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RGN i B L EE RS (extreme mass ratio inspiral, EMRI), v A 107% ~ 1072 &%
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®1 FRRERZRENHIYBNEERURE

HEE R/ M, HBEEF¥ER/Re fig -4 Co
0.75 0.009 3.57 x 10" 17407.5
1.003 0.008 4 5.92 x 10'5 12 148.80
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HE%EAEL 3.84 396 x107'" 4463.46 0.064 1152745084844 0.003 187268 1.47 x 10~°
FEA2 1 3.96 x 1071 4463.46 0.064 115180164 0449 0.003 187 264 3.43 x 10~ **
HIERES 0 3.96 x 1071 4463.46 0.064 115146 951 5110 0.003 187 262 5.18 x 1077
A1 0 520.6 x 10724 4 0.064 115 146 951 3439 0.003 187262 5.18 x 1077
T E2 1 520.6 x 10724 4 0.064 115 180 166 2449 0.003 187264 2.49 x 104
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%£4 m=13Mg,v=10"%a=0.9, r = 6 M HRT EFEMIURIEXS 3| 113K =% B2 00

. - , JaY
KAk S/107° fio Co /M faw/Hz Tf
HEAEL  3.84  3.96x 107! 4463.46 0.064 115274508 4844 0.003 187268 1.98 x 10~°
AM%E2 1 3.96 x 10711 4463.46 0.064 115180164 0449 0.003 187264 5.18 x 1077
HIZES 0 3.96 x 10711 4463.46 0.064 115146 951 5110 0.003 187 262 2.60 x 10~ *2
PR 0 520.6 x 10724 4 0.064 115 146 951 3439 0.003 187 262 0
22 1 520.6 x 10724 4 0.064 115 180 166 2449 0.003 187 264 5.18 x 1077

iR 0 0 1 0.064 115 146 951 3439 0.003 187 262 —
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Jie 5 R ) E R AR SRR, At BRI W 4 P AR I B B DU AR 2500 VR R B BB s B
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HZEEL 384 3.96 x 1072 4463.46 0.116 341 000 433 866 0.578 3489116 7.02 x 10~*
HEE2 1 3.96 x 1072 4463.46 0.116 326 710 767 344 0.578 2778755 5.79 x 107°
HEAS 0 3.96 x 1072  4463.46 0.116 321188321191 0.578 2504225 5.32 x 10~°
R 0 520.6 x 10716 4 0.116 253 617 189 442 0.577 9145161 4.84 x 107
R A2 1 520.6 x 10716 4 0.116 259 250 670 403 0.577 9425210 7.39 x 10710
LzBi| 1 0 1 0.116 259 250 756 366 0.577 942 521 4 —

%6 m=13Mgy,v=10"% a=0.9,r = 3.9M HER T EFEMERIEXS 5| S35 =4 B5200

= _ — JaY
$mFAE S/107° ha Co /M faw/Hz Tf
HiZEEL 0 3.96 x 1072 4463.46 0.116 321 188 321 191 0.578 250 422 582 5.80 x 10~*
HE R 2* 0 0 4463.46 0.116 253 617 189 442 0.577 914 516 148 —
AR 3* 1 0 4463.46 0.116 259 122 888 187 0.577 941 885819 1.09 x 10~°
SR 1 0 1 0.116 259 250 756 366 0.577 942 521 471 —
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K7 m=13Mg,v=10"2,a=0.9,r = 6M R T EREMEIBRN 5| 158 =E 82200
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HFEL 0 520.6 x 1078 4 0.064 115149 148 5114 31.872621 51 3.426 91 x 1078
A2 1 520.6 x 1078 4 0.064 447 266 481 384 8 32.037 72212 5.153 353 x 1073
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HiF2 1 0 1 0.064 447 424 928 794 8  32.037 800 88 —
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TR BRI P DR A 97 1 AT e B0 T AR 6 B 532 AN [+

X ANRELN 1Mo BECE R, /MRS ORI AER T, JAS 2 IR
WEFCEi AR (1) ASCHE R RE LKL T, Bt A%2EMH 72 NP s LN
ST 20 s (2) 7E 1070 ~ 1072 BB LEIXTA), | B A5 i DU B 0 o 7 2 7 AR R 5
RN, ATLLZN: (3) B LDy 107 I, M B BEIRAS N 00 AR 2 B e A2 i DU AR AR AN AT
BN (4) BT ERE R, B AR A R DU o R AR MR N, T LU,
R, FATTCR I 5] R & S T B A BIR A TR (5) 7R MR 5T LA A
T NSRRI L ATEE B AL B, SRR AR AR F R SR /)N, 7]
LA (6) £ 1071 ~ 1072 (R Ly A, I PR TP 265 0 DU B R R R UIE T2 3 1Y
SN ANT] 22 o

MIXLEZE AT U Y, o A R R s B DA R L E 2 3 A S AN A 24
K& e /R BRI R E L LA A KB BTER, P AR5 s, mT il LIGO #
Wz, HRIIEMN PR T EMETTREARE S A30h, BATHE T EuEEs)



104 XX 2 #E 38 %

HIREXUE RS KTH A O R APIE MR RIS O, URGE 51 385 5 I s 5 20 B
JAPUSRFE S, BATRAL 5 22 TAE P AT AN 4.

EEPEE

(1]

2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]
(10]
(1]
(12]
(13]
(14]
(15]
(16]
(17]
(18]
(19]
(20]
(21]
(22]
(23]
(24]
(25]
26]
(27]
(28]
(29]
(30]
(31]
(32]
(33]
(34]
(35]
(36]
(37]
(38]
(39]
(40]

Abbott B P, Abbott R, Abbott T, et al. Phys Rev Lett, 2016, 116(6): 061102
Abbott B P, Abbott R, Abbott T, et al. Phys Rev Lett, 2017, 119(16): 161101
Abbott B, Jawahar S, Lockerbie N, et al. Phys Rev D, 2016, 93: 122003
https://www.lisamission.org, 2019

Luo J, Chen L S, Duan H Z, et al. Classical and Quantum Gravity, 2016, 33(3): 035010
Gong X, Xu S, Bai S, et al. Classical and Quantum Gravity, 2011, 28(9): 094012
Kochanek C S. ApJ, 1992, 398: 234

Berry C P, Hughes S A, Sopuerta C F, et al. arXiv preprint arXiv:1903.03686, 2019
Mathisson M. Acta Phys Polon, 1937, 6: 163

Corinaldesi E, Papapetrou A. Mathematical and Physical Sciences, 1951, 209(1097): 259
Suzuki S, Maeda K I. Phys Rev D, 1997, 55(8): 4848

SemerAK O. MNRAS, 1999, 308(3): 863

Hartl M D. Phys Rev D, 2003, 67(2): 024005

Hartl M D. Phys Rev D, 2003, 67(10): 104023

Bini D, de Felice F, Geralico A. Classical and Quantum Gravity, 2004, 21(23): 5441
Kyrian K, SemerAK O. MNRAS, 2007, 382(4): 1922

Han W. General Relativity and Gravitation, 2008, 40(9): 1831

Wu X, Xie Y. Phys Rev D, 2010, 81(8): 084045

Wu X, Mei L, Huang G, et al. Phys Rev D, 2015, 91(2): 024042

Wu X, Huang G. MNRAS, 2015, 452(3): 3167

Huang L, Wu X, Ma D. The European Physical Journal C, 2016, 76(9): 488

Dixon W G. Proceedings of the Royal Society of London, 1970, 314(1519): 499
Dixon W G. General Relativity and Gravitation, 1973, 4(3): 199

Dixon W G. Mathematical and Physical Sciences, 1974, 277(1264): 59

Bini D, Geralico A. Phys Rev D, 2013, 87(2): 024028

Steinhoff J, Puetzfeld D. Phys Rev D, 2012, 86(4): 044033

Bini D, Faye G, Geralico A. Phys Rev D, 2015, 92(10): 104003

Vines J, Kunst D, Steinhoff J, et al. Phys Rev D, 2016, 93(10): 103008

Han W B, Cheng R. General Relativity and Gravitation, 2017, 49(3): 48

Lincoln C W, Will C M. Phys Rev D, 1990, 42(4): 1123

Ehlers J, Rudolph E. General Relativity and Gravitation, 1977, 8(3): 197
Laarakkers W G, Poisson E. ApJ, 1999, 512(1): 282

Boshkayev K, Rueda J A, Ruffini R, et al. ApJ, 2012, 762(2): 117

Binnington T, Poisson E. Phys Rev D, 2009, 80(8): 084018

Damour T, Nagar A. Phys Rev D, 2009, 80(8): 084035

Sasaki M, Suyama T, Tanaka T, et al. Phys Rev Lett, 2016, 117(6): 061101
Bardeen J M, Press W H, Teukolsky S A. ApJ, 1972, 178: 347

Han W B, Fan X L. ApJ, 2018, 856(1): 82

Provencal J L, Shipman H, Heg E, et al. ApJ, 1998, 494(2): 759

Han W B. Phys Rev D, 2010, 82(8): 084013



15 Aifgdl, & R RGP AN BB R AR 5B DU AR o BTE AR R e ) 0 A 105

Analysis of the Influence of the Mass Quadrupole Moment
of Compact Objects on the Orbital Frequency in the

Mass-to-mass Ratio Binary System

WAN Cheng-kai'?, HAN Wen-biao?, JIANG Chun-hua!

(1. University of South China, Hengyang 421001, China; 2. Shanghai Astronomical Observatory, Chi-
nese Academy of Sciences, Shanghai 200030, China)

Abstract: The extreme mass ratio inspiral system is one of the most important wave sources
for space gravitational wave detectors. In gravitational wave detection, a high precision
gravity waveform template is required. Many gravitational wave calculation models use test
particles as small-mass objects at present,while ignoring the influence of objects structure
and its own gravity on the background gravitational field in extreme mass ratio inspiral for
gravitational wave detectors. We investigate the motion of the extended body in curved
spacetime using the Mathisson-Papapetrou-Dixon equation, and the effects of stellar mass
object spin and mass multipole moment on gravitational wave signal recognition. The results
show that there is a non-negligible influence on the orbital motion of the extended body when
the spin reaches a large value in the range of 1075 ~ 10~%. At a mass ratio range of about
10~* ~ 1072, the influences of deformation induced by tidal of the center massive black holes
on the white dwarfs needs to be considered. At a mass ratio range of about 10~* or more,
when the physical spin reaches a large value, the induced-spin quadrupole moment of the
white dwarfs will have an effect on the orbital motion of the objects. The influence of tidle
effect which induced by the massive black holes on the mass deformation of a black holes or
a neutron stars is negligible. Neutron stars and black hole spins have a non-negligible effect
on orbital motion, but the quadrupole moment induced by spin of the neutron stars or black

holes does not affect the orbital motion.

Key words: extreme mass ratio inspiral; Mathisson-Papapetrou-Dixon equation; compact

object; low frequency gravitational wave
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