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I.  Collision experiments of heavy nuclei

II. Heating the universe after inflation

I & II: 

- Instabilities and fast thermalization? 

- Non-thermal fixed points: effective weak coupling

in strongly correlated systems far from equilibrium

Content



Facility for Antiproton and

Ion Research (GSI)

Relativistic Heavy Ion Collider (BNL)

Large Hadron Collider (CERN)

I. Collision experiments of heavy nuclei



Nonequilibrium dynamics

Relativistic heavy-ion collisions explore

strong interaction matter starting from a 

transient nonequilibrium state

Thermalization process?  

Schematically:



ÅThermalization after & 10 fm/c?

Properties of the equilibrium phase diagram of QCD?

ÅTheoretical justification for hydrodynamics after  . 1 fm/c?

Early local thermal equilibrium ? 

Braun-Munzinger, Redlich, Stachel

RHIC: Measured relative particle abundancies consistent with

T » 1012 K » 200 MeV » 1 fm-1

from fit to statistical model é



Hydrodynamics óworksó from » 1 fm/c ! 

Early hydrodynamics

P. Romatschke, U. Romatschke, PRL 99 (2007) 172301 

Kolb, Heinz, QGP3 (2004) 634; ... 

) almost ideal hydrodynamics for pT . 1-2 GeV

What are the essential assumptions for ideal fluid hydrodynamics?  



ÅEquation of state relating pressure p to energy density �H

E.g. SUL(2)£ SUR(2) Yukawa model in 3+1d with couplings » �2(1), isotropy:

trelax teqtpt

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

m » T = 200ï700 MeV ' 1ï3.5 fm-1

e.g.

óPrethermalizationó (dephasing) time for EOS:    T tpt » �2(1)

Consistent with early use of hydrodynamics �±
far from equilibrium
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