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Abstract

We have launched a research program on attosecond X-ray generation utilizing the extreme nonlinear process of high
harmonic generation driven by mid-infrared free-electron lasers (FEL). The team has achieved FEL intensities sufficient
for tunnel ionization of electrons in noble gases and has successfully generated high harmonics from solid and gas media
at the free-electron laser facilities at Kyoto University and Nihon University. In parallel, the team has been developing
mid-infrared lasers with several-cycle pulse duration and carrier-envelope-phase stabilization for enhanced attosecond
control. In this presentation, we will report the recent advances of our research thrust.
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Figure 1: Energy of third harmonic versus the gas target
pressure calculated by Eq. (2). The two curves show the
calculation results when the focal Rayleigh length is set to
30 um and 15 pm, respectively.
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Figure 2: Correlation between third harmonic signals from

the atmosphere obtained by a photomultiplier tube and the
angle of the quarter wave plate (QWP).
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Figure 3: Third harmonic signals obtained by a

photomultiplier tube versus the pressure of nitrogen in the
tube target.

4. KSR FEEESR (KU-FEL)

KU-FEL TiZ. ZNET 4.5 &)L RF BB D IEFa
EIRZFA L CEICHEE 5um @ FEL 2 OLAEFWT
R A B AT > C& T2, Q-LEAP 71/ I AT,
FEL 7SV AZRLFX—DHE KA BEL T, FililE 78t
(1.6 B/ IEMG RF & 1-85) ORUEE T 72, 2024 41

-303 -



Proceedings of the 22nd Annual Meeting of Particle Accelerator Society of Japan
August 6 - 8, 2025, Tokyo

PASJ2025 WEP040

80 A

gap=19.25mm
gap=18.75mm
gap=18.25mm
gap=17.75mm
gap=17.25mm

Signal (a.u.)

0..
1000 1250 1500 1750 2000 2250 2500
Wavelength (nm)

Figure 4: Third harmonic spectra for different undulator
gaps.
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Figure 5: Spectra of the third harmonic from oxygen, third
harmonic contained in the FEL pulses, and the FEL
fundamental wavelength scaled by 1/3.
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