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We a r e  beginning a s tudy of t h e  (d, 6 ~ i )  r e a c t i o n  

with vec to r  polar ized  deuterons a t  t h e  IUCF. Several  

i n t e r e s t i n g  f ea tu re s  of t he  vec to r  analyzing powers 

a r e  predic ted  by DWBA r e a c t i o n  ca l cu l a t i ons .  F i r s t l y ,  

t he  VAP is  expected t o  e x h i b i t  much more s e n s i t i v i t y  

t o  t he  t r ans fe r r ed  angular  momentum, LTr, than do the  

d i f f e r e n t i a l  c ros s  s ec t ions .  Thus, i t  is  hoped t h a t  

t he  VAP w i l l  provide considerably more d e f i n i t i v e  

spec t roscopic  information than can be obtained from 

t h e  cross  s ec t ions  alone.  Secondly, t h i s  s e n s i t i v i t y  

of t he  VAP t o  LTr should provide the  p o s s i b i l i t y  of 

accura te  determinations of L -m&xing i n  ( d , 6 ~ i )  
Tr 

r eac t ions  on odd A t a r g e t s .  These f ea tu re s  provide 

the  motivation f o r  t h e  (d,"i) s t u d i e s  on 3 9 ~  and 

4 0 ~ a .  

In add i t i on ,  t h e  DWBA ca l cu l a t i ons  suggest  t h a t  

t he  VAP is ,  f o r  some nuc le i ,  q u i t e  s e n s i t i v e  t o  t h e  

sp in-orbi t  term of t he  6 ~ i  d i s t o r t i n g  p o t e n t i a l .  

While t h i s  is  not  t h e  case  f o r  3 9 ~  and 4 0 ~ a  t a r g e t s ,  

t h i s  s e n s i t i v i t y  does appear f o r  f p  s h e l l  t a r g e t s .  

-P 
We the re fo re  p lan  t o  examine ( d , 6 ~ i )  d a t a  on N i  t a r g e t s ,  

both i n  t h e  hope of producing some sys temat ic  d a t a  on 

alpha c l u s t e r i n g  s t a t e s ,  and of determining t h e  6 ~ i  

spin-orbi t  p o t e n t i a l .  
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A considerable body of experimental d a t a  has been 5 6 ~ e  t o  3 0 ~ e .  Some of t hese  r e s u l t s ,  p r i n c i p a l l y  

obtained from reac t ions  which t r a n s f e r  two i d e n t i c a l  on t a r g e t s  i n  t h e  t i n  region,  were presented i n  t h e  

nucleons - r eac t ions  such a s  ( p ,  t) , ( t  , p ) ,  and ( 3 ~ e  , n ) .  1978 IUCF Progress Report. 
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Almost no d a t a  a r e  ava i l ab l e ,  however, from Using a 6 ~ i  bombarding energy of 90 MeV, w e  have 

r eac t ions  which pickup two protons from a t a rge t .  We measured l a b  c ros s  s ec t ions  a t  8O f o r  ground-state 

have s tudied  one such r eac t ion ,  the  ( 6 ~ i , 8 ~ )  two-proton t r a n s i t i o n s  which have ranged from 27 pb/sr  f o r  a  

pickup r eac t ion ,  on n ine  even t a r g e t s  ranging from 6 6 ~ n  t a r g e t  t o  0.3 pb/sr  f o r  1 3 0 ~ e .  
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Figure I .  Spectrum a t  8' la6 fmrn the 5 6 ~ e ( 6 ~ i , 8 ~ ) 5 4 ~ r  
reaction a t  90 MeV. The la6 cross section for the 
9. s .  t ransi t ion i s  18 ub/sr. 
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The spectrum i n  Fig.  1, obta ined  w i t h  an 5 6 ~ e  

g.s. 

t a r g e t  and l e a d i n g  t o  s t a t e s  i n  5 4 ~ r ,  is t y p i c a l  of 

many of t h e  s p e c t r a  we have measured. The spectrum 

- 

is dominated by t h e  t r a n s i t i o n  t o  t h e  ground s t a t e ;  

t r a n s i t i o n s  t o  e x c i t e d  s t a t e s  a r e ,  by comparison, 

r e l a t i v e l y  weak. I n  m u l t i p l e  p ro ton  pickup r e a c t i o n s ,  

- 

such a s  t h i s  one, t h e  energy r e s o l u t i o n  is o f t e n  

dominated by t h e  energy l o s s  of t h e  e j e c t i l e  i n  t h e  

t a r g e t .  The 5 6 ~ e  t a r g e t  used t o  o b t a i n  t h i s  spectrum 

had a  t h i c k n e s s  of 400 pg/cm2 and t h e  energy r e s o l u t i o n  

is approximately 200 keV. The l a b  c r o s s  s e c t i o n  f o r  

t h e  ground s t a t e  t r a n s i t i o n  i s  18 u b / s r .  
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We have measured s p e c t r a ,  which a r e  shown i n  

Fig.  2, on Mo t a r g e t s  l e a d i n g  t o  9 6 ~ r  and 9 2 ~ r .  It is 

immediately apparen t  t h a t  t h e  two s p e c t r a  a r e  q u i t e  

d i s s i m i l a r .  I n  9 6 ~ r  t h e  t r a n s i t i o n  t o  t h e  f i r s t  e x c i t e d  

+ 
0  s t a t e  a t  1.59 MeV is a s  s t r o n g  a s  t h e  t r a n s i t i o n  

t o  t h e  ground s t a t e ,  w h i l e  i n  9 2 ~ r  t h e  t r a n s i t i o n  t o  t h e  

+ 
0  s t a t e  a t  1 .38 MeV is much weaker than  t h e  ground- 

s t a t e  t r a n s i t i o n .  This  is c o n t r a r y  t o  t h e  n a i v e  

e x p e c t a t i o n  t h a t  t h e  p ro ton  c o n f i g u r a t i o n s  i n  t h e s e  

i s o t o p e s  would be  approximately t h e  same, and hence 

t h e  two-proton pickup s p e c t r a  would be s i m i l a r .  

To prov ide  a  t h e o r e t i c a l  p r e d i c t i o n  of t h e  0+ -+ 0' 

t r a n s i t i o n  s t r e n g t h s  observed f o r  t h e  two molybdenum 

t a r g e t s ,  we have c a r r i e d  o u t  exac t  f i n i t e - r a n g e  d i s -  

- oT 
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F@y 2;  Spectra a t  8' lab from the 
Mo( L i ,  8 ~ ) 9 2  , 9 6 ~ r  reactions a t  90 MeV. Note 

the lack of re la t i ve  excited 0+ strength i n  9 2 ~ r  
as compared t o  that  i n  9 6 ~ r .  



torted-wave Born approx 

using t h e  code DWUCK5. 
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:imat ion  (EFR DWBA) ca l cu l a t i ons  

The form f a c t o r s  were calcu- 

l a t e d  i n  t h e  c l u s t e r  approximation. We have assumed 

t h a t  t h e  r eac t ion  proceeds only v i a  t h e  pickup of a  

T=l p a i r  i n  a  s i n g l e t  sp in  s t a t e .  The ent rance  channel 

o p t i c a l  parameters were obtained from an a n a l y s i s  of 

99 MeV 6 ~ i  ions  e l a s t i c a l l y  s ca t t e r ed  from 9 0 ~ r .  3 

Data from 8~ e l a s t i c  s c a t t e r i n g  a r e  not  a v a i l a b l e  a s  

8~ is  uns table ,  hence parameters from t h e  e l a s t i c  

4  
s c a t t e r i n g  of l lB from 2 0 8 ~ b  a t  72 MeV were subs t i -  

tu ted .  

Using t h e  EFR DWBA code, t he  r a t i o  of c ros s  sec- 

+ 
t i o n s  t o  t h e  f i r s t  exc i ted  0  s t a t e  and t h e  ground 

s t a t e  were ca l cu l a t ed  f o r  both 9 6 ~ r  and 9 2 ~ r .  These 

r a t i o s ,  of course,  depend s e n s i t i v e l y  on t h e  choice 

of spectroscopic amplitudes f o r  t h e  (Mo, Zr) p a i r ,  

which were ca l cu l a t ed  assuming t h e  proton configura- 

t i o n s  shown i n  Table I. 

With t hese  assumed proton conf igura t ions  and 

tak ing  i n t o  account t he  s t a t i s t i c a l  accuracy of t h e  

da t a  (5-8%), t h e r e  is  e s s e n t i a l l y  complete agreement 

between experiment and ca l cu l a t i on  f o r  t h e  two c ros s  

s ec t ion  r a t i o s .  The r e s u l t s  a r e  displayed i n  Table 11. 

Table I. Spectroscopic amplitudes f o r  t h e  (Mo,Zr) p a i r  
i n  t h e  ( 6 ~ i ,  8 ~ )  r eac t ion  were based on t h e  fol lowing 
assumed proton conf igura t ions  : 

Table II . ,  Ratio 
exci ted  0 '  s t a t e  
r e a c t  ion  1 ead ing  

of t h e  c r o s s  s ec t ions  t o  t h e  f i r s t  
and round s t a t e ,  f o r  t h e  ( 6 ~ i , 8 ~ )  
t o  95Zr  and 9 6 ~ r .  

Residual Experimental Calculated 
Nucleus Ratio Ratio 

Our Z r  da t a  expla in  an apparent  discrepancy noted 

i n  some r ecen t ly  published ( d , 6 ~ i )   result^.^ A group 

a t  Groningen, i n  a  study of ( d , 6 ~ i )  on four  even 

t a r g e t s  of molybdenum leading  t o  f i n a l  s t a t e s  i n  

zirconium, observed an  unusually s t rong e x c i t a t i o n  of 

+ 
t he  f i r s t  exc i ted  0  s t a t e  i n  9 6 ~ r .  I n  a  semi-micro- 

scopic desc r ip t ion ,  t h e  s t r u c t u r e  amplitude f o r  a-trans-  

f e r  can be fac tored  i n t o  a  two-neutron and a  two-proton 

p a r t .  Thus f o r  a-pickup on a  chain  of i so topes ,  one 

might expect t h e  r e l a t i v e  s t r e n g t h  t o  c o r r e l a t e  wi th  

t h a t  of two-neutron pickup t o  t h e  same f i n a l  s t a t e s ,  

t h e  protons a c t i n g  a s  "spectators".  The a-pickup 

s t r eng ths ,  however, do not  c o r r e l a t e  wi th  t h e  two- 

neutron s t r eng ths  from t h e  Z r (p , t )  r eac t ion .  The ex- 

p lanat ion  f o r  t h e  behavior of t h e  Groningen (d ,  6 ~ i )  

d a t e  is  provided by our ( 6 ~ i , 8 9 )  r e s u l t s ,  which demons- 

t r a t e  t h a t  d i f f e r ences  i n  t h e  Z r  proton conf igura t ions  

a r e  respons ib le  f o r  t h e  unexpected v a r i a t i o n s  i n  t h e  

+ 
exci ted  0  t r a n s i t i o n  s t r eng ths .  
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