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1. Correlators... and where to find them
Gluonic correlators of two chromoelectric fields (Ei

a(τ)) connected by a static Wilson line in the adjoint representation (W ab) are particularly interesting
in the context of quarkonium propagation and suppression in quark-gluon plasma (QGP).

Thermal Environment

(Sub)System

Quarkonium suppression is modeled in the framework of open quantum sys-
tems (OQS) [1]. The total system enjoys clear separation of scales. There-
fore, we exploit effective field theories such as pNRQCD to model the
quarkonium, which we classify as our (sub)system. In the context of OQS,
QGP acts as the environment. The evolution of quarkonium (e.g. bottomo-
nium) in QGP can be written in a Lindblad form. Input to this equation
are the quarkonium transport coefficients. These transport coefficients are
obtained from correlators of chromoelectric fields.

In thermal equilibrium, we define three distinct gauge invariant correlators that can be constructed from two chromoelectric field insertions,

⟨EE⟩U ≡
〈
Ei

a(0)W
ab(0, τ)Ei

b(τ)
〉
, ⟨EE⟩L ≡

〈
Ei

b(0)E
i
a(τ)W

ab(τ, 1/T )
〉
, ⟨EE⟩S ≡

〈
Eab

i (0)W bc(0, τ)Ecd
i (τ)W da(τ, 1/T )

〉
As opposed to the correlator associated with Heavy Quark diffusion [2], the upper (U) and lower (L) correlators are asymmetric![3]

2. Details at NLO
Use thermal QCD in Euclidean space. This allows a
direct comparison with Lattice QCD. The time axis
has been compactified,∫
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with Matsubara modes p0 = 2πTn, where n ∈ Z.
At NLO the following diagrams are involved,
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Use integration-by-parts methods[4] to tackle loop
integrals. Almost all integrals can be factorised into
products of a master integral Ea

m(τ) with,

Ea
m(τ) ≡

∑∫
P

eip0τ
pa0

(p20 + p2)m
.

There exists only one non-factorised integral. It can
be split further into a non-zero and a zero mode con-
tribution which is responsible for the non symmetric
behaviour,
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where,

Za
nml(τ) ≡

∑∫
P

∫
q

pa0e
ip0τ

(p+ q)2n(p20 + p2)m(p20 + q2)l
.

Both have a closed-form solution proportional to
polylogarithms, Lis(z). Use dimensional regular-
ization and

MS
to express renormalised quantities.

The coupling is the only quantity requiring renor-
malisation

g2s 7→ g2R
(
Λ̄
) [

1 +
g2R

(
Λ̄
)

3ε(4π)2

(
Λ̄2eγE

4πT 2

)−ε (
2Nf − 11Nc

)]

3. Asymmetric correlators
The upper and lower correlators are associated with quarkonium dissociation and recombination
through the singlet-octet dipole transition in pNRQCD. We find that we can write the lower correlator
in terms of the upper one,

⟨EE⟩L (τ) = ⟨EE⟩U (1/T − τ),

This equation shows that the upper and lower correlators fail to coincide. Below, we plot ⟨EE⟩U (τ).

In the left panel, the upper correlator is plotted for Nf = 3 and for different temperatures. We
observe a breakdown of perturbation theory for lower temperatures. In the right panel, we show a
comparison plot between the NLO upper correlator and the lattice through two different methods.
This is performed in pure gauge, Nf = 0 and T = 104Tc [5]. The results appear to agree well.
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The asymmetric contribution comes solely from the zero mode contribution [6]. It reads,

⟨EE⟩A(τ) ≡
1

2T 4
[⟨EE⟩U (τ)− ⟨EE⟩U (1/T − τ)]

= iπdANcg
4
R(Λ̄)

[
Li

(1)
−3

(
e2πiTτ

)
− Li

(1)
−3

(
e−2πiTτ

)]
+O(g6R, ε).

Note that the function Z1
011(τ) is fully asymmetric. The leading-order asymmetry of the chromo-

electric correlator in perturbation theory against the leading order of the correlator can be seen
below
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