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We develop a nonequilibrium model of condensation and lasing of photons in a dye filled microcavity.
We examine in detail the nature of the thermalization process induced by absorption and emission of
photons by the dye molecules, and investigate when the photons are able to reach a thermal equilibrium
Bose-Einstein distribution. At low temperatures, or large cavity losses, the absorption and emission rates
are too small to allow the photons to reach thermal equilibrium and the behavior becomes more like that of
a conventional laser.
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Polaron transformation
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Polaron transformation
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Fermi’s Golden Rule
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Fermi’s Golden Rule
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Effective master equation

. . K I I ~
I, m
4 R
['(—0,) 1410w
= Labor 1+ =0 Layo . @)
g ) 1
['(w) = 2Re[K(w)] EO’
>0.6:—
K(w) = g° / dif(r)e” Tt/ 2g=iot 3) S
_H I
f(t)—exp[ 2S)/f deshﬂ%t cothﬁzv—l-izsinvt]. (4)@ 0.2.
m — (Q — I/)2 + YT %00 -100 100 200
Om (THZ)
L Schom, Phys, Rev. Lett 107, 093901 Qo1 L[X]p ={XTX, p} — 2XpX"



Rate equation

Adiabatically eliminating the TLS (dye molecules) [validity?]
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Rate equation

Adiabatically eliminating the TLS (dye molecules) [validity?]
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From BEC to lasing

k = 10 MHz
10° P i o wa mm threshold
102 (a) r, WJF(_(Sm)
U.-()l! ————— 1 F((Sm)

I'=1GHz, §=0.5, Q=1THz, N=10"", g = 0.1 GHz, T= 1THz
300K, 8, = —200 THz, and the mode spacing € = 10 THz. Yy = 100THz,



From BEC to lasing
k = 10 MHz
Rt es

— threshold

" o —————

1 -
200 100 0

x O (THz)

; " L b ' l

l L L l A ' 4 L

103;.4A PR T PR T PR T T ;- -150 -100 -50 O

5, (THz) 5, (THz)

I'=1GHz, §=0.5, Q=1THz, N=10"", g = 0.1 GHz, T= 1THz
300K, 8, = —200 THz, and the mode spacing € = 10 THz. Yy = 100THz,
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The origin of the destruction of thermalization is the
competition between optical loss and emission rate.
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300K, 8, = —200 THz, and the mode spacing € = 10 THz. Yy = 100THz,



Degree of thermalization
New = Ent
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Increasing temperature decreases asymmetry of emission
and absorption, threshold power and humber increase.
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Degree of thermalization
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phase and the equilibrium dependences.
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® At larger losses, lower temperature, or
larger detuning, a crossover to lasing is
predicted, thermalization is suppressed.

® As for polariton condensates, there is a
crossover from lasing to condensation.



