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KAGRA Collaboration in the world
• Research organizations of laboratories and 

universities are 28 in Japan and 36 in overseas
• 155 researchers in Japan and 76 in abroad, 231 

members in total



Kamioka site
KAGRA is located in Kamioka mine.
  - 220km away from Tokyo
  - 360m altitude
  - 200~300m underground
  - Hard rock of 5km/s in sound speed
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KAGRA Science

• Scientific objective
– Direct detection of GW in one 

year observation
– Opening GW astronomy

World wide network
Collaboration with other projects

KAGRA enhances sky coverage !

CQG 28 (2011) 125023 
B.F.Schutz

NASA Photo

Establishing high sensitive GW 
detector is needed to catch events 
occurring in more than 100Mpc. 



Ultimate design sensitivity of KAGRA
This sensitivity achieves 167 Mpc for 
coalescence GW of 1.4 Ms NSB.

Duty factor: > 80%
Expected event rate 

20kg test mass at 20 K
Q of suspension: 108

Bulk Q of mirror: 108

400kW cavity power
Q of coating: 104

DC read out

9.8 yr-1
-6.6
+14

Broad band RSE



Input/Output  Optics
  - Beam Cleaning and stab.
  - Modulator, Isolator
  - Fixed pre-mode cleaner
  - Suspended mode cleaner
  - Output mode cleaner
  - Photo detectors

Main Interferometer
  - 3 km arm cavities
  - RSE with power recycling
  - Cryogenic test masses
       Sapphire, 20K
       Long chain vibration isolator
       Cryostat + Cryo-cooler
  - Room-temp. Core optics 
        (BS, PRM, SEM, …)

Interferometer configuration

Laser Source
  - Wavelength 1064 nm
  - Output power 180 W

ETM

ITM
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X-arm cavity
  Length  3,000 m
  Finesse 1,550

ITM ETMBS

SEM

PRM

26-m MC Power-recycling
    Gain ~11

Laser

825 W

RSE: (Resonant
     sideband Extraction)
  Signal-band Gain ~15
  Detuned RSE
      (Variable tuning)

   Power  ~400 kWInput
Bench

   Power 
    ~180 W

80 W



Fabry-Perot Michelson Power Recycled Fabry-Perot 
Michelson with broadband RSE
Cryogenic mirror,  output MC

Without cryogenics & power recycling
Fused silica mirror

Operational run in 2015

Operation starts in 2017
Observation in 2018

From iKAGRA to bKAGRA



Tunnel Excavation

Mozumi ①②③finished
New Atotsu ①②③④⑤finished
New Atotsu  ongoing 



Vacuum System

Transported to Kamioka

Type-B vacuum chamber

Production of 6-km beam 
tube and 27 chambers 
was finished.



Seismic 
Attenuation 

System
SAS

(Type-A/B)

Top Filter (TF)

Inverted Pendulum (IP)

Standard  Filter (SF)
Filter1~3 in Type-A
Filter1 in Type-B

Bottom Filter (BF)

Test Mass (TM)
Recoil Mass (RM)

Pre-isolator
 (PI)

Payload
 (PAY)

Filter chain

Intermediate Mass (IM)
Intermediate Recoil Mass (IRM)



19 standard GAS filters 
have been built and 
delivered.

Production of 6 top filters 
have been finished. 
Additional 2 top filters will 
be completed soon.

Production of inverted 
pendulums with NIKHEF is 
planed.

The test of payload 
prtotype is going in NAOJ.

Full prototype test will be 
started in TAMA.

Production and Test of SAS



Cryostat and Cryo-payload
Assembly and performance test of 
cryostats were finiched in the 
TOSHIBA Keihin Product 
Operations.

We are discussing sapphire mirror 
suspended by cradle with sapphire 
spring.

We started tests of CuBe blade 
spring for vertical isolation.



Core optics

iKAGRA cavity mirrors
ETMs: iLIGO mirrors
ITMs: reformed iLIGO mirrors 
  (wedge angle was changed)

Beam splitter
S-Polarization
37-cm diameter , 8-cm thickness

bKAGRA cavity mirrors
22-cm diameter , 15-cm thickness
C-Axis Sapphire 

PR & SR mirrors
Reformed iLIGO mirrors 
are used and in polishing.
Radius of curvature must 
be fabricated with xtremely 
small uncertainties.
Ex. 
PR2: R=(-3.0764±0.01) m
PR3: R=(24.9165±0.01) m

MC & MT mirrors
MC: in coating
MT: in preparation

Flat Mirror  < 1 Årms
Large crystal



Laser : R&D for high power

The highest 
power was 78 W 
obtained from 
two 41-W outputs.

The performance of each 
component is being tested.

Total system assemble will be 
started soon as the next 
step.

Wave-front distortion caused by a 
solid-state amplifier

Coherent addition Bright port 78W Dark port 4W

The wave front 
distortion  was 
corrected by 
using a 
deformable mirror.



Schedule



Summary

• KAGRA construction is under way. The tunnel 
excavation was almost finished.

• KAGRA is promoted by UT under collaboration 
with KEK and NAOJ.

• First milestone of KAGRA is the operational run 
in 2015. 

• bKAGRA operation starts in 2017.

• Observation in the world network since 2018.


