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Development of a Neutral Mass Spectrometer for Ionospheric Observations
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We are currently developing a neutral mass spectrometer for ionospheric observations in preparation for the sounding
rocket experiment scheduled for 2024. The neutral atmospheric composition in the ionosphere is an important parameter
for understanding not only thermospheric variations but also ionospheric variations, because it affects the plasma density
through ionization and recombination processes and contributes to electric field variations through the electric conductivity.
However, in recent in-situ ionospheric observations by artificial satellites and sounding rockets, the atmospheric composition
has rarely been measured, and empirical models such as MSIS have been used. Since the observational data which these
empirical models are based on are limited and there are discrepancies between the actual spatial and temporal variations and
the models, new in-situ observations of the atmospheric composition are desired. Therefore, we are developing a neutral mass
spectrometer to measure the neutral atmospheric composition at the ionospheric altitudes onboard low earth orbit satellites
and sounding rockets. The instrument being developed will be installed on S-310-46 sounding rocket targeting sporadic
E layers in 2024. In the rocket experiment, the neutral atmospheric composition of O, Oy and Ny, which are the major
components in the lower part of the ionosphere up to an altitude of 130 km, will be mainly obtained to clarify the formation
process of sporadic E layers. This neutral mass spectrometer is based on an instrument developed for lunar exploration by
ISAS/JAXA, and adopts a time-of-flight system with triple reflections to provide sufficient resolution with its small size.
The instrument needs to be downsized for the installation on the sounding rocket, and its design and performance evaluation
were carried out by numerical simulations. In parallel, the development of an antechamber was also conducted. When the
spectrometer is mounted on a flight vehicle, particles enter the instrument with relative velocity of the vehicle, which can
result in some difficulties in measurements such as sensitivity degradation. Therefore, before particles enter the instrument,
they are captured in a spherical antechamber attached in front of the particle intake and collided with the inner wall to slow
them down to about their thermal velocity. In addition, the atmospheric density inside the antechamber is higher, which can
increase the measurement sensitivity. These performances were estimated in the design phase. For the next step, we will
manufacture the instrument, evaluate its performance and acquire its characteristics through tests, and then verify them in the
sounding rocket experiment.
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