
Simulation Study of Energetic Particle Driven Off-axis Fishbone

Instabilities in Tokamak Plasmas

Hanzheng LI1,2, Y. Todo1,2, Hao WANG2, M. Idouakass2, Jialei WANG2

1 The University of Tokyo, Kashiwa 277-8561, Japan
2 National Institute for Fusion Science, National Institutes of Natural Sciences, Toki 509-5292,

Japan

Off-axis fishbone modes (OFMs) driven by energetic-particles (EPs) often trigger resistive

wall modes (RWMs) and edge localized modes (ELMs) in JT-60U and DIII-D during near-

perpendicular Neutral Beam Injection (NBI) in high-βN discharges with the safety factor q0

well above unity at the plasma center.[1,2] In this work, energetic-particle-driven OFM is inves-

tigated using hybrid simulations of an MHD fluid interacting with energetic particles. These

simulations focus on MHD equilibria consistent with the experiment with the q = 2 surface lo-

cation constraint. An anisotropic slowing-down distribution is adopted to model the distribution

of the energetic particles generated with NBI. Our numerical results show that OFM features are

similar to those of the classical precessional fishbones (q = 1 fishbones). The OFM frequency

and structure observed in the linear phase of the instability are consistent with the experimental

measurements.[3] A new resonance condition between energetic particles and OFM is found in

addition to the precessional resonance. When the energetic particle pressure is increased to ex-

ceed a critical value, beta-induced Alfvén eigenmode (BAE) with a much higher frequency is

excited at the same location. In the nonlinear phase, the mode frequency chirps down with the

redistribution of energetic particles, corresponding to the hole-clump sturcture in phase space

and eventually goes to zero due to the transition from OFM to kink mode. These results indi-

cate that an energetic-particle-driven OFM is an energetic-particle-driven kink mode, and has a

similar relationship with the kink mode, to the q = 1 fishbone mode.
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