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My Journey through
HEP: 1997

NA27 at the SPS
Existence of QGP confirmed at
RHIC in 2005

l:l ¥ pixel pene (3.0p + 4Q3)
D 2 pixel pene (4 Qg + 2Q03)

158 & GeV/c:
d=60cm a=4

40 A GeVic:
d=30cm @=72mrad



1998-2001: LLEEP2
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Session Conrent Viewdng

o/ o, m, world comb. + 1o
68% and 95% CL contours m =173.34 GeV
fit wio M,, and m, measurements
fitw/o M, m, and M,, measurements
direct M, and m, measurements

1im

M, world comb. + 1o
M,, = 80.385 + 0.015 GeV

The Forward Muon system: MUF




H1 at HE.RA: 2003-2004
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CDF' at the Tevatron 2004-2008

AL REVIEW LETTERS

PHYSK

" ABOUT 1,000 PHYSICISTS and uncounted
S technicians contributed to the CDF and D@ col-
. laborations’ efforts to find the top quark. The

first pages of their respective papers reporting the
discovery consist entirely of names.
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Robert Rathbun Wilson (Director from 1967 - 1978)

"It only has to do with the respect with which we regard one
another, the dignity of men, our love of culture. It has to do with
those things. It has to do with, are we good painters, good
sculptors, great poets? | mean all the things that we really
venerate and honor in our country and are patriotic about. It
has nothing to do directly with defending our country except to
help make it worth defending."

— Robert R. Wilson, answering Congress' question on how the
new accelerator will affect the nation's security.

The Robert R. Wilson Collection contains the written and audio-visual records of the
personal history (1914-2000) and professional history (1967-1978) of Fermilab's first
director. Wilson's western roots and Berkeley training prepared him for his frontier work on
the Manhattan Project and pioneering developments at Cornell University's Newman




CMS at LHC: 2008 - 2017




Search for Very-Short-Baseline Oscillations of

Reactor Antineutrinos with the SoLid Detect
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LIGO-VIRGO: 2017
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Pre-Flare

Flare

X-ray Image of Galactic Center

Pact-Flarea




Can Super Massive Black Holes (SMBH)
-be formed through successive mergers of
Stellar size black holes?-

Within the age of the universe?
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The current network of 2'¢ Gen detectors

% In operation

9 Under construction 0 GEO
0 o
LHO Virgo
9
@ KAGRA
LLO

9
LIGO India

g

N. Van Remortel, Un }gersity of Antwe







Gravitational wave detectors

NE

NE

Michelson
Interferometer

(1887)

Arm (Al)

A
X
VARY,
= >

Wavelength: 10® m

Intensity™~ power=180 Watt

PHOTODETECTOR

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

Lichtwaves experience change of phase

Shift
4 __ Arm A1

- Arm A2

Phase-shift

| Lght! . . Dark
|

Arm AL DCAAAAS ANANANA
Arm A2 Ix X 4N kX >< >< X >< X
O N N NS VN NN

‘ constructive interference destructive interference
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Boosting the signal via optics, resonance & feedback

MODLULATOR

INPUT HGDE CLEANER

h-ghpomos cillator (HPO)

MNE

POWER RECYCLING
(PR}

3 Km

A\

i bmE

Fabry-Perot cavities:
Stabilizing arm length
Effective arm length increases by x400
Boosing the optical power

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

26



Limitations on the measurement

e Seismic noise & vibration limit "
at low frequencies Sl e ®
& H
e Atomic vibrations (Thermal sensitive region
Noise) inside components limit 5
at mid frequencies - o /
e Quantum nature of light (Shot =
Noise) limits at high
frequencies = -
10 \
e Myriad details of the lasers, I FACILIT N
electronics, etc., can make 10_5\ "
problems above these levels _25 N mfﬁ\f
Ll 10 100 1000 10000

Frequency (Hz)

BPS annual meeting VUB, 9/24/2024 N. Van Remortel, University of Antwerpen



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 — Neltron st s e e el

Virgo) Einstein
me rge S « Precise sky localisation for the 3 detectNinmatas
W20010 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
2 LIGO + Virgo

GW200115 * No significant effective spin found (formation
S 60° mechanism)

—3
yl.ﬁh

BPS annual meeting VUB, 9/24/2024 N. Van Remortel, University of Antwerpen




GW190521: A Binary Black Hole Merger with a

Total Mass of 150 MO

First observation of an Intermediate Mass Black Hole (IMBH)
Proof of successive mergers of stellar mass black holes!
Black holes show precession: -> Random encounter

Hanford Livingston Virgo

Whitened Data |
3 1| ™ BayesWave
LALInference
T ;- cWB max-L

Tnoise

0 -
—14
—94
—34
—4
200
=)
o=
= 100
>
= 50
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20
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N. Van Remortel, University of Antwerpen
BND, 9/24/2024

TABLE 1. Parameters of GWI190521

according to the

NRSur7dg4 waveform model. We quote median values with

90% credible intervals that include statistical errors.

Parameter

Primary mass

Secondary mass

Primary spin magnitude

Secondary spin magnitude

Total mass

Mass ratio (m,/m; < 1)

Effective inspiral spin parameter (y.;)
Effective precession spin parameter ()
Luminosity Distance

Redshift

Final mass

Final spin

P (m; <65 My)

log,, Bayes factor for orbital precession
log,, Bayes factor for nonzero spins

log,, Bayes factor for higher harmonics

8521 M

6611 M
0.69 55
0.7342

1505 Mg
0. jg+{l 19

—0.29
0.08:0%7
0.681)5;

5.3'3¢ Gpc
0.821)3;
142738 M
0.72%1;
0.32%
1062938
0922338

+0.06
—0.38 —0.06
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Redshift Physics potential of 3G detectors

Einstein Telescope (EU) & Cosmic Explorer (USA):
* Probe entire populations of binary mergers
* Observations increase by factor 10.000:
10° — 10° 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
e Early universe cosmology

NS-BH

N. Van Remortel, University of Antwerpen
BND, 9/24/2024



2nd gen vs 3rd gen GW interferometers:

201V 'y —
10 & A == alIGO -
== ET
— \ - CE '
a
E 1072 | {"}.\ — -
— ) = = 4
A= \ -
7 ki '.\ A
5102 L =
@) : . =
7
<
Median sou'ce |
10-25 Best 10% o sources
z Optinllal sotrce | ! =
10! 107 10}
Frequency [Hz]

Credits: GWIC 3G Committee, the GWIC 3G Science Case Team,
and the International 3G Science
Team Consortium, “3G Science Book,” 2020

BND, 9/24/2024

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

* Detection of more massive binarv black holes

= - —r—rrrrrr——rr
100 - - Horizon

: N 10% detected
50% detected

Redshift

10 100 1000
Total source-frame mass | M)

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

Source: M. Branchesi et al JCAP07(2023)068
Full (HFLF cryo) sensitivity detectors

ASgge; All orientation BNSs BNSs with &, < 15°
Configuration
[deg?] 30 min | 10 min | 1 min | 30 min | 10 min | 1 min
10 0 1 5 0 0 0
100 10 39 113 2 8 20
Al10km
1000 85 293 319 10 34 132 3 2
All detected 905 4343 | 23597 81 393 | 2312



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

Dominant instrument noise at low f
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Surface vs underground:

Seismic velocity spectra measured at Power Spectral Density at Terziet Borehole:
* Top: Sos-Enattos (Sardinia) P2 borehole at 264m depth . pay night difference at the surface indicates anthropomorphic component
* Bottom: Terziet (NL) borehole at 250 m depth « Power density can be suppressed by 4 orders of magnitude
10-3
-6
A8 Source: S. Koley et al 2022 Class. Quantum Grav. 39 025008
N
l% 10-7 (a) Horizontal component (b) Horizontal component
% = ] S '
2 . K
= 1078 <
2 S
g 10-9 Pl b2 g g
2 = = Peterson LNM/HNM g2
_10 Terziet - 250 m deep day 2 o
10 Terziet - surface day Semn ST oERESS
Terziet - 250 m deep night 10'5 Attenuation during day ‘ "
10-11 e Terziet - surface night L ; Attenuation during night |
1074 107 10° 10" 10° 10’ 10" 10° 10’
Frequency [Hz]
s () Vertical comporent _ (@) Vertical component
™ £ 10° — 1
e 5 »
N opn
E 5 3
= 1071 (272 Peterson LNM/HNM g =
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= ' Terziet - surface day e e e ny
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E Terziet - surface night || Ll Attenuation during night| i 1| &
g 107 10° 10’ 10”! 10° 10°
Frequency (Hz) Frequency (Hz)
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Frequency [Hz] Erom: Concentual desian and noise budaet of Einstein Telescope (baper in preparation)


Soumen%20Koley%20et%20al%202022%20Class.%20Quantum%20Grav.%2039%20025008
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Data to be acquired in the project

@ New Boreholes
2D Seismic Line 1
2D Seismic Line 2
2D Seismic Line 3
3D Seismic Area 1
3D Seismic Area 2
3D Seismic Area 3

Existing Data

Old Bore holes
2D Seismic line 1
2D Seismic line 2

2D Seismic line 3

Y Cities

Liege

©O0penStreetMap coontributors
OpenStreetMap is open data, licensed under the Open Data Commons Open Database License (ODbL) by the OpenStreetMap Foundation (OSMF)
'w.openstreetmap.org/copyright/en







~60m depth: Mollusks ~220m depth: Corals from
from Namurian age Carbonia era 385Myr ago
300Myr ago

Plaats Gemeente Locatie Periode

Plon ounder 4 maart-1 april

S april-7 juni

5 juni-19 juli

Lontzen







BND school, 9/24/2024
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Gustave Eiffel: Observatoire de Nice Cote D’Azur; 1880’s
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