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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)

EINSTEIN TELESCOPE IN 5 W
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WHY



Gravity as curvature of space and time

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

and….

1879-1955

A. Einstein
The Beginning of Everything
1915 GENERAL RELATIVITY



GRAVITATIONAL WAVES
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Newton’s Gravity is still 
teached in High School 
and University 
textbooks

• Gravity as a force

• Space and time 
are absolute, 
separate entities

Do we really need General Relativity?



ACTUALLY….   YES

If, for example, you do want GPS working

The usefulness of useless
knowledge

Credit NASA



WHY
EINSTEIN TELESCOPE NOW

- 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 Menasce’s book title) 

- And more…



LET’S GO BACK

actually over 1 billion years
(in time and space)



TWO BLACK HOLESLI



Credit D. Shoemaker

E = Mc2

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

The GW reach Earth on September 14 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 ”BEST VISUAL EFFECTS”

INTERSTELLAR



HYSICAL

EVIEW
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American Physical Society

Member Subscription Copy

Library or Other Institutional Use Pr ohibited Until 2017 Articles published week ending 12 FEBRUARY 2016  

Volume 116, Number 6
Published by 

Ô

ETTERS
Ô

From Academy Award to the
Royal Swedish Academy of Science

WHY



Not enough…. in  2017 
A Brave New World 

Multimessenger Astronomy

TWO NEUTRON STARS

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
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GEO, Hannover, 600 m

aLIGO Livingston, 4 km

AdV, Cascina, 3 km

aLIGO Hanford, 4 km

2015
2017

2022

~2026

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

Virgo Collaboration:
• ~690 collaborators 
• 9 countries
• 5 computing centres
• ~0.42 G€ of total investment

KAGRA Collaboration:
• 260 collaborators 
• 12 countries
• 5 computing centres
• ~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
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(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 = 
Δ𝐿

𝐿
~ 10-21

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

Detection basics



THE INTERFEROMETER



7000 m3 at  1 atm/1012 … 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



Sardinia is
a possibilityEinstein telescope

> ~ 2030



LARGER & UNDERGROUND

SENSITIVITY improves with arms length 

→From 3 km in  VIRGO to  10 km  ET

UNDERGROUND to fight sismic and antropic noise

→ 200 m underground



Besides the triangle geometry also a twin L 
with at least 1000 km distance 
(LIGO-like geometry)  is under study

same as the future Cosmic Explorer in the 
USA



From Advanced VIRGO to ET

ET
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AdV

ET

Sensitivity vs 
Frequency

The combinations of:

❑ Distances and masses explored

❑ Number of detections

❑ Detections with very high SNR

will provide a wealth of data that
have the potential of triggering

revolutions in astrophysics, 

cosmology and fundamental

physics

https://apps.et-gw.eu/tds/?content=3&r=17245


EXAMPLE: DETECTION DISTANCE 
OF BBHS
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(and WHY there)

WHERE



CANDIDATE SITES

WHERE



SOS ENATTOS

- NO RELEVANT SISMIC ACTIVITY IN SARDINIA

- Low populated area ➔ Low anthropic noise

https://m
aps.openquake.org/m

ap/global-seism
ic-hazard-m

ap/

Terremoti

https://maps.openquake.org/map/global-seismic-hazard-map/


Nuoro, 31 ottobre 2022A. Cardini / INFN Cagliari



SOE1
(-84m)

SOE2
(-111m)

SOE3
(-130m)

Scontrol room SarGrav
(340 m slm)

SOE0
(400m slm)

Entrance

Sensors

Nuoro, 31 ottobre 2022A. Cardini / INFN Cagliari



Seismic monitoring 2019-20

In the region  1-10 Hz 
Sos Enattos is one of 
the best sites 
worldwide 

In the [1,10] Hz 

frequency band, noise

is mainly due to 

anthropic activities; 

within the mine tunnels
(≃100 m underground), 

its spectrum is

compliant with the 

requirements of the ET 

design



PRESENT SENSORS DETECT WAVES…IL 
FROM ATLANTIC SEA

Mediterraneo

Atlantico

In the [0.1,1] Hz bandwidth, seismic noise is

correlated with sea wave height in the 

northwestern Mediterranean Sea 



Pia Astone, CA 2022

48ET design: Δor ( 2 ) L ?

The collaboration started the evaluation of the best configuration for ET,

considering the alternative of two L configuration, to the triangle

configuration

maximize the science return

reduce risks

❑ First detections, GTWC-3 catalog → BH population

❑ Science case developed;

❑ Know-how with advanced (L) detectors;

❑ International scenario (+ Cosmic Explorer in US);

❑ Two candidate sites strongly supported
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A. Einstein

(Present status and time scale)

WHEN



WHEN

(PRESENT DEVELOPMENTS 
& TIMESCALE FOR 

DECISION AND 
CONSTRUCTION)
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ET MILESTONES IN ITALY
- 2017- National Projects funded by Ministry of 

Research for studies at the Sardinan site   (3 M€)

- 2017- Sardinia Regional Government provides funds 
for a low noise infrastructure for GW research 3.5 M€ 

- 2018 Ministry of Research provides fund to support 
studies for  the Italian site 17 M€ 

- 2019 ET is presented to ESFRI by the Italian Minister
of Research (with both IT & NL options) 

- 2021 Sardinia Regional Government  
supports a pledge of 350M€

- 2022 Support Letter of  President
Draghi to INFN  President



PROJECTS WITHIN THE 
ITALIAN NATIONAL RECOVERY 

PLAN

- Einstein Telescope Infrastructure

Consortium (ETIC) 50M€

- Support to Italian Candidature

- Technology Developments

- Site characterization

A. Masoni INFN Cagliari



PROJECTS WITHIN THE 
ITALIAN NATIONAL RECOVERY 

PLAN
TErabit network for Research & Academic Big 

Data in Italy TERABIT 41 M€

- Network upgrade 10 Gb to 1000 Gb

A. Masoni INFN Cagliari

Project  MEET 42 M€

2.7 M€ dedicated to a worldwide «unique» low 

noise sismic observatory in the site of Sos

Enattos in Sardinia



RECENT EVENTS
IN CAGLIARI

Cagliari 9 maggio



Breaking News 

6 June 2023
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THANK YOU


