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Abstract

We have proposed an atto- and zepto-second x-ray source by combination of a few-cycles infrared intense pulse owing
to a free-electron laser (FEL) oscillator and a high harmonic generation owing to a gas target illumination by an intense
laser pulse. A three-dimensional simulation of the FEL oscillator is under progress to estimate influence of the diffraction.
We report here on the state of the three-dimensional simulation.
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Figure 1: Summary of the FEL oscillator 3D simulation.
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Figure 2: Schematic drawing of the optical resonator.
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Table 1: Typically 3D Simulation Parameters for the HHG
X-Ray Source

electron beam

energy ~38 or ~100 MeV
energy spread 0.5 %

bunch length 240 fs, rms

bunch charge 240 pC

peak current 400 A

nor. emittance 2 mm-mrad, rms

undulator

pitch 7 cm
number of periods 20
strength, aw lor3.5
FEL and optical resonator

wavelength 12 pm

rep. rate 10 MHz
undulator duct apertures 20x50 mm
end mirror radii 40 mm
output hole radius 0.6 mm
resonator detune length -12 or 0 pm
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Figure 3: Electron beam size in the GENESIS simulation.
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Figure 4: Intra-cavity power and round-trip loss in case of
the resonator detune length of -12 pm.
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Figure 5: Intra-cavity power time profile in case of the res-
onator detune length of -12 pm.
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Figure 6: Intra-cavity power and round-trip loss in case of
the resonator detune length of zero.
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Figure 7: Output power in case of the resonator detune
length of zero.
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Figure 8: Transverse profile at the output mirror in case of
the resonator detune length of zero.
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Table 2: FEL Operation Parameters for the JAERI ERL-
FEL

electron beam

energy ~17 MeV
energy spread 1.5%
bunch length 5.1 ps, rms
bunch charge 0.4 nC
peak current 35A

nor. emittance 40 mm-mrad, rms

undulator

pitch 33 cm
number of periods 50

strength, aw 0.7

FEL and optical resonator

wavelength 21.3 pm

rep. rate 20.8250 MHz
undulator duct apertures 15%x56 mm
end mirror radii 60 mm
output hole radius 0.8 mm
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Figure 9: Intra-cavity power and round-trip loss in case of
JAERI ERL-FEL parameters.
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Figure 10: Transverse profile at the peak slice.
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