Raogeadassqo siued
091 27 2JpuE%a|y
pue pJeudag eaneq

saremeuoeigelineds)

The Virgo
detectorin

The LIGO
detectorin
Livingston
(Louisiana,
USA).

beam
splitter photodetector

Operating diagram of an interferometric
gravitational-wave detector.
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Existing gravitational-wave detectors
are based on the principle of optical
interferometry: they measure tiny
variations in length by superimposing
laser light on itself.

They consist of two perpendicular arms,
each about a kilometre long, through
which light travels. When a gravitational
wave passes through them, the
difference in length between the two
arms varies slightly. This variation is of
the order of one thousandth of the size
of an atomic nucleus, or
0.000000000000000001 metres.
Four detectors are in operation:

*the two LIGO instruments in the
United States (at Livingston and
Hanford);

*the Franco-ltalian Virgo observatory,
near Pisa in Italy;

*the KAGRA detectorin Japan.
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1PN Formi
INTEGRAL

The gamma-ray signal observed by
FERMI and the position of the source
predicted by LIGO-Virgo (in green) [Credits:
LIGO-Virgo, FERMI].

Signals from the merger of two neutron
stars: top, gamma ray; bottom, increase in
the frequency of the gravitational wave.
[Credite: LIGO-Virgo, FERMI]
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The main sources of gravitational
waves are massive, compact stars
(see TUIMP No. 9), such as black
holes, neutron stars and white
dwarfs, either singly or in pairs.

The following localised sources can
be distinguished:

* Binary systems of compact
objects such as spiralling and
merging black holes or neutron
stars, either galactic or extra-
galactic;

* Binary white dwarf stars in the
Milky Way ;

* Isolated, slightly asymmetric,
rotating neutron stars in the
galactic neighbourhood;

* Explosion of massive stars
(supernovae) in our galaxy, leading
to the formation of neutron stars
or black holes.
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An artistic depiction of two black holes
orbiting each other under the effect of
their mutual gravitational attraction.
Their orbital motion generates
gravitational waves.

[Credit: NASA]
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The planetary

nebula

IC418

Credit: HST Artist's
impression of a

Response supernova
All these objects are
(or have been)
sources of

The Crab gravitational waves,

Nebula, a with the exception of

supernova the planetary nebula.

remnant.

Credit: HST Artist's view
of a neutron
star

Representation of a

binary system of
black holes
MPIfor Gravitational Physics /
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The Universe in my pocket N° 1&

This mini-book was written by Laura
Bernard and Alexandre Le Tiec from Paris
Observatory (France).

Cover image: Numerical simulation of a pair
of black holes and visualisation of the
gravitational waves generated when they
merge [credit: Michael Koppitz/Albert
Einstein Institute].

Tofind out more about this
collection and the themes

presented in this mini-book,
visit http://www.tuimp.org.

Translation: Stan Kurtz
TUIMP Creative Commons
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Gravitational waves are small
vibrations in the structure of space-
time that propagate at the speed of
light. They are transverse waves
which means that the displacement
in space-time is perpendicular to the
direction of propagation.

They were predicted by general
relativity, the theory of gravitation
formulated by Albert Einstein in
1915.

The first indirect evidence of their
existence was the observation by
Hulse and Taylor in 1974 of their
effect on the orbital period of a
pair of neutron stars.

The first instrumental detection of a
gravitational wave took place in
2015 using the LIGO detectors.
This gravitational wave came from
the coalescence of two black holes
of about thirty solar masses each.



