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Advanced tokamak scenarios aim to exceed conventional H-modes in terms of stability, con-

finement and pulse length. They are created mainly through optimisation of the toroidal current

density profile jtor, such as broadening it in order to raise the central safety-factor profile q to

unity or above. In doing so, the conditions for magnetohydrodynamic (MHD) instabilities like

sawtooth oscillations are no longer met while, simultaneously, the amount of self-generated

bootstrap current is maximised through a modified q-profile and high-β operation. This not

only serves to support the configuration, but also reduces the reliance on inductive current and

thus allow for longer or even stationary discharges.

New experiments in ASDEX Upgrade (AUG) make use of its recently upgraded electron-

cyclotron (ECCD) and its eminent neutral beam current drive (NBCD) capabilities to demon-

strate this concept in the presence of a full-tungsten first wall. A first approach aims at more

conventional broadening of jtor resulting in a slight, continuous elevation of the q-profile using

off-axis ECCD and NBCD such that q0 > 1. The resulting plasmas feature above expectation

confinement H98 ≈ 1.05 and moderately high βN,max ≈ 2.8 limited by ideal MHD modes. In a

second approach the bulk of the ECCD is deposited on-axis where it is most efficient. Despite

the strong on-axis co-current drive and in contrast to the conventional expectation, no sawtooth

oscillations or other kind of drop of the central q below unity is observed. This is thought to

be linked to the presence of a 1,1-mode that causes an anomalous redistribution of magnetic

flux as predicted by theory and previously observed in various devices. With its more peaked

jtor-profile, the second approach yields reactor-relevant plasmas with excellent confinement

H98 ≈ 1.25 at high βN,max ≈ 3.6 with Te ≈ Ti over the entire minor radius.

This contribution will report on the development of these scenarios, their MHD and confine-

ment properties, and the progress in characterising the mechanism responsible for the anoma-

lous flux redistribution.
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