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Experiments were performed at the ASDEX Upgrade tokamak to clarify the nature of the 
radial electric field Er for the edge transport barrier (ETB). Thanks to a recent upgrade of 
the charge exchange recombination system featuring an unprecedented time resolution of 
20 kHz , the neoclassical prediction of Er (Er,neo) is quantitatively tested against 
measurements during events which were so far inaccessible for CXRS, such as the L-H 
transition or an entire ELM cycle. With this approach, additional contributions to the ExB 
flow, such as zonal flows, can be directly identified if differences are found between 
measured Er and Er,neo. 
 

Zonal flows (ZFs) are often invoked as a possible mechanism for the transition from L- to 
H-mode passing often through an intermediate phase (I-phase) which reveals low kHz 
oscillations between flow and turbulence. This phase has been observed in many different 
devices and also on ASDEX Upgrade. During a stationary I-phase, Er is found to be 
consistent with Er,neo indicating that a contribution from ZFs to Er is negligible [1]. 
Moreover, a correlation analysis shows that edge gradients and flows evolve together 
within 100 µs during the entire L-H transition process. Hence, a phase shift, as predicted 
from predator-prey models, cannot be confirmed. These findings point to a fundamental 
role of the main ions in the L-H transition physics [2]. In line with the above, the  
minimum in the radial electric field, which is a proxy of the Er flow shear, at the L-H 
transition is found to scale with the magnetic field for different electron densities, 
consistently with the scaling of the LH power threshold. Across a large database of L-H 
transitions and I-phases under different conditions, in both hydrogen and deuterium, the 
same ExB shear is observed at the H-mode onset, which indicates that the key role of Er,neo 
is a general property. 
 

In this contribution, the investigation is extended to an entire ELM cycle during which the 
ion dynamics and Er have been so far poorly documented. It is found that the ion 
temperature gradient recovers together with the density gradient while the electron 
temperature gradients is reestablished on a slower time scale. The minimum of Er follows 
the recovery of the ion temperature gradient and it is consistent with Er,neo. Additionally, 
given the key role of the main ions for the edge transport barrier, the ion heat and 
momentum transport is analyzed at the plasma edge. The ion heat diffusivity is compared to 
the neoclassical models showing good agreement during the entire inter-ELM pedestal 
recovery [3]. 
 
[1] M. Cavedon et al., Nucl. Fusion 57, 1 (2017) 
[2] F. Ryter et al., Plasma Phys. and Contr. Fusion 58, 1 (2016) 
[3] E. Viezzer et al., Nucl. Fusion 57, 2 (2017) 

44th EPS Conference on Plasma Physics O2.106


