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Future magnetic fusion devices foresee the high confinement (H-mode) as the baseline operational 

scenario. However, the steep edge pressure gradient of the H-mode comes with a drawback – edge 

localized modes (ELMs) that expel particles and energy from the plasma, thus, causing erosion and 

unacceptable power loads onto the divertor target plates. Several mitigation or even full 

suppression techniques are currently developed across all machines to ensure high confinement 

without the transient degradation of the pedestal caused by ELMs. The quiescent H-mode 

(QH-mode) [1] has recently regained attention as alternative scenario as it is naturally ELM-free. 

The onset of the QH-mode is characterized by the edge harmonic oscillation (EHO) which is 

thought to increase the edge particle transport to allow natural stability against an ELM. Originally 

discovered at DIII-D [1], it has later also been observed on ASDEX Upgrade (AUG) [2], JET [3] 

(both still equipped with a carbon wall) and JT-60U [4]. In a metal machine, a fully stable 

QH-mode proved to be more difficult to obtain.  

In the present work, dedicated experiments were carried out on the all-metal AUG tokamak, in 

forward and reversed Ip/Bt configuration. Low density plasmas with up to 8 MW NBI heating were 

achieved in reversed field for the first time. The EHO appeared in several discharges, in some 

co-existing with ELMs showing that the EHO was too weak to take over particle transport. In order 

to avoid impurity accumulation, ECRH was indispensable in these discharges. The resulting 

electron temperature was much larger than the ion temperature (Te/Ti ~2), this being one of the 

main differences compared to the old QH-mode shots (Te/Ti ~0.6)  at AUG-C [2].  

In forward field, the most promising scenario has been identified in upper single null which 

provides a higher L-H power threshold in the unfavourable ∇B drift configuration. Transient 

QH-mode phases up to 400ms have been obtained showing signatures of the EHO in various 

diagnostics. Analysis of the pedestal structure show that high EB rotational shear was achieved at 

low density and high temperature, while the pedestal is close to the kink-peeling boundary. 
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