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Kinetics of gas discharge plasma
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An ionized gas in an electric field (gas discharge plasma) is the spreaders plasma type with the maximum number of applications. This follows from a simple method to generate this plasma where the electrons obtain firstly an energy from an external field and then it is transferred to gas atoms or molecules in collisions with them. This method of plasma generation makes a gas discharge plasma to be non-equilibrium by definition. Therefore, in contrast to thermodynamic objects, the description of a gas discharge plasma uses the electron distribution functions on velocities and energies [1-3]. Next, since the establishment of equilibrium in a gas discharge plasma under given parameters and conditions is determined by collision processes of its atomic particles, information is required for the rates of processes which are responsible for evolution and behavior of this gas discharge plasma. 

The consequence of this is the variety of regimes of a gas discharge plasma this is determined by the competition both the plasma processes involving excited atomic particles and the dependence the role of some processes on the gas sort and construction of gas discharge. Therefore, new types of gas discharge are created for certain discharge types even now. For this reason, universal schemes for evaluation of the plasma kinetics with taken into account a large number of processes are cumbrous even for a simple construction of gas discharge and cannot compete with simple schemes for certain gas types. 
We consider the gas discharge plasma with an axial symmetry that corresponds to the positive column of gas discharge in a cylinder tube. Since in contrast to ions, electrons exchange weakly by energy as a result of one collision with atoms, a typical electron energy may exceed significantly a typical ion energy for some electric field fields. Then under some fields the self-maintenance of a gas discharge plasma is possible where a typical electron energy is several eV at a thermal energy or almost thermal energy of ions. In particular, in this case high electric fields are created on the plasma boundary as a result of displacement of fast electrons, so that the coefficient of ambipolar diffusion of this plasma exceeds in tens and hundreds the diffusion coefficient of ions.
Being based on measured rates of the plasma processes, we analyze the kinetics of a gas discharge plasma of inert gases in this range of parameters where the properties of a gas discharge plasma are determined by elastic and inelastic processes of electron collisions with atoms, and also by the processes involving metastable and resonantly excited atoms. Since a gas discharge plasma is a self-consistent system, collision processes determine the parameters of the plasma which, in turn, determine the rates of these processes. For example, excitation and ionization of atoms in the plasma with a typical electron energy below the atom excitation energy as a result of collisions of atoms with electrons is determined by electrons at the tail of energy distribution function, and this process leads to a decrease of the distribution function at the tail, and this process, in turn, leads to a decrease of the excitation rate in the plasma. We represent various regimes of kinetics of the gas discharge plasma under consideration.
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