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Fig. 1. At go = 0.8 and for different /3, in limiter discharge #9492, (a) safety factor (¢ ), (b) equilibrium pressure, and (c) cur-

rent density profiles; and at B, = 0.8 and for different go in limiter discharge #9492, (d) safety factor (), (e) equilibrium pres-

sure, and (f) current density profiles; here, R and p represent major and normalized minor radii, respectively.
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Fig. 2. MHD stabilities of the plasmas in HL-2A limiter (a), (b), divertor (c), (d) and HL-3 typical sawtooth discharges with the

parameters (a), (¢) go = 0.95; (b), (d) go = 1.05.
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Fig. 3. B effects on kink modes in discharge #9492 when parameter ¢o = 0.6:

(a), (b) Bp=0.1; (c), (d) Bp=0.3; (e),

(f) Bp =0.8;(g), (h) Bp =1.3; Re(X) in the figures represent the real part of radial perturbation displacement of the plasma.
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Fig. 4. go effects on internal kink modes when parameter 3, =0.3: (a), (b) go =0.8; (c), (d) go =0.95; (e), (f) go =1.05;
(g), (h) qo =1.25.
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Fig. 5. qo effects on internal kink modes when parameter £, =1.8: (a), (b) go =0.8; (c), (d) go =0.95; (e), (f) go =1.05;
(&), (h) a0 = 1.25.
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Fig. 6. Variation of kink instability against n , parameters as go = 0.8 and 8, =0.3: (a), (b) n=2;(c), (d) n=3.
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Fig. 7. Variation of kink instability against n in discharge #16074 with the parameters as go = 1.25 and 8, = 1.71: (a), (b)
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Fig. 8. (a) Inductance l; and (b) achievable maximum By (85 ) limited by n =1 kink mode versus go in limiter (shown by blue

lines) and divertor (shown by red lines) discharges, each parameter takes its value for marginal stability of the modes, the blue and

red lines represent the limiter and divertor cases, respectively.
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Table 1.  Stability eigenvalues |A| calculated based

on HL-2A (limiter) discharge #9492 for different go
and different B, (unit of eigenvalue: 1079 ).

Bp 0.1 0.3 0.8 1.3 1.8 2.0

go =0.6 0.7392 3.196
go =0.8 2671 1.376
go =0.95 1874 12.04
go = 1.05 0.0044 0.0046
go = 1.25 0.0061 0.0064

21.44

16.05

51.10
0.0048
0.0066

99.6
90.52
69.87

0.0049 0.1878

258.4
231.7
111.1

365.2
361.3
1924
47.15

0.0065 60.81 211.3

F 2 T HL-2A %6 16074 41 (RUERSAIE) o it 53
BT qo FIA ] B, ZHCT BYFEE PERFIE(EL (A (FAA:
107%)

Table 2. Stability eigenvalues |A| calculated based on
HL-2A (divertor) discharge #16074 for different go and
different B, (unit of eigenvalue: 107%).

Bp 0.1 0.3 0.8 1.3 1.85 2.0
qo=0.6 00432 3.505 22.53 95.19 283.7 342.9
g0 =08 3769 6.536 16.56 81.08 255.7 331.8
g0 =095 4925 4.646 5802 4451 111.5 153.3
go =1.05 0.0045 0.0048 0.0048 0.0048 0.2024 30.70
go =1.25 0.0638 0.0064 0.0067 0.0067 27.50 125.3
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Abstract

Sawtooth discharge is an important discharge mode in tokamak experiments. Based on ohmic discharge
experiments with a parabolic current profile in the HL-2A tokamak and employing the MHD equilibrium code
EFIT and stability code GATO, this study investigates the evolution of kink modes in toakamk sawtooth
discharges by simulating and scanning the magnetohydrodynamic (MHD) equilibrium and stability at different
axial safety factor (go) and poloidal beta (8, ). The results indicate that during the sawtooth quiescent phase,
the go of circular cross-section plasma typically ranges between 0.6 and 0.8, while the go of divertor plasma is
slightly less than 1, and it relaxes to slightly above 1 when the sawtooth wave collapses. When ¢o <1, an
m=1/n=1 internal kink mode appears in the plasma. If 3, > 0.3, the mode becomes unstable. As S,
increases, the instability continues to develop, and at higher 3, , the growth of kink instability leads to internal
disruptions, triggering sawtooth collapse. Sawtooth discharges are in a dynamic process where the plasma
oscillates between unstable (when ¢o < 1) and stable (when go > 1) states during each sawtooth cycle. As long
as the operational A limit is not beyond, internal disruptions caused by kink instability do not lead to major
disruptions. Whether the plasma disrupts or not depends on whether the kink mode continues to develop, so the
operational B limit is determined on the base of the kink mode A limit when ¢o 2 1. Compared to non-
sawtooth discharges with ¢o > 1, a relatively higher maximum operational 3 can be achieved in sawtooth
discharges. It was found that in discharge experiments with parabolic safety factor profiles, the operational 3
limit of sawtooth discharges was high compared to non-sawtooth discharges. We explained the internal
disruptions and sawtooth collapses from the perspective of evolution of kink modes according to experimental
and simulation results. The analysis highlighted the significance and application of sawtooth discharges in
predicting the operational B limits of the device, demonstrating that sawtooth discharges are one of the ideal

operational modes for modern tokamaks, including ITER.
Keywords: sawtooth discharge, safety factor, kink mode, internal disruptions, operational S limit
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