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Expected applicability of hydrodynamics
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Heller and Spalinski [1503.07514], many follow-ups

Observation of attractor behavior
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O 4 | —----full solutions

T/TC
Bjorken-expanding kinetic theory in the relaxation time approximation
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Adiabatic theorem:

“A system prepared 1n its (instantaneous) ground state
will remain in 1ts (instantaneous) ground state under
adiabatic evolution of the Hamiltonian”
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Adiabatic interpretation of far-from-equilibrium behavior

----full solutions

pre-hydrodyrfamic mode contribution
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Pre-hydrodynamic mode is instantaneous ground state of an effective Hamiltonian
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Adiabatic interpretation of far-from-equilibrium behavior

----full solutions

pre-hydrodyriamic mode contribution

0.47
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Dominance of ground state at early times driven by rapid longitudinal expansion
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Hamiltonian formulation from kinetic theory

0 p, O

Bjorken-expanding kinetic theory 5 f(Pzp1iT) == %f (pz>pL;7) — C[f]

longitudinal

. «— collisions
expansion
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Hamiltonian formulation from kinetic theory

0 p, O

Bjorken-expanding kinetic theory 5 f(Pzp1iT) == %f (pz>pL;7) — C[f]
longitudinal: 1 cions
expansion

Moments of kinetic equation give evolution of more macroscopic quantities

/ p|f(pz,p1;7) = €(T) Energy density
P

N plf(ps,p1;7) = Fe(cos;7)  Angular distribution contributing to energy density
p
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Hamiltonian formulation from kinetic theory
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Hamiltonian formulation from kinetic theory
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Schrodinger-type evolution of
generalized Hamiltonian H
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hydrodynamization
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Is the system prepared in the ground state?

Atearly times C[f] =0 — 0y¥ = —Hpt
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Bn(T) ~ ﬁn(ﬁ)e—gf ¥ gives time scale for decay of initial conditions
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Is the system prepared in the ground state?

Atearly times C[f] =0 — 0y = —Hpy
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----full solutions
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Since HF is
gapped, Y decays
toward the
ground state

Bn(T) ~ 5n(TI)e—55 ¥ gives time scale for decay of initial conditions
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Is the system prepared in the ground state?

Atearly times C[f] =0 — 0y = —Hpy
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Bp(T) ~ /Bn(TI)e_ETI: ¥ gives time scale for decay of initial conditions
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pre—hydrodyné]mic mode contribution
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System prepared in T / TC
ground state

Is the subsequent evolution adiabatic?
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Definition of adiabatic hydrodynamization:

System evolution determined by
the instantaneous ground state Y (y) o (y)
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Definition of adiabatic hydrodynamization:

System evolution determined by
the instantaneous ground state Y (y) o (y)

Predicts non-trivial relations between components of i

Op =-H(y)y ——  Iyo(y) = —Eo(y)do(y)
ce. gly)=1+pr/e=E(y)

Test extent to which these relations are satisfied!
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Hydrodynamization in RTA kinetic theory 1s adiabatic!

----full solutions

pre-hydrodyrfamic mode contribution

0.4t
‘ Eoly) — 1

~ ~
SS

102 10 1 10
T/Tc
Far-from-equilibrium evolution dominated just by evolution of
instantaneous ground state (“pre-hydrodynamic’) mode!
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Implies presence of a small “adiabatic” parameter
that suppresses contributions from other modes

> 95% of g described
by instantaneous
ground state mode
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Why would the rapidly-expanding QGP be adiabatic?

Suppression of
excited states: AE, (0(7)




Why would the rapidly-expanding QGP be adiabatic?

Suppression of 50 0, log A
excited states: A AE,

0(7) [ H|n (7))

Hamiltonian evolves slowly
compared to energy gap

04 small near hydro limit
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Why would the rapidly-expanding QGP be adiabatic?

Suppression of 5 0, log A
A Y

excited states: AE, (0(7)|H|n(T))

Hamiltonian evolves slowly  Small overlap between
compared to energy gap ground and excited states

04 small near hydro limit 04 small at early times
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Why would the rapidly-expanding QGP be adiabatic?

Suppression of 5 0, log A
) Ul I —

excited states: AE, (0(7)|H|n(T))

Hamiltonian evolves slowly  Small overlap between
compared to energy gap ground and excited states

04 small near hydro limit 04 small at early times

Bottom-up thermalization: parametrically narrow window when 64 can be large
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A new perturbative expansion

----full solutions

pre-hydrodynamic mode contribution

— == including leading-order contribution in d 4
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Including contributions from the excited states to the evolution at O(dy)
shows explicitly that they are a small correction
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