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KACRA (Opjective of GW detection

Direct detection of gravity wave is the test of Einstein’s
general relativity in the strong gravity field

— Classical tests of GR in weak filed also satisfy other metric
theories

— Any replacement of Brans-Dicke’s theory?
Gravity wave becomes the observation tool of
astrophysics and astronomy

— Distribution search of compact stars, merger rate, etc.

— Spin behaviors of compact stars

— Standard light for measuring astronomical distances
Signal of gravity wave in time places conditions of the
equation of high density state of nuclear objects

— Clearer determination of the radius of neutron star in
merger at the coalescence



KA@ Various sources of Gravity waves
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Binary neutron stars
* Coalescence of neutron star— Eer e alal:

. kinetic energy of orbital
¢ Supernova e)(r:)IOS'On motion due to releasing

GW
e (Coalescence of BH

e Star falling into BH Burst GW produced Supernova 1987A Rings
. . by explosion

* Spinning pulsars

* Binary pulsar in orbital B, soidal GW emitted

motion
e |nstant of Birth of Universe

* Unknown GW - f

Hubble Space Telescope
Wide Field Planetary Camera 2
PL

Magnetic field
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KACRA How to detect?
Gravity plane wave

Pioneering work by J. Weber who h\_______/??

started to develop a bar detector in \_/ g 00 0 O

late of 1960s
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GR is being tested as in Angela’s talk

= \ / Disk type: Resonant
/ \ frequency could be
changed by making slits

Bar type: Resonant
frequency was determined
by the length of the bar

UNIVERSITY OF MARYLAND

Tidal force of gravity wave causes elastic modal oscillation, which can be detected by
sensitive transducer. Thermal noise of vibration is reduced by lowering the temperature.
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KACRA Laser Interferometer
Gravity plane wave
Metric perturbation 0 00O
g;=n; + hIJ b= 0 hy hy, 0
: 10 h,; h,,0
is detected by & 0 00 O

Michelson type
laser interferometer

Typical amplitude
h~1022

lwave propagation

Mirror X

Mirror Y

Light speed of propagation
differs for each arms of
Interferometer

Photo detector AL/L =~ ho2

Beam Splitter

Phase difference at BS is detected by power change of the photodiode




Current detectors in the World
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LIGO(I) Hanford

‘.

L.’ Adv. LIGO
i i TAMA/CLIO (under construction)

(KAGRA (under construction)
-‘

LIGO-India (budget
request)

—

AIGO in near future r :
e e {T . . . .

A network of detectors is indispens§lfiesto
localize sources.
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KACRA  QOverview of KAGRA

Laser sawgyd optical baffle
|

High power laser:
Coherent addition

Suspension sapphire fiber

Pathfinder

Double floors
SAS system

>

Highest quality

Sapphire substrate
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KATRA Observation Network in the world

— Plural detectors with similar sensitivities are required for localization
— Indispensable for GW astronomy

Hanford (double) + Livingston + VIRGO isotropy Hanford (double) + Livingston + VIRGO + LCGT isotropy
coverage at 0.707 of maximum range coverage at 0.707 of maximum range

CQG 28 (2011) 125023 B.F.Schutz

Higher sensitive GW detectors are needed to
KAGRA enhances sky coverage ! |:> catch events occurring in more than 100Mpc.



Location & Cavern of KAGRA
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' Latitude: 36.41N, Longitude:137.31E

Y arm declines by 28.31 deg from the North

- Height from sea level: 372m

| ' " Cavern is under the surface by more than 200m
" Tunnel is tilted by 1/300

' X-end H:382.095m u
Y-end H:362.928m
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&A/G/RR Cavern design and Opening ceremony

VI room Gate valve

ITM for IKAGRA - Slope tunkel
A g2 - ™

o
/ ;
\,

Center exp. room A
\ Center parking

Outside of Tunnel

\

New Atotsu

: Peopel visited inside at Opening ceremony

| in 4t July, 2014 Leveled floor inside Tunne




Cryostat moving in the Y-arm tunnel

Settled at Y-end underneath the hole of SAS




RITDEFIN (1)

Work at the MCE Opened MCE vacuum

vacuum chamber chamber
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Schedule & budget
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Extended one year,
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Leading-edge Research
Infrastructure Program
(~S99M) for KAGRA

D e~
1

Budget from MEXT (~$20M)
for detector upgrade

-

Budget for additional costs (submitted)

Budget from MEXT (~S30M)
for excavation

S

Competitive fund for detector upgrade (approved)

E t a 15
‘ Scientific Research on Priority Areas (~S1M) for multi-messenger astronomy ‘
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0 300 300
1 200 100 300
2 250 300 990
3 390 150 900
4 150 50 200
5 360 100 460
6 300 30 330
Jj 400 400
8 250 200 450
9 400 o0 450
10 200 200 700
11 400 20 420
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13 390 390
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19 0 200 200
i 4110 2270 6380
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E| [NKAGRA Collaboration meeting
- 4HA168&10A 15H IR

#85}KAGRA Collaboration meeting
— 68128 &12 A9 (ZBifE
face-to-face KAGRA Collaboration meeting
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10° = “Measured by K Kasahara, 5N, $0.20mm, annealed
5N Al $0.15 mm, unannealed
5N Al 00.15 mm, annealed
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Y. Sakakibara et al., Classical and Quantum Gravity 31(2014) 224003.

D. Chen et al., Classical and Quantum Gravity 31(2014) 224001.




4. BIEIRENSEHORFE (RFHE)
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Spectrum [V/rHz]

6. KAGRAFHL—Y
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1. Pre-stabilized Laser® Ba %

EOM1: Control of PMC

EOM2: Control of FRC, IMC

EOM3: Control of main Interferometer
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10. KAGRA(LCGT)D = D EFER Y I 7A VIRZRZE DB FE (X)
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Karen Hauhian et al., The effect of crystal orientation on the cryogenic
strength of hydroxide-catalysis bonded sapphire, submitted to CQG.
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