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Radio-frequency current drive and flow drive in magnetic confinement
fusion plasma

GAO Zhe
Department of Engineering Physics, Tsinghua University, Beijing 100084, China

Radio-frequency (1f) waves can penetrate fusion plasmas and deposit energy and momentum through collisionless mechanisms,
resulting in plasma heating and, in some cases, current drive and flow drive. The advantage of this noninductive current drive is that a
tokamak-type fusion reactor can be operated at a steady state. Meanwhile, an appropriate profile of plasma current and a significant
plasma flow are important in stabilizing magnetohydrodynamics instabilities and realizing and sustaining high-performance
confinement regimes. Therefore, rf current drive and flow drive are important in research on the physics of magnetic confinement
fusion plasma. This paper presents the elementary physics of wave—particle interactions in plasmas, reviews the present status and
challenges of research on rf current drive and flow drive, and suggests possible research strategies. Several problems are highlighted.
These include the intrinsic relation of resonant absorption to the reduction of rf current drive efficiency in high-density plasmas; the
existence/feasibility of a nonresonant drive scheme; the possibility of increasing the drive efficiency within the resonant mechanism;
the direct and indirect effects of rf waves in flow drive, especially the generalized ponderomotive force generated by rf waves; and
nonlinear processes during the coupling and propagation of waves, such as parametric decay instabilities, and their possible effects on
current drive and flow drive.
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