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A microscopic  p ion  exchange mode11r2 f o r  n u c l e a r  p roduc t i on  through t h e  ( 3 , 3 )  resonance  (A-isobar 

p ion  p roduc t i on  nea r  t h e  p ion  p roduc t i on  t h r e s h o l d  has  e x c i t a t i o n ) .  The r e l a t i v e  t e c h n i c a l  s i m p l i c i t y  of t h e  

been under development a t  IUCF f o r  s e v e r a l  yea r s .  Th i s  code makes it p o s s i b l e  t o  ana lyze  s y s t e m a t i c a l l y  a 

model i nc ludes  both one- and two-nucleon terms and l a r g e  amount of e x i s t i n g  d a t a  a t  IUCF. There is a l s o  

d e a l s  w i th  t h e  m u l t i p l e - s c a t t e r i n g  e f f e c t s  i n  t h e  t h e  f l e x i b i l i t y  t o  employ r e a l i s t i c  n u c l e a r  wave 

e n t r a n c e  and e x i t  channels  v i a  proton-nucleus and f u n c t i o n s  i n  t h e  code,  which a l l ows  i n v e s t i g a t i o n  of 

pion-nucleus o p t i c a l  p o t e n t i a l s .  The p r e sen t  v e r s i o n  n u c l e a r  s t r u c t u r e  e f f e c t s  i n  t h e  ( p , ~ )  r e a c t i o n .  

of t h e  computer code,  however, con t a in s  only  pion I n  t h i s  r e p o r t ,  we p r e s e n t  p r e l im ina ry  r e s u l t s  on 
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t h e  s e n s i t i v i t y  of t h e  model t o  d e t a i l s  of nuc l ea r  

s t r u c t u r e ,  u s ing  t h e  7 ~ i ( p , n - ) 8 ~  r e a c t i o n  a s  an  

example. We choose t h e  (p ,  n-) r e a c t i o n  f o r  t h e s e  

i n i t i a l  t e s t s  because of t h e  s i m p l i c i t y  r e s u l t i n g  from 

t h e  f a c t  t h a t  only t a r g e t  neut rons  c o n t r i b u t e  t o  n- 

product ion .  Wave f u n c t i o n s  f o r  va r i ous  s t a t e s  of 7 ~ i  

and 'B were gene ra t ed  u s ing  t h e  shell-model code 

OXBASH,' which works i n  t h e  occupat ion  number 

r e p r e s e n t a t i o n  wi th  an m-scheme b a s i s  s e t .  The g r e a t  

advantage of t h e  occupat ion  number r e p r e s e n t  a t  i o n  

t e chn ique  i s  t h a t  it does not  r e q u i r e  l a r g e  t a b l e s  of 

c o e f f i c i e n t s  of f r a c t i o n a l  pa r en t age ,  which r e s u l t s  i n  

a  s u b s t a n t i a l  r e d u c t i o n  of computing time. 

The s h e l l  model code g ive s  p o s s i b l e  c o n f i g u r a t i o n s  

of t h e  d e s i r e d  n u c l e a r  s t a t e s  (F igs .  1-4), a s  w e l l  a s  

one- and two-pa r t i c l e  parentage  amp l i t udes ,  which a r e  

needed t o  d e r i v e  weight ing  f a c t o r s  f o r  t h e  p o s s i b l e  

one -pa r t i c l e  one-hole coupl ings  i n  t h e  two-par t ic le  

one-hole wave func t i ons .  These a r e  needed a s  i npu t  t o  

t h e  ( p , n )  code. 

We have c a l c u l a t e d  t h e  angu l a r  d i s t r i b u t i o n s  of 

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 s  and ana lyz ing  powers 

f o r  t h e  7 ~ i ( p , n - )  r e a c t i o n  t a k i n g  7 ~ i  a s  a  pure 

c o n f i g u r a t i o n  [F ig .  l ( a ) ]  and admixtures  of two 

c o n f i g u r a t i o n s  f o r  ' B ( ~ . s .  ) [F ig .  21, ' ~ ( 0 . 7 8  MeV) 

[Fig .  31, and 8 ~ ( 2 . 2 3  MeV) [Fig .  41, corresponding  t o  

t r a n s i t i o n s  t o  t h e  ground s t a t e  and t h e  f i r s t  and 

second e x c i t e d  s t a t e s ,  r e s p e c t i v e l y  ( s o l i d  curves  i n  

F ig s .  5-7). Ca l cu l a t ed  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 

F igu re  1. The most impor tan t  c o n f i g u r a t i o n s  f o r  
'L i (g . s . ) .  

ana lyz ing  powers assuming only  t h e  dominant (b) 

c o n f i g u r a t i o n s  f o r  each 'B s t a t e  a r e  a l s o  p r e sen t ed  i n  
F igu re  2. The most impor tan t  c o n f i g u r a t i o n s  f o r  

F igs .  5-7 (dashed cu rves )  t o  i l l u s t r a t e  how s e n s i t i v e  % B ( ~ . s .  ). 

t h e  c a l c u l a t i o n s  a r e  t o  t h e  wave f u n c t i o n s .  

The c a l c u l a t i o n s  ag r ee  poor ly  w i th  t h e  d a t a  f o r  f u n c t i o n s  f o r  *B. I t  may be p o s s i b l e  t o  improve t h e  

a l l  t h r e e  t r a n s i t i o n s ,  and t h e  d i s c r e p a n c i e s  a r e  not  agreement by u s ing  a  more r e a l i s t i c  p ion  o p t i c a l  

reduced very much by employing t h e  more r e a l i s t i c  wave p o t e n t i a l ,  which is known5 t o  p lay  an  impor tan t  r o l e  i n  
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Figure  3 .  The most important  con f igu ra t i ons  f o r  
% ~ ( 0 . 7 8  MeV). 
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Figu re  4. The most important  con f igu ra t i ons  f o r  
' ~ ( 2 . 2 3  MeV). 

F igu re  5 .  Calcu l a t ed  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 assuming admixtures of two c o n f i g u r a t i o n s  
( s o l i d  cu rves )  and only t h e  dominant c o n f i g u r a t i o n  (dashed 
cu rves )  f o r  8 ~ ( g . s . ) .  The d a t a  were taken a t  IUCF i n  1984. 

T,= 199.2 MeV 

Figure  6. Ca l cu l a t ed  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 assuming admixtures of two c o n f i g u r a t i o n s  
( s o l i d  cu rves )  and only  t h e  dominant c o n f i g u r a t i o n  (dashed 
cu rves )  f o r  8 ~ ( 0 . 7 8  MeV). The d a t a  were taken a t  IUCF i n  
1984. 



Ioo0' 7 ~ i ( ~ , a - )  B (2.32 MeV) 
t h e  (p,n-) r e a c t i o n ,  but  t h e  r e s u l t s  sugges t  t h a t  

i n t e rmed ia t e  A format ion  may not  play a  dominant r o l e  

i n  t h e  7 ~ i ( p ,  X-)*B r e a c t i o n  a t  t he se  ene rg i e s ,  which 

a r e  f a r  below t h e  i soba r  resonance.  
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F igure  7. Ca l cu l a t ed  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 assuming admixtures of two 
con f igu ra t i ons  ( s o l i d  curves)  and only t h e  
dominant con f igu ra t i on  (dashed curves  ) f o r  
' ~ ( 2 . 3 2  MeV). The d a t a  were taken a t  IUCF i n  
1984. 
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I n  t h e i r  1979 review a r t i c l e 1  on t h e  ( p , ~ )  r e a c t i o n ,  we have begun t o  i n v e s t i g a t e  t h e  s e n s i t i v i t y  

r e a c t i o n ,  Measday and M i l l e r  s t a t e d  t h a t :  "The use  of of our two-nucleon model2 (p ,x )  c a l c u l a t i o n s  t o  d e t a i l s  

t h e  (p ,x )  r e a c t i o n  t o  provide  c o n s t r a i n t s  on t h e  of t h e  pion-nucleus o p t i c a l  p o t e n t i a l .  

pion-nucleus o p t i c a l  p o t e n t i a l  may become i t s  most A c h a r a c t e r i s  t i c  f e a t u r e  of t h e  A(p, x)A+1 r e a c t i o n  

ou t s t and ing  c o n t r i b u t i o n  t o  knowledge of meson-nucleus is t h e  l a r g e  momentum t r a n s f e r  t o  t h e  nucleus ,  which is 

dynamics". To exp lo re  t h i s  p o s s i b l e  use  of t he  (p ,x)  more than  twice t h e  f e rmi  momentum of nucleons.  I n  a  




