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Fig. 1. Cantilever mechanical oscillator array: (a) A single mechanical oscillator, which consists of a cantilever beam and a high-re-

flectivity micro-mirror; (b) the design diagram of the mechanical oscillator array; (c) the physical image of the mechanical oscillator

array captured by a CCD camera, due to production or transportation movements, some fragile oscillators in the physical image

have fallen off.
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Fig. 2. Schematic of the experimental setup: (a) The mechanical resonator is placed in a vacuum chamber with a pressure of 1x

10 ¢ Pa, the output beam (red) from the laser is frequency-shifted by 80 MHz via an acousto-optic modulator (AOM) to form the

pump beam (orange), another probe beam is incident on the mechanical resonator at a small angle and reflected into a quadrant

photodetector (QPD); (b) optical image of the internal components in the vacuum chamber, along with a magnified view of the

mechanical resonator array and its clamping assembly.
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Fig. 3. The first three mechanical vibration modes of the resonator: (a) Fundamental mode, the vibration behavior resembles a pen-

dulum, oscillating perpendicular to the mirror surface; (b) yaw mode, rotation about the axis of the cantilever beam; (c) pitch

mode, tilt oscillation of the cantilever mirror as a whole, perpendicular to the cantilever axis; (d) schematic of the incident and re-

flected laser beam, the fundamental mode induces vertical displacement of the reflected beam, which is captured by the quadrant
detector (QPD), where A, B, C, and D denote the four quadrants of the QPD; (e) the yaw mode causes horizontal tilting of the re-
flected beam, and the corresponding tilt signal is acquired by the QPD.
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Fig. 4. The output signals of the quadrant detector for the
X-5 oscillator, different frequencies correspond to different
vibration modes. Black represents the electronic noise of the
detector, and red (blue) represents the detection signals of

the quadrant detector in the vertical (horizontal) direction.
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Fig. 5. The ring-down results of different modes for mechanical oscillators with various geometric structures. The black lines repres-

ent the measured ring-down curves, and the red lines are the fitted curves. The figures also present the fitting-related information,

including the ring-down time.
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Abstract

High-quality-factor ~(Q@-factor) mechanical resonators are indispensable components in quantum
optomechanical experiments, including optomechanical cooling, quantum sensing, precision metrology, and the
generation of entanglement and squeezing. Although @-factor measurements have been performed on high-
frequency resonators with low @Q-factors, measuring the @Q-factors of low-frequency resonators with high @-
factors is still challenging. It is difficult to identify the mechanical modes from other noise sources in the
environment, such as audio noise of air fans and mechanical modes of clamps. Furthermore, the response speed
of traditional piezoceramic transducer for driving the mechanical resonator is limited. In this study, we use the
optical radiation pressure to directly drive the mechanical oscillator. The Q-factor is measured by the ring-down
technique. With the aid of precisely controllable electrical current, radiation pressure can be precisely regulated,
thereby providing faster response times and a broader operational bandwidth, especially in the acoustic and
sub-acoustic frequency ranges. Furthermore, this approach reduces the low-frequency noise caused by
environmental vibrations and experimental equipment, which are difficult to isolate. In the experiment, we
measure the @Q-factor of a mechanical resonator array composed of tens of individual mechanical resonators of
different sizes and different structures. A single resonator consists of a single-crystal GaAs cantilever integrated
with a micromirror. A laser beam, modulated by an acousto-optic modulator (AOM) acting as a fast optical
switch, serves as a radiation pressure driving source. Another probe beam is reflected by the high-reflectivity
micromirror of the resonator and detected by a quadrant photodetector (QPD) to obtain the ring-down signal
from which the @-factor is obtained. The results are compared with those obtained using traditional
piezoceramic drive. The results show that in a low-frequency region (below ~2 kHz), where environmental noise
coupling is pronounced, the optical drive method effectively suppresses low-frequency noise. The relative error of
Q-factor measurements using optical drive is approximately 5%, lower than that obtained with piezoelectric
drive. This optical radiation-pressure driving technique provides a robust and fast-response method for

measuring the Q-factors of massive low-frequency mechanical resonators.
Keywords: optical radiation pressure, low-frequency band, @-factor, ring-down measurement
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