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2. The large D limit of
General Relativity



GR in vacuum: e Vacuum Einstein equation:
solutions and
parameters

Ry =0




GR in vacuum: e Vacuum Einstein equation:
solutions and
parameters

Ry =0

e Schwarzschild-Tangherlini
solution:

dr?

Fr)
fr) =1 — (E)D—:%

r

ds* = —f(r)dt* + +r2dYs_5




GR in vacuum: e Available parameters:
solutions and

o, D
parameters




GR in vacuum: e Available parameters:
solutions and

o, D
parameters

e Only one scale, so we may fix

’T’QEl




GR in vacuum: e Available parameters:
solutions and

o, D
parameters

e Only one scale, so we may fix

’T’QEl

e Only non trivial parameter: [)




Inspiration: Strings e Yang-Mills: Gauge theory of
and Yang-Mills SU(N) gauge group.
theory




Inspiration: Strings e Yang-Mills: Gauge theory of
and Yang-Mills SU(N) gauge group.
theory

e Fundamental elements:
Strings, dynamical and
nonlinear solutions




Inspiration: Strings e Yang-Mills: Gauge theory of
and Yang-Mills SU(N) gauge group.
theory

e Fundamental elements:
Strings, dynamical and
nonlinear solutions

e Strings as basic and simplified
objects at large N




Inspiration: Strings e Vacuum GR <-> YM theory
and Yang-Mills
theory




Inspiration: Strings e Vacuum GR <-> YM theory
and Yang-Mills
theory

e Black holes <-> Strings




Inspiration: Strings e Vacuum GR <-> YM theory
and Yang-Mills
theory

e Black holes <-> Strings

e Large N -> Strings simplify




Inspiration: Strings e Vacuum GR <->YM theory
and Yang-Mills

theory e Black holes <-> Strings
e Large N -> Strings simplify

e Large D -> BHs simplify?




3. Black Holes and the
Membrane Paradigm
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e Farregion: Flat space
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e Black Hole horizon as a
dynamical membrane in a
background (flat space)
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Einstein equations in the
Near-horizon region

L

Dynamical hydrodynamical
equations in flat space



/.. Black branes and
effective equations
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Membrane e Most dimensions show
paradigm with symmetry:
spherical symmetry
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e Black p-brane: Keep p finite
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Hydrodynamical density + Momentum
Formalism density

arXiv:1504.06489

Emparan, Shiromizu, e Effective equations:
Suzuki, Tanabe, Tanaka dependent on the

background space.
Hydrodynamical approach.
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e Take an almost general
spacetime, apply the
Covariant formalism and
reach the known
hydrodynamical equations.
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Classical Gravity (GR) is theoretically extendible to arbitrary D.
Vacuum gravity is purely geometrical.

The only non trivial parameter of a black hole is D.

Large D limit as a shortcut to simplify black hole dynamics.

Large D: Localized gravity near the horizon.

Large D: black holes as propagating membranes in a background.
Two effective formalisms: Covariant and Hydrodynamical.
Common ground: They describe the same physics.

This thesis: A dictionary between them.
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