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“Catapiller-like” ULF waves detected by SuperDARN during SuperDARN-Arase
conjunctions in Fall 2022
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During a four-month period spanning from September to December 2022, special time observations using the SuperDARN
radars were conducted approximately five days per month in support of Arase conjunctions. These observations were
targeted to observe auroral and subauroral phenomena on the nightside and duskside. The objective of the observations
was to elucidate physical processes of auroral and subauroral phenomena through a comparison of data obtained through
interleaved normal scans with simultaneous observations made by the ground-based instruments and the Arase satellite.

On 23 November 2022, an ultra-low frequency wave in the duskside subauroral region was observed simultaneously by
multiple radars in North America. Because the wave signature in the format of the Range-Time-Intensity (RTI) plot looks
very similar to a caterpillar showing periodic oscillation in the Doppler velocity data, it is referred to as the “caterpillar-like
ULF wave event” here. The center frequency of this wave was 2.3 mHz, and waves with a similar frequency were also de-
tected in geomagnetic data from the stations within the SuperDARN radars’ field-of-view. The amplitude of the geomagnetic
waves varied significantly with latitude, having a peak around 67° magnetic latitude while those in the radar observations
appeared around 70°. From a comparison between the SuperDARN and GNSS-TEC observations, the detrended TEC
showed similar periodic oscillations to the Doppler velocity perturbations observed by the SuperDARN radars. The phase
difference between the detrended TEC and Doppler velocity perturbations was 120-1800. This result suggests that the TEC
oscillations are driven by an external electric field originating from the magnetosphere.

The ionospheric footprint of Arase traversed the region of caterpillar ULF wave signatures on the duskside. A spatial
distribution of the electron density derived from the upper limit frequency of the upper hybrid resonance waves showed
no abrupt decrease associated with a plasmapause crossing. This result implies that the plasmasphere extends beyond the
apogee (6.1 Re) of the Arase satellite. Therefore, the observed region of ULF signatures is located inside the plasmasphere.
A ULF signature in the toroidal component with a period similar to that of the ULF waves on the ground was captured by
MGF onboard Arase during the traversal over the ionospheric ULF region. In the presentation, we show the longitudinal
extent of the caterpillar ULF event, which looks confined to a narrow region near the dusk terminator. We also discuss the
possible generation mechanism of the waves in terms of the so-called quarter ULF wave typically occurring in a region of
interhemispheric difference in the ionospheric conductivity.
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