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Introduction
It has been suggested that the differences in

the charge radii of mirror nuclei are propor-
tional to the slope of the symmetry energy L
and to the neutron-skin thickness of neutron-
rich nuclei [1]. The neutron skin of atomic nu-
clei affects the structure of neutron-rich nuclei,
the equation of state of nucleonic matter and
the size of neutron stars. The neutron skin
of nuclei is an important fundamental prop-
erty but its accurate measurement faces many
challenges. Inspired by charge symmetry of
nuclear forces the neutron skin of nucleus is
related to the difference between the charge
radii of corresponding mirror nuclei. The di-
rect determination of neutron-skin thickness
usually involves the precise measurement of
the root-mean-square radii of both the charge
and mass distributions [2].
Assuming perfect charge symmetry in case

of mirror nuclei,

Rn(Z,N) = Rp(Z,N) (1)

The neutron-skin thickness is given by

Sn(Z,N) = Rn(Z,N)−Rp(Z,N) (2)

Sn(Z,N) = Rp(N,Z)−Rp(Z,N) ≡ ∆Rp

Theoretical Formalism
A. Meson exchange model

The Lagrangian density for meson exchange
model can be written as [3]:
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where the first term represent the Lagrangian
of free nucleons. mσ, mω, mρ represents the
masses of σ, ω, and ρ mesons with corre-
sponding coupling constants gσ, gω, gρ for the
mesons to the nucleons, respectively. Ωµν ,

R⃗µν , Fµν are field tensor of the vector fields
ω, ρ, and the photon. The coupling of σ field
and ω field to the nucleon field reads

gi(ρ) = gi(ρsat)fi(x) for i = σ, ω (4)

with

fi(x) = ai
1 + bi(x+ di)

2

1 + ci(x+ di)2
, (5)

with x = ρ/ρsat. Here, ρsat (=0.152fm−3) is
the baryon density at saturation in symmetric
nuclear matter.
For density dependence of ρ-meson coupling is
given by

gρ(ρ) = gρ(ρsat)e
−aρ(x−1) (6)

The present model is represented by the pa-
rameter sets DD-ME1 and DD-ME2 [3].

Results and Discussion
Fig. 1 presents the results for the neutron

skin thickness of some selected nuclei in light
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to medium mass region. The neutron skin
thickness is plotted against the isospin asym-
metry δ = (N − Z)/A. It is clear from the
figure that there is a strong linear relationship
between the skin-thickness ∆Rnp and isospin
asymmetry δ. This correlation was first de-
rived in Ref. [4] from the liquid drop model
and determined with mean-field method. We
fit the data using linear regression which is
shown in Fig. 1 as shaded pink band at 1σ,
2σ and 3σ confidence levels.
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FIG. 1: Neutron skin thickness plotted against the
isospin asymmetry using DD-ME1 and DD-ME2
interactions. The linear regression is printed in
the bottom right. Select nuclei are labeled.

To establish a general equation for the
neutron-skin, we can also use our results to
establish a relationship between the proton ra-
dius of a nucleus, Rp and the neutron radius
of its mirror partner, Rmirror

n . The resulting
linear relationship between Rp and Rmirror

n is
shown in Fig. 2. The slope of this linear re-
lation is just less than unity. This highlights
the deviation from isospin symmetry, which
is due to the Coulomb interaction. The near-
equivalence between Rp and Rmirror

n indicates

a direct relation between the neutron skin and
the mirror-difference charge radii.

 DD-ME1

R
m
irr

or
n

(fm
)

Rp(fm)

14C
18O

38Ar

56Fe

22O
26Ne

36S

54Fe
48Cr

Rmirror
n  = 0.971R p + 0.064 ± 0.020 (fm)

 DD-ME2
R

m
irr

or
n

(fm
)

Rp(fm)

Rmirror
n  = 0.970R p + 0.067 ± 0.021 (fm)

26Ne

18O14C

22O

36S

54Fe

56Fe

38Ar

48Cr

FIG. 2: The neutron radius plotted against the
proton radius of the corresponding mirror nucleus.
The linear regression is printed in the bottom
right and 1σ, 2σ, and 3σ confidence levels are
shown as overlapping red bands. Select nuclei are
labeled.

The study of proton radii of mirror nuclei is
useful because neutron distributions are very
difficult to measure experimentally. So the
proton radius can be used as a surrogate for
neutron skin thickness. Also, the linear rela-
tionship between the Rp and Rmirror

n can be
used to estimate neutron radii of rare isotopes
which are not yet accessible experimentally.
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