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- WHY Einstein Telescope(and why now)

- WHO (and why INFN)

- WHAT (The Detectors)

- WHERE (and WHY there)

- WHEN (present status & timescale)
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1879-1955

A. Einstein

Einstein Telescope
(and why now)

WHY



Gravity ascurvature of spaceand time

matter tells spacetime how to curve, and curved
spacetime tells matter how to move (J.A. Wheeler )

andȱ.

1879-1955

A. Einstein
The Beginning of Everything
1915 GENERAL RELATIVITY



GRAVITATIONAL WAVES
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-ÌÞÛÖÕɀÚɯ&ÙÈÝÐÛàɯÐÚɯÚÛÐÓÓɯ
teachedin High School 
and University 
textbooks

ÅGravity as a force

ÅSpace and time 
are absolute, 
separate entities

Do we really need General Relativity ?



ACTUALLY ȱ.   YES

If, for example, you do want GPS working

The usefulness of useless
knowledge

Credit NASA



WHY
EINSTEIN TELESCOPENOW

- Are we humans because we gaze at stars or do we gaze at them 
because we are humans?
(Stardust, Incipit)

- Certainly for  thousands years we gazed at stars as a silent 
movie

- In the last 8 years:

- Gravitational Waves provided the soundtrack 

- The scream of the universe   (Dario ,ÌÕÈÚÊÌɀÚbook title) 

- And moreȱ



+$3ɀ2ɯ&.ɯ! "*

actually over 1 billion years
(in time and space)



TWO BLACK HOLESLI



Credit D. Shoemaker

E = Mc 2

M=JJJ
The energy of 3 Sun masses converted in 
Gravitational Waves
An energy capable to satisfy human 
needs for over 1018 years

The GW reachEarth on September14 2015 
after a journey longer than a billion years



FIRST DETECTION OF A BH-BH 
COALESCENCE, SEPT. 14, 2015
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GEOMETRY SHAPES LIGHT AND GETS AN ACADEMY
ACADEMY AWARD 2015 óBEST VISUALEFFECTSó

INTERSTELLAR



HYSICAL

EVIEW
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American Physical Society
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Volume 116, Number 6
Published by 
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From Academy Award to the
Royal Swedish Academy of Science

WHY



Not enoughȱȭɯÐÕɯɯƖƔƕƛɯ
A Brave New World 

MultimessengerAstronomy

TWO NEUTRONSTARS

WHY 
& 
WHY 
NOW



August, 17th 2017

2 neutron stars

3 GW detectors

100 telescopes

The Astrophysical Journal Letters, 848:L13 

2017 October 20



KILONOVA
20

Credit: ESO/E. Pian et al./S. Smartt 

& ePESSTO/L. Calçada



1879-1955

A. Einstein

(and WHY INFN )

WHO



GEO, Hannover, 600 m

aLIGO Livingston , 4 km

AdV, Cascina, 3 km

aLIGO Hanford , 4 km

2015
2017

2022

~2026

LIGO Scientific Collaboration:
Å >1263 collaborators (including GEO)
Å 20 countries
Å 8 computing centres
Å ~1.5 G$ of total investment

Virgo Collaboration:
Å ~690 collaborators 
Å 9 countries
Å 5 computing centres
Å ~0.42 Gû of total investment

KAGRA Collaboration:
Å 260 collaborators 
Å 12 countries
Å 5 computing centres
Å ~16.4 G¥ of construction costs

It will operate as part of 
the LIGO Network and 
Collaboration

22WHO the GW Detectors

LIGO-VIRGO Collaboration



WHO INFN

Enrico Fermi

Edoardo Amaldi
One of the Founding Fathers of 
INFN CERN and ESA
Pioneer in GW research bringing Italy 
(and INFN) to a worldwide leading 
posittion

INFN developed with CNRS VIRGO, 
operating in Italy near Pisa. 
VIRGO and LIGO are the only systems 
capable to detect GW 
KAGRA added one year ago but still 
detects no signals

Nobel prize awarded to three 
scientists of 
LIGO -VIRGO Collaboration



1879-1955

A. Einstein

(The Detectors)

WHAT



Signals from black holes or neutron stars 
rotating in close  orbits before coalescence
- Rare
- From far away
- Weak

h~10-21=0.000000000000000000001

WHAT



Detecting Gravitational Waves 
represents an apparently 

impossible task 
(Albert Einstein opinion)

h~10-21 = 0.000000000000000000001

atom~10 -10 = 0.0000000001

nucleus ~10 -15 = 0. 000000000000001

Extreme sensitivity              lowest noise



h = ~ 10-21

Main problem:  the NOISE,
sismic (~ 10-8 m), 
thermal vibrations (~ 10-12 m)

Detection basics



THE INTERFEROMETER



7000 m3 at  1 atm/10 12é close to  interstellar vacuum

Laser
Nd:Yag
infrarosso

Segnale in uscita

Beam Splitter

North arm

Specchio



Foto Perciballi
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mirror

42 kg

35 cm diameter

Beam splitter

34 kg

55 cm diameter



VERY SMALL SIGNAL WITH HIGH 
BACKGROUND

ZOOM
Time 0 - 140  s.



O3.            DETECTORS SENSITIVITY

sismic

noise

Thermic

Shot



WHAT HAVE WE LEARNED?



FROM 2G TO 3G DETECTORS


