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Fig. 8 FEL pulses in a perfectly synchronized optical cavity simu-
lated by one-dimensional code. Temporal shapes for the
round trip numbers n=1500, 2000 and 2500 are plotted.
Profile of the electron bunch at the entrance and the exit of
the undulator is also plotted. The inset is the same FEL
pulses plotted with a linear scale. (a) without an external
seed laser and (b) with an external seed laser2!.
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Fig. 9 Contour plots of instantaneous phase of simulated FEL

pulses in units of 7 rad for (a) without injection seeding and
(b) with injection seeding. Contour plots of instantaneous
intensity of FEL pulses normalized to the maximum intensity
for (c) without an external seed laser and (d) with an exter-
nal seed laser2!.
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Fig. 10 Schematic view of high-harmonics generation driven by an infrared FEL oscillator (FEL-HHG).
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Generation of few-cycle infrared pulses from
free-electron laser oscillators for ultrafast intense
laser science

Ryoichi HAJIMA National Institutes for Quantum and Radiological Science and Technology, Tokai,
Ibaraki 319-1106, Japan

Abstract Few-cycle optical pulses can be generated from free-electron laser (FEL) oscillators operated at a
specific condition. The few-cycle FEL lasing is analogous to superradiance from a two-level atom-
ic system and the peak intensity, the duration of the optical pulse, the conversion efficiency from
the electrons to the optical pulse scale the number of electrons contributing to the FEL lasing. In
the present paper, results of the few-cycle lasing at the JAERI-FEL are introduced and the role of
the shot-noise, possible stabilization of the carrier-envelope-phase, and applications of the few-
cycle FEL pulses to ultrafast intense laser science are discussed.
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