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The current filaments in the lightning dart and  step  leader channel. A comparison with  novel observation data
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The recent approach to the investigations of the streak lightning is a relatively established part of the contemporary science of the gas discharge, where  the main feature  appears the streamer generation at the front of the lightning dart and step leader. However, a comparison of this approach with the available observation data shows that the significant part of this observation cannot be explained within the framework of the traditional approach. First, from the very beginning  of this century  many observations of the X-ray emission with the energy up to 1 MeV from the lightning leader channel were performed [1-3],  which  cannot be explained  within the model, where the energy of particle in the lightning channel not exceeds 3 eV. Besides, the current up to 11 kA was discovered in the lightning leader channel, therefore,  the magnetic field should be taken into account in the lightning channel. Second, earlier and now the  neutron flow from the lightning channel are detected by the electric storm processes. All this shows that the contemporary approach to the physical processes in the lightning requires an essential change. One of the new possibility may be the introduction into the theory of the lightning processes a new object – the current filament which is a quasi-equilibrium structure, where, because of the Hall effect, the strong radial electric field arises as a consequence  of the strong magnetic field [4]. As a result, the current in such filament may be carried  by the relativistic electrons drifting in the crossed electric and magnetic fields, and also the strong radial electric field can result in the acceleration of the ions up to the energy on the order of  several keV. The estimates show that the filament generation  even for a time on the order of 1 ns results in the X-ray emission with the intensity (10-7 erg/cm2 which is comparable with the measured  intensities  [5,6]. The X-ray emission measurements show that the emission arises in form of the distinct flashes with the intervals between them on the order of 3(10-6 s [2,7]. The carried-out estimates show that  by the observation of the such regular flashes in the lightning leader channel from 1 to 102 neutrons are available  depending on the current value  for a time 1 s from the channel length of about 0.3 m. 
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