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The selfconsistent Hartree-Fock calculation with the Gogny effective in-
teraction D1S was performed for the spherical nuclei Ca, Sr, Sn, Sm. The
shell effects were extracted by Strutinsky procedure and then the macro-
scopic energy evaluated by the liquid drop formula. Its parameters and
isospin dependent formulae for radii were found.

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

1. Introduction

The selfconsistent Hartree-Fock—Bogolubov (HFB) [1] method with the
two body effective nucleon—nucleon forces is up to now the best tool to
investigate the nuclear properties. The masses, separation energies, radii
and fission lifetimes should be reproduced in such a calculation when phe-
nomenological parameters are well established. The D1S [2]| Gogny force
is very effective in describing of the spherical and deformed nuclei in the
ground states.

As the results of HFB+Gogny method reproduce the properties of nuclei
it is interesting to investigate how they correspond to the simpler models like
formulas of liquid drop energy or nuclear radii. It was our aim to obtain their
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parameters from HFB+Gogny results and compare them with the parame-
ters evaluated within the relativistic mean field theory [2] and experimental
data [3,4].

2. Theory

We have chosen the representative spherical nuclei Ca—Sm to get the
systematics of their potential energies F and radii. We have performed
the Hartree-Fock (HF) calculation without pairing with the Gogny D1S [2]
force. Then, we have extracted the shell effects from the HF energies by
Strutinsky [5] averaging method. We have taken the selfconsistent single
particle levels e, and smoothed them (é,) by Gaussian function looking
carefully for the proper Gaussian width « giving the plateau for Strutinski

shell corrections
Bgpen =Y s — 3 &y (1)
14 12

Then we extracted the shell corrections from the total energies getting the
pure macroscopic energy

Emacr = EaF — Eghel - (2)

This energy served us to get the “Gogny” parameters of the liquid drop model
of an nucleus with Z protons, N neutrons and mass number A

(N - 2)°
24

as ayol = 15.91MeV, agyrr = 18.04MeV, agym = 49.82MeV, acou = 0.73MeV.

In Fig. 1 the shell corrections Fghey (1) of Ca, Sr, Sn, Sm isotopes in
dependence on neutron number N are drawn. The dashed lines denote
neutron and proton shell corrections, solid lines — total shell correction.
The removing macroscopic energy (2) is fitted by formula (3).

We have also gathered the root mean square radii (rmsr) of proton,
neutron, charge and mass distributions of the spherical nuclei in order to
approximate them by the isospin formula like for relativistic mean field
theory in [3].

The new formulae for radius constants ry, where

Vi) = [ ave 0

Enacr = avolA - asurfA2/3 — QGsym — (ZcoulAil/S 22 (3)

are for neutrons

N—Z 3.46
i =1.17 (1 +0.12 —)fm,
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Fig. 1. Gogny shell corrections of protons, neutrons (dashed lines) and total (solid
lines) for Ca, Sr, Sn and Sm isotopes in dependence on N.

for protons

N-Z 215
=121 <1—0.19 v —i—T)fm, (6)

for charge distribution

N -7 240
ch __ _
ro = 1.23 <1 0.21 1 + Ve )fm, (7)
for total radius constant
N-Z7Z 291
tot __ _
ro = 1.19 <1 +0.01 " + 1 )fm. (8)

We have also fitted the ratio of neutron to proton radius to get rid of the
possible deformation influence on the radii

2\p p _
2:2;1 = :_g = 1.03 <1 - 0.29NA Z _ %)fm. (9)
0

This formula allows to estimate the neutron distribution radii from the
charge ones
((r?)h — 0.64)%/2
Ty =

N N—Z _ 1.06
1.03 (1 - 0.29057 — 146)

fm, (10)

similarly to the relativistic mean field theory (RMFT) estimation [2].
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Fig. 2. Isospin dependence of the proton to neutron Gogny radii ratios for Ca, Sr,
Sn and Sm isotopes (solid lines) fitted by formula 9 (dashed line).

In Fig. 2 the isospin dependence of protons to neutrons rmsr ratio shifted
up by 1.09/A in comparison with the formula 9 (dashed line) is shown.

3. Conclusions
The following conclusions can be drawn from our calculations.

1. The Gogny D1S force gives the proper macroscopic energy in agree-
ment with the liquid drop formula.

2. The isospin dependence of proton and neutron distributions radii con-
stants is linear for heavier nuclei, the lighter ones demand x/A factor.

3. The ratio of theoretical r,/r, radii can be used to foresee the neutron
radii of all the nuclei, which have experimentally known charge rmsr.
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