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Properties of isospin asymmetric quark matter in quark stars

Peng-Cheng Chu®,"" Xiao-Hua Li,>**" He Liu,"* Min Ju,** and Ying Zhou>'!
'The Research Center for Theoretical Physics, Science School, Qingdao University of Technology, Qingdao 266033, China
2School of Nuclear Science and Technology, University of South China, Hengyang 421001, China
3Cooperative Innovation Center for Nuclear Fuel Cycle Technology & Equipment, University of South China, Hengyang 421001, China
4College of Science, China University of Petroleum (East China), Qingdao 266580, China
3School of Physical Science and Technology, Inner Mongolia University, Hohhot 010021, China

® (Received 9 April 2023; accepted 2 August 2023; published 16 August 2023)

In this work, we explore the properties of isospin asymmetric quark matter in quark stars (QSs). The isospin
chemical potential, the isospin asymmetry, the quark matter symmetry energy, the equation of state (EOS)
of strange quark matter (SQM), and the maximum mass of QSs are also studied by using different quark
phenomenological models. Our results indicate that the parameter space of the quark phenomenological models
for the quark matter symmetry energy and the EOS of the star matter can be reduced by considering the recent
mass-radius estimates of PSR J0740 + 6620, PSR J0030 + 0451, 4U 1702-429, and the central compact star

within the supernova remnant HESS J1731-347.
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I. INTRODUCTION

Investigating the properties of the equation of state (EOS)
of strongly interacting matter is one of the major science
goals of terrestrial nuclear laboratory experiments and as-
trophysical laboratory observations, which is of significance
in understanding the nuclear reactions and the matter state
of the early universe [1-4]. The compact stars have been
shown to provide the natural testing grounds to explore the
properties of strongly interacting matter, which is widely
accepted to include neutron star (NS), quark star (QS), hy-
brid star (HS), and other compact objects with dense matter.
Neutron stars are consistent with dense neutron-rich nuclear
matter, which might be the remnants of massive stars after
supernova explosions. NSs could be converted to the QSs
whose possible existence is still one of the most important
fields of modern nuclear physics and astrophysics [5-17]. In
QSs, the isospin asymmetry caused by the unequal number
of u and d quarks could be very large, which implies that
the isovector interactions among SQM may be important in
the strongly interacting matter, and the isospin asymmetric
quark matter can also be formed in high-energy HICs at the
BNL Relativistic Heavy Ion Collider (RHIC) and the Large
Hadron Collider (LHC). Therefore, it is of great importance
to explore the isospin effects in the isospin asymmetric quark
matter, which is useful to study the properties of quark star
physics, the hadron-quark phase transition in HSs, and the
isospin dependence of the physical quantities in QCD phase
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diagram (the isovector properties of nuclear matter is still
poorly known at finite baryon density and chemical potential).
The recent works on the isovector properties of quark matter
can be found in Refs. [18-31].

In 2013, the heavy pulsar PSR J0348+0432 with a
mass of 2.01 +0.04M [32] was discovered, and in 2018
PSR J22154-5135 has been detected by fitting the radial
velocity lines and the three-band light curves in the irradi-
ated compact stars model with a much larger star mass as
2.27f8:gMo [33]. In 2020, the newly discovered compact
binary merger GW190814 [34] reported by the LIGO/Virgo
Collaborations whose secondary component m, with a mass
of 2.50My — 2.67M¢, at 90% credible level has aroused lots
of interest in the field of nuclear physics and astrophysics.
From the observation results, the candidate of the secondary
component of GW190814 can be considered as compact stars
or light black hole, which sets very strict constraints on the
EOS of strongly interacting matter once the candidate is con-
sidered as NSs or QSs. Moreover in 2019, the authors of
Ref. [35] use the data of relativistic Shapiro delay with the
Green Bank Telescope to report PSR J0740+6620 (2.14 :tgf)g
Mg with 68.3% credibility interval and 2.14 :tg:%gMo with
95.4% credibility interval) as the most massive precisely ob-
served pulsar. In 2021, the star mass of PSR J0740+6620
has updated as (2.08 £ 0.07)M [36], and the radius of PSR
J07404-6620 based on fits of rotating hot spot patterns to
neutron star interior composition explorer (NICER) and x-ray
multi-mirror (XMM-Newton) x-ray observations has been set
as a more precise value as 13.71’%2 km (68%) [37]. Their
results also show the full radius range spanning the +1o cred-
ible intervals of all the radius estimates is 12.45 & 0.65 km
for a 1.4M¢, compact star and 12.35 £ 0.75 km for a 2.08 M,
compact star. In Ref. [38], the new measurement of the iso-
lated 205.53 Hz millisecond pulsar PSR J0030+4-0451 with
R =13.02"]2¢ km and M = 1.447513M, is provided, and
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the circumferential radius and the gravitational mass of the
compact star in 4U 1702-429 is estimated as R = 12.4 £+
0.4 km and M = 1.9 £0.3My from Ref. [39]. In the very
recent work from Ref. [40], the authors estimate the radius
and mass of the central compact object within the super-
nova remnant HESS J1731-347 to be R = 10.47)5¢ km and
M= 0.771”8:%9M@ from Gaia observations. In the previous
works, many quark phenomenological models used to pro-
duce massive quark star cases with strong isospin interaction
inside the star matter [41-51]. On the other hand, the new
observations and estimates of the mass-radius region for the
supermassive compact stars we listed above indeed set very
strict constraints on the EOS of SQM and may rule out most of
the conventional phenomenological models of quark matter,
and our main purpose of this work is to investigate the possible
range of the parameter space for quark phenomenological
models by considering the new mass-radius estimates, which
may also set very strict constraints to the thermodynamical
properties of the quark star matter and quark stars.

In the present work, we investigate the properties of the
isospin chemical potential, the isospin asymmetry, the quark
matter symmetry energy, the EOS of SQM, and the max-
imum mass of QSs under the new radius constraints of
PSR J07404-6620 within quasiparticle model and isospin-
density-dependent quark mass models. We find that the recent
discovered supermassive compact stars can be well described
as QSs within quasiparticle model under these new radius
constraints.

II. THE THEORETICAL FORMULISM
A. The quasiparticle model

In recent works, phenomenological quark mass model has
been widely used for exploring the thermodynamical prop-
erties of SQM and QSs [52-81], which mostly considers all
the interactions among quarks into the equivalent quark mass
or introduces effective bag constants. On the other side, with
the results from the hard dense loop approximation [77], the
quasiparticle model is proposed whose constituent quark mass
expression can be written as [77,82,83]

m m2 g2
my =T [ S (1)

where m,o means the quark current mass, and we set m,o =
5.5 MeV, myg = 5.5 MeV, and myy = 95 MeV in this work.
g is the quark chemical potential, and g is the strongly inter-
acting coupling constant which is considered as a free input
parameter in this work.

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

Q= [Qi+Biu)+B

oy [m,/u% 2 — )
i+ i —m?

mi;

+3m!In ] +) Biu)+B, (2)

where B is the negative vacuum pressure term for nonpertur-
bative confinement [84], and B;(u;) is the additional chemical
potential dependent terms and is expressed as

Hi 89,‘ Bmi
B = [ 50 )
m; ami al’Ll
The total energy density can be obtained as £ = ), &; with
N Tl BT .
b= 0 [1 Sy 1+e<ef+u;>/T}p dp, (4)

where g; means the degeneracy factor with g; = 6 for quarks
and g; = 2 for leptons. The pressure P at zero temperature can
be derived by considering

P ==Y [Q+ Bi(u)] - B. ®)

B. The confined isospin- and density-dependent mass model

For comparison, we also employ the confined isospin-
and density-dependent mass (CIDDM) model [24,79], whose
equivalent mass is expressed as

My = My, + My + Migo

= my,, + b 7,8Dn%e P (6)
40 ngt q B ’

where myg is bare quark mass, m; = % shows the flavor-
independent quark interactions, and np means the baryon
density of quark matter. In m; term, the constant z is the equiv-
alent mass scaling parameter and the constant D is determined
by the absolutely stable condition of SQM. For the parameters
in mys, term, Dy is used to adjust the strength of the isospin
interaction, o and § can determine the isospin-density depen-
dence of the effective interactions in SQM, 7, is the isospin
quantum number of quarks, and the isospin asymmetry § is
defined as
ng —ny

§=3 . (N

ng +ny

One can obtain the detailed calculation results of the EOS for
SQM by considering the isospin and density-dependent quark
mass within the CIDDM model from Ref. [79].

C. The isospin-dependent confining quark matter model

In Ref. [61], we insert the isospin-dependent mass term
into the equivalent quark mass of the confining quark matter
model, and the analytic expression is written as

n

M; =m; + m?‘sech(v,-—3> — 18D e P, 8)
no

where ng is nuclear matter normal (saturation) density, and v;

is a parameter determining the density dependence for quark

mass. The readers can find the detailed discussions within

IQCM model in Refs. [85-88].

D. Properties of quark matter at zero temperature

For SQM, people assume it is composed of u, d, and s
quarks and leptons (e and p) in beta-equilibrium. The weak
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beta-equilibrium condition of SQM at zero temperature can
be written as

Ma = s = Hy + e and p, = fe. ©

Since the electric charge of SQM is neutral, the electric charge
neutrality condition can be expressed as

%nu = %nd + _%ns +ne +ny. (10)

In nuclear physics, symmetry energy is of great importance
in understanding the isospin properties in quark star matter,
and it can be obtained by expanding the energy per baryon in
isospin asymmetry § as

E(ng, 8, ng) = Eo(ng, ng) + Eqym(ng, n,)8% + 0(8%), (11

where Ey(ng, ny) = E(ng, § = 0, ny) is the energy per baryon
number in three-flavor u-d-s quark matter with an equal frac-
tion of u and d quarks. Then the quark matter symmetry
energy is expressed as

1 8%E (ng, 8, ny)

. (12)
2 362 5o

Esym (ng, ng) =

III. RESULTS AND DISCUSSIONS

A. Strange quark matter

From the conclusion of Farhi and Jaffe [9], SQM might
be the true ground state and should satisfy the absolute sta-
bility, which means that the minimum value of the energy
per baryon of SQM (udQM) (u-d quark matter) at zero tem-
perature must be less (larger) than the minimum energy per
baryon of the observed stable nuclei M (*°Fe)/56 (930 MeV).
To ensure the absolutely stable condition of SQM at zero
temperature with quasiparticle model, we first choose the pa-
rameter sets as g-2.85 (g = 2.85, B!/ = 137 MeV) and g-5.26
(g = 5.26, B/* = 112 MeV) in this section. Using these two
parameter sets, one can describe the upper and lower radius
limits of PSR J07404-6620 with M = 2.08 &+ 0.07M, [36] by
considering the constraint of the equatorial circumferential
radius as 13.7J_r%:(5’ km (68%) [37] in stable star matter (we
define this constraint as Constraint A). Moreover, the results
from Ref. [37] further tighten the allowed radius range at
certain compact star masses by combining the NICER ra-
dius and mass measurements of PSR J0030+0451 and PSR
J0740+4-6620, which provides the full radius range that spans
the +10 credible intervals of the radius estimate as 12.45 +
0.65 km for a 1.4My compact star and 12.35 £ 0.75 km for
a 2.08 M, compact star. Since the radius range is further nar-
rowed down, we adjust the parameter space and set g-3.1 (g =
3.1, B/* = 135 MeV) and g-3.6 (g = 3.6, B'/* = 132 MeV)
to satisfy the lower and upper limits for the radius range by
considering this new constraint (we define this constraint as
Constraint B).

In Fig. 1, we calculate the energy per baryon and the
corresponding pressure as functions of the baryon number
density for SQM and two-flavor u-d quark matter (udQM)
with g-2.85 and g-5.26 (here we consider Constraint A). One
can find in Fig. 1 that the minimum energy per baryon of
udQM is exactly 930 MeV while the minimum energy per
baryon of SQM is smaller than 930 MeV, which satisfies the
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FIG. 1. The energy per baryon and pressure of SQM and udQM
as functions of baryon number density with g-2.85 and g-5.26 within
quasiparticle model.

absolutely stable condition. In the detailed calculation, we
find the minimum energy per baryon of udQM decreases with
the decrement of B'/# when the coupling constant g is fixed,
and the EOS becomes stiffer with the decrement of B'/* with
a fixed g, which indicates that the maximum star mass case
cannot be obtained for the fixed g until the minimum energy
per baryon of udQM decreases to 930 MeV (the lower limit
by considering the absolutely stable condition for ud QM)
with the decrement of B'/4. Furthermore, it can also be seen
from Fig. 1 that the baryon density of the minimum energy
per baryon for SQM and udQM is exactly the corresponding
baryon density of zero pressure point, which satisfies the re-
quirement of thermodynamical self-consistency. Additionally,
one can find the EOS of SQM gets stiffer with the coupling
constant g. In Fig. 2, we calculate the EOS of SQM and
udQM with g-3.1 and g-3.6 (here we consider Constraint B),
and one can also find that the EOS for g-3.1 and g-3.6 satisfies
the absolutely stable condition and the requirement of ther-
modynamical self-consistency. Moreover, one can find that
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FIG. 2. The energy per baryon and pressure of SQM and udQM
as functions of baryon number density with g-3.1 and g-3.6 within
quasiparticle model.
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FIG. 3. § and w, as functions of baryon density with different
parameter sets within quasiparticle model.

the pressure of SQM increases from 204 MeV to 297 MeV at
ng =0.8 fm 3 with Constraint A, while the pressure for SQM
with Constraint B increases from 211 to 224 MeV, which
provides a significant reduction in the possible range of EOS
for SQM to satisfy the radius constraints with Constraint B.

In Fig. 3, we calculate the isospin asymmetry and the
isospin chemical potential [u; = (i, — pq)/2] for SQM as
functions of baryon density to discover the isospin properties
of the star matter with g-2.85, g-5.26, g-3.1, and g-3.6 within
quasiparticle model. It can be seen in Fig. 2 that the isospin
chemical potential p; is negative and decreases (increases)
with g (ng), while the isospin asymmetry & is positive and
decreases with g and the baryon density, which implies that
the quark star matter may become more isospin asymmetric
with stiffer EOS at large g cases and one can find less
isospin asymmetric quark matter in the central region of QSs.
Moreover, we can find that the shaded area surrounded by the
lines of g-3.1 and g-3.6 is much smaller than that of g-2.85
and g-5.26 case, which indicates that considering Constraint
B can further reduce the parameter space of the isospin
asymmetric quark star matter within quasiparticle model.

In Fig. 4, we calculate the quark matter symmetry en-
ergy as functions of baryon density with different parameter
sets within quasiparticle model, CIDDM model, and ICQM
model to investigate the isospin properties of quark matter.
The parameter sets g-2.85 and g-5.26 are chosen to satisfy
“Constraint A,” and the parameter sets g-2 (g =2, B/* =
141 MeV) and g-5 (g =5, B'* =120 MeV) are used here
mainly for comparison purposes (these two parameter sets are
chosen to support the most massive QS cases by decreasing
B'/* with a fixed g in the absolutely stable quark matter). From
the results in Ref. [79], DI-3500 is the parameter set which is
adjusted to support the maximum star mass (M = 2.39M)
within CIDDM model (z = 1.8, D; = 3500 MeV fm**, D =
13.81 MeV fm %, & = 0.7, and g = 0.1). For the parame-
ter sets satisfying the absolutely stable condition within the
ICQM model, the maximum quark star mass is calculated
as Mg = 2.57TMg by using DI-5000 (D; = 5000 MeV fm3
and v,y = 0.85). One can find in Fig. 4 that the quark matter
symmetry energy increases with baryon density in all the

Symmetry energy (MeV)

FIG. 4. Quark matter symmetry energy as functions of baryon
density for Constraint A with different sets of parameters within
quasiparticle model, CIDDM model, and ICQM model.

cases, and the values of the symmetry energy increases with
the coupling constant g at a certain baryon density within
quasiparticle model. The value of the symmetry energy at
ng = 1 fm™ increases from 28.5 to 37 MeV when g increases
from 2.85 to 5.26, and only the cases whose quark matter
symmetry energy in the shaded region with the upper (lower)
limit being g-2.85 (g-5.26) can satisfy Constraint A. It can
also be seen in Fig. 4 that the quark matter symmetry energy
predicted by DI-3500 from the CIDDM model or DI-5000
from the ICQM model is about 1000 times or 30 times the
values of the symmetry energy for g-2 within quasiparticle
model. In these two models, the quark mass is isospin and
density dependent by introducing the isospin dependent term
ri(SD,nge’ﬁ””. From the results in Refs. [61,79], the quark
matter symmetry energy increases rapidly with D;, which can
provide stiffer EOS of SQM to support massive QSs. On the
other side, as Dy increases, the isospin asymmetry for quark
star matter within the two models decreases with the quark
matter symmetry energy, which further weaken the effects of
D, in the isospin-dependent mass term. Thus for large QSs
(larger than two solar mass cases) within the CIDDM model
and the ICQM model, the EOS of the star matter cannot be
stiff enough to support the heavy stars with small values of Dy,
and this is the reason why the quark matter symmetry energy
with the CIDDM model and the ICQM model increases to a
hundred times the symmetry energy of quasiparticle model to
support massive QSs.

In Fig. 5, we calculate the symmetry energy as functions of
baryon density with quasiparticle model, CIDDM model, and
ICQM model. The parameter sets g-3.1 and g-3.6 are chosen
to satisfy Constraint B. One can find that the shaded region is
further narrowed down compared with Fig. 4, and the values
of the upper and lower limits of the quark matter symmetry
energy at ng = 1 fm~ for the shaded region from Constraint
B are 31 and 29.5 MeV, which provides a much smaller range
of the quark matter symmetry energy to satisfy Constraint B
within quasiparticle model.
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FIG. 5. Quark matter symmetry energy as functions of baryon
density for Constraint B with different parameter sets within quasi-
particle model, CIDDM model, and ICQM model.

In Fig. 6, we examine the sound velocity with different
parameter sets discussed before within quasiparticle model,
and one can see that the sound velocity from the listed cases
exhibits less than the speed of light, which satisfies the causal-
ity condition ¢y < c. One can also find in Fig. 6 that the sound
velocity decreases with g. From the results of the quark matter
within quasiparticle model from Fig. 1 to Fig. 5, we can obtain
the conclusion that large quark matter symmetry energy can
decrease the sound speed of quark matter and stiffen the EOS
of SQM within quasiparticle model, which might support
more massive QSs.

B. Quark stars

In Fig. 7, we calculate the mass-radius lines for dif-
ferent sets of parameters within CIDDM model (DI-3500),

0.33
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Sound velocity square
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FIG. 6. Sound velocity square as functions of the chemical
potential pug = %(,uu + waq + ws) with different sets of parameters
within quasiparticle model at zero temperature.

30T T T T T T T - T~
- ——g 285 \ .
2.5k=" " g5 gy I —
| — —g526 Ty / PSR J0740+6620 / _
-5.6 /
2-0—----ng 3500 / V /J )
©] 4U 1702-429
S be---- DI-5000, < / .
S 15 " 7 7 =N
= 15— 7 _-“PSR J0030+0451
- K . / -
1.0 o L7

' _¢/'07 . 7 e o
"’:/' : 5', “ ° HESS J1731-347 ]
0.5 | . '| =z | | | l | l i_

8 10 12 14 16 18

R (km)

FIG. 7. Mass-radius relation for different sets of parameters
within CIDDM model and quasiparticle model. The gray shaded
region with R = 13.71%2 km and M = 2.08 + 0.07M, is the newly
updated constraint of PSR J0740+4-6620 calculated in Ref. [37]
(Constant A).

ICQM model (DI-5000), and quasiparticle model [g-2.85,
g-5, g-5.26, and g-5.6 (g=5.6, B/* =108.9 MeV)]. The
gray shaded region with R = 13.71%2 km and M =2.08 +
0.07M, is the newly updated constraint of PSR J0740+-6620
calculated in Ref. [37] (Constraint A), the pink shaded region
with R = 10.4703¢ km and M = 0.7770-39M,;, is the estimate
from the central compact object within the supernova remnant
HESS J1731-347 [40] (Constraint C), the dark cyan shaded
region with R = 13.021] 3¢ km and M = 1.447) M, is the
measurement for the isolated 205.53 Hz millisecond pulsar
PSR J0030+0451 [38] (Constraint D), and the wine shaded
region with R = 12.4 £ 0.4 km and M = 1.9 = 0.3M, is the
estimate for 4U 1702-429 [39] (Constraint E). One can obtain
from Fig. 7 that the maximum mass and the radius of QSs
both increase with the coupling constant g within quasiparticle
model. Furthermore, we can see that the mass-radius line of
g-2.85 with the maximum star mass of 2.13M can reach the
left boundary of Constraint A, while the mass-radius line of
g-5.26 with the maximum star mass of 2.90 solar mass can
reach the right boundary of Constraint A. From the discussion
in Fig. 1, 2.13Mg and 2.90M, are the maximum star-mass
cases g = 2.85 and g = 5.26 can support, respectively. This
result shows the lower and upper limits for the chosen region
of the coupling constant g by considering Constraint A, and
this is also the reason why we choose g-3.1 and g-3.6 for Con-
straint B. From the results in Figs. 1, 3, 4, and 7, one can also
find that considering Constraint A indeed put strict constraints
on the EOS of SQM, the quark matter symmetry energy,
and the mass-radius relation lines within quasiparticle model,
which further reduces the corresponding parameter space.
Moreover, for DI-3500 case (which is capable of supporting
the maximum star mass M = 2.39M © for the CIDDM model)
and g-5.6 case (which is capable of supporting the maximum
star mass M = 3.03M© for quasiparticle model), the mass-
radius lines cannot satisfy Constraint A (the DI-3500 case can
only reach the left boundary of the wine area for Constraint
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FIG. 8. The maximum mass of QSs as functions of radius with
different parameter sets within quasiparticle model. The constraints
of the radius at 2.08 and 1.4 solar mass are provided by considering
different frameworks of EOSs modeling in Ref. [37] (Constraint B).

E), while for the DI-5000 case (which is capable of supporting
the maximum star mass M = 2.57M ® for the ICQM model),
the mass-radius lines is able to satisfy Constraints A and E.
For g-5 case, which can describe the GW190814’s secondary
component as QSs (2.59M) within quasiparticle model, the
mass-radius line can satisfy Constraints A, C, and D, while for
g-2.85 case all the constraints listed are satisfied.

In Ref. [37], the authors also show the full radius range
that spans the +10 credible intervals of the radius estimate
in several frameworks as 12.45 £ 0.65 km for a 1.4M com-
pact star and 12.35 £ 0.75 km for a 2.08M compact star,
which further narrows down the radius range at a certain star
mass and sets a new challenge for phenomenological quark
models to search for the parameter space satisfying the radius
constraints (Constraint B). Then we calculate the mass-radius
for different sets of parameters within the CIDDM model
(DI-3500), the ICQM model (DI-5000), and the quasiparticle
model (g-3.1, g-3.6, and g-5) by considering Constraints B-E.
From the results of Fig. 8, one can find the mass-radius line
for g-3.1 reaches exactly the left limit of 12.45 + 0.65 km
for M = 1.4M, from Constraint B, while the mass-radius
line for g-3.6 reaches the right limit of 12.35 4+ 0.75 km for
M = 2.08M from Constraint B. One can also find that the
mass-radius lines of the DI-3500, DI-5000, and g-5 cases can-
not satisfy the two ranges of Constraint B, which indicates that
considering Constraint B indeed sets much stricter constraints
on the parameter chosen space compared with Constraint A.
Our results indicate that only the mass-radius lines appears in
the range between g-3.1 and g-3.6 within quasiparticle model
can satisfy all the constraints (Constraints B-E) we listed
(the mass-radius lines for CIDDM model and ICQM model
cannot describe QSs by considering these constraints, which
means the density-dependent quark mass models need further
modifying), and the parameter space of the corresponding
EOS within quasiparticle model is further constrained by con-
sidering these mass-radius estimates.

IV. CONCLUSION AND DISCUSSION

In this work, we explore the properties of isospin asymmet-
ric quark matter in quark stars. The isospin chemical potential,
the isospin asymmetry, the quark matter symmetry energy, the
EOS of SQM, and the maximum mass of QSs are also studied
by using the quark quasiparticle model, the CIDDM model,
and the ICQM model.

We first calculate the isospin chemical and isospin asym-
metry to discover the properties of the isospin asymmetric
quark matter, and the quark matter symmetry energy is also
discussed in this work. Our result indicates that large quark
matter symmetry energy can stiffen the EOS of the star mat-
ter. Moreover, we also calculate the maximum mass of the
quark stars by considering different mass-radius measurement
constraints, and we find the mass-radius measurements can
reduce the parameter chosen range of the quark matter sym-
metry energy and the EOS of SQM. Especially when the new
estimates of PSR J0740+6620, HESS J1731-347, and PSR
J00304-0451 are considered, the range of the mass-radius line
within quasiparticle model is further limited, while the mass-
radius lines within the CIDDM model and the ICQM model
cannot satisfy all the constraints of these new measurements
and estimates.

Therefore, our results have demonstrated that the new ra-
dius measurements indeed put very strict constraints on the
possible range of the parameter space of the EOS of SQM, the
quark matter symmetry energy (the isospin effects), as well as
the maximum mass of QSs within the quasiparticle model.

In the present work, we mainly focus on investigating
the properties of quark star matter and QSs by fitting the
recent measurements of compact star mass and radius within
the CIDDM model, the ICQM model, and the quasiparticle
model. Although the mass-radius lines provided by quasipar-
ticle model may be better at satisfying most of the recent star
mass and radius estimates in this work than the other two
models, we should mention that the EOS of quark matter
calculated within quasiparticle model may still not be the
correct representation of the true EOS of quark star mat-
ter (for example, the bag constant treatment in quasiparticle
model should be modified in future works). Furthermore,
the CIDDM model and the ICQM model can also be used
to describe the recent compact star estimates by modify-
ing the equivalent quark mass forms or consider introducing
isovector-interaction terms inside the phenomenological mod-
els, which may also stiffen the EOS of quark star matter.
Moreover, we can consider color-flavor-locked (CFL) quark
matter around the core region of the compact star, where the
EOS of the star matter may be increased by the energy gap A,
and these works are in progress.
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