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The amplification of waves in the scattering with rotating black holes is a fundamental process in gravitational 

physics. It was introduced by Roger Penrose in 1969 as a way to extract energy from these astrophysical 

objects[1].  Soon after Penrose proposal, in 1971 Zel’dovich predicted a similar superradiant amplification for 

electromagnetic waves scattered by a metallic rotating cylinder [2]. In Zel’dovich proposal, waves get amplified 

if their angular frequency 𝜔 satisfies the condition 𝜔 < 𝑚Ω, where 𝑚 is the waves topological charge and Ω is 

the cylinder angular velocity. Despite this amplification process is ubiquitous in wave scattering physics, and not 

limited to electromagnetic waves and astrophysics only, direct measurements are limited to an experiment with 

waves in a water vortex in a draining bathtub experiment [3]. The related, but not identical, Zel’dovich 

amplification has been observed for acoustic waves [4].  

Theoretical works has also investigated these phenomena in hydrodynamical analogues of curved spacetimes 

[5,6] and more recent studies have theoretically demonstrated the occurrence of the Penrose process in the context 

of photon superfluids through nonlinear optics [7]. However, no direct evidence of superradiance in a superfluid 

has been reported yet.  

Here we experimentally measure rotational Penrose superradiance in a superfluid of light in a nonlinear optics 

experiment. A weak signal beam with orbital angular momentum and a co-propagating strong pump vortex are 

sent into a nonlinear defocusing medium, composed by a solution of graphene and methanol. By scattering the 

weak signal off the pump core (see Fig. 1(A)), we can observe the creation of negative frequency Bogoliubov 

modes (idler), which remain trapped inside the pump vortex ergoregion, as expected in Penrose process. By a 

Laguerre-Gauss decomposition it is possible to reconstruct the beams at play in the process and calculate the 

amount of superradiated light. The presence of negative current 𝐽0 near the vortex core further confirms the 

occurrence of rotational superradiant amplification of the signal beam (see Fig. 1(B-C)) when superradiance 

condition is met. 

These results show the first measurement of Penrose-like superradiance in a photon superfluid experiment, 

opening the way to the observation of this phenomenon in general superfluids as e.g. BECs. It also opens new 

perspectives in understanding superradiance scattering showing the occurrence of this process in a transient 

regime. Interestingly, the search for Penrose superadiance that is shown experimentally here, also uncovered a 

novel nonlinear optical phase-matching process that involves a complex interaction of beams carrying orbital 

angular momentum.  

 
Fig. 1 (A) Sketch of the geometry of the interaction of the optical beams involved in the process [7]. A signal beam with 
orbital angular momentum is focused on a pump vortex core. If the Penrose conditions are satisfied, a idler beam is generated 

in the signal scattering with the pump. The inset shows input beams transverse profiles: input pump vortex and input signal 

beam (all beams involved have the same optical wavelength). (B) Current 𝐽0 along the beam radius 𝑟 when superradiance 

condition is met in the linear (blue) and nonlinear (red, yellow, purple) cases at three different signal powers 

(8mW,10mW,12mW). (C) as in (B) in the case the superradiance condition is not met.   
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