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P i g u r e  1. D i f f e r e n t i a l  c r o s s  s e c t i o n  and ana lyz ing  power angu la r  d i s t r i b u t i o n s  f o r  1-4 t r a n s i t i o n s  i n  t he  
Sr(p ,d)  r eac t i on .  

+p re sen t  add re s s  : Physics  Department, P r ince ton  2 )  H. Nann e t  a l . ,  Phys. Rev. C 28, 642 (1983). 
Un ive r s i t y ,  P r ince ton ,  N J  08544 

3) A.E.L. Dieper ink  and I. Sick ,  Phys. L e t t .  109B, 1 
1 )  J.R. Shepard, E. Rost ,  and P.D. Kunz, Phys. Rev. (1982). 

C 25. 1127 (1982). 

PROTON GROUND STATE CORRELATIONS I N  THE EVEN CALCIUM ISOTOPES 
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Using t h e  s t r o n g  s e l e c t i v i t y  of t h e  (d , a )  r e a c t i o n  

a t  80-MeV bombarding energy f o r  p i ck ing  up a proton- 

neu t ron  p a i r  i n  t he  s t r e t c h e d  (I£ J=7, T ~ O  

c o n f i g u r a t i o n ,  we s t a r t e d  a sy s t ema t i c  s t udy  on t h e  

even calcium i s o t o p e s  i n  o rde r  t o  s ea rch  f o r  pro ton  

ground s t a t e  c o r r e l a t i o n s  i n  t h e  t a r g e t  nuc l e i .  The 

( l f  7 /2)27,0  t r a n s i t i o n s  a r e  c h a r a c t e r i z e d ,  and can be 

e a s i l y  i d e n t i f i e d ,  by pure  L-6 angu la 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 ec t i on1  and d i s t i n c t  J=7 

p a t t e r n s  of t h e  vec to r  analyz ing  powers.2 

Measurements were performed on 4 0 ~ a ,  4 4 ~ a ,  4 8 ~ a ,  

and 5 0 ~ i  using a 79.4-MeV vec to r  p o l a r i z e d  deu t e ron  

beam. Samples of t y p i c a l  L=6 angu la 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  a r e  shown i n  t h e  l e f t  

panel  of Fig.  1; t h e  corresponding v e c t o r  ana lyz ing  

powers are p re sen t ed  i n  t h e  r i g h t  panel  of Fig. 1. 

Unambiguous (1f 712) 27, t r a n s i t i o n s  were observed t o  

t h e  r e s i d u a l  l e v e l s  a t  1.10 MeV i n  4 8 ~ c  ( t h i s  s t a t e  has 

t h e  we l l  known s p i n  and p a r i t y  7+), a t  4.54 and 

5.95 MeV i n  4 6 ~ ,  a t  1.91 MeV i n  4 2 ~ B  and a t  5.28 MeV i n  

3 8 ~ .  It should  be noted t h a t  t he se  t r a n s i t i o n s  on t h e  

Ca t a r g e t  n u c l e i  a r e  almost a s  s t r o n g  a s  t h a t  on 5 0 ~ i ,  

where pro ton  occupancy of t he  l f 7 /2  o r b i t a l  is a 

dominant p i ece  of t h e  ground-s ta te  wave func t ion .  

Microscopic DWBA c a l c u l a t i o n s  were performed i n  

o rde r  t o  e x t r a c t  t h e  pro ton  occupat ion  numbers f o r  t h e  



above t he  sd  o r b i t a l s ,  and thus  t h e  If712 p ro ton  

, Ed -79.4 MeV 

100 

b ind ing  energy should  be sma l l e r  by t h i s  amount. 50 

E x =  1.10 MeV 
Secondly,  a l t hough  t h e  a c t u a l  s e p a r a t i o n  energy g i v e s  

t h e  c o r r e c t  asymptot ic  t a i l  o u t s i d e  t h e  nucleus ,  i t  

does  no t  a s s u r e  t h a t  t h e  wave f u n c t i o n  i s  c o r r e c t  

e l sewhere .  The l a t t e r  d e f i c i e n c y  can  be overcome by 

u s ing  measured root-mean-square r a d i i  of  t h e  va l ence  

nucleon r a d i a l  wave f  unct ions3* t o  c o n s t r a i n  t h e  

p o t e n t i a l  r ad iu s .  

With t h e  above desc r ibed  e f f e c t i v e  b inding  

e n e r g i e s  of a l f 7 / 2  p ro ton  i n  t h e  Ca i s o t o p e s ,  we 

o b t a i n  pro ton  occupat ion  numbers of 1.20 + 0.35, 

1.50 t 0.40, and 0.95 + 0.25. F i n a l l y ,  t h e  c o n s t r a i n t  

o f  us ing  rms r a d i i  y i e l d s  pro ton  occupa t ion  numbers of 

0.75 + 0.20, 1.30 t 0.35, and 0.65 + 0.20 f o r  t h e  

ground s t a t e  wave f u n c t i o n s  of 4 0 ~ a ,  4 4 ~ a B  and 4 8 ~ a ,  F i g u r e  1. D i f f e r e n t i a l  c r o s s  s e c t i o n  and v e c t o r  
ana lyz ing  power angu la r  d i s t r i b u t i o n s  f o r  L=6 
t r a n s i t i o n s  i n  t he  48Ca(d,a) and 5 0 ~ i ( d , a )  r e a c t i o n s .  r e s p e c t i v e l y .  These numbers ag ree  q u i t e  w e l l  w i th  

p r e v i o u s l y  ob t a ined   value^,^ excep t  f o r  4 8 ~ a ,  where 
l f 7 j 2  o r b i t a l  i n  t he  ground s t a t e s  of 4 0 C a ,  4 4 ~ a  and 

much l a r g e r  pro ton  ground s t a t e  c o r r e l a t i o n s  a r e  
4 8 ~ a  r e l a t i v e  t o  5 0 ~ i .  I f  we followed the  s t anda rd  

i n f e r r e d  from the  p r e s e n t  work. 
p r e s c r i p t i o n  f o r  t h e  two-nucleon t r a n s f e r  fo rmfac to r  of 

I n  t h e  near  f u t u r e  t he  s t udy  of p ro ton  ground 

s t a t e  c o r r e l a t i o n s  i n  t h e  ca lc ium reg ion  w i l l  be 
u s ing  one-half of t h e  a c t u a l  sep .ara t ion  energy of the  

proton-neutron p a i r  i n  t he  s p i n  t r i p l e t  s t a t e  a s  
cont inued by measuring t he  (d ,  a )  r e a c t i o n  on  4 6 ~ i ,  4 5 ~ c  

and 4 2 ~ a .  
b inding  energy f o r  each of t he  t r a n s f e r r e d  nucleons,  we 

o b t a i n  1.55 t 0.40, 1.65 t 0.40 and 1.85 + 0.45 
+p re sen t  add re s s  : Phys i c s  Department, P r ince ton  
Un ive r s i t y ,  P r ince ton ,  N J  08544 f o r  t he  If 7/2 o r b i t a l  occupat ion  numbers i n  t h e  4 0 ~ a ,  

4 4 ~ a  and 4 8 ~ a  ground s t a t e s ,  res ,pec t ive ly .  These 
1 )  H. Nann, A.D. Bacher, W.W. Jacobs ,  W.P. Jones ,  and 

E.J. Stephenson, Phys. Rev. C 24, 1984 (1981). occupa t ion  numbers a r e  exceedingly  l a r g e .  

From t h e  shell-model and s ingle-nucleon t r a n s f e r  2 )  H. Nann e t  a l - ,  Phys. L e t t .  109B, 175 (1982); Nucl. 
Phys. A406, 81 (1983). 
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t h e  pro ton  s e p a r a t i o n  e n e r g i e s  o:E t h e  Ca i s o t o p e s  a s  

t aken  from the  atomic mass tablets r e f l e c t  t he  

s e p a r a t i o n  e n e r g i e s  from the  sd o r b i t a l s  and not  from 
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