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Laser Interferometric Multi-Degree-of-Freedom Measurement Technology in
Space Gravitational-Wave Detection

Xu Xin"*",Tan Yidong"*", Mu Henglin'*, Li Yan"’, Wang Jiagang', Jin Jingfeng’
'Department of Precision Instruments, Tsinghua University, Beijing 100084, China;
*State Key Laboratory of Precision Measurement Technology and Instruments, Tsinghua University, Beijing
100084, China;
‘Army Equipment Project Management Center, Beijing 100072, China

Abstract Space gravitational-wave detection is currently an international hotspot. The core technology is to measure the
multi-degree-of-freedom motions between two test masses with a distance of few million kilometers. The test sensitivity
needs to reach the level of ~1 pm/Hz"*and ~1 nrad/Hz"* within the frequency band of 1 mHz and 1 Hz. At present, laser
interferometer is one of the most precise methods to achieve ultra-precision displacement measurement. In this paper, we
introduce the ultra-precision multi-degree-of-freedom measurement using laser heterodyne interferometry for space
gravitational-wave detection. The optical design, measurement principle, phase demodulation, and relative research
progress at home and abroad are introduced. We also analyze the main noises of laser heterodyne interferometry in space
gravitational-wave detection, and the current research of these noise sources are also introduced. Finally, the development
trend and prospect of laser heterodyne interferometry for ultra-precision multi-degree-of-freedom measurement are forecasted.

Key words measurement; space gravitational-wave detection; laser heterodyne interferometry; multi-degree-of-freedom

measurement; differential wavefront sensing
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