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D i f f e r e n t i a l  c ross  s ec t ions  have been measured 

over t h e  angular  range from 10' t o  58' f o r  t he  

t r a n s i t i o n s  t o  t he  2+, 4+, 6' and 8' (gg/2)2 pro- 

ton s t a t e s  a t  2.18 MeV, 3.08 MeV, 3.45 MeV and 3.60 

MeV (Figures 1 t o  4) and f o r  the  t r a n s i t i o n  t o  t he  

(2plI21ggl2)5- proton s t a t e .  Cross s ec t ions  were 

a l s o  measured f o r  t h e  c o l l e c t i v e  3' s t a t e  a t  2.75 

MeV (Fig. 5)  and f o r  t he  2; s t a t e  a t  3.31 MeV. 

With a s e l f  -supported 24.8 mg/cm2 t a r g e t  enriched 

t o  97.65 percent  i n  9 0 ~ r ,  and wi th  t h e  QDDM spec- 

trograph and he l i ca l -w i re  and s c i n t i l l a t i o n  

de t ec t ion  systems1) an o v e r a l l  r e so lu t ion  of  120 

keV was obtained i n  t he  f i r s t  beam run bu t  an over- 

a l l  r e so lu t ion  of 80 keV was achieved i n  t h e  f i n a l  

run i n  September 1977 wi th  d ispers ion  matching. 

Peaks were s t r i p p e d  wi th  t he  i n t e r a c t i v e  program2) 

and the  SEL computer i n  t he  ORIC Laboratory a t  

Oak Ridge. 

No microscopic model ca l cu l a t i ons  a r e  y e t  

ava i l ab l e .  Col lec t ive  model ca l cu l a t i ons  a r e  

shown (Figures 1 t o  6 ) ,  which inc lude  deformation 

of t he  spin-orbit  p o t e n t i a l  (DSO). A s  a f i r s t  

approximation the  o p t i c a l  model parameters were 

from Ref. 3, although the  program4) used is a 

n o n - r e l a t i v i s t i c  one. Very small  deformation 

parameters were used (0.001) i n  order  t o  make the  

coupling unimportant, so  t h a t  t h e  e f f e c t  of  inc lu-  

s ion  of  DSO cont r ibut ions  could be c l e a r l y  seen. 
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The f i n a l  co l l ec t ive  model parameters shown 

(Figures 1 t o  6) were then obtained by normalizing 

the  c o l l e c t i v e  ca l cu l a t i ons  w i th  BL = 0.001 t o  each 

of the  corresponding measured cross  s ec t ions .  For 

comparison we a l s o  show c o l l e c t i v e  ca l cu l a t i ons  

wi th  t he  same values  of t he  c e n t r a l  deformation 

parameters, bu t  without  the  DSO cont r ibut ions .  

The shapes of a l l  t he  measured cross  s ec t ions  

c l e a r l y  r equ i r e  i nc lus ion  of  these  DSO cont r ibut ions ,  

and wi th  va lues  of  $so much l a r g e r  than the  c e n t r a l  
L 

BL f o r  each case,  even f o r  t he  c o l l e c t i v e  3' s t a t e  

a t  2.75 MeV. No at tempt was made t o  f i n d  the  opt i -  

mum va lues  of 6E0, r a t h e r  the  r a t i o  of  $zo t o  cen- 

t r a l  BL was f i xed  a t  1.50 t o  look f o r  a  pos s ib l e  

dependence of  this r a t i o  on t r ans fe r r ed  angular  

momentum L wi th  t he  wide range of L a v a i l a b l e  i n  

these  da ta .  There appears t o  be l i t t l e  such L- 

dependence, and t h i s  f i r s t  choice r a t i o  of 1.50 

seems t o  be  c lo se  t o  t he  optimum requi red  f o r  good 

f i t s  t o  most of t he  measured cross  s ec t ions .  F i t s  

t o  t hese  d a t a  should be  supe r io r  w i th  a program 

wi th  r e l a t i v i s t i c  kinematics s i n c e  those ca lcula-  

t i ons  w i l l  cause f ea tu re s  l i k e  minima and maxima 

t o  move i n  s l i g h t l y  t o  smal ler  angles.5) 

Deta i led  i n t e r p r e t a t i o n s  must await  micro- 

scopic  model ca l cu l a t i ons ,  bu t  these  c o l l e c t i v e  

ca l cu l a t i ons  a l ready poin t  t o  major e f f e c t s  of t he  

sp in-orbi t  i n t e r a c t i o n  i n  t hese  (p ,p' ) cross  sec-  

t i o n s  a t  t he  p r o j e c t i l e  energy of 160 MeV. Since 

these  sp in-orbi t  e f f e c t s  a r e  s o  dominant, we 

a l ready have asked t o  r epea t  this experiment on 9 0 ~ r  

Figure 7 
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a t  120 MeV i n  order  t o  look f o r  energy dependence 

of these  sp in-orbi t  cont r ibut ions  i n  changes o f  

t he  shapes of  t he  corresponding cross  s ec t ions  a t  

t he  lower energy, y e t  s t i l l  a t  an energy a t  which 

the  impulse approximation w i l l  c l e a r l y  be appro- 

p r i a t e .  W e  have a l s o  requested time t o  r epea t  our 

companion experiment on the  neutron t r a n s i t i o n s  i n  

9 2 ~ r  a t  120 MeV, and l a t e r  f o r  t i m e  t o  measure 

i n e l a s t i c  assymetries f o r  these  t r a n s i t i o n s  i n  

90zr and 9 2 ~ r  when the  polar ized  beam is ava i l ab l e .  

These reques ts  have been approved by the  PAC V; 

t h e  cross  s ec t ion  measurements a t  120 MeV w i l l  

s h o r t l y  be  scheduled, and the  asymmetry measurements 

a t  160 MeV w i l l  be scheduled l a t e r  when the  polar-  

ized  beam becomes a v a i l a b l e  f o r  experiments. 

Cross s e c t i o n s  f o r  t r a n s i t i o n s  i n  9 2 ~ r  have 



a l s o  been measured a t  t he  same p r o j e c t i l e  energy 

of 160 MeV (see next  s e c t i o n ) .  Of s p e c i a l  i n t e r e s t  

here  i s  t h e  c ros s  s ec t ion  (Fig. 7) f o r  t he  L-4 

t r a n s i t i o n  t o  t h e  4+(d51212 neutron s t a t e  a t  1.49 

MeV. The shape of t h i s  measured cross  s e c t i o n  is 

q u i t e  d i f f e r e n t  from the  shape of  t h e  L=4 t r a n s i -  

t i o n  t o  t he  4+(g9/2) proton s t a t e  i n  9 0 ~ r  (Fig. 2 ) ,  

and the  shape f o r  t h i s  neutron t r a n s i t i o n  i n  9 2 ~ r  

is  poorly described by the  c o l l e c t i v e  ca l cu l a t i ons  

even wi th  t he  DSO cont r ibut ion  included.  This 

s i t u a t i o n  is reminiscent  of  t he  r e s u l t s  a t  t he  

lower p r o j e c t i l e  energy of  61  MeV, where micro- 

scopic  model ca l cu l a t i ons  show6) the re  is a much 

l a r g e r  valence cross  s ec t ion  f o r  t h i s  neutron 

t r a n s i t i o n  i n  9 2 ~ r ,  compared wi th  t he  core polar-  

i z a t i o n  cross  s ec t ion ,  than f o r  t h i s  L=4 proton 

t r a n s i t i o n  i n  'Ozr. This proton t r a n s i t i o n  i n  ' O Z ~  

i s ,  i n  f a c t ,  heavi ly  dominated by the  core polar-  

i z a t i o n  cont r ibut ion .  7, This d i f f e r ence  i n  t h e  

shapes f o r  t he  proton and neutron L=4 t r a n s i t i o n s  

a t  160 MeV is, the re fo re ,  very l i k e l y  due t o  con- 

t i nu ing  d i f f e r ences  a t  t h i s  h igher  p r o j e c t i l e  

energy. 
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