
Seminar 
Principles of particle 
detection 

Shorkin Roman 
roman.shorkin@cern.ch 

08. 03. 2023 



Plan of the seminar 

Main detection principles: a quick recap 
Practical example: ATLAS detector 

Radiation shielding 

General features 

Tracking 

Calorimetry 

Muon system 

Please ask your questions!! 
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• Stable charged particles are accelerated to 
high energies 

• Accelerated particles collide with another 
beam/fixed target 

• Particles created in the collision are 
observed with the detectors 
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• Most interesting particles are short-lived: 
can only measure the properties of their 
decay products 

• Need to reconstruct: 

• Momentum (tracking) 

• Energy (calorimetry) 

• Particle type (various detectors, e.g. RICH) 
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The LHC general purpose detector requirements: 
• Fast, radiation-hard electronics and sensors 
• High detector granularity 
• Large acceptance in pseudorapidity 
• (Almost) full azimuthal angle coverage 
• High charged-particle momentum resolution 
• Very good EM calorimetry 
• High quality muon measuring detectors 
• Highly efficient triggering with sufficient 

background rejection 
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The LHC general purpose detector requirements: 
• Fast, radiation-hard electronics and sensors 

 
 
 

Radiation dangers: 
• Increased detector occupancy 
• Hits from slow neutrons in the muon system 
• False triggers from penetrating particles 
• Damage to silicon detectors and read-outs 
• Single-event upsets  
• Wire “ageing” due to radiation-detector gas 

interactions 
• Radialogical hazards when operating in the cavern 
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Main source of background radiation: collisions 
Secondary radiation from Fcal (pink) and Target 
Absorber Secondaries collimators, beam-pipe 
(shallow angle particles) 
 

 
 
 

Radiation shielding: 
• Different materials for different types of radiation 

-> multilayer approach 
• Iron or copper (small interaction length) to stop 

high energy hadrons 
• Few percent of carbon in iron to stop neutrons 
• Boron-doped polyethylene to stop neutrons 
• Neutron capture creates photons -> stop them 

with steel or lead  
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The LHC general purpose detector requirements: 

• High detector granularity 
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The LHC general purpose detector requirements: 

• Large acceptance in pseudorapidity 
• (Almost) full azimuthal angle coverage 
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The LHC general purpose detector requirements: 

• Large acceptance in pseudorapidity 
• (Almost) full azimuthal angle coverage 

 
 
 

Missing transverse energy: 
• No way to directly measure neutrinos 
• Can measure every charged particle energy in 

transverse plane: missing energy from 
conservation law 

• Signature for semileptonic decays of particles of 
interest (W bosons, tau-leptons form Higgs, etc.) 
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The LHC general purpose detector requirements: 

• High charged-particle momentum resolution 
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Inner tracking system: 
• Inner detector in 2T solenoid field 
• Pixel detectors  
• Silicon microstrip trackers (SCT) 
• Transition Radiation Tracker (TRT) 
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The LHC general purpose detector requirements: 

• Very good EM calorimetry 
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The LHC general purpose detector requirements: 

• High quality muon measuring detectors 
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Muon principles of detection: 
• Thin gap chambers: multiwire proportional chambers. 

Passing particle ionizes gas; the electromagnetic shower 
reaches anode wires; the closest wires are reached first 

• 440 000 channels 
• Triggering 
• 2D coordinate measurement 
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Thanks for listening! 

•
•
•

https://atlas.cern/Discover/Detector

