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CERN

Who I am
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• Experimental Physicist from Austria
Study in Vienna, following a technical oriented high school (electrotechnics)

• First contact with CERN summer 1985
Practicum within the UA1 experiment, very exciting!, two years after UA1/UA2 discovered the W and 
Z Bosons, this was it – I never got away from CERN.

• Position at the Institute of High Energy Physics, Vienna
1985 – 1991 Member of the UA1 Experiment at the SppS Collider

1992 – 2000 Member of the DELPHI Experiment at LEP

1997 – 2015 Member of the CMS Experiment at the LHC

Founder of the Semiconductor Group at HEPHY Vienna

2012 – 2014 Chair European Committee for Future Accelerators (ECFA)

• Since 2016 Head of the Experimental Physics 
Department at CERN



CERN

UA1      – DELPHI        – CMS

28 July 2023Summer Student Closing 5

~150 authors ~550 authors >6000 active people 

~2100 authors



CERN

July 2012 – Discovery of the Higgs Boson
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CERN

Four pillars underpin CERN’s mission
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RESEARCH

EDUCATION 

& TRAINING

TECHNOLOGY 

& INNOVATION

COLLABORATION



COLLABORATION



CERN

Science for peace
CERN was founded in 1954 with 12 European Member States
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23 Member States
Austria – Belgium – Bulgaria – Czech Republic 

Denmark – Finland – France – Germany – Greece 

Hungary – Israel – Italy – Netherlands – Norway 

Poland – Portugal – Romania – Serbia – Slovakia 

Spain – Sweden – Switzerland – United Kingdom

3 Associate Member States 

in the pre-stage to membership
Cyprus – Estonia – Slovenia 

7 Associate Member States
Croatia – India – Latvia – Lithuania – Pakistan

Turkey – Ukraine

6 Observers
Japan – Russia (suspended) – USA

European Union – JINR (suspended) – UNESCO

Around 50 Cooperation Agreements 

with non-Member States and Territories
Albania – Algeria – Argentina – Armenia – Australia – Azerbaijan – Bangladesh – Belarus – Bolivia

Bosnia and Herzegovina – Brazil – Canada – Chile – Colombia – Costa Rica – Ecuador – Egypt – Georgia – Honduras

Iceland – Iran – Jordan – Kazakhstan – Lebanon – Malta – Mexico – Mongolia – Montenegro – Morocco – Nepal  

New Zealand – North Macedonia – Palestine – Paraguay – People's Republic of China – Peru – Philippines – Qatar

Republic of Korea – Saudi Arabia – Sri Lanka – South Africa – Thailand – Tunisia – United Arab Emirates – Vietnam

As of 31 December 2022

Employees:

2658 staff, 900 fellows

Associates:

11 860 users, 1516 others

CERN’s annual budget 

is 1200 MCHF (equivalent 

to a medium-sized European 

university)



CERN

A laboratory for people around the world
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Distribution of all CERN Users by the country of their home institutes as of 31 December 2022

Geographical & cultural diversity

Users of 110 nationalities

19.4% women

Member States 7147
Austria 85 – Belgium 129 – Bulgaria 43 – Czech Republic 244 

Denmark 49 – Finland 90 – France 844 – Germany 1225 

Greece 119 – Hungary 73 – Israel 64 – Italy 1527 

Netherlands 169 – Norway 79 – Poland 305 – Portugal 100 

Romania 109 – Serbia 33 – Slovakia 70 – Spain 383

Sweden 103 – Switzerland 406 – United Kingdom 898

Associate Member States

in the pre-stage to membership 69
Cyprus 15 – Estonia 30 – Slovenia 24

Associate Member States 382
Croatia 38 – India 132 – Latvia 16 – Lithuania 14 – Pakistan 35 

Türkiye 122 – Ukraine 25

Observers 2991
Japan 216 – Russia (suspended) 873 – United States of America 1902

Non-Member States and Territories 1271
Algeria 2 – Argentina 13 – Armenia 8 – Australia 21 – Azerbaijan 2 – Bahrain 4 – Belarus 18 – Brazil 122 

Canada 199 – Chile 34 – Colombia 21 – Costa Rica 2 – Cuba 3 – Ecuador 4 – Egypt 20 – Georgia 32 

Hong Kong 15 – Iceland 3 – Indonesia 5 – Iran 11 – Ireland 5 – Jordan 5 – Kuwait 4 – Lebanon 13 – Madagascar 1

Malaysia 4 – Malta 1 – Mexico 49 – Montenegro 4 – Morocco 19 – New Zealand 5 – Nigeria 1 – Oman 1 

Palestine 1 – People’s Republic of China 333 – Peru 2 – Philippines 1 – Republic of Korea 147 – Singapore 2 

South Africa 52 – Sri Lanka 10 – Taiwan 45 – Thailand 17 – Tunisia 2 – United Arab Emirates 7 – Viet Nam 1



CERN

Evolution of the number of CERN Users
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Start LEP

Start LHC



RESEARCH
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Big Bang

Today
13.8 Billion Years

1028 cm

We reproduce the 

conditions a fraction of 

a second after the Big 

Bang, to gain insight into 

the structure and evolution 

of the universe.

How did the 
universe begin?

Accelerators

380 000 years

Telescopes
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Cosmic Microwave Background

Photo: ESA/PLANCK



CERN

What is the universe made of?
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We study the elementary building blocks of matter and the forces that control 
their behaviour

Matter
0,1 m

Atom
~10-10 m

Nucleus
~10-14 m

Proton
~10-15 m

Quark
<10-18 m

Electron



CERN

Greek Philosophers: Fire – Air – Water - Earth
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Lucretius De rerum natura, 

published by Tommaso Ferrando, Brescia, 1472.



CERN

Periodic Table of Elements
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CERN

The Standard Model of Particle Physics
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Fermions (spin ½) quarks and leptons: 

the building blocks of matter

Bosons (integer spin) carry the forces: 

electromagnetic (Photon), weak force 

(W, Z) and strong force (Gluons)

Higgs Boson (spin 0), gives mass to 

particles



CERN

The Standard Model of Particle Physics

28 July 2023Summer Student Closing 19

The short version fits on a mug:
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There are many unanswered questions 
in fundamental physics

Including

What is the unknown 

95% of the mass 

and energy 

of the universe?

Why do neutrinos have 

mass?

Why is gravity so weak 

compared to the other 

forces?

Is there only one Higgs 

boson, and does it 

behave exactly as 

expected?

Why is the universe 

made only of matter, 

with hardly any 

antimatter?

Is the universe stable?
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Stability of the Universe depends on the mass of 
the Higgs boson and the mass of the Top quark

The Universe prefers to be in the lowest 

energy state. Is this the case or is the 

universe in a valley higher up and may 

transition to the lower value?
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At CERN we help to answer these questions

The Higgs boson was discovered in 2012; without 

it fundamental particles would be massless 

and atoms could not form.

Several CERN scientists have received 

Nobel Prizes for key discoveries 

in particle physics.

Carlo Rubbia Simon Van der Meer Georges Charpak

François Englert and Peter Higgs. With Robert Brout, they proposed the mechanism in 1964.
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Large Hadron 
Collider (LHC)

• 27 km in circumference

• About 100 m underground

• Superconducting magnets

steer the particles around

the ring

• Particles are accelerated

to close to the speed 

of light
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Giant detectors record the particles formed 
at the four collision points

CMS

ATLAS

LHCb

ALICE

ATLAS

ALICE

CMS

LHCb
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Giant detectors record the particles formed 
at the four collision points

CMS

ATLAS

LHCb

ALICE

ATLAS

ALICE

CMS

LHCb

+ TOTEM, LHCf, MoEDAL, FASER, SND@LHC
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Upgrade to the 
High-Luminosity 
LHC is under way

• The HL-LHC will use new 

technologies to provide 

10 times more collisions 

than the LHC.

• It will give access to rare 

phenomena, greater precision 

and discovery potential.

• It will start operating in 2029, 

and run until 2041.
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CERN has a diverse scientific programme

Nuclear Physics

(ISOLDE, n_TOF)

Fixed-target experiments, 

which include searches for rare phenomena

Cosmic rays and cloud formation 

(CLOUD)

Antimatter Research 

(Antiproton Decelerator)

Contribution to the Long Baseline 

Neutrino Facility in the USA (LBNF)



CERN

The CERN accelerator complex
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CERN

Fixed Target Physics Program

COMPASS in North Hall
(60 m long)

6 approved experiments:
• NA58 (COMPASS): muon spin physics, hadron spectroscopy  →  NA66 (AMBER)

• NA61 (SHINE):  strong interaction, quark gluon plasma, neutrino and cosmic ray program

• NA62:  rare K decays BR(K+ → π+nn)

• NA63:  electromagnetic processes in strong crystalline fields

• NA64:  search for dark sectors in missing energy events

• NA65 (DsTau): study of nt production

Example NA62:

Lower energy experiments at PS or SPS (in 1 - 400 GeV range) allow precision measurements 

and comparison with theory. Deviations can be sign of new physics at higher energies.

-



CERN

Neutrino Platform (extension of North Area)

Like quarks, neutrinos exist in different flavors ne nm nt

but their flavour oscillates nmnt nmne
Has been studied with nm beam sent from CERN to Gran Sasso in Italy (CNGS, 2006 - 2012).

Neutrino platform as a test area with charged beams for neutrino detectors (e.g. R&D for large liquid 

argon detectors). The experiments will take place in the US and Japan.

LBNF/DUNE in the US:



CERN

Nuclear Physics:  ISOLDE & nTOF
ISOLDE: radioactive ion beams

1000 nuclides of over 75 elements produced, about 50 experiments every year

• Nuclear physics 

• Fundamental interactions

• Nuclear Astrophysics

• Applications (Medicine, Material Science)

Over 20 Target materials: 

carbides, oxides, solid metals, molten metals 

and molten salts (U, Ta, Zr, Y, Ti, Si, …)

3 types of ion sources: surface, plasma, laser

HIE-ISOLDE (post acceleration up to 10 MeV/nucleon)

nTOF (neutron time-of-flight)

Neutron cross-section measurements

• Astrophysics

• Nuclear Physics

• Medical Applications

• Nuclear Waste Transmutation

MEDICIS
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CERN

Antiproton & Antihydrogen Physics
Matter-Antimatter comparison
• Test CPT invariance, the most fundamental Symmetry in relativistic quantum field theory

• Test of the Weak Equivalence Principle by measuring the gravitational behavior of antimatter

• Measurements of “antihydrogen”-like systems: antiprotonic helium, positronium, protonium

HH

The Antiproton Decelerator (AD): antiprotons at 5.3 MeV

ELENA

ELENA  (Extra Low Energy Antiprotons) 

Reduces energy of antiprotons to 100 keV

→10-100 x larger trapping efficiency

→ Parallel running of experiments



CERN

Antiproton & Antihydrogen Physics
Matter-Antimatter comparison
Fundamental in the current theory 

of physics: m = m, g = g

AEgIS

6 experiments:

• ASACUSA spectroscopy of exotic atoms 

(antiprotonic Helium),  and nuclear 

collision cross section

• BASE magnetic moment of the antiproton

• ALPHA/ALPHA-g spectroscopy and gravity

• AEgIS spectroscopy, antimatter gravity 

experiment

• GBAR antimatter gravity experiment

• PUMA transporting antiprotons from the AD to 

ISOLDE to perform the capture of low-energy 

antiprotons by short-lived nuclei

ASACUSA

ALPHA

AEgIS



CERN

Environmental Physics at the PS
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Clouds created in a large climatic 

chamber

Study influence of natural and 

man made aerosols on the 

development of clouds, cosmic 

rays “simulated” by PS beam, 

CLOUD - Cosmics Leaving Outdoor Droplets (CLOUD) 

Study effect of cosmic rays on cloud formation

CLOUD breakthrough, 

One of many important measurements: 

Biogenic vapours emitted by trees and oxidised in the atmosphere have a significant 

impact on the formation of clouds, thus helping to cool the planet.  

Result important to reduce uncertainties in current climate model. 



CERN

Scientific priorities 
for the future
Implementation of the recommendations 

of the 2020 Update of the European Strategy 

for Particle Physics:

• Fully exploit the HL-LHC 

• Build a Higgs factory to further understand 
this unique particle

• Investigate the technical and financial feasibility 
of a future energy-frontier 100 km collider at 
CERN

• Ramp up relevant R&D

• Continue supporting other projects around 
the world
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LHC
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FCC from a dream to reality

FCC-ee FCC-hh

2020 - 2040 2045 - 2063 2070 - 2095

Realistic schedule:

• 2025 FCC Feasibility Study delivered

• ~2028 Project approval by CERN 

Council

• ~2030 Construction of tunnel and 

FCC-ee starts

• ~2041 HL-LHC ends

• 2045-2048 Operation of FCC-ee
15 years physics operation

• ~2070 Operation of FCC-hh starts
~20 years physics operation

Comprehensive long-term program maximizing physics opportunities
• stage 1: FCC-ee (Z, W, H, t ҧt) as Higgs factory, electroweak & top factory at highest luminosities

• stage 2: FCC-hh (~100 TeV) as natural continuation at energy frontier, pp & AA collisions; e-h option

Common civil engineering and technical infrastructures, building on and reusing CERN’s existing infrastructure

FCC integrated project allows the start of a new, major facility at CERN within a few years of the end of HL-LHC
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FCC Feasibility Study

Placement fixed, 90,7 km ring

8 surface points, 2 or 4 IPs

Detailed tunnel layout FCC-ee Connection to electrical grid
Excellent progress, some examples:

from SPS to FCC                     

with leptons and ~1.3 TeV protons

Transfer lines
TBM Drive Sequence

Also good progress defining the financial model for the FCC.



TECHNOLOGY 

& INNOVATION
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We develop technologies in three key areas

ACCELERATORS DETECTORS COMPUTING



EDUCATION

& TRAINING 
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CERN’s training, education 
and outreach programmes

300 Undergraduate students in 

Summer programmes

>3000 registered PhD students.

>1000 Fellows, Technical and Doctoral 

Students in research and applied 

physics, engineering and computing.

13 304 teachers since 1998 and 

2000 participants in the webinar 

since 2020.

Science Gateway will open in 2023, 

expanding CERN’s outreach reach 

and impact, locally and globally.

151 000 visitors on guided tours of 

CERN in 2019, from 95 countries.

CERN engages with citizens 

across the globe:

on-site and travelling exhibitions 

in 15 countries, > 1 million visitors



CERN

CERN opens a world of career opportunities 
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PhD and Technical students leaving CERN
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Age Distribution of Scientists working at CERN 

36% 

Academia or Research

45% 

Industry

19% 

Other fields, including

government organisations

Source: CERN Alumni survey (2014)



CERN will continue to play a crucial role 

in the journey of exploration

There are many unanswered questions 
in fundamental physics

Come and join this endeavour !


