
Welcome to CERN, welcome to the ALICE Control Centre
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CERN: European Organization for Nuclear Research 
(European Particle Physics Laboratory)

It was founded in 1954 by 12 European countries
Today it has 23 member states

Member States: Austria, Belgium, Bulgaria, Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, Israel, 

Italy, Netherlands, Norway, Poland, Portugal, Romania, Serbia, Sweden, Switzerland, and United Kingdom

Associate Member States: India, Lithuania, Pakistan, Turkey, Ukraine

Associate Member States in the pre-stage to Membership: Cyprus, Slovenia

Observers to Council: Japan, Russia, US, European Union, JINR, and UNESCO





Democritus believed that all matter 
is made of indivisible elements, the 
atoms

Mendeleev’s  periodic table of elements 
(1869) – 80 different indivisible atoms

Thomson’s  plum pudding 
model (1904)JJ Thomson

Discovery of the electron
with cathode ray tube

first elementary particle
1896

5



2011 : 100-year anniversary from the introduction of Rutherford’s atomic model

alpha scattering experiment
Geiger – Marsden

6Ernest Rutherford

Nucleus: most of the mass, positive 
charge; atom is mainly empty
Later on it was found that the 
nucleus consists of protons and 
neutrons



elementary
(no internal structure)
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Periodic system of elementary particles

charge 2/3            charge -1/3           charge -1             charge 0

mass

ONLY elementary particles of the 1st generation exist in nature

Particles of the 2nd and 3rd generation decay to those of the 1st (lighter)
Observed in accelerator experiments and cosmic rays

All particles have their antiparticles (same mass, opposite electric charge)
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Quark Confinement
Quarks can not exist free in nature

They can only exist bound inside hadrons 

Proton

baryons
consisting of
3 quarks

mesons
consisting of
a quark and
an anti-quark
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The forces in Nature



CERN’s mission : to provide accelerators for the experiments
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LHC : The Large Hadron Collider

• Using the latest superconducting 
technologies, it operates at - 2710C (
1.9 degrees above absolute zero, 
colder than outer space)

• With its 27 km circumference, the 
LHC is the largest superconducting 
installation in the world.

•It is installed 100 m below ground

•Protons go around the LHC 11500 
times / second

It collides beams of protons at an energy of 13 TeV (the highest energy in the world) 



4 big experiments are installed at LHC



we “see”the particles produced from the collision with our detectors 14
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ALICE : A Large Ion Collider Experiment
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ALICE : A Large Ion Collider Experiment

16 m x 16 m x 26 m 10 000 tons installed 56 m underground (@ point 2 of LHC)



Millionths of a 
second after 
the big bang, 
all matter is 
made of free 
quarks and 
gluons, 

THE QUARK 
GLUON 
PLASMA

As the 
universe cools 
and expands, 
the quarks and 
gluons are 
“imprisoned” 
for ever inside 
hadrons: from 
these, only 
protons and 
neutrons 
remain today13.7 billion years ago the universe was born from a Big Bang 19



Little Bang

By colliding lead nuclei at very high energies we recreate the 
conditions of density and temperature which existed fractions of 
a second after the Big Bang

The protons and neutrons which constitute the lead nuclei melt 
liberating the quarks and gluons which are bound inside them

A new state of matter is created : the QUARK GLUON PLASMA

By studying its properties

- We will understand better the processes which took place 
during the first fractions of a second in the life of the universe

- We will understand better the strong interaction and how the 
protons and neutrons acquire their mass
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SUperSYmmetry (SUSY)

Symmetry between matter (elementary 
particles -> fermions) and forces (force 
carriers -> bosons)

To unify the forces
To solve problems in the Standard Model 
(deviations in the Higgs mass)

Every particle with spin s has 
its supersymmetric partner 
with spin s-1/2  

Quark (s=1/2) -> squark (s=0)
Gluon (s=1)  -> gluino (s=1/2)
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Dark matter

Rotation of galaxies: more matter than the visible 
matter -> “dark”

4 % ONLY is matter that we see

Supersymmetric particles could be the answer
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