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1. Gravitational Waves

Sources of Gravitational Waves

binary neutron stars
binary black holes

BFEBRE srrmnms) /Y — (Srmm sy 77 gg‘_)l’ EETPETESH

supernovae pulsars black hole

(3RzR=)

P

too small too small The Target
amplitude amplitude

hard to predict

Hisaaki Shinkai (Osaka Institute of Technology) “GW physics, Status of KAGRA” Cosmology From Home 2021



amplitude

1.0 -
05+

0.0

1N

mass, spin, orbital parameters, tidal, distance, polarization
| M

J

statistics

1. Gravitational Waves

What we can learn from GW (from a binary merger) ?
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http://ligo.org/detections/GW1/70104.php
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http://ligo.org/detections/GW170104.php

1. Gravitational Waves

Sensitivity requirements for the detectors

LIGO: The Laser Interferometer
Gravitational-Wave Observatory

Alex Abramovici, William E. Althouse, Ronald W. P. Drever,
Yekta Gursel, Seiji Kawamura, Frederick J. Raab,
David Shoemaker, Lisa Sievers, Robert E. Spero,

Kip S. Thorne, Rochus E. Vogt, Rainer Weiss,
Stanley E. Whitcomb, Michael E. Zucker

The goal of the Laser Interferometer Gravitational-Wave Observatory (LIGO) Project is to
detect and study astrophysical gravitational waves and use data from them for research
in physics and astronomy. LIGO will support studies concerning the nature and nonlinear
dynamics of gravity, the structures of black holes, and the equation of state of nuclear
matter. It will also measure the masses, birth rates, collisions, and distributions of black
holes and neutron stars in the universe and probe the cores of supemovae and the very
early universe. The technology for LIGO has been developed during the past 20 years.
Construction will begin in 1992, and under the present schedule, LIGO’s gravitational-wave
searches will begin in 1998.

Einstein’s general relativity theory de-
scribes gravity as due to a curvature of
space-time (). When the curvature is
weak, it produces the familiar Newtonian
gravity that governs the solar system. When

The authors are the members of the LIGO Science
Steering Group. A. Abramovici, W. E. Althouse (Chief
Engineer), R. W. P. Drever, S. Kawamura, F. J. Raab,
L. Sievers, R. E. Spero, K. S. Thome, R. E. Vogt
(Director), S. E. Whitcomb (Deputy Director), and M. E.
Zucker are with the California Institute of Technology,
Pasadena, CA 91125, Y. Gursel is at the Jet Propul-
sion Laboratory, Pasadena, CA 91109 D. Shoemaker
and R. Weiss are at the Massachusetts Institute of
Technology, Cambridge, MA 02129.
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the curvature is strong, however, it should
behave in a radically different, highly non-
linear way. According to general relativity,
the nonlinearity creates black holes (curva-
ture produces curvature without the aid of
any matter), governs their structure, and
holds them together against disruption (2).
Inside a black hole, the curvature should
nonlinearly amplify itself to produce a
space-time singularity (2), and near some
singularities the nonlinearity should force
the curvature to evolve chaotically (3).
When an object’s curvature varies rapidly
(for example, because of pulsations, colli-
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Fig. 7. The expected total noise in each of
LIGO'’s first 4-km interferometers (upper solid
curve) and in a more advanced interferometer
(lower solid curve). The dashed curves show
various contributions to the first interferometer's
noise.
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Gravitational Wave Projects
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Gravitational Wave Projects
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more precise GW source localization
more certain GW source parameters
more chances to hunt GW events

more information of GW polarization
more ideas for GW researches

more man power
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Table 1 Geometry of LIGO, Virgo & KAGRA detectors.
Detector arm length Latitude  Longitude X-arm Y-arm

LIGO Hanford (LHO) 4 km  46°27'19” N 119°24'28" W N 36° W W 36° S
LIGO Livingston (LLO) 4km  30°33/46” N 90°46'27” W N 18°S S 18° E
Virgo 3km  43°37'53” N 10°30'16" E N 19°E W 19° N
KAGRA 3km  36°24'36” N 137°18'36” E E 28.3° N N 28.3° W
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Gravitational Wave Projects
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Fig. 7. The expected total noise in each of
LIGO's first 4-km interferometers (upper solid
curve) and in a more advanced interferometer
(lower solid curve). The dashed curves show
various contributions to the first interferometer's
noise.
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Sensitivity Curve
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https://link.springer.com/article/10.1007/s41114-020-00026-9
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Gravitational Wave Projects

Observation Period

Obs. Runs Advanced LIGO

Advanced Virgo

KAGRA

O1 Sep 12, 2015 to Jan 19, 2016 —

02 Nov 30, 2016 to Aug 25, 2017 Aug 1, 2017 to Aug 25, 2017 —
Apr 1, 2019 to Sep 30, 2019

Nov 1, 2019 to Mar 27, 2020

O3a  Apr 1, 2019 to Sep 30 2019
O3b  Nov 1, 2019 to Mar 27 2020

Apr 7, 2020 to Apr 21, 2020

O3GK - —
1 == Of1 02 == O3 O4 O5
amplitude of GW h(t) X — 1/ distance 80 100 110-130 160-190 Target
T Moc  Mpc Mpc I\/Iﬁc 330 Mpc
If we improve one-order of magnitude of the sensitivity, LIGO i I
then the observational volume of the Universe 30 50 90-120 150-260
become 103 times larger. ] Mpc Mpc Mlpc Mpc
Virgo _ ]
1 25-130 130+
Mpc Mpc Mpc
KAGRA i 1
Target
: 330 Mpc
LIGO-India

I I | | I I I I I I I I
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

LIGO-G2002127-v4
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Status of KAGRA | KAG RA

KAGRA (Kamioka Gravitational-Wave Observatory) (VMY
Iy B 18 B8

Mozumi HEET O 1000m under the
. LITE ™ 1000m summit of the Mt.

control office.

(15 min)

Toyama City AXM” ) Kamland

(60 mln) ’ w ‘ =) Super Kamiokande 358m above the

- L & sea level.
Woecacrig |
http://gwcenter.icrr.u-tokyo.ac.jp/en/
— (KEEARE NRERIE)

former name LCG T = large cryogenic gravitational telescope

named by public naming contest, %% (/< 5) dance music in front of Gods
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Status of KAGRA p

KAGRA (Kamioka Gravitational-Wave Observatory) JSA/ RA

TAMA 300 m (NAOJ, Tokyo area, 2008)

TAMA (2008)

CLIO (2010)

IKAGRA (2016)
bKAGRA Phase 1 (2018)
FPMI (Aug 2019)

FPMI (Nov 2019)

FPMI (Dec 2019)
PRFPMI (Feb 2020)
PRFPMI (Mar 2020)
bKAGRA Design BRSE
bKAGRA Design DRSE
O3 target (8-25 Mpc)
04 target (25-130 Mpc)

Frequency (Hz)

L O CLIO 20 K ioka. 2010 https://doi.org/10.1093/ptep/ptaal2s
B o /m (Kamioka, ) arXiv: 2005.05574
Google
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https://doi.org/10.1093/ptep/ptaa125
https://arxiv.org/abs/2008.02921
https://arxiv.org/abs/2005.05574

Status of KAGRA

Brief History of KAGRA KAGRA

today

calendar

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

I

year
Project

Start _
Tunnel Excavation = adv vibration isolation, optics, cryo.--

installation s
bKAGRA| [bKAGRA

phase-1 phase-2 03

operation

IKAGRA = initial KAGRA
bKAGRA = baseline KAGRA

IKAGRA

Sapphire
mirrors
(one cryo.)
>
[arXiv:1712.00148] [arXiv:1901.03569]
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Status of KAGRA

Laser Source

I=

Basic Idea of the Interferometer JSA/GR
“Fabry-Pérot Michelson” interferometer
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~— Finesse F ~ 1000

(effective reflections F/x)
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Status of KAGRA

Basic Idea of the Interferometer &A/GR
Power-Recyled “Fabry-Pérot” interferometer Signal-Recyled “Fabry-Pérot” interferometer
(TAMAS300, initial LIGO, Virgo) (GEO600)

Laser Source

o
u

resonance resonance

Power-Recycling
mirror

Laser Source

o
L]

Signal-Recycling

'éj' mirror

get more effective laser power get more effective GW signals
resonance (N+1/2) wavelength between SR & IM
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Status of KAGRA

Basic Idea of the Interferometer &A‘/ RA

“Resonant Side-band Extraction” interferometer

al

‘24 transmission-Y port

(KAGRA, Advanced LIGO, Advanced Virgo) 'y

400mW Nd:YAG laser
amplified to 40W
finesse 540

Laser Source finesse 800-1530

Signal-Extraction
mirror

get more effective GW signals
resonance N wavelength

ETMY

Y-arm cavity

3 km

input
mode
cleaner power
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ITMY .
ITmx  X-arm cavity gtmx
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) W o
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Status of KAGRA

Basic ldea of Suspension System

13 m

«

-
| —n g

- - + o cryogenic
payload

'
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Class. Quantum Grav. 36 (2019) 165008

KACRA

bKAGRA configuration TR
- Cryogenic test masses ETM Type-A system
-3 km arm cavities - Cryogenic test mass
- RSE with power recycling - sapphire, 23kg, 20K
>‘_P - Tall seismic isolator
IP + GASF + Payload
- % IT™
[
— PR3 PR2
o o MC PRM as
....... X-arm
Type-C system b — —r— BRT
I
- Mode cleaner © H LU ETM
Silica, 0.5kg, 290K J —
- Stack + Payload Type-B system [ [
4
SRM - Core optics (BS, SRM,...)
Silica, 10kg, 290K

Type-Bp payload

Silica, 10kg, 290K
- Seismic isolator
[Jlmﬂ Table + GASF + Type-B Payload

OMMT
OoMC
- Test mass and Core optics (BS, FM,..)D(

| = H {}
e e e T T T T T T T T ]

- IP + GASF + Payload
- Stack for aux. optics

e e e e e e e e e

A

as the configuration of April 2020 (O3GK)

Hisaaki Shinkai (Osaka Institute of Technology): July 7, 2021 @ The 8th KAGRA International Workshop (@Korea/remote)
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Status of KAGRA /'ﬁ
Cryogenic System wRA

4kpT low temperature

top filter— %] Thermal Noise 5 |
) inverted pendulum —— mwOWQ arge Mass
il 77777

i o standard fllter<—F —\

T - heat links
’ ,'_i- _' // bottom fllter\m
sapphire blade springs _ &% -’ ' F o outer shield (80 K) m
intermediate mass ( ¢ _’ ", < B | platform__
- ' marionette __|

sapphire fi fbers/

sapphire mirror

22.8 kg
diameter 22cm
thickness 15cm

duct shielc\i (80 K)

: optic (OP) :
(20 K) —

main laser
. | .
( cooling bar L L L L | :inner shield (8 K) \ SN . g
L wide angle baffle”] , Stop cryocooler

777777777777777777777777 = 10° S~ /
- In test cooling down in Jun. 2017, N\EWF Y cool down
Figure 3. The CAD drawing of the cryogenic payload under Type-A (left) and g Cooling down fime was 23 days. \ ?\
the schgmatlc of the Cryogenic suspension system of sapphire test masses (right). E | — e /' = / \ |
Suspension stages outside of the outer shield are at room temperature. — — Marionette Recoi B |
Platform metastable state ,’ 20 K
101 | Marionette .J
: Intermediate Mass ReStart CfYOCOOler "
- ::termemate Recoil In 4 WeekS
! Mirror Recoil
Class. Quantum Grav. 36 (2019) 165008 0 5 10 1T5 ” 2']0 25 30 35
ime [day
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Status of KAGRA
Physical environment monitors

| DR NN Z\ }
S Accelerometers Microphones
S v 18 fixed ¥ v 18 fixed

v' 5 portable

Magnetomters
v 2 fixed

Other sensors : v' 3 portable

€ Radio frequency recover (1)

€ DC power monitor (1)

€ Temperature & humidity sensors (69)
€9 Vacuum gauges (11)

BS:Beam splitter

SEM: Signal Extraction Mirror

) Photo Detector

PRM:

Seismometers

v 5 fixed
v' 1 portable

Weather station st

v' 1 fixed by T. Washimi

Cryocoolers

:c /
= .

\‘ "'.

&

4.,‘“ \-@ =

Cryocoolers
Chamber

forTM
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(c) KAGRA Collaboration / Ray.Hori



Status of KAGRA ‘B/j
KAG RA (amioka Gravitational-Wave Observatory) (" 2=
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Status of KAGRA /_w
KAGRA (Kamioka Gravitational-Wave Observatory) wRA

Takahara River

Bus Stop
Mozumi

XAE

214853,
~~~~~~

R

Post Office

TrainStation
Police Koban

Abandoned
Railway

KAGRA
office

PRy T
<3 5
*\ .. 2

AT
Google: £ &

o 2020712717 07:29:22
For Takayama &IWAH TUNNEL S1OE

S
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Status of KAGRA

Joint Research MoA sighed LIGO-Virgo-KAGRA

ABK

main part (10 pages)
Concept, Definitions,
Purposes

* 1 Mpc (BNS) is required to join the observation.

1 VIKGO

10~
10-19
1071
10717

1015

Strain [1/v/Hz]

10—10 5

10720

1021 -

10722
10t

Appendix A (17 pages) Letter of Intent (3 pages)
Organizations, Procedures KAGRA's Join to O3

T
Frequency [Hz]

FPMI 08/24/19 4.0x10~* Mpc
FPM110/08/19 1.7x10~* Mpc
FPMI11/01/19 3.9x10~* Mpc
FPMI 12/06/19 3.1x10~2 Mpc
PRFPMI 02/04/20 2.7x10~> Mpc
PRFPMI 02/05/20 4.7x10~> Mpc
PRFPMI 02/11/20 1.8x10~" Mpc
PRFPMI 02/14/20 3.4x10~" Mpc
PRFPMI 03/19/20 6.9x10~! Mpc
PRFPMI 03/26/20 9.6x10~" Mpc

March 26, 2020

* Finally, over 1 Mpc in the end of March 26, 2020.

Hisaaki Shinkai (Osaka Institute of Technology); July 7, 2021 @ The 8th KAGRA International Workshop (@Korea/remote)
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Status of KAGRA /’w
O3b, O0O3GK, and after that wRA

2019 | 2020

.12 1l .2 3 4 5 6 7 8 9

O3b (planned—

O3b (LV) — - E O E O E O EEEEm KAGRA = cupngarhgarzuggfw

GEO600 Astrowatch ~ 1.2 Mpc INTERFEROMETER STATUS

NS-NS BINARY RANGE

LOCKED @5@0@“3(:
KAGRA Dec 17-25 Febz5-Mar10 Azl . oy UL ;y [
ER Obs. Obs. com e 66 | e
I PRFPMI Locked = SO
03GK —
* 03GK observation paper plan March 29, 2020

(LVK paper)

750

II | ‘ “°"" COVID-19 infected # in Japan / day
o_ﬂIIII o o —~—~—r M:

Sensitivity Record in kpc

o

aga8 58128 6H198 7H278 oH38
@0 <<<> @’b & 2 @@ & o v@

Hisaaki Shinkai (Osaka Institute of Technology); July 7, 2021 @ The 8th KAGRA International Workshop (@Korea/remote)



Status of KAGRA /ﬁ
03GK (April 7-21, 2020) KACRA

Official start and end time DIND Range (kpc]

Obs start -

Start :April 7 8:00 2020 UTC, GPS Time : 1270281618 .
End : April 21 0:00 2020 UTC, GPS Time 1271462418 . 1kl y'
7
KAGRA Duty Cycle : Locked 69%, Observing 58% 2 ‘ }
Longest lock 8h05m £ 0 I | |
cyn m 00 ‘ bad weather U I . 4
Sensitivity : 500-700 kpc - | ||1‘ H ocean tide | | |
M | H n JGW-P2011980
245 GRB 2004154 | ! ’ y Time [d-ﬁ)’sl from Apr. 7(118()0:00 uTC N 2 .
NI Takahiro Yamamoto, JGW-P2011980
. Ferml(GBM)-Mars-O:‘dys/sey (HEND) | GRBZOO4] 5A
,; | 1\
250l S - GRB200415A
.l \\\. \l' B Science mode
_§) - ~ ! 8 Other
(o 259 H\\\\\ ~_ | Coincident ~ ' ' |
TN 6.4 days* [T NN A W' TN SE VA -
- ind (Konus) - INTEGRAL 1:€F’I/\118)‘ GEE) ' ~
a, deg KAGRf\ | .
NGC 235 (Sculptor galaxy) 7.3 days Sl IS T 1 A1 A
_ _ 15 3 45 6 75 9 10.5 12 135
3.5 Mpc, one of the brightest galaxies Time [days] from 2020-04-07 01:00:00 UTC (1270256418.0)

https://gcn.gsfc.nasa.gov/fermi_grbs.html Jim Lough, LIGO-G2001554
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Status of KAGRA /ﬁ

KAGRA collaboration KATR

Statistics of KAGRA collaboration
(June 30, 2021)
collaborators Institutions,

Japan 255 63

Taiwan 69 10

China 52 12

Korea 34 14

Italy 6 4

USA 5 4

| Hong Kong 5 1

;&ﬁ%ﬁ Naper IC @KR ))) T Australia 2 1
S : it for Commic Kb BEssl v N india 1 1
France 1 1

Spain 2 1

Poland 1 1

UK 2 2

Russia 1 1

Germany 1 1

Vietham 1 1

http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/KAGRA total 437 L

Hisaaki Shinkai (Osaka Institute of Technology); July 7, 2021 @ The 8th KAGRA International Workshop (@Korea/remote)



Status of KAGRA ‘B/j

KAGRA collaboration KAGRA

117groups, 16 countries/regions
430+ active members

Default-author list 2019+2020
has 200 names.

Organize Face-to-Face meeting
2 times (April/August/Dec) / year

F2F Aug. 2020 @ online, Japan

Institute for Cosmic Ray Research

University of Tokyo

Organize International Workshop
twice / year

KIW8 July 2021 @ Daejeon, Korea
KIW9 May? 2022 @ Beljing China

http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/KAGRA

Hisaaki Shinkai (Osaka Institute of Technology); July 7, 2021 @ The 8th KAGRA International Workshop (@Korea/remote)
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Status of KAGRA

Chungnam National University
David Chung Yue Hui *
Kwangmin Oh
Sangin Kim

Ewha Womans University
Chunglee Kim *
Chaeyeon Jeon

Hanyang University
Hyun Kyu Lee

Inje University
Hyung Won Lee *

Korea Astronomy and Space Science

Institute (KASI)
June Gyu Park *
Sungho Lee *
Yunjong Kim
Jeong-Yeol Han
Hyeon-Cheol Seong
Ueejeong Jeong
Soonkyu Je

KAGRA collaborators in Korea

Korea Institute for Advanced Study (KIAS)
Toshinori Matsui
Korea Institute of Science and Technology
Information (KISTI)
Sangwook Bae
Korea University
Tai Hyun Yoon *
Kunsan National University
Sang Pyo Kim *
Kyungpook National University
Myeong-Gu Park
Myongji University
Jaewan Kim *
Sung-Joon Cho
National Institute for Mathematical Sciences
John J. Oh *
Jung Piljong

Pusan National University
Chang-Hwan Lee *
Sejong University
Maurice H.PM. van Putten *
Seoul National University
Hyung Mok Lee *
Sogang University
Cho Kyuman
Ulsan National Institute of Science and
Technology (UNIST)
Young-Min Kim
_upin Chun-Che Lin *
Kyujin Kwak *
Kihyun Jung
Seungwoo Ha

37 collaborators as of June 30, 2021. * KSC contact person

Hisaaki Shinkai (Osaka Institute of Technology): July 7, 2021 @ The 8th KAGRA International Workshop (@Korea/remote)

26



Status of KAGRA h
Organization of KAGRA &P«/GRA

Takaaki Kajita
(PI)

KAGRA Scientific Congress (KSC) organization chart

Executive " Hisaaki Shinkai  Zhoujian Cao (China)
o _ . KSC board * Shinji Miyoki Hyung-Won Lee (Korea) HS
Masatake Ohashi Office Sharing information & idea * Chunglee Kim Ray-Kuang Lee (Taiwan)

(vice PI) Hideyuki Tagoshi  Tatsuki Washimi (PD) (KSC chair)

Tomotada Akutsu  Satoru Takano (Student)

/1 N\
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ii ii Hideyuki Tagoshi LVK
)

KAGRA
committees
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(FSC chair)

Shinji Miyoki
(SEO proj. manager
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Takahiro Tanaka

(Theory chair)
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Organization

Organization of KSC (KAGRA Scientific Congress)

KAGRA Scientific Congress (KSC) organization chart 2021/May 14
* Hisaaki Shinkai Zhoujian Cao (China)
* Shinji Miyoki Hyung-Won Lee (Korea) Theory Group
hari inf ti 8 id KSC board * Chunglee Kim Ray-Kuang Lee (Taiwan)
sharing Information « ldea * Hideyuki Tagoshi Tatsuki Washimi (PD) + Takahiro Tanaka
* Tomotada Akutsu Satoru Takano (Student)

. . * Hideyuki Tagoshi
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(DAC) + Hisaaki Shinkai (board)
+ Takahiro Sawada (operations working group)

Future Strategy * Masaki Ando

. Sadakazu Haino
Committee (FSC) Kentaro Somiya

Compact . . . Identity & . i
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Coalescence Wave Wave & Software Management Gemmittee (PRDO) (AdR&D) (WPWT)
* Hideyuki Tagoshi  * Yousuke Itoh * Kazuhiro Hayama * Guo-Chin Liu  * Ken-ichi Oohara * Takahiro Sawada * Takahiro Yamamoto * Hirotaka Takahashi *Kentaro Somiya
Kipp Cannon Sachiko Nobuyuki Kanda Yosuke Itoh
Hyung-Won Lee Kuroyanagi  Hirotaka Takahashi Shinji Miyoki
Tjonnie Li Kazuki Sakai

Joint Computing and Software

Joint Run Planning Committee
9 Committee sec 3.4

Joint Editorial board

sec 3.1 sec 3.5
Ken-ichi Oohara, Nobuyuki Kanda Zhoujian Cao * Kazuhiro Yamamoto
_ _ Tjonnie Li Yousuke Itoh
Detector Characterization and it Meeting G _ Kyuijin Kwak Hisaaki Shinkai
Data Quality Committee sec 3.2 Joint Meeting Committeg, . 5 g Ray-Kuang Lee
Takahiro Yamamoto Hisaaki Shinkai, Ray-Kuang Lee
Lijing Shao

Calibration Committee sec 3.3

Takahiro Sawada, Dan Chen Nobuyuki Kanda Luca Baiotti, Quynh Lan Nguyen

Operations Working Group

Takahiro Sawada Osamu Miyakawa

EPO

Low Latency challenge WG

(Education & Public Outreach)

Takahiro Sawada Kazuki Sakai Kipp Cannon

Heather Fong Wei-Tou Ni
He-Feng Hsieh Quynh Lan Nguyen
Albert Kong Kuo-Chuan Pan

Hyung Won Lee Hisaaki Shinkai
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Hyung-Won Lee John J. Oh Author-list
Feng-Li Lin Wenbiao Han maintenance
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Kazuhiro Yamamoto Takafumi Ushiba Hisaaki Shinkai
Raymond Yeung

Joint Detection Committee_ . 5 - LVK climate change WG maintenance Cooperation WG Committee

Hisaaki Shinkai Tadayuki Tomaru

Nami Uchikata Nobuyuki Kanda * Hideyuki Tagoshi
Hisaaki Shinkai Matteo Leonardi
Hyung_Won Lee Chunglee Kim . .
Zhong-Hong Zhu Chun-Che (Lupin) Lin
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Status of KAGRA h
Science Summary as of LVK-outreach (¥
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Status of KAGRA

Target Sensitivity & Schedule

2015 2016 2017 2018 2019 2020 2021 2022
| | | | | | | |
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Virgo < © < o 02 O3a O3b 04
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KAGRA i = m ° & 373
= =%
Target © 0 © 0 EE
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- QRO
LIGO-India || Noe N
2c;15 20'16 2c;17 20'18 20119 2c;20 20'21 2c;22 2c;23 2c;24 2c;25 2(?;26 . bKAGRA bKAGRA 03 04
KAGRA iKAGRA hase1,  phase2
| | | | | | | | l
2015 2016 2017 2018 2019 2020 2021 2022
T o 7
Scenario Paper [1304.0670ver2020Jan] A

COVID-19 terminated O3b

LVK collaboration, Living Rev Relativ (2020) 23:3
https://link.springer.com/article/10.1007/s41114-020-00026-9

ay

O4 will likely start no earlier than

June 2022
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Status of KAGRA )
Big Project selection in Japan QP_(A/GRA

SciTech Research Selection Comm. (MEXT) : Roadmap 2020 (Sep. 2020)
List for final selection: 15

MEXT is accepting public comments.
Final decision was made in the end of September.

physics, astronomy Importance, Community’s approval,

v KAGRA (ICRR) Core Institutes, Joint research system
v Subaru (NAOJ)

v ALMA (NAOJ)

v Super B-factory (KEK) Emergency, Strategy, Supports from general
v J-PARC (KEK)

v LiteBIRD (JAXA)

v Super-Kamiokande (ICRR) KAGRA project (operation) budget: 2023Apr-2034Mar

Plan’s appropriate
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Status of KAGRA

* Target Sensitivity 25 - 130 Mpc
* Recent estimate: 80 Mpc at most?
due to heat absorption of sapphire m

Toward 04 & RA

2015 2016 2017 2018 2019 2020 2021 2022
I I I I I I I I

60-80Mpc  60-100Mpc 120-130 Mpc 160-190 Mpc

LIGO o1 02 03a [O3b “

lrrors

by reducing laser noise, low-f noise, then it goes better more.

50 Mpc 90-120Mpc

30

less than 100K x20 sensitivity at mid-freq. e 0 e o O i
[Jdual recycling
[ lock trials by the end of September AGRA iKAGRA  KAGRA' bKAGRA 0; o

phase1 phase2

[Jsuspension noise control for low freq. e S S —

[ one-order reduced in July
[]de-frosting mirrors

[Jde-frosting windows for oplev light

repair & installation

October 2020
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A

B | ne 2022
O ready

Summer 2021

o Cryo-Payload repairing oDGS/AEL upgrade (DGS/AEL)

a ETMY towerrepairing a Stray light around 100 (AOS)

a install laser beam baffles o Suspension frame modification (AOS, VIS)
a Cryocoolers replacement (CRY) o Temperature monitors (VIS)

o Intensity noise reduction system (I00) o and more



Status of KAGRA nature

. . iFonomy
Overview of KAGRA: reviews

KAGRA: 2.5 generation interferometric

ACCEPTED MANUSCRIPT , | gravitational wave detector
Overview of KAGRA : Detector design and published PTEP 2020
- : . KAGRA collaborati
construction history A KAGRA history coflaboration
T Akutsu, M Ando, K Arai, Y Arai, S Araki, A Araya, N Aritomi, Y Aso, S Bae, Y Bae ... Show _ . st ot s S wr o e oo oo et AT i Sepspet g
more htt PS. / / doi.o rE/ 10.109 3/ Dte D/ Dta al2b so:rcc:s inz:zrdinat:d olt:servatiyo:sgvlvirh Iastrt::\o;icfaclirvd:s:opis and I:I:::eZto':s.y He:'e we introducg :(hAGR:, anew Ct-iW deft::::-

tor with two 3km baseline arms arranged in an ‘L' shape. KAGRA's design is similar to the second generations of Advanced LIGO

. . . - and Advanced Virgo, but it will be operating at cryogenic temperatures with sapphire mirrors. This low-temperature feature is

Progress of Theoretical and Experimental Physics, ptaal25, a rX V. 2 O O 5 = O 5 5 7 4 advantageous for improving the sensitivity around 100 Hz and is considered to be an important feature for the third-generation
httos://doi 10.1093/pt t23125 GW detector concept (for example, the Einstein Telescope of Europe or the Cosmic Explorer of the United States). Hence,
pS./ / oL.or g/ . / P ep/ ptaa KAGRA is often called a 2.5-generation GW detector based on laser interferometry. KAGRA's first observation runis scheduled
Published: 17 Au gust 2020 Article history v in late 2019, aiming to join the third observation run of the advanced LIGO-Virgo network. When operating along with the exist-

ing GW detectors, KAGRA will be helpful in locating GW sources more accurately and determining the source parameters with
higher precision, providing information for follow-up observations of GW trigger candidates.

Nature Astronomy 3, 35 (2019)

ACCEPTED MANUSCRIPT .
blished PTEP 2020
pubis e https://www.nature.com/articles/s41550-018-0658-y

Overview of KAGRA: KAGRA science & KAGRA Science

T Akutsu, M Ando, K Arai, Y Arai, S Araki, A Araya, N Aritomi, H Asada, Y Aso, S Bae ... Show

more
https://doi.org/10.1093/ptep/ptaal20
Progress of Theoretical and Experimental Physics, ptaal20, . . . .
https://doi.org/10.1093/ptep/ptaal20 arXiv: 2008.02921 Overview Of KAGRA Ca.hbratlo.n’ detector )
Published: 12 August2020 Article history v characterization, physical environmental monitors,

and the geophysics interferometer &

T Akutsu, M Ando, K Arai, Y Arai, S Araki, A Araya, N Aritomi, H Asada, Y Aso, S Bae ... Show
more

PDF  WESplitView  ¢¢ Cite A Permissions  «& Share v

Progress of Theoretical and Experimental Physics, Volume 2021, Issue 5, May 2021,

PAPER 05A102, https://doi.org/10.1093/ptep/ptab018

Vibration isolation systems for the beam splitter and signal Pubiished: 22 Febluary 2021 - Articla history v

recycling mirrors of the KAGRA gravitational wave detector

T Akutsu2 (2, M Ando"3# K Arai®, Y Arai®, S Araki®, A Araya’ (2, N Aritomi®, H Asada®, published PTEP 2021

9,10 11 " : . . . .
Y Aso™"(®), SBae™ + Show full author st KAGRA Calibration, Detector characerization,
Published 5 March 2021 « © 2021 IOP Publishing Ltd

| | hysical environment monitors
Classical and Quantum Gravity, Yolume 35, Number 6 https://iopscience.iop.org/article/10.1088/1361-6382/abd922 Py _
Citation T Akutsu et al 2021 Class. Quantum Grav. 38 065011 https://doi.org/10.1093/ptep/ptab018

Class. Quant. Grav. 38 (2020) 065011 arXiv: 2009.09305
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Status of KAGRA

SC Newsletter : Exchanging Info between co

: ‘201'9/1 2/01

KAGRA SCIENTIFIC CONGRESS COLLABORATORS' INFORMATION EXCHANGE

KSC Newsletter

Issue 6

KAGRA joined International GW Network
Signed up LIGO-Virgo-KAGRA MOoA for joint observation

On October 4, 2019, KAGRA held a ceremony to mark the completion of the detector. The ceremony was in the
site, and after the play of the music of kagura (the traditional Shinto-style ritual music) by local children’s
musical group, Takaaki Kajita, our PI, pushed a button with U Tokyo Executive Vice President Kohei Miyazono
to demonstrate the detector in motion. In the evening of the day, the signing ceremony of a memorandum of
agreement (MoA) on a research collaboration between KAGRA, LIGO and Virgo were held.

This MoA makes KAGRA an equal partner of LIGO and Virgo, and once KAGRA satisfied the criteria for joining
observation then all the scientific achievements will be presented as LIGO-Virgo-KAGRA collaboration. KAGRA

is definitely close to the production phase after the ten-year construction and installation period. @

 ABKAGRA m MU0 |

(Above) Pose for photos after signing a MoA. (from left) EGO vice
president Christian Olivetto, Virgo spokesperson Jo van den Brand,
KAGRA principal investigator Takaaki Kajita, LIGO Executive Director
David Reitze, KSC board chair Hisaaki Shinkai, and KAGRA vice PI
Masatake Ohashi. At ANA Crowne Plaza hotel Toyama, October 4,
2019. [Photo courtesy of Hida City]

(Right above) The ceremony at the site. Playing kagura music by local
shrine musicians. (Right below) Takaaki Kajita and U Tokyo Vice
President Kohei Miyazono switched on the green button, and it locked.
[Photos courtesy of H. Oobayashi.]

KAGRA SCIENTIFIC CONGRESS: COLLABORATORS' INFORMATION EXCHANGE

KSC Newsletter

Issue 7

2020/APRIL 17

We are operating at Mpc-level finally

After we signed to the memorandum of agreement (MoA) [JGW-M1910663] [JGW-M1910664], with LIGO/
Virgo in October, our target has been concentrated to join to Observation 3 (O3) of LIGO/Virgo. The
requirements [JGW-M1910813] are to improve the sensitivity of the detector over 1 Mpc in binary neutron-star
range, and to clear the readiness checklists of data flows/calibrations/organization. When we first locked the
detector on August 23, 2019, the sensitivity was 0.4 kpc. In order to reach our target (10 Mpc), the team so far
made great efforts for commissioning and noise-hunting.

The planned date for starting observation was postponed a
couple of times. We made engineering run in December,
then went back to the commissioning. After the announce RTSFSAIETER TaTwS
of the first lock of the power recycling system on January LOCKED

26 [klog12639] and OMC readout ready [klogl12763],
our sensitivity started recording the number as we
graphed below.

We declare the start of the observation on February 25
with around 300 kpc level. The team decided to go back to
Coml.nlSSlo.n ing to try again with the signal r?cydmg The current record of the sensitivity is 970 kpc on March
configuration. We heard we momentally locked with dual 29,2020, [klog 13840]

recycling, but not enough stability for observation.

Since our time was limited and we decided to go into the

observing run from April 7 for two weeks. However, the new virus COVID-19 changed the situation. Both LIGO/
Virgo had to stop their detector from March 24. On April 3, KAGRA proposed to make a joint observation with
GEO600 in the framework of LVK network, and core members are discussing details with GEO.

< CURRENT LOCK DURATION
(KACGRA 0n20m30s

NS-NS BINARY RANGE
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Towards New Phase

We are still confronting with the war to COVID-19 and its variants. In most regions in the world (except China
and Taiwan), we still have to spend our time scared of corona infection, avoiding contact with people as much
as possible, having less conversation, and living a life that restrains movement. Academic meetings, workshops,
seminars and classes have been made online. All the experiments and installations are under restricted
environment. We know criticizing unreliable governments can not solve these problems.

But let’s think differently. Epidemics have hit humankind many times in history. Human beings have confronted
it and managed to overcome it. Newton had to spent two years returning to the countryside when the city of
London was closed due to plague outbreak. At this time, he summarized the calculus method and got the idea
of the inverse square law of gravity. Newton himself later recalled in his autobiography that “the last two years
have been the pinnacle of his life's imagination.” It is a “creative vacation”.

From 03a, 03h, 03GK to 04

The third observation period (0O3a/b) of LIGO and Virgo was terminated by COVID-19 on March 27, 2020,
while KAGRA passed the joining condition of 1 Mpc sensitivity in binary neutron star on March 26 and went
into the observing mode in April. KAGRA once decided to make solo observation, but someone noticed that
GEO600 in Germany was in operation as Astrowatch with the sensitivity 1.2 Mpc. We therefore organized
KAGRA+GEO combinational operation from April 7 to 21, 2020, under the LIGO-Virgo-KAGRA (IVK)
collaboration, which was named O3GK later. We were operating KAGRA until summer with the expectation of
O3c, but it was the fighting period against the earthquakes in Nagano and Gifu prefectures in Japan. The
experiment groups started repairing and installing facilities in September, and are now rushing for O4, which is
supposed to start in the summer 2022 (more than a half year delay from the original IVK plan).

Meanwhile, from October 2020, KAGRAs authorship as the LVK-collaboration papers started for O3b data
analysis. We established Joint Editorial Board and started assigning our reviewer for each paper, and we are
required to check the drafts which come almost every week.

8,000
Daily reported number of Covid-19 positive in Japan.
6.000 Data taken from the Ministry of Health, Labour and Welfare.
’ https://www.mhlw.go.jp/stf/covid-19/open-data.html
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Hisaaki Shinkai (Osaka Institute of Technology); July 7, 2021 @ The 8th KAGRA International Workshop (@Korea/remote)
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Status of KAGRA: Summary

¢ Underground and Cryogenic interferometric 3 km gravitational-wave detector at Kamioka, Japan

¢ KAGRA is a part of GW international network with LIGO and Virgo.

g0k ¢ KAGRA joined O3b in the final stage, and O3GK publication plan is ongoing.
“04”

¢ Repairs and Installations are ongoing.

¢ VK O4 is planned to start Summer 2022.

It you are planning to join, please
contact to your nearest KAGRA
collaborators, or consult below FAQ.

http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/KAGRA/KSC/FAQ

July 7, 2021 @ The 8th KAGRA International Workshop (in Korea/remote)



