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Abstract

At the LEBRA facility, Nihon Univ., we provide a bright infra-red light at few mJ pulse energy in a variable range of
wavelengths, that is generated by the oscillator FEL with the 20 us electron beam. The integrated oscillation excitation
energy is enhanced when the resonator length is slightly desynchronized with the spacing between electron bunches.
On the other hand, when the resonator length is perfectly synchronized, a higher peak power and a shorter pulse length
are expected although a longer pulse electron beam is required to reach the saturation. In this presentation, we study
the FEL oscillation excitation by simulation, starting from the desynchronization of resonator length, and switching to
synchronization at a midpoint of the macro pulse. This can be realized by applying a phase modulation to the RF pulse
accordingly. We expect a high oscillation excitation respecting the property of perfectly synchronized resonator length,
even with the 20 s electron beam. We use the time-dependent 3D simulation code, GENESIS 1.3 to explore the condition
for oscillator excitation with the dynamical phase modulation at the high charge operation mode of LEBRA-FEL.
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Figure 1: Detuning curve given the initial condition in Ta-
ble 1. The assigned numbers in the bottom figure mean the
detuning values in unit of the radiation wavelength.
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Table 1: A Set of Parameters for the Initial Condition at
Undulator Entrance

K Au period A
2.02 48 mm 50 4020 nm
ZRayleigh Zwaist cavity loss coupling
1.47 m 1.2 m 3% 1%
Q Ey, AFE/E
400 pC | 68.4 MeV 1%
O.Z 0.(177y 677/7$,y
0.6 ps 0.5 mm 15 7 mrad mm
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Figure 2: The upper figure illustrates the growth of oscil-
lation excitation at some detuning points, while the bottom
figure shows the profile of accumulated pulse. The grey
dashed line displays the e-beam profile at an arbitrary unit.
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Figure 3: The achieved energy from dynamical detuning
dL = —0.75\, — 0. The each arrow point in the bottom
figure shows the point to apply the modulation.
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Figure 4: The peak power and resultant profile given each
modulation point.
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Figure 5: The efficiency growth given each modulation

point. The efficiency at dL = 0 is also shown for com-

parison.
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