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Outline	
  
• Introduction 
• KAGRA overview 
• Results of iKAGRA 
• Future plans 
• Summary 
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SCIENCE	
  OVERVIEW	
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Prediction	
  of	
  General	
  rerativity	
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In	
  1916,	
  Einstein	
  proposed	
  
“General	
  rela4vity”:	


Distor4on	
  of	
  space-­‐4me	


One	
  of	
  the	
  most	
  promising	
  predic4ons	
  	


“Gravita4onal	
  waves”	




Gravitational	
  wave	
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Sources	
  
•  Event like: 

–  Compact Binary Coalescence (NS-NS, NS-BH, BH-BH) 

–  Neutron star (NS), Black-hole (BH) 

–  Supernovae 

–  BH ring down 

–  Pulsar glitch 

•  Continuous waves: 

–  Pulsar rotation 

–  Binaries 

•  Stochastic Background 
–  Early universe (i.e.Inflation) 
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Simple	
  principle	
  of	
  measurement	
  

•  The amplitude of interference fringe 
corresponds to that of GWs. 
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No	
  GWs	
 With	
  GWs	


Laser	
 Laser	


=	
 =	




LIGO	
  detection	
  

•  GW150914 and GW151226 are measured by LIGO. 
•  GWs are the measureable science targets! 
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KAGRA	
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KAGRA:	
  interferometric	
  GW	
  detector	
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KAGRA	
  specification	
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KAGRA	
 AdvLIGO	
 Voyager	

Wavelength	
 1064nm	
 1064nm	
 1550	
  nm	

Power	
 825	
  W	
 5.2	
  kW	
 140	
  W	

Finesse	
 1550	
 450	
 -­‐	

#reflec4on	
 987	
 287	
 -­‐	

Stored	
  power	
 410	
  kW	
 745	
  kW	
 3	
  MW	

baseline	
 3000	
  m	
 4000	
  m	
 4000	
  m	

Temperature	
 20	
  K	
 Room	
 123	
  K	

Site	
 Under	
  

ground	

On	
  ground	
 On	
  ground	
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Timeline	
  of	
  KAGRA	
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Michelson	
  interferometer	


Cryogenic	
  Michelson	
  interferometer	
  
with	
  Fabry-­‐Perot	
  cavity	




RESULTS	
  AND	
  PROGRESS	
  
OF	
  iKAGRA	
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Timeline	
  of	
  KAGRA	
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Michelson	
  interferometer	


Cryogenic	
  Michelson	
  interferometer	
  
with	
  Fabry-­‐Perot	
  cavity	




Deployment	
  of	
  iKAGRA	
  
•  Setup 

– 3km Michelson interferometer 
– Laser power: 2W 

•  Schedule 
–  iKAGRA 1st run: Mar. 25-31, 2016 
–  iKAGRA 2nd run: Apr. 11-25, 2016 

•  Goal 
– Demonstration of 3 km Michelson 
interferometer 

– Construction of data aggregation and 
transfer 

– Validation of suspension and control system 
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Injection	
  tests	
  

•  We generate the pseudo signals with actuator. 
•  Analysis is ongoing. 
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Slide	
  by	
  Yokozawa	
  san	
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FUTURE	
  PLANS	
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Timeline	
  of	
  KAGRA	
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Michelson	
  interferometer	


Cryogenic	
  Michelson	
  interferometer	
  
with	
  Fabry-­‐Perot	
  cavity	
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Taiwan	
  contributions	
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Data	
  management	
  
and	
  

Analysis	

Cryogenic	


Calibrator	




Taiwan	
  contributions	
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Data	
  management	
  
and	
  

Analysis	

Cryogenic	


Calibrator	
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Data	
  server	
  in	
  Taiwan	
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iKAGRA	
  full	
  data	
  copy	
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KAGRA	
  DMG	
  VPN	
  
	
  	
  	
  (Kamioka-­‐Kashiwa)	
  

Tier-­‐0	
  archive	
  

ICRR	
  VPN	
  
	
  	
  	
  	
  (Kashiwa)	
  

Prototype	
  PC	
  

ASGC	
  
	
  	
  	
  	
  (Taiwan)	
  
GRID	
  server	
  
(Tier-­‐1)	
  

SSH	
  access	
  over	
  VPN	
   GRID	
  transfer	
  

Checksum	
  verifica4on	
  



Results	
  of	
  data	
  transfer	
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iKAGRA	
  
observa4on	
  

Disk	
  quota	
  

GRID	
  copy	
  to	
  ASGC	
  



Dater	
  transfer	
  (recent)	
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Taiwan	
  contributions	
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Data	
  management	
  
and	
  

Analysis	

Cryogenic	


Calibrator	




Main	
  mirror	
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Upper	
  Floor
	


Bogom	
  Floor	
 Arm	
  tunnel	


14m	


We	
  excavate	
  upper-­‐floors	
  
and	
  	
  ver4cal	
  holes	
  for	
  	
  
Vibra4on	
  Isola4on	
  System.	
  
Base	
  of	
  the	
  VIS	
  is	
  put	
  
on	
  the	
  upper-­‐floor	
  

Type-­‐A	
  suspension:	
  
4-­‐stage	
  GAS	
  filters	
  
@	
  room	
  temperature	


Cryogenic	
  Payload	


Main	
  mirror	
  parts	


Frame-­‐Free	
  Suspension	
  



Cryogenic	
  Payload	
  

49	


Cryostat	


Under	
  developing	
  	
  
in	
  KEK	
  and	
  ICRR	


Pla0orm	


Marione3e	
  &	
  
	
  	
  Recoil	
  mass	


Intermediate	
  mass	
  
&	
  recoil	
  mass	


Mirror	
  &	
  
Recoil	
  mass	


Type-­‐A	




Assembling	
  the	
  Cryogenic	
  Payload	
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XY-­‐end	
  cryostat	
  assembly	
  (Just	
  now!)	


We	
  have	
  already	
  rushed	
  toward	
  bKAGRA	
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Inverted	
  pendulum	
  for	
  Type-­‐A	
  suspension	


Vacuum	
  chamber	
  
for	
  Type-­‐A	




Taiwan	
  contributions	
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Data	
  management	
  
and	
  

Analysis	

Cryogenic	


Calibrator	




Motivation	
  
•  Uncertainty of 
previous study 
–  Amplitude: ~10 % 
–  Phase: ~10deg 

•  Not enough  to study 
the “Astronomy” and 
“Cosmology” 

•  Need the low-
uncertainty detection 
of the waveform. 
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We	
  have	
  to	
  know	
  the	
  absolute	
  displacement	
  accurately!	


GW	
  is	
  measured	
  as	
  mirror	
  displacement	




Simple question	
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Conventional	
  method	
  (LIGO)	
  
Radiation pressure 

Push the mirror with 
photon pressure	
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  team	
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  system.	
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SUMMARY	
  
•   The Gravitational waves are observable 
target.  

•  KAGRA is one of the GW detectors in 
Asia.  

•  The runs of iKAGRA ate finished and 
analysis is ongoing.  

•  The fabrication of bKAGRA in progress. 
Taiwan group contribute the analysis 
and calibrator development.  

•  The observation of bKAGRA will start in 
early 2018.  
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