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The results are shown in columns 2 to 5 of Table I pn (r) = ~DD(E)=(N/z)-~P (r) which was adjusted with 
tr tr 

of our latest "consistent DD" fits1 to our 90~r(p,p1) the factor aDD(E) until the theoretical cross section 

cross sections, and for two transitions in 8 9 ~  with a matched the peak of the (p,pl) cross section data, and 

Density Dependent (DD) force used in both the folded (4) exchange amplitudes which were treated approximately 

optical potentials (OP) and the (p,pl) form factors. in a pseudo-potential approach5 to permit the insertion 

These microscopic "consistent DD" calculations, at of these point proton densities from (e ,el) data.3,4 

121.5 and 159.5 MeV, use the Local Density The values of aDD(E) extracted from these fits to the 

Approximation (LDA) in a Schroedinger approach with: first maximum of each measured cross section are 

(1) the latest Hamburg DD force,2 (2) point proton displayed rather than the ratio pn /pP , because 
tr tr 

transition densities pP (r) unfolded from (a) the value a = 1.00 corresponds to the "scaling" 
tr 

phenomenological (eye1) transition charge (pn )/pP )= N/Z, often assumed for a pure mass 
tr tr 

den~ities~,~ which were kept fixed, (3) the magnitude vibration, and (b) comparing clDD(E) with the 

of each neutron transition density value 1.00 readily permits, the recognition of which 

Table I 

Ep(MeV) 121.5 159.5 140.5 Dominated by 800 MeV Dominated by 
p or n p or n aF(800) -aDD(141) 

Ozr state a~D(122) aDD(160) aDD(141) (Diff. from aF(800) (Diff. from aDD(141) 
(N/Z=l. 25) aDD(141) = 1.00) aF(800) = 1.00) 

8+ 1.034 1.034 1.034 scaling (3%) 0.98 scaling (1.6%) -4.8% 
1 

6+ 0.750 0.966 0.858 p dom. (14%) 0.85 p dom. (15%) -1.2% 
1 

4+ 0.763 1.030 0.896 p dom. (10%) 0.90 p dom. (10%) zero% 
1 
2+ 0.688 0.680 0.684 p dom. (32%) 0.93 p dom. (7%) +36% 
1 

2+ 1.254 1.344 1.274 n dom. (27%) 1.34 n dom. (34%) +5.5% 
2 

3' 0.803 0.864 0.838 p dom. (16%) 1.03 p dom. (3%) +23% 
1 

8 9 ~  state 
(N/Z=l. 28) 



t r a n s i t i o n s  a r e  dominated by proton o r  neutron 

con t r ibu t ions  (over and above the  f a c t o r  of N/Z wi th  

aDD(E) = 1.00). Our use  of point  t r a n s i t i o n  d e n s i t i e s  

pP ( r )  unfolded from t r a n s i t i o n  charge d e n s i t i e s  
t r  

ex t r ac t ed  phenomenologically from ( e , e t )  da t a  allows us 

(1 )  t o  include valence and core e x c i t a t i o n  

con t r ibu t ions  phenomenologically and thus  (2) avoid the  

l ack  of complete proton wave func t ions  r ecen t ly  

demonstrated by s h e l l  model and broken p a i r  model 

c a l c u l a t i o n s  of g O ~ r ( e , e t )  c ross  s e c t i o n s 4  and by a  

l a r g e  bas i s  s h e l l  model ana lys i s6  of 9 0 ~ r ( p , p t )  c ross  

sec t ions .  

The primary advantage of our use of these  proton 

point  t r a n s i t i o n  d e n s i t i e s  pP ( r )  from phenomenological 
t r  

( e ,  e ' ) t r a n s i t i o n  charge d e n s i t i t i e s  i n  our ALLWOKLD 

( p , p l )  c a l c u l a t i o n s  is t h a t  we a r e  a b l e  t o  e x t r a c t  

phenomenological neutron t r a n s i t i o n  d e n s i t i e s ,  pn ( r ) ,  
t r  

which f o r  t he  present  c a l c u l a t i o n s ,  and only a s  a  f i r s t  

approximation, we have assumed have the  same r a d i a l  

shapes a s  the  point  proton pP ( r ) .  
t r  

As a  t e s t  of the  q u a l i t y  of t he  these  "cons i s t en t  

DD" ( p , p l )  c a l c u l a t i o n s ,  f o r  t he  values of aDD(16O) i n  

Table I ex t r ac t ed  from f i t s  t o  the  f i r s t  maximum of our 

c ross  s e c t i o n  d a t a  a t  159.5 MeV,  we then examined the  

q u a l i t y  of t he  shapes p red ic t ed  f o r  ( p , p l )  analyzing 

powers (Ay) i n  comparison wi th  our measured Ay 

data .  These "cons i s t en t  DD" p red ic t ions  f o r  the  shapes 

of (p ,p l )  A,, a r e  c l e a r l y  supe r io r  t o  c a l c u l a t i o n s  with 

phenomenological o p t i c a l  p o t e n t i a l s  wi th  the  same DD 

f o r c e  i n  only the  (p,p ' )  form f a c t o r s  and supe r io r  t o  

c a l c u l a t i o n s  wi th  a  f r e e  NN po ten t i a l .  

The present  "cons i s t en t  DD" c a l c u l a t i o n s  probably 

do not y e t  y i e l d  the  c o r r e c t  magnitude f o r  t he  neutron 

t r a n d i t i o n  d e n s i t i e s ,  even wi thin  the  present  

Schroedinger approach, because we have assumed the  

r a d i a l  shapes of these  neutron d e n s i t i e s  a r e  the  same 

a s  the  corresponding proton point  t r a n s i t i o n  d e n s i t i e s .  

Our ongoing c a l c u l a t i o n s  a r e  i n v e s t i g a t i n g  the  e f f e c t s  

on t h e o r e t i c a l  p red ic t ions  f o r  Ay shapes,  and on c ross  

s e c t i o n  shapes and magnitudes, of changing the  r a d i a l  

shapes of these  neutron point  t r a n s i t i o n  d e n s i t i e s .  We 

a r e  a l s o  looking i n t o  the  d i f f e r e n t  e f f e c t s  on shapes 

of analyzing powers and cross  sec t ions  of (1) d i f f e r e n t  

r a d i a l  over laps  i n  the  (p,p ') form f a c t o r s  ( a t  

d i f f e r e n t  p r o j e c t i l e  ene rg ie s  Ep) of proton t r a n s i t i o n  

d e n s i t i e s  (pP and pn ) with  (a) t he  d i f f e r e n t  energy- 
t r  t r  

dependent DD p o t e n t i a l s  vDD and vDD, and (b) wi th  the  
PP Pn 

proton d i s t o r t e d  waves generated from a  folded OP 

using the  same DD fo rces ;  and (2) i n  our 800 MeV 

c a l c u l a t i o n s  we a r e  looking a t  t he  r a d i a l  over laps  

of the  same point  d e n s i t i e s  (pP and pn ) with  ( a )  t he  
t r  tr 

d i f f e r e n t  f r e e  NN p o t e n t i a l s  V(800) and V(800) i n  the  
PP Pn 

( p , p l )  form f a c t o r s ,  and (b) with the  proton d i s t o r t e d  

waves generated from a  folded p o t e n t i a l  us ing these  same 

f r e e  NN forces .  

The values of aF(800) shown i n  columns 6  t o  8  of 

Table I a r e  the  r e s u l t s  of microscopic f i t s 7  t o  two 

s e t s  of c ross  s e c t i o n  data8,9  a t  800 MeV, wi th  a  

procedure i d e n t i c a l  t o  t h a t  f o r  t he  DD c a l c u l a t i o n s  

descr ibed above (with pP ( r )  from (e  , e  ') charge 
t r  

d e n s i t i e s ) ,  except t h a t  a t  800 MeV the  Love-Franey 

f o r c e  was used i n  a  fo lded OP and i n  the  (p ,p ') form 

f a c t o r s .  Since i t  is d i f f i c u l t  t o  e s t ima te  o v e r a l l  

e r r o r s  i n  the  values of a  e x t r a c t e d  from "cons i s t en t  

DD" f i t s  a t  each p r o j e c t i l e  energy (Ep), and only two 

t r a n s i t i o n s  show s i g n i f i c a n t  changes of aDD a s  Ep 

changes from 121.5 t o  159.5 MeV, these  values a t  800 

MeV ( a ~ ( 8 0 0 ) )  a r e  compared wi th  average values  

uDD(AV) = aDD(141) ( i n  column 4) formed a t  140.5 MeV) 

from the  values ex t r ac t ed  from our "cons i s t en t  DD" f i t s  



t o  our cross  sec t ion  da ta  a t  121.5 and 159.5 MeV. 

The most s t r i k i n g  pa t t e rns  which emerge from the  

comparisons of these  values  aDD( 141) and aF(800) (F 

reminds us of the  f r e e  NN fo rce  used a t  800 MeV) are :  

(1) i n  the  ( p , p l )  r e a c t i o n  a t  both 141 and 800 MeV the  

t r a n s i t i o n  t o  the  81- s t a t e  has e s s e n t i a l l y  the  same 
1 

l a r g e  r a t i o  of neutron t o  proton con t r ibu t ions ,  

(P:r)/P!r) = N/Z and a = 1.00, whereas a neutron 

con t r ibu t ion  t o  t h i s  t r a n s i t i o n  goes e n t i r e l y  

undetected i n  the  analyses  of a recent  ( e , e l )  

experiment4 and t h i s  s t a t e  is  es t ab l i shed  ( ( f o r  ( e , e l )  

s c a t t e r i n g )  a s  a pure proton s t a t e  involving only a 

recoupling of the ( lgg/2)2 component of the  ground 

s t a t e ;  and (2)  the re  is  a very s t rong  energy dependence 

of the  neutron s e n s i t i v i t y  of our proton probe f o r  the  

group (a)  of more c o l l e c t i v e  s t a t e s  (2+ and 3') but 
1 1 

t h e r e  i s  almost no change of the  value of a (from 122 

t o  800 MeV) f o r  the  other  group (b) of s t a t e s  

(4+, 6+, 8+, and 2+) bel ieved4 t o  have simpler 
1 1 1  2 

s t r u c t u r e s  ( a t  l e a s t  i n  regard t o  proton 

conf igurat ions) .  This energy dependence, of 

(p:,)/(~:~) = a*  (N/Z) f o r  the  2+ t r a n s i t i o n ,  ex t rac ted  
1 

from our microscopic ( p , p l )  ca lcu la t ions  with point  

proton pP unfolded from the  phenomenological ( e , e l )  
tr  

t r a n s i t i o n  charge dens i ty ,  agrees  with the  r e s u l t s  of a 

r ecen t  i n v e s t i g a t i o n l o  of the  neutron s e n s i t i v i t y  of 

t h e  proton probe i n  which the  c o l l e c t i v e  form f a c t o r  

was assumed f o r  ( p , p l )  t r a n s i t i o n s  and phenomenological 

o p t i c a l  p o t e n t i a l s  (OP) were used; i n  our ca lcu la t ions  

we used folded o p t i c a l  p o t e n t i a l s  a t  a l l  energies  Ep, 

wi th  a DD fo rce  a t  122 and 160 MeV and f r e e  NN fo rce  a t  

800 MeV. This s i m i l a r  t r ack ing  of the  energy dependent 

neutron s e n s i t i v i t y  of the proton probe i n  our more 

microscopic ca lcu la t ions  (wi th  r a d i a l  shapes of pP 
t r  

and pn here  defined by ( e , e l )  da ta )  suggests  t h a t  the  
t r  

e f f e c t i v e  form f a c t o r s  a t  122 and 160 meV (with 

i n t e r i o r  con t r ibu t ions  reduced by the  Paul i  Blocking 

included i n  the  present  DD fo rce )  when overlapped with  

the  d i s t o r t e d  waves a t  122 and 160 MeV ( a l s o  wi th  

i n t e r i o r  con t r ibu t ions  reduced by the  use of the  DD 

f o r c e  i n  the  folded OP) l ead  t o  s i m i l a r  o v e r a l l  

t r a n s i t i o n  amplitudes as  with a c o l l e c t i v e  form f a c t o r  

and phenomenological OP. 

The new and s u r p r i s i n g  r e s u l t  from our "cons i s t en t  

DD" ca lcu la t ions  a t  122 and 160 MeV and f r e e  NN fo rce  

ca lcu la t ions  a t  800 MeV i s  the  l ack  of energy-dependent 

neutron s e n s i t i v i t y  of our proton probe f o r  the  

t r a n s i t i o n s  t o  the  s t a t e s  with simpler s t r u c t u r e s 4  (4+, 
1 

61, 8;, and 2+). This d i f f e rence  i n  neutron 
2 

s e n s i t i v i t y  of the  ( p , p l )  r eac t ion  i n  t r a n s i t i o n s  t o  

c o l l e c t i v e  and simpler s t a t e s  i n  9 0 ~ r  would not have 

been very convincing from our c a l c u l a t i o n s  a lone,  but 

t h e  s i m i l a r  t r ack ing  of our values of pn /pP wi th  
t r  tr 

p r o j e c t i l e  energy with those from Ref. 10 f o r  the  more 

c o l l e c t i v e  2+ s t a t e  support our energy dependent 
1 

s e n s i t i v i t y  f o r  c o l l e c t i v e  s t a t e s ;  our a d d i t i o n a l  

r e s u l t  of a s t rong  energy-dependent neutron s e n s i t i v i t y  

a l s o  f o r  the  c o l l e c t i v e  3- s t a t e  more s t rong ly  suggests  
1 

t h a t  t h i s  s t r i k i n g  d i f f e rence  i n  neutron s e n s i t i v i t y  is  

s e n s i t i v e  t o  d i f f e rences  i n  nuclear  s t r u c t u r e .  This 

s t r i k i n g  p a t t e r n  of d i f f e r e n t  energy-dependent neutron 

s e n s i t i v i t y  f o r  c o l l e c t i v e  and s impler  s t a t e s  is  

obscured i f  a conventional OP (of Single  Woods-Saxon 

(SWS) type)  i s  used i n  microscopic c a l c u l a t i o n s  wi th  

t h e  same DD fo rce  s t i l l  used i n  the  ( p , p l )  form f a c t o r  

( see  Table I1 and discuss ion below). I n  t h e  

"consis tent  DD" ca lcu la t ions  leading t o  Table I r e s u l t s  

( a t  122 and 160 MeV), the  DD f o r c e  reduces the  

magnitude of the  d i s t o r t e d  waves derived from t h e  

folded OP f o r  both protons and neutrons (compared with  



Table I1 

E~(M~V) 121.5 159.5 140.5 Dominated by 
p or n 

9 0 ~ r  state aPH(122) aPH(16O) aPH(141) (Diff. from 
(N/Z=1.25) aPH(141) = 1.00) 

8 9 ~  state 
(N/z=~ .28) 

No data 
at max. 
No Calc. 
Yet 

p dom. (83%) 

p dom. (69%) 

p dom. (54%) 

p dom. (56%) 

p dom. (20%) 

p dom. (52%) 

5/2- 0.43 p dom. (57%) -2.3% 

312' 0.43 p dom. (57%) -2.3% 

the similar calculations with the SWS phenomenological "scaling" values of a = 1.00), the 2' transition is 
2 

OP); if the present DD force has reduced these DD dominated dramatically by neutron contributions at 

I distorted waves too much then our procedure has 141 MeV (27% more than "scaling" ratio of N/z = 1.25, 

I resulted in erroneously high values of pn /pP because and a = 1.00), and the 8+ transition has the "scaling" 
tr tr 1 

I we increase the magnitude of this neutron pn magnitude value (N/Z = 1.25, aDD(141) very close to 1.00). At 800 
tr 

I fixed at the value calibrated by (e,ef ) scattering. MeV, hovever, the proton probe senses the relative 

There is a possibility that more correct values of neutron contributions in both the 8' and 3- transitions 
1 1 

improved "consistent DD" aDD(122) and aDD(160) could with the "scaling" value (N/Z and a = 1.00), the 2' 
2 

later be obtained, with lower values of the average transition remains heavily neutron-dominated (34% above 

aDD(141), but such lower values (for less reduction of the scaling value of a = 1.00); but the 2' transition is 
1 

the DD distorted waves) would only make the strong observed with a very much reduced proton dominance (7% 

~ energy dependence of the neutron sensitivity for the below the value of a = 1.00 compared with 32% below the 

the 2+ and 3+ transitions even more striking. 
1 1 

scaling value for Ep = 141 MeV), in other words the 

Other interesting features from Table I are that neutron sensitivity of our proton probe has increased as 

the values aDD(141) (see columns 4 and 5) suggest that Ep increased from 141 to 800 MeV. 

protons dominate the transitions to the 2+, 4:, 6:, and We show the much lower values of aPH(122) and 
1 

3' states (by 10% to 32% more than the factor N/Z for aPH(160) in Table I1 which we had to use avoid 
1 



overes t imat ing the  ( p , p f )  c ross  sec t ions  of our d a t a  a t  

121.5 and 159.5 MeV, when the  same DD fo rce2  is used i n  

t h e  (p ,p ) form f a c t o r s ,  but a  phenomenological OP 

(convent ional  SWS OP) i s  used which f i t s  our e l a s t i c  

data .  A comparison of columns 4  and 5  of Tables I and 

I1 shows the  enormous e f f e c t  of f a i l i n g  t o  use t h e  DD 

f o r c e  (which includes  Pau l i  Blocking e f f e c t s )  

c o n s i s t e n t l y  i n  a  fo lded OP a s  we l l  a s  i n  the  ( p , p l )  

form f a c t o r s ;  very d i f f e r e n t  conclusions a r e  drawn from 

columns 5,  e.g. t he  8+ t r a n s i t i o n  (with 
1 

aPH(141) = 0.17) would appear very heavi ly  dominated 

by protons from Table 11, whereas Table I shows t h i s  

t r a n s i t i o n  wi th  aDD(141) e s s e n t i a l l y  a t  t he  s c a l i n g  

value  wi th  much l a r g e r  con t r ibu t ions  from neutrons;  and 

.-. p n  @P =I.21,Paris (k,=O) Pot., 
Folded OP 

--- pn/pP =0.48,DD in (p,pl) but \ I 
Phenom. OP 

I I 1 I I I 

Table I1 would suggest  t he  2+ t r a n s i t i o n  i s  dominated 
2  1.0 I I I I I I I 

by protons ,  but Table I shows t h i s  t r a n s i t i o n  heavi ly  

dominated by neutron con t r ibu t ions .  

We note  t h a t  f o r  9 0 ~ r  ( N I Z  = 1.25) a  t r a n s i t i o n  

wi th  a  = 1.00 has a  neutron con t r ibu t ion  25% g r e a t e r  

than an i s o s c a l a r  t r a n s i t i o n  (pn = f:). 
t r  

As a  t e s t  of which type of c a l c u l a t i o n  a t  159.5 

MeV is  more v a l i d ,  we compared t h e  shapes of (p,p ' )  

analyzing powers (Ay) p red ic t ed ,  f.or the  values of 

aDD(160) and aPH(16O) of Tables I and I1 needed t o  f i t  

t h e  f i r s t  maximum of each measured c ross  sec t ion .  As 

examples, we show the  cross  s e c t i o n  f i t s  and 

p r e d i c t i o n s  f o r  Ay i n  Figures  1 through 4  f o r  t he  'Ozr 

t r a n s i t i o n s  t o  the  6+, 4+, 2+, and 2+ s t a t e s ,  
1 1 1  2 

r e spec t ive ly .  Figures  1 t o  4  show: (1) t h a t  f o r  a l l  t l C  IT, 

t r a n s i t i o n s  the  f u l l - l i n e  curves f o r  analyzing powers 
Figure  1. F i t s  t o  c ross  s e c t i o n  d a t a  f o r  t he  f i r s t  6+ 

(Ay) p red ic t ed  by our "cons i s t en t  DD" ca l cu la tons  (with s t a t e  i n  9 0 ~ r  measured a t  a  proton bombarding energy of 
159.5 MeV, with "consis t e n t  DD" c a l c u l a t i o n s  ( f u l l - l i n e  

values  of aDD(160) i n  Table I )  a r e  much supe r io r  t o  the  curve wi th  aDD(160) = 0.97, DD i n  OP; long-dash curve 
wi thout  neutrons ,  aDD(160) = 0.0, DD i n  OP), from a  

short-dash curves f o r  % pred ic t ed  by our c a l c u l a t i o n s  c a l c u l a t i o n  wi th  a  phenomenological OP s h o r t  dash 
curve  and aPB = 0.38, DD only i n  (p , p ) f* f r e e  

(with values  of aPH(160) i n  Table 11) with  a  P a r i s  p o t e n t i a l  i n  fo lded OP and i n  (p,p ') ( t h e  
dot-dash curve wi th  aFREE-P(l6O) = 0.97). A l l  

phenomenological OP and DD i n  the  ( p , p f )  form f a c t o r ,  c a l c u l a t i o n s  i n  t h i s  and subsequent f i g u r e s  use  proton 
t r a n s i t i o n  d e n s i t i e s  from e l e c t r o n  s c a t t e r i n g .  Ay 

(2)  the  "cons i s t en t  DD" p r e d i c t i o n  is most success fu l  curves i n  lower p a r t  of f i g u r e  a r e  p r e d i c t i o n s  from 
t h e s e  f i t s  t o  c ross  s e c t i o n  data .  



Figure  2. F i t s  t o  c ross  s e c t i o n  da ta  f o r  t he  f i r s t  4+ 
s t a t e  i n  9 0 ~ r  with "cons i s t en t  DD" c a l c u l a t i o n s  
( f u l l - l i n e  curve with aDD(16O) = 1.03, DD i n  OP; 
long-dash curve without neutrons ,  aDD(160) = 0.0, DD i n  
OP), a  c a l c u l a t i o n  wi th  a  phenomenological OP 
(short-dash curve wi th  aPH(16O) = 0.57, DD only i n  
( p , p l )  form f a c t o r ) .  The + curves i n  lower p a r t  of 
f i g u r e  a r e  p red ic t ions  from these  f i t s  t o  the  c ross  
s e c t i o n  data .  

I I I I I I 

90 
~ r ( p , p ' )  2 ;  

( E x  = 2.186 MeV) 
- 

- 

- pV/PP = 0.85 ( Full DD) \ 

Figure  3. F i t s  t o  cross  s e c t i o n  d a t a  f o r  t he  f i r s t  
2+ s t a t e  i n  Ozr from "consis tent  DD" c a l c u l a t i o n s  
wi th  DD i n  OP ( f u l l - l i n e  curve wi th  aDD(160) = 0.68, 
and long-dash curve without neutrons,  aDD(160) = 0.0, DD 
i n  OP), and a  c a l c u l a t i o n  wi th  a  phenomenological OP 
(short-dash curve, wi th  aPH(160) = 0.44). The Ay curves 
i n  lower p a r t  of f i g u r e  a r e  p red ic t ions  from these  f i t s  
t o  c ross  s e c t i o n  data.  



f o r  t h e  % shape  f o r  t h e  6+ s t a t e ,  a  good f i t  t o  t h e  
1 

Ay shape f o r  t h e  4' s t a t e ,  but  much worse f o r  t h e  Ay 
1 

shape f o r  t h e  more c o l l e c t i v e  2+ s t a t e ,  ( 3 )  t h e  
1 

" c o n s i s t e n t  DD*' p r e d i c t i o n  f o r  t h e  Ay shape f o r  t h e  2+ 
2  

s t a t e  known t o  have a  s imp le r  pro ton  s t r u c t u r e 4 )  i s  

s i g n i f i c a n t l y  b e t t e r  than  f o r  t he  c o l l e c t i v e  2+ s t a t e ,  
1 

( 4 )  t h e  dot-dash curves  i n  Figs .  1 and 4  a r e  examples 

of t he  much poorer  Ay shapes  p r ed i c t ed  by our 

 calculation^^^ w i t h  t h e  f r e e  P a r i s  NN f o r c e  (kF = 0.0) 

i n  both t h e  fo lded  OP and i n  t h e  ( p , p l )  form f a c t o r ,  

( 5 )  t h e  long-dash curves  from " c o n s i s t e n t  DD" 

c a l c u l a t i o n s  (w i th  p n  = 0.0, w i th  only  pro ton  
t r  

c o n t r i b u t i o n s )  f i t  t he  minima of t h e  Ay d a t a  much 

b e t t e r  than  when t h e  neut ron  pn  a r e  inc luded t o  f i t  
t r  

t h e  c r o s s  s e c t i o n  magnitudes,  but  t h e  p r ed i c t ed  shapes  

Folded OP 

Pot., Folded OP Full DD 

of t h e  f u l l - l i n e  curves  (wi th  aDD(160) from Table  I )  

a g r e e  b e t t e r  w i th  t h e  Ay d a t a  a t  forward ang l e s  when 

neu t ron  pn a r e  inc luded (except  f o r  t h e  f a i l u r e  nea r  20" 
tr 

f o r  t h e  2+ s t a t e ) .  This  l a s t  r e s u l t  sugges t s  t h a t  t h e  
1 

r a d i a l  shapes  of pn should  not  be t h e  same a s  t h a t  of 
t r  

t h e  pP a s  we have assumed i n  t h e  p r e s e n t  c a l c u l a t i o n s ,  
t r  

a s  a  f i r s t  approximation t o  t h e  e f f e c t s  of neu t ron  

c o n t r i b u t i o n s  on Ay shapes .  New c a l c u l a t i o n s  show 

s i g n i f i c a n t  s e n s i t i v i t y  of t h e  Ay shape  and t h e  c r o s s  

s e c t i o n  t o  changes i n  t h e  r a d i a l  shape nea r  t h e  maximum 

of t h e  neu t ron  pn ( r ) .  
t r  

The p r e d i c t i o n s  f o r  t h e  Ay shape  f o r  t h e  

t r a n s i t i o n  t o  t h e  8+ s t a t e  (no t  shown he re )  a r e  very  
1 

good wi th  both  t h e  " c o n s i s t e n t  DD" c a l c u l a t i o n  

( a ~ ~ ( 1 6 0 )  = 1.034) and w i th  t h e  phenomenological OP 

c a l c u l a t i o n  ( ~ ~ ~ ( 1 6 0 )  = 0.256).  

The va lues  of aDD(160) needed i n  " c o n s i s t e n t  DD" 

c a l c u l a t i o n s  t o  f i t  t h e  f i r s t  maximum of t h e  c r o s s  f o r  

each  L = 2 t r a n s i t i o n  t o  t h e  312- and 512' s t a t e s  i n  

8 9 ~  a r e  g iven  a t  t he  bottom of Table I. These va lues  

a r e  only  3.0 pe rcen t  lower than  t h e  va lue  f o r  t h e  2' 
1 

s t a t e  i n  9 0 ~ r .  I n  Fig .  5  we show ( a )  t h e  very  

i n t e r e s t i n g  d i f f e r e n c e s  i n  t h e  shapes  of t h e  measured 

c r o s s  s e c t i o n s ,  which (b) a r e  approximate ly  de sc r ibed  

by t h e  f u l l - l i n e  curves  from t h e  " c o n s i s t e n t  DD" 

c a l c u l a t i o n s  e s p e c i a l l y  a t  sma l l e r  and middle ang l e s ,  

and we ( c )  no t e  t h a t  much of t h e  c o r r e c t  shape is 

a l r e a d y  p r e s e n t  i n  t h e  long-dash curves  f o r  t h e  p ro ton  

ampl i tudes  a lone  (wi th  pn = 0.0). I n  Fig .  5, t h e  
t r  

small-dash curves  a r e  f o r  c a l c u l a t i o n s  w i th  t h e  

phenomenological  OP and t h e  DD f o r c e  on ly  i n  t h e  ( p , p l )  

F igu re  4. Analyzing power p r e d i c t i o n s  compared w i th  Ay form f a c t o r s  (and aDD(16O) t h e  same a s  i n  t h e  
d a t a  f o r  t he  second 2+ s t a t e  i n  9 0 ~ r ,  from f i t s  t o  
c r o s s  s e c t i o n  da t a ,  from " c o n s i s t e n t  DD" c a l c u l a t i o n s  " c o n s i s t e n t  DD" c a l c u l a t i o n s ) ;  poorer  f i t s  a r e  found 
w i t h  DD i n  t h e  fo lded  OP ( f u l l - l i n e  curve  w i th  
aDD(160) = 1.34, and t h e  long-dash curve  wi thout  (from 15' t o  30") but  a t  l a r g e r  q (nea r  45") t h i s  
neu t rons ,  aDD(16O) = 0.0),  and from a  c a l c u l a t i o n  w i th  
t h e  f r e e  P a r i s  p o t e n t i a l  i n  a  fo lded  OP and i n  ( p , p l )  small-dash curve  f o r  t h e  312- s t a t e  g i v e s  a  b e t t e r  f $ t  
form f a c t o r s  ( t h e  dot-dash curve  is wi th  
aFREE-P(160) = 1.60). t han  does t h e  " c o n s i s t e n t  DD" c a l c u l a t i o n  ( f u l l - l i n e  



10' r I I I I I I I curve).  The shape of the  da ta ,  and the  "cons i s t en t  DD" 
89 Y (p,pl )5/;  ,Ex ~1.742 MeV 

Ep=159.5 MeV 
c a l c u l a t i o n  ( f u l l - l i n e  curve),  f o r  t he  512' s t a t e  a r e  

very  s i m i l a r  t o  those  f o r  t he  2+ s t a t e  i n  9 0 ~ r  a t  t he  
1 

same p r o j e c t i l e  energy, but t he  shape f o r  t h i s  

3/2' s t a t e  is  q u i t e  d i f f e r e n t .  These 8 9 ~  da ta ,  and 

microscopic c a l c u l a t i o n s ,  suggest q u i t e  d i f f e r e n t  

s t r u c t u r e s  of these  two s t a t e s ,  a s  deduced f o r  the  

proton s t r u c t u r e s  from (e , e  ') s c a t t e r i n g  analyses .  1 

To summarize, we have discovered t h a t  "cons i s t en t  

DD" c a l c u l a t i o n s  (with pP ( r )  unfolded from ( e , e f )  
t r  

charge d e n s i t i e s )  r evea l  (1) l a r g e  neutron 

con t r ibu t ions  t o  t r a n s i t i o n s  i n  9 0 ~ r  and 8 9 ~  involving 

mul t ipo le s  from 2 t o  8, (2) a s t r o n g  energy-dependent 

s e n s i t i v i t y  of our proton probe f o r  neutrons f o r  

c o l l e c t i v e  s t a t e s  but none f o r  t r a n s i t i o n s  t o  simple 

s t a t e s  (4+ ,  6+, 8+, and 2+), (3)  t h e s e  i n t e r e s t i n g  
1 1 1  2 

p a t t e r n s  a r e  obscured i f  the DD f o r c e  is not used i n  a 

fo lded  OP a s  we l l  a s  i n  the  (p,p ' ) form f a c t o r s ,  and 

(4)  neutron d e n s i t i e s  f o r  L = 2 t r a n s i t i o n s  t o  the  312' 

and 5/2' s t a t e s  i n  8 9 ~  have neutron con t r ibu t ions  very 

c l o s e  t o  t h a t  found f o r  the  2+ s t a t e  9 0 ~ r ,  but t he  
1 

c ross  s e c t i o n  shapes f o r  t he  5/2' s t a t e s  and 2+ 
1 

s t a t e s  a r e  very s i m i l a r  and t h a t  f o r  the  3/2' s t a t e  

i s  q u i t e  d i f f e r e n t ,  (5) "cons i s t en t  DD" c a l c u l a t i o n s  

provide  much b e t t e r  p red ic t ions  of (p ,p l )  Ay shapes 

than c a l c u l a t i o n s  wi th  a phenomenological o p t i c a l  

p o t e n t i a l .  We conclude t h a t  measurements of (p , p ' ) 

analyzing powers (Ay), coupled wi th  "cons i s t en t  DD" 

8c m c a l c u l a t i o n s  a t  lower in t e rmed ia t e  ene rg ie s  and Dirac 

impulse approximation ( I A )  c a l c u l a t i o n s  a t  higher 
Figure  5. F i t s  t o  cross  s e c t i o n  d a t a  f o r  t he  3/2' and 
5/2- s t a t e s  i n  8 9 ~  measured a t  a proton bombarding ene rg ie s ,  w i l l  provide valuable  phenomenological 
energy of 159 MeV (512' s t a t e  i n  upper p a r t  of Figure ,  
312' s t a t e  i n  lower p a r t ) ,  with "consis tent  DD" neutron t r a n s i t i o n  d e n s i t i e s  from which nuc lea r  
c a l c u l a t i o n s  ( f u l l - l i n e  curves f o r  aDD(160) = 0.66, DD 
i n  OP; long-dash curves without neutrons ,  spec t roscop i s t s  can de r ive  new informat ion on the  
aDD(16O) = 0.0, DD i n  OP), and a c a l c u l a t i o n  with a 
phenomenological OP and DD i n  the  ( p , p f )  form f a c t o r  neutron s t r u c t u r e s  of e x c i t e d  s t a t e s .  
(short-dash curves with aPH(160) = 0.43). 

I n  an  a t tempt  t o  t r a c e  the  source  of t h i s  very 

i n t e r e s t i n g  d i f f e rence  i n  the  energy-dependent neutron 



s e n s i t i v i t y  f o r  c o l l e c t i v e  and s impler  t r a n s i t i o n s ,  we 

a r e  looking a t  (1) t he  e f f e c t s  of d i f f e r e n t  r a d i a l  

ove r l aps  of proton and neutron d e n s i t i e s  wi th  d i f f e r e n t  

f o r c e s  (Vpp and Vpn) and wi th  the  DD d i s t o r t e d  

waves, and (2) whether the  e f f e c t s  of these  r a d i a l  

over laps  a r e  d i f f e r e n t  i n  t r a n s i t i o n s  f o r  which the  

t r a n s i t i o n  d e n s i t i e s  a r e  known t o  be d i f f e r e n t  ( a s  the  

proton d e n s i t i e s  a r e  known t o  be4 f o r  our 9 0 ~ r  and 8 9 ~  

t r a n s i t i o n s ) .  

I n  co l l abora t ion  wi th  our new f a c u l t y  member a t  

t he  Univers i ty  of Georgia, E.R. S i c i l i a n o ,  we w i l l  

s h o r t l y  begin Dirac I A  c a l c u l a t i o n s  f o r  t he  9 0 ~ r ( p  , p ' )  

r e a c t i o n ,  f i r s t  a t  800 MeV and l a t e r  a t  lower ene rg ie s  

t o  compare wi th  "cons i s t en t  DD" ca l cu la t ions .  We plan 

f u r t h e r  (p ,p ' ) analyzing power measurements a t  

d i f f e r e n t  p r o j e c t i l e  ene rg ie s ,  because our most recent  

"cons i s t en t  DD" c a l c u l a t i o n s  show major changes i n  

p red ic t ed  A  shapes,  which w i l l  g ive  g r e a t e r  s e n s i t i v i t y  

t o  neutron t r a n s i t i o n  dens i ty  shapes than i s  poss ib l e  

from spot  measurements a t  only one p r o j e c t i l e  energy. 

Even i f  our planned Ay measurements show t h a t  t he  

"cons i s t en t  DD" c a l c u l a t i o n s  cannot f u l l y  desc r ibe  a l l  

t h e  da ta ,  even when neutron t r a n s i t i o n  dens i ty  shapes 

a r e  changed, t hese  % d a t a  (and c ross  s e c t i o n s )  w i l l  

provide valuable  t e s t s  of the  r e l a t i v e  mer i t s  of the  

Schroedinger "cons i s t en t  DD" approach (with Paul i  

Blocking included approximately) and the  cu r ren t  Dirac 

approach (without Paul i  Blocking); t hese  t e s t s  w i l l  

probably point  t o  the  need f o r  a  blending of these  two 

approaches. 
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