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Outline

Some motivational statements
Numerical techniques (aka, how you can do it)
Results in 2 fronts: Poincare vs Global

Discussion & consequences (or something to
that extent)
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Motivation

AdS/CFT correspondence = gravity/fluid correspondence

In particular, in near equilibrium regimes, long wavelength
perturbations describable by relativistic fluid dynamics. For
LT>>1 (L typical length scale of perturbations)

Top = P(T) 8ap + (e(T) +p (T)) u, up, + O(Su, 3T)

Subject to:
— L =1l R = O N JRR=i0

T,, can be computed to higher order, though evolving to a

given order can become delicate (ie, dubious system
structure...)
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Nevertheless...

From duality, this is an artifact of an incomplete
expansion, no problems from the gravity point of view

Viscous terms ‘kick in” at small scales, so long
wavelengths shouldn’t be ‘significantly’ affected.

Furthermore, shocks & rarefractions —always delicate in
‘standard’ hydro—shouldn’t be present (using again
gravitational point of view, EEs are ‘linearly
degenerate’)
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Why would one study ‘this” hydro...

* Duality implies one can learn from either side and
inform the other one. In particular, a funny’ behavior
from one side, should have a counterpart in the other...

— In particular unstable behavior.

— From gravity side, we know of super-radiance & ‘turbulent’
gravitational behavior. [Bizon-Rostorowski, Dias-Horowitz-Santos]

— Both instabilities present in d>2 (d+1 spacetime dims)

— From fluid side, turbulence if Re >> 1 (Re=v p L/n) . So, (i)
viscous terms are small, (ii) turbulence should arise and have a
dual in the gravitational side.

— HOWEVER: 2+1 can be different from >2 + 1|
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e 2+1: non-relativistic hydro, incompressible flows, a new
quantity ‘enstrophy’ is conserved = small eddies must
flow to larger ones.

XN 7_ |
* So... what are we missing? d>2 quite different from d=2
[Van Raamsdonk 08]

— Careful, these dual fluids are rather special... do we know they
behave this way?
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Setup

Typical hydro:
— Express eqns in conservation form
— Employ high resolution shock capturing methods

e 7,T® =0 - 9,T* + 9;T2 = S* (~ densitized)

No shocks =2 ignore HRSC, direct integration (RK3,4t order derivs)
Cascade to longer wavelenghts + smooth ID = ignore viscous terms
Check =2 introduce effective viscosity and check behavior remains
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Setup |: Poincare front

 Simplification: work on a torus, size Lx L

e ID:p=1;u*=v,+0sin(21x/L);uy=0

 Stationary soln for 6=0
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Setup Il: Global front

More complex implementation, yet same techniques
mentioned before up to ‘communication” among (single)
coinciding points per patch. (penalty technique)
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Setup Il b

Initial data:
— Stationary solutions (dual to Kerr/Schwarzchild):

—u=0;u?=yow; p~T3
— Perturb u? =y (w+ 8 Y-

For this perturbation: can solve for a stationary solution: ie
there is a p(@) for all cases. This however is unstable.

T considered ™~ 3.5, 22, 10*
w :0, 0.08, 0.1, 0.15
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non-rotating case:
Energy spectra (I=11, T~22, 6=0.05)

Energy Spectrum
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non-rotating case:
Vorticity spectra (I=11, T~22, 0=0.05)
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non-rotating case:
|u'| spectra (I=11, T~22,
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rotating case:
Energy spectra (=11, T~22, w=0.1, 0=0.08)
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rotating case:
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Final words (questions!)....

Characterization of turbulence is a mess (no kidding eh?!)

Turbulence shows up and behaves as in 2+1 ‘standard
physics’. Have not looked at 3+1 case, though why wouldn’t
it behave as expected? > what’s on the dual side that
knows about this difference?

2+1 turbulence goes to larger scales. For Poincare patch,
growth rate 2 0O, for global case is relevant. Further, long-
lived structure develops. Can this know about the
dimension? (centrifugal barrier?)

What’s the connection with known instabilities? Both the
ones raised are ‘slowly’ growing, turbulence takes off quite

quickly. On the other hand, QNMs would say perturbations
should decay.
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non-rotating case:
u? (=10 1T~22, &—0:05)
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