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From Current Detectors to
3G/Einstein Telescope

LIGO, Hanford, WA

LIGO, Livingston, LA

Virgo, Cascina, Italy

• ET can reward us with same of the most amazing Science!
• First though we have to solve many, many challenges!
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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. 
-> Huge Challenge  

Need to do fundamental changes in 
technology and concepts.  => Need 
to test, demonstrate, engineer and 
optimise those!
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This is where we believe ETpathfinder can play a role! 
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Aim of ETpathfinder
• Provide a low-phase noise, easy access, fast turn-

around interferometer testbed for the Einstein 
Telescope.

• Allows tests at the system level (not just individual 
subsystems on their own) and to learn about 
dependency and interplay of different subsystems.

• Can facilitate an interferometer with 4 cryogenic test 
masses of 100+kg.

• Will run initially two independent  interferometers 
with small mirrors (15cm diameter) to explore the 
ET/Voyager/CE matrix of cryogenic temperatures 
(123K and ~15K) and wavelengths (~2.1 and 1.55 
microns). 
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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 
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+ LAPP Annecy, Albert 
Einstein Institute 

Hannover, Birmingham 
University, Karlsruhe 

Institute of Technology 
etc

ETpathfinder = Collaborative Effort!
1. Nikhef
2. Maastricht University
3. Eindhoven University of Technology
4. University of Leuven
5. Ghent University
6. University of Antwerp
7. University of Hasselt
8. University of Liège
9. Vrije Universiteit Brussel
10. Université catholique de Louvain
11. Fraunhofer InsRtute for Laser Technology (ILT)
12. RWTH Aachen University
13. University of Twente
14. Flemish InsRtute for Technological Research (VITO), Mol
15. Netherlands OrganisaRon for Applied ScienRfic Research (TNO), Del]

Open for everyone to join in
the effort!

€14.5m capital investment 
(Interreg, institutions, 
governments, provinces)

Nice side effect: Many new 
partners from outside GW 
joined (and some now also 
started to contribute to 
current detectors, i.e. Virgo.)
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German Universities funding to support ET + ETpathfinder

Third Generation Gravitational Wave Telescope
Antrag auf einen nationalen Forschungsverbund im Rahmenprogramm

Erforschung von Universum und Materie – ErUM

October 2019

With the detection of gravitational waves from merging pairs of black holes and the observation of
a merging event of two neutron stars by gravitational-wave detectors and a multitude of electromag-
netic telescopes (from the gamma to the radio wave range), gravitational-wave research has leaped into
observational astronomy. The interest in the further development of the detectors to increase their
range and improve their signal quality extends well beyond the current research community. With this
joint research proposal, we are establishing a German scientific community that is committed to the
rapidly growing field of gravitational-wave research. This proposal contains a large number of projects,
all related to technological developments for the next generation of gravitational-wave detectors, Cos-
mic Explorer and the Einstein Telescope. The Einstein Telescope (ET) [1] is a future third-generation
gravitational-wave observatory in Europe. Designed as a new underground facility with several in-
terferometers whose arms form an equilateral triangle, ET aims to achieve ten-times the sensitivity of
Advanced LIGO over a wide frequency band and thus an average detection rate that is more than a
thousand times higher. In addition, ET will be sensitive to GW frequencies down to ⇠2Hz. It repre-
sents an infrastructure capable of delivering novel and otherwise unachievable scientific insights for
many decades.

Spokespersons of the Verbund: A.Stahl (RWTH)
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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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ETpathfinder is a longterm activity!
• 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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Adv LIGO

ET-120K

ET-D

Seismic: Black Forest
Newtonian Gravity: 20x subtraction
Residual Gas: 0.3 nTorr of H2
ET single, 120K
ET-D
aLIGO design
ET Facility Limit
3MW speedmeter, 40m FC, 30ppm loss

Work carried out by all participants 
of ET workshop in Glasgow



Outline
• Overview of ETpathfinder
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targeted R&D
• Current status and

outlook

In this talk I will only be able to present 
appetizers. Please see ETpathfinder for 
more details: https://www.etpathfinder.eu/wp-
content/uploads/2020/03/ETpathfinder-Design-Report.pdf

https://www.etpathfinder.eu/wp-content/uploads/2020/03/ETpathfinder-Design-Report.pdf


Cleanroom Infrastructre
• Inner dimensions of cleanroom (class 8, volume of 

6000m3, 10 circulations/h) is 34.3m x 22m x 8.1m.
• Two separate foundations ---- (both 45cm thick 

concrete sitting on top of 170 piles drilled 5.8m 
into the ground) to decouple main experimental 
area from rest of building, AC, pumps etc.

• Special emphasis in tender on: 1) quiet air 
handling and filter units 2) improved acoustic 
isolation of cleanroom walls.

• Design includes a special compartment for noisy 
equipment (pumps, cryocoolers etc )

Main 
experimental 
area 

25m

37
m



Vacuum
• 6 towers (4 mirror towers 

and 2 table towers); 80cm 
tubes; 20m arm length;

• Total volume about 130m3

• Target pressure of 10-9mbar

• Aiming for fast and easy
access, i.e. to allow
frequent venting etc: 1) 
access via mantle ring; 2) 
need to deal with lots of 
water => plan to have 
possibility to bake towers 
on regular basis at 90deg C. 



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. L
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Seismic Isolation  

arm length of 20m

High-Finesse Fabry-Perot

Resonators of 10m length

Active platform

Inverted pendulum 1

Inverted pendulum 2

4 pendulum stages

Input mirror tower
end mirror tower

Beam splitter tower

Tower for input and 
Output optics

Suspended tables

Cryostat and 
cryoshield
(20K, 70K, 120K)

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 



Lasers: 1550 nm and 2090nm  

1550nm development at AEI
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Optics + Coatings
• Main mirrors (silicon 15cm diameter, 8cm 

thickness, FZ, R>14kOhm cm)

• First interferometer will explore currently
available coatings (Silica/tantala? amorphous silicon? 
Multi-material coatings etc).

• Longer-term initiative @ KU-Leuven:
Setting up an MBE system (crystalline coatings of 
different metal oxides)

• Arm cavity Finesse chosen as 800 (trade-off 
between lock-acquisition, compatibility of QN reduction 
schemes, Seismic isolation requirements of CITF etc )

• Optical layout for 2 interferometers (one 
per arm)
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Outline
• Overview of ETpathfinder
• Some examples of 

targeted R&D
• Current status and 

outlook 
Again in this talk I will only be able to give 
appetizers of current activities. If
interested please follow activities via ET-
TDS: https://apps.et-gw.eu/tds/
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Timelaps of hall re-construction

https://youtu.be/gtaJ5P16mCw

https://youtu.be/gtaJ5P16mCw


Dilatations to separate floor areas
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Status: Cleanroom



Vacuum system tender
• Link to many documents
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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


Test setups
• Various test setups are underway for cryogenics and seismic isolation.
• A nice example of collaboration combining efforts from several 

mechanical workshops (Jelly fish heat link mechanical coupling 
measurements):

III. Physikalisches Institut Lehrstuhl BIII Physikalisches Institut Lehrstuhl A

ETpathfinder: Thermal Links Test-Setup
Mechanical workshops of several ETpathfinder Partners working together.
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Noise budget
• Main target for Phase 

1a/b was set as 10-18m/ 
sqrt(Hz) at 10Hz.

• Developing noise budget 
to guide designs and 
choice of R&D priorities.

• Target noise budget will
be adjusted during
lifetime of ETpathfinder.
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Many things on the go …
• Tenders in prepara+on for: 1) large bellows, 2) vacuum 

pumps and diagnos+cs tools, 3) Gate valves, 4) MBE coa+ng 
system, 5) Op+cal tables …

• Silicon mirror substrates currently in produc+on at IKZ Berlin
• Vacuum system liKing system final design checks (Antwerp)
• Control system assembly at LAPP
• 1550nm laser being set up at AEI
• 2090nm laser source under development at Fraunhofer

Ins+tute Aachen
• Silicon polishing tests underway at Vrije University of 

Brussels
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Take-away-points
• ETpathfinder is reality now (you can see, touch, breath it, if you stop 

by in Maastricht).

• ETpathfinder is a long-term initiative and independent of the site 
decision (i.e. ETpathfinder will not vanish in 2025, but be available 
to the ET community for the next decades.)

• ETpathfinder is huge opportunity to test new technology vital for ET. 
Let’s use it to increase (our and the communities and funder’s) 
confidence into ET.

• Everybody is welcome to join the ETpathfinder team. Lots of work 
available for new groups to take charge of.  Please get in contact.  
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Thank you for 
your attention.

Any questions?
(Please ask, but also feel free to get into 
contact via email at any time!) 
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EXTRA SLIDES
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New H 
beams 
for crane

New 
heating, 
cooling, 
lighting

New 
roller 
gates , 
escape 
doors 
etc

New service 
(electricity, cooling 
water etc )
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Lots of space for LN2 tanks 
outside the hall (with underground 
Tunnel for pipes into the hall)
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New 360kW 
cooling water unit 
installed on the 
roof of 
neighboruring hall



From STAC report , Feb 2020
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