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Abstract

The ghost propagator in Landau gauge is studied
at finite temperature below and above Tc using
lattice QCD simulations. For high temperatures,
we find that the ghost propagator is enhanced,
compared to the confined phase. The results
suggest that the ghost propagator can be used to
identify the phase transition, similarly to the gluon
propagator case.

QCD phase diagram

◮ Relevant for heavy ion experiments

◮ Phase transition with quarks and gluons becoming
deconfined at sufficiently high T

◮ Polyakov loop
◮ order parameter for the confinement-deconfinement phase

transition
◮ L = 〈L(~x)〉 ∝ e−Fq/T

◮ T < Tc : L = 0
◮ T > Tc : L 6= 0

QCD Green’s functions

◮ In a QFT, the knowledge of all Green’s functions
give a complete description of the theory

◮ In QCD, propagators of fundamental fields encode
information about non-perturbative phenomena
(confinement/deconfinement, chiral symmetry
breaking)

◮ Propagators are gauge dependent: Landau gauge

Landau gauge fixing on the lattice

◮ gauge fixing functional

F (U g) = −ReTr
∑

x,µ

[

g(x)Uµ(x) g
†(x + µ̂)

]

◮ First variation: Landau gauge condition ∂µA
a
µ = 0

◮ Second variation: Faddeev-Popov matrix

Mab
x,y =

∑

µ

(

ReTr
[

{ta, tb}(Uµ(x) + Uµ(x − µ̂))
]

δxy

−2ReTr
[

tbtaUµ(x)
]

δx+µ̂,y

−2ReTr
[

tatbUµ(x − µ̂)
]

δx−µ̂,y

)

◮ continuum limit −1
2

(

∂µD
ab
µ + Dab

µ ∂µ

)

◮ in Landau gauge: = −∂µD
ab
µ

Gluon and quark propagators at finite T

Longitudinal gluon
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◮ strong suppression of the gluon longitudinal form
factor above Tc

◮ T > Tc: quarks behave as quasiparticles with
m∼ 100MeV (for a bare quark mass ∼ 50 MeV)

Ghost propagator

◮ inversion of the FP matrix

◮ two point sources for each config

◮ zero temporal momenta

◮ all data renormalized at µ = 4GeV

Lattice setup

Temp. (MeV) β Ls Lt a [fm] 1/a (GeV)
121 6.0000 64 16 0.1016 1.943
194 6.0000 64 10 0.1016 1.943
243 6.0000 64 8 0.1016 1.943
260 6.0347 68 8 0.09502 2.0767
265 5.8876 52 6 0.1243 1.5881
275 6.0684 72 8 0.08974 2.1989
324 6.0000 64 6 0.1016 1.943
366 6.0684 72 6 0.08974 2.1989
486 6.0000 64 4 0.1016 1.943

Ghost propagator – all momenta
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Ghost Propagator at finite temperature

Renormalized at 4 GeV

Ghost propagator — IR region
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Ghost propagator as a function of T
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Ghost Propagator as a function of temperature
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Ghost Propagator as a function of temperature
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Center symmetry

◮ Wilson gauge action invariant under a center
transformation
◮ temporal links on a hyperplane x4 = const multiplied by

z ∈ Z3 = {e−i2π/3, 1, ei2π/3}

◮ Polyakov loop L(~x) → zL(~x)
◮ T < Tc

◮ center symmetry
◮ local PL phase equally distributed among the three sectors

L = 〈L(~x)〉 ≈ 0

◮ T > Tc
◮ spontaneous breaking of center symmetry
◮ Z3 sectors not equally populated: L 6= 0

Z3 sectors

2π/3

−2π/3

Im L

Re L

Sector 0

Sector −1

Sector 1

◮ for each configuration,
3 gauge fixings after a Z3
transformation

U ′
4(~x, t = 0) = z U4(~x, t = 0)

◮ configurations classified
according to 〈L〉 = |L|eiθ

Z3 dependence: gluon and quark above Tc
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Z3 dependence: ghost propagator

◮ Simulations on 723 × 8 lattices near Tc
◮ β = 6.058, T ∼ 270MeV
◮ β = 6.066, T ∼ 274MeV

Below Tc
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Conclusions and Outlook

◮ Landau gauge ghost propagator at finite
temperature
◮ enhancement of the ghost form factor above Tc

◮ similar to previous SU(3) results on smaller lattice volumes
R. Aouane et al, Phys.Rev.D 85 (2012) 034501

◮ early SU(2) studies conclude in favour of a nearly
independent ghost propagator with the temperature

A. Cucchieri et al, Phys.Rev.D 75 (2007) 076003

◮ Z3 dependence — preliminary results
◮ ghost propagator sensitive to the Z3 sector above Tc

◮ suppression of ±1 sectors relative to the 0 sector
◮ ±1 sectors are indistinguishable (similarly to gluon case)
◮ decoupling of sectors ±1 only seen in the quark form

factors
◮ note that fermionic actions are not Z3 symmetric

◮ Outlook
◮ other temperatures for Z3 dependence
◮ dynamical simulations
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