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Particle Physics Looks at Matter’s Smallest Dimensions

observed
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Particle Physics Looks at the Forces in Nature
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Spatial Resolution

Courtesy L. Cardman/B. Badelek
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Particle Interaction as Microscope
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How to Observe the Micro-world?

Collisions between particles 
at high energies allow the 
production of heavy 
elementary particles and 
probing small distance 
scales

To reach high energies 
implies large and 
technologically advanced 
accelerators and detectors
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How Does an Accelerator Work?
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Large Science …
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How to do the experiments

• choose a the beam (probe) and target (object to be probed)
• measure beam momentum
• identify collision products, and measure their momenta
• reconstruct the reaction
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CERN Member States
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CERN Users
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Crossing Borders at CERN

27 km tunnel

100 m underground

4 experiment caverns
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CERN Accelerators

PS: 25 GeV

SPS: 450 GeV

LHC: 7000 GeV
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Accelerating Particles

Proton
Kinetic Energy Velocity / c
50 MeV 0.314
1.4 GeV 0.916
25 GeV 0.999 3 PS
450 GeV 0.999 998 SPS
7 TeV 0.999 999 991 LHC
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CERN Control Centre
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CERN CTF3 Two-beam Test-stand (2008, 150 MeV)
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CERN SPS Accelerator (1978, 450 GeV)
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CERN LHC Accelerator (2008, 7 TeV)



19

“Generic” Experimental Set-up

Deflection ~ BL2/p need high B ( superconducting) and large magnets
High resolution position measurements (10 -100μm) at large momentum
Energy & position measurement through total absorption (photon, electron, hadron)
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CMS Detector
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ATLAS Detector
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What do we look at?
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An Event (bubble chamber, Dec. 1978)
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First Beam Event in ATLAS (10 Sep. 2008)
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Practical Applications
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