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I.  Introduction to microcavity polaritons



2D photons in planar microcavities



Light-matter interaction in a cavity



Second quantization Hamiltonian



Cavity polariton states and operators



In-plane dispersion of the polariton modes



Useful properties

� Light effective mass 
� Lifetime in the picosecond range
� They have large de Broglie wavelengths of around 1 

micrometer
� They might be stable at room temperature
� They are good bosons (can be parametrically amplifed)

Laser
Bose-Einstein Condensation



Applications of microcavity polaritons

Single-photon emitters
Lasers
Light-emitting diodes
Photodetectors
Optical switches



Types of condensates



II . Bose-Einstein condensation of exciton polaritons





Microcavity diagram and energy dispersion



Far-field emission measured at 5K for 
three excitation intensities



Polariton occupancy measured at 5K



Polarization properties of the polariton
emission



Spatial correlation measurements using a 
Michelson interferometer



Measurement of spatial coherence





III.  Quantized vortices in an exciton-
polariton condensate





Interferogram with vortex

� 2 phase shift is verified by monitoring dislocation while 
changing the orientation of fringes

� A forklike dislocation is seen for all fringe orientations



Extraction of phase from interferogram

� Application of fringes: key features for extraction of 
phase

� The dislocation indeed gives a 2 winding of the phase



Real-space polariton population at the 
vortex region
� Vortex is located at a region of reduced density
� Both x and y directions have local minimum

� Vortices are hence identified in a polariton condensate:
Both characteristics are demonstrated



Phase and density distribution from the 
mean field theory



IV. Collective fluid dynamics of a 
polariton condensate





Experimental configuration of the TOPO



Free movement of a polariton droplet



Images of a polariton droplet colliding 
against native defects



Some issues

� The momentum distribution measured in the 
experiments never fits an equilibrium B-E distribution

High-energy “reservoir” of excitons
A “bottleneck” region
Low-energy polariton ststes

Each of three regions has a different characteristic 
temperature

� Intrinsic non-equilibrium
� Despite the incomplete equilibrium, so many of the 

canonical telltales of condensation can still be observed 
in polariton condensates



V.  Some theoretical approaches 











VI.  Summary and open issues



BEC-like effects that have been observed

� Bimodal momentum-space distribution with a narrow 
peak at zero momentum

� Long-range off-diagonal order
� Spatial condensation in a macroscopic trap
� Spontaneous symmetry breaking
� Existence of quantized vortices
� Linear Bogoliubov excitation spectrum
� Flow without dispersion



Superfluid behavior



Open questions

� What exactly determines the point of 
breakdown?

� When can we no longer speak of a 
condensate because the lifetime is too short?

� Which properties of a condensate are robust 
against non-equilibrium perturbations?

� Polaritons provide a test bed for experimental 
and theoretical investigations



Thank you for your attention !


