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Summary
• Single electron description not applicable


• Medium described by the dielectric function


• Linear reaction of medium on the fast 
travelling charged particle


• 


• No boundaries, no relativity

⃗D( ⃗q, ω) = ϵ0ϵ( ⃗q, ω) ⃗E ( ⃗q, ω)
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Plural scattering
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It Incident intensity on the specimen of thickness t

S(E) = Itnat
dσ

dΔE

In =
It

n! ( t
λ )

n
e−t/λPoisson statistics: the integrated component for n-fold scattering is

ZLP shape (without specimen) ItR(E)

Zero time scattering S(0) = I0R(E)
Scatt probability distribution P(E)

One time scattering S(1) = I1R(E) * P(E)

n-times S(n) = In R(E) * P(E) . . . * P(E)



Plural scattering
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P(E) = FT−1[ln
Ĩexp

I0R̃ ] Fourier-log deconvolution
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Evaluating the loss function
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Drude Model: quasi-free electron (mass m) in an oscillating field ⃗E = ⃗E 0e−iωt

m·· ⃗x + mΓ · ⃗x = − e ⃗E solution: ⃗x =
e ⃗E
m
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Evaluating the loss function
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Drude Model: ϵ = 1 + χ = 1 −
ω2
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Evaluating the loss function
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Ab initio calculations


Alkauskas & al.
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Evaluating the loss function
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Ab initio calculations


Alkauskas & al.
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Surface effects
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Maxwell + continuity of  across the interface


surface resonnance at 


diminution of bulk contribution


⃗D

ωs = ωp/ 2

Transmission geometry


derivation by Ritchie 1957



Surface effects
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Physical review, vol 106, number 5



Surface effects
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Surface effects
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Plasmon losses in nanoparticles
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… next week
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Cerenkov losses
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A charged particle traveling faster than the phase velocity of light in a medium emits 
radiation  



Cerenkov losses
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Formulation: Kröger, 1968



Cerenkov losses
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a) volume contribution


b) + Cherenkov


c) + surface term

Si scattering probability 
calculated using tabulated 
dielectric function

Ultramicroscopy 108 (2008) 84–99



Cerenkov losses
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Si scattering probability 
calculated using tabulated 
dielectric function, thickness 
dependemce: 10, 50, 100 & 
1000nm



Cerenkov losses and surface losses
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practical issues: kills the dream of obtaining optical properties from EELS in a 
straightforward manner 

Ultramicroscopy 206 (2019) 112825

How to retrieve the complex dielectric function ?


Not bullet proof  :-/ 



Combination theory + experiment
including relativistic KKA treatment
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Combination theory + experiment
including relativistic KKA treatment
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