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– High Energy PhysicsHigh Energy Physics
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– The Experiments

Spin Offs– Spin-Offs

Welcome to CERN Dr. Sascha Marc Schmeling • CERN



History

1949
First attempt for civil cooperation in the field of nuclearBelgium Denmark FranceFirst attempt for civil cooperation in the field of nuclear 
physics

1952
Establishment of the

Belgium, Denmark, France, 
Germany, Greece, Italy, 

Netherlands Norway SwedenEstablishment of the 
Conseil Européen pour la Recherche Nucléaire
controlled by UNESCO

Okt b 1952

Netherlands, Norway, Sweden, 
Switzerland, United Kingdom , 

YugoslawiaOktober 1952
Choice of Geneva as laboratory location

1. Juli 1953

Yugoslawia

Signature of the CERN Convention
29. September 1954

End of the ratification process in the 12 initialEnd of the ratification process in the 12 initial 
member states
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CERN – The Laboratory

in total
• 19 sites19 sites

– 195 ha
– 25 km roads

750– 750 green spaces
– 574 buildings

• 379000 m² surface area
• 556000 m² floor space
• 498000 m² useful area

23 h ft– 23 shafts
– 251 underground areas

• 1701 different areas
currently
• 2264 civil engineering sites in
• 191 projects
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• 191 projects 



CERN Organisation
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CERN Users
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HighEnergyPhysics

Research to discover the principles that Research to discover the principles that p pp p
keep the world together.keep the world together.

Search for

–– elementary particleselementary particles
–– forcesforces–– forcesforces
–– symmetriessymmetries
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History of the Universe
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Standard Model 
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Higgs

Welcome to CERN Dr. Sascha Marc Schmeling • CERN



Methods of HEP

Reach high energies with acceleratorsReach high energies with accelerators

– natural accelerators
• Astroparticle PhysicsAstroparticle Physics

– artificial accelerators
• Particle PhysicsParticle Physics

Probing of interactions of matter andProbing of interactions of matter and 
antimatter with detectors
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Accelerators at CERN

• Decommissioned Accelerators
– SC– SC
– ISR

• “Operational” Acceleratorsp
– PS

• AD complex
– SPS

• fix target 
i texperiments

• Future Accelerators
– LHCLHC
– CNGS
– CLIC study
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Challenges: Energy stored in the beam
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LHC Tunnel
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Coils for Dipolemagnets

15 m long 
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56.0 mm 

+- 3σ
~1 3 mm~1.3 mm 

Beam +/- 3 sigma
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Energy stored in LHC magnets

E dipole = 0.5 • L dipole • I 2dipole

Energy stored in one dipole is 7.6 MJoule

C GFor all 1232 dipoles in the LHC: 9.4 GJ
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Energy stored in the beams

25 ns

Beam energy:  Proton Energy • Number of Bunches • Number of protons per bunch

25 ns

Proton Energy: 7 TeV

In order to achieve very high luminosity:

Number of bunches per beam: 2808Number of bunches per beam: 2808

Number of protons per bunch: 1.05 • 1011
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Energy per beam: 346 MJoule



What does this mean?

10 GJoule……

corresponds to the energy of 1900 kg TNT
corresponds to the energy of 400 kg Chocolatecorresponds to the energy of 400 kg Chocolate

corresponds to the energy for heating and meltingcorresponds to the energy for heating and melting       
12000 kg of copper

corresponds to the energy produced by of one nuclear power 
plant during about 10 seconds

Could this damage equipment?

Welcome to CERN Dr. Sascha Marc Schmeling • CERN

g q p
How fast can this energy be released?



Requirement for clean beam dump

Beam dump must be  p
synchronised with  
particle free gap particle free abort gap

of 3 μs
Kicker 
magnets

Strength of kicker 
and septum magnets 

t t h

of 3 μs magnets 
constant angle

Beam dump 
block

Kicker 
strength

must match energy 
of the beam

« Particle free gap » 
must be free of 

particles

Time
Illustration of kicker risetime

particles
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Full LHC beam deflected into copper 
targetg

Copper target2808 bunches

2 m
Energy density 

3[GeV/cm3] 
on target axis

vaporisation

melting

Target length [cm]
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Beam Dump Block - Layout

beam absorber 
( hit )(graphite)

about 8 mabout 8 m

concrete 
shielding
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Hydrostatic stress after beam deposition
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Machine protection: Magnet energy

Energy in dipole magnets: 10 GJoule

per sector reduced to 1 3 GJoule… per sector reduced to 1.3 GJoule

Uncontrolled release of energy is gy
prevented:

Fire quench heaters

Current by-passes magnet via 
power diode

Extract energy by switching a 
resistor into the circuit  - the  
resistor with a mass of eight es sto t a ass o e g t
tons is heated to 300 °C 13 kA switches from Protvino Russia
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CMS Event
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LHC 
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109 events / secondEvent
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ATLAS Experiment
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CMS Experiment
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LHCb Experiment
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ALICE Experiment
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Spin-Offs
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Your Questions ?Q

????


