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“RADIATION PRESSURE”



Cavity optomechanics

MAspelmeyer, TJK, FM, Rev. Mod. Phys. 86, 1391 (2014)
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Our system: GaAs/AlAs (micropillar) cavities 
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GaAs electronic band structure: optoelectronics
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GaAs electronic band structure: quantum wells
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Exciton + cavity QED
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¨Atomic¨ resonances

Optical cavity resonance

Light-matter coupling in optical microcavities



¨Atomic¨ resonances

Optical cavity resonance

Enhancement and inhibition of emission?



Strong-coupling: cavity exciton-polaritons
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QWs

Cavity exciton-polaritons
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Cavity exciton-polaritons: in-plane dispersion
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Cavity exciton-polaritons: non-resonant
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Cavity exciton-polaritons: low power



QWs

Kasprzak, et al. "Bose–Einstein condensation of exciton 
polaritons." Nature 443.7110 (2006)
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Cavity exciton-polaritons: high power



QWs

Kasprzak, et al. "Bose–Einstein condensation of exciton 
polaritons." Nature 443.7110 (2006)
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Cavity exciton-polaritons: “fluids of light”
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Interactions



QWs

Kasprzak, et al. "Bose–Einstein condensation of exciton 
polaritons." Nature 443.7110 (2006)
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Cavity exciton-polaritons: a coherent state

Blue-shift: 
strong

Interactions



Superfluidity of polariton coherent states

Experiment

Theory



Arrays of cavity-polariton traps
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Sample fabrication



Polaritons in single traps

A. Kuznetsov et al,  PRB 97, 195309 (2018) 

1x1 µm2
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4×4 µm²

[1-10]
[110]

DR(t)

Phonons in single traps

M. Trigo et al, PRL 89, 227402 (2002)
AF et al, PRL 110, 037403 (2013)
A. Anguiano et al,  PRL 118, 263901 (2017)
D. Chafatinos et al, Nat. Comm. 14, 3485 (2023) 

Ground state

Ground state



Polaritons in lattices of traps

A. Kuznetsov et al,  PRB 97, 195309 (2018) 

1x1 µm2

Single trap

Array of 1µm traps
with intersite coupling J 
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The OM coupling: RF driving
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The OM coupling: RF driving

Interface displacement
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~ 100 ~ 20 MHz
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Polaromechanical “Metamaterials”
Exciton-m

ediated
back-action

Polaritons

Phonons
370 THz

+ exciton-exciton Coulomb interactions



Day #1 wrap-up

• Concept: CQED (polaritons) + cavity optomechanics

• What are these polaritons?: tunable superposition of 
photon and exciton states, low-mass, strong interactions, 
Bose-Einstein condensation, superfluidity.

• The structures and their properties

• Strong X-mediated enhancement of g0

• Tailored polariton and phonon lattices
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