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Spatial distribution of low-energy (<1 keV) O+ plasma in the inner magneto-
sphere
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The ion composition of background plasma in the magnetosphere is a very important parameter, because it significantly
alters the nature of various electromagnetic phenomena occurring there, such as solar wind-magnetospheric coupling,
magnetic reconnection, Kelvin-Helmholtz instability, electromagnetic ion cyclotron wave, and Alfvén wave. O+ ions, which
are 16 times heavier than H+ ions, have a significant impact on the plasma mass density of the background plasma; thus, it is
necessary to investigate when, where, and how low-energy O+ ion fluxes change. Recent studies by Chappell [2008] and Lee
and Angelopoulos [2014] reported presence of low-energy (10 eV-a few keV) ions, called “warm plasma cloak”, at L$>$6
from midnight to the dawn and morning sides. Further low-energy ($<$50 eV) plasma, consisting mainly of O+ ions, has
also been reported to be localized around L=3-5 on the dawn to morning side [Nosé et al. 2018, 2020]. This lower-energy
O+ plasma is called “oxygen torus”. However, since these studies were based on observations in the outer magnetosphere
at L>6 or event analysis, we need to perform a statistical study to reveal characteristics of the warm plasma cloak and the
oxygen torus in the inner magnetosphere.

In this study, we investigated the spatial distribution of low-energy O+ plasma in the inner magnetosphere using data
from the Arase satellite collected over a 3.7-year period from April 2017 to December 2020. We statistically analyzed the
omnidirectional ion flux of 50-300 eV O+ observed by the LEP-i instrument onboard the Arase satellite. Our findings
include: (1) peaks in O+ ion flux are frequently observed near the plasmapause; (2) the average O+ flux is significantly
higher in the region of 21-09 MLT and L=4-5; (3) the pitch angle distribution of the O+ flux is cigar-shaped. These
statistical results of low-energy O+ plasma align well with the expected temporal evolution of field-aligned low-energy O+
ions (FALEO) that flow from the ionosphere to the inner magnetosphere during substorms, suggesting that FALEO is the
source of the low-energy O+ plasma.
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