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Figure 3. Comparison of  spectra from the 2 8 ~ i ( p , d ) 2 7 ~ i  reaction for the Zargest (upper p lo t )  and smaZZest (lower 
plot)  momentum transfer.  Corresponding s ta tes  i n  both spectra are ZabeZZed by exci tat ion energy (MeV) and 
spin/parity assignment where known. 

DEEP HOLE STATES I N  MEDIUM MASS NUCLEI 

G.M. Crawley, W. Benenson, J. Kasagi, and J .  Crawley 
Michigan State  University, East Lansing, Michigan 48823 

S. Gales and E.  Ge r l i c  
I n s t i t u t  de Physique Nuelhaire, $1~206 Orsay, France 

D.L. F r i e s e l  and A.D. Bacher 
Indiana University CycZotron Faci l i ty ,  BZoomington, Indiana 47405 

B.M. Spicer ,  V.  O f f i ce r ,  and G.G.  Shute 
University of Me Zbourne, Parkvi ZZe, Victoria 3052 

Studies  of deep ho le  s t a t e s  by s i n g l e  nucleon i n  (p,d) r eac t ions  using polar ized  protons imply t h a t  

t r a n s f e r  r eac t ions  a r e  l imi t ed  by the  f a c t  t h a t  t he  t hese  analyzing powers should be a very good s igna tu re  

angular  d i s t r i b u t i o n s  i n  genera l  determine only t he  R of t he  J of t he  f i n a l  s t a t e .  E a r l i e r  measurements of 

of t he  t r ans fe r r ed  neutron bu t  not  t he  J .  However, t he  (p,d) r eac t ion  a t  90 Me,V on a s e r i e s  of Sn i so-  

Dis tor ted  Wave ca l cu l a t i ons  of t he  analyzing power topes showed t h a t  t he  deep ho le  s t a t e s  a t  5 and 8 MeV 



e x c i t a t i o n  energy were s t r o n g l y  e x c i t e d  (See IUCF annu- 

a l  r e p o r t  1979, p. 71) .  One run  h a s  t h e r e f o r e  been 

made on t h e  t a r g e t s  9 0 ~ r  and 2 0 ~ n  w i t h  p o l a r i z e d  

pro tons  t o  measure t h e  ana lyz ing  powers. 

The experiment was c a r r i e d  o u t  i n  t h e  l a r g e  

s c a t t e r i n g  chamber u s i n g  t h e  90 MeV p o l a r i z e d  pro ton  

beam. The beam p o l a r i z a t i o n  was measured between 

t h e  two c y c l o t r o n s  b e f o r e  and a f t e r  each d a t a  t a k i n g  

run and was found t o  be extremely s t a b l e  a t  a  v a l u e  

of around 70% p o l a r i z a t i o n  i n  bo th  s p i n  d i r e c t i o n s .  

The s p i n  d i r e c t i o n  was f l i p p e d  every minute dur ing  

d a t a  t a k i n g  runs  which were t y p i c a l l y  a  few hours  

long. Two d e t e c t o r  t e l e s c o p e s  were used c o n s i s t i n g  of 

a  p a i r  of S i  and Ge d e t e c t o r s .  These t e l e s c o p e s  were 

run  on d i f f e r e n t  s i d e s  of t h e  beam, i n  some c a s e s  

a t  t h e  same a n g l e  a s  a  check and a t  o t h e r  t i m e s  

90ZR[P,D)89ZR 26DEG. S P I N  UP I-' 
800 

W 
Z 
z 
a 6 600 

a 
W 
n * 'too 

I- 
z 
3 
0 
0 200 

I 

I E x  (MeV) 
SPIN DOWN I 

0 I 

3900 1600 1800 2000 
CHANNEL NUMBER 

Figure I .  Spectra for Zr l;, d1 8 9 ~ r  a t  25' taken with 
proton spin up and down. 

a t  d i f f e r e n t  a n g l e s  t o  o b t a i n  a  more e x t e n s i v e  

angula r  range.  Measurements were made from 15' t o  45' 

i n  t h e  l a b .  P a r t i c l e  i d e n t i f i c a t i o n  was c a r r i e d  o u t  

us ing  N I M  modules s o  a s  t o  reduce t h e  dead t ime i n  t h e  
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Fi-qure 2. Analyzing owe$ a n g l a r  dis tr ibut ions  for  four 
t ransi t ions  i n  the ggz.rip,dl Zr reaction a t  90 MeV. 
The transi t ions  are marked with exci tat ion energy, spin, 
and parity.  



computer. f o r  both sp in  up and sp in  down a r e  shown i n  Fig.  1. 

Spectra from the  9 0 ~ r  ($,d) 8 9 ~ r  reac t ion  a t  25' The d iscr iminat ion  of the  analyzing power measurements 

is r e a d i l y  d iscernable  i n  t h i s  f i gu re .  Perhaps t h e  

c l e a r e s t  i nd i ca to r  is  the  r e l a t i v e  s i z e s  of t he  second 

and t h i r d  exc i t ed  s t a t e s .  These two s t a t e s  a r e  both 

R = l  bu t  one is  1/2- (0.595 MeV) and the  o the r  3/2- 

(1.1 MeV). With t he  proton s p i n  up the  1/2- s t a t e  is  

s u b s t a n t i a l l y  s t ronger  than t h e  312- s t a t e  bu t  f o r  sp in  G.S. 9/2+ 
down the  s i t u a t i o n  is reversed.  

Analyzing power measurements on a number of t he  low 

l y i n g  s t a t e s  of 8 9 ~ r  a r e  shown i n  Fig.  2. These 

measurements show c l e a r l y  t h a t  A is out  of phase f o r  
Y 

t he  two R = l  s t a t e s  discussed above. Most of t he  
• 0.595 MeV 

1/2 - measured A values  a r e  p o s i t i v e  wi th  t he  exception of 
Y 

t he  1.46 MeV (5/2-) s t a t e  where A is negat ive  a t  angles 
Y 

forward of 20'. A p a r t i c u l a r l y  i n t e r e s t i n g  case  w i l l  

be t he  analyzing power f o r  t he  c l u s t e r  of s t a t e s  a t  . . 
1 . 1  MeV 1 4 MeV which a r e  expected t o  conta in  s u b s t a n t i a l  f  

7/2 
s t r eng th .  

Angular d i s t r i b u t i o n s  have a l s o  been ex t r ac t ed  f o r  

a  few low ly ing  s t a t e s  and these  a r e  shown i n  Fig .  3 I n  

genera l  these  show l i t t l e  s t r u c t u r e  p a r t i c u l a r l y  f o r  t he  

h igher  R-values. However, t he  s lopes  of t he  angular  

d i s t r i b u t i o n  do d i f f e r ,  becoming l e s s  s t e e p  f o r  t h e  

h igher  R-transfer. 

Attempts t o  f i t  both t h e  angular  d i s t r i b u t i o n s  and 
Figure 3. Cross section angular distributions for four 
tmnsi t ions i n  the 9 0 ~ r l $ , d )  8 9 ~ r  reaction a t  90 MeV. 
The transitions are marked with excitation energy, spin, 
and parity . 

analyzing powers simultaneously is continuing us ing  the  

program DWUCK. 


