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1.Interaction of electrons with matter 

2.Interaction of photons with matter 

3.Interaction of neutrons with matter 

4.Interaction of protons with matter 

Part B. Radiation sources 
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The physical processes: 

 

1.  Ionization losses 

 inelastic collisions with orbital electrons 

 

2.  Bremsstrahlung losses 

 inelastic collisions with atomic nuclei 

 

3.  Rutherford scattering  

 elastic collisions with atomic nuclei 

 

 

Positrons 

 at nearly rest energy: annihilation 

 emission of two 511 keV photons 

1. Interaction of electrons with matter 
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Electrons – stopping power 
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1. Interaction of electrons with matter 
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Differential Bremsstrahlung cross section: 

k: photon energy 

T: electron kinetic energy 
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Multiple scattering 
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The physical processes: 

 

1.  Photo-electric effect 

 removal of an orbital electron of the inner shells (K,L,M) 

 

2.  Compton scattering 

 inelastic scattering on loosely bound electrons 

 

3.  Pair production  

 production of e-/e+ pair 

 essentially with nuclei 

 

4.  Rayleigh (coherent) scattering 

 elastic scattering 

 not important for radiation physics 

2. Interaction of photons with matter 
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scattered photon 
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σnucleus  Z2 

threshold: 1.022 MeV 

 

σelectron  Z 

threshold: 2.044 MeV 
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Interaction of photons with matter 

Macroscopic description - Attenuation factors 

 
The mass attenuation coefficient μ/ρ: 

 

 

 

 units: cm2.g-1 

 

The linear attenuation coefficient μ: 

 

 

 

 units: cm-1 
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• Particles involved: 

– Electrons / Positrons 

– Photons 

– Neutrons 

2. Interaction of photons with matter 
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1. Elastic scattering 

• compound elastic scattering 

• potential scattering 

2. Inelastic scattering (n,n’) 

3. Other inelastic reactions: (n,p), (n,a), … 

4. Absorption reactions 

• radioactive capture 

• charged particle reactions 

 

5. Direct reactions: spallation 

The physical processes: 

3. Interaction of neutrons with matter 
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Compound nucleus formation 

target nucleus ZA 

neutron 

energy = EC 

3. Interaction of neutrons with matter 
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Example 1: iron 
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1. ionization 

2. inelastic proton-nucleus scattering 

 spallation 

 

The physical processes: 

4. Interaction of protons with matter 
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Spallation 

4. Interaction of protons with matter 


