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Cross s ec t ions  have been ex t r ac t ed  from t h e  

(p,d) d a t a  taken a t  t he  Univers i ty  of  Indiana 

f o r  t h e  above t h r e e  t a r g e t s  and extens ive  DWBA 

ca l cu l a t i ons  have been ca r r i ed  out .  The angular  

d i s t r i b u t i o n s  f o r  t h e  low-lying s t a t e s  i n  5 7 ~ i  

and 2 0 7 ~ b  a r e  shown i n  f i g s .  1 and 2. The d a t a  

f o r  8 9 ~ r  and t h e  h igher  l y ing  s t a t e s  of  2 0 7 ~ b  and 

5 7 ~ i  have been analyzed bu t  t he  t h e o r e t i c a l  

ca l cu l a t i ons  a r e  no t  y e t  complete. 

Figure 1. Angular d is -  
t r i b u t i o n s  f o r  
fou r  of  t h e  
more s t rong ly  
exc i t ed  low- 
1 i n g  l e v e l s  i n  
57Ni by t h e 5 8 ~ i  
(p,d) reac t ion .  
The s o l i d  l i n e s  
r ep re sen t  DWBA 
c a l c u l a t i o n s  
t h a t  a r e  
described i n  
t h e  t e x t .  

One of the p r i n c i p a l  u n c e r t a i n t i e s  i n  t he  

d i s t o r t e d  wave c a l c u l a t i o n s  has  been t h e  o p t i c a l  

model parameters app rop r i a t e  f o r  121 MeV protons  

and approximately 111 MeV deuterons. A v a r i e t y  of 

proton t e n t i a l s l m 4 )  were used i n  conjunction wi th  

s eve ra l  s e t s  of  deuteron potent ia l s5*6)  wi th  l i t t l e  

success i n  adequately descr ib ing  t h e  5 8 ~ i  (p  ,d) 5 7 ~ i  

da ta ;  p a r t i c u l a r l y  t h e  312- ground s t a t e  and the  

112- s t a t e  a t  1113 keV. At t h i s  poin t  P. Schwandt 

of Indiana Univers i ty  k indly  supplied o p t i c a l  

p o t e n t i a l s  derived from recen t  100 MeV proton 

e l a s t i c  s c a t t e r i n g  d a t a  f o r  58~i,  100 and 135 

MeV d a t a  f o r  9 0 ~ r ,  and 121 MeV d a t a  f o r  2 0 8 ~ b .  The 

depth of t h e  r e a l  p o t e n t i a l  was adjus ted  f o r  t h e  

co r r ec t  p r o j e c t i l e  energy by t h e  use of AV= -0.2 

AE. These proton p o t e n t i a l s  together  wi th  

a d i a b a t i c  deuteron p o t e n t i a l s  produced remarkably 

b e t t e r  f i t s  t o  t h e  da ta .  The a d i a b a t i c  deuteron 

p o t e n t i a l  was made up of p o t e n t i a l s  f o r  pro tons  

and neutrons a t  h a l f  t h e  deuteron energy taken 

from t h e  work of Becchet t i  and Greenlees. 7, The 

parameters were combined according t o  t h e  

p re sc r ip t ion  of  Harvey and ~ o h n s o n . ~ )  One 

exception was t h a t  t h e  r ad ius  parameter f o r  t h e  

imaginary term was increased  from a nominal va lue  

of  1.29 t o  1.39 i n  order  t o  descr ibe  t h e  d a t a  

b e t t e r .  The parameters f o r  t h e  sp in  o r b i t  term 

were taken from t h e  work of Childs and D a e h n i ~ k . ~ )  

The parameters t h a t  were used f o r  t h e  c a l c u l a t i o n s  

shown i n  Figs.  1 and 2 a r e  indica ted  i n  Table I. 

It is  apparent  t h a t  whi le  t h e  c a l c u l a t i o n s  

genera l ly  descr ibe  t h e  s lope  of t h e  c r o s s  s ec t ions  

s a t i s f a c t o r i l y ,  t h e r e  a r e  non-negligible d i f f e r ences ,  

e s p e c i a l l y  a t  t he  smal ler  angles.  Numerous 

add i t i ona l  ca l cu l a t i ons  were performed i n  which a 



Figure 2. (a and b).  Angular d i s t r i b u t i o n s  f o r  seven low-lying l e v e l s  i n  2 0 7 ~ b  by the  208~b(p ,d )  
reac t ion .  The s o l i d  l i n e s  represent  DWBA ca lcu la t ions  t h a t  a r e  described i n  the  
t e x t .  

wide v a r i e t y  of parameter va r i a t ion  was t r i e d .  f ac to r s  t h a t  were i n  general  agreement with those 

However, no improvement i n  the  f i t s  shown i n  Figs. obtained i n  lower energy (p,d) s tudies .  However, i n  

1 and 2 could be achieved. 208Pb, the  va lues  of c2sQj f o r  t he  i1312 and hg12 

Another source of concern is  t h e  magnitude of s t a t e s  a r e  depressed by more than a f a c t o r  of two 

the  spectroscopic f a c t o r s  obtained. I n  order  t o  r e l a t i v e  t o  the  values f o r  t he  3 ~ 1 1 2 ,  2f512,3p312 

determine normalization f ac to r s  f o r  t he  DWBA and 2f712 o r b i t a l s .  On t he  b a s i s  of t he  e a r l i e r  

ca l cu la t ions  done i n  zero range (with a f i n i t e  (p,d) and (d , t )  s t ~ d i e s , ~ )  a l l  of these  s t a t e s  a r e  

range correc t ion  parameter of 0.62), exact  f i n i t e  expected t o  have a spectroscopic f a c t o r  c lose  t o  

range ca l cu la t ions  were ca r r i ed  out  f o r  representa-  t h e  sum r u l e  l i m i t .  However, a more recent  (p, d) 

t i v e  s t a t e s  i n  57~i ,  8 9 ~ r  and 2 0 7 ~ b .  The shapes of experimentlo) has  yielded spectroscopic s t r eng ths  

the  angular d i s t r i b u t i o n s  were very much the  same i n  f o r  t he  1633 and 3409 keV l e v e l s  which a r e  i n  

the  two ca l cu la t ions  and values of Do f o r  58~i,  approximate agreement with those obtained i n  t h i s  

and 2 0 8 ~ b  were found t o  be 111, 114 and 98 work. 

M~v-fm3I2, respect ive ly .  The use of these  Various modifications were made i n  the  bound 

normalization cons tants  provided spectroscopic s t a t e  ca l cu la t ions  and i n  the  geometrical 



Table I 

Optical  model parameters used i n  (p,d) ca lcula t ions  f o r  121 MeV data.  

Table I1 

Spectroscopic f ac to r s  ext racted from the  (p,d) data  taken a t  121 MeV. 

Spectroscopic Factors (cZSQj 

Energy (keV) Orbi ta l  Others This exper. Sum Rule Limit 

parameters f o r  the  imaginary term i n  the  deuteron on the  r e l a t i v e  j dependence of c2sQj. For 

op t i ca l  parameters with considerable influence on example, use of the  l a r g e r  r a d i i  found by ~ o s t ' l )  

the  overa l l  normalization but no appreciable e f f e c t s  f o r  the  bound neutron wel l  around 2 0 8 ~ b  (up t o  0.5 



fm g r e a t e r  than the  proton wel l )  d i d  l i t t l e  t o  

r e so lve  t h e  problem. The ca l cu l a t i ons  shown were 

done wi th  r a t h e r  s tandard va lues  f o r  t he  d i f fuseness  

(0.65) and radius  (1.25) parameters and a non- 

l o c a l  co r r ec t ion  f a c t o r  of 0.85. The ex t r ac t ed  

spec t roscopic  f a c t o r s  a r e  l i s t e d  i n  Table I1 

along w i t h  a range of va lues  f o r  C ~ S  found by 

o the r s .  As discussed above, t h i s  work supports  

r e f .  10  i n  t he  claim t h a t  t he  f i r s t  13/2+ and 9/2- 

l e v e l s  contain only about 112 of t h e  ava i l ab l e  

s t r eng th .  The o r i g i n  of t h e  observed j- dependence 

found w i t h  t he  121 MeV (p,d) d a t a  is  no t  understood 

a t  t h e  p re sen t  time. 

The cont r ibut ion  of t he  two-step processes 

was inves t iga t ed  wi th  t he  thought t h a t  they 

could become more important a s  t he  p r o j e c t i l e  

energy i s  increased.  The case of i n e l a s t i c  

e x c i t a t i o n  of the 2' s t a t e  i n  58~i  followed by 

neutron pickup t o  t h e  769 keV 512- s t a t e  was 

ca lcula ted  along wi th  t he  d i r e c t  one-step contribu- 

t i on .  The two-step cont r ibut ions  were found t o  

be e n t i r e l y  neg l ig ib l e  except  f o r  some minor 

e f f e c t s  a t  t h e  very forward angles.  Two-step 

e f f e c t s  could be more important f o r  t h e  l e v e l s  i n  

2 0 7 ~ b .  For example, t he  spec t roscopic  f a c t o r  f o r  

t h e  1633 keV 13/2+ s t a t e  changes by up t o  20% 

(depending on the  phase of t h e  two-step contribu- 

t i o n  r e l a t i v e  t o  t he  s i n g l e  s tep)  i f  e x c i t a t i o n  v i a  

an assumed [ 2 0 8 ~ b  (3-) v-'f 712]1312+ component is 

permitted.  S t a t e s  a t  h igher  e x c i t a t i o n  (e.g., 

712- o r  912- s ing l e -pa r t i c l e  s t a t e s  which might 

nominally be found near  4 MeV e x c i t a t i o n )  could 

be a f f ec t ed  more dramat ica l ly  because of  t he  nea r  

degeneracy i n  unperturbed s i n g l e  p a r t i c l e  and 

core-excited energies .  Two-step ca l cu l a t i ons  

f o r  t h e  2304 and 3409 keV l e v e l s  have not  been 

c a r r i e d  out  a s  y e t .  

The r e s u l t s  of t h i s  s tudy a r e  being prepared 

f o r  publ ica t ion .  
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