
Volume 38B, number  7 P H Y S I C S  L E T T E R S  3 April  1972 

P I O N  E X C H A N G E  A N D  I N C L U S I V E  S P E C T R A  

M. BISHARI * 
Lawrence Berkeley Laboratory, University of California, Berkeley, Calif. 94720, USA 

Received 4 Feb rua ry  1972 

We d i scuss  the impl icat ions  of pion exchange for  inclusive d is t r ibut ions  in high energy pp coll is ions.  
An approximate  spec t rum for  p + p ~ n + X is predicted and the possibLe cor rec t ions  are  pointed out. 
The rote played by y-exchange,  in buiLding the asymptotic  ffT(PP), is  studied. Other  re la ted p rocesses ,  
for  which the same analys is  applies,  are br ief ly  mentioned. 

I n c l u s i v e  e x p e r i m e n t s  h a v e  b e e n  v e r y  u s e f u l  
f o r  s t u d y i n g  the  p r o d u c t i o n  m e c h a n i s m s  in m u l -  
t i p a r t i c l e  p r o c e s s e s .  In p a r t i c u l a r  the  i n c l u s i v e  
s p e c t r a  n e a r  the  k i n e m a t i c a l  b o u n d a r y  can  b e  
p a r a m e t r i z e d  in t e r m s  of a p r o p e r l y  d e f i n e d  
" R e g g e o n " - p a r t i c l e  t o t a l  c r o s s - s e c t i o n  [1 -7] .  
T h e  r e l e v a n c e  of s u c h  a p a r a m e t r i z a t i o n  to a 
b o o t s t r a p  s c h e m e  h a s  a l s o  b e e n  n o t e d  [8]. 

In t h i s  p a p e r  we s h a l l  c o n s i d e r  the  c o n t r i b u -  
t ion  of a l o w - l y i n g  t r a j e c t o r y ,  n a m e l y  the  p ion  
R e g g e  po l e ,  to i n c l u s i v e  d i s t r i b u t i o n s .  T h e  p o s -  
s i b l e  i m P o r t a n c e  of l o w - l y i n g  e x c h a n g e s  in 
b u i l d i n g  t he  i n c l u s i v e  s p e c t r a  i s  no t  s u r p r i s i n g  
a t  a l l .  I n d e e d  i t  i s  now a w e l l - e s t a b l i s h e d  f a c t  
t h a t  the  t r i p l e  p o m e r o n  [9] c o n t r i b u t i o n  i s  v e r y  
s m a l l  [4, 5, 10]. In o t h e r  w o r d s  the  e x c h a n g e s  
b e t w e e n  the  p r o j e c t i l e  a n d  t he  f a s t  d e t e c t e d  p a r -  
t i c l e  (o r  b e t w e e n  the  t a r g e t  a n d  t he  s low d e t e c t e d  
p a r t i c l e  in  t he  lab  f r a m e )  a r e  d o m i n a t e d  by  nor-  
mal  R e g g e o n s  a n d  not by the  p o m e r o n .  M o r e -  
o v e r  i t  h a s  b e e n  s h o w n  [11] t h a t  the  i n c l u s i v e  
d a t a ,  e .g . ,  in p + p ~ p + X,  no t  ** v e r y  n e a r  
t he  p h a s e  s p a c e  b o u n d a r y ,  i s  c o n s i s t e n t  w i th  a n  
e f f e c t i v e  e x c h a n g e  h a v i n g  a s m a l l  n e g a t i v e  ** 
i n t e r c e p t .  T h i s  m a y  s u g g e s t  t h a t  l o w - l y i n g  e x -  
c h a n g e s  w i th  s m a l l  i n t e r c e p t  c a n  l e a d  to a s i g -  
n i f i c a n t  c o r r e c t i o n  in the  r e g i o n  v e r y  n e a r  the  
k i n e m a t i c a l  b o u n d a r y  w h e r e  the  d o m i n a t i n g  
R e g g e o n s  h a v e  a h a l f - u n i t  i n t e r c e p t .  

J" Work supported by the US Atomic Energy Commis-  
sion. 

* On leave of absence f rom the Weizmann Institute of 
Science, Rehovoth, IsraeL. 

** The analys is  per formed in ref.  [3] has  shown the 
importance of t r a j e c t o r i e s  with haLf-unit in tercept .  
However, this  conclusion was drawn f rom data in 
the region 0.85 ~<x < 1 where x is the Feynman 
var iable  (defined in the text). On the o ther  hand the 
data analyzed in ref.  [11] lie below x = 0.85. 
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E n c o u r a g e d  by  the  a f o r e m e n t i o n e d  r e m a r k s  
we f i r s t  c a l c u l a t e  the  p ion  e x c h a n g e  c o n t r i b u t i o n  
to a w e l l  m e a s u r e d  i n c l u s i v e  r e a c t i o n ,  n a m e l y  
P + P ~ P + X [12]. T h i s  m e a s u r e d  r e a c t i o n  p r o -  
v i d e s  a scale f o r  the  i m p o r t a n c e  of the  p ion  e x -  
c h a n g e .  S e c o n d l y  an  a p p r o x i m a t e  s p e c t r u m  i s  
predicted f o r  p + p * n + X w h e r e  the  p ion  t r a -  
j e c t o r y  i s  e x p e c t e d  to d o m i n a t e  ( see  be low) .  
T h i s  p r e d i c t i o n  i s  the  m a i n  r e s u l t  of the  p r e s e n t  
p a p e r .  T h e  d i f f i c u l t  e x p e r i m e n t  of d e t e c t i n g  the  
ou tgo ing  n e u t r o n  i s  e x p e c t e d  to b e  c a r r i e d  out  in  
C E R N  l a b o r a t o r i e s .  T h i r d l y  in t r y i n g  to b u i l d  
the  t o t a l  pp c r o s s - s e c t i o n  [7, 8, 13] f r o m  i n c l u s -  
ive  s p e c t r a  ( the  s o - c a l l e d  " i n c l u s i v e  b o o t s t r a p " )  
the  p ion  c o n t r i b u t i o n  i s  e v a l u a t e d  a n d  t u r n s  out  
to b e  of c o n s i d e r a b l e  i m p o r t a n c e .  F i n a l l y  we 
s h a l l  d i s c u s s  the  i m p l i c a t i o n  of the  p i o n  e x -  
c h a n g e  m e c h a n i s m  on p r e v i o u s  a t t e m p t s  to  e v a l -  
ua t e  a m p l i t u d e s  w i t h  e x t e r n a l  p o m e r o n s  [4,  5, 
14, 15]. 

P i o n  e x c h a n g e  in  p + p ~ N + X ( N = p , n ) :  
T h e  k i n e m a t i c s  a n d  the  r e l e v a n t  d i a g r a m  i s  d e -  
p i c t e d  in  f ig .  1. F o r  c o n c r e t e n e s s  we t a k e  the  

P . PTr N 

(a) (b) 

Fig. 1. (a} Kinemat ics  and the pion exchange amplitude 
i n p + p - * N +  X w h e r e  N = p ,n .  (b) Contribution of the 
d iagram in (a) to the inclusive di f ferent ia l  c r o s s - s e c -  

tion of p + p --* N + X. 
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d e t e c t e d  n u c l e o n  to b e  e m i t t e d  f r o m  t he  p r o j e c -  
t i l e  v e r t e x .  T h e  i n v a r i a n t  v a r i a b l e s  to b e  u s e d  
a r e  d e f i n e d  a s  

s = ( P l  + P2 ) 2 ,  t = ( P l  _ q ) 2 ,  

M 2  = ( P l  + P 2 - q ) 2 "  (1) 

T h e s e  v a r i a b l e s  a r e  r e l a t e d  to t he  e n e r g y  E a n d  
l o n g i t u d i n a l  m o m e n t u m  q L  of the  o u t g o i n g  p a r t i -  
c l e  in  the  c e n t e r  of m a s s ,  by  

2E/~rs = 1 + m 2 / s  - M 2 / s  ~ 1 - M 2 / s  (2a) 

a n d  f o r  l a r g e  q L  

x = 2 q L / q - s ~  1 - M 2 / s  (2b) 

w h e r e  f o r  x no t  f a r  f r o m  1 

t ~ 2m 2 - m 2 ( x + l / x )  - q2T/X. (2c) 

H e r e  m ,  x ,  a n d  q T  a r e ,  r e s p e c t i v e l y ,  t he  n u -  
c l e o n  m a s s ,  the  w e l l - k n o w n  F e y n m a n  v a r i a b l e ,  
a n d  the  t r a n s v e r s e  m o m e n t u m  of the  e m i t t e d  
p a r t i c l e .  

T h e  c o n t r i b u t i o n  of the  d i a g r a m  in f ig .  l a  to 
t he  i n c l u s i v e  c r o s s - s e c t i o n  i s  s c h e m a t i c a l l y  d e -  
s c r i b e d  by  f ig .  l b .  We  s h a l l  c o n s i d e r  only t h a t  
t e r m  w h i c h  l e a d s  to a l imit ing d i s t r i b u t i o n  
[16,  1 %  

T a k i n g  in to  a c c o u n t  the  v a n i s h i n g  of the  nNN 
v e r t e x  a t  t = 0 a n d  the  s m a l l n e s s  of t he  p ion  
m a s s ,  we p a r a m e t r i z e  the  p ion  c o n t r i b u t i o n  to 
d 2 ~ / d t  d (M 2/S) a s  

d2~  = A e a t  I-t[ [ s ~ 2 a T r ( t ) - c t p ( 0 )  (3) 

clt d(M2/s)  (t - U 2) 2 \ M 2 /  

w h e r e  /z i s  t he  p ion  m a s s ,  oln(t) = ot ' ( t  - ~2) ,  
c~' = 0 . 9 G e V  -2 ,  ~ p ( 0 )  = 1 a n d  t he  c u t - o f f  p a -  
r a m e t e r  a i s  i n t r o d u c e d  to a c c o u n t  f o r  off m a s s -  
s h e l l  c o r r e c t i o n s .  F r o m  t he  e x p e r i m e n t a l  
t r a n s v e r s e  m o m e n t u m  d i s t r i b u t i o n  in p + p ~ p + X 
[12] one  can  e s t i m a t e  the  p a r a m e t e r  a .  T h e  
o v e r a l l  n o r m a l i z a t i o n  f a c t o r  A wi l l  b e  d e t e r -  
m i n e d  b e l o w .  

F r o m  eqs .  (2b) a n d  (2c) one  can  i m m e d i a t e l y  
s e e  t h a t  eq. (3) l e a d s  to a l i m i t i n g  d i s t r i b u t i o n .  

W e  s h a l l  a l s o  u s e  the  f o l l o w i n g  d i s t r i b u t i o n  
f u n c t i o n  ( w r i t t e n  in the  l i m i t i n g  f o r m )  

E d3cr 1 d2~  
. . . .  (4) 

P(X'qT) CrT(PP) d3q ~ ~T(PP) d t d ( M 2 / s )  

with ~T(PP) ~ 40 mb. 

I i , I I I 
1.4 --  qT =0.1GeV/c 

p + p  ~ p + X  
L2  • Prob = 14.25 GeV/c l ~ 

[ , 0  " Plob = 24.0GeV/c 
• Plat) = 30.0 GeV/c 

0.8 • •  • " ° " ~ =  

~I~:o.6 .- • ~';;',,~ 
41~ " • / /  ~ ~ -Exch. in 

u..l[~- O. 4. . 4 ~ e  ='w- • / /  \ p+p--n*X 

o.2 . ; P , "  / " /  ~ \  
• " "  , , , 

O~ ' 0.2 0.4 0.6 0 .8  L0  
x 

Fig. 2. Exper imenta l  data f rom p + p ~ p + X meas -  
u rement s  and predict ion for  p + p ~ n + X (see curve II 

and in the text). 

(i) p + p ~ p + X:  T h e  n o r m a l i z a t i o n  f a c t o r  A 
i s  d e t e r m i n e d  by  e x t r a p o l a t i n g  eq. (3) to the  p ion  
m a s s - s h e l l .  T h e n  the  r e s u l t e d  p ion  c o n t r i b u t i o n  
i n p + p ~ p + X i s  

d2~ I g2  I - t l  
dtd(M2/s )  - 4--~ 4~ CrT(~P) e x p { a ( t  - ~2)} (t - ~t2) 2 

× (s/M2)2 aw(t)-ap(O) (5) 

w h e r e  the  on m a s s - s h e l l  q u a n t i t i e s ,  g2/47r ~ 15 
and  CrT(np) ~ 30 m b  a r e  s e l f - e x p l a n a t o r y .  T h e  
c u t - o f f  p a r a m e t e r  we u s e  * i s  a ~ 4 GeV -2.  

T h e  e x p e r i m e n t a l  d a t a  in  p + p ~ p + X i s  
p l o t t e d  ** in f ig.  2 f o r  p(x, qT)  a s  a f u n c t i o n  of x 
f o r  f i xed  q T  (qT =0"1 GeV).  In the  s a m e  f i g u r e  
c u r v e  I g i v e s  the  p ion  c o n t r i b u t i o n .  A s  i s  e x -  
p e c t e d  the  p ion  wi l l  no t  a c c o u n t  f o r  the  w h o l e  
s p e c t r u m  s i n c e  P '  a n d  ¢o e x c h a n g e s  a r e  known  to 
b e  i m p o r t a n t  e s p e c i a l l y  v e r y  n e a r  x < 1 w h e r e  
the  p ion  t e r m  i s  v a n i s h i n g l y  s m a l l .  H o w e v e r ,  t he  
p ion  e x c h a n g e  s t a r t s  to  b e  i m p o r t a n t  a t  x ~ 0.88 
w h e r e  i t  g i v e s  ~ 35% of the  s p e c t r u m  a n d  i t  i s  
m a x i m u m  a t  x ~ 0 .835 w h e r e  i t  a c c o u n t s  f o r  

50% of the  d i s t r i b u t i o n  Cat l e a s t  a s  the  3 0 G e V / c  
d a t a  i s  c o n c e r n e d ) .  

I t  i s  i n t e r e s t i n g  to no t e  t h a t  t he  n,  P ' ,  and  w 
c o n t r i b u t i o n s  a r e  i n c o h e r e n t  in  the  l i m i t i n g  d i s -  
t r i b u t i o n ,  n a m e l y  b e c a u s e  of i s o - s p i n  and  G -  
p a r i t y  the  i n t e r f e r e n c e  t e r m s  d ie  ou t  in  the  s c a l -  
ing l i m i t .  T h e  p a n d  A 2 t r a j e c t o r i e s  a r e  known  
to b e  w e a k l y  c o u p l e d  to NN and  we n e g l e c t  t h e m .  

* The value of a is  somewhere  between 4 and 6 GeV -2.  
For  concre teness  we take a = 4 GeV -2.  

** Thanks are  due to K. SchlUpman for  providing us 
the data of ref.  [13], replot ted in a normal  scale.  
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A l t h o u g h  the  p ion  e x c h a n g e  w a s  s h o w n  to b e  
i m p o r t a n t  in  p + p --. p + X,  i t  i s  p e r h a p s  no t  
c r u c i a l  f o r  t he  u n d e r s t a n d i n g  of the  s p e c t r u m  
s t r u c t u r e  $. On the  o t h e r  h a n d ,  t he  p ion  c o n -  
t r i b u t i o n  i s  c r u c i a l l y  i m p o r t a n t  in  p + p ~ n + X 
a s  d i s c u s s e d  b e i o w .  

(ii) p + p ~  n + X : H e r e  the  p o s s i b l e  e x -  
c h a n g e s  a r e  p,  A2,  and  n. A s  w a s  m e n t i o n e d  
a b o v e  the  p a n d  A 2 c o n t r i b u t i o n s  w i l l  b e  n e -  
g l e c t e d ,  a s  a f i r s t  a p p r o x i m a t i o n ,  a t  l e a s t  in  t he  
r e g i o n  w h e r e  t he  ~ t e r m  h a s  a considerable 
m a g n i t u d e .  P o s s i b l e  e f f e c t s  of p a n d  A 2 e x -  
c h a n g e s  wi l l  b e  m e n t i o n e d  l a t e r .  

T h e  r e a s o n  f o r  the  c r u c i a l  i m p o r t a n c e  of the  
- e x c h a n g e  in p + p -~ n + X a s  c o m p a r e d  w i th  

p + p -~ p + X is  s i m p l y  due  to i s o s p i n ,  i . e . ,  
g2+  / 4 ~  = 2 g 2 o ~ - / 4 ~  ~ 30 T h e  p ion  c o n t r i b u -  7r pn ~r ~ • 
t i on  to the  d i s t r i b u t i o n  of the  o u t g o i n g  n e u t r o n  i s  
p l o t t e d  in f ig .  2 and  i s  g i v e n  by  c u r v e  II ( c u r v e  I 
m u l t i p l i e d  by  2 g i v e s  c u r v e  II). E x c l u d i n g  t he  
r e g i o n  0.94 < x < 1, the  d i s t r i b u t i o n  g i v e n  by  
c u r v e  II should give ,  to a good a p p r o x i m a t i o n ,  
the  e x p e r i m e n t a l  s p e c t r u m  of p + p ~ n + X. O ur  
p r e d i c t i o n  f o r  p + p ~ n + X s h o w s  in w h a t  r e g i o n  
of p h a s e  s p a c e  n e u t r o n s  a r e  e x p e c t e d  to be  co- 
piously produced ( r e l a t i v e  to p r o t o n s )  in i n e l a s -  
t i c  finn.1 s t a t e s  in  pp c o l l i s i o n s .  

I t  i s  i n t e r e s t i n g  to no t e  t h a t  t h e r e  i s  a p o s s i -  
b i l i t y  of a c r o s s - o v e r  b e t w e e n  the  p + p --* p + X 
a n d  p + p ~ n + X d i s t r i b u t i o n s  n e a r  x ~ 0.83 
( s e e  f ig.  2). 

T h e  p a n d  A 2 t r a j e c t o r i e s ,  h a v i n g  a h a l f - u n i t  
i n t e r c e p t ,  l e a d  to a c o n s t a n t  c o n t r i b u t i o n  n e a r  
x < 1, w h i c h  can  d o m i n a t e  the  p ion  t e r m  in the  
r e g i o n  0.94 < x < 1. T h e r e f o r e  t h e i r  e f f e c t  in  
p + p ~ n + X i s  to  f i l l  up t h a t  s m a l l  r e g i o n  n e a r  
x < 1 in w h i c h  the  p ion  c o n t r i b u t i o n  i s  v e r y  
s m a l l .  H o w e v e r ,  t he  p a n d  A 2 b e i n g  w e a k l y  c o u -  
p l e d  to NN, i t  i s  p r e d i c t e d  t h a t  a s i g n i f i c a n t  dip- 
ping It of the  p + p ~ n + X d i s t r i b u t i o n  w i l l  o c -  
c u r  t o w a r d  x <~ 1. Such  p h e n o m e n o n  i s  not p r e s -  
en t  in  p + p --* p + X s i n c e  h e r e  the  c o n s t a n t  b e -  
h a v i o r  n e a r  x < 1 i s  o b t a i n e d  f r o m  P '  and  w e x -  
c h a n g e s  w h i c h  c o u p l e  s t r o n g l y  to NN. 

I n c l u s i o n  of A 2 l e a d s  to a n  i n t e r f e r e n c e  t e r m  

For  example,  in the 30 GeV/c data the f lat  s t ruc -  
ture near  x <~ 0.81 (see fig. 2) indicates  the p resence  
of exchanges with half-uni t  in tercept ,  namely o~ and 
P ' .  Also in view of the large exper imenta l  e r r o r s  
(a typical e r r o r - b a r  is  shown in fig. 2) i t  is  difficult 
to draw decis ive conclusions on the var ious  ex-  
changes.  
Low-lying t ra jec tory  contr ibut ions will always dip 
toward x<~ 1. However, the very rapid fail off of 
curve II (fig. 2) toward x < 1 is a unique feature  of 
pion exchange and is  the resu l t  of the smal lness  of 
the pion mass  and the re la t ively  s t rong 7r+pn vertex.  

(wi th  t he  pion)  w h i c h  c o n t r i b u t e s  in  the  l i m i t  of 
s c a l i n g .  I t  v a n i s h e s  a t  x < 1 and  wi l l  s l i g h t l y  a f -  
f e c t  the  p + p ~ n + X s p e c t r u m  a w a y  f r o m x  <~ 1. 

C o m p o s i t i o n  of ~T(PP):  I t  i s  of i n t e r e s t  to s e e  
in w h a t  way the  t o t a l  pp c r o s s - s e c t i o n  i s  b u i l t  
f r o m  the  v a r i o u s  i n c l u s i v e  d i s t r i b u t i o n s  in  h igh  
e n e r g y  pp c o l l i s i o n .  D e s c r i b i n g  the  i n c l u s i v e  
s p e c t r a  of the  e m i t t e d  n u c l e o n s  a s  in  f ig .  1 $,  i t  
i s  of i m p o r t a n c e  to  e x a m i n e  t he  a m o u n t  of the  
v a r i o u s  e x c h a n g e s  in  the  a s y m p t o t i c  a b s o r p t i v e  
f o r w a r d  a m p l i t u d e .  

C o n s e r v a t i o n  of e n e r g y  [18] a n d  the  i d e n t i t y  
of the  c o l l i d i n g  p a r t i c l e s  l e a d  to the  s u m  r u l e  

aT(pp)  = ~.~ f d2zi  ( 1 - M 2 / s ) d t d ( M 2 / s )  (6) 
z dt d(M2/s) 

w h e r e  t he  i n t e g r a t i o n  i s  t a k e n  o v e r  on ly  half  of 
the  p h a s e  s p a c e  and  the  s u m m a t i o n  i s  on the  
v a r i o u s  types of t he  o u t g o i n g  s t a b l e  p a r t i c l e s .  
T h e  f a c t o r  (1 - M 2 / s )  s t e m s  f r o m  2E/q-s) [ s e e  
eq. (2a)].  Note  t h a t  the  e l a s t i c  p e a k  i s  i n c l u d e d  
in the  r i g h t - h a n d  s i d e  of eq. (6). 

L e t  us  d i s c u s s  the  r o l e  p l a y e d  by  ~ r -exchange  
in s u m  r u l e  (6). T h e  p ion  t r a j e c t o r y  c o n t r i b u t e s  
t o i = p , n ,  n a m e l y  t o p + p ~  p + X a n d p + p  
n + X. S u b s t i t u t i n g  the  p ion  t e r m  in p + p --* p + X ,  
g i v e n  b y  (5), to (6) one  o b t a i n s  ( the i n t e g r a t i o n  i s  
f r o m  t - -  0 to ~ a n d  M 2 / s  ~ 0 to 1); 

1 g2  ~T (Trp) exp  ( - a ~  2) × 
4~ 4~ 

× l ~ [ e x p  (a~t2)(1 + a g  2) E l ( a g 2 )  - 1] 

~ e / a \  a E a + 

l e a d i n g  ~ to a c o n t r i b u t i o n  of ~ 5 m b  ~ .  S i n c e  
- e x c h a n g e  in  p + p -~ n + X i s  twice s t r o n g e r  

t h a n  in p + p -~ p + X,  i t  i s  e s t i m a t e d  to a c c o u n t  
f o r  ~ ( 1 0 . 5 - 1 5 ) r o b  of the  t o t a l  c r o s s - s e c t i o n .  I t  

Such an approximate  approach will be applied only 
for  the detected nucleons since they a re  produced 
mainly fa r  f rom the cent ra l  region (in the c.m. sys -  
tem). The possibi l i ty  that the d iag rams ,  as the one 
in fig. 1, will give on the average a good descr ip t ion  
make the approach even more  re l iable  for  p red ic -  
t ions f rom integrated quant i t ies  (see text). 

:~ When the incident  pa r t i c les  are  not identical  the 
sum- ru l e  (6) can be der ived by imposing also con- 
se rva t ion  of longitudinal momentum at s --* oo.  

~[ The exponential  in tegra l  function El(Z ) is  defined by 

EIC~) : r exp~-~) d,,. 
Z 

Footnote see next page. 
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i s  i n d e e d  a c o n s i d e r a b l e  f r a c t i o n  of t he  t o t a l  i n -  
e l a s t i c  c r o s s - s e c t i o n .  

F i n k e l s t e i n  a n d  R a j a r a m a n  [7] e s t i m a t e d  the  
P '  a n d  w e x c h a n g e s  in p + p ~ p + X to g ive  
~ 10 m b  ~ to the  r i g h t - h a n d  s i d e  of eq.  (6). 
T a k i n g  in to  a c c o u n t  the  e l a s t i c  c r o s s - s e c t i o n ,  
~el(PP) ~ (8-10)  m b ,  the  a m o u n t  due  to p r o t o n s  
i s  ~ ( 1 8 . 5 - 2 5 ) m b  a n d  to n e u t r o n s  i t  i s  ~ ( 7 ' 1 0 ) m b  
m a k i n g  t o g e t h e r  ~ (25 .5 -35)  rob. T h e  e x p e r i m e n -  
t a l  t o t a l  c r o s s - s e c t i o n  i s  ~ 40  m b  a n d  t he  r e s t  
[ ~ ( 5 - 1 4 . 5 )  mb]  i s  m a i n l y  f r o m  e m i t t e d  p i o n s .  

P o m e r o n - p a r t i c l e  a m p l i t u d e s :  P l o t t i n g  [4,  5, 
14, 15] d2~/dtdM v e r s u s  1/s a n d  e x t r a p o l a t i n g  
to i n f i n i t e  s the  o b t a i n e d  i n t e r c e p t  g i v e s  a m e a s -  
u r e  f o r  the  a b s o r p t i v e  f o r w a r d  P o m e r o n - p a r t i c l e  
a m p l i t u d e .  T h e  p r e s e n t  w o r k  s h o w s  t h a t  p ion  
e x c h a n g e  can  b e  i m p o r t a n t  in  p + p ~ p + X a t  
v e r y  s m a l l  v a l u e s  of t (e .g . ,  t ~ - 0 . 0 4  GeV2) .  
T h e r e f o r e  in  o r d e r  to h a v e  a m o r e  m e a n i n g f u l  
p a r a m e t r i z a t i o n  f o r  d 2 ~ / d t d M  (s/M 2 no t  too  
l a r g e )  one  n e e d s  to i n c l u d e ,  in a d d i t i o n  to a c o n -  
s t a n t  a n d  1/s t e r m s ,  a l s o  1/s 2 b e h a v i o r .  M o r e  
m e a s u r e m e n t s  a t  d i f f e r e n t  i n c i d e n t  e n e r g i e s  a r e  
n e e d e d  to c l a r i f y  t he  p r e d i c t i o n s  of s u c h  a n a l -  
y s i s .  

T o  s u m m a r i z e ,  a n  a p p r o x i m a t e  s p e c t r u m  w a s  
predicted f o r  p + p --* n + X in the  l i m i t  of s c a l -  
ing.  C o r r e c t i o n s  to the  s p e c t r u m  v e r y  n e a r  x < 1 
w e r e  d i s c u s s e d .  V e r y  n e a r  x < 1 m o r e  p r o t o n s  
w i l l  b e  p r o d u c e d  t h a n  n e u t r o n s  in pp c o l l i s i o n .  
H o w e v e r ,  a w a y  f r o m  the  b o u n d a r y ,  e . g . ,  
x ~ 0 .84,  t h e i r  n u m b e r  c an  b e  comparable a n d  
the  p r e s e n c e  of a cross-over b e t w e e n  p + p * 
p + X a n d  p + p ~ n + X i s  w e l l  p o s s i b l e .  

In t r y i n g  to b u i l d  ~T(PP) f r o m  i n c l u s i v e  s p e c -  
t r a  i t  t u r n s  ou t  t h a t  p ion  e x c h a n g e  [19] c o n t r i b -  
u t e s  a b o u t  ~ (10 .5 -15)  m b .  T h i s  r e l a t i v e l y  l a r g e  
n u m b e r  i s  no t  s u r p r i s i n g .  I n d e e d  e v e r y  e x -  
c h a n g e ,  i r r e s p e c t i v e  of i t s  i n t e r c e p t ,  g i v e s  r i s e  
to a l i m i t i n g  d i s t r i b u t i o n  a n d  t h e r e f o r e  to a c o n -  
s l a n t  ( i n d e p e n d e n t  of s) t e r m  in s u m - r u l e  (6). 
T h i s  c o n s t a n t  t e r m  is  p a r t i c u l a r l y  l a r g e  f o r  p ion  
e x c h a n g e  due  to the  v e r y  s m a l l  m a s s  a n d  r e l a -  
t i v e l y  s t r o n g  c o u p l i n g  to NN. 

W e  a r e  a l s o  l ed  to the  e x p e c t a t i o n  t h a t ,  f o r  
d 2 c r / d t d M ,  the  b a c k g r o u n d  [20] in  p + p3 ~ n + X 
w i l l  h a v e  t he  d o m i n a n t  b e h a v i o r  of ~ M (t  s m a l l ) ,  
w h i c h  i s  v e r y  d i f f e r e n t  f r o m  t he  one  in [20] 
p + p - ' p + X .  

:~ The contr ibut ion of ~ 5 mb should be considered as 
an ove res t ima te  s ince the in tegra t ion  range con- 
ta ins  also high mi s s i ng  m a s s  values  where eq. (5) 
is not locally applicable.  As the fac tor  (1-  M'Z/s) in 
(6) de -emphas ize  high values ef M, an uncer ta in ty  
of < 30% is  assumed.  

E v e n  p r e l i m i n a r y  d a t a  on p + p • n + X can  
t e s t  the  v a l i d i t y  of the  p r e s e n t  a p p r o a c h ,  in  p a r -  
t i c u l a r  the  p r e d i c t i o n  of the  very sharp rise of 
the  s p e c t r u m  a w a y  f r o m  x < 1. 

F i n a l l y  we r e m a r k  t h a t  s i m i l a r  c o n c l u s i o n s  
a r e  v a l i d  f o r  p r o c e s s e s  of the  f o r m  b + p * N + X  
w h e r e  the  n u c l e o n  N ( = p , n )  i s  s low in the  lab .  
s y s t e m  a n d  b = K +, ~+, ~ ( r e a l  o r  v i r t u a l )  e t c .  

T h e  a u t h o r  wou ld  l i ke  to t h a n k  B.  Z u m i n o  f o r  
t he  h o s p i t a l i t y  e x t e n d e d  to h i m  a t  the  T h e o r y  D i -  
v i s i o n  a t  C E R N  w h e r e  t h i s  w o r k  w a s  i n i t i a t e d .  
F r u i t f u l  d i s c u s s i o n s  w i t h  D. H o r n ,  M. J a c o b ,  a n d  
S. N u s s i n o v  a r e  g r a t e f u l l y  a c k n o w l e d g e d .  M a n y  
t h a n k s  a r e  due  to H. J .  Y e s i a n  f o r  a c r i t i c a l  
r e a d i n g  of the  m a n u s c r i p t  a n d  u s e f u l  d i s c u s s i o n s .  
T h e  a u t h o r  a l s o  b e n e f i t e d  f r o m  a n  e n l i g h t e n i n g  
d i s c u s s i o n  w i th  J .  D. J a c k s o n .  
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