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. ABSTRACT

The success of the Hartree~Fock model in explaining the structure of
nuclel in the lower half of the 2g-1d shell has created considerable in-
terest in studies of the low-lying states of these nuclel by means such
as inelastic nucleon scattering. These states are quite collective and
therefore strongly exclted, suggesting the need for a coupled channel
analysis. This may not be necessary for all levels, however. In order
to make a meaningful comparison of the coupled channel and DWBA treat-
ments, it is necessary to adjust the DWBA optical model parameters so that
both methods predict the same elastic cross section. Such a Bﬁogram has
been carried out for the scattering of protons from ONe and , using
nuclear wave functions obtained from Hartree-Fock studies. The results
tend to confirm conclusions drawn in earlier investigations using a
macroscopic model.(1

INTRODUCTION

The structure of the nuclei in the lower half of the 2s-1d shell has
been described quite well by the Hartree-Fock (HF) model with projectionn@)
The low-lying states of nuclei in this mass region are highly collective
and hence strongly exclted by inelastic nucleon scattering. One therefore
expects that a coupled channel (CC) analysis will be required for all but
the lowest levels, for which the customary distorted wave Born approx1ma-
tion (DWBA) should be adeq ate This belief was investigated (for 2ONe)

in an earlier publication. It was found that CC and DWBA were in fairly
good agreement for the excltation of the first 2+ state, but that DWBA was
inferior for the 4* and 6% members of the ground state band.

In that investigation, the DWBA optical model parameters were taken
to be equal to those obtained in the CC calculation. A more meaningful
comparison could be made, however, if the optical model parameters used
in the two methods were adjusted so that both predicted the same elastic
cross section. Practically speaking, this could be managed as follows:
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(1) the optimum fit to the elastic scattering is obtained using CC;
(2) results of the CC calculation are then used as "experimental data"
in an optical model search code; (3) the optical model parameters re-
sulting from this search are then used in the DWBA calculation.

In this article we compare the results of the CC and DWBA methods
usingusuch a procedure, for the case of proton scattering from 20ye
and “"Mg. The target wave functions are obtained by projecting states
of good angular momentum from intrinsic HF states.

Calculation

The model space for the HF calculation consisted of a l5-gstate
spherical basis (shell model states through the lg shell). The harmonic
oscillator length was adjusted to yield the correct value for the pro-
jected r.m.s. nuclear radius. In table I and Figures 1 and 2 the pre-
dicted radii, reduced transition rates B(E2), and energy spectra for 20ye
and &Mg are compared with experiment.

The coupled channel treatment of inelastic scattering involves the
solution of a set of coupled differential equations

dr2 r2 ccO
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subject to the boundary conditions that there be outgoing waves in all
channels ¢ but incoming waves only in the elastic channel c¢.. When the
nucleon—nucleu?u%nteraction V can be expanded in irreducibie tensors
one finds that ’
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where (0J;) and (0,J,) refer to the initial and final nuclear states,
respectively, and jl and j2 to the initial and final projectile states.

The reduced matrix elements of Vi g (r,A) can be obtained, when the

nuclear wave functions are of the HF type, by the methods discussed in
reference 5.

To represent the interaction between the incoming proton and th?
target nucleons, we have employed the Glendenning-Veneroni potential 6)

2
-(r/1.85) (B * 0.6 Py

V(r) = -52.0 e E)

The optical potential Ugnt(r) is a parametrization of the diagonal
matrix elements of the effective interaction:?

. b A ool
Uopt(r) - Vcoul(r) - Vopv(r) - 5; Wsps(r) - VLS<?Fc$ a. T QLS(T)

Optical model parameters for this study are given in table II (note: the
CC calculation was made usingl2 partial waves).

RESULTS

Comparisons of the elastic scattering cross sections predicted by
CC and DWBA are presented in Figures 3 and 4. The DWBA optical model para-
meters (see table IT) were obtained using the procedure outlined in the
Introduction (the CC results are the "data" in Figs. 3 and 4). Except for
the strength of the absorptive potential (which must be larger in a DWBA
calculation to compensate for the missing channels), the parameters change
only slightly for ONe. For ZhMg it proves necessary to make substantial
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changes in other parameters as well.

Figures g and 6 show the various proton scattering cross sections
for 20Ne and L s, respectively, as predicted by both the CC and DWBA
methods. By construction, the elastic cross sections predicted by each
are nearly identical; the 2% cross sections are also in good agreement.
For both nuclei, however, predicted values of cross sections for ex-
citing the higher levels depend strongly on which method is used.

F%%ures 7 and 8 compare the CC cross sections to the experimental
data. The inelastic cross sections invariably underestimate the
data, although for the 2% levels the discrepancy is not large.

Figure 9 gives the result of a macroscopic calculation(l) for
proton scattering on 20e. Tt is evident that the 4* cross section
cannot be fit unless the deformation parameter P), is given a positive
value of the order of p5. This implies that the direct excitation
(0% +U4*) is roughly as effective as the indirect excitation (0% = 2% = 4%
in contributing to the 4 cross section. The DWBA calculation includes
only the former, and so may be expected to underestimate the CC result
by about a factor of 2; this is borne out by the 4* cross sections dis-
played in Figure 5.

A somewhat different situation prevails in the case of 2uMg. Here
the best macroscopic model fits to the data, shown in Figure 10, are
achieved for deformation parameter values such that | 5h'<<52° Conse-
quently one would expect that the DWBA calculation of the 4* cross
section, which treats only the direct excitation, would considerably
underestimate the CC result. This indeed occurs, as may be seen in
Figure 6.

DISCUSSION

The primary object of this investigation has been to study the re-
liability of DWBA-predicted cross sections for the light deformed nuclei
in the 2s-1d shell, using a microscopic model to describe the nuclear
states. The DWBA appears to be quite adequate for excitation of the 2%
level in both 20Ne and 2 Mg, but cross sections for the higher-lying
levels are altered significantly by the CC calculation. n particular,
the DWBA and CC predictions for the 4* cross section in 2 Mg are very
different, which can be understood in terms of the deformation parameters
used by the macroscopic model.

As a byproduct of this investigation, however, we have dramatic
evidence of the reliability of the HF model of the nucleus. In one sense,
the use of a macroscopic model in analyzing nuclear reactions is simply
to parametrize the scattering data in terms of gross features of the



nucleus~--namely its quadrupole and hexadecapole moments, measured by

the parameters po and PBL. Thus, when calculations of scattering
cross sections performed using HF nuclear wave functions exhibit the
same behavior asg calculations using the macroscoplc model, one can infer
that the moments, or shape, of the nucleus must be quite well described
by the HF model. Further evidence of this is provided by the nuclear
moments in the intrinsic state, which are listed in table IIT: the small-
ness of the 2 Mg hexadecapole moment is striking. These are encouraging
indications that the HF wave function, which is obtained entirely from
energy considerations and with no regard to the scattering data, is
providing at least qualitatively the sort of shape variation which is
necegsary to explain the inelastic cross sections.
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TABLE I.
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- COMPARISON OF PREDICTED AND EXPERIMENTAL RADII

AND E2 RATES FOR (a) 2ONe and (b) Z'Mg

(a) 20%e
(Y2, B(E2; of - 2" In(rz; 2* - ) |B(m2; 4* - 6%)
fm. e fml* e2 ., fm e2 . fmlL
Predicted 2.78 204 103 90
Experiment| 2.79 286115 89%g 129113
2l
Mg
(R2)1/2 B(E2; ot - 2™) B(E2; 2% - 4™
fm. eg. fm e2, fmLL
Predicted 3.04 37k 191
Experiment 3.02%0.03 L36%u6 133113
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TABLE II. - COMPARISON OF CC AND DWBA OPTICAL MODEL
PARAMETERS FOR “CNe AND 2'Mg
ws VLS I's I'LS ao a‘s aLS
MeV | Mev| fm Jfm |fm | fm | fm | fm
2O%e, 7.05/3.58{1.05 |1.265(0.96[0.73 |0.61 |0.33
o
2Ohe, 8.1213.5811.073|1.251}0.96 |0.713]0.61 | 0.33
DWBA
2y, 6.56|5.29|1.170 |1.19 |1.06[0.736]0.562| 0.546
o
2k 8.30]5.291.241 |1.163]1.06 |0.665[0.552| 0. 546
DWBA

TABLE III. - MASS QUADRUPOLE (Q,)

AND HEXADECAPOLE (Qh) MOMENTS FOR

Ne AND ~ Mg

Q5 Q.
fmz b
2One 36.32 241.18
EL‘Mg 43.19 53.77 -
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