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Motivation 𝒏 = 𝟏 Kinetic Stability Low 𝒏 Second Stability Region

• Ideal MHD instabilities limit the stability of tokamak plasmas, but in negative-

triangularity (NT) plasmas these limits can be different from positive-

triangularity(PT) by trapped-particle kinetic effects such as orbit anisotropy and

resonant stabilization.

• The influence of triangularity—particularly negative triangularity—on these kinetic

stabilization mechanisms remains poorly understood and is systematically

investigated in this study.
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Method

• Analysis is based on CHEASE code 

equilibria refined and modified from 

DIII-D discharges.

• Ideal, drift-kinetic, and full-kinetic 

stability analyses were carried out with 

DCON and GPEC code suite.

• The kinetic MHD(𝜹𝑾𝒌𝒊𝒏𝒆𝒕𝒊𝒄) 

perturbed potential energy is defined 

as[1][2]:
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• The Kruskal–Oberman (KO) model captures kinetic energy on fast 

MHD time scales, neglecting drift and collisions[4]:  𝛿𝑓𝑘𝑜 = −
𝜔𝑏
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• The Chew–Goldberger–Low (CGL) model describes a double-adiabatic 

pressure response that emerges as 𝜔𝐸 → ∞, suppressing orbit-resonant 

effects[5]: 𝛿𝑓𝑐𝑔𝑙 = lim
𝜔𝐸→∞

𝛿𝑓𝑘𝑙𝑠

Fig. 7. Ideal-MHD mode structures across βₙ and K in the poloidal plane. (Red = unstable, blue = stable.)

• Stability limits for the 𝑛 = 1 mode were computed 

across triangularities using Ideal MHD, KO model, 

full kinetic, and CGL model in fig2.

• Generally, 𝜹𝑾𝑰𝒅𝒆𝒂𝒍 ≤ 𝜹𝑾𝑲𝑶 ≤ 𝜹𝑾𝒌𝒊𝒏𝒆𝒕𝒊𝒄 ≤

𝜹𝑾𝑪𝑮𝑳 is found as expected.

• NT showed a stronger kinetic stabilizing effect.

• Since the trapped particles satisfying the bounce-

harmonic resonance condition (ℓ𝜔𝑏,𝑡 − 𝑛𝜔𝑝 ≈

0), shown in Fig. 3, strongly affect the kinetic-

MHD response, we perform a bounce-harmonic 

scan to quantify this effect [6].

• As in Fig. 4, the bounce-harmonic scan indicates 

that 𝛿𝑊 in NT converges much more slowly than 

in PT, demonstrating stronger trapped-particle 

coupling through higher-order harmonics.

Fig 3. Particle trajectory of bounce harmonic resonance 𝑙, 𝑛 = 1,1 , (𝑙, 𝑛) = (1,3)

Fig 1. Reproduced from Austin et al., 

Phys. Rev. Lett. (2019) [3]
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• Due to dissipation breaking the energy principle, 𝛿𝑊𝑘𝑖𝑛𝑒𝑡𝑖𝑐 > 0 is not a

necessary but still a sufficient condition for stability.

• Full kinetic MHD analysis including both ion and electron responses was performed. Direct-

type equilibria were used for 𝑛 = 1– 2, and inverse-type for 𝑛 > 2 to improve numerical 

precision.

• In PT, 𝑛 = 1– 4 becomes unstable as βₙ increases until hitting second stability regime, 

whereas in NT plasmas, ideal and drift-kinetic analyses still show 𝑛 > 1 instabilities, but the full 

kinetic response completely stabilizes all 𝑛 > 1 modes.

Fig 5. Perturbed potential energy 𝛿𝑊 for 

toroidal modes 𝑛 = 1– 5 from full kinetic 

MHD analysis across βₙ scan.

• In NT, the (𝑚, 𝑛) = (2,1) mode becomes unstable at lower 𝛽𝑛 ​, 

consistent with NT's reduced stability limit. Beyond a certain point, 

however, only in NT does the 𝒎 = 𝟐 kink-like structure disappear, 

marking the onset of a second stability regime.

• The destabilizing 𝑲 term of 𝛿𝑊, based on a simplified energy 

principal equation [7]: 
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Fig 8. Infinite ballooning mode stability analysis 

results in this second stability region

*Note: The infinite-n ballooning mode was examined while maintaining the NT L-mode profile

to isolate the effect of core pressure steepness. Under ideal MHD, instability persists even

within this second stability regime. Future work will extend this analysis to include kinetic

effects and construct a full stability map incorporating their responses.

Kinetic stabilization

Fig 2. Stability limit 𝛽𝑛
𝑙𝑖𝑚𝑖𝑡

versus 𝛿, obtained from Ideal, Kinetic, 

KO model, and CGL models.

Fig 4. 𝛿𝑊 convergence with bounce harmonics for various triangularities, 

showing strong trapped-particle effects at high negative 𝛿.
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• 𝛿𝑊 > 0 means 
equilibrium is stable 

and 𝛿𝑊 < 0means 

unstable.

𝛿𝑊 > 0 (Stable)

𝛿𝑊 < 0(Unstable)

𝜹 = −𝟎. 𝟑𝟕𝟔𝜹 = 𝟎. 𝟒𝟔𝟕

Fig. 6. 𝛿𝑊calculated in most unstable solution and 

second unstable solution with Ideal-MHD acrossβₙ
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• For low-n modes, a second-

stability regime appears to 

emerge due to magnetic shear. 

This behavior may be influenced 

by the combined effects of 

negative shear and the 

Shafranov shift, with NT 

plasmas generally exhibiting a 

larger Shafranov shift [8].

• As shown in Fig. 7, stronger 

negative shear makes the 𝐾

term in the energy principle more 

negative.
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