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3D tomography reconstruction of pulsating auroral emission intensity from ground imaging

and radar data
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Pulsating aurora, which has a quasi-periodic modulation in its emission intensity, is commonly observed in the broad
magnetic local time period from just after a substorm onset near the midnight to noon sector. Observational and
theoretical studies showed that pulsating aurora is caused by precipitating electrons which scattered into a loss cone
due to the cyclotron resonance with chorus waves. The precipitating electrons caused by chorus waves mainly cause
ionizations in the ionospheric E region since their typical resonance energy is from a few to tens of keV. Theoretically,
it is also expected that chorus waves can resonate with sub-relativistic (>~1 MeV) electrons. Miyoshi et al. (2015)
reported that electron density enhancements were clearly identified even at an altitude of 68 km in association with a
pulsating aurora. Hosokawa & Ogawa (2010) presented that an appearance of Pedersen current layer carried by
electrons in the ionospheric D region during a pulsating aurora and Gillies et al. (2015) showed the existence of field-
aligned current during pulsating auroral patches.

In this study, we aim to reconstruct the current structure associated with pulsating auroras by mainly using
“generalized-aurora computed tomography (G-ACT, Tanaka et al.,, 2011)" method. First, we applied “the aurora
computed tomography (ACT, Aso et al.,, 1998) method" to reconstruct the three-dimensional (3D) structure of
pulsating aurora patches from multiple monochromatic auroral images. The ACT method has been applied to
reconstruct the 3D structure of discrete auroras (e.g., Aso et al., 1998) but it is difficult to reconstruct that of pulsating
auroras because their shape is ambiguous and they appear at close distances with each other. Here, we give the first
result of the 3D structure of pulsating auroral emission by the ACT method. We analyzed an event in which relatively
bright and isolated pulsating auroral patches were simultaneously observed by all-sky imagers at Skibotn, Kilpisjarvi
and Abisko during a substorm recovery phase during the period of 0?2 UT on 18 February 2018. The observation
wavelength and temporal resolution of the all-sky imagers were 427.8 nm and 2 s, respectively. We set the origin as the
geographic latitude and longitude at the ground of the center of target auroral patch, the x-axis as antiparallel to the
horizontal component of the geomagnetic field, the y-axis as eastward, and the z-axis as anti-parallel to the geomagnetic
field. The simulation region was —50 to 50 or —75 to 75 km for the x-axis, —100 to100 km for the y-axis, and 80 to
180 km for the z-axis to include the target patch. The 3D structures of three pulsating auroral patches were precisely
reconstructed by solving a problem of minimization of posterior probability with the Gauss-Newton method based on
the Bayesian model. The reconstructed emission altitudes are 887102 km and the thickness was 2714 km. The accuracy
of reconstruction will be evaluated by computer simulation using model aurora, and by simultaneous EISCAT radar
data. In the future, we will examine the current structure associated with pulsating aurora patches by reconstructing
energy and spatial distributions of precipitating electrons from electron density data obtained with EISCAT radar and
using the IMAGE magnetometer network and neutral atmospheric model MSIS.
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