LIGO’s First Discovery
and Beyond

black holes
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Binary Neutron Star
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Binary Black Hole







Rapidly Rotating Neutron Star







Many Distant Sources




1989 Proposal to the US NSF

PREFACE

This proposal requests support for the design and construction of a novel scien-
tific facility—a gravitational-wave observatory—that will open a new observational
window on the universe.

The scale of this endeavor is indicated by the frontispiece illustration, which

shows a perspective of one of the two proposed detector installations. Each instal-
lation includes two arms, and each arm is 4 km in length.










Advanced LIGO vs. Initial LIGO
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What have we discovered?e

Einstein was right

First signal: “| come from a black hole”

Binary black holes exist
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Extraordinary claims require extraordinary evidence

-- Carl Sagan



whitening

Strain (1072%)

Frequency (Hz)

1.0
0.5
0.0
-0.5
-1.0

512
256
128
64
32

Generic fransient search

| — H1 observed
|

0.30

0.35
Time (s)

0.40

0.45

mber of events

Nu

=T

[ =

L =

Background (unphysical time shifts)

Generic transient search

40 440 aa0 |

102
10!

109}

1071
102
103
104

10—5,

106
10~7

10-8

20 30
20 30 4‘0 > 4.60
mmm Search Result (C3)
— Search Background (C3)
#9¢ Search Result (C2+C3) P

— Search Background (C2+C3) T

Detection statistic n¢

4 GW150914
] "H | |
8§ 10 12 14 16 18 20 '>32



Binary coalescence search
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Rumor of a gravitational wave detection at t I m e | I n e

LIGO detector. Amazing if true. Will post details
if it survives.
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InNformation content
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prior (assumed)
— posterior (measured)
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Origin

high BH mass

low orbital-aligned BH spin

low eccentricity
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Low metallicity environment
(2<0.5 Solar)

limit on BH natal kick

eccentric encounter in galactic
nucleus disfavored
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Testing General Relativity

Difference between expected
waveform and observation

Mass of graviton (dispersion)

non-GR polarizations







Electromagnetic and neutrino follow-up
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Targets

* Cosmic accelerators (cosmic rays, > 10%° eV)

e Supranuclear equation of state (NS mass vs radius)
Ar~1km at 100 Mpc

e Alternative cosmological distance ladder

* Many open astrophysics questions

Bartos+ 2013
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Electromagnetic counterparts / follow-up

Jet—ISM Shock (Afterglow) \
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Advanced LIGO Advanced Virgo
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Estimated | Eqw = 107 2Myc? Number | % BNS Localized
Run Burst Range (Mpc) | BNS Range (Mpe) of BNS within
Epoch Duration | LIGO Virgo LIGO Virgo | Detections | 5deg? | 20deg?
2015 3 months | 40 — 60 — 40 — 80 — 0.0004 — 3 — —
201617 6 months | 60 — 75 | 20— 40 80 — 120 | 20 —-60 | 0.006 — 20 5—12
2017-18 O months | 75 -90 | 40-50 | 120170 | 60 — 85 | 0.04 — 100 10 — 12
2019+ (per year) 105 40 — 80 200 65— 130 | 0.2 —200 8 — 28
2022+ (India) | (per year) 105 80 200 130 0.4 — 400 48




advanced UG

New window onto
the Universe.

Exciting opportunities for
fundamental physics
and large scale
observatories




