
THE ( 3 ~ e ,  t )  REACTION AT 200 MeV 

S.L. Tabor, G. Neuschaefer, J.A. Carr, and F. Petrovich 
F lo r ida  S t a t e  Univers i ty ,  Tal lahassee ,  F lo r ida  32303 

C.C. Chang and A. Guterman 
Univers i ty  of Maryland, College Park, Maryland 20742 

M.T. Col l ins  
Brookhaven National Laboratory, Upton, New York 11973 

D.L. F r i e s e l ,  C. Glover, and S.Y. van der  ~ e r f *  
Indiana Univers i ty  Cyclotron F a c i l i t y ,  Bloomington, Indiana 47405 

S. Raman 
Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830 

Analysis has proceeded on the ( 3 ~ e , t )  da ta  taken dif ference.  I n  the  case  of 28~i ,  the re  is some 

dur ing 1981. Although no f u r t h e r  experiments were d i f f e rence  between the  shape of t h e  c l a s s i c  GDR i n  2 8 ~ i  

performed i n  1982, we w i l l  repor t  on progress  i n  our and i ts  analog i n  2 8 ~ ,  which is seen i n  t h e  2 8 ~ i ( 3 ~ e , t )  

understanding of the  e x i s t i n g  data.  react ion.  

Analogs of the  Giant Dipole Resonance (GDR) have This d i f f e rence  between the  GDR and i ts  charge 

been seen on a l l  t he  t a r g e t s  inves t iga ted  - 12c,  2 4 ~ g ,  exchange analog is g r e a t e s t  f o r  24Mg/24~1, a s  shown i n  

28si and ' + O C ~ .  The GDR s t r u c t u r e s  seen i n  the  ( 3 ~ e , t )  Fig. 1. The GDR l i e s  c l o s e s t  t o  peak "D" i n  the  

r eac t ion  on 12c and '+Oca c lose ly  resemble the  charge-exchange spectrum, but the re  is considerable  

photoabsorption spec t ra ,  which t r a c e  out the  c l a s s i c  s t r u c t u r e  i n  the  photoabsorption curve, shown i n  t h e  

GDR, a f t e r  co r rec t ion  f o r  the  Coulomb energy inse t .  Peaks "D" and "E" may correspond t o  the  two 
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Figure 1. Spectrum of the  * ' + Q ( ~ H ~ ,  t ) 2 ' + ~ 1  reac t ion  a t  Elab 197 MeV and e lab  = 15'. The i n s e t  t r a c e s  the  
photoabsorption curve. 
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st rongest  GDR peaks. A t  present it is not c l e a r  what 

gives  r i s e  t o  those differences between the GDR and i t s  

analog. Deformation may play a r o l e  s ince the e f f e c t  

i s  grea tes t  fo r  the most deformed nuclei.  On the  other  

hand, spin degrees of freedom may be exci ted i n  the 

( 3 ~ e ,  t ) react ion and not i n  photoabsorption. Some 

encouraging t h e o r e t i c a l  work has s t a r t e d 3  on the 

question of GDR analogs and more experimental work is 

a l s o  needed. 

It is w e l l  known t h a t  the ( 3 ~ e ,  t )  react ion does 

not proceed by a one-step d i r e c t  react ion mechanism a t  

low (24-36 MeV) energies. We have examined t h i s  

question f o r  the 200 MeV 4 0 ~ a ( 3 ~ e , t ) 4 0 ~ c  data  by means 

of a microscopic double-folding analysis.  The code 

ALLWRLD~ has been modified t o  generate the appropriate  

form fac to rs  by in tegra t ing  the e f fec t ive  

nucleonnucleon i n t e r a c t i o n  over the nucleons i n  the 

p r o j e c t i l e  (assuming a simple wavefunction) as  well as 

the  target .  

It is c l e a r  tha t  the r e s u l t s  of such double 

folding ca lcu la t ions  a re  simultaneously a t e s t  of t h i s  

react ion model and the in te rac t ion  and dens i t i e s  used 

i n  it. We have adopted a systematic approach i n  which 

the e x i s t i n g  e lec t ron  and proton s c a t t e r i n g  da ta  a r e  

used t o  determine the t r a n s i t i o n  densi ty ,  so t h a t  the 

3 ~ e  data  ind ica te  whether these react ions sca le  with 

one another. The same nucleonnucleon i n t e r a c t i o n  is 

used fo r  both the 35 MeV proton and the 66 MeVInucleon 

3 ~ e  calculat ions.  

A l l  ca lcu la t ions  f o r  a given t r a n s i t i o n  use the 

same s h e l l  model wavefunction, l i s t e d  i n  column 2 of 

Table 1, usual ly  a simple par t ic le-hole  s t a t e ,  with the 

o s c i l l a t o r  constant f ixed a t  a = 0.500. For the th ree  

cases where e lec t ron  s c a t t e r i n g  data6'9 were ava i lab le ,  

the normalization of the wave function was adjusted by 

the f a c t o r s  given i n  the t h i r d  column of Table 1 t o  

reproduce these data. 

The nucleon-nucleon i n t e r a c t i o n  f o r  the hadron 

react ions was taken from e n t r i e s  1,4,7,8,11,14,16 and 

17 of Table I of Ref. 10, a choice which is s l i g h t l y  

d i f f e r e n t  from what is usual ly  known as the  M3Y 

in te rac t ion .  Calculat ions using the folding model with 

t h i s  i n t e r a c t i o n  a re  shown with s o l i d  curves i n  Figs. 2 

and 3. The dash-dot curve shows the e f f e c t  of dropping 

Table I. Wave functions and normalizations f o r  the t r a n s i t i o n  dens i t i e s  

S t a t e  

3- T=O 

2- T=1 

5- T=1 

4- T=1 

3- T=1 

1+ T=1 

GDR 

Model 
Wavefunct. 

Kuo RPA 

712~312-1 

see t e x t  

G i l l e t  RPA 

Normalization used fo r  
e D He 

Scaling from 
p t o  3 ~ e  

a )  Value held f ixed 

b )  Scaling from e t o  3 ~ e  



t h e  tensor  pa r t  of t h i s  i n t e r a c t i o n  f o r  the  abnormal 

p a r i t y  (I+, 2-, 4') s t a t e s .  A dashed curve f o r  the  

normal p a r i t y  (I-, 3', 5') s t a t e s  i n d i c a t e s  the  r e s u l t  

when the  imaginary c o l l e c t i v e  term is omitted. 

The proton s c a t t e r i n g  da ta l1  shown with the  s o l i d  

c i r c l e s  i n  Fig. 2 provide reasonably complete angular 

d i s t r i b u t i o n s  with moderate resolut ion.  A high 

r e s o l u t i o n  measurementlo a t  two angles  allows a 

sepa ra te  normalization t o  be obtained f o r  each of the  

s t a t e s  of i n t e r e s t .  The ca lcu la t ions  were adjusted so  

the  s o l i d  curves would be cons i s t en t  with both the  high 

re so lu t ion  measurements and the  summed angular 

d i s t r i b u t i o n s  of l a r g e r  angles.  The r e s u l t i n g  

normalizations a r e  given i n  column 4 of Table I. 

It can be seen from Fig. 3 t h a t  the  shapes of the  

ca lcu la ted  angular d i s t r i b u t i o n s  genera l ly  agree with 

the  measured ones. The exception is  the  1+ s t a t e  which 

f a l l s  off  much f a s t e r  than the  predic t ion.  The 

agreement i n  absolute  magnitude can be examined i n  

Table I. Of p a r t i c u l a r  i n t e r e s t  is the  l a s t  column 

which shows the  r a t i o  of 3 ~ e  t o  p normalization 

f a c t o r s .  The agreement with proton s c a t t e r i n g  is 

genera l ly  wi th in  a f a c t o r  of two, suggest ing t h a t  the  

proton and 3 ~ e  induced reac t ions  might be c o n s i s t e n t l y  

explained by a simple d i r e c t  r eac t ion  theory. 

Figure 2. Proton s c a t t e r i n g  angular d i s t r i b u t i o n s  on Figure 3. Angular d i s t r i b u t i o n s  measured i n  the  
4 0 ~ a  from re f .  9 ( s o l i d  c i r c l e s )  and from re f .  10 (0 's  present  experiment f o r  the  4 0 ~ a ( 3 ~ e , 3 ~ e ' )  and 
f o r  even J, X ' s  f o r  odd J). From top t o  bottom the  4 0 ~ a ( 3 ~ e , t )  react ions .  On the  l e f t  a r e  t h e  3.74 MeV, 
s t a t e s  a r e  3' T=O (3.74 MeV); 2' T=1 (8.42 MeV); 4-13' 3' T=O s t a t e  i n  4 0 ~ a  and the  0.8 MeV 2-15' T=l doublet 
T=l (7.67 MeV) doublet ; and 2+ T=O/5' T=1 (8.56 MeV) i n  4 0 ~ c .  On t h e  r i g h t  a r e  t h e  0 MeV, 4-13' T=l 
doublet.  The curves represent  microscopic DWBA doublet ;  t he  2.37 MeV 1+ T=1 s t a t e ;  and the  GDR a t  12 
c a l c u l a t i o n s  a s  discussed i n  the  t ex t .  MeV i n  4 0 ~ c .  The curves represent  microscopic DWBA 

c a l c u l a t i o n s ,  a s  d iscussed i n  t h e  t ex t .  



In  summary, we have ca lcu la ted  angular 

d i s t r i b u t i o n s  us ing a model i n  which the  

nucleonnucleon i n t e r a c t i o n  was folded with the  

appropr ia te  p r o j e c t i l e  and t a r g e t  dens i t i e s .  The 

t r a n s i t i o n  d e n s i t i e s  were c a l i b r a t e d  with s i m i l a r  

c a l c u l a t i o n s  f o r  o the r  react ions .  This d i r e c t  r eac t ion  

theory reproduces the  da ta  q u i t e  wel l  both i n  shape and 

magnitude, although s c a l i n g  by reasonable f a c t o r s  is 

sometimes required. These r e s u l t s  a r e  q u i t e  promising 

and suggest t h a t  the  r eac t ion  theory should be t e s t e d  

f u r t h e r  by s tudying a t a r g e t  where a more complete s e t  

of complementary da ta  is ava i l ab le .  
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