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Thermalization

 Thermalization in arbitrary interacting quantum 
field theories is a challenging problem.

 Thermalization is the process, when quantum 
field initially given by some zero-temperature 
vacuum state under approach thermal 
equilibrium



  

Temperature change

Thermalization means that initial state of quantum 
system under consideration is taken at vacuum 
state at zero temperature

In my talk we consider more difficult problem — 
initial state is arbitrary state taken at arbitrary 
thermal equilibrium.

This is a typical situation in condensed matter 
theory and especially in open quantum system 
(photosynthesis)



  

AdS/CFT and temperature

AdS/CFT is a natural language to describe 
quantum field theory at finite temperature — 
Black hole in AdS describes quantum field 
theory on the boundary in the same way as AdS 
describes it at zero temperature 



  

Rethermalization in AdS/CFT 
correspondense

So, the thermalization process in AdS/CFT 
coressponds to black hole formation process.

From this point of view the problem of our interest 
— rethermalization (temperature regimes 
change) corresponds to the space where initial 
and final states are black holes with different 
horizons (temperatures).



  

BTZ-Vaidya metric

In this talk we will focus on the two-dimensional 
conformal field theories due their relative 
simplicity with respect to our problem



  

BTZ-Vaidya metric

Black hole-black hole collapse in 2+1 dimensions 



  

Entanglement entropy



  

Entanglement entropy in 2d CFT



  

Entanglement entropy in AdS/CFT

In arbitrary interacting quantum field theories the 
calculation of EE is difficult, but one of the most 
intriguing breakthroughs of AdS/CFT is Ryu-
Takayanagi formula. It relates minimal 
hypersurface (i.e. geodesic in our case) area       
    and entanglement entropy of the region     on 
the boundary of AdS.



  

Geodesics in BTZ-Vaidya



  

Geodesics in BTZ-Vaidya



  

Geodesics in BTZ-Vaidya



  

Thermalization limit (zero temperature initial state):

when the initial state is zero-temperature vacuum the 
formulae simplifies to the know simple answer (het-
th/1103.2683, V. Balasubramanian et.al.)



  

Explicit formulae for time

After integrals matching it is  sthraightforward to 
find out the boundary time explicitly



  

Explicit formulae for action

Then we need the length(action) of the geodesic. 



  

 

Then we need the formula for spatial separation



  

The thermalization time

In AdS-Vaidya model of thermalization the 
thermalization time depends on scale linearly 
with coefficient 1/2.

Quite unusual feature of 2d CFT holographic 
model thermalization that this result does not 
depend of temperature.

From our formulae it follows, that rethermalization 
has the same dependence, without any 
dependence on temperature difference.



  

The EE dynamics 
The dynamics with the same final initial state and 

different temperature changes



  

The EE dynamics 
With the same temperature difference. It follows, 

that in 2d CFT the final state is much more 
important



  

Mutual information in holography 
and CFT  



  

Mutual information in holography  
Left — thermalization

Right — heating up (rethermalization)

Some configuration are insensitive, some very 
sensitive to temperature difference



  

Conclusion and future work: 
-higher dimensional generalizations?

-application to open quantum systems (imprints of 
conformal theories in biology and 
phothosynthesis?)



  

Thank your for attention 
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