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• The spectrum should be accurately Planckian.
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2

• 𝑇H is expected to be quite close to Hawking’s prediction.
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step: 442 nm, NA 0.5

Lahav, O., Itah, A., Blumkin, A., Gordon, C., Rinott, S., Zayats, A. & Steinhauer, J.  Phys. Rev. 
Lett. 105, 240401 (2010).
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This is how we observe 
Hawking radiation
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particles
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Prediction versus measurement

Surface gravity Observed Hawking 
radiation
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𝐺 2 𝑥, 𝑥′
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Analogue black hole
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Now we can convert energies to wavenumbers.

de Nova, J. R. M., Golubkov, K., Kolobov, V. I. & Steinhauer, J.  Nature 
569, 688 (2019).
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 𝑏H = 𝛼 𝑏+ + 𝛽 𝑏−
†  𝑏P = 𝛼 𝑏− + 𝛽 𝑏+

†

𝛼 2 = 𝛽 2 + 1𝛽 2 =  1 𝑒  ℏ𝜔 𝑘 𝑘B𝑇H − 1

 𝑏H
 𝑏P = 𝛼𝛽

𝑆0
2  𝑏H

 𝑏P
2

= 𝑆0
2 𝛽 2 + 1 𝛽 2

Steinhauer, J.  Nature Phys. 12, 959 (2016).

(linear dispersion)

(spontaneous Hawking radiation)

 𝑏H
 𝑏P = 𝛼𝛽 1 +  𝑏+

†  𝑏+ +  𝑏−
†  𝑏−



Prediction versus measurement

Surface gravity Observed Hawking 
radiation

𝑆0
2  𝑏H

 𝑏P
2

= 𝑆0
2 𝛽 2 + 1 𝛽 2

𝛽 2 =  1 𝑒  ℏ𝜔 𝑘 𝑘B𝑇H − 1

Comparison

𝑘B𝑇H = 0.125 1 𝑚𝑐out
2

𝑘B𝑇H = 0.124 6 𝑚𝑐out
2

𝑆0
 𝑏H

 𝑏P

= −tan𝜃 − cot𝜃  𝑑𝑥′′𝑒𝑖𝑘𝑥′′
𝐺 2 𝑥, 𝑥′

• Thermal spectrum
• Agreement within 6%
• Spontaneous
• Quantum

de Nova, J. R. M., Golubkov, K., Kolobov, V. I. & Steinhauer, J.  Nature 569, 688 (2019).
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 𝑏H
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 𝑑𝑥 𝑑𝑥′𝑒𝑖𝑘H𝑥𝑒𝑖𝑘P𝑥′

𝐺 2 𝑥, 𝑥′

Negative energy 
partners only



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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