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Kinetic effects of trapped energetic particles (EPs) on stability of the external kink mode with a
resistive wall are investigated in detail, on the basis of the theory model developed in a previous
paper [G. Z. Hao, A. K. Wang, Y. Q. Liu, and X. M. Qiu, Phys. Rev. Lett. 107, 015001 (2011)].
The results indicate that, when the perpendicular beta b of the trapped EPs exceeds a critical value
bc , a bursting fishbone-like mode (FLM) instability, with external kink eigenstructure ,can be
triggered, which rapidly grows with increasing b ð> bc Þ, and eventually becomes a dominant
instability. Detailed physical analyses are carried out, comparing radial profiles of the EPs kinetic
energy for both the FLM and the conventional resistive wall mode (RWM). On the other hand, a
mode conversion between the FLM and RWM can directly occur. This work also presents a
systematic investigation of effects of various physical parameters on the FLM instability. An
interesting new finding is the existence of multiple critical points in b , for the FLM triggering.
The number of critical points depends sensitively on the trapped EPs pitch angle. In addition, it is
found that there can be a critical value of the pitch angle, beyond which the critical bc ,
for triggering the FLM, jumps from a large value to a small one. The FLM instability, with the
C 2012 American Institute of
m=n ¼ 3=1 mode structure, can also be triggered by the trapped EPs. V
Physics. [http://dx.doi.org/10.1063/1.3692185]
I. INTRODUCTION

Future advanced tokamak devices (such as ITER) need to
operate in high-b regions, where b is the ratio of the plasma
pressure to the magnetic pressure. However, the achievable
bN (normalized b) is often limited by global magnetohydrodynamic (MHD) instabilities, such as the external kink
mode, which can be stabilized by an ideal conducting wall
placed close enough to the plasma surface. In practice, the
wall has finite resistivity, and hence converting the fastgrowing ideal kink mode into a slowly growing mode, the socalled resistive wall mode (RWM). The RWM is unstable
nowall
when bNnowall < bN < bideal
and bideal
denote
N , where bN
N
the beta limits without and with an ideal wall, respectively.
The stabilization of the RWM is an essential issue for the
tokamak configuration aiming at long-duration steady discharges over the no-wall beta limit. Theory models have
shown that when the plasma toroidal rotation speed exceeds a
critical value, the RWM can be completely suppressed by the
continuum damping from the resonance interaction between
the mode and stable waves inside the plasma, such as the
Alfven wave and the sound wave.1–10 In addition, the plasma
resistivity and viscosity may also lead to the mode stabilization.11,12 In order to explain the experimental observations of
a very low critical toroidal rotation speed for the RWM suppression,13,14 the drift kinetic models have been proposed for
the RWM instability, which show that the resonance interaction between the mode and particle motions can contribute a
significant suppression to the RWM.15–19 In a slowly rotating
plasma, the dissipation from the mode resonance with the
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precession drift of the trapped particles provides a dominant
stabilization effect. In the fast rotation regime, the kinetic
interaction between the mode and the bounce motion of
trapped particles, or the transit motion of passing particles,
becomes significant.20 Recent observations in DIII-D tokamak have shown that the resonant interaction between the
RWM and the thermal particles may be responsible for the
improved plasma stability at very low plasma rotation.21
The kinetic effect of energetic particles (EPs) on the
RWM instability has also been studied in both experiment
and theory. It has been shown that trapped EPs can stabilize
the RWM and can also trigger a new bursting fishbone-like
instability (FLM) at the same time.15,22–27 It should be mentioned that various names for the bursting mode have been
proposed in literatures, such as “EWM” in JT-60U (Ref. 27)
and “off-axis fishbone” in DIII-D,25 respectively. Here, this
three letter acronym FLM is introduced mainly for a convenient description of the mode’s nature, not for labeling a
“new” mode. Kinetic effects of trapped EPs on external kink
modes, in the presence of a resistive wall, have not been
fully investigated so far.28 In the present paper, on the basis
of a theory model developed in our previous paper,15 we
offer a more detailed understanding of the interaction
between trapped EPs and the RWM and FLM instabilities.
The remainder of the paper is organized as follows. Section II describes the kinetic model for the RWM and FLM,
where the kinetic effect from trapped EPs is taken into
account. In Sec. III, a physical analysis and a parametric
investigation of the trapped EPs effects are carried out for
the m/n¼2/1 modes. Section IV presents calculations for the
m=n ¼ 3=1 modes. Summary and discussions are given in
Sec. V.
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