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Unitary evolution of black holes and the 

possibility to extract information from 

their interior 



Problem Formulation (1) 

BHs are not totally black after all! They radiate like black bodies of 
temperature 

(Hawking, CommunMathPhys 43-199,1975) 

 
Problem: 

Outgoing radiation is thermal (Hartle and Hawking,PRD13-2188,1976, 
Hawking,PRD14-2460,1976) 

Ingoing particles can be in a pure state, though 

 

 

 

 

Scattering approach => needs a non-unitary S-matrix to be 
described ($-matrix, Hawking, CommunMathPhys 87-395,1982) whose 
existence creates more problems than it solves (Banks et 
al.,NuclPhysB 244-125,1984, Ellis et al., NuclPhysB 241-381,1984) 

 

 

 

 

 

 



Problem Formulation (2)  

BH radiation differs substantially from the one emitted by a burning 
piece of coal  

                                     

                                    quanta stem directly from the burning material, 
bounce                         off the atoms and get, straightforwardly,                                  
                             correlated to it 

 

 

 

                                                 radiation is generated at a significant 
spatial distance 

                                                 from where all matter (and information?) 
is   => 

                                                 we need a transferring mechanism 

 

Summary: 

- Unitarity violation during BH formation/evaporation 

- Lack of explanation about info transferring from BH interior outside 
its horizon 



Dealing with the problem (1) 
We need either a new application of existing knowledge or a good 

innovative assumption or both to deal with these problems. 

 

 The standard Bohmiam example  

- Bi-particle system where each particle can be found either in the 

(+) or (-) state. 

φ the wavefunction of the one, ψ the wavefunction of the other part 

- Overall wavefunction   

of the system 

- Measuring one particle gives          so we infer with certainty that 

the other particle is at the        state and this double wavefunction 

collapse happens simultaneously for both (experimentally tested 

prediction)  

 

 information transfer beyond any local restrictions 

 



Dealing with the problem (2) 
We need either a new application of existing knowledge or a good 

innovative assumption or both to deal with these problems. 

 

 Applying EPR in the case of BHs 

- Initial (unknown) BH state    

- j-th pair created 

 

 
After Z emitted particles BH disappears so  

 

 

 

That leads to the N equation system   

and an observer only has to collect the N outgoing particles, 
measure the      parameters, infer the        and calculate the        
parameters.  



Dealing with the problem (3) 
We need either a new application of existing knowledge or a good 

innovative assumption or both to deal with these problems. 

 

 Introducing the notion of unitarity uncertainty 

(key idea: Hawking radiation starts its life as thermal but shortly after 
ceases to be) 

     - When the ingoing particle reaches the singularity its wavefunction 
collapses into a specific state. 

     - Because of EPR the outgoing particle gets into the 
complementary pure state. 

     - Observers measure the outgoing quanta to be in pure state. 

 a rapidly disappearing (eventually unobserved) self-decaying 
deviation from unitarity emerges 

Scattering approach now: 

so we can form a unitary 

S-matrix with elements <i|S|f>   

(should we create BH at LHC we could experimentally determine all elements) 



Legitimate questions/objections  

 What if an observer makes a measurement before the outgoing 

particle gets into pure state? Is this possible at all? 

      (                                                     using the Lemaitre metric ) 

 

 

 Doesn’t the event horizon by definition isolate the BH interior 

from the rest of the Universe? Shouldn’t this fact crash our hopes 

to extract information in the first place 



Summary - Closing Remarks 

We appeal to the EPR-phenomenon and postulate that it is 

applicable also in the case of BHs since its non-local nature 

should make it insensitive to the space-time geometry. 

We postulate that a self-decaying and effectively non-observable 

deviation from unitarity can occur during processes, when they 

take place in curved space-time. 

 

The combination of these ideas saves the day since it eventually 

preserves unitarity throughout the formation/evaporation 

procedure of BHs, allows us to extract the entire information 

charge from the BH interior and, hopefully, broadens our 

understanding concerning their nature. 


