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| Main Results

® Given a condensate fraction [’ and interaction strength § solve self-

Example: determination fractional charge quasiparticles quantum consistently for chemical potential (& and plot P(Ny):
Hall effect by analyzing current fluctuations.

Introduction

Fluctuations/noise contain(s) a lot of information.

Measuring fluctuating particle number in dilute atomic Bose-Einstein
condensate is hard (particle number measurements destructive).

2010: first creation condensate of photons [2].

2014: dynamical measurements number fluctuations in photon
condensate [3].

Experiment | ® Qualitatively: larger photon-photon interactions ( r or g larger)
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e Emission and absorption of photons with longitudional mode 2=(0) ; 'g_g 18_5
number g = 7 dominates over other emission processes | g _ 5. 104
—3» conserved number of photons in cavity 15|
e Photon gas is equivalent to a 2D harmonically trapped
massive Bose gas. _
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e Hanbury Brown and Twiss experiment Condensate fraction

—3» measure number fluctuations

L Wl ® One direct measurement interaction strength for similar parameters to
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before (L) and after (R) condensation purple curve: g ~ 107" —3» agrees with theory!
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Theoretical Description

Possible Interaction Mechanisms

Objective: probability distribution P(Ny) for the number of photons in 1) \\\‘ plitfo;lf
the condensate [V -~

ground-state
® Energy functional BEC with macroscopic wavefunction ¢q(x) excited | - molecule | excited
molecule eround-state Tolecule t;mperat.ure
Qo (x)] = [ dx[4 [Voo(x)|* + V(x) [¢o(x)[* = 1ldho (x)[2 + § o (x)[" molgeule etuation
Kinetic / external/chemlcal / photon / ,JJJ) \“\
energy potential potential interaction
1) Dye-mediated photon-photons cattering: due to repeated
® Variational Ansatz wavefunction: ¢o(x) o< v/No exp(—|x|*/2¢%) absorption and emission of photons by dye molecules
e Minimized variational parameter: ¢umin = Gho i*/l §2NO 2) Thermal lensing: due to temperature-dependent index of refraction
7T
—3» Physical interpretation: proportional to condensate radius e Both mechanisms: g too small

—>» Dimensionless interaction strength: § = mg/h’ —>» Need systematic measurements for different dyes

e In grand-canonical ensemble: P(Ng) x exp(—SQ[Ny])

Conclusions

e Probability distribution for minimized energy:

e Condensate of photons: new experimental possibilities,
P(Ny) o exp|BNy(p — hwr/1 + GNo/27)] previously not accessible with condensates in dilute atomic gases.
N ~ e EXxplained recent experiments by assuming contact interaction
for photons in condensate.
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