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Context  \what to expect in observables?

perturbative approaches



. regime assumptions
First pples understanding
. Using right intuition?

strategy:
Back told" efforts in a new light
Connect with physics we know better or with different tods
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* The AdS/CFT correspondence relates a d-dimensional QFT with a
(d+1)-dimensional gravity.

Any gravitational phenomena should have an equivalent CFT analog, and vid
versa.

A natural arena to study field theory open questions: transport properties i
strongly coupled field theories, quantum quenches, thermalization, etc.

Plenty of applications. Most of which in equilibrium situations and in the
probe limit (phase space analysis) (e.g. CMT applications)

More recently, dynamical applications: e.g. examining quark-gluon plasma
(Image: J. Santos] behavior, thermalization,...

But also... new physics in gravity?

Gravitational turbulence?

Einstein eqns do not develop shocks (propagation speeds = c, regardless of the state
of the solution -> no crossing of characteristics). *VERY* different from fluids!

But, AdS/CFT motivates (& makes ‘rigorous’) a fluid/gravity correspondence,
previously identified through a ‘membrane paradigm programme’ [pamour, Price-Thorne-
McDonald] -> [Hubeny-Rangamani-Minwalla-Bhattacharya]

— Relies on a ‘non-standard’ [in GR] perturbative approach

[Adams,Chesler,Liu. PRL 2014] [Green,Carrasco,LL, PRX 2013]
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The problem is non-linear....what can we draw from turbulence in
AdS?

Back to AF spacetimes, beyond linear perturbation? Take h1 (with
|,m,n); a further mode on the ‘time-dependent’ background,
obeys:

[ BoXyerr + O(hy) ] P =0.
With the solution having the form: et@-«) with

if ® has |, m/2 ->a parametric instability can turn on;
i.e. inverse cascade.

Further, one can find ‘critical values’ for growth onset.

And can define a max value as:
Re, = h,/(m w,)
identify A<-> 1/m; v<->h,; n/p <-> w,
— Re;=Re




a =0.998, perturbation ~ 0.02%, initial mode 1=2,m2

Could ‘potentially’ have observational consequences. Signal is
different from what might be expected at the linear level

Freely decaying

1 a A oyl ¥
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quasi) ‘Steady state’ analysis

‘Stirr’ a (region of)spacetime
with incoming GWs:
F(A,W,E m=0)

[Sizheng Ma

H. Yang, LL]

Choices :

non-spinning BH

W=1/2m;1/m; 2/m

=26

A =‘small’, ‘large’ [Reg]

Drive with linear growth unil t«,

steady afterwards

Fourier Amplitude

war Channel (2w

Lamir

Emergent Channel (w
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