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INTRO TO GRAVITATIONAL WAVES

OUTLINE

» Why care?
» What are they?
» How do we detect them?

» How do we analyze them?

» What does the future hold?
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MOTIVATION

A NEW ERA
Masses In the Stellar Graveyard
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WHAT ARE THEY?

GRAVITATIONAL RADIATION
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Asymmetric acceleration in charge == Electromagnetic radiation

Asymmetric acceleration in mass == Gravitational radiation



WHAT ARE THEY?

GRAVITATIONAL RADIATION
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WHAT ARE THEY?

GW STRAIN
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WHAT ARE THEY?
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GW STRAIN

Emitted GW = Second time-derivative of quadruple mass moment
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Credit: Gair et al., Living Rev. Relativity (2013) Credit: SXS Collaboration
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WHAT ARE THEY?

VISUALIZATIONS

Credit: LIGO/Caltech

Credit: ESA

Credit: Carl Rodriguez
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VISUALIZATIONS

Credit: LIGO/Caltech
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WHAT ARE THEY?

VISUALIZATIONS

Credit: LIGO/Caltech
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Inspiral Merger Ringdown

5/‘/

‘% s
SN




E
—
A
0]
Q
'

R — T
PR — R

Credit: Giesler et al., Phys Rev. X (2019)






HOW DO WE DETECT THEM?

MICHELSON INTERFEROMETER

Credit: LIGO/Caltech
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MICHELSON INTERFEROMETER

Credit: LIGO/Caltech
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GWINC Noise Budget: Advanced LIGO
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Hellings and Downs Curve
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HOW DO WE ANALYZE THEM? 22

WAVEFORM MODELING

» Waveforms tell us what to look for

» Low-latency match filtering ‘J{\‘P 'rﬁ PRSI ey
.\ i #
7 L
» Models: (\ mf‘j“ @

' A%
Credlt Jorge Cham, www.phdcomics.com

» Brute force - Numerical Relativity
» Approximate: Effective-One-Body, Phenomenological, Surrogate Methods

» Estimating parameters of the binary system requires model comparison.


http://www.phdcomics.com
http://www.phdcomics.com

mass-ratio

mass-ratio




HOW DO WE ANALYZE THEM?

24

MAYAWAVES
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MAYAWAVES
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Stochastic background

min hours days years millennia

Waveform duration in-band in Advanced LIGO

Credit; Mclver and Shoemaker, 2021




Intrinsic Extrinsic

Credit: Green et al., Phys Rev D (2021)



LN
—
—
o
o
N
=
O




ey -
L el X
ST

b U4 <™ -
- .

5

VES

WA

-

_
<
=

-~
N 0"*“‘
wigia |"‘L -




=
1Y)
p -,
Py
n
O
.;
7))
-
@
-
&)
C
p—
©
o
O

Stochastic
background

6 . .
-10" solar mass binaries

Extreme mass
ratio inspirals

DECIGO
Supernovae

Pulsars

' A A

1074 1072 10° 102 104 10°
Frequency / Hz




WHAT DOES THE FUTURE HOLD? 32

HOW WILL WE DETECT MORE?

» Einstein Telescope
» 10 km (3 arms)

» Cosmic Explorer
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» 40 km (2 arms)

» LISA
" Advanced | ..
il = i LISA:
» 2.5 million km (3 arms) LIG(L: @ L
» Advanced LIGO 10 102 10%® 10* 10° 106 107 108 10° 10 10

A/]tot AIO
Credit: A. R. Kaiser and S. T. McWilliams, 2021



WHAT DOES THE FUTURE HOLD?

ADVANCED LIGO
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COSMIC EXPLORER

» LIGO scaled by 10
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Credit: Cosmic Explorer Consortium
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WHAT DOES THE FUTURE HOLD?

LISA

NASA/ESA

Cred
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WHAT DOES THE FUTURE HOLD?

LISA

NASA/ESA

Cred
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SIMPLIFIED SUMMARY
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THANK YOU!

4

4

Why care? ...

What are they?

Asymmetric acceleration in mass

How do we detect them?

Correlation b/w 2+ Interferometers

How do we analyze them?

Compare to waveform models

What does the future hold?

Longer, underground, and space, oh my!

Young and exciting field rich in discovery space

Credit: LIGO Scientific Collaboration
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