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This thesis presents a study of experimental evidence
for the depth of the tensor force in the region 1,5 to 3,0 fms,,
assuming the One-Pion-Exchange Potential (OPEP) beyond, The
interest in this question is related to the fitting of a velocity
dependent potential, for radii (1.5 fm,, for use in many-body
calculations, The method employed is to examine effect on the
observables of tensor force splitting in the phase-shifts for
proton-proton scattering, It was found that the data favour a

tensor force very close to the OPEP in the region studied,
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PREFACE

The remarkable binding between the neutrons and protons,
in spite of the well known coulomb repulsion among the electrically
positive protons, is not very well understood, However, now a
considerable progfé§s:§s on record and the inter-nucleon forces are
being understood more and more,

Obviously the inter-nucleon forces have to be stronger than
the coulomb forces, Their range has to be considerably shorter
than the atomic dimensions to preserve the definition of the nucleus,
This follows the e(-scattering experiments of Rutherford in 1911,
The nuclear force range is believed to be about 2 fms, Further,

a knowledge of the per nucleon binding energy reveals the
saturation of nuclear forces, Also, theve€ are evidences for the
charge independence of the nuclear forces meaning that the purely
nuclear forces between any two nucleons in the same spin and
angular momentum states are equally strong,

More information about the inter-nucleon forces comes
from the study of the two body interactions(zs), both in the
negative and positive energy states, But, since the nature of
these forces is not definitely known at least for distances less
than 1,5 fms,, phenomenological potentials are constructed to fit
the experimental data, These potentials involve an infinitely
repulsive core of radius O,4 to 0,5 fm,, a central force, and a
tensor force, A short range (% 0,8 fms,) but strong spin-
orbit force is also included at higher energies in linear as well
as quadratic forms, All potentials are of different strength
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in the different spin and i-spin states, The strength, of course,
is a function of distance and even changes sign in some cases;

e.,g, the triplet central odd parity potential is weakly repulsive
outside about 1,5 fm,, strongly repulsive inside the hard core,

and attractive in-between, Some of the realistic potentials are

(26) (27)

, Hamada and Johnston

(28), and by Gammel and Thaler(la),

those given by Feshbacﬂ and Lomon
Breit
As an alternative to the hard core potential the boundary

(14

condition model is suggested, in which a boundary value
consistent with the experimental data is imposed on the logarithimic
derivative of the wave-function at the hard core, But both of these
potentials present considerable difficulties in the perturbation
theory used in calculation of the properties of complex nuclei,
because the hard core means a sort of discontinuity while in the
other case the potential is not known in the region of hard core,
To get over this difficulty atteméts havé been made to constfuct
the velocity dependent(1q) potentials,

In application to nucléar matter, the convergence of
perturbation theory is very dependent upon the ratio of central
to tensor forces in the potential, In the two body problem
this ratio is not well determined either by the deuteron or by
low energy data, The tensor forces first contribute in the
second order perturbation theory; if tensor forces are strong the
second order terms are quite comparable with the first order ones,

Since it is generally accepted that the interaction V is

asymptotically equal to COPEP the potential models include a

(iv)



strong tensor force, particularly if they agree with OPEP at r as
short as 1,5 fm, In fact, V(Tensor) w (1+3/x + 5/x2) e"*/x, and
V(Centrallw e */x; x being distance parameter, If the tensor
interaction were substantially weaker than the OPEP out to % fms,,
a potential with an over all weaker tensor force would result,
It has, therefore, been interesting to investigate the evidence
for V(Tensor) = V(OPEP«=Tensor) in the range r = 1,5 to 3 fms,

Although the deuteron state is more interesting from some
points of view, this work is restricted to the triplet odd (T=1)
states, since the P-P data are more accurate, These states have

/

a high statistical weight in nuclear matter, For scattering at
300 MeV (k@gl,9 fms,) the Zth partial wave is mainly scattered at
radii = qﬁ‘??'?i?/k, For the range under consideration, this
means L = 5 partial waves, In accurate phase shift analysis(l7)’(l8)
of the scattering data, the L = 5 waves are, in fact, given OPEP
phases, The effect of weakening the tensor force on the J = 6
coupling parameter is also considered,

I gratefully acknowledge the guidance and encouragements
I have always received from Dr, Donald W, L, Sprung, For financial
support I am very much indeb_ted to the Physics Department of

McMaster University and to the Government of Ontario, I wish to

thank Miss Maureen Murphy for typing this thesis,
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CHAPTER I

PROTON-PROTCN SCATTERING

Density Matrix for P~P Ensemble:

The spin state of a proton can be completely described
by a spinor of two components each being proportional to the
probability of the proton being in one spin state, The spin
state, at any instant, of a beam of protons can be described by
considering a statistical mixture of the two substates, |Wl> and
|W2), which meke a complete set of orthonormal functions in the
two dimensional proton spin space, If the respective weights of

the substates be wl and W2 such that each of the W's is ) O, and
W, + W = 1

the evae&dhbh value of the spin operator, o, (or any operator in

general) along the axis of quantization is given by:

(o %eam= Polarisation, P

z wn“’nl -4 l‘Irn> / <Yn' ‘yn>

i}

r 3, (Wn‘R(‘Yn))‘ g Al X

= Tr(pg)/Tr(P ), ()

where 2
p o= X W RY¥), (2)

n=1



and R(W ) is a projection operator in the spin space with
n
properties:

R(W y = Yn°6nm°
n
Witn the chosen normalisation it is obvious from (2) that

Tr(P) = W, + W, =1 = Beam Intensity. (3)

Tnerefore, squation (1) becomes
o q0
(Ceem = T (PO (11)

The P defined in equation (2) is called "Density Matrix",

It is evidently a 2x2 hermitian matrix and has a pure discrete

spectrum of eigen-values Wl and WZ;
pley = W le)
and, therefore,
<‘1’an|Yn> = W )y O,

As a general rule physical state of a system in a space
of N dimensions can be completely known in terms of the expectation
values of a complete set of hermitian operators,N2 in number,
These N2 measurements define as many relations, like (1), which
can be solved to find P of the system, Once the density matrix
is known expectation value of any operator follows from the
equation (1), The density matrix of a system can, therefore,
be taken to contain a complete information of the system,
In the spin space of protons‘p can be expanded in terms

of a complete set of 2x2 linearly independent and hermitian
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matrices Syu; A convenient choice is the unit matrix 1, and the
three components of the Pauli matrices @ . (ﬂu's are normalised
so that

(P Q¥) - 26"‘,. ()

Therefore, using (1)

... = mpat
2
i.e. po= % 3 o, o e
F:

In proton-proton scatterings any arbitrary spin state is
a linear combination of 22 = L4 basic states of the composite system
of beam and target protons, The density matrix describing the
spin properties of a p-p scattering is, therefore, a 4x4 matrix in
the combined spin space of the two protons, Equations (1'), (W)

and (2') now read, before collision, as:

1

Tr(pg’) (5)

(6)

i

(g
1
T Suv

Tr(‘i“r”
4
T Z

Bk

et

where‘}“‘s constitute a complete set of 42 = 16 mutually
orthogonal, independent, and hermitian matrices, andp, now,
describes the p-p system completely, before collision,

If the 16{2# 's are obtained as a simple product of the
matrices _1_,9"for the beam protons and 1, 12 for the target protons,
the equation (7) becomes:

2
il 2 2 1 2 1 2
p =1+ (eh. gt +(g>.a +Za'i. d‘j>. o O'j

RES



or, b
p= 1+ Pl, a’l+ P2,0'2 + z C..O‘} 0‘2., (8)
- - L. 1] i J
1,4
where the definition of polarisation P is used and the coefficients
Cij are defined, ai“s are the components of g along a suitable set

of three orthogonal directions N, K, an- E, The usual choice is:

and P = (k+k')/2cos ; here

N = kxk'/sin9, K = (k'-k)/2sin = 33

2’

k and k' are the unit vectors in the directions of incident and

scattered protons in lab system and 8 is the center of mass scatter-

Leattered Proton

A%

ing angle,
t
N is orthogonal
B . K to the plane of
Incident Proton scattering,
Proton
target

e

Recoil Proton
The Cij's are the spin correlation coefficients measuring the

average expectation value of the spin of the proton 1 being in
the i direction in correlation with the average expectation value
of the spin of the proton 2 in the j direction, However, before

collision it is rather hard to conceive of the Cij's,

Scattering Matrix:

A two proton ensemble can be found in either of the
four possible spin states, It can be describedAlt dimensional
[
spinors, say X and X , before and after collision, respectively,

A general}( can be written as:

X -

a. ¢

WM =



where a; is the amplitude of the i%h spin state in the incident

plane wave, and | ?
b1 =18 %2=|o0] °te-
0

0

The spin state before and after the scattering need not necessarily
be the same, One can work out a scattering matrix M in the combined
spin space of the two protons that will affect every initial spin state

(described by P ) and will contain complete information of the p-p

scattering, Wolfenstein(l)’ (2) has defined the M as follows:
I
£,(0,0) = ggl Mij(e,¢) aj,

where fi(9,$) is the amplitude for scattering in the spin state Qi

at an angle 9,¢, Elements Mij of M depend on the momentum vectorfsh‘!;
and on the spins of the two protons, The basis states ¢i can be

taken to be either singlet-triplet states or the spin-spin states,

While talking of the phase shifts it is convenient to use the

singlet triplet representation in which the elements of)(.represent
amplitudes and relative phases of the singlet state (S=0) and the

three triplet states for S=1, m_ = £ 1, O of the two proton system,

The M is of the form

m_y s ie 0 -1
m
S
s M 0 0 0
SS
. 0 Mia M0 T, |
0
Yk, gty o) = ©  Ya Yo Moa |
-1 i B M_10 B




where Mss is the singlet scattering amplitude, and

)
i

Mij = <xs=l,ms=i M Ixs:l,ms=j> i, j=#1,0 , (10)

The zero elements in M signify that there is no connection
between the singlet and triplet states, This follows from the
parity conservation and the charge independence* of nuclear forces,
Conservation of the angular momentum and parity demand the
invariance of M under rotation and inversion of the space co-ordinate
axes, respectively, Also, so far as the pure elastic scattering is
concerned, behaviour of M should remain unchanged under a time
reflection,
It is particularly useful to think of M in the spin-spin
representation while dealing with observables, Wolfenstein and

(2)

Ashkin have given a most general form of the M as follows:
M §% - oo
(k,k') = atic( @ + &).N + n( @ Ng N +
(g+h)( g .P @5.B) + (g-h)( & K @ .K), (11)

where the notation used is that of Phillips(5> which differs

2)

from the Wolfenstein“s( in having ic in place of c**,

In fact the charge independence makes sense only in the
neutron-proton scattering where the states with T=1 as well as
T=0 are allowed,

* %

The term D(éfl - 112)°§ appearing in the reference (2)

has been left out to prevent a mixing of the singlet and triplet

states,



N and O are axial vectors while K anc E are polar vectors,
Polar vectors change sign under a space inversion, while only
K remains invariant under a time reflection, Therefore, to
keep (11) invariant under space rotations, space inversions,

and time reflections, the coefficients a, c, my g, and h have

k]
to be invariant under these transformations, These coefficients
are functions of the scalars k2 (energy) and k.k' (c,m, scattering
angle, 6),

M of (11) is again a 4x4 matrix operating on the

4 dimensional spinor X . The elements of )(, in the spin-

spin representation, are the states with spins for the two

protons b and These are the states 1,1
‘rT T* o JLL i
(s =1, m_=1), (1, 0+£s>/./“é (1,0 - ss)/ L2
(1, 0=z s =1, m, = 0, while ss represents the singlet state
=0, m = 0), and 1, - 1 (s = 1, m_ = - 1), respectively,

One can go from spin-spin to singlet triplet representation by

means of an unitary operator,

- l 0 1/N2 - 1@ 0 1,1
1,1 1 0 0 o0 L.Dims |
Iz
1,0 B 145 145 © fatiogs
2

)((singlet- U (spin=-
triplet) spin),



It is obvious that U is a unitary coperator, since it satisfies

7 » T =« 1

Also, one can write (11) as a matrix

+
= B M(eq“lO) ¥

( e Mo/ Mo s
y Poo?se  MooMse 1
ad 2 2 2 o-1N2

= M noosts ffgg*Mss " T

01/J% 2 2 0-1N 2

\ »

-11 M 103 Mooz  Maa u

Putting M of (11), with k ir the positive z direction, in (10)

it follows (e.g. M, =a+g+hcos @ in Appendix A) that:
m_, 5 1 0 -l
m 8
s
s 8=M=2g 0 0 0
Mo 1 0 a+g+hcose B3 (c+hcoso) e_21¢(g~m~hcose)
0 0 -ﬂ:c.u’ (bsin@=c) a+m-Bhcosl &-e"iq’(c-hsine)
& 0 &= ";:'{E;_m..-‘ncose), ﬁel¢(c+hsln9)’a+g+hcos@

(12)

The following symmetries among the elements of M are obvious:



Mg =M

M, (0,0) =M, (8,-9)

(13)
M (8,0) = My (8,-0)
Mop(8,0) = -My_(8,=),
and the useful check relation
. 2i¢ B ip -i¢
Mll—MOO-e Ml-l = J2 cot 0 (e M10+e MOl) (1)

(2)

Equations (13) are a consequence of parity conservation'“’, and
(14) follows after the condition of invariance of M under the
time reversal(a),

From equations (12) the Mij can be read in terms of

, ¢, my g and h, By solving these relations it follows that:

&= % (2 My + Mgy + M)
& (elq’M10 - e-l¢M01) (15)
V8
_ L 2i¢
B s My = Mg =267 0
1 2i¢
g=F My -M  +e " M )
1 2i¢ B 1
h=foas My ~Mgo - M) = g (M) ooy )«
8sin®

The Pauli principle demands that under a space inversion,
i,e, vhen 6 —p» =0 and ¢ —Pp n+d, MSS—) Mss and all the other
triplet) Mij——) —Mij, These restrictions when applied to equations
(15) give the following relations between the coefficients a, c, m,

g, and h at the center of mass angle 8 to those at ®-8,
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c(n-0) = c(9)

h(n-8) = h(@)

a(n-8) = A(9)-g(0) (16)
m(x-0) = A(8)+g(9)

g(n-0) = (m(8)-a(e))/2,

where

A(B) = =(a(@8)+m(9))/2

Mij's in terms of Phase-shifts:

"
The Schrodinger equation describing the combined coulomb
and nuclear scattering is:
2 2
h 2 e , " R
-5 ¥ +V+ ) ¥ = REY, (17)

where M is a proton mass, e the elementary charge, E the laboratory
energy of the incident proton, and V the nuclear potential discussion

of which is reserved for the next chapter, The solution of (17), ¥,

(&)

is 4 component spinor; its ith component has the asymptotic form

. - ik, 1n(kr-k,
N

ST (i)
i(kr- M1n2kr)
- r P LY X(i) , (18)

where e' is the particle exchange operator in the combined space,

BT
)( (1) is the ith component of the spinor >( describing the p-p

system before collision,
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and

v being the lab velocity of the incident proton, Choosing our
basis in spin space as the singlet-triplet states the Mij's are

(5)

those occuring in equations (12), (15). Stapp has written
these Mij's explictly in terms of the phase-shifts and the

coupling parameters as:

M__ = £ (0)+f (n-0)+ 3 (2L+1) JiPL(e)/ik
even L
1
Mll = fC(G)—fc(n—G)+ Ogi L( (L+2) -()T:‘“ re (2L+1)¢§:

+(1-1) o7t -U) P (x)/2ik

+1 -1 ,
My = £(0)-f (x-9)+ O% 5 ((L+1)-{ g .{ +U) P (x)/ik
aP_ (x)
L-1 -1 2L+1 L+2 +1 L . A
Mop = Ogé L( T %+ T '4: -~ oI '{ *V) 55 —sin8/NZik
+1 -1 aPL(X) . "
Mo =Odzd L( oé - o{: +V) == sin 0/ Pik

Mg o= 2 (é+l/(L+l) - %I(‘%y ‘é+ {_1/L -£-1/Jm-—-l-)

odd L
2
] PL(X)

- LN (L2) ) ——— sin0/2ik, (19)

ox

where
'-——-—y L+l r—— -1 {E+§ +1 ‘ L-1 [L-1
U = (L+l)(L+2 ‘ G L(L—l) and V = m £ - T &‘ ’

and the remaining non-zero Mij's are the same as one's in (19) within

a sign as is obvious from equations (13), when the azimuthal dependence
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is not important, PL(X)'S are the Legendre polynomials of the first
kind,of the order L ~- the angular momentum of the partial wave in
question, x = cos O when O is the center of mass scattering angle,

Theg{'s in (19) are functions of the phase-shifts:

O(L . Glilormr) | 2ig

4‘ =JTE- eZi(&gﬁbL) ) e2ich

e 7 J
°<J ; l(5J+1+6J—1)’
= i RJ e

(5)

where &'s are the Nuclear Bar phase shifts (6L refers to the singlet

states and 6% to the triplet states for J = L& 1, L), 4}"5 are the

coupling constants* coupling states with J = L 1 ( = O), and

Rt

¢L's are the coulomb phase~shifts given by
L
¢ = ; Arctan 2 o
L ¥
=1
The f appearing in (19) is the coulomb scattering amplitude:

N/ -2i gln sin
= e
fC(G) = Tooosd  © w 2

©

PJ = sin 2 € g» and in reference (5) ?‘J is called

the coupling constant,
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Observables:
The density matrix p, of equation (7), describes the proton~

proton system before collision, During collision

P—P = M p Mr, (20)

Pf, the density matrix after collision, contains every information
about the two protons after scattering, Pf is now known if ome
knows M, i,e, the five complex coefficients a, c, m;, g, h, To
know them completely (within an overall phase) at a given energy
and scattering angle one has to have the measurements of at least
nine independent observables, However, to get rid of the possible
algebﬁ&c degeneracy in the values of the coefficients additional
measurements independent of the original nine are needed,

Observables are related to the coefficients a, ¢, my g, h
through the equations of the form (1) with p given by (8), The
simplest of all is the measurement of differential scattering

cross-section, I(9,¢), which by definition is given by

= - *
Igp = O (R =T (Mpm*), (21)
for an incident beam of unit intensity (Tr p =1, equation 2)s

The other possible types of measurements are of the polarisations
of either protons, and of the coefficients Cij defined in equation

(8), Each of these three types of measurements (of I, 2192 C..)

’ij
can be done in three different cases when, (1) 21,2 - & E irereore
Cij = 0), (ii) one of the Elgzﬂs is non zero (but Cijzo)9 snd (434)

both 21’2 £ 0, Thus, nine different kinds of scattering experiments

are possible to help investigation of the M,
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The measurement of any observable, say Y, in general, after

scattering is (given by equation 1) equal to

Tr(f%Y)

<Y>f = -T-;——P-;— = Tr (MPM*Y)/I' (22)

where use has been made of the equation (21), If P from equation
(8), is inserted into the (22) it is seen that I(Y)f consists in the

characteristic terms of the forms
Tr (M X M* Y),

where X is any one of the spin dependent terms in pP - Phillips, in
reference (%), has listed and discussed characteristic terms which
are different in the nine kinds of experiments, All observables can
be expressed as linear combinations of these characteristic terms,
Phillips has also written(a) explicit expressions for all the possible
measurements* in terms of the coefficients a, c, m, g, h, However,
all of them are not different, These measurements involve double
and triple scattering experiments, and the analysis in coincidence,
In some of them a magnetic field is used to allow the measurement of
the longitudinal component of spin in the scattered and recoil beams,
Kanellopoulos and Brown(6) have pointed out that these experiments
give, in all, eleven (different) pieces of information without a
magnetic field, and twenty~three with a magnetic field,

It is interesting to look at the spin correlation coefficients
(7

in a little detail, With Y as £Ek‘gé in equation (2) Wolfenstein

has written a general expression,

P 1 P
Keg, ) =1 ((CNN Copy By AU + (Cpp+ KPP JKP +
P i ! . P 1
(Cry ;N K. N+(Cpp BN NP ) (23)

some of these will be called in the Chapter III,
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where g;'s are subscripted i to refer to the incident beam, and the

P o ¢ s : y :
C'j are correlation coefficients when the incoming beam is polarised,

e
-

. in (23) is the cross-section corresponding to unpolarised incident
U )

beam, it 1s assumed that only the component of polarisation perpen-

dicular to the direction of flight is measured, The measurements of

coefficients CPP and CKK involve the study of the longitudinal compon-
ent of polarisation and require magnetic field normal to the direction
of fiight,

COf all the correlation coefficients C, . is the simplest, In

NN

its measurement both of the analysing scatterings and the main scatter-

ing are coplaner, Brown and Kanellopoulos find

I + I - I =1
c _ 13 1-1 10 ss (24)

9
N,N I11 + Il_1 + Ilo + Iss

where Iss Aenotes the cross-section for singlet scattering, and the

rest of the I's A¥€ bthe three triplet scatterings, At 90o (c,m,)
(8)

I10 vanishes and, therefore,
0 AL s T
Cy N (907) = .
¥ (I )+I

PE R 1 L

determines the triplet and singlet scattering cross sections at this

angle, provided the sum of the two (i,e,, the total cross-section) is

o9
known, Also, the value of CNN(9OO) being significantly different
from =1 supports the conjecture of strong spin dependent forces,
since a central force does not give any triplet scattering at 900
in the center of mass system,

No such simple comments are possible about the other correl-

ation coefficients,



CHAPTER II

ONE PION EXCHANGE POTENTIAL

It is well established that nucleons interact through the
exchange of one or more pions, neutral in the case of the proton-
proton interaction, Pions are pseudoscaler particles and their
coupling with a nucleon can be correctly represented only by the
Dirac theory, The field equations have been solved assuming point
nucleons with non-relativistic velocities and exchanging only one
pion, This leads to the one Pion Exchange Potential (OPEP), bet=

ween two nucleons, of the forms:

1 aky J o
v = (&=~) (T , X)) S (1 + + ) o+
(r;,) ~ 372 y Tl ( 12 X 2 (1)
k
Ly e
5 (@ .a,) (- Fg 6(r) ) &y

where gzﬁglh) is the pion-nucleon coupling constant, M the nucleon
mass andT their isotopic spin, @ = mc/(m being the pion mass),
L= mr (r being the internucleon distance, | o0 ), and 812

is the tensor force operator given by:

o ) g..r)
J &"i“- s \

2

12
are: =~2(L+1)/(2L=1), 2, and -2L/(2L+3), respectively, This

dﬁaﬁénﬁi
TheAmatrix elements of S;, for the states with J = L-1;, L, L+l

interaction potential, V, can be seen to obey the invariance

(£,,7°
requirements pointed out in Chapter I,

In the Yukawa's meson Theory the range of forces arising

from the exchange of pariicles is of the order of the compton

16
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wavelength of the mass involved in exchange, This suggests that
at least the long range part of the nuclear force should be expres-
sible as OPEP, and the possibility of the exchange of two(9) or more
pions is important only at short distances, Extensive studies
show that OPEP is the main interaction for r»2,9f and the major one

(10)

for r)1,6f , and its present form in the equation (1) is quite

vell determined(ll), It is obvious, from the elementary semi-
classical considerations (for example) that, OPEP will be the only
interaction affecting the higher partial waves*,

The above conclusions foilcw | as well, from the Dispersion
theory approach in which the distance of the singularities, of the
complex scattering amplitude in the cos® plane, from the physical
region (-1{ cos8{1l) is proportional to the mass exchanged in the
scattering process, All these singularities lie on the real axis,
symmetrically on either side of the physical region, Their distance
to the physical region decreases with energy, but maintains the same
relative ratio, Therefore, the closest singularity will always be
due to the exchange of one pion == the minimum quantum of nuclear
field, In actual calculations the closer singularity involves more

powers of cos@ for a fair approximation, showing thereby that for the

higher partial waves OPEP is the main interaction,

Modified Phase Shift Analysis:

The phase-shift analysis has been modified(la) by adding

the OPEP contributions of all the higher partial waves to the

For this reason the delta function term is usually not

included in the usual form of the OPEP, For example, reference (11),
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(5)

scattering amplitudes, which were not included in the conventional

phase-shift analysis, In this scheme

Moo= My o+ M - MS, (3)

where M(@) is the conventional part containing contributions from
only a small finite number of phenomenological phase-shifts up to
a certain angular momentum, MP is the all OPEP contribution in all
the angular momentum states, and the subt;acted term Ms is the
OPEP contributions in the lower angular momentum states which have
already been counted in M(6)°

Cziffra et al‘(12) have worked out the closed expressions

for MP by carrying out the Born approximation calculations in the

lowest order of perturbation theory, Their results are:

P B

Moo = -g (d + B)/4E

MP = 2(a ) x/4E = -M :
00 = & B = “tgg X

Mil - Mflwl = -g2( @ (1+x) - B(1-x) )/8E

(4)
P P P P 2 .
Moy =Mjg =My ;=M o =-g{2 (a +AB) 5in@/8E

= - e?(a - g ) /e,

where - o
E = JMa + Ka

a - (1+x)/(Y+x)
B - (1-x)/(¥-x),
2
and Y = 1+ A&EH = position of the one pion pole,

2k
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The contribution corresponding to a particular angular

momentum state, L, can be projected(lz) out of the above expressions,

The Ms's are the expressions of equations (I 19) with the new ‘CS

(12)

given as:

1 .
£ =0 qy -y )/ @)

b0 { Lqp,, + (I+1) g, - (2L+1) @ ) /(2L+1)
(5)
-1 [ \
= ¢ [ @ -Q, /-1
of = @D qp, + 9, - 29z} / (23+1)
of --c(r1q - b0 ) »
where
el
c = -ikg /2E

and QL = QL(Y) are the Legendre polynomials of the second kind and

Lth order,



CHAPTER IIT

EFFECTS OF THE TENSOR FCRCE

Observables of Interests

In the Born approximation, which is quite good for describing
behaviour of the rather weakly interacting higher partial waves, the
contribution of tensor part of the OPEP to thee@i's in the Mij's can
be described

s (I, TS, e Ly o
3 s .
- [, ]IféLl NESIN IFNDS (1)

where VT(r) is the tensor part of the OPEP, It means that the

tensor force parts of the three O(i's are in the ratio of the matrix

elements of the SJ Therefore, taking e(i=L—l,L,L+1

12° equal to the

respective matrix elements of the Si will qualitatively pick out*

&
the scattering matrix elements sensitive to the tensor force, It
turned out that h, m, and g are the functions responding to the tensor

force**in the order they are written,

erLil may be ignored since they arise only due to the

tensor force, An alternative is to use

o = WD (K] - o),

which holds only when the interaction is the OPEP, It follow:

from the equations (II-5),

* %

Similar investigations indicate the following dependence of
a, ¢, g, m, g elements on the tensor, spin-orbit, and central inter-

actions:
20
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The combinaticns of h, m, and g in the various possible(B)
observables were examined for a comparison of their sensitiveness
to the tensor force, and the following were selected (considering

the available experimental data) for studying the temsor force

part of the OPE interaction:

i

'aE‘ # lm2 |+ 2 « ‘czl 4 |g2| + lha' )

P = =21m [c(a+m)"1/Io

Don® [112 | + |m2 I+ 2 ( r02| - ,82' - B2 1) :]‘/IO

Cyp= -uRe(ch*)/IO (2)

Cy= 2 E?e(am*) - |02 l - 'g2 | + |h2 l]/Io
3C.:;= 2 Re [(a—m) g* - (a+m) h"‘] /1q

BPE 7)) = (KKKK) - I, -4 |c2 [,

Tensor Spin-orbit Central

hym,g c a,mg

Cyx and (PP:PP) have not yet been measured, C,. has
been defined in Chapter I, and (PP:PP) is one of the family ofGn
observables measurements of which will allow study of the effects
of initial spin correlations on the final spin correlations,
(PP:PP) can only be of some ac=1emic interest since its measure-

ment is, possibly, impracticable,
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where P is the amount of polarisation produced in an initially

unpolarised beam, D is a component of the depolarisation

nn
(7

tensor, and is usually referred as '"Depolarisation Here-

after it shall be called D, A measurement of D requires,

probably, the simplest of the triple scattering experiments in

(15)

which all scatterings are coplaner, By delinition

§
D, = o .
By = TelM O3 5y B 0y (43T

relates the polarisation, Pl 2(1)? of the particles 1 (incident) or
9

2 (recoil) in the i direction to the polarisation, P in the

1420500
J direction by the relati

3
£ ) A I e i W16 D

1,2(3) ~ '
1+E.5

P

provided the ensemble of particles (1 or 2) not involved in the
above equation is unpolarised at the time of scattering, P=P.n
is the polarisation, in the c.,m, system, produced when an unpolarised
beam is scattered at an unpolarised target,
C,. and CKK were also calculated using the correct relativistic

KP
expressions given by Sprung(16):

In fact the combinations of the non-zero Dij's appear as the

well known Wolfenstein triple scattering parameters D, A, R; R',

(7)

and A' which relate

(15)

the final and initial polarisations, It

can be seen that:

A-A = DKK sin g + DKP cos %
R DKK cos % + DPK sin %
R'= DPP sin % + DKP cos %
A= DPP cos % + DPK sin %



2%
Cyp = Rel. Gy = Cpp cos (o' ol) - 2 Re ( (a—m)g*) sin ( of'+ o)
+ 2 Re((a+m) h*)sin (o' - o0
(3)
" CKK = CKP sin (g(' -e) + 2 Re((a-m)g*) cos (g(' +of)

d
Q
1
-J
0
=

-2 Re( (a+m) h*)cos (' -),

where

(8/2) - o(Lab)

o
"

i

(p/2) = ¢(Lab), ¢ == - @, ¢ is the recoil angle,

M
tan GL = 3 taa (8/2)
tan ¢L = % cot (8/2); the subscript L refers to the Laboratory
system,

Relativistic values were not found to be significantly (Appen-

dix C) differenty except at small angles in case of the CKP'

Calculations:

The modified phase-shift analysis was adopted as described
in Chapter II, To allow a variation, explicitly, in the tensor
force part of the triplet OPEP phase shifts in the L = 5 states it
was found convenient to fuse the first three of the equations (II-5)

in to one to be read as:

2.2 2,, 2
q-- bE [QL+Siz( o5 glﬁ—éﬁl (QL-l'QL+1))] - )
Summations in M(S) and MS were terminated at L = 5 when Dé
was set equal to zero and at L = 7 when all the L = 7 phase shifts
and a<8 ware kept zero, and c<6 equal to its OPEP value, The

strength of the tensor force in the 0@{ 's (in the MS) was varied

=5



24
from C,2 to 1.6, at steps of C,2, of its normal value in the OPEP

J2 in (4), When the 0(6

(II-1) by varying the coefficient of Sl

was included, it was varied too, in the M", by the same amount

9
together with the variations in dg's, and also independently in
some cases, In some cases effects of the similar variations of
only the «.atrol force part of the OPEI were a1lso investigated,

These investigations were carried out at 345, %12, 210, and

147 Mev ond the 8 = 1°, 10°, 20° --- 80°, and 89°, with and without

inclusion of the coulomb interaction, The phase-shifts and coupling

parameters used in M(@) are listed on pare 25, These are the

(17)

YLAM values except the one's marked "OPEP", where YLAM data

do not exist, YLAM values of the 54 were taken from referernce
18, The OPEP values were found out using equations (II-5) and

knowing that*
_—

L - L -1 w 28

I L (5)

where the coulomb phase-shifts and the 6%'5 are considered very
(19) of the OPEP phase shifts 6; ;

with some phenomenological fits supports this approximation

small, A comparison and &
initially made with the assumption that OPEP is the main inter=-
action for L = 5 partial waves,

A1l the calculations were done in fermi units, and the

following constants were used:

The so obtained formulas of the 6J's are the same as

L
derived by Breit(ll) who has evaluated the Born approximation

integrals of the OPEP (II-1),



sr Bar Phases in radians, Breit

(17}

245 12 210 147
& -,21%2 -, 1482 ,0716 ,2232
&, ,1861 1786 °137% ,1017
8y, ,016% ,0156 0126 .0099
N -, 25k -,1972 -,037% 065k
57 - 498l - 4761 -.3872 | -.%058
8 3037 3042 2954 | L2511
3 - ,065% -,0702 -,084 | -.0933
5‘; ,0061 ,0068 ,0086 ,0096
6% -, 0743 -.0708 -,0583 | -,045%
5;" L0415 ,0352 L0143 ,0072
Ii -,0581 -,0554 -,0426 -,030
B 6; ,0116 ,01025 ,0061 0036
sz ~,0269 -.0243 _.0156 ~.0098
ﬁ{g(Real) ,009% ,00815 .00L6 ,0025
g °(5 -.0214 -, 019k -,012% -,0075
o(6(Im) ,00 .00 .00 ,00
i 5
1;=e2/ﬁv ,00926 ,00966 ,0115 ,01354
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L, 7549 fml (Proton mass)

=
i

,1396%x5,06804 £1 = m

H

3,1415927

E]
I

e“Mic = 7,297%2x1070,

Y

and »
k - ( _!.. Py 20“‘9 Elab ) 9

Elab is 300 th of the laboratory energy of the Proton, in Mev,

Programmingz

Complete Fortran II program is contained in the
Appendix B, It was run on the McMaster's IBM 1620 of memory

40 K digits, It is in the three parts as follows:

Input data
table in Chapter III

]j Real and Im, parts
N ]:[

M. . '
ez 1ij(8) S

Ima, ¢, my g, h P
]]I. and the Real M(6>+M

4
N

— M

RESULTS:  observables, equations (III-2,%), with
different tensor force strengthwin the
OPEP (II-1), These are contained in
the Appendix C,



CHAPTER IV

RESULTS AND CONCLUSIONS

Some of the results are contained in the Appendix C, and
shown plotted in this Chapter,
Figure 1 shows twenty six of the experimental values of

the differential cross-section at 545 Mev of Chamberlain et al,(2o)

taken from the summary by Hess(zl), Figure 2 is the )(2 plot for
each of the curves in figure 1, )(2 was calculated using
individually* the twenty nine measured values at 345 Mev; the two
omitted were those at 11,50 where the curves are not very much
different,

It appears, from the figure 2, that the tensor force is
pretty well fixed up in the OPEP, It can, possibly, be strengthened
at the most to 1,07 of its normal strength, in the L = 5 phases and
in the q(? coupling, Although, at this stage, this conclusion
holds only so far as the differential cross-section is concerned, it

is obvious that no further variation is permissible, The other

observables are not more sensitive to the tensor force,

The )(2 for 812 = 1,0 is expected to be somewhat higher
than the Breit's value because of the averaging(az) he has done of

the results at the same angle or angles differing by 50 for 9 ) 300,

while the measurements are considerably inconsistent,

27
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*®
Also, their measurements are much less accurate as compared to

those of the IO' The situation is more or less the same at the
other energies studied,

A glance at the following table, which shows an estimate
of the percentage differences in the values of the observables
corresponding to a 20% change (for example, from 1 to 1,2) in

the strength of the OPEP tensor force in 6J and eé;at 312 Mev

5

(lab.), suggests that accurate determinations of the D and CKK
at some intermediate angles between 10° and 750, and of the CNN

around 20° can be of help in a further fixing up of the issue,

However, it calls for a tremendous improvement in the experimental

skills,
Percentage differences at 312 Mev (lab,)
for SIZH 1,2 812
(Coulomb interaction is not included)
© 1° | 10° | 20° | 30° | 40° | 50°[60° | 70° | 80° | 89°
Observables , _ ' £
I .07 .1 10| 235 14| F5]1.2] 67| 5] 7.
P .07 o2 1.6 | 2.6 | 1.7 | .2+ 1.4 1.2 .6 .38
D 15 | &h B | B | 2.7 |18 |59 |23 2 | 19
CNN 007 07 11 07 .5 056 006 .06 .36 06
CKP 2,1 .0 16| 1.1 B 1 8 131,811,315 | 2.7
CKK .08 ) R L 111.,515.,2 | 2.6 |2.7 | 2.1 .95
it
* ( \
For example, the most recent measurements 2% of CKP and CNN at

400 Mev and 90° (center of mass) are good only within 15% and 28%,
respectively, while the IO values of ref,20 at these angles have an

error of only 2%,
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The numbers in tnis table can be easily verified in case

’\

of the observables P and CVP where the changes are essentially
A%

those in m_ and hv -= the real parts of the scattering matrix

X

elements m and h, respectively, Precisely,
AP = 2 (Am) Im(c),

and ACKP: brcX(AhX)/IO = 2 O (ARe(M

01+M10) ) /I Sin@

i

0.8 [T 6y 5% ] ol
Iok ( Cx+ JEV() 6;l 0( ox ) CX"

where
2 L + 1
A= 3 Gizpon B
2 3 2, %
1 o 22/ b
B = (- Hw+ ZHH [QL-l‘QL+1]))9

half of the coefficient of the SiZ in (III-1), The half appears
for the reason obvious from (III-5), Figure (%) is a plot of L
cxhX and RCKP for S12 =1 and 1,2 at different angles,

Figures (4) and (5) show that the effects of variation of
the tensor force in 5; and O(Sare additive, Results in the
Appendix C clearly indicate that the central part of the OPEP
in L = 5 states is quite weak, This curve and the other observables
are not graphed because their values for S13 = 1,0 and 1,2 lie very

&

close together,
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It is to be noted that the deviations of the tensor
force strength are discussed only in L = 5 phases and pascoupling
where the OPEP is reasonably well localised, The lower phases
and coupling parameters have been assumed well determined,
However, if the lower phase parameters were redetermined for each
value of 812, it may be that the )(2 would be somewhat reduced,

Breit(au’ll)

has analysed the problem to see how well the
ratio of central to tensor forces is determined, His findings
are that the data require a ratio 1,24%#,17 where 1,0 is the
accepted value, This applied to the entire potential tail
including the region where OPEP is not the only interaction,
Figure (6) on page 67 (Appendix C) shows the deviations
of the tensor force in the phenomenological triplet odd parity
potentials, from the CPEP taken to be 1, It seems that the

(26)
T

Feshbach=-Lomo fit (which is the most recent one) supports
our conclusion very well in region, after about 2 fms,, by

which the L = 5 waves are mostly influenced at the energies we

have considered,



CAPTIONS

Figure 13
%45 Mev differential p-p cross-section Io at different

c,m, scattering angles 8 for different strength of the OPEP tensor

force in L = 5 phases and in e{% coulomb interaction is included,

Figure 23
2 : ; (20)
X~ plot for the (renormelised) experimental data .

and the calculated cross-sections at 245 Mev shown in Figure 1,

Figure 3:

Real part of the parameter h, its product with the real
part of ¢, and the calculated (using the relativistic formula)
values of the CKP with the normal OPEP tensor force, and with
1,2 times the normal value at %12 Mev, Coulomb effects are not

included,

Figure L4:
Comparison of the 312 Mev Io - 0 curves when the OPEP
tensor force is varied separately in L = 5 phases and in c<§;

coulomb interaction is ignored,

Figure 5:

312 Mev Io = 0 curves for different OPEP tensor force
strengths (as marked) in both, 6%&? ohases and in c(? coupling;

the coulomb interaction is excluded,

31
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FIG. 4
S, changing only in 8:;:
3.8/ \
\- — \l
I.Z\\ —
\/
3.6~
i |
A L]
I 30 § ——s 60
=
3.8~
P
T
\ —
S~
e —
3.6~

Si changing only in a@®

312 Mev




4.7

FIG. 5

: J
Siz changing inq® and 3%

312 Mev




APPENDIX A

. = 41]wfaal,

where ’11} is the state with both spins up, with reference to the

axis of guantisation, and

M

a + ic (Q‘l +_Q'2)._N. +m ( QI-H az-l\]) +

2

(g m)gt, P, ¢%.P + (g-n)(gl, K ¢2.K)  (I-11)

with k in the positive z direction,
k = (0 © 1)
k' = (sin 9 cos ¢, sin 6 sin ¢, cos 9)
) )
£ o s
k= J (k) - 1 Oy

= J sin @ cos ¢ - 1 sin 0 sin ¢

Therefore,
N = Jjcos¢ =-1sing
.. B .. - )
P = sin 3 (i cos ¢ + j sin ¢) + k cos 5
°) 3 .. .9
K = cos 3 (i cos ¢ + J sin ¢) - k sin 5

Now, considering each term in (I-11), in turn, it follows that:

(11)a | 11) = a (1)

2%

(11 ) ic (g'1+g N)11) = o, (2)

o 14



where the value of N is substituted and use has been made of:

o, 1D = -0, o, |-V = | D
oy | 1 = il-1), Oy |-1> = ~i|1), and
o, 1D = D, o, |- =d-1); (3)

| 1) and | -1) describe the spin of proton being up and down,

resﬁectively,‘ For the similar reasons
Mlmgl.Ng% N 1) = o0 (1)

Also since

o2.P |11) = sin

el 1-1) + cos § | 1D,

njo

it is seen that

(11| (g+h) grl.g gra.g | 11> = (g+n) — % (5)
Similarly,
11 (e-mgtk g2K11D) = (g-b) sin® & (6)

By combining (1), (2), (4), (5), and (6) it is obvious that

M11 = a+ g+ hcos 0,



APPENDIX B

P~pP: SCATTERING I

DIMENSION CA%8DsCoo8HsCCo8HsA%ROOTIBHN6TsCHbHsY2%60 P 08O sPFNEH s FPSwLUl
2XZ2%60 9 A3%60 9 X45%609X5%060 s X6%60 SAIDL0OR e SX2% 100 s SX3%1 1 s

LEX4R I vwmsoX521 00 eSX6R1 U sSY 11U Y2%1UaSY3% 1 usSY4%10BsSY5%1lUMO
S50Y6%lun
EQUIVALENCE %CC%10sDOs%CC%309ELsWCAGTO GO »QCChTOyHIT 9% CCh809QMmy
1%CB%1 0 sROs0CBE%80sGUOYBBR3TsPI0s%CH3HsENDT o 0B%0529 AAT 9% C%50sC 0O
29PF%1O0sCMBO s %PF%30sETAO s %PF%50sF O s RPF% 7SO eBPS%10sBCOs%PS% 300 Co1I s
3%PS%50 s SNO 9 6PS% 7 T
RO, 62 M # L+6
ARZ2Z%MOHFU e U
X3%MAO#FU eV
AL4%MOFY e U
AO%MOF#Y ¢ U
XOBMOHU e U
Y2%Mo#UeU
ABMOFU & U
b%eMO# U e U
6 CHMO#UeU
Pl # 5el&4in9d7
DU 1 M # Lo
1l READ 1UsCAOMOsCbhwoMosL MO
READ 1lUsENsBCsCO
lu FORMAT %3FlUer
LHSURTF%L e 2U49%END
TESTH#Q wb
Lawl
LUl I # L
DO 99 KH # 11U
ARFKH=1
IF %AAO 67+60967
66 AARUe 1
67 IF DAA=9.UO 64965264
65 AA#BeY
64 AAKBP I AAL/ LOeU
ARCOSE BAAL
P%lo#leu
P%20#X
PF%lo#Ue0
PF%20#1e0
PS%1lO#UeU
P;DDZD#U.Q

39



PoS%i3O#3e Ul e U=X¥* XD

DO 12 M#3 98

T # M=1

GU # B2eUn[=1eum*X

PoMa#BGU*PHM=1a-%T~=1eUn*PuM~2Zoa/T

IF %M=38 1251213
13 PS%HMO#%GURPSM—-10-%T61 e vO*PS%M~208/%T=2e 3
12 PFSMO#RGURPFoM=1a-T#*PFasM-200/%T—1.00O

CMBAU e U
DO 4 M # 19542
T # M-1

A%BME# 2 e UXBCABMOECMBO
GU#%2e UXTE] e UO*P%MO
CSH#COSF%2 e UCMBO
SN#SINF%2 e v (MBI
X2%MO#GU*%COSFBA%MOoo—-CoSo
R2%30#5 6 0%P%3O0%*%D*COSF%A%300~-Co0O
Y2%Ma#GU*%BS INFRASMaO~-SND
Y2%30#5e P %30#BD#*STINFRA%3OO-SNDO
4 CMBHCMBGATANFBCO/%T62 e UOOGATANFSCO/%TEL e WO

ETA#U 0

105 CMB#ATANF%COO
DO 7 M#Zs692
Ta#M = 1
CMBHAATANFCO/ T

R#CBYM=1o#SURTF%T#%T-1e.00nm
CS#COSF%2eu*CMBI
SN#SINF%Z2 eunCMBO
GHESQRTF%1l e u=CBH%M=1o%*CB%M=-100
H#ESQRTF%] e v=CB%MG&G1lO#CB%MELOD
AXMEO#R 2 e UkHCABMOGECMBD
DHMEOR 2 e UKL oMOsChMBO
ChOMO 2 e Ux%CCHMELCMBbO
IF %ETAOD 92+92,91

92 A%MO#G*COSFRANMDO—-CS
B%Ma#COSF%BeMno-CS
CHuMO#EH*COSFBChMOE=CS
F# =SINFBCCw286CA%40a*xQ*SQRTFYED
S#HE 0
GU#A%Z .V‘)‘"T(’Jl.\lm/;@l&.}{_l)@]&l.VDE
Ch2o#SQARTF %1l e« U=CB%30*CR%300%*E*®xCOSF%2 ¢« O#%CC%205CMBEO-CS
C%eu#U o v
GO TO 93

91 ANMOFGH*SINFRARMoa=SN
BoMORSINFsbweMOoo—3N
COHMERHAFSINF oCoMBO=SN
r# COSFaCCa2a&6CANL4Ou*Q*SURTF%ED
O#U.U
GU#%2 e« U%TELe U /GT#%TE] s OOD
CH2#SQRTFH] e v=CB%30*xCBY%3On*EXRSTINERZ  UXBCER2RECMERO=SN
CheorCBarn

S3 IF %ETATZ 95995494
95 IF %M=4T 69549
S F#UeU



94
98¢

109

Lu4

41

S# =SINF%CCaM=206CAWMOL*R

GO TQ@ 96

S# —SINFRCCoM=-2n6CAGMOO*R*SQRTF%ED

F# =SINFCCoMBECABME2nO*Q

GO- TO .96

IF %M=40 6997998

FRBCH*OQRTF%42 o UM

S COSFBCCHM-2o06CABMOO*R

G0 TO 96

S# COSFBCCHM~2n&6CASMOo*R#*SQRTF%ED

F# COSF%CChoMo&CABMEZ200E%Q

A6BMOFCHMO/DTE] « VE~GURBUYMEGABMO/ T=F/%%TE] « 0O*%T62 « 01O

KEBMOAGCKEBMO~S /% T#*%T-1e00am%*PS%MO/ 240

K2%MOFBRTE2 e COXCUMOER2 « O TEL « OEBIMEERT—1 « CO#A¥MO-F=SO*¥PBME/ 240

X3%MO4%%TELe VO*CRMOGT *A% MDGFGSDAPmﬂD

AQ MEO#GU#B%MBGE%T-1 s Va*AGYMBE/ T~%T162 « VO*CRMO/%TE1 e 0D
BMOFBXGBMOEF /%TE&l e =S/ Ta*PFBMO

X5%ME#%C oMEB—A%MOEF /%TE1l ¢ 0O=5/TO*XPF%MO

CMB#CMB&ATHNF&CO/&lGZQVLD&A]ANFQCO/OTFl Coo

IF SETAD 1U3s1034104

oleID # X2%1n&X2%306X2%50

SRZ2%wln # KZ%ZDGX2%4D&XZ%6D
oX3%IO # X3%2BEX3%406X3%6
SAR4%la # X4N2D0X404EGA#m6U
SX5%Ia # X5%2u&6X5%40&5X5%60
SX6%Io # X6% 2D6X604D0X6 60
ETA#1e0

60 1@ .105

DYlmIE’”2%lE&Y2%3D&YZéBE
SY2%IO#X2%206X2%406X2%60—F *P% 85/2-u
SY3%Ia#X3%206X3%406X3%606F*P%

SY4% 1 a#X4%206X4%406X4%60~F*#PF% 8D/7cU
SYLRIORARE%20EX5%406X0%60=F*PF%80/7 «0
SY6RIo#X6%206X6%406X6%60-FxPS%80/84.0
PO 8 -Je# el

GU#1e0-COSF%BAAD

ETA#CO*LOGF%GU/2,0m

X2%Jog —%CO*SINFRETAno/GU

Y2%Jak —%CO*COSFLETAnn/GU

AA#PL = AA

ETA#Y2%1n&Y2%20

AA#Y2%10=-Y2%20

M#LEL

GU#SQRTF%%le0—-X*Xa/2e0n1/Z

IF %TEST=1leUO 49451951
SX1%Ia#%SY1l%Iu6ETAR/Z
SX2%Io#%SY2%1Ino&AAR/Z
SX3%In#%SY3%In&AAn/Z

SX4%1 Q#SY4 %I o#GU

SX5% o#SY5%Io*GU

SX6%1 DBH#SY6%IO/Z )
PUNCH 800, SX1%ImseSX2%InsSX3%Iosl oL sSX4%IosSX5%InsSXe%IosloM
G0 TO 550

ETA#X2%106X2%20

AA#X2%1la=-X2%20



SY1l%la# -~ %SXI%In&ETAO/Z
SYZ2%1no# = HWSX2hInGAAn/Z
SY3%1O# = BSX3%lasAAn/L
SY4%lo# = SX4%TR*GU
SY5%lo# = SX5%IowGU
SYe%hIa# - SK6%I o/

PUNCH 8UQ0s SY1%IRsSY2%IOeSY3RIO] ol aSY4%IaseSYSRIasSYESIosloM

L#LGZ

I # I &1

IF %TEST=1.0n 54555955
TEST # TEST&L «E

GO Te 107

FORMAT %3F2448s21401
PUNCH BUOsENsZ,CO

S [

END

CO TOT

0194
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sUU

oV

L4

66
6
65
o4

4%
P=P SCATTERING 11

DIMENSIUN CAR1UOsSX5%]UbeSXEw]loms QATURLP 80 yPF28@sPSRE0
il SY1lnlubdsSY2R310O:3Y3%1URsSY 4% U0 Y5%10UNsSY6%10m
2ZAY%1ubsCY%linaYMB10UOsGY%1lUBIHYBRIVUB¥SXTI%10RsSA2%10CO s S5X3% 100 s 40 10UDO
REAL ZoEN

FORMAT S%Fb5«2O

LASURTF9le 2049 ENO

WHEUeLl3903%5eb8U4

WAt W W

YRrleUGWW/%2e Un %00

Pl # 3eli415927

TEST "# Weh

FOCRMAT %3FZ24e00O

B . 550 1 # 1310

READ BulsoXln]ldsSAZ2% IR eSA3DIOsSA4% I s SXE%] OeSX6%]1O

DO~pel0 1 # 1lelU

READ BUusSY1lwIgsSY2%ITesSY3%IDsSY4%InsS5Y5%IasSYERIE
PUNCH 3y
FORMAT %37HFOULLOWING Is MIJ PP YLAM WITH NC OPEPGD
FUNCH 6u

FORMATRLOX s4HAMSS s 14K 94HY MSS 914X s4HAMIL s 14X o 4HY M1 1D
L0 16 1I#1s1lu

PUNCH 50091 s5X1%InsSY1%ImeSX2%dmesY2%I0

PUNCH 7u ‘
FORMHTw15A34HKMVb914A94ﬁYmvuQIQASiHAulMlﬁliﬁaiﬁthﬂlu
DO 17 I#1lslU

PUNCH B5VUslscoX3%[0eSY3hIdeSXenlosSYe%ln

PUNCH ou

FORMATHLISA saHAMUL s LA o 4HYMUL 9 14X s 4HAMLU 9 14A s4RYM1IOU
vu 14 1 o Lelu

PUNCH 50091 95XK4%IOsSY4%I0sSADRIOsSYS%ID

ACCEPT 296G

CE#%BYGlevO/BY—1euM

Q%1la#lL0Gr%CEQ/2eu

QlocuaY*Q%la = leu

VU L2 mM#39lU

I # M=1

WoMEH 092 e UK T =1 gui Y #QM=18=3T-1Leuva*xQiM=20a/ T
E#OSURTF%%4e 1549%44754906%L%Z00

CE # = %G*WH/%l2e0%E*ZD

T#L

DO 99 KH # 1lslu

AAKKH=1

IF %Rkbd=10 67266967

AAHUe L

IF %AA=9.U8 6435659064

AAHOC eI

AA#WP I1*AALD/138eU

A#FCOSFRAAL

AALFATANF %4 ¢ TH49%SQRTF% Nl ev=XO/%l e C&GXOD/ED
PHLAATANF %4 « 754 9%#5QRTF%% ] e UEXL /%] « U=XOO/EL
ARF=AALEAA/Z oV

AALn=AA—AAL-FPHLGPI/ZeU

Lado

PUNCH 99UsAAsAAL s Xs 1l

SUHLeU=R#*X



66u

15
HUU
50V

g9u

P%lo#leU
FPozo # X
PFolorzd el
PFRozum]l e
PoOBlOo#ueu
FSHZ2O0nUeuU

PSHh30#3eU%0]l e U=X* X0

DO 7 M#3 98
T # M~]

12 % %2eU%T=1euO%X
P‘;Of"‘“:lﬁlA)TZ*P‘NI'&“]_B—(/DT—}.. bI’J'H'P fwu-‘ZElE/ l

IF %M=31 74751

PSBMOAYT2#PoM—-1o-%T61l e vO*PS%M=200/%T-2 O

3

FPFOMO#ST2%¥PFoM=-1o~T#*FPFoM=-2un/%T-1e00O

L#44
DO 67U M#Ls8

PUNCH 99U sPaélusPFaMBsPS%MEs 1oL

L#L&GL

AYR1O#%2eU%0Y¥2%]I0 & SY3%IH & SY1lBIOH/440
SY4%Ilon/SQRTF%BL0E
2:0%5Y6%IH -~ SY1%IoE/4.40

CY%Io#%esYS5aln
YMBIo#BSY3% IO
GYolo#aSY2%lo
AY%IO#wSY 2w lo

AL#A%] e UGXT/BYE XD
DE#%l e U=ALQ/Y~AD

&

SY&%Io
SY3%Ilo

S Y 10 ERH /46 G
va/OIDD/ ,uﬁ}-. ‘v‘“x‘/([j

PA1# — wG*¥0ALGBEOG/ W4 e UHED

PX2# = G #*%wlev&AOwAL

PX3# =PXL%X

BE*%1leU=XEDOR/ %8 «0U%ED

PXG#H=%G*BALGBED*SQRTF%SQ/86LHO/%2 6 UHED
PX6# = G *AL*Blev =
PUNCH 3U0sPALIPAKZ29PA39PA4 3P X691
SX1%IO#SX1%1a&6PX1
SX2%lo#SX2% oGP X2
SX3%IO#SK301n&PX3
OXRLGHIOHORG D LGP AS
SAD% I ORSAS 0l HEP K4
SXb6%1O#SA6%I OGP A6

I # 1&1

L#1

DO 660 I # 1s1
MarLGL

N#LGZ

JRLEG3

PUNCH 99usAYRIgsCY%IOsYMAaI e I el s GYSIToHY %
1o9X2%I0sSA30lme]l sNeoX4%IOsoAXB% I oXENIOs] o J

L#LES
M#ELEL

v

Al

- %leu & XO¥bboo/%8eUsEO

PUNCH 99UsZsEsGalslswsYsCEsMsiv

PUNCH 1uu

FORMATB12A92RAYA913A92Z2HYC s 13X s2HYMe 13X s2HYGs 13X 2HY HU

DO - 15 l 7* l’lu

PUNCH 3vUsAYIoeCY%IOsYMeloeGYnIOesHYRIms [

FORMAT %5F1l55s15O
FORMAT %13s4F1l8e50O
FORMAT %3F24e0s21401

STOF
END

DeR¥%IRs ] s M

]
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N
O

1y

6oV

271

19

P=pP SCATTERING ‘LI

DIMENSION AnBOsBH8OsPHB8HyPFHOT PS80 »Q% 1Ty

2 XK1%6Om sA2%B0s X3L6O 9 A4%60 s X5%60 s X6%m60s IwBOsoA4Gw]llhs
3AY%1uRsCYolems YMBlCOsGYR1luvmaHY %1 U SX1%110sSX2%] ] ]
45X5%1 10sS5X6% 11O +POL%1U+50 ¢512%50

™
=
=
i1
-
\
.
=
[
-

EQUIVALENCE %X2%los EcTosaX3%ImeALTHs WX4%1O s X350 E%X1EHYAR4SH
1%X6%]1 OsGUD s BHBI s RAMBE»%SE 7O e SHVO»mE%R50 ADesLo%BOesRAD s 1o

2HXR2p5desCRewX3%50eVOs % X4%50F 1
Pil#3e1l415927

DO 29 Mwxloso
ALlnMO#UeU
XZ%Ma#U e U
ASRBMOAU e U
A4%MOHU e U
X5%Mu#ueU
AOBMO#U & U
ASoMOH U e U
DHOMEXU ey
SoMEnU ey
ABTLOHU e U
ARBOK U« U

D% (OFY e U
BooOwueU
b%?D#UOU
SHBOHU e U
TEST#USU

READ 1UsALTsALbEsGA
FOURMAT %4F5e20
DR - es0 e Lkl

READ 99U AY % lmeCY DI s YMB IR GYBIOsHY % Ios QB IosSXINIOsSX2% 0SSR 3

15X45%I0sS5X5%1asSX6%10
READ 99U sZsEsGawWeY2CEsCD
PUNCH 9909ZsE»G

FORMAT %3F 24480
L#1l
i -

DOx«99 KH # 1%10

READ 99V sAAsAAL A

DO 670 M#ls8

READ 99JePhlMosPF%MI o PSS
D2l M#E3 9532

[ #M=1
ALGMEO#%2 e UHTE] o vO*P %ML

ALl%MBAALGMO * BGHRY—1le0O#®Q%MET/ % e UFED
AlBlDOF : G #%%Y =1 0O¥QBLIE — Lle0B/%2.0+FLO
J#HL

LO 96 Kb#bsl4asl

RDOTZ23 M # 23682

DO 19 N#2sb92

| #N=1

SHNEHE QNG O Z % Z¥BLUBN=-1L — QUNGIDE/BV*%2e 0%TE
ARNOH CEXQBND -~ B2evVdBT&Llevi#OSWNLE/ 0ZeUKT = leU
SUNBH#CEXDQRNE — %26 U T#SNOES/ %2 e U*TE3 s 0B

10,



22

53
2
52

22

20
25
24

T #M=

GUASZ e U TELe bR/ %TH*BTELeunn

X.UU*%COC

AR4SHU e U

ILF “%M~4g 51 9329 3&

AR#CR

A3S# T #%T=1e O® AR

RGSH = DT=1eUO*AR

CR#FADMGZ2O-SoME

S12%Ju#KB

DO 22 N#EZ29892

FAN=1

UKD

IF %N-68 51353451

IF %ALT=)keUn, 5295151

UklUeU

SHNOABQONDE 3 e URLHFL*BUBN~10 = Q,?CHUL\559>N U#%TE&leOmoo*u/10.,0

ABNBH#CE*%QaND = %2eUNRBTEL e vE*SWNEL/%240%T — 1,000

DONDFCEX#BQOND & ZeuU*OWNLL

SHNB#CE#*%QRND = %26 Uk THESHNOB/%2eU*TES OO0

T#M=1

IF SM=40 24+25426

CR#EDCBb*WALEDE*S]12%Junn /%GA*SQRTF 42

>OEEF%5E051E\LﬂQHoCDU@&)&?D\!q - SGU*
2% M4 @&wm.c*aow.anvmalmmmaA

X OMB#FBX 2%0MO=X35~ Fﬂ@Ho(E:éﬁONo(E%ﬁ O

X3%MO#%%%TE ] ¢ COFSHMOLES T #*A%M

AGpmoxgGURBoMo — %S%MOx%TE&E2 ccxaach CLE

°
(o)
)
r,

DEARECROO*PS%
oCW.y.pa_:LI, S T6H2e QO*SHME

X
&

10/ 2 el

&

2
ﬂ

AGMOFERALG MO be_lHo(Ekalm\~DGaﬂ¢NoCU$(;GE>+£ #*PF %o
X5%Mu#eShMa - ABMO & %Wh]&62eUB*CRO & X4Sm#*PF %MO
K#LL

GU#SARTF%% 1l e U=X*AB/ 26 v/ L
A1%48#X1%106X15%386X1%50
A2%307pA2%206X2%406X2%60~21 ¢ URCR*P%ERL/Z
X3%30#RA3B206X30406X3%60642 « UXFCR*P%BOO/ L
XG%30HBRGH0 206X 45406 X4%60—6 ¢ UHCR¥PF%8OO%G
X5% 207 0 X000 X5 0406 X0%0H~0 ¢ URCR¥PFGBOUXGU
XOBIOFBAO0Z2E06A6%40EX0060= ¢ SHFLCRF¥PSEBBOL/Z
SX1RKO#SX 1w lo-X1%4n

OX20KBESA 2% I n-X2%30

SX3BKO#ESX3%lon-x3%30

SX4%KOHESXG% [ o=-X4%30

SASWKEO#SADw I E—X5%30

SXEXKEH#SAER I O=-X6%3D

AKI3S#U U

THAY% IO

U#GY% IO

V#YM% IO

AKX B2 e URSX2BKEHESX3%KBESX]1DKED /4 o0
CX #BSX5Kn-SX4%Kaa/SQARTF%8 40D

AM ﬁﬁuxuaﬁmlw.c*oxocﬁmlo:wu (BR/ 4.0
GX RROX20KEOESXEDKO—SX1%GKOO/ 4« U

HX #SXK20KO~SX3%KO-SA6%KOO /%4 ¢ U3 XD
SHVHAAX

RAM#ECK



oﬂHﬁuA
RAFCASHA
ARG SHHX
GUW# AN
CA#CY%Ia
FaERY% IO
CREDHAXR=XMORCXEHT=VO*UD%2 oL
AMRmmAKGKMd*ﬁKG%TGVU*?U*Zou
OAG4 kO =%CAFHAXGCHFL#4 o U
OAXDWKOFEARFAMET#V
AXH#AXFAX
CX#CX*CX
GX#GX*GX
Aﬁ#AM*XM
HX#HX*HA
THTHI
CHRC*C
V&V
JrU#U
FHE*F
SK1IBKO#FAXGTEAMEVEZ « v HCXELEGXGEUGHXEF T
SK20KE#2 ¢ yKRBCAEC=GA=U=HX=FalAXET &EAMENV
SK3%KO#SX1%Ka = SX2%KDO
SKZ2%KO#ESARZ%Ka/ SX1%KO
IF %X3$=leun 11351135115
113 1F BTEST=2.00 1149117118
114 PUNCH $90s%
PENCH 110
11U FORMAT%TXs3HS12s10Xe2HT0 s 1UX sdHD s 7TX95HICIMD 9 10X 5 2HHX 97X 25H Kl B
PUNCH 99U
99U FORMATBLOXs2HAX$22AZ2HCX e 22K 3 2HGKD
TEST#Z2eU
117 SI2#S8S12/10Ue0

PUNCH 6UU39129sSX1%KHsSX2% KOs OX3IUKT s X459GU o lisl
L#LE1

PUNCH 700sSHVIsRAMsSTASI oL

L#ELGL

GL TO 98

A% 1& BTEST~6eU0 146811719
116 PUNCH S$30sX

PUNCH 12v

12V FORMAT%7Xs3HS12s7Xs5HCX HXea7Xe5H CKPs7Xs5H CNNs7Xe5H CKKebAa
14HPPPPL
FPUNCH 130

L3y FPRMATEGA’lﬁDst95ml~1HQsCX;%HRCKP:CX9QHPLIFaoﬂam”RCKﬂscAs PDT#

TEST#6weu

119 SE2#512/4100
SADWKOF#BSADWKOGLXGEC—OX=UGHXEFUwZ o U
SX6%BKA#CR=-AR
FAXH2Z ¢ VEDBGAGUGEHXEF=CX—COGAXE T EAMEV
AXFSAG%KO
CX#SK L%K
AXZEAX/CX
SX5%Ka#SX5%K O/ CX
SX6BKO#SA6BKT/CX



L#ELGL

S12#5X40oKO*COSFRAAL=AAT-CR#*#S I NFBAALEAADEAR*SINESAAL=-AAD
I
1

SHAHACR®*COSFoAALGAAO-AR#®COSFRAAL=AALRGS X4%KO#S ]
S1IZ#512/CX
SHHESH/CA
ASRou#%Sl2—-AXa®x1UUev/S12
ACNOO#WOSH=SA6BKOOH* Luv ¢ U/ SH
SALaoKOFASXK1wlo—-X1%40
SX45%KOHESK4% I n-X4%30
SXSBKB#SX5%1E—X5%30
SHNZHKO# ~-SAL%BIOEX2%30
SX3%KEH# =-SA3%lo&X3aw3n
SX6HKOK =5X6%]106X06%30
T# ~BAYIO&oYMBIoo/2eu
VaRTEGEY S IO
T#T=-GY%luo
U#BYMPpIo=AY%Iaa/2e0
GO TU 68

115 PUNCH B8ulesoX20KOsoX308K0e512eX5%u5005H s XE%50 [ ol
LALGL

96 CONTINUE
TESTHTEST=240

99 I#l&l
TEST#TEST&3.40
IR %l=108 10195054505

66UV FORMAT@6F lZze59214m

TUU FORMAT %3F24.89214D1

guu FORMAT 6Fllebs214/D

585 STOF

£iND



APPENDTIX C

317 MEV 0B3ERVABLESs AND SCATTERING MATRIX XREALn WITH OPEP

O6PEP TENSOR EORCE CHMANSING IN L#S PHASES AND IN ALPHA 6

COULOMB iINTERACTION INCLUDED

512
. 20000

.40000

+ 99984769
10

AX
105%.03%980

~32. 40090200

1057. 04040

60000

105%1.04040

~32.40090200

.30000
. 00000
. 20000
.40000

N = T~

60000

$12
.20000
. 40000
. 0DOD
. 80000
1.00000
1.20000
1.40000
1.60000

1057. 04080

~32.40090200

105%. 04110

~32.40090200

1057.04150

-32.40090200

1057.064190

1057.04220

-32. 30000200

5480??3

Ax
40613
-.4714494473
140552
-, 17244447
40y 94
- 111444497
40439
~. 1?4HHQQ?
40333
-. 17144443
Y0333
~. 1344452
» 40292
- AM 44447
JH02 U8
-. 17144447

.99955
« 99955
-99955
.99955
. 99955

.15828
15254
14677
14093

13518

12936
. 12352

11767

.9995 5
» 99955
. 99955

49

IH4ND
Cx
46380

.00972558

-Ub940

00972559

46710

00972559

.463%0

.0097255 8

47040

.0097255%

43220

.0094#2558

43400

.009%#2558

415606

. 00972558

101 Mp
X
34194

.09572033

34366

09572633

.345541
09572034
24738
09572033
. 54928

. 09572034

.35120
09572034
.353145
09572033
35511
090572034

\

\

{

i

Lt

!

HX

.0Us541
. 04672
L QUBOY
.04936
. 05068
.05200
05332

. 05464

Hx

. 11053
. 10942
10931
10320
10609
10498
40383
10237

XM
6X
- 27416

. 317929735

-.27324

-.31838873

e

~e 23232

31984775

31930635

-.23049

31926600

-.2695%

«32022500

~1+26365

.32068400

~. 26733

32114325

XM
6X
- 26996

24654443

-.26704

.1“795?41

-o26¥21

.24937020

. 25079293

-.25856

« 25249595

~.25574

25360857

-,25291

«25502132

~.25643¢412

@
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N
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WO Qo w0 VS A=
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11
13
19
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21
12

LY
15
XS
23
13
19
30
54
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512

. 20000

.40000

.60000

. 80000
1.00000
1.20000
1.40000

1.60000

S12

. 20000

. 40000

. 60000

. 90000
100000
1.20000
1.40000
4.60000

S42

. 20000

. 40000

. 60000

. 80000
1.00000
1.20000
1.40000

. 93969262
10
AX
. 37904
.04906%6%
.37256
04906349
. 36636
04906366
. 36045
0496636
< 35483
04906366
. 34948
04906364
«34443
04906363
. 33%965
04906567
. 96602540
10
AX
40557
.099914620
39476
05591648
.39447
.05594646
3347
.05%591620
36547
. 05994618
35646
. 055946149
.34858
.065914619
. 34092
.095594620
76604447
Lo
AX
.39250
02326069
39643
02326070
.38004
623260714
37424
02326072
.36872
.02326070
.36348
.02326071
.%5853
. 02326072

D
« 25921
- 26238
. 26522
26771
< 26983
« 27154
-272892
+ 27366

27725
29170
.30621
. 32011
+ 33544
34944
+36352

.37730

.3423¢
.%5268
.36310
« 37361
+38419
39482
240548

T01MD
' |
.29029
.1925198¢6
.234%0
.19251996
.26919
«18251966
. 26395
.182519860
.29909
.18251986
.29459
.1625198¢6
«25046
.182519946
24670
. 18251986

101 MD
X
29313
. 25326001
27960
. 29326001
26674
25326000
.25453
. 25326001
.24299
.25326001
.23209
25326004
.22186
. 25326001
21229
. 25326000

TO4AMD
CX
.29912
.30397928
.24 995
.303928%9
24204
. 30397880
23441
. 30397880
« 22706
.56397?881
21997
.30397881
.21315
. 30397879

HX
~.20754
-.20130
-.19563
-.19004
-.18424
-.13937
-.17254
-, 16671

HX
-.24920
-.241462
-.23402
-.22647
-.24983
<. 21124
—«20364
~.19605

HX
-.23%467
~.23075
-.22683
-0 22292
-.21900
~.21508
-«24417

)

L

1

—

-

s

-—

-—

50

XM

GX
- 25174
«12514180
-.24463
+ 12962539
-.23766
.13213899
« 13565257
-.22360
13916617
-.2165%
14263977
-.20955
146419337
14930694

XM

&X
-.20912
03237394
-.19919
«037133750
-+ 19926
.04230118
04726483
-.16941
05222849
-.15949
05719215
b 1 ‘1055
. 06215580
-~.13962
06744946

XM

GX
~.136379
.02371815
023407275
-«14953
019087233
~,14090
01477192
-~.1022%
040456512
-.09364
00614110
~.08500
« 001932569
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39
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41
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K
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ub
U3
49

49
50
51
52
s3
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63
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69
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72
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76
77
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1.60000

512
.20000
40000
- 60000
. 80000

1.00000
1.20000
1.40000

1.60006

42
.20000
. 40000
.60000
. 30000

1.0Q000
1.20000
4.40000
1.60000

S112
.20000
.40000
.60000
- 80000
1.00000
L.200006

)

i

i

i

\

[

\

i

35367
.02%26035
.64 2787262

10
AX

36081
.02222090

.36191
.08222695

.36300
.02222096

26427
02222095

56552
. 082220995

« 56683
.02222099

-356819
.0L222095

.36960
.02222095
50000004

10

AX

.34728
.06860178

551006
06860127

. 35500
. 06860177

-35909
.0686017%

. 36%3Y4
.06860178

. 36735
.663801738

.23723%1
06860177

37303
.06860178
«34202021

10

AX

. 35319
.16756800

.55889
.10756800

.36029
10156299

-3%6286
10756799

« 96513
10756799

36357
.107256800

L4161

D
CU6161
45530
.44973
44371
5364
45152
42535
41915

D
55735
«53863
51989
«50097
48198
<46194
V44593
47482

D
-57656
56005
«54546
«52682
«51014
J49246

. 20661
-3503978961

I01MD
CX
19495
- 3%456043%
2196958
3345604y
19978
«3HYS60UL
207264
«334560u2
+2055%
«33Us60uy
+ 20853
« 33456042
< 22115%
« 3345042
21468
. 33056041

TO1LMD
CX
15372
«3484p620
16105
3484606214
170Uy
» 34846649
47949
«34846649
.18924
+34846620
49750
v 34846622
. 20705
34846619
21666
349406621

To1 MD
X
15124
¢ 35453140
15789
35153419
46U
«351534149
1374320
+ 354534206
. 478836
-35153148
«186149
35153419

-+20725

HX
- 192U
-.19492
-.19%20
~.19948
-.201%%
-, 20405
~.20633
-, 20861

HX
~.15699
-.16247
-.1679¢
-.133U2
~.13890
-.49439
-.18986
-.19534

HX
~.14603
~.14901
~.1519¢0
~.15499
~. 15796
~.16094

5%

-.00248970

XM

GX
-.04325
.06455091
-.04010
06292454
—.03%60%
.061393% 06
«05992179
-.03064
05824542
-. 02249
05666905
-, 02434
»05509268
-.02149
«05351631

XM

GX
04997
08824744
04644
09046429
04301
09217514
«03958
09388900
03616
09560295
03273
09731670
02930
09903055
025987
10624441

XM
GX
11822
10930143
-11119
11282208
ipyld
.11634273
09710
11996339
, 09005
12338403
«08301
12690468

ug

<}

v
7]

oo o

¢

Wy R YJuN NN PV R Y o

PP RDIP® BRSO,

9%

99

99
100
101
102
10%
104
105
106
10%
109
109
110
111
111

£43
114
£15
116
113}
118
119
120
124
122
123
124



1.40000
1. 60000

512

« 20000

40000

.60000

.g90000
1.00000
1.20000
1.40000
1.60000

512

. 20000

+40000

+ 60000

« 30000
1.00000
1.20000
1.40000
1.60000

$12

D
. 20000
01303

40000
01697

60000
01692

.80006

«33020
-.20356800
37302
”*10?56800
13364828

16

AX
< B3452
-,1%339812
51296
.33246
-.1%354812
« 37007
-.13%329812
«26879
-.13339812
.56 763
-.13%3%9813
.36658
-,133%39813
.36565
«13330013
01745244

10

AX

»33265
14293581
37948
14293591
37641
14293582
31344
-.141293581
.31058
-.1429358%
.3678%2
~,14293591
.363517%
~-.14293582
36262
~-.14293582
.99984769

CX HX

I01IMD
-. 00044
1039.034370

{

~.00045
1039.09410

‘:OOO46
1039, 15360

:47680
+ 46018

D
:53627
.53%438
«9323%
«53012
+523176
52523
+952255

« 51971

D
49935
.51094
52231
153344
54437
(55494
565249
.57532

CKP

RCKP
0. 60000
~.00002

0.00000

0.00000
“00002

0.0000D

+ 19369
« 35155119
«20136
135153120

101 MD

CX
+17369
«35010041
+ 13365
+3501004%
17371
« 350100473
«17%88
. 35010041
< 35010044
+1F454
«35010043
175012
v 35010043
c17564
«35010043

101 Mb
cX
«1915%
«34903317
.18558
. 34903347
179870
« 24503318
17423
34903316
16880
34903326
163720
34903347
15874
« 3490331 %
+15399
« 34903317

CNN
POIF
04666

107.83202

01660
108.08290

s0L655
108. 29500

V1645

HX
-. 15324
-.15083
~.14844
-« 14605
—~.14%66
-, 14127
-.13899
--13650

HX
-.15894
-.15397
-. 14880
-, 14374
~.13867%
-.13360
-.12853
-.1224¢

CKK

RCKK
. 01656
01656

01650
01650

01645
01645

01640

5%

07597
« 13042533
- 133945989
XM
GX
14797
:129198872
14249
12192984
13701
»13466887
«13153
13740889
v426075
414014692
12057
. 14288894
.14509
44562897
~109064
414836699

XM
GX
14474
14221764
14412
14262913
14349
14294063
14247
«14325242
+44225
<14356361
44462
14383541
. 14100
44418660
«414038
4444944 0

PPPP

PPDIF
1057. 039406
~-,00040

1057.03970

-.00010

1057.04010
=.000L 0

105704040

Do o

D\ N0 D0 N0 000DV O V0D T

115
126
L
129

129
130
121
122
133
124
135
1%6
1%
139
139
1%Q
144
149
14%

144

145
146
143
148
149
150
151
152
153
154
455
156
15%
158
159
160

162
162

163
164

1065
166

167



01686

1.00000
«01680

1.20000
. 01675

1.40000
016069

1.60000
.0lbb4

312

D
«20000
.49585

«40000
. 490996

.60000
«50184

« 80000
.50480

1.00000
«50374

1.20000
451066

1.40000
+51356

1.60000
«51644

312
D
« 20000
~. 03955

40000
~. 02078

+ 60000
*uOOlSQ

180000
04800

10%9.21%720

- .00049
10%9. 22290

-,00050
10%9.%%220

-.000651
1059, %9190

~.000%3
1039, 45146

.98480335
X HX

104MD
-.061058

«20434

-. 04047
+20%22

-. 01 0%6
20472

-. 04026
«20025

- 01015
19880

<. 01004
19738

-. 00994
v 19599

-, 0098%
19462

. 93960262
CX HX
104MD
-.03788

39403

36030

~.035%5
«3b695

- 054698
35396

-.00002

0.00000
-.00002

0.00000
-. 00002

6.00000
-. 00002

0.0000D
-.00002

CKP
RCKP

. 10859
-10866

-10370
10374

-10091L
-10680

.40%590
+10586

+10499
»40490

10407
10394

10313
10296

:10219
10198

CKP
RCKP
v40 790
44008

» 40357
, 40539

« 5995327
\ 40103

29349
439579

108.50742

1 01642%
108.372006

.0163%8
108.9%%01

01632
109.14624

» 01626
109.35972

CNN
PDLIF
< 02309
« 06695

. 02109
03131

02407
~-.00543%

.003702
-.043%40

~.00005
-. 08266

-.00%16

-. 01429
-.16519

-.02244
—‘20653

CNN
PDIF
25440
+953463

24307
«549 05

122244
56500

« 21940
«56063

. 01640

01634
. 01634

. 01629
+ 02629

.01624
01624

040619
01619

CKK

RCKK
-.36586
-«36580

-.35970

-.35%43

-. 34722
-.34747

-.34091
-.34080

-« 33455
~. 33450

-.3%2814
-$32809

-.32469
~.32164

CKK

RCKK
-.423%69
-.423%26

-041191
-.41150

-.41180
~~4114O

-.40534
~. 40494

s3

-.00010

1057 04070
“.00011

1057.04110
- Q0011

105%.04450
-.00011

1057. 041980
-.00011

PPPP
PD1IF

« 369306
‘101452

136876
-.01498

« 36018
-.01495

36763
-.01501

36711
“-01508

.3606061
‘\01514

¢360645
-.01521

236572
-.01529

PPPP

PDIF

245389
—-.09739

+23690

+23274
~.09840

022680
’-09337

=
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168

169
170

1714
172

133
174

175
176

177
178

179
180

401
182

183
184

165
L96

193
189

199
190

191
192

193
194

195
196

193
199

199
200



1.00000
03797

1.20000
035830

1.40000
» 07894

1.60000
09985

12
D
«20000
_003340

. 40000
-.0@08?

.60000
.01256

«B0000
03698

1.00000
06206

1.20000
.08304

1.40000
.11476

1.60000
.14217

312

D
»20000
219922

+40000
.21184

+ 60000
«22476

, 80000
.23795

‘:03362
134135

-.08255
162911

-.03149
121724

-.03042
3054

286602540

CX HX
I01MD
-006311

~106119
«39905

'005926
¢5?964

-o05?34
» 36089

-.05542
134279

-.05349
» 32535

*00515?
« 30857

~to4965
29245

. 76604447

CX HX

I04MD

~+07193
+ 31431

-.07014
.30433

-.06895
+ 29462

~.06276
v28519

+53%73
» 39006

« 58147
. 383381

-57471
«31R06

36744
+369%9

CkP
RCKP
+63177
.62987

+02959
+62780

202643
162474

062223
62062

461690
. 61537

+61040
«60893

60267
.60124

«593%64
«959224

CKP
RCKP

« 73716
« 732324

+ 73700
« 73231

+ 73627
73171

« 73497
+ 73054

. 20709
+59546

« 19445
+ 60942

18153
262244

+ 16833
+6%441

CNN

PDIF

+ 56551
’w5020b

+56318
-926541

»5603%0
"22152

+55683
-925909

+»552753
—-Z4q23

« 54799
'924200

254256
-.23769

+53644
’523661

CNN
PD1F

+ 74320
-.657%34

+ 74821
~+64003

« #5279
~.62422

« 75690
‘-61050

”~39655
-.39814

~u59137
~.39098

’038366
“»38347

~¢ 37600
'137562

CKK

RCKK
-23050
‘n229?4

°w22356
~—e22279

-~ 21620
’I21544

-.20642
'n20?66

'ﬁ20023
“119947

'thtbi
‘n19067

-.18259
“118186

-.17318
‘917245

CkK

RCKK
-.11280
-.11186

-.10667
~«10572

‘\10022
-.099273

=.09345
-.09250

54

22117
-.09928

‘109966

221077
= 09999

» 20600
~:110026

PPPP

PDIF

114829
‘t33316

13747
-+ 34334

e12718
-.35419

211742
’tSbS??

10918
"\3?821

109947
-|30464

09129
-140620

03363
*:42210

PPPP
PDLF
02186
- 84520

01549
—t89801

. 00940
~<95862

«00359

-1.02994

Ww o wWw wWWw
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201
202

203
204

205
206

207
208

209
210

211
212

213
214

215
216
217
218

2419
220

b A
222

225
224

225
226

223
228

229
230

231
23%



1.00000
«25140

1.20000
« 26509

1.40000
+ L7899

1.600060
.29308

511
D
+20000
47206

40000
» 46423

.60000
«4563%0

. 80000
44345

1.00000
. 44049

1.20000
143251

1.40000
+~AL4 49

1.60000
.41644

542
D
«20000
610012

» 40000
59656

+60000
+59283

+ 80000
+56385

1.00600

« 27602

-.0653%3
«26FL3

-. 06419
»25856

~. 06300
»25015

64278762
CX HX
T0LMD
~.06445

»19048

-.06521
»19390

~.06597
«19337%

-. 06674
«20091

»20451

_506926
«20917

-21189

-o06949
.21568

.50000004
CX HX
IO1MD

113543

«14163

«14809

-.06043
+15482

-. 06434

+ 73305
«72969

- 73054
»72622

w7273
« 72309

72344
+»71928

CKP
RCKP

« 72581
72194

» 73203

. 73912
«F3441

s 74406
- 14043

+ 749986
014630

. 795551
+75202

+ 76102
+75760

+ 76638
76303

CKP
RCKP

, 64218
64379

. 65701
65856

67123
67273

+68484
168619

+ 69784

« 76052

s 36362
-.58979

» 766716
-« 58304

76812
‘.57397

CNN
PDIF
-B8249%4

-.53578

+827293
~.51969

-.50442

.83381
- 49995

« 33659
~.47625

+83926
-.46331

«84183
-.45108

- 84430
-«43955

CNN
PDLF
« 39355
+24939%

» 79455
023573

« 79549
022233

+ 79637
020917

«70719

-.08837
-.08541

-.0%893
-.07302

-.07125
-«07031

’~06524
-.06229

CKK

RCKK
-.06565
-.06472

-.06416
-:06322

-.060%8
-\05961

-.05792

-.05689
-.05599

~.054175
~.05375

—-.05249
-.0S5147¢

CKK
RCKK
-.08603

~.08912

~.09133
~.69048

-.09371
~-.09279

-.00608

55

-.001L92
-1.11524

-+ 00715
-1.21926

-1.349%1%

~.016%7%
~-1.51628

PPPP

PDIF
-.08920
-1.44632

-.09600
"L\ 53?50

-1.62173

-, 08354
-1.69335

-~.08223
~1.¥3330

— 0809?‘
-1.86301

-.07947
~1.9642%

bppiP

PDIF
—.14026
~1.01332

~-1.067472

- 45244
<=1.00024

-.12834
-.99181

~.12409

(R (O8] (S 09 (S48 7]
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233
234

135
1%6

2%*
23%8

239
7240

241
242

245
244

245
246

247
248

149
250

154
252

$55
254

255
256

157
258

159
260

264
262

263
264

Z6S



+55466

1.20000
.54027%

1.,40000
«5257#1

1.60000
51100

S12
D
«20000
o58459

. 40000
+58529

« 60000
58591

+ 90000
. 58627

1.00000
039636

1.20000
58620

1,40000
-58579

1.60000
«+58543

512

D
. 20000
=51582

140000
« 526870

« 60000
«54356

.80000
155158

1.00000
¢ 57118

-16191

’m06425

-.06616
« 13053

—-.06806
-12436

¢ 54202021

CX HX

TO1MD

—105133
.14944

=+ 05238
.14883

-.05343
214039

-.05448
15012

-sosssz
+15103

-.05657
«15210

-.05762
« 15334

-v05867
. 15475

« 17364828

CX HX

T04MD

~-.05364
.181435

-. 05280
s 17540

-005196
« 16954

e 05113
+ 16380

~.05029
«15915

«69922

+7102%
« #1155

172206
~32329

. 73328
« 73444

CKP
RCKP
.58%16
+59603

+39605
+ 60483

60455
+ 61332

61264
162133

262033
+62891

62762
63607

65448
642379

64094
« 64907

CKP
RCKP
.58507
+ 599565

+ 57863
»59329

+57196
298668

+ 96507
« 57984

+55795
+57276

219621

» 79794
18346

+ 79864
. 17099

79927
+15848

CNN
PDIF
+68817

1.49795

+689066
1L.46014

+ 69074
1.43019

69143
1.39826

69171
1.30447

«69161
1.32891

«69113
1.29165

«69023
1.25229

CNN
PDIF
«59%37

2.42811

+59615
2.46340

+59471
2.50788

+59306
2,54651

«959120
2.58426

_v09514

-.09849
-3 09754

~.1009S
-.09999

‘310246

CKK

RCKK
-.143%10
-« 14222

-.14809
= L4924

‘LlSZQZ
‘»iSZOS

-.15667

'|16204
~-.16115

—L16654
-016544

‘~1?045
-.169595

_w1?458
‘ti¥348

CKK

RCKK
~.19427
-.19342

~«1.9999
19014

|

~+20539
-020454

‘021047
-020962

—v24321
‘421437

56

-. 98235

- 11969
-.97201

“:iiSiB
-096091

-.11044
‘094919

PPPP

PDIF
-.13928
—261633

-01375?
‘060016

~o 15567
-~ 58433

-.13360
‘057036

‘¢1313A
-055656

-.12889
-.54336

~. 12626
-.53070

-.12344
*¢51853

PPPP

PDIF
~.11326
-.43754

‘011987
—042491

-312137
~+41328

~:12276
~,40251

~.12404
-+39252
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266

267
269

269
230

a2+l
272

233
274

235
236

233
23%

279
280

191
282

283
284

285
286

267
283

289
290

291
292

293
294

295
2 %

297
298



. 584895 15262
1.40000 -. 04862
. 59847 « 14719
S12 CX HX
D TOLMD
«A%619 .19278
40000 -.05370
+ 50964 .18608
+ 60000 ~-.05193%
«52289 « 17958
» 80000 -+.05017%
« 53594 «17330
. 54876 . 16722
1.20000 -.04663
« 56135 16134
1.40000 ~.04436
«57%69 « 195567
1.60000 -.04309
. 58576 15021

POLARISATION
512/DEG 10
«60000-.00008 .14520

«90000~-,0000% ,14547

1.400006-,000608

«14599
14623

55061
+56544

094307
«55789

.555314
« 55012

Ckp
RCKP
«50241
«6087%7

« 51842
+ 99524

« 56433
«5812%

«54987
«36693

+53502
¢35222

«51979
153712

«52164

48822
« 950579

20 30

«32199 ,37734
31756 .3%8789
+%2293% ,39842
32927 ,40890
«33350 ,41927

«58912
2.62109

+ 58683
2.65694

. 58433
2,69179

CNN
PDTIF
56572

2.73617

«56209
2.82194

«3559853
2091324

55501
3.01062

+955158
3.11469

+ 54821
2.22620

«54491
3.34597

» 54169
3.47494

40 50

+ 59928
40622

-.22234

e 22 15?
';22654

CKK
RCKK

-.21687

=.21620

-.21924
-+219356

- 22155
—. 22087

“922361

s
-¢22743

e 23017

—023145

60

v 38197 431560
«38092 .31160

+41305 ,37993 30756

-41976
«A2633

« 37889 ,30349
+« 37781

+29939

70

21529
21316
. 21094
120904
220627 10498

5T

-«12520
—+38322

-.37453

-.127138
-.36640

PPPP
PDIF

-.10735

~.31018

—e11052
“~30896

-.30%#19

-.11656
=+306066

-.11942
~.30559

e 30457

~.12493
-+.303%606

"912? 38

80

+10649
+£0613
«10575
»10533

\O ~O O O 0N

10
10

10
10

10
10

299
300

3ol
302

303
304

305
306

307
%08

309
%10

311
342

313
314

315
316

317
349

318
320

89

01056
01056
. 01055
01054
.01053



312 MEV SCATTERING MATRIX %IM,

Ya

-2062960
«33%84¢
+32565
28894
24231
«1907%%
«13741
«08411
+03245
-.01245

YC
-.00055
-.00541
-.01002
-.01348
”sOiéOb
-.041836
-.02084
-.,023314
-.02528
-.02603

PARTu

M
-.00824
-.00667
-.00216

. 00458
.01237
01968
. 02487
02659

. +0240%

01810

OPEP CENTRAL FORCE CHANGING IN L#S PHASES

COULOMB INTERACTION NOT INCLUDED

812
.20000
«A0000
«60000
.80000

1.00000
1.20000
1.40000
1.60000

512
220000
+40000
.60000
. 300060

1,00000
L.20000

1.40000

« 99984369
10
AX
47564
14748967
.47334
.15350865
+437243
«15912765
« 47050
0164?4665
v 46896
17036562
«46750
17598462
AAGbii
218160362
246483
18722260
+ 28480775
10
AX
A1451
14449632
041350
.14664204
«A1255
153027235
« 41165
15744266
» 44080
.16185798
+44001
.16627329
.40926

D
~-. 04933
~.04198
-.03545
-.029%5
~.02188
-.01484
~-,00764
~.0002%

D
411039
11556
12083
012619
«13165
13749
14292

TOLMD
CX
.49863
00971534
.49373
. 00971534
+ 48387
.00971534
. 48403
.00971534
47922
.009%1534
47444
.00971534
+46969
,0097153 4
46496
. 00971534

T01MD

CX
«36875
209561890
+36571
.00561890
+ 36270
. 09561891
+«35970
209561991
035672
08561891
+353%5
« 09564690
055081

YG
+O7585
«02545
074298
07232
«06933
06484
« 05807
04822
03469
01916

HX
-.04954
-.04954
-.04954
—.04954
-,04954
~e04954
-.04954
-.04954

HX
-+10495
~-+10495
-+10495
-.10495
-.10495
-.10495
-.10495

58

YH
.08409
03226
07715
.02000
. 062 33
105550
: 05035
. 04704
. 045322
04481

XM

GX
-.279%41
-032754645
~.27754
-.325673245
'02356?
-232330045
-~.27379
-.32192745
'~27192
-+ 32005445
-.22005
‘-31818145
’02661?
’031650845
".26630
-+31443545
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XM

GX
-226584
-.25835555
‘326457
‘0256883?7
-.26290
~¢25541200
‘026143
-+25394025
“.25996
”.2524684?
~-225849
-.25099670
‘vZS?Oi
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1.60000

512

» 20000

« 40000

60000

. 80000
1.00000
1.2000Q
1., 40000

1. 60000

S42
»20000
. 40000
. 60000
. 80000

1.00000
1, 20000
1, 40000

1.60000

312
«20000
. 40000
+ 60000
+ 80000

1.00000
1.206000

«17063861
~ 40857
+17510303
093969262
TO
AX
«37267
QLSObS?OQ
« 37255
« 13218602
« 37244
»13371503
« 37234
13524401
037224
«136773%02
«37215
«13830203
$37206
12983101
.37108
. 14136002
286602540
10
AX
«33193
«10246802
«371%0
+10121059
.37188
099953172
233185
.09869573
« 37184
097243829
«371863
006180385
« 37182
09492341
37141
09366599
0 266044472
10
AX
.37003
05234616
«37068
105498252
«370654
05261899
,5;045
.05025542
.37032
.042891482
37023

14354

D
«29505
229657
. 26770
v28903
«29037
v29172
«29308

229444

D
34109
. 34058
. 34008
- 33957
033907
+33853
. 33808

+ 333760

D
«33440
38438
.38437
+39436
30437
« 38440

.09562890
» 34788
209561890

TOLMD
CX
26644
218232263
226586
«18232263%
« 26529
18232263
v 26472
»18232263
126415
v18232263
26359
210232263
018232263
.2624S
+418232263

T04MD
(@
224506
0252976329
024523
+ 25297639
24541
+ 25297640
224558
. 26297646
024575
0252972640
24593
25292639
24611
«25297639
«24629
25292639

I04MD
X
022927
» 50361942
022819
« 36361942
022842
.30361942
$22904
30364942
.22799
« 30364942
227914

=2:10495

HX
-.13306
-:18306
~218306
-.18306
-»183006
~+19306
~.18306
-.183006

HX
-.21769
-.21769
-.21769
-021769
-.21769
-.21769
—e21269

—o21769

HX
-:21386
-, 24786
-,24786
~.24786
~.21786

“u21?ab

59

“024952493
-025554
-.24805316

XM

GX
-422693
’414143595
'022642
-.14092629
—.22591
-, 14041662
-.22540
\915990695
~.22499
~+13939729
-.22438
-.13883762
-.22398
-.13837795
“.22337
‘113?86829

XM

oX
-.16838
~-.05673894
-.16930
‘005115808
’316972
'005157723
‘017014
—:05199537
”017056
~.05241552
*017098
’305285466
"017140
~-.,05325384
-,17182
-,05367296

XM

Gx
’010015
001343439
-.10092
001264653
-+10170
01185867
‘v10249
01107031
*910328
401029295
-.10403
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1.40000
1.60000

512
20000
«40000
+ 60000
80000

1.,00000
1.20000
1.40000
1.60000

842

+ 20000

»40000

. 60000

« 80000
1.00000
41.20000
4.40000
1.60000

S12
+20000
40000
160000
. 30000

1,00000

004592874
»57016
04316464
.37010
.0408010%
042738362
10
AX
+36514
~.00036222
-.00179546
«36493
-, 00322868
30404
-.00466193
56484
-.00609517%
.364%3
-,00%52842
« 36473
-.00896166
e 36468
-.0103%9490
.50000004
10
AX
36146
—. 05973962
036148
-,05923365
«36149
-.,058%2%6b
-.05822167
«36153
- 05771569
«3645$
-.05#2069%0
«36156
‘005-6?03?1
.36158
~.05619773
.34202021
I0
AX
36272
-. 107777299
36272
-.10593037
+36274
-.10408274
236277
~.10223511
«3b281

038443
.39447

D
+43566
436106
436066
«4%2716
43367
-43818
«43370
v 43922

D
48414
48391
+ 46547
« 48314
v 48281
«438248
. 48215

+ 48183

D
.S1844

«51682
51520

+S13%58
+$119%

0230561942
«22786
30361942
222780
«50%61042

IO1LMD
CX
1206006
«%53413558
« 20583
«23413558
» 20560
* 33413558
2209338
33413558
020516
« 33413558
020494
33443558
e 20472
¢ 33413558
+20450
233413558

101 MD

X
+18645%
+34798623
«188659
+34798623
18672
34798623
18684
» 34798623
«18697
+34798623
.18710
«34798623%
«18723
024798623
« 18736
+34798623

04 MD

X
017466
+35100803
+ 1?5206
«+35100803
«1F58S
+35100%03
17645
«3$100803
17706

-+21386
= 23786

HX
-.20064
~.20004
-.200064
~+200064
-, 200064
-.20064
-,20064
-2 20064

HX

13777

137233

213337

17777

A32737

REFEL!

«1F7F7

HX
15683

|

«15683

-.15683

~ e LS-O 83

60

.00949508
‘010486
.008%0722
-.10564
.0079193%0

XM.
GX
-.02906%
.059923229
gl OSOi 5
«05944954
-.05001
05897180
« 05849405
<.03156
. 05801630
~. 03204
05353855
«+ 05706081
- 05658306

XM
@X
+0345¢
.09453%606
03473
00470471
«0%3490
09487333
05507
«09504204
. 03524
.09521070
03540
095239356
+ 035572
09554303
03574
+095#1669

XM

@X
08654
012022219
L08715
,120838072
<08#7#7
.1214539%4
088338
012206982
08900
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76
77
#3
#9
8o

8L
82
3%
34
85
Bb
87
88
89
35

31

92

44
a5

97

98

99
100
101
102
103
lo4
105
106
1031
108
109
110
141
119

113
114
11s
116
117
118
119
120
124



1.20000
1.40000
1.60000

942
.20000
240000
60000
«30000

1.00000
iazgpoo
1.40000
1.60000

512
020000
«40000
.60000
« 36000
1.00000
1.20000
1.40000
41.60000

S12
.zgooo
+ 26197

»40000
«25238

+60000

-.10038749
36285
-.09853%98¢6
e36291
—009669223
«36297
-.09484461
.L7%64828

L0

AX

«36629
-.13543572
.36629
-.13%%38530%
36629
~213227042
36629
-.13%0638737
« 36631
—.12910§12
36632
-.1235224%
+3663S
-,12593%982
36633
-01245§?17
01745244

T0

AX

+ 36806
-»14157036
« 368006
-.14438¢33
« 36506
-014120230
36806
-.14401827
v 368006
-.,140833424
«363806
~. 14065021
36306
-.14046648
~01402821F§
30984769

X HX

TOLMD
-. 00048
+35163

-2 00048
35425

«51036
50875

»S0#1S

D
« 53707
053543
253%3%9%0
«5323%1
. S30%3
«$2945
.52757

»$2600

D
54923
+ 54905
54886
.S4867
0 54843
+54829
« 54810
54791

CKP
045t
00549

00453
, 00524

.00460

»35100803
17766
. 35100803
17327
.35100803
»17888
+35100803

TO1MD

X
»16956
.24954924
17014
v 34954924
213072
254954924
013124
+ 34954924
.17189
034954924
.17248
0549054924
. 17307
034954924
17366
«34954924

TOLMD
CX
« 16590
1248473232
216597
348473232
«16604
34847232
.160611
234847232
016618
34843232
16625
34847232
016632
«34847232
+16639
34847232

CNN

PDIF
-.61604
12.08675

~-:64803
1261283¢%

‘015683
~015683

HX
~. 14254
-.14254
-.14254
~.14254
-e14254
14254
~. 14254

HX
- o1 5995
—+137SS
-.133sS
-.1335%
15955
-.137s%
-.133SY
~.13735%

CKK

RCKK
~-.61381
~.61781

-.6203%6
~ 62036

61l

12268569
» 08961
12330157
»09023
0123917 44
«.0908%5
12453332

XM
Gx
012258
.13685804
12341
. 13738559
v12363
153791314
12416
« 128440060
212469
»13896824
12522
. 15949579
012574
14002234
12627
. 1405089

XM
06X
014019
014152401
«14025
2 1415853S
14031
14464669
014037
«14170304
014043
141769338
» 14050
014183072
+140%6
14189207
«14062
14495344

PPPP

PDIF

47526
-.000114

437346
*\00011

WEYET

Co o0 Qo OO O° o0 OO

ON VN0 NPV DO e Lo P

10

10
16
10
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106
10
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t22
122
124
128
126
127
128

129
130
121
132
133
134
13%
1306
137
138
129
140
741

442

143
144

14S
146
147
148
149
160
154
152
153
154
1sc
156
1$3

159
160

101
162

162
164

165



« 24280

. 80000
«23322

1.00000
22367

1.20000
21412

1.40000
+ 20461

1.60000
«19512

S12
D

« 20000

. 12486

« 40000
11697

« 60000
«» 10892

.80000
+10100

1.00000
09312

1.20000
.08528

1.40000
07749

1.60000
. 06974

S12

b
«20000
~. 04784

+40000
-+ 05043

-.095241

« 35749

-.00048
+36076

-.00048
. 364006

-.00048
«36%39

*e 90048
« 37075

-.000438
« 37413

. 98480735
CX HX
10imMD
-, 04002

+36275

~.01003
+ 36517

« 36761

-.01003
«3700%

-.01003
.33254

~.04003
« %7504

-.041003
+ 33355

-.01003
. 38007

. 95969262
CX HX
104MD
~-.03337

393056

— 03337
30123

-00533?
.39196

.00523%

.00461
+00525

. 00463
00527

.00464
. 00529

- 00466
. 00531

00467
.00533

CKP
RCKP
.10254
10758

.10273
.10%85

+10302
.10811

.10325
.10835

-103%46
.10858

10366
-10880

.10385
.10900

-10403
.10949

CKP

RCKP

-36939
57307

+36950
.3%318

.36961
« 31329

12.16258

12.19844

-.6254%
12.23294

12.2660%

12.29784

~.63088
12.32825

CNN

PD1F
-.410%4
4.60131

sl 4’1229
4.69830

4.70559

-.41593
4.71198

4.7138%

-.41922
$.32328

4.72818

“042216
4,33259

CNN
PDIF
.09578
.98845

09508
+98650

. 98450

-.62235

~.62500
I 062300

~.62708

-,62901

-. 63037

~s 6B 257

CKK

RCKK
. 57'456
~.57428

~.57351

-051254
-.53245

-.97136

—+53023

-056996

-.56745
-.5673%6

“0565?9

CKK

RCKK
~.36655
~.36615

~.36445
~.36406

o | 36234
-.36195

62

-,00011

» 43012

46958
-,00011

46312

46534
-.00011

-46445
-.00011

PPPP
PD1F
37774

-.01439

37674
-.0148%

» 33579

-.01501

237404

13752¢

.33250
-.01523

«37181
-501530

PPPP
PD1F

+ 23904
-,10839

2233892
i 10902

22881
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163
168

169
170

134
1722

133
134
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126

173
178

139
180

184
182

18%
18ﬁ

135
186

183
1382

189
190

191
192

193
104

195
196

193
198



. 80000
*005468

1.00000

1.20000
~.O§9l8

1.40000
‘006141

1.60000
~+.06%64

g1
D
.20000

.02627%

«+40000
.02342

«60000
.0285%

. 80000
.089%13

1.00000
03090

1.20000
.0320%

1.40000
.03325

1.60000
.03444

SE2
D

« 20000

.23%586

« 40000
«23689

. 60000
23794

~oo33§7
«3927%0

~. 08537
. 20344

”003%3?
e 3941

~.0333%
39491

—003331
-39566

.86602540

CX HX

10iMD

= 5507
«36216

~.0550%
.36170

“005507
«36125

-00550;
« 36080

-+0550%
« 36055

“00550?

« 35990

~-+0550%
« 35945

~-.0550%
«35901

. 1660444}

CX HX

T01MD

‘106614
«28336

-006614
28286

-.06614
+28238

«36972
n3?338

« 36981
« 373248

.36991
«33356

+36999
+37364

.33007
23371

CKP
RCKP
«60615
60480

.60619
«60487

«60623
«60492

.60627
«60497

«60629
+60502

«60651
«60505

60633
60508

«60633
«60510

cKP
RCKP
. 72852
« #2381

.712881
«+ 12415

« 72907
. 72445

« 09369
. 98247

« 09300
98041

.09232
.97829

. 09164
+ 97615

« 09056
« 97396

CNN
PDIF

« 50204
~224213

«50276
”121929

+50348
~e216456

50420
~«21367

«50492
".31090

50564
~+20815

«50635
”¢20543

50706
“0202?3

CNN
PDIF

« 73655
-+.64991

« 73799
~+64362

073943
--63783

-.36022
—+« 35983

-.35809
«35769

1

35594
-.SSSSL

i

+35370
.35339

_035161
“035121

CKK
RCKK
-.15186
= 1930 2

~+15422
”01534?

“.15657
-+15582

“015892
~+1587

’a16126
~-.16051

“016359
“016284

“016592
~a 1651 F

~.16749

CKK

RCKK
-.04064
~-.03976

‘00451‘
~.04419

-, 04962

63

«23871
-4711032

»22861

«23852
-+11167%

< 23843

-+11236

- 23835
”ﬁ11304

PPPP

PDIF

11470
~.49339

11467
—.49604

11465
—.4?893

_14?203

011464
“046535

:11460

-.45885

«11459
‘u45256

«11459
-.44645

pPPP
PDTF
» 0002 8

~2.3651S

.00013
-2612455

0.00000
“1695418
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200

201
202

203
204
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20%
208

209
210

241
212

243
214

245
216

9217
213

219
220

223
222

223
224%

225
226

222
223

229

230



«80000
«23900

1.00000
. 24008

1.20000
224118

1.40000
24219

1.60000
s 24343

S5i2

D
+ 20000

0 A 3874

«+40000
.43876

«60000
«43879

.80000
.43882

1.00000
.43885

1.20000
+43889

1.40000
.4%893

1.60000
. 43898

812

D
. 20000
« 55749

« 40000
.55768

.60000
.55787%

« 80000

‘n06614
.28189

~306614
.28141

-.06614
228094

-006614
.2804%

«28001L

64278762

CX HX

TOiMD

-.06704
«+20493

‘006?04
.20488

+20493

’006704
« 20478

' -.06704
.20473

‘006;04
.2046%

+ 20463

-.067304

. 50000004
X HX
TO1MD
~.06186

«15995

-.06186
.15988

"'006186
«15992

~:06186

e #2930
+ 724713

« #2951
. 72497

+ 12968
. 72518

« ¥2983
. 12537

72994
«T2252

CKP
RCKP

« 75002
« #4599

« 75019
- 74619

« 75035
. 74631

« #5049
. 74654

. 75063
. #4670

« 5015
. H4685

. 7508%
. 4699

« #5097

CKP
RCkP

- 70074
«70169

. 10071
« #0165

.70068
. 710162

« 10064

. 74085
-.63192

<4223

+ 34363
~.62040

74501
-‘614?8

«746%6

CNN
PDIF
.83120

-.353980

.832193

+8%266
-.5328%

« 933539
—o52946

« 83410

83481
“0522?6

+83551
e 51948

83621

CNN
PDIF
.80369
«13568

+802352
13432

+80335
13335

.80318

-.05361

-.062060

-.0%185

CKK
RCKK
~-.02933

-.03183
s 003096

-503432
-.03335

-.03680
—w03563

“\03928

-004326

- 046?0
-.045%3

CKK

RCKK
‘\08333
-.08440

-.08289

'-08306

64

-.00011

=.00022
‘1 . 63849

-. 00030

-.00028
-1.42299

-.00044

PPPP

PDIF
-.08382
-3.41256

-.09390
-3.1396%

-. 08398

-.08405

-.08412
-2.53539

—.00423
-2.24912

~2.,42948

pPPP
PD1F

--12392

-1.00538

-1-104(79

o 12589
~4.444739

~+12587
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232

135
134

135
13%6

137
239

239
740

244
242

243
7244

45
246

241
249

749
250

251
232

253
154

155
256

151
259

259
26D

264
261
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«55807%

1.00000
+55826

1.20000
235846

1.40000
.35866

1.60000
¢55885

542

D
+ 20000
«58665

+ 40000
.58398

» 60000
58931

.80000
.59064

1.00000
«39197

1.20000
+59330

1.40000
.59464

1.60000
«59597%
512

D
57067

.40000
153215

» 60000
»51%61

. 80000

573510

19976

‘306186
+ 15969

_OO6186
15963

-.06186
+15957

-.06186
+15951

.34202021

CX HX

10i1MD

~-.03505
.14992

“005505
14944

- +05505
.14897

-.0550S
«14850

‘COSSOS
. 14803

-.OSSOS
1435%

-.05505
A4710

-.05505%
44665

17564828

CYX HX

101MD

~-.04982
15326

-.04982
15671

-. 04982
«15617%

-.04982
.15563

« 70159

« 10061
70154

« 70058
«10149

+70054
+ 70145

«#0050
« 70141

CKP
RCKP
«62335
«632195

«62313
+63192

.62330
.63183

« 62366
.631814

«62359
+ 63173

.62351
+63164

262342
. 63152

< 62331
« 63140

CKP
RCKP
56114
+53555

.56115
+51556

« 56116

+57556

«56115
51554

«1%238

.50%01

.00284
«13081

+80266
.12981

.80249
+12883

CNN
PP1F
+30233

129335

+ 30202
1,29523

+70170
1.293%00

«70136
1.29069

«701072
1.29829

70067
1.2857%

.70031
1.28317%

«+ 69994
1.28048

CNN

PD1f
«60192
2.50354

» 00181
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FIG. &
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FIGURE 6: Strength of the tensor force in the p-p
Gammel-Thaler (13), Breit (28), Feshbach-Lomon (26),
and Hamada-Johnston (27) potentials as compared to
the OPEP,
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