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Backscattering Enhanced Characteristics of Supercontinuum Emission
from a Self-Guided Filament in Air
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Abstract New characteristics of supercontinuum emission generating along with ultrashort femtosecond laser self-
guided propagating in air, such as ultra wide band spectrum and backscattering enhancement, produce a new study
field for the development of atmosphere detection lidar. The backscattering properties of supercontinuum emission
from a self-guided filament generated by femtosecond laser are researched by measuring the angular distribution of
supercontinuum emission at different conditions of air. The results show the backscattering of supercontinuum
emission from a filament is enhanced in clear air and dusty air with aerosol. And by fitting the experimental data of
the backscattering of supercontinuum emission, it is found that the angular distribution of supercontinuum
backscattering satis{y Lorentz function; in clear air the angle width is 6.4°, the normalized backscattering intensity
increases 3.2 times as compared with Rayleigh scattering at 180°. Along the filament, the frontward
supercontinuum emission exhibits the conical emission, so frontward scattering is obviously dependent on
wavelengths; the backward scattering shows no obvious dependence on wavelengths.
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Fig. 1 Sketch map of experimental setup
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Fig. 3 Dependence of the supercontinuum emission scattering on spectral wavelengths along the filament in outdoor air

(a) the spectra in 90°; (b) in the forward direction; (¢) in the backward direction
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Fig. 4 Angular distributions of the supercontinuum emission scattering normalized intensity from a filament in three air

environments compared with Rayleigh and Mie scattering. (a) Rayleigh and Mie scattering; (b) supercontinuum

emission scattering; (c) the ratio
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Fig. 5 Relative errors of fitting functions and fitting results of the near backward scattering of the supercontinuum

emission in clear air. (a) relative errors of Gauss and Lorentz function; (b) experimental data and the fitting curve
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Table 1 Fitting results of supercontinuum and Rayleigh, Mie scattering with Lorentz function in airs

Fitting conditions a b c X0 Vo RMSE
Clear air Supercontinuum 0.8 1029. 2 6.4 180 103 0. 96
Rayleigh 0.58 366. 2 7.36 180 32 1.22
Dirty air Supercontinuum 0.31 1205.1 6.42 180 114 1. 04
Mie 0.53 433.4 7.71 180 36 1. 27
Vapor air Supercontinuum 0.16 1330 6.61 180 122 1.12
Mie 0.18 488 8.13 180 38 1.31
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