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Einstein Telescope

ET pioneered the idea of 3" generation GW observatory:

. A new infrastructure for >50 years

. Sensitivity at least 10 times better than 2" generation

. Huge improvement in sensitivity at low frequency (a few Hz to 10 Hz)
. Essential French contribution since the initial studies

L1as rpe T Epy £T R&D funded 2021 ESFRI roadmap Infradev : ET | Pre-TDR for Rl and detector
Ideas on 3" gen.  Conceptual by ASPERA-2 Preperaton | o beok
GW interferometers ~ Design Prase eenceoo
Study 2023-2026
Feb. 2023
Mandate for
June 2022 the Einstein Telescope Organization

The Einstein Telescope Collaboration

is established Tsept' 2023

France Joins the ET BGR
2026.02.19 — Einstein Telescope — patrice.verdier@in2p3.fr 3




Timeline : 2G and 3G

Current infrastructures

\
|

|
New infrastructures
gzme 1 02 03 04 05
80 100 100-140 150160+ 240326
Moc  Moc Moc Moc LIGO upgrade A#
LIGO l - ﬁ — Wi P9 Cosmic EJ[P'DTET
30 40-50 50-60 70-130 4
. Moo Mo Mo Moc Virgo_nEXT Einstein
Vir W, =
go I ikl Telescope
07 1-3 =10 25128 I{AG RA
Moc Mpc  Mpc Mpc
KAGRA | _ Wi upgrade
G2002127 732 m,'.a x;n a;u :oln a;zo 01 M2 W z;u a;s z@lm x'm z;a r.;w :c:m m'm 2030's . angm before
Advanced Virgo+ end of 2030°
Aduanced LlGD+ ASV paraitity evohition from O) to Yego_ntXT degad.e‘ ,
" = Full sensitivity a few
years later (TBC)
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Xylophone design: 2 sensitive interferometers at different frequencies

ET-HF: LIGO-Virgo-like with huge technology improvement
ET-LF: new kind of interferometer — especially : cryogenic, new laser
wavelength, new mirror substrate (silicon or sapphire)

PSS

==== |064 nm beam
| 550 nm beam
] fused silica optics
[ sdicon optics

4 or 6 interferometers depending on the geometry: L or triangle

2026.02.19 — Einstein Telescope — patrice.verdier@in2p3.fr

.
[ Optical elernert, [ e p—
ﬂ Fused Sikca, Shicon,
FOOM BeMperature Oy
Parameter ET-HF ET-LF
Arm length I0km 10km
Input power (after IMC) S00W iw
Arm power IMW ISKW
Temperature 290K 10-20K
Mirror material fused silica silicon
Mirror diameter / thickness  62em/ 30em 45¢cnv 57 em
Mirror masses 200 ke 211kg
Laser wavelength 1064 nm 1550 nm
SR-phase (rad) tuned (0.0) detuned (0.6)
SR transmittance 10% 20 %
Quantum noise suppression  freq. dep. squeez.  freq. dep. squeez.
Filter cavities Ix300m 2x1.0km
Squeezing level 10dB (effective)  10dB (effective)
Beam ‘h;l[\’ TE.\L.; TE.\’;.;
Beam radius 12.0em 9cm
Scatter loss per surface 37 ppm 37 ppm

Seismic isolation
Seismic (for f > | Hz)
Gravity gradient subtraction

SA, Sm tall
51079 my/ 2
none

mod SA. 17 m tall
5107 my/ f2
factor of a few
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0(10°) BBH detections per year
O(10%*)BNS detections per year among which
~100 with EM counterparts
Early universe : up to z=100
High SNR events
Very long signals (up to minutes or hours):
early warning alerts
Overlapping events

2026.02.19 — Einstein Telescope — patrice.verdier@in2p3.fr

ET with Cosmic Explorer (3G in the US) in a
network for multi-messengers astrophysics

Advanced GW detectors+




ET science program

ASTROPHYSICS

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

Neutron star properties
interior structure, equation of state & properties
of dense 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 (Radio, X, gand GW, FRB, ...)
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, phase transition in dense matter

Tests of General Relativity
post-Newtonian expansion, strong field regime

Dark matter
primordial BHs
axions, 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

The “unexpected” ?

The discovery of GWs has opened a new avenue for the observation and
study of the Universe: booming scientific field !

2026.02.19 — Einstein Telescope — patrice.verdier@in2p3.fr

March 2025: ET blue book
publication
https://arxiv.org /abs/2503.12263

Accepted by JCAP
880 pages document



https://arxiv.org/abs/2503.12263

Site(s) and geometry

. Three candidate sites candidates to host ET: EMR, Sardignia, and Lusastia
— Italy and the Netherlands have pledged to cover nearly half of the cost if their proposed sites
are selected
— Important budget in Italy (50M€), The Netherlands (42M€), and Germany(~90M€) to support
site characterizations (boreholes, seismometer, environmental studies), civil engineering
studies (tunnels and caverns), Instrumental &D and physics studies
— Al 3 are underground :
* Seismic noise attenuates with depth
* Newtonian noise is less significant and NN cancelation system can be developed to
reach sensitivity below 10 Hz

. Geometry:
— Studies of physics potential has led to two geometry possibilities which are jointly evaluated:
"2L 15 km" is generally better (45° orientation) and less risky than the triangle

—  Site Selection Criteria Committee will provide recommendations to BGR in 2026

Decisions on site and geometry are expected in 2026-2027 A or \/

2026.02.19 — Einstein Telescope — patrice.verdier@in2p3.fr
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e ET Organization and ET Collaboration

ETO: ET Organization
The EU supports the

creation of the ET
infrastructure (ETO)
through the financing
of an Infradev
project:

ET Proto-Council

ESFRI BGR
Board of Government Representatives
Coordinators

Jorgen D'Hondt BSR
A. Zoccoll Board of Scentific Representatives

o I !

f - ET Project Directorate
-
LJ
L

Einstein Telescope
Preparatory Phase
(ET-PP)

External -
Advi Bodi : A Freise, F.Ferroni
b ol (M. Martinez)

2023-2026
The Einstein Admin. Offices
Telescope
Collaboration:
1900 scientists from
271 institutions

Engingering Project

; Department Office
Off‘ce P. Wernecke A_Variola

Commupication

Phase
Projects

Infradev ET-PP
Implementationplan of
ET Observatory
M. Martinez

(Managed by Project
Directorate)

Design of ET
Vacuum Pipe
P. Chiggiate
(CERN Coordination)

Civil Engineering
(CERN advisory)

ETC: ET Collaboration

: CcB
Spokesperson: M. Punturo =P Collaboration Bosrd

Deputy: H.LGck E. Coccla

FNR

EB
Executive Board
Punturo, Lick Standard & Services Board
ISB

Instrument Sclence EIB
Board E-Infrastructure Board

S. Hild, J. Harms S. Bagnase, P. Verdier

oS8
Observational Sclence Board
M. Banchesi, A. Gosh,
M. Maggiore

SPB/SCB
Site Preparation/
Characterization

D. D'Urso, W. Walk
A. Rietbrock

National Host Teams

A o

EMR Host Team

- XIN2P3

Private Companies

Since the summer of 2022, the ET structures are being put in place
French scientists took important responsibilities in ETC
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HORIZON-INFRA-2021-DEV-02 : « Developing and consolidating the European research infrastructures landscape,
maintaining global leadership » - et donc, acccompagnemnt EU au montage des IR nouvellement inscrites ESFRI

Einstein Tescope Preparatory Phase (ET-PP): projet sur 4 ans (2022-2026)
Coordination: Mario Martinez (Espagne, IFAE) Pays des instituts & laboratoires participants:

Projet Infradev ET-PP

https://etpp.ifae.es/

Allemagne, Autriche, Belgique, Espagne, France, Hongrie, Italie, Pays-Bas, Pologne, Royaume-Uni, Suisse
Financement EU: 3,45 M€ Budget total: 13,9 M€ i.e. in-kind de 10,45 M€ (salaires des permanents)

ET-PP fournira un plan de mise en ceuvre détaillé pour l'infrastructure ET:

I'élargissement du consortium de ET

le cadre juridique, les régimes de gouvernance et les réglementations financieres pour construire et exploiter

la conception technique détaillée et le chiffrage de |'observatoire ET

la préparation de la sélection du site

colts de l'infrastructure du site, de ses impacts socio-économiques et environnementaux

les programmes de transfert de technologie, d'approvisionnement et d'implication de lI'industrie dans la conception
technique et la construction

le lien requis avec les communautés scientifiques concernées concernant la définition détaillée du programme
scientifique

les services aux utilisateurs et le modele d'acces aux données

2026.02.19 — Einstein Telescope — patrice.verdier@in2p3.fr 10



INFRA-DEV ET-PP

Einstesn Telescope
Preparatory Phase

@ | €77 Horizon EU Z

3.45M¢€

12M€

(total value)

COUNTRY

Partenaires d'ET-PP

)‘9

 f

b §

—

"~
Third parties

GERMANY RWTH (Aachen), AEl (MPI), LUH (Hannover)

THE NETHERLANDS | VU (AMSTERDAM), UM (MAASTRICHT)

SPAIN ICCUB (Barcelona), UV (Valencia), UIB (Mallorca)
CDTI (Madrid)

POLAND NCBJ, CAMK, Cyfronet, IMPAN

2026.02.19 — Einstein Telescope — patrice.verdier@in2p3.fr

@
Mal'fo Mart'
n

COUNTRY Partners
AUSTRIA U. LEOBEN
BELGIUM U. ANTWERPEN
BELGIUM U. LOUVAIN
EGO EGO
FRANCE CNRS
GERMANY DESY
HUNGARY WIGNER RCP
ITALY INFN
THE NETHERLANDS |NIKHEF
POLAND U. WARSAW
SPAIN RGNS (affiliated)
AT e | CENEVA
UK UKRI
(associated partner) |CARDIFF
GLASGOW

We initiated a targeted process to collect additional third parties
to strengthen particular needs with significant contributions
—> KU LEUVEN new third party since July 2023

—> We plan for a revisited Grant Agreement in 2024

€z

Coordination
CNRS:
Patrice Verdier

11



Contribution francaise a ET-PP

« WP1 Coordination and Management
« WP2 Organization, Governance and Legal Aspects
« WP3 Financial Architecture { |

B ]

« WPA4 Site Preparation { a2 N
Co-coordination IN2P3 ——+« WP5 Project Office / Engineering Dept. ii:“:—: *""‘:",.,3 :
« WP6 Technical Design ]:“-:; =
Participation IN2P3 <:- WP7 Transfer of Technology ' ______ \:

« WP8 Computing and Data Access s

« WP9 Sustainable Development Strategy ==

« WP10 Education, Outreach and Citizen Engagement

Efforts CNRS focalisés sur le WP5: mise en place du Project Office et du Département Ingénierie

Part CNRS du financement EU: 907,5 k€ sur 3450 k€ (INFN=735k€, Nikhef=729 k€)

3 CDD ingénieurs environnés (300k€ chacun) pour travailler sur le WP5: APC, IP21, LAPP

In-kind: 1600 k€, salaires des permanents (essentiellement ingénieurs) impliqués dans ET-PP
275 personnes.mois sur 4 ans soit 4,7 FTE

2026.02.19 — Einstein Telescope — patrice.verdier@in2p3.fr 12



ET-PP WP9

Long-Term ———X
Sustainability ' T
of Research mu"
Infrastructures

SUSTAIN

o3ed1yd JO 2NNISU| WY @

ESFRI | SCTIPTO

EU analysis on Rl sustainability
https://www.esfri.eu/sites/default/files/ESFRI_SCRIPTA_SINGLE_PAGE_19102017_0.pdf Gulde to Cost-Benefit Analysis

of Investment Projects Economic Appraisal
Sustainability studies are supported by EU calls TR e R
https://data.europa.eu/doi/10.2777/76269 0357
Cost-Benefit analysis: 6«510

%
d'b‘a
e i—

2026.02.19 — Einstein Telescope — patrice.verdier@in2p3.fr i3

Research Infrastructure guides foresee this approach
Required by ESFRI (evaluation questionnaire in 2025-2026)




EINSTEIN TELESCOPE RESEARCH INFRASTRUCTURE:
CHALLENGES AND LONG-TERM SUSTAINABILITY

_ SAPIENZA UNIVERSITY, ROME
16 17 FEBRUARY 2026 Ao e\ PIETRO B VINCOLI

INFO : s/ ndico cem. chv o' ETSustalnabilty 2026

;]]?S @ = srrtan €3 CEEG

B

et

@ M. Marsella & F. Spagnuolo
Developing a Sustainable Development

Strategy for ET

The Einstein Telescope (ET) is a proposed underground gravitational
wave observatory that aims to detect gravitational waves with
unprecedented sensitivity. While the project holds great promise for
advancing our understanding of the universe, it faces several
sustainability challenges:

«  Environmental Impact Assessment
« Efficient Resource Management

+  Waste Generation

«  Community Engagement

* Long-term Sustainability Planning
+ Climate Change Resilience

The development of comprehensive sustainability strategy is a priority
for ET to contribute to scientific advancements while minimizing its
environmental and carbon footprint.

2026.02.19 — Einstein Telescope — patrice.verdier@in2p3.fr
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Einstein Teles T .
Challenges u@ .M MaTSella & F SpagnuOIO

Day 1 - Monday 16/02

Session | - Opening & Infroduction
* ET project: scientific challenges
« Sustainability Strategy for ET

P P A P S o P P

Management

Session Il - Life Cycle Assessment
* Experience of LCA for ILC/CLIC CERN

SR P

AP AN A

Energy

* Real Time Systems for Energy Technologies
* Sustainable fransportation

* CERN energy management sirategy

« Off-shore wind energy

WORKSHOP TIMETABLE — OVERVIEW
w
%
T
.
3
o
o

3
§
i3
o
d

Bt

* ET computing model
* Green data centers
* Optimization strategy for ET detector/instrument

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02

Day 2 - Tuesday 17/02

Session V - Underground Construction Solutions
* Mechanized excavation technologies

« Circular water management

*» Excavated soils and rocks management

« Shaft construction technologies

Session VI - Societal Impact & Participatory Design

* Societal Impact in infrastructural transitions
« Social Innovation in Climate Transitions
* Cosmic Explorer community-based approach

Session VIl - Indusiry Engagement & Sustainable Procurement

e

* Business involvement in ET
« Sustainable procurement
¢ Innovation procurement

' Tue, February 17 245 -405PM

Conclusions and outlook: Lessons learned and takeaways from the
workshop

Seasion
Location: Chienirn San Metro in Viocol [Sepumes Ustversityl. 5o del OMostrs, ¥ia Eudasshana, 18 - 00184 Rarma
o

February 16 -17, 2026, Sapienza, University of Rome

Grant agreement: N¥ 101079696

2026.02.19 — Einstein Telescope — patrice.verdier@in2p3.fr
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Sustainable Development Strategy — Main Goals!

Develop a strategy for the realization of a long-term sustainable research infrastructure

+ Develop arobust and integrated Environmental Impact Assessment framework
aligned with EU EIA Directive (2011/92/EU as amended by 2014/52/EU)

« Define strategies for excavation and material reuse
« Deliver life-cycle based carbon footprint assessment and mitigation roadmap

« paximize socio-economic benefits and institutional robustness

oject: 1010794948 — ET-PP — HORIZOMN-INFRA-2021-DEV-02 el Ae'e . fOr2 24
B e e LR M. Marsella and F. Spagnuolo 14/02/24

Grant agresment; N® 101079494

2026.02.19 — Einstein Telescope — patrice.verdier@in2p3.fr

Einstein Telescope 20 @ M. Marsella & F. Spagnuolo
Challenges ond Long-Term Sustainability
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ET Sustainable Development Strategy - Reports

ET Environmental impact assessment and mitigation
strategy

® Scoping and Baseline Assessment

* Alternatives and Mitigation

* Public Participation and Transparency
® Monitoring and follow-up

ET CO2 footprint ET assessment and mitigation strategy

®* Compute the key Carbon and Environmental
Impacts

* Findings and Mitigation Strategies

® Highlight the most critical insights and
recommendations for decision-makers

2026.02.19 — Einstein Telescope — patrice.verdier@in2p3.fr




Breakdown of ET underground research infrastructure

TBM Tunnel (main ams)
Civil Covems
¥ « Access shafts/tunnels
infrastructure layout Emergency exits, efc.
Technical Mechonical sys}erps
infrastructure layout

Einstein Telescope A on
Challenges and LV@M Marsella & F. Spagnuolo

Cooling & ventilation,
Electrical systems,

“cavemns" and "tunnels"” not final
| Safety systems, A
l \\ Logistics SR
'. Detector layout \ : j —~ S »
\ ‘ » Tower base, suspensions, . .
\ —__ . tower envelopes, , > b

« Scaffolding,
Optical layout

N

+ * Clean rooms,
* Auxiiary benches,
* Beaompipes
« Logistics

« Arm cavities + recycling cavities
* « Laser, injection, detection, squeezing

Note: Concepludl drawing. Dimensions subject to change

See Tak Somentino-Rocchi- Session V)
VYolumes estimated using simpified civi engineering criteria

Souwrce ED-ETO (J. !gjgngig) -Web viewable 3D Detector Layoult(s): nil
Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02

iet-aw.eu/ED/WabHome
Gront agreement: N° 101079696

M. Marsella and F. Spagnuolo

16/02/26

2026.02.19 — Einstein Telescope — patrice.verdier@in2p3.fr
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Challenges ar
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ET Environmental impact assessment and mitigation strategy — Key aspects

Environmental Resource Waste Community Long-term Climate Change
Impact Management Generation Engogement Sustainability Resilience
Construction Material Use: Fundi nd
orint: Sustainable Construction Waste: Local Opposition: - Sy Extreme Weather
Excovation and sourcing of Proper Moise, fraffic, and Consietant Pording is Events: Increased
londscope changes rmateriols ke management of environmental rifical to sust r:ﬁ weather risks from
may disrupt concrate and steel leftover matedals CONCEms may spark © c?io:ssr;e uite climate change
ecosystems, is crucial to reduce and packaging is resistance, requinng opera 5 could threaten
requiring mitigation environmental essential, open diglogue, EHC?IHDMC infrastructure.
efforts. harm. challerges.
' " R r !
Energy Consumption: Technological Adaptation
High ener . Operafional Waste: Socioeconomic . .
demands raise _ Water Usage: Long-terrm Impact: Economic Sustainablity: Strategies: Proactive
Significant water use ! : Regulor upgrades Measuras ang
concems coout uring construction operdiions wie L] _eilecis on local and maintenance needed to address
carbon foolprints m}dggperﬂﬁnn eould PrOdUCS eleCiTonic communities must be are necessary ta stay evalving
r:nnd reg?engﬁ on strain local supplies. mﬁimeumeem " murfg?gde;g'ﬁ?sure aligred with anvirenmental
sources. = ' ' advancements. conditions.
b > _.J . v
Session W Session IV Session V Session VI

Project: 10107946745 — ET-PP — HORIZOM-IMFRA-2021 -DEV-02
Grant agreamant: N* 101077474

2026.02.19 — Einstein Telescope — patrice.verdier@in2p3.fr

M. Marsella and F. Spagl

riclo

@ M. Marsella & EEpagnuolo
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o - EIr151HIr'|TE|E5I:UpE@ M. Marsella &F
Iur: Challenges and Long-Term Sustainabimy

Environmental Impact Assessment (EIA) - Workplan

Key Priorities
Define Sustainability Strategy with environmental, social, and

economic themes 2 ol & Land
) L . . . oy, Cimate ~ Use

Establish Baseline conditions using site-specific data (air, water, soil, clency, Change Water (use,

noise, biodiversity, efc.) renewables) |  (mitigation, ‘quality)
adaptation, Bﬁd?ﬁw

. . Air Guality Bmssions abitats,

Conduct detailed Impact assessments for both construction and |m|,,:.m,'11',_ J [s:eci‘ea
operational phases receptors, connectivity)

modeling)

Develop and implement Strategic KPIs [for site comparison) and
Specific KPls (for mitigation & performance tracking)

Human
Identify and evaluate Alternatives and Mitigation Measures across EIA Health and
themes Materials & SO0
Waste Economic
. Factors
Analyse and define an overall strategy for reclamation, reuse and
recycling of excavated materials (ref. Prof. Galler presentation -

Session V)

Strategic Priaritias:
*  Early identiication of sensitve recepion [ecological, human)
*  alignment with EUNSO guidelines (e.g.. 150 14001, WFD, Matura 2000

Project: 101079474 — ET-PP — HORIION-INFRA-2021-DEV-02

Grant agreement: N° 101079696 N e R

2026.02.19 — Einstein Telescope — patrice.verdier@in2p3.fr

Spagnuolo
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CO2 Footprint

Carbon Footprint Assessment Key Priorities ET CO2 footprint ET assessment and mitiaation strategy - Workplan

@ M. Marsella & F S
. a
Scope of Green House Gases Assessment: Pagnuolo

» Direct emissions (on-site fuel use, refrigerants)

@ 2. HIGH-LEVEL CARBON
» Indirect emissions from electricity use *’-&'—' m?gﬁ;%:ﬁﬁ%m
« Supply chain, materials, fransport, staff mokbility =

N . [ Carbon guanfificafion for
Ei'l'ﬂl'eglﬂ Focus: :ﬁ Melhar;r:;;g;nr::-l;:mbon majar civil infrastuciure
«  Construction: Embodied carbon in materials, fransport emissions = S

. : . . - [ .
= Operations: Energy demand, refrigerants, commuting w 8 gﬁ:ur:gm'f;;;g? Main carben hotspots
«  Opporunities: Low-carton design, offsets, carbon capture, renewables 5
o tist ef &ggg;:;fmrg:ngnmn Main mitigation opporbunities

ET High-level carbon assessment for scientific and civil engineering components

Typical KPls for baseline pre-assassment related fo anergy.

« Civil engineering components of the ET infrastructure (for both the triongulor ond 2L-shaped layouts): Wwith available benchmarks from EU standords and best prochices of comparable projects,
o Conventional funnels

o TBM {tunnel boring machine) tunnels Ul e v -
iy FUrpeCes B nc hmork
o Shafts (access tunnels)
o Caverrs YesfNo Assas she rediness HA
o Excovated m_cnerk_al from constryction of umerqound Infrqstmc ture 3 . Dilance Atsads e recoast MA
o Sudoce_ builkdings, including basic MEP [Meql_\oncol. Electrical, Plumbing) services W AdE0AS Eh IeoCnEL MA
o Operationol energy use of the whole ET facility % Evihedtti fudbaanability af CERM it Fench g
o Operational water use of the whole ET facility supply [crer-carmon mii)
+ Scientific infrastructure components of the ET infrastructure (for both the triangular and 2L-shaped layouts): Tes/No ;T:;um“ Snanacn S Sy
o Interferometer (including Optics)
o Noise Mitigation (including Sensors) Idantity circular CERN reused LHC cooling
o Suspension Systems Rolwote heal o catunitier winld Ter dlilviet haating
o Vacuum Systems \sariiy eiveios
o i t 4
o Cryogenics Systems YasHo iies HA
Yas/Hao Aszpis ghe reodinast HA

2026.02.19 — Einstein Telescope — patrice.verdier@in2p3.fr



B | Detector wmmmiiimszzy [T Vacuum system - arm cavity beam tube  “SEiSIN@ F Sorrenting

layout =
o ol the Al graded henmal insulation shells made with Aranic foam and
a new baselnge design from Task Force ansray Ve vasmm O (recydied product) :
2024 reference it predrarn i bing perdormance Thickness 10 &m - A (@ 20°C) = 0.08 War* X
W partal ressun rechcion afier Seheout Partnerstios weh MIES and UM
VI BIRCAPOON RN S3308

Einatein Telsscope Research Wtrastrucen

Vacuum system — arm cavity beam tube SIS SNENES ﬂ '

Einuiniy T'alescops Meaearch infrastruciure:

Vacuum system — arm cavity beam tube “SIIITITIRIEIIED

p N S TooTotritstesteseeseeeeas .
New structural Austenitic stainless steel H Ferritic stainless steel . W speecific outgassing rate after bakeous [ Acowmulation=thmosghput method)
material (AIS] 304L) : (AISI 441/444) : Impact of the use of ferritic stainless y — .

Cublc structure Face Centred Cubic ol Body Centred Cublc :

S ' ARSE 441 [3
Mechanical properties Excellent g Good ] '
F il £ @ H With ALS| 4417444 (olf-the-shall):
o 8 g ‘ Low Hp oulgassing rabe
Welda Excellont ' =
o g Cmﬂ g ' o msird off high 1empesraturs traatment
Corrosion resistance Good 5 Good g = ARSI 484 [
" Faster production, lewes anengy condumplion,
H, outgassing rate ,._:_?'____ % - § lowar emissions for beampipe produwction.
o o b v ® e og : And
° ' - fewanismaller pumps reeded for equal final

Cost [€ton) g ~2100 ‘. g PrOSsune requirmment. ATS1 304L I3

Beam pipes Limwto? by heght terrgevatiure N

peoduction rate Gegasaing Tesrent

~ N e ass 1 ol ’ ’ - v il B jit 1 0 g I I e
Iy outgasing rate [mollecules 5=1 con=?

February 16 -17, 2026, Saplenza, University of Rome
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Challenges for the climate
0 % OO “ : |
3 ‘ Reuse of Use of Energy i é: \

excavations

X

Prepare for
W Carbon-free decommissioning

< transport upfront

Protected
environments

"= Waste water and Natura2000

B treatment

2026.02.19 — Einstein Telescope — patrice.verdier@in2p3.fr



Some highlights

; Modelisation ; unneling R
N ST — SSSu(OrRtes [& omingrn ma g v et
. A : Consumption - the Green TBM Conce|
A precise geological model enables smarter alignment, less ?a i '::“ <
M the " o t, {]
waste, and | r Carbon. e manytacturens have Been pushed to develop the ‘Graen 0 WE concept, that Includes features such
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7 Less transport
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Computing

EU policy

The EU's policy framework fosters a sustainable, sovereign, and innovative digital
infrastructure for science, ensuring that digital growth supports both research excellence
and climate neutrality,

Embedding sustainability, interoperability, and FAIR principles into the design of new
RIs, ensures scientific excellence, compliance with EU policies, and long-term viabilty

Climate-Neutral and Energy-Efficient Data Centres by 2030: The European Commission
has set a clear target: all data centres in the EU must be climate-neutral, highly energy-
efficient, and sustainabie by 2030

This ambition is part of the broader European Green Deal and the Green Deal Industrial
Plan, which aim to achieve climate neutrality by 2050 while boosting the competitiveness of
Europe's net-zero industry Eo AL i
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Sustainable Computing for ET

)

For E7, the spgest chalenge fov @ sustaimable compating
model is keeping compuling resource nendys under controy for
e E77s 50 yeor Wespan

Ihere ave dear needs for @ smol, dediated teom of software

—— =\ D | Qnd COMPUTING AV Of 530NN L0 promsde
l»:." -
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Comprehemsive end-to-end testing of afl €T software
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Scoladle, portable computing infrostructure

Figure from draft ET Computing
“Model

o
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P

ET Computing - energy footprint

In the ET computing model, we present an
estimate of the energy footprint of ET low
latency computing. This is expected to
dominate assuming the full data stream is only
processed by low latency computing

This follows the methodology used by the
WLCG for worldwide computing needs for
CERN experiments (beyond the CERN sites)

L0 low-Batoucy maxemmm
N ow-Lalency ssinium

Power Usage Efficiency (PUE) makes a big

PUEL]
1005CPL

— difference, as do strategies that leverage GPUs
GPLcry

PUE I3
GPLCPU

PUE 1.1
HosCPy

Conclusions

- The existing ednfrastructure developed for LIGO-Virgo-KAGRANGWN is used as a starting point for

+ However. there are many ¥
«  Ahuge number of slens in the era of multi-messenger physics, i.e. muti-Rls

+ Sustainability, and especially energy

the Einstein Telescope Computing Model
for 3G GW interferometers:

g and new chall

« The plexity of data p ing will require new techniques and lechnologies, including
- Real time monitoring of the infrastructure, the detector and the emvironment enabling
background/noise sublraction and Digital Twin solutions
~  AUML techniques (everywhere 1)

is one of the critical aspect of the ET puting
model : it require new tools and methods to be centrally imegrated in the project organization
+ and a small but dedicated team of soltware engineers and computing experts

+ ET Computing Model and further developments must build on cross-domain expertise developed especially

within the European landscape (EOSC, ESCAPE, EVERSE, SPECTRUM, GreenDigit, ... Tight

collaborabons with HEP/CERN, KM3NeT, CTA, SKA, LSST is mandalory

EANTEN
TELLSCOME b o —— Ly

25



Computing

The SCOPE Project

General Goal

« Developing a reakstic, scalable and sustainable concept for an
ET Computing Center
+ Adagtion of computing power 10 energy avallabllty
+ (Close to) 100% self st ing with own bk
production
+ Efficient cocling & waste heat reusability
+ Potential use cases aside ET
* Buiding a full working prototype inside a shipping container

« C g a full co [ 1 for scale up and testing
* Inegrated Techno-Economic & Life-Cycle assessment
+ Including transferabiiity to other business cases The SCOPE P'I‘O'jl.!l:t
9 et (s RWTH A Unwver =
:n,:n;':?':' |Mulru:1.::'-:-'.4b¢:\:n‘;mo Eﬁ elmre T Building a Prototype Ifrreation on

Energy System wamany |1 SyStem

+ Showcase, thatl components can
work hand in hand

i - Grid Connection ontro

= Fully operational .breathing Theotbsled, §o simulats . :

computing stack, with realistic pradusteai \.

ET warkload I \ [
= Energy siorage in battery and

hydrogen H2-Storage
. S j Weather Station

Simulated energy production e R
= Heat management and aneigy production —

measurement of waste heat
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TTG: Technology Tracking Working Group ‘<’IN2P3

ET INDUSTRY

COMPUTING WORKSHOP
14 - 15 April, 2026
Nikhef, Amsterdam

Al-enabled algorithms, tools and approaches
for data analysis

* Al tools for software development and more

» Evolution of processor architectures
(accelerators, stream processors,
neuromorphic...) incl. Qquantum

+ Storage and data management technologies
« Network technologies and cybersecurity

» Infrastructure and sustainability

2026.02.19 — Einstein Telescope — patrice.verdier@in2p3.fr
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INDUSTRY COMPUTING WORKSHOP 2026

1415 Age 2026
Nikhet, Amstecdam

INDUSTRY COMPUTING WORKSHOP 2026

Tk Einsteln Telescope Preparatory Phase Ewopean Project (ET-PP) and the ET Collaboration e
Board are P2 p on ET '3, 10 be held at Nkhef on Apell 1415,

2026

venue The objective of the workshop Is twolold: firstly, 10 examine the opportunties that the development of

Dvnvner Tuestay 14t information technologles will offer for realizing the sclentific potential of the Einstein Telescope; and

Ased secondly, to explore possible approaches 10 colaboration with induswry that can be effective in
enadiing beneficial synergies

Topics for the workshop will be hardv and softy
issues related 1o

ges, future trends and sustainabilny

+ Alenabled alg: tools and app hes for data analysis

* Al 3o0is for software development and mare

* Evolution of processor archiectures (accelerators, stream processors, neuromorphic..)
* Sictage and datas management technclogns

« Network technologhes

This Workshop is being organized by ET-EiB and
ET-PP WP8, in collaboration with ET-PP WP7

https://indico.cern.ch/event/1605739/



https://indico.cern.ch/event/1605739/

RESERVE
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Einstein Telescope France

4 CNRS Institutes: IN2P3, INP, INSIS, INSU

ET-France web site: https://et-france.in2p3.fr

154 French collaborators officially joined
the ET Collaboration
(~2/3 are also members of Virgo)

Organized in 8 Research Units :
FTE threshold to get 1 voting voice at
the ET Collaboration Board

2026.02.19 — Einstein Telescope — patrice.verdier@in2p3.fr
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Update of the French national roadmap for Rls

- XIN2P3

Einstein Telescope is applying to enter this roadmap
,‘ e April 2025: eligibility application — OK
gtrateg‘ ale e July 2025: application to enter as IR

nation= | * October 2025: audition by the GT PNHE

AUTES =
.L\w 1»"}\"2 LY

> dnohf o

3

Next steps:

End of October 2025 : WG evaluation

Janvier March 2026: decision at MESR

February April 2026 : validation of the final list by CD TGIR
Final publication: September 2026

2026.02.19 — Einstein Telescope — patrice.verdier@in2p3.fr
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E-Infrastructure

ET will use a distributed computing infrastructure in Europe, based largely
on existing infrastructures such as CC-IN2P3 in France : ET = ~10% of an
LHC exp. at CERN.

Increasing use of high-performance parallel computing (HPC) vs HTC
computing. : = -
CC-IN2p3 = S ———

ET active in EuCAIFCon -- European Coalition for Al in Fundamental Physics

Use of tools and services developed in the framework of the European

Open Science Cloud and European projects such as ESCAPE for multi-

messenger physics
ger py Mock-Data-Challenge in progress

ET joined the ESCAPE consortium in 2023 : 2 OSCARs project funded !

ET-PP Deliverables in February 2026 CHeQsc

Computing model

Data Access Policy 5’.:.::‘: OSCARS Fostering the uptake of Open Science in Europe €16 MILLIONS
. . A oAy

Sustainability plan e In response to the EU call on EOSC HORIZON-INFRA-2023-05C-0101
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Industrial partnerships

First meeting organized in March 2023 with MESR to present ET to the
French industries interested by this project

=> About 30 companies were present and have shown interest to works
with us, either through dedicated/joint R&D program, either as
manufacturer of components

Follow-up in Sept. 2023 with a network of French companies (PIGES)
involved in Big Sciences

We are following and contributing to ET-PP WP7 dedicated to industrial
partnerships => Big Science Business Forum at Trieste in Oct. 2024:

ET was very well represented
Preparing an ET + Industry meeting on Computing (Spring 2026)

Contact: patrice.verdier @in2p3.fr

2026.02.19 — Einstein Telescope — patrice.verdier@in2p3.fr

Einstein

Telescope

France o %‘
e | 8 PIGRS
e e e i
e e https://www.piges.eu

https://indico.in2p3.fr/event/28704

Big Science
BuSiNess
Forum

2024

TRIESTE
14 OCTOBER 2024

https://www.bsbf2024.org
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Crs R&D Facilities in Europe

From the XIII ET symposium, an incomplete selection of

thepresented large facilities

Google Earth



Schedule

* Tentative schedule

O O ESREEE——

CDR  ESFRI proposal

2011 2020
 Enabling technologies development
Sites qualification Site decision

=0

Cost evaluation
Building governance
Raising initial funds
Raising construction funds
Committing construction funds
Pre-engineering studies
» Rl operative TD -+ ET Rl construction
» Detector operative TD ~+ ETITFs construction
ET installation
Gommissiming_
2026.02.19 - Einstein Telg%ﬂgl— pﬁﬁ?c%ﬁ}e 285199, 3 ¢ Freparatory Implementation Operation 34




Construction costs

Tunnel 781 M€

Surface Lab 98 M€

Underground Services 44 M€

Direction 9 M€

932 M€

Vacuum B Vacuum Systems 566 M€
566 M€

Optics & Lasers 125 M€

Suspensions 48 M€

Cryogenics 45 M€

Installation 20 M€

ESFRI costing 238 M€

2021
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