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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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Suggestive of simplified bulk description betore Tyyqro



Observation of attractor behavior

What 1s the physical origin of this simplification?

What does attractor behavior imply about the system?
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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

Jasmine Brewer (MIT) 9



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
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expansion
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Hamiltonian formulation from kinetic theory

: . S 0 . 0 A
Bjorken-expanding kinetic theory 5. Pz pL;7) = —p7 9 f®zp1;7) = C[f]
longitudinal: " . cions
expansion

Moments of kinetic equation give evolution of more macroscopic quantities

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

N plf(pz,p1;7) = Fe(cos0;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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Hamiltonian formulation from kinetic theory

Expand F in Legendre F.(cos0:7) = (7) + Z dn 41 L0 (7) P (c03 )
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Hamiltonian formulation from kinetic theory

Expand F in Legendre F.(cos0:7) = (7) + Z dn 41 L0 (7) P (c03 )

polynomials — 2
For RTA
0 T
T—F. =(.)F. <« 0yL,=—anLy+b,Ln 1+ cnlpi1] — —(1—0n0)Ln
or =
ayw:_ (HF+%H1)w sz (67’617[’27“')
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hydrodynamization
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Is the system prepared in the ground state?

Atearly times C[f] =0 — 0yt = —Hp1



Is the system prepared in the ground state?

Atearly times C[f] =0 — 0yt = —Hp1
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Is the system prepared in the ground state?

Atearly times C[f] =0 — 0yt = —Hp1
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sasmine srewer (MIT) - Sjmyjlar result to Kurkela, van der Schee, Wiedemann, Wu [1907.08101] =



Is the system prepared in the ground state?

Atearly times C[f] =0 — 0yt = —Hp1
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Interlude: physical interpretation of the attractor
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Attractor behavior need not imply collectivity or equilibration
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pre—hydrodyné]mic mode contribution

0.4
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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

ob =—-H(y)y ——  9Iyooly) = —Eo(y)Po(y)
eg. g(y) =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
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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

0.01
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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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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 (dy4)
shows explicitly that they are a small correction
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