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Coupling	light	and	mechanical	motion
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Pristine	Harmonic	Oscillators

Qm ⇠ 109

Phononic	shields	and	dissipation	dilution	
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Single-photon	quantum	cooperativity

2.	Isolate	from	environment

1.	Boost	OM	interactions

3. Low	temperatures,	light	oscillators
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Hybrid	systems

2.	Moderate	Q	c and	Q	m

1.	Giant	effective	OM	interaction

3. Light	µ-resonators,	GHz	frequencies

Hybrid	optomechanical	system	showing:	

Cq(1K) ⇠ 1
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Exciton	photon	coupling	- Polaritons

• Large	Kerr	nonlinearity	

|poli = ck|cavi+ xk|exci

• Large	quality	factor

I.	Carusotto and	C.	Ciuti,	Rev.	Mod.	Phys.	85,	299	(2013)
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c,x/2⇡ ⇠ GHz



Exciton-phonon	coupling

J.	Bardeen	and	W.	Shockley,	Phys.	Rev.	80-72	(1950)
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Exciton-phonon	coupling
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Optical	density Strain	field
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Coupling	parameters	– analytical	model
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Effective	radiation	pressure	Hamiltonian
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Kerr	OM	oscillators:

Mechanically	assisted	coupling	between	polariton	branches
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Effective	radiation	pressure	Hamiltonian
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L,U	decouple.	Consider	a	single	polariton	branch:

⌦ ⌦
UL

s ass as

2gcx

glm,um

C	,	XM
!
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Polariton	linewidth	under	resonant	excitation

I.	Dinitz et	al.,	PRA 84,	063810	(2011)
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Single	polariton	quantum	cooperativity

13.

c/2⇡ = 7.2 GHz

x/2⇡ = 4.8 GHz
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Linearized	QLEs:
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2r = arctanh(��ñ↵/�̃)

Polariton	dynamical	back-action

M.	Asjad et	al.	
Opt.	Expr.	27,	32427	(2019)



Nonlinear	sideband	cooling
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Sidebands

Experiments: D.	Zoepfl et	al.	arXiv:2202.13228	(2022)
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S.	Ravets

Summary

J.	Bloch

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

2. State	of	the	art	µ-resonators	may	reach	a	single	
polariton	Cq~ 1

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

Z.	Denis C.	Ciuti
I.	Favero

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

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

2.	When	Cq~ 1	also	the	blockade	parameter	~ 1	

WHATS	NEXT	?

1.	Proof	of	principle	experiments

R.	De	Oliveira
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