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Data on the  i n e l a s t i c  s c a t t e r i n g  of 135 MeV forms. It is  perhaps s u r p r i s i n g  then,  t h a t  use of a  

protons from 12c,  160 and 6 ~ i ,  measured a t  labora tory  s i n g l e  term wave funct ion  f o r  t he  4- ;  T=O s t a t e s  of 

angles from 8' t o  80°, have been analyzed using the  160 does so  well .  That t h e  ca l cu l a t ed  c ros s  s e c t i o n s  

DWBA code MEPHISTO, which was made a v a i l a b l e  by need t o  be mul t ip l ied  by a normalizing f a c t o r  g r e a t e r  

D r .  K. Amos. Excited s t a t e s  up t o  20 MeV e x c i t a t i o n  than un i ty  is  not  unexpected; i t  r e f l e c t s  t h e  f a c t  t h a t  

energy were sought i n  2~ and 60 (see IUCF Annual t h e  s i n g l e  term wave funct ion  does not  r e f l e c t  ade- 

Reports f o r  1977 and 1978), and d i f f e r e n t i a l  c ros s  quately t h e  c o l l e c t i v i t y  of t h e  exci ted  s t a t e s .  The 

sec t ions  were obtained f o r  i n e l a s t i c  s c a t t e r i n g  t o  t he  

r a d i a l  dependences a r e  represented by sums of Gaussian I I I I 1 I 1 1 1 I 
functions.  
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Figure 2 i nd i ca t e s  t h a t  use of such a p o t e n t i a l  
Figure I .  Differ_entiaZ cross section for the 60(p,p') 

does poorly when combined with multi-term wave funct ion  reaction t o  the 4 , T=O s ta tes  a t  17.79 and 19.80 MeV. 

Optica l  model parameter s e t s  were obtained by 

f i t t i n g  the  d i f f e r e n t i a l  c ross  s ec t ions  f o r  e l a s t i c  
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s c a t t e r i n g  from these  t h r e e  nucle i ;  and a parameter 

s e t ,  once chosen, was used f o r  a l l  c a l cu l a t i ons  in-  

volving t h e  p a r t i c u l a r  t a r g e t  nucleus. 

D i f f e r e n t i a l  c ross  s ec t ions ,  and DWBA f i t s ,  f o r  

r ep re sen ta t i ve  sp in - f l i p  t r a n s i t i o n s ,  a r e  shown i n  

Figs.  1 and 2. Figure 1 shows t h e  sp in - f l i p ,  no 

i sosp in - f l i p  t r a n s i t i o n s ,  and Fig. 2 t h e  sp in - f l i p ,  

i so sp in - f l i p  t r a n s i t i o n s .  

The code MEPHISTO uses t h e  nucleon-nucleon i n t e r -  

1 
a c t i o n  given by Eikemeier and Hackenbroich . This 

phenomenological p o t e n t i a l ,  which i s  l o c a l ,  charge 

independent, and has a s o f t  core ,  was derived from 

f i t s  made t o  nucleon-nucleon s c a t t e r i n g  da t a .  It 

contains c e n t r a l ,  sp in-orbi t  and tensor  terms, and 
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Figure 2. Di f ferent ial  cross s e c t p n  for the  12c(p,p') 
reaction t o  the 15.11 MeV s ta te  (1 , T=l). Wave 

2 function No. 1 i s  tha t  given by GiZZet and Vinh-Mau . 
Wave function No. 2 was provided by G.E. Walker from 
the Oak Ridge she l l  model code. 

potential of Eikemeier and Hackenbroich does fairly well 

in accounting for the spin-flip isospin-flip transition 

differential cross sections in 12c and 160. 

The differential cross section for inelastic 

+ 
scattering to the 0 , T=l state of 6 ~ i  (3.56 MeV) is 

not fitted at all (see Fig. 3). The reason for this 

is not known, particularly since the optical model 

parameters derived from elastic scattering fit the 

shape of the inelastic scattering differential 

+ 
cross section to the 2.18 MeV state (3 , T=O) 

reasonably well. Again, in this latter case, the 

magnitude of the cross section is poorly given, re- 

flecting again that a wave function containing lp- 

shell telus only is an inadequate description of 

the collective nature of the state. 

One interesting feature is the similarity of the 

inelastic scattering differential cross sections for 

the 15.11 MeV state of 12c (I+, T=l) and the 3.56 MeV 

+ 
state of 6 ~ i  (0 , T=l). This must result from the 

similar radial sizes of the two nuclei. 

The DWBA program has limited success in fitting 

the magnitudes of the differential cross sections for 

these transitions in that the magnitude of the cross 

section is rarely given correctly to within a factor 

of two. The reason for the discrepancy is most 

Figure 3. Di f ferent ial  cross sec$ion for the  6 ~ i ( p , p ' l  
reaction t o  the 3.56 MeV s t a t e  ( 0  , T=I). The wave 
functions for the ground and f i r s t  two excited s t a t e s  
were approximated by those obtained from considering 
only the  1p and l p  subsheZZs, and fixing the 
strength of3d2surface1&lta residual interact ion t o  put 
the 0  , T=I s ta te  a t  the correct energy. 



probably as described above. However, the shapes of 

these differential cross sections are generally 

farily well given. 

The particle-hole model wave functions given 

2 by Gillet and Vinh-Mau have been used frequently in 

using the DWBA program. For some even parity states, 

only a collective model parameterization was used; 

the microscopic description of these states is suf- 

ficiently complex to make a microscopic DWBA cal- 

culation very difficult. 

The data obtained from inelastic scattering of 

135 MeV protons from 13c are partially analyzed, and 

experimental differential cross sections have been ob- 

tained for all states up to 10 MeV excitation. The 

magnetic dipole state at 15.11 MeV excitation 

(312-, T-312) is also excited, as well as states at 

higher excitation. One or more states giving rise 

to a peak (r % 300 keV), corresponding to an exci- 

tation of 21.3 MeV, have a differential cross section 

which qualitatively resembles those seen in neigh- 

boring nuclides for "high spin", or orbital flip, 

states. Another neighboring state, at 21.8 MeV 

excitation, is observed to be excited by 135 MeV 

incident proton energy, but does not appear in spectra 

3 taken at 80 MeV bombarding energy . Work is con- 

tinuing both on the reduction of experimental data, 

and on making DWBA fits to the experimental differential 

cross sections. 
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In continuation of a program to study microscopic Each of these is particularly sensitive to a different 

effective nucleon-nucleus interactions, measurements term of the central part of the effective interaction, 

have been made of the analyzing powers of the which must then be combined with spin-orbit and tensor 

12~($,p')12~ reaction at 120 MeV to the ground state terms. A successful description of the effective 

and several excited states. An experiment to measure interaction must also have a good description of these 

the cross sections for several transitions has been latter terms. While differential cross section 

1 completed and submitted for publication. measurements can show some sensitivity to the effective 

There are four states of 12c that are of parti- interaction, analyzing power data have an even greater 

cular interest for elucidating the features of micro- sensitivity. 

+ 
scopic effective interactions. These are the 2 The previous interpretation of the cross-section 

states at 4.44 MeV (T=O) and 16.11 MeV (T-1) , and the data in terms of a detailed microscopic interaction 

+ 
1 states at 12.71 MeV (T=O) and 15.11 MeV (T=l). was reasonably successful. The best results were 


