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Abstract: <p>The observations of gravitational waves from the mergers of compact binary sources opens a new way to learn about the universe as
well asto test General Relativity in the limit of strong gravitational interactions &€ the dynamics of massive bodies traveling at relativistic speeds in
a highly curved space-time. The lecture will describe some of the difficult history of gravitational waves proposed about 100 years ago.& nbsp; The
concepts used in the instruments and the methods for data analysis that enable the measurement of gravitational wave strains of 10<sup>-21</sup>
and smaller will be presented. The results derived from the measured waveforms, their relation to the Einstein field equations and the astrophysical
implications are discussed. The talk will end with avision for the future of gravitational wave astronomy.</p>
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Gravitational waves
Einstein 1916 and 1918

— Sources: non-spherically symmetric accelerated masses

— Kinematics:
* propagate at speed of light

* transverse waves, strains in space (tension and compression)
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Einstein 1916
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Michelson Interferometer Schematic and GW sidebands
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The measurement challenge

AL ,
h=—<10""
L

L =4km AL <4x10 " meters

AL ~ 107" wavelength of light

AL ~ 107"* vibrations at earth 's surface

Kip Thorne
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Advanced LIGO Fabry-Perot Michelson Interferometer Schematic

beam

splitter signal \ e
ST photodetector
_ recycling
{ A mirror
/ L4 power reeyeling mirror
p ) L

Pirsa: 17110047 Page 7/42



Initial LIGO Interferometer Noise Budget
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Interferometer Evolution

frequency H=z
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Criteria for transient detection

e The same waveform must be seen at the Louisiana and
Washington sites within + 10 msec

* The waveform at a site cannot be coincident with signals from
the environmental monitors at the site

* 3 axis seismometers

* 3 axis accelerometers on the chambers
* Tilt meters

* Microphones

* Magnetometers

* RF monitors

* Line voltage monitors

* Wind speed monitors

 The waveform at a site cannot be coincident with auxiliary
signals in the interferometer not directly associated with the
gravitational wave output

* Alignment control signals
* Laser frequency and amplitude control signals
» Approximately 10° sensing signals within the instrument
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Number of events

Generic transient search

Generic transient search
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R.Essik
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GW 170104

Livingston
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Results of O1 and O2 run announced June 1, 2017
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“Solar Mass” Black Holes
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X-Ray Studies

Credit: LIGO/Caltech/Sonoma State (Simonnet)
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Fermi/GBM e Chandra X-ray

LIGO-Virge Spectrogram
Observatory

100 &

1000 v

INTEGHAL/SPI-ACS

L)
2
i
" I
[ v -
® e -
"
" I |“ [ .|I I< Il ARy haw I-‘ ! J ._
o 1 S mn inTen | I | 1
" ' . »
I 1 1 ni n 1
” Loran 1 ML TV, CUN. o MELIN. MaiIAT

Eailg . — — - — ) —ui a8t ims . BNl

[t i i | 1! I 1

I

IM2ZIT Ssvope DLTAD VISTA | ] Jun-k-y Very Large Array

‘. ‘b _1. N . Radie

: . 13 L

056N P noay P 1L2ON VIR d ! "-\"? b ll
MASTLR DL Lun Curnlbnes m ({ T~

‘ t h f /W

. . . ) ~

1L.51h L T Y 11 b . ’

Pirsa: 17110047 Page 32/42



Jet—=ISM Shock (Afterglow)
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Broad band kilonova spectra vs time
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Hubble constant measurement: Galaxy z and distance from GW amplitude
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Classes of sources and searches
 Compact binary inspiral: template search
— BH/BH
— NS/NS and BH/NS
* Low duty cycle transients: wavelets, T/f clusters
— Supernova
— BH normal modes
— Unknown types of sources
* Triggered searches
— Gamma ray bursts
— EM transients
* Periodic CW sources
— Pulsars
— Low mass x-ray binaries (quasi periodic)
» Stochastic background
— Cosmological isotropic background
— Foreground sources : gravitational wave radiometry
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Marginalized Upper Limits
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stochastic background of PBHs
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Interferometer Evolution

frequency H=z
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Binary Black Hole SNR vs. Redshift
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