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My Journey through
HEP: 1997
NA27 at the SPS
Existence of QGP confirmed at 

RHIC in 2005



1998-2001: LEP2 ( 𝑠 ≤209 GeV)
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The Forward Muon system: MUF



H1 at HERA: 2003-2004





CDF at the Tevatron 2004-2008

CDF detector

D0 detector



'Acqua alle funi'





CMS at LHC: 2008 - 2017



SoLid at BR2 Belgium: 2014-2024



LIGO-VIRGO: 2017 -



Jules Verne's 'From the Earth to the Moon' (1865)
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Can  Super Massive Black Holes (SMBH)
be formed through successive mergers of
Stellar size black holes?
Within the age of the universe?







The current network of 2nd Gen detectors
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Source: G. Gemme, XiV ET Symposium
Maastricht, 6-10 May 2024





Gravitational wave detectors

Gravitational waves cause changes in 
length ratio between arms A1>A2, 

A2>A1

Lichtwaves experience change of phase
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Michelson 
Interferometer

(1887)

Wavelength: 10-6 m
Intensity~ power=180 Watt

Arm (A1)

Arm (A2)

Arm A1
Arm A2

Arm A1
Arm A2

A1+A2

DarkLight!



Fabry-Perot cavities:
Stabilizing arm length

Effective arm length increases by x400
Boosing the optical power
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Optical modulation:
Stabilizing arm length

Measurement and control network
Via sensors and actuators

Power & signal recycling:
Enlarge optcial power with x5000
Isolation & extraction of GW signal

Input & output cleaning:
Cleaning of laser beams

Removal of stray light

Every Component = subproject:
10s to 100s of components

Years of development/optimization

Boosting the signal via optics, resonance & feedback



Limitations on the measurement

N. Van Remortel, University of Antwerpen 27

• Seismic noise & vibration limit 
at low frequencies

• Atomic vibrations (Thermal 
Noise) inside components limit 
at mid frequencies

• Quantum nature of light (Shot 
Noise) limits at high 
frequencies

• Myriad details of the lasers, 
electronics, etc., can make 
problems above these levels

BPS annual meeting VUB, 9/24/2024



Multimessenger Astronomy
August 17, 2017: GW170817

Two Neutron Stars 

Combined 2,8 M☉

LIGO + Virgo

70 observatoria

Observation: supernova

Birth of Gold and Platinum

(10 x earth mass)



Black Hole – Neutron star 
mergers

• Discovered in Jan 2020 by resp. 2 and 3 
interferometers (1 LIGO + Virgo and 2 LIGO + 
Virgo)

• Precise sky localisation for the 3 detector 
network!

• Several formation channels possible (isolated, 
young star cluster, active galactic nuclei, …)

• Component masses are in agreement with mass
distributions for NS and BH respectively (no mass
gap!)

• No evidence found for measurable tides or tidal
disruption of the NS: Important for exotic
nuclear theory

• No significant effective spin found (formation
mechanism)

N. Van Remortel, University of Antwerpen 29

1 LIGO + Virgo

2 LIGO + Virgo

The power of a detector network!

Inferred merger rate

BPS annual meeting VUB, 9/24/2024



GW190521: A Binary Black Hole Merger with a 
Total Mass of  150 M⊙

First observation of an Intermediate Mass Black Hole (IMBH)

Proof of successive mergers of stellar mass black holes!

Black holes show precession: -> Random encounter
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BND, 9/24/2024
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Einstein Telescope (EU) & Cosmic Explorer (USA):
• Probe entire populations of binary mergers
• Observations increase by factor 10.000:
 𝟏𝟎𝟓 − 𝟏𝟎𝟔 BBH mergers /year
• Access to wider mass range: 𝑴⨀ to 100’s 𝑴⨀

• Observe mergers for longer times
• Look back into the dark ages
• Probe new objects: supernova’s, pulsars, 

magnetars …
• Precision tests of GR
• Dark matter and dark energy
• Early universe cosmology

Physics potential of 3G detectors

BND, 9/24/2024



2nd gen vs 3rd gen GW interferometers:
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Credits: GWIC 3G Committee, the GWIC 3G Science Case Team, 
and the International 3G Science

Team Consortium, “3G Science Book,” 2020

• 2nd Generation (aLIGO, AdV, KAGRA) sensitive down to 20 Hz
• 3rd Generation (ET, CE) will be 10x more sensitive in the bucket
• ET will extend sensitivity down to 2Hz, allowing

• Detection of more massive binary black holes

• Extending the detection time prior to merger from <1sec
to 30 minutes!

Source: M. Branchesi et al JCAP07(2023)068

BND, 9/24/2024

https://iopscience.iop.org/article/10.1088/1475-7516/2023/07/068


It’s all about controlling the noise:
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Dominant instrument noise at low f

Suspension & coating thermal

Quantum radiation pressure

Dominant instrument noise at high f

Quantum shot noise

Decouple low f and high f in 2 instruments

https://apps.et-gw.eu/tds/?content=3&r=17245




Surface vs underground:

35IRI Workshop, 9/24/2024

From: Conceptual design and noise budget of Einstein Telescope (paper in preparation)

Seismic velocity spectra measured at 
• Top: Sos-Enattos (Sardinia) P2 borehole at 264m depth
• Bottom: Terziet (NL) borehole at 250 m depth

Surface measurements

Surface measurements

Power Spectral Density at Terziet Borehole:
• Day night difference at the surface indicates anthropomorphic component
• Power density can be suppressed by 4 orders of magnitude

Source: S. Koley et al 2022 Class. Quantum Grav. 39 025008

Soumen%20Koley%20et%20al%202022%20Class.%20Quantum%20Grav.%2039%20025008












~60m depth: Mollusks 
from Namurian age 

300Myr ago

~220m depth: Corals from 
Carbonia era 335Myr ago





CRISTAL: Final installation at CSL

BND school, 9/24/2024









Gustave Eiffel: Observatoire de Nice Côte D’Azur; 1880’s
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