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The Physics
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Einstein’s Theory of Gravity 1915

Space-Time is a deformable medium

Mass and Energy deform space-time around
them and inversely they follow the deformed
paths inside it

Waves can be produced by violent phenomena

Spacetime Mass-Energy

M

~ 10-43

J N N
\\

Papers redicting gravitational waves 1916-1918



How can we detect them ?

Could the waves be a coordinate effect only,
with no physical reality? Einstein didn’t live
long enough to learn the answer.

In January 1957, the U.S. Air Force
sponsored the Conference on the Role of
Gravitation in Physics, a.k.a. the Chapel Hill
Conference, a.k.a. GR1.

The “gravitational wave problem” was
solved there, and the quest to detect
gravitational waves was born. (Pirani,
Feynman and Babson)

Sticky bead argument (Feynman)







.On'ly extfemely violent phenomena can
produce detectable GW

-

olar mass

M - 30 M@
— R =100 km
=" Hz

h =10-%! corresponds to a change AL by 1/1000 of a proton radius in a distanc



The Astrophysical

Gravitational-Wave Source Catalog

> Short=> long

Coalescing Binary
Systems CBC

v Black hole - black hole

v’ Neutron star - neutron
star

e BH-NS
e Analytical waveform

Continuous Sources
e Spinning neutron stars
e monotone waveform

Transient ‘Burst’Sources Cosmic GW Background

e core collapse supernovae « residue of the Big Bang,

e cosmic strings e stochastic, incoherent

e unmodeled waveform background

Transient Burst and Continuous sources the next goal

Known = unknown form



Amplitude

Distance
Inclination angle

Quasi-circular Plunge Ringdown
inspiral and merger

o
! ( y)@

'd

%

,)VAV““ ¢
i Timeg

Black hole S~
Post-Newtonian Numerica! perturbation
techniques relativity,  methods

Frequency

, Frequency and
evolution n decay time
I
o |
Chirp mass n Final mass
Mass ratio Final spin

Initial Spins



CBC signals 1

The signal at the lowest order:

TT(t) _ 4(GM)*? 1+cos’i

2/3
h. i 5 (Tf(8)) " cose(t)
Spiraling phase Rc
5/3

h:T(t) = —4(GM1 cosi (Jrf(t))z/gsinfp(t)

Rc
where e Chirp mass: M= poMs
5/3 —3/8
o frequency: ft )__[Ziﬁ (GMS) (t _t)J

e Phase:

i: angle of the
event w.r.t the
interferometre
axis

t.: time of coalescence

e
s \'uw

, | |‘w]‘ ‘ H

\

‘



CBC signals II

The signal at the lowest order:

Absolute distance
CBC => Standard sirens

Spiraling phase

Phase includes

* GR dynamics
* Matter effects (NS EOS)
* Fundamental physics (GR extensions, graviton mass...)

Measure of phase => tests of GR, constraints on NS EOS etc...



The first GW event:

Strain (10%")
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The first GW ‘triangulated event: 14 August 2017

Gravitational Astronomy
can start v v 2 detector = 100 -1000 deg?

3 detector - 10 - 100 deg?
4 detector — < 10 deg?

TropicaptCanC oe " _"_A- ‘ B _ il / kll". "':;"-\\l"\.,\‘ J
1\ | N/ AN TOF :
- | 3 b N . e ',“ I'.‘ \ ‘\\
LN HL ~ 10 msec.,

\
NS varmc

Ny nhqe ard at| ngu ’ g ;.";-‘ H4 8 I\","I X \\ i VL ~ 26 msec.
1 i : : \ \ g ~_' t: 4
, R \ VH ~ 27 msec.
g
Credit: Leo Singer Also measure
LH 1160 square degrees of GR

LHV 60 square degrees polarisations



The first multimessenger event 17 August 2017
Gamma rays, 50 to 300 keV GRB 170817A

Lightcurve from Fermi/GBM (10 — 50 keV)

Event rate (counts,s)

Counts per second

nunts/s)

Event rate {c

Lightcurve from INTEGRAL/SPI-ACS
120000 4 (= 100 keV)

117500
115000

112500

)
.
a2
=

MR Gravitational-wave time-frequency map
300

Frequency (H2)

200

100

a0

Time from merger (s)

A binary neutron star merger at 40 Mpc



Discovery of Optical Counterpart (AT2017fgo) and Host Galaxy (NGC 4993) w'ﬁlgg}

LIGO .
30° \ Swope +10.9 h

Wo— £ .4 ' AT2017fgo The 1M2H team was the first to discover
w _ ﬁ : the optical counterpart AT2017fgo in the
| host galaxy NGC 4993 with the 1m Swope

e * NGC4993 telescope 10.9 hr after the merger time
Fermi/ | 50" ;
GBM | —_

i2n

DLT40-20.5d
IPN Fermi /

INTEGRAL

B The DLT40 pre-discovery image from
- 20.5 days prior to merger
* NGC 4993

e

Localization of the gravitational-wave, :
gamma-ray, and optical signals PO % European Southern Observatory
' ' Very Large Telescope
; *c 1993 % Vel :

Dist=1.3 x 10°ly




GW170817-GRB170817A-AT2017fgo
Observed by about 70 observatories around the world

S
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R
Y
o
q@gc:
v et | 51
) O\O‘, f% [
o '_
. NGO
G,
6&\(
e '
| Sy S S S | S | S Sy
’ 0.5 1.0 1149 2.0
Wavelength (um)

Time: -1225 days

Elena Pian et al. 2017, Nature, 551, 67—-70 ESO



GW170817

Merger GRB

1750 4 Lightcurve from Fermi/GBM (50 — 300 keV)

Signal from BNS

17/08/2017 170817

12:41:04

1500
1250

1000

Event rate (counts/s)

750

+2s

S)

Lightcurve from INTEGRAL/SPI-ACS
120000 4 (> 100 keV)

117500

+16 s

115000

0
-

112500

+40 Min == Sont glert on GW side

Frequency (Hz)

+1h20min = First reports from temporal Time from merger (s)
I

— coincidences with

GW1708 17 « Gravitational waves and Gamma-rays from binary neutron star merger: GW170817 and
GRB170817A », Abbott et al., ApJ, 2017




GW170817 Chandra

17/08/2017 GW170817
12:41:04
+2s GRB170817A
.. . X-RAYS
h Localisation with GW _
5 Distance 40 Mpc ' NuSTARswift/BAT
Chandra
uv
+11h Swift/UVOT
. ENERGY HST
NEUTRINOS
Pierre Auger VISIBLE
Uk, ANTARESW Swope
INFRARED H.E.S.S IceCube DLT40
VISTA
REM-ROS2 DECam
+],2j e First spectra of the kilonova ESO-VLT Y-RAYS  |PN Net.

Spitzer Fermi
INTEGRAL

+Qj == Discovery of an X-ray counterpart

ePESSTO
. . . Swope +10.9 h
signal found
with VLA

normalized F,

400 600 1000 2000
wavelength (nm)

« Multi-messenger observations of a binary neutron star merger », Abbott et al., ApJ, 2017



Kilonova

Predictions Vs observations

Day 1.5

Spectrum : blue->red as time
Favors ejectav~ 0.3 c.

Eject mass ~ 0.03 M,
(LIGO-Virgo estimate ~103-102 M,
from GW observations only)

Initially poor in lanthanids

Big Dying Exploding
Bang | low-mass massive
fusion * stars stars

B.,e Cosmic Merging Exploding %
ray neutron white

a Mg fission stars dwarfs Al Ar
fed B 5 18

I i Cau pSei =<Ti~ -V Mn Fe Co Ni Cu Zn Kr
30

19 20 21 22 23 25 26 27 28 29 36

0. Tc ‘Ru Rh iPd" Ag (Cd: Sn. iligs Xe
43 a4 48

o 7 B Py e WOl i B oy

Re Os Ir Pt Au i 3 iF i Rn

75 76 77 78 797 180 i 86

Eu Gd Tb Er TmYb Lu & et =

61 62 63 |64 |65 oo o 4000 6000 8000 10000 4000 6000 8000
Pa: U Np Pu Wikipedia: Cmglee A

HEH oo HiEE Toa Data: Jennifer Johnson (OSU) Rest wavelength (A

Nicholl et al. 2017



NS LABORATORY FOR STUDYING SUPER-DENSE MATTER
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GRAVITATIONAL-WAVE COSMOLOGY

Combining the distance
measured from GWs [ 438:333 Mpc

and NGC4993 recession velocity

Hy = 70.()1“3001(11’18”Mp(:_l

Abbott et al. 2017, Nature, 551, 85A



Hubble constant measurement

—— p(Hy | GW170817)
Planck!’
SHoES'®

Planck data 67.74 = 0.46 km/s/Mpc
Supernovae 73.24 £+ 1.74 km/s/Mpc

» 3s « discrepancy ».

More GW events may allow to see clearer!

5
2.
=

)
7

L
£
<
a

80 90 100
Hp (kms=! Mpc=1)

3011 (2012)

-
o)

-
=
.__d‘
oo
a
£
=™

=3

I,'_
=
o
)

10 20 30 40 ' 10 20 30 40

number of events number of events




GW170817 parameters

Primary mass m;
Secondary mass mo
Chirp mass M

Mass ratio ma/mg
Total mass miot
Radiated energy E. .4
Luminosity distance Dy,

Misalignment of total angular momentum and line of sight
using counterpart location

Combined dimensionless tidal deformability A
Dimensionless tidal deformability A(1.4My)

Low-spin priors (|x| < 0.05)
1.36 —1.60 Mg
1.17-1.36 Mg

+0.004
0.7- 1.0
+0.04 4
2747094 Mg
> 0.025 Mg c?
4073, Mpc
< 56°
< 30°
< 800
< 800

High-spin priors (|x| < 0.89)
1.36 —2.26 Mg,
0.86 —1.36 Mg

0.004
1.18870:002 Mo
04- 1.0
+0.47
2.82704T Mg,
> 0.025 Mg ¢
40™%, Mpc
< 55°
< 30°

< 700
< 1400

STABLE NS + Torus
Low-Mass NS-NS

Questions about the product of the merger

BH + TORUS




GRAVITATIONAL-WAVE TRANSIENT CATALOG-1  BUGO(0/VkD § coqus
Today :10 BBH mergers 1 BNS merger

n |
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Merger rates of BNS: 920 [110,3840] BBH: 53 [9.7,101] Gpc-3y-1
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Multiple impact: Cosmology, Astrophysics, Nuclear Physics,
Particle Physics, General Relativity

Jet-ISM Shock (-\ﬂur low)

GW170817

o Ejecta~ISM Shock
eobs< 56 ! Radio (years)

(‘gillunmu (‘J\/
/ \ L)
Merger Ejecta f\)’\-/

*| /" Tidal Tal & Disk Wind

. /«\/nn

N

NASA

/)
Astrophysics /A
y '

Dying Exploding

low-mass massive

stars stars
Cosmic Merging Explodmg
ray neutron white
fission stars dwarfs

Cr Mn Fe Co Ni (Cu
26 5

24 25 5790 g g St

Ru' Rh [Pd' Ag |

44 45 |46 | 47

Pt Au

76 77 78 78 80 b s 85
Eu Gd y Er Tm ‘Yb
6 6 70

Whpodis: mges
Bt St Jeree on (OSU)

Phys. Rev. Lett. 121, 161101 (2018)

Gr = EoS independent relation
B\uo a parametrized EOS without a maximum mass requirement
= independent EOSs

(km=sMpc)

P(Ho)

Hubble constant measurement

—— plH, | GW170817)
Planck!”
SHoES™

Test of the GRB kilonova model
Neutron star EOS constraints
Production of heavy elements
Speed of GW w.r.t v,

Test of equivalence principle
Test of Lorenz Invariance

% 100
Ho (kms=!Mpc~t)

Vv —
sGW

VEM

Multiple tests of Modified Gravity,

Cg =2¢C

cg Fc

General Relativity
quintessence/k-essence [42]
Brans-Dicke/ f(R) [43] [44]

Kinetic Gravity Braiding [46]

Horndeski

quartic/quintic Galileons [13] 14|
Fab Four [15] [16]
de Sitter Horndeski [45]

G d"¢” [47], Gauss-Bonnet

DHOST with A; =0

Derivative Conformal 1l [18]
Disformal Tuning l

quartic/quintic GLPV [19]
DHOST |20, 48] with A; # 0

Non-viable after GW170817




GW Science

Cosmology

FERMI GBM - ALL

Expansion of
SKY

the Universe

PARKES RADIO Multi- Dark Energy
TELESCOPE messneger CMB
Astrophysics

Dark Matter Dark energy
69%

Star formation Black Holes?

and Evoliution Axions?

Kilonovae Other stars
Supernovae

Gravitational
wave
s t7oms soms Nuclear Physics IR Nuclear Physics
Physics
Neutron Star Formation of
Equation of e
1am SOEm S,Mm State Elements

Songe Quark o Alternative

Alernative Theories of
Theories of

Neutron Star

Quantum

Gravity

Mechanics

/

<onene %

nnvmm QuRRKS. QURRKS

Densities ~ 4 x10"7 kg/m3

\
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The Interferometer

COSMO-17 - Paris
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30 years of EGO/Virgo History

1989 Virgo proposal

1993-1994 CNRS and INFN approve VIRGO  (+5y)

1997 Construction starts near Pisa (+7y)
2000 Foundation of EGO (CNRS, INFN) (+11y)
2003 Inauguration of Virgo (+14y)

2004-2006 Commissioning of Virgo

2006 Netherlands joins EGO as an Observer

2007 Start of Virgo science runs (+18y)
2007 LIGO-Virgo “a single machine”

2009 EGO Council approves AdVirgo (+20y)
2010 Polish, Hungarian and Spanish groups join AdVirgo
2017 First detection (+8y, +28y)

2019 03 one year RUN (+10y,+30y)

Total cost (US costing, including HR) near 0.5 BE

d it b 8 & v 4
| “IT R . i o7
”v e "‘#.m T

Inauguration Virgo 2003



Advanced Virgo

Virgo is a European collaboration with about 400 members

Advanced Virgo (AdV): upgrade of the Virgo interferometric detector. Participation by scientists
from France, Italy, Belgium, The Netherlands, Poland, Hungary, Spain, Germany

25 laboratories, 340 authors @ Feb2019

— APC Paris — INFN Perugia — LKB Paris - ULiege

— ARTEMIS Nice — INFN Pisa - LMA Lyon —  Univ. of Barcelona
- EGO Cascina — INFN Roma La Sapienza — Nikhef Amsterdam —  Univ. of Valencia
- IFAE — INFN Roma Tor Vergata - POLGRAW(Poland) —  University of Jena
— INFN Firenze-Urbino — INFN Trento-Padova — RADBOUD Uni. Nijmegen

— INFN Genova — LAL Orsay - ESPCI Paris — RMKI Budapest

— INFN Napoli — LAPP Annecy — UCLouvain

VNIVERSITAT 54

f\m’lsner D VALENCIA




European Gravitational Observatory (EGO)

» EGO is a consortium with members CNRS and INFN
and NIKHEF as observer with goal the promotion of s
research in the field of gravitation in Europe. .. =

» Objectives:

I.  Construction, maintenance operation and
upgrade of the Virgo interferometer

II. Maintenance, operation and upgrade of
the site infrastructures including a
computing center

III. Representation of the consortium at the
regional, national , European and global
level

IV. Promotion of interdisciplinary studies

V. Promotion of R&D (mostly environmental
noise and photonic science)

VI. Outreach and education

W —



EGO Council

EGO Data Science

STAC
Scientific Techical Advisory Committee

DIRECTION EGO
Director S. Katsanevas Virgo Collaboration
Deputies: P. Popolizio, C. Olivetto Spokesman: Jo VD Brand

El.Cuoco
Dissemination/Outreach
V. Boschi
Low Latency Responsible
F. Carbognan
Health, Safet, Security
F. Richard i
European Office
E. Morucci

Interferometer Technology
V.DATTILO

Vacuum and Mechanics Information Technology Administration
A.PASQUALETTI A.BOZZI
|

Electronics Vacuum Operation . . . Human Ressources & General Affairs
4 3 persons Computing Facilities & Data storage 2 persons
ersons 3
P 3 persons

Finance & Procurement

Mechanics IT Facilities & Network European Office
3 persons 3 persons 3 persons

Injection Optics
5 persons

In red closer coupling to ADV+,

Environmental Noise & Controls
3 persons
Infrastructure Services
3 persons

Software 50 persons
1 persons .
10 M€ annual budget for operation

Technical Office 509% CNRS 509% INFN

Operators 4 persons

5 persons




B

The Advanced Virgo antenna

The most stable « standard » meter on earth
Sensitive to space deformations of 10-18m

i

il =

State of the art on many fronts:

* Vaccum

Lasers, Mirrors,Optomechanics
SuperAttenuators

 Controls

 Environmental Noise Sensors
 Data Science

N1l

O

1



The art and science of GW observation

Black hole

S
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Analysis :
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Sources at different frequencies
a complex task at different technology fronts

Advanced Virgo

Early (2016-17, 20—60 Mpc)
Mid (2017-18, 60—85 Mpc)

| ' Late (2018-20, 65—115 Mpc)
*| M Design (2021, 130 Mpc)
BNS-optimized (145 Mpc)
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High Intensity

Suspensions, f Laser beam
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High Mass BBH BBH mergers Supernovae
NS periodic emission BH ring down NS transients




EGO/Virgo and
Technology




A technological hub

g

A huge effort over more than 3 decades of technological developments in a) State-of-
the-art precision optics; b) Low optical and mechanical dissipation materials and new
optical coatings for mirrors c) Low loss electro-optics d)The world’s most stable high
power lasers, d) High performance seismic vibration filtering e) Advanced
environmental noise studies; f) Low noise control systems g) vacuum handling



AdVirgo Data Flow: The GW170814 case

The signal arrives

Data composed into frames
Calibration of the data
Veto, DQ flags production
h(t) transfer

Low-latency matched-filter
pipelines

Upload to GraceDB

Data written into on-line
storage

Low-latency data quality
Low-latency sky localization

GCN Circular sent out

A

AdVirgo site

aLIGO sites AdVirgo CCs

A A

Data Quality
Veto Production
DQ flags

4{ DQ Segments Database

DAQ

Front-ends| |

On-line System
Control, Monitoring, Data
Collection, Automation,
Calibration, Processing,
h-reconstruction, Data Witing

—

Low-latency Distribution |

h(t), St flags, Vetoes transfer

aLIGO Low-latency

y
v

Distribution

I

Local DA Pipelines
Low-latency searches

Remote DA Pipelines
Deep searches

Remote DA Pipelines
Low-latency searches

B

On-line Storage

Data written into Cascina
Mass Storage

Data transfer toward aLIGO
and CCs

— Data Pathway

== Low-latency Transfer

Events Exchange

== Bulk Data Transfer

Mass Storage

DetChar
DQ reports

o

Bulk Data Mgmt
Local File Access, Bulk Data
Transfer

Candidate Events Off-line Data Distribution
Infrastructure and Access
OPA Distribution
aLIGO repositdries (hoft files) AdVirgo repositoried (rawfRDS/hoft files)




Where we are today
Preparing for the O3 run (end of March 2019)
towards the BNS 60 Mpc sensitivity (200 Mly)

Last Sensitivity (Tue Feb 5 13:54:42 2019 U

—— Virgo sensitivity (at GPS=123341010€) 54 Mpc
—— 02 Reference Sensitity (GPS=1189%75218) BIYS range=30 Mpc
____| O8 Observing Scenarip (60-85 Mpc)

elog43891 sensitivity (86 Mpc)

|

[ A TTTHI
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10°
Start=Feb 5 13:54:42 2019 duration=300 sec Freq (Hz)




GW synergies
Virgo well isolated from environment
Increase of sensitivity = challenges =» synergies with Geo/Atmospheric Science




Cosmic rays

Interactions cosmic ray shower & mirror test masses: e
GW event

= : direct momentum transfer

30000 m

Secondary
cosmic rays

Y : heating = distortion of mirror surface
» Muons are charged = charge deposit on mirror = Coulomb forc

20000 m

\ : fluctuations

Braginsky et al. Notes about noise in GW antennas created by cosmic rays,
2006 Phys. Lett. A 350,1 arXiv:gr-qc/0509058

Diaphane Detector at EGO

L Some effect can be observed for > 2TeV showers
hx107-22 (justafew / year)

O Certainly of relevance for future 3G detectors
Acquiring experience now helps!

U One muon detector installed at EGO, during O3 science run
(courtesy of Jacques Marteau - IPN Lyon )

Synergy with Archaeology=>



3 months of CR data

Track Distribution (01/02/2019)

Double Coinc Rate

8500 ‘ ‘ 90‘00 — 9500 — — 10500
— . DAQ Hour
Track Distribution (01/02/2019)

V1:ENV_METEO_PRES_ TIME

26/11/18 26/12/18 25/01/1 24/02/19

1226102418.0000 : Nov 13 2018 00:00:00 UTC
phi (deg)




EGO/Virgo and
Society

Society Teaching
the
Teachers

Visits
On site
>8000/y



Art and science

o ;
Ehe New Jork Times

Tomas Saraceno, funambule
entre 'art et la science

PORTRAIT

L




LIGO and Virgo
Citizen’s Science : Gravity Spy

https://www.zooniverse.org/projects/zooniverse/gravity-spy

Example of Glitch signals

Ripple:

Interactive Glitch Web Catalog

® Accessible online at a EGO machine

Real Time clock (UTC, local,GPS)
Main
menu

Interactive Glitch Web Catalog

Home | Search | Pit |

Logged in as mrazzano
(Logout)

Database Statistics:
Total Gliches: 80440

Glitch Classes: 6
Glitches with a class: Detector Channels: 20

Also Machine Learning
and Citizen’s Science

Channels:

* V1 Channels

Glitch

/ Sidebar

With global statistics



Coming Soon

IL RITMO DELLO SPAZIO
LE LUCI E 1 SUONI DELL’'UNIVERSO

DA MARCONI ALLE ONDE
GRAVITAZIONALI

THE RHYTHM OF SPACE
Lights and sounds of the
Universe
From Marconi to Gravitational
waves

Ottobre-Novembre 2019
Museo della Grafica - Palazzo
Lanfranchi, Pisa




EGO and EUROPE

 EGO an APPEC Functional Center
* Keyrole for the APPEC contribution to European Strategy for Particle Physics
* Promoting multi-messenger Physics in Europe from the institutional point of view

* Start of a common roadmap Astroparticle-Geoscience for large infrastructures and
Technology (first APPEC-GEO-8 meeting 11-12 February 22019 in Paris)

" 1st Conference on Machine: learmhg for
Gravitational ‘Waves, Geophysics, Robotlcs,

EU programs
 CURRENT
* G2NET Machine learning in Astroparticle and
Geoscience (coordinator)
 ESCAPE Data analysis, EOSC
 FRONTIERS Outreach and education

SUBMITTED (news ca july)
« AHEAD2 for Multimessenger Physics
 EU-MMO for Multimessenger Physics data analysis
 REINFORCE Swafs Citizen’s Science (coordinator)

Robof
for GW detectors.



The Future



O1 mm O2

An international program 6080  60-100
A+/AdV+/KAGRA/LIGO India o |
The next 10 years
=> >x100 sources Virgo

=> A global international network

=> A global Multimessenger network KAGRA

LIGO-India

> Te AdV, Ca'sciha, 3km '
aLIGO L|V|ngston 4 km . ' g It will operate as part Of the g -5
S -, LIGO Network and CoIIaeratlon '

LIGO Scientific Collaborat|on . KAGRA Collaboration: ..
* 1263 collaborators (mclud"'jg EO) * 343 collaborators™ e 260 collaborators

e 20 countries 75 R « 6countries « 12 countries’

* 9 computing centres 2 * 6 computing centres * 5 computing centres

* ~1.5GS of total investment e ~0.42 GE£ of total investment * ~16.4 G¥ of construction costs




BBH and BNS merger rates

I
O1+02

Rp(R)

R (Gpc™@ y7h

e . 96 Chapter 7. 3G Multi-messenger Astronomy
Current SenSlthlty : merger rates Of Network N(detected) Medianloc. N(<1sq.deg.) N(<10sq.deg.) N(<100sq.deg.)
« BNS: 920 [110,3840] Gpc-3y-1 bl bedw bl brd br)
+ BBH: 53 [9.7,101] Gpc-3y-1 o SR i ;
1ET+2aLIGO 240 11 240
1CE+2aLIGO 290 17 a 280
3V 2500 20 18 2300
° At the end OfADV+/A+ upgrade 1E?—12Voy 14000 20 100 13000
1ET+3Voy 19000 12 290 7700 19000
* 9 XlOO sources 1CE+2Voy 18000 32 110 3000 17000
ivr1H 1CE+3Voy 24000 16 290 24000
° 3 G SenSItIVItleS 1CE+1ET+1Voy 260000 37 1000 2 0 240000
+ > x1000 sources over AdV+/A+ [ S U R

3CE 860000 14 15000 310000

Table 7.1: Detections per year and localization estimates for various 3G configurations. Binary neutron star

sources were uniformly distributed in comoving volume. We assume a local co-moving BNS rate of 1000

Gpc™3 yr~ 1.
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A new challenge: worldwide collaboration = =,
LISA

Spacecraft #1

Operational
GW communit

b, 45; plorﬁered

intaion
IC

/l"

Under Construction

Planned

Between GW but also with em CR and neutrino observatories Alsoalarge
(GW, CTA, KM3NET/ICECUBE, Auger) complemntarity with

: _ space present (ISS,
New infrastructures, new detectors, computing, data access... AMS,...) and future

How will it be supported in the construction phase and funded ? (ATHENA,...)
APPEC highest priority



N Tn

ET is an underground1@Kin long triangular detector configuration capable of
achieving a factor of 10 increase in sensitivity (x1000 in detection) (2034)

Two candidate sites: Sardinia, Triangular point Netherlands/Germany/

——g

2021-2022 Site selection .
2023-2024 Technical design report
2025 beginning of the construction
2030-2031 beginning of the commissioning phas




The importance of civil infrastructures

* The interlinked sensor network
monitoring and mitigating noise of the
interferometers is at the avant-garde of
the technological front of “smart
infrastructures”

* The environmental studies can become
a source of innovation in geological and
atmospheric matters (early warnings,
earth, cloud and sea monitoring).
Synergies.

e The 3G civil-infrastructure is a large
part (>90%) of the cost of 3G, there are
technological, innovation synergies to
be developed with other fields (HEP, v)
with the same concerns of civil
infrastructure




Sources

The Gravitational Wave Spectrum

Detiectors
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LVT151012
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niverse
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Conclusions

GW address many fields of fundamental science: from Astrophysics and
Cosmology to Particle and Nuclear Physics but also and photonic/
optomechanics/QM challenges.

Multi-messenger science has started and GW is a determining partner

There is a continuous path of upgrades from adV (2017) to ET (2032-34).
GW is a field where there is rare continuity between observation, upgrade
and design of a new infrastructure.

e But, the proper pace has to be kept in the process

There is a rich and developing field of synergies with Geosciences and
Atmospheric sciences

GW Computing is at the fore-font of recent developments
There is a great potential of outreach/education/engagement , or societal

impact accompanying these developments and it is an enabling element in
the above policy



