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Nonquasineutral relativistic current filaments as a source of the gamma-ray flashes from the lightning channeL
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The observation data [1-3] demonstrated  the occurrence of the gamma-ray flashes from lightning channels with energy from 300 keV up to 5 MeV, what contradicts to the commonly accepted concept of the lightning [4]. Earlier on, the possibility of the X-ray emission as a result of the current filament generation was found in [5,6], where the emission  was generated   by the electron drifting in the crossed electric and magnetic field in the relativistic current filaments. Such filament generation can arise as a result of the current propagation in the channel, where the induced electric field and the magnetic  compression of the ions and electrons in the radial direction  results in the generation of the electron non-quasineutral filaments with the characteristic radius on the order of  
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.  In this case, the forming of the filament occurs on the time scale 
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is the current  in amperes.  Essentially that for such electron current filaments there is no need in some external electron flow. The stability of the current filament is investigated and the numerical simulations of their formation in the framework of the model [5, 6] are fulfilled. In the paper [6], it is considered the existence of the current filaments with the zero net current what leads to the gamma-ray production in a very wide range of the energy. For example, the filaments with the zero net current can emit X-ray with photon energy  
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 up to 10 MeV for the current of several tens of kA. Transformation of the electron filament with the one-directional current  into the quasi-equilibrium with the zero net current can happen  by a rapid  change  of the magnetic field, what results in generation of  the oppositely directed electron current  owing to  the appearance of the induced electric field at the periphery.
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