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AdS/CFT description

Large N_, strong coupling A limit of N=4 SYM
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Gravitational collapse model dual to
thermalization
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Correlator for glue ball operator from
bulk scalar in collapse background
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Instead of solving the PDE numerically, we use a divergence matching method



Divergence matching in pure AdS
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Geometric optics in the bulk:
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Divergence matching in pure AdS

Singular part of GR(t,t’): G (t,1") = jd3x9(t — ' X[O(2, x),0(",0)])
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GR(t —> tn, 1) ~

n=0 simply gives the light-cone singularity

n>0 singularities contain information on the
spectrum of the glue ball operator: existence of
equally spaced Normal Mode in the spectrum

Elementary example: nonrelativistic harmonic oscillator
K(x,t,x',0)= <x,t \ x’,0>
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Gravitational collapse model
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Light ray bouncing in collapse
background

Expectation from geometric optics picture suggests singularities of GR(t,t’) when the
light ray starting off at t’ returns to the boundary
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’ The warping factor freeze both the shell
and the light ray near horizon
tl
Tz T
Z:zh ':'5-; ' .-; F,
: n=0 F n=1




z=2,

Divergence matching in collapse
background
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Evolution of spectrum for quasi-static
b T state
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Approximate Normal Mode: Re(®)>>Im(w)

A@-(tno —1n) = 27 See also Baier et al 1205.2998
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Deviation from thermal spectral
function for quasi-static state
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Spectral function for quasi-static state oscillate
around thermal spectral function

Approximate Normal Mode responsible for the

oscillation
A shrinks as the shell os lowered toward

the horizon
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Quasi-Normal Modes at end point of
thermalization
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QNM for thermalized QGP obtained from
scalar probe in AdS-Schwarzschild black hole

Quasi Normal Mode: Re(®) ~ Im(m)

Bouncing light ray in Penrose diagram
gives rise to complex time and therefore
Quasi-Normal Modes
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Summary

 We studied a probe scalar in a gravitational collapse
model, and obtain the singular part of the unequal
time correlator for glue ball operator.

* The singularities are consistent with bouncing light ray
in collapse background: Finite singularities;
singularities eventually disappear at late stage of
thermalization.

* For quasi-static state, we have established the the
singularities as from the contribution of approximate
Normal Modes, which are also responsible for the
oscillation in spectral function.



Evolution of QNM in thermalization
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disappear in thermalization Modes?

Perhaps missed by the WKB approximation



tn —>+%0 as t'—>T(z,)

_T(aTz)  O(l)

“thermalization time” 7,

al al



S



Evolution of QNM in gravitational
collapse of BTZ black hole

Ingoing wave Outgoing wave
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Two sets of QNM s
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Agrees with results from
divergence matching
Set2:  jm~-(2n-1) and io~2n-1

as opposed to

io=-2n for retarded correlator and

io=2n for advanced correlator

The QNM evolution does not seem to reduce to the pattern of the thermal state
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