
s t a t e s  between 1.5 and 4.8 MeV with the  centroid  a t  3.9 
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Figure 1. Dis t r ibu t ion  of the  7+ t r a n s i t i o n  s t r eng th  
from the 6 2 ~ i ( d , a ) 6 0 ~ o  reaction. 

MeV. This s i t u a t i o n  i s  i n  con t ras t  t o  what is 

observed1$ i n  the  5 * ~ i ( d , a ) ~ ~ ~ o  react ion,  where the  

dominant 7+ t r a n s i t i o n  s t r eng th  is t o  a s i n g l e  s t a t e  

a t  2.28 MeV, although the re  a r e  severa l  much smal ler  

fragments. 

1 )  H. Nann, A.D. Bacher, W.W. Jacobs, W.P. Jones, and 
E. J. Stephenson, ~ h y s .  Rev. C 24, 1984 (1981). 

2) H. Nann, W.W. Jacobs, A.D. Bacher, G. Cravens, W.P. 
Jones, and E. J. Stephenson, Phys. Let t .  109B, 175 
(1982). 
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DWBA ca lcu la t ions  f o r  the  ana lys i s  of the  angular s t a t e s  a t  0.46, 0.00, 1.68 and 1.95 MeV, respect ively .  

d i s t r i b u t i o n s  of the  d i f f e r e n t i a l  c ross  sec t ion  and As a f i r s t  s t ep ,  standard zero-range (ZR) ca lcu la t ions  

analyzing power, measured i n  the  6 0 ~ i ( p , d ) 5 g ~ i  r eac t ion  were performed. The r e s u l t s  a re  shown i n  the  top 

a t  94 MeV, were performed with the  computer code por t ion of Figs. 1 and 2. The ca lcu la t ions  account f o r  

DWUCK4. The proton parameters were derived from the t h e  gross f e a t u r e s  of the  d i f f e r e n t i a l  cross  sec t ions  

work of Schwandt e t  al.l, whereas severa l  deuteron (see  Fig. 1) but f a i l  completely t o  reproduce the  

p o t e n t i a l s  were used. The f i r s t  deuteron p o t e n t i a l  experimental p a t t e r n s  of the  analyzing powers (see  Fig. 

parameter s e t ,  Dl, was taken from Duhamel e t  a1. 2, the  

second s e t ,  D2, from the global  f i t  of Daehnick e t  dm3 

and the t h i r d  s e t ,  D3, from Stephenson e t  do4, who 

enlarged and r e f i t t e d  the  80 M ~ V - ~ * N I  data  base of 

Daehnick e t  a le3  The bound-state wave funct ions  were 

ca lcu la ted  i n  a Woods-Saxon w e l l  with rn=1.25 fm and 

an=0.75 fm and a Thomas sp in -orb i t  term with the  usual  

Am25 factor .  The w e l l  depth was adjusted t o  y i e l d  the  

neutron separa t ion  energy. 

The inf luence of the  d i f f e r e n t  deuteron parameter 

s e t s  on the  ca lcu la ted  d i f f e r e n t i a l  c ross  sec t ion  and 

analyzing-power angular d i s t r i b u t i o n s  was s tudied f o r  

the  2~112, 2~312, lf512 and If712 t r a n s i t i o n s  t o  the  

2). Although the th ree  deuteron p o t e n t i a l  s e t s  p red ic t  

no marked d i f fe rences  i n  the  shapes of the  d i f f e r e n t i a l  

cross  sec t ion  angular d i s t r i b u t i o n s ,  the re  a r e  up t o  

40% d i f fe rences  i n  the  calculated magnitudes of the  

cross  sec t ion ,  which depend on the  po ten t i a l  s e t  and 

the  o r b i t a l  from which the  neutron is picked up (see, 

f o r  example, the  2~112 versus  If712 t r ans fe r ) .  The 

shapes of Ay(8) predicted by the  th ree  s e t s  of deuteron 

po ten t i a l s  a r e  q u i t e  d i f f e r e n t  from each o the r  and 

resemble by no means the  experimental pat terns .  For 

example, i n  the  case of the  2~112 and 2~312 pickup, 

l a rge  pos i t ive  analyzing powers were measured f o r  

angles  g r e a t e r  than 15O, whereas the  ca lcu la t ions  



'%i (E d)%i; En= 94 MeV 

Figure 1. DWBA 

%.m. 

results for the differential cross sections using three different deuteron op t i ca l  parameter sets .  
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Figure 2. MJBA results for the analyzing power using three different deuteron optical 
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parameter sets .  



pred ic t  l a r g e  negat ive  values.  I n  a second s t e p ,  

f i n i t e  range and non loca l i ty  co r rec t ions  were included 

i n  the  DWUCK4 ca lcu la t ions .  The values  used f o r  t he  

non loca l i ty  parameters were 0.85 fm f o r  the  proton and 

t h e  neutron and 0.54 fm f o r  the  deuteron. The f i n i t e  

range parameter was s e t  t o  0.621 fm. The r e s u l t s  

( l abe led  FRNL) a r e  shown i n  the  middle po r t ion  of Figs. 

1 and 2. The shape changes f o r  t he  d i f f e r e n t i a l  c ross  

s e c t i o n s  and analyzing powers a r e  small ,  a l though some 

improvement t o  account f o r  t he  experimental  f e a t u r e s  is 

not iceable .  Since these  f i n i t e  range and non loca l i ty  

c o r r e c t i o n s  dampen the  form f a c t o r  i n  the  nuc lea r  

i n t e r i o r ,  t h i s  e f f e c t  was f u r t h e r  i n v e s t i g a t e d  by 

in t roduc ing  a lower r a d i a l  cu to f f  which a r t i f i c i a l l y  

l o c a l i z e s  the  r e a c t i o n  t o  the  nuclear  surface .  The 

r e s u l t s  f o r  a lower cutoff  r ad ius  of rco=4.5 fm a r e  

shown i n  the  bottom por t ion  of Figs. 1 and 2. A v a s t l y  

improved agreement with the  experimental  analyzing 

power angular  d i s t r i b u t i o n s  was obta ined,  whereas the  

shapes of t he  d i f f e r e n t i a l  c ross  s e c t i o n s  remained 

e s s e n t i a l l y  unchanged. This  suggests  q u i t e  s t rong ly  

t h a t  t he  r eac t ion  is l o c a l i z e d  a t  t he  nuc lea r  su r face  

and t h a t  the  present  DWBA c a l c u l a t i o n s  do not suppress  

t h e  nuclear  i n t e r i o r  co r rec t ly .  This  is corroborated 

by the  experimental  observat ion of a j-dependence i n  

t h e  d i f f e r e n t i a l  c ross  s e c t i o n  angular  d i s t r i b u t i o n s ,  

an  e f f e c t  a l r eady  discussed q u i t e  some time ago by 

Ohnuma and Yntema. 

A l l  these  d i f f e r e n t  i npu t s  i n t o  the  DWBA 

c a l c u l a t i o n s  y i e l d  d i f f e r e n t  magnitudes of t he  

d i f f e r e n t i a l  c ross  sec t ions .  Unfor tunate ly ,  t he  

ca l cu la t ed  magnitudes depend q u i t e  s t rong ly  on the  

o r b i t a l  from which the  neutron is picked up. This  f a c t  

does not a l low a r e l i a b l e  e x t r a c t i o n  of r e l a t i v e  

spec t roscop ic  f a c t o r s  f o r  t he  pickup from d i f f e r e n t  

o r b i t a l s .  Only r e l a t i v e  spec t roscop ic  f a c t o r s  f o r  t he  

pickup from one p a r t i c u l a r  o r b i t a l  can be determined 

wi th  some confidence, s i n c e  a l l  p o t e n t i a l  s e t s  and 

adjustments of t he  parameters y i e l d  the  same Q-value 

dependence of the  d i f f e r e n t i a l  c ross  s e c t i o n  wi th in  

10%. 

Another unce r t a in ty  i n  the  DWBA c a l c u l a t i o n s ,  

which in f luences  the  magnitude of the  d i f f e r e n t i a l  

c ross  s e c t i o n ,  i s  the  choice of t he  g e o n e t r i c a l  

parameters of t he  Woods-Saxon we l l  i n  which the  

picked-up neutron is bound. This  s e n s i t i v i t y  was 

i n v e s t i g a t e d  again  f o r  t he  2p1/2 (0.46 MeV), 2 ~ 3 1 2  

(0.88 MeV), l f 5 / 2  (1.68 MeV) and If712 (1.95 MeV) 

t r a n s i t i o n s .  The deuteron o p t i c a l  parameter s e t  D2 was 

used toge the r  wi th  the  above-mentioned f i n i t e  range and 

non loca l i ty  co r rec t ions .  The r e s u l t s  f o r  t he  most 

f r equen t ly  used geometr ica l  parameters of r0=1.25 fm 

f o r  the  r ad ius  and az0.65 fm f o r  the  d i f fuseness  a r e  

shown a s  s o l i d  l i n e s  i n  Fig. 3. As a next s t e p ,  t he  

d i f fuseness  was increased t o  an=0.75 fm. The r e s u l t s ,  

shown as  dashed do t t ed  l i n e s  i n  Fig. 3, y i e l d  very few 

changes of t he  magnitude 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  f o r  t he  R n = l  t r a n s i t i o n s  and somewhat l a r g e r  

changes f o r  t he  Rn=3 t r a n s i t i o n s .  

A decrease  i n  t h e  r ad ius  t o  rnz1.17 fm, a value  

which corresponds t o  the  rms r ad ius  of a If712 neutron 

i n  4 9 ~ i  a s  determined by l a r g e  angle  e l e c t r o n  

s c a t t e r i n g , 6  r e s u l t e d  i n  much l a r g e r  changes i n  the  

magnitude of the  d i f f e r e n t i a l  c ross  sec t ions ,  

e s p e c i a l l y  f o r  t he  Rn=3 t r a n s i t i o n s  (dashed curves i n  

Fig. 3). I n  summary, none of these  v a r i a t i o n s  of t he  

geometr ica l  parameters f o r  c a l c u l a t i n g  the  bound s t a t e  

wave func t ion  y i e l d s  any dramatic changes i n  t h e  shapes 

of t he  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 analyzing power 

angular  d i s t r i b u t i o n s ,  but i n t roduces  a l a r g e  

d i s p e r s i o n  of t h e  magnitudes of t h e  d i f f e r e n t i a l  c ross  

s e c t i o n  which depends q u i t e  s t rong ly  on t h e  o r b i t a l  
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Figure  3. DWBA r e s u l t s  f o r  d i f f e r e n t  geometrical parameters of the  bound-state well .  

from which the  neutron is picked up. It has been 

recen t ly  sugges t ed7  t h a t  t h i s  unce r t a in ty  i n  the  

geometrical bound s t a t e  parameters can be reduced 

considerably  by using information on valence-nucleon 

wave func t ions  from e l e c t r o n  s c a t t e r i n g  experiments. 
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