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M87 (17 Mpc) SMBH - Event Horizon Telescope
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gravitational waves

a new view of the universe :
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Taiyo Masuda
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Einstein’s Gravity: General Relativity

Matter tells spacetime how to curve

G =8m 1y, Spacetime tells matter how to move
-John Wheeler
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Finstein's prediction: Gravity bends light

Apparent position of a distant star
when its light passes close to the sun

— Light is “bent” by the strong

~~ gravitational field of the sun
N~

Apparent displacement ~
of star’s position

S~

|

Distant
Star

S. Brunier /ESO



Finstein's prediction: Gravity bends light

Apparent position of a distant star
when its light passes close to the sun

Thye New Hork Times.

—~ Light is “bent” by the strong

~ gra\vitational field of the sun LIGHTS ALLASKEW{
Apparent displacement  ~~ . ' IN THE HEAVENS

S~

of star’s position

EINSTEIN THEORY TRIUMPHS

Stars Not Where They Seemed
or Were Calculated to be,

Distant but Nobody Need Worry.

Star

. : : ‘~eal
Measured by Eddington in 1919 during a total solar eclipse! < Brunier (£SO
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Indirect evidence of gravitational waves

Hulse-Taylor Binary Pulsar
Won the Nobel Prize in Physics in 1993!
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L1GO/Caltech
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Current GW detector network (IGWN)
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— Data
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Discovery of an optical counterpart
SSS17a

<

. August 17, 2017 . August 21, 2017

Swope & Magellan Telescopes

D. Coulter et al. 2017 arXiv 1710.05452
Image: TM2H/UC Santa Cruz and Carnegie Observatories/Ryan Foley 37



The first multi-messenger discovery with GWs
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The stellar graveyard




Timeline of Advanced LIGO and Advanced Virgo

2010 2015 2020 2025

eligo ———fon—n ———— 3| ——— v - | —
/

«MGI‘GCGDB Public Alerts ¥ Latest Search Notifications Pipelines Documentation Logout

Authenticated as: Jess Mclver

LIGO/Virgo/KAGRA Public Alerts

M OStl — 04 Significant Detection Candidates: 105 (119 Total - 14 Retracted)
bla CI( hole O4 Low Significance Detection Candidates: 1946 (Total)
m e r 9 e r S Event ID I(ler Z.:.)i:lbe”i;)urce Significant UTC GCN Location

GCN Circular

Terrestrial (98%), BNS April 29, 2024 o .
S240429an Query L oo v e s s 3 f 1 per 11.049 years
(2%) 05:23:03 UTC g i

Notices | VOE

GCN Circular -
April 28, 2024 . 1 per 1.5024e+06
S240428dr BBH (>99%) Query S
22:54:40 UTC I - years
Notices | VOE B

graceb.ligo.org 41



EVOLUTION OF STARS

Planetary Nebula

Small Star Red Giant White Dwarf

Red Supergiant
Large Star

Stellar Cloud
with
Protostars

ESA ,
IMAGES NOT TO SCALE - Black Hole
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Recent hews!
Get to know

GW230029

Full name GW230529_181500

~ 650 million light years away

Detectors © Offline OR not operational

P P ©® Online BUT not used for analysis™
; H ‘ \ \a ‘ @ Online AND used for analysis

<>.\g,covered on 29 May 5 023 2t 1815 gt

Primary object in lower mass gap
further supports that this region is not empty

most likely a merger between a
Neutron Star & Black Hole (NSBH)

® ()

~1.4 M, ~3.6 M,

Mass (M) 2 3 4 5 6
Most symmetric NSBH event so far
more likely than prior GW NSBHSs to have the neutron star * Although the KAGRA detector was in observing mode, its sensitivity
ripped apart by the black hole was insufficient to impact the analysis of GW230529

44



Over 1600 people
from 100 institutions
and 20 countries
worldwidel
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The UBC GW
astrophysics

group

%

Mervyn Chan

Niko LLecoeuche
Annudesh Liyanage
€7 l"!"' | - Steven Hsueh
M

Alan Knee, Kye Emond, .
with Scott Oser, TRIUMF

Alan Knee

Sofia Alva
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/ Helen Du
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Mervyn Chan, Miriam Cabero

event ID: G328997
50% area: 291 deg?
90% area: 2677 deg?

Evan Goetz, Alan Knee,
Neev Shah, Kat Nell

\ Alan Knee
- ~  Heather Fong
\.‘}; - Neev Shah
Vaibhav Garg
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Source: cosmicexplorer.org

~ Explorer
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http://cosmicexplorer.org
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Years After the Big Bang—n—:—b
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lllustration - https://en.wikipedia.org/wiki/Extreme_mass_ratio_inspiral
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Merging galaxies NGC 2623. NASA/ESA (Hubble) 55
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Pulsar Timing Arrays
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An International Radio Telescope Effort
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2 THE COSMIC MICROWAVE BACKGROUND
Planck Legacy Release 2018

Credit: ESA/Planck Colloboration
www.esa.int European Space Agency






This Is just the beginning of gravitational wave astrophysics!

Galileo first sketch
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This Is just the beginning of gravitational wave astrophysics!
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This Is just the beginning of gravitational wave astrophysics!
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Visit the Gravitational Wave Open Science Centre:
- _gwosc.org
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Quantum Physics

But due to /“\ /¢‘\ /“\
quantum physics, '/ / ,
there will always be ' W
uncertainty (noise)

T//R\//R\\
in the light wave §J \J/ \J/ \

This noise limits
LIGO's sensitivity
to weak signals

Caltech/MIT/LIGO Lab/NSF, Robert Hurt




New for O4: a 300 m filter cavity

NG
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NEW LIGO Exploration
Center (LExC)!

Wenxuan Jia [IGO Lab



