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Introduction
Nuclear many body system is very com-

plex system and effective theoretical model is
needed for reliable predictions in the nuclear
structure systems. The production of the new
isotopes [1] in recent years has revived a great
interest in nuclear structure models. Neu-
tron rich nuclides are very important systems
[2] as the asymmetry between the proton and
the neutron number increases in these systems
and leads to the phenomena like neutron skin
and halos. We have chosen Lead(Pb) nuclei
from the periodic table as a representative of
the heavy mass range systems for our theoreti-
cal study. Lead nucleus is very important sys-
tem and it has important implications in the
nuclear structure systems due to the magicity
of proton number (Z) present in it and var-
ious experimental nuclear sturucture proper-
ties related to double magicity are available
in literature [3, 4]. The isotopic chain under
our theoretical investigation ranges from mass
number A=182 to mass number A=214 for
the Lead(Pb) nucleus. The theoretical model
is based on the CDFT. The nuclear ground
state observables like charge radii, root mean
square radius and neutron skin thickness re-
flecting the size of the nucleus are studied and
compared with available experimental data.

Theoretical model
This presented work is carried out with

the Covariant Relativistic Hartee Bogoliubov
(RHB) Theory [5] and the details of theoreti-
cal framework is also presented in our previous
work [6].
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FIG. 1: (color online) Theoretical results of Root
mean square charge radii (Rch) compared with the
availabe experimental data [7].

Result and Discussion
Nuclear charge radii (Rch) and Root mean

square radius (Rrms) are the key nuclear
structure ground state observables that deter-
mine the size of the nuclear system. In addi-
tion to this, Neutron skin thickness (∆rnp) is
also very important observable which reflects
the stability of the nucleus. The theoretical
results for Rch,Rrms and ∆rnp are shown in
the Fig. (1 ,2 and3) respectively.

The results for the nuclear charge radii Rch

in units of fermi meter (fm) are plotted against
the neutron number (N) for the isotopic chain
of Lead(Pb) nuclides ranging from mass num-
ber A=182 to A= 214 as shown in Fig. (1).
The theoretical charge radius is calculated us-
ing the formulae [8] :

Rch =
√
r2p + 0.64 fm (1)

Here, rp denotes the rms radius of the pro-

ton density distribution and term 0.64 fm2

accounts for the finite size of proton. Ex-
perimental results are also shown for com-
parison taken from ref. [7] and it can be
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FIG. 2: (color online) Root mean square radii
(Rrms) plotted against neutron number (N) for
even-even 182−214Pb isotopes.
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FIG. 3: (color online) Neutron skin thicknes
(∆rnp) plotted against neutron number (N) for
even-even 182−214Pb isotopes.

seen easily that our results are in fairly good
agreement with the experimental findings.
Results calculated with NL3* and DD-MEδ
parameterisations[9, 10] are also shown for
comparison. Similar trend as shown in Fig.
(1) is repeated in Fig. (2) representing the
results for root mean square radius of the nu-
clei which is the average of proton and neu-
tron radii. There is gradual increase in the
values Rrms with the neutron number. Trend
is attributed to redistribution of the nucleons
inside the nuclei to overcome the coulomb re-
pulsion by the addition of excess of the neu-
tron. It is also clear from the Fig. (1), that
our results calculated with DD-ME2, DD-PC1
and DD-PCX parameterisations are following
the trend as per the experimental findings.
Fig. (3) represents our results for the neu-

tron skin thickness (∆rnp). The neutron skin
thickness ∆rnp is defined as

∆rnp =
√
r2n −

√
r2p, (2)

It can be seen easily in Fig. (3), that there
is gradual increase in the neutron skin thick-
ness with the increase in the neutron num-
ber along the isotopic chain of the 182−214Pb
nuclei. Gradual increase in the neutron skin
thickness indicates that as the neutron num-
ber is increased, the nucleons adjust them-
selves in such a way so that the maximum
stability is acquired and further increase along
higher mass region is attributed to the fact of
less bound neutrons giving rise to higher value
of neutron skin as shown in Fig. (3).
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