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Abstract

The free-electron laser (FEL) has the feature of wavelength tunability and holds the potential as a next-generation light
source. In the optical amplification process of FEL, pulse width broadening occurs when synchrotron radiation overtakes
an electron beam passing through a periodic magnetic field. This phenomenon is called time slip, which is a cause of the
oscillation of ultrashort laser pulses in the attosecond regime. In this study, we propose a method to reduce the time slip
to zero and show the feasibility of waveguide FEL. To achieve zero-time slip, the group velocity of light needs to match
that of the electron beam, which can be achieved using a waveguide. Additionally, for our simulations, we used the open-
source numerical code GENESIS 1.3. By applying custom boundary conditions, we enabled FEL simulations inside the
waveguide. As a result, we found that appropriately adjusting the waveguide height reduces pulse width broadening

effectively.
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Figure 1: Principle of free-electron laser.
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Figure 2: Propagation of electrons and light in a periodic
magnetic field.
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Figure 3 Dispersion relation of electron beam and light in
waveguides.
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Figure 4: Boundary conditions in calculations using
GENESIS1.3.
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Table 1: Parameters of Waveguide FEL
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Figure 5: Wavelength spectrum of waveguide FEL.
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Figure 6: Pulse stretch suppression of waveguide FEL.
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Figure 7: Dispersion relation of FEL in vacuum.

T E—h—

Loy B MFEL ——

o
o0

<o
=

0.49 ps 0.37 ps

HBEAL)

o
~

o
o

0.0 1.0 2.0 3.0 4.0 5.0
1] [ps]

Figure 8: Pulse width comparison of electron beam and
waveguide FEL.
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