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LIGO Computing Latencies 

Sharon Brunett, 2015/10  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GWTC-1：False Alarm Rate, Signal-Noise-Ratio
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FIG. 10. Time-frequency maps and reconstructed signal waveforms for the ten BBH events. Each event is represented with three
panels showing whitened data from the LIGO detector where the higher SNR is recorded. The first panel shows a normalized time-
frequency power map of the GW strain. The remaining pair of panels shows time-domain reconstructions of the whitened signal, in units
of the standard deviation of the noise. The upper panels show the 90% credible intervals from the posterior probability density functions
of the waveform time series, inferred using CBC waveform templates from Bayesian inference (LALINFERENCE) with the PhenomP
model (red band) and by the BAYESWAVE wavelet model (blue band) [53]. The lower panels show the point estimates from the cWB
search (solid lines), along with a 90% confidence interval (green band) derived from cWB analyses of simulated waveforms from the
LALINFERENCE CBC parameter estimation injected into data near each event. Visible differences between the different reconstruction
methods are verified to be consistent with a noise origin (see the text for details).

GWTC-1: A GRAVITATIONAL-WAVE TRANSIENT CATALOG … PHYS. REV. X 9, 031040 (2019)

031040-21

GWTC-1：Spectrograms
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GWTC-1：Signal-Noise-Ratio of 3-detectors
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GWTC-1：Signal-Noise-Ratio of 3-detectors

RAA=]1&&aaa�VS4<�M.VAOMR�ONB&SW.4O&VS4<)
(/()
.



https://www.gw-openscience.org/catalog/GWTC-1-confident/html/



https://www.gw-openscience.org/catalog/GWTC-1-marginal/html/



35

D8c�><M.VSd.AS<X
.?HSC1(
+�
-.
� )
)
&(�CO?]S<X�



36

.?HSC1(
+�
-.
� )
)
&(�CO?]S<X�

9.V]O�4V.?W�C.AO



37

BBLVSM�4VO?A]

RAA=]1&&OWP<VV<a�N<M]�VS4<�<?4&B]O?4BSNO&

.?HSC1(
+�
-.
� )
)
&(�CO?]S<X�



38

BBLVSM�4VO?A]

RAA=]1&&4?.MONL�VS4<�<?4&V.AO]A&



39

>F�OCOXA�M.AO4<?SO]

RAA=]1&&OWP<VV<a�N<M]�VS4<�<?4&B]O?4BSNO&

.?HSC1(
+�
-.
� )
)
&(�CO?]S<X�



40

6.A.V<4BO���S]A<?c

>F �.XX<CO? B?SXMOA<X

)
(/&((&( A(�QNaN�BRYRNCR

)
(/&((&, L�(/((�
(0)(M

)
(/&((&
 L�(/((�()0
.M

)
(0&)&). L�(0
)�(
(M

)
(0&)&). A)�QNaN�BRYRNCR

)
(0&+&(, L�(0
+�
.)(+M

L�(0
/�
,-++M

)
(0&(
&(( L�(0(
�
,(M

https://www.gw-openscience.org/about/  

https://github.com/gwastro/2-ogc 

:IF6�(�

)�A:6�

(�A:6�



lBBV[PRa?[�6NaNY?TbR

41

BD7(

��
)
((� )
(0��LNB-Vc1(0
)�(
+(M

A(�
:I(,()(-



lBBV[PRa?[�6NaNY?TbR

42

BD7(

��
)

.� )
(0��LNB-Vc1(0
)�(
(M

A(�
:I(,()(-



lBBV[PRa?[�6NaNY?TbR

43

LNB-Vc1(0
+�
.)(+M

A)�
[Rd�-�RcR[aC�
(.
()(�
(.
)
)�
(.

+�
(.
+
�
(.
+),�
(.
.).�



lBBV[PRa?[�6NaNY?TbR

44

LNB-Vc1(0
+�
.)(+M



l�N[[?cRB�6NaNY?TbR

45

LNB-Vc1(/((�
(0)(M

A(



l�N[[?cRB�6NaNY?TbR

46

LNB-Vc1(0(
�
,(M

A(&A)�
[Rd�+�RcR[aC�
(,()
,�
(.
()(�
(.

+�
(.
.).�



Inspiral

Merger

Ringdown

5��¢µ¡xkt [B.]S�X<?W.V�W<NO]��
À��5��¿��£�
Á�� �������

�o���`�f�
Á���¶��£`��q^re�

テンプレートを使わず，データから波形を再構築．

�¸�°xfi{g�ox��fiko�¹ )�j 
g>�:A&FS?4<�A)b^`ko|mfiko�¹

真貝寿明（大阪工大） 

2019/9/20  物理学会 ＠ 山形大学 

uyqlwk{z}mpj}©`



���à£Ø���uvb·¦×�q�»âp!H�A)lei•��z�q�»â����

�Àä�ã§� �Ì¾�����)
(0&
0&)
��º¬¯��3�¤Ð�¯ 48

A(&A)�ko|m

A(1�DO=AOWLO?�()��)
(,����=.XB.?c�(0��)
(-�
æ�:I(,
0(+�5�5��
A)1�#<COWLO?�
��)
(-����4B4B]A�),��)
(.�
æ�:I(.
/(.�@E@E�
Â�:GE6�(��M.A.V<4BO�=.=O?�I.?HSC1(/((�()0
.J�
Â�N.A.�?OVO.]ON�A<�=BLVSM�9OL��)
(0�

AN1�4]BVY�(��)
(0����ER]aR=ORB�
��)
(0�
æ�)/�NYRBaC�C?�SNB  
æ�QNaN�BRYRNCRQ�a?�]bOYVP�4]BVY��)
)(�
AO1�@?cR=ORB�(��)
(0����"Nf�(��)
)
�
æ�=4:D4�dVYY�W?V[��h!H=�P?YYNO?BNaV?[k  

FIG. 10. Time-frequency maps and reconstructed signal waveforms for the ten BBH events. Each event is represented with three
panels showing whitened data from the LIGO detector where the higher SNR is recorded. The first panel shows a normalized time-
frequency power map of the GW strain. The remaining pair of panels shows time-domain reconstructions of the whitened signal, in units
of the standard deviation of the noise. The upper panels show the 90% credible intervals from the posterior probability density functions
of the waveform time series, inferred using CBC waveform templates from Bayesian inference (LALINFERENCE) with the PhenomP
model (red band) and by the BAYESWAVE wavelet model (blue band) [53]. The lower panels show the point estimates from the cWB
search (solid lines), along with a 90% confidence interval (green band) derived from cWB analyses of simulated waveforms from the
LALINFERENCE CBC parameter estimation injected into data near each event. Visible differences between the different reconstruction
methods are verified to be consistent with a noise origin (see the text for details).

GWTC-1: A GRAVITATIONAL-WAVE TRANSIENT CATALOG … PHYS. REV. X 9, 031040 (2019)
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重力波観測の将来計画
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まとめ

１．重力波観測時代がはじまった 
　　BH-BH, NS-NS．次はBH-NS?  SN?   
２．日本のKAGRAも2020年2月25日から実観測開始 
　　LIGO/Virgoとの共同観測体制構築． 
３．データ解析には，まだまだ試すべきアイデアがたくさんある． 
　　将来計画もたくさんある． 新規参入，大歓迎！

KAGRA

LIGO

Virgo
LISAET


