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" Abstract: A seminal experiment in Bonn has presented convincing evidence of both a Bose-Einstein | 4 A

distribution and a macroscopic occupation of the lowest mode for a gas of photons confined in a dye-filled - Non-equilibrium model of photon condensation [2] -
optical microcavity [1]. Furthermore, these equilibrium properties could recently be understood within the

framework of a non-equilibrium model of photons in terms of a steady state solution [2]. Here we utilize this

non-equilibrium model in order to study in detail the stationary photon distribution in the respective mode Hamiltonian of the photon-dye system:
of the dye-filled cavity. It turns out that, depending on the dye pumping rate and the cavity decay rate, ; Wn ; ; n
different modes become macroscopically occupied. In particular, we present the corresponding phase H = Zwmamam + Z 70'5 + b b + \/_(b + b -I- Zg O' + a,,0; )

diagrams and describe the transitions between the phases analytically. Furthermore, we obtain a moment
generating function for the photon statistics and calculate the stationary equal-time autocorrelation
function. Using a linear stability analysis we show that the stationary states are always unconditionally
stable. Finally, we examine how the relaxation times toward equilibrium depend on the respective system
parameters and compare them with the thermalization times obtained experimentally from the

Master equation of the system:
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- Properties of stationary states -
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Analytical
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- Transient properties - - Thermalization times of ~ 500 ps agree with Ref. [3] -
Linear stability equations: Maximal relaxation times (log-scale) t=10ps t=100ps
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Stationary states are unconditionally stable because all Xl r———
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