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Test of gravity with gravitational waves
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Abstract: Gravitational waves (GWs) in Einstein’s general relativity propagate with the speed of light,
and they have two polarizations. In modified gravitational theories beyond general relativity, GWs may
have up to six polarizations, the speed of propagation may not be the speed of light, graviton may be mas-
sive and there may exist dipole radiation. In this paper, we discuss the properties of GWs and how to use
the measurement of GW's to test theories of gravity.
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Fig. 1 The displacement of test particles on a sphere caused by gravitational waves (GWs) with the "+" (a) and "X" (b) polarizations
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Fig.2 The displacement of test particles on a sphere caused by GWs with the breathing (a) and longitudinal (b) polarizations
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Fig. 3 The displacement of test particles on a sphere caused by GWs with the vector—x (a) and vector—y (b) polarizations

WAEAE— PRI AE G, 548, Brans—Dicke P8 R

TR ER AN, A ARG, X AE R 2
S WU R 40 S I AR A
X £ (R) B
&igzﬁuJ_f (31)

He| i mRESET “+7 #AE <" B4,
AFAE— IR 5 B B TR A s
Fe RITIH ) SCHIXHISFE R 5 10045k 4205 T 4%

Ffiss 51 D PREE R RO 22 LA B, I 4 2 LA 36 ] P
X5 i A 205 | BRE t A s DR AR 5 A BR M) . i T
AT Ie S R R AT 51 145 2 R ) SCHI XS
14 e K DO AE TSNS IR S 077 AE, [
Xt 5| 7 e A 41 2 K o0 S5 AL A A 00w LA ok
o 51 F B o O T I 51 0 R A A
FATE SBT3 FR 0 48 X6 A ] i 41 285 1) e 7
AT AT EZ IS IO I RO T AT 1R
LA 5| 7 e 285 B T



92 RS (AR 5 60 &

MK, BT IEAE SIS, = F' = Dlel. (33)
> h0eg, XHA=+, %0,y b, RET 64TTRE BRI D7y
B D B S o 3K A 51 7 i AR BRI 2% b D i B A 45 Di = %[ﬁiﬁ/T(f,ﬁ &)= PIT (i @) ], (34)

R Horh o KAl HW R TTIE) L 6 4 6 R e

:ZAF/hA(t)’ (32) ’%‘E"J%’fi%i, @%&T(ﬁﬁ-cﬁ)ﬂﬂ“”m

T PR AR X AR 25 A (0 17 PR A

T(f,d-o)=

L f A S . S A S S
2{sm({zf*(l -u- w)} X eXp':_ZZf*(3 +u- a))} + smc[zf*(l +u- w)} X eXp':_l2f*(1 +u- w)}} s

Horb s B sine () = (sinx) /v, f7 =/ 2mL) RHMAS &L, MHPEDHER G = x o = yI5m, W
FRESA, LRSI o TR i, BAMRIRAE, R A i 7 ek 7051 o
LS T(fote s @) = 1o MR PRI AR AL T A A I

(35)

1 + cos’6 1 + cos’6
;OS cos 2¢ cos 2V — cos Osin2¢p sin2W, F* = - cos

F = sinf(—sin2¢ sin ¥ + cos O cos2¢ cos V), F* =sinf(sin2¢ cos ¥ + cos O cos2dsin V),

Fr=

co0s 2 sin2¥ — cos Osin 2¢ cos 2V,

1 1
Fb = ECOS 2¢ sin’f , F' = ) cos 2¢ sin’6. (36)

XLELR LI 4, WA 4 FrR, AREIRSERN R fTs ok AT m, EATATA
L eI N i I P A Y 4 S R P S L 2 S O 0 0 Sl DA B9 S N /R s LA
SR ARAE 38 R 5 0 17 PR3 KA 2 — > 105

R,(f)= —jﬂm d0dw. (37)
JFLMRAAE BT, A% G 0 W0 R R i A OE T
WATCHE XA X A0, X T g ol , L2t TR (i e 2 0 7 bR R 45 S Sy

3-c¢ -l+c
2LL2R+(f) — 2u2Rx(f) — 1("205')/ n ;’OSY
u

+2Sin2()2/){(]{2usin(72/)} ln(51n(2)) cl(zu)} r— {“CSC (Z)}%[zusi“(iﬂ

+sin|:2u sin(;)}{_s + cosy . =21+ 28cosy - 7005(2)/):|CSC3 (7)

32u° 32u 2

+sin (2u) - {(LIL + %) sin’ (Z) + cos’ (;) . |:28i(2u) - Si(2u + 2usin (z)) - Si(Zu - 2usin (;’)):|}
+{0052 (7) |:2Ci(2u) + ln(cos2 (7)) - Ci(2u + 2usin (y)) - Ci(Zu — 2usin (‘}’))}
2 2 2 2
L2 L[y
+(6 - uz) sin ( 5 )} cos (2u),

(38)



#1244 W, e BT RS I KR 93

3 u’

1+ csc’ (y)
2 . (‘)’) . . (’y) %(7) 7 - 8cosy + cos(2y) 3 - cosy
———————cos| 2usin|—| | + sin| 2usin| | [esc’| = +
2u’ 2 2 2 8u 8u’
. 4 8\ .. (v . .Y . . Y
+sin(2u) {| — = — [sin* | + Si| 2u + 2usin| | | = 2Si(2u) +Si| 2u — 2usin|—||» + cos(2u)
uouw 2 2 2
B - Bz (2) - 2ci2u) + G| 20 + 20sin| L) [+ ¢il 20 = 2usin 2] | = 1n] cos2[ X
w3 2 2 2 2117

(39)
3-c¢ -1+ 2 1
R = 1czosy + uzcosy + sin(2u) (u3 - u) sin® (;) + sin {2usin ()2/)} esc’ (Z)

33— deosy + cos(2y) 12 I+ esel (;)
cosy — - 4cosy + cos
|: Y + Y Y } + cos(2u) ( - ) sin’ (32/) + cos {Zusin ()2/)},

32u° 32u 6 8u’

WR.(f) = AR, (f) = —4 + 1Y AT deosy z{% _ c{zusin (;)}m(zmn (;))}

(40)

13 B Tcosy N -1+ cosy
8 12 u’

7 cosy 1

+ %Si(Zu) + |:—8 + 1 + SCSCZ(’;)}[’YE - Ci(2u) + In (Zu)]

1+ csc

e - (2] o v 2] () 8(;)[2 )

tsin| 2usi (7) 3(’)/) —3+cosy+—5+4cosy+cos (2y)
Sin usin 2 CcscC 2 32u3 32u

S A N R R
S I O e e

Y R T e F RIS

_251|:2u - 2usm(2ﬂ [4 + cosy — cos(2y) ]Sl (2u) 251{2u + 2usin (

NR
—_—
| I
=

z,

=

=

)

<

N

Y
. see ( ){10 + 3cosy - 7cos(2')/) =4 + 4cos(2y)

6 3 g - )/E[cosy - cos(2y)]

+[4 + cosy — cos(2y) ][Ci(Zu) - In(2u) ] - 2Ci|:2u — 2usin ()2/):| - 2Ci|:2u + 2usin (;):|

+4In {Zucos (;):|} cos(2u),
(41)

APy RPVE 2RSS,y BRI, ARBUNREC R R (38) ~ (41),
w=2mfllc = fif, Si(uw) RIERBUIREL Ciw)E  Jofr i s P-Hym R o 80 R 2R S o, 4 x il



94 Rzl (A RBEEERRD

%60 %

o, RERAR R o = 2afLie B My = w3, K
r R 28 i 7 ok 4 i R K R A R AT R .
oacklirp, FRATIHE L AR SN ) R RN
HAPREHKL=V3x10°m, MEkMy=m7/3.

(a) “+”mode

(b) “x”mode

NP5 7, WP AR AN AR ) A AN TR] BT LA
TEIXA BB AR AT LLX e i o 0 T 28 18] 51 7
T, REFE R AN EAR R IR AR, S e A W
TSI E IR TP EOR 2 T I A AR A W
PR, FTRASHE SR = e

(c) “vector —x” mode

P4 RIS AN 5] Gt P A0 157 449 £ 23 A1 ]

Fig. 4 The averaged angular response of detector with different polarizations

4 G151 ) RIS B R

by TET B A [H] 5 BT PN 3 RIS R A
B R R X R B IR 5 5| 1 REMITA B
A5 10, PTRAg] I B A R R, RS I
5 S ML A5 0 T DA A 5 A SR B IE & PR B
W) SCHXE . R IRATIE R “+7 A “x” B
KA BOMm IR, D015 B 3t i 5 | 0 3
AR SUAHXTIE, FRATT 75 TR 5 8 2 PR Hir 30
T SCAHRTE BB EE . r A5 | 0 i 41 25 1) D0 i
X TR AL N EHE

LIGO J Virgo A1 4H 3 13 XF 200 i £ 1 fpk i 2
ML S RS WA T, HAETIERA K AT

I I mIRAE S, A1 HL4h A 95% A5 I,
O% g Kbr it 5| 3 AR B B N /N T 1.5 x 107 P
FERERLS 70 5 5ol oMt mr, fhAT] 45 A RR
T TE 95% BEAG B I, K% 0" <558 x 10°,
RKAEHE N <635%10°, FriE®E 05 < 1.08 x
107 27 LIGO/Virgo &/ £ A1 FH UL 1] Y 10 4> XL R
T IEE B 1A BT F B IG5 40 000 45 5 0] 5
fifi o) Falisk 51 Ik, miEHELliR & K aibr iG] )
P L REE U I S TR ARG A
B, ali gk g AR = L 4l 2k B AR Y DL i 37 IR T
107, 2l 455 2 LY 205 i 485200 0Lt iy 7

'% 1023 [28]0



#1244 W, e BT RS I KR 95
f/Hz 1016
10° 10 10 10° 10!
L 10717
-18
10° g 0
; 10"
102 £ 10
= Tensor plus/cross 9
. ‘a 10*21 —— SNR:674.4
N = Breathing R <= — SNR456.4
1073 o 5 L,y | — SNRi68.0
= Longitudinal R, 1072 1 — snrit0o0
— 5.6/110.0
Vector x/y 23
U | [P 10 10° 10* 10° 102 10" 10° 10' 10> 10°
-—= 1 f/Hz
10 In(f)/f? \ K6 TELLFz = 3 AR BRI BUR N R 50
T IEEHT VR . & R F 3] 1l

a

FLS AN [RIAR AR RS- 327 10 17 PR
Fig.5 The averaged antenna response functions for different

polarizations

FEHEIFA P AL R 5 | 30 64> 1T g
PRAS, WATTHE 6 NHRMES o H T I 5 S
=AM BEA R R I g | P RS . X
FELEG| S PR, TR L s BR A FE sh T R — A
PRI 25 35 0h Z2 BRI o AE 2 E i - 1 8 0 4%
FE % RN 2] (10 F 2 0 T e DU L XU R IR A
I B8 5 3% A5 55 A AT DX ], b T 483000 245
0 Bk S L5, T TE T ORI £ 5] )
PR . 255 ] I &5 i T R B T
AT DLERIN 3 5 g 5, R SR AT LA A 3 3R I
A RIAR 2248 e 3 i T & i SR, i HL 2 )
ST WA T AR 48 B 32 3 nT DL Rk
ZATRMN AR, i LL2s [a) 5] 979 ACRT RLUHT SRl
W P IRIES . B 6 B/R T JLANAS IR 5 ) SR
i RRAFLLRE 2 = 3L A5 IE S .

W TR ATTRE S [5) B UL 38 5| 77 96 i 8 K r
BRI, bR A G I, WIRATRT DL AR
IR . AR IFE S GW 170817 KA
&3 GRB1708717A Wyl i 25 S 45 1 -3 x 107" <
(v, = c)le <+Tx 107V Fi4h, W TFHINEXTHL
WG A5 | F A 3G AR R, 51 T DU
FWARFTHANE, GW 170817 F 45 I A & A Hb
e fEAE ™ XA RS e, 51 L%
R

c hf
b h WIS HR, G T B IR

%e _ L(m&y (42)

(21 AR R B MK 50 kpe Zb 4 0.5 M, 1Y
XU B R G A I 5 | IR
Fofty Ry 25 18] 51 J3 RS LISAP R R EE1E
i TET 5 2% LIGOR1y 72 A 38 1 &

VAR BB T A5 S AE R FE 5 T AR L i {51 L)
Fig. 6 Examples of different GW sources
located at z = 3
(The red point labels the GW signal of massive binary system
with 0.5 M, and 50 kpc from the earth.

The figure also shows the sensitivities and SNR of LISA®,
TianQin"” and advanced LIGO"™)

T | 7 HAG R R R, X TR RS F
BRI T Iy, FHOR R G, A
WL O U O I B R R R S, R T A R
JEHE R, XFE— Km0 3 FT A AR &R 43 e 3
RIS, XA IR WFR N dephasing BLE , il i
XiF 51 9 30 T R A7 B4 R ) R AT T AR 51
TRt . LIGO/Virgo A 1E 2H ) FH S5 57 W8 I 21 11 39
S IV B 2 o R G S
m, < 1.76 x 10™eV/c® i ORI HIXCh 5 £
& F M cwW170817 4 M oB BROH N
m, <9.51x 102eV/c> ™, X Ff dephasing J7 1]
L 2 35198 1 IR 3% 48 28 6 Bk 1 B — A € Bk
%% [34]
E* =p’c + mict + Apect, (43)
Hh 5| IR E = bf, o5 —WIR T 2E %t
PR, BERTRESK AT 5180V . LIGO/Virgo G AF
2 B DI EE T SRS AL 5 SR — 3 >,
A 8 28 SR AL A L £ AR e S 2 5 e A )
(R 20 K 5 | 0 e I, 3 Ao o 0 JE AR A 1 K
SR B85 | I T (ARG At B, FRATT e W] LA



96 iRz CH AR

%60 %

B BN . LIGO/Virgo A VEZH i 1 2801k Ik
T K % e AR 8 B 18 1 4R R A R BE s
BN

A 3 T 1 LU 3R G0 — A 1E AL 0T R 0% R AR
L8 — > Ko SR BE ST, 3 Bl AT B [ KT
23 ] 5 | 7 P R0 28 1) A, i 3 B B e A A
TAREZA MM ESS Y. TP ERERR
HEEUR RAR T LU B — A FH S R0 68 R o i R 3
A 25 S5 A0 ARG IR 1, B 0T DL AG 60 SR G B
L, A, WERGIFEGRSRB - REN
ik, A B S S R AR . HTE
o Y B B AR Y 0 5% A W 2 T A A A A
Y RE, XS (5 WA & T B T R A
AT E AR B . B R LU ORI IE 2R B B
O T 56 A 5 PR B0 HE ) SRR 8 kA R 5 2 [
WrdH T SCHXHE RG] S . 51 IR s 5
O A MEIE B A B, A 1 D AR 2 A5
RN

@ = S T T 0 (44)

K n, L, m e iR BB — AT, S5
S FUHET 1/, 3 590 XoF 7 A A5 X 114 40 L 72 3 A o
TR T I B 9 s 08, A T 6 o BT I L T
NN SE 4 W A shm S50k e . 78
RGBT, B TR R R S 50 YT
Ko REETE—MEIET, 3 SuRRAF o 1 050 R AR
MEAT AT O 25 R BT DLl T AR . S
T, 3E I 22 A o I AR 2O S B AT X G R
HPRPEA TR 7

AT I8 H 24 B TR ATT AT B[R] s 08 0 ) 5]
1k KBRS S, WGW170817, XAME 5 AL
KT ZAF MR AR, T AT RAE R bR T
FH DB T A S R P T L. B —T
I, W6 TR, 2L GW 150914 ARFER 5 S5 78
B TR Z24F 1) S8 16 B BT 4 S 04 51 1 0 T LA 25
51 P F WA B2, By LLZs [a) 5] ) i &
AT LABR A M i 5| ) 5800 2% 164 22 U B i I, A
T SE IR B S 7™ A MRS 5651 1 BRI .

SE 3k

[1] HULSE R A, TAYLOR J H. Discovery of a pulsar in a
binary system [7]. Astrophysical Journal, 1975, 195:

BZ, M TS e Ay, 2w 5
PRI A% RBUE i, al DL 20U I 5 AR
204 AT I T e R R SRR T, A i B AR LU e A
LA RS, Prikzsialg) g o & e & 51 4
Bedme . BRI 5105 B KRR 5| T OHEC R |
PR B S  8 S L o) R Az 6 B 3R] I 6 7 BEA5 T AT
HA MBS, e g 500 T st — L 8E
SCHIRE BRI | A e it T 4B B

5 45

ST RS BA R, 51 AR IR
WA ZEXIARYE 51 T3 A7 7 M 4k 25 Lt
SMEESIILE], BURRGRIEE . IF& R IO
SE AT G 2 T H T SO XHE BT A 25 2R, iR
ToEE BURAT AL, IX R A3 18] 5] 7 I 4 2 [v]
R BRI XS )R (0] 24 A BT B
FATAE 510 373 25 1 K v B2 AR e DX B R )™ SCAR X
8, BCERIE) SRS A AL A5, I
LA BRI 51 7 08 i AN BRI L 2 A0

2 8] 5| 7 PR A i THRBUEEw, Prid
B R AP B Bt i R kL85 | IR A A ] |
JIPRICH PR A RS B R i TR AR
o R U I 5 AR 22 47 (9 e T 34 2215 5 T LA
PSR B 8 72 51 1 P IR R FLBRIR A5 R, DT 2
IR EEOC R FRALE SRS . iRk
MBI+ F X7 AR 4R 2 =2 S A A
PR, wE I SR EE LR A5 1, Wi
I EN AR S0 A CROC A, U d I 22 D) S
T SRS H Y BRI AEAE o BT AT 7 3 i i
AN AT LUHRARSE S | TR A

73EN, A TE] G| R s T L 0 A i
O R GEE T B B T BT AN R 51 03¢
B ULMERGIFE RN AT, Nk
BB EH LG NI, B2, 2EEGI IR
SCETE P R BE A R L AR S 5| T3 AR R 1 A
A HARRE S

L51-L53.
[2] BURDGE K B, COUGHLIN M W, FULLER J, et al.



#1244

A, A

G I 51 1 B A 5 97

(3]

(8]

[10]

[11]

[12]

[13]

General relativistic orbital decay in a seven—minute—or-
bital-period eclipsing binary system [J]. Nature, 2019,
571:528-531.

GERTSENSHTEIN M E, PUSTOVOIT V 1. On the de-
tection of low frequency gravitational waves [J]. Soviet
Physics JETP, 1962, 16:433-435.

HARRY G M. Advanced LIGO: the next generation of
gravitational wave detectors [J]. Classical and Quantum
Gravity, 2010, 27:084006.

AASI J, ABBOTT B P, ABBOTT R, et al (LIGO Scien-
tific). Advanced LIGO [J].
Gravity, 2015, 32:074001.
ABBOTT B P, ABBOTT R, ABBOTT T D, et al (LIGO

Classical and Quantum

Scientific Collaboration and Virgo Collaboration). Obser-
vation of gravitational waves from a binary black hole
merger [J]. Physical Review Letters, 2016, 116:
061102.
ABBOTT B P, ABBOTT R, ABBOTT T D, et al (LIGO
Scientific  Collaboration and Virgo Collaboration).
GWTC-1: A gravitational-wave transient catalog of com-
pact binary mergers observed by LIGO and VIRGO dur-
ing the first and second observing runs [J]. Physical Re-
view X, 2019, 9:031040.
ABBOTT B P, ABBOTT R, ABBOTT T D, et al (LIGO
Scientific  Collaboration and Virgo Collaboration).
GWTC-2: compact binary coalescences observed by LI-
GO and VIRGO during the first half of the third observ-
ing run[ EB/OL]. https://arxiv. org/abs/2010. 14527.
PETERS P C, MATHEWS J. Gravitational radiation
from point masses in a Keplerian orbit [J]. Physical Re-
view, 1963, 131(1):435-440.

EPSTEIN R, WAGONER R V. Post-Newtonian gener-

ation of gravitational waves [J]. The Astrophyical Jour-

nal, 1975, 197:717-723.

WA, 3R v, MR . SR ] R A,

2018, 63(9):801-815.

GAO Q, GONG Y G, LIANG D C. The polarizations of

gravitational waves [J]. Chinese Science Bulletin,

2018, 63(9):801-815.

FLANAGAN E E, HUGHES S A. The basics of gravita-

tional wave theory [J]. New Journal of Physics, 2005,

7:204.

NEWMAN E, PENROSE R. An approach to gravita-

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

tional radiation by a method of spin coefficients [J].

Journal of Mathematical Physics, 1962, 3 (3) .
566-578.

EARDLEY D M, LEE D L, LIGHTMAN A P. Gravita-
tional-Wave observations as a tool for testing relativis-
tic gravity [J]. Physical Review D, 1973, 8 (10) :
3308-3321.

LIANG D, GONG Y, HOU S, et al. Polarizations of
gravitational waves in f (R) gravity [J]. Physical Re-
view D, 2017, 95:104034.

HOU S, GONG Y, LIU Y. Polarizations of gravitation-
al waves in Horndeski theory [J]. The European Physi-
cal Journal C, 2018, 78:378.

GONG Y, HOU S, LIANG D, et al. Gravitational
waves in Einstein—aether and generalized TeVeS theory
after GW170817 [J]. Physical Review D, 2018, 97:
084040.

GONG Y, HOU S, PAPANTONOPOULOS E, et al.
Gravitational waves and the polarizations in Hofava
gravity after GW170817 [J].
2018, 98:104017.

Physical Review D,

CORNISH N J, LARSON S L. Space missions to detect
the cosmic gravitational-wave background [J]. Classi-
cal and Quantum Gravity, 2001, 18:3473-3495.
ESTABROOK F B, WAHLQUIST H D. Response of
doppler spacecraft tracking to gravitational radiation
[J]. General Relativity and Gravitation, 1975, 6:
439-447.

LIANG D, GONG Y, WEINSTEIN A J, et al. Fre-
quency response of space—based interferometric gravita-
tional-wave detectors [J]. Physical Review D, 2019,
99:104027.

ZHANG C, GAO Q, GONG Y, et al. Full analytical
formulas for frequency response of space—based gravita-
tional wave detectors [J]. Physical Review D, 2020,
101:124027.

TINTO M, ARMSTRONG J W. Cancellation of laser
noise in an unequal—arm interferometer detector of grav-
itational radiation [J]. Physical Review D, 1999, 59:
102003.

ARMSTRONG J W, ESTABROOK F B, TINTO M.
Time-Delay Interferometry for space—based gravitation-

al wave searches [J]. The Astrophysical Journal,



98

RS (AR

%60 %

[25]

[26]

[27]

[28]

[29]

[30]

[31]

1999, 527(2):814-826.

ZHANG C, GAO Q, GONG Y, et al. Frequency re-
sponse of time—delay interferometry for space—based
gravitational wave antenna [J]. Physical Review D,
2019, 100:064033.

ABBOTT B P, ABBOTT R, ABBOTT T D, et al (LIGO
Scientific Collaboration and Virgo Collaboration). First
search for nontensorial gravitational waves from known
pulsars [J]. Physical Review Letters, 2018, 120:
031104.

ABBOTT B P, ABBOTT R,ABBOTT T D, et al (LIGO
Scientific Collaboration and Virgo Collaboration).
Search for tensor, vector, and scalar polarizations in
the stochastic gravitational-wave background [J].
Physical Review Letters, 2018, 120:201102.

ABBOTT B P, ABBOTT R, ABBOTT T D, et al (LIGO
Scientific Collaboration and Virgo Collaboration).
Tests of general relativity with GW 170817 [J]. Physi-
cal Review Letters, 2019, 123:011102.

DANZMANN K. LISA - an ESA cornerstone mission
for a gravitational wave observatory [J]. Classical and
Quantum Gravity, 1997, 14(6) :1399-1404.

LUO J, CHEN L S, DUAN H Z, et al. TianQin: a
space—borne gravitational wave detector [J]. Classical
and Quantum Gravity, 2016, 33(3):035010.

ABBOTT B P, ABBOTT R,ABBOTT T D, et al (LIGO
Scientific Collaboration and Virgo Collaboration).

Gravitational waves and gamma-rays from a binary neu-

[32]

[33]

[34]

[35]

[36]

[37]

tron star merger: GW170817 and GRB 170817A [J].
The Astrophysical Journal Letters, 2017, 848(2):L13.
ABBOTT B P, ABBOTT R, ABBOTT T D, et al (LIGO
Scientific Collaboration and Virgo Collaboration).
Tests of general relativity with the binary black hole sig-
nals from the LIGO-Virgo catalog GWTC—-1 [J]. Physi-
cal Review D, 2019, 100:104036.

ABBOTT R, ABBOTT T D, ABRAHAM S, et al (LI-
GO Scientific Collaboration and Virgo Collaboration).
Tests of general relativity with binary black holes from
the second LIGO-Virgo gravitational-wave transient
catalog [EB/OL]. htps://arxiv. org/abs/2010. 14529.
MIRSHEKARI S, YUNES N, WILL C M. Constrain-
ing Lorentz—violating, modified dispersion relations
with gravitational waves [J]. Physical Review D,
2012, 85:024041.

DETWEILER S L. Black holes and gravitational waves.
Il -The resonant frequencies of rotating holes [J]. The
Astrophysical Journal, 1980, 239:292-295.

DREYER O, KELLY B J, KRISHNAN B, et al.
Black—hole

spectroscopy: testing general relativity

through gravitational-wave observations [J]. Classical
and Quantum Gravity, 2004, 21(4):787-803.

BERTI E, CARDOSO V, WILL C M. Gravitational-
wave spectroscopy of massive black holes with the
space interferometer LISA [1l. Physical Review D,
2006, 73:064030.

(RfEHE TiEE)



