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radial currents and potential distribution In axisymmetric mirror Traps
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 Formation of the radial distribution of electrostatic potential in an open mirror like the GDT is an important tool of plasma stabilization [1]. However, it is not yet clear what mechanisms are responsible for formation of an internal profile of potential as a result of a change in the potential of the limiter. Such processes should include radial currents and transport of the angular momentum. A related problem exists for the multi-mirror trap GOL-3, where application of the limiter potential is used for formation of an initial plasma current, which, again, has a radial component. During later phases of a discharge in GOL-3 at least a part of the longitudinal current is closed radially [2].

 Formation of the profile of the ambipolar potential along field lines in open traps is well studied. If there are no radial currents, and the end plate is conductive and grounded the plasma potential results completely defined. In this case the limiter potential should have no effect on the potential distribution. In presence of radial currents the potential can be modified via modification of the longitudinal currents to the end plate due to 1) change in the ambipolar balance; 2) radial distribution of potential across the end plate (if its conductivity is finite). If the radial currents depend on radial electric fields, we find the mechanism of transfer of potential from the limiter into the plasma column. 

It should be noted that the radial currents in axisymmetric configurations result in uncompensated azimuthal Lorenz forces. In a stationary case this is possible only in presence of the radial flow of angular momentum (due to an effective viscosity) or in presence of the outflow of the momentum to the end plate along the magnetic field (due to plasma outflow through the mirrors). There are significant limitations for such processes. Indeed, the radial transfer of momentum (for example, due to instability) cannot change the total momentum of the plasma column, i.e., there is an integral limitation on the potential redistribution (which is, probably, in contradiction to the GDT experiment). Estimate of a possible longitudinal loss of momentum limits the maximum radial current to a small fraction of the longitudinal current of ions to the end plate, so that the ambipolar balance on each field line is shifted insignificantly.

Conclusions: formation of the potential profile in the GDT is probably due to radial currents in its expander and radial sectioning of the end plate. This means that there should be layers with intense shear flows that correspond to gaps between the sections of the end plate.  Выводы: формирование профиля потенциала в ГДЛ, по-видимому, происходит за счёт радиального тока в расширителе и радиального секционирования торцевой пластины. Radial closure of currents in the GOL-3 can only be due to the radial transfer of momentum and the general non-stationarity of the discharge.
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