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In mean-field approximation, the SU(4) Polyakov lineamsiggmodel (PLSM) is constructed in
order to characterize the quark-hadron phase structursviderange of temperatures and den-
sities. The chiral condensateg gs and o, for light, strange and charm quarks, respectively, and
the deconfinement order-parameterand ¢* shall be analysed at finite temperatures and densi-
ties. We conclude that, the critical temperatures cornedipg to charm condensates are greater
than that to strange and light ones, respectively. Thusghiaem condensates are likely not af-
fected by the QCD phase-transition. Furthermore, incnggibie chemical potentials decreases
the corresponding critical temperatures.
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1. Introduction

Quantum chromodynamics (QCD) describes the strong irtteracbetween quarks and glu-
ons. As the temperature decreases or at low densities, #iksjand gluons become confined and
the physical degrees-of-freedom can be dominated by hadBy imposing chiral symmetries,
various approaches besides lattice QCD simulations (LQ&mD)at describing the quark-hadron
phase transitions in thermal and dense QCD medium, seedtanice Refs. [1, 2]. At vanish-
ing quark masses, the chiral symmetries represent bagieies of the QCD Lagrangian, while
at finite current quark masses, the chiral symmetry is eXlglibroken [3] and the QCD phase-
diagram can be described by the first-principle LQCD [4, ] warious QCD-like approaches. In
charactering SU(2) and SU(3), the Polyakov Nambu-Jonani@NJL) model [6, 7, 8] and the
Polyakov linear-sigma model (PLSM) [9, 10, 11, 12, 13, 14,1, 17, 18, 19, 20, 21, 22, 23] have
been implemented. The SU(4) Lagrangian has the same stwagtuhat of SU(3) [9], for instance.
All meson fields should be parametrized in terms of 4 instead of 3< 3 matrices and the chiral
phase-structures can be studied for mesons having masses~up.5 GeV. The corresponding
guark number susceptibilities and correlations can alsanladysed.

The present work is organized as follows. We utilize meadfdpproximation to the PLSM
with Ny = 4 quarks flavors at finite temperatures and baryon chemidanpals in section 2.
The thermal dependence of the light, strange and charm @hédd-condensates;, gs, and g,
respectively, and the corresponding deconfinement oraempetersg and ¢*, the Ployakov-loop
fields, shall be discussed in section 3. Section 4 is devet#uktfinal conclusions.

2. SU@) Polyakov linear-sigma model

In SU(4). x SU(4Rr symmetries, the LSM Lagrangian [9] can be constructedZgga =
L4+ Zm, Whereq € (u,d,s,c),

Zo=3 0 [1*Dz — gTa(0a +ive7w)| ar 2.1)

andg is the flavor-blind Yukawa coupling [24F, is an additional Lorentz index. The pure mesonic
part is given as

Lin = Tr(0®TOHD — mPDTd) — A [Tr(@T®)]2 — A Tr(® D)2 - Tr[H (P + @1, (2.2)

to which anc-term, c[Det(®) + Det(®")], is usually added, wher@ is a complex 4< 4 matrix for
scalar and pseudoscalar mesepsand 14, respectively® = T,(0,+1T4), with T, = A5/2 with
a=0,---, Nf2 — 1 are the generators 0f(4) symmetry group [9]A, are Gell-Mann matrices, while
Ao =1/v/2 [25].

The Polyakov-loop potentials introduces color degreesefdom and gluon dynamics, where
@ and@*, LpLsm = ZLehira — % (@, ¢*, T) are Polyakov-loop fields. Details about the chiral LSM
Lagrangian folNs = 2 and 3 can be found in Refs. [9, 12, 26, 27]. In the present weekuse
polynomial logarithmic parametrisation potential for felyakov-loop fields, [27]

WUpolyLog(@, ¢, T) —a(T)

T2 = — = 9 o+b(T) In[1-6¢"0+4(9°+¢°) —3(¢"9)?]
+ LZT)(qo*3+fp3)+d(T)(cv*cp)2- (2.3)
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The various coefficients, ¢, andd have been determined in Ref. [2K[T) = [Xo+x1 (TO/T) +
X2 (TO/T)?]/[1+ X3 (TO/T)+X4 (TO/T)? andb(T) = by (TO/T)® [1— =TT withx= (a, c, d).
In mean-field approximation, all fields are treated as constéaverages) in space and imag-
inary time 1. The exchanges between particles and antiparticles saakpressed as function
of temperature ) and chemical potentialu), for instance. Accordingly, grand-canonical par-
tition function (2) can be constructed, from which the thermodynamic potedg&asity can be
derivedQ(T, 1) = Qaq(T, U) + polyLog( @, ¢*, T) +U (01, 0s,0:) = —T InZ/V. The thermody-
namic antiquark-quark potentiagqy(T, 1), was introduced in Ref. [7, 28],

Qqq(T, 1) = —2T " P {| {1 3( E”‘) e ffﬂ}
q(T, 4) = — / nN1+3(p+o'e T |xe T +e T
™ f:Z.s.c 0 (27'[)3

Ef+u Ef+u Ef+u
+In {1+3 ((p* + (peT> xe T +e3T} } (2.4)

The subscripts$, s, andc refer to degenerate light, strange and charm quarks, resggc The
energy-momentum relation is given Bs = (P? + m%)l/z, with ms being the flavor mass of light,
strange, and charm quark coupledytf24]; m = gaj /2, ms = gos/v/2 [14], andm. = go./v/2.

The values of the vacuum chiral-condensates are determfioetpion, kaon and D-meson
decay widths by means of the partially conserved axialeremirrent relation (PCAC) [9, 13]. At
T =0, the quark condensates reagis= f; = 924 MeV, g, = (2fx — fr)/v/2 = 945 MeV and
Oc, = (2fp — fr)/v/2=29387 MeV.

By introducing SU(4)x SU(4k symmetries [9], the purely mesonic potential can be driven
in basis of light, strange and charm quark from the mesongrdregian,.Z. The orthogonal basis
transformation from the original onesy, og and o;s, to the light(gj), the strangd os), and the
charm(o;) quark flavor basis

o—ia+io+ia 0'_1-0'—\/§0'+i0' a—}o—ﬁo (2.5)

Furthermore, one can obtain that

P (0f + 05+ 07)  C0i0s0: M Ofog

U(ai,0s,0c) = —hoj — hsos— heoe +

2 4 2
MO20Z  MoZoZ | (2+Ao)af ‘ 3
1£ C+/\1cfzsoC+( 1+82) | +(/\1+i\2)05+()‘1+:2)00. (2.6)

It is noteworthy highlighting that SU(3) pure mesonic pai&ncan be obtained wheo, — 0
and the additional terrmo?gs/2v/2 is subtracted. The latter is stemming from the anomaly term
(known asc-term) added to mesonic potential, Eq. (2.2). All paransete?, h;, hs, A1, A2, and
¢ have been determined at different sigma masses [9, 12]. dtiéan parameteh. is related
to the pion- and D-meson masses by Ward identitles= v2fom2 — fm2/+/2. In order to
evaluate the PLSM chiral condensams os, and o; and the deconfinement order-parametgrs
and g™, the real part of thermodynamic potential, Rg(should be minimized at the saddle point;
0Q/00| =0Q/00s=0Q/00; =0Q/dp=0Q/0¢"| i, =0.
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Figure 1: Left-hand panel (a): normalized chiral-condensates arengas functions of temperatures at

different baryon chemical potentiads/ 0i,, 0s/ 0s,, andae/ ag, (solid, dotted and double-dotted curves) for

light, strange, and charm quark flavors, respectively. Rigind panel (b): the same as in left-hand panel
but for the deconfinement order-parametgendg*.

3. Results

The chiral condensates, g, andgg [left-hand panel (a)] and deconfinement order-parameters
@ and@* [right-hand panel (b)] have been evaluated from global mipation the real part of the
thermodynamic potential at the saddle point. Left-handepéa) depicts the normalized chiral
condensates of light, strange, and charm quarks corresgptaltheir vacuum values; = 92.4,
Os = 94.5, anda. = 295 MeV as functions of temperatures at different baryomtbal potentials
1 =0,T/2, andu = T. Right-hand panel (b) shows the Polyakov-loop figfoand ¢* estimated
from the polynomial logarithmic parametrisation [27] at thfferent values of the baryon chemical
potentials. It is possible to determine the chiral critteshperatures corresponding to light, strange,
and charm quarks. The intersection of the deconfinementr-patametersp and ¢* with the
corresponding quark condensateuat O leads toT)'( = 1746, T)f = 2834, andT)f =575 MeV for
light, strange, and charm quark flavors, respectively. inglthis, we recall the well-know lattice
results that both chiral and deconfinement critical tertpeea coincide, especially at vanishing
baryon chemical potential. Alternatively, we might alsglpother methods, such as, peaks of
chiral condensates susceptibilities, etc.

Also, we notice the deconfinement order-paramegeasd @* refer to varying critical temper-
atures with varyingu. While the critical temperature from seems to decrease with increasjng
the one fromy* increases.

4. Conclusion

In determining various PLSM parameters, the pure mesoréntial is formulated foN; = 4.
Accordingly, the extra degrees-of-freedom modify the ithedynamic antiquark-quark potential
and the energy-momentum dispersion relations. The paeasw@iided to the SU(4) model, such as
oc andh. are found identified. We have introduced how the charm quargsis coupled tg and
the charm quark condensate in vacuum.

We present the temperature dependence of the chiral catdsos, os, and o, and decon-
finement order-parameterg and ¢* at varying baryon chemical potentials. We notice the criti-
cal temperatures increases when moving from light to sedagharge quark chiral condensate;
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T)'( = 1746, TXs = 2834, andT)‘("' = 575 MeV, respectively. This leads to draw a conclusion that
the charm condensate wouldn't be affected by the well-knquark-hadron phase transition. Fur-
thermore, we conclude that increasipgdecreases the correspondilig and the dissociation of
hadrons consisting af-quarks obviously takes place at highgr. The chiral phase-structure of
heavy mesons and the correlations including charm quarkiseirmal and dense medium are of
great importance with respect to recent experimental tesul
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