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Helium plasmas in tokamaks are regularly observed to have a reduced confinement with

respect to deuterium plasmas [1, 2], inconsistent with the gyro-Bohm scaling of turbulent trans-

port. A theoretical explanation of this confinement reduction is required to reliably predict the

plasma confinement in the initial non-nuclear phases of ITER operation and also extend the

understanding of the isotope effect, hydrogen and helium having the same Larmor radius.

Pairs of L- and H-mode plasmas in He and D have been produced in ASDEX Upgrade, where

a large variation of the electron to ion heating fraction is obtained with the ECRH and NBI

systems. While all the D plasmas exhibit good confinement, the stored energy in He plasmas

is observed to increase from 70% to 100% of that of D with increasing ratio of the electron

to ion heating. Two regimes are identified, one characterised by strong ECRH heating and low

electron density where He shows confinement as good as D, and one characterised by strong

NBI heating, where He shows a significant degradation of the confinement. These two regimes

were analysed with the transport code ASTRA, and the microinstabilities and the saturated

turbulence were simulated with the gyrokinetic code GKW.

When ion heating is dominant, in the edge region, ETGs are found to be strongly unstable in

the simulations, and thermal coupling limits the increase of the ion temperature when moving

from D to He. In the core, the electron and ion temperatures are very similar, but lower in He

compared to D, due to increased transport in He. Nonlinear electromagnetic simulations of the

D plasma show strong zonal flow activity in ion temperature gradient (ITG) turbulence whereas

for a companion simulation where D is replaced by He, a factor of 2 increase of the ion heat

flux is observed, with relatively weaker zonal flow levels. When electron heating is dominant,

in the edge region the electron temperature largely exceeds the ion temperature and allows

an increase of the ion and electron temperatures when moving from D to He due to reduced

thermal coupling and relatively stable ETGs. In the core, strong TEM turbulence is obtained

in the simulations, with weak zonal flow activity and heat fluxes lower in He than in D. These

results confirm a weaker impact of zonal flows in TEM turbulence and for the first time relate

them to the different properties of He confinement. The strong impact of zonal flows coupled to

electromagnetic effects on the turbulent transport level and on the breaking of the gyro-Bohm

scaling presents analogies with recent results on the isotope effect of H [3].
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