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Introduction - Main Statement///

Quantum fluctuations may 
completely destroy event 
horizon: 
● e.g. Black hole evaporation

Semiclassical approximation:



Introduction - Main Statement///

Quantum fluctuations 
completely destroy event 
horizon in multi horizon scenario
(black hole in expanding 
universe)



Introduction 
and setup



Black hole set up///



Black hole set up///

Is the right hand side 
neglectable? 



Black hole set up///

G is small

Metric is 
sensitive 
near r=2M!



Can we neglect RHS?///



Quantum state///

Quantum state?

95% of literature is about:

a) Boulware state
b) Unruh state
c) Hartle-Hawking (HH) 

state

a)

b)

c)



Quantum state///

Quantum state?

95% of literature is about:

a) Boulware state
b) Unruh state
c) Hartle-Hawking (HH) 

state



Known results///

Massive field? Arbitrary state? 
Arbitrary metric?



Hawking temperature///

Hawking 
temperature

GR  ⇔   Thermodynamics



Hawking temperature///

Hawking 
temperature

GR  ⇔   Thermodynamics



Hawking temperature///

GR  ⇔   Thermodynamics

T=TH    stability

T≠TH    instability



Stress-energy tensor (leading terms)//
Singular near 

the horizon!
(r=½)

“Broken” state



Multihorizon situation///
De Sitter–Schwarzschild space-time:



Multihorizon situation///
De Sitter–Schwarzschild space-time:



Multihorizon situation///
De Sitter–Schwarzschild space-time:



From 4d
to 2d



Technical problems///
Two dimensional analog:

Rindler example:

2D:

4D:



SET in 2d (GENERAL CASE)///



Black hole in expanding 
universe///General formula:



Dilaton 
Gravity



2d dilaton gravity///



2d dilaton gravity///



2d dilaton gravity///

Back reaction can be 
considered

Only gravity:



2d dilaton gravity///

Multi 
Horizon



2d dilaton gravity///



2d dilaton gravity///



2d dilaton gravity (numerical solution)
Horizon is changed!
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Future///

4D case?                More space-times?

More states?      Non-thermal states?inspire-hep:

Thank you for your 
attention!

Any comments?



THE END





Black hole 
temperature

Cosmological 
horizon 

temperature



Thermalization?



State
Stress-energy tensor:

Wightman function:

Thermal density matrix:



Technical problems
Two dimensional analog:

Rindler example:

2D:

4D:



Technical problems
Field operator:

EOM:

Boundary conditions:



Technical problems
Field operator:

Thermal averaging:

Quantum average of Wightman function:



Energy density
Thermal averaging:

Quantum average of stress-energy tensor:



Energy density
Thermal averaging:

Quantum average of stress-energy tensor:

Divergence



Regularization

Geodesic point-splitting:



Regularization

Geodesic point-splitting:



Sums



Sums



Sums


