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N2+ upflow measurement through auroral 427.8-nm emission by a Fabry-Perot

interferometer: Model calculation for measurement errors
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Several satellite missions have reported the existence of ionosphere-origin ions in the magnetosphere. The AKEBONO
satellite observed that heavy ions, such as nitrogen molecular ions (N>T), were transported to high altitudes in addition to
H*and O", which are the dominant ions for the upflow (Yau et al., 1993). It is pointed out that No™ in the polar upper
atmosphere are transported upward along the magnetic field line in association with auroral heating. Frictional heating
between molecular ions and neutral particles and resonant wave-particle interactions have been considered as possible heating
mechanisms. However, obtaining sufficient energy for ion outflow to the magnetosphere solely by the ion frictional heating
or resonance heating process, it takes at least 10 times longer than the lifetime of the molecular ions (Peterson et al., 1994).
Therefore, the heating mechanisms responsible for transporting these ions into the magnetosphere remain unclear. The Fabry-
Perot interferometer (FPI) can be utilized to measure the velocity of a specific ion or neutrals in the lower ionosphere. Then,
we tried to measure the upward velocity of the Ny ™ along the magnetic field line from the observations of auroral 427.8-nm
emission using the FPI. This work holds the potential to improve our understanding of ion dynamics in the Earth’s upper
atmosphere and magnetosphere.

We conducted a campaign observation by an FPI on March 8-14, 2024, at Skibotn, Norway (69.3° N, 20.4° E). By
fitting the Gaussian distribution independently to the 14 fringes in the interference images obtained by the FPI, we obtained
14 independent values of the ion velocity and estimated the measurement error from their variation. In general, this variation
is considered to be a statistical error due to random measurement noise because we are measuring very weak light. This
measurement error decreases when the auroral emission intensity is stronger to produce larger fringe counts. However, even
when the same peak counts of fringes were obtained as the FPI measurements at 557.7 nm and 630 nm reported by Shiokawa
et al. (2012), we found that the measurement error of 427.8 nm measurement was more than five times larger than those
for 557.7 nm and 630.0 nm. One possible cause is that multiple wavelengths of No™ (ING) band emission are transmitted
through the bandpass filter, resulting in multiple fringes that overlap to form one large fringe. This suggests that (1) errors
can occur by fitting the Gaussian function to the overlapped fringes, which have a shape different from that of the Gaussian
function, and that (2) differences in the Ny temperature between the two (north and south) observation points could cause
systematic errors because the intensity ratio of the band emission lines (and thus, the fringe shape) varies depending on the
N, T temperature. Therefore, we estimated the magnitude of these measurement errors by performing model calculations for
possibilities (1) and (2). In this presentation, we will report the results of the model calculations. We will also report the latest
results of the campaign observations at Skibotn, Norway, to be conducted in Sep. - Oct. 2024.
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