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Can you define elastic scattering ? Inelastic scattering ?
Inelastic ?
-

d ↑ involve loss/gaimRo loss of energy. of energyIgain
↑

-

Vo rest
rests ->

Voplastic ⑳ ⑳ ⑳ ->o
-

m n

⑳O ⑳--



A thought experiment
Inelastic ?
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Definition of elastic / inelastic scattering
Inelastic ?
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In the TEM
Inelastic ?

“ Inelastic scattering is when the fast electron looses (measurable) energy”
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Scattering geometry and notations
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Scattering geometry and notations
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Scattering geometry and notations
Orders of magnitude and geometrical consequences



Scattering geometry and notations
Collection and illumination (semi) angle
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Accessible energy and scattering angles ranges
Instrumental limitations

• The range of accessible energies and scattering 
angles will govern the type of phenomenon that 
can be addressed. 


• For the high scattering angles, there are hard 
cutoffs by the optics


• For high energy losses, issues are signal 
intensity and alignment


• For small energy losses, the width of the zero-
loss peak is an issue


• For small scattering angles, the convergence of 
the beam is a challenge
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Accessible energy and scattering angles range
Extremely high energy losses (>2500 eV)

Microscopy, 2018, i78–i85
doi: 10.1093/jmicro/dfx036



Accessible energy and scattering angles range
Extremely high energy losses (>2500 eV)

MacLaren & al.
Microscopy, 2018, i78–i85
doi: 10.1093/jmicro/dfx036

Unfortunately, acquiring high quality EELS data at higher energy losses is not 
simple. As Craven and Buggy [8] showed, it is possible to improve the behaviour of 
the postspecimen lens system in a microscope to better transfer higher energy-loss 
electrons into an EELS spectrometer. Some of the studies quoted above used minor 
tweaks of existing lens setups to improve performance in a phenomenological 
manner. But recent work by some of the present authors [9] has shown a method for 
producing vastly improved performance in transferring higher loss electrons into the 
spectrometer, extending the useful range for quantitative EELS out to at least 5 keV. 
This was done by altering the optical path of the electrons through the postspecimen 
lenses to make some produce virtual images as the object of the next lens, whilst 
other produce real images – the movement of these image positions with electron 
energy change is opposite and allows balancing of the effects of energy loss in the 
movement of the final crossover that forms the object for the spectrometer.



Accessible energy and scattering angles range
energy resolution and accessibility of low energy losses

• The experiment geometry is a transmission 
one


• With a super-thin specimen, most of 
electrons will *not* experience an energy loss


• With a thick specimen, many electrons will 
experience *multiple consecutive energy 
losses that will sum up*


• At the end, a thin specimen is better, but then 
many electrons will cross without energy 
losses. 
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Accessible energy and scattering angles range
around the zero loss peak
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Accessible energy and scattering angles range
around the zero loss peak



Accessible energy and scattering angles range
around the zero loss peak

- Conventional FEG: 800 meV (0.8 eV)


- Cold FEG: 300 meV… but shape!


- Monochromated “conventional” TEM 
150-200 meV


- Super high energy resolution < 10 meV


- Still “starting point” much higher
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Accessible energy and scattering angles range
around the zero loss peak
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Accessible energy and scattering angles range
around the zero loss peak

R. Egoavil et al. / 
Ultramicroscopy 147 
(2014) 1–7



Accessible energy and scattering angles range
effect of diffracted spots

Diffracted spots act as 
secondary sources. They will 
hide the vanishing signal from 
single scattering at higher 
momentum transfer.


BZ boundary 1/2 way between 
0 and G100.


Forbidden reflexions help a lot!
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Accessible energy and scattering angles range
obtainable information, link to this lecture

• Core loss spectroscopy


• Angular resolved core loss


• Low loss: plasmon and 
interband transition


• Angular resolved low losses


• EELS for plasmonics and 
nano photonics


• (Vibrational spectroscopies)
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Inelastic scattering - II
Core loss spectroscopy



Layout

• Introduction


• Double differential scattering cross section


• Quantification


• ELNES
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Introduction
• Core electron: 

transition from a 
localised core state to 
an unoccupied state


• Onset: energy needed 
to reach Fermi level


• Transition possible 
above onset
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Double differential scattering cross section
Definition

• Apparent area relevant for 
the scattering


• Function of scattering 
angle and energy loss


• per unit of solid angle and 
energy




Double differential scattering cross section
• System: fast (incoming) electron + target electron


• Interaction potential: Coulomb


• First order perturbation theory, first Born approximation

H.A.Bethe: 1930:

Zur Theorie des Durchgangs schneller Korpuskularstrahlen 
durch Materie

Annalen der Physik, vol. 397, Issue 3, pp.325-400


