Lattices of quantized vortices in polaritons fluids
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Microcavity Polaritons

1.532 4 \ UPB i

1.530 - .

Exciton 1

____________________________________________

Energy (eV)

1.528 -

|LPB

1.526 -

kin plane (Mm1)
Polaritons: half-light half matter states coming from strong coupling
between excitons and photons

Polaritons are weakly interacting composite bosons
An ideal system to study out of equilibrium quantum fluids



Bose Einstein condensation of polaritons
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* Out of equilibrium system :

- Creation and recombination (polariton life time ~5 ps)

Kasprzak et al. Nature, 443, 409 (2006)



Boson quantum fluids: polaritons
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Nardin et al., arXiv:1001.0846v3
Krizhanovskii et al., PRL 104, 126402 (2010)
Roumpos et al., Nature Phys. 7, 129 (2010)
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Hydrodynamics of polariton quantum fluids

Superfluidity and Cerenkov waves
(Nature Physics 2009)

Obstacle

Dark solitons and vortices
(Science 2011, Nature Photonics 2011)
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Half solitons in spinor quantum fluids
(Nature Physics 2012)

Vortex-antivortex lattices in optical traps
(Phys. Rev. B 2014)




Wave equation for polaritons

Evolution of polaritons in the presence of laser
excitation, exciton-exciton interaction and of a defect
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Outline

> Vortex-Antivortex lattices

» Net angular momentum injection: same sign
vortex patterns

» (Conclusion



Creation of optically controlled traps for
polaritons



Polariton trap
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Vortex-antivortex lattices in optical traps

Small triangular trap
Experiment Theory

Phase

Lattice shape fixed by the trap geometry



Vortex-antivortex lattices in optical traps

Increasing the size of the trap, a larger number
of hexagonal unit cells is formed




Vortex-antivortex lattices in optical traps
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Effects of the interactions (Hivet et al, PRB 2014)



Mask method: limitations

eThe metallic mask induces strong intensity losses

eStudy of very high density regime is prevented

= A new method, based on a multi-beam approach, is developed

Slide 28 (of 50)



Four-fluids setup
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Vortex-Antivortex Annihilation

No vortices in the trap

Low density regime High density regime



Merging of a vortex-antivortex pair

10°
Polariton density H
1

Polariton phase H Simulations:

-“ Vortex-antivortex
pairs can exist
only in supersonic
regions of the
quantum fluid

Zoom of the red
square region

Mach charts;

blue regions=subsonic fluid

Polarlton density (Cancellieri et al, PRB 2014)



Injection of angular momentum: same sign
vortices?



“Stirring” polaritons

* « Four pumps » setup

¢ The fluids are not directed

toward the center

e They inject a classical angular

momentum:

* Ris the pump distance to the center

* ks the polariton wave-vector

amplitude

* @ is the (in-plane) azimuthal angle

(Boulier et al, PRL 2016)



Density ’ Phase

Nonlinear regime

*4 elementary
vortices are
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Nonlinear regime

Experiment Theory
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Four pumps method: Summary

Counter-propagating beams: vortex-antivortex lattices, merging of
vortex-antivortex pairs in supefluid regime

Tilting the pumps injects angular momentum in the system

e Response of the system: in the superfluid regime, a pattern of same-
sign vortices is formed

Main Limitation
*The number of injected vortices is limited (up to five in our set up)

A new method, based on phase imprinting allows to
iIncrease the number of vortices



Single rotating pump

We now use a Laguerre-Gaussian beam
— Cylindrical-symmetric modes
— Ring profile
— Carrying a Orbital Angular momentum (vortex with topological charge |)
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Such a pump creates a rotating ring-shaped polariton fluid




Vortex ring: injection method
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High density regime: Annular vortex chain
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« Control of vortex position
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Azimuthal vortex position fixed, radial position free: the ring radius
increases with density

Not possible for optical interferences . o
Boulier et al, Scientific Reports 2015



Phase freedom: Hydrodynamical instabilities

Hydrodynamical
instabilities appear

X(um Formation of vortex-
antivortex pairs inside
the ring
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Boulier et al, Scientific Reports 2015



Conclusion

Successful injection of a controlled angular momentum in 2D polariton
superfluid

Observation of multiple elementary vortices of the same sign, ordered
in aring

Polariton phase free to evolve

Quantum hydrodynamics dominates in the high density regime



Outlook: Pump and support beam
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direction of the
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Interesting technique to study the interactions between topological excitations
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