
HAL Id: hal-05038683
https://hal.science/hal-05038683v1

Submitted on 17 Apr 2025 (v1), last revised 18 Apr 2025 (v2)

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

HAL Authorization

Exploring Quantum Analogies: Superradiance, Bipartite
Correlations, and static Bell Tests in Pilot-Wave

Hydrodynamics
Konstantinos Papatryfonos, Louis Vervoort, Mélanie Ruelle, Corentin Bourdiol,

André Nachbin, Valeri Frumkin, Matthieu Labousse, John W M Bush

To cite this version:
Konstantinos Papatryfonos, Louis Vervoort, Mélanie Ruelle, Corentin Bourdiol, André Nachbin, et al.. Explor-
ing Quantum Analogies: Superradiance, Bipartite Correlations, and static Bell Tests in Pilot-Wave Hydrody-
namics. Quantum Information and Probability: from Foundations to Engineering (QIP25), Andrei Khrennikov
and Linnaeus University, Jun 2025, Vaxjo, Sweden. ⟨hal-05038683v1⟩

https://hal.science/hal-05038683v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr


Exploring Quantum Analogies: Superradiance, Bipartite Correlations, and 
static Bell Tests in Pilot-Wave Hydrodynamics 

 

Konstantinos Papatryfonosa,b,c*
, Louis Vervoortd

, Mélanie Ruelleb
, Corentin Bourdiolb, 

André Nachbine
, Valeri Frumkinc

, Matthieu Labousse,b John W. M. Bushc
,  

 
a. Institute of Electronics, Microelectronics and Nanotechnology (IEMN), UMR CNRS 8520, University 

of Lille, Avenue Poincare, 59650 Villeneuve of Ascq, France.  
b. Gulliver UMR CNRS 7083, ESPCI Paris, Université PSL, 75005 Paris, France 
c. Department of Mathematics, MIT, 77 Massachusetts Ave., Cambridge MA 02139, USA 
d. Higher School of Economics, Moscow, Russia  
e. IMPA, Estrada Dona Castorina 110, Rio de Janeiro, RJ, 22460-320, Brazil 

       *  konstantinos.papatryfonos@iemn.fr  
 
Since its discovery in 20051, the hydrodynamic pilot-wave system has provided a macroscopic 
realization of wave-particle duality, reproducing an increasing number of quantum-like effects2-6. 
A key question is how closely particle-particle correlations in this classical system can mimic those 
at the quantum scale. Here, we introduce a numerical model of cooperative tunneling in a bipartite 
pilot-wave system as a new platform for exploring this question. 

We first establish bipartite hydrodynamic analogs of superradiance, both numerically and 
experimentally, demonstrating a sinusoidal modulation of the excited-to-ground state transition 
rate as a function of the separation between the two subsystems5-7. Additionally, we conduct a 
static Bell test, where the system’s geometry remains fixed while the two subsystems are coupled 
through the intervening wave field. This wave-mediated coupling does not conform to the 
assumptions underlying Bell’s theorem, providing a rationale for the observed violations. However, 
these violations are elusive, emerging only within a narrow region of parameter space8. 

 
 
Figure 1: a Numerical model of two coupled, 2-level systems. The system consists of a pair of drops (red and 
green) walking on the surface of a vibrating fluid bath (blue) that spans the solid substrate (grey). Each drop 
is confined to a pair of wells separated by barriers across which they may tunnel unpredictably. b 
Experimental demonstration of a droplet generation due to interfacial breaking in a vibrationally excited 
hydrodynamic cavity. (Figure 1a and b are taken from [5] and [6]). 
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