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Why ETpathfinder needed?

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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New Technologies

ET requires technological advances on all fronts:
• New mirror material => Silicon
• New temperature => 10-20K
• New laser wavelength => 1.5-2.1 microns
• Advanced quantum-noise-reduction schemes 



Vacuum System of 130 cubic meters.
Vacuum system EU tender completed.

Vessels in production now.
First tower acceptance test (1e-9mbar) in July

First tower delivery scheduled for 4. August 2021

ETpathfinder Overview
• New facility for testing ET technology in a 

low-noise, full-interferometer setup.
• Key aspects: Silicon mirrors (3 to 100+kg), 

cryogenics (cryogenic liquids and sorption 
coolers, water/ice management), “new” 
wavelengths (1550 and 2090nm), coatings 
…

• Start with 2 FPMI, one initially at 120K and 
one 15K 

• 20+ partners from NL/B/G/FR/SP/UK/PL
• Initial capital funding of 14.5 MEuro.
• Detailed Design Report available at                    

apps.et-gw.eu/tds/?content=3&r=17177
• Open for everyone interested to join. 
• www.etpathfinder.eu
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ETpathfinder Partners
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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
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Some Impressions ETpathfinder Activities
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From ETpathfinder Advisory Board (STAC) report
• […] Overall, the ETPF-STAC was very impressed with the vision for the facility, the 

technical capability of the leader and team, and the scope of the effort. It will be 
transformative for the field to have a facility and a research program covering the 
foreseen capabilities of the installation, and it can become a very natural center for 
technical innovation and scientific breakthroughs in precision measurement, 
interferometry, cryogeny for gravitational-wave detectors, and for the formation of 
a next generation of gravitational-wave scientists (to handle the next generation of 
gravitational-wave detectors). The growth of the team (and of the institutions 
interested in participating) is an exciting development and speaks to the timeliness 
and centrality of this infrastructure. […]

• The ETPF-STAC is very excited to be part of the establishment and exploitation of 
this unique facility and this dynamic team. 
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Start Construction: April 2020 July: ~1000 t of concrete poured Oct : First cleanroom walls being installed.                                      Cleanroom in operation ~ March 2021Drilling 170 pillars
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ETpathfinder is a longterm acitivity (and independ of ET site decision)
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• ESFRI application states ET will be operational from 2035 to 2085.

• Expect many ET detector upgrades over the 50 years.

• While ET operates and observes in “generation X technology” ETpathfinder
can do R&D for “generation X+1 technology” 

2 Interferometers 
with 15cm mirrors  

Single Interferometer 
with large mirrors  
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ETpathfinder beyond ET
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Application submitted: ETpathfinder Skills Lab
• Proposal centered around a cohort of 15 

postdocs (2Y) stationed at ETpathfinder
partners, but working in Maastricht more 
than 50% of time.

• Postdocs are expected to contribute to 
ETpathfinder, learning skills and then 
developing training materials and delivering 
trainings to SMEs.

• Includes not only Universities and research 
institutes, but also more technical high 
schools and professional training centers.

• Total volume ~4.4MEuro. 

• If successful, then it would start in spring 
2025.
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Detailed Topics

• Vacuum
• Cryogenics
• Seismic isolation
• Optics
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The Vacuum System - Overview

• Vessels made of stainless steel series 304
• Aim for total pressure of 10-7 Pa
• Total volume about 190 m3

• Inner Surface about 400 m2 (160 m2 per arm)
• Mild in-situ bake-out at 340 K for days
• Partial pressure for hydrocarbons (m > 50 amu) < 10-12 Pa
• 3 vacuum systems: UHV (blue), roughing (red), differential (green)
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The UHV system:
• Provides the vacuum environment for the interferometer
• 3 sections = 2 arms + central section

(separated by 3 DN200 valves each)
• 14 magnetically-levered turbo-molecular pumps

(3200 l/s for N2 per TMP)
• Cascaded pumping system with

small (380 l/s) TMPs
• Fore-vacuum behind TMPs provided

by 2 multi-roots pumps.
• Ultimate pressure below 10-7 Pa
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The Vacuum System - Overview
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The roughing system:
• Pumping down from atmospheric pressure
• Venting with dry nitrogen
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The Vacuum System - Overview
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The differential system:
• Segments of the towers and the 800-mm flanges

on the towers, bellows, and beam pipes
contain double viton O-rings.

• Volume between O-rings can be pumped
by 3rd multi-roots pump.

• Pressure between O-rings to
be in the 0.1 Pa range.
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The Vacuum System - Overview

[S.Hild, Maastricht &Nikhef]



Vacuum Quality
Recap from STAC Nov. 2022:

• RGA measured at 5 x 10-6 Pa in the x-arm and injection section.
• Dominant contribution from H2O.
• Sizable contribution of H2, CO2 (mass 44), CO/N2 (mass 28), O2 (mass 32).
• All hydrocarbons (mass > 45) are negligible.
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Detailed Topics

• Vacuum
• Cryogenics
• Seismic isolation
• Optics
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Vacuum / cryogenic simulations

Pics from Article by Vera:
https://nevac.nl/archief_pdf/pdf_208.pdf

https://nevac.nl/archief_pdf/pdf_208.pdf




Cryogenics (I)  

• Mirrors need to be cooled to cryogenic 
temperatures (~15K, 123K), without 
introducing noise, i.e. cooling only possible via 
thin suspension wires. 

• General approaches under consideration:
• Dry system: pulse-tubes. Challenge = reduce and 

isolate vibrational noise.
• Sorption coolers (base line in ETpathfinder) = more 

quite, less cooling power.
• Cryogenic Liquids: LN2, He, He-II. Challenges = avoid 

bubbling; transfer liquids from surface 300m above 
the caverns …

Coldfinger
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Cryogenics (II)  
• Need avoid ice on the mirrors 

and find ways to deal with ice if it 
builds up (reduce its thermal 
noise and optical influence)? –
Will use 3 pairs of metal-cryo-
shields. 

• Complex heat extraction matrix (vastly different 
powers, at different temperatures and with different 
noise requirements).

• Not only steady state operation sets requirements, but 
many come from cool-down requirements.

• No off-the-shelf simulation tools available that cover 
essential functionality. 

Slide 32

Sorption cooler
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Dutch NGF Valorisation
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https://einsteintelescopeforbusiness.nl
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Example: Cryocooling for ET/ETpathfinder
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Example:Cryocooling for ET/ETpathfinder
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Detailed Topics

• Vacuum
• Cryogenics
• Seismic isolation
• Optics
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Seismic Isolation  

2 different designs: Mirror towers and table towers

Long IP (~3m)

F0 platform

Filter 1

Filter 2

Steering 
Filter

Marionetta + RM

Mirror + RM

Short IP

Final stage = 0.7mm Silicon 
fibres of 40cm length and 



IP leg prototype 
in action
Timelapse video at 
10x speed
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BST F2
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Detailed Topics

• Vacuum
• Cryogenics
• Seismic isolation
• Optics
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Main mirror requirements
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Mirror polishing
• long procedure with some learning 

curve and several delays, but 
hopefully leading to an established 
procedure.

• information shared by manufacturer 
so far sounds promising, but hard to 
estimate the full picture
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Investigating other (and more local) avenues
• ETpathfinder optics specifications were 

intentionally demanding (but not 
unrealistic), to test how suppliers would 
react

- there is scope for downgrading the 
specifications and still make ETpathfinder
work, e.g., with respect to surface roughness, 
alignment of front and back radii, wedge

- but at which point do we no longer learn 
anything?

• at the same time, need to build up 
metrology for silicon mirrors (e.g., 
transmitted wavefronts)
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Silicon absorption measurements at UM
• initial tests with the PCI setup at UM
• known issue: measuring low absorption 

needs high power densities, which in 
silicon produces two-photon absorption

• main focus right now (also with view to 
measure polishing test samples) is on 
measuring surface absorption (Bell et al, 
2017) - induced during polishing, but 
exact cause still unknown at least to us
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measurement of a 14mm x 
14mm square on the end 
surface of a 1” diameter 

sample, polished by Pilz Opticsparticularly bad example of contamination with 
Ge during polishing (from Bell et al.)

[S.Hild, Maastricht &Nikhef]



Silicon mechanical loss measurements at UM
• cryogenic GeNS setup now operational
• measured several silicon disks (50mm x 5mm) obtained from witness 

wafers along the axis of the silicon ingots (FZ, grown by IKZ)
• very nice loss levels in the few 10-8 region obtained 

50
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Silicon loss cont’d
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40K vs. 300K loss
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AEI 1550nm Laser Development
1550nm pre-stabilised laser system developed at AEI (Nicole 
Knust, Fabian Meylahn; group of Benno Willke)

• diode seed laser (Orion) with frequency pre-stabilisation
• fibre pre-amplifier (booster optical amplifier) followed 

by NKT Photonics fibre amplifier
• pre-mode cleaner for additional filtering and pointing 

stability, followed by power stabilisation loop
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Plans for the 1550nm laser
• stabilisation of laser to PMC-style mode cleaner on 

first suspended bench should deliver interesting 
results, potentially improving low-frequency stability 
of the laser significantly
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NPRO laser development within E-TEST
Two different NPRO coatings were tested

• First coating: Operation at 2120nm
• Second coating: Operation at 

2090nm

2120nm laser:
• Low linewidth operation at 2122nm
• Up to 480 mW output power
• Long term power stability
• Single mode beam quality

2090nm laser:
• Low linewidth operation at 2090nm
• Up to 50 mW output power 

At higher power levels emission at 
2120nm can be observed
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High-power (E-TEST) amplifier
Final Holmium-doped Fiber Amplifier (Ho2)
Main results:

• Output power >10 W
• PER: 26 dB
• Center wavelength: 2095 nm
• ASE level approx. 50 dB
• Beam quality M² = 1.18

RIN:
• 100 Hz: <10-5 Hz-0.5

• Power dependent RIN
- currently under investigation
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Fiber amplifier development
Laser System Specifications / Goals

• Wavelength: 2090 nm (dependent on 
used seed laser)

• Linewidth: 2 MHz (dependent on 
used seed laser)

• Continuous wave operation
• Output power: > 100 mW
• Linear Polarization (PER > 20 dB)
• Robust lab demonstrator packaging
• Active actuators (Pump current, Seed 

diode current, Seed diode 
temperature)

• Exchangable seed diode via fiber 
connectors
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Other R&D activities
• design of an output mode cleaner for 

ETpathfinder, taking into account new 
optics manufacturing techniques

• investigating possibilities and 
advantages of “new” simulation tools 
(VirtualLab, RP Resonator, etc.)

• simulating suppression of higher-order 
modes, sidebands, and HOMs of 
sidebands
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Other R&D activities cont’d
• design of mode-matching telescopes for 

ETpathfinder
• getting acquainted with capabilities of 

Zemax, VirtualLab, OSCAR, …
• multiple possible solutions, decision still 

tbd with regard to implementation 
strategy (e.g., non-FP Michelson needs 
different mode-matching)

58
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Other R&D activities cont’d
• new 2µm R&D lab now available at 

UGhent
• planned location for OMC tests
• planned characterisation of photo 

detectors

• two-colour experiment (2090nm + 
1550nm) being set up in Maastricht; 
possible solution to ALS-style locking 
scheme for silicon mirrors (NWO Vidi S. 
Steinlechner)

• squeezed light source at 1550nm being 
built up for tests of QND readout 
schemes (ERC AdV S. Hild)
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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
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