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Abstract

The field of cavity optomechanics studies interaction between laser light inside a high quality
optical resonator (e.g. optical cavity) and the motion of a highly compliant mechanical oscillator
(e.g. a millimeter-sized cantilever). It is a rapidly emerging field, as it can be a test bed for
fundamental quantum mechanics, particularly the boundary between classical and quantum
mechanics. In this talk, | will present our recent results measured with a state-of-the-art cavity
optomechanics device operating at 500 mK. This device has unique advantages over
conventional optomechanical devices, as it can provide nonlinear optomechanical coupling in
addition to the more typical linear interaction. In cavity optomechanics, linear optomechanical
interaction has been used to laser-cool the motion of mechanical oscillators. On the other hand,
nonlinear interaction has been proposed to study more striking quantum effects in mechanical
oscillators such as measuring its quantized energy states and observing quantum jumps between
them. The linear coupling combined with cryogenics and resolved-sideband laser cooling
enables us to cool the mechanical motion close to its quantum ground state. Upon this cool down
procedure, we have observed a strong asymmetry in the mechanical sidebands which is a
signature of quantum phenomena in mechanical oscillators. Furthermore, we have demonstrated
a nonlinear optomechanical interaction with a thorough characterization of its dynamics and full
comparison with a theoretical model. As an intermediate step for realizing the aforementioned
proposals, we have also demonstrated a classical analog of a quantum nondemolition
measurement of photons.
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