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Analogue Hawking radiation  
in a "flow of light" 
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• Black hole 
• Analogue gravity-Transonic flow.  
• Maxwell equations and hydrodynamics. 
• Mimicking horizon and curved space, Hawking 

radiation 
• Fluctuations in transonic regime – linear geometry 
• Vortex as a background 
• Superradiance and resonant enhancement 
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Black hole – naïve approach 

11/6/2017 QFC2017  - Pisa 

22 mcmv
R

MmG <= Escape velocity cannot  
exceed speed of light 

2c
MGRR s => Radius of event horizon 

24 MS π=

  
Temperature M

M
S

E
S

T
π81

=
∂
∂

=
∂
∂

=

Entropy = surface area 



Black hole Hawking radiation 
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Black hole radiates according to  
the Planck law for black body radiation 



Modeling black hole in a flow – 
Unruh, 1981 
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Equation for fluctuations 
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1 + 1 Klein-Gordon equation 

01
=

∂
∂

−
∂
∂

−
ψ

x
gg

xg j
ij

i

















−

−
=

22

22

1  0

0   
1

sv

sv

s
g

x

x

ij









−

= 22

11
svv

v
s

g
xx

xij

( )22222 2)(1 dxdtdxvdtvs
s

d xx ++−−=σ

2
22

2
22

2 dx
vs

sd
s

vsd
x

x

−
+

−
−= τσ

dx
sv

vddt
x

x
22 −

−= τ

xavs sx =− 22
Schwarzschild metric 

11/6/2017 QFC2017  - Pisa 



Hawking radiation 
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The corresponding 
equation for fluctuation 
is equivalent to that 
considered by Hawking.  

Hawking radiation in a 
laboratory 

  

“Schwarzschild metric” 
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s > v, 
subsonic 

s < v, 
supersonic 

“Mach horizon” 

sonar 

Submarine can be located  
by the sonar 

Submarine can still be located by the sonar  
but with a very long waiting time. Time slowing. 

Submarine cannot be located  
by the sonar 
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Madelung  transformation: 

Gross-Pitaevskii Eq.: 

=> 

Bose-Einstein Condensate 

E. Madelung, Quantum theory in hydrodynamic form, Z. Phys. 40, 322 (1927).  

Euler flow 
equations 
for light 
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Nonlinear Schrödinger equation. I 
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Non-Linear Schrödinger (NLS) 
equation 
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Non-Linear Schrödinger (NLS) 
equation  

 

Refraction coefficient plays the role 
of potential 

Spatial coordinate ‘z’ is now “time” 

Time ‘t’ is now a “spatial coordinate” 
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Hydrodynamic representation 
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Behavior of fluctuation modes near 
the “horizon”. QP neglected 
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Straddled fluctuations 
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Derivation of Hawking temperature 
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Close to the horizon. Role of QP 
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Close to the horizon 
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Corrections  

due to QP 

Parentani etal, 2009,2011 (numerically) 
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J.Macher, R.Parentani PRD79,124008(2009), PRA80, 043601(2009) 
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Quantization of fluctuations 
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Experimental realizations in 
progress 
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1. U. Leonhardt etal – light reflected by a soliton in a waveguide 

2. D. Fazzio etal – light reflected by a soliton in a waveguide 

3. J. Steinhauer etal – BEC observation of a horizon and radiation 

4. S. Bar-Ad etal – “luminous fluid” in a nonlinear medium 

5. S. Weinfurthner – “bathtub” experiments 



Optical vortex – Laguerre-Gauss 
beam 
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Optical vortex – Laguerre-Gauss beam 



“Kerr” metric 
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Position of event horizon 
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Ergoregion 
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Geometry of the flow 

F. Marino PPA2008.2009  
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Superradiance 
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Hawking radiation-resonance 
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Spectrum of Hawking radiation 

Resonance condition: 
An integer number of wavelengths coincide  
with the time (propagation distance ) necessary  
for one full rotation of the vortex 
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Does white horizon play a role? 
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horizons reflecting the 
radiation. Can it be a BH 
bomb?  
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Concluding remarks 
• Hawking radiation can be studied in laboratory.  
 
• A possible way is to create an optical transonic flow. 

Currently in progress.  
 

• Studying classical fluctuations may be feasible and 
presents a special interest, especially superradiance. 
 

• Resonance with a vortex can make observation of 
Hawking radiation by the vortex feasible. 
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