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Fig. 2. (a)—(d) Continuous spectra of toroidal mode numbers n =2, n =3, n =4 and n =5, where the thin line represents the
acoustic branch, the thick line represents the Alfvénic branch, and the colorbar represents the normalized radial amplitude of
e-BAE.
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Fig. 3. (al)—(d1) The 2D poloidal mode structures of electrostatic potential 8¢ of toroidal mode numbers n =2, n =3, n=4
and n =5 ; (a2)—(d2) radial profiles of each poloidal harmonics.
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SPECIAL TOPIC—Energetic particles in magnetic confinement fusion plasma

Global simulations of energetic electron excitation of
beta-induced Alfvén eigenmodes”

Bao JianT Zhang Wen-Lu  Li Ding
(Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China)
( Received 16 May 2023; revised manuscript received 10 October 2023 )

Abstract

The energetic electron (EE) excitation of beta-induced Alfvén eigenmodes is investigated by using the
newly developed global eigenvalue code MAS, which is based on a hybrid model that consists of Landau fluid
bulk plasma and drift kinetic EE. Specifically, the bulk plasma kinetic effects such as finite Larmor radius,
diamagnetic drifts and Landau dampings, and the EE adiabatic fluid response of convection and non-adiabatic
kinetic response of precessional drift resonance are incorporated in the simulations. The global eigenmode
equation is solved for e-BAE mode structure and linear dispersion relation in tokamak non-perturbatively. The
radial width of e-BAE mode structure becomes narrower as the toroidal mode number increases, which can be
explained by the change of Alfvén continuous spectra that interact with kinetic Alfvén waves for corresponding
eigenmode formation. The e-BAE growth rate exhibits a non-monotonic variation with toroidal mode number
for precessional drift resonance destabilization, while the e-BAE real frequency is close to the continuum
accumulation point that almost remains the same. The parametric dependence of e-BAE stability on EE density
and that on temperature are analyzed by MAS non-perturbative simulations, which shows that the EE density
can affect e-BAE real frequency and thus changes the resonance condition, resulting in e-BAE stabilization in
the strong EE drive regime. Further, the EE non-perturbative effect on the symmetry breaking of e-BAE mode
structure is reported. The poloidal symmetry breaking characterized by the ‘boomerang’ shape two-dimensional
(2D) structure can be greatly enhanced by increasing EE temperature, together with the large radial variation
of the poloidal phase angle of dominant principal poloidal harmonic. The radial symmetry breaking of e-BAE
mode structure arises when EE density/temperature drive is not symmetric with respect to corresponding
rational surface, which can lead to a net volume-averaged value of e-BAE parallel wave number which drives
plasma intrinsic rotation. These results are helpful in understanding the e-BAE dynamics observed in recent
experiments.

Keywords: energetic electron, beta-induced Alfvén eigenmode, non-perturbative effect, symmetry breaking
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