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An Analysis of the LIGO Gravitational Waves Data
Based on Newtonian Approximate Model

Wu Jie
School of Physics and Astronomy, Physics, Grade 2018, Instructor: Wu Di

Abstract: On September 14, 2015, LIGO successfully detected the first gravitational
wave event GW150914. On the one hand, the success of this exploration proved the
correctness of General Relativity, on the other hand, it provided a new detection
method, opened a new prelude to gravitational-wave astronomy, and is of great
significance to the research of physics and astronomy. At present, the data processing
and analysis of gravitational waves generally adopts the way of filtering to match the
prefabricated gravitational waves templates with the detected data, so as to calculate
the relevant parameters of gravitational waves sources.

In the data analysis of gravitational waves, the importance of the theoretical
model of gravitational waves templates is obvious. The gravitational waves model is
usually constructed by Post-Newtonian Approximation, Numerical Relativity and
other methods. The Newtonian Approximate Model provided in this paper aims to
analyze the actual situation of binary system through simple low-order approximation,
analyze LIGO gravitational waves data and calculate the chirp mass parameters of
binary system.

This paper mainly consists of the following three parts:

The first part describes the research background of this paper, mainly the
historical background and research status of gravitational waves, covers the
information related to gravitational waves, and determines the types and properties of
gravitational waves studied in this paper.

The second part expounds the core discussion content of this paper, including
Chapter 2 to Chapter 4: Chapter 2 mainly deduces the Newtonian Approximate Model
and analyzes the relevant properties of the theoretical model; Chapter 3 mainly
focuses on the basic data processing, looking for the gravitational waves signal from
LIGO gravitational waves data, and doing time-frequency analysis at the same time;

In Chapter 4, the Newtonian Approximate Model is applied to the actual data analysis,
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which is fitted with Numerical Relativity and gravitational waves events.

The third part expounds the summary and prospect of this paper, which mainly
profiles the contents of each chapter and puts forward the next research plan.

The Newtonian Approximate Model used in this paper is conducive to learning
and understanding the relevant knowledge of General Relativity and gravitational
waves, basic fitting and data analysis of the system, and rapid determination of system
evolution and related parameters. Through the establishment of the Newtonian
Approximate Model, this paper processes and analyzes LIGO gravitational waves data,
and finally combines the model with the actual data to analyze the chirp mass
parameters of the system, so as to verify the accuracy and feasibility of the Newtonian

Approximate Model.

Key words: Gravitational wave; LIGO; Binary system; Newtonian Approximate

Model; Data analysis
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O, M HBREBKPI RS, 51 15ESIFRBOR, HFENREERRL .
2.4 B| TR
2.4.1 WEE 5 &=

5| e, RTFRERFEHEHAA L BRERET ST E, Mmaefl
FHWEWK S & (chirp mass) , [FIE 5] J73% i A 005 2 DU R Ge e i A AR T A%
BRAE X W WK 5 2 M, R0 5] 03 F AR w,,, B8 XCWTR

3
5 5 (m1 m2) °

M,=p'm’ = - W = 2w (2-36)
(m1 + m2) ’

K30 (2-36) RN (2-35) AT LA 51

_32&(GM&@>?

P=%5 e\ 2 (2-37)

WERGHIZNRE S BRI A G LR E = - Gmuym,/(2R) , B IT
B =€ R = Gmymy /w®, THEREEERIENXPPIEFIZR, HIVERKG =M
S TIPSR R S e

G2MPw?)\ L
E( 32“> (2-38)
T El HEES TR, RENEELRFGLGEE, WEWHEP=-dE/Mt, ¥

K(2-37)F R Q2-3)MRNH A, KT 51 J1 AR w,, 5 5215 2

3 3 _5
Wy, =27-5°T 8<(igﬁ) ’ (2-39)

Forfl, r=to—t, TARBEESEIFIOMIL R A IR, -3
Q3T)LARIF M =, LU EINUR REHIE 2 R FIS] AR T p 3
T ) AR
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v
w“”

R—225 1 (Gm) ¥+ (
(2-40)

1,
p=275%

Q%
\]
,:;
/\
Q
v
N

2.4.2 5| 1k IEHE
%ﬁéﬂﬁa%ﬁﬁzwgwﬁﬁkT%ﬂﬂEﬂtm B, A (2-31) 1 i % A
U = wt N 1% MAH IR AL H A FH 4

v, — /gw(t)dt2(t0t) <5GM> (2-41)

B Q2-40) AR Q2-4D)RNAR(Q2-29)5 35 F71i R B £k

1/GM, 25\t /1+ 20 5GM, 53
h+r< 2 >4<c7'>4< (;OS )cos[?( o3 > 87'8+\IIO}

5 1 5 5
h, = 1 <GA2/IC> 4 (2_) 4cosﬁsin[2<5€§/fc> 8184 ‘Ilo}

r Cc

(2-42)

[l 1 G153 2058 T 51 DB MIRIE N f = w,./2m, N T IFETFEAGHE,
¥ 30Q2-42) T B H B A R A OB, BK BEBS RN BT B R S0 v R I St
Tt mAE R

5

h=3.37%x10% “ﬂf

1

T *cos (1517M

5 5
8.8

* qj”) (2-43)

3

5 _
f=150.33M.%7 °

Hra N 0.5~1 2 AFIHE, b A R — 1 HRZIEN, IEsZES YA T,
HHS I /2 AR R EZ L, RIA K (2-43)H B S - i Eﬁ%'séﬁﬁ Mpc 1E AR
B, WA R M, AT KPR Mo BN R4, d@id x0(2-43) 2 il EE .

21
1.5_><10

1
0.5 1

0.

Strain

-0.5 1

-1

-1.5 T T T T 1
0 0.1 0.2 0.3 0.4 0.5
Time(s)

Bl 2.5 AR AU AR B
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Frequency(Hz)

=
N

w
(5]
N

[y
=)

0 0.1 0.2 0.3 0.4 0.5
Time(s)

B 2.6 UL AUSIR I

WL 2.5 FAE 2.6 TTRLE H, 51 00k B HRE B S TA) AT 3 K, A2 o B
[AARWTIE R, A BRIE TS, FEFER G R Z, PRIERSZR AR ZRIGm, & T8
K, RIGIER G BARIEERIE . B 0 (2-43) AT AE H, 784 UL AL
SHFARFESE RS, 51 71 HAE R 5 0UR R WEROR &M, A 5%, Tk
ARIE R 5 0UR 2R G5 (WA RS & M, FEE B8 e A 5%, K AR 2 A SO i 2 B AU R Y
A LIGO HE & 50 W XUE R GiAH S B 4l A e 471

2.5 E B IE

AT RARIBAT P — B L, RIS AT PIE —BOuRER, 2L
B0 Re /. MHEBUE RG] RS SRPUEARR, WEZEHEZE—A ), H
A% 2 R0,

_ 32 G mim3 (my +m,)

P 5 5 f(e)
> T a73 37 (2-49)
fle)=(00—¢€?) ? <1+ ﬂe2+ 9664)

MI(2-44) T LA, A0 [R5 B A RO U RGeS D3RS DR 5B 0% e 1
Ko MTEPIE, e=0, Wfle) =1, SREQ-35MFE: X THIRMIE, f(e)b
B LA RS K, BRG] 2.7 B, B PAS] e S DA pl 2 36 K.
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0 0.25 0.5 0.75 1
[

Kl 2.7 f(e) bl B0 EMELEIR
T I AR [ AR TE ) A ATt B, A R AR S AL, R DA R e AR ]
S, WA T8 8 AR B E 1) R, AT DL B R B K il o AT D e
P TE ¢ R EOAF SR AR, BB
da 64 G*um?

-z 73 37
dt = 5 cfa® (A—e?) 2<1+2462+9b64> (2-45)
d 304 G3um? -3 121
ditj**F c;ffl e(l—e?) 2<1+304€2> (2-46)

(2-45) K 2-46) L — A —Fr AE eV 7 22, — i ol N axX A R4
T ANTEERATAR), T AASC R G RAGEUE R, A2 DR 7.4 Runge-Kutta
SR 421 @it Matlab H ) odedS SRAFZARG AL T FRAL, i MA [ B 7
ANE R R ES O 2 S DL T, FLPU0E 20 22 B I (AR iR B R, BARTS
manE 2.8 fE 2.9 FiR.

—e=0.1
- =e=0.2
0.6 1 e=0.3
- =e=0.4
—e=0.5

e=0.6
0.4~ —e=0.7

021+ -

o -
0 . —L - —
0 0.1 0.2 0.3 0.4
Time(s)

B 2.8 AR Lo AN FI L T 1800 R B I 8] (A2 AL &
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0.5 —2=9.0¥10°— -a=1.2%10°
a=1.5%10°— -a=1.8*10°
o4 —a=2.1*10°~ -a=2.4*10°
‘l —a=2.7+10°
034
W
|
024" |
! \
I 1
0.1 ! |
' 1
|
0 . ! ’ : :
0 0.2 0.4 0.6 0.8 1
Time(s)

B 2.9 FIARFABAN [0 T 180 R B I 8] (A2 AL &
WAL 2.8 FIE 2.9 nTLUE Y, BEARN AR L, BORASZBENEL 0,
HUEPUIE 2 B I R AL T2 AR T B, XIS LA BE i [ e .
XFFAHFE A RA I XNUR R 8, B0 AR, WattRiE T 0, XAMES 1RE
EEPUBOS, MHUREGE TR X T aE R ERPUE, P RAECN,
MG T ETE, W GRS, B NREE RN, hyu PR e

PN

HEE -

EIRE P WO DAY o, BTE [ A R RN AR R, 35 SERBR 1% AR — % 1 22
5, HRATLGEMER 2T, SR RGP SR A&H 2l T RBHE, AAX R
51 T3P AIBIY Je 25 T2 Bt B2 A B T BB AR — 250 Bt LA SCRHE XU R 481
BRI, AR REHUEE MR PUE, e RAABI IR R, A%
R P TEREAT B 0 ST ANEE L, AN IR BUE R 1 -
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35 LIGO HiEaE

3.1 LIGO ¥ig4%H

I 5 T JBHAT I D O — B TR BT T LIGO RR G E/NA
A virgo SYE/NALVCO) DA KR T — RV, M 2015 55— MR 2 )
BUE IR G I GW150914, 2017 458 —RBUE T EEIF GW170817, EE|
LAE S TR AN KIS 1A i g Ay, A R0 i) 51 e &L
M A RBAEANFH P ASCEHT 2 H LIGO. Virgo. KAGRA &1F
YA — 21 5] 13k H3R(GWTC), fELE ) GWTC 153K H 2 MR KA 1) 7] 5E46
MZEAE, AF GWTC-1. GWTC-2. GWTC-2.1 fil GWTC-3[43:441,

LIGO Al Virgo 28 —ABOGT AT J3BARMER X 51 J1ip 5| AR IS 23 )3 38
DA K S5 R0 P i T 7 AN A2 st S S IR, IR SR S EURE K R AR AR, A
PRI ZE AR A T F A DR AR, I H HRRWONBE S, B
5 T3P B R 25 5,

X GWTC, HXPANRAT G 1k ERE O &4l 17— & L E 3 4,
R TARAES] S S —807), HEUR O R 2 TR EE R,

() B SO PR AL T A SR RIE R, BL timeline SR, {#F GPS 4i—
], 14 GW 150914 XUE & I A 1126259462.4

()X SR BRI NARAE R, IE IOV R N AR S, &
PRATEL0 ™ ity , B ZABOCT AT TR &5 ) R L R 7102 A4,
J AR {5 R AN )45 845 B ) R AR IS 5

(Z)RTESEIENIRFEZE, LIGO FRAERIAR] T 16384 Hz, N T 7 {E4b
PGS, A SCAE R AR B .  HERFESR Oy 4096 Hz, A JR G HUE R+
Rz —,

(V) BRI 25 AR RS B, R BRI, PR #8ACAS: H1 /43 LOGO
DAREE, L1 AR LIGO FI3ciii, V1A Virgo, G1 A& GEO. ALl H 1)
BHE R IE T LIGO 1 L1 F1 H1.

3.2 MR AR
75 2RI LIGO HRIIAE RGOS , 40748 55 FHRI 3] 315 5 R =2
B I B R PR B VR (A M 2 5 T L SCRRS M, MO 3] B HO6 T
BUFHERBNOE S a7 SR, F AT, BT, AR
|y R A8, A 1 K NV R AR ), S 74 PO 5 8 7
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PRI EE rF A BN 75 M Bl — NI TR e U (2) 5 AR e M 7 5 R0 4 it A5 5
A5 PG T hOAFELNER R A®) =n(t) +h({) . SKPRHI XA 751
AR, SRS RERFE R, BB BN ()5 5l n, = n(t,) , £ B35
o =n(f) . BB PRSI s A, JEI RS Th AR S, (f) RALE
P, BAARSRR IR

Bl (Da(M)] = 5807 — 5. (-1)

M 35 Ty 8 P 2 B P PR,  Hz Y, FE AU BL 22 1 R TR 1S 25 CASD) /S, (f) »
WE 3.1 fos.

]0-20 4

‘“”'“ﬂw»ww

10-24 4

ASD (1/VHz)

10? 10°

frequency(Hz)
Bl 3.1 #RIEWE%E ASD
LIGO #3035 T~ 1530 5 21 1) e 75 PR IR 7F 100 Hz &b KZI7E1072 Hz /2, T ER M

B0 H bR REEALE 100 Hz AL F)3E 4} 1072 Hz 2 . LIGO it (K E M IR 7E 10 Hz,
B F 20 Hz LN E S0 78 AR EH, WRPRAERDARTES
KEEREIPIRE, A e s BEAR B R IG5 5 IS B, AU HRFEZ 0 4096 Hz,
T B T 55 B0 R 2048 Hz LU R4, It DAASCIER B & 20 Hz ~2 kHz #3531
ASD.

3.3 R
LIGO #RUUZ% Hp (10 75 2 P22 1K, AT DR 2R 5y b 7RSO AT R AE . /b7
Kol 1055 — 5 Al P PO A AR e (FFT) K IRk 1) SR 46 i3 28 e 2 4l o
BRI e LA 4 S %) B B DA R 7 R i R, 6P B HEAT B4 SRS eI gk
B AR B 35 Hz ~350 Hz ¥4 Hd sy, Bk 7RSI HO T FE B e, DL K A )
AR, R T2 S R WM A e I U L R e GFFTD
AT P RSB GF HS 5 BT A B SR . BRI AR R0 500,
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FFT Whiten d( ) iFFT

dt) — d(f) o du(f) = 750 d, (t)

(3-2)

-19
8 x10

Strain
<

-9 -5 -1 3 7
Time(s)

K 3.2 GW150914 J5 th 503k

Strain
>

-0.5 -0.3 -0.1 0.1 0.3 0.5
Time(s)

K 3.3 GW150914 &3 5 %54

Hrr, 3.2 MIE 3.3 hp5lh GW150914 JRIEEE S HAC PR B8
JRAGEE B E LA 10 £, RONTERTE A rd a3 — e iEE, Br
PLEAAL G B TR R AR AR BE E,  HAR B NAR 1072,

3.4 NP H

AN A M R B AR M — R, FEAE S T AR R A A, LA
AAE R B AR e (STFT) I 2L, & O RS HIEN AL, W
A FTE N, AERA R B/ N, fiak 7 STET ISk, &t
7 STFT HER KB =M RAEEE, AT X415 5 Bif 5o i3,
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18 2.4.2 (5] I3 i, i@t :0(2-43) AT LA H, A0l 5] S sl vh,

1 73R I 1] ) AR A Ok R 5 WRRK BT B A O, AT DASE I B AR v g A e AR

5 PRI AR EE 7 AT, AT 20 B XU 2R ek o b — 7 v il Ak 2

Je B 2 3R 1, 7 T AR 48 B B A P v A e AT X B A AT, AR SO I

BN AR (CWT), Horb LIGO By ##iE b B F 2 Sin-Gaussian /M,

N T J7 A — 0 B E A A B O B, ASCR 2 f) 12 H) Morse /N, #
Kl 3.3 FsEdR 1T CWT 4y E 3.4,

512 1.2
256 ‘
0.8
128 0.6
0.4
64
0.2
32
-0.1 -0.05 0.05 0.1

Time(s)
Bl 3.4 5] 3345 5t CWT 2845 i A&

WL E 3.4 W LLEH, ﬁﬁ%%“?ﬁﬁ@i#ﬁ%ﬁ HIA M 35 Hz 3
H_ETFE] 350 Hz, BESTEAXAE] 0.1 s, XK RIE SFOAME S, XRKA
TACCEE SNSRI I P 51 B 25 3 o E%4$¢ R A B (1 B Ak PR
Jiids X — R 5 T rpc AT A B, RIS 45658 2 &b i AR Bl 51 /i
A, S0 b A 8 5] i S AR R N WA Rk i S

—

Frequency(Hz)
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SPAE R R

4.1 BAEAERHEXT o

N T B A BT AR RS () TR, AR5 K AR S Y (NA-modeD) 5 LIGO
BB ARGT 8 (NRD AL 5 i A AR5 45 TS B0 AT X LA, XA TR
B R G, KA R IR 2 A A [F 0% S, 8 B AR X v A A i
IR il G an B 4.1 FE 4.2 Fos.

-21

15710
: |
0.5 1
g
o
»n
-0.5 1
-1
-1.5 T T T .
0.25 0.3 0.35 0.4 0.45
Time(s)
B 4.1 BUEAXT S K
21
1.5- x10
1 -
0.5
g
o
173}
-0.5 1
-1+
-1.5 T T T T
0.25 0.3 0.35 0.4 0.45

Time(s)
Kl 4.2 A B A R ATl 7 ]

I 4.1 MK 42 v LUEH, ERIE T, BUEARXHE AN F 0L R +-7)
P, P ERIEAAEAL B L —30 AREE, W pusis Jo B e,
FEXUR RGN R IR AL, rUME S IR Beaa T 95K, P HAES IR
B, EEARR A 1 5 B E IR B e T E BB 1k
PRiEIZHTE T 0 AL, W HBA ML KR Bk B, ABHn s

22



AR SHTENE YR

FETEL By BN 5 IR B B i, S AMERXHE AT BRI AW &, (HRE G TP
BUR IR 5 B BT & o X1 R G 8] BE DA LG B 25 2 B A an B 4.3 Fios

—-=Velocity of NA ——Velocity of NR
—-=Separation of NA —Separation of NR

0.7

Velocity(c)
]
Separation(Rs)

03}

0.25 0.3 0.35 0.4 0.45
Time(s)

Pl 4.3 Bl AE S AN AT ADUASE AR AL FX) A oF 3 PR AT 1
FEE 4.3, HIXHE R RS AR Ot e (U ELAE, AR R
e XU AR G TA) BEAE O LAt PL PG 42 R, B EUAE,  BARRIA R -

3 2
Velocity = % = Grcn37rf Separation = % = 2RGcm (4-1)

X TN AL, A W LIS AR UL P 2 40 26 B BB AR VR RSP s 15— 5
X AR R, T B RSSO ) 25 B 2 ELATE AR DL IS AR — 5 E
FERE S FEAA R BE B A A, AR S, Z R BB R BB AR
BRAEAR 1k, A BT ALV R F) P, A KT 3 L AT B S £ 5 - Ak 73 sl T
FIRH 0. AR BT, [FBIE B —FE, A0 U R A e i pir BOI & I B B 399,
SHUEARHEHINR B GILAY) &, (ERAE S I BUR IR S B BT &

%1022

512
5
256
—_ 4
N
=)
) 3
£ 128
=
g
E 2
64
1
- -
32
0.25 0.3 0.35 0.4 0.45

Time(s)

Kl 4.4 CWT 224 J5 I BUE AR R IR BT 5 AF 0L AU R DL &
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Kl 4.4 2B 4.1 HEEAHSARNREIE R, @i 3.4 ) CWT A8 4 3|
AT, 5 A B U A R A i 22 (2-43) U A

ATLAVE P B AR R A I AT Ty, AR A TN ], BB A X R
R B B KA VA, T At AU A 28 T I8 55 K. PR R E ) &
FEAZARA b, AR DU B m] DU AL PRI ASE SOUKIAE ARG U8 IR AT 2R AR 46t

BARTTS, AR PTE B XN 85, AR, AR s A e
—E R B ABUE A X R AU BRI &, JEHAELE TR B Ba A& FEBY B 1 .
BIREG I B AR S0 B, A iAo MG S5 K 0 BUE AAEAER
THOL, AHR SR EAEISE i, Rl e S v, w] DUR EFHb AT & B,
AR T B 24 5 S BREAR 6 L 43 #

4.2 5| JIP R AT

4.2.1 GW150914
T I B AR TR B UGN B, AT DAFE — e AR FE IR At AU 2R )
HERAE, FEARTYTH, Hadt— B Iur b, A ina s S LIGO wgt M
FITERI B 15 J73 AR Bt . BEROGHEL B 12 GW150914 F4f, R4
FRZHIE 4.1 FralbY, :fil O R EITE R 4.5 FINAE 4.6.
# 4.1 GWI150914 FHHHKSH

ZH H i
BT E M, 28.6 Mg
RFEmM 66.2 M
i 440 Mpc
1 5_x10_21
—LIGO data

—NA-model waveform

1.

0.5

0

Strain

-0.5

-1

-1.5 T T T T
0.25 0.3 0.35 0.4 0.45
Time(s)

K 4.5 GW150914 5 2R T AR L L&
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22
512 x10

4.5

4

256 35

3
2.5
2
1.5
A 1
32

0.25 0.3 0.35 0.4 0.45
Time(s)

K 4.6 GW150914 5 2R A Y i AL &

fEE 4.5, BoRT LIGO TEXUR R G A IR I ZIM BRI AR, 7RI
WP AT DUE 5] TS T BEASHARANR(2-43), il A4 Wi AR A
T, 3 B 5 SEBREAE H 1 5] 135 S AT IS, v DUREF FIAF & 52 hrfE 5
FEAFF BT, 51 135 SRR, A8 S s e 8, SHAHER
if, fERWEAAEA EJLTES, EEHMBEI, RN HILE S KRIEG,
B HE A RRAR U 1 75 5 S Bl

R 4.6 F1, #E 4.5 o LIGO BRINEIFI G J¥ 55, @it CWT &4k, &
e A E . ERSE T, 5l J1E S R A R R, RS ZIA
— AN R o AT LS T B 2 ] AR it R T LURIF R R 545 5, TE& I
B ZIETIE5 K. MAEGHATREL, 51 1E 5 A E5R, R TR RS
s, TESHRES.

BT S, AW U Y Fr i s e A it 28, 5 GW150914 51 J79%
HASERR IR T AT, BARERGE M B G| D15 5 el s s b, JF A
EGFERZIa TS K, (ARES TG IR, A2 rRIEFRFEA ,
WA 2, AT DA G A 0 AU R A A

4.2.2 LIGO ## Xt bt o3 #r

WIdE GW150914 5| 3k S SeBrdc o b i, 78— FR R B3k 1 4
W ALY R B LIGO 51 733 8s o A iy el AT MR e . 7EACTT R, LT
18 > LIGO Bt 7t /INH B8R 2 1) 51 39 A8, adad A= Wil s A kAT 405 40 AT
THHRAUR RGEMARR R S5, JEHS LIGO 4N RASEGHATIRENHT.

LIGO #RillFH HaiAm) 5l 71 miE |y, R EAR 18 4517
WA, BREMEKT 15 B4, R ERIGEAK, EREES S I ES

Frequency(Hz)
—
[
=]

N
-
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© zF0iEST

DAL

AR SHTENE YR

W SR, ARSI A SO R JTE R T oM [RIRFAERT LIGO %4

P A B B R, HdE AR A — AR, S EUR S BRI R B R AR AR,
NS ES A& NN R R W e 2 PO PN E A P G B U] N i ST
BT DAAR T R Rl I i A LA AR 2R, A A DR RGO B, X6
18 A5 T A SR E A B 4.7 B o

512 GW150914 T 512 GW170608
/» 3256
< 128
?',' 64
E 32

-0.1-0.05 0 0.05 01

-0.1-0.05 0 0.05 01 -0.1-0.05 0 0.05 041

T 517 SW190408-181802 ¥ 512 GW190412 ¥ 512 GW190521-074359
/) > 256 3y = 256
[¢] [¢]
. S 128 P S 128
~ q?.’- 64 ?',‘ 64
I 32 T 32
-0.1-0.05 0 0.05 0.1 -0.1-0.05 0 0.05 0.1 -0.1-0.05 0 0.05 0.1
T 517 SW190630-185205 ¥ 512 GW190728-064510 ¥ 512 GW190814
; 3256
jf S 128
?.; 64
> 32

-0.1-0.05 0 0.05 01

-0.1-0.05 0 0.05 01 -0.1-0.05 0 0.05 0.1

GW190828-063405 T 512 GW190910-112807 T 512 GW191109-010717
3256 A P 5256

-0.1-0.05 0 0.05 0.1

S 128 S S 128
?',‘ 64 % 64
I 32 T 32

-0.1-0.05 0 0.05 0.1 -0.1-0.05 0 0.05 0.1

GW191204-171526 5 ., GW191216-213338 ., GW200112-155838
T T
> 256 /) > 256
: :
< 128 £ 128 /}
?',' 64 ?.; 64
S 32 S 32
-0.1-0.05 0 0.05 0.1 -0.1-0.05 0 0.05 0.1 -0.1-0.05 0 0.05 0.1
GW200129-065458 7 .., GW200224-222234 7 ., GW200311-115853
L A T
] > 256 > 256
/) € 128 7/} € 128 ")
%64 §64
S 32 S 32
-0.1-0.05 0 0.05 0.1 -0.1-0.05 0 0.05 0.1 -0.1-0.05 0 0.05 0.1

Time(s)

Time(s) Time(s)

K 4.7 ABHEAEY 5 LIGO 5| 718 i il &

EE 4.7, R 18 NGB AE AT A HE, $R-ALS] JiE 5 0T Hil
if CWT AR He RIS, UL /PO DU I i 2k, 1 PP R (R 1) 215
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@ sF5miExY AR VIO ST TEN S PR

SAERF R, XN G| 1A T AR AR R
AILVEH, 51 0BdE S S A b, SR 240G iy, wl
PLIE I fth 22— 22 20 BT XUR R G AWK T &, DR A=l AU R D2 LU LR 1)
ARl By DA IR B R i A&t 28, EE LIGO HIZHUFahu R,
BARZ BN E 4.2 B,
#* 4.2 LIGO UG AU A& 25

5l 77 % = LIGO % #/M; NA-model % #/M
GW150914 28.617 27+
GW170608 7.9702 8.5115
GW170814 2411 23+
GW190408_ 181802 18.371y 1947
GW190412 13.3704 14+2
GW190521 074359 32.1752 3074
GW190630 185205 24,972} 26+
GW190728 064510 8.6707 9+2
GW190814 6.09797 6.572°
GW190828 063405 25754 26.5172
GW190910 112807 34.374 36412
GW191109 010717 475128 49+2
GW191204 171526 8.55108 7.9%08
GW191216 213338 8.3370% 8.67 ¢
GW200112_155838 27.473¢ 28110
GW200129 065458 27.2134 26742
GW200224 222234 31.17°32 295715
GW200311_115853 26.6+2* 25+

£ 42 BIRT 18 A5 14, LIGO 45 1 115 B0E H A 4= i ALl s
LIS EGEE . 5] 1 2 2 TR, BT AJEE A A5 A X R K T R AH
X 5% 25 R LB

RFL YT R R 2 R 5o 35 22 B R

. . o Mass
Relative chirp mass = Mass of LIGO (4-2)
Mass — M f LI
Relative error — |M258 —Mass of LIGO] _ ; 0, (4-3)

Mass of LIGO
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TS AR G R Rk R E A AR R 2, )R P LIGO A H I HRAZE NS HiITHE, A
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