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Gravitational waves
Einstein 1916 and 1918

— Sources: non-spherically symmetric accelerated masses

— Kinematics:
e propagate at speed of light

e transverse waves, strains in space (tension and compression)
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LIGO Gravitational Waves
the evidence

Neutron Binary System — Hulse & Taylor Emission of gravitational waves

PSR 1913 + 16 -- Tlmlng DprlSﬂl’S ﬁnmpurimn between observations of the binary pulsar
PSR1913+16, aond the prediction of general relotivity based on

loss of orbital energy via gravitational waves
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The measurement challenge

h=2E<io
L

L =4km AL <4x10 "®meters

1107 wavelength of light

110 "*vibrations at earth's surface

Kip Thorne



LIGO  Low Smallis 10-'® Meter?

One meter, about 40 inches

+10,000 ( Human hair, about 100 microns
+100 /\/ Wavelength of light, about 1 micron

+10,000 & Atomic diameter, 10-1° meter

+-100,000 g Nuclear diameter, 10-'5 meter

+1,000 >l LIGO sensitivity, 108 meter
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Evolution of the initial detector 2001 - 2006
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A clean non-detection
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Strain (1027)
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Strain (102")
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“Was that you | heard just now,
or was it two black holes colliding

New Yorker Feb 12,, 2016



Results of O1 and O2 run announced June 1, 2017
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Multi-messenger Astronomy
with Gravitational Waves

Binary Neutron Star Merger
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Origin of the elements
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Hubble constant measurement: Galaxy z and distance from GW amplitude

—— p{H, | GW170817)
Planck 2015

Riess+ 2016
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Localization with more detectors
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age of universe years hours minutes 1/10to 1/1000 sec

Cosmic Microwave Background
Polarization B Modes

Gravitational Wave Spectrum

Massive BH coalescences

Pulsar Timing

Small mass/BH infalls

White dwarf binaries in
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Primeval gravitational waves Space-based stars and black holes
from inflationary epoch Interferometers
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Extra slides



Michelson Interferometer Schematic and GW sidebands
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modulation amplitude ~ phase

MODULATION: Amplitude and Phase



Neutron Star Tidal Distortion
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Binary neutron star spectroscopy

S.Bose,K.Chakravarti, L.Rezzolla, B.S. Sathyaprakash, K. Takami
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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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LISA Pathfinder
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“Solar Mass” Black Holes
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