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Sos Enattos
Excellent situation to have 2 candidate sites: learn from each other’s experience

Yesterday’s session devoted mainly to 

studies at the Sos Enattos site



Belgium-Germany-Netherlands
A network of interested scientific institutions and companies

The following institutions and organizations are already involved

The Netherlands:
Nikhef (Nationaal Instituut voor Subatomaire Fysica); Radboud Universiteit; Rijksuniversiteit Groningen; Universiteit van Amsterdam; Universiteit Maastricht; Universiteit Utrecht; Vrije Universiteit 
Amsterdam; NWO-I; KNMI (Koninklijk Nederlands Meteorologisch Instituut); TNO (Nederlandse organisatie voor Toegepast Natuurwetenschappelijk Onderzoek); Provincie Limburg; Ministerie van 
Onderwijs Cultuur en Wetenschap; Ministerie van Economische Zaken en Klimaat
Belgium:
KU Leuven; UC Louvain; Université de Liège; Université de Mons; Université de Namur; Université Libre de Bruxelles; Universiteit Antwerpen; Universiteit Gent; Universiteit Hasselt; Vrije Universiteit 
Brussel; Agoria – Belgian federation of companies in the manufacturing industry, the digital and telecom sectors; Federaal Wetenschapsbeleid / Politique scientifique fédérale – BELSPO; Fonds de la 
Recherche Scientifique – FNRS; Fonds voor Wetenschappelijk Onderzoek Vlaanderen – FWO; Vlaams Ministerie van Economie, Innovatie, Werk, Sociale economie en Landbouw; Vlaams Departement 
Economie, Wetenschap, en Innovatie – EWI; Vlaams Agentschap Innoveren en Ondernemen – VLAIO; Vlaamse Instelling voor Technologisch Onderzoek – VITO; Walloon Region
Germany:
Eberhard Karls Universität Tübingen; Deutsches Elektronen-Synchrotron, Hamburg / Zeuthen; Fraunhofer-Institut für Angewandte Optik und Feinmechanik, Jena; Fraunhofer-Institut für Lasertechnik, 
Aachen; Fraunhofer-Institut für Produktionstechnologie, Aachen; Friedrich-Alexander-Universität Erlangen-Nürnberg (FAU); Friedrich-Schiller-Universität Jena; Goethe-Universität Frankfurt; Karlsruher 
Institut für Technologie (KIT); Laser Zentrum Hannover (LZH); Leibniz-Institut für Kristallzüchtung (IKZ); Leibniz Universität Hannover; Max-Planck-Institut für Gravitationsphysik (Albert-Einstein-
Institut), Hannover; Max-Planck-Institut für Gravitationsphysik (Albert-Einstein-Institut), Golm; Physikalisch Technische Bundesanstalt; RWTH Aachen; Technische Universität Braunschweig; Technische 
Universität Darmstadt; Universität Bremen; Universität Hamburg; Universität Heidelberg; Universität Rostock; Westfälische Wilhelms-Universität Münster

Netherlands

Germany

Belgium

France

United Kingdom Poland



Low frequency sensitivity of Einstein Telescope
We are faced with a challenge: seismic noise, gravity gradient noise, …

Virgo aims at about 3 × 10−22 / Hz at 10 Hz, Einstein Telescope at about 2 × 10−24 / Hz

Low frequency sensitivity

GW signals detected at high 

redshift will appear at low frequency

Signals from more massive black 

holes will appear at low frequency

Intermediate mass black holes are 

important new sources

Early warning systems will profit 

enormously from low frequency

Observation of spin precession 

profits from longer observation 

Low frequency noise

Seismic noise 

Newtonian noise

Virgo design at 10 Hz

ET design at 10 Hz



Can we achieve the required attenuation with a more compact system?

ET baseline: SAS based on Virgo’s superattenuators

Atlas: has 30 m x 35 m x 53 m

ET: 20 m wide, 30 m high, 175 m long
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KAGRA inauguration
Signing of the MOA with LIGO and VIRGO

Toyama, October 4, 2019



Einstein Telescope vacuum system

Three detectors that each consist of two 
interferometers: 6 ITFs in total

Each ITF has 20 km of main vacuum tube 
+ several km of filter cavities

About 3 * (2 * 30 + 2)  130 km of vacuum 
tube of about 1 m diameter (assumption)

Total volume: about 120,000 m3

Total surface area: about 420,000 m2

Target pressure of < 10-10 hPa

Hydrocarbon pressure < 10-14 hPa

For comparison LHC at CERN:
- Beam tubes: 2,000 m3

- Cryo-magnet insulation: 9,000 m3

- Cryo distribution line: 5,000 m3



We should pursue a joint collaboration with Cosmic Explorer

Participants from steel and car industry: employ mild steel

Tata Steel Ijmuiden
Producer of low carbon steel
Vacuum treatment to de-hydronize steel
Enamel coatings

VDL Group
International industrial and manufacturing company
Car industry, CERN CLIC cavities

Settles
Focus on the creation of new technology, manufacturing processes and/or 
equipment

Potential participants

Allseas Group S.A.
Major offshore pipelay and subsea construction company
Coatings on steel
Oil & gas industry
Numerous issues: construction, assembly, valves, pumping, …

Connections to other innovative activities
Hyperloop project, fuel cells, …

CERN-GW R&D program together with industry

Huge potential for cost savings by 

avoiding stainless steel construction



Option of an independent inner and out vacuum space

Decouple atmospheric load from UHV requirements

Other approaches: two concentric tube design

www.beetleplastics.com

R&D at RWTH Aachen



Sites qualification                                                  now – 2023

ESFRI proposal submission                                 2020

ESFRI decision                                                     2021

Research infrastructure operational design          2023 – 2025

Site decision                                                         2025

Research infrastructure construction                    2026 – 2032

Detector installation                                              2030 – 2034

Operation                                                             2035

Timeline Einstein Telescope

Preparation phase                                                            Construction phase

Underground construction and 

vacuum represent > 85% of the 

cost of ET

There is a window of 

opportunity to do R&D 

that can lead to 

significant cost savings



Now is the time to focus on R&D to achieve significant 

cost savings
Relatively modest investments in R&D related to Infrastructure and Vacuum may have a strong 

impact

Window of opportunity

• Proposal submitted to ESFRI Roadmap in 2020

• Implementation at the earliest in 2026

Strong partnerships

• MOU with CERN in place

• Window of opportunity for R&D 

• Industrials and academic partnerships

Instrumentation development

• Vacuum studies on beam tubes and coatings

• Vibration isolation → underground construction

• Sensors and control systems

• Optics, scattered light, coatings, …

• …

LHC

FCC

ET


