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Einstein’s gravity

Credit: Aurore Simonnet, 

E/PO Sonoma State University



Einstein’s gravity

Image Credit: T. Pyle/Caltech/MIT/LIGO Lab 



Searching for gravitational waves
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?

Short transients from 

supernova explosions 

or other sources

W49B composite; 

X-ray: NASA/CXC/MIT/L.Lopez et al.; 

Infrared: Palomar; Radio: 

NSF/NRAO/VLA



Searching for gravitational waves

5

Crab pulsar (NASA, Chandra 

Observatory)

Periodic, continuous 

waves

Einsteinathome.org



Searching for gravitational waves
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Binary systems

Credit: John Rowe



Searching for gravitational waves
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NASA, WMAP

Stochastic background from many unresolved 

sources, or from the beginning of the Universe



How to detect gravitational 

waves: interferometer

Credit: LIGO/T. Pyle 
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Image Credit: Caltech/MIT/LIGO Lab 

VIRGO

LIGO India



Initial (2001-2010) and 

advanced (2015+) LIGO
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15-20 Mpc BNS 

inspiral range;

Ended 2010

200 Mpc BNS 

inspiral range;
Circa 2019



2008+:

Advanced LIGO detectors
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February 11, 2016: We did it!
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www.ligo.org
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Image credit: LIGO 



Gravity’s symphony:

first two notes
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Credit: LIGO



Nov 30, 2016: O2 started
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Aug 1
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September 17, 2017
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September 17, 2017
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Binary Neutron Star merger: 

the movie
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A kilonova rainbow
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Astrophys. J. Lett. 848, L12 (2017) 

Credit: NSF/LIGO/Sonoma State University/A. Simonnet



Gravitational and Electromagnetic waves!
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The TOROS Collaboration
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The next few years 
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Prospects for Observing and Localizing Gravitational-Wave Transients with Advanced 

LIGO, Advanced Virgo and KAGRA

https://arxiv.org/abs/1304.0670



Imagining the future:

3rd generation detectors
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Cosmic Explorer

Class. Quantum Grav. 34 (2017) 044001

Einstein Telescope

http://www.et-gw.eu/

Einstein Telescope

S.Hild et al., Classical and Quantum Gravity, 28 094013, 2011 



The Gravitational Wave Spectrum

29

10-9 Hz 10-4 Hz 100 Hz 103 Hz

Relic radiation

Cosmic Strings

Supermassive BH Binaries

BH and NS Binaries

Binaries coalescences

Extreme Mass Ratio

Inspirals

Supernovae

Spinning NS

10-16 Hz

Pulsar timing Space detectors
Ground 

interferometers

Laser Interferometer

Gravitational Wave

Observatory

Credit: Matt Evans



The era of GW astronomy is here! 
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Image credit: LIGO/T. Pyle 

www.ligo.org


