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We have calculated the non-stat ic one- and two-pion-
exchange potentials (referred to hereafter as O P E P 
and T P E P respectively) wi thout making use of the 
expansion in the inverse mass of the nucleon, as a step 
to establish the interact ion between two nucleons 
when they are no t too close to each other (x = pir> 0.7, 
/ / " M s the pion C o m p t o n wave length). 

First we derived the potentials in m o m e n t u m space 
and found tha t they can be writ ten in the form of local 
potentials in x-space very accurately for two nucleon 
scatterings below three or four hundred MeV. 

Main results of our investigation 1 } are the follow­
ing : the concept of the local potent ia l in the x-space 
is a very good approximat ion for the t rea tment of the 
nucleon-nucleon scattering u p to 300 or 400 MeV. 

Thus , the usual analyses based on the use of the 
potential is justified. F o r m o m e n t u m transfer small 
compared to 3pi, or for distances large compared to 
( 3 / i ) " 1 , the non-stat ic O P E P is determined unambigu­
ously for the case of the ps-coupling, and is given by the 
second order per turba t ion calculation with the observ­
ed coupling constant 2 ) . 

I t seems physically plausible that the same situation 
would also hold for the case of the pv-coupling, if 
pions have some sort of a s tructure (as in the compo­
site model) 2 ) . 

Nonsta t ic O P E P with full recoil may be expressed 
in the following form for low energy ( < 3 0 0 MeV) 
phenomena 

where 

and 

the upper (lower) sign corresponds to the case of the 
ps(pv)-coupling. O k u b o and M a r s h a k 3 ) calculated 
previously the corresponding expressions u p to the 
order of g2M~2 using the M~l expansion in the case 
of the ps-coupling. 

Non-sta t ic par ts of the O P E P (Eqs. (2c)-(2e)) have 
different signs for different types of the coupling 
between the p ion a n d the nucleon. This is the first 
definite difference derived nearly unambiguously 
from the theories with ps- and pv-couplings. 

In the iS state, VT does no t contr ibute and Vq and 
Vaq are negligible compared with the kinetic energy 
term if x is not very small. H a m a d a 4 ) has shown tha t 
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t he poten t ia l similar to VLL(x) (Eq.(2e)) is manifestly 
requi red t o fit b o t h the 1S0 a n d 1D2 phase shifts u p 
to 310 M e V . 

H e has found tha t the phenomeno log ica l potent ia ls 
of the following fo rm shou ld be a d d e d t o fit the above-
men t ioned d a t a : 

exceed ^ of tha t of the pv-coupl ing. M o r e precise 
de te rmina t ion of the ra t io of two coupl ings will 
become possible if m o r e t h o r o u g h exper imenta l d a t a 
become avai lable at lower energies ( ~ 1 0 0 M e V ) 5 ) . 

W e have also evaluated the two-p ion-exchange 
potent ia l , u p to the fourth order of the coupl ing con­
stant , w i thou t using the expans ion wi th respect to 
M~l 6 ) . I t is shown tha t the previous results m a k i n g 
use of the M~ ^ e x p a n s i o n are modified seriously 
by tak ing the recoil fully in to account . Also in this 
case, the results m a y be expressed by local potent ia ls 
in x-space very accurate ly for energies be low three o r 
four h u n d r e d M e V . (Eq. (5)) O n e m a y fit the experi­
men ta l phase shifts adop t ing the nons ta t i c O P E P 
a n d T P E P derived by us in the ou te r region, x < 0 . 7 . 

Fig. 1 Differential p—p scattering cross section at 310 MeV. 
The shaded region shows the experimental cross section. 

indicates solution 1 : central plus Eq. (3 b), which nearly 
corresponds to the pv-coupling. indicates solution 2 : 
central force only. indicates solution 3 : central 
minus Eq. (3 b), which nearly corresponds to the ps-coupling. 

M o m e n t a of vir tual p ions were cut off a t 6/i. 

T h e above formulae ho ld for b o t h p s - a n d pv-cou-
plings. F u r t h e r m o r e we have 

where 

Apparen t ly the pv-coupl ing case gives the r ight sign, while 
the ps-coupl ing case gives the w r o n g sign a n d disagrees 
wi th the angula r d is t r ibut ion da t a a t 210 a n d 310 M e V 
da ta , (see Fig. 1 ) 5 ) . 

Deta i led examina t ion , which takes into considera­
t ion the possible ambigui t ies in the K L L - t e r m of T P E P , 
shows t ha t the s t rength of the ps-coupl ing does n o t 

Eq.(3a) has similar fo rm a n d magn i tude wi th Eq.(2e) , 
which is, in the XS s tate, given by 
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DISCUSSION 

LEVY : I realize that you have calculated the poten­
tial without using expansion in 1 / M and I realize 
that this is possible in m o m e n t u m space. Y o u are led 
then to a non-local potent ial . But you have t rans­
lated this into a local type of potential , and I would 
like to unders tand what prescription you have used. 
Is this something which is more like Charap and Fubini 
or is it something different? 

MACHIDA : I think it is different. W e have first 
performed all calculations in m o m e n t u m space and 
in that space the potential is a function of x and 
momentum p and, in general, also of other quantities 
like angular m o m e n t u m or energy. We have investi­
gated numerically the detailed properties of the one-
pi on exchange contr ibut ion and the two pion exchange 
potential in the m o m e n t u m space. W e found that the 
dependence on energy and the m o m e n t u m can be 
expressed by a very simple combinat ion of m o m e n t u m 
and angular m o m e n t u m and energy. We found tha t 
this was a very good approximat ion . 

LEVY ; If I unders tand it you put all the non-locality 

into succeeding powers of the angular mo men tum. 

MACHIDA : N o , we have no t used any expansion. 

L E V Y : I am not talking abou t expansion. I a m saying 
all the non-local aspects appear in derivatives and then 
these apply to local functions. I will look into the 
details because I do no t see how this can be possible 
without a 1 / M expansion. 

MACHIDA : We have found this result in a very 
detailed calculation. I th ink one cannot see the 
results before such a very detailed calculation. 

BREIT : I should like to ask how it comes about tha t 
in G u p t a ' s calculation there are only central potential 
effects in F 4 ? 

MACHIDA : Gup ta has used the S matr ix method, 
that is, he first calculated the 5 matr ix . H e calculated 
the elements of the potential in the Born approximat ion. 

for pv coupling, 

for pv coupling, for ps coupling, 

for ps coupling, 

for pv coupling 
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If you make a Born approximat ion, the terms other 

than the central pa r t vanish. 

BREIT : Fo r some applications such as the one I 
mentioned, however, it is very convenient to have 
the result directly in such a form that one can use a 
first order calculation. So that , as I unders tand it, 
there is really no disagreement between you and Gup ta . 

M A C H I D A : I think, to calculate the non-static 
potential , we cannot use the S matr ix method, because 
the potential has a matr ix element with different 
energy. However, if we use the S matr ix method, 
one jus t obtains the diagonal elements. Thus, you 
obtain only the central pa r t and you would miss the 
non-central par t . 

BREIT : F o r other applications I can see tha t this is 
of very great interest. But for applications for nucleon-
nucleon scattering it would seem that it should be 
sufficient to have the diagonal elements. 

M A C H I D A : However, the point is tha t if you do not 
use a potential you can be content with the diagonal 
elements, but if you use potentials you have to cal­
culate the non-diagonal elements, with respect to 
energy. And in this case, you cannot use the S matr ix 
method to obtain the non-stat ic potential . 

BREIT : I agree with tha t completely, but never­
theless, for applications like nucleon-nucleon scatter­
ing it would seem that the other me thod is already 
sufficient. 

POLARIZATION IN PROTON-PROTON A N D PROTON-BERYLL IUM 
SCATTERING AT 1.7 GeV 

L. van Rossum 
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In this paper I report on results of double scattering 
experiments to investigate proton-beryll ium and p ro ­
ton-pro ton polarizat ion at 1.7 GeV. The experiments 
were carried out at the Saclay p ro ton synchrotron 
by P . Bareyre, J. F . Detoeuf, L. W. Smith, R. D . Tr ipp 
and myself. 

(A) EXPERIMENTAL 

The left-right asymmetry of the p ro ton differential 
cross section in the second scattering has been measur­
ed under the various conditions listed in Table I. 

In experiments 1,2 and 3 , p ro tons were first scattered 
through 4° 10' from an internal beryllium target. 
The scattered beam was m o m e n t u m analysed by the 
synchrotron magnetic field and focused by quadru-
poles onto the second target. 

In experiments 4 and 5, p ro tons were first scattered 
through 18° IT from a C H 2 or C target located in 
one of the straight sections of the proton-synchrot ron. 
The scattered beam was m o m e n t u m analysed by an 
external magnet and focused by quadrupoles . In the 
beam from the C H 2 target 70 % of the flux impinging 
on the second target originates from elastic hydrogen 
scattering and the remainder from quasi-elastic 
carbon scattering. 

In experiments 1 and 2 the p ro tons are detected 
after the second scattering (Be scattering or small 
angle hydrogen scattering) by a counter telescope made 
of two plastic scintillators and an ethylene filled 
Cerenkov counter utilized to discriminate against 
inelastically scattered pro tons . 

In experiments 3 ,4 , and 5 (large angle p-p scattering) 
bo th of the outgoing protons were detected in coin­
cidence by plastic scintillators at conjugate angles. 


