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Angle- integrated  IT+) c r o s s  s e c t i o n s  on s e v e r a l  

l p - s h e l l  t a r g e t s  have been measured over  t h e  energy 

range 0.5 Tp-Tthreshold 10 MeV by d e t e c t i n g  11+ 

decays.  For h e a v i e r  t a r g e t s ,  (p ,n+) i n c l u s i v e  c r o s s  

s e c t i o n s  a t  e n e r g i e s  w e l l  above t h r e s h o l d  a r e  s u r p r i s -  

i n g l y  d i f f e r e n t  from prev ious  ( p , r O )  measurements. 

I n c l u s i v e  (p ,T+) c r o s s  s e c t i o n s  have been measured 

n e a r  t h r e s h o l d  a t  t h e  Ind iana  Univers i ty  Cyclotron 

F a c i l i t y  by s t o p p i n g  t h e  p i o n s  i n  o r  n e a r  t h e  t a r g e t  

and count ing  e n e r g e t i c  p o s i t r o n s  from IT+ -t p+ -t e+ 

decay. The p o s i t r o n s  were d e t e c t e d  i n  p l a s t i c  Cerenkov 

counte rs  between 1 ps  long  beam b u r s t s .  F i g u r e  1 shows 

t h e  measured 60  (p ,  IT+) 7~ e x c i t a t i o n  f u n c t i o n  f o r  ener- 

g i e s  ex tending  downward t o  t h e  n+ Coulomb b a r r i e r ,  

where on ly  t h e  170 ground s t a t e  c o n t r i b u t e s .  S i m i l a r  

measurements were ob ta ined  f o r  9 ~ e ,  I ~ B ,  12c,  3~ and 

1 4 ~ .  Prev ious  60  (p,n+) 7~ (g. s . ) angula r  d i s t r i b u t i o n  

measurements a t  Tp=154 MeV have been i n t e g r a t e d  t o  
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Figure 1. Inclusive 160(p, IT+) 70 cross section as a 
function of proton energy i n  the Zab. Solid curve i s  

o b t a i n  a  t o t a l  c r o s s  s e c t i o n , ' )  which is  inc luded  i n  

Fig.  1  t o  extend t h e  ground-state  e x c i t a t i o n  f u n c t i o n  

over  a  l a r g e r  energy range.  

The energy dependence of t h e  ang le - in tegra ted  

(p ,IT+) c r o s s  s e c t i o n  t o  a  s p e c i f i c  f i n a l  s t a t e  n e a r  

t h r e s h o l d  should  be dominated by t h e  phase space  and 

b a r r i e r  p e n e t r a t i o n  of  t h e  outgoing p ion .  The s o l i d  

curve  i n  F ig .  1 is t h e  ( a r b i t r a r i l y  normalized) expres-  

s i o n  o (p , n+)o (k,/kp) S (k,) where Kk, and hkp a r e  t h e  

b a r y c e n t r i c  momenta; and S (k,) = 2ry /  (exp (21~y) - 1) , 

w i t h  y = z(e2/lT2c2) 2, is  t h e  u s u a l  Coulomb f a c t o r  

which approximately accounts  f o r  t h e  p ion  p e n e t r a b i l i t y .  

The measured ground-state  c r o s s  s e c t i o n s  f o r  a l l  o f  

t h e  l i g h t  t a r g e t s  have a n  energy dependence c o n s i s t e n t  

w i t h  t h i s  express ion  n e a r  t h r e s h o l d .  

I n  o r d e r  t o  s tudy  t h e  A dependence of i n c l u s i v e  

 IT+) c r o s s  s e c t i o n s ,  a d d i t i o n a l  t a r g e t s  were run  a t  

two f i x e d  beam e n e r g i e s .  The r e s u l t s  a r e  grouped i n  
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Figure 2. IncZusive (p,af) cross sections a t  nearly 
constant (+ 1 MeV) energy -above-thresho Zd. 

a Coulomb factor. 



Fig .  2 accord ing  t o  excess  energy above t h r e s h o l d .  I n  

a d d i t i o n  t o  t h e  e r r o r s  shown, t h e r e  is  a normal iza t ion  

u n c e r t a i n t y  of  about  10%. The broken l i n e s  i n  F ig .  2 

r e p r e s e n t  t h e  measured A dependence of i n c l u s i v e  (p,nO) 

c r o s s  s e c t i o n s  on many of t h e  same t a r g e t s  a t  two d i f -  

f e r e n t  beam e n e r g i e ~ . ~ )  The obvious decrease  of t h e  

(p,n+) c r o s s  s e c t i o n s  f o r  h e a v i e r  t a r g e t s  must be due 

i n  p a r t  t o  t h e  r+ Coulomb b a r r i e r .  However, i t  is 

more d i f f i c u l t  t o  e x p l a i n  why t h e  (p,n+) c r o s s  s e c t i o n s  

a r e  s o  much l a r g e r  t h a n  t h e  (p,no) c r o s s  s e c t i o n s  f o r  

t h e  l i g h t e r  t a r g e t s .  For example, charge  symmetry re- 

q u i r e s  a ( p , n + ) / ~ ( ~ , n ~ )  = 2 f o r  t h e  4 0 ~ a ( p , ~ )  r e a c t i o n  

t o  T 4  f i n a l  s t a t e s  i n  mass 41, bu t  t h e  exper imenta l  

r a t i o  a t  approximately 16 MeV above t h r e s h o l d  is roughly 

5 even w i t h  no Coulomb c o r r e c t i o n s .  
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