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• The Einstein tensor is equated to the expectation value of 
the quantum stress-energy tensor in physical states ۧ|𝜔

• Physical applications

❖ Cosmology in the Early Universe

❖ Black Hole Physics

• When the back-reaction is not considered, a Schwarzschild 
static black hole emits thermal radiation at infinity

• In case of dynamical black holes:

❖ Studying the dynamics of the horizon in a local way

❖ Using a semiclassical model of evaporation

Semiclassical 
Einstein equation
Studying the back-reaction of a 

quantum matter field φ
propagating over a classical 

curved spacetime (M,𝑔𝜇ν)



Dynamical black holes







Definitions of null congruences and apparent horizon



Outer region which intersects a portion of the apparent horizon
(image copyright: S. Roncallo)

•

Evaporation sourced by the quantum trace anomaly
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Examples of evaporation models 

Negative ingoing flux for black hole evaporation
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Thermodynamic interpretation of the dynamical black hole laws 

Black Hole dynamics Thermodynamics

Relates the variation of the mass to the change of 
the area and to the change of the volume

Relates the variation of the energy to the 
change of the entropy and to work


