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GW Detector Engineering Aspects 
ÂRecycled Fabry-Perot Michelson Interferometer 
with Resonant Sideband Extraction Technique. 

Fabry 
Perot 
Cavity 
For 
Multi - 
reflection  

Power 
Recycling 
Technique 
To reduce 
Shot noise 

RSE 
Technique 
To modify 
Frequency response for GW 
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Km scale-GWDs in the world 



Merits of GW detection network 

#̧ÏÎÖÉÎÃÉÎÇ Ȱ4ÒÕÅ ÄÅÔÅÃÔÉÏÎȱ 
ÅBy coincidence of independent detectors. 
 

Ḑetermination of 
ÅArrival time, 
ÅPolarization of GWs, 
Å (in case of inspiral binary,) absolute amplitude and 

inclination angle of orbit. 
 

Ḑuty time of observation 
ÅMore GW events, 
ÅChance of follow up observation. 
 

Şky coverage enhancement 



KAGRA Highlights 
KAGRA highlights that are 
different from other GWDs 
such as aLIGO,a VIRGO are 
ȣ 
(1) Underground  
ĄStable Operation owing 

to low seismic noise. 
 
(2) Usage of Cryogenic 
Mirrors and suspensions 
ĄReduce Thermal Noises  
 
(3) Collaboration with 
Geophysical Laser Strain-
meter  

Kamioka Observatory  



Merits (& demerits ) of Underground 

ÅOut-band frequency range seismic noise at low frequency has 
nonlinear effect on in-band frequency range sensitivity in 
GWD. So lower seismic noise in out-band is desirable.  

­Smaller low-frequency motion of mirror  

­ Lower gain of control system necessary 

­Lower in-band noise imposed by control system 

ÅLow Gravity Gradient Noise 

 on the other hand,  

 

Å7Å ÆÏÕÎÄ ÔÈÅ Ȱ×ÁÔÅÒȱ ÉÎ ÔÈÅ ÍÏÕÎÔÁÉÎ ÉÓ ÁÎÎÏÙÉÎÇ ÓÏÕÒÃÅ ÉÎ 
many practical aspects.  

Å7Å ÓÈÏÕÌÄ ÃÈÅÃË ÔÈÅ Ȱ'ÒÁÖÉÔÙ 'ÒÁÄÉÅÎÔ .ÏÉÓÅȱ ÄÕÅ ÔÏ ×ÁÔÅÒ 
flow near mirrors 



Low Seismic noise Underground 

By Rana 
(LIGO) 



Kamioka Seismic Noise 
Strain Meter Data 
 (< 20Hz) 
 
070215 : Stormy day 
070213 : fine day 
 
10 times 
enhancement of 
micro seismic noise 
due to ocean waves 
can be observed. 

Both are limited 
by system noise 
over 1Hz.  



Cryogenic Mirror and Suspension 
ÅThermal noise reduction using cryogenic mirror and 

mirror suspension. 

ÅCLIO proto-type verified these properties. 
Suspension Thermal Noise Mirror Thermal Noise 



KAGRA Road Map  

2013 2014 2015 2016 2017 2018 

Tunnel Excavation 

MI (15/12) 

Vacuum(15/3) 

DRMI 

Type-A Cryo 

RSE 

Cryo-RSE 

Tuning 
And 

Observation 

Sapphire Test mass preparation 

b-KAGRA i-KAGRA 

Experience of km-scale laser 
interferometer.  
Michelson Interferometer 
Construction 

Introduction of cryogenic 
mirrors and RSE technique to 
reach the targeted sensitivity. 

Under reconstruction 



initial-KAGRA (2010~2015.12) 

¸Construction Phase. 
Å Tunnel 
Å Vacuum 
Å Facility 

¸ Interferometer component design.  
¸3km arm Michelson Interferometer 

construction. 
ÅMirrors and suspension are set at 300K. 
ÅSiO2 Mirrors. 
Å2W level laser sources 
ÅSimple Mirror Suspension 

Şhort Observation ( for thrashing out problems ) 



baseline-KAGRA (2016~2017,18) 
 ̧Toward the Targeted Sensitivity ~ 280Mpc 
ÅCryogenic mirrors and suspensions (sapphire) 
Å200W~ 25W Laser (Mitsubishi-Amp or Fiber-Amp) 
ÅRSE technique (Broadband or Detuned in Variable RSE) 
ÅDC readout technique  
ÅOutput Mode Cleaner 
ÅSAS full operation 



Inspiral Range of KAGRA 

280Mpc 



Construction Status of KAGRA 
Mirror Cooling and 

suspension(CRY, CRY-p) 

 High Power and Stable Laser (LAS) 

IFO control, Data management, Data Analysis, 
Data Characterization. 
(DGS, AEL, MIF,DMG, DAS,Det-char) 

Large scale vacuum system 
(VAC) 

Seismic Noise 
Isolation (VIS) 

Input Output Optics(IOO) 

Scattered light 
control (AOS) 

Sapphire Mirror 
(MIR) 



Tunnel Excavation 
- Tunnel Design - 

Y End Station 
(Mozumi) 

Corner Station 
(Atotsu) 

X End 
Station 
(Sakonishi) 

Mozumi 
Entrance 

GW Atotsu 
Access 
Tunnel 

Mozumi 
Access 
Tunnel 

GW Atotsu 
Entrance 

3km 

3km 
~500m 

~900m 

¸Excavation has started in May 
2012. 

¸  Sometimes, we got a lot of water. 

TUN, VAC 
Group 

Tunnel Group 



Blasting for 22 months from May 2012 

Tunnel Group 



Tunnel Excavation around 2013 August 

Tunnel Group 



Atotsu Entrance 

Y-Arm 

Atotsu parking and SR-BS area 

X-Arm Laser Room 

Tunnel Completed in March 2014 

Total 7700m excavation 



Tunnel Design 

BS 

EYC 

X arm 

Y arm 

IXC IYC 

Xopt 

Yopt 

O  

EXA 

1/300 

IXA 

EYA 

IYA 
EXC 

Vacuum, Tunnel Group 

¸Slope of 1/300 was selected to drain the water to rivers. 
¸Horizontal planes for each station are prepared for 

easiness during installing vacuum tanks 



New Building for GWPO  

KAGRA Control, 
Monitoring, Data 
Storage Room 



Vacuum System 

¸ ~250 vacuum duct units (L=12m, d=0.8m) 
formed 3km arm, using metal gaskets. No 
leak was found. No baked, but ECB was 
adopted inside to minimize outgas. 

¸ Almost vacuum tanks have been set at their 
final position. 

¸ Minimum number of vacuum pumps will be 
prepared. 

EYC 

EYV 

IYC 

IYV 

IP TMP 

FL P 

BS PRM PR3 PR2 

SRM 

SR3 

SR2 

OMC 

MCE 
3000 m 

IXA EXA 

IFI 

EYT 

EXT 

IYA 

EYA 

MC : Mode Cleaner 

I, O, F, E : Input, Output, Front, End 

FI : Faraday Isolator 

MM : Mode Matching Telescope 

PRM : Power Recycling Mirror 

PR2, PR3 : PRC folding mirrors 

SRM : Signal Recycling Mirror 

SR2, SR3 : SRC Folding Mirrors 

BS : Beam Splitter 

X, Y : X and Y arm 

A : AOX 

T : Transmitting 

C : Cryogenic 

V : Vibration Isolation 

REF : REFL , Reflected Light detection 

GPO : GPOP, Green laser injection and POX, POY 

Type B chamber 

(1.5 m in diameter) 

GPO 

IMM 

REF 

OMM 

Type A double chamber 

(2.4 m in diameter) 

Type C chamber 

(1~1.5m in diameter) 

IMC 

MCF 

IXC 

IXV 
EXC 

EXV 

VAC Group 

30 units per one arm  



Vacuum Ducts and Chambers Set in FY2014  

X arm tunnel and vacuum tubes 
Leak check was completed. 

Beam Splitter Tank  
in Clean Booth 

Y arm tunnel and vacuum tubes 
Leak check was completed. 

Input Optics 
Tanks 

Signal Recycling 
Tanks 

VAC Group 



Vibration Isolation System 

Seismic noise isolation is one of essential requirements 
in GWDs. Not only in-band frequency range (10Hz ~ 
several kHz), but also out-band frequency (below 10Hz), 
ÉÔ ÉÓ ÉÍÐÏÒÔÁÎÔ ÔÏ ÏÂÔÁÉÎ ÌÏ× ÓÅÉÓÍÉÃ ÎÏÉÓÅ ÔÏ ÁÖÏÉÄ ȰÕÐ-
ÃÏÎÖÅÒÓÉÏÎ ÓÅÉÓÍÉÃ ÎÏÉÓÅȱȢ 

 
ÅHighest performance SAS for the main four sapphire 

mirrors (type-A). 

ÅLess performance isolators than Type-A for silica mirrors 
that form main parts of IFO (Type-B, Type-Bp, Type-BpȭɊȢ  

ÅSimple isolators for MC mirrors and small optics. (Type-C) 

VIS Group 



Super Attenuation System (Type-A) 
- for sapphire mirrors - 

ÂUpper tunnel containing pre-isolator 
(short IP and top filter) 

Â1.2m diameter 5m tall borehole 
containing standard filter chain 

ÂLower tunnel containing cryostat and 
payload 

Corner Y - End 

X - End 

Cryostat 

4 Cryo-coolers 

2nd Floor 

1st Floor 

VIS Group 



Super Attenuation System (Type-A) 
- for sapphire mirrors - 

Top filter [Filter0] and Inverted 
Pendulum (IP) 

Geometric Anti-Spring (GAS) 
Filter1 (Filter1~3 in Type-A) 

Payload 

VIS Group 



Pendulums (Type-B) 
- Simplified Type-A - 

Top filter [Filter0 ] 

Inverted Pendulum (IP) 

Bottom Filter (BF) 

Test Mass (TM) 
Recoil Mass (RM) 

Pre-isolator 

Payload 

Filter chain 

Intermediate Mass (IM) 
Intermediate Recoil Mass (IRM) 

Geometric Anti-Spring (GAS) 
Filter1 (Filter1~3 in Type-A) 

VIS Group 



Bottom Filters 

VIS Group 

Blades and fishing rod are 
mounted onto the base plate. 

Maraging blade springs 
made by NAOJ-ATC 

Assembled bottom 
filters in ATC 



Full Type-B Test in TAMA 

VIS Group 

All of system was assembled with cabling by the side of the 
chamber. The full system was hung by a crane and installed 
into the chamber from the top. The system is working in 
vacuum now. 

Inverted Pendulum 

Inverted Pendulum Base 

Type-B 
Pendulum 

VIS Group 



Input Output Optics for iKAGRA 
¸0ÒÅȤÓÔÁÂÉÌÉÚÅÄ ÌÁÓÅÒ ɉ03,Ɋ ×ÁÓ developed and 

tested at Kashiwa, and the performance was 
OK. 

¸  PSL is being installed in Kamioka. The 
ÐÒÅȤÍÏÄÅ ÃÌÅÁÎÅÒ was locked. 

¸  Input Faraday isolator has been assembled, 
and the performance was measured to be OK. 

¸ The mode cleaner suspensions were 
assembled and tested at NAOJ. One 
suspension system has been installed in 
Kamioka. 

Faraday Isolator 

Rigid Triangle FP cavity 

Clean room for Laser 

IOO Group 


