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SUMMARY OF RESULTS 

For the most part the work supported by this grant has involved study of the spin, isospin, 
and multipole content of the continuum of nuclei. Most of the work has used (p,p') or (d,d') 
reactions, measuring spin observables to infer properties of the target nuclei. In addition some 
work has been done using the (p,nx) reaction to study the A excitation region of the continuum. 
Publications resulting from this work have included seventeen refereed articles and letters, 
seventeen abstracts and conference talks, three of which were invited. 

The (p,p') work was originally undertaken with the main motivation being to seek evidence 
that the famous missing Gamow-Teller strength problem might be solved by searching for the 
missing strength in the continuum. In proton scattering this would be done by looking for Ml 
strength in the continuum. Since Ml transitions are ASM, and since focal-plane polarimeters 
(FPP) were becoming available, the opportunities for finding Ml strength were enhanced by 
measuring both cross section (a) and spin-flip probability (Sm). The quantity then examined was 
the spin-flip cross section, aSF = crSnn which should, because Snn« 0 for ASM) transitions at 
intermediate energies, contain only contributions from the AS^l spectrum. Ml transitions, being 
AL=0, peak at 0° so experiments were performed at as small an angle as possible, typically 
3°-3.5°. The primary responsibility of the University of Georgia group in this effort was to 
develop methods of doing a multipole decomposition of our data so that the AL=0 strength could 
be more reliably separated from other multipoles. This was done and multipole decompositions of 
aSF have been published for several targets 1 - 3. It is noteworthy that the higher multipoles became 
the focus of much of this work because it became apparent that the quest for Ml strength was 
probably futile. The reason for this is that with the smallest angle being 3°-3.5° it was virtually 
impossible to reliably extract a small AL=0 strength in the presence of often very strong AL=1 
(spin-dipole) strength. Indeed, even if we had been able to make measurements at 0°, detection 
of Ml strength would have been quite difficult since at high excitation energies the momentum 
transfer q, even at 0°, becomes quite a bit larger than q=0. Nevertheless, we were able to learn 
much about the distribution of spin-dipole strength in nuclei. The model which was used for our 
initial studies1,2 was essentially a collective model for spin excitations and used the Love-Franey t-
matrix for the NN interaction. This model, formulated in collaboration with W. G. Love, was 
extended from ideas for a schematic model4 with approximate corrections for distortions. More 
recently we have extended this model to have distortions included exactly. Having the correct 
distortion effects is important for the most recently completed (p,p') experiment on wCa at 
Ep = 31SMeV and at larger angles so that some information on higher multipoles can be 
determined. 

In addition to multipole content of the S=l spectrum, several other things were learned from 
these (p,p') experiments: 

• For # « 0.5 Jm~\ the data for Sm indicated5-9 that the response of the nucleus at high 
excitation energy (>30 MeV) was almost entirely AS=1. This was verified for a wide range of 
targets and projectile energies and up to about Ex = 80 MeV for one target. It was concluded 
that this feature results from exhaustion of the AL=2 strength at lower excitation energy in the 
giant quadrupole resonance; other multipoles with AS^O cannot contribute significantly at this 
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• An approximation for isolating the purely ASK) part of the spectrum was developed and 
used 1 - 3 , 1 0 , 1 1 to measure the strength of giant quadrupole and dipole resonances without any 
need to introduce a phenomenological background as had been customary in inelastic 
scattering studies of giant resonances. 

• By taking advantage of the energy dependence of the NN force it was possible12, by 
comparing 800 MeV and 318 MeV (p,p') data, to determine the ./-composition of the spin 
dipole resonance in ^Ca. 

• By measuring Da and Dtt as well as Dnn it was possible to determine13 separately the spin-
longitudinal and spin-transverse responses. 

A second major effort has been the study of the (d,d') reaction at Ed = 400 MeV. Since the 
(p,p') reaction preferentially excites isovector transitions, inelastic deuteron scattering is a nice 
complementary probe for studying isoscalar transitions. Being a spin-one projectile, however, the 
measurement of spin observables is much more complicated than for protons and the identification 
of an appropriate signature for ASM transitions, analogous to Snn for protons, is nontrivial. The 
quantity which is analogous to Snn requires measurement of P3*, the tensor polarization of the 
scattered particles, and the tensor polarization transfer coefficient^; at the present only a vector 
polarimeter is available. However, by making reasonable approximations, namely that P™ « A 
for AŜ O transitions and that the probability of transferring two units of spin to the nucleus is 
approximately zero, an approximate analog for Sm is obtained which can be determined using the 
vector polarimeter. Initial work14 looked at well-know states in 1 2C to test this signature for 
ASM, A7=0 transitions. Subsequently the isoscalar spin response of ^Ca was determined15 

using this signature. More recently data have been acquired at Ed - 600 MeV and a run is 
scheduled in May 1994 to perform the 90Zr,20*Pb(d,d') reactions. My contribution to this effort 
will, I hope, be to bring to the (d,d') work an analysis analogous to the schematic model used in 
the (p,p') work and thus to estimate the fraction of the sum rule exhausted by the, presumably 
dominant, isoscalar spin dipole. This will require doing a double folding calculation to determine 
form factors and then to perform appropriate distorted waves calculations. This work will 
probably never be as thoroughly done as we have done for the proton scattering since the 
likelihood of having angular distributions is not good for the foreseeable future; to enhance 
statistics, nearly all data are taken at the smallest possible angle. 

Another type of experiment supported by this grant was the (p,nx) reaction in the A 
excitation region. The results16 of an experiment performed at KEK suggested that, performed 
with sufficient energy resolution, the (p,nn+) might provide evidence for coherent pions, a 
signature of spin-longitudinal correlations in the nucleus. An experiment was performed at 
LAMPF in 1993 in an attempt to study this reaction with better energy resolution; the data are 
currently being analyzed. 

I should also note that, for the first three years of this grant the title included "(p,p') Studies 
of...J=4 Nuclear States". During this time I completed a program begun at IUCF in which I was 
using the interacting boson model to describe nuclear structure of heavy transitional nuclei. 
During the time I was supported by this grant I published two articles17,18 and presented an invited 
talk19 at an international workshop on this work. 

During the last two years of support I have begun to move toward getting ready to 
participate in the experimental program at CEB AF. I am a member of the Hall A collaboration. 
The grant supported a Research Associate, Dr. Paul Rutt, for one year. He has been stationed at 
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comparing 800 MeVand 318 MeV (p,p') data, to determine the /-composition of the spin 
dipole resonance in ^Ca. 

• By measuring D^ and Du as well as Dnn it was possible to determine13 separately the spin-
longitudinal and spin-transverse responses. 

During the last year of the grant I have invested considerable effort in improving the 
theoretical analyses of these experiments. I have now completed work on the development of a 
complete RPA/DWIA package which seems to describe many of the features of our data much 
better than previous attempts. My computations correctly include the two-body spin orbit 
interactions and the tensor exchange contributions. Previous work only approximately included 
the spin-orbit interaction and neglected entirely the tensor exchange. I am aiming to also apply 
my RPA results to our deuteron scattering results described below. 

A second major effort has been the study of the (d,d') reaction at Ed = 400 MeV. Since the 
(p,p') reaction preferentially excites isovector transitions, inelastic deuteron scattering is a nice 
complementary probe for studying isoscalar transitions. Being a spin-one projectile, however, the 
measurement of spin observables is much more complicated than for protons and the identification 
of an appropriate signature for AS=l transitions, analogous to Sm for protons, is nontrivial. The 
quantity which is analogous to Sm requires measurement of Pw, the tensor polarization of the 
scattered particles, and the tensor polarization transfer coefficient.^; at the present only a vector 
polarimeter is available. However, by making reasonable approximations, namely that Pw « A 
for AŜ O transitions and that the probability of transferring two units of spin to the nucleus is 
approximately zero, an approximate analog for Sm is obtained which can be determined using the 
vector polarimeter. Initial work14 looked at well-know states in 1 2C to test this signature for 
AS=l, A7=0 transitions. Subsequently the isoscalar spin response of ^Ca was determined15 

using this signature. More recently data have been acquired at Ed = 600 MeV and a run is 
scheduled in May 1994 to perform the ™Zr™Pb(d,~ds) reactions. 

Another type of experiment supported by this grant was the (p,nx) reaction in the A 
excitation region. The results16 of an experiment performed at KEK suggested that, performed 
with sufficient energy resolution, the (p,ri7t+) might provide evidence for coherent pions, a 
signature of spin-longitudinal correlations in the nucleus. An experiment was performed at 
LAMPF in 1993 in an attempt to study this reaction with better energy resolution; the data are 
currently being analyzed. 

I should also note that, for the first three years of this grant the title included "(p,p') Studies 
of..J=4 Nuclear States". During this time I completed a program begun at IUCF in which I was 
using the interacting boson model to describe nuclear structure of heavy transitional nuclei. 
During the time I was supported by this grant I published two articles17,18 and presented an invited 
talk19 at an international workshop on this work. 

During the last two years of support I have begun to move toward getting ready to 
participate in the experimental program at CEBAF. I am a member of the Hall A collaboration. 
The grant supported a Research Associate, Dr. Paul Rutt, for one year. He has been stationed at 



Rutgers University where the focal plane proton polarimeter for Hall A is being designed, tested, 
and constructed. 
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GRADUATE STUDENTS 

Three students have been partially or wholly supported by this grant. Anil Sethi received a 
Ph. D. in 1987, the title of his dissertation being "The m-mPt(p,p') reaction at £,=135 MeV". 
Philip Patton received an M. S. degree in 1993, the title of his thesis being "Elastic and Inelastic 
Scattering of 400 MeV Polarized Deuterons from 1 2 C". Bruce Storm is nearing completion of his 
Ph. D. dissertation which is based on experiments done at LAMPF. 
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EXPERIMENTS PERFORMED 

Experiments performed, March 1987-November 1987: 
nC(p,p), E=318 MeV, LAMPF 
ASCa(p,p), E=318 MeV, LAMPF 
^Cafcp), E=800 MeV, LAMPF 
20*Pb(pp), E=200 MeV, TRIUMF 

Experiment performed, June 1988: 
xH,nC(n,p), SATURNE (France) 

Experiment performed, August 1988: 
^Caipp), E=580 MeV, LAMPF 

Experiment performed, October 1988: 
20*Pb(p,p), E=200 MeV, TRIUMF 

Experiment performed, October 22 - November 2, 1989: 
l2C(d,d'),Ed = 400 MeV 

Experiment performed at LAMPF, May - June 1990: 
4 0 Ca(^ , ^ ) ,E = 500MeV 

Experiment performed at LAMPF, July 1990: 
12C(p,p),E = 800MeV 

Experiment performed at LAMPF, September 1990: 
1 2 C ( # ^ ) , E = 800MeV 

Experiment performed at SATURNE, May,June 1991: 
^Ca (d,d'),Ed = 400 MeV 

Experiment performed at LAMPF, August 1992, 
wCa(j),p), Ep = 318MeV. 

Experiment performed at TRIUMF, Sept. 1992, 
20SPb(p,p),Ep = 200 MeV. 

Experiment performed at SATURNE, Oct. 1992, 
l2C(d,d'), Ed = 400 MeV. 

Experiment performed at LAMPF, Aug./Sept. 1993, 
2H,12C(p,nn), Ep = 800 MeV. 

Experiment performed at SATURNE, Oct. 1993, 
nC(d,d'\ Ed = 600 MeV. 
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