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Abstract

Free-electron laser oscillators operating in the superradiant regime produce ultrashort pulses that contain only a few
cycles of the electric field of light. Succeeding in the generation of such FEL pulses at the Kyoto University FEL facility
(KU-FEL), we have initiated experiments to explore intense light field science in the mid-infrared and long-wavelength
infrared regions, which have been difficult with conventional solid-state lasers. In the experiments, we observed laser-
induced breakdown of gases and photoluminescence from a ZnSe plate. In this paper, we report the experimental results
followed by a discussion of the mechanism of these emissions, considering the differences in the FEL operation modes
(thermal cathode mode or photocathode mode).
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Figure 1: Experimental setup for the laser induced gas
breakdown measurements.
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Figure 2: Emission spectrum of laser-induced breakdown
from nitrogen gas at 1.7 X 105 Pa before sensitivity
calibration. The red arrows are emission lines for nitrogen
atomic ions (N-II). The green arrows correspond to
emission bands of nitrogen molecules (C*TT,—B?II, and
B2, —X2X,Y).
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Figure 3: Waveforms of FEL macropulse and emission
from breakdown of nitrogen gas (1.0 X 10° Pa, no filter at
PMT).
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Figure 4: Waveforms of FEL pulse and PMT signals with
a bandpass filter of 337 nm.
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Figure 5: Emission spectrum from a ZnSe plate irradiated
with FEL pulses.
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