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Figure 4: Contour plots of instantaneous phase of FEL
pulses in units of 7 rad for (a) without injection seeding
and (b) with injection seeding. Contour plots of instanta-
neous intensity of FEL pulses normalized to the maximum
intensity for (c) without injection seeding and (d) with in-
jection seeding.

Figure 5: Possible seeding schemes. (a) the seed laser and
the FEL share the undulator and the optical cavity, (b) in-
stalling a seeding undulator before the FEL undulator, (c)
installing a seeding undulator at the beam path.
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Figure 6: Contour plots of instantaneous phase of FEL
pulses in units of 7 rad for (a) sudden change of the seed
laser phase (7) after the 1000th round trip and (b) sudden
change of FEL gain parameter (+30%) after the 1000th
round trip. Contour plots of instantaneous intensity of FEL
pulses normalized to the maximum intensity for (c) the
sudden change of the seed laser pulse and (d) the sudden
change of the FEL gain parameter.
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Figure 7: Fluctuation of carrier-envelope phase, A¢, as
a function of the rms jitter in the peak current, AI. The
solid curve is the best-fit curve employing a function form
a? + b2(AI)2.
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Figure 8: Schematic view of an attosecond X-ray source
driven by a FEL oscillator.
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