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I Definitions and details of simulation

I Zero-momentum gluon propagators versus µB
and screening masses

I Comparison with perturbation theory
I Gribov-Stingl fit for the dressing function
I DL − DT as the infrared sensitive quantity
I DL and DT at p4 6= 0
I Conclusions



We study QCD with Nc = 2, Nf = 2, improved gauge field action and
standard staggered fermion action; a = 0.044 fm, mπ = 740 MeV,
Ns = 32,Nt = 32.
Landau gauge fixing condition is

(∂A)x =
4∑

µ=1

(
Ax+µ̂/2;µ −Ax−µ̂/2;µ

)
= 0 , (1)

which is equivalent to finding an extremum of the gauge functional

FU(g) =
1

4V

∑
xµ

1
2

Tr Ug
xµ , (2)

with respect to gauge transformations gx .



We adopt the strategy of finding gauge copies being as close as
possible to the global maximum of the gauge fixing functional - so
called absolute Landau gauge.
Features of our approach are as follows:

- efficient optimization algorithm - simulated annealing.
- many gauge copies per MC configuration with the choice of the

one with maximal FU - best copy.
- Gribov copy effects are small (5 and 30 copies per confuguration

were used)



Dµν(p) =
1

3a4N3
s Nt

3∑
b=1

〈Ãb
µ(p)Ãb

ν(−p)〉 = DL(p)PL
µν+DT (p)PT

µν+α
pµpν
p4

PT
µν =

 0 0

0 δij −
pipj

|~p|2

 PL
µν =


|~p|2

p2 −p4pi

p2

−
p4pj

p2 −
pipjp2

4
|~p|2p2


p4 6= 0, ~p 6= 0 DL ∼

p2

|~p|2
〈A4A4〉; DT ∼

1
2

(
3∑

i=1

〈AiAi〉 −
p2

4
|~p|2
〈A4A4〉

)

p4 = 0, ~p 6= 0 DL ∼ 〈A4A4〉; DT ∼
1
2

3∑
i=1

〈AiAi〉

p4 = 0, ~p = 0 DL ∼ 〈A4A4〉; DT ∼
1
3

3∑
i=1

〈AiAi〉

1
3a4N3

s Nt
is omitted, p2 = p2

4 + |~p|2,
∑3

b=1〈Ãb
µ(p)Ãb

ν(−p)〉 = 〈AµAν〉



If p4 6= 0, ~p = 0 then we arrive at

2DT + DL ∼
3∑

i=1

〈AiAi〉, whereas 〈A4A4〉 = 0 ,

and general considerations are not sufficient to find DT and DL
separately. However, in the Landau gauge

A4 = −
3∑

i=1

piAi

p4

and rotation invariance implies

lim
|~p|→0

(
pmpn

|~p|2
− δmn

3

)
〈Am(p)An(−p)〉 = 0

Thus we ontain DT = DL ∼ 1
3
∑3

i=1〈AiAi〉



Screening mass can be defined in either of the two ways:

m2
Linde m2

Linde = G−1(0, ~p → 0)

m2
FarDist G−1(0, |~p|) =

1
ZG

(m2
FarDist + |~p|2 + O(|~p|4)) (3)

Strictly speaking, only mFarDist is related to the far-distant behavior

G(x4, |~x |) ∼ exp(−mFarDist |~x |) when |~x | → ∞

If the Maclaurin expansion of G−1(0, |~p|) in |~p|2 works well, then these
definitions coincide up to the normalization constant

√
ZG.

Otherwise it may turn out that m2
Linde exists, whereas m2

FarDist — NOT.
An example may be provided by finite-temperature theories if ultrasoft
(0 < |~p| < 100 MeV) gluon-field modes are not taken into account.
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I Perturbation theory: me ∼ gT , mM = 0
I Linde proposal: mM ' g2T

(to provide perturbative calculability of various quantities)
I In pure glue theory at T > 0 and in QC2D at µ 6= 0

I me can be extracted both from the propagator values at p = 0 and
from the polynomial fit over the range 0 < p < 2 GeV.

I me can be extracted both from the propagator values at p = 0 using
the Linde definition; however, for the analysis of far-distant behavior
the propagator at ultrasoft nonzero momenta is needed.



When we consider propagators only for soft modes p4 = 0, where

PT
µν =

 0 0

0 δij −
pipj

|~p|2

 PL
µν =

(
1 0

0 0

)

DL(p) =
1

p2 + F (p)
, DT (p) =

1
p2 + G(p)

DL(0) ' 1
m2

e
' r2

e — chromoelectric forces

DT (0) ' 1
m2

m
' r2

m — chromomagnetic forces
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Susceptibilities

O.Hajizadeh, T.Boz, A.Maas, J.-I. Skullerud 2019
unimproved Wilson gauge action with 2 flavors of unimproved Wilson
quarks mpi = 717(25) MeV, a = 0.186÷ 0.138 fm
versus our parameters:
improved gauge field action and standard staggered fermion action
mpi = 740 MeV, a = 0.044 fm
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The Debye screening mass in the one-loop appriximation
at T →∞ and/or µ→∞:

m2
e =

g2NcT 2

3
+
∑

f

g2µ2
f

2π2 . where g2 ' 24π2

11 ln
µ2

Λ2

.

Our data can be fitted by such function at p > pcut (T = 0)
Λ = 439(45) MeV

χ2

Nd .o.f .
= 2.66, p = 0.009 pcut = 630 MeV



Perturbalively motivated fits
In the one loop approximation,
asymptotic behavior of the gluon propagator has the form

lim
p→∞;g=const

J(p; g) '

 ln
(

p2

Λ2

)
ln
(
κ2

Λ2

)
− c/(2b)

, (4)

c and b are the coefficients of the RG functions,

β(g) ' −bg3, γ(g) ' −cg2 .

In the Landau-gauge SU(Nc) theories

c
2b

=
13Nc − 4NF

2(11Nc − 2NF )
=

1
2

; (5)
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Perturbalive domain
I DL: pcut = 1.75 GeV + 0.6 GeVµa;
I DT : pcut = 2.7 GeV

Behavior of Λ as µ increases from 0 to 2 GeV
I DL: Λ decreases from 1.1 to 0.2 GeV
I DT : Λ increases from 1.1 to 1.7 GeV

PRELIMINARY RESULTS
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Gribov-Stingl fit was used for the renormalized propagators:

D(p2) ' (p2 + d2)

(κ2 + d2)

((κ2 + a2)2 + b4)

((p2 + a2)2 + b4)
(6)

κ = 6 GeV
instead of

D(p2) ' c
p2 + d2

(p2 + a2)2 + b4 (7)

The best choice:

D(p2) ' (δp2 + 1)

(δκ2 + 1)

(κ4 + 2rκ2 + M)

(p4 + 2rp2 + M)
(8)

Fit parameters: M, r , δ
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Instead of DL and DT ,
we suggest to study DL and ∆ =
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shows an interesting behavior.
At nonzero momenta
it differs from zero only
at µ > 350÷ 400 MeV,
and then increases
with µ
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We also study the quantity

Ξ =

(
2π
Nsa

)3∑
~p

(DT (p4 = 0, ~p)− DL(p4 = 0, ~p)) ∼

∼
∑
~x

∑
x4,y4

(
− 〈A4(x4, ~x)A4(y4, ~x)〉 +

1
2

3∑
i=1

〈Ai(x4, ~x)Ai(y4, ~x)〉

)

which is sensitive to infrared dynamics of gluon degrees of freedom.

Ξ '
∫

d~p(DT (p4 = 0, ~p)− DL(p4 = 0, ~p))
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Conclusions

I Debye screening mass is consistent with perturbation theory at
µ > 650 MeV, it increases quadratically.

I Magnetic Linde mass decreases approximately twice as µ varies
over the range under study. To determine magnetic screening
mass, substantially larger lattices are needed.

I The behavior of the gluon masses is in sharp disagreement with
ealier findings in simulations with Wilson fermions and large a

I At large |~p| gluon propagators agree well with RG-improved PT
I µ-dependence and T -dependence of DL are similar, whereas
µ-dependence and T -dependence of DT are completely different.

I Gribov-Stingl fit parameters depend strongly on the chemical
potential.

I The difference DT − DL decreases exponentially with |~p|, its
integral over momenta depends on µ much like the Polyakov loop.

The work is in progress


