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From a few seconds of signals …

Cosmology independent 
of distance ladder Ruled out some proposed 

EOS of neutron stars

Confirmed Kilonova and 
R-process  

Confirmed BNS as origin 
for some GRBsFound new class of heavy 

stellar mass BBH 

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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Start of GW multi-
messenger astronomy



Running with better sensitivity since 1st April 2019

Several dozens public alerts sent out!

Stay tuned



From Current Detectors to
3G/Einstein Telescope

LIGO, Hanford, WA

LIGO, Livingston, LA

Virgo, Cascina, Italy

Planned Einstein Telescope



Reaching for the full cosmos!
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GWTC-1

Seeds of 

supermassive 

Black holes?Primordial 

black holes as 

dark matter?



Seeing BNS in GW before merger 

~3h ~30min
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From Current Detectors to
3G/Einstein Telescope

LIGO, Hanford, WA

LIGO, Livingston, LA

Virgo, Cascina, Italy

Planned Einstein Telescope



Noise Sources limiting the 2G
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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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Key Concepts of ET in one slide

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



Composition of Seismic Fields

Slide 11

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



ET will ‘go underground’

ET
 d
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Key Concepts of ET in one slide

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

Triangular for full sky 
coverage and redundancy



The ET Footprint
• As ET is a new infra-structure, we 

can start from scratch.
• What to see the full sky. 
• Want to resolve both 

polarisations.
• Want to have redundancy.
• 1 Triangle vs 4 Ls:

- Both have 30km integrated tunnel 
length

- Both resolve both polarisations and 
offer redundancy.

- Both give equivalent sensitivity.
- Triangle reduces the number of end 

stations.
• ET will be a triangle.  

Single L-shaped IFO Triangle of 3 IFOs

Triangle first proposed:1985, MPQ-101. W.Winkler, K.Maischberger, A.Rüdiger, 
R.Schilling, L.Schnupp, D.Shoemaker,: Plans for a Large Gravitational Wave Antenna in 
Germany

Freise, A.; Chelkowski, S.; Hild, S.; Pozzo, W. D.; Perreca, A. & Vecchio, A.
CQG, 2009, 26, 085012 (14pp) 
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Key Concepts of ET in one slide

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



Xylophone Concept
• As our detectors become more and more complex and at the same time 

aim increase even further the observation bandwidth the xylophone 
concept becomes more and more attractive.

• The xylophone concept was originally suggested for advanced LIGO:

• Allows to overcome ‘contradicting’ requirements in the technical 
detector design:
- To reduce shot noise you have to increase the light power, which in turn will reduce the 

sensitivity at low frequencies due to higher radiation pressure noise.
- Need cryogenic mirrors for low frequency sensitivity. However, due to residual absorption it 

is hard to combine cryogenic mirrors with high power interferometers.
• For ET we choose the conservative approach (designing an 

infrastructure) and went for a 2-band xylophone: low-power, cryogenic 
low-frequency detector and a high-power, room-temperature high-
frequency detector.  

R.DeSalvo, CQG 21 (2004) S1145-S1154
G.Conforto and R.DeSalvo, Nuc. Instruments 518 (2004) 228 - 232
D.Shoemaker, presentation at Aspen meeting (2001), http://www.ligo.caltech.edu/docs/G/G010026-00.pdf
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Combining 2 IFOs

ET-D-LF ET-D-HF

ET-D (total)
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Key Concepts of ET in one slide

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



Stefan Hild
IOP NPPD, April 2011 Slid
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Going Underground 



Refining construction of Infrastructure
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Roadmap to Einstein Telescope
Current candidate locations:
• Sardinia, supported by Italy
• South Limburg, supported by a 

consortium from the 
Netherlands, Belgium and 
Germany 

Decision scheduled for 2022. 



Sardinia
• Excellent 

geology

• Strong local 
(universities) 
and national 
support 
(INFN)

Stefan Hild Seminar, Hamburg, May 2018 Slide 
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Why ET in EUREGIO?



Underground!



Seimsic studies in  EUREGIO
De site
• Topological map + site etc, faults, water, 

,diep Aachen

Liège

Maastricht

mining
in past

hardrock
too deep?

more complex
geologies

“Terziet”“De Plank”



Dutch-Belgium-German Efforts
Homework done to 
qualify site in Euregion:
• Positive geological 

studies
• Positive economic 

impact studies
• Strong effort across 

borders (MOU just 
refreshed)

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.



ETpathfinder comes to Maastricht



ETpathfinder comes to Maastricht



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. -> 

Need to do fundamental 
changes in technology and 
concepts 101 102 103
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New Technologies

ET requires technological advances on all fronts:
• New temperature => 10-20K
• New mirror material => Silicon
• New laser wavelength => 1.5-2.1 microns
• Advanced quantum-noise-reduction schemes 
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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 Institute for Laser Technology (ILT)
12. RWTH Aachen University
13. University of Twente
14. Flemish Institute for Technological Research (VITO), Mol
15. Netherlands Organisation for Applied Scientific Research (TNO), Delft

Collaboration with relevant 
local and national industry 
partners

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

Committed manpower of 100+ 
man years (scientists and 
engineers) over the next 5 
years 

plus 
contributions 

from AEI, 
Australia, Italy, 

the UK, etc.



ETpathfinder longterm ambition

E-TEST



Boreholes + 
geological studies 
(determining ET 

site in EMR region) 
+

Large cryogenic 
silicon mirror

NEWS: E-TEST approved
1. University of Liège
2. Fraunhofer Institute for Laser Technology
3. RWTH Aachen University
4. University of Hasselt
5. Katholieke Universiteit Leuven
6. NWO-I / Nikhef
7. Rheinische Friedrich-Wilhelms-Universitaet

Bonn
8. NMWP Management GmbH
9. Koninklijk Nederlands Meteorologisch Instituut
10. Maastricht University
11. Université catholique de Louvain

WP Lead Funds

T1: Seismic and Cooling Nikhef 3832 k

T2: Optical engineering Fraunhofer 3215 k

T3: EMR underground observatory Liege 1507 k

T4: Cross-border geological model RWTH 5412 k



Thank you 
for your 
attention

Image Credit: NASA/Hubble Telescope, Lueck AEI


