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Radiation – x-rays (photons) , neutrons, electrons 

2 

Wave – particle duality  
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Radiation – x-rays (photons) , neutrons, electrons 
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Radiation – x-rays (photons) , neutrons, electrons 
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neutrons 
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Radiation – attenuation  - Beer Lambert law 

5 

Au sheet  

Calculated for X-Rays E = 17500eV 
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Radiation – attenuation  - Beer Lambert law 
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Attenuation X-Rays : microscopic view  
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Photoelectric 
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X-Rays cross section magnitude 
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data from: 
H. Ebel, R. Svagera, M. F. Ebel, A. Shaltout and J. H. Hubbell, 
Numerical description of photoelectric absorption coefficients for fundamental parameter programs, 
X-Ray Spectrometry, 32, 442–451 (2003) 

Mg Au 

)exp()( 0 µxIxI 
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X-Rays  
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Atomic binding energies, electron energy levels  
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Absorption edges 
Electron energy levels 
Shells 

www.txrf.org/xraydata 
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Secondary effects – fluorescence vs Auger  
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data from: 
M. O. Krause,  
J. Phys. Chem. Ref. Data 8 (1979) 307  
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X-Ray Fluorescence – characteristic lines 
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Germanium 

IUPAC = International Union of Pure and Applied Chemistry 

Siegbahn = Manne Siegbahn (swedish physicist) 
          Nobel Prize in Physics in 1924  
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X-Ray Fluorescence – intensity  - Sherman equation 
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1. attenuation to depth z 

2. photoelectric absorption in 

    layer dz 

3. fluorescence yield 

4. transition probability 

(relative intensity of lines in shell) 

5. attenuation to the detector 

6. detector efficiency 

geometrical factors and 

primary flux form the  

element independent 

proportionality constant 
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EDS detector 
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detector efficiency + response 

Modelling the response function of energy 
dispersive X-ray spectrometers with silicon 
detectors 
F. Scholze, and M. Procop 
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Electrons interaction with matter 
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https://en.wikipedia.org/wiki/Electron_scattering 
http://serc.carleton.edu/research_education/geochemsheet
s/electroninteractions.html 
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Inner shell ionization cross section: x-rays vs electrons 
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Neutrons interaction with matter 
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http://www.uio.no/studier/emner/matnat/fys/FYS-
KJM4710/h14/timeplan/neutron_chapter.pdf 
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Cross section : x-rays vs neutrons  
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https://www.psi.ch/niag/comparison-to-x-ray 
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Cross section : x-rays vs neutrons   
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https://www.psi.ch/niag/comparison-to-x-ray 



20 

Neutron cross section 
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Scattering (full line) and 
absorption (dotted) cross sections 
of light element commonly used 
as neutron moderators, reflectors 
and absorbers, the data was 
obtained from database NEA N 
ENDF/B-VII.1 using JANIS software 
 
 
https://en.wikipedia.org/wiki/ 
Neutron_cross_section 
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Scattering  - Differential cross section 
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http://www.physics.csbsju.edu/QM/square.17.html 

φ 

dΩ = dθdφ 
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X-Rays  - Differential cross section – elastic scattering 

22 Radiation interaction with matter – MAUD school 2015 – Giancarlo Pepponi 



23 

X-Rays  - Differential cross section – inelastic scattering 
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Electrons  - Differential elastic cross section 
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Data from: http://www.ioffe.rssi.ru/ES/Elastic/ 
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X-ray differential elastic cross section and the form factor 
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Thomson cross section 

Variable related 
to the  
momentum transfer 

Atomic form factor (atomic  scattering factor) 
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X-ray differential elastic cross section and the form factor 
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… but actually there is a further dependence on energy … 

photoelectric absorption 

corrections for photoabsorption (Kramers-Kronig dispersion) 
relativistic effects, nuclear scattering 

Diffraction (structure factor) 
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X-ray differential elastic cross section and the form factor 
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forward scattering factors  (x = theta = q = 0) 

f1 and f2  are directly related to the index of refraction 
(reflection, refraction, XRR) 

photoabsorption 
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X-ray differential inelastic cross section (Compton) 
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form factor elastic scattering 

Inelastic scattering  function 
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X-ray inelastic (Compton) scattering 
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Inelastic (Compton) 
Scattering 

 

in a spectrum the Compton peak is broader due to the 
angle dependence (in the accepted solid angle there are 
different scattering angles) and due to Doppler broadening  
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X-Ray Absorption near edge fine structure   
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The X-ray Absorption Fine 

Structure (XAFS) of an iron foil 
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Different  phenomena for: 
 
- ‘free’ atoms 
- molecules 
- condensed systems 



31 

X-Ray Absorption near edge fine structure  
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Eph ~ Eb 

Core electron 

unoccupied levels 

 Edge fine structure 

    (XANES or NEXAFS) 

Eph > Eb 

Core electron 

continuum 

Extended fine structure 

(EXAFS) 

XANES 

EXAFS 

outgoing wavefunction 

Backscattering 

from 

neighbouring atoms incoming wavefunction 

INTERFERENCE 
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Thank you for your attention! 
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