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We study the chiral phase transition of two-flavor quan-
tum chromodynamics (QCD) at finite temperature T and
quark chemical potential μ [1]. At not too large chem-
ical potential, the chiral dynamics in the vicinity of the
phase boundary are driven by the lightest hadronic states,
the pions and the sigma meson. Thus, in order to arrive
at a quantitative picture of the matter sector of QCD, these
mesonic degrees of freedom need to be taken into account
accurately. We therefore employ a linear quark-meson
model which captures spontaneous chiral symmetry break-
ing SU(Nf)L ⊗ SU(Nf)R → SU(Nf)V . Quantum fluc-
tuations are included by means of the functional renormal-
ization group. The scale dependent effective action reads
[2]:

Γk =
∫

x

{
iZψ,kψ̄(γμ∂μ + γ0μ)ψ +

1
2
Zφ,k(∂μφ)2

+Vk(ρ)− cσ + hk(ρ)ψ̄(γ5�τ�π + iσ)ψ
}
,

(1)

where ρ = φ2/2 = �π2 + σ2. We systematically study
the effect of higher order multi-meson as well as quark-
antiquark multi-meson scattering processes on the chiral
phase structure of QCD by expanding the effective poten-
tial Vk(ρ) and the field-dependent Yukawa coupling hk(ρ)
in powers of ρ. This corresponds to an expansion of the ef-
fective action Γk in terms of n-point functions. We observe
that these higher order operators play a quantitatively im-
portant role for the chiral phase transition. Furthermore, the
expansions of both, the effective potential and the Yukawa
coupling, converge rapidly. This implies that we have good
control over the quantitative precision of our results. For
the effect of different parts of the truncation (1) on the
phase boundary, see Fig. 1.

As a result of the explicit chiral symmetry breaking−cσ,
which is directly related to finite current quark masses, we
observe a crossover phase transition. The transition tem-
perature/chemical potential in this case is not uniquely de-
fined and we therefore compare different definitions of the
phase boundary. Fig. 2 shows the resulting phase diagram.
We find a crossover transition for μ < 291 MeV. The large
deviations in the transition temperatures between differ-
ent definitions of the phase boundary indicate a very broad
crossover. We note that the same is true for the curvature
of the phase boundary at vanishing density. The crossover
transition gets steeper towards the critical endpoint which
we find at (Tc, μc) = (50, 291) MeV.
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For the future this analysis can be used as a starting point
for studies aiming towards full QCD, including baryonic
degrees of freedom as well as the gauge sector of QCD.

0 50 100 150 200 250
0

50

100

150

200

Μ �MeV�

T
�M
eV

�

LPA
LPA � hk
LPA � ZΦ,ZΨ
full

Figure 1: The crossover phase boundary for different trun-
cations. LPA denotes the quark-meson model with only a
running effective potential. The dot-dashed curve shows
the full result of (1).
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Figure 2: The phase diagram of the chiral transition of
QCD. The crossover transition was extracted from three
different quantities: the minimum of the effective poten-
tial (dashed), the quartic meson coupling (dotted) and the
chiral susceptibility (dot-dashed).
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