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ends of their target bands, while terrestrial detectors face strong seismic and
gravitational-gradient noise at low frequencies. The Moon offers a relatively quiet
seismic environment, natural high vacuum, and very low temperatures at some
polar sites. These conditions make lunar observatories promising candidates for
extending gravitational-wave observations into the intermediate-frequency band.
This review examines representative lunar concepts, including GLOC, LGWA,
LSGA, LILA, CIGO, and its tetrahedral extension, TCIGO. We compare their
measurement principles, instrument configurations, target frequency ranges,
reported performance, and scientific objectives. We also discuss their potential
complementarity with LISA, Taiji, TianQin, and third-generation ground-based
detectors, particularly for compact binaries and multiband observations. Existing
proposals broadly follow two measurement approaches. Long-baseline laser
interferometers measure changes in differential optical path length. Lunar-response
concepts detect surface motion or strain associated with the Moon's elastic response
to gravitational waves. Some proposed systems combine elements of both
approaches. For each approach, we examine how science goals lead to strain or
displacement requirements, instrument specifications, and noise budgets. Key
instruments include optical interferometers, test masses, suspension and isolation
systems, and local inertial or strain sensors. We further review lunar-surface
support technologies, with emphasis on vibration control, thermal stability,
radiation protection, dust mitigation, and reliable power supply. The comparison
highlights substantial differences in sensitivity definitions, lunar-response models,
and noise assumptions. Consequently, published performance curves do not support
a direct numerical ranking of the proposals. CIGO is a proposed triangular
interferometer with nominal 100 km arms and a target band of 0.1-10 Hz. TCIGO
adds a fourth station to form a noncoplanar configuration. Under specified
monochromatic-source and Fisher-matrix assumptions, published calculations
indicate improved source localization and sky coverage, with an approximately
fivefold gain in average angular resolution. This gain remains conditional on the
adopted model and detector configuration. Future work should prioritize
site-specific environmental measurements, validation of critical payload
technologies, and end-to-end noise budgets. Geometric and optical-link
optimization, together with coordinated multiband observations, will also be
important for assessing the feasibility and scientific value of lunar
gravitational-wave detectors.
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BRI T3 S RIS E[16]. H R BB S5 8 AR S 22K H R KR
SN AN R R S R [17-19], ki R A S W IR K IS AT 2 R [20] . X SEERIE AR
PO FE AT PR T A, [RIN EESR R H T B S SR T e e 1 1.

FERFET BRI T7 b, 2 AIBOG T AT 25 75 B4 2 (R AEXHZE 3l . Bot e F
FEERRENE, (FIX HA MG BN 25 (] g A TCVE AT IR B 2. LISAL KRR Z5 3 7] F]
FHHEE B2 A5 MOPRIE « RO S 22 X h i ], o EL A 5 8 R0 00 A P 358 00 S 1 3R 45
77 15 B [7-9]0 JT [ 1 &3l (AR S AE T 7R TR e SR Z e g AN 5] L AT 77 1] RO MRl e 3
i A Bk A5 AR 2 G E s RIXE . CIGO/TCIGO i HIHft 5t R fE 4t —
Fisher JFEHESE T AL T CIGO. LISA FIREMIENLRE ), FHRom DY AY il ik — 20 o
FEE RS N ARSI E[21]. FCHE L M ER IR EE . AR5 7 %6 REEAXE AN TR 74
PUAS Z IR JETT 253

1 AES| IR R A R

HEEG] TR BRI H T 3 BRI SR B R AR R R . — B KL 2RO T I E 5 105
B2 R AR, RETT R 55 GLOC. LILA-Horizon Al CIGO; % —35F 1 5 713 &
H R i 7 Bl H 2 N AR, T ER R R R T/ AR A KB A, AR T R ALHE LGWALLSGA
J LILA-Pioneer %5, PZREARAE HARMBA RS EAFAERE X, AREM DL — (Y 252k
RSEasr#], HILRZ O RN H AR AR 3 T AL RS « Sl BE B R, I 3 b e
PP

1.1 BOL TR EE A R

Michelson 0 Rl — B0 70 R AN AN T7 AN F ORI, SR P BGR B R
RO 22N 727 e RE A . FEBARSERE 20T, JOBEHOEINR e A AT 75 21 8 25 ks SePrmm



RAGE T CE IR O RS E b2 W R i R0 s o 4 ) S5 T B BRI IR R e
[1,22,23]. 3 EE AR SR a8 2 K H Fabry-Pérot-Michelson #)7, Hi & 5 KA
B e RN ity S S R T U e, AR R 5 51 DS S 1A RE R IRI[1,22] . H R 7 &,
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Fig.1 Basic configurations of Michelson interferometers: (a) conventional Michelson interferometer; (b)

Fabry-Pérot cavity-enhanced Michelson interferometer[23].
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DL H BRA A e S A 43 A7 XA 8O 32 BRRE AR M7 R BHE H Bk 5| 71 R4 (Lunar
Gravitational-Wave Antenna, LGWA) 5 H EkHiE 5 5] /7 K48 (Lunar Seismic and
Gravitational Antenna, LSGA). LGWA $2&Hi % & ) R G B AR B8 il 51 773 0k 1)
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HETHRB I E 20)Fis .
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[25,26,30,31], H i A8 a1 B 2(d)FTaw - HEAh , Amaro-Seoane Z 32 H T H THIOE T-#{X LION
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B2 ARk A 25| i RS : (a)LGWA[33]. (b)LSGA[34]. (c)GLOC|24]+ (d)LILA[25]
(e)CIGO|[21]. (HTCIGO[21].
Fig.2 Conceptual configurations of (a) LGWA scheme[33], (b) LSGA scheme[34], (¢) GLOC scheme[24],
(d) LILA scheme|25], (¢) CIGO mission[21], (f) TCIGO mission|[21].
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Fig.3 Representative performance curves reported for different lunar concepts: (a) LGWA sensitivity [29],
(b) GLOC concept sensitivity [24], and (c) the lunar environmental noise estimate for CIGO [21]. The
ordinate definitions, noise models, observation times and SNR assumptions are not identical; the panels are

shown for source-level context and should not be interpreted as a direct quantitative comparison.
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Table 1 Main design parameters and representative performance of lunar gravitational-wave detector

concepts
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Table 2 Main technical routes and requirement flow for lunar gravitational-wave detection
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AR L o LAVEAT B3 D I A3 v /R T O], WO 2 5y ARG 73 BIHEN P ST
G135 B K 2 2 R IR DR AR R &, R B T EHE SR B . s
Advanced LIGO CKH] 4 km 3T 50 /RT3 R G LIk FE 51 Bl g, W KIELHOE T
BRI R SR 7 B ZIEA[1]. 10 5 2607 SR A T RS € ZEZR MR IR s 3, Wl ik — o
W0 ST R 2 T R

X RAREAT - T R 5 ARG 85 2 = SR Bk R A O A IR
AL 1 T A s o B A 5 IS TR AR S 8 o B I RE L SR S 8 L JERG 40 S0t
FAREES BT B B AR BN AR P U AT ¥eih (1,22 fE TIAAEE T, BRI
FERIHOCE R A, T B AR S . BB IR AR L H R SR A AR 2
RS EERE . Ht, H RO TR ZAE R B LG AR RE /15 H TR =
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322 AR

H BRA A 528 51 3 BRI F 51 733880 18 FR UK 0 F BRI AR SRS 5, L&
BRI WA . e RA . LGWA 5B v % B o s e S 2 4.
B THIFESY, & H AR TS R R N RUNES), JRgs & H BRm SBRSEEG ] T 05
[29,32]. LSGA MM H 75 55 N AR AR S A AR B 2R, 83 4070 0L 8O 4F AR
FERRM LRI RIS R, FE4hG H BRI AT R 51 715 H %15 5 /1 [34] .

HRRACHIAZ O FAT MU FE (O BB S5 4 S R FE T R 3 R L. LGWA 7 E i
T 2RI AL e R, Horh A 3E 88 H] Watt SEFF 50T H A S, WE 4@)Fx,
PLRCR RIS A USRS A 5 & T T SR AT I 107 £ (32,33], Wil 4(b)Fim . ix &k
Peitim i BN U RE AN L U e A, 27 mHz 2 Hz BN S H s shEst 1. Ja
S Ut D B S ICIE R . U 75 R S AL R SR T TR R T b, WA
i R R AR AL T R R HEAH[33,39,40] .

UUT
custom
cryo-chip

B4 LGWA RIBEAREMS: (@)fh Watt BAF SEOCTHEY; 0)/RERBUREHS SQUID #
H133].
Fig. 4 LGWA local inertial sensor concept: (a) niobium-made Watt rod with laser interferometry readout;

(b) cryogenic silicon sensing structure with SQUID readout [33].

323 WARESLREREERET

I B AT R SR A% S R T o 51 i I SR AR s U S8, FLRL A 305 SR80 i
BRI R o WILEHOCT I T 5 1 Bl o S SR OGS K SR U, 1T LGWA.
LSGA 5 H ERAARN N T3 5 WU FH JRy 358 2 A ek el B A T ARG T8 228 I B it ig
#1[29,32-34]. W TR RIEMG SR, TAESBAMA B G PIHy AEEZE R, H
DB B 2 15 Y R e e ZER AN R R L0512

(1) REELFOE T L IR &

FERIELFOCT Y R G0H, WG E R T A e 2k, HH Uiz 2h 3CE SR
Z oy CRENE . MU EM R SR BRI 2 DU AR P R ) e 7 S5 R I B 2 HE N R 4
WEFE TS . DA H BT G0 AT A T AN RIS TR BL. 1, LILA-Horizon )i S8/ TT 82 H
K B s B IR A RS IR S A 5T R AR 1 TH[31]; CIGO [ BLAT e A ok e i A
Cosmic Explorer Stage 1 AHSGIIF & ISR BOAIRBI BB SR PERER 1275, IR
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JYHIAEE B e A (2100 PR, SR EE R TP B e i 7 B A 5 B
SRR H ARG — D E

G| JPALFAEREFARNES H T DA R T BRI BOR LA . LISA Pathfinder SR
FI B A o S A AR S R A R AR IR R G, T ARSI 2 A A B &
I S BT SEBLAR TR A RERI[41], W S@)F; AHREOR Q2 /£
SKIGIRTE,  RIOAH RS BN S 5 AR 5 3 R BRI . (BT A AE R 22 E
AR AL R 2% RIS BT R AAIA S, 22 18] [ e Dk i 2 ) BLAR S5 4 AN RE fi] B
T A RS

B 5 FEBHARBAXBEARTRS: () WRRESEESE41]; (b)) FEEMBaHERAR42]; (o
BB R AT SEEE AL 43]). BFRSORA T U4t A ER B B S0 Z MR .
Fig. 5 Examples of spaceborne inertial-sensing technologies: (a) test mass and electrode housing[41]; (b)

non-contact charge-management hardware[42]; (c) local vacuum and sensor enclosure assembly[43]. These

technologies are shown as references for lunar precision inertial sensing.

3 S B 45 R 1 L r RS 32 2252 B R BH SR A6 B r 1 Sk DA S K B R H, 88 146
RERESENE, JRREG HEAN S B AR R A AR [44] . A5 J5 82 ) BT Jak R HH Pl 2 U
FC At o v g7 BRI T B A A, U R A A B & b AN A5 R EE T R A e e S . LISA
Pathfinder LA EEAMEHLF A SIL 1 B B iE U0T AE B R e 45 [42], %4
AREVEN H RS E DAL RS B g BN 2%, W 50b)FR.

BRAR SR (R A2 e K S P 00 2 v ) E e 7 U, 22 TR A% SR R R i e A
FE M AERF I o & AR E TARIRE, Wil 5(c)ffi7x. LISA Pathfinder HI7ESL4E SRR,
5T A BB A R A ) ity LB RT T BSCRT LI ) A B e P (431 T H s, R
B EA = B, SR R 3 5 sl S I AR IS AT 75 45 5 TR0 B G Gedes il 2% A
PPN TRAR SRR, FEA0 S Mt 75 T 5 A B B R

(2D H BRAS A I 7 % 26 119 J 3163 1 A% I

LGWA. LSGA %577 2| H 5| J1Ba0 i) 7 BRI R FF 4R, A s T H i &
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T A A N R A RS BN AR [29,32-34]. SR T E AR, #3507
S E S IRIBURAS T H BT 51 F3 i SR, 51 771 BNAR 5 H TS 3 2 8] 1 3 e 32 21
HERWNEREEH L Ta] IEAR ST 2 S5 A S R 3R UM [28,38,45]. AT, ) kg A 7R 5 foy dal e Jok
AL REIE ] R 2 1227 SR BRI R UL

FEIATTZT, LGWA W R i 1 1% s BRI TR R Gt FLr v i 1) ) BRAGIR
PG, SR HCRRYURSE Watt JEFFZ5 R, A SHOC T H B0 3 & 7T ds ik,
LARICA T/ M2 305 5 [32,33,39]. 2 MEEEITTH A RS G, EEANE 6 uh ik
VI R R B R S 1A AE S, IR T 51 0B S R B T BRI B 4 A F T
[29,32,33]. JRts B IR AR AR I UIRARRE . T ARIR EM et A, DA K% ) TR S A 7R ) 4 7y
PE, RFEMIZHOR B A R AR ML RE ) EZ R 2K .

33 FETEFAR

JIHE 51 T3 A0 2 7 BAERKINEAT A6 AF D IR FFIRIE A AR A e ko RS A B
[AIEEST . H B REIRBt S BA IR S 15 S, Ha ﬁmm\%\%%ﬂwx
SRR A I EPERE . I, A ISR RGBT R E 5% 080T B IR EA
S AN TR R RS . B 2805 S BB ksl . AR B, A R
ANREIR L5 S SR Y o

331 WESIHIRSA

F RSN G4 R L B R A T M AR AL A AR B, DR R &R BT
BRI FIBEJR B A1 AT 77 A I TAERS) . Apollo H BRI, K BRI I AT E i #RR ei3e H
T3 2 R P ARFALL s Rl R AT S Eﬁﬂiﬂl‘*ﬂyﬁE*TXLmUEﬁiﬂﬁﬁ??%iﬁ&iﬁ[l3J4]o xR B
Je TR i R AR AR IR &, IX AL B84 7T feid i B a8 B AN 5 ARG A 3 E AL RS B
I%Amﬁaﬂﬁﬁﬁmh%%%mﬁmﬁ%

canti Iever spr ng
rotational stage

«+ damping|
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stack stabiliser
flex-pivot
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mass

active layer =TT cantilever

spring

intermediate
mass
’ II ’

reaction'mass
test mass

spacer

\mf- ||

(a) (b)

6 S| NS ERBATH: (a) Virgo BEFERMAS[46]; (b) GEO600 =HZBHERL[47).
Fig. 6 Examples of vibration-isolation technologies in terrestrial gravitational-wave detectors: (a) the

Virgo superattenuator [46]; (b) the GEO600 triple-pendulum suspension system [47].
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HITHT 51 77U R 2% O 28 T U ) 2 R R 5 B RR . Virgo A (W1 6(a)
Ji7n). KAGRA 2 [k 240 GEO600 — 2% £4E (Wl 6(b)Arzr) ¥FIFH 2 HHLkE
P B ARt IR Bh [ % 0o Ve e AR 25 [46-48 ], T BNBRIIR 5 S AT il ) Al gt — 20 e AT
HI85)[49]. XA NAERGHRML T HESE, HHME K. BB
WEANIR], BN [ A AR A ) U5 T B A A BARAT S BB i1t . LILA-Horizon M4
o VA 2% ) T 0 B e R SRR IRBT AT [31]. X T HEARAREL, AU aip 5h B L8 5
SEIREh, BT A AR A AL B BN AR W R R AR B R AR R

332 HEHRS

FI TSR ST U SR M RO RBUE . R AR SR T K 1 F S A
B Ak A BB X FT TR IR B, Diviner WIZEWT, #640 F BRA B/ BT IR T 65
29 25 K[16]. XT3 bR, (GRIFSEE AT MG A A0S, R, e
3 RV (0 48 0 S T S 2 B AT ] 248t 50 S8 e 1 BT 2,
USRI (K, AV 0 R A T SRS R R B, I BRLARLIGL 2 Bl L P 5
A RS et b

N

N Thermal straps T-shape profile
/4; Cold platform
o

B 7 E-TEST KR K AEEHREE:(a) E-TEST KRR RALBRBAE(50). (b) E-TEST 384
B 5 B EBITERLE(50].
Fig. 7 E-TEST Low-temperature Load and Thermal Control Structure Diagram :(a) E-TEST cryostat and

sensor assembly [50]. (b) E-TEST radiation heat exchanger with integrated suspension load structure [50].

ARG 2 Ay P B AR AV A AR G . 2 G R =y 3 R AV 2 U SRR A A
TR o THTTA] 51 7RI % X R AR 2 TR PR JE B 6 v ZIE T, OISR R G BT
HE T RS SR JTIE[S0], Wil 7 (ady BT (b) Fivn. (EWA B ARESMEIAIL 18 A
A58 AR ESE RSN T Bl Al R A 20 Ai 2R B - 55 QR 7 0 A e A R 1 e P A s o X
THESUJIpRN, RIERGIETFES 8. SN BEIR R 5 — it (R e
R 5 S BRI AR UL o

333 EHBP R4S

JI Y38 AT 15 26 75 2 TS R 57 i S AT R B e BE WL 45 2 RV A A5 o e REARE 751
A R LR B SRS A5 R BERE 1 O 40 2 [ R A RS T SE M T AT R 51 -
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T 5 ik BE T3 75 45 o B S RN 55 R I [ VA [52] 0 X TAE 5 51 J0 it , SRt By
P ER PR B 75 i % SR et = B 1] DACO N1 N SR i T I 67 e
Wil AR AR 37 i DU & SRS BRI B iR . IS IR LAl
BKMPRHAL G ROAR SRR S BRI FE R T, PR O & A 7 2 B35 M B il OR [53], 4
B 8 (a) Frae EBhmAARS ik A P RE fe iy R 7, ORI 7T CORHRZRE f A L
L iSO RIBMIR RGP T RG0H1[54,55], Wil 8 (b) Frow. HiT sk
W B RGEAT RE S RBUZ AL BN SO B R AR &, H 25| 0 & uiR
%%ﬁﬁﬁ%%ﬂﬁﬁﬁﬁ%% ﬁ%ﬁ ALK

cestosonn

S
andk

RV

(a) (b)

B8 BEBIFRARTY: (a) BshBS RS IR (52]; () LSRR RRIRRE R (54,55].
Fig. 8 Examples of radiation-protection technologies: (a) passive shielding and topology-optimization

concept [S2]; (b) solenoidal configurations for active magnetic radiation shielding [54,55].

334 HARP RS

DB RN TESAKN L R 5 I 5y AR Ly RS RHE, mBAE TR
T PAEER A SN, 2ET SIS 2 BRI %5 . NASA H AR HR
TRPA R AR S R T S AR AU B3R BT BRAE N H R % 5 B4R 5 B IR I HR
JrIAI[56]0 T T 51 AR gs, A A3k B A B IR 2 FIS iR sh K
e B3 n] I AR TR T 450 31 RN AR URR PR 25 07 Wb iR . 2 RBE
ﬁ%ﬁ%ﬁﬁ%i%ﬂ%ﬁ%,ﬁﬁﬁ%%m%%ﬁﬁﬁm@ﬂ%h%%%ﬂﬁmﬁﬁﬁﬂo
HE— P A SR SR A BRI R T O AR R S W SRR T REIR Z 45 6, F TR A Ak
BE[58], Heabth AR AL WA 9()fir. X T SRR IRURL,  w] R AU R 75 35 BA
Lo BN I BR A5 E 3 3 A RSN O T H AR 55 X BH HL 1S BR AR T [59],
FL Bl T AR LR D BEOR B O AR H AP 5258 Hh 15 2R R S5 1E[60,61], WIE] 9(b)Fr7w. THi[A)
25 Sy G by, SRR A A B A AOE BB R 77 3, FE VPG IRED . R AIRORL
BTEXT R R

Gr-PFS coating

;——I power supply
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(a) (b)

B9 AR EART:(a) A REHHEEFRELR R BB RS ZAERYERESS]. (b) K
RBI A EBIBREHAR[60,61]
Fig. 9 Example of Moon Dust Protection Technology :(a) Schematic of the structure and working principle
of a graphene-enhanced perfluorosilane coating on an aluminum surface [58]. (b) Electrostatic or

electrodynamic lunar-dust removal methods [60,61].

33.5 BRRHA RS

JIHE 5] J3e RN & I REN T 58 5 B OB IEER AR MURL 2 BT DU R B DA G » 306 X IR
RIKBHAE AR HIFRCEMERER SL; CAM TSR IAS SR, Mt AIEALf# AN Stirling &
FL R THDE SR RE AN [62], AT 10() BT s o K A BHRE DX B IR [ i 2= B 12016 I A DX 3 =5
TH R . R A R R SOR B B P RE T 30, B 10(0)Fs . X T4
RN, REMHR AR FIEH H IR H . AHBAY R AT A RS0 5 BRI ED,
PRI e e 5 i e L L 49 A U X R AL 1 2 ) O 1

= ] TeC)
IIJI
J\ 1 electric
- V heating 1000
L. l—.- 750
—  conv

electric power
conversion

Insulated box

B 10 AmEsFEREEARRH: (a) KHEERE. EiEmI2EME62]; (b) HARRARREHEFEMES
[63].
Fig. 10 Examples of lunar-surface power technologies: (a) solar generation, energy storage and power

distribution[62]; (b) lunar fission surface-power concept [63].

AR R R AT SR A KIBOL IR VIS T4 . NASA S 40 kWe 24 n] #38 H 1
AR S R, ARSI 5P RIFA A B RER 2 R 8, JHE e s BT
BURTHL[63]. X T 7 B I (8] JE G IR B AT 55, P AERORE Bt AT D BAG SR RE K —
TP e, NASA CIT et e H i BT R0 Ti[64]. H 351 F13 6w 1 e & B IR SR AR
FEEhk. BATIIAE. IEFRACRE R ZRERG € -

4 R

A% GLOC. LGWA. LSGA. LILA PLJ CIGO/TCIGO ZEACF 1 A 7L 5] 748
FHE, MHEBZHR. WERHE. ZOoRFHEMA T ZCHERRFTT ZR
[15,21,24-26,29-34]. A 7T R EERRAREARKL: —FRHKRELEOCT RN &



17

FEOr R, 55— IR 51 J3BABOR I H BR8P AL R s AT s .
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R DL RS AR TR I 25312 BT 7E 1) 22 3B BN 7-9,21,24-26,29-31]

MERTZIE, HHE 5] 77000 11 B AR T 05 00 DU 2 BUAER 144 ks A &t
2R H R A, S AR KRR SRR NILFR . AFE T RE . H
TR SIGEAY, MR T & MRS BT AR ACR ZE S, R A AT B A [ S %
R0 2 i 3 A N S A A T A e AT M P Y, JR I & B PRI B S O B A e SR B A
ISR BEAR R -

4.1 HEF HPHRAUK K RRE

F TR R R 5 ST S E R IR . AR C&ER, AmtEl s, REE
AR BRI A 638 FAT B S A AN & BB [13-16,28,38]. ARR TR E 4Gkt G kK
WSRO, @Y AR s, BT S A ASHIEE R RS H R AR, Y
FSCPE 55 FHF A A RSP R G I B o e AE T . OB AR SR b, A R B A R AR
PR TN EL I 451 RGE I MERE TR K

AR B AT AT T D058 ) TG FO R A o MR 5] i PRI A5 (14 22 R AR AR P e 2R
7 [AME 55 WK B AL A 0, DL RARIR AR IR 5 4R 1A A0 H R ) o A B 7 B4t 5%
[31,46-50].{H H 140 1/6g T 77 RIRFLAS - H ARG X AIRIEAG 8 108 ()30 57 5% 41 [15,16,56],
BT AR TR B4 B A RS HYIE. LGWA. LILA %57 % O S 86 0 B MRIR
VAR IR BEERRIRAN & hk e 3555 U7 [m) HEE BB 71[29-31,33]

2 A BB LA 3 — 2D A L H FE PRI Z8 (R 20 B . LISA RARAN R 55 T 7R B AN
R B IR B UR AR [7-9], H 5 deci-Hz A1 Hz ZER % 45 BB 1E 3840 Y53k N ET.
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