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What Is the matter made of?




How does the matter compose the
Unlverse? .-

v T_ﬁe' large‘infinity .



CKS AYAONRAO?2
Particle Accelerators:
probe the infinitelly small
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I The Standard Model of particle physics m== Leptons | Theorised/explained

Years from concept to discovery — g::?:: | Discovered
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Simple matter

Un vieux réve réductionniste
Fermions de Bosons vecteurs Empédocle - Ve siecle av. J.C.

matiére (spin 1/2) d’interaction (spin1)

nucleon

Force nucléaire forte

Force électromagnétique

.‘é «— * |l existe aussi une interaction faible
* Le neutrino n’interagit que par cette interaction faible




Simple Matter: The Standard Mode
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The CERN accelerator complex
Complexe des accélérateurs du CERN

Neutrino
Platform
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LHC - Large Hadron Collider // SPS - Super Proton Synchrotron // PS - Proton Synchrotron // AD - Antiproton Decelerator / CLEAR - CERN Linear
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LARGE HADRON COLLIDER
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ATLAS

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker



ATLAS: Aumanventuretoo
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More than 5500

scientists from 245
Institutes in 42
countries work on the
ATLAS experiment
(March 2022).

Collaboration

181 institutions (247 institites) from 47 coumiries

FATLAS
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Spectrometer

Hadronic
Calorimeter

The dashed tracks
are invisible to
the detector
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Data: /R Z£ 4 leptons

@ATLAS

EXPERIMENT
http://atlas.ch
Rum: 203602
Event: 82614360

Date: 2012-05-18
Time: 29:28:11 CEST







Events / GeV

Data - Fit
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Les physiciens ont découvert le
boson de Higgs avec 99,9999 % de
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2013 NOBEL PRIZE IN PHYSICS
Francois Englert

Peter W. Higgs

The Nobel Prize in Physics 2013 was
awarded jointly to Francois Englert and
Peter W. Higgs "for the theoretical
discovery of a mechanism that
contributes to our understanding of the
origin of mass of subatomic particles,
and which recently was confirmed
through the discovery of the predicted
fundamental particle, by the ATLAS and
CMS experiments at CERN's Large o e s
Hadron Collider" Prize share: 112 Prze share: 12
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Standard Model Total Production Cross Section Measurements
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The future starts now

E: 6800 GeV t(SB): 00:59:26 05-07-22 17:46:34

6800 GeV 2 33e+11 2.37e+11

Inst. Lumi [(ub.s)™-1] 1: 4.43
FBCT Intensity and Beam Energy ~ Updated: 17:46:32
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Integrated luminosity [fb-1]
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X dndl beyond

Possible scenarios of future colliders

B Proton collider
M Electron collider

Preparation
mm= Construction/Transformation
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adapted from S. Bethke, ESPP symposium 2019



Vs (GeV)
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WHO BENEFITS?
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Scientists
il PROGRAMME ®
Is it worth investing in large-scale research facilities?

Industry
(global network, new Products & Services

\ more efficiency, )
o
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Taxpayers ||| ||| |||

(Knowledge as

public good) > General Public
\_‘_’,_,
\ (Culture and
< Education)



€ SCIENTISTS \Y ¥\ @ STUDENTS & RESEARCHERS
862.100 \

Publications \ scientific problems
citing P1

Education that goes beyond solving

Project management

242.600

Publications . Teamwork and Networking
citing LHC
26.700 experiments | Independent thinking
Publications (PO)
from the LHC | Communication

experiments

Problem Solving
Technical Skills

Scientific Skills

€ 150,000 cumulative

Young researchers

((EEERVAEE))

26.000
34.000 Post-Docs
Students (43%)
(57%)




17%
Customized
products

24°%

Specific Products

16%
Innovative
Products

33%

Developments




© TAXPAYERS

How much does each one contribute?

O rusLIC

Cultural value (1993-2038)

1,6

Million Visitors to

CERN's exhibitions \ y\,‘ 430 Mi"iOI’IS Of taxpayers

51 \\ | | in 22 Member states
e O 0,0 | € 2,50 per Person and per year

CERN Visitors ®® H &®®

29,3

Millions of Social Media

Users

775

Million of visitors

to the sites
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The world 1502
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IMargaritaphilosophica
_JFreiburg, Joh. Schott, 1503




I\/IagellanEIcano 1519522
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The World Map before and after Magellan's Voyage
Author(s): EdwaréHeawood
Source: The Geographical Journal , Jun., 1921, Vol. 57, No. 6 (Jun., 1921}4@2 431




The two Infinites

| ’ Infinitely large/

Tnfinimment grand

Infinitely small/ .
Infinimment petit /

Universe Birth
Quarks

Dark
Matter

Dark Energy1%

Leptons
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THE ECONOMIC BENEFITS OF
THE LHC RESEARCH
PROGRAMME

s it worth investing in large-scale research facilities?
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Cultural value (1993-2038) : a SCIENTISTS
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How much does each one contribute?

430 Millions of taxpayers
in 22 Member states
€ 2,50 per Person and per year




