A ER-INC)

Chinese Optics B

BOWNET W BR GBI BEABIR

TR MR B 78 28 IREAR

Laser heterodyne interferometry for picometer-level displacement measurement
XU Xin, LIN Qiu-tong, MU Heng-lin, LI Zi-mo, LI Yan, TAN Yi-dong

FIUHASLE:

PRI, MRIRkEE, RRA R, 25788, 220a, IRER. ORI T BOKRGAFshill B EoRBEIE (1] EDE, 2025, 18(3): 535-546.
doi: 10.37188/C0.2024-0192

XU Xin, LIN Qiu-tong, MU Heng-lin, LI Zi-mo, LI Yan, TAN Yi-dong. Laser heterodyne interferometry for picometer-level
displacement measurement[J]. Chinese Optics, 2025, 18(3): 535-546. doi: 10.37188/C0.2024-0192

TEZR R View online: https:/doi.org/10.37188/C0.2024-0192

L] RERGBR A HAN SO

Articles you may be interested in

2 (1] 75| 7 A0 i 1) 23 OGN 2 040 ]
Measurement and suppression of forward stray light for spaceborne gravitational wave detection

R EDEE (FhPESC) 2023, 16(5): 1081 hitps://doi.org/10.37188/C0.2022-0251
T 1) R 15 | g PRI P B R AR T4 AR

Time—-delay interferometry for space—based gravitational wave detection

HEDESE (FRPESC) L2021, 14(2): 275 hitps://doi.org/10.37188/C0.2020-0098
23 )5 | PR BT Bt R G it

Optical design of space gravitational wave detection telescope

HEDEE (FPESC) L2022, 15(4): 761  https:/doi.org/10.37188/C0.2022-0018
HT e - MR A PR 7 OGN R BRI i

Research progress of the laser vibration measurement techniques for acoustic—to—seismic coupling landmine detection

FREDEF (FRZESC) 2021, 14(3): 487  hitps://doi.org/10.37188/C0.2020-0134
T ) 25 (RO T 96 1 258 1B AR AL i R 5E

Multi—channel phase measurement system for the space laser interferometry

HEDEE (RHEC) . 2023, 16(5): 1089 hitps:/doi.org/10.37188/C0.2022-0258
RG2S 05 | i B Bt RGT it

Design of optical system for low—sensitivity space gravitational wave telescope

FREDEF (FRZESC) 2023, 16(6): 1384 hitps://doi.org/10.37188/C0.2023-0006


http://www.chineseoptics.net.cn
http://www.chineseoptics.net.cn
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2024-0192
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2022-0251
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2020-0098
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2022-0018
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2020-0134
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2022-0258
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2023-0006

8% 3 rhEDGE: (Hrsesg) Vol. 18 No.3
202545 H Chinese Optics May 2025

XERS 2097-1842(2025)03-0535-12

WS ETHRABEDNEHATR

B GCHREBEERE Z2TE,F 5, KER
(BeAF BBENEZR, LI 100084)

AP XT 23 [R5 IR0 A AL PN A 36 B i 1 g 2 O 7 o, A T SO A 2 TR M T AR R R e, TR R KT
S EH ARG . B, FFRES I T/ =TI E RS RBUE M. 35, R R80T 45 BRI REOLsh
ZT VI8 R G WIRATST, Z b 2R g YRR FMLER R £ RIS REO 2. Ba, AEMe s PR AT i 6 Rl
SERUHOLAN2E T RAEARAL . MRS RT3l i REVE T 1 pm/Hz'"@30 mHz—1 Hz, %55 A 225 65
FTU R b B R RO T AR (W i — 25 & R HR AL AT 5 (% e 75 B U T T 5

X 8 RE:TRG] AN BORS E T KRR I AL AN E

HE 425 TH741;043 SCHRFRAEAD: A doi: 10.37188/C0.2024-0192 CSTR:32171.14.C0.2024-0192

Laser heterodyne interferometry for picometer-level

displacement measurement
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Abstract: To address the high sensitivity measurement requirement of the test mass’s displacement in space-
borne gravitational wave detection, a ground-based simulation system using laser heterodyne interferometry
has been established, initiating research into picometer-level displacement measurement techniques. Initially,
the translational sensitivity of the designed laser heterodyne interferometer is tested under vacuum condi-
tions. Subsequently, based on the sensitivity outcomes, noise source tracing research for the laser heterodyne
interferometric system is conducted, including the development of a system noise model, analysis of various
noise source mechanisms, and investigation of strategies to reduce the predominant noise sources. Ultimately,
upon completion of the noise source tracing, the interferometric system is optimized, with tests indicating a
displacement measurement sensitivity better than 1 pm/Hz'"? in the range of 30 mHz to 1 Hz. This paper is
expected to provide a reliable ground-based test platform for noise source tracing, facilitating the advance-

ment of picometer-level laser interferometry technologies for spaceborne gravitational wave detection.
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Fig. 1 Schematic diagram of laser heterodyne interfero-
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