Probing the Universe with
Gravitational Waves

R.Weiss, MIT on behalf of the LIGO Scientific
Collaboration

TED* Natick
Natick High School
January 26, 2019



PHIL.OSOPHIA:

NATURALIS

PRINCIPIL A

MATHEMATICA.

Autore 7S. NEIFTON, Trin. Coll. Cantab. Soc. Mathefeos
Profelfore Lucafiamo, & Societatis Regalis Sodali.

IMPRIMATUR:
e PR PYS, I{qg. Soc. PR E }; S
Fulis 5. 1686,

LONDINI

ufla Societatis Reoie ac Typis Tofepht Streater. Proftat apud
.\;\ 2 J P Prd i < S ' l
plures Bibliopolas.  Anao MDCLXXXVIL.

/ﬁe«. Toc, M.N g o

TV AR

OMiAGOTInn .
L







|
L[] | -
hL\\
\\\
\
|
\\
|
|
\_\\
ey
-
=
B
L4
==
| 1+
L—1
Lt
“l‘l‘\l
‘.“Il‘l 1
"”
e
[’
1
III.II[
-
=
I~
s
N
oy
|
Il[
N
Y
//[
/.v’."




Gravitational waves
Einstein 1916 and 1918

— Sources: non-spherically symmetric accelerated masses

— Kinematics:
* propagate at speed of light

e transverse waves, strains in space (tension and compression)
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The measurement challenge

h = AL <107
L

L =4km AL <4x107"° meters

AL ~107"*wavelength of light

AL ~ 107" vibrations at earth 's surface

Kip Thorne
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Strain (102)
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“Solar Mass” Black Holes
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X-Ray Studies

Credit: LIGO/Caltech/Sonoma State (Simonnet)
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Jet=ISM Shock (Afterglow)

Optical (hours—days)
Radio (weeks—years)

Merger Ejecta
Tidal Tul & Disk Wind
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Multi-messenger Astronomy
with Gravitational Waves




Origin of the elements
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age of universe

Cosmic Microwave Background
Polarization B Modes
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Gravitational Wave Spectrum

Pulsar Timing

Supermassive
BH coalescences

Isotropic GW
background

from unresolved
sources
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Massive BH coalescences
Small mass/BH infalls

White dwarf binaries in
our galaxy

Space-based
Interferometers

107

Frequency Hz

Compact binary
coalescences: neutron
stars and black holes

Asymmetric pulsar
rotations

Ground-based
Interferometers




LIGO 1.1GO Scientific Collaboration
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Spare slides after this one
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Displacement [m/vHz]
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A clean non-detection
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Sclentists found gravitational
waves in outer space.  °. -

If only it were that eqsy
to find an apartment in NYC
witha wak-ln closet.

\ SR ¢SS

“Was that you | heard just now,
or was it two black holes colliding

New Yorker Feb 12,, 2016

Matt Weber



Interferometer Evolution
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Hubble constant measurement: Galaxy z and distance from GW amplitude
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Localization with more detectors

. . . -

' ' . . s
P o RPN

. o . . .

X . -

O O =

Fairhurst 201 |



.

Russel A. Hulse o




LIGO Gravitational Waves
the evidence

Neutron Binary System — Hulse & Taylor Emission of gravitational waves

PSR 1913 + 16 -- Timing of pulsars (C'ompcrison between observations of the binary pulsar

PSR1913+16, and the prediction of general relativity based on
loss of orbital energy via gravitational waves
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* spiral in by 3 mm/orbit
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Strain [1/VHz]
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LIGO  Low Smallis 108 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 e Nuclear diameter, 1015 meter

+1,000 e LIGO sensitivity, 108 meter
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Strain (1027)
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Results of O1 and O2 run announced June 1, 2017
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Whitened Strain [10
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