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Microcavity polariton Microcavity polariton condensatescondensates
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[Kasprzak et al. Nature (2006)]

[Balili et al. Science (2007)]

does the observation of vortices in
a polariton condensate imply

superfluid behaviour?
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Equilibrium Equilibrium superfluidssuperfluids
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[Abo-Shaeer et al. Science (2001)]

Atomic BEC

superfluidity                vortices

•  equilibrium (non-rotating) condensates:
   the ground state is flowless & vortex solutions are
   metastable (unless in toroidal traps)



Polariton Polariton condensates: flowing condensates: flowing groundstategroundstate
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•  driven-dissipative system

•  pump&decay in a trapped polariton
   condensate: flow

[Keeling&Berloff PRL (2008)][Lagoudakis et al. Nature Phys (2008)]

pump

trap
flow

decay

•  instability to spontaneous formation
   of vortices



Persistent flowPersistent flow
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  Proposed experiment:
•  External creation of a vortex
   (rotating drive: pulsed probe carrying a vortex)
•  Does the vortex persist in absence of the rotating drive?

[Ryu et al. PRL (2007)]
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Optical parametric oscillator (OPO)Optical parametric oscillator (OPO)
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pump

signal

idler pump

signal
idler

•  scattering from pump to
   signal and idler (bosonic
   final state stimulation)

•  pump threshold



New non-equilibrium New non-equilibrium superfluid superfluid phasephase
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•  Landau criterion
•  U(1) spontanous
   symmetry breaking

   &Goldstone mode

•  Frictionless flow

[Amo et al. Nature (2009)]

[Wouters&Carusotto PRA (2007)]

[Keeling&Berloff Nature News&Views (2009)]
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Triggering OPO with a vortex stateTriggering OPO with a vortex state
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signal

pump

•  triggering vortex: pulsed
   probe resonant with signal



Dynamics of the triggered OPODynamics of the triggered OPO
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  Gross-Pitaevskii equation with pump & decay

•  coupling
•  interaction
•  decay
•  resonant cw pump (OPO)
•  triggering vortex: pulsed
   probe resonant with signal
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Critical slowing down of dynamicsCritical slowing down of dynamics
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[Ballarini et al. PRL (2009)]

  Just
    below
    threshold
    for OPO

[Sanvitto et al. cond-mat/0907.2371]

signal emission (filtered) interference



Persistent flow of Persistent flow of polaritonspolaritons
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  Just
    below
    threshold
    for OPO

signal emission (filtered) interference

•  probe lasts 2ps only
•  triggered vortex lasts 
   up to 80ps

•  slow drift

•  The vortex lasts for as long
    as OPO can be sustained



ExperimentsExperiments
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signal time resolvedsignal time resolved
1D image after the1D image after the
pulse has arrivedpulse has arrived

image of theimage of the
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•  above threshold but triggered state different from OPO signal



Persistent Persistent m=1 m=1 vortexvortex
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[Sanvitto et al. cond-mat/0907.2371]

The vortex lasts for as long as OPO can be sustained
(c.f. cold atoms)



Temporal coherence of the signal stateTemporal coherence of the signal state
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Stability of doubly quantised vorticesStability of doubly quantised vortices
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t=7ps t=40ps t=40ps

t=5ps t=20ps t=46ps

experiment
(static signal)

experiment
(moving signal)

theory

[Sanvitto et al. cond-mat/0907.2371]



Steady state vortex solutionsSteady state vortex solutions
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strong probeweak probe

•  different regime above OPO threshold
•  stable steady state vortex solutions may appear in the
   signal following a transient period after the probe pulse
•  stable vortex independent on probe (intensity and size)
•  See also: [Whittaker Superl.&Microstr. (2007)]

[Wouters&Savona, arxiv/0904.2966]



ConclusionsConclusions
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•  persistent quantised polariton
   current in the OPO regime
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t=72ps
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•  stable & unstable doubly 
   quantised vortices

•  theory: steady state vortex   
   solutions
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