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Predicted Hawking temperature

kgTy = hg/2mc

g =c(dv/dx — dc/dx) A
a=

Visser, M. Class. Quantum Grav.
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Predicted Hawking temperature
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Predicted Hawking temperature
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based on linear dispersion
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Theoretical predictions

kBTH = 0125(1) mccz)ut
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e The spectrum should be accurately Planckian.
* Ty should agree with the relativistic prediction within 10%.

Coutant A. & Weinfurtner, S. Low-frequency analogue Hawking radiation: The
Bogoliubov-de Gennes model. Phys. Rev. D 97, 025006 (2018).

» Ty is expected to be quite close to Hawking’s prediction.
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Apparatus (top view)




Predicted Hawking temperature
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Waterfall objective lenses
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Correlation function
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Prediction versus measurement

Observed Hawking
radiation

compare
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Fourier transform

So{bybp) = V—tand — coth de”e”‘x”G(z)(x, x")

So = (Uiy + Viey ) (Up + Vi)
Assumption: Modes of different frequencies are uncorrelated.

Robertson, S., Michel, F. & Parentani,
R. Phys. Rev. D 96, 045012 (2017).

Steinhauer, J. Phys. Rev. D 92, 024043 (2015).
Steinhauer, J. Nature Phys. 12, 959 (2016).
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Analogue black hole
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Now we can convert energies to wavenumbers.
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_The prediction of Hawking's theory
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by = ab, + Bbt bp = ab_ + BbL (linear dispersion)
B2 = 1/(e"e®/keTh — 1) |q|2 = |B|2 + 1

(bube) = aB(1 + (51B,) + (515.))
(bubp) = @B (spontaneous Hawking radiation)

S2[(bubp)|” = S2(IBI2 + DIBI?

Steinhauer, J. Nature Phys. 12, 959 (2016).
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Prediction versus measurement

Surface gravity Observed Hawking |
radiation Comparison

kgTy = 0.125(1) mcgut - e Thermal speclfrum
So{bubp) * Agreement within 6%
|,8|2 - 1/(eha)(k)/kBTH - 1) f
= v—tanf — coté de”eikx”G(z) (x,x") spontaneous
* Quantum

PPN Y/
S2[(bubu)|” = S2(1B812 + 1)|8]?
o[(bube)|” = SUBEE + DIBIE 1 & 0 194(6) me2.,
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Correlation spectrum

$outSin jd dx'eiknx gikpx’ G(2) (x x")

outLln

SO<BHBP> =

X

wi2w (Hz)

Negative energy
partners only
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Conclusions

" The correlation spectrum of the Hawking radiation is seen

to be thermal.

The Hawking temperature of the radiation is in agreement
with the prediction from the analogue surface gravity.

The experiment is in the regime of linear dispersion in
analogy with a real black hole.

Only negative-energy partners are seen.

The results are in agreement with the predictions found in
the literature for our system.

Apparently, dispersion and graybody factors have little
effect on the Hawking radiation.

The results are in agreement with a numerical simulation.
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Implications for real gravity

Hawking’s calculation is confirmed quantitatively. This
includes:

— The thermality of the spectrum

— The Hawking temperature

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

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

The temperature links Hawking radiation with black hole

entropy.
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