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Overview

• Reminder of ET corner stones 

• Recent developments in ET-land

• Status of ETpathfinder 

• Future ambitions of ETpathfinder
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From current detectors to ET 
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LIGO, Hanford, WA

LIGO, Livingston, LA

Virgo, Cascina, Italy

• Current detectors observe about one signal  per week.
• ET will observe about 100.000 to 1.000.000 binary black holes 

mergers per year! And many other new sources => discovery space!

Planned Einstein Telescope
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Reaching for the full cosmos!
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Binary Coalescences Overview: 
• Census of stellar and 

intermediate-mass BBH 
population over full Universe, 
105-106 events per year;

• High SNR events will provide 
excellent precision to do accurate 
test of GR, nature of the BH, 
strong-field dynamics, black hole 
no-hair theorem etc; 

• Extend the range of observed 
BBH masses towards >1,000Msol

and <1Msol;

• Observe several 10,000 binary 
neutron star mergers per year.

• ET will determine NS EOS. 
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GW170817: Optical counterpart located ~6 hours 
after merger.

With ET we have a chance to observe the kilonova
right from the beginning, observe fast radio 
emission and pin down the engine of short GRBs.  

Seeing BNS with 
GWs before 
merger!

5~3h ~30min
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Key concepts of ET in a single slide
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Underground location for 
Reduction of seismic and 
atmospheric GGN 
+ long baseline

Triangular for full sky 
coverage and redundancy

Xylophone concept
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Combining 2 IFOs

ET-D-LF ET-D-HF

ET-D (total)
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Many challenges still ahead

• ET very attractive! (3 official site candidates being 
pushed)

• ET very flexible! (Different geometries available to 
do marvelous science.)

• Still many technologies challenges that need 
development!

• Still many challenges to converge on functioning 
governance.
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Science Blue Book

• Amazing work (especiallu inside the 
observational science board!) to bring 
this together.

• 899 pages showing what ET will be able 
to do …

• https://arxiv.org/pdf/2503.12263
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Design Task Force output 

• During first half of 2025, ETO 
organised a task force on updaing 
the infrastructure design.

• Nice, joint effort of many people 
from ET collaboration working in 
project mode under ETO 
organisational methods. 

• https://gitlab.et-gw.eu/et/eto/eto-
task-force-detector-layout-2025-
comments-from-etc
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Dutch ENW XL grant: Enabling ET

6 PhD stduents (4 years each) and 6 postdoc (each 2 years). Many of them having 
recently started or starting soon. 
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Many ongoing activities (selection) 

• Started writing of preliminary detector TDR
• Writing team forum, every Friday 11am-12noon

• CERN working on beam pipe TDR

• CERN contracts for civil infrastrutcure design 
starting up 

• ET program about to being definded

• New EU grant: INFRA-DEV (successor of ET-PP 
submitted) 
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[Brussels, 20.2.2025 15

While we preparing for Einstein Telescope …. 
ETpathfinder (and ET-Cristal etc) is already reality!
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LF part of ET is where the challenges are!

The Low-Frequency Challenge:

• At mid and high frequency we 
aim for factor ~10 improvement.

• At low frequency we are aiming 
for factors 100, 1000 and more 
improvement. 

• Needs fundamental changes in 
technology and concepts, that 
need testing and prototyping.
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Low frequencies “making the difference”
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Pre-warning time for BNS
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Heavy & red shifted binaries
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Vacuum System of 170 cubic meters.

ETpathfinder Overview

• Facility for testing and validating new ET 
technology in a low-noise, full-
interferometer setup at 10-18m level.

• Key aspects: Silicon mirrors (3 to 100+kg), 
cryogenics (cryogenic liquids and sorption 
coolers, water/ice management), “new” 
wavelengths (1550 and 2090nm), coatings 
… which cannot be tested by Virgo/LIGO

• 20+ research partners from 
NL/B/G/FR/SP/UK/PL

• Initial capital funding of 14.5 MEuro.

• Everyone (researcher/industry) welcome 
to Join (contact: S.hild@nikhef.nl).

• www.etpathfinder.eu

http://www.etpathfinder.eu/
http://www.etpathfinder.eu/


ETpathfinder Milestones
• Construction start in Jan 2020.

• Officially opened by Science Minister van 
Engelshoven in Nov 2021

• Focus point for ET ambitions in EMR.

• Will act as R&D center for ET for decades to 
come independent of site decision.

• Since 2024 strong industry consortia around 
ETapthfinder via NGF.

• 2025: SMART Skills Lab will start. (provinding 
skills training to SMEs also targetting MBO 
and HBO)

• Longterm ambition: Integration center for 
low frequency ET technologies 
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Belgium partners in ETpathfinder (some highlighst)
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Leuven: Cystalline coatings

Antwerpen: Actuators, controls, electronics Brussels/B-phot: mirror polishing + Photonics

Gent: 2 micron optics

Louvain: Seismic isolation



Silicon Results 
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Example: Cryocooling for ET/ETpathfinder
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Example:Cryocooling for ET/ETpathfinder
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Industry consortia working on ET technologies 
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Six new consortia funded in NL …                                                  … activities started for similar schemes in Belgium
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Naam afdeling of A-merk
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Key Question: Where and When do we want to do this essential work for ET-LF?

- In 2035 standing for the first time 250m underground in front of an LF-tower ???
- Or can we do some of this over the next 10 years already?

- Derisk ET-LF, …, faster commissioning later on etc

30

Let’s look at what we learned from ETpathfinder installation

???

[S.Hild, Maastricht & Nikhef]



ET LF integration facility

• It will be essential to have an ET-LF integration facility somewhere.

- Would need allow to test mots critical procedures and develop installation guides and 
quality aspects mainly of the LF towers.

- Allows also to train people and test procedures upfront or during operation of ET. 

• Note: Not necessarily an ESTEC or similar in the sense that all hardware needs 
to go through this facility. BUT one real unit (not a variant or something slightly 
similar, but exactly the LF-tower) needs to go through such a facility.

• Wouldn’t it be nice if that LF integration facility would also have the capability 
to demonstrate sensitivity of such LF towers of 10-18m level?

- If yes: why not add something like this to ETpathfinder?

31
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Attach the ET-LF tower to ETpathfinder
Note: The ET-LF tower 
design is not frozen. So 
this is a Gedanken-
Experiment to give an 
idea of what such an 
ET-LF integration 
center could look like.

32
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ETpathfinder R&D testbed & ET-LF facility



2-pager: ETpathfinder future ambitions
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Thanks for your attention!
Questions?

ETpf design report

Research – ETpathfinder ETpathfinder: a cryogenic testbed for 
interferometric gravitational-wave detectors -
IOPscience

ETpf sensitivity paper

[S.Hild, Maastricht &Nikhef]
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ET at EMR: 
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• Favourable noise characteristics 
identified in 2016. 

• Many studies over past 10 years. 

• Full project office started 
operation in Jan 2024.

• Sub-surface studies (geology, 
noise, stability civil 
infrastructure, sustainability).

• Many town hall meetings with 
local population.

• Education, Outreach 



ET at EMR
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The Netherlands

▪ Feasibility studies: 25 M€

▪ Construction: reservation of 870 M€ 

Germany / NRW

▪ Feasibility studies: 12 M€

▪ Construction: Priorisierungsverfahren on-going

Belgium

▪ Feasibility studies: 12 M€

▪ Construction: Flanders: reservation of 200 M€



ET at EMR: 
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• High dynamics: External review gave ‘ok’ for geology 
(Oct 2024), noise studies in progress (right now), 
company in standby to start civil engieering designs 
(Starting June 2025). 

• Vibrant ecosystem of top research institutes and a 
cluster of high-tech industry.

• Sharing opportunities as well as risks between 
involved countries.

• Many pilot projects (Science, innovation, education, 
valorisation etc) to showcase ET-ecosystem in ‘live’. 



Organisation on the European Level
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EMR project office 
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Top-Level layout
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2 FPMI interferometers:
1) 1550nm @ 18K
2) 2090nm @ 123K

Target: 1e-18m/sqrt(Hz) @10Hz

[S.Hild, Maastricht &Nikhef]
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43April 2020



44Summer 2020



45Autumn 2020



46Summer 2021



47Autumn 2021



48Summer 2022



Some Impressions ETpathfinder Activities
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ETpathfinder SMART Skills Lab
• Expanding “ET eco-system” regarding human capital agenda

• Target: Provide skills trainings to SMEs on Key Enabling Technologies 
(e.g. photonics, optics, robotics, vacuum and cryogenics, seismic 
vibration damping and precision mechatronic)

• Interreg application: 4.4 million Euro => project expected to start in 
April 2025

• New element: also targetting HBO/MBO

• Partners: UMaastricht, Nikhef, Tue, KULeuven, UAntwerp, VUBrussels, 
UGent, RWTH, Open University, Fontys, UCLL, Vista College, Syntra 
PXL, POM, LIOF

ETpathfinder core partners 

Link to SMEs

New partners: Technical universities, 
MBO, HBO, training centers
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