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Gravitational waves are ripples in spacetime 
caused by changing gravitational fields



About one signal
detected per week!

Frequent observation 
of binary coalescences



➢ Machine learning
▪ Towards detection of binary neutron star signals before merger
▪ Characterizing and simulating transient noise, e.g. for Einstein Telescope 

Mock Data Challenges
▪ High-quality sky localization of binary mergers 

in just a few minutes (down from a few hours!)

➢ Testing general relativity in novel ways
▪ “Overtones” found in e.g. GW190412, GW190814: 

Are the overtones consistent with the basic signal?
▪ Black holes, or black hole mimickers? Searching

for gravitational wave echoes

➢ Lensing of gravitational waves
▪ See talk by Justin Janquart tomorrow

➢ Gravitational waves and dark matter
▪ Bounding “dark charges” on binary black holes

Gravitational wave data analysis: Highlights from the past year
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FIG. 4. Examples of predicted skymaps by our neural network (left ), importance sampling after 100000 steps or roughly 5

minutes of comput ing t ime (middle), Bilby at convergence (right ). The Bilby runs took at least 3 hours to complete. The t rue
sky locat ion is indicated in red. The shown skymaps were generated for signals with an SNR of 15. The number of significant
importance samples, and hence the quality of the sky maps, increases as we go from the top row to the bot tom row.

C . G ener at ing skym aps

As a final test , we generated skymaps using the neural
network, importance sampling, and Bilby on the same
signals. Three representat ive skymaps are shown in Fig-
ure 4. The skymaps generated by the neural network are
significant ly more spread out than those generated by
importance sampling and Bilby. As we explained in the
previous sect ions, this might due to the neural network
overest imat ing the uncertainty and having difficulty ex-
t ract ing the exact signal from the detector noise. The
skymaps generated by importance sampling and Bilby
resemble each other quite a lot , their peak intensit ies are
in the same posit ion and the sky dist ribut ions occupy
roughly the same area. However, the importance sam-
pling skymaps are grainy and somet imes do not cover
the complete area that Bilby does. As can be seen in
the bot tom row of Figure 4, when the predicted VMF
dist ribut ion has its peak intensity on the correct posi-
t ion the importance sampling creates bet ter looking sky
maps. This improvement is due to the increased number
of significant importance samples. These results indicate
that a larger number of significant importance samples
is needed, which is to be expected with only 5 minutes
of run-t ime. Within only 1-4% of the Bilby run-t ime we
are already able to recover the essent ials of the skymaps.

V . CON CL U SI ON

In thispaper, weproduced skymaps for simulated BBH
events using an importance sampling scheme that turns
an approximate skymap made by a neural network into
a skymap that represents the exact Bayesian posterior
dist ribut ion. Experiments show that our method is com-
pet it ive with Bilby and can produce the essent ials of the
skymap within 4% of the Bilby run-t ime. However, in
some cases the proposal dist ribut ions made by the neu-
ral network are too crude, which hampers the efficiency
of the importance sampling scheme. If the sampling ef-
ficiency is improved further, importance sampling could
be used as a quick alternat ive to Bilby or LALInference
for inferring the GW posterior. In future work, we will
consider more advanced deep learning models such as
normalizing flows to infer more accurate posterior dist ri-
but ions.
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➢ Measuring the equation of state of neutron stars
▪ Looking ahead at how to exploit the full potential of Einstein Telescope

➢ Studying dense nuclear matter using 
GW + EM + heavy ion collisions

Gravitational wave data analysis: Highlights from the past year
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From the science case for ET

Current observatories

z=2

Einstein Telescope

z=100



   
  

   
 

             

           

            



The Einstein Telescope
• A multi-billion Euro, pan-European project involving thousands 

of people. 

• There is a possibility of it “landing” in NL, and we are a major part 
of the ET project and collaboration leadership

• We must make strategic decisions – the project is too big to ‘fit’ in 
Nikhef as it stands.

• Groeifonds – No direct funding for scientists

Currently ongoing: 
Site-studies, collaboration building, 
prototyping, research projects



National growth-funds, funding for what?
• 42 M€ have been (conditionally) awarded now. Money can flow from 2023, and NWO can provide 

pre-financing fur urgent items. The money is dedicated to:

- 19 M€ managed by LIOF (the Limburg Development and Investment Company):
connections to industry for research and innovation: 'The aim of this programme is to optimally 
position [...] in particular Dutch industry, for R&D and orders relating to Einstein Telescope', 

- 23 M€ managed by Nikhef: 'for the preparation 
and realisation of the underground infrastructure
[...]', project organisation and management

• 870 M€ have been reserved for the construction of the ET 
infrastructure, if the EMR site is selected as the location of ET.

• Organisational challenge for Nikhef: NGF (local project office, 
with regional partners and EZK, OCW, LIOF, industry, ...) need 
to align with ET EU project (int. project office, CERN, government
representatives, ...) need to coordinate with the collaboration 
(spokesperson, scientists, working groups and boards, ...)

New positions listed in NGF:



The ET Collaboration has begun

• 79 Intstitutions

• 1200+ Members

• 280 “Research” FTEs

• Relatively even split between 
instrument/experiment and 
astronomy/analysis



The Einstein Telescope, the EU project timeline

2020 

application ESFRI

2021 

ET is added to the 
ESFRI roadmap

2024 

The 2 sites in 
competition, EMR 
and Sardinia, have 
to deliver their bid

2025

site decision

2026 

preparation & 
realization/ building 

ET-EMR

2035

explotation 
(measurements of 

Gravitational Waves 
by ET-EMR 

observatory)



LISA – 2037 launch date
A Spaceborne observatory measuring supermassive black holes 
and cosmic history



Towards the ET infrastructure

• Budget: 7 M€ (out of 15) for geology studies
• Timeline: 2020-2023
• Focus: exploration and geological analysis of 

EMR
• Goals:

o producing a 3D geological and geotechnical 
model of the cross-borders region to inform 
civil engineering design: location, tunnel 
construction, cost estimate, etc.

o assessing seismic noise characteristics (level, 
propagation, local sources, etc.) 



Hydrogeological surveys Groundwater flow models Borehole core logging



Seismic noise characterization

New borehole seismic stations

Cottessen site ( -250m)

Active seismic campaign for 
subsurface imaging

Amsterdam lab



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

ET-pathfinder
New facility for testing ET technology in a low-
noise, full-interferometer setup.

Key aspects: 

• Silicon mirrors (3 to 100+kg) 

• cryogenics (and water/ice management)

• “New” wavelengths (1550 and 2090nm)

• Initial funding 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

http://www.etpathfinder.eu/


ETpathfinder Partners



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

III. Physikalisches Institut Lehrstuhl BIII Physikalisches Institut Lehrstuhl A

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



Research example: Mirror coatings

The short-term, ‘safe’ approach which will
(1) Combine more than two materials to optimize 
coating performance in
(2) an amorphous and crystalline hybrid coating

• Can meet Einstein Telescope goals
• 5 years, 1 postdoc (Alex Amato) and 1 PhD 

student (Diksha)

The longer-term, ‘high risk, high gain’ approach

• Use ion implantation to create layers of 
different refractive index, e.g. SiO2 or SiNx, 
directly inside our crystalline silicon mirrors

• Exceed Einstein Telescope goals – ready for 
future upgrades?

• 5 years, 1 postdoc and 2 PhD students (all tbd)

Vidi project - started in Dec 2021                                          ERC starting grant - starting in Nov 2022 

• Brownian motion of the highly-reflective coated detector mirrors generates ‘surface 

‘vibration’. Conventional coatings: made of stacks of two alternating amorphous 

materials (with different refractive indices to create high reflectivity). 

Challenge: We cannot meet all coating requirements with the materials we know! 

• Two projects in Maastricht by Jessica Steinlechner to reduce coating Brownian noise:



Coating thermal noise reduction visualised



Research example: Detecting low-frequency signals 
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The ‘OmniSens’ project
How can we ‘Break the Seismic Wall’ and get to 
the juicy low-frequency GW signals?

Use 6 laser interferometers to actively isolate 
all 6 Degrees of Freedom!

What? ERC Consolidator project  (~2.5M€, 
2 PhDs, 2 post-docs, 7 Eng. FTEs)

How? Employ precision laser readout, 
active control, and glass suspensions

Where? Primary grant holder is the VU,
Lab located at Nikhef in Science Park

The inertial stability of the 
reference mass is transferred to 
the payload.
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Ice: A cryogenic coating issue

➢ Observed at KAGRA (Japan) : 
○ Ice growth due to a non-perfect vacuum
○ grows by tens of nanometres per day, continuously

➢ Acts like an additional coating layer
○ increase in absorption
○ periodic change in reflectivity
○ increase in thermal noise – possibly the dominat effect after a 

few weeks!

➢ NWO-Klein project in Maastricht
○ simulate growth conditions
○ characterizing ice properties
○ developing mitigation procedures

→ currently: designing cryostat (Guido Iandolo & Alex Amato)
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0.25-mm diameter, 22-cm long Al-5083 wire

Modeling and measuring transmissibility from heat links

WP5 - Testing prototypes



3
0

• 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


