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LIGO Scientific Collaboration and Virgo Collaboration, PRL 
119, 141101 (2017), ApJL, 848 L12 (2017), ….              
arXiv: 1811.1290, https://www.ligo.caltech.edu/gallery

Many exciting news! Much more in O3! Congratulations to LIGO and Virgo!  
Now it is clear that we can do many important science with GW, if we do it right.



Common goals of ground based GW detectors

Merger of binary neutron
stars
We want to understand 

the origin of the heavy 
metals in the Universe.

We want to understand 
short GRBs

 ….

Merger of binary
blackholes
 How the blackholes 

were created?
 …

Supernova explosion
 How the heavy stars 

finish their life?
 ….
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Status of KAGRA

10 countries, >300 members

KAGRA collaboration
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Location of KAGRA 

KAGRA key features:
Underground site: 

Smaller seismic noise 
Cryogenic mirrors: 

Smaller thermal noises



Schematic view of KAGRA optical system
• KAGRA is a huge Michelson interferometer that has optical cavities in the arms and recycling 

systems. (Very similar to LIGO and Virgo.)
3-km long optical 
cavities
Finesse: 1550
Inside optical power: 
400 kW
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Timeline (Construction and Operation)
2010 2011 2012 2013 2014 2015 2016 2017 2018Calendar year

Project start
Tunnel excavation
iKAGRA

bKAGRA

Commissioning 
and Operation

operation
Adv. vibration isolation, optics, … 

Cryogenic system

Today

iKAGRA

bKAGRA

Sapphire mirrors
(one was cryogenic)

? ?



3km long vacuum tube (Feb. 2015）

10



11

Center area 

Laser

Y-arm
X-arm

entrance

Fall 2015
September 2019 (construction 
completed in the clean booths.)



Installation of cryogenic mirrors in KAGRA
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Installation of the first cryogenic mirror（Nov.30, 2017）
(The last one (4th mirror) installed on Nov. 9, 2018)

Preparation of cryogenic mirror
（22cm(φ), 15cm (t), 23kg）

 To the KAGRA site
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Laser room
Laser

Y-arm
X-arm

entrance



Office and the KAGRA control room at the surface
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KAGRA has finished the installation 
in ~April 2019 and plans to begin 
the observation in 2019!
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“Observation scenario paper” LIGO, Virgo, KAGRA, arXiv: 1304.0670v9 (Sep.2019) 

 KAGRA would like to join O3 by 
the end of  2019.

 After O3, KAGRA always will 
join Observation runs.  
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Status of KAGRA  
3km  
Fabry-Perot  

3km

3km

Not yet

On Aug. 23, 2019, KAGRA has successfully operated the interferometer with the 3km 
Fabry-Perot cavities. (Photo during the KAGRA Face-to-Face meeting on the same day.)  
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Present sensitivity and goals  
iKAGRA

bKAGRA-1

Current

O3 Target

KAGRA
TargetWe must improve the sensitivity 

by several orders of magnitudes….

iKAGRA :
Michelson interferometer

bKAGRA-1 : 
Michelson interferometer using one 
cryogenic ETM.

Current:
Fabry-Perot Michelson Interferometer.
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Signing Memorandum of Agreement with LIGO and Virgo 

Sign-up ceremony on Oct. 4, 2019
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KAGRA’s contribution to the GW science
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Importance of multiple antennas
 Let us require at least 3 detector operation for the determination of the 

source direction. 

Duty cycle of a single detector 70% 80% 
3 detectors
(LHO, LLO, Virgo)

34% 51%

4 detectors 
(LHO, LLO, Virgo, KAGRA)

65% 81%

5 detectors
(LHO, LLO, Virgo, KAGRA, LIGO-India)

83% 94%

Adding KAGRA (and LIGO-India) has a significant impact on the 3 detector
coincidence!
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Importance of Global GW Network: Detector antenna patterns
LIGO (Hanford) LIGO (Livingston)

Virgo KAGRA

KAGRA is complementary in the sensitive direction to other detectors.



LIGO-Virgo only

Adding KAGRA
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Importance of Global GW Network: Sky localization 

LIGO Virgo KAGRA
205 Mpc 126 Mpc 152 Mpc

LV: LIGO-P1200087, K: JGW-T1707038

 Assuming the sensitivity of;

 Also, assuming NS-NS merger                 
(1.4 MSun -1.4 MSun) at 150 Mpc

However, the expected sensitivity of 
KAGRA (at least) during O3 is much 
lower than the design sensitivity…
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Source localization during O3
• Assumed sensitivity (Binary NS range): LIGO 120Mpc, Virgo 60Mpc, KAGRA 8, 15 and 25Mpc

KAGRA should try to maximize the sensitivity as much as we can….

N=3 (w/o K)

N=4 (w/ K)

N=3 (w/ K)

N=2 (w/o K)



LIGO-Virgo only

Adding KAGRA
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Importance of Global GW Network: Sky localization 

LIGO Virgo KAGRA
205 Mpc 126 Mpc 152 Mpc

LV: LIGO-P1200087, K: JGW-T1707038

 Assuming the sensitivity of;

 Also, assuming NS-NS merger                 
(1.4 MSun -1.4 MSun) at 150 Mpc
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Factor of ~3 improvement
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After O3
After finishing the O3 run at the end of April 2020, KAGRA will soon begin 

works to achieve a higher sensitivity by improving the present instruments 
(and software).
The target sensitivity of KAGRA for O4 (fall 2021 to spring 2023) is between 25 

and 130 Mpc for BNS mergers. 

In O5 (from fall 2024?), KAGRA would like to achieve > 130 Mpc for BNS 
mergers. Between O4 and O5, KAGRA may install something new, such as 
much better Sapphire Input Test Masses (ITMs) and squeezed light in order to 
get a high sensitivity.         

After O5, KAGRA would like to improve the sensitivity further (and 
substantially). Various options are discussed in the KAGRA Future Planning 
Committee. (Target sensitivity around 500 Mpc for BNS mergers?)  
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Summary

• KAGRA plans to join O3 in late 2019. We have signed a MoA
with LIGO and Virgo. 

• KAGRA has still many things to do, including sensitivity 
improvement, before joining O3.

• KAGRA would like to contribute to the global network of 
gravitational wave detectors and to the science of gravitational 
wave astronomy including the studies of GRBs.  
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