
Vibration isolation
Precision engineering and mechatronics for Einstein Telescope
Konstantinos Gryllias, Vanessa Cool (KU Leuven)

Jo van den Brand (Nikhef)

Gerjanvan de Walle(FWO)

18-June-2025



GW150914: Merger of two black holes

LIGO Virgo Collaboration



LIGO, Hanford, WA

LIGO, Livingston, LA

Virgo, Cascina, Italy

First LIGO Virgo detection: triangulation!

15 August 2017
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GW170817: start of multi-messenger astronomy
Many compact sources emit, besides gravitational waves, also light, gamma- and X-rays, and UV, 

optical, IR, and radio-waves, and neutrinoôs and other subatomic particles.                                       

Our-detector global network allows to identify such messengers
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Earth at the same scale
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Neutron stars are laboratories for extreme physics

Mass: from about 1.1 to about 2.2 solar mass

Density: up to several time nuclear density

Temperature: up to 1012 K

Magnetic field: up to 1011 T

Held together by gravity and supported by degeneracy pressure and NN repulsion

Extrapolate behavior of QCD, superconductivity, and superfluidity

Equation Of State: many models





Fermi Space Telescope

INTEGRAL

Gamma-rays reach Earth 1.7 seconds after the merger



Worldwide effort to observe GW170817
GW170817 has been studied by about 70 observatories worldwide (including Antarctica) as well as in space



Significant scientific impact of gravitational waves

Fundamental physics

Study of black holes and new tests of Einsteinôs theory

Astrophysics

First observation of the merger of neutron stars. Unique information on black holes

Astronomy

Start of GW-astronomy, population studies

Cosmology

Binary neutron stars act as standard ñsirensò

Dark Matter and Dark Energy

Nuclear physics

Tidal interactions between neutron stars are imprinted on gravitational waves

PRESENT OBSERVATORIES DO NOT HAVE ACCESS TO THE ENTIRE UNIVERSE



Dual recycled Fabry-Perot interferometer
LIGO and Virgo use dual recycled Fabry-Perot interferometers with input- and output-mode cleaners
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Dual recycled Fabry-Perot interferometer
LIGO and Virgo use dual recycled Fabry-Perot interferometers with input- and output-mode cleaners

Virgo optical components
Virgo beamsplitter



This is impossible with existing facilities and demands a new generation of observatories for gravitational waves
We want to measure millions of events, with high SNR, distributed over a large range in redshift (z < 20)

This allows statistical analyses of data versus redshift, mass distributions, population analysis, etc.

Einstein Telescope: observe all BBH-mergers in the Universe

z = 0.2

NOW  



An underground facility with 10 km arm hosting 6 (partly cryogenic) interferometers at a depth of about 250 m

The EMR region has the ambition to host the observatory

Einstein Telescope



The challenge: displacements caused by GWs are small
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Important physics occurs at low frequency (high z-physics). Seismic motion limits the performance

Vibration isolation is required

Ground displacements limit the performance



Vibrations are a problem

ά¢ƘŜ 9{wC ǳǇƎǊŀŘŜ ōŜŀƳ-line 
NINA requires samples to be 
ǇƻǎƛǘƛƻƴŜŘ ǘƻ ǿƛǘƘƛƴ р ƴƳ ŦƻǊ 
ƛƳŀƎƛƴƎ ǇǳǊǇƻǎŜǎΦέ

- ESRFNewsJuly 2012

Advanced Virgo sensitivity 
requirements necessitate 
femtometerpositioning

Design, development and 
installation of a versatile, vibration 
isolation system

- ESA statement of work 2011

Vibrational forces limit the 
precision measurements of 
Chameleon fields
- Condensed matter VU University

Ground vibrations exceed motion 
requirements by several orders of 
magnitude



Solution: vibration isolation systems

Vibration-isolation systems developed at Nikhef

ÅExpertise in sensors and actuators, controls, é

ÅñHigh-endò solutions

ï Unprecedented performance

ï (ultra-high) vacuum compatible

ïControllable positioning, damping, é

ïCustomizable

SingleSAS MultiSAS


