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トカマクプラズマにおける高エネルギー粒子駆動軸外れフィッシュボーン不安
定性のシミュレーション研究

Simulation study of energetic-particle driven off-axis fishbone
instabilities in tokamak plasmas
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The linear growth and nonlinear evolution of off-
axis fishbone mode (OFM) destabilized by trapped
energetic ions in tokamak plasmas were investigated
using kinetic-magnetohydrodynamic hybrid models.

The spatial profile of OFM is dominated by the
m/n = 2/1 mode within the q = 2 magnetic flux
surface, but the m/n = 3/1 mode dominates out-
side the q = 2 surface shown in Fig. 1, where m and
n denote the poloidal and toroidal mode numbers,
respectively, and q denotes the safety factor. On
the poloidal plane, the OFM’s spatial profile has a
strongly shearing form, indicating that the interac-
tion with energetic ions has a nonperturbative effect.
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Fig. 1: Radial structures of magnetic field perturba-

tion at the linear growth phase.

In the linear growth phase, the frequency of the
OFM is in good accord with the precession drift fre-
quency of trapped energetic ions, but in the nonlin-
ear phase, the frequency chirps down. There are two
types of resonance conditions discovered between
trapped energetic ions and OFM.

To understand frequency chirping, the resonance
frequency of each resonant particle is evaluated.
This frequency is defined using the precession drift
and bounce frequencies. The resonance frequency
of the particles that transfer energy to the OFM
chirps down, which corresponds to the OFM fre-
quency chirping down. For the energetic particles
involved in wave-particle interactions, the gradient
of the distribution function along E′ = const. line
drives or stabilizes the instability.

Fig. 2: The mode distortion.

Lastly, we observe the mode distortion of OFM
in our simulations, which is previously found in ex-
periments. The shearing profile of the OFM found
in this work my affect the waveform distortion ob-
served at a specific location through the spatial pro-
file of the nonlinearly generated modes shown in Fig.
2.


