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Abstract 1

Towards Real-Time Quantum-Optical Spectroscopy on Polariton Condensates

Elena Rozas?!, Yannik Brune?, Juliane Riitter!, Artur Trifonov?, Felix Godejohann?, Ilya Akimov!, Marc ARmann'?
1. Experimentelle Physik 2, Technische Universitdt Dortmund, 44227 Dortmund, Germany
2. Dortmund Center for Advanced Exploration of Dynamics Across Limits Using Spectroscopy, TU Dortmund, 44227 Dortmund, Germany

Abstract: We demonstrate ultrafast real-time photon statistics measurements on polariton condensates
based on continuous-variable spectroscopy and demonstrate

Homodyne detection is a powerful technique heavily used in continuous variable quantum optics. So far,
semiconductor spectroscopy has mostly relied on discrete variable measurements, such as traditional Hanbury
Brown-Twiss measurements for obtaining the semiconductor emission photon statistics in terms of g!?, while
homodyne detection has rarely been applied as a spectroscopy tool. However, already early pioneering work
showed that photon counting is not required to obtain photon statistics, but already phase-averaged quadrature
distributions obtained from homodyne detection are sufficient to measure g (0) [1] and g?(t) [2].

Here, we demonstrate that combining multichannel homodyne detection with pulsed local oscillators at 76
MHz repetition rate and state of the art digitizers with sampling rates of 5 Gs/s opens the possibility to measure
g?(0) in less than a millisecond [3]. Simultaneously, we achieve the sub-picosecond temporal resolution
necessary to resolve ultrafast processes in semiconductors. We further show discuss how to tailor the mode
structure of the local oscillator to turn it into a spectroscopic tool for continuous real-time measurements of
g'?(0) and the density matrix of a light field [4]. We utilize these approaches to develop a resource-theoretical
treatment of the formation of coherence of a polariton condensate in an ultra-high quality microcavity [5] that
relates the obtainable quantum coherence to the mixedness of the state and investigate spontaneously arising
dynamics of a coupled polariton system.
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Fig. 1 Real-time time trace of a fluctuating polariton condensate subject to mode competition. Changes in the occupation
number (bottom) are directly correlated with the occupation number statistics (top), which are also directly reflected in
the time-resolved Husimi Q function of the polariton mode.

References

[1] D.F. McAlister, M.G. Raymer, “Ultrafast photon-number correlations from dual-pulse, phase-averaged homodyne detection”, Phys. Rev.
A 55, R1609 (1997).

[2] G. Roumpos, S.T. Cundiff, “Multichannel homodyne detection for quantum optical tomography”, J. Opt. Soc. Am. B 5, 1303 (2013).

[3] C. Liiders, J. Thewes, M. ARmann, “Real time g monitoring with 100 kHz sampling rate”, Optics Express 26, 24854 (2018).

[4] A.V. Trifonov, F. Godejohann, O.N. Yakovlev, I.A. Akimov, M. Bayer, M. ABmann, “Continuous real-time optical homodyne detection”,
Optics Express 33, 17418 (2025).

[5]1Y. Brune, E. Rozas, K. West, K. Baldwin, L.N. Pfeiffer, J. Beaumariage, H. Alnatah, D.W. Snoke, M. ABmann, “Quantum coherence of a
long-lifetime exciton-polariton condensate”, Communications Materials 6, 123 (2025).
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Abstract 2

Universal scaling laws
in the coherence decay of 2D polariton condensates

Jacqueline Bloch
Center for Nanoscience and Nanotechnology, Paris-Saclay University/CNRS, 10 bd Thomas Gobert, 91120 Palaiseau, France

Abstract: We present measurement of the spatio-temporal coherence decay measured in two dimensional
polariton condensates. Our result highlight a cross over from super-diffusive to diffusive regime when reducing
the polariton exciton content.

Cavity polaritons, hybrid light-matter quasiparticles emerging from the strong coupling between
photons confined in cavities and quantum well excitons provide a powerful platform to explore the
physics of Bose Einstein condensates in a driven dissipative context [1,2]. In 2015, it was discovered
that the phase dynamics of a polariton condensate is governed by the celebrated Kardar Parisi Zhang
(KPZ) equation [3]. This means that the first order coherence of a polariton condensate could reveal
universal spatio-temporal KPZ scalings [4,6]. Such features could be experimentally demonstrated in
1D [7] and more recently in in 2D [8] systems.

In the present talk I will describe recent interferometry experiments realized on 2D polariton condensates
generated in a planar semiconductor cavity. Depending on the strength of the non-linearity in the system
that can be varied changing the detuning between the exciton resonance and the cavity mode, we observe
different scaling laws in the spatio-temporal decay of the coherence. Our results hints toward a cross
over between a diffusive and a superdiffusive regime [9].

This work highlights the profound difference between driven-dissipative out of equilibrium condensates
and their equilibrium counterparts.

References

[1] H. Deng et al., Exciton-polariton Bose-Einstein condensation, Rev. Mod. Phys. 82, 1489 (2010)

[2] J. Bloch et al., Spontaneous coherence in spatially extended photonic systems: Non-Equilibrium Bose-
Einstein condensation, Nature Reviews Physics 4, 470 (2022),

[3] M. Kardar, G. Parisi, and Y. C. Zhang, Dynamic Scaling of Growing Interfaces, Phys. Rev. Lett. 56,
889 (1986)

[4] L. He, et al., Scaling properties of one-dimensional driven-dissipative condensates, Phys. Rev. B 92,
155307 (2015)

[5] E. Altman, et al., Two-Dimensional Superfluidity of Exciton Polaritons requires strong snisotropy,
Phys. Rev. X 5,011017 (2015).

[6] K.Ji, et al., Temporal coherence of one-dimensional nonequilibrium quantum fluids, Phys. Rev. B 91,
045301 (2015).

[7] Q. Fontaine et al, Kardar-Parisi-Zhang universality in a one-dimensional polariton condensate, Nature
608, 687 (2022)

[8] S. Widmann et al., Observation of Kardar-Parisi-Zhang universal scaling in two dimensions,
arXiv:2506.15521 (2025)

[9] F. Helluin et al; Phase diagram and universal scaling regimes of two-dimensional exciton—polariton
Bose—Einstein condensates, Phys. Rev. Research 7, 033103 (2025)
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Abstract 3

Rotational superradiance in a polariton fluid of ligth

Alberto Bramati

Laboratoire Kastler Brossel, Sorbonne Université, CNRS, ENS-Université PSL, Collége de France, 4 Place Jussieu, Paris, 75005, France

Abstract: By optically imprinting a multiple charged vortex, we generate an ergoregion in a polariton
quantum fluid. We excite negative and positive energy modes, respectively inside the vortex core and at large
radii, confirming the rotational superradiance observation.

The amplification of field excitations in rotating systems is a universal phenomenon known as rotational
superradiance. Initially predicted in shear layers of water flows, rotational superradiance was later recognized as
a fundamental aspect of black hole physics [1]. It has also been recently proposed to govern the instability of
multiply quantized vortices in quantum fluids [2] [3], though direct experimental evidence remains elusive.

In this work, we leverage the high optical tunability of our system to generate a multiply charged vortex in
the fluid profile. In this geometry, the azimuthal velocity becomes supersonic towards the centre, creating an
ergosurface where superradiance can occur. We send a probe towards the ergosurface and stimulate
superradiance, observing negative energy modes at the vortex core, accompanied by the generation of positive
energy modes at larger radii, which leads to the amplification of the probe field.

These findings confirm the origin of dynamical instabilities in superradiant amplification and open new
perspectives on quantum rotational superradiance, particularly the entanglement between negative and positive
energy waves, a phenomenon recently predicted in our system [4]. Such effects could be explored using quantum
optics techniques.

References

[1] Richard Brito, Vitor Cardoso, and Paolo Pani. Superradiance. arXiv:1501.06570 [astro-ph, physics:gr-qc, physics:hep-ph, physics:hep-th,
physics:physics], 906, 2015. arXiv: 1501.06570.

[2] Luca Giacomelli and lacopo Carusotto. Ergoregion instabilities in rotating two-dimensional Bose-Einstein condensates: Perspectives on
the stability of quantized vortices. Phys. Rev. Res., 2:033139, Jul 2020.

[3] Sam Patrick, August Geelmuyden, Sebastian Erne, Carlo F. Barenghi, and SilkeWeinfurtner. Origin and evolution of the multiply quantized
vortex instability. Phys. Rev. Res., 4:043104, Nov 2022.

[4] Adria Delhom, Killian Guerrero, Paula Calizaya Cabrera, Kévin Falque, Alberto Bramati, Anthony J. Brady, Maxime J. Jacquet, and Ivan
Agullo. Entanglement from superradiance and rotating quantum fluids of light. Phys. Rev. D, 109:105024, May 2024.
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Abstract 4

Supersolids: basic concepts and new perspectives

lacopo Carusotto’
1. Pitaevskii BEC Center, CNR-INO and Department of Physics, University of Trento, 38123 Povo, Trento, Italy

Abstract: | will start with an historical introduction to the general concept of supersolid state of matter.
After a brief review of recent experimental realizations, | will then outline my personal view on the
perspectives of this field and on a number of exciting interdisciplinary connections.

Supersolids are a most intriguing state of matter that combines spatial order with superfluid properties. After
along quest in a condensed matter context, this state has recently been observed in atomic clouds [1] and, then,
polariton systems [2,3].

In this talk | will give an overview of the general concept of supersolid, highlighting the main conceptual steps
that have led from its original formulation in the context of solid Helium to its recent experimental observations
in dilute quantum gases. A special emphasis will be given to the fundamental features of a supersolid state and on
the observable signatures of the underlying symmetry-breaking processes. | will then review the different
mechanisms that may lead to the simultaneous stabilization of superfluid and spatial order, both in conservative
and driven-dissipative systems, and | will then outline my personal account of the open questions that stand in
front of the community.

I will finally explore how the concept of supersolid may be fruitfully used to describe the physics of a wide class
of condensed matter and optical systems and | will outline the new perspectives offered by this novel point of
view.

References

[1] A. Recati and S. Stringari, Supersolidity in ultracold dipolar gases, Nature Reviews Physics 5, 735-743 (2023).

[2] D. Trypogeorgos et al., Emerging supersolidity in photonic-crystal polariton condensates, Nature 639, 337-341 (2025).

[3] M. Muszynski et al., Observation of a supersolid phase in a spin-orbit coupled exciton-polariton Bose-Einstein condensate at room
temperature, arXiv:2407.02406
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Abstract 5

The hyperbolic quantum processor
Evgenii Narimanov *, Eugene A. Demler?
1. School of Electrical and Computer Engineering and Birck Nanotechnology Center,
Purdue University, West Lafayette, Indiana 47907, USA
2. nstitute for Theoretical Physics, ETH Zurich, Wolfgang-Pauli-Str. 27, 8093 Zurich, Switzerland

Abstract: Optical polariton waves in hyperbolic materials provide a promising platform for
achieving strong light matter coupling. We will review the phenomenon of super-resonance in
such systems and demonstrate that it can be used to achieve long range entanglement between
qubits. As a concrete example, we will discuss optical polaritons in hexagonal boron nitride
(h-BN) and show that they can provide the foundation of a hyperbolic quantum processor
with gate fidelity exceeding 99%. We will also discuss applications of hyperbolic polaritons
for quantum nonlinear optics and quantum simulations.

References

[1] Evgenii E. Narimanov, Eugene A. Demler, Hyperbolic Quantum Processor
arXiv:2412.14098
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Abstract 6

Supersolid crystals of dipolar excitons in a lattice

A. Dubin?
1. CNRS Université Céte d’Azur

We report supersolid crystals in a GaAs bilayer, by confining dipolar excitons in a nanoscopic lattice where
they genuinely realize the Bose-Hubbard model model extended by dipolar repulsions and long-range hopping.
At fractional lattice fillings — 1/4, 1/3 and 1/2 — we report dipolar quantum solids, with mesoscopic dimensions
i.e. extending across over a few hundreds lattice sites, spontaneously breaking translational symmetry. At the
same time, we show that off-diagonal long-range order is induced by long-range hopping, such that exciton solids
are superfluids. Numerically exact calculations quantitatively confirm that supersolidity builds up in the ground-
state of the lattice Hamiltonian.
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