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The operational scenario foreseen for ITER, DEMO and future fusion power plants is the high 
confinement mode (H-mode), favourable at high core densities close to or even beyond the 
Greenwald density nGw in order to maximize the harvest of fusion power. Most likely, core 
particle fuelling will rely on pellets, i.e. the injection of mm-sized bodies of solid fuel. In 
present tokamaks, a loss of the high confinement takes place already when approaching nGw. 
This behaviour, attributed to an edge density limit, can be easily overcome by deep pellet 
particle deposition [1]. Experiments reported here aim at the development of plasma scenarios 
and control techniques at ASDEX Upgrade suitable for operation at high densities with good 
confinement. A multi variable multi actuator feedback control tool was developed, capable of 
independently adjusting core and edge densities. Resilience against the strong pellet 
introduced perturbations was achieved by applying a sophisticated density validation 
algorithm embracing a wide range of real time measurements; capable also of coping with a 
centrifuge launcher which provides only a set of discrete injection rates. Successful steady 
density control at a core density of about 1.2 x nGw was demonstrated first in pure deuterium 
plasma while keeping the entire initial plasma energy content. However, as rather typical for 
an all-metal-wall device, in this configuration the gas bleeding required to prevent impurity 
accumulation is accompanied by a slight confinement reduction. Nitrogen (N) seeding can 
recover this loss enhancing the pedestal stability via an inward shifted density profile by 
mitigating the high-field-side high-density (HFSHD) front [2]. In addition, the N enrichment 
in the divertor is increased further during the pellet phase, enhancing the effect of radiative 
divertor buffering. Combining pellet fuelling and N seeding can expand the accessible 
operational range; however, a gradual reduction of the N induced confinement enhancement 
with increasing density is faced. This is attributed to the gradual reappearance of the HFSHD 
with increasing pellet flux. Notably, increasing the HFSHD even further by strong pellet 
fuelling in the absence of N has no deleterious impact on the confinement. Initial 
investigations showed that a close to double-null scenario at high triangularity yielding access 
to type-II ELM regime responds very positively to pellet fuelling. Replacing the entire gas 
puffing by pellets carrying only about 35% of the reference gas particle flux resulted in a 
slight enhancement of the core density to about 0.9 x nGw while keeping almost full energy 
confinement. This is accompanied by a strong drop of the divertor neutral gas pressure and a 
drastic increase of ELM frequency. Showing only small type-II ELMs in the gas phase, type-I 
ELMs returned by pellet fuelling [3]. Within error bars, the pedestal pressure was kept 
constant as well as the gradients of temperature and density. 
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