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Polyakov loop



Polyakov loop and free energy

Polyakov loop, L, and free energy of a static quark, Fg, in a general representation R of
SU(N) of dimension dg:
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For n; = 0 is an order parameter for deconfinement.

For ny > 0 at high temperatures it is a measure of the screening properties of the
deconfined medium.

It enters in all quark-antiquark correlators and free energies: Polykov loop
correlators, Wilson loops, ...
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The Polyakov loop at O(g°)
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where C'r is the quadratic Casimir of the representation R.
The Debye mass mp is given by
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In the weak coupling one assumes the hierarchy of scales
T>>mDNgT>>mMNgQT

where m; is the magnetic mass.



Exponentiation
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Dots stand for order g% contributions.

The free energy is proportional to C'r: Casimir scaling.
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The Polyakov loop at O(g*)
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The logarithm, Inm?, /T2, signals that an infrared divergence at the scale T has
canceled against an ultraviolet divergence at the scale mp.
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Comparison with the literature

In 1981, Gava and Jengo obtained at O(g*) (for ny = 0):
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The result is incorrect. The origin of the error can be traced back to not having resummed
the Debye mass in the temporal gluons contributing to the static gluon self energy.
0 Gava Jengo PLB 105 (1981) 285

Our result agrees with the determination of Burnier, Laine and Vepsalainen, who use a
dimensionally reduced EFT framework in a covariant or Coulomb gauge.
o0 Burnier Lailine Vepsalainen JHEP 1001 (2010) 054



Contributions from the scales 7" and mp at C’)( g5)

After charge renormalization:
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The Polyakov loop at O(g°)
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Checks

Feynman gauge and Coulomb gauge.

Static gauge: 9 Ag = 0:
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Phase-space Coulomb gauge:
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Dimensional reduced effective field theories.



Dimensional reduced EFT's
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The Polykov loop may be calculated relying mostly on known results.
0 Braaten Nieto PR D53 (1996) 3421
Kajantie Laine Rummukainen Shaposhnikov NP B503 (1997) 357,

Non-perturbative contributions carried by mj, are of order g”.



Magnetic mass contributions

MQCD shows that magnetic mass contributions appear at O(g”).

At order g° the following two diagrams cancel when the spatial gluon carries a
momentum of order m:

The explicit cancellation of the magnetic mass contributions at order g° has also
been checked.



Casimir scaling

Casimir scaling holds up to O(g") (including m s contributions).

Possible Casimir scaling violations may happen at O(g®), through diagrams like

+ 4 gluon vertex diagrams + light quark loop diagrams.
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Comparison with lattice



Free energy vs quenched lattice data
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0Fo/T at O(g®) and O(¢°)
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Entropy vs quenched lattice data
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The entropy does not depend on the normalization shift: 5S¢ = — BT
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Entropy vs 2+1 flavor lattice data
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Casimir scaling
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Outlook



The computation of the O(g°) is feasible in perturbation theory. It is the last
missing piece of the perturbative expansion of the Polyakov loop. Non-perturbative
contributions from the magnetic mass are of O(g”). It may conclusively bring the
weak-coupling expansion in agreement with the lattice data at high temperatures.

It would be important to have a definitive weak-coupling estimate of the Casimir
scaling violation. This may happen at O(g®), but we do not have a proof that these
contributions do not vanish.
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