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Analyses of t h e  d a t a  obtained f o r  2%lg(p,d) reac- p o t e n t i a l s  used were based on t h e  work of Nadasen et 

t i ons  a t  Ep = 94.8 M ~ V ' . ~  have been completed f o r  32 - a ~ . ~ ,  and a v a r i e t y  of deuteron p o t e n t i a l s  have been 

s t a t e s  or  groups of s t a t e s  i n  2 3 ~ g  up t o  10.75-MeV used ( ~ i s s ~ ,  ~uhamel6 ,  and an a d i a b a t i c  p o t e n t i a l  

exc i t a t i on .  Resul t s  were obtained a t  28 angles  between following Johnson and soper7).  Fini te-range and non- 

60 l a b  and 88O l a b  f o r  s t a t e s  up t o  4.36 MeV, a t  22 l o c a l i t y  e f f e c t s  were t r e a t e d  approximately i n  t h e  

angles between 60 and 64O f o r  s t a t e s  from 4.68 t o  6.54 ca l cu l a t i ons .  Form f a c t o r s  were ca l cu l a t ed  using t h e  

MeV, and a t  11 angles  between 80 and 480 f o r  s t a t e s  from separation-energy p re sc r ip t ion  with a Woods-Saxon r ad ius  

7.8 t o  10.75 MeV. For t he  low-lying s t a t e s  t h e  da t a  of 1 . 2 5 ~ ~ 1 ~  fm and a d i f fu senes s  of 0.65 fm. For t h e  

cover t h e  momentum-transfer range from about 100 t o  R = 2 ca l cu l a t i ons  reasonably good f i t s  a r e  obtained,  

660 MeV/c. but  t h e r e  is  approximately a f a c t o r  of 3 v a r i a t i o n  i n  

Figures 1 - 3 show t h e  angular  d i s t r i b u t i o n s  C ~ S  depending on t h e  deuteron p o t e n t i a l  used. The 

obtained f o r  known R = 0 ,  1 and 2 t r a n s i t i o n s  t o  t h e  R = 1 pred ic t ion  f i t s  t h e  s lope  of t h e  d a t a  we l l  a t  

low-lying s t a t e s  i n  2 3 ~ g ;  curves shown a r e  guides t o  t h e  l a r g e  angles ,  but  a t  forward angles  t u rns  down sooner 

eye. DWBA ca l cu l a t i ons  using t h e  distorted-wave code3 than t h e  d a t a  which continue t o  r i s e  t o  smaller  angles.  

DWUCK I V  have been ca r r i ed  ou t  i n  an  at tempt t o  e x t r a c t  The R = 0 pred ic t i ons  do not  provide a good f i t  

spec t roscopic  information f o r  t he se  s t a t e s .  The pro ton  t o  t h e  shapes of t h e  angular  d i s t r i b u t i o n s .  Predic ted  

Ep = 94.8 MeV -1 
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Figure 4. 

o s c i l l a t i o n s  have t h e  co r r ec t  angular  spacing,  but  t he  broader angular  d i s t r i b u t i o n s  obtained f o r  t he  known 

average s lope  is  not  wel l  reproduced and t h e  predic ted  7/2+ s t a t e  a t  2.05 MeV ( top) ,  and f o r  s t a t e s  a t  

o s c i a l l a t i o n s  a r e  s h i f t e d  t o  l a r g e r  angles  than those 3.97 MeV and 4.68 MeV. The 712' s t a t e  a t  2.05 MeV is  

exhib i ted  by the  da ta .  Similar  problems have been genera l ly  believed t o  be exci ted  by a two-step process,  

observed f o r  2 4 ~ g ( p , d ) 2 3 ~ g  inves t iga ted  a t  27.3 Mev8 s ince  2p2h components of t he  2 4 ~ g  ground-state a r e  not  

and 2 4 ~ g ( d ,  3 ~ e ) 2 3 ~ a  a t  52 Me~9,  where d i f f e r e n t  r ad ius  expected t o  conta in  enough (lg71212 t o  al low one-step 

p re sc r ip t ions  were needed t o  ob ta in  f i t s .  I n  t he  pickup wi th  t he  observed cross  sec t ion .  A prel iminary 

present  work the  r ad ius  and d i f fuseness  of t he  form DWUCK pred ic t i on  f o r  an  R = 4 one-step process t o  t h i s  

f a c t o r  f o r  t h e  !?, = 0 t r a n s i t i o n s  were var ied  over t he  s t a t e  peaks a t  approximately t h e  co r r ec t  angle,  bu t  

range 1 . 1 0 ~ ~ 1 ~  t o  1 . 4 0 ~ ' ~ ~  fm and 0.5 t o  0.8 fm respec- does not  drop of f  appreciably a t  forward angles ,  and 

t i v e l y .  These adjustments d id  not  make s u b s t a n t i a l  drops off  more r ap id ly  than the  da t a  i n  Fig. 4 a t  l a r g e  

improvements t o  t he  f i t s .  The major d i f f i c u l t y  t o  t he  angles.  A rough spect roscopic  f a c t o r  est imated from 

one-step DWUCK f i t s  may r e s u l t  from t h e  f a c t  t h a t  (p,d) t h i s  comparison if the  process were one-step is @ 0.02. 

processes which can occur i n  t he  nuclear  i n t e r i o r  a t  A preliminary CCBA ca l cu l a t i on  assuming only a two-step 

these  energies  a r e  no t  we l l  described us ing  deuteron process wi th  i n e l a s t i c  e x c i t a t i o n  of t h e  2+ s t a t e  i n  

parameters derived from e l a s t i c  s ca t t e r ing .  No at tempt 2 4 ~ g  followed by Q = 2 pickup is not  i ncons i s t en t  with 

has been made a s  y e t  t o  inc lude  poss ib l e  two-step i n t e r -  t he  observed experimental shape; f u r t h e r  ana lys i s  along 

ference  e f f e c t s  i n  t h e  one-step allowed cases.  these  l i n e s  is i n  progress.  

I n  con t r a s t  t o  Figs. 1-3, Fig. 4 shows t h e  much Spin and p a r i t y  assignments f o r  t he  3.97- and 



4.68-MeV s t a t e s  a r e  not  c e r t a i n l o .  The 3.86- and 3.97- 

MeV s t a t e s  i n  3 ~ g  a r e  believed1 l t o  be t he  ( inver ted)  

mir ror  s t a t e s  of t he  512' 3.91-MeV and 512- 3.85-MeV 

s t a t e s  i n  2 3 ~ a .  An R = 2 t r a n s i t i o n l l  t o  t he  3.86 MeV 

s t a t e  i n  2 3 ~ g  provides a (3/2,5/2)+ assignment. This 

s t a t e  could not  be resolved i n  t he  present  work. How- 

ever ,  t he  angular  d i s t r i b u t i o n  shown i n  Fig. 4 f o r  t he  

3.97-MeV s t a t e  i s  c e r t a i n l y  not  cons i s t en t  with an R = 

2 one-step t r a n s f e r .  On the  o the r  hand, t he  shape of  

t he  angular d i s t r i b u t i o n  may we l l  suggest  a two-step 

mechanism, which would be required f o r  a 512- assign? 

ment i f  a 2p2h component involving (lf512)2 i n  t he  

2 4 ~ g  ground s t a t e  is neg l ig ib l e .  I f  t he  l a t t e r  

component i s  apprec iable ,  then the  angular  d i s t r i b u t i o n  

f o r  t he  3.97-MeV s t a t e  may represent  one-step R = 3 

pickup, o r  i n t e r f e r ence  between t h i s  and t h e  two-step 

mechanism. E i the r  way, t he  shape of t h e  angular  d is -  

t r i b u t i o n  s t rong ly  favors  t he  512- assignment f o r  t he  

3.97-MeV s t a t e ,  i n  agreement w i th  an invers ion  of t h e  

3.86-3.97 MeV p a i r  from the  mir ror  nucleus 2 3 ~ a .  

It has been proposed12,13 t h a t  t he  4.68-MeV s t a t e  

is 7/2+, based upon Nilsson-model arguments and experi- 

mental r e s u l t s .  Although the re  a r e  minor d i f f e r ences  

i n  d e t a i l ,  t h e  s i m i l a r i t y  of t he  angular  d i s t r i b u t i o n s  

+ 
i n  Fig. 4 would be cons i s t en t  with a 712 assignment 

f o r  t h e  4.68-MeV s t a t e .  

I n  order  t o  make empir ica l  assignments f o r  t h e  

prominent deep-hole s t r u c t u r e s  seen a t  about 8,9,  9.6 

and 10.5-MeV exc i t a t i on1 ,  c ross  s ec t ions  f o r  t he  low- 

ly ing  s t a t e s  exc i t ed  by known R = 1 and & = 2 t r a n s f e r s  

i n  Figs.  2 and 3 were r ep lo t t ed  a s  a funct ion  of  momen- 

tum t r a n s f e r  q ( i n  M ~ v / c ) ,  a f t e r  d i v i s i o n  by an exponen- 

t i a l l y  decreasing average fac tor14  exp (-ql66). On such 

p l o t s  t he  known R = 1 t r a n s f e r s  e x h i b i t  a forward peak 

a t  about 115 &V/C and the  R = 2 t r a n s f e r s  a t  about 155 

MeV/c. Comparison wi th  s i m i l a r  p l o t s  f o r  t h e  deep-hole 

s t a t e s  (with fewer angles ava i l ab l e ,  however) i n d i c a t e s  

R = 1 assignments f o r  t h e  8.88, 8.99, 9.62 and 10.50- 

MeV peaks. A smal l  peak a t  9.8X)-MeV e x c i t a t i o n  is  not  

cons i s t en t  wi th  R = 1 behavieur. Weaker groups a t  high 

e x c i t a t i o n  do no t  allow d e f i n i t e  conclusions t o  be drawn 

because of ques t ions  of r e l i a b i l i t y  i n  e x t r a c t i n g  cross  

s ec t ions  i n  t he  h igh-exci ta t ion  region wi th  t h e  peak- 

f i t t i n g  rou t ine ;  some appear t o  show r e l a t i v e l y  broad 

angular  d i s t r i b u t i o n s  sugges t ive  of mult i-step processes 

o r  overlapping s t a t e s .  

The R = 1 assignments t o  t he  deep-hole peaks c i t e d  

above agree wi th  recent  2 4 ~ g ( d ,  t )  r e s u l t s  l5  a t  t h i s  

labora tory ,  and a r e  cons i s t en t  wi th  shell-model expecta- 

t ions16 f o r  deep-hole s t r u c t u r e s  i n  2 8 ~ i ( p  ,d)  . Other- 

semi-empirical comparisons of t h e  d a t a  t o  plane-wave cut- 

of f  and DWUCK ca l cu l a t i ons  g ive  s i m i l a r  conclusions.  

1) IUCF Technical and S c i e n t i f i c  Report f o r  1977, p. 58 
(unpublished). 

2) D.W. Mi l l e r ,  W.P. Jones,  R.E. Marrs, and D.W. Devins, 
Bul l .  Am. Phys. SOC. 23, 527 (1978). 

3)  Dale Kunz, p r i v a t e  communication. 

4) A. Nadasen, Ph .D. Thesis ,  Indiana Univers i ty  (1977) , 
(unpublished) . 

5 )  A. K i s s  e t  a l . ,  Nuclear Phys. A262, 1 (1976). 

6)  G. Duhamel, L. Marcus, H. Langevin-Joliot , J .P. 
Didelez, P. Narboni, and C. Stephan, Nucl. Phys.Al74, 
485 (1971). 

7) R.C. Johnson and P.J.R. Soper, Phys. Rev. g, 976 
(1970) . 

8) P.D. Kunz, E. Rost, and R.R. Johnson, Phys. Rev. 177, 
1737 (1969). 

9) E. Kr ther ,  G. Mairle,  and G. Kaschl, Nuclear Phys. 
Al65, 353 (1971). 

10) P.M. Endt and C. Van Der Leun, Nuclear Phys. A310, 1 
(1978). 

11) R.O. Nelson and N.R. Robersan, Phys. Rev. g, 2153 
(1972). 

12) J. Dubois and L.G. Earwaker, Phys. Rev. I&, 925 
(1967). 

13) J. ~ g l l n e  and B. Fagerstrom, Phys. Rev. 160, 925 (1967) 

14) Such a dependence may have some t h e o r e t i c a l  j u s t i f i c a -  
t i o n  f o r  l a r g e  momentum t r a n s f e r s .  See R.D. Amado 
and R.M. Woloshyn, Phys. L e t t .  e, 253 (1976). 



15) W.W. Jacobs, S.E. Vigdor, W.P. Jones, R.E. Marrs, 
and D.W. Miller, Bull. Am. Phys. Soc. 23, 539 
(1978). Also page 61 of this report. 

16) S. Maripuu, private communication. 


