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The first H-mode operation in helium (He) plasma have been achieved by pure RF-heating for 

time with an ITER-like water cooled W-divertor on EAST, which can provide important 

database and physics basis for ITER, since the initial non-active phase of ITER is foreseen to 

have He plasma operation due to the lower H-mode power threshold of He compared to 

hydrogen. The He concentration in the plasma CHe has been proved to play a critical role in H-

mode characteristics and plasma performance. The higher purity He plasma lead to higher H-

mode threshold power and lower energy confinement time. H-mode plasma operation with a 

wide density range of 2-6×1019 m-3 have been carried out to study the effect of plasma density 

on the L-H transition power threshold and the energy confinement. Statistic results on EAST 

show that the global energy confinement time in He is about 30% lower than in D, similar to 

the results from ASDEX-Upgrade [1]. For both D and He plasmas, the energy confinement 

time increases with increasing the central line-averaged density. The H-mode power threshold 

is found to be about 20% higher than the 2008 scaling law in deuterium plasma [2] when 

electron density is above 4×1019 m-3. For the lower density condition, the H-mode power 

threshold is increased rapidly even up to 2.2 times the scaling law with reducing the plasma 

density. At the same plasma density, the power threshold increases with the CHe. The H-mode 

plasma cannot be obtained for a CHe > 70% even with a higher RF heating power around 6 MW. 

At a lower CHe, <60% and lower edge safety factor q95, the stationary Type-I ELMy H-mode 

with an energy confinement slightly above H98,y2 scaling (H98,y2~1.1) can be achieved. Higher 

CHe under the same experimental conditions results in smaller size and higher frequency ELMs, 

or even ELM-free regimes. ELM mitigation and suppression are demonstrated by n=1 resonant 

magnetic perturbation (RMP) coils and boron powder injection respectively, which show little 

impact on core plasma performance. 
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