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Quantumbehaviourof macroscopi®bjects

Technically possible ?

Fundamentally possible ?
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Cavity Optomechanics

Use light to observe and control mechanical oscillations Micro / Nanomechanical

systems
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Cavity Optomechanics
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Cavity Optomechanics
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A Resonant enhancement of Stokes scattering: Hy=hg'(a'b' +ab)
generation of phonon/photon pairs (down-conversion) | g = g,n,




Cavity Optomechanics
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A Resonant enhancement of Stokes scattering: Hy=hg'(a'b' +ab)
generation of phonon/photon pairs (down-conversion) | g = g,n,

: : H,=hg (a'b+ab'
A Resonant enhancement of anti-Stokes scattering: state ¢ (a ¢ )
swapping / cooling (up-conversion) g = gIng




Cavity Optomechanics

Recent achievements

— s Optomechanically-induced transparency
S;g{gms T S. Weis et al., Science (2010)
A. H. Safavi-Naeini et al., Nature (2011)

Sideband cooling

Riviere et al., PRA (2011)
Chan et al., Nature (2011)
Teufel et al., Nature (2011)

Coherent coupling

Teufel et al., Nature (2011)

E. Verhagen et al., Nature (2012)
T. A. Palomaki et al., Nature (2013)

Non-classical state of mechanical motion?

Weak-coupling: dy <<k

Resolved-sideband: K <<W/_ .(I)ﬂ.
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SinglePhononFock StateGeneration
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Galland et al., PRL (2014)



SinglePhononFock StateGeneration
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SinglePhononFock StateGeneration
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Rabi oscillations

(phonon -photon swapping)
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Tuning the coherence of ON-DEMAND single photons
Weak readout laser: 1F T T T T T
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