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Cavity polaritons are bound exciton-photon states
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Gross-Pitaevskii equation

Nonequilibrium, i. e., dissipative and coherently driven Bose condensates obey
the following equation
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@ Chimera states

cavity is homogeneous

pump is a resonant plane wave at normal incidence
nevertheless, the condensate wave vector is uncertain ...
...and the phase is free

new types of topological excitations

spontaneously formed networks



Polariton bistability

1.6 T T T

1.4
1.2F
1.0

meV)

Y[

< 0.6f
0.4f

E — Ex (meV)

0.2}

0'00 1 2 3

Pump intensity (arb. units)




Polariton bistability

E — Ex (meV)

1 2 3
Pump intensity (arb. units)




Polariton bistability

E — Ex (meV)

1 2 3
Pump intensity (arb. units)




Polarization multistability: predictions (1)
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Polarization multistability: predictions (2)
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Polariton multistability: continuous-wave experiments
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Multistability in a magnetic field: experiment
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Polariton solitons
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FIG. 1 (color online). (a) Schematic of soliton excitation in a
microcavity consisting of distributed Bragg reflectors (DBRs)
and a quantum well (QW). The cw pump and pulsed WB are
incident along the X direction. (b) Schematic of soliton spectrum
and excitation in E-k space with TE (dotted) and TM (solid)
polarized polariton dispersions.

Phys. Rev. Lett. 112, 046403 (2014)



Bistability and Bogolyubov excitations
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What happens above the scattering threshold?
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o Pair scattering (k, k) — (k’, 2k’ — k) involves accumulation of energy at
constant above-resonance excitation.

o The condensate drifts towards the upper branch of steady-state solutions
o Near the magic angle, this results in macro-occupation of 0 and 2k.

o At k = 0, the effect is only transient. All solutions are one-mode.



Transitions between steady states: dynamics “with blowup”
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Spinor system

Lower polariton branch Energy Polarization
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o The equations for ¥4+ and 1_ are exactly the same.

e The model is perfectly homogeneous and spin-symmetric.



Spontaneous spin symmetry breakdown (g = )
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Interaction processes and loop instability
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1 is the pair interaction. It preserves momentum and spin.

2 is the spin coupling. It does not imply real transitions in a forced (resonantly
driven) system, but ...

1 + 2 lead to spontaneous breakdown of spin symmetry.

After the symmerty has broken,
3 comes into play and leaves no one-mode solutions at all, given that g > 4+.



4™ order bogolons

They simultaneously:

e allow spins to be
reversed

e and lift the
freqency
denegeracy.
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To keep it short and simple

The interaction is repulsive = local perturbations tend to spread and
relax.

e However, all plane-wave solutions turn out to be forbidden.

The condensate wave vector is uncertain.

This results in lifted phase locking with respect to the driving field.



0-D systems (small micropillars) exhibit “rapid” chaos
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1D systems: strongly ordered spin networks
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The condensate wave vector in uncertain

------- = pump: x-polarized
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Instability of 1D systems: Spontaneously born solitons
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Chimera states combine synchronized and desynchronized
domains
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Let us now turn to 2D systems
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2D systems exhibit filaments




Filaments can evolve chaotically
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Vortices under resonant cw driving
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Steady states at a greater g/~
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Steady states at a greater g/~

e Only two stable solutions: Q4 and Q_.
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Steady states at a greater g/~
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Steady states at a greater g/~
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Steady states at a greater g/~
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Only two stable solutions: Q4 and Q_.

Under spin-symmetric excitation, each
of them is chosen spontaneously.

They have the same intensity,
but opposite phases.

They annihilate each other on the
boundary, which is thus dilute and
highly unstable.



Steady states at a greater g/~

e Only two stable solutions: Q4 and Q_.

T2+ 12l / (D+5)

o Under spin-symmetric excitation, each
A Q. 1) of them is chosen spontaneously.

Er 00 e They have the same intensity,
e but opposite phases.

..... H I A— e They annihilate each other on the
................................ boundary, which is thus dilute and
2. LU highly unstable.

ST . .
o (b) e The boundary gives birth to dark

solitons and quantized vortices.




Steady states at a greater g/~

e Only two stable solutions: Q4 and Q_.
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Interface between 2, and €2_ behaves as a gark soliton in a
1D system

S 3 (“diagonal” polarization)

-1 o+

10
Time (ns)




Polarization vortices
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Polarization vortices (magnified)
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Another example
1=yl +1v2] Sy =(w3l-Ww2)/1
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HepaBHOBeCHble nepexo/abl, XaoC 1 XUMEPHbIC COCTOAHMA
B CHCTEMAX IKCUTOHHBIX MOJIAPUTOHOB

C.C. I'aBpuiion

Pacc. Ji A IKC noasy , KOpOMKOJICUByUUe 6O3e-4acmuiybl, KOMopble 603HUKAIOM 6 NO-
AYNPOo6oOHUKe NOO OCLICMEUEeM C8emA U 00PA3YION MAKPOCKONUUECKU KO2EPEHMHUbIE COCMOAHUSL 8 KO2ePEHIMHOM U
Pe3onanchom enewnem noae. Bzaumooeiicmeue noaspumonos npugooum K My AbmucmaduibHoCmu, CROHMAHHOMY
HAPYWeHuIo CRUHOBOI U NPOCMPANCMEEHHOI CUMMEMPUL, AEMOKOACOAHUAM U HOPMUPOBANUIO OUCKPEMIHBIX
cmpykmyp. B pesyasmame napywienus cummempuu Mozym 603HuKams napadokcaisivie "xumepnvie" cocmos-
MU, 6 KOMOPLIX YNOPAOOUCHHAA U XAOMUUECKASL NOOCUCIEMBL COCYUECMBYION U ONPeOeAEHIbIM 00pa30M 0ONO.1-
nsom opye opyaa.

Kmouesbie cjioBa: MoisipuToH, 603e-dHHINITEHHOBCKHIT KOHICHCAT, CIMHOPHBIH KOHICHCAT, MY IbTHCTAOMIBHOCTD, CIOH-
TAaHHOE HAPYIICHHE CUMMETPUH, aBTOKOJICOAHU S, TMHAMUYECKUIi Xa0C, XHMEPHbIE COCTOSHUS, CAMOOPIaHH3AIH S
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