
Hawking radiation and horizon physics in ultrashort laser pulse 
filaments

Daniele Faccio
School of Engineering and Physical Sciences, Heriot-Watt University, Edinburgh, UK

Eleonora Rubino1, Sergio Cacciatori1, Vittorio Gorini1, Giovanni Ortenzi2, Francesco Belgiorno3

1Diparitmento di Fisica e Matematica, Universita’ dell’Insubria, Como, Italy
2Dipartimento di Matematica e Applicazioni, Universita’ di Milano-Bicocca, Milano, Italy

3Dipartimento di Fisica, Universita’ degli Studi di Milano, Milano, Italy

In 1974 Hawking predicted that the space-time curvature at the event horizon of a black hole is 
sufficient to excite photons out of the vacuum and induce a continuous flux, referred to as Hawking 
radiation [1]. Not many years later, Unruh first suggested the possiblity to reproduce the essential 
settings for the observation of Hawking radiation, namely  the creation of an horizon immersed in a 
quantum field vacuum, in the laboratory [2].  
We report  on recent measurements using a gravity  analogue based on a laser induced perturbation in a 
transparent dielectric medium. In a few words, referring to the case of optical pulses in a dielectric 
medium proposed by Philbin et al. [3], a laser pulse with large intensity, I, propagating in a nonlinear 

Kerr medium will excite a refractive index perturbation (RIP) given 
by  n = n2I where n2 is the so-called nonlinear Kerr index. Light 
experiences an increase in the local refractive index as it approaches 
the RIP and is thus slowed down. By choosing appropriate conditions 
it is possible to bring the light waves to a standstill in the reference 
frame comoving with the RIP, thus forming a white hole event 
horizon, i.e. a point beyond which light is unable to penetrate.

We performed measurements using ultrashort laser pulse filaments, i.e. high intensity laser pulses 
shaped in such a way that the main central peak propagates 
over long distances without diffraction. Moreover, we may 
precisely control the velocity at which the laser peak, hence 
the RIP, propagates inside the medium. This is a crucial 
condition as it allows to precisely control the horizon and the 
nature (e.g. color) of the emitted radiation. Our model 
predicts a very precise spectral emission window that is 
related to the RIP velocity for Hawking radiation and that is 
quantitatively verified by our measurements. This gives a 
clear indication of a photon emission mechanism that is 
related to the presence of an horizon and is interpreted as 
evidence of Hawking radiation.
The figures show: a schematic representation of the travelling RIP, and excites photons from the 
vacuum state; an example of the measured spontaneously emitted spectrum from the RIP with different 
input laser pulse energies (indicated in the figure).
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