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Self-focusing of high-power ultrashort laser pulses belongs to the class of physical 

phenomena where medium optical nonlinearity is most pronounced and leads to a lot of striking 

effects such as laser pulse filamentation. The physical reason for laser pulse self-focusing is 

cubical optical polarizability of a medium leading to a self-induced increase of the refractive index 

in areas of high intensity and following progressive spatial and temporal pulse compression. In 

gases, the beam collapse is arrested by plasma generation as a result of medium photoionization. 

This gives rise to the development of dynamic high-intensity light structures inside a laser beam, 

the filaments, which are nearly “diffraction-free” at a rather long distance. 

In this paper, we present the results of our theoretical investigations of high-power pulsed 

radiation self-action in realistic air with frequency-dependent absorption and study the 

filamentation of laser pulses with the carrier in the near- and mid-IR spectral ranges centered at 

0.8, 3.9, and 10.6 µm to assess the potential of these laser sources in atmospheric-optical 

applications. Detailed comparative analysis of the main pulse parameters in the filamentation area 

is performed to examine the potential of various laser sources for the atmospheric optics. We 

found that the radiation of mid-IR lasers (3.9, and 10.6 µm) forms the longest filamentation region 

and the widest supercontinual spectrum in comparison with near-IR radiation. Filamentation of 

3.9 µm laser pulse results in the best spatially continued plasma channel, while 10.6 µm pulse 

retains the widest spectral composition under the conditions of strong molecular absorption in the 

atmosphere. 


