NUCLEAR-STRUCTURE DEPENDENCE ON
SINGLE-PARTICLE POTENTIAL PARAMETERS.

P. Moller (LANL)



We perform two large-scale calculations of nuclear
ground-state masses, deformation, spins. They dif-
fer in the choice of spin-orbit strength and diffuseness
of the folded-Yukawa single-particle potential.

1. In 1970 Ray Nix determined the folded-Yukawa
spin-orbit strength and diffuseness parameter from

adjustments to single-particle levels in (spherical)
208pp,

2. In 1973 Sven-Gosta Nilsson observed that levels
in deformed actinide and rare-earth nuclei were
poorly reproduced with the above original param-
eter choice. In collaboration with Nix and Maller
the deformed level data was also considered and
a new parameter set determined

Until now no quantitative comparative measure of the
conseguences of the new parameter set was calcu-
lated.
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Fig. 7. Neutron quasi-particle energies in *¢>Cm, analogous to fig. 4.

1tal levels in actinide nuclei. The modified oscillator (MHO) parameters are
ated between the sets obtained for actinide and rare-earth nuclet. Both ¢
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Fig. 8. Single-particle levels in 235Pb. The experimental data are taken from ref. 12).

or the macroscopic energy two different methods are used, namely the
odel 375) and the modified-surface-energy model 7). The results are tabul
bles 1 and 2, respectively, for these two models.

The droplet model includes terms of higher order in A %FandinI* = [(N—
an ara ratained in the lianid-dron model. The constants of these two mod
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SUMMARY

e A single-particle potential optimized to reproduce
experimental single-particle level order over a large
section of the chart-of-the-nuclides yields a mass-
model error of 0.596 MeV.

e Aless well optimized single-particle potential yields
a mass-model error of 0.691 MeV.

e We do observe that although NO consideration of
nuclear masses were involved in the determina-
tion of single-particle potential parameters a model
with a better optimized level spectrum resulted in
very substantial improvements in mass calcula-
tions. This is a very reassuring consistency of the
model.



e A possible consequence of the above result is
that it is perhaps not crucial to know how much
weight to put on different types of data when ef-
fective interaction parameters are determined.

e Obviously, in a perfect model you only need n
data points to determine n model parameters. In
a well-formulated model you may only need one
type of data for parameter determination to obtain
a model that reproduces other types of data well.
If such consistency is absent it may well show that
it is the model formulation that needs attention,
not the details of the parameter determination.



