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Abstract. We report on the lattice computation of the Landau gauge gluon propagator at

finite temperature, including the non-zero Matsubara frequencies. Moreover, the corres-

ponding Källén-Lehmann spectral density is computed, using a Tikhonov regularisation

together with the Morozov discrepancy principle. Implications for gluon confinement are

also discussed.

1 Introduction and motivation

The propagators of the fundamental fields of QCD, such as quarks and gluons, encode valuable infor-

mation about non-perturbative phenomena. In particular, the gluon propagator encodes information

about confinement and deconfinement. Following the lattice computation of the Landau gauge gluon

propagator at zero temperature — see, for example, [1] and references therein — there has also been an

renewed interest in the computation of the gluon propagator at finite temperature. In fact, theoretical

studies of QCD at finite temperature and density have been recently pursued due to recent heavy-ion

experiments running e.g. at RHIC [2] and CERN [3]. Lattice simulations of pure SU(3) Yang-Mills

theory at finite temperature have found a first-order phase transition at a critical temperature Tc ∼ 270

MeV [4, 5]. Above Tc the gluons become deconfined and behave as massive quasiparticles [6].

In this paper we focus on the Landau gauge gluon propagator, computed from lattice simulations

at finite temperature, including non-zero Matsubara frequencies. We also report on preliminary results

for the spectral densities.

2 Finite temperature gluon propagator

The tensor structure of the Landau gauge gluon propagator, at finite temperature, includes the trans-

verse (magnetic) DT and longitudinal (electric) DL form factors,

Dab
µν(q̂) = δab

(

PT
µνDT (q4, �q) + PL

µνDL(q4, �q)
)

. (1)

Such form factors can be extracted from the calculation of Daa
ii

(q̂) and Daa
44

(q̂). In this paper we

consider the lattice ensembles described in [6], generated in Coimbra [7] with the help of Chroma [8]

and PFFT [9] libraries.
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(a) Transverse component, T = 265 MeV.
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(b) Longitudinal component, T = 265 MeV.
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(c) Transverse component, T = 275 MeV.
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(d) Longitudinal component, T = 275 MeV.

Figure 1. Transverse (right) and longitudinal (left) components of the gluon propagator for T = 265 MeV (upper

row) and T = 275 MeV (lower row).

In Fig. 1 we see how the propagator behaves as a function of momenta. For both components

and in the infrared region, the propagator decreases as we consider higher Matsubara frequencies. We

therefore conclude that a larger mass scale is associated with a higher q4.

3 Spectral densities

For some (scalar) physical degree of freedom, its Euclidean momentum-space propagator

G(p2) ≡ �O(p)O(−p)�

can be expressed in terms of the Källén-Lehmann spectral representation

G(p2) =

∫ ∞

0

dµ
ρ(µ)

p2 + µ
, with ρ(µ) ≥ 0 for µ ≥ 0.
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Figure 1. Transverse (right) and longitudinal (left) components of the gluon propagator for T = 265 MeV (upper

row) and T = 275 MeV (lower row).

In Fig. 1 we see how the propagator behaves as a function of momenta. For both components

and in the infrared region, the propagator decreases as we consider higher Matsubara frequencies. We

therefore conclude that a larger mass scale is associated with a higher q4.

3 Spectral densities

For some (scalar) physical degree of freedom, its Euclidean momentum-space propagator

G(p2) ≡ �O(p)O(−p)�

can be expressed in terms of the Källén-Lehmann spectral representation

G(p2) =

∫ ∞

0

dµ
ρ(µ)

p2 + µ
, with ρ(µ) ≥ 0 for µ ≥ 0.
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(b) Reconstructed propagator.

Figure 2. Results for the spectral density computed from the transverse component of the gluon propagator at

T = 121 MeV.

The spectral density ρ incorporates valuable information about the physical states described by the op-

erator O. For such physical states, ρ takes positive values, and it can be computed using the maximum

entropy method (MEM) [10].

Given that MEM requires positive spectral densities, it can not be used to extract the spectral

density of unphysical degrees of freedom like gluons. Nevertheless, the method reported in [11]

allows both positive and negative values of the spectral density. The method relies on Tikhonov

regularization combined with the Morozov discrepancy principle.

Following [11], where we studied the gluon spectral density for T = 0, in this paper we are

interested in the finite temperature case. Unlike the case T = 0, here one considers a single spectral

function for each spatial momentum:

D(q4, �q) =

∫ ∞

µ0

dµ
ρ(µ, �q)

q2
4
+ µ
. (2)

Lattice simulations at finite temperature rely on a compactification of the Euclidean time direction.

For this reason, only a small number of Matsubara frequencies are available. However, this issue does

not seem to change the main features of the extracted spectral density [12].

In this work we just report very preliminary results for the spatial momentum �p = (1, 0, 0).

In what concerns the transverse component, below Tc the results for the spectral density share

similar properties as for the T = 0 case, as the characteristic “sinusoidal” behaviour — see Fig.

2. However, above Tc the spectral densities behave in a different way, with fewer zeroes and a big

infrared cut-off µ0, as can be seen in Fig. 3. The spectral densities associated to the longitudinal

component share the same pattern for almost all T — see Fig. 4.

Fig. 5 shows how the infrared cut-off µ0 changes with the temperature, in particular we see that

the values of µ0 change across the deconfinement phase transition.

Recently, a different method has been used to compute the spectral density [13], with similar

results.

We are working towards a full calculation of gluon spectral densities at finite temperature.
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(b) Reconstructed propagator.

Figure 3. Results for the spectral density computed from the transverse component of the gluon propagator at

T = 290 MeV.
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Figure 4. Results for the spectral density computed from the longitudinal component of the gluon propagator at

T = 275 MeV.

Acknowledgments

P. J. Silva acknowledges support by FCT under contracts SFRH/BPD/40998/2007 and

SFRH/BPD/109971/2015. O. Oliveira and P. J. Silva acknowledge financial support from FCT Portu-

gal under contract with reference UID/FIS/04564/2016. The research of M. Roelfs is funded by KU

Leuven IF project C14/16/067. The computing time was provided by the Laboratory for Advanced

Computing at the University of Coimbra [7].

References

[1] A.G. Duarte, O. Oliveira, P.J. Silva, Phys. Rev. D94, 014502 (2016), 1605.00594

[2] T.A. Trainor, Int. J. Mod. Phys. E23, 1430011 (2014), 1303.4774

4

EPJ Web of Conferences 175, 07038 (2018)	 https://doi.org/10.1051/epjconf/201817507038
Lattice 2017



0,01 0,1 1 10

µ  [GeV
2
]

0

5

10

15

20

25

30

ρ
(µ

)

µ
0
 = ( 0.115 GeV )

2

µ
0
 = ( 0.860 GeV )

2

(a) Spectral density.

0 0,5 1 1,5 2 2,5 3 3,5 4 4,5 5

p [GeV]

0,00

0,50

1,00

1,50

2,00

2,50

3,00

3,50

4,00

4,50

5,00

D
(p

²)

µ
0
 = ( 0.115 GeV )

2

µ
0
 = ( 0.860 GeV )

2

(b) Reconstructed propagator.

Figure 3. Results for the spectral density computed from the transverse component of the gluon propagator at

T = 290 MeV.

0,1 1 10

µ [GeV
2
]

0

5

10

15

20

25

ρ
(µ

)

µ
0
 = ( 0.005 GeV )

2

µ
0
 = ( 0.360 GeV )

2

(a) Spectral density.

0 0,5 1 1,5 2 2,5 3 3,5 4 4,5 5

p [GeV]

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

D
(p

²)

µ
0
 = ( 0.005 GeV )

2

µ
0
 = ( 0.360 GeV )

2

(b) Reconstructed propagator.

Figure 4. Results for the spectral density computed from the longitudinal component of the gluon propagator at

T = 275 MeV.

Acknowledgments

P. J. Silva acknowledges support by FCT under contracts SFRH/BPD/40998/2007 and

SFRH/BPD/109971/2015. O. Oliveira and P. J. Silva acknowledge financial support from FCT Portu-

gal under contract with reference UID/FIS/04564/2016. The research of M. Roelfs is funded by KU

Leuven IF project C14/16/067. The computing time was provided by the Laboratory for Advanced

Computing at the University of Coimbra [7].

References

[1] A.G. Duarte, O. Oliveira, P.J. Silva, Phys. Rev. D94, 014502 (2016), 1605.00594

[2] T.A. Trainor, Int. J. Mod. Phys. E23, 1430011 (2014), 1303.4774

0 50 100 150 200 250 300 350 400
T  [GeV]

0,1

0,2

0,3

0,4

0,5

µ
0

1
/2

  
[G

eV
]

(a) Longitudinal component.

100 150 200 250 300 350
T  [GeV]

0,5

0,6

0,7

0,8

0,9

1

1,1

µ
0

1
/2

  
[G

eV
]

(b) Transverse component.

Figure 5. Infrared cut-offs as functions of the temperature.

[3] C. Roland, Int. J. Mod. Phys. A30, 1546010 (2015)

[4] B. Lucini, M. Teper, U. Wenger, JHEP 01, 061 (2004), hep-lat/0307017

[5] P.J. Silva, O. Oliveira, Phys. Rev. D93, 114509 (2016), 1601.01594

[6] P.J. Silva, O. Oliveira, P. Bicudo, N. Cardoso, Phys. Rev. D89, 074503 (2014), 1310.5629

[7] http://www.uc.pt/lca/

[8] R.G. Edwards, B. Joo (SciDAC, LHPC, UKQCD), Nucl. Phys. Proc. Suppl. 140, 832 (2005),

[,832(2004)], hep-lat/0409003

[9] M. Pippig, SIAM J. Sci. Comput. 35, C213 (2013)

[10] M. Asakawa, T. Hatsuda, Y. Nakahara, Prog. Part. Nucl. Phys. 46, 459 (2001),

hep-lat/0011040

[11] D. Dudal, O. Oliveira, P.J. Silva, Phys. Rev. D89, 014010 (2014), 1310.4069

[12] P.J. Silva, O. Oliveira, D. Dudal, M. Roelfs (2017), 1710.00847

[13] E.M. Ilgenfritz, J.M. Pawlowski, A. Rothkopf, A. Trunin (2017), 1701.08610

5

EPJ Web of Conferences 175, 07038 (2018)	 https://doi.org/10.1051/epjconf/201817507038
Lattice 2017


