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The accelerators with closed electron drift, equipotentialization magnetic field lines 

and gas walls is attractive for many different high-tech practical applications, for example, 

for manipulating high-current flow of charge particle beams, for elaboration of cost 

effective low maintenance plasma lens with positive space charge cloud,  for potential 

devises small low-energy rocket engines etc. Minimization of solid walls leading to 

reduction of wall material input in ion beam and ion-electron emission avoiding– could be 

attributed to advantages of such kind device.  However this type accelerator were not 

research till now in contrast to the well known and widely used plasma accelerators with 

anode layer and accelerators with closed electron drift and dielectric walls. Early we got 

exact analytical solutions describing electric potential distribution along acceleration gap in 

one-dimensional hydrodynamic model based on the idea of continuity of current 

transferring in the system. It was shown that potential distribution is parabolic for different 

operation modes in low-current mode as well as in high-current quasi-neutral plasma mode 

and weakly depends on electron temperature. Here we use 2d-hybrid model with single 

ionization for more detailed clarification of neutrals and ions dynamics influence on system 

processes.  Under this model electrons are described in the hydrodynamic approximation, 

for neutrals and ions use kinetic description. It was shown that span mode with single 

ionization does not have a big impact on the result potential distribution. The generalization 

condition of self-sustained discharge in crossed ExH fields with taking into consideration 

both electron and ion dynamic peculiarity is obtained. The calculation results are in good 

agreement with experimental data. 
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