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1) Capturing the ripples of spacetime: LISA gets go-ahead.
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PGS YRR AR
MBHB Massive Black Hole Binary R B XU
IMBHB Intermediate-Mass Black Hole Binary F 5 o LR

EMRI Extreme Mass-Ratio Inspiral Wity 5 i LU e
IMRI Intermediate Mass-Ratio Inspiral r 2 T B LU e T
SBHB Stellar-mass Black Hole Binary (ERES )=V R-E ]
UCB Ultra-Compact Binary B R
VB Verification Binary I XA
SGWB Stochastic Gravitational Wave Background BEALE] it 5
LDC LISA Data Challenge LISAZURE Bk
Al Artificial Intelligence N
TDI Time Delay Interferometry N} ] 238 4
MCMC Markov Chain Monte Carlo R RS R Y
PSD Power Spectral Density TR

BT (MR DA ) 51 0 AR I SSLISA. KM, REFH Bt R 2 e 22 H R R. BR800 8% 10 R U 1 9 46
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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, ANLISA M BN A A () £ 4t b 3 Bk i Mock LISA Data {)i B & 4 )5 #4 Taiji Data Challenge 19, K ZE [ BAFF K&
Challenge?. LDC?, XA A BAHE HH 1023 18] 51 7RI (IE T~ 2 A 23 18] 51 J3 AR IIAE 55 IR 22 B i A 40 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.

Fly A g0, e WSIAE 47 J 5 12 B 15 M I GPU N B
JRAGBGPUY.

RS AL T ARy T PR B, HILE
FRAIE 5 A 7 5 A0 3 g 2 B A 44 2 SR FH E AR 1) &5
K MTPOE, ARG S BRI 5 N I E R UE Ry
fiE, BRI 45 RAFAE R SR 2. SCERL10]0F 50 73X
— TN S E T, 45 R, m AR, K
I [8) 45 552 2 (0 52 i K. 9 dn, ) S5 8 f dr i
15570 XG5 B LE NS00/ UCBYE 5 #EAT S 50t i, H 45
TR T EAE PR 0] 820 7K F LA (s 25 F2 B 5 %
PEE AR ECE 0. BRIk, S o005 ROk B i o 5
TEAT IR R B B A B e ) B AT ST UR AL LA
THE I T v 6120 R #4377 ¥ (Reduced Quadra-
ture Model) 11221241 [ 3@ |3 3315 43 #¥ 2 75 V22 (Adaptive
Frequency Resolution) 141251 2% 34§ {it 7 1] §E 11
K.

3 RESHERE

A0 25 8] 51 77 SR M 4R LISAL K. REAL
TIOF R A T A B B B, T TS A LR AR RS
ANTA], TR R BATTIC AL S IR 1 B 48 A 25
P GE T R O R 23 I CIR), 7 245 B 48 B
%ﬁﬁjﬁﬁi*ﬂ?%[102—1()4,126,]27]‘ .[H:&[\, %?ﬁ(:},)ﬂg
5173 e o R R AR T ARSI, B
FERELL Y, TMAE KPR AR AR, B A AR Rtk AR m
Wk R A5 R aT B B Bt 5 L AR B B % AL IR B B
fIGlitch (411281, K54 i b (129 150188 0w g S 3051 4
BHEAFIRE, ESS AR ZE. AT, KA
Ko 21 _F R P R S ) 2 18] 51 AR 2 Bl
A B 32 o (TP Al S RT B PR X R B

BRI A E
Glitch7E I s A R D i B, T8 % 2

31

270403-7



EAEE. PEB WEE S RO

2024 = sS4 BT

F 2% BRI & S B, GlitehE M i 51 3 9% 36 0
(R B w3 30 A7 A, T 7 25 18] 51 738 BRI 88 1B R 56
UE R, R T BUIBLER. B, ZELISARR B &
PR 5| /12 AR I8 E A T I T 2R HL AL Gliteh,
RIBREE I FH-2% 12 $8 %0 K % (Fast Rise and Slow Expo-
nential Decay, FRED)%! 1 IF 5% -1 #fi (Sine-Gaussian) i,
R Glitch =5 {4 ¥ R S2 i [8] 4 B0FD BB, KA
PRI R ) N 1R /UK, 5 BLGlitch ) JE K B R i A
52, MR 4E 5 A B G . R, TR o S o< Bk
gy M, W 5 A R R SR B O B T g
() 4 B Sk Y 41, ZEGRACE R Nk J %5 4 v 3 3k 17
FEARWE A R (AT 351070 my/s2 i 2)).  FF S [A) 4R J6 ()
&= ) “twangs™ {5 5, H B AR 2 86007k /K 131,
GRACE 1) 5 117 FH # f By s i, [ R4 AR K
FF 723 8] 51 D3 2R 25 51 115 25 4% 12 25 10 HE B0 Bl
I, twangs G ] 8 38 i i (8] 55 A 3 N 25088 17 1) £
#ieh. Ak, £ GRACE Follow-Onff) & ] 06T ¥ 5
HOR A7 B i S5 S A L. 36T & RN ) 4k R,
FAAFIGlitch$d) A ] #g H BT 23 (8] 5] 738 2800 i Rl 27
R E

Glitchxf B 2= 54l i e BEE T, B s
Gl 1R R A T IR E 13, 18 B A 25 LB Gliteh ]
BE 3 B0 VR 2 B0 T 22 D33, 7 W AR A e S 1R i
PR, VUG JE % 5k R 05 45 H 51 7 I BRI 1) I AR
M Glitch 5 2 1) Ak = 17 A HE R SR P 451X — AT 3R AN
FRRRAL, T 5 SORE AR (R BRI o (4 vy L1341 45,

SHLISATRIG# 25 141 Bl 220 2 5ds 5 %2
A B HSCHE TR TG A U, R LA A Glieeh ) ) T 5 52
BEZR R, fEER A EE Z TH, I 10 5T TAE X Glitch )
Ab P JEL % B AR A RN ATIBR. SCHR[128 ALISATR %
(I HHE 1, 5 2 i shapelet 58 B 4E AR, F
FAVCRCHER S SE I T H Zh I Glitch$8 5 AR, 3¢
BR[13204 5 7 Y5 T W60 5 & A0 25 I 2 &R 4E i Glitch
TETDLEE HH & 18 2 30, 2R BHAS [RITDL#E & i B Ap
PLA X 4 GlitchF 5| J13 R A5 5 5 =25 (i, Tid@
T8 A AR AT AT 5 A0 ), T Glitch U AH X6 5 2, 59
TR 7 DL SRR AR i 5 BV AE X 43 Glitch A1 5] 77 1k &
S5 R, SCER13318 8 T [F I £ 71 Glitch 1
S H E5MBHB I Z 501 CR, 176 5HE 1A 2 [
P SE I T MBHBAIGlitch R B 8544, 7E SCRR[44]132 H
)4 R LA SR B v, B T R T B 4 R S AU

J5 1 B35S0 1 Gliteh &b 2R 56 W, B 72 B0 o 4 2 5
JIUAE 5 W TR, 0T LR A 4 B R 0 (FIGlicchZs
. X Gliteh T 20 HE & Bk, o] LA 18 H student-
A3 A 1371381 P w43 A7 1990, @& BrEdge worth &
14015557 O IR bR 5 A

3.2 HUEEE

H5CH 100 W 6, 55 v Kl e ) BT R0 A T 9 [ B, G
o AT ORI U R R, B Y
J RS 8 1M 5 2 TR O TR R A
Ah, TEEHE A3, A B 22 A FLREGLitch 55 7 209 1)
s WA T A o JEC B 7 0 000 B, TRt i 2 A Rt 51 N T
Hfﬁ [130]'

HH 1) W7 ) B 2 ) 2 ) 51 77 3 R0 1 Rl 2 £ 4
Ab PG BN . B G, M RBE R EK, B 5 HE
N LL AR SR RS 2 LV, 2 I A & (Rl i), 78
BRI 2 R A i R, B S B e 22 Bl 22 1
K (301401 iR 129738 i - 5 Fisher (s B BE R B, A
AT A 1) U ) 4 282 B i) T HOR, X S U T R e
ER, T R A A4 16 BT 4 RE R ) B0, A AEMBHB -
A R AELE TN IS O 236G BT IS . it Ab, [
A G o T R AR AR, T WLER3.37.

B o 504 1 BT ) Ak B, SCRHR[141, 14210 J5 15 2
TE (8] W7 120 2% v B 3k U S 0 00 R A, N T ek 2 A
T, SCHER[13019 H T 56T DLk ST HE 2R i A s i
7t (Bayesian Data Augmentation)F; AR, B DL bR £
FONT ) W S A5, e 388 gk ok AR AT I8k 905 A 1] B ) 2 B
T, BAARFRE PR S EE 58 70 A . D9 S B5r [a) Wy
HIUCBAE 5 73 BT, SCHR[143 4R UCBAE 5 7E A0 11 7
Bk, $EH T AES B e Wi 5 k.

33 ERESERE

FEAR S e 7 AR W 75 (K Ge TR B I () AR 4.
AR AR A LR ORI 4, R R N BT
oA TR RS, WK R AL TR R KRS L,
PRI AE SR 2% A AU 2 7 oK, UCBIUR A 70 A B 4%
) 5. [RINLISA KB A% A3 18] 51 J BRI 4% (1 HE
BBl LAY A, BRI A AT g AT fTUCB A 5 th 2 DA
MR, TERRAR RS A (e A IR, BART =, SR
T T 035 2 A5 TR0 SRR 28 rH L IR, T S5 MR 7 ) it JEE

270403-8



EAEE. PEB WEE S RO

2024 = sS4 BT

e LOTL LK, AR Ik B BRI A 55 393 1), 8000 48 7
B A LT 61 TARIRS BB A & s R R
RAER, SRS A AR, DILISAPRE &
TEMEBLE], i I Bl & e AR T N A
ST AR A, IS P 75 R K P R R A 441990, /)
I, LU e RS A R A (BT R 4% BOL 227 6 B8
2 P BN BRI ) 5 e A8 HRA DI O, B
B & AR IR A AR g 144 196 971 f5 J5 | Gliteh A1
[ W th 2 9 08l 51N AE P AR ARFALE.

e 74 FET R B 1135 14, 90780k 75 925 W
W 7 FE 0 R 2. ST I MR FPSD B
UG 12515 L A, 5B M 00 25 R B
. I, RS54 0 B R 3 7 B S
VAL, 5 A3 RO 4 VB A (UL T, Wt
Rl TR R, AR AL ROMR A G5 LA T A,
TG 8 T 5K 1, 6675 (L BAPSDRHI T 28
SLAE S, B 0148

o d(FR*(f)
dlh) = 4R df, 7
(dlh) = 4Re ff T f @)

e, (i) s WL 5 0 AR PR U L
s, S ()M 0 HILPSD. Jids & BECR AR
IV P TR I, B0 R A, S5
SRR 0190149,

X Ao e M 0 R ) e A B A R A R S ) HT R S
BR[1501/r 44 T VOCAL Test, SOMED TestZ& ] 5] i []
JF A Seit R e Ve 72, HFPELISATR R & I B Fdk
AT 7 DA, IR AR /N B 38R0 4 B D 2 1 AN Ak B ARG
A5 BRI (R 11490 o SRt 7 {1 8 e o I (1)
AR Ak, T FLAE A B B] Y T UL R AR, AH AR 1B 430
ST RTAN GE Aoz, T 87 4k DG Fic 368 9% i 5. [
B, /N BR B N R AEGlitch b 5| TR R 5 St T
RARMIFEIR. SRR e B AU 5 s o3 #r, 78 [F)— 3R s 25 [
A3 P TSR AR A2 A B . SCRR[1S 11T X AEAR S /T 5
Wk P 6T BE AL 51 703 SRR, SR TR B % A o
BOIAL, 368 3o A i 3R 40 1) S M R T v, AR
e TRTREALE] I SR J. IR T
HITHT 51 7795 BRI ) R s g 7 Kb B v A T A
WSCHER[152-154] 2.

4 =RWEES¥KRE
4.1 UREE

TE 25 [ 5] 7 2R R 27 0 b B R, ARk SR
BR B — b R A Aok B DAR R B TS 4 8
TR Z 30T WL A4 (R 22 O R 3X(3)), =& DU 7 42
THHEWT IR OB L BB 2. AN TR O ALSR BR TR T B 1 A
J5E FIURE By 52 7 1D 25 A AR A AR PR, B L PRI BLSR bR
CEEET e
o Whittle Bl 2 bR %5 11551570 3 i bl 4R iR $ 185 e M
7R w0 EL RS 1Y, 38 I K RS BRI B8 Ak ST R
LR R B A 3, MR A — AN AT LR R AL B O
P52 B T 51 9B o b WSS 1501 i Ry
B R TR A, R TE AR B (PR 4 AT 2 [ S
BR[160, 1611), T H.f% 3 2 1 20T 5 B A MR R
A, 7R e 5 5 22 HE N BIALR pR R 18 5
W, T Whittle fBUER bR ) SR 55 CLE 8 22 SCHR P
{2 E‘]lﬂ‘l/t\, [138,157, 162]'

o Heterodynedfbh#A & £ [163-1661: 3 FifLLA bk 408 i

AP AR BR S, B 0% R AR AR IR T P PPl o L
FIALAR. BAETHE AL ER Whittle Bl 28 i £0f7 2 35 2
i, AT AR R ek 2D DL et J0ir HE B 0 1 550 e A 1O BB 75
P AF LE 58 B2 1 WhittlefUl 28 43 47 /b 167) {H Heterodyned
ABLER BR B — AN B R 0 2 S e N TE — AN LR I

v, EELE AT UL S HE By 2 1, X B gk AT B T
BRI UCACHE IS R, I8 F SRS AR A S m Bl
R UG8 5 4b ) Heterodyned UL 94 bR 01 7T BEANIE FH T4
B BRI U0 R, 2 Tei Ak B i SR U R,
B R SR m B, 584 (1 Whittle UL 28 W] BB B2
HiE.

NT e g AR () 3 AR R B i A e (E
& 1 1, B 9031112 2% FE Student-18Hyperbolic 7 fii
R UL bR B M R A 2R (RIS 2R (3) A I 2 A A ) A S
BT Wt P PR AR X T 7 VAR ) 2 RS B B R R
TE I AE = W7 e 7S (VE WL 38 3.1°19), AT g8 58 A it b
PR S A A 7S G & T 51 1 O S . AR
AT, A6 5 A U700 o HHE T SRR AT B AL AR ek 2
R, SEI T BRI I 2 Bl T, A RS T T SRR

270403-9



EAEE. PEB WEE S RO

2024 = sS4 BT

A%, e T BE A B, Dy A B R S M R
fE5 M iRft 7RIATIE. R ABLIR e SR A L 52 (1Y
82 8 S R R L, 328 3 45388 A AA SR bR B30 T4 20
HERF I BT 51 77 Kt 28 ¢ E B AR SRR v, 5F T
& it RS B AR R R A > AR, R ERE &
LR pR AL

4.2 HEERFAR

PR B A S 0 S B e B0 En R 5 4, BIVRT I
DTGB 25 5 W00 A A S B R 1 2 50UR 56 0>
i BRI 7T A 2 5K F Fisher (s 1550 B T 9% 95 2
K00 Ak TR BE 711760 N Fisher s S50 B 161 A1 $2 02
S 5 B0 o3 A v TR 2 ot s i e A, SR B AGE
F T S e F 1 . 1% R 7 208 O R T B B AL,
ToI B T S bR ) 51 773 Ea Ab B

AL AR e % M S E B Hh A A B
BB BTk A, 2] 1R SR
UK 2R T R I E A R A 3 U, R O A B
FIMBHB A% & 8% £ IUCB, JF H & WE 7 — &4
.

5 %MBHB/% 5, PYCBC-INFERENCE ['81 /I Bilby
in Space 17153 53l LA b [T 51 7 9 AR DU A Tz A
PyCBCAHIBilby#E 22 Jy B fith, % %5 2 18] 51 7 i 8 0 1
R AUIEAT T BUE, R R B R B SRR 2 (Markov
Chain Monte Carlo, MCMC)& i B K ¥ LBl T
MBHB )2 fi i1. CornishZ% A\ 11901 ) Jz KatzZ5 A 1177]
1) TAE N2 FPTMCMC /7 i, H A e 51588 7 GPUN
HAEHE = S HUAN T RCR T T B34 177,

X TUCBYE 5, AIfENT IR nT s E A, Bli 2
HHINECNO0Y — 0100 . NS U= 0] 4k
Tk A B R, SCR(36, 178, 1791 S AN [E S 51
J& W oA, A B T s A R L T 4R 5 B A VT G
BIBLAAT 5, AT S B 2 B0 e KAULSR Al 11, Strub%s
N 37 1801 B gy i ok 2 [R1 051 75 v 4 s B8 o 4, IR
FAGPUFFAT I T+ 5, AT 7 AN R % 15 HH R
SR BRALIRA T, I BTG B T 45 R AN e 1
iR, FMCMCH7 ¥ 1T BL4S H 2 505 560 o A 1 3
4z 5, BN H Az, /i FIBAM (Blocked An-
nealed Metropolis-Hastings) 5 A fIfF 7t T 1321811821
DA K FRIMCMCHE AR A 7L T AR BH%

Ut 4k, BALROG 8318432 Wl F F £ Fi H b5 9%
JR(UIUCB, SBHB, MBHB%)Z £ 1T HIFE )76, H Al
PIAL T KB B, 38 0 7238 il i il 2 FiMCMCH
R AREIPTMCMCAHIRIMCMCZ:) T K& 1 3 1 Bt AL
RFERE 7 A Eryn 1301 FEHLHL T A K78 1.

R R TARAE IR R 7 IS 7 8 3% ik e,
{HX e fF 538 3 SR FH 7K e S A R SR B S B
ik, BIV3E I 15 2 4 (5 I PSD L R T R A 4L g 75
T A X 54 i s AT IR VE I R AU & TR
FEUMBHBHY, iX & T {F i@ 7 K UCB R 515 5 A0 A e
[543, FEAEPSDIFAE Bl Fh AL IR 25 5. T ix it
SRR, PRIE AL 2 A H R, AR O AR BR
H, R IR, BB AT BT A A2 = i
AR (R, X R 7 25 B ARTE AL BEMBHBAE 5 I R £33k 1 i
2 5, AR T A B () K A, IR AR Rt
B TR, bR b, 7% REUCBS] G BRI s
B, B 5L I, MBHB ) N 2 5046 71 1T B 2 fh 725 35K
1B 11681, UV N ARLIE & T4 7E90% B A5 X 18] 4, {H 5 %%
A VR VB 75 AT AE S U B, S 36 M R A A g B
GRE T ks, XL R BRI EOR T 5— R & R A
IKER ) 75 3R, %00 7K 26 8 % 8 51 R T K /- UCB Y
ZHUE M, FFE X MBHB AT W1 2 11 N F s R B
XU 5 Ab, X R I8 N % g i AL BEPS D i [A]
W, KRR T — TR g e,

4.3 =FME

R UL 7 BB S 0 R ABE T o0t 2 ) 5
T TP AR BT R AR B ACER R AR R I 24T
ERE L. PP IRAAGH B—BR RS 5, 1M A
SR PR EE T BT R ) 255 R, X A R AR
BEAT 2T 0 M, DLIR I MR BT A ¥ £ (015 5 AN A
VR, G 3R, SRR 3, AT DA S v A A e
TR RR A A AL 23, AT i 3 A 2 B P 4 Ak 28 AT T
FElE.

FESRPRIRIE R, 2RI G KRR S S ZE M IFm
B Kt b B 2 IR T, B A R R A (R =
B AT RN A7 B4 44 IR0 SN G O T R R
SRR 22, JCHORAEAL P AR 2 IR B A5 S I JC AT 2
A JR LA A AT RENS SN e R AL AN 3 B AN [F )
F U, ARG S SRS SR SR, e T

270403-10



EAEE. PEB WEE S RO

2024 = sS4 BT

B3 (M4 WU DAL T-LDC Sangria§i4f 4 1) 42 Jm 40l 5 0 #r 28 8 U1, LATDI- AT () i 2 1% % B2 o, B hi AHz 7. bR
L FLDC Sangria%is £ 1 R AR Bd, e € 09 70 B o SR (0 e A A R, AR € 3R AR e IR 5 Al o O R R 51 08¢

=5, A3 UCB (¥t). VB (15f). MBHB (5 41t0)

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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