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• What? 

• How?

• Why? 

• Where?

• When?

The Einstein Telescope



What?



The Strange World of Einstein’s Theory of Relativity…

1. Spacetime – space and time are not independent from each other

2. The fabric of spacetime – not just a mathematical construct or metaphysical concept, but real physical object

• Spacetime can stretch, curve, vibrate, … 

• There’s no such thing as ‘the’ time

3. ‘Gravity’ is the curvature of spacetime–

“Spacetime tells mass how to move, 

matter tells space-time how to curve”



1. Celestial Bodies bend light  Eddington expedition in 1919

2. The Universe expands Friedmann, Lemaître and Hubble

3. Black Holes exist Oppenheimer-Snyder

4. Gravitational Waves exist Einstein

Kromming 
ruimtetijd

Massa/energie

The Strange World of Einstein’s Theory of Relativity…

= 10-43

New York Times, 10 November 1919





How?



Can we measure Gravitational Waves?

• Einstein himself had doubts



Measurement principle

GW  length A1 & A2 change
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• Based on ‘old’ instrument: Michelson’s interferometer (1887)

 Phase-shift of the light waves



Laser Beamsplitter Mirror

Photodetector
Interference (highly exaggerated)

Measurement principle of an interferometer
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Up to the first detection

• First GW detector: LIGO (VS – Hanford & Livingston)

• 2002-2010: nothing…

• Upgrade to GW detector of 2nd generation: ‘Advanced LIGO’

• 14.09.2015, ‘GW150914’: first GW detection!

• Merger of 2 black holes at 1.3 billion light years from us

• Last 0.2 second of the merger

• Before: 36 and 29 MSun, After: 62 MSun

 3 MSun c² radiated away as GW, peak power = 3.6 × 1049 W 

• Now: Ca. 1 detection per week
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Advanced Virgo

Advanced LIGO 
Hanford

Advanced LIGO 
Livingston

Advanced LIGO
INDIA

KAGRA

GEO600

Overview 2G GW detectors



Visual impression



Multimessenger astronomy

• ‘GW170817’

• Advanced LIGO and Advanced Virgo on 17 August 2017 

• Fermi Gamma-ray Burst Monitor: GRB 170817A, 1.7 sec later

• Bright optical transient (AT 2017gfo) in NGC 4993, ~11 hours later

• Also in UV, IR, X-ray, radio

• Interpretation: Merger 2 neutron stars, followed by a gamma-ray burst and a kilonova



GW170817
Two Neutron Stars 
Combined 2,8 M☉

17 August 2017
LIGO + Virgo
70 observatoria

Observation: supernova
Creation of Gold and Platinum



GW170817



Why ET?



2G GW detectors: not bad, but we can do better…

• What should improve?

1. From cosmic backyard to Big Bang

2. Broader scientific scope

• Upgrade LIGO, Virgo & KAGRA?

• Physical constraint: above-ground infrastructure with 3-4 km arm length

• Enter Einstein Telescope – 1st 3G GW detector

1. 10 x more sensitive 1000 x bigger volume + closer to Big Bang

2. Extension to low frequencies (1-10 Hz)  access to the dark & young Universe



Einstein Telescope
LIGO/Virgo

James Webb Telescope
Hubble Telescope

But also: discover dark energy and dark matter, test Einstein’s General 
Relativity, find primordial black holes, particle physics, new detections ...

Gravity

Electro-
magnetic



250...300m

3rd Generation observatory
250 meter underground
10 km tunnels
1 MWatt Lasers



Cryogenic mirrors: 10-20 K
Vacuum tunnels
…
Cost: > € 2 billion



Technologies

Cryogenics Vacuum Precision 
instruments

SensorsHigh grade 
mirrors Mirror coatings

Lasers Advanced 
algorithms

Tunneling 
techniques

Ground water 
techniques

3D models & 
Simulations

Geografic 
imaging

Instrumental
Technologies

Construction 
Technologies Sustainability

Sustainable 
constructions

Sustainable 
waste ground 

removal

Climate neutral 
and sustainable 

energy
Sustainable 

logistics

Sustainable 
maintenance

Sustainable
decommissioning



Challenges for the climate

Maastricht

Aachen

Liège

Reuse of 
excavations

Carbon-free
transport

Waste water 
treatment

Protected 
Bocage 

landscape

Use of Energy

Prepare for 
decommissioning

upfront



Where?



Option 1
• Three-border region Belgium-The Netherlands-Germany 
Euregio Meuse-Rhine, EMR



Option 2

• Sardinia (Italy)

• Saxony (Germany)?



When?



50 
years

network of 
companies and
researchers

Initial
research

Creation of 
a bidbook

Challenge: the planninng

2021
Einstein Telescope on 
the ‘ESFRI roadmap’: 
priority project in 
Europa

2021-2025
Feasibility phase

2026
site selection: 
Meuse-Rhein
region or Sardinia
or …

2028-2034
Einstein Telescope
under
construction

2035-2085 (?)
Operational phase and
measurements

2085 (?) ...
Climate neutral
decommissioning



Status



ET EMR Project Office
• Assess feasibility EMR candidacy in terms of 

• Technical requirements
• Geology
• Environment
• Sustainability 
• Financing
• Governance & organisation

• Determine the optimal location of the triangle

• Prepare an ambitious and high-quality bidbook by 2025

• Build a consortium to support the ET EMR candidacy

• Proactively communicate with stakeholders & public



• Geological campaign March-August 2024: 10 borehole drillings

• Engineering consortium including Tractebel

Boreholes & engineering



ETpathfinder: R&D-center in Maastricht



Cryogenic mirror: Centre Spatiale de Liège
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https://www.einsteintelescope.be

hans.plets@fwo.be

• ET Newsletter: register via QR code

Further information

https://www.einsteintelescope.be/
mailto:hans.plets@fwo.be

	Dianummer 1
	Dianummer 2
	The Einstein Telescope
	Dianummer 4
	The Strange World of Einstein’s Theory of Relativity…
	The Strange World of Einstein’s Theory of Relativity…
	Dianummer 7
	Dianummer 8
	Can we measure Gravitational Waves?
	Measurement principle
	Dianummer 11
	Up to the first detection
	Dianummer 13
	Dianummer 14
	Dianummer 15
	Overview 2G GW detectors
	Visual impression
	Multimessenger astronomy
	Dianummer 19
	GW170817
	Dianummer 21
	2G GW detectors: not bad, but we can do better…
	Dianummer 23
	Dianummer 24
	Dianummer 25
	Dianummer 26
	Dianummer 27
	Dianummer 28
	Dianummer 29
	Dianummer 30
	Dianummer 31
	Dianummer 32
	Dianummer 33
	ET EMR Project Office
	Boreholes & engineering
	ETpathfinder: R&D-center in Maastricht
	Cryogenic mirror: Centre Spatiale de Liège
	Further information

