A ER-INC)

Chinese Optics B

AT R FHAFE BRI Rt R LR EiE

T4 mER FE Frwa X

Design and experimental verification of unequal-arm interferometric frequency stabilization scheme in taiji program
WANG Xu, GAO Xue-rong, LI Pan, QI Ke-qi, LIU He-shan

FIUHASLE:

T2, TR, B, FERAT, X IR T RS AR SR BT SR IRIEN]. P DR, 2026, 19(4): 887-894.
doi: 10.37188/C0.2026-0029

WANG Xu, GAO Xue-rong, LI Pan, QI Ke-qi, LIU He-shan. Design and experimental verification of unequal-arm
interferometric frequency stabilization scheme in taiji program[J]. Chinese Optics, 2026, 19(4): 887-894. doi: 10.37188/C0.2026-
0029

TELR R View online: https:/doi.org/10.37188/C0.2026-0029

FEAT ARG HoA S EE

Articles you may be interested in

JETFPGARIPDHIO AR LS8
Digital implementation of PDH laser frequency stabilization system based on FPGA
REDEF (FRZESC) 2025, 18(3): 557  hitps://doi.org/10.37188/C0.2024-0080

ST MHZIREESR YA RO T3 ARG I AR
Phase measurement technique based on MHz-lever depth frequency modulated laser interferometry

HEDYE2: (R3ESC) L2025, 18(3): 622 https://doi.org/10.37188/C0.2024-0157
SR PO T R e

Calculation of laser interferometric quantum noise in gravitational wave detection

FREDE (FRIESC) L2025, 18(3): 698  hitps://doi.org/10.37188/C0.2024-0180
AR R 8 B2 T o il b AT PR -2 B

Ground electronics verification of inter—satellites laser ranging in the Taiji program

rREDE (FhIESC) L2023, 16(4): 765 hitps://doi.org/10.37188/C0.2022-0041
R0 el A e 75 A 356 P e T 5 LG

Ground-based principle verification of clock noise transfer for the Taiji program
FREDE (FRIESC) L2023, 16(6): 1394 https:/doi.org/10.37188/C0.2023-0012
TE [61) 2 [A)JHOE I 1 2238 1 AR D 2R ¢

Multi—channel phase measurement system for the space laser interferometry

rREDE (FRIEC) L2023, 16(5): 1089  hitps:/doi.org/10.37188/C0.2022-0258


https://www.chineseoptics.net.cn
https://www.chineseoptics.net.cn
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2026-0029
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2024-0080
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2024-0157
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2024-0180
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2022-0041
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2023-0012
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2022-0258

9% 454 rhEDGE: (Hrsesg) Vol. 19 No.4
2026 4F 7 H Chinese Optics Jul. 2026

XEHS 2097-1842(2026)04-0887-08

ARITRIPAFE T HRINTT R 0T R LI IE

T AW EER,F OB FRE, AL
(1L ERAMMNEEF R a8 5 R FRFE5R, 3L AN 310024;
2. FEAMFRAF, A 100049;
3LHEMERAFFHRN KEHELLEZE, JLE 100190)

T8 E ORI S R 23 (8] 5 | J7 IR R GE 0 e KR 75 I, 481K ] PDH (Pound-Drever-Hall) 81/ Fitfa . S8 A fa] 1238
TR L= AT R o (R B2 K 1Y) & i, R 25 D CAS SR T U5 A0, 4] 2 1T LA ROR) A 25 1Rl
T AN, AT AN EAR AR, & H T PDH B FARE T T 58 o A SCHE RIS — A T O 6 1
Benith b, Sk T RH A T EO G A T AR S TR A R . SRR A R R, H HB AT R R M A R R R ATG
H—A59%, 1 Hz 43T+ % 3 KHz/HZ', it M 40 nl LUK PR, 78 0.2 Hz~1 Hz S, EERGIHNE R T RNT =
WS 7E 0.1 Hz~1 mHz SEZ N, F2 0 B HISTTHOGAR IR . AR — DRI T WS £ | povHz'?, IRR
FHEA TG FE 1 PDH 8k 7 il gt

X O ORCET I R T MORAAR; PID 424

FEYES:0436 XEkARERS: A doi: 10.37188/C0.2026-0029 CSTR:32171.14.C0O.2026-0029

Design and experimental verification of unequal-arm interferometric

frequency stabilization scheme in taiji program

WANG Xu'?*, GAO Xue-rong®, LI Pan’, QI Ke-qi*, LIU He-shan®"
(1. School of Fundamental Physics and Mathematical Sciences, Hangzhou Institute for
Advanced Study, UCAS, Hangzhou 310024, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. Key Laboratory of Microgravity, Institute of Mechanics, Chinese Academy of
Sciences, Beijing 100190, China)

* Corresponding author, E-mail: liuheshan@imech.ac.cn

Abstract: Laser frequency noise is the dominant noise source in space-based gravitational wave detection
systems, which can be reduced by a multi-stage suppression approach employing PDH (Pound-Drever-Hall)
cavity-locking pre-stabilization, arm-locking, and time-delay interferometry. However, with the advance-
ment of picometer-level measurement, unequal-arm interferometric frequency stabilization using free-space

laser links has emerged as a popular alternative to the PDH cavity-locking pre-stabilization scheme. This ap-
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proach can effectively utilize existing space laser interferometers without requiring additional ultra-stable ref-
erence cavities. Based on the first-generation interferometric optical platform of the Taiji program, this paper
verifies the feasibility and effectiveness of an unequal-arm interferometer frequency stabilization scheme us-
ing the existing interferometric optical path. Experimental results show that the free-running laser frequency

12

noise is reduced by approximately one order of magnitude overall, reaching 3 kHz/Hz"* at | Hz. Noise ana-

lysis reveals that in the 0.2 Hz—1 Hz band, the main limiting factor is the background noise of the interfero-
meter; in the 0.1 Hz—1 mHz band, the dominant noise source is the power noise of the free-running laser. Fu-

12

ture work will focus on further reducing the interferometer noise to 1 pm/Hz"* and exploring the feasibility of

replacing the cavity-locking scheme with frequency stabilization using the existing interferometric op-
placing the PDH ty-locking schi th freq y stabilizat g th ting interft t p

tical path.

Key words: laser interferometry; unequal-arm interferometer; laser frequency stabilization; PID control
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M: mirror; BS: beam splitter (R/T: 50/50); BSa: beam splitter (10/90); BSb: beam splitter (90/10); BSc: beam splitter (1/99); BSd: beam splitter (99/1);

PBS: polarizing beam splitter, FIOS:fibre injector optical subassembly; P-A: periscope in side A; P-B: periscope in side B; HWP: half waveplate;

QWP: quarter wave plate; Telescope-I/F: telescope interface; TM-I/F: test mass interface; PAAM: point ahead angle mechanism;

BSMG: beam shrinking mirror group; QPD: quadrant photodiode
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