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Cavity optomechanicswith microresonatorsand 
quantum coherent coupling of light and mechanical 
oscillators (Schliesser, PRL, 2006, Verhagen, Deleglise, SchliesserNature 2012)

Measurements resolution at the thermal 
decoherencerate
(D. Wilson, V.Sudhir, N. Piro, Kippenberg, Nature 2015)

Quantum limited amplification using a mechanical 
oscillator in the reversed dissipation regime
(A. Nunnenkamp, V. Sudhir, et al, Kippenberg, Phys. Rev. Lett . 2014)

Overview



1970:  Arthur Ashkindemonstrated radiation pressure 
trapping of dielectric particles

1975: Hänschet Schawlow, Dehmeltet 
WinelandòLaser Cooling by Radiation 
Pressureó

1989: Ground state cooling 
of ions (Wineland)

Quantum control in AtomicPhysics

Can opticalquantum control be extended
to NEMS / MEMS?



Braginsky, Manukin: Measurement of Weak Forces in PhysicsExperiments (1977)

V.B. Braginsky

Braginsky, Manukin, Tikhonov, JETP 1970  

Hamiltonian description (K.C. Law)

Parametric, optomechanicalcoupling

Quantum control in AtomicPhysics
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Linearizingthe optomechanical Hamiltonian
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Coherent exchange of quanta, cooling

Two-mode squeezing, amplification

Sensitive readout of mechanical motion

Keep terms at least order of hand employ RWA

Marquardt et al. Phys. Rev. Lett . 2007

Wilson Rae, Zwerger, Kippenberg Phys. Rev. Lett . 2007
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Linearized equations of motion

Solutions to the coupled mode equations

ÅWilson-Rae, I., Nooshi, N., Zwerger, W. & Kippenberg, T. Theory of Ground State Cooling of a 

Mechanical Oscillator UsingDynamical Backaction. Physical Review Letters 99, 

doi: 10.1103/PhysRevLett. 99.093901 (2007).

ÅGardiner, C. & Collett , M. Input and output in damped quantum systems: Quantum stochastic 

differential equations and the master equation. Physical Review A31, 3761-3774, ( 1985).
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Classicalexplanationof Dynamicalbackaction: The influence of 
finite feedback(original Braginskyderivation)

Optical fieldrespondson the mechanicalmotion with delay

- Braginsky, V. B. Measurement of Weak Forces in Physics Experiments.  (University of Chicago Press, 

1977).

- Braginsky, V. B. & Khalili , F. Y. Quantum Measurement.  (Cambridge University Press, 1992).

- Braginsky, V. B., Strigin, S. E. & Vyatchanin, S. P. Analysis of parametric oscillatory instability in 

power recycled LIGO interferometer. Physics Letters A 305 , 111-124 (2002).

Taylor expansion yields:

Amplification Blue  detuning
Dynamical backactioninduced Parametric instability 
(JETP 1969, Braginsky)

Cooling Red detuning
(JETP 1969, Braginsky)


