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LCGT and the Global Network of Gravitational Wave Detectors

LCGT
 (Large-scale Cryogenic Gravitational wave Telescope)

Underground

• in Kamioka, Japan

Silent & Stable 
environment

Cryogenic Mirror

• 20K

• sapphire substrate

3km baseline

Plan

• 2010  : construction 
started

• 2014  : first run in normal 
temperature

• 2017- : observation with 
cryogenic mirror
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Latest LIGO-VIRGO Results 

� Latest observation 
ØO3a April 1 – Oct 1st, 2019 

(O3b Nov 1, 2019 – Mar 27, 2020) 
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� Network duty factor:
triple 44.5%, double 37.4%, single 15.0% Down 3.1% 

Latest LIGO-VIRGO Results
Latest observation
• O3a April 1 – Oct 1st, 2019
• O3b Nov 1, 2019 – Mar 27, 2020

Network duty factor
triple 44.5%, doble 37.4%, single 15.0%
Down 3.2%

Fig. 3, arXiv:2010.14527
LIGO-VIRGO collaboration

8JGW-G2012228 

GWTC-2: Compact Binary Coalescences Observed by LIGO and Virgo During the
First Half of the Third Observing Run
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2019/4/1, 15:00 UTC – 2019/10/1, 15:00 UTC
39 candidates
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Event M
(M�)

M
(M�)

m1

(M�)
m2

(M�)
�e↵ DL

(Gpc)
z Mf

(M�)
�f �⌦

(deg2)
SNR

GW190408 181802 42.9+4.1
�2.9 18.3+1.8

�1.2 24.5+5.1
�3.4 18.3+3.2

�3.5 �0.03+0.13
�0.19 1.58+0.40

�0.59 0.30+0.06
�0.10 41.0+3.8

�2.7 0.67+0.06
�0.07 140 15.3+0.2

�0.3

GW190412 38.4+3.8
�3.7 13.3+0.4

�0.3 30.0+4.7
�5.1 8.3+1.6

�0.9 0.25+0.08
�0.11 0.74+0.14

�0.17 0.15+0.03
�0.03 37.3+3.9

�3.9 0.67+0.05
�0.06 21 18.9+0.2

�0.3

GW190413 052954 56.9+13.1
�8.9 24.0+5.4

�3.7 33.4+12.4
�7.4 23.4+6.7

�6.3 0.01+0.29
�0.33 4.10+2.41

�1.89 0.66+0.30
�0.27 54.3+12.4

�8.4 0.69+0.12
�0.13 1400 8.9+0.4

�0.8

GW190413 134308 76.1+15.9
�10.6 31.9+7.3

�4.6 45.4+13.6
�9.6 30.9+10.2

�9.6 �0.01+0.24
�0.28 5.15+2.44

�2.34 0.80+0.30
�0.31 72.8+15.2

�10.3 0.69+0.10
�0.12 520 10.0+0.4

�0.5

GW190421 213856 71.8+12.5
�8.6 30.7+5.5

�3.9 40.6+10.4
�6.6 31.4+7.5

�8.2 �0.05+0.23
�0.26 3.15+1.37

�1.42 0.53+0.18
�0.21 68.6+11.7

�8.1 0.68+0.10
�0.11 1000 10.7+0.2

�0.4

GW190424 180648 70.7+13.4
�9.8 30.3+5.7

�4.2 39.5+10.9
�6.9 31.0+7.4

�7.3 0.15+0.22
�0.22 2.55+1.56

�1.33 0.45+0.22
�0.21 67.1+12.5

�9.2 0.75+0.08
�0.09 26000 10.4+0.2

�0.4

GW190425 3.4+0.3
�0.1 1.44+0.02

�0.02 2.0+0.6
�0.3 1.4+0.3

�0.3 0.06+0.11
�0.05 0.16+0.07

�0.07 0.03+0.01
�0.02 – – 9900 12.4+0.3

�0.4

GW190426 152155 7.2+3.5
�1.5 2.41+0.08

�0.08 5.7+4.0
�2.3 1.5+0.8

�0.5 �0.03+0.33
�0.30 0.38+0.19

�0.16 0.08+0.04
�0.03 – – 1400 8.7+0.5

�0.6

GW190503 185404 71.3+9.3
�8.0 30.1+4.2

�4.0 42.9+9.2
�7.8 28.5+7.5

�7.9 �0.02+0.20
�0.26 1.52+0.71

�0.66 0.29+0.11
�0.11 68.2+8.7

�7.5 0.67+0.09
�0.12 94 12.4+0.2

�0.3

GW190512 180714 35.6+3.9
�3.4 14.5+1.3

�1.0 23.0+5.4
�5.7 12.5+3.5

�2.5 0.03+0.13
�0.13 1.49+0.53

�0.59 0.28+0.09
�0.10 34.2+3.9

�3.4 0.65+0.07
�0.07 230 12.2+0.2

�0.4

GW190513 205428 53.6+8.6
�5.9 21.5+3.6

�1.9 35.3+9.6
�9.0 18.1+7.3

�4.2 0.12+0.29
�0.18 2.16+0.94

�0.80 0.39+0.14
�0.13 51.3+8.1

�5.8 0.69+0.14
�0.12 490 12.9+0.3

�0.4

GW190514 065416 64.2+16.6
�9.6 27.4+6.9

�4.3 36.9+13.4
�7.3 27.5+8.2

�7.7 �0.16+0.28
�0.32 4.93+2.76

�2.41 0.77+0.34
�0.33 61.6+16.0

�9.2 0.64+0.11
�0.14 2400 8.2+0.3

�0.6

GW190517 055101 61.9+10.0
�9.6 26.0+4.2

�4.0 36.4+11.8
�7.8 24.8+6.9

�7.1 0.53+0.20
�0.19 2.11+1.79

�1.00 0.38+0.26
�0.16 57.8+9.4

�9.1 0.87+0.05
�0.07 460 10.7+0.4

�0.6

GW190519 153544 104.2+14.5
�14.9 43.5+6.8

�6.8 64.5+11.3
�13.2 39.9+11.0

�10.6 0.33+0.19
�0.22 2.85+2.02

�1.14 0.49+0.27
�0.17 98.7+13.5

�14.2 0.80+0.07
�0.12 770 15.6+0.2

�0.3

GW190521 157.9+37.4
�20.966.9+15.5

�9.2 91.4+29.3
�17.5 66.8+20.7

�20.7 0.06+0.31
�0.37 4.53+2.30

�2.13 0.72+0.29
�0.29 150.3+35.8

�20.00.73+0.11
�0.14 940 14.2+0.3

�0.3

GW190521 074359 74.4+6.8
�4.6 31.9+3.1

�2.4 42.1+5.9
�4.9 32.7+5.4

�6.2 0.09+0.10
�0.13 1.28+0.38

�0.57 0.25+0.06
�0.10 70.7+6.4

�4.2 0.72+0.05
�0.07 500 25.8+0.1

�0.2

GW190527 092055 58.5+27.9
�10.6 24.2+11.9

�4.4 36.2+19.1
�9.5 22.8+12.7

�8.1 0.13+0.29
�0.28 3.10+4.85

�1.64 0.53+0.61
�0.25 55.9+26.4

�10.1 0.73+0.12
�0.16 3800 8.1+0.4

�1.0

GW190602 175927 114.1+18.5
�15.7 48.3+8.6

�8.0 67.2+16.0
�12.6 47.4+13.4

�16.6 0.10+0.25
�0.25 2.99+2.02

�1.26 0.51+0.27
�0.19 108.8+17.2

�14.80.71+0.10
�0.13 720 12.8+0.2

�0.3

GW190620 030421 90.1+17.3
�12.1 37.5+7.8

�5.7 55.4+15.8
�12.0 35.0+11.6

�11.4 0.34+0.21
�0.25 3.16+1.67

�1.43 0.54+0.22
�0.21 85.4+15.9

�11.4 0.80+0.08
�0.14 6700 12.1+0.3

�0.4

GW190630 185205 58.8+4.7
�4.8 24.8+2.1

�2.0 35.0+6.9
�5.7 23.6+5.2

�5.1 0.10+0.12
�0.13 0.93+0.56

�0.40 0.19+0.10
�0.07 56.1+4.5

�4.6 0.70+0.06
�0.07 1300 15.6+0.2

�0.3

GW190701 203306 94.1+11.6
�9.3 40.2+5.2

�4.7 53.6+11.7
�7.8 40.8+8.3

�11.5 �0.06+0.23
�0.28 2.14+0.79

�0.73 0.38+0.12
�0.12 90.0+10.8

�8.6 0.67+0.09
�0.12 45 11.3+0.2

�0.4

GW190706 222641 101.6+17.9
�13.5 42.0+8.4

�6.2 64.0+15.2
�15.2 38.5+12.5

�12.4 0.32+0.25
�0.30 5.07+2.57

�2.11 0.79+0.31
�0.28 96.3+16.7

�13.2 0.80+0.08
�0.17 610 12.6+0.2

�0.4

GW190707 093326 20.0+1.9
�1.3 8.5+0.6

�0.4 11.5+3.3
�1.7 8.4+1.4

�1.6 �0.05+0.10
�0.08 0.80+0.37

�0.38 0.16+0.07
�0.07 19.2+1.9

�1.3 0.66+0.03
�0.04 1300 13.3+0.2

�0.4

GW190708 232457 30.8+2.5
�1.8 13.1+0.9

�0.6 17.5+4.7
�2.3 13.1+2.0

�2.7 0.02+0.10
�0.08 0.90+0.33

�0.40 0.18+0.06
�0.07 29.4+2.5

�1.7 0.69+0.04
�0.04 14000 13.1+0.2

�0.3

GW190719 215514 55.8+16.3
�10.0 22.7+5.9

�3.7 35.2+16.9
�9.9 20.2+8.1

�6.5 0.35+0.28
�0.32 4.61+2.84

�2.17 0.73+0.35
�0.30 52.9+15.6

�9.5 0.80+0.10
�0.16 2300 8.3+0.3

�1.0

GW190720 000836 21.3+4.3
�2.3 8.9+0.5

�0.8 13.3+6.6
�3.0 7.8+2.2

�2.2 0.18+0.14
�0.12 0.81+0.71

�0.33 0.16+0.12
�0.06 20.3+4.5

�2.3 0.72+0.06
�0.05 510 11.0+0.3

�0.8

GW190727 060333 65.8+10.9
�7.4 28.1+4.9

�3.4 37.2+9.4
�5.9 28.8+6.6

�7.9 0.12+0.26
�0.25 3.60+1.56

�1.51 0.60+0.20
�0.22 62.6+10.2

�7.0 0.73+0.10
�0.10 860 11.9+0.3

�0.5

GW190728 064510 20.5+4.5
�1.3 8.6+0.5

�0.3 12.2+7.1
�2.2 8.1+1.7

�2.6 0.12+0.19
�0.07 0.89+0.25

�0.37 0.18+0.05
�0.07 19.5+4.6

�1.3 0.71+0.04
�0.04 410 13.0+0.2

�0.4

GW190731 140936 67.1+15.3
�10.2 28.4+6.8

�4.5 39.3+11.8
�8.2 28.0+8.9

�8.4 0.08+0.24
�0.24 3.97+2.56

�2.07 0.65+0.32
�0.30 63.9+14.4

�9.8 0.71+0.10
�0.12 3000 8.6+0.2

�0.5

GW190803 022701 62.7+11.8
�8.4 26.7+5.2

�3.8 36.1+10.2
�6.7 26.7+7.1

�7.6 �0.01+0.25
�0.26 3.69+2.04

�1.69 0.61+0.26
�0.24 59.9+11.2

�7.9 0.69+0.10
�0.11 1500 8.6+0.3

�0.5

GW190814 25.8+1.0
�0.9 6.09+0.06

�0.06 23.2+1.1
�1.0 2.59+0.08

�0.09 0.00+0.06
�0.06 0.24+0.04

�0.05 0.05+0.009
�0.010 25.6+1.0

�0.9 0.28+0.02
�0.02 19 24.9+0.1

�0.2

GW190828 063405 57.5+7.5
�4.4 24.8+3.3

�2.0 31.8+5.8
�3.9 25.9+4.4

�4.6 0.19+0.15
�0.16 2.22+0.63

�0.95 0.40+0.09
�0.15 54.5+6.9

�4.0 0.76+0.06
�0.07 520 16.2+0.2

�0.3

GW190828 065509 34.1+5.5
�4.5 13.3+1.2

�0.9 23.8+7.2
�7.0 10.2+3.5

�2.1 0.08+0.16
�0.16 1.66+0.63

�0.61 0.31+0.10
�0.10 32.9+5.7

�4.5 0.65+0.09
�0.08 640 10.0+0.3

�0.5

GW190909 114149 71.2+54.3
�15.0 29.5+17.5

�6.3 43.2+50.7
�12.2 27.6+13.0

�10.9 �0.03+0.44
�0.36 4.77+3.70

�2.66 0.75+0.45
�0.37 68.3+52.5

�14.5 0.68+0.16
�0.18 4200 8.1+0.4

�0.7

GW190910 112807 78.7+9.5
�9.0 33.9+4.3

�3.9 43.5+7.6
�6.2 35.1+6.3

�7.0 0.02+0.19
�0.18 1.57+1.07

�0.64 0.29+0.17
�0.11 75.0+8.7

�8.5 0.70+0.08
�0.07 10000 14.1+0.2

�0.3

GW190915 235702 59.5+7.5
�6.2 25.1+3.1

�2.6 34.9+9.5
�6.2 24.4+5.5

�6.0 0.03+0.19
�0.24 1.70+0.71

�0.64 0.32+0.11
�0.11 56.8+7.1

�5.8 0.71+0.09
�0.11 380 13.6+0.2

�0.3

GW190924 021846 13.9+5.1
�0.9 5.8+0.2

�0.2 8.8+7.0
�2.0 5.0+1.3

�1.9 0.03+0.30
�0.09 0.57+0.22

�0.22 0.12+0.04
�0.04 13.3+5.2

�1.0 0.67+0.05
�0.05 380 11.5+0.3

�0.4

GW190929 012149 90.6+21.2
�14.1 34.3+8.6

�6.5 64.7+22.4
�18.9 25.7+14.4

�9.7 0.03+0.27
�0.27 3.68+2.98

�1.68 0.61+0.38
�0.24 87.5+20.7

�14.1 0.64+0.17
�0.23 1800 9.8+0.8

�0.6

GW190930 133541 20.3+9.0
�1.5 8.5+0.5

�0.5 12.3+12.5
�2.3 7.8+1.7

�3.3 0.14+0.31
�0.15 0.78+0.37

�0.33 0.16+0.07
�0.06 19.3+9.3

�1.5 0.72+0.07
�0.06 1800 9.5+0.3

�0.5

TABLE VI. Median and 90% symmetric credible intervals on selected source parameters. The columns show source total mass
M , chirp mass M and component masses mi, dimensionless e↵ective inspiral spin �e↵ , luminosity distance DL, redshift z, final
mass Mf , final spin �f , and sky localization �⌦. The sky localization is the area of the 90% credible region. For GW190425
we show the results using the high-spin prior (|~�i|  0.89). We also report the network matched filter SNR for all events.
These SNRs are from LALInference IMRPhenomPv2 runs since RIFT does not produce the SNRs automatically, except for
GW190425 and GW190426 152155 which use the SNRs from fiducial runs, and GW190412, GW190521, and GW190814, which
use IMRPhenomPv3HM SNRs. For GW190521 we report results averaged over three waveform families, in contrast to the
results highlighting one waveform family in [32].

GWTC-2: Compact Binary Coalescences Observed by LIGO and Virgo During the
First Half of the Third Observing Run

R. Abbott,1 T. D. Abbott,2 S. Abraham,3 F. Acernese,4, 5 K. Ackley,6 A. Adams,7 C. Adams,8 R. X. Adhikari,1

V. B. Adya,9 C. A↵eldt,10, 11 M. Agathos,12, 13 K. Agatsuma,14 N. Aggarwal,15 O. D. Aguiar,16 L. Aiello,17, 18

A. Ain,19, 20 P. Ajith,21 S. Akcay,13, 22 G. Allen,23 A. Allocca,19 P. A. Altin,9 A. Amato,24 S. Anand,1 A. Ananyeva,1

S. B. Anderson,1 W. G. Anderson,25 S. V. Angelova,26 S. Ansoldi,27, 28 J. M. Antelis,29 S. Antier,30 S. Appert,1

K. Arai,1 M. C. Araya,1 J. S. Areeda,31 M. Arène,30 N. Arnaud,32, 33 S. M. Aronson,34 K. G. Arun,35 Y. Asali,36

S. Ascenzi,17, 37 G. Ashton,6 S. M. Aston,8 P. Astone,38 F. Aubin,39 P. Aufmuth,10, 11 K. AultONeal,29 C. Austin,2

V. Avendano,40 S. Babak,30 F. Badaracco,17, 18 M. K. M. Bader,41 S. Bae,42 A. M. Baer,7 S. Bagnasco,43 J. Baird,30

M. Ball,44 G. Ballardin,33 S. W. Ballmer,45 A. Bals,29 A. Balsamo,7 G. Baltus,46 S. Banagiri,47 D. Bankar,3

R. S. Bankar,3 J. C. Barayoga,1 C. Barbieri,48, 49, 50 B. C. Barish,1 D. Barker,51 P. Barneo,52 S. Barnum,53

F. Barone,54, 5 B. Barr,55 L. Barsotti,53 M. Barsuglia,30 D. Barta,56 J. Bartlett,51 I. Bartos,34 R. Bassiri,57

A. Basti,20, 19 M. Bawaj,58, 59 J. C. Bayley,55 M. Bazzan,60, 61 B. R. Becher,62 B. Bécsy,63 V. M. Bedakihale,64
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O3a (2019/4/1 - 2019/9/30)           After O3a：GWTC2 (2020/10/28 released)

• GW190412: the first BBH with definitively asymmetric component masses, which also shows evidence for higher harmonics 
• GW190425: the second gravitational-wave event consistent with a BNS, following GW170817 
• GW190426_152155: a low-mass event consistent with either an NSBH or BBH 
• GW190514_065416: a BBH with the smallest effective aligned spin of all O3a events 
• GW190517_055101: a BBH with the largest effective aligned spin of all O3a events 
• GW190521: a BBH with total mass over 150 times the mass of the Sun 
• GW190814: a highly asymmetric system of ambiguous nature, corresponding to the merger of a 23 solar mass black hole with a 2.6 solar mass 

compact object, making the latter either the lightest black hole or heaviest neutron star observed in a compact binary 
• GW190924_021846: likely the lowest-mass BBH, with both black holes exceeding 3 solar masses

46 BHBH 
2 NSNS 
2 BH+?

O3a (2019/4/1 - 2019/9/30)           After O3a：GWTC2 (2020/10/28 released)

• GW190412: the first BBH with definitively asymmetric component masses, which also shows evidence for higher harmonics 
• GW190425: the second gravitational-wave event consistent with a BNS, following GW170817 
• GW190426_152155: a low-mass event consistent with either an NSBH or BBH 
• GW190514_065416: a BBH with the smallest effective aligned spin of all O3a events 
• GW190517_055101: a BBH with the largest effective aligned spin of all O3a events 
• GW190521: a BBH with total mass over 150 times the mass of the Sun 
• GW190814: a highly asymmetric system of ambiguous nature, corresponding to the merger of a 23 solar mass black hole with a 2.6 solar mass 

compact object, making the latter either the lightest black hole or heaviest neutron star observed in a compact binary 
• GW190924_021846: likely the lowest-mass BBH, with both black holes exceeding 3 solar masses

46 BHBH 
2 NSNS 
2 BH+?

https://media.ligo.northwestern.edu/gallery/mass-plot

(30solar mass + 8.3 solar mass)



BBH merger rate
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BBH merger rate

13

Class. Quantum Grav. 27 (2010) 173001
0.1 – 300 /Gpc3/yr

9 – 240 /Gpc3/yr
PHYSICAL REVIEW X 6, 041015 (2016)

9.7 – 101 /Gpc3/yr

Before O1

O1

O1 & O2
PHYSICAL REVIEW X 9, 031040 (2019)

O1 & O2 & O3a
arXiv: 2010.14533

15.3 – 38.8 /Gpc3/yr

O1 & O2 & O3a & O3b & O4 ?



Overview of O3GK
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LIGO-Virgo-KAGRA!�
 �����#"��������

• Initial plan:
Ø Join the O3 observation coordinated by LIGO 

and Virgo, once KAGRA sensitivity reached 
the goal sensitivity decided on MoA.

• Actual situation:
Ø We reached the goal sensitivity at the end 

of March, 2020.
Ø However, LIGO and Virgo stopped their operation due to COVID-19 

infection.
Ø Under such a situation, GEO600, Germany, and KAGRA carried out a  

joint observation run in April, 2020.
Ø This was first joint observation for KAGRA
Ø This observation run was named ‘O3GK’



O3GK
[Feb. 20th - Feb. 25th, 2020] Engineering Run 
[Feb. 25th - Mar. 10th, 2020] KAGRA solo observation run
[Mar. 10th - Mar. 31st, 2020] Commissioning break 
[Mar. 31st - Apr. 7th, 2020] Engineering run 
[Apr. 7th UTC 8:00 - Apr. 21st UTC 00:00, 2020] Observing run (O3GK) 

[Apr. 7th, 2020] Weekly maintenance & calib. measurement 
[Apr. 15th, 2020] GRB200415A !!
[Apr. 16th, 2020] Weekly maintenance & calib. Measurement

[Apr. 21st - Apr. 23rd, 2020] CAL measurement days

2021/2/9 	����������
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O3GK
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KAGRA:
Duty Cycle: 53.2 % (Science run mode) / 58.8 % (Locked) 
Typical binary range: ~600 kpc

102 103
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O3GK
GEO

KAGRA

40

O3G観測



O3GK analysis
GEO data (James Lough)
Data transfer (Oohara, Kanda, James Clark)
Calibration (Sawada, Yamamoto, Inoue )
Data quality (Kozakai, Washimi, Borja Sorazu)
All sky cWB (Man Leong Chan, Hayama, Marek, Sergey, Marco Drago) 
All sky GstLAL (Ueno)
GRB triggered search 

pyGRB (Andrew Williamson) 
X-pipeline (Michael Norman, Patrick Sutton) 

2021/2/9 ���	��������
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KAGRA DMG (Data Management)

KAGRA data : Transfer, Storage, Sharing
Data transfer and storage system is working 
steady.


Data from KAGRA site (Kamioka) is transferred to 
and stored at Tier-0 main server at Kashiwa  

Distribution in the collaboration:

- Tier-1: Full mirroring at Academia Sinica (Taiwan), Partial 
mirroring at KISTI (Korea) 
- Tier-0.5 (Bulk + low latency h(t)) : Osaka City U. 
- Low latency h(t) distributions to some pipeline clusters 

Low latency h(t) data is sharing with LIGO and 
Virgo 

with 'framelink'

High latency h(t) data is also sharing with LV (and 
GEO for O3GK run) 

with 'Rucio' 

KAGRA main servers

pegasus-01

2.5 PiB storage

CIT
L1, H1, V1 
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shared memory

1sec frames
low latency h(t)

hydra (CBC 
cluster) 
@ICRR, 
Kashiwa

web00 (burst 
cluster) 
@ICRR, 
Kashiwa

bellatrix
@Osaka C.U.
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@RESCEU
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grid-ftp
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(e.g.4096sec)

KAGAR DGS
bulk data
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User PC
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KAGRA DMG (Data Management)

Data and main server
Current data rate : ~19 MB/s

Cumulative amount data : ~1.2 PiB


Next main server (system-B1) 
Current main server (system-A1) 
at Kashiwa is expected to reach its storage 
capacity limit (~2.5PiB) by mid of 2022. 
So we are starting a procurement of next server. 

System-B1 requirements :

- more capacity (several PiB) 
- integrated user account management with 
system-A1 
- more CPUs as possible 
- including the transfer system from Kamioka to 
Kashiwa 

Note: Systems -A# and -B# are scheduled to be 
installed/updated at staggered times to enable 
continuous operation.
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Overview of system

• We develop a system to classify glitches based on totally Unsupervised Learning.

• We tested the system by applying to Gravity Spy Dataset [1].

2

Classification strategy

1. Generate features from glitch set using Variational Autoencoder (VAE) [2]

2. Roughly classify features into arbitrary number of classes ( ) by multiple weak 
classifiers ( ) using Invariant Information Clustering (IIC) [3]

• Labeled Set：Using  classes,  patterns

• Over-labeled Set (optional)：Using  classes,  patterns

3. Ensemble (Consensus) multiple clustering results (preliminary)

• Golden Set：Reliable glitches with reliable labels

• Abnormal Set：Unreliable glitches

K, W
× M

K M

W ( > K) M

[1] M. Zevin, et al., “Gravity Spy: Integrating Advanced LIGO Detector Characterization, Machine Learning, and Citizen Science”, Classical and Quantum Gravity, Vol.34, 064003 (2017). 
[2] D. Kingma, et.al, “Auto-Encoding Variational Bayes”,arXiv:1312.6114v10 (2014).
[3] Xu Ji, et.al, “Invariant Information Clustering for Unsupervised Image Classification and Segmentation”, arXiv:1807.06653v4 (2019).

Architecture of our system

研究目的

• 人手によるラベル付けを回避するために，教師なし学習に基づいて突発性雑音を分類するための新しい手段を提供

• 畳み込みニューラルネットワークモデルおよびその学習方法を提案

• 深層学習を用いて分類に適した特徴量の生成方法を学習（Variational Autoencoder, VAE）

• 生成された特徴量を用いて教師なし分類を行う（Invariant Information Clustering, IIC）

期待される貢献

• 提案モデルにより以下の貢献が見込める

i) 抽出した特徴量空間の可視化による突発性雑音データの関係性の把握手段として

ii) 人手によるラベル付けの代替または補助ツールとして

先行研究で用いられた突発性雑音データに適用し，実用性を評価する

3

畳み込みニューラルネットワーク, CNN

��� !$�"*)-%($&,&,

研究背景

重力波望遠鏡において環境由来を主とする突発性雑音がしばしば問題となる

原因は多種多様に存在する（地面振動，雷，機器の振動，etc.）

• 重力波望遠鏡の安定化された状態に深刻な影響を与える

• 重力波信号を模倣・隠蔽する可能性がある

数多く考えられる原因を特定するためには，原因に関連付けされる特徴を抽出・分類することが重要

先行研究

• 突発性雑音の時間-周波数マップを教師ありCNN* に基づいて分類

• 真の原因数は未知であることが教師あり学習に必要なラベル付け問題を困難に（ラベル付けが人手によって行われるため）

客観的な分類ができているとは言えない

2

突発性雑音(左)と重力波信号(右)の時間-周波数特性

突発性雑音の原因を特定し，観測データや重力波望遠鏡から分離することが重要

時間-周波数特性 = 画像データ

* 畳み込みニューラルネットワーク
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Random samples with most similar samples
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実験1: VAEを用いた突発性雑音の潜在特徴量の生成

• 先行研究で用いたデータセットを用いてVAEを教師なし学習する

• 512次元で生成した潜在特徴量をt-SNEを用いて二次元可視化

• クラスごとのデータが分かれてくれるようにCNNをチューニング

（チューニング過程は省略）

考察

• ほとんどのクラスにおいて分布が分離できている

• いくつかのクラスが複数の分布に分かれた（サブクラスの存在可能性）

• 多様性が高いクラスやデータ数が少ないクラスは分布がうまく分離できていない
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t-SNEを用いた特徴量の二次元可視化
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Summary 
• Many analysis of O3 data are ongoing within LVK 

• LVK O4 will be done with improved detector sensitivity 
• More BBH/BNS detections are expected in O4 and beyond 
• Detections of new sources might happen

• KAGRA is planning to participate O4 from the beginning 
• We want to observe signals with KAGRA as soon as possible 
• If detections with 4 detectors are realized, there are great 

scientific merits.  
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