTE SENARY IN 1/69, AND VERIFIED BY LEROY PRICE. 

BEAM IS NEUTRON CN PROTON AT 5,.865 GEV/C. IBEAM KINETIC HERGY"' 5 GEVI 

THIS EXPERI~ENT USES CCUNTEPS. 

KEY loiQROS • CP.OSS SECT ION I'CDHS 

NEUTRCf\ PROTON Ti::JUL CROSS SECT JON. 

LABORATORY 
BEAM ENERGY 

GEV ( 1 J 
5. 

( 11 MEAN VALUE. 

I'IILL 1-BARIIS 
33.b ·- 1.6 

l PAGE 1850 I 

r::;";1TCTAL CPOSS SECTIOI\S FOR.JNTERHTltN OF NEUTRONS "iiTH PROTONS AND NEUTRONS FRCM 2.6 TO 8.3 BEY. 

~V.~.PANTIJf.V,M4N.KHA(HATUP.YAN,J .. \I.CtoiUVIl0 (JOINT INST. FOR NUCL. R(S[ARCHt OUBf\A, US!RJ 

ISOVIET JNP l '93 11965)1 

ABSTRACT WE HAVE ·ME.6SUREO H'E TOTAl CRCSS SECTIONS FOR INTERACTION OF NEUTRONS HAVING MEAN EFFECTIVE ENERGIES OF 2.6, 
3.9, 5.5, 6.9, AND 8.3 BEY WITH PROTONS A.NO NEUTRONS UNDER CONDITIONS OF GOOD GEOMF.lRY ITHHA "'0.228 OEG.J. ~F HAVE 
OBTAJNEC THE FGllCWIIIG VALUES 
EINJ 2.t BEV 3.q BEY 5.5 BEY 6.9 BEY 3.3 eEV 
TOT. C.S. (NPJ MB 38.1 •- 2.6 43.4 +- 11.6 41.2 +- 1.7 39.3 +- 1.7 40.B +- 1.9 
TOT. C.S. INNI MB 34.8 +- 1.6 31.5 +- 1.7 

CITATIOf\"S 
PHYS. REV. 98, 1369 (1955), PHS. REV. 123, 1850 (1961), BULL. A"l,. PHYS. SOC. 9, 94 fl9641, INSTRUMENTS AND 
EXPERIMENTAl TECHNIQUES 2 382 11961), JETP 42 392119621, JETP 15 272 fl962), UCRL 8559,-JNSTRUMENTS AND EXPEPI"1ENTAL 
TECHNIQUES 6 1025 119641, Pl-OYS. PEV. S5, 1026 (19541, REVIEW OF SCIENTIFIC INSTRU~ENTS 32, 949 119611, J. WASH. ACAO. 
SCI. 29 416 (19391, BULL. A"'-· PHYS. SCC. 1, 385 119561, NUOVO CIMENTO 4, 359 119561, PHYS. REV. LETTERS 8, 142 (1962J 
JETP 44 2184 119631, JETP J7 1466 119631, PHYS. REV. LETTERS 7, 185 11961), PHYS. REV. lOOt 242 11955), NUC. Pt-!YS. 6, 
348 llS581, AND PHYS. REV. 103, 211 (19561. • 

ARTICLE RE.GC eY OCETTE eENARY IN l/6c;, AND VERIFIED BY LEROY PRICE. 

BEAM NO. 1 IS NEUTRON ON HYOROGEfl." CCMPCUNO FRO,., 3.413 TO 9.192 GEV/C. (BEAM KINETIC ENERGY = 2.6 TO 8.3 GEVI 
NO. 2 IS NEUTRON ON CEUTERIU~ COMPOUND FROM 6.371 TO 9.192 GEVIC·. IBEAM KINETIC ENERGY= 5.5 TO 8.3 GEVI 

THIS EXPERII<IENT USES COUNTERS. 

J(E' MCROS • lH.USS SEtiiCN 

NEUTRON PROTON TOTAL CRC:SS SECT ION. 

LABORATORY 
HfAM .-:Nt;HI:Y 

GEV (1 J 
2.6 
3.9 

'· 5 ... 
8.3 

t 1 I I'!EAN VALUES. 

Mllll-eAR~S 

38.1 ·- 2.6 
4~ .4 1.6 
41.2 l. 7 
31j.3 1. 7 
40.8 1.9 

NEUTRON NEUTRCN TCTAL CROSS SECTION. 

[TARLE 2 I 

IT ABLE 3 J 

I NOT CORRECTEC FCR C£UTERJUH EFFECTS. I 

LAaOfiATORY 
IHAI<I ENERGY 

GEV { 1 J 
5.5 
8. 3 

l 11 ~EAN VALUH • 

MlLLI-BARf\S 
34.8 ·- 1.6 
31.5 1. 7 



NEUTRON DEUTERON TOTAL CROSS SECTION. 

LABORATORY 
BEAM ENERH 

cev 111 
5.5 
8.3 

[ 11 MEAN VALUES. 

~.lLLI-AARt.S 

76.0 2.4 
11.6 2.5 
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r:::i"'A""lPOLARilATION IN PP ELASTIC SCATTERING AT LARGE HGHENTUH TRANSFERS. 

l..::::!.:'!J N • E • BOOTH ,G. CONFOi!TQ, R • J. EST ERLING, J. PAR~Y, J • SCHE I Q, 0 .SHEROEN 1 ENRICO 
A.YOKOSA.WA (ARGONNE NAT. LAS., ARG(JNNE, Ill., USAI 

tPHYS. REV. LETTERS 21, 651 I 1Ci6BII 

FERMI INSL FOR NUC. STU., CHICAGO,JLL.,USAJ 

ABSTRACT HEASURE~HiTS OF THE POLARIZATJCN IN PP ELASTIC SCATTERING HAVE BEEN HADE AT 5.15 GEV/C OVER THE RANGE -T ,. 
0.2 TO 1.8 fGEV/CI-SQUARED. THE DATA APE COMPARED WITH A REGGE-POLE '100Elr AND WITH THE DIFFRACTION HODEL OF OURA~O 
AND LIPE5 IN WIIICII TIIC: A65CRrTJVE rAnT OF THE PP INTERACTION IS DEP.IVED FP.C:,. THE EI.ECTP0~6GPIIETIC FORM F.ar.TOR OF THE 
PROTON. THE LATTER MCOE:L REPRODUCES HiE T DEPENDENCE OF THE EXPERJ"'ENTAL DATA IN A QUALITATIVE WAY. 

C JTAT IONS 
PHYS. LETTERS 249,11119671, PHYS. REV. 148, 1297 1196blt PHYS. REV. 161, 1314 Clc;671, PHYS. REV. 164, 1672119671, 
REV. MOD. P~YS. 3'il, 531 111;6.71, UCRL 16275 C1'i166), PHYS. REV. 165, 1615 119681, AND PHYS. REV. LETTERS 20, 637 119~81 

ARTICLE READ BY OCETTE BENIIRY IN 1/6Ci, AND VERIFIED BY LEROY PRICE. 

BEAM IS PRCTOH ON HYCROGEN COHPOUNO AT 5.15 GEVIC. TARGET IS POLARIZED 55 PER CENT C~OR~AL TO THE BEAM DIPECTJONI. 

THIS EXPERIMENT USES COLNTER.S. 

KEY WORDS • POLAP JUT JCN II'OCELS 

ElASTIC POLARIZATIIJN FOR PROTON PRCTn. lF I CURE lJ 

LABORATORY BEAll' II'QI'EHUM • 5.15 GEV/C • 

• THIS DATA WAS. READ FRQjol. II GRAPH • 

-T PCLARIZATitJN !II 
IGEV/CJU2 

.22 • f!l .Cl 

.28 .21 .01 
• )4 .I • .Cl 
.40 .18 .ct 
.48 .17 .01 
.56 .12 .02 
.67 .12 .02 
.70 .15 .03 
.83 .13 .C3 
.qz .14 .cs 

1.02 • 2C .cs 
1.12 .24 ·.cl 
1.23 .26 .o8 
1.36 .15 0 10 
1 .lrol 0 ?~ .u: 
1.57 .18 .13 
lo 75 .u !n 

T IS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING PROTON) AND THE lOUTGCitNG PROTON). 
THE POLARIZATION IS OF THE PROTON ALONG THE N0R/14AL TO THE PRODUCTION PLANE IN THE GRANO C.M. 

[11 PLUS P0$SieL~ $'rST~I'A'Tic;: ~RROR OF+- 10 PER CENT. 

r:i'i:lsEARCtJ FOR FLUCTUATIONS IN THE ANGULAR DISTRIBUTION OF PROTOPII-PROTON SCATTERI"'G AT 16.9 GEV/C. 
~ Cl9661J 

tPHYS. LETTERS 23, 38'il 

J • V .ALLABY, G.BELLETT INI ,G .COCCONl, A.N .DI DOENS,M.L.GOOO,G.MATTH IAE, E. J. SACHAR 101 S, A.SJ LVERMAN, A.M.WETHERELL ( EUPOPEAN ORG. 
FOR NUC. RES., GENEVA, SWtTZERL.6NDl 

ABSTRACT MEASUREMENTS OF THE ANGULAR DJSTRI8UT(ON OF PROTON-PROTON ELASTIC SCATTERING AT 16.q GEV/C FROM 67 DEC. TO 90 
nF.r.. IN THE C.H.S. ARE PRESENTED. THE DATA ARe FlTTEO BY AN EXPONENTIAL IN THE TRANSVERSE MOMENTUM, EXP -IP SIN 
THETA/B) ~ITH B = 1225 +- o4J HEV/C AND CO NOT DISPLAY THE CHARACTERISTIC FLUCTUATION PREDICTED BV ERICSON'S 
,T,-.TIUH.-.1. HQ~Eil.. 

CL0$[LY RELATED REFERENCES 
DATA SUPERSEDED BY PHYS. LETTERS 25B, 156 I 1967). 

ADDITIONAL CtTATIONS 
CERN Dl 65-10, CERN NP/66-2, PHYS. REV. 128, 2392 C19621, ANNUAL REV. OF NUCLEAR SCIENCE 13, 261 11963), PHYS. 
LETTERS 13, 190 (lq6o41, PHYS. REV. 138, 8165 (19651, UCRL 11441, UCRL 16275, NUOVO CIMENTO 27, 856 119631, NUOVO 
CII'IENTG 27, 208 (19631, NUOVO CIHENTO 33, 643 11964), PHYS. LETTERS 8, 287 11964), NUOVO CJMENTO 35, .216 119651, 
NUOVO CJMENTO 35, 1211 ( 19651, NUOVO CII'!ENTO 35, 1050 11965), CERN TH -406 I 19641, CERN 66/TH/6B6, ANNALS OF PHYSICS 23, 
390 11~631, PHYS. REV. 85, q47 11952), PHYS. P.EV. 105, 302 C1957J, CERN 65-22, AND REIJ. 1400. PHVS. 36, 655 (1964). 

ARqc;I,.E REAO BY OCETTE fENARY IN 5/67, AND VERIFIED BY LEROY PRICE. 

BEf.M IS PROTON ON PROTON U 11.: .• Q t;EVI(, .. 

THIS EXPERIJIIENT USES CC!UNTERS. 

KEY WDHUS • UlHERt:NT tAL CHOSS SECTION FITS 

COMPOUND KEY WORDS • FITS 0 IFFERENTIAL CROSS SECTION 
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ELASTIC DIFFERENTIAL CROSS SECTICN FCA PPOTON PROTON. I TABLE 11 

LABORATORY BEAI" MO~ENTU/14 a 16.9 GEV/C. 

(THJ$ nATA S/"IOULD NOT BE USED- MCRE RECE/\T VALUES MAY BE FOUND IN ALLABY, ET AL., PHYS. LETTERS 258, 156 1196711 

THETA 
DEGREES 

b1. 
70. 
72. 
75. 
77. 
80. 
82. 
e5. •o. 

D-S I G"' A/C-CfiEGA 
NU..CeARNS/SR I 1 J 
1.85 +- .C4 
1.-45 .05 
•• 31 .cs 
1. 11 .C4 
.95 .03 
.as .c.c. 
• 79 .03 
• 74 .C4 
.69 .04 

TH[TA IS THE MIIGI.F THAT THE PROTCN MAKES IiliTH THE BEA~ IN THE GRANC C.M. 

l 1 I PLUS POSSIBLE SYSTE,ATIC ERROR OF +- 7 PER CENT • 

r:iii1NEUTRAL STRANGE-PARTICLE PRODUCTION IN Yl' COLLJSJON5 AT 6.92 GEV/C. INUOVO CIMENTO 53A, 455 1196811 

~G.ALEXANOER,A.SHAPIRA,E.SI~OPOULOU,G.YEKUTIELI IWEIZMANN INST. OF SCI., REHOVOTH, ISRAELI 

ABSTRACT NEUTRAL STRANGE PARTICLE PRODUCTION IN PP COlliSIONS AT 6.92 GEV/C HAS BEEN STUDIED IN THE 80 IN. HBC AT BNL 
PARTIAL CROSS-SECTIONS FOR THE DIFFERENT CHANNELS ARE GIVEN. NO EVIDENCE FOR HYPERON-NUCLEON RESONANCES HAS BEEN 
OBSERVED. STRONG PROOUCTIO~ OF "'•11236) AND Y•ll385J HAS BEEN SEEN IN THE FOUP- AND FIVE-BODY FINAL STATES, WHICH HAS 
BEEN ANAL Vl(O H~ TERMS OF 6 ONE-PI0/11-EXCHANGE ~EtHAN IS~. 

C JTATJOf\'S 
PHYS. REV. LETTERS l3r 355A 1196-41, PHYS. REV. 154, 1284 11967), PHYS. REV. 147, 922 11966), AND NUOVO CIMENTO 24r 
453 Cl962J. 

ARTICLE READ BY ODETTE SENARY lfi 1/69, AND VERIFIED BY lERGY PRICE. 

BEAM IS PROTON ON PROTON AT 6.92 GEV/C. 

THIS EXPERIMENT USES TH B.N.L. 80 IN. CHJ BUBBLE CHAMBER. A TOTAL OF 64000 PICTURES ARE REPORTED ON. 

KEY WORDS • CROSS SECTION DElTA( 1238J Y•t 1385 J ,.ASS SPECTRUM HOOELS ANGULAP DISTRIBUTION 
STRANGE PARTICLES 

(TABLE 1 J 

LABORATORY eEA,. MO,.ENTUI'! " 6.920 +- .075 GEV/C. 

REAl. I ION MICRO-BARNS NO. EVENTS 
PROTON PRCTON • 

LAMBDA PROTON K• -43.3 ·- 8.0 29.6 
SIGMAO PROTON K+ 28.9 ... 19.1 
SIGMA+ PROTON KO 20.2 7.4 7.4 
PIWft}N PROTON KOOArt KO 8.2 3.b 5. 2 
NEUTRON PROTON KOSAR K+ ltl.~ 8. ~ 11.0 
SIGMAO PROTON KO PI+ 5-4.3 12.1, 20.2 
SIGMA+ NEUTRON KO PI+ 5. 3 3.b 2.1 
SIGMA+ PROTON KO PIO 10.8 5.3 4.2 
LAMBDA NEUTRON K-t PI+ 78.2 10.6 54.2 
LAMBDA PROTON KO P I• 89.8 10.1 78.3 
LAMBDA PROTON K + PI 0 74.1 10.4 50.7 
NEUTRON PROTON K08/IR KO PI• 15.7 to. a 2.1 
PROH:N PROTON KOSAR K+ PI- 16.0 •• 4 b.3 
SIGI'!A+ PROTON KO PI• PI- 10.5 5.1 4.2 
SIGMA- PROTON KO PI+ PI+ 8.3 •• 7 3.1 
SIGMAO PROTC!"' K+ PI+ PI- 13.7 •• 3 10.2 
LAMBDA PROTON KO PI• PIO 39.6 12.8 •• 5 
LAMBDA NEUTRON KO PI+ PI+ 29.6 10.9 7.4 
LAJI'BOA PPQTQN K+ PI• PI- 28. 1 •• 4 19.2 
NEUTRON PROTON KOSAR K+ PI+ PI- 5.4 3.8 2.1 
PROTON PROTON KO K- PI+ PI 0 2.b 2. 5 1.1 
LAHBCA ~QOTON ICn Pit PI• PI- b.2 2 •• 5.b 
LAI'!BDA PROTON K• PI• PI- PIC H.l lo, ~ 19~? 
LAMBCA NEUTRmJ K+ PI+ PI+ PI- 10.1 3. 5 8.4 
SIGMA+ NEUTRON KO PI+ PI+ PI- 2.b 2. 5 1.1 
SIG,..AO PROTON ~0 Pl+ PI+ PI- I. 3 I. 8 .5 
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@ZJPROTON-PROTON DIFFERENTIAL CRCSS SECTION FROM bOO TO 1800 MEV/(, !PRINCETON-PENN ACCELERATOR PPAR-ll 119b9ll 

a.A.RYAN,A.KANOFSKY llEt-IGH UNIVERSITY, BETHLEHEM, PA., USA) 
.J.J.OEVLIN,R.E.MISCHkE,P.F-.SHEPARO (PRINCETON UNIV., PRINCETON, N.J., USA) 

ABSTRACT ·PROTON-PROTON ElASTIC DIFFERENTIAL CROSS SECTIONS HAVE BEEN MEASURED IN THE ~4 OEG. IJEAM LINE OF THE 3-GEV 
PRINCETON-PENNSYlVANIA ACCELERATOR FOR INCIDENT LAB MOMENTA OF 600 TO 1800 HEV/C AND CENTEA-OF-~ASS ANGLES OF S·OEG. 
10 qo OEG. THE MO~ENTA GF THE PROTONS lf\ClCENT ON A LIOUID-HYOROGEN TARGET WERE MEASURED BY TIME-OF-FliGHT 
TECHNIQUES. THE MOMENTA AND SCATTERING ANGLES OF THE RECOIL PRCTONS WERE MEASURED BY A SPECTROMETER CONSISTING OF TW() 
SETS OF MAGNETOSTRICTIVE WIRE SPARK CHAMBERS PLACED AT THE ENTRANCE AND EXIT OF AN &.NALYZING ~AGNET. A KINE~ATICAL 
RECONSTRUCTION loiAS PERFOP~EO FGA EACH EVENT SY AN ON-LINE POP-7 CO,.PUTER Wt-ICH AlSO RECORDED THE RAW DATA AND 
"'ONITORED VARIOUS ASPECTS t;F THE EXPERI!'!ENTAl EQUIPMENT. A MORE DETAILED CFF-LINE ANALYSIS RESULTED IN NORMALIZED 
DIFFERENTIAL CROSS SECTIONS. THE DIFFERENTIAL CROSS SECTIONS WERE COMPARED WITH SI""PLE MODELS FOR PP SCATTERING WHICH 
PROVED TO BE INADEQUATE TC EXPLAIN MANY OF THE EXPERIMENTAL DETAILS. 

CIT AllONS 
REV. MOD. PHYS. 30, 3t:4 01)581, ATOMIC ENERGY RES. ESTABet HARWELL, REPORT 135 119611, ATOMIC ENERGY RES. ESTAB., 
HARWELL, REPORT 149 (19661, PHYS. REV. 169, 1149 C19681r NUOVO CIMEtHO 49A, 261 (19671 1 PPOGR. THEORET. PHYS. IKYOTOI 
31 615 li9641t DU8NA CONFERENCE 24 119641, ANNALS OF PHYSICS lOr 100 119601, PtiYS. REV. 72, 1009 119471 1 SLAC 66 Cl9661 1 

PHYS. REV. 130r 1571 (19631, NUOVO Ct,.ENTO 57A, 190 119681, PHYS. REV. LETTERS 7, 394 (llj61), PHYS. REV. I,FTTEP.S 8, 
41 11962), NUOVO CIMENTO 14, 951 119591, NUOVO CIMENTO lA, Q"7 119601, CERN 07-lb U~67,, rttY:i. RI!V. Hd, 1603 f1Cil67t 
NUCLEAR INSTRUMENTS ,um ~ETHC!O!. ~f:>., 1 4H (l?67J, PHYS. Rt:V. 148, 1315 (1Cil66lt PRINCETON-PENN ACCELERATOR PPAR-3· ltlj681 
PRINC.FIUN-PENN ACCELERATOR PPA0279-0 119661, PRINCETON-PENN ACCELERATOR PPAR-10 ~19691. PHYS, P.6V .. 1;!0, Z!!iO (l4bCir 
JETP 23 52 (1Cii66J, PHYS. LETTERS lZ• Z'ii' IIQ~41t DUBNA CONFEk!NC.E bl 11964), PHYS. LETTERS Br 285 (19641, PHYS. REV. 
LETTCR5 1~ 1 ~' ll':ltl)lr Afi1D PHYS. REV. 132r 1252 119631. 

ARTICLE READ BY ODETTE BENARY IN 12/69, ANC VERIFIED BY LEROY PRICE. 

BEAM IS PRCTON ON PPOTCN FRO~ .6 TO 1.8 GEY /C. 

THIS EXPERII'!ENT USES SPARK CHAJo'BERS. 

KEY WORDS .. CIFFERENT IAL CROSS SECTION FITS MODELS 

COI'!PUUNU KEY WORDS .. ' FITS DIFFERENTIAL CROSS SECTION 

ELASI JC DIFHRENTIAL CRCSS SECTION F(jR PROTON PROTON. lTABLEIIII 

CUA IS AVERAGED OVER LABORATORY BEAM MOMENTUM FROM .600 TO .699 GEV/C. 

-T 
lGEY/C 1 .. ? 
MIN 11AX 

.050 .099 

.100 -1"9 

.150 .199 

0-SIGMA/0-T, 
MD/ ((JEVIC I nl ll J 

122.5 ·- 7.5 
95.4 8.3 

12B .. il tuJ 

T IS THE MOMENTUM TRANSFER BETWEEN THE CINCOJ'IING PRI')TON) AND THE (OUTGOING IJRllTONJ. 

t 11 PLUS POSSIBLE SYSTEJo'ATIC ERROR OF •- .4 PER CENT. 
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ELASTIC DIFFERENTIAL CRCSS SECTICt\ FCR PPOTOf\ PRUTON. (TABLE IV) 

DATA IS AVERAGED OVEP LAHRATORV BEAM MOMENTU"' FR0"4 .BCC TO .899 GEVIC. 

-T 
IGEIJ/C, .. 2: 
~IN MAX 

.esc .099 

.too .149 

.150 .199 
.zoe .2:49 
.250 .299 

0-SIGMA/0-T 
1"8/IGEV/CJ .. Z (1 J 

89.5 4.0 
BC.l 4.5 
76.6 3.2 
84.3 3.7 
81.8 4.'ii 

T IS THE MOMENTUM TRANSFER BETWEEN THE (JNCOHING PROTCNl AND THE (OUTGOING PROTON). 

ll I hu.S i'I').Ht6lf 5VSTCI1 AT IC (OR(jf'/ OF ...... ti P&D. (FNT. 

ELASTIC DIFFERENTIAL CRCSS SECTION FCR PROTOt\ PROTON. (TABLE Vl 

DATA IS AVERAGED OVER LAeCj:lAfQRY BEA" HCMENTUM FRO"' .900 TO .999 GEV/C. 

-T 
IGEV/C J .. 2 
/"IN MAX 

.esc .099 

.100 .149 

.150 .199 

.zoo . 249 

.250 .2:99 

.300 • 34'il 

0-SU:HA/C-T 
~8/IGEV/( IH? I II 

76.1 3.8 
67.8 5.~ 
71.2 4.2 
63.9 3.'ii 
66.6 z.s 
66.3 3.2 

T IS THE MOMENTUM TRANSFER BETWEEN THE liNl.CI"'iNU PROTON) ANC THE (OUTGOING I"ROTCN). 

lll PLUS POSSIBLE SYSTEI<!ATIC ERROR OF •- l-2 PER CENT. 

ELASTIC OJFFERENTitiL CROSS SECTICN FCR PROTOI'\ PROTON. I TABLE VI I 

D/ITA IS AVERAGED DYER LABCRATORY BEAM MOMENTUM FROM l.DDD TO 1.099 GEV/C. 

-r 
IGEV/CJ .. 2 
HIN MAX 

.050 .099 

.too .1119 

.150 .199 

.200 .249 

.25C .299 
.300 .3<49 
.350 .399 
.<400 .449 

0-SIGMA/0-T 
HB/IGEV/CJ .. 2 (11 

58. l 2.9 
63.6 3.3 
56.5 3.5 
58.6 ] • ,, 
54.4 2.4 
46.9 2-3 
49.5 2.6 
50.9 3.0 

T IS THE 11011ENTV/'l TRANSFER BETWEEN THE (INCCHJNG PROTOt\1 ANC THE (OUTGOING PROTON). 

(lJ PLUS POSSIBLE SYSTHATIC EFIROR OF •- 2.1 PER CENT. 

ELASTIC OtFFERENTJ.H CRCSS SECTION FCR PROTON PROTON. (TABLE VII) 

DATA IS AVERAGED OVER LABORATORY 8EA~ HGMENTUM FROM 1.100 TO 1.199 GEY/C. 

-T 0-SIGMA/0-1 
lbt:V/C)••2 MOl I GCV/C I ••2 (II 
•tN MAX 

.050 .099 53.3 2.' 

.LUU .149 ~2-1 2o0 
-150 .199 43.7 2.e 
• 200 .249 45 .t 3.6 
• 2~0 .299 46.1 2.5 
• 300 .349 41.4 2.1 
.350 .399 36.3 2.0 
.400 .449 33.6 2.0 
.450 .499 40.4 2.4 
• 'uu .::~ .. .; ,0.9 ~ .? 

TIS THE f'OMENTUI<! TRAI'>SFER BETWEEN THE IINCCMING PROTONI AND THE (OUTGOING PROTON). 

Ill PLUS PtSSIBLE SVSTEI"ATIC EFI~OR OF+- 2.3 PE~ CENT. 

ELASTIC DIFFERENTIAL CRCSS SECTION FCR PROTOP\ PROTON. (TABLE VIJJJ 

DATA IS AVERAGE!) OVER LABCRATORY BEAM MOMENTUM FROM 1.200 TO 1.299 GEVIC. 

-T 0-SIGHA/0-T 
i~fv'/C IUZ HD/ICEVICI"U2 Ill 
MIN MAX 

• C50 .099 62.2 3.7 
.too .149 54.1 3.3 
.1~0 .199 47.2 3.2 
.zoo o-l.lf'l ,9. 7 J.l 
.250 .299 33.9 3.4 
.300 .349 36.C 4.2 
• 350 .399 26.4 ... 
• .r.nr. ·.449 25.5 1.7 
.450 .499 22-~ 1-'l 
• jQC .549 25.2 '·' .550 .o;qq 24,C 1 •• 
.600 .649 24.1 '·' 

1 IS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING PROTON) AND THE [OUTGOING PROTONJ. 

lll PLUS POSSIBLE SYSTE,..ATIC EPP:OR OF •- 2.4 PER CENT. 
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ElASTIC C 1 FFER ENT IAL CROSS SECT I CN FCR PRO TOll. PRGTON. I TABLE IX 1 

DATA IS AVERAGED OVER l48GP.ATORY 8EAI" ~(MENTUM FRCfll. 1.300 TO 1.399 GEV/C. 

-T D-51 G,.A/0-T 
IGEVIC 1 .. 2 ~8/tGEV/CI .. Z Ill 
)IJf\ i'!U 

.esc .099 BC.b •- 3.9 

.100 .149 63.8 3.1 

.150 .199 46.6 3 .?. 
.zoo • 249 3e.f J.Z 
.250 .299 40.8 3. 7 
.30C .349 28.0 4.1 
• 350 .399 23.0 1.7 
.400 .449 18.8 1;.5 
.45C .499 15.3 1.4 
.500 .549 15.1 1.4 
• 550 • 599 13.5 1.4 
.600 .. 649 14.0 1.5 
• 650 .699 u.s 1.4 

T IS THE MOMENTUM TRANSFI:R BETWEEN THE fiNCOMJNC PROTONl ANO THF rnnrr.nJNG DII.OTON). 

Ill PLUS POSSIBLE SYSTEI"ATIC·EPAOR OF+- 2.8 PER CENT. 

ELAST JC DIFFERENTIAL CRCSS SECT ION FCR PROTO,._ PROTON. ITABLE X) 

DATA IS AVERAGED OVER LABCRATORY BEAJI.MCHENTUM FROio! 1.400 TO 1.499 GEV/C. 

-T 
CGEV/C 1 .. 2 
"'IN MAX 

• esc •. oqq 
.100 .149 
.150 .199 
.zoo .?4Q 
.250 .299 
.30C .349 
.350 .399 
.400 .449 
.450 .499 
.sao .~4'9 

• 550 .599 
.bOO .649 
.650 .699 
.70(: .749 

0-SI G,..A/( .. T 
HB/IGEV/CJ .. 2 Ill 

89.1 ·- 5.0 
68.5 4.3 
54.6 4.0 
lt2. 7 3.6 
32.1 3.6 
22.6 3.3 
1q.e 4.5 
19.3 1. 7 
16.4 1.5 
12.1 1.4 
10.5 1.3 
a.5 1.2 

lO.It L.lt 
"io"i 1.\ 

T IS THE M0"1ENTU~ TRANSFER BETWEEN THE (INCCMING PROTON) ANC THE (OUTGOING PROTON). 

[1) PLUS POSSIBLE SYSTE/IIATIC EFROP OF+- 2.5 PER CENT. 

ELASTIC OIFFERENTlAL CRCSS SECTIC:N FC:R PROTON PROTON. [TABLE XI J 

CATA IS AVERAGED OVER LABORliTORY SEAM MOMENTUM FROM 1. 500 TO 1. 599 GEV/C. 

-T 0-51GMA/0-T 
IGEV/C J ••2 MB/IGEV/CJU2 qJ 
l'llli ""' .050 .099 93.5 ·- 5.5 

.100 .u, j;i.l q •• 

.,t!UO • 299 31.6 ].1 

.300 .39q 19.3 2.9 

.-400 .499 14.0 t:f .:tUU .~99 9.9 
• 600 .699 7.0 1.1 
.1{10 .7?9 U.8 '·' • 000 .&99 1.1 .. 
• ~00 .,,, u •• lol 

T IS THE /110/'!ENTUM TRANSFER eETWEEN THE {INCOMING PROTON I AND THE (OUTGOING PROTON). 

( 11 PLUS POSSIBLE SYSTE/IIATIC EPROR OF +- 1.4 PER CENT. 

ELASTIC DIFFERENTIAL CROSS SeCTION FC~ PROTON PRnTnN. IT~ULE XIII 

DATA IS AVERAGED OVER LABOPATORY BEAM MOMENTIIH FROM I.MO TO 1.699 GEV/C. 

-T 
(GEV/C t .. l 
f!I.IN MAX 

.050 .099 

.100 .199 

.200 .299 

.JOO .399 

.500 .599 

.600 .699 
• 700 • 7?? 
.soc .899 
.c;oo .999 

0-SIGMA/D-T 
MA/It;EV/( }U2 (11 

93.8 ·- 6.2 
58.5 6.1 
28.8 4.7 
13.7 3.~ 
R.; t.2 
5.6 1.3 
.... o i .u 
4.6 .9 
5.6 1.1 

TIS TI-lE MQ.totENTUM TRANSFER BETWEEt~ Till: (INCOMING PROTON) AND TH€ lUUIGfJII\G P.ROTCN1. 

( 1 J PLUS POSSIBLE SYSTE"AliC EPROR OF •- 1.1 PER CENT. 
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ElASTIC DIFFERENTIAL CRCSS SECTJ(!N FCR PRCTOI\. PRCTON. ITABLE XIII) 

DATA IS AVERAGED CVER LAEGIUTORY eEAM MCMENTUI'I FROM 1.700 TO 1.799 GEV/C. 

-T 
IGEV/C l .. Z 
JII.IN MAX 

.cso .099 

.100 .199 

.zoo .299 

.300 .399 

.sao .599 

.600 .699 

.700 .799 

.aoo .899 
!~90 .999 

O-S IGMA/0-T 
1".8/IGEV/CI .. Z ll J 

98.5 ·- 9.1 
4t:.c: e.c; 
27.2 8.7 
16.9 1.1 
'6.8 1.3 
6.2 1.2 
t;. 5 1.3 
4.8 1.5 
s.o 1.6 

T IS THE /'!OMENTUM TR~NSFER BETWEEN THE (INCOMING PROTON] AND THE (OUTGOING PROTON). 

lll PLUS POSSIBLE SYSTE,..ATIC EIIRCR OF +- 1.1 PER CENT. 

FIT TO ELASTIC OJFFERENTIH CRCSS SECTION FOR PROTON PROTON. (TABLE 141 

DATA IS FIT OVER L.6BCRATCRY BE.II,.. MOMENTUM FRO~ .800 TO .899 GEY/C. 
FITTED FORMULA IS C-SIGMA/0-T "' A•EXPI-IH+CT••ZJ 

WHERE 0-SIGHA/D-T IS IN HB/IGEV/CI••z AND -T IS IN IGEV/CI .. 2. 1 IS THE MOf'ENTUH TRANSFER BETWEEN THE 
(INCOMING PROTOt\J AND THE ICUTGOING PROTON). 

F I TTEO VALUE 

A ~ 81.1 5.1 
8 .. -.96 .55 
c .. 2. 91 1. 81 

FIT TO ElASTIC DIFFERENTIAL CRQSS SECTtCt\ FOR PROTOrr. PROTON. (TABLE 141 

DATA IS FIT QVER LABCRATCRV BEAI" MOMENTUM FROM .900 TO .999 GEV/C. 
FITTED FORMULA IS 0-SIGMA/0-T = A•EXP(-BT+CT••21 

WHERE D-SIGMA/0-1 IS IN HB/CGEV/CI .. 2 AND -T IS IN IGEVICI .. 2. T IS THE )~:OMENTUM TRANSFER BETWEEN THE 
(INCOMING PROTON) Ar\C THE (OUTGOING PROTON). 

FITTED VALUES 

6 .. 78.8 ·- 4.7 
B • -1.17 +- .57 
c .. 1.81'> ·- 1.t9 

FIT TO ClA!;TIC OIFFEiRENTIAl CRI'll'i!i. SECTION FOR PROTON PRGTON. [TABLE 141 

DATA IS FIT CVER L'BORATORY BEA/f MC"!ENTUM FRO~ 1.000 TO 1.099 GEV/C. 
FITTED FORMULA IS D-SIGM.&./0-T = .&.•EXPI-BT+CT*•ZI 

WHERE 0-!i.IGMA/0-T JS IN P'B/CGEV/CI .. 2 AND -T IS IN IGEVICI .. Z. T IS THE MOMENTUM TRANSFER BET'-EEK THE 
I INCOMING PROTON) AND THE I OUTGOING PRUIUN). 

FITTED VALUES 

A = 64.7 +- 3.6 
8 .. -1.00 ·- .52 
c ... 72 ·- 1.31 

Fll TO ELASTIC DIFFERENTIAl CROSS SECTION FOR PROTON PRGTON. ITABLE 141 

DATA IS FIT OVER LABORATORY BEH P'C~ENTUJo! FRCM 1.100 TO 1.199 GEV/C. 
FITTED FORMULA IS D-SIGMA/0-T = A•EXPI-BT+CT .. ZJ 

WHEPE D-SlGMA/0-T IS IN MB/IGEVICI .. 2 AND -T IS IN IGEV/CI .. 2. T IS THE MOMENTUM TRANSFER BETWEEN THE 
. (INCOHING 1-'RUIUNI ANO THI! tDUTOOIUO rnormn. 

FITTED VALUES 

A a. 60.4 +- ::S.It 
B a. -2.01 +- .47 
c .. 2.10 ·- .911j 

FIT TO ELASTIC DIFFERENTIH CROSS SECTION FOR PROTON PROTON. [TABLE 14 I 

DATA IS FIT OVER lABORATORY BEA/f f'CMENTUM FROM 1.200 TO 1.299 GEV/Ca 
FITTED FORMULA IS C-SIGMA/0-T "' A•EXPl-BT+CT••21 

WHERE ~SIGMA/0-T IS IN M8/IGEVICI .. 2 AND -T IS IN IGEV/CI .. 2. T IS THE MOMENTUM U.ANSFER BETWHN IH€ 
(INCOMING PROTON) ANC THE (OUTGOING PROTON). 

FITTED YALVP 

A "' 79.6 +- lt.1 
e .. -4.3e •- .44 
c "' 3.96 +- .72 
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FIT TO ELASTIC DIFFERENTIAL CROSS SECTION FOR PROTON PROTON. ITABLE 141 

DATA IS FIT CVER LADCRATORY BEA,. MOMENTl!,"( FROfol 1.300 TO 1.399 GEV/C. 
FJTTEO FORMULA IS 0-SIGHA/0-T = A*EXPI-BT+CT•*21 

WHERE D-SIG~A/0-T IS IN HB/IGEV/CI .. Z AND -T IS IN CGEV/CI••z. T IS THE MOMENTUM TRANSFER BETWEEN THE 
(INCOMING PROTON) ANC THE [OUTGOING PROTONJ. 

F ITT EO VALUES 

A "' 107.4 +- 5.8 
8 = -5.1f +- .41 
c .. ).68 ·- .be; 

FIT TC ELASTIC DIFFERENTIAl CRCSS SECTION FOR PROTON PROTON. (TABLE 141 

DATA IS FIT O'V'ER LABCRATCRY BE/I., MOMENTUM FROM 1.400 TO 1.499 GEV/C. 
FITTED FORMULA IS C:-SIGMA/0-T "' A*EXP(-BhCU*21 

WHERE D-SJGMA/0-T IS IN foi8/IGEV/CI**2 AND -T IS IN CGEV/C)U2. T IS THE MOMENTUM TRANSFER BETHEN THE 
( INCO~ING PROTON I ANO THE I OUTGOING PROTON I. 

FITTED VAlUES 

A ,. 116.1 +- 7.1 
8 .. -5.45 ·- .46 
c .. 2.04 ·- .79 

FIT TO ELASTIC DIFFERENTIAl CRCSS SECTION FOR PROTON PROTON. [TABlE 141 

OAU il 1'11 uv~t~. Lll8URAICKV BI::Af.'. HUHeNTUH FROM 1.500 TO 1.599 GEV/C. 
FITTED FORMUlA IS 0-SJGMA/D-T .. A•ElCP[-8l+CT••21 

WHERE D-SIGHA/0-T IS IN HB!(GEV/CI•*2 AND -T IS IN CGEV/CI**2• T IS THE MOMENTUM TRANSFER BETWEEN THE 
l INCOMING PROTON) AND THE [OUTGOING PROTON I. 

FITTED VAlUES 

A • il.a • .t •• o.;.b 
B "' -6.51 +- .:H 
c "' 3.56 ·- .39 

FIT Tt ELASTIC DIFFER!:NTJAl CROSS SECTION FOR PROTON PRC!TON. £TABlE 141 

DATA IS FIT OVER lABORATOP.Y BEAll. MOMENTUM FRCM 1.600 TO 1.699 GEV/C. 
FITTED FORf!UlA IS C-SIGMMD-T = A*EXP[-BT+CT**2l 

WHERE O•SIGMA/0-T If: Ul t·1D/CDEV/CJU2; ANU -1 IS IN CGEV/(;) .. 2. T IS THE MOMENTUM TRANSFER BETWEEN THE 
(INCOIHNG PROTON) ANC THE (OUTGOING PROTONI. 

FITTED VAlUES 

A => 137.0 •- 11.7 
8 "' -7.20 ·- .49 
c • 3.80 ·- .57 

FIT Tt ElASTIC OIFF~R~NTJAL C.RC:55 !\Fr.Tintll FOP D~QTON f'IROTDrle ru&i.i: '"• 

DATA 13 P'IT IiVEK lAHURATORV BEAf.j. HOHE"!TIJM fR0r1 1.1nn Tn 1.1DV r:;§ILII:. 
r I lffD rOMii..ii.A t ~ U-S IGI":A/D-T ,. A*EXPr -!H+CT*•ll 

llllCnC D ~tGHA/D-T i.) IN I'\HilGI:V/tl••2 AND -'f IS IN CGEV/CI**2. T IS THE MOMENTUM TRANSFER BETWF.FN THE 
IINCOI'!JNG PROTnNl AN(, THE IDUTCOitHi f'ROTO~J. 

F ITT EO VAlUES 

A ~ 140.9 +- 1~.1 

B .. -7.66 ·- .59 
C .. lt.3c;J +- a72 

r::i'ii1eviOENCE FOR A ~*ll't501 IN PP r.n11 Hln!t.l~ &.T lO GCY/Ce HiUOVO CIMENTU ~UAo 10nn I 1Q6'U I 

~ S. P.Al~EJ OA,J.G.RUSHBROOKE, J. P .SCHARENGUIVEl I CAVENDISH lAB a, CAMS. UNI V., CA~BRIDGE, ENGlAND I 
H.BEHRENS,V.BlOBEl, H.C.DHINE,J.OIAZ,R.SCHAFER,W.P.SWANSON lUNJV. HAMBURG, HAMBURG, GERMANY) 
I.BORECKA,C.KNIES !~~VTStHES f.I.FKTRnNFN:~YNrw , •.uw111,m.t, g'nt~AII'l'J 

ClOSElY RElATED REFERENCES 
DATA SUPERSEDED BY PHYS. REV. 11'1, 1638 I 1'9681. 

ADDITIONAl CITATIONS 
CERN TH 70S (lc;J661, UCRl 8030 JAN. U9671, PHYSa lETTERS e, 134 11'9641, PHYS. lETTERS 8, 137 (19641, PHYS. REV .. 
lETTERS 13, 555 (19641, PHYS. REV. lETTERS 14, 1043 fl965), PHYS. lETTERS 18, 167 119651. NUOVO CIH~NTO 35t lO'i? (JQh'i,. 
PHYS. REV. LETTERS 16, 855 C~9(1~1, PHYS. RF.V. IHT&Pt ll, 709 11?bblt PHY!. lt::l,tR~ 23, ~86 t1966i, NUOVO CIMENTO 24 t 

it~; 'l'lblJr NUUVO tiMENTQ 39, 169 11965h NUOVO CIMENTO 27, 1450 C19631, NUOVO CIMENTO 30o 240 fJQ63J, OUBNA 
CONFERENCE 1 U8 f1Q641, OESY 67/lt 11?671, PHYS. REV. 150, 1Z'I2 114661, PHYS. REV. LETTERS 7, 1c;l9 119611, PHYS. REV. 
LETTERS 13, 169 11'961tlr PH"S· lETTERS 15, 281 C1965J, PHYS. REV. LETTERS 17, 8Bit (19661, NUOVO CJHENTO 40, 93q 119651 , 
PHYS. REV. 154, 1284 119671, NUOVO CIMENTO 47Ar 232 119671, PHYS. lETTERS 20r 554 (1'9661, PHYS. REV. LETTERS 16, 863 
C11il661, NUOVO CJMENTO 34, 1644 11Cjb4J, PHYS. lETTERS 18o 342 11Qh51r PHYS. LETTEP5 12t 76 C11Q64J, ANO .,HYS. REV. 139, 
81566 Cl9651. 

ARTIClE READ 8Y ODETTE BENAKY IN 9/67, AND VERIFIED BY lEROY PRICE. 

BEAM IS PROTON lit\ PROTON AT
1 

10.01 GEV/C. 

ThU f>.PEK ll'lt:NI USES THE: SACi.AY 81 C~ IHI BUBBlE CHAMBER. A TOTAl OF 80000 PICTURES ARE REPORTED ON. 

KEY WORDS • CROSS SECT IC!N M~SS SPECTRUM N*lllt701Pll MODElS 
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(FROM PAGE 1001 AND PAGE 10051 

l~BORATORV eEAM MOMENTUM = lC.Ol +- .01 GEV/C. 

(THIS DATA SHOULD NOT BE USED- MORE RECENT VALUES HAY BE FOUND IN AU4EI0tr. ET AL .. , PHYS. REV. l11t, 1638 ll96Btl 

REACTION 
PROTQt.' PRCTON • 

PROTON PROTON Fl+ PI
PROTON NEUTRON PI+ 
PRCTON N•ll-470t+ 

N•ll4701+ • PROTON Fl+ PI- Ill 
PROTON N•l 1'4701+ 

Ntll-4701+ • NEUTRON PI+ 121 

HILL I-BARNS 

2.40 .zo 
3.70 .40 
.18 .04 

.te .12 

NO. EVENTS 

1133 
b51 

(lJ fiTTED FOR MASS ~NO/GP aiOTH l ~ASS,. 1.450 GEV; WICT~ = .220 GEV ), AND THEN TOOK ONLY EVENTS ABOVE IFITTEOJ 
BACKGRCUNO. 

121 FITTED DISTRIBUTION hiTH FIXED ji!/ISS AND WIDTH ( MASS'" 1.450 GEV; WIDTH= .220 GEV 1 AND TOOK EVENTS ONLY 
ABOVE CFITTEDJ BACK(;RCUNO • 

.r::i"'nll'.cOOIJCTION OF THE NUCLL:ON ISOBARS 1236, 1410, 151A, AND 1688 I'IEV IN PROTON-PFIOTCN C(!LLISIONS AT 2.85, ,..55, 6.D6t AND 7.88 
~ GEV/C. (PHYS. REV. l.ETTEFIS 17, 7a9 1196611 

I.H.BLAIFI,A.E.TAYLOR [ATOMIC EN. RES. ESTAB., HARWEll, BERKS., ENGLAND) , 
W • S .C Hl!PMAN, P. J.P. KALMUS, J .LI TT, ~.C. ,..,IllER t D • 8. SCOTT, H. J • SHERMAN I QUEEN MARY COLLEGE t LONDON, ENGLAND I 
A.ASTBURY,T.G.WALKER (RUTHERFOFIC HIGh H'. LAB., CHILTCN,DIO.BERK.ENGLANOI 

ABSTRACT MOMEKTUM SPECTRA OF PROTONS SCATTERED INElo\STICALlY IN PROTDN-PRGTCN CGLLISIONS WEPE OBTAINED IN AN EXTEPNAL 
BEAM AT NIMROD USING INCIDENT PROTON MO~ENTA OF 2.85, 4.55, 6.06, AND 7.88 GEV/C AND VARIOUS SCATTERING ANGLES IN THE 
RANGE 22 TO 144 MRAO. THERE IS EVIDENCE FOR THE PR[;DUCTJON Of THE 1410 f'EV ISOBAR AT S,._All ANGLES. THE "Ell-KNOWN 
ISCBARS OF" MASS VALUES 123f:, 151a, ANC 1688 MEV ARE ALSO SEEN. THE DIFFERENTIAL CROSS SECTIONS ARE PRESENTED FOR THE 
PRODUCTION OF THESE ISOBARS. THEY ARE At.AlYZED IN TERMS OF THE USUAL VARIABLES SANDT. FITS TO THF. ORSERVEO f'OJo!ENTUM 
SPECTRA INDICATE FOR THE N•I141DI A "tASS OF 141D +- 15 MEV AND A WIDTH OF 125 +- 20 HEY. 

CLOSELY RElATED REFERENCES 
DATA SUPERSEDED BY NUOVO CIMENTO 63A, 529 I lti1691. 

ADO IT tONAl CJ lATIONS 
PHYS. REV. lETTERS 4, 611 1196Dit PHYS. REV. 12a, 1a23 119621, PHYS. REV. LETTERS 7, 45D (19611, PHYS. LETTERS a, 134 
119641, PHYS. LETTERS 18, 167 119651, NUOVO CIMENTO 35, 1D52 119651, PHYS. REV. LETTERS 16, a55 11966), REV. MOO. PHYS. 
37,633 !19651, PHYS. LETTERS 8, 137119641, PHYS. REV. LETTERS 13,555119641, PHYS. REV. LETTERS 14, 1043119651, 
PHYS. REV. LETTERS 12, 34D 119641, PHYS. REV. l3a, B190 C!CJ651, PHYS. LETTERS 12, 76 1196,.1, PHYS. LETTERS llt 339 
119641, AND PHYS. RE\1. LETTERS lltt 8a1 119651. 

APTIClE PEAC 8\' nnFTTF. BEN~RY IN 5/67, AND YEP I FlED BY LEROY PRICE. 

BEAM IS PROTON ON PROTON FROM 2.B5 TO 7.88 GEV/C. 

THIS EXPERIMENT USES COUNTERS. 

GENERAL CCHMENTS ON THIS ARTICLE 
1 NO DATA PUNCHED FOP THIS ARTICLE BECAUSE SAME DATA ARE MOPE RECENTLY REPORTED IN NC 63A, 52qllCJ69J 

KEY WORCS • CROSS SEC.T ICN 

................... 
• NO DATA PUNCHEC F(JR THIS ARTICLE • ........ 

r::i'ii1otSCONTINUOUS BEHAVIOUR IN LARGE ANGLE PROTON-.PROTON ELASTIC SCATTERING AT HIGH ENERGIES. 
~ 11~6711 

(PHY$. LETTERS 258, 156 

J.V.AllABY,G.COCCONI,A.N.CIOCiENS,A.KlOVNINGtG•HATTHIAE,E.J.SACHARIOIS, A.H.WETHEREll [EUROPEAN ORG. FCiR NUC. RES., GENEVA, 
SWITZERLAND I 

ABSTRACT MEASUREMENTS OF ElASTIC PROTON-PROTON DIFFERENTIAL CROSS SECTIONS FOR ANGLES BETWEEN 65 OEG. AND 90 DEG. C.M.S. 
HAVE BEEN HADE AT a, 9, 10, 11, 14, 15 AND 21 GEV/C. T!-!E SHAPE OF THE ANGULAR DISTRIBUTION IS FOUND TO CHANGE 
SUDDENlY BETWEEN a AND 11 GEVIC. AN INTERPRETATION OF THIS DISCONTINUOUS BEHAVIOUR IN TERMS OF THE REACTIVE EFFECTS 
OF BARYON-ANT I BARYCN PAIR PRODUCT ION IS PROPOSED. 

CLOSELY RElATED REFERENCES 
THIS ARTICLE SUPERSEDES PHYS. LETTERS 23, 389 ( 19661. 
PART OF THIS ARTICLE SUPERSEDED BY CERN 68-7 Sao, AND CERN HACRON CONFERENCE 1 5aO I 19681. 

ACt IT IONAL C II A I IU"' 
CERN TH 40h (19641, ANNUAL REV. OF NUCLEAR SCIENCE 11, 183 t196bl, UCRL 16275, UCRL ll441, PHYS. REv. UA, 2392 Cl962J, 
ANNUAl REV. OF NUCLEAR SCIENCE 13, 261 119631, PHYS. LETTERS 13, 190 119641, PHYS. REV. 138, B165 f1q631, UCRL 17257, 
PHYS. REV. lETTERS 17, 1105 {19661, PHYS. LETTERS a, ao C1qMI, AND PHYS. REV. LETTERS 12, 257 119641. 

ARTICLE READ BY ODETTE SENARY If\ 10/67, AND VERIFIED i!Y LEROY PRICE. 

BEAM 1 S PROTON ON PROTCN FRQP' 8.1 TC 21.3 GEVIC. 

THIS EXPERIMENT USES COUNTERS. 

GENERAL COMMENTS ON THIS ARTICLE 
1 AT a, 9, AND 10 GEV/C, CH2 TARGETS WERE USED. 

KEY WORDS • DIFFERENTIAl CR(jSS SECTICN FITS 

COI'!POUNO KEY WORCS • FITS DIFFERENTIAL CROSS SECTION 

ELASTIC DIFFERENTIAL CRCSS SECT ION FCR PROTON PROTON. (TABLE 1) 

LABORATORY i!EAM MOMENTUM a a.1 GEV/C. 

(litiS DATA SMOULO NOTRE IIHD- "ORE RECENT VALUES HAY BE FOUND IN ALLABY, ET AL., CERN 6a-7 5aO (19681) 

THETA 
UEU~EES 

68. a 
72.2 
76.2 
o~.~ 

D- S l GMA /0-0HEGA 
UB/SR [ 1 J 

• 543 .016 
.455 .020 
.323 .010 

·'" .c:cn 

THETA IS THE ANGLE THAT THE PROTON P'AKES WITH THE BEAM IN THE GRAND C.M. 

l1J PlUS POSSIBLE SYSTE~ATIC ERROR OF+- 7.14 PER CENT. 

- - - - "': - - - - ~ ... - .... - - - ,. 
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ElASTIC DIFFERENTIAL CRCSS SECTION FCR PROTO!\ P.ROTON. ITABLE 11 

LABORATORY eEA/11. MOMENTUM .. 9.1 GEV/C. 

tTHIS DATA SHOULD NOT BE USED- MCRE RECENT VALUES MAY BE FOUND IN AllABY, ET Al., CERN 68-7 580 (l96BJI 

THETA 
DEGREES 

68.1 
74 .. 2 
82.2 

C-S I G,..A /C-Gf'EGA 
UB/SR 11 J 

.188 .cos 

.118 .C03 

.094 .CC3 

THETA IS THE ANGLE TI·.AT THE PROTCN MAKES WITH THE BEAM IN THE GRANO C.M. 

llJ PLUS POSSIBLE SYSTEMAliC ERROR Of+- 7.14 PER CENT. 

ELASTIC DIFFERENTIAL CROSS SECTION FCR PROTO~\ PRGTON. lTABI.f;; l J 

LABORATORY BEAM MQI'!ENTU/11. 10. GEV/C. 

ITHI S DATA SHOULD NOT BE USEC - MORE RECENT VALUES MAY BE FOUND IN ALLABY, ET AL., CERN 68-7 580 C 1968) l 

THETA 
DEGREES 

67. 
70. 
75. 
83. 

C-S IGMA/C-O!o~:EGA 
UB/SR ( 11 

.1062 .0011 

.OHl .0017 

.ose'9 .cots 

.0494 .0011 

THETA IS THE ANGLE TliAT THE PROTON ~AKES WITH THE BEAM lfi THE GRANO C.H. 

Ill PLUS POSSIBLE S'1'STE~A11C ERROR OF •- 7.14 PER CENT. 

ELASTIC 0 I FFERENT J AL CROSS SECT ION F~R PROTO~ PROTON. (TABLE 11 

LARORATQRV 8EAM MOf'IENTUH ,. ll• G(V/C. 

tTHIS"OATA SHOULD NOT BE USEC- MORE RECENT VALUES Jr4AY BE FOUND IN AllABYt ET AL., CERN 68-7 580 (1968)1 

THETA 
rJf.f,Nt-:1:$ 

73. 
78. 
86. 

n-51 r.MA/C-OMEGA 
uetsn u 1 

.0360 • e;r.nq 

.0296 • OC07 

.026c; .CC09 

THETA IS THE ANGLE THAT THE PROTON MAKES WITH THE BEAM IN THE GRANO C.M. 

( 11 PLUS POSSIBLE SYSTHATIC ERROR OF •- 7.14 PFR ~.FNT, 

ELASTIC DIFFERENTIAL CRtSS SECTICN FOR PIIOTON PROTON. 

THETA 
DEGREES 

"· 71. 
77. 
Q('l 0 

C-S I GMA/0-0MEGA 
NANOeARt\S/SR 11 J 
6. 1l -l' 
#..77 .2(! 
1:. i7 • u; 
l•S'- .10 

lTABLE lJ 

HETA IS THE ANGLE THAT THE PROTON MAKES WITH THE BEAM IN THE GRANO C.M., 

11 J PLUS POSSIBLE SYSTEI<ATIC ERROR OF+- 7.14 PER CENT. 

EI.AST 1(. niFFEP.ENTIAL CRClSS SECT JCN HR Pfltl(l\ PliO TON. !TABLE II 

LABORATORY BEAI' fiiOHtf\TUII • u.c:. Ct:vtc. 

(Till~ DATA REPLAC!S VALUES ~IVI:N EARLIER IN ALLABY ET At., PHYS. LETTERS 23, 389 11966Jl 

I THESE VALUES HAVE BEEN CCRRECTEO ACCORDING TO CERN 68-7 VOL.lt PAGE 580. J 

THETA 
DEGREES 

67. 
1n. 
72. 
75. 
77. 
eo. 
ez. 
85. 
90. 

O-S JG~A/0-CHGA 
NANCBARNS/SR lll 
2.15 .04 
1.6'1 .ClJ 
1.53 .cs 
1.29 .C4 
! . 10 .oa 
.98 .Oit 
.92 .t:3 
.87 .Qit 
.eo .o5 

THETA IS THE ANGLE THAT THF, PROTON MAKES Wll~ THE BUll IN THE GRANO C.M. 

Ill PLUS POSSIBLE SYSTEMATIC EPROR OF •- 7.llt PER CENT. 
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EL.OST IC CIFFERENT IAL CRGSS SECT ICN FCR PROTCN PROTON. (TABLE 11 

LABORATORY BEAll M0"'ENTUII ,. 19.3 GE\1/C. 

I THESE VALUES HAVE BEEN CCRRECTEO ACCORDING TO CE~N 68-7 VOL. 1, PAGE 580. I 

THETA 
DEGREES ... 

69. 
75. 
90. 

D-S IG~A/C-O~EGA 
NAf\'CBARt\5/SR {1) 
.723 .C3C 
·'t19 .oza 
• 2~C .(21 
.tc;9 .018 

TI-!ETA IS THE ANGLE TI·AT THE PROTON MAKES WITH THE BEAM IN THE GRAI\0 C.M. 

Ill PlUS POSSIBLE SYSTEI"ATIC ERROR OF+- 7.14 PER CENT. 

ELASTIC DIFFERENTIAl. CRGSS SECliON FCR PROTO,_. PROTON. [TABLE 1 J 

LABORATORY BEAM KO~ENTU~ ,. 21.3 GEY/C. 

( THES~ VAI.UES H.AVE eHN CCRRECTEO ACCORDING TO CEPN 68-7 VOL. 1, PAGE 580. I 

THETA 
DEGREES ... 

70. 
75. 
87. 

C-SIGMA/0-0~EGA 
NANCeAIH\S/SR I 11 
• 23l • Cl9 
.142 .012 
.to6 .ooa 
.Ot-4 • CC9 

THETA IS THI:: ANCL€ l!iAT TnE PROTON MAKES ~ITII TIIC OCA!1 IN THE GPM~C LM. 

( 11 PLUS POSSIBLE S'I'STHAltC ERRGR OF +- 7.14 PER CENT • 

r::i"'11 ELASTIC SCATTER lNG ANC SINGLE-PION PRODUCTION IN PROTON-PRGTCN INTE!UCTIONS H 6.92 BEY/C. [PHYS. REV. 17~, 1322 I 196811 

L.:!.!.J G • .lllEXANCER,l.CARHEL,Y.EISEN8ERG,E.E.RO~AT,A.SH.IIPIRA,G.YEKUTIELI 1\oiiEilMANN INST. GF SCI., REHDVOTH, ISRAELI 
A.FRIDMAN,G.MAURER,J.OUOET,C.ZECH,P.CUER tCENTRE DES RES. NUCLEAIRES, STRASBQUP.G, FRANCEJ 

ABSTRACT ELASTIC SCATTERII\G AND SINGLE-PICN PRODUCTION I"" PP COLLISIONS AT 6.92 8EV/C WERE STUDIED IN THE ANL 80-IN. 
HYDROGEN BUBBLE CHAMBER. PARTIAL CROSS SECTIONS FOR THE DIFFERENT FINAL STATES ARE GIVEN. THE PEACTION PP• NEUTRON 
N•H23BI++ ~~tiTH SIG"tA .a 1.9 +- 0.3 MB IS ANAL'I'ltU ANO IS tN AGREEHE"'T to;ITH Til( MODIFIED QNE-I)ION EXCHfiNGF. H()nf.L. 
SINGLE-PION PRODUCTION CAN BE EXPlAINED AS DUE MAINLY TC TWO CHANNELS -- Ul PP•N•I 12381++ NEUTRON AND 181 PP•PIN 
PI+J OR PP•PIP PIOJ, WHERE THE IN PJ+I AND IP PIOI PAIRS ARE IN AN I = 1/2 STATE. 

CLOSELY RELATED REFERENCES 
SEE ALSO NUOVO CIMEtHQ 53, 455 119681. 

ADDITIONAL CITATIONS 
PHYS. REV. 154, 1284 119671, PHYS. REIJ. 146, 980 119661, PHYS. REV. 144, 1122 119661, PHYS. REV. 160, 1410 flCJ671, 
NUOVO CIMENTO 33, 3Qij 119641, PHYS. REV. 151, 1306119661, UCRL 18010119671, PHYS. REV. 168, 1773119681, PHYS. REV. 
l25r 2082 119621, PHYS. REV. 162, 1320 119671, NUOVO CI~ENTG 49A, 475 119671t NUOVO CIMENTO 53A, 232 fllj681, PHYS. REV. 
LETTERS 16, 855 119661, ANC PHVS. Htv. lEfTEf<S 17, 789 flq661. 

ARTICLE READ BY OCETTE SENARY IN l/6q, AND VERIFIED ~y LEROY PRICE. 

BEAI'! IS PROTON ON PROTON AT 6.1j2 GEV/C. 

THIS EXPERII''ENT USES TH f!.N.L. 80 I"· (HI BUBBLE CHAMBER. A TOTAl OF 64000 PICTURES ARE REPORTED ON. 

KEY WORCS • CROSS SECTION C1FFERENTJAL CROSS SECTION FITS ANGULAR OISTRIBUTIO~ MASS SPECHIUM 
MODELS DENSITY ~ATRIX CALITZ PLOT RE6L IAMPLJTUOEJ/IMAGINAR'I' IAMPLITUOEI OElTA112381 

CCMPOUNC KEY WORCS • FITS CIFFERENTIAL CROSS SECTION 

(fROM PAGE 1322, TABLE lt AND PAGE 13261 

LABORATORY I!EA" HCI'!ENTU" ~ 6.'120 +- .075 GEV/C. 

RE.IICTION 
PROTON PROTON • 

TOTAl 
CLASTIC 
PROTON NEUTRON PI+ 
PROTCN PROTON PIC 
NEUTRON 0El1Ail2381++ 

DElTA( 1238 h+ 
2 PJ:ICNGS 

PROTON PI+ Ill 

Mill I-BARNS 

42.6 '· 3 
11.4 .5 
5.Z .. 
z.o .z 
1.9 .3 

28.4 .3 

•o. EvE~TS 

20000 

(11 FITTED DISTRIBUTION WITH FIXED ".IISS AND WIDTH ANO TOOK EVENTS ONLY ABOVE tFITTEOI BACKGROUND. 
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ElASTIC OIFFEREI\TIAl CPCSS SECT J(p..; FCR PFICTQ~ PROTON. (FIGURE 2 I 

UBO~HORY eEA,.. I".O~Ef\ TUM . 6.Cil20 ·- ~C75 GEV/C. 

··································· THIS DATA OAS READ FROfi' • GRAPH ................................... 
-T C-SIC::MA/D-1 

IGEV/CJUZ 1":8/1 GEV/C J .. 2 Ill NO. EVENTS 
I';JN M>X 
.01 .02 14.0 2.6 za.o 
.02 .03 ltO.O •• 5 80.0 
.03 .04 sc.o 5.0 100.0 
.04 .05 68.0 5.8 136.0 
.05 .o. 50.0 5 .o 100.0 
.o. .01 54.0 5.2 108.0 
.01 .08 48.0 4.9 9E:.O 
.08 .09 43.0 ... 86.0 
.09 .10 50.0 5.0 100.0 
.IC ... 40.0 •. s ao.o ... . .. 31.0 3.9 62.0 
.12 .13 24.0 3 .s 48.0 
.13 ... zc;.c 3.8 58.0 ... . .. zz.o 3.) 44.0 
.15 .lb 18.0 J.C 36.0 ... .11 za.c 3.7 56.0 
.11 ... 27 .o 3.7 54.0 ... .19 20.0 3.2 40.0 
.19 .20 12.0 2.4 24.C 
.20 .21 \ ~ .o 2.7 30.0 
.21 .22 13.0 2.5 26.0 
.22 • 23 14 .a 2 •• 28.0 
.23 .24 13.0 2.5 26.0 
.24 .25 •• o 1.7 12.0 
.25 .2. 13.5 2.6 27 .o 
• J~ . ,, u.o Lu lloU 
.21 • 28 12 .a 2 •• 2-4.0 
.28 .?0 10.$ 2.3 zt.o 
.29 .30 17.0 .z.q 34.0 
.30 .31 13.5 2.6 27.0 
.31 .32 14.0 2 •• 28.0 
.)2 .33 10.0 2.2 zo.o 
.33 .34 8.0 2.0 16.0 

·" .J!O '•" L.C lU.U 
.35 .3 • '4.0 1.4 A.n 
• )6 .37 •• c 1.7 12.0 
.37 .]8 s.o ... 10.0 
. :4~ .39 2.. 7 t.;> ... 
,)? •• o 2.0 1.0 4.0 
.40 .41 3.0 1.2 6.0 
.4[ .42 o.o 1.7 12.0 
.42 .43 2.0 1.0 4.0 
.43 ... ... 1.5 9.0 ... .45 5.0 ... LO.O 
.45 ... 4.5 1.5 9.0 
.46 .41 4.5 1.5 9.0 
.41 ... 1.0 • 7 2.0 ... .so 1.0 .1 2.0 
.so .51 1.0 .1 2.0 
.51 • 52 .5 .5 1.0 
.52 .53 1.5 .9 3.0 
.53 • 54 .s .5 1.0 
.54 .55 1.0 .1 2.0 
.55 .5. I. 5 .9 3.0 
.~u ,, loU ·' 2.0 
.57 .58 .5 .5 1.0 
.rg ,, ld .. ~.u 
-~"~ ... • 5 .5 1.0 
•• o ... 1.5 .9 3.0 
.61 •• 2 1.5 .9 3.0 

TIS THE !tOHEUTUH TRAr~SHR Dt.:Hd!!N TH! (INC01'11Nli VKUIUNJ ANC THE (QtJTCOING PROTON). 

I 1 I COUNTS ~ERE HULTJPlJEO ev .. 5 TO GET THESE. ERRORS ARE TAKEN AS PROPORTIONAL TO THE SQUARE-ROOT OF THE COUNTS. 

FIT TC ELASTIC DIFFERENTIAL CROSS SECTION FOR PROTON PROTON. (PAGE l3241 

LABORATORY BEA!ol 1'!0HENTUfo1 6.c;zo +- .075 GEV/C. 

DATA IS PIT OV!R •T FR.O~ .04 IU .l:l IGEV/CI••z. TIS tHE MOMENTUM TRANSFER BETWEEN THE [INCOMING PROTONJ AND THE 
[ C:UTGO lNG PROTON I. 

PIII'I::U 1-Uioi.P.ULA IS C:-~IC~A/0-T "' II*EXPIBlTU 

WHER~ 0-SIGMA/C-T IS IN 1'48/IGEV/CJUZ AND -T IS IN IGEV/CI .. Z. 

FITTED VALUES 

A., 89.3+-6.7 
8 .. 1 .. 7 +- .5 

FIT TO ELASTIC OIFFERENTIAl CROSS SECTION FOR PROTON PROTON. 

lARORIITORY SEAl'! MOHENTU!ol. 6.920 +- .075 GEV/C .. 

( P.!toGE l321 I 

DATA I~ FJT OVER -T FRO" .04 TO .. 50 ICEV/CJ·uz. T IS THE MOMENTUM TRAN:)HN BETWEEN THE ( I~COHING PROTO~n AND THE 
I OUTGOING PROTON]. 

FtTHI) FI)DNULII IS 0-SICHA/0··1 a A•EXPIB(Th·CfTUlU 

WHERE 0-SIGHA/0-T IS IN MB!(GEV/CJ••z AND -1 IS IN IGEV/CJUZ., 

f-t TTEO VAlUC3 

.. 94.0 +- 2.5 

.. 9.03 .15 
= 3.6e •- .6c 
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DIFFERENTIAl CROSS SECTION FOR PRCTC~ FRC:TON • DElTA( 12381++ NEUTRON. (FIGURE Bl 
OElTAH2381++ • PROTON PI+ (1) 

LABORUORY eEAH HOMENTU~ :a 6.Ci20 •- .075 GEV/C. 

( BACKGROUND ESTIMATEC TO EE <15 PER CENT. I 

• THIS DATA WAS READ FRO., A GRAPH • 

-T 0-~JGHA/0-T 

CGEV/C 1 .. 2 )o!8/CCEV/CJ .. 2 
MIN MAX 

,QQQ .025 ll.O 
.ozs .a so 13.0 
.oso .075 13.5 
.075 .100 1.0 
.100 .!25 3.7 
.125 .150 •• 1 
.ISO .115 1.7 
.175 .zoo •• o 
.zoo -~l~ 3.0 
• 225 .zso 1 •• 
.250 .275 2.0 
.275 .300 1 •• 
.:suu .3L5 z.• 
.325 .350 .o 
.350 .375 loU 
.375 .400 .. 
.400 • 425 .o 
.425 .450 1.0 
.450 .475 .5 
.475 0 500 .3 
.sao .525 .. 
• 525 . sse .. 
.550 .575 .. 
.575 • 600 .. 

TIS THE MOMENTUM TRANSFER BETWEEN THE liNCOMING PROTOf\11 AND THE IOELTAI12381++J. 

( 1 l CCUNTEO All EVENTS IN MASS RAND. 

'r;.;12 A BUBBLE-CHAMBER STUDY CF PROTOfri-PRGTON COLLISIONS AT 4 GEV/C. II. - MUll JPLE PION PRODUCTION. L:!!:.J 175 1196811 
INUOVO CIMENTO 58A, 

L. BODIN J,L.CASE ,J .K IOC,L.fi!ANOELLI, V.PELOSJ, S.RA TTl, V.RUSSO ,L. TALLOt-.'E (UN IV. 0 I "'IL~t>G, MILANO, ITALY 1 
C.CASO,P.CONTE,jo!.QAHERI,O.TOI-IASINJ lUtHV. Dl GENOVA. CENOVA, ITALY) 

ABSTRACT ABOUT 50,000 PICTUP:ES WEJI:E TAKEN IN THE 81 CH SACLAY HYDROGEN BUBBLE CHAMBER EXPOSED /IT THE CERN 
PROTON-SYNCioiROTP.ON TC A SEPARUF.n RHH OF 4 C.F.V/C INCIDENT HOME~TVM PROTONS. CROSS-SECTIONS FOR THE VARIOUS CHANNElS 
FOR MULTIPLE PION PROOUCTICN .6RE REPORTED, AS WEll AS PRODUCTION CROSS-SECTIONS FOR BARYON AND BOSON AfSONANCES, 
TAKit>G INTO .6CCOUNT THE PEII:IPHERAl 9Et-:AVIOUR OF THE INTERACTION IN THE E~ALUATION OF THE BACKGROUND. ALL THE CHANNELS 
APPEAR TO BE DOMINATED BY THE N•ll2361 ISOBAR PRODUCTION, WHILE THE PRESENCE OF HIGHER ISDRARS DOES NOT SEEM TO 
AFFECT APPRECIABLY THE GENERAL FEATURES OF THE DIFFERENT REACTIONS. THE ONLY ClEAR EVIDENCE AMONG THE BOSON 
RESONANCES IS FOR ETA ISIG~AIETAI"' 10.04 +- 0.021 MBJ AND OMEGA ISJGMAIOMEGAI "IO.C8 +- 0.031 MBJ. THERE IS NO 
STRONG EVIDENCE FOR THE I a 5/2 ISOBAR AROUND 1.58 GEV/C-SQUAREO. FINAllY AN ANALYSIS OF REACTIONS PRODUCING ...:OFtE 
THAN ONE NEUTRAL PARTIClE t:AS BEEN TRIED, AllOWING AN ESTIMATE OF THE MEAN MULTIPLICITIES FOP BOTH CHARGEC AND 
UNCHARGED PIONS. 

CLQSELY RELATED REFERENCES 
THIS ARTICLE SUPERSEDES SIENNA CCNFERENCE 1 348 11Q631. 
THIS ARTICLE SUPERSEDES PART OF PHYS •. LETTERS 16, 15 (1Q651. 
CONTINUATION OF PREIIICUS EXPEAII'ENT IN NIII)VO f.IHF.NTO 49A, 479 119671. 

AOOIT IONAL CITATIONS 
NUQVO CIMENTO 43Ar 1210 11966lr UCRL 8030 JAN. (19681, CERN 65-7 (19651, CERN 66-18 (196b), CERN TH 837 (1Q671, P~YS. 
REV. LETTEII:S 17 1 884 (19661, PHYS. REV. 1388 1 190 11Q651 1 PHYS. REV. lETTERS 15, 468 119651 1 NUOVO CIMENTO 55A, 66 
(1Q681, NUOVO CIMENTO 50A, 1000 11-~671, NUOVO CIHENTO 24r 453 ClQ621, CORAl GABLES CONFERENCE 89 09651, PHYS. REV. 
LETTERS 15, 207 ( 19651, PHYS. lETTERS 21, 582 I 1Q661, AND PHYS. REV. 154, 1284 I JQ671. . 

ARTICLE READ BY ODETTE SENARY IN l/6t;, AND VERIFII::U !JV U::HUT ... RIL.t. 

BEAP-1 IS PROTON ON PROTON AT 4 GEV/C. 

THIS EXPERIMENT USES H~E SAC LAY 81 Cfo' (HI BU8BLE CHAMBER. A TOTAL OF 50000 PICTURES ARE REPORTED ON. 

KEY WORDS • CROSS SECTION ANGULAR DISTRIBUTION 
DELTAI12381 ETAC5481 OHEGA(1831 

COMPOUND KEY WORDS • FITS ANGULAR DISTRIBUTION 

LABCRATORY eEAH fo'OHENTUM ~ 4. GEV/C. 

REACT ION 
PROTON PROTON • 

PROTON PROTON PI+ PI
PROTQN PROTON PI+ PI- PIO 
PROTON NEUTRON PI+ PI+ PI
PROTON NEUTftON Pt+ HH!lPJO 
PROTON PROTON I'H!2PIO 
NEUTRON NEUTRON PI+ PI+ Hfo'!OPIO 
4 PRONGS 
f. PRnNr.f. 

FITS MASS SPECTRUM DALITZ PLOT 
'N•(l688) I N•C 15201013 

(TABLE 11 

MILLI-BARNS NO. EVENTS 

2.95 .!5 1206 
1.10 • !0 ••• 
1.60 .10 636 
3.au .60 .. , 
1.20 .30 203 
1.50 .30 254 
7.50 .20 3066 
.09 ,QZ •• 

CROSS SECT JON FOR PROTON PRCTON • PROTON NUCLEON RHOC 7651 PION. I PAGE 489 I 

LABORATORY 
BEAM J'GHENTUH 

GEV/C .. HI CR C-BAR,_S 
< ISO • 

MODELS 



LABORHORY I!EAI": ~Q~EI\'TU"' "' 4. GEV/C. 

REACT ION 
PROTON PROTON • 

PROTON PROTON ETA( 51t81 
ETA(54BI • PI+ PI- PIO Ill 

PROTON PROTON CKEGAI7831 
OHEGA(7831 • PI+ PI- PIO 121 

210 

t PAGE 4q0} 

Hllli-SARNS 

.04 ·- .oz 

.08 .03 

(lJ FITTED DISTRIBUTION WITH FIXED !'!ASS AND WIDTH AND TOOK EVENTS ONLY ABOVE (FJTTECI BACKGROUND. 
121 FITTS:D FOR MASS AND/OR "'lOTH ( MASS" .784 GEVO WIDTH= .014 GEV lt AND THEN TOOK ONLY EVENTS A80VE (FJTTEOI 

BACKGRCUNC. 

LABORATURY Ht:AP. MUMtNIUP' = 4. GEV/C. 

REACTION 
PROTOto PROTON • 

OELTAI12381++ t-;•tl5201C 
OELTAI12381++ • PROTOt. PI+ Ill 
N*f 152010 • PRCTON PI- PJO ( 11 

DEL TAl 1238H+ 'N•Il68810' 
DELTAI12381++ • PROTO!\' PI+ ( 11 
1 1\'*1168810' • PRCTON FI- PIO lll 

(PAGE 4911 

I" ILL I-BARNS 

.04 ·- .04 

.12 .07 

(1] FITTED DISTRIBUTION WITH FIXED ~ASS AND WIDTH AND TOOK EVENTS ONLY ABOVE IFJTTEDI BACKGROUND. 

LABORATORY eEAM MO~ENTU~ ., 4. GEV/C. 

REACT ION 
PROTON PRGTON • 

0EtUI12381++ DELTA( 12381- PI+ 
DEtTAI12381++ • PROTO~· PI+ Ill 
OFI TA(l'.lAI- • t.:EIJTPO,. PI- tll 

DHU1123Bit• r~EUTAON rll PI-
DELTAtl2381++ • PROTO/\ PI+ fl J 

0EtTAI12381- PROTON PI+ PI+ 
DELTAC12381- • NEUTRON PI- llJ 

(PAGE 493 J 

HtCRC-BARNS 

640. +- 100. 

~ 30. 

< 100. 

Ill FIT.TEO DISTRIBUTIOf\ WITH FIXED "'ASS AND WIDTH AND TOOK EVENTS ONLY ABOVE (FJTTEDI BACKGROUND. 

LABOR.6TORY f!EA,.. MOMENTUM ., 4. GEV/C. 

REACT ION 
lil'lii'OTn&' ARr1T0~1 • 

PROTON PI+ NeUTRON PIO 
PRGTQN PI+ NEUTRON PIO PIO 

l TABLE 3 J 

~ILLI-BARNS 

3.8 
1.8 

.) 

.2 

~ELASTIC PROTON-PROTON SCATTERING AT <C OEG. AND STRUCTURE WITHIN THE PROTON 

. ---- C.W.AKERtOF,R.H.HlEBER,A.O.KIRSCH (Ur\IV. OF "ICHIG~N, ~NN ARBOR, HICH., USA) 
K.W.I:UW.IIROS liJNIV. OF IOWA, tOWA CitY, IOWA, USAJ 
L.G.RATNER (ARGOf\NE NAT. LAB., ARGONNE, Ill., USAJ 
K.llUOOICK IUNIV. OF MINNeSOTA, "'INNEAPOliS, P11NN., U:)AJ 

(PtiYS. REV. 159, 1138 1196711 

ABSTRACT THE CIFFERENTIAt CRCSS SECTION OF PROTON-PROTON ELASTIC SCATTERING AT 90 DEC. IN THE CENTER-OF-JI!ASS SYSTE~ 
WAS MEASURED AT LABORATORY MOMENTA RAfi;GING FROM 5.0 TO 13.4 GEV/C. FIFTY-ONE MEASUREMENTS WERE HADE AT MOMENTUM 
INTERVALS OF 100 OR 200 MEV/C. THE EXTRACTED PROTON BEAM OF THE ZGS IMPINGED UPON A CH2 TARGET. THE TWO SCATTERED 
PROTONS WERE DETECTED BY ThO SPECTROMETERS CONSISTING OF MAGNETS AND SCINTILLATION COUNTER TELESCOPeS Jr.: COINCIDeNCE. 
THf INCIDENT &I!A/1 FlUA WAS l'lt:AHKt:U HY KAUIUCHEMICAL ANALYSIS OF THE C.H2 TARGETS. THE EXPERIMENT SHOWED NO EVIDENCE 

~~~~ ~~~ r S~~' 1 ~~~!. ~ !~:~~?~are~g~~~c~~D ~~H~·t1iwU~~~c I i~08F11 ~~EH~~~T~~~~~G !!P~~ ~~o~~ F~~~n M~~~F ~~~~~:;~; ~~N R~;~~~ ~~.:THE 
EXPERIMENT WAS A SHARP BREAK IN THE FIXED-ANGLE CROSS SECTION. THr~ MAY RF FVl(lf.II!CE FQA. THE EXIUENCE OF TWO INNER 
AHIONS OF THE PROTON WIT~ RADII 0.51 +- .02 AND 0.34 +- .02 F. 

CITATIONS 
PHYS. REV. LETTERS 10, 376 (1963), PHYS. REV. LETTERS 10,543 Cl9631t PHYS. REV. LETTERS llt 425 11963), PHYS. REV. 
LETTERS 11, 503 119631, PHYS. REV. LETTERS 15, 45 11965), NUOVO CIMENTO 13, 60 119651, PHYS. REV. LETTERS 15, 309 
119651, PHYS. REV. LETTERS 15,313119651, PHYS. REV. LETTERS 15,838119651, PHYS. LETTERS 10,248 fl9bo41, PHYS. 
REV. LETTERS llt 287 (1963t, PHYS. REV. 138, 8707 (1965), PHYS. REV. 132, 1252 (19631, PHYS. REV. LETTERS 15, lt68 
(1905), PHYS. REV. 134, I:HC'III ll.,.b41, PHYS. REV. LETTERS 16, 709 1196blt Pt'YS. REV. LETTERS 14, 862 (19651, PHYS. 
REV. LETTERS 16, 828 11966), PHYS. REV. LETTERS 16, 968 (1966), PHYS. LETTERS 19, 345 119651, JETP 2 255 11965), 

~~;~cn~E ~i, L~~~E~~ ,~~;, 1 !f~~ l! 1 ~~~ ~ 'l :~i !;~ R~~: ~ i~T ~i~b! ~: ~~~ ~ ~ q~~~: ~~~~o u ~r;e7Ig6; ~: ~~~N' ~~~;~h~8~s;_,:er i 9621 , 
UCRt 16275119661, PHVS. LETTERS 23,389 Cl9661, PHYS. REV. 107. 859 119Cj7J, PHY~- tFTTEAS lttt 164119651, ANt LCR-7, 
PHVS. REV. 128, 2392 119621, ANNUAL REV. OF NUCLEAR SCIENCE 13, 261 119631, ANL RJL-2, ANL RJL-3, ANL RJt-5, ANL RJL-6, 
PHYS. REV. LETTERS lOt 357 11963), P:EV. MOO. PHYS. 36, 649 119641, PHYS. REV. LETTEP:S 11, 217 119631, PHYS. REV. 135, 
81456 11964), PHYS. LETTERS 7, 198 (1963), PHYS. REV. LETTERS 12, 200 11964), PHYS. REV. 135r 81263 11964l, NUOVO 
I:,IIIIEt.ITO 33, 1167 (19641, PHYS. REV. 137, IHOO? C1?G51t PHYS. REV. 137, 8147 119&51t PHYS. JcEV. Bb, 81163 11Gl641, PHYS. 
REV. 136,8787119641, PHYS. LETTERS 12,229119641, PHYS. REV. 137,8708119651, PHYS. REV. 146, 1075119661, NUOVO 
tiHENTO ZB, 798 11963J, ruvs. tCTHRS ~t 2!iZ 1196]1, PHYS. LETTERS 7, lb ll':lbJI, REV. MOO. PHYS. 36, 6S5 tl964., 
PHYS. LETTERS 14r 164 119651, PHYS. REV. 150, 1372 I P~66), NUDVO CIHENTQ 27, 203 (1963), NUOVO CIMENTO 27, 856 ( 19631 t 

NUCVO CIHENTO 33, 643 11964), PHYS. LETTERS 8, 281 11Ci641, NUOVO CI"'ENTO 35, 210 (19651, NUOVO CIMENTO 35, 1211 11965), 
NUOVO CIHENTO 34, 61Ci (19641, Pt'.YS. REV. 134, 8682 119641, ENRICO FERMI INSTITUTE 64-11, PHYS. REV. 137, 8117 IP;651 t 

PHYS. LETTERS 13, 190 (1964), CERN 66-18, PHYS. LETTERS 6, 365 119631, PHYS. REV. LETTERS 17t 1105 (19661, PHYS. REV. 
LETTERS 14, 1091 (19651, HYS. REV. LETTERS 16, 913 ll966lt CERN TH-406 119041, ANNALS OF PHYSICS 23, 390 119631, 
CERN 66/TH686, PHYS. LETTERS 8, 80 119641, PHYS. REV. LETTERS 12, 257 (19641, PHYS. REV. 137, 87C8 (1965), AND PHYS. 
REV. LETTERS 17, ll92 (1966). 

ARTICLE READ BY LEROY PRICE IN 10/67, AND VERIFIED BY ODETTE SENARY. 

BEAM IS PROTON ON HYDROGEN COMPOUND FRC:,.. 5.0 TO 13.4 GEV/C. 

THIS EXPERIMENT USES COUNTERS. 

KEY WORDS • PROTON CROSS SECTION DIFFERENT tAt CROSS SECT ION MODELS FORM FACTORS 
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ELASTIC DIFFERENTIAL CRCSS SECT ION CAT FIXED ANGLE OR f) FOR PROTON PROTON. (TABLE 11 

THETA a qo. DEGREES. THETA IS THE AtiGLE THAT THE PROTON MAKES WITH THE BEAfol.IN THE GRAND C.M. 

LABORATORY 0-SJ G~A/0-C"EGA 
EE AI" f'CiMENTUH 

GE~/C Ill Ue/SR I Zl 
PER CENT 

s. coo .005 8.5100 z .9 
5.10~ .005 7.90CO 3.3 
5.200 .oos 7.0900 3.1 
5.300 .005 6.4900 3.6 
5.40( .cos 5.53CC 3.1 
5.500 .oos 4.9000 3.4 
!:i.C.OO .oos 4.47r.O 3ol 
5.700 .oos 3.7200 3.3 
s. 800 .005 3.3700 3.3 
S.CJOO .005 2. HOD 3.5 
6.000 .005 2.4400 3.1 
6.100 .005 2.1CJCO 3. 7 
6.200 .cos 1.8300 3.7 
6.400 .a no; 1.5000 3. 7 
6.600 .cos 1.07CC 4. 7 
6.800 .005 .7960 4 0 7 
l.COC .cos .6450 4.1 
7.200 .005 .5150 4.0 
7.400 .cos .3860 4.e 
7.60C .cos • 3050 5.4 
7.800 .cos .25~0 •• 5 
e.ooc .cos .2170 4.5 
8.100 .oos .161i0 3.9 
8.200 .005 .1720 4.4 
8.300 .cos .1540 3.8 
8.4QC: .005 .15~0 4.6 
8.600 .005 .1270 4.6 
a. sao .00!:1 .1030 4.8 
9.000 .005 .oeo9 4.6 
9.200 .005 .0180 4.3 
9.400 .cos .0676 5.3 
9.600 .005 .0589 4.9 
9. 800 .cos .0536 4. 7 

10.000 .005 .04f8 4.9 
10.200 .oos .0440 4.8 
10.1t00 .cos .0386 4. 7 
10.600 .oos .03S6 4.8 
1(.800 .005 .0303 4.9 
11.000 .oo5 .02S4 5.5 
11.200 .cos .0255 5.4 
11.400 .oos .0202 5.4 
11.600 .cos .0190 5.Z 
11.800 .005 .01'3 5.1t 
12.000 .005 .0143 5.4 
12.200 .oos .0118 5.3 
12.ttU(; .co' .0116 5.4 
12.600 .oos .0095 6. 3 
12.800 .005 .0087 5. 7 
13.000 .005 .0074 5.< 
13.200 .005 .0072 7.1 
13.400 .005 .0053 5. 7 

l 11 PLUS POSSIBLE SYSTEIIATIC ERROR OF 
(2 J PLUS POSSIBLE SYSTEMATIC ERROR OF 

.5 PER CENT. 
2 PER CENT. 

f"'A""A1NUCLEON-NUCLEON POLARIZATION BETWEEN 300 AND 700 MEV. IPHYS. REV. 

L.:!.:!.IO.CHENG,B.MACOONALO (U.C. LAWRENCE RAO. LAB., BERKELEY, CALIF., USAJ 
J.A.HELLANO lUNIV. OF c.&LJF., LOS ANGELES, CALIF., USAI 
P.H.OGOEN [SEATTLE PACIFIC COLLEGE, SEATTLE, WASH., USA) 

163, 1470 ll967J J 

ABSTRACT THE POLARIZATION P6R6HF.TER PITHETA *IHAS BEEN MEASURED AT BEAM ENERGIES OF 310, 400, 500, 600, AND 700 MEV 
OVER THE RANGE IN THE C.M. SCATTERING ANGLES 30 DEG :S THETA * :Sl)U UEG. TO AN ACCURACY Qr: lYriCALLY ._ 0.03 FnR PN 
SCATTERING, AND +- 0.02 FOR PP SCATTERING. A POLARIZED PROTON BEA1'4 WAS SCATTERED FRO~ AN UNPOLARIZEO 
TARGET--DEUTERION FOR QUASIFREE PN ANO PP MEASUREMENTS, HYDROGEN FOR FREE PP MEASUREMENTS--AND BOTH QF THE OUTGOING 
NUCLEONS FROM THE (QUASI-) ELASTIC SCATTER WERE DETECTED BY A"' ARRAY OF 27 SCINTILLATION COU"'TERS IN MULTICHANNEL 
CCiiNCIOENCES. IT WAS FOUND THAT PCTHETA *I FOR PP SCATTERING CAN BE APPROXIMATED BY A SIN THETA *COS THETA *• WHERE 
A VARIES FROJO: -0.25 AT 310 MEV TO -0.4 AT 700 MEV IN THIS RANGE. A COMPARISON OF PITHETA *I FOR FREE AND OUASIFPE"E PP 
SCATTER lNG REVEALS GOOD AGREEMENT BET\oiEEN THE TWO. 

CIT AllONS 
PHYS. REV. 85, 947 119521, UCRL 11339 119&41, UCRL 121 119491, PHYS. REV. 117, 4B5 119591, PHYS. REV. 137, B62C 119651, 
6110 uef'L ll'lCt. I 1?U I. 

ARTICLE READ BY ODETTE SENARY IN 1/6S, AND VERIFIED BY LEROY PRICE. 

BEAH NO. 1 IS rROTON ON PPOTON FAn~ .823 TO 1.343 GEV/C. lBEAM KINETIC ENERGY"" .31 TO .70 GEYl IPOLARIZEO BEAM, 
NO. 2 IS PROTON ON CEUTERCN FROM .823 TO 1.343 GEYIC. (BEAM KINt:llC ENERGY .... 31 TO .70 CEVJ IPOL.I\P.llEO RF.6Ml 

THIS EXPERIIIENT USES CCI.:NTERS. 

GENERAL CCMJI!ENTS IJN THIS ARTICLE 
1 BEAM IS POLARIZEC BY SCATTERJt.'G ON CARBON. 

KEY WORDS • POLARIZATION FilS 

COMPOUND KEY WORDS • FITS PCL.eRIZATICN 

ElASTIC POLARIZATION FOR PROTON PROTON. (TABLE 4 J 

LABORATORY BEAM ENERGY "' .1 GEV. 

C CSJNG HYDROGEN TARGET I 

THETA POLAPJZATJON Ill 
DEGREES 

30.8 lo 1 • 555 .019 
35.7 lo 1 .o;n .OlZ 
43.2 3.5 .sse .016 
52.4 3.1 .529 .022 
60.1 3.6 .474 .ell 
68.7 3.3 .3S~ .C39 
17-0 3.6 .255 .015 
86.1 3.5 • 10.:;, .038 

THETA IS THE ANGLE THAT THE PROTON !lAKES WITH THE BEAM IN THE GRAND C.H. 
THE POLARJlATION IS CF THE PROTON ALONG THE NORMAL TO THE PRODUCTION PLANE IN THE GRANC C.M. 



ELASTIC POLARIZATION FOR PROTO~ PROTO~. 

LAE!QRATORY BEAH ENERGY o .6 GEV. 

( US 1 NG HYDROGEN TARGET t 

THETA 
DEGREES 

.)3.6 ·- z.s 
34.5 1 .. 5 
46. 1 3.6 
49.5 3.2 
l:).t 3.6 
65.6 3.4 
ao.z 3.6 
82.9 3.5 

POLARIZATION l lJ 

.513 +- .ClO 

.595 .C35 
• 516 .010 
.484 .010 
.399 .(119 
.361 .C38 
.168 .010 
• 114 .czs 
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ITABLE 41 

THETA IS THE ANGLE THAT THE PROTON )lAKES WITH THE BEAM IN THF: GAP.ND C.M. 
TIU: POLARIZATION IS UF THE PROfCN ALONG THE NORMAL TO THE PRODUCTION PLANE IN THE GRANO C.H. 

( 1 l PLUS POSS16LE SYSTEJI'Allr: F.RRnR OF •- 3 PER CI::NT. 

ELASTIC POLARIZATION FOR PROTCN PROTON. (TABLE 41 

LABORATORY BEAM ENERGY • .5 GEV. 

I IJS lNG HYCROGEN TARGET J 

THETA POLAR IZA liON ( l I 
DEGREES 

33.7 - 2.3 .490 ·- .ou 
36.8 ·t.o .510' .059 
4t.9 3 •• .461 .rae 
48.7 3.1 .452 .014 
~4.1 ... .270 .010 
64.6 3.3 .313 .025 
81.3 3 •• .107 .C15 
81.8 3.5 .11~ .016 

THETA. IS THE AN\iLt THAT THE PROTON H.6KES WITH THE BEAH IN THE GRANO C.H. 
THE POLARIZATION IS Of THE PROTON ALONG THE NORMAL TO THE PRODUCTION PLANE IN THE GRANO C.H. 

Ill PLUS POSSIBLE SYSTEfo'ATJC ERROR OF •- 3 PER CENT. 

EUSTJC POLARilATIGN FGR PROTOtl. PROTCN. 

LABORATORY eEAH ENERGY = .4 GEV. 

I U~INr. HYIJRGGEN TARGET I 

THETA 
OEGREES 

33.8 ·- 2.3 
47.8 3.1 
lt8.0 3.6 
6). 5 3.3 
6'.;2 j., 
80.6 3.5 
l!r.s :,,.T 

POLARilATlCN Ill 

.442 +- .OH 
• 419 .008 
.419 .(!11 
.275 .cce 
.212 .C1o 
.105 .008 
.CS4 .t.l!~ 

(TABLE 41 

THETA IS TH~ ~~GI..E THAT THF PROHN MAin;~ !HTH Tlll:i OCA!I 1U T~~ GP.AAO '-•PI• 
IHE POLAAJZAfiON IS OF THf: PROTON A"-QNG Tt'tE NORHAI Tn THF DVI){UJCTIO~I rt.Arl( U4 lll~ GP.At•c \..1"1. 

Ill PLU.S POHI8LE: !!:Y!,IE:fo'ATIC ERrtOR OF+- 3 PER CENT. 

CLA5TIC POLAP.IlA'It(:N fUM PROTOt.· PAOTCN. IHBLE 41 

LABORATORY BEA~ EHRGY .31 GEV. 

I US lNG HYDROGEN URGET I 

TIIHA PULAF' ILA II UN t 1 I 
DEGREES 

.;,.b ... .i!.'t .tt02 ·- .025 
tt7.3 2.8 -374 .CC7 
50.1 2.7 .362 .ou 
62.4 3.2 • 216 .CC1 
66.3 J .. 7 .i!ll .eoe 
79.(t 3.5 .111 .001 
83.7 3.b .035 .cos 

THETA IS IHt ANGLE THAT THE PROTON MAKES WITH THE BEAM IN THE GRANC C.H. 
THE POLARIZATION IS CF THE PROTON ALONG THE NORMAL TO THE PRODUCTION P!,!IN!; IN JI'IE GRANn r..M. 

(11 FLUl i"Ol.S18LI: SVHE:MATtt EAROR OF+- 3 PER CENT. 

ELASTIC POLAR IZAT ICN FOR PROTON NEUTRON. 

LABORATORY BEAM ENERGY • • 7 GEV. 

I US lNG OEUTER HIM HAGEl. t 
OLtJUDfP: COKKt:I..IIUN AJ.IPllED 

THETA 
DEGPEES 

29.5 ·- 6.7 
44.3 6.7 
60.4 6.5 
11.1 6.0 
93.8 5.7 

110.9 5.4 
127.1 5.3 
143.2 4.9 

PCLHil.6TJON 11 J 

• 334 ·- .021 
.305 .Ol1 
• 157 .033 

-.068 .030 
-.352 .C26 
-.411 .C32 
-.247 .019 
-. 146 • C19 

(TABLE 31 

THETA IS THE ANGLE THAT THE PROTON MAKES WITH THE BEAM IN THE GRANO C.H. 
ThE POLARIZATION IS OF THE NEUTRON ALONG THE NORMAL 10 THE PRODUCTION PLANE IN THE GRANO C.M. 

l 11 PLUS POSS ISLE SYSTEfo'A TIC EPROR OF +- 3 PER CENT. 



ElASTIC POLARIZATJCN FCR PROTON NEUTIICI\. 

LABORATORY BEAI" Et\ERGV " .6 GEV. 

C US lNG DEUTER lUI": TAP GET J 
GUUBER COPRECTICN APPLIED 

THETA PGUJIIZATION ( 1 I 
DEGREES 

33.0 6.0 • 364 .Q40 
48.5 s.a .251 .C41 
64.8 5.6 .C84 .C30 
81.3 5.7 -.155 .028 
cn.a 5.6 -.315 .C31 

114.7 5.6 -.345 .C30 
1~0. s 5.6 -.7ltl .023 
145.6 5.1 -.090 .C23 
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[UeLE 31 

THETA IS THE ANGLE THAT THE PRQTGN MAKES \oiiTH THE BEAM IN THE GRANt C.M. 
THE POLARIZATION IS CF THE NEUTRON ALONG THE NORMAL TO THE OROOUCTION PLANE IN THE GRANO C.H. 

( 1 J PLUS POSSIBLE SVSTEJI'ATJC ERRCA OF +- 3 PER CEH. 

ELASTIC POLARIZATHN FCR PROTON NEUTRON. 

LABORATORY BEfiM ENERGY • .5 GEV. 

( USING OEUTERIUH TARGET I 
GLAUBER CORRECTICN APPliED 

THETA PCLAFIZATIO"l [1) 
DEGREES 

33.4 s.a .297 .C21t 
48.5 6.1 .255 .C16 
61t. 7 5.9 .oc;o .cu 
81.2 5.9 -.155 .017 
cn.9 5.9 -.264 .018 

115.0 5.9 -.263 .en 
13C.9 5.7 -.147 .011 
145.2 4.9 -.111 .Cl7 

(TABLE 31 

THETA IS THE ANGLE THAT THE PP:OTON MAKES \oilTH THE BEAM IN THE GP:ANC C.M. 
THE POLARIZATION IS OF THE NEUTRON ALONG THE NOP:MAL TO THE PRODUCTION PLANE IN THE GRANC C.M. 

I 1 J PLUS POSSIBLE SYSTEI'ATIC ERROR OF +- 3 PER CENT • 

EL.ASTIC POL~RIZATICN FOR PPOTCN NEUTRON. 

LABORATORY BEAM ENERGY • .4 GEV. 

( US lNG DEUTERIUM TAPGET J 
GLAUBEP: CORRECTICt\ APPLIED 

THETA POLU IZU ION ll I 
DEGREES 

33.1 6.9 -~11 .087 
4B.3 6.9 .264 .023 
66.6 7.2 .089 .OJ2 
83.1 7.0 -.152 .026 
99.7 6.8 -. 309 .025 

116.5 6.6 -.272 .022 
131.1 5.9 -.158 .018 
144.3 5.1 -.104 .056 

(TABLE 3 I 

THETA IS THE ANGLE THAT THE PROTON MAKES WITH THE BEAM IN IHI:. t;FIANC C.H. 
THE POLARIZATION IS OF THE NEUTRON ALONG THE NORMAL TO THE PRODUCTION PLANE IN THE GRANO C.H. 

( lJ PLUS POSSIBLE SYSTE,..ATIC EPROR OF +-·3 PER CENT. 

HASTIC POLU IZAT I CN FOR PROTCN NEUTRON. 

LABORATORY 8EAH ENERGY • .. 31 GEV. 

I US lNG DEUTERIUM TAPGET I 
GLAUBER CORP.ECTION APPI lF.O 

THET.A PHAPIZATION l1l 
DEGREES 

33.1 6. 7 .421 .C38 
47.8 7.2 .287 .026 
66.7 8.1 .o~n .o2c 
83.2 s.o - .. 114 .024 
99.8 7.8 -. 23c; .Cl9 

116 .. 5 7 .. 6 -.218 .Cl6 
13C.7 6.8 -.174 .018 
141.5 7 .. 2 -.1:!3 .C31 

(TABLE 31 

THETA IS THE ANGLE THAT THE PROTON MAKES WITH THE BEAM IN THE GRANC C.H. 
THE POLARIZATION IS OF THE NEUTRON ALONG THE NORMAL TO THE PRODUCTION PLANE IN THE GRANC C.M. 

111 PLUS PO:i~IUL[ &'t'&TBio'ATIC F.RRnR OF •- 3 PER t~NT. 
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~ISOBAR PRODUCTION HECHANIS•S IN PROTCN-PROTON COLLISIC•S AT 5 GEV/C. IP"VS. REV. 161, 1387 1196711 

A.P.CDLLERAINErU.NAUENBEf:IG (PFII!~.CETCII. UNJV., PRINCETON, N.J .. USA, AND PRINCETON-PENN. PROTON ACCEL., PRINCETON, 
N.J.,US~1 

ABSTRACT APPROXIMATElY 75CO FOUR-PRONG PROTON-PROTON COLLISIONS AT 5 GEV/C. HAVE BEEN STUDIED USiNG THE BNL 80-JN. 
HYDROGEN BUBBLE CHA/'!BER. H'E THREE PIHNCIPAL REACTIONS STUDIED WIT ... THEIR CROSS SECTIONS ARE lA) PP•PP PI+ PI- 2.96 
+- 0.12 MS, 181 PP•PP PI+ PI- PIO 1.76 +- 0.07 MBt ICI PP•P N PI+ PI+ PI- 2.19 •- 0.09 MB. IN EACH REACTION BOTH 
SINGLE AND OCUBLE N• PROCUCTION OCCURS ANC THE DECAY ANGULAR DISTRIBUTIONS AND DENSITY MATRIX ELEMENTS HAVE BEEN 
CALCULATED WI-IENEVER POSSIBLE. THSE P.6RAMETERS INDICATE THAT PSEUOOSCALAR IPIONI !:XCHANGE APPEARS TO BE OONIMANT AT 
LOW VALUES OF MOMENTUM TRAl\SFER AND THAT AT HIGHER MO~ENTUM TRANSFER ABSORPTIVE EFFECTS BECOME I~PORTANT. WE FIND NO 
EVIDENCE FOR RHO EXCHANGE IN THE REACTION PP•NOu N•O. THE FOR14ATJON OF THE ETA AND OMEGA MESON RESONANCES IS 
OBSERVED IN REACTION 181, BUT IN NONE OF THE REACTIONS STUDIED IS ANY SIGNIFICANT AHO-MES0"4 PRODUCTION fOUND TO 
OCCUR. IN REACTICN CCI WE FINC A DEVIATION FROM PHASE SPACE IN THE REGION OF THE 1580-MEV MASS SUMP IN THE P PI+ PI+ 
11=5/21 SYSTEM WHICH WAS OBSERVED BY ALEXANDER ET AL., BUT WE ASCRIBE THIS DEPARTURE FROM PHASE SPACE AT OUR ENERGY 
AS BEING PRINCIPALLY DUE TC N••• AND N•- FORMATION IN THIS CHANNEL. 

CLOSELY RELATED REFERENCES 
SEE AlSO PRINCETON-PENN ACCELERATOR PPAD-60CF 11966). 

A COlT tONAL CITATIONS 
BNL BC-H-10, CERN CD/63/12 1196~), CERN 00/62/10 11962), BNL BC-04-3-B 11965), PHYS. REVe 128, 1836 119621, PHYS. 
REV. 129, 2835 119631, NUOVO Clfi'EtiTO 3ltt 1644 IIQh~\, PHVS.' R,V. 101, 1510 119~61t NU0"¥0 C.JPitNIU 3Ut 240 (19631, 
PHYS. REV. 144, ll22 119661, PH'fS. REV. 101, 1149 119561, PHYS. REV. 134, R1062 119641, PHYS. REV. LETTERS 17, 884 
(19661, PHYS .. REV. LETTERS 11, 90 119631, PHYS. REV. 134, 8109~ 119641, AND PHYS. REV. LETTERS 15, 207 119651. 

ARTICLE READ BY ODETTE BEN/JAY H. llH7, AND VERIFIED BY LERCY PRICE. 

BEAM IS PP:CTON ON PROTON AT lt. 95 GE\1/C. 

TI-!IS EXPERIMENT USES HE B.N.L. 80 IN. IHJ BUBBLE CHAMBER. 

KEY WORDS • CROSS SECTION MASS SPECTP:UM ANGUUP: DISTP: IBUTION 
DEUTERON ETAI5481 OMEGA(7831 RHOI7651 

~,.ABCRATORY eEA~ ~CMENTU., • 4.95 +- .03 HV/C. 

REACTION 
PROTON PROTON • 

PROTON PROTON P 1 + P 1,
PROTON PROTON PI+ PI- PIO 
PROTnN NEUTP.ON PI+ PI+ ri
CEUTERON f'l' PI+ PI
DEUTERON PI+ P.t+ PI- PIO 

LABORATORY BEA,. MCMENTU,.. • 't.95 +- .03 GEV/C. 

REACTION 
rno'o'' PP.Cli:J.., • 

PROTON PROTON OMEGA I 7831 
nnoH~! Pr.QTOU fTA I Hb I 

(TABLE 11 

[PAGE 14011 

MILL I-BARNS 

2.96 ·- .12 
1.76 .07 
2.19 .09 
.oz .01 
.ua + .01 

.o> 

Mlll.J ... H,o\P.~l~ 

.l1 t- .02 

.12 .C'• 

MODELS DENSITY MATRIX 

NO. EVENTS 

2680 
1592 
1985 

21 
73 

[illPROTON-PROTCN SCATTERING AT 970 HEV. (PHYS. REV. lH• 81017 I ,qh411 

O.V.BUGG,A.J.OXLEY,J.A.ZOLL,J.G.RUSHBROOKE,V.E.BARNES (CAVENDISH LAS., CA~B. Ut-;JV., CAMBRIDGE, ENGLANOJ 
J.B.KINSON, W.P.OOOD,G.A.OORI6N,L.RIODIFORC [81RMINGHAI'1 UNIV., RIR141NGHAM, ENGLANDI 

DEL lAC 12381 

ABSTRACT PROTON-PROTON SCATTERING HAS BEEN STUDIED AT ~70 MEV USING THE,BlR,..INGHAM UNIVERSITY 1-BEV SYNC .. :ROTRON AND A 
9-IN.-DIAM LIQUID-HYDROGEN BUBBLE CHAMBER: 3945 EVENTS HAVE= REFN ANALYZED AND CROSS SECTION::i Dt:TERHtNI!!O POR THt: 
VARIOUS ~!!!ACTIONS. J"HC I::LASTIC 5CAfti:RING CROSS SECTION OF 24.8 +- 0.9 Me IS SIGNIFICANTLY HIGHER THAN THE RESULT OF 
DOWELL ET AL .. USING CCUNTERS .. THE TWO EXPERIMENTS AGREE ON THE SHAPE OF THE ANGULAR DISTRIBUTION, BUT .NOT ON ITS 
NORMALIZATION; POSSIBLE REASONS FOR THIS ARE DISCUSSED. THE ELASTIC SCATTERING ANGULAR DISTRIBUTION IS PEAKED 
STRONGLY FORWARD, eUT DOES NOT AGREE QUANTl T I VEL Y WITH PURE 01 FFRACTI ON. POLARIZATION EFFECTS OBSERVED IN THE ELASTJ C 
SCATTERING AGREE WITH PREVIOUS AND MORE ACCURATE COUNTER EXPERIMENTS. INELASTIC SCATTERING IS STRONGLY INFLUENCED BY 
THE 13/2,3/21 PI+ P RESONANCE AND THE PERIPHERAl "'ECHANIS,.._. THFORETICII.L PP.EDICTIONS BA:i£:0 ON THE SINGLE-PION t:.r.C..:HANGE 
MODEL ARI!! COI'If'AKtU IN OCTAIL WITH tHE EXPER.IMENTAL RF.SUlTS AND GOOD QUANTITATIVE AGREEMENT IS CBTAINED FOR SP1ALL 
MOMENTUM TRANSFER$, PARTICUI..ARI.Y FOR THF. HAfT~(l~ PI"' .. ~/ f' PJr. f\'f,U rti'JI\ 3/oi.AP..L III!IJPU~rnu" \ltAN:iFUt~, ASV"'Io!Pn.IE~ 'IN :tHE 
lftE;1MAN-VANC T~~T ANU.Ut:PARTURE FROM tHE EXPECTED 11 + 3 lCOSJ-SOUAREO THEUJ PI+ P ANGULAR OISTRJBUTION 1NOIC6TE 
THAT OTHER MECHANISMS fi'AY eE IMPORTANT. THE CP.OSS SEGTJON FOR OOUBLE .. PICN PRODUC.TILIN AT 970 HEY IS lESS THAN 0.2 ... e. 

CITUJONS 
PHYS. REV. 125, 2082 (1962lt Pt:YS. REV. LETTERS 7, 196 (19611, PHYS. REV. 105, 1874 119571, PHYS. REV. 118, 579 119601, 
PHYS .. REV. 107, 859 119571, PRQC. Of THE ROYAL SOCIETY GF LONDON A251, 218 119591, PROC. OF THE ROYAL SOCIETY OF 
LONDON A251, 233 119591, Pt-YS .. REV. LETTERS 7, 288 C1961J, NUCLEAR INSTRU,..ENTS AND METHODS 4, 26 C1959t, NUClEAR 
INSTRUMENTS AND METHCCS 13, 118 11961), NUCLEAR INSTRUMENTS AND METHODS 9, 92 119601, REVIEW OF SCIENTIFIC 
INSTRUMENTS 32, 538 119611, PRCC. OF THE ROYAL SOCIETY OF LONOCLN A10, 165 119571, NUOVO CIMENTO 2lt 690 119621, NUOVO 
CIMEIHO 18, IUS ll'ilbUir UNJV. OF BIRMINGHAM 13 119621, JETP 12 802 119611, NUOVO CI"''ENTO 16, 1132 119601, ANNUAL REV. 
OF NUCLEAR SCIENCE 6, 43 11956) 1 PRCC. OF THE ROYAL SOCIETY OF LONDON A244, 491 11958J, PROGRESS OF THEORETICaL 

~~~~,I~~~ ~z, 5 ~~'I~~:~~), p~~~~u R~~~E~~~ 'l~~\~~65r{&6~~:$pH~~~· R~~~\~~~~R ~ 1 =~Q!~ ~~;~:~I~ I~~~!~ ~~ ~E~~~ ~ ~~{)~!; 11~~~=g I' 
PHYS. REV. lETTERS 7, 387 11~611, PHY5 .. Rf.V. 123, 2160 (1Q61J, NUOVO CIMEIHO 21, 1028 IJ.~blJ, PROGRESS OF THEORETICAL 
J.'HYSitS 25, 1018 119611, PI-YS. REV. LETTERS a, 140 119621, AND PHYS. LETTERS 2, 66 11962). 

ARTICLE READ BY ODETTE DENARY Jl\ 5/67, AND YERIFIEC eY LEROY PRICE. 

BEAH IS PROTON CN PRCTCN AT 1.661 GEV!C. 

THIS EX PER lMENT USES A HYCROGEN BUBBLE CHAMBER. 

GENERAL CCHMENTS ON THIS ARTICLE 
1 NORfri!ALIZEO TO A TOTAL CROSS SECTION OF 47.3 +-1.0 HB. 

KEY WORDS • CROSS SECTION DIFFERENTIAL CROSS SECTION POLARIZATION Jill ASS SPECTRUM OALI Tl PLOT 
DEl TAl 12381 MODELS DEUTERON ANGUlAR DISTRIBUTION 



LABQRATORY BEA~ ENERGY = .970 +- .Cl5 GEV. 

REACT ION 
PROTON PROTON • 

ELASTIC 
DEUTERON PI+ 
PROTON NEUfJ:ION Pi+ 
PRQTCN PROTON PI 0 

2i5 

I FIGURE 11 

Mllll-BARNS 

24.80 .90 
.4a .oa 

18.30 .10 
). 70 .30 

NO. EVENTS 

2160 
42 

1414 
285 

~NUCLECN ISCeAR PROOUCT ION IN PRCTON-PROTON COLLISIONS BETWEEN 3 AND 7 GEV/C, IPHYS. REV. 170, 1223 119601 I 

C.M • .IINKENeRANCT,A.R.ClARK,B.CORK,T.ELIOFF,L.T.KERTH,W.A.WENZEL IU.C. LAWRENCE AAO. LAB., BERKElEY, CALIF., USA) 

ABSTRACT A SYStEMATIC STUDY HAS eEEN JII:AOE CF THE REACTIONS PP•PP AND PP•PN* IN THE ANGULAR RANGE FROM lHETAILABJ " 10 
OEG. TO THETAIC.M.J a 90 OEG. AT 3, It, 5, 6, AND 1 GEV/C. AN ORTHOGO"Al DISPERSION MAGNETIC SPECTROMETEJl DETECTED 
PROTONS f:ROM INTEII:ACTtONS IN HYDROGEN WITH MOMENTUM TRANSFER 1-TI IN EXCESS OF 0.5 IGEVISOUAREO. WELL-DEFINED PF..AKS 
IN THE ~ISSING MASS SPECTRA OCCU~RED AT AVERAGE N• ~ASSES OF 1240 +- b, 1508 +- 2, AND 1683 +- 3 MEV WITH AVE~ACE 
FULL WIDTHS OF 102 +- 4, 92 +- 3, AND 110 +- 4 MEV, RESPECTIVELY. AELOW 2400 MEV NO OTHER SIGNIFICANT ENHANCEMENTS 
WERE FOUND. THEN* PRODUCTION C~OSS SECTIONS 0-SIGI'.A/OT NEAR THETAIC.!1.1 ::z·90 DEG. ARE IN QUALITATIVE AGREEMENT hlTH 
THE PREDICTIONS OF THE STOTIHIC:AI, HOOF.L. FOR EACH ISOBAft HiE OJFFERENTIAi.. CROSS SECTION AT FIXED ENERGY VARIES AS 
EXPI-V/VOI 1 WHERE V IS DEFINED AS 1-TU/IT + Ul ]; VO VARIES SYSTE"ATICALLY WITH ENERGY AND TENDS TOWAP:O THE SA!o!E VALUE 
(APPROXIMATELY EQUAL TO 0.41GEV - SQUAREOJ FOR EACH ISOBAR AT THE UPPER LIHil OF OUR ENERGY RANGE. 

CITATIONS 
PHYS. REV. LETTERS 7, 450 119611, PHYS. REV. 128, 1823 tl9621, PHYS. LETTERS 8, 134 119641, PHYS. LETTERS 18, 167 
119651, NUDVO CIMENTO 35, 1052 119651, PHYS. REV. LETTERS 16, 855 11<~661, PHYS. REV. LETTERS 17, 789 119661, PHYS. REV. 
LETTERS 12 1 340 llt;641 1 UCRL 17257 11t;67), NUOVO CIMENTO 27, 208 119631, NUOVO CIMENTO 27, 856 119631, NUOVO CIMENTO 
35, 216 1-19651, PHS. REV. LETTERS 12, 112 119641, PHYS. LETTEPS 13, 190 119641, UCRL 16275 119661, PHYS. LETTEPS 23, 
38Q 11Ci661 1 PHYS. LETTERS 258, 156 119671, PHYS. REV. LETTERS 17, 1105 11966), PHYS. REV. 137, 8708.ClQ65l, UCRL 
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257 (1Q64). 

ARTICLE READ BY ODETTE BENAP'I' II\' 1/bt;, AND VERIFIED BY LEFICY PRICE. 

BEAM IS PROTON 01\' PROTCN FRO,., :!.0 TC 7.1 GEV/C. 

THIS EXPERI!IIENT USES COUNTERS. 

GENERAL CCMHENTS ON THIS ARTICLE 
1 USES A Ml SSINC MASS TECHNIQUE 

KEY WORDS • OIFFERENTlAL CROSS SECTICI\ 
'N*(lb881' 

FITS MODELS 

COMPOUND KEY WORDS • FITS OIFFEREI\liAl CFIQSS SECTION 

ELASTIC DIFFERENTIAL CRCSS SECTION FOR PROTOf\ PROTON. 

LABORATORY eEAH MOHENTU/11 = 2.S8 GEV/C. 

-T 
IGEV/CIU2 

.27 

.39 

.sa ... 
• 79 
.94 
.94 

1.34 
1. 75 
1.98 

0-SIG!o!A/0-T 
M6/IGEV/CI .. 2 ( 11 
l6.CO 4.00 

B.c;JC .10 
3.20 .20 
2.10 .20 
1.t.a .o9 
1.06 .05 
1.C5 .C5 
.63 .03 
.47 .03 
.~J .o~ 

MASS SPECTRUM 

(TABLE 1) 

OELTAt 12381 

r IS THE MOMeNTUM TRANSFER BETWEEN Til[ IINCOMINC rROTONI AND THE (OUTGOING PROTON). 

Ill PLUS POSSIBLE SYSTEfoAliC EPRCR CF +- 1 PER CENT. 

I::LA~ IlL U lt'HK~N I I AL ..:.ftCH leG T IGfoj rcfl HOTOii rRCTOU. 

LABORATORY I!EAI" MCI"Et.TU~ " 4.00 +- .02 GEV/C. 

-T 
lGEV/C )UZ ... 

.49 

.54 

.69 
1.18 
1.61 
2.23 
2.85 

0-SIGMA/0-T 
~BIIGEV/CI .. 2 (1) 
4.900 • ?00 
4.500 .3CO 
3.200 .2CO 
1.600 .100 
.320 .teo 
.188 .007 
.081 .C04 
.C59 .C02 

(TA()L[ 11 

T IS THE MOMENTUM TRANSFER BETWEEN THE (JNCCMING PROTONI ANC THE [OUTGOING PROTON). 

[ 1 J PlUS POSSIBLE SYSTEI'UIC ERROR OF +- 1 PER CENT. 

Not 15201013 



ElASTIC OIFFERENTIH CRCSS SECTION H:R PPOTON PROTON. 

LA80RATORY HAl" HCPo!ENTU"! = 5.02 +- .02 GEV/C. 

-r 
fGEV/CI••z 

.73 

.75 

.75 

.83 

.84 
1.03 
l.Oit 
1.52 
1.76 
t.ao 
z.so 
3.08 
3.23 
3.59 
3.64 
3.64 
:t.I:JU 

0-5 I GHA /0- T 
118/IGEV/CI .. Z I l I 
.9500 .C600 

1.0500 .08()0 
t.o7oo .ceoo 

.63CO .C:~OO 

• 7100 .osoo 
• 3200 .0300 
.3300 .czoo 
.1000 .0100 
.0640 .coso 
.0600 .0030 
.0210 .0010 
.Olc;JB .CC07 
.OHS .0004 
.0150 .COlO 
.0164 .C004 
.0147 .0007 
.0190 .0020 
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(TABLE 11 

T IS THE MOMENTUM TRANSFER BET.._,EEN THE (INCOMING PROTONJ .6ND THE (OUTGOING PROTON). 

( 1 I PLUS POSSIBLE SYSTHATIC EPROR OF +- 7 PER CENT. 

ELASTIC DIFFERENTIAL CRCSS SECTION FOR PROTON PROTON. 

LABORATORY fEAI'I MOHENTUPo! = 6.C7 +- .01 GEV/C. 

l 
fGEV/C 1**2 

t.f)9 
1.23 
1.51 
1.83 
2.18 
2.18 
2.18 
2.51 
2 .as 
3.32 
).90 
-11.44 
4.t-~ 

4.bb 
4.b1 

D ,HIIA,'0-1 
~B/IGEV/0 .. 2 Ill 
.20CO .CZOO 
.1230 .(090 
.0570 .0030 
.0290 .cczo 
.0110 .0010 
.0170 .0020 
.0170 .0020 
.0121 .C006 
.0093 .~OCb 
.0062 .COOl 
.oo't5 .. coo~ 
.0031 .CC02 
.0031 .0001 
.003C .CCOZ 
.0032 .0001 

t TABLE lJ 

T IS THE MOMENTUM TRANSFER BETWEEN THE l INCOMING PROTON] AND THE [QUTG~II\G PPOTONJ. 

( 11 PLUS POSSIBLE SYSTF.f'A11t: ~RRIJR QF •- 1 PEA CENT. 

ELASTIC DIFFERENTIAL CRCSS SECTION FOR PROTON PROTON. 

LABUKAIUMY Hl::AP. Jil.U~t~IUH " 1.14! +- .OS CEV/1:.. 

T 
IGEV/CI••2 

1.42 
1.5B 
1.81 
2.17 
c.n 
3.16 
4.16 
4.46 
4.1:-~ 
5.67 

u•.i ti!I'IJ.II u•1 

M81fGEV/CI••z Ill 
.0530 .OC60 
.Ql40 .0040 
.0210 .CC20 
.0075 .0010 
•00~! .Cr(CrT 
.0039 .ocos 
.0015 .0002 
.0011 .COOl 
.oo 11 .COOl 
.0006 .0001 

(TABLE lJ 

T IS THE HOMENTU,. TRANSFER BETWEEN THE I INCOMING PROTON I AND THE (OUTGOING PROTON). 

Ill PLUS POSSIBLE SYSTEfiATIC ERROR OF •- 7 PER CENT. 

DIFFERENTIAL CRC!SS SECTIIJN FOR PROTON PROTON • PROTON DELTAI12lBI+. (TABLE ll 

LADORATORY BEAI" MOMENTUM • 2.98 Gf!V/C. 

-T 0-SI GHA/0-1 
IGEV/CI••z MB/(GEV/CJUZ Ill 

.26 1.50 .20 

.~ ... .90 .10 

.11 .90 .10 

.64 .39 .C4 
o'ilf ·'" .u• 
• 88 .31 .C3 

1.26 .10 .oz 
1.61 .15 .oz 

T IS THE MOMENTUM TRANSFER BETWEEN THE I IN COM lNG PROTON) AND THE (OUTGOING PROTON I. 

111 PLUS POSSIBLE SYSTE~ATIC ERROR OF+- 12 PER CENT. 

DIFFEPENTIAL CROSS SECTION FOR PROTON PROTON • PROTON DELTAI1238J+. 

LABOR.IITORY BEAM MOI"ENTUH .. ~.00 +- .02 GEV/C. 

-r 
(GEV/C 1••2 

.45 

.51 ... 
1-12 
1. 52 
2.12 
2.65 

D- S I G~A/0-T 
MB/IGEV/Ct••z Ill 
-~10 .040 
.250 .czo 
.1ao .020 
.044 .C09 
.024 .OOl 
.021 .ocz 
.021 .002 

(TABLE ll 

1 IS THE MOMENTUM TRANSFER BETWEEN THE liNC(lMlNG PROTONI .IINC THE (OUTGOING PROTONI. 

Ill PLUS POSSIBLE SYSTHATIC Ef:IROR OF+- 12 PER CENT. 
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0 IFF ER ENT ( Al CROSS SEC TI CN FOR PROTO~ PROTON • PROTON OElTA112381+. 

LABORATORY eEAH MO~ENTUH ,. 5.02 +- .04 GEV/C. 

-T 
fGEV/C l••z 

• 7C 
.80 ... 

1.46 
1.12 
1.91 
2.67 
3.08 

0-SIGHA/0-T 
"'8/CGEV/CI .. Z ( 1 I 
.0760 • coso 
.0430 .0060 
.0240 • C030 
.0120 .C030 
.coso .0010 
.0090 • oc 10 
.0035 .coos 
.oozo .ccto 

(TABLE 31 

T IS THE HOMENTU~ TRANSFER BETWEEN THE (INCC:MING PROTON) ANC THE [OUTGOING PROTON). 

I 1 J PLUS POSSIBLE SYSTEI'ATIC EllROR GF +- 12 PER CENT. 

CIFFERENTIAL CROSS SECTICN FOR PROTON PROTON • PROTON DELTA( 1238 I+. 

LABORATORY eEAN MOMENTUM : 6.07 +- .01 f;FVtr.. 

-T 
IGEV/CIU2 

1.03 
1.16 
1.44 
1.75 
z.os 
2.40 
2.73 
3.18 
3. 75 
4.2, 

0-SIGHA/D-T 
1'!81(GEV/CIU2 I 1 I 
.0110 .COlO 
.0110 .0030 
.0090 .0030 
.0066 • CC09 
.0050 .0010 
.OC30 .C006 
.0021 .0(04 
.0009 .0001 
.aces .ccot 
.0004 .0002 

(TABLE 31 

T IS THE MOHENTU~ TRANSFER BETWEEN THE IINCOHING PROTON! AND THE [OUTGOING PROTONJ. 

( 11 PLUS POSSIBLE SYSTEf!!ATIC ERROR OF +- 12 PER CENT. 

r.TFFF.RFNTIAL CROSS SECTICN fO~ PROTON PROTON 

LABORATORY eEAM I".Of!!E~TU~ 7.12 +- .05 GEVIC. 

-T 
IGEV/C IU2 

1.33 
1.50 
1.i2 
2.27 
2.60 
~.o; 

4.22 

0-SJGMA/C-T 
~BIIGEV/CIU2 [11 
.0080 .0030 
.ocso .0010 
.0042 .ooc8 
.0026 .0009 
.0011 .Ctl05 
.0010 .0006 
.0003 .COOl 

PROTON OElTAI123B)+. [TABLE 31 

T IS THE MOMENTUM TRANSFER BETWEEN THE (JNCCMING PROTONJ AND THE (OUTGOING PROTON). 

I 11 PLUS POSSIBLE SYSTEioiATIC ERROR OF +- 12 PER CENT. 

DIFFERENTIAL CROSS SECTJ~t\ FCR PROTON PROTON • PROTON N•U5201+. 

LABORATORY BEA~ HOI"Et.'TU"' '" 4.00 +- .02 GEV/C. 

_, 
IGEV/C 1 .. 2 

.44 

.50 
•• 2 

1.06 
1.43 
1.99 
l-0~ 

0-SIGHA/0-T 
"'B/IGEV/CI .. 2 (1 I 
.250 .040 
.2CO .020 
.150 • 020 
.150 .C20 
.120 .CC9 
.on .oo6 
.lt.t. .Ol"' 

(TABLE 4 I 

T IS THE MOMENTUM TRANSflfR BETWEEN THE IINCOMING PROTONJ ANO THE (QUTCOING PROTON]. 

l 1 J PLUS POSSIBLE SYSTE)I:ATJC ERROR C!F +- 12 PER CENT. 

DIFFERENTIAL CROSS SECTICl\ FCR PROTON PROTON • PROTON N•l1520 I+. 

LABORATORY I!EU! MO.,HTUM "' 5.02 +- .04 GEV/C. 

-T 
IC..tV/LI••t. 

.67 

.70 

.94 
1.18 
1.61 
1. 79 
2.49 
2.83 
z.a,., 
3.14 

0-SHHA/0-T 
~6/ltHV/C ..... l I 11 

• 100 +- • 100 
.-105 .009 
.088 .006 
.010 .010 
.O~l aUUb 
.057 .(05 
.on .oo3 
.010 .010 
.031 .oos 
.025 .cos 

(TABLE 41 

T IS THE HOHENTUI" TRAt\SFER BETWEEN THE (INCOMING PROTON) AND THE (OUTGOING PROTONJ. 

( 1 J PLUS POSSIBLE SYSll:,..ATIC EnROR OF +- 1.2 P&R CENT. 
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DIFFERE~TI~L CROSS SECTICh FCR PROTON PROTON • PROTON N•ll5201+. 

LABORATORY BEA~ MCI'!ENTUM = 6.C1 +- .01 GEVIC. 

-T 
IGEV/t•••z 

.98 
1.10 
1.36 
1.65 
1.97 
2.27 
z.se 
3.00 
3.52 
3.89 
4.02 

0-S I C:MA/C-T 
M81(GEV/CI**2 (11 
.0660 .0060 
.0630 .CC60 
.0590 .coso 
.0320 • CC30 
.0280 .C040 
.0190 .cozo 
.01-40 .COlO 
.OlC7 .COOl 
.0082 .0006 
.QC1C .CClO 
.ooo4 .coca 

[TABLE 41 

T IS THE MOMENTUft': TRANSFER BETWEEN THE (INCOMING PROTON) AND THE I OUTGOING PROTON I. 

Ill PLUS POSSIBLE SVSTEf!IATIC EFIROR OF •- 12 PER CENT. 

OIFFERENTI.Al CROSS SECTIGN FOR PROTON PROTON • PRCTON N*U520l+. 

LABORATORY BEAM MOft':ENTUfol 7.12 •- .05 GEV/C. 

-T 
IGEV!CI••z 

1.27 
1.43 
1.64 

'·'" 2.47 
<!.HI,! 
4.01 
5.01 

0-SIGMA/C-T 
1'!8/IGEV/CJ .. Z [ 1 l 
.03'0 .GO'O 
.0290 .C040 
.0200 .0030 
nn1n nn1 n 

.C07C .CClO 

.0032 .occs 

.0023 .C004 

.0013 • CC03 

(TABLE 4) 

T IS THE MOMENTUM TRANSFER BETHE~ THE [INCOMING PROTQNI AND THE IOUTGOING PROTON]. 

Ill PLUS POSSIBLE SVSTEP'ATIC ERROR OF+- 12 PER CENT. 

DIFFERENTIAL CROSS SECTICN FCP PPOTON PROTON • PROTON 'N•Il688t+'. 

LABORATORY f!EA"" I'!OMENTU"" :o: 4.00 +- .02 GEV/C. 

-T 
CG€11/C J••z 

.47 

.52 ... 
1.05 
l.leO 
1.93 

D-SIGMA/0-T 
IIB/IGEV/CJU2 (11 
.uo .c~o 

.340 .030 

.450 .OleO 

.230 .C30 

.160 .010 

.12~ .ceq 

(TABLE 51 

TIS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING PROTON] AND THE (OUTGOING PROTON]. 

DIFFERENTIAL CROSS SECTICN FC:R PROTON PROTON • PROTON •N•~H•t:lf3)+ 1 , 

-T 
tGEVIC 1 .. 2 

.~l 

.75 
.92 

1.33 
1.55 
1.73 
?. ":!,q 
2.71e 

O•SIGMA/O•T 
I'!B/IGEV/CJU2 111 
.llO .,20 
.1BO .czo 
.120 .010 
.09C .010 
.018 .008 
.OH .CC7 
,os1 nnfl 
.o.te3 .ace 

(TIIBLE 51 

T IS THE HOMENTUII TRANSFER BETWEEN THE I lfo!COHING PROTON I AND THE I OUTGOING PROTON I. 

I 11 PLUS POSSIBLE SVSTEIIAliC ERROR OF +- 12 PER CENT. 

DIFFERENTIAL CROSS SECTION FOR PROTON PROTON 

-T 
IGEV/C 1••2 

.95 
1.07 
1.32 
1.59 
1.90 
2.16 
2.47 
2.86 
3.38 
3.85 

0-SIGI'IA/0-T 
MB/IGEV/CJ ... 2 Ill 
.01)30 .coso 
• oeqo • co9o 
.ossa .ooao 
.04ln .nn~en 

.0290 .DOleD 

.0200 .0020 

.0130 .0010 

.oto8 .oooe 

.oon .oooe 

.0080 .COlO 

PROTON 1 N•I1688J+'. lTABLE 51 

T IS THE MOMENTUM TRANSFER BETREEN THE (INCOMING PROTC!'OI AND THE IOUTGOING PROTON]. 

Ill PLUS POSSIBLE SYSTEIIATIC ERROR CF +- 12 PER CENT. 



219 

DIFFERENTIAL CROSS SECTION FOR PROTCN PROTON • PROTON 'Netll68Bh'. 

LAE!OR.HORY E!EAM fo!Qp.oENTUI": : 7.12 +- .05 GEV/C. 

-T 
IGEV/C 1 .. 2 

1.23 
1.38 
1.59 
z.oa 
2.38 
z. 79 
3.86 

0-SrGft'A/O•T 
MB/1 GEV/C 1 .. 2 [ 1 1 
.0500 .007C 
.0450 • CCbO 
.0280 .C040 
.OlCO .C020 
.0070 .COlO 
.0040 .0010 
.0024 .COC4 

(TABLE 5 J 

T IS THE MOMENTUM TRANSFER BET"EEN THE {INCCMING PRGTI.:NJ ANU THE (OUTGOI!o;G PRCTONJ. 

11 I PLUS POSSIBLE SYSTE/I'ATIC ERRCR JJF +- 12 PER CENT. 

~THE POLARIZATION PORAHETER IN PI•- P ANO PP ELASTIC SCATTERING FROH 6 TO 12 GEV/(. IPHYS. LFTTE•S 24Ao 17 I 196711 

M.BORGHINJ,G.COIGNET,L.CI(IC,K.KURQQA,L.OILElLA,P.C.MI\(Q,A.tnCHALOWICZ, J.C.QLIVIER IEURCPEAN OPG. FOR NUC. R.ES., GENEVA, 
SWITZERLAND I 

ABSTRACT EXPERIMENTAL RESULTS ARE GIVEN FOR THE POLARIZATION PARAMETER PfCI IN PI- P SCATTERING AT 6.0, 8.0, 10.0 A,._.O 
12.0 GEV/(, ~Nn IN PI+ P A"'O PP SCATTERING AT 6.0, 10.0 AND 12.0 G~V/C. TH INVARIANT FOUR-MOMEtHU"' TRANSFER SOUAR€0 
-T VARIES FRO\ 0.1 TO 0.75 (GEV/CI-SQUAR€0. 

ClOSELY RElATED REFERENCES 
CONTINUATION OF PREVIOUS EXPERI~ENT IN PHYS. LETTERS 21, ll4 119661. 

~CDITICNAl CITATIONS 
UCRL 16940 (19601, PHYS. REV. 139, B1336 (1li651, PHYS. RE\f. 148, 1297 11966lt fo'OSCGW INST. FOR THEOR. AND EXPTL. 
PHY:,u,;.S N-2:56 Cl9641, MOO J(TP 10 01'+ 1196'11. 

ARTICLE REAC BY OCETTE BENARY I"'' 4/67, AND VERIFIED IW LEROY PRICE. 

BEA1". NO. 1 IS PROTON ON HYDRCGEN COMPOUND FP.OM 6 TO 12 GEV/C. TARGET IS POLARIZEC 70 PER CE,._.T !NORMAl TO THF BEAfo' 
OIRECTIONI. 
NO.2 IS PI- ON HYDROGEN COMPOUND FP.CM 6 TO 12 GEV/C. TARGET IS POLARIZED 70 PER CENT INORfo'~l TO THE BEAM OIRECTIONI. 
NO. 3 IS PI+ ON HYDROGEN CO"'POUNO FROM 6 TO l2 GEV/C. TARGET IS POLARIZED 70 PEP CENT INOPMAL TO THE BEAM OH~fCTIONI. 

THIS EXPERI~ENT USES CCUNTERS. 

GENERAl CCMio!ENTS ON THIS ARTICLE 
1 THIS ARTIClE ALSO CONTAII\S DATA ON POLARIZATION IN PI+P AND PI-P. THIS EXPERIMENT USES UNPOLARilED BEA,..S AND 

POLAR I ZED TARGET. 

KEY WORDS • POLAR I lAT I Ct\ I'H(ICN PI• Pl-

ELASTIC POLAR llAT JON FOR PROTON PROTGN. 

LABORATORY BEAfol MO~ENTUM = 6. GEV/C. 

-T PCLAF IZATJCN Ill 
IGEV/CI .. 2 

.109 .124 .069 

.136 .041 .034 

.166 .112 .cz~ 

.198 .138 .016 

.233 • 101 .c 14 

.211 .117 .014 
• 312 .095 .015 
.355 .141 .o l7 
.400 .ll7 .018 
.'1 118 .('lA;\ • (19 
.499 .1C8 .C23 
.551 .063 .C29 
.{,0{, • 1 ~5 .r.41 
.665 .062 .o8o 
.723 .oc;2 .164 

T IS THE MOMENTUM TRANSFER BETWEEN THE (INCCHING PROTONI ANC THE lOUTGOING PROTON}. 
THE POLAR JZAT ION IS OF THE PROTON ALONG THE NOR HAl TO THE PROOUC T ION PlANE IN THE GRANO C .M. 

11} rLU~ r'OGG I OL.t t 'HH~.A.Tit: F.IUiml nF +- 'i PFR f.Ef..:T • 

ELASTIC POLARJlATION FOR PROHI\ PRCHN. 

lABORATORY eEAM ~.Ofo'ENTU~ :c 10. GEY/(. 

-T POLAFJZATION Ill 
IGEV/C 1 .. 2 

.102 .074 .072 

.129 .059 .030 

.159 .o5e .023 

.192 .097 .015 
• JJV .n<n .Cl3 
.267 .071 .Cl3 
.309 .082 .014 
.354 • on .Cl7 
.401 .081 .CJB 
• .It 52 .on • l:'lQ 
• 505 .024 .023 
.561 .067 .028 
.620 .077 .037 
.681 .117 .046 
.745 .oao .Cit' 

T IS THE MOMENTUM TRANSFER BETWEEN THE [INCOMING PROTON I AND THE [OUTGOING PROTON). 
THE POLARIZATION IS QF THE PROTON ALONG THE NORMAL TO HIE PRODUCTION PlANE IN THE GRANO C.M. 

Ill PLUS POSSIBLE SYSTEfiiATIC ERROR OF+- 5 PER CENT. 



220 

ElASTIC POLAP IZAT ICN FOR PROT Ct.' PROTCN. 

L.&eORATORY BEAM HOP'!ENTU~ .., 12. GEV/(. 

-T PCLAFIIZATIC/'\ Ill 
IGEV/CI .. Z 

.103 .034 ·- .css 
.. 131 .0:?2 • (23 
.tc.J .03t: .Oltt 
.19c; .(l-42 .Cl3 
.237 .066 .c 12 
.279 .064 .en 
.324 .ca 1 .Cl4 
.373 .055 .ell 
.424 .031 .(19 
.479 .046 .020 
• 537 .on .C23 
.629 .OH .(26 
• 762 .002 .C56 

T IS THE JIIIO"!EiNTU~ TRANE.FEn OCTUCCN TilE: IINCO~ING PI'OT0~1 ANO !tiE lLUilit:ING PROTON). 
THE POLARIZATION IS OF THE PROTCN ALONG THE NOR"'AL TO TH PRODUCTION PLANE IN THE GRANO C.M. 

Ill PLUS POSSIBLE SYSTEI'ATIC EPROR OF +- 5 PER CENT. 

~PROTON-PROTON SCATTERING H 1.48 BEY. IPHYS. REV. 138, 8670 1196511 

A.M.EISNEP.di.L.HART,R.t.LOUTTtT,T•Ioi.MOPRJS (BROOKHAVEN NAT. LAH., UPTON, l.l., N.Y., USA) 

ABSTRACT A SAI'PLE CF 2657 PROTGN-PROTON SCATTERING EVENTS AT 1.48 BEY HAS BEEN ANALYZED. THE ELASTIC CROSS SECTION IS 

! r· !~o~lt4 ~N¥H~Hg0~~~~~i r. F~~~~:~R 6~r. T~~ i~~~!~~i~T s~!~~E: ~~~~i~li T~~~~~~~g~~~~ 1:o~l'~~e~~/'~~~~' ~g ~ ~S~B~R~ \~e A~~A~~~~N 
PP • P N PI-+ IS lf\THPRETEC S.ATISfACTCRlLY IN TERMS Of THE ONE-PION-F.XCHAN(,€ fo\OOEL. 

CITATIONS 
PHYS. REV. 125r 701119621, PHYS. REV. 128r 1936119621, PHYS. REV. 128, 1832119621, PHYS. REV. 103,211 f1956), PHYS. 
REV. 107, 859 11Cil571, PHYS. REV. LETTERS 3, 568 1195ql, UCRL 9497 fl96llr Pt,YS. REV. LHTERS 5, 333 119601, Pt-!YS. REV. 
123, 2160 119611, PI-'YS. REV. LETTERS 5, 571 119601r PHYS. REV. LETTERS 7, 196 119611r PHYS. REV. 125, 2082 119621, 
PHYS. REV. 125, Z091 (19621, PHYS. Rl:\1- 126r l47 119621, PHYS. AEVr l)J, 01017 ll'J641~ PHYS. REV. 'f':lr 1352 flq4~;!), 
PHYS. REV. 105, 1874 11957), PHYS. REV. 123, 333 11961), PHYS. REV. LETTEFtS 6r 64 11'961h CERN B956/TH428, PHYS. REV. 
LETTERS Br 140 11'9621, AND PHYS. LETTERS 2r 66 11'9621 • 

ARTICLE READ BY ODETTE BENAR'I' IN 5/67, AND VERIFIED BY LEROY PRICE. 

BEAM IS PROTON ON PROTON AT 2.23 GEV/C. 

THIS EXPERIMENT USES TI-E B.N.L. 20 IN. IHI BUBBLE CHAMBER. A TOTAL Of 4000 PICTURES ARE REPORTED CN. 

KEY WGROS • CROSS SECTION ANGULAR DISTRIBUTION DIFFEf:IEp.;TIH CRGSS SECTION 
MODELS CELTAI123BI 

COMPOUND KEY WORDS • FITS CJFFERENTIAL Cf:ICSS SECTION 

'U.aL.i ll 

L.6Ar.luTnAY ~Ui.i MoMENTUI'! 2. 23 t- .at GCV/C. 

REACTION 
PROTO~ PR.tTnN !' 

ELASTIC 

PROTON NEUTA.t'IN P I• 

PROTON PROTON P 10 

CEUTt!RON Ph 
CEUTERON PI• PIQ 
PI• PI • NEUTRON NEUTRON 
PROTCN PP:OTON PIO PIO 
PROTON PI• NEUTRON PIO 
PROTON PP:OTON PI• PI
PRCTI2N PROTON PI+ PI- PIO 
PROTON PI* P I• P 1- "l~IJTRON 

ElASTIC DIFFERENTIAL CRC::SS SECTION FCR PROTOt\ PROTON. 

LABORATORY BEA~ MO,..Ef\'TUH ~ 2.23 •- .Ot: GEV/C • 

• THI~ QAT~ WAS READ fKOl" A C.RAPH • 

-T C-S I G~AIC-CI,.EGA 
(GEV/CI .. 2 MB/SR 

.0100 1.8 ·- .9 

.Ol9C 10.5 2.2 

.0'324 17 .(i 2.0 

.O<itt't 20.5 3.0 

.0676 tc;.C 3.0 

.0'900 16 .a 2 .o 

.1156 u.o 1.0 

.1444 8.5 1.0 

.1764 s.o 1.0 

.2116 6.5 1.0 

.2500 4.7 1.0 

.2c;oc • • 1 1.0 

.3400 3.1 .e 

.'3900 3.5 .5 

.4400 2.7 ·' .4'900 1.7 .3 

.5500 1.0 .3 

.6400 1.3 .2 

.1100 .9 .2 

"Illi-BAPNS 

19.B6 t .13 - .6 11 

17.22 • .66 - .57 
3.'98 • .27 

- .lb 
.13 .05 

·" .oo 
.25 .06 
.41 .CB 

2. 37 .20 
1.22 .14 

.02 .02 
.f)~ .02 

(FIGURE 2) 

fITS 

NO. EVENTS 

1072 

1048 

242 

8 
20 
15 
25 

144 
58 

1 
1 

T IS THE "40MENTUiol TR.A.NSFEP. BETWEEN THE IINCCfroliNG PROTON) AND THE (OUTGOING PRCTIJNJ. 

~ASS SPECTRUM 
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@£:] P PI• PI· ,_HANCE•ENTS IN THE REACTION PP • PP PI• PI· AT 24.8 GEV/C. IPHYS. REV. LETTEOS 21, 1839 (19b81l 

I!:.ERLICH,R,.t\IEPORENT,R.J.PLANQ,J.B.WI-'ITTAKER [RUTGERS U"4IV .. , NEW BRUNSWICK, N. J., USA) 
C.BALTAY,J.FEINHAN, P.FfiAI\lii\J,P.NEWI'AN,N.YEH ICOLU.'181A UNIV., NE~ YORK, N. V., USA) 

ABSTRACT A STUDY OF THE REACTION PP • PP PI+ PI- AT i4.8 GEV/C, BASED ON 3250 EVENTS, GIVES STRONG SUPPORT FOP THE 
PRODUCTION OF RESONAI\T P PI+ PI- STATES AT 1.423 +- 0.021 AND 1.688 +- 0.023 GEV. 

CIHTIONS 
BULL. AH. PHYS. SOC. 13, 7(14 (1Cj68J, PHYS. REV. LETTERS 21, 1368 Cl9681, BULL AH. P)-IY$. SCC. 13, 682 (19681, NUOVO 
CIMENTO SQA, 1000 119681, PHYS. REV. LETTERS 11, 884 11966}, UNIV. OF IlliNOIS COOll95-78, PHYS. LETTERS 18, 67 11965J, 
PHYS. REV. LETTERS 16,855119661, PHYS. REV. LETTERS 19r 397119671, BULL. A~. Pt-!YS. SOC. 13,682119681, PHYS. 
REV. LETTERS 18, 973 119671, ANO PHYS. REV. LETTERS 13, 169 119641. 

ARTICLE REAC BY OCETTE SENARY IN l/61i, AND VERIFIED BY LERCY PRICE. 

BEA~ IS PROTON ON PROTOU AT .2t. .e GE'Ot:. 

THIS EXPERIMENT USES ThE B.N.L. 80 Ito.. IHI BUBBLF. CHAMBER. 

GENERAL CC~~ENTS ON THIS ARTICLE 
1 THE P PI+ PI- INVARIANT Jo!ASS SHOWS ENHANCEMENTS AT 1.42 AND 1.688 GEV. HOWEVER THE RESOfiiANCE PRODUCTICN CROSS 

SECTIONS DEPEND CPJTJCALLY UPCN THE ASSUMED SHAPE OF THE BACKGRCUNO. 

KEY MOROS • CROSS SECT JCN N• I 147C IP11 'N•tt6881 1 MASS SPEC TRUH DEl TAI12381 

CROSS SECTION FOR 

LA BORA TORY 
eEAH Jo~OHENTUH 

GCV/C 
24.8 

PROTON PRCT«Jt\' 

MILLI-R4R~S 

1.5 ·- .2 

PRCTCN PROTON PI+ Pl-. [PAGE 18391 

t-10, EVENTS 
15500 

~THE REAL PART OF THE SPIN-INDEPENDENT FORWARC SCATTERING AHPLJTUDE IN ElASTIC NUCLECN-NUCLEON COLLISIONS. 
~ LETTERS 258, 245 1196711 

L.H.C.DUTTON,R.J.~.HOWELLS,J.O.JAFAfl,H.B.VAN OER RAAY IBIRMINGHAM UNIV., BIRHINGHAI", ENGLAND] 

I PHYS. 

ABSTRACT ELASTIC PP ANC PC SCUTERING IN THE COULOMB INTERFERENCE REGION HAVE BEEN STUDIED USING A SONIC SPARK CHAJoi!BEP 
TECHNIQUE. Afo.ALYSES OF THESE DATA YIELD ALPHAIPI = 0.10 +- 0.16 AND ALPHAINI a -0.50 +- 0.15 AT 1.69 GEV/C IN GOOD 
AGREEMENT MITH OISPERSIOfo.' RELATICN CALCULATIONS, THE VALUE OF ALPHAIPI a -0.30 +- D.Qt; OBTAINED AT 1.54 GEV/C IS 
t!OWEVER NOT (Oh'SISTENT kiT~ THESE CALCULATIONS. 

CLOSELY RELATED REFERENCES 
SEE ALSO PHYS. LETTERS 26B, 6H 119681, AND PHYS. REV. LETTERS 19, 1416 119681. 

AOOITIONAL CITATIONS 
NUCLEAR INSTRUMENTS ANO I"ETHOOS 55, 80 11t;671, PROC. OF THE PHYSICAL SOCIETY GF LONOON b'3A 599 119501, PROGRESS OF 
THEORETICAL PHYSICS 31, 1162 119641, PHYS. LETTERS 12, 252 119641, PHYS. REV. 135, B358 119641, PHYS. LETTERS 19, 31tl 
119651, PHYS. LETTERS Bt 285 1111i641, PUTHERFORD HIGH ENERGY LAB. RPP/H/14 119661, Pt'YS. REV. 139,8362119651, PHYS. 
REV. 139, B38C 119651, SOVIET Jt\P 1 620 119651, JETP 18 810 119641, KYOTO UNIVERSITY RIFP 46 Cl9651, PROC. OF THE 
PHYSICAL SOCIETY OF LONOCN 71 781 119571, PHYS. REV. 119, 381 119601, JETP 6 28 11958), SOVIET PHYSICS OOKLAOY 1, 361 
119561, PHYS. REV. 118, 579 119601, JETP 18 412 119641, SOVIET JNP 1 379 119651, PHYS. REV. LETTEPS 14, 74 119651, 
PHVS. UTTEP5 14, 5'• 119651, PHYS. LETTI:RS i'O, ?.03 (19~blt JETP 19 542 119641, SOVIET PHYSICS, JETP LETTERS 6, 8 119661, 
PHYS. REV. LETTERS 15, 3e (19651, AND NlJ0\10 CIHENTO 40, 167 119661. 

ARTICLE READ BY OCETTE BENARY IN 4/69, AND VERIFIED BY LEPOY PRICE. 

SCAM NO. 1 IS PPOTON ON PROTON FROM 1.54 TO 1.69 G~V/C. 
NO. 2 IS PRGTON CN CEUTEPCN FPCH 1.54 TO 1.69 GEV/C. 

THIS EXPERIMENT USES SPARK CHAto!BERS. 

KEY WORDS • OIFFEREI\TIAL CROSS SECTION PEAL C AMPLITUDE 1/ I HAG I NARY I AMPL JTUOE I 

E LAST JC 0 I FFERENT IAL CRGSS SECT ION FCR PROTON DEUTERON. 

LABORATORY eEA~ MOMENTUJol " 1.69 GE\1/C •- .61PER CENTI. 

I CORRECTED FOR BEAM DISTRIBUTION AND PLUPAL SCATTERING, PRIVATE COMHUNICATION FPOM VAN OER RAAY APRIL 1969 I 

THETA t-s i ~MA/O·O~EGA 
RAOIANS MB/SP 

• 0205 .0010 59e. 1c; • 
• 0225 .COlO 546. 3t • 
• 0245 .octo 471. 33 • 
• 0265 .0010 494. 32 • 
• 0285 .COlO 395. 28 • 
• 0305 .COlO 35t:. 27 • 
• 0325 .0010 332. 2~ • 
• 0345 .0010 35C:O. 26 • 
.0365 .0010 346. 2 ~-
• 0385 .0010 311. 23 • 
• 0405 .0010 31t4. 23 • 
• 0425 .0010 286. 22 • 
• 0445 .0010 304. 22 • 
• 0465 .OQ~Q 290. 23 • 
• 0485 .0010 323. lJ • 

THETA IS THE ANGLE THAT THE PROTON loiAI(ES WITH THE 8EAH IN THE LAB. 

tLAST IC OIPf'ERENT IAL CRCS!; SECT ION FCR PPOTON PRnTnN. 

LABORATORY I:!EA~ MOHNTUM • l.t:9 GEV/C +- .6CPER CENTI. 

I CORRECTED FOR BEAM DISTRIBUTION AND PLURAL SCATTERING, PRIVATE COMMUNICATION FROM VAN OER RAAY APRIL 1969 I 

ThETA C-~ I ~.;M.a/C:-01-:EGA 
RACUNS MB/SR 

• 0195 .octo 372. 50 • 
• 0235 .COlO 253. 39 • 
• Ull' .UUJ.U 1 'ilt. 12 • 
.031~ .0010 1112. ?h • 
• "0355 .COlO 137. 23. 
• 0395 .0010 121. 20 • 
• 0435 .0010 142. 19 • 
.0475 .0010 154. 19. 
• 0515 .0010 133. 11 • 

THETA IS THE ANGLE TI-AT THE PROTON MAKES WITH THE BEAM IN THE LAB. 



222 

ELASTIC DIFFERENTIAl CRCSS SECTION FCR PROTOI\ PROTON. 

LABORATORY BEA"' HOI'ENTU,. ::1 1.54 GE\f/C +- .6CPER CENTI. 

C CORRECTED FOR BEAM OJSTP IBUTIGN AND PLURAL SCATTERINGt PRIVATE COMMUNICATION FROM VAN DER RAAY APRIL lq6q I 

THETA O-S I GM~/t-OI"EGA 
RAO IANS "'e/SR 

• 0185 .0010 533. 53 • 
• 0205 • COlO 472. 47 • 
• 0225 .co 10 431. 41 • 
• 0245 .0010 321. H • 
• 0265 .COlO zsc;. Jo • 
• 0285 .0010 21Ci. 27 • 
• 0305 .0010 176. 25 • 
• 0325 .0010 144. 22 • 
• ()345 .0010 176. 22 • 
• 0365 .0010 100. 20 • 
• 0385 .COlO 122. lS • 
.0405 .0010 ll4. l'i. 
• 0425 .0010 127. t'J • 
• t')-44~ .0010 U4. 16 • 
• 0465 .0010 tzq. n . 
• o~tes .octo 111. 17 • 

THETA IS THE ANGLE THAT THE PROTON I'AKES WITH THE BEAM IN THE LAB. 

THE RE/IM RATIO FOR THE FCRWARC ElASTIC Alo!~LITUOE FOR PROTON PROTON. (PAGE 2451 

I THESE VALUES ASSUME THAT THE SPIN-DEPENDANT AMPLITUDE HAY BE NON-ZERO. I 

LABORATORY 
BEAM I'.CHENTUM 

la::vlt 
1.69 
1.54 

ALPHA 

.10 .H: 
-.30 .09 

THE RE/lH RATIO FOP THE FORWARn f:t6STIC ANPI.ITUOE FOR PROTON rnnTnN .. (PAGe .zq' I 

C THESE VALUES ASSUME THAT THE SPIN-nFPFNn.tr.NT 6'1PI.ITUOE HIIY BE NON-ZERO. I 

LABCPATORY 
eEAM MOMENTUM 

GEV/C 
1.69 

ALPIIA 

-.so +- .1s 

~S>ALL ANGLE PP SCATTERING IN THE MOMENTU •. RANGE 1.3 TO 1.5 GEV/C. IPHYS. LETTERS 268, 679 119681 I 

l.H.C.OUTTQN,H.B.VAN OER RAAY lBIRMif\GHAM UNIV., BIRfi'.INGHAM, ENGLANDl 

ABSTRACT ELASTIC PP SCATTERif\G IN THE COULOMB INTERFERENCE REGION HAS BEEN STUDIEn II~INr, SONIC SPAP.II'. CHAfiBERS kiTH A 
MAGNETIC SPECTROI'IETEK. Mt::ASUREHENTS WERE MAOE AT 1.29, 1.39, AND 1.54 GEV/C AND THE DATA WERE ANALYZED TO DETERMINE 
THE REAL PART OF n·E SPIN INDEPENDENT FORWARD SCATTERING AMPLITUDE. DISAGREEMENT WITH THE PR~Ql~TIQNS Qf DISPF.RSTnN 
llFI6TTnN rfll r1116Tfrll!' 1<!1( ~tV~.O. 

CLGSELY REL.UEC REFERENCES 
SEE ALSO PHYS. REV. LETTERS 19, 1416 Cl'il681. 
CONTINUATION OF PREVIIJU~ t:J:HRII'.ENT IN PH'1S. LI:TTERS 25At 245 11961). 

AnlliTinNAI rrtnrnNc 
PHYS. LETTERS e, 2e5 119641, NUCLEAR INSTRU!'I!ENTS AND I'.ETHOOS 55, 80 (19671, PHYS. REV. 146, 980 11966), JETP 18 412 
119641, PHYS. REV. 119, 361 1.19601, AND PHYS. REV. 95, 1350 119341. 

ARTICLE READ BY OO!TT! BENAR"t' 111.: 'tlb~, AND VER[FJED 9~ U:RGY PRICE. 

BEAM 1!\ PROTON ON PROTON FP.O,. 1.2? TG 1.54 G(Y/C. 

THIS EXPERIMENT USES S.PARK CHA~f!ERS. 

KEY WORDS • DIFFERENT l.tr.L CROSS ~ECTION REAL IAHPLITUDEI/IHAGINARY IAMPLITUOEI 

ELASTIC DIFFERENTIAL CRCSS SECTJ(lN FGR PROTON PRnTnN. 

LABORATORY BEA,. t'O,..EHUM ., 1.~4 GEV/C. 

C CORRECTED FOR BEAM OJSTRIBUTIOf\ AND PLURAL SCATTERING. PRIVATE COHMUNICATJON FROM VAN OER RAAY APRil. JQhQ I 

THETA O-S I GMA/0-0"'EGA 
RACJANS MB/SP 

• n1 ".:; 10, 1;. &!U • 
• 0165 590. 76 • 
• 020' ~~l. 58 • 
• 0225 337. 36 • 
• 0245 32f: • ~ 1. 
.0265 ?.7R. ~7-

• 0265 226. 24 • 
• 030$ 7~1) • 22. 
• 0325 147. 19 • 
• 0345 163. 22 • 
• 0365 146 • 21. 
• 0385 192 • 20. 
• 0405 13f • 1e. 
• 0425 135. 18 • 
• 0445 116 • 17. 
• 0465 135. 16 • 
• 0465 144 • 16. 
• 0505 144. 15 • 
• 0525 101. 14 • 
• 0545 128 • 15. 
• 0565 91. 14 • 
• 0565 126. 14 • 
• 0605 c;~. 13 • 
• 0625 123. 13 • 
• 0645 106 • 13. 
• 066' 1C.t: • 12. 
• 0685 10~. 12 • 
• OlOS 96. II • 
• 0725 86. 10 • 

THETA IS THE ANGLE THAT THE PROTO~ MAKES "'ITH THE Rf4M IN THE LAB. 
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ElASTIC DIFFERENTIAL CROSS SECTION FCR PROTON PP.QTQN. 

LABORATORY BEAM t-10/o!ENTUI" '"' 1.39 GEV/C. 

I CORRECTED FOR BEAM OISTP.IBUTION AND PLURAL SCUTERING. PP.IVHE COMMUNICATION FROM VA~ DER RAAY APRIL l96Cil I 

THETA 
RACIA~S 

.C115 
• 0195 
• 0215 
• 0235 
• 0255 
• 0275 
• 0295 
• 0315 
• 0335 
• 0355 
• 0375 
• 0395 
• 0415 
• 0435 
• 0455 
• 0475 
• 0495 
• 0515 
.0535 
• 0555 
• 0575 
.0595 
• 0615 
• 0635 
.0655 
• 0675 
.0695 
• 0715 

D-SICMA/0-G,..EGA 
,..e/SJO 

IQJ<;. 135 • 
sJs. n . 
524. 40 • 
4~C. 31 • 
384. 28 • 
324. 24 • 
201. a . 
212. zo • 
11~. 117 • 
130. 17 • 
146. 16 • 
tzo;. lit • 

75. 13 • 
ICE:. 13 • 
99. 13 • 

121. 13 • 
94. 12. 
c;l5. 12 • 
s~. tz • 
94. 11. 
97. 11 • 
71. 11 • 
81. ll. 
~6. u . 
ac. 10. 
73. 9 • 
62. 9 • 
51;. 1. 

THETA IS THE ANGLE ThAT THE PROTON MAKES WITH THE BEAM IN THE LAB. 

ElASTIC DJFFERENTUL CRCSS SECTION FC!R PROTO" PROTON. 

LABORATORY BEA,. MOI".ENTUI" = 1.29 GEV/C. 

I CORRECTED FGP BEAM OISTRJE!UTION AND PLURAL SCATTERING. PRIVJITE CO~MUNICATJQN F~OM VANDER PAAY APRIL 1969 I 

THETA Q .. S ICI"MC-Qt.~ECA 
RADIANS I"B/SR 

• 0205 B92 • 1CC. 
• 0225 ~ac;7 • ... 
• 0245 608 • 13. 
• 0265 306 • oo. 
.02B5 292. 33. 
• 0305 263 • ~o. 
• 0325 244 • 27 • 
• 0345 214 • 24. 
• 0365 ' 162 • "· • 0385 164. 20. 
• 0405 167 • 19. 
.0425 154. ... 
• 0445 142 • 17. 
• 0465 163 • 17. 
• O'l85 136 • "· .0505 132. ... 
• 0525 137 • IS. 
• 0565 132 • "· • 0585 97 • 20. 
• Ot:OS 101 • 20. 
.0625 94. 20. 
• 0645 ... .. . 
• Ot:65 . ~ . 18 • 
• 0685 78 • ... 
.Q7C5 71. ... 
• 0725 5~ • ... 
THETA IS THE ANGLE THAT THE PROTON MAKES WITH THE BEAM IN THE LAB. 

THE RE/IM RATIO F(R THE FDRWARC ElASTIC AJolfliTUOE FOR PROTON PROTON. (TABLE 11 

{ THESE VALUES ASSUME THAT THE SPIN-DEPENDANT PART OF THE AMPLITUDE JoiAY BE NON-ZERO. I 

LABORATORY 
eEAH MOMENTUM 

GEV/C 
1.54 
1-3~ 
1.29 

ALPHA 

-.32 .01 
-.58 .06 
-.76 .13 

~ "tr.H.FNFOr.v PAnTON-PROTnN SCATTERING, (PHY$, R~V. LETTERS 9, Ill 1196211 

A.N.OIODENS,E.liLLETHUN,G.Jo:ANNit\G,A.E.TAYLOA,T.G.WALKER,A.M.WETHEREll (EUROPEAN ORG. FGA t\UC. PES., GENE'IA, SWITZERLANCJ 

CLOSElV RELATED REFERENCES 
T!ol!l _AO.TJCLE SIJPI=R'>rnrr; PI'Yr;. nFv. I.F.HERS 1, 't50 ll9¢>U, 

AOOITIONAL CITATIONS 
PHYS. REV. 127, 950 119621, PHYS. REV. LETTERS 9, 108 119621, PHYS. REV. 107, 859 11951), INT'L. CONF. ON ELEM. 
PARTICLES, AU-EN-PROVENCE 2 128 (19611, PHYS. REV. LF.TTERS 7, 394 (196U, ZURN. EKSP. TEOR. FIZ. 41, 667 119611, 
JtfP L't 478 (19621, AND PHVS. REV. L(TT(R!; 1, .:!? I 196;!). 

ARTICLE REAC ev ODETTE eENARY IN 4/67, AND VERIFIED ev LEROY PRICE. 

8EAM IS PROTON ON HYDROGEN CGMFOUND FRO~ 12.'99 TO 2Z.92 GEV/C. 

THJ S EXPERI~ENT USES CCIJNTERS. 

KEY WORCS • DIFFERENTIAL CROSS SECTIC:N 
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ELASTIC DIFFERENTIAL CRCSS SECTJC:N CAT FIXEC ANGLE OR Tl FOR PROTON PROTON. 

THETA = .0565 RADIANS. HEH IS THE ANGLE THAT THE PRCTOU MAKES "Ill-' THE BEAP'! IN THE LAB. 

(THIS DATA REPLACES VALUES GIVEN E.6RLIER IN COCCONI ET AL.~ PHYS; REV. LETTERS 7, 450 1196111 

LABORATORY 
SEAl" fo'.CHENTUM 

GEV/C 

12.99 
l5.81i 
17.30 
11.75 
18.69 
19.56 
19.75 
19.91 
21.88 
22. 7~ 
26.02 

C-5 I G~AIC-CMEGA 

,..1!/Sil 

45.00 
10.00 
4.50 
5.30 
1. 50 

.53 

.90 ... 

.25 . ,. 

.to 

PER CENT 
5C 
5C 
50 
5C 
5< 
50 
50 
5C 
50 
•c 
50 

ELASTIC DIFFERENTIAl CRCSS SECTION (AT FIXEC ANGLE OR Tl FOR PROTON PROTO~. 

THETA = .0605 RAOI ANS. T~EH IS THE ANGLE THAT THE PROTON MAKES WITH THE BEAM IN iHE LAB. 

[THIS DATA REPLACES VALUES GIVEN EARLIER IN COCCONI ET At., PHYS. REV. LETTERS 7, 450 1196lJ I 

LABORATORY 
BEAM MGMENTUM 

G~V(~ 

te.2'l 
27.83 

C-SIGI"A/0-0MEGA 

retsP._ " _ 
• ~(:0 
.026 

PER CENT 
~0 
5C 

ELASTIC DIFFERENTIAL CRCSS SECTION CU FIXED ANGLE OR Tl FOR PROTON PROTON • 

IHEfA = 

LABGRATOI<IT 
eEAM joi.Q~ENTUM 

GEV/C 

• 11 IUDIANS. THETA iS THE ANGLE THAT THF. PRIJTI)N IUK;ES WITH THE BEAM IN THE LAB.· 

U-SIGMA/0-DMEGA 

8.94 
11.28 
13.98 
15.96 
18.97 
21.1t6 

~B/SP 

2. 7500 
.31(0 
.1200 
.O<liOO 
.0055 
.0011 

PER CENT 
50 
50 
50 
50 
50 
50 

@!:] s•"All-ANGLE PO SCATTERI."G IN THE HQHENTUH RANGE 1.3 TO 1.5 GEV/C. !PHYS. REV. LETTERS 21, l4lb ll9b6) I 

L.H.C.OUTTON,H.B.V.IIN DER RA.IIY I BIRMINGHAI' UN IV., BIRMINGHAM, ENGLAND) 

ABSTRACT Til( HASTIC AND C:UASIEL.li!TIC SCATTERING OF INC.IUI:::NI VMUTUNS BY A DEUTERIUM TAftCI:'f, OVER THE ANGULAR RoiiNGE 
2ci-10 MRAO IN THE LABORATORY SYSTEM, HAS BEEN DETERMINED USING A SONIC SPARK-CHAMBER SYSTEM. DATA WERE OBTAINED AT 
INCIDENT MOMENTA OF 1.29, 1.39, AND 1.54 GEV/C AND ANALYZED TO DETERMINE THE RATIO OF THE REAL TO IMAGINARY _PART$ Of 
Ttl( f'PI fORUARD r.G&TTCRitiO Atii'LITUDe, 3ATI3PA.:.TOA'r' AG~I!.:I"eN'I wt'I'H !HI: Yll:t:IHtfiONS Ct- UISPERSION-RELATI(lN tALtlii.ATitlNS 
WIICO nRTIIJNEn. 

CLOSElY RELATED REFERENCES 
CONTINUATION OF PREVICUS EXPERJMEf!;T IN PHYS. LETTERS 258, 245 119611. 

ADDITIONAL CITATJON5 
PHVS. lETTERS 20, 203119641, PHYS. REV. 135, B35e 119641, PHYS. LETTERS 26B, 679 (19681, PHYS. REV. 146,980 (19661, 
PHYS. LETTERS 19, 341 119651, PHYS. LETTERS 6, 38 11965), NUOVO CIMENTO 41A, 167 11966), PHYS. REV. 139, 8362 119651, 
PHYS. REV. 139, B3eO ll'i651, AND JETP 19 542 119641. 

ARTICLE REAC BY ODETTE SENARY IN 4/6Cil, AND VERIFIED BY LEROY PRICE. 

SEA"' IS PRGTON ON OEUTERON FRO/II: 1.2'i TO 1.54 GEV/C. 

THIS EXPERIMENT USES SPARK CHA,.,eERS. 

KEY WORDS • DIFFERENTIAL CROSS SECTION REAL IAMPLITUOEI/IMAGINARY CAMPLITUOEl 

FI.A~TII; OIFFERENTIAL CP:CSS SECTICN FCR PROTON CEUTERQU, 

LABORATORY fEA"' HCjolfNTUH • 1.54 +- .6C GEV/C. 

I CORRECTED FOR 8EAI1 OISTR IBUTION AND PLURAL SCATTERING. PRIVATE COMMUNICATION FROM VAN OER RAAY APRIL 1969 I 

THETA C-S I GMA/0-0I'EGA 
R.ACIANS 1'!8/SP 

• 0185 +- .0010 856. ·- 87 • 
.0205 .0010 536. b •• 
.0225 • 0010 458. jj, 
.024S • COlO 458. 50. 
.C265 • COlO lt9'i. 41 • 
• 0285 .0010 440. 2 •• 
.0305 • cot a ·~f-. 77 . 

• 0325 .0010 401 • 21. 
• 0345 .0010 413. 20 • 
• 0366 .0010 3Cil2. 20 • 
.0385 • 0010 347 • 16 • 
• 0405 • 0010 346 • 16. 
.0425 • 0010 338. te • 
.0445 • 0010 311 • 11 • 
• 0465 • 0010 33f • 11. 
.0485 .0010 324. lb. 
.0505 • 0010 356 • lb • 
.0525 • 0010 361. "· .0545 .0010 327. "· .0565 .0010 30t. "· .0585 .0010 314. 16. 
• Of05 .0010 278. 15 • 
.0625 • 0010 217 • IS. 
• 0645 .0010 307 • 15. 
.0665 • 0010 ;n~ • "· • 0685 .0010 253 • , .. 
• 0705 • 0010 254 • 14. 

THETA IS THE At\GLE THAT THE PROTON /'lAKES WITt-: THE BEAM IN THE LAB. 
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ELASTIC DIFFERENTIAL CRCSS SECTJ[;N FCR PROTON DEUTERON. 

LABORATORY eEA~ MO/IIEl\'TU/1'1 "' 1.39 •- .bC GEV/C. 

C CORRECTED FOR BEAM OISTRIBUTIOPI At.O PLUPAL SCATTERING. PRIVATE COMMUNICATION FROM VANDER RAAY APRIL 196'9 I 

THETA C-S 1 GI".A/ C-0/11 EGA 
RACJANS HB/SR 

.()195 • 0010 791. ·- 63 • 

.0215 • COlO 607. ., . 
.0235 • 0010 520. 34 • 
• ozss .COlO 511. 32 • 
.0275 .0010 482. 2'· 
• 0295 .0010 424. 27 • 
• 0315 .COlO 395. 25 • 
• 0935 .0010 357. .H • 
.0355 • 0010 347. 22 • 
.0375 • 0010 312. 21 • 
.039~ .0010 326. 21-
.0415 • 0010 29E. 20 • 
.0435 • 0010 297. 1 •• 
.0455 • 0010 29f. 1 •• 
.0475 .0010 292. I'· 
• 0495 .0010 302. 1 •• 
.0515 • 0010 268. lB • 
.0535 • 0010 21!7. 17 • 
.0555 • 0010 289. I R • 
.0575 • COlO 257. 17 • 
.0595 • 0010 250 • 17. 
.ous • 0010 252. 17 • 
.0635 • 0010 zza. 16 • 
.0655 • COlO 274. 16 • 
.0675 • cote 24'i. 16 • 

THETA IS THE ANGLE THAT THE PROTON "'AKES WITH THE BEA"' IN THE LAB. 

ELASTIC DIFFERENTIAL CRGSS SECTICN FCR PROTON CEUTERON. 

LABORATORY eEA,... Mf:P~ENTUM = 1.29 +- .6C GEV/C. 

I CORRECTED FOR BEAM OISTRJBUTlON AND PLURAL SCATTERING. PRIVATE COMMUNICATION FROM VANDER RAAY APRIL 1969 1 

THETA 
RAO IANS 

• 0205 .0010 
.OZ25 .0010 
• 0245 .0010 
.0265 .0010 
• 0285 .0010 
.0305 .0010 
• 0325 .0010 
• 0345 .0010 
• 0365 .0010 
• 0385 .0010 
• 0405 .0010 
• 0425 .0010 
.0445 .COlO 
• 0465 .0010 
• 0485 .0010 
.0505 .0010 
• 0525 .0010 

O-S I GfiiA/0-C,..EGA 
MBISR 

1072. ·- 96 • 
75t. 82. 
653. lC • 
622. 63. 
447. 54 • 
3'i2. ~0! • 
392. 2c; • 
382. 21 • 
363. 26 • 
35C. 2~ • 
394. 25. 
34C. 23 • 
334. 23. 
3B'i. 23 • 
364. 23 • 
34E. 22 • 
311. 21. 

THETA IS THE ANGLE HAT THE PROTON, MAKES WITH THE BEAM IN THE LAB. 

Til( RCIJH nATIO FOP. THE FOR~IAP:D liLASTlC AMPLITUDE I=I)R PU('ITnN NI=IITRnN. I URI F. II 

« THESE VAlUES ASSUME THAT THE SPJK-OEPENQANT PART OF Tt-.E AMPLITUDE MAY BE UNEQUAL TO ZERO. I 

lABORATORY 
BEAM MOMENTUM 

GEVIC 
1.29 
1.39 
1.54 

ALPHA 

-.68 ·- .zs 
-.48 .13 
-.36 .18 
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rt:""i:l A BUBI!LE CHAMBER STUDY CF PROTON-PROTON INTERACTIONS AT 4 GEV/C. PART I - ElASTIC SCATHPING, SINGLE-PION AND CEUTERON ~ PRODUCTION. INUCYC Cli"HTO 49A, 47<i 1196711 

S.CCLETTI,J.KIOO,L.~ANCElLJ,V.PELOSI,S.RllTTI,V.RUSSO,L.TALLONE,E ZAMPJERI (UNIV. 01 MlLAt\G, ~llANO, ITALY) 
C.CASO,F.CONTE,M.OAHERJ,C.GROSSC,G.Tc;HASJNI IUIIIIV. OJ GENOVA, GENOVA, ITALY) 

ABSTRACT ELASTIC SCATTERING, Slt>IGLE-PION AND OEUTERCN PROOUCTIOI\' HAVE BEEt\ INVESTIGATEC. THE CROSS-SECTION FOR ELASTIC 
SCATTERING IS Cl3.5 +- 0.31 HB. THE Af\GULAR DISTRIBUTION HAS BEEN FITTED TO 0-SIGMA/01 = (0-SIGMA/OT CAT T = 01 
EXPC-BUJ IN THE REGION (F LO\Ii VALUES OF L THE BEST FlT GIVES B: 16.7 +- 0.51 IGEV/CJU'-2 AND (0-SIGMA/OT CAT T = CIJ 
= (91 +- 51 Me CGEV/CI••-z. THE CROSS SECTIONS FOR PP PIO, PN PI+ REACTIONS ARE RESPECTIVELY 12.6 +- 0.31 MB ANC 
19 .. 7 +- 0.41 HB. THESE REACTIO"''S ARE COfllNUEO ev THE 13/2,3/21 NUCLEON-PION ISOBAR PRODUCTION ANO BY FOR\oiARO 
BACKWARD COlliHATION OF THE NUCLEONS. THE PRODUCTION RATES FOR THE ISOBARS NU+I1238), NH(l2381, NUfl500I H/IVE BEEN 
ESTJHATE0 1 TAKING INTC ACCCUNT THE EICPERIHENTAL PERIPHERAL BEHAVIOUR OF THE INTERACTION. IN THE PN PI+ REACTION THEY 
ARE 150 +- 21 PER CENT, 110 +- 31 PER CENT, 14 +- 3f PER CENT. IN THE PP PIO REACTION THE PRODUCTION OF N*+(l2381 IS 
ESTIMATED TO BE 145 +- 101 PER CENT. THE 0 PI+ AND 0 PI+ PI+ PI- REACTION CROSS SECHONS ARE RESPECTIVELY 10.03 +
C.OU HB, AND 10.04 +- 0.011 ~B. 

CLOSELY RELATED REFERENCES 
SEE ALSO SIENNA CONFERENCE 1591 119631 1 PHYS. LETTERS 16, 75 (19651, PHYS. LETTERS 16, 196 (19651, AND NUOVO CP4ENTO 
43, 1?10 1191lhl-

AOOITIONAL CITATICf\S 
PHYS. REV. 105, Ull4 US~HI, PHlS. kE~. LE'fltkS !>, l4 tl9601, PHVS. REV. 12~, 333 ltt~61J, PROGRESS OF THEORETICAL 
PHYSICS 5, 57C 119501, CEFIN 59-08 119591, NUOVO CIMENTO 27, 206 (19631, NUOVO CIHENTO 27, 856 119631, P.-;ys. REV. 75, 
1352 119491, ANNUAL REV. OF NUCLEAR SCIENCE 8, 49 119581, PHYS. REV. 134, 81 119641, PHYS. REV. 113, 164( 119591, 
REV .. MOD. PHYS .. 33, 458 ll 1M11t PHYS. REV. LETTERS 6, 64 tl9601, NUOVO CJI"ENTC 21, 1028119611, PI-lYSe REV. lETTERS 7, 
387 I 19611, NUOVO CII".ENTO 24, 453 119621, NUOVO CIHENTO 27, 1450 C 19631, NUOVO CIMENTO 30; 240 ( 19631 t NUOVO ClMENTO 
34 1 735119641, PHYS. REVe 13c;, 8646 f1S651, REV. ~00. PHYS. 37,485 (19651 1 Pt-:YS. REV. 138,8610119651, PHYS. REV. 
125 1 2082 't19621t PHYS. REV. 125, 2091 119621, PHYS. REV .. 123, 1465 (196llt PHYS. REV. 123, 2160 (19611, PHYS. REV. 
126 1 747 (1'~621, PHYS. REV. LETTERS 13, 355A 119641, NUOVO CIMENTO 40, 839 119651, PHYS. REV. lETTERS 15, 207 119651, 
PHYS. REV .. LETTERS 17, 884 (19661, NUOVO CIMENTO 43, 716 (19661, PHYS. REV. LETTERS 5, 19 119601, PHYS. LETTERS 7, 
222 (19631, PHYS .. LETTERS ll, 161 (1964), PHYS. REV. LETTERS 11. SOh ll'ilh"\1, PHV$, REV. 134, 84~4 119641, CED.N 60-33, 
CERN D0/1270/P, PHYS. REV. LETTERS 9, 32 (19621, FORTSCHRITTE OER PHYSIK 9t 549119611, PHYS. REV. 138, ~913 119651, 
PHYS. REV. 107, 859 ( 19571, PHYS. REV. lETTEPS 10, 376 119631, PHYS. REV. LETTERS 9, 108 I 1962lt PHYS. REV. 126, 2204 
(19621 1 PHYS. REV. lETTERS 11, 499 119631, PHYS .. LETTERS 15, 188 119621, PHYS. REV. lETTERS llt 211 (19631, NUOVO 

~~7~~~~ :! : ~~\ 1 ~::~! 1 ~~~~~· P~~~T~~t 1fhl 9y t~!Xt; I ~ .. ~~~r,~~e~ ~~. T~~~Rn ~~!L P~~~~~\~~: ~~~: ~~:~ 1: ~9;~~~ A~~u JETP 
7 "llR lllil"lli I 

ARTICLE READ I!Y OCETTE SENARY II\: 1/bc;, AND YEfl:lFIED BY LEROY PRIC.F. 

I!EAI". IS PROTON 0~ PROTCN AT 4 GEV/C. 

THIS EXPERIMENT USES THE SACLAY 81 Cfol IHJ 8UI!8LE CHAfoiBER. A TOTAL OF 50000 PICTURES ARE REPORTED ONe 

KEY W(RDS • CROSS SECT I CN 
DENS I TV HATR I X 

CIFFERE,..TIAL CROSS SECTION 
DELTA I 12381 N*( 1520)013 

COMPOUND KEY WORDS • FITS OlFFERENTI.AL CRC!SS SECTION 

LABORATORY I!EAM MOMENTIJf'. "' 4.CO +- .04 GEV/Ce 

REACTION 
PROTON PROTON • 

TCTAL 
ELASTIC 
PROTON PROTON PIO 
PROTON NI!!'UTRON PI+ 
CEUTERON PI+ 
OFUHi~OM D1• PI• n~-
2 PRONGS 

tlABlE 11 

FITS MASS SPECTRUM 
DEUTERON 

MILL I-BARNS 

43.000 +- 1.500 
13.500 .300 
2.600 .300 
9. 700 .400 

.021 .010 

.e~8 .810 
34.100 1.100 

(PAGE 4921 

lABORATORY I!EAM M(jHENTU~ "' 4 .. 00 +- .04 GEV/C. 

FRACTION 
REACTION PER CENT ( 11 

PROTON PROTON • 
DELTA( 12=81++ NEUTROt.: 50. 2. 

OELTAillHI ..... • PROTON Pit (2.1 
OELTAI12381+ PROTON 10. 3. 

P'~T.•.UJJOI~ lll;UlliUii I'll ttl 
N•(15201+ PROTCN 4. 3. 

N•t 1,201+ • NEUTRON "'I+ li!'l 

ANGULAR OISTPIBUTION 

NO. EVENTS 

2205 

(11 THESE FRACTIONS SHOULD BE fiiUlTlPLIEO BY 9.7 +- .. 4 TO GET CROSS SECTIONS IN MILLIBARNS .. 
( 2 J USED SI "'PLE MASS CUT .. 

(PAGE 492 1 

LABORATORY eEAM ~QJIIENTUf' '" 4.CQ +- .04 GEV/C. 

FRACTION 
REACTIO"f DEP. C6NT 11 I 

PROTON PRC!TON • 
DEL TAl 12381+ PROTON 45 .. +- 10. 

OElTAC12381+ • PROTCN PIO (2) 
N• t LSlU J * tJHU I UN < 5. 

N•l15201+ • PROTON PIC (21 

111 THESE FRACTIONS SHOULD BE fiiULTIPLIEO BY 2 .. 6 +- .3 TO GET CROSS SECTIONS IN Mllli8ARNS .. 
(21 USED SIMPLE ~ASS CUT. 



ElASTIC DIFFERENTIAL CRCSS SECTION FGR PROTOt. PRCTON. 

lABORATORY BEA/1! MCP'Et\TUJII! :: .t,,QQ +- .04 GEV/C • 

• THIS DATA WAS READ FRO"' /. GRAPH • 

-T 
tGEV/C IUZ 

.025 

.040 

.050 

.015 

.100 

.130 

.150 

.210 

.230 

.270 

.380 
.bSC 

1.100 
1.300 
1. ~oc 
2.400 

0-Sit::,A/C-T 
"'8/fGEY/C1 .. 2 

ao.ooo a.ooo 
lC.OCC 8.000 
67.ooo a.coo 
5C!.OCO 1.000 
4C. ace e .coo 
32.000 6.000 
28.000 5.000 
25.000 5.000 
20.000 3 .coo 
15.0CC 3.000 
a.oco t.ooo 
1.3CO .400 
.360 .100 
.ozo . .cso 
.cec .ooJ 
.011 .002 
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(FIGURE 51 

T IS THE MOMENTUM TRANS FER BETWEEN THE (I NC.OHING PROTON I AND THE [GUT GOI "'G PROTON J. 

FIT TO ELASTIC DIFFERENTIAl t:Rl!~S SECTI~I\ FCR PIIOTON PROTOt4. trACE '•881 

LM!ORUORY f!EAM ~OME~TUM ., 4.00 +- .04 GEV/C. 

DATA IS FIT OVER-T FROM .02 TO .-40 IGEV/C.Jo-•z. T. IS THE MOMENTUM TRANSFER BETWEEN TI-E I INCOMING PROTON) ANC THE 
I OUTGOING PROTON J. 

FITTED FORMULA IS 0-SIG~A/D-T :: UEXP(B(TU 

WHERE D-SJGHA/D-T IS IN MelfGEV/CI••z AND -T IS IN IGEV/CIU2 .. 

F ITT EO VALUES 

A "' 91.. 5 .. 
B = b. 7 .s 

~CROSS SECTIONS FUR <Lo.<NTAkY PARTICLE INTERACTIONS lfOPnCHRITTE OER PHYSIK 9, 549 IIQ6l)l 

V.S.BAR.ASHENKOV,V.H.HALTSEV IJOIH I~ST. FG!l NUCL. RESEARCH, DURNA 1 USSR) 
• • THIS IS A COMPILATION 

ARTICLE READ BY ODETTE SENARY I~ 1D/t9, AND VERIFIED BY LERCY PRICE. 

GENERAL COHI'EtHS CN THIS ARTICLE 
1 WE HAVE NOT ENCODED All OF THE DATA GIVEN BY BARASHENKOV IN HIS TABLES , BUT RATHER HAVE ARBITRARILY SELECTED OUT 

SCHE REPRESENTATIVE PCJNTSe 

KEY WORDS • CROSS SECT JON 

PROTON PROTON TOTAL CROSS SECTICN. ( 1 I 

LABORATORY 
BEAM ENERGY 

G!:V Ml Ll I-BARNS 
.0100 31~ .a 13.0 
.0198 155.0 2.0 
.0312 92.0 1.0 
.0396 10.0 I .o 
.0502 52.8 .. 
.. Qbl9 ~2 .5 .. 
.0695 37.~ 2.3 
.070~ Jl.Q '.0 
.0950 28.5 1.3 
.0980 21.1 1.3 
.ueo 24 .a .. 
.1 112:0 25.2 I .7 
.1600 26.1 1.0 
.1100 23.2 1.9 
.225C 22.4 .9 
.2470 22 .. 4 1.8 
• ZbOG 22.6 1. 3 
.3150 2~.3 1.0 
.3)00 23.~ .9 
.3450 23.2 .3 
.3800 24.4 .. 
.4C80 24.0 1.0 
.4100 26.9 • 7 

( 1 J TAKH FROM A REVIfW ARTICLE. 

NEUTRCN PROTON TOTAL CROSS SECTION. I 1 I 

lABORATORY 
6EA~ ENEPGY 

GEV 
.0199 
.0390 
.0630 
.0900 
.1011 
.1530 
.1600 
.2200 
.3500 
-~100 

HILLI-BARto.S 
504.( 10.0 
771.0 1.b 
126.0 3.0 
76.0 •• 7 
ac.o 1.0 
46.4 1.2 
51.2 2.6 
It! .o 4.0 
35.6 • 7 
33.7 1.3 

[TABLE lJ 

I TABLE 4 J 
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~PROTCN-PROTCN !NTER.CT!CNS H 5.5 GEV/(, !PHYS. REV. 154, 1284 11<671! 

G~ HEXANDER,Q. BENARY, G.CZAPEK, 8 .HABER ,N .K JORON, B.REUTER,A. SHAP IRA, E. Sf P"OPOULOU,C. YEKUT I Ell I WE IZMANN INS f. OF SCI., 
REI-':OVOTH, ISRAEL l 

ABSTRACT THIS REPORT IS BASED Ot\ ABOUT 10,500 PP COLLISICN EVENTS PRODUCED It\ THE 81-CM SACl&\Y HYOPOCEN BURBLE CHA"!BER 
AT CERN. CROSS-SECHCN VAlUES FC!R TH OIFFEP.ENT IDENTIFIED FINAL STATES AND RESONANCES ARf GIVEN. THE ISOBAPS N•l 1238), 
N*ll420J, N*I1518J, N*(l688J, N*I!C~20J, AND N*l23601 WERE IDENTIFIED ANC THEIR PROCUCTION CROSS-SECTION VALUES liERE 
FOUND VIA A BEST-FIT ANALYSIS OF DIFFERENT INVARIANT-"1ASS HISTOG'UHS. ABOUT 70 PER CENT OF THE ISOBARS ARE CONNECTED 
WITH THE QUASI-1~0-BOCY REACTICNS PP•N•N AND PP•N*N•. T~E REACTION PP•NEUTRON NOI12381++ WITH A CROSS SECTION OF 3.25 
•- 0. 16 MB WAS ANALYZED IN TERMS OF A PER I PHERAL ABSORPT JON MODEL, WHICH WAS FOUND TO BE IN GOOD AGREEMENT ~I TH THE 
DATA. VARIOUS CECAY ~CDES OF THE N*ll5181 AND N•l16881 ISOBARS WERE GBSERVEO At\C THEIR BRAI\CHING RATICS DETERMINED. 
THE BRANCHING RATIO OF N PI+ TC P PI+ PI- WAS FOUNC TO 8E 0.77 •- 0.45 FOR N*l15181 AND 0.67 +- 0.40 FOR N*fl6881. 
THE BRANCHING RAllO OF NOI1238JH PI- TOP PI+ PI- OF N*Cl68BI WAS ESTIMATED TO BE 0.14 •- 0.14. PION PRODUCTION 
TURNED OUT TO BE HAJNLY DUE TO IJECAY OF ISOBARS. PRODUCTION OF I'IESON RESONANCES TURNED OUT TO AE LESS I~PORTANT; THE 
REACTION PP•PP OHEGA ·.pp PI+ PI- PIO \OAS IDENTIFIED WITH A CROSS-SECTION VALUE OF 0.11 +- 0.02 1'18. FINALLY, THE 
PRODUCTION OF NEUTRAL STRANGE PARTICLES WlTH A CROSS SECTION OF 0.45 •- 0.04 ,.9 IS OJSCUSSEC. STRONG FORMATION OF 
Y•I138SI IS CBSERVEO. 

CLOSELY RELATED REFERENCES 
CONTINUATiON OF PREVICUS EXPERJJI'ENT IN PHYS. REV. LETTERS 13, 355A 119641, PHYS. REV. LETTERS 15, 207 119651, NUGVO 
CIMENTO 39, 384 llli65J, ~UCVO CIMENTO 40A, 839 (19651 1 AND PHY$, FtEV. 144, 112'- IP~htd. 

ADDITIONAL CI'TATIO~S 

PHYS. REV. 123,2160119611, PHYS. REV. 125,2082 11962), PHYS. REV. 133,81011119641, PHYS. REV. 138, J\670 119651, 
PHYS. LETTERS 16, 75 11965», PHYS. LETTERS 7, 222 119631, REV. MOO. PHYS. 31, 633 (19651, NUOVO CJHF.NTO 38, 60 1·19651 
PHYS. LETTERS 8, 285 119641, PHYS. LETTERS 13, 185 119641, OXFORD CON~ERENCE Gl3 (19651, NUOVO CIMF.NTO 24, 71t;l 11Gl62lt 
NUOVO CIMENTO 34, 1644 11'.;641, NUOVO CIMENTO 33, 309 I 1Gl641, PHYS. LETTERS 8, 134 119641, NUOVO Ct"4ENTO 35, 1052 ( 19651, 
PHYS. REV. LETTERS 16, 855 11Q661, DUI!NA CONFERENCE 480 11Gl64J, PHYS. LETTERS 5, 279 119631, OXFORD CONFERENCE 131 
119651, PHYS. RE\1. LETTERS 14, 604 119651, AND PHYS. LETTERS 11, 164 (19641. 

ARTICLE REJ10 E!Y OCETTE BENARY II\ Jn.c;;, AN() VEPIFlED BY LEP.OY PRICE. 

AFAM I~ PROTQN IJII/ PROTON ItT 5.52 li6V/C. 

THIS EXPERIMENT USES THE SACLAY 81 C,. IHI BUE!BLE CHA"4BER. A TOTAL OF 30000 PICTURES ARE REPORTED ON. 

KEY WORCS • CROSS SECTION ANGULAR OISTR IBUTION 
FITS DENSITY MATRIX DELTA( 12381 
DEL TAl 24201 RHniH,o;l ETA(548) 

MASS SPECTRUI'! OALI TZ PLCT CIFFERENT IAL CROSS SECT ION 
'N0fl6881 1 . N*l 14lOJPll OELTAI19201 N*I1520JDJ3 

01'!EG/d7831 E!RANCHINC nATJO STRANGE PARTICL~S 

COMPOUND KEY WORDS • FITS CIFFEREt\TIAL CPOSS SECTION 'N*I 16881' BRANCHING RATIO 

lFRO~ PACE J;"n4 t.Nn TAOlE 11 

LABORATORY BEAM MOMENTUM = 5.~2 +- .01 GE\1/C. 

REACTION 
PROTON PROTON • 

TOTAL 
ELASTIC 
PR CTON NEVT RON P 1• 
PROTON PROTON PlO 
PROTON PROTON PI+ PI-
PROTON NEUTRON PI+ PI+ PI-
PROTON PROTON PI+ PI- PIO 
PROTON PROTON Fl+ PI+ PI- PI
NEUTRON PROTON PI+ PI+ PI+ PI- PI
PROTON PROTON PI+ PI+ PI- FJ- PIO 

LA8CRATORY EEAI" MQ~ENTUfi' = 5.52 +- .01 GEV/C. 

MtAt:tiUN 
PROTON PROTON • 

DEL UI1~J0)11 t~(UTRON 

OElTAI12381++ PROTO,.; PI+ Ill 
OELTAI12381+ PROTON 

DEL TAI1238 I+ NEUTRO~ PI+ 11] 
DEL TAI12381+ PROTON 

OELTAIL2381+ . PROTCN PIC (11 
n~~ Ta~ tn:t'.'l• • ~ttiJTni;PI 

DEL TAI1920J++ . PROTON PI+ .f'l J 
DCL fAil't!l,) i •• i'u!t.:i R(/IV 

DELTAI2420J++ PROTO~' PI+ I 1) 
N*C 1~70)+ PAOTON 

N*f 14701+ . NEUTRON PI+ 111 
N't Cl '170 I• PROTOit 

N•l14701+ . PROTON PIC ( 1 l 
N•ll5201+ P~OTON 

N*( 15201+ . NEUT~ON PI+ (1) 
N*l1520l+ PROTON 

N•l1520h . PROTON PIO ( 1 l 
'N*( 16881+' PROTON 

'N*tl6881+' . NEUTRON PI+ ( 11 
'U't I 1600 I I • r'ROTel4 

'N*I16B81+' . PROT Of\ PIO [ 1) 

MILL I-BARNS 

41.600 ·- 1.400 
11.990 .250 
8.030 .190 
2.770 .110 
2.840 .oao 
2.850 .o8o 
1.840 .070 
.227 .023 
.098 .015 
.o8e .014 

(TABLE 31 

HILLI-BARNS 

J.~~ +- .16 

.75 .os 

• 72 .05 

.O!J.! ... 

.20 .oa 
.8o .lb 

. ~· .Ub 

.44 .zo 

.oo .04 

.az .lb 

.l.'l. .Ub 

NO. EVENTS 

2512 
168~ 

581 
1120 
1127 

129 
91 
39 

" 

f II F'TTJ:I) OlSTP.JBUTlON WITH FIXED MASS AND WIOTII Arm TOOK EVENTS ONLY IlBOV~ IPITTEDI BACkGROUND. 
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I TAOl( 4 I 

LABCRATORY EEAM MOHENTU~ 5.52 +- .01 GEV/C. 

REACTION 
PROTOI\ PRCTCN • 

~llli-B~PNS 

PRO TOt. 

PROH!t. 

N*Cl5201+ PROTCN 
N•l 15201• • PROTGN PI+ PI- ( 1 I 

'N•I16881+' PR(jl(N 
'N•Il6881+' • PROTOI\' fl+ PI- (l] 

DELTAC19201+ PROTUN 
DEL TAl 19201+ • PRQTCf\. PI+ PI- ( 1 I 

CElTAI123BJu PROTON PI-
DElTAU2381++ • PRCTON PI+ lll 

OELTAI12381++ DEL TAI123EIC 
DEllA(l2381++ • PROTONPI+lll 
DELTA( 123810 • S:AOHN Pl- fll 

OELTAI12381++ N•ll47CIC 
DELTAf1238J++ • PROTON PI+ Ill 
N•ll47010 • PROTON PI- Ill 

CELT.Ail230Jtt N•ll5201t 
OElTACl2381++ • PRCTC!N' PI+ ( 11 
N•ll52010 • PROTON PI- [11 

DElT/111231JJ·++ 'N*I~68810' 
OELTAU23BI++ • PROTO!\ PI+ Ill 
1 N*I 168810' • PROTON PI- ( 11 

DEl TAl 123810 PROTO"' Fl• 
QELTAI123810 • PROTON PI- Ill 

N•llHOIO PROTON PI+ 
N*fl47CIO • PROTON PI- Ill 

N•ll52010 PROTON PI+ 
N•l 152010 • PROTCN PI- I 11 

'N•I 168810' PROTON PI+ 
'N•Cl68810' • PROTON PI- ( 11 

PROTON PROTON RH017651 0 
RHOC76510 • PI+ PI- Ill 

.57 .os 

.48 .04 

.42 .C6 

.28 .04 

.25· .04 

.13 .04 

.02 .02 

• 21 .04 

.12 .01 

.04 .Cl 

.os .02 

.02 .02 

.01 .05 

Ill FITTED DISTRIBUTION "ITH FIXED M-ASS AND WIDTH AND TOOK EVENTS ONLY ABOVE IFITTEDI B~CKGROUNO. 

[TABLE 51 

LABOR~TORY eEAM MOMENTUM = 5. 52 +- .01 GEV/C. 

REACTION f"llli-BARNS 
PRCTCN • 

DEll~( 123BI++ t.'EUTRON PI+ PI- 1.02 .15 
DEl TAl 1238 h+ . PROTO!Ii PH Ill 

DELTAI12381++ N*I15201C .15 .02 
DEl TAl 1.:!361 t t rROTON r I+ [I) 
N•ll520JO . NEUTRON pI+ PI- Ill 

DELTA I 12361++ 'N•I 168810' .06 .02 
DEllA112381++ PROTON PI+ [I) 
'N•U6B810' . NEUTRCN PI+ P 1- [I) 

DELTAI12381++ DELTAI12381- PI+ .59 .16 
OELTAI12381++ PROTON PI+ [I) 
OElTAI12381- . NEUTRON PI- [I) 

CElT AI 12381 + PROTON PI+ PI- .17 .06 
DELTAI12381+ t.EUTRON p ,. [I) 

N•l 152CIC PROTON PI+ .26 .03 
N• I 152010 . NEUTRON PI+ PI- [I) 

'N*Il688J0' PROTON PI+ .04 .02 
'N•I168BI0' N[UTRON PI o rl- Ill 

N*(15201+ NEUTRON PI+ .42 .18 
N•l15201+ . PROTON Fl+ PI- [I) 

'N*I 16881+ 1 NEUTRON PI+ .01 .02 
'N*U6881+ 1 . PRCTON F[+ PI- Ill 

NEUTRON PROTON PI+ PI+ PI- 121 .24 .03 

Ill FITTED DISTRIBUTION WITH FIXED ~~SS AND WIDTH AND TOOK EVENTS ONLY ABOVE IFITTEOI 8-"CKGROUND. 
r7.1 CROSS SECTION lS FOfl THE /"lON-RESDNIINT PRODUCTION OF THESE PARTICLES ONLY. 

(TABLE 61 

l~BCRATQRY EEAM MOMENTUM " 5.52 +- .01 GEV/C. 

RE~CT ION f"llll-BARNS 
PRCTCN . 

DELTAll238J++ PROTON PI- PIO .20 .02 
DEl TAl 12381++ . PRQTOt." PI+ Ill 

OELHI12381++ OElTAl1238)+ PI- .26 .os 
DEl TAC12381++ PROTON PI+ Ill 
0El1Ail238J+ PROTON PJO Ill 

DEl TAI1238J++ DELTAC12381C PIC .26 .06 
DEl TAI12381++ PRCTOt.' PI+ Ill 
DEl TAI123810 . PROTC!Ii PI- Ill 

DELTA( 12381+ PROTON PI+ PI- • 30 .03 
DElTAI12381+ PROTON PIO Ill 

DEllA( 123810 PROTON PI+ PIC .01 .01 
nF.I.TliC 11.3810 PROTCN PI- Ill 

N*Cl5201C PROTON PI+ .ii .04 
N•ll52010 . PROTON PI- PIO, ( 11 

1 N•I168810 1 PRGTCN pI+ .02 .02 
•N•I 168810' . PROTOt. Fl- PIC Ill 

fllolt.( 1520 •• llllQTQt.l PliJ •'•'• .09 
N•l 15201+ . PROTON Fl• PI- lll 

'N*I1688 1+ 1 PROTON PIO .11 .13 
'N*Ilb881+' . PPOTON PI+ PI- (1 I 

PROTON PROTON PI+ RHl:l1651- .01 .01 
t<H01705J- PI- P10 l I I 

PRCTCN PPOTON PI- RHCI 7651• .05 .05 
RHOI1651+ . PI+ PIO Ill 

PROTON PROTON ET AI !!4tl I .02 .01 
ETAC5481 PI+ PI- PIO Ill 

PROTON PROTON 014EGAI1831 .ll .02 
OMEGA C1831 PI+ PI- PIO Ill 

PROTON PROH!N PI+ PI- PIO 121 .16 .02 

[lJ PITTED DISTRIOUTJON WJTII fiX(O MASS AfjQ WIDTH AND TOQio', EVENTS ONLY IIBCVE CFITTEDI BACK.GROUNn. 
[2) CROSS SECTION IS FOR THE NGN-RESON-ANT PRODUCTION OF THESE PARTICLES ONLY• 
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lTABLE 7J 

LABt~ATORY EEAI'! "'Gf'I!ENTU,.. ,. 5.52 +- .01 GEV/C. 

REACT ION 
PROTO; PllOTON .. 

LAMBDA PROTON K+ 
S I GHAO PROTON K+ 
SIGf'A+ PROTON KO 
LAHBOA NEUTRON K• PI+ 
LAf'BOA PP:OTON KO PI+ 
LAMBDA PROTON K+ PIC 
SIGI'l!O PROTON KO PI+ 
SIG~A+ NEUTRON 1<0 PI+ 
SIGMA• PROTON KO PIO 
"EUTRON PROTON KOSAR K+ 
PROTCN PROTON KOSAR KO 
LAHBQA PROTON K+ PI+ PI
LAMBDA PROTON KO Pit- PIO 
SIGMAO PROTON K• PI+ PI
SIGI"A• PROTON KO PI+ PI
LAMBDA PROTON KO PI+ PI+ PI
LAHBCA NEUTRON K• PI+ PI• PI-

ELASTIC DIFFERENTIAL CRCSS SECTION FGR PROTO" PROTON • 

.. 0 1 CEV/C • 

• THIS DATA "AS READ FRO"' A GRAPH • 

-T 0-SIGI"A/0-T 
(t;EV/( 1 .. 2 ~8/ (GEV/C JU2 Ill NO. EVIiNTS 
HIN HAX 
.01 .02 25.'il 3.5 54.0 
.02 .03 57 .. 8 5.3 120.5 
.03 .04 61.'il 5.5 129.0 
.04 .05 54.0 5.1 112.5 
.os .oo b2 .. '9 ... 131 .. 0 
.06 .07 60.0 5.4 125.0 
.07 .oa 43 .. 9 4.6 91.5 
.oa .09 44.9 4.6 93.5 
.09 .10 38.') t, • .1 n1 .n 
.10 .II 3t..Q 4.2 -,5.u 
.II .12 l9.0 3.7 60.5 
.12 .13 32 .'9 4.0 68.5 
.13 .14 26.9 3.6 56 .. 0 
.14 .15 21.8 3.7 58 .. 0 
.15 .16 25.0 3.5 52.0 
.16 .17 14.9 2. 7 31.0 
.11 .Ia 19 .. o 3.0 39.5 
.Ia .19 I A.O ?.9 'l7."i 
.19 .20 19.0 3.0 39.5 
.20 .21 18.5 3.0 38.5 
.21 • 22 18 .. 1 3.C 39.0 
.22 • 23 10.6 2.3 22.0 
.23 .24 11 .. 0 2.3 23.0 
.24 .25 14 .. 9 2.7 31.0 
.25 .26 10.6 2.3 22.0 
.&!ts oll 10.1 ~-~ 21.6 
.21 .28 14.9 2.7 31.0 
.eo ... ••• loO i"ll~ 
.i'~ .1n 1.. 5 1.e 13.5 
.30 .31 12.0 2.4 25.0 
.31 .32 7 •• 1.9 16.5 

·" ... '·' l.l 19.0 
.33 .34 9.6 2.1 20.0 
.) .. I :1~ ,, , I•' l..:t•' 

·'' ... '·' . .. u., 
·'" .n ' ' ~ ... ll.i 
.31 .38 7.9 1.9 16.5 

·'" . ,. 4.1 ... 8.5 
.39 .40 5.3 1.6 ll.O ... .41 4.1 1.4 ... 
.41 .42 4.1 1.4 8.5 
.42 .43 5.0 1.6 10.5 
.43 .44 6.0 1.7 12.5 ... .45 1.9 1.0 4.0 
.45 .46 4.1 1.4 a.s 
·" ·" lo4 •0 J;u 

.47 .48 2.9 1.2 6.0 ... ·"' I.Y 1.0 4.0 
.49 .so 1.9 1.c 4.0 
.so .51 2.9 1.2 •• c 
.51 .52 2.9 1.2 6.0 
.52 • 53 2.9 1.2 6.0 
.53 • 54 1.4 .a 3.0 
.54 .55 2.9 1.2 6.0 
.55 .56 1.0 .1 2. 0 
.56 .57 .o .5 .o 

·" ... 1., l.C 4.0 
.sa ... ?.4 1.1 ~.0 
.59 .60 2.4 1.1 s.o 

'"" •01 1.0 • T '·" .61 .62 1.4 .a 3.0 
.62 .63 1.0 • 7 2.0 
.63 .64 1.0 ·' 2.0 
.64 ,65 1.0 .1 2.0 
.65 .66 .o ·' .o 
.66 .67 .o ·' .o 
.67 .68 .o .5 .o 
.68 .69 .o ·' .o 
.69 .10 1.9 1.0 4.0 
• 70 .11 1.0 • 7 '·" •TI • 1 i .v ·' .u 
• 72 .13 .o .5 .o 
.13 .14 1.0 .T z.o 
• 74 • 75 1.9 1.0 4.0 

MICRO-BARNS NO. EVENTS 

35.8 ·- ... 13.0 
16.0 7.5 4.5 
4.5 •• 5 1.0 

7~.4 l o;. 7 23 .. 0 
18.4 12.6 38.5 
62.3 12.3 25.5 
28.8 11.8 6.5 

4.1 4.1 1.0 
9.4 6.6 2.0 

19.4 10.4 3.5 ... 4.0 2. 5 
21.3 8.1 1.0 
11.4 12.3 2.0 
z.o 2.0 1.0 
4.1 4.1 1.0 

.9 1.3 • 5 
1.1 1.6 .s 

(FIGURE 31 

T IS THE MOMENTUM TRANSFER BETWEEN THE liNCOHING PROTON) AND THE lOUTGOJNG PROTON). 

{1) COUNTS WERE MULTIPLIED BY .48 TO GET THESE. ERRORS AP:E TAKEN AS P~OPC:RTIONAL TO THE SQUARE-ROOT DF THE COUNTS. 
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FIT TO ELASTIC DIFFERENTIAL CRCSS SECTION FOR PROTON PRCTON. I UBLE Z I 

LABORATORY BEAI": l'l(jijfNTUI": 5.52 +- .01 GEV/C. 

DATA IS FIT OVER -T FRO~ .• 03 TO .75 IGEV/CJ .. 2. T IS THE MOMENTUM TRANSFER BET~EEN THE [INCO"'ING PROTON! ANC THE 
( C:UTGOING PROTON). 

FITTEC FOPMULA IS C-SIGMHD-T = EXPIA+BITIJ 

WHERE D-SIGHA/0-T IS IN I":B!(GEVICI .. 2 ~!~NO-T IS IN IGEV/CI .. 2. 

FITTED VALUES 

A = 4.39 +- .C4 
a .. 1.11 •- .te 

FIT TC ELASTIC DIFFERENTIAL CFICSS SECTION FOR PROTON PROTON. (TABLE 21 

LABOIUTORY eEAM MOMENTUM :;,.~<! +- .u1 GEv/C. 

DATA IS FIT OVER-T FROM .03 TO .75 IGEV/CIU2. TIS THE MOMEt\TUM TRANSFER BET\.EEN Tt-:E (INCOMING PRQTONI AND THE 
(OUTGOING PROTONJ. 

FITTED FOR~ULA IS U-SI(J,.tl/D-1 = EXPrti~B(T)-.[(TUZJI 

WHERE c-SJGMA/0-T IS IN MB/IGEV/CI .. 2 AND -T IS IN IGEV/CJU2. 

FIT TED VALUES 

A = 4.45 •- .05 
8 0 7.96 ·- .41 
c = 1.50 .•- .15 

DtFFE~ENTIAl CROSS SECTlON FO~ P~OTON P~OTON • DEl TAl 12381H NEUT~ON. lFIGU~E 91 
DElTA(l2:381•• • P~OTON PI+ Ill 

LABORATO~Y eEA .. ,..,O ... Ef\TU.. ,. 5. 52 •- .01 GEV/C • 

• THIS DATA RAS READ FRO .. A GR"-PH • 

COSITHETAI C-SIG,..A/0-0I'!EGA 
"!e/SP 

MAX MIN 
1 .nn ... 1.0 

• 99 .98 4.4 
.98 .97 2.8 
.97 .96 1.9 
.9. .95 t.o 
.95 .94 .. 
.94 • 93 .7 
.93 .92 1.0 
.?2 .91 .1 
.91 .90 .s 
.90 .89 .s 
.89 ... .. 
• 88 .87 .3 
.87 ... ·' ... .as • 3 
.as .84 .2 

THEU IS THE ANGLE THAT THE DElTA( 12381 .. I'!AKES WITH THE BEAM IN THE GRA,._C c • ..-,. 

( 1 l CCUNTEO All E\IENTS IN lo':ASS BM~C. 

rE:"ii1 A STUDY OF NUCLEON ISOBAR PRODUCTION IN PROTCN-PROTON COlliSIONS. INUOVO CIHENTO 63A, 529 

~ I.M.BLAIR,A.E.TAYLGR (ATOMIC EN. RES. ESUe., HAR\I.Ell, BERKS., ENGLAND) 
W.S.CHAPMAN,P.t.P.KAlMUS,J.UTT,f'I.C ... IllER,H.J.SHERHttN (QUEH' MARY COllEGE, lONDON, ENGLANDJ 
A.ASTBURY, O.B.SCOTT,T.G.WALKER (RUTHERFORD HIGH EN. lAB., CHILTON,OIO.RERK.ENGLANOJ 

( 19691 J 

ABSTRACT THE MOI"EI\TUM SPECTR"- OF PROTONS SCATTERED INELASTlCAllY IN PROTG,..-PROTON COlliSIONS WERE ORTAINEO IN AN 
EXTERNAL BEAM AT NIMJ\00, USING INCIDENT PROTON MOI'!ENTA QF 2.85, 4.55, 6.06 AND 7.88 GEV/C, AND VARIOUS SCATTEF.ING 
ANGLES IN THE RANGE 22 TO 144 MRAD. THE ISOBARS OF MASS 1236, 1518, AND 1688 MEV ARE CLEARLY SEEN. THERE IS EVICENCE 
ALSO IN THE SPECTRA AT S""All ANGLES FGR THE PRODUCTION OF THE 1410 MEV ISOBAR AT A MASS OF t 1410 •- 151 MEV AND WIDTH 
1125 •- 201 MEV. IT IS SHO\IN THAT THE OBSER:VED PEAK CANNOT BE EXPLAINED BY THE DECK EFFECT. THE DIFFERENTIAl 
CROSS-SECTIONS FOR HE PROCUCTION OF THESE ISOBARS ARE PIH:~t:Nit:U IN ltK"'S OF THE USUAL VAPIABLI!S S ANC T, AND ARE 
CO~PAREO WITH ABSORPTION A,._O REGGE-POLE MODEl PRECICTIONS. FITS TO THE DATA WITH VAPIOUS EMPIRICAL FUNCTIONS OF THESE 
VARIABLES ARE ALSO INVESTIUTED. THE BEHAVIOUR OF THE TOTAL CROSS-SECTIGN FOP H*E 12:36 MEV ISOBAR IS FOUNO TO EXHIBIT 
ENERGY DEPENDENCE CONSISTENT WITH ONE-PlOt\ EXCHANGE, WHEREAS THE 1410 MEV AND 1688 HEY IS08AR TOTAL CPOSS-SECTIGt\S 
ARE FOUND TO BE ENERGY-INCEPENDENT. ALSO THE TOTAl CROSS-SECTICN FOR THE 1518 MEV ISOBAR IS FOUND TO EXHIBIT 
ENERGY-DEPENCENCE IN THIS EN~flGY RANGE. 
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BEAM IS PROTON ON PROH!N FROI" 2.85 10 7.86 GEV/C. 

THIS EXPER:II'!ENT USES ((l'NTERS. 
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CROSS SECT ICN FGR PROTCN FRCTC,_ • PROTON DEl TAI12381+. tTABLE 21 

LAeORATCRY 
eEAM MOMENTUM 

GEV/C 
2.85 
't.55 
6.00 
7.88 

CROSS SECT JON FOR 

LAUUWAIU~Y 
eE II,.. ~OMENTUM 

CEll/C. 
't.55 
6.06 
1.88 

MILL I-BARNS 
3.80 .60 
1.50 .20 
.60 • 10 
.Itt .06 

PROTGN PRCH~N PRGTON NO:I1't70)+. 

Hllli-BIIP~S 

• 64 .ca 
.65 .18 
.45 .09 

CPOSS SECTION FOR PROTCN PRCTON • PROTON N•ll5201+. 

lABORATORY 
eEAH fo'C,..ENTU/'! 

~!~~! 
6.06 
t.I:IH 

CROSS SECTION FOR 

b~!QR~TQRV 
eEAH lo!OHENiUH 

GI:V/t: 
4.55 
6.06 
7.88 

PROTCN PRCTON • PROTC:::N 'N•I 1688)+ 1 • 

HILLI-tURt.S 
• 70 .10 
.so .10 
.46 .C9 

(TABLE 2 J 

(TABLE 21 

(TABLE 2J 

FIT TO DIFFERENT I H CRCSS SECTICN FOR PROTON PROTON • PROTON OELTAI12381+. 

LABORATORY eEAI'I. HO~ENTUM 2.es GEV/C. 

llABLE 31 

DATA IS FIT OVEil -T FRO!'! .C31 TO .160 IGEV/CI••z. T IS THE I'!D,..ENTU~ TRANSFER eETWEEN THE (INCOMING PROTON) AND THE 

~!TTe~~msm HQTQNJ. HIW/0-r • ••exPis•ri 

WHERE C-Sit::HA/D-T IS IN M8/IGEV/CI .. 2 AND -T IS IN IGEV/CI••2. 

FITTED VALUES 

A • 15.0 +- 1.6 
8 ,. 6.9 .. _ 1.2 

FIT TO CIFFERENTIAL CRCSS SECTICN FOR PROTON PROTON • PROTON DELTAI1238) ... 

lABORATORY SEAl". HO,..ENTUH '" 4.55 GEV/C. 

(TABLE 31 

DATA IS FIT OVER -T FRO• .034 TO ,pQ !~~V!~t·•~, a TH~ ~OM~NTUM TRANSf~R B~THF.EN THE IINr.nMINf. PRnTnNI ANn THF 
lUUIUUlNU ~UUIUNJ. 

fiTTFn FORMIIIA T!i n.r,Jr.M6/0-T a UFUJRaTl 

WHERE D-SI<;HA/D-T IS IN HBIICEV/CIUZ AND -T 15 IN IGEV/CI••2. 

F ITT~D VALUES 

FIT TO DIFFERENTIAL CRCSS SECTJCN FOR PROTON PROTON • PROTON DELTA ( 1238 I+ • IT ABLE 3 J 

LABORATORY eEAI". MO,..ENTUM • 6 .. C6 GEV/C .. 

DATA IS FIT OVER -T FROM .. Cl56 TO .26D CGEV/CI*•2. T IS THE MOMENTUM TRANSFER BETWEEN THE I INCOMING PROTON) AND THE 
lUUIGUlNG PRUIUt.l. 

FITTED FORMULA IS D-SIG~A/D-T a A•EXPIB•TJ 

WHERE D-SIGHA/0-T IS IN M8/IGEV/C1••2 AND -T IS IN CGEV/CI••2. 

F ITHD VALUES 

A .. 2.8 .5 
B "' 10. 1. 

FIT TO DIFFERENTIAL CROSS SECTION FOR PROTON P~OTON • PROTON DELTAI123BI+. (TABLE 31 

LABORATORY SEA~ MO,ENTU~ • 7.88 GEV/C. 

DATA IS FIT OVER -T FROI'I .• O't6 TO .340 IGEV/CI .. Z. T IS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING PROTON) AND THE 
(CUTCOINC PROTON). 

FITTED FOR~ULA IS 0-SIGHA/D-T .. UEXPlB•TJ 

WHERE D-SIGMA/0-T IS IN MBIIGEVICI••2 AND -T IS IN CGEV/CI .. 2. 

FITTED VALUES 

A .. 2.1 .~ 

8 Ill: ~. ~ ·- .b 
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FIT TO DIFFERENTIAL CROSS SECTICN FOR PROTON PROTO"' • PROTON N•ll4701+. I TABLE 3 J 

LAI!ORATORY eEAM HO/O!ENTUH 4.~5 GEV/C. 

DATA IS FIT OVE~ -T FROM .044 TC .220 CGEV/CJ .. Z. T IS THE HOI'!ENTU~ TRANSFER eETWEEN THE I INCOMING PROTON) ANC THE 
(CUTGOING PROTON). 

FITTED FOR ... ULA IS 0-SIGIWA/0-T ., AHXPIB•TJ 

WHERE C-SIGHA/0-T IS IN HB/IGEV/(1 .. 2 AND -T IS IN IGEV/CJ .. 2. 

F ITT EO VALUES 

A .rz 5.5 •- .8 
B a 14.C +- 1.3 

FIT TO DIFFERENTIAL CRCSS SECTICN FOR PPOTON PROTON • PROTON N•ll4701+. lTABLE 31 

URORIITQRY REAM M('IJ!':f.:NTIJH ~ h.r,h GI:V/C. 

DATA IS FIT OVER -1 FROfo! .Obl TC .160 IGEV/(1 .. 2. T IS THE MOMENTUM TRANSFER BETWEEN THE I INCOMING PROTON I AND THE 
I CUT GOING PROTON J. 

FITTED FORMULA JS 0-SIGHA/0-1 ., A•EXPIB•TJ 

WHERE D-SIGMA/0-T IS IN HB/IGEV/(1 .. 2 AND -T IS IN IGEV/CI .. 2. 

FITTED VAlUES 

A .. e. a •- 2. c; 
8 .. 2D.7 ·- 2.7 

FIT TO DIFFERENTIAL CRCSS SECTION FOR PROTON PROTON PROTON N•C 1410h. ITABLE 31 

LABORATORY BEAM MOI"ENTUH 1.ee GEVIC. 

DATA IS FIT OVER -1 FRO~ .048 TC .145 IGEY/CI .. 2. TIS THE MOMENTUM TRANSFER BETWEEN THE I INCOMING PROTONJ AND THE 
I OUTGOING PROTOt-.'1. 

FITTED FORMULA IS D·SIGMA/C-T ,. A*EXP(B*TI 

WHERE D-SJGMA/0-T IS IN MS/IGEV/CJ .. 2 AND -T IS IN IGEV/(1**2· 

FillED VAlUES 

A ., 5.9 •- 2.5 
B .. 22.1 ·- 4.1 

FIT TO DIFFERENTIAL CRCSS SECTIC~ FCit PROTON PROTON • PPOTON N* I 1520 1•. 

lABORATORY eEAfil. fiiCMENTUf'l! " 4.55 GEV/C. 

ITABLE 31 

DATA IS FIT OVER-T FROM .051 TO ·.210 IGEY/CI**2. TIS THE HOHENTUfil TRANSFER BETWEEN THE I INCOMING PROTON) ANC THE 
ICUTGOING PROTOK). 

FITTED FORMULA IS D-SIGMA/0-T = A*EXPIB*Tl 

WHERE D-SIGMA/0-T IS IN HBIIGEY/CIU2 AND -T IS IN IGEV/CI**2. 

FITTED VALUES 

A ,. 2. 2 •- • 2 
B = 5.4 •- .8 

FIT TO DIFFERENTIAl CRCSS SECTICN FOR PROTON PROTON • PROTON N* ( Ui20 I+. ITABLE 31 

lABORATORY eEAM I'!Qf'I!ENTUH .. 6.C6 GEV/Co 

DATA IS FIT OYER -T FROM .065 TO .290 IGEY/CJU2. T IS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING PROTON I AND THE 
(OUTGOING PROTON). 

FITTED FORMUlA IS O·SIGMA/0-T = AHXP(B*Tl 

Uli,RfO D··"CHA/g-T H Ul MOICCI:V/«;I .. J MlO •T 1£ Ul ICI:V/«;J...,.J. 

FITTED VALUES 

A = 1.8 - .4 
B :a 7.1 •- 1.1 

FIT TO DIFFERENTIAl CRGSS SECTICN FOR PROTON PROTON PROTON N*l 15201•. (TABLE 31 

LABORATORY i!EAf'l! MDfiiEKTU"' • 1.88 GEV/C. 

DATA IS FIT OVER -T FROM .C92 TO .484 IGEV/CI**2. T IS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING PROTON I ANC THE 
lCUTCOING PRC!TO~J. 

FITTED FORMULA IS D-SIGHA/0-T '" A*EXP(B*Tl 

WHERE D-SIG"!A/0-T IS IN MB/IGEY/CI .. 2 AND -T IS IN CGEV/CI**2. 

FITTEC VALUES 

A "' .9 +- .1 
B ,. 5. 2 •- .5 

FIT TO DIFFERENTIAl CROSS SECTJCN FOR PROTON PROTON 

LABORATORY BHM MOf'I!ENTU~ 4.55 GEY/C. 

PROTON 'N*I 16881•'• ITAeLE 31 

DATA IS FIT OVER -T FROM .Cql TC .270 CGEV/CI .. 2. T IS THE MOMENTUM TRANSFER BETWEEN THE [INCOMING PROTON I A~D THE 
I ~UT~OING PROTON J, . _ . _ . . 

FITTED FORMULA IS C-SIG~.II/0-T '" A•ExPlB*TI 

WHERE D-SIGMA/D-1 IS IN MB/CGEV/CI**2 AND -T IS IN fGEIJ/() .. 2. 

FillED VALUES 

A " 2.1 •- .5 
8 • 4.t. .... 1.) 
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FIT TO DIFFERENTIAl CRCSS SECTICN FOR PROTGK PROTON • PFIOTON 'N•I 16881•'. I TABLE 31 

UI!CRt.TGRY I!EAt' ro!Oii'E~TUP'! 6.C6 GEV/C. 

DATA IS FIT OVER -T FR0/'1 .C81 TO .300 IGEV/0 .. 2. T 15 THE HOHENTU"' TRAI\SFE'R BETWEEN THE·[ INCO,..ING PROTON I ANC THE 
IGUTGOING PRQTOI\J. 

FIT TEO FORMULA 15 D-S IGHA/D-l = A*EXP(BOcT I 

WHE~E D-SlGP'!A/D-T IS IN ~I!IIGEV/CI .. 2 AND -T IS IN IGEV/(1 .. 2. 

FITTCO VALUES 

A 1.8 .5 
B = S.t 1.3 

FIT TO CJFFERENJIAl CRGSS SECTit:K FOR PROTON PROTON PPOTON 'N•I16881•'• [TABLE 31 

lABORATORY eEAM HO,..ENTUM 7.88 GEV/C. 

DATA IS FIT OVER -T. FROJll .058 TO .500 IGEV/CI••2. T IS THE MOMENTUM TRANSFER BE TWEEt\ THE I INCOMING PROTON I AND THE 
(OUTGOING PROTON l. 

FITTED FORMULt. IS C-SIGMA/D-T = A*EXPIB•TI 

WHERE D-SJGMA/D-T IS I.N H8/IGEV/CIU2 AND -T IS IN IGEV/(1 .. 2. 

F ITT EO VALUES 

A "' 1.3 .2 
8 4. 8 .4 

DIFFERENTit.L CROSS SECTICN.FCR PROTON PROTON • DELTA( 123BH PROTON. 

Lt.I!ORATORY BEAM P'!OMENTUH = 2.es GEV/t. 

I PRIVATE COMMUNICATION FRC~ A.t.STBURY IOECEMBER 19691 I 

• 031 
o031t 
.039 
.048 
.049 
.052 
.058 
.065 
.012 
.078 
.085 
.092 
.102 
.no 
.119 
.128 
.138 
.14t:l 
.160 

0-SI GMA/C-T 
MBI(GEV/CI .. 2 Ill 

PER CENT 
11.10 
1i!.BO 
16.70 
9.C5 
9.f;O 
7.-40 
e. 30 

11.30 
7. 'SO 

10.90 
10.90 
7. 30 
7.60 
6.60 
6.80 
5.60 
5.60 
).45 
5.48 

' 3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

IFIGUPE SAl 

l IS THE ~OHENTUP'! TRAI\'SFER BETWEEN HE I lNCGHING PROTON) AND THE [OUTGOING PROTON]. 

Ill PLUS POSSIBLE SYSTHATIC ERROR OF- 10 PER CENT. 

01 FFEPENT I AL CROSS SECT JON FOR PROTON PROTON • DElTAI1238H PROTON. (FIGURE 881 

LABORATORY eEAH MO!o!ENTUJI :a 4.55 GEV/C. 

I PRIVATE COM)IUNICATtCN FRCM A.t.STBURY !DECEMBER 1969» THERE ARE TWO VALUES BElOW AT -T.,.053 .ALSO THE VALUE AT 
-T::.140 IS GIVEfl. IN HiE ORIGIN~L TABLE AS -T ... 040 I 

-T D-SIGI"A/0-T 
(tli'!.''.:: ~ ••:! IIRIIr,utrl •• 't r" ., CENT 

.oU.!Joi, •hO l 

.035 5.30 3 

.0~2 5.60 3 

.043 4. 70 3 
.053 !>.OS 3 
.053 3.80 3 
.Ot.lt -4.10 3 
.075 3.-40 3 
.CB9 2.85 3 
.096 3.25 3 
.109 2.-40 3 
.140 - 81 3 
.u.o , .. .:; , 
.161 1.57 3 
.180 1.81 3 
.181 1.17 3 
.220 .90 3 
• ?.4rl ... 3 
.270 •• o 3 

T IS THE HOHENTUH TRANSFER BEThEEN THE (INCOMING PROTCNJ AND THE (OUTGOING PROTON). 

Ill PLUS POSSIBLE SVSTEJI'ATIC EJIROR GF •- 10 PER CENT. 
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DIFFERENTIAL CROSS SECTJCf\ FOR PRCTCf\ FRCTON • OHTAI12381+ PROTON. 

LABOAUORY EEA~ MC~EHUH "' 6.06 GEV/C. 

I PRIVATE COMMUNICATICN FRCM A.ASTRlJRY IOECEMBER 19691 I 

-T 
IGEV/C) .. 2 

.056 

.o1C 

.107 
• 128 
.154 
• 2t.O 

D-SIG~A/0-T 

~BIIGEV/CJU2 ( lJ 
PEA CENT 

1.74 3 
1.C)4 3 
1.06 3 

.67 3 

.59 3 

.n J 

(FIGURE BC l 

T IS THE MOMENTUM TRANSFER BETWEEN THE li~CC:MING PROTON) AND THE !OUTGOING PROTON!. 

Ill PLUS POSSIBLE SYSTE~ATIC ERROR OF •- 10 PEq, CENT. 

DI~FERENTI/IL CROSS SECTION FCA PROTON PR('TON nFI.Uili':lP.It PROTON. 

LABORATORY eEA"' ~OI'!ENTU~ = 1.ea GEV/C. 

I PRIVATE COMMUNICliTICN FRCH A.ASTBURY IOECEHBER ~~~691 I 

-T 
IGEV/C 1 .. 2 

.C46 

.089 

.093 

.ll-4 

.ll7 

.146 

.181 

.217 

.25C 

.260 

.295 

.340 

.390 

.44C 

.500 

.526 

D-S t GI'A/C-T 
f'i!B/IGEV/C 1 .. 2 I 11 

PER CENT 
3 1.750 

.12C 
1.000 
.sao 
.630 
.410 
• 3~0 
.170 
.17C 
.lQO 
.160 
.Ot:e 
.120 
.. 046 
.074 
.029 

3 
) 

) 

) 

3 
3 
) 

3 
) 

3 
) 

3 
3 
3 
3 

!FIGURE 801 

T IS THE fo!OMENTU~. TRANSFER BETWEEN T~E (INCOMING PROTON I AND THE I OUTGOING PROTON). 

Ill PLUS POSSIBLE SYSTEI'ATJC ERROR OF •- 10 PER CENT. 

DIFFERENTIAL CROSS SECTtlJN FGR PROTON PROTON • N•l 1-4701+ PROTON. IFIGURE 9AI 

LABOR.IITORY BEAP' MOP'ENTlJio'. '" 4.55 GEV/C. 

I PRIVATE COIH1.UNIC.HJ(N FRCM A • .IISTBURY IOECEHBER 1Q691 I 

-T 0-SI GHA/U-1 
IGEV/C 1 .. 2 ~8/ IGEY/(1 .. 2 Ill 

PER CENT 
.044 2.72 3 
.C45 3.C5 3 
.052 3.02 ) 

.053 2.61 ) 

.Ot.2 2 .. 20 3 

.063 2.30 3 
0 013 2.13 3 
.004 1.53 3 
.098 1.31 3 
.111 1.C8 3 
.148 .67 3 
.166 .55 3 
.220 -~6 3 

T l:i THI: lllnii:UlUII TnAti~f(n OCTHCU lliC IIUCOHHIC rROlt~il A.l!C TH!i lt'UTtOI•l'= PVIJT~~J. 

Ill PLUS POSSIBLE SYSTE~ATIC ERACA GF +- 10 PER CENT. 

DIFFERENTIAL CROSS SECTION FCR PROTO\ PRCTON N•ll4701+ PROTON. (FIGURE IJBI 

LABORATORY BEAfol. HC~EHU~ '" 6.C6 GEV/(. 

I PRIVATE COHHUNICATI(JN FRCH A.ASTBURY !DECEMBER 196QI I 

-T D-SJGfoiA/0-T 
IGEV/C 1 .. 2 MB/IGEV/CI .. 2 Ill 

PEn Ct:~,T 

• 061 2. ~0 3 
.074 2.50 3 
.uc • 7C 3 
.130 .38 3 
.u"' .... !J ) 

.260 .13 3 

T IS THE H011ENTUM TRANSFER BETREEN THE (INCOMING PROTON) AND THE ICUTGOINC PROTON). 

Ill PLUS POSSIBLE SYSTEPIATI( ERRGR OF •- 10 PER CENT. 
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DIFFEPENTIAL CRCSS SECTI(I\ FOR PRCTCN PROTON • N•tl47CH PROTON. 

LAHORATORY eEAI" MO~E,..TU~ = l.BA GEV/C. 

I PRIVATE CO~KUNICATION FRC"' A.ASTBURY IOECEMRER 19691 I 

-T 
IGEV/C 1••2 

.048 

.C90 
• C94 
.115 
.117 
.145 
.180 
.214 
.250 
• 290 

D-SIG~A/0-T 
1'8/IG6.V/CIUZ Ill 

2. 20 
.b9 
• 79 
.35 
.54 
.2b 
.25 
.1> 
.16 . 
.OJ 

PEP cer-;r 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

IFIGUPE c;c, 

T IS THE MOMENTUM TRANSFER BETkE EN THE I I NCOM lNG PROTON I AND THE {OUTGO lNG PRGTCN I. 

( 1 I PLUS POSSIBLE SVSTHATtC ERROP OF +- 10 PER CENT. 

DIFFERENTIAl. CROSS SECTIG"' FOR PROTCN PRCTON N•tl5201+ PROTON. [FIGURE lOAI 

LABORATGRY eEA~ I'!QI'ENTUM "' 4.55 GEV/C. 

I PRIVATE COMMUNICATION FRCM A.ASTBURV (DECEMBER 11~691 THERE ARE TWO VALUES AT -T=.tn IN THE eELOW TABLF. I 

-T 
llti:Yil. J.G14tl 

.057 

.csa 
.ObC. 
.065 
.OH 
.075 
o\..H:.I 
.C95 
.107 
• 126 
.1!'7 
.1/3 
.l15 
• 191 
• 191 
.230 
.250 
• 27C 

0-SIGI":.0/0-T 
Ml!llbEV/l.JUl lll 

1.)0 
1.27 
2.05 
1.92 
1.28 
1. 35 
l.,l 
1. 28 
1.29 
t.-43 
l.lo 
.99 
,(7 ... 
.b1 
.4< ... 
·" 

PER CEI\T 

' 3 
3 
3 
3 
3 

T IS THE MOMENTUM TRANSFER BETWEEN THE [INCC~ING PROTONI ANC THE ((UTGOING PROTON). 

Ill PLUS POSSIBLE SYSTE,.ATIC EPRQ,:I OF+- 10 PER CENT. 

OIFFERENTI AL CROSS SECTICN FOR PPOTON PROTON • N•ll52CI+ PROTON. 

LAeORUORY HA"' MOfoi:ENTUM = 6.Ctc GEVIC. 

I PRIVUE CO"'I'!l..NICAT~CN FRO' A~A$TBIJR'f H>;:t!;M6e~. 19~'=11 t 

-' ((,fVJC )Ul 

.C65 

.079 

.114 

.13-4 

.151 

.260 

U""!lll:I'I'A/U-1 
~~illor:vll.lnl 111 

PER CENT 
1.15 ·- 3 

.99 3 

.'i5 3 

.1~ 3 

·" .32 

(FIGURE 108~ 

T IS THE MO!'!ENTUH TRAKSFER BETWEEN H:E ( INCCHING PROTON) ANC THE (OUTGOING PROTON I. 

lll PLUS POSSIBlE S'r'STEII.ATJC EPROA 0~ +- 10 PER CENT. 

DIFFERENTIAL CROSS SECTICN FOR PROTON PROTON • N• I 15201 + PROTON. [FIGURE 10CJ 

LAeORATORY eEAH MOI'!ENTUI" = 7.88 GEV/C. 

I PRIVATE COI":"'UNICATlCN FPC!"! A.AST8URY IOECEMBER 19691 J 

-T Q-SIE~~t.0/0-T 

IGEVICU•? 1118/IGEV/C IUl 'l) 
1-'I:N CI::NI 

.051 1.120 +- 3 

.092 • 57( 3 

.096 .<480 3 

.116 .440 3 

.119 .'t5C ) 

.146 .~tOO 3 

.180 .320 3 

.214 .zto 3 

.25C .ZitO 3 

.?SS -'lt:: 3 

.ltltl .!'lU J 

.31t0 .23C 3 

.380 -1~0 3 

.lt11t .082 3 

.460 .06C 3 

.lt84 .068 3 

.50~ .teo 3 

.626 .028 3 

.670 .051 3 

.750 .C65 3 

T IS THE MOMENTUM TRANSFER BEHiEEN THE liNCOHING PROTCNJ AND THE tbUTGOING PROTON). 

Ill PLUS POSSIBLE SYSTEI"ATIC ERRCR OF+- 10 PER CENT. 
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DIFFERENTIAL CROSS SECTIO. FCP PilOT ON PROTON .. 'N•I U:BSI + 1 PROTON. IF I CURE llA I 

LAI!ORATORY I!EAM MO,..ENTUM = 4.~5 GEV/C. 

I PRIVATE COfi~UNICHICN FRC~ A.ASTBURY IOECEHI:!ER 19691 I 

-T 0-SIC:MA/C-T 
IGEV/C 1 .. 2 1"8/IGEV/CI .. 2 Ill 

PER CENT 
.091 1.45 3 
.098 1.85 ' .116 0 7Z ' .1]'; .15 3 
.157 1.60 ' 0171 loBO 3 
.186 1.C5 ' .198 .80 3 
.204 .62 ' • 216 ... ' • 250 ... 
.270 0 77 

T IS TI-lE MOMENTUM TRANSFER 8ETioiEEN THE [INCOMING PROTON) .liND THE IOUTGOING PROTON!. 

Ill PLUS POSSIBLE SYSlE,..ATIC EARC!l GF +- 10 PER CENT. 

DIFFERENTIAL CRCSS SECTICt\ FCR PRCJ(Jp.; PIWTON 'N•I16881+' PROTON. 

LABORATORY EEM" ~O,..Et\TUM = 6.C6 GEV/C. 

I rRJVA.fE COMMU~liCATiml FRCM A.ASTBURY IOECEMBER 11J6QI I 

-T 
IGEV/( JU2 

.081 

.093 
.127 
.146 
.168 
.2bC 

0-SIGfo'A/0-T 
1"8/IGEV/CJU2 ( 1 I 

PER CENT 
1.45 3 

.96 3 

.sa 3 

.aa 3 
• 74 3 
• 52 3 

(FIGURE 1181 

T IS THE MOMENTUM TRANSFER BET~EEN THE IINCCMING PROTON! .ANC THE [OUTGOING PROTON!. 

Ill PLUS POSSIBLE SYSTE~ATIC ERROR OF+- 10 PER CENT. 

DIFFERENTIAL CRCSS SECTION FOR PROTON PROTON • 'N•C ll:881+' PRO TOt\. 

L.lleORATORY BE.III" MO~ENTUM = l.SS GtV/C. 

I PPIVATE CO"!MUNICATJGN FRO~ .A • .IISTBURY IOECE!o!BER 19691 I 

-T 
IGEV/CI .. 2 

.059 

.09!1 

.102 

.121 

.124 

.150 

.183 

.215 

.2SC 

.255 

.261 

.330 

.370 
• 397 
.454 
.476 
• 500 
.613 
.t:4C 
• 735 

O-S I Gfi!A/0-T 
"!B/IGEV/CI .. 2 II J 

1.020 
.qoo 
.780 
.lee 
• 740 
.620 
.530 
.420 
.430 
.3t:O 
.390 
.3a 
.190 
.110 
.170 
.096 
• 1E7 
.082 
.on 
.100 

PER CENT 
3 
3 
3 
3 
3 
3 
3 

' 3 
3 
3 
3 

' 3 
3 
3 
3 
3 
3 
l 

(fiGURE llCJ 

T IS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING PROTON] AND Tl-tE lOUTGOI~G PROTON]. 

111 PlUS POSSIBLE SYSTE,.,ATIC ERROR OF •- 10 PER CENT. 

~NEUTRON-PROTON ELASTIC SCATTERI'G FRO• 8 TC 30 GEV/Co IPHYS. REV. LETTERS 24, 22 1197011 

B.G.GIBBARQ,L.W.JOt\ES,fi!.J.lONGO,J.R.C'F.AllON IUNIV. OF MICHIGAN, ANN ARBOR, MICH., USAI 
J.COX,fl!.l.PERL,W.T.TONER lSTANFGRO liNEAR ACCEL. CNTR., STANFOPD,CALJF., USA) 
~.N.I<REISLER (PALMER PHS. LAS., PPlt\CETON UtHV., PRINCETON, N.Jl 

ABSTFlACT THE DIFFERENTIAL CROSS SECTICfo. FOP NEI.,ITRON-PROTDN El,ASTJC SCATTERING WAS MI;ASUREO JN THE DIFFRACTION REGION 
WITH INCIDENT NEUTPON MOMENTA BETWEEN 8 AND 30 GEV/C. THE EXPERIMENT WAS A SPARK CHAI'!BEP-COUNTER EXPERIMENT, 
CONDUCTED AT THE A.G.S. RESULTS ARE PPESENTED ANC COMPARED TO CURRENTLY AVAILABLE liJ\IiER ENERGY NP DATA ANC COI':PARABLE 
ENERGY PP VAT .A. 

C. I nr.fl V Rfl UFO RFFFRF.Pir.F~ 
CONTINUATION OF PREVIOUS EXPERII"ENT IN PHYS. ·REV. LETTERS 16, 1217 Cl966l. 

AODITJDNAL ClTATICt\S 
UCRL 16275 119661, PHYS. REV. LETTERS 20, 468 {1968l, NUCLEAR INSTRUMENTS AND METHODS 39, 335 (19661, PHYS. REV. 
LElTEPS l!i, .r.S 119651, PHY~. LETTERS 298, 321 119691, AND NUOVO CIHENTO 30t 60 U96Sl. 

ARTICLE READ BY OCETTE BEt\ARY 111o 12/69, ANO VER IF lED BY LEROY PRICE. 

BEAI" IS NEUTRON Ot\" PROTON fRCM 5.4 TO 29.4 GEV/C. 

THJ S EXPERIMENT USES SPARK CHA,.,BERS .liND COUNTERS. 

GENERAL CGflfo!ENTS ON THIS .IIRTICLE 
1 THE DATA PRESENTED .ARE NORMALIZED TO THE OPTICAL THEOREM POit\T, NEGLECTING THE CONTRIBUTION FROtot THE REAL PART OF 

THf PORWARC SCATTfRING .IIMPLITUDft AND TAKING A CONSTANT VALUE OF 98 MD FOR TilE NP TOTAL CROSS SECTION OETWEEN 5 
ANO 20 GGV/C. 

KEY WORDS .. DIFFERENTIAL CROSS SECTION FITS MODELS 

COMPOUND KEY WORDS • FITS CIFFERENTIAL CR~SS SECTION 



ELASTIC DIFFERENTIAL CRCSS SECTICN FCR NEUTRCN PROTON. 

LABO.RATORY eEAI" MO,.EhTU,., "' 7.4 +- 2.0 GEV/C. 

-T 
(GEV/C IU2 

.174 

.223 

.274 
• 323 
.372 
.423 
.473 
.538 
.649 
• 743 
.851 
.934 

0-SU:f!IA/C-T 
"'8/IGEV/C IU2 

22.000 ·- 1.300 
15.4CC 1.000 
to.300 .et:o 
e.2co .1so 
5.7CC .t60 
3.69C .540 
2.570 .560 
2.600 .lttO 
1.160 .340 

• H4 .270 
.423 .210 
.2CB .070 
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I TABLE 11 

T IS THE HOHENTUM TRANSFER eEHHEN TH (INCCHING NEUTRCNI AND THE (OUTGOI ·~NEUTRON). 

ELASTIC DIFFERENTIAL CRCSS SECTION FOR NEUTRON PROTON. 

LABORATORY BEAfol. HOHENTU~ "' 11.4 +- 2.0 GEV/C. 

-T 
IGEV/CI .. 2 

.175 

.224 

.274 

.323 

.314 

.lt22 

.474 
• 545 
.651 
• 744 
.e46 
-~74 

1.170 
1.476 

0-51 t:MA/0-T 
foi8/(GEV/CIU2 

21.00C +- .c;]O 
ts.soc .880 
10.tCO .700 
7.180 .570 
!I •. HU o!llU 
3. 5CC • 430 
z .. 5o;c .. ~?o 
1.8~0 .260 
.H9 .170 
.426 .130 
• 3C6 .110 
.11~ .cc;6 
• 06'l .Ull 
.OH .C12 

(TABLE 11 

T IS THE! HOMf!NTUH TRANSFER BETWEEf4 THE (INCOMING NCUTRONJ AND TilE IOUTCCINC NEUTRONJ. 

ELASTIC DifFERENTIAL CRCSS SECTICN FCR NEUTRCN PROTON. 

LABORATORY BEAfol. ~"~;C,.,EHUI"' ,. 15.4 

-T 
IGEV/CI .. 2 

.175 

.223 

.273 
• 323 
• ~7.~ 
.423 
.474 
.s4q 
.649 
• 745 
.846 
.c;l69 

1.1c;ll 
1.51~ 

D-SHMA/D-T 
MB/IGEV/(1 .. 2 

2C.l00 +- .B7C 
14.100 .710 
10.000 .630 
7.460 .540 
5.13C .• 450 
l.200 .liU 
2.180 .320 
lo ''IC .l,U 
.555 .140 
.294 .too 
.128 .C67 
.056 .022 
.010 .CC6 
oUJ.':I oiJI.'I5 

2.0 GEV/C. 

(TABLE 1 I 

T IS THE MOMENTUM TRANSFEP. BETWHN THE [INCOMING NEUTRON) ANO THE IOUTHit\G NEUTRON). 

ELASTIC DIFFERENTIAL CROSS SECTICN FOR NEUTRCN PROTON. 

LABORATORY SEA,., MO~ENTUI"' Lc;l.4 +- 2.0 GEV/C. 

-T 
IGEV/C , .. 2 

.?;Jl 

.274 

.323 

.37'• 

.423 

.473 

.550 

.638 

.743 

.851 

.985 
1.LU1 
1.638 

0-~1 G~AtC-T 
~B/IGEVIC,••2 

14.800 +- • HO 
~.c;J .. Q .630 
6.620 • 510 
"·esc ·'~'•0 
3. sac .3c;o 
2.380 .320 
1.140 .220 
.633 .... , 
.He .!CO 
.147 .C69 
.062 .020 
.u.n, .OLJ 
.CC2 .C03 

(TABLE ll 

T IS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING NEUTRGNI AND THE (OUTGOING NEUTRON). 

ELASTIC DIFFERENTIAL CRCSS SECTION f(R NEUTRCN FPOTON. 

LABORATORY BEA~ ~C,.,HlU"' "' 23.4 

-T 
CGEY/C JU2 

• 227 
.273 
• 324 
.373 
.422 
• 474 
.550 
.650 
• 743 
• 848 
.982 

1.185 

C-SU::MA/0-T 
MBilGEV/CI••2 

11.1oo +- .ezo 
6.560 .470 
4.HO .380 
3.030 .310 
2. 160 .270 
1.37G .220 

• 7 21 .150 
.421 .110 
.on .c39 
.110 .051 
.016 • C09 
.012 .006 

2.0 GEY/C. 

tTASLE 11 

T IS THE ~OMENTU~ TRANSfER BETWEEN THE I INCOMING NEUTRON) AND THE ICUTGOING N.EUTRONJ. 

- ~. I 
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ELASTIC DIFFERENTIAL CRCSS SECTICN FCR NEUTRCN PROTON. 

LABORATORY .BEAM I'!OI'!Et-;TU~ = 27 .<4 

-T 
IGEY/C JU2 

• 325 
.373 
.. 1122 
.472 
.553 
.651 
.138 
.881 

0-SHMA/0-T 
~8/IGEV/CJ••z 

4.8400 ·- .6800 
3.08CO .<4900 
2.1900 .4300 
t.31CO .2500 
.9sto • .aoo 
.3910 .1600 
.064<; • (260 
.Ol2lt .CC90 

2.0 GEV/C. 

(TABLE ll 

T IS THE MOMENTUM TR.IINSFER BET\ofEEN THE (INCOMING NEUTRON I AND THE [OUTGCJNG NEUTRON). 

FJT TC ELASTIC OIFFERENTI.AL (RCSS SECTION FOR NEUTRON PROTON. (FIGURE 21 

LABORATORY eEA" MOJo!ENTUI'! 7.4 +- 2.0 GE\1/C. 

DATA 'IS FIT 0\IER -1 FROio! .C T( .5 IGEIJ/(1 .. 2. TIS THE MOMENTUM TRANSFF.R BETWEEN THE (INCOMING NEUTRON) AND THE= 
I OUTGOING NEUTRON). 

FJTTEC FO~HULA IS - C-SIGPU/C-1 = EXPI-UA8SITII 

WHERE 0-SIGHA/0-T IS IN ,.B/CGEV/C.IU2 AND -T IS IN IGEV/(1 .. 2. 

FITTEC VALUES 

A "' 1.01 •- .zq 

FIT TC ElASTIC OJFHRENTIH CRCSS SECTION FOR NEUTRON PROTON. (FIGUPE 21 

LABOR.6TORY eEAM MOMENTUPI 11.4 2. t GEV/C. 

DATA IS FIT 0\IER -T FRO"! .0 TC .. 5 (GEV/CIU2. T IS THE MOMENTUM TPANSFER BETWEEN THE l INCOMING NEUTRON] AND THE 
I CUTGOING NEUTRON I. 

FITTED FOR,..ULA IS C-SIE"!A/C-T , EXPI-A*ABSITII 

WHERE! tt-SJGHA/0-T IS IN MB/(GE!V/CIUZ AND -T IS IN IGEIJ/CH+z. 

FITTED IJALUE 

A "' 7.12 +- .22 

FIT TO ELASTIC DIFfERENTIAl CRCSS SECTION FOR NEUTRON PROTON. (FIGURE 21 

L.680RATORY BEAM MOJI!E~TUM l5.4 2.0 GEIJ/C. 

DATA IS FIT OVER -T FROM .0 TO .5 IGEIJ/(IU2. T IS THE HOMENTUJI! TRANSFER eETWEEN THE l INCOMING NEUTRON} ,AND THE 
( CUTGOING NEUTRON I. 

FITTED FORMULA IS 0-SIGI'!/1/0-T = EXPl-A*ABSITI) 

WHtKI: C-:,OiijM/1/U-1 1:,0 IN MHitGI:VitJnz ANU -1 IS. iN CGEvn.:.Jn=~. 

FITTED IJALUE 

A = 7.29 +- .23 

FIT TC ElASTIC CIFFERENTI.AL CRCSS SECTION FOR NEUTRON PROTON. (IOIGURE 21 

LABORATORY SEAl'! MO,..ENTUM 19.4 2.0 GEVIC. 

DATA IS FIT OIJER -T FRO~'. .0 TC .5 IGEIJ/0U2. T IS THE MOMENTUM TRANSFEP BETWEEN THE I INCOMING NEUTRON I AND THE 
(OUTGOING NEUTRCNJ. 

FITTED FORMULA IS C-SIGMAID-T "" EXPI-A•ABSITl I 

UII(RE 0· &lGtiA/D T I(; Hl 1!0/IGCV/GI'!''!'O! MW T )(; U: IGCYIGI•'!'i!. 

FITTED IJ.6LUE 

A ,.. 7.31 +- .23 

FIT TO ElASTIC DIFFERENTIAL CRC5S SECTION FOP NEUTROt\ PRCTCN. (FIGURE 21 

LABORATORY BEA~ HOi'IEt.'lUH 23.4 2.0 GEV/C. 

DATA IS FIT 0\IER -T FRO ..... 0 TC .5 CGEV/C)U2. T IS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING NEUTROI\1 AND THE 
(CUTGDING NEUTRON). 

FITTiO FOPWULA H C-U~Ii4.A/O-T :::: liXPl-A*AIIHTJ) 

WHERE D-SIGHA/0-l IS IN HB/IGEVICI•*2 AND -T IS IN IGEV/(1*•2. 

F 1 TTEO VALUE 

A ::o 8.57 +- .33 

FIT TO ELASTIC DIFFERENTIAL CROSS SECTION FOR NEUTRON PROTON. (FIGURE 21 

LABORATORY BEAM HOMENTU/'! "' 27.4 2.0 GE\J/C. 

DATA IS FIT OIJER -T FROfl .0 TC .5 IGEIJ/CI .. 2. T IS THE to!OHENTUM TRANSFER BETWEEN THE l INCOMING NEUTRON I AND THE 
I OUTGOING NEUTROIII J. 

FITTED FORMULA IS C-SIGH~/0-T = EXPl-A•ABSCTI I 

WHERE 0-SIGMAIO-T IS IN MB/IGEV/CI••2 AND -T IS IN IGEIJ/CJ .. 2. 

F I TTEO VALUE 

A ., 8.58 +- .38 
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[~2:1MEASURE•ENT OF PP ANO PC TOTAL CROSS SECTIONS AT 3.00 GEV/C. IBNL 14125 I !Ob91l 

R.J.ABRAMS 1 R.L.COOL,G.GIACOHELlltT•F•KYCJA,B.A.LEONTIC,K.K.U,O.N.~ICHAEl IBRCCKH~VEN NAT. LAB., UPTON, L.J., N. v., USAJ 

ABSTRACT IN A NEW foiEASUP.E~HT CF PROTGf\ TOTAL CRCSS SECTIONS AT .3.00 GEV/C, THE PO TOTAL CROSS SECT!Ofo.' IS FOUND TO eE 
LOWER THAN A PREVIOUS MEASUREMENT BY 1.17 +- .09 HB. THIS 1/'!PLJF.S A CORRESPONDING NEW VALUE FOR THE TOTAL CROSS 
SECTION FOR J;aQ WHICH IS 2.18 +- 0.21 HB LOWEP THAN THE PREVIOUS VALUE. POSSIBLE SOUPCES OF SYSTEMATIC ERROR ARE 
DISCUSSED. 

CIT AT IONS 
PHYS. REV. 146, '980 11'9661, PHYS. REV. l38, 8913119651, PHYS. REV. LETTERS 16, 1228 ll96t;J, PHYS. REV. LETTERS 11, 
102119661, B~l 14047, Pl1YS. RE~. LETTERS 18, 120'9 IIC~671, PHYS. REV. LETTERS 19,259 (19671, PtnS. REV. LETTERS 19, 
678 t 1~671, SNL llt046, Pt-tYS. REV. llt4, 1101 (1966), PHYS. REV. LETTERS 1c;, 330 I 19671, PHYS. REV. LETTERS 19, 857 
(19671, NUC. PHYS. 7~, 609 (1966), PI-IYS. REV. 168, 1466 (19681, CERN 66-18 Cl9661t PHYS. REV. LETTERS 5, 263 11';6CJ, 
PHYS. REV. ll2 1 2077 11958), CROYGENICS 3 16 tl9631t INT 1 L. CONGRESS ON NUCLEAR PHYSICS,PAAIS,FRANCE 162 fl9641, AND 
PHYS. fi:EV. LETtERS 20, 468 ll~6EI. 

ARTICLE READ ev OCETTE BENARY IN l2H9, AND VERIFIED BY LEROY PRICE. 

8iilll" NO. 1 IS PROTON or-; PRQTijN 6T ~ r.t:;vn:. 
NO. 2 IS PROTON CN CEUTERCN AT 3 GEVIC. 

THIS EXPERII'tENT USES COUNTERS. 

KEY WORDS • CROSS SECT ICN 

PROTON PROTCN TOTAL CROSS SECTICN. (PAGE 2 J 

LABORATORY 
BEAM MOMENTUM 

GEV/C 
3. 

HILLI-BARNS (1,21 
,.,.. ~3 •- .ot 

ll) ERRORS ARE STASTJCAL CNLY. 
(21 PLUS POSSIBLE SYSTE,.ATIC ERROR OF+- .7 PER CENT. 

PROTON DEUTERON TOTAL CRCSS SECTION. 

LABQAATORV 
BEAM HCHENTUH 

GEV/C 
3. 

HILLI-BARNS (1,21 
81.78 +- .07 

(1) ERRORS ARE STIISTICAL CNLYa 

(PAGE ?.1 

(.21 PLUS P055ii8Li SYSTE~ATIC EPAQR OF •~ .~ PJ:A I;FNT. 

I ., 0 NUCLEON NUCLEON TOTAL CROSS SECTION. (PAGE 71 

t' IHB vAlt.i~ HAS QHf.J CAlCUlAT!D l\V ABCAUNC THE P•P ANU P-UI:UII::KUN IUIAL LIW!J!J !J~LIIUN!J IRUR UUblo tt Alll'tn3.1lt:.V.lq&, 
9801196611 AND TAKING A VALUE OF .0311 MB .. I-11 FOR THE INVERSE SQUARE SEPARATION OF THE NUCLEON IN THE DEUTERON.) 

LABORATORY 
SEAl": ~.CfiENTUH 

G~VI~ 
3. 

HILL 1-BARfi.S ( 1 J 
lS.S7 •- .23 

(1) ERRORS UE SHSTICAL CNLY. 

PROTON NEUTRON TOTAL CRGSS SECT ION. 
GLAUBEP CORPECTIQN APPLIED 

LASCRATCPY 
SEAM MOMENTUM 

r..;vJr. 
l. 

MILLI-RARNS ( 11 
41.67 ·- .09 

(11 ERRORS ARE STASTICAl CNLY. 

(PAGE 71 
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~THE REACTION PP • PP PI+ PI· OT 7.9 eEviC. IUNiv. OF llli.CIS COOII95125 ll9b8ll 

Q.F.GRETHER IUNJV. OF ILLINOIS, lJRBAU, ILL., US6J 

ABSTRACT THE REACTICN PP • PP PI+ PI- l-AS BEEN STUDIED AT AN INCIDENT MOI'!ENTU~ OF 7.9 8EV/C USING THE fRIJOI<HAYE.N 80 
INCH HYDROG~N BUBBLE CHAJI'BER. APPRCXIHTHY 3600 EVENTS OF THE REACTION 'io!ERE IDENTIFIED; THE CPOSS SECTION \oi'AS 
OETER,..INEO TO BE 2.5lt +- .13MB. THE REACTION IS FOUND TO SE OOHJr.ATEO BY PRC!CUCTION CF HiE QUASI-THREE ROOY FINAl 
STATE NU+ P PJ-. A SIHHE GNE PIQN EXCI-:ANGE HODEL IS CCf'(PA!tEO TO THE DATA AND IS SHO'-N TO GIVE GENERALLY GCCC 
RESULTS FOR INVARIANT MASS DISTRIBUTIONS FOR THE ENTIRE FINAl STATE, AND FOR MASS AND ANGULAR DISTRIBUTIONS FOP THE 
QUASI-THREE BOCY STATE. DISCREPANCIES BETWEEN THE DATA ANC THE MODEL APE FOUND TO BE PRIMARilY ASSOCIATEC WITt
ENHANCEMENTS IN THE N*+t- PI- OR P PI• PI- MASS DISTRIBUTIONS AT ABOUT 142S MEV AND 1100 MEV. EXAMINATION OF THE 1425 
MEV ENHANCEMENT INCICATES AN APPARENT INTERFERENCE PROCESS RATHER THliN AN INCCHEPENT SUM OF ONE PION EXCHANGE 
SACKGRCUNO AND RESCNANCE PPOCUCT JON; THE ENHANCEMENT COULD NOT BE I DENT IF lEO A5 THE N•l 14701 1 THE PI 111 WAVE 
RESONtr,NCE OF PI-P PHASE SHFT ANALYSIS. EXAfiii~ATION OF THE PI• PI- MASS CISTRJSUTION GIVES SOME INOICATION FOP: 
PRODUCTION Of THE RHO MESON, BUT NO INDICATION OF OTHER PI PI RESONANCES. NO EVIDENCE IS FOUND FOP RE.SONANCES WITt' 
8AR"TON N\JJ1118ER "' ~. ' 

CIT.6TtCNS 
PHYS. LETTEQS 16, 75 119651, FHYS. REV. 154, 1284 I 1'9671, PHYS. REV. LETTERS 17, 884 11'966), NUOVO CI~ENTO SO, 1000 
119671, PHYS. REV. 13e, 8'913 11'ii651, NUOVO CIMENTO 30, 240 119631, NUOVG CIMENTC SUPPLEMENT 24 453 f1c;l621r NUOVO 
CIMENTO 27r 14SO 11963lr NUOVO CIMENTQ 40 1 236 t 19651, NUOVO CIMENTO 34, 1644 (19641, f!EV. MOO. PHYS. 3'9, 1 11'9681, 
PHYS. LETTERS 268, 161 119t:81t PHYS. REV. LF.TTERS 13, 169 119641, PHYS. REV. 120 1 te57 119601, PHYS. REV. LETTERS 1'9 1 

S46 11967J, PhYS. REV. 165, 169'i 11'9681, PHYS. REV. LETTERS 12,340 (19641, PHYS. REV. 16S, 1730 (1'9681, PHYS. REV. 
139, 81S66 11965), PHYS. REV. I.ETTERS 14 1 96S ll96SI, PJ-IYS. REV. 157, 1328119671, PHYS. REV. 166,1731119681, PHYS. 
REV. LETTERS 16, 855 (1Ci661t PHl'S. REV. LETTERS 17,789119661, PHYS. REV. LETTERS 19, 397119671, PHYS. PEV. I.ETTEPS 
20, 164 119681, PhYS. REV. 166, 1395 11968), PHYS. LETTERS 23, H6 11'9661, PHYS. REV. LETTERS 13, 5S5 119641, PHYS. 
REV. LETTEP:S 14t 10"'3 11'9651, PHVS. REV. LETTE~S 20, ll' 11968), CfP:N 66-18, P~VS. R.~V. LETTERS 13, 815 I 19641, PHTS. 
LETTERS 268, 317 11'9681, BERKELEY CONFEP:ENCE 103 119661, HEIDELBERG CCNFEPENCE 11 119681, UCRL 17651 111i6RI, PHYS. PEV. 
163, 155'9 119671, ~UOVO ClfiiENTO 1, 1238 119S51, PHYS. REV. 101, 1149 119561, PJ-IYS. REV. 105, 724 119571, PHYS. FIEV. 
137, 81115 119651, PHYS. REV. 134, Al062 11'9641, PHYS. REV. 130, 762 119631, PI-YS. REV. 132, 1252 119631, PHYS. 
LETTERS lOt 248 11961h NUC. PHYS. 22, 226 119611, PHYS. REV. 12'9, 2300 (19631, PHYS. REV. 134, 8107'9 11'964), NUOVO 
CIMENTO 22, 193 119611, NUOVO CIMENTG 1'9, lt67 (19611, AND ENP:ICO FER!'II INSTITUTE EFJNS66-29 11'9661. 

ARTICLE READ BY OCETTE 8EN.ARY Ito." lC/6'9, AND VEP:IFIEO BY LERGY PRICE. 

SEA~ IS PROTON ON PROTCN AT 7.9 GEvtC. 

THIS EXPERIMENT USES TH B.N.L. 80 Ito.'. CHI BUBeL£ CHAMBER. 

KEY WORCS • CROSS SECT JCN M.ASS SPECTRUM MODELS At-.GUI.AR OISTRIBUTICP\ 

CROSS SECTION FOP: PROTON PRCTON • PROTON PP:OTON Pit- PI-. (PAGE 29 I 

lABORATOPl' 
BEAM MOMENTUM 

GEV/C 
1.875 ·- .044 

HI Lli-BARNS 

2. ~"' ·- .13 
NO. EVENTS 

3600 

~ EVICENCE FOR OCMINANCE OF PO-.RON LIKE EXCHANGE IN PP • NN PI AT 19 GEV/C. IPHVS. LETTERS 308o 3b9 ll9b91 I 

H.BOGGILD,K.HANSEN,H.JOHNSTAC,R.I"CLLERUD,M.SI.K,L.VEJE (NIELS BCHP: INSTITUTE, COPENHAGEN, CENMARK I 
M.KQFIKEA-AHO, K.Y.LAURIKAINEN,P.K.LAUPIKAINEN IHELSINGIN YLIOPISTO, HELSINI<It FINLAND) 
V.BAI<KEN,S.BJASTAO,F.O.BFIEIVJK,T. JACCBSH,S.O.SOPENSEN I OSLO UN IV., OSLO, ·NOPWAYJ 
0. DANIELS SON, G. EI<SPCNG t l. GRANSTP:OM, B .P:ONNE [ STOCI<H0l'1 S UN IV. , STOCKHOL"', SWEDEN I 

ABSTRACT THE REACTICNS PP • NN PI ARE STUDIED AT 19 GEV/C AND ANALYSEC IN TERI"S OF THE AMPLITUDES WITH THE LC\oi MASS 
NPI SYSTEM IN ISOSPIN STATES 1/2 AND 3/2 RESPECTIVELY. THE 1=1/2 C.ROSS SECTION IS COMPAP:EO WITH THE CORRESPONDING ONE 
IN PI P • PI PI N AT 8 GEV/C. 

CITATIONS 
PHYSo REV. LETTERS 15r 49 (19651, CERN TH 1001 (19691, PHYS. REV. sa, 1211 11'9521, ~UC. PHYS. AS, 45 ll968lo CERN TH 
1022 119691 t PHYS. P:EV. LETTERS 1'9, 330 ( 19671, PHYS. REV. LETTERS 19, 8S7 11'9671, PHYS. LETTEP:S 14, 164 119651, 
PHYS. REV. 125, 2C82 119621, PHYS. REV. 123, 2160 119611, PHYS. REV. 162, 1320 (19671 1 NUOVO CIHENTO 416, 470 11967), 
PHYS. REV. 154, 1284 119671, PI-!YS. REV. 173, 1322 11'96al, AND NUOVO CIMENTO 53Ao 232 11'9681. 

APTICLE REAC BY O(~ETTE SENARY IN 10/t:'9, ANC VERIFIED 6l' LEROl' PRICE. 

THIS EXPEJIIMENT USES TI-E CERN 2M CHI BUBBLE CHAMBER. 

KEY WORCS • CP:OSS SECTION 

I..ABCRATORY HAM MOMENTUfo' 

P:EACTION 
PROTON PRCTO~ .. 

ElASTIC 
PP:OTON PROTON P 10 
PP:CTON NEUTRON PI• 
DELTA112381u NHTROt.' 

MASS SPECTRUM 

19. GEV/C. 

DElTAI12381H PROTO~ PI+ l11 

111 USEU SlfiiPLE ~ASS CUT. 

MODElS 

l"lli.J-8ARNS 

a. 10 .so 
1.10 .20 
1.'90 .20 

.27 .05 
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[£]PPCTG•-CEUTERON "TER.CTICNS H 970 HEV. IPROC. OF THE ROV.L SOCIEH OF LONOCN 251, 233 (195911 

A.P.BATS(lN,e.B.CULWICK,I-.B.KLEPP,L.RJDOIFORO [8(Pp.IJNGHAM UNJ\1., BIRMINGHAII, E~GLM-01 

ABSTRACT A HIGH-PRESSURE OIFFUSIC:N CLGUD CHAMBER HAS Br:fl\ USED TO STUDY THE UHERACTICNS OF 970 ~EV PROTONS FROM TH~ 

BIRMINGHAM SYNCHROTRON WITH OEUT!:PJUH. ANALYSIS OF THE 569 COLUSICNS OBSERVED INC1CAHS THAT AT THIS ENHGY THE 
DEUTERON BEHAVES AS IF IT ~ERE COMPOSED OF T"O FREE NUCLEONS. THE PROPERTIES OF PROTON-PROTON AND PROTON-NEUTRON 
SCATTEPING HAVE BEEN DETH"'INEO ON THIS ASSU~Pl(ON. AN ESTIMATE IS fo!ADE CF THE EXTENT OF THE "SHAOO\OING" OF EACH 
NUCLEON IN THE DEUTERON BY THE GTHER. THE PARTIAl C:ROSS-SECTlONS FOR PP AND PN ELASTIC SCAIIEIIING HAYI: BHN Ut:lt:lo!MINtU, 
AS HAVE ALSO THE VALUES FOP THE FIVE PQSSIE!lE SINGLE ~ESON PROGUCTION PROCESSES. THEY HAVE THE FQLLO\o:ING "BEST'' 
VALUES 

Ill IPP • PPI = 25.'i •- 1.7 HB 
121 CPN • PNI = 16.2 •- 3.5 HB 
131 IPP • PP PIOI"' 5.4 +- 1.C MB 
(41 CPP • NP Pl+J = 15.6 •- 1.7 ~B 
(51 IP"l • PN PICI c 1~.3 +- ~.5MB 

161 lPN • PF PI-I = 2.1 +- C.6 ~B 
C71 lPN • NN Plt-1 = 4.3 +- 1.1 ~B 

.DOUBLE MESON PRODUCTION ANC REACTIONS INVOLVING SECONDARY DEUTERONS ARE t.'DT II'IPCRTANT. THE CROSS-SECTIONS I 11, (21, 
131, (41, AND 151 ARE CONSISHNT WITH VALUES EXTRAPOLATED FRGH DATA AT ENERGIES BELOW 660 HEY BY RUSSIAN WORKERS. 
KNOWLEDGE OF THE OTHER CR05S-SECTIONS 161 AND 171 "'AKES POSSIBLE A TEST CF TI-E VALIDITY OF THE CHARGE INDEPENDENCE OF 
NUCLEAR FORCES. THE PRESENT RESULTS ARE NOT IN GOOD AGREEMENT WITH THIS. THE RESULTS FOR INELASTIC SCATTERING 
INDICATE THAT, ASSUMING CHA't.GE INCEPHDENCE, THE FORMATION OF EXCITED NUCLEONS OF ISOTOPIC SPIN 3/2 OOE5 NOT DOI'IINAH 
THE PROCESS OF PION PRODUCTION. THIS IS ALSO TRUE FOR THE 'RUSSIAN DATA. TWElVE CASES OF DOUBlE MESON PROOUCTION WERE 
OBSERVED. THE ANGULAR DISTRIBUTION OF PROTON-NEUTRON ELASTIC SCATTERING HAS THE FOPI'I EXPECTED FRO'. lOWER ENERGY DATA. 

CITATIONS 
NUOVO CI'4ENTO 9, 547 (lq581, PRGC. OF THE ROYAl SOCIETY OF LONDON A231, 175 (19561, J. SCI. INSTRUM. 33 302 119561, 
J. SCI. INSTRUM. 34 17 (19571, PROC. CF THE ROYAL SOCIETY OF LONDON A251, 218 119591, PROC. OF THE ROYAl SOCIETY OF 
LONDON All, 293 119581, PHYS. REV. 103, 211 (19561, PHYS. REV. 74, 809 119481, PHYS. REV. 85, 636 (19521, PHYS. REV. 
9A, 1.167 (19551, PROC, OF THE ROYAL SOCIETY OF LONDON A64, 667 119511, PHYS. REV. 96, 398 119541, CERN CCNFERENCE 2 
115 119561·, PROGRESS IN THEORETICAL PHYSICS, JAPAN 5, 510 119501, PHYS. REV. 92, 457.: 11953), PHYS. A.EV, Q3, 1434 119541, 
PHY~. REV. 75, 1352 119491, PHYS. REV. 95, 1026 119541, PHYS. REV. 103, 1479 119561, PHYS. REV. 100, 242 ll9551t PHYS. 
REV. 89, 109C 119531, JINR P-157 (1~581, PHYS. REV. 104,784119561, PHYS. REV. 101,391 11~56), PkVS. FIEV. Q4, 11q5 
ll<i'o41, ... IIYS~ Hl:Y• 10lo 107? (19,0), PROC. OP THS P.OYAL SOCIETY OF LONOCN fiZ4rltt lt"H (l'l~l:ll, (lOKI.• .t.K6n. N.t.tJK. ~~~R qq 
955 119541, PHYS. REV. 103, 1472 C11i561, PtfYS. REV. 94, 1085 119541, PHYS. REV. 95, 1580 119541, JETP 32 1$0 (1~571, 
PHYS. ft.EY, Q6 9 l3-Q IIQ'iltlt PIIY!i. R[Y~ ~(u 1J't 11?54lo rt-YSo llEVo 97, 1186 (19551, P~YS. P.EV. ~n, ,783 119S51, Pt'fYS, R~V. 

105 1 1058 119571, UCRL 2540 ( 19541, PROGRESS OF THEORETICAl PHYSICS 19, 622 11958), AND PHYS. REV. 103, 1330 (19551. 

ARTICLE READ BY OCETTE E!ENARY lfl 10/l:9, AND VERIFIEC BY lEROY PRICE. 

BEAM IS PROTON ON O~UTEA.Ct\ AT 1.662 GEV/C. IBI:AH KINETIC t:Nt:RGY"" .'II Gt:VJ 

T~IS EXPER lfo!ENT USES A Cl.OUD CHAMBER. 

GENERAL CCMMENTS CN THIS APTICLE 
1 THE QUOTED CROSS SECTIONS WERE NORJIIIAlllED TO A TOTAL PO CROSS SECTION OF 77+-2.5 ..-a. 

KEY hOROS ... CROSS SECT JC"f 

LABCRATORY BEAM ENERGY = 

REACTION 
PROTON NEUTRON • 

ELASTIC 
PROTGN NEUTRON PIO 
~EUIIIUI'l lll~UII'.UI'I P't• 
PROTON PROTON PI
TUTH 

CtFFERENT!.O.I r.Rn~~ ~Fr.TTON 

[TABlE 21 

.97 GEV. 

ANGULAR DISTRIBUTION 

H llli-BARNS 

16.2 +- 3.5 (11 
14.3 3.5 

'·~ l·l 
2.1 .6 

31),~ 

(1) THE WAY THE SCREENING COPRECTION HAS BEEN CALCULATED IS SHOWN IN PAGE 21t2 GF THE ARTICLE. 

~OHEGA PRODUCTION IN PP • PP PI+ PI- PIO AT 6.6 GEV/C, IUCRL 19330 Cl96911 

E.COLTON,E.GEllERT (U.C. LAWRENCE R.O.C. LAe., BERKELEY, CALIF., USA, AND UNJV. OF CALIFOPNIA, BERKELEY, CALIF., US.O.I 

ABSTRACT WE PRESENT A STUDY OF THE 3 PI SYSTEM IN PP • PP PI• PI- PIO AT 6.6 GEV/C. BOTH ETAI54l:JI AND OHEGAI783J 
PRODUCTION ARE OBSERVED. THE OALJTZ PLOT IS DISPlAYED FOR THE PP OMEGA EVENTS, IN ADDITION TO SEVERAL C!THER 
EXPERIMENTAl. DISTRIBUTIONS. THERE IS NO EVIDENCE FOR P OMEGA RESONANCES. THE PP OMEGA EVENTS HAVE BEEN ASSIGNED 
SEPARATELY TO THE SU PO~SIBLE ~UlTlPERIPHERAL DIAGRAMS ON THE BASIS OF CRITERIA IN THE FOUR-MOMENTUM TRANSFERS ANC 
C.f!l. lONGITUDINAl. MOMENTA, RESPECTIVELY. IN ADO IT ION WE DISCUSS THE MEANS OF ACHIEVING AN EFFECTIVE DIAGRAM SEPARATION. 

CLGSELY RELATEC REFERENCES 
.•. SEE ALSU UCLA IU2~ llYbYI, AN~ ULLA IOJb llYb'!. 

AODITlONAl CITATIONS 
PHYS. REV. lETTERS 21, 154E! 11968), NUOVO CIHENTO 58, 475 (19681, PHYS. REV. 161, 1387 119671, PHYS. REV. 154, 1284 
119671, NUOVO CIHENTQ 55A, 66 (1'i681, UCRL 17707 (19681, PHYS. REV. 174, 1638 11968), PHYS. RFV. lETTERS 23, "'2 11969), 
PHYS. REV. 177, 2092 11969), AND NUOVO CI11ENTO 51A, 696 119611. 

ARTICLE READ BY ODETTE E!EN.O.RY It.' 12H:9, AND VERIFIED BY lERCY PRICE. 

I:SI:AM IS ..-I{QTON ON PROTON AT &.6 GfV/C. 

THIS EXPERIMENT USES TH l.R.l. 72 I~. CHI BUBBLE CHAMBER. 

KEY WC!ROS • CROSS SECTION O~EGA ( 7831 

lABORATORY BEA~ I':Cfo!ENTU~· ,. 6.6 GEY/C. 

REACTION 
PROTOt. PRCTON • 

PR(HCN PROTON OHEGA(7831 
OHEGAI7831 • PI+ PI- PIO ( 11 

PROTON PROTON ETAI5481 
ETAI548J • Pit PI- PIC lll 

ETAC5481 

(TABlE 11 

MICRO-BARNS 

180. ·- 23. 

29. 9. 

NO. EVENTS 

671 

l.ll FITTED DISTRIBUTION WITH FIXED !'ASS AND WIDTH AND TOOK EVENTS ONLY ABOVE IFITTEOI BACKGROUND. 
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~POLE EXTRAPOLATION RESULTS FRC• PP • OELTA ++ NAT 6.6 GEV/C. IPHYS. REV. LETTERS 23o 342 1196911 

l.,...MA,G.A.SMITH,R.J.SPPAFKA IMICtdGAN STATE UNJV., EAST lANSING, MICH., USAJ 
E.COLTON,P.E.SCHLEIN IUP0\1. OF CALIF., lCS At\GELES, CAliF., USA) 

ABSTRACT WE PRCSEI\T AN EXPEPIMENTAL STUOY OF THE LOW-MOMENTUM-TRANSFER OELTA+-t N CO,..PONENT OF 6424 PP • P PI+ N EVEtHS 
AT 6.6 GE\1/C. THE PI+ P ELASTIC CROSS SECTIONS IN THE DELTA++ REGION ARE MEASURED BY MEANS OF SEVERAL DIFFERENT 
POLC-EXTRAPQLATICt\ PFOCEOURES. WE FINO THAT THE CONVENTIONAL CHEh-lOW EXTRAPOLATION PFIOCEDURE YIELDS RESULTS J.,Ql IN 
SATISFACTORY AGREE,..HT WIHi THE KNOWN ON-SH:LL CROSS SECTIONS. WE SUGGEST A MODIFIED EXTPAPOLATION PROCEOUPE \oiHICH IN 
OUR CASE YIELDS RESULTS IN GQ(jO AGREE,..ENT WITH THE UN-SHELL VALUES. 

CITATIC:f\S 
PHYS. REV. lETTERS 5, 511 ClG160J, PHYS. REV. 113, 1640 11959), NUCo PHYS. e3, 3-49 I Pi6lJ, PHYS. REV. LETTERS 21, 1613 
119681, PHYS. REV. LETTERS 19, 925 11967), UCLA UCLA-1023 11t;1681, NUOVO CIHENTC 40A, 899 (19651, CERN TH 838 119671, 
AND PHYS.· LF.TTERS 6, 62 (117631. 

ARTICLE RI!A[j BY OCE'TlE BENAR.T IN 'lib<;, ANU vtRII-lEU BY LEROY PRICE. 

BEAft IS PQOTON ON PROTON AT 6.f GEV/C. 

THIS EXPERIM!:NT USES THE L.R.L. 12 IK. IHJ BUBBLE CliA.MBER. 

KEY WORDS • CROSS SECT JON MASS SPECTRUM CIFFEREI'\TIAL CRCSS SECTION fli:OCHS OELTAI1238l++ 

CRCSS SECTION FOR 

LAE!CPATC:RY 
BEAM MOMENTUM 

GEV/C 
6 •• 

PROTON FRCTON 

MILL I-BARNS 
s. 73 +- .35 

PRCTCN PI+ NEUTRON. [ PA.GE 3-43 J 

DIFFERENTIAL CROSS SECTJOf\ FOP PPGTCK FRCTON • NEUTRON DELTA ( 12381 ++. 
UELTAI1238J++ • PROTON PI+ [11 

LABORATORY I!EAM MOMENTUJI' " t:.f GEVIC. 

I PRIVATE COH~UNICATIC:N FRCH E.COLTGN SEPT.1969 I 

T O-S IC:HAID-T 
IGEV/CJ .. 2 ~8/IGEV/CJ .. Z 
MIN MAX 

.C02 .010 11.80 .. - 1.12 

.o1o .ozo I$. CO 1.13 

.020 .030 12.-40 1.03 

.C3C .040 12.25 1.02 

.040 .060 ll.lC •• 9 

.C60 .oao 1 o-4-4 .57 

.ceo .too 6.1!0 .54 
• too .120 4.-45 ... 
.tlO .140 3.6-4 .40 
.140 .160 3.~-4 ·''1 
.160 .tao 2.22 .31 
.180 .200 z. 27 .31 
.zoo .220 2.21 .31 
.220 .2-40 1.67 .21 
.Z40 • 260 1.70: ... 
.260 .zao 1.-41 .25 
.280 .300 1.31 .24 

T IS THE HOMENTUH TRANSFER BETWEEN THE liNCCMING PROTONI ANC THE (NEUTRON). 

I 11 CCiUNTEO ALL EVEf\"TS IN MASS eANC. 

FIT TO DIFFERENTIAL CRCSS SECTICN FOR PROTON PROTON 
DEllA11238J++ 

LABORATORY BEAfll. fli.Cfi'Ef\TUJI'. ., 6.6 GEVIC. 

NEUTRON DEL TAl 1238)++. 
PROTON PI+ [ 11 

I FIGURE 18 I 

I PAGE 3431 

DATA IS FIT OVERT FRCM .03 TG .3D IGEYICI .. Z. T IS THE MOMENTUM TRANSF!;R RI;T\'!fliN HHi (JNtOHING PROTON) AND THf 
l~t:UI~UNJ. 

FITTED FORMULA IS 0-SIGMA/D-T = A*EXP(RX+CX••2J 

WHERE 0-SIGHA/0-T JS IN M8/IGEV/CJ .. 2 AND X=T-THIN. 

FITTED VALUE 

A = 21.3 +- 2.3 
a = -16.1 •- 1.9 
C = 23.0 +- 6.2 

( 1 J COUNTEC All EVENTS IN HASS BAND. 
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~ POLARIZHION PARAMETER IN ELASTIC PROTON-PROTON SCATTERING FROe 0.7> TO 2.84 GEV. 

H.,.NEAL,M.J.LONGC IUNIV. OF MICHGAt;, ANN ARBOR, MICH., USA) 

lPt'YS. PEV. lbl, 1374 1196711 

ABSTRACT THE POLARIZATION PARAP-IETER IN ELASTIC PROTON-PRCTON SCATTERING '"'AS BEEN MI;ASURED AT 0.15, 1.03 1 1.32 1 1.63, 
2.24 1 AND 2.84 GEV RY E,..PLCYING A DOUBLE-SCATTERING TECHNIQUE. AN EXTERNAL PRCTON BEAM FRCH THE BROOKHAVEN COSMOTRCN 
WAS FOCUSED ON A 3 1"·.-lCNG liCUID t.YCRCGEN TARGET AND THE ELASTIC RECOIL ANO SCATTERED PROTONS \o.ERE DETECTED IP\ 
COINCICENCE BY SCINTILLATICN (01,;Nl£RS. THE POLARIZATIGN OF THE RECOll BEAM WAS DETERMINED FROM THE AZIIoiUTHAl 
ASYMMETRY EXHIRITEC IN ITS SCATTERING FRO~ A CARBON TARGET. THIS ASY~METPY WAS MEASURED BY A PAIR OF SCJNTtLLATION 
COUNTER TELESCOPES \tiHICH S'fHMETPICAllY VIEWED THE CARBON TARGET. Tt-!E ANALYZING POWER Of THIS SYSTEM WAS PPEVIOUSLY 
DETERMINED IN AN INDEPENDENT CAliBRATION EXPERIMENT EMPLOYING A 40 PER CENT POLARIZED PROTON BEAM AT H~E CAPNEGIE 
INSTITUTE OF TECHNOL(;GY SYI\CHROCYCLOTRON. FALSE ASYMMETRIES WERE CANCELU:O TO A HIGH ORDER BY PERIODICALLY ROTATING 
THE ANALYZER lBO OEG. ABCUT THE RECOil BElt~ LINE. SPARK CHAMBERS WERE UTILIZED TO OBTAIN THE SPATIAL DISTRIBUTION OF 
THE BEAM AS IT ENTERED H:E ANALYZER; THIS INFORMATION ALLOWED AN ACCURATE OETERMJNATION l:F THE CORRECTIONS NECESSARY 
TO COMPENSATE FOR ANY MISALIGN~ENT OF THE AXIS OF THE ANALYZER RELATIVE TO THE INCIDENT-SEA~ CENTROID. VALUES Of THE 
POLARIZATION PARAMETER IS A FUNCTION Of THE CENTER-OF-MASS SCATTERING ANGLE ARE GIVEN FOR EACH INCIDENT BEAM ENERGY. 
THE PREOICTICNS OF THE REGGE H:ECRY FOR POLARIZATION IN ELASTIC PROTON-PROTON SCATTEPING AND RF.CENTLY. PUBLISHED 
PHASE-SHIFT SOLUTIONS ARE CCMPAREO WITH THE EXPERIMENTAL RESULTS. SURPRISINGLY GOOD AGREEMENT WITH THE REGGE 
PREDICTIONS IS FOUNC OESP ITE H!E LOW ENERGIES INVOLVED. . 

CLOSELY RELATED REFERENCES 
CONTINUATION or PRlVIQU!; EXrtAH'HIT IN PHYS. REV. LETTEPS 1~, 536 !1C<61d-

AOCJTIONAL (JlATIOf\S , 
PHYS. REV. 148, 12H (19661 1 NUOVO CIMENTO 20 1 1C49 Cl96llr PROGR. THECRET. PHYS. (KYOTOI 35 261 119661 1 PHYS. REV. 85 1 

947119521, PHYS. REV. qq, 996 (1955», PROGR. THEORET. PHYS. IKYOTot 28 1048 119621, PHYS,. REV. LETTERS 9 1 475 Cl9621, 
ANNALS OF PHYSICS 7, 404 ( 195Cj)J, PHYS. PEV. 120 1 2250 ( 19601, UNIV. OF MICH. TECH. REPOPT 0310b-23-T ( 19661 1 PHYS. 
REV. 148, 1289 (19661, UCRL 11926 (19651, AND NUOVO CIHENTO 23, 6~0 Cl9621. 

ARTICLE READ BY OCETTE SENARY Ito 10/t7, ANC VERIFJEC BY LERCY PRICE. 

BEAM IS PROTON 0~ PRCTC~ FROM 1.403 TC 3.651il GEV/C. 

THIS EXPERIMENT USES COUNTERS ANC SPARK CHAMBERS. 

GENERAL CCM~ENTS ON THIS .ARTICLE 
l FIRST SCATTERING ON HYCP.tCEN, SECONO SCUTf:RTNr. nN C:ARRON. 

KEY WORDS • POLAP:IZATION f!IOCELS 

ElASTIC POLARIZATION FOR PROTON PROTON. lTABLE lJ 

LABORATORY BEAM ENERGY "' • 75 €EV 2tPER CENTI. 

THETA POL.APIZATICN (I) 
DEGREES 

43.85 .. 541 ·- .075 
47.1Cjl .513 .(44 
53.25 • 5~0 .(29 
63.c;B .470 .067 
86.29 .. oc;? .018 

THETA IS THE ANGLE THAT lHE PROTON lo!AKES WITH THE BEAM IN THE GR.4NC C.M. 
THE POURIZATION IS OF Tt:E PROTGN ALONG THE NORMAL TO HIE PRODUCTION PLANE IN THE GRANC C.M. 

I 1 J PLUS POSSIBLE SYSTEf'ATIC ERROR Of +- 5 PER CENT. 

ElA5T IC POL.AR IZAT ION FOA r"AOTQt; PRCTIJN. I TABLE i i 

LABORATORY BEAM ENERGY " 1.03 GEV 21PER CENTI. 

THETA PCLAI'JlATICN Ill 
nFr.RFF~ 

)9.1JIJ .t.1q •- .n11 
't2.'t7 ·"(:" -Ct.l) 
5l.6C .ltl:ll .C23 
57.01 ·'•17 .C:J8 
61.62 .32~ .c~~ 
6'i.l7. ·258 .en 
68.52 • 245 • C~3 
11.37 .265 .037 
17.25 .095 .029 
88.25 -.021 .034 

THETA IS THE ANGLE THAT THE PROTON MAKES kiTH THE BEAM IN THE GRANO (.M. 
lll[ rOLM\IUoT lOti " Qf Til' PP.t'H!~l _-\,QJI'= Twr; Mn11.YJI.I. Tn TWF g;nnl,lrTTnN PI ANF TN THF r.Rt~Nn r..H. 

Ill PLUS POSSIOLt: SYSTU.ATIC (;PROP OF •- 5 flEA CENT. 

ElASTIC POL.ARIZATIIJN FOR PROTCN PROTON. {TABLE 11 

LABORATORY BEAM ENERGY = 1.32 GEV 2lPER CENTI. 

IHFU PCLAPIZATION Ill 
CEGREES 
JZ.JO .3t;1 +- .C36 
34.77 • 4C3 .C3C 
39.06 .343 .C45 
46.63 .407 .025 
49.77 .339 .C22 
53.13 .2t:6 .020 
l:l.21 .1~0 .C25 
68.26 .034 .G30 
74.76 .062 .C32 
AI.AI .059 .C31t 
88.23 .034 .C29 

THETA IS THE ANGLE THT THE PP:OTON ~AKES WITH THE REAM IN THE GRANO C.M. 
THE POLARIZATION IS OF THE PROTCI\ ALONG THE NORMAL TO TH PRODUCTION PLANE IN THE GRANO C.M. 

( 11 PLUS POSSIBLE SYSTEI'ATIC EFROR OF •- 5 PER CENT. 
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ElASTIC POL6PIZ.HICN FCR PROTCN PROTON. (TARLE 1 J 

LABORATORY BEAM ENERGY =- 1.63 CEV 21PER CENTI. 

THETA POLARIZATION Ill 
DEGREES 

28.87 .zza .029 
32.80 .352 .C32 
38.55 .335 .czs 
44.07 • )tlj .czo 
49.67 .117 .040 
5t:.03 .151 .C53 
61.91 ol'tl .CJS 
67.04 .025 .oza 
73.?) .025 .CJO 
80.57 .coo .C3l 

THETA IS THE ANGLE THAT THE PROTON I'!AKES \dTH THE BEAM IN THE GRANO C.~. 
THE POLARIZATION IS IJF THE PROTO: ALONG THE NOR"4Al TO THE PRODUCTION PLANE IN THE G'tANO C.l1. 

Ill PLUS POSSIBLE SYSTH/ITIC EPP.OP OF .... 5 PEP. CENT. 

ELASTIC POLARIZATION FOR PROTCP\ PROTCN. I TABLE 1 1 

LABORATORY BEAM ENERGY "' 2.24 GEV ZIPER CENTI. 

THETA PCLARIZATJCp.; Ill 
DEGREES 

25.32 .221 ·- .031 
27.09 • 315 • C26 
30.42 .252 .026 
36.ce • 292 .C30 
38.H .z~q .csz 
40.41 .205 .025 
43.45 • 118 • C21 
H.l4 .162 .033 
50.65 .163 .c37 
52.25 .13lt .C36 
54.01 .147 .032 
57.04 .olte .C15 
62.22 .020 .041 
69.30 .093 .cso 
65.24 .006 .cu 

THETA IS THE ANGLE THAT THE PROTON I'..GKES WITH THE BEA~ IN THE GRANC (.)11:. 
THE POLAR I ZAT JON IS OF THE PRC:TON ALONG THE NOR"'AL TO THE PRODUCTION PLANE IN THE GIUNC C.~. 

Ill PLUS POSSIBLE SYSTEJoi'ATIC HROP OF+- 5 PER CENT. 

ELASTIC POLARIZATION FOR PROTON PROTON. (TABLE 1) 

LABORATORY BEAM ENERGY = 2.84 GEV 21PER CENTJ. 

THETA PGLAPIZATICN Ill 
DEGREES 

22.18 • 193 ·- .C26 
23.76 .lf!6 .C54 
31.65 .237 .039 
35.91 .199 .C57 
41.37 • 175 .C31 
.-.7.15 .142 .011 
60.04 .ll5 • C55 
72.72 .Ott3 .C59 

THETA IS THE ANGLE THT THE PROTCN MAKES WITH THE BEAM IN THE GRANO C.M. 
Till: POLARIZATION IS OF THE PROTGN ALOI\G THE NORMAL TO TH PROCUCTION PLANE IN THE tP.AND C.M. 

I 11 PLUS POSSIBLE SYSTE"'AliC EPROR OF +- 5 PER CENT • 

~ABSOLUTE OIFFERENTIAL CROSS-SECTION FOR ELASl!C PROTON-PROTON SCATTERi"G AT 0.97 GEV. INUOVO CIMENTO 28, 943 1196311 

W .K.MCFARLANE ,R. J. HOMER ,A .W.O' DELL, E .J. SACHAFI tO IS, G.H. EATON 18 IRM INGH.GH U~ IV., 8 IRM INGHAM, ENGUND J 

ABSTRACT THE ABSOLUTE DIFFERENTIAL CROSS-SECTION FOR ElASTIC PP SCATTERING HAS BEEN JtEASUREO FOR liN ENERGY OF 0.97 GEV 
AT J DEOt 20 DEQ., 2J DEQ., 30 OE(l., AND ~5 DEG. IN THE LABORATORY SYSTEM fLSJ. THE DATA FIT THE (.ukv.: --
SIGMAITHETAJ =li4.Z7 +- 0.37) P-ZEROfCOS THETAI + «10.13 +- 1.44) P-TWOICOS THETAI + (5.50 +- 1.36) P-FOUIHCOS THETA) 
+ 11.50 +- 0.641 P-SIXtCOS THETAIJX tt.OOO •- 0.0161 MB/SR, WHERE SIGMACTHETAI IS THE UNPOLARIZEO DIFFERENTIAL 
CROSS-SECTION AND THETA THE SCATTERING ANGLE IN THE CENTER-OF-MASS SYSTEM CC.M.SI. THIS GIVES A TOTAL ELASTIC 
CROSS-SECTION OF C2b.6 2.31 fo'B AND A FORWARD SCATTERING CROSS-SECTION OF C21.4 +- 0.51 foi.B/SR, WHICH IS 
CONSIDERABLY IN EXCESS OF THE OPTICAL THEOREM ,.I,.,.IMUH OF tl6.3 +- 0.21 MB/SR. 

CIT AT l~"'S 
PHYS. REV. 97, 1166 119551, PHlLOSOPHICAoL MAGAZINE 2 204 119571, PROC. OF THE ROYAL SOCIETY OF LONOC!N .11251, 218 (19591, 
PROt. OF THE PHYSICAL SOCIETY OF LONDON 74 625 119591, NUOVO CIMENTO 18, 816 C1960J, NUOVO CIMENTO 23r 690 119621, 
NUCLEAR INSTRUMENTS 4, 30 119591, NUCLEAR INSTRUMENTS 7, 167 (l'i601, PHYS. REV. 81, 849 119511, PROt. OF THE POYAL 
SOCIETY OF LONDON 71, 77C 11958), PHYS. REV'. LETTERS 3r 5.6B (19591, NUC. PHYS. 9, 600 119591, PHYS. REV. 103r 211 
119561, PHYS. REV. 116, 57'i 119601, JETP 12 602 (19611, NUOVO CIHENTO 20, 1049 C1961J, AND PHYS. lETTERS 1, 41 11961) 

ARTICLE READ BY ODETTE SENARY 1,_ 5/67, AND VERIFIED BY LEROY PRICE. 

BEAM IS PROTON Ql\ PRCTCN AT 1.66 GEV/C. 

THIS EXPER IHENT USES COUNTERS. 

KEY WORDS • CROSS SECTIC~ CIFFERENTJAL CPOSS SECTION 

COMPOUND KEY WORDS • FITS DIFFERENTIAL CROSS SECTION 

ELASTIC DIFFERENTIAL CRCSS SECTJCN HR PPOTON PROTON. 

LABOR.610RY BEAM ENERGY "' .97 GEV. 

THETA 
DEGREES 

12.30 
48.3C 
!n.·;, 
70.63 
61.55 

C-S I G~A/0-0HGA 
"'e/SP 

PEP CENT 
19.600 6.5 
3. 5C6 2.4 
l.U!"i 

1.165 
• 8'i6 

'·" 3.4 
2.7 

FITS 

IT ABLE 1 J 

THETA IS THE ANGLE THAT THE PRCTQt.· fo'AKES WITH THE BEAM IN H:E GRANO C.M. 



PltOTON PROTON ELASTIC CROSS SECTION. 

LABOPATORY 
BEAM ENERGY 

GEV 
.01 

HIll I-BARNS 
26.8 ·- 2.3 
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(PAGE 9501 

FIT TO ELASTIC DIFFERENTIAL CRGSS SECTICN FOR PROTON PROTON. 

lABORATORY BEAM ENERGY a .97 GEV. 

[PAGE 9431 

FITTED FORMULA IS 0-SIGMA/0-0MEGA = A•IB•POCCOSITHETAII+C*P21COSITHET.611+D•P41COSITHETAII+E•P61COStltoETAI)) 

WHERE C-SIGHA/0-CHEGA IS IN MB/SR. TtiETA IS THE ANGLE THAT THE PROTON MAKES WITH THE BEAJr4 IN THE GRAt.;o C.,. 

FITTED VALUES 

A "' l.OCC +- .Clf 
B '" 4.'17 +- .'ll 
c .. 10.13 ·- 1.44 
D a 5.50 +- 1.36 
E = 1.50 •- .64 

~ElASTIC SCATTERING AND SINGLE MESON PRODUCTICN IN PROTDN-PRCTON COLLI SIGNS AT Zo8S 8EV. IPHVS. PEV. IZ3, ZlbO I 19611 I 

G.A.SMITH,H.COUR.ANT,E.C.FCWLEP,H.KRAYBILL,J.SA"'OWEISS,H.TAFT (YALE UNIVu NEW MAVEN, CON~., USA, AND BROOKHAVEN NAT. LAB., 
UPTON, L.I., N.Y., USAI 

Af\STRACT THE BROOKHAVEN NATIONH LABCRATGRY TRENTY-INCH liQUID t<YCRCGEN BUBelE CHAHAER WAS EXPOSED TO A "'ONOENEPGETIC 
BEAM OF 2.85-BEV PROTONS, ElASTICAllY SCATTERED FROM A CARBON TARGET IN THE I~TERNAL BEAM OF THE COSMOHON. All 
T~O-PRONG EVENTS, EXCLUDING STRANGE PARTICLE EVENTS, HAVE BEEN STUDIED BY THE YAlE HIGH-ENERGY GROUP. THE REI''.AINING 
YN1ER.ACTIONS HAVf: Hl:I:N ~IUUII:U HY IHI: t!~UU .. R.II.V!::N &UB~L!! l.HA"'"~ft UAUUP. tLP31aC J(..tdl'~llii•U till!' I'OUii~ T~ IU' 110-'Tl'a' rur~.c 
DIFFRACTION SCATTERING AT C~NTER-DF-MASS ANGLES UP TO A130UT THIRTY-FIVE DEGREES. SOME PHASE SHIFT AND/OP TAPEP.ING OF 
THE PROTON eoce \\AS REQUIRED TO rtT Til( DATA AT LARGEn AflGLES. NO POLAP.IZATION EFFECTS I~ THE PP.OTO~-CAPSQN 

SCATTERING HERE GeSEi<VEO USING HYDROGEN AS AN ANALYZER CF POLliRIZED PROTC~S. NUCLEONIC ISOBAR FORMATION IN THE T = 3/2, 
J " 3/2 STATE \oiAS FOUND TO ACCOUNT FOP .A LARGE PART OF SINGLE PION PRI"'OUCTION. HIGH-ORBITAL ANGULAR-~CMENTUI' STATES 
WERE FOUND TO fiE GREATLY FAVOREC IN SINGLE PION 'PRODUCTION, THE ISOBAR MODEL OF LINDENBAU~ AND STERNHEIMER GAVE GOOO 
AGREEMENT WITH THE OBSERVED NUCLEON AND PION ENERGY SPECTF!A. NO POLARIZATION OR ALIGNto!ENT EFFECTS WERE OBSERVED FOR 
THE ISOBAR ASSUMED I"' THIS ~OOEL. 

CITATIONS 
PHYS. REV. 103, 144B 1195td, Pt-:YS. REV. 1D7, 859 119571, PHYS. REV. 103, 211 119561, PHYS. REV. LETTERS 3, 568 119591 
PHYS. fiev. 118, 57Ci 119601, CER~ CONFERENCE 440 119591, BULL. AM. PHYS. SCC, 2, 11 119571, BULL. AM. PHYS. SOC. 5t 
282 Cl96UJ, KUI..Ht:~IEM C.O~FERENC.E 203 11960), PtoYS, REV. 7Zt ll1~ 119~71 t PliYS. RCV. 1St 1352 11?'1?1, r'ROC.R~SS IN 
THEORETICAL PHYSICS, JAPANS, SlO 1g541, PHVS. REV. 94, 108~ 11~~41, 1-'HVS. ~EV. 95, 1580119541, CERN 59•3 119,91, 
1-'HYS. KEV. 101, 796 119,0), PHYS. REit, LETTERS"'' 24,2 11'HrDit r'IIYS. REV. 105, 16'•7 11957), PHYS. REV. 106, 572 119~71 
PHYS. REV. 75, 1664 119491, AND Pt'YS. REV. LETTERS 5, 571 1196DI. . 

ARTICLE REAC 8Y ODETTE eENARY IN 3/67, AND VERIFIED BV LEROY PRICE. 

BEAM IS PROTON ON PROTON AT 3.f7 GEV/C. 

THIS EXPERIH!:rH U5£::S Til[ O.thl• 20 lt.. IHJ SUABLE CHAMBEP:. 1\ TOTAL OF 9000 PICTURES 6RF. RFPORTFO ON. 

KEY WORCS • CROSS SEC. T ION OIFFERE~TIAL CROSS SECTIO~ ANGULAR DISTRIBUTION 

l ,.KUM I-' AGE .l U:5 ANU I JUSLe 1) 

LABCRATORY EEAI". MOJIIENTUP' " 3.67 GEVIC •- 31PER CENTI, 

R~ACT IUN 
•RiiTbti P!CICN • 

ELASTIC 
I'KUilJ11 iou!UH.tllq '1• 
PRI)TIJN PROTON PTO 
OEUTI!!RON PI• 

I'll LL l•aAI\113 

1~.32 +- .lb lil 
U.'.~ ,,; 
2.9D .31 
.11 .06 

( 1 J CCRRECTEC FOR SI'ALL AHLE SCANNI~G LOSSES USl"'G AN OPTICAL I'!OCEL CUII:VE •• 

MASS SPECTRUM 

~ ISDOAR PRODUCTION IN PP • PP Fl• PI- AT t.t GEV/C. !PHYS. REV. LETTERS 17, 884 1196611 

E.GELLERT,G.A.SMITH,S.WOJCICKI lU.C. LA~PENCE R~Q. LAe., BERKElEY, CALIF., USAJ 
E.COLTON,P.E.SCHLUN,hK.TIC .. C lUNIV. OF C6LIF., LOS ANGELES, CALIF., USA I 

ABSTRACT AT 6.6 GEV/C, THE REACTION PP • P PI+ P PI- PROCEEDS OG/14INANTLY THROUGH THE N .. + P PI- CHANNEL. WHEN 
PERIPHERAL Nh+ 1 S ARE SELECTED, THE P PI- ANGULAR DISTRIBUTION REPRODUCES THE ANGULAR DISTRIBUTIONS OF FREE PI- P 
SCATTERING IN THE C.l'. ENERGY RAI"GE FROio! THRESHOLD TO 2.D GEV, THE DIFFRACTION SCATTERING AT THE UPPER END OF THIS 
ENERGY BAND CAN ACCOUNT FOR THE 1.4-GEV N• DEDUCED IN RECOIL-PROTON SPECTRUM STUDIES. 

CLOSELY RELATED REFERENCES 
PART OF THIS ARTIClE SUPER~EDEO ev UCLA 1025 119681. 

AooililiNAL CITATIONS 
PHYS. REV, US, 1823 11962), NUOVO CI~ENTO 35, 1D52 119651, PHYS. LETTERS 1B, 167 ltc~651, PHYS. II:EV. LETTERS 16, B55 
119661, PHYS. REV. LETTERS 12, 340 119641, PHYS. LETTERS 18, 342 119651, PHYS. lETTERS 14, 159 119651 1 PHYS. REV. 138 
81CJD 119651, PHYS. REV, LETTERS 15, 468119651, PHYS. PEV. LETTERS 13, 169119641, PHYS. LETTERS 15, 281 119651t 
PHYS. REV. LETTERS 15, 7H 119651, PHYS. REV. LETTERS 16, 4B1 119661, AND ~UOVO CI1'4ENTO 10, 839 119651. 

ARTICLE READ BY ODETTE SENARY I~ 4/67, AND VERIFIEC 8Y LERCY PPICE. 

BEAf'l IS PROTON 0~ PRCTCN bT 6.t GEV/C. 

THIS EXPERIMENT USES TH L.P .• L. 72 Ui. IHI BUBBLE CHA,..BEP. 

KEY WORDS • CII:OSS SEC TICN 
N•I14701Pll 

DHITZ PLCT MASS SPECTRUM DELTA( 12381++ ANGUlAR OISTR IBUTtOfi 
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CRGSS SECTION FOR PROTCI\ PPCTGN • PRCTON PROTON PH Pt-. l PAGE 887 I 

lTHIS DATA SHGULC NCT eE USH- MOPE PECENT VALUES HAY BE FOUND IN COLTON, LCLA 1025 llC~bBI I 

LABOPATCRY 
BEAM ~.GI'!ENTUM 

GEV/C ... HILLI-BA~NS 

2.6 ·- .3 
NO. EVEt>. TS 

20 1'n 

~DIFFERENTIAL CROSS SECTIONS FCR PP • D PI+ FRCH I TO 3 

R.M.HEINZ,O.E.OVERSETH,C.E.PElLETT lUNIV. OF MICHON, 
M.L.PHIL [STANFORD UNIV., STAHCRO, CALIF., CSAJ 

eev. [PI-.YS. REV. 167, 12~2 ( 19681 I 

ANN ARBOR, MICH., USAJ 

ABSTRACT THE DIFFEfi:ENTIAL HC TOTAL CRCSS SECTIONS FOR THE REACTION PP • C PI+ HAVE BEEN MEASURED IN A CCUNTEP 
EXPERIMENT FOR INCIDENT PR(TON KINETIC ENERGIES OF 1.0, 1.3, 1.5, 1.7, 2.0, 2.5, AND 2.8 AEV. VALUES OF THE 
DIFFERENTIAL CROSS SECTICN APE GIVEN FOR BARYCENTRIC DEUTERON ANGLES THETA FOR 0 <'! CGS THETA <'! -0.97 IN SP-'All 
INTERVALS OF COS THETA. HO' 1.3 TO 2.0 BEV, AS COS THETA VARIES FRO~. -0.5 TO -1.0, THE DIFFERENTIAL CROSS SECTION 
RISES, PASSES THROUGH A PRCNOUNCEO Jo\AXIMU!ot, AND THEN DECREASES RAPIDLY. THIS f'I.AXI~UM PROPAGATES FROM COS THETA .. -0.8 
AT 1.3 SEV TO COS THETA .. -0.94 AT 2.0 eev, AND EVOLVES INTO A SHARP PEAK AT COS THETA .. -1.0 FOR ENERGIES ARCVE 2.0 
BEV. THE TOTAL CROSS SECTICN CECPEASES RAPIDLY Al\0 l<'Ot\OTONICALLY WITH Et\'ERGY FP.QM 450 MICROSARNS AT 1.0 REV TO 30 
~ICROBUNS /IT l.B BEV. 

CLOSELY RELATED REFERENCES 
COIHINUATION OF PREVICUS EXPERI~ENT IN PHYS. REV. LETTERS 13, S~ 119641. 

AOCJTJONAL CITATIONS 
PHYS. REV. 132, 1273 (19631, PHYS. REV. 134, 8454 119f:4), PHYS. REV. LFTTERS 11, 506 11963), NUOVO CI,..EI'IITO 35, 216 
11965), PHYS. REV. LETTERS llo 474 119631, PHYS. LETTEPS 7, 222119631, PHYS. LETTERS llt 253 11964), PHYS. RF.V. 
LETTERS llt 161 t1964), BULL. AM. PHYS. SOC. 7, 349 (19621, PHYS. REV. 123, 2160 119611, PJ-jYS. REV. 136, B77t; 119631, 
PHYS. REV. 142, 918 (19661, PHS. REV. lETTERS 17, 100 11966), PHYS. REV. 165, 1442 119681, PHYS. REV. l33, 81507 
119641, PHYS. REV. 111, 1386 11958), PHYS. REV. LETTERS 6, 484 (1961), PHYS. REV. 128, 2392 11962), PI-IYS. REV. 103, 
211 11956), JETP-7 528 (19~81, OOKL. AKAO. NAUK. SSSR 100 673 119551, OCKL. AKAO. NAUK. SSSR 100 617 (19551, BULL. 
AM. PHYS. SOC. 10, 19 ll'i651, PI-YS. REV. 143, 1340 119661, AND PHYS. REV. LETTE:RS 18, 1218 (19671. 

ARTICLE REAC BY OCETTE eENARY IP\ l/6'i, AND VERIFIED BY LEROY PRICE. 

BEAM IS PROTON OP\' PROTCN FRC!ot 1.696 TO 3.618 GEV/C. IBEAM KINETIC ENERGY .. 1.0 TC 2.8 GEVI 

THI5 EXFERIHNT USES CtiJNTERS. 

KEY WOPOS • CROSS SECT ICN DIFFERENTIAL CROSS SECTION 

CROSS SECT ION FOR PROTGN PRCIUN • CEuTERON Ph. 

LABOPATORY 
SEA~ ENERGY 

GEV 
1.0 
I. 3 
1.5 
I. 7 
z.o 
2.5 
z. 8 

MICRC-BARNS ( 11 
452. 21. 
2.17. 11. 
123. 7. 

84. 5. 
5 ~- 3. 
33. ). 
30.. 3. 

[11 PLUS POSSIBLE SYSTEfiATIC EPPOR OF+- 10 PER CENT. 

M~DELS 

[ TADLC ~I 

DIFFERENTIAL CROSS SECTION FCR PROTON PROTON OEUTERCN PI+. 

LABORATORY BI!AH ENEROV 

COSCTHETAI C-S l G"' A/0-0fo'EGA 
Ue/SR ( 1 I 

-.96 50.1 2.5 
-.93 49.9 2.7 
-.90 52.1 2.C 
-.so 51.2 2.4 
-"'.IL ..,,., f•£ 
-.60 42.1 1. s 
-.so 33.4 1.7 
-.4C H.9 1.6 
-.~0 ~4 .4 1.~ 

-.20 23.5 1.1 
-.10 21.0 .9 

.a a 20.3 .c; 

lTABLE 2 l 

THETA IS THE ANGLE THAT THE DEUTERON f'I.AKES WITH THE BEAM IN THE GRANO C.~. 

( 11 PLUS POSSIBLE SYSTHATIC ERPOR OF +- 10 PER CENT. 

DIFFERENTIAL CROSS SECTION FOR PROTON PROTON 

1.3 GEV. LABORATORY BEAf'l. ENERGY 

COS I THETA I t-S I GI'!/1/0-Q~EGA 
ue/SR Ill 

-.950 17.5 1.3 
-.n5 22.7 1.6 
-.900 21.0 .a 
-.850 24.2 1.1 
-.800 25.0 .9 
-. 700 23.8 .e 
-.600 20.1 • 7 
-.500 11.8 .9 
-.400 14.5 • 7 
-.300 13.6 • 7 
-.200 12.4 .6 
•• 1nn 13.0 .7 

.coo 12.2 .6 

DEUTERON PI+. lTABLE 21 

THETA IS THE ANGLE THAT THE DEUTERON MAKES WITH THE BEA"' IN THE GRANC C.~. 

1 ll PLUS POSSIBLE SYSTE~ATIC ERROR OF •- 10 PER CENT. 
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OIFFERENTJj1l CRCSS SECTJH FCR PPQTC~ FRCTON • DEUTERON PI+. (TABLE 21 

LABCRATORY BEAM ENERGY = 1.5 GEY. 

COSITHETI11 C-S I GMA/C-OHEGA 
UE/SR I 1 I 

-.Qn'i c; .co • 8 
-.<JSO 12.1 .7 
-.925 14.6 l.C 
-.900 lS.fi! .t 
-.850 16.4 .6 
-.800 13.3 .e 
-. 700 13.1 0 7 
-.60C 10.2 .5 
-.500 q.1 .5 
-.400 7.6 .) 
-.300 8.6 .s 
-.700 ':1.9 .s 
-.100 6.2 .4 

• ooo 6.l •• 

THETA IS THE ANGLE THAT THE DEUTERON HAKES .,ITH THE BEAJI' IN THE GRANO C.M. 

Ill PLUS POSSIBLE ·svSTEI>AllC ERRCR OF+- 10 PER CENT. 

DIFFERENTIAL CRCSS SECTION FCR PROT Qt. PROTON • DEUTERON P 1+. 

LABORATORY BEA~ ENERGY ., 1. 7 GEV. 

CQS(THETAJ 

-.965 
-.'l50 
-.c;zs 
-.900 
-.850 
-.aoo 
-. 700 
-.bUC 
-.500 
-.400 
-.300 
-.zoo 
-.lUU 
.coo 

C-S I GM.&/0-0HEGA 
uu:,M 111 

10.6 ·- .c; 
12.!; .c; 
14.6 .7 
16.1 .e 
tz.q .c; 
11.9 • a 
9.4 .s 
6.0 .4 
s.o . 3 
4.4 .2 
3.8 .2 
3.1 .2 
).0 .2 
2.9 • 2 

(TABLE 21 

THETA IS THE ANGLE THAT THE DEUTERON HAKES WITH THE SEAl" IN THE GRANC C.fl'. 

( 11 PLUS POSSIBLE SYSTEI"ATIC ERROR C!F •- 10 PER CENT. 

DIFFERENTIAL CROSS SECTION FOR PROTOt." PROTON DEUTERON P I• .. (TABLE 21 

LABORATORY BEAM ENERGY a 2. GEV. 

COSilf<EUl C-S i ~MA/0-0HEGA 
UE!/SR Ill -.•us' '·' ·- ·' -.940 B.l .. 

-.c;2o 1C.2 .1 
-.900 10.0 .j 
-.!56 ... .5 
-.800 7.) .. -• tUU b.::! .) 

-.60C 4. 7 .l 
.~oo ld .; 

-.400 2.4 .I 
-. 200 1.3 ·' -.100 [.2 .I 

.uoo 1.1 .I 

THETA lS THE ANGLE THAT THE DEUTERON HAKES WITH THE BEAJol. IN THE GRAND C.M. 

l lJ PLUS POSSIBLE SYSTEI'ATIC ERROR OF •- 10 PER~~"!!~ 

DIFFERENTIAL CROSS SECTION FOR PROTON PROTON • DEUTERON PH. 

LABORATORY BEAM ENERGY a 2.5 GEV. 

-.970 
-.950 
-.925 
•.o;uu 
-.BOO 
-.700 
-.bOO 
-.sao 
-. 300 
-.100 

C-S I GHA/0-0fiEGA 
UB/SR ( 11 

12.3 1.2 
tO.b .. a 
6.4 1.C 
~.I .4 
3.5 ·' 
2.1 .3 
1.9 .2 
1.4 .. 1 
.1 .1 
.a .1 

(TABLE 21 

THETA IS THE ANGLE THAT THE DEUTERON HAKES WITH THE BEAJol IN THE GRANC C.H. 

llJ 1-'LU!. IIUSSIULE SVSTH'A1tC EIIIICl~ 0~ •- i6 PER CENT. 
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DIFFERENTIAL CRCSS SECTION FOR PROTCtl. PRCTCN • DEUTERON PI+. (TABLE 21 

lABOR.aTORY BEAfo'. ENER(;Y a. 2.8 GEV. 

COSITHEUJ C-S I GMII/0-0~EGA 
UE/SR Ill 

-.97 12.8 2.3 
-.qs 8.3 .s 
-.9C 5.1 .4 
-.as 3.7 .3 
-.80 3.3 .3 
-. 70 2.2 .2 
-.bO 1.7 .2 -. ,, 1.2 .I 
-.40 1.0 .I 

THETA IS THE ANGLE THAT THE DEUTERON fo'.AKES WITH Tt<E BEAM IN THE GRANO C.p.l .• 

Ill PLUS POSSIBLE SYSTE~ATIC ERROR OF+- 10 PER CENT. 

~PRODUCTION CF STR.NGE P•RTICLES IN PP COLLISICNS '1 2.85 BEV. IPHYS. REV. 123o 1465 (lq611 I 

R.J.lCUTTIT,T.W.MORRIS,O.C.RAHfo'.,R.R.RAU,A.fo'..THORNOIKE,l\.J.WILLIS [BROOKHAVEN NAT. LAe., UPTON, L.l., N.Y., USA) 
R.M.LEA {CITY COLLEGE OF NEW YORK, NH YORK, N.Y., USA) 

PROTOh 

ABSTRACT FROM A SAMPLE OF 98 HYPERON PRODUCTION EVENTS OBSERVED IN A LIQUID HYDROGEN AUBBLE CHAMBER THE PARTIAL CROSS 
SECTIONS FOR VARIOUS FINAL STATES ARE FCUNO TO BE-- SIGMA+ K+ N- 0.047, SIGMA+ KO P- 0~030, SIGMA-C K+ P- 0~013, 
LAMBOA-0 K+ P- 0~051, SIG~A- K+ P PI+- 0.003, SIGMA+ K N PI - 0.004, CLA1"8DA-O,SJGI'!A-01 K+ P PIO- 0.011, 
ILAMBOA-O,SIGMA-01 KO P Fl+ - 0.014 1 CLAMBOA-O,SIGMA-01 K+ N PI+ - 0~002 1 All IN MILLIBARNS. FOP THE FIRST FOUP: 
PROCESSES THE VALUES-ARE lh GENEDAL AGREEMENT WITH THOSE CALCULATED BY FERRARI USING A ONE-PION-EXCHANGE MODEL. ONLY 
ONE EXAMPLE OF K PAIR PRODUCTION WAS CBSERVEO, INDICATING A CROSS SECTION LESS THAN 0.01 ~8. 

CHAT 101\:S 
PHYS. REV~ 108, l01t8 119571, PHYS. REV. lOS, 1322 C19571, PHYS. REV. 112, 614 Cl95SI, P~YS. P:EV. 112, 614 C l'i5Bit PHYS. 
REV. 109, 546 119581, NUOVC CJMENTO 1St 652 Cl9601, PHYS. REV. 120, 988 Cl9601t BULL. AM. PHYS. SOC. 5, SOB C\9601, 
PHYS. REV. 108 1 1046 119571 1 JETP 4 661 Cl9571, PHYS .. REV. 119, 432 C19601, UCRL 9098, PHYS. FIEV. LETTERS 5, 520 119601, 
UCRL 9097, AhC RCCHSTER CCNFERENCE v-6 C19571. 

ARTICLE READ BY OCETTE SENARY lh 3/67, AND VERIFIEC BY LERCY PRICE. 

BEAM IS PROTON ON PROTON AT 3.t7 GEV/C. 

THIS EXPERIMENT USES TH B.N.L. 20 IN. IHI BUBBLE CHAMBER. A TOTAL OF 900CO PICTURES ARE REPORTED ON. 

KEY WORDS • CROSS SECT ION Af\GULAR DISTRIBUTION ~ASS SPEC TP:UH SIC~~ LAMBDA 

IT ABLE 2 J 

LABCRATORY E!EAH MOMENTUM • 3.tl GEV/C +- 1CPER CENT). 

REACT ION MILL I-BARNS NG. EVENTS 
PRCTON • 

SIGMA+ .. NEUTRON .047 .013 74.3 
SIGMA+ KO PROTCiN .030 .OlC 46~ 1 
SJGH40 .. PROTCN .013 .007 ZOd 
LAMBDA .. PROTCN .051 .012 80.2 
SIGMA- .. PROTON P t + .003 .. 002 5.0 
51 GHA+ KAON NUCLEON PION .004 .003 2.0 

~S.UL-ANGLE EL>STIC SCUTERING OF PROTONS ANO PIONS, 7-20 BEV/C. {PHYS. REV. LETTERS 11 0 425 11q631 I 

K.J.FOLEY, S.J.LINOENBAUM,W.A.LO'IE,S.CZAKI,J.J.RUSSELL,L.C~L.YUAN [ BR00Kt1AVEN NAT. LAB., UPTON, L.l., N. Y~ 1 USAJ 

CLOSELY RELATED REFEREI'I:CES 
SEE ALSO PHYS. REV. LETTERS 10, 376 119631. 

ADDITIONAL CITATICNS 
PHYS. REV. LETTERS 10, 543 11'9631, PHYS. REV. LETTERS l, 185 C196llt PHVS~ REV. LETTERS 7, 362 C19b11, PHYS. REV. 
LETTERS 8, 173 C19621, PHYS. REV. LETTERS 10, 413 Cl9631, PHYS. REV. LETTERS 9, 108 C1962J, ZUPN. EKSP. TEOR. FIZ .. 41 
1148 119bllt JETP 14 1243 119621, PHYS. REV~ 107, 859 Cl9571w PHYS. LETTERS lt 226 119621 1 ZURN. EKSP. TEOR. Fll .. 38 1 

426 C1960h JETP 11 313 Cl~601, PHYS. REV. 130, 1182 119631, AND PHYS. REV. 11B 1 579 C19601~ 

ARTICLE REAO 8Y OO~TH eENARY l" ~/f;l~, AND VERlFI£t 8Y LEROY PRICE, 

BEAM IS PROTON Of\ PROTCN FR01 E~8 T( 19.6 GEV/C. 

THIS f)(PER I~ENT USES COL;NTERS. 

GENERAL COM~.ENTS C:N THIS ARTICLE 
1 SAME EXPERIMENT GIVES TOTAL AND DIFFERENTIAl CROSS SECTIONS FOR PI-P AND PJ+P ELASTIC SCATTERING. 

KEY WORDS • CROSS SECTICN C IFFERENT IAL CROSS SECT ION 

PRnTnN PAnTnU rl A';Tf( r.An.'i!; ,r;r:r.TJnN. ruRc r 11 

l480RATORY 
E!EA~ MOMENTUM 

GEV/C ... 
8.8 

10. a 
J..i!:.tf 
14.8 
16.7 
19.6 

HILLI-BARI'I:S [ 11 
11.79 ~22 
11.11 .22 
ll.04 .22 
10. 8'9' • ~0 
10.48 • 32 
9. 74 ~ 37 
9.64 .44 
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ELASTIC CIFFC:RENTlAL (qCSS SECTICN FCR PROTON PRGTON. 

lABORUOR'f EEM' ~OMENTUI'! • 6. 8 GEV/C. 

-T 
IGEV/C 1 .. 2 

PER CENT 
.000[ 2 J 
.C23 
.034 
.046 
.C63 
.C82 
.. 101 
.248 
.317 
.395 
.'t76 
.564 
.658 
.758 
• e6J 

0- SIGMA /0-1 
I"B/CGEV/CJU2 (1} 

105.Ci0 ·- 2.40 
86.8C 3.40 
76.1( 3.00 
69.~0 2.50 
57. lC 2.10 
-46.80 1.80 
41.60 1.80 
to. ee .44 
6.t5 .31 
3.83 .21 
z. 23 .14 
1.22 .C9 

.12 ,Q7 

.42 .os 

.23 .CJ 

(TABLE 1 I 

T IS THE HC::MENTU/1 TRANSFER BETloiEEN THE IINCCMINC PPOTON) ANO THE (OUTGOING PROTON). 

Ill PLUS POSSIBLE SVSTHAT IC EPROR OF +- 6 PER CENT. 
121 f)CTRAPOLATEO POINT. 

(LA5TJC OtrfCRCNTIAl CRCSS SECTION f'CA rnCTOt. rRCTON. ITABLE lJ 

LAtJUH.IIIUMI e!!AI' '-l!Pei\IUI' e. e lit: VI '-• 

-T O-SIGHA/0-T 
IGEV/C 1*'"'2 "'8/IGEV/CIU2 tl J 

PER CENT 
.000(2 J 106.1tC +- 2. 70 
.039 • 14.1( 2.50 
• 057 • 60.30 2.10 
• UIB • q'J.~U 1. IU 
.105 • 38. ~G 1.20 
.137 • 32.20 1.20 
.168 e 22.51 •• 2 
.2()3 • 9 .. ,0 . .. 
.337 • 5.32 .25 
.4l"i • z. ett .to 
• 504 • 1. 55 .10 
.597 • • eo . .. 
• 6"i7 • . .. .c • 
.. 803 • .19 .03 
-~16 • .II .02 

T JS THE 110MENTU~ TRAf\SFER BETWEEN THE (INCOMING PROTON] AND THE (OUTGOING PROTCNJ. 

Ill PLUS POSSieLE SYSTE~ATIC EFIROR OF+- 6 PER CENT. 
[21 EXTRAPOLATED POINT. 

ELASTIC OlFFERENTIAL CRCSS SECTION FCFI: PIIOTOI'\. PROTON. ( TA8l! ll 

LABOR.ATORY SEAl' I'OI'ENTUI' • 10.8 GEV/C. 

-T 0-SIGMA/0-1 
IGEV/CI••2 HBIIGEV/CI**2 ll l 

J't;l< \..tNI 
.000(21 102.80 ,_ 3.10 
.o,o • ~?.Itt 1.70 
.084 • 44,8( 1.40 
.uc, 0 n.1o lelO 
.157 • 23.73 .1b 
• 204 a 16.5f: ... 
.zsc • 10.26 •• 5 
• 268 • 8. 10 • 32 
.31t3 • 4.53 .21 
.427 • 2.38 .13 
.. 515 • 1.15 .oo 
.6ll • ,, .u • 
• 7n R .79 ·"' .821t • ... .02 

T IS THE MOMENTUM TRAt\SFEFI: BEl\oiEEN THE liNCOMJNG PROTON] AND THE (OUTGOING PROTONJ. 

(11 PLUS POSSIBLE SYSTEI'ATIC EFIROR OF+- 6 PER CENT. 
( 21 E XTRAPOLA TEO POINT • 
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ELASTIC DIFFERENTIAL CRCSS SECTJQN FCP PROTOr.. PRCTON. I TABLE 11 

LABORATORY eEAM f!40,..ENTUfo! "' 12.8 GEV/C. 

-T 0-SIGMA/0-T 
IGEV/C 1 .. 2 ~BIIGEV/CJ .. 2 Ill 

PER CENT 
.00012 I 104.00 ·- 4.~0 
.C4'i a 66.20 4.60 
.073 a 46,.1C 1. 7C 
.120 a 33.90 1.40 
.166 a zz. c;c 1.10 
.224 a n.cn .7a 
• 278 • 6.88 .za 
.~83 B 7.e4 .54 
.356 a 3.64 .11 
.443 a l.Cj2 .11 
• ~34 6 •• u .u • 
.634 a .4Z .04 
.741 a • 2~ .(3 
.656 a .09 .oz 

T IS THE MOMENTUM TQ.ANSFEP BET\!IEEN THE (INCCHING PROTONJ AND THE IC!UTGOING PROTON). 

( 11 PLUS POSSIBLE SYSTH'ATIC ERA~R Of' •- 6 PEP CENT. 
(21 EXTRAPOLATEC POINT. 

ELASTIC OIFFERENTI.Al CPCSS SECTION FCR PROTON PROTON. 

L6eOR.HOPY RE4M MO~ENTIIM v 14.P. f.F.V/f.. 

-T 
tGEV/C 1*•2 

PER CENT 
:ooor 21 
• (66 
.120 
• 160 
• 221 
.29oft 
.298 
.376 
.386 
.468 
.564 
.668 
• 781 

0- S I GHA /0-1 
HB/IGEV/C I .. 2 I 1 J 

103.20 ·- 4.80 
49.40 1.90 
34.20 1.30 
20.82 .ca • 
1o.s8 .68 
5.78 .25 
5. e3 .47 
2.~3 .15 
2.40 .28 
1.ijq .C9 
.66 .c5 
.~2 .cJ 
.13 .C2 

I TABLE 1 I 

T IS THE MOMENTUM TRANSFER BETWEE~ THE llto.COMING PROTCt.'J ANC THE (OUTGOING PROTON). 

I 11 PLUS POSSIBLE SYSTEJrATIC ERROP OF +- 6 PER CENT. 
I 2) EXTRAPOLATED POINT. 

ELAST JC DIFFERENTIAL CRCSS SECTION FU PRCTCN PROTON. 

L6ROR6TORY REb" l't::,..EHt.ll". 5 11'1.7 fif;\1((:. 

-T 
IGEVICJU2 

PER CENT 
.00012 I 
.042 
.C84 
.141 
.204 
• 281 
.308 
.380 
.393 
.488 
.491 
.589 
.t-98 

O-S JGHA/0-T 
1".6/IGEV/C J U2 ll I 

92.200 ·- 5.500 
56.CCO 4.300 
42.400 2.900 
24.~ZO .~60 
13.240 .tao 
7.030 .430 
S.OH • 220 
2.810 .260 
2.43C .130 
1.11/j .072 
1. 090 .no 

.411 .038 

.214 .C23 

[TABLE 11 

T IS THE MOMENTUM T~ANSFER BETWEEN THE [INCCMING PROTON) AND THE (OUTGOING PROTON). 

I l) PLUS POSSIBLE SYSTHATIC ERROR OF +- 6 PER CENT. 
(2) EXTRAPOLATED POJt.'T. 

ELASTIC DIFFERENTIAL CRtSS SECTICN FCR PROTOt\ PROTON. 

LABORATORY BEAM MOMENTUM ,. 19.t GEV/C. 

-T 
IGEY/C JU2 

PER' CENT 
.000121 
.us 
.192 
.l1U 
• 302 
.384 
.388 
.483 
• 517 
• 51:3 
.692 
.811 

0-SJ GMA/0-T 
M8/IGEV/CJU2 (11 

1)6.500 ·- 7.000 
29.400 1.200 
H.oeo .410 
(I~ ~'!IQ ~ ?EIQ 
5.01C .240 
2. 260 • 130 
2. 4CO .130 
1.089 .C76 
.710 .073 
.465 .043 
.156 .C23 
.113 .018 

ITA8LE 11 

T IS THE MOMENTUM TRANSFER !!EJWEtN THt: liNI,;UfoiJNti 1-'lWIUNJ ANU clHt: ll!Uilili!Ni,; 1-'HU-lUNJ. 

(11 PLUS POSSIBLE SYSTEf'ATIC ERROR OF +- 6 PER CENT. 
121 EXTRAPOLATED PCif..T. 



252 

~STRANGE-PARTICLE PRODUCTION IN 10 GE>/C PROTCN-PROTON REACTICNS. lNUCVO tt•ENTC 5!A, 305 119671 I 

S.Q.HOL,.-GREN, S.NI LSSON, T .OLHECE ,II:.YA"CIIGt\1 [ STCCKHCL~S U/'\IV., STGCKHOLM, SWECEN J 

ABSTRACT STRANGE-PAPTJCLE PllOOUCTION IN 10 GEV/C PROTON-PROTON COLLISIC~NS HAS BEE/\: STUDIED. THE FCLLOWING CRCSS 
SECTIONS WERE OBTAINEC -- ISIG~A+ KOI = 1239 +- 401 MJCRUBARNS; ISIGHA- KOI = 144 +- 121 ~ICRORARNS; ILA1-'80A 
0/SIGMA-0 KOI .. (334 •- 441 ~JCROBARNS AND IKO Kl)l = 1204 +- 421 HICP:CBARNS. IN THE FINAL STATES Y N K PI ANDY N K 
PI PI THCRE IS EVIDENCE FOP PROCUCTION OF THE FOllOWING RESONANCES-- OCLTAI1236J, (37 •- 91 PER CENT, 
N•IAPPROXIHATELY 16501, flB +- c;J PER CENl, SIC~AIU83t, 128 +- 71 PER CeNT ANC SIC"'Ail650), Cl6 +- 6) PER UNT 
(PERCENTAGES OF 1339 •- 421 HICRORAilNSI. NO EVIDENCE ~AS FOUND FOR THE PRODUCTION (IF no-BODY INTERHECIATE STHFS 
CORRESPONDING TO PARTICLES ·,ofiTH DEFJI\EO Jo'ASS AND CUANTU~ NUMBERS. 

CIT AT IONS 
NUC. PHYS. 60, 20Q 11Q641, CEPN CCNFEPENCE 247 Cl9621, CERN DS02, NUOVO CIMENTC 4D, Ae44 (lCj651, CERN TC 66.12, AUll. 
AM. PHYS. SOC. 11, 360 119661, BULL. AM. PHYS. SOC. ll, 360 119661, AND NUOVO CIMENTO 29, 8 119631. 

ARTICLE READ BY OCETTE BE/'\ARY IPI ll/67, AND VERIFIED BY LEROY PRICE. 

BEAI" IS PRCTON 0" PROTCN AT 10 HV/C. 

THIS EXPERIMENT USES THE SACLAY 81 Cl'! CHI euBBLE CHAMBER. A TOTAL CF 83000 PICTURES ARE REPORTED ON. 

KEY WORDS • CROSS SECTION AKGULAR DJSTPIBUTION /'4ASS SPEC TRUH DELHI12381 'f\•1 16881' 
Y•l 16601 STRANGE FAP:TICLES 

(FROM TABLE 1 AND PAGE 309 J 

LABCRATORY eEAI". P'!OI"ENTUI" . 10. GEV/C. 

REACT JON M I CRC-BARNS NO. EVENTS 
PROTO" PRCTCN • 

STC.Mh PROTON 1<0 60. ··- 20. q,o 
SIGJoiA+ PROTON 1<0 PIC Jl. 13. 5.5 
SIGMA+ NEUTRON KO PI+ 49. 16. 9.5 
SIGMA+ PROTON KO PI+ PI- 35. 13. 7 .o 
SIGMA+ f\IEUTRON 1<0 Pl+ PI+ PI- 5. 4. 2.0 
SIG~A- PROTON KO Pit PI+ 18. 7. 6.0 
!:(.;'~.·.- DniJTIJ•! WI) ll!,. PT• OJO "· .. <. n 
SIGI"A- NEUTRON KO PI+ Fl+ PI• 7. 4. 3.0 
LAMBDA PROTON KO PI+ 106. 29. 13.3 
LAHI:iCA PROTON KO PI+ PI 0 58. 14. 16.2 
LAMBCA NEIJTRQN K('l PI+ Pf+ 42. 14. •• 7 
LAMDDA rROTQtl KO rlt PI+ rt- 23. 12. 5.0 
1.6MA0.6 PROTON KO PI+ PI+ PI- PIO 34, ll. 9.0 
LAMBDA NEUTRON KO PI+ PI+ PI+ PI- 13. a. 2.5 
PROTON PROTON KOSAR KO 33. 16. 4.0 
PROTON PROTON KO KOB~R PI 0 21. "· 3.5 
PROTON PI+ KOSAR KO "EUTP.O~ 53. 20. 7. 3 
PROTON PROTON KOSAR KO PI+ P 1- 9. 9. 1.0 
PR(lTQN P~OTON KOeAR KO PI+ P 1- PHi 5. 5. .5 
PROTON NEUTRON I<OBA~ KO PI+ Fl+ PI- 36. 18. 4. 0 
SIG!o!A+ PROTON KO PI+ PI- PIC o. 
PROTON K+ K+ X 1- 7. 5. 2.0 

r74l A DESCRIPTION CF FINAL SUTES h!TH THREE, FOUR, AND FIVE PARTICLES IN PP INTERACTIONS AT 28.5 GEV/C, 

w.E.ELLIS,T.W.JIIO~PIS,~.S.P~NVINI,A.M.THO~NCII<E (BROOKHAVEN NAT. LAB .. , UPTON, L.J., N.Y., US.6J 

CLOSELY RELATED REFERENCES 
Sl:l: ALSU HNL 10:!60 ll~bl:ll, ANU ~1-:VS., HEY. LETTE~S 21, b'i1 C1~68J. 
THIS ARTICLE SUPER!ECES PART OF BNL 11980 119671. 

ADCITIONAL CITATIONS 

Y•ll385J 

lBNL 13611 ·I 19691 J 

PHYS. REV. LETTERS 16,855 11'il6f:l, PHYS. LETTERS 18, 167119651, PHYS. REV. LETTERS 11,789119661, PHYS. REV. 120, 
1857 119601, PHYS. REV. 154, 1284 11967), NUOVO CIMENTO 55A, 66 (19651, PHYS. REV. 173, 173 11968), NUC. PHYS. 85, 
16c; 119681, teSY DESY 68/11 Cl96SJ, Afi:D PtoYS. REV. LETTERS 1!i, 45 11'9651. 

ARTICLE RE~C BY ODETTE SENARY IJI: 9/6c;, AND VERIFIED BY LEROY PRICE. 

BEA)o' IS PROTON ON PROTON AT 28.5 GH/C. 

THIS EXPERIMENT USES TH B.N.L. 80 I"'• IHJ BUBBLE CHA"'BER. A TOTAL OF 83000 PIC lURES ARE REPORTED ON. 

GCUCRAL CCHHEtH~ ON Tl11~ .tRTICLE 
1 EXCEPT FOR THE ONE REACTION GIVEN BElOW THE 28.5 GEV/C RESULTS GIVEN IN FIGURE l .6RE JUST REPEATS OF DATA GIVEN IN 

ern ll'JOe ll?l.ll. 

KEY WIJRCS • CROSS SI:CT IUN MASS SPI:C I HUM ANGULAK UISikiHUIIUI\' UU+I:IH:"'IIAL C.:Kl'SS SH.IItlN 

CRCSS SECTION FOR PROTCN FHTON • CELTAC 12381++ NEUTRON. (PAGE 51 
DEL tAC1238h+ • PROtON PI+ (11 

(THIS QUA REPLACES VALUES GIVEN EARLIER lh' CGNNDLLY ET ~L., BNL 11980 119671 J 

LABORATORY 
BE~M MOMENTUM 

GEV/C 
28.5 

HICRC-BARh'S 
115. +- 15. 

llJ USED SIMPLE MASS CUT. 
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~ PP INTERACTIONS AT 2 8EV. I. SI.GLE-PICN PRODUCTION. IPhYS. REV. 125, 2002 11.6211 

"'·J.FICKINGER (YALE UNU., NE~ t-'AVEN, CO•"'·• USA, ANC eROOK~AVEN NAT. LAB., UPTON, L.(., N.Y., USAI 
E.PtCKUP,Q.K.ROBINSON,E.O.SAL.6N1 (BROOKHAVEN NAT. LAB., UPTON, l.l., N.Y., USAI 

ABSTRACT 3600 TMO-PRONGEO EVENTS, OBTAINED IN PP INTERACTIONS AT 2 BEY IN THE BNL 20-IN. HYDROGEN BUBBLE CHAMBER, HAVE 
BEEN ANALYZED. CROSS SECTICNS HAVE BEEN MEASURED FOR ELASTIC SCATTERING, FOR THE TWO MODES OF SINGLE-PION PRODUCTION, 
pp .. p N PI+, PP • P P PJO, A*'C FOR STR~NGE-PARTJCLE PRODUCTION. THE BRANCHING RATIO FOR THE HiD ONE-PJH PPOOUCTI(iN 
REACTIONS IS SIGMAIP N Pl•J I SIGMACP P PIOJ ., 4.17 +- 0.25. MOMENTUM DISTRIBUTJONS AND .Q VALUES INDICATE THAT 
SINGLE-PION PRODUCTION PPOCEEDS ALMOST ENTIRElY THPOUGH THE 13/2,3/2) RESONANT STATE. THE DATA HAVE BEE"- CONSICEREO 
IN TERMS OF THE EXTENDED ISOBAR I"ODEL AND ALSO A ONE-PION EXCHANGE HODEL FOR PRODUCT JON. THE BRANCHING RATIO AND 
MOMENTUM DISTRIBUTIONS CAN BE EXPLAINED BY INCLUDING A SMALL EFFECT FROM THE I .. liZ RESONANT STATE IN ADDITION TO 
THE DOlo! INA NT J a 3/2 RES (NANCE. THE C .M. ANGULAR D I STR I BUT I ON OF THE NUClEONS IN SINGLE-PION PROOUC T JON St-IOWS VERY 
MARKED BACKWARD-FORWARD PEAKING INDICATING A ONE-PION EXCHANGE MECHANISM. ABSOLUTE DIFFERENTIAL CROSS SECTIONS AS A 
FUNCTION OF LABORATORY KINETIC ENERGY HAVE BEEN CALCULATED FRCM SELLERI'S EQUATION FOR THE P N PI+ REACTION. THERE IS 
GOOD AGREEMENT WITti THE CATA FOR LOW FOUR-MO~ENTUM TRANSFERS (Q-SQUAREO < 0.151BEV/CI-SQUAREDlw BUT FCR ... IGHR 
MOMENTUM TRANSFERS THE THEORETICAL CRCSS SECTIONS ARE LARGER THAN THE EXPEPIIoiENTAL CROSS SECTIONS. 

C I TAT IC"-'S 
PHYS .. REV. 97, 1186 119551, PtiYS. REV. 100 1 1802 1195SJ, PHYS .. REV. 103, 211 11956J, PHYS. REV. 107, 859 119~71, 
PHYS. REV. lETTERS 3, 568 119591, PHYS. REV. 103, 1484 ( 1956J, PRCC. OF THE ROYAL SOCIETY OF LONDON A251, 218 ( 19591, 
PHYS. PEV. 123, 1465 U961), PHS. REV. 123, 2160 ( 19611, PHYS. REV. l25t 2091 11962), PHYS. REV. 123, 333 119611, 
PHYS. REV. LElTERS 6, 6lt 11960), UCRL 9097 11960), PROC. OF Tt-!E ROYAL SCCIETY H LONDON A251, 218 111;15<U, PHYS. REV. 
75, 1352 11949), PHYS. REV. 94, 1085 11954), CERN CONFERENCE 195 (1956), AND PHYS. REV. LETTERS 7, 196 11961). 

ARTICLE READ BY OOETTE SENARY I"' 6/67, AND VERIFJEC BY LEROY PRICE. 

BEAI'! IS PROTON ON PRQTCN AT 2.€01 GEV/C. 

THIS EXPERIMENT USES TH B.N.L. 20 IN. IHJ BUBBLE CHAMBER. A TOTAL OF 45000 PICTURES ARE REPORTED ON .. 

KEY WORDS • CROSS SECT ION CIFFERENTIAL CROSS SECTION MASS SPECTRU!'I ANGULAR OISTR I BUT ION OELTAC 12381 

I TABLE 1 J 

LABORATORY eEAP' MOMENTUM • 2 .. €07 +- .. 005 GEV/C. 

REACTION "Ill I-BARNS NO. EVENTS 
PROTON PRCTCN • 

ElASTIC 19.210 .c.ao Ill llt93 
318 

1326 
PROTON PROTON P 10 
PRCiTON NEUTRON PI+ 
LAMBDA K • PROTON 
CEUTERON PI+ • DEUTERON 

( 1 l C.QRRECTEO FOR H6ll Afi.GLE SCANNJKG LOSS!!$. 

3.850 .220 
16.060 .lt40 

.. o 18 .005 

.170 .045 
II 
14 

~ "ULTIPLE •ESON PROOUCTION IN FRCTON-PROTON COLLISIONS AT 2.85 8EV. IPHYS. REV. 126, 7<7 1196211 

PROTON 

E.L .. HART,R.I .. LOUTTIT,O.lUERS,T." .. t'GRRIS,W .. J.WillJS,S.S.YAHA,.,OTO [BROOKHAVEN NAT .. LAe .. , UPTON, L.t., N.Y., USA) 

ABSTRACT MEASURE,.,ENTS HAVE eEEN fiHE C"' 753 FOUR-PRONG EVENTS OBTAINEC BY E)(POSING THE BROOKHAVEN NAT IOf.OH LABCRATCRY 
20-IN. LIQUID HYDROGEN BUBBLE CHAMBER TO 2 .. 85-BEV PROTONS. THE PARTIAL CRCSS SECTIONS OBSERVED FOR MULTIPLE I"'ESON 
PRODUCTION REACTIONS ARE-- PPt-IPP • PP PI+ PJ-1, 2.67 +- 0 .. 13; PNt+-, 1 .. 15 •- 0.09; PP•-0, 0 .. 14 +- 0.01; O+t-, 0.06 
+- 0.02; FOUR OR HORE HESO"' PRODUCTION, 0.04 •- 0.02, All IN ,.,B. PROOUCTICN OF TWO MESONS APPEARS TO CCCUR MAINLY IN 
PERIPHERAL COlliSIONS WITH RElATIVElY LITTLE HOHENTUH TRANSFER;. IN CASES OF THREE-MESON PRODUCTION, HOWEVER, THE 
PROTONS ARE TYPICAllY OEFLECTEC AT LARGE ANGLES ANC ARE HORE STRONGLY DEGRADED IN ENERGY .. THE 3/2, 3/2 PION-NUCLEON 
RESONANCE DOMINATES THE INTERACTION; THERE IS SOME INDICATION THAT ONE OR BOTH OF THE T '" 1/2, PION-NUCLEON 
RESONANCES ALSO PLAY A PA-RT. TI-:E RECENTLY DISCOVERED RESONANCE IN AT a Q, THREE-PION STATE APPEARS TO BE PRESENT IN 
THE PP+-0 REACTION. RESULTS ARE CCHPAREO WITH THE PRECICTIONS OF ThE ISOBARIC NUCLEON HODEL OF STERNHEIMER AND 
LINDENBAUM, AND WITH THE STATISTICAL MODEL OF CERULUS AND HAGEDORN. THE CPOSS SECTION FOR THE REACTION PIO P • Pit 
PI- P 15 O(RIVCO U51NG AN [II.PRC5510ti rRG/1 Til( m~c~rtat~ CXCIIAtlGC UOO(l or On(LL. 

CLOSELY RELATED REFERENCES 
SEE ALSO PHVS. REY .. 123, 1"'6~ ll9tollt AND PHYS .. REV. 123, 21C:.O 119C.ll .. 

ACCITIONAL CITATIONS 
PHYS. REV. 103, 211 119561, PHYS .. REV .. 107, 859 11957), PHYS. REV. LETTEP:S 3, 568 11959), UCRL 9497, PHYS. REV. 
LETTERS 5, 333 11960), PhYS .. REV. 103, 1419 119561, PHYS. REV .. 103, 1484 119561, PHYS. REV. 103, llt43 11999), PHYS .. 
REV. 118, 579119601, BULL. AH. PHYS .. SOC .. 6, 302 111;1611, PHYS .. REV .. 125, 2091 11962), PHYS. REV. 125, 2082 119621, 
PHYS. REV .. 123, 333 11961), PHYS. REV .. LETTERS 5, 24 11~60), ROCHESTER CONFERENCE 205 (1960), PHYS. REV. 94, 1085 
11954), PHYS. REV. 95, 158C 1195~1, PHYS .. REV .. 105, 187~ 119571, CERN 59081TH.l3 Cl959J, PROGRESS IN THEORETICAL 
PHYSICS, JAPAN 5, 510 C19501, PHYS .. REV .. 92, Jt52 (19531, PHYS. REV. 93, 1434 (1954), PHYS. REV. LETTERS 5, 342 11960) 
PHYS. REV. 113, 1MO 119591, RE~IEW OF SCIENTIFIC INSTP:U11ENTS 32, 1116 11961), UCRL 9097, BERKELEY CONFEPENCE 117 
11960}, PHYS .. REV. 101, 79b I 11;1561, PHYS .. REV. LETTERS 6, 628 119611, PHYS .. P:EV. LETTERS 7, 192 (lq6ll, PHYS. REV .. 
LETTERS 6, 621t 119611, PI-YS .. REV. LETTERS 7, 17B Cl961), AND PHYS .. REV. LETTERS 1, 321 111;1611. 

ARTICLE READ BY OCETTE SENARY IN 6/67, AND VERIFIEC BY LEROY PRICE. 

BEAM IS PROTON ON PROTON AT 3.67 GEV/C .. 

THIS EXPERI,..ENT USES TI-E B.N.L. 20 1,.,. IHI BUBBLE CHA11P.ER .. A TOTAL OF 8669 PICTURES ARE REPORTED 0"-'• 

KEY WORDS • CROSS SEC liON MASS SPECTRU~ ANGULAR OISTRIBUTIC!"' CELT 1J 112381 MODELS 

I FROH PACE 750 AND TABLE 11 

LABCRATORY EEAJ! MOMENTU~ • 3.67 GEV/C •- '1.61PER CENTJ. 

REACTION 
PROTON -

TOTAL 
PROTCN PROTON PI• PI
PROTCN NEUTRON PI+ PI+ PI
PROTON PROTON Pit PI- PIO 
DEUTERON PI+ PI• PI-

Ill ERRORS ARE STASTICAL CHY .. 

HILli-BARNS 

it2 .. 100 1.200 
2.670 .130 
1 .. 150 .090 

• 740 .070 
.064 .020 

Ill 
Ill 
Ill 
Ill 

NO .. EVENTS 

414 
ne 
115 

IC 
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l77l PPOION-PROTON INTERACTTCNS AT 1.5 BEY. (PHYS. REV. IOJ, 1479 119561 l 

WeB.FOWLER,R.P.SHUTT,A.M.THORNCIKE,W.L.WtUTTEMORE (BROOKHAVEN NAT. LAB., UPTON, L.J., N.Y., USA) 

ABSTRACT 152 INTERACTIONS OF 1.5-BEV PROTONS HAVE BEEN OBSERVED IN A HYORCGEN-FILLED DIFFUSION CLOUD CHAMBER. THE DATA 
INDICATE AN ELASTIC CROSS SECTION OF 20 MILLIBARNS, WITH ABOUT 22 MILLIBARNS CROSS SECTION FOR SINGLE PION PRODUCTION 
AND 5 MllliBARNS FOR DOUBLE PIC~ PRCOUCTION. MOST SINGLE PION PRODUCTION CASES ARE PP • P N PI+. NO DEFINITE CASES OF 
• 0 PI+ OR • P P PJO WERE CBSERVEO. THE MEDIAN ELASTIC SCATTERING ANGLE IS 24 CEG. IN THE C.M. SYSTEM. INELASTIC 
EVENTS HAVE PIONS EMITTED ISOTROPICALLY WITH LOW MOMENTA, NUCLEONS E~ITTEO NEAR 0 OEG. AND 180 OEG. WITH HIGH 
MU~ENTA. THE AVERAGE RELATIVE ENERGY 10 VALUEJ FOR THE P, PI+ PAIR IS 154 MEV. 

CITATICP..S 
PHYS. REV. 1C3, 1472 119~bJ, PHYS. REV. 103, 1484 t1956J, Pt-:YS. REV. 103, 1489 t1956), REVIEW OF SCIENTIFIC 
INSTRUMENTS 25, 9~6 tl955J, PHYS. REV. 97, 797 tl955lt PHYS. REV. 95,663 t1951.!), PHYS. REV. 103,212119561, PHYS. 
REV. 92, 452 119531, PHYS. REV. 93, H34 11954), PhYS. REV. 94, 1085 11951.!1, AND PHYS. REV. <}5, 1580 119541. 

ARTICLE READ E!Y OtETTE SENARY IN 3/67, AND VERIFIED BY LEROY PRICE. 

BEAM IS PROTCN ON PROTON AT 2.25 GEV/C. 

THIS EXPERIMENT USES A CLOUD CH~MBf.R. A. TOTAL OF 15600 PICTURES ARE REPORTED ON. 

KEY HOROS • CROSS SECTICN CIFFERENTJAL CROSS SECTIOI'\ ANGULAR 01 STR I BUT JON 

(FROM PAGE 1480 AND PAGE 1-4811 

LABCRATORY EEAI". MCI":CNTU~ ,. .2.25 •- .jo GEV/C. 

REACTION 
PROTON PRGTON • 

TOTAL 

HASTIC 
TOTAL INELASTIC 

( ll VALUE IS APPRCXII"ATE CI\LY. 

MILLI-BAR~S 

35 •• .. - 5. 
20. Ill 
27. Ill 

~EXPERIMENTAL INVESTIGATIONS OF THE NUCLEON-NUCLEON INTERACTION AT 6CC-650 HE>. 

Y.M.KAURINOY (JGINT INST. FCR P..UCL. RESEARCH, OUBNA, USSRl 

NC. EVENTS 

152 

55 
91 

(REV. ~00. PHYS. 39, 509 1196711 

ABSTRACT THE UPPER BOUNDARY OF HE UNAfiBIGUOUS PHASE-SHIFT ANALYSIS AS IS KNOWN, IS AT 310 MEV. ABOVE THE MESON 
PRODUCTION T .. RESHOLO THIS UNA~BIGUITY IS ABSENT. IN THE RANGC FROM 600-650 MEV WHERE THE PHYSICISTS OF OUR LABORATORY 
HAVE WORKED DURING RECENT YEARS T ... E SCATTERING AMPLITUDE HAS BEEN DETERMINED A)IIBJGUOUSLY At\0 NOT VERY RELIABLY. IN 
THIS CONNECTION All THE EX PER I )!lENTS FCtR STUDY lNG NUCLEON-NUCLEON SCATTER lNG BE lNG CARR 1 ED OUT AT OUR LABORATORY HAVE 
Th"O PURPOSES -- fiRST1 THE MORE ACCURATE DETERMINATION AND IMPROVf!MtNT CP THf PHASE•SHJFT ANALYSIS ANO SHONO, lHE 
OISCRIMINATJDN OF THE OBTAINEC PHASE-SHIFT SETS FOR THE DETERMINATION OF THE MOST PROBABLE SET OF THEft. fo'Y REPORT IS 
A SHORT SURVEY OF SOI"E OF EXPERI~ENTS PERFORMED \IIITH THE ABOVE PURPOSE AT CUBNA IN RECENT YEARS. 

CITATIONS. 
PHYS. REV. 105, 28€ 119571, NU0'40 CIMENTO 43A, 709 t19661, SOVIET JNP 2 636 t19661, UCRL 11440 119641, ANNALS OF 
PHYSICS 7, 65 119591, NUOVG CIMENTO Bt 265 119581, AND JETP 19 542 119641. 

ARTICLE READ BY ODETTE BENARY IN 1/6~, AND VERI FlED BY LEROY PRICE. 

BEAf'! NO. 1 IS PRCTON ON ~YOROGEN COHCUNO AT 1.263 GEV/C. I BEAM KINETIC ENERGY,. .635 GEVJ IBEA~ IS POLARIZED 42 PER 
CENT INORMAL TO THE BEAI" OIRECTIONJ. 
NO. 2 IS PROTON ON DEUTERIUM CCMPOUNC U 1.225 GEVIC. IBEAM KINETIC ENERGY a .605 GEVI leEAM IS POLAr:lll.EO 34 PER 
CENT INORMAL TO THE BEAM CIRECTICNI. 

THIS EXPERII":ENT USES COUNTERS. 

KEY HOROS • POLARIZATION 

ELASTIC POLARIZATJ(;N FGR PROTCN PROTON. (TABLE 1 J 

LABORATORY BEAM ENERGY a .635 GEV. 

ThFTA POI.AAilATION 
DEGREES 

27.6C! ... 1.lS .475 .... 024 
32.20 1.25 .499 .C21 
34.40 1.25 • 496 .024 
J(o. 70 1.2~ • ~22 .C19 
38.90 1.25 .522 .019 
41.20 1.25 .518 .014 
43.40 1.25 .511 .014 
44.50 1.25 .513 .C\6 
45.6C 1.25 • see .(jilt 

lt(o. 70 1.~5 .. sot .Ollt 
47.80 1.25 .485 .(09 
1,9.00 1.25 .482 .Cl6 
~HJ.I (I l ~25 .492 .014 
51.2( 1.25 .4S2 .014 
52.30 1.25 .482 .014 
54.50 1.25 .445 .014 
56.60 1.2S • ,. 19 .Cll.! 
5a.eo 1.25 .455 .016 
60.1:10 1.l~ • )q~ .(14 
63.10 1.25 .405 .021 
11.8( 1.25 • 296 .014 
79.90 1.25 .1E!1 .016 
89.70 1.25 .o 12 .009 

THETA IS THE ANGLE TI-'AT THE PROTON MAKES WITH THE BEAM IN THE GRANO C.M. 
THE POLARIZATION IS OF THE PROTON ALONG THE NORMAL TO THE PROCUCTION PLANE IN THE GRANO C.!". 



ELASTIC POLARilATICN FCR FROHN NEUTRON. 

LABQRUORY BEA~ ENERH :c: .~05 GEV. 

T~ETA 
DEGREES 

10. 
90. 

125. 

POLARilAT ION 

-.cs .te 
-.07 .C6 
-.44 .16 

255 

lTABLE 21 

THETA IS THE ANGLE TH.H THE TARGET 'I"AkES WITH THE eEM! IN THE GRANO C.M. 
THE Pnt.ART16TION I!; OF THF. NF.UTRON ~LCNG THE NOP:"'Al TO THf PRQOI,ICTION PLANE IN THE GRANC C.M. 

EXPERIMENTAL RESULTS ON PROTON-PROTOf\ INTERACTIONS AT 10 GEV/C WITH SIX CHARGEC PARTICLES IN THE FINAL STATE. 
CJ"1ENTO 57 A, 20 ( 196BJ J 

S. C .HOLMGREN, S. NILSSON, T .CLHE CE, N. YAI'CAGN I I STOCKHOLMS UN IV., S TOC.KHCL~, S\IEOE Nl 

( NUDVO 

ABSTRACT HIGH-MULTIPLICITY PROTC,..-PPOTON REACTIONS AT 10 GEV/C HAVE BEEN STUOIEC. IN THE ANALYSIS OF 1937 EVENTS THE 
FHLGWJNG RESUI.TS klf.RF nRTATNFJ': -- RF.ACTION C 1J PP • PP PI+ PI+ PI- PJ-, SIGMA = (0.46 +- 0.04J MBt 121 PP • PP PI+ 
PI+ PI- PI- PIO, SIG~A = (().6CJ +- 0.051 ~B, 131 PP• PN PI+ PI+ PI+ PI- PI-, SIG~A = 10.54 +- O.C41 ,..8, (ltl PP • > 1 
NEUTRAL PARTICLE, SIGMA= 10.76 •- 0.051 MB. THC FRACTION OF DElTA++ • P PI+ IS 0.64 +- 0.16 lt.· CHANNEl !U, 0.60 
+- 0.12 IN 121 AND 0.48 +- 0.09 IN 131. THEP.!: IS EVICENCE FOR PRODUCTION OF OElTA++I19201 • P PJ+ IN REACTION 131 AND 
OELTA+(l920J • P PIO IN REACTION 121. NO SIGNIFICANT EVIDENCE FOR OTHER BARYON RESONANCES, "4ESON RESONANCES OR DOUBLE 
ISOBAR PRODUCT ION "AS FCUNC. 

CIT AT IONS 
PHYS. REV. 125, 2091 (19f:21, PHYS. PEV. 126, 7't7 11CJ621, PHYS. lETTERS 21, 351 tl9661, PHYS. REV. 138, 69l3 119651 1 

PHYS. LETTERS 19, 311 119651, PHYS. lETlERS 14, 161t 119651, CERN TH.708, REV. MOO. Pt-!YS. 3CJ 1 1 119671, PHYS. REV. 
lt:TitMS ltlt tl~ ll'lbflt CHI\ Tt: 67-1, AND PHYS. REV. 120, lOO (1'9601. 

ARTICLE READ BY ODETTE SENARY II\ l/6CJt AND VERIFIEC BY LERC:Y PRICE. 

BEAM IS PROTON CN PROTCf~ AT 10 GEV/C. 

THIS EXPERI,..ENT USES THE SACLAY 81 Cl" IHJ BUERLE CHAMBER. A TOTAL OF 82000 PICTURES AH PEPORTED ON. 

KEY \lORDS • CROSS SECT ICN .I!NGULU D ISTR I BUT ION I" ASS SPECTRUM DELTAI12381 DEL TAI19201 
STRANGE PARTICLES 

[TABLE 21 

lABCR.HORY EEAM MO...:ENTUM 10. GEV/C. 

REHTION Mllli-BARNS NC. EVENTS 
PROTON PROTON • 

PROTON PROTON PI+ PI- PI+ PJ
PRGTGN PROTON PI+ P 1- P 10 P 1+ PI
PROTON NEUTRON PI+ PI+ PI- PI+ PI-

.457 .037 

.6q5 .M9 

.sn .oott 

251 
382 ,., 

~ PP INTERACTIO•S AT 2 BEY. 11. MULTIPLE-PION PROOUCTION. !PHYS. REV. l25o 2091 11 .. 211 

PROTOJ.ti 

E.PJCKUP,O.K.ROBINSON,E.O.SALANT IBROOKHAVEN NAT. LAR., UPTON, l.J., N.Y., USA] 

ABSTRACT ANALYSES HAVE BEEN MADE FOR 871 FOUR-PRONG EVENTS AND 463 TWO-PRONG EVENTS CORRESPONDING TO "'ULTIPLE PION 
PRODUCTION, RESULTING FR04 PP INTERACTIONS AT 2 BEV IN THE BNl 20-IN. HYDROGEN BUBBLE CHAMBER. CROSS SECTIONS HAVE 
BEEN OBTAINED FOR All H!E CBSERVABLE COUBLE AND TRIPLE PION PRODUCTION PROCESSES; THE BRA~CHING RATIOS PREOICTEC BY 
THE EXTENDED ISOBAR MOOEL ARE SHCWN TO eE IN FAIR AGREEMENT WITH THE DATA, BUT THERE ARE SIGNIFICANT DIFFERENCES. THf 
C.M. MOMENTUM OISTRIBUTIONS ARE ALSG IN FAIR AGREEMENT WITH THE PREOICTICNS OF THE MODEL, ALTHOUGH THERE ARE 
AMBIGUITIES IN THE UiTERPRETATION. Jt.E PION-NUCLEON Q VALUES GIVE ClEAR EVIDENCE FOR THE IMPORTANCE OF THE (3/2,3/21 
RESONANT STATE IN HULTJPLE PION PRODUCTION, BUT CONSIDERATION OF THIS STATE ALONE DOES NOT PROVIDE AN EXPLANATIO~ OF 
THE FEATURES OF DOUBLE PlOt\ PRODUCTION. SOME CCiNTRIBUTICN FROM ANOTHER STATE, POSSIBLY THE I = 112 NUCLEON ISOBAP, IS 
NI:CESSARY. IN DOUBLE PROCUCTION, THE C.fo'. ANGULAR DISTRIBUTIONS OF THE NUCLEONS SHOW BACKWARD-FORWARD PEAKING 
SUGGESTIVE OF A ONE-PION EXCHANGE PROCESS. THE ANGULAR DISTRIBUTIONS OF Tt'E P\UClEONS FROI'( TRIPLE PRODUCTION ARE 
ALfo'GST ISOTRCPIC. 

CLOSELY RELATED REFERENCES 
C.ur..T ll'iUATiOi• Oii Hfti h1u.\ !!AHA n·EI•T W Pll'l'3~ '-C::Y1 l01 roar f 11lrfl• 

AOCITIONAl CITATIONS 
PHYS. REV. 103, 1lt84 (19561, UCRL 9Qq7, PHYS. REV. 123,333119611, PHYS. REV. LETTERS 5, 31t2 119601, PI'YS. PEV. 
lETTERS 5, 377 t196QJ, PHYS. REV. lETTERS 1, 192 t196llr PHYS. REV. LETTERS 7, 178 119611, NUOVO CIMENTO 16, 388 11960 
ANC P~YS. REV. LETTERS 7r 421 119611. 

ARTICLE READ BY OCETTE BEt\ARY It\ 6/67, ANC VERIFIED BY LEROY PRICE. 

BEAI" IS PPQTON CN PRCTON AT 2.S07 GEV/C. 

THIS EXPERIMENT USES THE B.N.L. 20 It\. IHI BUBBLE CHAMBER. 

KEY HOROS • CROSS SECT ION At.GULAR OISTR I BUT ION MASS SPECTRUM DElTA( 12381 

lABORATORY BEA"' HCMENTUfol. = 2. E07 •- .005 GEV/C. 

REACTION Hill I-BARNS NO. EVENTS 
PRCTON • 

PR(T(N PRnTnN Plf' PJ- z. 5100 +- ol400 OBI 
PROTON PROTON PIC PJO . PR~TON PROTON P 10 

PIO PIO .CJ200 .1000 1b 
PROTON N~UTRml PJI p 10 rnOTCN NEUTRON I" I+ 

PI 0 PJO 4.0700 .2100 330 
NEUTRON NEUTRON PI+ PI+ . r\EUTRON NEUTRON 

PI+ Pt+ PIO .6200 .CB30 51 
PRnTnN PROTON Pit PI- PIO .l ~ 70 .0290 59 
PROTON NEUTRON PI+ PI+ PI- .4050 .0400 110 
PROTON NEUTRON PI+ PI+ PI- P 10 < .0007 
PROTON PROTON PI+ PI- PIO PIO < .ooso 
DEUTERON PI+ PI+ PI- . DEUTERON Pit PI+ PI-

PIO .0550 .0140 15 .. 
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ra1l ANALYSIS OF 4 GE.Y/C PRQTQt\ PRC:TCN INTERACTIONS. II. THREE PICN PRODUCTION IN IPPJ INTERACTIONS. 
L;!!J 348 1196311 

J.KI00 1 S.RATTI ,A.SICHIRCLLC,G.VEGNI (UNIY. 01 "'lLANO, l".flAND, ITALY) 

CLOSELY RELAlED REFERENCES 
SEE ALSO PHYS. LETTERS 16, 75 I 19651. 
DATA SUPERSEDED BY NI.:CVC Cl~ENTC 58A, 175 119681. 

AOCITIONAL CITATI~,._S 
PHYS. REV. 125, Z09l tl9621, PHYS. REV. LETTERS q, 133 (19621, AND PHYS. REV. 126, 747 (19621. 

ARTICLE REAC BY OCETTE SENARY It.: 4/67, AND VERIFIED BY LEROY PRICE. 

BEAM IS PROTCN ON PROTON AT 4 GEV/C. 

THIS EXPERIMENT USES THE SACLAY 81 (I" ltol eUeBLE CHAMBER. 

KEY WORCS • CROSS SECT ION /'!ASS SPECT~U~ DElTAI12381 OHEGA (·783 J 

(TABLE 11 

LABCRATCRY EEM'' f'IO~ENTU~ 4. GEY/C. 

t SIENNA CCNF!:RfNCF. I 

ITHIS DATA SHOULD NOT BE USEC- MCRE RECENT VALUES MAY RE FGUNO IN BQOINI ET AL., NUOVO CIMENTO 58A, 175 119681 J 

P.EHTIOfi 
PROTCt\ PilCTCN • 

PROTON PRUTON Pit- PI
PROTCN· NEUTRON P J• P 1- PH 
PROTON PROTON Pit- PI- PIO 

(11 ERP.DP.S AP.E STIISTICJI.L Ct.ILV. 

CROSS SECTION FOR PROTON P~CTCI\' 

IIITlli-BARNS Ill 

2.8'1 ·- .15 
1.33 .oa 
.83 .05 

Pfi.GTCN PROTON OMEGAI1031 • ( PAGC 340) 

( AU.THORS QUOTE AN ERROR OF •-.06 ON LOWER LIMIT I 

I,Annnunnv 
eEt.M HO~I!IiTU/4 

GEV/G 
4. 

MILLI-8f1QNS 
> .14 

NO. EVENTS 
20 

Nc. eve~ns 
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120 

74 

~ PP • PP PI+ PI- INTERACTICNS AT 8.I GEV/C, INUC. PHYS. 85, 169 II968)) 

G.KAYAS,J.LEGUYAC~R,H.SEtlE,T.r.YJOU (UNJV. DE r'AAISr FAC. DES SCI., ORSAY, fRANCCJ 
J.AUTTI,N.T.OIEI',G.SHADJA, J.GINESTET,D.HANESSE,T.t".ANH (CNTR. O'ETUDES NUC. SACLAY, GIF-SUR-YVETTE, FRANCE) 

ABSTRACT AT 8 GEV/C, T..:E CROSS SECTION FOR THE REACTHiN PP • PP PI+ PI- IS (2.46 +- O.ll MS. WE DESCRieE THE 
PRODUCTION OF WELL KHWN RESONAPiiCES -- DELTA++Cl2361t DELTA 0(12361, N*tl525), N*ll688J. THE PP:ESENCE OF THE 
P11114701 RESONANCE IS ALSC DISCUSSED. 

CJIAT~~~L LETTERS is, i6i I iq6~J, PHYS. REV. LETTERS 17, 789 Cl9661, PHYS. REV. LETTERS 16, 855 119661, NUOVO CIMENTO 48A , 
909 (1967), PHYS. REV. LETTERS 17, 884 119661, PHYS. REV. LETTERS 13! 169 (1964Jr NUOV~ C!MENTC 5QAr !I;)QQ ~\9~?lt 
REV. MUU. /JHY~. J'h 1 tl'lt)ll, At.U UtJl!f\A l.lNI-I:I"E:NCE 1 121 ll~b4J. 

ARTICLE fiE~D BY OCEllE SENARY IN l/6q, AND VERIFIED BY LEROY PRICE. 

8E6~ IS PROTON ON PPQTON AT 8.11 GEV/C. 

THIS EXPERIMENT USES THE CERN 21' IHI BUBBLE CHAMBER. A TOTAL OF 60000 PICTURES ARE REPORTED 0~. 

IlLY WtJilU~ 1 tiiU~!. !.l:liiUf~ A"~!. !:.l'lLIIWM NtlUL:lS UIHI::'-IENtiAl CROSS SECTION 
DELTACIZ381 N*ll52DID13 'N*I16881' NtllltlOIPII 

COMPOUND KEY WORDS • FilS DIFFERENTIAL CROSS SECTION 

(FROM PAGE 112 ANC PAGE 111) 

LA80~~TQP,Y iEM MQ~cNTUM • 8.11 t- .OR r.Fvtr.. 

P.EACTION 
PROTON PROTON • 

PROTCN PROTON PI+ PI
PROTCN PROTON RHO( 76!iJ 

RH0(1b5J .. PI+ PI- (lJ 

MILL I-DARNS 

2.46 •- .to 
( a 10 

fiTS O!NS!TV HAT~I~ 

(II FITTED DISTRJeUTJON WITH FIXEC MASS AND WIDTH AND TOOK EVENTS ONLY ABOVE CFITTEOI BACKGRC::UND. 

(TABLE II 

LABCRATORY .EfApoi ~G"'ENTUI' = 8.11 +- .08 GEY/C. 

REACT ION HILLI-f!ARNS (l J 
PROTO,._ PRCTON .. 

DELTA( 12381++ DEL TAI123810 .. n +- .. ns 
OEL TAl 123a I++ . PRO 'iON PI+ I 2 J 
DEL TAI12381 C - PROTCN PI- 121 

CELTAtl2381+• N*I152DIC • I3 .04 
DELTAI1238J++ . PROTON PI+ 121 
N*l152010 . PROTON PI- 121 

CELT,e,t 12381++ 1 N*Il68810' .14 .04 
DEL TAl 1238)++ . PRCTOt\ PI+ (21 
1 N•I 168810 1 . PROTON PI- 121 

PRCTCN 'N• I 16881 +' .16 .03 
'N•I 16881+' . DELTA( 12381 PION . PROTON PI+ PI- 121 

( 1 J PLUS POSSI&LE SYSTEI'ATIC ERRO. 
121 FITTED CJSTRIBUTION WITH FIXED M~SS AND WIDTH AND TOOK EVENTS ONLY ABO.YE CFJTTEDI BACKGROUND .. 
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~TWO AND THREE PIO• PRODUCTION I• PP CCLLISIONS AT b.92 GEVIC. !HEllMANN INST REPORT 119.911 

G.YEKI.:TIELI,S.TOAFF,A.SHAFIPA,E.E.RON~T,L.LYCNS,Y.EISENBERG,Z.CAR"'El (WEIZMANN JNST. OF SCI., REHO~OTH, ISRAELI 
A.FRIOHAN,G.MAURER,J.OUOET,R.STRUB,C.YIJLTOLINJ,P.CUER (CENTRE DES RES. NUCLEAIRf:S 1 STRASBOURG, FRANCE! 
J.GRUNHAUS (UNIVERSITY CF TEl-AVIV, TEL-AVIV, ISRAELI 

ABSTRACT CROSS SECTIONS ARE GIVEf\ FOR THE "'AIN PROCESSES CONTRIBUTING TO THE FINAl STATES PP PI+ PI-, pp PI+ PI- PIC 
AND P N PI+ PI+ PI-. IN All REACTIONS N•C12381 IS OBSERVED TO BE STRU"lGLY PRODUCED. FOR THESE THREE RE.OCTIONS Tt-!E 

' BARYONS ARE STRONGLY FOR~ARO/BACKWUO PEAKED IN THE CENTER OF MASS. THE REACTION PP • N•ll2381++ p PI- HAS BF.EN 
EXAMINED IN SOME DETAIL, AND CQ!o1 PAREO WITH THE PREDICTIONS OF VARIOUS PERIPHERAL lo!OOElS. AS IS ALREACY WEll Kr.:GwN, 
THE FERRARI-SEllERI ~OOEl IS lhACEQUHE, BUT WHEN SOME OF THE EFFECTS OF ABSORPTION APE INCLUDED, THE AGREE ... EI\'T WITH 
THE DATA IS CONSIDERABLY llo!PROVEO. THE AlTERNATIVE OF REPLACING THE PROPAGATOR CORRESPONDING TO ElEMENTARY PION 
EXCHANGE BY THAT FOR A R EGH EXCHANGE ALSO Gl YES GOOD AGREEMENT 'jlj J TH EX PER 1 HENT. FINAllY WE HAVE TES TEC A DOUBLE 
REGGE EXCHANGE HODEL, AND FOUND THAT ITS PREDICTION FOR ONE OF THE TREIMAN-YANG ANGLES IS UNSATISFACTORY. A 
DISCUSSION IS ALSO GIVEr.: OF A CLASSIFICATION IN WHICH EVENTS ARE DIVIDED 1/\Tt CATEGORIF.S DEPENDING ON WHICH PARTICLES 
ARE EMITTED IN THE SHE ~EIMSPHRE:. T.-:E TWO GROUPINGS PIP PI• PJ-J AND (F PI+J IP PI-J EACH ACCOUNTS FCR 
APPROXIMATElY HALF OF THE PP PI+ PI- FINAl STATE. THE FINAL STATES PP 0"'EGA, PP ETA AND POSSIBLY PP RHOO ARE 
OBSERVED, ANC CROSS SECT 101\S ARE CO~PARED KITH VALUES OBTAINED AT CTHER "'OMENTA. 

CLOSElY RELATED REFERENCES 
SEE ALSO NUUVO CIHENTO 53, 455 11968), AND P.,YS. REV. 173, 1322 11968J. 

ADDITIONAL CITATIONS 
PHYS. REV. 161, 13B7 11967J, PHYS. REV. 154, 12B4 119671, NUOVO CI,...ENTO 55, 66 119681, PHYS. REV. LETTEPS 20, 964 
1196BJ, PHYS. REV. 174, lb38 (19681, NUC. PHYS. BlOt 221 (1969), PHYS. LETTERS 27B, 376 11~681, NUOVO CI"'ENTO 24, 453 
Cl962J, ANNALS OF PHYSICS 41, 456 fl'il671, NUC. PHYS. 88, 6B6 119681, PHYS. REV. 168, 1773 tl968J, PHYS. REV. lETTERS 
21, 101 llq6SJ, CERN TH-B50 119671, AND NUOVO CIMENTO 51St 404 (1'967». 

ARTICLE READ BY OCETTE SENARY II\ 10/6'9, ~NO VERIFIEC BY LERCY PRICE. 

SEAM IS PROTON 01\" PROTCN AT 6.9 GEV/C. 

THIS EXPERIMENT USES H:E B.N.L. 80 IN. CHI BUBBLE CHAMBER. 

KEY WORDS • CROSS SECTION A"'GULAR DISTRIBUTION ~ASS SPECTRUM 
'N•I16881' RHOC76S) 01o!EGAI783J ETAI5481 

(TABLE 21 

LABORATORY BEAM MOMENTUM = t:.~ GEV/C. 

REACTION Mill I-BARNS 
PROTON PROTON • 

PROTON PROTON PI+ PI
PROTON NEUTRON PI+ PI• PI
PROTON PROTON PI+ PI- PIO 
UELTAC 12361++ 1-'KUIUN PI~ 

OElTA112381++ • PROTON PI+ (11 
OELTA112381++ OELTAI123810 

DEL TAI12381++ • PROTOI\ PI+ I 1 I 
OELTAI123BIO • PROTCN PI- (11 

DELTAI12381++ N•C15201C 
0ElTA1123BI++ • PROTON PI+ I 1] 
N•C152010 • PROTCN PI- (1 I 

DElTA( l23BI++ 'N•I 1688J0' 
0ElTAI12381++ • PROTON PI+ (11 
'N•I 168810 1 • PROTGN FI- [ 1 J 

CELT AI 123BI++ NEUTRON PI+ PI-
DELTAC12381++ • PROTON PI+ Ill 

OELTA112381- PROTON PI+ PI+ 
DELTA I 123BI- • NEUTRON PI- ( ll 

DELTA I 1238)++ PROTCN PI- PIO 
DElTAI12381++ • PROTON PI+ fl) 

PROTCN PROTON ETAI51t81 
ETAC5481 • PI+ PI- PIO 111 

PROTON PROTON OMEGA I 7831 
OHECAI1031 fll1fll··fll0111 

3.00 0 30 
2.60 .30 
2.60 .30 
2.)0 .::so 

o42 o[O 

.23 .01 

.23 .07 

1.56 .15 

.84 .to 

1.56 .Jb 

0 04 .01 

.14 .04 

MODELS DEl TAl 1238) N•l 15201D13 

(1) FITTED DISTRIBUTION WITH FIXED MASS .AND WIDTH AND TOOK EVENTS ONLY ABOVE (FJTTEOI BACKGROUND. 

~ELASTIC SCATTERING OF L•MBOA hYPERONS WITH •vERAGE MOMENlUM 2.7 BEVIC BY PRQTC•S. !SOVIET JNP 3 511 119bbll 

V .F .V I SHN EVSK II, T • YUAN-CHA 1, V. 1 .MORO l ,A • V. N I Kl TIN, YU. A. TROYAN ,C. SHAO-CHUN, C. "EN-YU, B.A. StiAK HBAZ VAN, Y .WU-KUANG ( JOINT 
IN!\ I. ,.IlK N\11.1.. Kl:!\f.AKt.H, IJIIKNA, ~~~~K I 

ABSTRACT WE HAVE EXPERIMEI\'TAllY CETERHINEO THE TOTAl CROSS SECTION FOR ElASTIC SCATTERING OF LAMBDA HYPEPONS WITH 
AVERAGE MOMENTUM "' 2.7 •- 1.2 BEV/C BY PROTONS, WHICH TURNS OUT TO BE 15 •- 4 fiB. THIS VALUE IS CGMPAREO WITH THE 
THEORETICAL AND EXPERIMENTIIL DATA 1<:1\C.WI\' PREVIOUSLY. 

CJTATJCI\'S 
PHYS. REV. LETTEFIS 2, 174 Cl'i591, PkYS. REV. lETTERS 7, 31t8 119611, JETP 42 'il7'9 11'il621, JETP 15 676 119621, PHYS. 
REV. 129, 1372119631, PHY5. RE\1. LETTERS 12,625119641, PHYS. REV. LETTERS 13,282 11'961tl, PHYS. RE\1. lETTERS 13, 
484 (19641, PHYS. lETTERS 12, 350 11964), PRIBORI I TECH TECH. EXPo 1 41 Cl959J, JINR R-1959 119651, JINR R-2215 11965), 
JI"'R R-1352 (19631, JINR R-1468 (1963), AND NUOVQ CIMENTO 36, 189 (19651. 

AFITICLE RE.60 BY OCETTE BEN~RY IN 1/6'il, AND VERIFIED BY LEROY PRICE. 

BEAf'! IS NEUTRON ON HEAVY LIQUID FRO~ 2.78t: TO 10.900 GEV/C. (8EAf'! KINETIC ENEFIGY., 2 TO 10 GEVJ 

Ji TOTJii.. OF lioUUU jiiJ.:.TuH3 AH Afii(JAHCJ Oh. 

KEY WORCS • LAMBDA CRC:SS SECT ION ANGULAR. 01 STR I BUT I 01\ 

COHPOUNO KEY HOP.OS LA~BOA CPCSS SECTIO~ 

LA)IBDA PROTCN EI.JISTIC CP.OSS SECTION~ 

LABOPATOR'f 
Bf!A)I I"C~f!I\'TUH 

GEV/C 
2. 7 ·- 1.2 

Mllli-BARto.'S 
15. ·- 4. 

lPIICE 5141 

NO. EVENTS 
12 
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ElASTIC DIFFERENTIAl C~CSS SECTION FCR l~MI!C~ PROTON. 

LABORJITORY EEA~ fiiQioi.ENTUM : 2.7 GEV/C IMEAN VALUEI. 

• THIS DATA 'I'IAS READ FROI' A GRAPH • 

COSCTHETAI 
I" I h MAX 

-l.C -.5 
-. s .a 

.o .5 

.s 1.0 

NC. EVENTS 

3.5 
3.2 
3.5 
9.0 

IFJGURE3l 

THETA IS THE ANGLE THAT THE LAMBDA I'AKES W(TH THE eEAH IN THE GRANO C.M. 

FORWARD TO BACKWARD RU 10 FOR LAI'IECA PROTON HASTIC SCATTER lNG • I 1 J 

LABCPATORY 
BEAM MOMENTUM 

GEV/C 
2.1 +-. 1.2 

I F-8 1/ lf+BJ 

• 30 ··- .22 

(1) CALCULATED BY US FRO! DATA IN THIS ARHCLE. 

POLAR TO CQUATORIAL RATIO roR LAJ.\DOA PROTON CLASTIC SCATTERING. Ill 

LAIJORATORV 
~~AM MI;IM~NTVM 

GEV/C 
2.1 ·- 1.2 

IP-EJ/tPHI 

.30 ·- .22 

I 1 I CALCULATED BY US FRC:M DATA IN THIS ARTICLE. 

I:~:~ NEUTRON-PROTON CHARGE-EXC"ANGE SCATTERING IN THE BEVIC REGION. IPHYS. REV. LETTERS 15, 38 1196511 

. J.L.FRIEDES,H.PALEVSKY,R.L.STEARNS,R.J.SUTTER (BROOKHAVEN NAT. LAB., UPTON, L.t., N. v., USAJ 

CLOSELY RElHEC REfEREf\CES 
THIS ARTICLE SUPERSEDES PtlYS. REV. LETTERS 9, 509 I 1962). 

ADDITIONAL CITHIONS 
PHYS. LETTERS 4, 1fii 11963), Pt-.YS. REV. LETTERS llt 88 11963), PHYS. REV. LETTEFIS 11, 44oft 11963), PHYS. REV. 134, B6J3 
11964), PHYS. REV. 136, 81783 11964), PHYS. LETTERS 12,62 119641, PHYS. REV. 137, 81530 Cl965J, NUOVO CIMENTO 18, 
1039119001, RfV. HOD. PHYS. 30,049 (19041, PHYS. REV. LETTERS llt 211 (llil63), PHYS. REV. LETTERS 10, 3Sl li'ilb~lt 
PHYS. REV. 127, 1836 t1fii621t PH'YS. LETTERS 12,112119641, AND PHYS. REV. 137,8708119651. 

ARTICLE READ BY ODETTE OENAFY 11\ 1/6fit AND VERIFIED BY LEROY PRICE. 

BEAM IS NEUTRON Gt\ PROTON AT 3 GEV/C. 

THIS EXPERI~ENT USES COUNTERS. 

KEY WCP.D$ .. CP.OSS $ ECT ICN OIFFiiRENTIAL CROSS SECTION HODELS 

NEUTRON PROTON ELASTIC CROSS SECTION. (PAGE4ll 

DATA IS INTEGRATED OVER COSCTHETAJ FRC!M -1. TO 0 •• THETA IS THE ANGLE THAT THE NEUTRON HAKES WITH THE BEA~ IN THE 
r • 

lRDUIUt I Ul't I 
I!EAH MOMENTUM 

lii:Y/C 
3. 

Mllli-B.IIIlfiS 
1.10 ·- .25 
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HASTIC DIFFERENT JAL CRCSS SECT ION FCR NEUTRGN PROTON. [FIGURE 21 

LABORATORY I!EAM HOf"ENTUH "' 3. GEV/C. 

I QUOTED VALUES ARE NEW DATA PLUS DATA FRC,. PRL 9,509flq621 J 

• THIS DATA "AS READ FRQI" A GRAPH • 

H:ETA C-S 1 EMA/0-0,..EGA 
DEGREES Jlle/SR 

• oo 31,6 • s.c 
- 5.0 

1.25 27.8 + 2.9 
- 2.9 

z.so 15.8 + 2.5 
- 2.5 

3.00 16.4 •. .9 
.9 

3. 75 10.9 + 1.3 - 1.3 
s.oc 11.2 + 1.C 

1.0 
s.oo 10.3 • • 7 

• 7 
s.oo a.z + 1.b 

1.b 
1.00 6. 7 • .3 - • • 7 
7.00 5.7 + • 3 

• 7 
1.sc b. 2 + .. 

.o 
9.00 4 .b + .5 - .5 

11.00 4 .a + .3 
.3 

15.00 1.0 + .2 

·' 
THETA IS THE A~GLE T ... AT THE PROTON MAKES ~IH! THE BEAM IN THE LAB. 

~SINGLE-ISOBAR PROOUCTION IN PRCTCN-PRCTON INTERACTIONS AT 2B.5 GEV/C. IP"YS. REV. LETTERS 21, b9T I t'bBll 

W.E.ELLJS,D.J.Joi:JlLER,Tai'I.MORPIStRoSoPANVINI,A.M.THORNQJKE IBROOKHAVEN NAT. LAB., UPTON, L.l., N.Y., USA) 

ABSTRACT Tlo!O .6ND FCUR PRCt-iG FINAl STATES IN A 28.5-GEV/C PP BUBBLE-CHAMBER EXPERIMENT WERE EXAMINED ~OR SJNGLE-ISOB~P. 
PRCOUCTION IN VARI(IUS DECAY CHANNELS. RESULTS ARE COMPARED WITH MISSING-MASS-SPECTROMETER DATA. THE lloOO ENHANCE,..ENT 
WAS FOUND TO BE ANN PI S'\'STE~ WITH ThE RATION PI+/P PIO ABOUT z, WHICH ESTABLISHES THE JSOSPIN ASSIGNMFNT I <> liZ. 
THE FINAL STATE DEL TAt+( 12~81 N WAS MEASURED AND COMPARED WITH LOW-ENERG'f' DATA TO SHOW THAT THE CPOSS SECTION 
OECR!:ASES ACCOROif\G TO P(LABI*•-tt.91 +- 0.081, CONSISTENT WITH SINGLE-PION EXCHANGE. 

CLOSElY RELATED REFERENCES 
DATA Sl'PERSEOEO 8'\' BPI.L 13611 119691. 

ACOITIONAL CIUTIONS 
PHYS. REV. LETTERS 16,855 (196E:I, PHYS. LETTERS 18, 167119651, PHYS. REV. lETTERS 17,789 11966), PHYS. REV. 
LETTERS 19, 397 tl'J67h PH'YS. REV. LETTERS 20, 964 (1968), PHYS. REV. LETTERS ZO, 1078 119681t PHYS. REV. 165, 16~9 
119681, AND IH:V. MOO. PI-'YS. 38, 476 (19661. 

ARTICLE READ BY ODETTE BENAP.'Y IN 1/6~, AND \IEP:IFIEO BY LEROY PRICE. 

BEAM IS PROTON ON PRCTCN AT 28.5 GEIJ/C. 

THIS EXPERIMENT USES THE B.N.L. 80 IN. CHI BUBBLE CHA"48ER. A TOTAL OF 8300C PICTURES ARE REPORTED ON. 

GENF.RAI. r.r:MMFNTS ON THf~ .ARTIC.I f. 
1 NO DATA PUNCHED FOR THIS ARTICLE. SAME CATA REPORTED AT LUND CONFERENCE -- BNL 13671 119691. 

Kf.Y kORnS • (.ROSS SFf.T 111N ,...ASS SPFC.TRIIM MOr.FI S Nfll4701Pll 

••••• * 0 • 

* NO DATA PUNCHEC FOR TI-:JS ARTICLE * ................... 
~NEUTRON-PROTON ANO NEUTRO•-OEUTERCN TOTAL CROSS SECTIONS AT 4.0 AND 5.7 GEV/C. 

E.F.PARKER,L.W.JONES (MICHIGAN STATE Ufi.IV., EAST LANSING, MICH., USA) 

[PHYS. LETTERS 31B, 246 1197011 

ABSTRACT THE NP AND NO TOTAL CRCSS SECTIONS HAVE BEEN MEASURED DIRECTLY '-lTH A t\EUTPCN BEAM ~ITH !'!OMENTA OF 4.0 +- 0.6 
AND 5.1 +- 0.6 GEV/C. THE DATA ARE CC"'PAREO WITH THE PREVIOUS NUCLEON-NUCLEON AND NUCLECN-CEUTERON RESULTS, AND THE 
DEUTERON SCP:EENING TERM WAS ALSO EVALUATED. THE MEASURED TOTAL CROSS SECTIONS ARE 43.1 +- 0.6 AND 8D.3 +- l.q "'B AT 
4.0 GEV/C AND 42.5 +- 1.3 ,.,e AT 5.7 GEV/C. 

CITJITIONS 
PHYS. REV. LETTERS 20, 468 119681, SLAC 66 (19€:61, J. AI>'. CHEM. SCC. 74 824 119521, JETP 2 349 119561, PPOC. GF THE 
PHYSICAl SOCIETY OF LONOCN 71293 11~581, INT'L. CCNGRESS ON NUCLEAR PHYSICS,PARJS,FRANCE 2162119641, PHYS. REV. 94 
174 (19541, PROC. OF THE PHYSICAL SOCIETY OF LONDON A70 745 119571, PHYS. LETTERS 7, 80 (19631, PHYS. LETTERS Z7B, 
5q9 11~681, PHYS. RE\1. 138t 913 (1965), PHYS. REV. LETTERS 19, 857 (1q671, PHYS. REV. 146,980119661, AND PHYS. PEV. 
100, 242 ( 19551. 

ARTICLE READ BY OOETTE SENARY If.. 1170, AND VERIFIED BY lEROY PRICE •. 

a;Ati NO. l ts /ll;UTRON CN ~P.OTC~ FP.t:~ 4.0 TO S.7 C.EviG. 
NO. 2 IS NEl:TPON (N CEUTERGN FRC,.. 4 .Q TO 5. 7 GEV/C. 

THIS EXPERI,.,.ENT USES COUNTERS. 

KEY WCROS • CROSS SECT ION fo!COELS 

NEUTRCN PPOTON TOTAL CRCSS SECT ION. I TABLE .11 

LABORATORY 
BEAM f'OHENTUH 

GEV/C 
.4.0 ·- .6 
s. 7 .6 

MILL I-BARNS 
43.1 ·- .6 
42.5 .6 



NEUTROfol CEUTERGN TOTAL CRGSS SECT ION • 

LABCRATORY 
eEA .. fo'CMEf\TU/1! 

GEV/C 
4.0 ·- .6 
5.7 .6 

~llli-BARfi.S 

so.; •- t.t; 
11 .a 1.3 

NEUTRON NEUTRON TOTAL CRGSS SECTION. 

260 

(TABLE ll 

I EVALUATED USING THE GALLeRAIH: ET.Al.IPHYS.REV.l38, 1H:?Il'Jb511 EXPEPIMENTH VALUE FOR THE GlliUBER SCREENING TERM II.E •• 
042•-.003 MB**-11 THESE VALUES ARE TAKEN FROM PARKER ET AL. MICHIGAN 0302A-3-Til9691 I 

CL~UBER CORRECT I liN APPLJ ED 

LABORATCRY 
H Afl I":CMEI\TUH 

GEV/C 
4. .. "'I LLJ-l:lAFI,._S 

43.5 ·- 2.4 
41.2 1.1 

AND 16 GE\1. (PHYS. LETTERS 298, 321 (lc;l691 l ~ NEUTRO•-PROTON ELASTIC SCHIER I•G IN THE FCRWARO DIRECTION BETWEEN. 4 

J. HGLER, K .HORN ,J. KONIG, F .~C"'f\ I G, P.SC~LUOECKER, H. SCI-lOP PER ,P.SI EVERS, 
':rnt.tUJI!J 

H. ULLRICH ITECHNJ SCHE UN IV. KARLSRUHE, KARLSRUHE, 

K.RUNGE [EUROPEAN ORG. FOR NUC. RES., GENEVA, SWtTZERLAfi.DJ 

ABSTRACT THE CIFFERENTIAL CPCSS-SECTION FOR THE ELASTIC NEUTRON-PROTON-SCATTERING HAS BEEN MEASURED FOR NEUTRON 
CNCRGICS DCTW[CN ~ MW 16 HV AND AOSITI r-ROM 0.3 TO 1.3 IOEV/CI-SQUAP:EC. THE P.ESVLTS CAN SF. FITTED B'1' EXPIA + 
BTI,WHERE B INCREASES SLIGHLY ~ITH ENERGY INOICATifiiG SHRINKAGE. THE VAl.U£5 OF e FOP N-P SCATTEPING ARE IN GOOD 
AGREEMEtH WITH THE CQRR£!SPCNOINC: DATA FOR P-P SCATTERINO 

CIT AT IONS 
PHYS. REV. LETTERS 16, 1217 119661, SLAC SLAC-66 119661, PHYS. REV. LETTERS 21, 645 119661, PHYS. LETTERS 278, 599 
(19681, PHYS. LETTERS 288, 64 ll'il68), CCMPTES RENOUS. ACAO •. SCI. 265, 1350 119611, UCRL 17275 119661, NUOVO CIMENTO 38, 
60119651, AND Pt-:YS. REV. LETTERS 15, 45 11965). 

AIHICLE READ BY ODETTE I!ENARY IN 9/6fii, AND VERIFIED BY LERCY PRICE. 

BEAH IS NEUTRON ON PROTON FROM 4.850 TO 1b.914 GEV/C. teEAM KINETIC ENERGY • 4 TG 16 GEYI 

THIS EXPERIMENT USES SPARK CHA~eERS. 

KEY WORDS • OJFFERENTJAL CROSS SECTICN FITS 

CC~POUND KEY WORCS • FITS DIFFERENTIAL CROSS SECTION 

ELAST·IC 0 I FFERENT IAL CRCSS SECT ION FCR NEUTRCN PROTON. (FIGURE 21 

UAIA I~ AHPAGEU UVE" l'~CPAIGPY 8<AM ENEOGY ~RUM B. TO 10. GEV. 

I THE CROSS SECTION AT T ... Q IS NCRHALIZEC TO THE OPTICAl TMI!!ORfM POINT t 

................................... 
• THIS OATA leAS READ F~O~ ; GPHH • 

_, 
CGEV/C 1 .. 2 

.35 

.45 

.55 .. , 

.75 

.as 

.95 
1.05 
1.15 
ia:J 

C-SIG~A/C-T 

~.8/(GEV/Ct .. Z 
b.boo •- .<.co 
3.1(0 .200 
1.700 .200 

• IJ.U 
• :! ~0 
.190 
.O'iiO 
.062 
.026 

.u~u 

.cec 

.oso 

.C40 

.C3C 

.C26 

T IS THE MOMENTU~ TRANSFER BETHEEt> T~E (INCOMING NEUTRON) A~D THE (OUTGOING NEUTRON). 

F)T TO ELASTIC DIFFERENTIAL CRCSS SECTICf\ FOFI NEUTRON PROTON. I TABLE 1 J 

DATA IS FIT OVER. l68CRATCRY eE.6M ENERGY ~ROM 4. TO 6. GEV. 
FITTED FQRf!(UlA IS 0-SIGHA/0-T u EXPU+BTJ 

WHHf U.;;!lll:IIIAIU-1 I~ IN At!/ll..tV/l.J••(! ANU f IS IN IGI::V/C.:I'Ui!. 1 IS THE MO~ENTU~ TRANSFER BETI."EEN T ... E 
(INCOMING NEVTROf-'J AND THE I OUTGOING NEUHCNJ. 

FITTED VAlUES 

n • 6.i!i! ..... Jt 

FIT TO HASTIC DIFFERENTIAL CRC~S SECTION FOR NEUTRON PROTON. l TABlE 11 

DATA IS FIT OVER LABCAATCRY. BEAI' ENERGY FROM 6. TO 8. GEV. 
FITTED FORMULA IS C-SIG~A/0-T = EXP(A+BTI 

WHE:RE D-SIG,..A/D-T IS IN "'B/IGEV/CI .. 2 AND T IS IN IGEV/CI .. Z. T IS THE MOMENTUM TRANSFER BET~EEN THE 
( INCC)o!JNG NEUTRON I AND THE (GUT GOING NEUTRON). 

F I TTEO VALUE 

6.43 ·- .48 
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FIT TC ELASTIC DIFFERENTIAL CRCSS SECTJCN FOR NEUTRON PROTON. I TABlE l I 

DATA IS FIT OVER UBCRATCRY eEA,.. ENEIHY FRO~ 8. TO 10. G!:V. 
FITTED FORMULA IS t-SIG~A/0-T = EXP(A+BTJ 

WHEF\E 0-SIGMA/0-T IS IN MB/IGEVICI .. 2 AND T IS IN (GEV/CI .. Z. T IS THE "40~ENTUM TP:ANSFER SEHF.EN THE 
( INCOJoiiNG NEUTROt\J AND THE [OUTGOING f,EUTRCNJ. 

F ITT EO VALUE 

a "' 7.14 •- .:!e 

FIT TO ElASTIC DIFFERENTIAl CRCSS SECTION FOR NEUTRON PROTON. I TABLE l I 

DATA IS FIT OVER LAB~PATCRY B£A,.. ENERGY FROM 10. TO 12. GEV. 
FITTED FORMULA IS C-SIGMA/0-T .. EXP[A+BTJ 

WHERE D-SIGHA/0-T IS IN ~B/IGEV/(1 .. 2 AND T IS IN IGEV/(JU2. T IS TH MOMENTUM TRANSFER REHiEEN THE 
( INCCJIII~G NEUTRON) AND THE (OUTGOING NEUH\ONJ. 

F llTEO VALUE 

B a 7.04 •- .46 

FIT TO ElASTIC DIFFERENTIAL CRCSS SECTION FOR NEUTRON PROTON. [TABLE 11 

CATA IS FIT OVER t.ABCRATCR'Y' eEAM ENERGY FRO~ 12. TO 14. GEV. 
FITTED FOR~Ut.A IS C-SIGMA/0-T "' EXPIA+BTJ 

WHERE C-SIGHA/0-T IS IN MB/tGEV/CJ .. 2 AND T IS IN IGEV/CI .. 2. T IS THE MOMENTUM TRAf.OSFH BETWEEN TI-lE 
IINCO•I•G 'fVTRD~J ~~C T~E IC,VTGCING NEUTRON!. 

F ITT EO VAlUE 

8 .. 7.64 ·- .61 

FJT TO ElASTIC DIFFERENTIAL CRCSS SECTJ(t\ FOP NEUTRON PROTON. (TABLE 1 I 

DATA IS FIT OVER LABCI'ATCPY EEAfo' ENERGY FROM 14. TO 16. GEV. 
FITTED FORMULA IS D-SIG"4A/O-T a EXP(A+RT J 

WHERE D-SIGMA/0-T IS IN MBJ(GEV/CI .. 2 AND T IS IN IGEV/CJU2. T IS THE MOMENTUM TRANSFER BET\oiEEN THE 
I INCOMING NEUTRON] AND THE ICUTGOING NEUTRCNJ. 

FITTED IJALUE 

B .. 8.06 +- .88 

~NEUTRON-PROTON ElASTIC SCATTEOJ•G FRO• 2 TO 7 GEV/C. [ SLAC PU8-b22 119b91l 

H.L.PERL 1 J.COX (STANFORD t.INEAR ACCEL. CNTR., STANFORD,CAI.IF., USA, AND STANFCRD UNIV., STANFORD, CALIF., USAJ 
H.J.LONOO IUNtV. OF HICt!JGAN, ~t\N ARfOR, MICH., USA) 
M.N.KREISLER [PPINCETON UNIV., FRI,..CETON, N.J., USAJ 

ABSTRACT DIRECT MEASUREMENTS WERE MACE Of NEUTRON-PROTON ELASTIC SCATTERING DIFFERENTIAL CROSS SECTIONS H HIGH 
ENERGIES. A NEUTRON BEAM WITH A CONTINUOUS MOMENTUM SPECTRUM BETWEEN 1.2 AND 6.7 GEV/C WAS SCATTERED OFF A LIQUID 
HYDROGEN TARGET, AND SPARK CHAMeERS WERE USED TO DETERMINE THE NEUTRON SCATTERING ANGLE AND, IN A PROTOf\ 
SPECTROMETER, TO HEASU~E TtiE ~Ofo'ENTUM AND SCATTEPING ANGLE OF THE RECOIL PROTON. DIFFERENTIAL CA.OSS SECTIONS AP.E 
PRESENTED OVER THF. TNC:TOFNT NFIITRnN MOMENTUM RliNGE IN INTEP.VfiLS CIO HIE ORDER QIO 1/2 CEV/C WIDE. THE CPO~!; SCCTION5 
HAVE Afl.' EXPO,...ENTIAL PEAK Ifl. THE FCRWARD DIRECTION AND THEN FLATTEN AND BECO~E ISOTROPIC ABOUT THE 9D DEG. C•"'• 
SCATTERING ANGLE. AT LARGER ANGLES THE CROSS SECTIONS AGAIN RISE TOWARDS THE EXPECTED CHARGE '.:XCHANGE PEAK WHICH WAS 
NOT WITHIN THE RANGE OF THIS EXPERIMENT. THERE IS LITTLE EVIDENCE OF ANY CTHER STRUCTURE IN THE CROSS SECTION. VALUES 
ARE PRESENTED FOR THE SLCPE OF THE DIFFRACTION PEAK, AND COMPARISONS ARE HADE BETWEEN THESE St.OPES, AND THF. 90 OEG. 
C.H. CROSS SECTIONS, FOR PP AND NP Eltr.STIC SCATTERING. THE RESULTS PRESENTED HERE DIFFER FROM THOSE PREVIOUSLY 
REPORTED DUE TO AN ERROR If\ A MC:NTE CARLO CAlCULATION AND IN THE AVAJt.ABIUTY OF IMPROVED DATA ON THE REAL PAPT OF 
THE NP ELASTIC SCATTERING .AI".PLITUDE. AT 5 GEV A DIRECT CO/IIPARISON OF PP .ANC NP DATA ALLOWS THE I = 0 DIFFERENTIAL 
CROSS SECTION TO BE EXTRACHD. THE NP DATA HAVE BEEN FITTED IN POWERS OF COSINE THETA ((.H.I FOR /COSINE THETAIC.fo'.)/ 
< 0.8 FOR EACH ENERGY RAfi.GE. 

rln'i.Ft V UF.I AT fin RF,I!R!;NC!ii 
CONTINUATION OF PREVICUS EXPERII"Efi.T IN PHYS. REV. LETTERS 16, 1217 ( 1Qfi6J, AND PHYS. REV. LETTERS 2lt 6-41 119681. 
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ARTICLE READ BY ODETTE SENARY IP.. 10/69, AND 't'EQIFIEO BY LERC'Y' PRICE. 

QIAfll IS NlilJTROl OP.. PROTG~. Ffl(~. l TC 't (;l:YIC. • 

THIS EXPERI~ENT USES SPARK CHA~eERS. 

GENERAL CC~~ENTS ON THIS ARTICLE 
1 NURHALilED TO TOTAL CROSS SECTIONS BY USING THE OPTICAL THEOREfo' PLUS THE ASSU~PTION THAT THf RE/IH RATIO FOP h" 

ELASTIC SCATTERING a -0.45. 
2 AUTHC:RS 00 NOT CLEARLY STATE \oiHAT SYSTEMATIC ERRORS "'IGHT BE IN D-SIG"'A/0-T • H ASSUME FROfo' THEIR DISCUSSION THtr.T 

THEY ARE AEOUT 5 PEP. CENT • 

KEY WORDS .. 'DIFFERENTIAL CROSS 5ff.TICt\ FITS ~IJOF.l5 

CCI"POUNO KEY WCRCS'.. FITS CIFFERENTUL CROSS SECTION 
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ELASTIC DIFFERENTIAL CRQSS SECTICN FCR NE.UTRC" PRGTGN. l TABLE 1 I 

DATA IS AVERAGED 'ovEP LAHRATCRY BEAM M01ENTUM FROM 1.70 TO 2.25 GEV/C. 

-.T 
IGEV/CIU2 
MIN MAX 
.to .zo 
.zo .30 
• 30 • 40 
.40 .sc 
.so .60 
.60 • 70 
.70 .80 
.eo .c;o 
.90 t.oo 

1.00 l.25 
1.25 lo 55 

O-S I GHA/0-T 
,..BitGEV/CIU2 11) 

46 .. 008 5.237 
ZJ.c;st: J.03a 
15.326 1.144 
8.090 1.037 
1.sc 1 .c;ta 
3. 336 .442 
z. 722 .457 
1.957 .zrn 
1.53t .260 
1.03lt .176 
1.077 .224 

"C. EVENTS 

153 
S9 

149 
100 
12T 
ss 
Sb 
b4 
59 

lCb 
144 

T IS THE MCMENtUM TA.ANSFER. BETWEEf.o HiE I INCOMING NEUTRUNJ ANU IHt: lUUiliUIPIIG f..:tUTH.CNI. 

111 PLUS POSSIHLE SYSTE~ATIC EPPO'I: OF +- 5 PER CENT. 

El.ASTIC DIFFERENTIAL CRCSS SECTIGN FtR NEUTRCN PROTON. (TABLE ll 

DATA IS AVERAGED OVER L.AecRATGRY BEAP' IO:CJo!ENTUM FROio'. 2.25 TO 2.79 GEV/C. 

_, O-S I GI'!A/C-T 
tGEV/C 1~*2 MB/IGCV/CJ .. 2 Ill NO. EVENTS 
I". IN MAX 
.10 .20 -41}. 'i33 5.295 1S9 
.20 .30 19.447 2.073 137 
.30 .40 D-5RJ l.hAI 104 
.40 . '" 1.1.2tl • "tbi U2 
.50 .bO 3.745 -"1;-"l Rl 
•• c • TO 2.3'H .362 44 
• TO .so 1. 70~ • :?~":\ 17 
.sc .90 1.oc;o .15" 59 
.90 1.00 1.0:il .I~) 54 

t.oo 1.20 .636 .064 T9 
1.20 1.40 .506 .064 100 
1.4C 1.60 .353 .C49 74 
I o60 1.eo .270 .C41 bT 
1.80 z.oo ·.zq~ .04~ 71 
z.oo ~.-49 • 391 .CJ!(l '" 

T ·IS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING NEUTR.ONI AND THE IOUTGOING NEUTRON!. 

(1) PLUS POSSIBLE SYSTEI"'~TIC ERROR Of •- 5 PER CENT. 

ELASTIC DIFFERENTIAL CRCSS SECTION FOR NEUTRON PROTON. (TABLE 11 

DATA IS AVERAGED GVER LAeCP6TORY SEAl". MGMENTU~ FROM 2.79 TO 3.31 GEV/C. 

•o' l'J•l I ~N/1/D•T 
IGEV/CI .. Z HH/ lGEV/C l U2 Ill NO. EVENTS 
1'1111 1•iA-" 
.to .20 44.427 ·- 4.C30 2U2 
.20 .30 18.111 1.553 195 
.30 .40 8.262 1.003 T9 
.40 • 50 6.267 • 782 n . 
.so .bO ~. 66~ .3'i1 102 
.oo .10 1.•nJ .~£.0 <T 
• IU .&U 1. ~}!] .l), lO ....... . " \.r.:r.:~ .l'i'1 b9 
.90 1.oo .6t6 .103 47 

t.oo l. 20 .71-4 .Qtl3 1U4 
1.20 1.-40 .sen .015 Sb 

.1.11\0 1.60 .!1~7 .C4r0 90 
1.60 1 •. 80 .217 .035 77 
1.80 2.20 .111 .020 109 
2.20 2.60 .115 .015 94 
2.60 3.00 .140 .025 SC 
3.00 3.43 .122 .C31 44 

lS THE MUMENTUfo'. IIUNSH:~ IH:IWHN IJ-11: llNI..UAINt.. NI:UIIWNJ ANU IHE LUUILUlNL N~UIRUNJ. 

I 11 PLUS POSSIBLE SYSTE~AliC ERROR OF +- 5 PER CENT. 

ELASTIC DIFFERENTIAL CRGSS SECTION FOR NEUTRON. PROTOIII. I TABLE 11 

DATA IS AVERAGED OYEP L.ABORATORY BEA~ MGMENTUI'! FRO" 3.31 TO 3 .. 83 GEY/C. 

•T CJ-31(!1-:11/0•T 
IGEV/CJU2 1"0/1 GEV/C JU2 Ill NO. EVENTS 
I": IN MAX 
.10 .20 -43 .. 885 3.67Q 22b 
.20 .30 15.9~2 1.214 220 
,)0 •'•0 e .. 7C3 .860 117 
.40 .so 5.564 .72Q T3 
.!jO • oo 3.n1 .356 •• 
.bO • TO 1.432 .188 b3 
• TO .so .sea .143 34 
.so .90 .687 .142 25 
.90 1.00 .654 .CQb 52 

1.00 1.zo .442 .050 •• 
1.2C 1.-40 .• 232 .C35 49 
1.40 1.60 .218 .033 50 
1.60 1.80 .164 .022 bl 
1.80 2.00 .130 .H9 53 
2.00 2.50 .084 .012 bS 
2.5C 3.00 .oet .009 113 
3.00 3.50 .045 .007 Sb 
3.50 4.37 .059 .012 b2 

T IS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING NEUTRON I ANO THE (OUTGCING NEUTRON). 

Ill PLUS POSSIBLE SYSTEfo'.ATIC ERROR OF +- 5 PER CENT. 
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\ 
EUST IC DIFFERENTIAl CRCSS SECT ION FOR NEUTRGN PROTO~. ITASLE 11 

DATA IS AVERAGED CVEFI LAeORATORY BEA~ MC.,.!:NTU"' FRCH 3.83 TO 4.34 GEY/C. 

-T D-SIGI'A/0-T 
lGEV/C 1 .. 2 ""811GEV/CJ .. 2 ( 11 NO. EVENTS 
MIN MAX 
.I .2 36.~t~e •- Z.blb 251 
• 2 • 3 18.225 l.lc;6 295 
• 3 .4 a.oc;o .708 150 
.4 .5 4.2~7 .559 63 
• 5 .. 2.473 • 337 13 .. • T 1. 5!:9 .192 75 
• 7 .s l.CC7 .Ul 57 .. ,y .·HJ •V'~U ll 
.9 1.0 .612 .119 2S 

!.0 1.2 .. 2 ~~ .034 61 
1.2 1.4 .227 .030 62 
1.4 1.6 .111 .028 41 
1.6 l.S .1C9 .018 40 
l.S 2.0 .an .013 35 
2.0 2.5 .esc .COl 62 
2.5 3.0 .031 .007 33 
3. 0 3.5 .026 .004 39 
3.5 4.0 .023 .CC4 35 
4.0 4.5 .019 .004 33 
4.5 5.3 .055 .on 3 I 

T IS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING NEUTRCNI AND THE IOUTGCif\G NEUTRON). 

Ill PLUS PCSSIBLE SYSTEMATIC ERROR OF •- 5 PER CENT. 

ELASTIC DIFFERENTIAL CRCSS SECTICiN FOR NEUTRCN PROTON. tTABLE lJ 

DATA IS AVERAGED C:VER LAeORATORY eEAM MOMENTUM FROH 4.34 TO 4.85 GEV/(. 

-T D-SIGMA/0-T 
IGEY/tl .. 2 MB/lGEV/CI••2 Ill NO. EVENTS 
fii!IN MAX 
.10 .20 34.847 ·- 2.177 357 
.20 .30 ll.930 .710 319 
.30 •• o b. 294 .490 205 
.40 • 50 3.037 .354 S4 
.50 .60 1. 4e4 .217 62 
.60 • 70 .913 .121 73 
• 70 .so • 513 .080 56 
.so .90 • 414 .068 39 
.90 1.00 .248 .055 21 

1.00 1.20 .21(1 .C31 60 
1.20 1.40 .ll7 .016 57 
1.40 1.60 .018 .013 37 
1.60 1.80 .()55 .012 22 
1.80 2.00 .025 .COb 21 
2.00 2. 50 .021 .C03 47 
2.50 3.00 .014 .• 003 23 
3.00 3. 50 .011 .003 17 
3.50 4.00 .ccc; .002 15 
4.00 4. 50 .012 .002 31 
~.so s.oo .012 .002 35 
5.00 5.50 .005 .002 • 
5.50 6.25 .020 .006 21 

T IS THE MOMENTU~ TRANSFER BETWEEN THE [ INC0'11NG NEUTRON I AND THE I OUTGOING NEUTRON I. 

Ill PLUS POSSIBLE S"STE.,AliC ERROR OF+- 5 PER CENT. 

E\.ASTIC OIFFE;RENTJAI,. CRCSS SECTION FOR NEUTRON PROTON. [TABLE 11 

DATA IS AVERAGED OVER LABORATORY BEAll: MCMENTUH FRCI'! 4.85 TO 5.36 GEV/C. 

-T 0-SI Gfii.A/0-T 
IGEV/C 1••2 MB/IGEV/(1 .. 2 ( 11 NO. EVENTS 
I'! IN MAX 
.11 .20 :B.411 +- 2.080 346 
.?0 .30 I6.~4e 1.000 4ZO 
.30 .40 7.206 .523 254 
.40 .50 3.464 .369 106 
• 50 .60 1.903 .264 •• 
.60 • 70 1.03l: .134 69 
• 70 .so .545 .015 56 
.so .90 • 568 .o1q 55 
.90 1.00 • .281 .C55 27 

1.00 1.20 .197 .035 34 
1.20 1.40 .090 .014 43 
1.40 1.60 .060 .011 32 
1.6() ·1.80 .044 .010 21 
1.80 2.00 .o.2e .C09 11 
2.00 z.so .014 .ooz 33 
2.5c 3.00 .016 .003 32 
3.00 3.50 .010 .C02 16 
l.')c; 4.1 R .004 .001 10 
4.33 5.00 .006 .002 16 
5.00 5.50 .OC6 .coz 19 
5.50 6.00 .010 .003 15 
6.00 6.50 .012 .COl 13 
~.f.l) 7 ! Q .n ll .nno; .. 

T IS THE MOMENTUM TRANSFER BETWEEN THE [INCOMING NEUTRON I AND THE (OUTGOING ~EUTRONJ. 

Ill PlUS POSSIBlE S'i5HIIA11C eRROR OF+- 5 PEfl CEI\T. 
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ELASTIC 01 FFERENT I Al CPCSS SECT ICN FOI= NEUTPCN PROTCN. tTASLE l I 

DATA IS AVERAGED OVER LAeGJlATCRV BEAit I'(HENTU~ FRC,.. 5.36 TO 5.87 GEV/C. 

-T O-S I Glo'A/C-T 
IGEV/C l .. 2 H8/(GEV/Cl .. 2 Ill NO. EVENTS 

"" HAX 
oil .2C 39.129 ·- 2.611 3Bb 
.20 .30 n.:H:s 1.161 420 
.3C .40 a. s~z .583 332 
.4C .so 4.1GI2 .413 170 
.so .bO 2.231 • 302 59 
.be • 70 1.480 .150 110 
• 7C .ao .7-;1 .cc;t Bl 
.ao .90 .455 .066 51 
•• c 1.00 .3C5 .056 31 

1.00 1.20 • 167 .030 32 
t.zo t.•.o .158 .Q2't 5< 
1.40 1.60 .055 .eta 35 
J.lln 1 .An .n;u) .1]1)7 18 
t.ac z.oo .027 .cos 12 
z.oo 2.50 .022. .CC4 3b 
z.so 3.00 .013 .ooz 33 
3.00 3.50 .CiC4 .C02 7 
).50 4.48 .QC4 .cot 13 
4.9c; 6.00 .OC4 .001 21 
6.00 6. 50 .ocs .coz • t:.SC 7.00 .QC6 .002 • 
7.00 7.5C .Cl3 .C04 15 
7.50 7.97 .ClZ .oc~ 7 

T IS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING NEUTRON) AND THE (QUTGCING NEUTRON). 

Ill PLUS POSSIBLE SVSTEI"AliC ERROR OF+- 5 PER C~NT. 

ELASTIC DIFFERENTIAL CRCSS SECTION FOP NEUTRCK PPGTCN. IT ABLE 1 J 

OA.TA IS AVERAGED CVER UECP.HOPY BE.&~ MOMENTUM FRCH 5.87 TO 6.37 GEV/C. 

-T (l-SI4:Mt./O-T 
IGEV/CI .. 2 fi:B/IGH/CI .. 2 ll I fi.G. EVENTS 
P'!IN HAX 
.13 .20 30.3~0 +- ~-318 ~·Ju 

.20 -~0 15.191 .970 471 

.)0 .40 6.116 .421 318 

.40 .so 3. 240 .283 158 

.50 .bO 2.26~ .267 79 

.bO • 70 1.19t: .118 ll4 
• 70 .ao .631 .078 72 
.ao .90 • 361 .050 55 
•• o 1.00 .168 .034 25 

1.00 1 .. 20 .111 .cle! 27 
1-20 1.40 .063 .016 17 
1.4C 1.60 .C3C .COl 22 
1.60 1.80 .022 .ocs 18 
}.80 2.00 .021 .006 13 
2.00 2.50 .012 .OCi3 18 
z.so 3.00 .006 .001 22 
3.00 3.50 • 005 .QOl .. 
J.~u lt.UU .006 .002 12 
4.00 4. 79 .001 .001 5 
,.65 I .UU -~~l .UUl 14 
7.00 8.oo .005 .001 19 
a.oc a. 73 .012 .003 18 

T IS THE MOMENTUM TRANSFER BETWEEN THE lHCCHING NEUTRON) ANC THE (OUTGOING ,_,EUTRONJ. 

{ 11 PLUS POSSIBLE SYSJE)IATJC ERROR Of +- 5 PER CENT. 

ELASTIC DIFFERENTIH CRCSS SECTION FCR NEUTRON PROTON. (TABLE 11 

C.ATA IS AVERAGED OVER LABORATORY BEAM MCMENTUM FROM 6.37 TO 7.18 GEV/C. 

-T D-SIGHA/0-T 
1\i~ll/l.l••.t PIBitloE\1/liUl llJ- NU. I:VENIS 

"'" 114AX 
.i7 .20 32.876 +- 3.598 lOB 
.]C'l .;\(1 15.413 1.066 371 
.30 .40 e.73t: .578 348 
.40 .so 3.901 .327 172 
.so .60 2.050 .z~z 75 
•• o • 70 1.177 .149 82 
.70 .ao .709 • 089 •• .ao .90 .31:2 .057 49 
.90 t.oo .282 .C49 35 

1.00 1.20 • 146 .026 34 
1.20 1.'t0 .OS? .011 1> 
1.40 1.60 .027 .cu 7 
1.60 1.80 .041 .009 23 
1.80 2.00 .ntA .nn5 12 
2.0C 2.50 .018 .004 23 
2.50 3.00 .C06 .C02 10 
3.00 3.50 .004 • COl • 
J.:iO 4.00 .oc' .C02 10 
4.00 5.09 .Q01 .QOl 5 
6.36 7.2, .uuJ .uu1 8 
7.35 a.so .001 .001 5 
8.50 9.63 .006 .C02 " 

T IS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING NEUTRON I .AND THE (OUTGOING NEUTRON I. 

Ill PLUS POSSIBLE SYSTEfoiATIC Efi.RQR OF +- 5 PER CENT. 
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FIT TO ELASTIC DIFFER.EtHIAL CRC~S SECTION FOR NEUTPCI\ PRCTON. (TABLE 21 

DATA IS FIT C\I'ER lABORATCR'f BEAit lo'C"'HTUM FRCM 1.7 TO 2.3 GEV/C. 

DATA IS FIT 0\IER -T FROfo' .t TC .S IGEV/CJ .. Z. T IS THE MOMENTUM TRANSFER BETWEEN Tt-IE (INCOMING NEUTROI\1 AND THE 
[ CUTGOI NG NEUTRON) • 

FITTED FOR~ULA IS C-SIGMA/0-T • A•EXPI-BHI 

WHERE O·SIGMA/0-T IS IN M8/CGEV/CJ .. 2 AND -T IS It\' IGEV/(JU2. 

FillED VALUE 

B ,. -5.66 +- .54 

FIT TO ELASTIC DIFFERENTIAl CRCSS SECTION FQR NEUTRON PROTON. (TABLE 21 

DATA IS FIT OVER l.&BCRATGR'I' eeu• MOMENTUM FROIO: 2.3 TO 2.8 GEV/C. 

DATA IS FIT OVER -T FROM .1 TC .5 IGEV/CI*•Z. T IS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING NEUTRO~I AND THE 
ICUTGOJNG NEUTRONl. 

FITTED j:QP.JIUL/1 IS O•SJGMA/O•T ., A*EXP(-BHJ 

WII(R( 0-~IGMA/0-1 15 W MO/fGC:V/C 1 .. 2 AND -T 15 IN CGEY/Cl••z. 

FllTCO VALUE 

B = -6.22 •- .48 

FIT TO ELASTIC DIFFERENTIAL CRGSS SECTION FOP NEUUON PROTON. (TABLE Z I 

DATA IS FIT OYEII. LABQRATOR'I' BEAfll HOHENTL:H FRQH 2.8 TO 3.3 GEY/C. 

DATA IS FIT OVER-T FRO,.. .1 T( .5 CGE'.i/CI .. 2. T IS THE ,..O~ENTUJI! TRANSFER BETWEEN THE I INCOMING NEUTRON) AND THE 
( CUTGOJNG NEUTRON J. 

FITTED FOR,..UlA IS C-SIGfoiA/0-T ., A•EXPl-B•Tl 

WHERE D-SJGHA/0-T IS IN MBICGEY/CI .. Z AND -T IS IN CGEV/CI .. Z. 

F JlTED VAlUE 

FIT TC ElASTIC DIFFERENTIAl CRCSS SECTION FOR NEUTRCN PROTON. (TABLE 21 

DATA IS FIT OYER LABCRATORY BEAM MOMENTUM FRO"' 3.3 TO 3.8 GEV/C. 

DATA IS FIT OVER-T FROM .1 TO .5 CGEV/(1 .. 2. T IS THE MOMENTUM TRANSFER eETWEEN THE (INCOMING NEUTRONl AND THE 
(CUT GOING NEUTRON J. 

F ITT EO FORMULA IS C-S JG~AID-T • A•EXP[ -B•T I 

WHERE c-SIGMA/0-T IS IN MBI(GEV/(1 .. 2 AND -T IS IN CGEY/CI .. Z. 

F ITT EO VALUE 

8 • -7.14 +- .46 

fiT TO ClA:iTIC DlffCRCUTIAL CRC:i5 5CCTIOr• fOR U[UTROr~ PROTDri. (lADLE !I 

DATA IS FIT OVER LABCRATCRY BEAM MOMENTUM FROM 3.8 TO 4.3 GEY/C. 

DATA IS FIT OVER-T FRO..- .1 TC .5 CGEVICI••z. TIS THE MOMENTU)t! TRANSFER BETWEEN THE (INCCMING NEUTRON) AND T~E 
I CUT GOI hG NEUTRCN I. 

FITTED FORMULA IS D-SIG,..A/0-T ., UEXPI-B•TJ 

WHERE C-SIGMMO-T IS IN MBICGEV/CJ .. 2 AND -T IS IN IGEV/CI••2. 

FIT TED VALUE 

8 "' -7.33 +- .43 

FIT TO ELASTIC DIFFERENTIAL CPQSS SECTION FOP NEUTRON PPOTON. (TABLE 21 

DATA IS FIT OVER lABORATORY BEAM MOMENTUM FROM 4.3 TO 4.8 GEV/C. 

DATA IS FIT OVER-T FROM .1 TO .5 IGEV/Cl .. 2. TIS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING NEUTRON) .AND THE 
(CUT GOI h'G NEUTRCNJ. 

FITTED FORMULA IS 0-SIGMA/0-T .. A•EXPI-B•TJ 

WHERE 0-SIGMA/0-T IS IN M8/CGEV/CJ .. 2 AND -T IS IN CGEV/(1 .. 2. 

FJTTEC VALUE 

B .. -8.25 •- .38 

FIT TO ELASTIC DIFFERENTI~L CRCSS SECTIO~ FOR NEUTRON PROTON, I TABLE 21 

DATA IS FIT OVER LABCRATCPY BEAfi' MOMENTUM FROM 4.8 TO 5.4 GEVIC. 

DATA IS FIT OVER-T FROM .1 TO .5 tGEY/CJ .. 2. TIS THE ~OMENTU"' TRANSFER BETWEEN THE [INCOMING NEUTRON) AND THE 
( CUTGOI tiG NEUTRON) • 

FITTED FORMULA IS C-SICHA/0-T • A•Exfll-B•T I 

WHERE D-SIGf'!A/0-T IS IN MBICGEY/CJ .. Z AND -T IS IN lGEV/CI .. Z. 

FllTFO VAIIIF 
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FIT TO ElASTIC DIFFERENTIAL CRCSS SECTIC!I; fQj:t NEUTR~IIi PROTON. (TABLE 21 

DATA IS. FIT OYER LABCRATCRY REA,. HCMENTUM FRO~ 5.4 TO 5.9 GEYIC. 

DATA IS FIT OVER -1 FRO~ .1 H! .5 IGEY/CJ .. 2. TIS THE MOMENTUM TRANSFER BEHIEH: THf [lf\CC!HJNG NEUTRON! AND Tt-!F. 
I CUTGOING NEUTRON). 

FITTED FORMULA IS C-SIGMll/0-T "' A*EXPI-B•TI 

WHERE 0-SIGHA/0-T IS IN "'8/IGEV/CI .. Z AND -T IS IN IGEV/(Juz. 

F ITTEC VALUE 

FIT TO ELASTIC OIFFERENTIH CROSS SECTION FOR NEUTRO~ PROTON. (TABLE 2 I 

DATA IS fiT OVER LABORATORY BEA,. ..,CI"ENTUM FPQM 5.9 TO 6.4 GEV/C. 

OAU IS FIT OVER -T FROio' .1 TC .5 IGEY/CJ .. Z. T IS THE HOHENTUI" TRANSFER BETWEEII: THE l INCOMING NEUTRON) AND THE 
[ CUTGOJNG NEUTRON). 

FITTED FORMULA IS C-SIGMA/0-T = A•EXPI-B•TI 

WHERE 0-SIGHA/0-T IS IN ,..BI(GEV/CJ••z AND -T IS IN IGEV/CIU2. 

FITTED VALUE 

= -7.94 •- .:n 

FIT TO ELASTIC DIFFERENTIAL CRC~S SECTION FOR NEUTROfi PRCTQN. (TABLE 21 

DATA IS FIT OVER LABCRATOPY eEA" Jo'(Jo'El\TUM FRC:~ 6.4 TO 7.2 GEV/C. 

DATA 13 P'IT O'VI!!It.. -T FROio' .1 TC .~ IGC.\1/CI++.:!a f I~ 1111: HU~I:PliUH IIU'If,FER B&TWEDN TH& CJNCOII!lNG N~UTOOI\1 fi.Nt'l THE 
(CUT GOING NEUTRC!N 1. 

FITTED FORMULA lS C-SICMA/0-T = A•EXPl-B•I J 

WHERE 0-SIGI"A/D-T IS IN ~B/IGEV/CI**2 AND -T IS IN IGEV/(1 .. 2. 

F ItT EO VALUE 

H = -l •. ll •- .44 

FIT TO ELASTIC OIFFERENTUL CRC~S SECTION FOR NEUTRn PROTON. lTABLE 2 J 

DATA IS FIT GVER LABCRATORY BEAf' H)'EJr.TUM FROM l.l TO 2.3 GEV/C. 

DATA IS FIT OVER-T FRQJo' .1 TG .4 CGEV/(1 .. 2. TIS THE MOM.ENTUH TRANSFER BETWEEN THE (INCOMING NEUTRO~J Af\D THE 
[ CUTGOING NEUTRON). 

FITTED FDRI'IULA IS 0-SIGHA/0-T = A*EXPl-B*TI 

WHERE 0-SIGHA/0-T IS IN )18/IGEV/CI••2 AND -T IS IN IGEV/(1 .. 2. 

FIT TO ELASTIC DIFFERENTIAl CRC~S SECTION FOP NEUTRON PPOTON. [TABLE 21 

DATA IS FIT f.IVF.A t.ARr,AATnAV f.F.Af' MOf'F.f\"TU/'1 FRGH 2.3 TO 2.8 GEY/C. 

DATA IS FtT OYER -T FRO~ .1 TC .4 ICEY/CI**2. T IS THE HIJMENTIJf' TAAN~FFA RFHiF.H" THE llfi:COHJNG NEUTRON) AND TtiE 
(OUTGOING NEUTRGNJ. 

FITTED FORMULA IS 0-SIGMA/D-T = A*EXPI-B*TI 

WHERE D-SIGHA/0-T IS IN ,-.B/IGEY/(1**2 AND -T IS IN IGEV/(1**2• 

FIT TED. VALUE 

= -6,(11 ·- .e& 

FIT TO ELASTIC DIFFERENTIAL CRC~S SECTION FOR NEUTRON PROTON. (TABLE 21 

DATA IS FIT OVER LllBORATORY BEAf' I'!CMEfi.TUM FROM 2.8 TO 3.3 GEY/C. 

DATA IS FIT OVER-T FRO"' .1 TC .4 IGEV/CI••2. TIS THE MOMENTUM TRANSFER BETWEEN THE I INCOMING NEUTROt.,'J AND THE 
{QIJTGntNr. NFitTAnt-:1. 

FITTED FOR~ULA IS • C-SIGMA/D-T ., A•EXPl-B*Tl 

\4HFAE Q-Str.MA/n-T IS If\ 1"8/IGEY/CJ••z .6NO -T IS IN IGEV/CJ .. 2. 

FIll ED YALUC 

a .. -e .48 •- • 74 

FIT TO ELASTIC DIFFERENTIAl CRC·~S SECTION FOR NEUTRO~ PRCTGN. (TABLE 2) 

DATA IS FIT OVER lllBORATORY BEH Jij(Jij£fi.TU"'. FACM 3.3 TO 3.8 GEY/C. 

DATA IS FIT OVER-T FRO~ .1 TC .4 ICEV/()**2. T IS THE MOHENTUI'! TRANSFER BETWEEN THE (INCOMING NEUTRON) AND THE 
l CUT GOING NEUTRDI';J. 

FITTED FORMULA IS 0-SIGMll/D-T '" A•EXPl-Po*T l 

WHERE D-SIGHA/0-T IS IN MBIIGEY/CJ••2 AND -T IS IN IGEY/CJ .. 2. 

FITTED VALUE 

B = -8.23 +- .61t 
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FIT TO ELASTIC OIFFERENTIH CPCSS SECTION FOR NEUTRON PROTON. IH.BL~ 21 

DATA IS FIT GVER L~BCRATORY BEAJI' MOMENTliM FROM 3.8 TO lt.3 GEV/C. 

DATA IS FIT O~ER -T FROM .1 TC .4 IGE\1/CI .. Z. T IS THE "'OMENTUM TRANSFER BETWEEN THE [INCOMING NEUTRON) AND THE 
I C:UTGOING NEUTRON J. 

FITTED FORMULA IS C-SIGMMO-T .. A*EXP(-B*Tl 

WHERE 0-SIGMA/0-T IS IN MB/tGEV/0 .. 2 AND -1 IS If\ IGE\1/C ... z. 

F I TTEO VALUE 

e .. -7.48 •- .s1 

FIT TO ELASTIC OIFFERENTI.&l CRCSS SECTION FOR NEUTRON PROTON. I TABLE 2 1 

DATA IS FIT GVER LABCRATOR'f SEA)' MOMENH,.M FROfol. 4.3 TQ 4.8 GEV/C. 

DATA IS FIT OVER -1 FRO"' .1 1( .4 IGE 1UCI .. Z. TIS THE P.!O,.ENTUM TRANSFER BETWEEN THE [INCOMING NEUTRON) AND THE 
IOUTGOING NEUTRON!. 

F I TTEO FORI":ULA IS C:-S IGMMC-T a AOEXP( -B•T 1 

WHERE 0-SIGMA/0-T IS IN HBJ(G'EV/CIUZ AND -T IS IN CGEV/(1 .. 2. 

FITTED VALUE 

B "' -8.73 •- .4c; 

FIT TC ELASTIC VlFFERENTIAL CRCSS SECTION FOJ:I NEUTRON PROTON. t TABLE 2 J 

DATA IS FIT OVER L.OBCRATCRY 8EAfl. MOMENTUM FROM 4.8 TO 5.4 GEV/C. 

DATA IS FIT OVER -T FROM .1 TO .4 CGEV/CIU2. T IS THE I"OMENTUfl TRANSFER BETWEEN THE (INCOMING NEUTRON I ANO THE 
(CUT GOING NEUTRON). . 

FITTED FORMULA IS C-SIG,.A/0-T .. A•EXPl-B*Tl 

Ht'ERE D-SIGHA/0-T IS IN MBICGEV/C) .. 2 AND -T IS IN CGEV/C) .. 2. 

FITTED VALUE 

8 .. -7.63 +- .48 

FIT TC ElASTIC DIFFERENTIAL CRCSS SECTION FOR NEUTRON PROTON. I TABLE 21 

DATA IS FIT OVER LABCf:IATORY BH~ MOMENTUM FRGH 5.4 TO 5.9 GEIJ/C. 

DATA IS FIT OVER-T FROM .1 TO .4 IGEVICI**2. TIS THE ~OHENTUfl TRANSFER BET~EEN THE IINCOfiiiiNG NEUTRON! AND THE 
ICUTGOING NEUTRON). 

FITTED FORMULA IS C-SIGMA/0-T ~ A*EXPI-B•TJ 

WHERE 0-SIGHA/0-T IS IN MB/CGEV/CI .. 2 AND -T IS Ho' CGEVIC1**2. 

FITTED VALUE 

B a -7.62 +- ellS 

FIT TC ElASTIC DIFFERENTIAL CRCSS SECTION FOR NEUTRON PROTOti. fTABLF. ? I 

DATA IS FIT OVER LABORATORY BEA"' MOMENTUM FROM 5.CJ TO 6.4 GEVIC. 

DATA IS FIT OVER-T FRO~ .1 TC .lt CGEV/CI•*2• T IS THE ~OMENTUM TRANSFER BETWEEN THE (INCOMING NEUTRONI AND THE 
(OUTGOING NEUTRON!. 

FITTED FOR,...ULA IS 0-SIGMII/0-T .. A•EXPI-B•TJ 

WHERE 0-SIGMA/0-T IS IN MBICGEV/CI .. 2 AND -T IS IN IGEV/CI**2. 

FITTED VALUE 

6 c -B.lt7 +- .54 

FIT TC ElASTIC DIFFERENTIAL CRCSS SECTION FOP NEUTRON PROTON. (TABLE 2 I 

DATA IS FIT OVER LIIBCRATCRY BEA!'! MOMENTUM FROM 6.4 TO 7.2 GEV/C. 

DUA IS FIT OVER-T FRO"' .1 TO .4 CGEV/C)U'2. T IS THE ~QMENTU~ TRANSFER BETWEEN THE (INCOMING NEUTROII>t AND THf 
(CUTGOING NEUTRON). 

FITTED FORMULA IS D-SIG,..A/D-T a A*EXPI-B•TJ 

WHERE D-SIGHA/0-T IS IN MBIIGEV/C) .. 2 AND -T IS IN IGEV/C) .. Z. 

F llTEO VALUE 

8 " -7.12 +- .68 
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roii1 OBSERVATION OF THE P PI PI DECAY HOCE OF THE N•l/2114001 RESONANCE IN PP INTERACTIONS AT 22 CEV/C. 
~ LETTERS 21, 1368 11'9681 1 

[ PI"YS. REV. 

R.A.JESPE'lSEN,Y.W.KANG,W.K.KERNAN,R.A.LEACOCK,J.t.Rt-ODE,T.L.SCHALK, L.S.SCHRCEOER [IOWA STATE UNIVor llHES, JQWA, USAI 

ABSTRACT APPROXIMATELY 12,CCO FO~P-PRONCEO INTERACTIONS CF 22-GEV/C PROTOhS I~ ·A HYCRCGEN BUBeLE CHAMBER t-AVE BHN 
MEASURED. IN A SA~PLE OF 1234 PP PI+ PI- EVENTS THE FINAL STATE IS OOHINATEO BY OElTA .. Il2l6J PRODUCTION. 
APPROXIMATELY 120 OF THESE EVENTS ARE ATTRIBUTEC TO ThE P PI+ PI- CECAY OF A RESONANT STATE WITH MASS 1443 •- 15 "'EV 
ANC WIDTH 100 +- 25 HEY IDENTIFIED WITH THE N•l/2( 14001 RESONANCE. THERE I~ lllSO SHIONG EVICENCE FOP P PI PI 
ENHANCEMENT WITH A CE/\TFLIIL MASS VALUE CF .1693 HEY. 

cnntoNs 
PHYS. REV. LETTEP:S 12r 3-40 1196-41, PHVS. LETTEP:S 18, 3-42119651, PHYS. REV. 165, 173C 119681, PHYS. LETTERS 18, 167 
119651, NUOVO CllltENTO 35, 1052 I 19651, PHYS. REV. LETTERS 16, 855 I 1966J, PHYS. REV. LETTERS 17, 7tl9 I 19661, PHYS. REV. 
LETTERS 19,397119671, PHYS. REV. lETTERS l3r 555 119(:-41, PHYS. REV. LETTERS l-4, 1043119651, PHYS. LETTEPS 23,386 
lliJ661, PHYS. REV. LETTERS 20, 16-4 119681, BUll. AH. PHYS. SOC. 13, 682 119681, PHYS. REV. LETTERS 17, 884 (1~6blr 
UCU UCLA-1023, PHYS. REV. LETTERS 20, 964 119681, NUOVO CIHENTO SOAr 1000 119671, UNIV. OF ILLINOIS C001195-78 119671, 
PHYS. REV. LETTERS 13, 169 119641, PHYS. REV. LETTERS 19, 5H f1t;671r NUOVO CI~ENTO 24, -453 119621, NUOVC CIMENTO 40At 
899 119651, PHYS. REV. LETTERS 19, 925 t1967J, SLAC 43 119651, AND PHYS. REV. 139, B1023 119651. 

ARTICLE READ BY OCETTE SENARY IN 1/6~, AND VERIFIEC BY LEROY PR.ICE. 

SEA~ IS PRCTON 01\' PRCTCN AT 21.8 GEV/C. 

THIS EXPERIMENT USES Tt-'E B.N.t. 80 II\. IHI BUBBLE CHAMBER. A TOTAL OF 70000 PICTURES ARE REPORTED ON. 

KEY WCFIDS • CFIOSS SECT IClN MASS SPECTRUM DIFFERENTIAL CROSS SEC liON FtTS 
BARYON RESONANCE h"ITH Y = 1 AT 1700 MEV 

COMFOUNO KEY WORCS • FITS CIFFER!:NlJAL CROSS SECTION 

CRC:SS SECT JON FOR PROTCN PROTON • PRCTCN PROTON PI+ Pt-. lPAGE 1368] 

LABORATORY 
BEAI" MOMENTUM 

GEV/C 
21.8 

(.Rn!\S SF.CT IDN FOR 

LABORATORY 
BEAM "OMENTUM 

GEV/C 
21.8 

HILl I-BARNS 
1. 36 +- .16 

PROTON PROTCN 

MICRC-BARI\S 
155. ·- 30. 

NO. EVENTS 
1234 

PROTCN N*ll4701+. [PAGE 1369) 
N•l14701+ • PROTON PI+ PI- t 11 

t\•fl4701Pll OElTAt12381 

(1) FITTED FOR MASS ANO/CR hiCTH { ~ASS= 1.443 GEV; WIDTH"" .100 GEV lr AND THEN TOOK ONLY EVENTS ABOVE IFITTEOI 
BACKGROUND. . 

rtT TQ PlrrcnC~!TI'I.. t;n'lt:" nrTTrll •n., .,.,nTnt.· gantnN • Nltllll7nlt PRnTnN. IPAf.F. IHDI 

lABORATORY eEA~ ,_O,.ENTU,_ ,. 21.8 GEV/C. 

T (l)!'li/C)+•z..: •!:50• T l:l Til( /lt:it1(/HUI\ TOAUGHO O&TU&:Gtl Tltii 'HICQ!o!HJC I"'P.OTO~I llfr.!~ Tl..l!; {Naf\47n'•1· 
FITTED FORMULA IS C-SIGfiA/0-T a A•EXPIBITJJ 

WHERE C-SIG!1.A/O-T IS I~ MB/lGEV/CIU2 AND T IS IN IGEV/CI••z. 

F ITT EO VALUE 

B "' 18.0 ·- 2.3 

[!!J NEUTRON-PROTON ANO NEUTRON-DEUTERON TOTAL CROSS SECTIONS FRO• 14 TC 27 GEV/C. 

M.N.KREISLER IPRII\CETON U~IV., PRII\CETCI\"r t\. J., USAI 
L.W.JONES,H.J.LONGQ,J.R.0 1 FALLOt\ IUNIV. OF MICHIGAN, ~NN ARBO~r MICH., USA) 

IPt-:YS. REV. lETTFRS 20, 468"1196811 

ADS TRACT TIU; f IR5T OIRCCT HCASUR(HNT!i Of t'CUTnON-f'AOTON AND NEUTRmi-OEUTERON TGTAL GROSS &ECTIONS IN THE- MOMENTUM 
RANGE 14 TO 27 GEV/C AP.E PRESENTED. THE NP TOTAL CROSS SECTION APPARENTLY BECO"!ES LESS THAN THE PP TOTAL CROSS 
UeTJOU IU Ttl!:) 1-lOI·'eliTUf! R[QJ(I;. CUR IIC!iULT$ !ii!OW NO CYIDCUCC ron A RAr'ID VAfiH;IIJUC Of TIH; tlAUO[R GGAet:tii~IC 
CORRECTION AS PRECICTEC BY ABERS ET Al. ON THE BASIS OF REGGE THEORY. 

CITATinS 
PHYS. REV. 138,8913 (19651, PHYS. lETTERS 19,341 (19651, PHYS .. LETTERS 14r 164 (19651, PHYS. REV. 1CO, 242 (19551, 
PHYS. REV. LETTERS 19, 8~7 119671, BERKELEY CONFERENCE 253 C19671r PHYS. LETTERS 2lr 339 119661r NUOVO CJMENTO 42A, 
365 11t;6blr PHYS. PEV. 14b, 980 11966), INl'L. CONGRESS ON NUCLEAR PHYSJCS,PARIS,FRANCE 162 ll'il641r At\0 JETP 18 1239 
119631. 

ARTICU! READ DY ODCTTC OCNARY IN l/6"i, AtlO V[RifiCC OY lEROY f'OICE. 

BEAM NO. 1 IS NEUTRON CN PROTQI\ FRCft'. l'to6 TO 27.0 GEV/C. 
NO. 2 IS NEUTRON ON OEUTEPON FROM 14.~ TO 27.1) (;!:V./r;~ 

THIS HVI:IU,tNI U~t:~ C:UUNit:K~. 

KEY WOROS • CROSS SECTION 

NEUTRCN PROTON TOTAl CROSS SECTION. 

LABORATORY 
BEA,_ f'CMENTUM 

GEV/C l 11 
14ob 
17.8 
21.6 
27.0 

(1) MEAN VAlliES. 

Hllli-BARI\S 
37 .I ·- 1.2 
37.5 1.2 
37.1 .e 
38.CJ .6 

[TABLE 1) 



NEUTRON DEUTERON TOTAL CRC•SS SECTIO~. 

LA8CflATCPY 
BHM MOMENTUM 

GEV/C ( 1 J 
1-4.6 
27.0 

( 1 I "EAN VALUES. 

~llli-BAPf<IS 

72.2 1.5 
6'i.l .7 
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(TABLE 11 

~ TOTOL CROSS SECTION FOR INTERACTIC• eETWEEN PROTONS ANO 8.3 BEY NEUTRONS. IJETP t5 272 ft96211 

L.OZHOYAN I, V. S. PAHUY E\1 •"'·N• KHHHATURYAN, I.V .CHUVILC (JOINT INST • FOP. NUCL • RESEARCH, OUBNA, USSR I 

ABSTRACT THE TOTAL NEUTR.Of\-PROTON INTERACTION CROSS SECTION "iAS MEASURED FCR A "'EAt.' EFFECTIVE NEUTRON ENi:PGY 8.2 -1.3 
+1.2 BEY I IN THE L.S.J UNDER GOOD GEO~ETRY CTHETA/2 ,.. 0.228 OEG.J. THE TOTAl CROSS SECTIO"' WAS FOUND TO EQUAL 41.2 •-
2.6 MB. 

CIT AT IONS 
PHYS. REV. 98, 136'1 119~~1, Pt-;Y~. REV. 103, 212 119561, NUC. PHYS. 9, 600 Cl959J, PRCC. OF THE ROYAL SOCIETY OF 
LOf\OQN A251, 233 (195'9), BULL. AM. PHYS. SOC. 4, 253 1195c;J, AND PHYS. RE\1. LETTERS 5, 576 119601. 

ARTICLE READ BY ODETTE BENAPY 1~· 1/6Ci, AND VERIFIEC BY LERCY PRICE. 

BEAM IS NELTRON (N HYOPOGEII.' CC~POUNC AT 9.192 GEV/C,. IBEA,.. KINETIC ENERGY • 8.3 GEVI 

THIS EXPERIMEt\T USES CCl;NlERS. 

KEY WORDS • CROSS SECTICiN 

NEUTRGN PROTON TOTAL CRCSS SECTION. 

LABORATORY 
BEAM ENERGY 

GEV 
a. 3 • 1.2 

1.3 

Hllli-BAR~·s 

41.2 ·- 2.6 

l PAGE 272 I 

~ STUOY OF PP INTERACTIONS AT 28.5 BEV/C IN TWO- ANO FOUR-PRONG FJ~Al 
P ,1,. ,(CNNCl.l,. YrW .E .Elll S 1 P. V.C ·'"'OUGH 1Q.J.H ILLER, T • ~.MORR 1 S ,C.OCANNES t 

UPTON, L.J., N.Y., USAI 

STATES. lANL 11980 (196711 

R.S.PA,..VI~J,A.M.THORNCIKE (BROCKHAVEN NAT. LAB., 

CITATIONS 
BNL 11681, PHYS. REV. 120, 1857119601, PHYS. REV. LETTERS 19, 546 11961), USAEC REPORT UC-34 tl'~67l, PHVS. REV. 
LETTERS 16,955119661, PHYS. LETTERS 18, 167119651, PHYS. REV. LETTERS 17,799119661, PHYS. REV. 154, 1284119671, 
PRINCETON-PENN ACCELERATOR PPAD 600F I 19661, AND PHYS. REV. 137, 1566 I 19641 • 

ARTICLE READ BY ODETTE BENAP.Y 1~· 9/6Ci, AND VERIFIED BY LERCY PRICE. 

BEAM IS PROTON ON PROHN 6T 28.5 GE\1/C. 

THIS EXPERIMENT USES TH B.N.L. 80 IN. (HJ BUBBLE CHA1'48ER. A TOTAL OF 83000 PICTURES ARE REPORTED ON. 

KEY WORDS • CROSS SECT I CN CIFFEREHIAL CROSS SECTIO~ FITS MASS SPECTRUM 

CO~POUNO KEY WORCS • FITS DIFFERENTIAL CROSS SECTION 

l .. MUI'I I A~LE lA ANC TABLE 18 J 

LABCRATORY BEAM MC,..ENTUM ~ 28.5 GE\1/C. 

REACT I ON 
PROJQp.; PROTON • 

PPCTCN N•~l4701+ 

PPOTON N•l1470)+ 

N•ll47CI+ • NI.!ClEOt\ PION ( 11 
PROTON NEUTRON PI+ 
NEUTRON DEL TAI1238J++ 

DELTAI12381++ • PROTOI\ PI+ 111 
OELT"tl23BI++ CHTAI123810 

DELTA( 1238)++ • PROTOI\ PI+ llJ 
DELTAI123BIO • NEUTRON PIO [1J 

DEL TAl 123810 PROTON PI+ 

OElTAI123810 • NEUTROp.; PIO Ill 
PROTGN PROTON PI+ PI-
DElTA( 12381++ PROTON PI-

DElTAil23BI++ • PRCl(~' PI+ Ill 
OELJAil~JHJO 1-'MUIUN Ill+ 

DELTAI123810 • PROTON PI- 111 
'N•I1699J' PROTON PI+ 

'N•I1688J' • PROTON PI- Ill 
I;IE~Tll~ ~231JIH OFI Tllf I?.JAIO 

OELTAI1238)++ • PROTON PI• [lJ 
OELTAI1238JO • PROTC!N PI- ( 11 

PROTCiN PROTGN OMEGA 1783 J 
PROTON NEUTRON PI+ PI+ Pl
OELTllll238J++ f\EUTRO,.. PI• PI• 

OELTAI1238J++ • PROTOI\ PI+ Ill 
CELTAU23BJ++ DELTAI1238J- PI+ 

DEL TAilZJOJ • r rROTC!t. rt • Ill 
DELTAI1238t- • NEUTRQp.; PI- Ill 

DELT.Ul2381- PROTON PI+ PI+ 
utL IAil~JtiJ- • ~EuTRO~ PI- 111 

PROTON 'N•Il6881+' 

(II USED SIMPlE MASS CUT. 

Mllli-BARNS 

.so • .20 
olU 

.40 + .20 
.to 

t.,o .to 
.t6 .02 t21 

.03 .02 

.16 + .to 
- .05 

t.to .20 
.60 .to 

.06 .oz 

.03 .ot 

.02 .ot 

.05 .ot 
1.60 .30 

··~ 
.nl 

.05 .ot 

> .CB 

.32 + .13 - .07 

ANGULAR 0 I STR IBUTI Ot\ 

(2] THIS DATA SHOUlD N(jT ee USED- MORE RECENT VALUES HAY BE FOUND IN ElliS ET AL., BNL 13671 11969). 
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EUIST IC CIFFERENT IAL CROSS SECT ION FGR PROTON PROTON. I FIGURE 11 

LABORATORY BEAM MOMENTUM . 28.5 GEV/C. 

I t\ORMAL IlEO TO COUNTER EX PER I~ENTS I 

................................... 
THIS DATA ~AS RHO FRCP. • GR.IIFH ................................... 
-T NO. EVHTS 

CGEV/CJ••z 
Ml N MAX 

.o .2 31 

.2 .4 460 

.4 .6 740 

.6 .8 68C 

.8 1.0 610 
1. t 1.2 520 
1.2 1.4 380 
1.4 1.6 290 

.. 1.6 1.8 2BC 
1. 8. 2.0 230 
2.G 2.2 205 
2.2 2.4 ISO 
2.4 2.6 104 
2.6 2.8 114 
2.8 3.0 107. 
3.C 3.2 92 
3.2 3.4 68 
3.4 3.6 62 
3.6 3.8 53 
3.8 4.0 62 
4.C 4.2 42 
4.2 4.4 25 ... 4.6 25 
4.6 4.8 18 
4.8 s.o 15 

T IS THE MOMENTUM TRANSFER BETI•EEN THE I INCOMING PROTON 1 AND THE lCUTGOihG PROTON J. 

FIT TO ELA$Tlt OIFFEAENTJlll CRGSS SEOION FOP. PR.OTON PROTON. IFIGUP.E 1 J 

LABORATORY BEAM HOP'!ENTUf' • .?.8 .. <; GF.V/C. 
FITTED FORIIULA IS C-SIGMI1/0-T "' EXPIA-84T+C•T .. 2J 

WHERE D-SIGHA/0-T IS If\ 1'!8/IGEV/C 1••2 ANC T IS IN fGEV/CJ .. Z. T IS THE MOMENTUM TRANSFER BET"-EEN THE 
( INCCMING PROTON) AND THE I OUTGOING PROTON I. 

FITTED VALUE 

A "' 1.34 •- .11 
8 ., -lC.c;l •- l.C5 
c = 4.18 ·- 2.11 

~NEUTRON-PROTON CHARGE-EXCHANGE .SCATTERING eETWEEN 600 HEV/C AND 2000 MEV/C. IPPAR 10 I 19691 I 

r.r,Sit[PARQ,T,J,QCVllrirFl•C•rHSCIIKCrJ.50LOMON [PALMER PHYS. LAB.; PRINCETON UNIV., PRINCETON, N.JJ 

ABSTRACT N-P ELASTIC DIFFERENTIAL CROSS SECTIONS IN THE CH~RGE-EXCHANGE RHION HAVE BEEN MEASURED FOR INCIDENT NEUTRON 
MCHENTA BETWEEN 600 I'!EV/C AND 2000 MEV/C. A SECONDARY NEUTRON BEAM FROM THE BOfiBARDMENT OF A 1 1/2 IN. PLAT JNUH 
TARGET BY THE 3 GEV INTERNH PRCTQN 8EAfl tiT THE PRINCETON- PENNSYLVANIA ACCELERATOR WAS SCATTERED FROM A 
LIQUID-HYDROGEN TARGET. Tt·E INCIDENT NEUTRON ENERGY WAS DETERMINED BY A fiEASUREHENT OF FLIGHT TIME OVER ~108FT. 
fllGitT rATII. Tit( MCM(NTUJo'. AND SCATTI:RING ANGLE OF THE RECOIL PROTON WE"E MEASURED BY A l!JRE•SPARK•CttAI'!BER MAGNETIC 
SP!!CTROM!TER liilTH liiAGNETOSTRICTtYE REIIOOUT. APPROAIMATELT 450,UUU t:LASIIC t:YtNI:) Wt:Ht: UI:II:CIEU t=Uio! 'Pio!UTUN LA8Uio!ATCRY 
j;li."ll.l':.-, fii':T•I:I":Ii rfli., ''~':u &i•i'• •.•i. i•~(u• 1.•i• • I..I'.L•1'i'1~1.. '-I'.U.ll.ll .liCI..IlUI'lJ 1\!'.C f'I'.CJCI11CU I\ I P'IP'ICI:I~ CNIH'.\.11:~. nN 1\!I~ULUI! 

NORMALIZATION OF THE CROSS SECTICNS WAS ACHIEVED BY I'!E.GSURING THE INCIDENT NEUTRON FLUX WITH A DETECTOR WHOSE 
EFFICIENCY WAS OETERHINEC ExPERIMENTALLY. 

CIT.ATIONS 
MIDWEST CONF. THEORET. PHYS.,PUROUE UNJV. 50 (1960J, PHYS. REV. 169, 1128 11968J, PHYS. REV. 169, 1149 (19681, PHYS. 
REV. 113, 1272119681, PHYS. REV. 165, 1519119681, REV. HOC. PHYS. 39, 56C 119671, PHYS. REV. LETTERS 15,38119651, 
NUOVO CIMENTO 41A, 161 11966), ANNALS Of PHYSICS 32, 193 11965), NUC. Pt-IYS. 36, 258 119621, PHYS. REV. 142, 5e4 11966), 
JETP 16 24 Cl963), PHYS. REV. 79, 96 (19501, PHYS. REV. 99, 1447 (19551 1 PHYS. REV. 95 1 185 11954) 1 PHYS. REV. 95 1 

591 119541, JETP 4 161 119571, JETP 10 1125 119601, NUOVO CIMENTO 18, 1039 119601, PROGR. THEORET. PHYS. IKYOTOI 
SUP.~ Jl U•HOI, YRU...;.k. 1Hi:L:Kt:l. f'H,S. ti'.YUIUJ lb It)) tJ.'I)61, PHYS. HEY. lli:!, ·1380 11958), REV. HOD. PHYS. 39, 611 
(19611, PHYS. REV. 138, 8145 11965), PHYS, REVo 142, 1000 11966), PHYS. REV. 75. 1357 "119491. PHY!\. I.FTTFR!\ 4 1 19 
119631, PHYS. REV. LETTERS 11, 444 11963), PHYS. LETTERS 12, 62 119641, PHYS. REV. 136, 81183 119641, PHYS. REV. 131, 
81530 (1965), PHYS. REV. LETTERS 11, 442 119631, PHYS. REV. 134, 8633 (1964), PHYS. REV. LETTERS llo 88 119631. PHYS. 
REV. LETTERS 17, 113 09661, PHYS. REV. 155, 1773119671, NUC. PHYS. 82, 394 (1967), PHYS. REV. 163, 1603119671 1 

UCRL 10617, PHYS. REV. 134, 8630 11'~64), ANNALS OF PHYSICS 7, 404 119591, JETP 17 720 11963), PHYS. REV. 166, 1599 
119681, PHYS. REV. 142, CilE t1Cii66J, PHYS. REV. 156, 1703 119671, PRINCETON-PENN ACCELERATOR A-101 11964) 1 

PRINCETON-PENN ACCELERATOR A-215 119651, PRINCETON-PENN ACCElERATOfl A-242 119661, PRINCETON-PENN ACCELERATOfl ~-243 
(1c;661, PHYS. REV. 169, 1045 119681, NUCLEAR INSTRUMENTS AND METHODS 46, 197 t1967J, NUCLEAR INSTRUMENTS AND f"IETHODS 
33, 141119651, PRINCETON-PENN ACCELERATOR PPAO 605-E 119661, PRINCETON-PENN ACCELERATOR PPAR-3 C1968J, 
PRINCETON-PENN ACCELERATOR PPAD 633F t1961J, UCRL 9727 11Ci611, UCRL 2301 119641 1 AND PRINCETON•PENN ACCELERATOR 
PPAR-11 I 19b9J. 

ARTICLE REAC BY ODETTE SENARY It\ 10/6Cil, AND VERIFIED BY LEROY PRICE. 

8EA~ IS NEUTRON ON PROTON FRCH 6 TO 2 GEV/C. 

THIS EXPERIMENT U5ES SP/IRK CHA!iiBERS. 

CENERIIL CCMIIIENTS ON THIS foRT ICLE 
1 THIS IS SHEPARD'S THESIS. IT CONTAINS A NICE DISCUSSION OF THE H.ISTORY AND THEORY OF NP CHARGE EXCHANGE SCATTERING. 

KEY WORCS • DIFFERENTI/IL CROSS SECTICN CHARGE EXCHANGE FITS 

COMPOUND KEY WORDS • FITS CHARGE EXCHANGE OIFFERENTI/IL CROSS SECTION 
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ELASTIC DIFFERENTIAL CRCSS SECTION FOR NEUTRON PROTON. [TABLE 51 

DATA IS AVERAGED OVER UBCRATCRY REAfl MGHENTU"' FRC~ .600 TO .625 GEY/C. 

-u 
fGEY/C 1**2 

.oooo 

.0003 

.. 0007 

.0014 

.0023 

.0034 

.cess 

.0091 

.0475 

.0563 

.0657 

.0156 

.0860 
.0968 

0-SJC:fi!A/0-U 
I"B/IGEY/() .. 2 ( 1 I 

Jss.eo l';.oo 
358.1( 13.30 
339.70 S.90 
3H.It0 10.30 
317.30 11.40 
282.30 1(.90 
24lt. co 7.30 
235.10 l.l:O 
140.(5 4.60 
126.1tlt 4.40 
116.53 lt.ZO 
tc4. te z.47 
96.11 2.40 
87.82 z.zo 

U IS THE fi:CHENTUJo! TRANSFER BETWEEN HE (INCOMING NEUTRON) AND THE (PROTON 1. 

Ill PLUS POSSIBLE SYSTEJo!ATIC ERROR OF+- a·PER CENT. 

ELASTIC DIFFERENTIAl CRCSS SECTION FOR NEUTRI::N PROTON. [TABLE 61 

QUA IS AVEPAGED OYER LASORATCR'f BEAfl!. HCMENTUJo! FRC:M .625 TO .b50 GEV/C. 

-u 
tGEY/C 1 .. 2 

.0001 

.0003 

.coos 

.OC15 

.0025 

.0031 

.0060 

.0099 

.0~27 

.051~ 

.0608 

.0711 

.0818 

.0931 

.10~7 

.1167 

D-SICifiD.Ir.-U 
M8/tGEV/CJ .. 2 Ill 

396.70 +- 22.60 
~1tt.2c n.co 
3~6.20 lC.OO 
3ll.CO 1C.20 
278.~0 10. 7Q 
271.70 10.80 
~~~-~0 1.20 
231.70 7.40 
133.89 ~.60 

130.2B 4.50 
120.36 ~.30 

1C8. 5:i 4.10 
95.21 2.~0 

86.71 2.28 
8S.oo 2.31 
71.20 2.80 

U IS THE MOMENTUM TRA~SFER BETWEEN TI"E (INCOMING NEUTRON) ANO THE lPROTOto.J. 

Ill PLUS POSSIBLE SYSTEfiiATIC HROR OF+- 5.5 PER CENT. 

ELASTIC 0 lFFERENT IAL CRCSS SECT ICN FCR NEUTRCN PROTON. (TABLE 7) 

DATA· IS AVERAGED OVER LAeCRIITGRY BEAH MOMENTU~ FROM .650 TO .675 GEV/C. 

-u 
(GEV/C 1 .. 2 

.coot 
.OC03 
.0009 
.0016 
.0027 
.oo .. o 
.0065 
.0107 
.utt:;,'l 
.0555 
.0657 
.0769 
.0882 
.1002 
.1128 
.1257 

C-SIGJIIA/C-U 
fo'B/CGEIJ/CJ .. 2 Ill 

383.10 22.80 
2:?7.3C 11.90 
337.ec "i.ao 
~12.30 tc.oo 
2"i~t.ec 11.00 
lbO. 10 1C.50 
230.70 7.10 
213.9C 7.10 
132.57 4.50 
123.86 4.30 
114.t5 4.20 
102.1:4 3.90 
86.73 2.28 
79.15 ~-16 
76.19 2.ll 
62.80 2.50 

U IS THE HOHENTUH TRANSFER BETWEEN THE lJNCCMING NEUTRC!td AND THE IPROTDNJ. 

llJ PLUS VOSSII:ilt SYSIEfiATIC ERRC:R OF+- 3.6 PER CENT. 

ELASTIC DIFFERENTIAL CRCSS SECTICN FOR NEUTRCN PROTON. (TABLE 81 

DATA IS AVERAGED OVER LAeCPATORY BEAfl "!OMENTUM FROM .675 TO .700 GEV/C. 

-u 
CGEV/C 1 .. 2 

.ooot 

.ooo~ 

.OC09 

.0018 

.0029 

.UU4J 

.0070 

.0115 

.0~94 

.Qijqlj 

.0708 

.0824 

.0947 

.1077 

.12ll 

.lJ~C 

0-SIGMA/D-U 
fiBtrGEV/CJU2 11 I 

.:;lf • .:H. ll.j!U 
318.40 11.40 
3C0.90 8.90 
275.t:O 9.50 
276.90 10.40 
236.40 li.80 
218.00 f.BO 
180.80 6.30 
ll4.e3 ~t.ll 
110.89 4.11 
1C7. 15 -4.01 
85.-48 3.61 
13.2? 2.02 
68.se 1.97 
65.18 1.9~ 

54.7C 2.:SU 

U IS THE MOMENTUM TRANSFER BETWEE~ THE llt\C:OMING NEUTRON) AND Tt!E (PROTON). 

I 1 J PLUS POSSIBLE SVSTHUTr. F.RROR lJF +- 3.2 PH CENT. 
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ELASTIC OIFFERENTI/Il CRCSS SECT ICN FOR NEUTRC!N PROTON. (TABLE 91 

DATA IS AVERAGED OVER LABQFIATORY BE AI" MOMENTUM FROJ1 • 700 TO .725 GEV/C. 

-u 
(GEVICI**Z 

.0001 

.0004 

.0010 

.0019 

.0031 

.0047 

.0076 

.0124 

.0182 

.042Gl 

.0532 

.0640 

.0759 

.ate<\ 

.1016 

.1155 

.1299 

.1445 

0-SIC::MA/0-U 
11!8/CGEV/CI .. Z Ill 

zea.t:o 17.60 
300.00 1C.90 
276. 10 8.40 
.t:~9.7C E.90 
242.30 9.60 
204.1C 9.00 
196. tO 6.40 
l64.CO 5.90 
ts~t.tc t:.co 
111.81 4.02 

t;l6.18 3.12 
c;e.z~ ~.12 

81.44 3.41 
n. J'l 1.a1 
69.C6 1.92 
62.f5 1.90 
58.83 1.85 
51.8( z.zo 

U IS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING NEUTRON] AND THE (PROTONJ. 

llJ PLUS POSSIBLE SYSTEfi'ATIC ERROR OF+- 3.1 PER CENT. 

&il urrr niFF.F9FNTIAI r.RiiS~ 5FC:TlCN fOR N~VTRf.lN PRQTON. (TABLE 101 

DATA IS AVERAGED OVER L.AeOPATORY SEAl" ~CHENTUf'! FROf<l .725 TO .160 GEV/C. 

-u 
CGEV/CJ••2 

.0001 

.OG04 

.0011 

.0021 

.0034 

.0051 

.0081 

.0135 

.0200 

.Olt64 

.0574 

.0693 

.0823 

.0957 

.uoc 

.1248 

.1407 

.1564 

.1732 

0-SIGfoi.A/C-U 
HB/CGEV/CI .. 2 llJ 
~23.30 14.90 
271.90 •• 20 
2!!:7.ec 1.oo 
221.20 1.20 
1CJ4. ~0 1.20 
182.10 7.20 
158.40 ~t.8o· 
ll.o4.)tl 4.60 
132.00 <frl.60 
~6.14 3.22 
88.32 3.C2 
81.73 2.92 
66.(8 2.62 
65.14 2.61 
59.83 1.59 
54.6CJ 1.51 
49.42 1.:n 
lt3.~C 1.60 
39.50 1.60 

U IS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING NEUTRON] ANO THE (PROTON). 

U.J ~ .. •.1! DQ'i'liiRIIi 'iV'";Tt;II'ATJr. F.RROR OF t- 3 PEP. C:ENT 1 

ELASTIC DtFPER!NTUl CRGSS S£CT lOti FOR NEUTRGN PROTON. (TAfU.F. Ill 

OU.cl IS .clVERAGEO OVER t.AeORATORY BEAM MOHENTUp.t FR(jM .81 TO .85 GEV/C. 

-u D- S I GP4.&/0-IJ 
IGEV/C1••2 MH/CGI::V/CIUl Ill 

.0001 238.00 11.80 

.0005 2l4.l0 7. 30 

.ocu 7.1A. 70 6.10 

.0026 195.10 6.20 

.0043 149.90 !!:.90 
.0063 131.80 5.10 
.0102 125.CO 3.90 
.0168 118 .8o 3.90 
• t)~50 1n1. r:n lo 7Q 
.0582 73.89 2.64 
·0'117 fii.'J1 l.H 
.0860 55.47 2.31 
.1018 48.44 2.09 
.1189 46.C5 2.08 
.1367 41.67 1.21 
.1555 37.34 lollt 
~1743 33.lt2 1.10 
.1937 29.40 1.20 
.2137 28.50 1.30 

U IS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING NEUTRON] AND THE (PROTON]. 

t 11 PLUS POSS ISLE SYSTEI'Al JC ERROR OF +- 2.4 PER CENT. 
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ElASTIC lliFFERENTIAL CRCSS SECTIGN FCR NEUTRON PROTON. I TA.BLE 12 J 

DATA IS AVERAGED OVER LAeOI=:.HORY eEAJo' MOMENTUM FROM .85 TO .90 GEV/C. 

-u 0-SIG"!A/D-U 
fGEV/C ... 2 MB/lGEV/CI .. 2 II I 

.0001 227.CO •- 10.60 
.0006 2C8.80 6.40 
.0015 1~3.00 5.10 
.0029 180. lC 5.60 
.0047 ltl4. f( 5.40 
.007C 122.40 4.90 
.0113 IC4. 20 3.30 
.ota·r q,.to 3.20 
.0274 az. ec 3.00 
.0505 66.0 2.34 
.0643 60. 3':0 2.21 
.0793 54.3b 2.09 
.0953 lt7.43 t.as 
.1134 40.13 1. 73 
.1311 Jl.o'i4 1 .. 61 
.1514 36.(4 ... 
.1716 29.CO 1.10 
.1928 ZS.'ilC 1.00 
.2136 23.70 1 .. 00 
.2366 22.80 1.00 
.~)',Jj 23.20 lolO 

U IS THE "!OMENTUI'! TRAt\SFER BETWEEN THE (INCOMING NEUTRON] AND THE (PROTCt\J. 

l 1 I PLUS POSSIBLE SVSTEJo'ATIC EPROR Of •- 2.1 PER CENT. 

El/ISTIC DIFfERENT JAL CRCSS SECTION FOR NEUTRON PROTON. [TABLE 131 

DATA IS AVERAGED OVER LABQPATORV BEA~ HOMENTU" FRC., .90 TO .95 GEV/C. 

-u 
fGEV/(1 .. 2 

.0001 

.0007 

.0017 

.0032 

.0053 

.0078 

.0127 

.0208 

.O!i6?. 

.Olld 

.0883 

.1C6CJ 
.1262 
.1469 
.1687 
.1912 
.;!llt4 
.2385 
.2624 
.2e87 
.4125 
.43fl'i 
.4597 
.4e24 
.504e 

D-SIGI"A/0-U 
"'-B/IGEY/(1 .. 2 (11 

207. 70 +- 1 c. 20 
.2C4.CO 6.40 
111. 1c 4 .eo 
152 • .20 5.30 
140.f:O 5.50 
111.00 4.70 
1C4.5C :3.30 
76.00 2.90 
61.19 2.30 
53.~3 2.14 
48.4C 1.99 
45.~1 1.~5 

39.18 t.eo 
33.42 1.65 
29.CJ4 .CJ4 
24 .4o 1.oo 
?1.'50 1.00 
21.40 1.00 
19.90 1.00 
20.10. 1.00 
24.48 1.23 
26.88 1.32 
29.09 1.32 
30.60 1.41 
31.41 1.51 

U IS THE MOMENTUM TRA,..SFER BETHEN THE (INCOMING NEUTRON) AND THE (PROTON). 

(1) PlUS POSSIHU. ~Y~Itli!A.IJC ERROP: OF- 2 PCR COH. 

ELASTIC DIFFERENTIAL CROSS SECTION FOR NEUTRON PROTON. [TABLE 141 

DATA IS AVERAGED OVER LABORATORY REAM HIJMENTUM FR.Cfll .95 TO 1.00 GEY/C. 

-u 
ICEviCi•·~ 

.0001 

.0001 

.0018 

.0036 

.0058 

.0087 

.014(l 

.0228 
.0476 
.0625 
.0794 
.0984 
.1185 
.1400 
.1625 
• La6a 
.2115 
.2372 
.261t6 
.Z909 
.3179 
.4282 
.4539 
.4787 
-~044 

.5310 

.5533 

.,TT! 

0- SI<:JoiA/0-U 
MUI(Gt:V/I.Inl Ill 

195.t0 +- 10.00 
1B2.f:C 6.00 
165.60 4.60 
.,,;,. ·n:. 4.80 
120.10 4.80 
107.30 4. 70 

c;1. 30 3.10 
75.00 2.90 
59. as 2.31 
56.15 2.15 
45.66 1.88 
40.57 1.e5 
33.52 1.70 
30.97 1.55 
25.53 1.41 
l.i.."'~ .81 
20.70 .90 
17 .oo .90 
15.20 .eo 
lh.CO .90 
IS .90 .90 
18.97 1.03 
22.32 1.13 
23.01 1.22 
27.37 1.32 
28.1t7 1.1t1 
28.C9 1.41 
33.66 1.61 

U IS THE MOMENIU" TRANSFER BeTREEN THE (lf~COHINC NEUTRO~n ""0 THE (PAI)TnNI. 

( 11 PLUS POSSISLE SVSTEI'ATIC ERRCiFI OF +- 2 PER CEIH. 
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EUST IC DIFFERENT I H CRCSS SECT IC:N FCR NEUTRCN PI=IOTON. (TABLE 151 

OUA IS AVERAGEC CVER LASCFIATORY eEAM MOMENTUM FRCM 1.0 TO 1.1 GEV/C. 

-u 0-51 C:MA/0-U 
IGEV/CI .. Z P'S/IGEV/CI**Z Ill 

.0002 159. c;c 6.10 

.oooe 154 .C3C ~ .zo 

.0021 137. c;o 3.50 

.0041 120.30 3.40 

.0068 100.50 3.40 

.0100 c;3.H 3.30 

.0161 14.t:o 2.10 

.0267 64.40 z.oo 

.0393 54. ec 1.80 

.QS4c; 49.12 1.69 

.0721 -44.76 1.51 

.0912 31;.1..Q€ 1.48 

.1122 31.89 1.30 

.1357 26.74 1.13 

.1603 24.42 1.10 

.1862 18.'i5 .94 

.2135 17.24 .so 

.2422 ts.c;o .60 

.2101 12.t:O .so 
• 3023 12. ~0 .so 
.3316 11.30 .so 
.3634 12.40 .to 
.4eso 16.79 .74 
• 5153 17.50 .13 
.5443 20.21 .83 
• ~744 21.<;8 o'l2 
.6036 23.76 .92 
.6285 25.65 1.01 
.6553 29.78 l.ll 
.ur.:.:. !H ... Ul lo.H 

U IS THE MOMENTUM TRANSFER BETWEEN THE [I NCOM lNG NEUTRON J AND THE l PROTON). 

[ 11 PLUS POSSIBLE SYSTEI"ATIC EFROR Of +- 2.4 PER CENT. 

ElASTIC DIFFERENTIAL CROSS SECTION FCR NEUTRCN PROTON. lTA8LE 161 

DATA IS AVERAGED OVER L.AE!QPATORY BE.A,. MGMENTU/11 FRCI" 1.1 TO 1.2 GEV/(. 

-u 0-SIG,..AIC-U 
CGEV/C 1 .. 2 /IIBICGEV/CI .. 2 (1) 

.0002 136.70 6.20 

.0010 ll5.10 3.60 

.0025 no. ,.o ).tO 

.0049 95.50 3.00 

.OOA1 eo. 1c ] .(:t 

.0121 64.~0 2.ao 

.o1q2 55.~C 1.80 

.0319 43.50 1.60 

.0472 'd.CC 1.50 

.0651 33.2e ... 

.0853 28.45 1.23 
-1095 23.51 1.05 
• ll42 t6.e2 ... 
.1H3 16.72 .01 
• 1uo J."• IC ... 
.2222 12.73 .. , 
.2542 11.93 .42 
.2886 10.13 .42 
• 3228 S.ljQ .40 
.. 3556 7. 70 •• o 
.3?10 7 .to .40 
.4l0a 1.2U .40 .,r'l,l I.GU •• u 
• 5132 10.81 .64 

·"'""5 12. 3'• o63 
.6431 13.22 .73 
.6757 u.n .. , 
.7087 17.89 .. , 
• 7381 19.91 ... 
• 7656 23.15 1.01 
• 7985 25.78 t.21 
.8235 ;;:e.B 1.51 
.Hit H .... ll. 70 1.81 

U IS H-!E MOMENTUM TRANSFF,R RJ;T•EEN THE liNCOHING NEUTRON] AND Til( (PROTCf\1,. 

(11 PLUS POSSIBLE SYSTEHAllC EPROR OF+- 3.1 PER CENT. 

\ 
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ELASTIC DIFFERENTIAL CRCSS SECTICN FCR NEUTRCfl. PROTON. I TABLE 17 I 

·OAT&. IS AVERAGED CVER UECFATOP:Y ee~~ HGMENTUI"! FRO! 1.2 TO 1.4 GEYIC. 

-u 0-SIGMA/C-U 
IGEV/GI .. 2 lo!B/IGEV/C 1 .. 2 Ill 

.0003 87 .sa 3.70 

.ootz 81.60 2.40 

.0032 65.30 2.20 

.0063 57.t:O 1. 70 

.0102 54.1C 1.90 

.0152 42.60 1.~0 

.0244 34. eo 1.00 

.0397 JC.~O l.CO 

.0591 25. 7lt •• 5 

.0815 20.72 .57 
• lOH 15.54 ... 
.1362 10.75 .52 
.1669 'il.te .52 
.2023 7.39 .38 
.2378 6.14 .38 
.2751 5. Sl .37 
.3134 5.61 .23 
.3585 s. 25 .25 
.3986 4.90 .30 
.'t390 4.90 .30 
.4863 4.CO .20 
.5268. 4.20 .30 
.655€ 1. 32 .42 
.6961 8.07 .42 
.7346 tO.Ot: .52 
.7137 11.52 •• 2 
.8236 14.Pi .71 
.8608 ll.H .81 
.8949 te.eo .e1 
.9301 24.18 loll 
.9033 29.55 1.51 
.9971 ).C, oll 2 .u 

U IS HIE MOMENTUM TRANSFER BETH EN THE (INCOMING NEUTRON I AND THE (PRCTCNJ. 

[ 1) PLUS POSSIBLE SYSTEI'!A llC EPROP OF •- 4.3 PER CENT. 

ELASTIC DIFFERENTIAL CRCSS SECTICN FOR NEUTRON PROTON. ITABLE lSI 

DATA IS AVERAGED OVER LAI!CRATORY BEH f'i!CMENTUH FROM 1.4 TO 1.6 GEV/C. 

-u u-s lfP!A/u-u 
(GEV/CI .. 2 .... BifGEY/C 1 .. 2 Ill 

.0003 S7 .00 3.30 

.0016 50.4C 2.30 

.0043 44.70 z.co 

.0084 40.20 1.60 

.0137 ~5.20 1.60 

.0203 30.10 1.!:0 

.0325 21.20 .90 

.OS36 11.40 .eo 

.0788 llt.lO •• 9 

.tess ll.CS •• 3 

.1433 9.39 .54 

.1805 6.90 .53 

.2232 5.77 .39 

.261.8 3.75 .39 

.3131 3.95 .38 

.3726 3. 13 .38 

.4196 2. 59 .37 

.4705 3.2C .20 

.5~1? 3.7C .20 

.se36 2.50 .20 

.6362 2.20 .20 

.t.79l :!.20 .:!0 

.1435 2.20 .20 

.7986 1.74 .22 

.8560 2.36 .21 

.9C4c; 2.t:5 .21 

.9551 3.14 .31 
1.0090 4.76 .31 
1.0480 lt.21 .31 
1•0100 t .. \~ .H 
1.1470 1.eo •• 1 
1.1790 10.40 .71 
1.2300 12.78 1.01 . 
1.2£.00 16.17 1.61 

U IS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING NEUTRON) AND THE (PROTONJ. 

Ill PlUS POSSIBlE SYSTE,..AliC ERRtJR Of+- 5.8 PER CENT. 
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ElASTIC DIFFERENTIAL CRCSS SECTION FOR NEUTRCN PROTON. (TABLE 19 I 

DATA IS AVERAGED CVEP l.HOPATORY BEA,. MOHENTU,. FROM 1.6 TO z.c GEV/C. 

-u 0-SIGMA/0-U 
IGEV/C 1 .. 2 ~8/CGEV/CI .. Z llJ 

.. ooo.c, ~( .. 60 ·- 2.50 

.0023 38.10 z.co 

.0059 32.10 1.40 

.0114 25.40 1.10 

.0186 2) .90 1.20 

.0278 17.90 t.co 

.0441 14.20 • 70 

.onz 10. 7C •• o 

.1070 a. 16 .32 

.1472 b.CO .32 

.1'922 5. 39 .41 
eL .. UL !l,j,~U oL I 

.2985 3.11 .27 
• '=!o"iA:» ,_ 'i' • >7 

• 4t318 1.98 .2 • 
• ~tezb t. 56 .2 • 
.5587 1.41 • 2b 
.6143 1.90 ;zo 
.6'i138 1. ~c .10 
.7698 !.ItO .10 
• 8308 1.10 .10 
.8916 l.CO .to 

1.0470 ... .II 
1.0980 1. 10 .II 
1.1630 1. ~ 1 .22 
1.2540 l.C6 .II 
1.2930 1. ~7 .21 
1-3630 2.59 .31 
1.4COC 3. tO .31 
1.4U/U 3.6/ -~H 
1. 5170 5.68 .51 
1.5500 6. ~e ... 
1.6240 8.45 1.01 

U IS THE HOMENTU~ TRANSFER BETWEEN THE (INCOMING NEUTRON) AND THE (PROTOt.:J. 

Ill PLUS POSSIBLE SYSTEMATIC ERROR OF+- 1.1 PER CENT. 

FIT TO EL~STIC DIFFERENTIAL CRCSS SECTION FOR NEUTRON PROTON. (TABLE 201 

LABORATORY BEAM ENERGY c .182 GEV I"'E.&N V.&LUE •• 

I THE FIT IS PERFGRMED CEH.&NOING I~LPHA+GAMHAJ NORMALIZED TO UNITY J 
FITTED FORMULA IS 0-SJGHA/0-U "' ALPHA*lEXPIBETAOUJl+GAHMA•tEXPIDELTA•UJJ 

WII[P.[ D-51GMA/D-U 15 W MOJ(GEY/C 1 .. 2 AND U IS IN IOEY/CI••z. U IS THE HO~!NTU/". TltANSP!!R 6!TWHN T~E 
( INCUjll I NG NEUTRON I AND THE (PROTON). 

fiTTED VALUES 

ALPHA a .4C +- • C3 
BEU a 208. +- 44. 
t;.tr.~M.tr. c .~0 +- .C3 
DELTA • ~. 7 •- • 7 

FIT TO ELASTIC DIFFERENTIAL CRC~S SECTION FOR NEUTRO~ PRCTON. 

LABORATOR-Y BEAM ENERGY a .1Q5 GEV IME.&N VAI:UEI. 

(TABLE 201 

1 1 Ht 1- J I I~ 1-'tKI-UMMCU CCHANU lNG IALPHUCAHJ.!A I NORHAlllEO TO UN I h ) 
FIT TED FORMUL.tr. IS 0-SIGMA/D-U = ALPHA•( EXPIBETA•U II+G~MHA•t EXPIOEL TA•Uil 

WHERE C-SIGMMD-U IS IN HBJ(GEV/CIU2 AND U IS IN IGEV/CI••2. U IS THE MOMENTUM TRAt\SFER BETWEEN THE 
( INCCMING NEUTROt\J AND THE (PROTON I. 

t'IIICU VALUES 

ALPHA .. .44 +- • C2 
eETA • 23B. •- sz. 
GAMMA a .5t: +- .(2 
DELTA a 9.2 +- .5 

FIT TO ELASTIC DIFFERENTIAL CRCSS SECTION FOP NEUTRCN PROTON. 

L.GBQRATORY BEAM ENERGY = .21 GEV IMEAN VALUEJ. 

[TABLE 201 

I THE FIT IS PERFORMED CEMANIHNG I.GlPt-:A+GAMMAI NOR~AliZEO TO UNITY J 
FITTED FORMULA IS 0-SIGHA/0-U = ALPHAO(EXPIBETAOUI J+GMIMA*fEXPIOELTA•IIIJ 

WHERE D-SIGMA/0-IJ IS IN MB/(GEY/CJ .. 2 AND U IS IN (GEV/CI .. 2. U IS THE MOMENTUM TRANSFER BETWEEN TI-'E 
l lltCO!'HJt; ~&V1RtHiJ ,._ml Tnr IrnoTorn. 

FITTED VALUES 

ALPHA . .tt2 +- .C2 
BETA . 203. ·- 34 • 
GAMMA . .!:iE •- .C2 
DELU . q.(! ·- .5 

FIT TO ELASTIC DJFFE~ENTIAL CROSS SECTION FOR NEUTROt\ PROTON. !TABLE 201 

LABORATORY BEAM ENERGY = .224 GEY I"'.EAN VALIJEI. 

I THE FIT IS PERFORMED r::E~ . .&NOING IALPt-tA+GAMMAI NORMALIZED TO UNITY I 
FITTED FORMULA IS 0-SIGMA/0-U = AlPHAOIEXPIBETUUJl+GAMMU(EXP(CElTA•UIJ 

WHERE D-SIGMA/0-U IS IN MI!/IGEY/CI .. 2 AND U IS IN IGEV/CJU2. U IS THE MO~ENTUM TRANSFER BET\OEEN TtiE 
( INCOI'I,_G NEU1ROtd ANC THE (PROTON). 

FITTED VALUES 

ALPHA . .44 +- .C2 
BETA . 117. ·- 21 • 
GAMMA . .5t: +- .C2 
DELTA . 8.9 ·- .4 
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FIT TO ELASTIC CIFFERENTI.Al CRCSS SECTION FOR NEUTRON PROTON. I TABLE 20 J 

LAE!ORATOPY BEAM ENERGY = .239 GEIJ II'EAN VALUEJ. 

( THE FIT IS PERFQRM.EC CE~.ANOJNG IHPI-:AHAMMAI NOR~AlllEO TO UNITY I 
FITTED FORMULA IS C-SJGI'!A/0-U = ALPt-IA•lEXPIBETUUIHGAHHA*IEXPIDELU*UJI 

WHERE 0-SIG~A/0-U IS IN MP./IGEV/(1 .. 2 AND U IS IN IGEV/CI .. 2. U IS THE MOMENTUM TRANSFER BET\o.EEN Tt-IE 
l INCOMING NEUTRON I AND THE {PROTON). 

FITTED' V.ALUES 

ALPHA a 

RETA 
GAMMA • 
CELT A a 

.48 +- .cz 
135. +- 2C. 

.52 •- • C2 
1. 5 ·- .4 

FIT TO ELASTIC DIFfERENTIAL CRGSS SECTION FOR NEUTRON PROTON. 

LABORATORY BEAM ENERGY • .257 GEV IPI:EAN 'VALUE I • 

[TABLE 20 I 

I THE FIT IS PERFORHEC CEHANOJNG IALPHA+GAMMAI NORMALIZED TO UNITY I 
FJTTC:O FORMULA IS 0-SIGMA/0-U "' AlPHA*IEXPfBETA*UII+GAMHAO(EXPIDELTA*Uil 

WHERE 0-SIG~A/0-U IS II\ MBIIGEV/CJUZ AND U IS IN CGEV/CJuz. U IS THE MO)tiENTUH TRANSFER BEThEEN THE 
(INCOMING NEUTRON) AND THE (PROTON I. 

F ITT EO VALUES 

ALPHj) = .510 +- .015 
BETA .. ZZ2. +- 2'i. 
GAMMA II .4'iC +- .015 
OELT.O II 7.6 +- .3 

FIT TO ELASTIC DIFFERENTIAL CRGSS SECTION FOR NEUTRON PROTON. I TABLE 20 J 

LABORATORY BEAM ENERGY " .313 GEV II'!EAN VALUEJ. 

I THE FIT IS PERFCRI'!EO CE,.,ANCING ULPhA+GAMHAJ NORto'ALIZEO TO UNITY I 
FITTED FORMULA IS 0-SIGHA/0-U ~ ALPHA•tEXPCBETA•UJ I+GAHMA•lEXPIOELTA•UlJ 

WHERE 0-SIGHA/0-U IS IN MBICGEV/CJU2 AND U IS IN IGEV/CJU2,. U IS THE MOMENTUM TRANSFER BETWEEN THE 
(INCOMING NEUTRON) AND THE (PROTON I. 

FITTED VALUES 

ALPHA • 
BETA ,. 
GAMMA ,. 
DELTA a 

.540 ·- .015 
204. +- 25. 

.46C •- .015 
1.2 ·- .2 

FIT Tt ElASTIC DIFFERENTIAl. CRQSS SECTION FOR NEUTRON PROTON. 

LABORATO!=tY BEAM ENERGV ... 343 GEV (i".EAN VAI.UEI. 

(TABLE 201 

C THE FIT IS PERFORMED CEMANOING CALPHA+GAMMAr NORI'!AlflED TO UNITY J 
FITTED FORMULA IS 0-SIGI"A/0-U .. ALPHA•(EXPIBETA•Uil+GAMMA•(EXPIDELT.UUJJ 

WHERE D-SIGMA/0-U IS IN MB/CGEV/CJ••2 AND U IS IN CGEV/CJ .. 2. U IS THE MOMENTUM TRAhSFER BETWEEN THE 
[INCOMING NEUTRO"'l AND THE lPROTGNJ. 

F ITT EO VALUES 

ALNIA • .580 •- .0 l3 
BETA .. 175. +- 15. 
GAMMA .. .42C •- .013 
DELT.A a 6.8 +- .z 

FIT TO EL.O,STIC OJFFERENTI.Al CROSS SECTION FOR NEUTRON PROTON. ITABLE 201 

LABORATORY BEAM ENERGY "' .378 GEV IMEAN VALUE! .. 

I THE FIT IS PERFORMED CEMANCING IALPHA+GAHMAJ NOR~ALIZED TO UNITY I 
FITTED FORMULA IS 0-SIGMA/D-U .. ALPHU{ EX PI BETA•UI J+GAMMU[ EXPCOELTA•UI J 

WHERE C-SIGMA/0-U IS IN ~B/IGEV/CJU2 AND U IS IN IGEV/CJ .. 2. U IS THE HOHENTUH TRANSFER BETWEEN THE 
( INCOI"JNG NEUTRQ~,;J AND THE lPRDTONJ. 

FITTED VALUES 

ALPHA .. 
BETA .. 
GAMMA • 
OHTA 

.seo +- .o15 
160. ·- 15 • 

• ~2c •- .ol5 
{,.(, I .• J 

FIT TO ELASTIC DIFFERENTIAL CROSS SECTION FOR NEUTRON PROTON. 

LABORATORY BEAM ENERGY a .414 GEV ()!lEAN VALUE!. 

(TABLE 201 

I THE FIT IS PERFORMED CEM.IINDING IALPHA+GAMMAJ NORI'!ALIZED TO UNITY I 
FIT TED FORMULA IS O-S IGMA/0-U ., ALPHA•( EXPIBETA•U I J+GAHHA*( EXP I DEL TA•U I J 

WHERE D-SIGMA/D-U IS IN MB/IGEV/CI .. 2 AND U IS IN IGEV/CI .. 2. U IS THE MOMENTUM TRANSFER 8ETh'EEN THE· 
(INCOMING NEUTRON] AND THE (PROTON]. 

FITTED VALUES 

ALPHA ., .570 •- .016 
BETA .. 157. t- 16, 
GAMMA a .430 •- .016 
DELTA • 1.2 +- .3 
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FIT TO ElASTIC OIFFERENTJ~L CROSS SECTION FOR NEUTRON PROTON. (TABLE 201 

LABORHORY SEAl" ENERGY " .466 GEV I"'E.6N VALUEJ. 

I THE FIT IS PERFGFIMEO Cf)o'~~OING ULPI-A+CAMMAJ NOR"'AlllED TO UNITY I 
FITHO FORMULA IS D-SIGMA/0-U = ALPHA*(EX.P(BETA*UI I+GAMMA*IEXPICELTA*UII 

WHEPE C-SIGMA/0-U IS IN Me/IGEV/CJ .. 2 AND U IS IN IGEV/CI••z. U IS THE MQp.!ENTUH TRANSFER BETHEN THE 
(INCO~JI'\G NEUTRON) AND THE (PROTON). 

FITTEC VALUES 

ALPt-IA .5-40 +- .014 
BETA • 146. +- 14. 
GAMMA = · .46C +- .Ollt 
DELT.6 ...; 7.3 •- .3 

FIT TC ELASTIC OJFFERENTUL CRnS SECTION FOR NEUTROII: PROTON. (TABLE 20 I 

LAeORATORV BEAM ENERI::Y "' .5t.2 GEV I~EAN \tALUEI. 

I THE FIT IS PEHQRMEO CEM.bNO lNG I Al PHHGAHMA I ~OR~All ZED· TO UNITY I 
F ITT EO FORMULA I 5 C-S 1 GMA/0-U "' ALPHA*f EX PI BETA•UJ I+GAHHU( EXP I DEL TAOU I I 

WHERE 0-SlGHA/O-U· IS IN He/IGEV/CI .. 2 AND U IS IN IGEV/CI .. 2. U IS THE MOMENTUM TRANSFER BEThEEN THE 
( INCOI'!TNG NEUTKt)td ANU IHt: (IJKUIONJ. 

F ITTEC VALUES 

ALPHA ~ 

BETA = 
GAMMA a 

DELTA a 

.570 ·- .016 
122. ·- 11. 

.430 •- .C16 
7.8 +- .4 

FIT TG ElASTIC OIFFERENTI.AL CRCSS SECTION FOR NEUTRON PROTON. 

LABORATORY REAfol ENERGY a .641) GEV IHEAN VAlUEI. 

r TABU: ?.0 I 

I THE FIT IS PERFCFIHED CEMANDIN(; UlPt-.A+GAMfoiAI NOR"!ALIZEO TO UNITY I 
FITTED FORMULA IS 0-StGHA/b-lJ "' AlPHA•lEXPIBETUUil+GAI".IU•IH$-Oiflf.I.I.UIIII 

WHt:K~ U-SiliHA/U-U IS IN H8/IGEV/CJU2 AND U IS IN tCEV/C) .. 2. U IS THE MOMENTUM TRANSFER BEi"hEEN THE 
( INCOfoiiNG NEUTRON I AND THE (PROTON). 

FITTED VAlUES 

AlPHA '" 
BETA a 

GAMMA -
DElTA ., 

.49 +- .oz 
162. •- 1 e. 
.51 ........ cz 
c:l.9 ·- • 3 

FIT Tn Fl AHIC OIFFFIH!NlUI CQrl~~ 1\F.rTTnN &nlil NiiiTiln.tr.l nvnrm.1 

L~QQ~~TORY OfAM fNfR~Y • oil1 GfV I~F.IN VAIIIFI. 

( THE FIT IS PERFORMED OEMA,.JCING tALPHA+GAHMAJ NORMAliZED TO UNilY I 
FITTED FORMUlA IS 0-SIGHA/D-U '" AlPHA*lEXPIBETA*UII+GAHHUIEXPfOElTA*UJJ 

WHERE 0-SIGHA/0-U IS IN MB/IGEV/CI .. 2 AND U IS IN IGEV/CJU2. U JS THF. MnHF.NTIIH TRA.N~FF:R fl.ETWHN TI-'E 
t!N~QM! NG N~VTRO~ I ~NO THE I PROTON I, 

FITTED VALUES 

ALPHA = .SS '"""' .C3 
BElA s bS. +- -,. 
GAMMA '" .4Z +- .C3 
DELTA .a f.5 +- .1 

FIT TO ElA.STIC DIFFERENTIAL CPC5S SECTION FOR NEUTRON PROTON. 

LABORATORY BEAM ENERGY • 1.02e GEV IMEAN VALUEI. 

(TABLE 201 

I THE FIT IS PERFORMED CEHANOING (ALPHA+GAHHAI NORMALIZED TO UNITY I 
FITTED FORMULA IS 0-SIGf'ii!A/D-U • ALPHA*lEXPIBETA*UIJ+GAMMU(EXPIOELT~*UII 

WHERE G-SIGHA/0-U IS IN HR/IGEV/CJU2 AND U IS IN IGEV/CJU2. U IS lHE MOMENTUM TRANSFER BETWEEN THE 
llNCOIH ~G NEUlROt; I AND THE (PROTON J. 

FITTED VALUES 

ALPHA "' .60 +- .05 
BETA ,. :;4, +- 11• 
GAMMA .. .4C .cs 
DEll~ .. 6.2 •- 1.2 
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~ELASTIC NP CHARGE-EXC""GE SCATTE•tNG AT 8 GEV/C. tNUOVO ct•ENTO 41A, 167 1196611 

G.,..ANNING,A.G.PARHAM IATQ,..,JC EN. RES. ESTAB., HARWELl, BERKS., ENGLANOJ 
J .Q. J AFAR, H • B. VANOERR /JAY, C. H. R EAO I N€:, C .G. RYAN ( B IRH INGHAM UN IV., 8 I Rio: INGHAM, ENGLANC I 
B.O .. JONES,J.MALOS (H.H.WILLS PH'TS. lAB./ U. OF BRISTOL, BRISTOLr ENG. I 
N.H.liP/tltr.N IRUTHERfQJ.(C HH E~. u.s., CHILTON,OJO.BERK.ENGLANDJ 

ABSTRACT THE DIFFERENTIAl CRC:SS SECTICI\ FOR ELASTIC CHARI:E-EXCHANGE SCATTERING OF NEUTRONS ON PPOTONS HAS BEEN 
MEASURED AT 8 GEV/C OVER FORWARC LABORATORY SCATTERING ANGLES I0-901MRAO ISQU(IRE OF FC:UR-I"OMENTUM TRANSFER 0 < -T < 
0.51GEV/C1-SQUARE01. THE P'IETHOD UTiliZEC ACOUSTIC SPARK Ct<AMBERS AND ABOUT 1900 ELASTIC-SCATTERING EVENTS WERE 
ANALYZED. A VALUE CF ID-SJGMA/C-OMEGAILABJI = 12C +- bJI"B/SRIC-SIG~A/C-1., 10.93 •- 0.281HB/IGEV/C-SQUAREOJ WAS 
CBTAINED FOR THE FC:RWARD DIFFERENTIAL CROSS-SECTION AND AN ESTIMATED 10.06 +- 0.031 HO FOP THE ElASTIC CH/IRGE 
EXCHANGE CROSS SECTION. eOTH CRCSS SECTIONS SHOW THE tECREASEC VALUES EXPECTED FROM POHERANCHUK'S SECOND THEOPEM \IIHEN 
COMPARED 1-:ITH RESULTS AT LC\o!ER ENERGIES. FURTHER CCMPAPISON SHOWS THAT THE NAPRIJ!oi FORWARD PEAK IN THE OISTR I BUT ION OF 
D-SIGMA/0-T PREVIOUSLY OBSERVED FOP -T < 0.05, IS STILL PRESENT AT 8 GEV/C, VAPYING IN SHAPE OnY SLORLY, IF AT ALLt 
WITH ENERGY. FOR -T > 0 .. 1 HOWEVER, ENERGY DEPENDENCE IS APPARENT. THE RESULTS ALSO SUGGEST THAT THE INTERACTION IS 
SPIN-OEPENOt:NT ANC/OR Tt-AT THE PEAL PARTS OF THE SCATTERING AMPliTUDES IN THE ISOSPIN STATES 0 AND 1 ARE CIFFERENT. 
COMPARISONS ~ITH THE THEORETICAL PREOICTIC:NS SHOW GOOC AGREEMENT WITH THE VALUE OF FORWARD CROSS SECTION GIVEN BY THE 
REGGE POLE APPROACH OF AHHAOZAOEh. THE MODEL OF Rlt>.GLANO AND PHILLIPS FOR SINGLE-PION EXCHANGE WfTH ABSORPTION AGREES 
WITH OUR Rf.SULTS FOR -T < 0 .. 01 8UT A PREDICTED SECONDARY PEAK AT -T APPROXIMATELY O.OB IS NOT OBSERVED. 
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.A.RTICLE RHO BY OCETTE BENARY l/lo 1/6c;, AND VERIFIED BY lERCY PRICE. 

SEA,. IS NEUTRON (/lo PROTCt.. AT 8 GEV/(., 

lUIS (XPERIHENT USES SPARK CHA,..BERS. 

KEY loiORDS • CROSS SECT ICN CIFFERH'T IAL CROSS SECT ION MODElS 

NEUTRON PROTON ElASTIC CRGSS 5ECTION. [PAGE 1671 

DATA IS HlTEGRATED 0\IER COSITHETAI FRCM -1. TO 0 •• THETA IS THE ANGlE THAT THE NEUTRON MAKES WITH THE BEAM IN THE 
GRANO C.M. 

LABOPATORY 
BEA~o\ MC~ENTUM 

GEV/C 
PER CENT 

e. •- .. s 

HllLI-BARt..S 

.Cb +- .03 

ElASTIC DIFFERENTIAL CROSS SECTION FtR NEUTRON PROTON. 

LABOR.ATORY BEAI" ~OMENTU,. • 8. GEV/C •- .. SCPEP. CENTI. 

I TABLE 1 J 

I LAST 9 POINTS n,ay[ AN AOCITIONAL SYSTEMATIC ERROR OF 15 PERCENT I 

-u D-HGMA/0-1: THETA 
fGEV/C I U2 MB/fGEV/Cit•2 Ill RADIANS 

.0001 .<5 .09 .0010 

.0006 .84 ·" .0030 

.0016 .96 .06 .coso 

.0031 .71 .o• .0070 

.0052 •• 7 .oc .0090 

.0017 .48 .05 .0110 

.0108 .sz .oo .0130 

.0144 .47 .oo .0150 

.. 0185 • ~5 .co .0170 

.0231 .39 .cc • 0190 

.0282 .Z9 .oo .0210 

.0338 .31 .oo • 0230 
.C399 • ~4 .oo .0250 
.04b5 • 27 .C4 .0270 
.nljlh ol3 .co .0290 
.. 0613 .17 .oo ~63i0 
.Ob94 .23 .oo .0330 
.. 0180 • 22 .oo .0350 
.Q871 .18 .• co .0370 
.09b1 .21 .co • 0390 
.1070 .t8 .oo .0410 
.1170 .17 ·" .0430 
.1290 .to .03 .0450 
.1430 .13 .C2 .0475 
.. 1140 .to .oc .0525 
.2090 • C8 .oo .0575 
• 2460 .c • .co .0625 
.28b0 .05 .01 .0615 
.3290 .04 .01 .0725 
.3150 .04 .GO .0715 
.474n • oz .oo .. 0825 
.4750 .03 .en .0675 

U IS THE MOHENTUH TRANSFER BETkEEN THE liNCOMING NEUTRGNI AND THE (PROTON). 
THF.H l'i. nu: 6Nr.t r ThU Tllr PRnTnN HAKF~ IIIlTH THF. BF.AM IN THI: GRAND C.M. 

( 11 PLUS POSSIBLE SYSTEfiATIC e"PRCR OF •- 30 PER CENT. 

D-S IGMA/D-OMEGA 
I"B/SR (1 I 

20.4 t.9 
18.1 1.2 
20.8 1.3 
15 .. 3 1.2 
14.4 .o 
10.4 1.1 
11.1 .o 
10.0 .a 
7.5 .o 
8 •• .o 
6.4 .a ... .a 
7.3 .o 
5.9 .9 
5.0 .o 
l. 7 .o 
4.9 .o 
4.6 .o 
3. 7 .o 
4 •• .o 
3. 7 .o 
3.5 • 7 
2.Z .. 
z. 7 .3 
2.2 .o 
1.6 .o 
1.z .o 
1.0 .2 

• 8 .2 
.8 .o .. .o 
.s .2 
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~PROTON-PROTON REACTIONS AT l< GEV/C •ITH PROCUCTION OF TWC AND THREE PIONS lSUeHlTTED TO THE VIENNA CONF., lqo8 119b811 

H.BOGGILQ,J.EAOES,K.HANSEN,H.J(I-NSTAC,R.I"CLLERUO,L.VEJE (NIELS BChR INSTITUTEr COPENHAGEN, DENMARK) 
P.LAURIKAINENr P.LINOBLOM,J.TUCP'!INIEMI (HELSINGIN YLIOPISTQ, HHSJNKir FINlANCI 
T.JACOBSEN,S.O.SCREr->SEN,O.THU.GVOLO (CSU:1 UNJV., CSLO, NORWAY) 
G .EKSPONG, l .GRANSTROM ,S .Q. HOlHRENr S .NtLSSCN, T .OLHEDE ,u. SVEO IN ,N. YA,..CAGNI t STGCICHOU!S UN IV •, STOCKHOLM, SWEDEN 1 

ARTICLE R€.00 BY GCETTE eEII.ARY I"' 10/69, ANC VERIFIEC BY LEROY PRICE. 

BEAM IS PROTON ON PROTCN AT 19 GEV/C. 

THIS EXPERII'!ENT USES THE CEP.N 2"' IHI BUBBLE CHAMBER. 

GENERo\L CCM,ENTS ON THIS ARTICLE 
1 THE RESULTS ARE PRELIMI"''ARY 

KEY WORDS • CROSS SECT ION MASS SPECTRUM MODELS OALITZ PLOT ANGULAR OISTR I BUT ION 

LABORATORY fEA"' )t!Cfii:ENTU"' "' 19. GEV/C. 

PEACTION 
PROTON PROTON 

PROTCN PROTON PI+ PI
DEL TAl 12381 ++ PROTGN P1-

0ELTAI12381++ • PROTON PI+ (11 
DELTAI12381++ CELTAI1238)0 

OELTAI12381++ • PROTO~ PI+ (11 
UI::LIAlllJUJU ~ IJIWIUN ~~- lll 

OELTAIU381++ h*1152010 
OELTAI12381 .. • PROTON PI• Ill 
N*U52010 • PROTON PI- I 1 I 

PROTON PROTON FC 12601 
Fll2601 PI+ PI- I 11 

DEL TAl 1238)0 PP:CTOI'I Ph 
OELTAI1238)0 • PROTCN PI- Ill 

r-.•tl't1UI+ ~MUI[!N 

N*ll4701+ • PROTON Fl+ PI- Ill 
'N*I16881+' PROTON 

1 N*Il6881+' • PRCTQP\ Fl+ PI- Ill 
N•tl!!llOIC PROTON PI+ 

N•C1S20IO • PROTON PI- lll 
NEUTRON PROTON PI• PI• Pt• 
DEL TAl 12381++ NEUTRON PI+ PI-

DELTAI12381++ PRCTON PI+ Ill 
DELTAI12381++ DELTAC12381- PI+ 

OELTAI12381++ • PROTON PI+ Ill 
DELTAI12381- NEUTRCtl. PI- lll 

OELTAI1238J++ N0(141CIO 
OELTAtl2381 tt rROTON Pll ( 11 
N*ll47CJO NEUTRON PI+ PI- lll 

OELTAI12381++ 'N•I 168810 1 

DEl TAI12381 ++ PRC:;TC:t-. PI+ 11 I 
'N*I 168810' • NEUTRON PI+ PI- ( 11 

DELTJIIL238t++ DELTAI1920l0 
DElTA(l2381++ PROTOt-. PI+ (L) 
OElTAf 197010 • NF:lJTRON PI+ PJ- ~ 11 

OELTAil23BI ++ R~Oil651 0 NEUTRON 
DElTAC12381++ • PRQTON PI+ (LI 
J{HUI lbSIO • .. J+ PI- ll J 

OELTAI12381++ NEIJTRON FU260) 
OELTA(l2381++ • PROTON PI+ (11 
FllZ~QI • PI• PI- I II 

OELTAI12381+ PRCTON PI+ PJ-
DELTAC12381+ NEUTRON PI+ (l) 

UI:.LIJilllJBI- VKUIUN PI• PI+ 
DEL1Ail2381- NEUTROto. PI- Ill 

1 N*Ilb8810 1 PROTON PI+ 
'N•U68810' • NEUTRCN PI+ PI- Ill 

OELTAI12381+ RH0176510 PROTON 
DELTAI12381+ ~EUTRH PI+ I 11 
RHOC16510 • PI+ PI- (1 J 

PROTON PROTON PI+ PI- PIO 
DEL TAI1238t++ PROTCN' PI- PIO 

OELTAI12381++ • PROTON PI+ Ill 
OELTllll2381++ OELTAI12381+ PJ-

OELTAI12381++ • PROTOto.' PI+ Ill 
UI!LIJHll,CI• • PI'I.UIUN PIU lll 

flFLT.!!oflBAIO IHI(C7~51• PPOTIJN 
OELTA(IB816 PROTCN Pi- IIi 
RHnl761ilt • PI+ Ptn flJ 

OELTAI12381+ PROTON PI+ PI-
DELTAI1238J+ • PROTON PIO Ill 

OELTAI123810 PROTON PIC Pit 
OELTAI 123810 • PROTCN PI- Ill 

PROTCN PROTON CMEGA ( 783 J 
OHEGAI7831 • PI+ PI- PIO Ill 

DELTA I 12~8)++ RHO( 7651- PROTON 
OELfAI12381++ • PROTON PI+ 11) 
RHOI1651- .. PI- PIO I II 

CELTA(l2381+ RHOC16510 PROTON 
OI:LIAI12:Jtll+ • PIWit.:N PJO llJ 
RHOC1b5JO PI+PI-lll 

111 usee SI,..FU: russ cur. 

(TABLE 1] 

,..Ill I-BARNS 

1. 50 .20 
.83 .15 

.02 .01 

.00! .01 

.02 .01 

.ld .03 

• OB .02 

.11 .03 

•l" eOJ 

1.70 .30 
.45 .15 121 

.oa .o2 

.02 .01 

.03 .01 

.C2 .01 

.19 .03 ( 2 i 

.03 .01 

.o3 .ot 12 1 

• 30 .10 

.08 .02 

.02 .01 121 

1. 70 .30 
.44 • 15 I 2 J 

.os .03 

.07 .03 ( i!l 

.ll 

.oo 

.oe 

.tz 

.CJ 

.to 121 

.O!i l21 

.02 (31 

.03 121 

.ot ~ 2 1 

{2 l .45 .15 PRIVATE COtVUNICATICto.: FRC"' G. EKSPOto.:G, OCTOBER, 1969. 
(31 THIS DATA IS NOT TO BE USH. SAME DATA REPOMH:U AI LUNU C.:UNt=tKl:NCE •• 

t>O. EVENTS 

2107 

2049 
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~THE ANALYSIS OF 28.5 GEV/C PP I•TERACTJ(NS PRGOUCING 6 CR MORE CHARGEC PARTICLES. JR•L 13694 (JQ6QJJ 

P.L.tCNNOllY,J,.R.KENYON,R.R.tciNSEY,A.M.THOPNCIKE IP.ROGKHYEN NAT. LAf., UPTON, L.J., N.Y., USA I 

CLGSELV RELATEC REFEREI\:CES 
SEE ALSO BNL 13671 ll'i69l, AND Bt\l ll'iBO llc:l67J. 

ADO IT JQt-.'Al CIT AT IONS 
NUOVO CIMENTO 57A, 93 (lt;bS), VIENNA CnFEfl:ENCE 367 09681, PHYS. REV. 120, 1657 119601, PHYS. REV. LETTERS 7, 199 
119611, PHYS. REV. 165, 16'i'i llc:lCSI, CEPN HADRON CONFHENCE 2 208 119681, PI-VS. REV. LETTERS 19, 201 11<~671, PHYS. 
LETTERS 2613, 515 119681, Pt1YS. lETTERS 258, 519 llli681r BNL 13189 lll~681, PHYS. REV. lETTERS 16, 855 119661 1 CERN TH 
919119681, PHYS. REV. LETTERS 22,674119691, PHYS. REV. LETTERS 19, 198119671, Pt<YS. REV. LETTERS 12, 112119641 1 

PHYS. PEV. LETTERS 20, 961t Cl'i6BI, PHYSe REV. LETTERS 21, 701 (19681, AND PHYSe l'lEVe LETTERS 21 1 1609 119681. 

ARTICLE READ BY ODETTE SENARY If\' 716fi, AND VEPJFIEC eY LERCY PPICE. 

BEAM IS PROTON ON PRCTCN AT 28.5 GE'I/C. 

!HIS EXPHliHENT USES TH 8eN.L. 80 IN. CHI BUBBLE CHA!o!BER. A TOTAl OF 150000 PICTUJ:~ES ARE FIEPORTED ON. 

KEY WORDS • CROSS SECT ION HGDELS 
'N*Il6881' N•ll5201013 

lAB(I'lATCRY EEAP' ~C~ENTU~ 28e5 GEV/Ce 

REACT ION 
PROTON PACTON • 

PROTON PROTON PH PI+ PI- PI-
6 PPCNGS 
8 PRCNGS 
10 PRONGS 
PROTON PROTON Fl+ PI+ Fl+ FI- PI· PI-
PROTON PROTON PI+ PI+ PI+ PI+ FJ- PI-
12 PRONGS 
PROTCN PROTON PI+ PI+ PI+ PI+ PI+ PI-

PI- P 1-

( 11 VALUES ARE /IPPC!CXI "AlE ONU'. 

LAeORATOQ'f eEApol fi!OMENTUM "' 2B.5 GEV/C. 

MASS SPECTRU~ ANGULAR OISfRIBUTION 

(TABLE 1 I 

PI- PI-

FI- PI-

(PAGE 71 

I'IILLI-BARNS (11 

• 3BO 
5.500 
2.400 

.450 

.115 

.020 

.oso 

.002 

REACT JON ~I CRC-BARNS 
PROTON PHTCN • 

N•I15~CID13 N•I1520101J ..: 40. 
'N*I16881' 'N•C16881' < 110. 

CELTAI12381 

~PI+· P 'NG PP ELASTIC SC•TTERJNC AT 8.5. "·' •No 10·' G[V/C. JNUOVO CteE,TO ••• 60 Ct••51 I 

RH017651 

D.HARTING,PeBLACKALL,B.EISNER,A.C.HEL"'HOLZ,W.CeHIDDlECOCP,B.POWEll, B.lACHARGV,P.ZANHLA I EUROPEAN ORG. FOR NUC. RES., 
GENEVA, SWITZERLAND) 

P.OALPIAZ,M.N.FOCACCI ,S.FOCARCI ,G.GIACC,..Elll, L.f':QNAPI (UNJV. CI BOLOGNA, BOLOGNA, ITALY 1 
J.AeEANEY,R.A.OONALO,P.!o!ASCN (liVERPOOl UNIVet LIVERPOOL, Et\GLANOI 
L.W.JONES IUNJV. OF MICHIGAN, A/\N ARecR, MICH., USAJ 
O.t:!.CAlCWEll JUNIV. OF CALIFCRNIA, BERKEli;Y, tAt.IF,, VS.&J 

ABSTRACT 4.PPROXIMATElY 60,000 EVENTS I"AVE BEEN COLLECTED IN A SPARK CHAMBER EXPERIMENT AT THE- CERN PROTON SYNCHROTRON 
WHICH STUDIED ElASTIC DIFFRACTION SCATTERING OF PI- P AND P-P AT INCIDENT "'OMENTA OF 8.5 AND 12.4 CEV/C.HAGNETIC 
ANALYSIS OF THE INCO~ING AND CIFFRACTION SCATTERED PARTICLE, TOGETHER WITH MEASUREMENT OF All ANGLES, PER,..JTTEO EACH 
EVENT TO BE DETERMINED AS ElASTIC SUBJECT TO THREE CONSTPAINTSr SO THAT THE INELASTIC BACKGROUND WAS REJECTED \OtTH 
HIGH EFFICIENCY, EVEN AT THE LARGER MOMENTUM TRAt\SFERS. MUCH OF THE CATA I-lAVE BEEN PROCESSED BY THE CERN AUTOMATIC 
FlYING SPOT DIGITIZER IHOI. A CETAILEO DESCRIPTION OF THE EXPERIMENTAL TECHNIQUE AND OF THE METHODS OF ANALYSIS IS 
GIVEN. THE- RESULTS, TOGETHER WITH DATA FROM LOWER ENERGIES, CCNFIFIH THE REpoiARKABlE ENERGY-INDEPENDENCE OF THE SHAPE 
OF THE PION-PROTON DIFFRACTION SCATTERING PEAK UP TO IT/'" 1.5 IGEVICJ-SQUARED, WHERE T IS THE SQUARE OF THE 
FOUR-~DHEt.TUM TRANSFER, OVER A RANGE CF PION ENERGIES FROM 2 TO 18 GEV. PROTON-PROTON SCATTERING DOES HCWEVER APPEAR 
TO SHO._, A SHRINKING CIFFRACTION PEAKe IN GENERAL, THE DATA ACREE WITH OTI-IER EXPERIMENTS USING BOTH COUNTER AND BUBBLE 
CHAMBER TECHNIQUES, euT SO~E CJFFERENCES 00 APPEAR. DURING THE EXPERIMENT, DATA WERE TAKEN WHICH SET AN UPPEP LIMIT 
OF 2•10••-2 MICROBARNS/IGEVICI-SQUARED CN THE DIFFERENTIAl ELASTIC CROSS-SECTION 0-SIGMA/D-T OVER A RANGE OF IT/ FRQfol 
20.9 TO 23.4 IGEV/CJ-SQUAREO AT 13.4 GEV/C INCIDENT PIGN MOMENTUM 

C: 1 TAT IONS 
PHVS. LETTERS Br 288119641, CERN CONFERENCE 897119621, SIENNA CCNFEREt\CE 2122 119631, PHYS. LETTERS 5, 252119631, 
PHYS. LETTERS 7, 76 119631, REV. MOO. PHYS. 26, 655 11964), JETP 3 813 1Jc;561, PHYS. REV. LETTERS lo, 357 119631, 
REV. MOD. PHYS. 36, 649 C1fJ641, PHYS. REV! LETTERS 10, 357 119641, PHYS. REV. LETTERS 1, 2'9 11962), NUOVO CIMFNTO 22 1 

569 119621, N.UOVO CI~.ENTO 27, 208 (19631, NUOVO CIMENTO 27, 856 119631 1 PHYS. LETTERS 8, 287 (19641, PHYS. REV. 
LETTERS 9, 108 119621, PhYS. REV. LETTERS 9, 111 119621, PHYS. REV. lETTERS 10 1 376 11c;63J, PHYS. REV. LETTERS 10 1 

543 119631, PHYS. REV. LETTERS 11, 50~ 119631, PHYS. REV. LETTERS 9, 468 119621,· PHYS. REV. 132, 1252 119631 1 PHYS. 
REV. LETTERS 10, 413 C19t.31, NUCLEAR INSTRUMENTS AND METHODS 22, 165 (19631, PHYS. REV. LETTERS 7, 127 119611, 
ROCHESTER CONFERENCE 443 11960), PHYS. I'IEV. LETTERS 7, 352 1196\Jr PHYS. REV. LETTERS 8 1 173119621, PHVS. REV. 128 1 

1836 119b21t t\UOVO CJHENTO 18, 1184 119601, CERN 63-34, lRl INTERDEPARTMENTAL REPORT UCI0-1889, !;ERN OD/63-15 1 PHYS. 
REV. LETTERS 7, 127 (1961), ROCHESTER CCNFERENCE 443 119601, PHYS. REV. LETTERS 7, 352 l19t:l), PHYS. REv. LETTERS a, 
173119621, PHYS. REV. LETTERS 11, 49c; 11963), PHYS. REV. LETTERS 12, 132119641. PHYS. Rf.V. 107,859 11957), NUOVO 
CU'ENTO 1&, 818 ll96CI, t\UOVO CtMENTO 2l7, 515 119631, NUOVO CIMENTO 37r 391 Cl965J, AND t\UOVO CIMENTO 31, 729 C1964J. 

ARTICLE READ BY OCETTE BENAF\Y II\ ~/be;, AND VERIFIEC BY LERCY PRICE. 

BE•• NO. ! !I PI• QN PPQTQN FRt~ 8.5 TO 18., r.Fvlr.. 
NO. 2 IS PROTON Ot\ PROTON FROM 8.5 TO 18.4 GEV/C. 
NO. 3 IS PI+ ON FFIOTCN FRCM 8.5 TO 12.4 GEV/C. 

THIS EXPERIMENT USES SPARK CHAI"BEFI:S. 

KEY WORDS • Dl FFERENT JAL CROSS SECTI~N FITS CROSS SECT ION MODELS 

CO~f'OUNC K(Y WORD5 .. rJT5 DIFFERENTIAL CR~SS SECTION 
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HASTIC DIFFERENTIAL CRCSS SECTION FCP PROTON PROTON. I TABLE 4 I 

LABGRATORY BEA"' MOMENTUM . 8.5 GEV/C ·- Z.SIPER CENTI. 

-T 0-SU:MA/0-1 
CGEV/C 1••2 Ill "'B/fGEV/CIU2 I 2 I 

.13 2-4.500 .660 

.15 2C.t:5C .f:lO 

.17 17.780 .570 

.10 14.91jQ .520 

.22 lL .a co .330 

.26 8.740 .zao 

.30 7.210 • 250 

.34 Ito 770 .zoo 

.38 3. )CjQ .170 

.42 2.4c;Q .150 ... 1. 7CjQ .120 

.so 1.37C • 110 

.54 1.139 .O'i18 

.sa • ROC': .cAc; 

.65 .485 .C41 

.75 .278 .c32 

.as .U3 .C21 

.95 .059 .016 
1.05 .ose .Cl6 

T IS THE H0MENTUP1 TRANSFER BET~o;EEN THE ( I~CCHING PROTCNJ ANC THE IOUTGOING PRCTCNJ. 

Ill PLUS POS5IOLE 5YSH!tHIC CFlnGn or 1 ren CENT. 
I 2 I PLUS POSSIBLE SYSTEfl'ATIC EFIRCR OF ·- 1 PEP CENT. 

ELASTIC DIFFERENTIAL CRCSS SECTJ(N FCR PROTC:tl PRCTON. I TAHLE 4 I 

LAAORATQRY BEAf' "'OI'Ef\TU~ = 12.4 GEV/C •- 2.51PER CENT!. 

-T O-S I EHA/0-T 
IGEV/C 1 .. 2 Ill fo'.B/IGEV/CIU2 I 2 I 

.13 23.430 .no 

.15 18.400 •• so 

.17 16.220 .uc 

.19 12.lttt0 .tt<;O 

.22 IC.430 .320 

.Zl.l 1. l!IU • .:e:o 
.30 5.3H .220 
.34 Jacc • PiC 
.38 2 .. 960 .160 
.42 2.1(0 .140 
.46 1.430 .110 
.so 1.280 .llO 
.54 • 815 .Ct;1 
.58 .506 .C~9 

.. (I~ • 370 .(;38 
.75 • 178 .026 
.as .oe1 .. czo 
.95 .034 .cu 

1.10 .020 .CCb 
1.30 .012 .cos 
1.50 .Ol.t: .CC5 
~.QO 

T IS THF. MIJHt:NIU~ IKANSt-tt< tlt:rhHN THE (JNCQ~IN(, PROTON) AND THE (CUTGOING PROTON). 

Ill PLUS POSSIBLE SYSTHAliC EPROP OF+- 1 PER CEf\T. 
121 PLUS POSSI6LE SYSTEI"Al.C EP:RQR Of+- 7 PER CENT. 

ELASTIC DIFFERENTIAL CROSS SECTION FCP PROTOf\' PRGTON. (TABLE 41 

LABORATORY BEAM HO,..ENTU~ .. 1B.4 GP.V/C +- 2.5CPER CENT). 

-T 0-SIG"'A/0-T 
IGEV/C 1 .. 2 Ill MB!(GEV/C)U2 12 I 

.19 12.510 .860 

.22 1C. UC .t:OO 

.26 1. 350 .410 

.JU ,.. t!UU • .!f:U 

.:l'l ;.,70 .44Q 

.38 2 .. 360 .no 

.42 1. 710 .12Q ... 1. 200 .too 

.sc 1.064 .cc;s 

.:,i4r o£oC~ .u 11 

.58 .387 .057 

.65 • 277 .. C30 

.75 .092 .018 

.as .. C41 .Gll 

.95 .cso .G 14 
1.10 .013 .005 
1.30 • 005 .CC3 
1.50 .002 .UU2 

'·"" .ceo .000 
3.60 .ooo .coo 

T IS THE MOMENTUM TRANSP!P 8EH1EEN THE (INCOPHNG PROTO!\) ANC THE (OUTGO(f\1:: PRQT(lN). 

ll J VLUS YUSSI8LE SYSTE,ATIC EPRCP CF +- 1 PER CENT. 
121 PLUS POSSJI!LE SYSTEf'ATIC ERROR OF+- 1 PER CENT. 

PROTON PROTCN ElASTIC CROSS SECTION. (TABLE 9) 

I THE TOTAL ElASTIC CROSS SECTION IS OBTAINEC BY EXTRAPOLATING THE MEASURED CROSS SECTICN TO A POINT 6 PERCENT ABCVE 
THE OPTICAL PCINT AT 1=0 J 

LABOP:ATOP:Y 
I!EAtol MOMENTUM 

GEV/C 
PER CENT 

a.5 z .s 
12.4 =!.ll 
18.4 2.5 

Mllli-BAPf\S [ 11 

9.68 .t2 
a.c;n .61 
a.ec .12 

( 1) PLUS POSSIBLE SYSTE~ATIC HROR OF +- 1 PER CENT. 
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FIT TO ELASTIC CIFFERENTIAL CROSS SECTION FOR PROTOf\ PROTON. lTASLE b) 

LABORATORY BEAM MOMENTU"' .. 8.5 GE~/C +- 2.5CPER CENT). 

DATA IS FIT OVER -1 FRO"' .13 TO .50 CCEV/CJ••z. T IS THE MOMENTUM TRANSFER BETWEEN THE I INCOMING PROTON) AND THE 
(OUTGO lNG PRCTON J. 

FITTED FOR,.ULA IS C-SJGHAIC-T = EXPIA+BT) 

WHERE D-SIGHA/0-T IS IN HB/ICEV/CJU2 AND-TIS IN IGEV/() .. 2. 

FITTED VALUES 

A .. 4.t9a •- .cze 
0 - 1. 75 • - • II 

FIT TO ELASTIC DIFFERENTI.Al CRCS:S SECTIC!f\ FC·Fi PROTCf\ PROTON. 

LABORATORY SEA,. JII:OJIIENTUM 12.-4 GEV/C +- 2.5CPER CENT). 

IT ABLE 6) 

CATA IS FIT OVER-T FROH .13 TO .50 IGEV/CI .. Z. TIS THE H0"4ENTUH TRANSFER BEThfEN THE (INCOMING PROTON) AND THE 
IOIJT(o(liN('. PRnTnt,J. 

FITTED FORMULA IS 0-SIG~A/0-1 = EXPIA+81) 

WHERE D-SIG~A/0-T IS IN 1'!8/IGEVICI .. Z AND -T IS IN CGEV/CJ .. z. 
f JTTEC VALUES 

A ,. ~.150 +- .C33 
a .. 8.19 •- .13 

FIT TO ElASTIC DIFFERENTIAL CPCSS SECTION FOR PPOTOf-0 PROTON. (TABLE 6 J 

LABORATORY BEAM HOMENTUp.4 18.~ GE';'/C •- 2.5(PER CEp.;TJ. 

DATA IS FIT OVER -T FROM .19 TO .50 IGEV/CI**2. T IS THE 1'.0'1ENTUH TRANSFER BETWEEN THE ( JNCO"tiNG PROTON I AND THE 
I (UTGO lNG PROTON 1. 

f ITT EO FOP HULA IS C-S JGMA/0-T .:o EXPf A+RT J 

WHERE 0-SIG~A/0-T IS IN HBilGEV/CJ .. 2 AND -T IS IN IGEV/CI .. 2. 

FillED VALUES 

A .. 4.178 •- .c8c 
e .. 8.5a •- .24 

FIT TO ElASTIC OIFFERENTIH CPCSS SECTIOI FOP PPOTON PROTON. (TABLE 71 

LABORATORY I!EAH HC~ENTUfol 8.5 GEV/C •- 2.51PER CENTI. 

DATA IS FIT OVER-T FROM .13 TO .95 IGEV/CI••2. TIS THE MOMENTU~ TRANSFER BETWEFN THE I INCOMING PROTON! ANC THE 
(OUTGOING PR010t.1. 

FITTED FORMULA IS 0-SIGHA/0-1 "' EXP(A+8T+CU•21 

WHERE 0-SJGio!A/0-1 IS IN MBIIGEV/CJ .. 2 AND -T IS IN IGtV/l:l .. l. 

F J TT EC VALUES 

A .. 4.241 +- .(44 
a .. e.16 •- .2e 
c .. .84 ·- .36 

FIT TO ELASTIC OJFFERENTJH CRCSS SECTION FOP PROTON PROTON. (TABLE 71 

LABORATOPY I!EAfl HO~ENTUM 12.4 GEV/C +- 2.51PER CENH. 

DATA IS FIT OVER-T FROM .13 TO .95 tGEV/(JU·2. TIS THE HOI'IENTUH TRANSFER BETWEEN THE (INCOMING PROTON) AND THE 
(CUT GOING PRC!TOI\ J. 

rJTTI!O ronMULA 15 O··SIOr-'./O·T ·.: cnrU•BTtGH•~J 

WHERE t-SJGMA/0-T IS IN MB/tGEV/CI .. 2 AND -T IS IN IGEV/CI .. 2. 

f ITT EO VALUES 

A .. olt.25Ci +- • C53 
8 .. 9.05 ·- .)4 
c .. 1.41 ·- .44 

FIT TC ELASTIC OIFFERENTI.H CROSS SECTION FOR PROTON PROTON. (TABLE 71 

LABORATORY BEAfl H.OfiEHUM 18.'• GEV/C •- 2.51PEP. CENTI. 

DATA IS FIT O~ER -T FROI" .19 TQ .95 CGEV/Cl .. 2. T IS THE I'!O"'ENTUM TRANSFER BETWEEN Tt-.E (INCOMING PROTON) AND THE 
tCUTGOJNG PROTON). 

FITTED FORMULA IS t-SIGfiA/C-T ., EXPtA+BT+CT••2J 

WHERE 0-SJGH/1/0-T IS IN M8/IGEV/CI**2 AND -1 IS IN CGEV/CI**2· 

FITTED VALUE~ 

A ,. 4.391 +- .131 
a .. 9. 79 • 63 

c .. 1.5~ ·- .69 
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FIT TO ELASTIC DIFFERENTJ~L CACSS SECTION FOR PROTON PROTON. (TABLE 81 

LABORATORY BEAfol MOI"E~TU~ 8.5 GEIJ/C +- 2.5(PER CENTJ. 

DATA IS FIT OVER -T FRO~ .13 Hi 1.05 tGEV/C) .. 2. T IS Tt-iE !'4QHENTUM TRANSFER i!ETWEEN THE (INCOMING PROTON) AND THE 
[(jUTGOING PROTON). 

FITTED FOR,.,ULA IS t-SJG!"j!,/C-1 =r OP(A+BHCTnl). 

WHERE 0-SIGMA/0-T IS It\ MB/tGEV/(JUZ AND -T IS IN (GE\1/CI••z. 

FITTED VALUES 

A 4.266 •- .C42 
B = 8.35 +- .25 
C : t.H +- .31 

FIT TO ELASTIC OIFFERENTlAL CRC~S SECTION FOR PROTOt-. PRCTON. (TABLE 81 

LABORATORY SEA,., MO~ENTU,., :. 12.4 GEV/C +- 2.5CPER CENTI. 

DATA IS FIT OVER-T FROM .13 TO 2.00 {GfV/(1 .. 2. TIS THE MOMENTUM TRANSFER BETWEEN THE {INCOMING PRQTOt\J AND THE 
(CUT GOING PROTON J. 

FITTED FORMULA IS C-SIGMM0-1 = EXP(A+BHCT .. ZI 

WHERE 0-SIGMA/0-T IS IN HB/IGEV/CI .. 2 AND -T IS IN IGE\I/CJ••2. 

FITTED VALUES 

A ::: (j.J52 +- .(34 
B = c;.11 +- .u: 
c 2.33 ·- .14 

FIT TO ELASTIC OIFFERENHAL CRCSS SECTION FOR PROTO!\' PROTON. [TABLE Bl 

LABORATORY BEllM MO~ENTI,I~ !~,• GEVn •- z.~IPER CENTio 

DATA IS FIT OVER -T FROM .19 TO 3.60 IGEV/CJ••2. T IS THE MOMENTUfo! TRANSFER eETWEEN THE ( INCCMING PROTON I AND Tt'E 
I CUTGOJNG PROTON I. 

FITTED FORMULll IS 0-SIGMli/0-T = EXPU+BT+C1 .. 2J 

WHERE 0-SIGHli/0-T IS IN ~BIIGEV/Cl••2 AND -T IS IN IGEV/CI .. 2. 

FIT TEO VALUES 

A 4.41B •- .06(: 
8 .. 9.96 ·- .21 
C = 1.7t: •- .1C 

~PION EXCHAN~E OOHINANCE IN THE REACTION PP - N DELTA" 112361 AT HIGH ENERGIES. ( PI-:YS. REV. LETTERS 24, 1C31 119701 J 

Z.H.HA,G.A.SHITH,R.J.SPRAFKA,G.T.WJLLIAHSCN (MICHIGAN SlUE UNIV., EliST LANSING, I"ICH., USAJ 

ARHRAC,T THF f.H&nr.Foo:.Frr.II6Nr.f Df"ArTTON PP., N Ohllllu 111il6t Wo\'0 e.;;~a~ oH.Jt.~'o'!H' •J~ !Q .:!i!,;il O:(i'!.'O: TO TlaT TtU; tQNG!;f'T Qf 
DOMINANCE IN THE T-CHANNEL BY HIGH-LYING REGGE TRAJECTORIES AT VERY t-:IGH ENERGIES. THE RESULTS PROVIDE CLEAR EVIDENCE 
FOR NO MORE THAN PION EXCHANGE UP TO THE HIGHEST MOMENTUM STUDIED. 

CITATIONS 
PHYS. LETTERS 1B, 116 ll'i65J, PHYS. REV. LETTERS 16, B55 11966), PHYS. REV. LETTERS 11, 7B9 (19661, PhYS. REV. 
U!TTI:Il~ \Q, 0~7 '!~P'I, PfJYi. !'6\,1, Lll, U"tl U?HI, tli.IQYQ (;JMUHD l\, 135 ll?t.-\1, UUOVO OtriCtiTO ltOAt Ol1 IU!llh 'IWl;. 
REV. LETTERS 19, 925 (19611, PHYS. REV. LETTERS 23, 342 119691, NUOVO CI~";ENTO 56A, 269 11Ci681, PHYS. REV. 1B2, 1538 
t19b91, PHYS. REV. 182, 1519 tl969J, PHYS. R(:V. U4t LZEI4 1196Ht PHYS. PEV. 138, 8610 119651, PHY~ .. RF.V. l?"i, ].OR?. 
119621, PHYS. REV. 123t 2160 119611, NUOVO CJMENTO 49A, 419 119671, PHYS. REV. 113, 1322 Cl9b9), NUOVO CI~ENTO 53A, 
23l 11GhRI, PHY$ .. AF,V .. IH, H3E (\':j61JI, AND PHYS. REV. LETTERS 21! 6Cil7 ll96BI .. 

APTICLE 'READ BY CCETTE BENAP.Y ll\ 12H9, AND VERIFIED BY LEROY PAIC[;. 

BEAI" IS PRCTON 0"' PROTCN FROfo' 13.0 T() 24.2 GEV/C. 

THIS EXPERI~ENT USES TH 8.N.L. 80 If\. (HI BUBBLE CHAMI!ER. 

KEY WQROS • CROSS SECT ICN CELTAI12381++ MODELS 

CROSS SECT ION FOR PROTON PRCTON • NEUTPON DELTA 11238 I++. l PAGE 4 I 
UELlAtlo!JtUH • PMOTUN PH Ill 

C THE C::UOTEC ERRORS INCLUDE POSSIBLE SYSTEMATIC UNCERTAINTIES I 

LABGPATORY 
BEAM MOMENTUM 

GI!V/C 
13.0 
1B.1 
21.1 
24.2 

MILLI-BARNS 
.550 •- .O'i'i 
.3C1 .C52 
.~11 .csJ 
.205 .041 

( 1 J COUNTED ONLY EVENTS .&BOVE BACKGROUND. 
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~RECENT EXPERIMENTAL RESCLTS o•'" SCATTEOI"G FRO. 6 TO 30 GEVIC. [CERN t-AORO~ CONFERENCE 2 523 I tt~6811 

M.J.LONGO IUNIII. OF MlCt'IGAN, tto.t\ ARi!CR, ~ICH., USAJ 

CLOSELY RELATED REFERENCES 
PART OF THIS ARTICLE SUPERSEDED BY PHYS. REV. LETTERS 20, 468 I 19681. 

ACOITIONAL CITATIONS 
PHYS. REV. 138, 8913 (19651, PHS. LETTERS 19, l-41 (19651, PHYS. LETTERS 14, 16ft 119651, PHYS. REV. LETTERS 19,857 
11967), PHYS. LETTERS 21, 339 11966), NUOVO CI~ENTO 42Ar 365 119661, PHVS. REV. 100, 2-42 119551, PHYS. RfV. llo6, 980 
119661, INT'L. CONGRESS CN NUCLEAR PHYSICS,PARIS,FRANCE 162119641, JETP 181239119631, NUL Pt'.YS. 7fi, 699119661, 
PHYS. REV. LETTERS 16, 1211 119661, SLAC 66 Cl966J, ANC NUOVO CIMENTO 38r 60 (19651. 

ARTICLE READ BY LERCY PRICE IN lti1C, AND VERIFIED BY ODETTE SENARY. 

SEA"" IS ~EUTRQN ON PROTON FRC,... 14 Tt; 30 GEV/C. 

THIS EXPERIMENT USES COUNTERS IH.C SPj!,RK CHAMeERS. 

KEY WORDS • CROSS SECT JCN 

•••••••••• 0 ••• 

• NO OAT4 PIINC:HEC FOR THIS ARTICLE • 
•• 0 ••••• 

rrm STUDY OF INELASTIC PROTCN-PROTO• SCATTERING AT 12.5 GEV/C. IPHYS. REV. LETTERS 21, 1097 1196811 

J.G.ASBURY,L.G.R4TNER (ARGONNE fo.AT. LABu ARGONNE, Ill., USA) 
A.L.REAO (NATIONAL ACCELERATOR LAS., BATAVIA, ILLINOIS) 
Q.G.CRABB,J.L.OAY,A.D.KRISCH,M.T. liN,JI!.L.MARSHAK lUNIV. OF MICHIGAN, ANN ARROR, MlCH.- USAJ 

ABSTPACT WE HAVE TESTED EXPERIMEr-.TALLY ThE MODEl THAT THE THREE REGIONS SEEN IN PP ELASTIC SCATTERING ARE THE 
DIFFRACTION SCATTERING DUE TO PI, K, AND PBAR PRODUCTION. THE INELASTIC PP CROSS SECTION WAS MEASURED ON CIRCLES OF 
COt\STANT PfC.PII..). ONE CDNUJNEO A PURE SAMPLE OF INElASTIC PI EVENTS; THE OTHER, BOTH PI AND K EVENTS. THE CROSS 
SECTION HAS A BREAK CN BGTH CIRCLES St-OWING THAT THE BREAK IS NOT DUE TO K MESONS AND THAT THE HODEL IS h'RONG. 

CIT AT IONS 
PHYS. REV. LETTERS tO, 376 ft963J, PHYS. REV. LETTERS tO, 543 lt963J, PHYS. REV. LETTERS 11,425 ftQ631, PHYS. PEV. 
LETTERS fl, 503 lt963J, PHYS. REV. LETTERS t4, 862119651, PHYS. REV. LETTERS 15,45 lt9651, UCRL 16275 (1966), PHYS. 
REV. LETTERS 11, 499 Cl963J, Pt4YS. REV. 138, Bt65 I t9651, PHYS. REV. LETTERS ll, 1105 119661, PHYS. REV. 159, 1139 
11967), PHYS. LETTERS 23, 369 f1<i661t PHYS. LETTERS 258, 156 (19671, PHYS. LeTTERS 278, 49 (19681 1 PHYS. REV. LETTERS 
19, tt49 119b7J, PHYS. REV. LETTERS 18, 1147119671, PHYS. REV. 135, Bt456 (1964), PHYS. LETTERS 258,228 (19681 1 PHYS. 
REV. 166, t353 f t968), PHS. REV. LETTERS 19, 198 f196T), AND PHYS. REV. LETTERS 21, 830 (19681. 

ARTICLE REAC BY LEROY PRICE IN 4/70, A-NO VERIFIED BY ODETTE SENARY. 

SEA~ IS PROTON 0,.. PROTON AT 12.5 GEV/C. 

THIS EXPERIMENT USES CCUNTEHS. 

KEY WCROS • CROSS SECTION 

.................. 
NO DATA PUNCHEC FOR THIS ARTICLE 

~PION, KAON, AND ANTIPROTON PRODUCT IC,._ IN THE CENTER OF MASS IN HIGH ENERGY PROTON PROTON COLLISIONS. 
~ CCNFERENCE 2 262 (196811 

C.W.AKERLOF,D.G.CRA88,J.L.OAY,A.O.KRISCH,M.T.LJN (UNIV. OF )IJCHIGAt>, ANN ARBOR, MICH., USA) 
L.G.RATNER [ARGONNE NAT. LAB., ARGCNt\E, ILL., USA) 
K.W.EDWAROS [UNIV. OF IOWA, IGWA CITY, IGhA, USA) 

ClOSELY RELATEC NEHRI:Nt:l::::, 
DATA SUPERSEDED BY PHYS. REV. t66, 1353 f 19681. 
CONTINUATION OF PREVIOUS EXPERJ,..,ENT IN PHYS. REV. LETTERS 18, 1218 (19671. 

ADDITIONAL CITATIC"'S 

tCERN HADRON 

PHYS. REV. LETTERS 7, 1C1 Cl9611, NUOYO CIMENTO 31, 961 f19b41, PHYS. REV. 137, B962 (19651, P!-!YS. REV. LETTERS 14, 
504 C1Cib51, PHYS. REV. LETTERS 16, 855119661, PHYS. REV. LETTERS 19, 198119671, UCRL 10022 f196tl, P!-!YS. REV. 
LETTERS t7, ll05 (19661, PHYS. REV. LETTERS 159, 1138 119611, PHYS. REV. t35t 81456 C19641, PHYS. LETTERS 258, 156 
119671, NUOVO CIHENTO 2T, 203 (19631t AND NUOVO CIHENTO 27, 856 (19631. 

ARTICLE REAC BY LEROY PRICE IN 4/70, AND VERIFIED BY ODETTE SENARY. 

BEAI'! IS PROTON ON PROTON AT t2.5 GEY/C. 

THIS EXPERIMENT u::,t::s l:UCNI€KS. 

GENERAL CCHJII:ENTS ON THIS ARTICLE 
1 THIS ARTICLE IS ESSENTIALLY IDENTICAL TO RATNER, ET AL., PHYS. REV. 166, 1353119681 

KEY )ri0ROS • ANGULAR DISTR IBUTIO,... FITS 

COMPOUND KEY WORDS • FITS ANGULAR DISTRIBUTICN 

.................. 
NU lJAIA JIUNI.Htl tUK It: IS Aid h:.Lt: .............. 
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f""1"'ii":i PION, KAON, AND ANTIPROTON PRCOUCTJGI\ IN THE CENTER-OF-MASS IN HIGH-ENERGY PROTCN-PRCTCN COLLISIONS. 
~ 1353 ll968J I 

(Pt'YS. REV. 166, 

11041 

L.G.RATNER (ARGONNE NJIT. LAB., 6RG(iNI\E, ILL., USA I 
K.W.EOWAROS (UNJV. OF IOWA, ICWA CITY, IOWA, USAI 
C.W.AKERLOF,O.G.CRABB,J.L.OAY,A.Q.KRISCH, M.T.LJN (UN!V. OF MICHIGAN, ANN ARBOR, ,.,.ICH., USAJ 

ABSTRACT THE DIFFERENTIAL PFIGCUCTICN CROSS SECTION 10 .. 2-SIGMA/0-0MEGA OPI HAS BEE/\ ,.EASIJR.EO FOP PIONS, KACNS, At\0 
ANTI PROTONS PRODUCED IN 12 • 5-GEV /C PROTON-PROTON COLLIS IONS. IN THIS EXPERIMENT WE STUD! ED THE DEPENDENCE 
OF 10••2-S I GHA/ C-OMEGA OP I CN THE LONG ITUOINAL AND TRANSVERSE COMPONENTS OF THE C.~- /I'C,...ENT A CF THE PRGI:UCEO 
PARTICLES, P-LONGITUDINAl AND P-PERPEI\OICULAR, WhilE HCLOING All OTHER VARIABLES FIXED IN THE CENTER-OF-. I"ASS SYSTEM. 
THE RANGES OF THE CO~PCNENTS MEASURED WERE P-lONGITUDJNAL = D.D- L.D GEV/C AND P-PERPENOICULAR .. 2 = 0.1 - 1.5 
(GEV/CI••2. THE 12.5-GEV/C EXTRHTEC PROTON BEA"' OF THE ARGONNE ZGS IMPINGED UPON A liOUIO-HYOROGEN TARGET. THE 
PRODUCED PARTICLES i4'ERE: DETECTED BY A SPECTROHETER CONTAINING TWO BENDING ~AGNETS AND CERENKOV COUNTERS AND 
SCINTILLATION COUNTERS IN COINCIDENCE. THE INCIDENT PROTON FlUX WAS DETERMINED BY HONITOR SCINTillUORS CAl teRATEC 
DURING GOLD-FOil IRRAOIATICNS. THE CRCSS SECTIONS FOR THE PRODUCTION OF PI+- AND K+- WERE All FOUND TO HAVE AN 
UNAMBIGUOUS GAUSSIAN DEPEI\OENCE ON P-PEPPENDICULAR OVER THE ENTIRE RANGE. IN THE FORMULA (0 .. 2-SIGMA/D-OMEGA DP) = B 
EXP C-AP-PERPENOICULAR .. 21, WE FOUND A APPROXIMATELY"' 3.5 fGEV/CI .. -2 FOR PI+- AND K- •. HOhEVER, FORK+ WE HUNO A 
APPROXIMATELY.., 2.1 fGEV/CI .. -2. IN STUDYING THE OEPEI\OENCE OF (0 .. 2-SIGH•HD-OHEGA OPI ON P-LONGITUOINAL, WE FOUND 
THAT THE CROSS SECTION WAS VERY STRONGLY PEAKED ABOUT P-LCNGITUOINAL APPROXIMATELY ECUAL TtJ 0.5 GEV/C, \riiTH VERY FEW 
PARTICLES PRODUCED NEAR P-LONGITUDINAL • 0. TillS SHOWS THAT THfRE IS NO TENDENCY FOR PAt<llt.ll:~ IU BE PRCOUCED AT fl.EST 
IN THE CENTER-OF-MASS SYSTEM. I SUCH PRODUCTION IS PREDICTED BY THE STATISTICAl I'ODEL.) INSTEAD, PAPTICLES COME OU·T IN 
T"-0 CLOUDS OR •FUIEBAllS' FOllO\<IING THE TWO CEPARTING BARYONSa THESE FIREBALLS HAVE A MASS OF ~BOUT 2100 MEVa 

CLOSELY RElATED REFERENCES 
SEE ALSC PHYS. REV. LETTERS 21, 830 11968la 
THIS ARTICLE SUPERSEDES CERN HACRCN CCNFERENCE 2 262 (19691. 
CONTINUlr.TION OF PREVICUS EXPERIMENT IN PHYS. REV. LETTERS lB, 121e 119671. 

ADDITIONAL CITATIONS 
NUOVO CIMENTO 31, 961 119641, PHS. REV. 131, 8962 11965), PHYS. REVa LETTERS l-4, 5D4 1196';t, PHYS. REV. LETTERS 16, 
855 (19661, PHYS. REV. LETTERS 19, 198 11967), UCRL 10022 (19611, CERN MPS/EP66-4 ll'i66J, UCRl 16830, PHYS .. RF.V .. 
LETTERS J.1, llU) 11'1661, Pt-YS. REV. 159,1138 H961J, PHYS. LETTERS 258, 156 (1967), Pt:VS. REV. 135, Bl4S6 (19641, 
PHYS. LETTERS 258, 22e 11967), Pt-!YS. RE\1. 128, 2392 (19621, ANNUAl REV. OF NUCLEAR SCIENCE 13, 261 119631, ANl PAD 
RJL-2, ANL PAC RJL-3t ANL P~C RJL-5, AN( P~D P.JL-6, CERN NP/INT66-2 11966), CERN HPS/63-23 119641, CERN NP 62-17 (19621, 
NUOVO CIHENTO 27, 703 ll'Oh-:tl, NIJfJVf) CII"ENTO 4:7, 856 (1c;l6JJ, AND f'HYS. REV• 7, 101 ll'illl1. 

ARTICLE REAC BY LERCY PPICE It. 4/10, ANC VERIFIEC BY OCETTE SENARY. 

BEAI" IS PROTON ON PROTCN AT 12.5 GEV/C. 

THIS EXPERJ,...ENT USES COUNTERS. 

KEY \riOROS • ANGULAR DISTRlBUTIOI\ FITS 

COMPOUND KEY WORDS • FITS ANGI..LAR DISTRIBUTION 

................... 
NO D~TA FUNCHH FOR HIS APTICLE • ........ 

PARTICLE PRODUCTION AT HIGH TRAI\"SVERSE I"CI"Et\TUI'. (PHY$. REV. LETTERS 21. R3C 11911Ril 

D.G.CRABB,J.l.OAY,A.O.I<RIS(H,Ji'.T.UN,,...L.MARSHAK IUNJV. OF MICHIGAN, ANN ARBOR, MICH., USA) 
J.G.ASBURY,L.G.RATNER (ARGONNE 1\AT. LAB., ARGONNE, Ill., USA) 
A.l.READ lNHIONAL ACCELERATOR LAB., BATAVIA, ILLINOIS) 

ABSTRACT WE HAVE HEASUREC 10 .. 2-SIGHA/0-CMEGA DPI, THE DIFFERENTIAl CROSS SECTION FOR THE PRODUCTION OF PI+- MESONS, 
AT HIGH P-PERPENDICULAI', IN 12.5-GEV/C PROTON-PROTON COlliSIONS. \riE COVERED THE RANGE P-PERPENOICULAR-SCUARED., 1.0 -
6. n f('S:III('o•~ .UJI) Tl~t; ("!'Otc u;,TUW t.PPEA"G '0 011'\e~·ll U llf)OUT l'::i HH:.~I'l.lnt. l"U3, tOnz=~lll~AIIJ-U~I:I,A 01'1 AI'HARS 
TO BE THE SUM OF TWO GAUSSIAN$ IN P-PEP.PENCICULAR. 

CLOSELY REL.6TED REFEREI\CE5 
CONTINUATION OF PREVIOUS DPERif!IENT IN PHYS. REV. 166, 1353 119681. 

A~!)JTlO~!.\L. f:IT.".TJQPl' 
PHYS. REV. LETTERS 17, 1105 11966), PHY'S. REV. 159, 1138 119671t PHYS. LETTERS 25B, 156 119671, PHYS. LETTERS 27B, 49 
fl'9h8lo ANn PHYc;. RF.V. I.FTTF9<; IQ, 11t.Q I}Oio"71. 

ARTICLE READ BY LERCY PRICE IN 4/7C, AND VERIFIED BY COETTE SENARY. 

BEllM IS PROTO~ CN rAOTON AT 12•5 GEV/C. 

THIS EXPERIMENT USES ·COUNTERS. 

KEY WORDS • ANGULAR DISTAIBUTIOI\ FITS 

CCf'FOUND KEY WORCS • FITS ANGCLAR CISTRIBUTJON 

............. 
• NO DATA PUNCHEL: fU~ IHn AIU lt:LE ........ 
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~ PROCUCTION OF K• •ESO•S I• 2.85-6NC 2.40·8EV PP CCLLISJCNS. IP"YS. REV. 168, 1495 1196811 

J.T.REEO,A.C.~ELISSJNQS,N.W.REAY,T.YAMANOUCtH IUNIV. OF ROCHESTER, ROCHESTER, N. Y., USA) 
E.J.SACHARIOIS, S.J.LINDENBAUfo',S.OZtii<I,L.C.L.YU/IN (I!ROOKHAVEN NAT. LAB., UPTON, L.J., N.Y., USAJ 

ABSTRACT WE REPORT AN EX PER !MENTAL MEASUREMENT OF K+ MESON PRODUCTION IN PP COLLISIOt\S AT 2.85 AND 2.40 eev. TI-.E 
MOI"ENTU"' SPECTRA OF THE K+ 1-lESOt..'S ARE GIVEN AT THE THREE LABORATORY ANGLES OF ZERO DEC. 17 OEG. AND 32 DEG. THE K+ 
MESONS WERE IDENTJFIH BY MOMENTUM AND VELOCITY USING DIFFERENTIAL CERENKCV CQUtiTEPS WITH A COMBINED REJECTION OF THE 
ORDER OF 10 .. -6. lT IS St-lOt..N THAT THE PRODUCTION SPECTRA CAN BE ACCOUNTED FOR BY A ONE-fo'.ESON-EXCHANGf "'ECHAkJSM WITH 
THE INTRODUCTION OF APPROPRIATE CUTOFFS. ill THE HIGH-ENERGY LIMIT OF THE ZERO OEG. SPECTRUM, A.CLEAR PEAK IS 
(BSERVED, WHICH IS ATTRIBUTED TC THE LOW-ENERGY LAMBDA-P INTERACTION IN THE K-LA,.BOA-P FINAL STATE. NO OTHER 
ENHANCEMENTS OR PRONOUNCEC EFFECTS DUE TG RESONANCES EITHER IN THE YP OR KY SYSTE"' ARE OBSERVED. 

CUJSELY RELATED REFEREt\CES 
SEE ALSO PHYS. REV. 142, 918 (19661. 
IHlS AKIICLE: SUPE~SEOES PI-YS. REV. LETTERS 14 1 604 1196,. 
CONTINUATION CF PREVIIJUS EXPERI,..ENT IN PHYS. REV. <}3, 1431 119541, PHYS. REV. 103, 4C4 (19561, PHYS. REV. 105, 1931 
( 19571, AND PtiYS. REIJ. 128, 2373 119621. 

ACCJTIONAL CITATICt\S 
PHYS. REV. 123, 1465 119611, PHYS. REV. 147 1 922 119661, PHYS. REV. 154, 1284 (19671, NUOVO Clfo4ENTO SUPPLEMENT 24 453 
119621, NUCLEAR INSTRUMENTS AND METHQDS 35, 301 tl9651, BNL 7ll(l248), FORTSCHRITTE OER PHYSIK 9, 549 (1961J, REVIEW 
OF SCIENTIFIC INSTRU .... ENTS 25, 1C70 11'~541, PHYS. REV. 107 1 859 119571, PHYS. REV. lZS, 2392 119621, PHYS. REV. 137 1 

B962 119651, PHYS. REV. 14e, 1315 (19661, PHYS. REV. 101, 796 119561, PHYS. LETTERS 21, 229 U966), BERKElEY 
CONFERENCE ABS.9.A.6 11c;167l, BULL. AM. PHYS. SOC. 10, 117 119651, UNIV. CF MARYLAND 469 119651, PHYS. REV. 82, 738 
11951), ANNALS OF PHYSICS 19, 458 (19621, PHYS. REV. 131, 2239 119631, PHYS. REV. LETTERS ll, 164 119641, PHYS. REV. 
LETTERS 13, 484 119641, PHYS. REV. LETTERS 13 1 668 119641 1 BULL. A .... PHYS. SOC. 12, 104 (19671, AND PHYS. REV. 
LETTERS 13, 282 (1964). 

ARTICLE REAC BY LEROY PRICE IN 4/lC, AND VERIFIED BY ODETTE BENARY. 

BEAf" IS PROTON Of\ PROTCN FRO~ ~.203 TG 3.61(; GEV/C. IBE~M KINETIC ENERGY 2.40 TO 2.85 GEVI 

TtHS EXPERJJII.ENT USES COI.:NTERS. 

KEY WORDS" ANGUL.AR OlSTPISUTJQh CPOSS SECT ION 

.................. 
• NO DATA PUhCHEI: FGF! THIS ARTIClE .... . ...... . 

~PROTON-NEUTRON TRIPLE SCATTERING 6T 425 .ev. 

STRANGE PARTICLES 

IPHYS. F!EV. 175, 1704 (l%811 

S.C.WRIGHT,O.SHAWHAf.o (UNIV. OF CHICAGQ, CHICAGO, ILL., USAJ 
L.PCNORQM,S.OLSEN,R.HANOLER IUNIV. OF WISCONSIN, ,.._AOISON, WISC., USA) 

ABSTRACT THE PROTON-NEUTRON TRIPLE SCATTERING PARAMETERS P, O, R, AND A HAVE BEEN MEASURED AT LAB ANGLES OF 20 OEG, 30 
DEG 1 AND 42 OEG, AT 425 lli:EV INCIDENT PROTON ENERGY. POLARIZED PROTONS WERE SCATTERED FROM NEUTPONS IN DEUTERIUM, AND 
THE fi~~L PROTON PCLAPJZATION WAS MEASURED WITH A CARBON PLATE loiiRE-SPARK-CHA,.fEP SYSTE,.. THE PECOIL NEUTRONS WERE 
OETECTEU. PP QUASIELASTIC SCATTERING FRCM DEUTERIUM WAS ALSO STUDIED AT 30 DEG. AND 42 DEG. AS A.CHECK ON THE I"'.PULSE 
APPROX II": AT ION. 

CLOSELY RELATED REFERENCES 
SEE ALSO PHYS. REV. 1&9, lC26 (1"681, AND'.PHYS. REV. 140, 1533119651. 

ACOITIONAL CITATIONS 
UCP.L 50426, PHYS. REV. 173, 1272 ()<lhRI, .6NO RFV. P'!nn. PHYS. 39, 713 tl967). 

ARTICLE READ BY LEROY PRICE IN 4/10, At\0 VERIFIED BY ODETTE SENARY. 

BEAM IS PROTON ON CEUTERON AT .989 GEV/C. (BEAM KINETIC ENERGY • .425 GEVI IBEAM IS PCURIZED 54 PER CENT INOR,.AL TO 
THF RF.AH niREf.TIONJ. 

THIS EXPERI,.ENT USES SPARK CtiA,.E!ERS. 

KEY WORDS .. POLARIZATION 

................... 
• NO DATA PUNCHED FCR THIS APTICLE • ........ 

NP INELASTIC INTERACTIONS AT ENERGIES FROM 2 TO 10 GEV. til. STUDY OF N PI PI-COMBlhATIONS IN THE REACTION NP•NP PI+ PI+ 
PI- PI- (M PlOl IJit\R E1-3940 1196811 

V.I.MGRCZ,A.V.NIKITIN,YU.A.TROYAN (JCINT INST. FOR NUCL. RESEARCH, OU8NA, US~R1 

ABSTRACT 130 EVENTS OF THE TYPE NP•NP PI+ PI+ PI- PI- IH PIOI IJRIGINATING IN A PROPANE BUBBlE CHAMBER IN AN EXPOSURE 
TO ~EUTRONS WITH ENERGIES FROM 2 TO 10 GEV HAVE BEEN SELECTED. IT IS SEEN THAT THE EFFECTIVE MASS DISTRIBUTIONS OF P 
PI+ PI+ 1 P PI+ PI- AND P PI- PI- COMBINATIONS APE SATISFACTORILY EXPLAINED BY N:t++(l236J AND N•-tl2361 PI-'OUUC.:TIUNS. 

CJTATIChS 
Jlh'R Pl-3145 119671, NUC. FHYS. 47, 33 (19631, NUOVO CIMENTO 34, 1644 119641, NUOVO CIMENTO 55, A66 11'i661, PHYS. 
REV. 154, 287 fl961J, AND PHYS. REV. 161, 1367 I 19671. 

ARTIClE REAC BY LERCY PPICE IN 4170, ANC VERIFIED BY ODETTE SENARY. 

BEAM IS NEUTRON ON HYCROGEN Cl:foiPOUNC FROM 2 .. 786 TO 10.900 GEV/C. IBEAM KINETIC ENERGY .. 2 TO 10 GEVI 

THIS EXPERIMENT USES THE CUBNA 24 LITER IHLBCI BUBBLE CHA"'BER. 

KEY HPDS .. MASS SPECTRUM ~ITS 

COfi'PDUND KEY WORDS • FITS ~'!AS~ SPEClRUM 

................... 
• NO DATA PUNCHEC FOR HilS ARTICLE ...... 

A TOUl OF 22000 PICTURES ARE REPORTED ON. 
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r-:iii'ii1 POL/IAilATIOto: AND C:JFFERENTIAL CROSS SECTIONS IN PROTON-PROTO,._ AND PPOTCN-NUCLEUS SCATTERit.:GS AT 7Z5 p.o.ev. 
~ 137, 862C Cl9b5Jl 

(PHYS. REV. 

P.G.HC MANJGAL 1 R.O.EANCJ,S.N.KAPLAN,B.J.MOYER IU.C. LA"-RENCE RAO. LAB., BERKElEY, C/ILJF., USA, AND UNIV. OF CAUFORNU, 
BERKELEY, CALIF. r USA J 

ABSTRACT THE PULARIZATION Al\0 ANGULAII DISTRIBUTION OF PROTONS SCATTERED FROM PRCTONS, HELIUM, SERYLLIU,.., CARAON, 
ALUMINUMt CI\LCIUP', JRClNt A~O Td!\U.LUM 'r.'ERE I'IEASUREI: tiS FUNCTIONS OF ANGH AT 7.2~ "'EY. A VARIATlON OF THE USUdl 
DOUBLE-ELASTIC SCATTERING /II'ETHOO WAS USED, IN THAT THE SENSE OF THE FIRST SCATTERING ANGLE WAS REVERSED IN FINDING 
ASYMMETRIES, RATHER THAt\ TH SECONC .ANGLE. ENERGY ANALYSIS OF THE SCATTHEO BEM1 lo/AS ACCOMPLISHED BY P'EANS OF A 
102-0EGREE HIIGNETIC SFECTRC~ETER IILLO~tt.G A TOTAL RESOLUTION OF +- 10 MEV. THE DATA l>iEP:E FITTED \r!ITH liN OPTICAL 
HODEL. IN THE PROTON-NUCLEUS SCATTERING THE POLARilATIC!N REACHES A ~AXII".UM VALUE C!F IIBOUT ItO PER CENT AT ANGLES LESS 
THAN THE OIFFRACTICt.' I".INII'I.UH. RESULTS IN PROTON-PROTON SCATTERINGS ARE MCRE INTERESTING; HQ\!EVER, BECAUSE OF AN 
UNCERTAINTY IN THE ANALYZlt.G POHR CF CARBCN, II CEFINITE SUTEHENT CANNOT BE HADE. ONE CAN SAY, HOWEVER, THAT EITHER 
THE POLIIRJZATION II\ PROTCN-PROTON SCATTERINGS IS ABOVE 50 PER CENT AT THIS ENERGY CR THE ANALYZING POWER OF CAReON AT 
6 DEC AND 600 HEY IS MORE THAN 40 PCR CENT, WHICH IS CONSIDERABLY GREATER THAN THE 30 PER CENT MEASURED AT 725 MEV. 

CLOSELY RELATED REFERENCES 
DATA SUPERSEDED BY PHYS. PEV. 148, 128( I 19661. 

A COil IONJ\L CITH IONS 
PHYS. REV. 75, 1352 119491, NUOVO CIMENTO 11, 407 119541, PROGR. NUCL. PHYS. 8 47 11960), PHYS. REV. 102, 16Sc; 119561 
NUC. PHYS. 23, 562 11961), UCRL 10637 119&31 1 JETP 4 337 11957), NUt. PHYS. 3, 185 119571, PHYS. REV. JOlt, 44c; (1'i1561 
PHYS. REV. 106, 1211 119571, JETP 35 l:4 119591, NUC. PHYS. 43,213119631, NUC. PHYS. 25, 6lt2 119611, PHYS. REV. 124, 
890 096U, PHYS. REV. 105, 288 119571, PHYS. REV. 95, 1694 119541, NUOVO CIMENTO 23, 690 119621, PHYS. REV. 102, 
1157 C19561, ANNUAL REV. OF NUCLEAR SCIENCE 7, 231 119571, ANNL'Al REV. OF NUCLEAR SCIENCE 8, 49 (19581, SOVIET 
PHYSICS OCKLACY 1, 607 119~6), JETP 2 349 (19561, AND NUOVO CIMENTO 6, 235 119571. 

ARTICLE REAn BY LERCY PRICE IN 417C, AND VERIFIED BY GOETTE BENAPY. 

BEAto! IS PROTON ON PROTON AT 1.2, GE\1/C. 

THIS EXPERII'ENT USES COUNTERS. 

KEY WORDS • POLARIZATION 

................... 
• NO DATA PUNCHEC FOR THIS APTICLE • . " .. " . " ....... . 

r1ii'Q1 EXCI-ANGE MECHANISM FOR THE REACTIOf\ PN•OELU++ CEllA-. {PHYS. LETTERS 26e, 598 11968)) 

~ H.O.COHN I OAK RIDGE NATIONAL LAe.- CAl< RIDGE, TENN., USA) 
R.C.MC CUI.LOCH [UNION CARBIDE NUCL. Olv., OAK RIDGE, TENN.) 
w.M.BUGG,G.T.CONOO IUNIV. OF TEt.NESSEE, KNOXVILLE, TENN., USA, AND OAK RIDGE NATIONAl LAB., OAK RIDGE, TENN., USA) 

ABSTRACT IN TtiE REACTION PN • PN PI+ PI- WE HAVE OBSERVED COPIOUS DELTA++ AND DELTA- PRODUCTION AT FOUR-MOMENTUM 
TRANSFERS GP.EATER THAN 100 PION MASS-SQUARED EVEN WHEN RESTRICTION WAS MADE TO THE DOUBLE ISOBAR OVERLAP REGION. SUCH 
BEHAVIOR IS NOT OBSERVED IN THE ANALOGUE PP AND PBAR P REACTIONS AND STRONGLY SUGGESTS THE IMPORTANCE OF A MECHANISM 
IN ADD IT ION TO ONE PION EXCHANGE. 

CITATION!; 
PHYS. REV. 136,8843 f1Q641, PHYS. REV. 138,81528119651, PHYS. REV. 154, 126411%71, PHVS. REV. LETTERS 19, 397 
l1967J, PHYS. REV. 11, 81!-4 (1Cj66J, PHYS. REV. 161, 1387 11961), UCRL 1617C, AND BULL. AM. PHYS. SOC. 11, 841 (19661. 

ARTICLE READ BY lEROY PRICE IN 4/10, AND VERIFIED BY COETTE BENAPY. 

BEAfi! ·IS PROTON ON PROTON AT ?.1 GEV/C. 

THIS EXPERIMENT USES TI"E B.N.l. 20 It.. IHI BUBeLE CHAMBER. A TOTAl OF 30000 PICTURES ARE REPORTED ON. 

kl:¥ WUilV::. • I,~U~~ Hl..llUN UI::LIIII HJ~f Ri\S~ ~PEl,. lllUP 

................... 
• NU UAlA PUNC.:Hl:C "UN IHl~ ARilllt • .......... 

PURCNlUP TIUFo.SI-l;ll 

~ OOUBLE-REGGE-POLE •OOEL ANALYSIS OF PP • DELTA" P PI- AT 6.< GEY/t. IPHYS. REV. LETTERS ZOo 964 1196811 

E.L.BERGER [U.C. LAWRENCE RAC. LAe., I!ERKElEY, CALIF., USA, AND UNIV. OF CALIFCRNIA, BERKELEY, CALIF., USA, AND OAP.Tf!o!OUTH 
COLLEGE, HANOVER, t.EW HAIIPSHIRE l 

E.GEllERT,G.A.SMITH (U.C. lAWRENCE RAD. LAB., BERKELEY, CALIF., USA, AND UNIV. OF CALIFOPNIA, BERKELEY, CALIF., USA.J 
E.CClTON,P.E.SCHLEIN [UIHV. OF CALIF., LOS ANGELES, CALIF., USA) 

ABSTRACT REASONABLE FITS TO INVARIANT-MIISS, MOMENTUM-TRAt.:SFER, AND TREU'I.ON-YANG ANGLE DISTRIBUTIONS FOR THE REliCTION 
PP • DiLTA++ P PI- AT 6.6 GEV/C ARE OBTAINED FRDM A OOUBLE-REGGF. POLE MOOEL lilTH PION F•GHANr.F, 

CLOSELV P.EL/ITED P.EFEP.ENCES 
SEE /JLSO UCLA 1025 119681. 
THIS ARTICLE SUPERSEDES Pl-iYS. REV. LETTERS 17, 884 11966). 

ACOITIONAL CITATIONS 
PHYS. REV. LETTERS 19, 614 119671, PHYS. REV. 163, 1572 119671, NUOVO CI~ENTO 49A, 157 119671, NUOVO CIMENTO 51A, 696 
11Q67lt PHYS. REV. 160, 1322 llc;67), PHYS. REV. 160, 1326119671, PHYS. REV. 166, 1525119681, PHYS. REV. 13B, BI90 
(lq65J, PHYS. REV. LETTERS 1St. 468 (lq651, PHYS. REV. 163, 1603 (1'~67., PHYS. REV. 166, 1168 11968), AND PHYS. REV. 
LETTERS 20, 628 119681. 

ARTICLE READ BY lEROY PRICE lN 4170, AND VEFIIFIEO BY ODETTE eENARV. 

RI;AH 1!\ PROTON m: PAnTON 6T f..f. l)f.\11{,. 

THIS EXPERIMENT USES HE L.R.L. 72, IN. IHI BUBBLE CHAMBER. 

KEY IIJOROS • ANGULAR OISTRIBUTIOt. FITS I'IASS SPECTRU"' 

t.:t:I'YUUNU Kt:Y WUHCS • HIS ANl.iUlA~ t.:ISTIHl!UIIUN 
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r:;-:;-;-,FORWARO CIFFERENTIAL CROSS SECTIONS FOR THE REACTION PP • 0 PI+ IN THE RANGE 3.4 TO 12.3 GEV/C. L.!..!.!..J as3 ct qba • 1 
I PHYS. REV. LETTERS 21, 

H.L.ANDEPSQN,H.OIXJT,H.J.EYANS,IC.A.KLARE,O.A.LARSON,M.V.SHERBROOK IUNJV. Of CHICAGO, CHICAGO, ILL., USAI 
R.L.HARTIN (ARGONNE NU. lAB., .6RGONNE, Ill., USA} 
K.!oi.ECHAROS,O.KESSLER (CARLTON Ut..:IVERSITY, OTTAWA, UNACAI 
O.E.NAGLE,H.A.THIESSEN {U.C. LOS ALA,OS SCIENTIFIC LAB., LOS ALAMOS, N.l"'. 1 
C.K.HARGROVE,E.P.HINCKS lf\ATIONAl RESEARCH COUNCIL, OTTAWA, CANADA) 
S.FUKUI [NAGOYA UNIVERSITY, NAGCYA, JAPAN) . 

ABSTRACT A SPARK-CHAMBER f'IISSING-MASS SPECTROMETER WAS USED TO MEASURE THE DIFFERENTIAL CROSS SECTION FOR THE REACTION 
PP • 0 PI+ AT CLOSELY SPACED INTERV.QLS OF INCIOEI\T MOMENTUM BETWEEN 3.4 ,GND 12.3 GEV/C AND AT Sf"All C.M. ANGLE. THE 
DATA CONFIRM THE EXISTENCE OF A PROI"INENT PEAK IN THE FORWARD CROSS SECTION U EIC.M.I APPROXIMATELY ., 2.9 GEV AND 
SHOW A HITHERTC UNFIEPORTEO SHOULDER AT EIC.M.J ., 3.6 GEV. THE RESULTS MAKE EVIDENT THE INADEQUACIES OF PRESENT 
UNt:-I'IUN-Hl.HAN~t: lii'H.! l/Nt-Nu..:Lt:l.N.o.t'ACt1AI\be I'!UI)fl:). 

CITATIONS 
COKL. AKAO. NAUK. SSSR 1CO 673 119551, OOKL. AKAO. NAUK. SSSR 100 677 Cl955), ZURN. EKSP. TEOR. FIZ. 34, 761 11c;58J, 
PHYS. REV. LETTERS 11, 414 11c;J631, PHVS. LETTERS 7, 222 11c;J631, PHVS. REV. LETTERS 13, 59 11964), PHVS. REV. 167, 
1232119681, PHVS. LETTERS 11, 161119641, PHVS. LETTERS 22, 708119661, PHS. REV. LETTERS 17, 100 (19661, PI-IYS. 
REV. 142, 918 ll9b61, REVIEW OF SCIENTIFIC INSTRUMENTS 35, 492 119641, IH.CONF. ON NUCLEAR STRUCTURE,STANFORO UNIV. 
63 119661, PHVS. REV. LETTERS 18, 89 11967), NUC. PHVS. 76, 123 (19661, PROC. OF THE ROYAL SOCIETY OF LONDON A244, 
491 11'~581, PHYS. REV. l3C, 240711c;J631, PHYS. REV. 134,8454119641, P~YS. REV. LETTERS 20,607119681, PHYS. REV. 
LETTERS 16, 709 I 19661, AND NUOVO CIMENTO 55 A, 3-46 I 1c;J681. 

ARTICLE READ OY Ll:RCY PRICE I~ 4/lG, AND VERIFIED BY ODETTE BE~ARL 

BEAM IS PROTON (t., FROHN FROI' 3.4 TC 12.3 GEV/C. 

T~JS EXPERIMENT USES SPARK CHA~BERS. 

KEY WORCS • DIFFERENTIAL CROSS SECTIC~ 

DIFFERENTIAL CROSS SECTION IAT FIXEC ANGLE OR T1 FOR PROTON PROTON • DEUTERON PI+. JFIGURE 31 

DATA IS AVERAGED OVER COSITHETAI FR0/1 .c;9 TO 1.00. THETA IS THE ANGLE THAT THE OEUTERCN MAKES WITH THE P.EAH IN THE 
GFIANC C.M. 

• THIS DATA hAS READ FRQ~ A GRAFH • 

LABORATORY C-S I G~A/C-Q~EGA 
eE.IIM ~Gf".ENTUM 

GH/C Ue/SR [lJ 
3.2 11.0 o1 
3.3 15.0 o1 
3.5 ·~-0 .1 
3.8 11.0 .1 
4. 0 10.5 o1 
4.3 1.0 .1 
4.6 4.8 o1 
4. 8 4 .o o1 
5.0 3.5 o1 
5.1 3.0 o1 
5.3 2.8 o1 
5.5 2.6 .1 
5. 8 2.5 o1 
6.C 2.6 .1 
6.1 2.5 o1 
6.2 2.6 o1 
6.3 2.3 o1 
6.8 2 .o o1 
7.1 1.7 .1 
1. 3 1.8 o1 
7.6 1.6 o1 

'·' 1 •• .1 
8.4 1o1 o1 
9.0 .9 .1 .. , .e o1 

10.5 .6 o1 
u.o .5 o1 
u.s .5 o1 
12.3 .4 o1 

t ll PLU~ ~U~~ I liLt: ~HI HA Ill. ti''KUK ur •• ' f'i:!i' ..:Chi. 

MEASURE~ENT OF PP • PI+ D ,GT Cj0 DEG. AND 5 GEV/C. (PHYS. REV. 165, 1442 1196811 

K.RUDDJCK (UNIV. OF MINNESOTA, l'!lNNEAPOliS, foi:INN., USAJ 
L.G.RATNER (ARGONNE NAT. LAB., .ARGCNNE, ILL., USA) 
K.h.EOWAROS IUNIV. OF IGWII, 10\'IA CITY, lt~A, USA] 
C.W.AKERLQF,R.H.HIEBER, A.C.KRISCH (UNIV. OF MICHIGAN, ANN ARBOR, /lti!ICH., USA) 

ABSTRACT THE DIFFERENTIAL CPOSS SECTION FOR THE PROCESS PP • PI• D WAS MEASURED AT 5.0 GEV/C FOP A CENTER-OF-114ASS 
ANGLE OF 90 OEG. THE EXPERIMENT WAS DONE ON THE ARGONNE ZGS WITH THE SAI"E APPARATUS AS WAS USED IN A RECENT qD OEG. 
PROTON-PROTON ELASTIC SCATTERING EXPEFII~ENT. THE EXTRACTED PROTON BEAM OF THE ZGS ~AS MADE TO I~PINGE UPGN A CHI21 
TARGET. THE PION AND CEUTERON WERE DETECTED BY TWO SPECTROHETEPS, EACH CONTAINING MAGNETS AND A SCJNTILLHION-COUNTEIO' 
TELESCOPE, IN COINCIDENCE. THE INCIDENT SEAM FLUX WAS MEASURED BY A RADIOCHEMICAL ANALYSIS OF THE CHI21 T4RGET. THE 
90 DEG. CROSS SECTION AT 5.0 GE\1/C WAS FOUND TO BE 35 t-- 9 NB/SR. 

CJTUIONS 
PHYS. REV. 159, 1138 119671, PHYS. LETTERS 7, 222 119631, PHYS. REV. LETTERS 11, 474 11q631, OOKL. AKAO. NAUK. SSSR 
100 673 I 19551, PHYS. REV. LETTERS 13, 59 119641, PHYS. REV. 136, 8779 119641, PHYS. REV. LETTERS 18, 1218 119671, 
PHYS. REV. 128, 2392 11962), ANNUAL REV. OF NUCLEAR SCIENCE 13, 261 119631, PHYS. REV. LETTERS 11, 217 119631, PHYS. 
REV. 135, 81456 11964), ANC PHYS. REV. LETTERS 17, 1105 119661. 

ARTICLE REAC ev LERCY PRICE IN 4/10, AND VERIFIED BY ODETTE RENARY. 

BEAM IS PROTI'JN nN PROTON AT 'i CiEV/C • 

THIS EXPERII'IENT USES COt:NTERS. 

KEY WORCS • DIFFERENTIAL CROSS SECTJGN 

DIFFERENTIAL CRGSS SECTIO. FCR PROTGll. PRC:TON • CEUTERON PI+. 

L4BOPHC:RY eEAII. foi:CHENTUH , 5.000 t-- .005 GEV/C. 

THETA 
DEGREES 

90. 

C-S IGMA/0-0HEGA 
NAI\Ce.IIRt\S/SR 

35. ·- 9. 

I PAGE 1444 J 

THETA IS THE ANGLE T,_.AT THI£ Ut:UTEKUN HAKI:~ WIIH fHt: btA~ IN THE GRANC C.~. 
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~SI"'All-ANCLE OP ELASTIC SCATTERII\G AT 1.69 GEV/C. INUC. Pt-YS. ec;, 594 11961il J 

~L.M.C.OUTTON,R.J.k.HOHLLS,J.C.JAHR,t-.S.V.&N DER RAAY lBIR"tiNGH4M UNIV., BIPMINGHAH, E,.,-GLANO) 

ABSTRACT H:E DIFFERENTIAL CPOSS SECTIO~ FOR F.LASTIC OP SCATTERING \liAS ,..EASUPEO CVF.R TH ANGULAR RANGE 18-70 I"'P/10. 
THESE DATA WHEN At\ALYSED GAVE A VALUE: OF 0.05 +- 0.20 FOR THE RATIO OF THE REAl TO IMAGINARY PAPTS OF THE SPIN 
INDEPENDENT NP SCATTERIN( AMPLITUDE AT 0.845 GEV/C, It\ GOGO AGREE~ENT WITh HiE PRECICTIGNS OF FQRWAFIO '4N OISPfRSION 
RELATICNS. 

CLOSELY RELATED REFERENCES 
SEE ALSO NUCLEAR INSTRUMENTS ':5, 80 119671, PH't'S. REV. LETTERS 21, 1416 119681, AN[) PHYS. LETTERS 258, 245 119671. 

A COlT tONAl CITHIONS 
PHYS. REV. l3S, 8358 (l9f:4), NUC. PHYS. 7, 113 (1Cj581, REY •. HQO. PHYS. 30, 368 (lq581, Pt:YS. REV. 95, 1350 119541, 
PHYS. REV. 139, 8362 11965), PHYS. LETTERS 8, 285 11964), PROC. OF THE ROYAL SOCIETY OF LONOCN 63A, 591i (lq501, PHYS. 
LETTERS 20, 203 11Ci661, JETP 19 5-42 119641, NUOVO Ct..-.ENTO 40, 167 119661, PHYS. LETTERS 19, 341 11q65J, ANO PHYS. 
REV. 102, 473 119561 .. 

ARTICLE REAO BY LEROY PRICE IN 't/70, ANO VERIFIED RY ODETTE BENAPY. 

BEAM IS OEL!TEFION ON PROTO> AT 1.6Cj· GEV/L 

THIS EXPERIMENT USES SPARK ·cHA..-.BEFIS~ 

KEY WORDS • REAl tAMPllTUDEI/IIo!AGINAP.Y (A,.,RITUOEI ~NGUl AR 0 IS TR I BUT I ON 

El~STIC CIFFERENTIAL CRCSS SECTICN FCR DEUTERON PROTON .. [TABlE 1) 

LABORATORY BEAM MO~E~TU~ "' 1.6c; .05 GEV/C .. 

THETA C-S IG~A/0-0,.,EGA 

•• MB/SR 
1 R .. 'i ':\49 .. •- hR. 
20.5 431 .. se. 
22 .. 5 't44. s•. 
24.5 275 .. 44. 
,h. o; ·n:l. 17. 
28.5 197 .. 34. 
J0.5 10.C.. z-;, 
32 .. 5 163 .. ze. 
34.5 164. 26. 
36.5 111. Z4. 
38. ~ 139 • 23. 
.c,o.s 10(;. "· 4~. 'i ! 51i- ~~-
44.5 142 .. Zl. 
46.5 142 .. zc. 
48 .. 5 160. zc. 
5C.5 14C. 1<. 
52.5 140. 19. 
54.5 141. 1e. 
56.5 131. IE. 
5e.s 146. 19. 
60.5 125. 17. 
62.5 111. 17. 
64.5 121. 16. 
66.5 ... 15. 
68.5 107. 15. 
lC. 5 127. 15. 

THETA IS TH6 liNGLE THAT THE OEUTERO~· P'AI':ES WITH THE BEAM IN THE CRANC C,.-, 

THE RE/lH RATIG FOR THE FCRWARO EUSTIC 1'1-~FLITUOE FOR NEUTRON PROTON. I PAGE 600 J 

I TIIIG IG TilE 'UobUE ti6TAIIH!O I'Orl fllf Bl:~' rn wnll IH~'A 1:\rfN r.r.tf.l·-inoiUT ruT! /ujT H•ti•'iO:.Di.~,.o (..;.o.o.i.L !U i:I,."VI t 

LAt:IUMA IUMY 
BEAI" !'~:~MENTUM 

CEY/t 

UPHA 

.es .C5 ·- .20 

@!]ISOTOPIC SPIN DEPENDENCE OF NUCLEO•-•utLEC• c•oSS-SECTIONS BETWEEN 6DD AND lDDD MEV. !NUOVO CIMENTO Zl, 581 1196111 

G.MARlELLl ,H.B.VAN CER RA~Y,R.RUetNSTEIN,K.R.CI-.~PMAN,J .. D.OOWELLrW•R•FRISKENr B.MU~GRAVE,Q.H.REAOINC IBlR ... l~GHI'Io~ UNtv., 
8JRMlNGt'A,-, ENGLANCJ 

ABSTRACT THE RATIO CF THE OIFFERENTUl CROSS-SECTION FOR PP ANO PN SCATTERING AT 90 DEG. IN THE C.M.S HAS BEEN 
MEASURED AT THREE DIFFERElH ENERGIES, 8ET\\EEN 600 MEV AND 1000 MEV, USING FAST SCINTILLATICN COUNTERS IN CONJUNCTION 
llliiTH MAGNETIC MOMENTUM ANALYSIS. THE VALUE OF THIS RATIO OECI\EASES MARKEDLY WITH INCREASING ENERGY, FROM 3.04 +- 0.56 
AT 595 MEV, TO 1.00 •- 0.18 AT 175 MEV AND TO 0.683 +- 0.01H U 1010 MEV, SHOWING ~N ENHANCEMENT OF THE SCAlTERING 
AMPLITUDE IN THE T .. O STAlE ABOVE bOO MEV. IT IS SHOWN HOW THIS BEHAVIOUR ~AY eE RELATED TO THE SECOND RESONANCE IN PI 
P !CATTER lNG. 

CIHTIONS 
nn·. noo. rnvG. ,o, ~60 11,~0it r:un."• l:'ll!lr, Tt:on. rn .. H• lltlT (Hj'J)t i•uCLc:P" il\jiku~~rn.s urqu I'II:IPIUU.) ,, u' ll'IDUJ , 
PHYS .. REV. 97, 1186 (19551, NU0\10 CIMENTO 18, 818 (19601, lURN .. EKSP. TEOR. FIZ. 31 1 1tq 119561, ZURN. EKSP. TEOR. FIZ. 
32, 440 11957), CEAN CONFERENCE 2 115 119561, PROC. OF THE ROYAL SOCIETY CF LONDON A251, 233 119591, PHYS. REV. 118 1 

325 (1CjbQI, AND CERN CONFERENCE 2 195 119561. 

4RTf(.lE RE6G ev LERijY PRICE IN 4/70, AND VERIFIED BY OOETT6 BENARY. 

BEI\"4 IS PP.QTON ON HYDROGEN COMPOUND FRG~ 1.;?1fJ TO 1.6116 CEV/C. IC[.6H KIN[TIC (N(RGY • .b TO 1.0 Gl:VI 

HH!: EX PER II"ENf. 'USES CC:UNTERS. 

KEY WORDS • 1'1-NGULAR 0 JSTR I BUT JOt\ 
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~IfFRACTlON-LIKE STRUCTURE IN El~STIC PRCTCN-PROTON SCATTERING AT LARGE MOMENTUM TRA~SFERS. 
~ 11968)) 

I PHYS. LETTERS 27R, 4tli 

J. V .ALLAB Y, A .N. 01 DC ENS , A • KLOYto.' I t\G, E. Ll lL ET HUN, E. J • S.ACt-:AR I 0 IS ,K. SCHLUPHANN r A. H .~<~ETHER ELL I EUROPEAN ORG. FOR NUC. PES. ' 
GENEVA, SWJTlERLANOJ 

ABSTRACT ~EASUREHENTS OF WICE .ANHE ElASTIC PP SC.IITTERING BETWEEN 1 ANO 12 GEY/C ARE REPORTED. STRUCTURE FCUNO IN THE 
ANGULAR DISTRIBUTIONS IS S~GGESTIVE OF OIFFRACTJCN. 

CLO:!:ELY RELATEC REFERHCES 
SEE ALSO CERN HAORCN CCP\FERENCE 1 580 11'~681. 
CONTINUATION OF PREVIOUS EXPERI,.,ENT IN PHYS. LETTERS 258, 156 119671. 

AOCIT IONAL CITATIONS 
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MOO. PHYS. 36, 64lj 119641, PHYS. REV. LETTEPS 20, 637 119681, PHYS. REV. 137, B708 119651, AND PHYS. LETTEPS 258, 228 
11967 J. 

ARTICLE READ BY LER~Y PRICE IN 417C, A/\0 VERIFIED BY OCETTE eENARY. 

BEAM IS PROTON 01\ FROHN FRC/11 8.1 TC 12.1 GEVIC. 

THIS EX PER II'!ENT USES CCUNTERS. 

GENERAl CCMMENTS CN THIS ARTICLE 
1 DATA IN THIS ARTICLE IS IN Gfi:APHJCAL FORM ONLY. FOR TABULAR DATA SEE ALLABY ET AL., CERN HADRON CONFEPfNCE, VOL l, 

p 580 119681. 

KEY WORDS • DIFFERENTIAL CROS! ~ECTIIJN 

...................... 
• NO DATA PUNCHEC FOR Tt-.IS AFITICLE ....... 

[!!!]SEARCH FOR THE RESONANCE 'SMALL DELTA'•• OF MASS 9bD MEV IN THE REACTION PP • 0 DELTA•. IPHYS. LETTERS 258, 56< I 196711 

! M.BANNEP,J.CHElE,J.L.HAMEL,G.MAREt,J.TEIGEFI,J.ZSEfii.P.ERY ICHP. 0 1 ETUCES NUC. SACLAY, GIF-SUR-YVETTEr FRANCEJ 
P.CHAVANON, M.CROlON,L.t<.PAI\GAfl. (COllEGE OE FRANCE, PARIS, FRANCE! 

ABSTRACT A MISSING ~ASS EXPERIMEI'OT OF THE PEACTION PP • C DELTA+ SHOWS NO EVICENCE FOR THE EXISTENCE OF A BOSOf.l AFICUNO 
960 MEV • 

C I lATIONS 
PHYS. REV. LETTERS 17, 890 119661r PHYS. LETTERS 22r 708 fl'i661o PHYS. LETTERS 25B, 300 119671, AND PHYS. LETTERS llr 
161 11'i64). 

ARTICLE READ BY lEROY PRICE IN 4/70, AND VERIFH:O BY ODETTE SENARY. 

BEAM IS PROTON ON PROTON AT 3.S GE\1/C. 

THI.S EXPERO!ENT USES CCUNTERS. 

KEY WOF:CS • HASS SPECTRUM 

................... 
"' Nn DATll P\INC:HEr. FOR THIS ARTIClF. ....... 

~THE STUDY OF 28.6 GEV/C PP INTE~ACTICNS ~ITH 6 CHARGED PARTICLES IN THE FINAL STATES. L.!.!..!.J ( 1968)) 
ICERfl. HADRCN CONFERENCE 2 208 

P.t.CCNNOLLY,I.R.KENYON,T.W.I"CRPIS,A.I":.THQI<:NOIKE IBROOKI-AVEN NAT. LAB., UPTON, L.t., N. Y., USAJ 

ABSTRACT RESULTS FROM A STU[Y OF 1-iiGH-HULTIPLICITY HIGH-ENERGY PP INTERACTIGNS AT 28.6 GEV/C IN A HYDROGEN BUBBLE 
CHA/o4BER ARE DESCRIBED. THE MEASUREMENTS OF 29500 PICTURES YIELDED 5230 WELL-RECONSTRUCTED E'VENTS. MASS DISTRIBUTIONS 
ARE SHO:.IN FRCM WHICH THE DOMINANCE OF OElTAI1236) IS NOTED. ALSO CONSIDERABLE ENHANCEMENT APPEARS FROM 1440 TO 1760 
GEV WHICH IS NOT INCONSISTENT WITH THE KNOWN LARGE DECAY PoHES OF THE NI1525J AND Nll6701. THE I-CONSTRAINT FITS SHOW 
THE PRESENCE OF OMEGA PROOUCTICf\ IN THE REACTION PP .. 2P 2PI+ 2PI- PIO. IT IS OBSEPVEO THAT THE RE'ACTICN PP .. 2P 2PI+ 
2PI- SHOWS SEVERAL SIMPlE FEATURES WHICH ARE CONSISTENT WITH DOMINANCE CF THE REACTION BY DIFFRACTION DISSOCIATION OF 
THE PRCTONS. BUT Tt-:IS OCI"Ifi.ANCE IS NOT ESTABLISHED BY THES~ FEATURES. 

l'lU~I:LY WHAI t:t lfi:I-E:Ili:NLI:~ 

SEE HSG BNL 11993 119671. 

A DOlT tONAL CITATIONS 
PHYS. REV. LETTERS 16,855 1196f:», PHYS. LETTERS 12, 5711964), USAEC REPORT UC34104500 11967), PHYS. REV. 120, 1857 
119601, AND PHYS. RE~. LETTERS 7, 199 119611. 

ARTICLE REAC BY LEROY PRICE IN 4/lC, AND VE:RIFIED 8Y ODETTE BEt•MRY. 

BEA~ IS PROTON Of\ PROTON AT le.6 GE\1/C. 

THIS EXPERIMENT USES H:.E B.N.L. BO If\. IHJ eUBBLE Cl-AMBER. 

GENERAl COMMENTS ON THIS ARTICLE 
1 THIS IS THE SA~E AS BNL-11993. 

11.1:::' WUI<U::. " l.H.U::.::. ::.t:l.IIUl\1 filA::.!) .!!Ft::l.IMU,.. N•ll.!.,CI 

...................... 
• NO DATA PUNCHEC FOR THIS ARTICLE ......... 



292 

~ELASTIC PP SCATTERING AT 1.45 EEV. !SOVIET JNP I 225 110b511 

S.P .KRUCH IN IN, K.N. MUKH (t\, A.S. RO~~NI SEYA, t. A. SVE ILOLOBOV, H.Joi..SULKOVSKAYA, S. A.CHUEVA ,R. S. SHl YAPNIKOV I JOI t\T JNST. FOR NUCl. 
RESEAR(~, CUBNA, USSR I 

ABSTRACT ELASTIC PP SCATTER lNG AT 1.45 BEY HAS f!EEN INVEST I GATED WITH THE t-IELP OF A PROPANE BUBBLE CHA,..BER WITH A 
PULSEC MAGNETIC FIELC. THE DIFFERENTIAL CROSS SECTION HAS BEEN OBTAINED CVER THE ENTJPE ANGULAR REGION ZERO OEG. TO 
90 OEG. (C.M.S). THE RES~LTS .6R£ COMPARED WIT!-! OPTIC.lll-"'00El PREDICTIONS AND OPTI~AL VALUES OF THE PARAI'ETERS ARE 
OBTAINED. IT IS SHOWN THAT T~E EXPERIMENT4l DEPENDENCE OF 0-SIGMA/0-C~EGA ON P-PERPENOICULAR OeTAINCO fOR LARGE 
P-PERPENDICULAR 15 WEll APPROXII"ATEO BY THE EXPONENTIAL DEPENDENCE SUGGESTED BY OREAR D-SIG~A/0-0HEGA APPROXII'ATElY 
EXP l-P-PERPENOICULAR/PQ). IT IS r..OTEC THAT THE BEST AGREEI'!ENT WITH THE EXPONENTIAL APPP:OXI,..ATIIJN IS OBHINED FOR 
C..H.S SC.ATTERING ANGLES CF CHI " 90 OEG. WHEN P-PERPENOtc.ULAR = P (..f'.S. IN THIS CASE (CHI "' 90 OEG.I WE HAVE 
0-SIGMA/0-0MEGA., 6 EXPI-P C.H.S/POI. A"' llS ~.8/SR, PO., 1,.3 HEV/C, AND THE EXTRAPOLATHJN IS CORRECT FGR All J<r..CW" 
DATA ON ELASTIC PP SCATTER lNG If\ THE ENERGY REGION D.38 - 30.9 BEV. 

CIUTIOt..'S 
PHYS. REV. 103, 14e4 (1c;S61, PHYS. PEV. 128, 1836 (19621, CERN CCNFERENCE 514 (19591, PRIBORI I TECH TECH. EXP. 6 ,.8 
119631, PHYS. REV. 87, 425 119521, PHYS. REV. 130, 762 (19631, PHYS. REV. 104, 221 (19561, PHYS. REV. 125, 701 (19621 
JINR E-1802 119641, PHYS. REV. 75, 1352 (19491, PHYS. REV. 107, 859 11951), PHYS. RE\1. 125, 2082 (l9621t PHYS. REV. 
123, 2160 (19611, PHYS. RE\1. LETTERS 12, ll2 (19641, REV. HOD. PHYS. 30,368 119581 1 AND PHYS. REV. LETTERS 11,499 
( 19631. 

ARTICLE READ BY LEROY PRICE IN 4/70, AND VERIFIED BY ODETTE SENARY. 

BEA"' NO. 1 IS PI+ ON HYDROGEN CO,.,PQUKD /IT 2.2 GEV/C. 
NO. 2 IS PROTON ON HYDROGEN CO,.,.POUNO AT 2.2 GEVIC. 

THIS EX_PERIMENT USES THE CUBNA 1/2 ~ETER BUeeLE CHAMBER. 

KEY WCPDS • ANGUL6R OISTP IBUTIOt.. FITS 

CO,.,POUND KEY WORDS • FITS ANGULAR CISTRIBUTICN 

................... 
• NO OAU PUNCHEC FOR TI-IS ARTICLE • 

,. • * ••••• 

A TOTAL OF 17000 PICTURES ARE REPORTED ON. 

~THE FINAL· STATE P 0 PI+ PI- IN PO INTERACTIONS AT ABCUT 2 GEV/C. (PHYS. LETTEPS 268, 317 1196811 

O.C.BRUNT,M.J.,CLnlQN,B.A.kESlkCOC [(AVEP\OISt! LAB., (AMI!. UNIV., CA~BRIOGE, HiGLANOJ 

ABSTRACT RESULTS A~E PRESENTED ON 265 EXAMPLES OF THE FINAL STATE P 0 PI+ Pl-. IT IS SHOWN THAT A LARGE fiUMBER OF THE 
EVENTS INVOLVE BARYON EXCHANGE. EVIDENCE IS ALSO PRESENTED FOR A 0 PI RESONANCE OF MASS 2130 14EV AND WIDTH 50 I"EV. 

CLOSELY RELATEO MEFt:l-lt:Na;t:S 
DATA SUf"ERSEOEC BY P~YS. REV. 187, 1656 11'16?1 • 

ADD IT IOt\AL CIT AT I GNS 
JETP 1 528 119581, PHYS. REV. LETTERS 11, 474 (19631, PHYS. REV. LETTERS 15, 125 tl965), PHYS. LETTERS 19, 68 119651, 
AND PHYS. LETTERS 19, 526 I 19651. 

ARTICLE READ BY LERCY PRICE It<. 4/70, 6NC VERIFIED BY ODETTE SENARY. 

BEAM IS PROTON ON DEUTEROt\ FROM 1.825 TG 2.110 GEV/C. 

THIS EXPERI,.ENT USES THE SACLAY 180 LITER BUBBLE CHAMBER. A TOTAL OF 65000 PICTURES ARE REPORTED ON. 

KEY WORDS • CROSS SECTICN NCN-SHIANGE Cli!ARYON AT 2130 MEV. MASS SPECTRUM 

CROSS SECT ION FOR PROTON CEUTERON • PROTON DEUTERON P!+ P,-~ (T~U~~ II 

[THIS DATA SHCULO NOT i!E USEC- A MORE P:ECENT VALUE MAY BE FOUND IN BRUNT ET AL.,, PHVS. REV. 187, 1856 11969) I 

LABOFIATORY 
BEAM MOMEf\TU"'

GEV/C 
1.825 ·- .045 
2.110 .045 

CROSS SECTION FOR 

LABORATORY 
BEAM MOMENTUM 

GEY/C 
I.R~Ii +- .n4'i 
2.110 .045 

MICRC-BARNS 
125. ·- 30. 
170. 3C. 

PROTCN DEUTERON 

HICRC-BARt..S 
3- ·- 2. 

25. s. 

NO. EVENTS 
75 

100 

PROTON DEUTERQN PI+ PI- PIO + NEUTRON OEI,ITEROll. P~+ P!+ P'-! 

NO. EVENTS 
2 

14 

lTAe~~ 11 
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l120 IPROTON-PROTC~ JNTER~CTJCNS AT 6 GEVIC. (NUOVO CI'ENTO 55A, 66 11.681 I 

C.CASQ,F.CONTE,G.TOMASINI (UNIV. CJ GEt.C:VA, GENOVA, ITALY) 
loCASE,L.MOSCA,S.RATTirl·TttlLONE-LC~BAROJ (UNIY. Cl MILANO, "lLANO, ITALY) 
loBLOOOWORTH,LoLYCI\S,A.t-.OPTON {CXFCJIC UNIY., OXFORC, ENGLAND) 

AASTRACT ABOUT 5500 EVENTS 'toiTH FOUR (HARGEC SECONDARIES A~O 900 EVENTS lojJT~ TWO Ct-IARGEO SECONDARIES PLUS NEUTPAL 
STRANGE PARTICLES HAY[; BEEP.. ANALYSED IN TI-E l.SM HYDROGEN BURBLE CHAMBER, EXPOSED TO A PROTON BEAM OF 6 Gf.V/C 
INCIDENT MOMENTUM. CROSS-SECTtCr.S FOR THE VA.RIOUS (1-:ANNELS ARE REPOPTEO AND COMPARED WITH SUqLAiol: P:ESI.;llS OF OTHER 
ENERGIES. THE CONTRIBUTION OF TI-E VARIOUS CN PII AND (N PI PII ISOBARS TC THE ~ULTJPJON FINAL STATES HAS AEfN 
ESTIMATED, TAKING INTC HCCUNT THE PE~IPHERH CHA~ACTER OF THE INTER.ACTION TO E\<AlUATf: THE BACKGROUND. All RF.ACTIO~S 
AR.E STRONGLY DOMINATED BY THE PI=IODUCTION OF THE N•U23bl ISOBAR, hiTH A TOTAL C~CSS-SECTION 16.6 •- 0.61 MB. IN THE 
PP PI+ PI- CHANNEl, THE N•ull23t:J IS PRODUCED IN 40 PER CENT OF THE CASES IN /ISSOCIATJON \o!ITH ONE OF THE N•Oil1361t 
N•Oil5121, OR N•OI1688J ISG8ARS, YIElCING FOR THIS CHANNEL A TOTAl CROSS-SECTION FOR DOUBLE ISOBAR PRODUCTION 11.1 +-
0.21 MB. DOUBlE ISOBAR PROCUCTION DOES NOT SEEM TO BE IMPORTANT IN THE 5-BGDY CHANNELS. AI'IONG BOSON RESONANCES, THERE 
IS EVIDENCE FOR O,..EGA IWITH A TOTAL CROSS SECTION OFIO.l8 •- 0.051 MBJ AND ETA lhiTH A TOTAL CROSS SECTICN CF (0.07 
+- 0.051 HOI PRODUCTION, Afo.D AN UPPER LIMIT OF 250 MICROBARNS HAS BEEN SET FOR RHO PROOUCTJDN. THEP.E IS NO 
SIGNIFICANT EVICENCE FOR THE I '" 5/2 P Pit PI• ISOBAR. STRONG PERIPHF.RALJTY OF THE lt-.TERACTIQN, AND A~U~CANT 

PRODUCTION OF Yll385J IS REPORTED It\ THE STRANGE PARTICLE EVENTS. 

ClOSElY RELATED REFERENCES 
ANAlYSIS OF THIS DATA IN NUC. PHS. 88, 686 119b8J. 

ACO IT IG~AL CIT AT IONS 
NUOVO CIMENTO 27, 1450 119631, FHYS. REV. 137, 81530 llq651, NUOVO CIMF.NTO 33, 906 f1964J, PHYS. REV. 123, 333 C1c;b11 
NUOVO CIMENTO 24, 453 119621, PMYS. REV. 125, 1703 ( lq621, PHYS. REV. 13q, B64b 119651, PHYS. REV. 139, 8428 119651, 
NUOVO CIHENTO 31, 3b0 119641, NUOVO CIMENTO 15, 652 119601,, PHYS. REV. 120, 988 (1qbQ), PHYS. JlEV. 125, 1048 11'162), 
PHYS. REV. 14b, 1031 fUlbbl, PHYS. PEV. 131, 223Ci (lq631, NUOVO CIHENTO 34, 1167 (1964), PHYS. REV. lETTERS 15, 2C7 
(1qb51, PHYS. lETTERS 11, 164 11964), PHYS. lETTERS 1b, 75 119651, PHYS. REV. 142, 918 119661, PHYS. REV. LETTERS 17, 
100 (1966) 1 CERN TC/02/63-3, NUOVO CI,.ENTO 49A, 47q 11qb71, CERN b0-33, CERN 61-29, PHYS. REV. 138, 8670 119651, 
PHYS. REV. 125,.2CH 119621, PHYS. PEV. 126,747119621, PHYS. REV. 147, qzz 11qb61, PHYS. REV. 154, 1284119671, BUll. 
AM. PHYS. SOC. 12, 10 11967J, 8ULL. AM. PHYS. SOC. 11, 3b0 (19661, BUll. AH. PHYS. SCC. 12, 45 (19671, NUOVO CIHENTO 
5QA, 1000 11q67), PHYS. !IE\r. lETTERS 16, 855 llqb61, PHYS. lETTERS 22, 226 11CJ6bl, PHYS. LETTERS 22, 528 119661, 
NUOVO CIHENTO 47A, 232 l19b7J, PHYS. REV. LETTERS 17, 884 llq661, NUCVO CIMENTC 43A, 1210 11966J, CERN 66-18, CERN 
1320/5-TH (1q65J, NUOVO CI~ENTO 4b8, 43B 11q6b), REV. MOO. PHYS. 3CJ, 1 (lq671, PHYS. LETTERS 21, 581 11966), NUOVO 
CIMENTO 42A, bOb 119b61, PtiYS. PEV. 148, 1444 11qb61, NUOVO CIMENTO 34, 1b44 fl964), AND UCRl 1761q. 

ARTICLE REAC BY OCETTE SENARY It-. 1/bCi, AND VERI FlED BY LEROY PRICE. 

SEA,. IS PROTON ON PRCTON AT ~.H GEV/C. 

THIS EXPERIMENT USES THE BRITISH PIATtet-.'AL 150 CM. BUBBLE CHA~BER. A TOTAL OF 75000 PICTURES ARE REPORTED GN. 

KEY WORDS • CROSS SECTION At-.GUlAR DISTRIBUTION MASS SPECTRUM CALl Tl PlOT ,.ODELS 
Y•lt3851 N•ll5201013 •N•ll6881' OMEGA17831 ETAI548J RHOI7651 

(TABLE 2) 

LABORATORY fEAM HOMEtHU~ = 5. n +- .05 GE\</C. 

REACTION MILL I-BARNS NO. EVENTS 
PROTCt• PROTON • 

PROTON PROTON PI+ PI- 2.800 .100 1111 
PROTON PROTON PI+ PI- PIC z.zoo .zoo 850 
PROTON NEUTRON PI+ PI+ PI- z. 300 .zoo 1038 
PROTON K+ LAMBDA .059 .011 H 
PROTON K+ SIGMAO .012 .005 16 
PROTON K+ lAMBDA P 10 . PPOTCN K+ SIGMAO PIO .036 .ooq 48 
PROTON KO lA"'BOA PI+ .011 .010 106 
t.'EUTRON h LAHBCA PI+ . NI!UTPON K+ SIGMAO 

PI+ .052 .OOCJ 1J 
PROTON KO SIGI'AQ PI+ .01b • 005 • PROTON PROTON KQ KOSAR .005 .003 6 
PROTON NEUTRON K+ KOSAR .013 .001 

(TABlE 31 

LABCRATORY EEA,. ~GI'4ENTUM : 5.97 +- .05 GEV/C. 

REACTION MILli-BARNS 
;;nTr.N ;;nTnN • 

DEl TAl 12381++ PROTON PI-
DEL TAl 12381++ • PROTON PI+ I 1) 

DELTAI12381++ OELTAIL23810 
OEI.TAI1238h+ • PROTON Pit (1) 
OELTAI123810 PROTCN PI- (l) 

DEL TAI12381++ N•l 1520)0 
OELTAI123B)++ PROTON PI+ (1) 
N•I15201C • PAOTGN FJ- Ill 

OELU112381++ 1 N•I16f81C' 
DELTAI12381++ • PROTON PI+ llJ 
'N•Hb8810' • PROTON PI- (1) 

CElTAI123810 PROTON PI+ 
DELTAf1238)0 • PRQTCN PI- (l) 

N•I15201C PROTON PI+ 
N•ll52010 • PROTON PI- Ill 

'N•f lhRRIO' PROTON Pit 
'N•I168810' • PROTO,.; PI- Ill 

PROTON PPOTON PI+ PI- (31 

1.18 

• 72 

.23 

.18 

.05 

.13 

.o~ 

.oo 

.20 

.15 

.12 

.10 

12 I 

121 

( ll 

I 2 I 

STRANGE P/IRT ICLES 

(1) FJTTEO DISTRIBUTION WITH FIXED ~llSS ANO WIOTH AND TOOK EVENTS ONLY llBOVE IFITTEOI BACKCPOUNO. 
(21 VALUE IS APPROXIMATE CNLY. 
(31 CROSS SECTJCPI' IS FGP THE NCN-RESC!NANT PRODUCTION OF THESE PARTICLES ONLY. 
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(TABLE 4Al 

LABCPATCRY EEAJol. MCMENTU,.. 5.'ii7 +- .05 GEV/C. 

REHTICN ~ILL I-BARNS 
PROTO~ PRCTON • 

DEl TAI12381++ OELTAI 12~81- PI+ .oo ·- .30 
DELTA 11238 I++ PP.GTOf\ PI+ l 11 
DELTA I 12381- t>EUTfiCP. PI- I 11 

OELT4112381++ NEUTRON PI+ PI- 1.10 • 30 
DELTAI12381++ . PRCH!,._ PI+ Ill 

CELTAI12381- PROTON PI+ PI+ .85 .20 
OELTAI12,3BJ- f':EUHOt.' PI- (11 

PROTON NEUTRON PI+ PI+ PI- 121 .35 .to 

Ill FITTED DISTRIBUTION WtTH fiXED fo'JISS ANCi WIDTH AND TOOK EVENTS ONLY ABQVE IFITTEOI BACKGRCUNO. 
121 CROSS SECTION IS FO~ THE NCN-RESONANT PRODUCTION OF THESE PARTICLES ONLY. 

(TABLE 481 

LABOR.UORY eEAH Joi:OMENTUM 5.ci7 +- .05 GEV/C. 

REACTION !":Ill I-BARNS 
PROTGI\ PRCTGN • 

OELT.Ail2381++ PROTON PI- PIO 1.20 ·- .30 
DEL T.A( 1238 h+ . PROTO~ PI+ I 11 

DELTAI1238JO PROTON Fl+ PIC •• o .20 
DELTAI1238)0 . PROTCN PI- ( 1 I 

OELTAtl2381+ PROTON PI+ PI- .25 .to 
DEL TAt 12381 + . PROlCt..' PIO (l J 

i1FITAI17:tRI++ nFITAft71Rin Fir. .nn .In 
OELTAI12381++ . PROTON PI+ 11 J 
DELTAI12381C . PROTON PI- Ill 

DELTtl(123Bl++ Of!LTAtl2381+ PI• .oo .to 
nF.I.TAI123R)++ . PROHit.. PI+ r II 
DELTA( 12381+ PROTGN PIO Ill 

PRGTCN PPOTGN Fl+ PI- PJO (2] .oo .to 
PROTON PROHiN OMEGA 11831 .t8 .05 

OMEGA 11831 . PI+ Pl- PlO 131 
PROTON PROTON ET.A15481 .07 .05 

ETAI548) . PI+ PI- PIC lll 

Ill FITTED DISTRIBUTION WITH FIXED f!I.ASS AND WIDTH AND TOOK EVENTS ONLY ABOVE tFITTEOI BACKGROUND. 
12 I CROSS SECTION IS FOR THE NCt..-RESCNANT PRODUCTION OF THESE PARTICLES ONLY. 
131 FITTED FOR MASS AND/OR WIDTH I MASS:: .786 GEV; WIDTH:: .025 GEV 1t A"O THEN TOOK ONLY EVENTS ABOVE IFITTEOI 

BACKGRC!UhO. 

~TOTAL CROSS SECTIONS FOR P. P-BAR, Ct-:ARGEC K, ANO CHARGED PI ON HYDROGEN BETWEEN 3 AND 10 GEV/C. l...!.!:::.!..J 333 ( 1Q6011 
(PHYS. REV. LETTERS 5, 

.G.IJC!NOAROEL,O.H.FRISCt-,P.MERMOO,R.H.,..(LBURr\,P.A.PIROUE,M.VIVARGENT,G.WEBERt K.~INTEP. IEURCPEAN ORG. FOR NUC. RES., GENEVA, 
SWITZERLAND I 

CJTATIOr-.S 
Ul!Tf )·\ 411 111,0h r-ll't'~• Ill!'~• Ll!TTCI'' 11 Ol U'iU\.IIt I\C'dC111 01' l~l£iii'il i~ l~t:tU..ur'lt.n"l.i l~i J.unJ lH~qll ""''· 11-~9. 
LETTERS 3, 568 11959), JETP 37 872 11960), PHYS. REV. l1Q, 2C68 11960J, PHYS. REV. LETTERS 2 1 117 119591, PHYS. REV. 
!!II:, ~;~"1 (!Q'.nL 1.11':'nt :H1'"" !10'")1, 1,1}(\ IJtDL 9t1H. 

ARTICLE READ 8Y NAO~l BARASH-SCt-MIOT IN 6/68, AND VERIFIED BY LEROY PRICE. 

BEAM NO. 1 IS K+ ON PROTON FRO"' 3 TG 10 GEV/C. 
NO• 2 IS rROTON OP.. PROTCI\ PRCit 3 TO 10 GCVIC• 
NO. 3 IS ANTI-PROTON ON PROTON FROH 3 TO 10 CEV/C. 
NO. 11 IS K- 0~ PROTC:N FRO~ 3 TO 10 CEV/G. 
NOo 5 II PI' Or• rPOlCN fPtr J Tt tO GtVft• 
NO. 6 IS PI- ON PROTON FRGM 3 TO 10 GEV/C. 

THJ S EXPERI~ENT USES COl:NlERS. 

KEY WC:RCS • CROSS SECT ICN 

K+ PROTON TOTAL CRCSS SECTICfrl. 

• THIS DATA WAS READ FRO~. A GRAPH • 

LABORATORY 
eEAK MOHENTUH 

GEV/C 
3.0 
~· ~ 
5.0 
e.o 

HI LLI-BARt..S 
24.5 +- 2.'!: 
23.5 2.5 
2C.C 1.'!: 
19.5 l.C 

PROTON PROTON TOTAL CROSS SECTIGN. 

• THIS DATA WAS READ FRO"' A GRAPH • 

LABORATGRY 
BEAfll. MOMENTUM 

GEV/C 
5.0 
•• o 
7.0 

to. o 
10.7 

Mllli-BARNS 
44.0 ·- 1.0 
44.0 1.0 
43.C 1.0 
42.0 .5 
41.0 .5 

(FIGURE 31 
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K- PPOTON TOTAL CRCSS SECT I Ct.. 

I - NO DAU PUNCHEC FOR lHIS PARAHETEFI. I 

PI+ PROTON TOTAl CROSS SECTIOI\. 

- NO C:ATA PUNCI-EO FCR THIS PARAHETEP. I 

PJ- PFIOTCN TOTAL CRCSS SECTIOr-\. 

{ - NO DATA PUNCHED FOR THIS FARAMETER. I 

PBAP PPCTON TOTAL C".OSS SECTICN. 

( - NO OAU PUNCHC FOR THIS PARAMETER. I 

I122IFOUR-BOCY STRANGE-PARTICLE PROOCCTIO• IN pp COLLISIONS., 6 BEY/(. (UCRL 18306 1196811 

PROTCN 

S.L.KLEIN IU.C. LA~RENCE RAO. LAI!., I!ERKELEY, CALIF., USAJ 

ABSTRACT AN EXPOSURE CF THE lRL 72-IN. LIOUID-tlYOROGEN BUBBLE CHAMBER TO 6 BEV/C PROTONS HAS YIELDED SCPIE 3000 
EXAMPLES OF PRODUCTION OF STRANGE PARTICLES IN FOUR-BODY FINAL STATES. CROSS SECTIONS FOR THE REACTIONS PP • LAMBDA 
KO P PI+, PP • LAMI!OA h P PJO, AND PP • LAMBDA K+ N PI+ ARE 64 •- 6 HICROBARNS, )q +- 6 MJCPOB/r.RNS, llNO 43 +- 4 
HICROBARNS, RESPECTIVELY. THE RESONANCES K*I89Q), N*(l236), AND ¥•(13851 ARE PRODUCED \oitTH CROSS SECTIONS 

SIG/'!AIP LAI"BOA KhJ '" 9 3 MICROBARNS 
SIGI".A(L.A~eCII KO 1\h+J = 23 3 MICROBIIRNS 
SIGfi'AflAM80A K+ N*+) :a 4 2 I'!ICROBARNS 
SIGMAIP KO Y*+) ., 11 2 MICROBARNS 
SIGI"AIP K+ Y*OI = 1 1 f'ICRCBARNS 
SIGMAfN K+ Y*+l = 15 2 MICROBARNS. 

IN ADDITION, THE QUASI-TWO-BOGY REliCTION PP • N N*ll950lt N* • Y* K IS OBSERVED. EXCEPT FOR THE LOW K PI EFFECTIVE 
MASS REGION, THE O.oTA ARE FOU~O TO BE IN GOOD AGREEMENT WITH A PION EXCUNGE MODEL. 

CLCiSEl Y RELATEC REFEREf\CES 
THIS ARTICLE SUPERSEDES PART CF PHYS. REV. 171, llt21 I 19681. 

AOOITICI\AL CJHTIONS 
PHYS. P:EV. LETTERS 19, 3'i7 I 1961J, PHYS. REV. LETTERS 17, 789 I 19661, PHS. REV. LETTERS 16, 855 ( 19661, NUOVO 
C.IMENTO 35, 1052 11965), P~YS. LETTERS 8, 134 119641, P~YS. REV. 133t 81017 C1'i641r PHYS. REV. 128, 1823 119621, 
PHYS. REV. LETTERS 7, 450 11961), PHYS. REV. LETTERS 4, 611 11960), PHYS. REV. 161, 1387 119671, PHYS. SIEV. 154, 1284 
119671, NUOVO CIMENTO 4911, 47'1 119671, PHYS. REV. 138, 8670 (19651, NUOVO CIMENTO 40A, 839 11965), PHYS. REV. 126, 
747 119621, PHYS. REV. 125, 2082 11962J, PHYS. REV. 125, 2091 tl9621, PHYS. REV. 123, 2160 (l96U, UCRL 17707, PHYS. 
REV. LETTERS 19, 925 119671, 1\UCVO ClfiiENTO 53A, 455 (19681, PHYS. REV. 165, 1466 (19681, PHYS. REV. 147, 922 119661, 
UCLA UCLA-1031r PHYS. REV. 125, 1048 119621, UCRL 16275, PHYS. REV. LETTERS 15, 214 119651, PHYS. REV. 140, 8914 119651, 
PHYS. REV. LETTERS 10, 192 (19631, PH\'S. LETTERS 268, 161119681, PHYS. REV. 165, 1130 (19681, REV. MOD. PHYS. 41, 
1D9 11969J, PHYS. REV. 121, 1541 (19611, PHYS. REV. LETTERS 8, 332 119621, PHS. REV. 133, B457 119641, UCRL 10838, 
PHYS. REV. 108, 1353 119571, PHYS. REV. 163, llt30 119671, PHYS. REV. 163, 1377 (19671, NUOVO CIMENTO 43, A1010 119661 , 
PHYS. REV. 161, 1384 11967), PHYS. REV. 1348, 383 119641, AND PHYS. REV. 1398, JQqJ (19651. ' 

ARTICLE READ 8Y OliETTE eENARY IN 1/6'1, AND VERIFIED BY LERCY PRICE. 

BEA~ IS PROTON ON PROTON AT t GEV/C. 

THIS EXPERIMENT USES THE L.R.L. 72 II\. (HI eUBeLE CHAMBER. A TOTAL OF 5500(0 PICTURES ARE REPORTED ON. 

KEY WCROS • CROSS SECTION Af.,GULAR OJSTR I BUT ION MA.SS ~PEC TRUM MODELS STRANGE PARTICLES OELTAI12381 
K*l8901 Y*ll3851 CELTAI19201 

(TABLE 11 

LABORATORY eEA~ ~0/'!ENTU/'! "' 6. GEV /C +- • 12 I PER CENT I. 

REACT I ON MICRO-BARNS NO. EVENTS 
PROTON • 

LAMBDA PROTON KO PI+ 64. 6. Ill 959 
SIGMAO PROTON KO PI+ 11. 2. 160 
LAMBDA PROTON K+ P 10 )0. 6. Ill 492 
LAMROA NEUTRON K+ PI+ 43. 4. Ill 554 

(11 THIS DATA REPLACES VALUES GIVEN EARLIER IN C.HINOWSKY ET AL., PHYS. REV. 171 1 1421 11968). 

(UOLC ~1 

LABC!RATORY eEA~ MOI'!ENTUI" ., 6. GEV/C +- .12 (PER CENT I • 

!o<t:At:.l IUN 
PROTON PROTON • 

~.ICP.O-&AilN! 

Y•C 13851+ PRCTQN KO 11. 2. 
Y*ll3851+ • LAMBDA PI+ (lJ 

r.EI.TAI12381+t LA"'BDA KO 23. 3. 
DELTAC1238J++ • PRCTCN PI+ {lJ 

K•C 8901+ LAMBDA PROTON 6. 2. 
IC,.(IJQI)I+ • KOPI+(I) 

LAMBDA PROTON KO PI+ (21 ·23. 3. 
Y*l 138510 K+ PROTON 7. 1. 

v•lll0510 • LA~BOA fllO ( 1 J 
DELTA( 12381+ LAMBDA K+ 4. 2. 

OELTAC12381+ • PROTON PIO (lJ 
K*C8901+ LAMBDA PRC!TIJN 2. 1. 

K t f RQO \ + • K + PI 0 I 11 
LAMBDA PROTON K+ P 10 ( 2 J 26. 4. 
Y•l 13851+ NEUTRON K+ 15. 2. 

Y*ll3851+ • LAMBDA PI+ (1) 
OELTAI12381+ LAJI!BOA K+ o. 1. 

DELTAIL2381+ • NEUTROti PI+ (11 
LAMBDA NEUTRON K+ PI+ l21 29. 3. 

(l] FITTED DISTRIBUTION WITH FIXED "'ASS AND WIDTH AND TOOK EVENTS ONLY ABOVE 4FITTEOI BACKGROUND. 
l21 CROSS SECTION IS FOR THE NON-RESONAN.T PRODUCTION OF THESE PA~TICLES CNLY. 



296 

I123ILARGE-ANGLE ELASTIC PROTON-PROTCN SCATTERING '"OM 1.5 TO ).5 GEV/C. IPHYS. REV. LETTEkS 23, 1306 1196911 

B. B. BRABSON, R. R.CR ITT ENCEN, R .M .I-E J til ,R.C. K-"MMERUD ,H.A .NEAL, H.W.PAI K, R. A. S I C:~Ell ,K .F .SUEN (UN IV. OF INDIANA, BLOOM lNG TON, 
IND., USA J 

ABSTRACT WE PRESENT PP ELASTIC CIFFERENTIAL CROSS SECTION RESULTS AT NINE MOMENTA IN THE RANGE 1.5 TO 3.5 GEV/C FOR 40 
OEG. s THETAIC.M.J !0 90 OEG. NO STRONG EYICENCE OF SECONDARY DIFFRACTION-LIKE I!EHAVIOR IN THIS MGHENTU~ REGION IS 
OBSERVED. RAPID CHANGES IN TH SLCPE CF THE 90 CEG. 

CIT AT IONS 
PHYS. REV. 16Lt 1374 09671, P~YS. REV. LETTERS 21, 651 I 19681, PHVS. REV. 174, 'illS tl'i1681t PHYS. REV. 159, ll38 119671, 
PHYS. LETTEPS 278, ltCi Cl'il6eJ, PHYS. LETTERS 288, 67 (19681, UCRL 16275 119661, PHYS. REV. 170, 1223 119681, NUCLEAR 
INSTRUMENTS AND "!ETI-IOOS 54, 1 11Q671, NUOVO CIMENTO SUPPLEMENT 3 147 (1c;651, PI-:YS. REV. 146, 1075 flQ661, NUOVO 
CIMENTO 62A, 275 1196Q), A~NAlS OF PHYSICS 54, 62 119691, PHYS. lETTERS 25R, 228 119671, CERN TH-801 (1c;67), PHYS. 
LETTERS 29B, 348 I 19691, AND PHYS. lETTEPS 13, 1QO 119641. 

ARTICLE READ BY ODETTE BENARY If~. 12169, AND VERIFIED eY lEPIJY PRICE. 

BEAM IS PROTON 01\ PROTCN FRO' 1.5 TC 3.5 GEV/C. 

THIS FXPFR IMFNT IIU'\ c;.PARK (HA,..PF.RS. 

GENERAl CCH~ENTS CN THIS ARTICLE 
1 TABLE OF VALUES FOR F 1GUPE 3 PEQUESTED FRO~ AUTHORS 29 JANUARY 1Q70. CRCSS SECT IONS ARE REPORTED NEAP -T ~ 0.1 AND 

3 I GEV /C I SQUAREC. 

KEY WOR~S .. DIFFERENTIAL CROSS SECTICN FITS 

COMPOUND KEY WORDS • FITS DIFFERENTIAL CROSS SECTION 

................... 
• NO DATA PUNCHEC FOR THIS ARTICLE • 

r:;-:;:;-,HEASURE~ENTS OF THE POL/IRJZATIO~ PARAMETERS P AND CCN,NJ IN PP ELASTIC SCATTERtNG BETWEEN 500 AND 1200 MEV. 
~ 16-41, 1672 f1967JJ 

( PHYS. REV. 

G.COlZIKA,Y.OUCRQS,A.DE LESQUH,J.I•!OVCHET,J.C.RAOUL,L.VAN ROSSU~. lCNTR. O'ETUCES NUC. SACLAY, GIF-SUR-YVETTE, FRANCE} 
J.OEREGEL,J.M.FONTAINE [LAI!. CE PHYS. CORPUSCULAIRE, Ct.EN, FRANCEJ 

ABSTRACT THE POLARIZATION PARAMETER P AND THE SPIN CORRElATION PARAMETER CI~,NI IN PROTON-PROTON ELASTIC SCATTERING 
HAVE BEEN MEASURED IN AN EXFERII":ENT WITI-: A POLARIZED-PROTON TARGET IN THE BEAK EXTRACTED FRO,.., THE SYNCHROTRr.N 
SATURNE. THE ANGULAR DISTR IBUTICt-> OF P WAS HEASUREC AT 1 ENERGIES BETWEEN 0.5 AND 1.2 GEV. THE VALUE OF P SHO"S A 
MAXIMUM OF +0.6 AT ABOUT lCO ME\t FOR A SCATTERING ANGLE OF 45 DEG. IN THE CENTER-CF-foi.ASS SYSTE~. AT 1.2 GEV THE VALUE 
OF P JS CONSISTENT WITH 0 FOR; SCATTERING ANCLES t! lD OEG. (MOMENTUM TRANSFERS -HO.B IGEVICI-SQUAREDJ. THE SPIN 
CORRELATION COEFFICIENT Cfti,NI WAS ~EASUREO AT THREE ENERGIES, 0.735, o.c;7e, AND 1.1c; GEV, BY SCATTERING A 
POLARIZED-PROTON BEA"' ON TI-'E POLARIZED TARGET. THE VALUE OF CUhNI AT 90 DEG. C.M. DECREASES FPOH 0.7 TO 0.4 AS THE 
ENERGY INCREASES FRO,_ 0.735 TO 1.19 GEV. 

CLOSELY RELATED REFERENCES 
THIS ARTICLE SUPERSECES RE\1. HOC. PHYS. 39, 531 (1Q67J. 

ACCIT tONAL CITATIONS 
PROGR. THEORET. PHYS. I KYOTO I 31 1162 t 19641, RES. INST. FOR FUNOAMENT'AL PHYSICS, KYCTO RIFP-47 119651, OUBNA E-2726 
11Q661 1 BULL. AM. PHYS. SOC. 10, 717 ll965J, PHYS. REV. 137, B620 119651, UCRL 11926 (19651, UCRL 11565 119641, PHYS. 
REV. 148, 1289 IU661t PH¥5. RE\1. 148, 1297 119661, NUOVO CIMENTO 43, 7D8 11Q661, PHYS. LETTERS 18, 203 119651, UCRl 
11877 119651, PI-IYS. REV. 153, 1394 t1c:l671t JETP 17 9B 11Q631, PHYS. REV. Q6, 1654 (lc;541t PHYS. REV. 12D, 2250 119601 
PROC. OF THE ROYAL SOCIETY CF LCNOON A244, 491 119581, NUOVO CIMENTO 27, 1450 119631, NUOVO CIMENTO 47A, 85 (19671, 
Allin GWV'O g;u 1 ;yy;gs ••. liil'a 11n•'~ 

ARTICLE READ BY ODETTE SENARY It\ 1/68, AND VERIFJEC BY LERCY PRICE. 

BEAM IS PROTON ON HYORCGEI\' CCMFOUNC FROM 1.09 TO 1.91 GEVIC. TltRGET IS POLARIZED 65 PER CENT INDR,.,Al TO THE AEAI'! 
DIRECTION I. 

THIS EXPERIMENT USES COl!NTERS. 

KEY WORDS • POLARIZATION 

ELASTIC POLARllATIIJN FCR PROTCh PROTON. ITABLE 11 

LAeORATORY BEAM ENERGY = .5 GEV. 

iHETA POLAPIZATION 

g''r.'" 34.6 .4QO +- .C35 
39.6 .4<110 .C~4 

43.2 .430 .C22 
43.8 • 4130 .034 
.. 7.b .4lU .032 
48.2 .454 .03D 
51.7 .37!i .C22 
52.4 .435 .040 
'ih.(l - J.to~ .C22 
57.2 .340 .C32 
60.0 •. HU .Ci!U 
t.d.O ."ir.r. .r.?n 
63.8 .295 .GZO 
64.8 .. uo .czD 
68.6 .230 .czc 
72.4 .19D .C20 
73.4 .141 .c 11 
76.0 .12~ .013 
77.0 • C87 .ClQ 
79.8 .oo;s .coc; 
80.6 .094 .cos 
83.7 .D~c .Cl8 
8T.2 .01' .016 
90.4 -.C31 .Cl3 
93.6 -.010 .CC5 

THETA IS THE ANGLE T!-iAT THE. PROTm.i MAKES WITH THE BEAM IN THE GRANO C.M. 
THE POLARIZATION IS ~F THE PROTCN ALONG THE NORHAl TO THE PRODUCTION PLANE IN THE GRANO C.M. 
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ELASTIC POLARIZATICN FOR PROTO; PRCTON. (TABLE II 

LABORATORY BEAM ENERGY = .609 GEY. 

TtiETA PGLAPIZATION 
DEGREES 

30.3 .~4C .ceo 
30.8 • 3t:O .cc;t 
35.2 • 415 .C43 
37.8 • 440 .C26 
39.8 .415 .czq 
42.6 .480 .C21 
44.1 .45C .026 
47.0 .47t .czc; 
41?.1 • 45C .C19 
50.0 .500 .023 
51.1 .410 .045 
53.1 .455 .C24 
54.2 .sao .C2't 
57.3 • 410 .czs 
58.4 .465 .C25 
62.2 .4CO .(36 
66.4 • 380 .eta 
67.4 .3-45 .czo 
7C. 3 • 320 .Cl9 
71.4 .265 .czo 
74.0 .290 .070 
75.1 • 21C .C20 
78.9 .160 .015 
82.6 .122 .010 
86.1 .029 .Cl5 
8Cilo6 -.006 .020 

THETA IS THE ANGLE THAT THE PROTON ,...AKES \filTH THE BEA~ IN TI-lE GRAII:C C.,... 
THE POLARJlATJON IS CF T .. E PRCTON ALONG THE NORMAL TO THE PRODUCTION PLANE IN THE GRANt C.,... 

ELASTIC POLARIZATJ(lN FOR PROTCt\ PROTI~N. (TABLE 11 

LABORATORY BEAM ENERG'Y' = .135 GEV. 

(FIRST H.O VALUES IS,..All A~GLESJ CeT.eiNEG USING UNPOLAPIZEO TARGET «DOUBLE SCATTERING TECHNIQUEJ. I 

THETA PCL.ePJZ.eTION 
DEGREES 

•• 7 2.0 .ua .160 
lB .. 3 2.0 .367 .032 
25.4 .o .~tc:iC .030 
2Q.B .o .520 .040 
34.2 .c • 530 .040 
39 .. 0 .o .. 570 .030 
43.6 .o • 550 .030 
48.0 .o • 5CO .e30 
54.2 .o .. 486 .. 030 
58.2 .o .460 .. ozo 
62 .. 4 .o .. 404 .. e30 
66.2 .o • 364 .. Cl30 
7C .. 4 .o .2c;J6 .esc 
74.4 .o .268 .CIS 

THETA IS THE ANGLE THAT THE PROTON MAKES \liilTH THE BEAI'I: IN THE GRA~O C.M .. 
THE POLARIZATION IS OF THE PROTON ALONG THE NORMAL TO THE PRODUCTION PLANE IN THE GRANO C.M. 

ELASTIC PCL.eRIUTICN fOR PROTn PRCTGN. {TABLE 1 J 

L.eBORATORV eEAM ENERf:V "' .82 GEV. 

TliETA PGLAPJZATION 
DEGREES 

23 .. 2 .. 435 .. 035 
28 .. 0 .465 .035 
30 .. 0 .443 .e29 
32.6 .4lC • C25 
·:u •• " .ll<ll .Olh 
37.2 .. 484 .C25 
39.4 .455 .Cl2 
42.0 .476 .030 
43,.8 • 475 .CI6 
44.8 .. 450 .on 
46 .. 3 .410 .C40 
48 .. 2 .435 .022 
49.3 .. 455 .el5 
52 .. 8 • 465 .el6 
53 .. 6 .. 445 .. C16 
5€ .. 4 .. 410 .en 
62 .. 4 • 392 .e12 
63.6 .. 330 .en 
66.4 .. 355 .en 
67.4 .335 .e25 
u."' .~I 'i .. r.:t') 
71.2 .. 3CO .cu 
75.4 .225 .en 
7.., .. 2 .155 .Cl6 
82.q .100 .036 
16.6 ,f}'ih • nno; 

THETA IS THE ANGLE THAT THE PROTON HAKES WITH THE BEAM IN THE GRAND C.H. 
THE PDLARilATION IS OF THE PROTON ALONG THE NORMAL TO T .. E PRODUCTION PLANE IN TI-!E GRANO C .. M. 

ELASTIC POLARpATJCN FOP PROTO~ PRCTCI\' .. PABLE ll 

LABORATORY SEAl'! ENERGY ,. .. 92lo GEV. 

THETA POL6RIZATION 
DEGREES 

Zl.4 .3-\0 .(18 
2e .. o .400 .on 
32.8 .. 435 .e21 
37 .. 4 .445 .024 
42.4 .. 385 .. C24 
1t1.0 .385 .Clio 
51 .4 .lln .n1 A 

THETA IS THE ANGLE Tt-AT TH PROTON MAKES WITH THE BEAM IN THE GRANO C.M. 
THE POLARJlATION IS OF THE PRQT(jN ALO"'G THE NORMAL TO H:E PRODUCTION PLANE IN THE GRANO C.H. 
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ELASTIC POL~RIZATICN FCR PROTCf\ PRGTGN. IT ABLE 1 J 

LABORATORY BEAM E,_.EPGY = t.czc; GEV. 

THETA POL~IH zn ION 
DECREES 

zs.c; .3-45 ·- .040 
3C.9 .355 .czo 
35.6 .37C .C30 
4Q.C.. .305 .. cJo 
42.0 .405 .027 
45.4 .HC • C20 
46.6 .360 .czs 
sc.c .345 .C2l 
51.2 .330 .020 
55.4 .3~0 .CZCI 
60.0 .285 .020 
64.6 • 265 • C30 
67.2 .287 .050 
68.7 .210 .060 
11.6 • 210 .ozo 
75.6 .080 .035 
7Q., .nq~ .. C:li 
83.2 .090 .ozo 
87.0 -.011 .046 

THETA IS THE ANGLE THH THE PROTON P'.AKES WITH THE BEAM IN THE GRANO C.M. 
THE DQLARIZATION IS OF THE PROTGN AlONG THE NORMAL TO THE PRODUCTION PlANE IN TI-'E GRANC C.M. 

ELASTIC POLARIZATICN FOR PROTCN PROTON. [TABLE 1) 

LABQRATORY eEAM ENERGY = 1.194 GEV. 

I ~I~SI IWU VALU~S I s•ALL A•GL~SI UBIAI~~U USING UNPCLAPIIEO TA~CET I DOUBLE SCATTERING HCHNIOUFI. I 

lHE!TA POLAFIIZATION 
DEGREES 

13.e •- z.o .12lt +- .C33 
21.7 2.0 • 2~lt .G30 
2:3.9 .o • l!IC .090 
28.8 .o • 3 ~ 5 • C34 
29.0 .o .390 .025 
34. c .o .370 .044 
34.2 .o .405 .016 
39.0 .o • 392 .060 
:i'J.i! .u .:s·l~ .ct~ 

43.9 .o • 385 .031 
44.2 .o • 3!5 .GlT 
45.7 .o .310 .C36 
49.0 .o • 337 .C40 
49.0 .o • 330 .C!Cil 
50.6 .o .3C5 .C24 
53. e .o • 320 .C25 
54.0 .o .245 .020 
55.~ .o .275 .02lo 
59.8 .o • 11iC .C20 
64.4 .o .105 .C19 
65.3 .o .085 .024 
68.5 .o .085 .C30 
69.6 .o .oeo .028 
7~.7 .o .020 .C35 
77.8 .o .n1'i .r.ll 
Bl. 6 .o -.OBl .025 
85.4 .o -.o 16 .()70 

THETA IS THE ANGLE Tt-'AT THE PROTON MAKES \tilTH THE BEAJII IN THE GRANO C.JII.. 
THF POI.ARI7ATION IS OF THF PROTON AlnNr. THE: NORH.61_ TO THF. PAOOUCTION PLANE JN THE GA.JI..NO C,M. 

~ INELASTIC REACTIO•s IN PROT<•-CEUTE.ON SCATTERING AT 1.825 A•O Z.ll GEVIC. (PHYS. REV. 187, 1856 1196911 

O.C.BRUNT,M.J.CLAYTCN,8.A.\IriESTWOOO ICAVENOISH t.AS.,., CA!'118. UNIV •• CM'1BRIDGE• E~GL~NCI 

ABSTRACT THE FINAL STATES PISPEClATCRI P P PI-, PISPECTATORI P P PI- PlOt PISPECTATORI P N PI+ PI-, AND N15PECTATC!RI P 
P PI+ PI- HAVE BEEN C:BSERVED IN PO COLLISIONS AT 1.825 AND 2.11 GEV/C. THE SPECTATOR-NUCLEON MOMENTUM Al\0 ANGULAR 
DISTRIBUTIONS ARE SHCioiN TO RECUIRE TH AOOJTlON OF DOUBLE-SCATTERING EVENTS TO THE USUAL IMPULSE-HODEL PREDICTIONS, 
W PROPORTIONS VARYING OETREE!\ 1~ AND 4C PER CENT. RI!SULTS POR THE REACTIO~ P N•P P PI- Af.!E IN GUOU AGWi:t:P.t:Nl WITH 

~~~2 "~~-m~~~~~~~m m~~: 1 r~~Em~~ c ~mm c~~" r~• A hi 8l~R~. 0\~ r~~e R~gmn~ ~ ~-~"~L~~~-~~;:Ln~f~.~~' ";~~ T ;;:N 
IN THE SAMF. F.NfRCiY RFGinNi RUT NO FVIflFNf.E H6!; RHN FOUNn FO~ THE IIF.t.CTION Q N•N N*f!.470) .. 

CLOSELY P.ELIITED R6FERENCES 
CONTINUATION OF PREVICUS EXP':RI~ENT IN PHYS. lETTERS 268, 317 11'~681. 

ADDITIONAl CITATIChS 
NUOVO CIMENTO ~3, 15C9 (l'ilbltl, PHYS. REV. 146, 980 119661, BULl. AM. PHYS. SOC. 12, lt70 119671, PHYS. LETTERS 26A, 
598119681, PHYS. REV. lETTERS 21, 1835 (19681, PHYS. REV. 125, 2C91 (1962), PHYS. REV. 126,747 (1962), PHYS. REV. 
133, 81017 (19641, PHYS. REV. 138, B670 (19651, PHYS. REV. 80, 196 11950), PHYS. REV. 84, 710 (19511, PHYS. REV. 85, 
636 11952), PHYS. REV. lltZ, 1195 (19661. PHYS. REV. lOOo 242 119551, PHYS. Re:Y. 13'5, R1;R f1QI)4), P~YS. PEV. 137, 
AB3E 119651, HANDBUCH DER FHYSIK 39 1 119571, PHYS. REV. 123, 1393 119611, CERN TH 68-15 t!C:I681t NUC. PHYS. 53, 650 
119641, NUC. PHYS. 3e, 2et 119621, PHYS. REV. 139, B362 11965), PHYS. REV. 139, 8380 11965), NUOVO CIMENTO 30, 240 

l~66~~Qv~U~~~-E~~aE~~g~~~h!;4~'7't:;~~~ 1 ~~~I~tH~ITH Pt;~ PttYSIK 'i• 54') Cl9t!U, NUCYO C:l~F.NTD SIIPPIEMFNT .?4 4
1
1'\ 1196?1. 

ARTICLE READ BY OCETTE SENARY IN 3/7Ct AND VERIFIED BY LEROY PRICE. 

BEAM IS PROTON ON DEUTERON FRCH 1.825 TO 2.110 GEV/C. 

THIS EXPERIMENT USES HE SACLAY 81 C~ (H) BUeBLE CHAMBER. A TOTAL OF 56000 PICTURES ARE REPORTED ON. 

GENERAL CGMMENTS ON THI5 ~RTJCLE 
1 IN THE ~BSENCE OF ANY INFORI'IATION ON THE DISTRIBUTION OF THE TOTAL SHAOO"ING EFFECT CONTRIBUTION BETWEEN THE 

VARIOUS REACTION CIIANN(l.St TIIC AUTIIOR:i 1!.6VE ASSUMED TI'IAT THE N AND P Sr.Ann'IINt; ARF. FOIIAI • ANn THU THF l\HAnOWIN(, 
EffECT FOR EACH ABSORPTIVE REACTION IS PROPORTIONAL TO ITS SHARE OF TI-'E TCT~L-ABSORPTION CROSS SECTION. 

KEY WORDS • CROSS SECTION AI\GULAR OISTPIBUTION MASS SPEC TRUH MOpELS DALI Tl PLOT 
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CROSS SECTION FOR PROTON NEUTRON • PROTOII: PROTON PI-. 
GLAUBER CORRECT I Cf\ APFll EO 

LABGJOATQJIY 
BEAM HOHENTU"' 

GEV/C 
1.625 ·- .045 
2.119 .045 

MILL I-BARNS 
2.57 ·- .14 
z.ta .tc; 

NO. EVENTS 
1379 
1362 

CRGSS SECTION FOR PROTCN NEUTRON • PROTON PROTON PI- PIC. 
GLAUBER CORRECTION APPLIED 

LABORATORY 
BEA/'1 "(MENTUM 

GEV/C 
1.825 •- .C45 
2.110 .Ott5 

MILL 1-~AkN$ 

.16 ·- .03 

.35 .04 

CROSS SECTION FOR PROTCN NEUTPCN 
GLAUBER CORRECTION APPLIED 

LA80RATCRY 
eEA~ f".CMENTUM 

GE'II/C 
1.825 ·- .045 
2.110 .045 

"Ill 1-BAFINS 
.17 ·- .C1 

1.75 .2C 

NO. EVENTS 
48 ., 

PROTON NEUTRON PH Pl-. 

NO. EVENTS 
300 
5b4 

CRCSS SECTION FOR NEUTRON PPOTON • CEUTERON PI+ Pt-. 

LAeCPATCRY 
BEAM fliOMENTUM 

GEY/C 
1.825 ·- .045 
2.110 .045 

CRCSS SI::CT ION fOR 

HILL I-BARNS 
.13 ·- .03 
.11 .n.1 

f'ROTCN CEUTE~CN • PROTON C6UT6P.ON PI• PI•• 

(TABLE 51 

fTABlE 51 

lTABlE 51 

I TABLE 5 I 

( Tli8LF. ~ 1 

(THIS DATA REPLACES VALUES GIVEN EARLIER IN BRUNT ET AL., PHYS. LETTERS 268, 311 (196811 

I ONLY EVENTS IN WI-IICt! HE 0 OCES NH BPE~K I 

LABORATORY 
SEA~ MOMENTUM 

GEV/C 
1. E25 
2.110 

Mllli-BARNS 
.18 ·- .02 
• 17 .cz 

NO. EVENTS 
1Jb 
129 

~ (ERO SlRANGENESS RESONANCE PRCOUCTION IN b GEV/C PROTON-PROTON COLLISIONS. IUCRL 17707 ll•bBII 

R.R.KINSEY IUNIY. OF C~LIFORNIA, BERKElEY, CALIF., USA, AND U.C. LAWPEt\CE RAO. LAe., BERKElEY, CALIF., USAJ 

ABSTRACT APPROXIMATELY 33,0CO FOUR-PRG/\GED PROTCN-PROTON INTER~CTIONS AT 6 GEV/C HAVE BEEN EXAMINED FCR THE PRODUCTION 
CF NONSTRANGE MESON AND l!ARYON RESONANCES. THESE EVENTS WERE FOUND BY SCANNING ~PPROXIHATHY 112,000 PICTURES TAKEN 
IN THE lRL 72-IN. HYDROGEN BUBeLE CHA~BER. THE RE~CTIONS STUDIED IN DETAil AND THEIR CROSS SECTIONS ARE 

Ill PP • PP PI+ PI- 3.2 •- 0.3 I'!B 
121 PP • PN PI+ PI+ PI- 2.9 +- 0.~ HB 
(~) f'P • PP PH· PI- PIO 2.4 4-- O • .t! PH! • 

PROTON-PROTON INTERACTIONS HAVE BEEN STUDIED BY OTHERS IN THIS ENERGY REGION AND THIS EXPERIMENT AGREES WITH THESE 
STUDIES IN THE GENERAL FEATURES OF REACTION 111. REACTION Ill IS OOHINATED BY THE PSEUDO-TWO-BODY FINAL STATES NN• 
AND N•N• PRODUCED IN A PERIPHER~l MANNER. FITS TC THE VARIOUS POSSIBLE FINAL STATES HAVE BEEN HADE AND ARE REPORTED. 
DATA FROM THIS REACT IGN t'AVt: ~LSU _,ttN ((JMPMtED TO THE PEP.IPH!!!RAL CNE-PION EXCI-IANGI:: ICPCI MODEL AND THE RESULTS ARE 
GIVEN. IN REACTID.NS 121 AND (3), AN INTERESTING FEATURE IS THE PRODUCTION OF AN I c 3/2 RARYDN RESONANCE WHICH IS 
OBSERVED TO DECAY INTO A NUCLEON AND THREE PIONS AND WHICH PRODUCES A PEAK IN THE APPROPRIATE to-ASS SPECTRUM AT 2080 
MEV/C-SOUAREC. IN ADDITICt-', THE RHO HESON HAS BEEN DETECTED FOR THE FIRST TIME IN A BUBBLE CHAMBER PROTt:N-PROTON 
PII.ODUCTION EXPERIMENT IN AODIT ION TO THE ETA AND OMEGA I'ESONS ALREADY REPOIHEO~ DUE TO THE COMPLICATED NATURE OF HiE 
FINAL STATES IN REACTIONS 121 At\D 131 FITS TO THE NUMEROUS POSSIBLE FINAL STATES ARE NOT ATTEMPTED. t-IOWEVER AN 
ATTEMPT HAS BEEN MADE TO DETERI':INE THE PRODUCTION CROSS SECTIONS FOR VARIOUS NEW OR INTERESTING. RESONANCES. 

CLOSELY RELATEC REFERENCES 
PART OF THIS ARTICLE SUPERSEDED BY PHYS. REV. 171, l't21 I l96BI. 

ACOITICNAl CITATIOt\S 
CERN TC 66-20, PHYS. lETTERS 19,925119671, PHYS. LETTERS 12,356119641, UCRL 17003119661, PHYS. REV. 154, 1284 
Cl967}, NUCLEAR INSTRUMENTS AND METHODS 20, 393 Cl96ll, UCRL 16508 119651, REVIEW OF SCIENTIFIC INSTRUMENTS 34, 484 
(19631, LRl INTERCEP~RTJoiENTAl IIEPORT UCID 1930 C 19631, LRL INTERDEPARTMENTAl REPORT UCID 1931 (19631, Pt-!YS. REV. 
LETTERS 15, 21~ 11Gl651, PHYS. REV. 138, B670 llt;l651, PHYS. REV. 125,2091119621, PHYS. REV. 126,141119621, PHYS. 
LETTEP.S 16, 75 (1Qh!il, PRit\C.FTnN-PENN ACCElERATOR PPAO 600F (l966lt NUOVO CIMENTO 33, 309 119641, lRL 
INTERDEPARTMENTAl REPORT P-156 119661, PHYS. REV. 113, 1640 I 195'il, NUOVQ CIMENTO 24, ~53 (19621, NUOVO CIMENTO 30, 
240 (19631, NUOVO CIMENTO 33, 906 I 1964), NUOVO CIMENTO 34, 1841 119641, UCRL 17651 119681, NUOVO CIHENTO 35, 1644 
{19641, AND PHYS. REV. LETTERS 10, 192 (19631. 

ARTICLC READ BY ODETTE BENIIP.Y IN l/6't, AND VERIFIEO RY IF,RnY PRICE. 

861\Jol J S PPOTON ON PROTnN 6T h GF.V/C • 

THIS EXPERIMENT USES TH L.R.L. 72 IN. IHI BUBBLE CHAMBER. A TOTAL OF 112000 PICTURES ARE REPORTED ON. 

KEY WORDS • tRUS~ SfC.T ION MASS SPECTRUJI HOOHS At~GULAA DISTRIBUTION 06l lAC 12381' ETA I S4RI 
RHOI765 J OMEGA 17831 DEl lAC 1920 I 
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lABORATORY I!EA!o' MOMENTU"' = b .• OO +- .02 GEY/C. 

REACTION I'Ulll-BARNS NO. EVENTS 
PROTON PROTON • 

PROTCI\ 

PROTON PROTON PI+ PI
NEUTRON PROTON PI+ Fl• PI
PROTON PROTON PI+ PI- PIO 
CEUTERON PI+ PJ+ PI
DEUTERON PI+ PI+ PI- PIC 

3.20 .30 
2.90 .40 
Z.ltO .20 
.04 .01 
.16 .03 

Ill 
Ill 
Ill 

3445 
3182 
2634 

50 
118 

Ill THIS DATA SHOULC NCT BE USED- HOPE RECENT VALUES MAY BE FOU/1:0 IN Ct:INOWSKV ET AL., PHYS .. REV. 171, 1421 (19681. 

(TABLE 31 

LABGRATORY eEAM MOMENTU,.. :rz 6. CO +- .02 GEV/C. 

REACT ICN MILL I-BARNS 
PROTON • 

DELT.&Cl2381++ CELTAC 123810 .66 .07 
DEl TAl 12381 ++ . PROTOI\. PI+ Ill 
DEL TAI123810 . P~OTON PI- Ill 

OELTAI12381++ N*Cl52CIC .44 .n• 
DEL lAC 12381 ++ PRO TOr\ PI+ Ill 
N•tl52010 . PilOT ON PI- ( 1 J 

OELTAI12381++ 'N*C 1688)0' .25 .04 
DEL TAl 12381++ . PROTO~ PI+ ( 1 I 
'N*Il68810' . PRCT0/1: FI- ( 1) 

PROTON N+lltt7011 .68 .09 
N•ll4701+ . PRO TOr-t PI+ PI- ll J 

PROTON OELTAI19201+ -lq .04 
OElTAC19201+ PROTON PI+ PI- ( lJ 

PROTON PROTON PI+ PI- 121 .07 .12 

lll FITTED DISTRIBUTIOr-. WITH FIXED fU$$ Af4D WIDTH AND TOOK EYENTS ONL't' ABOVE IFITTEOI BA(r....;IHJUNU. 
121 CROSS SECTICN IS FOFI THE NCN-RESCNANT PROCUCTION OF THESE PARTICLES ONLY. 

I TABLE ~ J 

LABCRATORY EEAI'I: I"OI"ENTUI". ~ 6.00 +- .02 GEV/C. 

REACT ION 
·PROTOr-.· PROTON • 

"'ICRO-BARNS 

PROTON 0£LfAC12301++ RHOCH51- 153. 31. 
0ELTAI12301++ • PROTON PI+ (1) 
RH017651- • PI- PIO ( lJ 

PROTON OELTAC1238J+ RHOI1651C 45. 12. 
OELTAI12381+ • PROTC~ PIC Ill 
RHQC16510 • PI+ PI- l II 

PROTON 0ElTAI123810 RI-!C!t1651+ 65. 18. 
~UT.AIH,OH• PP.OHh ~I· Ill 
RHOI7651+ • PI+ PIO 111 

N~IJT;nN nliiiTAfl'l11JIA• nii(I("'I_.EIIJ 
OELTAI12381n PflOTOI\ PI+ Ill 
RH01765JO • PI+ PI- I 11 

(11 FITTED DISTRIBUTION WITH flXCC .. ~55 AND WIDTH AND TOOK EVE!NTS ONL'f ABOVE lfliiCUJ !iA(KGRUUNO. 

11271 PERIPHERAL PROCESSES IN PRCTCN-FPCTO• INTERACTIONS AT 29 GEV/C. [8Nl 13918 (196qJ I 

W.E.ELLIS,T.W.HORRJS,R.S.PANVINI,F.TURKOT [BROOKHAVEN NAT. LAB., UPTON, L.J., N.Y., USAJ 

ABSTRIICT BUBBLE CHAI"BEP .IINO HISSING-MASS-SPECTROMETER QUA .liRE COMBINED TO STUDY DEUILS OF PFRIPHEAllL, t;:l.h'ISJ-T\110-P.ODY 
PP INTERACTIONS P+P•P+M. OISTRtBUTIONS AS A FUNCTION OF MGI'!ENTUM TRANSFER T TC THE RECOil PROTON AND OF THE MASS M 
.liRE MEASURED FOR THE TOTAL INTERACTION AND FOR SPECIFIC PARTIClE COMPOSITIONS OF M. T-OISTRieUTIONS .IIRF FOIINn TIJ ~E 
EJI...,UNtNIIALt WIIH A CHANCE IN SLCPE AT APPROXIMoHElY T a 0.2 GEV .. -2. AT L0\11 T, THf SLOPE IS A STRONG FUNCTION OF 
MASS Jot, BUT IS NEARlY COII.STANT WITH MASS AT lARGE T. ENHANCEMENTS IN THE ,..ASS DISTRIBUTIONS AT 1.4 llNO 1.7 GEV ARE 
AN61.Y7;EI'I. 

CLOSELY REL.IITED REFERENCES 
ANALYSIS OF DATA FRO,.. PHYS. REV. LETTERS lb, 855 (19661, AND. PHYS. REV. LETTERS 21, 697 11';681. 

AtGITJONAL CITATIONS 
PHYS. LETTERS 18, 167 119651, PHYS. REV. LETTERS l7r 789 (196bl. PHYS. REV. 17Q, 151.7 119691, AND PHVS. REV. lETTEPS 
15, 45 ( 1~65). 

ARTICLE READ BY LEROY PRICE I~ 4/lQ, AND VERIFIED BY ODETTE BENllRY. 

KEY WORtS • MASS SPECTRUM .IINGULAR 01 STR I BUT ION 

• • • • • • • • • • •••• * •• 
• NO QUA PUNCHEC FOR THIS ARTICLE • 

••• 0 •••• 
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l12al THE REACTICN PP•N*P PI- AT b <EVIC. INU(. PHYS. BB, bBb C 19bBII 

L.l'I"ONS {OXFORD UNIV., CXFORO, HGUNOI 

ABSTRACT SCME ASPECTS OF THE REACTICto PP•NOI12381P PI- AT 6 GEV/C ARE COMPARED loiiTH THE PREDICTIONS CF A 
ONE-PION-EXCHANGE PROCESS IN WHICH $(ME OF THE EFFECTS OF ABSORPTICN HAVE eEEN TAKEN INTO ACCOUNT. THE AGREfHENT 
BETWEEN TI-IEQRY ANC EXFERii":ENT IS ENCOURAGING. 

CLOSELY RELATED REFEIHNCES 
ANALYSIS OF CATA FROI' NUCVC CIMENTO 55, 66 ( 1~681. 

AOOITIONAL CITATIONS 
NUOVO CIMENTO SUPPLEMENT 24 453 119621, NUOVO CI!'IENTO 31, 360 119661, ANNALS OF PHYSICS 41, 456 Cl967J, REV. MOD. PJ.IYS. 
~7, 484 (1~65), AND LCLA 1C23 119681. 

ARTICLE REAC BY LERCY PRICE IN 4/70 1 ANci VERIFIED BY ODETTE SENARY. 

KEY WORDS • FITS ANGULAR OJSTRJBUTICt. DELTA 112381 

CCI'PCUND KEY WORCS FITS ANGULAR OJSTFI:IBUTICN 

. . . . . . . . . . ...... . 
• NO DATA PUNCI-IEC FOR TI-IS ARTICLE • ........ 

MODELS 

11291 PROTON-NEUTRON QUASI-ELASTIC SCATTERING AT 991 MEV. INUOVO CIMENTC 49A, 2bl Cl9b711 

l".A.MURRA'I' 1 L.R I DOl FORO, G. H.GRAY ER, T." .JONES, Y. TAN I MURA ( B JRMINGHAM UNI V., Bl R~ JNGHA~, ENGLAND I 

ABSTRACT THE PROTOI\"-PPOTCI\ ~NO PROTON-NEUTRON ELASTIC-SCATTERlNG ANGULAR DISTRIBUTIO"'S HAVE BEE"'' MEASUREC AT 1.69 • 
GEV/C I= 991 HV) FROM 14.5 DEG. TO 150 OEG. C.M.S USING FAST SCINTILLATION COUNTERS IN CONJUNCTION WIT~ MAGNETIC . 
MOMENTUM ANALYSIS. IN BOTH CASES,· THE FORWARD ELASTIC CPOSS-SECTIONS ARE CONSICERABLY IN EXCESS OF THEIR RESPECTIVE 
OPTICAL-THEORE~ MINIMA, Tt-!E RESULTS BEING CONSISTENT WITH THE EXISTENCE OF A REAL PART IN THE 1 = 0 SCATTERINC: 
AMPll TUDE TOGETHER WITH SPIN DEPENDENCE IN BOTH INTERACT IONS. THE PROTON-NEUTRON ANGULAR 0 I SHI JBUT ION IS MOPE 
STRONGLY ASYMMETRIC ABOUT 90 DEG. C.M.S THAN IT IS AT LOWER ENERGIES, JNCJCATJNG THE ONSET OF DIFFRACTION SCATTERING 
AND INCREASED INTERFERENCE BETWEEN THE SCATTERING AMPL tTUOES IN THE T .. 0 AND T = 1 I-SPIN STATES. AT THE LARGER 
CENTER OF MASS ANGLES, THE DATA SUGGESTED THAT SUBSTANTIAL CORRECTIONS WERE NECESSARY BECAUSE OF THE JNAPPL ICABILITY 
OF THE IMPULSE APPROXIMATIC:N AS A RESULT OF HULTlPLE NUCLEAR SCATTERI"'G IN THE DEUTERON, NECESSITATING t. MEASURE~ENT 
OF THE RATIO OF QUASI-ElASTIC TC ELASTIC PROTON-PROTON SCATTERING FROM 100 DEG. TO 150 OEG. C.H.S. 

C JUT IONS 
PR(IGRF$~ nF THEORETICAL PHYSICS 31, 6l5 (19641, PROGRESS OF THEORETICAL PHYSICS 31, 1162 119641, JETP 19 542 119641, 
PHYS. REV. 139, 8362 119651, P .. YS. REV. 139, B39C (19651, NUOVO CIMENTO 26 1 943 (19631, NUCLEAR IN~:irRUMI:;NI~ ANU 
METHODS 36, 277 119651, PHYS. REV. 80, 196 119501, PHYS. REV. 95, 636 11'i521t PHYS. REV. 95, 696 11952), PHYS. REV. 87, 
178 119521, PHYS. REV. 126, 831 11962), NUC. PHYS. 66, 673 11965), JETP 5 371 119571, SOVIET PHYSICS, JETP LETTERS 3 
8 (1966), PHYS. REV. LETTERS 16 1 761 119661, PHYS. REV. LETTERS 17 1 827 119661, PHYS. LETTERS 9, 12 (19641 1 PHYS. 
REV. 100, 242 11955), NUOVC CIMENTO 42, 365 119661, PHYS. LETTERS 21t 339 (19661, PHYS. REV. H6, 980 t1CJ661, PHYS. 
LETTERS 12r 252 11'i641, NUCVO CIMENTO 23, 690 llCJ621, PHYS. LETTERS 20, 203 f1966J, CERN CONFERENCE 2 115 C19561r 
JETP 36 516119591, PRQC. CF THE ROYAL SOCIETY OF LONDON A213, 3CJ2 119521, PROC. OF THE ROYAL SOCIETY OF LONDC!N A229, 
492 119551, PHYS. REV. 95, 165 119541, CERN CONFERENCE 2 124 119561 1 PHYS. REV. 75, 1664 11CJ4CJJ 1 JETP U: 24 119631, 
NUOVO CIMENTO 18, l03'i 11'i60J, PHYS. REV. LETTERS 9, 50'i 119621, PHYS. REV. LETTERS 15r 38 119651, NUOVO CIHENTO 167, 
41 (19661, JETP 1 49'i 11S5el, PhYS. REV. 134, 8633 11964Jr PHYS. LETTERS 22t CJC 119661, AND PHYS. REV. LETTERS 16, 
1217 11966). 

ARTICLE READ BY ODETTE BENARY It. Jff,q, 6NO VERIFIED BY LEROY PRIC~. 

BEAI" NO. 1 IS PROTON ON t:YOROGEN COI"POUND AT 1.69 GEV/C. 
NO. 2 IS PROTON ON CEUTERIU~ CGI"PC:UI\"0 AT 1.69 GEV/C. 

THIS EXPERIMENT USES CCUNTERS. 

KEY WORDS .. CROSS SECTICN OJFFERHTIAL CROSS SECTION 

CC:I'PCUNO KEY \oiORCS • FITS 0 IFFERENT IAL CROSS SECT ION 

PROTON PROTON ElASTIC CROSS SECTION. 

LABORATORY 
eEAH MOHENTUH 

GEV/C 
lobS 

MJ LLI-BARNS 
28.2 ·- 2.1 

PROTON NEUTRON Elt.STIC CROSS SECTION. 
GLAUBER CORRECTICh APPliED 

LABCRATCRY 
e~~M I'OMENTUM 

GEv/t 
1.6CJ 

HILL 1-liA~N~ 
19.5 ·- 2.5 

(PAGE 2671 

I PAGE 267 I 

FITS 



ElASTIC DIFFERENTIAL CFICSS SECTION FGR PFICTON NEUTRON. 

LABORATORY BEA/'1. HOI'!ENTU~ 1.69 GEVIC. 

• THIS DATA ~AS READ FRCI" A GRAPH • 

ThETA 
DEGREES 

0.1 11 
15. 
20. 
25. 
30. •o. 
50. 
60. 
70. 
ao. 
90. 

100. 
110. 
120. 
130. 
140. 
150. 
180.111 

C-S lfMA/0-0~EGA 
Jlli!/St:l 

15.'i +- 1.2 
12.6 .a 
1C.5 .4 
7. 7 .2 
5.6 .2 
2.4 .2 
••• .2 
1.3 .1 

.6 .1 

.5 .1 

.3 .1 

.2 .1 

.2 .1 
.2 .1 
.3 .1 
.4 .2 

1.0 .2 
3.1 t.c 
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IFIGURE 41 

THETA IS THE ANGLE TPAT THE PROlON HAKE5 WlTH THE BEAM IN THE GPMiO C.M. 

Ill EXTRAPOLATED POINT. 

1130 I BACKWARD •• SCATTERING wiTH • PCLAAIZED TARGET. JPHYS. LETTERS He, 011 1197011 

P .R .IWBR ISH 1 0.CHAMBER LA IN, R. 0. FIE LO JR •, R.Z. FUZESY, ".GORN,C .C.,.OREI"OUSE r T .PO~ Ell t S .ROCK, S .SHANNON ,G. SHAP IRQ ,H. WE I SBERG 
(U.C. LAWRENCE RAO. LABor CERKCL!!Yr CALJF.t USAJ 

H.J.LONGO IUNJV. CF MICHIGAN, ~1\N.ARi!QR, Mitt"., USA) 

ABSTRACT WE MEASURED TH POLARIZATION PARAMETER P IN NEUTRON-PROTON ELASTIC SCATTERING NEAR THE BACKWARD DIRECTION, 
USING A POLAR17F.O PROTON TAPCET. MEASUREMENTS tOVERED THE RANCE Of INCJQ[NT NEUTRON /I!O~ENTA FROf'l 1.0 TO 5.5 GI:Y/1.: ANU 
OF FOUP.-MOMENTUM TRANSFER SQUAfJ(O U fROM -0.00!;. TO .. 0.5 CGeV/CISQUAREO. 

CITATICf\'S 
PHVS. REV. LETTERS 23, 5~2 1196lil, t\UOVO CI"'ENTO 41A, 167 119661, PHYS. RE~. LETTERS 15, 38119651, PHVS. PEV. 1M, 
1726 119671, PHVS. REV. 163, 1603119671, PHVS. REV. 182t 1579 11969), PHVS. LETTERS 298, 372 11969), PI-.YS. REV. 156, 
1703119671 1 PHVS. LETTERS 4, It; (19631 1 PHYS. PEV. 130, 1571119631, AND PHYS. REV. 177,2318119691. 

ARTICLE REAC BY OCETTE BENARV IN 6/lC, AND VERIFIED BY LEROY PRICE. 

BEA~ IS NEUTIION ON .HYDROGEN C~"'PCUNO FROM 1.0 TO 5.5 GEVIC. TARGET IS POLARIZED 50 PEP CENT INORMI!ol TO THE BEAM DIRECTION I. 

THIS EXPERJft'ENT USES CCLNTERS. 

KEY WORCS • POLARIZATJO~ 

ELASTIC POLARIZATION FOR f\EUTR~~ PROTON. [FIGURE 21 

DATA IS AVERAGED OVER LAeCPATORY BEAJtl MCMENTU~ FROM 1. 10 2. GEV/C. 

[ PRIVATE COMI1UNICATION FRCM P.R.f:IOBRISH, JUNEt 19701 

I THESE ARE PRELI.,UiAP'f RE~ULTS I 

-T 
IGEV/C 1••2 
I'IN MAX 
.at .o3 
.03 .06 
.06 .10 
.to .20 
. 'n .1n 

POLARIZATION [ 11 

-.to •- .oa 
-.06 .c~ 

- .o~ .c3 
-.14 .C4 
• 41 , IF 

T IS THE MO"'ENTUM TRliNSFER BElo,iEEN THE [INCO~ING NE-UTROf\1 A~O THE [PROTONJ. 
THE POLARIZATION IS CF THE PROTON ALONG THE NORI1AL TO THE PRODUCTION PLAt\E IN THE GPANC C.M. 

Ill PLUS POSSIBLE SYSTE,.,ATIC ERP:OR OF+- 5 PER CENT •• 

EL.IISTIC POLARIZATION FOR NEUTRON PROTON. IFIGURE 21 

ntr.TI'i Jli: tr.Uj;~IIGI!D QViiP L.AIIQP.HQRV DliAI' H(rt(rlTUI! rn01~ ,C, TO :lo~ (U:WC. 

(PRIVATE COMMUNICATIOf\ FRCM P.P:.ROi!RISh, JUNE, 19701 

I THESE ARE PRELIMINARY RESULTS I 

-T 
fGEV/C )0*7 
"'IN MAX 
.oo .ot 
·01 .03 
.~) .0, 
.06 .10 
·10 .20 
.20 .30 
·30 .~o 
.4C .60 

POLARIZATION ( 1 J 

-.03 +- .12 
-.03 .06 
··• 11 .c~ 
-.17 .o.c. 
-.11 .C-4 
-. 28 .ot 
-.36 .11 
-.tl .2-4 

T IS THE MOMENTUM TR.ANSFER BETWEEN THE (INCOMING NEUTRON) AND THE [PROTON). 
THE POLARIZATION IS OF THE PROTON ALONG THE NORMAL TO THE PRODUCTION PLAf\E IN THE GRANO C.l1. 

Ill PLUS POSSIBLE SYSTEI"'ATJC ERROR OF+- 5 PER CENT. 
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ELASTIC POLARIZATIClh FCR NEUTRC,._ PRCTCN. {FIGURE 21 

DATA IS AVERAGED CVER l.6HIUTORY BEA)' MCMENTUM FRCM 3. TO 4. GEV/C. 

l PRIVATE CGHMUNICATIO,._ FPC"' P.P.POeRtSH, JUNE, 1970) 

I THESE ARE PRELIMINARY RE!UL TS J 

_, 
IGEV/C J .. 2 
.,_IN MAX 
.oc .01 
.01 .03 
.03 .Cb 
.Ob .10 
.to .zo 
.2C .30 
.30 .40 
.4G .bO 

PCLARIZATICN ( 11 

.C4 -12 
-.17 .C7 
-.1s .as 
-. 21 .c~ 
--21 .04 
-.:n .r.tt 
-.22 .o~ 

-.26 .09 

T IS THE HOMENTU~ TRANSFEP BEHiEEN T~E (INCO~ING NEUTRON) AND THE IPROTONJ. 
THE POLARIZATION IS O.F THE PROTCN ALONG THE NORfi!Al TO THE PRODUCTION PLANE IN TtiE GRAND C.M. 

( 11 PLUS POSSIBLE SYSTEJ!IATIC ERROR GF •- 5 PER CENT. 

ELASTIC POLARilATI(N FCR HUTFICt. PRCTCN. IFIGUPE 21 

DATA IS AVERAGED OVER LAE!OPATORY BEA~ MOMENTUM FROM -4. TO 5. GEV/C. 

I PRIVATE COMMUNICATION FRGM PaRaROBPISH, JUNE, 197Cl 

I THESE ARE PRELIMINAPY FtE~UlTS I 

-T PCLAiliZATION (1) 

ICE VIC 1 .. 2 
l'lt.. MAX 
aOO .01 -.11 .10 
.01 .03 .(4 .(6 
.o3 .ob -.09 .cs 
.06 .10 -.11 .os 
.10 .20 -.H .C4 
.20 .30 -. 22 .05 
e30 a40 -.H .C1 
.40 .60 -.49 .Cl 

T IS THE MOMENTUM TRANSFER BETWEEN THE t INCOMING NEUTRON I AND THE (PROTO,_. I. 
THE POLARIZATION IS OF THE PROTC.t> ALONG THE NORHH TO THE PROCUCTION PLANE IN THE GRANO C.M. 

(11 PLUS POSSIBLE SYSTEI'ATJC EPROR OF •- 5 PER CENT. 

ELASTIC POLbRIZATION FGR NEUTRnN PROTON. (FIGURE Zl 

DATA IS AVERAGED OVER LABGRATORY BEAM MOMENTUM FROM 5.0 TO 5.5 GEV/Ca 

PRIVATE CQrotMUNJCATIOI\' FRQfo! P.R.POBRISH, JUNE, 19701 

I THESE ARE PRElii'INbPY RESULTS I 

_, 
CGEV/CI**Z 
JoliN HAX 
.oo .01 
.01 .03 
.03 .06 
.ot: .10 
.1 n .. ?o 
.zo .30 
.3C .40 
.•o ..... n 

POL~PI ZAT ION I 1 I 

-.20 .12 
-. C9 .C7 
-.26 .ct: 
-.20 .o6 
-.ze .c5 
-.31 .01 
-.11 .c~ 

-.4z .cv 

T IS THE MOMENTUM TRANSFER BET.-EEN THE (INCOMING NEUTRON] AND THE (PROTOt..J. 
THE POLARIZATION IS OF THE PROTC!N AlONG THE NORMAL TO THE PRODUCTION PLANE IN THE GRANO C.M. 

( lJ PLUS POSSII!LE SYSTEI"ATIC EPRQR OF •- 5 PER CENT. 

@D THO-PRONG EV,NT$ IN PPOTON•PPOTCN INTEA•CTIONS 6T A. I r.Fvtr.. INIIC. PHYS. 813, Z83 119~9)) 
J.GINESTET,O.MANESSE,TRbN HA .61\'1-,0.\IIGNALO ICNTR. D'ETUCES t>UC. SAClbY, GIF-SUP-YVETTE, FRANCEJ 

ABSTRACT ABOUT 10000 TWC!-PRO.G EVENTS GF 8.1 GEV/C PROTON-PROTON INTERACTIONS IN THE CERN 2 H. BUBBLE CHA)ti'BER l-AVE 
BEEN ANALYZED. WE STUDY ELASTIC SCATTERING AND SINGLE-PION PRODUCTION REbCTIONS. WE GIVE CROSS SECTIONS FOR ISOBAR 
PRODUCTION. WE ATTEMPT TO INTERPRET TH GENERAL FEATURES OF THE PP•P N PI+ REACTION BY THE DECK MECHANISM. WE CCiMPbRE· 
THE PRODUCTION ANC THE CECAY OF DELTAH(l23b) WITH ABSORPTION OR PI REGGE TRAJECTCRY EXCHANGE MODELS. 

CltSElY PELbTEO REFERENCES 
CONTINUATION OF PREVIOUS EXPERI~E~T lt\ t..UC. PHYS. 85, 169 (19681. 

ADDJTIC~Al CIT.ATJQr.'S 
PHYS. REV. LETTERS 17, 789 (19661, RUTHERFORC HIGH ENERGY LAB. RPP/H/53, PHS. REV. LETTERS 19, 397 1196'n, PWYS. 
REV. llO, 12l3 (1968), PHY~. RE't'. 113, 1322 119681, NUOVO CIMENTO 49A, 479 119671, PHYS. REV. 15oft, 1284 119671, NUOVO 
CJ..:ENTC 38, 60 119651, ~UOVO CIHENTO 53.6, 23Z 11~681, PHYS. REV. 174, 1638 119681, NUOVCi CJI'ENTQ 50.6, 1000 119671, 
PHYS • LETTERS 268, 195 I 19t:81, PHYS. R.EV. LETTERS 1), 169 I 19641, NUOVO C. I MENTO 48, 676 I 19611, NUOVO C I MENTO 45, 
1010 119661, PHYS. REV. l6ij, 171' 11Cib81, PHYS .. RF.V. 144, 1122 Cl96b), PtiYS. R~V· 160, 141C 119671, AND NUOVO CIMENTO 
55, 667 (1968). 

ARTICLE READ BY OCETTE DENARY IN 3/7C, AND VERIFIED BY LEROY PRICE. 

BEAM IS PROTON ON PROTON AI tl.l Gtv/C. 

THIS EXPERIMENT USES THE CERN 21' CHI BUBeLE CHAMBER. A TOTAL OF 60000 PICTURES ARE REPORTED ON. 

KEY WOROS • CROSS SECTION 
OFNS ITY HATR I X 

AI\'GULAR DtSTRtBUTION CIFFERENTIAL CROSS SECTION FITS 
I",ASS SPECTRUM OELTAI12381 N*U4701Pll 'N*Clb881' 

CCHPOUNO KEY WGRDS • FITS CIFFERENTIAL CRCSS SECTION 

MODELS 
DELTAI19201 
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[TABLE 1 J 

LABCP.&TORY EEAP MOfi!ENTU"' ,. 8.1 +- .1 GEV/C. 

nEACTION ,..llli-BARNS NU. EVENTS 
PROTON PROTON • 

HASTIC 10.80 .40 33t:O 

PRO TOt\ 

PROTCN PROTON PIO 
PROTCN NEUTRON PI+ 
PROTON PROTON ~P'1i!2PIO 

PROTON NEUTRON PI+ 14/0!HPIC 
PI+ PI+ NEUTRON NEUTRC~ ,..,l"i!OI=IO 
2 PRONGS 
TCTAL 

LABORATORY BEAM ~OMENTUf<l. = 8.1 +- .1 GEV/C. 

REACTION 
PROTON . 

NEUTRON OELTA(l2381++ 
OF,I.T.AI17UI++ PRI)Tf)f\ .,. (11 

PROTON DELTAfl238)+ 
OEITACI?lRI+ t.'~I)TRO~ .,. Ill 

PROTON DEL TAl 12381+ 
OELTAI12381+ PROTO.; PJO Ill 

PROTON N•ll41CJ+ 
t~·!•ll\7011 IIW,Rrlli rH Ill 

PR!:TCN N•f 14701+ 
N•I1470I• . PROTON PIC 121 

PROTON 'N•Il688h' 
'N•Il6881+' . NEUTRON PI+ Ill 

PROTON 'N•I16881+' 
•N•Il688J+' . PROTON PJO Ill 

NEUTRON DEL TAI1920J++ 
DEL TAl 1?20) II F'ROTOt\ PI• Ill 

1.75 .zo 
4.50 .4C 
1.60 .40 
6.50 .so 

> .60 
26.10 1.40 
40.1C .20 

ITABLE 31 

Mllli-BARNS 

1.35 ·- • 30 

.40 .10 

.15 .07 

.so .15 

. ~~ .15 

.10 .05 

.to .05 

.45 .20 

fl J FfTTEP DISH~lBUTION WJTH FIXEC MASS AND WIDTH AND TOOK J:Vf.NT!'i nNLV liOOYE IFITTECI iHIC~GP.OUNO. 

121 FITTCD FOR MA55 AND/Ofl WIDTH [ f'I':ASS = 1.415 GEVo ·..tJOH! ~ .:,wu Gf:V It AND THEN TOOK ONLY EVf:NTS ABOVE IFITTEOJ 
BAC:KfRI:IJNfi. 

ELASTIC DIFFERENTIAL CROSS SECT ICN FCR PROTOI\' PROTON. (FIGURE 2 J 

LABORATORY SEAM HOfi!ENTU,., " 9.1 +- .1 GEV/C. 
t\U,.,BER OF EVENTS "" 3220. 

( PRIVATE COHHUNICATJOr\ FRCM GINESTET, HAY, 19701 

I THE CONVERSIGN FACTCR FRC,., NU~e.ER OF EVENTS TO HILLIBARNS WAS CALCULATED BY US J 

.,, L:•.s H.ii'IUI U•l 
IGEV/C 1 .. 2 HB/IGEV/CIU2 Ill NO. EVENTS 

~~~· Hl.f' 
.00( lJ l~.b •· 3.3 
.06 .Qij 45.C 2.5 333 
.08 .to 37.3 2.2 276 
.to .12 34.6 2.2 256 
.17. .14 29.8 2.< 221 
.14 .16 27.7 1.9 Z05 
.16 +10 !!I.Z ... ,.,l 
'19 . ~· 11.!i ... i:'JI) 
.20 • 22 16.9 1.5 125 
.22 .Z4 n.s l.; 100 
.24 .26 10.1 1.2 75 
.26 • 30 11.3 1.2 84 
.28 • 30 9.2 1.1 68 
.30 .32 7.6 1.0 56 
.32 • 34 6.1 .. 45 
.34 .36 5.9 .9 •• .36 • 38 5.4 .. 40 ... .40 3.0 .1 2'1 
.40 .42 3.4 .1 25 
.42 .44 4.5 .8 33 

T lS THE MO~ENTUI'! TRA,..SFER BETWEEN THE (INCOMING PROTON) AND H!E· (OUTGOING PROTON I. 

(11 CCUNTS WERE f'iiiULTIPliEO BY .135 TO GET THESE. ERRORS ARE TAKEN AS PROPORTIONAL TO THE SQUARE-ROOT OF THE COUNTS. 
121 EXTRAPOLATED POINT. 

fiT TO HAGTIG DHfCRCriTJH tn0~3 ~CCTIGI• (C!jo. "l'l(fiUA P"UIUN. 11 ABlt: l J 

lABURATORV EH)I JICMENTUjij_ • 8.1 +- .1 GEV/C. 

DATA IS f.IT OVER-T FROM .Ob TO .50 (GEV/CI**2. T IS THE HOHENTU~ TRANSFER BETWEEN TH (INCOMING PROTON) AND THE 
IOJTr.QING PROTO,.,.J •. 

FITTED FORMULA IS 0-SIGMA/D-T = A*EXPILAI'BDA*T1 

WHERE 0-SIGMA/D-T IS IN M8/IGEV/CI**2 AND -T IS IN IGEV/CI**2• 

F I TTEO VALUES 

A .. eo. •-· 3. 
LAMBC.A = 7.5 •- .2 
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DIFFERENTIAL CROSS SECTIC~ FCR PROTON PROTON • NEUTRON OELTA11238J++. JFIGUIIE 51 
OELTAI12381++ • PROTON PI+ Ill 

LABOPATORY €EA~ MOfiiENTUM " 8.1 +- .1 GEV/C. 
NUMBER OF EVENTS = 225. 

( PRIVATE COMMUNICATI(" FHI" GI!'."ESTET, HAY, 1970) 

( THE CONVERSION FACTOR FRCM NUMBER OF EVENTS TO MllliBARNS WAS CHCULATEC BY US I 

-T 0-SIGI"A/0-T 
IGEV/tto•z MBI(GEV/CI .. Z 121 NO. EVENTS 
~IN HAX 
.oo .02 6.5 . ' 48 
.02 .04 3.6 .1 27 
.04 .06 3.6 .1 27 
.06 .08 2.6 .. 19 
.o8 .10 2.0 .s 15 
.10 .12 2.2 .s 16 
.12 • 14 1.6 .s 12 
.14 • 16 .. .3 6 
.16 • 18 1.2 .4 • .18 .20 .1 .3 5 
.20 . n .. .3 
.22 .24 1.2 .4 
.24 .26 .3 .2 
.26 .28 .3 .2 
.28 .30 .3 .2 
.30 • 32 .o .1 
.32 .34 ,J .1 
.)4 • 36 ,J ,J 
.36 • 38 .o .1 
.38 .40 .3 .2 
.40 .42 .o .1 

TIS THE MOMENTUM TRANSFER BETWEEN THE IINCCHJNG PROTON) AND TH (0ElTA112381++1. 

(1) USED SIHLE I"ASS CUT. 
121 CCUNTS lliERE MULTIPLIEC AY .135 TO GET THESE. ERRORS ARE TAKEN AS PROPGRTIONAL TO THE SQUARE-RCGT OF THE COUNTS. 

11321 0ELTAI12361++ OELTAI12361- PROOCCTlON IN P N COLLISIONS AT 6.98 GEV/C, loElZ•ANN INST REPORT 1197011 

A.SHAPIRA,G.YEKUTIELI,C.YAFFE,S.TOAFF,E.E.ROII:AT,L.LYCNS,UaKAPSHON,Bai1ABER, YaEISENBERG (hEJZMAI\'N JNSTa OF SCiat PE!-OVOTH, 
I SltAt:L J 

ABSTRACT THE REACTION PN • CEllA++ DELTA- WITH A CROSS SECTION OF lal •- Oa2 I'B IS STUCIED AT 6a98 GEV/Ca CO,..PARISON 
WITH THE REACTIONS PBAR P • OElTA-BAR DELTA ANO PP • DELTA DELTA AT DIFFERENT INCIDENT MO~ENTA SHOWS TH.U THEIP 
CROSS-SECTION BEHAVES lii<E PILABI EXPI-2.5+-0.31, CONSISTENT WITH ONE-PION-EXCHANGEa THE PPOOUCTION AND DECAY OF 
OHTU+ UtliA- AGREE5 WITH THE Q.P.C.HOOEl WIH! SHAPP CUT-nFF 6T R=l.3 fERI"It THE DECAY CCRRElATIONS ARE ALSO 
COMPARED WITH SOME Qt;ARI< MGCEL PPEOICTICNSa 

CIT ATIC~S 
PHYS. REV. 154, 1284 (1~671, NUOVO CIPIENTO 55, 66 11968), NUL PHYSa 318, 30 (19101, NUC. PHYS. 85, 161Q (19681, NUOVO 
CIHENTO 48A, 360 119671, Pt-YSa REV. 123, 1307 (19681, PHYS. LETTERS 268, 598 119681, NUC. PHYSa B6, 465 (Jt~6RJ, PHYS. 
REVa 160, 1410 11~681, PHYSa RE\Ia 173, 1322 119681, NUCa PHYSa 817, 289 1196c;J, AND 1\'l.iOVO CI~ENTO 38, 518 (19651. 

ARTICLE READ BY OCETTE SENARY II\ 6/lC, AND VERIFIEC BY LEROY PPICEa 

BEAJII IS PRHON ON OEUTERct\ AT 6.98 GEV/Ca 

THIS EXPERIMENT USES TH 8.Nala 80 INa (HJ BUBBLE CHAMBER. A TOTAL OF 94000 PICTURES ARE REPORTED ONa 

KEY WCROS • CROSS SECTION OELTAf1238J MASS SPECTRUI'! ANGULAR DISTRIBUTION 
DIFFERENTIAL CROSS SECTION FITS DENSITY MATRIX 

COMPOUND I<EY WORCS • ·FITS DIFFERENTIAl CROSS SECTION 

CP:OSS SECTION FOR PROTON NEUTRON • PROTOPII NEUTRON PI+ PI-a 
GlAUBER CORIHCTIQN APPLIED 

LABCPATOPY 
eEAI' MCMENTUM 

GEV/C 
lr·?O 

Mllli-BARNS 
1' ..,, ..... '' 

(PAGE 4 I 

CROSS SECTION FOR PROTON NEl!TRON OELTAI123BJ++ OElTAC12381-a (PAGE 51 

GUUeEP CORRECTION APPLIED 

LABOI!ATORY 
BEA,.. MCMENTUM 

GEV/C 
(..?8 

M llli-BARf\S 

1.1 ·- ·' 

OELTAI12381-++ PROTON PI+ l1r21 
OElTAI12381- • NEUTRON PI- ll,ZI 

(1) hCN-INTERFERING M~PLITUOES ASSUMED. 

MODELS 

rl I riTTLU Ul£111lfsuTlO~I WlTW ~tvr:n ut;r; 6NO HIOTH 1\NC TQQ!', ~VfNTS ON! Y ·ABOVE IFJTT.eOJ BACKGROUtJOa 
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l133ILARGE-ANGLE PO SCATTERI'G AT 560 •cv. IPHVS. REV. LETTERS 24, Z3t (l"CI I 

J.S.VINCENT,W.K.RORERTS,E.T.SCSCHITZ [lEMJS RES. CNTR., NASA, CLEVELAND, CHI() 
L.S.KISSLINGER ICARHGIE-HLLCN UNIV., PITTSBURGti, PA., USAI 
K.GCTOW (VIRGINIA POLYTECHNIC INST., BLACK5tH:RG, VA., USA) 

·P.C.GUGElOT lUNJV. OF VIRHNJA, CHAPLOTTESVILLE, VA-. USA) 
C.F.PERDRJS.tr.T,L.\oi.S\oENSON (COL. OF WILLIAM AND MARY, WILLIAMSBURG, VA., USA) 
J.R.PR.IEST (111A!'11 UNIVERSITY, OXFORD, OHIO, USAI 

ABSTRACT THE ELASTIC SCATTERING CF PRQTQfo,S FRCM DEUTERONS t-'AS BEEN MEASURED AT 580 MEV. THE RESULTS FOR lARGF-ANGLE 
SCATTERING ARE PRESENTED AND DISCUSSED HERE. THE BACK'P:APO PEAK OBSERVED IN THE £XPEPIMENT IS CONSISTENT WITH A 
BARYON-EXCHANGE f'!ECHAf\151" INCLUCING THE TRANSFER OF BA~YON RESCNANCES. 

CLOSELY RELUEO REFERENCES 
THIS ARTICLE SUPERSEDES euLL. AI". PHYS. SOC. 13, 872 11q68). 

ACCITIONAL CITATIONS t 
PHYS. REV. LETTERS 16, 761 119661, PHYS. REV. LETTERS p;,·)81 11q671, "'UGVO CII"E~TC SlAt 36q 119671, ~UG\10 CIMENTO 56 
eJe (1q68), Pk'iS. AE:Y. 180, h93 C1c:l6'i), PHYS. REv. LETTEP:S 20, 1116 Clc:l69,, ANt\UAL REV. OF NUCLEAP SttENC!: 1lt 261 
119631, PHYS. LETTERS 288, 299 11Cj68), PHYS. LETTERS 298, 211 1196ql, PHYS. PEV. 117, 2075 119691, PHYS. REV. LETTEPS 
21, 10:.9a (l'lotl), AM) PHfS. Rf\1. LETTeRS 22, HO (l'lo.;o). 

ARTICLE READ BY OCETTE BENAPY IN 6/7(, AND VERIFIED BY LEROY PRICE. 

BEAM IS PROTON ON CEUTERIUM COI"POUND AT 1.1Cf4 GEV/C. IBEAI" KINETIC ENERGY ::r .sa GEYI 

THIS EXPERip.IENT USES CCUNTEPS. 

KEY WORCS • DIFFERENTIAL CROSS SECTICN 

ELASTIC DIFFERENTIAL CRCSS SECTION FCR PPOTON DEUTERON. (FIGURE lJ 

LABDRUOIW BEAM ENERGY "' .5e GEY. 

( PPIVATE COMMUNICATION FRO~ J.S.\IINCENT, JUNE, 1970J 

( THESE DATA ARE CCRRECTEO FCR CEUTERCN BREAKUP. THE TWO POINTS AT THETA .. 20.3 DEGREES ARE OBTAINED BY OIFFEPENT 
TECHNIQUES. I 

THETA 
DEGREES 

16.9 
~O.l 
zo. 3 
2S. 3 
28.6 
33.6 
36.8 
44.7 
44.c; 
4c;. 6 
52.8 
57.4 
60.5 
65.0 
12.1 
79.5 
86.2 
QJ.7 
qq.o 

104. c; 
110. tl 
ll6.C 
126.C 
ll""•O 
l 1iJoi 
1~9.:> 
154.0 
155.6 
161.2 
1t:~6.2 

C- S 1 Gl" A/C-CI'EGA 
HB/SR 

ll.QOO I .QOO 
1.1CC ,600 
6.QOO .600 
3.10C .600 
3.100 • 500 
1.240 .too 

.a2C .C70 
o38C .020 
.270 .020 
.ISO .010 
.110 .01C 
.091 .005 
-061 .CC5 
.091 .cos 
• C83 .005 
.011 .003 
.oss .003 
.Qf,f .QOJ 
-0:!9 .cos 
.MR .nt)l 
.C23 .CO'! 
.022 .C02 
.G20 .003 
.oO:T •GG~ 

o07l .007 
.117 .t:'l II 
.121 .C09 
.112 .ace 
.166 .007 
.uz .02b 

THETA IS THE ANGLE THAT THE PROTON HAKES WITH THE BEAM IN THE GRANO C.H. 

11341 s•ALL ANGLE PROTON-PROTON SCATTERING AT 7.65 GEV/C, IPHYS, LETTERS 14, 54 1196511 

A.E.TAYLOR ~AT(jHlt EN, ~ES_ •. fSTPI!., 1"\ARWfll• f\FRKc; •• F.!l.'r.IIINnl 
A.A~HHUIU:,W.S.CH ~Mlf.J,Q.~.FALLA,W.H.RANGE,O.B.SCOTT [QUEEN MARY COLLEGE, LONDON, ENGLAND) 
A.ASTBUAY I F.r:Arnr.r.T oT .r..Wfll VFII ~iiiTW~IUQOO HICII ii'l. v.u., tlllLTOPI,D~Q~e.t~~ .. tliOLA,Ul 

CITIITJONS 
BNL 832, ANNALS OF PI-'YSICS 3, 190 ( 19581' NUOVO CIMENTO 21, 427 ( 19631, PliYS. REV. LETTERS 11

1 
427 11963

1
, PHYS. 

LETTERS 13, 93 (19641, PHYS. LETTERS 8, 285 119641, AND PHYS. LETTERS 13 1 78 C196 'd. 

ART lCLE REAO BY OCETTE BENARY Hi 10/t:9, AND VERIFIED BY LEROY PRICE. 

BE.6H IS PROTON ON PROTON AT 7. ES GE\1/C. 

THIS EXPERJ_I"ENT USES SPARK CHAI'E!ERS. 

KEY WORDS • CRQSS HtliQti OIFFf.KPNT1At. r.Rn~c; <.Ff 1111N 11$;Al C.AJ•PLifUOEIIIHACH:AnV ur~PLITUDCI 

PtotOION lo'HUTON IUTAL CACSS SECTlC:N. 

LABOPATCRY 
BEAM HOH~NTI,IM 

GEV/C 
1.asc - .o1a 

THE Rf!Jp.~ RAT 10 

LABORATORY 
BEAM MOMENTUM 

GEV/C 
7.850 ·- .018 

Ill ERRORS 

FOR THE 

lNCLUCE 

MILLJ-BARNS 
40.0 +- .6 -------

FORWARD ELASTIC 

AlPHA Ill 

-. zc; +- .CJ 

SYSTEMATICS. 

(P.6GE 551 

AMPLl TUDE FOR PROTON PPOTON. (PAGE 561 
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11351 HIGH ENERGY NUCLECN-NUCLECN TCHL CRCSS SECTIONS. IPHYS. REV. LETTERS 9, 32 I 196211 

A.N.OIOOENS,E.liLLETHUN,G."'ANNI"G,A.E.TAYLOR,T.G.WALKER,A.H.WETHEREll (EUROPEAN O~G. FOR NUt. RES., GENEVA, SWITZERLAND) 

C JTAl ICf\S 
PHYS. REV. LETTERS 5, 57b 11960h REVIEW OF SCIENTIFIC JNSTPUHENTS 25, 1070 11<;541, PHYS. REV. 125, 7Cl 119621, PHVS. 
REV. LETTERS 5, 333 Cl<J6CI, PHYS. REV. LETTERS 7, 185119611, PHYS. REV. 103,211 llSSbl, PHYS. REV. 100,242119551, 
PHYS. REV. 98,1393119551, PHYS. REV. 123, 1850119611, AND PHYS. REV. 8, 142119621. 

ARTICLE REAC BY ODETTE f!ENARY It<. 4/67, AND VERIFIED BY LEROY PRICE. 

BEAI' NO. 1 IS PROTON ON hYDROGEN ([~POUND FROM 3.27 TO 7.75 GEV/C. 
NO. 2 IS PROTON (iN CEUTERIU~ CC!HPOUNO FROM 3.27 TO 7.75 GEV/C. 

THIS EXPERJI'!ENT USES COUNTERS. 

KEV \liCPOS • CPQSS SECT ICN 

PROTON PROTCN TOTAL CROSS SECTICN. 

LABORATQPY 
BEAM MOHENTUH 

GE\1/C 
3.Z7 
4.51 
5.83 
1. 75 

~1lli-B.APNS 
1t7.1 .lj 

lt2.1 .7 
41.6 .6 
41.6 1.1 

PROTCN NEUTPON TOTAL CRGSS SECTION. 

lT.ABLE I l 

(TABLE 11 

I NP CROSS SECTION Oi!TAINEC BY LSING 020 AND H20.GLAUBEP CORRECTICN NOT .APPL let. I 

LABOPATORY 
i!E.AH f'CMENTUM 

GEV/C 
3.27 
4.51 
5.83 
7.75 

HILL I-BARNS 
37.1 1.3 
3f:.8 .lj 
37.c .a 
37.6 1.6 

11361 A POSSIBLE Y • 2, S • 0 PP PH RESONANCE AT 2S20 HEY. ( PHYS. LETTERS 16, 7S ll96SII 

J.KI00 1 L.MANDElll 1 ~.PELOSI ,S.R.ATTJ,A.SICHIPOLLCtL•HlLONE lUNIV. OI MILANO, f'ILANQ, ITHYJ 
F.CONTE, G.TOHASINJ (UNIV. Ot GENO~A, GENOVA, ITALY) 

CLOSELY RELATED REFERENCES 
PART OF THIS ARTICLE SUPERSEDED BY NUOVO CIMENTO 58A, 175 (1q681. 
CONTINUATION OF PPEVICUS EXPERI~En IN SIENNA CONFERENCE 1 591 (19~31, AND SIENNA CCNFERENCE I 348 tl9631. 

ADDITIONAL CITATIONS 
CERN 1370/P, PHYS. REV. 110, 765 (l'il5Eit PHYS. REV. 105,. 1874 (19571, NU(VO CIHENTO 30, 21t0 (lq631, NUOVO CJMENTO 27, 
1450 (19621, PHYS. REV. 11~, 161t0 (19591, REV. MCO. PHYS. 33, lt58 (19611, PHYS. REV. 120, 599 119601, NUOVO Clf'ENTO 15, 
lt65 Cl960I, PhYS. REV. 125,2091 (19621, PHYS. REV. LETTERS 8, 329 (19621, PHYS. REV. 126,747 (19621, PHYS. PEV. 9, 
133 119621, PHYS. PE'Y. LETTERS lOt 142 (19631, PHYS. REV. LETTEP:S 12, 611t'(1964J, PHYS. REV. LETTERS 6r 641 119611, 
PHYS. REV. LETTERS 8, 82 C19621t NUOVO CIMENTO 32, 227 119641, PHYS. REV. LETTERS 12, 134 119641, PHYS. REV. LETTERS 
13, 696 119641, Pl-YS. REV. LETTEPS 13, et5 (19641r AND PHYS. REV. LETTEP:S 14, 339 C1CJ65J. 

ARTICLE READ BY OCETTE SENARY IN 5/67, AND VERIFIEC BY LEPCY PPICE. 

BEAM IS PROTON ON PROTON AT 4 GEVIC. 

THIS EXPERIMENT USES TH SACL.AY 81 C~ IHI BUBBLE CHAMBER. 

KEY WORDS • CROSS SECTION MASS !PECTRUJol: MODELS DEl TAI12381 NON-STRANGE OlBAiiVON STATE AT 2520 lol~Y 

l.KU).) .)I!C.. I IUN I"UR 

• • THIS DATA SHOULD NOT BE USEC • • I MORE RECENT VALUE PUBLISHED IN NC 58A,17511CJ681 I 

LABDRATCRV 
BEA~ Jot:CHENTUH 

GEY/C .. Hill I-BAIRNS 
2.1j5 ·- .15 

NO. EVENTS 
029 

113'71 ELASTIC SCATTERING OF S80 MEV NEUTRONS BY PROTONS ANO NEUTRONS. !CERN CONFERENCE 2 liS 119S611 

V.P.DZHELEPOV,B.M.GOLOVIN,_ Y.fii.I<AlARINCV,N.N.SEf'ENOV {JOINT INST. FOR NUCL. RESEARCH, DUBNA, USSRJ 

CllATIOI\S 
IZV. AI<AO. NAUK. SSSP: 19 573 (llj551, DOH. AI<AD. NAUK. SSSP: 104 117 Cl'ii55J, ZUPN. EKSP. TEQR. FJZ. 28, 121 tl9531t 
PHYS. REV. 97, 1186 11CJ551t IZV. ~I<AO. NAUK. SSSR 19 548 11CJ551, THE PROBLEMS OF "'DDERN PHYSICS 7 7 t1CJ541 1 NUOVD 
CIHENTO 12, ~9CJ UCJ541, ZURN. EICSP. TEOR. FIZ. 30r 424 ll'i1561, OOICL. AICAO. NAUK. SSSR lOit 380 C 19551, PHYS. REV. Ci16, 
398 11951tlr PHS. REV. 'il6, 1310 11954), PHYS. REV. 77, t,41 U'i1501, PHYS. REV. 75, 1664 llCJ491 1 OOKL. ~KAO. NAUK. SSSP 
9CJ 94) Cl9:i41, ANO Pt-:YS. REV. 'il5, 591 C19541. 

ARTICLE REAC BY ODETTE SENARY Jr.. 10/flCJ, ANC VERIFIED BY LEROY PRICE. 

BEAM NO. 1 IS NEUTP:ON ON PROTOI\ FRO/I': .CJ27 10 1.257 GEV/C. C BEAM KINETIC ENERGY a .)8 TO .63 GEVI 
NO. 2 IS NEUTRON CN DEUtERON F~OM .927 TO 1.257 GEY/C. lBEAM KINETIC ENERGY • .38 TO .63 CiEVI 

THIS EXPERIMENT USES COUNTERS. 

KEY WCP:OS • CPOSS SECT IGN DIFFERENTIAL CROSS SECTION FITS 

COMPOUND KC:Y WORD!; • riTS OIHERENTIAl CROS~ SCCTION 



NEUTROll. PROTCN TOTAL CRCSS SECT ION. 

LABOPATORY 
SEA,... ENERGY 

GEV I 11 
• 38 
.sc 
• 59 
•• 3 

( 1 I MEAN VALUES. 

MILLI-BAFINS 
34. t- z • 
35. z • 
3l:. z. 
37. 4 • 
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ELASTIC DIFFERENTIAL CRCSS SECTION FCR NEUTRCN PRt:TON. 

LABORATORY BEAI'!. ENEACV "' .58 CEV tHE.HI VALUEI. 

THETA 
DEGREES 

180. 
169. 
157. 
147. 
135. 
124. 
114. 
103. 
~:J. 

83. 
13. 
1.;\-
54. 
45 0 

35. 

O~SIGHMC-OHEGA 

~etSP [1,21 
e. 40 •- .1c 
s. 30 .sc 
3.40 .30 
z.to • 20 
1. 7C .13 
t. co .C7 

• "Itt .l,j) 

.1a .as 

.91 .QE.: 
t.to .oe 
1.60 .13 
:Z.IO .20 
z. 30 .17 
3.CJO • 30 
3.70 .20 

(TABLE 1 J 

THETA IS THE ANGLE Tt'AT H.E NEUTRON MAKES WITH THE BEAM IN THE GRAND C.,. 

11 J ERRORS ARE SHSTICAL CNLV. 
(21 PLUS POSSIBLE SYSTEI"ATIC ERROR OF 

NEUTRCiN PROTON EL~STJC CRCSS SECTION. 

LABORAHJRY 
BEAI'! ENERGY 

GEV I 1 J 
• 38 
• sa 

( l l I'!EAN VALUES. 

~ lll I-BARNS 
33. ·- z • 
26. 3 • 

I = 0 NUCLEON NUCLEON· ElASTIC CROSS SECTION. 

LABORATORY 
BEAM ENERGY 

GEV Ill 
• 38 
.sa 

( 1) ~EAN VALUES • 

M ll.li-BARt\S 
-42. ·- 3 • 
21. -4. 

l3 PER CENT. 

l TABLE 2 J 

(TABLE 2) 

EL/ISTIC DIFFERENTIAL CRCSS SECTiCN FOR NEUTRCN NEUTRON. 

LAHORATORY P.FAM f.NERfiY ! ,;q GfV !"FAN VAI.UEio 

TllfU 
DEGREES 

30. 
49. 
55. 
6"1. 
78. ... 

o ~ 1 Olllo'O onr:o• 
~B/SR 

5.80 •· .l!O 
-4.10 .so 
3.80 .-40 
2.90 • 35 
2.30 .30 
z. ~0 • 25 

ITABLE 31 

THETA IS THE /INGLE THAT THE NEUTRON ~liKES WITH THE BEAM IN THE GRAND C."4. 

~TH~ PRODUCTlON OF NUCLEON RESGI\/INCES IN PRGTON-PROTON COlliSIONS AT HIGH ENERGY AND LARGE MOMENTUM TRANSFERS. 
~ LETTERS 288, 2?9 ~19teiJ 

I PHYS. 

J • V.ALLABY, F.B I NON ,A.N. 01 OOENS, P.OUTE I lt A. KLCVNING, R .HEUNI ER ,J • P.PE IGNEUX, E .J .SACHAR lOIS ,K. SCHLUPHANN,M. SPIGHEl,J. P. STROOT, 
A.H.THORNOI KE, A.M.WETHERELL (EUROPEAN ORG. FOR NUC. RES., GENEVA, SWITZERL/INO) 

ABSTRACT EXPERIMENT/IL RESULTS ARE PRESENTED ON THE EXCITATION OF THE NUCLEON ISOBARS N•C 15181 AND N•l16881 IN 
PROTON-PROTON COLllSICNS Al AN INClOENT MOMENTUM OF 19.2 GEV/C AND IN THE RAt\GE OF FOUR-MOMENTUM SQUARED 0.6 s/T/:505.8 
IGEVJSQUAREO. 

CIT/IT IONS 
PHYS. REV. LETTERS 7, 450 119611, PHYS. REV. 128, 1823 (1'i621, PHYS. lETTERS 8, 134 11964), PHYS. lETTERS 1St 1&7 
119651, PHYS. REV. LETTERS 16, 855 119&61, PHYS. REV. lETTERS 17, 789 1196&1 1 PHYS. REV. LETTERS 19, 397 119671, 
PHYS. REV. 110, 1223 11'»&81, PHYS. LETTERS 288, &7 119681, PHYS. LETTERS 268, 161 119&81, VIENNA CONFERENCE PAPER 563 
119681, PHYS. REV. 1378, 708 (1965), CERN NP/6B-17, CERN TH/914, AND CERN TH/'il6. 

ARTICLE READ ev OCETTE BENARV II\ 1/6'i, AND VERIFIED BY LEROY PRICE. 

BEAM IS PROTON ON PRGTCN AT 19.2 GEV/C., 

THIS EXPERII".ENT USES COUNTERS. 

KEY WORDS • DIFFERENTIAl CROSS SECTION N•l 1520JD13 't\.( 16881' 
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DIFFERENTIAL CRCSS SECTIQ"' FOR PROTON PROTON • PROTON N•C 1520J+. (TABLE ll 

LABORATORY BEAM HOfo'ENTUH : 19.2 GEV/C. 

T 
fGEV/Cl .. 2 

.56 

.87 
1.23 
1.66 
2.1~ 
2.66 
3.23 
3. 83 
5.81 

D-SHMA/0-T 
UB/fGEV/CIU2 

57.0CO 
21.0CO 
~. 6CO 
.390 
.160 
• 320 
.020 
.013 
.001 

PER CH'T 
20 
2C 
2C 
2C 
2C 
2C 
2C 
20 
50 

T IS THE ~OHCNTU~ TRANSFER BET~EEN HiE (INCCMING PROTON) AND THE ICUTGGING PRGTONl. 

CIFFERENTlAL CROSS SECTION FCR PROTON PROTON • PROTON 'N•fl6881+'. (TABLE l I 

LABORATOR'f' BEAH MOI".ENTUI". : 11J.2 GEV/C. 

T 
CGEV/CJ .. 2 

.55 

.86 
1.22 
1.1.4 
2.10 
2.62 
3.18 
3. 71 
5.72 

0-SIGHA/C-T 
UB/fGEV/CI .. 2 

100.CO 
26.CO 
~.20 

.H 

.31 

.33 

.03 

.02 

.co 

PER CENT 
2C 
2C 
2C 
2< 
2C 
20 
2C 
20 
5C 

T IS THE MOMENTUM TRANSFER BEf".,EEN n:E I INCOMING PROTON) AND THE IC!UTGOING PROTON I. 

l139l PROTON-PROTON INTERACTION AT 56C •. EV. i"UOVO Ci"ENTO 26, 1376 1196211 

B.BALDONI,S.FOCARQI,H.HROMAO"'"IK,L.fo'O,..-ARI,F.SAPORETTI (UNIV. 01 BOLOGNA, BOLOGNA, ITALY) 
S.FEMINO, F.MEZZANARES (INS. Cl flSICA DEll UNIV., MESSINA, ITALYl 
F.RF.RTnl.TNI fiiNfV. OF PAOt}VA, PllnOVll, IHLY) 
G.GIALANELLA (UNJV. DEGLI STUOI 01 ROMA, RQME, ITALY) 

ABSTRACT IN THIS PAPER RESCLTS ARE GIVEN H. THE PROTON-PROTON INTERACTION AT 560 HF.Y. THE EXPERIMENT WAS PERFOR~EO AT 
CERN USING A HYDROGEN BUBBLE CHAMBER. THE EXPERIMENTAL RESULTS SHOW EV IOENCE FOR THE PION-NUCLEON ANO PROTON-NEUTRON 
FINAL STATE INTERACTIONS. 

CIT AT IONS 
NUOVO CIMENTO 16, 184 (19601, Pt-YS. REV. 119, 1716 f19601, NUOVO CIMENTO 10, 525 l195el, CERN CONFERENCE 125 (1956), 
OOKL. AKAD. NAUK. SSSR 100 677 119551, JETP 5 1033 11957), PROC. OF THE ROYAL SOCIETY OF LONDON 244, ~91 (19581, 
NUOYO CIMENTO 2, 1269 (19551, CERN CONFERENCE 53 f195eJ, NUOVO CIMENTO 16, 1073 f1960), PHYS. REV. 105, 1874 119571, 
AND ZURN. EKSP. TEOR. Ftz. 32, 750 (19571. 

ARTtr:I.F AFlln flY nnETTF. RF.NliJlY IN 5/1)7, liN(l VEAIFIEO SY LEP.OY PRICE, 

BEAM IS PRCTON ON PROTON AT 1.168 GEV/C, (BEAM KINETIC ENERGY ... 56 GEVJ 

THIS EXPERIMENT USES A HYCROGEN BUBBLE CHAf'BER. A TOTAL OF 16000 PICTURES liRE REPORTED ON. 

GEfliERAL CC~fo'.ENTS ON THIS ARTICLE 
1 CROSS SECTICNS Hj!,VE BEEN NORIIALIZfO TO AN ELASTIC CROSS SECTION OF 25.2 +-.8 MB. 

KEY WORDS .. CROSS SECT ICN DIFFERENTIAL CROSS SECTION 

LABCRATORY BEAM ENERGY = .560 +- .005 GEV. 

REACTION 
PROTO~ PP:CTON • 

DEUTERON PI+ 
PROTON PROTON PIC 
PP:OTCN NEUTRON PI+ 
TOTAL INELASTIC 

(TABLE 1 l 

CLAStiC DIFFERENTIAL CRCSS SECT ttlN FCP: PROTO!\ PROTON. 

LABORATORY BEAll H'ERGY ., .560 +- .005 GEV, 
NUMBER OF EVENTS = 1224 • 

• THIS DATA WAS READ FRO II A GRAPH • 

CO Sf THETA J C-S I Gfo'A/D-OI"EGA 
to~e/SR 

.n ".~a .30 

.66 4.05 .35 

.56 4.00 • 35 

.46 4.20 .4C 

.36 3.9C .40 

.26 3.50 .35 

.16 3. 50 .35 .a. :J.te ,::e 

ANGULAR 01 STR JBUT ION 

MILLI-BARNS 

2.75 .29 
.91 • 15 

5.21 .44 
8.87 .66 

IF IGURE II 

THETA IS THE ANGLE THAT THE PROTON ~AKES "ITH THE BEAll IN THE GRANC C.Joll. 

NO. EVENTS 

lOO 
40 

233 
307 
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OIFFEkENTIAl CROSS SECTIC!N FOR PROTON PROTON • DEUTERON PI+. 

LABORATORY eEAM ENERGY .560 +- .005 GEV. 

• THJ S DATA !liAS READ FRO I" A GPAPH • 

COSCTHETAf 
MIN I'AX 
-.8 -.7 
-.1 -.6 
-.6 -.5 
-. s -.4 
-.4 -.3 
-.3 -.2 
-.2 -.1 
-.t .a 
.o .1 
.t .2 
.2 -~ 
• 3 .4 
.It .5 
.s .6 
.6 .7 
.1 .a 

NO. EVENTS 

• 
3 

• 
5 

12 

(FIGURE 21 

THETA IS THE ANGLE THAT THE DEUTEPOt\ fiiAt~:ES WITH THE eEAJII IN THE GR6NC C.M. 

f'1An'l MEASUREI".ENT OF THE POLARIZATION PARA~ETER IN PI+-P, K+-P, PP, AND PBAR P ELASTIC S~ATTERING AT 6 GEV/C. 
~ lCTTER5 :HOt 405 (l'HOJJ 

IPHYS. 

M.BOI!GHINI,L.OICK,L.DI LELLA,A.~AVARRC,J.C.OLIVIER,K.REIBEL (EUROPEAN CRG. FOR NUC. RES., GENEVA, S"ITZERLANOJ 
G.COJGNET, C.CkONENBERGER,G.GREGOJRE,K.KUROOA,A.MICHALOWICZ,M.POUlET,O.SillOU (UNIV. DE PARIS, FAC. DES SCI., ORSAY, FRANCE} 
G.BEllETTlNJ,P.L.BPACCJ,._l,T.CEL PRETE,L.FOA,G.SANGUINETTJ,M.VALOATA lUNIV. OJ PISA, PISA, ITALY) 

ABSTRACT EXPERIMENTAL RESULTS ARE PRESENTED FOR THE POLARIZATION PARAJIIETEP FCOJ IN PI•-P, K"+-P, PP, AND PBAP. P ELASTIC 
SCATTERING AT 6 GEV/Ct AND IN THE RANGE OF THE I"'VfiRIANT FOUR-MOMENTUM TRANSFER SQUARED -T FROM 0.05 TO APPROXIJII.ATElY 
2.0 CGEV/CISQUAPEO. 

CLOSELY RELATED REFERENCES 
CONTINUATION OF PREVJCUS EXPERI~ENT IN PHYS. LETTERS 2tte, 71 (1967). 

4fl(IITION.61 r;JTATJC,._S 
NUCLEAR INSTRUMENTS ~NO ~ETHODS 1.2, 45 119691, PHYS. REV. 146, 12Q7 C}Q('o('o), Pt;VS. Rf:V~ I,F.TTFR~ ,1, 1410 fl9hRio PHYS. 
LETTERS Z91h 1924 ll9691, PHYS. PEV. 17t;, 1480 119691, NUC. PHVS. 89, 549 11969), PHYS. REV. 111, 2318 Cl969J, NUOVO 
CIMENTO 63A, 141 1196Ci), AND CERN TH-1109 119691. 

ARTICLE READ BY OCETTE SENARY IN 3/7(, AND VERIFIED BY LEROY PRICE. 

BEAM NO. 
NO. 
NO. 
NO. 
NO. 
NO. 

IS PH ON HYDROGE,._ COMPOUND AT 6 GEVIC. TARGET IS POLAP:IZED 35 PER CENT. INORJIIAL TO THE BEAM DIRECTION). 
IS PI- ON HYOROGE,..- COMPOUND AT 6 GEV/C. TARGET IS POlARIZED 35 PER CENT CNOR~AL TO THE BEAM OJRECTIONI. 
IS K+ ON HYORCGEN CC~PCU,._O AT 6 GEV/C. TARGET IS POLARIZED 35 PER CENT INORHAL TO THE BEAM DIRECTION). 
IS K- ON HYOROGEN CCMPOlJND AT 6 GEV/C. TARGET IS POLARilEU 35 PER CENT INU~MAL TU THI:: BI::AM Ulfli::LIIUNJ. 
IS PROTON ON HVORCGEN CC,.POUND U 6 GEV/C. TARGET IS POLARIZED 35 PER CENT (NORMAL TO THE BEA~ OIRECTIONI. 
IS ANTI-PROTON ON HYDROGEN CCMFOUND AT 6 GEV/C. TARGET IS POLARIZED 35 PER CENT !NORMAL TO THE BEAM OIRECTJONI. 

THIS EXPERP'.ENT USES CCCNTERS. 

KEY WORDS .. POlARIZATION 

ELASTIC POLARIZATIC:N FOR PROTCh" PROTCN. (TABLE 51 

LABORATORY eEAI' ~O~ENTUM ,. 6. GEV/C. 

-T PCLAPilATION (1) 
IGEV/C 1••2 

.075 +- .025 .tee •- .t32 

.125 .on ~ 12iil .cca 

.175 .025 .137 .C01 
-225 .025 .131 .OC7 
.275 .D25 .1-42 .DC9 
.325 .C25 .112 .OC9 
.375 .025 .12-4 .cu .,. .n1:; .. 1.1] .nn 
.475 .025 .C99 .015 
• ~~!i eOi!!.i .U'IU .Ull 
.575 .czs .052 .cl'; 
.t>l~ .Ul) .112 .029 
.675 .025 .107 .029 
.125 .025 .097 .030 
.775 .025 .107 .037 
.825 .025 .Ot:-4 .C-42 
.815 .025 .039 .045 
.Ci25 .D25 .034 .C56 
.'J75 .ar:5 '100 .060 

1.050 .05D .131 .062 
1.150 .050 .217 .en 
1.250 .oso *:lltfo ,00] 
1.1tOO .100 .15-4 .069 
1.600 .100 .OT4 .CB6 
1.800 .10D .120 .127 
2.000 .100 .De6 .1C2 
2.300 .200 .Ct:O .092 

T IS THE MOMENTUM TRANSFER BETWEEN THE [JNCCMING PROTON) ANC THE [CUTGOJNG PROTONJ. 
THE POLARIZATION IS OF THE PROTC~N ALONG THE NOIH4AL TO THE PRODUCTION PLANE IN THE GRAND C.M. 

( 1 I PL.US PfJHI~!.E SVI_OHWIITJr., FPRnR nF •- S Of:.P t;FNT. 
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ffiTI PION PROOUCTION IN PROTON-PRCTO. I.TERACTICNS AT 6,6 GEV/C, 

E. COLTCN (UNIV. OF CAliF., LCS ANGELES, CALIF., USAJ 

{UCLA 1025 I 196811 

ABSTRACT Tt<IS OISSERTUIGt\ IS A STUDY OF PROTON-PROTON COLLISIONS RESULTI"G IN ~fACTIONS OF THE TYPE PROTON + PPGT(N • 
NUCLEON+ NUCLEON + M PI W"'ERE M IS AN INTEGER: INDICATING THE NU~BER Of PIONS PRODUCED. IN THIS loiORK JUS! TI-lE CASES 
FORM .. O, 1, 2, AND 3 Will BE DEALT \\liTH. THE HHERACTJONS WEF:E PHOTOGRAPt-:EO IN THE LAWREt,CE RADIATION Lt.BORATORY•S 
72-INCH LIQUID HYDROGEN BUI!eLE CHA~BEP \oiHICH WAS EXPOSED TO A 6.6 GEV/C SEPARATED EXTERNAl PROTOt\ BEA,... TWO 
PRODUCTION TOPOLOGIES WERE ANALYZED. THE TWO- PRONG EVENTS WITh NO KINKING SECONDARIES YIELDED THE REACTIONS 

PP • PP I l) 
PP • FP PIC 12) 
PP • PP Pit, 13) 

AND THE FQUR-PRONG EVENTS 'I'IElOEC THE REACTIONS 
PP • F PI+ P J 14 I 
PP .. PP r11 P!o. PIC 151 
PP ·• FN Fl+ PI+ PI- • ffd 

AT 6.6 GEV/C THE PRODUCTICt\ CROSS SfCTICt\S FOR REACTIONS IU TI'!ROUGH 161 ARE, RESPECTIVELY, 1D.2 +- 0.5 MB, 2.D6 +-C. 
19MB, 4.89 +- D.28 HB, 2.70 +- D.16 1'!8, 2.15 +- D.13 ..,8, AND 2.47 +- D.15 1'48. FOR THE ElASTIC SCATTERir.oG HYPC!H!ESIS 
Ill THE DIFFERENTI.6l CRCSS SECTICN C-SIGMA/OT IS DISPLAYEC. THE DATA Af:IE CONSISTENT '-ITH AN EXPONENTIAL T DEPENDENCE 
OF THE FORM EXP(-ATJ \oiHICH IS Pf:IEDICTED BY A Sllo!PLE OPTIC.6L MGOEL OF DIFFRACTION SC.6TTERING WIH! NO SPIN DEPENDENCE. 
FOR BOTH OF THE TI-'REE-BOCY FINAL STATES THE INVARIANT MASS, CHE~-LOW AND 0Allll PLOTS ARE PRESENTED. THE DATA, IN 
EACH CASE, ARE: INCONSISTENT \.;JTH THE PREDICTICNS OF LORENTZ-INVARIANT ISOTROPIC THPH-BODY PHASE SPACE. IN 
PARTICULAR, THE NUCLEGN CENTER OF MASS ANGULAR DISTRIBUTIONS ARE EXTREMElY PEAKED IN THE FC:RWARD AND BAC!t'WAPO 
HEMISPHERES SUGGESTING A PERIPHERAL ONE-PARTICLE-EXCHANGE MECHANIS/1. THE DATA FOR REACTIONS 121 AND 131 A!\0 FCR THE 
QUASI-TWO-BODY INTERI"EOIATE STATE 

PP • Nt++IP~RI N 1''1 
IWHICH REPRESENTS 25-30 PER CENT CF THE P N PI+ SAMPLEI CAN eE CESCRJBEO QUITE WEll BY THE PREDICTIONS OF SIMPLE 
ONE-PION-EXCHANGE IOPEI ~OOELS MODIFIED BY SUITABLE FORM FACTORS. EIGHTY PER CENT OF THE EVENTS WHICH FORM THE SA .... PLE 
FOR REACT I CN I 41 PROCEE& HROUfti ·THE CUAS I-THREE-BODY STATE 

PP • N .. +ll23BI P PI- • 14 1 1 
IN THE MAJORITY OF THESE E\IENTS THE f.,lh+ IS PRODUCED PERIPHERALLY. A DETAILED OPE CALCULATION, USING THE lo!AXIMUH 
LIKELIHOOD METHOD, WAS CARRIED OUT ON A SURSAMPLE OF THE N•++ EVENTS. THE DATA APE FCUND TO AGREE WELL "ITH THE 
PREDICTIONS OF THE OPE OIAGRA~ WITH PI •- P ELASTIC SCATTERING AT EACH VERTEX. THE OBSERVED N*ll4001 EFFECT ANO ITS 
RElATICN TO OPE ARE CISCUSSED. Nh+ PROCUCTION IS ALSO OBSERVED IN STATES LEADING TO THE FIVE BODY REACTIONS 151 AND 
161 APPROXIl'IATELY 60 AND 50 PER CENT OF THE TIME, RESPECTIVELY. FOR THE PERIPHERAL N*++ EVENTS, THE OPE MODEl WITH 
OFF-MASS-SHEll PI-P SCATTERING AT ONE VERTEX AND NO++ PROOUCTIO AT THE OH-tER WAS USED TO DETERMINE THE RATIOS OF TkE 
OFF-MASS SHEll SCATTERING CROSS SECTICNS FOR PI- P • PI- P, PI- P • PI- P PIC. AND PI- P • PI- PI+ N AS A FUNCTION OF 
T AND PI- P C.H. ENERGY. THESE RATIOS WERE CO/I' PARED Willi THEIR I<NC"iN ON-S~Ell VALUES •AND WERE FOUND TC AGREE 
CUANTITATIVELY FCR lO. T. 

CLOSELY REltr.TEO REFERENCES 
THIS ARTICLE SUPERSEDES PART OF PHYS. REV. LETTERS 17, 884 f1'il66). 

ADDITIONAl CITATIONS 
UCRL 10tt68, UCRl 17619, PHYS. REV. 165, 1466 11Cil68), UCRL 11154, UCRl 16555, UCPl 9D99, REV. HOD. PHYS. 39, 1 (19671, 
PHYS. REV. lETTERS 5, 333 119601, PHYS. REV. LETTERS 7, 185 11961), NUOVO CIHENTO 49, 3559 119671, PHYS. REV. 154, 
1284 119671, CERN 65-24 65 I 1Cil651, PHYS. REV. LETTERS 19, 857 I 19671, PHYS. REV. 75, 1459 I 19491, NUOVO CHHNTO 38, 
60 119651, PHYS. REV .. 113, 1640 ti95~1, NUOVO CIHENTO 24, 453 1196ZJ, NUOVO CIJI'ENTO 27, 1450. 11963), NUOVO CIHENTO 2Z 
123 119611, PHYS. REV. 138, 8190 119651, PHYS. REV. 165, 1730 I 19681, PHYS. REV. LETTERS 19, 925 ( 19671, NUOVO 
C1"4ENT0 40, 899 (19651, CEPN 66-18, PHYS. REV. 161, 1387 119671, PHYS. REV. LETTERS 15, 468 119651, UCRL 8417 (19581, 
PHYS. REV. LETTERS 20, 964 11Cil681, Pt-!YS. REV. LETTERS 17, 884 119661, PHYS. REV. 145, 1301i 11966), CERN TH-850 119571 
NUOVO CIMENTC 33, 906 llli64), AND PHYS. REV. LETTERS 8, 140 119621. 

ARTICLE REAC ev OrETTE SENARY IN 'l/6'l, /NU VtKI~IEU fH LERO"t' PRYCE. 

BEAJI' IS PROTON ON PROTON AT 6.t GEV/C. 

THIS EXPERIMENT USES HE l.R.L. 72 H. (HJ BUBBLE CHAMBER. 

KEY WORDS • CROSS SECTION f<IASS SPECTRUM ANGULAR DISTRIBUTION DIFFERENTIAl CPCSS SECTION FITS 
MQQ~l.,~ OALITZ PLOT OELTAI123BI I<AON 0MEGAf7831 

CCJI'POUND KEY WORDS • FilS CIFFERENTIAl CROSS SECTION 

[TABLE 5 J 

LAeCRATORY eEAII MGM[tHU~ '" b.C. GEV/C 1- .15H'ER GENT). 

REACTION Mill I-BARNS NO. EVEI\TS 
PROTON PROTON • 

ELASTIC 10.20 .. so 2400 
486 

1155 
2 

PROTON 

PROTON PROTON PJO 
PROTON NEUTRON PI+ 
DEUTERON PI+ 

IHBLE 7 J 

lABORATORY BEA"' MOHENTU..: • 6.6 GEV/C +- .15CPER CENTI. 

REACT ION 
PRCTON . 

PROTON PROTON PI+ P 1-
PROTON PROTON PI+ PI- PIO 
PROTON NEUTRON PI• PI• PI-
FRCTON PROTON I<+ 1<-
4 PRONGS 

2.06 .19 
4.89 .z8 

< .01 

~Ill I-BARNS NO, EVENTS 

2.700 +- .160 627 
2.150 .13C 500 
2.470 .150 573 

.034 .012 8 
10.500 .460 2440 
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ELASTIC DIFFERENTIAL CRCSS SECTION FCP PROTOt\ PROTGN. [FIGURE 181 

LABORATORY eEAfil MO,...ENTUI" "' 6.6 GEV/C •- .151PER CENT) • 

• THIS DATA !.AS READ FROII A GPAFH • 

-T 0-SI Glo'A/C-T 
fGEV/CI .. 2 ~B/CGEVICI .. 2 Ill ~0. EVENTS 
"'It\' ••x 
• oc .02 16.5 ·- z.c •• 
• 02 .04 62.0 3 •• 248 
.04 .Ob 60.5 3.9 242 
.Ob .08 53.0 3.6 212 
.o8 .10 40.0 3.2 160 
.10 ·12: 36o0 J.t 152 
.12 .14 38.0 3.1 152 
.14 .16 30.0 2.7 120 
.16 • 18 24.0 2.4 96 
.18 .zo 21.0 2.3 84 
.zc • 22 17.0 2.1 68 
.22 .24 14.0 1.9 56 
.24 .26 14.0 1.9 56 
.26 • 28 u.o 1.1 44 
.28 • 30 •• o 1.5 36 
.30 .32 6.0 1.2 24 
.32 • 34 5.5 1.2 22 
.34 .,. .. , 1.3 Zb .,. • 38 4.5 I. I 18 
.38 .40 J,O .9 IZ 
.40 .42 z.5 .8 10 
• 42 ... 3.8 I.C 15 
.44 ... 3.5 .9 14 ... .48 2 .o .1 8 
.48 .50 2.8 .8 II 
.~o .n z.a .8 II 
.52 .54 1.5 .. • 
,St& • !'fl. 1.5 .. • 

T IS THE MOMENTUM T~ANSFER BETWEEN THE (INCOMING PROTONJ AND THE (OUTGOING PROTON). 

Ill CCUNTS WERE MULTIPLIED BY .25 TO GET THESE. ERRORS ARE TAKEN AS PROPORTIOfriAL TO THE SQUARE-ROOT OF THE COUNTS. 

FIT TO ELASTIC DIFFERENTIAL CRGSS SECTION FOR PROTON PROTCN. (PAGE 63 I 

LABORATORY BEAM MOMENTUfil = 6.6 GEV/C +- .151~ER CENTI. 

DATA IS FIT GVER T FRCf"' .Ot TC .60 IGEV/CI .. 2. T IS THE MOMENTUM TRANSFER eETWEEN TtlE (INCOMING PROTOti.J Ati.O THE 
(OUTGOING PROTON 1. 

FITTED FORMULA 15 OrSJGHA/D•T • [XPCA•O•TI 

WHERE 0-SIGMA/0-T IS It\ /IIBI(GEV/CI .. 2 ANC T IS IN CGEV/CI .. 2. 

F llTEO VALUES 

A = 4.4'9 +- .09 
R = -7.71 +- .?4 

FIT TO ELASTIC DIFFERENTIAL CRCSS SECTION FOR PROTON PROTON. IPAGE 631 

LABORATORY eEAH MOMENTUM = 6.6 GEV/C +- .15C PER CENT I. 

DATA !S ~IT li\I~R 1 FRCM .66 TC .66 iGEV/CI'*Z. TIS THE HOM~NT~H TRA~~F~R ~~THo~~ THo IINtCMIN~ PRCTCNI ANC THF 
llUIGUING PHUIUf..J, 

FITTED FORfoi.ULA IS 0-STGfo'A/n-T = FXPihRT+C:U•~I 

WHERE C-SIGHA/C-T IS IN MBI(GEV/CI••2 AND T JS IN CGEV/CI .. 2. 

FITTED VALUES 

A = 4.54 +- .11 
8 "' -8.25 ·- .92 
c = 1.05 ·- 1.72 

11421 EXPERIMENTAL STUDY OF PP•PN* AT INCICENT ENERGIES OF 6-30 REV. IPHYS. REV. LETTERS 16, 855 1196611 

E.W.ANOERSON,E.J.BLESER,G.e.CCLLINStT.FUJIIrJeMENES,F.TURKCT (BRC!OKHAVEN NAT. LAB., UPTON, L.l., N.Y., USA) 
R. A.CARRJGAN JR., R .H. EOELSTE JN,N .C.H I EN 1 T .J.MCMAHON, I .NAOelHAFT ( CARNEGIE-f"ELLON UN IV. 1 PITTSBURGH. PA. • USA 1 
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BEAM IS PROTON ON PROTON FRO~ 6 TO 30 GEV/C. 

THIS EX PER I~ENT USES SPARK CHAP'!eERS. 

GENERAl CCHfo!ENTS ON THIS ARTICLE 
1 THE CROSS SECTIONS FOR PP•PN• WERE OBTAINED BY MEASURING THE RESONANCES PRODUCTION AT SMAlL MOMENTUM TRANSFERS .6NO 

INTEGRATING OVER THE WHOLE T PHYSICAL REGION BY ASSUMING AN EXPONENTIAL DEPENDENCE Of THE DIFFERENTIAL CROSS 
SECTION ON T 

KEV WORDS • CROSS SECTION DIFFERENTIAL CROSS SECTION FITS DELTAC12381 N•C 14701Pll N•l 15201013 
'N•I 16881 I N•I219CJG17 

CCfo'POUNO KEY WORCS • FITS DIFFERENTIAL CROSS SECTION 



CROSS SECTION FOM 

LABORATORY 
eE.IIH JiQMENTUH 

GEV/C .. 
10. 
15. 

CROSS SECT ION FOR 

LABORATORY 
BEAM MOMENTUM 

GEV/C 
10. 
15. 
zo. 
30. 

CRCSS SECT ION FOR 

LABCFIATCRY 
BEAM ~OMENTUM 

GEV/C 
10. 
15. 
zo. 
30. 

CROSS SECT ION FOR 

LABORATORY 
fftllo: JoCto'EI\'TU~ 

GEV/C 
10. 
15. 
zo. 
30. 

CROSS SECTION FOR 

LABCRATGRY 
BEAM )o!O~ENTUM 

GEV/C 
zo. 
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PROTCN PRGTGN • PROTON CELTA(l238l+a (TABLE ll 

MILL 1-B.ORI\'S 
.376 .C76 
.te4 .cso 
.142 .100 

PROTON PRCTOI • PROTCN N•ll4701+. (TABLE 11 

MILL 1-B.OR~S 
.544 .C90 
.602 a lQl: 
.660 .150 
.144 a 350 

PRQTCN PPCTON • PROTC!N N•llSZO 1+. (TABLE 1 J 

MILL I-BARNS 
.196 .056 
.HO .032 
.no .o3c 
.166 .042 

PROTON PR(TCN • PROTON 'N•I168BI+'. (TABLE l J 

Mllli-B.IIR~S 

.st2 .cse 

.638 .068 

.SH .070 

.Sib .Ct!~t 

PROTCN FRQTCN • PRCTCN N•f21'~01+. (TABLE 11 

MILL I-BARNS 
.tza .024 
.108 .C36 

FIT TO DIFFERENTIAL CRCSS SECTICN FOR PROTON PROTON • PROTON OELTAfl2381+. 

LABORATORY f!EA"' ,.OMCNTU/1! 6. GEV/C. 

ITABLE 11 

DATA IS FIT OVER -T FROto'. .Cl TO .11 IGE\1/CI•~z. T IS THE MOMENTUM TR.ONSFER BETWEEN THE (INCOMING PROTONI ANC THE 
IOElTAC1238HJ. 

FITTED FORto'.ULA IS 0-SIGto'A/0-T • UEXP(B•TJ 

WHERE C-SIGMA/0-T IS IN He/IGE\1/CI .. Z AND -T IS IN IGE\1/CI .. Z. 

F ITT EO VALUES 

A = 2.96 .St 
B • 15 .. 8 :!.1) 

FIT TO DIFFERENTIAL CROSS SECTHN FOR PROTON PROTO!\' • PFIOTON OELTAI12381+. IUBLE 11 

LABORATORY BEA,., ft!O,.,ENTU,., 10. GEV/C. 

OA TA IS FIT OVER -T FRO,.,. • 01 TC .13 I GEV/C 1 .. 2 • T IS THE MOMENTUM TRANSFER BET!oiEEN THE (INCOMING PROTCN 1 AND THE 
IOELTAI12381+J. 

rtTTCO rOIWULA. I~ D ~ICM.l/0 T • A+OCI'(BHI 

WHERE D-SIGMA/0-T IS I~ 'i8/IGEV/CJ .. 2 AND -T IS I~ IGE\1/CI .. Z. 

F I TTEO VALUES 

A l.b +- .5 
B = 17.3 •- 2.c 

FIT TO 01 FFE;tE/IIT IAL CRCSS SECTICN FO~ PROTON PROTON • PROTON DEL TAl 12381+. IT ABLE 1 J 

LABORHDP.Y EE/111' II'OMENTU• 15, GEV/C, 

DATA IS FIT OVER-T FRO~~! .02 TO .13 IGEV/CI••z. T IS THE MOMENTUM TRANSFER ~ETWEEN THE (INCOMING PROTON) AND THE 
IDELTA(l238J+J. 

FITTF.n FORMUI.A 15 C-SIGMA/0-T • A•EXPIB•TI 

WHERE 0-SIGHA/0-T IS IN MBIIGEV/CJ .. 2 AND -T IS IN IGEV/tl .. 2. 

FITTED VALUES 

A = 1. 5 +- 1. C 
B "' 21.1 •- 4.1t 
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FIT TO CIFFERENTIAL CRGSS SECTICN FOR PROTON PRQTOt-. • PROTON N•C 14701+~ l TdBLE 1 J 

LABORATORY BEAM MO,.,ENTU)I 10. GEV/C. 

DATA IS FIT OVER-T FROM .01 TG .11 CHVICJ••z. TIS THE MOMENTUM TRANSFER BET\rfEEN HiE I INCOMING PROTCI\l ANC THE 
(N•It4701+1. 

FITTED FOP:ftiULA IS C-SIG~A/0-T = UEXP[Btll 

WHERE 0-SIGMA/0-T IS IN He/IGEV/c.JUZ AND -T IS It\ IGEV/CI .. Z. 

FllTEC VALUES 

A = 6.06 +- t.oo 
B " 22.3 +- 3.4 

FIT TO OIFFEP:ENTIAL CRCSS SECTJCN FOP PROTON PROTON • PROTON N•ll4701+. 

LABORATORY eEAJI! ftOMEI\TUI" "' 15. GEV/C. 

lUBLE 11 

DATA 15 FIT OVEP. -T FROf'l. .02 TO .14 IGEV/CI••z. TIS THE MOMENTUM TRANSFER BETWEEN Tt-:E (INCOMING PROTON!. AND THE 
( N•C 1470 I+ 1. 

FITTED FORf'I.ULA IS C-SIG,../1/0-1 = UEXPIBHJ 

WHERE C-SIGMHO-T IS IN MB/IGEV/(1**2 AND -T IS IN CGE\1/(1 .. 2. 

F I TTEO VALUES 

A :c 4. B +- • q 
8 = 15.~ +- 2.3 

FIT TO DIFFERENTIAL GRCSS SEGTICN FOR PROTON PROTON .. PROTON N•lt470l+. (TABLE 11 

LABORATORY BEA~ JI!O~ENTU~ = 20. GE\1/Ca 

DATA IS FIT CIVER -T FctC~ .0.?: TO al't tCEV/tl 111111 2. T IS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING rROTO~J AND Til[ 
IN•tl470J+I. 

FITTED FOR~ULA IS C-SJGMA/0-T c A•EXPIB•T I 

WI-IERE D-SJGMA/D-T IS IN MRI(CEV/CI .. l AND -T I~ lN lr.Fvl(:l .. ~-

F JTTEC VALUES 

A :o 4.75 +- 1.20 
B = 14.4 +- 2.5 

FIT TO DIFFERENTIAL CRCSS SECTJCN FOR PROTON PROTON • PROTON N•lt4701+. (TABLE 11 

LABORATORY eEAi": ~O~ENTUM 30. GEV/C. 

DATA IS FIT OVER-T FROM .07 TO .13 IGE'Y/CI••2. T IS THE MOMENTUM TRANSFER BETWEEN H:E (INCOMING PROTON! ANC THE 
1~•114701+). 

"JTTI!!) IIQIUII,I!.III It !:'•tlr. 111 •111 .'t'•! • .•.•t:-:f'IQ•TJ 

wwliR' r.~Jtaurn.T ~~ tM kllllll"'.~utrHr11'1 UJI) .. T rr. H• H"f!U.'':"!,.,*:!~ 

F ITT EO VALUES 

A o.o~ • -..co 
B = 23.5 +- 5.1 

FIT TO DIFFERENTIAL CROSS SECTICN FOP PROTON PROTON • PROTON N•(l5201+. (TABLE 11 

LABORATORY BEAM MOMENTUM lOa GE'Y/C .. 

DATA IS FIT O'YER -T FROf'i! .3 TC .8 ICE'Y/CI .. Z. T IS THE MOMENTUM TRANSFER BETWEEN THE I INCOMING PROTON) AND THE 
IN•Il5201+1. 

FITTED FOR~ULA IS C-SIG"1A/D-T = A•EXPIB*TI 

WHERE 0-SIGMA/0-T IS IN MB/ICE'Y/CI••2 AND -T IS IN CGE'Y/CI••z. 

FITTED VALUES 

fl = .39 +- .12 
B C 3.,95 +- a5l 

FIT TO DIFFERENTIAL CRCSS SECTICN FOP PFlOTON PROTON • PPOTON N•t 15201+. ITABLE .1 I 

I ARnD ATnDV &(!All kll]llli!:t.:TI_lkl 1!'. 'ii!V/C. 

DATA IS P'IT OV~R •T fRO" .2 TO .9 IGE\1/(1 .. 2. TIS THE MO .. ENTUM l~AN!.HK iH:lWEI:N IHI:: llNCUI11NG PRUIDNJ AND THE 
IN•I1520J+J. 

FITTED FORMULA IS C-SIGMA/D-T = A•EXP(BHJ 

WHEPE D-SIGMA/D-T IS IN ~BI(GEV/CI .. 2 AND -T IS IN ICE\I/Cl .. 2. 

FITTED VALUES 

A "' .31 +- .01 
IJ ,. i.VV •- -~~ 

FIT TO DIFFERENTIAL CROSS SECTICN FOP PROTON PROTON • PPOTON N*ll5201+. lTABLE 1 J 

LABORATORY eEA,_. I':O,..ENTUI" = 2D. GE'Y/C .. 

DATA IS FIT OVER -T FROI" .2 TC .9 CGEV/CJ .. 2. T IS THE MOMENTUM TRANSFER BETWEEN THE I INCOMING PROTONJ A'ND THE 
lN•It520J+J. 

FITTED FOR~ULA IS C-SJGMA/D-T = A*EXPlB•TJ 

NHERf D•51CMA/D•T IS IN "'BIIGE'Y/CI .. ·2 AND -1 IS IN IGEYIC:.I**l. 

FITTED 'VALUES 

A ., .33 +- .01 
B ,. 3.83 +- .37 
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FIT TO OJFFERENTlAL tRCSS SECTICN FOR PROTON PROTON • PROTON N*l1520 1+. (TABLE 1 l 

LAeORATORY BEAM I'!Of<IENTU)I. • 30. GE!i/C. 

DATA IS FIT OVER -1 FROtot .2 TC .9 IGEII/(1 .. 2. T IS THE MO~ENTUM TRANSFER BETWEEN THE (INCOMING PROTON I AND THE 
[ t\*11520 )+ ). 

FITTED FORI'!UlA IS C·SIG!":A/0-T "' A*EXPIB•TJ 

WHERE 0-SIGM.A/0-T IS IN MBIIGEV/CJ••2 AND -T IS IN IGEV/C .. •2. 

FITTED VALUES 

A .36 .10 
B = t..3 .5 

FIT TO DIFFERENTIAL CRClSS SECTICN FOR PPCTCN PROTON .. PROTON •N•Ilb88J+ 1 • (TABU 11 

LABORATORY BEAfo' I".Of'EI\.TUp.t 10. GEV/C. 

DATA IS FIT OVEP. -1 FRO~ .01 TO .80 IGEV/CI••z. T IS THE MO"'ENTUM TRANSFER BET;,EEN THE IINCOMING PROTON) AN[ THE 
l'N•IlbHHJ+' Jo 

F ITT EO FORI'!ULA IS C-SIGM.6/0-T .. A*EXPIB•T I 

WHERE 0-SIGMA/D-T IS IN f<'BilGEV/CI .. 2 AND -T IS IN IGEV/(1 .. 2. 

FITTEC VALUES 

A "' t.ze •- .lC 
8 .. 14.5 +- .5 

FIT TO DIFFERENTIAl CROSS SECTICN FOR PROTON PROTON • PROTON 1 N*I 1688)+'. 

lAI!ORATORY BEAM HO"'-ENTUf' 15. GE\1/C. 

(TABLE 11 

DATA IS FIT OVER-T FROM .02 TC .60 IGEV/CI**2. T IS TI-!E MOMENTUM TRANSFER eETWEEN THE (1NC0141NG PROTON) .AND THE 
( 'N*Il6881+' J. 

FillED FDR~ULA IS C-SIGMA/C-T a A•EXPIB*TI 

Wt-IERE D-SIGHA/0-T IS IN MBI(GEV/C.I .. 2 AND -T IS IN CGEV/CJ .. 2. 

FITTED VALUES 

A "' 1.61 +- .17 
R "' 'S.OII) t- .3f. 

FIT TO DIFFERENTIAL CROSS SECTIO.' FOR PROTOt.' PROTON PROTON •N•Il688 I+'. [TABLE 11 

LABORATORY 8EAfl MOMENTUfl 20. GEV/C. 

DATA IS FIT OVER -T FROM .04 TO .SO IGEV/CI .. Z. T IS THE MOMENTUM TRANSFER BEThEEN THE (INCOMING PROTON I A~[ THf 
I 'N*I16881+' ). 

FITTED FORMULA IS O·SIG""A/0-T ,.· .A*EXP(8*TI 

WHERE c-SI(jMA/0-T IS IN MBI(GEV/CI**2 AND -T IS IN IGEY/CI .. 2. 

FITTED VALUES 

A ., 1.47 .2C 
6 .. 5.25 .u 

FIT TO DIFFERENTIAL CRCSS SECTION FOR PROTON PROTON • PROTON •N•C 16881+' • (TABLE 11 

LABORATORY BEAM ~.OMENTUPI 30. GE\1/C. 

DATA IS FIT OVER -T FR014 .01 TO .90 IGEV/CI**2• T IS THE ~OMENTUM TRANSFER BETWEEN TI-lE (INCOMING PROTON I ANO THE 
( 'N*I16BBI+' ). 

FITTED fORf'ULA IS 0-SJei'!A/0-T ., A*EXP(B*TI 

WI'!ERE c-SIGMA/D-T IS IN MBJtGEV/CI**2 AND-TIS IN IGEV/CI••z. 

FITTED VALUES 

A .. t. 79 • 29 
B "' t.l~ .SC 

FIT TO DIFFERENTIAL CROSS SECTJCN FOR PROTON PROTON • PPOTON N*l2l901+. (TABLE ll 

· LABORATORY 8EAf' ~OI"EI\TUf' 20. GEV/C. 

DATA IS FIT OVER -T FROM .01 TO .80 ( GEV/C J .. 2. T IS THE MOMENTUM TRANSFER BET~EEN THE (INCOMING PROTON 1 ANt THE 
(N*I2190J+). 

FITTED FOR~ULA IS C-SlGMA/0-T ., A•EXPIB•TI 

~HER~ D-5P?MA/0-1 .S IN MB/~G~V/q .. ~ ANI) •T !$ ~~ !(i~V(qul~ 

FITTED VALUES 

A .328 • 012 
B .. 5.14 .56 

L.AeORATORY eE.Af' MO~ENTUM JO. GEV/C. 

(lAfslf: 1) 

OUA IS rn OVER ·1 r"Orl .eo 10 ,loO IOC't'/(;)'t1'f, T 15 Til[ 11011CfHU11 TRior4!:ofCR D[l\lCCII Til[ ltrl6011HIO PROTOill AUD TIIC. 
lt\*I21901+L 

FITTED FOP MULA IS C-SIG~.A/0-T '" AHXPIB•T l 

WHERE 0-SIGMA/0-T IS IN Mei(GEV/CI••2 AND -T IS IN IGEV/CI••z. 

FITTED VALUES 

A • .274 .ICO 
a "' s.o1 .~c 
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LETTERS 16, 1217 (1966lt Afi.O 1\UGVO CI,..ENTO 41, 167 119661. 

ARTICLE RHC BY OCETTE SENARY If~. 1/69, tr.NO VERIFIED BY LEROY PRICE. 

BEAM IS PROTON ON HYDRCGEN CCp.iPCU"'O FROM 7.1 TO 12.1 GEV/C. 

THIS EXPERip.~fNT USES CGt,;NTERS. 

KEY WORCS • DIFFERENTIAL CR055 5ECTICN FITS 

CO,..POUNO KEY WORDS • FITS CJFFERENTIAL CROSS SECTION 

ELASTIC DIFFERENTIAL CRQSS SECTJCN FCR PRQTOfl. PRGTCN. (TABLE 11 

LABORAtORY SEA~ "'OI'ENTU,.. : 7.1 +- .1 GEV/C. 

THETA C-SIG~~/C-Ofo'EGA 

DEGREES UB/SR Ill 
PEfl CENT 

6C.C .2 4.cc;c ·- 4 
62.0 .2 3.500 4 
65.C .2 2.540 4 
68.0 .2 2.CCC 
71.0 .2 1.548 
1s.c ,, 1.17 11 

80.0 .2 .a~ 1 
9C.O .2 .625 

TIICTA 1$ Til(: ANGLE TIIAT TilE rrtOTOtl tUKES WITH THE BEAH IN THE GRANO (.H. 

( 1) PLUS POSSIBLE SYSTE~ATIC ERROR OF +- 7 PER CENT. 

ELASTIC DIFFERENTIAL CRCSS SECTION FCR PROTOfl. PROTON. (TABLE lJ 

LABORATORY eEAM MOMENTUfo' " 8.1 +- .1 GEV/C. 

(THIS DATA REPLACES 'lA LUES GIVEN EARLIER IN ALLAeY, ET AL., Pt-!YS. LETTERS 258, 156 ( 19671 J 

THETA C-SIGfii'HC-C,..EGA 
DEGREES UB/SR Ill ... CWT 

4C.C .2 l8.C20 ·- 4 
\.lo 0 .. I.Q.llO \ 
4b.U ·' ~.050 

49.0 .2 6. 370 
52.0 .2 4. e to 
55.0 .2 3.320 
!'13.0 ·' 2. :nn 
61ilo.O .. l.O•H 
(lt.e .. •• !"·0'-
t.~. 0 ,g J..t.~n 
68.C ·2 .111 
ll.U -~ • seb 
75.0 .2 .376 
oo.o ·' .2<;1 
90.0 .2 .1SB 

THETA IS THE ANGLE THAT THE PROTON MAKES WITH THE BEAM IN THE GRAND (.H. 

(1) PLUS POSSIOL( 5VSTCfii'AliC (IIROR OF 1- 1 PCR CtrH. 

ELASTIC DIFFERENTIAL CRGSS SECTION FCII PROTCfl. PRCTON. (TABLE 11 

LABORATORY BEAfll fi'O~ENTUfo' " 9.2 +- .1 GEV/C. 

(THIS DATA REPLAfES VALUES GIVEN EARLIER IN ALLABYt ET AL., PHYS. LETTERS 258t 156 11967)) 

THETA 
DEGREES 

40.0 .2 
43.0 .2 
46.0 .2 
49.0 .2 
52.0 • z 
55.0 .2 
!ill.O .:z 
60.0 .2 
62.0 .2 
6~.0 .2 
68.0 .2 
71.0 .2 
75.C .2 
ao.o .2 
90.0 ·2 

C-S I GHA/C-OMEGA 
US/SR ( l I 

rtn CCIIT 
4 B .79CO 

6.6CJCO 
5.14CC 
3.8900 
2-4'Cln 
l.6c;4Q 
1.1450 

.8450 

.6160 

.3910 

.2640 

.1999 

.1451 

.1112 

.1C51 

4 

THETA IS THE ANGLE THAT THE PROTCN io'AKES WITH THE BEAM IN THE GRANO C.M. 

(1) PLUS POSSIBLE SYSTEfiiATIC ERROR OF+- 1 PER CENT. 
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HASTIC DIFFERENT Ul CRCSS SECT ION FGR PP:OTOI\ PROTON. (TABLE 1 I 

LABORATORY E!EAH MO,.ENTU"' 10.1 +- .1 GEV/C. 

(THIS DATA REPLACES ~ALUES GIVEN E~J\LIER IN ALlAE!Y, ET AL., PHYS. LETTERS 258, 156 1196711 

THEU C-S IGI'A/C-OI'EGA 
DEGREES UB/SR Ill ... CENT 

4C.O .z s.cnco ·- . 
42.0 .z 5.5800 4 
44.0 . z 4.4900 4 
4b.O .z 3.41CO 
48 .. 0 .z z.SlOO 
SCl.C .z 1.865C 
52.0 .z 1.3170 
54.C .z .qaao 
56.0 .z .M4C 
sa.o .z .4810 
60.0 .z .3450 
62.C .z .2,!!0 
65.0 .z .1686 
68.0 .z .1282 
71.0 .z .Q'i34 
"I !;I.(.! .l .0131 
ao .. o ·' .06[0 
90.0 .z .0516 

THETA IS THE ANGLE TI-:AT THE PROTON HAKES WITH THE BEAM IN THE GRAND C.M. 

( 1 I PLUS POSSISLE SYSTEHAllC ERROR OF +- 7 PER CENT. 

ELAST It 0 IFFERENTUL CROSS SEC.TIQN Fl:'K .. KU IUN t'RCTCN,. (T6BLE 11 

LABORATORY SEA,. MOMENTUI" " 11.1 +- .1 GEV/C. 

(THIS DATA REPLACES \IALUES GIVEN EARLIER IN ALLAE!V, ET AL., PHYS. LETTERS 258 1 156 ( 1q671J 

THETI\ 0-SIGM.G/C-O,..EGA 
DEGREES ue/SR Ill 

PER CENT 
4C.C .z 5.1300 ·- 4 
43.0 .z 3.32CO 4 
46.0 .z 2.0100 4 
49.0 • z 1.1q30 4 
52.0 .z .6660 
55.0 .z .3600 
5a.o .z .2230 
60.0 .z .1569 
62.C .z .1cqg 
65 .. 0 .z .0771 
68.0 .z .0572 
7l.C .z .0465 
75.0 .z .0384 
oc.c . ~ .0335 
90.0 .z .03C4 

THETA IS THE ANGLE THAT THE PROTON foi.GKES \!liTH THE SEA~ IN THE GR~NO C.M. 

Ill PLUS POSSIBLE SYSTE,.,ATIC ERRCR OF •- 7 PER CENT. 

Et..ASTIC DIFFERENTIAL CRCSS SECTICN FClR PROTO~ PROTON. (TABLE 1) 

LABORATORY fEA~ 1'40JIIENTUM 2 12.1 .1 GEV/C. 

Tt-l ETA C-S tGMA/0-0/I!EGA 
DEGREES Uf/SR Ill 

PER CENT 
40.0 .z 3.5200 
43.0 .z 1.9500 
46.0 .z 1.0440 
49.0 .z .5540 
~l.O .z .2960 
ss.o .z .l6l0 
sa.c .z .0914 
60.0 .z .071-4 
62.0 .z .0565 
65.0 .z .03 ~1 
68.0 .z .02'il8 • 
H.C .z • 0252 • 
75.0 . z .0192 • 80.0 .z .0113 • 
9c.o .z • 0166 • 

THETA IS THE ANGLE TI-:AT TI-:E PROTON MAKES WITH THE BEAM IN THE GRANO C.M. 

( 1 J PLUS POSSIBLE SYSTEI'AliC ERROR OF +- 1 PER CENT. 

~POLARIZATION AND SPIN CORRELATICN PARAHETEP.S H. EASURE"'ENTS IN 600 MEV PROTON-PROTON SCATTERING USJfo;G A POLAPIZEC PROTON l..!.:!::!J Tt.Rr.r:r. lf'o'\JnVO C:li"ENTC lt3At He ~lc:il:l61l 
G .. COl GNET, O.CRONENBERGER 1 K., KUROCA 1 ". fol ICHALGW I C l ,J .C .Qll VIER, M. POUL ET J. TE Ill AC ( I NST. DE PHYS. NUCLEA IRE, CRSA Y 1 FRANCE J 
H.BORGHINI,C.RYTER (CNTR. 0 1 ETUCES N~C. SACLAY, GIF-SUR-YVETTE, FRANCEJ 

A65TRACT USING A PCLAI'IJZEC CR UNPOLAPIZEC PROTON BEAM PREV1nii$;1Y OF.SC:RIBEO /INC A PO~ARJlEO PROTON TARGET (10 PER CENTJ 
WE MEASURED THE PARAMETERS PI THETA I AND (CI/'~I,NI JITHETAI IN THE ANGULAR INTERVAL FROM 23 OEG. TO 104 OEG. IN THE 
CENTER-OF-MASS SYSTE~ AT ABOUT 600 MEV. THE EXPERIMENTAL SET-UP AND THE lriAY IN WHICH Tt~E DATA WERE CARRIED OUT APE 
DISCUSSED. RESULTS ARE PRESENTED AND COMPARED Hi THOSE ALREADY OBTAINED IN THE SAME ENERGY REGION. 

C I TAT IIJ~S 
JETP 6 28 11'il581, JETP 17 98 11'il63JI UCRL 11440 119641, UCRL 11871 11~651, NUOVO CIHENTC 43A 1 701 119661 1 HELVETICA 
PHYSJCA ACTA 38 66C (1965), UCRL 11149 (19641, NUCLEAR INSTRUMENTS AND fi!ETHOOS 15, 323 {19621. AND UCPL 11565 119641. 

ARTICLE READ BY OCETTE BENARY IN 5/67, AND VERIFIED BY LERCY PRICE. 

BEAI'I IS PROTON Ot\ PP.OTON .H 1.?17. r.fV/f.. TARGET IS POLARUI;D 70 PER CENT INORf!tAL TO THE BEAJI! OIRECTIONI. 

THIS EXPERIMENT USES COUNTERS. 

KEY WORDS • POLARIZATIC~ 
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ELASTIC POLARIZATION FCP PROT~t> PROTCN. 

LABORATORY BfA~oj ENERGY . • sqs ·- .OOb GEV • 

Tt-IETA PCLAFlllATJCN 
CEGREES 

Zl.U .4446 .C740 
)2. 0 .4735 • 1170 
36.5 .5260 .(270 
41.0 .4878 .0265 
45.4 .4875 .C250 
49.8 .4585 .(205 
54.2 .4255 .0220 
62.9 .3ecs • czco 
67.C .2970 .0145 
75.6 .23C5 .c 130 
79.7 .1605 .c 130 
83.9 .1055 • CliO 
tt7.9 .04(5 • CllO 
?1-~ -.018l .c.c~, 

96.0 - .. 084( .0105 
103.9 -.2350 .C HO 

THETA IS THE ANGLE T~AT THE PROTCN MAKES WITH THE BEAM IN THE GRANO (.~'!. 
THE POLARIZATION IS CF THE PROTCN ALONG THE NORMAL TO Tt-'E PRODUCTION PlA~E IN THE GRANC C.M. 

11451 NEUTPCN-PPOTON ELASTIC SCATTERING FPC" 3 TC 10 GEV. INUOVO Ci"ENTC 59A, I 1196911 

C .BESLIU, T. BESLIU, A .CONSTANT I t-.'E ~CU,M.GAVR I LAS ,A. '"'HUL, N.GHECPOANESCU r N. HANG E.G • fo'. TElF.MAN, I • TFI)nOAESCU, I o Tl Ph [ OUCHARF.~T 

V.RAW~!~~~V~~~~i!:~~~~~~{!~~~~b~~~! tJGl"T It-ST. FOP NUCL. RESEARCh DUBNA, USSR] 

ABSTPACT NEW CATA ON TI-'E 1'\EUTRCN-PROTUN DIFFERENTIAL CROSS-SECTION IN THE MOHENTU,.-TRA~SFER RANGE FFICM 0.06 TO 0.30 
CGEV/CISQUARCD 1 FOR T'o'IO EHRGY RFr.rra,s (FAOM 3 TO 6 GEV AND FROM t. TO 10 G(VI t ARE P:EPORTEOo 

ClTATICNS 
PHYS. REV. LETTERS 16, 1217 119661, NUOVO CIMENTO 41At 167 119661, PHYS. AEV. LETTEPS 9, 509 119621, PRIOORI I TECH 
TECH. EXP. 1 41 f19391t CU8NA P-2916 C1c;661, OUBNA P-1468 119631, lURN. EKSP. TEOR. Fll. 44, 1481 (19631, OUBNA P 
1136 119631 1 DUBNA P-215 119651, PhYS. REV. 96, 448 (19541, ZURN. EKSP. TEOR. FIZ. lt2, 392 119621, PHYS. LETTEPS 7, 
SCI 119631, OUBNA D-880, DUeNA 0·700, ZUfi:N. fii:SP. TEQFI. Fit. 44, 1411 (1«;631, J.ACEfl.N. FIZ. It 134 119651, t..UOVO 
CIMENTO 49A, 479 119671, ZURNo EKSP. TEOR. FIZ. 44, 1487 11963), PHYS. REV. LETTERS llt 425 119631, PHYS. REV. 
LETTERS 11, 503 119631, PhYS. REV. LETTERS 15, 45 119631, PHYS. LETTERS lC, 376 11963), PHYS. LETTERS lOt 543 119631, 
ANC CUBNA P-2424 ( 19651. 

ARTICLE READ BV ODETTE SENARY IN 2/69, AND VERIFIED BY LEROY PRICE. 

SEA)' IS NEUTRON ON HEAVY LICUIC FROio! 3.E!26 TO 10.900 GEV/C. fFIEAH KINETIC H'ERGY ., 3 TG 10 GEVI 

THIS EXPEP.IMENT USES TI-!E DUBNA 24 LITER IHLBCJ BUBBLE CHA"'6ER. A TOTAL OF 40000 PICTURES ARE REPORTED ON. 

KEY WCRCS • CROSS SECTION DIFFERENTIAL CROSS SECTION FITS 

COMPOUND KEY WORDS • FITS OIFFEftENTI.at CPOSS 1\Ff:TTnN 

ni'.Tll H IIU,n4rl:n r.n,u:n 1.,1 0t'f',1.TQny O~olll/~ 1101\t:liTi.ilo' i"I\UP· .!.lo IU Go I.JI!YIL. 
f'\UfoiOH OF EVENTS := 80. 

I PRIVATE COI"to'UNICATICN FRO' CoBESliU APRIL 1969 J 

_, 
lr.Fvn:u•' 
to!IN MAX 
.02 .04 
.04 oOb 
.Q(r .08 
.08 .10 
-10 .12 
.12 .14 
o14 .20 
.20 .40 

83. 2~ 0 

105. 3Co 
90. JCo 

1 I~. 3 ~ • 
as. JO• 
so. 2Co 
Sf:. 20. 
21o bo 

ElASTIC DIFFERENTIAl CRCSS SECT ICN FOR NEUTRGN PROTON. 

DATA IS AVERAGED OVER LABOPUORY BEA~ MO~ENTUM FRCI1 b. TO 10. GEV/C. 
Nu,.,seR OF evEt-oTS a too. 

I P~IVATE COMHUUICATICN FRC~ CoHESLIU APRIL l"'bli I 

-T 
rr.f--v" u•! 
)'IN MAX 
• 02 .04 
.04 .Ob 
• 06 .08 
oOa .10 
.u:: . 12 
.12 ~14 
.14 .20 
• 2C 0 40 

H•DITii.iflv Ulill!l 

"lb. 2~ • 
1C5. 3Co 
11 ~. 3 ~ • 
76. 1~-
41. 15. 
1 c; 0 1 ~-
45.. 25o 
1 :!o 4 • 

T IS THE "'UMEN TUM TRANSFER OETWEH' HIE (I NCGM lNG NEUTflON J AND THE I OUTGG lNG NEUTRON J. 

NEUTRCN PROTON E~ASTIC CROSS SECTICN. [PAGE 6 J 

I ASSUMING OPTICAL TH11!:tEP-1 AND TAKING FOR THE TOTAL NP CROSS SECTION THE ~ALUE OF 41.2 follliBAFit..'S. J 

LAECPA lOPY 
BEAto~! ,.,O,.ENTUfol! 

GEV/C 
,.,It\ MAX 

3. 10. 

MILL I-BARNS 

12. s •- .a 
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FIT TO ELASTIC OIFFEPENTI.Al CRCSS SECTION FOR NEUTRON PROTON. [TABLE 1 I 

DATA IS FlT OVER l.6BCRATCPY eEAM MOMENTUM FRO~ 3. TO 6. GEV/C. 

DATA IS FIT CVER T F RCM .06 TO .30 I GEV/C 1 .. 2 • T IS THE ·"m~ENTUM TRANSFER BET WEE,. THE [ INCOHJ NG NEUTRCt.i I AND THE 
ICUTGOING NEUTRON). 

FITTED FORMULA IS NC. EVENTS " A•EXPI-R*TI 

WHERE T IS Ill: IGEY/(1 .. 2. 

FITTED VALUES 

8 .. 6.c; +- t.C 

FIT TO ElASTIC DIFFERENTIAL CROSS SECTION FOR NEUTRON PROTON. [TABLE ll 

DliTA IS FIT OVER l/IBOPATCRY REH MO"!ENTUM FRQJ!' 6. TO 10. GEY/C. 

DATA IS FIT CVER T FRCM .06 TO .30 IGEV/(1 .. 2. T IS THE MOMENTUM TRANSFER BETWEEN THE lJNCOMING NEUTRON! AND THE 
lC:UTGOING NEUTR(INI. 

FITTED FOR!oi.ULA IS NC. EVEtHS "' A*EXP(-Il+TJ 

WHERE T IS II\' IGEV/CI .. 2. 

FITTED VAlUE 

B '" 8.6 •- .9 

r1""Aal ABSOLUTE MEASUREMENTS CF PPOTCI\:-PRGTON S!o!ALL-ANCLE ELASTIC SCATTERING AND TOTAL CROSS SECTIONS AT 1D, 19 1 AND 26 CEV/C. 
~ (PHYS. LETTERS 14, 164 11'16511 

G. BELLE TT TN I ,G. COCCON I , A • N. D I DC ENS, E .LJLLETHUN, J. PAHL, J. P • SCAN LON 1 J. WALTERS , A.M. WE THERELLo P. ZAN ELL A ( EURCPEAN QP.G • FOR NUl 
RES., GENEVA, SWITlERlAf\CI 

CITATIONS 
PHYS. REV. 178, 5Hl (19591, Pt-YS. REV. LETTERS 9, 108 119621, SIENNA CONFERENCE 1 593 Cl9631, PHYS. PEV. 130, 1182 
119631, PHYS. REV. LETTERS 11, 425 119631, SIENNA CONFERENCE 1 598 119631, CERN 64-30P.I83 (19641, CERN 64-3DP.211 

~~9~~!;,4 ~~N~~!N~F E~~~~~.C~ 1 ~;, 4 :~c A~~9:~~s.P~~~Te~~~:i~\~2j 1 ~!!, ~ 19641, PHYS. LETTERS 14, 54 119651 1 Pt-YSo LETTERS 13 , 

ARTICLE READ 8Y OCETTE eENARY If\ 1D/69r AND VERIFIED BY LEROY PRICE. 

BEAM IS PROTON Of\ PROTCN FRQJI' 10.1 TO U.4 GEV/C. 

THIS EXPERIMENT USES SPARK CHA..-eERS. 

KEY \lORDS • CROSS SECTICt> DIFFERENTIAL CROSS SECTION REAL (AMPLJTUDEI/Ifl'ACINARY (A,.PLITUDEI 

PROTON PROTCN TOTAL CROSS SECTICN. 

lABORATORY 
e£ All. H!o!ENTUM 

CiF\1/C 
lD.11 
19.33 
U.42 

P-!11.1. I·RARf\S 
40.C •- • 3 
38.9 .3 
38.8 • 3 

(TABLE lJ 

Tt-:E RE/IM MArta FCR rHE FOR\o/ARU ElASTIC A"'PLITUDE F(JR PRUION PMOfUNo 

( THESE VALUES ASSUME THAT THE SPIN-DEPENDENT CCNTAIBUTION IS ZERO I 

LABORATORY 
eEAM MCMENTUM 

GEV/C 
10.11 
l'ii.~J 
26.42 

ALPH~ 

-.430 ·- .043 
-.·nu .c:n 
-. 320 .C33 

11A8LE 11 

11471 AN INVESTIGATION OF THE 1.4 GEV NUCLEC• ISCB•R IN PROTON-PROTON INTERACTIONS. IPHYS. LETTERS 288, 195 1196811 

T.H.TAN,M.L.PERLrFoi"ARTIN lSTAf\FCRC li~EAR ACCEL. CNTR., STANFGRO,CALJF., USA) 
w.CHINO\<ISKY,R.R.KINSEY,S.L.KLEif\,P.SCH~IOT IU.C. LAWRENCE RAO. LAB., BERKELEY, CALIF., USAJ 
Jll'.fl'ANDELKERN,J.SCHULTl (UNJV. CF CALIFC:RNIAr IRVINE, CALIF., USAJ 

ABSTRACT THE PRODUCTION OF N•I14CCI ISOBU IN THE REACTICN PP • P Nh(l400I, WHERE N•ll4001 • N PI+ AND P PJQ, IS 
INVESTIGATED WITH THE AIC OF ONE-PION EXCHANGE MODEL. THE ONE-PION EXCHANGE I"ECHANISH DOES NOT SEEH TO COMINATE THE 
PRODUCTION PROCESS. THE ISOSPIN OF N*l14001 IS FCUNO TO BE I "" 1/2r AND THE ElASTICITY OF THE RESONANCE IS ESTIMATED 
TO RE 0.66. 

CiTATiONS 
PHYS. REV. LETTERS 12r 340 (19641, PHYS. lETTERS 268, 161 (19681 1 PHYS. REV. 165 1 1730 119681 1 PHYS. REV• LF.TTERS Iii, 
397 Cl967), PHYS. REV. LETTERS 1lr 79c; fl966l, PHYS. REV. LETTERS 16, 855 (19661, NU0\10 CIMENTO 35, 1052 U9651o 
PHYS. LETTERS 8, 134 11H41r PHYS. RE\1. LETTERS 17, 789 119601, AND NUOVO Clf'f.NTO 40Ar 899 119651. 

AFITICLE REAC eY OCETTE eEN.&.RY IN 1/6c;, AND VERIFIEC BY LERC!Y PRICE. 

eEAI" IS PRCTON ON PROTON AT t.C1 GE\1/C. 

TillS (XP(R!ItENT USC!; TH t.R.L. 72 U.. 1111 OUOOLE CIIAMO(R. 

KEY WCRDS • CROSS SECT ION MASS SPECJRUp.~ MODELS N•f 14701Pll DIFFERENTIAL CROSS SECTICN FITS 
DflTAflZl&J N+Cl,Z010l3 'N+I10881 1 

CI~,.,POUNC KEY WORDS • FITS DIFFERENTIAL CROSS SECTIOt-1 



LABORATORY eEA/'1: ~OI"ENTUJW 

REACTICN 
PROTON PROTON • 

PRGTCN NEUTP.ON Ph 
PROTON I"ROTGN PI 0 
PROTON DEL T/1112381 + 

6.07 GE\1/C. 

OElTA(l2381+ NEUTRO!\ PI+ [1) 
PROTON N*04701+ 

N*ll4701+ NEUTRON PI+ 121 
PROTON N*ll520 J + 

N*l15201+ NEUTRON PI+ (11 
PROTON 'N*tl68SH 1 

1 N•(L6881+ 1 NElJTRON PI+ Ill 
Pfl:OTON OELTAI12J81+ 

DEL TAI1238 I+ FROTCN PIO ( 11 
PROTCN N:t(l't7011 

N*U4701+ PROTON PIC 121 
PP.OTCN N*I1520J+ 

N*ll5201+ PROTON PIC Ill 
PROTON 'N*Cl68BI+ 1 

'N*Il688f+ 1 • PROTON PIO [ 11 
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(FROM PAGE 195 ANC TABLE 11 

MILLI-BARNS 

6.70 .so 
z.so .30 
.za .oa 

.27 .13 

.15 .o• 

.,. .09 

.52 .13 

.11 .09 

.oa .05 

.to .05 

Ill FITTED CISTRIBUTION WITH FIXED ,..ASS AND WIDTH AND TOOK EVENTS ONLY ABOVE (FITTEOI RACKGROUNO. 
121 FITTED FOR MASS ANO/OR WIDTH I MASS.,. 1.390 GEV; WIDTH= .150 GEV lo AND THEN TOOK ONLY EVENTS ABOVE IFITTEOJ 

eACK GROUND • 

FIT TO DIFFERENTIAl CROSS SECTICN FOR PROTON PROTON • N*l 14701• PROTON. [PAGE 1971 

LABOR6TORY BEAM MOMENTUM • b.C1 GEV/C. 
FITTED FORfiiULA IS 0-SIGl'IA/0-T ~ A•E.a.PULPHAIIIJI 

WHERE 0-SIGMA/0-T IS IN MB/CGEV/CI**2 AND -T IS IN IGEV/CI .. 2. T IS THE MOMENTUM TRANSFER BET"'EEN THE 
(INCOMING PFlOTONJ AND THE (N*I14701•1. 

FITTED VALUE 

ALPHA c 10 .~ +- 1.0 

r:iAii1 TOTAL CROSS SECTIONS OF PROTONS, ANTJPROTO~S, AND Pl AND K I'!ESQNS ON HYDROGEN AND DEUTERIUM IN THE MOMENTUM RANGE 6-22 l...!..:!!:!.J GEV/C. (PHYS. REV. l3e, 8913 ( 19651 I 

W.GALBRAITH,E.W.JENKINS,T.F.KYCIA,B.A.LEONTIC,R.H.PHlLLIPS,A.L.READ leRCOKHAVEN NAT. LA8., UPTON, L.t., N.Y., USAl 
R.RUBINSTEIN !CORNELL UNIV., ITt-ACA, r.;. Y., USA) 

ABSTRtr.CT THE TOTAL CROSS SECTIONS SIGf'IAITI OF p, ANTt-P, CHARGED PI AND CHARGED K ON HYDROGEN AND DEUTERIUM HAVE BEEN 
. MEASURED BETWEEN 6 AND 22 GEV/C AT INTERVALS OF 2 GEV/C TO AN ACCURACY GREATER THAN PREVIOUSLY RfPDRTI!!'O. THe MeTHOD 

UTILIZED WAS A CONVENTIONAL GOCC-GECMETRY TRANSMISSION EXPERIMENT WITH SCINTILLATION COUNTERS SUBTENOING VARIOUS 
SOLID ANGLES AT TARGETS OF LIOUIO H(21 AND 0121. WITH THE INCREASE IN STATISTICAL ACCURACY OF THE DATA, IT WAS FOUND 
THAT A PREVIOUSLY ADOPTED PROCECURE OF LINEARLY EXTRAPOLATING TO ZERO SOLID ANGLE THE PARTIAL CROSS SECTIONS MEASUPED 
AT FINITE SOLID ANGLES .. ~s NOT A SUFFICIENTLY ACCURATE PROCEDURE FRO/'! WHICH TO DEDUCE SIGMAITI. THE PARTICLE-NEUTRON 
CROSS SECTIONS ARE OERIVEC BY APPLYING THE GLAUBER SCREENING CORRECTION TO THE DIFFERENCE BETWEEN THE 
PARTICLE-DEUTERON AND PARTJCLE-PPOTCN CFIOSS SECTIONS. THE TOTAL CROSS SECTIONS OF PI•D AND Pl-0 ARE EQUAL AT ALL 
MFtl~IIRFn M011FNTAo 'a:HifH rnNFIR/'!!~ THF VAl lOllY nF rHAB!';F ~Y!!!MFTRY liP Tn ?0 (ifVtr. RF~III T~ A9F Qgf~FNTFn ~HnWINt: THF. 
VARIATION OF CPOSS SECTIONS WITH MOMENTUM; EVIDENCE IS PRESENTED FOR A SMAll BUT SIGNIFICANT DECREASE IN PP TOTAL 
t~OSS S!itTIONS ANO PN TOT~\ tRCSS SotTIQNS I~ THg MOMoNTVM ~oGION ~~OVo LZ GoVft, 

CITATitli'iS 
FORTSCHRITTE OER P~YSIK 9, 54t; t19611, PHYS. REV. LETTERS 10, 262 119631, PHYS. REV. LETTERS 13, 205 tl96~1, PHYS. REV. 
LETTERS 7, 185 (19611, PI-'YS. RE\1. LETTERS 7, 352119611, PHYS. REV. LETTERS 5, 576 (19601, PHYS. REV. LETTERS 7, 127 
119611, PHYS. REV. LETTERS B, 173 (19621, PHYS. REV. LETTERS 9, 32 119621, NUOVO CI~ENTC 34, 825 1196~1, PHYS. FlEV. 
129, 2285 (1963), PHYS. RE\1. 123, 1S50 119611, If\T'L. ClJNGRESS ON NUCLEAR PHYSICS,PARIS.FRANCE 162 1196~1. JETP 15 
272 119621, JETP 18 1239 ti963J, PHYS. REV. LETTERS 3, 285 11959), PHYS. REV. 128, 869 119621, PHYS. REV. lQO, 242 
ll<i'ilil 1 PHY~. RF.\1. ''"' ~20 ll<it.ll, Pt-Y~. RFV. I,F.TTFR~ 7, IR' (19MII, .lfTP "\4 4QQ (JQ5~1, NtiOVn (,floiF.NT( 14, Q!'1_ Cl'~;qJ, 

NUUVU llMI:NIU lU, "::lfl ll'tbUI, Vhf!~. IH:II. ltiii:IU \J, lUB t!Yb.:!l, 1-'HH. WtV. LtiiE!-1~ 10, Jrb ll';&H, 1-'Hn. RI:V. 
LEHEP:S 10, 543 119631, PHS. P.EV. LETTEP.S 11, 445 09631, PHYS. P:&v. LETTEP.S 11, 503 UQ63J, UCRL 3'12:1 119561, 
NUCLEAR ELECTRONICS 1, 63 (19621, REVIE~ OF SCIENTIFIC INSTRUMENTS 25, 1070 11<.:13~1, PI-!YS. REV. 135, B35e tl'llb4), 
PHYS. LETTERS 14, 16~ (1~651, Pt'YS. REV. 13~, 8633 (1~641, AND PHYS. REV. 134, 8630 U9b41. 

ARTICLE READ BY NAOMI BARASH-SCI":, lOT lN 3/69, AND VERIFIEC 

BEAM NO. lS PJ• ON PRQTCN HCM b TO 20 GEV/C. 
NO. lS PI- ON PROTON FRCM 6 TO 20 GEV/C. 
Nn. IS PIt ON OFIJTERON FRCM h Tn 20 GF.V/C. 
NO. 4 lS PI- ON DEUTEIHJ~ FRCM • TC 20 GEV/C. 
NO. , 15 K+ ON OEUHRCN FROM {: TO .20 GEV/C. 
NO. • IS K+ (N PP01CN FRCH 6 TC 20 GEV/C. 
NO• 7 , ·- (ti Ct::UTERCN rnoM <. 10 10 GEVIC. 
NO. • lS ·- CN PSIOHlN FRCM b 10 20 GEV/C. 
NO. • IS PRCTCN CN CEUTERON FR(Iil b TO 22 GEV/C. 
NO. 10 lS PROTON ON PROT Of\ FROM b TO 22 GEY/C. 
NO. 11 lS ANT 1-PRCTCI\ C~ CEUTEFlCN FROM 6 TO 18 GEY/C. 
NO. lZ 1 s ANT I -PROTON 0/li PROTCN FRCfl • TO 18 GEVIC. 

Tt-!IS EXPFRifo'FNT liSE~ CCI~NTERS. 

KE'f WORDS CROSS SeCTION 

K+ CEUTERON TOTAL CROSS SECTION. 

LABORATORY 
eEA"' f'IO!Et. TUM 

r.P..vtr. 
PER CENT 

b. 1. 75 . 
a. 1.15 

10. 1.15 
12. 1. 75 
~~- 1.75 
lb. 1. 75 
18. 1. 75 
20. 1. 75 

l'!llli-BAIIf\S 

33.~ .3 
33.9 . .3 
33.8 -3 
33.9 .3 
33.8 • ~ 
33.~ .3 
33.1 • 3 
3~ .2 • ; 

ITABLE 31 

ev LEROY PRICE. 



K+ PROTCN TCTAL CROSS SECTION. 

LABOPATQRY 
I!EAM ~OMENTUM 

GEV/C Hllli-AARNS 
PER CENT .. 1. 75 n.c .I 

8. l. 75 17.3 .I 
10. 1.75 17.3 .I 
12. 1.75 17.3 .I 
14. 1.75 17.4 .I 
16. 1.75 17 .o .I 
18. 1. 75 17.1 .I 
20. 1· 7~ 17.5 .I 

K+ NEUTRON lOTH CROSS SECTION. 

C UNFOLDED FROM DEIH ER I Ul'! CA TA I 

LABGRATORY 
BEAH ~OMENTUM 

GEV/C 
PER CENT 

6. . 1.75 
a. 1.15 

10. 1.75 
12. 1.75 
14. 1.75 
lb. 1. 75 
ta. 1. 75 
20. 1. 75 

HI lli-BARNS 

17.5 .4 
17.6 .~ 
17.5 .4 
17.6 .4 
11.5 .4 
17.4 .4 
17.6 .4 
17.7 .4 

K- CEUTERCN TOT.AL CROSS SECT ION. 

LAeORATORY 
BEAI'! I"CMENTUH 

GEV/C 
PER CENT 

b. 1.75 
a. 1. 75 

10. 
12. 
14. 
16. 
18. 

1. ,~ 
1. 75 
1.75 
1.75 
1. 7S 

141 Lli-BAR"S 

K- PRGTCN TOTAL CROSS SECT ION. 

lABORATORY 
eEAM MOMENTUM 

GEV/C 
PER CENT 

6. 1. 75 
a. 1. 75 

10. 1. 75 
12. 1.75 
14. 1.75 
16. 1. 75 
lB. 1. 75 
20. 1.75 

HILL I-BARNS 

24.0 .3 
23.6 • 2 

21.€: .2 
21.5 .2 
21.3 .4 
21.0 .a 
22.~ 4.6 

K- NEUTRON TOTAL CROSS SECT ION. 

( UflrOLOED FrlCM OEUHniUI'I CATfi I 

LABCIOATCRY 
eEAM MOMENTUM 

GEV/C 
PER CENT 

6. •• 75 
a. 1.75 

10. 1.15 
12. 1.75 
14. 1.75 
16. 1.75 
J.D. 1.7§ 

Hllli-OARNS 

2l.Ci -~ 
lc,1.7 .4 
20.6 .4 
20.2 .4 
20.1 .4 
20.3 .6 
JO.~ 1.1 

PI+ PROTCN TOTAL CROSS SECTION. 

LABOPATORY 
eEAM !'!CHENlUM 

GEV/C 
PER CENT 

b. 1. 75 
8. 1. 75 

10. 1. 75 
12. 1. 75 
14. 1. 75 
1h. 1. 7'i 
18. 1. 75 
20. 1.75 

Ml LL 1-eAR~S 

26.2 • 2 
25.1 .2 
24.8 .2 
24.2 .2 
23.9 .2 
?1.4 .? 
23.5 .2 
23.4 .2 

32i 

(TABLE 31 

l TABLE 31 

(TABLE 31 

tTABLE 31 

ITABLE 21 



PI- P~OTON TOUL CROSS SECTION. 

LABO~ATO~Y 
BEA~ fi!CMENTUM 

CEV/C .. .. 
10. 
12. 
14. 
16. 
18. 
20. 

PE~ CENT 
1. 75 
1. 75 
1. 75 
1 .. 75 
1 .. 75 
1 .. 75 
1. 75 
1.75 

MilL 1-BA~"S 

28 .. 5 
27.5 
26.5 
25.9 
25.-4 
25.1 
25.0 
24.8 

.3 

.3 

.3 

.3 

.J 

.3 

.3 

.3 

PI+ DEUTERON TOTAL CROSS SECTIO"-• 

lABORATORY 
BE.Afo! MOMENTUM 

GEV/C 
PER CENT 

6. 1. 75 
8. 1. 75 

10. 1. '' 
12. 1. 75 
1ij. 1.7'5 
.16.. l. 75 
18. l. 75 
20- 1. 75 

MJ lli-BARNS 

52.8 +- .s 
50.5 .5 
49.3 • ' 
48.2 .5 
46.9 .5 
46.6 .. 5 
46.3 .5 
45.c;J .s 

PI- DEUTERCN TOTAL CROSS SECT JON. 

LABOf'AlOAY 
fE.6M MOMENTUM 

CEV/C 
PER CENT 

6. 1.75 
u. 1. "15 

10. l. 75 
12. l. 75 
14. l. 75 
16. l. 75 
18. 1.75 
20.. 1. 75 

Ml lli-8.6RNS 

52.7 ·- .5 
~l .. U .5 
49.3 .5 
47.'il .5 
47.1 .5 
46.4 .5 
46.4 .5 
45.8 .5 

POnTON OFilTFRnN TOTAl rRn~" ~Fr. 1101'1. 

~~~~~s~mn~ 
GEV/C 

PER CENT 
h. I. 7'; 
a. 1. 75 

10. 1. 75 
12. 1.7S 
14. 1. 75 ... 
18. 
20. 
22. 

LABORATQ~Y 

BEAM MOMENTUM 
GEV/C 

P~~ eeNT 
6. 1. 75 
a. 1.15 

10. l. 75 
12. t. 75 
14. 1. 75 
16. 1. 75 
u. 1. 75 
20. l. 75 
22. 1. 75 

M I lli-BAPI\S 

77.4 I .. 1 
76.2 1.3 
75.B 1.3 
74,4 1.) 
74.0 1.3 

1.! 
1.3 
1.3 
1.3 

MILL I-BARNS 

40.6 .t: 
40.0 .6 
39.9 .t: 
3c;1.4 .6 
3'il.1 .6 
38.7 .t: 
H.7 .6 
38.4 .6 
ae.:;~ .6 

PROTON NEUTRON TOTAL CRGSS SECT ION. 

( UNFOLDED FRO~ CEUTE~IU,. CAtA. ) 
CLAUSE~ CORRECTION APPLIED 

LABORATORY 
fEAM foiOMENTUM 

GEV/C 
PE~ CENT 

6. 1. 75 
a. 1. 75 

10. l. 75 
12. 1. 75 
14. 1. 75 
16. 1. 75 
18. 1.75 
20. 1. 75 
22. 1. 75 

M ILLI-BA~NS 

42.6 1. 7 
41.8 1. 7 
4·1.5 1.7 ' 
40.4 1. 7 
40.2 1.7 
40.2 \. 7 
39.2 1. 7 
38.7 1.7 
38.2 1. 7 
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(TABLE 21 

(TABLE 21 

lTABLE 21 

fTAfll F {d 

(TABLE 41 



peAR CEUTERON TOTAL CROSS SECTICN. 

lABCRATOR ... 
i!E6"' ,..CMENTUH 

GEV/C 
PER CENT 

b. 1. 75 
e. 1. 75 

12. 1.75 
14. 1. 75 
16. 1. 75 
18. 1.75 

l"llli-BARJ\5 

106.9 1.3 
102.7 1.3 
96.1 1.:! 
qs.o 1.4 
93.2 1.6 
87 .z 6.1 

PBAR PROTON TOTAL CROSS SECTIGN. 

LABORATORY 
BEA,.._ ~OMENTUM 

GEV/C 
PEP CENT 

6. 1. 75 
a. 1. 75 

16. 1.75 
18. 1. 75 
12. 1.75 
14. 1.75 

1-41 Ll I-BARNS 

59.3 1.1 
56.4 .a 
4CJ.z .a 
50.3 ].E: 
st. 1 .a 
so. 7 .c; 

NEUTRON PBAR TOTAL CRCSS SECTICN. 

( UNFOLDED FROM OEUTERIUP' CATA J 

LABORATORY 
BEAI" P'C .... EhTUM 

GEV/C 
PER CENT 

6. 1.n 
H. 1. I) 

12. 1.75 
14. 1.75 
16. 1.75 
18. 1.75 

.... Ill 1-BARI\S 

59.5 lt.O 
) '·~ J.ll 
53 .a 3.7 
53.4 3.7 
52.7 3.7 
44.4 9.0 
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(TABLE 4J 

{TABLE 41 

ITAeLE 41 

[!ill NEUlRON-PROlON ELASTIC SCAllEPING FROH 1 lO 6 GEV. IPHYS. REV. LETTERS 1c, 1211 C 196611 

H.~.KREISlEfi,F.MARTIN,I".L.PEPl (STAHCRO UNIV., STANFORD, CALIF., USAJ 
M.J.LONGO,S.T.POWELL lllr lUNJV. OF fo!ICHIGlll\r liNN ARBOR, ,._J(H., USA) 

CtTATIN~oS 
PHYS. REV. LETTERS 15r 3€ 119651 1 NUOVO CIMENTO 41 1 167 (lCJ661r PHYS. REV. LETTERS llr 281 119631, PHYS. REV. LETTERS 
15r 838 119b51r RUTHEPFORO HIGH ENERGY LAS. RPP/H/13 119661r JINR JINR-E2413 119651, UCPL 11441 1196ltlt NUOVO CJMENTO 
27, 856 (19b31 1 AND FHYS. REV. 137r 8708 (19651. 

ARTICLE REAC BY OCETTE BENARY IN 1/69, AND VERIFIED BY LEROY PRICE. 

Q(AM 15 t~CUTnm~ Qt. I"ROTOt. rRC/·1 1.6'H TO 7.119 G(V/C. IOEAM KINETIC CNERGV- 1.0 TO 6.3 GEVI 

THIS EXPER li'ENT USES SPARK CHA,.E!ERS. 

KEY WORDS • DIFFERENTIAL CROSS ~ECltCN FITS 

COMPOUND I<EY WORDS • FITS DiFFERENTIAL CROSS SECTION 

UA5TIC Olrr(R£NTIAL CRC55 SECTION FCR NEUIRCN PROTON. IFIGURE 21 

DATA IS AVERAGED OYER LlleQFO!HGRY eEAPI EHRGY FRO,. 1. TO 2. GEV • 

• THIS DATA WAS READ FRO"'. A GRAPH • 

-l 
CGEV/CIU2 

.25 

.35 

.so 

.bO 

.lt 

.eo 

.65 
1.00 
1.20 
1.45 

D-SIG~A/C-T 

~RIIGEY/CJ••z 
21.00 2.CC 
e.co t.oo 
7.00 1·00 
2.55 5.00 
2.50 .ItS 
1.50 .4C 
1.65 .45 

• til .lO 
• 10 .to 
.so .tp 

T IS THE "'0MENTUfil TRANSFER BETWEEN TH I INCOMING NEUTRON) AND THE (OUTGOING NEUTRON). 
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ELASTIC DIFFERENTIAL CRCSS SECTION HR NEUTRON PROTON. (FIGURE 21 

DATA IS AVERAGED OVER LABOPATORY eEAM ENERGY FROM 2. TO 3. GEV. 

• THIS DATA WAS RE.60 FRO II /J GRAPH • 

-T 
IGEV/Cf .. Z 

.25 

.35 

.45 

.55 
•• 5 
.75 
•• o 

t.oo 
1.20 
1.40 
1.80 
2.5C 
3.20 

0-SIGfiA/0-T 
MB/CGEV/CI .. 2 
24 .oo z .co 
15.00 z.oo 
5.40 .70 
5.60 .60 
z. 65 .45 
1.10 .30 
1.15 .30 
1.05 .25 

.80 .15 
• 40 .10 
.40 .as 
.16 .03 
.15 .04 

T IS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING NEUTRON) AND THE IOUTGOING NEUTRON). 

HASTIC DIFFERENTIAL CRCSS SECT ION FOR NEUTRON PROTON. (FIGURE 21 

DATA 15 AVERAGED OYER LUlORATORY BEllM EI\EROY FROM 3. TO 4. Gev. 

• THIS DATA WAS READ FROf'. A GRAPH • 

-T 
ICEV/CJ••z 

.20 

.30 

.40 ... 
• :'10 
.8o 
•• o 
•• 5 

1.10 
(.40 
1.75 
2.50 
3.50 
4.60 

0-SIGMA/C-T 
MB/ICEV/C 1 .. 2 

te.ooc z.ooo 
9.000 1.000 
4. 3CO .700 
~.7on . .t.on 
1·'•00 .300 
.900 .200 
.600 a 130 
a35Q allO 
.340 .060 
.310 a07Q 
.oec .c2o 
a054 a008 
a037 .010 
aOJit a006 

T IS THE MOMENTUM TRANSFER BEHEEN THE llNCOHING NEUTRON) AND THE (OUTGOING NEUTRON). 

ElASTIC 01 FFERENT 1/ll CROSS SECT ION FOR NEUTRC:N PROTON. (FIGURE 21 

DATA IS AVERAGED OYER lAE!ORATORY E!EAH ENERGY FROro! 4. TO 5. GEY • 

• !tlli P.•.r.•. 1-1.•.t !'l.t.•t~ rRQ~ 1 ~n.•.ru • . . .................................... 
-T 0-SU:MA/0-T 

IGEV/(.IU2 "9/tG£V/(In2 
.20 14aOCC 1a000 
.35 t..soo .sao 
.45 4.000 a300 
.55 a85C a 140 
•• 5 1:1co .too 
.75 .440 a070 
.85 .610 a100 . nn .1J., ,I}I]Q 

1.15 .uo .020 
l.J~ .U':IU .U.!I!U 
1.75 .oso .010· 
2.50 .016 .004 
3.60 .006 .002 
4. 70 .cos .002 
5.50 .006 .003 
6a50 .ace .C03 

T IS TilE MQM[fHUH TRANSFER DHWEEN THE ( INCCHING NfUTRONI AND Ttte I OUTGOING NEUTRON). 

ELASTIC DIFFERENTIAl CROSS SECTION FCR NEUTRCN PROTONa (FIGURE 21 

DATA IS AVERAGED OYER LAeOPATORY EEAH ENERGY FROM 5.0 TO 6.3 GEV. 

, THIS DATA !liAS READ FRO"' A Gl:tAPH a 

-T 
IGEY/CI••2 

.25 

.35 

.40 

.50 
•• o 
.1C 
.80 
•• o 

lalO 
1.35 
1. 7C 
2. 50 
3a50 
It .40 
6.30 
7.5C 
8.50 

D-SIGHA/0-T 
ro!8/IGEV/CIU2 

14.000 1.000 
6.7co .sao 
3.1 co .200 
1.300 .200 

.Q30 .150 

.sao .no 

.4oo .oc;o 

.250 .060 

.ICO .C30 

.040 .012 

.027 .cos 

.o 13 .C03 

.004 .001 

.004 .002 

.002 .cot 

.004 .002 
.ace .ooJ 

TIS THE MOMENTUM TRANSFER BETWEEN THE IJNCOHING NEUTRIJfd At\0 THE IOUTGOING NEUTRON)a 
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FIT TO ELASTIC DIFFERENTIAL CRC5S SECTION FOR NEUTRON PROTO:. IUBLE 11 

CATA 15 FIT OVER LABCRATCR'r BEH ENERGY FRI:!M 1. TO 2. GEV. 
F ITT EO FORMULA IS O-S ICM~/D-1 = A*EXP( -B•T I 

Wt-IERE D-SJGMA/0-T IS JN.MB/IGEV/(JU2 AND T IS TN IGEY/CJUZ. T IS THE MOfliiENTU~ TRANSFER BEhiEEN THF 
( INCOHifo;G NEUTRON J AND .THE (OUTGOING NEUTRON). 

FITTED VALUE 

B = -6.321 +- .647 

FIT TC: ElASTIC DIFFERENTIAL CRCSS SECTION FOR NEUTRON PPOTQN. [TABLE 1 I 

DATA IS FIT GVER LARORATCRY BEAfo' ENEP.GY FROM 2. TC 3. GEV. 
FITTED FORI"ULA IS C·SIGMMO-T = A*EXPl-R•TJ 

WHERE D-SIGMA/0-T IS IN MB/IGEV/(1 .. 2 AND T IS IN IGEV/CI .. 2. T IS THE MOMENTUM TRANSFER BETWEEN THE 
( INCOM~I\G t.:EUTRONJ AND THE IGUTGOING NEUTRON I. 

FITTED VALUE 

B '" -5.527 +- .4l:3 

FIT TO ELASTIC DIFFERENTIAL CRCSS SECTION FOR NEUTRON PROH:;N. ITABLE 11 

DATA IS FIT (jVER LABCPATCPY E!EA"'. ENERGY FROM :!. TO ~. GEV. 
FITTED FORMULA IS 0-SIG~A/0-T ~ A*EXPI-B•TJ 

WHERE C-SIGMMO-T IS IN MB/IGEV/(1 .. 2 AND T IS IN IGEV/CI .. 2. T IS THE MO~E~TU~ TRANSFER BEThEEN Tt-!E 
(INCOMING NEUTRON) AND THE ((jUTGOING NEUTRON). 

FITTEC VALUE 

B = -6.655 +- .432 

FIT TO ELASTIC DIFFERENTIAl CRCSS SECTION FOR NEUTRON PROTON. [TABlE 11 

DATA IS FIT OVER LABCPATCRY BEAF' ENEPGY FPOM ~. TO 5. GEV. 
FITTED FORMULA D 0-StGMA/D-T - A•EXPt-D•TI 

WHERE D-SIGMA/0-T IS IN "'8/IGEV/(1 .. 2 AND T IS IN IGEV/CI .. 2. T IS THE MOMENTUM TRANSFER BETWEEN THE 
(INC CHING NEUTRON I AND THE I OUTGOING NEUTRON I. 

F I TTEO VAlUE 

B .c -7.720 +- .~11 

FIT TC: ELASTIC DIFFERENTIAL t:~tCS~ ~t< .. rtON FOP NEUTRON PROTON. ITAOLE 11 

DATA IS FIT OVER LABCRATORY I!EAM ENERGY FROM 5.0 TO 6.3 GEV. 
F I TTEO FOR~ULA IS C-S IG~A/0-T = AOEXP( -B•T I 

WHERE 0-SIGMA/0-T IS IN MB/CGEV/CI**2 AND T IS IN CGEV/CI .. 2. T IS THE MOMENTUM TRANSFER BETWEEN THf 
I INCOMING NEUTRON J AND THE (OUTGOING NEUTRON J. 

F I TTEO VALUE 

8 .CI -7.562 ·- .'j'j:l 

THE REACTION PP • PN PI+ AT 10 GEV/C AND THE OPE MODEL. [ NUOVC CIMENTO 53Ar 232 I 196811 

H.r.nF~NF •• I.ntAZrtli.SJPC,.~PtA.SCI-'MITT,W.P.SWANSDN IUNIV. HAMBURG, HliMBURGr GERMANY) 
J • BOR ECKA, G .KNIES, G. WOLF. ( bEUT ~CHE S ElEK UIUNl:N-~ YNl.H., PIAI'!OUkll; GEI\MAI~'i) 

ABSTRACT THE REACTICN PP • PN PI+ AND ISOBAR PRODUCTION IN PP • N*++l12361 N HAVE BEEN STUDIED AT 10 GEV/C. GUP DAT6 
ARE COMPARED ~ITH ONE-PION EXCHANGE MODELS WITH FORM FACTORS AND WITH ABSOPPTICN CORRECTIONS. 

CLOSELY RELATED REFEREI\CES 
DATA SUPERSEDED BY PHYS. REV. 1 H, 1635 119681. 

ADDITIONAL CITATtU:S 
UCRL 10335 119621r NUDVD CII"ENTC 48A, 676 119671, NUOVO CIMENTO ~2Ar 323 119661, NUOVO CII'IENTO 41Ar 635 (19661, NUOVO 
(I MENTO ~4Ar 777 I 19661, Pt-!YS. REV. 144, 1122 119661, PHYS. REV. 154, 1284 11'il671, NUOVC• CH4ENTO 42Ar 119 Cl966Jr 
NUOVO CI~ENHl 45Ar 1010 (19661, NUOVO CIMENTO 33, 309 (19641, PHYS. REV. 125, 2082 tl9621t PHYS. REV. 123t 2160 119611 
PHYS. REV. 133r 81017 11--;64), NUOVO CIMENTO 49Ar 47'il C19671r PHYS. REV. l38r 8670 (19651, NUOVO CIMENTO 21, 1450 
119631, BOULCER CONFEPENCE 183 Cl9641r NUOVO CIMENTO 40A, 236 11t;l651r OUBNA CONFERENCE 1 148 119661r t\UCYO CIMENTO 26 
186 119621 1 NUOVO Cl~ENTO 34, 735 (19641r PHYS. REV. l37r B153C 119651, RE~. MOO. PHYS. 37, 484 119651, AND PJ-IYS. 
R.t:V! !,.ETTERS 16, 855 11c;u1. 

ARTICLE READ BY OCETTE SENARY IN 3/68, AND VERIFIED ~BY LEROY PRICE. 

BEAM IS PROTON ON PROTON AT 10.01 GEV/C. 

THIS EXPERIMENT USES THE SliCLAY at Cjll CHJ BUl!Blt: t.HAHIH:H. A TOTAL Of' !JOOOO I'II.OIUfiH ARG R.SPOHEO f)N. 

GENERAl CCI"~ENTS ON THIS ARTICLE 
l ONLY EVENTS HAVING A PI+ IN Tt~E BACKWliRO HEMISPHERE OF THE OVER-All CMS WERE USED FOR THE liNALYSIS. THE GIVEN CROSS 

SECTtm~S UERE CORRESPONDINGLY (QRRI;r.TFO. 

KEY WORDS • CROSS SECTIIJN •uss SPECTPU)II CIFFERENTIAL CROSS SECTION JO:OOELS DENSITY MATR t X 
MOMENTUM TRANSFER 
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I FRO~': PAGE 233 ANC PAGE 235 I 

LABCPATOPY eEAfo' MOMENTUM '" lC.Ol GEV/(. 

(THIS DATA SHOULD NOT BE USEV- MORE RECENT VALUES MAY BE FOUND IN AlMEIDA ET H., PHYS. REV. 174, 1638 (196611 

REACTION 
PROTOPI PRCTCN • 

PROTON NEUTRON PI+ 
NEUTRON C:ElT/1(12381++ 

OElTAIL2381++ • PRCTC~ PI+ Ill 

lo'llli-B.ARNS 

4.10 ·- .40 
1.18 .14 

t-:0. EVENTS 

341 

( lJ FITTED 0151RJBUTION WITH FIXED l'l:llSS AND WIDTH ANC TOOK EVENTS OI'OLY ABOVE IFITTEOI BACKGROUND. 

OIFFERENTlAL CR05S SECTIC~ FOR PRCHlf.. PRCTO/Ii • DElTA( 1238 I++ NEUTRON. 
OElTAC12381++ • PROTON PI+ (lJ 

LABORATORY BEAM MOI"ENTUI'! ,. lC.Ol GE'V/C • 

• THIS QUA WAS REilD FRO,.,, /J GRAPH • 

-T 
lGEV/CJ .. Z 
1"11\ MAX 
.oo .oz 
.oz .04 
.U4 .06 
.ot .ca 
.08 .10 
.10 .12 
.12 .14 
.1'1 .16 
.a .ta 
.zo .zz 
.22 .24 
.24 .. 26 
.26 .28 
.za .Jo 

0-SIGHA/C-T 
1"8/IGEV/C fU2 

6.70 ·- 1.70 
~.cc t.tn 
3.30 1.10 
2. 50 1.CO 
~.~U 1.00 
1.10 .as 
.80 .55 

1. 70 .85 
2.30 .70 

.85 .60 

.42 .42 
e4i'! .4t2 
.as .60 
.42 .42 

(FIGURE ZAJ 

TIS THE f!IQI'IENTU,.. IM.ANSf'ER I!ETWEEN HE (INCOMING PROTON)• AND ThE (0ElTAI1238)++). 

Ill USED SJI>IPLE MASS CUT ( MASS CUT FROM 1.125 TO 1.325 GEV J. 

r1""i:"1l HIGH-ENERGY PROTC~-PROTON CIFFIUCTICK SCATTEPING (PHYS. REV. LETTERS 1), 1(!8 I 19621 I 

l..!.!!.!..J A.N.OIODENS, E.ll LLETHUN ,G.MANfd~G, A • E. T AYLC:R, T .G. WALKER ,A.M.WETHERELL I EUROPEAN ORG. FOP ~UC. RES., GENEVA, SWIT ZERLANC I 

CIT AT lCNS 
PHYS. REV. LETTERS 7, 450 119611, PHYS. REV. 125, 1386 119621, BULL. AM. PI-:YS. SOC. 6, 343 (196ll, NUOVO ClHENTO 20, 
1012 (19611, INT'L. CONF. CN ELE~. PARTICLES, AIX-EN-PROVENCE 433 119611, AND INST. FOR NUC. RES., WARSAW, POLAND 
255!V~ (~~~LI. 

ARTICLE READ BY QC~TH 6ENARY IN 4/67, ANn VF9JFIF.n RY I 'gnv notr", 

BEAI'I IS PRCTON 0" PROTCN FRC"' 12.1 TO 26.2 GEV/C. 

THIS F.XPE.RIHENT IIC:.F.!i; rntJNTfil110 

KEY WORDS • DIFFERENTIAL CR9S$ ~;tTICN CROSS SFr.T InN 

ELASTIC DIFFERENTIAL CROSS SECTION FCR PROTON PROTON. 

LABORATORY BEAM MO .. ENTU .. • 12.1 GEY/C. 

THETA 
UEGM.EH 

2.66 
5. 73 
e. 12 

11.75 
11o.1a 

C-S I G"'AIC-O ... EGA - .. "M!I!A- --

146.0 
?b.O 
45.0 
21.3 ' .. 

Pfi rENT 
I. 
I< 
16 
16 
lo 

I TABLE 11 

THETA IS THE ANGLE TI-'AT THE PROTON MAKES WITH THE BEAM IN THE GRANO C.H. 

ELAST lC DIFFF.RFNT I At tRC:SS SECT ION FCR PROTON rRQTON .. [TABLe 11 

LABORATORY BEAJI! .,OI'I.ENTU"' " 15.5 GEV/C. 

THETA [;-!) 1 t.ii'A /lJ-UfoiEGA 
DEGREES Me/SR 

PEP CENT 
3.02 165.0 ·- 18 
6.40 76.0 15 
9.11 ?1 .. 0 I~ 

13.25 ... 16 
16.50 1.1 21 

THETA IS THE ANGLE THAT THE PROTON MAKES WITH THE BEAto\ IN THE GRANO C.M. 
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ElASTIC DIFFERENTIAL CRCSS SECTJCN HR PROTON PROTON. [TABLE 11 

LAeOR/ITORY BE:AM )o'Qf'ENTUM a 18.6 GEV/C. 

THETA C-S I GMA/0-0,..EGA 
DEGREES l'!e/SR 

PER CEf\T 
3.82 2C9.00 22 
7.30 66.00 20 

10.70 12.te 2C 
11..40 1.60 24 
11.t!C .25 27 

THETA IS THE ANGLE THAT THE PROTGt\ MAKES "'ITH THE BEAM IN THE GRANO (.H. 

ElASTIC CJHt:RENTIAL CRC$5 HCTICtl roR f'ROTOK PROTON. 

lABORATORY eEAM ~Q)o'ENTUM ., 21.-4 GEV/C. 

TII(TA 
DEGREES 

3.29 
7.3C 

11.18 
15.30 
l9.0C 

C·S I GHA/0-0I"ECA 
f/8/SR 

182.00 
43.00 

6.110 
.52 
.C4 

PER CENT 
21 
18 
IS 
2C 
34 

ITASLE ll 

THETA IS THE ANGLE THAT THE PROTON loi.AKES WITH THE BEAM IN THE GRAND C.M. 

ElASTIC DIFFERENTIAL CRCSS SECT ICN FCR PROTON PROTON. 

LABORIHORY eEAI' ,..Of'Et\TUH = 26.2 GEV/C. 

11-:ETA 
DEGREES 

4.21 
e.6c 

12.88 
17.03 

IJ·S I GH/1/0-0HEGA 
l'!e/SR 

189.00 
22.-40 

1.24 
.08 

PER CENT 
22 
21 , 
28 

I TABLE 1 I 

THETA IS THE ANGLE Tt-AT Tt-:E PROTOf\ MAKES WITH THE BEAM IN THE GRAND C.M. 

PRGTOI\' PROH:::N El.6STIC CROSS SECTION. 

LABORATORY 
P.EAH H0MEN1UH 

GEVIC 
12.1 
15.5 
18.6 
21.4 
26.2 

MILL I-BARNS 
10.'t 1.1 
9.2 1.4 
c;~.o 1.e 
8.0 1.6 
9. 8 2.2 

(TABLE 2 I 

~THE REAL PART OF THE ELASTIC P-P SCATTERING AMPLITUDE IN THE RANGE 2-10 GEV. [PHYS. LETTERS 13, 93 1190•11 

L.KIRILLO\IA,L.KHRISTOV,A.V.NIKITIN,M.SHAFRANCVA,L.STRUMOV,V.SVIRJOOV (JOINT INST. FOR NUCL. RESEARCI-!, OUBNA, USSPJ 
Z.KCRBEL,L.ROB [HIGH JECHNICAL SCHOOL, PRAGUE, CZECHOSLCVAKIA) 
P.JI!ARKOV,KH.TCHERNEV,T.TOCOROV,~.ZL.eTEVA (BULGARIAN ACAO. OF SCI., SOFIA, BULGARIA) 

CLOSELY RELATED REFERENCES 
SEE ALSO SOVIET JNP 1 37'il (1965). 

ADOJTIOf\AL CITATIONS 
CERN CONFERENCE 582 119621, ZURN. EKSP. TEOR. FJZ. 45, 1261 119631, ANNALS OF PHYSICS 3, 190 119581, SIENNA 
CONFERENCE 683 119631, AND PHYS. LETTERS 8, 286 119631. 

ARTICLE READ E!V OCETTE SENARY IP.: 10169, AND \IERIFIEO BY LEROY PRICE. 

BEAM IS PROTON ON PROTCN FROM 2.784 TO 10.898 GEV/C. CBEAM KINETIC ENERGY • 2 TO 10 GEVI 

THIS EXPERIMENT USES COt.:NlERS. 

KEY WORDS • REAL IAHPLITUOEIIIHAGINARY CAHPLITUOEI 

THE REIIH RATICi FOR THE FCJIWAPO ElASTIC AMPLITUDE FOR PROTON PROTON. 

lABORATCiRY 
e~A• ~NePGY 

GEV 
2. 

10. 
-.11 •- .ce 
-.25 .Cl 

IT ABLE lJ 
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11531 PP INTERACTIONS AT 10 GEV/C. IPHYS. REV. 174, l638 11.6811 

S.P.AlHEIOA,J.G.RUSHBROOKE,J .... SCHARENGUIVEl (CAVENDISH LAB., Cfi"'B. UNIV., C.OI"eRICGE, ENGLAND) 
M. BEHRENS, Y. BLOR El, I • BOR ECI< A r H .C. DE .. NE, J. 01 AZ, G. KNIES r A. SCH/11 TT, K. STROMER, W. P • SWANSON, I DEUTSCHE$ ElE KT RONEN-SYNCH., 

HAMBURG, GERMANY, AND UN IV. HAl" BURG, IHII'!BURG, GERMANY l 

ABSTRACT ARDUT 3700 TWO-PROto.G AND 5600 FOUR-PRONG EVENTS OF 10 GEV/C PP IIIITERACTIONS IN THE S4ClAY 81-C" HYDROGEN 
BUBBLE CHAMBER HAVE BEEN MEASURED AND ANALYZED. THE RELIABILITY OF THE IDENTIFICATION OF THE DIFFERENT FINAL SHTES 
HAS BEEN CHECKED USING MONTE CARLO-GENERATED EVENTS. FOR THE CHANNELS ACCESSIBLE TO ANALYSIS, CROSS SECTIONS AND 
INVAiUANT-HASS DISTRIBUTIOt.S ARE GIVEN. THE C.M. ANGULAR DISTRIBUTIONS AND THE MEAN VALUES OF THE TRANSVERSE f10Jo!ENTU~ 
FOR All FINAL-STATE PARTICLES ARE SHOWN AND DISCUSSED. PRODUCTION OF DElTA++(12361 ACCOUNTS FOR ABOUT 30 PEFI CENT OF 
THE CROSS SECTION SIGMACPP•PN PI+)= 4.1 +- 0.4 "'B. ABOUT 50 PER CENT OF THE CFIOSS SECTION SIGIIACPP • PP PI+ PI-)= 
2.4 +- 0.2 ~B CAN BE ACCCUNTEO FOR BY DELTA++ PROCUCTION. PRODUCTION OF NUCLECN ISOBARS AT 1450, 1520, ANO 1730 MEV 
ANb THEIR SUBSEQUENT DECAY lt\TQ P PI+ PI- ARE INVESTIGATED. THEIR CROSS SECTIONS, T DEPENDENCES, AND BRANCHING RATIOS 
ARE DHERMINEO, USING A ONE-PION-EXCHANGE fo'QDEL (OPEM, FOR CALCULATING THE BACKGROliNC DISTRIBUTIONS. THE PROOUCTIOt\ 
OF RESONANCES DECAYING lt\TC P PI- AT 1236, 1500, AND 1690 MEV IS SEEN, ANI: CROSS SECTIONS A~E GIVEN. RESONANCE 
PRODUCTION IN THE PP PI+ PI- PIO AND PN PI+ PI+ PI- REACTIONS IS StUDIED USING BACKGRCUNO CURVES CALCULHEO WITt-' A 
MODEL BASED ON SI"4PLE PARAftETERIZATICNS OF THE C.~. MOMENTUM DISTRIBUTIONS. THE PRODUCTION OF NUCLEON ISOBARS 
ACCOUNTS FOR NEARLY 100 PeA Cfi:Nl OF THESE REACTICNS. H!R IHt REAt:llUNS PP•PP OMEGA, PP ETA, AND PP FO, THE CROSS 
SECTIGNS FOUND ARE 0.16 +- 0.03, 0.16 +- 0.07, ANO 0.10 +- 0.04 HB, RESPECTIVELY, CORRECTED FOR UNOBSERVED DECAY Jo!ODES. 
IT IS SHOWN THAT MCST OF HH: GRCSS FEIITUR:ES OF THE PICN-PRODUCTION REACTIONS CAN BE EXPLAINED BY THE OPE,.. WllH THE 
FCRH FACTORS OF FERR.6RI ANC SELLERI. 

CLOSELY RElATED REFERENCES 
SEE ALSO NUOVO CIMENTO 57A, 20 (19681, AND NUOVD Clfo'ENTC 5lA, 305 (19671. 
THIS ARTICLE SUPERSEDES NUCVO C lfo'ENTO 50 A, 1000 ( l 9671, AND NUOVO C I MENTO 53 A, 232 ( 19681. 

ACCJTIONAL CITATIONS 
PHYS. REV. 154, 1284 (19671, NUOVO CIMENTO 49A, 479 (19671, PHYS. REV. 161, 1387 (19671, PRINCETON-PENN ACCELEPATCP: 
PPA0-600P (19661, t\UOVO CUIENTO 55A, 66 (19681, PHYS. PEV. 177, 1421 (1966), BULL. AM. PHYS. SOC. lZt 10 119671. 
I:Wll. AM. t'HY:,. :,uL. IC!, 10 ll9t1J, BULL. AM. PHYS. SOC. 12, 488 (1967,, BNL 10573 (19661, HEIDELBERG CCNFERENCE 522 
(19671, HEIDELBERG CGNFEREt\CE 521 (19671, HEIDELBERG CONFERENCE 527 (1967), RUI.L. AM. PHYS. sr:u;. D, ~IJ2 U9681, 
PHYS. REV. LETTERS It:, E!55 (19661, PH'1'S. REV. lETTERS 17,789 (19661, P~YS. REV. LETTERS lBt 89 C1967), PHYS. REV. 

~~:.I;P.~ 1 ~~~i !q:~. ~ ~~6 !~ ~. p~!~; ~~~~ ~ ~!!;~; ~~~ ~~?~~ ~ ~ :~!' ~~~~~~~~ ~~~;,5 ~~T ~~~~- 1 ~~, ~~~!)' ~;~7 ~bs c;H~br~~Q~~~t ~(,u ~. Ut;~v 
I.F.TTF.R!\ 1q, ft'i7 IIQ1'<71, 111:.1u .. IQB5 (lc;621t PHILOSDOHICAL MAGA~INE b 657 fl?6lJo ,.i!JOVO Cfr4f.NTn 41At 4t7 (llil"'.ll, OMYS. 
REV. LETTERS 19, 12l8 119671, NUOVO CIHENTO 42/1, 954 (19661, PHYS. REV. lETTERS 11, 425 (19631, PHYS. REV. LETTERS 15 
45 (1965,, NUOVO CIMENTO 3E!, 60 (1965,, PHYS. PEV. 138, 8165 (19651, Pt-!YS. REV. 159, 1138 (19671, PHYS. LETTF.RS 25R. 
1~6 11~611, PHVS. REV. LETTERS 17, 884 CltJ661, NUOVO CIHENTO 34, 1644 (19641, PHYS. REV. 138, B190 (1965,, PHYS. REV. 
165, 1130 (19681, PHYS. REV. LETTERS 19, 476 fl9671o PHYS. REV. LETTERS 20, 964 (19681, NUOVO CIHENTO 40, 839 (19651, 
NUOVO CIP.ENTO 47A, 232 (19671, PHYS. LETTERS 20, 554 ClC)661, PHYS. REV. LETTERS 16, 863 (1966), PHYS. REV. 159, 1156 
(1967), PHYS. REV. lETTERS 12t 340 (1964), CEPN TH-705 (19661, HEIDELBERG CONFERENCE H (19671, REV. HOD. PHYS. 40 1 

11 (1968,, NUOVD CIHENTO 27, 1450 11963), OUBNA C011.FERENCE l 148 11964), PHS. PEV. LETTERS 15, 207 ( 19651, 
HEIDELBERG CCt..:FEPENCE 512 (l9b7J. DUBNA P1 •. 1.14fl tl•U,71, NIJQV'l CIHEt.ITO 47A, 675 (1967), 11.UOVO CIMENTQ 1, 11'-6· (l?551t 
NUOVO CIMENTO 7, 19 (19581, FORTSCHRITTE DEP PHYSIK 6, 524 (19581, NUOVD CIHENTO 15, 402 (1960), NUOVO Ct~ENTO 18, 40 
( 19601, CERN TH 747 ( 1967), PHYS. REV. LETTERS 19, 1453 ( 19671, PHYS. REV. LETTERS 20, 238 ( 1968), NUOVO CIMENTO 24, 
453 (19621, "UOVC! CIJot.ENTO 30t 240 (19631, NUOVO CIMENTO 39, 169119651, AND NUC\10 CIHENTO 40A, 236 119651. 

ARTICLE REAC eY OCE"tt£ eENAFIY IN 1/6c;, AND VERIFIED 6Y LE~OY PRICE. 

BEA~ 15 PROTON ON PROTON n lC.Ol GE\IIC. 

THIS EXPERIMENT USES THE SACLAY 81 CM (HI BUfBlE CHAMBER. A TOTAL OF 80000 PICTURES ARE REPORTED ON. 

KEY WORDS • CROSS SECTION 1'!/ISS SPECTPUM CALITl PLOT ANGULAR DISTRIBUTIC,._ ~ODELS OHEGA(1831 
ETAC548, F( 1260 t N*fl~OI013 N•C l7001Sll 'N*( 16881' DELTAI1238J N*fl4701Pll 

(FROM PAGE 1640 AND TABLE 2 J 

LABORATORY fEA~ HOMENTLH "' 10.01 +- .01 GE\1/C. 

REACTION 
PROTON PROTON • 

TCTAL 
ELASTIC 
PROTON PR9TQ~ .PIO 
•MTON NEuTRCN Pit 
PROTON PROTON PI+ Pl-
t'RUII.IIl 1-'RUIUN JIJ"' PI- PIU 
PROTON NEUTP.ON Fl• PI• PI-
PROTON PROTON MMie2PIO 
PROTON NEUTRON PI+ )l'll.!:lPIO 
NEUTRON NEUTRON PI+ PI+ MI'!2'0PIO 
PRCTCN PFIOTON PI+ PI- ~Mi!!2Pt0 
PROTON NEUTRON PI+ PI+ PI- fo'ftUPIO 
NEUTRON NEUTRON PI+ PI+ PI+ Fl- H~i!'OPIO 

(lJ V/ILUC 15 APPROXUo!ATE CNLY. 

LABCFilllnRY P.F6~ fln,..FNTIJ,.. a 1(1.01 •- .01 CE\1/C. 

REACT ION 
P!:tQrH PRCHN • 

DELTA( 1238JH NEUTRON 
OELTA(lZJ81tt rnOTON r11 I lJ 

DEL T AC 1920 I++· NEUTRON 
OHTAC 19201H • PROTON PI+ ( 11 

N*C 1470J+ PFIOTON 
N•l1470)+ • NEUTRON PI+ (11 

HilL I-BARNS 

41.1 ·- 1. 7 
10.2 .. 

1 •• ·' ... .4 

'·' .~ 
~;3 .2 
2·• .2 
1.5 Ill 
'i.;l Ill 
2.2 Ill 
.1 Ill 

4.1 Ill .. Ill 

l TABLE 4 I 

fo'.Illi-BAFINS 

1.18 ·- .14 

.38 .n 

.20 .13 

tll FITTED DISTRIBUTION WITH FIXED H/ISS AND WIDTH AND TOOK EVENTS ONLY ABCVE (FITTEDI BACKGROUND. 



LABORATORY eEAM MOMENTUM 

REACTION 
PROTO~ PRCTON • 

OELTAI12381++ PROTC~ PI-

10.01 +- .01 GE~IC. 

DELTAI12381++ • PROTO~ PI• Ill 
N•llHCJ+ PROTON 

N•l 14701+ • PROTON PI• PI- 121 
N•Cl5201+ PROTON 

N•ll520J+ • PRGTON Fl+ PI- 131 
'N•Il6881+' PROTON 

'N•fl6881+' • PROTON PI• PI- 141 
PROTON PROTON Fl 12601 

Fll2601 • PI• PI- (51 

329 

(TABLE 61 

MILL I-BARNS 

1.250 +- .litO 

.180 .Q4C 

.150 .040 

.220 .070 

.061t .027 

111 FITTED DISTRIBUTION WITH FIXED MASS AND WIDTH AND TOOK EVENTS ONLY. ABOVE IFITTEOI BACKGROUND. 
121 FITTED FOR MASS "AND/OR WIDTH ( MASS'" 1.450 GEV: WIDTH=> .210 GEV J, ANC THEN HCK ONLY EVENTS ABOVE IFITTEDI 

BACKGROUND. 
(3) FITTED FOR MASS .tiNC/OR ~dOTH ( MASS'" 1.525 GEV; WIDTH = .105 GEV It ANfl THEN TOOK ONLY EVENTS ABOVE IFITTEOI 

BACKGRGUNO. . 
(4) FITTED FOR MASS liNOtnR \oiiOTH I MASS= 1,1:)4 GEVi WIDTH= .140 GEV It ANC THE~ TOOK ONLY EVENTS AROVE IFITTEOI 

BACKGROUND. 
151 FITTED DISTRIBUTION WITH FIXED MASS AND WIDTH [MASS a l.251t GEV: WIDTH= .111 GEV I AND TOOK EVENTS ONLY 

ABOVE IFITTEOI BACKC:RCUND. 

LABORATORY BEAM "'OMENTUM 10.01 +- .01 GEVIC. 

REliCT ION 

FROTCf\ PRCTCf\ 
OELTAI123810 PRCTOIIi Fl+ 

OELTAI1238JO • PROTCN PI- Ill 
N•C 152010 PROTON PI+ 

N•C152010 • PROTON PI- Ill 
1 N•I168BID' PROTON PI+ 

'N*Il6881D' • PRCTOIIi Fl- I 1 I 

(TABLE 6) 

1'\ILLI-BARNS 
PER CENT 

.29 

.15 

• 16 

40. 

40. 

40 • 

111 FITTED DISTRIBUTION WITH FIXED MASS AND WIDTH 4NO TOOK EVENTS ONLY ABOVE IFITTEOt BACKGROUND. 

ITABLE 7) 

l.ABORATORY eEAM MOMENTUM ,. 10.D1 +- eOI GEVIC. 

REACTt CN MILL I-BARNS 
PROTON PROTON • 

OELTAI123BI+• PROTON PI- PID 1.02D +- .130 
DELTA I 12381++ PROTOt\' PI+ Ill 

DELTAI123BI+ PROTON 1'1+ VI- .lt20 .lJD· 
DELTAI12381+ . PROTCN PID (1) 

OELTAI123BID PROTON PI+ PID .sao .13D 
DEL TAI1238JO . PROTON PI- Ill 

N*( 152DJ C PliO TON PI+ PIC e1'4D .120 
N*l 152DJO PROTON PI- (11 

PROTON PROHN OMEGA 17831 .titS .030 
0H(CAI7831 PI,. PI- PJO [lJ 

PROTCN PROTON ETAC5481 e036 .015 
ETlll 548} . PI+ FI- FlO (l) 

Ill FITTED DISTRIBUTION WITH FIXED HASS AND WIDTH AND lOCK EVENTS ONLY ABCVE IFITTEDt BACKGROUND. 

LABORATORY OEAH HOHENHH 

REACTIGN 
FROTH: PROTON • 

lO.Dl .... 01 GEV/(. 

OELTAI1238}u NEUTRON PI* PI- + 
DELTAI123Biu OELTAI1238J- PI+ 
OElUtl23BIH • PP.OTON PI+ (1) 
DEL TA112381- • f\EUTRC~ PI- [I J 

DELTAI123BI• PROTON PI+ PI-
OELTAI1238J+ • NEUTROf\" PI+ (1) 

DELTAI12381D NEUTRON PI+ PI* 
OELTAI1238JD • PROTCN PI- (1) 

OCLUil;!JOI ... I'ROTON PI,. Pl• ., GHTAft?.':\AI++ 
OELTAC1238)- PI+ 
0El1AC12381- • lliEUTRON PI- Ill 
OELTAI1238)++ • PROTOtt PI+ 111 

DEL TAI123BI++ OELTAI1238J- ·PI+ 
UtL ht 12:301n • PRGTOf\ PI~ 11 I 
DEL TAI123BI- • NEUTROf\ PI- ( 1 I 

f\*115201+ PROTON PI+ PI-
N•Il5201+ • ~EUlRON PI+ (1) 

'N•I 168810' PROTON PI+ 
'lli•ll68810' • NEUTRON PI+ PI- [ l J 

(TABLE BJ 

HILL I-BARNS 

1.11 +- .14 

.56 ·" 
ol2 .07 

.77 .10 

.57 .15 

.07 .07 

.16 121 

[11 FITTED DISTRIBUTION WITH FIXED ... aSS AND WIDTH ANC TOOK EVENTS ONLY ABOVE IFJTTEDJ BACKGROUND. 
121 VALUE IS APPIWXJHliTE (NLY. 
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l154loN THE REACTION PP • PP OMEGA AT 19 GEV/C INCIDENT MOMENTUM. ILu•o CC .. ERENCE (19691 I 

H .. BOGG ILDt J. fADES, k. HANSEN, H. J(t-N 51 AD r R .I'!Qll ERUC, l. V EJE IN I ElS BOHR INSTITUTE, COPEt\1-'AGEN, DENMARK 1 
M.KDRKEA-AHO, K.Y.LAURIKAINEN,P.K.LAURIKAINEr.: (HELSINGIN YLIOPISTO, HElSINKI, Flto.LAr..OJ 
P.GROSSMANN,T.JACCBSE~,f.SAEHE, S.O.SORENSEN lOSLO UNIV., OSLO, NORWAY) 
G.EKSPO"'G ,L .GRANSTROM ,S .O.I10Lf'GREN, S .NILSSON, T .OLHEOE ( STQCKHCLHS UN IV. r STCCKHOUI, SWEDEN 1 

ABSTRACT THE EFFECTIVE H.6SS C:ISTRIBUTlON OF THE PI+ PI- PIC SYSTEM IN THf CHANNEl PF • PP PI+ PI-PIOn 19 GEV/C 
INCIDENT HOHENTU/11 SHO\iiiS PRQOUCTJC:N OF THE OMEGA MESON WITH A CROSS-SECTION OF 0.08 +- 0.02 '18. THE DATA FOR THE 
REACTICN PP PP O,..EGA ARE CCHPARED WITH A DOUBLE REGGE-POLE EXCHANGF. "'0DEl CCLA-MOOElJ. THE ACPEEHENT FOUND SHOWS THAT 
A COUBLE EXCHANGE I"QOEl CAN OESCP I eE THE REACT ION. 

CITUIONS 
PHYS. REV. 161, 1387 tl967J, PHYS. REV. 154, 1284 (1967J, NUOVO CIHENTO 55A, 6f: (1968), NUOVO CIMENTO 58A, 475 11968) 
PHYS. REV. 17tt, 1638 11968), PjJYS. REV. LETTERS 18, BQ 11967), PHYS. REV. LETTERS 19 1 198 11967), NUOVO CIMENTO it6A 1 

438 119661, ANC NUCVO CIMENTO 57A, c;) 119681. 

ARTICLE READ BY ODETTE eENAf\Y 1" 9/6c;, AND VERIFIED BY LERGY PRICE. 

BEAjll IS PRGTON ON PROTCN AT 19 GEV/C. 

THIS EXPERIMENT USES Tt:E CERN 2~ CHI BUBBLE CHAMBER. A TOTAL OF 120000 PICTURES ARE REPOPTEO ON. 

KEY WORDS • CROSS SECTICN OI"EGAC 7831 MODELS MASS SPECTRU~ ANGULAR DISTRIBUTION 

CC,..PQUND KEY WORDS • CMEGAI7831 CRCSS SECTION 

CROSS SECTION FOR PROTON FRCTCirl • PIICTCN PROTON OMEG.b.l783 I • l PAGE 1 J 
0HEGAI7831 • PI+ PI- PIO [ 1 J 

• • THIS DATA SHOUlD NOT BE USEC * • I SAME VALUE AS IN BOGGILD SUBMITTED TO VIENNA,1968. I 

LAeOUTCRY 
eUH jiiQMENTUM 

GEV/C 
19. 

MILli-BARI\S 
.ca •- .02 

I 1 J COUNTED ONlY EVENTS .680\!E BACKGRCUND. 

I155IELASTIC SCATTERING OF 630 •Ev NEUTRC•S BV PROTONS. (JETP 37 l125 1196011 

N .. S.AMAGLOBELI, Y.H.KAlARINOV IJDJH I~ST. FCR NUCL. RESEARCh DUBNA, USSR) 

CAL I TZ PLCT 

ABSTRACT THE DIFFERENTIAL CROSS SECTIOt.: SIGMA-NPITHETAI FOR ElASTIC N-P SCATTERING WAS MEASURED AT ANGLES THETA " 11 
TO 180 DEC. IN THE C.M.S. FOR A J!I:EAN NEUTRON ENERGY 630 MEV. WITHIN THE liMITS OF ERROR, THE DATA THUS OBTAINED WAS 
IDENTICAl WITH RESULTS OF MHSURE~ENTS CARRIED OUT PREVIOUSLY WITH NEUTRONS OF MEAN ENERGY 580 MEV. THE OEPENOE'NCE OF 
SIGMA-NPITHETAJ ON ANGLE It. THt Nt IGiit!UMHUUU UF IHCIA = 180 DEC. WAS USED TO DETERMINE TkE PION-NUCLECN COUPLING 
CONSTANT BY CHEW'S METHCO. A VALUE IFJSCUARED = 0.06 +- 0.02 WAS OBTAINEC. 

CJTATICf\S 
JETP 4 161 119571, JETP 7 37 llc;581, JETP 9 516 (19591, PHYS. REV. 112, 1380 11958), JETP 9 302 119591, JETP 8 561t 
119591, OOKL. AKAO. NAUK. SSSR 104 711 119591, JETP 5 618 119571, AND PRQC. OF THE ROYAl SOCJF.TY OF lONDON A251, 233 
119591. 

ARTICLE REAC BY ODETTE SENARY '" 1/6c;, AND VERIFIED BY lEROY PRICE. 

BEAM iS NEUTRON tl\ PPOTON AT 1.251 GEV/C. IREAH KINETIC ENEilGV • .63 GCVI 

TjJIS EXPERifoiENT USES COUNTERS. 

KEY WORCS • DIFFERENTIAL CROSS ~ECTION 

ElASTIC OIFFEPENT1.6l CRCSS SECTION FOR NEUTRON PROTON. (FIGURE 21 

LAE!CRATORY BEAH ENERGY " .63 GEV IHEAN VAlUE). 

: • t~i s • o: ;: • ::s ·READ· FRc;·;· GPAP~ ·: 

TIICTA C-S IO~A/0-CfoiEGA 
DEGREES "'8/SR ( ll 

10. 8.3 ·- 1.1 
2;,. ~.c .. 
36. 3.7 .2 ... 2.6 .3 
53. 2.2 .2 
.n. 1.1 .. 
10. 1.5 .. 
80. J. -~ .1 
~1. 1.1 .. 

102. 1.C .. 
111· loO .. 
123. 1.4 .. 
133. 1 •• .I 
11t5. 2.6 .2 
155. ).5 .3 
160. ..c ·' 165. • • 1 .. 
170 .. t.c .. 
175. ..6 .. 
11!0. •.n ·' 

THE!A IS THE ANGLE THAT THE NEUTRON H.AKES WITH HiE BEAM IN THE GRANO C.M. 

I 1 J· PLUS POSSIBLE SYSTEM.ATJC ERROR OF •- 19 PER CENT. 
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11561 COMPARISON OF ISOBAR PROOUCTION IN PP AND ANTI-PROTON N INTERACTIONS AT 2.B GEVIC. IP"YS. RFV, 162, 132C llqtlJI 

T .(.BACON, F .M.BOHSE, T. S.CQCHRAN ,w. J. F ICK I NGE Fl ,e. R.GCZA ,H.W.t<..HOPK INS, E .O.SALAh T ( VANOERB II. T UNI v .. NASHVIllE', TENN. , USA J 

ABSTFIACT THE REACTICNS PP•N••+fl238)N ANC ANTJ-PRCTON N • ANTI-N•Il238)u PAT 2.8 GEIJ/C INCIDENT LABCIUTCRY HQMF.NTUH 
ARE ANALYZED WITH THE BROQICHAVEf\ NATI(lt.Al LARORATORY 20-IN. BUBBLE CHAMBER. ISOBAR AND ANTI-ISOBAR PRODUCTION 
OIFFER:ENTIAL CROSS SECTI(jNS AND CECAY ANGULAR DISTRIBUTIONS ARE CC:HPAREO WITH THE PP:ECICTIONS OF AN ABSORPTIVE 
SINGLE-PION-EXCHANGE "'00El. THE ABSOLUTE VALUES, SHAPES, AND RATIOS OF THE CFIOSS SECTIONS ARE IN GOOD AGREE,.,Eh'T WITH 

.THE THEORY WHEN THE ABSORPTIVE PARAMETERS GAMHA(lJ AND GAMMAI21 ARE 0.033 AND 0.016 FOR THE ANTI-PPOTON N PEACTION, 
ANO 0.057 AND O.Otc;, RESPECTI\!ElYr FOP THE PP REACTION. 

CLOSELY RELATED REFEflENCES 
CO~TINUATION OF PREVIOUS EXPERI~ENT IN PHYS. REV. 125r 2082 11962). 

ADDITIOUU CJUTIOU!:; 
REIJ. MOO. PHYS. 37,484 lliJ65J, PHYS. REV. 139, B428 11965J, PHYS. REV. 139, B1420 11965Jr NUOVO CIMENTO 34, l64lt 
11964J, REV. ~CO. FHYS. 39, 1119671, AND PHYS. REV. 142r 1195119661. 

ARTICLE READ BY OCETTE SENARY I" l/69, AND VERIFIED BY lEFIOY PRICE. 

BEAM NO. 1 IS PROTON 0"' PROTON .AT 2.8 GEV/C. 
NO. 2 IS ANTI-PROTON ON CEUTEPON AT 2.8 GEV/C. 

THIS EXPERIMENT USES HE B.N.L. 20 n. IHJ 8UBeLE CHAHeER. 

KEY ~CRO.'i " r.RnSS SFc:TICN OJFFEREI'iTIAl. tRCSS SECTION MODELS MASS 5PECTRU~ 
ANTI-PRQTCN PFIQTC!Io 

CROSS SECT ION FOR PROTC:N PRCTON • DElTA( 12381++ NEUTRON. (PAGE 13221 

LABCPATC:PY 
eEAM I'!OMENTUH 

GEV/C 
2. 8 

MILL I-BARNS 
10.63 ·- .29 

OELTAU236J.,. .. PROTON PI+ 111 

DENSITY MATRIX 

(1) FlTTEO FOR MASS .AND/OR ~dOTH (MASS"' 1.200 GEVi WIDTH= .071 GEV ), ANC THEN TOOK ONLY EVENTS ABOVE IFITTEOJ 
BACKGFIC:UNO. 

DIFFERENTIAL CROSS SECTJQ,.; FOR PROTON PROTON DEl TAl 1238)H· NEUTRON. IFIGUPE 101 
OELTAC1238J++ • PROTON PI+ Ill 

LABQIUTORY eEA~ HOio':ENTUM ,. 2 .. 8 GEV/C • 

• THIS DATA I!IAS READ FROfl .A GRAPH • 

COSfTHETU O-S I G~A/0-Gfl EGA 
Me/SR 121 NO. EVENTS 

lo':AX MIN 
LOO .98 16.9 1 •• 141.0 ... . .. 13.4 1.3 112.0 

• 96 .94 "·" loU 74.!1 
•• 4 .02 7 •• 1.0 66.0 
.02 •• o 4.5 • 7 37.5 
.90 ... 4.0 • 7 33.0 ... . .. 2.5 .5 21.0 ... .84 2.5 .5 21.0 
.84 .82 1.8 .5 15.0 
.oz .oo 1.6 .4 n.o 
.so • 78 1.6 .4 13.0 
• 7B • 76 1.4 .4 11.5 
• 76 • 74 2.0 .5 16.5 
• 74 • 72 1.2 .. 10.0 
• 72 • 70 1.8 .5 15.0 
• 7C .6B .. .3 6.5 ... . .. 1.0 .3 a.o ... .64 1.2 .4 10.0 
.64 .62 1.4 .4 11.5 
.62 .60 .a .3 •• 5 
.oo .~a 1.0 .a i.Q 
.58 .56 .5 .2 4.0 
.56 .54 .5 .2 4.0 
.54 • 52 1.0 .3 B.O 
.52 .50 1.2 .4 10.0 

THETA IS THE ANGLE THAT THE DElTAI12381++ MAKES WITH THE BEAM IN THE GRANO C.f'. 

111 COUNTED All EVENTS IN MASS BAND [ MASS CUT FROM 1.160 TO 1.300 GEV 1. 
(21 CC:UNTS WERE MULTIPLIED BY .. 12 TO GET THESE. ERRORS ARE TAKEN AS PROPORTIONAL TO THE SQUARE-ROOT OF THE COUNTS. 

l157l DOUBLE ELASTIC PROTON SCATTERING ON POLARIZED PROTON TARGET. IPHYS. LETTERS 2BB, 572 ll96qll 

J.HniHtlM,J.t.el.r.,t.Jai\UUii ·r.H • ..:A[A~II~OV,r•Lr.IIArltlalhrAnl"fliOV I..JOifiT IU~T. ron PlU(il,. R[&(ARtll, OUD~II'., UUrn 

ABSTRACT THE TRIPLE SCATTERING OEPOUIRIZATICN TRANSFER PARAMETER COT) IN ELASTIC PP SCATTERING WAS MEASURED AT THE 
ENERGY OF b60 MEV USING A POLARIZED PROTON TARGET. All MEASUREMENTS HAVE BEEN HADE WITH THE HElP OF AN OPTICAL SPARK 
CHAMBER, THE FOLl.OWIMi RESULTS HAVE BEEN OBTAINED COTI 90 DEG • ., 101 90 OEG .. • 0.5-tt +- C.lOo COTJ 130 OEG .. a fDI 50 
OEG. ,.. Q.,'f2 +- U.ll. 

CITATtQ,.;S 
CZECH. J. PHYS. BlB 'ilO .. tl%81, NUCLEAR INSTRUMENTS AND METHODS 63, 83 (1968), INSTRUMENTS AND EXPERI~ENTAL 
TF.(,HNIQIIF~ lj 1102 (19661, JINR Pl-35Z5 (19(t7), HEliJETICA PHYSICA ACTA 39 579 11966), ZUFIN. EKSP. TEOR. FIZ. 35t 1398 
119581, ZURN. EKSP .. TEOt=t. FIZ. 38, 1451 II9601, SOVIET JNP 2 892 119651, OUB,.;A CONFERENCE 11 Cl964), AND DUONA 
P1-3971 119681. 

ARTICLE READ BY LER(Y PPICE IN 4170, AND VERIFIED BY ODETTE SENARY. 

BEAM IS PROTON ON PROTON AT 1.294 GEV/C. CBEAM KINETIC ENERGY"' .66 GEVI TARGET IS POLARIZED 60 PER CENT CNORMAL TO 
THE BEAM OIRECTIONI. 

THIS EXPERIMENT USES SPARK CHA~E!ERS. 

KEY \ofQROS • POLARIZATION 

................... 
• NO DATA PUNCHED FOR THIS ARTICLE • ................. 
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11581 OBSERVATION OF Yhll385l K• HO ""'112361 RHOO CECAYS OF A 'UCLEON RESONANCE. IPHYS. REV. 111, 1421 [[q6BII 

w.CHINO"'SKV,P.CGNOCt\,R.Il.ICINS EY ,S.L.KLEII\, "'·"'·ANCELKERN,P .SCHMIDT ,J .SCHULTZ ( U.C. LA\rriRENCE RAO. LAB., BERKELEY, CALIF., USA , 
AND UNIV. OF C/ILIFCRr..:IA, BERKELEY, CALIF., USAI 

F.I"ARTIN,H.L.PERL,T.H.TtiN lSTAI\FORC LINEAR ACCEL. CNTR., STANFORO,CALIF., USA] 

ABSTRACT AN ANALYSIS OF PP INTERACTIONS AT 6 BEV/C INDICHES THE PRESENCE CF A T = 3/2 NUCLEON RESONANCE WITH P'-ASS 
NEAR z.o BEV/CISQUAREOJ, WITH DECAY MODES YH(l3851 K+, Nh+ll2361 RHQO, AND N•++ll2361 PJ+PI-. A PEPIPI-ERAl 
PRODUCTION MODEl FOR THE REACTICN PP • 1\ Nh+(l950J GIVES EXCELLENT AGREEMENT WITH THE DATA, WITH A CROSS SECTION FOR 
N*++ll950 I PRODUCT JQfo; AND SUBSEQUENT DECAY INTO Y .. K+ OF 13 +- 3 US. 

CLOSELY RElATED REFERENCES 
THIS ARTICLE SUPERSEDES PART OF UCRL 17107 11'i681. 
PART OF THIS ARTICLE SUPERSEDED eY UCRL 18306 I 19681. 
CONTINUATION OF PREVIOUS EXPERI..-ENT I~ PHYS .. REV. 165, 1466 (1968) .. 

ADO IT IOt-.'Al CIT .AT I CNS 
PHYS .. REV. LETTERS 19, 397119671, PHYS .. REV. LETTERS 11, 789 11966), PHYS. REV. LETTERS 16, 855119661, NUOVO 
CJHENTO 35, 105Z 11?651, r>I:YS, l.[TTCR5 Ot lJ"r 119641, PHYS. R!!V .. 133, 61017 11Yb4J, I'I-IYS. ltl::V. 128, 1823 (lq621, 
PHYS. REV. LETTERS 7, 450119611, PMYS. REV. LETTERS 4, 611119601, PHYS. REV. 161, 1387 (19671, PHYS. REV. 154o 1284 
ll9671, NUOVO CJHENTC 49A, ltH 119671, PHYS. QEV. 138, 8670119651, I'OUOVC CII'!ENTC 40.6, 839 119651, PHYS. REV. 126, 
747 119621, PHYS. REV •. 125, 2082 119621, PHYS. REV. 125, 2011j11 I 19621, PHYS. REV. 123, 2160 119611, PHYS. REV. LETTERS 
9, 133119621, PHYS. REV. LETTERS 1St 89119671, PHYS. REV. LETTERS 10, 192119631, PHYS. LETTERS 26B, 161119681, 
PHYS. REV. 165, 1730119681, RE\1. MOD. PHYS. 40,77119681, PHYS. REV. LETTERS 19, 9Z5 119671, NUC. PHS. 83, 10 11967), 
NUUVO CJMENTO 27, 724 11'i631, ANC PHYS. LETTERS 248, 307 (19671. 

ARTICLE REAC BY LEROY PRICE 11'0 4170, AND VERIFIED RY ODETTE SENARY. 

BEAM IS PROTON ON PROTON AT t GEV/C. 

THIS EXPERIMENT USES HE L.R.L. 72 111.. IHJ BUBBLE CHAMBER. A TOTAL OF 5500CC PICTURES tr.RE REPORTED ON. 

KEY WORCS .. CROSS SECTION MASS SPECTRUM STRANGE PARTICLES OElTAilti501 

(PAGE 1lt22) 

LABCRATORY EEAM MOI'!ENTUI'! o 6.Clt +- .03 GEV/C. 

lTHIS DATA REPLACES VALUES GIVEN EARLIER IN KINSEY, UCRL 11707 I 19681 J 

REACTION 
PROTO~ PRCTCiri ... 

PROTON PAOtON F I+ PI
PROTON N!!UTRON PI+ PI+ PJ
PRGTCN PPOTON Fl+ PI- FlO 

LABORATORY EEAM MGMENTU~ • 6.(4 +- ~03 GEV/C~ 

MILLI-8tr.PNS 

3.2 ·- .3 
3.1 .5 
2~ 4 • 4 

(PAGE 1423 l 

~OOELS 

lTHIS DATA 5Hn1110 N(lT ~€' USEC- 1'1CPE lUCENT VALUES MAY BE FOUND IN KLCINt UCRL 10)06 lllibBJJ 

REACTION 
PRUIUP.. llltUIUN '-

PROTON LAMBDA PI+ KO 
PROTON LAMBDA PIO K+ 
NEUTRON LAMROA PI+ K+ 

Mlf.Rn-AARN~ 

67. +- 10. 
-45~ 7. 
50. 7. 

N•l 12361 Y•tl3B~l 

·11591 OBSERVATION OF A OELTAul(qQOI RESONANCE CECAYING INTO OELTAull2361 PI- PH. INUC. PHYS. 616, SOl [lq7011 

H.BOCCILD,K~HAI\SEI\,~.JCI"NSTAC,R.MOLLERUO,L.VEJE (NIELS BOHR INSTITUTE. COPFNHAC.FN, I)EN,..ARICJ 
M. KORKEA-AHO, P.LAUitJKAINEN,R.O.RAITIO IHELSINGIN YLIOPISTO, HELSINKI, FINLAND) 
T.JACCiBSEN,S.O.SORENSEI'O ICSLO U/I.IV., OSLC, NORWAY! 
G. EKSPONG, L.CRAN S TACit' t 5. 0. HO L ..-GREN, S. t;J lS SCI\., U. SVEO IN, N. Y AMCAGN I I ST OCKHOLMS UN IV. , STOCKHOLM, SWEDEN I 

ABSTRACT PROCUCTICN OF CELH++IAPPROX. 19001 HAS BEEN OBSERVED IN THE REACliON PP •DELTA++IAPPPOX. 19001 N. THE 
ORSERVEO DECAY MQOf IS OELTA++(APPROX. 190nl •OFIU++117'\Id PI- PI+, THE CPOU 5&tTION FOR THE PROCC!i!i Ill t·lULTIPLHO 
BY TI-lE BRANCHING R.OTIO OF THE OBSERVED DECAY /ltODE IS 29 +- 7 HICROBARNS. THERE IS NO INDIC.oTION OF THE DECAY ~ODE 
OFI TA1'tUPP90Y, IQOOI •01iil.lAUII1'HI Ot.iOt')I,H~L 

CLOSELY R.El4T£C P.EfEP.ENCES 
SEE ALSO SUBMITTED TC THE \IIENNA CONF., 1968 119681. 

ADDITIONAL CITATIONS 
PHYS. REV. 137, 6962 119651, CERN NPIINT66-2, PHYS. REV. LETTERS 19, lQB ll96IJ, PHYS. REV. 171, 1lt21 119681, A~D 
VIENNA CONFERENCE 139 llliHI. 

ARTICLE RHO eY OCETTE eENARY Ill. 9/69, AND VERIFIED RY I FROV PRICE. 

BEAM IS PROTOU ON PROTON AT P:J GEV/C. 

THIS EXPERIMENT USES TliE CERN 2..- IHI BUBBLE CHAMBER. A TOTAL OF 120000 PICTUP.ES ARE REPORTED ON. 

KEY WCRCS .. CROSS SECT ION Jo!t!SS SPECTRU"'. DElTA I 1920) 

CROSS SECTION FOR PROTON PRCTOI\ • NEUTRON OElTAI1920J++. (PAGE 21 

LABCRATCRY 
BEAI": Jo!OHENTUM 

GEV/C , .. MICRC-BARNS 
29. ·- 7. 

( 11 USED Sli'!PLE Jo!tr.SS CUT. 

OELTAI1920J++ • OElTAI1238)++ PI+ PI- (1,21 
OELTAI12381++ .. PROTON PI+ (1,21 

(21 COUNTED ONLY EVENTS ABOVE eACK<:RCUND. 
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r::i""iiii1 THE SLOPE PARAMETER OF THE OJHERENTIAL CROSS-SECTION OF ELASTIC P-P SCATTERING It\ ENERGY RANCE 12-70 GEV. 
~ LETTERS 308, 274 Cl9691l 

G.C:.REZNOG IKH, A. BUYAK ,K .I .IOVCHEV ,L. Kl R I llOVA ,P. MARKOV ,B. A.HGROZCV, A.V .N I KIT IN, P.V. HMGKONOV, M. SHAFRANOVA, V. 
SVIRIOOV,TRUCNG BIEN, V.t.HYACHKJ, N.K.ZHICKQV,t.S.ZOLIN [JOINT INST. FOR NUCL. P.ESEARCH, OUBNA, USSRJ 

S.B.NURUSHEV,V.L.SOLOVIAN0\1 IINST. OF HIGH EN. PHYS., SERPUKCV, USSR) 

(PHVS. 

ABSTRACT THE MEASUREMENTS OF THE OJFFERENTIAl CROSS SECTION OF ELASTIC P-P SCATTERING IN RELATIVE UNITS "EP.E PEPFCRio'EO 
IN THE ENERGY RANGE OF 12-70 GEV. THE VALUF.S OF THE SLCPE PARAMETER WERE OBTAINED FRQp.o THIS DATA. IT WAS SliDWN THAT 
THE SLCPE PARAMETER OF TI-:E OIFFEPENTIAL P-P SCATTERING IS MCNOTONOUSLY I,..CFIEASING WHEN THE PROTON ENEFIGY RISES IN THE 
RANGE 12-70 GEV. \oiE HAVE OBTAINED THE SLOPE PCHERANCHUK'S POLE TRAJECTORY FROM THIS OATA=D.40 + - O.D9. 

CJHTIG~S 
ANNAl_.!\ llf PHYSICS), 190 (19581, JACERN. Fll. 1, 533119651, PHYS. REV. LETTERS 11, 425 119b3), PHYS. LETTERS 14, 1b4 
119b51, AND ~UOVO CII'\ENTO 45, S74 1196CI. 

ARTICLE REAC BY OCETTE BEI\ARY II\ 2/7C, AND VF.RIFIEC BY LEROY PPICE. 

BEAM IS PRCTON ON HYCRCGEN C(f4POUNC FROM 12.904 TO 70.932 GEV/C. I BEAM KINETIC ENERGY" 12 TO 70 GEVJ 

THIS EXPERII"ENT USES CO!.:NTERS. 

KEY 1iOF:OS • DIFFERENT tAL CPCSS SECTION FITS MODELS 

CCI'IPOUNO KEY WORCS • FlTS OIFFERHiTIAL CPOSS SECTION 

FIT TO ELASTIC DifFERENTIAL CRCSS SECTION FOP PFIOTON PROTON. (TABLE 1) 

LABOPATOfi:Y !![AM (N(Il(Y • 12.1 GEV. 

DATA IS FIT OVER-T FRO~ .CC8 TO .120 IGEV/CJ .. 2. TIS HiE I"OMENTUM TRANSFER BETWEEN THE (INCOMING PROTON) ANC THE 
IOUTGOJNG PRCTO~J. 

FITTED FORMULA IS C-SJGI"HO-T = EXPl-e•ABSIH J 

WHERE C-SIGMA/0-T IS IN MBIIGEV/CIU2 AND -T IS IN lGEV/(1 .. 2. 

FITTED VALUE 

B = 9.81 +- .35 

FIT TO ElASTIC DIFFERENTIAL CPCSS SECTin fOFI PROTON PROTON. (TABLE 1) 

LADOfUTOilY ~EA,.. ENEP.GY 14.1:\ (;FV. 

DATA IS FIT OVER-T FROM .COB TO .120 IGEV/(1 .. 2. TIS THE MOMENTUM TRAh'SFER BETWEH THE (INCOMING PROTON) ANC THE 
ICUTGOifi:G PPCTONJ. 

FITTED FORMULA IS C-SIGMA/0-T = EXPl-B•ABSITI I 

WHERE D-SIGMA/0-T IS IN MBI(GEV/CJ .. 2 AND -T IS IN lGEV/0 .. 2. 

t-IIIEO VAlUE 

FIT TO ELASTIC DIFFERENTIAL CRCSS SECTICfl: FOR PROTOh' P'lOTON. [TABLE 11 

L.680RATORY BEA~ HERGY = 17.9 GEV. 

OAU I~ FIT OVER -T f~O~ .008 TO .120 lGEV/CJ .. 2. T IS THE MOMENTUM TRANSFER BETWEEN THE ( INCQ"'JNG PRC:TQN) ANC THE 
(OUTGOING PROTOP.:}. 

FITTED FORI"ULA IS C-SIGMA/0-T = EXPl-B•ABSITil 

WHERE D-SIGMA/0-T IS IN lo!BIIGEV/CI .. 2 AND -T IS IN IGtVtl.Jn;2:. 

F ITT EO VALUE 

B = 10.4C +- .12 

FIT TO ELASTIC DIFFERENTIAL CROSS SECTION FOP PROTON PRCTON. (TABLE 11 

lABORATORY BEAM ENERGY = 20.9 GEV. 

DATA IS FIT OVER -T FROio! .COB TG .120 IGEV/CI .. 2. T IS THE MOMENTUM TR.&.NSFER BETWEEN THE (INCOMING PRGTO~I ANC THE 
(OUTGOING PROTON). 

FITTED FORMULA IS C-SIG~A/0-T = EXPl-B•ABSIH J 

WHERE C-SJGMA/0-T IS IN MBilGEV/(JU2 AND -T IS IN IGEV/CJ .. 2. 

F ITTEC VALUE 

B = 1o.se •- .12 

I It t-U hAUJC DIIIIIfiP&fi!TIIal rgnr;<;, .'",Ff.TlnN FOR PROTON ~!lQTQ~. ITABLE 11 

LABORATORY BEAM ENERGY = 23.8 GEV. 

DATA IS FIT OVER-T FROM .COB TG .120 CGEV/CJU2. T IS THE MOMENTUM TRANSFER BETWEEN THE (JNCQ)o!JNG PROTON) ANt THE 
lCUI<.iUING HOTONl. 

FITTED FORMULA IS C-SIGMA/C-T • EXPI-B•ABSUJ J 

WHEPE D-Sll.iMI!o/U-T 15 IN M~I(GfV/CI .. 2 AND -T IS U: lCEV/CI**2. 

F I TTEO VALUE 

B = 10.59 •- .11 
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FIT TC ELASTIC DIFFERENTIAl CROSS SECTION FOR PROTON PROTON. (TABLE 11 

LABORATORY BEAM ENERH ., 26.7 GEV. 

DATA IS FIT OVER-T FAD~ .006 TO .120 IGEV/CJ .. Z. T IS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING PROTON) ANC THE 
l CUTGOI NG PROTON J. 

FITTED FORf!IULA IS C-SJG,.A/0-T "" f)CPt-B•ABStTJ I 

WHERE 0-SIGMA/C-T IS IN ~8/IGEV/CI .. Z AND-TIS IN fGEV/() .. 2. 

F ITT El: VALUE 

8 ,. 10.17 ·- .. 11 

FIT TO ElASTIC OIFFERENTUL CRC5S SECTION FOR PROTON PROTON. ITABI.F. 11 

LABORATORY BEAf" HEAGY ., 29.7 GEV. 

DATA IS FIT OVER-T FRO"' .008 TO .120 IGEYICJ••z. 1 IS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING PROTON) ANC THE 
( C:::UTGOING PROTON). 

FITTEC fi?RMULA IS 0-SIGM.A/0-T = EXP{-B*ABSITIJ 

WHERE 0-SIGMA/C-T IS IN "'-BIIGEV/(1 .. 2 AND -T IS IN IGEV/(1**2· 

F ITT EO VALUE 

8 ., lO.bB •- .11 

FIT TO ELASTIC OIFFERENTI~l CRC~S SECTION FIJR PROTON PRCTON. (TADL( 11 

LABORATORY BEAM ENERGY 11 32.6 GEV. 

DATA IS FIT OVER-T FRO!o' .008 TC .120 IGEV/CI .. 2. T IS THE !'40MENTUM TRANSFER BETWEEN THE (JNC01'!JNG PROTON] ANC THE 
ICUTGOJNC PROTON). 

FITTED FOFtf'ULA IS C-SIG/IIA~D-T - EXP(•B•ABS(l)) 

WHERE 0-SICHA/0-T IS IN HP./tGEV/CJ••2 AND -T IS IN IGEV/CI••2. 

FITTED VHUE 

8 "' lO.bt: •- • 11 

FIT TO ELASTIC OJFFERENTI.Al CRCSS SECTION FOR PROTON PROTON. (TABLE 1 J 

LABUIUTORV BEAM ENERGY 11 35.5 GEV. 

DATA IS FIT CVEFI -T FROM .GOB TC: .120 IGEV/CI .. 2. T IS THE HOMHiTUM TRANSFER BETWEEN THE IINCOMINC PROTGNI ANO THE 
I CUTGOING PROTON I. 

FITTED FORMULA IS t-SJGHli/D-T : EXPt-B•ABSCTI J 

WHERE D-SIGMA/0-T IS IN MBIIGEV/CI .. 2 AND -T IS IN IGEV/CI••2. 

FITTi:O VALUE 

0 ::. 10.7J ·- .u 

FIT TG ELASTIC OIFFERENTIH CROSS SECTION FOR PROTON PROTON. I TABLE 11 

lAeOIUTOA:Y OEAH ENERGY = 38.b ~t:v. 

DATA IS FIT OVER -1 FRO"' .• COB TC: .120 IGEV/CI••2. T IS THE MOMENTUM TRANSFER BETWEEN THE IINCOJI!IfiiG PROTONJ ANn THF 
r r&JTr.IJI"'G PP.OTQN ). 

FITTED FORMULA IS C-SIGMll/t-T "' EXPI-BUBSITII 

Wr.ERE C-SIGMA/0-1 IS IN M8/IGEYIC1 .. 2 AND -T IS IN IGEV/CI .. 2. 

FITTED VALUE 

8 "' lO.B9 ·- .10 

t-U TC ELASTIC CllHERENTI.6L CFICSS SECTION FOR PROTON PROTON. (TABLE 1 I 

LABORATORY SEA,. ENERGY = 40.7 GEV. 

DATA 15 FIT OVER -T FROM •COO 10 .120 (GEV/C»nl. ·1 IS THE H01'4ENTlJH TR.6NSFER BETWEEN THE I INCOMING PROTON) AND THE 
(OUTGOING PFIOTONJ. 

FITTED FORMULA IS C-SIG,.A/0-T = EXPl-B•liBSUJ I 

WHERE C-SIGMA/0-T IS IN /'181(GEV/CJ .. 2 AND -T IS IN IGE\I/CI••2. 

F I TTEO VALUE 

10.87 ·- .lit 

PIT TO ELA!d 11: IJIH~RENTIH CHSS SECTION FOn rROTOU PRC:TON. (I AtiLt 11 

LABORHORY eEAJol ENERf;Y <> lt4.2 GEV. 

DATA IS FIT OVER-T FROf' .008 TO .120 IGEV/C) .. 2. TIS THE MOMENTU,. TRA~SFEFI BETWEEN THE (INCOMING PROTONI ANO THE 
(OUTGOING PFICTOI\1. 

FITTED FOR/OIULA IS C-SIGI'li/D-1 "' EJCP[-f•.6BS(TII 

WtiERE C-SIGH.6/0-T IS IN Jo!811GEV/Cl .. 2 AND -T IS IN (GEV/C) .. 2. 

FITTED VALUE 

10.95 ·- .10 
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FIT TO ElASTIC OIFFEREI\'TIH CPCSS SECTICt-o FCR PROTOt-o PROTON. (TABLE 11 

LABCRATCFIY BEAJo! ENERGY .. 48. GEV. 

DATA IS FIT OVER-T FROM .COB TO .120 IGEV/CI .. Z. T IS THE M0'1ENTU~ TPAP\SFER BETWEE:N THE ( INCO~o!ING PROTON) AND THE 
I C:UTGCING PRGTOf\ ). 

FITTED FORMULA IS C-SIGMA/0-T :: EXPf-B*ABSITIJ 

WHERE D-SIGHA/0-T IS IN HB/IGEV/CI .. Z AND -T IS IN IGEV/CI .. Z. 

FITTEC VALUE 

8. 11.1~"-.11 

FIT TO ELASTIC DIFFERENTIAL CRCSS SECTin FCP PPOTON PROTCN. (TABLE 11 

LABORATORY BEA~ HEAGY ., 51.2 GEV. 

DATA IS FIT OVER -T FRO,.. • 008 TQ .120 I GEVIC I .. 2. T IS THE HOHENTUH TRAfi:SFER BET.,;EEN THE ( INCOfll lNG PRCTCN) ANC THE 
l CUTGO!~G PROTON(. 

FITTED FORJo!UlA IS C-SIGMA/0-T ., f)P(-B•ABSUII 

WHERE D-SIGMA/0-T IS IN ,..Rf(GEV/CI .. Z AND -T IS IN CGEV/CI .. Z. 

FITTEC VALUE 

B "' 11.31 •- .11 

FIT TO ElASTir: niFFFRFNTUI r.Rr.SS SECTION FOR PROTOI\ PRCTON. !TABLE 11 

LABOR.6TORY BEAM ENERGY = 53.4 GEV. 

DATA IS FIT OVER -T FRO~ .COB TC .120 CGEV/Cl .. 2. T IS THE MOMENTUM TRA~SFER BEHtEEfo. THE IINCO"'ING PRCTONJ AND THE 
I (UTGOING PROTO~). 

FITTED FCRt'ULA IS C-SIGMA/0-T .. EXPI-B*ABSCTJ 1 

WHERE D-SIGHA/0-T IS IN loi.BI(GEV/CI .. 2 AND -T IS IN CGEV/CI••z. 

F ITTEC VALUE 

B .. 11.24 +- .12 

FIT TO ElASTIC DJFFEPENTIAL CR~~5 SECTION FOR PROTOt. PR~TCN. ITAeLE 1 I 

LABORATORY BEAM ENERGY " 56.1 GEV. 

DATA IS FIT OVER -T FRQ~ .COB TO .120 CGEV/(1 .. 2. T IS THE MOMENTUM TRANSFER BETWEEN THE (INCOMING PRCTONJ ANt THE 
lt.:UIUUlNU 1-'KOTON). 

FITTED FOR~ULA IS t-SIC:MA/0-T .. E)(P(-B*ABSCTJ) 

WHERE D-SIGMA/0-T IS IN MBJ(GEV/tl••2 AND -T IS IN CGEV/0 .. 2. 

PI TTI!D \!ALU!! 

e "' 11.16 •- .to 

FIT TC: ELASTIC CIFFERENTIAL CROSS SECTION FOR PROTON PROTON. [TABLE 11 

LABORATORY f\EAM ENI;'Rt;Y ~ 'iQ.' r.Fv. 

DATA IS FIT OVER -T FROM .QC8 TQ .120 CGEV/CI .. Z. T IS THE MOMENTUM TRANSFER BETWEEN Tl-fE (INCOMING PROTON) ANC THE 
[OUTGOING PROTON J. 

FITTED FORMULA IS C-SIGM/1/C-T .. EXPl-B•ABSITII 

WHERE D-SIGMMO-T IS IN MB/IGEV/CI*•2 AND -T IS IN CGEV/Cl••2. 

FllTEIJ VAliJJ: 

e = u.4o •- .c9 

FIT T( ELASTIC DIFFERENTIAL CRC:SS SECTION FOR PROTON PROTON. I TABLE 11 

LABORATORY BEAM ENERGY = 62.6 GEV. 

DATA IS FIT OVER -T FROM .COS 10 .120 CGEV/tl••2. 1 IS 1HE MOMENTUM TRANSFER BETWEEN THE (INCOMING PROTON) ANC THE 
(OUTGOING PROTON). 

FITTCD fOR!o'UlA IS C-SIG/IIA/0-T .. EXPt-e•ABSCTJ) 

WHERE lrSIGMA/0-T IS IN HBICGEV/CI*•2 AND -T IS IN CGEV/CI*•2. 

F (TTEO VALUE 

B .. ll.lt +- .12 

FIT TO ELASTIC DlfFt::RENTIAL t:KCSS St:t:IIUN t-UJ.C .,J.CUiON liROTON. lTABLE 1J 

LABOR.ATORY BEAM ENERGY .. 65.2 GEV. 

DATA IS FIT OVER -T FROM .COB 10 .120 CGEV/CI .. 2. T IS THE MOMENTUM TRAt."SFER BETWEEN THE I INCOMING PROTON) AND THE 
I OUTGOING PRCTOf\ J • 

FITTED FOR~ULA IS C-SJG~A/0-1 .. EXP(-B*ABSITIJ 

WHERE 0-SIGH"'/0-T IS IN HBICGEV/CI .. 2 AND -T IS IN CGEV/Cl••z. 

F !!TEO VALUE 

B .. 11.52 +- .12 



336 

FIT TO HASTIC DIFFERENTIAL CROSS SECTION FIJR PROJQp.; PROTON. ITABLE 11 

LABORATORY BEAM ENERGY = 69. HV. 

DATA IS FIT OVER -T FROH .COB TO .120 CGEY/CI .. Z. T IS THE MOMENTUM TRANSFER BETWEEN THE I INCOMING PRCTONl .AN( THE 
lOUTGOING PROTON). 

FITTED FOPMUL/1 IS C-SIGPU/0-T "' EXP(-B~ABSCTII 

WHERE lrSIGMA/0-T IS IN MAIIGEV/CJ .. Z AND -1 IS IN fGEV/CI**Z· 

F 1 TTED VALUE 

8 ... 11.38 ·- .11 

~PROTON-PROTON ELASTIC SCATTERI•G l.VCLV!NG URGE •o•ENTU" TRANSFERS. !PHYS. REV. 138, BibS I 190511 

G.COCCONI, V. T .COCCONI, A.O.KIRSCH, J. CREAR, R .RUBINSTEIN, O.B.SCARL, 8. T .ULRICH l CORNEll UNJ Y-. ITHACA, N. Y., USA I 
W.F.BAKER,E.W.JENKINS,A.L.REAC (I!ROOKt-AVEN NAT. LAB., UPTON, L.(., N. V., USA) 

ABSTRACT TWENTY-NINE PROTCN-PROTCt..' DIFFERENTIAL ElASTIC CROSS SECTIONS FOR LAB ~'!OMENTA PfOI FROM 11 TO 31.8 BEY/C, AT 
FOUR-~OHENTUM TRANSFERS SQUARED, -T, FROM 2.3 TO Z4.4 (BEV/CJ-SQUAREO, HAVE BEEN MEASURED AT THE BROOKHAVEN 
ALTERNATING GRADIENT SYNCHPOTRON. THE CIRCULATING PROTON BEAM IMPINGED UPON A THIN CHI21 JHERNAL TARGET. BOTH 
SCATTERED PRCTONS FROM PP ElASTIC EVENTS WERE DETECTED BY SCINTILLATION-COUNTER TELESCOPES WHICH WERE PLACED 
DOWNSTREAM FRGM OEFLECTICN MAGNETS SET AT THE APPROPRIATE ANGLES TO THE INCIOF.NT SEA ..... THE ANt;ULAR CORRElATION OF THE 
PROTONS, THEIR MOMENTA, ANC THE COPLAI\ARITY OF THE EVENTS WERE DETERMINED BY THE DETECTION SYSTEM. THE RESULTS SHCt. 
THAT AT HIGH .. OMENTUM TRAN$FERS THE DIFFERENTIAL CROSS SECTION 0-SIGMA/CT, DEPENDS STRONGLY UPON THE ENERGY; FOR -T ~ 
101BI;V/CJ-5QUARCQ, TilE VALUE C:F 0-SIO~A/OT AT PIOI = lO &I!!V/C IS SI'IAllER B~ A FACTOR Ot= AtsUUI lUUU IHAN AI PIOJ "' 10 
BEY/C. AT All ENERGIES, C-HG~A/OT FALLS RAPIDLY WITH lNCfiEASJNG /T/ FOR SCATTERING ANGLES UP TO ABOUT 65 DEC. 
CCtMtf• W!ll\.f IN TliC RAHet: fROH C,'j TO liD OER. THF tRn~~ 'Fr.TinN PAll "i nNIY R~ A FArTOQ' n.: IIHI11fl 'I tw~ ~lfllt~!.~'i! t'~~'OH 
SECTION MEASURED WAS 9 X 10 .. -31 Cfi'-SCUAREO SR .. -IIC:.M.I, AT Plnl = l1.~ REV/C 6"10 -T a 20.4 IBEVICJ-SQUAP.EO: THIS IS 
AOOUT ) X 10••-12 OF THE ZERO-DEGREE CROS,S SI!CTION AT THE SAI'IE ENERG,. 

l.LU~~ll RHAIEU RI!FeRENI.t:~ 
THIS ARTICLE SUPERSEDES PHYS. REV. LETTERS 1Zt 13Z 1196lol, ANC PHYS., REV. LETTERS llt 499 119631. 

ADDITIONAL CITATICNS 
CERN CONFERENCE 576 {19621, PHYS. REV. LEiTERS 9, Z21 119621, PHYS. REV. LETTERS 10, 376 119631, PHYS. REV. LETTERS 11, 
425 119631, NUOVO CIMENTO 18, 818119601, PtiYS. REV. 133, 81017 119641, PHYS. REV. 107, 859 119571, BNL GT0-2, C.&.N. J. 
PHYS. ItO 926 C19621t PHYS. REV. 128, 2392 119621, PHYS. REV. LETTERS 11, 211 119631, PHYS. LETTERS 5, 365 11'~631, 
PHYS. REV. LETTERS 12, llL 119641, PHYS. REV. LETTERS 10, 357119631, PEV. MOO. PHYS. 36,649 (1964), PhYS. REV. 
LETTERS 13, 32 11964), PI-!YS. AEv. 135, B1456 119641, PHYS. LETTERS 7, 198 I 1963), PHYS. REV. LETTERS 12, 200 119641, 
PHYS. REV. 135, 81263 Cl'i641, NUOVO CJMENTO 33, 1167 tl964lt PHYS. REV. 137, 81009 119651, PHYS. REV. 137, B147 119651, 
NUOVO CIMENTO 27, 203 ll'i63J, NUOVO CIMENTO Zl, 856 C1'~631, NUOVO CIMENTC 33, 643 119641, PHYS. LETTERS B. 287 119641, 
PHYS .. REV. LETTERS 12, 257 Cl964J, PHYS. REV. 134, B6B2 119641, ENRICO FERMI INSTITUTE 64-11, PHYS. REV. 137, B117 
(19&,1, PHYS .. LETTERS 13, l'iiU ll'ilb41t ANU ..,HYS. REV. 13·1, 8708 119651. 

ARTICLE READ BY OCETTE SENARY II\ 3/0l, AND VERIFIED BY LERO' P'Al(.E. 

8EAI'I IS PROTON ON HYORCGEN CCf'FCUNC FRCM 11.0 TO 31.8 GEVIC. 

THIS EXPERIMENT USES COUNTERS. 

KEY \liORDS • DIFFERENTIAL CPCSS SECTICN 

ELASTIC DIFFERENTIAL CROSS SECTION FCR PROTON PROTON. 

LABORATORY BEAM JII.OMENTUJII = 18.9 GEY/C •- l (PER CENT I. 

THETA 
DEGREES 

~Q.9 ·- .2 

C-SIG~A/C-DIIEGA 
UB/SP 

Pt~ ttNT 
1.61 • 25 

- 2C 

[TABLE U 

tuEtA JC TIIC AUOLC TIIU Til~ rAC,6N t<II~I(C3 WITII TIIC OCA!o! II~ T;;e 1);;../I.NI) (..111. 

ELASTIC DIFFERENTIAL CROSS SECTION FCR PROTON PROTON. 

LABORATORY BEAI'I: MO~ENTU~ "' 13. GEV/C •- lCPER CENTJ. 

THETA 
DEGREES 

37.C •- .2 

0-SJGfi'HO-Ofo'EGA 
UB/SR 

PER CENT 
'l.t'!h + l!'i 

- 2C 

(TABLE 11 

THETA IS THE ANGLE THAT THE PROTON MAKES I'ITH THE BEA,.-, IN THE GRANC C.M. 

ELASTIC DIFFERENTIAL CRC:SS SECTICN FCR PROTOt. FRCTON. 

LABORATORY ilEAl" MOfitEI\TUI" "' 11. GEV/C +- IIPF.R r.FNT1. 

THETA 
DEGREES 

4S. 1 •- • 2 

C-S I GIU/C-0/I'EGA 
Uf!/SR 

PER CENT 
1.~2 • 25 

- zc 

[TABLE lJ 

THETA IS THE ANGLE THAT THE PRCTC:I\ /I'AKES \liiTH THE eEA~ IN THE GRANC C.M. 

ELASTIC DIFFERENTIAL CRCSS SECTION FCR PRCTOt. PRCTON. 

LAeORATORY BE A/I'. ~0/I'Et..TUfit = 16.1 GEV/C +- lC PER CENT J • 

THETA 
DEGREES 

40.B ·- .2 

0-SIGHA/C-OII:EGA 
ue/SR 

PER CENT 
.512 + 25 

- 2C 

I TABLE 1 J 

THETA IS THE ANGLE TtiAT THE PPCTCI\ ~AKES ~,illti THE fEA~ IN TI-E GRANC C.M. 
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ELASTIC DIFFERENTIAL CRCSS SECTION FCR PRCiTOt. PRCTON. 

LABORATORY SEA~ ~OftiEI\TUM " 2~.9 GEV/C +- l(PER CENTJ. 

THETA 
OEGFIEES 

33.8 +- .. z 

0-SIGHA/C-O~EGA 

Uf/SR 
PER CENT 

.116 + 25 
- 2C 

(TABLE lJ 

THETA IS THE ANGLE THAT THE PROTOf\ "'AI(ES WITH THE BEAM IN HtE GRJINO (.H. 

ELASTIC DIFFERENTIAL CRCSS SECTIGN FCR PP.OTO~ PROTON. 

LABORATORY BEAftl f'O~EHU~ = 13.1 GEVIC +- liPER CE~O. 

THETA 
DEGREES 

51.5 ·- .z 

0-SJGM.&/0-0MEGA 
UE!/SR 

PUI CENT 
.13 • 25 

- 2C 

(TABLE lJ 

THETA IS THE ANGLE TI-!AT THE PRGTGh I'AKES WITH THE eEAM IN TH GRANC (.M. 

ELASTIC DIFFERENTIAL CP:CSS SECTION FGR PROTO!\ PRCTON. 

lABCRATORY HAH HOfi.!I\TU)t! " 18.1 G!Y/C +- liPER CENTI. 

THETA 
OEGf:IEES 

42.8 ·- .z 

C-S I GMHC-OI'!EGA 
UE!/SR 

PER CENT 
.0743 • 25 

- 20 

(TABLE 11 

THETA IS THE ANGLE THAT THE PRCTC" "'AKES WITH THE BEAM IN HtE GRAND C.M .. 

ELASTIC DIFFERENTIAL CRCSS SECTICN F(R PPOTO~ PROTON. 

LABORATORY eEAM MOMENTU~ • 11.1 GEV/C +- lCPER CENTt .. 

THETA 
OEGPEES 

C:-S I GM AID-OMEGA 
UB/SR 

PER CENT 
.o~oz + 2~ 

- 20 

(TABLE 11 

THETA IS THE ANGLE THU THE PROTO~ I"AKES IoUTH THE BEAM IN THE GRANC C,.M,. 

ELASTIC DIFFERENTIAL CRCSS SECTICN HR PROTOt\' PROTON. 

LABORATORY fEAH MO,.ENTUM a 15 .. 7 GEV/C +- lfPER CENT). 

THETA 
DEGREES 

55.4 ·- .2 

D-SIGHA/0-0HEGA 
uus·R 

PER CENT 
.0129 + 25 

- 20 

(TABLE 1) 

THETA IS THE ANGLE THU THE PROTO~ I'!AICES WITH THE BEAIII IN THE GRANO C.H. 

ELASTIC. DIFFERENTIAL CRCSS S~CTICN Pt:R PROTON PROTON. 

LABORATORY BEAH HO~ENTUM a 21.7 GEV/C +- lCPER CENTI. 

THETA 
DEGREES 

C-S I GMA/0-0MEGA 
NANOfARNS/SR 

PER CE~T 
5.98 + 2~ 

- 20 

(lADLE 1 J 

THETA IS THE ANGLE THU THE PROTON MAKES WITH THE BEAM IN THE GRANO C.M. 

ELI\STIC OlFFE.~ENTIH CRCSS SECT fON FCJR PROTON PROTON. 

LABORATORY SEA~ MOMENTUI' • 31.5 GEY/C +- lfPER CENT). 

THETA 
nEI;RF.ES 

31.1 +- .. 2 

C-S I GMA/IJ-CHGA 
NANOeARNS/SR 

PER CENT 
3.53 + 2~ 

- 20 

(TABLE 11 

THETA IS THE ANGLE Tt-'AT TIUi PROTON HAKE~ WlTII TilE BEAH IN THE CRANO C.M. 
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El4STJC OIFFERENTI.IIL CRCSS SECTION HR PROTOI\ PRCTON. 

LAeORATORY BEAI'! f401'!Ef\TUI" lz.q GEV/C +- UPER CEfolll. 

THETA' 
CEGREES 

C-SIG1'4.11/C-Gfo'EGA 
NANOEIIRNS/SFI 

PER CENT 
9.e3 • 2~ 

- 20 

ITABLE 11 

THETA IS THE ANGLE TI-'AT TtiE PROTON I"AKES WITH THE BEAM lr-.1 THE GRANO C.H. 

ElASTIC DIFFERENTJlll CRCSS SECTION FCR PROTO!\ PROTON. 

LABOR.ATOR.v BEAM MOP'ENTUI'! ., 18.2 GEV/C +- liPER CENTI. 

THETA 
DEGREES 

58.8 ·- .z 

C-S I GM.6/C-C:IIEGA 
NAt\OEARNS/SR 

PEP CENT 
z. 52 + 25 

- 20 

l TABLE 1 I 

THETA IS THE ANGLE H·AT THE PROTON MAKES WITH THE BEAM IN THE GRAND C.M. 

ELHTJC DlFFERENTIAL CRCSS SECTION FGR PROTON PROTON. 

LABORHORY BEAJII. MOI'!ENTUI'! = 25. GEV/C +- lCPER CENTJ. 

THETA 
DEGREES 

49.1 ·- .2 

O-S J(; .... A /G-GI'EGA 
NANCEARNS/SR 

PEP CENT 
.c;1a + zs 

- 20 

[TABLE 11 

THETA IS THE ANGLE H·tiT THE PROTON MAKES WITH THE BEA~ IN THE GR~NC: C~M. 

EL~ST IC DIFFERENTIAL CRCSS SECT ION FCR PROTON PROTON. 

LABORATORY BEAM HOMENTUI'! : 11.-4 GEV/C +· 11PER CENTI. 

THETA 
DEGREES 

90~0 - ~2 

0-SIG,..A/0-C:/I'EGA 
NAMlBARNS/SR 

PER CENT 
22~-4 • 2~ 

- 20 

t TABLE ll 

THETA IS THE ANGLE T .. AT THE PROTON HAKES WITH THE BEAM IN THE GR~NO C.M~ 

ELASTIC DIFFERENTIAL CRCSS SECTION FCR PROTON PROTON. 

LABORATORY BEAM MD~ENTUM = l-4.2 GEV/C +- UPER CENTJ. 

TIICTA 
IHCiRH:; 

78.4 ·- .2 

D !:IIQI.lJI/C•CfiCOA 
N.CI~ff\.CIRN1{/U 

PER CENT 
~.~ + :l~ 

- 20 

[TABLE l J 

THETA IS THE ANGLE Tt-!AT THE PROTON MAKES IHTH THE BEAM IN THE GR~NO C.M. 

ELASTIC DIFFERENT tAl CRCSS SECt ION FCP PROTON PROTON. 

lABCRATORV BEAH HOJoiENTU)!I = 20.1) CEV/C +- 11 PER CENT». 

THETA 
OEGPEES 

62.1 ·- .2 

C-S I GHA/0-0,.EGA 
NAI\'CBARN S I SR 

PEP CENT 
• .t.e~t + 25 

- 2C 

I TABLE 11 

THETA IS THE ANGLE THAT THE PROTOf\ I"AICES WITH THE EEAH IN THE GRANO C.H. 

ELASTIC DIFFERENTIAL CRCSS SECTION FCR PROTO~ PROTON. 

I. 4RnR .&.TORY fl.E.&./'1 ,.O,.EHUH "' 2S. 7 <iEVIC +- 1 (PER CENTI. 

THETA 
DEGREES 

52.0 ·- .2 

C:-S I G,.A/0-0~EGA 
NAf\OEARNS/SR 

PEP CENT 
.1-47 • 30 

- 2~ 

[TABLE lJ 

THETA IS THE ANGLE THAT THE PROTON I"AKES WITH THE BEAM IN THE GRANO C.M. 



ELASTIC DIFFERENTIAL CRCSS SECTION FCR PROTO!\ PP:QTON. 

LABOP:UDRY I!EAM I"QI'El\TUJo! " 30.7 GEV/C •- liPER CENTI. 

TI':ETA 
OEGPEES 

53.7 ·- .z 

C-S IOIA/0-0/'~EGA 
NAHE!ARNS/SR 

PEFI CENT 
.O't-47 + 30 

- 2~ 
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(TABLE 1 I 

THETA IS THE ANGLE THAT THE PROTO~ f'AKES WITH THE E!EAM IN H'E GRANO C.H. 

ELASTIC DIFFERENTIAL CRCSS SECTION FCR PRQT(J,._ PFIGTON. 

LAE\QRATORY BEAM I"':OMH'TU~ ., 19.6 GEV/C +- liPER CENTI. 

THETA 
DEGREES 

lC.2 +- .z 

C-S J(MA/0-0I'I.EGA 
NAN(E!ARt.:S/SR 

PER CENT 
.282 + 3C 

- z~ 

(TABLE 11 

THETA IS THE ANGLE THAT THE PROTGN I'AI<ES \!liTH THE BEAI'! IN THE GRAND .C.M. 

ELASTIC DIFFERENTI.Al CRCSS SECTION FCR PROTO!\ PRCTON. 

LABORATORY BEAI" MO,Et.:TU,.,. : 16. GEV/C •- liPER CENTJ. 

THETA 
DEGREES 

C-S I (~A/C-OI"EGA 
NANOBARNS/SR 

PER CENT 
1. 54 + 25 

- zc 

(TABLE l I 

THETA IS THE ANGLE THAT THE PROTON MAKES WITH THE BEAM IN THE GRANO C.)4. 

tLASTIC OlfiPERENTIAL CRGSS SECTION FCA PROTCft. P5lHON.' 

LABORATORY BEAM HO,H'TUH • 23.8 GEV/C +- liPER CENTt. 

THETA 
DEGREES 

C-S I «;MAID-OMEGA 
NA"'DeARNS/SR 

PER CENT 
.0841 + 30 

- 2~ 

ITABLE 11 

THETA IS THE ANGLE THAT THE PROTON /'I!AKES h"JTH THE BEA,.. IN THE GRANC C.H. 

. . 
ELASTIC DIFFERENTIAL CRCSS SECTION FCR PROHl~ PRCTON. 

LABORATORY ~EM! ,O,EHU~ = 21.9 GEV/C +- liPER CENT). 

THETA 
DEGREES 

73.1 +- .2 

0-S lGHA/0-0~EGA 
NA~CBARNS/SR 

PEP CENT 
.Q6'il + 30 

- 2~ 

I TABLE 1 J 

THETA IS THE ANGLE THAT THE PROTON "AKES WITH THE eEAH IN Tt-.E GRANO C.M. 

ELASTIC DIFFERENTIAL CROSS SECTION FCR PROTO~ PROTON. 

LABORATORY BEA" .,O,ENTUJI! z 18. GEV/C +- liPER CENTI. 

THETA 
DEGREES 

86.0 ·- .2 

C-S 1 (HA/D-OfoiEGA 
NAt\OfARNS/SR 

PER CENT 
.365 + 2~ 

- 2C 

ITABLE 11 

THETA IS THE ANGLE THAT THE PROTOt\ foiAKES WITH THE eEA)4 IN THE GRANO C.M. 

ELASTIC DIFFERENTIAL CPCSS SECTION FCR PROTCt. PRHON. 

LABORATORY BEAM "'OHEt\TUM a 26.6 GEV/C +- lfPER CENT). 

THETA 
DEGREES 

68.1 +- .2 

O-S J(;MA/0-0I'!EGA 
NAf\"CBAR~'S/SR 

PI!A CENT 
.0146 + 3C 

- " 

lTABLE 11 

THET6 IS THF. ANGLE THAT THE PRtTCiN MAKES WITH THE BEAM IN THE GRANC C.M. 
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ELASTIC DIFFERENTIAL CRCSS SECTIGN FCR PRGTCt. PRCTON. 

LABORATORY BEAt~ tiOI'EHUtl " 2b.2 GEV/C +- UPER CENTI. 

THETA 
DEGREES 

71.9 ·- .2 

t-S I GI'!MC-OMEGA 
Prr.r::A.aR"'SISR 

PEP CENT 
5. 18 + 35 

- 3C 

I TABLE 11 

THETA IS THE ANGLE THAT THE PRGTCf\ MAKES l'iiTH THE BEA~ IN THE GRANO (.M. 

ELASTIC DIFFERENTIAL CRGSS SECTICN f(R PRCTCf\ PROTON. 

LABORATORY BEAI' tiQf'Et\TU~ " 21.9 GEV/C +- liPER CENTI. 

THETA 
DEGREES 

C-S IGMA/C-OHEGA 
NAf\CBAR,..'S/SR 

PER CENT 
.0515 + 3C 

- 2~ 

ITABLE ll 

THETA IS THE ANGLE THAT THE PRQTCN I'AKES ~ITH THE eEAfi! IN Tt-.E GRANO (.11. 

ELASTIC DIFFERENTlAL CRCiSS SECTICN FCR PROTC~ PRGTON. 

LABOP.ATDP.Y B6AI'! foiQI'.E,.,.TUP' ~ 31.8 CEV/C ... llrER ((NT). 

THETA 
DEGREES 

72.8 +- .2 

C-SIGMMC-DMEGA 
PICC:BARNS/SR 

rc" tErn 
.92 • 100 

" 

(TABLE 11 

THETA IS THE ANGLE THAT THE PROTC:t\ ~AKES WITH THE eEAM IN THE GRANO C.M. 

ELASTIC OJFFERENTI11L CRIJSS SECTION FCR PPOTIJI\ PROTON. 

LABORATORY BEAf': I'IO,..EI\TUM = 30.'9 GEV/C +- UPER CENT). 

THETA 
DEGREES 

B2.4 ·- .2 

O-S I (ijoi.&/0-0J!IEGA 
PI CGfARNS/SR 

PER CENT 
1.1 • 100 

5C 

(TABLE ll 

THETA IS THE ANGLE THAT THE PRQTQt\ ,_AKES WITH THE fEAI' IN THE i!RANC C.M. 

[l'62llARGE-ANGlE NEUTRON-PROTON ElASTIC SCATTERING FROH 3.0 TO 6.8 GEV/C. 

J.COA,M.L .... tKL lSIANfl:HO LINEAR ACCEl. CNTR., STANFQPO,CALIF., USAJ 
M.N.KREISLEP (PRIPiCETOt\ UI\IV., FRI~CETON, N. J., USAJ 
111. t.tnNJ?:IJ 1 LT.~QHiLL UJ U~mv. or t!ICIIIOAtir ,um lloi\DOA., MtCi-1.; 1.Hid 

{PHYS. REV. LETTERS 21, 641 ( 1'9681 I 

A6STRACT HF PRFSFNT FHFI\'~1\111 NFW 0/ITtr. fill~~~~'~'~\' \"ii':TIOm:: ron IU;\Jlr\Otl rnOtOU I!LAlTJC. lCrHTH.i~tu r'l'tl!~ J.U tu 6.8 ~tVJL. 
AT THE HIGHER MOMENTA THE CROSS SECTIONS ARE FOUND TO BE NEARLY SYMMETRIC ABOUT '90 DEC.. IN THF r..M. SYSTE"! FOP /COS 
THeTA/ S'0.3. THIS S'MHC'tlo(V IMPLIES THAT TliE CONTRIBUTIGN TO THE CROSS SECTION FROM INTERFERENCE TERMS BETWEEN. THE 
ISOSPIN-0 AND ISOSFIII.-1 Af!!FLITUCES IS SHALL IN Tt-!IS ANGULAR REGION. OTHER IMPliCATIONS OF THE DATA ARE ALSO 
OISCUSSiiO. 

CLOSELY RELATED REFERENCES 
OA TA SUPERSEDED BY SLAC PUB-622. 
THIS ARTICLE SUPERSEDES Pi-;YS. REV. LETTERS 16, 1217 (19661, AND SLAC 66 t1966J. 

11nnntnt.t.&t rtTnJn••r 
PHYS. REV. 146; 98C t1'966), PHYS. REV. 105, -3D2 t1Cj57J, PHYS 1 REV. LETTF.R:\ ?1. Me; f1QhR'· tiNNIIAI D'" ':110: •u.'t;':.S.•~ 
jl.ii!l'ql.e a, 'IJ tl'i,&l, .,Ht!,. 1-(tV. LEIII::JIS lS, ~9 ll~b~i, NUOVO CIHENTO 4U, 167 11'966J, PHYS. REV. 131, BlOB 11965), 
NUOVO CIMENTD 27, 856 tl963), NUOYO ClMENTD 49A, 273 11961). NUC. PHYS. Rl, ~(\Q f!~~1l, PHYS. P.EV. 1'11, 1130 tl'J66), 
... HY!.. REV. 15q, 116q 11'967,, PtiYS. REV. LETTERS 19, 265 11961J, AND UCRL l6215 11'966). 

ARTICLE REAC BY LEROY PRICE IN 4/lC. ANO VF.RJFtFn RV CIJETTE BENAPY. 

BEA~ IS NECTRON ON PROTON FRO' 3.0 l( 6.8 GEV/C. 

THIS EXPERIMENT USES SPARK Ct-:A~BERS. 

KEY WORDS • ANGULAR DISTRH~UTJQfl 

.................. 
NO DATA PUNCHEC FCR TI-!IS ARTICLE ···········•*****• 
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lt63l MEASUR.-ENT OF POLARIZATION IN 667·MEV PP SCATTERING. !SOVIET JNP Z 636 1106611 

L • S. A ZHG IRE I, YU .P .KUHE KIN, I" .G. IH SHCHEP YAK0\1, S. B .NUP USHEV, V • L. SGU~V I ANOV, G. [ • S TCLE TOY [ JC JNT I NST. FOR NUC L. RES EAPCH' 
DUBNA, USSFI J 

ABSTRACT POLARllATJON IS MEASURED IN DOUBLE PP SCATTERING AT C.M. ANGLES 4.4 DEG.s THETA S 48.2 OEG. FOR LARGEP ANGLES 
~EASURE"'ENTS AT 635 MEV WEFIE RENORHALIZED. AN ENHANCE~ENT OF POLARIZATIOP.. IN PP SCATTERING IS CRSEFIVED WITH INCREASE 
OF THE ENERGY FRCM 602 TO ~56 MEV. THE ANGULAR OJSTRI8UTION OF THF. POLARIZATION AT 6fo7 MEV SHOWS THAT A CONSIOEPABLF 
CONTRIBUTION COfli!ES FROM THE TRIPLET STATES WITH ORBITAL ANGULAR MQI<I.HOTUM UP TO L ., 5. A SET OF PHASE SHIFTS 
DESCRIBING THE OBSERVED FOLARIZATJON ANC OTHER EXPERIMENTAL DATA IN THE REGION ClOSE TO 660 P'IEV IS PRESENTED. 

CIT U IONS 
COKl. AKAD. NAUK. SSSR 145 61 119621, PHYS. REV. 137, 8620 119651, JETP 6 28 119581, PHYS. LETTERS 6, 196 119631, 
JETP 20 R~O 119651. UCRL 11440 IHI641, UCRl 11877 119651, JETP 78 610 IL964J, JETP 19 726 (l9651, JETP 18 806 119641, 
AND PROGRESS OF THEORET ICH PHYSICS 31, 609 I 19641. 

ARTICLE RF.AD BY ODETTE BENARY IK 3/671 AND VHIFIEQ AY lEROY PRICE. 

8EAJo' IS PROTON C:f\ PRGTCN H 1.302 GEV/C. ISEA~ KINETIC ENERGY= .667 GEVI 

HilS EXPERI~EtofT USES COt:NTERS. 

KEY WORDS • POLARIZATION PHASE St-1 FT 

ElASTIC POl.ARIZAT ION FOR PROTCN PROTON. 

LABORATORY BEAM ENERGY a .667 •- .005 GEV. 

fHETA 
DEGREES 

4.4 
4.9 
1.2 

10.4 
12.1 
16.3 
21.3 
27.9 
48.2 

PCLARIZATIC:N 

.012 .028 

.051 .CZ4 
• 140 .029 
.242 .026 
.212 .en 
.357 .C19 
.448 .C28 
.,06 .C16 
.sao .046 

THETA IS THE ANGLE THAT THE PROTON MAKES WITt-! THE BEAM IN THE GRANO C.M. 
THE POLARIZATION IS OF THE PROTGN ALONG THE NORMAl TO THE PRODUCTION PLANE IN THE GPAND C .. M .. 

~SPIN ANALYSIS OF P PI• PI- ENHAt.CEHHS IN THE PP PI• PI- FINAl STATE PROCUCEC IN PP INTERACTIONS AT 22 GEV/C,. 
~ REV. 187, 1844 119691) 

J.I.RHODEIR.A.LEACOCKIW.J.KERNAI\,R.A.JESPERSEN,T.l.SCHALK (IGWA STATE UNJV., AMES, IOWA, USAI 

(PHVS. 

ABSTRACT WE HAVE 11\VESTIGATEO CECAY ANGULAR DISTRIBUTIONS AND GTHER CHARACTERISTICS ASSOCIATED ~iiTH ENHANCEMENTS NEAR 
145D AND 1700 MEV IN THE P PI• PI- MASS OISTRIBUTIGN FOR THE PP PI+ PI- FINAl STATE PRODUCED IN PP INTEPACTIONS AT 22 
GEVIC. OUR RESULTS ARE CONSISTENT WITH A SPIN ASSIGNMENT OF 1/2 FOR THE 1450-MEV EFFECT IF THE DElTA+• PI- BRANCHING 
OF THIS EFFECT IS ASSUMED TO BE SMAll. WE ASSOCIATE THIS EFFECT WITH THE PllC 14701 STATE INFERRED FRO"! PHASE-SHIFT 
ANALYSES. IN THE CASE OF HiE 1700-MEV FEATURE, WE FAVOR STRONG CONTRIBUTIONS FROM A J a 5/2+ STATE WHICH CAN BE 
REASONABLY ASSOCIATEQ WITH THE Fl5fl6'i01 STATE REPORTED IN THE PHASE SHIFT WORK. 

CLOSELY RElATED REFERENCES 
CONTit\UATION OF PREVICUS EXPERIMENT IN PHYS. REV. LETTERS 21, 1368 C196Bit AND ATHENS CONFERENCE 11967). 

ACCITIONAL CITATIONS 
PHYS. REV. LETTERS 20,964119681, PHYS. REV. 166, 1768119681, PHYS. RE\r. LETTERS 20, 107B 119681, P~YS. REV. 174, 
1638 119681, PHYS. REV. LETTERS 21t U39 (19681, VIENNA CONFERENCE 159 11968), VIENNA CONFERENCE 139 Cl'i68J, ANNALS 
OF rHYSICS 7, '•0't 11~591, Rf.V. MQO. PHYS. lt1t 10C7 (1969h AND PHYS. REV. 1391 B1023 Cl9651. 

ARTICLE READ 8Y ODETTE SENARY I"' 5170, AND VERIFIEC BY lEROY PPICE. 

BEAM IS PROTON ON PRCTCN AT 22 c:EV/C. 

THIS EXPERIMENT USES TH B.N.l. 80 II\',. CHI BUBeLE CHA~BER. 

KEY WORDS • N*I14701Pll I\•116881F15 I'ASS SPECTRU~ 

................... 
• NO DATA .,Ut.CHH f(IA HilS ARTICI.E ......... 

ANGULAR OtSTRISUTION 

lta5l POLARllATIO" PARAHETEP IN PP SCATTERING FROM 1.7 TO 6.1 BEV. IPHYS. REV. t•B, 1207 1106611 

F .GRANNIS, J. ARENS, F .BET Z1 0 .CH AHBERLA IN 1 B • DIETERLE ,C. SCHUl Tl ,G. SHAPIRO, H. S TE I NEP, l. VAt\ROSSUJo' 1 D. WElDON [ U.C • LAWRENCE RAD. 
lAB., BERKELEY, CAll F., USA I 

ABSTRACT THE POLARIZATION. PARAMETER IN PROTON-PROTON SCATTERING HAS BEEN ii'EASURED AT INCIDENT PROTO"' KINETIC ENERGIES 
OF 1.7, 2.85, 3.51 4.0, 5.05, AND 6.15 BEY AND FOR FOUR-MOMENTUM TRANSFER SQUARED BET'-oEEN 0.1 AND 1.0 
IBEV/CI-SQUAREO. THE EXPERIMENT WAS DONE WITH AN UNPOLARIZED PROTON BEAM FROio' THE BEVATRON STRIKING A POLARIZED 
PROTON TARGET • BOTH FINAL-STATE PROTONS WERE DETECTED IN COINCIDENCE AND THE ASSYI'!HETRY IN COUNTING RATE FOR TARGET 
PROTONS POLARIZED PARAlLEl AND ANTlPARAllEl TO THE SCATTERING NOR~Al WAS MEASURED. THE Jo'AXIMUM POLARIZATION WAS 
OBSERVED TO DECREASE FROM 0.4 AT 1.7 BEV TO 0.2 AT 6.1 BEV. THE I'.AXIMUM OF THE POLAfliZATION AT All ENERGIES STUDIED 
OCCURS AT A FOUR-I'!OI'!EI\TUI' TRANSFER SQUARED OF 0.3 TO 0.4 IBEV/CI-SQUARED. 
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ARTICLE liiEAO BY OrJF.TTF. PF.N.ARY IN 't/fllt /INO VERIFJEC BY LEROY PRICE. 

BEAfo! IS PROTON ON HYDROGEN COMPOUND FROP1 2.465 TO 7.026 CEYIC. TARGET IS POLAPIZEO 45 PER CENT CNORMJIL TO THE BEAM 
DIRECTION I. 

THIS EXPERIMENT uSeS COUNTEAS. 

KEY WORDS • POlAR llATJON 
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ELASTIC POLARIZATION FOR PROTCN PROTGN. [ TASLE 11 

LABORATORY BEAM ENERG'I' = 1. 7 GE\1. 

THETA POLAPIZATICI\ Ill 
DEGREES 

23.3 1.0 .lt31 .021 
26.0 1.0 .38Ci .Cl~t 

za.1 t.o •. 423 .ClS 
31.4 1.0 .404 .c lb 
34.1 1.0 .396 .en 
36.7 1 .o • 3tl2 .ozo 

THETA IS THE ANGLE Tt-AT THE PROTON HAKES WIT~ THE BEAM IN THE GRAND C.H. 
THE POLARIZATION IS OF THE PRIJTC~ ALG~G THE NORMAL TO The PRODUCTION PLANE IN HiE GRANC C.M. 

Ill PLUS POSSIBLE SYSTE"'AliC ERRCR OF +- 12 PER CENT. 

ELASTIC POLARIZATICN FGR PROTCI'i PROTCN. ITABLE 21 

LABORATORY eEAM ENER(;Y ., 2.85 GEV. 

THETA PCilAPlZATION Ill 
CEGREES 

16.6 1.0 • 1 ~ 1 .ces 
19.0 1.0 .188 .020 
21.5 1.0 .237 .CIS 
23.9 1.0 .245 .c 15 
26.2 1.0 .255 .en 
28.6 1.0 • 2flC .czo 
31.0 1.0 .2l:l .(22 
32.0 1.0 .270 .011~ 

33.3 1.0 .283 .(28 
34.4 1.0 .242 .022 
36.5 1.0 • 225 .C23 
38.8 1.0 .196 .. c:n 
41.0 1.0 .142 .031 
... 3.,2 1.0 • 218 .C36 
45.4 1.0 .156 .040 
47.(] 1.0 .130 .042 
49.7 1.0 • 171 .055 
'i1.8 1.0 .10'• .on 

THETA IS THE ANGLE THAT THE PROTON MAKES WITH THE BEAM IN THE GRANO C.M. 
THE POLARIZATION IS OF THE PROTCN ALONG THE NORMAL TO THE PRODUCTION PLAH IN THE GRANC C.H. 

lll PLUS POSSIBLE SYSTHATIC ERROR CF +- 12 PER CENT. 

ELASTIC POLARIZATION FOR PROTO.: PRGT~N. (TABLE 31 

LABORATORY BEAM ENERGY "' 3.5 GEV. 

THETA POLARIZATION Ill 
Dt\llii.~t:.l 

20.8 1.0 .111 .G1t; 
Jl.O 1.0 •il)l ~~i.l 
24.8 l.U • 203 .C24 
26.8 1.0 .218 .028 
28.8 1. 0 • 207 .030 
30.7 1.0 .221! .C35 
32.6 1.0 .131 .046 
34 .. 'i 1.0 .1a .C'•"~ 

36.4 1.0 .083 .054 
38.3 I.C .127 .063 

THETA IS THE ANGLE THAT THE PROTON ~AKES WITH THE BEAM IN THE GRAND C .. M. 
THE POLARJUTION IS OF THE PROTON ALONG THE NORMAL TO THE PRODUCTION PLANE IN TttE GRANO C.M. 

l 1 I PLUS POSSIBLE SYSTHA TIC ERROR OF +- 12 PER CENT. 

ElASTtC POLARIZATICN FCR PROTH PFICTON. lTABLE 41 

LABORATOP.Y eEA~ ENER(;Y = 4. GEV. 

THETA POLAP:IZATION Ill 
DEGREES 

15.6 1.0 .. 144 .C25 
17.6 1.0 .191 .016 
19.7 1.0 .211 .015 
21 .. 7 1.0 .193 .CII 
23.6 1.0 .217 .n,n 
25.6 1.0 • 181 .(22 .n., ... .u"' ;U.iu 

THETA IS THE ANGLE Tt-:AT THE PROTON ~AKES WITH THE BEAM IN THE GRANO C.M. 
THE POLARIZATlON IS OF THE PROTCN ALONG THE NORMAl TO THE PROOUCTJON PlANE IN THE GRAND C.M. 

(11 PLUS POSSIBLE SYSTEI'ATtC ERP:OR OF+- 12 PER CENT. 
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ELASTIC PCLARIZATICN FCO PROTO,.; PROTGN. I TABLE S I 

LABORATORY BEA~ ENERGY = 5.05 GEV. 

T~ETA PGLAPIZATION Ill 
OEGPEES 

12.5 1.0 .C89 .100 
14.3 1.0 .152 .Q21t 
16.1 1.0 .166 .Cl9 
18.0 1.0 .BJ .Cl9 
19.7 1.0 .178 .czz 
21.5 1.0 .185 .C27 
23.3 1.0 .136 .CJC 
23.7 1.0 .. ~tb 
25.0 1.0 • 1:!8 .(34 
25.4 1.0 .201 .cs~ 

27.2 1.0 .llt5 .css 
28.9 1.0 .ace .C62 
30.7 1.0 .231 .C87 
32.4 1.0 • 206 .ICC 
34.1 1.0 .100 • 121 
36.2 1.0 .041 .138 

THeTA IS THE A"GU: TIIAT THE PnOTON MAI',ES Wllf.: THE BEAM IN THE GRa"'n C:.H. 
THE POLARilATION IS CF THE PROTCN ALONG THE NORMAL TO THE PRODUCTION PLANE IN THE GRANC C.H. 

(1 J PLUS POSSIBLE SYSTHATIC ERRGFI OF •- 12 PER CENT. 

ELA~Ttr. POI.ARIZATJCN FOR PROTCII PRGTCN. [TABLE 6) 

LABORATORY BEAM ENERG't ,. 6.15 GEY. 

THETA POLARIZATION Ill 
DEGREES 

13.2 1.0 .112 .049 
15.0 1.0 .117 .031 
16.7 1.0 • 196 .028 
18.4 1.0 .177 .031 
20.1 1.0 .262 .C37 
21.8 1.0 .1t:C .C42 
23 .. 1 1.0 .169 .C27 
23.5 1.0 .157 .053 
24.7 1.0 .117 .C32 
25.2 1.0 .077 .064 
2f.4 1.0 • 085 .042 
28.1 1.0 .142 .053 
29.7 I,Q .002 .074 

THETA IS THE ANGlE TH.AT THE PROTC:N .,.AKES WITH THE BEAM IN THE GRANO C.M. 
THE POlARJZAT ION IS OF THE PROTC:N AlONG THE NORMAL TO THE PRODUCTION PlAIIiE IN THE GRANO C.M., 

( 1 J PLUS POSSIBlE SYSTEI'AlJC ERRCR OF +- 12 PER CENT. 

THE MAXII'!U., POlARIZATION I~ PPCTON PROTON ElASTIC SCATTERING. ( 1 J 

lABCRATCRY 
BEAM ENERGY 

GEV 
.150 
.210 
.305 
• 307 
.:nu 
.400 
.410 
.500 
.510 

.,AXIHUM 
PQLARIZATICN 

.230 .C20 
• 3~0 .C20 
.405 .030 
.JlC .CJO .,9, .o,o 
.440 .015 
.43C .C30 
.)l(J .C50 
.4CO .C60 

( 1 J TAKEN FROM A REVIEW ARTIClE. 

THE MAXIMUM .,UlAttltAIIOI\ II\ PPOTCN PPOTON ElASTIC SCATTERING. 

• THIS DATA WAS READ FRO., A GRAPH • 

lABCRATCRY 
BEAM ENERGY 

GEV 
1. 70 
2.es 
3.50 
4.00 
5.05 
6.15 

I' AX I MUM 
POLAR I ZATIC:N 

.400 ·- .020 
• 26Ci .(;30 
.210 .030 
.l(;!) .u.,u 
.180 .C30 
.210 .030 

(FIGURE lJ 

IFJGURE lJ 
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Section IV. 

INDICES 



With all of the information for each arti

cle stored in a computer - searchable fashion, 

one could generate numerous types of indices; 

two types that we have found most useful are 

included in this section. 

1. MOMENTUM INDICES-Here we list 

all of our NN articles classified by input 

channel (pp. pn, or np) and then ordered 

according to increasing beam momentum. If 

a particular paper reports results at more 

than one energy, that paper is listed once for 

each momentum value reported. The refer

ence number in the last column is the article 

number in Section III. 

346 

2. KEY WORDS CLASSIFICATION -As 

stated in Section III, each article is assigned 

certain KEY WORDS. These words (or 

phrases) are intended to indicate the contents 

of the article. As our list of KEY WORDS 

has grown, we generally have not yet gone 

back to older articles and inserted the appro

priate new words. Thus references may be 

missing from some of the categories. We 

hope to have this remedied by our next edition 

of NN. 

If you have any suggestions for other use

ful indices, please let us know. We believe 

that a good set of indices will rnake thil'l re-
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Momentum Index (pp) 
REAM MOMENTUM 1ST AUTHOR JOURNAL VOLUME,PAGE INSTITUTIONS DETECTOR YEAR PUBLISHED REF.NR. 

---------------------------------------------------------------------------------------------------------------------
• 551 GRANNIS PR 148 1297 LRL CNTR 66 165 
.649 RYAN PPPA PPAR-11 LEHI PRIN SPRK 69 37 
.&&2 GRANNIS PR 148 1297 LRL CNTR 66 165 
.81& GRANNIS PR 148 1297 LRL CNTR 66 165 
.819 GRANNIS PR 14H 1297 LRL CNTR 66 165 
.823 GRANNIS PR 148 1297 LRL CNTR 66 165 
.823 CHENG PR 163 1470 LRL UCLA SPC CNTR 67 44 
.849 RYAN PPPA PPAR-11 LEHI PRIN SPRK 69 37 
• 850 8ETZ PR 148 12B9 LRL CNTR &6 24 
.94'1 RYI\N PPPA PPAR-1\ LEHI PRIN SPRK 69 37 

.954 GRANNIS PR 14B 1297 LRL CNTR bb 165 
• 954 CHENG PR 163 1470 LRL UCLA SPC CNTR 67 44 
• 96B f.RANNIS PR 14B 1 Z97 LRL CNTR 66 165 

1.049 RYAN PPPA PPAR-11 LEHI PRIN SPRK 69 37 
1.090 GRANNIS PR 14B 1297 LRL CNTR 66 165 
1.090 COZZIKA PR 164 16 72 SACL CAEN CNTR 67 124 
1.090 CHENG PR 163 1470 LRL UCLA SPC CNTR 67 44 
1.103 GRANNIS PR l4B 1297 LRL CNTR 66 165 
1. 111 BUGG PR 146 980 RHEL CAVE CNTR &6 13 
1.149 RYAN PPPA PPAR-11 LEHI PRIN SPRK 69 37 
1.168 BALDONI NC 26 1376 BGNA MSNA PADO ROMA HBC 62 139 
1.213 COIGNET NC 43A 708 lPN SACL CNTR bb 144 
1.219 MARTELLI NC 21 5Bl BIRM CNTR bl 114 
1.219 CHENG PR 1&3 1470 LRL UCLA SPC CNTR b7 44 
1.230 COll IKA PR 1&4 1&72 SACL CAEN CNTR &7 124 
1. 23 7 BETZ PR 148 12B9 LRL CNTR bb 24 
1.249 RYAI'l PPPA PPAR-11 LEHI PRIN SPRK &9 37 
1.2&3 KAZARINOV RMP 39 509 JINR CNTR b7 78 
1.2B9 BUGG PR 14& 980 RHEL CAVE CNTR bb 13 
1.290 DUTTON PL 2&B &79 81RM SPRK b8 52 
1.294 8YSTR ICKY PL 288 572 JINR SPRK &9 157 
1. 303 AZHGIREI SJNP 2 b3b JINR CNTR bb 1&3 
1. 317 8ETZ PR 148 12B9 LRL CNTR bb 24 
1.343 CHENG PR 1&3 1470 LRL UCLA SPC CNTR &7 44 
1.349 RYAN PPPA PPAR-11 LEHI PRIN SPRK &9 37 
1.385 COZZIKA PR 1&4 1&72 SACL CAEN CNTR &7 124 
1.385 MCMANIGAL PR 148 1280 LRL CNTR bb 20 
1.3B5 CENCE PR 131 2713 LRL CNTR &3 7 
1. 3B7 BETl PR 148 12B9 LRL CNTR bb 24 
1.390 DUTTON PL 2bB &79 BIRM SPRK &8 52 
1.404 NEAL PR lbl 1374 ANNA CNTR &7 bb 
1.408 BUGG PR 14& 9BO RHEL CAVE CNTR bb 13 
1.420 LONGO PR 125 701 LRL CNTR &2 29 
1.450 RYAN PPPA PPAR-ll LEHI PRIN SPRK &9 37 
1.475 MORRIS PR 103 1472 YALE cc 5& 2B 
l.4B7 COZZI KA PR 1&4 1&72 SACL CAEN Ci'lTR b7 124 
1.500 BRABSON PRL 23 1306 INO SPRK &9 123 
!. 540 DUTTON PL 2bB &79 BIRM SPRK b8 52 
l. 540 DUTTON PL 25B 245 BIRM SPRK &7 51 
1.549 RYAN PPPA PPAR-11 LEHI PRIN SPR.K h'l 37 
1.&00 LONGO PR 125 701 LRL CNTR &2 29 
1.&07 8UGG PR 14& 980' RHEL CAVE CNTR &6 13 
1.&09 COZZIKA PR 1&4 1&72 SACL CAEN CNTR b7 124 
1.&49 RYAN PPPA PPAR-11 LEHI PRIN SPRK &9 37 
l.bbO BUGG PR 146 980 RHEL CAVE CNTR bb 13 
1.&&2 MCFARLANE NC 28 '143 BIRM CNTR &3 b7 

1.&&2 BUGG PR 133Bl017 CAVE BIRM HBC &4 46 
l,6R5 CHAPMAN PL 11 zs~ BIRM CNTR &4 b 
1.690 MURRAY NC 49A 261 BIRM CNff\ 1>7 129 
1.690 DUTTON PL 25B 245 BIRM SPRK 67 51 
1.696 MARTELLI NC 21 581 BIRM CNTR bl 114 
1.&96 HEINZ PR 1&7 1232 ANNA STAN CNTR bB 70 
1.700 DOWELL PL 12 252 BIRM CNTR &4 11 
1. 729 COlli KA PR 164 1672 SACL CAEN CNTR &7 124 
1. 730 LONGO PR 125 701 LRL CNTR 62 29 
1. 730 NEAL PR 161 1374 ANNA CNTR b7 6& 
1.749 RYAN PPPA PPAR-11 LEHI PRIN SPRK &9 37 

1.780 BUGG PR 14& 980 RHEL CAVE CNTR 66 13 

1.858 BUGG PR 146 980 RHEL CAVE CNTR &6 13 
1.890 LONGO PR 125 701 LRL CNTR 62 29 
1. 915 COll IKA PR 164 16'12 SACL CAEN CNTR b7 124 
1.940 BUGG PR 146 9BO RHEL CAVE CNTR bb 13 
1.952 BUGG PR 14& 980 RHEL CAVE CNTR bb 13 
~.Ol~ HEINZ PR lh7 1232 ANNA STAN CNTR bB 70 
2.050 LONGO PR 125 701 LRL CNTR 6~ 2~ 

2.054 NEAL PR lb 1 1374 ANNA CNTR b7 6& 
2.079 BUGG PR 14& 980 RHEL CAVE CNTR 6& 13 

z.zoo KRUCIIININ SJNP 1 225 JINR HLBC h~ 118 
2.212 BUGG PR 146 980 RHEL CAVE CNTR bb 13 
1.230 EISNER PR 13B 8670 BNL HBC &5 49 
2.250 FOWLER PR 103 1479 BNL cc 5& 17 

2.251 HEINZ PR 1&7 1232 ANNA STAN CNTR 68 70 
2.2BO BUGG PR 146 9BO RHEL CAVE CNTR 66 13 

2. 391 NEAL PR 161 1374 ANNA CNTR 67 66 
2.419 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
2.450 OUGG PR 146 980 RHEL CAVE CNTR (,(, 13 
2.4&6 GRANNIS PR l4B 1297 LRL CNTR 66 165 

2.466 HEINZ PR 167 1232 ANNA STAN CNTR 68 70 
2.470 LONGO PR 125 701 LRL CNTR &2 29 
2. 592 BUGG PR 146 980 RHEL CAVE CI'HR 66 13 
7.nRO BUGG PR 146 9BO RHEL CAVE CNTR 66 13 
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2. 704 BUGG PR 146 9BO RHEL CAVE CNTR bb 13 
2.7B4 KIRILLOVA PL 13 93 JINR PRAG SOFI CNTR 64 152 
2.784 HEINZ PR 167 1232 ANNA STAN CNTR bB 70 
2.800 BACON PR 162 1320 VANO HBC 67 156 
2.807 PICKUP PR 125 2091 BNL HBC 62 80 
2.807 FICKINGER PR 125 2082 YALE BNL BNL HBC 62 75 
2. 819 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
2.850 BLAIR NC 63A 529 AERE QMCL CNTR 69 58 
2.850 BLAIR PRL 17 789 AERE QMCL CNTR 66 39 
2.B57 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
2.958 BUGG PR 146 980 RHEL CA.VE CNTR 66 13 
2.970 LONGO PR 125 701 LRL CNTR 62 29 
2.9BO ANKENBRANO PR 170 1223 LRL CNTR 68 47 
2.994 BUGG PR 146 9BO RHEL CAVE CNTR 66 13 
3.000 ~BR~MS BNL 14125 BNL CNTR 69 60 
3.037 NEAL PR 161 1374 ANNA CNTR 67 66 
3.054 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
3.110 BUGG PR 146 980 RHEL C~VE CNTR 66 13 
3.131 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
3.142 BUGG PR 146 9BO RHEL CAVE CNTR 66 13 
3.200 ANDERSON PRL 21 853 CHIC ANL CARL LASL SPRK 68 111 
3~ 204 REED PR 16B 1495 ROCH BNL CNTR 68 i.o5 
3.270 OIOOENS PRL 9 32 CERN CNTR 62 135 
3. 277 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
3.300 ANDERSON PRL 21 853 CHIC ANL CARL LASL SPRK 68 111 
3.303 BUGG PR 146 9BO RHEL CAVE CNTR 66 13 
JoJOO II(IIIZ I'R 167 1£,! AlmA HAll CliTI\ ,6& ·ru 
3.349 HOGAN PR 166 1472 PRIN CNTR 68 30 
3.444 HUGG PR 146 980 RHEL CAVE CNTR 66 13 
3.500 BRABSON PRL 23 1306 IND SPRK 69 123 
3.500 ANDERSON PRL 21 853 CHIC ANL CARL LASL SPRK 68 111 
3.546 BUGG PR 146 9BO RHEL CAVE CNTR 66 13 
3.567 BLOCK I'R 103 14B4 DUKe CORN DNL cc 56 10 
3.580 LONGO PR 125 701 LRL CNTR 62 29 
3.619 HEINZ PR 167 1232 ANNA STAN CNTR bB 70 
:'1.660 NFAI. PR 161 1374 ANNA CNTR 67 66 
3.670 HART PR 126 747 BNL HBC 62 76 
3.670 LOUTT IT PR 123 1465 BNL CCNY HHC o1 71 
3.670 SMITH PR 123 2160 YALE BNL HBC 61 6B 
3.670 GRANNIS PR 14B 1297 LRL CNTR 66 165 
3.670 REED PR 16B 1495 ROCH BNL CNTR 68 105 
3.700 COHN PL 26B 598 ORNL UCND TENN ORNL HBC 68 109 
3.701 HOGAN PR 166 147? PRTN CNTR 68 30 
3. 731 BUGG PR 146 9BO RHEL CAVE CNTR 66 13 
3.800 BANNER PL 25B 569 SACL CDEF CNTR 67 116 
3.800 ANDERSON PRL 21 853 CHIC ANL CARL LASL SPRK 68 111 
3.851> HOGAN PR 166 1472 PRIN CNTR 6B 30 
3.90B BUGG PR 146 980 RHEL CAVE CNTR 6o 13 
4.000 !ODD PL a H MIL/I GEPIO HOC 65 1)(, 

4.000 ANDERSON PRL 21 853 CHIC ANL CARL LASL SPRK 6B 111 
r;.UIJIJ R lllrl ~II:NA I .. IINF I ~ .. ~ MILA HBC 63 a1 
4.000 COLETTI NC 49A 479 MILA GENO HBC 67 55 
4.000 ANKENBRAND PR 170 1223 LRL CNTR oB 47 
4.000 BODIN I NC SQA 175 HILA GEN!l HBC 68 42 
4,000 LONGO PR 125 701 I.RI C:NTR 1>7 ?Q 

4.037 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
4.265 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
4,31)0 AIIIDERSON PRL 21 B53 CHIC ANL CARL LASL SPRK 68 111 
4.338 GRAi-lNIS PR 148 1297 LRL CNTR 66 165 
.... 510 OIDDENS PRL 9 32 CERN CNTR b2 n~ 

4.550 BLAIR NC 63A 529 AERE QMCL CNTR 69 58 
4.552 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
4.600 ANDERSON PRL 21 853 CHIC ANL CARL LASL SPRK 68 111 
4.783 BUGG PR 146 980 RHEL CAVE CNTR o<> ll 
4.900 ANDERSON PRL H &53 CtilC ANL CARL LASL SPRK 68 111 
~.040 GllAW41~ PI\ 140 UH LRL CNTR 1>0 lb~ 

4.950 C OLLERA INE PR 161 \3R7 PRIN PPPA HBC 67 45 
4.950 SONDHI PL 26B 645 PPPA HBC 68 19 
4.950 BIER HAN PR 147 qzz PRIN PP?A HBC 66 A 
4.966 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
5.000 VON DARDEL PRL 5 333 CERN CNTR 60 121 
5.000 RUDDICK PR 165 1442 HINN ANL IOWA ANNA CNTR 68 112 
5.0DD ANDERSON PRL 21 853 CHIC ANL CARL LASL SPRK 68 111 
5.0DD AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
5.D20 ANKF.NRRANO AR 17(1 l7.l3 I.RI.. CNTR 68 '•7 
5.100 ANDERSON PRL 21 853 CHIC ANL CARL LASL SPRK 68 111 
5.1DO AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
5.150 BOOTH PRL 21 651 EFIN ANL CNTR 68 34 
5.20D AKERLOF PR !59 113A ANNA IOWA ANL MINN CNTR 67 43 
5.221 BUGG PR 146 960 RHEL CAVE CNTR 66 13 
5.30D ANDERSON PRL 21 M53 C. HI(; ANL CAKL LASL S~RK 68 111 
5.3DO AKERLOF PR 159 1138 ANNA IOWA ANL HINN CNTR 67 43 
5,400 AKERLOF PR 159 1138 ANNA IOWA ANL MJNN C:NTR 67 43 
5.,uo ANUERSON ~KL ll 853 LH!l ANL lAKL LASL SPRK 68 ltl 
5.50D AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
5.520 ALEXANDER PR 154 1264 REHO HBC 67 57 
5. 526 BUGG PR 146 98D RHEL CAVE CNTR 66 13 
5.60D A KERLOF PR 159 1136 ANNA IOWA ANL HINN CNTR 67 43 
5.70D AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
5.8DD ANDERSON PRL 21 653 CHIC ANL CARL LASL SPRK 68 111 
5.8DO AKERLOF PR 159 1138 ANNA IOWA ANL HINN CNTR 67 43 
5.824 BUGG PR 146 96D RHEL CAVE CNTR bb 13 
5.83D DIDDENS PRL 9 32 CERN CNTR 62 135 
5.900 AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
5.914 GRANNIS PR 148 1297 LRL CNTR 66 165 
5.97D CASO NC 55 A 66 GENO HILA OXF HBC 66 120 
o>.ooo GALBRAITH PR 138 8913 BNL CORN CNTR 65 1'•8 
6.000 ANDERSON PRL 16 855 BNL CARN SPRK 66 142 
6.000 BORGHINI PL 31B 4D5 CERN ORSA CNTR 70 14D 
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&.ooo KINSEY UCRL 17707 BERK LRL HBC 6B 126 
&.000 KLEIN UCRL 18306 LRL HBC 68 122 
&.000 VON OARDEL PRL 5 333 CERN CNTR 60 121 
6.000 ANDERSON PRL 21 853 CHIC ANL CARL LASL SPRK 68 111 
&.000 BORGHINI Pl 24B 77 CERN CNTR 67 48 
&.ooo AKERLOF PR 159 1138 ANNA IOWA ANL HINN CNTR 67 43 
6.040 CHINOWSKY PR 171 1421 LRL BERK SLAC HBC 68 158 
&.050 CHINOWSKY PR 165 1466 LRL SLAC HBC 68 2& 
b.ObO BLAIR NC &3A 529 AERE QHCL CNTR 69 58 
b.010 TAN Pl 288 195 SLAC LRL IRVN HBC 68 147 
6. 070 ANKENBRANO PR 170 1773 LRL CNTR 68 47 
6.100 ANDERSON PRL 21 853 CHIC ANL CARL LASL SPRK b8 111 
b.lOO AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR b1 43 
&.200 ANDERSON PRL 21 853 CHIC ANL CARL LASL SPRK &8 111 
&.200 AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
&.300 ANDERSON PRL 21 853 CHIC ANL CARL LASL SPRK &8 111 
6.400 AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
b.&OO COL TON UCLA 1025 UCLA HBC 68 141 
6.600 BERGER PRL 20 964 LRL BERK OART LRL HBC 68 110 
6.600 l;tLLEt<T PRL 17 884 LRL UCLA HBC I> I> 69 
&.600 MA PRL 23 342 MICH UCLA HBC 69 65 
&.bOO COL TON UCRL 19330 LRL BERK HBC 69 64 
&.600 AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
6.800 ANDERSON PRL 21 853 CHIC ANL CARL LASL SPRK 68 111 
&.800 FOLEY PRL 11 425 BNL CNTR 63 72 
6.800 AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
&.900 YEKUT !Ell REHO Rf.HO STRR TELA HBC 69 83 
6.920 ALEXANDER PR 173 1322 REHO STRil HBC 68 41 
6.920 AlEXANDER NC 53 A 455 REHO HBC &8 36 
7.000 VON DARDEl PRL 5 333 CERN CNTR 60 121 
7.000 AKERLOF PR 159 1138 ANNA IOwA ANL HINN CNTR 67 43 
7.026 GRANNIS PR 148 1297 LRL CNTR 6& 1&5 
7.100 ALLABY CERN 68-7 580 CERN CNTR 68 143 
7.100 ANDERSON PRL 21 853 CHIC ANL CARL LASL SPRK 68 111 
7.120 ANKENBRANO PR 170 1223 LRL CNTR 6B 47 
7.200 AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
7.250 HC MANIGAL PR 131 B620 LRL BERK CNTR 65 108 
7.300 ANDERSON PRL 21 853 CHIC ANL CARL LASL SPRK 68 111 
7.400 AKERLOF PR 159 1138 ANNA IOWA ANL HI.NN CNTR 67 43 
7.600 ANDERSON PRL 21 853 CHIC ANL CARL LASL SPRK 6B 111 
7.&00 AKERLOF PR 159 113B ANNA IOWA ANL MINN CNTR 67 43 
7.750 0 IDDENS PRL 9 32 CERN CNTR 62 135 
7.800 AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
7.820 FOLEY PRL 19 857 BNL CNTR b1 15 
7.835 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
1.850 TAYLOR Pl 14 54 AERE QMCL SPRK 65 134 
7.870 FIREBAUGH PR 112 1354 Ill HBC 68 31 
7.875 GRETHER Ill C001195125 Ill HBC 68 61 
7.880 BLAIR NC b3A 529 AERE QMCL CNTR 69 58 
7.880 BLAIR PRL 17 789 AERE QMCL CNTR 6b 39 
7.'100 ANDERSON PRL 21 853 CHIC ANL CARL LASL SPRK 68 111 
8.000 GALBRAITH PR 138 B913 BNL CORN CNTR 65 148 
8.ooo AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
8.100 ALLAI:IY CERN 68-7 580 CERN CNTR 68 143 
8.100 GINESTET NP Bl3 283 SACL HBC 69 131 
6.100 ALLA8Y Pl 27B 49 CERN CNTR 68 115 
8.100 AKERLOF PR 15~ 1131:1 ANNA IOWA ANL Mlr;N CtHR 67 43 
8.100 ALLAI:IY Pl 25B 156 CERN CNTR 67 40 
8.110 KAY AS NP B5 1&9 ORSA SACL HBC &B 82 
8.200 AKERLOF PR 159 1138 ANNA IOWA ANL HINN CNTR &1 43 
8.300 AKERLOF PR 159 1138 ANNA IOWA ANL HINN CNTR 67 43 
8.400 ANDERSON PRL 21 853 CHIC ANL CARL LASL SPRK 68 111 
B.400 AKERLOF PR 159 113B ANNA IOWA ANL HINN CNTR 67 43 
8.500 HARTING NC 38 60 CERN SPRK 65 98 
ij.t>OO AKERLOf rR 151) lUll A Nil!• !nWA ANI, MINN C:NTR 67 43 
8.800 FOLEY PRL 11 425 BNL CNTR 63 72 
8.800 AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
8.940 0 IDDENS PRL 9 Ill CF.RN CNTR 62 53 
9.000 ANDERSON PRL 21 853 CHIC ANL CARL LASL SPRK 68 111 
9.000 AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
9.100 ALL ABY Pl 25B 156 CERN CNTR 67 40 
9.200 ALLABY CERN &8-7 580 CERN CNTR &8 143 
9.200 AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR &1 43 
9.400 AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
9.500 ANDERSON PRL 21 853 CHIC ANL CARL LASL SPRK 68 111 
9.600 AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
9.800 AKF.RLnF PR 159 l138 ANNA IOWA ANL MINN CNTR 67 43 
9.800 FOLEY PRL 19 857 BNL CNTR bl 15 
'1.900 ASHMORE PRL 5 576 CERN CNTR 60 25 

10.000 GALBRAITH PR 138 8913 BNL CORN CNTR 65 148 
10.000 ANDER ~ON Pl\l v, 855 llNl f.ARN SPRK 66 142 
10.000 VON OAROEL PRL 5 333 CERN CNTR 60 121 
10.000 HOLMGREN NC 57 A 20 STOH HBC 68 79 
10.000 HOLMGREN NC 51 A 305 STOH HBC 67 13 

10.000 BORGHIN I Pl 248 17 CERN CNTR 67 48 
10.000 AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
1 o.ooo ALLABY Pl 250 156 CERN CII!TR b1 40 
10.010 ALMEIDA PR 174 1638 CAVE HBC 68 153 
10.010 DEHNE NC 53 A 232 HAMB DESY HBC 68 150 
10.010 ALMEIDA NC 50 A 1000 CAVE HAHB DESY HBC 67 38 
10.100 ALLABY CERN 68-7 580 CERN CNTR 68 143 
10.110 BELLETTINI PI 14 164 C~RN SPRK 65 146 
10.200 AKERLOF PR 159 1138 ANNA IOWA ANL Hit-IN CNTR 6'1 <t) 

10.400 AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
10.500 ANDERSON PRL 21 853 CHIC ANL CARL LASL SPRK 68 111 
10.600 AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
10.700 VON OARDEL PRL 5 333 CERN CNTR 60 121 
10.800 rouv PRL 11 "25 8foll CNTR 63 72 
10.800 AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
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10.898 KIRILLOVA PL 13 93 J INR PRAG SOFI CNTR 64 152 
10.940 FOLEY PRL 15 45 BNL CNTR 65 9 
11. 000 COCCONI PR 138 Bl65 CORN BNL CNTR 65 161 
11.000 ANDERSON PRL 21 853 CHIC ANL CARL LASL SPRK 68 111 
11.000 AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR b7 43 
11.000 ALLABY PL 258 15b CERN CNTR 67 40 
11. 100 COCCONI PR 138 Bl65 CORN BNL CNTR 65 161 
11.100 ALLABY CERN 68-7 580 CERN CNTR 68 143 
u. 200 AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
11.2 80 DIDDENS PRL 9 lll CERN CNTR 62 53 
11.400 COCCONI PR 138 8165 CORN 8NL CNTR 65 161 
11.400 AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
11.500 ANDERSON PRL 21 853 CHIC ANL CARL LASL SPRK 68 111 
11.600 AKERLOF PR 159 1138 ANNA IOWA 4NL '41NN CNTR 67 43 
11.800 AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
11.900 FOLEY PRL 1? 857 DNL CNTR 67 15 
12.000 GALBRAITH PR 138 8913 BNL CORN CNTR 65 148 
12.000 BORGHINI PL 248 77 CERN CNTR 67 48 
12.000 AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
12.100 DIDDENS PRL 9 108 CERN CNTR 62 151 
12.100 ALLABY CERN 68-7 580 CERN CNTR 68 143 
12. 100 ALLABY PL 278 49 CERN CNTR 68 115 
12.200 AKERLOF PR 159 1138 ANNA IOWA ANL MINN f.NTR ()7 '•3 
12.300 ANDERSON PRL 21 853 CHIC ANL CARL LASL SPRK 68 111 
12.400 HARTING NC 38 60 CERN SPRK 65 98 
12.400 AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 4~ 

12.400 ASHMORE PRL 5 576 CERN CNTR 60 25 
12. 500 CRABB PRL 21 830 ANNA ANL NAL CNTR 66 104 
12.500 RATNER PR 166 1353 ANL IOWA ANNA CNTR loR 103 
17..~00 At<.ERLOF t;ERN 68-7 2 262 ANNA ANL IOWA CNfK 68 102 
12.500 ASBURY PRL 21 1097 ANl N41. ANNA CNTR bO 101 
12.600 AKERlOF PR 159 1138 ANNA IOWA ANL MINN CNTR 1>7 43 
12.800 FOLEY PRL 11 425 BNL CNTR 63 72 
l:!.ROO ~KERLOF PR 159 1138 ANNA IOWA ANL MINN CNTK 67 43 
12.900 COCCONI PR 138 8165 CORN BNL CNTR 65 161 
12.990 0 IDDENS PRl 9 ll1 CERN CNTR 62 53 
13.000 COCCONI PR 138 8165 CORN RNI, CNTR 1>5 H.d 
13 .ooo MA PRL 24 1031 H1t:H HBC 70 99 
13.000 AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
13.100 CDC CONI PR 138 8165 CORN BNL CNTR 65 161 
13.200 AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
13.400 AKERLOF PR 159 1138 ANNA IOWA ANL MINN CNTR 67 43 
13.980 DIODENS PRL 9 lll CERN CNTR 62 53 
14.000 GALBRAITH PR llA R913 BNL CORN CNTil 6~ 148 
14.010 FOLEY PRL 19 857 BNL CNTR 67 15 
14.200 COCCONI PR 138 8165 CORN BNL CNTR 65 161 
14.250 ALL ABY PL 25B 156 CERN CNTR 67 40 
14.800 FOLEY PRL 11 425 8NL CNTR 63 72 
14.930 FOLEY PRL 15 45 BNL CNTR 65 9 
1. ~. 00() MIDii\&CII l'nL lu 6, ONL CAI\N SVKK 66 142 
15.500 0 IDOENS PRL 9 108 CERN (;l'lffl h7 1 ~1 

~~.700 COC.C.uNi ~K Uti 1Hb5 ~ORN BNl CNTR 65 161 
15.800 ASHMORE PRL 5 576 CERN CNTR 60 25 
15.890 OIOOENS PRL 9 1ll CERN CNTR 62 53 
15.91)0 DIODENS PRL 9 111 CERN CNTR 62 53 
16.000 COCCON! PR DR Rlh~ f':ORN ANI. I:'ITI\ 6~ 161 
16.tlM GALBR~ ITH PR 130 0913 BNL CORN t:.NIK 6~ 148 
H.OOO nu~IHJnnooq:; PII.L u ~'HI I,;AY~ HBC I)~ 16 
16.030 FOLEY PRL 19 857 BNL CNTR 67 15 
16.100 COCCONI PR 138 B165 CORN 8NL CNTR 65 161 
16.700 FOLEY PRL 11 425 BNL CNTI\ 63 72 
16.900 ALLABY PL 25B 156 CERN CNTR 67 40 
16.900 ALLABY PL 23 389 CERN CNTR 66 35 
17.300 DIDOENS PRL 9 111 f.FRN CNTR 62 53 
17.700 ASHMORE PRL 5 576 CERN CNTR 60 25 

1 '· f50 DIDDENS PRL 9 Ill CERN CNTR ~z B 
n.?to rouv PII.L i'l 8,., ~Nl CNU 67 15 
18.000 COCCONI PR llR B11)5 CORN BNL CNTR 65 161 
18.000 GALBRAITH PR 13B 8913 BNL CORN CNTR 65 148 
18.100 COCCONI PR 138 B165 CORN BNI .. CNTR 65 161 
18. 100 MA PRL 24 1031 HICH HBC 70 99 
18.200 COCCDNI PR 138 B165 CORN BNL CNTR 65 161 
18.290 DIDDENS PRL 9 111 CERN CNTR 62 53 
18.400 HARTl NC NC 38 1>0 CERN SPRK 65 98 
18 •. 600 0 IDDENS PRL 9 lOB CERN CNTR 62 151 
18.690 DIDDENS PilL q 111 rFRN CNTn C.l H 
18.<)00 COCCONI PR 138 Bl65 CORN BNL CNTR 65 161 
18.970 0 IUUENS PRL 9 111 CERN CNTR 62 53 
19.000 BOGGILD NP Bl6 503 BOHR HELS OSLO H8C 70 159 
1'1.000 BOGGILD LUND CONF BOHR. HELS HBC (,9 154 
19.000 BOGGILD SUB VNA BOHR HELS OSLO HBC 68 96 
19.000 DOGGILD PL 308 31)9 !IUHR HELS HBC 69 62 
19.200 ALL ABY PL 28B 229 CNTR 68 138 
19.200 ALLA8Y PL 298 198 CNTR 69 22 
19.200 ALLABY PL 28B 67 CNTR 68 18 
19.300 ALLA8Y PL 258 156 CERN CNTR 67 40 
19.330 8ELLETTINI PL 14 164 CERN SPRK 65 146 
1'1.400 ASHMORE PRL 5 576 CERN CNTR 60 25 
19.400 ALL ABY PL 298 198 CNTR 69 22 
19.560 DIDDENS PRL 9 lll CERN CNTR 62 53 
19.600 COCCONI PR 13B 8165 CORN 8NL CNTR 65 161 
19.600 FOLEY PRL 11 425 8NL CNTR 63 72 
19.750 OIOOENS PRL 9 111 CERN CNTR 62 53 
19.840 FOLEY PRL 15 45 BNL CNTR 65 9 
19.910 DIOOENS PRL " 111 CERN CNTR 62 53 
20.000 GALBRA I Til PR 138 8'113 8NL CUKN CNTR 65 148 
20.000 ANDERSON PRL 16 855 8NL CARN SPRK 66 142 
20.220 FOLEY PRl 19 857 8NL CNTR 67 iS 
20.460 FOLEY PRL 19 857 8NL CNTR 67 15 
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20.900 COCCONI PR 138 8165 CORN BNL CNTR 65 161 
21.100 MA PRL 24 1031 MICH H8C 70 99 
21.100 ALLA8Y PL 298 198 CNTR 69 22 
21.120 ALL ABY PL 28B 67 CNTR 68 18 
21.300 ALLABY PL 25B 156 CERN CNTR 67 40 
21.400 OIDDENS PRL 9 lOB CERN CNTR 62 151 
21.400 ASHMORE PRL 5 576 CERN CNTR 60 25 
21.460 0 IDDENS PRL 9 111 CERN CNTR 62 53 
21.700 CDCCONI PR 138 Bl65 CORN 8NL CNTR 65 161-
21.BOO JESPERSEN PRL 21 1368 AMES HBC 68 90 
21.BBO DIDOENS PRL 'I 111 CERN CNTJl 62 53 
21.880 FOLEY PRL 15 45 BNL CNTR 65 9 
21.900 COCCONI PR 138 B165 CORN BNL CNTR 65 161 
22.000 RHODE PR 187 1844 AMES H8C 69 164 
22.000 GALBRAITH PR 138 B913 BNL CORN CNTR 65 148 
22.000 FOLEY PRL l'l BH BNL CNTR 67 15 
22.740 DIDDENS PRL 9 111 CERN OHR 62 53 
23.800 COCCONI PR· 138 Bl65 CORN BNL CNTR 65 161 
24.000 FOLEY PRt 19 857 BNL CNTR 67 15 
24.000 LOHRMANN PL 13 78 DESV CERN EMUL 64 12 
24.200 MA PRL 24 1031 M ICH HBC 70 99 
24.200 ASHMORE PRL 5 576 CERN CNTR 60 25 
24.500 BREITENLOH PL 7 73 BERN HBC+ 63 14 
24.630 FOLEY PRL 15 45 BNL CNTR 65 9 
24.800 EHRLICH PRL 21 1839 RUTG CDLU HBC 68 50 
24.'100 COCCONI PR 138 Bl65 CORN BNL CNTR 65 161 
25.000 COCCONI PR 138 Bl65 CORN BNL CNTR 65 161 
26.000 FOLEY PRL 19 857 BNL CNTR 67 15 
26.020 DIDDENS PRL 9 111 CERN CNTR 62 53 
26.200 COCCONI PR 138 Bl65 CORN BNL CNTR 65 161 
26.200 DIDDENS PRL 9 108 CERN CNTR 62 151 
26.420 BELLETTINI PL 14 164 CERN SPRK 65 146 
26.600 COCCONI PR 138 Bl65 CORN BNL CNTR 65 161 
27.830 DIDOENS PRL 9 111 CERN CNTR 62 53 
28.400 ASHMORE PRL 5 576 CERN CNTR 60 25 
26.500 CONNOLLY BNL 13694 BNL HBC 69 97 
28.500 CONNOLLY BNL !l980 BNL HBC 67 93 
28.500 ELLIS PRL 21 697 BNL HBC 68 86 
28.500 ELLIS 8NL 13671 BNL HBC 69 74 
28.600 CONNOLI. Y CERN 68-7 2 208 BNL HBC 68 117 
28.700 COCCONI PR 138 8165 CORN 8NL CNTK 65 161 
30.000 ANDERSON PRL 16 855 BNL CARN SPRK 66 142 
30.700 COCCONI PR 138 Bl65 CORN BNL CNTR 65 161 
30.900 COCCONI PR 138 Bl65 CORN BNL CNTR 65 16 l 
31.500 COCCONI PR 138 Bl65 CORN BNL CNTR 65 161 
31.900 COCCONI PR 138 Bl65 CORN BNL CNTR 65 161 

Momentum Index {pd) 

BEAM MOMENTUM 1ST AUTHOR JOURNAL VDLUME,PAGE INSTITUTIONS DETECTOR YEAR PUBLISHED REF.NR. 

---------------------------------------------------------------------------------------------------------------------
• B23 CHENG PR 163 1470 LRL UCLA SPC CNTR 67 44 
.954 CHENG PR 163 1470 LRL UCLA SPC CNTR 67 44 
.989 WRIGHT PR 175 1704 CHIC WISC SPRK 68 106 

1.090 CHENG PR 163 1470 LRL UCLA SPC CNTR 67 44 
1.111 SUGG PR 146 9BO RHEL CAVE CNTR 66 l3 
1. 194 VINCENT PRL 24 236 NASA I,;AKN Vi' I uvc CNTR 70 133 
1.219 CHENG PR 163 1470 LRL UCLA SPC CNTR 67 44 
1.263 KAZARINOV RMP 39 509 JINR CNTR 67 78 
1.281) OIJ(:(: PR 146 980 RHF.I. CAVE CNTR 66 13 
1.290 DUTTON PRL 21 1416 BIRM SPRK 6ij '4 
l. 343 CHENG PR 163 1470 LRL UCLA SPC CNTR 67 44 
1.390 DUTTON PRL 21 1416 BIRM SPRK 68 54 
1.408 BUGG PR 146 900 RHEL CAVE CNTR 66 13 
1.540 DUTTON PRL 21 1416 BIRM SPRK 68 54 
1.540 DUTTON PL 258 24~ R IRM SPRK 67 51 
1.607 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
1.660 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
1.662 BATSON P.ROY.SOC. 251 233 BIRM cc 59 b) 

1.690 MURRAY NC 49A 261 BIRM CNTR 67 129 
1. 1.'10 DUTTON PL 25B 245 BIRM SPRK 67 51 
1.696 COLEMAN PR 164 1655 ANNA CNTII. 67 17 
1.780 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
1.825 BRUNT PR 187 1856 CAVE HBC 69 125 
1.825 BRUNT PL 26B 317 CAVE HBC 68 119 
1. 858 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
1.?40 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
1.952 BUGG PR 146 980 RHEl CAVE CNTR 66 13 
2.032 COLEMAN PR 164 1655 ANNA CNTR 67 17 
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2.079 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
2.l10 BRUNT PR 187 1856 CAVE HBC 69 125 
2.l10 BRUNT PL 26B 317 CAVE HBC 6B 119 
2.212 BUGG PR 146 9BO RHEL CAVE CNTR 66 13 
2. 251 COLEMAN PR 164 1655 ANNA CNTR 67 17 
2.2BO BUGG PR 146 980 RHEL CAVE CNTR 66 13 
2.419 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
2.450 BUGG PR 146 980 RHEL CAVE CNTR 66 1.3 
2.592 BUGG PR 146 9BO RHEL CAVE CNTR 66 13 
2.680 BUGG PR 146 9BO RHEL CAVE CNTR 66 13 
2.704 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
2.784 COLEMAN PR 164 1655 ANNA CNTR 67 17 
2.819 BUGG PR 146 9BO RHEL CAVE CNTR bl> 13 
l.H57 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
2. 958 BUGG PR 146 980 RHEL CAVE CNTR , 13 
2.994 ~UGG PI!. 146 980 RHEL CAVE CNTR 66 13 
3.000 ABRAMS BNL 14125 BNL CNTR 69 60 
3.054 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
3.l10 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
3.131 8UGG PR 146 980 RHEL CAVE CNTR 66 13 
3.142 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
3.270 DIDDENS PRL 9 32 CERN CNTR 62 135 
3.277 BUGG f'R 1'>6 9BO' RHEL CAVE CNfR 66 13 
3.303 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
3.444 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
3. 546 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
3. 731 ~VGG PR 141> 980 RHFI. C~VF. CNTR ~~ ~~ 

3. ~oa BUGG PR 146 980 RHEL CAVE CNTR 66 13 
4. 037 BUGG PR 146 '180 RII~L CAVE CNTR bb 13 
4.265 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
4.510 DIDDENS PRL 9 32 CERN CNTR 62 135 
4. 552 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
4.783 BUGG PR 14(? 960 RHEL CAVE C:NTR H lJ 
4.'/bb BUCC PR 146 9BO RHEL CAVE CNTR 66 13 
5.221 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
5. 526 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
5. 824 uuuu PR 146 980 KHI'iL GAVE CNTR 66 13 
5.830 D IODENS PRI, 9 32 CERN CNTR 62 135 
6.000 GALBRAITH PR 138 8913 BNL CORN CNTR 65 148 
6. 980 SHAPIRA REHO REHD H8C 70 132 
1.000 SHAPIRA PRL 21 1835 REHO DBC 68 21 
1.150 D I DOE NS PRL 9 32 CERN CNTR 62 135 
1. 835 BUGG PR 146 980 RHEL CAVE CNTR 66 13 
8.-ooo GALBRAITH PR 138 B913 BNL CORN CNTR 65 148 
9.900 ASHMORE PRL 5 576 CERN CNTR 60 25 

lO.OOD GALBRAITH PR 138 B913 BNL CORN CNTR 65 148 
12.000 GALBRAITH PR 138 B913 BNL CORN CNTR 65 148 
12.400 ASHMORE PRL 5 576 CERN CNTR 60 25 
14.000 GALBRAITH PR 136 6913 liN I C:nRN rNTD H l 1t0 
1~.800 ASiiliOii.E PRL 5 576 CERN CNTR 60 25 
111.000 f.611\R~ITH PO 1H S'lll OPil COnti WTR O!J 14H 
17.700 ASHMORE PRL 5 576 CERN CNTR 60 25 
18.000 GALBRAITH PR 138 B913 BNL CORN CNTR 65 148 
1 9.~no BELL6TT1NI Pl 1? Jt,[ C~RN 5PKO. I>~ 4 
19.400 ASHMORE PRL 5 576 CERN CNTR 6Q 25 
~o.ooo OALORAITH PR l)H ti':IH 8NL r.rlRN C.t.ff!l. 65 140 
21.400 ASHMnRE PRL 5 57~ CERN r.t>ITR 60 ;.!S 
zz.uou CALMA I TH PR 138 B913 BNL CORN CNTR 1,5 148 
24.200 ASHMORE PRL 5 576 CERN CNTR 60 25 
28.400 ASHMORE PRL 5 576 CERN CNTR 60 25 

Momentum Index (np) 
BEAM MOMENTUM 1ST AUTHOR JOURNAL VOLUME.PAGE INSTITUTIONS DETECTOR YEAR PUBL I SH~D REF.NR. 
----------------------------------------------------------------------------------~---~·---------------------~~~~~s••-

.&n SHEI'A~I) PPAR 10 PPL SPRK 69 94 

.637 SHEPARD PPAR 10 PPL SPRK 69 94 

.645 KAZARINOV JETP 16 24 J INR CNTR 63 23 

.662 SHEPARD PPAR 10 PPL SPRK b9 94 

.688 SHEI'ARU I' PAR 10 PPL SPRK 69 94 

.112 SHF.P~R.D PPI\R 10 PPL SPRK 69 '14 

.742 SHEPARD PPAR 10 PPL SPRK 69 94 

.830 SHEPARD PPAR 10 PPL SPRK 69 94 

.R75 SHEPARD PPAR 10 PPL Si'RII. 69 ~4 

.925 SHEPARD PPAR 10 PPL SPRK 69 94 

.921 DZHELEPOV CERN CONF 2 115 JINR CNTR 56 131 

.975 SHEPARD PPAR 10 PPL SPRK 69 94 
1.050 SHEPARD PPAR 10 PPL SPRK 69 94 
1.091 OZHELEPOV CERN CONF 2 ll5 JINR CNTR 56 131 
1. 1.50 SHEPARD PPAR 10 PPL SPRK 69 94 
1.194 DZHELEPOV CERN CONF 2 ll5 JINR CNTR 56 137 
1. 207 DZHELEPOV CERN CO.NF 2 115 JINR CNTR 5& 131 
1.257 AMAGLOBEL I JETP 31 112 5 JINR CNTR 60 155 
1.257 DZHELEPOV CERN CONF 2 115 JINR C:NTR 56 131 
1.300 SHEPARD PPAR lD PPL SPRK 69 94 
1. 356 LARSEN NC 18 1039 LRL CNTR 60 3 
1. 380 PALEVSKY PARIS CONF 1964 162 BNL CNTR 64 5 
1.500 RDBR ISH PL 31B 617 LRL ANNA CNTR 10 130 
1.500 SHEPARD PPAR 10 PPL SPRK 1>9 94 
1.800 SHEPARD PPAR 10 PPL SPRK 69 ')4 
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1.975 PERL SLAC PU8-622 SLAC STAN ANNA PRIN SPRK 69 89 
2.251 KREISLER PRL 16 1217 STAN ANNA SPRK 66 149 
2.359 PALEVSKY PARIS CONF 1964 162 8NL CNTR 64 5 
2.500 R08R ISH PL 318 617 LRL ANNA CNTR 70 130 
2. 520 PERL SLAC PU8-622 SLAC STAN ANNA PRIN SPRK 69 89 
2.785 .~OROZ JINR E 1-3940 JINR H8C 68 107 
2.785 VISHNEVSKI SJNP 3 511 J INR HL8C 66 84 
7..828 PALEVSKY PRL 9 509 8NL CNTR 62 27 
2.996 PALEVSKY PARIS CONF 1964 162 8NL CNTR 64 5 
3.000 cox PRL 21 641 SLAC PRIN ANNA SPRK 68 i62 
3.000 FRIEDES PRL 15 38 8NL CNTR 65 85 
3.050 PERL SLAC PU8-622 SLAC STAN ANNA PRIN SPRK 69 89 
3.309 KREISLER PRL 16 1217 STAN ANNA SPRK 66 149 
3.413 PANTUEV SJNP 1 93 JINR CNTR 65 33 
3.500 R08RISH PL 318 617 LRL ANNA CNTR 70 130 
3.570 PERL SLAC PU8-622 SLAC STAN .ANNA PR IN SPRK 69 89 
3.620 PALEVSKY PARIS CONF 1964 162 8NL CNTR 64 5 
3.671 PALEVSKY PRL 9 509 BNL CNTR 62 27 
4.000 PARKER PL 318 246 MICH CNTR 70 87 
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