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The upper atmosphere of the Earth contains ions and electrons, along with neutral particles, which are produced by pho-
toionization of atmospheric nitrogen and oxygen molecules by solar ultraviolet radiation. This region, known as the iono-
sphere, is stratified into multiple layers depending on plasma density. These layers have the property of reflecting radio waves,
and communications, broadcasting, navigation, and air traffic control using shortwave and very high frequency (VHF) bands
rely on this ionospheric reflection. In the ionosphere, where collisions between ions and neutral particles dominate, electric
currents and polarization electric fields arise, leading to characteristic phenomena that differ from those observed in a neutral
atmosphere.

One representative phenomenon is the sporadic E (Es) layer, which appears intermittently at altitudes of approximately 90
- 130 km with high probability from spring to summer and consists mainly of metallic ions such as Fe™ and Mg*. The Es
layer is known to strongly reflect VHF radio waves, causing anomalous propagation that can affect communication, broad-
casting, and air traffic control.

In the Es layer formation region, ions are strongly affected by frictional forces due to collisions with neutral particles. As a
result, ions tend to move at velocities close to the neutral wind and act as a mediator for transferring neutral atmospheric mo-
tion into the ionosphere. Furthermore, ions serve as the main medium for momentum and energy exchange between neutral
particles and plasma, and accurate knowledge of their behavior is essential for understanding the interactions between plasma
and neutral atmosphere during Es layer formation. Therefore, direct measurements of detailed physical quantities such as ion
velocity, temperature, and density are critically important for elucidating the formation processes of the Es layer.

In this study, we have been developing an ion drift velocity analyzer capable of estimating ion drift velocity and density
in the lower ionosphere. Since ground-based performance evaluation tests produced the expected results, the analyzer was
installed on a sounding rocket during the summer of 2025, and an experiment was conducted to investigate the Es layer
formation process. In this experiment, direct measurements of neutral and plasma particles, as well as electric and magnetic
fields, were performed in the Es layer region.

The ion drift velocity analyzer consists of a Retarding Potential Analyzer (RPA) and a collector electrode. The RPA selects
particles according to their energy by applying a retarding voltage as they pass through. Ions that pass through the RPA
reach the collector electrode and are detected as ion currents. The collector electrode is circular, composed of 36 segmented
fan-shaped electrodes. The distribution of currents from these segments is used to determine the arrival direction of ions,
which, when combined with the velocity component normal to the RPA plane, yields the three-dimensional ion drift velocity.

The rocket reached an altitude of approximately 104 km, which was lower than predicted, and did not reach the alti-
tude of maximum electron density in the Es layer. Moreover, the rocket maintained a significantly inclined attitude during
flight. Consequently, the measured ion currents obtained by the analyzer were lower than expected. The instrument had been
mounted so that ions would enter nearly perpendicularly when the rocket flew along its principal axis; however, due to the
inclined flight attitude, ions likely had difficulty reaching the collector electrodes effectively.

In this presentation, we report on the bulk energy, temperature, and density of ions estimated from the data acquired by the
analyzer.
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