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Scope of Research

The interaction of femtosecond laser pulses with matter involves interesting physics not seen with nanosecond laser
pulses. Through investigations of the interaction physics, the potential of intense femtosecond lasers for new applications
is being developed (e.g., laser-produced radiation and laser processing). Ultra-intense lasers can produce intense radiations
(e.g., electrons, ions, and THz), which are promising as next-generation radiation sources. Ultra-short lasers can process
any matter without thermal dissociation. Femtosecond laser processing is also the next-generation of laser processing.
Our laboratory is equipped with an ultra-intense femtosecond laser named T6, to study the physics of intense laser—matter
interactions and its applications.
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Topics

Delay Times for Ablation Rate Suppression
by Femtosecond Laser Irradiation with a
Two-Color Double-Pulse Beam

We examined ablation rate suppression on a Ti surface
for a delay time At between zero and 600 ps with a two-
color femtosecond double-pulse laser beam. The double-
pulse beam comprised cross-polarized pulses with 150-fs
and >150-fs pulse widths with 800-nm and 400-nm
wavelengths, respectively. The ablation rate was clearly
suppressed at the delay time of At = 60 ps with a 800-nm
first pulse. With a 400-nm first pulse, the ablation rate was
suppressed at the delay time of At =200 ps. The delay time
of greatest ablation suppression differed by a factor of
approximately three between the two irradiation cases. The
difference in the delay time of greatest ablation suppression
suggests that the ablation rate was effectively suppressed
when the expanding surface plasma produced by the first
laser pulse was close to the critical density for the second
laser pulse.

Uniform LIPSS on Titanium Irradiated by
Two Color Double-Pulse Beam of
Femtosecond Laser

We have investigated the uniformity of laser-induced
periodic surface structures (LIPSSs) generated on titanium
surfaces irradiated with a two-color double-pulse cross-
polarized beam with a time delay of At = 0-200 ps. The
double-pulse beam consisted of 800 nm pulses with a du-
ration of 150 fs and 400 nm pulses with a duration of >150 fs.
The fundamental-pulse fluence Fg, and the second-
harmonic pulse fluence F,,, were set to be near the corres-
ponding ablation thresholds of Fyyy, = 0.108 J/cm? and F, =
0.090 J/em?, respectively. We found that uniform LIPSSs
could be produced on titanium surfaces using laser fluenc-
es of 1.5F 505, + 0.9F g and a delay of At = 0-2 ps. The
periodicity and direction of the LIPSSs were characterized
by the wavelength and electric field of the fundamental
(800 nm) pulse. The results suggest that the longer-wave-
length pulse influences surface plasma wave generation
and improves uniformity by the second harmonic pulse
even though laser plasma is produced on the surface.

Figure 1. SEM images of titanium surfaces irradiated with (a) only the
fundamental wavelength pulse with N = 60 pulses and (b) the two-color
double-pulse beam with delay of At = 0 and N = 60 pairs of pulses. The
LIPSS uniformity (66) shows LIPSS characterized by the 800 nm pulse.

Generation of Jitter-Free 40-fs 375 keV
Electron Pulses Directly Accelerated by
Intense Laser

In recent years, ultrafast science using ultrashort pulsed
electrons with the high temporal and high spatial resolution
has made rapid progress. Electrons with the energy of sev-
eral hundred keV or less, short pulse width, and high
brightness have succeeded in providing information that
cannot be provided by other quantum probes in applica-
tions like ultrafast electron diffraction and electromagnetic
field observation. For further development of these appli-
cations, namely for observation of more high-speed phe-
nomena or irreversible phenomena with highly temporal-
spatial resolutions, it is essential to shorten the pulses of
electrons and further increase the amount of charge. In the
development of ultra-short pulse electrons, which began
with the generation of short-pulse electrons using a DC
electron gun, it is a significant challenge to prevent the
space charge effect which increasing the pulse width by
self-generated electric fields. In order to overcome this
problem essentially, the technique of electron pulse com-
pression with RF cavity as a temporal-lens has been in-
troduced, and this technology has been a great success,
providing sub pC, several hundred fs electron pulses. When
conducting pump-probe experiments with high time reso-
lution using pulse compressed electrons, the critical pa-
rameter is not only the pulse width of the electron pulse.
The timing jitter of the pump pulse and electron pulse as
the probe pulse is also significant. No matter how short the
probe pulse can be generated, if the time origin is not clear,
high time resolution cannot be obtained when observing
ultrafast phenomena. However, these methods use high-
frequency electric fields in pulse compression, and jitter
cannot be completely eliminated. This problem remains a
very critical problem when using relatively slow electrons.
In this work, we report the generation of ultrashort pulse
electrons with extremely low timing jitter with a static field
type compressor. By using electrons that are directly accel-
erated by shooting a solid thin film with an intense femto-
second laser, and using a pulse compression method with a
phase rotator using permanent magnets, ultrashort electron
pulses with extremely low timing jitter and short pulse
width have been achieved. The number of electrons mea-
sured was 20 fC, the pulse width was 38 fs in RMS, and the
long-term timing jitter was 14 fs in RMS. By adopting the
electron pulse compression method using only the static
field, the timing jitter is essentially zero. Therefore, we
have succeeded in creating electron pulses that are ex-
tremely robust against external fluctuations. In addition, by
generating electron pulses from the laser-plasma, there is
no need to consider degradation and damage of photocath-
ode limiting the amount of the number of electrons.
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