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The Hybrid scenario is a tokamak mode of operation that is characterized by low magnetic

shear and safety factor (q) values close to unity in the plasma center. Due to its favorable con-

finement properties and the avoidance of sawtoothing, this scenario, which can be seen as a

hybrid of the inductive Standard H-mode and the fully non-inductive Steady-state scenario, is a

candidate for an Advanced tokamak scenario for ITER [1]. For many Hybrid discharges, trans-

port simulations predict the value of q0 to drop below unity which would lead to sawtoothing,

e.g. [2, 3]. However, observations show that the safety factor profile in the plasma center stays

flat with values close to unity, suggesting that there is a self-regulating mechanism, referred to as

flux pumping, that redistributes the central current density. In order to extrapolate the properties

and feasibility of the Hybrid scenario to ITER, the magnetic flux pumping mechanism has to be

understood in detail. We analyze magnetic flux pumping in 3D non-linear full MHD simulations

in toroidal geometry using the high-order finite-element code M3D-C1 [4]. The simulations are

run to asymptotic states which either show different kinds of sawtooth-like behaviour, or are

sawtooth-free with low central magnetic shear and q0 ≈ 1 maintained by self-sustained mag-

netic flux pumping. The flux pumping in these simulations can be explained by a saturated ideal

quasi-interchange instability generating an (m = 1,n = 1) convection cell in the plasma center

that gives rise to an effective negative loop voltage via a dynamo effect [5]. We show how and

under which conditions this mechanism is able to sustain itself in the simulations. Furthermore,

it is discussed to what extent these results can be used to explain the experimental observations

on Hybrid discharges, and how the results could be verified experimentally.
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