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Control and potential mitigation of edge localised modes (ELMs) is still a sought-after feature 

for ITER and a future fusion reactor. Initially, encouraging results have been achieved with 

ELM pacing by pellets – mm size bodies of frozen hydrogen fuel – in an environment where 

plasma facing components where composed mainly of carbon. By changing to a metallic wall 

configuration, the virtually perfect ELM trigger reliability vanished, with cases observed 

where pellet ELM triggering completely failed. Meanwhile considerable efforts have been 

undertaken in order to understand the reasons for this behaviour and find out how the pellet 

ELM trigger capabilities can be recovered. However, a conclusive answer is not yet at hand. 

We report an approach to shed more light on the underlying ELM triggering based on the 

statistical analysis of ELM appearance after pellet injection at the all-metal-wall tokamak 

ASDEX Upgrade. Advanced time series analysis was used for the assessment of pellet 

injection events during ELMy H-mode phases. The evaluation of the time interval over which 

pellets have a triggering capability requires the use of reliable time series variable-lag 

causality methods. The kernel-Granger method is suggested as an appropriate choice. The 

method generalizes the Granger causality to the nonlinear case, using the theory of 

reproducing kernel Hilbert spaces. In a first attempt, the kernel-Granger method was applied 

to experiments employing pellets of different size and speed injected into various plasma 

scenarios run for different goals and covering a wide parameter range. In all cases, ELM 

triggering happened most likely by "prompt triggering" on a sub-ms timescale already during 

or only very shortly after the pellet ablation takes place. This prompt effect is attributed to the 

local 3D perturbation imposed by the pellet born perturbation. Beyond this, one or more peaks 

in the trigger probability could be found several ms after the dominant initial peak. Number, 

magnitude and lag time appear to depend on plasma parameters and more detailed 

investigations are ongoing. The appearance of these additional peaks could hint at a trigger 

mechanism caused by the equilibrating pellet perturbation impacting the edge profile 

evolution, lowering the threshold for an ELM to occur.  
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