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Optical observations of polar cap patches near the northern magnetic pole: UT and IMF By
dependence of patch luminosity
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Polar cap patches are regions of high electron density in the polar cap F region ionosphere. Patches are produced by the
interaction between the spatial distribution of the dayside high-density plasmas and their anti-sunward transport across the
polar cap by the high-latitude plasma convection. Patches are known to be often observed during intervals of southward
interplanetary magnetic field (IMF) conditions. Since the electron density increases inside patches, they can be detected as
regions of increased 630.0 nm airglow emissions obtained by ground-based all-sky airglow imagers.

In this study, we make use of measurements by two all-sky airglow imagers of Optical Mesosphere Thermosphere Imagers
(OMTIs), one at Eureka, Canada (80.5 N, 273.6 E, 88.5 MLAT), which was newly installed in October 2015, and the other at
Resolute Bay, Canada (74.7 N, 265.0 E, 82.9 MLAT). The magnetic latitude of Eureka is approximately 89 degrees; thus, near
winter solstice, we are able to carry out 24h continuous measurement at an almost fixed point near the magnetic pole. By using
this feature, we have investigated the characteristics of polar cap patches near the magnetic North Pole, for example the
dependence on UT, season, and IMF By.

Bowline et al. [1996] modeled the dependence of patch electron density on UT, season, and IMF By in Eureka, using
numerical simulation. In this study, based on this modeling result, we analyze these dependencies by looking at two case
examples respectively on January 31, 2016 and February 3, 2016, when patches were observed in Eureka and Resolute Bay
simultaneously. Since the IMF By was stable at about -10 nT throughout these days, we can extract the pure UT variation of
the patch luminosity. By extracting signatures of patches from all-sky images, it was found that the observed UT variation of
the patch luminosity shows a systematic change predicted by the simulation. This is because the interaction between the
dayside high-density plasma and high-latitude plasma convection system varies with UT due to the offset between the
magnetic pole and geographic pole. In addition, since the IMF By was stable with plus values during these intervals, we are
also able to discuss the relationship between the patch luminosity and IMF By.

We also tried to estimate the altitude of patches by combining all-sky images taken from Eureka and Resolute simultaneously.
We plotted the data from the two points on a single map with changing the assumed altitude of the 630.0 nm airglow emission,
but, it was difficult to determine a single central altitude of patches. This implies that the patches are distributed in a wide
altitude range from 210 to 290 km. This fact indicates that, unlike typical greenish aurora, patches have a thickness of at least
~80 km.
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