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Auroras occur when charged particles precipitating from the Earth’s magnetosphere collide with the upper atmosphere,
exciting atmospheric constituents and producing light emissions. The aurora follows a characteristic development process
known as an auroral substorm. During a substorm, the aurora expands explosively both poleward and in the east — west
direction. Among these, the expansion particularly toward the west is called the Westward Traveling Surge (WTS). WTS is
the most prominent phenomenon of a substorm, and its development has been discussed within various models. However,
the expansion and propagation speed of WTS is as fast as "1 km/s, and no observational studies to date have investigated the
spatiotemporal evolution of its three-dimensional structure. The primary reason is that imaging from a single observation site
provides only brightness projected onto a plane, while radar observations yield information only along specific lines of sight.

In this study, we aim to quantitatively examine the three-dimensional structure of WTS, as well as the horizontal distribu-
tion of precipitating electron energy, using the generalized aurora tomography method [1]. Aurora tomography applies the
principles of computer tomography to reconstruct the three-dimensional auroral structure from multiple simultaneous images
captured at different observation sites. This enables quantitative discussion of physical quantities such as electron density dis-
tribution and conductivity distribution in WTS from an observational perspective. The validity of the reconstructed electron
density distribution can be verified by direct comparison with measurements obtained from the EISCAT radar. As a future
objective, we aim to extend the discussion to include the three-dimensional current system of WTS and its consistency with
theoretical models.

In this presentation, we report the results of tomography analysis applied to auroral image data at 427.8 nm wavelength
obtained from Tromsg (69.58° N, 19.23° E), Abisko (68.36° N, 18.82° E), and Kilpisjarvi (69.05° N, 20.36° E) for
a WTS event observed at 22:45:34 UT on February 16, 2018. We present the reconstructed three-dimensional structures and
precipitating electron energy distributions, and also discuss future perspectives.

[1] Y. Tanaka et al., Ann. Geophys., 29, 551 (2011).
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