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A fo rma t i sm  for  handling the sca t te r ing  of composite sys tems  is presented .  Using this fo rma[ i sm,  
the contr ibut ion to bound state sca t te r ing  at large energy and ang[e f rom the in terchange force is cat-  
culated. This  force leads to e[ast ic  c ross  sect ions which behave at fixed angle | ike the sixth power of 
the form factor  and for which (do ' /d t ) / (da /d t )90o  is an energy independent function of z. Comparison 
with p-p and ~'-p data shows exce[lent agreement .  A new test  of the existence of a point | ike coup[ing 
of the photon to par tons  is suggested. 

If h a d r o n s  a r e  c o m p o s i t e ,  a s  i n d i c a t e d  by the  
r e c e n t  SLAC d e e p  i n e l a s t i c  e l e c t r o n  n u c l e o n  s c a t -  
t e r i n g  m e a s u r e m e n t s ,  t h e n  they  wi l l  i n t e r a c t  
s i m p l y  by the  i n t e r c h a n g e  of t h e i r  c o n s t i t u e n t s  - 
j u s t  a s  e l e c t r o n  i n t e r c h a n g e  p r o v i d e s  a f o r c e  in  
e l a s t i c  a t o m - a t o m  s c a t t e r i n g .  In the  s p e c i a l  c a s e  
of the  q u a r k  m o d e l ,  two p r o t o n s  can  s c a t t e r  
t h r o u g h  the  i n t e r c h a n g e  of a s i n g l e  n o r  p q u a r k .  
In f a c t  we s h a l l  a r g u e  t h a t  in  the  r e g i o n  of l a r g e  
e n e r g y  and m o m e n t u m  t r a n s f e r ,  w h e r e  c o h e r e n t  
r e g g e  e f f e c t s  m a y  be  s m a l l ,  s u c h  i n t e r c h a n g e  
i n t e r a c t i o n s  a r e  the  d o m i n a n t  h a d r o n i c  f o r c e .  
T h u s  the  l a r g e  s ,  t and u d e p e n d e n c e  of e x c l u s i v e  
s c a t t e r i n g  p r o c e s s e s  i s  d e t e r m i n e d  by the  bound 
s t a t e  wave  f u n c t i o n  at  s m a l l  d i s t a n c e s .  In ou r  
c a l c u l a t i o n s  we u t i l i z e  the  f a c t  t h a t  the  f o r m  f a c -  
t o r s  d e t e r m i n e  t h i s  s h o r t  d i s t a n c e  b e h a v i o r  of the  
bound  s t a t e  w a v e  f u n c t i o n  a s  we l l  a s  i t s  d o m i n a n t  
s p i n  s t r u c t u r e .  D r e l l  and  Yah [1] h a v e  shown  
t h a t  the  t h r e s h o l d  b e h a v i o r  of the  d e e p  i n e l a s t i c  
s t r u c t u r e  f u n c t i o n  F2(w)  i s  d e t e r m i n e d  by t h i s  
s a m e  r e g i o n  of the  wave  f u n c t i o n .  

T h e  i n t e r c h a n g e  f o r c e  l e a d s  to an  a s y m p t o t i c  
f ixed  ang le  c r o s s  s e c t i o n  w h i c h  c o n t a i n s  s ix  f a c -  
t o r s  of the  e l a s t i c  f o r m  f a c t o r ,  r a t h e r  t han  fou r  
a s  in  the  W u - Y a n g  m o d e l  [2].  In a d d i t i o n  the  
i n t e r c h a n g e  t h e o r y  p r e d i c t s  t h a t  the  r a t i o  of the  
d i f f e r e n t i a l  c r o s s  s e c t i o n  to i t s  v a l u e  at  90 d e -  
g r e e s  i s  a u n i v e r s a l  f u n c t i o n  of z = c o s  0CM f o r  
l a r g e  t and u. T h i s  m o d e l  a l s o  p r e d i c t s  qu i t e  d i f -  
f e r e n t  a n g u l a r  d i s t r i b u t i o n s  f o r  p r o c e s s e s  w h i c h  
s h o u l d  look the  s a m e  in  the  W u - Y a n g  m o d e l ,  
s u c h  a s  K+p and K - p ,  and  t ha t  t h e r e  shou ld  be a 
s t r i k i n g  d i f f e r e n c e  in  the  e n e r g y  d e p e n d e n c e  of 

* Work supported by the US Atomic Energy Commis-  
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Fig. 1. a) Fo rm factor  d iagram,  b) Basic  sca t t e r ing  
topo logie s. 

the 90 ° cross  sections of photon processes  re l -  
ative to their corresponding vector meson ana- 
logues. 

In this paper we introduce a natural formalism 
for covariant bound state computations utilizing 
old fashioned perturbation theory ** in the infinite 
momentum frame. We i l lustrate the technique and 
its advantages by considering the G E and G M 
form factor of the nucleon in a composite model 
11". The diagram for this vertex is shown in fig. 
la. For the case of all spinless part icles ,  each 
charged parton constituent a, contributes to the 
elastic form factor a term of the form 

** The uti[ity of old fashioned perturbation theory in 
the infinite momentum frame was first made ap- 
parent in the ca[cuiations of Dre[[ et aL[3]. 

~'~ For parai[e[ computational techniques for electro- 
magnetic processes using the Bethe Sa[peter equa- 
tion see Dre[i and Lee [4]. 
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F a ( q 2 )  

w k e r e  

Pt~ = (P+M2/2P ,  O~,P) 

qp. (q .p /2P,  q ± , O ) ,  q2 2 (2) = = -q± = -2q .p  , 

and the  t h e o r y  i s  d e f i n e d  in a l i m i t i n g  f r a m e  
w h e r e P ~  in f in i ty .  T he  o n s h e l l i n t e r m e d i a t e  
p a r t i c l e  m o m e n t a  a r e  p a r a m e t e r i z e d  as  

Pa : k± +xp  , Pb = k i  + q + x p  

P c  : - k i  + ( 1 - x ) p .  (3) 

T h e  bound s t a t e  w a v e  f u n c t i o n  ~ l ( k j _ )  in  eq. (1) 
d e s c r i b e s  the  b r e a k u p  of the  c o m p o s i t e  s y s t e m  
in to  an  e l e m e n t a r y  p a r t o n  c o n s t i t u e n t  and  the  r e -  
m a i n i n g  c o r e  ~" w h i c h  we t r e a t  a s  a s i n g l e  p a r -  
t i c l e .  T h e  c o r e  r e p r e s e n t s  the  c o m b i n e d  e f f e c t  
of the  r e m a i n i n g  c o n s t i t u e n t s .  G e n e r a l l y  we m a y  
w r i t e  qJl a s  

q q ( k z  ) = (/!//2 - Sac + i ¢ ) ' l ~ ( S a c  ) (4) 

w h e r e  the  two p a r t i c l e  i n v a r i a n t  m a s s  Sac  i s  
g i v e n  by 

Sa = ( P a + P c ) 2  k 2  + m 2 ( l - x ) + x m 2  
c : x (1  - x) (5) 

T h e  v e r t e x  f u n c t i o n ,  ch, r e d u c e s  to a c o u p l i n g  
c o n s t a n t  in  the  c a s e  of a l o w e s t  o r d e r  F e y n m a n  
d i a g r a m  c a l c u l a t i o n .  

If ¢' ~ S - n  (6) 

t hen  1-O(m2/q ±2) d x x  2n-1 1 
F(q2)  - f 1 - x  N ~ ( x )  q 2n 

0 ± (7) 

~ (q_L2) -n log q?. ' 

The function N~(x) is given by 

~k(k~.) 
N~(x )  = f d2k - • (8) 

xn(1 - x)n 

T h e  f a c t  t ha t  ~p d e p e n d s  on ly  on  the  c o v a r i a n t  
v a r i a b l e s  g u a r a n t e e s  t h a t  N ~  i s  a s m o o t h  f u a c -  
t i o n  of x and  t h a t  the  D r e l l  Yan t h r e s h o l d  r e l a t i o n ,  
~ ( x )  = ( 1 - f o r x  1, i s  x) 2n- 1 s a t i s f i e d  

T h e  i n c l u s i o n  of sp in  i s  s t r a i g h t f o r w a r d .  If 
we a s s u m e  tha t  the  p r o t o n  i s  a bound  s t a t e  of a 
s p i n  1 /2  p a t t o n  and a sp in  1 c o r e  (wi th  Yu c o u p -  
l ing ) ,  t hen  we o b t a i n  the  s c a l i n g  law:  G M ~  G E 

= ; ~ a f d 2 k  f l ~ r ( l d _ X ~ p l ( k  ± ) ~ 2 ( k _ L + ( l - x ) q ,  ) 

(~) 

The possible  consis tency of a model in which the 
par tons  in te rac t  as though they were f ree  in ce r ta in  
k inemat ic  regions but cannot exis t  as f ree  s ta tes  
has been invest igated by Johnson [5]. 

f o r  l a r g e  t " ~  • The  d i p o l e  b e h a v i o r  of the  f o r m  
f a c t o r  r e s u l t s  if  ~.h(S) = S -3 .  If the  c o r e  h a s  bo th  
s p i n  1 and sp in  0 c o m p o n e n t s  ( a s  i s  n a t u r a l  in  the  
q u a r k  m o d e l )  wi th  the  s a m e  wave  f u n c t i o n  b e h a v -  
i o r ,  t hen  the  a s y m p t o t i c  s c a l i n g  r e l a t i o n  i s  u n -  
c h a n g e d .  

We t u r n  now to a c o n s i d e r a t i o n  of the  s c a t t e r -  
ing  of two bound s t a t e s .  T h e  i n t e r c h a n g e  m e c h -  
a n i s m  l e a d s ,  in  g e n e r a l ,  to t h r e e  d i f f e r e n t  g r a p h  
t o p o l o g i e s .  T h e s e  a r e  shown  in f ig .  l b  w h i c h  a l s o  
s h o w s  t ha t  the  ut t opo logy  m u s t ,  in  g e n e r a l ,  be 
s y m m e t r i z e d  w i t h  r e s p e c t  to the  r o l e  of the  p a r -  
t o n s  and c o r e s .  T h i s  i s  a l s o  t r u e  of the  st and su 
t o p o l o g i e s .  In the  c a s e  of pp s c a t t e r i n g  only  the  
l a s t  two d i a g r a m s  c o n t r i b u t e  w h e n  one  u s e s  the  
v a l e n c e  q u a r k  m o d e l  a s s i g n m e n t s  f o r  the  c o n s t i t -  
u e n t s ,  i . e . ,  the  p a r t o n  can  on ly  be  a p o r  an  n 
q u a r k  and the  r e m a i n i n g  c o r e  m u s t  h a v e  the  q u a n -  
t um n u m b e r s  of pn  o r  pp r e s p e c t i v e l y .  F o r  s i m -  
p l i c i t y ,  we wi l l  c o n t i n u e  to u s e  the  q u a r k  m o d e l  
a s  a gu ide ,  but  o u r  r e s u l t s  a r e  t r u e  in m a n y  
o t h e r  m o d e l s  a s  wel l .  

A s  an  e x a m p l e  we g ive  the  r e s u l t  f o r  the  tu 
d i a g r a m  u s i n g  the  l a b e l l i n g  of fig.  l b .  S u m m i n g  
o v e r  the  f o u r  a l l owed  t i m e  o r d e r [ r i g s ,  we o b t a i n  

M(u,t) : f d2k.  f l  dx  - A  ~pl(kj  ) x 
0 x2(  l - x ) 2  

(9) 

~p3 (k  j. +(1- x)q i  ) ~p 2(kj.  + ( l - x )  qj.  -x  rj.  ) ~ 4 ( k  t -x  r . t  ) 

w h e r e  the  t r a n s v e r s e  v e c t o r s  rj .  and  q x  s a t i s f y  
r . t ' q . t  : 0 ,  u = - r  2 ,  a n d t  = - q 2 5 .  S u r -  

~ t  In genera l  ~ may also depend on the invar ian t  
P '  (Pa- Pc) cor responding  to the re la t ive  energy in 
the center  of m a s s  system.  However, we shah  as -  
sume that the asymptot ic  behavior  of the wave 
function is  given ent i re ly  in t e r m s  of S o r p 2 c m ,  
as in the case of potential or  [adder approximation 
models .  A dominant  dependence upon the var iable  
P" (Pa-Pc)  would cause the 90 ° c ro s s  sect ions  to 
fall fa r  too slowly and is inconsis tent  with the 
Dre i l -Yan  threshold relat ion.  Note that both va r i -  
ables  depend only on the component of par t ic le  a ' s  
momentum t r a n s v e r s e  to the momentum of the 
bound state.  This  is a general  consequence of ro ta -  
tional invar iance .  

We d i s r ega rd  logar i thmic modif icat ions throughout 
the paper .  
The vectors  r and P d  are  chosen to be 

r = (r~/2p, r .  , O) 

.d  = ((. (, _ , .  ) 2(1-  x)P ' ra- - k j . ,  
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p r i s i n g l y ,  the  f a m i l i a r  e n e r g y  d e n o m i n a t o r ,  
A = E l +E 2 - E  -E .  - E  - E , ,  a p p e a r s  in  the  
n u m e r a t o r .  ~t ~s g~ven oy 

2 2 ( k j - x r j . ) 2 + ( k ± + ( 1 - x ) q j . ) 2 + m  x 
A = M I + M  2 x ( 1 - x )  (10) 

2m2 ~_ x ' ( m 2 + m ~ ) + ( 1 - x ) ( m  2+m2"1 
a b ~" 

For proton-proton scattering the asymptotic be- 

havior is 
1 

M(u , t )  ~ - 4  f dxN,(x)xn-2(1-x) n-2 × 
0 (11) 

x2 r~ ~ +(l-x)2qf ~ , ( ( l _ x ) q  z ) , ( - x  r ± ) , ( ( 1 - x ) q i  -x r± ). 
=(1 - x )  

With  the  i n c l u s i o n  of s p i n  w h i c h  l e a d s  to a d d i -  
t i o n a l  s p i n  o r  k i n e m a t i c  f a c t o r s  u n d e r  the  i n t e g r a l  
s i g n  jrj~, the  f i n a l  a s y m p t o t i c  r e s u l t  f o r  p - p  s c a t -  
t e r i n g  i s  ~ ' ~  

pp s 12 

w h e r e  R(z) = f ( z ) ( 1  - z 2 )  - 6 ,  z = c o s 0  CM'  
f ( z )  i s  a s l o w l y - v a r y i n g  f u n c t i o n  of z f o r  z 2 not  
n e a r  1. 

T h i s  f o r m u l a  i s  c o m p a r e d  wi th  the  d a t a  [6] in  
f i g s .  2A and  2B.  T h e  d i f f e r e n t i a l  c r o s s  s e c t i o n  
at  90 ° i s  s e e n  to be  c o n s i s t e n t  w i th  s - 1 2  f o r  
s >~ 10(GeV) 2. T h e  h i g h e s t  e n e r g y  p o i n t s  m a y  
f a v o r  a s l ope  of 14, w h i c h  would  r e s u l t  if  the  
f o r m  f a c t o r  b e h a v i o r  w e r e  t "2"3 i n s t e a d  of 

t -2  n e a r  t = 20. I n t e r e s t i n g l y  enough ,  the  f o r m  
f a c t o r  d o e s  a p p e a r  to f a l l  f a s t e r  t h a n  a d i p o l e  in  
t h i s  r e g i o n .  The  f a c t  t ha t  R(z)  i s  i n d e p e n d e n t  of 
e n e r g y  i s  w e l l - v e r i f i e d  by the  d a t a  p l o t t e d  in  
f ig.  2B. T h e  a n g u l a r  d e p e n d e n c e  of t h i s  c u r v e  i s  
v e r y  c l o s e  to t h a t  of the  p r e d i c t e d  (1 - z 2 )  -6  f o r  

I tl and 14 > 4 ( eV) 2 
S i m i l a r  r e s u l t s  c a n  be  o b t a i n e d  f o r  a l l  two-  

body h a d r o n - h a d r o n  and  p h o t o n - h a d r o n  s c a t t e r -  
ing  p r o c e s s e s .  F o r  t he  c a s e  of v - p  s c a t t e r i n g ,  

"~ Z graphs  in which there  is a backward moving pa r -  
tie[e are  e l iminated in bound state theory even in 
the p resence  of spin because of the ex t ra  fal l-off  
of (>. This  is to be contras ted with the situation in 
two photon p roces se s  [9]. 

~ For  the sp in i e s s - case  eq. (11) gives the same s-  
dependence with the z dependence given by f(z) x 
( i - z 2 )  -4.  Thus spin effects can a l te r  the angular  
dependence. 
We have also examined the effects of absorpt ion on 
the basic  in terchange interact ion.  Since absorpt ion 
has a much l a rge r  range than the interchange force,  
i ts  main effect is to change the normal iza t ion with- 
out affecting the energy or angutar  predict ion.  
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Fig. 2A. Log - [ogp to to f  d(~/dtat 90 ° versus s fo r  p-p 
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20 - - ,  i ~ ~  

do- IPP 
dt / R(z) 

16 / do" IPP 
\~-;9o o 

;2 
~ J  
(,-z2)6 

8 Q 

o 1 2 . 1 |  
× 14.25 
o 16.9 
~, 1 9 5  

• 21 .5  t J o  + I1.1 
J ? ~  ,~ ,o l  

4 ~- ~ 8 ~  • 9 .2  

o I 
0 0.2 0.4 0.6 0.8 1.0 

Z=¢OS Oc.m, 

Fig. 2B. A plot of R(z) at various energ ies  for p-p 
scat ter ing.  Sample e r r o r s  are shown. 

w h e r e  the  p i o n  i s  t a k e n  a s  a bound  s t a t e  of a 
sp in  1 /2  p a r t o n  and  a sp in  1 /2  c o r e ,  bo th  the  
and  ut d i a g r a m s  of f ig.  l b  c o n t r i b u t e .  If we a s -  
s u m e  tha t  the  a s y m p t o t i c  l o w e r  d e p e n d e n c e  of 
the  p i o n  f o r m  f a c t o r  i s  t -  , t hen  the  r e s u l t  fo r  
~+p i s 

(d-~/ ~ IH±(~)12/s 4 + 4 l  = R±(z) / s  4+4l , (13 )  
d t  ] 7r±p 
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Fig. 3A. Log-log plot of da/dt at 90 ° ve rsus  s for ?T-p 
scat ter ing.  

w i t h  H+(z) = 2H ut +H st, H-(z)  = Hut+2H st , 
and  H ut = 24xt(z)(1-z)-2(l+z) -1, 
H s t  =gSt(z)(1-z)-2( l+ z ) l /2 .  

The  g ' s  a r e  s lowly  v a r y i n g  f u n c t i o n s  of z f o r  
z 2 no t  n e a r  1. H st, w h i c h  in the  p r e s e n t  c a s e  h a s  
on ly  a s m a l l  i m a g i n a r y  p a r t ,  i s  s i m i l a r  in  m a g -  
n i t u d e  to H ut f o r  a l l  z ~ 0. T h i s ,  of c o u r s e ,  t e l l s  
u s  t ha t  the  u+p c r o s s  s e c t i o n  shou ld  be r o u g h l y  
e q u a l  to the  u - p  c r o s s  s e c t i o n  in t h i s  r e g i o n .  T he  
ut t e r m s ,  h o w e v e r ,  d o m i n a t e  f o r  s u f f i c i e n t l y  
n e g a t i v e  z and lead  to a r i s i n g  c r o s s  s e c t i o n  
t h e r e .  

In f ig.  3A we h a v e  p l o t t e d  the  90 ° ~ - p  c r o s s  
s e c t i o n  [7] and c o n c l u d e  t ha t  i t  f a l l s  ap~)roxi-  
m a t e l y  a s  s -8 ,  r e q u i r i n g  l = ](~h~ ~ S -~,/2 f o r  
s p i n  1 /2  c o n s t i t u e n t s ) .  In f ig .  3B we h a v e  p l o t t e d  
R-(z )  a s  c a l c u l a t e d  f r o m  the  e x p e r i m e n t a l  d a t a  
a v a i l a b l e  a t  t h r e e  d i f f e r e n t  e n e r g i e s .  A g a i n  i t  i s  
c e r t a i n l y  c o n s i s t e n t  w i th  an  e n e r g y  i n d e p e n d e n t  
u n i v e r s a l  f u n c t i o n  of z w h i c h  i s  v e r y  m u c h  l ike  
t h a t  p r e d i c t e d  u s i n g  eq. (13). T h e  a s y m m e t r i c a l  
b e h a v i o r  of R(z)  a r o u n d  z = 0 i s  due  p r i m a r i l y  to 
the  d i f f e r e n t  a s y m p t o t i c  b e h a v i o r  of the  p ion  and  
n u c l e o n  w a v e  f u n c t i o n s ,  w h i c h  b r e a k s  the  s y m -  
m e t r y  of t h e u t  t e r m ,  and to the  i n t r i n s i c  a s y m -  
m e t r y  of the  sl t e r m .  T h e  o v e r l a i n  c u r v e  i s  c a l -  
c u l a t e d  by s e t t i n g  g s t  = gut .  

A s i m i l a r  a n a l y s i s  c a n  be m a d e  f o r  K±p s c a t -  
t e r i n g .  U s i n g  the  q u a r k  m o d e l  a s s i g n m e n t s  the  
e x o t i c  r e a c t i o n  K+p h a s  on ly  a u t  t e r m  w h i l e  K-p  
h a s  on ly  an  st c o n t r i b u t i o n .  If the  K f o r m  f a c t o r  
f a l l s  a t  the  s a m e  r a t e  a s  the  n-  f o r m  f a c t o r ,  t hen  
the  e n e r g y  d e p e n d e n c e  i s  the  s a m e  a s  f o r  the  ~p 
c a s e .  K+p shou ld  be r e l a t i v e l y  f l a t  w h e n  c o r n -  
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Fig. 3B. A plot of R-(z) at the three highest avai lable 
energies for  11"-p scatter ing. J(z) is predicted f rom 
eq. (13) to be J(z) = ~- [ I+2(1+z)3 /2 ]  2. Sample e r ro rs  

are  shown. 

p a r e d  to the  K-p  c r o s s  s e c t i o n ;  the  l a t t e r  shou ld  
h a v e  no e n h a n c e m e n t  f o r  z n e a r  -1 ,  (un t i l  one  
r e a c h e s  the  e x o t i c  b a c k w a r d  p e a k ) ,  w h i l e  h a v i n g  
the  s a m e  f o r w a r d  p e a k i n g  a s  the  f o r m e r .  The  
5 GeV d a t a  [8] i n d i c a t e s  t ha t  t h i s  i s  i n d e e d  the  
c a s e ,  but h i g h e r  e n e r g y  d a t a  i s  r e q u i r e d  b e f o r e  
a m e a n i n g f u l  c o m p a r i s o n  c a n  be m a d e  in a r e g i o n  
w i t h o u t  r e g g e  e f f e c t s .  (In s o m e  s e n s e  the  m e r e  
p r e s e n c e  of a n o n e x o t i c  b a c k w a r d  p e a k  in K+p 
d e m a n d s  tha t  the  a b o v e  c o n t r a s t  be p r e s e n t .  ) In 
a d d i t i o n ,  the  i n t e r c h a n g e  t h e o r y  p r e d i c t s  tha t  
the  K+p a m p l i t u d e  i s  r e a l  w h i l e  the  K-p  a m p l i -  
tude  i s  a l m o s t  p u r e l y  r e a l ,  and t h a t  the  K+p 
c r o s s  s e c t i o n  shou ld  be  s o m e w h a t  l a r g e r  t han  
K-p  at  90 ° * 

In the  p a r t o n  m o d e l ,  t he  p h o t o n  c o u p l e s  in  a 
p o i n t - l i k e  f a s h i o n  to the  h a d r o n i c  c o n s t i t u e n t s .  
T h u s  p r o t o n  p r o c e s s e s  wi l l  f a l l  m o r e  s lowly  in  
e n e r g y  t han  t h e i r  c o r r e s p o n d i n g  v e c t o r  m e s o n  
a n a l o g u e s  w h e n  the  i n t e r c h a n g e  m e c h a n i s m  d o m i -  
n a t e s .  F o r  e x a m p l e  the  d i f f e r e n t i a l  c r o s s  s e c t i o n  
fo r  pho to  o i o n  p r o d u c t i o n  a t  90 ° i s  p r e d i c t e d  to 
f a l l  a s  s - I 3 / 2  ( for  s p i n  1 /2  p a r t o n s ) ,  w h e r e a s  
the  c r o s s  s e c t i o n  fo r  up ~ pp a t  t = u i s  p r e d i c t e d  
to f a l l  a t  l e a s t  a s  f a s t  a s  s -8 ,  i f  t he  p f o r m  f a c -  
t o r s  f a l l  a t  l e a s t  a s  f a s t  a s  the  p ion  f o r m  f a c t o r .  
C o m p a r i s o n  of t h e s e  r e a c t i o n s  a t  l a r g e  e n e r g y  
and  a n g l e  i s  a c r u c i a l  t e s t  of the  v a l i d i t y  of t h i s  

* It is  in te res t ing  that  the 5 GeV/c  data suggests  that 
the f o r m e r  p roce s s  has  more  s t r ik ing  in te r fe rence  
minima than the la t ter .  This  is  cons i s ten t  with the 
in te r fe r ing  K+p Regge contr ibut ions  being purely 
rea l  and K-p Regge t e r m s  being purely rota t ing 
phase as suggested by the usual exchange degenera te  
pic ture .  A thorough ana tys i s  should be worthwhile.  
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model and the existence of a point-like coupling 
.of the photon **. 

So far we have made little use of the selection 
rules imposed by the valence quark model assign- 
ments for the hadronic patton and core constitu- 
ents. Some additional predictions are for instance 
that pp and np elastic scattering cross sections 
should become identical at large energy and angle. 
In particular n-p should become symmetric about 
90 ° . In addition both receive contributions only 
from ut diagrams which are purely real; hence 
neither should exhibit any polarization in this 
region. In comparison ~ -  p which receives con- 
tributions purely from the st topology should ex- 
hibit some polarization and be strongly skewed 
in favor of z >I 0, although for fixed z it should 
fall in s at the same rate as p-p(s-12). 

In general the meson nucleon interactions re- 
ceive contributions from both st and ut topologies 
but always in a well defined ratio. The angular 
dependence away from 90 ° can be different from 
process to process (though some are identical; 
e .g . ,  n°p  ~ n°p :  ~TP -~ ~.P: 7/p ~ ~+n = 3 : 1 : ~  in 
the  a m p l i t u d e s )  but  a l l  f a l l  w i th  the  s a m e  s -8  
p o w e r .  F o r  " c h a r g e  e x c h a n g e "  r e a c t i o n s  such  a s  
~ - p  ~ ~On the  s t  and ut  t e r m s  e n t e r  w i t h  o p p o s i t e  
s i g n s ,  un l ike  the  e l a s t i c  s c a t t e r i n g  c a s e s ,  so  
t h a t  one  could  e x p e c t  the  c h a r g e  e x c h a n g e  r e a c -  
t i o n s  to be  up to an  o r d e r  of m a g n i t u d e  s m a l l e r  
a t  90 ° . In g e n e r a l  t h o s e  m e s o n  n u c l e o n  i n t e r -  
a c t i o n s  w h i c h  r e c e i v e  c o n t r i b u t i o n s  f r o m  s t  t opo -  
l o g i e s  cou ld  be  e x p e c t e d  to e x h i b i t  s o m e  p o l a r i -  
z a t i o n ,  a l t h o u g h  e s t i m a t e s  tend  to i n d i c a t e  t ha t  
the  i m a g i n a r y  p a r t  of the  s t  c o n t r i b u t i o n  i s  a l w a y s  
s m a l l  c o m p a r e d  to i t s  r e a l  p a r t .  C e r t a i n  of the  
k a o n  r e a c t i o n s ,  e . g . ,  K+-p ,  r e c e i v e  no s t  c o n -  
t r i b u t i o n s  and s h o u l d  not  e x h i b i t  p o l a r i z a t i o n .  

We a l s o  no te  t h a t  i f  t he  ~ c o u p l i n g  of the  
s p i n  1 c o r e  of the  n u c l e o n s  i s  p r e s e n t ,  t hen  
a s y m p t o t i c a l l y  one  shou ld  s e e  h e l i c i t y  c o n s e r -  
v a t i o n  in  the  m e s o n  n u c l e o n  i n t e r a c t i o n s ,  t o t a l  
h e l i c i t y  c o n s e r v a t i o n  in  p - p  s c a t t e r i n g ,  but  

** The consequences  of this  point- l ike coupling for  two 
photon p r o c e s s e s  have been d i scussed  by Brodsky et  
al. [9]. These  papers  provide fu r ther  examples of 
some of the calculat ional  techniques used here.  
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• helicity should not be conserved in ~-p ~ ~-p at 
large angles. In the case of p-p ~ p-p, helicity 
should again be conserved. 

Finally, measurements of the process 
p-p ~ nA ++ can be used to determine the A wave 
function and to check the zero polarization pre- 
diction for such a process at large s , t  and u. In 
general, any quasi-two-body reaction will yield 
new information concerning the wave function of 
the produced particle and its constituents. 

In conclusion, we have presented a particular- 
ly simple explanation of large s, large angle 
scattering which agrees quite well with the exist- 
ing data. It provides, via systematic comparison 
of relative normalizations, energy and angle de- 
pendencies, a unique opportunity to determine 
the wave functions of the hadrons and the proper- 
ties, e.g., quantum numbers and spin, of their 
constituents. 

We w i s h  to a c k n o w l e d g e  he lp fu l  c o n v e r s a t i o n s  
w i th  S. B e r m a n ,  J .  B j o r k e n ,  M. D a v i e r  and R. 
R o s k i e s .  
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