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Cavity Optomechanics

 Optomechanics
 Light affects motional degree of freedom via exchange of

momentum
 “Radiation pressure force”

 Cavities
 Increase coupling between photon mode and something else

 Cavity photon makes many round trips  increased interaction time

 Cavity optomechanics
 Coupling between mechanical oscillator and a cavity field



Cavity mirror as mechanical oscillator

cavity length depends on displacement of oscillator
motion of oscillator affected by radiation pressure

n.b. Laser cooling of the mechanical mode



Collective density excitation of BEC
as mechanical oscillator

field can excite collective density excitation
optical path length depends on atomic density distribution
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The Experiment

Weak
pump

Single
photon
counter

Δa = ωp-ωa ≥ 104γ 
ignore spontaneous emission

Δc = ωp-ωc
ramp  Δc across resonance



Experiment

 BEC of 1.2x105 87Rb in |F,mF>=|1,-1>
 Optically trapped
 ω = 2π x (222,37,210)Hz
 RTF = (3.3,20.0,3.5)µm

 Ultrahigh finesse Fabry-Perot cavity
 g0 = 2π x 10.9MHz
 γ = 2π x 3.0MHz
 κ = 2π x 10.9MHz
 Cavity length = 178µm
 TEM00 waist = 25µm (maximal overlap of mode

and condensate)

(strong coupling regime)



Figure 2

If they were not coupling to the
atomic external degree of
freedom, this would look
Lorentzian



The Theory

Equations of motion for the coupled system

frame
rotating at ωp

Zero momentum state of BEC is coupled
to ±2hk momentum states (absorption
and emission of cavity photons)

1D mean-field



The Theory: Steady State

First look for steady-state solutions: Bistable at high pump strength



The Theory: Dynamic

Equations of motion now look like this:



The Theory: Dynamic

These equations describe a mechanical oscillator coupled
via the radiation pressure force to the fields whose
resonance frequency shift Δ depends linearly on the
oscillator displacement X.

Now, numerically integrate…
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Figure 4



The newer paper measures the bistablilty…





Summary

They coupled a cavity mode to a
collective density excitation of a BEC

Bistable behavior, like a normal cavity
optomechanical model

“back-action” dynamics tune the system
periodically out of resonance


