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Auto-Regressive model　vs   Short FFT

segment = 1/16 sec = 256 points

shift = 1/512 sec = 8 points

freq.

P(f)

AR
FFT

Even for short segment, 
AR model shows precise power-
spectrum.

[mock data, SNR=40, inspiral part]

h(t)

The order M can be fixed at 2～8.

sampling rate=4096

ResultsResults

Ringdown gravitational-wave data analysis with auto-regression method: O4a data and GW250114

! !"#$#%&

'()*+,-./0123045

67,87,/9:

;+(8<=>(#
?1@AB1

"#$%&'()$*+,-./01234-5$4267.8$
9$$"#$:)$/1$;<$
=$ $

>?@ABCDE$
=$$;<FGHIJKILMNOP$

(M, a)

QRSTUVSWXY$Z[\]^_`abc$$

$$*bcde$fghi$4.$j23$kfhi$l.,1m$-nohkp8$

;<Cqrstduvwbcxyz{tC|}$
~�Ä2Å73Ç2178Cduvwbcxyz{tC|}$
ÉÑÖÜá*à/âà73$4267.8Cduvwbcxyz{tC|}

?1@AB1CDEFGHIJKL#

MNOPQRMSCOPQITKLUL#

V;$WXYZJL

[[

foffäãåçéèê Yes

[[

[[

fofëäëåçéèê

Not yet
consistent

\;]I^_P`abcULd

efghaD^_P`i?1@AB1Cjk

合体後3ms-5ms

fofkäëåçéèêíìî el-mnohaD^_P`i?1@AB1Cjk

;ïgãoñgfm$;ïgãopgñ

tMf
= (1 + z)MG/c3

tMf
(M = 62.7M�, z = 0.09) = 0.337ms

óòHôöstHZõúyùûü$

##[pqrsO_5t\uv=w;78,7))+x7#y=<7.z
MNOPQRMSCOPQITKLUL[[

ref) Nakano +, Phys. Rev. D 99, 124032 (2019)  [arXiv:1811.06443], Comparison of various methods to extract ringdown frequency from GW data 
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GW250114_082203について
（2,2,1）は (2,2,0)と判別できない 

（4,4,0）はノイズ帯のようで，見えたとは言い難い 
(3,0,0) はHanford/Livingston双方で見えている
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O4b (event paper) 
PRL135(2025)111403,  
PRL136(2025)041403　

(M,a, z) = (62.7+1
−1.1, 0.68

+0.01
−0.01, 0.09

+0.01
−0.01)

network SNR = 80 ! 
ringdown wave (2,2,0)+(2,2,1)    
                        ±30% Kerr

O4a (GWTC-4，arXiv: 2508.18082)　
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well-known mode hierarchy (2,2),(3,3),(2,1),(4,4),(3,2),(5,5),(4,3)ではない
等質量，スピンなし連星の場合，m=奇数　は発生しない
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GW250114_082203 
delay time (msec) from t0 
(+ delay, - advanced)

LHO  = 3.10759
LLO  = 6.12127
Virgo= -17.2618
KAGRA= -9.36207

data file t_merger if 8.20 s
LHO t_merger = 8.20311
LLO t_merger = 8.20612
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（2,2,1）は (2,2,0)と判別できない 
（4,4,0）はノイズ帯のようで，見えたとは言い難い 
(3,0,0) はHanford/Livingston双方で見えている

!"#$%&#'(%)$&&* LV paper !"

fQNM 

@Earth !"

+,-.##/0

1234567

89:93;<=53

GW231028_153006
delay time (msec) from t0 
(+ delay, - advanced)

LHO  = 17.1862
LLO  = 20.494
Virgo=  0.0273621
KAGRA= -6.52488

data file t_merger if 8.2 s
LHO mergertime = 8.21719
LLO mergertime = 8.22049
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(+ delay, - advanced)

LHO  = -13.0429
LLO  =  -4.1575
Virgo=   5.58498
KAGRA= -17.847

data file t_merger if 8.8 s
LHO mergertime = 8.78696
LLO mergertime = 8.79584
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(+ delay, - advanced)

LHO  =  18.6607
LLO  =  14.5
Virgo= - 6.2312
KAGRA=   7.98064

data file t_merger if 8.7 s
 LHO mergertime = 8.71866
LLO mergertime = 8.7145
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LLO t_merger = 8.18463
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