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ARTICLE INFO ABSTRACT

Editor: Dr Francois Gelis Thermoelectric phenomena are traditionally associated with the interconversion of thermal and electrical energy
in many-body systems. In the context of high-temperature quantum chromodynamics (QCD) matter produced
in relativistic heavy-ion collisions, thermoelectric responses can provide insight into the evolving microscopic
dynamics and the redistribution of effective degrees of freedom across the phase transition region. In this work,
for the first time, we present a phenomenological study of the thermoelectric figure of merit (ZT) in hot QCD
matter, with a particular focus on its behavior across the hadronic and quark-gluon plasma phases. Using model-
based calculations for the electrical conductivity, Seebeck coefficient, and thermal conductivity, we analyze the
temperature dependence of ZT and identify characteristic features near the QCD phase transition temperature.
Our results indicate that ZT exhibits nontrivial behavior near the transition region, reflecting the changing trans-
port properties and active degrees of freedom in the medium. This phenomenological study of the thermoelectric
figure of merit provides a complementary perspective to traditional transport studies and may provide critical
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insights for advancing the understanding of QCD matter through the transition region.

1. Introduction

In the earliest moments of the universe after the Big Bang, approx-
imately within the first few microseconds, the universe was supposed
to exist in an extremely hot and dense state composed of deconfined
quarks (antiquarks) and gluons. This primordial state of matter, known
as the quark-gluon plasma (QGP) [1,2], is remarkably a strongly inter-
acting medium governed by the fundamental theory of strong interac-
tions, Quantum Chromodynamics (QCD). With time, the universe under-
went rapid expansion and cooling, leading to a phase transition where
color charges became confined into hadrons [3], a stage for the forma-
tion of matter as we observe it today. Direct access to the early universe
is, of course, not possible. However, relativistic heavy-ion collisions at
facilities such as the Large Hadron Collider (LHC) and the Relativis-
tic Heavy Ion Collider (RHIC) provide a unique opportunity to recreate
the extreme conditions of temperature and energy density that mimic
the early universe scenario [2]. In these collisions, localized volumes
of hot, deconfined state of quarks and gluons is formed, expanding and
cooling rapidly, much like the cosmological QGP. This QGP medium ex-
hibits strong collective flow [4], and nearly perfect fluidity [5]. These
experiments provide deep insights into the thermodynamic [6-10] and
transport properties [11,12] of QCD matter. The transport coefficients
associated with the QCD matter in both QGP and hadron resonance gas
(HRG) phases, such as electrical conductivity [13-23], thermal conduc-
tivity [13,24], charge diffusion coefficient [25,26], the thermoelectric
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Seebeck coefficient [27-30], Thomson coefficient [31,32], and shear
and bulk viscosity [33-37], provide essential information about the mi-
croscopic off-equilibrium dynamics of QCD matter. In conventional con-
densed matter systems, thermoelectric transport is primarily governed
by a single dominant type of charge carrier, either electrons in n-type
materials or holes in p-type materials. This carrier asymmetry allows
a temperature gradient to induce a net electric current, giving rise to
measurable thermoelectric effects such as the Seebeck and Thomson ef-
fects [38,39]. In contrast, an electron-ion plasma consists of two types of
mobile charge carriers, electrons and comparatively heavier ions. While
both species respond to temperature gradients, their opposite charges
and differing mobilities can lead to competing contributions to the net
electric current [40]. In the ideal case of perfect symmetry or equal
but opposite current responses, the thermoelectric contributions from
electrons and ions may cancel each other. Therefore, in such plasmas,
the generation of a net thermoelectric current typically requires addi-
tional asymmetries, such as mass or density gradients, or external fields
beyond a mere temperature gradient. In the context of heavy-ion colli-
sions, for the QGP phase, where quarks and gluons are deconfined, the
transport of heat and charge is governed by partonic degrees of free-
dom, and thermoelectric effects, such as the Seebeck and Thomson co-
efficients, emerge due to the presence of temperature and chemical po-
tential gradients generated in central to peripheral region of the created
fireball [32]. As the fireball cools and hadronizes, the system transitions
into the HRG phase, where hadronic species dominate the dynamics.
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In this phase, thermoelectric transport is influenced by the spectrum
of hadronic resonances and their scatterings, with contributions from
charged mesons, baryons (antibaryons) [41].

The thermoelectric efficiency of a medium is characterized by the

SZD'E,T
K

dimensionless figure of merit, ZT = , which combines the See-

beck coefficient (.S), electrical conductivgty (o,), and thermal conduc-
tivity (k) into a single quantity [42,43]. Here, ¢,; determines how easily
charge carriers can move through the material, contributing to electri-
cal current. Whereas k, quantifies the ability of a material to conduct
heat, and .S measures the magnitude of an induced thermoelectric volt-
age in response to a temperature gradient across the material. Apart
from estimating the thermoelectric efficiency of any material, ZT also
shows its sensitivity near the phase transition region. In many studies of
condensed matter systems, the non-trivial behaviour of ZT is observed
near the phase transition region for different materials. In Ref. [44],
a peak of ZT is observed near the temperature of the phase transi-
tion from the semiconducting state to a superionic state of the mate-
rial silver selenide (Ag,Se). Similarly, in Ref. [45], a dramatic increase
in ZT near the phase transition in copper chalcogenides such as cop-
per selenide (Cu,Se). Also, the peak of ZT is observed near the transi-
tion temperature for various materials such as tin selenide (SnSe), zinc
antimonide (Zn,Sbs), etc. [46,47]. During the cubic-to-rhombohedral
phase transition in germanium telluride (GeTe), the peak in ZT value
is observed [48]. For polycrystalline high temperature superconductors
such as mercury barium calcium copper oxide (H g BaCaCuO), bismuth
strontium calcium copper oxide (BiSrCaCuO), and dysprosium barium
copper oxide (DyBaCuO), the ZT presents a remarkable peak for all
at the critical temperature [49]. In the context of hot and dense QCD
matter, ZT is not directly accessible in experiments; however, it serves
as a valuable theoretical indicator of the interplay between charge and
heat transport. Importantly, ZT is highly sensitive to changes in the
microscopic structure of the medium, particularly near the QCD phase
transition, where the underlying degrees of freedom and interaction
dynamics evolve rapidly. In this study, we investigate the thermoelec-
tric figure of merit of QCD matter across the hadronic and quark-gluon
plasma phases. To study the QGP phase, we use a quasiparticle model
(QPM) [24,32,50] where interactions are introduced through effective
thermal masses of quarks and gluons. For the hadronic phase, we use the
ideal Hadron Resonance Gas model [31,41,51], which successfully cap-
tures the thermodynamics of confined hadronic states. This two-phase
framework allows us to analyze the temperature dependence of ZT
and its sensitivity to the changing microscopic structure of the medium
around the QCD phase transition region.

2. Phenomenological models for the equation of state of QCD
matter

In this section, we discuss quasiparticle and hadron resonance gas
models briefly. Further, we present the calculations to evaluate the ther-
moelectric figure of merit for the QCD medium created in heavy-ion
collisions.

2.1. Quasiparticle model

For a qualitative numerical description of QGP medium, we use a
quasiparticle model proposed by Gorenstein and Yang [50] to study the
QGP equation of state. In this phenomenological model, partons are con-
sidered with their thermal mass m(T') arises from the interactions among
the partons. The non-perturbative interactions of QGP medium are en-
coded into temperature-dependent effective masses and coupling con-
stants, allowing a simplified description of the equation of state (EoS).
Effective thermal masses are given to partons to reproduce the lattice
QCD results, while a temperature-dependent bag constant is incorpo-
rated to ensure thermodynamic consistency by representing vacuum en-
ergy effects. The energy w; of a particle with momentum k; satisfies the
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dispersion relation is w?(k;, T) = k* + m?(T). Where m, is the total effec-
tive mass of ith quark flavor and can be parameterized as

m? =m + Vomgmg + m2. (€8]
m;, and m;; represent the bare mass and thermal mass of the ith flavor,
with

2

NB—I Mz
T2 + 2T, up). 2
i (17455 )8 W) @

In this model, the effective mass of the gluon (m,) can be represented
as

m2 (T, up) =

2

B
N;+ 72

NC
my(T, pp) = —= & (T, up)T?[ 1 + ®3)

6

N, represents the number of color degrees of freedom, and g(T', ) =
Aray (T, ug), a,(T, upg) is running coupling constant. Now, for the relax-
ation time (zrg) of quarks, we use a momentum-independent expression
obtained for QCD matter [52]

1

= . 4
51TaX(T, up)log{1/ay(T, up)}[1 +0.122N; + 1] @

TR

Here, in the above calculations, we have considered the two-loop QCD
coupling constant as [53]

6
X
(33-2N;) ln(AL\/l + ﬂg/9n2T2>
? T
L 2 272
3(153 — 19Nf)ln<2 ln(AT \/ 1+ uy/97°T >>
33-2N,)?
( 7 1n<Ai,/1+ y§/9n2r2>
T

where A, is the QCD scale parameter. We take A; = 0.115 GeV.

ay(T. pp) =

>

2.2. Ideal hadron resonance model

The Ideal Hadron Resonance Gas model is a statistical framework
used to describe strongly interacting matter in the hadronic phase,
mainly at temperatures below the QCD crossover transition [41]. In
this model, the thermodynamic properties of the medium are calcu-
lated under the assumption that it consists of a non-interacting gas of
all known hadrons and resonances listed in the Particle Data Group
(PDG) [54]. Each hadronic species contributes independently to the to-
tal thermodynamic quantities, using the Fermi-Dirac or Bose-Einstein
statistics, depending on whether the particle is a baryon or meson. The
inclusion of resonances effectively mimics the strong interactions among
hadrons based on the idea that interactions in the medium can be ap-
proximated by resonance formation. For a system with volume V' having
non-interacting pointlike hadrons and resonances, for which the grand
canonical partition function can be written as [26],

inzid =74 [ K2ak, in(1 x expl—(, — )/ T} ®)
Ty TR .

Here, g; is the degeneracy factor, and the quantities k;, m;, and w; =

A /ki2 + m,.2 represents the momentum, mass, and energy of the ith hadron
species, respectively. The + sign corresponds to baryons (upper) and
mesons (lower). Considering a simplistic case of vanishing charge and
strangeness chemical potential, the total chemical potential of the ith
hadronic species, y;, is equal to the baryon chemical potential (x5) and
is given by

u; =b;upg, (6)

where b; denotes the baryon number of the ith hadron. The pressure P,
energy density ¢;, and number density n; can now be obtained from the
partition function, given as,

B Tg;
d _ i
P,-’ T, p) = i_27[2

" kidk; In{1 + expl—(w; — u)/T1}, @
0
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For the case of a hadronic medium, we take the thermal-averaged relax-
ation time after integrating the energy-dependent relaxation time over
the equilibrium distribution function. The thermal averaged relaxation
time (r;{) for the ith hadron species can be expressed in terms of scat-
tering cross-section as [55],
o = Y nyoyu,) (10)
J
where,
c
2.2 x
8T'm; m; Ko (m; [T, (m; /T)

[se]
/ ds X
(mi+m;)?

[s — (m; —m;)*]
VS
where the total scattering cross-section for the hard spheres is ¢ = 47rri,

which is independent of both temperature and baryon chemical poten-
tial. Xy, K, are modified Bessel functions of the first and second order.

<5ijuij> =

X [s = (m; +m;Y* 1K, (\/s/T), a1

3. Thermoelectric figure of merit of QCD matter

To calculate the thermoelectric figure of merit of QCD matter, we fol-
low a kinetic theory approach. We first consider the total single-particle
distribution function f; = f io + 6 f;. Here, in is the single-particle equi-
librium distribution function and 6 f; represents the deviation from the
equilibrium state. The total single-particle distribution function for ith
species at equilibrium is given by
1

@i=bjup

e T +1

= , (12)
where w; is the single particle energy, up is the baryon chemical po-
tential, b, denotes the baryon number of ith species, e.g. for baryons
b; = 1, for anti-baryons b; = —1 and for mesons b; = 0. The + sign stands
for fermions and bosons, respectively. Now, we can write the linearized
BTE under RTA in the local rest frame (LRF), for particle species i as
[13,55],

9 Sf(% k;
i o5 s +q B fi _ f,(xi, 2 13
o aki TR

where E is the non-zero electric field that drives the system out of
thermal equilibrium and 7/, denotes the relaxation time of the particle

R
species i. The equilibrium distribution function satisfies,

ay 5 off off _ fAAFSD) 14
ok, 0w’ dw; T

i

B, = k;/w, is the velocity of the ith particle. The gradient of the equilib-
rium distribution function V fl.0 can be expressed as,

90 =7l (L) - n9 (k)| 2 as)
i PAT) T TNT | b,
Using the Gibbs-Duhem relation, we then have,
- of0
Vf,.":——'( bh) T, ae)
0w;
where h = &£ is the enthalpy per particle, ¢, P, and n are total energy

density, total pressure, and net baryon density of the system, respec-
tively. With leading order contributions, we can write an ansatz of §f;
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as [11,13,56]

fO
8f;=(k; - Q)—- a7
i
In general, the preferred form of unknown vector Q can be assumed as
a linear combination of all existing perturbing forces leading the system
out of thermal equilibrium as

Q= a,E +a,VT. (18)

The unknown coefficients a ; (j = 1,2) determine the strength of the re-
spective gradient force fields driving the system away from equilibrium.
Using Egs. (16) and (14) in Eq. (13), we can write the deviation of the
equilibrium distribution function as,

afl bh
8 =—h a—[ql(Ev)—<T> VT] (19)
Following the kinetic theory, the electric current () of the system can
be written in terms of the deviation from the equilibrium distribution
function 6 f; as,

- & |k;| 5
i=2,8 [ ——Fabdf;
IZ 1 (2 )3 ivi 1
=Z§ Ik o o fio B
— 3/ (@n)p REN T e,

g [kl w, — b;h afd
25/ o Rq”2< T >< 0w>VT 0

In the above equation, we have used (v/v/) = %01_251/‘_ Here, the sum is
over all the quarks and anti-quarks. For a relativistic system, one can
also define the thermal current with reference to the conserved baryon
current. The thermal current arises when energy flows relative to the
baryonic enthalpy. Hence, the heat current of the QGP medium can be
defined as [11],

PETANS
Z /(2”)3f w; = b;h)5f;.
g [ Kk o\ =
=Z§ @ Rq,ulz(a)i—bih)<——awi>E

g [ &kl o \e
“257 | Gy Rz<wf—bfh)2(—£>”' @D

One can define the Seebeck coefficient .S using Eq. (20) by setting j = 0
such that the electric field and temperature gradient become propor-
tional to each other. Here, the proportionality factor is known as the
Seebeck coefficient [27]. Hence from Eq. (20) we get,

E=SVT, (22)

hence,
& [ Pl o
%5 G traivi (@ _bh)< da,
uy Bk " 2f _on)
(2/[)3 i ow;

2
<;’> (w; = b;h) fYAF £7)

% 3T / (27:)

I ?(;’) A=)
1,/T?
- (] / T '
Where, the electrical conductivity (s,;) can be identified from Eq. (20)
as,

i a3 |k| i _
°'e1=12§ G TR < >f°(1 0. 4

(23)
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and the integral 7, in Eq. (23) is,

. L \2
8i d3|k[| i ki —
h= Z 3T ) @rp? fR‘II(;i) (@; = b;n) P F f). 25

The mesons contribute through the total enthalpy of the system as well
as in the total electrical conductivity of the system, which enters the de-
nominator of Eq. (23). It is to be noted that the Seebeck coefficient can
be both positive and negative because the numerator depends linearly
on an electric charge while the integrand itself is not positive definite.
The electric current and heat current can be modified due to these ther-
moelectric coefficients as,

=6,E -0,SVT. (26)
=To,SE — kyVT, @27

where «j is the coefficient of the thermal conductivity and is expressed
as [13],

0-3

Using Egs. (26) and (27), we can express the heat current T in terms of
electric current j in the following way,

T
@n)3 R\ o

= - 2
B3| .k
5 <_> () = bih)* 101 % 1), 28)

T=TSj~ (ky— S%6,T)VT,
=TSj— &, VT,

S%6,T\ -
&>KOVT. (29)

Ko

=TSj— <1—

Here, &, = k, — S%0,,T represents the coefficient of effective thermal
conductivity in presence of the electric field. The three transport coeffi-
cients, namely .S, o,,, and «, are closely related to each other because
of the common factors such as mobility and concentration of medium
constituents. The thermoelectric performance of any thermoelectric ma-
terial can be measured by using the dimensionless quantity named as the
figure of merit (ZT), given as [42]

_ S%6, T

Ko

zZT (30)
Here, the term 526, in the numerator of the above equation is called the
power factor. It reflects the ability of the thermoelectric medium to con-
vert heat to electrical energy, excluding the effects of heat conduction.
The first term in Eq. (29) represents the heat carried by charge carriers
due to the Seebeck effect. When an electric current j flows in a material
with a non-zero Seebeck coefficient, the carriers transport energy, thus
producing a heat current proportional to T'Sj. Whereas the second term
describes heat flow due to the temperature gradient, similar to Fourier’s
law, but corrected by the factor (1 — ZT). This correction shows that the
presence of charge carriers affects the net heat flow. Hence, the systems
having ZT = 0 behave like a regular thermal conductor, and heat flows
in response to the temperature gradient with no thermoelectric effect.
Whereas, for the systems having ZT # 0, a portion of the temperature-
driven heat flow is converted into electric energy or compensated by the
thermoelectric current.

4. Results and discussion

For the very first time, we have calculated the thermoelectric figure
of merit ZT for QCD matter created in heavy-ion collisions. As men-
tioned in Eq. (30), ZT serves as a key dimensionless parameter to quan-
tify the efficiency of a medium in converting a temperature gradient into
electrical energy. The Seebeck coefficient .S characterizes the voltage in-
duced per unit temperature gradient across the medium and reflects the
strength of the thermoelectric response. The electrical conductivity o,
measures the ability of the medium to conduct electric current, while the
thermal conductivity x,, comprising both baryonic and mesonic contri-
butions, governs the transport of heat. A high value of ZT indicates an

Physics Letters B 872 (2026) 140060

efficient thermoelectric material, which ideally requires a large Seebeck
coefficient, high electrical conductivity, and low thermal conductivity.
In this study, we explore the temperature dependence of ZT for various
values of baryon chemical potential in both the HRG medium and QGP
medium. Below, without repeating all the details, we discuss the behav-
ior of each transport coefficient first and then discuss their combined
impact on ZT in detail.

The Seebeck coefficient .S shows a strong temperature and up de-
pendence. In the HRG phase, .S becomes increasingly negative with
temperature as mentioned in our previous study [31]. This reflects en-
hanced baryonic transport and increasing charge asymmetry. In rela-
tivistic systems, defining heat flow requires a conserved charge. For the
HRG medium, this role is played by the net baryon number, making the
net heat current directly related to the baryon current. Here, baryons are
found to contribute more significantly to the Seebeck coefficient than
mesons. The contribution of mesons to thermoelectric properties arises
solely through the enthalpy of the medium. Notably, light mesons such
as pions and kaons contribute largely to entropy production, which in
turn elevates the enthalpy per baryon (%) over the single-particle energy
(w;) in Eq. (23). This imbalance is responsible for the emergence of nega-
tive Seebeck coefficients in the HRG medium. In contrast, the QGP phase
exhibits charged quarks and neutral gluons. The quarks have the leading
contribution to thermoelectric transport of the medium, whereas gluons
contribute through the enthalpy. For this phase, the .S is observed to be
almost saturated in the higher temperature region [32]. This distinction
in .S behavior between hadronic and deconfined phases critically influ-
ences the temperature profile of ZT through the S? term. While the
sign of the Seebeck coefficient indicates the relative alignment between
the electric field and the temperature gradient, this directional informa-
tion is lost in the ZT, where S appears squared and thus contributes
only through its magnitude. The numerator of Eq. (23) also shows the
dependence of an electrical conductivity o,, of the medium. As it is pro-
portional to electric charge squared, it is positive for both phases. In the
hadronic phase, ¢,, decreases with temperature and increasing values of
up mainly due to the decrease of the relaxation time of the mesons. How-
ever, in the QGP phase, the ¢,, increases with both T and ujp because
of an increase in the relaxation time of quarks. This turnaround in both
phases, HRG and QPM, contributes to shaping the peak structure in ZT.
In the denominator of Eq. (23), the thermal conductivity x, decreases
with T and up in the HRG phase [13], but on the contrary, it increases in
the QGP phase as T increases but decreases with u [24]. As mentioned
in Eq. (28), the k, has a contribution of the square of (w; — b;h), hence
it is positively contributing to ZT. Therefore, a dip near the transition
region contributes to ZT inversely. The combined effect of .S, ¢,;, and
Ko results in a clear peak in ZT near the QCD crossover temperature
region. This peak signifies the region where thermoelectric conversion
is most efficient. In a nutshell, the thermoelectric figure of merit is a
powerful combined measure of transport efficiency, capturing the in-
terplay between electric and thermal responses in a single, dimension-
less quantity. Unlike the individual transport coefficients, ZT integrates
their effects to reflect the overall ability of a system to convert thermal
gradients into electrical energy. Its strength lies in its sensitivity to col-
lective medium properties, making it especially valuable near the phase
transition, where rapid changes in transport dynamics occur. A peak in
this combined quantity can signal critical behavior more effectively than
any single transport coefficient on its own.

Fig. 1 displays the behavior of the thermoelectric figure of merit ZT
as a function of temperature 7' and baryon chemical potential up, for
the hadronic phase using the HRG model, and the QGP phase using the
quasiparticle model. The left panel shows 2D profiles of ZT versus T for
fixed values of up, while the right panel presents the full 3D surface of
ZT across a thermodynamic phase space spanned by both T and yp. In
the left panel, solid lines correspond to the HRG model, and dashed lines
represent the QPM. The ZT increases monotonically with temperature
within the HRG model up to the transition region, after which it sharply
drops for the QGP medium described by the quasi-particle model. For
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Fig. 1. Left: ZT as a function of temperature for various values of y, in the HRG (solid lines) and QPM (dashed lines) phases. Right: 3D surface plot showing ZT
across a thermodynamic phase space spanned by T and y, in both HRG and QPM phases.

low i values (e.g., up = 0.06 GeV), the peak in ZT is smooth around the
transition temperature region. As y increases, the discontinuity starts
appearing in the peak of both phases. Notably, at high temperatures,
ZT is nearly independent of up in the QPM, which may be due to the
existence of near-symmetry of quark and antiquark contributions and
the negligible role of net baryon number in a weakly interacting quark-
gluon plasma. The right panel of Fig. 1 further highlights the 3D surface
plot of ZT with respect to T and . In the HRG model, ZT grows signif-
icantly with both T and up up to the transition region, peaking sharply
before dropping in the QGP region. These results collectively suggest
that the thermoelectric figure of merit could serve as a sensitive probe
of the QCD transition. The presence of a peak in ZT near the transition
may provide a novel, transport-based phenomenological signature of the
deconfinement transition and the evolution of charge-carrying degrees
of freedom in hot and dense QCD matter. It is important to note here
that the point of discontinuity in the temperature dependence of ZT
occurs around T ~ 160 MeV for lower values of up. This corresponds
to the lattice QCD predicted value of a deconfinement phase transition
[571.

5. Summary

In summary, for the first time, we have calculated the thermoelectric
figure of merit ZT of the QCD medium. Thermoelectric transport rep-
resents a fundamental and elegant interplay between heat and charge
flow in a medium. In condensed matter systems, it forms the foundation
of technologies that enable direct conversion between thermal and elec-
trical energy, presenting promising opportunities for energy harvesting
and thermal management. The study of ZT plays a crucial role in de-
signing efficient materials for these technologies. Beyond its practical
relevance, ZT serves as a sensitive probe of the microscopic structure
and carrier dynamics of a material. It shows how charge carriers re-
spond to temperature gradients and how thermal excitations influence
electrical conduction. This dual sensitivity provides deeper insight into
the intrinsic properties of diverse systems, ranging from conventional
solids to strongly interacting quantum matter, making thermoelectric
phenomena not only technologically valuable but also fundamentally
rich in exploring the transport behavior of complex media. In our cur-
rent study, we observe that around the QCD phase transition region, ZT
exhibits nontrivial behavior due to the rapid changes in the transport
coefficients. Near the transition temperature region, the Seebeck coeffi-
cient S, ¢,;, and k;, undergo significant modifications due to the change
in degrees of freedom from hadronic to partonic medium. These com-
bined effects can lead to a pronounced peak in ZT, suggesting that the
medium is most thermoelectrically responsive near the phase transition
region. We have also observed that for the lower values of y5, the peaks

of ZT for both regions overlap around the transition region. However,
with increasing baryon asymmetry, the discontinuity between peaks of
ZT corresponding to both phases also increases. Hence, the sensitivity
of ZT reflects its valuable tendency to understand the complex dynam-
ics around the phase transition region of baryon-free to baryon-rich QCD
matter in the context of heavy-ion collisions.
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