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The world’s largest laboratory for particle physics 

CERN was founded in 1954 by 12 European states

Today : 23 member states
Yearly budget:  

~ 1000 MCHF (920M€)

Personnel:

~2660   Staff members
~840     Fellows
~350     Students
~14000 Users

Observers: 

EU, USA,Japan, UNESCO
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• CERN is the world's largest particle physics laboratory

• Particle physics is about:

- elementary particles which all matter in the Universe is made of 

- fundamental forces which hold matter together

• Particle physics requires:

- special tools to create and study new particles

• The special tools for particle physics are: 

- ACCELERATORS and DETECTORS

What is CERN 



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
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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 found that the nucleus 

consists of protons and neutrons



The constituents of matter

Proton 



Quarks (Gell-Mann) 1964

Today’s periodic system of the fundamental building blocks

The constituents of matter

Proton 



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



The Standard Model
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fermions

Fermi-Dirac 

statistics

Spin half-integer

(1/2, 3/2,...)

bosons

Bose-Einstein 

statistics

Spin integer

(0, 1, 2,..)



CERN’s mission : to build particle accelerators

Particle physics looks at matter in its smallest dimensions

Why accelerators? To investigate Particle Physics

Accelerators Microscopes Optical and radio 

telescopes

Binoculars





CERN's mission: to build particle accelerators

Accelerator chain at CERN, a complex business



CERN site

Geneva Airport LHC accelerator

CERN main site

SPS accelerator

CERN 2nd site



Installed 100 m below ground, in the tunnel built for LEP

LHC : The Large Hadron Collider 

•LHC collides beams of protons at 

an energy of 13 TeV (the highest

energy of any accelerator in the 

world)

• Using the latest superconducting 

technologies, it operates at - 2710C 

( just above absolute zero, colder

than outer space)

• With its 27 km circumference, the 

LHC is the largest superconducting 

installation in the world.



4 big experiments have been installed at LHC

First data taking in November  2009 (900 GeV pp collisions)

First data taking at higher energy in March 2010 (7 TeV pp collisions)



Methods of Particle Physics

3) Identify created particles in 

Detector (search for new clues)

1) Concentrate energy on 

particles (accelerator)

2) Collide particles (recreate  

conditions after Big Bang)



Particle Detectors

• They “see” the particles produced from beam-beam or beam-target 

collisions

• The detection is based on interaction of the particles with matter

and eventually production of an electrical signal

• Various types of detectors :

Solid state detectors (semiconductors),

Gaseous detectors,

Scintillators …

• They convey information about :

The particle energy (calorimeteres)

The particle type (particle identification)

Particle trajectory (tracking devices)



Bubble chamber photograph
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25 m x 25 m x 46 m  7000 tons
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• A particle collision = an event

• E = mc2  multitude of new particles produced

• Particles interact inside the detectors and produce electrical signals which 

are digitized and recorded by computers

• By analysing this information - translating raw numbers to quantities like 

energy, position etc, the physicists characterize all the particles produced 

and fully reconstruct the process. 

• Among all tracks, the presence of “special shapes” is the sign for the 

occurrence of interesting interactions.

• Since the phenomena we are studying are characterized by a 

“probability”
We need to collect a lot of statistics…

Experiments “run” (=collect data) during many years

In brief, what happens when the experiments are running





LHC data

• protons in bunches (of 100 billion p) every 25 ns;  

•40 million times/s bunches pass each collision point

• 31.2 MHz crossing rate

• 20 collisions expected from (100 on 100 billion p)

•600 million particle collisions per second

• After filtering, 100 collisions of interest per second

• A Megabyte of data digitised for each collision = recording 
rate  of 0.1 Gigabytes/sec

• 1010 collisions recorded each year 

= 10  Petabytes/year of data

CMS LHCb ATLAS ALICE

1 Megabyte (1MB)

A digital photo

1 Gigabyte (1GB) = 1000MB

A DVD movie

1 Terabyte (1TB) = 1000GB

World annual 

book production

1 Petabyte (1PB) = 1000TB

Annual production of one 

LHC experiment 

1 Exabyte (1EB) = 1000 PB

World annual information 

production



LHC data

LHC data correspond to about 

20 million CDs each year!

Concorde
(15 Km)

Balloon
(30 Km)

CD stack with
1 year LHC data!
(~ 20 Km)

Mt. Blanc
(4.8 Km)

Where will the 
experiments store all of 

these data?



LHC processing

LHC data analysis requires a computing power 
equivalent to ~ 100,000 of today's fastest PC processors!

Where will the experiments find such a 
computing power?



The GRID

The GRID is:

• A service built on top of the Internet, like the web

• But the GRID goes one step further..

• Computers and instruments connected to the GRID share not only 

information…

• but also..

•Computing power

•Resources

•Disk storage

•Databases

•Software applications

…



The LHC will help solving the unsolved mysteries

Why three generations?

Beyond the standard model - supersymmetry

The mystery of mass and the Higgs boson

The difference between matter and antimatter

Dark matter



Higgs signature at the LHC

We expect only 1 Higgs in 

1,000,000,000,000 events 

If the Higgs decays : H -> ZZ -> 



Search for Higgs -> γγ, invariant mass distribution for 

two-photon candidates

We have to separate the Ηiggs from the background 

(continuous line) : random pairs of photons, mainly from πo

and η decays 31



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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The World Wide Web

Invented by Tim Berners-Lee,

a CERN physicist, in 1989,

to meet the need of physicists in 

Institutes all over the world for

Automatic information sharing

Nowadays, the WWW has 

expanded and has 

millions of academic and 

commercial users



Positron Emission Tomography (PET)

And many more spin-offs

• Accelerators for medicine

radio-isotope production

patient irradiation

• High vacuum technology

• Superconducting magnets 

cryogenics

• Fast electronics

• Fast computers
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Spin-offs (applications)

from developments done

at CERN for pure research



Summary

- CERN, the European Laboratory for Particle Physics Research, 

provides the accelerators - the tools for creating high energy

beams of charged particles

- Detectors are used to identify and measure various properties of the 

particles produced by beam collisions

-Particle physics studies the constituents of matter in its smallest 

dimension and deepens the human understanding of the laws of nature

-The technological developments needed to meet the requirements of 

this research produce applications - spin offs.

- In addition CERN acts as a training centre for young scientists


