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Ionic nit rogen molecules inside air plas ma  pumped by 800nm femtosecond pulses give rise to a mirror-less 

lasing effect  [1-4]. Here we present time-resolved measurements of the 391nm lasing emission, which 

shows clear evidence of superradiance. Time-resolved measurement of the 391nm emission was performed 

by frequency mixing the 391 nm radiat ion and a constant 800 nm probe pulse inside a sum frequency 

generation (SFG) BBO crystal. The results are presented in Fig. 1(a). The emission delay and the pulse 

duration decrease significantly with the gas pressure, while the peak radiat ion power shows rapid increase 

[2]. We present the emission delay, pulse duration, as well as the peak power of the radiat ion in Fig. 2(b) 

together with best fits. It is well known that the emission delay and pulse duration of a superradiance scales 

like N
-1

, and the radiation power scales like N
2
, where N is the number of emitters  [5], itself direct ly 

proportional to the gas pressure. The overall agreement between the experimental scaling and the 

theoretical expectation supports the superradiance nature of the 391 nm lasing. We  also note that a 

signature of superradiance has been reported by G. Li and co-workers [3]. 

 
Fig. 1. (a) Temporal profile of the 391 nm forward radiation measured for different nitrogen pressure in the presence of a constant 

seed pulse. The narrow peaks at zero delay are the measured seed pulse.  (b) The pulse delay, pulse width, and the 391 nm peak 

intensity are presented for increasing nitrogen pressure. 

In addition, we examined the pump laser ellipticity dependence of this emission. The results show a 

striking similarity to high order harmonic generation (HHG). We therefore proposed that the electron 

recollision process, which underlies several high-field phenomenon including HHG, non-sequential double 

ionization (NSDI) and molecu lar fragmentation, is responsible for the formation of the super-radiant 

emission. 
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