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Fig. 1. Schematic diagram of the double whispering
gallery modes (WGM) cavity optomechanical system.
The WGM cavity mode a is coupled to the mechani-
cal mode b via radiation pressure force with a strong
pump field and a weak probe field. The WGM cavity
mode c is only driven by a pump field. The two cavities
coupled with each other via exchanging energy and the
coupling strength J depends on the distance between
the two cavities. The nanoparticles are deposited onto

the surface of the cavity a.
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Fig. 2. (color online) (a) The normalized magnitude of the probe transmission spectrum as a function of probe-cavity

detuning As = ws — wa under three coupling strengths J with the pump power of cavity a is P» = 10 pW and the

pump power of cavity ¢ is Pc =2 uW; (b) the detail of the transmission window around Ag = 0.
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Fig. 3. (color online) (a) The phase of the probe transmission as a function of Ag for three coupling strengths

J; (b) the group delay as a function of the pump power Pa.
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Fig. 5. (color online) (a) The probe transmission spectrum after landing the nanoparticles on the surface
of WGM cavity a and the color curves shows the mechanical frequency-shifts at J = 0.5ka, the inset in
Fig.5.(a) shows the mechanical frequency-shifts at J = 0; (b) the linear relationship between the frequency-

shifts and the mass of the nanoparticles, and the natural number near every data point denotes the mass of
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Abstract

Whispering gallery mode (WGM) cavities due to their high quality factors, small mode volumes, and simple fabri-
cations, have potential applications in photonic devices and ultrasensitive mass sensing. Cavity optomechanic systems
based on WGM cavities have progressed enormously in recent years due to the fact that they reveal and explore funda-
mental quantum physics and pave the way for potential applications of optomechanical devices. However, WGM based
cavity optomechanics still lies in a single optical mode coupled to a single mechanical mode. Here in this paper, in
order to reveal more quantum phenomena and realize remarkable applications, we present a typical multimode cavity
optomechanical system composed of two WGM cavities, of which one WGM cavity is an optomechanical cavity driven
by a pump laser and a probe laser and the other cavity is an ordinary WGM cavity only driven with a pump laser.
The two WGM cavities are coupled with each other via exchanging energy, and the coupling strength depends on the
distance between the two cavities. With the standard method of quantum optics and the quantum Langevin equations,
the coherent optical spectra are derived. The coherent optical propagation properties and the phenomenon of optome-
chanically induced transparency based slow-light effect are demonstrated theoretically via manipulating the coupling
strength of the two cavities. The results based on the two-WGM cavity optomechanical system are also compared with
those based on the single cavity optomechanical system, and the results indicate that the cavity-cavity coupling plays a
key role in the system, which indicates a quantum channel, and influences the width of the transparency window. We
further theoretically propose a mass sensor based on the double WGM cavity optomechanical system. To implement
mass sensing, the first step is to determine the original frequency of the resonator. With adjusting the detuning parame-
ters and the cavity-cavity coupling strength, a straightforward method to measure the resonance frequency of the WGM
optomechanical resonator is proposed. The resonance frequency of the mechanical resonator can be determined from
the probe transmission spectrum, and the coupling strength between the two cavities will enhance both the line width
and the intensity, which will be beneficial to implementing mass sensing. The mass of external nanoparticles deposited
onto the WGM optomechanical cavity can be measured conveniently by tracking the mechanical resonance frequency
shifts due to the fact that mass changes in the probe transmission spectrum. Compared with those of single-cavity
optomechanical mass sensors, the mass sensitivity and resolution are improved significantly due to the cavity-cavity cou-
pling. This double WGM cavity optomechanical system provides a new platform for exploring the on-chip applications

in optical storage and ultrahigh resolution sensing devices.

Keywords: cavity optomechanics, optomechanically induced transparency, slow light, mass sensor
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