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Abstract: Spaceborne telescopes for gravitational wave detection crucially collimate bidirectional beams in ultra-
long interferometric optical paths. The faint optical path changes due to gravitational waves demand pm-level

isHEA: 2024-01-26; &EIHEA: 2024-02-05; FHHEA: 2024-02-05
HEWB.: EEIAULITH (2021YFC2202200, 2021YFC2202201)
*BIEEE: WKW, chrao@ioe.ac.cn.

WA BT B ©2024 Hh B} B 't AL B RIS T

240027-1


mailto:chrao@ioe.ac.cn
https://doi.org/10.12086/oee.2024.240027

Bz o, A5 S TR, 2024, 51(2): 240027

https://doi.org/10.12086/0ee.2024.240027

optical path length stability and below 107" level backscattered light in the telescopes. The ultra-high-level

specifications requirements are out of state-of-the-art testing techniques. The development of testing and

evaluation techniques for spaceborne telescopes is a crucial prerequisite for the success of the space gravitational

wave detection program. This paper overviews the development of spaceborne gravitational wave detection

telescopes, focusing on the optical path length stability and backscattered light testing status, results, and further

plans, providing reference in the testing and evaluation of Chinese spaceborne gravitational wave detection

telescopes.

Keywords: space gravitational wave detection; spaceborne telescope; ground test; optical path length stability;
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Fig. 2 Developing space gravitational wave detectors
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Table 2 CFRP telescope assembly structure thermo-mechanical requirements and tested performances

[47]

Performance Requirement 1* test 2" test 2" test re-run
CTE over 100 K/(1/K) <107 9.8x10™ 5.7x10°° 6.9x10°
M1-M2 Longitudinal displacement dz/um <5 -7.6 -8.5 -7.4
M1-M2 Lateral displacement dy/um <2 (goal) -25.7 -26.3 -26.2
M1-M2 Rotation dRx/urad <20 134.4 -57.3 -47.2

Reference cavity

Telescope test

g structure (TTS)

B7 ¥ ZiAKFETFIETHMNE LISA ZREALET KRR, () BARMNKXPERHEAE; (b) ULE BRA MKEE
Fig. 7 Optical path length stability test of LISA telescope based on heterodyne interferometry at the University of Florida.
(a) Schematic of optical path length stability test platform; (b) ULE proto-TTS"
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Progress in the research of testing and
evaluation techniques for spaceborne
gravitational wave telescopes
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Space gravitational wave detection spaceborne telescope ground integrated test platform

Overview: Gravitational waves are spacetime oscillations radiated outward by accelerating mass objects. Significant
astronomical events in the universe, such as the merging of massive black holes, emit stronger gravitational waves.
Detecting gravitational waves allows for a deeper study of the laws governing celestial bodies and the origins of the
universe, making accurate detection crucial. Gravitational wave detection technology utilizes Michelson interferometers
to convert the extremely faint spacetime fluctuations caused by gravitational waves into measurable changes in optical
path length. Recently, ground-based large Michelson interferometers have achieved direct detection of high-frequency
gravitational waves. However, the detection of low-frequency gravitational waves, which is equally important, is not
feasible on the ground due to arm length and ground noise issues. This necessitates the construction of ultra-large
Michelson interferometers in space for low-frequency gravitational wave detection. Spaceborne gravitational wave
detection telescopes play a vital role in collimating bidirectional beams in ultra-long interferometric optical paths in
space. The extremely subtle changes in optical path caused by gravitational waves impose high demands for pm-level
optical path length stability and below 10" level backscattered light in these telescopes. The ultra-high level index
requirements exceed the precision limits of current ground testing techniques for telescopes. To ensure that spaceborne
telescopes maintain their ultra-high design performance in the orbital environment, developing testing and evaluation
techniques for these key indicators is a crucial prerequisite for the success of the space gravitational wave detection
program. This paper provides an overview of the development of spaceborne gravitational wave detection telescopes,
both domestically and internationally. It focuses on the current status and some test results of optical path length
stability and backscattered light testing of telescopes under development, as well as further testing plans, providing a
reference for the testing and evaluation of Chinese space gravitational wave detection space-borne telescopes.
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