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Fig. 1. Schematic diagram of a dual-cavity coupled op-
tomechanical system, where the optomechanical cavity with
the frequency w, and dissipation rate k is driven by the
pumping field and couples to the mechanical resonator with
the frequency wm and dissipation rate ~m by the op-
tomechanical interaction. The auxiliary cavity ¢ with the
frequency we and dissipation rate k¢ is coupled with the
optomechanical cavity a with the coupling strength J, the
probe field is input into the auxiliary cavity.
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Fig. 2. Real part Re(et) of er as a function of probe field
detuning, where k=kr;=6.4MHz, wn=21x10.3MHz,
Ym=2mn X 0.83kHz, m=10ng, Gn=0.003wn , and g1 =

0.1 wm [49,61]
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Fig. 3. Energy level structure diagram of the double-cavity
optomechanical system (a) and the corresponding dressed-
states explanation diagram (b), the energy level |0), |1},

[2), and |3) represent |na, nc, m), |na, ne, m+1),

[na, ne + 1, my, and |na + 1, ne, m), respectively. The
dressed-states |£) are expressed as (|2) +|3))/v/2. Here,
na and ne represent the photon numbers of optical mode a
in the optomechanical cavity and optical mode ¢ in the aux-
iliary cavity, and m represents the phonon number of mech-
anical mode b.
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Fig. 4. Real (a) and imaginary (b) parts of the eigenvalues Ao, + as function of the optomechanical coupling strength Gr , and

other parameters are the same as in Fig. 2.
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Fig. 5. (a) Transmission spectrum of the system when the mass of the adsorbate is 0 pg, 10 pg, 15 pg, and 20 pg, with

G, = 0.001wm ; (b) transmission spectrum for an adsorbate mass of 10 pg under different optomechanical coupling strengths, other

parameters are the same as in Fig. 2.
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Fig. 6. Curves of (a) Re(A()) and (b) Im(A)) as function of
Swm with Gy, = v/(4J2ym — KkcYm)/4kc , other paramet-

ers are the same as in Fig. 2.
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Fig. 7. Curves of sensitivity enhancement factor (a) 7ea and (b) 7imag as a function of dwm under different cavity decay rates,

and curves of sensitivity enhancement factor (c) 7ral and (d) 7imag as a function of dwm under different cavity coupling strengths

with G, = \/(4J2'ym — KKcYm)/4ke . Other parameters are the same as in Fig. 2.
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Abstract

Resolution is one of the key indicators in the cavity optomechanical mass sensing. The bound states in the
continuum (BIC) enable extremely narrow linewidths, which have great potential for enhancing the resolution
of cavity optomechanical mass sensors. In order to enhance the resolution of cavity optomechanical mass
sensing, we propose a simple double-cavity optomechanical system under the blue-detuning condition to realize
the BIC singularity, and present an ultrahigh-resolution mass sensing scheme based on BIC in this paper. By
solving the linearized Heisenberg-Langevin equations, the expressions for the susceptibility and transmission
rate of the system are derived. Based on the system’s susceptibility, we study the absorption characteristics of
the probe field under the blue-detuning condition. The absorption spectrum of the system exhibits three peaks,
among which the central narrow peak exhibits optical gain characteristics, collectively forming a phenomenon
analogous to double optomechanically induced transparency. Then, analysis of the dressed-state energy-level
structure reveals that the formation of the central narrow peak stems from quantum interference effects in a
double-A-type dark-state resonance. The linewidth evolution of the quasi-BIC central narrow peak is
investigated by analyzing the dependence of the real part and imaginary part of the corresponding eigenvalue
on the optomechanical coupling strength. It can be found that the imaginary part of the eigenvalue for the
central narrow peak becomes zero when the optomechanical cooperativity coefficient equals the double-cavity
cooperativity coefficient plus one, enabling the realization of BIC. The linewidth of the central peak is
ultrasmall under this BIC condition, and the shift of the transmission peak in the transmission spectrum is
linearly related to the adsorbed mass. Based on these characteristics, the system under the BIC condition can
achieve mass sensing with an ultrahigh resolution, with a resolution of approximately 1 ag. Meanwhile, the
linewidth of the transmission peak can be suppressed below 1 Hz, which is superior to the traditional
optomechanical mass sensing schemes based on four-wave mixing, photonic molecules, and plasmon polaritons.
Systematic investigation of eigenvalue variations and the corresponding sensitivity enhancement factors under
mechanical resonator frequency shift reveals that the real part and the imaginary part of the eigenvalue
associated with the central peak exhibit negligible variations under such perturbations. This indicates that the
mass sensing scheme based on BIC in the double-cavity optomechanical system can maintain ultrahigh
resolution and precise mass measurement under mechanical resonator frequency shift. Our scheme provides an
approach for realizing the BIC singularity in optomechanical systems, and presents a new route to improving
the resolution of mass sensors based on cavity optomechanical systems.

Keywords: optomechanics, optomechanically induced transparency, mass sensing, bound-states in the
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PACS: 42.50.Wk, 42.50.Gy, 42.50.Pq DOI: 10.7498 /aps.74.20250063

CSTR: 32037.14.aps.74.20250063

* Project supported by the National Key R&D Program of China (Grant No. 2021YFB4000802) and the Steady Support Fund
for State Key Laboratory, China (Grant No. JBS242800180).

1 Corresponding author. E-mail: zhengxuejun@xtu.edu.cn

134201-9


http://doi.org/10.7498/aps.74.20250063
https://cstr.cn/32037.14.aps.74.20250063
mailto:zhengxuejun@xtu.edu.cn
mailto:zhengxuejun@xtu.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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

NS RGF E T ELEBREASHBE MR R EER
FTHE X RFE IHEL KRB

Ultrahigh—-resolution mass sensing based on bound states in continuum domain in double—cavity optomechanical
system

DONG Yaoyong WU Yi ZHENG Xuejun  WANG Denglong  ZHAO Peng

5] Fi{i &, Citation: Acta Physica Sinica, 74, 134201 (2025) DOI: 10.7498/aps.74.20250063

CSTR: 32037.14.aps.74.20250063

TELER L View online: https:/doi.org/10.7498/aps.74.20250063

BN 2 View table of contents: http://wulixb.iphy.ac.cn

LT RO H A R

Articles you may be interested in

LD RGOS E G R8N
Slow light effect caused by optomechanically induced transparency in multimode optomechanical system

WIERZEAR. 2023, 72(15): 154203 https://doi.org/10.7498/aps.72.20230663

RIS RBDE ) RGN 5E 315 B W A8 R0
Perfect optomechanically induced transparency and slow light in an Rydberg atom—assisted optomechanical system

YrHE2E AR 2023, 72(9): 094203  https:/doi.org/10.7498/aps.72.20222264

XCER R 53 o8 B 2 T ) S R 2

Bound states in continuum domain of double resonant ring metal metasurfaces

WIBEAEA. 2024, 73(5): 057801  https://doi.org/10.7498/aps.73.20231556

BET I SR A A R 9tk ] M R T
Strong circular dichroism chiral metasurfaces generated by quasi bound state in continuum domain

Y2, 2024, 73(17): 178102 https://doi.org/10.7498/aps.73.20240834

LT A B -3 W ) AT i A R A 2 K
Tunable continuous domain bound states based on Fabry—Perot cavities and their applications

YIBR2FA. 2024, 73(17): 174205 hitps://doi.org/10.7498/aps.73.20240861

TR SO O A A S R S AR R ([ 9K O G 1 BB 5
Numerical study of the low— threshold nanolaser based on quasi—-bound states in the continuum supported by resonant waveguide

grating structures

YrH2E 4. 2023, 72(4): 044202  https:/doi.org/10.7498/aps.72.20221894


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.74.20250063
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230663
https://doi.org/10.7498/aps.72.20230663
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20222264
https://doi.org/10.7498/aps.72.20222264
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20231556
https://doi.org/10.7498/aps.73.20231556
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240834
https://doi.org/10.7498/aps.73.20240834
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240861
https://doi.org/10.7498/aps.73.20240861
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20221894
https://doi.org/10.7498/aps.72.20221894

	1 引　言
	2 双腔光力系统理论模型
	3 质量传感的分辨率及灵敏度增加因子
	4 总　结
	参考文献

