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[Study of fast ion effects on zonal flow generation
using Hasegawa-Mima equation]

Prof. Taik Soo Hahm

(Seoul National University)

Fast ions' effects on turbulence-driven zonal flow generation are investigated in the context of a simple
reduced model based on the Hasegawa-Mima equation. Fast ions' much higher characteristic frequency
of parallel motion in comparison to the drift wave's phase velocity along the magnetic field facilitates a
derivation of the reduced model equations. Nonlinear mode coupling analyses show that the threshold
amplitude of drift wave required for the zonal flow modulational instability is significantly reduced,
making its generation easier. This occurs as a down-shift of the drift wave's frequency and a reduction of
dispersion in the presence of the fast ions cause a decrease of the mismatch between the primary drift
wave frequency and the zonal flow modulated sideband drift wave's characteristic frequency. This finding
could be a common nonlinear physics mechanism behind numerous recent results on tokamak plasma
confinement enhancement caused by the fast ions.
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[ExB Zonal and Vortex Flows in a Magnetic Island;
Role of Symmetry Breaking]

Prof. Taik Soo Hahm

(Seoul National University)

Magnetic island-turbulence interaction is a prime example of multi-scale physics in plasmas[l]. ExB
shearing rate associated with vortex flow inside a macroscopic magnetic island has been investigated. In
the derivation, quasi-helical symmetry of a magnetic island (MI) has been utilized. Due to the elongation
of the MI and incompressibility of the

ExB flow, the shearing rate near X-points is much lower than that near the mid-plane of the MI on the
same flux surface. This calculation of ExB shearing profile and, in particular, minimal ExB shear near the
X-points [2] is consistent with the recent experimental finding that turbulence tends to spread into an MI
through regions around the X-points [3]. In addition, the vortex tends to be well-sustained in a large MI
[4]. Similarities with the previous corresponding works in axisymmetric tokamak geometry [5,6] will be

discussed.

[1] A.Ishizawa, Y. Kishimoto, and Y. Nakamura, PPCF 61, 054006 (2019)
[2] T.S. Hahm et al, Phys. Plasmas 28, 022302 (2021)

[3] K.Ida et al, Phys. Rev. Lett. 120, 245001 (2018)

[4] GJ.Choi and T.S. Hahm, Phys. Rev. Lett. 128, 225001 (2022)

[5] T.S. Hahm and K.H. Burrell, Phys. Plasmas 2, 1648 (1995)

[6] M.N. Rosenbluth and F.L. Hinton, Phys. Rev. Lett. 80, 724 (1998)
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