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Key features of KAGRA

Underground
Reduce seismic noise

Cryogenic Mirror
Reduce thermal noise

Resonant sideband

Q extraction (RSE)

v Interferometer
Optimize quantum noise
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Location (Kamioka)
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Ground motion in Kamioka mine

10

107

10

i

ok
=
~]

ent [m/rHz]

—_
=
@

i
o

[h HBI acem
=

—
<
=
|
I
|
i
I
|
Il

i
—
[

=
|
A
i
|

—n
o |

—_—
=
[

10°

ok
=

1 107
Frequency [Hz]



Tunnel Design
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Vibration isolation
system

Type A for test masses

2nd floor
Inverted pendulum
Geometrical antispring filter

Mirror
1st floor




Vacuum chamber configuration
EYT

O E:\C, Type-A double chamber (2.4 & 1.5 m in dia.)
[GASF + IP + Cryogenic payload]
. EYA
Type-B chamber (1.5/ 2.0 min dia.)
= [GASF + IP + Payload]

Type-C chamber (1.2/ 1.5 min dia.)
[Stack + Payload]
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Cryogenic System

Suzuki-san will give a detailed presentation about the
KAGRA cryogenics.




RSE interferometer

Fabry-Perot arm cavity:
Increase the effective arm length

Power recycling mirror: -> Increase the GW signal

Increase the effective power
-> Improve the shot noise

Signal extraction mirror:
Detuned for the best -Extract GW signal before cancellation

NS-NS inspiral range = -> Optimize the quantum noise




Laser system

N\

Mitsubishi laser modules 80 W

Fiber laser amplifiers
40 W

40 W

NPRO(500mW)




Interferometer specifications

ETM2
Rf=0.99995
Perpen. T Sapphire

arm cavity Temp.: 20K
ITM2

e
T.:':,Ij:r;nx Inline arm cavity

Length: 3 km
Finesse:1550

PRM
Fused Sllica

M1 ETM1

Arm power:
400 kw

825 W



Sensitivity (1/rtH)
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Target sensitivity of KAGRA

Duty factor: > 80%

total

quantum
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Expected event rate for NS-NS
coalescence

Inspiral range: 167 Mpc
(the same definition as LIGO/Virgo)

Inspiral rate per galaxy | lh* \l\ r

!

Expected event rate 9 8_|_ 6.6 yI‘ =



KAGRA Schedule

iIKAGRA (2010.10 - 2015.12) %
- Fabry-Perot Michelson interferometer

- Room temperature @ /

- Fused silica mirror ///\J-

- Simplified vibration isolation system
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bKAGRA (2016.1 - 2018.3) /\
- RSE interferometer -
- Cryogenic temperature Q w/&
- Sapphire mirror //\l’ 3

- Full vibration isolation system >



Major Milestones of KAGRA

2012 2013 2014 2015 2016 2017 2018 2019
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Organization

KAGRA Council

Principal

Program Advisory

Investigator Board
T Kajita
R&D fi
Theory Fttur:r International B?ard of .Affiliation for ICRR
System Representatives Project Management is
T.Naka- Executive Office Member _I— Support omitted.
: - Executive
mura S.Kawamura _ :
(KU) International Office N.Kanda (OCU)
Reoresentatives TUchivama
System Engineering S R.Takahashi
Extarral Office K Kuroda T.Suzuki (KEK/ UT\)
: | \ N Kimura (KEK/UT)
Review , N Mio{UT PSC)
Hoard Chief S.Kawamura IRkatar; K.Yamamoto
Dep. Chief MAndo{NAOJ) M .Ohashi Y Aso (UT Phys.}
S_Miyoki Y. Saito (KEK) O.Miyakawa
K Somiya(TITEC) S.Telada (AIST)
| TAkutsu (NAQJ)
AAraya (UTERI)
| 0 | | | | | | " | | | | |
: y Main Input o e Geophysics
Tunnel Facility Vacuum Cryogenics ';llea:.lon Mirror Laser Inter- Output A;::;::y Ele‘:::r:i“ g':::; Interferomet
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Sa(f)e;y y Cor(? Optics DetChar
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. (NAOJ) Management
Inspection
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KAGRA collaboration

190 members from the following institutes/universities

The University of Tokyo, National Astronomical Observatory of Japan, the
Graduate University for advanced studies, High Energy Accelerator Research
Organization , Tokyo Institute of Technology, Osaka City University, Kyoto
University, University of Electro-Communications, Hosei University, National
Institute of Advanced Industrial Science and Technology, Osaka University,
Ochanomizuu University, Nihon University, Niigata University, Yamanashi Eiwa
College , Nihon University, Hirosaki University, Tohoku University, Rikkyo
University, Hiroshima University, University of the Ryukyus, Waseda University,
Teikyo University, Japan Student Service Organization, Institute for Molecular
Science, Max-Planck-Institut, California Inst. Technology, University of Western
Australia, Louisiana State University, Beijing Normal University, Inter University
Center for Astronomy & Astrophysics, Moscow University, LATMOS, CNRS,
University of Science and Technology of China, Tsinghua University, Industrial
Technology Research Institute, University of Maryland, Columbia University,
University of Glasgow, University of Sannio, Fulbright Fellow, INFN Student Fellow,
Univ. of Basilicata, Univ. of Salerno, Shanghai Normal University, National Tsing
Hua University, Korea University, Inje University, Seoul National University,
Myongii National University, Korea Atomic Energy Research Institute, Hanyang
University, Pusan National University, Korea Institute of Science and Technology
Information, National Institute for Mathematical Sciences, Kyungpook National
University, Gunsan National University, Korea Institute for Advanced Study,
Sogang University, Chinese Academy of Sciences, The Pennsylvania State
University, Montana State University



Collaboration with the Korean GW group

® Had a meeting to discuss the possibility of
collaboration in January 2011 at Seoul
National Univ.

® Some KGWG members joined KAGRA in
August 2011.

® Collaboration started.

® Three workshops held so far.

® Collaboration on Laser, interferometer,
data analysis, and data characterization
going on

2nd workshop (May 2012 @ ICRR)

r f ‘ L b w—— R ) < =

1*"Korea-Japan Workshop on LCGT: |

Large-scale Cryogenic Gravitational-wave Telescope
12 - Jan. 13,

JJJJJ an. 13, 2012 Hana Square, Science Campus, Korea University, Seoul, Korea

1st workshop (Jan. 2012 @ Korean Univ.)

mirdl(nrea-.lman.]ointmrkshopm AGRAY

Dete 21-22. 2012 Jncre Fanag ik S iersy

3rd workshop (Dec. 2012 @ Sogang Univ.)



MoU with LSC and VIRGO

[ KAGRA-MI1201313-vl
® MOU signed Lo
Memorandum of Understanding
- General part (K-L-V) e
KAGRA, LIGO and Virgo Scientific Collaborations
- Attachment A (K-L)
A. Purpose of the agreement:
[ ] [ ]
The f this Memorandum of Understanding (MOU) i blish llaborati
Technical collaboration — Zrmsiome e om oo oo

the new field of gravitational wave astronomy. The main scientific motivation is that the

- Attachment B (K-L-V) e s e

This MOU provides for joint work between the scientific collaborations of KAGRA, LIGO and

Data sharing and analysis = wes s o o i s o et it

collaboration. When sensitive detectors are in operation, we intend to carry out the search for

gravitational waves in a spint of teamwork.

® MOU to be signed very SOON s cicouosomsmii i s sgmitysepess

B. Parties to the agreement:

- Attachment C (K-V)

° ° KAGRA, previously called LCGT (Large-scale Cryogenic Gravitational-wave Telescope), is a 3-
Tec h n I ca I co I I a bo rat I o n km laser interferometric gravitational wave antenna built at Kamioka underground site in Japan.
One of its characteristic features is to be a cryogenic interferometer; the test-mass mirrors that
form 3-km Fabry-Perot arm cavities are cooled down to cryogenic temperature of around 20K,
s0 as to reduce the effect of thermal noises. Stable environment of the underground site and



EIiTES

*ET-KAGRA collaboration program
mainly on underground site and cryogenics.
= 1st general meeting in Oct. 2012 at Tokyo




Tunnel excavation

® Both access tunnels have been completed.
® Y end area except the 2nd floor has been R , ! ",;",s,” mathod
completed. : 2F Tire method
® The current progress of the Y arm tunnel is 700m.
® Excavation of the Center area (not including the Sakonishi
2. Tire method

2nd floor) has been finished. XRarl
] ail method
® Excavation of the X arm has started.

X New Atotsu

Ej)/ New Atotsu
entrance

N

3000m
©)

'MOZUMI |

g&gﬂ_
Mozumi tunnel |

Tire method i i

Mozumi tunnel l ® | ® |
(Already exixtipg J N arm (Mozumi side)

N Tire method Tire method Tire method

(D
>

New Atotsu tunnel
Tire method

\)

Mozumi entrance



Center experiment room A

2012/12/02




Panorama photo from BS position

. Direction of Xarm
Direction of Yarm \

Direction of Laser booth
&
Mode Cleaner




Beam tubes

® 12m, ®800mm for 3km x 2 arms
8 beam tubes have been delivered.
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Noda/MESCO, Kamioka



Isolator Prototypes

Pre-Isolator Prototype test (Kashiwa)



Resonance damping of SAS

Digital control of Inverted Pendulum for horizontal isolation 3
degrees of freedom using LVDT&voice coil (sensors of acceleration)
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Sapphire Mirror

Two Sapphire substrates have been delivered.
(®220mm, t 150mm, c-axis)



Main Interferometer

[Progress]

® Detailed design document including noise

requirements for various subsystems

® A reasonable LSC scheme

® Preliminary ASC scheme

® Computer optimized
optical layout

REFL

POP iiii

-

PRM

PR2

AS DC -

OMC
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Stray-light Control

1. Baffle vanes in the 3-km beam tube (every 12 m)
2. Cryo-baffle vanes in the 17-m cryoshield

3. Baffles for narrow-angle scatters

4. Cryo-baffles for wide-angle scatters

5. Other baffles

Cooled down to 20 K




Detector Characterization

® to evaluate & improve data quality
Instrumental, environmental monitors

® to distinguish between GW and GW-like noise
Multi-monitor analysis (collaboration with KGWG)

® to perform calibration
From Observation to Science

[} [ ] ® Environment-monitor sensors
O. (preliminary):
@ Thermometer H

Zifioor g / Hygrometer
@ Barometer
9 O Accelerometer
e @ Particle counter -‘:._:_‘-“"
° ® Seismometer x
’ (broadband) floor
2 floor ® 1500m ®
-— "
Yo L'_O“ Se i
° o o s e e ®
LX] —>

500m

various monitors Neural Network (KGWG)



Summary

The tunnel excavation is going well.
Design activities are also going well.
We will start installation in April 2014.

We have a challenging schedule and tight
budget and human resources.

International collaborations are extremely
important.



