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(A.Einstein 1915)

Einstein ’s field equations

* In General Relativity the relation between gravity, mass dlstrLbutlorT and
spacetime curvature is expressed by the equations of field:
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* Very naif interpretation:
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* Let consider spacetime as an elastlc medlum (kel Z\/gm;)
« Spacetime is a very stiff elastic medium:

* Very energetic phenomena, determine small curvature of the space-time
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The GR Universe

Dark Energy
Pattern Dark Ages
375,000 yrs. g Accelerated Expansion

Development of
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The Gravitational Waves

* In 1916, Albert Einstein published the first attempt to linearise the field
equation in weak field condition (gw =Ny + hyy; hﬂv‘ G4 1) obtaining the
wave equation of the Gravitational waves

Gravitational-Wave Polarization
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19 Startmg from the I|near|zed theory The fleld equatlons |n th|s case are
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One century of research, study and technological
developments
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Masses In the Stellar Graveyard
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Monumental successes of
the Advanced detectors

First detection of GWs from a BBH system (GW150914)
* Physics of BHs

First detection of GWs from a BNS system (GW170817)
e Birth of the multimessenger astronomy with GWs
e Costraining EOS of NS

Localisation capabilities of a GW source
Measurement of the GW propagation speed
Test of GR

Alternative measurement of H,

GW polarisations

Intermediate mass black hole (GW190521)
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Michele Punturo



* When they will reach or over-perform their nominal
(updated) sensitivity, can we exploit all the potential

OK, all done?

aLIGO and AdV achieved awesome results with a
sensitivity poorer than the nominal one

of GW observations?

2"d generation GW detectors will explore the local
Universe, even in their post-O5 configuration,
initiating precision GW astronomy, but to have
cosmological investigations a factor of 10

improvement in terms detection distance is needed
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Detection distance of GWD
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Where to look for new physics?

* Terrestrial interferometric
detectors have access roughly to
the [few, fewx103] Hz frequency
interval of the GW signal

* GW sources produce signals in
different GW ranges

* Discovery machines must have the
widest possible frequency range

e Precision measurement machines
should have the best sensitivity

e 3G GW observatories must have
both

warning Stochastic
localization

IMBH Source-frame

or masses

high-z

Sky localization BNS
|
Tests of General relativity
v
Distance/ Inclination/

Cosmology = EM modeling
A

- Continuous waves

Memory
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Better low-frequency

5/28/19

Michele Punturo

Aligned BH spins

|

|

|

|

. BBH

.
|

|

|

Ringdown

Better bucket

SVitale & S.Hild

NS post-merger

NS Equation of state
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Credit: Salvo Vitale
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4 Einste'i'n TeIeSc;ope (ET)

<
_— "‘b ETp|oneered the |dea&,fﬁd

.~~~ _generation.GW obsefvatory; -~ -
: ~— * A new infrastructure capable to host future
upgrades for decades without limiting the
- ~~ , observation capabilities
' ﬁ\%"**xh LA * A sensitivity at least 10 times better than the
j ominal) advanced detectors on a large

fraction of the (detection) frequency band

A dramatic improvement in sensitivity in the

low frequency (few Hz — 10Hz) range

High reliability and improved observation

capability

Polarisation disentanglement

Corner halls
depth about
200m
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40 km and 20 km L-shaped surface observatories e
10x sensitivity of today’s observatories (Advanced LIGO+) —
Global network together with Einstein Telescope
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Why low frequency focus? LIGO-Virgo Black Hole Mergers

GW190521 M =85%1iMe, My = 66*17Mpe - .
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Why low frequency focus?

GW190521: LIGO-Virgo sensitivity to the BBH merger

10—21
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ET Science in a nutshell

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 AND 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




ET Science in a nutshell

ET will explore almost the entire Universe listening the gravitational
waves emitted by black hole, back to the dark ages after the Big

Bang

Compact Object Binary
Populations
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GWs are probing GR in strong field conditions

% [ILLLLLLLL I T T I T T [LLLLLLLL [ILLLLLLL | I T T ?
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field B E Double Pulsar
o ~ 108F LAGEOS Orbital Decay
conditions S ® °®
\I-I/ 0 % Cassini
Yunes N. et al. < 107 Lunar Laser Ranging |
Phys. Rev. D 94, 084002 (2016) = © o Gravit -
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GW Science with ET

Extreme Gravity conditions Primordial Black Holes
* In GR, no-hair theorem predicts that  ET (and CE) will detect BBH well beyond
BHs are described only by their mass the SFR peak z~2
and spin (and charge) e comparing the redshift dependence of the
« However, when a BH is perturbed, it BH-BH merger rate with the cosmic star
reacts (in GR) in a very specific manner, formation rate to disentangle the
re|axing to its stationary Configuration contribution of BHs of stellar origin from
by oscillating in a superpositions of that of possible BHs of primordial origin: any
quasi-normal (QN) modes, which are BBH merger at z>30 will be of primordial
damped by the emission of GWs. origin.

* A BH, a pure space-time 350 Msun binary @ 100 Mpc
configuration, reacts like an
elastic body - Testing the W |
“elasticity” ~of the space- i
time fabric

e Exotic compact bodies £ | ,
could have a different QN 8 -
emission and have echoes. ~ondon et 2, 2014

1 (117)




Cosmology, Cosmography, Hubble constant measurement

In high-mass ratio events from
either neutron star-black hole or
double black hole binaries,
significant energy in the higher-
order modes can break the
distance-inclination angle
degeneracy since the polarization
modes have a different
dependence on the inclination
angle.

In some golden case the host
galaxy can be identified and then
the redshift can be obtained

p(Hg) (km~!'s Mpc)

m— Joint BBH

Hy = 68*14 km s Mpc™!

107!

ET + 2CE — No Prior on €2,

ET + 2CE — With Prior on Q)

== yobs =1yrs v Yobs = 2 yrs

102 —

()/H()

< 1073 —

1074 —

Michele Punturo
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» v > v Networks > v » v

. Figure 60: The accuracy with which the Hubble constant can be measured by different detector
wit h out an em counte 'pa rt networks by high-mass ratio binary black holes, with events corresponding to 1 and 2 yrs of observation

; ; time picked randomly from the 10-year catalog of BBH events located within z = 0.1. In the left plot,
Hy is measured with no prior imposed on the dark matter energy density 2as, while for the right
plot we assume a gaussian prior with a width of 0.017. The markers show the median value of the
fractional error in Ho and the error bars denote the 68% confidence region.
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ET e Q“?iﬁg"“\ mﬁlﬁ?%ef == Structure of a
L Neutron Star

Stephen Fairhurst
ET meeting 27-28 March 2017

Takami, LR, Baiotti (2014, 2015), LR+ (201¢€
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* Neutron stars are an extreme
laboratory for nuclear physics

* The external crust is a Coulomb Crystal of
progressively more neutron-reach nuclei.

* The core is a Fermi liquid of uniform
neutron-rich matter (“Exotic phases”?
Quark-Gluon plasma?)

~12

e Tidal deformation from  10°¢
the dephasing in the GW  #0"

Inner Crust:

nuclei, electrons, neutrons

~11.5

{ Eorly universe Cvarkaluon lasma signal - constrain the
| smene EOS of the NS. Outer Core:
2000 ¥ Hec:t«?( on Q"Q 74 neutrons, protons,
;E:‘ oo quark-hadron transition y * EM |nf0rmation % more Slections muans 1:“\\
£ 4 f”""”‘ stringent constrain. s
s "M (7 $
2 30} e pensequark o EOS describes the status Quark-hadron &
£ Nuclear matter . transition ~3
I Neutron star mergeks of the matter in the over-
z critical pressure condition.
@ 100+ Color super-
x conductor
I— n .— n Neut:ron gars } } .— 1 e——-
1012 1013 1014 1015 1020

Density (g/cm3)



* Keyword: low frequency sensitivity:

GW150914 :'. | ::‘:. E.I=. f

LYT1514012

GW151226

GW170104

GW170814

GW170817

ETad

Low frequency: Multi-messenger astronomy

* |f we are able to cumulate enough SNR before the merging phase, we can trigger
e.m. observations before the emission of photons

TR
SRS u".’”‘

0

1
time observable {seconds)

Michele Punturo
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Design of ET gy, o erae
| De5|gn R’eport o~
= Emsiem grovntohonol wave Telescope ) Update 2020 - "’ ,%

Rl R : A =

for the Einstein Telescope = ..«

e T 005-ERdeR e
“"”wom ET CDR proposal

@ <9201 1.ELCOR =
2082-2018 Tech developme

¥ T Steering Committee Editorial Team
- released September 2020
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ET key elements

/ Requirements Design Specificationﬁ
* Wide frequency range e Xylophone (multi-
* Massive black holes (LF focus) interferometer)
* Localisation capability Design
* (more) Uniform sky coverage  Underground
* Polarisation disentanglement * Cryogenic S
* High Reliability (high duty * Triangular shape
cycle) * Multi-detector design ‘"*.\ (R T

e | 550 nm beam

! High SNR * Longerarms /

[] fused silica optics

[] silicon optics

E T‘EINSTE_IN
TELESCOPE

::_._:_,;.;:,_.,_;ii'-";""’""""|\/|ic ele Punturo



ET design: Aor (two) L

In the last two of years, the collaboration started the evaluation of the best configuration for ET,
considering the alternative of two L configuration (as LIGO, Cosmic Explorer) to maximize the
science return and reduce risks. |

Since 2011 (CDS, triangle configuration) the situation drastically changed:

3 First detections, GTWC-3 catalog > BH population > new evolution models;

] Science case developed;

d Know-how with advanced (L) detectors;

 International scenario (+ Cosmic Explorer in US); .

1 Two candidate sites strongly supported (and a potential third site...).

The collaboration is ahalyzing both configurations: optimizing science return, differential risk
assessment. | - |

First results on the science return published in‘Marica Branchesi et al JCAP07(2023)068:

The 2L 15 km geometry shows an improved science return in/a\relevant, number of science
targets |

CINFN

Istituto Nazionale di Fisica Nucleare Michele PQ nturo



New
technology in
cryo-cooling

New laser
technology

High quality
opto-
electronics and
new controls

Parameter

ET Enabling
Technologies

* The multi-
interferometer
approach asks for two

parallel technology
developments:

Arm length

Arm power
Temperature

Mirror masses

Filter cavities

Beam shape
Beam radius

* Underground
* Cryogenics

- Silicon (Sapphire) test masses

* Large test masses |
*. New toatings

* New laser wavelength

* Seismic suspensions

* Frequency dependent
squeezing-

Michele Punturo

Input power (after IMC)

Mirror material
Mirror diameter / thickness

Laser wavelength

SR-phase (rad)

SR transmittance

Quantum noise suppression

Squeezing level

Scatter loss per surface
Seismic isolation

Seismic (for f > 1 Hz)
Gravity gradient subtraction none

ET-HF

10 km

500 W

3IMW

290K

fused silica
62cm/30cm
200kg

1064 nm

tuned (0.0)

10 %

freq. dep. squeez.
1%300m

10 dB (effective)
TEMgo

12.0cm

37 ppm

SA, 8m tall
5:1071%m/f?

ET-LF

10 km

IwW

18 kW

10-20K

silicon

45cm/ 57 cm
211kg

1550 nm

deruned (1.6)

20 %

freq. dep. squeez.
2x1.0km

10dB (effective)
TEMgo

9cm

37 ppm

mod SA, 17 m tall
5-10~10my f2
factor of a few

Istituto Nazionale di Fisica Nucleare

Evolved laser
technology

Highly
innovative
adaptive optics

High poWer laser
Large test masses
New coatings ]'
Thermal compensation

Frequency dependent
squeezing




ET: large scale and complex infrastructure &

Cavern layout in one corner

ET-LF vacuum for main interferometer optics o

ET-HF beam

access tunnel expander telescope

10km TBM tunnel
ET-LF beam
expander telescope

n A ET-LF filter cavities
cavern A

Bl e

ET LF: central beam splitter and input output optics

Ml

caverns

em— ——

______

Credit: A.Freise, 2020 XI ET Symposium ' Michele Punturo : - 33 .



Challenging Engineering: key points

e ~30km of underground tunnels

» Safety (fire, cryogenic gasses, escape lanes, heat handling during the vacuum pipe
backing)

Noise (creeping, acoustic noise, seismic noise, Newtonian noise)
Minimisation of the volumes, but preservation of future potential)
Water handling, hydro-geology and tunnels inclination

* Cost

Description of civil Eng:lneermg documents to be
* Large caverns ﬂ
I .t . t t . . t - Waork Flan explaining the roadmap to produce the TDR 02 2023
* In addition to the previous points:
p p Review and Assessment document of existing 04 2023
P Sta bi I ity infarmation relevant for civil enginsering
o I I 1 Reguirements and specific objectives for the civil
C e a n I n e SS engineering tender documents for consultant(s) to a2 2024
ape develop civil engineering layouts/specifications and to
o Th e rm a I Sta b I I Ity produce costfschedule report and risk analysis
Y Ventllatlon and acoustlc n0|se _ E:;,;EZ;T_TH of design tools (Gecprofiler, GIS data, EIM 04 2024
_ Structure of the TDR 01 2025
Michele Punturo _ ToR oo




INFN

Istituto Nazionale di Fisica Nucleare

Challenges in
Cryo-cooling

ET operative temperature ~10K

Key issues

e Acoustic and vibration noises
e Laser absorption and heat extraction
¢ Cleanliness and contamination

¢ Cooling time (large masses,
commissioning time, ...)

e Infrastructures
e Technology (cryo-fluids or cryo-coolers)
e Materials

e Safety

EINSTEIN
TELESCOPE Michele Punturo

Einstein |
Telescope™

Cryostat:
+ Room Temperature
vacuum chamber

+ 60 K shield (OTS)
* 8 Kshield (ITS)

.E-l_\\i\\\\\
1ITaLy \ .

Einstein Telescope

i Soft AleN
| heat links

Payload
(PF, MA, MI, AC)

Crystalline materials
(sapphire) suspensions

designs by A. Marra,
F. Bronzini, V.L. Hoang, A. Rezaei

Amaldi R@S@@[r@[h Center in Rome
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Low
Frequency
special focus

—+ systems and

107

——LIGO Broadband (Livingston, O3)
——Virgo Broadband (O3)
—ET design sensitivity

Gravitational-wave band —»

ET target: 200 000
to 7 000 000 reduction

Micro-seismic  Suspension
peaks resonances

* Low noisesite | &
* Underground %
infrastructure =
* 17m tall seismic fj
filtering £t
suspensions g
* Large impact o |
on cavern e
engineering
! and costs

¢ R&D in active-
' passive filtering

seismic sensors §

etric readout inertial sensor
Mow-Lowry, VU Amsterdam

Credits; A.Frejse, e

10” 10° 10" 10°
Frequency [Hz]

Image: Conor Mow-Lowry

UlII'alDW fmquémv tiltmeber |
s Credit: ARCHIMEDES and VIRGO Coll. g

- ~
Credit: Christophe Collette, U Liege
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Credits: A.Freise Absorption of “best 45 cm” MCZ Si: 1.5um
Stanford/Glasgow/Berkeley/Caltech 2019

60 N
50 8952PT, 1.5 um
g 40 l
. &
L] Y L] L]
e®e* ¥ g

Ly

: N i L)
"l".i!
"

| K
¥ s L S e i/ 0 i L 1 L
Advanced LIGO - 40 kg / ET 200 kg Nikon SiO, 0 50 100 150 200 250 300

e Substrates Challenge:

 Substrate (ET-HF silica / ET-LF silicon) of 200 kg-scale, diam=>45cm, with required
purity and optical homogeneity/abs.

* Silicon Challenge:

* Czochralski (CZ) method produced test masses could have the required size, but show
absorption excesses due to the (crucible) contaminants

* Float Zone (FZ)Oloroduced samples show the required purity, but of reduced size (20cm wrt
>45cm required)

* Magnetic Czochralski (mCZ) could be the possible solution?

e Coating Challenge:

* major challenge over recent years:

 Amorphous dielectric coating solutions often either satisfy thermal noise requirement (3.2
times better than the current coatings) or optical performance requirement (less than
0.5ppm) — not both

* AlGaAs Crystalline coatings could satisfy ET-LF requirements, but currently limited to
200mm diameter.

€ 30}
o

£ 20

o
< 10

Michele Punturo 37
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EINSTEIN
TELESCOPE

New Laser
and Opto-
Electronic
Technology

Virgo and LIGO developed CW low noise
lasers at 1064nm

e In ET-HF their evolution toward higher power will be
investigated

In ET-LF we will use a different wavelength
because of the Silicon test masses:

e A=1.55um or 2um?

New electro-optic components:

e High quantum efficiency photodiodes
e Low absorption e.o.m.
e Low dissipation faraday isolators

Michele Punturo



Auxiliary optics, adaptive optics and thermal
compensation of optical aberrations

* Precision mechanics, alignment and positioning

* Vacuum (the largest volume under UHV in the
World):

* More than 120km of vacuum pipes

~1 m diameter, total volume 9.4x10* m?3

* 5x10! mbar for H,, 5x1012 mbar for N,
10-**for H,0 and Iess than 1014 mbar for
Hydrocarbons

e Lifetime 50 years
Cost

* Joint development with CERN involving ET and
CE

Other relevant challenges

CERN technical involvement

. DESIGN MATERIAL VACUUM
Studies (Mechanical stability, (Welding, manufacturing, (Layout, pumps,

supports, etc.) cleaning, etc.) gauges, bake-out, etc.)

A

[ PRODUCTION ] [ MEASUREMENT ]

¥

Pre-prototyping

FABRICATION FABRICATION FABRICATION
Pilot sector & TEST & TEST & TEST
Solution 1 Solution 2 Solution n
= 3 2 ET annual meeting,
‘ W Orsay, 13-16 November CARLO SCARCIA 3
QRE" 2023

https://cerncourier.com/a/cern-shares-beampipe-know-how-for-gravitational-wave-observatories

* Low noise controls
Computing
Computation intensive, not data intensive

* Governance & Organisation

Michele Punturo

BEAMPIPES FOR GRAVITATIONAL WAVE TELESCOPES 2023

Beampipe know—how for GW observatorles

The direct detection of gravitational
waves (GWs) in 2015 opened a new window
to the universe, allowing researchers to
study the cosmos by merging data from
multiple sources. There are currently four
gravitational wave telescopes (GWTs) in
operation: LIGO at two sites in the US, |
VirgoinItaly, KAGRA in Japanand GEO600

in Germany. Discussions are ongoing to
establish an additional sitein India. The
detection of GWs is based on Michelson
laser interferometry with Fabry-Perot
cavities, which reveals the expansion Beam meup

solutions were adopted, then the vac- vacuum systems provided a starting point
and contraction of space at the level of Theparticipantsof ~ uum pipe system would amount to half for the presentations of ongoing devel-

ten-thousandths of the size of an atomic theMarchworkshop — the estimated cost of the CE and almost opments. To conduct an effective cost
nucleus, i.e. 10" m. Despite theextremely thatwasdedicated = one-third of the ET, with underground analysisandreduction, the entire process
low strain that needs to be detected, tovacuum civilengineering the dominantamount. mustbe taken into account - including
an average of one GW is measured per technologzesfor Reducing the cost of vacuum systems raw-material productionand treatment,

ool of monacnraront by ctudybina ond _hoomningca roouiroc thao dovalonmant of diffaront _moanufacturing curfacatraotmant loaaic



http://www.apple.com/uk

Login ESFRI MOS Contact Search

Einstein

Telescope in the
ESFR| Roadma 0 ROADMAP 2021  STRATEGYREPORT  LANDSCAPEANALYSIS PROJECTS & LANDMARKS  PEOPLE

¥y O in
NEWS WORLDOFRIS LIBRARY PREss \¥ @ In,

ESFRI

eeeeeeeeeeeeeeeeeeeee h Infrastructures

Part

Part 3 PROJECTS & LANDMARKS

Browse the catalogue

View the Table

Explore the map

ET entered the 2021 ESFRI roadmap update

The ET proposal has been presented by the
following countries: Italy, the Netherlands,
Belgium, Spain and Poland

The ET consortium is led by INFN and Nikhef
The ET (current) governance has been structured
according the following scheme

M.Punturo 40
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ET Current Organization itic

ET Observatory Projects

(future legal entity)

ET Collaboration

Infradev ET-PP

Implementation o o s
plan of ET pokeperson: M. Punturo

- Collaboration
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Observatory ALY - Board

M. Martinez

BSR Managed b :
> Bentvels.en Board of Scientific ( -g 4 Executive
A. Zoccoli Project Directorate)
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| Service &
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& . Standards Board
. . Vacuum Pipe
Project Directorate P Chiegiat
F. Ferroni, A. Freise, ) |gg|-a 0 .
M. Martinez (CERN coordination) EIB
: ISB Electronics/

Instrument Board Computational
Infrastructure Board
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ES_FRl Board of Government
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External Advisory
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ET Current Organisation
ET Observatory

(future legal entitv)

Temporary groups, working towards
becoming the ET governing body, such as a
Council. Our most important link to
governments and funding agencies
(Austria, Belgium, France, Italy, Netherlands,
Poland, Spain, UK are members with
Germany as observer).

BGR
ES.FRl Board of Government
coordinators Representatives

BSR
Board of Scientific
Representatives

S. Bentvelsen
A. Zoccoli

External Advisory Project Directorate
Bodies » F. Ferroni, A. Freise,
STACand PAC = M. Martinez

An small but active organisation with the
formal responsibility to realise ET. A future
legal entity for ET would be based on this
structure.

Communication Engineering Project
Dpt (0] o]

Credits: A. Freise



ET Current Organisation

E T ‘ FINSTEIN
TELESCOPE

ET Collaboration

Spokeperson: M. Punturo CB

Deputy: H. Liick < CoIIaBbor:tion
oar

Executive
Board
Service &
Standards Board

3]:]
ISB Electronics/

Instrument Board Computational
Infrastructure Board

0SB SCB

Observational Science Site Caracterization
Board Board




The Einstein Telescope Collaboration | D T\E'”STLE-'”

TELESCOPE
* 85 Research Units (+1 request pending) e ET member database
* 1568 members (24/11/2023 15:29)

e Total: 226 Institutions

i i ‘ r Helsinki.
in 25 Countries ™ \ <A eisinki
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PD
management

ET Specific Boards

SPB
Site Preparation Board

WD1 Physical

variables and
characterization

WD2 Geology

WD3 Bidbooks

WD4 Cost ti
i sessment

WDS5 Legal an

WD6 Socio-Eco
and ironmental

impact

ET Executive Board

Specific Boards

OSB

Observation Science Board

Fundamental Physics

Cosmology

Population Studies

Multimessenger Obs.

Synergies with GWDs

Nuclear Physics

Transient GW Sources

Waveforms

Scientific potentials ...

Data Analysis Platform

Interferometer

Vacuum and
Cryogenics

Active Noise
Mitigation

EIB

Instrument Science Board E-Infrastructure Board

On-site
Infrastructure

Distributed
infrastructure

Software &
frameworks

E

Divisions

EINSTEIN
TELESCOPE
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Spokesperson

Michele Punturo

A

2

Deputy
Spokesperson

« A0 ET Executive

- ~— Board

Harald Lueck

The
Executive
Boara

0SB co-chair
Marica Branchesi

ISB co-chair EIB co-chair

Stefan Hild Stefano Bagnasco

0SB co-chair

Michele Maggiore
|

| OSB co-chair
Ed Porter
/
\\ ______________ _
osB
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The e-Infrastructures Board

E =ﬂ \5 The mandate of the e-

S N S e — Infrastructure board is to

"E design, create and operate

9 an evolving, efficient and

%: functional e-infrastructure

~ environment at a reasonable
i o BN > N el cost.

- 'ﬂ T— MW slis F\ . Initially the focus is on the

'..TI_. ““““““““““““““““““““““““““ development of a Computing

Model for the ET.

TO data center Computing and Resources Data Access
Data Mode! Implementation 48



d

Instrument Science

T

rd (ISB} Organigram

Sclen

ET Instrum

=
e —

el

J E—

e

[ 2 (ST
-

49

Gt ivelloiselViitigation

Weeuuin sne Crysacmies




Major R&D Facilities in ET (incomplete)

VATIGrav and Compact Laser Inter‘Ferometry

- test DFMI-based compact displacement sensors on suspensions to reduce
- test inertial sensors with highly sensitive interferometric displacement sensors

Glasgowr OmniSense at Nikhef - iterferometric sensing (Hoa), compact and proven DFMI metrology ‘
4 U Fe | o ! %

Optical head (COBRI)

L Closed-loop control

+ Careful shielding for thermal fluctuations, acoustics, and E-M
N lm ef  + Mechanical simplicity, no cables or magnets.
Readout system and electronics System-level testing

Etpathfinder in Maastricht

Interreg M v 2 Main target:
provide a testbed for ET technc
concepts and qualify them in lo\
2 FPMI interferometers: environment.
1) 15500m @ 18K &
2) 2030nm @ 123K f

‘Hamburg The AEI 10 m Prototype Facility

Main goal: Sub-SQL interferometry
Studies of vibration isolation / control

JFAmsterdam J&Hannover

j On solid ground
n wsics (D22)

02 concept : the challenges of strophysic today
See Monday talk

Maastricht ofdl] Sm py David Wa
‘Loul_.vain

E-TEST : Einstein Telescope EMR Site and Technology

Tl b NiKRet CFF nuctomin \ipration isolation E-TEST objectives o X N o
— Test facility for experimental investigations of the

Radiative cooling S < $ 20 He-Il based ET-LF payload cooling concept

. ; Goal
concept studied for ET-LF o J community with the needed level of control
3 - Abllity to explore different process ranges (energles, growth kinetics etc)
= Study of the physical processes occurring durign deposition

Coating deposition
(samples)

« lon beam

* Magnetron

See Monday talk by
Xhesika Koroveshi

ratoire des Matériaux Avancés

Also investing into substrate
]
LM growth and polishing

New large optics Aim: produce ET cryo-compatible x % GEMINI at LNGS

- coater facility : substrates in sapphire "% LG Goals G S

. g CAOS: Centro per Appllcaz|on| sulle Onde gravitazionali Test the limits of active seismic solation in an underground environment [ |

o =0 e la Sismologia = + Inter-platform motion control
@ LeRégion Underground environmental monitoring
New facility at the Test new approaches to controls optimization
Existing LMA University of Perugia « Test new inertial sensors

building > Vibration target ﬁ y
I Extension g i i \x/
Vi / v . 1 r; 1 . s
i optic. ©1.6m/600kg . - i = A # : .
2 optics @ 0.8 m/300 kg " e

Development of
specific te:hno\ogv for

e R L S SAR-GRAV Laboratory _#

Facility dedicated to cryogenics

bl T SAR-GRAV hosts ET activities as well as  PAAR rlect Montorn Ean Eviuionan Tocons MEE) development for ET.
- Geophysics and Fundamental Physics Priociel rvetstoy; oo Dottt IS .
. .. 5 - . . activities

Itis planned to test at least ‘SOS Enatos
Cavern that should host the i partially a preliminary version of
Archimedes experiment the double-suspended inverted
: - : = pendulum in a quiet
¥ "y - underground environment.

prototype See Monday talk

See Monday talk payload by Ettore Majorana

by Enrico Calloni csat | Copernicus
LS. Nawy, NGA, GEBCO

From the XIII ET symposium, an incomplete selection of

thepresented large facilities

Google Earth
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* Two sites officially candidate to host ET:

WD2

 EMR EUregio, border region between Nederland, Belgium

and Germany
* Sardinia (Lula area, Barbagia)

* A third potential site is located in Saxony (Lusatia), still

not official

* Overall site evaluation is a complex task depending on:

* Geophysical and environmental quality
* Financial and organization aspects
* Services, infrastructures

Michele Punturo
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EINSTEIN

TELESCOPE Sites comparison

+ a large set of other environmental noise sources measures
(wind, magnetic, ...)
!H ET

: Vertical

........

Borehole measurements comparison

> ET

1
iHorizonta

........

I EMR Terziet (NL) borehole

1077
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—
o
®
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=
[=]
.S

10-2 100 10-2 100 |
Frequency [Hz] Frequency [Hz]
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pr—
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00
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Einstein Telescope in Euregio Meuse-Rhine (EMR)

Connected institutions in:
Belgium,
Germany &

the Netherlands

Nationaal Groeifonds (the Netherlands)

o % Emphasis on
s KB potential
socio-economic
Impact
o Submitted by
- OCW Ministry
A =k (EZK Ministry support)
Einstein
Telescope Supported by ~70
Projectvoorstel Nationaal Groeifonds Dutch

Industries/institutions

In October 2021 the Netherlands submitted
large funding proposal within context of the
‘Nationaal Groeifonds’. Decision in April 2022.

Includes 42 M€ for geology, R&D & organization .
as well as possible Dutch share towards ET realization



German Center for Astrophysics

B Pressemitteilung
et T

Forschung von Weltrang in der Lausitz

C =t Deutsches Zentrum fur Astrophysik — Forschung.

< | Technologie. Digitalisierung. (DZA) gewinnt Wettbewerb

n“‘l-. <' 3§ .‘ LA < e & zur Strukturforderung

e '"-‘-‘I’L

Gorlitz, 29.09.2022 Die Entscheidung im Wettbewerb ,,Wissen.schafft.Perspektiven* ist
getroffen: Mit dem Deutschen Zentrum fiir Astrophysik - Forschung. Technologie.
Digitalisierung. (DZA) entsteht ein nationales GroRforschungszentrum mit
internationaler Strahlkraft, das ressourcensparende Digitalisierung vorantreibt, neue
Technologien entwickelt, fiir Transfer sorgt und Perspektiven fiir die Region schafft —
fest verwurzelt in der séchsischen Lausitz.

ETIC Industrial Days 15-16 Feb 2023 54



ETIC

Einstein Telescope Infrastructure Consortium

e ETICis a project funded by the Italian Ministry for
University and Research with 50M€ within the PNRR
 ETICis lead by INFN and involves INAF, ASI and other 11

Universities
* |taims to:

* Realize a network or research infrastructures,
devoted to developing the ET enabling technologies
and hosted in the laboratories of the ETIC partners

* Realise a feasibility study of ET in Sardinia, key
element of the Italian bidbook, including
geotechnical and engineering studies

Riraw\
Einstein Telescope
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e Finanziato 7 Ministero

* * . /4 % u g~ 3 1

~ x| dall'Unione europea "74»‘ dell’Universita Italiadomani INFN
Al NextGenerationEU e della Ricerca DI RIFRESA £ RESILIENZA

Giorgia Meloni .
presidente del Consiglio dei Ministri

WWW.einstein-telescope.it

Einstein Telescope

Candidatura Italiana
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https://www.governo.it/it/media/il-presidente-meloni-alla-
presentazione-della-candidatura-italiana-einstein-

telescope/22813 i — - - e 6/6/2023



https://www.einstein-telescope.it/

ETasts

Conclusions

* Experimental research in Gravitational Wave has just started with the
monumental successes of Advanced LIGO and Advanced Virgo

* It has a bright future thanks to the huge science potential of this field

* A new generation of GW observatories is under preparation covering a wider
frequency range and a much better sensitivity

* Einstein Telescope is now an ESFRI project supported by several European
governments and agencies and funded by some of them

 ET is now a CERN recognized experiment

* The next decades in GW research will be rich of expected and probably
unexpected new findings
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