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I n  t h e  preceeding  c o n t r i b u t i o n  t o  t h i s  annual  

r e p o r t  , l  we d i s c u s s  a  microscopic  approach t o  

p r o t  on-induced e x c l u s i v e  p ion  product  i on  on n u c l e i  a t  

e n e r g i e s  w e l l  below t h e  33-resonance. We focus  on t h e s e  

e n e r g i e s  because of t h e  weal th  of a v a i l a b l e  d a t a  and 

because,  from t h e  s t a n d p o i n t  of nuc l ea r  dynamics, t h i s  

is  t h e  most i n fo rma t ive  energy  regime. There i s  a  p r i c e  

t o  be pa id ,  however, which r e s u l t s  from t h e  complexity 

of t h e  model nea r  t h e  p ion  t h r e sho ld .  I n  c o n t r a s t  t o  

s c a t t e r i n g  e n e r g i e s  nea r  t h e  33-resonance,  where t h e  

A-isobar dominates t h e  nuc l ea r  dynamics, a t  very  low 

e n e r g i e s  t h e r e  is  no c l e a r l y  ou t s t and ing  agency i n  t h e  

r e a c t i o n  mechanism. Consequently,  f o r  a  q u a n t i t a t i v e  

d e s c r i p t i o n  of t h e  p roduc t i on  p roce s s ,  many 

e lements  - such a s  s-wave r e s c a t t e r i n g ,  resonant  and 

nonresonant p-wave r e s c a t t e r i n g ,  heavy meson-exchange 

and s h o r t  range c o r r e l a t i o n s ,  medium c o r r e c t i o n s ,  

p ro ton  and pion d i s t o r t i o n s ,  p i o n i c  r a d i a t i o n  - t o  name 

on ly  t h e  most prominent ones,  have t o  be i nco rpo ra t ed  

i n  a  microscopic  model. Bes ides  a  dependence on many 

parameters ,  t h e  a p p l i c a t i o n  of such a  model r e q u i r e s  a  

l a r g e  t e c h n i c a l  a p p a r a t u s  and e x t e n s i v e  numerics. 

Such a  h igh  degree  of complexity,  both i n  t h e  

formal i sm and p a r t i c u l a r l y  i n  t h e  coding,  n e c e s s i t a t e s  

e x t e n s i v e  t e s t i n g .  To keep i n i t i a l  t e s t s  of t h e  

mathemat ica l  appa ra tu s  and t h e  numerics t r a n s p a r e n t ,  we 

break  t h e  model i n t o  v a r i o u s  p i e c e s  and s t a r t  by 

app ly ing  i t  t o  s imple  nuc l ea r  systems.  As a  f i r s t  s t e p ,  

we i n v e s t i g a t e  v a r i o u s  a s p e c t s  of t h e  two-nucleon 

r e - s c a t t e r i n g  model i n  t h e  con t ex t  of p ion  p roduc t i on  

on 3 ~ e .  E x p l i c i t l y ,  we keep only  t h e  l e a d i n g  

microscopic  term invo lv ing  IT meson exchange and 

i s o b a r i c  degrees  of freedom i n  t h e  baryonic  s e c t o r .  I n  

s p i t e  of i t s  r e s c t i c t i v e  c h a r a c t e r ,  such  a  model covers  

a  l a r g e  p o r t i o n  of t h e  phys i c s  of t h e  ( p , x )  r e a c t i o n .  

Beyond t h a t ,  i t  r e p r e s e n t s  t h e  most complex p i e c e  i n  

t h e  t r a n s i t i o n  ampl i tude .  By app ly ing  i t  t o  a  t a r g e t  

and a  r e s i d u a l  nuc leus  w i th  dominant 1s c o n f i g u r a t i o n s ,  

we o b t a i n  a  s t r i n g e n t  t e s t  f o r  t h e  g e n e r a l  formulae.  

Fur thermore ,  t h i s  c a s e  a l l ows  a  s imple  a n a l y t i c a l  

e v a l u a t i o n  of t h e  va r i ous  i n v a r i a n t s  f o r  comparis  on 

w i th  t h e  numer ica l  r e s u l t s  from t h e  computer code. 

F i n a l l y ,  comparison wi th  r e cen t  d a t a 2  3 p rov ide s  

a l r e a d y  a  f i r s t  , though crude ,  t e s t  of v a r i o u s  

i n g r e d i e n t s  i n  t h e  i s o b a r  r e s c a t  t e r i n g  model. 

R e a l i s t i c  3 ~ e  and t h e  4 ~ e  wave f u n c t i o n s  i nvo lve  

s i g n i f i c a n t  p  and d  wave components. For a  d e t a i l e d  

comparison wi th  experiment t h e s e  s u b t l e  p i ece s  i n  t h e  

n u c l e a r  wave f u n c t i o n  should  be kept  i n  t h e  t r a n s i t i o n  

ampl i tude .  P a r t i c u l a r l y ,  t h e  d - s t a t e  may have a  

s i g n i f i c a n t  i n f l u e n c e  on both t h e  c r o s s  s e c t i o n  and t h e  

asymmetry. At t h i s  s t a g e ,  however, we keep only  t h e  

s-wave p a r t s  of t h e  nuc l ea r  wave func t i ons .  

The o p t i c a l  model codes S N O O P Y ~  and D W P I E S ~  were 

used  t o  gene ra t e  t h e  pro ton  and pion d i s t o r t e d  waves. 

Both t h e  proton-nucleus and t h e  pion-nucleus o p t i c a l  

p o t e n t i a l s  employed f i t  e l a s t i c  s c a t t e r i n g  d a t a  f o r  t h e  

cor responding  n u c l e i  a t  t h e  a p p r o p r i a t e  s c a t t e r i n g  



ene rg i e s .  For p r a c t i c a l  purposes,  we use  t h e  technique  Even wi th  t h i s  l a r g e  enhancement, t he  c a l c u l a t e d  c r o s s  

of cha r l t on6  t o  expand each p a r t i a l  d i s t o r t e d  wave i n  a 

Bes se l  f unc t ion  s e r i e s .  

F igu re  1 shows t h e  r e s u l t s  of c a l c u l a t i o n s  f o r  t he  

3 ~ e ( p ,  IT+) 4 ~ e  r e a c t i o n  and r ecen t  IUCF data .  The proton  

d i s t o r t i o n s  lower t h e  c ro s s  s e c t i o n  by about a f a c t o r  

of t h r e e ,  without changing t he  angu la r  d i s t r i b u t i o n  

very  much. The pion d i s t o r t i o n s ,  on t h e  o t h e r  hand, 

produce a s u r p r i s i n g l y  l a r g e  e f f e c t ,  i n  view of t he  

f a c t  t h a t  most of t he  momentum sha r ing  is inco rpo ra t ed  

mic roscop ica l l y  i n  t h e  two-nucleon r e a c t i o n  mechanism. 
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Figu re  1. Ca lcu l a t ed  and exper imenta l  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  and ana lyz ing  powers f o r  t h e  r e a c t i o n  
3 ~ e ( p ,  IT+) 'Heg. . . The d i f f e r e n t  curves correspond t o  
va r ious  p lane  wave (PW) and d i s t o r t e d  wave (DW) 
c a l c u l a t i o n s .  

s e c t i o n s  a r e  below t h e  d a t a  by a f a c t o r  of about 10. 

The above r e s u l t s  show t h a t  t h e  resonant  p-wave 

( i n t e r m e d i a t e  A )  r e s c a t t e r i n g  mechanism does not 

dominate t h e  3 ~ e ( p ,  IT+) 4 ~ ~ e  r e a c t i o n  a t  200 MeV 

bombarding energy. Competing processes  such a s  s-wave 

and non-resonant p-wave r e s c a t t e r i n g ,  a s  w e l l  a s  t h e  

one-nucleon mechanism, must be taken i n t o  account.  The 

two-nucleon mechanism i s  expected t o  dominate t h e  

one-nucleon mechanism because of t he  more f avo rab l e  

momentum sha r ing ;  however, r e c e n t l y  Sakamoto e t  a1.7 

have shown t h a t  t h i s  is not t he  ca se  f o r  t he  

4~e (x ' , n )  3~ r e a c t i o n  (which is r e l a t e d  t o  3 ~ e ( p ,  IT+) 4 ~ e  

by charge symmetry and time r e v e r s a l  i nva r i ance ) .  For 

t h i s  c a se ,  t h e  two mechanisms compete because of 

l a r g e  momentum components of t he  over lap  func t ion  

<+3H 1 +4He> 9 which determine t h e  one-nucleon 

con t r i bu t ion .  Work i s  i n  progress  t o  add t h e  

one-nucleon term t o  our code. 
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