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by Richard ¢. Braley and William F. Ford

Lewis Research Center
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ABSTRACT

It is well known that the Hartree-Fock method of deformed orbitals
is less succesaful for nuclei in the upper half of the 2s-1d shell than
for those in the lower half. Of the nuclei in the upper half, 8128 and
832 nave received perhaps the greatest attention. Certain features of
their spectra motivated Bar-Touv snd Goswami to investigate the possi-
bility of inverted coexistence in these nuelei.(1) The results of
their study indicate that a more detailed investigation of this ques-
tion is warranted, In our study, the ground state intrinsic wave-
functions for §i20 and S32 are each agsumed to be a spherical plus de-
formed Slater determinant. 8tates of good angular momentum are obtain-
ed by projection. Several nuclear properties such as radii, transi-
tion rates, electron scattering, form factors, and nucleon scattering
cross sections are calculated and comparsed with experiment.

INTRODUCTION

The Hartree-Fock (HF) method has contributed greatly to our under-
standing of the underlying microscopic structure of deformed nuclei.
Structure calculstions which make use of the HF method have been most
promising in the lower half of the 2g-1d shell. () In this region, the
N = Z open shell nuclel Ne<© @nd,Mg 2k have received the greatest atten-
tion. Projected HF wave functions have been used quite succfs§fully
to study many properties of these nuclei, ag well as others Un~
fortunately the structure studies, ag well as inelastic scattering
studies in upper half of the 2s-1d shell have not met with the same
degree of success. In particular, the nuclei 3128 and $32 have been
studied extensively and it is clesr at this point that the simple
(single-Slater deteminant) HF picture is inadequate for these nuclei.

Recently Bar-Touv and Gogwami investigated the possibility of
"inverted coex1sﬁ€n§”" of spherical and deformed states in these nuclei
(as well as ¢l ) Their predictions are based on the observation
that closed subshell nuclei (such as 5228 anda §3°) possess spherical
HF golutions in addition to the lower deformed solutions which are
usually found. The exigtence of such spherical states in N = Z closed
subshell nuclei manifests itself in the appesrasnce of an excited OF
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state embedded in the ground state rotational band. (This is re-
ferred to as ingerted coexistence.) In Fig. 1 is shown part of the
spectrum of 8i , demonstrating the type of energy level systematics
suggested by Bar-Touv and Goswami.for these nuclei.
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Their results are in excellent agreement with the experimental spectra
and ratios of E2 transition rates. Thus, it is indicated that the idea
of inverted coexistence for these nuclei is a valid one, and that a
more detailed investigation of the problem is warranted.

It is the purpose of this paper to provide such an investigation.
The ground state intrinsic wave functions for the nuclei of interest
are assumed to be linear combinations of spherical and deformed Slater
determinants. States of good angular momentum are obtained by the
standard projection technique. Radii, E2 rates, elastic electron form
factors and nucleon scattering cross sections are calculated and com-
pared with experiment.

Theory

The spherical and axially-symmetric (deformed) intrinsic states
are obtained using th? ?F method. Physical states of interest are ob-
tained by projection.\3) A1l of the calculations are perfdrmed with
the Tabakin separable potential, using basis functions with har-
monic oscillator radial dependence and span the ls, lp, 2s-1d, 2p-1f,
and 3s-2d-lg shells.

The observables which will be studied (B(E2), nuclear radius,

dq/dﬂ) are related to the reduced matrix elements of single-particle
operators, i.e., operators of the form

A

Q= E (x) (1)

n=1
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Hence the nuclear matrix elements can be expressed in terms of single
particle matrix elements:

(f"Q]li)JM = 2 SJ(iflab) (blla“a)JM (2)

Here the labels a and b refer to the basis functions. The quanti-
ties S._(iflab) have been discussed in detail elsewhere for the case
in whicﬁ t?e states i and f are obtained from single Slater deter-
minants.(3 For the case of interest here, the initial state (ground
state) is a sum of spherical and deformed states. The spherical

state is

v, = (a2 aetfp ) (3)

where the orbits § are spherical. The deformed state is obtained
using standard proj%ction techniquess.

)
¥p = By (4)
@ is the intrinsic deformed HF determinant. So the initial state is

Vy.s = Qg * BYp (5)

When the final nuclear state is obtained from a single Slater deter-
minant, it can be shown that

a SJ(iSflab) + ﬁ.sJ(inlab)

SJ(i'f ab) = —[2

(6)
of + p> + 208 ESO(iSiDI cc)]l/2
c

where i, and i refer to the spherical and deformed components,
respectively, of the initial state. The denominator in Eq. (6) re-|
sults from the normalizetion of Wg.s.' If the final state is also
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a linear combination of two states, then Eq. (6) may be applied to
the components of the final state, to construct the S.'s. Once
the SJ's are obtained, reduced matrix elements may be calculated
using"Eq. (2).

RESULTS AND DISCUSSION

The deformed HF solutions for both of the nuclei considered here
correspond to oblate intrinsic shapes. However in the case of 328 the
prolate solution is almost degenerate with the oblate, hence there is
no a priori resgon for disregarding such a solution.

In table I we compare the results for the predicted E2 rates
and RMS radii with experiment. For both nuclei, the calculated RMS,
radii are excellent agreement with experiment. The purely deformed
solutions over estimate the E2 rates for (O+ +), which is very
unusual. One generally expects that E2 rates Wlil be underestimated.
When the ground state wave function is assumed to be of the inverted
coexistence type suggested by Bar-Touv and Goswami (I.C.), it is seen
that the B(E2; of - 2*) rates are brought into substantially better
agreement with eXperiment. However, examination of the B(E2; of -2 )
are seen to be badly underestimated. This, of course, indicates that
the 0F states are considerably more collective than one could obtaln
from & pure%y spherl al state. This prompted us to consider the O
states in 2981 and 3 S to algo be a linear combination similar to %5),
i.e.,

Vg = O'Vg * BV (7)

exc

where @' and B' are determined by the condition that

) =0 and Yy = 1.

Wexcﬂwgose ? (Wexcawexc

The results obtained using (5) and (7) appear in the row (I.C.)¥ of
table I. while the B(E2; OF - 2 +) are almost unaffected, the transi-
tion rates from the O2 to tﬁe state are improved quite significantly.

The inelastic scattering of nucleons provides an additional test
of the nuclear wave function - particularly in the reglon of the nuclear
surface. The results of IWBA predictions for the (O+ - 2 ) inelastic
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proton cross sections appear in Figs. 1 and EQ(M) The ground state
and excited state for each nucleus are represented by Egs. (5) and
(4) respectively. The optical model parameters used in the DWBA
problem yield very good fits to the elastic scattering; the theoret-
ical results have been multiplied by two in order to demonstrate

that for most of the angular range the result is quite good. How-
ever, for angles less than 40° the distributions break from the
experimental shapes. The fact that the O} and other low-lying levels
are so strongly excited indicate that a coupled channel study should
be made for these nuclei.

In Figs. (3) and (4) we present the elastic electron scattering
form factors. The theoretical results are based on the solution of
the Dirac equation in the Glauber approximation and was originally
developed by Baker. 5) The nuclear ground state is represented by
(5). Based on these results, it would seem that the nuclear interior
is not well represented by our wave functions. On the other hand it
may be that the difficulty lies with the treatment of the scattering
problem. This question can only be answered by an exact phase shift
analysis.

Further study of the structure of these nuclei will require
projected energy spectra. This is an extensive problem for such a
large basis (15 states)s and is presently being undertaken.
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TABLE I
Nucleus ModelT (Re)l/é B(E2;0; - 2;), B(E2;0; - 27),
fm
ezofmu eeafmu
28 Do 30096 37602
8i I.C. 3.089 339.5 1.63
(I.C.)% |3.092 3k2,3 34,2
Exp't 3.08%0.06 327717 35th
2 D 3,246 2l 2
s I.C. 3.238 179.9 22.0
Exp't |3.23%0.07] 217%30 110%9
(T.C.)* |3.248 181.2 72.2

*b. corresponds to the purely deformed solution,
I.C. refers to inverte? foexistence as suggested by
Bar-Touv and Goswami.
(I.C.)* refers to the model suggested by the present
authors.
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