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Introduction

The advancement in the experimental fa-
cilities such as Jyavãskylã (Finland), ORNL
(United States), CSR (China), FAIR (Ger-
many), RIKEN (Japan), GANIL (France),
GSI (Germany), FLNR (Russia) and FRIB
(United States) has already opened new possi-
bilities of exploring the production of various
exotic nuclei and their properties under the
extreme conditions of large isospin asymme-
try. By virtue of the neutron-proton asym-
metry in finite nuclei, one can resolve some of
the basic components of the equation of state
(EoS) of nuclear matter such as the symme-
try energy and the slope parameter at nuclear
saturation density ρ0 [1]. Further, these nu-
clear matter parameters are involved in the
bulk properties of finite nuclei such as binding
energies, relative nuclear radii and nucleonic
density distributions [2, 3]. Here, we have es-
tablished a correlation between the neutron
skin thickness and nuclear matter properties,
such as symmetry energy, the neutron pres-
sure and the asymmetric compressibility in the
isotopic chain of neutron rich medium mass
nuclei.

Theoretical formalism

In the present study, we have used the mi-
croscopic self-consistent relativistic mean field
(RMF) theory with NL3∗ force [4, 5] to inves-
tigate the ground state bulk properties such
as binding energy, rms charge radius, nuclear
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qudrupole deformation β2, nuclear density dis-
tribution ρ(r⊥, z), and the single particle en-
ergy. Once we have the density in hand, we
estimate the nuclear matter observables using
these densities in the framework of coherent
density functional method (CDFM) [2]. Fol-
lowing the (CDFM) approach, the symmetry
energy S0, the pressure p0, and the curvature
K0 for a finite nucleus can be written as [2, 3],

S0 =

∫ ∞
0

dx|f(x)|2SNM ,

p0 =

∫ ∞
0

dx|f(x)|2pNM
0 ,

K0 =

∫ ∞
0

dx|f(x)|2KNM
0 , (1)

where, SNM , pNM
0 , and KNM

0 denotes the
symmetry energy, the neutron pressure and
the incompressibility of asymmetric nuclear
matter. The calculated densities from the
RMF (NL3∗) are used for the estimation of
the weight function |f(x)|2 in Eqn. (1).

Results and Discussions
The RMF calculations furnish principally

nuclear structure properties, based on the ba-
sic ingredients such as the quadrupole moment
Q20, nucleon density distribution ρ(r⊥, z) =
ρp(r⊥, z) + ρn(r⊥, z), and the root-mean-
square nuclear radius. Nevertheless, the
present study demonstrates the applicability
of the RMF to the nuclear structure study of
the neutron drip-line. We estimate the neu-
tron skin thickness ∆R of nuclei in a given
isotopic chain using the neutron and proton
radii obtained from the RMF (NL3∗) force.
The symmetry energy S0 for a given nucleus is
calculated within the CDFM using the weight
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function |f(x)|2 (obtained from the self con-
sistent density) using Eqn. (1). We show the
symmetry energy S0 as a function of neutron
skin thickness in Fig. 1 for 72−88Ni, as a rep-
resentative case. The results from Skyrme-
Hartree-Fock (SHF) + BCS with LNS force
are also given for comparison, where available.
From the figure, we observe a smooth growth
of S0 until the neutron number (N = 50) and
then a linear decrease of S0 where the neutron-
skin thickness of the isotopes increases.

Comparing the results of RMF with the
SHF, we also found a similar behavior of
the symmetry energy with respect to the
skin thickness. Careful inspection shows that
the neutron skin thickness obtained from the
RMF (NL3∗) is a slightly overestimated when
compared to that of LNS force. We also
found similar predictions for 70−86Fe, 74−90Zn,
76−92Ge, 78−94Se, and 80−96Kr nuclei. Fur-
ther, we also we illustrate a possible correla-
tion of the neutron skin thickness ∆R with the
neutron pressure p0 and the nuclear compress-
ibility K0 for the isotopic chain of Fe−, Ni−,
Zn−, Ge−, Se−, and Kr− nuclei. From the
estimated results, we found that the neutron
skin thickness of the isotopes correlates almost
linearly with p0 and K0, as does S0. In other
words, similar to the symmetry energy, we also
find a peak in the neutron pressure p0 and a
minimum in the compression modulus K0 for
semi-magic nuclei at N = 50. More details
of the work will be present in the upcoming
symposium.

Summary and Conclusions
In this theoretical study, we establish a

correlation between the neutron skin thick-
ness and the nuclear symmetry energy for the
even−even isotopes of Fe, Ni, Zn, Ge, Se and
Kr nuclei within the framework of the axi-
ally deformed self-consistent relativistic mean
field model. The coherent density functional
method is used to formulate the symmetry en-
ergy, the neutron pressure and the asymmet-
ric compressibility of finite nuclei as a function
of the nuclear radius. From this analysis, we
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FIG. 1: The symmetry energy S0 for 72−88Ni iso-
topes as a function of neutron skin thickness ∆R
for the RMF (NL3∗) force. The Skyrme-Hartree-
Fock + BCS results for the LNS force [3] are also
given for the comparison, where available. See the
text for details.

found a notable signature of a shell closure at
N = 50 in the isotopic chains of Fe, Ni, Zn, Ge,
Se and Kr nuclei. The present study reveals a
strong interrelationship between the equation
state of nuclear matter and the neutron skin
thickness of finite nuclei.

Acknowledgments
This work has been supported by FAPESP

Project No. 2014/26195-5, the 973 Program
of China (Grant No. 2013CB834400), the
NSF of China (Grants No. 11120101005, No.
11275248, and No. 11525524), the Chinese
Academy of Sciences (Grant No. KJCX2-EW-
N01) and by the CNPq-Brasil.

References
[1] M. B. Tsang et al., Phys. Rev. C 86,

015803 (2012).
[2] A. N. Antonov, V. A. Nikolaev, and I. Zh.

Petkov, Bulg. J. Phys. 6, 151 (1979).
[3] M. K. Gaidarov, A. N. Antonov, P. Sarrig-

uren, and E. Moya de Guerra, Phys. Rev.
C 85, 064319 (2012).

[4] G. A. Lalazissis, S. Karatzikos, R. Fos-
sion, D. Pena Arteaga, A. V. Afanasjev,
P. Ring, Phys. Lett. B 671, 36 (2009).

[5] M. Bhuyan, Phys. Rev. C 92, 034323
(2015).

Proceedings of the DAE Symp. on Nucl. Phys. 62 (2017) 69

Available online at www.sympnp.org/proceedings


