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Fig. 1. Relationship of (a) the pressure - density and (b) the mass - radius in neutron star (NS) matter. In the paper the black, red,

green, and blue lines represent the four cases of a = 0, 20, 40 and 60, respectively. The different colored areas stand for the recent
constraints inferred from PSRs J1614-2230, J0348+0432, J07404+6620, J2215-5135 and GW190814 respectively. The orange error
bar represents the constraints on the mass-radius limits of PSR J0030+0451 obtained from NICER observations. The dots and the

triangle points show the maximum masses and radii of NSs for the four cases, respectively.
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Fig. 2. Relationships of the speed of sound and the nucleon
density with o = 0, 20, 40, 60 in NS matter.

Kl 3 45 1 T /e R v B Sl o b
F A A S B, T LA W DA BT R
KB Hh - B T 0L ) B B 5 i B R, B M DA
2.111 Mot hin %) 3.081 Mo, #H B f 8 3 45 =
138.253 M km? 34 Jin #] 334.921 Mg km?, 25 &
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SN I J5 A A L

Table 1. Table 1. Values of the maximum NS
masses M., and the corresponding radii R as well as
the center densities p./py, values of the maximum
NS radii R,,, and the corresponding masses M as
well as the center densities p,/py with o = 0, 20, 40,

60 in npep matter.
RO EAL PR AL
M /Mo R /km p/po0 M /Mo R/km  pe/po
0 2111 11.648 7.013 0.971  14.014 2.102
20 2.574 12.496  3.977 1.520  14.306 2.227
40 2.877  13.601  2.960 2.066  15.060 2.031
60 3.081 14.375  2.478 2415  15.765 1.734
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Kl 4 g5 T g m T b 7R R I %
Bl AL A Bt 1 AR A R SR AE R 7 R KB FR R R
SCOURIN 265 H 1) Jok v B2 2R TR £T RSBV R, RIX
AT 1.25—1.8 Mo hkp &, Her B En 4 F
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Fig. 3. Relationships of the moment of inertia and the mass
with a = 0, 20, 40, 60 in NS matter.
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XL R 5 | LR S RIVE TR, 73R 2 %
T BARBUE. N 4 Fngk 2 T LA 1, BEE R
Pyl b R S U T A EAR = e =

i b MR b B s R 51 R
a = 0, 20 B 5 K SOWMEHE 75 6 848, T o =
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HEUE B Fahite | 511 B (A

Table 2. Ranges of the theoretical values for the radius, the moment of inertia and the gravitational redshift correspond-
ing to PSRS J1614-2230, J0348+4-0432, J0740+6620, J2215-5135 and the compact star in GW190814 with o = 0, 20, 40, 60.

Source o R/km I/Mg-km? 7
0 [13.067, 13.158] [131.615, 133.926] 0.317, 0.329]
20 [14.179, 14.220] [148.276, 152.485] [0.283, 0.291]
PSR J1614-2230
40 [15.037, 15.048] [161.795, 166.371] [0.261, 0.269]
60 [15.450, 15.670] [172.197, 175.693] [0.244, 0.253]
0 [12.548, 12.954] [135.781, 138.653] [0.348, 0.388]
20 [14.108, 14.179] [155.490, 164.997] [0.305, 0.323]
PSR J0348-0432
40 [15.048, 15.068] [171.237, 182.428] [0.277, 0.291]
60 [15.690, 15.722] [182.428, 195.897] [0.260, 0.276]
0 [11.648, 12.965] [119.641, 138.653] [0.344, 0.462)
20 [13.782, 14.170] [155.490, 194.213] [0.300, 0.416]
PSR J0740+6620
40 [14.976, 15.060] [171.237, 220.062] [0.273, 0.361]
60 [15.670, 15.783] [182.428, 238.087] [0.259, 0.334]
0 I J— P
20 [13.679, 13.986] [180.150, 198.670] [0.362, 0.429]
PSR J2215-5135
40 [14.987, 15.037] [199.859, 226.797] [0.325, 0.371]
60 [15.742, 15.783] [215.606, 244.822] [0.300, 0.343]
0 I J— P
20 [12.496, 13.291] [203.820, 206.593] [0.496, 0.591)
GW190814
40 [14.6707 14.905] [242.5447 264.431] [0.4077 0.470]
60 [15.670, 15.752] [262.153, 288.002] [0.370, 0.418]
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Fig. 4. Relationships of the gravitational redshift and mass
with a = 0, 20, 40, 60 in NS matter.
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Abstract

Research on the properties of neutron stars with strong magnetic fields is of great significance in
constraining the equation of state and revealing the real distribution of magnetic fields in neutron stars. The
main macroscopic properties of the traditional neutron star matter under § equilibrium condition are studied
within the relativistic mean field theory through using the GL91 parameter set by considering the strong
magnetic field. It is found that the onset of the strong magnetic field leads to the stiffened equation of state of
the traditional neutron star matter. The maximum mass of the traditional neutron star grows from 2.111 Mg to
3.081 Mg, the radius of the fixed mass traditional neutron star grows larger with the increase of internal
magnetic field, which makes traditional neutron star become less dense. The strong magnetic field can also
reduce the surface gravitational redshift and strengthen the moment of inertia of the traditional neutron star
matter. In addition, the theoretical ranges of the surface gravitational redshift and the moment of inertia for the
four massive PSRs J1614-2230, J0348+0432, J0740+6620 and J2215-5135, and the 2.50 Mg - 2.67 Mo compact
object in the binary merger event GW190814 are also given. The results show that the ranges of the surface
redshift become narrower, while the scopes of the moment of inertia widen as the magnetizing field increases in

the five stars.
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