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Fig. 1. (a) Comparison of the radial dependence of the rota-
tional transform and pressure, ¢/2n with (8) =0.5%,
between the HINT and VMEC codes; (b) the Poincaré plots
of initial magnetic surfaces with (8) = 0.5% at toroidal
angle ¢ = 0°, where the black, blue and red colors mark
the regions of p/pg < 1% , 1% < p/po < 10% , and p/po >
10% , respectively. The green line denotes the boundary of

the vacuum vessel.
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Fig. 2. Profiles of (a) toroidal current density, (b) toroidal
current, where the blue line is constant current and the red

line is the Gaussian current.
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Fig. 3. Average width of magnetic islands (W) as a func-

tion of toroidal current (I ).
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Fig. 4. (a)—(c) Poincaré plots of magnetic surfaces with Ig =2, 4, 6 kA; (d)—(f) the Poincaré plots of magnetic surfaces with

Io=—-2, —4, —6KA.
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Fig. 7. Poincaré plots of magnetic surfaces with different amplitude of current: (a) Io =
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—1kA; (b) In =—-3kA; (c) o =—5kA.
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Fig. 8. Rotational transform corresponding to Gaussian cur-
rent density profile with different amplitude of current (op-
posite to the initial current). The red dotted line is

m/n = 5/2 rational surface.
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Fig. 9. Average width of magnetic islands (W) as a func-
tion of radial injection location. The red dotted line is the

initial average width of magnetic islands.
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Fig. 10. Poincaré plots of magnetic surface with different radial injection location: (a) b =10.3; (b) b=0.5;(c) b=0.8.
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Fig. 11. Rotational transform corresponding to Gaussian
current density profile with different radial injection loca-

tion b.
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SPECIAL TOPIC—Energetic particles in magnetic confinement fusion plasma

Suppression mechanism of equilibrium magnetic islands in
CFQS low-3 plasma’

Su Xiang Wang Xian-Qu' Fu Tian  Xu Yu-Hong

(Institute of Fusion Science, School of Physical Science and Technology, Southwest Jiaotong University, Chengdu 610031, China)

( Received 6 April 2023; revised manuscript received 18 July 2023 )

Abstract

Magnetic island produced in toroidal magnetic confinement plasma has a three-dimensional helical
structure because of the rotational transform, especially the equilibrium magnetic surface of the stellarator is
three-dimensional helical structure. Thus, the formation and instability of the magnetic island of the Stellarator
is a typical issue of the three-dimensional physics and is also one of the key topics of the physics research of the
Stellarator. Magnetic islands and related tearing mode physics are major issues in stellarator. The non-
inductively current drive, i.e. electron cyclotron current drive (ECCD) can be used as one of the approaches to
adjusting the rotational transform, and hence, affecting the generation of magnetic islands. In this study, we use
an additional toroidal magnetic field to generate m/n = 5/2 magnetic islands in the low-8 operation on the
Chinese First Quasi-axisymmetric Stellarator (CFQS) so that the influence of the bootstrap current is
negligible. Then, we investigate the suppression mechanism of magnetic islands in low-8 plasma by using the
HINT code. It is found that in the case of the constant current, when the current direction is positive, with the
increase of current, the width of island increases. When the direction of current is reversed, the island is
suppressed when the current is larger than 6 kA. The main reason is that the rotational transform is away from
t/2n = 0.4 rational surface and the m/n=>5/2 magnetic island does not meet the resonance conditions. In the
case of local current profile, the magnetic island width decreases as a result of the enhanced magnetic shear at
t/2n = 0.4 rational surface. Moreover, effects of the direction and the amplitude of the current on the

suppression of magnetic islands are also discussed in more detail.
Keywords: quasi-axisymmetric stellarator, three-dimensional magnetic islands, toroidal current

PACS: 52.30.Cv, 52.35.Py, 52.55.Hc DOI: 10.7498 /aps.72.20230546
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