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Alfvén ion-cyclotron instability in a mirror trap with oblique injection of fast ions

I.S. Chernoshtanov, Yu.A. Tsidulko

Budker Institute of Nuclear Physics, 630090, Novosibirsk, Russia

The Alfvén ion-cyclotron (AIC) instability threshold in a mirror trap with oblique injection of fast atomic beams is studied in the presented work. Formulation of the problem corresponds to the specificity of experimental conditions in the central cell of Gas Dynamic Trap, where instability was observed experimentally [1, 2]. 

The AIC instability excitation is result of inverse population of resonant ions, which have longitudinal velocity satisfying the cyclotron resonant condition
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.In the case of the oblique injection the total contribution of resonant particles can be destabilizing only in the case when the resonant velocity is close to the longitudinal velocity of the injected ions, i.e. 
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. Therefore, the stability threshold is strongly depends on injection details, in particular angle and energy dispersion. At that, the particles in the “tail” of the distribution function appearing because of drag and scattering give the main contribution into the plasma density and pressure, but the only integral contribution of the “tail” particles is important for the instability.

Another considered specificity  is possibility of wave dissipation at the plasma edge, which can results in significant rise of the instability threshold. 

In the papers [3, 4, 5] the approximation of ions distribution by simple model functions was used (in particular, bi-Maxwellian function is used in [3]). The approximation of ion distribution by the superposition of many Gauss functions shifted in transversal and longitudinal directions is used in the presented work. This approach allows an accurate approximation of the distribution function in the velocity area of injection. On the other hand, it allows analytical continuation of dispersion relation into complex area to be found, which is necessary for searching the absolute stability margin and wave turning points [6]. The presented model allows the stability margin and parameters of instable perturbation to be found at given plasma geometry, warm plasma and injection parameters.
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