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Motivation: Collimation Challenges
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Fast instabilities cause catastrophic collimator damage.

• Impedance limits narrow-aperture collimation
• Sudden beam losses can damage collimators Richard Cowan, FCC Week 2026



Laser Collimation as a Defense-in-Depth Layer
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An additional, non-material layer to reduce the load on conventional collimators.

Richard Cowan, FCC Week 2026

F. Zimmermann, AIP Conf. Proc. 472, 103–117 (1999).
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Donut-laser scattering separates halo electrons from the main beam.

Laser Collimation Concept

halo electrons donut laser

main bunch

beam dump

magnet dipole
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Laser Requirements: FCC-ee vs FACET-II



E344: Laser-Collimation Test at FACET-II
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OAP

Axicon

Built on the established E320 platform

FACET-II enables a near-term test of laser collimation.



Comparison of Optical Schemes
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Property High-NA axicon + OAP
Low-NA axicon + 
focusing optic

Spiral phase plate + 
high-NA OAP

Ring radius broadly tunable broadly tunable tied to diffraction 
scale

Ring thickness thin thick moderate

Radius/thickness 
independent control

good good limited

Peak intensity high low high

Main-ring energy 
concentration

high moderate-high moderate

On-axis suppression good moderate excellent

Input beam size 
sensitivity

low for radius low for radius high



Ray-Tracing Simulation 
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• 1+1D simplified ray tracing • 3D ray-tracing



Donut-Beam Profile Measurement
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Target radius:        125 μm
Measured radius: 131 μm
Difference likely from residual alignment error



Scattering Probability
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~1% Scattering Probability for Single Electron



Choosing the Ring Radius
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An Axicon w. 𝑅 = 125μm Maximizes a Clear Proof-of-Concept Signal.



Toward Collider-Scale Laser Collimation
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High-Repetition-Rate Operation
Cavity-enhanced laser system
∼30 MHz interaction rate
Efficient pulse recycling 

(30W pump laser?)

Flexible Laser Profiles
Light sheet · LG modes · Multiple beams · 
Target intensity profiles via phase masks



Conclusion
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