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Fig. 1 Schematic diagram of gravitational wave-modulated laser phase
measurement using a Mach-Zehnder interferometer
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Abstract: To avoid the dual-cavity locking challenge inherent in LIGO-type gravitational-wave detection systems, a high-

sensitivity gravitational wave detection scheme was proposed. A single-link transmitted optical beam was used as a carrier,

and the

gravitational-wave-induced phase modulation on the beam was sensed and, in combination with Mach-Zehnder interferometry,

was utilized to achieve high-sensitivity gravitational wave detection. A 10 000 km lunar laser ranging system was designed for the

0.1-10 Hz frequency band, and its achievable gravitational-wave detection sensitivity was evaluated under noise limitations from

laser shot noise and test-mass radiation pressure noise. This study provides a reference for the development of a laser ranging-based

experimental system aimed at high-sensitivity gravitational wave detection in the target frequency band.

Keywords: laser ranging system; gravitational wave modulated phase; Mach-Zehnder interferometry; lunar gravitational

waves detection

Highlights:

e Proposed a Mach-Zehnder interferometer configuration utilizing a single laser link for gravitational-wave detection, thereby

circumventing the challenge of dual-cavity locking.

e Designed a corresponding laser ranging system tailored for lunar-based gravitational-wave detection in the 0.1-10 Hz frequency

band.

e Evaluates the system’s detection sensitivity across the target frequency band, thereby validating the feasibility of the proposed

configuration.

[EREE: HEeik, EXFR RAHE]


https://doi.org/10.3969/j.issn.1009-2366.2020.01.003
https://doi.org/10.3788/CJL250688
https://doi.org/10.3788/CJL250688
https://doi.org/10.3788/AOS241854
https://doi.org/10.3788/AOS241854
https://doi.org/10.1103/PhysRevD.93.112004
mailto:chenyuer2181@163.com
mailto:lfwei@swjtu.edu.cn

	引　言
	1 引力波调制传输激光相位的灵敏检测方法
	1.1 引力波调制激光传输相位
	1.2 基于引力波调制相位检测的引力波探测方法

	2 0.1～10 Hz月基引力波探测光学试验系统及其可达探测灵敏度估计
	2.1 0.1～10 Hz频段引力波探测光学系统设计
	2.2 系统的可达探测灵敏度估计

	3 结果讨论
	4 结　论
	参考文献

