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Gravitational waves
Einstein 1916 and 1918

— Sources: non-spherically symmetric accelerated masses

— Kinematics:
* propagate at speed of light

e transverse waves, strains in space (tension and compression)
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Michelson Interferometer Schematic and GW sidebands
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The measurement challenge
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Advanced LIGO Fabry-Perot Michelson Interferometer Schematic
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Initial LIGO Interferometer Noise Budget
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Evolution of the initial detector 2001 - 2006
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Advanced LIGO design noise budget

—Quantum noise

—Seismic noise

—Gravity Gradients

—Suspension thermal noise

—Coating Brownian noise
Coating Thermo-optic noise|
Substrate Brownian noise
Excess Gas

—Total noise
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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
e 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
e Alignment control signals
e Laser frequency and amplitude control signals
* Approximately 10° sensing signals within the instrument



Strain (107%%)
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Strain (1072%)
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Number of events

Generic transient search R.Essik
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Number of events
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Results of O1 and O2 run announced June 1, 2017
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Jet—ISM Shock (Afterglow)

Optical (hours—days)
Radio (weeks—years)

Ejecta—ISM Shock

Radio (years)

Kilonova
Optical (t ~ 1 day)

Y
Merger Ejecta \N\-/
\
|

" Tidal Tm] & Disk Wind
V- Ol 03¢
— \> < >
I
I ||I

A e




Neutron Star Tidal Distortion
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Binary neutron star spectroscopy
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Broad band kilonova spectra vs time
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Origin of the elements
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Hubble constant measurement: Galaxy z and distance from GW amplitude
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Localization with more detectors
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QGW
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LISA Pathfinder
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Quantum-mechanical noise in an interferometer

Carlton M. Caves
W. K. Kellogg Radiation Laboratory, California Institute of Technology, Pasadena, California 91125
(Received 15 August 1980) '
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Squeezed light in gravitational wave interferometers
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Acoustic mode damper for test mass : reduce parametric instability
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Einstein 1916
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“Solar Mass” Black Holes
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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



