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OverviewOverview

 Attenuation of x-rays

 Classical Thomson scattering

 Basic interference phenomenon

 Scattering: deviations from classical behaviour

 Photoelectric absorption
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 Scattering from a free charge
classical treatment (Thomson scattering)
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Thomson scattering:
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 Interference
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 Geometrical tricks
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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 depends on wavelength
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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
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 Deviations from classical treatment
c) Electron bonding
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 Effect of electron bonding (c)
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  “Anomalous” terms (1 electron)
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 Photo-electric absorption
a) Phenomenology
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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
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 Photo-electric absorption
b) Theory



 Transition probability Wif

Wif = ?

n = atomic density
A0 = vector potential amplit.

Initial atomic state

Stationary ground state

Ψi

Final atomic state

Stationary excited state

Ψf

Interaction

Ψ t( )

  

€ 

µ ω( ) =
2h

ε0ωA0
2 n Wif

f
∑
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 Approximations

Time-dependent perturbation theory
1st order

Initial state Final state

Weak interaction

Electric dipole approximation

One electron



 Absorption coefficient

  

€ 

µel ω( ) ∝ ψi ˆ η ⋅
r r ψ f

2
δ Ei + hω −E f( ) Ψi

N−1 Ψ f
N−1 2

1 active electron passive electrons

Energy conservation Superposition integral

  

€ 

ψi ˆ η ⋅
r r ψ f

2

Initial
state

Final
state

X-ray
polarization

Electron
position

  

€ 

ψi
* r r ( )∫ ˆ η ⋅

r r ψ f
r r ( ) dr r 

2



 Electric dipole approximation

  

€ 

µel ω( ) ∝ Ψi
N−1ψ i ˆ η ⋅

r 
r ψ fΨf

N−1
2

  

€ 

ei
r 
k ⋅

r 
r = 1+ i

r 
k ⋅

r 
r −K ≈ 1

  

€ 

HI ∝ ei
r 
k ⋅

r 
r ˆ η ⋅

r 
p ≈ ˆ η ⋅

r 
p = ω 2 ˆ η ⋅

r 
r 

  

€ 

Δl = ± 1 Δs = 0
Δj = ±1, 0 Δm = 0

Dipole selection rules:
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 De-excitation mechanisms

Radiative: fluorescence

Non-radiative: Auger

X
e-

X

X
e- e-

X

A
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η
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Fluorescence yield

η =
X

X + A
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  Core-hole lifetime
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of the excited state
τh~10-16 -10-15 s

Energy width
of the excited state

Γh

τh ≈1/Γh

Contribution to
photo-electron life-time
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Energy resolution
of XAFS spectra

Γh
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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)


