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Energetic particles (EPs), especially alpha particles, can excite collective shear Alfvén wave (SAW) instability
in tokamak plasmas，and in turn affects the behavior of EPs, resulting in EPs transport loss. Notably, reversed
shear Alfvén eigenmodes (RSAE) can be preferentially excited by core localized EPs [1], with their frequency
and radial localization directly determined by local safety factor minimum . Understanding the excitation,
evolution and saturation of RSAE is important to the future study of magnetic confined controllable nuclear
fusion.
The nonlinear zero frequency zonal structure (ZFZS) excitation by RSAE is an important channel of the RSAE
saturation. The zonal structure (ZS), including the zonal flow (ZF) and the zonal current (ZC), are known to
play important self-regulatory roles on microscale drift wave type instabilities by scattering drift waves into
short radial wavelength stable domains [2,3].
RSAE frequency may sweep between those of toroidal Alfvén eigenmode (TAE) and beta-induced Alfvén
eigenmode (BAE). Based on the work of the TAE [4] and BAE [5] nonlinearly exciting the ZFZS, in this
work, we use the nonlinear gyrokinetic theory to study the nonlinear RSAE self-modulation due to ZFZS
excitation. Different from TAE confined in the middle of two rational surfaces and BAE confined on the
rational surface, the frequency and radial location of the RSAE is determined by , and we obtain a more
general dispersion relation describing the modulational instability dispersion relation of ZFZS excitation by
AEs. At the same time, we propose a unique channel of RSAE saturation, which is similar with themechanisms
proposed in [6,7] of TAE saturation. Due to the generation of ZC, the SAW continuum and q-profile may be
directly modulated, which further modifies the coupling between RSAE and SAW continuum, resulting to
RSAE nonlinear saturation.
References
[1] T. Wang, et al., Nucl. Fusion 60, 126032 (2020)
[2] L. Chen, et al., Phys. Plasmas 7, 3129 (2000)
[3] Z. Lin, et al., Science 281, 1835 (1998)
[4] L. Chen, F. Zonca, Phys. Rev. Lett. 109, 145002 (2012)
[5] Z. Qiu, et al., Nucl. Fusion 56, 106013 (2016)
[6] F. Zonca, et al., Phys. Rev. Lett. 74, 698 (1995)
[7] L. Chen, et al., Plasma Phys. Control. Fusion 40, 1823 (1998)

Speaker’s Affiliation
Zhejiang University, Hangzhou

Member State or IGO
China, People’s Republic of

Primary authors: WEI, Shizhao; WANG, Tao; CHEN, Ningfei; QIU, Zhiyong (Zhejiang University)

Presenter: WEI, Shizhao

Session Classification: Collective Phenomena (Alfven and Low Frequency Modes)

Track Classification: Collective Phenomena


