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One of the basic signatures of the decon-
fined plasma phase of quarks and gluons is the
screening of static chromoelectric fields. In the
deconfined phase, the the potential between
quark and antiquark pairs are exponentially
screened [1] which allows forensic study of
quark-gluon plasma (QGP) created in the lab-
oratory through the measurement of the rel-
ative abundance of heavy quark bound states
such as J/ψ for example [2].

In perturbation theory, the lowest order
electric screening mass is obtained as mD ∼
gT (the strong coupling constant is αs =
g2/4π and T is the temperature). Magnetic
screening mass, on the other hand, is expected
to be generated (∼ gmD) nonperturbatively in
the static sector [3]. Moreover, the perturba-
tive methods could only be reliable for tem-
peratures far above the critical temperature
(T > Tc) when the coupling is small (g → 0).

It is widely accepted that the nonperturba-
tive dynamics of QCD is signaled by the emer-
gence of power corrections in physical observ-
able. These nonperturbative corrections are
introduced via non-vanishing vacuum expec-
tation values of local quark and gluonic op-
erators such as the quark condensate 〈ψ̄ψ〉
and the gluon condensate 〈GaµνGaµν〉. This
approach of the operator product expansion
(OPE) has met noticeable success in QCD
sum rule calculations at zero temperature [4]
and the calculation of the N -point functions
in QCD at zero temperature [5]. The aim of
this work is to determine the screening masses
in a gluonic heatbath using operator product

expansion.
The in-medium gluon self-energy for an

O(3) invariant gauge fixing condition can be
written as

πµν (ω, k) = πlP lµν +πtPtµν +πmMµν + π̃Lµν .
(1)

The Lorentz invariant single particle energy
and momentum are, respectively, given as ω =

u · K and k =

√
(u ·K)

2 −K2 where uµ is

the four velocity of the heat bath and K =(
k0,~k

)
. The projection operators chosen here

are similar to that in [6] with K̃µ = Kµ −
ωuµ and ūµ = uµ − (ω/K2)Kµ. The scalar
functions in (1) are extracted as

πl = Pµνl πµν , πt =
1

2
Pµνt πµν ,

πm = −Mµνπµν , π̃ = Lµνπµν .

and these functions receive both perturbative
and nonperturbative contributions.

In OPE, the nonperturbative corrections to
the polarization tensor are calculated by writ-
ing down the full Feynman diagrams and sub-
tracting the equivalent perturbative ones. The
soft loop momenta are expanded in powers of
external momenta and moments are identified
with appropriate condensates. This is differ-
ent from the Hard Thermal Loop approxima-
tion of pQCD where the polarization operator
is saturated by the hard loop momenta (∼ T ).
The nonperturbative contribution to various
scalar components of the gluon-self energy in
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the static limit k0 → 0 can be obtained as

πnpl (0, k) = − a

k2
,

πnpt (0, k) = − b

k2

πnpm (0, k) = 0, π̃np (0, k) 6= 0 , (3)

where,

a =
4π2Nc
FA

[
8

3

αs
π

〈
E2
〉
T

+
8

30

αs
π

〈
B2
〉
T

]
,

(4a)

b =
4π2Nc
FA

[
WE

αs
π

〈
E2
〉
T
−WB

αs
π

〈
B2
〉
T

]
.

(4b)

Here FA = N2
c − 1, WE =

(
2 + ξ

3

)
, WB =

1
15 (38 + 9ξ) and WM = (2 + ξ). Nc is the
number of color. The electric and magnetic
screening masses are obtained from

m2
e = πpertl

(
0,−m2

D

)
+ πnpl

(
0,−m2

D

)
,(5)

m2
m = πpertt

(
0,−m2

m

)
+ πnpt

(
0,−m2

m

)
.(6)

To the perturbative order αs, π
pert
l (0, k) =

(mpert
e )2 = 4παsT

2, whereas πpertt (0, p) = 0.
Solving (5) and (6), we obtain the values of
the screening masses as

mm = b
1
4 ,

me =

[
1

2

{
(mpert

e )2 +

√
(mpert

e )4 + 4a

}] 1
2

.(7)

For numerical evaluations of nonperturbative
part in screening masses we use electric and
magnetic condensates measured on lattice for
pure SU(3) gauge theory [7]. The perturba-
tive part is evaluated using the two loop run-
ning coupling constant.

The electric and magnetic screening masses
so obtained are delineated in Fig. 1. The com-
plete electric screening mass, including per-
turbative and nonperturbative contributions,
falls short of lattice data but is still rather
close to it. On the other hand, the mag-
netic screening is purely nonperturbative in
nature and agrees relatively well with lattice

FIG. 1: Temperature variation of electric and
magnetic screening masses. The present investi-
gation is represented by OPE with two different
gauge fixing parameter ξ whereas LQCD data are
represented by LAT [8].

data. The magnetic mass is dependent upon
the gauge fixing parameter and we have chosen
Landau (ξ = 0) and Feynman (ξ = 1) gauge.
The weak gauge dependence found here is sim-
ilar to that of Ref. [8] for a similar choice of
gauge fixing.

Our results may be useful input to calcu-
late various thermodynamic quantities, spec-
tral properties and for the phenomenology of
jet quenching, quarkonium suppression in hot
QCD matter produced in relativistic heavy-
ion collision experiments.

References

[1] L. D. McLerran and B. Svetitsky,
Phys.Rev. D24, 450 (1981).

[2] T. Matsui and H. Satz, Phys. Lett. B178,
416 (1986).

[3] G. Alexanian and V. Nair, Phys. Lett.
B352, 435 (1995).

[4] M. Shifman, Vacuum structure and QCD
sum rules (North-Holland, 1992).

[5] M. J. Lavelle and M. Schaden, Phys. Lett.
B208, 297 (1988).

[6] U. W. Heinz, K. Kajantie, and T. Toimela,
Ann. Phys. 176, 218 (1987).

[7] G. Boyd et al., Nucl. Phys. B469, 419
(1996).

[8] A. Nakamura, T. Saito, and S. Sakai,
Phys. Rev. D69, 014506 (2004).


