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1. Interaction of electrons-e with the matter

me = 9.11×10−31 kg ; E  = mec2 = 0.511 MeV; qe =  -e

2. Interaction of photons-γ with the matter

mγ = 0 kg ; Eγ = 0 eV; qγ = 0

3. Interaction of neutrons-n with the matter

mn = 1.68 × 10−27 kg ; En = 939.57 MeV; qn = 0

4.  Interaction of protons-p with the matter

mp = 1.67 × 10−27 kg ; Ep = 938.27 MeV; qp = +e

Part B. Radiation sources

A = Z + N

Note: for any nucleus A: mass number – nucleons number

Z: atomic number – proton (charge) number

N: neutron number
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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 the matter
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Electrons – stopping power
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1. Interaction of electrons with the matter



4 / 35

∫∫∫∫====
0

E tot

CSDA

0

dE
S

1
r

Continuous Slowing Down 
Approximation range:

Radiation yield:

Fraction of the initial kinetic energy that
is converted to Bremsstrahlung energy
as the electron slows down to rest.

1.E-04

1.E-03

1.E-02

1.E-01

1.E+00

1.E+01

1.E+02

1.E+03

1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 1.E+03

energy (MeV)

C
S

D
A

 r
a

n
g

e
 (

c
m

-2
.g

)

graphite

copper

lead

1.E-04

1.E-03

1.E-02

1.E-01

1.E+00

1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 1.E+03

energy (MeV)

ra
d

ia
ti

o
n

 y
ie

ld

graphite

copper

lead

1. Interaction of electrons with the matter
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Differential Bremsstrahlung cross section:

k: photon energy
T: electron kinetic energy
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1. Interaction of electrons with the matter

T = m γ c2 - m c2 = m c2 / {1 - v2/c2}1/2- m c2
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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 the matter
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2. Interaction of photons with the matter
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scattered photon

Compton electron
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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

The conversion factor from σ (barns.atom-1) to μ/r (cm2.g-1):
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• Particles involved:

– Electrons / Positrons

– Photons

– Neutrons

2. Interaction of photons with the matter
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2. Interaction of photons with the 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,α), …

4. Absorption reactions

• radioactive capture

• charged particle reactions

5. Direct reactions: spallation

The physical processes:

3. Interaction of neutrons with the matter
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3. Interaction of neutrons with the matter
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3. Interaction of neutrons with the matter



26 / 35

target nucleus

initial neutron
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3. Interaction of neutrons with the matter
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1. ionization

2. inelastic proton-nucleus scattering

spallation

The physical processes:

4. Interaction of protons with the matter
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4. Interaction of protons with the matter
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4. Interaction of protons with the matter

inter-nuclear cascades

p

pn

n

n

intra-nuclear cascade

fission products

fast induced

fission

α

n

d

fission products

n

n

(n,n’), (n,xn),

(n, γ) ,… reactions

spallation product

α, β, γ decay

fission

incident proton

(GeV range)

evaporation

n

n

n

n
p

Spallation

γ

γ γ

γ

α

π
Δ π



34 / 35

Spallation
4. Interaction of protons with the matter
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From https://www.mirion.com/introduction-to-radiation-safety/types-of-ionizing-radiation/

Summary: Interaction of the radiation with the matter


