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Comparison of precipitation energy and flux of proton aurora at geomagnetic con-
jugate points
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At geomagnetic conjugate points, which are two points in the northern and southern hemispheres connected by a sin-
gle magnetic field line, auroras may have conjugacy such as similar shape and dynamics, because auroral particles in both
hemispheres originate from the plasma sheet and enters the upper atmosphere along the magnetic field line. However, asym-
metric auroras often appear actually because of differences in the Earth’s magnetic field strength and ionospheric electric
conductivity between the northern and southern hemispheres. Therefore, comparison of the brightness and shape of auroras
at geomagnetic conjugate points is useful for probing the state of the magnetosphere and ionosphere. However, because most
of the southern auroral zone is above the sea, there are only a few geomagnetic conjugate points located on land in both re-
gions. The pair of Tjornes in Iceland and Syowa Station in Antarctica is one of them, and data obtained at these geomagnetic
conjugate points are used in this study.

Proton auroras are not as bright as electron auroras, and, therefore, there have been few observations of them. In particular,
there have been no observations of proton auroras at the geomagnetic conjugate points, except for those by Sato et al. [1986].
For this reason, an emission intensity ratio of proton auroras in both hemispheres, and spatial and temporal relationship of
proton aurora with electron aurora have not yet been studied.

In this study, we observed proton auroras simultaneously between geomagnetic conjugate points in Iceland and Antarctica
using Proton Aurora Spectrograph (PAS), which was designed to acquire an emission spectrum of auroras along a geomag-
netic meridian. The main purpose is to compare the precipitation energy and flux of protons from a hydrogen Balmer beta
line (486.1 nm) which is the brightest line among the proton auroras. The precipitation energy is estimated from a Doppler
shift of the line. PAS is based on an all-sky optical system with a transmission grating and a slit, which enables spectroscopy
of auroral emissions in one spatial dimension along the geomagnetic meridian. The observation wavelength range is from 417
nm to 579 nm, where emission lines of nitrogen molecular ion at 427.8 nm and 470.9 nm and an emission line of oxygen atom
at 557.7 nm can be simultaneously observed as well as the hydrogen Balmer beta line. The data used for the analysis were
mainly taken at the time of the spring equinox and autumn equinox when spectra obtained during dark nights are available in
both hemispheres in 2018, 2020, and 2021. An image was acquired every minute with an exposure time of 55 seconds.

Sensitivity calibration of the Antarctic PAS was performed using a standard light source with an integrating sphere at
the National Institute of Polar Research before it was transported to Antarctica, but the Iceland PAS was not due to time
constraints. Therefore, sensitivity calibrations were performed on both instruments using stars in observed images for both
Iceland and Antarctic PASs. This enabled us to compare the emission intensity of proton auroras in both hemispheres. Time
series data of the simultaneously observed emission intensity of the hydrogen Balmer beta and oxygen atom emission lines
as well as a comparison of the hydrogen Balmer beta line precipitation energies are presented. Relationship between the
precipitation energy and flux of proton aurora and the geomagnetic activity level will be investigated.
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