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Abstract Recently, air lasing has attracted significant attention owing to its promising applications in atmospheric
sensing and environmental monitoring. Air lasing usually refers to strong-laser-induced population inversion of
atmospheric constituents, resulting in no-cavity light amplification over a remote distance. It has been revealed that
with the excitation of intense laser pulses, molecules of the two primary atmospheric constituents, i.e., nitrogen
and oxygen, can exhibit lasing behaviors. The gain media can be atomic oxygen and nitrogen, as well as neutral
nitrogen molecules and nitrogen molecular ions. Herein, we present the phenomena, underlying mechanisms, and

potential applications of air lasing with a focus on the gain media of neutral and single-ionized nitrogen molecules.

Moreover, the influence of the laser polarization state on the N, * lasing is discussed in more detail.
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Fig. 1 Backward mid-infrared femtosecond filament-
induced emission spectrum from N, and Ar
mixture™* (inset: energy diagram for N, lasing
by Ar collision excitation. The laser energy was
set to 7 mJ, partial pressures of N, and Ar were

0.1 MPa and 0.5 MPa, respectively)
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Fig. 2 Backward emission spectra induced by circularly (red) and linearly (black) polarized femtosecond laser in pure

nitrogen gas""’

fields®" .

and calculated electron energy distributions in the circularly and linearly polarized femtosecond laser

(a) Emission spectra; (b) calculated electron energy distribution in the circularly polarized femtosecond

laser field; (c¢) calculated electron energy distribution in the linearly polarized femtosecond laser field
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Fig. 3 Lasing action of N, by the pump of few-cycle laser pulsest™ .

1. (a) Few-cycle laser-induced emission spectrum of

N, * in air recorded in the forward direction; (b) schematics of experimental setup and energy diagram of the lasing
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Fig. 4 Experimental setup of the laser polarization shape by polarization gating technique and spectra

D1 (a) Experimental

set up, where HWP indicates a half wave plate, and OA is the optical axis of the multiple order quarter wave plate

(MQW) and that of the zero-order quarter wave plate (ZQW), the angle 4 is the angle between the OAs of MQW

and ZQW ; the inset shows schematic of light-induced coupling; (b) spectra of the forward probe pulses captured

with the pump pulses of the linear-polarized (8 =0°, red dash dotted line) and polarization-modulated (blue solid

line) laser pulses, respectively; external seed spectrum is also shown, which is indicated by the black dash line
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Fig. 5 Coherent emission of N, induced by a pair of near-infrared few-cycle laser pulses®™ . (a) Schematic of the

experimental setup; ¢ indicates the angle between the polarization of ionization pulse and that of excitation pulse; (b)

dependence of the 391-nm N, lasing intensity on the delay between the ionization and excitation pulses at §=0°
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temporal range of 0<{z<C +© as a function of 0 for the four quarter-wave plate cases
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