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Design of optical path stability measurement
scheme and theoretical analysis of noise in
telescope
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Abstract: Gravitational wave detection imposes high stability requirements on telescopes in space. To achieve
independent measurement and calibration of the optical path stability accuracy of the telescope, the research was
conducted on corresponding measurement methods. Based on the principle of heterodyne interferometric
measurement, a high common-mode suppression interferometric measurement scheme was designed, and an

optical path noise theoretical model was established. According to the requirement of 1 pm/Hz"@1 mHz for optical
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path stability indicators, the optical path noise level of the measurement system components was allocated. To
verify the feasibility of the scheme and the accuracy of the noise theoretical model, an interferometric measurement
system was constructed at the front end of the telescope. According to the relevant parameters of the experimental
instruments and optical components, the theoretical evaluation of the system's optical path noise level was 7.319
nm/Hz"? @10 mHz. The experimental measurement result of 3 nm/Hz"”@10 mHz was consistent with the
theoretical evaluation, indicating that the interferometric path has good noise common-mode suppression
characteristics, and verifying the accuracy of the noise theoretical model. When the testing environment and
instrument accuracy meet the requirements for optical path noise allocation, this measurement scheme is expected
to achieve the measurement of the optical path stability of gravitational wave telescope.

Keywords: gravitational wave telescope; optical path stability; interferometric measurement; noise theoretical

model; allocation of optical path noise indicators
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Fig. 8 The optical path variation of the standard plane mirror system due to the inclination angle ¢ around the
X-axis, Y-axis, and XY-axis. (a) Central beam; (b) Wave aberration
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Design of optical path stability measurement
scheme and theoretical analysis of
noise in telescope

Zhao Kai, Fan Wentong, Hai Hongwen, Zhang Rui, Fan Lei"
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Schematic diagram of the optical path stability measurement scheme for gravitational wave telescope

Overview: Gravitational wave detection imposes high stability requirements on telescopes in space. To achieve
independent measurement and calibration of the optical path stability accuracy of the telescope, research was conducted
on corresponding measurement methods. Based on the heterodyne interference measurement principle, a high common
mode suppression interferometic measurement scheme was designed, using the phase difference information between
the measuring interferometer and the reference interferometer to characterize the optical path changes of the
measurement system. By conducting theoretical analysis on the optical path noise characteristics of each component
module of the entire measurement system, a theoretical model of the optical path noise of the measurement system was
established. The main sources of optical path noise are determined to be the front end optical path coupling noise,
temperature optical path coupling noise, and standard plane mirror position misalignment noise. According to the
requirement of 1 pm/Hz"’@1 mHz for optical path stability indicators, the optical path noise level of the measurement
system components was allocated. To verify the feasibility of the scheme and the accuracy of the noise theoretical model,
an interferometric measurement system was constructed at the front end of the telescope. Firstly, based on the relevant
parameters of the experimental instrument and optical components, the optical path noise level of the system was
theoretically evaluated to be 7.319 nm/Hz'"’@10 mHz. Then, the optical path noise level measurement experiment was
carried out on the constructed measurement system. The experimental results showed that the optical path noise
background of the measurement system was less than 3 nm/Hz"’@10 mHz. Finally, through the comparison and
analysis of optical path noise theory and experimental results, it is known that the designed interference optical path in
this paper has good noise common mode suppression characteristics, which further verifies the accuracy of the optical
path noise theory model. When the testing environment and instrument accuracy meet the requirements of the optical
path noise index allocation, this measurement scheme is expected to achieve the high-precision optical path stability
measurement of the gravitational wave telescope.

Zhao K, Fan W T, Hai H W, et al. Design of optical path stability measurement scheme and theoretical analysis of noise
in telescope[J]. Opto-Electron Eng, 2023, 50(11): 230158; DOI: 10.12086/0ee.2023.230158
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