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GLOBAL NUCLEAR-STRUCTURE
CALCULATIONS

P. Moller and J. R. Nix
Theoretical Division, Los Alamos National Laboratory, Los Alamos, NM 87545

‘Theoretical studies based on the single-
particle model and its various extensions,
such as the macroscopic-niicroscopic niethod
and RPA treatments of additional residual
interactions, have over the last 40 years
been cnormously successful in providing a
quantitative thcoretical inierpretation of a
large number of different low-energy nuclear-
structure properties. In the carly 1950's
the nuclear magic numhers were explained
in terms of a simple, spherical single-particle
model with a spin-orbit interaction with an
adjustable spin-orbit strength. In 1955 Nils-
son cxtended the model to a deformed single-
particle well, and this molel was very suc-
cessful in interpreting a vast amount of ex-
perimental low-energy spectroscopic data.

The single-particle model serves as a sta:t-
ing point in the macroscopic-microscopic
method for calculating the nucleir potential
cnergy as a function of shape. In this ap-
proach, the macroscopic energy is calculated
for the shape of interest, and single-particle
levels are calculated for a well of this shape
and used to determine a microscopic correc-
licn by nse of Strutinsky's method. 'The total
polential cnergy is then obtiined as the s:n
ol the macroscopic term plus the mizroscopic
correclion. By ealeulating the potential en.
crgy for o large number of shapes one wmay
determine nuclear ground-state masses and
shapos, fissinn-barrier heights, and  fission.
iscmterie states. At this confirence we will
alser hear about how the model has beep ap-
plied G studies of high-spin pheamneaa.

I'he single particle mndel Gilse serves as

a starting point Tor colealating varions

transition-rate nuclear matrix clements. Oue
example of this type is Gamow-Teller .J-
strength functions. Since the transition am-
plitude is sensitive to small perturbations
from residual interactions, it is necessary to
add residual pairiny and Gamow-Telier inter-
actions to the basic single-particle model 10
obtain reasonable agreement with data.

The goal of such theoretical studics is tn
understand the cxperimentally established
properties of nuclei in terms of a simple
underlying physical picture. It is particu-
larly important to understand whether devi-
ations between the model aud data are due
to poorly determined model parameters, or
alternatively if a refinement of the model or
even a completely new model is reqaired,
Usnally a model can be characterized as pro-
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viding a simplc underlying physical picture
ouly if it has relatively few parameters. Al-
though few-parameter models often exhibit
larger deviations between calculated results
and data than do multi-parameter models,
these deviations are often open to interpreia-
tions that yield new physical insight. These
deviations 1nay, for example, be due to a
known approximation in the model or re-
veal a previcusly unknown pheromenon. As
an example, we mention a mass calculation
that showed unusually large deviations be-
tween calculated and measured ground-state
masses in the vicinity of 222Ra. These devi-
ations were shown to be due to the neglect
of octupole shape degrees of freedom. Their
accurrence stimulated a revival of the study
of octupole shape degrees of freedom in this
region.

The model used lere represents a uni-
fied macroscopic-microscopic approach with
about 10 parameters in the macrascopic
part and 10 in the single-particle model,
not counting such previously well deter-
mined parameters as the proton and neu-
tron mass, DPlanck’s constant, aund the
speed of light.  Our aim here is to show
some remarkable strengths and some weak-
nesses of these single-particle-based models
by applying them globally to calculations
of surl aliverse properties as ground-state
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Figure 3: Comyarison of experimental half-
lives for EC and 3% decay witii QRPA calcu-
lations in the Lipkin-Nogami pairing modecl.

masses, deformations, spins and pairing cf-
fects, §-decay. fission-barrier structure, aud
spontaneous-fission half-lives. Some exan-
ples of results obtained are shown iu figs. 1-1.
Our analysis in the full conference contribu-
tion will poinut to a direction for the nincties
for these types of models.

This work was supported by the U. S. De-
partment of Energy.
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