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Observation of Fine Structures in Diffuse Aurora with a High-Spatial-Resolution
Camera: Manifestation of Secondary Instabilities

#Yusuke SANOY), Keisuke HOSOKAWAY), Wandal WINNY), Shin-ichiro OYAMA?), Yoshizumi MIYOSHI?), Yasunobu
OGAWA?®), Yoshimasa TANAKA®)

(1University of Electro-Communications, Institute for Space and Earth Environmental Research, Nagoya University,
(3National Institute of Polar Research

Diffuse auroras including pulsating auroras are frequently observed in the morning sector during the recovery phase of
auroral substorms. They are often distributed in a wide area and last for several hours. These auroras sometimes patchy
spatial structures, but the processes responsible for their formation remain unclear. Electron Multiplying Charge Coupled
Device (EMCCD) cameras have been widely used to study pulsating auroras. Their electron-multiplying mechanism enables
high signal-to-noise ratio observations even for faint emissions at high temporal resolution. However, the limited number of
pixels and narrow dynamic range of EMCCD cameras restrict detailed analyses of spatial brightness distributions, contrast,
and small-scale features. To overcome these limitations, we used a quantitative Complementary Metal Oxide Semiconductor
(qCMOS) camera with high spatial resolution and wide dynamic range. The qCMOS system provides a spatial resolution of
0.1 km near zenith and preserves brightness contrasts without saturation. This capability allows us to visualize fine structures
inside diffuse auroras and along patch boundaries in detail. The images were calibrated using star maps and mapped onto the
geographic coordinates, enabling us to combine multiple fields of view and quantify the spatial scale and drift velocity of
auroral structures with high accuracy.

We analyzed patchy diffuse auroras observed by the qCMOS camera at Skibotn, Norway (69.35N, 20.36E), during 04 —
05 UT on February 2, 2025. During this interval, finger-like structures were identified along the outer boundary of diffuse
auroras. A wavy boundary with a wavelength of 10 — 25 km appeared on the southwestern edge of an eastward-drifting
patch (100 — 150 m/s). These undulations developed into finger-like forms with phase speeds of 120 - 250 m/s. The
observed scales, drift velocity, and timing of appearance were consistent with the structures attributed to pressure-driven
instability reported by Shiokawa et al. (2010), suggesting that instability was involved in their formation. In addition, we
identified smaller-scale wavy patterns on the side of one finger-like structure, which had been difficult to resolve with the
spatial resolution of previous observations. This feature had a wavelength of 3 - 5 km and appeared on the northwestern
side of a bright finger. It propagated northeastward along the boundary as the finger developed. This behavior suggests
that velocity shear associated with the nonlinear development of pressure-driven instability excited a secondary Kelvin —
Helmholtz instability (KHI). Thus, observational evidence directly suggesting a transition from pressure-driven instability
to KHI in diffuse auroras has been scarce, and this study provides one of the first cases that clearly captured this process.
We will discuss the generation and evolution of these auroral fine structures as a possible transition from pressure-driven
instability to KHI.
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