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The free electron laser (FEL) is a tunable monochromatic light source using an electron linear accelerator. Its
high power, coherence, pulse, polarized characters yield many aspects of utilization in basic and applied fields.
Terahertz (THz) and/or far-infrared (FIR) is just located in the middle region between the light and the radio
wave in the electromagnetic wave. This region is so-called “terahertz-gap where technological development
still exists even now for both in light source and detector. From the point of view, THz-FEL is expected as a
light source that creates new scientific fields through interaction with materials.

The ISIR THz-FEL is based on the stimulated radiation from a compressed high-energy electron pulses [1, 2].
The obtained THz beam is brought to the end station as a multiple pulsed lights. In the case when the beam
is adjusted to a condition with micro-pulse length of about 20 ps, the electromagnetic wave is oscillated for
~108 cycles in the micro-pulse at a wavelength of 100 pm (3 THz), which is quasi-monochromatic light with
a bandwidth of about 3%. The frequency can be changed between 2.5 and 7.5 THz, and the maximum electric
field reaches up to 3 MV/cm at a focal point in this condition.

Recently, nonlinear interactions between semiconductors and the THz-FEL have been investigated. Semicon-
ductors showed nonlinear absorptions corresponding to their band structures under high photon flux irra-
diation. Furthermore, a laser induced periodic surface structure (LIPSS) as an irreversible phenomenon was
found under the higher photon flux [3]. LIPSS in NIR region has been known in the mid-19th century soon
after the invention of the ruby laser, but the LIPSS generation mechanism is still under hot discussions even
today. Due to the scaling law found between the LIPSS periodicity and the pulse number in this study, a LIPSS
investigation can possibly be understood as a self-organizing phenomenon in a nonequilibrium open system.
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