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1. Ultrafast electron diffraction
2. Diffuse scattering
3. Electron energy loss spectroscopy
4. Monochromators



Electrons and materials science
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Ultrafast electron diffraction
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A pump (usually a laser) excites a sample
➢ Promote electrons to higher energy levels
➢ Excite phonon modes
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A pump (usually a laser) excites a sample
➢ Promote electrons to higher energy levels
➢ Excite phonon modes

A probe (electron beam) follows at some time delay Δt later

Ultrafast electron diffraction
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A pump (usually a laser) excites a sample
➢ Promote electrons to higher energy levels
➢ Excite phonon modes

A probe (laser or electrons) follows at some time delay Δt later

Diffraction pattern is captured on a detector

Ultrafast electron diffraction
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Ultrafast electron diffraction

time



Diffuse scattering 
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Diffuse scattering 
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Diffuse background in a diffraction pattern: Electrons exchange energy with 
the sample by exciting a phonon, momentum change is no longer necessarily 
a reciprocal lattice vector

Final q vector 
=

Bragg Scattering
+

Phonon Scattering
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At any given k vector, multiple phonons could be contributing to the intensity!

Diffuse scattering 

Diffraction is momentum resolved 
but energy integrated



Electron energy loss spectroscopy
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AKA EELS

Source: T Hotz et al 2018 

Source: S Lopatin et al 2017 
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What things can electrons cause to happen inside a material?
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1. 100-1000 eV
• Ionization of atoms by exciting core electrons 
• Used to identify chemical composition
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Inelastic scattering
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What things can electrons cause to happen inside a material?

1. 100-1000 eV
• Ionization of atoms by exciting core electrons 
• Used to identify chemical composition

2. 10-100 eV
• Oscillations of the free electrons (plasmons)
• Useful for estimating the electron density of a metal

3. 1-2 eV
• Interband transitions from the valence band to conduction band in 

insulators or semiconductors.
• Measure the electron band structure

4. 1-10 meV
• Lattice vibrations (phonons)
• Electrons are very sensitive to motion of the nuclei



Electron energy loss spectroscopy

July 9, 2026 CBB Annual Meeting 17

Challenge: transmission techniques require high energy electrons, 
but high energy electron beams have large energy spreads, so 
cannot resolve small energy loss features like phonons
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Disperse beam with a prism

Monochromators
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Disperse beam with a prism

Collimate with an aperture

Monochromators



Monochromators
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Source: O Krivanek et al 2014



Monochromators
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Source: O Krivanek et al 2014

250 eV -> 10eV = 25x reduction in beam current



Monochromators
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Source: O Krivanek et al 2014

Challenge: Current loss would need to be too large to have enough 
signal left over to do an ultrafast experiment! 

250 eV -> 10eV = 25x reduction in beam current



Lossless Monochromator?
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1 eV -> 4 meV



Lossless Monochromator?
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0.9 eV -> 400 meV

1 eV -> 4 meV



Lossless Monochromator?
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Conclusion
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1. Ultrafast electron diffraction and EELS together provide a full picture of phonon 
populations and dispersion

2. Energy spread in typical TEMs is too large to resolve meV-scale phonons
3. Prism based monochromators require rejecting most of the beam leaving little 

signal for ultrafast experiments
4. We found that monochromation using the fields of rf cavities or THz pulses 

could produce comparable energy spread while preserving most of the current
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