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Results are presented from Cluster observations above and within the auroral acceleration region, with special focus on auroral electric fields, potentials, and currents, and their role in particle acceleration and other interaction processes between the magnetosphere and the auroral ionosphere. Measurements from above the AAR have been used to study the evolution, life time, and stability of quasi-static potential structures, how they interact with the ionosphere and assume certain shapes depending on the associated plasma boundary conditions. The growth and life time of a positive potential structure is closely tied to density cavity formation in the associated downward current sheet, which becomes broader and more filamentary, as the cavity becomes deeper. The Cluster data have also been used to identify characteristic spatial scales of intense electric fields and associated currents and density gradients, being co-located with plasma boundaries and peaking at scale sizes of 4-5 km. These and other results on this topic are discussed to address the question whether the arc width distributions are described by one or several peaks (within the range 10 m- several 100 km), or whether the distributions are continuous and non-peaked, as power law distributions. Ionospheric feedback has an important role in auroral particle acceleration as well as in small-scale structuring of the auroral plasma, as shown by comparisons of numerical simulation results with Cluster data. Measurements from crossings of the AAR, at different altitudes, are presented to address some of the open issues concerning the AAR, such as the altitude distribution, and evolution in space and time, of the parallel electric field and associated potential structure.

