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VR game: EscapeFromEarth (Jump up and try to escape from the Earth) [iFGE

by Satorulb\li.higuchi (OIT)
w ,

Quest 3

- — -, -

- ~r-
- p— — —
"‘ \‘. . - - - — —

Try jJump up once.
Using that acceleration data, user will view if he/she can escape the Earth at the second jump.
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M creus e

=

Mass Transfer

Accretion Disk \

-

Cygnus X-1 HDE 226868

The first black hole ecandidate discovered
in 1972, is part of an x-ray binary system,
orbiting its visible companion HDE 226868.

FILELA B oUPT ]
. 5 : j HEDIRSE TTHLLT

QOARIFARI4 * (i’lﬂ}*75J§J J’)(_F)
- * BEITKBD10EU L

6000J¢F5E

B TINSHBXWE

e Mse D II<E&LDEE X-1 TS5V IR—IU
x X-1DERIE (energy band 1-37keV)

i
>

IF<BE &DE

http://quasar.cc.osaka-kyoiku.ac.jp/~fukue/POPULAR/OOce/bh/where/cygx1 _lc.htm
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7\\5 \ y 7 I_I_\ __ ) l/ﬂ;*ﬁ%1$ l j: 5 OL:LJ: http://calgary.rasc.ca/blackholes.htm

The 37 black hole candidates within 50,000 LY of the galactic centre 5,000 LY
Galactic centric (galactic longitude and latitude) | ‘

a0

150
3D Diagram by Larry MchNish @ 2012, All Rights Reserved
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Core of Galaxy NGC 426l
Hubble Space Telescope

Wide Field / Planetary Camera

Ground-Based Optical/Radio Image HST Image of a Gas and Dust Disk

- .. . - =R
380 Arc Seconds 17 Arc Seconds
88,000 LIGHTYEARS 400 LIGHTYEARS

http://www2.astro.psu.edu/users/rbc/al/lec26n.html ZFE\{%% ¥
RO S Y TYAOIRELT
Jh BRI tive galactic nuclei =
AMERFIR active 9 ) BBWK =75y Zk—)l
INTDAZAMIRLGATILDSDIT TR
HAMICI YIRS HT 18
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Annotated Roadmap to the Milky Way
[artist’s concept)

NASA / JPL-Caltech / R. Hurt [SSC-Caltech) s5c2008-10b

i RFHHE(HARXF=) HP
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Zooming in on the centre of the Milky Way
://www.youtube.com/watch?v=XhHUNVEKUY8 (1:15)



https://www.youtube.com/watch?v=XhHUNvEKUY8
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2019F4RH108, EIRXKXB7 IW—TTTS53VvIOR—IVDEERZICHSH TR

”hEKNS 5500 A5CE https://alma-telescope.jp/news/press/eht-201904
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PLUUMNEREERIE 305X—MUREEREEEE(1963—2020)

(Arecibo Observatory, 7TJLKJ)
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http://www.nasa.gov/mission_pages/messenger/multimedia/messenger_orbit_image20120615_1.html

AE KBER(FAST) so00x—ris

(Five-hundred-meter Aperture Spherical radio Telescope: FAS

SRR EE(2016—)
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Chinanews.com

4 0 D&EnH % &R Al Ee,

RERFEERDEMNE, 1858, KT EJLJ %ﬁ )
75T BB B a<

15 ) EREIRE, LK

http://japanese.china.org.cn/business/txt/2016-07/04/content_38806293.htm
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VLBI = Very Long Baseline Interferometer
VERA = VLBI Exploration of Radio Astrometry

http://veraserver.mtk.nao.ac.jp/system/index.html
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Event Horizon Telescope

ARV M TFRFARY T LRA—7 (EHT)
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EHT image

https://www.nao.ac.jp/news/sp/20190410-eht/videos.html




2019F4RH10H BELXRXETIWN—TTT 53V IR—IVDEFERZICH] 6 TR

M878Ra (MEKMS5500AE, KIEBE0D65EM) 481 Event Horizon Telescope HP
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2022F5H22H BEUXRXBTIW—TTRDINT 5V IR—IVDERZICEKIA

KDNEEA L (GERkHNS 3 /ILEE, RKBEBEE=D40051E) 481 Event Horizon Telescope HP
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2022F5H128, IRDNERFAFCD T 5V I R—IVDERIREICHI & THIAI

Sgr A* 3HTAZEHBHH

400F KB E i KGEE TEL ITVWBDT,
RUHOKXESIICRZS
3 Kpc

LT EEA®

KR 1.3mm (EHT) KE 1.3mm (EHT)

W

-

-
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12 UPAE(TZ v 7 R—ILFEEDHKS00E)
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— A TEHTTE SN Y 7BERIEETHE L BTWS, (ZL Y w bk : EHT Collaboration, EAVN Collaboration)

- B 7mm (EAVN)

12 UBB(T 2y 7R—ILFEEDKIS001F)

https://www.miz.nao.ac.jp/eht-j/c/pr/pr20220512 33
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Laser Interferometer Gravitational-Wave Observatory (LIGO,5\\Z)

https:.//mediaassets.caltech.edu/gwave
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https://mediaassets.caltech.edu/gwave

L——F45TDO U< H

Michelson Interferometer

http://techtv.mit.edu/videos/9823-michelson-interferometer start on click, last half, |1'45"
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Animation of the inspiral and collision of two black holes consistent with the masses and spins of GW170104. The top part of the movie shows the black hole horizons (surfaces of "no return"). The initial two black
holes orbit each other, until they merge and form one larger remnant black hole. The shown black holes are spinning, and angular momentum is exchanged among the two black holes and with the orbit. This results in a
quite dramatic change in the orientation of the orbital plane, clearly visible in the movie. Furthermore, the spin-axes of the black holes change, as visible through the colored patch on each black hole horizon, which
indicates the north pole.

The lower part of the movie shows the two distinct gravitational waves (called 'polarizations') that the merger is emitting into the direction of the camera. The modulations of the polarizations depend sensitively on the
orientation of the orbital plane, and thus encode information about the orientation of the orbital plane and its change during the inspiral. Presently, LIGO can only measure one of the polarizations and therefore obtains only
limited information about the orientation of the binary. This disadvantage will be remedied with the advent of additional gravitational wave detectors in Italy, Japan and India.

Finally, the slowed-down replay of the merger at the end of the movie makes it possible to observe the distortion of the newly formed remnant black hole, which decays quickly. Furthermore, the remnant black hole is
"kicked" by the emitted gravitational waves, and moves upward. (Credit: A. Babul/H. Pfeiffer/CITA/SXS.) - See more at: http://ligo.org/detections/GW170104.php#sthash.NZPaW2LT.dpuf

http://ligo.org/detections/GW1/70104.php 42



https://www.black-holes.org/
http://ligo.org/detections/GW170104.php#sthash.NZPaW2LT.dpuf
http://ligo.org/detections/GW170104.php
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Now that we have seen waves that change in amplitude
alone or frequency alone, let us see an example where both TR R rrrr——
these quantities increase with time. R 1
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You may hear the sound wave plotted above makes here.
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This is called a chirp, being similar to the sound some birds

make.
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Do you know of any other thing(s) that make such a sound?
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PHYSICAL REVIEW LETTERS week ending

PRL 116, 061102 (2016) 12 FEBRUARY 2016
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FIG. 3. Simplified diagram of an Advanced LIGO detector (not to scale). A gravitational wave propagating orthogonally to the
detector plane and linearly polarized parallel to the 4-km optical cavities will have the effect of lengthening one 4-km arm and shortening
the other during one half-cycle of the wave; these length changes are reversed during the other half-cycle. The output photodetector
records these differential cavity length variations. While a detector’s directional response is maximal for this case, it is still significant for
most other angles of incidence or polarizations (gravitational waves propagate freely through the Earth). Inset (a): Location and
orientation of the LIGO detectors at Hanford, WA (H1) and Livingston, LA (L1). Inset (b): The instrument noise for each detector near
the time of the signal detection; this is an amplitude spectral density, expressed in terms of equivalent gravitational-wave strain
amplitude. The sensitivity is limited by photon shot noise at frequencies above 150 Hz, and by a superposition of other noise sources at
lower frequencies [47]. Narrow-band features include calibration lines (33-38, 330, and 1080 Hz), vibrational modes of suspension
fibers (500 Hz and harmonics), and 60 Hz electric power grid harmonics.
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“We had detected gravitational waves. We did it. ”
“BRRIE, EORERELE. PORITFEDEE.”

https://www.youtube.com/watch?v=aEPIwEJm/ZyE
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Nomination Ceremonies Alfred Nobel Educational

“For the greatest benefit to mankind”

9017 NOBEL PRIZE IN PHYSICS
Rainer Weiss

Barry C. Barish
Kip S. Thoxne

’

Ly~ "for decisive contributions to the
' LIGO detector and the observation
of gravitational waves”
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Gamma rays, 50 to 300 keV GRB 170817A

Counts per second

Gravitational-wave strain GW170817

Frequency (Hz)

0

Time from merger (seconds)
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STROPHYSICAL JOURNAL LETTERS, 848:L12 (59pp), 2017 October 20 Abbott et al.
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Figure 2. Timeline of the discovery of GW170817, GRB 170817A, SSS17a/AT 2017gfo, and the follow-up observations are shown by messenger and wavelength
relative to the time 7. of the gravitational-wave event. Two types of information are shown for each band /messenger. First, the shaded dashes represent the times when 6 2
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FIRST Cosmic EVENT OBSERVED

IN GRAVITATIONAL WAVES AND LIGHT
Colliding Neutron Stars Mark New Beginning of Discoveries

Collision creates light across the

entire electromagnetic spectrum.

Joint observations independently confirm
Einstein's General Theory of Relativity,
help measure the age of the Universe,
and provide clues to the origins of

heavy elements like gold and platinum

On August 17,2017, 12:41 UTC, Within two seconds, NASA's

LIGO (US) and Virgo (Europe) detect Fermi Gamma-ray Space Telescope
gravitational waves from the merger detects a short gamma-ray burst from a

of two neutron stars, each around region-of the sky overlapping the LIGO/Virgo
1.5 times the mass of our Sun. This is position. Optical telescope observations

the first detection.of spacetime ripples pinpoint the origin of this signal to NGC 4993,

from neutron stars a gaiaxy located 130 million ilght years distant



At Muxiang KangEk 7—MMEm

Ruyi Life (41%=) = BBH

In 2015, we detected the gravitational wave signal for the first time
in our history, from two merged black holes. The spacetime wave
trajectory generated coincided with the S-shaped curve of "Ruyi".
Coincidently, in 2025, Artist Kang Muxiang utilizes steel cables as the
medium, and through bending, stretching and interweaving, he
transforms this universe pulse into a tangible sculpture, "Ruyi Life"
giving a poetic visual interpretation of scientific phenomena.

e
KANG MUXIANG

REBIRTH FROM THE RUINS

2017 TOUR EXHIBIFIONS IN.EUROPE CURATED BY WEI-WEI WANG
e s 07.27-08.20
POTSDAMER PLATZ,BERLIN, GERMANY
SN B S 08:24-10.31,/ -
S MONTREUX SCULPTURE BIENNALE
i 09:08:2018.07.23
S olgg?-lou, GERMANY

Unveddilirng tThe "&ecrets ¢
Black Holes an
Gravitational Wave

EE|TISVvIR—ILEENRRIRTEES
4% BUAANSEYE BUEEAS, RARIFE
BRI KRIEARS, RRASFHERFRAKAGRA, BLXXAALMA

FETERE |
2025%7R19A~8A31H KRMILAFEE, 2025F7H198~9A7H BAMIRXEFE, 2025FH L EUTHH 2 EYE
202654 BREFATLOFENLE, 20285 EUHLBYE KE WATAXA SERDUHLE BERRANZBYE
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Super-Kamiokande http://www-sk.icrr.u-tokyo.ac.jp/sk/
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Kamioka Gravitational-Wave Observatory, (Large-scale Cryogenic Gravitational wave Telescope)
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KAGRA(MK 5 ABUKIRE IR ERER)

M1900145-v1, VIR-0091A, and JIGW-M1910663¢

Memorandum of Agreement |
between
VIRGO,
KAGRA,
and the
Laser Interferometer Gravitational Wave Observatory (LIGO)
October 2019¢

Purpose of agreement:

The purpose of this Memorandum of Agreement (MOA) is to establish and define a collaborative
relationship between VIRGO, KAGRA and the Laser Interferometer Gravitational Wave
Observatory (LIGO) to develop and exploit laser interferometry to measure and study gravitational
waves.

We enter into this agreement in,order.jo lay the groundwork for decades of world-wide
collaboration. We intend to carry out the search for and analysis of gravitational waves in a spirit
of teamwork, not competition. Furthermore, we remain open to participation of new partners,
whenever additional data can add scientific value to the detection and study of gravitational waves.
All partners in the world-wide collaboration should have a fair share in the scientific governance
of the collaborative work.

Among the scientific benefits we hope to achieve from this collaboration are: better confidence in
detection of signals, better duty cycle and sky coverage for searches, better estimation of the,.
legatiop, and physical parameters of the sources, and gravitational wave studies based on the
detected signals. Furthermore, we believe that the sharing of ideas will also offer additional
benefits.

This MOA supersedes the MOU LIGO-M060038-v5 between VIRGO and LIGO, established in
March 2019. This MOA also supersedes the MOU JGW-M1201315-v3 between KAGRA, LSC
and Virgo scientific collaboration in December 2012.

Details of, and extensions to, this MOA will be provided in Attachments agreed to by LIGQ...
VIRGO, and KAGRA.

We refer to the joint bodies of the LIGO Scientific Collaboration (LSC), the Virgo Collaboration,
and the KAGRA Collaboration as ‘LVKC’ in this document for brevity. The three Collaborations
maintain their independent existence and may have differing (but not mutually incompatible) rules
and procedures in some domains.

1d

2019F10A,

XYAh-3—0awv/NE&ED
73

70



KAGRA(MK 5 KBUKREANREERE) THEOIX

S

RWLWEEDER L LY, 750kmAZD:
p 300(ElFES LS

Alll

ULV —H —H8 L LY,
p 100EHEEZTE LS

el

==HF7/E550

(9
Yy
I

} 1|:|75"5/\u/%é—

L —H—HF =550

p L\ —H—F R

71



KAG RA(7'J\< S RRE:

13 m

mEBJIREREE) THSTOIX

RO HIEIRE) CIENT 5K 5
} R D _FHJ: P,

= &R

\,—:|1||

B3N Z fo LY

p 2ERICL&ED
P 3FICLELS
P ARICLELS

AEERE
b U %

‘7$Inl|

B3 Z 7= L)

RCU&KD

=5213.5m

NXRILD2[E

hromb T3S

72



KAGRA(D'R S ' RBERENKEEHR) THETDIXK

RORIREN THENTCOR S
mEZE LD
20K (Y1 FR250K)
ERECHZASNSFRMIE 7

b N\TH T 7147
22.8 kg

topfilterjﬁ dlameter chm

inverted pendulum ——] .

Nl 77777 thickness 1bcm
i standard fl|ter<
e heat links

A =

/ bottom fllter
g /|- outer shield (80 K) E

wmi

Y

platform __ >T ) 1'&;\.[?1 L: —g_ % %E Lj: f?
marionette \ig%

eat

link \t
d " . B l \ S X

4" N7 | | jj- /}”J
"~ ' duct shield (80 K IM
Q'otic OoP UCSIe\( ! (16 K)
main}as}er\ A M op rres
—_ (20 K)

g cooling bar o

'L%Aner shield (8 K) S 1£ \%: O

wide angle baffle”
777777777777777777777777

Figure 3. The CAD drawing of the cryogenic payload under Type-A (left) and
the schematic of the cryogenic suspension system of sapphire test masses (right).
Suspension stages outside of the outer shield are at room temperature.
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Gravitational Wave Transient Catalog

Gravitational Wave Open Science Center
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ﬁ Data~ Software~ Online Tools~ About GWOSC~

The Gravitational Wave Open Science Center provides data from
gravitational-wave observatories, along with access to tutorials and
software tools.

https://www.gw-openscience.org
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Masses In the Stellar Graveyard

in Solar Masses

GWTC-2 plot v1.0
LIGO-Virgo | Frank Elavsky, Aaron Geller | Northwestern

3 BHBH

GW150914: the first ever detection of gravitational waves from the merger of two black holes more than a billion light years away

https://media.ligo.northwestern.edu/gallery/mass-plot

/5


https://www.ligo.org/detections/GW150914.php
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SEIDIRYIR
02 (2016/11/30 - 2017/8/25) After 02:GWTC1 (2018/12/3 released)

Masses In the Stellar Graveyard

In Solar Masses

GWTC-2 plot v1.0
LIGO-Virgo | Frank Elavsky, Aaron Geller | Northwestern

« GW170814: the first GW signal measured by the three-detector network, also from a binary black hole (BBH) 1 O B H B H
merger;
* GW170817: the first GW signal measured from a binary neutron star (BNS) merger — and also the first event 1 N S N S

observed in light, by dozens of telescopes across the entire electromagnetic spectrum.
https://media.ligo.northwestern.edu/gallery/mass-plot
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https://www.ligo.org/detections/GW170814.php
https://www.ligo.org/detections/GW170817.php
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5 SR ERAIDIRIA
0O3a (2019/4/1 - 2019/9/30) After O3a:GWTC2 (2020/10/28 released)

Masses in the Stellar Graveyard

In Solar Masses

EM Neutron Stars

GWTC-2 plot v1.0
LIGO-Virgo | Frank Elavsky, Aaron Geller | Northwestern

e GW190412: the first BBH with definitively asymmetric component masses, which also shows evidence for higher
harmonics
GW190425: the second gravitational-wave event consistent with a BNS, following G\W170817

GW190426 152155: a low-mass event consistent with either an NSBH or BBH 4 6 B H B H
GW190514_065416: a BBH with the smallest effective aligned spin of all O3a events

GW190517_055101: a BBH with the largest effective aligned spin of all O3a events

GW190521: a BBH with total mass over 150 times the mass of the Sun 2 NSNS
GW190814: a highly asymmetric system of ambiguous nature, corresponding to the merger of a 23 solar mass black

hole with a 2.6 solar mass compact object, making the latter either the lightest black hole or heaviest neutron star

observed in a compact binary 2 B H _|_ ?

o  (GW190924 021846: likely the lowest-mass BBH, with both black holes exceeding 3 solar masses

4


https://www.ligo.org/science/Publication-GW190412/
https://www.ligo.org/science/Publication-GW190412/
https://www.ligo.org/science/Publication-GW190412/
https://www.ligo.org/science/Publication-GW190425/
https://www.ligo.org/science/Publication-GW170817BNS/
https://www.ligo.org/science/Publication-GW190521/
https://www.ligo.org/science/Publication-GW190814/
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O3b (2019/11/1 - 2020/3/2%7) After O3b:GWTC3 (2021/11/7 released)

I\/Iasses INn the Stellar Graveyard

Black Holes
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LIGO-Virgo-KAGRA | Aaron Geller | Northwestern
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O3b (2019/11/1 - 2020/3/27)
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O3b (2019/11/1 - 2020/3/2%7) After O3b:GWTC3 (2021/11/7 released)

Masses in the Stellar Graveyard
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O3b (2019/11/1 - 2020/3/2%7) After O3b:GWTC3 (2021/11/7 released)
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O4a (2023/5/24 - 2024/1/16) GWTC4 (2025/8/26 released)

Masses In the Stellar Graveyard
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O4a (2023/5/24 - 2024/1/16)

/

-

The cosmic
neighborhood of

gravitational waves

\

/

Derek Davis / Rhiannon Udall / Caltech / LIGO-Virgo-KAGRA
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. N
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GWTC4 (2025/8/26 released)
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https://dcc.ligo.org/LIGO-G2501620
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O4a (2023/5/24 - 2024/1/16) GWTC4 (2025/8/26 released)

https://ligo.org/science-summaries/ 2 025

Scientific o @ooking for short-duration gravitational wave sources in the deep

Collaboration Sciencev News Resources~ Collaboration~ @ Q ®
dark sky

2025-07-22 PDF:[en][it] [ja] [vi]

@Il—sky search forlong-duration gravitational-wave transients in
the first eight months of the fourth Advanced LIGO-Virgo-KAGRA
observing run

2025-07-22 PDF:[en][ca]les][it] [ja] [pt] [Vi] 7 languages
Foreach of ournewresearch articles, we feature a summary of the Translations

paper's key points written for the general public. Simply click on any BWZZ’»HZZ’»: The most massive black hole binary detected through

of the ‘[PDF]’ links for a downloadable file in PDF format. Translations You can search for the key of your

into several languages are also available for some of these summaries. language, in square brackets - for 9raVitati0na| waves ’I '7 lang uages

Most recent papers, and their summaries, are written together by the instance [fr] for French - on this 2025-07-14 -

LIGO Scientific Collaboration (LSC), the Virgo Collaboration and the page to find all science summaries

KAGRA Collaboration, forming the LVK collaboration. thathave beentranslatedintoit. PDF: [en] [bn] [Ca] [de] [el] [es] [ﬁ] [fr] [hl] [lt] [Ja] [ma] [mr] [pt] [ta] [V|]

Science Summaries

e [bla]: Blackfoot [zh-Hans]
e [bn]: Bengali(Bangla /i)

Translations are a volunteer effort and different sets of languages are

available for each summary. Formost summaries, we list any available

: : : e [ca]: Catalan(Catala . . . .
translations bythelrISO 639-1/1SO 639-2 keys, aslisted here. YOU . [d ]G ( Seut ) X @o Contlnuous graVItatlonaI waves from 45 known pulsars in O4a
CAN FIND TRANSLATIONS BY CLICKING ON THE BLACK TRIANGLE [de]: German (Deutsch)
NEXT TO EACH SCIENCE SUMMARY ENTRY. * [el]: Greek (Ellinika / data

EAANnv i ka) _ g :

Jump to: 2025|2024 | 2023|2022 2021|2020 2019 | 2018 | 2017 | e [es]: Spanish (Espafiol / 2025-01-10 PDF:[en][ca][de][es][gll[it][jal[nl][ro] [vi] [zh-Hant]
2016|2015 2014|2013 | 2012 | 2011 Castellano)
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Gravitational Wave Open Science Center
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The Gravitational Wave Open Science Center provides data from
gravitational-wave observatories, along with access to tutorials and
software tools.

https://www.gw-openscience.org
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Figure 3. Top: EHT image of M87" from observations on 2017 April 11 as a
representative example of the images collected in the 2017 campaign. The ) )
image is the average of three different imaging methods after convolving each LIGO- V/ng“KA GRA Black Holes LIGO- \//ng—KA GRA Neutron Stars EM Neutron Stars
with a circular Gaussian kernel to give matched resolutions. The largest of the /

three kernels (20 pas FWHM) is shown in the lower right. The image is shown
in units of brightness temperature, T;, = SX?/2kg 2, where S is the flux density,
A is the observing wavelength, kg is the Boltzmann constant, and €2 is the solid
angle of the resolution element. Bottom: similar images taken over different
days showing the stability of the basic image structure and the equivalence
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among different days. North is up and east is to the left. 2025/-|— 8 L: 7__\\_ 9 /A\Fﬂﬁ, /IE\ELB _t\.\-l 761 0 & ‘: (D .Q(;) o M M .@i;
¢

& D% OEAIT,
FEOMRESE - SRIAIDFEE DA \ ) K20

o0
(]
0................




