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Spatiotemporal structure of a sporadic Ca™ layer ~ short-period height varia-
tion ~
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Sporadic E layers (EsL) occurring in the ionospheric E region at altitudes of 90-150 km are thin layers with very
high electrondensity (a few kilometers thick), that also contain abundant metallic ions. EsL cause radio communication
disturbances in theHF/VHF bands. Therefore, elucidation of the mechanisms of EsL formation and evolution is important. In
the mid-latitude region,EsL have been understood to be formed by convergence of metallic ions in the ionospheric E region
due to the vertical shear of neutral horizontal winds and the geomagnetic field. However, observation of the spatiotemporal
structure of EsL is limited, and their morphological variations and evolutions remain unclear. The primary source of metals
in the ionospheric E region is meteors, and there are layers of metallic atoms and ions such as iron, magnesium, sodium,
calcium, and so on. Among them, calcium ion (Ca™) is the only metallic ion that can be observed from the ground by
resonance scattering lidar.

The National Institute of Polar Research (NIPR) developed a frequency-tunable resonance scattering lidar and conducted
Ca™ observations in Tachikawa, Japan (2014-2016) and at Syowa Station in the Antarctic (2017-2018).The lidar transmitter
was based on an injection-seeded, pulsed alexandrite ring laser for 768-788 nm (the fundamental wavelengths)and a second
harmonic generation (SHG) unit for 384-394 nm (the second harmonic wavelengths). The laser wavelengths can be tuned
into the Ca™ resonance wavelength (393 nm) by a wavelength meter that is calibrated using a wavelength-stabilized He-Ne
laser. The average laser output at the Ca™ resonance wavelength was approximately 80 mW, and the repetition rate was ~25
Hz.

In this study, we analyzed a sporadic Ca™ layer observed on September 1, 2016 at Tachikawa (35.7° N, 139.4° E),
and investigated the periodic height variation of Ca™ layer, that was found at altitudes of 99-101 km between 15:55-16:20
UT. The Ca™ density profiles had height and time resolutions of 165 m (smoothed from 15 m resolution data) and 5 s,
respectively. We derived the centroid altitude of each Ca™ density profile and fitted its temporal variation with a sinusoidal
curve. From this fitting, the vertical displacement amplitude and the observed (ground-based) oscillation period ware
estimated to be 170 m and 7.5 minutes, respectively. Then, the dispersion relation of internal gravity waves and the relation
between ground-based and intrinsic frequencies were subsequently applied, in order to determine gravity wave parameters
such as horizontal wavelength and phase velocity that could account for the observed oscillation. Vertical wavelength and
the background wind speed was assumed, the latter of which was considered referring to the JAWARA reanalysis data of
corresponding time and altitude. Our investigation suggested that the wave propagation direction was in the same direction
as the background wind rather than the opposite direction, when the observed oscillation is caused by internal gravity waves.
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