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Introduction

Apart from very few light nuclei, all nuclear
systems in nature, starting from tiny finite nu-
clei to huge astrophysical objects like neutron
stars, are asymmetric. Densities of these sys-
tems vary over a wide range. So, accurate
knowledge of symmetry energy over a wide
range of density is very essential to understand
several phenomena in finite nuclei as well as in
neutron stars. The density dependence of the
nuclear symmetry energy around the satura-
tion density (ρ0) is described by its density
derivative as,

L = 3ρ0

(

dS(ρ)

dρ

)

ρ0

, (1)

where, S(ρ) is the symmetry energy at a
density ρ. The Droplet Model (DM) suggests
that bulk part of the neutron-skin thickness,
∆rbulknp , in a heavy nucleus is linearly corre-
lated to asym(A)/J [1], where, J = S(ρ0) and
asym(A) is symmetry energy for finite nuclei.
The asym(A) can be expressed approximately
in terms of L [2]. Neutron-skin thickness,
∆rnp, in a heavy nucleus calculated for a set
of randomly (statistically speaking) selected
models show strong correlation between ∆rnp
and L. This correlation mainly comes from
bulk part of the ∆rnp [3].
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Method

The neutron-skin thickness and several
symmetry energy parameters are calculated
using four different families of systematically
varied models, namely, FSV, TSV, SAMi-J
[4] and DDME [5]. The energy density func-
tional associated with FSV, TSV and DDME
correspond to an effective Lagrangian density
typical of the relativistic mean-field models
and that for SAMi-J is based on the standard
form of the Skyrme force. These systemat-
ically varied parameter sets are obtained so
that they explore different values of the sym-
metry energy parameters around an optimal
value, while reasonably keeping the quality of
the best fit.

Neutron-skin thickness in a nucleus is de-
fined as,

∆rnp = 〈r2n〉
1

2 − 〈r2p〉
1

2 . (2)

It can be decomposed into bulk and surface
part as,

∆rnp = ∆rbulknp +∆rsurfnp . (3)

In DM, ∆rnp can be expressed in terms of
symmtery energy parameters by [1],

∆rDM
np =

√

3

5

[(

2r0
3J

[J − asym(A)]A
1

3 (I − IC)

)

−e2
Z

70J

]

+∆rsurfnp , (4)

where, the notations carry their usual mean-
ing. One can easily verify that asym(A)/J is
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linearly correlated to ∆rnp, provided ∆rsurfnp

is either small or constant. asym(A) can be
expanded around saturation density as,

asym(A) ≈ J − LǫA +
1

2
Ksymǫ

2
A, (5)

where, ǫA = (ρ0 − ρA)/3ρ0.

Results

In Fig. 1, variations of L with ∆rnp and
∆rbulknp are presented for different families of
models. Within each family, L is strongly cor-

FIG. 1: Plots for the L as a function of ∆rnp (left)
and ∆r

bulk
np (right) for the 208Pb nucleus. The

correlation coefficients are 0.941 (left) and 0.954
(right) respectively.

related with both the ∆rnp and ∆rbulknp . It
may be noted that, the slopes for the varia-
tion in L with ∆rnp and ∆rbulknp are different
for different families of the models. Conse-
quently, when the results for all the families
are combined, the correlation becomes weaker.

We make a detail comparison between the
results for the models belonging to different
families, but, yielding almost the same values
for the ∆rnp ≈ 0.18 fm. The various proper-
ties of such models from each of the families
are compared in Table I. It gives an idea about
the spread in the values of different quantities.
In other words, it gives a quantitative idea
about the amount of model dependence in dif-
ferent symmetry energy parameters. The val-

TABLE I: Comparison of the properties of infinite
nuclear matter (NM) and of the 208Pb nucleus
for four different models. Each of these models
yield the neutron-skin thickness in 208Pb close to
0.18 fm. The values for the quantities L, J , and
asym(A) are given in units of MeV and that for
the quantities ∆rnp, ∆r

bulk
np and ∆r

surf
np in fm.

FSV TSV SAMi-J DDME
NM L 53.19 67.03 63.18 46.50

J 31.29 31.29 30.00 32.00
208Pb asym(A) 22.67 22.20 20.35 23.30

∆rnp 0.178 0.178 0.181 0.181
∆r

bulk
np 0.078 0.086 0.109 0.087

∆r
surf
np 0.100 0.091 0.072 0.094
ǫA 0.142 0.120 0.140 0.151

ues of L for these models can differ by about 20
MeV, though, they have ∆rnp ≈ 0.18 fm. The
values of L has a variation of ∼ 15% around
its mean value. We also note that, the values
of ǫA show ∼ 20% variations among the fam-
ilies and the model with largest L possesses
the smallest value of ǫA and vice versa.

Conclusion

We have shown using a representative set
of systematically varied mean models that the
correlation of symmetry energy slope param-
eter with the neutron skin thickness in 208Pb
nucleus has a noticeable amount of model de-
pendence. The investigations in order to un-
veil the source of the model dependence in
such correlations are underway.
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