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Fig. 1. History evolution of basic parameters during the
27214 and 27216 discharges on HL-2A tokamak: (a) Plasma
current; (b) toroidal magnetic field; (c) line-averaged elec-
tron density (solid) and voltage signal of gas puffing (dot);
(d) electron temperature; (e) ion temperature; (f) rotation
frequency; (g) plasma beta; (h) power of NBI and ECRH.
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Fig. 2. Power deposition position of ECRH during the
27214 (black) and 27216 (red) discharges.
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Fig. 3. Magnetic spectrum for the 27214 (a) and 27216 (b)

discharges. Noted that, the black curves are the power of
ECRH ( x40).
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(d) ion temperature T;; (e) plasma pressure P = ne(T: + T;)K , K is the Kelvin constant; (f) safety factor.
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Ag = —0.05; (b) relationship between the growth rate of fishbone mode and minimum safety factors.
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SPECIAL TOPIC—Energetic particles in magnetic confinement fusion plasma

Effect of deposition location of electron cyclotron resonance

heating on active control of fishbone modes
in the HL-2A tokamak”
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Yang Zeng-Chen?  He Xiao-Xue!  Wang Zheng-Xiong?
1) (Southwestern Institute of Physics, Chengdu 610041, China)

2) (Key Laboratory of Materials Modification by Laser, Ion, and Electron Beams, School of Physics,

Dalian University of Technology, Dalian 116024, China)

( Received 28 April 2023; revised manuscript received 20 July 2023 )

Abstract

Experiment on suppressing fishbone activities is carried out in HL-2A tokamak by electron cyclotron
resonance heating (ECRH). To achieve multiple deposition locations of ECRH, the magnetic field is in a range
of 1.22—1.4 T from shot to shot. It is found that the fishbone modes exhibit different characteristics at different
radial deposition locations. With the same injected power, the effect of off-axis ECRH is much better than that
of on-axis heating. The fishbone modes can be completely suppressed when ECRH is deposited nearby the ¢ = 1
rational surface, but would only mitigate in other cases. Further analysis indicate that injection of high power
ECRH leads the electron temperature to increase, then the pressure gradient and plasma current density to
change, finally safety factor to change and the minimum safety factor to reach a value larger than 1.
Meanwhile, M3D-K simulation results show that the growth rate of fishbone mode declines with the increase of
Gmin- In other words, the growth of safety factor and disappearance of ¢ = 1 rational surface induced by ECRH
contribute to the suppression of fishbone activities. The experimental results reported here may not only help to
better understand complex effects of ECRH on magnetohydrodynamic instability, but also provide a physics
basis for actively controlling the energetic particle driven modes in the future magnetic confined fusion devices.

Keywords: electron cyclotron resonance heating, deposition location, active control, fishbone modes
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