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Quark matter and quark stars within the quasiparticle model under magnetic fields
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We investigate the properties of the equation of state (EOS), the quark fraction, and the isospin asymmetry for
strange quark matter (SQM) under constant magnetic field within the quasiparticle model. Our results indicate
that the effect of the magnetic field is important for the properties of strange quark matter, and the recently
discovered heavy compact stars PSR J0348+0432, MSR J0740+6620, PSR J2215+5135, and especially the
GW190814s secondary component m2 can be well described as quark stars within the quasiparticle model under
magnetic fields by approximately using spherically symmetric Tolman-Oppenheimer-Volkov (TOV) equations.
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I. INTRODUCTION

The properties of the equation of state (EOS) of strongly in-
teracting matter have attracted more and more attention in the
field of nuclear physics and astrophysics [1–4]; such poperties
can be explored through heavy ion collisions (HICs) in terres-
trial laboratories. The features of strongly interacting matter at
zero baryon density and high temperature have been revealed
by the Relativistic Heavy Ion Collider (RHIC) at BNL and the
Large Hadron Collider (LHC) at CERN, while the properties
of strongly interacting matter at higher baryon density regions
can be explored by the beam-energy scan program at RHIC.
In nature, the properties of compact stars may provide another
way of exploring the thermodynamical properties of strongly
interacting matter at low temperature and finite chemical po-
tential, and the appearance of quark matter in neutron stars
(NSs) is generally considered one of the hottest in compact
star physics. Quark stars (QSs), whose possible existence
is still of great importance for modern nuclear physics and
astrophysics [5–11], are totally made up of absolutely stable
deconfined u, d , an s quarks and leptons (e and μ), i.e., strange
quark matter (SQM) [7,8,12–16]. In recent reports, a heavy
pulsar PSR J0348+0432 with a mass of 2.01 ± 0.04 M� [17]
was discovered in 2013, and then a more massive compact
star PSR J2215+5135, whose mass reaches 2.27+0.17

−0.15 M�,
was detected by fitting the three-band light curves and the
radial velocity lines in the irradiated compact stars model [18].
In Ref. [19], MSR J0740+6620 (2.14 ±0.10

0.09 M� with 68.3%
credibility interval and 2.14 ±0.20

0.18 M� with 95.4% credibil-
ity interval) was observed by using the data of relativistic
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Shapiro delay from the Green Bank Telescope. Last year, the
LIGO and Virgo Collaborations reported the newly discovered
compact binary merger GW190814 [20], whose secondary
component m2 has a mass of 2.50M�–2.67M� at 90% cred-
ibility level, and in Ref. [21] the authors investigated the
possibility that the low mass companion of the black hole
in the source of GW190814 was a strange quark star. The
candidate for the secondary component of GW190814 can
set very strict constraints on the equation of state (EOS) of
strongly interacting matter if we consider the candidate as a
QS or hybrid star, which may rule out most of the conventional
phenomenological models of quark matter, whereas there still
exist some other models describing heavy quark stars with
strong isospin interaction inside the star matter [22–34].

For compact stars, an important aspect of the physics
is that they may be endowed with magnetic fields. In the
works [35–37], the strength of the magnetic field at the surface
of magnetars is estimated about B = 1014–1015 G. For the
strongly interacting matter under strong magnetic fields, the
spatial rotational [O(3)] symmetry will break and one must
consider the anisotropy of the pressure [38–42]. Furthermore,
in order to describe the strength distribution of the magnetic
fields from the surface to the core of magnetars, researchers
usually introduce density-dependent magnetic fields [43–46].
We should mention that the ideal way to solve the struc-
ture of magnetars is to combine the Einstein, Maxwell, and
equilibrium equations with the EOS under magnetic fields,
which is quite complicated because the spherically symmetric
Tolman-Oppenheimer-Volkov (TOV) equations are not appli-
cable under strong magnetic fields. The so-called universal
magnetic field profile is proposed as one solution in the
context of NSs by Chatterjee in [47,48]; it can be used to
calculate the properties of NSs under strong magnetic fields.
On the other hand, from the research of [49], the authors
show that the magnetic field might not increase exponentially
inside the magnetars, which means the magnetic field in the
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core of the magnetars might be only several times the mag-
netic field of the surface. Then the magnetic field inside the
magnetars in this case would be relatively not strong and
the pressure anisotropy inside the star matter might be very
small. Therefore, it is of interest and importance to inves-
tigate the magnetic field effects on the EOS of star matter
and to explore under what conditions the pressure anisotropy
inside the magnetars can be negligible so that the Tolman-
Oppenheimer-Volkoff (TOV) equations can be approximately
used to calculate the structure of magnetars.

The paper is organized as follows. In Sec. II, we introduce
the models and methods for the quark matter under magnetic
fields within the quasiparticle model, and the properties of
EOS, the quark fraction, the isospin asymmetry for SQM, and
the maximum mass of QSs under magnetic fields within quasi-
particle model are studied in Sec. III. Finally, a conclusion is
given in Sec. IV.

II. MODELS AND METHODS

A. The quasiparticle model

For the conventional phenomenological quark mass mod-
els, the quark-quark effective interaction inside the quark
matter is included in the equivalent mass term [50–82].
In [78], the equivalent mass of the quasiparticle model was
derived at the zero-momentum limit of the dispersion rela-
tions by resumming one-loop self-energy diagrams in the hard
dense loop approximation, which is derived as [78,83,84]

mq = mq0

2
+

√
m2

q0

4
+ g2μ2

q

6π2
, (1)

where mq0 (mu0 = 5.5 MeV, md0 = 5.5 MeV, and ms0 =
95 MeV) is the quark current mass, μq represents the quark
chemical potential, and g means the strongly interacting cou-
pling constant which is considered as a free input parameter
in the present work.

The total thermodynamic potential density for SQM within
quasiparticle model can be written as

� =
∑

i

[�i + Bi(μi )] + Bm, (2)

where Bi(μi ) comes from the chemical dependence of the
mass term, Bm is the negative vacuum pressure term for
confinement [84,85], and �i represents the quasiparticle con-
tribution to the thermodynamic potential density for u, d , and
s quarks and leptons. The contribution to the thermodynamic
potential �i from each particle under a magnetic field can be
written as
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In the above, i in the sum is for all flavors of quarks and
leptons, and αν = 2 − δν,0. Here we have assumed that the
direction of the magnetic field is along z axis, which is also

defined in the previous works [42,43,86–88]. The degeneracy
factor gi is considered to be 3 for quarks and 1 for leptons, and
the Fermi energy for quarks and leptons is

μ∗
i =

√
ki

F,ν

2 + si(ν, B)2 (4)

with ki
F,ν being the Fermi momentum and si(ν, B) =√

m2
i + 2ν|qi|B. The upper Landau level is defined as

ν i
max ≡ int

[
μ∗

i
2 − m2

i

2|qi|B
]
, (5)

where int[· · · ] is the integer function. The medium-dependent
term Bi(μi ) is determined by using the integration formula

Bi(μi ) = −
∫ μi

si

∂�i

∂μi

∂mi

∂μi
dμi. (6)

B. Properties of strange quark matter at zero temperature

Strange quark matter is composed of u, d , and s quarks
and leptons (e and μ) with electric charge neutrality in beta
equilibrium. The weak beta-equilibrium condition at zero
temperature can be written as

μd = μs = μu + μe and μμ = μe. (7)

The electric charge neutrality condition can be expressed as

2
3 nu = 1

3 nd + 1
3 ns + ne. (8)

The total energy density E is written as

Etot =
∑

i

Ei =
∑

i

(�i + Bi(μi ) + μini ) + Bm + B2

2
, (9)

where the term B2/2 comes from the magnetic field contri-
bution. For SQM under a magnetic field, the O(3) rotational
symmetry is broken and the pressure becomes anisotropic.
The anisotropic pressure is defined as the longitudinal pres-
sure P‖ which is parallel to the magnetic field and the
transverse pressure P⊥ which is perpendicular to the magnetic
field. The analytic forms of P‖ and P⊥ for SQM can be derived
as [39]

P‖ =
∑

i

μini − Etot, (10)

P⊥ =
∑

i

μini − Etot + B2 − MB, (11)

where M is the system magnetization. One can find that only
the longitudinal pressure P‖ can satisfy the Hugenholtz–Van
Hove theorem.

III. RESULTS AND DISCUSSIONS

A. Properties of SQM under magnetic fields

The absolute stability condition for SQM proposed in
Ref. [9] requires a minimum energy per baryon of SQM less
than 930 MeV [the minimum value of energy per baryon of
the observed nuclei, M(56Fe)/56], which usually sets strong
constraints on the chosen parameter sets for most phenomeno-
logical quark models.
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FIG. 1. Energy per baryon, longitudinal pressure, and transverse
pressure for SQM as functions of baryon density within the quasi-
particle model under zero magnetic field and B = 2 × 1018 G with
different sets of parameters.

In Fig. 1, we calculate the energy per baryon, longitudi-
nal pressure, and transverse pressure for SQM as functions
of baryon density within the quasiparticle model under zero
magnetic field and B = 2 × 1018 G with four sets of parame-
ters, i.e., g-2 (g = 2, B1/4

m = 141 MeV), g-3 (g = 3, B1/4
m =

136 MeV), g-4 (g = 4, B1/4
m = 131 MeV), and g-5 (g =

5, B1/4
m = 120 MeV). From the calculation of the four pa-

rameter sets, we can obtain that all the minimum values of
the energy per baryon for SQM from these four cases are
smaller than 930 MeV, which satisfies the absolutely stable
condition for SQM. One can find in Fig. 1 that the baryon
number density of the minimum energy per baryon for all the
cases is exactly the density of zero pressure for B = 0, while
the density of the minimum energy per baryon is identical
to the density of zero longitudinal pressure for B = 2 × 1018

G, which is consistent with thermodynamics. It can also be
found that the energy per baryon and the transverse pressure
for SQM increase with magnetic field due to Eqs. (9) and (10),
while the longitudinal pressure decreases with magnetic field
because of the negative term −B2/2 in Eq. (11). Furthermore,
one can also see that both the energy per baryon and pres-
sure of SQM at B = 0 and B = 2 × 1018 G increase with the
constant g, which indicates that the EOS of SQM within the
quasiparticle model is stiffened by increasing the constant g.

To further investigate the effects of magnetic fields on
SQM within the quasiparticle model, we calculate the energy
density and the anisotropic pressures of SQM as functions
of baryon number density and magnetic fields B with g-5 in
Figs. 2 and 3, respectively. It can be seen in Fig. 2 that the
energy density of SQM increases with the increment of baryon
density at a fixed magnetic field, and the energy density can
also be enhanced by B2/2 from the magnetic field contribution
at even low baryon density once the magnetic field is larger
than 1014 T.

Figure 3 shows the transverse pressure and longitudinal
pressure as functions of the baryon density and magnetic
fields. One can obtain that the two pressures are almost

FIG. 2. The energy density of SQM as functions of baryon num-
ber density and magnetic fields B with g-5.

identical and increase with the baryon density when B <

1013 T, which shows almost no magnetic field effects. As
the magnetic field increasing, the split between P|| and P⊥
becomes larger due to the decrement (increment) of P|| (P⊥)
with magnetic fields, and one can find that P|| at a certain
baryon density may decrease to zero when B increases to the
critical value Bc (e.g., P|| = 0 at nB = 1.5 fm−3 with Bc =
4.5 × 1014 T for g-5), which indicates that the magnetic field
in the quark matter of the whole magnetized star should satisfy
the condition B < Bc in order to maintain a stable magnetized
star.

As shown in Fig. 4, we calculate the quark fraction for u,
d , and s quarks of SQM as functions of baryon density with
different sets of parameters in the quasiparticle model when
B = 0 and B = 2 × 1018 G. For all the cases under zero and
2 × 1018 G magnetic fields, one can see that the fraction of d
quarks at low baryon density is twice the fraction of u quarks
due to the charge neutrality, while the s quark fraction is zero
because the corresponding chemical potential is less than the

FIG. 3. The transverse pressure and longitudinal pressure as
functions of the baryon density and magnetic fields with g-5 at zero
temperature.
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FIG. 4. Quark fraction for u, d , and s quarks of SQM as functions
of baryon density with different sets of parameters in the quasiparti-
cle model when B = 0 and B = 2 × 1018 G.

quark mass of the s quark when baryon density is small. As
baryon density increases, the fraction of s quarks increases
and the difference of the fractions among the three flavors
of quarks decreases at high baryon density. Furthermore,
one can find that the quark fractions begin oscillating when
B = 2 × 1018 G, and we also calculate the quark fractions as
functions of the magnetic fields in Fig. 5 when nB = 0.8 fm−3

in order to investigate the effects of magnetic fields on the
quark fraction at a certain baryon density. The baryon density
nB = 0.8 fm−3 is usually obtained as the central density of the
maximum mass of QSs for conventional phenomenological
quark models, which is the upper bound of the baryon density
for the star matter. One can find in Fig. 5 that the difference
among different flavors of quarks increases with g, and the
obvious oscillation of quark fractions approximately takes
place when B > 2 × 1018 G. It can also be seen in Fig. 5 that
the amplitude of the oscillation caused by the strong magnetic
field gets even larger with the increment of B. The reason
for the oscillation of the physical quantities under strong
magnetic fields is mainly dependence on the upper Landau
level ν i

max in Eq. (5), which is small under strong magnetic
field. Additionally, we calculate the isospin asymmetry

FIG. 5. Quark fraction as functions of the magnetic fields when
nB = 0.8 fm−3.

FIG. 6. Isospin asymmetry as functions of baryon density with
B = 0 and B = 2 × 1018 G.

(δ = 3(nd −nu )
nd +nu

) with different sets of parameters as functions
of baryon density when B = 0 and B = 2 × 1018 G. One can
find that the isospin asymmetry for all cases decreases with the
baryon density, which agrees with the results in Fig. 4, and the
oscillation of δ also appears when B is larger than 2 × 1018 G.
Furthermore, it can be seen intuitively in Fig. 6 that the value
of δ at B = 2 × 1018 G is smaller than that at zero magnetic
fields. We can also find the similar result in Fig. 4 that the
difference between the fractions of d and u quarks gets smaller
with B, which implies that the quark matter symmetry energy
within the quasiparticle model increases with the magnetic
field and then reduces the difference among u and d quark
fractions. One can also observe a similar symmetry energy
effect in neutron star matter, where the large nuclear matter
symmetry energy can reduce the difference between neutron
and proton fractions (see, e.g., [89]).

B. Quark stars under weak magnetic fields

The magnetic field strength is generally considered as vary-
ing along the radial orientation inside the magnetars, which is
conventionally defined by using a density-dependent magnetic
field, and the popular parametrization for the analytic expres-
sion for the density-dependent magnetic field we used in QSs
for this work is written as [43,45,46,86]

B = Bsurf + B0[1 − exp {−β0(nB/n0)γ }], (12)

where Bsurf is the magnetic field strength at the star surface
(Bsurf is fixed at 1 × 1011 T in this work), n0 = 0.16 fm−3 is
the normal nuclear matter density, B0 is a parameter adjusting
the total magnetic field inside the magnetars (the total mag-
netic field obviously increases with B0 while other parameters
are fixed), and β0 and γ are the parameters which are capable
of controlling the density-dependence of B inside the stars to
mimic the magnetic field strength distribution decaying from
center to surface. In this work, we employ the fast-B profile
from [53], which demonstrates a strong density dependence
of magnetic field strength with γ = 3 and β0 = 0.001. On the
other hand, the orientation distribution of the magnetic fields
is also significant for the structure of the magnetars since the
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pressure might be anisotropic inside the stars under strong
magnetic fields. In this work, we employ the two extremely
special cases for the orientation distribution of the magnetars
from [53]: one is denoted as “radial orientation” whose local
magnetic fields are along the radial direction, while the other
orientation distribution denoted as “transverse orientation”
contains magnetic fields perpendicular to the radial direction
but randomly oriented in the plane which is perpendicular
to the radial orientation. Using these two extreme cases, the
pressure distribution inside the magnetars can be considered
to be spherically symmetric, and then one can use P|| and P⊥
to provide the radial pressure in TOV for the radial orientation
case and the transverse orientation case, respectively. We can
calculate the upper and lower limits of the maximum mass
of magnetars by using these two extreme cases [the mass for
the radial orientation shows the lower limit of the star mass
under magnetic field due to the “−B2/2” term in pressure
from Eq. (10) while the transverse orientation sets the upper
limit]. We must point out that these two extreme cases for
the orientation distribution of magnetars are not perfect: (1)
there exists some research showing that the magnetic field
might not increase exponentially inside the magnetars [49]—
the increment might be several times and cannot be orders
of magnitude from surface to the core—and (2) the presence
of strong magnetic field can break the spherical symmetry of
the star matter, and thus the deformation of the magnetars
must be considered in extended nonspherically symmetric
TOV equations if the magnetic strength is large enough. Since
the magnetic field strength around the surface of magnetars
is relatively weak (around 1011–1012 T) and the increased
magnetic field in the center of the magnetars might be only
several times larger than the magnetic field at the surface,
from the works [49,90], the pressure anisotropy inside the
magnetars may not be very large and then one can approx-
imately use the TOV equation to calculate the properties of
QSs under magnetic fields. In this subsection, we intend to
investigate the properties of the maximum mass of QSs un-
der density-dependent magnetic fields by considering the two
extreme cases above in the fast-B profile when the magnetic
field inside the magnetars is not very strong, and the study
of QSs under strong magnetic fields requires a much more
complicated system of equations in general relativity [48],
which is far beyond the scope of the present work and will
be studied in future works.

In Fig. 7, we calculate the maximum mass as functions of
the magnetic field parameter B0 in Eq. (12) with different sets
of parameters by considering the radial orientation (case with
P|| as the radial pressure) and transverse orientation (P⊥ as the
radial pressure), and the maximum masses at zero magnetic
fields are also included as solid lines. For all the star masses
in Fig. 7, we consider B0 < 4 × 1018 G because a strong mag-
netic field can remarkably break the spherical symmetry of the
star matter, which is not suitable for approximate calculations
of the maximum mass of QSs by using the TOV equation,
and the magnetic field might not increase exponentially inside
the magnetars [49], whose increment might be several times
and cannot be orders of magnitude from the surface (about
1011 T) to the core. One can find in Fig. 7 that the maximum
mass of QSs decreases in the radial orientation case with B0

FIG. 7. Maximum star mass for anisotropic pressures as func-
tions of B0 with different g.

while it increases in the transverse orientation case with B0 for
g-2, g-3, and g-4. In order to see the effects of the magnetic
field orientation distribution on the maximum mass of QSs,
we use the normalized mass asymmetry from [53] as δm =

M⊥−M||
(M⊥+M|| )/2 , where M⊥ and M|| stand for the maximum masses
of magnetars using transverse orientation and radial orienta-
tion. It is seen from Fig. 7 that the maximum masses of QSs
with radial orientation and transverse orientation are almost
identical when B0 < 1 × 1018 G. The result of the maximum
mass of QSs with g-2 can describe PSR J0348+ 0432 with
the mass of 2.01 ± 0.04M� [17] as QSs, while the recently
discovered massive pulsar MSR J0740+6620 (2.14 ±0.10

0.09 M�
with 68.3% credibility interval and 2.14 ±0.20

0.18 M� with 95.4%
credibility interval) [19] and PSR J2215+5135 with the mass
of 2.27 ±0.10

0.09 M� can be described as QSs with g-3 and g-4, re-
spectively. For g-5, the result shows that the maximum mass of
the QS is 2.59M�, which is able to describe GW190814’s sec-
ondary component as a QS within the quasiparticle model. As
the magnetic field increases, the maximum mass of QSs with
the radial/transverse orientation can reach 1.94M�/2.04M�,
2.06M�/2.17M�, and, 2.20M�/2.29M� for g-2, g-3, and g-4
at B0 = 4 × 1018 G, respectively. The corresponding normal-
ized mass asymmetries of the results above are obtained as
0.05, 0.05, and 0.04, which indicates that the difference from
the maximum mass of QSs is very small by considering the
radial orientation and transverse orientation cases when B0

is less than 4 × 1018 G within the quasiparticle model. One
can find for the g-5 case that the difference of the maximum
masses of QSs for these two extreme cases is almost zero
when B0 < 4 × 1018 G, which implies that the maximum
mass of magnetars for g-5 within the quasiparticle model
changes very little in this magnetic field region. We would
like to point out that the reason why the star mass under the
two extreme magnetic field orientation cases changes little in
our results is that we use small B0 in the calculations, which
is set in order to guarantee that the magnetic field strength in
the core of the magnetar can only be several times that at the
surface [49]. Then the lower limit of the maximum mass of
the magnetar for all magnetic field orientation distributions is
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FIG. 8. Density-dependent magnetic field as a function of the
baryon density with different sets of parameters.

the star mass of the longitudinal orientation case, while the
upper limit of the maximum magnetar mass is the star mass
of the transverse orientation case, which implies that all the
maximum magnetar masses in other magnetic field orientation
cases can all be calculated between the lower and upper limits
with small B0. Hence we approximately use the spherical
TOV equation to calculate the star mass with small B0, and
the results indicate that the difference between the lower and
upper limits of the star mass for g-2, g-3, and g-4 is very
small. Moreover, the ratios of the star mass [for longitudinal
(transverse) orientation] at B0 = 4 × 1018 G to the star mass at
zero magnetic field are 0.965 (1.02), 0.962 (1.01), and 0.969
(1.01) for g-2, g-3, and g-4, respectively. Especially for the
g-5 case, we can find that the maximum mass of the magnetar
within quasiparticle model changes little with the magnetic
field when B0 = 4 × 1018, which implies a very tiny effect of
the magnetic fields on very massive stars.

From the results in Fig. 2, we can obtain that the magnetic
field effect on SQM is not large until B > 1 × 1018 G, which is
not believed to be created in usual compact stars. In Fig. 8, we
calculate the density-dependent magnetic field as a function
of the baryon density with different sets of parameters. One
can find the central densities of the maximum mass of QSs
at zero magnetic field with g-2, g-3, g-4, and g-5 are 1.04,
0.89, 0.79, and 0.57 fm−3, respectively. For g-2, g-3, and
g-4, we obtain the density-dependent magnetic field at the
central density of the magnetars when B0 = 4 × 1018 G and
B = 1.1 × 1018, 7.6 × 1017, and 5.2 × 1017 G. One can find
from these results that the maximum value of the magnetic
field inside the magnetars for each case is not large, and the
average value of the density dependent magnetic field is even
smaller than the maximum value, which indicates that the
magnetic field effect on the maximum mass of magnetars is
small due to the issue that magnetic field might not increase
exponentially inside the magnetars. For the central density of
the maximum star mass for g-5, the corresponding magnetic
field is as small as B = 2.8 × 1017 G, which contributes very
tiny effects on the properties, and this is the reason why the
maximum mass of the magnetars for g-5 barely changes with
the density-dependent magnetic field of the fast profile in this
work. In our further calculation, the maximum star mass for g-

5 does not change much until we increases B0 to 1.7 × 1019 G
(B = 8.8 × 1017 G) with the star mass changing to 2.58M�
and 2.61M� for P|| and P⊥, whose δm is only 0.01 at such large
B0. Since the magnetic field strength around the surface of
magnetars is relatively weak (1015–1016 G) and the increment
of the magnetic field may not be orders of magnitude in the
center of the magnetars [49,90], the magnetic field strength in
the central region of the massive stars cannot be very strong.
Then our results indicate that the effects of the magnetic fields
on the properties of QSs (like PSR J0348+ 0432 and other
pulsars whose star mass is larger than 2 solar masses) might
not be large, and the pressure anisotropy inside the magnetars
is also very small. In particular, we also find the effects of
the magnetic field on the maximum star mass is almost zero
once we describe GW190814’s secondary component as a QS.
Combined with the maximum star mass cases with g-2, g-3,
and g-4, we can obtain that the effects of the density dependent
magnetic field on the maximum mass of QSs decreases when
we describe more massive compact stars as QSs within the
quasiparticle model.

IV. CONCLUSION AND DISCUSSION

In this work, we have investigated the properties of EOS,
the quark fraction, and the isospin asymmetry for SQM under
constant magnetic field within the quasiparticle model. The
energy density and the anisotropic pressure have been cal-
culated self-consistently as functions of baryon density and
magnetic field, and the results show that the pressure of SQM
becomes anisotropic when magnetic field gets strong. The
longitudinal pressure and the transverse pressure decreases
and increases with the magnetic field, respectively.

Furthermore, considering the the magnetic field of the
surface and the core of the magnetars is not very strong,
we have investigated the maximum mass of QSs under mag-
netic fields by using density-dependent magnetic field and
radial/transverse orientations for the strength distribution
and orientation distribution of the magnetic fields inside the
magnetars. PSR J0348+0432, MSR J0740+6620, and PSR
J2215+5135 can be described as QSs within quasiparticle
model, and the normalized mass asymmetry for the maximum
mass of QSs of the the radial/transverse orientation case is
merely around 0.05 when B0 = 4 × 1018 G. We have also
described GW190814’s secondary component as a QS, and
the star mass does not change much with the magnetic fields,
because the central density of the magnetar is small and the
corresponding magnetic field is weak even when B0 increases
to 1.7 × 1019 G.

Therefore our present results have shown that the effect of
the magnetic fields is important for the properties of strange
quark matter, and the recent large mass compact stars can
be described as QSs within the quasiparticle model under
magnetic fields by approximately using TOV equations.
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