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Over-darkening pulsating aurora in OFF-time: statistical analysis
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Pulsating aurora is a phenomenon during which the upper atmosphere at ~100 km altitude pulsates with a period ranging
from a few to a few tens of second by quasi-periodic precipitation of high energy electrons from the magnetosphere. It has
been suggested that the interaction between the chorus waves and energetic electrons near the equatorial plane of the
magnetosphere has a potential to cause of luminosity modulation of pulsating aurora. This hypothesis is supported by the
existence of one-to-one correspondence between quasi-periodic variations in the luminosity of pulsating aurora and intensity of
chorus wave. Recent analyses of high time resolution ground-based optical observations has reported that the brightness of
pulsating aurora decreases below the diffuse background level immediately after the switch-off of the main optical pulsation
(e.g., Kataoka et al. [2012], Dahlgren et al. [2017]). To date, however, the statistical properties of such “over-darkening
pulsating aurora” have not been investigated in detail; thus, the origin of this phenomenon is still unclarified.

In this paper, we derive the characteristics of the over-darkening pulsating aurora by performing a statistical analysis using
several ground-based/satellite observations, and then try to understand whether this phenomenon is directly associated with the
fundamental characteristics of chorus waves. The optical instruments employed in this study are the 5-channel photometer and
an EMCCD all-sky camera in Tromse, Norway (69N, 19E, 66MLAT) which have been operative since last winter season. The
field-of-view of the 5-channel photometer is directed along the local magnetic field line and it measures the emission intensity
of aurora/airglow at 5 wavelengths (427.8, 557.7, 670, 777.4, 844.6 nm) with a temporal resolution of 20 Hz. The EMCCD all-
sky camera captures auroral emission with a temporal resolution of 100 Hz. In addition to these instruments, the wave
instruments onboard the THEMIS spacecraft are used for analyzing the chorus wave with a temporal resolution of 1 Hz.

In the analysis, we made simple time-series plots of data from the 5-channel photometer, EMCCD camera, and computed the
occurrence frequency of the over-darkening pulsating aurora. The statistical analysis using data from one winter season
indicates that ~15% of all the ON/OFF pairs of pulsating aurora over-darken immediately after their ON phase. Interesting
point is that we have identified at least one over-darkening pulsating aurora during all the intervals analyzed so far, which
means that over-darkening is a common characteristic of pulsating aurora.

An additional analysis using the THEMIS satellites indicates that similar characteristics are sometimes seen in the time-series
of the chorus wave amplitude. However, their occurrence frequency is likely to be smaller than that seen on the ground. In the
presentation, we discuss the origin of over-darkening of pulsating aurora based on the statistical results, and suggest a model

explaining their generation mechanism.
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