
Einstein Telescope
and ETpathfinder

Stefan Hild, University of Maastricht & Nikhef
Courtesy to the LIGO, LSC, Virgo and Einstein Telescope teams 

www.einsteintelescope.nl / www.etpathfinder.eu

http://www.einsteintelescope.nl/
http://www.etpathfinder.eu/


DISCLAIMER
Everything around ET is currently very dynamic and many things are in flow:
• new and important developments, 
• new research proposals granted, 
• new organizational bodies formed 
…. and this happens on many different levels, Europe-wide (ISB, OSB, SCB, IEB 
project directorate, project office), but also in various countries on national levels.

This talk cannot do justice to all of those!
While I aimed to give a representative snapshot, in the time I have I can only 
present here a subjective selection.

For more details and updates please check: www.et-gw.eu, 
www.einsteintelescope.de, APPEC news etc
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Outline

• What have we learned
Gravitational Waves so far?
• How to measure Gravitational

Waves 
• Overview of Einstein 

Telescope
• ETpathfinder
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We have come a long way ….

LIGO, Hanford, WA

LIGO, Livingston, LA Virgo, Cascina, Italy

KAGRA, Japan
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6th Anniversry of the discovery of GW
Many, many prizes including 2017 Nobel prize + Science magazine awarded us with 
“Scientific Breakthrough of the year” two years in a row (2016+2017)
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Gravitational waves are ripples 
in space and time caused by changing 
gravitational fields

As a consequence of Theory of General Relativity 
Einstein predicted Gravitational Waves in 1916.
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“Plus” polarization “Cross” polarization





From a few seconds of 
signals …

9
Figure 2. Timeline of the discovery of GW170817, GRB 170817A, SSS17a/AT 2017gfo, and the follow-up observations are shown by messenger and wavelength
relative to the time tc of the gravitational-wave event. Two types of information are shown for each band/messenger. First, the shaded dashes represent the times when
information was reported in a GCN Circular. The names of the relevant instruments, facilities, or observing teams are collected at the beginning of the row. Second,
representative observations (see Table 1) in each band are shown as solid circles with their areas approximately scaled by brightness; the solid lines indicate when the
source was detectable by at least one telescope. Magnification insets give a picture of the first detections in the gravitational-wave, gamma-ray, optical, X-ray, and
radio bands. They are respectively illustrated by the combined spectrogram of the signals received by LIGO-Hanford and LIGO-Livingston (see Section 2.1), the
Fermi-GBM and INTEGRAL/SPI-ACS lightcurves matched in time resolution and phase (see Section 2.2), 1 5×1 5 postage stamps extracted from the initial six
observations of SSS17a/AT 2017gfo and four early spectra taken with the SALT (at tc+1.2 days; Buckley et al. 2017; McCully et al. 2017b), ESO-NTT (at
tc+1.4 days; Smartt et al. 2017), the SOAR 4 m telescope (at tc+1.4 days; Nicholl et al. 2017d), and ESO-VLT-XShooter (at tc+2.4 days; Smartt et al. 2017) as
described in Section 2.3, and the first X-ray and radio detections of the same source by Chandra (see Section 3.3) and JVLA (see Section 3.4). In order to show
representative spectral energy distributions, each spectrum is normalized to its maximum and shifted arbitrarily along the linear y-axis (no absolute scale). The high
background in the SALT spectrum below 4500Å prevents the identification of spectral features in this band (for details McCully et al. 2017b).
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The Astrophysical Journal Letters, 848:L12 (59pp), 2017 October 20 Abbott et al.

Cosmology independent 
of distance ladder

Ruled out some proposed 
EOS of neutron stars

Confirmed Kilonova and R-process  

Confirmed BNS as origin 
for some GRBs

Found new class of heavy stellar mass BBH 

Start of GW multi-
messenger astronomy

… detected with LIGO and Virgo …

… we learned a lot!
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About one signal 
detected per week!

Routinely 
observing compact 
binary systems !



Discovery of an intermediate mass blach hole (IMBH)
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GWTC-2 and 
Black Hole Populations
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IMBH: a BBH with total mass over 
150 times the mass of the Sun 

the first BBH with definitively asymmetric 
component masses 

a low-mass 
event consistent 
with either an 
NSBH or BBH 

Another BNS

a highly asymmetric system of ambiguous 
nature, corresponding to the merger of a 23 
and a 2.6 solar mass compact object, the 
lightest black hole or heaviest neutron star 
observed in a compact binary 

arxiv.org/abs/2010.14527
arxiv.org/abs/2010.14533



Many observations/discoveries
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Timeline 
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Need high-precision laser-interferometry 
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Effekt einer starken GW
auf eine Länge von 4km

h =
Is it possible to measure such 
a tiny change? 

Ha
ir



Virgo is a 
3km long
Michelson 

18

Virgo, Cascina, Italy
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Image Credit: LIGO Laboratory, MIT/Caltech

Pushing the boundaries on all fronts!

• Ultra-stable laser (1064nm, 
Linewidth <1Hz)

• High power optics: ~100kW CW

• Optical resonantors (km length, 
high finesse) 

• Mirrors polished to sub nm 
flatness and microroughness

• Special low Brownian noise 
coatings

• Low absorption (<0.5ppm per 
coating; <0.25ppm/cm in 
optics)

• Controlling positions of mirrors 
to pm accuracy

• Modecleaning and mode 
healing using optical cavities



Noise Sources limiting the Advanced Detectors
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Quantum noise
Seismic noise
Gravity Gradients
Suspension thermal noise
Coating Brownian noise
Coating Thermo−optic noise
Substrate Brownian noise
Excess Gas
Total noise

• Quantum Noise limits 
most of the frequency 
range.

• Coating Brownian limits in 
the range from 50 to 
100Hz.

• Below ~15Hz we are 
limited by ‘walls’ made of 
Suspension Thermal, 
Gravity Gradient and 
Seismic noise.

• And then there are the, often not 
mentioned, ‘technical’ noise sources 
which trouble the commissioners so 
much. LIGO-T070247
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Planes

Seismic disturbance

Magnetic fields

Power lines

Lightning

Molecule 
crossing

Laser beam

Thermal 
Bath

Quantum 
Back-Action

noise

Humans

Wind/Weather

In addition …
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Stefan Hild
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From a few seconds of signals …

25

Figure 2. Timeline of the discovery of GW170817, GRB 170817A, SSS17a/AT 2017gfo, and the follow-up observations are shown by messenger and wavelength
relative to the time tc of the gravitational-wave event. Two types of information are shown for each band/messenger. First, the shaded dashes represent the times when
information was reported in a GCN Circular. The names of the relevant instruments, facilities, or observing teams are collected at the beginning of the row. Second,
representative observations (see Table 1) in each band are shown as solid circles with their areas approximately scaled by brightness; the solid lines indicate when the
source was detectable by at least one telescope. Magnification insets give a picture of the first detections in the gravitational-wave, gamma-ray, optical, X-ray, and
radio bands. They are respectively illustrated by the combined spectrogram of the signals received by LIGO-Hanford and LIGO-Livingston (see Section 2.1), the
Fermi-GBM and INTEGRAL/SPI-ACS lightcurves matched in time resolution and phase (see Section 2.2), 1 5×1 5 postage stamps extracted from the initial six
observations of SSS17a/AT 2017gfo and four early spectra taken with the SALT (at tc+1.2 days; Buckley et al. 2017; McCully et al. 2017b), ESO-NTT (at
tc+1.4 days; Smartt et al. 2017), the SOAR 4 m telescope (at tc+1.4 days; Nicholl et al. 2017d), and ESO-VLT-XShooter (at tc+2.4 days; Smartt et al. 2017) as
described in Section 2.3, and the first X-ray and radio detections of the same source by Chandra (see Section 3.3) and JVLA (see Section 3.4). In order to show
representative spectral energy distributions, each spectrum is normalized to its maximum and shifted arbitrarily along the linear y-axis (no absolute scale). The high
background in the SALT spectrum below 4500Å prevents the identification of spectral features in this band (for details McCully et al. 2017b).
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The Astrophysical Journal Letters, 848:L12 (59pp), 2017 October 20 Abbott et al.

Cosmology independent 

of distance ladder

Ruled out some proposed 

EOS of neutron stars

Confirmed Kilonova and R-process  

Confirmed BNS as origin 

for some GRBs

Found new class of heavy stellar mass BBH 

Start of GW multi-

messenger astronomy

Proved existence of intermediate-mass black holes 

… detected with LIGO and Virgo …

… we learned a lot!
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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

[S.Hild]



Reaching for the full cosmos!
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GWTC-1
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Binary Coalescences Overview: 

• Census of stellar and 

intermediate-mass BBH 

population over full Universe, 

10
5
-10

6
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!

28~3h ~30min
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Figure 2. Timeline of the discovery of GW170817, GRB 170817A, SSS17a/AT 2017gfo, and the follow-up observations are shown by messenger and wavelength
relative to the time tc of the gravitational-wave event. Two types of information are shown for each band/messenger. First, the shaded dashes represent the times when
information was reported in a GCN Circular. The names of the relevant instruments, facilities, or observing teams are collected at the beginning of the row. Second,
representative observations (see Table 1) in each band are shown as solid circles with their areas approximately scaled by brightness; the solid lines indicate when the
source was detectable by at least one telescope. Magnification insets give a picture of the first detections in the gravitational-wave, gamma-ray, optical, X-ray, and
radio bands. They are respectively illustrated by the combined spectrogram of the signals received by LIGO-Hanford and LIGO-Livingston (see Section 2.1), the
Fermi-GBM and INTEGRAL/SPI-ACS lightcurves matched in time resolution and phase (see Section 2.2), 1 5×1 5 postage stamps extracted from the initial six
observations of SSS17a/AT 2017gfo and four early spectra taken with the SALT (at tc+1.2 days; Buckley et al. 2017; McCully et al. 2017b), ESO-NTT (at
tc+1.4 days; Smartt et al. 2017), the SOAR 4 m telescope (at tc+1.4 days; Nicholl et al. 2017d), and ESO-VLT-XShooter (at tc+2.4 days; Smartt et al. 2017) as
described in Section 2.3, and the first X-ray and radio detections of the same source by Chandra (see Section 3.3) and JVLA (see Section 3.4). In order to show
representative spectral energy distributions, each spectrum is normalized to its maximum and shifted arbitrarily along the linear y-axis (no absolute scale). The high
background in the SALT spectrum below 4500Å prevents the identification of spectral features in this band (for details McCully et al. 2017b).
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The Astrophysical Journal Letters, 848:L12 (59pp), 2017 October 20 Abbott et al.

28[S.Hild]



More Science! 
• Supernovae
• Isolated rotating neutron stars
• Testing of a variety of dark matter 

candidates
• Exploring the nature of dark 

energy
• Stochastic background of GWs, 

back to shortly after Big Bang
• What else might be out there what 

do we not think/know about yet?
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Traditional Astrophysical Sources of 
Gravitational Waves for LIGO & Virgo

Credit: D. Berry, E. Drezek Credit: NASA

Credit: NASA/ESA

Credit: C. ReedCredit: Perimeter Institute

Compact Binary Coalescence Transient Bursts

Stochastic Backgrounds Continuous Sources

Traditional Astrophysical Sources of 
Gravitational Waves for LIGO & Virgo

Credit: D. Berry, E. Drezek Credit: NASA

Credit: NASA/ESA

Credit: C. ReedCredit: Perimeter Institute

Compact Binary Coalescence Transient Bursts

Stochastic Backgrounds Continuous Sources

Traditional Astrophysical Sources of 
Gravitational Waves for LIGO & Virgo

Credit: D. Berry, E. Drezek Credit: NASA

Credit: NASA/ESA

Credit: C. ReedCredit: Perimeter Institute

Compact Binary Coalescence Transient Bursts

Stochastic Backgrounds Continuous Sources
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Spectral contribution to science

Slide 30[S.Hild]



Spectral contribution to science

Slide 31
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Spectral contribution to PE for ET

Slide 32

ET-D
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Continue with bucket approach?
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Continue with bucket approach?

[S.Hild] Slide 34



From current detectors to ET 

35

LIGO, Hanford, WA

LIGO, Livingston, LA

Virgo, Cascina, Italy

Planned Einstein Telescope

Current detectors started ~1990s  

ET will be an infrastructure to provide observing power for half of the 21st century, 
i.e. from about 2035-2085!

Why does ET look so different compared to current interferometers?

[S.Hild]



Key concepts of ET in a single slide

36

Underground location for 
Reduction of seismic and 
atmospheric GGN 
+ long baseline

Image credits: http://www.geometrics.com/what-are-the-different-types-of-seismic-waves/

[S.Hild]



Key concepts of ET in a single slide

37

Underground location for 
Reduction of seismic and 
atmospheric GGN 
+ long baseline

Triangular for full sky 
coverage and redundancy

Xylophone concept

Many new technologies, like 
for instance cryogenic  

silicon mirrors

[S.Hild]



Combining 2 IFOs

ET-D-LF ET-D-HF

ET-D (total)

Slide 38



ET video
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ET collaboration

12th ET symposium 
7th-8th June 2022 in Budapest

https://indico.ego-gw.it/event/411/

[S.Hild]



From the ET-costbook and socio-economic studies
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Estimated budget in Mega-Euro (excl Personnel)

1 Euro invested in ET generates 3.6 
Euro of Total Output*  or between 1.4 
and 1.55 Euro of Value Added**. 
Estimated overall employment effect 
of about 34000 py during 
construction.

Note: Largest cost items have big overlap with CERN, i.e. 
underground and civil construction, vacuum systems, 
cryogenics etc. Also note there is an exciting MOU 
between CERN, INFN and Nikhef covering those items. 

[S.Hild]



ET timeline
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• Idea for ET like-
observatory is from 2004

• CDR was finished in 2011

• Discovery of GWs in 
2015/16 brought ET really 
to life 

[S.Hild]
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?

EU Regio
Rhine-Meusse

Sardinia

Site Candidates
Currently two site candidates:
• Sardinia
• EU Regio Meuse-Rhine / Limburg

Geological properties and 
underground seismic
being investigated



Cr
ed

it:
 M

. P
un

tu
ro



Euregio Meuse Rhine (EMR)

45

attenuation 10,000 (day) & 200 (night)

@ surface

250 m deep
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Recent news:
Dutch national
Growth funds
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Outline

• What have we learned
Gravitational Waves so far?
• How to measure Gravitational

Waves 
• Overview of Einstein 

Telescope
• Hosting ET in the Euregio 

Meuse Rhine?
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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), new 
coatings

• Start with 2 FPMI, one initially at 120K and 
one 15K (2022+).

• 20 partners from NL/B/G/FR/SP/UK
• 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

[S.Hild] Slide 49
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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.

[S.Hild] 50
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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 



52

ETpathfinder Partners



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. 

53

Start Construction: April 2020 July: ~1000 t of concrete poured Oct : First cleanroom walls being installed.                                      Cleanroom in operation ~ March 2021Drilling 170 pillars

[S.Hild]
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Ca. 1980s



[S.Hild and F.Linde] 55January 2020



56Summer 2021



[S.Hild and F.Linde] 57Now



58

O
ffi

ci
al

 O
pe

ni
ng

 in
 N

ov
 2

02
1 

by
 In

gr
id

 v
an

 E
ng

el
sh

ov
en



Some Highlights of recent ETpathfinder Activities
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Cryogenics 
• Mirrors need to be cooled to 

cryogenic temperatures (~15K, 

123K), without introducing 

noise, i.e. cooling only possible 

via thin suspension wires. 

• General approaches:

• Dry system: pulse-tubes. 

Challenge = reduce and isolate 

vibrational noise.

• Sorption coolers (base line in 
ETpathfider) = more quite, less 
cooling power.

• Cryogenic Liquids: LN2, He, HeII. 

Challenge = avoid bubbling; 

transfer liquids from surface 

300m above the caverns …

60

ETpathfinder cooling budget
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R&D example: How to cool a mirror without vibrations? 

61

III. Physikalisches Institut Lehrstuhl BIII Physikalisches Institut Lehrstuhl A

ETpathfinder: Thermal Links Test-Setup
Mechanical workshops of several ETpathfinder Partners working together.



R&D example: How to avoid Ice on a mirror?

62
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Vacuum P&I

64

Looking for a team to 
help with the vacuum 
control system design:
• 20 pumps
• 42 valves
• 6 RGAs
• 24 penning/piranies



R&D example: 
new mirror material = silicon

65



R&D example: New lasers and Quantum tricks

66



ETpathfinder is a longterm acitivity (and independ of ET site decision)

[S.Hild] 67

• 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



Beyond ET …
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ET timeline
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• Idea for ET like-
observatory is from 2004

• CDR was finished in 2011

• Discovery of GWs in 
2015/16 brought ET really 
to life 

By 2024 the governments of host countries (N/B/G) 
need to have decided whether to support or not.

[S.Hild]
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ET = Huge Opportunity for Science, 
the Netherlands and Europe. 

What will we make of it?

[S.Hild]
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Thank you for
your attention. 

72

Questions?

[S.Hild, Vista meeting, 21.10.2020]



EXTRA SLIDES
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Tenders awarded
• Large GAS filters for suspended benches
• Benchtop suspensions

Tenders in preparation
• Pre-isolation platforms for all towers

Tenders to be published
• 123K payloads: design under review
• Mirror isolation chains: design 

reviewed, production drawings in 
preparation

Short term objectives
• Complete tendering by end of April
• Start pre-assembly end of summer

WP5 - Status of design and production



Modeling and measuring transmissibility from heat links

Payload test setup @ Nikhef

PCB 393B05
accelerometer

Witness accelerometer Voice-coil actuator

Heat-link
ring

Cold finger

Actuation
reaction mass

WP5 - Testing prototypes
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0.25-mm diameter, 22-cm long Al-5083 wire

Modeling and measuring transmissibility from heat links
WP5 - Testing prototypes
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• Modeling the heat-link as a spring with stiffness kHL estimated from the FEM gives a fair agreement with the measurements
• TF attenuation vs number of links qualitatively as expected; shape and arrangement of the wires also plays a role

Modeling and measuring transmissibility from heat links
WP5 - Testing prototypes
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• No significant improvement by measuring in vacuum; structure observed around 18Hz compatible with the FEM
• Outcome: modeling tools have been validated and can be used for design of the 20K payload

Modeling and measuring transmissibility from heat links
WP5 - Testing prototypes
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Pre-isolation platform prototype @ Nikhef

• Assembly and yaw centering procedure 
validated

• Weight balancing mechanism works !! 
Accurate (within +/-2.5%) weight balance 
over the four legs has been achieved

• Loading curve measured: 1002kg measured 
vs 1112kg modelled @50mHz. The system 
appears to be slightly more compliant than 
calculated. Design of flexures will be 
updated accordingly.

50-mHz natural frequency, 3.5-m high inverted pendulum with four legs

Pre-isolation platform

WP5 - Testing prototypes



IP leg 
prototype 
in action

Timelapse video at 
10x speed
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WP5 - Benchtop suspensions 

81

6 HRTS (left) for 
steering mirrors 
and 2 HRTS-BS 
(right) for 
beamsplitters on 
central bench 

Tender published Dec 2021 and we have one offer at < 50% of expected cost

3” dummy mass

5” beamsplitter dummy mass

fabricated in UCLouvain workshop

HRTS is a LIGO A+ design by 
Adam Huddart et al. (STFC)



WP6 - Optics: Optical Layout

1550nm IFO

2090nm IFO

Two co-located interferometers
• ETpathfinderA: 1550nm, 123K -> 

20K
• ETpathfinderB: 2090nm, 123K



WP6 - Optics: Main test masses
• Previously: purchased two silicon ingots, moderate resistivity
• New, higher resistivity (value TBD) ingot now purchased 

(VUB/UM) and currently out for cutting
• Will have material for 10 test masses (7 low resistivity, 3 high 

resistivity) plus plenty of witness samples
• Polishing:

- Fruitful discussions with Zeiss, very promising but ultimately 
will not fit our schedule

- Now preparing European Tender, to be published very soon
- VUB now starting own silicon polishing tests after successful 

precursors
• Started discussions for coating, e.g. LMA availability and 

scheduling
- Baseline is silica/tantala, but would like to try multimaterial

coating with aSi or SiN if realisable in available coating 
chambers
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Main mirror requirements
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WP6 - Optics: Lasers

Main laser: 1550nm

• pre-stabilised laser system contributed by 
AEI, see recent LVK publication LIGO-
P2100463

• Optics lab at UM (outside of cleanroom) 
now available with commercial 5W laser, 
first tests of auxiliary optics have started

• Visit by Andrew Spencer (UofG) for a few 
months to work on integration of laser 
system with controls

85

https://dcc.ligo.org/LIGO-P2100463


WP6 - Optics: 2µm laser
• Procurement of 2090nm laser system this year, can profit 

from Fraunhofer ILT work for E-TEST laser system
- Very few commercial, narrow-linewidth sources available
- Thulium fibre amplifier system seeded by laser diode, broad 

linewidth so far, will be open system to exchange seed later
- ILT to work on Ho:YAG NPRO seed

• Amplifier:
- Holmium fibre
- Pumped by

Holium fiber laser/amplifier



WP6 - Optics: other optics
• Design sketch for beam splitters, with split-

coating on front, sent out for quotation
• Design of mode-matching telescopes ongoing; 

project by Maud Slangen finished in autumn, 
now taken over by Aaron Jones for finalisation

• General purpose optics for 1550nm have been 
purchased and arrived during 2021

• Now asking for quotations for general purpose 
optics for 2090nm

• Further setups become
available at UM, e.g. a PCI
absorption measurement
setup, as well as a photodiode
testing setup 
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To Caverns C, D, E:

with LF-EM (400m) 

and HF-EM (450m) 

of opposing detector 

LF-IMx

LF-IMy

LF FCs IMs
HF FC IM

HF-IMy

HF-IMx

Cryoshield (40m)

Cryoshield (40m)

Cryoshield (40m)
Cryoshield (40m)

HF BS

HF SRM

HF PRM

LF-BS
LF-PRM

LF-SRM

To surface 
(ca 2.5km)

To LF FCs EMs 

(1km) Cavern A

To HF EMx (10 km)

To LF EMx (10 km)

To HF FC EM 

(350m)
To HF EMy (10 km)

To LF EMy (10 km)
Cavern B

To Caverns C, D, E:

with LF-EM (400m) 

and HF-EM (450m) 

of opposing detector 
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Deleoping new Technologies and Fostering Economic 
Impact:
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