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Abstract: Albert Einstein predicted a century ago the existence of gravitational waves & ripples in the fabric of spacetime moving at the speed of
light. It was believed that these ripples were so faint that no experiment would ever be precise enough to detect them. But in September 2015, LIGO
did exactly that. The teams working with the Laser Interferometer Gravitational-wave Observatory (LIGO) detectors in Louisiana and Washington
measured aloud gravitational wave signal asit traveled through the Earth after a billion-year journey from the violent merger of two black holes.

Since that first detection, scientists have measured many more gravitational waves, including a signal produced by colliding neutron stars captured
by LIGO and the Virgo detector in Europe in 2017. That cataclysm also generated electromagnetic waves &€ light &€ detected by numerous other
telescopes, and hel ped scientists understand how gold is created in deep space.

In a special public lecture webcast at Perimeter Institute on October 23, 2019, Gabriela GonzAjlez will provide a first-hand account of LIGO&E™s
century-in-the-making breakthrough, and explain observations made as recently as this year. GonzA jlez, a professor of physics and astronomy at
Louisiana State University and former spokesperson of the LIGO collaboration, will take the audience on a journey to some of the universed€™s
most violent places, and explain how such distant events can lead to a very bright future here on Earth.
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Can we “see” a black hole??

MS8T7* April 11, 2017

Yes!

Says Einstein
Horizon Telescope

50 pas
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We can also “hear” two black
holes colliding

LIGO Hanford Data (shifted)

Strain (10%")

LIGO Livingston Data
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[Image Credit: Henze/NASA| i
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LIGO Observatories
Hanford, WA
Livingston, LA
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Einstein’s gravity

American Museum of Natural History,
“Gravity: Making waves” Science Bulletin
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Einstein’s gravity

American Museum of Natural History,
“Gravity: Making waves” Science Bulletin
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Black hole dance

Credit: The SXS (Simulating eXtreme Spacetimes) Project 5
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Solving Einstein’s equations on computers

Credit: SXS 6
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Credit: LIGO/T. Pyle
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How to detect gravitational |

waves: interferometer

Credit: LIGO/T. Pyle
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LIGO detectors:
very complex instruments
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LIGO detectors:
very complex instruments
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LIGO detectors:
very complex instruments
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On Sept 14 2015...
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LIGO Hanford Data (shifted)

LIGO Livingston Data
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The music of the Universe

LIGO Hanford
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February 11, 2016: We did it!

by National Science Foundation
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February 11, 2016: We did it!
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Sclentists found gravitational
waves in outer space.
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LIGO LIGO Scientific Collaboration

Caltech &

B, i

iy aﬁ"} @E” 1 College ‘j By ™ ml
Bar-llan Unharaty “““““ :

AMTRICAT UNIVTRSITS = - 1L
cawsionis (COlOFCAO 1 coLLEcE
//‘\".‘\"‘,\m &(‘Il(‘ & CoLumpia UniversiTy Li: : s e Georgﬁ @ q 5> £ ”“ F:TL:llRi'\ “-u.u SDALE COLLEGE
(3¢ THE €Y OF NEW TR srocs sl o 0 | T, S 0 Tec! Lo (i) ORD W RLESE
44 5 W 1 ¢ e
pervmancas = MARQUETIE @ 1 yI) MONTCLAIR STATE
ROUTI OO I y W1 TEE CUORERENCE. \A’} . TTATE UMIVERSITY

@ EYNCSA Norihwestem (Dpennsme RIT @ S&T ‘ @ i,

s Wrr b o
N =7 SOUTHERM
jﬂ“ ey "“‘ Stanford ql ¢ Stony Brook <~ FLATIRON o A— A UNIVERSITYW ARDIT):
b BERILR) TORTEMTH BIRMINGIAM VEEHTY
0

=il Qﬁgz‘;‘"' ==| Charles Siurt ‘ﬁ) tﬂOEF}EI ! e Universiry Univeraity ‘\ e
1523 Dty WIZJ) University Iy T nqu: v n'.‘."' X

L TEXASTECH /5%
? TEXASTECH (@ I’f ¥4 E o e @U,mﬁm)
N wonTaEL P ||f( ‘]\%’[)\,\

e ) Umvglsilyof
,ﬂ,&m Zumh i

‘!';- O2Growv

oy s s @ mne SN (90) OBHERY
@ ¢ o, ak CHICAGO

SADELAIDE .1 unnnlmNr K?,H\US!'I{;‘\.LIA Sfomlrid

OF ARIZONA THE - U
y = UNIVERSITY
UFFIORIDA g {e; G m VN O vy D Tk

LINTYERITY 0F MINNFSOTA e 2 ShA EM""F; l_ d G
TV 0 OREGON .-‘..u trathclyde  gwm UNIVERSITY OF
’-?{ th-Ab Ul R_/V @ ‘ Universitat UNIVERSITY w Glasgow €P CAMBRIDGE

b [ WA N i UNTERSI 1 BOTHELL
2 . JAS ~T( - = Uy O
THEUNIVERSIT Y OF Ion\) N R\ WLNAampLon
(., T R\.,/) WASHINGTON Sauth Pl
] U“M “d b W b o) univers n.n Nl'rbur‘

) o WeestVirginial niversity: AT e K
VILLANOVA

UNIVERRITY

1ESER KOUATA

» | CHENNAI
Cnll MATHIMATICAL
INSTITUTE \
{5y

LK frdie Sl Colbbumetinn "s“““[ '.‘.:E;‘,’,_’.T &"’“ o

g}l (L tifr (1 sk

HAKYAKG UNIVERSITY LaRE
‘Q_&gi

Vit

N

e/ Brasilalional Wase & v-\-(lcl

ms K&:mwa\dc \ Qi Korean

IEAA

i B e
IV — @ iJ
pRANE T ' a2 ol
Ki('Ti _____ . : VoL Bt vy .‘mﬂ:,y:?u‘?v

Page 18/30



T

=
e

vationaM =enc:

T ——

Pirsa: 19100073 Page 19/30



Pirsa: 19100073

Page 20/30



LIGO/Virgo Orrery
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LIGO/irgo Orrery

LIGO M2JIVIRGO

Visualization created for the LIGO Scientific Collaboration and the Virgo Collaboration by

Teresita Ramirez and Geoffrey Lovelace
with simulations by the SXS Collaboration

We gratefully acknowledge support by

Canada Research Chairs, CFI, CIFAR, Compute Canada, Dan Black, LSAMP,
Max Planck Society, NASA, NSERC, NSF, Ontario MEDI, Pathways to Independence,
Research Corporation for Science Advancement,

Sherman Fairchild Foundation, XSEDE

Music courtesy hilp /iwww purple-planet.com
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LIGO-Virgo Orrery

The first one:
29+36 = 62 Mo; 1.3 Bly
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GW170817: fireworks too!

Garmmma rays, 50 to 300 keV GRB 170817A
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Frequency {Hz)

0

Time from merger (seconds)
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GW170817: fireworks too!

Counts per second

Gamma rays, 50 to 300 keV GRB 170817A
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Binary Neutron Star merger:
the movie

Credit: NASA/Goddard Space Flight Center
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Binary Neutron Star merger:
the movie

Credit: NASA/Goddard Space Flight Center
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THE CONVERSATION

Arts + Culture Economy + Business Education Environment + Energy Ethics + Religion Health + Medicine Politics + S8ociety Science + Technology
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Cosmic alchemy: Colliding neutron stars show us
how the universe creates gold [ 4&
i

October 24, 2017 4.18pm EDT
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..but there’s more to learn!
The next few years
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Prospects for Observing and Localizing
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Gravithtional Wave Observatories

“ https://arxiv.org/abs/1304.0670 o
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Possible future GW detectors

Explorer
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