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A b s t r a c t :  Cohe ren t  and i n c o h e r e n t  p roduc t ion  of p a r t i c l e s  in a tomic  nucle i  is  i n v e s t i -  
gated for  high e n e r g i e s  us ing  coupled equa t ions  of optical  model  f o r m  for  the 
wave func t ions  of the p a r t i c l e s .  We include m u l t i - s t e p  (cascade)  p r o c e s s e s  for  
c o h e r e n t  p roduc t ion  and one i n c o h e r e n t  s tep  p r e c e d e d  or  fol lowed by c o h e r e n t  
s c a t t e r i n g  or  p roduc t ion  for  i n c o h e r e n t  product ion .  Ca l cu l a t i ons  a r e  p e r f o r m e d  
for  a coupled ~. A 1. A 3 s y s t e m .  Given the c r o s s  s e c t i o n s  for  the c o r r e s p o n d i n g  
r e a c t i o n s  of p ions  on nuc leons ,  we find that  for  c o h e r e n t  A 1 p roduc t ion  the one -  
s tep  p r o c e s s  is l ike ly  dominan t  w h e r e a s  for  A 3 p roduc t ion  t w o - s t e p  p r o c e s s e s  
can be of c o n s i d e r a b l e  i m p o r t a n c e .  The i n c o h e r e n t  p roduc t ion  c r o s s  sec t ion  is 
changed  a p p r e c i a b l y  if t w o - s t e p  p r o c e s s e s  a r e  included.  The unknown coupl ing  of 
the A 3 to the A1 as  well as the pos s i b i l i t y  of an a p p r e c i a b l e  con t r i bu t ion  of o the r  
i n t e r m e d i a t e  boson s t a t e s  m a k e s  the de ta i l ed  ca lcu la t ion  of A 3 p roduc t ion  in nu-  
c le i  diff icul t .  

I. ~TRODUCTION 

W e  c o n s i d e r  h e r e  c o h e r e n t  a n d  i n c o h e r e n t  p r o d u c t i o n  of p a r t i c l e s  in  
a t o m i c  n u c l e i .  T h i s  h a s  a l r e a d y  b e e n  s t u d i e d  u n d e r  t h e  a s s u m p t i o n  t h a t  t h e  
r e a c t i o n s  c o n s i s t  of a p u r e  ' o n e - s t e p '  p r o c e s s  [1] .  A p u r e  o n e - s t e p  p r o c e s s  
c o n s i s t s  of p r o d u c t i o n  of  t h e  p a r t i c l e  b e i n g  m a d e  o n  o n e  n u c l e o n  p r e c e d e d  
a n d  f o l l o w e d  o n l y  b y  p r o c e s s e s  w h i c h  do  no t  l e a d  b a c k  to  t h e  c h a n n e l  u n d e r  
c o n s i d e r a t i o n .  

W e  e x a m i n e  h e r e  t h e  e f f e c t  of r e l a x i n g  t h i s  a s s u m p t i o n  to  i n c l u d e  t h e  
f o l l o w i n g  p o s s i b i l i t i e s :  (i) t h a t  c o h e r e n t  p r o d u c t i o n  r e c e i v e s  a c o n t r i b u t i o n  
t h r o u g h  c a s c a d e  p r o c e s s e s ;  ( i i )  t h a t  i n c o h e r e n t  p r o d u c t i o n  r e c e i v e s  a c o n -  
t r i b u t i o n  f r o m  i n c o h e r e n t  s c a t t e r i n g  o r  p r o d u c t i o n  p r e c e d e d  o r  f o l l o w e d  b y  
c o h e r e n t  p r o d u c t i o n .  W e  w o r k  in  t h e  f r a m e w o r k  of  t h e  e i k o n a l  a p p r o x i m a -  
t i o n  [2] a n d  i n c l u d e  l o n g i t u d i n a l  m o m e n t u m  t r a n s f e r  e f f e c t s  d u e  to  t h e  d i f -  
f e r e n c e s  in  m a s s  of  t h e  p a r t i c l e s  u n d e r  c o n s i d e r a t i o n .  A s  a s p e c i a l  c a s e  
we  c o n s i d e r  a c o u p l e d  % A 1 ,  A 3 s y s t e m .  

2. T H E  O P T I C A L  M O D E L  O F  P A R T I C L E  P R O D U C T I O N  

C o n s i d e r  t h e  w a v e  e q u a t i o n s  [2] 
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[v2+t,,2 a- u a(,-)] %(,-) : C uaoc (,-) %, (,-) , (1) 
C¢'¢a 

Uaa , (r) = - 4 n f a ~ ,  (0)A P00 • (2) 

Eq. (1) is  a coupled  equa t ion  of opt ica l  mode l  f o r m  which d e s c r i b e s  the co- 
h e r e n t  p r o d u c t i o n  of p a r t i c l e s  a g iven  an i nc iden t  p a r t i c l e  1 in one of the 
c h a n n e l s  a. The  s u m  on the r igh t  s ide  of eq. (1) is over  a l l  p a r t i c l e s  cou-  
pled to the channe l  a. The  wave func t ion  ~ a ( r )  d e s c r i b e s  the mo t ion  of the 
p a r t i c l e  a. The  Uaa,(v ) a r e  f unc t i ons  which a r e  p r o p o r t i o n a l  to the a m p l i -  
tude for  the two-body  i n t e r a c t i o n  faa , (0 ) .  T h i s  is the a m p l i t u d e  for  p r o -  
duc ing  a with p a r t i c l e  G' i nc iden t  on a nuc leon  at z e r o  f o u r - m o m e n t u m  
t r a n s f e r .  We a r e  c o n s i d e r i n g  p r o c e s s e s  which a r e  d i f f r a c t i v e  in n a t u r e  so 
that  the a m p l i t u d e s  a r e  t aken  to be independen t  of sp in  and i sosp in .  The 
a m p l i t u d e  fad(0)  is  the f o r w a r d  a m p l i t u d e  for  e l a s t i c  s c a t t e r i n g  of p a r t i c l e  
a by a nuc leon .  The  5%a,(r  ) a r e  a l so  p r o p o r t i o n a l  to the nuc l eon  dens i ty  
Ap0  ~) a s s u m i n g  the s a m e  s i n g l e - p a r t i c l e  dens i ty  p(r)  for n e u t r o n s  and p r o -  
tons ;  A is  the to ta l  n u m b e r  of n u c l e o n s  in the t a rge t .  The quan t i ty  le a is  the 
m a g n i t u d e  of the t h r e e  m o m e n t u m  of p a r t i c l e  a in the lab  f r a m e .  The  nu-  
c l e a r  t a r g e t  mo t ion  is  neg lec ted .  

At high e n e r g i e s  ( :: 1 GeV) the d o m i n a n t  p r o d u c t i o n  is  at s m a l l  a n g l e s  
and we a r e  led then to c o n s i d e r  the e ikona l  a p p r o x i m a t i o n  [2]. C o n s i d e r  a 
wave with i m p a c t  v e c t o r  b inc iden t  in the z - d i r e c t i o n  and let  us  a s s u m e  
that  the p r o d u c e d  waves  a r e  a l so  in the z - d i r e c t i o n  and have the s a m e  i m-  
pac t  v e c t o r  b.  Us ing  s t a n d a r d  e ikona l  me thods  to so lve  eq. (1) one is  led to 
the equations 

d ~ a ( b  , z) 

dz 

W r i t i n g  

one has 

- i l e e ~ a ( b , z ) +  ~ 1 T ~' ~ ~,~a,(b, z )~a , (b ,  z) . (3) 

q~ a( b, z) = eikazc~ a( b, z) , (4) 

d z) : 1 ~ Uaa,(b ,z) e i(kc~'-ka)z ¢a , (b , z )  . ~A b, ~ ~, (5) 

3. COHERENT PROCESSES 

For incident channel i the amplitude for  outgoing channel a is 

•/'k~ 1 e- ika" r d3 ~" 
F a l  : - l"  ] ,~ ~ f Uaa' ~a '  

2~i f eiqa" d2b[~pc~(b ' co)- 6al]  , 

u s i n g  eq. (5), whe re  q a  = k a -  k l .  

(6) 

(6a) 
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N u m e r i c a l  o r  a n a l y t i c a l  s o l u t i o n  of eq. (5) fo r  the  Ca(b,  ~) wi l l  t h e r e f o r e  
y i e l d  the  c o h e r e n t  a m p l i t u d e s  for  p r o d u c t i o n  and e l a s t i c  s c a t t e r i n g  (~ = 1) 
u s i n g  eq. (6a). The  c o h e r e n t  p r o d u c t i o n  c r o s s  s e c t i o n  

de(c)  k 2 d~(c) 
2 a 

d ~ - -  = I F a l l  - v d[ (7) 

4. INCOHERENT PROCESSES  

L e t  us  c o n s i d e r  the  i n t e n s i t y  Ia(b. z.) of the  wave  in any channe l  e p r o -  
d u c e d  at  p o s i t i o n  (b ,  z). Then  

(1)(b  z ) f  ~ , ,a , (q2)~ , ) (b , - z )  2 I ( b , z )  = A p ( b , z )  I ~ t p a , ,  , (8) 

w h e r e  ~a(?')(b,z) i s  the  wave  a m p l i t u d e  in channe l  a fo r  an i n c i d e n t  b e a m  in 
channe l  ?,. The  sum o v e r  a ' ( a " )  i n c l u d e s  a l l  c h a n n e l s  tha t  can  be c o n n e c t e d  
c o h e r e n t l y  to channe l  l (a ) .  T h i s  a l l o w s  fo r  any n u m b e r  of c o h e r e n t  s t e p s  
(no n u c l e a r  exc i t a t i on )  but  only one i n c o h e r e n t  s t ep ,  and hence  i s  not va l id  

fo r  e -aq2 .:~: I w h e r e  ~ i s  the  t y p i c a l  r a n g e  of the  t w o - b o d y  a m p l i t u d e s  
fa 'a".  In fac t  s o m e  p r o c e s s e s  m a y  be  d o m i n a t e d  at  a l l  m o m e n t u m  t r a n s -  
f e r s  by m u l t i - s t e p  i n c o h e r e n c e .  A g a i n  t h i s  e x p r e s s i o n  m u s t  be c o r r e c t e d  
f o r  c o r r e l a t i o n s  and o t h e r  s e m i - c o h e r e n t  e f f e c t s  at  the  s m a l l e s t  m o m e n -  
t um t r a n s f e r s .  The  c r o s s  s e c t i o n  fo r  i n c o h e r e n t  p r o d u c t i o n  of c~ i s  then  

de(I)  k 2 d~(I) 

a _ ] 'dz.  d 2 b )  Ia(b. z ) -  a ~ (9) 
d~2 " 7; d/ 

5. THE COHERENT PRODUCTION O F  A 1 AND A 3 MESONS BY PIONS 

We c o n s i d e r  now the  c o h e r e n t  p r o d u c t i o n  of the  A 1 and A 3 m e s o n s  by in-  
c i d e n t  p ions .  The  m e s o n s  p r o b a b l y  have  sp in  and p a r i t y  1 + and 2- r e s p e c -  
t i v e l y  [3] and a r e  t h e r e f o r e  e x p e c t e d  to be p r o d u c e d  d i f f r a c t i v e l y  on nu- 
c l e o n s .  The  A1 has  been  s e e n  to be p r o d u c e d  c o h e r e n t l y  on n u c l e i  [4]. We 
a s s u m e  fo r  p r e s e n t  p u r p o s e s  tha t  the  v, A 1 and A 3 f o r m  a c l o s e d  s y s t e m  
with r e f e r e n c e  to  eq. (1), i . e .  tha t  coup l ing  to o t h e r  m e s o n s  a r e  n e g l i g i b l e .  
We f i r s t  look  at  the  in f in i t e  e n e r g y  l i m i t .  One f inds  then  tha t  to good ap -  
p r o x i m a t i o n  eq. (1) l e a d s  to f o r w a r d  p r o d u c t i o n  a m p l i t u d e s  on a n u c l e u s  

F v A  1 : fvAI(O)[NI(A , ½~) - fvA3(0)  f A 3 A 1  (0) 
fTrAl(0) fA3A3(0)  N2(A ,½(r)] , 

(10) 
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with 

"t~A 1(0) fA3A3 (0) 

I ~ A  3 = /7;A3(O)[NI(A. ½(~) - d~A3(0 ) fA1AI (0 )  N2(A , ½cr)] , (11) 

Nm(A ,½¢~) _ 1 2 j" [_~ y ( b ) ] m  e -}~  T(b) d2b (12) 
IH ! (y 

where  we have a s s u m e d  all  s c a t t e r i n g  ampl i t udes  to be pu re  i m a g i n a r y  and 
have taken the total  c r o s s  s e c t i o n s  of all  t h r e e  bosons  to be ~. The  quant i ty  

oo 

T(b) : A  j" p ( b . z )  dz . (13) 
- o 0  

Eqs.  (10) and (11) include only one- and t w o - s t e p  con t r ibu t ions  c o r r e s p o n d -  
ing to the d i a g r a m s  of fig. 1. 

"One Step  . . . .  T w o  Step" 
["[~. 1. [)i~I~l';lll ' lS for one- and two-step production of particle a by particle 1, 

E x p e r i m e n t a l l y  [3] it is found that  J~A3(O)/ fvAl(O) ~- 0.35 and 
t~A l (O) / f vv (O ) ~ 0.27 at 8 G e V / c  incident  pion m o m e n t u m .  We m u s t  fu r -  
t he r  know (fA1A3 ~fA1A1 ) and ( ] A 1 A 3 / f A 3 A 3 )  in o r d e r  to have a def in i te  

a n s w e r .  It is r e a s o n a b l e  to expect  that  t hese  r a t i o s  will be of the s a m e  o r -  
de r  of magn i tude  as  f v A  1 / f w "  F o r  J A 1 A 3 / / A 3 A  3 ~ f v A 1 / f ~ v  the o n e - s t e p  
p r o c e s s  in eq. (10), c o r r e s p o n d i n g  to the f i r s t  t e r m  on the r igh t  s ide,  is 
dominan t  fo r  A 1 p roduc t ion ,  w h e r e a s  for  A 3 p roduc t ion  both t e r m s  can be 
impor t an t .  It is to be noted with r e s p e c t  to our  conc lu s ions  for  A 1 p r o d u c -  
t ion that  the ra t io  / ~ A l ( 0 ) / t ~ v ( 0 )  is qui te  l a r g e  and it would be diff icul t  to 
imag ine  that the c o r r e s p o n d i n g  r a t i o s  involving the A 1 and A 3 m e s o n s  
would be much  l a r g e r .  Fig.  2 shows the va lues  of N 1 and N 2 n e c e s s a r y  to 
eva lua te  each  t e r m  in eqs.  (10) and (11). The  e x p r e s s i o n s  (10) and (11) can 
of c o u r s e  be g e n e r a l i z e d  to look a f t e r  d i f f e r e n c e s  in e las t i c  ampl i t udes  in- 
c luding the poss ib i l i t y  of s ign i f i can t  r e a l  pa r t s .  

We have a s t r o n g  indica t ion  then that  one can to good a p p r o x i m a t i o n  ca l -  
cu la te  A 1 p roduc t ion  as  a o n e - s t e p  p r o c e s s .  Relaxing  the condi t ion  that  
~tot(~n) = ~tot(Aln) one f inds [1] 
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Fig. '2. Nm(A. ),Oh. m 
taken to be p(r) :, po / ( I  + exp[(r-c}/a])  with a 0.545 fm and c 

out this paper. 
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1. '2 as a function of A fo rd  26 rob. The nuclear density is 
i 

1.14A T fm through- 

2 j" e i q  • b [e-½Crl T ( b ) _  e-½Cr2 T(b)] d2 b , (14) 
F~rAl(q2) : frrAl(0) ~2-or1 

where  ¢1 and ~2 a r e  tota l  c r o s s  s e c t i o n s  of rr and A1 r e s p e c t i v e l y  on a nu-  
c leon.  Th i s  e x p r e s s i o n  can then be used  to d e t e r m i n e  a2, g iven r e a s o n a b l e  
da ta  at  high enough ene rgy .  The c o r r e c t i o n  to th i s  f o r m u l a  at f in i te  e n e r g i e s  
wil l  be d i s c u s s e d  below.  

It is to be noted that  at f in i te  e n e r g i e s  the t w o - s t e p  p r o c e s s  for A 1 p r o -  
duc t ion  th rough the A 3 is  f u r t h e r  inh ib i t ed  by long i tud ina l  m o m e n t u m  t r a n s -  
f e r  ef fects  due to the h ighe r  m a s s  of the A 3. The s a m e  would be t r u e  for  
p o s s i b l e  coup l ings  to o ther  h igher  m a s s  bosons .  It is  un l i ke ly  that  t h e r e  is  
any i m p o r t a n t  c o h e r e n t  coupl ing  to m a s s  s t a t e s  lower  than  the A 1 (ref.  [4]). 

In A 3 p r o d u c t i o n  we a r e  in a m o r e  c o m p l i c a t e d  s i tua t ion .  The  fact  that  
o n e - s t e p  and t w o - s t e p  p r o c e s s e s  a r e  c o m p a r a b l e  m e a n s  that  in de ta i l ed  
c a l c u l a t i o n s  we m u s t  know, or be able  to d e t e r m i n e  f r o m  the p r o d u c t i o n  ex-  
p e r i m e n t s ,  f A 1 A 3 / f A 1 A 1  as  well  as  ~ to t (Aln)  and (Ttot(A3n). In p r i n c i p l e  
we should be ab le  to d e t e r m i n e  a l l  of t hese  s i nc e  we have the whole p e r i o d i c  
t ab le  to work  with as  t a r g e t s .  T h e r e  is however  the r e a l  p o s s i b i l i t y  that  
o the r  b o s o n s  c o n t r i b u t e  as  i n t e r m e d i a t e  s t a t e s .  

At f in i te  e n e r g i e s  we do not have s i m p l e  e x p r e s s i o n s  l ike  eqs.  (10) and 
(11) to work with. We have so lved  eq. (5) n u m e r i c a l l y  and u s i ng  eq. (6a) one 
f inds  c o h e r e n t  p r o d u c t i o n  d i f f e r e n t i a l  c r o s s  s e c t i o n s  on 64Cu as  shown in 
f igs .  3 and 4. In these  c a l c u l a t i o n s  al l  two-body a m p l i t u d e s  a r e  t aken  to be 
p u r e  i m a g i n a r y .  The  A 3 p roduc t i on  c r o s s  s ec t ion  is  g iven  for  d i f f e r en t  va l -  
ues  of the p a r a m e t e r  
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~ )  

Cu~4(n A,) ",~v 

= ~cr  n 

16 G e v  

C o h e r e n t * I n c o h e r e n t  

~ ¢ o h e r e n t  

o.~ o.& o.o2 o63 ~ o.& o6~ G,,:" ,t'~ 

F i g .  3. D i f f e r e n t i a l  c r o s s  s e c t i o n  for  the A 1 p r o d u c t i o n  t) 3" incident  pions on 64Cu 
n o r m a l i z e d  to the c r o s s  s ec t ion  on p r o t o n s .  Calculat ion with the  p a r a m e t e r s  (~tot = 

tot _o _9 
O'A3: 26 rob .  d~/dl(zrp~ A 1 p)/ 0 2 . 5 n J ) . G e V  " dcr/(l/(lrp ~A,3P)l 0 : - 0 . 3 m b . G e V  - .  

F o r  the ca lcu la t ion  of the incoherent  c r o s s  sec t ion  an a v e r a g e  value  A : 7.5 GeV -2 is  
tot tot 

a s s u m e d  for  the  s l o p e s  of all d i f f e r e n t i a l  c r o s s  s e c t i o n s  on p r o t o n s .  {a) O'A1 = CrTr : 

R = 0.7. (b) crtAC~ = .~o77; R = 1.4.  

r e r r t  

frr  A I ( 0 ) f A I A 3 ( 0 )  
R = , (15)  

f r ,  A3 ( 0 ) f A I A I ( 0 )  

w h i c h  d e t e r m i n e s  t h e  r e l a t i v e  s t r e n g t h  of  t h e  o n e - s t e p  a n d  t w o - s t e p  p r o -  
c e s s e s .  F o r  p o s i t i v e  v a l u e s  of  R t h e s e  t w o  p r o c e s s e s  i n t e r f e r e  d e s t r u c -  
t i v e l y  ( f i g s .  4 a  a n d  4b) .  H o w e v e r  [5]  * n e g a t i v e  v a l u e s  of  R ( f ig .  4 c )  w o u l d  
o c c u r  i f  t h e  p r o d u c t i o n  a m p l i t u d e  fTrA3(0)  h a s  o p p o s i t e  p h a s e  t o  f T r A l ( 0 ) .  
F o r  t h e  v a l u e s  of  R c o n s i d e r e d ,  A 1 p r o d u c t i o n  d i f f e r s  v e r y  l i t t l e  f r o m  t h e  
v a l u e  o b t a i n e d  w i t h  R = 0 ,  (no  c o u p l i n g  of  A 1 to  A 3 ) .  W e  h a v e  t a k e n  th e  A 3 
n u c l e o n  t o t a l  c r o s s  s e c t i o n  e q u a l  to  t h e  p i o n - n u c l e o n  t o t a l  s e c t i o n ,  ayr = 26  
rob.  T h e  A 1 n u c l e o n  t o t a l  c r o s s  s e c t i o n  h a s  b e e n  t a k e n  e q u a l  to  aTr o r  to  
-~cTz 7r. ( S e e  G o l d h a b e r  et  a l .  [ 1 ] . )  T a b l e  1 l i s t s  s o m e  c o h e r e n t  c r o s s  s e c t i o n s  
f o r  A 1 an d  A 3 p r o d u c t i o n  on  d i f f e r e n t  n u c l e i  a n d  f o r  d i f f e r e n t  e n e r g i e s .  It i s  

• An oppos i te  sig]~ between fTrA 1 and fTrA 3 may  be r e a s o n a b l e  if one a s s u m e s  that the 

A 3 product ion on a nucleon p r o c e e d s  via  two pomeron  exchange .  M u l t i - p o m e r o n  e x -  
change has been d i s c u s s e d  by F r a u t s e h i  and M a r g o l i s  and Jacob and P o k o r s k i  [5].  
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Fig .  4. D i f f e r e n t i a l  c r o s s  s e c t i o n  f o r  
the A 3 p r o d u c t i o n  by inc ident  p ions  on 
64Cu n o r m a l i z e d  to the c r o s s  s e c t i o n  
on p r o t o n s  f o r  the p a r a m e t e r s  as  l i s t e d  

tot tot  _ 
f o r  f i g s .  2 and 3 and GAI=GTr = z 6 m b .  

( a )  R - 1 . 4 ,  (b)  R = 0 . 7 ,  ( c )  R = - 0 . 7 .  
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Tab le  1 
I n t e g r a t e d  c o h e r e n t  m e s o n  p roduc t ion  c r o s s  s ec t ion  n o r m a l i z e d  to the fo rwa rd  d i f -  
f e r e n t i a l  p roduc t ion  c r o s s  s ec t ion  on p r o t ons  : cr(c)/(d(Yp/'dt)(O) in GeV 2 for  the pa -  

r a m e t e r s  as  l i s t ed  for  f igs .  2 and 3. 

A1 
prod.  

A 3 
prod.  

~A1 := ~-en 'R  " 1 .4  

A 1 i) A : 208 
16 GeV 16 GeV 

0.94 3.4 

0.96 3.4 

1.03 3.7 

1.32 7.4 

= {R R = 1.4! 0.19 erA1 (7?7 0.68 

0.7 0.36 0.40 

R 0.96 2 -0.7 .80 

CrA1 }CrTr,R :: 1.4 0.33 0.55 

A 64 

oe e n e r g y  16 GeV 10 GeV 5 GeV 

2.5 2.2 

2.5 2.2 1.7 

3.0 2.4 

4.4 3.8 

0.49 0.22 

1.23 0.~2 0.095 

5.0 2.13 

1.01 0 .35  

3 (;eV 

0.40 0.021 

0.005 0.00002 

The va lues  of 0-(e) a r e  ob ta ined  by i n t e g r a t i n g  (do'(C)/dl)(l) f r o m  t : / rain up to t ~ -0.1 
GeV 2 for  A = 19 and up to t ~ - 0 . 0 5  GeV 2 for  A := 64 and A : 208. 

t o  b e  n o t e d  t h a t  f o r  R -~ - 1  a t  e n e r g i e s  a r o u n d  15 G e V  or(c) d i v i d e d  b y  t h e  
c o r r e s p o n d i n g  t w o - b o d y  p r o d u c t i o n  c r o s s  s e c t i o n  i s  a b o u t  e q u a l  f o r  A 3 a n d  
A 1 p r o d u c t i o n .  T h e  t w o - b o d y  c r o s s  s e c t i o n  i s  h o w e v e r  a b o u t  t e n  t i m e s  
w e a k e r  f o r  A 3 p r o d u c t i o n  t h a n  f o r  A 1 p r o d u c t i o n .  F o r  R ~ 1 A 3 p r o d u c t i o n  
in  t h e  n u c l e u s  i s  v e r y  w e a k  in  t h e  m o d e l  s t u d i e d  h e r e .  

6. I N C O H E R E N T  P R O D U C T I O N  

W e  n o w  d i s c u s s  t h e  c a l c u l a t i o n  of i n c o h e r e n t  p r o d u c t i o n  of A 1 a n d  A 3 
m e s o n s  u s i n g  e q s .  (8) a n d  (9).  It i s  to  b e  n o t e d  [ 1] t h a t  t h e  e i k o n a l  m e t h o d  
i s  no t  e x p e c t e d  to  y i e l d  a v e r y  a c c u r a t e  i n c o h e r e n t  p r o d u c t i o n  c r o s s  s e c t i o n  
a t  t h e  s m a l l e s t  v a l u e s  of m o m e n t u m  t r a n s f e r .  H o w e v e r  a t  v e r y  s m a l l  v a l -  
u e s  of / c o h e r e n t  p r o d u c t i o n  i s  d o m i n a n t  w h e n  i t  c a n  o c c u r .  

O n e  c a n  w r i t e  t h e  i n c o h e r e n t  c r o s s  s e c t i o n  f o r  t h e  p r o d u c t i o n  of p a r t i c l e  
a b y  i n c i d e n t  p i o n s  a s  

d@ 
- Ifzra(t)12 N e f  f (16) 

d~2 

w h e r e  N e f  f i s  a n  e f f e c t i v e  n u c l e o n  n u m b e r  f o r  t h e  n u c l e u s  u n d e r  c o n s i d e r a -  
t i o n .  U s i n g  o n l y  t h e  t e r m  a '  = p i o n  a n d  a"  = a in  t h e  s u m  o n  t h e  r i g h t  s i d e  of  
eq .  (8) w h i c h  c o r r e s p o n d s  t o  o n e - s t e p  p r o d u c t i o n  of  a b y  p i o n s ,  o n e  f i n d s  

1 T ( O )  - r ( b ) l  
Nef  f = N(A ,  en ,  aa) - crTr-~a f [ e - ~ a  - e  ~ J d 2 b  , (17) 
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w h e r e  crn and era a r e  the  t o t a l  c r o s s  s e c t i o n s  on a nuc l e on  of 7r and ~ r e -  
s p e c t i v e l y .  K e e p i n g  a l l  t e r m s  of the  s u m  in eq. (8) i n c l u d e s  i n c o h e r e n t  p r o -  
duc t ion  of p a r t i c l e  a by  a p a r t i c l e  ~' tha t  i t s e l f  i s  p r o d u c e d  c o h e r e n t l y  
( t e r m s  a" = ~, ~' ¢ :~), c o h e r e n t  p r o d u c t i o n  of e fo l l owed  by i n c o h e r e n t  
s c a t t e r i n g  of a ( t e r m  a" = a '  = a) and c o h e r e n t  p r o d u c t i o n  of a p r e c e d e d  by 
an i n c o h e r e n t  p r o c e s s  a '  ~ a"  (a ¢ a") .  The  c o n t r i b u t i o n  to  the  i n c o h e r e n t  
p r o d u c t i o n  of the  m u l t i - s t e p  p r o c e s s e s  can  be  s u b s t a n t i a l .  Some  v a l u e s  of 
Nef  f a r e  g iven  in t a b l e  2 fo r  d i f f e r e n t  v a l u e s  of the  p a r a m e t e r s  of the  t h e o -  
ry .  F i g s .  3 and 4 show i n c o h e r e n t  a s  we l l  a s  c o h e r e n t  p r o d u c t i o n  of A 1 and 
A 3 and the  sum of c o h e r e n t  and  i n c o h e r e n t  c r o s s  s e c t i o n s  wi th  the  p a r a m e -  
t e r s  l i s t e d .  

"Fable 2 
Effective number Nef f for incoherent meson production for the pa rame te r s  as l is ted 

for figs. 2 and 3. 

A = 64 A - 19 A 208 
16 GeV 16 GeV ~oenergy 16 GeV 10 GeV 5 GeV 3 GcV 

'one step'  7.0 16.0 11.5 11.5 11.5 11.5 11.5 
'~JTulli slop': 

pion incoh, scat .  6.8 15.6 11.0 11.1 11 .2 11.5 11.5 

= { :  1.4] 3.3 8.8 5.1 11.5 A1 erA1 crlr R ,i.o 
0.7 3.3 8.9 4.2 5.2 6,6 10.2 11.5 

prod. 
-0.7 3.6 9.6 4.4 5.6 11.5 

: 2~-qTr;R 1.4 4.6 12.4 5.5 7.2 16.7 erA 1 

= I { :  1.4 2.8 4.8 5.2 11.8 

A3 (YAlcrA1 (Y~r~ R = 1.4 8.2 
0.7 3.4 8.5 3.9 5.8 7.6 10.8 11.8 

prod. 
-0.7 7.0 2.3 6.3 13.6 11.9 

.~-(yTr; R 3.4 9.4 4.7 6.1 11.9 

7. DISCUSSION 

It can be seen from the above that the simple one-step theory which one 
is familiar with for coherent and incoherent diffractive production can be in 
serious error. In the case of a relatively light and strongly produced boson 
like the A I meson the one-step theory should be adequate for coherent pro- 
duction, for the A 3 meson it is likely not. In incoherent production at ener- 
gies of the order of I0 GeV or greater the simple one-step theory needs 
corrections due to coherent production followed by incoherent scattering. 
By going to lower energies this correction may become negligible due to 
longitudinal momentum-transfer considerations. However since the details 
of the coupling strength of one unstable boson to another are umknown, it is 
difficult to evaluate the corrections in detail. To this end experiments on 
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coherent and incoherent production of pion (and kaon) resonances will be 
very valuable. With enough data perhaps one will be able to sort out cou- 
pling s t r e n g t h s  a s  w e l l  a s  u n s t a b l e  p a r t i c l e  c r o s s  s e c t i o n s .  If t h i s  i s  t h e  
c a s e ,  t h e  s t u d y  of h i g h - e n e r g y  r e a c t i o n s  on n u c l e i  w i l l  y i e l d  an  e v e n  l a r g e r  
a m o u n t  of i n f o r m a t i o n  on t h e  u n s t a b l e  p a r t i c l e s  t h a n  one  h a s  i m a g i n e d .  T h e  
o t h e r  p o s s i b i l i t y  i s  of c o u r s e  t h a t  one  m a y  b e  a b l e  to  s t u d y  t h e  l o w e r  l y i n g  
u n s t a b l e  p a r t i c l e s  p r o f i t a b l y  u s i n g  n u c l e a r  t a r g e t s .  
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