Proceedings of the 19th Annual Meeting of Particle Accelerator Society of Japan
October 18 - 21, 2022, Online (Kyushu University)
PASJ2022 FRPO18

HiRER FEL [CHITHEBMFARERDIEFYI—FIZLDIIaL—23Y
SIMULATIONS OF SUPERRADIANCE IN FEL OSCILLATORS
BY UNAVERAGED CODES

P RN
Ryoichi Hajima ##)
A) QST, Kizugawa, Kyoto

Abstract

In free-electron laser oscillators, when the electron bunch length, slip length, gain, optical cavity loss and detuning
length satisfy certain conditions, an ultrashort pulse containing only a few periods of the electric field of light is generated.
Such lasing is called superradiance FEL. Generally, FEL simulation codes calculate the growth of the FEL pulse by fixing
macroparticles representing electrons in a specific bunch slice and averaging many macroparticles over at least one
radiation wavelength. In superradiance FELs, the energy of electrons varies greatly in the undulator, so unaveraged
simulation, in which macroparticles are not fixed to a bunch slice, is required. In this paper, we report the results of

calculations of superradiance FEL oscillators using an unaveraged simulation code.
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Figure 1: Motion of macroparticles in the ponderomotive
potential formed by the radiation and undulator fields. The
initial energy of the macroparticles is set to be slightly
larger than the resonant energy.
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Figure 2: Superradiance of a two-level system calculated
by the Burhan-Chiao model with different initial tipping
angles, 6; =1073,10"%,10"> . A Bloch vector
representation of the two-level system is also depicted.
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Table 1: Simulation Parameters

Number of the undulator period 52
Normalized slippage distance 1
Cavity round trip loss 0.03
Rectangular bunch

Normalized bunch length 0.5

FEL parameter at peak 415x 1073
Parabolic Bunch

Normalized full bunch length 0.5

FEL parameter at peak 476 x 1073
Gaussian Bunch

Normalized RMS bunch length 0.0625

FEL parameter at peak 6.11x 1073
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Figure 3: Evolution of macropulses at the perfectly
synchronized FEL oscillator calculated by the averaged
code. A simulation with turning off the shot noise after the
600-th round trip (orange line).
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Figure 4: Evolution of macropulses at the perfectly
synchronized FEL oscillator calculated by the averaged
and unaveraged codes. Three different bunch shapes were
assumed for the unaveraged code.
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Figure 5: FEL pulses at the 1600-th round trip. (A)
averaged code, (B) unaveraged code with a rectangular
bunch (C) unaveraged code with a parabolic bunch, (D)
unaveraged code with a Gaussian bunch. The yellow- and
green-filled patterns represent electron bunches at the
entrance and the exit of the undulator.
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Figure 6: Macroparticles in the phase space after the
undulator at the 1600-th round trip (unaveraged code with
a parabolic bunch).
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