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Coupling light and mechanical motion

Fundamental aspects of QM
L IN mesoscopic systems
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Quantum transducers
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Pristine Harmonic Oscillators

Phononic shields and dissipation dilution
(strain) to suppress mechanical losses
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How to break out of the Gaussian state prison?

clamping
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Single-photon quantum cooperativity

Fiber-microcavity
mode

i . H. Ren et al. Nat. Comm. 11, 3373 (2020) F. Fogliano et al. PRX 11, 021009 (2021)
1. Boost OM interactions

2. Isolate from environment

Low temperatures, light oscillators
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Hybrid systems

Hybrid optomechanical system showing:

1. Giant effective OM interaction

2. Moderate Q .and Q

Light p-resonators, GHz frequencies



Semiconductor microresonators
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Exciton photon coupling - Polaritons
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Exciton-phonon coupling
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Exciton-phonon coupling
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Assuming strong C-X coupling and ap/Am < 1
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Coupling parameters — analytical model

0.2 um I

0, /27 2.9 11 19.6 GHz

E.~ E, =1.46 eV Gam /27 2.3 5.5 24.2 MHz
o Aar kT Gom /20 0.8 1.6 0.2 MHz

G chm=g Gow |27 1.03 1.03 0.53 THz

See supplemental: N. Carlon Zambon, Z. Denis et al. PRL 129, 093603 (2022)



Effective radiation pressure Hamiltonian
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Effective radiation pressure Hamiltonian

& L,U decouple. Consider a single polariton branch:
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Polariton linewidth under resonant excitation
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Single polariton quantum cooperativity
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Polariton dynamical back-action

Linearized QLEs: Squeezing transformation —
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Nonlinear sideband cooling
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Lo Summary

1. Analytical theory of tripartite exciton-photo-phonon
interactions in semiconductor microresonators.

2. State of the art p-resonators may reach a single
polariton C,~ 1

3. Nonlinearities as a resource for back-action cooling
or amplification

J. Bloch
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Early discussions:  D. N. Lanzillotti-Kimura, P. St - Jean

WHATS NEXT ?

1. Proof of principle experiments
2. When C,~ 1 also the blockade parameter ~ 1

3. Scaling up to arrays of microresonators:
Topological phonon transport

N. Carlon Zambon, Z. Denis et al. PRL 129, 093603 (2022)



