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Comparative study on charge radii and their kinks at magic numbers†

T. Naito,∗1,∗2 T. Oishi,∗3 H. Sagawa,∗4,∗3 and Z. Wang∗5,∗6

The charge radius Rch is one of the important prop-
erties of atomic nuclei. The slope of Rch as a function
of the neutron number N is known to change at the
neutron magic number, which is called the “kink” be-
havior.1–3)

In this paper, we discuss whether the kink behavior
can be reproduced even in the “normal” treatment,
that is, mean-field models with a widely used func-
tional and standard contact pairing interaction, with-
out any additional terms or effects. We compare Rch

of Sn and Pb isotopes obtained by the nonrelativis-
tic Skyrme Hartree-Fock (SHF), relativistic mean-field
(RMF), and relativistic Hartree-Fock (RHF) calcula-
tions. This comparison enables us to discuss the kink
behavior from the perspectives of spin-orbit splitting.
We found that the RHF calculations generally pro-

vide a larger kink than that of RMF. This can be un-
derstood as follows: the spin-orbit interaction is impor-
tant for the kink behavior.2) The spin-orbit mean field
appears from both the relativistic effect and tensor in-
teraction in RHF calculations, while only the former
contributes in RMF.
The mass-number, A, dependence of the difference

between the root-mean-square charge radius of ASn
and that of 132Sn, RSn

ch (A) − RSn
ch (132), calculated in

RHF energy density functionals (EDFs) are shown in
Fig. 1. Among the RHF calculations, the kink size of
PKO2 is the weakest and PKO3 and PKO1* give ap-
preciable kinks. The PKO1, PKO2, PKO3, PKO1*,
and PKA1 start from the same Lagrangian, while the
number of mesons and their meson-nucleon coupling
constants are different. This suggests that π- and ρ-
meson exchange, which give the tensor interaction, are
important to reproduce the kink behavior. Accord-
ing to Ref. 4), the strength of the tensor interactions
of PKO2 is the weakest and that of PKO1* is the
strongest; that of PKO3 is the second strongest, and
those of PKA1 and PKO1 are marginal. Strengths of
the tensor interaction of these RHF models are consis-
tent with the kink size: the stronger the tensor inter-
action the larger the kink size. Therefore, the tensor
interaction or its outcomes, such as spin-orbit mean
field and shell structure, are important to reproduce
the kink behavior.
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Fig. 1. The mass-number A dependence of RSn
ch (A) −

RSn
ch (132), calculated in relativistic Hartree-Fock EDFs.

Experimental data (Expt.) are taken from Refs. 6)

and 7).

In contrast, the spin-orbit interaction in the Skyrme
calculation is introduced phenomenologically as the
W0 and W ′

0 terms without any density dependence.
Among the Skyrme interactions tested, SGII and SAMi
give reasonable kink behavior. Refs. 4) and 5) claim
that the introduction of the isoscalar and isovector
spin-orbit interactions, W0 and W ′

0, is essential, while
the standard Skyrme EDFs only have the isoscalar
term (W0 = W ′

0). However, we found that among
better EDFs to describe the kink behavior, the two
strengths are identical, W0 = W ′

0 in the SGII EDF.
In the SkI4 EDF, the isoscalar and isovector spin-orbit
interactions have opposite signs, specifically, W ′

0 < 0 <
W0 and |W ′

0| < W0. In the SAMi EDF, the isoscalar
and isovector spin-orbit interactions are of the same
sign, but the strengths are different, 0 < W ′

0 < W0.
Since the strengths and signs of W0 and W ′

0 are differ-
ent, it is not possible at the moment to identify which
combination of W0 and W ′

0 values are the best for the
kink behavior.
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