e "
I B TECHNISCHE UNIVERSITAT
= KAISERSLAUTERN

COLLECTIVE FREQUENCIES OF
PHOTON BOSE-EINSTEIN CONDENSATES

Enrico Stein, Axel Pelster

*

-10Curmr 0 LO0um

Klaers, Schmitt, Vewinger and Weitz, Nature 468, 545 (2010)



I.= TECHNISCHE UNIVERSITAT
= KAISERSLAUTERN

PHOTONS IN DYE-FILLED CAVITY

k "
photon in k. (fixed)
. cavity
e Effective photon mass: >
m ~ 107m, s
" hwcluo d
e Trapping frequency: 2" freé photon
'
Q ~ 10" Hz >

transversal wavevector

e Thermalisation and condensation
of photon gas at room
temperature
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PHOTON-PHOTON INTERACTION
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e Dimensionless interaction strength
G = mg/h?*in2D
e Uptog = 7(3) x 10~*

Klaers, Schmitt, Vewinger, Weitz, Nature 468, 545 (2010)
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How can this happen?

Heating of dye solution due to
absorption of light

= n(r,t) = ng + BAT(r,t)

0;AT(r,t) =V - | DVAT(r,t)] + Source

Non-local in space
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 Non-localin space
e Retarded in time
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TEMPERATURE DIFFUSION

e Temperature diffusion in mirrors not negligible:

0, AT = |0, (D(z) 0,) + D(z)V% | AT + Source
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TEMPERATURE DIFFUSION

* Resulting 2D diffusion equation inside cavity:

1
AT, = |DyV2 — =

T

AT, + Source |

e Relaxation constant due to mirror geometry:
T~01s>1/Q
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MEAN-FIELD MODEL

AT — ATMirror matter absorption
Electric Field: ( y—/

«Schrodinger equation Q’P

(1 -

*Open-dissipative w \?j/_\j
Temperature:

AT «Due to non-radiative

An decays of molecules
/ «Diffuses through cavity
5

Refractive Index:

» Potential for photons
Temperature dependent

AT = AYﬁlV[irror

quantum efficiency
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STEADY STATE
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COLLECTIVE FREQUENCIES
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Dashed curves: solution of plain Gross-Pitaevskii equation
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WHAT ABOUT THE EXPERIMENT?

V(x) oscillation e So far no measurement of collective
T ‘."”_thermalization mod es

50 0 50 M
e Direct observation:
= Streak camera
= Proof of principle:
Schmitt et al., PRA 92, 011602(R)

(2015)

Time, t (ps

200
¢ Indirect measurement:

s Second order correlation functions
= Currently built up in London:
Nyman et al.
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