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On the MAST, NSTX and HL-2A devices, a fishbone instability can be driven by fast ions

in discharges with reversed magnetic shear in the core region [1, 2, 4]. The dependence of

fishbone on the fast ion distribution, various resonances, and q-profile requires more detailed

investigations, especially the kinetic effect of thermal ions on fishbone instability. Here, we

apply the well benchmarked MHD-hybrid code MARS-K to carry out this investigation [3],

with self-consistent treatment of not only the eigenvalue but also the mode eigenfunction.

Various kinetic contributions are studied. The computations show that the transit reso-

nance of passing fast ions and the bounce resonance of trapped fast ions strongly enhance

the FB instability, since the remarkable wave-particle resonance for the studied cases. More

interesting, it is indicated that the Landau damping induced by PASSING thermal ions plays

a significant stabilizing role on FB instability. The obtained FB mode structure and mode

frequency are comparable with the experimental observations on the HL-2A device.

FB instability is much easier to be triggered in a equilibrium with two q ∼ 1 surfaces,

compared with the case with one or without q ∼ 1 surface. For the equilibrium with only

one q ∼ 1 surface, the magnetic shear almost does not affect the driving of fishbone for the

studied case. FB mode structure is different with that of internal kink, and depends on the

kinetic contributions from various resonances. When the FB mode structure is not a step-like

function, the general variation principle (δI + δWMHD + δWK = 0) should be used to analyze

the dependence of FB on the perturbed drift kinetic energy components.
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