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Constraints on the neutron skin and the symmetry energy from the
anti-analog giant dipole resonance in 208Pb†

Li-Gang Cao,∗1,∗2 X. Roca-Maza,∗3,∗4 G. Colò,∗3,∗4 and H. Sagawa∗5,∗6

Different experimental methods, either direct or in-
direct, have been proposed to extract the value of
neutron-skin thickness in finite nuclei, that is, the dif-
ference between neutron and proton root-mean-square
radii,

∆Rnp ≡ 〈r2〉1/2
n − 〈r2〉1/2

p . (1)

The neutron skin thickness has received much atten-
tion from both experimental and theoretical view-
points because it is one of the most promising observ-
ables in nuclear structure for constraining the density
dependence of symmetry energy around the nuclear
saturation density. The symmetry energy plays an im-
portant role in understanding the mechanisms of dif-
ferent phenomena in nuclear physics and nuclear as-
trophysics. It directly affects the properties of exotic
nuclei, dynamics of heavy-ion collisions, structure of
neutron stars, and simulations of core-collapse super-
nova.

We investigate the impact of neutron skin thick-
ness, ∆Rnp, on the energy difference between the anti-
analog giant dipole resonance (AGDR), EAGDR, and
isobaric analog state (IAS), EIAS, in a heavy nucleus
208Pb. The AGDR has Jπ = 1−, and T = T0 − 1 with
respect to the isospin of parent nucleus T0. We em-
ploy a family of systematically varied Skyrme energy
density functionals. The calculations are performed
within the fully self-consistent Hartree-Fock (HF) plus
charge-exchange random phase approximation (RPA)
framework. We confirm a linear correlation with our
microscopic approach and compare our results with
available experimental data on 208Pb in order to ex-
tract a preferred value for ∆Rnp and, in turn, for the
symmetry energy parameters. In Ref.1) (denoted as
Exp1), the AGDR was separated from other excita-
tions by means of the multipole decomposition analy-
sis of the 208Pb(�p, �n) reaction at a bombarding energy
Tp = 296 MeV; the polarization transfer observables
were quite instrumental in the separation of the non-
spin flip AGDR from the spin-flip spin dipole resonance
(SDR) in the multipole decomposition analysis. The
energy difference between the AGDR and IAS was de-
termined to be EAGDR − EIAS = 8.69 ± 0.36 MeV.
† Condensed from the article in Phys. Rev. C 92, 034308
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Another experimental measurement has been reported
in Ref.2) (Exp2); the 208Pb(p, nγp) 207Pb reaction with
a beam energy of 30 MeV was used to excite the AGDR
and to measure its γ-decay to the isobaric analog state,
coinciding with proton decay of the IAS. The energy
difference between the AGDR and IAS was determined
to be EAGDR−EIAS = 8.90 ± 0.09 MeV. Averaging the
results from two available experimental data, our anal-
ysis gives ∆Rpn = 0.236 ± 0.018 fm, J = 33.2 ± 1.0
MeV and a slope parameter of the symmetry energy
at saturation L = 97.3 ± 11.2 MeV. Good agreement
is obtained in comparing our new results of neutron-
skin thickness and symmetry energy J with the values
extracted using several different experimental methods
within the error bars as shown in Fig. 1. In contrast,
the extracted L value is somewhat larger than previ-
ously obtained values. Possible hints on whether model
dependence can explain this difference are provided.
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Fig. 1. (Color online) Values of the slope parameter L and

symmetry energy J at the saturation density extracted

in the current work compared with the values from

other experimental data extracted using several differ-

ent methods.
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Variational study of the equation of state for neutron star matter
with hyperons†

H. Togashi,∗1,∗2 E. Hiyama,∗1 Y. Yamamoto,∗1 and M. Takano∗2

The equation of state (EOS) for dense nuclear mat-
ter plays a crucial role in the study of neutron star (NS)
structure. As there are relatively large uncertainties
in hyperon-nucleon (Y N) and hyperon-hyperon (Y Y )
interactions, the fraction of hyperons in NS matter is
still far from being understood. In particular, recently
observed masses of PSRs J1614-2230 (M = 1.97 ±
0.04M⊙)

1) and J0348+0432 (M = 2.01 ± 0.04M⊙)
2)

impose severe constraints on the EOS of nuclear mat-
ter including hyperons. In this report, we investigate
how uncertainty in the odd-state part of bare ΛΛ in-
teractions affects the structure of NSs by using EOSs
constructed with the cluster variational method for hy-
peronic nuclear matter containing Λ and Σ− hyperons.
Following the cluster variational method for pure nu-

cleon matter3), we use the Hamiltonian composed of
bare baryon interactions. For the nucleon sector, the
Argonne v18 two-nucleon potential and the Urbana
IX three-nucleon potential are adopted. For the hy-
peron sector, central two-body potentials are employed
as the ΛN , Σ−N , and ΛΛ interactions4,5), which are
constructed to reproduce the experimental data of hy-
pernuclei. Here, it is noted that there are no experi-
mental data on double-Λ hypernuclei to determine the
odd-state part of the ΛΛ interaction. Therefore, we
prepare four different odd-state ΛΛ interactions (Type
1–4), whose parameters are chosen so that the odd-
state ΛΛ interaction becomes monotonically more re-
pulsive from Type 1 to Type 4. Using these baryon
interactions, we calculate the energies of hyperonic nu-
clear matter for each odd-state ΛΛ interaction model
and apply the obtained EOSs to calculations of the NS
structure.

The numerical results are shown in Table 1. It is
seen that the onset density of Λ in NS matter is insen-
sitive to the odd-state ΛΛ interaction, whereas that of

Table 1. Onset densities of Λ and Σ− hyperons and max-

imum masses of NSs for four different odd-state ΛΛ

interactions. The values of the onset densities are given

in fm−3 and the maximum masses are in M⊙.

ΛΛ interaction Type 1 Type 2 Type 3 Type 4

Λ onset density 0.42 0.42 0.42 0.42

Σ− onset density 0.76 0.72 0.70 0.68

Maximum mass 1.48 1.53 1.57 1.62

† Condensed from the article in Phys. Rev. C 93, 035808
(2016).
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Fig. 1. Mass-radius relations of NSs obtained from EOSs

based on the most repulsive odd-state ΛΛ interaction

(Type 4) with and without a phenomenological three-

baryon force (TBF). The horizontal bands show the

masses of PSRs J1614-22301) and J 0348+04322).

Σ− decreases as the odd-state ΛΛ interaction becomes
more repulsive. Furthermore, the obtained maximum
mass of NSs increases with the repulsion of the odd-
state ΛΛ interaction, but it is still smaller than the
recently observed masses of heavy NSs1,2).
Therefore, we finally consider a phenomenological

three-baryon force (TBF) for Y NN , Y Y N , and Y Y Y
systems6) in order to explain the masses of heavy NSs.
Figure 1 shows the mass-radius relations of NSs ob-
tained from the EOS with the most repulsive odd-state
ΛΛ interaction (Type 4) including the hyperon TBF.
Also shown is the result without the hyperon TBF.
The maximum mass with the TBF becomes larger
than that without the TBF due to the strong repulsion
among three baryons. In Fig. 1, the horizontal green
and purple bands show the masses of PSRs J1614-
22301) and J0348+04322), respectively. It is found that
the obtained result with TBF is consistent with these
observations. The influence of the TBF on the NS
structure is discussed in more detail in Ref.7).
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