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The mid-infrared spectral characteristics of ultrafast laser pulse propagation

in complex atmospheric environments

Feng Zhifang', Zhao Min', Liu Xun®, Han Yiwei', Li Wei*, Shu Xiaofang®, Liu Yuan'

(1. School of Applied Science; Shanxi Center of Technology Innovation for Light Manipulations and Applications, Taiyuan University

of Science and Technology, Taiyuan 030024, China; 2. Beijing Institute of Space Mechanics and Electricity, China Academy of
Space Technology, Beijing 100094, China; 3. Beijing Academy of Quantum Information Sciences, Beijing 100088, China)

Abstract: By using the model of atmospheric stratification, we simulated that the mid-infrared spectral characteristics

are generated by intense femtosecond laser pulses at different altitudes under complex atmospheric conditions. The results show

that the increase of particle concentration has a relatively little effect on the characteristics of filament and spectrum. However,

when the laser pulses are transmitted in scattering media, multiple focusing and defocusing of the laser pulse makes the fila-

ment maintain a stable transmission with high-intensity, which is a key factor in broadening the supercontinuum spectrum to

the mid-infrared band. Even in a rainfall environment with strong scattering, the broadening of the mid-infrared spectrum can

be achieved by increasing the laser pulse input power. Moreover, the stable transmission of the filament can effectively suppress

the perturbation of atmospheric turbulence and reduce the influence of atmospheric turbulence on the characteristics of the mid-

infrared spectrum. The study provides an important theoretical basis for remotely detecting the components of atmospheric pol-

lutants in high altitude using mid-infrared spectroscopy under complex atmospheric conditions.

Keywords: scattering medium; atmospheric turbulence; light filament property; spectral property
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Fig.S2 The effect of different scattering media on the characteristics of filament and
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