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• Historical progress 
has been like power 
law for most of the 
last 70 years 

– Vast majority of 
recent machines 
were synchrotrons 

– Notable exceptions 

• SLC 

• NLC/ILC 
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Energy frontier 
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CERN accelerator complex 



• High luminosity brings 
all the challenges for the 
detectors: 
– High event rates 
– Pile up 
– Beam –beam 

interactions 
– Beamstrahlung 
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Luminosity frontier 

• Need corresponding rise in luminosity (beam 
intensity) 



Designing a machine 

• Particle species 
– Electron/positrons 

– Protons/antiprotons 

– Muons/antimuons 

• Beam energy 

• Spin 

• Luminosity 

• How do you produce 
antiparticles? 

• Ones produced how 
ones keep them (muon 
collider)? 

• Ones collided what 
ones does with spent 
beams? 

• Accelerator and 
detector protection 
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• Particle production  
• Damping, cooling or preparation 
• Injection and extraction 
• Acceleration 
• Collimation (betatron, energy etc.) 
• Diagnostics and controls 
• Machine (and detector protection) 
• Beam delivery and luminosity production 
• Technology spin off 

– Lower energy machines, medical applications, applied 
physics, materials, ….. 

Accelerator is much more than just…. 
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• Electric field (either static or more commonly, time 
varying) to accelerate, or more appropriately, increase 
energy of beam 

• Magnetic part of Lorentz force used to guide and focus 
– Dipole magnets: to bend 

– Quadrupole: to focus or defocus  
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Acceleration 



• Workhorse of modern 
particle physics 
– Huge legacy of discovery 

– Increase energy whilst 
synchronously increasing 
bending magnet strength 

– Stable storage of high 
beam current/power 

• Magnetic field 
proportional to 
momentum 
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Synchrotron 



 

9 

Synchrotron + many passages in RF cavities 
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Synchrotron 
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Synchrotron Radiation Limits 



13 

Absolute Limits on Acceleration 
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• Injection at low energy  
• Ramping of magnetic field and acceleration by RF 

field. Beams are accelerated in bunches 
• Operation (collisions) at top energy 
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Principle of a synchrotron 
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CERN accelerator complex 



The 2 LHC beams are brought together  to collide in 
common region. Over ~260m the beams circulate in one 
vacum chamber with „parasitic” encounters. 
The crossing angle of about 300mrad 
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Experimental long straight section 
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Luminosity 
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Layout of beam system dump 
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The LHC: just another collider? 
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Summary: 2010 - 2012 

25 



 

26 

The next years 
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Experiment = probing theories with data 
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The ATLAS detector 
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2008 
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Cosmic rays 
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2008 
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First collisions in ATLAS (2009) 



 

34 



 

35 

Trigger system 
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Trigger system 
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Trigger system 
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Collisions at LHC 
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Inner structure of a proton 
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Inner structure of a proton 
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Proton-proton scattering at LHC  
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Proton-proton scattering at LHC 
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Cross-sections at LHC 



47 

Year 2010: Retracing history of particle physics 

 



The primary decay 
chanel is through 
leptonic decays: 

  

Bosons at hadron colliders 
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2010 



• Well measured by 
previous experiments 

• Still educational at LHC 
– Cross-sections 

– New PDF constraints 

• „Standard candles” for 
high pT analyses 
– Calibration, alignment 

– Independent luminosity 
measurements 
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Bosons and top quark at LHC 
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W and Z boson decays 
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Example: Drell-Yan process 
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W and Z boson signatures 
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Lepton identification 
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Electrons and jets 
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W selection   (2010) 
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Z selection   (2010) 
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W backgrounds  



 

58 

Cross-section  & Luminosity 
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W cross-section measurement   
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W cross-section measurement   
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CW correction factor and uncertainties 
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W cross-section measurement 
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Z cross-section measurement 


