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In this work we study the pressure of the quark-gluon plasma in the presence of a magnetic field, using a minimally enhanced model of
a weakly interacting gas of quasi-particles in a thermal bath. We include the magnetic field effects through the quark mass that has been
modified using a recently proposed thermo-magnetic coupling. This thermo-magnetic coupling emerges form the quark-gluon vertex in the
HTL approximation [1]. We use Lattice QCD [2] data, to constrain the thermo-magnetic bag function of the quasi-particle model and provide
an estimate of the thermo-magnetic vacuum energy density. We then compute the transverse pressure of the system and compare with similar
results from the literature. We find that this thermo-magnetic coupling allows a robust description of this Lattice QCD data for the pressure
of the QGP in the presence of a magnetic field. The extension to the thermal quasi-particle model we have introduced here, makes it easier
to pursue further phenomenological studies that require simulations with an EoS that has integrable quasi-particle thermodynamic variables
which have the general features of lattice data in the weak magnetic field regime.
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1. Introduction

The quest to produce and characterize the quark-gluon
plasma (QGP) in heavy-ion colliders, provides a real possi-
bility to probe extreme phenomena occurring during the early
stages of this fireball of strongly interacting fluid-like mat-
ter (for a review, see [3] and references therein). These ex-
periments involve the acceleration and interaction of heavy-
ions, which create the right conditions for intense magnetic
fields to be produced not only by the spectator nuclei, but
also by the swirly QGP created in the overlapping region [4-
12]. These dynamic magnetic fields may impact the QGP
evolution at different stages and they may lead to spin align-
ment and polarization [13-16], magnetic catalysis and inverse
magnetic catalysis, chiral magnetic effect and charge segre-
gation, and many other interesting phenomena [2,17-21]. In
the heavy-ion community there are diverse efforts in the de-
velopment of experimental protocols and phenomenological
studies to find signatures of these magnetic fields in the usual
and new observables [22-26].

One of the crucial tools to learn about the behaviour of
strongly-interacting quarks and gluons under extreme con-
ditions of temperature and external magnetic fields, is to
study Quantum Chromodynamics (QCD) in a constant back-
ground magnetic field using lattice simulations [2,27-30].
This framework provides an in-depth quantitative knowledge
of the QCD equation of state (EoS). It connects the high
temperature phase with quarks as relevant degrees of free-
dom, with the low temperature phase where light hadrons
dominate the dynamics. Thus the EoS encodes the effects
of the external magnetic field in the so called magnetic sus-
ceptibility of the medium. Recently, the magnetic suscepti-

bility of thermal QCD matter using lattice simulations was
obtained and reported in Ref. [2]. There, the authors found
diamagnetic behavior (negative susceptibility) at low tem-
peratures and strong paramagnetism (positive susceptibility)
at high temperatures, which was reported with a quite sim-
ple parametrization of the temperature- and magnetic field-
dependence of thermodynamic properties. This has allowed
us to report here an extended phenomenological model, a
thermo-magnetic quasi-particle model to study the longitu-
dinal and transverse pressure of the QGP-like system.

Together with the lattice approach, there are field theo-
retical treatments of QGP-like systems involving quarks and
gluons at finite temperature and in the presence of magnetic
fields. In the literature, the study of QGP-like systems us-
ing large values of the temperature and/or the magnetic field,
has been reported using a wide variety of frameworks: per-
turbation theory, chiral perturbation theory, the Hard Ther-
mal Loop (HTL) approximation and effective models [31-
43]. In particular, there is an approach that naturally in-
cludes the plasma screening effects [44] that arise in these
kind of extreme conditions. In fact, as part of the HTL ef-
forts, in Ref. [1] the HTL approximation was implemented
to get the leading behavior of the QCD coupling for weak
magnetic fields at high temperature, where the fermion mass
acts as the infrared regulator. In their calculation, the thermo-
magnetic dependence of the QCD coupling is extracted from
the quark-gluon vertex in the weak field approximation. Un-
der this approximation, the magnetic field strength is smaller
than the square of the temperature, but it does not imply a
hierarchy with respect to other scales in the problem such as
the fermion mass.
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In this work we use a quasi-particle picture to study the
thermodynamical properties of the QGP in the presence of a
magnetic field by including these effects through an effective
mass for the quarks. The key ingredient to get this effective
mass is the thermo-magnetic coupling reported in Ref. [1].
Then we use Lattice QCD data [2] to constrain the thermo-
magneticbag function, to be able to study the longitudinal
and transverse pressure of the system. We then compare to
similar results in the literature and we comment on the con-
sequences of the proposed thermo-magnetic coupling used
here.

The work is organized as follows: In Sec. 2 we review
a successful quasi-particle model that includes confinement
and in Sec. 3 we perform a minimal extension to this model
so that it now includes thermo-magnetic effects. In Sec. 4
we compare the pressure from the thermo-magnetic quasi-
particle model with recent Lattice QCD in a magnetic field
data and extract a thermo-magnetic bag function. We then
use the newly build thermo-magnetic pressure that includes
a bag function, to report on the corresponding longitudinal
and transverse pressure. Finally in Sec. 5 we summarize our
results and comment on future avenues to pursue using this
thermo-magnetic quasi-particle model.

2. Review of a self-consistent thermal quasi-
particle bag model

In their seminal work R.A. Schneider and W. Weise [31] de-
veloped a framework which allows for a quasi-particle de-
scription of QCD thermodynamics. They built a successful
quasi-particle interpretation of QCD EoS at finite tempera-
ture for the deconfined phase, using thermal masses and a
phenomenological parametrization of the onset of confine-
ment, in the vicinity of the predicted phase transition. One
way to understand the thermal excitations arising in the QGP
as a result of the strong interactions between quarks and
gluons, implies a departure from ideality in model-building.
From a quantum point of view, these excitations are called
quasi-particles and play a similar role in the QGP than
phonons in a solid. This allows for a model description of
the QGP as a gas of quasi-particles with effective masses
which depend on thermodynamic variables and the magnetic
field [31,45-49].

In order to study the thermodynamic properties of the
QGP in the presence of a magnetic field, we will include the
relevant features of both confinement and thermo-magnetic
effects on the mass and strong coupling into the framework
of Ref. [31], which allows for a quasi-particle description of
lattice QCD thermodynamics. In Ref. [31] the starting point
is the pressure, which is an account of the free energy of a
large volume and homogeneous system, which is obtained
via the partition function for an ideal gas of relativistic quasi-
particle fermions and bosonsp/T = ∂ ln Z/∂V and can be

written as

p(T ) =
νg

6π2

∞∫

0

dk C(T ) fB(Eg
k)

k4

Eg
k

+
2Nc

3π2

Nf∑
q=1

∞∫

0

dk C(T ) fD(Eq
k)

k4

Eq
k

−B(T ), (1)

whereνg = 2(N2
c − 1) is the gluon degeneracy factor,Nc

the number of colors,Nf the number of flavors and the
Fermi-Dirac and Bose-Einstein distributions at zero chemi-
cal potential arefD(E) = (exp(E/T ) + 1)−1 andfB(E) =
(exp(E/T )−1)−1, respectively. The thermal effects are also
included in the single particle energy for quarks and gluons,
given as

Eq,g
k =

√
k2 + m2

q,g(T ) , (2)

wheremg,q(T ) are the quark and gluon effective masses gen-
erated dynamically by their interaction in a heat bath at tem-
peratureT . The thermal masses are obtained from the self-
energies of the corresponding particles, evaluated at thermal
momentak ∼ T as

m2
q(T ) = m2

0q + CF
T 2

4
G2(T ), (3)

m2
g(T ) =

(
CA +

Nf

2

)
T 2

6
G2(T ), (4)

where the Casimir color factors for the fundamental and ad-
joint representations areCF = (N2

c −1)/2Nc andCA = Nc,
respectively, andm0q is the zero-temperature bare quark
mass. The dimensionless effective couplingG(T ) includes
a pseudo-critical behavior when the heat bath temperatureT
approximates a critical temperatureTc

G2(T ) =
g2
0

11Nc − 2Nf

(
[1 + δ]− Tc

T

)2β

. (5)

The constantg0 and the characteristic exponentβ are cho-
sen so that asymptoticallyG(T ) makes the thermal masses
in Eqs. (3) and (4) match those of the Hard Thermal Loop
(HTL) perturbative form, whenT À Tc and are extracted
from fits to Lattice QCD data [27–30]. Note also that the ther-
mal masses have a functional critical behaviour,mq,g(T ) ≈
(T − Tc)β , aroundTc.

Furthermore, this quasi-particle model of the QGP at fi-
nite temperature, proposes that the general thermodynamic
features of this strongly interacting plasma, can be described
in terms of effective degrees of freedom that include a statis-
tical parametrization of confinement through

C(T, µ = 0) = C0

(
[1 + δc]− Tc

T

)βc

, (6)

where the parametersC0, δc andβc are also extracted with
fits to Lattice QCD data [27–30]. This implementation of
confinement in a statistical system, provides a numerical
strategy to include effects due to the number of thermally ac-
tive gluons as a function of temperature. This implementation
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is certainly not unique, since confinement could emerge di-
rectly from an effective coupling. The model we will present
in the next section provides a platform to implement more so-
phisticated confiment models. This is work in progress, and
it will be reported elsewhere.

In the work we report here, we will extend this model
and we will test our results usingNc = 3 andNf = 2 and
the parameter fit corresponding toSet B, as reported in Ta-
ble I of Ref. [31]: g0 = 9.4, β = 0.1 andδ = 10−6. For the
parametrization of confinement, we will useC0 = 1.03, δc =
0.02, βc = 0.2. Also, in the rest of this work we will use the
pion massmπ = 0.139 GeV as the proxy scale to explore the
dynamics forTc ∼ mπ.

In this thermal quasi-particle model, the thermodynamic
consistency is achieved in the way the energy and entropy
densities are built together with Eq. (1). First note that, the
pressure in Eq. (1) has been modified by subtractingB(T ),
a bag function. This function acts as a background field, and
it is a negative (positive) contribution to the pressure (energy
density) insidethe bag, thus creating a confining mechanism
that is not emerging dynamically, but rather is put in by hand.
Also, as we will see in a moment, it helps maintain thermody-
namic consistency since the quark and gluon thermal masses
in Eqs. (3) and (4) have non-trivial dependence on the tem-
perature.

A tool to monitor the thermodynamic consistency for a
system at finite temperature and chemical potential is the
Gibbs-Duhem relation in which the particle numberN , en-
tropy S and volumeV of the system, are related through
changes in their corresponding conjugate variablesN dµ =
−S dT + V dP . In this work we focus on systems with
zero chemical potential so the Gibbs-Duhem relation simpli-
fies and the entropy density is directly connected to changes
in the pressure with respect to temperature as follows

s ≡ S

V
=

∂p

∂T

∣∣∣∣
µ

. (7)

Furthermore, to ensure homogeneity of the thermodynamic
potential, the Euler relation for zero chemical potentialU =
TS − pV is used. In terms of the energy densityε and the
entropy densitys, this relation is given by

ε + p = T s . (8)

The combined Gibbs-Duhem and Euler relations given
by Eq. (7) and Eq. (8), have been used as a thermodynamic
criterion that must be satisfied in the context of statistical sys-
tems. A suitable and general discussion about this point can
be found in Ref. [50]. Eq. (1) for the pressure, together with
the energy and entropy densities as

s(T ) =
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2π2T

∞∫
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4
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,

ε(T ) =
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2π2

∞∫

0

dk C(T ) fB(Eg
k) k2 Eg

k

+
2Nc

π2

Nf∑
q=1
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0

dk C(T ) fD(Eq
k) k2 Eq

k + B(T ), (9)

provide a complete thermodynamic description of the sys-
tem. In Eq. (1) the bag termB(T ) acts as a negative pres-
sure, but in Eq. (9) it adds to the energy density of the quasi-
particles, so it can be interpreted as the thermal energy den-
sity of the Yang-Mills vacuum. One of the popular features
of this model EoS is that it has no free fit parameters once the
non-perturbative thermal behaviour of the quark and gluon
masses are fixed. The confinement factorC(T ) in Eq. (6)
then emerges from the ratio of the entropy density of Lat-
tice QCD and the entropy density calculated with the ther-
mal masses. In this way,B(T ) is fixed through the Gibbs-
Duhem condition and we can recover the HTL results when
C(T ) → 1, beyond the critical temperature.

3. A quasi-particle bag model with a thermo-
magnetic coupling

In heavy-ion collisions the formation of intense magnetic
fields with a short lifetime is possible and several observ-
ables are being proposed and studied in order to have access
to measure the impact of these fields in the evolution of the
QGP. If the intense magnetic fields are short lived then it is
possible to have modifications in the propagation of quarks
and gluons in the heat bath at temperatureT , due to aweak
magnetic field whereqB . T 2. In Ref. [1] the authors cal-
culated the thermo-magnetic correction to the quark-gluon
vertex in the presence of a weak magnetic field within the
HTL approximation and from that, they extracted the effec-
tive thermo-magnetic quark-gluon coupling. They showed
that this coupling decreases as a function of the magnetic field
strength which is a useful feature to understand the inverse
magnetic catalysis phenomenon.

In the work we report here, we want to minimally mod-
ify the purely thermal quasi-particle model we reviewed in
Sec. 2 to be able to include the effects of a magnetic field
in the development of longitudinal and transverse pressure of
a QGP system. Taking advantage of the results of Ref. [1],
the minimal step to this is to include the magnetic field ef-
fects through the quark effective mass. This in turn, can be
done directly using a new dimensionless coupling based on
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the thermo-magnetic coupling reported in Ref. [1]. Recent
data from Lattice QCD in the presence of magnetic fields [2]
can be then used to constrain the thermo-magnetic bag func-
tion which allows for the extraction of the longitudinal and
transverse prassure of the QGP system.

Let us then focus on the thermo-magnetic pressure of the
QGP in the presence of a magnetic field, where instead of
Eq. (1) we now have

p(T,B) =
νg

6π2

∞∫

0

dk C(T ) fB(Eg
k)

k4

Eg
k

+
2Nc

3π2

Nf∑
q=1

∞∫

0

dk C(T ) fD(Eq
k)

k4

Eq
k

, (10)

where the magnetic field dependence enters through the sin-
gle particle energy for quarks only, and is given by

Eq
k =

√
k2 + m2

q(T,B). (11)

Even though the gluon thermal mass in Eq. (4), could also
receive magnetic corrections through fermion loops, for this
minimally modified quasi-particle model, we will keep the
gluon mass with only the thermal correction. In this mini-
mal extension to the thermal quasi-particle model, the quarks
carry an effective thermo-magnetic mass given by

m2
q(T,B) = m2

q(T ) + CF
T 2

4
G2

q (T,B), (12)

where we now propose and use the following dimensionless
coupling

G2
q (T,B) =

g2
0

32π

|qB|
T 2

(
2 ln(2)

π
− T

mq(T )

)2β

, (13)

which includes the characteristic exponentβ and the param-
eters as defined for the purely thermal coupling given by
Eq. (5). As we will see in the next section, an advantage of
this minimal extension to the thermal quasi-particle model is
that we can add a bag functionB(T,B) to Eq. (10) if needed.
Eqs.(11)-(13), represent an effective way to include the lin-
ear terms in the magnetic field otherwise expected from an
actual treatment of the Landau level resummation (see for ex-
ample [51] and references therein). A comprehensive analy-
sis of all the limiting cases and approximations using models
needed to arrive to the best thermo-magnetic masses and cou-
plings is part of ongoing efforts of the theoretical heavy-ion
physics community and are key to advance our understand-
ing of the EoS of nuclear matter. The inclusion of thermo-
magnetic effects on the description of the QGP produced in
heavy-ion collisions has been widely discussed in the liter-
ature [52-56], including now different analysis on transport
effects and baryon production [57]. The coupling we pro-
pose here in Eq. (13) is based on the thermo-magnetic effec-
tive couplinggeff in Eq. (59) of Ref. [?] corresponding to a
phenomenological situation in which a pair quark-anti-quark

travel through a medium at temperatureT in the presence of
a weak magnetic fieldB. The calculation was done using
the HTL approximation as a thermo-magnetic correction to
the quark-gluon vertex in the presence of a weak magnetic
field, and from there the effective thermo-magnetic coupling
is given by

geff

g0
= 1− m2

q(T )
T 2

+
(

8
3T 2

)
g2CF M2(T, mq(T ), qB), (14)

where

M2(T, mq(T ), qB) =
qB

16π2

[
ln(2)− π

2
T

mq(T )

]
. (15)

For this particular situation, the authors of Ref. [1] show
that the effective thermo-magnetic couplinggeff decreases as
a function of the magnetic field and this decrease is more sig-
nificant for larger values of the strong couplingαs. In fact
for αs = 0.2 − 0.3, geff decreases down to about 15-25%
for the largest strength of the magnetic field within the weak
field limit, when compared with the purely thermal coupling.

Now, the proposed modification of the quark mass comes
from a calculation in which HTL was used and the dominant
terms in anqB expansion were kept which matches the corre-
sponding Lattice QCD data we will use, which also keeps the
leading contribution of magnetic field in the magnetic sucep-
tibilities. This does not mean that the domain of aplicability
of our results for the thermodynamical properties is restricted
in this range. It means that we include the dominant effects
of the magnetic field when the temperature is the dominant
scale of the problem.

In this work, we take advantage of this thermo-magnetic
coupling to posit that implementing it as an effective thermo-
magnetic mass for the quarks, allows a robust description
of the Lattice QCD data for thermodynamic properties of
the QGP in the presence of a magnetic field as reported in
Ref. [2]. As we will show in the next section, we find that
with this approach we achieve an all around good descrip-
tion of the pressure of the QGP under a magnetic field, which
makes it easier to pursue further phenomenological studies
that require simulations with and EoS and integrable quasi-
particle thermodynamic variables that contain the general
features of lattice data.

4. The pressure and bag function of the
QGP in a magnetic field from the thermo-
magnetic quasi-particle model

In this section we report on the implementation of the mini-
mally modified thermal quasi-particle model as described in
Sec. 3, to obtain the pressure of the QGP and to compare with
Lattice QCD results that include magnetic field effects.
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FIGURE 1. Pressurep(T,B) scaled byT 4, for different values
of the magnetic field|qB| = 0.1, 0.2, 0.3 GeV2 as a function of
temperatureT . Continous lines show the pressure from the quasi-
particle thermo-magnetic model in Eq.(10) and dotted lines show
the longitudinal pressure from Ref. [2] where they use a Lattice
approach.

In Fig. 1, the solid lines correspond to the temperature
dependence of the pressure given by the minimally modified
quasi-particle thermo-magnetic model in Eq. (10) normal-
ized asp/T 4, for three values of the magnetic field|qB| =
0.1, 0.2, 0.3 GeV2. The same values of magnetic field are
used to produce the dotted lines, which is the pressure nor-
malized asp/T 4, given by the Lattice QCD. We use the re-
sults reported in Appendix F of Ref. [2] as a parametriza-
tion of the QCD EoS in a Python scriptparam EoS.py
provided by the authors as an ancillary file to their arXiv
manuscript. In this figure, we can see that pressure increases
as the magnetic field increases, for both the model and the
Lattice results. Nevertheless, the pressure given by Eq. (10)
shows less sensitivity to the magnetic field effects as those
reported in Ref. [2], and underestimates the pressure val-
ues, except for temperatures close to the critical temperature.
The slope discrepancy between Lattice results and the mini-
mally modified quasi-particle thermo-magnetic model can be
a source of future enhancements to the model, since in gen-
eral the change ofp/T 4 with temperature (keeping constant
the chemical potential) is

∂

∂T

p

T 4

∣∣∣
µ

=
s

T 4
− 4

T

( p

T 4

)
. (16)

In this sense, an underestimation of the slope in the quasi-
particle model with respect to the Lattice results, indicates an
underestimation of the QGP entropy density.

In order to improve the previous results we add a thermo-
magnetic bag functionB(T,B) to Eq. (10), just as was done
in the original thermal quasi-particle model in Eq. (1), as a
negative pressure. We can then perform a numerical extrac-
tion of B(T,B) for fixed values of the temperature and mag-
netic field, using the Lattice QCD results of Ref. [2], as

B(T,B) = p(T,B)− pLatt(T,B), (17)

FIGURE 2. Effective bag functionB1/4(T,B) extracted with
Eq. (17) as a function of temperatureT , for different values of
the magnetic field|qB| = 0.1, 0.2, 0.3 GeV2. For |qB| =
0.1, 0.2 GeV2 the vacuum energy density from our model are
within the range of those reported in the literature. For|qB| ≥
0.3 GeV2 andT > 160 MeV, the vacuum energy-density changes
slope and tends to diminish. This indicates that the minimally mod-
ified thermo-magnetic quasi-particle model, requires less negative
pressure from the bag in this regime, the magnetic field helps to
maintain the pressure of the system.

where the leading-order expansion of the pressure in the mag-
netic field is given in terms ofχ(T ), the magnetic suscepti-
bility

pLatt(T,B) = pLatt(T, 0) +
χ(T )

2
(qB)2. (18)

Using this procedure, in Fig. 2 we plot the thermo-
magnetic bag function as an estimation of the vacuum energy
densityB1/4(T,B) for |qB| = 0.1, 0.2, 0.3 GeV2. We can
see that for the lower values of magnetic field, the vacuum
energy density from our model is within the range of those
reported in the literature (see for example [58, 59] and refer-
ences therein). However, for larger values of the magnetic
field and higher temperatures, the vacuum energy-density
changes slope and tends to diminish. This indicates that the
minimally modified quasi-particle model, requires less nega-
tive pressure from the bag in this regime.

Even though the system excitation is driven by the tem-
perature in this regime and requires more negative pressure
from the bag, this is less so when the magnetic field increases.
This points to a regime in our model, where the magnetic
field helps to maintain the pressure of the system. In or-
der to validate the numerical implementation of Eq. (10) that
now includes a thermo-magnetic bag function, Fig. 3 shows
the temperature dependence of pressure (scaled withT 4) for
magnetic field values|qB| = 0.1, 0.2, 0.3. As expected -and
by construction- the results from our model reproduces those
of Lattice QCD [2] shown in Fig. 1. Now the model reflects
interesting properties that were already there for the Lattice
results. For example, note how the slopes ofp/T 4 are greater
for lower temperatures (closer to the critical temperature) and
decrease for higher ones. According to Eq. (16), this implies
that the thermodynamic relationε > 3p or equivalently

Rev. Mex. Fis.70021201
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FIGURE 3. Pressurep(T,B) scaled byT 4, for different values of
the magnetic field|qB| = 0.1, 0.2, 0.3 GeV2 as a function of tem-
peratureT given by Eq. (10) which now includes a bag function
B(T,B) obtained as Eq. (17). As expected -and by construction-
now the model reproduces the Lattice QCD results [2] shown in
Fig. 1.

TS > 4pV , must be satisfied. So in this regime, the entropic
forces are the ones driving the process rather than energetic
ones.

It is known (see Ref. [30] and references therein) that in
the presence of a background magnetic field, the different
components of the pressure might become anisotropic. It is
usual to distinguish between two schemes. In one of them,
the flux of the magnetic field is kept constant (Φ-scheme);
in the other one, it is the magnetic field strength which is
fixed (B-scheme). Up to now, we have been working under
theB-scheme, where the pressure is isotropic. However, in
theΦ-scheme this is no longer true, the longitudinal pressure
is scheme-independent but the transverse one is not. In the
Φ-scheme, the transversep1,2 and longitudinalp3 pressure
components are related as

p1,2 = p3 − qB ·M, (19)

where the magnetization can be written as the partial deriva-
tive of the free energy with respect to the magnetic field
M = −∂f/∂(qB) and it was also reported in Ref. [2]. Now,
up to leading-order in the magnetic field, the magnetization
is a linear function ofB. Therefore, the difference between
longitudinal and transverse pressures is a quadratic function
of the magnetic field (multiplied by a temperature function).
We verify this, with the extraction of the longitudinal and
transverse pressures with our thermo-magnetic model that
now has a bag function to reproduce Lattice QCD results,
but also we extract them with the original model without the
bag function.

In Fig. 4, the longitudinal and transverse pressures at a
fixed temperatureT = 250 MeV, are presented. The longi-
tudinalp∗3(T,B) and transversep∗1,2(T,B) pressure scaled by
T 4 calculated with the thermo-magnetic quasi-particle model
that includes a bag function are shown in closed circles and
triangles, whereas the ones from the original model without
the bag function arep3(T,B) andp1,2(T,B). In this figure

FIGURE 4. Longitudinalp∗3(T,B) and transversep∗1,2(T,B) pres-
sure scaled byT 4 calculated with the thermo-magnetic quasi-
particle model that includes a bag function shown in Fig. 3 at a
fixed T = 250 MeV, for different values of the magnetic field
|qB| = 0.1 − 0.6 GeV2. Blue and red symbols represent longi-
tudinal and transversal pressure, respectively. For comparison, we
show the longitudinalp3(T,B) and transversep1,2(T,B) pressure
scaled byT 4 calculated with the thermo-magnetic quasi-particle
model without a bag function shown in Fig. 1. The pressure
range predicted from the model is approximately,4 × 10−3 GeV
< p∗ < 1.4× 10−2 GeV. Similar results have been reported in the
literature with other methods, such as Ref. [60].

we can appreciate that with the proposed thermo-magnetic
model without a bag function, we get a flat behavior of the
longitudinal pressure for a range of magnetic field as ex-
pected from Fig. 1. Nevertheless the model on its own, has a
benchmark description of the system that is not far from what
is expected from Lattice. Once we use the thermo-magnetic
model that includes the bag function, we recover what we ex-
pect from Lattice QCD. From the figure it follows that the
pressure range predicted from the model is approximately,
4 × 10−3 GeV < p < 1.4 × 10−2 GeV. Similar results have
been reported in the literature with other methods, such as
Ref. [60].

5. Summary and outlook

In this work a quasi-particle bag model with a thermo-
magnetic coupling was used in order to study the pressure
of the QGP in the presence of a magnetic field. The QGP
is modeled as a weakly interacting gas of quasi-particles
whose masses incorporate the thermal and magnetic effects
through an effective QCD coupling which we propose here
in Eq. (13).

The quasi-particle thermo-magnetic model includes
thermo-magnetic bag function Eq. (17), which we extract
from recent Lattice QCD results [2],B1/4(T,B) ∼ 147 −
155 MeV for T ∼ 150 GeV andB1/4(T,B) ∼ 130 −
170 MeV for T ∼ 190 GeV gives an estimate for the thermo-
magnetic vacuum energy density. The lower values for this
vacuum energy densityB1/4(T,B) were found for higher
values of the magnetic field. This hierarchy points to a regime
in our model, where the magnetic field effects included in the
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quark effective mass through the thermo-magnetic coupling,
are contributing to the pressure in such a way as to need a
smaller bag function.

Once the bag function is included, the pressure in the
B-scheme is calculated for different values of the magnetic
field, and a positive slope is found for the range of temper-
atures and magnetic fields considered. This result implies
the dominance of the entropic term over the mechanical one,
TS > 4pV , possibly indicating the prevalence of an entropic
driven process instead an energetic driven one. In theΦ-
scheme the results obtained for the transversal and longitu-
dinal pressures show an increasing (decreasing) longitudinal
(transversal) pressure as a function of the strength of the mag-
netic field.

Finally, the minimally extended quasi-particle model re-
ported here allows a robust description of the Lattice QCD
data for thermodynamic properties of the QGP in the pres-
ence of a magnetic field. The coupling that inspired the ef-
fective quark mass we are using in this model was obtained in
Ref. [1] in a calculation in which HTL was used and only the
leading terms in the magnetic field were kept during the anal-
ysis. As we use this as an input in our thermo-magnetic quasi-

particle model, the domain of applicability of this model is
not a priori restricted in this range. Further developments
associated with improvements of this model will be reported
elsewhere.

We find that with this approach, we achieve an all around
good description of the pressure of the QGP under a magnetic
field. This makes it easier to pursue further phenomenologi-
cal studies that require simulations with an EoS that has inte-
grable quasi-particle thermodynamic variables with the gen-
eral features of Lattice QCD data.
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