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Introduction

Basics
I System is far from equilibrium

II QGP is well described by hydrodynamics since τ ∼ 1 fm/c

Problem issues
I Thermalization time

II Early stage of QGP dynamics
III Not clear which theory does work

V.V. Shvets RFNC-VNIIEF, MSU
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Kinetic theory for QGP

Assumptions
▶ Small coupling gs ≪ 1
▶ QGP consists of free particles
▶ Large number of particles inside Debye sphere
▶ Impact of soft modes is negligible

V.V. Shvets RFNC-VNIIEF, MSU

Colored excitations contribution to the dynamics of QGP 3 / 16



Introduction Semiclassical theory Transport coefficients Summary

Semiclassical theory1

Distribution function
f = f (x,p, Q⃗)

Color representation
Color is classical variable Q⃗ = Qa, a ∈ 1, 8

Gluons
Gluonic modes are overpopulated. Classical field approximation is appropriate

1Elze and Heinz, “Quark-Gluon transport theory”.
V.V. Shvets RFNC-VNIIEF, MSU
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Vlasov-Boltzmann equation

pµ(∂µ + gQaFa
µν∂

ν
p + gfabcAb

µQc∂a
Q)f (x,p, Q⃗) = C[f ]

Moments expansion in color space

f (x,p) =
∫

DQ f (x,p, Q⃗) fa(x,p) =
∫

DQ Qaf (x,p, Q⃗)

fab(x,p) =
∫

DQ QaQbf (x,p, Q⃗) . . .

V.V. Shvets RFNC-VNIIEF, MSU
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Moments equation

pµ∂µf (x,p) = gpµFa
µν(x)∂

ν
p fa(x,p) +

∫
C(x, p,Q)Dq,

pµ[δac∂µ + gfabcAb
µ(x)]fc(x,p) = gpµFb

µν(x)∂
ν
p fab(x,p) +

∫
QaC(x, p,Q)DQ

Truncation of moments expansion
From color commutators:

fab =
1
6
δabf − 1

2
dabcfc

pµ[δac∂µ+gfabcAb
µ(x)+

g
2

dabcFb
µν(x)∂

ν
p ]fc(x,p) =

g
6

pµFa
µν(x)∂

ν
p f (x,p)+

∫
qaC(x, p,Q)DQ
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Moments interpretation

f (x,p) — colorless excitations as {u,u,u}, {s,s,s}, {c,c,c}
fc(x,p) — colored excitation as u, s, c

Connection with EKT2

Assume Fa
µν = 0 then

pµ∂µf (x,p) =
∫

C(x, p,Q)DQ

2Arnold, Moore, and Yaffe, “Effective kinetic theory for high temperature gauge theories”.
V.V. Shvets RFNC-VNIIEF, MSU
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Collision operator

Inner product

∑
species

νs

∫
p

dp f0(p)[1 ± f0(p)]g(p)h(p) = ⟨g, h⟩

Requirements
▶ Entropy is rising
▶ Detailed balance (T-invariance)

V.V. Shvets RFNC-VNIIEF, MSU
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Transport coefficients

η — viscosity
τπ — shear pressure relaxation time

P+ ϵ — enthalpy

πij = −η(∂iuj + ∂jui −
2
3
δij∂kuk) + ζδij∂kuk

τπ∂tπ
ij = πij − πij

0

V.V. Shvets RFNC-VNIIEF, MSU
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Evaluation method3

δf (x,p) = f0[1 ± f0] aXi...jIi...j(p)χ(p)

η = Gη(u,T, . . .)⟨1, χ⟩
ητπ = Gτ (u,T, . . .)⟨χ, χ⟩
P+ ϵ = Gϵ(u,T, . . .)⟨1, 1⟩

Cauchy-Bunyakowsky-Schwartz inequality

τπ
η/(ϵ+ P)

=
GτGϵ

G2
η

⟨χ, χ⟩⟨1, 1⟩
⟨1, χ⟩2 ≥ GτGϵ

G2
η

3Ghiglieri, Moore, and Teaney, “Second-Order Hydrodynamics in Next-to-Leading-Order QCD”.
V.V. Shvets RFNC-VNIIEF, MSU
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Comparison with other theories

Our result

τπ
η/(ϵ+ P)

∣∣∣
0, c

≥ 5

AdS/CFT (N = 4 SYM)

τπ
η/(ϵ+ P)

= 4 − 2 ln 2

V.V. Shvets RFNC-VNIIEF, MSU
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Application in numerical studies

Parameters under control
▶ Total energy
▶ Number of particles

Additional parameters
▶ Transport coefficients relations

V.V. Shvets RFNC-VNIIEF, MSU
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Summary

▶ Limitation on transport coefficients is obtained
▶ Results might be used to distinguish theories
▶ Transport coefficient relation might be used in numerical studies

▶ Outlook
▶ More transport coefficients are required
▶ Impact of non monotonically increasing entropy

V.V. Shvets RFNC-VNIIEF, MSU
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Thank you for attention

V.V. Shvets RFNC-VNIIEF, MSU
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Appendix

Figure: , Zhang_2020V.V. Shvets RFNC-VNIIEF, MSU
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Appendix

For Further Reading

For Further Reading I

Mrówczyński, Stanisław and Schenke, Björn and Strickland, Michael
Color instabilities in the quark–gluon plasma.
Physics Reports, 682:1–97, 2017.
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