Nanophotonic free-electron lasers

.......................................................

Nick Rivera (MIT), Charles Roques-Carmes (MIT),
ldo Kaminer (Technion) & Marin SoljacCi¢ (MIT)
http://nrivera.scripts.mit.edu/nhr/



http://nrivera.scripts.mit.edu/nhr/

Nanophotonic free-electron lasers
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FEL: resonant optical structure + free electron
gain medium & pump
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FEL principle: applicable through the full
electromagnetic spectrum
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General (semi-analytical) description of
nanophotonic FELs

Field expandable in terms of a few modes:
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Slowly-varying envelope — scale separation and coarse-graining:
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ADb initio free electron laser physics

What constitutes an ab initio description?
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Benefits?
« Pulsed systems: highest intensities
» Surprising modes can lase
* Fundamental insights into nonlinear regime
« Emergent phenomena?



An ultra-low threshold FEL based on a silicon
racetrack resonator
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An FEL based on an high-Q photonic crystal

resonance
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Potential realizations

. [ * } iv: 1 .00757
Parameters realizable: Nehemia*, Dahan* et al. arXiv: 1909.0075
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» Schottky field emission sources, L _J
» Racetrack resonators, photonic pu|se Flctron probe =
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Promising work: grazing angle in
ultrafast TEMs (at lower currents)

Electron energy spectrometer



Shameless advertising...

Light-matter interactions Quantum free-electron
in 2D materials radiation sources
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