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Berezinskii-Kosterlitz-Thouless (BKT) transition in 2D systems
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Power-law decay of the correlation functions as the evidence for BKT
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Modification of Bogoliubov excitation spectrum with gain and loss

Observation of Bologiubov excitation spectrum, quasi-superfluidity and
sound velocity



Berezinskii-Kosterlitz-Thouless (BKT) Phase Transition

V. L. Berezinskii, Sov. Phys. JETP34, 1144 (1972)
J. M. Kosterlitz and D. J. Thouless J. Phys. C6, 1181 (1973)

There is no long-range-order in uniform 2D system (Hohenberg-Mermin-Wagner Theorem).

The energy cost of a quantized vortex in a 3D superfluid is macroscopic, so that thermal excitation of quantized vortices is
not possible in a 3D superfluid. However, it is possible in a 2D superfluid. Creation of quantized vortices is
thermodynamically profitable if the free energy would be decreased by the appearance of entropy.
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Simultaneous Measurements of Phase and
Fringe Visibility Maps in Exciton-Polariton Condensates
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Observation of a Vortex-Antivortex Bound Pair
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The phase rotations of 2t and - 2, associated with a vortex and antivortex, cancel out by forming a bound pair.
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G. Roumpos et al., Nature Physics 7, 126 (2011)



Measured Visibilities at Different Pump Powers:
From Gaussian to Power-law Decay
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Fitting Different Functions to the Visibility

Correlation function RMS deviations Fractional superfluid
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Pump-Power Dependence of Exponent a,,
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Fractional Superfluid Density
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Modified Bogoliubov Excitation Spectrum

Open-dissipative Gross-Pitaevskii equation
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Bogoliubov Excitation Spectrum

Universal Scaling law
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Dispersive Shock Wave and Dark Solution
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Sound Velocity in Polariton Condensates
— Wide Spatial Pulse Excitation —
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Conclusions

A vortex-antivortex bound-pair is directly imaged by the phase mapping
technique.

Power-law decay of the correlation function is observed by the visibility
mapping technique.

¢

Support the BKT theory for 2D condensates (a,, = Lng A%)

Modified Bogoliubov (gapped) excitation spectrum is confirmedin E' vs. k
dispersion and dispersive shock wave measurements.

A sound velocity is measured by the pump-probe technique.

¢

Support the open-dissipative GP equation
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Exciton-Polaritons
— Dressing Quantum Well Excitons with Microcavity Fields —
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BCS Crossover in Exciton-Polariton Condensates

Two-level atoms: J. Keeling et al., Phys. Rev. B72, 115320 (2005)
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Long Range Order in Three-Dimensional Atomic BEC
l. Bloch, T. W. Hansch & T. Esslinger, Nature 403, 166 (2000)

The spatial correlation function decays toward a plateau at large distances.

- Fractional condensate n /n is constant in an entire condensate
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Quasi-Long Range Order in Two-Dimensional Atomic Gas
Z. Hadzibabic, P. Kruger, M. Cheneau, B. Battelier and J. Dalibard, Nature 441, 1118 (2006)
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Simulated Power-Law Decay

Two-dimensional phonon modes scatter the phase of a polariton condensate
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Phase Mapping for Switching Vortex-antivortex Pairs
(Weak Potential Fluctuation)

@ If the vortex and antivortex can flip mutual positions and co-propagate, the areas with -
phase shift are observed, which are surrounded by the minimum fringe visibility.
@ If the phase map is folded along the vertical line between vortex and antivortex, the phase

rotations associated with the vortex and antivortex cancel out exactly so that no phase
defect is observed.
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Dispersive Fluid, Dissipative Shock Wave and Superfluid in
Three Regimes of Polariton Condesates

Non-resonantly excited two condensates
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