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Quantum effects in 
gravity

black holes early universe
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Analog models
acoustic black holes emit (analog) 

Hawking radiation acoustic white holes
circular hydraulic jump

even in the most favourable 
system,BECs,

and a direct detection of HR is 
still problematic 

TC � 10TH

Unruh, ’81
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Hawking radiation in Bose-
Einstein condensates

An acoustic  in a BEC was 
created with a (moving) 
step potential 

He measured the Hawking 
quanta- partner peak in 
the density correlator  

He  provided evidence of 
the entanglement of the 
produced pairs

Balbinot, F., Fagnocchi, Recati, 
Carusotto, PRA 2008

Steinhauer, Nat. Phys. 2016
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Comparing with Steinhauer’s data
It is necessary to have 
a meaningful 
comparison of 
Steinhauer’s data with 
analytical results

a nontrivial acoustic bh 
model has been 
constructed, which will 
allow to compute 
analytically the main 
peaks in the density 
correlator

F., Balbinot, Anderson, PRD 2016 

density correlator
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How do black holes evaporate?

uncharged bhs

charged 
bhs

We need to solve the 
semiclassical Einstein  (or backreaction) eqs.

information 
loss paradox

Hawking `76

Gµ⌫ = 8⇡hTµ⌫i
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Backreaction
In 2+1 dimensions we have solved the  
bakreaction eqs. analytically 
Quantum effects act  as cosmic censor by 
creating a (small) horizon around naked 
singularities 
For the 1st time, quantum corrected 
rotating black holes have been obtained: 
bhs grow and their rotation slows down                                      

Casals, F., Martinez, Zanelli, PLB 2016 

Casals, F., Martinez, Zanelli,  PRL 2017 

Can we attack the same problem for Kerr bhs in 3+1D?  
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 We are working on writing down the analog of 
the semiclassical Einstein equations for BECs  
The solutions to these equations will tell us how 
acoustic black holes evaporate  

Open problem
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