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Gravitational waves detected by: LIGO
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What signals were seen?
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Figure Credit: LIGO Scientific Collaboration
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Detection of gravitational wave using

KACRA laser interferometer

GWs move mirrors differentially.
We measure the distance between
O - O mirrors using fringe of light.

Expected length change by GW :
;{L ~1x10%m

Mirror

Beam Splitter Fringe

Screen

Laser
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Inspiral Merger Ring-
down

Numerical relativity
B Reconstructed (template)
eee———

Signal from binary black holes < 36 solar mass black hole + 29
13 billion yesar ago solar mass black holes make a

Two black holes merged into 29 solar mass black hole
one black hole




KAGRA Area of GW sources

* by two LIGOs ~500deg?
* +VVIRGO ~30deg?
 +KAGRA ~10deg?

A LVT151012
GW151226

GW150914

; ' L:LIGO-Livingston
I O UIGO-Hantor

median of 6Q [Deg?] 30.25 9.5 : ‘.:Kf;(;;\

J.Veitch et al., PRD85, 104045 (2012)
(Bayesian inference )
See also Rodriguez et al. 1309.3273

direction, inclination, polarization angle
are given randomly
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* KAGRA is located in Kamioka mine underground
-220km away from Tokyo gy '
- 360m altitude

- Big laboratory area
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KACRA KAGRA Project

* Host: ICRR Utokyo, Co-host: KEK, NAQOJ
* 300+ collaborators from 90+ institutes
* Constructed in Kamioka mine
 Underground and cryogenic
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National Astronomical
Observatory of Japan
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KACRA Quiet underground site
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Coa Design and on site pictures
KALRA & b

Y arm VI room Gate valve

ITM for IKAGRA A g Slope tunkel

. ’ c
’~ ITM for iKAGRA
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Vacuum chambers

Entrance of KAGRA

Remote control room
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Sapphire mirror
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RA  KAGRA Baseline Configuration

on

BRT

Type-A (cryogenic) Mode Cleaner

Type-B

Type-Bp
Type-C

Others

Output Optics
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KAGRA KAGRA Baseline Sensitivity

Sensitivity (1/rtHz)

1 0-25

NSNS Range = 151Mpc

total

quantum

Frequency (Hz)
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Installation work
in 2015-16

Most items were not yet 3km
installed or temporarily
installed in 2016.

|~ Luc=26.6m Y |

_______

But, facility, digital control
system, and infrastructure
were installed by 2016.



KACRA [KAGRA Test Runin 2016

« Period: March 25 to 31 and April 11 to 25

- To obtain experiences of the management and operation of the km-
class interferometer

« For test controls, data transfer, observation shift, etc.
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KAGRA  Overall plan

Colendar year 2010 | 2011 | 2012 | 2015 | 2030 | 2015 2016 | 1037 2018 {2019 2020

Project start H !
. I
Tunnel excavation [ ] [
IKAGRA I |
i
operation :
bKAGRA C——
i
genicsystem | _
operation E
Cryogenic f &
/ mirrors I/U/u‘
/
)
iKAGRA bKAGRA
Phase 1 Phase 2 Phase 3
Initial KAGRA Mlchelsgn V\{Ith two Fqur cryogenic DRFPMI.W|tP.1 four
cryogenic mirrors. mirrors. cryogenic mirrors.

Michelson at room temp. Observation Y
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KACGRA bKAGRA phase 1 schedule

el eseee—— E——

ETMY >
Type-A TypeA
Iy . . ETMY
ETM Coating “SIE’::SIOH Cryo-
p- Payload

il

el

2017 2018
3 4 6 7 8 9 10 11 12 2 3
SR27?

T™MX

own

Schedule is mostly limited by many vibration isolation systems.

— (PR3), PR2, PRM, BS, SR3, (SR2), ETMX, ETMY

Low temperature operation is also tight work.
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KACRA Vibration Isolation System

Cryostat

Ta
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Type-C: Others
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KAGRA Type-A suspension installation

-> Koki Okutomi’s talk on Thursday morning
“Controls of the KAGRA cryogenic vibration isolation system”



KACRA Type-A + Cryogenic Suspension

Kiso Schmitt Symposium, 2017/7/06, Osamu Miyakawa 23



Temperature of main cryostat at X-front
@2017 Mar. 13

~72 K at the top of
the 80 K outer shield

11.3 K at the side of
8 K inner shield

[43845K
| @ cryo payload | @ 8 K shield
| system




KAGRA Main Data Storage

Kashiwa Campus 1y jntermat (SINET)
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KAGRA Main Data Storage (System A)

_______________________________________________________

Main data storage system

49439228 9728 49429508 17
49439228 ) 49439228 6
17579378668 34384 17579344384 1«
583648 187636 315464 38~

2746894714880 241999872 2745852715088 1
[dagPandromeda-81 ~1$ df -h

Filesystem Size Used Avail Usex Mounted on

Main storage IKAGRA storage
2.5PB 100TB

/dev/sda3 2756 7.86 2686 37 /
devtmpfs 486 B 486 Bz sdev . . .
tots 9 ¢ MOk devale Operation of main storage has been started in March
tmpfs 486 9.5M 486 1z /run
tmpfs 486 B 486 8z ssys/fs/cgroup
7dev/sdbi 17T 34M 17T 1% /home 2017
sdevssdal 49/M N84M  389M 387 /boot 25
2.5 2M6 2.5P 1% sgpfs
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Viewgraph by M.Yoshida
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KAEGRA Development of sensitivities
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* Generally, it takes ~5years to reach the target
sensitivity.
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