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Introduction

Gravitational waves are ripples in spacetime caused
by the acceleration of massive objects, such as
merging black holes or neutron stars.
Gravitational waves propagate outward from their
source at the speed of light. They carry energy away
from the source, causing a gradual decay in the
amplitude of the waves as they travel through
spacetime.
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A long path leading to GW discovery
• 1915 Einstein : Mass/Energy deform space-time
• 1916-1918 Einstein: “Space-time quakes” can be produced by

violent phenomena
• 1937 Einstein and Rosen “On Gravitational waves”
• 1957 Pirani/Feynman (Chappel Hill conference) GW can transmit

energy and thus be detected
• 1960-1970’s J. Weber first bar detectors
• 1967-1968 R. Weiss, K. Thorne, Drever first interferometers
• 1974 R. Hulse and J.Taylor binary pulsars emit GW (Nobel 1993)
• 1984-1994 US: LIGO proposal period : G. Barish LIGO director (1994)
• 1987-1994 EU: Virgo proposal period : A.Giazotto, A. Brillet
• 2015 First detection of GW by LIGO and Collaboration LIGO-Virgo
• 2017 First multi-messenger event BNS detection by LIGO-Virgo
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100 years after their prediction as
part of Einstein's theory of general

relativity, the discovery of
gravitational waves opens a new

way to explore and study the
Universe!

Nobel Prize in Physics 2017
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GW detection
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DL=1/2 h × L
Amplitude

distance

Mass
distribution

Typical amplitude for a black hole merger: h = 10-21
=> Distance measurement (3km) with a precision of 10-18 m
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Current 2G Interferometers
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Virgo: >30 years of French involvement in GW
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Sensitivity of Advanced Virgo
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LOW-FREQUENCY (f < 30 Hz)
• Seismometer arrays and tiltmeters in order to

cancel Newtonian noise
• Improvement of the suspension system in order to

further reduce the seismic noise
• Use of fused silica fibers to reduce suspension

thermal noise
MID-FREQUENCY (30 Hz < f < 300 Hz)
• Super-polished mirrors to reduce scattered light;
• New mirror coatings (silica and titania doped

tantala) to reduce coating thermal noise;
HIGH-FREQUENCY (f > 300 Hz)
• Higher power laser and squeezed vacuum injection

to reduce quantum noise
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BBH, BHNS, BNS mergers
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GW150914
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Environmental noise in Virgo
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@ Irene Fiori – EGO ENV Team
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GW170817:
start of multi messenger astronomy with GW

Gamma rays reached Earth 1.7 seconds after GW
Binary neutron stars :
multi-messenger events
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2-3 GW signals per week detected by Ligo-Virgo
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GW detection with 3rd gen. interferometers
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Einstein Telescope in Europe

Cosmic Explorer in the US
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Einstein Telescope aims to study
most of the observable Universe

@Evan Hall
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≥ 10km

Depth:
200m

ET pioneered the idea of 3rd
generation GW observatory:
• New infrastructure capable of hosting

future upgrades for decades without
limiting observing capabilities
Sensitivity at least 10 times better than
current (nominal) detectors over a large
part of the frequency band
A dramatic improvement in sensitivity
in the low frequency range (a few Hz to
10 Hz)
High reliability and improved
observation capability

Einstein Telescope


