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Electrostatic micro-instabilities in stellarators are usually found to be spatially concentrated

in a narrow band in the (θ ,φ) plane [1]. The degree of instability is determined both by linearly

destabilizing factors, such as normal curvature in the case of the toroidal ion temperature gra-

dient (ITG) mode, and also by elements that contribute to the linear stabilization, such as the

magnetic shear. The magnetic shear not only modulates the amplitude of potential perturbations

but also influences the action of the electric field over the unstable modes [2]. In stellarators,

the magnetic shear has an important local component, which limits the toroidal localization of

the instabilities and introduces subtle differences with respect to the axisymmetric case [3, 4].

Electrostatic instabilities have been studied in the TJ-II heliac by means of global gyroki-

netic simulations with the code EUTERPE [5]. The instability threshold for the ITG mode was

studied in simulations with adiabatic electrons and model density and temperature profiles in

several configurations. When fully kinetic electrons were included in the simulations, and us-

ing realistic density and temperature profiles, unstable modes going from ion scales (ITG) up

to the electron ones, trapped electron (TEM) and electron temperature gradient (ETG) modes,

were found. The present work is devoted to study the spatial localization of these electrostatic

modes and its consequences. In all the cases, ITG, TEM and ETG modes, the largest ampli-

tude of potential perturbations is found in a narrow band in the (θ ,φ) plane, in regions of bad

curvature (although not the worst one) and is largely limited by the local magnetic shear. The

largest amplitude of TEM modes is determined by the location of magnetic wells where trapped

particles are concentrated but is also constrained by the magnetic shear. Several consequences

of the localization of unstable modes are studied in this work. The effect of the electric field on

these spatially localized modes is studied. The dependency of the ITG instability level with the

rotational transform is interpreted as a consequence of the spatial localization of modes.
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