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Abstry{qct
By analysing p-—p scattering below 150 Mev, it is investigated P—p scattering data demand
modifications of phase shifts given by the static pion-theoretical potentials. The purpose of
this paper 'is not to find ‘the best fit solution but to find main features of indispensable
modifications to the static potehtia‘ls Analysis at 150 Mev shows spin-orbit coupling effect.
To miake clear its property, complete experiment at intermediate energies, especially measure-
ment of C](P, is important.

§ 1. Introduction

The static pion theory has succeeded to explain most of two-nucleon
‘henomena at low (E£<20 Mev) and intermediate (E=20~100 Mev) energies,
7 being the laboratory energy.” This success following the Taketani theory”
s essentially owing to the properties of the tail of OPEP (one-pion-exchange
otential), the most reliable part of the pion theory of nuclear forces. On the
ther hand, the p-p scattering experiments at 310 Mev have revealed the spin-
rbit coupling effect at high energies.® The above two facts show the im-
ortance of analysing the p-p data at an energy around 100~150 Mev. At
his energy reion, OPEP and TPEP (two-pion- -exchange potential) in the
egions I and IT* play main roles, but innér interactions in the region III*
iave also appreciable effects if they are strong. Therefore, this energy region
s appropriate to find modifications ‘to be added to the static pion-theoretical
otentials.  Analysis is first made at 150 Mev and the connection to lower and
igher energy data is discussed later.

Hosnizakr and MacHIDA® have shown that two-nucleon interations can be
lescribed by a Ioceﬂ potential in good approximation, even though recoil effects

T Short report of this paper has been pubhshed -in Genshlkakukenkyu (in Japanese) Vol
5, No. 1 (1960), 150 and 172.

fT Research Institute for Atomic Energy, Osaka City University, Osaka.

tt Institute for Theoretical Physics, Nagoya University, Nagoya.

* 1 is the region (x>15), Il the region (0.7<2<15) and III the region (x<0.7), where x is
the internucleon distance in unit of the pion-Compton wave length Bluc, p belng the pion
mass.
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are fully taken into account. - It is adequate to discuss behaviors of phase shifts
with an assumption that they are yielded by a local potential, which has-the
following form: v ‘

- Vix)= Vet VaSu+ Viee S+ V(o L) (0, L)+ Vi L2+ V, (1)

where V; etc depend on the total spin S and parity I7 (denoted as **'V/ etc).
Static potentials contain the first two terms. The other terms are non-static
ones. -V, means the explicitly momentum-dependent term, which appears to-
gether with V;; and V%, terms.

These last three terms are small by one order of magnitude compared
with Vi, V, and Vi However, we retain V;, and V), because of their.
large kinematical factors for high L values, but we neglect V.

For convenience sake the kinematical factors of the potential (1) are ex-
plicitely written down in Table 1. The relation,

(e Llor )= {(o- Lo L)+ oy D)o, )} =873, LIL+1),
is used. The same notations with ref. la) are used.

Such an approach as attempted in this paper has been previously made in
analysing angular distribution I,(8) and polarization P(@) in p-p and n—p scat-
tering ‘at 150 Mev by one of anthors (R. 7). As far as we concerned I,(6)
and P(#), we did not find positive evidence for ronstatic. effects (the solution
-obatined corresponds to the case i here). In this paper, we extend analysis
to triple scattering and spin correlation parameters recently measured in p—p
scattering. A ’ ’

§2. Phase shifts at 150 Mev

~ Below about 100 Mev, the static part of OPEP is known to play a main
role in the angular distribution 7,(¢) and the polarization P(#), and the con-
nection of the potential features and the data has been investigated in detail.
The potenital with the OPEP-tail can reproduce I,(8) and P(6) below 100 Mev,
which is denoted as SPOT (static potential with OPEP-tail)'®: :

3V§P0'1r = 3V(_ -+ SVT_SIZ

= (e (AN L/3){ 1+ Siy (14 3/ 3/2%) ) e (2)
with ¢*/4z—0.08 | (z>1.0),
Ve(ID+ V(D) Sp=(— 20+ 10.5,)Mev - (LO>2>0.7),
VoIl + V,(III) S;,= —100 Mev - (0.7>x>0.32),

+ oo ' (x<’zx;=0.32).
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TABLE 1. Potential of Eq. (1) in each two-nucleon state. 7T is

_ the total isotopi¢ spin. Only the T'=1 state concerns
‘with p—p scattering. The coupling terms due to tensor
potentials are shown by k. '

T=1
J §=0, T=+1 l C§=1, I=-—1
o s | Ve ‘ I l Ve—AVz OV 1+ AV L2V,
1 P N ’VC+2VT . "*VL;S'—‘ Vii+2Vi,
) 3P, Ve—(2/5) Ve+6Y6/5)VE +Vis+Vir+2Vyy
2, D, Ve—6Viz+6ViL - - —
: sF, | Ve—(85)Vr-(6V6/5)VE —4Vrg+16Vir+127;,
3 35y Ve+2Vr —Vies—11Vz+12V%
: F, | Ve—{2)3) VotV 53)VE +3Vis+9Vir+12V,,
4 Gy | Ve—20Vrr+20V7g |- : —
: SH, .| Ve—{4)3) Vo4V 53)VE: =6V .Ls+36Vir+30VE,
5 sH, ] Ve+-2Vr 4 ~Vis—29Vie+30Vyy
6 R Ve—42Vrr+42V5, | 3H, Ve —(10/13) VT—i—(G/@/lE’))Vﬁ i . N
. ; +5V0s+25Vrr+30Viz
T=10
J S=0, I=—1 , o L S=1, I=+1
' ] s, | Ve BV
1 P | Ve—2Vip+2Viy .
3D, | Ve —2Vr +/8V§ —3Vrs+9Vir+6V%y,
2 D, | Vewr2Vr . —Vis—5Vi+6V4,
: : D, Ve—(a/\Vr+(2V3|T\Vi +2Vig+4Vir+6Viz
3 | WFy | V12V +12Vy, = :
: 1 G, Ve—(10/7) Vr+(12V 3|1 V3 ‘
—5Vs+26Vrr+20V7
4 3Gy Ve+-2Vr- - = Vi5s—19V r+20Vr
3Gs | Ve—(8/11) Vo-+(6/30/11)VE .
) : . 44V g+ 16Vr+20V4
5 1 Hs o | Ve—30Virz+30V%, : - :
3T, Ve—(14/11) V(6 30/11)V§ )
) — TV rs+49V 11 +42V
6

Ty | Ve+2ve VALV 142V,
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Above 100 Mev, this case is taken on'trial, and non-static terms are added to
it. The triplet odd phase shifts* at 150 Mev given by the potential Eq. (2) are:

J=0; ,=0.568
1: %,=—0170 - |
. 0r—0.176, = —0.432, %= —0.010
. %,= —0.046 (3)
. r=0.023, 5= —0.010, e = —0.690
5 °,— —0.010,

S W b

which are characterized by
0:%5>0>%, and O>e,, (4)
mainly because *V7>0. Then necessary modiﬁc'ations. are following.
A PO |
P(#) is decomposed as** _
P(0)= (4 sin 0/I°k2)n§df"P"(cos ), : (5)
where fhe main term a, is due to the interference between *P,waves, i.e.,
a=a,(P)=(3/2)f (&) |[*0,'53]+ (3/2) Lo: 6] |
where o '
[5.4105] = sin 8.4 sin 85 sin (3,—65)
and )
Sles) =cos 2¢,+ (1/2¢ 6 )sin 2¢, .
Experimental data near 150 Mev- (P(45°)=0.22) restrict a, as
a,(exp) =0.08~0.10.

The potential SPOT gives a,=0.047~(1/2)a,(exp), where a,(P)=0.038. To
make a, larger, a potential attractive in the °P, state should be added, which

increases *03 and fle). The correlation between °3; and e, is shown in Fig. 1
(qualitatively has been already discussed in ref. le}}. As choice of such an
attractive potential there are five possible ways and their combinations:

i) attractive central,

ii) positive tensor,
iii) negative spin-orbit,

* We use the nuclear BLATT-BIEDENHARN’s phase shifts in radians throughout this paper.
#*¥ For detailed formula, see ref. 1d). i
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iv) - negative quadratic spin-orbit coulping,
v) - negative quadratic orbit-coupling. - -

Case 1) Addition of *V,<0. All
e *P,-phase shifts increase. * Such a case = [ o 0 @ W ge B
s already been investigated in ref. le). v
»r example, SPOT with the smaller core
sius *z;=0.28, which is equivalent to
1 addition of attractive potentials repro- -~ [
wces the data of I,(f) and P(§), if the |
iglet even phase shifts are properly -
wsen.'”  The resulting phase shifts are
follows : : o B _\54 / e VoD =20Mev -
plet odd; *5,=0.63, *0,=—0.14, ool
%2=20.21, e=-—0.35, v (6) [" _4’

aglet even; '6,——0.01, '4,=0.15.

&z

Vr(I = 10Mev

Fig. 1. Correlation between 3% and

5013‘52] term becomes the main one in 52,1 Obtfah;ed by vgriozg pc;en-
/ D . . ) C ~ tials of -the type Eq. (2. WO
#) and al(P) _-.0'96‘32' = L ' cases of Vz{ll) are plotted.” The

Case ii) Add1t10n of *V,>0. The number attached to each curve
solute values of all *P,-wave phase shifts - . is the potential depth (Mev) in

the 3P,-state except the 3Ps-
coupling term. GT, B and GT:

are the same in Fig. 6.

crease, then the. effectivée total cross
ction ¢¢” becomes too large as discussed
ref. le). So, this case is excluded. ;
Case iii) Addition of *V ,4<0. 3, decreases, while |*3,| and %% increase,
en the main term in a, becomes (9/4)f(e,)[*5,1°05]. To reproduce the data of
(@), a, (P)~0.7 with the estimated higher wave contribution, - a, (higher wave)
:0.15, consequently
*5, = —0.32~—0.28, ,
95 =10.25~0.27 and &= —0.25~—0.20. _ \7)
In ¢ =(1/2){dQ(1/F) 3, 68°P,(cos), o2 (exp) =25 mb- implies
D= 3 (2L 4 1)(sin 0, + D s peep, (2 + 1) (sin05)? =2 0.73  at 150 Mev.
ibtracting the higher wave and the singlet even contributions (see
gs. (3) and (9)), we get '

(sin °5) -+ 3 (sin %6+ 5 (sin 05/ == 0.58.
he substitution” of the values of Eq. (7) leads to
35, = 0~0.2, (8)
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if *5,<0 is discarded because of the continuity to the lower energy region.
This reduction of °§, is consistent with *V ;¢<0.

Case iv) Addition of V5.<0. Tts effects to %, *0¢ and ¢, are same e with
3V .s<0. * But the resulting condition °§,==0~0.2 is not satisfied, since *V;
works an ‘attractive force in the *P, state contrary to *V .

Case v) Addition of *V},<0. Its effects are same as in the case 1.

(B) R(#=90°

The data of R show R(90°)~O (probably |R (90°)] <0.1) at 150 Mev. R{90°)
reflects the interference effects between the singlet even and the triplet odd
potentials : In Stapp’s notation®™ I, R{90°)==(1/2)Re (M M,;)=(1/2)Re My Re M,,.

Since M, is independent of °4,, and Re My =~0.6~—0.8x107"cm in
the cases i)~iii), R(90°)~0 implies that '

Re M, = (1/k){sin 2'0,—(5/2) sin 2'3,+(27/8) sin 2'3,{ =0 . (9
Neglecting the small *G,-contribution {'6,~0.01), we obtain /
sin 2'6,=(5/2) sin 26, .

Further, on the one hand, the low energy behavior of ‘0, together with
the MMS® No. 1 solution at 310 Mev restricts 9, as 5,<0.3. On the other
hand, the OPEP-tail predicts '0,=0.1~0.2. From these informations, the singlet
even phase shifts can be estimated as - :

1§, = 0.32~0.26 and 3, =0.10~0.12. (10)

These values are consistent with the solution b at 210 Mev.”
_ If either ', decreases or '3, increases or both from the values in Eq: (10),
. Re M,, decreases, and R(90°) becomes too large. The situation is shown in
Fig. 2. : A
It is to be noted that the singlet even phase shifts given by Eq. (10) are’
different from those of Eq. (6) in the case i (and also in the case v). Thus
the p0551b111ty i (and v) may not be real since the isotropy of 1,(6) and R (90°)~0
are not compatible. '

{C) Angular dependence of R(f) near 90°

For the case i and iii the angular dependence of R() are quite different.
The case 1 (and v) is characterized by rapid decrease about 90° and the case
iii by symmetry about 90°, as is shown in Fig. 2: This fact can be under-
stood by calculating the conefficients of (cos f)-term in the expansion of R(ﬁ\
According to Stapp’s notatlon
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i, e
~.

o5

¥ Harvard 140mev
*$ Harwell 142vev

]

Fig. 2. R(0) of p-p scattering at 150 Mev.
- for case i; ' the ?*Pr-phase shifts is given by Eq. (6).
—— for case iii;. the *Psphase shifts is given by Eq. (7) and 23 =0.06.
The singléet even phasé shifts. are
A ‘80;0.30, 13,=0.10, B: 18,=0.21, 18,=0.15, C: &= —0.01, 8,=0.15.

IOR(G)=(1/2)cos(0/2)R6{(]V[oo Y 2 tan ( 0/2> w>(Mu+M M)
(,/2/sma) (Mo+ MM},

where the real parts are main in all scattering matices. By noticing Re M,,~0
n Eq. (9) and retaining only the *P,wave contribution in the (cos 6)! term, we
sbtain the aoprox1mate expressmn for I R near = 90°

IR( ) (1/]/2 )s1n(0/2) Re M, Re(M,, +M1 1)
(3/4k2)s1n(49/2) sindcosf {stab‘o (cos’e,+v 3 sm252/2;/ 2) s1n235"}
X {'s1n 2%, +(cos’s,— ¥2/3 ngez):sin«Z%T;ﬁ}i .
nserting the values (6} and (7) for '35‘;‘ and & we obtain

o g - e £0.20 (0.57 \
IOR*(3/4]€)51r<1(§9/2)sm49005¢9<s1n2>50 051~ 037I<smu5+l064 0661)

. [ 0.22 s for the case i.
(3/4ﬁ)sm(¢9/2)smﬁcosﬁl 004~0 00-  for the case iii.

As the above equation ShbWs, the value that
9,~—0.3 andfor 3,=0.1~0.15 ' (10)

s sufficient to. reproduce a small ciefficients of (cos #)~term which the data
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demand. Thus the experiments of R rule out the case i, and favour the case iii.
(D) Do)

It is known that D(6) at §~90° is sensitive to *d,.*”"*"*" Detailed discussions
have already given in ref. 6). The sensitivity of D(90°) to %5, is shown in
Fig. 3. Although D(9) at #~90° has not yet been so definitely determined,
%), is restricted as

35y = 0~0.2 : (11)

which is consistent with [,(0) and " (see Eq. (8)) in the case iii. Harvard
and new Harwell data allow: only the case iii.

4 Lo

(mb/ster)

S .

\\\ ' 1Harvayd

AN o
RN % .
k [N ) [ o5 Harwellnew)
\\
~.
N Harwell(old}
-2 \\\ N 1
. \.\\\

Fig. 3. Dependence of ,D(90°) on 2 (the 3Po phase shift).

rrrrrrr ; the triplet odd phase of SPOT given in Eq. (2)

——; %;=—0.30, %3$=0.25 and e;=—0.21 corresponding
to thé case iii and the other higher wave phase
shifts in Eq. (3).

The resulting phase shifts compatible with the data at 150 Mev are:

singlet even; '9,=0.26~0.32 and '6,=0.10~0.12,
triplet odd;  °§, =0~0.2, °*,=—0.32~—0.28, (12)
395=0.25~027 and &= —0.25~—0.20.
The characteristic feature is *05>°0,>0>°0,, which is the type yielded by

V>0 plus *V;5<0. These values are consistent with the solutions of phase
shift analysis recently: made.”

§3. Modification to static potentials

Comparing these values with those in (3) given by the static OPEP case,
we find necessary modifications imposed on the static pion-theoretical potentials:
This can be done most easily in. correlation diagrams: between the °P,phase .
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shifts by considering the kinematical factors shown in Table 1. =

From Fig. 4, some negative spin-orbit potentials should be added. The
nost drastic ‘change is seen-in %,, because the effect of *V ;<0 to. %, is re-
sulsive (—2°V ;) and diminish the role of the OPEP positive tensor potential
—4%V,), while in the *P, and °P, states the effects of *V, and °V s are in
‘he same direction. ‘ .

X ’
Oy, Juto
70, /
X Vs >0
Ve > W< 3,
] i 05 )
. Tl Vs (I
172244} %>0 >0 - -
. 50
4 Mo 020
SPOT £
V50 =0.2 . . \\
N=010 N

Solution Ia TR . . N
~04

Z 7r<0 \w

Vistim kY

: o W . . T Y
- o0  Tis> Vr> < ’ (Mev)
F>0 . L ] - .
hi20 Ly -

Fig. 4, Correlation between the 3Psphase’ ‘Fig. 5. Depth of *VIs in the region II
shifts. The arrows from the origin and  IIT necessary to reproduce
show the directions. of modifications - good values of -3, at 150 Mev.
given by the kinematical factors of Ve(ll)=0, Vz({II)=10Mev, V(IIL)
various potential terms in Table 1. - =Vr(IIl)= 0 and *z; =0.30 are
(a) - *Pe-*P; correlationy (b) 3PP ¢ assumed.
correlation, : :

Magnitude of necessary *V;¢< 0 is estimated from *3,. In Fig. 5, the results
calculated by the two-step-square well potential with ‘the OPEP-tail are shown, -
where in the region II (x=0.7~1.0) V,(II)=0, V,(I)=10 Mev and in the
region IIT (x:=0.3~0.7). V (Ill)=V,(III)=0 are assumed. We can estimate the
strength of *Vz: for example, by taking V,s(II)=—10 Mev, ’

35y = 0.20 - V,6(IIT) =2 =100 Mev
35, = 0.10 Vs(IIT) == —300 Mev |
35, = 0.05 V,s(IT1) == —500 Mev.

Weak cases’ correéporid* to Harwell data of D.  Storng cases correspond to
Harvard data of D and have the similar feature to GammseL and THALER’s,”
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SiGNELL and MagrsHAR’s,® Bryan’s®” and, Hamapa’s™ *Vizs. It should be
emphasized that *V .y necessary at 150 Mev can be confined completely in the
region III if we want. Therefore, we do not necessarily need the spin-orbit
coupling potential, if the boundary condition at £=0.7 and the OPEP plus
TPEP for £>>0.7 are used. Such an approach has been successfully made.’*®
For comparison, in Fig. 6, we plot the S, P and D phase shifts for SPOT
(static potdntial with the OPEP-tail) and those for the potentials with the strong
Wi, The parameters of SPOT compatible with 7,(#) and P(4) below

- SPOT: ACR)
. BUR)
0 100 200 300 £(Mev)
- - ! P :
) E(Mey) SPOT i .
0 S )
5, H L - .
N
_.M B
L
A C (P .
: DS
Effective

vange theory

e R0 E(Mey)

Lo

Fig. 6.  Energy dependences of phase shifts (Lx2]. SPOT shows the values
due to the static potential, Eq. (2) and Eq. (13). SPOT’ in 3, is the best
fit to Io(6) below 150 Mev for the triplet odd potential Eq. (2).
GT, B and H derote the values by GAMMEL-THALER’s®- BRY A" s"”
and HAMADA’s!? potentials, respectively. 1 shows the valees of Eq.
{(12) at 150 Mev.
® and 4 at 310 Mev denote the soluuons, MMS No. 1 -and No. 2.
Similarly ® and A at 210 Mev denote the solutions, b and¢, in ref. 5).
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100 Mev are:

triplet: odd ;. Eq. (2), o
" singlet even;* V= (uc*(g’[4n)e %/x with ¢*/4r=0.08 (x>1.5),

—20 Mev L @=07~15) gy
| —630 Mev v - {z=0.45~0.7),
+oo (x<*xf=0.45).

A remarkable difference is seen in *d,. Aithough differences in *d;, *5¢ and e,
seems to be small, due to the large kinematical factors related ‘to them there
appear large differences in some observed quantities. In the singlet even phase
shifts there also exist the differences to compensate those. of the triplet odd
contributions to I,(4).  In SPOT, rapid decrease in 'd, and rapid increase in '3,
above 100 Mev are characteristic. This feature is unfavorable for explanation
of high energy data;, as will been seen in the next section.

§4. Energy dependence of triple scattering and
spin correlatlon paramaters

The spin-orbit coupling potentlals necessary to reproduce the p—p scattermg
data near 150 Mev are strong. Therefore, even though their range is short,
effects at lower energies will be appreciable (e.g. Fig. 6 shows a noticeablé
éhange of *3, due to *V ,¢). At low (E<20 Mev) and intermediate (£= 20~100
Mev) energies I,(#) and P(§) are well reproduced by SPOT. By observing
energy dependence of triple scattering and spin ‘correlation parameters, we try
to find suitable experiments to know further evidences on the nonstatic effectS‘
due to *V¢ at low and intermediate energies.

First we consider energy dependence of D, R, A, C,, and CKP at #=90°.
We must to consider angular dependence if the values at =90° are insensitive
to the nonstatic' effects. - Fig. 7 shows that D{(90°), A (90°) and C.»(90°) are
sensitive' to the *Vig eﬁécts. Especially Cyp is affected by *V.s even at low
energies.

This special sensitivity to.* V¢ is closely connected with the 3P state phase shift
*s. . The nonvanishing scattering matrices 6=90° are M,,=<S=0|M|S=0>,
My=<S=1, ms=0|M|S=1, mg=1> and M,=<S5=1, ms=1|M|S=1,
ms=0>. Only M, contains *3,, The following expressions at 6=90°;
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Tp090) A
mb/ster
r5 SPOT
total
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2 == SROT >singlet oven
AN \lll (Mss] s o
. AN il 5 Eey
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|45 B
Befley (80)
Harvard (827
Joo g 20 £ (Mev)
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-0
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Ly 0L {Be Ky (607
g
RO G o
}Rochester(%")
Harwell (90°)
0 100 20 00 £(Mev)
tHarwell
Havvard] (847
[¢17]
or ) 40M
B “ hotey
A90)
o
FBerktey 10
p E(Mev)
{00 th 300
Rochester (807
Spor
=05

7
T \AED)

LiVBVDOUlI
(50°) 1

=

200 300 £(Mev)

‘Fig. 7. Energy Dependence of Iy; D, R,
A, Cun and Cxp at 90°. SPOT; '
the values due to the static po-
“tential, Eq. (2) and Eq. (13). GT;
the GAMMEL-
THALER’s potential. BRYAN’s and
HAMADA’s potentials give the very

values due to

similar values with GT. Berkley
(80°); Berkely data at 6=80°, etc.
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1,(90°) = (1/4)| ML, |* +(1/2) M| -+ (1/2)| M2,
L,D(90°) = —(1/2)Re(M,Mg),

LR(90°) = (1/2)Re(MiM.,),
LA(90°) = —(1/2)Re(M5M,,),
1,C,n(90°) == 1,(90°)—(1/2)] My |*= (1/2) | M |* + (1/2)| M|~ (1/4) | ML ", -
ICrp(90°) = (L/2)(| M= | Ml?);

(14)

show D, A and Cg, are dependent on M, and consequently on *d,.
Real parts are main in M,,, M, and M,,. They are shown in Fig. 8. By
use of Eq. (14) and Fig. 8, we can understand characteristic features in Fig. 7.

0"

Scattering matrix at 90" i

S

Fig. 8. Real parts of ‘scattering matrices at §=90°, g=0°,
s Mss, ———- 3 Mo and - ; M.
SPOT and GT mean the same in Fig. 7.

D. Deviation from SPOT is mainly due to the rapid decrease of %3,. The
negative value of D(90°) at E<100 Mev results from the positive OPEP tensor
part, and from type of the *P,phase shifts in Eq. (4). = The increase of the
SPOT values for EZ100 Mev comes from 1/k*-dependence of 7, D and I,~
const. . - ‘

R. The feature below 100 Mev is determined by OPEP *V;>0. The
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sign-change at £~110 Mev is due to that of Re M,,. The data of Harvard, Harwell
and Rochester demand the larger Re M., than SPOT and GT, which is one of
evidences of smallness of '3,. The *V /s effects reveal in the angular dependence
of R(§2). A

A. The positive A(90°) E<100 Mev is due to OPEP *V,;>0. The de-
viation from SPOT is the effect of *V ;¢ mainly through 5,. The sign change
at £~110 Mev comes from that of Re M,, for SPOT, while A (90°) for GT’s
and HAMADA’s case remain positive at high energies because of the nearly
simultaneous sign-change of Re M,,.

Cxp. Drastic deviation from SPOT can be understood as followé:
SPOT; |My|*~|M,>, then Cr.~0, while
with strong  °V ,4<0;.  |M,]*>|M,}*, then Crp>0.

Angular dependence is peaked at #-=90°. Therefore, experiments of Cy, at
E=20~~200 Mev are important. Especially experiments at £~50 Mev provide
useful informations to the *V ¢ effect at low energies, as discussed in ref. 6).
The large values of Cr,(90°)=1 at E~110 Mev for GT’s and HAMADA’s case
mean that the singlet contribution is small and (1/2)|M,,]* is the main part of -
1,(0). ,

Con  C,, reflects differences of the singlet even contributions directly, even
though [; is same. C,,,(90°)<0(>0) at £<50 Mev (=50 Mev) shows that the
singlet contribution to I, is larger (smaller) than the triplet one. - C,,(90°)~1
at £~120 Mev is due to Re M,,==0. The rapid decrease of C,, at high energy
side comes from that of Re M,,. The data rule out such a rapid increase of
'0, as in-SPOT and GT’s and such a rapid decrease of '3, as in SPOT. Measure:
ments of C,,(90°) at E~50 Mev provide a useful measure of *5,, since at these
energies predictions of the effective range theory are not reliable but still the
singlet higher wave contributions are yet small.

§5. Concluding Remarks

Modifications of the spin-orbit coupling type should be imposed on the
static pion-theoretical potentials in the triplet odd state at 150 Mev. Origin of
spin-orbit coupling interaction is an open question, since-*V ;¢ of TPEP is too
small to reproduce the data, even though recoil effects are fully taken into
account. To seck for origin of this interaction experiments (especially Cyp) at. -
low and intermediate energies are strongly wanted, because a range of *V .
closely related to origin is made clear more directly at these enérgies than at
high energies.
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We know no positive evidence for the spin-orbit coupling potential in the
riplet even state, while there is no strong objection for it, especially *V >0,
[herefore, it is important to find n-p experiments from which we can say
omething definite to Vis.

Thls work has been done as a part of the 1960-61 Annual Research PI'O]eCt
m the Theory of Nuclear Forces organized by the Research Institute for Funda-
nental Phisics, Kyoto University. The authors express their sincer thanks fo .
rof. M. TakaTaN], Dr. S. MacHmba and Dr. N. HosHizaxi for thier valuable
liscussions. We are also indebted to- Dr. T. Hamapa for his numerical cal-
wlations. of phase shifts and scattering parameters by the static pion-theoretical
)otentlals with OPEP tall
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