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Purpose: The charge radius and the way by which nucleons are distributed can provide information

Keywords: about size, surface thickness and shell structure of nuclei. The information collected from such nuclei
HFB theory, Nuclear drip lines, Charge radii,  can be used for astrophysical studies to understand the origin of heavy elements.
Skyrme functional, Neutron skin thickness Methods: In the present study, we have made an attempt to investigate the charge radii, rms radii

and skin thickness of Pt and Os isotopes. Here, the calculations were made by using the HFB solver
which utilizes HO single-particle basis and iteratively diagonalizes the HFB Hamiltonian based on the
Skyrme forces.

Results: Here we can observe an increase in charge radius, rms radius and skin thickness with increase
in neutron number. The charge radii calculated are in good agreement with the experimental data and
predictions of RCHB model. A linear dependence of the skin thickness on neutron number is observed
and a change in the value is noticed around N =126.

Conclusion: Using HFB theory, we have analyzed the charge radius and neutron skin thickness of Pt
and Os isotopes. The drip line nuclei have larger charge radius in comparison to the stable nuclei. The
redistribution of the nucleons due to addition of neutrons leads to the gradual increase in neutron skin.
The sudden increase of skin thickness may be due to the extra stability and shell closure around the
magic number.

1. Introduction neutron skin thickness is identified with the divergence in

. —_— ) L the Fermi energies among neutrons and protons.
With the availability of energetic radioactive ion beams,

the nuclear structure studies [1] have achieved considerable
progress in recent years. The distribution of the nucleon
density is one of the basic properties of a nucleus. In nuclear
many particle systems, the distribution of quantum states
of proton and neutron provide the stability to the atomic
nucleus. The nucleons have similar density distributions
in light nuclei with N=Z [2]. The density distributions of
exotic nuclei [3] near the nuclear drip lines are very different
from that of the stable nuclei. The neutron density profile
extend beyond the proton density profile, as the excessive
neutrons are pushed out against the nuclear surface and

In a given nucleus, the pairing energy is not constant
for a constant pairing gap A [5], since it depends on the
deformation parameter and the occupation probabilities
near the Fermi surface. The way in which nucleons are
distributed in the nucleus and the charge radius provide
information on the basic properties of nuclei, such as
surface thickness, size and shell structure. For stable
nuclei, charge radii can be obtained through the electron
scattering experiment [6]. The nuclear charge radius is one
of the most important nuclear properties that depict the
effect of effective interactions on nuclear structure. The

) ) ) charge radii can be analysed to understand the size of the
thereby creating a sort of neutron skin. The neutron-rich

nuclei are the class of exotic nuclei having large values of N/Z
ratio. Self consistent mean field theory is one of the most
important theories, which helps in understanding medium
and heavy mass nuclei. In mean-field estimations [4], the

given isotopes.

The excessive neutrons in neutron-rich nuclei produce
a divergence in the Fermi energies among neutrons and
protons, which in turn make a decoupling of neutron and
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proton distributions and leads to the appearance of nuclear
halo and skin structures [7]. Neutron skin thickness is the
difference in matter radii for neutrons and protons whereas
halo is the low density tails in nuclear matter distribution. In
finite nuclei and infinite nuclear matter, neutron skin plays
an essential role in correlation with a number of physical
observables [8]. Skin thickness is associated with the
restrictions imposed on the equation of state of high density
nuclear matter in neutron stars. The information collected
from such nuclei can be used for astrophysical studies to
understand the origin of heavy elements.

2. Theoretical Formalism

In the present work, we have made an attempt to investigate
the charge radii (R ), neutron root mean square (rms) radii
(R,), proton rms radii (Rp) [9] and neutron skin thickness of
Platinum and Osmium isotopes. Here we have performed
a numerical analysis by Hartree-Fock-Bogoliubov (HFB)
calculations [10], with Universal Nuclear Energy Density
Skyrme Functional (UNEDEFO). The calculations were made
by using the HFB solver, which utilizes Harmonic Oscillator
(HO) single-particle basis and iteratively diagonalizes the
Hartree-Fock-Bogoliubov (HFB) Hamiltonian (h) [11],
based on the Skyrme forces, until the self-consistent solution
is achieved. The HFB theory consider the mean field part
and pairing part [12] with equal importance.
In the matrix form, the HFB equation is given by,

Un U}'l
= En
v, v,
where E_ is the quasiparticle energy and X is the chemical
potential.

A

(=)
A v

—A

The HFB equations are solved using the axially
deformed HO [13] basis. In the pairing part we have
employed the density dependent delta interaction (DDDI)
[14,15] and in the mean field part the zero range Skyrme
interaction.

The pairing channel was parametrized by DDDI in its

mixed form and is given by,

V("’P) = V("‘P)

pair 0 1 - "7 (2)

Pe
is the pairing strength for protons and

-

where V P
neutrons, p(r) is the isoscalar local density and p_is the
saturation density [16]. By adjusting the value of m, the
density dependence of the pairing interaction could be
varied. Here 1 = 1 corresponds to the surface interaction,
having pure density dependence and n= 0 corresponds to
the volume interaction, having no density dependence.
m = 0.5 corresponds to mixed pairing with average effects of
both surface and volume interactions.

The nuclear charge radii R_are obtained by folding
the proton distribution with the finite size of proton and
neutron. The charge radius is calculated by using the
formula,

R = JRj +0.64 3)
where R, denotes the rms radius of proton density
distribution.

In heavy nuclei, the number of neutrons are found to
be more as compared to the number of protons, which lead
to the formation of neutron skin on its surface [17]. The
neutron skin thickness AR is given by,
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Figure 1: Variation of charge radius with neutron number of Platinum (left) and Osmium (right) isotopes.
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Taking Platinum and Osmium isotopes as examples, we
performed a numerical analysis by self-consistent Skyrme
HFB calculations with UNEDFQ parametrizations [18].
Here, we present our theoretical results for charge radii,
neutron rms radii, proton rms radii and neutron skin
thickness, in even-even and even-odd isotopes [19] of Pt
and Os. In an earlier work, Nithu et al. carried out some
calculations on even-even Pt and Os isotopes by using
different Skyrme forces [20]. In the present study, we
further focus on charge radius, rms radius and neutron skin
thickness of even-even and even-odd nuclei of Platinum
and Osmium isotopes and their comparison with available
theoretical and experimental data. The presence of odd
mass nuclei breaks the time reversal symmetry and so the
theoretical calculations are difficult for them. In the case of
odd isotopes, the computations were made by blocking the
quasi-particle states to take care of the time reversal symmetry
in the mean-field model. In this case, an approximation

to the exact blocking called Equal Filling Approximation
(EFA) [21] is used.

3. Results and Discussion

In order to interpret the skin structure and the size of
the considered isotopic series of Platinum and Osmium,
charge radii, neutron rms radii, proton rms radii and
neutron skin thickness [17, 22] were calculated within
the HFB theory, from (3-stable to the neutron drip line
region and are plotted in figures, which follows. The
charge radius R_for the ground states of the whole
isotopic chain is determined and the obtained results are
shown in Figure 1. In this work, we present the calculated
results for nuclear charge radius as a function of neutron

number N, in even-even and even-odd isotopes of Pt and
Os nuclei, by employing HFB model with UNEDFO0
Skyrme The computed
agree reasonably well with the results from Relativistic
Continum Hartree-Bogoliubov (RCHB) theories [23]
and the available experimental data [6]. From Figure
1, it is clear that the charge radius is smaller for stable
isotopes, when compared to that for the isotopes lying

parametrizations. results

near to the neutron drip line regions. The abrupt increase
in R_ may lead to changes in the shape of the isotopes.
The calculated theoretical values of charge radius for these
isotopes agree well with the available experimental data.

For predicting the feasible skin structure of Platinum
and Osmium isotopes, we have calculated the rms radii
and neutron skin thickness. The calculations were done
using the HFB theory from the proton rich region to the
neutron rich region, near to the nuclear drip lines and
the results are plotted in Figures 2 and 3. The neutron
rms radii (R ) and proton rms radii (R ) determined are
plotted against the neutron number for Pt and Os, as
given in Figure 2. From this figure, we notice that the
values of rms radii increases with neutron number. The
sharp increase in the value of neutron rms radii at the
drip line regions indicates the larger neutron radius and
appearance of skin structure. We compared the computed
results with the data available from RCHB theories for the
given nuclides and we can see that the computed results
from HFBHO model are matching almost well with the
available data. The results that we have computed here are
obtained from axially deformed solution of the Skyrme-
Hartree-Fock-Bogoliubov equations based on the Energy
Density Functional (EDF) parametrizacion UNEDFO,
using the harmonic oscillator model.
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Figure 2: Variation of rms radius with neutron number of Platinum (left) and Osmium (right) isotopes.
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The neutron skin is the significant difference in the values
of matter radii for neutrons and protons and it describes
the excess of neutrons at the nuclear surface. In Figure 3,
we have presented and compared our results of the neutron
skin thickness AR as a function of neutron number N for
the considered isotopic chains of Pt and Os. In the case of
the isotopes selected for the present study, the magnitude
of skin thickness increases systematically with the number
of neutrons. The skin in nuclei arises due to a very weak
binding of the last one or two valence nucleons and hence
get decoupled from the rest of nucleons in the nucleus.
The magnitude of skin thickness increases gradually with
increase in the neutron number for the given isotopes. The
redistribution of the nucleons due to addition of neutrons
leads to the gradual increase in the neutron skin. The
neutron rich nuclei show the skin thickness of the order of
0.3 fm. A linear dependence of the neutron skin thickness
on mass number exist, as can be seen from Figure 3 and
a sudden increase of the neutron skin thickness (kink) is
noticed around N =126. To simulate the symmetry energy
for the neutron-rich matter, the predicted neutron skin for
exotic nuclei can be used. This type of kink in the skin plot
indicates unexpected behaviour of the nuclei and supposed
to be halo/skin structure candidates.
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Figure 3: Variation of neutron skin thickness with neutron number
of Platinum and Osmium isotopes.

4, Conclusion

By using the HFB theory, we have explored the charge radii,
proton radii, neutron radii, and neutron skin thickness over
a series of the isotopic chains of Platinum and Osmium.
The charge radii calculated within the framework of the
HFB theory by using the Skyrme functional UNEDFO are
compared with the available experimental data and with
the predictions of RCHB model. Good agreement between
theory and experiment can be clearly seen in Figure 1. Here,
we can observe an increase in charge radius R_with increase

in neutron number for all nuclei. It is clear from the figure
that, those nuclei which lie in the neutron drip line have
larger charge radius in comparison to the stable nuclei.
Also, we have estimated the neutron skin thickness from
neutron and proton rms radii for exotic nuclei of Pt and
Os. To understand the skin structure, proton and neutron
rms radii were plotted as a function of neutron number and
compared with available data. The rms radii and neutron
skin thickness are increasing with neutron number. Neutron
skin thickness increases linearly with neutron number and a
sudden change in this trend is noticed around N=126. This
sudden increase of neutron skin thickness may be due to the
extra stability and shell closure around the magic number.
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