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The size and shape of the neutron and proton density distributions ob-
tained in the Hartree-Fock-Bogoliubov (HFB) calculations with the Gogny
force D18 are investigated. The radial density distributions at distances far
from nuclear surface are analyzed. Significant differences in the multipole
deformations of neutron and proton densities along the fission paths are
found. The effect of an additional constraint imposing the same size and
deformation of neutrons and protons distributions on barrier heights is
studied.

PACS numbers: 21.24.Dr, 21.30.Fe, 21.60.Jz

For many years one has assumed that protons and neutrons are al-
most equally distributed in a nucleus. Using the macroscopic—microscopic
method [1] to calculate the potential energy of nuclei the same equilibrium
deformations were used not only to the liquid drop part but also for pro-
ton and neutron microscopic terms. Already in [2]| it was noticed that in
order to obtain the same multipole moments for the macroscopic and the
microscopic densities, different deformations of the mass distribution and
the single-particle potential should be used.
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Self-consistent calculations (see e.g. [3-6] have shown that in heavier
nuclei, especially those far from S stability, the neutron and proton den-
sity distributions have different sizes and deformations. In some nuclei a
thick neutron skin [6] or neutron halo effects [7,8] were predicted. The
theoretically foreseen effects were difficult to prove unless the experimen-
tal neutron radii and densities appeared. While the charge distributions in
nuclei were broadly measured by the mean square radii shifts and electric
quadrupole moments [9,10] the neutron peripheral distributions have been
only lately deduced from the antiproton annihilation on the outer orbits of
a nucleus [11].

The Hartree-Fock-Bogoliubov self-consistent method with the finite
range effective nucleon-nucleon force of Gogny [12] is very successful in re-
producing many properties of nuclei. Our aim was to examine the proton
and neutron densities distribution obtained in this model. The neutron halo
effect was studied for several nuclei in [8] by the HFB method with the D1S
Gogny force within the spherical approximation. Now we would like to ex-
amine the effect of the ground state deformation on the neutron halo factors.

In the left-hand side of Fig. 1 is plotted the logarithm of the ratio of the
neutron to proton densities of ?32Th as a function of the distance from the
center of nucleus. Curve a is obtained for the spherical shape of nucleus (as
in Ref. [8]) while b and ¢ are at the equilibrium deformation. The distribu-
tion in the equatorial plane b is very close to the spherical one, while the
densities evaluated along the symmetry axis c¢ differ significantly from the
spherical case. The antiproton caught on a Bohr orbit polarises the system
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Fig.1. The radial dependence of the logarithm of the neutron to proton densities
ratios for the spherical case a and in the equatorial plane b and along the symmetry
axis ¢ of the deformed nucleus 232Th (1.h.s). The contribution of the single orbitals
to the total density are presented in the r.h.s. part of the figure.
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and, classically speaking, the symmetry axis of nucleus becomes perpendic-
ular to the plane of the antiproton orbit, which corresponds to the energy
minimum. This result means that the deformation effect on the neutron halo
factor, determined mainly by the ratio py,/pp in the vicinity of the antipro-
ton orbital, should be rather small. One has to remind that the peripheral
density distribution in nuclei is mainly determined by a single orbital. This
can be seen in the right-hand side part of Fig. 1, where the ratio of the
single-particle densities (p,) to the total density (p) is plotted. The solid
lines represent the neutron densities while the dashed ones are those for
protons.

The difference between the neutron and proton distributions along the
fission path was studied in Ref. [13] in the HFB approach with the D1S
Gogny force. We discuss the effect of an additional condition ensuring the
same shape and size for proton and neutron distributions, as assumed in the
macroscopic-microscopic Strutinsky method, on the fission barrier height. In
Fig. 2 we can see that for 232Th the Strutinsky method could lead to an ar-
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Fig. 2. Total density deformations (3x) and their differences for neutron and proton
distributions (37 — %) are drawn in the upper figures as functions of the quadrupole
deformation ¢29. The HFB and Strutinsky energy as well as the effect of different
sizes and shapes of neutron and proton distributions on the HFB energy (0 Egen)
along the fission path of 232Th are shown in the lower part of the figure.
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tificial increase of the fission barrier by about 1 MeV. This result means that
the effect of different p, and p, has to be taken into account in macroscopic-
microscopic methods.

The potential energy of nucleus should therefore be evaluated using the
following formula:

EHFB ~ EStrut = Emacr(,apa ﬁn) + 5E;nicr(,0p) + 5E7rlnicr(pn) s (1)

where p is the average density put into the macroscopic contribution (one of
the available liquid drop like formulas or the new one developed especially
for this method). The microscopic shell and pairing corrections for protons
5Eg‘i°r should depend on the proton density distribution, while the neutron

one §ESMell should depend on the neutron density distribution.
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