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Nonequilibrium dynamics

Relativistic heavy-ion collisions explore
strong interaction matter starting from a
transient nonequilibrium state

Thermalization process?

Schematically:

e.g. nonthermal Bose—Einstein/Fermi—Dirac
occupation number distribution
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Initial conditions
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AThermalization after & 10 fm/c?

Properties of the equilibrium phase diagram of QCD?
RHIC: Measured relative particle abundancies consistent with

T» 1012 K » 200 MeV » 1 fm1
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ATheoretical justification for hydrodynamics after . 1 fm/c?

Early local thermal equilibrium ?



Early hydrodynamics
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Elliptic flow: vo(p )
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P. Romatschke, U. Romatschke, PRL 99 (2007) 172301

What are the essential assumptions for ideal fluid hydrodynamics?




AEquation of state relating pressure p to energy density H
E.g. SU,(2)£ SU(2) Yukawa model in 3+1d with couplings » A1), isotropy:

tpt trelax teq e.g.
‘ ‘ ‘ m» T =2007 700 MeV "' 17 3.5 fm+?

BE,FD

d’rethermalization6 dephasing) time for EOS: Tt » A1)

Consistent with early use of hydrodynamics =+
far from equilibrium

Berges, Borsanyi, Wetterich, PRL 93 (2004) 142002



