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The Linac Coherent Light Source (LCLS) at SLAC



The UH FEL

John M.J. Madey
Inventor of the FEL



The UH FEL
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Radiation slips ahead of the e- by         per       .
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The first 𝛾 - special relativity



The second 𝛾 - the Doppler effect



The second 𝛾 - the Doppler effect
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The second 𝛾 - the Doppler effect



LCLS
4-11 GeV
𝛾 ~1e4
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FEL starts from shot noise - a stochastic process

https://docs.google.com/file/d/1GDWVsuRKyrOvrWHx4ZeHA1Qn1WdEra0i/preview


FEL oscillator



Research projects:
● Switch on the accelerator!

○ Vacuum checks
○ Replace and repair



Research projects:
● Beam simulation



Research projects:
● 3D simulation of the FEL oscillator

○ Phase coherence 

Szarmes, Eric B., Stephen V. Benson, and John MJ Badey. Nuclear Instruments and 
Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and 
Associated Equipment 296.1-3 (1990): 98-109.



Research projects:
● 3D simulation of the FEL oscillator

○ superradiance

Zen, H., Hajima, R. & Ohgaki, H. Full characterization 
of superradiant pulses generated from a free-electron 
laser oscillator. Sci Rep 13, 6350 (2023).



Research projects:
● Beam shaping

flat top

cut-gaussian

parabolic

original



Research projects:
● Controls upgrade
● AI/ML 

Li, S., et al. "Ultraviolet laser transverse profile shaping for improving x-ray free 
electron laser performance." Physical Review Accelerators and Beams 20.8 (2017): 
080704.



Resources
● Possible course on accelerator physics Fall 2025.
● USPAS, every winter and summer
● Lee Teng undergraduate internship
● Contact us for tour

Niels Bidault
WAT 205
nbidault@hawaii.edu

Siqi Li
WAT 206
siqili@hawaii.edu 
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