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Sheared radial electric fields are generally accepted to play a central role in confinement tran-

sitions in fusion plasmas. In particular, recent experimental findings have highlighted the rele-

vance of zonal E ×B flows as a trigger mechanism of the Low to High confinement transition

in tokamaks [1]. In non-quasisymmetric stellarators, the mean radial electric field is expected

to be determined by the ambipolar condition of neoclassical fluxes. Nevertheless, turbulence-

generated radial electric field fluctuations that display a zonal character have been observed in

several stellarators [2, 3]. In this talk we explain how turbulent momentum fluxes can overcome

the damping caused by neoclassical viscosity and modify the E ×B rotation in the vicinity of a

neoclassical bifurcation of the radial electric field.

The TJ-II stellarator exhibits such a bifurcation in low density plasmas [4]. When a critical

density ncr is reached, a spontaneous confinement transition takes place, associated with the

formation of a shear layer. Experimentally, one of its most salient features is the emergence of

long-range correlated, zonal-flow like electric potential structures. When the density decreases,

the reverse transition occurs at a similar ncr, but the amplitude of the fluctuations is smaller.

In this work, we solve the drift kinetic equation for slowly varying, time-dependent profiles.

The evolution of the mean radial electric field is successfully described from first principles

and we also provide a fundamental explanation for a wealth of experimental observations in the

neighbourhood of the critical density. The key quantity is the neoclassical viscosity, which goes

smoothly to zero when the critical density is approached from below (and not from above). Since

this viscosity acts as the restoring force of Er deviations from ambipolarity, large Er excursions

and, in particular, low frequency LRCed potential fluctuations, can occur. The completion of

the picture requires to study the time evolution of zonal flows in these plasmas. This is done by

simulating the collisionless damping of zonal flows with the gyrokinetic code EUTERPE.

These phenomena are illustrated by dedicated density ramp-up and ramp-down experiments,

in which the hysteresis in the critical density ncr is also discussed. The plasma potential is

measured by probes at the edge and Heavy Ion Beam Probe in the core.
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