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Outline

Fast Review of the present*
Beyond LVK O5
The 3G worldwide scenario

The Einstein Telescope

— Conceptual design

— Physics potential

— Time Scales and costs

— R&D for its realization

— Organization

ET as an ESFRI new reality

The Spanish involvement & SRR 6
FI nal notes Mostly focused on ground-based GW experiments

*For a comprehensive review of all the LIGO/Virgo
results see the very nice talks by Jo van den Brand



Sources

Wave period

Wave
frequency

Detectors

Radio pulsar timing arrays

>

Extreme-mass-

O
ratio inspirals Pulsars, supernovae
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Seconds Milliseconds

Space-based interferometers Terrestrial interferometers




Sources of GW's

Binary systems Pulsars
(Black holes, Neutron Stars) |

Stellar collapse
(supernovae)

Stochastic Signals
(pBH, phase transitions,.astro
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Birth of Primordial Cosmic Microwave Background S
the Universe gravitational waves (CMB) The firststars: Current Universe : : . ] Y,

[o 10%8sec? 378,000 years 13.8 billion years
Inflation Dark age Formation of galaxies




Black hole Binary

m, =m,= 30 Mg
Distance = 100 km

frequency = 100 Hz
r=310% m (500 Mpc)

1 Mpc =31 x10%8 km

e 0.000000000000000000001

h ~10-41




Interferometers

Advanced LIGO

Hanford, 2015 GEO600, 2011
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The interferometersact as a network
* Allows for a precise positioning in the sky
* Veto against fakes and employs correlations to search for stochastic signals
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Complex attenuators
With a power of 1/104

UHV to avoid pressure fluctuations

- & R P = ﬁ

1 monitor the environment
N R R

4 Powerful lasers
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VRGO @ EGO)
@ Photodiode

&) Quadrant photodiode

56 MHz |
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Interferometers are huge dynamic feedback

systems to maintain the “dark fringe”
(maintains the system in destructive interference
with null output In the absence of GWs




LIGO/Virgo/KAGRA (approved) Schedule
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Masses in the Stellar Graveyard

in Solar Masses

(01+02)+03a ) S

A |
A
A
4 | A A +

11 + 39 = 50 candidates

2 candidates NS - NS + 2 BNS already announced
1 candidates NS —BH ?

47 candidates BH - BH (01+02)+03ab = 0O(80)

Cumulative Count of Events and (non-retracted) Alerts

LIGO“VIrgO Neun-on Sta!-s 70 Ol = 3, 02 = 8, 0O3a = 33, 03b = 18, Total = 62
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Test of General relativity

GR provides very precise predictions on wave
velocity, non-dispersion, polarizations (+,x) and
waveform (phase evolution)

_

speed non-dispersion polanzation
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Tests of General Relativity

Modified gravity roadmap

dRGT
\YESE

Gravity
'mg = 0 Bigravity

General
Relativity Multis

Tensor BN

Unique theory f
llJ/
of massless g,,,

Additional
Field

Break

Assumptions Extra

dimensions

Non=Local > {

Constrained by

GW speed

GW dispersion

GW damping

GW oscillations




———— Speed of Gravity

5“ . ,_,.—’
Gamma rays, 50 to 300 keV I GRB 17D817A
- 1.500 : :
g 1,000
: 500
Gravitational-wave strain GW1 ?§081 7
= 30045 /
/i
g . AP
g o
Time of arrival of GW and EM O
£ -4 -2 {j 2
GW I 708 I 7 Time from m.sger (seconds)

—3x 107 < ¢plc—1<Tx 1071

Abbott+2017 [arxiv:| 710.05834]

~1.7 s delay over*|~40 Mpc

Introduces severe constrains to models with modified GR at cosmological scales
Baker+2017 [arxiv:1710.06394], Creminelli+2017 [arxiv:710.05877],
Ezquiaga+2017 [arxiv:1710.05901], Sakstein+2017 [arxiv:1710.05893



Propagation velocity will
depend on the frequency

A GWTC-1
® GWTC-2

m, <176 X 1072 eV/c?



e — Waveform

Express inspiral phase as a series expansion in the
orbital velocity v ( f ~ v3/M)

GW tails

v\ v v\ 2 v
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0.010
0.005

= 0.000

—0.005

—0.010




Neutron Star Collisions

Confirmed BNS as origin for some GRBs

GW170817 - first binary Neutron- |
Star merger detected via GW and Swope +10.9h
electro magnetic emission - \ ;

M2JINIRGO

@

DARK ENERGY
SURVEY

3000 astronomers / 70 observatories - Astrophys.J. 848 (2017) no.2, L12

Observation with GWs and EM optics

v,=H,d (GW +EM)
Direct measurement of Hubble parameter H,

Ho= 69+5kms-TMpc-1

Few events of BNS will allow for few %
precision in the determination of H,

= GWVLBI-LC (PLJ)
GW
Planck
SHoES

S0 90 100 110 120

H( [v]\’lllrw ‘ﬂ\[]}t.' l)



e T Kilonova

Open the door for studying EoS of neutron

stars - data already disfavor some
models

Shows the production mechanism of
heavy elements

Initiates an era of multi-messenger
approach
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Merging Neutron Stars  Exploding Massive Stars Big Bang
Dying Low Mass Stars  Exploding White Dwarfs Cosmic Ray Fission
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Neutron stars

| unperturbed star

Surface

/ Outer Crust

Inner Crust

To companion

h

é

Superfluid neutrons
and superconducting

protons perturbed star changes quadrupole moment of the system
— tends to radiate more energy as GWs
— orbit evolves faster

h

MildEOS -

1-2 solar masses is an object B T ——
with a diameter of 20KM
(1/70000 the size of the sun) A

h
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* Hadron Quark-Gluon-Plasma
Collision

_, Heavy lon
~12 “~ Collision

~11.5

104

4x1011 Inner Crust:

nuclei, electrons, neutrons

Temperature

Outer Core: ~10 Neutron Star

neutrons, protons, Collision )

electrons, muons

?
Quarks.\
Ll

-
&
X
S
<

Quark-hadron
transition

Density
~3
The study of neutron star mergers allows to study

the equation of state of the star involving QCD in
very dense and high regimes temperatures.



=L—E = . Class. Quantum Grav. 37 (2020) 0450060817

—— BHF_BBB2 —— SKOP
—— APR4_EPP —— SKI4
—— MPA1
—— SLY9
—— SKI6

—— SKMP MS1B_PP
RS MS1.PP O

GW170817

(https://arxiv.org/pdf/1805.11581.pdf)
B

“deformability”
and radius vs mass

The data did have the power to exclude
some (few) of the EoS models for NS

Very Strong
Strong

Positive

Positive

IMRPhenomPv2 NRTidal
SEOBNRv4 ROM NRTidal
TaylorF2 (6PN)

TaylorF2 (7PN)

TaylorF2 (7.5PN)

Strong
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Very Strong

More Compact Less Compact
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Equation of State




9¥81 20~ 776061 MD
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GW190412 L]
ma = 3\,
70 100 200

Xeff =

(m1X1 + maXa) - Lx
M

Still large uncertainty in sky location.

Binaries with clear asymmetric masses (q < 1).
Indication of spin-orbit precession.

Points to different production mechanism.

—04 —0.2 0.0

Xeff



Inspiral-merger-ringdown
consistency test

insp 5 spostinsp
MI' Mf

insp postinsp ’
M. + M;

insp _ _ postinsp

ﬁzz)"f i

i insp postinsp *
Xf Xe tXp

Determining the remnant mass and
Spin using different parts of the waveform

— M/x
—_ AM;/M;

GWTC-2
GWTC-1

Probability density

T T T
—0.4 —0.2 0.0 0.2 0.4
Fractional deviation




Population studies (Il)

Without GW190814 . . . . . . . .
Wikh CWio0814 First differential distributions in mass and spin

Population vs z indicates consistency with star formation
models (limited to small redshifts)

[ —— Power Law + Peak

| === Star Formation (Arbitrary Norm.)

0.0 0.2

().()(_)1.0
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Event in the “mass gap”
(GW190521)

Masses in the Stellar Graveyard

in Solar Masses

EM Neutron Stars
... '. L) ° - .
e LIGO-Virgo Neutron Stars

Updated 2020-09-02
LIGO-Virgo | Frank Elavsky, Aaron Geller | Northwestern

GW 190521

300
GW events
00

Black holes in the "mass gap" where stellar evolution

models prohibit their presence

* Product of successive black hole mergers?
e Review of stellar evolution models?
e Primordial origin of black holes?

Production of a 142 M_, black hole Illustrates
how very massive BH can be produced



Stochastic signals

Limits on Cosmic Strings

.......................

Limits to production
of binaries BH vs z

—_ -
-
-

............

Median Estimate
90% Credible Bounds
Vangioni+ SFR

—— BNS and BBH ===+ Design HLV
=== Upper Limit with NSBH ---- Design A+

..............

LIGO / Virgo with the sensitivity to observe

first signs of astrophysical origin in the next years. Still no stochastic signals

» Data already puts limits on models of
e . new physics at very high temperatures
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Observation with light ‘> @ ' 5 t ra n S Itl O n
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Birth of Primordial Cosmic Microwave Background . :
the Universe ~gravitational waves () The first stars Current Universe

[() 10*8sec? 378,000 years 13.8 billion years 7 ( 6 8 0-1 0 1
Inflation Dark age Formation of galaxies 10511] lyef 0210 O 10{5"1[) T 1<)ﬁ1l, )/H])t




Masses in the Stellar Graveyard

in Solar Masses

160
(01+02)+03a

80

% ¢ TAssuming yields scale as volume

20 we expect about x3 increase in O4

0 we expect about x5 increase in O5
11 +

5
1> Reaching 0(1200) events by end 2026
1y

40 O1=3,02 =8, 03a = 33, 03b = 18, Total = 62

=
%
w2
7z
m
=

Time [days] from April 01, 2019



https://arxiv.org/pdf/1304.0670.pdf

HL
HV

KV

source rate density

(Gpcs3yrl)
110 -3840
25-109
0.6 — 1000

Inclusion of KAGRA

Lk | Four ITFs will allow single out sources in sky

In O4 we expect about 80 BBHs well localized
- boost to multi-messenger & cosmology

(note those numbers have large uncertainties)

Observation  Network

Run

Expected
BNS Detections

Expected
NSBH Detections

Expected
BBH Detections
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Strain noise / Hz~!/2

2G sensitivity
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=== AdVirgo (03)
== aLIGO (03)
AdVirgo (Design)

me= aLIGO (Design)

pr

10724+
10

100

1000

Frequency / Hz

In the next 5 years the 2G
Interferometers will reach their

design sensitivity...

Ongoing discussion to extend the
2G program towards 2030s

Recommendations by March 2022



What does the future hold?

m 01 02 wm 03 04 05

80 100 110-130
Mpc  Mpc Mpc Mic

HGO —§

160-190 Target
330 Mpc

90-120 150-260

Mic Mpc

25-130 130+
Mpc Mpc

KAGRA :

04 start Target
>= Aug 202330 Mo

Virgo

LIGO-India

Which are the science
questions ?

Which are the possible
detector upgrades?

2015 2016 2017 2018 2019 2020 2021 2D22 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

e.g.
ET ESFRI
applications
mentions
operation
period
of 2035-2085

\ J \ AN
Y Y
A+, AdVirgo+, Post O5
KAGRA, LIGO planning
India = just started
= Well

underway



WE

@ M. Barsuglia (VIRGO post-O5 committee)

post-O5 Studies

i T H Possible upgrades during the post-O5 era
o, . # 2027-2036
g
SRM:Ij |
wose QA e, * Higher input power quantum
Prokedude + Improved thermal compensation system technologies, losses,
+ Improved frequency dependent squeezing configurations

(losses, control of the filter cavity)
+ Changes in the signal recycling (tuning, reflectivity)

« New Cooﬁngs mOTeriCﬂS, STOb”]ty Of

* Large mirrors/beams on all test masses the cavities.
technology of
mirrors

| + Control noise improvements
TN o + Enhanced Newtonian noise subtraction controls, geophysics
", * Suspensions upgrades modeling, scattering

Novel instrumentation « Scattered light mitigation

Similar efforts taking place at LIGO and KAGRA with very similar philosophy
- Higher laser power, larger masses, better coatings (less thermal noise), tuned squeezing....
(in the case of KAGRA cryogenic temperatures at the mirrors is already in place)



Further upgrade or LIGO

Voyager

Factor x3 improved in reach for BNS (1100 Mpcs)

Going cryogenic temperatures (123K)
Larger masses with new substrate material

A=2000 nm

Different wavelength (2000 nm)

Planned for the next decade (2025 --)

VOYAGER
CORE IDEAS ]

(@ Amorphous silicon coating

® Reduces thermal noise.
Prospect of a 4-7x reduction
from aLIGO level

® Favors 2 um wavelength

@ Radiative cooling
» Still efficient at 123 K
* Suspension design not

constrained by cryogenics

@ Crystalline silicon substrate

* Improves quantum noise.
200 kg mass, 3 MW power

* High thermal conductivity,
ultra-low expansion at 123 K

LIGO-G2001631

x4 200 kg sdicon test mass
with amorphous silicon coating
cooled down to 123K

ETMX
L 4km FP cavity arm

SQZ FCFI Filter cavibb

-4k 0
2

https://dcc.ligo.org/public/0142/T1700231

Mariner prototype
@ Caltech 40 m lab

LIGO-G2001631




NEMO paper : doi:10.1017/pasa.2020.39

NEMO .x

Quarks and Gluons

Critical point?
0,
'\ o
%,
-]
-4 <,
o %
% &
< 2.1
s s
<
Color Super-
Neutronstars  conductor?
-

vyl
7/

i as1anun Apeg
Whitened Strain

Temperature

A+ and NEMO

Whitened Strain

Density

—4 5] i 10 12

6 )
Time [1115]

Laser+ BS
. - U lU e t 1
input optics o " == NEMO Total === CE |
) 10" —_ A+ === ET 3
5 m=m= binary neutron star signal
== SRM

10—'21 &

Squeezed >
Ilght source = Output Optics

+ readout 10-22L

Characteristic Strain

Focused on very high (kHz) frequency 107

and post-merger BNS phenomena

= QCD in very dense systems 107 :
- Phase transitions (Deconfined quarks ?)  10° 107 107 10°

Frequency [Hz|
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Cosmic Einstein
10-254 Explorer 2 Telescope
10100 © 1000

Frequency / Hz




Redshift

100

10

0.1

e LIGO A+ === Cosmic Explorer

mmm Voyager === Einstein Telescope

10 100 1000
Total source-frame mass / Mg



Cosmlc Explorer (USA) _

https //cosmlcexplorer org/

http://dcc.cosmicexplorer.org/CE-P2100003/public



Cosmlc Explorer (USA)

7 ) . .
Egﬁa‘éﬁp ‘ - R https //cosmlcexplorer org/

‘r

Voyager

2020 2025 2030

http://dcc.cosmicexplorer.org/CE-P2100003/public




Cosmic Explorer

LA = ) _ L

Two widely separated, L-shaped surface facilities in the US:

® A 40 km detector optimized for deep, broadband sensitivity
® A 20 km detector tuned to neutron-star post-merger signals

Two facilities improve localization and polarization information

Cosmic Explorer will extend LIGO A+ technology (room-temp silica, 1 um laser),
with Voyager technology (123 K silicon, 2 um laser) as a secondary option

Karkin Nuwuvi (Southern ,mmﬁ = Mneton e

L 320 kg end - 1 = 40 km, CB === 40 km, PM
test mass | ]

- 30 km, CB 30 km, PM

ache (¢ = 70 km, CB = 20 km, PM

=== 10 km, CB === ]0 km, PM

—_
|
[\]
(98}
1

M
320 kg input

l:l test mass |

40 km Fabry-Pérot
power-recycling arm cavity 3zapas
mirror %

= H / I ayados
pre-stabilized / I

beamsplitter chil
laser

Strain noise / Hz™'/?

squeezer
signal LE
extraction £ -
mirror 4 km filter cavity

readoutw

Frequency / Hz




Science CE with 2G

CE with ET

CE, ET, CE South

Black holes and
neutron stars
throughout cosmic
time

Dynamics of dense
matter

Extreme gravity and
fundamental physics

Discovery potential

Technical risk

Goals

Black holes from the
first stars

Seed black holes

Formation and evolution
of compact objects

Neutron star structure and
composition

New phases in quantum
chromodynamics

Chemical evolution of the
universe

Gamma-ray burst jet engine




Cosmic Explorer Timeline

Observatory Design & Construction &

Development Site Preparation Commissioning

/, Rhysics, Astronomy, & Local
Co rhumﬁ‘w Engageent

Site Search @T@
& Research @':]Kﬁim @ﬁﬂ'ﬂﬂmm

Horizon

Study Design Stage

Laboratory Research Upgraded
& Prototyping Design

7 )
COSMIC
Eka/L‘RER Matthew Evans @ PAX Conference




The Einstein Telescope

http://www.et-gw.eu/ |

g ‘». "(EU project) ﬁ; . W
. . ' . W 8- ; ', " \ - : "N - . :

“Design Report .~ . -
- Update 2020 *. ‘o

15y ,l‘/'.'_...,
for the Einstein Telescope - .-




2G - 3G

* Underground to suppress seismic and
Newtonian noise at low frequencies

* Longer arms to increase sensitivity

* Triangular E ITF configuration to
* Measure polarization
* Auto-calibration / null-stream
 Redundancy
* One single big infrastructure
(optimization of costs)

Polarisation < === Null stream
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Laser
1550nm

Squeezer

=y

ET-C/ET-D
Low Frequency

SRM

PD

s=== 064 nm beam
e | 550 nm beam
[] fused silica optics
[] silicon optics

Laser

1064nm SRM

N\

ET-C/ET-D
High Frequency

Squeezer

Optical element,
Fused Silica,

Silicon,

|

[( room temperature cryogenic squeezed light beam

Optical element,

Laser beam 1550nm
Laser beam 1064nm




ET-C/ET-D ET-C/ET-D
Low Frequency High Frequency

T=10K T=290K

3 kW
3 MW

1550nm  SRM
Filter cavity 2

(S

Filt ity 1
! HDH Squeezer

Silicon, -  Laser beam 1064nm
cryogenic squeezed light beam

Fused Silica,
room temperature

[( Optical element, [( Optical element, - Laser beam 1550nm

Underground

Cryogenic

Silicon mirrors

1550 nm (Si transparent)

New optical coatings

New suspensions / seismic controls

More powerful lasers

Larger fused silica mirrors

1064 nm (silica transparent)

New optical coatings

New thermal compensation systems



Strain noise / Hz~!/?

[

<
[\
W
|

[S—

S
[\®)
N

Cosmic
Explorer I1
4*

Cosmic Einstein
10-254 Explorer 2 Telescope
10 100 1000
Frequency / Hz

|

About one order of magnitude improvement w.r.t 2G detectors
and an extended sensitivity to low frequencies



lday 6hr.  1Thr. 10min. 1min. 10s ls 100 ms
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=== Voyager === CE
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Time till coalescence [s]

The sensitivity at low frequencies allows for an early detection
= Very relevant for precise GR tests and facilitates the EM follow-ups.



Detection horizon for black-hole binaries

Years after the Big Bang

[ | il C
400 thousand I 0.1 billion 1 billion lbillion IB billion
| i : i
. .- . > - (] - . N
[ 5 ~ EinsteinTel&scope £ . £ -
& . .
: gg, SN /X . : ‘ Second:generatlon
o % T \ » g -
The Dark'%ge 'f—f-?g'- \ ey . ’ I ¥ ) &
g ’
l 2o, : o . - L Vi
I %g d i . I \ .I _
l 1R v X : [ ) [
I : Reionization o 1 0 .
: ] < == - » Fully ionized [ [ 5
'I < -
1000 o 10 I L
LMA collaboration I 1+Redshift I I
z=100 7=2 GW190521:
z=0.82

Huge rate of detections (about 1 per minute)
Extended redshift coverage up to the Dark Age
e Test for primordial BH origin
* Cosmology & Cosmography
Many events with very large Signal-to-Noise ratios
* Precision tests of GR predictions and detailed BH studies




Listening the whole Universe

™ * 10°BH-BH /year upto z~20 (230 Gpcs) and 103 M_,
Redshift * 10°NS-NS/yearupto z~2

100 [

Horizon ]
10% detected
50% detected

10}
_§
(a4
1
= a.LIGO
m— T
0.1k 1= 1 N
I 10 100 1000 10000
Total source-frame mass [ M|
. =
Astrophysics - - ) a0 0
. €r1s Vv Jnlj)at 10 0z (Hz )
 BH demography and evolution _x10% 1x10 0x 10 4x 10

£ 10

e Primordials? Stellar?

e Are BHs part of the dark matter?

e Supernovae, Pulsars, Stochastic signals

* Properties of neutron stars

* Multi Messenger: Optical, Neutrinos, Gamma Rays

—
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Z
T
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=
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Time

Study of the “ringdown” phase allows for
* GR test near the BH horizon

* "no-hair" theorem test

» Search for exotic objects

Accurate test of GR predictions * Access to quantum theoretical effects
in the inspiral phase on the event horizon.

Presence of axion clouds (dark matter)?
Monochromatic gravitational wave signals




General Relativity Tests (cont.)

Simulated GW150914-like observations
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The huge boost in sensitivity and SNR
allows for precise tests of GR

improving by 2 orders of magnitude
compared to 2G results.




Relationship between light distance and
redshift contains information on high redshift
cosmology

in models beyond GR

I standard sirens
I CMB+BAO+SNe
I CMB+BAO+SNe+standard sirens

After a few years and collecting a few hundred BNS events ET can do a rigorous test.
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ET and CE provide a window at high frequency = high temperatures



Relation with other communities
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ET have a marked multidisciplinary character and an

extensive network of interested communities

armenia




Multi-messenger

ET will operate in synergy with a number of large infrastructures



Cosmic '
Explorer &

aLIGO +

The presence of 2G + ET will allow tracking events in the sky until there is a 3G network



Characteristic Strain

Complementarity

Stochastic
background

LISA and ET become complementary now
that the same signal can be followed
by LISA and ET in different Hz ranges

LISA pre-warns ET

Massive binaries

LISA

Extreme mass I

ratio inspirals 3 GW150914

Core collapse
supernovae

Pulsars

10
Frequency / Hz




Einstein Telescope timeline

——
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* 2010 ET conceptual design completed : _—
* 2021 Degign update, forming the ET coIIaboratlon ESFRI approval s

* 2021= 20§RtageW|se technical report updates (... prellmlnary, detalled )
C 2021 2024 Detailed site characterisation, refine cost evaluat|on

: 2024/2025 Site Selegtion
* 2026 Full Technical De5|gn
* 2027 Infrastructure reallsa

&Qn start (e
* 2032+ detector installation com

n, vacuum system, ....)

ing / operation (50+ years)
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~. 'Estimated cost = %

ET Estimated Costs (M€)

45, 3% Preparatory phase (170M<€)
125, 7% % ’3%\\20' 1% 1. Site qualification (funded)
-  Tunnel 2. Site preparation (50 — 60 ME€)

& Surface Lab

781, 45% Underground Services Covered by host country
566, 33%  Direction 3. R&D on technology (95 M¥€)
Vacuum Systems (how much Spain can contribute ?)
Optics & Lasers
Suspensions _ _ .
Cryogenics R ., R & B TS

Installation

Host country is expected to contribute
with > 50% of the total cost

| and Nikhef
ng of O(100M<€) each
ts in recent grant applications
1ly and The Netherlands

P> _—-



R&D for 3G (examples)

R&D for the production of mirrors up to
200kg based on silica or silicon of
high purity and homogeneity.

@ Maastricht small-scale prototype

in order to study the operations in

cryogenics with silicon optics at 1550 nm

and with mirrors up to 100 kg (relevant for ET-LF)

R&D in optical coatings reflective

R&D in active mitigation with low absorption and reduced
of seismic / Newtonian noise thermal noise.

op't_\:!c:u?!lcr;e — IS:n Szl«'lje
‘ //‘ AlGaAs DBR o 0‘\0 -

0 500 1000 1500 2000 2500 3000 3500 4;:(:‘ ‘ [ ' ‘\I ( i/d»

™ ST:O. \ Crystaline . 6 d *

abll= w - coalln .
@ Rome and other R&D p|aces . o osi AlGaAs crystalline coatings

in cryogenic suspension



R&D (technologies)

Measure and attenuation of vibrations
Optics, special materials, coatings, lasers
Active IR detection and monitoring
Cryogenics

Vacuum technologies

- Altogether to reach the O(102%) precision




Locations ?

30 M€ investment

_ Lab in construction
30 M€ investment

S ETparthfinder

Intensive studies

@ Limburg and

@ Sardinia for
characterize seismic,
environmental noise, etc ...

@ Limburg area (border NL-B-D)
- Promoted by Nikhef

@ Sardinia
- Promoted by INFN e

@ Germany is very present in ET and ETpathfinder
They foresee a large investment in the following years

- This might become a game changer

Discussions taking place with other countries like France and UK




https://www.deutscheszentrumastrophysik.de/de
https://nachrichten.idw-online.de/2021/05/17/wissenschaftsinitiative-plaediert-fuer-deutsches-zentrum-fuer-astrophysik-in-der-lausitz/

News from Germany

‘ German Center of Astrophysics in Saxony
NE

— Big Data for Astroparticle physics
- Technology (Si-sensors, Optics)
= One of the main missions related to ET

Unsere Vision:

lischaft !

issenschaftspolitik

1schaftsinitiative pladiert fiir
:hes Zentrum fiir Astrophysik in
usitz

— Dies ict pine P tteilune von

Thirdly, the settlement of the European gravitational wave
observatory "Einstein Telescope", which is already being planned,
is to be examined in the granite stock of Upper Lusatia. "The
granite stock offers ideal conditions, the construction of the
telescope under the earth's surface would tie in with the mining
tradition of the region and would be an international lighthouse
project,” explains Christian Stegmann, DESY director for
astroparticle physics and supporter of the DZA.
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Back in February 2020 we led the -
. ST . OR
effort to integrate support for the ——
Einstein Telescope across Spain s Desdling

- Up to 23 institutions, including 4
“Singular Research Infrastructures” expressed interest

41 institutions in the
ET Consortium now

- Translated into Spain polltlcally supportmg ET

Deadline for submissi==-

INSTRUCTIONS FOR
INSTITUTIONS

Mar Baltico

June 30t 2021:

The Einstein Telescope is
included in the 2021
ESFRI roadmap !!

-

MINUTES of the MEETING poroste

Spagna




Governance

Data Analysis Platform

Detector Cooling

requests L i (Interim)
ET Collaboration ET Collaboration [<: J Project C "
i - i ounci
General Assembly Executive Board J reporting Directorate
managing reporting . .
reporting advising
L U 1
e -t Site Charsacctt,elisation
Observational Science Board Instrument Science Board Computation Board Board managing
i
—)[ Fundamental Physics On-Site Infrastructure
Cosmology Optics Distributed Infrastructure
Population studies Interferometer Software & frameworks JOCTTT TP PR PP RPPrre
]
Multimessenger Obs. h{ Site preparation ]4— wee :
[ Civil Infrastructures ]4—
Nuclear Physics Vacuum & Cryogenics >’ Pipe Arm Vacuum }—
—)| {1 4
M= A e T Active Noise Mitigation i I Internal Finance Board +—
Tower Vacuum
Waveforms
Cryostats and Cryopumps
Scientific potentials ...
Cryogenic Infrastructure

ET Collaboration ET Project

Ongoing discussion with all the countries that supported ESFRI candidature
(France, Germany and UK also present) = Interim Council being formed now



ETac .

Instrument science board (I1SB]

https://wiki et-ew.eu/ISB/WebHome

ET Instrument Science Board (ISB) Organigram [ET-0033A4-21) _ m

________ i
uu """ " ! g mm — F— I{.a!J - 1__"1'_1' B e T |

Semmeme e e e —————— T e——a L =X Sememmm—e e e ——— - m————— e w— e v e
rre—y |} ws g sanoqmy_ S ) N R oo L - .

Suspensions Optics Interferometer Vacuum/ Active noise Infrastructure
cryogenics mitigation

. g rkshop (d
A first workshop took place on 29t — 315t March TJ:ZYZ‘LQ,ZJ’ZL 3’,130 .

i Andreas Freise (vU Ar , Gianluca Gemme (INFN)

)
https://indico.ego-gw.it/event/173/ e vl 30ty e ke e
skT

\ h appen during the days of the workshop but also on March 30th.

Second workshop on Sept 3 and Sept 16t -

https://indico.in2p3.fr/event/24903/ O




[EINSTEIN

Observational science board (USB)

( R

Marica Branchesi - Michele Maggiore - Ed Porter

— - ~ /a—
Fundamental e Population MM Me{f:es Nuclear Transient Woveforms
physics et Studies observations G;V'V:I = physics GW Sourcss 2 .
- / -~/
Physics near BH £ / high- [ Synergies (=05 )| Predictions Waveforms
horizons energy with 2G+ solated for relevant for
/ .. ..~ - I S
Tests of GR . EoSin NSsin Predictions Improvement of
g )[ estimation of e s ol bhinary for waveforms for
cosmological Predictions of with CE, 3G S
abjects parameters ' NS al <

ET/ . Nucleo- Predictions
Modifications = TAlE Merg €3 synthesis in for cosmic
of gravity at backgrounds of | with LISA A p— string bursts
cosmological astrophysical
scales origin

Improvement of
waveforms for
BNS

Stochastic

background of

S Kick Off Workshop of the Einstein Telescope
\_ ET."" Observational Science Board

Science Board being organized

September 215t and 22
https://indico.ego-gw.it/event/240/



The research on GWs has been

Spa In included explicitly in the Spanish
Strategic plan for Science, Technology

Growing tendency in Spain to support GW and Innovation (EECTI) 2021-2027

After ESFRI approval GW community may request
significant funding for Preparatory phase
- Community getting organized to act coherently

Letter of support for ET signed by 23 Spanish
institutions, including the Spanish Research Council EECTl
(CSIC) and “four singular infrastructures as the BSC- s
Super-Computing Center or the ALBA-Synchrotron 201202

in Barcelona” that can provide significant hardware/
computing resources.

Other centers being recently contacted like the
Laser Singular infrastructure in Salamanca or the

Institute for Optics in Madrid

Institutes/Universities
Involved in LIGO/Virgo

ET-Spain Meeting
(8th October 2021)

ingular Infrastructures
CSIC-Spain
We invite you to this special one day meeting on the Spanish BESideS Univ. Valencia also Barcelona Univ. and

involvement in the Einstein Telescope.

IFAE Barcelona joined Virgo in preparation of ET.

The Einstein Telescope has been recently include} 5 S
Now the project enters in a new phase of R&D for
the formation of the international collaborati

Latest addition was Autonomous University of Madric
Other centers in LIGO and LISA also interested in ET.



ET-Spain Meeting 8t" October
(CSIC headquarters)

M* 12:00 Overview L~
g0l Welcome L~
Speaker: CSIC Management
Science Case Register to the Event 2sm [ 22~
Speaker: Juan Garcia-Bellido
Overview ET project & Experimental Challenges . L~
Speaker: TBC
ET Computing and challenges OF L~
Speaker: Stefano Bagnasco
12:00 |
— 13:20 Interaction with funding agency L~
1320 [EEPL e
= 1h slot reserved for feedback from IAE-Ministry / CDTI
E —16:40 Contributions from Groups L~
16:40 ‘ . )
—17:40 Organization L~

T
HE

https://indico.ifae.es/event/1171/

ET-Spain organization

Discussion on organization as a community

Final Discussion and Closeout In preparation for Horizon 2020 calls

In view of Spain taking leadership in some WPs




Horizon ESFRI Initiatives

European
Commission

‘ @ ‘ SEARCH FUNDING & TENDERS ¥ HOW TOPARTICIPATE ¥ PROJECTS & RESULTS WORKAS AN EX

Preparatory phase of new ESFRI research infrastructure proj¢

General information

Topic description
Destination

Conditions and documents
Partner search
Submission service

Topic related FAQ

Get support

= Go back to search

| Funding & tender opportunities

General information

Programme
Horizon Europe Framework Programme (HORIZON)

Call

Developing and consolidating the European research infrastructures landg
leadership (2021) (HORIZON-INFRA-2021-DEV-02)

Type of action
HORIZON-CSA HORIZON Coordination and Support Actions

Deadline model Planned opening date

single-stage 30 September 2021

Will be used to define the project office
(not so much for R&D on technology)

But technical work for

Cost Estimates

Governance

Project planning

Enlarge ET community

ENV impact

Enhance interest in the Society

N Uk wNRE

| O(5M<€) grant

Work packages being defined now

In close contact with Ministry : Spain will need to determine the strategy to follow

* Portfolio of Industrial Capacities

* Landscape of potential returns at long term
* Technologies involved and roles of the search groups
- Will need full involvement of ET interested community in Spain




Openmg new window.....

The field of gravitational waves is / will be
one of the main lines of research in
Fundamental Physics, Astrophysics and
Cosmology in the coming decades.

* New window to the early universe and
inflation.

* Detailed study of BHs and NSs.

 Towards the understanding of Gravity at
the quantum level?

“  + After the success of LIGO / Virgo, it is time
—=  to prepare for the next generation.

« ETis theleading EU 3G projects today...
and Spain will be part of it[!!?].
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Einstein Telescope’s science in a nutshell

ET will serve a vast scientific community: fundamental physics, astronomy,
astrophysics, particle physics, nuclear physics and cosmology

ASTROPHYSICS

* Black hole properties
» origin (stellar vs. primordial)
* evolution, demography

* Neutron star properties
* interior structure (QCD at ultra-high
densities,
exotic states of matter)
* demography

* Multi-band and -messenger astronomy
* joint GW/EM observations (GRB,
kilonova,...)
* multiband GW detection (LISA)
* neutrinos

* Detection of new astrophysical sources
* core collapse supernovae
* isolated neutron stars
+ stochastic background of astrophysical
origin

FUNDAMENTAL PHYSICS & COSMOLOGY

* The nature of compact objects
* near-horizon physics
+ tests of no-hair theorem
* exotic compact objects

+ Tests of General Relativity
+ post-Newtonian expansion
» strong field regime

* Dark matter
* primordial BHs
» axion clouds, dark matter accreting on compact
objects

* Dark energy and modifications of gravity on
cosmological scales
» dark energy equation of state
* modified GW propagation

» Stochastic backgrounds of cosmological origin
* inflation, phase transitions, cosmic strings




SPB: ET sites under characterisation ET e

Euregio Meuse-Rhine

A 250-m deep borehole has been
excavated and equipped

e Seismic data under acquisition and
analysis
3-5 other boreholes expected

Extensive active and passive site
characterisation with sensor arrays in
2021

Good seismic noise attenuation given
by the particular geological structure

ET pathfinder centre under
construction

~30M€ funding through Interreg
grants

Sardinia

* Long standing characterisation of the
mine in one of the corners continuing
» Seismic, magnetic and acoustic noise

characterisation ongoing at different depth in
the mine

* Underground laboratory under
construction (SarGrav)

* Two ~290m boreholes have been
excavated and they will be equipped in
the next weeks

* Intense & international surface
investigations programme in Summer/Fall
2021

e ~30M<£ funding through national and
regional funds







