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Fig. 1. Schematic diagram of weak force measurement
device based on cavity optomechanical system. (g, frR
and 7 represent the shot noise, the radiation pres-
sure noise, and the thermal noise, respectively. A¢, ¢
and F represent the phase change of the optical field,
the displacement of the cavity mirror and the weak

force to be measured, respectively.
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Fig. 2. Relationship diagram for the back-action evad-

ing setup in the “bare” (left) and “composite” (right)
representations. The displacement of the composite
oscillator E results in a change in the phase of the
cavity field C that could be measured by homodyne
detection, but the measurement back-action only af-

fects the composite oscillator D.
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Fig. 3. The energy spectrum diagram of quasi-
particles. The solid curves represent the energies of
quasi particle modes A, B, and C with the change of
optical detuning A,. The dashed curves correspond
to the noninteracting optical mode a, microwave mode
b, and phonon mode c. The frame marks the effective
working range of the hybrid cavity optomechanical sys-

tem.
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Abstract

Cavity optomechanics originates from the research of interferometric detection of gravitational waves, and later it has
become a fast-growing area of techniques and approaches ranging from the fields of atomic, molecular, and optical physics
to nano-science and condensed matter physics as well. Recently, it focused on the exploration of operating mechanical
oscillators deep in the quantum regime, with an interest ranging from quantum-classical interface tests to high-precision
quantum metrology. In this paper, recent theoretical work of our group in the field of quantum measurement with
cavity optomechanical systems is reviewed. We explore the quantum measurement theory and its applications with
several unconventional cavity optomechanical schemes working in the quantum regime. This review covers the basics of
quantum noises in the cavity optomechanical setups and the resulting standard quantum limit of precision displacement
and force measurement. Three novel quantum measurement proposals based on the hybrid optomechanical system
are introduced. First, we describe a quantum back-action insulated weak force sensor. It is realized by forming a
quantum-mechanics-free subsystem with two optomechanical oscillators of reversed effective mass. Then we introduce
a role-reversed atomic optomechanical system which enables the preparation and the quantum tomography of a variety
of non-classical states of atoms. In this system, the cavity field acts as a mechanical oscillator driven by the radiation
pressure force from an ultracold atomic field. In the end, we recommend a multimode optomechanical transducer that can
detect intensities significantly below the single-photon level via adiabatic transfer of the microwave signal to the optical
frequency domain. These proposals demonstrate the possible applications of optomechanical devices in understanding

of quantum-classical crossover and in achieving quantum measurement limit.

Keywords: cavity optomechanics, quantum measurement back-action, quantum tomography, single-

photon-level microwave
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