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Gravitational waves are quadrupolar distortions of
distances between freely falling masses. They are
produced by time-varying mass quadrupoles.
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How to “see” black holes

LSLU
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6 October 2020

The Royal Swedish Academy of Sciences has decided to award the Nobel Prize in Physics 2020

with one half to

Roger Penrose
University of Oxford, UK

“for the discovery that black hole formation is a robust prediction of the general theory of relativity”
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and the other half jointly to S

Reinhard Genzel
Max Planck Institute for Extraterrestrial Physics, Garching, Germany and University of

California, Berkeley, USA KSFJUCLA Sninctic

Center Group

and

Andrea Ghez
University of California, Los Angeles, USA

“for the discovery of a supermassive compact object at the centre of our galaxy”
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How to measure gravitational LSLJ
waves: interferometers

LIGO(T. Pyle
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September 14 2015
A big surprise!
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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

Kip S. Thorne
LIGO/VIRGO Collaboration

"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.
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PRL 116, 061102 (2016) PHYSICAL REVIEW LETTERS 12 FERRUARY 2016

S

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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http://journals.aps.org/prx/abstract/10.1103/PhysRevX.9.031040

GW170817: fireworks too!

Gamma rays, 50 to 300 keV GRB 170817A

Counts per second

Gravitational-wave strain GW170817

Frequency (Hz)
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Time from merger (seconds)




LSU

‘%&f d a galaxy had a new bright spot

Credit: LIGO/Virgo

Credit;: GROWTH collaboration
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Binary Neutron Star merger:
the movie

Credit: NASA/Goddard Space Flight Center
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Astronomical Image Credits:
ESA/NASA/AASNova

cosmic ray fission
exploding massive stars

We are made of star stuff
The Origin of the Solar System Elements
merging neutron stars

Graphic created by Jennifer Johnson
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Masses in the Stellar Graveyard

in Solar Masses

EM Neutron Stars

GWTC-2 plot v1.0
LIGO-Virgo | Frank Elavsky, Aaron Geller | Northwestern
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Projected noise in Advanced LIGO

aLIGO new design curve: NSNS (1.4/1.4 M) 173 Mpc and BHBH (30/30 M) 160
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Projected noise in Advanced LIGO

aLIGO new design curve: NSNS (1.4/1.4 M) 173 Mpc and BHBH (30/30 M) 1606
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= Projected noise in Advanced LIGO

aLIGO new design curve: NSNS (1.4/1.4 M) 173 Mpc and BHBH (30/30 M) 160
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Science & Technology
Facilities Council

Length ARM = 3994.485m
Length PRC = 57.656m
Length SRC = 56.008m
Schnupp = 8cm

DOF Definitions:
MICH = Ix-ly

:PRCL = IPR+(Ix+ly)/2

SRCL = ISR+(Ix+1y)/2 T-oou
CARM = (Lx+Ly)/2 mass =40kg
DARM = Lx-ly ;

T-HR

mass = 12 kg

2=5xf1
¥2=0.1-0.3

Length RF Signals:
REFL: 9, 45, 27, 135
POP : 9, 45, 18, 90
AS @ 45,18,90




LIGO detectors: LSLU
4 very complex instruments




Reducing the noise, LSl

increasing the rate of detections
LIGO Livingston Detector

= Measured noise (O3) ® Output beam jitter
4 = Sum of known noises ® Scattered light
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Phys. Rev. D 102, 062003 (2020)
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Past and future LVK Observing LSL)

Runs
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https://observing.docs.ligo.org/plan/
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AIGO

100
Redshift

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

4

A.Eorizon Study for

Cosmic Explorer

Science) Observatories, and Community
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Different wavelengths need LSL
different instruments

* Big Bang

. Supermassive Black Hole BinarK Merger

" Compact Binary Inspiral & Merger
e —

-

s Extreme Mass- Pulsars,

Ratio Inspirals @ Supernovae @
- TR o

age of the Wave Period
universe hours seconds milliseconds

10°




Gravitational waves astronomy: LSLJ
this is just the beginning!

www.ligo.org
gonzalez@Isu.edu



http://www.ligo.org

