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Even though a nucleus i s  we l l  descr ibed by one P red ic t ed  c ross  s e c t i o n s  were obtained from the  

c l u s t e r i n g  mode, o the r  modes a r e  not  n e c e s s a r i l y  d i s t o r t e d  wave impulse approximation (DWIA). Published 

precluded s i n c e  these  modes do not c o n s t i t u t e  an nuclear  o p t i c a l  p o t e n t i a l  parametere5'7 f o r  the  p tLi ,  

orthonormal s e t  of s t a t e s ;  i nd iv idua l  nucleons can @a, and d+a systems were u t i l i z e d .  The two l a t t e r  

belong t o  d i f f e r e n t  c l u s t e r  modes simultaneously.1 For s e t s  were crudely  adapted t o  the  pt5He and d-t5~e 

ins t ance ,  6 ~ i  has both a+d and r k t  con f igu ra t ions  of systems by mul t ip lying t h e i r  wel l  depths by 514. We 

comparable amplitude.2 This  r a i s e s  the  ques t ion  of 

whether 7 ~ i ,  long known3 t o  have a spec t roscop ic  f a c t o r  

nea r  un i ty  f o r  a+t ,  might a l s o  e x h i b i t  s i g n i f i c a n t  

5 ~ e + d  c l u s t e r i n g  . 
To explore  t h i s  p o s s i b i l i t y ,  measurements were 

made of the  7 ~ i ( p , p d )  knockout r e a c t i o n  a t  200 MeV. 

Data were taken f o r  a coplanar geometry 

(ep/Odz64 "1-47.4 ") permit t ing quasi -e las  t i c  s c a t t e r i n g  

and f o r  th ree  nearby noncoplanar geometries.  Each of 

t h e  four  energy-sharing s p e c t r a  showed a broad peak 

c h a r a c t e r i s t i c  of s - s t a t e  deuteron knockout. A 

d i s t o r t e d  wave a n a l y s i s  i n d i c a t e s  a d + 5 ~ e  spec t roscop ic  

f a c t o r  Cd of about un i ty ,  and a plane wave a n a l y s i s  

comparing these  t o  our 6 ~ i ( p , p d )  data4 y i e l d s  Cds0.8. 

A 22 mg/cm2 7 ~ i  t a r g e t ,  mounted i n  a i r  and sea led  

between 2.1 mg/cm2 p r o t e c t i v e  f o i l s  of Cu-Ni a l l o y ,  was 

bombarded with 200 MeV unpolarized protons.  The 

i n t r i n s i c  Ge d e t e c t o r  te lescopes ,  and t h e i r  a s soc ia t ed  

e l e c t r o n i c s ,  were near ly  i d e n t i c a l  t o  those used t o  

s tudy4 t h e  noncoplanar 6 ~ i ( p , p d )  r eac t ions .  There was 

n e g l i g i b l e  contamination of the  s p e c t r a  by s e q u e n t i a l  

decay of in termedia te  exc i t ed  s t a t e s  of 6 , 7 ~ i  and 3 ~ e .  

used the  e l a s t i c  ptd c ross  s e c t i o n s  measured8 a t  198 

MeV. 

These c a l c u l a t i o n s  f i t t e d  the  coplanar 

energy-sharing spectrum with a Cd of 1.4; an  unphysical 

r e s u l t  s ince  7 ~ i  has th ree  nucleons ou t s ide  the  

a - p a r t i c l e  core.  Numerous o the r  parameter s e t s  gave 

the  C d ' s  a s  l a r g e  a s  2.2, but none slnaller than 1.4. 

The measured c ross  s e c t i o n s  were in t eg ra t ed  over a 

25 MeV i n t e r v a l  including the  q u a s i e l a s t i c  peak, and 

a r e  p l o t t e d  vs. t he  noncoplanar i ty  angle  i n  Fig. 1. 

The DWIA (with Cd=1.4) s u b s t a n t i a l l y  underpredic ts  t he  

large-angle c ross  sec t ion ,  a s  i t  a l s o  does4 f o r  

6 ~ i ( ~ , ~ d )  

Reduction of the  imaginary wel l  depths was the  

only o p t i c a l  parameter v a r i a t i o n  which s i g n i f i c a n t l y  

reduced Cd . g l imina t ing  the  entrance-channel 

abso rp t ion  reduced Cd t o  1.1. This may be p a r t i a l l y  

j u s t i f i e d  s ince  the  ptLi  i n e l a s t i c  c ross  s e c t i o n  may be 

l a r g e l y  breakup while,  i n  the  DWIA, t he  primary ptd 

i n t e r a c t i o n  causes the  quas i - e l a s t i c  s c a t t e r i n g .  

Since  the  ove rp red ic t ion  of Cd by the  DWIA may 

a l s o  r e s u l t  from the  d i f fuseness  of t he  unbound 5 ~ e  
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Figure  1. Cross s e c t i o n s  f o r  7 ~ i ( p , p d )  a t  200 MeV, 
i n t e g r a t e d  over a  25 MeV deuteron energy range, vs. 
deuteron noncoplanar i ty  angle.  DWIA p r e d i c t i o n s  a r e  Figure  2. Coplanar energy-sharing p r e d i c t i o n s  f o r  t he  
shown with and without en t r ance  channel abso rp t ion ,  and s t anda rd  DWIA and with c l u s t e r  wavefunctions enhanced 
wi th  an added i s o t r o p i c  "background". i n  the  t a i l  region. 

c l u s t e r ,  t he  t a i l  of t he  c l u s t e r  wave func t ion  was 

a r t i f i c i a l l y  enhanced by smoothly jo ining the  

Woods-Saxon i n t e r i o r  func t ion  t o  an exponent ia l ly-  

decreas ing e x t e r i o r  funct ion.  A 4 fm f a l l o f f  r ad ius  

f o r  the  l a t t e r  func t ion  reduced Cd t o  0.9, but t he  

p red ic t ed  quas i - e l a s t i c  peak (Fig.  2) became too narrow 

t o  f i t  t he  noncoplanar data .  

The l a r g e  Cd and anomalous large-angle y i e l d  might 

r e s u l t  from o the r  r e a c t i o n  mechanisms, not  considered 

by t h e  DWW, whose y i e l d s  a r e  more near ly  i s o t r o p i c .  A 

b e t t e r  f i t  t o  the  d a t a  of Fig. 1 i s  obta ined by adding 

a  cons tan t  "background" of 100 p,b/sr2 t o  the  DWIA 

p r e d i c t i o n  with Cd=l. But t h i s  procedure is 

ques t ionab le  s ince ,  even a t  l a r g e  4, t he  energy-sharing 

s p e c t r a  show the  broad peaks c h a r a c t e r i s t i c  of 

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

Cd was a l s o  es t imated from the  plane wave impulse 

approximation (PwIA). D i s t o r t i o n  and abso rp t ion  

e f f e c t s  f o r  t he  6 ~ 7 ~ i ( p , p d )  r e a c t i o n s  should be 

s i m i l a r ,  s o  the  PWIA should b e t t e r  p r e d i c t  t he  r a t i o  of 

t he  r a t i o  of t he  r e a c t i o n  c ross  s e c t i o n s  than t h e i r  

i n d i v i d u a l  values .  By equat ing the  measured and 

PWIA-predicted r a t i o s  of these  r e a c t i o n  c r o s s  s e c t i o n s  

and taking4 Cd=O. 76 f o r  6 ~ i ,  we f i n d  Cda0.82 f o r  7 ~ i .  

The FWHM of the  momentum d i s t r i b u t i o n  f o r  a 5 ~ e  

c l u s t e r s  was es t imated t o  be 140 MeV/c. Fig. 3 shows 

the  r e s u l t  of taking the  c r o s s  s e c t i o n  t o  be 

p ropor t iona l  t o  the  momentum p r o b a b i l i t y  (assumed 

Gaussian) and f i t t i n g  the  c ross  s e c t i o n s  n e a r e s t  t he  

q u a s i e l a s t i c  peak, a t  each I$. The f i t  t o  the  

4x16' (p-140 MeV/c) datum was ignored; s t u d i e s  of t h e  

6 ~ i ( p  ,pd) reac  t i on4  a l s o  show a  discrepancy between 
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F i g u r e  3. Measured c r o s s  s e c t i o n s  vs.  momentum-squared 
of t h e  undetec ted  c l u s t e r ;  both a r e  taken  a t  t h e  
q u a s i - e l a s t i c  peak p r e d i c t e d  by t h e  DWIA. 




