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Introduction

Basics
| System is far from equilibrium
[l QGP is well described by hydrodynamics since 7 ~ 1fm/c

Problem issues
| Thermalization time
[l Early stage of QGP dynamics
[l Not clear which theory does work
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Kinetic theory for QGP

Assumptions

» Small coupling g; < 1

» QGP consists of free particles

» Large number of particles inside Debye sphere
» Impact of soft modes is negligible
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Semiclassical theory
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Semiclassical theory!

Distributioﬁn function
f=fxp,0)

Color representation
Color is classical variable 0 = Q,, a € 1,8

Gluons
Gluonic modes are overpopulated. Classical field approximation is appropriate

'Elze and Heinz, “Quark-Gluon transport theory”.
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Semiclassical theory
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Vlasov-Boltzmann equation
PM(O + 80aF%, 0% + gfancALQ°0%)f (x,p, Q) = C[f]

Moments expansion in color space

flxp) = / DOf(x,p.0)  fulrp) = / DO O.f (x.p. 0)
fab(-xvp) = /DQQaQbf(Xap7é)
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Semiclassical theory
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Moments equation

PO, (5.D) = e L, (003fitep) + [ Clxp. 0)Da,
P"[0acOpu + &lancA ( We(x, p) = gp”FZV(X)amb(x, ) +/Qac(x7p7 Q)DQ

Truncation of moments expansion
From color commutators:

f ab — abf abafc

[5acau+gfabc ( )+2dabc “y( )8slﬁ(x7 P) = %p“FZy(x)asf(xu p)+/ Qac(xapa Q)DQ
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Semiclassical theory
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Moments interpretation

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

Connection with EKT?
Assume £, = 0 then

PO,f (x,p) = / Clx,p, Q)DQ

2Arnold, Moore, and Yaffe, “Effective kinetic theory for high temperature gauge theories”.
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Transport coefficients
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Collision operator

Inner product

>~ v [ dohip) 1 £4p)e)hp) = te.h)

species
P p

Requirements
» Entropy is rising
» Detailed balance (T-invariance)
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Transport coefficients
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Transport coefficients

n — viscosity
7. ~ — shear pressure relaxation time
P+e — enthalpy

2
mij = —n(a,-uj + 8ju,- — géijakuk) + C&ijc‘)kuk

. 3 .
1Oy = 7Y — ﬂ'd
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Transport coefficients
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Evaluation method?
o (x,p) = foll £ fol aX;. jli.;(p)x(p)

77 = GT](ua Ta . )<17X>
Nr = GT(ua T,.. ')<Xa X>
P+e=G(u,T,...)(1,1)
Cauchy-Bunyakowsky-Schwartz inequality

Tr . GG <X7X><17 1> GG

n/(e+?) Gy {Lx)* — Gj

3Ghiglieri, Moore, and Teaney, “Second-Order Hydrodynamics in Next-to-Leading-Order QCD”.
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Transport coefficients
[e]e]e] le]

Comparison with other theories

Our result AdS/CFT (N = 4SYM)
T Tr
— | >5 — T —4-2In2
/(e +P)loc n/(e+ ) !
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Transport coefficients
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Application in numerical studies

Parameters under control
» Total energy
» Number of particles

Additional parameters
» Transport coefficients relations
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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

» OQutlook

» More transport coefficients are required
» Impact of non monotonically increasing entropy
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Thank you for attention
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For Further Reading

For Further Reading |

@ Mréwczynski, Stanistaw and Schenke, Bjérn and Strickland, Michael
Color instabilities in the quark—gluon plasma.
Physics Reports, 682:1-97, 2017.
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