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Fig. 3. Schematic of Fabry-Perot interferometer.
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Table 1.  Summary for current research states of 5 main cavity optomechanical systems.
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Fig. 18. (a) Structure of membrane superconducting mi-
crowave cavity designed by Li et al.®l; (b) experimental

setup designed by Bienfait et al.l66],
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Fig. 19. (a) Structure of quadrature hybrid coupler(™;

(b) structure of 20 dB directional coupler™); (c) schematic

of microwave EPR state preparation!™.
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Fig. 20. Schematic of microwave continuous-variable entan-

glement state preparation proposed by Li et al.l7,
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Fig. 21. Structure of superconducting microwave cavity de-

signed by Palomaki et al.["d.
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Fig. 22. Schematic of microwave squeezed state prepara-
tion and microwave-mechanical vibration mode entangle-

ment preparation proposed by Sete et al.[.
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Fig. 23. Schematic of preparing highly squeezed state in microwave domain(™.
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Fig. 24. Schematic of cavity electro-opto-mechanical

system(™,
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Fig. 25. Schematic of cavity electro-opto-mechanical hybrid

quantum interface proposed by Tian/®.
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Fig. 26. Schematic and structure of cavity electro-opto-

mechanical converter designed by Andrews et al.[3
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Fig. 27. Schematic of distant microwave fields entangle-

ment preparation proposed by Abdi et al.l*?,
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Fig. 28. Schematic of microwave quantum illumination

based on double cavity electro-opto-mechanical converters(™.
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Fig. 29. Schematic of Gaussian and non-Gaussian  mi-

crowave quantum states preparation based on cavity elec-
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Fig. 30. Schematic of cavity electro-opto-mechanical con-

verter introducing optical parametric amplifier®™.
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Fig. 33. Schematic of heraldedmicrowave-optical entanglement preparation based on cavity electro-opto-mechanical system
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Table 2.  Preparations of non-classical quantum statesof microwave based on cavity opto-mechanical system.
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Research progress in non-classical microwave states
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Abstract

As a novel hybrid quantum system, cavity optomechanical system shows super strong coupling strength,
extremely low noise level and considerable coherent time under superconducting condition. In this paper, we
briefly introduce basic principles of cavity optomechanics and cavity optomechanical systems. Meanwhile, we
also classify the widely studied cavity optomechanical systems as five categories in their materials and
structures. Significant parameters of these optomechanical systems, such as quality factor, mass and vibrating
frequency of mechanical oscillator, are listed in detail. Technical merits and defects of these optomechanical
systems are summarized. Furthermore, we introduce the research progress of non-classical microwave quantum
states preparation by utilizing generalized cavity optomechanical systems, and we also analyze the performance
advancements and remaining problems of this preparation method. In the end, we summarize the application
cases at present and look forward to the potential application scenarios in the future. Our summary may be
helpful for researchers who are focusing on quantum applications in sensing, radar, navigation, and

communication in microwave domain.

Keywords: cavityoptomechanical system, non-classical microwave quantum states, microwave-optical

entanglement, electro-opto-mechanical converter
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