
This  shows t h a t  t h e  ( p , n )  r e a c t i o n  can d i s t i n g u i s h  

between mathemat ica l ly  d i s s i m i l a r  o p t i c a l  p o t e n t i a l s  

t h a t  g ive  t h e  same e l a s t i c  s c a t t e r i n g .  Thus, t h e  ( p , ~ )  

r e a c t i o n  may provide  u s e f u l  c o n s t r a i n t s  on t h e  pion 

nucleus  o p t i c a l  p o t e n t i a l  beyond t hose  provided  by pion 

e l a s t i c  s c a t t e r i n g .  

We emphasize t h e  p r e l im ina ry  na tu r e  of t h e s e  

r e s u l t s .  More d e t a i l e d  s t u d i e s ,  which w i l l  i nc lude  an  

i n v e s t i g a t i o n  of r e l a t i v i s t i c  e f f e c t s  i n  t h e  i n c i d e n t  

pro ton  channel ,  a r e  i n  p rog re s s .  
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EXPLORATION OF ( p , n O )  AS A  WAY OF STUDYING PIONIC ATOMS 
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The 1 s  l e v e l  of p i o n i c  atoms i s  not known f o r  The c r o s s  s e c t i o n  can be e s t ima t ed  from t h e  f r e e  c r o s s  

e lements  beyond aluminum. I n  conven t i ona l  s t u d i e s  of s e c t i o n  above t h r e s h o l d  and t h e  p r o p e r t i e s  of p i o n i c  

p i o n i c  atoms t h e  p ion  i s  c ap tu r ed  i n t o  an  o u t e r  a tomic  at0ms.l  Th i s  i s  an  example of a  t h r e s h o l d  phenomenon 

l e v e l  and cascades  down. But a l r e a d y  f o r  Z about t e n  w i th  an  a t t r a c t i v e  Coulomb f i e l d . 2  Some r e l a t e d  

a b s o r p t i o n  from t h e  2p l e v e l  i s  a p p r e c i a b l e ,  and it p o s s i b i l i t i e s  have been d i s cus sed  by ~ i l i a n . ~  

i n c r e a s e s  r a p i d l y  w i th  Z. No r e s u l t s  a r e  a v a i l a b l e  f o r  De t ec t i on  of t h e  p i o n i c  atom resonance  is  t h e  

Z g r e a t e r  t han  12. One would l i k e  t o  know t h e  s t r ong -  primary d i f f i c u l t y .  The dominant decay mode i s  

i n t e r a c t i o n  s h i f t s  and widths  i n  t h e  I s  s t a t e s  f o r  presumably by emiss ion  of two f a i r l y  f a s t  nuc leons  o r  

l a r g e r  Z. c l u s t e r s ,  fo l lowed by evapo ra t i on ,  and is d i f f i c u l t  t o  

I t  is p o s s i b l e  t o  make p i o n i c  atoms i n  a  d i f f e r e n t  p u l l  ou t  of t h e  g e n e r a l  background of proton-induced 

way, a s  en t  rance-channel  resonances  i n  proton-nucleus r e a c t i o n s  a t  t h e  nece s sa ry  pro ton  e n e r g i e s  of about  140 

c o l l i s i o n s .  At an  a p p r o p r i a t e  energy below t h e  MeV. Some i n i t i a l  a t t emp t s  made i n  t h i s  l a b  have not  

t h r e s h o l d  f o r  making f r e e  nega t i ve  p ions  i n  a  (p,n-)  been encouraging.4 For l i g h t  t a r g e t s  t h e  resonance  may 

r e a c t i o n ,  t h e  p ion  can be c r e a t e d  i n  an  a tomic  l e v e l .  be s een  i n  pro ton  e l a s t i c  s c a t t e r i n g  a t  backward 



ang l e s ,  but  t h e  r e s u l t i n g  narrow resonances  imply a  

c o o l e r  experiment.  A p roposa l  f o r  such an  exper iment ,  

by Meyer, e t  a l .  , 5  has  been approved. 

When t h e  p i o n i c  atom nucleus  has Z > N t h e  system 

can  decay i n t o  a  no and t h e  nuc l ea r  ana log  s t a t e .  One 

can  t hen  i n  p r i n c i p l e  d e t e c t  t h e  p i o n i c  atom resonance 

a s  a  f e a t u r e  i n  t h e  ( p , n O )  e x c i t a t i o n  f u n c t i o n  of t h a t  

ana log  s t a t e .  We r e p o r t  h e r e  some pre lminary  

e x p l o r a t i o n s  of t he  f  e a s i l i b i t y  of such an experiment,  

u s ing  t h e  r e a c t i o n  42~a(p,n0)43~c(19/2-,3.12 MeV). The 

i n t e r m e d i a t e  p i o n i c  atom s t a t e  i n  t h i s  c a se  would be 

4 3 ~ i ( 1 9 / 2 - , 3 . 0 7  MeV), which, wi th  a  n- i n  t h e  1 s  s t a t e ,  

would occur  a t  a  pro ton  bombarding energy of about 

146.7 MeV. 

A 30 mg/cm2 t a r g e t  of 4 2 ~ a  was bombarded wi th  

p ro tons  a t  e i g h t  ene rg i e s  between 144.2 and 148.2 MeV. 

The l e ad  g l a s s  d e t e c t o r s  de sc r i bed  by p i c k a r b  were 

a r r anged  i n  a  h o r i z o n t a l  p lane  around t h e  t a r g e t ,  f ou r  

on each s i d e  of t h e  beam, a t  p o l a r  ang l e s  of 57", 85", 

113", and 141". A coinc idence  between one d e t e c t o r  on 

t h e  l e f t  and one on t h e  r i g h t  was r equ i r ed .  Two 

p l a s t i c  s c i n t i l l a t o r s  c l o s e  t o  t h e  beam p ipe  a t  t h e  

e n t r a n c e  t o  t h e  appa ra tu s  he lped  g r e a t l y  i n  improving 

t h e  beam tune  and r educ ing  ha lo .  A t h i r d  p l a s t i c  

s c i n t i l l a t o r  served  a s  a  beam monitor.  Cuts on t h e  

energy s i g n a l s ,  on t h e  t ime r e l a t i v e  t o  t h e  beam, and 

on t h e  t ime d i f f e r e n c e  between t h e  l e f t  and r i g h t  

s i g n a l s  were used i n  t h e  a n a l y s i s .  An example of a  s e t  

of time d i f f e r e n c e  s p e c t r a  is shown i n  F ig .  1. 

Some r e l a t i v e  n o  y i e l d s  a r e  shown i n  F ig .  2. 

Neu t r a l  p ions  from e x c i t a t a i o n  of t h e  1912' s t a t e  

should  show up a t  an opening ang l e  (4yy) of 134". 

These p r e l im ina ry  runs were, of course ,  t oo  s h o r t  t o  

show a  p e r t u r b a t i o n  of t h e  e x c i t a t i o n  f u n c t i o n  by t h e  

p i o n i c  atom resonance.  

I n  g e n e r a l  t h e  r e s u l t s  of t h e s e  runs  were 

encouraging ,  bu t  i n d i c a t e  t h e  need f o r  : 

1. b e t t e r  d e f i n i t i o n  of t h e  opening ang l e  between 

t h e  gamma r ays ,  

2 .  improved photon energy r e s o l u t i o n ,  

3. i n c l u s i o n  of a  cha rged -pa r t i c l e  v e t o  t o  reduce 

low-pulse-height even t s  i n  t h e  d e t e c t o r s  , and 

4. l onge r  running t ime t o  ge t  b e t t e r  s t a t i s t i c s .  

F igu re  1. Time d i f f e r e n c e  s p e c t r a  a t  E = 148.2 MeV 
f o r  t h e  second l e f t  d e t e c t o r  combined wyth each of 
t h e  r i g h t  d e t e c t o r s .  The d i f f e r e n c e  opening ang l e s  
cor respond t o  d i f f e r e n t  x0 e n e r g i e s ,  wi th  l a r g e r  
opening a n g l e  implying lower no energy.  
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Figu re  2. R e l a t i v e  no y i e l d  vs. beam energy f o r  
s e l e c t e d  p a i r s  of d e t e c t o r s .  The y i e l d  of 
low-energy p ions  (4yy = 170") is  g r e a t e r  t han  
t h a t  f o r  higher-energy p ions  (4yy = 134"). 



1 )  G.T. Emery, Phys. L e t t .  e, 351 (1976).  4 )  W.W. Jacobs  and S.E. Vigdor,  1978. P r i v a t e  
communication. 

2 )  T.E. E r i c son .  i n  Nuclear Phys ics  w i th  S to r ed  Cooled 
Beams, ed. P. Schwandt and H.O. Meyer (AIP, New 5 )  M.A. P i c k a r ,  Ph.D. t h e s i s ,  I nd i ana  U n i v e r s i t y ,  
York, 1985) ,  p.172. (1982).  

3 )  K. K i l i a n ,  i n  Nuclear Phys ics  w i th  S to r ed  Cooled 
Beams, ed. P. Schwandt and H.O. Meyer (AIP, New 
York, 1985),  p. 319. 




