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Fig. 1. A two-cavity optomechanical system with a mechanical
resonator interacted with two cavities. Two strong coup-
ling fields (probe fields) with amplitudes e and &4 (eL
and egr) are used to drive cavity c¢1 and ca respectively.
Meanwhile, the two cavities are linearly coupled to each
other with coupling strength J.
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Fig. 2. Transmission amplitudes Tir (red line) and Trr (black line) are plotted vs normalized detuning z/x for different cavity

damping rate: (a) v/k=1/100; (b) v/k=1/10; (¢) v/k=1; (d) v/Kk=2. Other parameters: § = fg, G =G4 and J = J4 according

to Eq. (16).
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Fig. 3. Transmission amplitudes Tir (red line) and Trp (black line) are plotted vs normalized detuning x/x for different mechan-

cial damping rate: (a) v/k=1/100; (b) ~v/k=1/10; (c) v/k=1; (d) v/k=10. Other parameters: 6 = fg, G=G_ and J=J_

according to Eq. (16).
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(d) 6= vy and G = G4 . Other parameters: v/x = 1072, coupling strengths J = Jt and G = G4 according to Eq. (19).
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Abstract

Radiation pressure in an optomechanical system can be used to generate various quantum phenomena.
Recently, one paid more attention to the study of optical nonreciprocity in an optomechanical system, and
nonreciprocal devices are indispensable for building quantum networks and ubiquitous in modern
communication technology. Here in this work, we study how to realize the perfect optical nonreciprocity in a
two-cavity optomechanical system with blue-detuned driving. Our calculations show that the optical
nonreciprocity comes from the quantum interference of signal transmission between two possible paths
corresponding to the two interactions in this system, i.e. optomechanical interaction and linearly-coupled
interaction. According to the standard input-output relation of optical field in cavity optomechanics, we obtain
the expression of output optical field, from which we can derive the essential conditions to achieve the perfect
optical nonreciprocity, and find there are two sets of coupling strengths both of which can realize the perfect
optical nonreciprocal transmission. Because the system is driven by blue-detuned driving, the system is stable
only under some conditions which we can obtain according to the Routh-Hurwitz criterion. Due to the blue-
detuned driving, there will be transmission gain (transmission amplitude is greater than 1) in the nonreciprocal
transmission spectrum. We also find that the bandwidth of nonreciprocal transmission spectrum is in proportion
to mechanical decay rate if mechanical decay rate is much less than the cavity decay rate. In other words, in a
realistic optomechanical parameter regime, where mechanical decay rate is much less than cavity decay rate, the
bandwidth of nonreciprocal transmission spectrum is very narrow. Our results can also be applied to other
parametrically coupled three-mode bosonic systems and may be used to realize the state transfer process and

optical nonreciprocal transmission in an optomechanical system.

Keywords: cavity optomechanics, optical nonreciprocity, optical isolator

PACS: 07.10.Cm, 42.50.Gy, 42.50.Nn DOI: 10.7498 /aps.68.20190205

* Project supported by the National Natural Science Foundation of China (Grant Nos. 41472126, 11804066), the China
Postdoctoral Science Foundation (Grant No. 2018M630337), the Fundamental Research Fund for the Central Universities,
China (Grant No. 3072019CFMO0405), the Natural Science Foundation of Heilongjiang Province, China (Grant No.
LH2019A005), and the Heilongjiang Postdoctoral Sustentation Fund, China (Grant No. LBH-Z18062).

1 Corresponding author. E-mail: 1x17158@163.com

i Corresponding author. E-mail: lyang@hrbeu.edu.cn

170701-8


http://dx.doi.org/10.7498/aps.68.20190205
mailto:lxl7158@163.com
mailto:lyang@hrbeu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

