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Cooling of a Mirror by Radiation Pressure
P. F. Cohadon, A. Heidmann, and M. Pinard, Phys. Rev. Lett. 83,
3174 (1999).
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Cooling of a Mirror by Radiation Pressure
Fourier transform of mirror displacement at frequency Ω is
proportional to applied forces

δx(Ω) = χ(Ω)[FT + Frad(Ω)]

where

χ(Ω) =
1

M(Ω2
M − Ω2 − iΓΩ)

is the mechanical susceptibility.
Radiation pressure is proportional to the speed v = iΩδx of the
mirror

Frad(Ω) = iMΩgδx(Ω)

The resulting motion

δx(Ω) =
1

M(Ω2
M − Ω2 − i(Γ + g)Ω)

FT
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What we omitted?

We have ignored quantum back-action force due to the
radiation presure shot noise.

Julius Ruseckas (VU) Journal Club November 16, 2015 5 / 14



Introduction to quantum noise, measurement,
and amplification

A. A. Clerk, M. H. Devoret, S. M. Girvin, F. Marquardt, and
R. J. Schoelkopf, Rev. Mod. Phys. 82, 1155 (2010).

We assume that the coupling is small enough that the phase
shifts are always very small and hence the measurement is
weak.
Many photons will have to pass through the cavity before
much information is gained about the value of the phase
shift and hence the value of x

This not a projective measurement

Julius Ruseckas (VU) Journal Club November 16, 2015 6 / 14



Quantum limit on the measurement noise

Quantum limit on the measurement noise√
SFFSxx = ~/2

Follows from Heisenberg’s uncertainty principle
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Quantum limit on weak continuous position
detection

For oscillator the position does not commute with the
Hamiltonian
Total noise added by the measurement

S̄xx ,add(ΩM) = |χ(ΩM)|2SFF +
~2

4
1

SFF

Minimum uncertainty of the measurement is two times larger
than the ground state uncertainty
This is known as standard quantum limit
Feedback counteracts back-action!
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Near-field optomechanical transducer
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Measuring and controlling the position of a
nanomechanical beam
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Parameters

65µm× 400 nm× 70 nm (effective mass m < 2.9 pg)
nanobeam placed approximately 50 nm from the surface of
a microdisk with a diameter of 30µm.
For the mechanical oscillator, the ΩM ≈ 2π × 4.3MHz

fundamental out-of-plane mode of the nano-beam is used
Two optical modes: a “sensor” mode at λc ≈ 775 nm and a
“feedback” mode at λc ≈ 843 nm
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Radiation-pressure feedback cooling to near the
ground state
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Summary

Results establish new benchmarks for the linear measurement
and control of a mechanical oscillator. Using an
optomechanical sensor with a readout imprecision that is nearly
40 dB below that at the SQL, we have shown that traditional
radiation pressure cold-damping can be used to cool a
nanomechanical oscillator to a mean phonon occupancy of
approximately 5.3.
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Thank you for your attention!
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