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alfvÉn ion-cyclotron instability in a mirror trap with flowing weakly collisional plasma
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An anomalous ion scattering many times exceeding collisional scattering is observed on the stage of plasma axial expansion in the multi-mirror trap GOL-3 experiments [1]. The anomalous scattering stimulates interchange between passing and trapped ions significantly decreasing the longitudinal losses.  Some contribution into the scattering can be resulted from the Alfvén ion cyclotron (AIC) instability [2]. The possibility of AIC instability excitation in a mirror trap with flowing weakly collisional plasma with parameters of GOL-3 experiment is studied in this work in the frame of a simple model.

The AIC instability is driven by the inverse population of trajectories of resonant ions whose axial velocity satisfies the cyclotron resonance condition 
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 [3], where 
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 are perturbation frequency and axial wave vector. The loss cone at 
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 is depleted of particles and loss cone at 
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 is enriched because of the plasma flow. The inverse population exists near the depleted loss cone. The integral contribution of all resonant ions can be destabilizing only when the axial resonant ion velocity is of the order of the thermal velocity, 
[image: image6.wmf]T

res

V

V

-

~

||

 , which results in the simple relation between plasma and wave parameters. The non-resonant ion contribution can be estimated as the cold plasma contribution which yields 
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. These relations are similar to the estimations for the bi-Maxwellian plasma [3, 4] and plasma with sloshing ions [5, 6]. The group velocity sign indicates that the excited wave propagates in the plasma flow direction. The ion scattering (collisional and anomalous) smoothing the near loss cone ion distribution and the axial non-uniformity yield the main stabilizing effects.

The absolute instability margin analysis, Pearlstein-Berk estimation and WKB methods [4] were used to calculate the stability threshold. The presented theory allows the perturbation parameters and stability margin to be found out, and the collisionless scattering frequency to be estimated at given plasma and mirror trap parameters. The calculation in the frame of the model shows the possibility of AIC instability with the parameters of GOL-3 experiment.
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