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KAGRA : 2nd generation detector  
                               with 3km arm at Kamioka in Japan 
 
 
 
 
 
 
 
 
Two unique key features 
  Underground site with small seismic motion 
  Cryogenic techniques to reduce thermal noise  

Introduction 
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KAGRA congratulates the first and second 
detections of Binary Black Holes mergers in 2015 ! 

Congratulation !  

This greatest news stimulated discussion about 
schedule of KAGRA to join the observation network. 
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Internal discussions as well as the recommendation 
of PAB (external review) lead us to the following 
schedule. 
 
Phase-1 (until March 2018) 
3km cryogenic Michelson interferometer 
 
Phase-2 (until 1st quarter of 2019 ?)  
Cryogenic full configuration interferometer 
 
Phase-3 (From 2nd quarter of 2019 ?)  
Commissioning and Observation runs 
 

Schedule of KAGRA 
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Phase-1 (until March 2018) 
3km cryogenic Michelson interferometer 
 
 
 
 

Schedule of KAGRA 
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Cryogenic payload 

Cooled sapphire mirror 
suspended by sapphire fibers 
(Sapphire monolithic stage) 

Demonstration of critical 
technologies   
(1) Cryogenic payload (around 20K) 
(2) Vibration isolation system for 
cryogenic payload (14m height) 
 
They are installed at both ends as 
components of simple Michelson 
interferometer. 



6 6 6 6 

Schedule of KAGRA 
Phase-2 (until 1st quarter of 2019 ?)  
Cryogenic full configuration interferometer 
 (1)Installation of optics for FP cavity, RSE …   
 (2)Lock of Power recycled RSE FP Michelson 
interferometer 
 (Serious interferometer sensing/control activities) 
 
 
Phase-3 (From 2nd quarter of 2019 ?)  
Commissioning and Observation runs 
 KAGRA can join the network in this phase. 
 (second half of O4, 2020, in earliest case) 
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By Lisa Barsotti 
Dawn Workshop  
7 July 2016 

Commissioning and 
Observation 

Construction of 
cryogenic  
interferometer 
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Schedule of KAGRA 
We are preparing description and FIGURES about 
sensitivity evolution and schedule as follow for next 
revision of . 
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iKAGRA (room temperature) phase finished.  
Engineering run was held on March and April 2016. 
 
 
 
 
 
 
 
 
Promise with Japanese government was kept ! 

Recent news 
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Recent news  
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Performance of cryostat at KAGRA site will be 
checked by April 2017.  
(1)Cooling test  
(2)Measurement of radiation shield vibration 
(Collaboration with Rome University, ELiTES) 
 
   

Y. Sakakibara et al.,Classical and Quantum Gravity 31 (2014) 224003. 
F. Frasconi et al.,Meas. Sci. Technol. 25 (2014) 015103.  
D. Chen et al., Classical and Quantum Gravity 31(2014) 224001. 
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Cryogenic payload 
 
The first cryogenic payload has 
already been delivered and 
assembled !  
 
Performance test (adjustment 
and control system, 
measurement of transfer 
function) is in progress or being 
prepared. 
 

Recent news   
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Recent news   
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Sapphire monolithic stage   

Hydroxide Catalysis Bonding 

Prototype test 
Hydroxide Catalysis Bonding 
(HCB) of two sapphire ears on 
sapphire bulk as dummy mirror 
(August 2016) 
Next step is suspending.  

European colleagues (ELiTES) 
supports development of 
sapphire suspension. 
HCB : Glasgow    
Jig for HCB : Perugia 

Sapphire bulk 
as dummy 
mirror 

Sapphire ear 
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Recent news   
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Helios Vocca (Perugia) 

Kieran Craig (Tokyo) 

Marielle van Veggel 
(Glasgow) 

Jig for HCB 
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Recent news   
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Monitor of seismic motion at KAGRA site (11-25 April 
2016) 

Around 1Hz, seismic motion is 10-9m/rtHz (100 times 
smaller than typical one) and almost constant.  
Requirement for control system should be modest.     



Summary 
KAGRA will join international observation network 
(second half of O4, 2020, in earliest case) to 
contribute to gravitational wave physics. 
 
International collaboration contributes to  
development of KAGRA interferometer.  
For example, cryogenic parts, an unique key feature 
and challenge, is being developed and tested under 
collaboration with European groups (ELiTES).  
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Thank you for your attention ! 
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Phase-1 (until March 2018) 
   Operation of a 3km cryogenic  
                                              Michelson interferometer 
 
 
 
 

2. Schedule 

Cooled sapphire mirror 

14m 

Type A vibration 
isolation system  
(room temperature) 

Cryogenic payload 
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Phase-1 (until March 2018) 
   Operation of a 3km cryogenic  
                                              Michelson interferometer 
 
 
 
 

2. Schedule 

14m 

They are installed and 
operated at both ends. 
 
One of the largest 
challenges in KAGRA 
They must be checked 
in phase 1. 
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Phase-1 (until March 2018) 
   Type A (vibration isolation for cryo payload) 
 
 
 

2. Schedule 
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2. Schedule 
Phase-2 (until 1st quarter of 2019 ?)  
  Operation with full configuration cryogenic RSE  
                        Fabry-Perot Michelson interferometer 
 
 * Full lock of the RSE interferometer will be 
    a main issue. We cannot seriously discuss 
    about the sensitivity in this phase. 
 * A few new items : 
     -2 cryogenic ITM (Type-A + Cryogenic payload) 
     -SRM can be installed in Phase-1 
     -Green-lock system,... 
 * There will be an upgrade of cryogenic payload. 
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2. Schedule 
Phase-2 (until 1st quarter of 2019 ?)  
  Operation with full configuration cryogenic RSE  
                        Fabry-Perot Michelson interferometer 
 
Preliminary schedule for Phase-2(maybe too tight) 
-2018.4-Preparation of CRYp update, 
IFO operation continued. 
-2018.8-10 CRYp ITM x2 Installation. 
-2018.11 300K Full interferometer operation. 
-2018.12-2019.1 Cool down. 
-2019.2-3 Operation of a full RSE interferometer 
at cryogenic temperature. 
Commissioning and Observation run. 
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2. Schedule 

This review shows prospect of observation scenario, 
but NOTHING of details of KAGRA. 
It will be revised before O2.  

Phase-3 (From 2nd quarter of 2019 ?)  
                           Commissioning and Observation run 
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2. Schedule 
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•! The beam went back and forth the 3-km X/Y arms 
•!Acquired tidal and environmental sensors data 
•! Type-Bp’ was stable enough for 3-km Michelson 
•!Controlled the ETMs via 3-km RFM network 
•!Observation shift worked well without big trouble 
•!Data management also worked very well 

•!Many people enjoyed the  
integration, commissioning,  
and operation of the large  
scale interferometer  
(with some struggle) 

GOOD FINDINGS

30 
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2. Recent topics   
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(1)Cryogenics : Sapphire suspension 
 
Finally, Hydroxide Catalysis Bonding (HCB) was 
applied between sapphire bulk (as dummy mirror) 
and sapphire ears (August 2016). We wait until 
middle of September for curing. 
 
European colleagues (ELiTES) supports 
development of sapphire suspension. 
 
HCB(with sodium silicate solution) : Glasgow    
Jig for HCB : Perugia 
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2. Recent topics   
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and sapphire ears (August 2016). We wait until 
middle of September for curing. 
 
European colleagues (ELiTES) supports 
development of sapphire suspension. 
 
HCB(with sodium silicate solution) : Glasgow    
Jig for HCB : Perugia 



BONDING JIGS FOR KAGRA 
MIRRORS 

•! Ear position very important for suspensions 
•! KAGRA will use similar jig to Adv. Virgo 
•! KAGRA bonding jigs developed in collaboration with U. 

Perugia 
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BONDING JIGS FOR KAGRA 
MIRRORS 

•! Mirror is pressed on all sides by teflon 
•! The box is rotated to rest on the handles during bonding 
•! Handles parallel to mirror flats 
•! Ear fixed in all degrees of freedom during bonding  

34 
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2. Recent topics   
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(2)Underground site  
Seismic motion, water problem, water seismic 
motion, water GGN, magnetic field, geophysics 
interferometer    

F. Frasconi et al., 
Meas. Sci. Technol. 25 (2014) 015103.  
 
D. Chen et al.,  
Classical and Quantum Gravity 31(2014) 
224001. 
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2. Recent topics   
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Distance between water flow and mirror is 100m. 
(According to CLIO experience, it is enough) 
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2. Recent topics   
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Measured spectrum  
is comparable  
with our expectation.    
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2. Recent topics   
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Water gradient gravity noise by water    
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2. Recent topics   
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Water gradient gravity noise by water    
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2. Recent topics   
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Water gradient gravity noise by water    
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2. Recent topics   
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Water gradient gravity noise by water    
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2. Recent topics   
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(2)Magnetic field  (Schumann resonance)   
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2. Recent topics   
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(2)Magnetic field  (Schumann resonance)   

Schumann resonance will be an issue in stochastic 
analysis.  
Collaboration between KAGRA and Virgo is 
investigating.   
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2. Recent topics   
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(2)Magnetic field     
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2. Recent topics   
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Geophysics interferometer  
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2. Recent topics   
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Geophysics interferometer  
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2. Recent topics   
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Geophysics interferometer  




