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This lecture 

• Recap from last time 

– The inelastic form factor 

• Cross section of a single scattering event 

• Cross section for several possible final states 

• GOS 

• Dipole selection rules 
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Fermi golden rule – scattering 

between two distict states 
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k – scattering vector k = k0 – k 

 – initial state of target electron 

 – final state of target electron 

r2 – position of scattering event 
 

Assumption 1 

Only one scattering event at a time 

Assumption 2 

Separation of the electronic and 

atomic degrees of freedom 



Double differential cross section 
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𝑑𝜎

k
→

𝑑2𝜎(k, 𝐸)

k𝑑𝐸
 

We want to consider all possible transistions from 

 with energy E 

Assumption 3 

Matrix element is a 

constant for all  under 

consideration 

Several possible final states with same energy 
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Small scattering angles – the dipole 

selection rule 
Most of the scattering is at small angles 

Can be further limited by selecting small  
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k ⋅ 𝒓 ≪ 1 𝑒𝑥 = 1 + 𝑥 +
𝑥2

2!
+

𝑥3

3!
+ ⋯ 

𝑒𝑖𝒒⋅𝒓 = 1 + 𝑖k ⋅ 𝒓 +
𝑖k ⋅ 𝒓 2

2!
+

𝑖k ⋅ 𝒓 3

3!
+  … 

𝑑𝜎

𝑑k
=

4

𝑎0k
4 𝛽 𝑒𝑖k⋅𝒓 𝛼

2

 

𝑑𝜎

𝑑k
≈

4

𝑎0k
4 𝛽 1 + 𝑖k ⋅ 𝒓 𝛼 2 =

4

𝑎0k
4 𝛽 𝑖k ⋅ 𝒓 𝛼 2 

Matrix element dependent on spatial overlap of states 

The scattering is dominated by local states 



Under these assumtions, the core loss EELS spectrum 

probes the 

• local density of states around the excited atom… 

• with symmetry l1… 

• above the Fermi-level 

 

The site and symmetry selected DOS 
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Direct comparison with calculated 

density of states (DOS) 

• The transition matrix determines the underlying edge shape 

• Usually slowly varying with energy 

• The density of states gives more rapid variations on top of this 

• Allows comparison with calculated DOS, e.g. from density 

functional theory (DFT) 

 



Next time  

• More on comparisons of EELS spectra with DOS 

• Elemental quantification with EELS 
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