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Optical parametric oscillator (OPO)

o o 3 %, = | | | |
v'Stimulated scattering from | C*
pump to signal and idler = 2r
v ]F
E
v Pump threshold a1 D
B4
2

v"U(1) symmetry (phase rotation)
2¢0p = ps T #

v U(1) spontaneous symmetry breaking:

gapless and diffusive Goldstone mode
[Wouters & Carusotto PRA (2007)]



Optical parametric oscillator (OPQO)

SUPERFLUID CHECKLIST

Landau Efr‘ic’rionless quantised | metastable

(parametrical pump)

criterion {  flow | vortices |persistent flow
“He/cold atoms BEC| v vV v
polariton condensates
(incoherent pump) x 7% 'E v oS, ¢
polariton condensates (2 2 2 ?




Optical parametric oscillator (OPO)
SUPERFLUID CHECKLIST

Landau Efr‘ic’rionless quantised | metastable
criterion {  flow | vortices |persistent flow
“He/cold atoms BEC| v | v vV | v
polariton condensates
(incoherent pump) = 7% v no-SF ¢
polariton condensates % v 9 o)
(parametrical pump) : | ' : '
Above OPO threshold

Frictionless flow
(no scattering in momentum)

[Amo et al. Nature (2009)]



Theoretical Model

Gross-Pitaevskii equa’rion with pump & decay
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Persistent flow after a "rotating drive" pulse?
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Metastable persistent vortices

Vortex imprinting into signal
(&idler) for strong enough probe
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Metastable persistent vortices
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Metastable persistent vortices
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Vortex healing length

Independent on probe size, but on OPO properties only
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Vortex healing length

Independent on probe size, but on OPO properties only
[Marchetti, Szymanska et a/, PRL (2010)
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Vortex healing length

Independent on probe size, but on OPO properties only
[Marchetti, Szymanska et a/., PRL (2010)
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Frictionless flow of the OPO

Gross-Pitaevskii equation with pump & decay
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Frictionless flow of the OPO

Gross-Pitaevskii equation with pump & decay
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Conclusions

a novel light-matter superfluid
out of equilibrium
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1. Frictionless flow: almost vanishing drag force / v A
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Conclusions

a novel light-matter superfluid
out of equilibrium

. Frictionless flow: almost vanishing drag force

. Persistent currents in the OPO regime

. Vortex healing length
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Conclusions

a novel light-matter superfluid
out of equilibrium

1. Frictionless flow: almost vanishing drag force

2. Persistent currents in the OPO regime

3. Vortex healing length
4. Stable & unstable doubly quantised vortices
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Conclusions

a novel light-matter superfluid
out of equilibrium

So far experiments and numerical simulations

Analytical theory of non-equilibrium superfluidity
still missing|
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