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Einstein’s gravity
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Astronomer Tedfilo H. Lee (above), member of the
Brazilian team in Sobral, made spectroscopic
observations of the Sun’s corona

Credit: Aurore Simonnet,
E/PO Sonoma State University



Einstein’s gravity

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



Searching for gravitational waves

Short transients from
supernova explosions
or other sources

WA49B composite;
X-ray: NASA/CXC/MIT/L.Lopez et al.;
Infrared: Palomar; Radio:
NSF/NRAO/VLA
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Searching for gravitational waves

Periodic, continuous
waves

Crab pulsar (NASA, Chandra
Observatory)

Einsteinathome.org



Searching for gravitational waves

Binary systems

Credit: John Rowe




Searching for gravitational waves

Stochastic background from many unresolved
sources, or from the beginning of the Universe




How to detect gravitational
waves: interferometer

Credit: LIGO/T. Pyle




.~ LIGO Livingston Observatory (LLO)
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Initial (2001-2010) and
advanced (2015+) LIGO
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Ended 2010

Strain Noise (1 /Hz”z)

200 Mpc BNS
inspiral range;
Circa 2019
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2008+:

Advanced LIGO detectors
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February 11, 2016: We did it!
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Observation of Gravitational Waves from a Binary Black Hole Merger

B. P, Abbott ef al.”

(LIGO Scientific Collaboration and Virgo Collaboration)
(Received 21 January 2016; published 11 February 2016)
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September 14,2015  October 12, 2015 December 26, 2015
CONFIRMED CANDIDATE CONFIRMED

~ LIGO's first observing run"
September 12,2015 - January 19,2016

(L 8 N8

September 2015 October 2015 November 2015 December 2015 January 2016

Image credit: LIGO




Gravity’s symphony:
first two notes

Credit; LIGO



Nov 30, 2016: O2 started

Binary
Neutron 65-§£)~Mpc 60-100 Mpc

Star
range
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Black Holes of Known Mass
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X-Ray Studies
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September 17, 2017

Gamma rays, 50 to 300 keV GRB 170817A

Crawtational-wave strain GW170817




September 17, 2017

Gamma rays, 50 to 300 keV GRB 170817A

Counts per second

Gravitational-wave strain GW170817

Frequency (Hz)

0

Time from merger (seconds)




Binary Neutron Star merger:
the movie
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Gravitational and Electromagnetic waves!

|2l Selected for a Viewpoint in Physics woek ending
PRL 119, 161101 (2017) PHYSICAL REVIEW LETTERS 20 OCTOBER 2017
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GW170817: Observation of Gravitational Waves from a Binary Neutron Star Inspiral

B. P. Abbott et al.”

(LIGO Scientific Collaboration and Virgo Collaboration)
(Recerved 26 September 2017; revised manuscript received 2 October 2017; published 16 October 2017)

THE ASTROPHYSICAL JOURNAL LETTERS, 848:L12 (59pp), 2017 October 20 https: //doi.org/10.3847/2041-8213 /aa91c9
© 2017. The American Astronomical Society. All rights reserved.
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THE ROYAL SWEDISH ACADEMY OF SCIENCES Swedish
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Press Release: The
Nobel Prize in Physics 2017

3 October 2017

The Royal Swedish Academy of Sciences has decided to award the Nobel
Prize in Physics 2017 with one half to

Rainer Weiss
LIGO/VIRGO Collaboration

and the other half jointly to

Barry C. Barish
LIGO/VIRGO Collaboration

and 1 .

Barry C. Barish (Caltech) Kip S. Thorne (Caltech) Rainer Weiss (MIT)
Kip S. Thorne = - —i P
LIGO/VIRGO Collaboration 201 7 NObe' prlze in Ph /:j L@

"for decisive contributions to the LIGO detector and the observation of
gravitational waves"

Gravitational waves finally captured

On 14 September 2015, the universe's gravitational waves were
observed for the very first time. The waves, which were predicted by
Albert Einstein a hundred years ago, came from a collision between
two black holes. It took 1.3 billion years for the waves to arrive at the
LIGO detector in the USA.



he next few years

Prospects for Observing and Localizing GW Transients with aLIGO, AdV and KAGEA
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the future
generation detectors
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The Gravitational Wave Spectrum
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The era of GW astronomy is here!

Image credit: LIGO/T. Pyle

www.ligo.org




