Proceedings of the 20th Annual Meeting of Particle Accelerator Society of Japan

August 29 - September 1, 2023, Funabashi
PASJ2023 THP26

HAXLEBRA-FEL~Y 7O/ ZEEDOHIRBRT F a1 —= v JikEHE

DEPENDENCE OF FEL MACROPULSE-WAVEFORM ON OPTICAL-RESONATOR
DETUNING IN LEBRA-FEL, NIHON UNIVERSITY

FHag =N, B114%s B BERGE D), B D), [k ®), SiEHET B, [E AN
Atsushi Nagase **), Yasushi Hayakawa ®), Takeshi Sakai®), Ken Hayakawa®,

Toshinari Tanaka® , Yumiko Takahashi B) , Yoske Sumitomo®)

A) College of Science and Technology, Nihon University
B) Laboratory for Electron Beam Research and Application, Institute of Quantum Science, Nihon University

Abstract

In a resonator-type Free Electron Laser (FEL), the FEL gain and the saturation level depend strongly on the resonator length
of the optical cavity. In the LEBRA FEL system, the resonator length is 6718 mm, which is synchronized with the acceleration
frequency, and the resonator length can be controlled by using a piezoelectric element. The FEL macropulse waveforms for each
detuning length were acquired using an infrared detector, and the acquired macropulse waveforms were integrated to produce a
detuning curve as the macropulse energy. In addition, we applied GENESIS, a 3D FEL code, to the resonator FEL and attempted
to simulate the dependence of the FEL macropulse waveform on the cavity detuning under the LEBRA-FEL condition. The
qualitative changes of the FEL macropulse waveforms at each detuning length and the comparison and analysis between the
observed results and the GENESIS simulations were performed.
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Figure 1: Detuning curve calculated by GENESIS.
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Table 1: Simulation Condition

Oscillation wavelength [nm] 2534 6255
Electron energy [MeV] 86.6  53.7
Energy dispersion [%] 0.6 0.6
Peak current [A] 254 254
Bunch length [mm] 0.3 0.3
Cavity loss [%] 5 4.4
Macropulse length [us] 11 11
Undulator cycles [-] 49
Undulator length [mm] 48
Resonator length [m] 6.718
Rayleigh length [m] 1.0702
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Figure 2: Macropulse waveforms at each detuning length of
2534 nm wavelength calculated by GENESIS.
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Figure 3: Macropulse waveforms at each detuning length of
6255 nm wavelength calculated by GENESIS.
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Table 2: Electron Beam Operation Mode

Beam mode [-] Full bunch  Burst
Bunch interval [ns] 0.350 22.4
Peak current [A] 0.2 2
Bunch number [/us] 2857 44
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Table 3: Experiment Condition

wavelength [nm] 2534 6255
Beam mode [-] Full  Burst Full  Burst
Electron energy [MeV]  86.6 86.6 53.7 52.9
Peak current [mA] 72.5 31.8 72.5 32.8
Half gap length [mm] 12.04 12.05 12.04 12.03
Macropulse length [us]  11.04 1098 11.04 10.06
Peak energy [mJ] 10.1 425 0597 241
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Figure 4: Detuning curves for each mode at 2534 nm wave-

length.
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Figure 5: Macropulse waveforms for each detuning length in
full bunch mode at 2534 nm wavelength.
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Figure 6: Macropulse waveforms for each detuning length in
burst bunch mode at 2534 nm wavelength.
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Figure 7: Detuning curves for each mode at 6255 nm wave-
length.
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Figure 8: Macropulse waveforms for each detuning length in
full bunch mode at 6255 nm wavelength.
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Figure 9: Macro pulse waveforms for each detuning length in
burst mode at 6255 nm wavelength.
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