Winter school analogue gravity/cosmology in Benasque 7" - 17" January 2026




\ \Lahnratnire Kastler Brossel

Physique quantique et applications

ENg SORBONNE COLLEGE
UNIVERSITE DE FRANCE

Investigating rotational
superradiance in a fluid of light

Quantum Optics group
Laboratoire Kastler Brossel, Paris

Killian Guerrero, Kévin Falque, Alberto Bramati, Paula Calizaya, Adria Delhom, Ivan Agullo
Maxime Jacquet

Theoretical and Experimental GR group
Louisiana State University, USA

TUG 2025



LKB

\ \ Delhom, Guerrero et al., PRD 109 105024 (2024)
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\ \ Giacomelli et al. PRR 2 033139 (2020)
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Amplification - energetic instability Amplitude growth — dynamical instability



Carusotto and Ciutti RMP 85 299 (2013)

A cavity photon
' _. effective mass

exciton
— Interactions

Polaritons= photons dressed with material excitations that live in the cavity plane



Carusotto and Ciutti RMP 85 299 (2013)

A cavity photon
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Detection

Polaritons= photons dressed with material excitations that live in the cavity plane

Dynamics in the cavity plane described by Gross-Pitaevskii (Nonlinear Schrédinger) equation:
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\ Microcavity polaritons Carusotto and Ciutti RMP 85 299 (2013)

A cavity photon
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Polaritons= photons dressed with material excitations that live in the cavity plane
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Dynamics in the cavity plane described by Gross-Pitaevskii (Nonlinear Schrédinger) equation:
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Our sample: DBR GaAs, QW InGaAs, Q = 3000, T=4K, hy/2 = 90ueV
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\ \ Experimental scheme
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Image SLM plane on cavity plane
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\ \ Guerrero K et al., arxiv 2025

Target velocity profile: purely azimuthal flow  v=Vo¢grym = %u@
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\ \ Experimental data : C = 4 vortex Guerrero K et al., arxiv 2025

Target velocity profile: purely azimuthal flow  v=Vo¢grym = %ue
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\ \ Guerrero K et al., arxiv 2025

Target velocity profile: purely azimuthal flow  v=Vo¢grym = %ue
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But... there is no horizon inside the ergosurface!
— reflection at low r
- dynamically unstable system with ys,

But... this is a steady-state image??? "
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\ \ Experimental data : C = 4 vortex

Target velocity profile: purely azimuthal flow  v=Vo¢grym = %ue
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\ BOQO"UbOV spectrum out of equilibrium Falque K et al., PRL 135 023401 2025
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\ \ Guerrero K et al., arxiv 2025
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\ p Preliminary experimental data
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(M, Wecat) A€ conserved during propagation
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\ Preliminary experimental data
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Transmission of negative energy inside the vortex core
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\ \ Today
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* Driven-dissipative dynamics - losses quench instability that does not develop
- Stationary horizonless ergosurface

* Observation of spectrum - trapped negative energy waves inside the ergosurface

* Experimental data: scattering of probe field on ergosurface
— Observation of transmission to trapped negative energy wave
— smocking gun of rotational superradiance

* What next?
* quantitative analysis - reflection coefficient, dynamical instability rate?
* Observation of correlations - entanglement ?
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\ \ Falque K et al., PRL 135 023401 2025

Linearise GPE around steady-state solution 1) = (y/ng + 6_17/2¢1)e_i(wpt+¢p"“)

— Bogoliubov — de Gennes dynamics for 1

WKB dispersion relation  (,=(§k) = ++/(a2k? + (k2 +m?2_,)c2 — 12

higher order pump-dependent spectral linewidth
derivatives mass

Dispersion relation in fluid rest frame

W > Wigser POSitive-norm mode
W < Wigser negative-norm mode

hwlaser

3 0.0 0.5

k [IJm-1] 23



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23

