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The 209Bi(c~. t)210po react ion at 45 MeV has been used to study 210po. Man',, new levels  have been 
observed and proton configurat ions a re  suggested for the lowest three  rnultiplets.  

A c c o r d i n g  to the  s h e l l  m o d e l ,  the  n u c l e a r  
s t r u c t u r e  of 2 1 0 p o  c a n  be  d e s c r i b e d  in  t e r m s  of 
two i n t e r a c t i n g  p r o t o n s  o u t s i d e  of the  d o u b l y -  
m a g i c  2 0 8 p b  c o r e .  T h i s  r e l a t i v e l y  s i m p l e  two-  
n u c l e o n  s t r u c t u r e  i s  a m e n a b l e  to  d e t a i l e d  c a l c u -  
l a t i o n  and  r e s u l t s  f r o m  s h e l l - m o d e l  c a l c u l a t i o n s  
a r e  a v a i l a b l e  [1,2].  

To p r o v i d e  e x p e r i m e n t a l  d a t a  f o r  c o m p a r i s o n  
w i t h  t h e o r y ,  we h a v e  s t u d i e d  2 1 0 p o  u s i n g  the  
2 0 9 B i ( a ,  t ) 2 1 0 p o  p r o t o n  t r a n s f e r  r e a c t i o n .  A s e l f -  

* Supported in par t  by the US Atomic Energy Commission.  

s u p p o r t i n g  b i s m u t h  t a r g e t  w i t h  a t h i c k n e s s  of a p -  
p r o x i m a t e l y  600 g g / c m  2 w a s  b o m b a r d e d  w i t h  45 
M e V  a p a r t i c l e s ;  the  e m i t t e d  t r i t o n s  w e r e  a n a -  
l y s e d  by  a m a g n e t i c  s p e c t r o g r a p h  a n d  d e t e c t e d  
w i t h  I l f o r d  e m u l s i o n s .  P a r t i a l  a n g u l a r  d i s t r i b u -  
t i o n s  have  b e e n  r e c o r d e d  in  2.5 ° s t e p s  f r o m  0 ° 
to  20 ° . 

T h e  ( a ,  t) r e a c t i o n  a d d s  a p r o t o n  to the  209Bi  
g r o u n d  s t a t e  w h i c h  c o n s i s t s  of a n  h9 /2  p r o t o n  
p lu s  the  2 0 8 p b  c o r e .  T h e  a d d e d  p r o t o n  wi l l  be  
c a p t u r e d  in to  an  u n f i l l e d  s h e l l - m o d e l  o r b i t a l  a n d  
wi l l  coup le  w i t h  the  h 9 / 2  p r o t o n ;  e a c h  t w o - p r o t o n  
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Fig. 1. Spectrum from the 209Bi(o& t) 210po react ion at 45 MeV. The 0 + ground state is not shown and is off the 
fJg'ure to the right.  
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Table 1. 
Suggested spins ,  obtained from the assumption that 
within a mult iplet  the in tensi t ies  a re  propor t ional  to 
2 J+  1, and measured  exci tat ion energies .  The confi-  
gurat ions a re  suggested by compar ison  of the observed 
level s t ruc tu re  with she l l -model  calculat ions.  Pa r i t i e s  
a re  ass igned cons is tent  with the assumed configuration. 
Energies  a re  believed co r r ec t  to within ± 6 keV. 

Excitation energy Suggested Suggested 
(keV) J "  configuration 

0 0 + 

1180 2 + 

1425 4 + 

1471 6 + 

1552 8 + 

(h9/2)2 

2178 8 + 

2286 1 + 

2319 6 + 

2377 
2396 3~,4 ÷, 
2405 

2431 7 + 

(h9/2, f7/2) 

5 + 

2844 
2910 11-, (2-) 

3001 
(3006) 
(3014) 8-, 6-, 5-, (3-) 
3019 

3067 (4-) 

(3125) 9-,  7- 
3130 

3176 10- 

(h9 /2 ,  i 13 /2 )  

c o n f i g u r a t i o n  w i l l  c o n s i s t  of a m u l t i p l e t  of s t a t e s .  
In the  8 2 - 1 2 6  s h e l l ,  t he  p r o t o n  o r b i t a l s  a r e  

l h 9 / 2 ,  2f7/2,  l i 1 3 / 2  , 2f5/2,  3P3/2 a n d  3P l /2 .  
T h e  t r i t o n  s p e c t r u m  in fig.  1, w h i c h  h a s  a r e -  

s o l u t i o n  of a p p r o x i m a t e l y  30 keV,  s h o w s  t h a t  the  
l e v e l s ,  a s  e x p e c t e d ,  a r e  g r o u p e d  in to  m u l t i p l e t s .  
T h e  s u g g e s t e d  c o n f i g u r a t i o n  a s s i g n m e n t s  a r e  
b a s e d  on the  c l o s e  a g r e e m e n t  b e t w e e n  the  o b -  
s e r v e d  m u l t i p l e t  s t r u c t u r e  and  t h e o r e t i c a l  c a l -  
c u l a t i o n s  [1,2].  Of a l l  of the  " t w o - n u c l e o n "  s p e c -  
t r a ,  t he  s p e c t r u m  of 2 1 0 p o  p r o b a b l y  c o m e s  
c l o s e s t  to  f u l f i l l i n g  s i m p l e  s h e l l - m o d e l  e x p e c t a -  
t i o n s .  

T h e  l e v e l s  in  the  t h r e e  l o w e s t  m u l t i p l e t s  a r e  
p r e d i c t e d  by  the  c a l c u l a t i o n s  to  be  n e a r l y  p u r e  
c o n f i g u r a t i o n s  (in a m p l i t u d e  s q u a r e d  > 93% e x -  
cep t  f o r  the  0 + g r o u n d  s t a t e  [2]) w i t h  l i t t l e  o r  no 
m i x i n g ;  to good a p p r o x i m a t i o n  i n t e n s i t i e s  w i t h i n  
a m u l t i p l e t  s h o u l d  t h e r e f o r e  be  p r o p o r t i o n a l  to  
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Fig. 2. Two of the mult iplets  in the 209Bi(ot,t)210po 
spec t rum shown with improved resolut ion (10-15 keV). 

2 J +  1. T a b l e  1 l i s t s  m e a s u r e d  e x c i t a t i o n  e n e r g i e s  
a n d  s u g g e s t e d  s p i n s .  No s p i n s  h a v e  b e e n  m e a s -  
u r e d  in t h i s  w o r k ;  the  s u g g e s t e d  v a l u e s  fo l low 
f r o m  the  a s s u m p t i o n  t ha t  w i t h i n  a m u l t i p l e t  the  
r e l a t i v e  i n t e n s i t i e s  a r e  p r o p o r t i o n a l  to 2 J +  1. 

T h e  m u l t i p l e t  l o w e s t  in  e n e r g y  i s  (h9/2)2.  
F i v e  s t a t e s  a r e  a l l o w e d  f r o m  t h i s  coup l ing :  0 +, 
2 +, 4 +, 6 +, a n d 8  +. The  0 + g r o u n d - s t a t e  m e m -  
b e r  of t he  m u l t i p l e t  i s  off fig. 1 to the  r i gh t .  T h e  
s p i n s ,  p a r i t i e s ,  and  e n e r g i e s  of the  2 +, 4 +, a n d  
6 + s t a t e s  h a v e  b e e n  m e a s u r e d  p r e v i o u s l y  f r o m  
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Fig. 3. A compar ison of the exper imenta l  levels of 
210po with the theore t ica l  r e su l t s  of Kuo and Herl ing 

(ref. [2]). 
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