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Abstract

Few-cycle optical pulses can be generated in a FEL oscillator operated with high-gain and small-loss parameters. We
proposed application of such FEL pulses to high-harmonics-generation (HHG) to explore atto- and zepto-second science
and X-ray frequency combs. For detail design of a FEL oscillator to generate few-cycle pulses, we discuss techniques of
FEL simulations in this paper. We describe validity of the carrier-envelope expression in the few-cycle regime of FEL
oscillator and introduce FEL simulations based on the 'unaveraged model', which does not require averaging of electron

phase and momentum within a bunch slice.
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Table 1: FEL Simulation Parameters

Bunch profile Gaussian

Bunch length 10 A (rms)

Gain parameter (jo) 27.9 (at bunch peak)
Cavity round trip loss  0.04

Slippage length 40 A
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Figure 1: FEL pulses after the saturation calculated with

simulation codes based on 'averaged' and ‘unaveraged'

models. Profiles of the elecctron bunch at the entrance and

exit of the undulator are also depicted.
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Figure 2: Distribution of macro particles after the satura-
tion for the single-super-mode regime calculcated by 'un-
averaged model'.
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Figure 3: Distribution of macro particles after the satura-
tion for the few-cycle regime calculcated by 'unaveraged
model'.
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Figure 4: Temporal profiles of electron bunch before and

after the FEL interaction in the few-cycle regime.
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