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Microcavity Exciton Polaritons

The eigenstates of the system are

Microcavity polaritons arise from
mixed exciton-photon quasi particles:

the strong coupling of

cavity photons to quantum well excitons polaritons
A energy upper-polariton
Eu
l Ex i, 279, Sedve &
exciton \ | photon
\_I (C.:L
lower-polariton

J. Kasprzak et al., Nature(London)443 409 (2006).
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Microcavity Exciton Polaritons

Features

* Polaritons are composite bosons

upper /
* low effective mass provided by their photonic content s | polaron |
* nonlinearity provided by the excitonic content T 4
* Easily accessible : optical excitation and detection g 2 / photon
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Microcavity Exciton Polaritons

Polaritons in planar microcavity
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Microcavity Exciton Polaritons

Polaritons in planar microcavity
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Cavity detuning
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Two spin states of polariton

Polariton has two spin projections: spin up and down (7+ o
I
I I

Spin up exciton couples (" cavity photon polarization
Spin down exciton couples (g cavity photon polarization

Polariton Spinor Gross-Pitaevskii equation

o 2
ihwi= E __V2+a1 w+ +a2|w;| _l)/]wi
AE AE
* <€-=> * Repulsive polariton interaction with parallel spins
* €=-=> * Attractive polariton interaction with anti-parallel spins

N. Takemura et al., Phys. Rev. B 90, 195307 (2014)



Spectrally resolved pump-probe spectroscopy

Pump-probe spectroscopy

semiconductor microcavity without pump '
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Spectrally resolved pump-probe spectroscopy

Pump-probe spectroscopy
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Microcavity sample Photoluminescence spectrum
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Polariton spinor interactions

Pump probe signal
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Polariton spinor interactions
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Polariton spinor interactions

Deviation from the Hopfield dependence
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Feshbach resonance

Feshbach resonance in cold atoms
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Polaritonic Feshbach resonance

Feshbach resonance in microcavity polaritons
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Polaritonic Feshbach resonance

Feshbach resonance in microcavity polaritons

4 ! /\ biexciton state
> |
%" i “ unbound polaritons
5 s
| > 1.490 |-
. . upper polariton
By tuning the relative energy 1488

3.26 meV exciton

1.486

energy (eV)

1.484
lower polariton

| | | | | | |
-3X1 0'3 -1 0 1 2 3

1
N

detuning (eV)
N Takemura et al., Nature Physics 10, 500 (2014)



Polaritonic Feshbach resonance

Feshbach resonance in microcavity polaritons
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Polaritonic Feshbach resonance

Feshbach resonance in microcavity polaritons
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Polaritonic Feshbach resonance

The scheme to induce biexcitonic Feshbach resonance
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Polaritonic Feshbach resonance

The scheme to induce biexcitonic Feshabach resonance
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Polaritonic Feshbach resonance

The pump and probe experiment
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Polaritonic Feshbach resonance

Energy shift

Energy shift
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Polaritonic Feshbach resonance

Energy shift Absorption
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Polaritonic Feshbach resonance

Energy shift

Energy shift
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Polaritonic Feshbach resonance
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Polaritonic Cross Feshbach resonance

The scheme to induce cross Feshbach resonance
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Polaritonic Cross Feshbach resonance

The pump and probe experiment
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Polaritonic Cross Feshbach resonance

Detuning (meV)
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Polaritonic Cross Feshbach resonance

Dynamics of the cross Feshbach resonance
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Scheme for generating pairs of entangled photons

Pair of photons entangled in momentum and polarization
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Scheme for generating pairs of entangled photons

Pair of photons entangled in momentum and polarization

LP(-k) LP(-k)

Pair of photons entangled in energy and polarization
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H. Oka et al, Appl. Phys. Lett. 94, 111113 (2009)



Scheme for generating pairs of entangled photons

Pair of photons entangled in momentum and polarization
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Confined zero-dimensional polaritons
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Confined zero-dimensional polaritons
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Polariton bistability

3 um mesa Bistability condition
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Polariton spinor bistability
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Polariton spinor bistability

3 um mesa
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Polariton spinor bistability
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Spin switch
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Spin memory
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Confined zero-dimensional polaritons
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Confined zero-dimensional polaritons
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Spatial multistability
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Spatial multistability

Botton of the bistability curve Top of the bistability curve

1.4840

~ 1.483
= 835
c _
g
—;?1.4830 -

cle
S,
®,

1.4820

Transmitted power (uW)

C. Oullet-Plamondon et al., Phys. Rev. B 93, 085313 (2016) Excitation power (mW)



Coupled mesas
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Polariton Josephson junction
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Polariton Josephson junction
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Periodic squeezing in a polariton Josephson junction

a 4oL Model: H. Flayac and V. Savona, PRA 95, 043838 (2017)
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Periodic squeezing in a polariton Josephson junction
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Polariton quantum blockade

Towards polariton quantum blockade

wy+2U,,
U, Strong nonlinearity Unl >y
----------- The two-polariton state is shifted by 2Unl > 2)/
% The presence of a single polariton in the cavity
0 Wy is able to block the entrance of the second one
w, |
¥
w,
0

Ferretti & Gerace,
PRB85, 033303 (2012)



Polariton quantum blockade

Towards polariton quantum blockade

wy+2U,,
2U, Strong nonlinearity Unl >y
----------- The two-polariton state is shifted by 2Unl > 2)’
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Polariton quantum blockade

The Experiment
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Polariton quantum blockade
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Polariton quantum blockade

P =X - = Sample with smaller diameter:
Wi : => smaller volume
W\ . = stronger interaction
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Many facets of Polaritons

| polariton > = Ux | exciton > + Uc | photon > Bose-Einstein condensation

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

@ Light effective mass — photonic component
@ Nonlinear interaction — excitonic component
Spin-dependent interaction

Stochastic resonance and Spinor Stochastic resonance

Superfluidity
H. Abbaspour et al., H. Abbaspour et al., Phys. Rev. B 91, 155307 (2015). A. Amo et. al., Nature Phys. 5, 805 (2009).
Phys. Rev. Lett. 113, 057401 (2014).
V. Kohnle et. al., Phys. Rev. Lett. 106, 255302 (2011).
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Many facets of Polaritons
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