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The Interplay of Flavour and Colour in PNJL Models ♦

S. Rößner, T. Hell, and W. Weise

The Polyakov loop extended Nambu and Jona-Lasinio
model (PNJL model) in a mean field framework shows as-
tonishingly good agreement with lattice QCD calculations
[1,2]. This is illustrated in Fig. 1, where lattice and PNJL
results for the flavour diagonal moments of the normalized
pressure are compared. The flavour diagonal and off diag-
onal moments of the normalized pressure p/T 4 are defined
in Eq. (1) and (2) in agreement with Ref. [4].
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Fig. 1: A comparison of flavour diagonal moments of the normalized
pressure evaluated on the lattice [4] and in the PNJL model.

The approach beyond mean field theory advocated in
Ref. [3] is able to implement Polyakov-loop degrees of
freedom correctly allowing for differences in 〈Φ∗〉 and 〈Φ〉
at µ 6= 0 plotted in the inset of the left panel of Fig. 2.
The comparison with cud

2 defined in Ref. [4] and plotted
on the left hand side of Fig. 2 suggests a common origin of
cud
2 and Φ− = 1

2 〈Φ
∗ − Φ〉.

Fig. 2: Left: The isovector moment cud

2
and, in the inset, the

Polyakov-loop degree of freedom Φ− = 1

2
〈Φ∗ − Φ〉 at µ > 0 show

large similiarities. Softer Polyakov loop potentials in Φ− increase
|cud

2
| (dotted and dashed lines).

Right: Effective isovector coupling g of flavoured quark densities to
Φ− extracted from PNJL and lattice QCD calculations. The effec-
tive isovector coupling g is stable under changes to the Polyakov loop
effective potential.

The schematic partition function

Z(µu, µd, ξ) = Zu(µu) · Zd(µd) · ZI(µu, µd, ξ) , (3)

models an interconnection of colour and flavour. In this de-
scribtion up and down quark contributions Zu(µu)Zd(µd)
factorize completely, leading to vanishing up-down quark
susceptibilities χud. The interaction part

logZI(µu, µd, ξ) = V T 3 g ξ
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which is treated perturbatively couples the flavoured quark
densities to the field ξ. It is this perturbative part ZI that
induces non-vanishing flavour off diagonal susceptibilities:
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where χ
(0)
uu is the flavour diagonal susceptibility of the un-

perturbed schematic model. Eq. (5) and Fig. 2 suggest
to identify ξ with Φ− = 1

2 〈Φ
∗ − Φ〉 in the PNJL model.

Alternatively the flavour off diagonal susceptibilty may be
expressed in terms of the effective potential Ω
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To consolidate the study of the PNJL model behaviour
the effective Polyakov loop potential has been modified.
The potential used in Refs. [1,3] may be supplemented
by an additional higher order term term in the polyno-
mial ansatz of the coefficient a(T ). The coefficient a3 of
the additional term a3 (T0/T )3 has been fixed to the val-
ues −6 and −12. The ratio of cud

2 and dΦ−/dµ is almost
flat around Tc and remains almost unaffected by changes
to the potential. We take this as a confirmation of the
identification of ξ with Φ−. The changes to the effective
Polyakov loop potential are changes to the stiffness of the
potential in Φ−-direction around Tc. The effects of softer
Polyakov loop potentials are illustrated by the dotted and
dashed lines in Fig. 2. We argue that it is therefore possi-
ble to extract information about an effective Polyakov loop
potential from flavour off diagonal quantities.

Such a scenario allows to extract the isovector coupling
constant g from both PNJL and lattice QCD (see right
panel of Fig. 2). The determination of the extend to
which the presented mechanism is at work in QCD re-
quires further investigation of the current quark mass and
strangeness dependence.
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