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Injection of cryogenic solid hydrogen pellets provides a powerful tool for the development of 

enhanced plasma scenarios. ASDEX Upgrade is equipped with a modernized and upgraded 

centrifuge type launcher capable for inboard pellet injection. The wide range of pellet 
parameters covering particle contents 1.5 – 3.7 x 1020 D and speeds 240 – 1040 m/s, the high 

maximum repetition rates of 70 Hz and the flexibility to vary both pellet size and rate within a 

pellet train allows for various applications. Main tasks are currently efficient particle fuelling 

to achieve high density operation with high confinement and ELM control. 

Studies for future fusion power plants based on the tokamak principle recommend operation 
at core densities above the empirical Greenwald density limit nGw to avoid temperatures in 

excess of the optimum for D-T fusion at high central pressure and ease the exhaust issue. 

Since in present day tokamaks, density profiles become flat and are restricted to values below 
nGw when using gas puff fuelling, a more advanced efficient fuelling method is required. 

Pellets produced from an ample amount of fuel injected deep into the plasma are considered 

to be a prime candidate. Early pellet fuelling experiments showed very promising results; 

however their high efficiency vanished with increasing plasma performance and, in particular, 

when entering the H-mode. Two underlying effects were identified as the underlying causes 

of this behaviour: the high pressure ablation plasmoid, which forms around the pellets and 

drifts towards the magnetic low field side, and prompt ELM triggering by the pellet 

perturbation which causes massive particle losses. By implementing inboard pellet injection, 
the first effect was turned into an advantage. The remaining problem of prompt ELM losses is 

now resolved by suppressing strong ELMs through magnetic perturbation (MP). Therefore, 
the combination of inboard pellet injection with MP large ELM suppression recovers high 

pellet fuelling efficiency in high performance plasmas. This enables high density operation 

while maintaining good confinement. Unlike for gas puff, the access to densities beyond nGw 

is smoothly accomplished by the pellets. Progressive density peaking is observed with 

increasing pellet flux while the edge density stays well below nGw. For low to modest flux a 

gradual linear increase is observed, however at line averaged densities slightly above nGw the 

plasma density response is much stronger. A further small flux increase then causes a much 

stronger core density increase. This is correlated with a drastic increase of the sustainment 
times of the particles deposited by the pellet. The critical parameters responsible for this 

change in behaviour and the underlying mechanism for the increasing particle confinement 

time are under investigation. Reliable and reproducible steady operation with ELM mitigation 
has been achieved up to twice nGw. No physics-based upper density limit has been 

encountered so far as long as the edge density is below nGw; restrictions were only due to 

technical constraints.  

For the first time in an all-metal (W) wall environment successful steady ELM pacing has 

been demonstrated. However, pellet ELM triggering is found to become more cumbersome 

compared to operation with a carbon wall. In a distinct phase lasting up to about 10 ms after 

the previous ELM, pellets were found unable to trigger an ELM in discharges with low 

frequency (30 – 70 Hz) spontaneous type-I ELMs. This may entail a stricter constraint on the 

accessible ELM frequency enhancement by pellet pacing. Investigations aiming to shed light 

on the underlying physics are currently under way. 
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