TWEPP 2023
EINSTEIN TELESCOPE- ITALY
CANDIDATE SITE JN SARDINIA

L ——— e — o

"Alberto Masoni - ‘,MWFN |

.Natlonal Institute of Nuclear o 1IN |
Phys|cs INFN B e e Elnsteln Telgscof
e "fj;/'-’a A e R s

|"Local Respon5|ble ETIC Project

instein "
elescope ;
nfrastructure ’

Onsortlum - L‘_l' :f?‘
Italian National &3-S

acnv/aryy Plan



Acknowledgments

Pla Astone
Marica Branchesi
Alessandro Cardini

Michele Punturo




EINSTEIN TELESCOPEIN 5 W

Einstein Telescope(and why now)
(and why INFN)
(The Detectors)
(and there)
(present status & timescale)
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Einstein Telescepe
(and why now) =



~ The Beginning of Everything
41915 GENERAL RELATIVT'FY

matter tells spacetime how tonurve ‘and curved
spacetime tells matter how to move (J A Wheeler)

ando .



Niherungsweise Integration der l“nl«lg'lviwhlmgen
der Gravitation.




Do we really need General Relativity ?

-1 POOOZUWEUEF

teachedin High School | = 3 ‘
and University B
textbooks — =

A Gravity as a force

A Space and time
are absolute,
separate entities




ACTUALLY 6 . YES

If, for example, you do want GPS working

asA Credit NASA




EINSTEIN TELESCOPENOW

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

- Certainly for thousands years we gazed at stars as a silent
movie
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actually- over 1 billion years
(In time and space



TWO BLACK HOLES

-0.41s
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FIRST DETECTION OF A BH-BH

COALESCENCE, SEPT. 14, 2015
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ACADEMY AWARD 2VSUALEGFBEEET SO
Wit s ¢ INTERSTELLAR

BEYOND THE S TAR

Director Christopher Nolan enlists science
to explore the soulin lmeml
L
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Interstellar, Paramount Pictures
Directed by Christopher Nolan
Image based on calculations by Kip Thorne and Double Negative Co.
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UNIVERSITA DI ROMA

|4 Selected for a Viewpoint in Physics week ending
PRL 116, 061102 (2016) PHYSICAL REVIEW LETTERS 12 FEBRUARY 2016

Observation of Gravitational Waves from a Binary Black Hole Merger

B. P. Abbott et al.”
() 1] 1boTation an
{(Received 21 January 2016; published
On September 14, 2015 at 09:50:45 UTC the two detectors ¢

Observatory simultancously observed a transient gravitation

frequency from 35 to 250 Hz with a peak gravitational-way = -
predicted by general relativity for the inspiral and merg: ?
resulting single black hole. The signal was observed w ‘
false alarm rate estimated to be less than 1 event per 2u. N
than 5.1s. The source lies at a luminosity distance of 410" 15) Mpc cort  aredshiftz = 0.090 %,
In the source frame, the initial black hole masses are 36 )M, and 29'YM _, and the final black hole mass is

621 {M, with 3.0")M . ¢* radiated in gravitational waves. All uncertainties define 90% credible intervals.
These observations demonstrate the existence of binary stellar-mass black hole systems. This is the first direct
detection of gravitational waves and the first observation of a binary black hole merger.

From Academy Award to the
Royal Swedish Academy of Science




Not enoughd 6 wD Owuwl Y WA w
A Brave New World
MultimessengeAstronomy

TWO NEUTRONSTARS



Fermi Space Telescope

August, 17th 2017

2 nheutron stars
3 GW detectors
100 telescopes

2017 October 20
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The discovery and analysis of GW170817 and its
associated electromagnetic events involved
researchers working in 45 countries and territories.
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) Rapid neutron Unstable
= capture neutron-heavy nucleus

Beta decay to
new element
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Physics

The Nobel Prize in Physics 2017

Rainer Weiss - Facts @)

Rainer Wei
The Nobel Prize in Physics 2017

Born: 29 September 1932, Berlin, Germany

Affiliation at the time of the awar

Collabor; , ; Massachusetts In
(MIT), C , MA, USA

contributions to the LIGO
tion of gravitational v "

Prize share: 1/2

the GW Detectors

The Nobel Prize in Physics 2017

Barry C.Barish - Facts ()

The Nobel Prize in Physics 2017

Kip S. Thorne - Facts .

Kip S. Thorne
The Nobel Prize in Physi 017

Born: 1 June 1940, Logan, UT, US,

Affiliation at the time of the award§LIGO/VIRGO

Collaboration, ; California Institut
(Caltech), Pasadena, CA, USA

sive contr

butions to the LIGO

on of gravitational wav




(NN INFN

Edoardo Amaldi

% One of the Founding Fathers of
~ 4 INFN CERN and ESA
Pioneer in GW research bringing Italy

(and INFN) to a worldwide leading
posittion
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b INFN developed with CNRS VIRGO,

y  operating in ltaly near Pisa.

% VIRGO and LIGO are the only systems
i ”ﬁ capable to detect GW

. . KAGRA added one year ago but still

¥ detects no signals

Pl

| Nobel prize awarded to three
i scientists of
LIGO -VIRGO Collaboration
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From fNar away
- Weak

h~10:2 ‘ ‘q«ip u‘m )
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Detecting Gravitational Waves
represents an apparently
Impossible task
(Albert Einstein opinion)

h~10-1=0.000000000000000000001

atom~10 -9 =0.0000000001

nucleus ~10 ->=0. 000000000000001



Detection basics

fest
Mlits 5

Main problem: the
sismic (~ 108 m),
thermal vibrations (~ 10-1°m)
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VERY SMALL SIGNAL WITH HIGH
BACKGROUND

eal noise+signal and signal (shown in red) x1071¢ Real noise+signal and signal (shown in red)
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DETECTORS SENSITIVIT

1 — LIGO Hanford
LIGO Livingston
Virgo
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WHAT HAVE WE LEARNED

Cosmology/fundamental physics

speed of GWs equal to speed of light (1:10%°)
first measurement of the Hubble constant with GWs

the tail of the waveform of GW 150914 consistent with the
prediction from General Relativity for the quasi-normal modes
of the final BH

deviations from GR (graviton mass, post-Newtonian
coefficients, modified dispersion relations, etc.) could be tested
and bounded




FROM 2G TO 3G DETECTORS



