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Quantum fields far from equilibrium

Not close to thermal equilibrium in the weak coupling limit
(effective descriptions based on separation of scales, gradient
expansion, (non)linear response, .. .)

1/N can provide a small nonperturbative expansion parameter
- even in extreme nonequilibrium situations!

- also capable of describing critical phenomena!

Leading order (LO): Long history (LO or “Hartree™)

= No late-time thermalization; valid at early times?

Cooper et al; Boyanovsky et al; ...

Beyond LO:
e 1/N expansion of the 1P effective action

= No late-time thermalization (“secular” in time)

Cooper, Dawson, Mihaila '97, '00; Bettencourt, Wetterich '98; Athan, Cooper,
Dawson, Habib '00; Ryzhov, Yaffe '00

e 1/N expansion of the 2PI effective action (= two-particle
irreducible generating functional for Green's functions)

= Late-time thermalization of quantum fields from
first principles (time-reversal invariant dynamics)

= Quantitative description of extreme nonequilibrium
quantum field dynamics J.B. 01 (NLO)

Test of 2PI — 1/N expansion in classical field theory
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