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This report will briefly describe the status of action that will have been obtained and the proton 

an experimental and theoretical program that combines transition densities provided by electron scattering 

electron scattering at the M.1.T.-Bates Linac and to disentangle the separate proton and neutron 

135 MeV proton scattering at IUCF as part of a unified contributions to inelastic proton scattering and thereby 

study of the oxygen isotopes. Since the time of the obtain nuclear structure information not easily obtainable 

last report, 8 shifts of additional beam time at IUCF by either electron or proton scattering alone. In the 

were used to clarify the systematics of the experiment following we will briefly illustrate each of these ob- 

and to complete cross-section measurements for the jectives with a sampling of the calculations that have 

set of negative parity "octupole" states of 170 and been performed. For further information, see Ref. 2. 

low lying states of 160. The experiment was described The study of the effective interaction is most read- 

in the 1978 annual report. 1 ily performed with 60. Electron scattering provides 

During the last year, the bulk of the effort has precise proton distributions while the N=Z nature of 

been directed towards performing calculations and 160 allows us to reliably assume that the neutron den- 

interpreting this body of data. Detailed electron sities equal the proton densities for the isoscalar tran- 

scattering charge densities provide the proton transi- sitions under study. Thus the nuclear structure un- 

tion density input to the proton scattering calcula- certainties are minimized and we can isolate the effective 

tions. When reliable assumptions about the neutron interaction for study. 

densities can be made, we can study the effective A striking example of the sensitivity to the ef- 

interaction in the context of the impulse approxima- fective interaction is shown in Fig. 1, which compares 

tion. A second objective is to study isotopic dif- an impulse approximation3 calculation for the lowest 

1- state with a cadculation that employs a parametri- 
ferences, wherin the proton reaction uncertainties 

zation of the Brieva-Rook-Geramb density dependent in- 
will hopefully be minimized by the comparison. 

tera~tion.~ The transition density is taken from recent 
A third objective is to use the understanding of 

3 
electron scattering data . The impulse approximation ig- 

the impulse approximation and the effective inter- 



Fi-pre 1. Comparison of a )  impulse approximation and b )  density dependent ca Zcu Zations for excitation of lowest 
1- state of 160. Dashed curves use only the central interaction; solid curves use central and spin-orbit. 

nores t h e  Pau l i  blocking e f f e c t  of neighboring nucleons compared with t h e  d a t a  i n  Fig. 2. The proton den- 

upon the  i n t e r a c t i o n  between t h e  inc ident  and s t r u c k  s i t i e s  a r e  both taken from e l ec t ron  s c a t t e r i n g .  
6 

nucleons. This s t a t e  shows t h e  e f f e c t  dramat ica l ly  be- The 60 neutron dens i ty  pn is  assumed equal  t o  t h e  

cause i ts  t r a n s i t i o n  dens i ty  peaks i n  t h e  high-density proton dens i ty .  The f i g u r e  shows the  r e s u l t s  of two 

nuclear  i n t e r i o r  where t h e  dens i ty  dependence of t he  assumptions f o r  t h e  180 neutron dens i ty .  The s o l i d  

e f f e c t i v e  i n t e r a c t i o n  is  most not iceable .  Other 60 curve of Fig. 2 uses t h e  assumption l8pn=% 18pp, i . e . ,  

s t a t e s  a l s o  c l e a r l y  d i sp l ay  t h e  e f f e c t  of reduct ion  of t h a t  t h e  neutron dens i ty  has  t h e  same geometry a s  t h e  

t he  e f f e c t i v e  c e n t r a l  i n t e r ac t ion .  
2 proton dens i ty ,  but  is normalized t o  N i n s t ead  of Z. 

The example above i l l u s t r a t e s  our a b i l i t y  t o  study The s l i g h t l y  l a r g e r  r ad ius  f o r  t h e  proton dens i ty  of 

t h e  e f f e c t i v e  i n t e r a c t i o n  with minimal nuclear  s t ruc -  180 than t h a t  f o r  160 r e s u l t s  i n  a downturn of t h e  

t u r e  uncer ta in ty .  The next  example i s  an  i so top ic  c ros s  s ec t ion  r a t i o ,  but  is  not  a  l a r g e  enough e f f e c t .  

comparison i n  which we expect t h e  i n t e r a c t i o n  uncer- The dashed curve shows t h e  r e s u l t  of assuming t h a t  

t a i n t y  t o  be minimized. Namely, we expect t he  impulse the 18' neutron distribution an eight 

approximation de fec t s  t o  be s i m i l a r  f o r  160 and 180 neutron core  t h a t  has  t h e  same d i s t r i b u t i o n  a s  t h e  

e l a s t i c  s c a t t e r i n g  and t o  d iv ide  out  of t h e  r a t i o  protons p lus  two valence neutrons i n  a d harmonic 
512 

u18/u16. An example of t h i s  type of c a l c u l a t i o n  is o s c i l l a t o r  o r b i t a l  (b=1.8fm). This model appears t o  



Figure 2. Solid curve 
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have a sufficiently large matter radius. B. Norm, B. Pugh, F.N. Rad, R. Redwine, A. Bacher, 
G. Emery, C. Foster. W. Jones, D. Miller, B. Berman, 

Finally, we show an example sensitive to the F. Petrovich, W.G. Love, procedings of Los Alamos 
Workshop on Nuclear Structure with Intermediate 

separate proton-neutron contributions to an 80 inelas- Energy Probes, 1980. 

tic transition. Figure 3 shows an impulse approx- 

+ 
imation calculation for the third 2 state of 180 in 

which the proton density is again taken directly from 

electron scattering. The neutron transition density 

was assumed identically zero. If the neutron density 

had been taken equal to the proton density, the re- 

sulting cross-section would have been a factor of five 

above the data. Thus this state appears to be pre- 

dominately a proton excitation. 

In the future we plan to make asymmetry and (p,n) 

measurements8 on the oxygen isotopes. The asymmetry 

measurements will provide us another means to study the 

nuclear structure relationships among the isotopes, 

the role of transverse form factors, and possible mod- 

ifications of the impulse approximation spin-orbit 

interaction. The (p,n) measurements will provide 

another linear combination of interactions and den- 

sities further expanding the study of both. 
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Analyzing powers A (8)  for the excitation of 
Y 

states in 2 8 ~ i  and 2 4 ~ g  with excitation energies up to 

16 MeV have been measured with a 135-MeV polarized 

proton beam. The scattered protons were detected with 

the QDDM magnetic spectrograph at angles between 25' 

and 65O with an overall resolution of about 70 keV. 

Results for the 6-, T=l (14.35 MeV), 6-, T=O (11.58 

MeV), and 5-, T=0 (9.70 M~V) states in 28~i,1 whose 

predominant configurations are all (dgI2) (f 12), 

are shown in Fig. 1, where they are compared with the 

results of DWIA calculations using the t-matrix ef- 

fective interaction derived by Love from the free 

nucleon-nucleon scattering data.2 The cross section 

for the 6 - ,  T=l, state is due mainly to the tensor 

direct term in the interaction, while that for the 6-, 

T=O, state is due mainly to tensor and spin-orbit ex- 

change terms, and that for the 5-, T=O, state is 

due mainly to spin-orbit and central interaction terms. 
Fi-qure I .  AnaZyzing powers, A f e ) ,  for the 135-MeV 

The A (8) results for the 6- states are sensitive to f f f ,p ') exci tat ion o f  ( a )  t h s  ' 6 ;  T 4 ,  s ta te  a t  
Y 11.58 MeV, f b )  the 6', T=l, s tate  a t  14.35 MeV, and 

interference both between the central and spin-orbit (c)  the S', T=0, s ta te  a t  9.70 MeV. The experirnentaz 
data are compared with resu l t s  of DWIA caZcuZations 

parts and between the spin-orbit and tensor parts of using the Love t-matrix. 


