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Table 1 The values of coefficients in eqs. (13) and (14) [26]

j 0 1 2 3 4
a; 08777 20127 09596  —0.13770  0.0047513
a;;  -07924 17396 -03281 —0.04253  0.0117856
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di; 01191 03508 -0.1430 0.033876  —0.0036785
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Table 2 The radius, mass and redshift data of neutron stars as well as

the neutron skin thickness and dipole polarizability data for 2°°Pb used
in this work

Mass (M) Radius R (km) Source and reference
1.4 11.9*14 (90% CFL) GW170817 151
1.4 10.8*21 (90% CFL) GW170817 17
1.4 11.7+11 (90% CFL) QLMXBs [0
1.34%0% 12717115 (68% CFL) PSR J0030+0451 71
1.44%013 13.0*12 (68% CFL) PSR J0030+0451 181
2.08+0:07 13.7+2$ (68% CFL) PSR J0740+6620 181
0.77+339 10.4703¢ (68% CFL) HESS J1731-347 141
Nucleus ap (fm?) Reference
208pp 20.1*32 (68% CFL) [50]
Nucleus ARy (fm) Reference
208pp, 0.283+0971 (68% CFL) [51]
208pp 0.211*0.95% (68% CFL) [52]
208pp 0.18+0918 (68% CFL) [26]
Source z Reference
GS1826-24 0.29*0:04 (68% CFL) [30]

5000022, 7632 T SR 118000005 Ho AR 3L 2 5 11 5 36 M 2

ﬁj\%ﬁ [31—33,53].

3 ZR50HE

31 E T TR EEBEN LIRS HIE
SHHHR

1 L 2 56 R 5 ROV 42OSPO G T T R 5
TR IR R E— S, A IR AT A R o T
i I e R AR TR IR 5 07 R, 7,
A HE 1 AL AP R R b 7 A2 DR 7 O) T
R s = (14— ag)fay. Z%agMay TR V3R T
LB L R, FRAT A B R TR B
B 00 T AR B AR (BT A8, B 5 51
B MR e, DA AR S I DUSR B8 2. LU, 3 0
AR, TSR S M.

LR 7% T 5 T3R8 Pb T Fg 5 A 4 7 £

F-- Rdata
AR _=0.18:0.018 fm

— ARW=O.21 1+0.059 fm
ARHP=0.28310.071 fm
Prior S :
z data Y.

-600 -300 O 300 220 240 260 0 300 600 900
J, (MeV) K, (MeV) J,,, (MeV)

sym

PREX-II
- - CREX

i

v
/i
'

A\

I S N !
-450 -300 -150 0 0 20 40 60 80 100 20 25 30 35 40 45 50

K. (MeV)

sym

B 1 (2% RRORE 1T ) B 1208 Po ) — il b 7 Bl J5 P2 et A S
BR[301 75 1 b 7 2 51 LR BR A3 BIRIM BUIR S 5 8
SRR, AT HEEGE I, EtiE R 7R T2
AR AU 15 2 K 25 R L EONAS S U e B o0 A 127

Figure 1 (Color online) Posterior probability density distributions of
the parameters of the nuclear equation of state obtained from the three

L (MeV) E,.(p,) (MeV)

types of the neutron skin thickness data and the redshift data proposed
in ref. [30]. For comparison, the results obtained from the neutron star
radius data [33] and the prior probability distributions for the six param-
eters are included.
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Figure2 (Color online) Same as in Figure 1, but showing the results for
the radii (upper) and tidal deformability (bottom) of the normal (left) and
two times (right) of solar mass neutron stars. For comparison, the results
from the data of radii and tidal deformability in ref. [33] are included.
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Figure 3 (Color online) Posterior probability density distributions of
the parameters of the nuclear equation of state calculated by using the
data of the dipole polarizability for 2! Pb (shown by the solid blue lines).
The solid red curves display the results by using the same data but with a
prior range of 22 MeV < Egyn(po) < 55 MeV. For comparison, the results
obtained from the neutron-star radius data [33] and the prior probability
distributions of the parameters are included.
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Figure 4 (Color online) Posterior probability density distributions of
the redshift of neutron stars calculated by using the data of the neutron-
skin thickness and the dipole polarizability for 2°Pb. The redshift of
neutron stars are calculated according to eq. (11). The results shown
in the upper panel are obtained by adopting AR,,=0.211*394 fm in eq.

-0.063
(11) while ARnp:0.283f8:8;} fm is used for the bottom panel. For com-
parison, these (shown by the solid black lines) based on the neutron-star
radius data and the results (shown by the dashed black lines) in ref. [30]

are included.
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Figure 5 (Color online) Posterior probability density distributions of
the parameters of the nuclear equation of state calculated by using the
combined data of the neutron-skin thickness and the dipole polarizabil-
ity for 28Pb (shown by the solid blue curves), the neutron-skin thickness
and neutron-star radius (shown by the solid green curves), the dipole
polarizability for 2°®Pb and the neutron-star radius (shown by the solid
red curves). For comparison, these obtained by solely using the data of
the neutron-skin thickness, the dipole polarizability and the neutron-star
radius are included in the figure.
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The integration of multiple datasets has emerged as an effective method for constraining the equation of state of nuclear
matter. The empirical mass formula of neutron stars establishes a correlation between astrophysical and ground-based
laboratory observations, providing a convenient framework for related investigations. In this study, based on experimental
data of the neutron skin thickness and dipole polarizability of 2*®Pb, we estimate the posterior probability distributions
of the parameters of the equation of state of nuclear matter, neutron star radius, tidal deformability, and gravitational
redshift within the theoretical framework of neutron star models and Bayesian statistical methods. The results show that
the empirical mass formula of neutron stars considerably influences the constraint of the equation of state of nuclear matter.
The neutron skin thickness data exhibit a comparable constraining effect to neutron star radius observations. Based on the
neutron skin thickness data released by the PREX-II Collaboration, the empirical mass formula supports a stiffer equation
of state for nuclear matter than these from the neutron star radius observations. By calculating the posterior probability
distribution of the gravitational redshift for a normal neutron star, there is a substantial likelihood that the mass of the
source GS1826-24 is found to be approximately 1.4 times the solar mass. Combining neutron star radius observations with
the joint data of the neutron skin thickness and dipole polarizability of 2°8Pb, it is evident that, neutron star radius and
dipole polarizability data play a more crucial role than neutron skin thickness data, in constraining the parameters of the
equation of state of nuclear matter. The dipole polarizability data of 2 Pb demonstrate the most optimal constraint effect,
highlighting the significance of rich and precise experimental data in addressing the intricate problem of the equation of
state of nuclear matter.

equation of state of nuclear matter, Bayesian inference approach, empirical mass formula of neutron stars, neutron
skin thickness, dipole polarizability
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