/

Dissipative Phases of a Bose-Einstein LA
Condensate of Photons W MIEEQ

UNIVERSITAT

Fahri Ozturk?!, Niels Wolf!, Tim Lappe?, Goran Hellmann?!, Jan Klaers?, Frank Vewinger!, Johann Kroha?,
Julian Schmitt!, and Martin Weitz?

1Institut fur Angewandte Physik, Universitat Bonn, Wegelerstr. 8, 53115 Bonn, Germany
’Physikalisches Institut, Universitat Bonn, Nussallee 12, 53115 Bonn, Germany
3Complex Photonic Systems (COPS), MESA+ Institute for Nanotechnology, University of Twente, 7522 NB Enschede, Netherlands.

Overview Non-Hermitian Phase Transition

Bose-Einstein condensation has been observed with cold atomic gases, exciton-polaritons, The dynamics of the corresponding fluctuations An and AX around the mean can be derived
and more recently also with low-dimensional photon gases e.g. in a dye solution-filled from a Lindblad equation that incorporates the thermally driven fluctuations of the grand
optical microcavity [1]. We here report on experiments observing a non-Hermitian phase canonical system. For small deviations An and AX, this leads to a set of equations:
transition in a photon Bose-Einstein condensate realized in the dye-microcavity platform.
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The dissipative phase transition occurs due to an exceptional point in the condensate that &(2}?) =A(§;i) , With the non-Hermitian matrix 4 = ( 25 %/K)
is associated with the (small) system losses. While usually Bose-Einstein condensation is K 0
separated by a smooth crossover to lasing, the presence of the here observed phase _
transition reveals a state of the light field characterized by a bi-exponential second order Larae Iosses Phase diagram
coherence that is separated by a phase transition from lasing [2]. In more recent work, we J 4 Lasing M (10'0)
have performed a critical test of the thermal nature of the photon condensate coupled to Pumping and loss modiefies the dynamics A £ T 2.0
the reservoir of photo-excitable dye molecules by probing the fluctuation-dissipation of g(E)(r). We identify two solutions, : Oscillatory 0
theorem in this system [3]. separated by an exceptional point (6=w,): lTh;wga;ng phase -0.1
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Bose-Einstein condensation requires a thermalized gas of massive bosons. Photons are 0085, K= Mean photon number, 7
bosonic particles, they do not have a rest-mass and there is usually no number-
conserving thermalization process, like two-body collisions between atoms. Therefore,
both conditions have to be tailored in an experiment. _ _ _ o _ _
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Thermalization of the 2D photon gas by radiative contact to dye

The state of a macroscopic quantum system on different sides of an exceptional point
can be in two distinct regimes. We have observed the associated dissipative phase
transition from an oscillatory to a biexponential dynamical phase of a dye microcavity
photon Bose-Einstein condensate. This reveals a state of the light field, which, contrary
to the usual picture of Bose-Einstein condensation, is separated by a phase transition
from the phenomenon of lasing. For the future, the implemantation of effective photon
interaction, would allow us to study the interplay of interactions and non-Hermicity.
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Fluctuation-Dissipation Relation

- b L : large |A| small [A] -Concept: independently measure number fluctuations and
A number-conserving thermalization process is induced by repeated absorption and re- - : .
emission of photons by dye molecules. The thermalized gas of (massive) photons <\/\/\/> @V\) rgactlve{e?jp?ns_e dUCt'é)”lOf BIE% to r_eser\%onhctc\angBeEsC d
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Fluctuation-based thermometry
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The steady-state particle flux from the pump beam through the dye microcavity § & ° Q
condensate and out to the environment induces a modified behavior of the particle g 2 T = 971(30) K
number fluctuations. The sum X of the condensate photon number n(t) and dye - — (30)
molecular excitations M.(t) is conserved only on average, X = n + M, is constant. 0 - - 0 . . .
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Photon loss kK from mirror transmission

\ W : = (R>99.998%) and pumping P of the dye
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