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Non-linear MHD simulations with the JOREK code have shown that Edge Localized Modes 

(ELMs) triggered by Peeling-Ballooning modes (PBMs) can be averted due to the growth and 

saturation of Kink-Peeling modes (KPMs) in DIII-D QH mode plasmas thus providing a firm 

physics basis on which to determine whether the physics mechanisms leading to the QH-

mode behaviour could be at work in ITER plasmas. In nonlinear MHD simulations of DIII-D 

QH-modes it has been found that low n KPMs are unstable and grow to a saturated external 

kink mode. The features of the dominant saturated KPMs which are localized toroidally by 

non-linear coupling of harmonics, such as mode frequencies, density fluctuations and their 

effect on pedestal particle and energy transport, are in good agreement with the observations 

of the Edge Harmonic Oscillation (EHO) typically present in DIII-D QH-mode experiments. 

More refined non-linear MHD simulations including toroidal mode numbers up to n = 20, 

thus modelling both KPMs and PBMs and including diamagnetic rotation, have shown that 

the magnitude of both pedestal current and pressure gradient affect the growth rates and 

saturation levels of the various harmonics of the KPMs and PBMs and that these are also 

influenced by diamagnetic rotation. The relative strength of pedestal current and pressure and 

the edge plasma flows eventually determines whether the plasma evolves towards a QH-

mode edge with saturated KPMs/EHO or towards a Type I ELMy H-mode for the DIII-D 

plasma conditions. With this physics basis, JOREK simulations have been performed for the 

plasma conditions expected in ITER high Q plasmas to determine whether KPMs or PBMs 

will dominate edge MHD instability. On the basis of these studies, the question of whether 

the QH-mode regime is an option for high Q operation with the specific characteristics of 

ITER plasmas has been evaluated. 
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