Quantum polariton fluid in microcavities
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Coherent collective behaviours of microcavity polaritons have recently shown close
analogies with Bose condensates of atoms. In this work we will show the possibility to observe
the dynamics of the elementary excitations of a coherent state of polaritons and the interesting
phenomenology when this state is put in motion.

A very intriguing behaviour of the elementary excitations of the signal polaritons,
created by resonantly exciting on the lower branch, is the strong decrease of the dumping rate
when approaching from below the threshold power for the stimulated parametric scattering [1].
Using a combination of continuous wave (CW) excitation and pulsed probe, we are able to
observe a slowing down of the dynamics of the signal elementary excitations by more than
three orders of magnitude with respect to the empty cavity lifetime. This phenomenon is
associated to the onset of a soft Goldstone mode when the threshold is crossed [2].

Thanks to the very long lifetime of the signal, by stimulating the parametric scattering at
finite wavevectors, we demonstrate the possibility to create a coherent polariton flow travelling
inside the CW pump [3,4]. A first finding is the linearization of the polariton dispersion around
the signal state that results in a diffusionless motion of the polariton wavepacket travelling at
velocities around 1% the speed of light. In spite of the very high velocity, the coherent polariton
signal can show unperturbed motion when crossing a potential barrier, as well as quantum
reflection and splitting when the size of the defect becomes comparable to that of the polariton
droplet.

The complex phenomenology of the quantum fluid of polaritons, which shows
similarities with the well known physics of ultra-cold atomic gasesOsuch as Bose Einstein
condensation and superfluidityOstimulates further investigation of the novel characteristics of
non-equilibrium, strongly interacting, coherent polariton states.
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