hERE  MEE ¥ XXF
SCIENTIA SINICA Physica, Mechanica & Astronomica

RN =EE R RENE AR ARG E

20244 H854% S57HR: 270403 - .
<¢/ CRERE ) Aeikikt
physcn.scichina.com SCIENCE CHINA PRESS

@ CrossMark
6

=28 5| JURIRN B F BIRAL BRI e S A T & 5
AR R F

E AR, AP, SRS, ] F S

1. o E R} 2 K2 [ B B i B Oy G K HEL X)), B ST 100190,

2. BBl BE R 22 5] i 52 i AR SR IR 2= R R/AUN), LT 100049;

3. R E R B A 5T BT SR ) SR = 5] 0 SE s oG, 63T 1001905

4. ERIBUM B TR, B 310024,

5. LN EE 2L MBI B G, 221 730000,

6. HHEIRL 5 e BV B AT 2 A S0 =, P B RE B BRI FEBT, LT 100190

*Bk R, Lk, E-mail: hewang @ucas.ac.cn; #L##%, E-mail: duminghui @imech.ac.cn

RS H HH: 2024-03-04; #5252 HH: 2024-05-31; M4% H AR H 3H: 2024-06-20

K E R R TERI(% 5 2021YFC2203004, 2021 YFC2201903). [ 5 H SR B} 3 55 4 (i 5 12247187, 12147103) [ SR SCRF 50808 o0 (i
5 NADC2023YDS-01) 1 o she i e B ARV 55 9% 4 101 5% 4 Bt B35 B

WE  MEZE A EENTE, WLISA. A%, KEFHTHEE, KNERE P UEFHFNLHFNA.
gAT, XETHEMFEELET L M TART N, BEAZHRREE. FRORF. BERFE AXFE
EAFREAREHE S 2 TORA, LI R RTER LR, S T X LRI oAk R,
Wi T ANRIRER AR, BB AN, R EMEERECENIR, AFEERINTT 2R Ue 55K REH
B H o, A H AR B E 5t H o7 ik, LR TR R % 0 BEALR A SRR T+ AT R Aok o 2. A A3,
XEEANBTATERBAEIARETEE. RESHERFIAE. G RAGSAE U FEFTEH A,
B oR T AT de e 7 4 MRk 2 1) 51 1 R B AE A P B B A P AR ATy B R A TR

KA G EEN, BEAE, ST AT #®
PACS: 04.30.-w, 04.80.Nn, 07.05.Kf, 07.05.Mh

Z M MSRAR 5. Mt 51 J7 BRI ) H ARSI B 1 Hz-
1 kHz, T 22K 48 I 9 R0 BF 2R N 21 5 58 0 F =
FImHZI B, ] 75 B 2R 4538 N K28, PASEAl i 2R

][l

1 5

Mo 51 7 9k R I g% U3 iallIGO, aVIRGOA!

KAGRAZE, L2 I E] 1 E 7 AN B X,
X7 B R R - rh 7 B R G B 1B A 0, A
AEAEBEAT A 58 DUAE UL 1 IF Jig, T4 4 2R 21 5

2% ) RUBE R S5 M 7 g R A 11011,

IR 7, 5 42 HH FLISATS H U219 bl & o [ g
IR AR 5181 0 R B2 19220 - R, #8 & 7E #f #20.1 mHz-

SIRME: Tk, RLIRE, FRIS, S5, A51A 51 BRI RL Sam A B PR 5 N T R ROR ORI, p I RESE: MRS % RS0, 2024, 54: 270403
Wang H, Du M H, Xu P, et al. Challenges in space-based gravitational wave data analysis and applications of artificial intelligence (in Chinese). Sci
Sin-Phys Mech Astron, 2024, 54: 270403, doi: 10.1360/SSPMA-2024-0087

©2024 (FERIE) REit

www.scichina.com


physcn.scichina.com
https://crossmark.crossref.org/dialog/?doi=10.1360/SSPMA-2024-0087&domain=pdf&date_stamp=2024-06-20
www.scichina.com
mailto:hewang@ucas.ac.cn
mailto:duminghui@imech.ac.cn
https://doi.org/10.1360/SSPMA-2024-0087

EAEE. PEB WEE S RO

2024 = sS4 BT

1 HzH0 BL 1) 51 7115 5. 2024 1 H25H, BRI AT R
JR BRI ZE T2 2O U HE T LISAME 5D, #AUS
Bl 7 S AN AR AT R 88 0 A TR, IR iR 72030
20354F ) & 5F, 1% — 3t JE b 3G 25 18] 5] J1 R AT 55
IR & 5 B LIk 21 A B

A 5 TR RS H AR 2 R, B s
Tk 56 = R S R i R A RN ) B sk AR AT O,
RS, FEREAY) B SR T A R, AR
FHAR I 2 WUCB R 48(F5 3 46 5 B X IR DI 5] 13
5T W T LR RS T A R, PR R AR R I A A
I FIMBHBAE 5 18 i 5% 1 )R K5 & 29 R I
T BCRI -G 1 03 58, BR300 5= 7 2 I O 22 45 I FHEMRT
FIIMRIE SR 2R F= 5 2RI 0 1 S5 RN 3R 5, B i A
9 S T R AR 27, FRZR 5] R0 B R AR T 55
& BSGWB IR % 37 5% o FURL 1470 38 2% 1) B A DA
T 4R 51 70 R DR AR A oA R YR

RS Iy SRS Tl I AR, E 73 NN =!
A e A U~ B NN A O S A SN
HAIE10°Mo—103 M35 [ P9 FIMBHB & 4t 121, H &
KA N FEO0QR)-0(100)1k 24271 IMBHB £ 45, s
J5 B Y0 102 Me—109 M, 281, EMRIATIMRIZ 4, it
R E103 Mo—10" M35 [l P, IF & B & 4 5l
910701073 F11073-107" 12930, SBHB % 4 I it i B
BB B /R WUCB & 4t 32371 o K 2 HO8 W E
BERS, ©AFEbEmP T RE-RBRESN T2
RO £ 40 B3390 LU — /NER 4318 5 (Z10(10%)) g
% B B AR AT, 1 LR (Z10(107) 44 7E0.5-3 mHzA B
PR B — AN % 1) 5 v HL AR AR TR IE 5 5, BN
HRYAT ZR T M S O gh Ak, FA TR HA AR I 2ISGWB.
Sl J1PHRRVR, Fe S PR AR, B R T s a5l
FTBEARMLZELISA. KR REH R HR R Hh 2k J¢
FEHbRBIE. B e E AR IR FE: (1) MBHB: H
P8, 2 B Ao TR AR A 11 il 26 3R s, o 2 14D £ e B B
FEA IS A, 28 R g0 S S SR S R L
E(BARAR B R BB A ); (2) UCB: HIE (1 smibRic, B
8 BRI RN 15 M LU (DR BRI R RS g, o 2
JE I R RO B VB LA 7 O [ X 435 (3) EMRL: LA
i 28 o (4) SBHB: LA 2k B %o, Bk
RIS EGEE N BRI R = € (5, 80)M., FiEL

1) Capturing the ripples of spacetime: LISA gets go-ahead.
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Figure 1 (Color online) The design sensitivity curves and primary target sources of the space-based gravitational wave detectors LISA, Taiji, and
TianQin. The sensitivity of each detector is the total sensitivity of the first-generation Michelson-AET channel under the equal-arm-length approxima-
tion, expressed in terms of characteristic strain. The dashed curves represent the sensitivities resulting from instrumental noise (according to the noise
requirements of LISA [11], Taiji [15], and TianQin [19]), while the solid curves represent the results after incorporating the galactic foreground noise.

fith, WILIS A BA K A £ 4t A 22 8k fikMock LISA Data  4jj J (4 )i 4 Taiji Data Challenge 919, K 55 1A I &
Challenge? LDCY, XM A H 25 (8] 51 PR (& T 242100 5] J1 i ERINATE 55 R B A AR

2) https://asd.gsfc.nasa.gov/archive/astrogravs/docs/mldc/.
3) https://lisa-1dc.lal.in2p3.1r/.
4) http://taiji-tdc.ictp-ap.org/.
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6) https://github.com/mikekatz04/lisa-on-gpu.
7) https://github.com/mikekatz04/BBHx.
8) https://github.com/mikekatz04/GBGPU.
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Figure 2 (Color online) The variations of the response functions of the first-generation Michelson-AET channels under the equal-arm-length approx-
imation, with respect to mission time and frequency. The top two panels show the responses of A channel to two randomly located sources. The left
bottom panel and the right bottom panel correspond to the responses of E channel and 7' channel, respectively. The response function R is defined as
R, ) = V[(T+)?* + (Tx)?*] /2, and the calculation is based on a heliocentric three-satellite detector with norminal arm-lengths of 3 million kilometers.
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Figure 3 (Color online) The results of global fitting analysis based on the LDC Sangria dataset [11], expressed in terms of the amplitude spectral
density of TDI-A channel in unit of Hz /2. The original LDC Sangria dataset is shown in gray, while the noise model employed in the analysis is
depicted in light blue. The other curves represent the reconstructed gravitational wave signals based on the estimated central values of the source

parameters, including UCB (purple), VB (orange), and MBHB (magenta).
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As space-based gravitational wave detection projects such as LISA, Taiji, and Tiangin continue to advance, we are on the
cusp of gaining a new viewpoint on observing the universe. However, the scientific data processing for these projects faces
unprecedented challenges, including the superposition of numerous gravitational wave sources, non-stationary noises, and
data anomalies. This review aims to make a brief summary of these challenges and their possible solutions, using the
Bayesian statistical inference framework as a thread, and provide researchers with a relatively comprehensive perspective.
Topics such as the construction of waveform templates, the modeling of detector responses, and the processing of noise
and data anomaly are discussed, with a focus on the strategies for parameter estimation and global fitting, especially
the evaluation of likelihood, and the utilization of various stochastic sampling techniques to improve the efficiency and
accuracy of analysis. Notably, this review highlights the applications of artificial intelligence technologies in waveform
modeling, noise and data anomaly processing, signal recognition, and parameter estimation, showcasing how artificial
intelligence can pave new paths for solving complex problems in the data analysis of space-based gravitational wave
detection.
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