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The results of calculating the effect of correlations in the nuclear wave function on elastic and inelastic 
scattering of high energy hadrons are described. One can also make use of these results to calculate 
coherent and incoherent photo-production processes.  

We have ca l cu l a t ed  the effects  of inc lud ing  
two body c o r r e l a t i o n s  in the n u c l e a r  wave f u n c -  
t ion  on e l a s t i c  and i n e l a s t i c  s c a t t e r i n g  of h a -  
d r o n s  and on c o h e r e n t  and i n c o h e r e n t  p h o t o - p r o -  
duct ion.  We al low for  the f o r m  f a c t o r s  of the 
c o r r e s p o n d i n g  two body s c a t t e r i n g  and p r o d u c -  
t ion  p r o c e s s e s  w r i t i n g  these  as  f ( t )  = f(O) e ~ a t  
w h e r e  ! = _q2 is  the s q u a r e  of the  four  m o m e n -  
t um  t r a n s f e r .  We f i r s t  r ev i ew  r e s u l t s  neg l ec t i ng  
the c o r r e l a t i o n s  and the  t dependence  of f ( t ) .  We 
neg l ec t  spin and i s o - s p i n  dependence ,  t ak ing  the 
g round  s ta te  wave funct ion  s q u a red  as  

A 

luI( r l "  " " ' rA)12  = k~=l P( rk)  (1) 

F o r  m e d i u m  to heavy nuc l e i  th is  l eads  to an 
e l a s t i c  s c a t t e r i n g  ampl i tude  [1], o r  cohe ren t  
p roduc t ion  ampl i t ude  [2] at e n e r g i e s  w h e r e  l o n -  
g i tud ina l  m o m e n t u m  t r a n s f e r  is  u n i m p o r t a n t ,  

F(C)(q 2) = f (0)N(q ;0,  ½or') (2) 

1 , 2 f exp (iq. b) d2b[ 1 - exp{-½a' T(b)}] N(q ; O, ~ ) = ~_ 

(3) 
w h e r e  T(b) =A f ( b , z )  dz ,  ~' = 

= ~[1 - i  R e f ( 0 ) / I ~  f(0)].  Us ing  c l o s u r e  and a s -  
s u m i n g  that  only  une i n e l a s t i c  s tep is  i m p o r t a n t ,  
the d i f f e r en t i a l  c r o s s  sec t ion  inc lud ing  exc i ta t ion  
of a l l  n u c l e a r  s t a tes  is  
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_ ' ' - '  - ']f(O)]2{iN(q;O,_~,)l 2 + NI(0  ;(~) + 

df~ 

+ A2 Re [N2( q ;½~ ' )N*(q  ; 0, ½(~')]+ (4) 

_ l _ ] N l ( q . ½ a , ) 1 2 }  
A 

N m ( q  ;a)  = _1_ 1 fexp (iq. b)[aT(b)] m e x p ( - ~ T ( b ) d 2 b  m:  (y 
(5) 

In f i r s t  B o r n  a p p r o x i m a t i o n  th i s  b e c o m e s  (let 
a- ,  O) 

as/d~2 = }f(0) t2{A 2]F(q)  l 2 + A l l  - I F(q)l  2]} (6) 

whe re  F(q)  = f exp  (iq. r )  q ( r )  d 3 r .  
We now inc lude  n u c l e a r  wave func t ion  c o r r e -  

l a t i ons  and the f o r m  f ac to r  of the two body a m -  
p l i tude  f ( t ) .  It  i s  i m p o r t a n t  that  we c o n s i d e r  
t he se  toge the r  s i nce  the r ange  of the  two body 
i n t e r a c t i o n  p roduc ing  f ( t )  i s  not  much  s m a l l e r  
than the r ange  of the  c o r r e l a t i o n s .  We def ine  a 
two body c o r r e l a t i o n  func t ion  g ( r i , r j )  th rough  the 
equa t ions  

f l u I ( r l  , r 2 , r 3 , - - .  r A ) 1 2 d r 3 d r 4 . . . d r  A =_ 
(7) 

--- p ( r l )  p ( r2 )  [ l + g ( r l ,  r2) ] 

P ( r  1) = f i u I I  r l ,  r 2 , . . ,  r A ) ! 2 d r 2 d r 3 . . . d r  A 
(7a) 

We find then,  n e g l e c t i n g  h ighe r  o r d e r  c o r r e l a -  
t i ons ,  that  eq. (4) i s  to good a p p r o x i m a t i o n  r e -  
p laced  by 
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da _ if(o)12(]M(q;O,½a,)12 + 
d~2 

+ ~Re[M2(q,½a')M*(q ;0,½o")] + (8) 

_ 1 ]M l (q ,  ½a,) 1 2)+ dd(d) 

da (I) 12 d~2 - - I f ( t )  Neff(a,~)[l+rl(a)G(t)] (9) 

Neff(a,  4) = l fd2b [aT(b) - 4~o2Q(b)] exp ( -aTR(b) )  

(10) 

G(t) = f g ( r )  exp (iq. r)  d 3 r (11) 

= fexp (-aT(b) Q(b) d 2 b 

~l(a) f exp(-aT(b) T(b)d2b ' 
(12) cO 

Q(b) = A2 f p2(b, z )dz  
- o 0  

We h a v e  a s s u m e d  h e r e  tha t  g ( r l ,  r 2) 
g ( r  1 - !"2). T a b l e  1 l i s t s  v a l u e s  of 7- The  

q u a n t i t i e s  M, M 1 and M 2 in eq. (8) a r e  ob ta ined  
f r o m  N, N 1 and N 2 r e s p e c t i v e l y  of eqs .  (3) and 
(5) t h rough  the  r e p l a c e m e n t  of T(b) by 

TR(b ) = T(b) - 4 Q(b) a (13) 

4 = 1 6 ~  f e x p  (-b 2 /4a )  g(  b, z) d2b d z  (14) 

T h e  c o r r e l a t i o n  l eng th  4 can in p r i n c i p l e  be  o b -  
t a i n e d  f r o m  n u c l e a r  m o d e l s  wh ich  y i e ld  g ( r ) .  
Aga in  the  F o u r i e r  t r a n s f o r m  of g ( r )  a p p e a r s  
p r o m i n e n t l y  in the  i n c o h e r e n t  t e r m  

1 1 de(I) 
- 1 + 77(a) G ( t )  (15) 

if(t~12 Neff (  G 4) d t  

A p lo t  of the  t d e p e n d e n c e  of the  l e f t  hand s ide  
of eq. (15) would  y ie ld  G(t) and h e n c e  i t s  F o u r i e r  
t r a n s f o r m  and t h e r e f o r e  4. U n f o r t u n a t e l y  the  c o -  
h e r e n t  t e r m s  d o m i n a t e  in eq. (8) at  s m a l l  t and 
m a k e  the  d e t e r m i n a t i o n  of G(t) f r o m  s c a t t e r i n g  
e x p e r i m e n t s  d i f f i cu l t  if not  i m p o s s i b l e .  H o w -  
e v e r ,  p h o t o - p r o d u c t i o n  of p o s i t i v e  p ions  i s  g o v -  

e r n e d  by an e x p r e s s i o n  s i m i l a r  to (15). S ince  i t  
i s  a c h a r g e  exchange  p r o c e s s ,  c o h e r e n t  t e r m s  
v a n i s h  and so c o r r e l a t i o n  func t ion  i n f o r m a t i o n  
can  be  ob ta ined  when da ta  a r e  a v a i l a b l e .  We have  
m a d e  e s t i m a t e s  of 4 f r o m  n u c l e a r  m o d e l s  and 
f ind i t  to be  ~ -0.3 to -0.4 fm  us ing  a v a l u e  f o r  a = 
= 8 (GeV/c )  -2. It  i s  to be  noted  that  the  t d e p e n d -  
e n c e  o f f ( t )  d i m i n i s h e s  the  e f fec t  of c o r r e l a t i o n s .  
We f ind the  d e c r e a s e  to be  rough ly  a f a c t o r  of 
two.  The  n e g a t i v e  s ign  f o r  4 r e s u l t s  f r o m  the  
r e p u l s i v e  c o r e  at  s m a l l  i n t e r - n u c l e o n  d i s t a n c e s  
and the  P a u l i  p r i n c i p l e .  Our  e s t i m a t e s  c o m e  
f r o m  tak ing  g(0) = -1 and us ing  s i m p l e  g a u s s i a n  
f o r m s  of r a n g e  about  1 fm ,  i nc lud ing  s o m e  weak  
a t t r a c t i o n .  

We now have  su f f i c i en t  i n f o r m a t i o n  to c o m -  
pu te  the  e f f ec t  of sho r t  r a n g e  c o r r e l a t i o n s  on the  
d i f f r a c t i v e  p a r t s  of eq. (8) which  fa l l  r ap id ly  wi th  
m o m e n t u m  t r a n s f e r .  The  d e t a i l e d  p r e s c r i p t i o n  
i s  g iven  in f o r m u l a  (13). In addi t ion ,  the  two 
body f o r m  f a c t o r  a c t s  to p r o d u c e  s m a l l  changes  
in the  e f f e c t i v e  n u c l e a r  r a d i a l  shape  p a r a m e t e r s .  
T h i s  can  be  looked  a f t e r  by a d j u s t i n g  t h e s e  p a -  
r a m e t e r s  to f i t  the  d i f f r a c t i v e  s lope  fo r  each  n u -  
c l eus .  T h i s  s lope  does  not  change  m u c h  f o r  
s m a l l  changes  in a. 

We can then  w r i t e  

M ( 0 ; 0 ,  ½a) = 

=N(O;O,½~4a f exp(-½aT(b)Q(b)d2b ~ (16) 

--- N(0 1 ; 0, ~a R) . 

T h i s  r e n o r m a l i z e d  a R is  then  s l i gh t ly  s m a l l e r  
( l a r g e r )  than a fo r  4 n e g a t i v e  (pos i t ive) .  A l t e r -  
n a t i v e l y ,  we can w r i t e  the c o h e r e n t  p r o d u c t i o n  
a m n l i t u d e  in t e r m s  of an e f f e c t i v e  two body a m -  
p l i t u d e f ( E ) ( 0 )  -= f ( O ) a E / a  in the  f o r m  

F(C)(t) = f(O)M(q ; 0, ~a)~ ~ f (E ) (0 )  N q , ' 0 ,  ½OE) 
(17) 

which  s e r v e s  to de f ine  a E which  is  s l i gh t ly  
l a r g e r  ( s m a l l e r )  than a f o r  4 n e g a t i v e  (pos i t ive) .  
O the r  t e r m s  in eq. (8) can be  e x p r e s s e d  in t e r m s  
of a E in a s i m i l a r  way. Us ing  the r igh t  hand e x -  
p r e s s i o n  f o r  F(C)(t) in eq. (17) i s  e q u i v a l e n t  to 
us ing  an op t i ca l  m o d e l  with p o t e n t i a l s  Ua/3 = 

Table i 
The quantity 1077(a) in (fro) -3 for a nuclear density p(r)=Po/[l+exp{(r-b)/¢}], b = 1.14A ~ fm and d = 0.545 fm. 

~ m D )  5 7.5 10 12.5 15 20 25 30 35 40 50 

208 1.07 1.02 0.964 0.900 0.837 0.713 0.600 0.505 0.428 0.369 0.285 
108 0.979 0.938 0.894 0.848 0.800 0.705 0.613 0.531 0.460 0.401 0.314 

64 0.889 0.856 0.823 0.786 0.748 0.675 0.598 0.535 0.474 0.420 0.336 
27 0.717 0.697 0.675 0.654 0.631 0.587 0.542 0.499 0.458 0.420 0.352 
20 0.654 0.636 0.620 0.600 0.582 0.546 0.510 0.474 0.440 0.407 0.349 
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4 ~ ( E ) ~  , = - ]~f l  ~ p( b, z) and  t h i s  a l l o w s  f o r  the  c a l c u -  

l a t i o n  of p r o d u c t i o n  p r o c e s s e s  a t  f i n i t e  e n e r g y .  
T h e  c o h e r e n t  a m p l i t u d e  f o r  p h o t o - p r o d u c t i o n  of 
d i f f r a c t i v e l y  p r o d u c e d  m e s o n s  c a n  t h e n  be  
w r i t t e n  [2] 

on n u c l e o n s  a r e  w e l l  d e t e r m i n e d .  
F i n a l l y  we  po in t  out  t h a t  o u r  e x p r e s s i o n s  f o r  

c o h e r e n t  and  i n c o h e r e n t  c o r r e l a t i o n  e f f e c t s  d i f -  
f e r  in  d e t a i l  f r o m  t h o s e  of o t h e r  a u t h o r s  w h i c h  
h a v e  b e e n  p r o d u c e d  r e c e n t l y  [3].  In g e n e r a l  o u r  
c o r r e c t i o n s  a r e  s m a l l e r .  

F(C)(t) =f(E)(O) A f Jo(qt b ) exp {iqlz} P(b, z) × 

(18) oo 

× exp { - ~ E  Af p(b, z') dz'} d 2 b d z .  
Z 

We f ind ,  u s i n g  the  eqs .  (3), (13) and  (17) t h a t  a 
good a p p r o x i m a t i o n  to cr E i s  g i v e n  by  the  A d e -  
p e n d e n t  e x p r e s s i o n  

~E = ~[1  - ~ ( ½ ~ ) ~ ]  (19) 

It  i s  of i n t e r e s t  to  s e e  w h a t  t h e  d i f f e r e n c e  i s  
b e t w e e n  ~E and  ~. F o r  A = 208,  u s i n g  the  v a l u e  

= -0 .4  f m ,  we get  f o r  ~ : 25 m b ,  aE = 27.3 m b ;  
f o r  ~ = 30 mb ,  ~E = 33.0 m b  and  f o r  ~ = 4 0 m b ,  
cr E = 42.4.  D i f f e r e n c e s  of t h i s  s i z e  c an  p e r h a p s  
b e  d e t e c t e d  w i th  v e r y  c a r e f u l  e x p e r i m e n t s  on n u -  
c l e i  u s i n g  p a r t i c l e s  w h o s e  s c a t t e r i n g  a m p l i t u d e s  

We w i s h  to t h a n k  P r o f e s s o r s  W. J e n t s c h k e ,  
E.  L o h r m a n n  and  S. C. C. T i n g  f o r  t he  h o s p i t a l i t y  
e x t e n d e d  two of u s  (G. Von B. and  B. M.)  a t  
DESY. We a l s o  t h a n k  P r o f e s s o r  S. C. C. T i n g  f o r  
i n t e r e s t i n g  d i s c u s s i o n s .  
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