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Detection of gravitational wave using

KAGRA laser interferometer

GWs move mirrors differentially.
We measure the distance between

Q \ <i>O mirrors using fringe of light.
Expected length change by GW :
“"T_\:llv ~1x10°m

Mirror
Mirror

Beam Splitter Fringe

Screen

Laser
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KAGRA  KAGRA Project

KAGRA collaboration: as of June 2018
385 collaborators
(8 B students, 73 M students, 35 D students, 10 PDs)
90 institutes
15 countries
(Australia 5, China 35, France 1, German 1, India 3, Italy 17, Japan 253,
Korea 23, The Netherlands 1, Poland 2, Russia 1, Taiwan 34, UK 2, USA 10, Vietnam 2)

On..
®

Face-to-Face meeting
at Osaka City Univ.
May 2018 =
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Gate valve

ITM for iIKAGRA
ITM for bKAGRA

Tilted €0fridor (1/300)

300) inside Tunr

. Center Room

. \
Entrance of New Atotsu \



KAGRA pictures

Vacuum Chambers

Entrance of KAGRA

Remote control room
e v e $.q



KAGRA pictures
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KACRA  Overall plan

Calendar year [ 2010 | 2011 2012 | 2013 | 2014 | 2015 | 2016 [ 2017 [ 2018 [ 2019 [ 2020
Project start H

I
I
Tunnel excavation [ ] :
iKAGRA ———— 1 i
operation :
bKAGRA ﬁ
genic system ﬁ
operation li _
0
%\ ~ Cryogenic f
/ mirror
> — \)
(*) The configuration
IKAGRA bKAGRA N 2019jisstill to be
Michelson at decided referring the
room temperature. milestones.
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{,,KAGRA; bKAGRA phase- I (~ May 2018)

Payload

~ - g \ ,/\
iIKAGRAD > D i R Pz =&
Zéﬁd)lylfd)ﬁb‘“ﬁiﬂ'éﬁlnﬁpén I~ _ —_——
iR EO KB T FIU—K
—g:f)KAGRAﬁﬁd)ISJi}E%EE—
~
iIKAGRAFF{%
— =212 [T DKAGRALEHED
BH?E%E
—fhDEEZEFELTHHH
one —%*Mu%cuoﬁﬁd)lviﬁﬁﬁ’é
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KACRA  Noise spectrum

Sensitivity

10711 5

—— May 6 2018

1° — IKAGRA
N \A

hmwiwﬂ

10° 10! 102 103

Frequency [Hz]

* IKAGRATOREIZHEART, SHEIFEERBEHIE-ST, 1~M15HRENR ELT-,
« BHIZFIZ.FBEZSC IR TOEBNELTZR|IZHESh=2LIZLY ., SEHS
NS =MSTH D,
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KAGRA DbKAGRA phasel operation schedule

Day OLG  Type-A BS Type-A  Noise  Noise ASSS(;::;ZF:W Noise CRY

((cHO[0 Bl measure Yend . Xend injection injection & injection Extra EXP. Phase 2
IFO noi

(Wgel0)] ments  TRF TRF  Center YEND ;0" XEND 1&2

: Sch

Mol OLG TypeA . TypeA . oo asymmey OLG cRY

QWHO0) measure Yend injection Xend injection injection & measure Extra EXP.
IFO noi

¥-¥olo)] ments  TRF TRF oudgee  Ments 182

Parallel Data transfer, Pipeline tests, GIF

« H,E4E4/23(R) B FEZoT=

« ERICITEZE)—VIZKYsHEN
M4/28(x)&%EoT=,

« FiHETELTIZZDENIZEITS
Nz, SEIRPYD AV (FER
15) M4/20T., B+ LN =D H,

« ZTDE, AEDERMZEZRSIED
X B IOR IR E DOy T E T
BHAL CEMTET-,




KAGRA  bKAGRA: Full configuration




Observation Scenario at 2017

KACRA e
- | showed this slide the last year.
Early msm=Mid Late  mmDesign
60-80 60-100 120-170 200
Mpc Mpc Mpc Mpc
LIGO o o8 03 -
20-60 60-85 65-115 130
Mpc Mpc Mpc Mpc
Virgo z o -
25-40 40-140 140
Mpc Mpc Mpc
| | | | | | | | |

2015 2016 2017 2018 2019 2020 2021 2022 2023
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JféﬁéR Observation Scenario in 2018

" E ” Living Rev Relativ (2018) 21:3
Scenarlo Paper https://doi.org/10.1007/s41114-018-0012-9

wmEarly w=Mid m=|ate  =mDesign
60-80  60-100 120-170 190
Mpc Mpc Mpc Mpc
LGO & B & -
GW150914 25-30 65-85 65-115 125
BHBH@440Mpc Mpc i Mpc Mpc Mpc
GW151226 Virgo oz 1 & I
BRBR@440Mpc 25-40 -140 140
: 10-40 Mic Mic =
KAGRA P
GW170104 Y . i R
Elilzieelize 2015/ 2016 2017 2018 : 2019 2020 2021 2022 2023
GW170608
BHBH@340Mpc * *
GW170814
BHBH@540Mpc tod ay
GW170817 " - "
T We try to catch up with O3

Kiso Schmitt Symposium, 2018/7/11, Osamu Miyakawa
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KAGRA  Schedule
Not Using ITMY dummy case 2018/6/18
ITMX arrives ITMY arrives
Toyama Univ. 5/7 Toyama Univ. 9/3
| I l |
Hi_gh Poyver Lgser utput Mode Cleaner
SR2, 3, M install |
ITMX Type+A Tower | ITMY Type-A Tower | | ITMY Install m——
eam align
e ETMY Install ‘L Pumping
ETMX Install | [ ITMX install I B Xarm |\ ETMX
[xemsw] \ | COM. WAB
2018| Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep Qct | Nov [fDec
Check p ‘ Check point
. ITMY . SRs |
« High power « X-arm COM.
lasel . Y-arm
. EPMI - 1'3{‘1:1 en lock , OMC
O3st Check point BRI O3end
2019
Beam align ( Yarm COM. Pl DRFPMI CON. I LZE:::’A;::CJP AostcoM.] Noise hu nting
TATeT \ DRMI COM. Ml gﬁ Post COM. gff:::
‘ e i .
ETMX*WAB- - Noise hunting
DTR: Data Transfer Rehearsal DTR DTR DTR DTR 18

ASC: Alignment Sensing Control

-
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KAGRA Joining LIGO/VIRGO O3 run

C T -

2018 2019 2020
Juy Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb

LIGO/VIRGO Observation 3

ITMX X-arm post com. plan A
Xend com. ETMX
ETMY Yearm FPMI
TMY com. DRFPMI
DRFPMI (RSE) post plan B
Laser mode cleaner eom- (RSE)
data analysis rehearsal Data Sharing with KAGRA-LIGO-Virgo
I I I
I I I
I I I
I I I
I I I
I I L[]

— either DRFPMI(RSE) (30-40Mpc, Oct?) or FPMI (10-20Mpc, June?)
checking points: Sep/2018, Dec/2018 and Mar/2019
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CRA

Expected sensitivities

Advanced LIGO Advanced Virgo
[ Early (2015-16, 40-80 Mpc) I Early (2016-17, 20-65 Mpc)
o I Mid (2016-17, 80-120 Mpc) I Mid (201819, 6585 Mpc)
S beed I Late (201819, 120-170 Mpc) < I Late (2019-20, 65115 Mpc)
'Em-n I Desicn (2020, 190 Mpc) _ Ileo_m I Desicn (2021, 125 Mpc) i
> [ BNS-optimized (210 Mpc) = [ BNS-optimized (140 Mpc)
E - E -
: .
£10-22 1072
& &
L o
.g ..... .g
Q ............. g .....
g =]
=107 =107
g g
-~ =
7] R
— B . B —
10! 10? 10* 10! 10° 10%
Frequency/Hz Frequency/Hz
KAGRA
Opening (2018-19, 3-8 Mpc)
[ Early (201920, 8-25 Mpc)
< I Mid (2020-21, 2540 Mpc)
'Ew-m I Late (202122, 40140 Mpc)
= I Desicn (2022, 140 Mpc)
E
.-b_‘-“' .....
B
1072
&
o
B N S
5]
S b
g
.alo 23
-
R
7]
10-24 1

10% 10°
Frequency/Hz
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_ Ex ECtEd area improvements
KAGRA P P

e at very first stage of full KAGRA
LALInference Nested Sampling 8 Narikawa, Morisak

S . BNS range of detectors:
ource. LIGO: 120Mpc
BNS (1.5, 1.25) Msolar at 40Mpc Virgo:  60Mpc

Inclination = 30 deg KAGRA: 10Mpc

Injected SNR  20.5 (H) 13.1 (L), 10.7 (V), 3.6 (K)

90% AQ [deg?] 120 21.9 12.4

Injected SNR  18.5 (H), 17.1 (L), 8.7 (V), 3.7 (K)

Decton | HL_| HIV | HIVK

90% AQ [deg?] 115 20.6 11.7

Injected SNR  19.8 (H), 26.8 (L), 2.6 (V), 3.4 (K)

HVK
25.5

90% AQ [deg?] 91.7 22.2 14 21




KACRA Summary

« KBERDIREZ ST . bKAGRA phase 1&EFEIEIN S
-EXB 75{ TL/T_O

o RHphase2X[EZxSR1IEFEETRA,. TDE&
LIGO/VIROGMD O3 runlZKAGRAL B I A EFRTE
L71=,

s FHETERTEITEHERIZKYREINSD;
— VT IVIEFPMI: (B REE~10Mpc, LU VERBIBR5A
— BBHARSE, BREE~20Mpc, BN TOERBIBEE

« YHIEREDORET. O3FNEHKEHIZTERLT-
LY,
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