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 Attenuation of x-rays

 Classical Thomson scattering

 Basic interference phenomenon

 Scattering: deviations from classical behaviour

 Photoelectric absorption



 Attenuation of X-rays
Paolo

Fornasini
Univ. Trento

source monochromator

x

sample

detectors

Φ0 Φ

Φ = Φ0 exp −µ ω( ) x[ ]

µ ω( ) =
1
x
lnΦ0

Φ

Exponential attenuation

Attenuation coefficient



 Interaction of x-rays with matter Paolo
Fornasini

Univ. Trento

Incoming beam
(monochromatic)

€ 

hν

€ 

hν '

€ 

hν

€ 

hνF

€ 

E

€ 

EA

Elastic 
scattering

Inelastic 
scattering

Photo-electrons

Auger
electrons

Fluorescence
Photo-electric 

absorption

Scattering

Beam attenuation



  Structural techniques

Scattering

Paolo
Fornasini

Univ. Trento

X-rays

Neutrons

Spectroscopy

Ab
so

rp
tio

n

Energy  

XAFS

Long-range order
(crystals)

Short-range order
(amorphous solids)



 Scattering from a free charge
classical treatment (Thomson scattering)
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Magnetic field effects are negligible



 Electrons .vs. protons
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 Dipole emission of radiation
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•charge  velocity:
•charge distribution:
•observer distance:
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r >>  λ

Dipole approximation:
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 Radiated power
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Polarisation factor
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Un-polarized beam

Independent from radiation wavelength
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 Un-polarised beam

Laboratory x-ray sources
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Thomson scattering:

Probabilistic distribution of e- charge

Free electron ⇒ Inelastic scattering (Compton) 

Electrons are bound in atoms

Interference
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 Geometrical tricks
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 Amplitude and intensity
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The scattered amplitude is the Fourier transform of the electron density
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 Deviations from classical treatment
a) Electronic distribution
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 Interference effects
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 Interference depends on wavelength
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 Atomic scattering factor  (a)
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 Atomic scattering factor (b)
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 Deviations from classical treatment
b) Compton effect
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 Scattering of X-rays from an electron

Free electron

Electron in atom

Thomson scattering

Elastic
(“coherent”, “unmodified”)

Classical treatment

Tightly bound
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 Deviations from classical treatment
c) Electron bonding



 Effect of electron bonding (a)
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 Model of bound electron
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  Spherical distribution of negative charge
  centered on the positive nucleus

  Displacement x
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 Effect of electron bonding (c)
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  “Anomalous” terms (1 electron)
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“Anomalous” terms
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 Photo-electric absorption
a) Phenomenology
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  Photoelectric absorption (a)
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 X-ray absorption edges
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 Fine Structure: Atoms
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Fine Structure: Molecules and Condensed systems
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  XAFS: X-ray Absorption Fine Structure

X-ray  Absorption  Near  Edge  Structure
Near  Edge  X-ray  Absorption  Fine  Structure

Electronic transitions
Photo-electron multiple scattering
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 Photo-electric absorption
b) Theory



 Transition probability Wif

Wif = ?
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 Approximations

Time-dependent perturbation theory
1st order

Initial state Final state

Weak interaction

Electric dipole approximation

One electron



 Absorption coefficient
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Δl = ± 1 Δs = 0
Δj = ±1, 0 Δm = 0

Dipole selection rules:
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 De-excitation mechanisms

Radiative: fluorescence

Non-radiative: Auger
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  Core-hole lifetime
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 Summary

 Attenuation: scattering and absorption
 Thomson scattering from a free electron (classical)
 Limits of the classical treatment
 Basic interference phenomenon
 Electronic and atomic structure factors
 Comtpon effect
 Anomalous (or ‘resonant’) scattering
 Absorption coefficient and absorption edges
 Fine structure at absorption edges
 Introduction to theory of photoelectric absorption



Dolomite mountains at sunset (near Trento, Italy)


