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Abstract

Controlling carrier-envelope phase (CEP) of few-cycle laser pulses is necessary for applications such as quantum
control of molecular processes, optical frequency combs and high-harmonic generation (HHG). In this paper, a method
of CEP stabilization in a FEL oscillator is presented. The method is based on a continuous injection of CEP-stable seed
laser pulses into the FEL oscillator. We discuss accuracy of the CEP stabilization under the influence of jitters in the seed
laser and the electron beam. Application of the CEP-stable FEL pulses to the generation of attosecond X-ray pulses via

HHG is also introduced.
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Figure 1: Definition of carrier-envelope phase in a few-
cycle laser pulse. The carrier-envelope phase (¢pcgp) is 0
for the left figure and 90 degree for the right figure.
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Table 1: Parameters of the FEL Oscillator Used in the Sim-
ulations

Electron beam

energy (MeV) 50
bunch charge (pC) 100
norm. emittance (x/y) (mm-mrad) 12/12
bunch length ) (ps) 0.4
peak current (A) 250
bunch repetition (MHz) 10
undulator

undulator parameter (rms) 1.25
pitch (cm) 4.5
number of periods 40
FEL

wavelength (um) 6
Rayleigh length (m) 0.52
FEL parameter, p 0.0052
cavity loss 4%

(*) The bunch length is full width of a rectangular bunch.
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Figure 2: Temporal shapes of FEL pulses in a perfectly syn-

chronized optical cavity after 1500, 2000 and 2500 round

trips. Profile of the electron bunch at the entrance, z = 0,

and the exit, z = L,,, of the undulator is also plotted. The

inset is the same FEL pulses plotted with a linear scale.
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Figure 3: Temporal shapes of FEL pulses in a perfectly

synchronized optical cavity with an external seed laser after

1500, 2000 and 2500 round trips.
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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 (¢) without injection seeding and (d) with in-
jection seeding.
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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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