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Reconstruction of the three-dimensional structure and precipitating electrons of

pulsating auroras by Aurora Computed Tomography

#Mizuki Fukizawd), Takeshi Sakandi, Yoshimasa Tanaky Yasunobu Ogawt,Bjorn Gustavssoh,Kirsti Kauristie®) ,Carl-
Fredrik Enell’,Alexander Kozlovsky, Tero Rait&),Urban Brandstrofi, Tima Sergienkd

(1Graduate School of Science, Tohoku UniverSi§PARC, Grad. School of Science, Tohoku UANIPR/ROIS-DS/SOKENDAI,
(“NIPR,®UIT - The Arctic University of Norway’Finnish Meteorological Institute,EISCAT Scientific Associatiof Sodankyla
Geophysical Observatory, University of Oufl§wedish Institute of Space Physics

Aurora Computed Tomography (ACT) is an inversion analysis method to reconstruct the three-dimensional (3-D) distri-
bution of auroral luminosity and the energy and spatial distributions of precipitating electrons from monochromatic auroral
images obtained with multiple ground-based optical instruments (e.g., Aso et al., EPS, 1998). The ACT method has been
applied to discrete auroras (e.g., Tanaka et al., Ann. Geophys., 2011). On the other hand, it is relatively difficult to reconstruct
the 3-D structure of pulsating auroras (PsAs) by ACT since PsAs generally have low contrast and faint structures. Therefore,
there have been no reports of 3-D reconstruction of PsAs so far.

This study aims (1) to reconstruct the 3-D distribution of the PsA emission intensity and the energy and spatial distribution
of precipitating electrons and (2) to estimate the 3-D distribution of the ionospheric electron density from the reconstructed
volume emission rate.

We used monochromatic auroral images obtained with three all-sky imagers in Skibotn (69.35 degrees north, 18.82 degrees
east), Kilpisjarvi (69.05 degrees north, 20.36 degrees east), and Abisko (68.36 degrees north, 18.82 degrees east) during the
substorm recovery phase in 0-2 UT on 18 February 2018. The observation wavelength is 427.8 nm and temporal resolution is
2 s. We selected PsA patches observed at the observation point of the EISCAT radar in Tromsoe (69.58 degrees north, 19.23
degrees east).

We applied ACT to the PsA patches and obtained the 3-D distribution of the volume emission rate from the auroral images.
The background diffuse auroral emission was subtracted from the auroral images as uniform emission to reduce noises before
conducting ACT. The peak altitudes of the reconstructed volume emission rates were 92-96 km and the full widths at half
maximum were 18-22 km.

The horizontal distributions of the reconstructed precipitating electrons’ average energy were high at the edge of the PsA
patches. The total energy flux of the reconstructed precipitating electrons was proportional to the square of the average energy.
This relationship indicates that the precipitating electrons are accelerated by a filed-aligned electric potential drop at the edge
of the PsA patches (Ono and Morishima, GRL, 1994). To confirm whether these distributions are artifacts from the ACT
analysis, ACT was applied to the pseudo images obtained by solving the forward problem assuming that the precipitating
electrons have a uniform total and average energy distributions on the horizontal plane. The horizontal distribution of the
reconstructed precipitating electrons’ average energy was uniform and not high at the edge of the PsA patch. This indicates
that ACT could solve the inversion problem correctly and that the result obtained from observation data would not be artifacts.

The 3-D distribution of ionospheric electron density was derived from the reconstructed precipitating electrons by solving
the continuity equation for electron density with the steady state assumption. We compared the reconstruction results with
the EISCAT radar data.. The error between them was small when the PSA emission intensity was large. However, the derived
electron density was underestimated compared to that observed by the EISCAT radar as the PsA emission intensity attenu-
ated. Therefore, the electron density was obtained by solving the continuity equation by the Runge-Kutta method without
the steady state assumption. The error at the time when the PsA emission intensity attenuated became smaller. This result
indicates that it is necessary to consider the time constant of recombination between electrons and ions when deriving the
electron density from the volume emission rate of 427.8 nm especially for PsAs having quasi-periodic temporal modulations.

Through this study, we were able to reconstruct the energy and spatial distribution of precipitating electrons that cause PsA
and the 3-D distribution of volume emission rate from auroral images with a wavelength of 427.8 nm observed from three
points on the ground. It is expected that more realistic reconstruction results can be obtained by combining the auroral images
and the 3D observation data of the ionospheric electron density by EISODARdar, which will start observation in the late
2022.
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