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Instability of bounce oscillations in a multi-mirror trap
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Oscillations with frequencies of the order of the ion bounce frequency are usually decaying due to the phase-mixing (analog of the Landau damping) if the distribution function is close to the equilibrium. However, such oscillations are observed in the multi-mirror trap GOL-3. They persist for a long time during the quasi-stationary stage of plasma decay [1]. Modes are localized to individual sub-traps, so that in the neighboring sub-traps oscillations differ in frequency and amplitude. Their existence is evidently due to the non-equilibrium state of the distribution function that can lead to excitation (analog of the beam instability).

In this paper the electrostatic oscillations near the ion bounce frequency in an axisymmetric mirror trap are studied theoretically. Collisionless kinetic equation is solved for ions. The quasi-neutrality condition leads to the integral equation for the distribution of the electrostatic potential along the field line. Its analysis shows that unstable oscillations confined to a single sub-trap are possible if the distribution function for ions is overpopulated in the region of weakly trapped/weakly passing particles. In this case the longitudinal energy of weakly trapped ions (with resonant bounce frequency) is transferred (in average) to more deeply trapped particles (with the same bounce frequency), i.e., from hotter to colder particles, via electrostatic fluctuations

In GOL-3 the overpopulation of upper levels in longitudinal energy can be expected right after the stage of ion heating. Indeed, the heating is probably due to colliding plasma streams along the magnetic field. Moreover, in most sub-traps of a multi-mirror trap there is an axial flow of plasmas lost in loss-cones of other sub-traps. It means that there is also a relative abundance of weakly passing ions as well. Thus, the initial state of the distribution function can account for excitation of bounce instability and its transition to the nonlinear stage (when the damping due to ions vanishes), while constant flux of weakly passing ions maintains it. 

It should be noted that existence of non-correlated oscillations in different sub-traps can significantly improve longitudinal plasma confinement. Indeed, the weakly-passing ions with the minimal longitudinal energy below the saturation level of instability (of the order of the electron temperature) will be scattered by oscillations. As a result the effective free path of such ions along the trap will be reduced to the mirror period. 
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