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ORIGIN OF INCREASING THE ION CHARGE STATES UNDER APPLICATION OF AN AXIAL MAGNETIC FIELD TO THE VACUUM ARC DISCHARGE 

I.A. Krinberg
ISU, Irkutsk, Russia, e-mail: krinberg@physdep.isu.ru
Experimental studies have shown [1] that the mean ion charge state Z can be enhanced as much as 1.5-2.5 times by operating the vacuum arc in an external axial magnetic field of B=0.1-1 T at the relatively low discharge currents
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200-800А. In [1] and other papers cited there it has been assumed that magnetic field leads to increased power input into the near-spot plasma and electron temperature enhancement of 1-2 eV inducing the intensive ionization in a near cathode region. 
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In the present work another explanation of the effect is proposed. Because of the large value of electron density of 1016 -1017 cm-3 in a near-spot part of the cathodic plasma jet, the Coulomb collision frequency essentially exceeds the electron gyrofrequency and the electric conductivity of plasma is isotropic. In this region the plasma expansion is spherically symmetric in a cone of half-angle of 300-500. In course of expansion the plasma conductivity becomes unisotropic due to decreasing the density and collision frequency. Therefore the electric current flows mainly along the magnetic field and the plasma jet is almost cylinder. The current-carrying jet of slowly varying transverse size is certainly heated. If magnetic field increases then plasma takes a cylindric form at shorter distances from the cathode. In such a case the jet diameter is smaller and electron temperature is higher. It causes the additional ionization of ions outside a near cathode region and increasing the ion charge states. Model calculations have been carried out for Bi-cathode (
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600A) and U-cathode (
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800A). The electron temperature values obtained vary in the range of 
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7-20 eV for magnetic field B=0.1-0.5 T. Comparison of the calculated mean ion charge state Z with measured one [1,2] is presented on the figure. 
The model and experimental results seem to agree fairly well.
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