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- Objective Statements

Problem

Calculate the entropy of Hawking
radiation.
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Problem statement
The entropy should be consistent
with black hole evaporation unitarity.
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Aim
Determine island gravitational
fine-grained entropy.
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1 Black Hole Fundamentals
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2 Hawking Information Paradox

singularity

entanglement A

\ Hawking radiatjgh
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Entropy of
outgoing
radiation
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Hawking's
calculation ™™=

Thermodynamic entropy
/~ ofthe black hole

Expected
from unitarity
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2.2 Stages of Black Hole Evaporation

flat spacetime
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1 Holographic Entanglement Entropy

Entanglement
Entropy

Properties of

Entanglement
Entropy

LPHE-MS



S. TARIQ, R. AHL LAAMARA and E. H. SAIDI LPHE-MS



0 .
> Horizon= y 4

2rl/L

( +2)

S. TARIQ, R. AHL LAAMARA and E. H. SAIDI LPHE-MS



Extremality q m

?or |
///

S. TARIQ, R. AHL LAAMARA and E. H. SAIDI LPHE-MS




Always lie outside the
causal wedge of R

Obey SSA and MMI

\/ C a a a

bifurcation surface of the
causal wedge

ove away from the

boundary as R grows
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Quantum Generalization of
Entanglement Entropy

Fine-grained entropy for gravitational systems Horizon

Area
4G N

S ~ min [ + Snutside]

Then a more precise version of the formula is

S = miny {-extx [Area(X) T Ssemi-cl(EX)] }

4G N

N

Quantum extremal surface
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emal surface (QES)
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QES has featured various boundary conditions
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5.2 Quantum Maximin Surfaces

To show that
N N
Maximin
surface
Va Vi

HRT surface

We determine
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Extremal

S. TARIQ, R. AHL LAAMARA and E. H. SAIDI

LPHE-MS




<QMM® QES >

7

S. TARIQ, R. AHL LAAMARA and E. H. SAIDI LPHE-MS




6\ ~ Island Holographic Entanglement
Entropy

(e )

[ (2)’ 1= [ (2)’ 1+ [ (2)’ ]
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The total fine-grained entropy of the radiation
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Sgen With island

1 Ah, all you have done is to include the interior

-

o region to purify the states.
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- Conclusion

Generalized

Bekenstein
-Hawking

Island T p= Gravitational
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