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Optimized stellarators are regarded as a potential pathway for fusion reactors in which the general 

advantages of the stellarator approach (such as stationary pulses, absence of disruptions, etc.) are 

conserved while neoclassical fluxes, that traditionally dominate transport in stellarators, are reduced to 

acceptable levels. The most advanced device of this kind is currently Wendelstein 7-X (W7-X), which started 

operation in 2016 [1], and has recently achieved 200 MJ discharges and complete detachment in the island 

divertor [2]. While the results of the first experimental campaigns confirm that neoclassical transport in W7-

X has been reduced with respect to non-optimized stellarators [3], comparison of neoclassical predictions 

with experimental measurements of the total energy transport implies that, at least under a wide range of 

scenarios, turbulence accounts for a large fraction of the total transport, even in the core [4,5]. An increased 

contribution of turbulent transport has also been invoked to explain the lack of impurity accumulation which 

sets W7-X apart from conventional stellarators [6]. These results indicate that turbulent transport will be 

much more relevant in optimized stellarators, not just because of its dominant role in global confinement 

and impurity screening, but also as a mechanism potentially regulating heat and particle fluxes onto plasma 

facing components. In this study, we carry out a systematic characterization of turbulence in W7-X, and its 

impact in the general performance of the machine. For this, we evaluate Doppler reflectometry (DR) 

measurements taken from a broad range of operational regimes, covering the most relevant scenarios of 

the last experimental campaign. In previous work, this diagnostic has been used to characterize radial 

electric fields in a similarly systematic fashion, checking their consistency with neoclassical code simulations 

[7]. This time, we match measurements of density fluctuation amplitude at the core to local values of the 

density and temperature gradients, which are the main drives for ion-scale turbulent modes such as ITG 

and TEM, and interpret the results comparing them to gyrokinetic code simulations. The use of DR data is 

particularly relevant for this kind of study thanks to its k⊥ selectivity: with measurements in the k⊥s ~ 1 

range, this diagnostic can be aimed specifically to study this ion-scale turbulence, which has been proposed 

as the capping mechanism responsible for the limited values of Ti ≲ 1.6 keV in gas-fueled discharges [4]. 

In good agreement with ITG models, the fluctuation amplitude is found to be generally determined by  = 

Ln/LTi, although several cases in which Er can be also relevant are discussed, including edge turbulence 

suppression under strong Er shear [8] and high performance discharges [9]. In addition, a clear dependency 

on electron-ion collisionality suggests that TEMs may become relevant for low density ECRH discharges. 

Finally, the fluctuation amplitude is compared to local values of turbulent transport, estimated by power 

balance analysis, and their relation to the global performance of W7X is discussed. A clear suppression of 

core turbulence is found in all cases in which central Ti exceeds the cap value, proving the role of turbulent 

transport in such limit and providing important information for the achievement of non-transient high Ti 

operation, critical for the achievement of W7X scientific objectives.  
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