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the RIDE Campaign
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The neutral atmospheric composition is a crucial parameter for calculating plasma motion in the ionosphere, as it governs
the collision frequency between neutrals and plasma. While direct in-situ measurements were common until the 1980s,
they have become scarce with the rise of empirical atmospheric models. However, simultaneous observations of neutral
composition alongside plasma parameters remain vital, offering higher spatio-temporal resolution and fidelity than model-
based approaches.

To address this need, we have developed a compact time-of-flight (TOF) Neutral Mass Spectrometer (NMS) for the S-310
sounding rocket. In this instrument, neutral particles are introduced through an antechamber and are ionized by electron
impact at the ion source. The ions are then accelerated by a 1000 Hz pulsed voltage, fly a certain distance, and reach a
detector. Because the time of flight from acceleration to detection depends on the particle’s mass-to-charge ratio, the mass-
to-charge ratio can be calculated from the recorded time of flight. A unique feature of this instrument is its triple-reflection
design during the ion flight path, which achieves a high mass resolution of approximately 200 within a compact size suitable
for the 310 mm diameter structure of the S-310 rocket. This resolution is sufficient to resolve major neutral species in the
ionosphere, such as N5 and O,. However, atomic oxygen (O) is expected to be difficult to measure directly, as it recombines
into O5 on the wall of the antechamber.

The NMS was launched aboard the S-310-46 sounding rocket from the Uchinoura Space Center at noon on July 15, 2025.
This flight was conducted as part of the RIDE campaign, which aims to elucidate the formation process of sporadic E layers
that appear at mid-latitudes during summer daytime. The NMS was mounted on the underside of the rocket’s payload section
and designed to take in neutral particles once per rocket spin during the downleg portion of the flight after the separation of
the motor section. Because the ion source filament and high-voltage systems cannot operate under high atmospheric pressure,
they were scheduled to be activated after launch by a timer control.

During the flight, the instrument operated successfully for approximately 48 seconds (from 180 to 228 s after launch), after
which an electrical discharge terminated the measurements. Although the ion acceleration pulse was approximately 50V
higher than the planned value of 560V, other high-voltage systems performed nominally. A mass spectrum of the ambient
neutral atmosphere was obtained, though the in-flight mass resolution was approximately 120, lower than that achieved
during ground calibrations. The data also revealed periodic variations in the count rates of several species on timescales of
ten to twenty seconds. This presentation will report on the detailed mass spectrum obtained during the flight and discuss the
observed temporal variations in neutral species.
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