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Why Shinkai talks instead of Kajita-san?
Science Council of Japan vs Prime Minister Suga

Kajita-san became the head of SCJ, October 1, 2020. On that day, one big political problem was
scooped; PM Suga refused to approve 6 new SCJ members without opening reasons.

theiapantimes RIAAAS _ Become s e SCJ is an independent body of the government and
consults with the government from a scientific

NATIONAL

Suga meets science council chief amid furor over rejected
nominees

standpoint. The government has never spoken to
the selection of people.

Newspapers say this is because the SCJ continues
to express its opposition to military research.

This political problem continues 2.5 months already

and no progresses for solution.

The president of the Science Council of Japan, Nobel laureate Takaaki Kajita, speaks out against
the prime minister’s decision not to appoint six nominees. KYoD0 VIA AP IMAGES

Japan’'s new prime minister picks fight with
Science Council

By Dennis Normile | Oct. 5,2020, 11:45 AM

nature Search Q Login @

Explore v Journal info v Subscribe

Japan’s new prime minister, Yoshihide Suga, has disrupted the process by which nature > editorials > article
Takaaki Kajita, head of the Science Council of Japan, speaks to reporters at the Prime Minister's Office Friday after scientists are appointed to serve on the governing body of the country's Ieading
ietn el e LA G e e T Lz academic society. Researchers see the move against the Science Council of Japan

(SCJ) as a threat to academic freedom. EDITORIAL - 06 OCTOBER 2020

‘ SCJ makes policy recommendations, promotes scientific literacy and international WhYNatureneedStO cover pOIIthS nowmaore
Prime Minister Yoshihide Suga met with the president of the Science Council of Japan on Friday amid . _ L
. . - . . P cooperation, and represents the interests of more than 800,000 scholars in virtually th
mounting criticism over the premier’s decision to block six scholars from joining the government T ' ) o _ dn ever
advisory body. all academic disciplines. Its current president is Takaaki Kajita, a 2015 Nobel Prize
. winner in physics who just assumed his post. Science and politics are inseparable — and Nature will be publishing more

Takaaki Kajita said they discussed “the future of the council” but Suga did not provide an explanation for politics news, comment and primary research in the coming weeks and
why he refused to appoint the nominees last month. The council’'s governing body, called the General Assembly, is made up of 210

months. 2
members serving staggered 6-year terms that began last week. Although the council




1. Gravitational Waves

First Detection (2015 Sep 14) 2017 Nobel Prize

Feb 2016, LIGO announced the first detection L
of GW (GW150914). The source was Binary BH. G
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The Royal Swedish Academy of Sciences has decided to award the

2017 NOBEL PRIZE IN PHYSICGS
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Rainer Weiss
Barry C. Barish
Kip S. Thorne

“for decisive contributions to the LIGO detector and the observation of gravitational waves”
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Oct 2017, Royal Swedish academy of science
announced the physics prize goes to GW
project.
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Oct 2017, LIGO/Virgo announced
the first GW detection from Binary NSs (GW17081 7).

Hisaaki Shinkai (Osaka Institute of Technology);: December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote)



Gravitational Wave
from binary BH-BH, NS-NS, BH-NS
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1. Gravitational Waves

FEHiEDKIE (GW sources)

http://gwcenter.icrr.u-tokyo.ac.jp
supernovae pulsars black hole binary neutron stars
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hard to predict too small amplitude
too small amplitude binary coalescence

Hisaaki Shinkai (Osaka Institute of Technology); December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote)



1. Gravitational Waves

What we can learn from GW?

merger phase
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Hisaaki Shinkai (Osaka Institute of Technology);: December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote)



1. Gravitational Waves

What kind of technology we need?

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 (I). 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 al the Massachusetts Institute of
Technology, Cambridge, MA 02129.

SCIENCE * VOL. 256 * 17 APRIL 1992

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-

325
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Hisaaki Shinkai (Osaka Institute of Technology); December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote)



1. Gravitational Waves

What kind of technology we need?
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Hisaaki Shinkai (Osaka Institute of Technology); December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote)



Gravitational Wave Projects

GW Internatlonal Network
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Hisaaki Shinkai (Osaka Institute of Technology); December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote)



Gravitational Wave Projects
Sensitivity Curve

1
amplitude of GW h(t) X — 1/ distance
r

if we improve one-order of magnitude of the sensitivity,
then the observational volume of the Universe become 103 times larger.

01 (2015/9/12 - 2016/1/19)  LIGO
Update

02 (2016/11/30 - 2017/8/25)  LIGO+Virgo
Update

O3a (2019/4/1 - 2019/9/30)  LIGO+Virgo

O3b (2019/10/1 - 2020/3/27) LIGO+Virgo + KAGRA
Update

1 10 100 1000 10000 04 (20227?)

Science 256 (1992) 325

Hisaaki Shinkai (Osaka Institute of Technology); December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote) 10



Gravitational Wave Projects

Sensitivity Curve
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Hisaaki Shinkai (Osaka Institute of Technology); December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote) 11



Gravitational Wave Projects

Fourth 2nd generation detector on the Earth
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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

Hisaaki Shinkai (Osaka Institute of Technology): December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote) 12
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Status of KAGRA | KAG RA

KAGRA (Kamioka Gravitational-Wave Observatory) (TS
o Sl 1000m under the
| HEET RO unaer

Mozum | WA S1000m summit of the Mt.

control office.

(15 min)

Toyama City XMASS ) kamland

(60 min) B super Kamiokande S 358m above the

V i acgas | sea level.
ko0
4 http://gwcenter.icrr.u-tokyo.ac.jp/en/

Google

(REMERE NIKERE)
former name LCG T = large cryogenic gravitational telescope

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

Hisaaki Shinkai (Osaka Institute of Technology); December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote) 13



Status of KAGRA /w
Brief History of KAGRA KAGRA

today

calendar

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

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]

Hisaaki Shinkai (Osaka Institute of Technology); December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote) 14



Status of KAGRA /ﬁ
KAGRA suspension systems LKA,/GRA

160222_SAITO

bKAGRA configuration @ =~
- Cryogenic test masses T 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 -
LrE) Type-B
T IT™ o| = A
PR3 PR2
PRM
iy > & Ma -
Type-C system ) —& & @ err £
- Mode cleaner © ITM ETM %
Silica, 0.5kg, 290K J
- Stack + Payload Type-B system ] cryc:geglc
¢ v e payloa Y
SRM - Core optics (BS, SRM,...)

OMMT Silica, 10kg, 290K =
Type-Bp payload ' '
OMC _IP + GASF + Payload ]

- Test mass and Core optics (BS, FM,..) _
- Stack for aux. optics

Silica, 10kg, 290K
- Seismic isolator
J;zzzll Table + GASF + Type-B Payload

as the configuration of April 2020 (O3GK)

Hisaaki Shinkai (Osaka Institute of Technology); December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote)



Status of KAGRA p

Laser, Input-Output Optics, Auxiliary optics &A/
\) - High power laser test
. T - 3bW laser output
| - 22W IMC Input
: - 20W IMC output
3km : A - temperature at the
IMC | beam dumper
T | o Shield V-dump
- 40W _ v :
| aser - High power laser dumper
IMMT 2 PRM
L = I/tL 7
LASER | l IMMT1 |
room

as the configuration of April 2020 (O3GK) by T. Yokozawa

Hisaaki Shinkai (Osaka Institute of Technology); December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote)



Status of KAGRA /j

Vacuum & Facilities LK,A/

%

A: d.7e+d (Now alignment)
R _

- Vacuum level at Jun.20th, 2019 [P4] : 1.0e-5
|

3km!
IMC m: I\ 9.0e-7

I
I

LASER | l IMMT1 PR3 _ n Cmax ETvix
room 1.26 5 SR2 1?—2——4.2)52——-)
e 4.0e-6
== SRM
OMM T 2t
I l\IL_OMMTl (Now alignment)
as the configuration of April 2020 (O3GK) IM R 9.4e44 by T. Yokozawa

Hisaaki Shinkai (Osaka Institute of Technology); December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote)



Status of KAGRA /ﬁ

Cryogenic, Vibration Isolation, Mirrors LK/A/

N\ Type-A
|
56K ETMY ﬁf\\n
! r
- Test mass Temp. at Jun.20th, 2019 [Pa] | '
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as the configuration of July 2019 by T. Yokozawa

Hisaaki Shinkai (Osaka Institute of Technology); December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote)



Status of KAGRA
Physical environment monitors

W | R 1N Z\

ETM: End Test Mass .
v' 18 fixed

v' 5 portable

ITM: Input Test Mass

Im™

BS:Beam splitter

SEM: Signal Extraction Mirror

PRM:

Po ver Recycling Mirror
<‘> ) Photo Detector

Seismometers

v 5 fixed
v' 1 portable

Cryocoolers

Cryocoolers

_/‘v

Chamber

% \?
for TM

Hisaaki Shinkai (Osaka Institute of Technology);

(c) KAGRA Collaboration / Ray.Hori

Accelerometers @

v' 1 fixed

Weather statlon st

Microphones
" v 18 fixed

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)

by T. Washimi

December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote)
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Status of KAGRA /j
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Status of KAGRA /_w
KAGRA (Kamioka Gravitational-Wave Observatory) &A‘/ RA
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KAGRA Scientific Congress Newsletter No. 3 2018/12/01

http:/ /gwwiki.icrr.u—tokyo.ac.jp/JIGWwiki/ KAGRA/KSC#newsletter

KAGRA SCIENTIFIC CONGRESS: COLLABORATORS'. INFORMATION EXCHANGE o - 2019/04/18:

(Right) Photon Calibrator X-end installation completed.
July 25. [JGW-G1809009]

In photo, Takaaki Yokozawa, Yuki Inoue, »

: o . KAGRA SCIENTIFIC CONGRESS: COLLABORATORS' INFORMATION EXCHANGE -~ . 2019/12/01
Takahiro Yamamoto, and Chihiro Kozakai. it T MR Tt e : > ik :

Issue 4

Einstein Telescope and KAGRA signed agreement

to collaborate on the development of the common technologies Issue 6

I y ‘ = 1,;\

" SR (R \
®° “"“"\ 1:3\ / T\ The 5th KAGRA International Workshop (KIWS5)

‘ ‘5;{ ol ¢ ‘ . was held at Perugia, Italy. The third day of the

—

KAGRA joined International GW Network

. Calbrats

workshop was named “The first KAGRA-Virgo-3G

P b
o o \ A Detectors Workshop (KV3G)”, where we discussed Signed up LIGOVirgo-KAGRA MoA for joint observation
> = & the project of Einstein Telescope (ET), one of the
2 . B - - key gravitational-wave observatory plans in the On October 4, 2019, KAGRA held a ceremony to mark the completion of the detector. The ceremony was in the
« (Left) Installed the BRT part on the TMS-VIS in future. The ‘hascent ET collaboration (it will be site, and after the play of the music of kagura (the traditional Shinto-style ritual music) by local children’s
the EXT chamber at the X-end! [klog 06342]. formulated in April 2019) plans to construct a musical group, Takaaki Kajita, our PI, pushed a button with U Tokyo Executive Vice President Kohei Miyazono

triangle-shape 10 km-armed laser-interferometer to demonstrate the detector in motion. In the evening of the day, the signing ceremony of a memorandum of

In photo, Fumihiro Uraguchi, Koji Nagano, Kunihiko underground, and with cryogenic technology. Its agreement (MoA) on a research collaboration between KAGRA, LIGO and Virgo were held.
Hasegawa, Kenta Tanaka, Naoki Kita, and Tomotada core technologies match with our experiences.
Akutsu 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
On February 16, 2019, at the gorgeous is definitely close to the production phase after the ten-year construction and installation period. &9

Sala dei Notari (hall of Notari), our PI,
Takaaki Kajita, and the ET steering
board chairmen, Michele Punturo and
Harald Liick, signed a letter of intent to
collaborate on the development of third
generation detectors. The scope of the
letter is quite general (see JGW-
M1909820), but we believe it becomes a

certain step forward for both of us.
. - KIW5 and KV3G workshop had more
® The 5" Kagra International Workshop than a hundred of participants. The
. The 1% Kagra-Virgo-3G Detectors Worksho meeting continued from the early
7 Peruaia, 1416 February 2019 morning to the late evening, but we
RS T SCOMRURE () enjoyed a small historical old city area,
Perugia chocolates, and environment of
AC Perugia (Perugia Calcio). We thank

We did it! in 2018

(Right) SR3 Installation, July 20. [klog 05569]
Panwei Huang, Naoatsu Hirata, Terrence Tsang,
Fabian Pefia, Mark Barton, Ryohei Kozu, and
Enzo Tapia. (plus Guiguo observing)

£ aleln Srcunn TOC memhare acnacially Haline Vineea
Conl.:ent.s 'l \bove) Pose for photos after signing a MoA. (from left) EGO vice
o2 Dlireciien| esident Christian Olivetto, Virgo spokesperson Jo van den Brand,
p-3 Future: U \GRA principal investigator Takaaki Kajita, LIGO Executive Director
p-4 Kamioka | avid Reitze, KSC board chair Hisaaki Shinkai, and KAGRA vice PI
p-5 Report: D KAGRA SCIENTIFIC CONGRESS: COLLABORATORS' INFORMATION EXCHANGE 2020/APRIL 17 asatake Ohashi. At ANA Crowne Plaza hotel Toyama, October 4,

p-8 Meetings )19. [Photo courtesy of Hida City]

p-10 Poster A
AT Ny ew S e tt e r tight above) The ceremony at the site. Playing kagura music by local

p-13 New col rine musicians. (Right below) Takaaki Kajita and U Tokyo Vice
esident Kohei Miyazono switched on the green button, and it locked.
Issue 7 thotos courtesy of H. Oobayashi.]

I |
- KAGRA entered the observing mode!

We are operating at Mpc-level finally

AW " %
(Above) OMC installation succeeded, October 18.
[klog 06612]

In photo, Sotatsu Otabe, Kohei Kusayanagi,
Hiraku Sasaki, and Kentaro Somiya.

(Right) Nov. 9, the last installation of »

cryogenic payload was completed. The photo at Y-
front was distributed in [kagra 02500].

In photo, Masahiro Takahashi, Takayuki Tomaru and
Sakae Araki.

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 (03) 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 KA GR*A S URRENT LOCK DURATION

couple of times. We made engineering run in December, b y 0n20m30s

then went back to the commissioning. After the announce et AL L NS0 GIRARY RANSE

of the first lock of the power recycling system on January LOCKED L @ 5 @ D@ kpc
=]

26 [klog12639] and OMC readout ready [klogl12763], O Q=0 N
. . psL |- Qo0 [ . &—[{ﬂ‘b
our sensitivity started recording the number as we

oranhed helaws

Editors thank Takaaki Yokozawa for his suggestions of photos. é




Status of KAGRA /ﬁ
Joint Research MoA signed LIGO-Virgo-KAGRA KAGRA

* 1 Mpc (BNS) is required to join the observation.
10—

—— FPMI08/24/19 4.0x10~* Mpc
—— FPMI 10/08/19 1.7x10~* Mpc

101 —— FPMI11/01/19 3.9x10~* Mpc
—— FPMI 12/06/19 3.1x10~2 Mpc
1016 Aug 24, 201S —— PRFPMI 02/04/20 2.7x10~% Mpc
| —— PRFPMI 02/05/20 4.7x10~% Mpc
. | ¥ —— PRFPMI 02/11/20 1.8x10~! Mpc
107 —— PRFPMI 02/14/20 3.4x10~! Mpc
|§ | —— PRFPMI 03/19/20 6.9x10~! Mpc
=018 Yec 19 2010 —— PRFPMI 03/26/20 9.6x10~! Mpc
- : _ _
@
ol 10—19
10—20 |

1021 -

March 26, 2020

10—‘22 ———————t- ———————
10! 10° 103

Frequency [Hz]

main part (10 pages) Append‘ix A (17 pages) Letter of Intent (3 pages)
Concept, Definitions, Organizations, Procedures KAGRA’s Join to O3 ] ]
Purposes * Finally, over 1 Mpc in the end of March 26, 2020.

Hisaaki Shinkai (Osaka Institute of Technology); December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote)



Sensitivity Record in kpc

. KAGRA BNS Range —— FPMI08/24/19 4.0x10~* Mpc
—— FPMI10/08/19 1.7x10~* Mpc
ol ] —— FPMI 11/01/19 3.9x10~% Mpc
1 - —— FPMI 12/06/19 3.1x10~2 Mpc
4 —— PRFPMI 02/04/20 2.7x10~2 Mpc
ol ] —— PRFPMI 02/05/20 4.7x10~2 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

BNS Range [Mpc]
o
(@)]
[
|

March 26 12:06 UTC _
KAGRA finally went over 1Mpc
O | |

0 500 1000 1500
Time [second] since Mar 26 2020 11:51:16 UTC

Frequency [Hz]

== not go to 20K, but 250K

g N N
Q P (&

III * Power-Recycling FPMI Observation in April
RV *

DB
I * Frosting of Mirrors due to incompleteness of vacuum
o .I
® o N
& & <

¢ R

Hisaaki Shinkai (Osaka Institute of Technology); December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote)




Status of KAGRA /’w
O3b, O0O3GK, and after that KAGRA

(C 7 CF

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); December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote)
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Status of KAGRA ‘B/j

Japan 277 67

Taiwan 64 8

China 63 15

sm 72 Korea 38 17

Italy 20 5

L) USA 10 5

Australia 5 1

4oy University of Tokyo~ India 3 2
France 2 2

Spain 2 1

Poland 2 1

UK 2 2

Russia 1 1

Germany 1 1

Vietham 1 1

http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/KAGRA total 495 129

Hisaaki Shinkai (Osaka Institute of Technology); December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote)

KAGRA collaboration KATR

Statistics of KAGRA collaboration
(December 11, 2020)
collaborators Institutions,

26



Status of KAGRA /w
KAGRA collaboration KACRA

112groups, 14 countries/regions
410+ active members
+50-40 since Mar 2020.
Default-author list 2018+2019
has 243 names.

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

8 P F2F Aug. 2020 @ online, Japan
ICRK ). S ) F2F Dec. 2020 @ NCU, Taiwan

University of Tokyo

Organize International Workshop
twice / year

KIW7 Dec. 2020 @ NCU, Taiwan
KIW8 July 2021 @ Daejeon, Korea
KIW9 ?? 2021 @ Beijing China

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

Hisaaki Shinkai (Osaka Institute of Technology); December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote) 27



Status of KAGRA /ﬁ

KAGRA collaborators in Taiwan &

Academia Sinica National Cheng Kung University National Taiwan Normal University

Cheng-Yi Chiang
Yu-Kuang Chu

Kwan Lok Li

National Central University

Ting-Wai Chiu
Guo-Zhang Huang

*Sadakazu Haino Ko-Han Chen Safdar Imam
Yun-Jing Huang Hsuan-Yu Chu Han-Shiang Kuo
Hsiang-Yu Huang *Yuki Inoue *Feng-Li Lin
Feng-Kai Lin *Chia Ming Kuo Mei-Ting Lin
_ing-Wei Luo Hong Lin Lin Jie-Shiun Tsao
Darkhan Tuyenbayev Harn Fung Pang Wei-Ren Xu
Industrial Technology Research Institute National Tsing Hua University Hong Zhang

*Yi1 Yang

Martin Spinrath

*Sheng-Jui Chen Yi-Ru Chen Tamkang University
Sheau-Shi Pan Huali Chen Chien-Ming Wu Yu-Ting Chang
National Applied Research Laboratories Chao-Qiang Geng Hsun-Chung Wu *Chian-Shu Chen
*Chun-Yu Lin Yao-Chin Huang Shu-Rong Wu Hong-Yu Chou
National Chiao Tung University *Albert Kong Tsung Ju Yang Chia-Hsuan Hsiung
En-Jui Chang Hao-Jui Kuan Shu-Wei Yeh Hui-Chih Huang
Hong-Yin Chen *Ray-Kuang Lee Ching Chun Huang
Chia-Jui Chou En-Tzu Lin Yu Syue Huang
Yi-Hsuan Huang Bo-Han Lin *Guo Chin Liu
Sheng-Hong Lai Jhih-Rong Lu Kin-Wang Ng
Hans Brynner Lao *Kuo-Chuan Pan Alessandro Parisi
Yu-Hsuan Lo Surojit Saha Ting Yu Shih

64 collaborators as of Dec 12, 2020. * KSC contact person
Hisaaki Shinkai (Osaka Institute of Technology); December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote)
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Status of KAGRA h
Organization of KAGRA &P«/GRA

Takaaki Kajita
(PI)

KAGRA Scientific Congress (KSC) organization chart

Executive " Hisaaki Shinkai  Zhoujian Cao (China)
” _ . 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\

System Engineering

Office .
DETEWAREWEIES Theory Group Future Strategy

Committee (FSC)

Committee (DAC)

Hideyuki Tagoshi LVK
)

KAGRA
committees

Masaki Ando
(FSC chair)

Shinji Miyoki
(SEO proj. manager

(DAC chair) committees

Takahiro Tanaka

(Theory chair)

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

Hisaaki Shinkai (Osaka Institute of Technology); December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote) 29


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

Organization

Organization of KSC (KAGRA Scientific Congress) (TMIR

Pl KAGRA Scientific Congress (KSC) organization chart 2020/December 17
* Hisaaki Shinkal Znoujlan Cao (China)
* Shinji Miyoki Hyung-Won Lee (Korea) Theory Group
KSC board e . :
Chunglee Kim Ray-Kuang Lee (Talwan) .
sharing information & idea Hideyuki Tagoshi Tatsuki Washimi (PD) * Takahiro Tanaka
Tomotada Akutsu Satoru Takano (Student) -

. 2 * Hideyuki Tagoshi . :
Data Ana'ys's Committee + WGs chairs/vice chairs qure' Strategy ST:TS;";% o
(DAC) + Hisaaki Shinkai (board) Committee (FSC) Kentaro Somive
+ Takahiro Sawada (operations working group)
L S S S D S — E—— -
T e R R e e commis o e i
Coalescence Management fPROG) AdRaDy (WPWT)
* Hideyuki Tagoshi * Yousuke ltoh  * Kazuhiro Hayama * Guo-Chin Liu  * Ken-ichiOochara " Yukilnoue " Keko Kokeyama * Hirotaka Takahashi *Kentarc Somiya
Kipp Cannon Sachiko Nobuyuki Kanda Takahiro Yamamoto Yosuke Itoh
Hyung-Won Lee Kuroyanagi  Hirotaka Takahashi Shinji Miyoki

Tjonnie Li Kazuki Sakai

Committee of Author-list Collaborator-list
Joint Run Planning Committee Ty e LA Joint Editorial board ,_ Publication Control Committee Manager
sec 3. Committee e . . * Hideyuki Tagoshi
o . : ) . . i Asada Akiko Sakai (secretary)
Shipji Miyoki, Yousuke Htoh Ken-ichi Oohara, Nobuyuki Kanda Zhoujian Cao * Kazuhiro Yamameto Hideki Abert Kong :
- Hyung-Won Lee  Yuta Michimura Xilong Fan Atsushi Nishizawa Naomi Kudo (secretary)
Tjonnie Li Yousuke Itoh I{amhI:vHayLmna John J. Oh
Detector Characterizationand Chunglee Kim Hisaaki Shinkai ;’:“"9[; o Wenbiao Han Author-list
Data Quality Committee S€C 5.2 A thoc a0 Ray-Kuang Lee Yuta Michimura Tkatum Ushiba el S
Keiko Kokeyama, Takahiro Yamamoto Hisaaki Shinkai, Ray-Kuang Lee azuhiro Yamamelo Hnmmdisaaki Sh;r::‘a':g
Lijing Shao
International
Calibration Committee soc 3.3 Joint Detection Committee__ . LVK climate change WG Cooperation WG D"";:“"V
' Hisaaki Shinkai
Yuki Inoue : iotti Tadayuki Tomaru .
e e Nobuyuki Kanda Luca Baiotti, Quynh Lan Nguyen yu * Keiko Kokeyama
Nami Uchikata Nobuyuki Kanda JElecnora Capocasa
Hisaaki Shinkai Joseph M. Fedrow
Hyung-Won Lee Chunglee Kim
Operations Working Group Public Data Release EPO Zhong-Hong Zhu Chihiro Kozakai
Scheduling Comm. (Education & Public Outreach) KSC Newsletter Feng-Li Lin Matteo Leonardi
Takahiro Sawada Osamu Miyakawa Yousuke ltoh  Yuki Inoue = GLETRCET Helios Vocca %;r;::: iswu:m) Lin
Keiko Kokeyama Nobuyuki Kanda Heather Fong Quynh Lan Nguyen i Shinkai i i
Masaki Ando Albert Kong Yoshihisa Obayashi N ra e st

Ayaka Shoda Hisaaki Shinkai
ot ey} Yoshisa Obeyasti o b
Low Latency challenge WG Wei-Tou Ni R Kentaro Komori
Quynh Lan Nguyen

Takahiro Sawada Kazuki Sakai Kipp Cannon

http://gwwiki.icrr.u-tokyo.ac.ip/JGWwiki/KAGRA/KSC
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International GW network (EEEH KSRy F7—2)

ALIG0O

LIGO
LIGO Scientific Collaboration

jene Ch ) W ! %
Sy o, @ et g MR £ e,
Ancrews University mdwo  WORICLAR SIATE ‘ Sonoma Swte University
American Unwversity Y m — M Soutnern Univ. and A&M College
California Institute of Teechnology oo, STeE o ' Stantord University
Cualifornia State Univ., Fullerton Coetpse AMIS WS Syracuse University
TR A

Canadian Inst. Th. Aswophysics

Szeged Universty
Carleton Colege

Texas Tech Unversity

(M2J)JINVIRGO

Virgo Collaboration

Virgo is a European collaboration with about 360 authors from 89 institutes

Advanced Virgo (AdV) and AdV+: upgrades of the Virgo interferometric detector
Participation by scientists from France, Italy, Belgium, The Netherlands, Poland, Hungary, Spain, Germany
= Institutes in Virgo Steering Committee

College of Wiliam andg Mary
Columbia U, in the City of Naw York
Embry-Ridcie Aercnautical Univ.
Edtvis Lorand University

Trinity University

Tsinghua Universty

Universital de les Ihes Balears
University of Alabama in Huntsville

Georgla Instiute of Technology
Goddarg Space Fight Center
Hcbart & Willlam Smith Coleges
ICTP-SAIFR

IndGO

IAP-Russian Acad. of Scences
Inst. Nacional Pesqusas Espacas
Kenyon Colege

University of Brussels
University of Chicago
University of Florida
University of Maryland
University of Michigan
University of Minnesota
University of Mississipp
University of Oregon

Karean Grawtational-Wave Group : — g niversity of Sannio

Lousiana State Unnersty 2 MONASH (g UNIYERSET " - | Univ. of Texas-Rio Grande Visley
Montana State Universty \J UF “OR“).-\ mﬁl *Q Geailolise . University of Washingtan
Moniclair State University Lsu _ University af Wisconsin-Milvaukee
Moscow State University Washington Ssate University

West Virgina University

Nazonal Tsinghua University
Northrwastem University mm: m Whitman Callege

LIGO Laboratory: Calfornia Institute of Technology, Massachusetts Institute of Technology, LIGO Hanford Obsarvasory, LIGO Lvingston Observatory

Ausyalian Consorium foe interferometsic Graviational Astronomy (ACIGA):
Austrafian Natanal University, Charles Stuet University, Monash University, University of Adelaide, University of Melbourne, University of Western Australia

German/'Britsh Collaboration for the Detection of Graviational Waves (GEC600)
Cardift University, Leibnz Universitiit Hannover, Albert-Einstein institut, Hannover, King's College Landon, Rutherford Appleton Laboratory.
University ol Bemingham, Uniersity of Cambridge, University of Glasgow, University of Hamburg, University of Shefekd,
University of Southamptan, University of Strathclyde, University of the Waest of Scodand

1330 members
860 authors
101 groups
20 countries

Hisaaki Shinkai (Osaka Institute of Technology);

- APC Paris - INFN Perugia - LAPP Annecy - RMKI Budapest

- ARTEMIS Nice - INFN Pisa - LKB Paris - UCLouvain, ULiege ﬁ”g
- IFAE Barcelona - INFN Roma La - LMALyon - Univ. of Barcelona
- ILM and Navier Sapienza - Maastricht University - University of Sannio r\\

- INFN Firenze-Urbino = INFN Roma Tor Vergata - Nikhef Amsterdam - Univ. of Valencia ,,J

- INFN Genova - INFN Trento-Padova - POLGRAW(Poland) = University of Jena

- INFN Napoli - LAL Orsay ESPCI Paris - University Nijmegen

Advanced Virgo project has been formally s
completed on July 31, 2017 United Denmark Lithuania

. . Kingdom

Part of the international network of 2nd = @

generation detectors V.1 O p°|an© Belarus
S

Started O3 run on April 1, 2019

Ukraine

8 European countries fs a ; Moldoya

3 3 ; < Romania |/
T—=— e

Bulgaria

Greece

465 members
360 authors
96 groups
8 countries

December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote)

(0/ University of Tokyo
[]

410 members

40 authors
115 groups
14 regions

1CRR,))) naBJ (ﬁ) '
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Status of KAGRA

Science Summary as of LVK-outreach

LSC ) st

Collaboration

V Bl Hbd e SO N N

News Detections Rel[EIAELTEESGIEILELE Multimedia Educational resources Forresearchers Aboutthe LSC LIGO Lab Observing Plans

Intro to LIGO & Gravitational Waves Science Summaries Popular Articles Frequently Asked Questions Magazine Advanced LIGO

SUMMARIES OF LSC SCIENTIFIC PUBLICATIONS

We now feature, for each new research article, a summary written for the general public. Simply click on any of
the titles for an online version, or on the '[flyer]' links for a downloadable file in PDF format. Translations into
several languages are also available for some of these summaries. Where not noted separately, translations
can be accessed through their language acronyms (e.g. 'es' for Spanish, also see details in the sidebar) or
from the top of the English online versions.

LATEST DETECTIONS

GWTC-2 Catalog paper summarizing previous and new detections from the O3a observing run:
(Oct 28, 2020)

¢ The population properties of compact objects following LIGO/Virgo Run O3a

GW190521 GW190521: The Most Massive Black Hole Collision Observed To Date [flyer]
(Sep 2, 2020)

LOOKING DOWN ADETECTOR
ARM

LSC ) Essre

AR A E Sk * T R 2R R ?

po— N
5\\\;“ . G
N , A

T
TS

“Cripit 11O Labo'fator\,

Visitors at LIGO Hanford Observatory gaze down the site’s X arm. Half of

e (((2/AY

fi€ UGO M virgo FE=RATF B SR A TR BEERCMIREFITHE SR

J

KATRA

(C 77

B o (1)) VIRGD

GW190521: iz 5 AR BIH K H B R FiiE

BMERINTHE?

£2019%5A218, SHEEHTHENKRIE (Advanced LIGO) B HE R Hanford
ZETF#HE (Advanced Virgo) BAIZ| —HEFSENRASHTEENE
NIRIER. ZIESHESR A GW190521, thiRiZ 5 & I R E| M E M HihE RiRA
B HRH, GW190521 BRI E T, WA FEAMEERREZETIEE,

—feME, RKEERFASGRHME NKIERTE Advanced Virgo 1
Advanced LIGO BIESAE& hiF BN BT S At M
50914 (A

— 100

. 3: ] Time [s]
0 3o M1E Livingston
ERAMEH

200

BAYGZRAZHBHRG ?EMNBEAS Y ? LANKTAETEEFTHFYORLAEE ? KMAT

LIGO#aVirgoR X & #9 5% =k B4Rl (O3) e84 x> mE(BE A EB A B (GWIC2
) WEZEA > AP REFSAOINFBREAOI)FERGEH K FM - LIATH A 5

the 4-kilometer length of the arm is visible in the photo. (Credit: LIGO GWTC-1tbig » EA R FHHBE I M T W1E - EMAS —EBABRABEABRYES KA
Laboratory) e 0 S EAVAE BRI R > SHH AR T A MA@ % =8 B AR

o E J) BRI AR A ARE

EhRAERE o
W190521 .
IBEH
030 035 040 045 050 055

Frequency [Hz

0.60

TRANSLATIONS: LANGUAGE KEYS LIGO
ZRA MEH R K EH B % LSC Scientific
For most summaries, we list the available translations by i) & 09 B IR Uk A ROR B At Collaboration

their ISO 639-1 /150 639-2 keys, as listed below. XA DY EYES
Translations are a volunteer effort and different sets of B o BEAHEVLEME > K
languages are available for each summary. You can BT B L ZR AR F H AR o

search for the key of your language, in square brackets —
for instance [fr] for French — on this page to find all science
summaries that have been translated into it.

o [bla]: Blackfoot (Siksika)
¢ [bn]: Bengali (Bangla)

P e S ch Vel IS dh 2N

https://www.ligo.org/science/outreach.php

GWTC-2 : ENRIRRYER B &%

R8T T MAILIGOFVirgoBE/IRIRE # ( GWTC-23 “Gravitational-Wave Transient Catalog 2” ) * EF{ERT
2015 FEMBEREAITI03a ( F=HABRMAT ¥ ) WERNFRARIE - 03aMERETHER2019F4H1H
ZF10818 - BESAZI3EMMENRIR - M ELEGWTCAPIIHMN1NBECSHERSH - FeowTc2hMNENK
SHMBOERIT50ME - Eo3aPRRMWXREE T HERZNAXMERE - EMttIRIRAEER (BBH) -
EhFE (BNS) AP FERA (NSBH ) SHBGAIEREEIEEYS -

ESEEMNZE - 03aPEABIMNENKREGBEBLAIMES AN (01/02 ) FAXIMNBIEZESL=FUL -
Virgoi R AR E BB RER S IMMEILGOR AR ZE S T 03a - HEE03BATEHD - 97%MNBAREEE
D—ERABREERF - MANRXNKEBEDMERMNRZEEE - IE5 - —ERHFBNEGNE3a KSR
R E98#F  SEE"REAFESDTESHYSHNENRSN , F—HEFRBAEEEHNEH ; U
BRAHBENRABHEBIS(EMNERMRERE - TUHED - HMBEMWUGOMVirgoTE03a P WA IR IRFRIER
REEN - UREBLEENREHHRBMEBRENEATE -

Hisaaki Shinkai (Osaka Institute of Technology); December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote)
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Status of KAGRA

Target Sensitivity & Schedule

2015 2016 2017 2018 2019 2020 2021 2022
| | | | | | | |
wa O 02 wm O3 wm O4 wm O5 60-80Mpc  60-100Mpc 120-130 Mpc 160-190 Mpc
80 100 110-130 160-190 Target
siiei ' Yy
30 50 90-120 150-260 %l ;E; f%l §§§
Mpc Mpc Mpc Mpc 3 3 B oI
: ® ® ® @R® -
Vll’gO i ﬁ ) : & E 552 50 Mpc 90-120Mpc
Lo 1d1dg nun _ o noma 2 30
Virgo < © < o 02 O3a O3b 04
Mpc Mpc Mpc 5 S S 3 pC
KAGRA i = m ° & 373
= =%
Target © 0 © 0 E E
. 330 Mpc ==
- ONO,
LIGO Indla ll 1Mpc 25-70Mpc
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 Chase1ll phase2
| | | | | | | | ‘
2015 2016 2017 2018 2019 2020 2021 2022
i I 7
Scenario Paper [1304.0670ver2020Jan] A

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

Hisaaki Shinkai (Osaka Institute of Technology); December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote)

COVID-19 terminated O3b

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

Hisaaki Shinkai (Osaka Institute of Technology);: December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote) 34



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

] suspension noise control for low freq. S S W

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

[]de-frosting windows for oplev light

repair & installation

October 2020

Hisaaki Shinkai (Osaka Institute of Technology); December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote) 35

2015 2016 2017 2018 2019 2020 2021 2022

A

B | ne 2022
O ready

Summer 2021

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

o 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 /ﬁ

Overview of KAGRA: reviews in PTEP 2020 KAL

ACCEPTED MANUSCRIPT

Overview of KAGRA : Detector design and published PTEP 2020
construction history & KAGRA history
T Akutsu, M Ando, K Arai, Y Arai, S Araki, A Araya, N Aritomi, Y Aso, S Bae, Y Bae ... Show https://doi.org/10.1093/ptep/ptaal?2s

more arXiv: 2005.05574

Progress of Theoretical and Experimental Physics, ptaal25,
https://doi.org/10.1093/ptep/ptaal25
Published: 17 August 2020  Article history v

ACCEPTED MANUSCRIPT i
. . ublished PTEP 2020
Overview of KAGRA: KAGRA science ¢ g .
. . . o KAGRA Science

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

NOTe https://doi.org/10.1093/ptep/ptaal20

Progress of Theoretical and Experimental Physics, ptaal20, .

https://doi.org/10.1093/ptep/ptaal20 arXiv: 2008.02921

Published: 12 August2020 Article history v

PDF BB Split View ¢¢ Cite A Permissions « Share v
* Overview of KAGRA : Calibration, detector characterization, in preparation

physical environment, and geophysics interferometer * Overview of KAGRA : Noise Budget
submitted PTEP 2020 * Overview of KAGRA : Data transfer and management

* Overview of KAGRA : Data analysis methods

* Overview of KAGRA : Future plans

Hisaaki Shinkai (Osaka Institute of Technology); December 18, 2020 @ The 7th KAGRA International Workshop (@Taiwan/remote)
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https://doi.org/10.1093/ptep/ptaa120
https://doi.org/10.1093/ptep/ptaa125
https://arxiv.org/abs/2008.02921
https://arxiv.org/abs/2005.05574
https://arxiv.org/abs/2008.02921
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=11664

Status of KAGRA: Summary

o ¢ KAGRA finally joined in April, two-week observation run.

¢ O3GK publication plan is ongoing.
¢ Repairs and Installations from October, 2020

¢ VK O4 is planned to start June 2022.

¢+ KAGRA is in the final list of Japan MEXT Roadmap 2020
¢ LVK joint publications started October 2020 on O3b.

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

December 18, 2020 @ The 7th KAGRA International Workshop (in Taiwan/remote)



