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Fig.1.Broadband MIR comb spectrum from 2.4 -
4.5 um in PPLN WG crystal.
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Frequency synchronization of a regenerative amplifier and an optical frequency comb

for extending measurement time in optical pump and probe experiment
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Figure 1 (a) Experimental setup. (b) Normalized Allan deviation of frep1, frep2, and frepra.
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[1] T. Yasui, et al., Appl. Phys. Lett. 87, 061101 (2005). [2] A. Asahara, et al., Appl. Phys. Express 13, 062003 (2020).
[3] D. Nishikawa, et al., Rev. Sci. Instrum. 94, 063003 (2023).
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Mid-infrared femtosecond laser based on Cr:ZnS oscillator and ZBLAN fiber
Kejia Zeng, Aoi Sato, Xiangbao Bu, Satoshi Ashihara
Institute of Industrial Science, The University of Tokyo
E-mail: zeng-kj@iis.u-tokyo.ac.jp

Mid-infrared (MIR) femtosecond laser has been attracting increasing research interest in recent
years due to its great potential in both fundamental research and industrial applications. 3-5 um which
covers the resonance wavelengths of most common gaseous molecules, is especially important in the
area of vibrational spectroscopy. However, to directly produce a MIR femtosecond laser is very
challenging due to the lack of suitable gain medium in that region. The general way to obtain MIR
laser is applying nonlinear frequency conversion method, such as optical parametric oscillators (OPO)
and amplifiers (OPA), but this method requires complex and bulky optical system to satisfy the phase
matching condition. A promising alternative is using fiber-based soliton self-frequency shift (SSFS) [1]
method to extend the laser wavelength to longer wavelength, which has the advantages of simple,
stable, and continuously tunable.

In this research, we aim at producing a stable, broad-band, large power MIR femtosecond laser in
3-5 pm range for spectroscopy applications. By using Cr:ZnS oscillator with 2.25 pm center
wavelength and 40 fs pulse duration as the pump source [2], and coupling it into a 2 m long and 6.7 um
core diameter ZBLAN fiber with an anomalous dispersion of -131 fs*’/cm at 2.3 um, SSFS effect is
clearly observed both numerically and experimentally. As shown in Figl(a), the numerical results
overestimate the result because the simulation ignore the frequency dependent nonlinearity and
coupling loss. Experimental results in Figl(b) show that a Raman-shifted soliton continuously shifts
from 2.25 um to 3.6 um with up to 410 mW pump power, and the overall conversion efficiency is
measured to be 10-13%. Besides, noise character of the Raman soliton is also investigated. Further
improvement can be made by increasing the pump power and fiber coupling efficiency and using fiber

with larger transmission window in MIR region.
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Figl. (a) Simulation result with increasing pump power. (b) Experiment result with increasing pump power.

[1]Y. Tang et al. Optica 3, 948-951 (2016).  [2] T. Kugel et al. Appl. Opt. 61, 1076-1081 (2022).
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Coherent LO phonon-plasmon coupling depending on electronic states in GaAs excited
by ultrashort pulses
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Development of an electron spectrometer for time-resolved electron energy-loss
spectroscopy
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Fig. 1: Experimental apparatus under development. Fig. 2: Energy resolution of the magnetic
FE R prism calculated by trajectory simulation.

[1] Y. Morimoto, P. Baum, Nature Physics, 14, 252 (2018).
[2] SZAE fh—, A B, L x 9 &, 21, R003 (2024).
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