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Introduction 
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Particles for Detection 
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A Few Units 

•  1 proton charge = 1.602 10-19 C, 
•  1 eV = 1.602 10-19 Joule 
•  c =  299 792 458 m/s. 
•  mass of the proton is 1.672 10-27 kg= 938.272 MeV/c2 
•  mass of the electron = 511 keV/c2 
•  hbar = 1.054 10-34  Js  
•  hbarc= 197.6 10-15 MeV m "
•  Fine structure constant  α = 1/137.035 "
•  Classical electron radius re  = 2.818 10-15 m or 2.818 fermi 
•  1 barn = 10-28 m2 

    http://pdg.lbl.gov/2006/reviews/consrpp.pdf  
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Introduction: Particle Detection 
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Examples 
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Literature 

General Detector concepts 

+ specialized works (→tasks) 
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Introduction: Detectors 
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Charged Particles 
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Energy Loss of Charged Particles 
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Interaction with Matter 
Eg electron-electron scattering 
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Charged Particles Basic Kinematics 
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Energy Loss for Charged Particles 
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Bethe-Bloch Formula 

Project: derive the Bethe-Bloch formula  

I = mean excitation energy 
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History of Energy Loss: dE/dx 
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Bethe-Bloch 
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Bethe-Bloch 
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Bethe-Bloch 
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Bethe-Bloch 
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Bethe Bloch  
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Examples of Mean Energy Loss 



  24  

Particle Identification from dE/dx 
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Particle Identification with dE/dx 
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Energy Loss in an optical micro-dosimeter 
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Stopping Power 

Particle looses all the energy 
and stops Range in µm 
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Distance a 10 MeV particle can cross 
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Application: Bragg Peak 
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Fluctuations and Energy Loss 
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Landau Distribution 
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Scintillation 



  33  

Organic Plastic Scintillator 
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Cherenkov Radiation  
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Cherenkov Radiation 

The principle 

Project: calculate the Cherenkov radiation characteristics  
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Cherenkov Radiation in a Nuclear Reactor 
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Water Cherenkov 
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Water Cherenkov  (Auger Experiment) 
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Threshold Cherenkov Detector 
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Ring Imaging Cherenkov Detector (RICH) 
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Transition Radiation Detectors 
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Transition Radiation Detector 
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Detection of Transition Radiation 
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Bremsstrahlung 
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Radiation Length 

I= I0 exp[-x/X0] 
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Bremsstrahlung 
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Bremsstrahlung 
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Direct Electron Pair Production 
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High Energy Muon Bremsstrahlung 
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Nuclear Interactions 
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Interaction Lenght 
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Material Characteristics 
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Interaction of Neutral Particles 
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Introduction: Interactions of Photons 
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Photoelectric Effect 
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Compton Scattering 
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Pair Production 
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Mass Attenuation Coefficients 
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An Electromagnetic Shower 
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Electromagnetic Showers 
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Electromagnetic Showers 
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Hadronic Showers 
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Hadronic Showers 
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Extensive Air Showers 
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Interaction of Neutrons 
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Interaction of Neutrinos 
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Interaction of Neutrinos 
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Radiation Length 
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End of Lecture 2 
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Projects 
•  Simple Projects  (*) 

–  Derive the Bethe Bloch Formula  (Grupen)  
–  Cherenkov light radiation (Grupen) 

•  Other key experiments (**)     
–  The Auger cosmic ray experiment. Ultra High Cosmic Rays   
–  The WMAP experiment (satellite, dark matter/dark energy) 
–  The Planck  experiment (satellite, dark mater dark energy) 
–  Ligo: gravitational waves / laser interferometry 
–  The MOEDAL experiment at CERN (monopole search) 

•  Detection techniques (**) 
–  General: EM shower calorimeters (Grupen) 
–  Had shower calorimeters (Grupen) 
–  Compensating calormeters (Wigmans lectures) 
–  Dual readout calorimeters (Wigmans lectures) 
–  Silicon detectors (Kleinknecht) 
–  MSGC gas detectors  

•  Difficult projects (***) 
–  CMS papers with real data (calibration, alignment, efficiency of the CMS detector 
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Other Experiments 
WMAP 

LIGO 
Gravitational waves 
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Timeline & Projects 
•  Report (5-10 pages) + Presentation of ~ 15 minutes"
•  When?"
•  ⇒ Agenda"

–  2 oct :      ADR       Particles through matter"
–  9 oct :      ADR       Detectors and CMS"
–  16 oct :   JD         (Brussels)"
–  23 oct :    -- no lectures"
–  30 oct :    ADR       Other LHC experiments/ other applications   "
                                    (medicine/other areas)"
–  6 nov :     JD"
–  13 nov :   JD"
–  20 nov :   ADR?"
–  27 nov :   JD"
–  4 Dec:     ADR  Projects <---"
–  11 Dec:   JD?"
–  18 Dec:  ---"
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Drift and Diffusion in Gases 


