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Conclusions

The Hawking radiation is seen to be
spontaneous, thermal, at the correct
temperature, and stationary.

6 independent measurements of Hawking
radiation are made in the spontaneous period.

Thus, the semiclassical regime has been
verified in an analogue black hole.

This confirms Hawking’s calculation.
Stimulated Hawking radiation is also seen.
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plications for real gravity

* The thermality of Hawking radiation is the basis for the
information paradox.

* The temperature links Hawking radiation with black hole
entropy.

* The correlations between the Hawking and partner modes are
of the predicted magnitude, with no reduction due to the
underlying quantum structure.
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Future

Going beyond the semiclassical approximation
* Getting information regarding quantum gravity

Analogue Quantum
black holes gravity

Could quantum gravity models be tested in some type of
analogue system? Proposals are needed.
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Large Hadron Collider

* They are searching for semiclassical and quantum black holes
at the LHC.

* They could study the Hawking radiation and see the effect of
QG.
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Future

Going beyond the semiclassical approximation
* Getting information regarding quantum gravity

Analogue Quantum
black holes gravity
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Analogue black holes

. We would like Quantum Gravity to definitively
answer the following questions:

— What is the role of quantum gravity in the
information paradox?

— How does quantum gravity affect Hawking
radiation?
* Let’s first answer an easier question:

— How does analogue quantum gravity affect
Hawking radiation in an analogue black hole?
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» semiclassical approximation

We partially ignore the underlying quantum
(atomic) structure

Assume that the BEC is smooth (Gross-Pitaevskii
equation)

Compute the spectrum of linear excitations
Quantum field theory
Current simulations are only valid when the

fluctuations are small.
o




®\nalogue quantum gravity

What is the backreaction of the phonons onto the
analogue black hole?

What is the effect of phonon-phonon interactions on the
Hawking radiation?

The interactions between particles should be increased to
increase the effect of Analogue Quantum Gravity (AQG).
Theory

* Analytical studies are needed.
* New simulation techniques are needed.

Experiment
e Strongly-interacting condensates could be studied.
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ochromatic stimulated Hawking
radiation

I inner
horizon horizon

Yi-Hsieh Wang, Ted Jacobson, Mark Edwards, and Charles
W. Clark, Mechanism of stimulated Hawking radiation in a

laboratory Bose-Einstein condensate. Phys. Rev. A 96, e srael
Institute of Technology
023616 (2017).




Landau critical velocity

Superfluid

particle

The particle sees a Doppler-

shifted dispersion relation. o' =awlk)—k-v

Production of quasiparticles w =0 Bogoliubov-Cherenkov radiation
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