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Disclaimer

There have been 1000’s of
scientists that have contributed to
the 100 year effort to detect
gravitational waves. | will only be
able to mention a few of them.




—instein & GR

The start of gravitational waves
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“... In any case one can think of A
having a practically vanishing value.”






Chapel Hill 1957

Is it a real thing?

The Role of Gravitation in
Physics

Report from the 1957 Chapel Hill
Conference

Cécile M. DeWitt and Dean Rickles (eds.)

Communicated by

Jirgen Renn, Alexander Blum and Peter Damerow

Edition Open Access
2011

10



Now the Newtonian equation corresponding to (14.2) is
aZna N azv nb _
Jdt?  Jx4dxb

It is interesting that the empty-space field equations in the Newtonian
and general relativity theories take the same form when one recognizes

(14.3)

the correspondence R{,, ~ ax‘z,—za"xb between equations (14.2) and (14.3),

for the respective empty-space equations may be written Rj,, = 0 and

a)caa;vxb = 0. (Details of this work are in the course of publication in Acta

Physica Polonica.)

BONDI: Can one construct in this way an absorber for gravitational en-
ergy by inserting a E term, to learn what part of the Riemann tensor
would be the energy producing one, because it is that part that we want
to isolate to study gravitational waves?

PIRANI: I have not put in an absorption term, but I have put in a “spring.”
You can invent a system with such a term quite easily.

\/\\/\/\\/ /\‘/\

/\

C’ O ()
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GW properties

What do they do and how do you
make them?
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1~ PNewton (3)2 ~GM (3)2
T2 c/  de? \c
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Bar detectors

Ringing like a bell




COINCIDENCE TIME MARK J MARYLAND DETECTOR

FIG. 2. Argonne National Laboratory and University
of Maryland detector coincidence,










The binary pulsar

An indirect detection
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Gravitational waves




Interferometers

Using light as a ruler
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==  End mirror End mirror
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Initial LIGO Timeline

- 1983 - Funded for design studies

- 1991 - NSF grants funding for initial LIGO (MIT and Caltech project)
- 1994 - Construction begins

- 1997 - The LSC is formed (10s to >1000 scientists)

- 1999 - LIGO is built

- 2001 - The first Science run (S1)

- 2007 - Design sensitivity achieved (S5)

- 2010 - Enhanced LIGO (So6)
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LIGO Hanford

LIGO-India
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A global collaboration

Greenland

Finland
Iceland Sweden

Ruseia
Norway

Canada ‘ ‘
Oefm Lhaaine Kazakhstan -
F . , Mongolia
: |
Spain 3 - :
North Turkey Japan
China
4 South®™orea
Atlantic Afghanistan

clraq- |
Ocean ran Pak
(" Algeria Libya | EQYPt aki

Mexico Saudi Arabia
‘ Thailand
Mal ngéf Sudan
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DR Congo y -
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' Brazil \Janzania Guinea
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Peru Angola ‘
Bolivia Namibi
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South o South R Ocean Austrad
Pacific [ : Atlantic
Ocean Ocean South Africa
Argentina New

Zealand

* We have over 1000 members spread across 5 continents and over
100 institutions.

Southern
Ocean

36



‘w‘\t: .

GGravitational wave
sources

Pretty violent events







Compact binary coalescence

Y ¥ v
Inspiral Merger Ringdown
post-Newtonian (PN) theory no analyt. model perturbation theory

Effective-one-body (EOB) ' '
ffective-one-body Numenrical Relativity (NR)

Inspiral '

1 S
\;;%SJ
o b

Merger = Ringdown

Y\Aa)
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Advanced Detectors

A 10 fold improvement
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Advanced LIGO Timeline

+ 2010 - Decomissioning of initial LIGO

- Sep 2015 - Jan 2016 - The first observing run (O1)

- Nov 2016 - Aug 2017 - The second olbserving run (O2)
- late 2018 - planned O3

- 2019+ - Achieve design sensitivity
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Advanced LIGO Advanced Virgo

B Early (2016-17, 20 — 60 Mpc) |

Mid (2017-18, 60 — 85 Mpc) |

I Late (2018-20, 65 — 115 Mpc)}
Il Design (2021, 130 Mpc)

1 BNS—optimized (145 Mpc)

B Early (2015, 40 — 80 Mpc)
Mid (2016-17, 80 — 120 Mpc) |
I Late (2017-18, 120 — 170 Mpc)||
Il Design (2019, 200 Mpc)
1 BNS-optimized (215 Mpc)

SR

strain noise amplitude (Hz‘1/2)
strain noise amplitude (Hz_1/2)

-24 I ‘ R ‘ ‘ -24 ‘ I ‘ R
TS 10° 10° 0 10° 10°
frequency (Hz) frequency (Hz)
Estimated | Eaw = 107°Myc? Number % BNS Localized
Run Burst Range (Mpc) | BNS Range (Mpc) of BNS within

Epoch Duration | LIGO Virgo LIGO Virgo Detections | 5deg 20 deg
2015 3 months | 40 — 60 — 40 — 80 — 0.0004 — 3
201617 6 months | 60 — 75 | 20— 40 80 — 120 | 20 - 60 J 0.006 — 20
201718 9 months | 75—-90 | 40—-50 | 120—-170 | 60— 85 § 0.04 — 100
2019+ (per year) 105 40 — 80 200 65— 130 § 0.2 — 200
2022+ (India) | (per year) 105 80 200 130 0.4 — 400
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Detection

A binary black hole merger, and
more
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o2 LIGO-Virgo Collaboration, arXiv:1304.0670 (2013)
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A gravitational wave from a

gravitational wave signal

Two neutron stars, each the size
of a city but with at least the
mass of the sun, collided with
each other.

GW170817 allows us to
measure the expansion rate of
the universe directly using
gravitational waves for the first
time.

Detecting gravitational waves
from a neutron star merger
allows us to find out more about
the structure of these unusual
objects.

This multimessenger event
provides confirmation that
neutron star mergers can
produce short gamma ray bursts.

The observation of a kilonova
allowed us to show that neutron
star mergers could be
responsible for the production of
most of the heavy elements, like
gold, in the universe.

Observing both electromagnetic
and gravitational waves from the

binary neutron star merger is detected.

bdeded L/ I_\U6UJL

"\ Type
" Neutron star merger

L \J L/

\
0

C
\

gamma ray burst (=

A short gamma ray burst is an
intense beam of gamma ray
radiation which is produced ¥
just after the merger. =

+ 2 seconds

A gamma ray burst
is detected.

—

{

I~

+10 hours 52 minutes

A new bright source of optical
light is detected in a galaxy
called NGC 4993, in the
constellation of Hydra.

kilonova
Decaying neutron-rich
material creates a glowing
kilonova, producing heavy

metals like gold and +11 hours 36 minutes

platinum. Infrared emission observed.
+15 hours
Bright ultraviolet emission
. detected.
radio remnant
As material moves away from +9 days

the merger it produces a X-ray emission detected.

shockwave in the interstellar
medium - the tenuous material
between stars. This produces
emission which can last for
years.

+16 days

Radio emission
detected.
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“For the greatest benefit to mankind”
u’/tfl/«r, P

The Roval Swedish Academy of Sciences has decided to award the

2017 N OBEL PRIZE IN PHYSICS

 Rainer Weiss
Barry C. Barish
Kip S. Thorne

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

@ Nobelprize.org
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Final remarks

The promise of gravitational wave
astronomy
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59 LIGO-Virgo Collaboration, arXiv:1606.04856 (2016)



Quantum fluctuations in early universe
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Thanks for your
attention

More details on the detections on
Friday morning




