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 Underground and Cryogenic interferometric gravitational-wave detector at Kamioka, Japan  
 KAGRA finished all the installations by April 2019, and extensively under commissioning. 
 KAGRA plans to join LV Observation Run 3 from the end of 2019.
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after my talk today,  
Takayuki Tomaru 
Cryogenic mirror system in KAGRA 
Yuta Michimura 
Prospects for upgrading the KAGRA gravitational wave telescope 
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http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/KAGRA

KAGRA collaboration

110 groups, 14 countries 
350+ active members 

Organize Face-to-Face meeting 
3 times (April/August/Dec) / year 

Organize International Workshop 
2 times / year

KIW5  Feb. 2019 @ Perugia, Italy 
KIW6  June 2019 @ Wuhan, China 
KIW7  May 2020 @ NCU, Taiwan

F2F  Aug. 2019 @ U. Toyama, Japan 
F2F  December 2019 @ U. Tokyo, Japan

Default-author list 2018 has 200 members. 
Obs. shift candidate list has 260 names. 
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Organization of KSC（KAGRA Scientific Congress）

Takaaki Kajita 
(PI)

Yoshio Saito 
(SEO proj. manager)

Yousuke Itoh
Shinji Miyoki

Joint Run Planning 
Committee

Joint Detection
Committee

Joint Meeting
Committee

Joint Editorial 
board

* TBD* TBD* TBD

LVC-KAGRA
taskforce

Yoshio Saito (leader, project manager)
Hideyuki Tagoshi (Data analysis)
Takahiro Yamamoto (Calibration) 
Osamu Miyakawa (commissioning)
Hisaaki Shinkai (MoU)

Masatake Ohashi 
(vice PI)
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KAGRA collaboration papers

Nature Astronomy, 3 (2019) 35.   
[arXiv:1811.08079]

Class. Quant. Grav. 36 (2019) 095015 
[arXiv:1901.03053]

CQG accepted 
[arXiv:1901.03569]

Prog. Theor. Exp. Phys.  (2018) 013F01  
[arXiv:1712.00148]

Construction & iKAGRA operation (2016)

introduction & history

Vibration isolation

phase-1 operation (2018)
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articles on KAGRA / KSC newsletter 

PHYSICS Tantalizing signs of 
superconductivity at near-
room temperature  p.12

POLITICS Violence in 
Nicaragua engulfs 
scientists p.11

MATERIALS The scramble 
to understand a twisted 
form of graphene  p.15

NEW YEAR Gene-editing, 
open access and seals with 
sensors to shape 2019 p.13

B Y  D A V I D E  C A S T E LV E C C H I

Inside a house-sized scaffolding wrapped 
in thick plastic sheets, Takayuki Tomaru 
is in full clean-room attire. The physicist,  

who works at the High Energy Accelerator  
Research Organization (KEK) in Tsukuba, 
Japan, is performing one of the most delicate 
and crucial tasks in the construction of a grav-
itational-wave observatory: installing one of 
the machine’s four mirrors, each a 23-kilogram 
cylinder of solid sapphire known as a test mass. 

When operations begin later this year, their job 
will be to bounce infrared laser beams back and 
forth along two 3-kilometre, high-vacuum 
pipes, ready to sense the passage of gravitational  
waves (see ‘Japan’s wave hunter’).

The ¥16.4-billion (US$148-million) obser-
vatory — Japan’s Kamioka Gravitational 
Wave Detector (KAGRA) — will work on 
the same principle as the two detectors of the 
Laser Interferometer Gravitational-Wave 
Observatory (LIGO) in the United States 
and the Virgo solo machine in Italy. In the 

past few years, these machines have begun 
to detect gravitational waves — long-sought  
ripples in the fabric of space-time, created by  
cataclysmic cosmic events such as the merging  
of two black holes or the collision of two  
neutron stars.

With the addition of KAGRA, the growing  
global network of detectors will enable astro-
physicists to locate the position of these feeble 
cosmic signals in the sky with greatly increased 
precision. They will be able to dissect the 
waves’ properties, such as how they are 
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Japan’s Kamioka Gravitational Wave Detector is scheduled to start up in 2019, joining a global network of interferometers.

P H Y S I C S

Japan to begin pioneering 
hunt for gravitational waves
The underground KAGRA detector will deploy ambitious technology to improve sensitivity. 
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Nature 565 (2019 Jan ) 30

https://www.sciencenews.org/

Science News 195 (2019 Feb) 8

linked from  
https://gwcenter.icrr.u-tokyo.ac.jp/en/

Einstein Telescope and KAGRA signed agreement  
to collaborate on the development of the common technologies 

The 5th KAGRA International Workshop (KIW5) 
was held at Perugia, Italy.  The third day of the 
workshop was named “The first KAGRA-Virgo-3G 
Detectors Workshop (KV3G)”, where we discussed 
the project of Einstein Telescope (ET), one of the 
key gravitational-wave observatory plans in the 
future. The nascent ET collaboration (it will be 
formulated in April 2019) plans to construct a 
triangle-shape 10 km-armed laser-interferometer 
underground, and with cryogenic technology. Its 
core technologies match with our experiences.  

On February 16, 2019, at the gorgeous 
Sala dei Notari (hall of Notari), our PI, 
Takaaki Kajita, and the ET steering 
board chairmen, Michele Punturo and 
Harald Lück, signed a letter of intent to 
collaborate on the development of third 
generation detectors. The scope of the 
letter is quite general (see JGW-
M1909820), but we believe it becomes a 
certain step forward for both of us.  
KIW5 and KV3G workshop had more 
than a hundred of participants. The 
meeting continued from the early 
morning to the late evening, but we 
enjoyed a small historical old city area, 
Perugia chocolates, and environment of 
AC Perugia (Perugia Calcio).  We thank 
LOC members, especially Helios Vocca 
and Flavio Travasso for giving us this 
opportunity.    !  
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KSC Newsletter 
Issue 4

KAGRA SCIENTIFIC CONGRESS: COLLABORATORS’ INFORMATION EXCHANGE 2019/04/18

Contents of this issue 
p-2 Directions: bKAGRA installation almost finished !! 
p-3 Future:  Upgrading KAGRA? 
p-4 Kamioka Local: Hida Space Science Museum 
p-5 Report: Demographic Survey 2018 by diversity committee 
p-8 Meetings: F2F at NAOJ, F2F at ICRR, KIW6 at Wuhan, China 
p-10 Poster Award Winners 
p-11 Newly Joined: Aoyama Gakuin Univ., KIAA Peking Univ. 
p-13 New collaborators, We hear that …



Hisaaki Shinkai (Osaka Institute of Technology) on behalf of KAGRA collaboration;  July 10, 2019  @ GR22/Amaldi13 at Valencia, Spain

    Status of KAGRA 

�7

calendar 
year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Brief History of KAGRA

Project  
Start

Tunnel Excavation

installation

iKAGRA
bKAGRA 
phase-1

operation

O3

adv vibration isolation, optics, cryo.… 

[arXiv:1901.03569][arXiv:1712.00148]

iKAGRA   = initial KAGRA 
bKAGRA = baseline KAGRA bKAGRA 

phase-2

today
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Target Sensitivity & Schedule

[1304.0670v4] 

[1304.0670v4] 

[draft] 

“Scenario Paper”
Living Rev Relativ (2018) 21:3  
https://doi.org/10.1007/s41114-018-0012-9 



Hisaaki Shinkai (Osaka Institute of Technology) on behalf of KAGRA collaboration;  July 10, 2019  @ GR22/Amaldi13 at Valencia, Spain

    Status of KAGRA 

�9

Schedule plan for joining O3
In 2018 Feb, KAGRA decided to join O3 by accelerating all the installation.

The plan at 2018 June:

▲ 
Finish all the installation

plan A

plan B

-25Mpc

-10Mpc

(2018)
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Schedule plan for joining O3
In 2018 Feb, KAGRA decided to join O3 by accelerating all the installation.

The plan at 2018 June:

plan A

plan B

-25Mpc

-10Mpc

▲ 
Finish all the installation

▲ 
Finish all the installation

KAGRA finished all the installation by the end of April 2018.

(2018)
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Schedule plan for joining O3
In 2018 Feb, KAGRA decided to join O3 by accelerating all the installation.

The plan now:

plan A

plan B

-25Mpc

-10Mpc

▲ 
start observation 

in 2019

We are commissioning with  
FPMI with PR & SR. 

Test Runs:  
   June 6    X-arm  
   June 19  PR, SR 

   July 13   interferometer test 

KAGRA finished all the installation by the end of April 2018.

(now)

Test Run
Eng. Run

Eng. Run
Eng. Run

commissioning, …

▲ 
MoA w LV
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IO

MC

Type-A system

- Cryogenic test mass
Sapphire, 23kg, 20K

- Tall seismic isolator
IP + GASF + Payload

Type-C system
- Mode cleaner

Silica, 0.5kg, 290K
- Stack + Payload

ETM

ITM

Y-
ar
m

X-arm

ITM ETM

BS

SRM

Type-B system
- Core optics (BS, SRM,…)

Silica, 10kg, 290K
- IP + GASF + Payload
- Stack for aux. optics

Type-Bp payload
- Test mass and Core optics (BS, FM,..)

Silica, 10kg, 290K
- Seismic isolator

Table + GASF + Type-B Payload

BRT

BRT

OMC
OMMT

PR3 PR2PRM

bKAGRA configuration
- Cryogenic test masses
- 3 km arm cavities
- RSE with power recycling

160222_SAITO

KAGRA suspension systems
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IMC

IMMT2 PRM

PR3

PR2 BS

ITMX ETMXLASER	
room SR2

SRM
OMMT2

IMMT1

OMMT1

OMC

3	km

3	km

OSTM

~ ~

~~

KAGRA detector
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- Laser and Input Output Optics

IMC Alignment sensing  
by S.Tanioka

IOO Status  
by M.Nakano

Mach-Zehnder modulation 
 by G.Ge

- High power laser dumper

- High power laser test 
- 35W laser output 
- 22W IMC input 
- 20W IMC output 
- temperature at the 
beam dumper

OFI

OMMT

- 40W 
Laser

Laser, Input-Output Optics, Auxiliary optics  

by T. Yokozawa
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IMC
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PR3
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room SR2

SRM
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IMMT1

OMMT1

OMC
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KAGRA detector
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- Closed almost all chambers and 
pumped down 
- Opened the gate valves

2.3e-5

1.2e-5

9.4e+4

2.4e-6

(Now alignment)

1.0e-6

4.0e-6

3.9e-54.9e-6

9.0e-7

1.0e-5
9.7e+4 (Now alignment)

- Vacuum and Facility 
- Vacuum level at Jun.20th, 2019 [Pa]

Vacuum & Facilities

by T. Yokozawa
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Cryogenic, Vibration Isolation, Mirrors

by T. Yokozawa

IMC

IMMT2 PRM

PR3

PR2 BS

ITMX ETMXLASER	
room

ITMY

SR2

SR3

SRM
OMMT2

IMMT1

OMMT1

ETMY

OMC

3	km

3	km

OSTM

~ ~

~~

KAGRA detector
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- Cryogenic, Vibration isolation, Mirror 
- Test mass Temp. at Jun.20th, 2019 [Pa]

- Completed the installation 
- Cooling down is ongoing 
- Suspension  
- Damping filters 
- Hierarchal control 
- Position alignment  
- TF measurement, …

56K

28K

27K 45K

Cryo status  
by T.Tomaru talk
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Physical environment monitors

identified 2Hz noise from cryocoolors 
noise from fans 13-59 Hz and 1135-2015 Hz 
1-3 Hz magnetic field from cryocoolors

by T. Washimi
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Commissioning tools

Glitch trigger generation 
 (Omicron)

LV DetChar tools KAGRA original tools

Spectral Line identification (Fscan)

Coherence search (Bruco)

!5

Contribution to commissioning with KAGRA original tools

Long term trend monitor 
for temperature of CRYp.

KAGRA DailySummary

by T. Yamamoto
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Data-exchange tests with low latency
Low Latency h(t) transfer 
           KAGRA tunnel ̶> the surface  ̶> Kashiwa server : 3 sec 
Low Latency connection with LV 
           LHO/LLO ̶> Caltech ̶> Kashiwa : 6-14 sec 
           Virgo       ̶> Caltech ̶> Kashiwa : 10-16 sec 

      main system
(system-A)
~2.5PiB

iKAGRA
system

LV data distribution to Tier-x level will be monitored by Tier-site managers. 

(time includes reconstruction)

by N. Kanda
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Test runs

We conducted the 1st engineering run at June 8th 12:00-18:00(JST)  
- X arm lock with IR main laser 
- Total duty cycle of the science mode was 94.8% 

- Transient noise and narrow band frequency(line) noise identification 
- Coherent channel search between main channel and PEM/IFO control signals/

instrument signals

June 8, X-arm for 5.5 hrs/6 hrs

June 19, DRMI first locked
- only PR, SR parts were tested. 
- locked in 10 sec, locked for a couple of mins 
- We began searching the best parameters

July 13, Engineering Run
Interferometer w cryogenic, finally…



Status of KAGRA: Summary

KAGRA finished all the installations by April 2019, and under 
extensive commissioning. 
June 8, X-arm locked (d.c. 94.8% of 6 hrs) 
June 19, PR and SR locked in 10 sec, locked for several mins. 
KAGRA plans to join O3 from the end of  2019. 
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KAGRA plans to join O4 from the beginning.

KAGRA-LV data exchange started. 
KAGRA-LV data analysis groups meetings has 
started. 
KAGRA-LV MOA discussion starts soon.   
KAGRA has joined LV publication plans.  

KAGRA appreciates the community’s 
warm welcomes. 


