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Abstract The Taiji program for space-based gravitational wave detection is a mission initiated by the
Chinese Academy of Sciences to explore gravitational waves in the mHz frequency band. It consists of
three satellites orbiting the Sun in an equilateral triangle formation with an arm length of 3x10° km, em-
ploying laser interferometry to measure picometer-level displacement fluctuations between satellites. As a
pivotal link in Taiji’s “three-step” development strategy, Taiji-2 will comprehensively validate all key
technologies of the program. The satellite configuration of the Taiji-2 satellite shares the same configura-

tion as Taiji-3, with its laser interferometry system requiring a noise level of 30 pm‘Hzfl/ ® as the core
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measurement technique. This paper systematically decomposes the top-level requirements into subsys-
tem noise budgets and key parameters, including the laser system, interferometer optical bench,
phasemeter, telescope, and breathing angle compensation mechanism. The research findings establish a

theoretical foundation for subsequent engineering task allocation in the Taiji-2 mission.

Key words Space gravitational waves detection, Laser interferometer system, Noise decomposition,
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Table 1 Top-level indicator parameters of the Taiji program
TR B K /m TR /W RO jom RGBS/ (pmHz %) IR /(mes P Hz )
Taiji-3 3x10° 2~3 40 8 3x10°"°
Taiji-2 3x10" 23 40 30 3x10




M KT FHAGSRE 5o

Sl

TG 58 R S A I T R A, 328 9 e B DG B R R T
A& 0], 2 BRI B ORI A B S AR S
. EX AR, 58 T 2% (Reference,
Ref.) T¥AX., ML & (Test Mass, TM) T34 FI

Fh# (Science, Sci.) TWAXREGE. TAF Sl £
#% (Photodetector, PD) &% PU 4 [REE M #% (Quad-

rant Photodetector, QPD) ¥ Wl (55, X
BT RN, T RGEFE DRI T.

1049
(4) LGS 5 2 X e g g
(5) K ] i e 42 33 1.
(6) S5 oG,
I AR R RS RS R T2 2.

TEZINREEMUE LT, WOL T RGN R RS B A
RESR T 30 pm-Hz V2 JETFHESR, 40T Taiji-2
TV R 5o ARG A D RE IR S AL, 37 e e
KL O Taiji-2 TW RGHRME RS S

(1) A2 (a3t o i (B = S B pm A A & 9 :F‘&/B(géjx > Bty
/ JNE LE% l]%%):n ﬁ%ﬁ:
(2) FE A1 O B A 34 1 ey TR s
(3) JoHi A= P il BT i S AR MO G2 B Y BOET BRG] LAY OGRS . TA0EEF
(2 i) A s & AT B S, RIEE T RS Taiji-2 1Y
{}:\:. \ <f\:“‘;9é
LY N 60° /A
Tt SO L
N \o@ v
Laser .
EOM modulation int.[J}
Flber int,) lﬁmﬁzﬁ llrrlltt ' Analog voltage signal

Fiber optic s1gnal Analog voltage signal M 1~
Fibevr int. {Poviler monitor PDI % %
. A
]Mecham‘cal lBeam pointing module| TM’ Bag(l)‘llllpl"llfnf;ber Ref. ADC
connection - — 1
‘Optlcal capture camera . | TM ADC | |Communication
E | ranging code,
Ref. QPD MORD Sci. QPD [SeilADC| | clock noise
{Ultra stable } GHz clock| |~ Clock modulation
________ clock /| signal \|importint.| j
K1 R RE T RGN SR A
Fig. 1  System composition and connection relationships for the Taiji single-satellite interferometer
xR 2 Taiji-2 THNRESEEREIERSH
Table 2 Indicator parameters of Taiji-2 interferometer function
e 2R 2N
2 A) I £ AR PR / (pm-Hz %) <10
7R Hi ) B S / (nrad-Hzo 1/2) <10
SR A A/ (kbits ) =20
e o BRI S Ly
ST SRR /m <10
S o W%/ (pm-He ) <10
$5 A Wt/ (pm Hz ') <6
B W75 /(Hz-Hz /%) <10*




1050

WP PSRRI Z5 5. A 30 pm-Hz V2 g BFRRSBE,
SELh RS S MR R AR IS TR 25 B
TR FR M.
2.1 BERIREAS

BRI PR 2R i i S AR MR e > — | 5olni
AEIC, FBE RO R 5 RS . MRS A I R
R (ASD) Fikal !

5 1 [heA
TN — % P] . (1)

Horp, PRI R BT R A, h o B e WAL,
¢ FGH, A MK

RV T AU B e it TRk P, 22
kR, AR SRR RO IR

em?v? D4 1 enD?
P=P . 2

Hop, vRBOEHR, Loy RAEE, DB Hg,
e NEERCR. 23651 S AR R, B B SO i
K BEH S AT HCKIE A ASD ikl

3
_ 2vheX:L 1
xSNZTEPO 2. (3)

Taiji-2 B i hotH% N 1.2 W, Bk 042
940 em, BYGEERCEREL 0.3, AR 4 TS ECk e 2
6 pm-Hzfl/Z.

2.2 HoksE
2.2.1 BAIREMEES

HOCHTZENE S N SR WO T80 R Ge i R MR I,
FEHBOCI RPN, 5T ERK2ZALIETIE,
%iﬁﬂg[w,lﬂ
N,

v

Ny = AL (4)

Hrp, v=c¢/2=2.81x10" Hz.

FERUBI B, Taiji-2 BLR OIR e a5 K
BIAEIE AT 10 pme-Hz 2. i Taiji-2 fYHHE BT
S, BUE RS B R AR K 25 B2 R KA 1%
HAECIE IR EEER S 10 ° Hz-Hz /2 14,
A He iz s LT 2R 25 [ 5] P R Y
Nd:YAG FABOEES H His 170, SRR 24k
1 MHz-Hz /2. B, Taiji-2 75 BOK 0% 47 2 e 75 T
R4y 11 . LR 26 FBL, BRI,

(1) %1 % 4 £ 30 Hz-Hz />, £ % | PDH
(Pound-Drever-Hall) 8l Ji, [] 25t 75 458 2 BUER M1 5

Chin. J. Space Sci. =AFFFIR 2025, 45(4)

HER TR,

(2) MOGHUE 0.3 Hz-Hz /7. 23 6] h L (9 28 4k
£ 0.1 mHz~1 Hz S B, HAge A%, nlfER
E— A TRl 5%,

(3) IHAEER T3 (TDI) * FRIEE 10 ° Hz-Hz V2.
MICTEME 2 B, 32 A EE R T SO BR AN S
B 25 IO A 3 M e 2 R L. PR
TDI A BRI G A= B s, i 24 1
TSR K. PR TR BN E N E
[E) P 2 %) I B I EE RS 2, Tadji-2 23K 24 10 m.

2.2.2 BOEINEERS

A 5 K PR R ((RIN) S T30 B Th R %
B R A AR T AR P RIN X
(AL S0 AN 7 T iR s SN E1E S
PRI £ AR R ;SIS 1 0 T M
2.2.2.1 DRI S5IEAES RS HEAMES

W NI Z I BA 5E A, FED R
1£-RIN I 2£-RIN M P 1 £ RIN M 75 2 48 RIN o
WG T AR R4y, A ] LU BERE 158
TR B — B R SR S, 51 R A A
M Rk =

sin <<,0 2<pR> . (5)

V2(P.+R) .
i B, (i)
Hrr P AP A5 SR, me HAN
ZETWROR, Ty, WAEXT DR gl e — A5 Fh 22555
AEPAE, @l or & T WAL . S5 T ¥ EI AR
2f-RIN M 248 RIN 3R 55 T J A% S 2200 % A &8
o3, FERHMEE , AHAME R F AT Sy
Norx = V2F ) [sin (o — @r)] - (6)
Horpr ) 7 o AR D 2R B AE A A 22 AR A 1A
TE 25 [ 5] 7 i R v, A 5y 7 T AR IR A
(NPRO) J A 0 AH X 56 35 W 75 7 22 bk 24 00 Bt 240 R
1x10* Hz "2, 7EJR bk 2% B 929 1x10° Hz %) 3F
LBl 25 9503 110 38 IO 5 3 MR RS R IR AR R
2£-RIN M 3t /N T BRI 21 prad-Hz /%, g% o v
PAZIE AT {H 1£-RIN M7 7 25255018
WL T A 2 T WA AT, an SR
WP, XS0 PO R A ], IR 1ERIN X6 94

S e / 2 ~ s
{Euﬂg)ﬂj‘j Tr(lfhet)v ﬁnhct = 077 JI_\"J ]-f'RIN X‘T@E‘J
het

le-RIN =




IR S N s A Z N o

AHBLME RS Nyppin=1.77(11,,,), W ZBEATE. (H A
[F i}, % P = n-Py,, W 1ERIN X1 A AH A7 e 75
1+n 1 (1+n)°_

WT(HML) = \/m n T (1) -
ol Nyppw < 21 uradefl/Q, n n < 55x10°. fH—

BAE LT, %50 50EA YR R E 2R 100,
AT DL Z AN T BB BB A B 2%, BT
AHSEH 100 wW, IO R 100 pW, FH2E 6 M EK,
UL 4 BE bR S R, %9 8.5 prad-Hz V%, HI
1.43 pm-Hz '/, Taiji-2 B4 0T L ZBE AT
2.2.2.2 WA BAEH RS

TR i Ao R A A B Bhe, S5
SN S  PAER Shy 4 R A B O MR ) T, T
FEAAE RS B U B, 3K — RO AV R B 3 R AR AR
A A S AZ BN ) F 5 AGETR P2 RIE K

N 1f-RIN —

F=L0+p). (1)

C

Horb p R

Taiji-2 T EMER AOEIIRZHR 100 pW,
SEUIRFENE N 107, MR FRRA R 2 kg, R
292k 0.95. W FH T FANRR S M A 14 o o M s 24
H3.3%x10 " mes 2Hz V%, i F 3x10 M mes 2Hz ?
MELR . i — A BRARER G R 1, B 7 R RO

FRPE A RIN BEIE, BRI 5 i (4 4 5 i M
Gb, TR R 8 (<1 Hz) SxXHAHA 2
AR, S HRTROBIFST B 2 — 2
2.3 FHEMUXFEFE
2.3.1 RIERES

Taiji-2 TWACRA— AR TT, FEFR I 1E S
WA T OEEe Y e A AR Al
B sl SEHIE S % | MR ARE T,
T IR AN ] A B RS A8 Al 2 5 30 2 [ 0 3 S
N ORIVA 21787 WD e o = B Wt K 1] 1 VD o0 N [ F DAY
MR, B2 5 I AR . AR T 0
FE IR | BE R GEF SR TT AR 2 RIS A
Pesh, Wk ks s i sl BlLEM BV R RS, S
SR B s AR, B EY, Hah, &
AR A B S SR WO AR MR ok
2 Backlink Yt 2,

S AL R T AR WU A U B, 53

1051

HREBING SN TGS, FBUSMELIL TR, R4
FeoE HERRAIG, sEmaill BRSO P & A0t
TR U1 ST . AR S 2R B 8 S 1E R G|
AZEHOE. U037 B A o3 o 8RS 2 A 32 i
Qb 3E H A TR RS T oo, SRR A A
0.2% HIIEH RS, TEAHOEH; tdRocr, ik
F AR SRR, LT ST B Gt 25T i
BOG; W& T WL Z MY Backlink Ye4Fs£id, ok
FEV 6 Z R, AR DA | 52—
T 2 E0E. 30 2o ST A 0 {2 WO O 5 B T
DA HIZHOL.

FURIHBELR TWACE A RS 10 pm-Hz /%,
BIAF] FIRTERR, Taiji-2 42 0 FHARESK: e P
AIRFAE] 100 pK-Hz PO REUE T 100 3
A, IR SR, T A A AR R P
WNAIE T T EEOEHREEAT EE 10 prad £E2%, HA
B 10 pm K.

2.3.2 TTL &

e B TA) 80O P 0 B b, R A R
TTL (Tilt-to-Length) M f i 52 M AN 25 Zm, HE—
Fivel T E R A bt 35 R A R 7S . ]
READEHRENSHALEE: TM T h IR i B A AR
fb; B TFWAL PR ESNPsh . F, oot
(182 200 7 R I % O 5 R 15 1) o7 2 2 Bk A 4
BJosxt TTL M p=Az 52 md. toab DLLT e (1 245
W7 TTL AW 1Y ASD B8, Hirp TTL M &
o 5 TTL HE WA 2o HBOEEEIE 0, 19 5¢
/%j(\j[im‘,%]

T
QT = ﬂ (8)

TTL WS —fe Rl (R FHA0C T™M T8
SO SRy B G, L E T R P RSP B SRR
R R AT 22 A K, B TR TTL W
BRI WA RECT T AR T AT RAH, 2
] T ¥ L 9 TTL #5475 2k 0 T 15 pmeHz /2,
T8 M 2l J5 o 30 nrad-Hz 1/2, £ 100 fE UK,
29y 3 prad, PG 2 M AR EOR I R BTN T
5 pmerad . TM F#AL TM f#Esh 454 TTL M
P, AR B X T ) A e A R T
SR AE A, AERBEIZ 100 nrad~Hzfl/2, Pa
sk TTL ¥ % /N F 1 pm-Hz 2, BVES & 2 50k



1052

10 pm-rad g

TTL W/ 550 0 £ B dsh 2 1 L, Bk
TTL M ml DA o A% 375 8 20 A0 e s e VA a2 4 7
PEIES, A Taiji-2 B TREAT 55 48 b5 0] R I8 S PR s
OLE—2 e HDE A sl > TTL MG M.
2.3.3 ERIEEESE

ZENFEE S AR, TR AN A il 1) A
B, WAAE—E YA E s XHFE T ARE
[, 2R BEOCIERE AT 10 s, NARIEZ 0t I B 14
Je W PETRE HPvCo X ST T R 45 A ST R A Ak, &
S CHRORE G I — AR HT A B, BVAE T b aE R rh i i
TS MUK . BT TS F LR 2236 78 T & 1P
HEF I RERR AR — 0] LU 0 S . Tt
% T S o R P RS B A T o S B s B A AR i
FEIR, BRI IR FERRUBARBE, R RS 6
BBEHEET 5 pmHz V2, Jg£rsk.

X FRB RIS LA, 32 FR bR K R R
A 2 500 prad, AR T 2 prad, 8 AR
ST
2.4 FAACt

FHRETHE R T AU B 253 o, 2R 2
SERCAAOLE BRI BRI REARE TP IEE | A A
{75 D P T o) 5 L A 7 A3 ) 08 B 55
JEBAE. Taiji-2 WO EAE =BT, B
6 VUG RREEIMIES, It 24 BRSS9 BEAS
GBRAHE AN ST, S % A T 24 A-iEIE. % EE)
T 5] K X 32 35 B 3 P £ A T, AR
THEF R FH 2 T 2 BCE IR 0 k2. %07 R RE
[vi] B B B 22 A 43, LB R X R Y L ) A3 R T
. R PE B AT A0 P B, A A AR X ok
25410 mes ', XY 1064 nm P K, 2 WE B Y
+10 MHz. Taiji-2 A 55 C 80 FR.0 858 8 15 MHz,
I ANE T, S FHABEIR R 5~25 MHZ™. 3
LM A 5 R (7 00 e 7 R s e g s
2.4.1 HEANERE

FEALIN FE e 2 — 2R G MRS 22 iR I
AT AT DU AH S | A AR v e A 2
B TR 2% 45 3806 D) R W R AR I 45 BRI e 2%
(ADC) [HIAY 4 2L T4 TT S AR M S AR, H A
Ao I FL A L A SRR R A R O A R PR A . AR
A ADC B4kiR2% . ADC REERL S & FP-

Chin. J. Space Sci. =AFFFIR 2025, 45(4)

CA¥rFiz ik ZH . ADC R s M=
ADC RN E A HF s s, —MZ9H 10 ps &9, 5
BT S RAR IR L, 35 R 405 5 10 X0
. A, S0 T i e 7 o A HE AL P B 5
P NS B ER R | R R A IS A

AFASE DN 22 W8 75 7 SR Bt N R I £ M | R
4 5 pm-Hz V2
2.4.2 HEHEHIEE

it B P AR I BB P Y, T
PANTT SRE SR AP AT IR 22 £ o, TEARIIE 5 RAES
(IBBERRR f) 2 i it s g 81 sh 5 R AR AL 1
i Rt

(Z;USO = 27r£USth' (9)

AT UATE B A s a5 2 R i 3
S e SE | Taiji-2 Bk A 10 pm-Hz % i1 THUERY
2 W, Taiji-2 1Y 2% % 3 28 0% 3 i [l 5~
25 MHz. A Ilt, Taiji-2 23R W40 31 i 5 22 I8 F 4 x
10" s Hz M, FIRT I I L IR A S 2. i
MRS — R L BOEBR A O X, B LR N
SRAE Rt FH B — SRR AR s e () 2, 308 T (] (0 Fsf e g 75
DA . AH T AL R] A AR 67 T TG 1 38 i) B — R A B 4 )
. Taiji-2 DR 5 1435 in B 5 A 3100 77 X
THBR, BV o i o g 7 3 R BIEOE A, 1508 2
Uity AL R, A 36 i U R DU A5 81 S B A g 1R 25
B fe 38 - TDI Zds b P 5 b4 T AL .
2.5 EBIinfE

e FE T R RBEORR G R ICR, KT
G R YR, A5 2 AT S R A v B R 7E
I 26 ity 13 2 SRR IR IR Ok A 3z i 10 A A
GG, W, T2 R A ZK: — 2 AR TR K
ST 2R i, DRAIEBORE RS A 5 B I i
AR, VAR KRR B ARG L 1 R G0 A ORI
A TR TR ROGHR RS G | A D FE R
S FT S AT RET M. Rkt R B rh A2 OB
S, BRI i SR P B R L ARl R
S OGRS BT Bt v TR I s T
BRI IEENIAA BT 5T e, e AU s O 4R R
TN, SR IG5 A L = R T,
2.5.1 BimERREHERE

i T ARG, HT AR ROEIL
K. HRCE M HEEOLRE, 2 Sk . Taiji-2



IR S N s A Z N o

EGCE AR FH B VO S 254, AR e 1 B i e
F B B HESREE R P

L 1 R A B O L % KA R Rk 7 5 AT
KRB, AR 7R B T AR IR A R R R e
PERYER ) IF HFRARBETT B MEBE . R IEH R T8 5,
Taiji-2 H i fe e B B I 45 400356 FH Aol B BB A Sl D2
TR R, 2 SCPESE R PR - AEMT AR X, ok 4
il e 21 AEFT (4 b 1) S ik 3 B8Ok DRAIE G 25 ST AR XL
BOCFR 3 SOREE R HE SR THORR FNES A 0L 326 FH I ik
C/SiC EAMKE, LU =Fb R4 s Th B 2 05,
P 2 B S 45 R T A F) 110 T K s Rk
L AR AR R I A S MR AR S PR AT 5% R FAH
SRR B AR 3 A 1 FE.

R o P Mt R R A 2T MR S BESR O 10
-1/2
BAIE MRS

RS B 1) AN B R A 7 1 O R B BB
HAIR A &S BOLIR RR 2. 1EHUSIIE:, BRI
FAG IR 2E X B A SR 2208 T 10 pm-Hz /7,

FRAIRASTF, B TP EE 5 i B i 2 LA 3 ity
R FBRIETIE , SRR AR I T RE 5 (R UE G2 B AR T i
XL R AR AR TG LS R BUR, RS RS M
FRIETS . AH B, X SEAR B %) A 0] 0 5 R 2 B A R 2%
EOE R m L e e el el e =B W N 9
s, ORI RT (SEAI ) B E T ARG
VPt B R 0L DRI, v R 28 K R O
FEALRE Ty 0 & AE b ol AR MR AR e SOZ O 25
PRI 1) 6 A A AR A (A AR AR, B SOE 48 m iR
§[44]

pm-Hz
2.5.2

. mdD?*

= T)\Qﬂdcﬂp. (10)
Horp, d BRI BRI IR, 04 MOLTR M I FRS
iz, g AAgFsh, FAERRT LEF-G. hTH0E
e 1) e MM B LR, R, 48 B
R ML . Rl E < 10 pm - Hz~ /2, Taiji-2 %4
RSEBAREER g ORISR 2/20, #2450
2 30 nrad, #51%}F8) 30 nrad-Hz /. [FRF T AE H,
PERTFHE R | AR I 22 AR ) B S o AT R
R AR AR, S SRR R SR AT LA
Yi. I, Taiji-2 AT AR 52 PR TARAH BLIE 2B SO 5
ZH0, LMRAES S M 18 T 10 pm-Hz /2.

1053

2.5.3 ZEUE

BE R 2R O A AR b e 48 BRI R S A A 4 [l
R, HmbLb 56 6 24 BOCHIE, 2210t
SR MAHA 22

| P,
Ap=— FOA%. (11)

H ) Ap M ZRHBOCARDBLIE B, 5 24O A 2%
ST LA PAE. T T B ot S s iy
AR, IR AR, R T ki B 4R
Ry 2k . BRI B A WO I I A =Ry
2o SB—Fh, BRI, FE R R RS,
{HER R B A I T, AR INA B E AR K, FRME
HE— 2GR TF 55 R, BT, (AT SR 4
FEXABOE R RGN ., B RBOET RS
(T 55 =, WD ZAHOGHIOT 3N, BIH0H 2480t
BEARIAROL D B, FEORIR TR B 5 TS
MR

Taiji-2 R ZeHOCME A 00T 5 pm-Hz 2. B
B, —#t P=1 nW, &AM P,=100 pW, IF4 %1
L5 B T S5 IR EVENE T 1.6 nm-Hz 2.
2.6 PEOR fAMERLIZRRS

T = 2B sh, B E Lk AE AR
P+ 1Py B LA AR, Bl R R AL
P JGTE AR = B g A, T R FH &R SMLAG TR AT #1913 b
£ MR Taiji-2 WM I, B4 TDEPE —ER
faf, ALFE P WOGES, —EAHAI i RGP E ]
A (MOSA)PY . MOSA A4 6237 | BT
i, 5 1 B AL RS — R 5 AR W
B Rl S NE SR S TR R, B i e
FTTLATE 60° BRI TR, FIAEST TR PP Af A4 ME. %
ML ISP E MOSA R 4816l 28 2 R AL TR
FESRAEHE RS 1 5 P S BRI 5 | b 38 R 14 Bl 1) 37
%, BIOTIL A AR T 5 pm-Hz /%
2.7 Hgs

TR ARG, B LRSS, % TR
(B A HLARHE & S5 | ABINARAI RS, S R S5
(A R . 3k SR 5 e R BORIR T LA T AR5 4.

(1) A I B B0 I 2 Bl g 7 1 M T S g
B0 (I F A EYENE L, JEE 2~5 mm) M1E
JH Sy o T 8% e A SR R A L3R B TR B TM O
H T E OMR S Z RSN Eh, WiR A A



1054

FRRgFE, DA 2B RIS . AN, MR
A 2 1 AR A 2 5 | RSN TTL My

(2) MOSA Z5# (e . V8 RT3 R OH
() S PERESR ) HRG e Mk B e R D2 s s . {3 4
MOSA 52 3 i) Ik BE 1V 7 5540 2l 23 4% 388 B T 954 | 15
e B, MO R G A AR, IS

(3) T REE M NGRS R2W KT
A, B B RIS A5 s =22 IR A ML A 32, —
TR B0 R S A ST MRS ) — T
PR R RIPEAS R, A il sl 5 A B ¥ S ook
2ETCIFI RS F 8, IR RS TTL Mes

FE BT B, b R R A R RS I R BT R A O L
5 pm'Hzfl/2 e
2.8 ZIREASEE

AL (M M ml LU, R A mT
SRR =24

(1) AT HETH 2 AT B 1 S HGHEA TAH ST A e il
BRI RS | OBAIR MR | oD R | SRR

Chin. J. Space Sci. =AFFFIR 2025, 45(4)

P RBRTFE [ M R R 0 MR | BT B AR A T M
7 HoAth g A

(2) 3 3 76 B3 S S Eom il p 7 R,
U R 4 e | TTL s 45,

(3) Ja L r A A FRE ], B AnOCARARE  | )
RIS | R TTL M 53 = e 7 G 3 3o 1
A R AR T B A T i)

A FIREFS 3T, T AP AR A A 43T
FHAE S F M S H L& 3. WK 3 TR H,
KW =5 TWAUE—MERRS, SRIERAMUE T
WA T RGM, [R50 A | Tt e i
WA, TEVGHSHHEG. B, ARk TR
SRR, T A S RESEN IR A —25
.

3 #ZirHREy

Taiji-2 F RS HROLE . FHAOEETE .

R 3 Taiji-2 MEEIEFIEIRHE

Table 3 Indicator decomposition for ranging noise in Taiji-2
o
EUES T Mt mxsH st
(pm-Hz %)
ORI 6 i e NS L 1 POCHT LA /W 1.2
TN = —Fs 1o
™ eD? HUEF 14 D/m 0.4
eRILFROR 0.3
O SRR 10 - WORRAERE/ (Hz-He /%) 30
(TDI) DI 12
/(pm-Hz ) 10
T R 2 V2Pt B . <4P—99n> .
oL v = =, M) 5 (7 MHz-RIN /Hz /2 10°
Nogrix = V27 (26 [sin (¢ — ¢r)|
P : ,
F= - (1+p) mHz-RIN/Hz 12 10"
RS 10 - TV AR/ (pm Hz %) 10
TTL# 15 arm = 25 s (rad-Hz %) 3
P
EEbTRS V) ONfiE 4 100
HA AR (merad ') 5
R T 17 e 7 5 — HUDCREFS / (pm-Hz, /) 5
AR DU B M 7 5 — PRI GRS | AL HIA 5
W | AR LA R e A
/(pm-Hz %)
R A 10 duso = 2miuso fu TR / (s-Hz V%) 4x10 "
ZE435% /M Hz 5~25




X FL S KBRS T H LR ARF 5 354r0 % 1055
&gk 3
Mt Ae b/ Wt s Kl
(pm-Hz %)

EEbm ey el 10 — — _

WOGHE S 10 il ndD? - HILH BRI T4 2£@1064 nm /20
- IA2 deYp

TR A2 /nrad 30

B3/ (wrad-Hz %) 30

AL 5 P, ZHOETIE /oW 1

Ap = — FAS&

? BEN IR [WW 100

LEFRaEYE/ (nm-Hz /%) 1

I ) R M SR M 7 5 — — _
oAl 7= 5 — _ _
B — — B/ (pm-Hz /%) 20.8

AT G4 DO A L .y SR A sk
eI, A% SCE et T R GE 00454 K D gt
TG, HaR LA T2 M5 4545 30 pm-Hz /2
Iy, 3845400 15 28 55 10 45 28 0 74 I8 <7 I 7 o
R X4 F R GMIC P RES BT T 0125 2.
e, MBS T Taiji-2 T IR G045k 7 4
R, WG ST S5 MR e RIS B bR 2 T 3
PR FLRL.

R TFHARE TR, 25085 J1dm A
GFS, BT RG2S 2L (20
RIThREI AR, A S R ST 5 T LR 5
SEARIS, RS R B D AE T3 1L H R 6] 9 6 4%
B TWALI TM T FEshses, T
RS AT R 1 pm-Hz V2 (RS T U B
Z%, T HOE T RS, Mt B 22 B i
B TTL. 2¢BOCS MRS 1520, HATiRE R4
Wi 12 30 pm-Hz /2 [, A SCAU T #8500 B i3 £
REG T MR ERR, (DR WU A 5 i T
TR A7 TR S R Yot B O A
Bt R 7 335 45 TR, SERR O T B RE. 4B
T RERAE T WA T RE IO SERE L, SEATARGL I, ot
kg — 25 A T30 T MR (9 Y2 32, i By
e 1% ~ 10% HOETh 3. BiBISh AR 2 50 b
B ARERE, AT e BT i

=74
o

S Ak

[1] LUO Z R, WANG Y, WU Y L, et al. The Taiji program: a

[7l

concise overview[J]. Progress of Theoretical and Experi-
mental Physics, 2021, 2021(5): 05A108

WU Yueliang, HU Wenrui, WANG Jianyu, et al. Review
and scientific objectives of spaceborne gravitational wave
detection missions[J]. Chinese Journal of Space Science,
2023, 43(4): 589-599 (R K, WISCH;, TETF, 45 &S H51H
VAR 2738 55 P D A Bk 2 T (). 2 )RR 2241, 2023,
43(4): 589-599)

GONG Y G, LUO J, WANG B. Concepts and status of
Chinese space gravitational wave detection projects[J].
Nature Astronomy, 2021, 5(9): 881-889

LUO J, CHEN L S, DUAN H Z, et al. TianQin: a space-
detector[J].
Quantum Gravity, 2016, 33(3): 035010
The Taiji Scientific Collaboration. China’s first step to-

borne gravitational wave Classical — and

wards probing the expanding universe and the nature of
gravity using a space borne gravitational wave antenna[J].
Communications Physics, 2021, 4(1): 34

LIU H S, LUO Z R, SHA W, et al. In-orbit performance of
the laser interferometer of Taiji-1 experimental satellite[J].
International Journal of Modern Physics A, 2021, 36
(11n12): 2140004

The Taiji Scientific Collaboration. The pilot of Taiji pro-
gram — from the ground to Taiji-2[J]. International Jour-
nal of Modern Physics A, 2021, 36(11/12): 2012001

LUO Z R, ZHANG M, WANG J Y, et al Progress of
Taiji-2 Project[J]. Chinese Journal of Space Science, 2024,
44(4): 674-676

WANG Juan, QI Keqi, WANG Shaoxin, et al. Advance
and prospect in the study of laser interferometrytechno-
logy for space gravitational wave detection[J]. Scientia Sin-
ica Physica, Mechanica & Astronomica, 2024, 54(7):
270405 (E4R, Froedr, T8, 4. i a3 )5 | i He ai
T W E AR I KR (J). hER: P Ji% R


https://doi.org/10.1093/ptep/ptaa083
https://doi.org/10.1093/ptep/ptaa083
https://doi.org/10.1093/ptep/ptaa083
https://doi.org/10.11728/cjss2023.04.yg08
https://doi.org/10.11728/cjss2023.04.yg08
https://doi.org/10.1038/s41550-021-01480-3
https://doi.org/10.1088/0264-9381/33/3/035010
https://doi.org/10.1088/0264-9381/33/3/035010
https://doi.org/10.1038/s42005-021-00529-z
https://doi.org/10.1142/S0217751X21400042
https://doi.org/10.11728/cjss2024.04.2024-yg14

1056

(10]

(1]

12]

(13]

(14]

[15]

(16]

(17]

[18]

(19]

[20]

[21]

S0, 2024, 54(7): 270405)

GAO Ruihong, LIU Heshan, LUO Ziren, et al. Introduc-
tion of laser pointing scheme in the Taiji program[J].
Chinese Optics, 2019, 12(3): 425-431 (Fi#wsh, X1, 271
N, B KRB RIBOEHE IR T7 /A4 1), T EDG, 2019,
12(3): 425-431)

LIU Heshan, GAO Ruihong, LUO Ziren, et al. Laser ran-
ging and data communication for space gravitational wave
detection[J]. Chinese Optics, 2019, 12(3): 486-492 (X3 111,
FHEA, BN, . S 1a1g | PRI e % 4 xR i N e
fEHAR (3] hEDESE, 2019, 12(3): 486-492)

CHEN P Q, ZHANG Y B, DENG R J, et al. Experimental
demonstration of bi-directional laser ranging and data com-
munication for space gravitational wave detection[J]. Re-
sults in Physics, 2024, 65: 107985

JIANG Qiang, DONG Peng, LIU Heshan, et al. Ground-
based principle verification of clock noisetransfer for the
Taiji program[J]. Chinese Optics, 2023, 16(6): 1394-1403
(VL5 FEMG, XNATLL, S RO Sa Bef i 75 2 428 174 e s L
BAIE [J). HPEDEE (FPHE30), 2023, 16(6): 1394-1403)
WANG Chen, GAO Xuerong, QI Keqi, et al. Weak light
phase-locked ground-based experimantal validation and
noise analysis of the Taiji projecet[J]. Chinese Journal of
Lasers, 2025, 52(11): 1101004 (£/2, EE %, FEaF, % K
PR 0] B4 355 D' IR b ThD S 8 B e K MR A A3 A ). P RO,
2025, 52(11): 1101004)

BARKE S. Inter-Spacecraft Frequency Distribution for Fu-
ture Gravitational Wave Observatories[D]. Hannover: Leib-
niz Universitdt Hannover, 2015

ZHAN Z H, LUO Y X, YEH H C, et al. Development of a
space-compatible packaging system for an integrated mono-
lithic ultra-stable optical reference[J]. Review of Scientific
Instruments, 2024, 95(10): 104505

LIU Yu, ZHANG Yuzhu, PENG Xiaodong, et al. Analysis
of the influence and importance of laser frequency fluc-
tuation on laser interference simulation system for space
gravitational wave detection[J]. Chinese Journal of Space
Science, 2025, 45(1): 179-188 (XIF=, sk BTk, THEAR, 5. I
AR B0 25 B 5 3 RO T8I0 e 520 4347 ().
23 AlRlFAA, 2025, 45(1): 179-188)

ZHANG J F, YANG Z, MA X S, et al. Inter-spacecraft off-
set frequency setting strategy in the Taiji program[J]. Ap-
plied Optics, 2022, 61(3): 837-843

ZHANG J F, MA X S, ZHAO M Y, et al. Advanced inter-
spacecraft offset frequency setting strategy for the Taiji
program based on a two-stage optimization algorithm[J].
Applied Optics, 2023, 62(16): 4370-4380

FAN X, FAYER S E, MYERS T G, et al. Switchable
damping for a one-particle oscillator[J]. Review of Scienti-
fic Instruments, 2021, 92(2): 023201

HUARCAYA V, ALVAREZ M D, PENKERT D, et al

2x10 " Fractional laser-frequency stability with a 7-cm un-

22]

23]

(24]

(25]

[26]

27]

(28]

(29]

(30]

(31]

(32]

33]

(34]

Chin. J. Space Sci. =AFFFIR 2025, 45(4)
equal-arm Mach-Zehnder interferometer[J].
view Applied, 2023, 20(2): 024078

GHOSH S, SANJUAN J, MUELLER G. Arm locking per-
formance with the new LISA design[J].
Quantum Gravity, 2022, 39(11): 115009
YAMAMOTO K, BYKOV I, REINHARDT J N, et al. Ex-

perimental end-to-end demonstration of intersatellite abso-

Physical Re-

Classical and

lute ranging for the laser interferometer space antennalJ].
Physical Review Applied, 2024, 22(5): 054020

WISSEL L, WITTCHEN A, SCHWARZE T S, et al
Relative-intensity-noise coupling in heterodyne
meters[J]. Physical Review Applied, 2022, 17(2): 024025
WISSEL L, HARTWIG O, BAYLE J B, et al. Influence of
laser relative-intensity noise on the laser interferometer
space antennalJ]. Physical Review Applied, 2023, 20(1):
014016

WISSEL L, HEWITSON M, HEINZEL G. Measuring the

impact of laser relative intensity noise on heterodyne inter-

interfero-

ferometers using differential wavefront sensing[J]. Physical
Review Applied, 2024, 22(4): 044048

LUO Z R, GUO Z K, JIN G, et al. A brief analysis to
Taiji: science and technology[J]. Results in Physics, 2020,
16: 102918

REID M M, HAUGHIAN K, CUMMING A V, et al. Tem-
perature dependence of the thermal conductivity of hydro-
xide catalysis bonds between silicon substrates|[J]. Classical
and Quantum Gravity, 2023, 40(24): 245006

LOHDE A, VOIGT D, GERBERDING O. Dual balanced
readout for scattered light noise mitigation in Michelson in-
terferometers[J]. Physical Review D, 2025, 111(2): 022004
ROHR M J, AST S, GERBERDING O, et al. Fiber backs-
catter under increasing exposure to ionizing radiation[J].
Optics Express, 2020, 28(23): 34894-34903

YAN Lihui, LIU Heshan, BIAN Xing, et al. Design and
verification of temperature measurement bridge excitation
source in the Taiji Program[J]. Chinese Journal of Space
Science, 2025, 45(3): 1-10 (7 3.2, xfil, 2, 5. Kik
TR e i D03 E R SRR YR R S IR AIE [J]. A )RR 2
2025, 45(3): 1-10)

ROBERTSON D I, FITZSIMONS E D, KILLOW C J, et
al. Automated precision alignment of optical components
for hydroxide catalysis bonding[J]. Optics Ezpress, 2018,
26(22): 28323-28334

MANGANO V, VAN VEGGEL A A, DOUGLAS R, et al.
Determination of the refractive index and thickness of a
hydroxide-catalysis bond between fused silica from re-
flectivity measurements[J]. Optics Eapress, 2017, 25(4):
3196-3213

SCHUSTER S, TROBS M, WANNER G, et al. Experi-
mental demonstration of reduced tilt-to-length coupling by
a two-lens imaging system[J]. Optics Ezpress, 2016, 24(10):
10466-10475


https://doi.org/10.3788/co.20191203.0425
https://doi.org/10.3788/co.20191203.0425
https://doi.org/10.3788/co.20191203.0486
https://doi.org/10.3788/co.20191203.0486
https://doi.org/10.1016/j.rinp.2024.107985
https://doi.org/10.1016/j.rinp.2024.107985
https://doi.org/10.1016/j.rinp.2024.107985
https://doi.org/10.37188/CO.2023-0012
https://doi.org/10.37188/CO.2023-0012
https://doi.org/10.37188/CO.2023-0012
https://doi.org/10.37188/CO.2023-0012
https://doi.org/10.37188/CO.2023-0012
https://doi.org/10.37188/CO.2023-0012
https://doi.org/10.3788/CJL241485
https://doi.org/10.3788/CJL241485
https://doi.org/10.3788/CJL241485
https://doi.org/10.1063/5.0224636
https://doi.org/10.1063/5.0224636
https://doi.org/10.11728/cjss2025.01.2024-0020
https://doi.org/10.11728/cjss2025.01.2024-0020
https://doi.org/10.11728/cjss2025.01.2024-0020
https://doi.org/10.1364/AO.442583
https://doi.org/10.1364/AO.442583
https://doi.org/10.1364/AO.487809
https://doi.org/10.1063/5.0038005
https://doi.org/10.1063/5.0038005
https://doi.org/10.1063/5.0038005
https://doi.org/10.1103/PhysRevApplied.20.024078
https://doi.org/10.1103/PhysRevApplied.20.024078
https://doi.org/10.1103/PhysRevApplied.20.024078
https://doi.org/10.1088/1361-6382/ac69a4
https://doi.org/10.1088/1361-6382/ac69a4
https://doi.org/10.1103/PhysRevApplied.22.054020
https://doi.org/10.1103/PhysRevApplied.17.024025
https://doi.org/10.1103/PhysRevApplied.20.014016
https://doi.org/10.1103/PhysRevApplied.22.044048
https://doi.org/10.1103/PhysRevApplied.22.044048
https://doi.org/10.1016/j.rinp.2019.102918
https://doi.org/10.1088/1361-6382/ad0923
https://doi.org/10.1088/1361-6382/ad0923
https://doi.org/10.1103/PhysRevD.111.022004
https://doi.org/10.1364/OE.404139
https://doi.org/10.1364/OE.26.028323
https://doi.org/10.1364/OE.25.003196
https://doi.org/10.1364/OE.24.010466

W KR =5 FHF L ARGRE LIRS 8

[35]

[36]

37]

[38]

[39]

[40]

41]

[42]

[43]

ARMANO M, AUDLEY H, BAIRD J, et al. Tilt-to-length
coupling in LISA Pathfinder: a data analysis[J]. Physical
Review D, 2023, 108(10): 102003

SALLUSTI M, GATH P, WEISE D, et al. LISA system
design highlights[J]. Classical and Quantum Gravity, 2009,
26(9): 094015

LIANG Yurong. Hign Precision Phase Measurement for
Heterofyne Laser Interferomter[D]. Wuhan: Huazhong Uni-
versity of Science and Technology, 2013 (EA#s. 22806
TV A B R BE AR LI RIS (D] BRI AR R
2013)

YANG R, LIU H S, LUO Z R. Optimization design of
decimation filter for the phasemeter in the space gravita-
tional wave detection[J]. IEEE Transactions on Instru-
mentation and Measurement, 2024, 73: 7006508

LI Zhuo, ZHENG Jianhua, LI Mingtao, et al. Analysis of
celestial gravity influence on heliocentric formation flying
of gravitational wave observatory[J]. Chinese Journal of
Space Science, 2021, 41(3): 457-466 (ZE5L, HEAE, 22U,
S5 ORI ZRRART] Iy 23 (851 3R A O BAAS B 1) 5210
1A (3], Z R, 2021, 41(3): 457-466)

XU Mingyang, TAN Yujie, SHAO Chenggang. Research
progress on clock noise suppression technique for space-
borne gravitational wave detection[J]. Scientia Sinica Phy-
sica, Mechanica & Astronomica, 2025, 55(3): 230409 (1%
T, REA, BB 23 15| 0 00 v it i e e 7 i i AR
It [J). P EBE: PBSE S K, 2025, 55(3):
230409)

SANZ 1 E, HESKE A, LIVAS J C. A telescope for LISA —
the Laser Interferometer Space AntennalJ]. Advanced Op-
tical Technologies, 2018, 7(6): 395-400

SASSO C P, MANA G, MOTTINI S. Telescope jitters and
phase noise in the LISA interferometer[J]. Optics Express,
2019, 27(12): 16855-16870

JERSEY K, ZHANG Y Q, HARLEY-TROCHIMCZYK I,

et al. Design, fabrication, and testing of an optical truss in-

(44]

[45]

[46]

(47]

(48]

1057

terferometer for the LISA telescope[C]//Design, Manufac-
ture, and Test of Space and Ground Systems III. San
Diego: SPIE, 2021

BENDER P L. Wavefront distortion and beam pointing for
LISA[J]. Classical and Quantum Gravity, 2005, 22(10):
S5339-S346

Team L S. LISA Pre-Phase A Report[R]. Noordwijk:
ESTEC, 1998

TROBS M, 'ARCIO L D, BARKE S, et al. Testing the
LISA optical bench[C]//Proceedings of the International
Conference on Space Optics. Ajaccio: ESA, 2012
NOFRARIAS M, MARIN A F G, LOBO A, et al. Thermal
diagnostic of the optical window on board LISA Path-
finder{J]. Classical and Quantum Gravity, 2007, 24(20):
5103-5121

PACZKOWSKI S, GIUSTERI R, HEWITSON M, et al.
Postprocessing
LISA[J]. Physical Review D, 2022, 106(4): 042005

subtraction of tilt-to-length noise in

fEE RN

XA 5, 1988 4R A TR
PR, Wi, RIBFSE 5L, 2015 4F T v B RR 2 B
REFARAHE LA A0, AT Mo T3
DR, VR AR L 1 | 9% 18 2 L 9
JEBIARSE.

E-mail: liuheshan@imech.ac.cn

TFAN GEREMESE) P, 1980 4 H
A TR, A, #F7551, 2010 4F T+
FEI R 2= BE B 5 R R T B 3K A 32
A, IR E R BE ) 2 W TR 5T 5L
KR E R R BB | S
PRI f) 2 (RO 5 0 BE R AR B9 B8 447
GIVESH S wliol ohe

E-mail: luoziren@imech.ac.cn


https://doi.org/10.1103/PhysRevD.108.102003
https://doi.org/10.1103/PhysRevD.108.102003
https://doi.org/10.1088/0264-9381/26/9/094015
https://doi.org/10.11728/cjss2021.03.457
https://doi.org/10.11728/cjss2021.03.457
https://doi.org/10.11728/cjss2021.03.457
https://doi.org/10.1515/aot-2018-0044
https://doi.org/10.1515/aot-2018-0044
https://doi.org/10.1515/aot-2018-0044
https://doi.org/10.1364/OE.27.016855
https://doi.org/10.1088/0264-9381/22/10/027
https://doi.org/10.1088/0264-9381/24/20/012
https://doi.org/10.1103/PhysRevD.106.042005
mailto:liuheshan@imech.ac.cn
mailto:luoziren@imech.ac.cn

	0 引言
	1 Taiji-2激光干涉仪系统
	2 干涉仪系统主要噪声分解
	2.1 散粒噪声
	2.2 激光器
	2.2.1 激光频率噪声
	2.2.2 激光功率噪声
	2.2.2.1 功率波动与外差信号的耦合相位噪声
	2.2.2.2 测试质量的辐射压噪声


	2.3 干涉仪光学平台
	2.3.1 光程噪声
	2.3.2 TTL噪声
	2.3.3 超前指向噪声

	2.4 相位计
	2.4.1 相位测量噪声
	2.4.2 时钟噪声

	2.5 望远镜
	2.5.1 望远镜稳定性噪声
	2.5.2 激光指向噪声
	2.5.3 杂散光

	2.6 呼吸角补偿光程噪声
	2.7 其他噪声
	2.8 总噪声分配表

	3 结论与展望
	参考文献

