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Properties

Excitonic component strong interactions

Photonic component low mass (10-5 me)

Short lifetime (~1-50 ps) escape out of the cavity

Optical access to the polariton energy, momentum and space distrib.

Bosons

5 K

Microcavity polaritons : mixed exciton-photon states
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Scalar hydrodynamics of polariton condensates

Spinor hydrodynamics

- Dark solitons

- Vortex streets

- Spin-helix propagation

- Half-solitons: magnetic monopoles

Outline
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Resonantly driven polariton gas
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Polariton interactions: superfluidity

Non-linear Schrödinger equation

LPB

CW Pump

Resonant excitation

CW Pumppol-pol 
interaction

decaynormal mode 
coupling

potential

( ) ( )2
( , ) / 2 ( , ) ( , ) P Pi k x t

t P
i x t D i V x g x t x t F e

ωψ γ ψ ψ − ∂ = − + + +
 

See also: Bolda, et al., PRL 86, 416 (2001),

Chiao, et al., PRA 60, 4114 (1999)
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Soliton and vortex streets

Time resolved

Deveaud’s group (EPFL)
Nardin et al.,Nature Phys. 7, 635 (2011)

See also:
Sanvitto et al., Nature Phot. 5, 610 (2011)
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vortex solitons

Transition from superfluid to 
vortex emission and soliton 
nucleation

Pigeon et al., PRB 83, 144513 (2011)
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El et al., PRL 97, 180405 (2006)

Characteristic phase jump
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Subsonic Supersonic

Hydrodynamic soliton multiplets
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Atomic condensates (GPE theory)

Hydrodynamic soliton multiplets



Solitons in a 2D fluid at rest are unstable: 
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Polariton spin
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Polariton fluids: spin

Polaritons have two spin projections:
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Polariton fluids: spin

Polaritons have two spin projections:
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J=1,2

Parallel spin (g11= g22): resonant process

Anti-parallel (g12): via dark exciton intermediate states

11 22 12
g g g= >>

11 22 12
g g g≈ ≈In contrast to 87Rb:

Wouters, PRB 76, 045319 (2007)
Schumacher et al., PRB 76, 245324 (2007)



Polariton fluids: spin

Polaritons have two spin projections:
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Hydrodynamic scalar solitons

Resonant excitation: supersonic flow
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Solution of the scalar GPE

A.A. Pigeon et al., Science 332, 1167 (2011)



Spinor polariton fluid: half solitons

Linearly polarised injection (50% sz=+1, 50% sz=-1)

TE-TM splitting

Spin-dependent 
interactions

Flayac et al. PRB 83, 193305 (2011)

Mixed spin-phase
topological solitons

Half-Solitons



Half-solitons: tomography

Soliton present in one σ component only (for example σ+)
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polarisation direction
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Flayac et al. PRB 83, 193305 (2011)

across the half-soliton

Linear polarisation

change
of basis

Circular polarisation: two fluids

Linearly polarised injection



structure similar to that of half-vortices

Rubo, PRL 99, 106401 (2007) 
Lagoudakis et al., Science 326, 974 (2009)

Half-solitons: tomography
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Half-solitons: experiment
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Hivet et al., Nature Physics 8, 724 (2012)



Half-solitons: experiment

Polarisation tomography

Diagonal 
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Divergent spin texture

point charge

Magnetic field (TE-TM)

Magnetic energy ( )0
' 'TE TMS x x dx−− − ⋅Ω∫

ur ur 0>
0<

to the left

to the right

Force towards the left
0m <

acceleration to the right

Magnetic 
monopole-like

Half-solitons: 1D monopoles



Monopoles of 
opposite “charge”

spatial
separation

+1

-1

Circular polarisation Diagonal polarisation

Half-solitons: 1D monopoles

Hivet et al., Nature Physics 8, 724 (2012)



Simulation

Half-solitons: 1D monopoles



Coulomb-like interaction

Arises from the spin-dependent interactions

11 22 12
g g g= >>

Minimise energy: in-plane pseudospin

Opposite effective charges REPEL Same effective charges ATRACT



Summary

Scalar solitons and vortices: hydrodynamics

Half-solitons: magnetic-monopole analogues

Half-solitons in 1D: Coulomb like interactions

Hivet et al., Nature Phys. 8, 724 (2012)

Flayac et al., PRB 83, 193305 (2011)

Solnyshkov et al., PRB 85, 073105 (2012)

Wertz et al., Nature Phys. 6, 860 (2010)

20 mm

Superflow Oblique dark solitons Hydrodynamic vortices

Science 332, 1167 (2011)Nature Physics 5, 805 (2009) Nature Phot. 5, 610 (2011)
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