A ER-INC)

Chinese Optics B

XA [ BRI “RBR” BRESOEEA RSN E SRR %

M-ZETD REEIRE RN A

Iterative estimation and precision suppression of inter-spacecraft tilt-to-length coupling noise for the Taiji space
gravitational wave detection mission

YE Lei-giao, DU Ming-hui, XU Peng, GAO Rui-hong

FIHASL:

W EE T, ALWDEE, ARMS, mE ek, 255 TR ORI B AR A R AL S RS BEI DA
2%, 2025, 18(3): 583-595. doi: 10.37188/C0.2025-0042

YE Lei-qiao, DU Ming-hui, XU Peng, GAO Rui-hong. Iterative estimation and precision suppression of inter-spacecraft tilt-to-
length coupling noise for the Taiji space gravitational wave detection mission[J]. Chinese Optics, 2025, 18(3): 583-595. doi:
10.37188/C0.2025-0042

TELR AL View online: https://doi.org/10.37188/C0.2025-0042

T BRI A HAB S TR

Articles you may be interested in

TE [63) FEHET | 3 R0 4 A T SR R R
Time—delay interferometry for space—based gravitational wave detection

FREDE (FRIJEC) L2021, 14(2): 275 hitps://doi.org/10.37188/C0.2020-0098

23 6] 5| 3 W B Bt RGBT
Optical design of space gravitational wave detection telescope

FREDE (FRIZESC) L2022, 15(4): 761 hitps://doi.org/10.37188/C0.2022-0018

ORI gt 7 £ 3o ) S T e R B
Ground-based principle verification of clock noise transfer for the Taiji program

rREDE (FRIESC) L2023, 16(6): 1394 hitps:/doi.org/10.37188/C0.2023-0012
TR H 4 S TR R 00 e T P 24 B

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

rREDEY (Fh3EC) L2023, 16(4): 765 hitps://doi.org/10.37188/C0.2022-0041
R R 25 (8] 5| I B B R Gt

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

FREDEE (FRIESC) L2023, 16(6): 1384 hitps:/doi.org/10.37188/C0.2023-0006
23 1615 | 3R AR T [ 2% A 0 e 410 )

Measurement and suppression of forward stray light for spaceborne gravitational wave detection

HEDE2E (FRIESC) L2023, 16(5): 1081 https://doi.org/10.37188/C0.2022-0251


http://www.chineseoptics.net.cn
http://www.chineseoptics.net.cn
http://www.chineseoptics.net.cn
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2025-0042
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.2023-0012
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2022-0041
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2023-0006
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2022-0251

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

XEHS 2097-1842(2025)03-0583-13

= [E] 5] AR EN “ KRIT X" B EES-HERS
RRIEARMESEREMNGTTIE

AT IR BB, e AL
(LEBAMMNEEF R R E 5 RFRF K, L AN 3100245
2. PERFRE R EAFFQ, I 100190;

3. ERFRAF, LIt 100049;

4. PEIBFR A FH R 5 0K L5 F 8, At 100190 )

FEE RS 0] 5| D0 R IMAT: 55> R BOC T 5 0 B 5 | 0 B 5 iR 0 BOR REZEFE B A8 4k . TR R B 3lotae 4 44
(MOSA) FEZEL 35 | I 2 0B -EFHR A MRS (TTL), W B B RN 51 15 S RO . ik, T2 ab
B B A0 AR TTL M5 o A SCEEXS LR R MOSA (35 8kah, #8100 T —Fp B W) TTL MRS adl 5k, 1%, % TTL
W A T — B e ki RURAR, 55 | AR ZER T3 (TDD A&, /58 & 7€ TDI 4 th P i R BDE 3 #:45, 4 lb#K TDI
455 TDI A4 )5 1 TTL MR RRY, ST RISR BREL SRS, 3B R SRR WI264h 1T TTL #54 R 4L M\ TDI Hds hFubs
WILBLE R TTL W75, al kit SR AR A S T U3 BB AR BB, FRR AT TTL #R G R B RAURAG T; #4
IR 10 YR, AT ERASAE B0 00 I M AL )5, alad TR T RBE SRR I (MCMC) k158 TTL 25 R K016,
SERL TTL MRS AOREBATELA, DI SEIRME TS (9 20l . Z553R0H, 80% LU REUGTHEESAE 3 MR, 80% LI I
B B2 B S5 BEEMZ/NT 0.1 mm/rad, X FAREZKF-A TTL 250 65 (58 AY TTL M5 # H Rk 0 s I — 4
G, BA — e SRk, IS F TR MR A S0 (04 SE B 4 5, w6 2 25 115 | BRI 2K

X 8 RN kA AR EASSR S WA R T

FESFES:TP394.1;TH691.9  TEAARERD: A doi: 10.37188/C0.2025-0042  CSTR:32171.14.C0.2025-0042

5 H #3:2025-03-08; 1&1T H #§:2025-03-31

ELTH: BEZEE SR (No. 2021YFC2201903, No. 2021 YFC2201901)
Supported by National Key Research and Development Program of China (No. 2021YFC2201903, No.
2021YFC2201901)


https://doi.org/10.37188/CO.2025-0042
https://doi.org/10.37188/CO.2025-0042
https://doi.org/10.37188/CO.2025-0042
https://cstr.cn/32171.14.CO.2025-0042
https://cstr.cn/32171.14.CO.2025-0042
https://cstr.cn/32171.14.CO.2025-0042

584 HhEYEE (R0 18 %

Iterative estimation and precision suppression of inter-spacecraft
tilt-to-length coupling noise for the Taiji space gravitational

wave detection mission

YE Lei-giao'***, DU Ming-hui*", XU Peng'**, GAO Rui-hong*
(1. School of Fundamental Physics and Mathematical Science, Hangzhou Institute for
Advanced Study, UCAS, Hangzhou 310024, China;
2. National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China;
3. University of Chinese Academy of Sciences, Beijing 100049, China;
4. Center for Gravitational Wave Experiment, Institute of Mechanics,
Chinese Academy of Sciences, Beijing 100190, China)

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

Abstract: The Taiji space gravitational wave detection mission employs laser interferometry to measure pi-
cometer-level distance variations induced by gravitational waves. Attitude jitter in both satellites and mov-
able optical subassemblies (MOSA) generates tilt-to-length (TTL) coupling noise that critically degrades de-
tection sensitivity. Therefore, it is necessary to fit and subtract TTL noise during the data processing stage.
To address this challenge, we propose an iterative TTL noise suppression algorithm for post-processing.
First, a first-order linear approximation model of TTL noise is established and incorporated into the time-
delay interferometry (TDI) combinations to derive its expression in TDI outputs. We subsequently perform
initial maximum likelihood estimation of the TTL coupling coefficients, subtract the preliminary TTL noise
estimate from the TDI data to characterize the residual baseline noise statistics, and reincorporate these stat-
istics into the updated likelihood function for subsequent TTL coefficient estimation. Through ten iterative
cycles, we achieve a refined baseline noise model. Finally, The posterior distribution of the TTL coefficients
is obtained via the Markov Chain Monte Carlo (MCMC) method, thereby accomplishing the precise fitting of
the TTL noise and consequently achieving effective noise suppression. Results demonstrate that over 80% of
estimated coefficients fall within three standard deviations, and more than 80% of the coefficient estimates
deviate from the true values by less than 0.1 mm/rad. For various levels of TTL coefficients, the residual TTL
noise after suppression is one order of magnitude lower than the secondary noise, demonstrating a certain de-
gree of robustness. This is particularly applicable to real detection scenarios where the noise floor model is

unknown, meeting the requirements for space-based gravitational wave detection.
Key words: space gravitational wave detection; tilt-to-length coupling noise; time-delay interferometry
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