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Electron beams from laser-cooled atoms
Latest developments on the Eindhoven UltraCold Electron Source
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Context:
minimizing transverse T / MTE / intrinsic emittance
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Wang et al. Ultralow Mean Transverse Energy..., arXiv:2609.18137v1 [physics.acc-ph] 16 Sezp 2026



Electron emission from single atom
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With Stark shift from accelerating field (1MV/m):
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Electron emission from single atom
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With Stark shift from accelerating field (1MV/m):
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> No equipartition!  Egxc = 10 meV /a0
typical: Ty/y = 10K
T, = 225K

[Kondratovich J. Phys. B. 17 (1984); Bordas Phys. Rev. A 58 (1998); Engelen Ultramicroscopy 147 (2014)]



Principle of a Magnheto-Optical Trap (MOT)

Laser Doppler Cooling:
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Principle of a Magneto-Optical Trap (MOT)

Laser Doppler Cooling:
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Principle of the Cold Atom Electron Source

Cooling & Trapping lonization Acceleration
Atom temperature: ~0.1 mK REPEAT
Atom density: ~ 10" cm™ - fresh ‘cathode’ at each shot!
# atoms: ~10’ [B. Claessens PRL 95 (2005); 7

J. Franssen Struct. Dyn. 4 (2017)]
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Principle of the Cold Atom Electron Source

Laser overlap defines ionization volume

“3D photocathode”

Unique advantages:

- Shaping initial ‘phase space’
(transverse vs. longitudinal coherence)

- Reduced space charge compared to surface
extraction

Disadvantages:
- Large energy spread - several eV (correlated)
- Accelerating field limited to~ 1 MV/m
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Early days:
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® Already around 10 K!
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[Taban, PhD. thesis, Eindhoven University of Technology (2009)]



Early days: graphite diffraction experiment

[van Mourik et al., Struct. Dyn. 1 (2014)]
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Current setup

Fluorescence image
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Current setup: grating MOT

trapping

ITO

cathode

grating chip:

¥

[Nshii, Nat. Nanotechnol. 8 (2013);
Franssen, PRAB 22 (2019)]
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Current setup: picosecond electron bunches
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[de Raadt, Phys. Rev. Lett. 130 (2023)]



Current setup: performance

# electrons per pulse | 103 — 10* (~fC)
Energy 8 keV
Energy spread ~35eV
Pulse length ~2ps
Transv. Emittance 1 —2 nm.rad
Transverse T ~ 10K (<1 meV)

Transverse temperature determined by:
* Bandwidth femtosecond ionization

* Disorder-induced heating
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Up next: towards nanosecond protein crystallography

microED:
protein structure determination from
submicron-sized crystals

Bunch charge vs coherence

# electrons / pulse

AN
/ Do this time-resolved?

Transverse coherence l.on/0x

[Nannenga Nat. Methods 16 (2019)] 17
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