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Abstract—The binding energy per nucleon for nuclear matter, i.e., equation of state (EOS), within the
Brueckner–Hartree–Fock (BHF) approach with the consideration of various three-body forces (3BFs)
like the phenomenological 3BF and by adding a contact term to the BHF calculations are considered
at variance densities. The 3BF contribution turns out to be nonnegligible contribution and to have a
substantial saturation effect. The calculations are done utilizing the CD-Bonn and Argonne V18 nucleon–
nucleon (NN) potentials. These NN potentials give great fitting to the deuteron properties and are phase-
shift equivalent. The resultant EOS is compatible with the phenomenological analysis on the saturation
point. It is demonstrated that the 3BF influences significantly on the nuclear matter EOS at high densities.
Moreover, it is necessary for reproducing the empirical saturation properties for symmetric nuclear matter.
The pressure has been also calculated and the suggested approaches reproduce fairly well agreement with
the empirical data. We also examined the maximum neutron star masses which are close to two solar
masses, which is again compatible with recent observational data. Comparison with other microscopic
EOS is presented and discussed.
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1. INTRODUCTION

The knowledge of the equation of state (EOS) is
one of the fundamental goals in nuclear physics which
has not yet been fully achieved [1]. The EOS repre-
sents an important ingredient for modeling heavy ion
collisions, at intermediate and relativistic energies.
The properties of neutron stars such as masses and
radii depend on the EOS at densities up to an order
of magnitude higher than those observed in ordinary
nuclei. This density interval is most important for
the physics of neutron stars, heavy ion collisions and
neutrino-matter dynamics at both intermediate and
relativistic energies [2]. Laboratory experiments and
astrophysical observations can put meaningful con-
straints on the nuclear EOS. Unfortunately, a direct
link between phenomenology and the EOS is not
possible and theoretical frameworks and inputs are
necessary for the interpretation of the data. In partic-
ular, the EOS above saturation density is much less
constrained than around or below saturation. Several
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methods have been used to model the nucleon inter-
action and to develop accurate many-body theory to
describe the correlations in nuclear systems [3, 4].

The EOS can be computed by means of many-
body theories, for example, using effective density de-
pendent interactions, such as the Skyrme forces [5].
Actually, all the results for the nuclear matter EOS
using various microscopic calculations with only
realistic 2BF fail to reproduce the exact saturation
point, different two-body interactions give different
saturation points, all outside the phenomenological
constraints [6]. There are various attempts have been
made to improve the description of the saturation
properties. In the nonrelativistic scheme, the effect
of three-body forces (3BFs) is moderate, but it is
essential to shift the saturation point inside the
phenomenological boundaries [7]. There is another
method such as relativistic effects contributions in the
nuclear medium. It was demonstrated that relativis-
tic BHF calculations [8] can provide a satisfactory
saturation curve. However, because contributions
from higher-order correlations and three-nucleon
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forces have not been fully estimated in the relativistic
treatment, the problem seems not to be settled yet.

Nuclear matter, as defined above, is an alternative
and convenient theoretical laboratory for many-body
theories. Being an infinite system of nucleons sub-
jected only to their mutual strong interactions, it is
theoretically simpler than an actual nucleus. A typical
outcome of nuclear matter investigations consists of
the energy per particle and the pressure as functions
of density. Such a relation is known as the nuclear
matter equation of state [9]. In this work, we analyze
different 3BFs, the many-body approaches used the
BHF approach supplemented by 3BF or contact term
interaction to give more repulsive EOS. The realistic
nucleon–nucleon interaction such as the CD-Bonn
potential [10] and Argonne V18 potential [11] will be
used. On one hand we compare the results in nuclear
matter with additional phenomenological constraints,
on the other hand we extend the EOS to higher
density and apply it to neutron star calculations such
as the mass-radius relationship.

In the next section, we will describe the formalisms
within the nonrelativistic approaches we have em-
ployed. Results for the EOS, and pressure of sym-
metric and pure neutron matter using the suggested
models, together with neutron star matter observ-
ables will be presented in Section 3. A short summary
and some conclusions will be given in Section 4.

2. THEORETICAL METHODS

2.1. BHF Approach

Our calculations of the total energy per particle
start with the construction of G-matrix, which de-
scribes in an effective way the interaction between
two nucleons. The G-matrix is obtained by solv-
ing the Bethe–Brueckner–Goldstone (BBG) equa-
tion [12]:

G(ω, ρ)

= V +
∑

kakb

V
|kakb〉Q〈kakb|

ω − eka − ekb + iη
G(ω, ρ), (1)

where V is the bare realistic NN interaction, ρ is the
density of the nuclear matter, ω is the starting en-
ergy, and Q is the two-particle Pauli operator, which
prevents the two intermediate nucleons from being
scattered into the states below the Fermi sea. The
single-particle energy e(k) which is used in equa-
tion (1) can be interpreted as the physical energy of a
particle (hole) at momentum k inside nuclear matter,
i.e., the quasi-particle energy in the language of the
many-body theory. e(k) is a simple sum of kinetic and
potential energies U(k) and has the form

e(k) = T + U(k) =
�
2k2

2m
+ U(k). (2)

Then U(k) can be interpreted as the single-particle
optical potential in nuclear matter. This interpretation
requires that U(k) is continuous at k = kF. This
choice of the auxiliary potential has been advocated by
Mahaux and his group [13]. In general, U(k) can be
adopted to be the real-part of self-energy Σ(k, e(k))
of the nucleon with momentum k. Therefore, if one
adopts the continuous choice for the auxiliary poten-
tial, then U(k) can be written as,

U(k, ρ) =
∑

k′≤kF

〈kk′|G(e(k) + e(k′))|kk′〉a (3)

for all values of k. Once the single-particle poten-
tial is calculated, one can easily calculate the bind-
ing energy per nucleon. In this study, we calculate
the binding energy per nucleon from the two-hole-
line contribution for symmetric nuclear matter by the
equation

E(k)

A
=

3

5

k2F
2m

+
1

2ρ
Re

∑

k′≤kF

〈kk′|G(e(k) + e(k′))|kk′〉a, (4)

where kF is the Fermi momentum, ρ is the density

that related to kF by the equation ρ =
2k3F
3π2 for sym-

metric nuclear matter, and the suffix a denote anti-
summarization.

In [4], it has been pointed out that the single-
particle at high densities predicted without consid-
ering three-body forces is too attractive and its mo-
mentum dependence turns out to be too weak for
describing the experimental elliptic flow data. As well
known, within a norelativistic microscopic framework
three-body forces are decisive for reproducing the
empirical saturation properties of cold nuclear matter.
So in our BHF calculation, the 3BF contribution
has been included to study the effect of 3BFs on
the EOS. It consists of an attractive term due to
two-pion exchange with excitation of an intermediate
Δ-resonance, and a repulsive phenomenological cen-
tral term, the 3BF is written as [15]

Vijk = V 2π
ijk + V R

ijk. (5)

Another one has to add the effective interaction
or the self-energy of BHF calculations by a simple
contact interaction, which we have chosen following
the notation of the Skyrme interaction to be in the
form [16]

Δ

(
E

A

)
= CT =

3

8
t0ρ+

3

48
t3ρ

γ+1, (6)

where t0, t3, and γ are parameters. The parameters t0
and t3 represent the zero range and 3-body strength
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while the exponent γ determines the high density be-
havior. The Hamiltonian density of the contact term,
which is used in the last equation, has no isospin
dependence. For symmetric nuclear matter we take
γ = 1/3, 1/2, 2/3, we have fitted t0 and t3 in such
a way that BHF calculations plus the contact term
(CT) yield the empirical saturation point for symmet-
ric nuclear matter. We report them in Table 1.

Ainsworth [17] suggested corrections due to rel-
ativistic and other many-body effects. The lowest
order relativistic correction to the binding energy per
nucleon can be evaluated from the modification of the
self-energy of the scalar meson in nuclear matter and
it can be approximated by

(
E

A

)

rel

∼= 2.4

(
ρ

ρ0

)8/3

(MeV). (7)

This correction can be added to the nonrelativistic
Brueckner G-matrix calculation in order to simulates
the relativistic EOS.

2.2. Neutron Star Models

In order to understand the effect of using 3BF on
the neutron star structure, one should study the role
played by this force in the EOS of neutron star mat-
ter. For determining neutron star gravitational mass
as a function of radius and central energy density,
one starts from the Tolman–Oppenheimer–Volkov
(TOV) equations for the total pressure P and the
enclosed mass m [18, 19]

dP

dr
= −G[m(r) + 4π3P/c2][ε+ P/c2]

r[r − 2Gm(r)/c2]

dm(r)

dr
= 4πεr2, (8)

where P (r) is the pressure at radius r, m(r) is the
gravitational mass inside r, and G is the gravitational
constant. From the EOS of pure neutron matter,
we can calculate the pressure P of stellar matter and
the total mass density ε (which is defined as the total
energy of the system plus the rest mass of involved
particles) using the relations,

P = ρ2
dEtot

dρ
, (9)

ε = ρ · Etot/c
2, (10)

where c is the speed of light in vacuum. Starting
with a central mass density ε(r = 0) ≡ ρc, one can
integrate out until the pressure on the surface equals
the one corresponding to the density of iron. This

Table 1. Parameters t0 and t3 for obtain the saturation
point ρ = 0.17 fm−3 and E/A = −16.0 MeV for BHF
approach

Parameters CD-Bonn Argonne V18

CT = 1/3 t0 −204.8 −192.4

t3 2700.0 2111.0

CT = 1/2 t0 −156.0 −169.8

t3 2910.0 2499.0

CT = 2/3 t0 −125.0 −138.0

t3 3300.0 2740.0

gives the stellar radius R and the gravitational mass
MG:

MG ≡ m(R) = 4π

R∫

0

drr2ρ(r). (11)

To calculate the total mass and radius of neutron star,
we employ the EOS defined in Eqs. (9) and (10) with
the boundary conditions

Pc = P (ρc), M(0) = 0,

where the subscript c refers to the center of the star,
and ρtot is the central density which is our input pa-
rameter in the calculations of neutron star properties.

3. RESULTS AND DISCUSSION

3.1. EOS for Nuclear Matter

The EOS of nuclear matter is considered as an
important tool in studying the properties of nuclei
far from stability, also is crucial for determining the
properties of one of the most exotic objects in the
universe-neutron stars and studying the structures
of compact astrophysical objects, such as the core-
collapse supernova. In Fig. 1, the binding energy per
nucleon (E/A) calculated for symmetric nuclear mat-
ter (SNM) as a function of density using two different
potentials, CD-Bonn (black solid lines) and Argonne
V18 (red dashed lines). BHF results are displayed
with the inclusion of a CT at three cases γ = 1/3,
γ = 1/2, and γ = 2/3 (lower panels); we compare our
results by BHF only, BHF by adding phenomelogical
3BF and also by relativistic correction results (upper
panels). The empirical saturation point is given by
the big blue square and the solid points indicate the
saturation points of each interaction.

We see that E/A first decreases until it reaches a
minimum called the saturation point then it begins to
increase by increasing the density. Studies demon-
strated that local NN interactions with a stronger
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Fig. 1. (Color online) The energy per particle E/A of symmetric nuclear matter vs. the density ρ, within different models
described in the text using the CD-Bonn (black solid) and Argonne V18 (red dashed). The empirical saturation point is given
by the big blue square and the solid points indicate the saturation points of each interaction.

tensor component, like the Argonne V18 potential,
yield a stiffer equation of state than a nonlocal one like
the CD-Bonn potential.

As is well known, within the most advanced non-
relativistic quantum many-body approaches it is not
possible to reproduce the empirical saturation point
of SNM when using two-body nuclear interactions
only. In fact, the saturation points obtained using
BHF approximation only lie within a narrow band
called the Coester band [20, 21], with either a too
large saturation density compared to the empirical
values. The saturation density in the BHF approx-
imation, ρ0 = 0.378 fm−3 at E/A = –23.967 MeV
for CD-Bonn potential and ρ0 = 0.24 fm−3 at E/A =
–17.032 MeV for Argonne V18 potential, both values
are far from the empirical one (ρ0 = 0.17 fm−3 and
E/A = –16 MeV). This can be corrected by introduc-
ing 3BF or contact term.

The inclusions of 3BF yield nuclear saturation
points are very close to the empirical estimates ρ0 =
0.177 fm−3 at E/A = −15.498 MeV for CD-Bonn po-
tential and ρ0 = 0.177 fm−3 at E/A = −15.039 MeV
for Argonne V18, one can notice that at the highest
densities the 3BF contribution can be larger than the
2BF one. The EOSs using relativistic correction are
stiffer than the EOSs results by using BHF + 3BF.
When γ = 2/3, the results are more repulsion than

the other cases. Using BHF + CT at different γ give
saturation points agree with the empirical value. The
comparison show a substantial agreement up to den-
sity about 0.3 fm−3, while at higher density both the
variational calculation and the relativistic calculation
indicate a stiffer trend. With the possible exception
of the relativistic one, which appears too repulsive at
higher density. The analysis indicates that the EOS
at low density must be relatively soft. The results for
the saturation points have been evaluated for all the
present approaches of SNM for the two interaction
models and are listed in Table 2. The EOSs for pure
neutron matter (PNM), which are more appropriate
for neutron star studies, are displayed in Fig. 2, the
results are calculated at densities up to about five
times the saturation one. The PNM EOS is unbound
with the energy per nucleon have a rapid increase
with increasing the density which is in agreement
with most of the many-body calculations [16, 22].
The EOSs given by Argonne V18 potential are more
repulsive than those given by CD-Bonn potential.
Relativistic correction and BHF + CT with γ = 2/3
curves are the most repulsive curves than the others.

3.2. Pressure

Behavior of matter at the neutron star interiors
is governed by the acting pressure. At the surface
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Fig. 2. The same as Fig. 1 but for pure neutron matter.

matter consists of iron being the stable form of matter
at zero pressure. As one goes deeper, matter starts to
be formed by nuclei that are more and more neutron
rich. The pressure for nuclear matter is defined in
terms of the energy per nucleon as:

P = ρ2
∂(E/A)(ρ)

∂(ρ)
. (12)

In Fig. 3, the pressure P in MeV/fm3 is obtained
as a function of ρ for SNM, left panel using CD-Bonn
potential and right panel using Argonne V18 poten-
tial. The figure shows BHF approximation (black
dotted lines), BHF approximation with the inclu-
sion of 3BF (red solid lines), BHF + CT with γ =
1/3 (green dashed lines), BHF + CT γ = 1/2 (blue
dash–dotted lines), and BHF + CT with γ = 2/3
(maroon dash–double-dotted lines). The nonlocal
potentials like the CD-Bonn potential is less repul-
sion than the local potentials such as the Argonne
V18 potential.

The EOS can be tested using experimental data
from collisions between heavy nuclei at energies from
a few tens of MeV up to several hundreds of MeV
per nucleon. These collisions can compress nuclear
matter up to ∼4ρ0, thus giving valuable empirical
information on the nuclear EOS at these supranu-
clear densities. Based on numerical simulations that
reproduce the measured elliptic flow of matter in colli-
sion experiments between heavy nuclei, Danielewicz

et al. [23] have been able to obtain a region in the
pressure–density plane for SNM which is consistent
with these elliptic flow experimental data. This region
is represented by the gray area in Fig. 4. These colli-
sion experiments between heavy nuclei thus provide a
selective test for constraining the nuclear EOS up to
∼4ρ0.

In Fig. 4, the pressure P in (MeV/fm3) is obtained
as a function of ρ/ρ0 in a range values up to 5, for
symmetric nuclear matter and compare our results by
the experimental region from [23]. It is fair to say that
BHF + CT predictions produce a reasonable amount
of repulsion, which generate too much pressure, while
the BHF + 3BF results are weakly repulsive EOS
compared to that of BHF + CT predictions. BHF ap-
proximation with only 2BF gives values less than the
experimental region, other results give values which
are agree with the experimental values.

In Fig. 5 the same as Fig. 3 but for pure neutron
matter, the results show that the CD-Bonn potential
is less repulsion than the Argonne V18 potential for
PNM. The results in Fig. 6 are the same as Fig. 4
but for pure neutron matter, we compare between our
results and the two pressure contours correspond to
the soft (lower gray area) and the stiff (higher gray
area) [24] consistent with the experimental data for
PNM. It is good to say that BHF + CT predictions for
the two potentials we are used, produce a reasonable
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the region of pressure consistent with the experimental data [23] for SNM.

amount of repulsion, which generate too much pres-
sure, while the BHF + 3BF results are weakly repul-
sive EOS compared to that of BHF + CT predictions.
BHF approximation and BHF with the inclusion of
3BF give values less than the experimental region,

other results give values which are agree with the
experimental values.

3.3. Neutron Star Properties
The neutron star is bound by gravity, and it is

kept in hydrostatic equilibrium only by the pressure
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produced by the compressed nuclear matter. More-
over, its properties depend on the knowledge of the
EOS over a wide range of densities from the density
of iron at the stellar surface up to several times the
density of normal nuclear matter in the core region of
the star [25]. The observed masses of neutron stars
J1614−2230 [26] and J0348+0432 [27] are given as
1.97 ± 0.04 M� and 2.01 ± 0.04 M�, respectively,

being severe conditions for the stiffness of EOS of
neutron-star matter. It is well known that the stiff
EOS giving the maximum mass of 2 M� can be de-
rived from the existence of strongly repulsive effects in
the high-density region, whereas M� is equal Msun =
1.989 × 1033 gm [28].

Now, we are in the position of presenting our
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results regarding the neutron star structure. The
EOSs for PNM have been extrapolated to obtain the
properties of neutron star. In Fig. 7, the gravitational

mass of neutron star MG (in units of M�) is plotted as
a function of the central density ρc in units of gm/cm3

using the CD-Bonn potential (black solid lines), and
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Table 2. The saturation densities ρ0 and the saturation energies (E/A)

CD-Bonn Argonne V18

Model ρ0, fm−3 E/A, MeV ρ0, fm−3 E/A, MeV

BHF 0.378 −23.967 0.24 −17.032

BHF + 3BF 0.177 −15.498 0.177 −15.039

Relativistic corr. 0.204 −16.569 0.18 −16.2

BHF + CT with γ = 1/2 0.174 −16.034 0.174 −16.027

BHF + CT with γ = 1/2 0.170 −16.045 0.170 −16.044

BHF + CT with γ = 2/3 0.167 −16.06 0.170 −16.031

Empirical sat. point 0.17 −16 − −

Table 3. The maximum gravitational mass Mmax, radius R and central density ρc of the neutron star are calculated within
the various methods discussed in the text using CD-Bonn potential

Model Mmax, M� ρc ×1015, gm/cm3 R, km

BHF 1.3235 10 5.2258

BHF + 3BF 1.6738 7.0795 6.6112

BHF + CT with γ = 1/3 1.6952 5.6234 7.4586

BHF + CT with γ = 1/2 1.8422 4.4668 8.133

BHF + CT with γ = 2/3 2.0211 3.9811 8.5551

Relativistic corr. 2.784 2.8184 9.6562

SCGF (CD-Bonn)+CT [29] 2.080 2.8180 10.123

PSR J1614-2230 [26] 1.97 ± 0.04

PSR J0348+0432 [27] 2.01 ± 0.04

Table 4. Same as Table 3 but using Argonne V18 potential

Model Mmax, M� ρc ×1015, gm/cm3 R, km

BHF 1.500 10 5.5696

BHF + 3BF 1.7408 6.3096 6.9084

BHF + CT with γ = 1/3 1.8339 5.623 7.3252

BHF + CT with γ = 1/2 1.9278 4.4668 7.7789

BHF + CT with γ = 2/3 2.0497 3.9811 8.154

Relativistic corr. 2.8028 2.8184 9.7053

BCPM (Arg. V18) [31] 1.982 2.818 9.950

PSR J1614-2230 [26] 1.97 ± 0.04

PSR J0348+0432 [27] 2.01 ± 0.04
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Argonne V18 potential (red dashed lines) for different
approaches. The values of the gravitational mass first
increase with increasing ρc until it reaches a max-
imum value called Mmax then it begins to decrease
with increasing ρc. The main feature of the curve
is the following: there is a maximum value of the
gravitational mass of a neutron star that a given EOS
can support.

In Fig. 8, the relation between the gravitational
mass MG (in units of M�) as a function of the ra-
dius in (km) as predicted by the various models. In
Table 3, neutron stars properties calculated using
the CD-Bonn potential at different 3BFs approach.
In Table 4, the same as table 3 neutron stars prop-
erties calculated using the Argonne V18 potential at
different 3BFs approach. We compare our results by
Demorest et al. [26] and Antoniadis et al. [27].

In the CD-Bonn potential Table 3 when using
BHF approach only, it is extremely soft, which get
the neutron star maximum mass are too low, below
the observational limit. By using BHF approxima-
tion plus CT with γ = 2/3 the resulting maximum
mass has the value Mmax = 2.02 M� with radius
8.55 km which is consistent with present measured
neutron star masses and in particular with the mass
2.01 ± 0.04 M� observed by Antoniadis et al. [27].
Also the present results are compared with recent
results done by Hassaneen [29] using self-consistent
Green Function approach with same interaction but
in the case of β-stable matter.

The results by the Argonne V18 potential Ta-
ble 4 by using BHF approximation plus CT with
γ = 1/2 the resulting maximum mass has the value
Mmax = 1.927 M� and radius 7.78 km which is close
to 1.97 ± 0.04 M� observed by Demorest et al.
[26] and by using BHF approximation plus CT with
γ = 2/3 the resulting maximum mass has the value
Mmax = 2.04 M� and radius 8.15 km which is also
compatible with the largest mass observed up to now
and is close to 2.01 ± 0.04 M� observed by Anto-
niadis et al. [27]. As we expected, the equation of
states calculated by using 3BF produce larger gravi-
tational masses compared to those obtained by using
only two-body forces.

These calculations have been done without as-
suming nonexotic constituents (core of μ matter). In
general, the construction of neutron stars properties
from the EOS of the pure neutron matter is not
enough for a consistency check between the theoret-
ical neutron star maximum mass and the observed
neutron star masses. If it is possible to duly deduce
the information on the EOS of the nuclear matter by
ignoring other constituents than nucleons, it would
be reasonable to focus on low mass neutron stars
(see, e.g., Sotani et al., [30]).

Recent work has been done by Togashi et al. [33]
whereas they have investigated the effects of the odd-
state part of bare ΛΛ interactions on the structure
of neutron stars by constructing the EOS for uni-
form nuclear matter containing Λ and Σ− hyperons
using the cluster variational method. This study
was performed using the Argonne V18 potential and
the Urbana IX three-nucleon potential are employed
as the interactions between nucleons. They found
that the EOS of NS matter with hyperons acquired
by the variational method becomes softer than the
EOS of pure nucleon matter. Correspondingly, the
maximum mass of NS with hyperons is less than
that without hyperons. It was found out that the
maximum mass of NS with the most repulsive ΛΛ
interaction is 1.62 M�, whereas that with the most
attractive ΛΛ interaction is 1.48 M�. Therefore they
inserted 3BF in their study, they obtained maximum
mass of NS with 3BF is about 2.14 M�, which
is consistent with the masses of PSRs J1614-2230
[26] and J0348+0432 [27]. Also, there are some
other studies predicting NS with the masses of about
2 M� by introducing appropriate 3BF for hyper-
ons [34, 35]. They deduced that stronger constraints
on the hyperon–neutron force are necessary in order
to nicely appreciate the role of hyperons in neutron
stars.

4. CONCLUSIONS

In this work, we have concerned with the bulk
properties of symmetric and pure neutron matter
at zero temperature. That calculations have been
studied within the microscopic Brueckner–Hartree–
Fock approach using both the realistic CD-Bonn
and Argonne V18 potentials as a starting point. It
is found that microscopic BHF calculations can not
reproduce nuclear matter E/A and ρ0 for two inter-
actions simultaneously. To improve the situation,
one may either extend to three-body force for the
effective interaction, take into account a contact term
as a function of density, or include relativistic cor-
rections RBHF. Then the saturation points become
in an excellent agreement with empirical data (ρ0 =
0.17 fm−3; E/A = −16 MeV). At that time, the EOS
becomes stiff and the trend continues until it becomes
pure neutron matter. The EOS of neutron matter
is in remarkable agreement with advanced many-
body computations for densities up to several times
nuclear saturation density, thereby making contact
with astrophysical observations [32].

Using the present EOSs of pure neutron mat-
ter at absolute zero, the gross properties of neutron
stars can be computed, e.g., mass and radius. It is
found that both maximum stable masses and radii de-
pend crucially on the stiffness of the suggested EOS.
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Whereas neutron star parameters calculating with a
stiff EOS have a lower central density, a larger radius
than do stars of the same mass computed from a soft
EOS. Also, there is another important consequence;
that parameters are sensitive to microscopic model
calculations. The resulting EOS of the relativistic
corrections predicts a maximum neutron star mass
of 2.8 M� exceeding the experimental value of De-
morest et al. [26] (1.97 ± 0.04M�) and of Antoniadis
et al. [27] (2.01 ± 0.04M�). In the same time, the
results derived from nonrelativistic EOS may look
more reasonable than those from the relativistic one,
where it fulfills a NS maximum mass of 2 M� with a
radius of 8.5 km.
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