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Black Hole Dynamics & Gravitational waves
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Holographic Properties of Gravity

(2010s) Gravity/Entanglement: Effective Metric

(2000s) AdS/CFT Duality: Black Hole in a Box

Astrophysical Black Holes

(1990s) Holographic Principle: Horizon Encoding

(1980s) Membrane Paradigm: Effective Fluid

(1970s) Hawking Radiation: Thermodynamics



Thermodynamics (1970s): Hawking Radiation

Bekenstein & Hawking, ...
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Oth Law: Constant surface gravity

1st Law: dF = % dA + QdJ + P dO,

. 2nd Law: Non-decreasing of entropy

_ 3rd Law: Approaching extremal black hole



Membrane paradigm(1980s): Effective Fluid
T. Doumer & K. Thorne, ---
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Holographic Principle (1990s): Horizon encoding
Susskind & 't Hooft, ...

Gravity in the Bulk= Theory on the light-like boundary
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AdS/CFT Dua[itg (2000s): Maldacena & Gubser & Witten,et al

AdS/CMT Correspondence  Black Hole in a natural Box

Shear Viscosity =~ 5-dimensional
5 A7k Black hole spacetime

Conductivity

Holographic Superconductor

Holographic Non-Fermi quUld - 4-dimensional

spacetime




ELAREYNAS

Gravity and Entanglement (2010s) 3,7 <o

— T

projecting data
on 2 dimensional
surface

o=\,

Sooi

TR
\ gravity in our

~~__ 3 dimensional world_~
= e

A

Emergent Gravity & Dark Matter from Entropicie. veriinde)
Holographic Geometry from Tensor Network (sryu &T. Takayanagi)

Emergent Spacetime from Quantum States (. ooguri)



on a finite Cutoff surface
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Wormhole and Black Holes

ER bridge




Wormhole=Entangled Pair (ER=EPR) ?
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Holographic EPR Pair
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Holographic Correlations
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Bell’s Theorem(CHSH formula)
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Constructing Bell inequality for Holographic EPR
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Discussions and Outlook

Holographic EPR s
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Towards Searching for Entangled Photons in the CMB Sky

Entangled fluctuations

l time evolution
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Holographic SK Correlators
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