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 Lasing on the B to X transitions in nitrogen molecular ion plasmas created by 
multiphoton ionization is of interest for remote sensing. However, despite its 

reproducibility, the physical 
mechanism responsible for the gain 
remains unclear. We investigate the 
gain in ambient air and using a 200 

m wide supersonic gas jet in 
vacuum. 
 First we prepare an elliptically 
polarized femtosecond pulse and use 
it to ionize ambient air. We monitor 
the forward on-axis light that consists 
of broad continuum, conical and 
molecular emissions. All depend on 
the ellipticity of the pump. We 
characterize the N2

+ ion emission at 
428 and 391 nm based on its 
polarization and dependence on 

pump ellipticity. Figure 1 shows an example of this type of measurement. It depicts the 
intensity of the forward 428 nm ion emission as a function of the quarter wave plate 
(vertical) and polarizer angle (horizontal). 
 In the second set of measurements we employ pump and probe beams to pump 
and monitor the gain as a 
function of time in a plasma 
channel. The plasma channel is 
created by ionizing pure nitrogen 
that is released from a 
supersonic gas jet into vacuum. 
An 800 nm femtosecond pulse is 
the pump, and a weak portion of 
this beam is frequency-doubled 
and delayed to seed the pump-
induced gain. In addition, this 
setup allows us to link the gain to 
high harmonic generation via a high 
harmonics spectrometer that we use to monitor harmonic yield and cutoff. Figure 2 
shows a typical pump-probe measurement made for pump intensities listed on the 
figure and linearly polarized pump and probe. It shows a rapidly decaying, strongly 
modulated rotational structure. The polarization characteristics and time dependence 
gives us insight to the mechanisms contributing (or not contributing) to the gain. 

Figure 2. Time dependence of N2
+ gain at 391 nm in a 

gas jet 

Figure 1. Polarization characteristics of N2
+ emission at 

428 nm in air 


