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Local profiles of spectral lines as a means for investigating plasma states
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Recent studies on transonic atmospheric pressure plasma jets have strongly stimulated further progress in the spectral diagnostics of low-temperature spatially nonuniform plasmas [1].

In plasmas with high specific energy depositions and the predominant energy losses due to spectral line wings radiation transfer, considerable and often oppositely directed gradients of plasma components take on a great significance. In strongly ionized plasmas, it does not affect the populations of high-lying atomic and ionic states because of intensive collision-induced energy exchange between these levels and the electron continuum [2]. As a result one can derive a spatial distribution of the electron temperature using the Boltzmann plot method throughout the plasma volume excepting a narrow near-boundary region appreciably influenced by the radiation escape. Great problems, however, emerge if the traditional spectroscopic procedures are applied to determining the populations of low-lying and ground energy states of different plasma components. The point is that these states are not efficiently coupled by the electron-assisted collisions even at high enough electron densities because of large energy gaps between the levels treated and the resonance radiation escape. It is not therefore possible to use the well-known LTE relationships. The presence of large spatial gradients in the distributions of main plasma components offers additional difficulties since the Biberman’s (-factor is no longer the probability for photon to escape from the plasma volume and needs a rather complicated mathematical procedure to be calculated [2].

This paper reports on experimentally determining the local profiles of NI, NII, and NIII spectral lines in strongly ionized spatially nonuniform atmospheric pressure nitrogen plasmas. The results obtained open up great possibilities for evaluation of plasma parameters and the departure of the plasma state from LTE. Specifically, the question is clarified of whether the Bolzmann law with the electron temperature as the characteristic one is valid for describing the relative populations of the ground and the set of excited states of nitrogen atoms and ions.
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