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Effects of Coulomb and isospin symmetry breaking interactions on
neutron-skin thickness†

T. Naito,∗1,∗2 G. Colò,∗3,∗4,∗5 H. Z. Liang,∗2,∗1 X. Roca-Maza,∗4,∗5 and H. Sagawa∗6,∗7

If the isospin symmetry of strong interaction is fully
valid, the charge symmetry and charge independence
of a nuclear interaction hold. However, the isospin
symmetry of atomic nuclei is partially broken owing
to the isospin symmetry breaking (ISB) terms of nu-
clear interaction together with the Coulomb interac-
tion. The charge symmetry breaking (CSB) term of
nuclear interaction mainly originates from the mass
difference between protons and neutrons and π0-η and
ρ0-ω meson-exchange processes, and the charge in-
dependence breaking (CIB) term of nuclear interac-
tion mainly originates from the mass difference be-
tween π0 and π±.1) These two terms are defined as
vCSB ≡ vnn − vpp and vCIB ≡ vpn − (vnn + vpp) /2,
respectively.
The Coulomb interaction breaks the isospin symme-

try of the atomic nuclei as well.2,3) The effects of the
isospin symmetry breaking are, in general, measured
as a net effect, while the Coulomb interaction plays a
major role. To disentangle the effects of the isospin
symmetry breaking on the basis of experimental data,
quantities that are sensitive to the ISB interaction or
Coulomb one need to be investigated. Hence, sensi-
tivity studies on the Coulomb and the ISB terms of
nuclear interactions are essential.
We aim to conduct a complete sensitivity analysis of

the nuclear equation of state and neutron-skin thick-
ness considering the Coulomb and ISB terms. In the
previous study,4) we discussed the effect of ISB terms
on the charge radii difference of mirror nuclei ∆Rch,
which may be correlated to the density dependence,
(i.e., the slope parameter) of the symmetry energy
L.5,6) Similarly, herein, we analyze different quan-
tities related to isospin symmetry breaking, i.e., the
neutron-skin thickness and the mass differences of mir-
ror nuclei.
To analyze the ISB contribution, the ISB terms

of the SAMi-ISB energy density functional (EDF)7)

are considered on top of the SAMi EDF and SAMi-
J family.8) The correlations between ∆Rnp and the
slope parameter L are illustrated in Fig. 1 for four
different EDFs: SAMi without ISB, with CSB only,
with CIB only, and with both CSB and CIB. For a
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Fig. 1. Correlations between L+LCIB +LCSB and ∆Rnp

without the ISB terms, only with the CSB term, only

with the CIB term, and with the all ISB terms. The

ISB terms of the SAMi-ISB EDF are considered on top

of the SAMi EDF and SAMi-J family.

given value of ∆Rnp, the difference between extracted
L+LCIB+LCSB without any ISB terms and that with
all ISB terms is 11.1 MeV. Here, L, LCIB, and LCSB

denote the slope parameters of the symmetry energy
originating from the no ISB, CIB, and CSB terms, re-
spectively.
Using LCIB = 2.3 MeV and LCSB = −3.2 MeV ob-

tained by the SAMi-ISB EDF, the extracted value of L
changes by 12.0 MeV with or without the ISB terms.
Thus, the ISB contributions (in particular, the CSB
term) to the L parameter may not be negligible. In
contrast to the case of the charge-radii difference of
mirror nuclei ∆Rch, the effect on L is less because the
CIB and CSB effects are in opposite directions in ∆Rnp

for N > Z nuclei, whereas they are coherent in ∆Rch.
The magnitude of the ISB effect discussed here de-

pends on the strengths of CSB and CIB interactions.
Therefore, precisely determining their strengths is cru-
cial.

References
1) S. A. Coon et al.,Phys. Rev. C 26, 2402 (1982).
2) S. Shlomo, Rep. Prog. Phys. 41, 957 (1978).
3) N. Auerbach, Phys. Rep. 98, 273 (1983).
4) T. Naito et al.,Phys. Rev. C 106, L061306 (2022).
5) B. A. Brown, Phys. Rev. Lett. 119, 122502 (2017).
6) P.-G. Reinhard and W. Nazarewicz, Phys. Rev. C 105,

L021301 (2022).
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