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Observation of current system in the vicinity of polar cap aurora by Swarm
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Polar cap aurora is a class of discrete aurora that is sometimes observed in the polar cap region when the interplanetary
magnetic field (IMF) is directed northward. Polar cap auroras are further divided into several types. One is poleward moving
polar cap aurora (PMPCA), which move poleward periodically in the morning side. The other is sun-aligned arcs (SAA),
which are mostly directed towards the Sun and move in the dawn-dusk direction in close association with IMF By. Although
these polar cap auroras are expected to have different generation mechanisms and source regions, details are not yet clarified.
To discuss these unresolved problems, it is necessary to elucidate the M-I coupling process above polar cap auroras.

One possible approach to understanding the M-I coupling in the vicinity of aurora is to examine the spatial structure
of field-aligned currents (FAC). Within auroral arcs, the energetic electrons precipitate from the magnetosphere into the
ionosphere along the magnetic field line and FAC flows from the ionosphere to the magnetosphere. By measuring FAC, it is
possible to understand the M-I coupling process above polar cap auroras. In the past, FAC was derived indirectly from the
temporal variations of the magnetic field measured by the low-altitude satellites such as DMSP and CHAMP. However, since
these observations are single satellite measurement, it was necessary to assume that the structure of aurora does not change
during the overpass of the satellite.

To resolve this problem, in this study, we make use of the magnetic field from the Swarm satellites. Swarm consists
of three satellites Swarm A, Swarm B, and Swarm C, and it observes magnetic field at three points at the same time at a
temporal resolution of 50 Hz. Swarm A and C are flying roughly along the same orbit at an altitude of about 460 km. By
combining these two satellites, it is possible to calculate the FAC density without assuming temporal variations as spatial
variations. In this study, by combining data from Swarm and an all-sky air glow imager of (OMTIs ) at Resolute Bay in
Canada, we investigate the relationship between polar cap aurora and FAC. In particular, we examine FAC derived from single
and dual satellite methods during a simultaneous observations of polar cap aurora on February 28, 2016.

During the interval of interest, a SAA type polar cap aurora was observed over Resolute Bay from 0500 UT to 0700
UT. The poleward part of the arc was split into two parts. Swarm A and C passed the structure along the direction almost
parallel to the arc at 0617 UT. The satellites also crossed one of the splitted arcs at 0616 UT. During the interval of the
crossings, we derived 1) FAC density from Swarm A, 2) FAC density from Swarm C, and 3) FAC density from A and C
through the dual satellite method. Regarding the FAC densities derived from the single satellite method, the relationship
between the crossing of the optical arc and enhancement of upward FAC is unclear. On the other hand, FAC derived from the
dual satellite method shows a good agreement with the optical intensity variation along the satellite track. This difference may
be due to the fact that the track of the satellites was almost parallel to the arc and it was difficult to observe magnetic field
changes across the arc. In contrast, for the FAC derived by the dual satellite method, Swarm A and C sandwiched the arc,
which is a favorable situation for the calculation of FAC. In the presentation, we will report other examples of simultaneous
observations of polar cap auroras, especially rapidly moving PMPCA type and discuss the validity of using FAC derived from
the dual satellite method.
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