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Motivated by constraining the neutron star properties and eliminating their uncertainties based on the
constraints on nuclear matter parameters extracted from the terrestrial experiments, the correlations
between a mount of nuclear matter parameters and neutron star properties have been analyzed by the
selected equation of states within the relativistic mean-field theory and used to constrain the neutron star
properties. It is found that the radius R, tidal deformability A, and other neutron star properties have a
notable correlation with the slope of symmetry energy L for the typical neutron stars, and the R 4 and A 4
restricted by the constraint on L = 54 &8 MeV can be consistent with the GW170817 and NICER
observation constraints. Furthermore, it is shown that L also has a good correlation with the properties of
low-mass neutron stars, such as the gravitational binding energy |E,|. The |E | of low-mass neutron stars

can be theoretically well constrained with the constraint range of L.
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I. INTRODUCTION

Neutron stars (NSs) are an ideal laboratory for the
research of nuclear physics and astrophysics because of
their environment of extreme high density, pressure, temper-
ature, and magnetic fields, which cannot be reproduced in
terrestrial laboratories at present [1]. In recent years, with
the discovery of the gravitational wave event of binary NS
merger (GW170817), the research on NSs has formally
entered a new golden age [2—4]. At present, the theoretical
research on NSs and their matter states is a research hotspot
of NS physics and has received great attention. As we know,
the properties of NS are significantly dependent on the
equation of state (EOS), which is still obviously uncertain
until now [5-9].

How to effectively constrain the properties of NSs is an
important problem in NS physics. In addition to the general
astronomical observations of NSs, another way is to use the
data from the terrestrial nuclear experiments to constrain the
NS properties. There are two effective methods to perform
this research, i.e., the Bayesian analysis and correlation
analysis [10-19]. At present, due to the development of
experimental techniques, many valid constraints on the
nuclear matter (NM) parameters can be extracted from
the terrestrial experiments. For example, for the slope of
symmetry energy at saturation density L, Oertel et al. gives
a constraint L = 58.7 +28.1 MeV based on a statistical
analysis [7], and the recent PREX-2 experiment [20] gives

*Corresponding author.
wendehua@scut.edu.cn

2470-0010/2023/107(6)/063009(9)

063009-1

the new constraints on L = 106 &= 37 MeV [21] or L =
54 + 8 MeV [22]. These experimental results provide us a
valid way to restrict the NS properties, such as the radius R
and tidal deformability A [12-17,23-31]. Moreover, based
on the constraints of NS properties from the NM param-
eters, we can further explore the relations between the
nuclear physics and NS astronomical observation [6,7,18].

In this work, we are mainly concerned with the corre-
lation analysis between the NM parameters and NS proper-
ties. There are many important correlations between the NM
parameters and NS properties, such as the correlation
between the radius R4 and L, which has been confirmed
by many previous works [11,13,18,27,32-34]. For example,
Malik et al. systematically studied the correlations between
the NM parameters and NS properties, including the
correlations of single NM parameter or the linear combi-
nation of two NM parameters [13,18,33,34]. Further, they
applied the obtained correlations to constrain the NS
properties, such as the Ry, and A, 4. Their results can be
in good agreement with the results of GW170817 and other
previous works [4,12,35]. However, there are still many
topics worth further exploration on this issue. For example,
(1) some other NS properties are worth considering, such as
the compactness f and the binding energy E;, [36-38],
(2) the extended linear combinations, such as the linear or
nonlinear combinations of more NM parameters, deserve
further consideration.

In this work, we will use the relativistic mean-field
(RMF) theory [39,40] to analyze the correlations between
the NM parameters and NS properties, and further apply
the correlations. First, similar to the previous works, we
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will study the basic correlations between the NM param-
eters and NS properties, including the correlations of
single NM parameter and a linear combination of two
NM parameters, and apply these correlations. Further, we
will extend the correlations to the case of the linear or
nonlinear combinations of more NM parameters. Also, in
addition to studying the correlations of the typical NSs,
such as the 1.4Mg NSs, we will also concern the
correlations between the properties of low-mass NSs
and the NM parameters [41-43]. At last, using the
constraints on the NS properties from the NM correlations,
we will try to explore the relations between the NM
parameters and the astronomical observations of NSs.

The paper is organized as follows. The theoretical
framework are briefly reviewed in Sec. II, specifically
including the NM parameters at saturation density in
Sec. IT A, and the EOS selection based on the RMF theory
and the corresponding mass-radius relation of NSs in
Sec. II B. The correlations between the NM parameters
and NS properties and its application will be discussed in
Sec. III, where the basic correlation analysis between the
NM parameters and NS properties is presented in Sec. I1I
A, and the extended correlation analysis between the NM
parameters and NS properties is presented in Sec. III B.
Finally, a brief summary is given in Sec. IV. In this work,
we use the geometric units (G = ¢ = 1).

II. THEORETICAL FRAMEWORK

In this section, we will briefly introduce the theoretical
framework by two parts: (1) the NM parameters at
saturation density; (2) the EOS selection based on the
RMF theory and the corresponding mass-radius relation
of NSs.

A. The nuclear matter parameters at saturation density

In uniform NM, the energy per nucleon e(p, §) can be
generally decomposed into two parts according to its
parabolic type,

e(p.6) = e(p) + S(p)&, (2.1)

where e(p) is the symmetric NM part (isospin scalar),
S(p)6* is the symmetry energy part (isospin vector), p =
pn+p, is the baryon density, 6 = (p, —p,)/p is the
isospin asymmetry, p, and p, are the density of neutron
and proton, respectively. The above two parts can be further
expanded to the third term and the second term, respec-
tively, at the nuclear saturation density p, as

Ko ,

J
e(p) = eo(po) + 5 ¥ +gox3 +0(xY), (2.2
Ksym 2 3
S(p) = Esym(pO) +Lx+ Tx + O(X )7 (23)

where x = '”3_—/)”00, eo, Ko, Jo are the energy, incompressibility
and skewness coefficient of symmetric NM at the saturation
density respectively; Egyp,(pg) is the symmetry energy at
saturation density, which can be defined as the second
derivative of e(p, §) with respect to 6; L and Ky, are the
density slope and curvature of symmetry energy, respec-
tively [13,16]. We can also define the slope of the
incompressibility M, at saturation density as [11,13,44]
My = 12Ky + J,. (2.4)
Among the above various NM parameters, due to the
restrictions of the terrestrial nuclear experiments, pg, €q,
Eym can be measured accurately now, and their uncertainty
range is small; for other NM parameters, such as K, Jy,
My, L, Ky, the experimental constraints on these quan-
tities are still not obvious at present, and their uncertainty
range is large.

B. The EOS selection based on the RMF theory
and mass-radius relation of neutron stars

In this work, we will use two kinds of RMF theory for
the study of the correlations between the NM parameters
and NS properties, i.e., the nonlinear relativistic mean-field
(NLRMF) and the density-dependent relativistic mean-
field (DDRMF) models [39,40]. Both the NLRMF and
DDRMF models will be used to describe the homogeneous
neutron, proton, electron and muon (n, p, e, u) matter of
the NS core in p-equilibrium at zero temperature.
Specifically, we selected 22 sets of RMF-EOS in this
research, including: (1) 5 consistent relativistic mean-field
(CRMF) EOSs finally selected by Lourenco et al. through
a series works [26,40,45], i.e., G2* [46], IU-FSU [47],
DD-F [48], TW99 [49], DD-ME$ [50]; (2) 17 DDRMF
and NLRMF EOSs, ie., DD-MEI1 [51], DD-ME2 [52],
PKDD [53], DD-LZ1 [54], DD [55], DD2 [56], NL1 [57],
NL2 [57], NLZ [58], NLZ2 [58], NL3* [59], NL-SH [60],
TMI1 [61], PK1 [53], PKIR [53], NLSV1 [62], NLSV2 [62].
The above 22 selected EOSs can be able to cover a relatively
large parameter space of NM, such as K, = 170-400 MeV
for the incompressibility and L = 40-145 MeV for the
density slope of symmetry energy at saturation density,
which is convenient for the statistical analysis.

The above 22 selected RMF-EOSs will be used as the
core-EOS of NSs, for the crust region at low density, we
choose the BPS + BBP models as the outer and inner crust-
EOSs respectively [63,64]. For the matching of the core and
crust EOSs, we adopt the linear matching method given in
Ref. [65]. The matching density is selected as 0.08 fm™ for
the core-EOS, at which the deviation between the NS
properties obtained by the matched EOS and the unified
EOS will reach the minimum [66]. With the above matching
procedure of core-crust EOS, we can construct the complete
BPS + BBP + RMF-matched EOS for NSs.
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Left panel: the pressure P of NSs as functions of the baryonic density in unit p/py, where p, means the nuclear saturation

density; right panel: the corresponding M-R relation of NSs. All of the results are given by the 22 selected BPS + BBP + RMF-matched
EOSs. In the right panel, the blue and magenta areas represent the constraints from the NICER observations PSR J0030 + 0451 [69,70]
and PSR J0740 + 6620 [71,72] with 95% credibility level, respectively.

Taking the EOS of NSs into the Tolman-Oppenheimer-
Volkov (TOV) equations [67,68], we can get the mass-
radius (M-R) relations. The left and right panels of Fig. 1
show the curves of P-p and M-R relations of NSs described
by the selected 22 BPS + BBP + RMF-matched EOSs,
respectively. Also, for verifying the rationality of the
selected EOSs, we have added the recent astronomical
observational constraints on NSs in the right panel, which
are shown by different color areas, i.e., the M-R constraints
from the NICER observations PSR J0030 + 0451 [69,70]
and PSR J0740 + 6620 [71,72] with 95% credibility level,
respectively. It is shown that the curves of M-R relations
given by all of the 22 selected EOSs can be in good
agreement with the recent astronomical observation con-
straints on NSs.

III. RESULTS AND DISCUSSIONS

In this section, we will use the selected 22 matched EOSs
mentioned in Sec. II to discuss the correlations between the
NM parameters and NS properties and their application. We
adopt the linear correlation analysis method to study these
correlations [16,34,38]. The linear correlation coefficient r,
which can effectively reflects the strength of linear corre-
lation between two quantities, can be expressed as

Cov(X,Y)

rX,Y) =
D(X)\/D(Y)

| (3.1)

where X, Y represent the object variables, Cov(X,Y) is the
covariance, and D(X), D(Y) represent the variance of X, Y
respectively [16,34,38]. The closer the correlation coeffi-
cient |r| is to 1, the greater the correlation strength between
the two quantities will be and the closer it is to linearity;
conversely, the closer |r| is to 0, the smaller the correlation
strength will be.

In the following parts, we will focus on the correlations
between the different NM parameters and the NS properties.

For the properties of NSs, we mainly concern the following
quantities: (1) the radius R, the central density p. and
pressure P.; (2) some dimensionless quantities, including
the dimensionless tidal deformability A, the dimensionless
compactness parameter S, the moment of inertia / and the
gravitational redshift z; (3) the binding energy of NSs, which
can be divided into three forms: the total binding energy E,,
the gravitational binding energy E, and the nuclear binding
energy E,. For further details to the definition of the above
quantities, please refer to Refs. [36-38]. Finally, after
obtaining some valuable correlations, we will try to use
these correlations to constrain the NS properties and then
compare them with the NS astronomical observations to find
some key information that affects the NS properties.

A. The basic correlation analysis between the NM
parameters and NS properties

In this subsection, we will mainly analyze the basic
correlations between the NM parameters and NS global
properties similar to the previous works [11,13,18,33,34],
and further try to use the obtained correlations to constrain
the NS properties, and compare them with the astronomical
observations. Specifically, we will analyze the correlations
between the single NM parameter or the linear combina-
tions of two NM parameters and the global properties of
NSs. The correlation of the linear combination of multiple
NM parameters are introduced mainly to find a better
correlation than that of the single NM parameter.

Figure 2 shows the linear correlation coefficients (X, Y)
between the NM parameters and several NS properties at
fixed masses as functions of the NS mass in the typical
mass range of NSs (0.4 —2.2M). It can be seen that the
correlations between different NM parameters and NS
properties show the obvious different behaviors. In the
whole mass range, the quantities which have a good
correlation with R, A, f, E, mainly are Eg,, and L.
Their correlation coefficients r are almost greater than
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FIG. 2. The linear correlation coefficients r(X,Y) between the different NM parameters and the NS properties at fixed mass as
functions of the NS mass M (M) by the selected 22 matched EOSs. The vertical black dashed line represents the position of 1.4M,.
Plot (a): correlations with the radius R; plot (b): correlations with the dimensionless tidal deformability A; plot (c): correlations with the
dimensionless compactness parameter f; plot (d): correlations with the nuclear binding energy E,,.

0.9. Since the symmetry energy Ey, at py has been well
constrained in a small range (30-35 MeV) at present [9], it
is unnecessary to consider it in the current analysis.
Therefore, we can confirm that in the whole mass range
of NSs, the NM parameter that has a good correlation with
the NS properties is the slope of symmetry energy L, which
is consistent with the previous conclusions [11,13,18,32].
Using the correlation of L, and combining with the
constraints on L from the terrestrial experiments, we can
constrain some NS properties and further compare them
with the astronomical observations.

Figure 3 shows the results of correlation of Ry 4 (A} 4) to
the slope of symmetry energy L for 1.4M 5 NSs. It is shown
that R, 4 (A 4) have a good linear correlation with L, and
their linear correlation coefficients r are 0.912 (0.897),
respectively. Similarly, f, 4 (E,, 4) are also well correlated
to L with r = —0.894 (0.910), respectively, which are not
shown in the figure. The above four correlations can be
simply expressed as,

Ry, = 0.025L + 11.173, (3.2)

Ay = 9.522L + 47.630, (3.3)

Bra=—2.956x 10"*L +0.181, (3.4)

E, 4= 1.585 x 10™L + 0.027. (3.5)

Next, we studied the correlations between the linear
combinations of two NM parameters and NS properties.
Similar to the previous works [11,13,18,34], in this work,
we will concern some common combinations of two NM
parameters, such as Ko+ aL, My + aL, and K, + aKyy,
etc. It is found that M, + aL has the best correlation with
the NS properties among these NM parameter combina-
tions. We only show the correlations of M + aL, such as
the (Mo + aL)-R; 4 (A, 4), which are shown in Fig. 4. It is
shown that when coefficient a respectively takes 73.5
(55.5), (My+aL)-Ry4 (Ay4) will take the maximum
correlation values, the coefficients » are 0.958 (0.972)
respectively. Similar to the analysis in Fig. 3, the ;4
(E,14) are also well correlated to Mg+ al with r =
—0.945 (0.962) when a = 68.0, respectively. It is found
that the correlations of M, + al are better than the
correlations of L in Fig. 3. This illustrates that the linear
combinations of NM parameters can also be used to
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The correlations between the slope of symmetry energy L and the NS properties at 1.4M given by the selected 22 matched

EOSs. The yellow, magenta, and cyan shaded areas in each panel represent the constraints on L = 106 + 37 MeV [21] and L =
54 £ 8 MeV [22] from PREX-2 experiment, and L = 58.7 & 28.1 MeV from Ref. [7], respectively. Each point in every panel
represents the result given by one of the 22 selected EOSs. Left panel: correlations with the radius R, 4; right panel: correlations with the

dimensionless tidal deformability A 4.

constrain the NS properties according to its correlations.
The above four correlations with Mg+ al can be
expressed as,

Ry, =3.280 x 1074(M, + 73.5L) +10.302,  (3.6)
Ays = 0.161(M, + 55.5L) — 379.102, (3.7)
Pra=—4116 x 107%(M, + 68.0L) +0.192,  (3.8)
E, 4= 2207 x 107°(M, + 68.0L) + 0.021. (3.9)

Using Egs. (3.2)—(3.5) and (3.6)—(3.9), the relative quantities
of 1.4M NSs can be constrained according to the nuclear
experiment constraints on L and M, (for example, M, =
1800-2400 MeV [44]. Alternatively, the NM parameters
can be constrained based on the accurately astronomical
observations of NSs.

Table T shows the constraints on the NS properties
based on the correlations and constraint ranges of L and

N § :
el § ]
wan -

M,+al (MeV)

M + aL. For the constraints on L, we adopt three specific
constraints in this work, i.e., L; = 58.7 & 28.1 MeV by
Oertel et al. [7], L, =106 +37 MeV [21], and L; =
54 £ 8 MeV [22] from the recent PREX-2 experiment
[20]. In Table I, it is shown that the correlations of My +
aL with the NS properties are better than the correlations
of L. Furthermore, it is also found that compared with the
results of L; and L,, the constraint ranges of R, 4 and A 4
given by Ls, especially for the results of My + alLs, i.e.,
R, =12.00-12.58 km, A;4 = 321.7-561.3, are more
consistent with the constraints of GW170817 (R;4 <
13.5 km, A = 190733)), NICER PSR J0030 + 0451 and
others works [4,11,13-15,19,35,69,70]. The results indi-
cate that compared with other constraints on L, the
constraint on L = 54 +£8 MeV can give the more con-
sistent results of NS properties with the existing astro-
nomical observation constraints.

In summary, based on our selected 22 BPS+
BBP + RMF-matched EOSs, similar to the previous
works [11,13,18,33,34], we analyzed in detail the basic

1600
1400
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1000

600 -
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200
2.0x10° 4.0x10° 6.0x10° 8.0x10° 1.0x10* 1.2x10* 1.4x10*
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FIG. 4. Same as Fig. 3, but for the results of the NM parameter combination M + aL, where a is the combination coefficient.
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TABLE I.

The NS properties at M = 1.4M,, i.e., the radius R, 4 (km), dimensionless tidal deformability A, 4, compactness S 4, and

nuclear binding energy E,, | 4 (M), constrained by the correlations with L or M, + aL (a represents the coefficient when the correlation
is maximized). r represents the linear correlation coefficient, and L, L,, L3 represent the constraints L; = 58.7 = 28.1 MeV [7],

L, =106 £ 37 MeV [21], L3 = 54 £ 8 MeV [22], respectively.

L MO +al
r Ll L2 L3 a r Ll L2 L3
R4 0.912 11.95-13.38 12.93-14.81 12.34-12.75 735 0.958 11.63-13.18 12.56-14.54 12.00-12.58
A4 0.897 339.0-874.1 704.7-1409.3  485.6-638.0 55.5 0.972 182.1-782.9  527.3-1285.1  321.7-561.3
Pia —0.894 0.155-0.172  0.139-0.161  0.163-0.167 68.0 —0.945 0.158-0.176  0.142-0.165  0.165-0.172
E, 14 0.910  0.032-0.041  0.038-0.050  0.034-0.037 68.0 0.962  0.030-0.039  0.035-0.048  0.032-0.036

correlations between the NM parameters and the global NS
properties, including the cases of a single NM parameter
and the linear combination of two NM parameters. We got
some valuable correlations, such as the L-R; 4 and L-Aq 4,
which can be used to restrict the NS properties based on the
constraint on L. The results show that compared with the
results given by the other two constraints on L = 58.7 +
28.1 MeV [7] and L = 106 4+ 37 MeV [21], the results of
R, 4 and A, 4 given by the constraint on L3 = 54 + 8 MeV
[22] are more consistent with the constraints of GW 170817
and other previous works. It is shown that the core-crust
EOS matching has a certain effect on the numerical results
of the NS properties and their correlations with the NM
parameters, but has little effect on the final qualitative
conclusions. Compare the results given by the three
constraints on L, in the following sections, we will use
the constraint on L =54 £8 MeV to restrict the NS
properties.

B. Extended correlation analysis between the NM
parameters and NS properties

In Sec. IIT A, we mainly analyze the basic correlations
between the NM parameters and the NS properties, and
our research object is mainly the typical NSs, such as the

Corr(Kytal+bK, . Ry4)

100 .
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80 0.9300
0.9200
0.9100
60 0.9000
0.8900

40 0.8800

0.8700
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20
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0 20 40 60 80 100
a

FIG. 5.

1.4M 5 NSs. In this subsection, we will extend the above
research. Specifically, we will focus on the impact of the
linear combinations of three NM parameters on the
correlation. And besides the typical neutron stars, we will
also concern ourselves with the correlations of the low-
mass NSs (M < 1.0M ).

Figure 5 shows the behavior of correlations between
the linear combination of three NM parameters K+
alL + DKy, and Ry 4 (A 4) as they vary with the combi-
nation coefficients a, b. As shown in Fig. 5, when the
correlation coefficients r take the maximum value, the value
of the coefficient b is very small and almost negligible.
Correspondingly, as the value of bKy, is very small, its
impact on the correlation can almost be ignored. Therefore,
for the correlation of Ky + aL + DKy, it is enough to
focus on the first two items K + aL. Similarly, Fig. 6 also
shows the correlations between the linear combination of
three NM parameters M, + aL + DKy, and Ry 4 (A} 4), the
results are also the same as those of Fig. 5. That is to say,
when analyzing the correlation between the linear combi-
nation of NM parameters and the NS properties, generally it
is enough to consider the first two items of the linear
combination, there is no need to further consider the impact
of the third or more items on the correlation.

Corr(Kytal+bKgym, Aq4)
| | T

-0.8800
-0.8900
-0.9000
-0.9100
-0.9200

-0.9300

-0.9400
-0.9500

-0.9600
-0.9700

-0.9800

0 20 40 60 80 100
a

The linear correlation coefficients between the linear combination of three NM parameters K + al + bK,,, and global

properties of NS at 1.4M , where a, b are the combination coefficients, respectively. Left panel: correlations with the radius R, 4; right
panel: correlations with the dimensionless tidal deformability A 4.
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FIG. 6. Same as Fig. 5, but for the results of the linear combination of three NM parameters Mg + aL + DKy

All of the discussions in Sec. III are about the typical
NSs, such as the 1.4M, NS. Next we will focus on the
low-mass neutron stars. Up to now, many astronomical
observations have provided evidence for the existence of
low-mass NSs [41-43]. So far, there have been many
studies on the low-mass NSs [73-77]. For example,
Sotani et al. especially studied the properties of low-mass
NSs by defining a nonlinear combination of the NM
parameters 5 = (KoL*)'/? [73-75,77]. In this work, we
will also concern the correlations between the properties of
low-mass NSs and the NM parameters. Except for analyzing
the correlation between the properties of low-mass NSs and
the general NM parameters, we also introduce the results of
n for comparison. Our calculation results show that only L
and n have a good correlation with the low-mass NS
properties, the results of other NM parameters are just
poor. Figure 7 shows in detail the results of correlations
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FIG. 7. The linear correlation coefficients r(X,Y) between
the slope of symmetry energy L or the parameter combination
n= (KOLz)l/ 3 and the properties of low-mass NSs at fixed mass
as functions of the NS mass M(M,). The solid and dashed lines
represent the results of L and 7, respectively.

between L (77) and different NS properties in the low mass
region of NSs (0.4-1.2M,). It is found that L and # are well
correlated with the properties of low-mass NSs. And L has a
better correlation with the properties of low mass NSs than
n. This shows that in addition to the parameter #, L can also
be used to describe the properties of low mass NSs.

Using the constraint on L =54+8 MeV from
Ref. [22], we can constrain some observable properties
of low-mass NSs and further compare them with the
astronomical observations. Specifically, in this work, we
analyzed the correlations between L and the gravitational
binding energy |E,| of the low-mass NSs, which is shown
in Fig. 8. The results clearly show that there exists a
significant linear relation between L and |E,|, which can be
expressed as,

|E,04] = =3.653 x 107°L 4 0.019 = 0.017M,,  (3.10)

E, 06| = —7.864 x 1075L + 0.041 = 0.036 — 0.037M,,
(3.11)

E, 05| = —1.311 x 107*L + 0.072 = 0.064 — 0.066M,
(3.12)

|E, 10| = —1.968 x 107*L 4 0.112 = 0.100 — 0.103M,.
(3.13)

By using the constraint range of L, we can obtain the
effective constraint on |E,| of the low-mass NSs. For
example, for the 1.0M¢ NSs, its |E,| is constrained in a
range of 0.100-0.103M. As the gravitational binding
energy |E,| is associated with the total energy released from
a supernova [36,78], it will be possible to predict whether
the remainder is a low-mass NS by measuring the total
released energy of a supernova in the future.
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FIG. 8. The correlations between the slope of symmetry energy
L and the gravitational binding energy |E,| of low-mass NSs at
M =0.4,0.6,0.8,1.0M, respectively. The magenta shaded area
represents the constraint on L = 54 + 8 MeV from Ref. [22].

IV. SUMMARY

At present, many properties of NSs have the obvious
uncertainty, which requires us to adopt proper methods to
constrain them. It is an effective method to constrain the NS
properties by establishing the correlations between the
NM parameters at saturation density and the relevant NS
properties and combining with the specific constraints on
NM parameters from the current terrestrial nuclear experi-
ments. This can allow us not only to obtain effective
constraints on the relevant properties of NSs, but also
explore the relations between the NM physics and astro-
nomical observations of NSs. In this work, we selected 22
sets of EOS based on the core-crust matching between the
RMEF and BPS + BBP models, systematically analyzed the
correlations between the NM parameters and NS proper-
ties, and used the valid correlations found in this work to
constrain the NS properties and compare them with the
corresponding astronomical observations.

We first analyzed the correlations between a single NM
parameter or a linear combination of two NM parameters
and the NS properties. It is found that among all the above
correlations, mainly R, A, f, E,, are well correlated with the
slope of symmetry energy L. Further, we use the correla-
tions of L and M+ alL to constrain the 1.4M, NS
properties, such as the Ry, and A;,4. It is found that
the results of R4 and A, restricted by the constraint
L =54 4+ 8 MeV based on the correlation My + alL are
R4 = 12.00-12.58 km, A 4 = 321.7-561.3, respectively,
which can be well consistent with the constraint ranges of
GW170817, NICER PSR J0030 + 0451, and other pre-
vious works. It is shown that the core-crust EOS matching
has certain effect on the numerical results of the NS
properties and their correlations with the NM parameters,
but has little effect on the final qualitative conclusions.

Next, we extended the study on the influence of the
linear or nonlinear combinations of NM parameters on the
correlations. The results show that considering the linear
combination of the third or more NM parameters has little
effect on the correlation, so it needs no further consid-
eration. Next, we analyzed the correlations between the
properties of low-mass NSs and NM parameters. It is found
that compared with the defined combination of the NM
parameters 1 = (K(L?)!/3, there is a better correlation
between L and the properties of low-mass NSs. As an
application, we specifically use the correlation of L-|E,| to
calculate |E | of the low-mass NSs with the constraint on
L =54+ 8 MeV. For the 1.0M NSs, its |E,| is con-
strained in a range of 0.100-0.103M,. Therefore, the |E |
of low-mass NSs can be theoretically well constrained with
the constraint range of L, which can be used to connect
with the total energy released in a supernova and predict the
formation of the low-mass NSs.
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