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Gravitational waves detected by LIGO
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What signals were seen?

Credit: LIGO Scientific Collaboration

Waves measured by two LIGO 
detectors on 2015/9/14

Listening as sound・・

Figure Credit: LIGO Scientific Collaboration
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Detection	of	gravitational	wave	using
laser	interferometer

GWs move mirrors differentially.
We measure the distance between 

mirrors using fringe of light.

Expected length change by GW :
~1x10-19m
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Credit: LIGO Scientific Collaboration

What can we know from this detection?
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• Signal from binary black holes
• 13 billion yesar ago
• Two black holes merged into 
one black hole

• 36 solar mass black hole + 29 
solar mass black holes make a 
29 solar mass black hole



Area	of	GW	sources

• by	two	LIGOs	~500deg2

• +VIRGO	~30deg2

• +KAGRA	~10deg2
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Network	of	GW	detectors
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GEO-HF

LIGO	Hanford

LIGO	Livingston

Advanced-Virgo

KAGRA

3km 4km

4km

600m
3km,	underground

LIGO-Australia	in	proposal

LIGO-India in	proposal
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Office/
Control	room

KAGRA	
entrance

Kamioka

Tokyo•KAGRA	is	located	in	Kamioka mine	underground
- 220km	away	from	Tokyo	
- 360m	altitude
- Big	laboratory	area



KAGRA	Project

• Host:	ICRR	Utokyo,	Co-host:	KEK,	NAOJ
• 300+	collaborators	from	90+	institutes
• Constructed	in	Kamioka mine
• Underground	and	cryogenic
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Snow	in	winter.
Melted	snow	in	April.
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Quiet	underground	site
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ＴＡＭＡ３００

Tokyo

Kamioka

Amplitude of seismic motion
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•Surrounded	by	hard	rock (Hida-gneiss)
- 5	km/sec	sound	speed



Design	and	on	site	pictures

Entrance	of	New	Atotsu

Tilted	corridor	(1/300)	inside	Tunnel	(X	arm)

Center	Room12



KAGRA pictures
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Entrance of KAGRA

Vacuum chambers

Remote control room



Y arm X arm

KAGRA pictures
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Sapphire mirror Cryostat

Beam tube



KAGRA	Baseline	Configuration
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KAGRA	Baseline	Sensitivity
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NSNS Range = 151Mpc
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iKAGRA Test Run in 2016

• Period: March 25 to 31 and April 11 to 25
• To obtain experiences of the management and operation of the km-

class interferometer
• For test controls, data transfer, observation shift, etc.
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Phase	3
DRFPMI with	four
cryogenic	mirrors.
Observation run

Overall	plan
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Phase	1
Michelson	with	two	
cryogenic	mirrors.Initial	KAGRA

Michelson	at	room	temp.

Phase	2
Four cryogenic
mirrors.
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2017 2018

3 4 5 6 7 8 9 10 11 12 1 2 3

bKAGRA phase	1	schedule

• Schedule	is	mostly	limited	by	many	vibration	isolation	systems.
– (PR3),	PR2,	PRM,	BS,	SR3,	(SR2),	ETMX,	ETMY

• Low	temperature	operation	is	also	tight	work.
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PR Mirrors

BS SR3 SR2?

ETMX
Type-A

ETMY
Type-A

ETM Coating Suspension
Prep.

ETMY
Cryo-

Payload
ETMX

Cryo-Payload

ETMY
Cool down

ETMX
Cool 
down

PSL Upgrade
IMC

MICH alignment
Lock
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IP: Inverted Pendulum
GASF: Geometric Anti-Spring Filter
PI: Pre-Isolator = IP + GASF

Vibration Isolation System

Type-A Type-B Type-C

IP

GASF

Cryostat

IP

GASF

Stuck

Kiso Schmitt Symposium, 2017/7/06, Osamu Miyakawa 21

Type-A: Test Masses
Type-B: RM, BS
Type-C: Others 



Type-A	suspension	installation
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->	Koki	Okutomi’s talk	on	Thursday	morning
“Controls	of	the	KAGRA	cryogenic	vibration	isolation	system”



Type-A	+	Cryogenic	Suspension
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14m
Cryo-Payload

Type-A
(room temp.)
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４2~53 K 
@ 1st cold stage 
of Cryo-cooler 6.0 K

@ cryo payload 
system

~11.2 K @ shield system

~72 K at the top of 
the 80 K outer shield

11.3 K at the side of 
8 K inner shield

4.3 & 4.5 K
@ cryo payload 
system

8.4 & 9.6 K
@ 8 K shield

Temperature of main cryostat at X-front
@2017 Mar. 13



Main Data Storage
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日本物理学会 第72回年次大会（2017年）　＠2017/3/17 大阪大学

主データ保管システム（システム-A)

11

(working)

VPN router
KAGRA Private Network

Internal Network

(working)

ICRR shared 
computer

(working)

iKAGRA data transfer
 and storage system

The internat (SINET) 
Kamioka⇐

Kashiwa Campus

Hi-Speed 
Network

Login ServerData Reciever Login Server

(Disk Array)

Mass Storage

Data Sender

Compute
Server
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KAGRA Main Data Storage (System A)

Fire wall

Gateway Server

Compute
Server

Compute
Server

Compute
Server

Compute
Server

Compute
Server

Compute
Server

Compute
Server

2.4 PiB
data storage

100 TiB
for

iKAGRA era

Main	data	storage	system

日本物理学会 第72回年次大会（2017年）　＠2017/3/17 大阪大学

KAGRAデータシステム（iKAGRA&主データ)
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主データ保管装置 
（システム-A)

iKAGRAデータ 
保管装置

日本物理学会 第72回年次大会（2017年）　＠2017/3/17 大阪大学

主データ保管装置とiKAGRAデータ保管装置との接続

IP over Infiniband 
で接続。
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iKAGRAデータ保管装置側から主データ保管装置へ初接
続し、リモートログインしてストレージを確認した画面。

Operation	of	main	storage	has	been	started	in	March	
2017.

Main	storage
2.5PB

iKAGRA storage
100TB



IRSF (名古屋大学) 

@ 南アフリカ

• 1m 木曽シュミット望遠鏡（東大）
超広視野カメラè 36平方度

• 1.5m かなた望遠鏡 （広大）
• 2m なゆた望遠鏡（西はりま）
• 50cm MITSuME望遠鏡（国立天文台）
• 91cm 広視野赤外線望遠鏡

（国立天文台）
• 32m 電波望遠鏡（山口大）

★
★

miniTAO (東京大学) 

@ チリ

50cm	望遠鏡
(広島大学)

J-GEM の概要

すばる望遠鏡

★

日本および世界に散らばる日本の望遠鏡群のネットワーク
重力波対応現象の探索

3.8m	望遠鏡
(京都大学)

主な観測能力:
5	deg2 opt.	imaging	w/	1m
1	deg2 NIR	imaging	w/	1m
opt-NIR	spectroscopy	w/	1–8m
opt-NIR	polarimetry
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MOA-II (名古屋大学) @ 

ニュージーランド

★

★

TAO	望遠鏡
(東京大学)

Viewgraph by M.Yoshida
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2	LIGO
+VIRGO

30deg2
10deg2

2	LIGO
+VIRGO
+KAGRA



Development	of	sensitivities

• Generally,	it	takes	~5years	to	reach	the	target	
sensitivity.
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