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When an intense, fs laser pulse is focused in air, a plasma column called a filament is formed. The 

laser-induced filament can act as a gain medium for seed light, leading to “air lasing”. Although 

the air lasing is a well-established phenomenon, the mechanism behind the population inversion 

necessary for air lasing in nitrogen molecular ions is still under debate [1-3]. 

Recently, we observed air lasing at 391 nm using ultrashort few-fs laser pulses [1], which implies 

that the population inversion in N2
+ is formed on a fs time scale. In order to explain this ultrafast 

population inversion, we suggest a post-ionization strong-field excitation scheme through the 

strong coupling among the X, A, and B states of N2
+ by the intense laser field (see Fig. 1). The 

laser-induced transitions result in an efficient population transfer occurring within the sub-

femtosecond time domain, resulting in the larger population in the B state than in the X state.  

On the basis of numerical simulations, it was found that the population inversion is realized by 

few-cycle pulses when (i) the N2
+ ion is created at the peak of the ionizing laser pulse and (ii) the 

light field intensity is larger than 3×1014 W/cm2.  
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Figure 1. Three-level system in N2
+. The double-headed arrows indicate the 

coupling induced by the intense laser pulse. The wavy arrows represent the 

air lasing emission at 391 nm. 
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