Current quark mass effects on the chiral phase transition of QCD
in the improved ladder approximation
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At zero temperature and zero baryon number density, the chiral symmetry is dynamically
broken. It is generally believed, however, that at high temperature and/or density the QCD
vacuum undergoes a phase transition into a chirally symmetric phase. This chiral phase
transition plays an important role in the physics of neutron stars and the early universe and
it may be realized in high-energy heavy-ion collisions. In this paper we study the phase
structure of QCD using the improved ladder approximation. We calculate the Cornwall-
Jackiw—Tomboulis (CJT) effective potential [1] at finite temperature and chemical potential
and investigate the chiral phase transition. Note that in this report we fix the mass scale of
our model by the condition of Aqop = 1, otherwise stated.

At T = p = 0, we derive the modified form of the Cornwall-Jackiw-Tombpulis effec-
tive potential [1] in the Landau gauge and in the improved ladder approximation with the
Higashijima-Miransky approximation [2, 3] as follows
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where an overall factor NyN, (the number of light quarks times colors) is omitted, Co =
(N2 —1)/(2N,) is the quadratic Casimir operator for SU(N,), D(ps) = §%(pr)/p% and X(ps)
is a dynamical mass function of the quark. The extremum condition for V' with respect
3 (pg) leads to the following differential equation which is equivalent to the Schwinger-Dyson
equation:
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apart from two boundary conditions.
At finite temperature and chemical potential, we use the imaginary time formalism:
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and the following “real” functions for Dr ,(p4, p) and X7 ,(p4, P).

D 212a 1
T,u(p4ap) ln(w%—l—pQ—}—pﬁ) w%+p25
Sru(psp) = melln(wl +p® +ph)] 2
o

t—————[In(w? + p* + p3)]*
w,%+p2+p2[( P’ + %)

where w, is the fermion Matsubara frequency, mp is a renormalization group invariant quark
mass, o is an order parameter of chiral symmetry, pg is the infrared regularization parameter
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Figure 1: Schematic view of the phase diagram in the chiral limit.

and a = 8/9. We can determine the value of (gg) through the relation (gq) = —(3/272a)omin,
where o, is the location of the minimum of V.

In numerical calculations, we put ln(p%z) = 0.1 and determine the value of Aqop by the
condition of fr = 93 MeV at T = pu = 0, mr = 0. Then, we have Aqcp = 738 MeV.
Note that we use the Pagels—Stoker formula [4] for f;. In the chiral limit, we have the
second-order phase transition at T, = 129 MeV, y = 0 and first-order one at u. = 422 MeV,
T = 0. The T-y phase diagram is shown in Fig. 1 and the tricritical point ‘P’ is found at
(Tp,up) = (107,210) MeV [5]. For m(1GeV) = 7 MeV case, the position of the critical end
point is found

Tg ~ 95 MeV , pg ~ 300 MeV.

In this paper, we studied the current quark mass effects on the chiral phase transition of
QCD at high temperature and density in the improved ladder approximation. We found the
tricritical point on the phase diagram. The location of the tricritical point is approximately
coincident with that found in the other models [6, 7]. We also studied the phase diagram
with explicit chiral symmetry breaking and examined the position of the critical end point.
The physics near the critical end point is interesting in the light of the high-energy heavy-ion
collision experiments.
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