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On the result of neutral atmospheric pressure measurement by ion gauge in the
lower thermosphere during RIDE campaign
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Sounding rocket “S-310-46” was launched from Uchinoura Space Center on July 15, 2025 with an objective of eluci-
dating generation mechanism of the sporadic E layer. A total of seven science instruments were installed to measure the
thermospheric neutral atmosphere, the ionospheric ions and electrons, electric and magnetic fields. In this presentation we
will describe an initial result from pressure gauge (ion gauge) whose purpose is to estimate the neutral atmospheric density
and the atmospheric flow direction on the rocket.

Charged and neutral particles co-exist in the lower ionosphere. The former tends to move in a direction different from the
latter, because of a difference in those behaviors against the electromagnetic force. The ionospheric current and ambipolar
electric field existing in this region are attributed to a difference in a collision frequency between ion and electron with neutral
particles. Characteristic phenomena such as traveling ionospheric disturbance are significantly generated due to the diversity
of the particles in this region. It is desirable to develop an instrument which provides information on local quantities about
charged and neutral particles to improve our understanding of this region.

Although measurements of the atmospheric density by pressure sensor have been conducted for decades using sounding
rocket and satellite since the 1950s in the world, very few were made in Japan. We started developing a pressure gauge to be
installed on the sounding rocket. Our pressure gauge has two sensor elements: 1) crystal gauge for the higher-pressure region
and 2) B-A (Bayard-Alpert) gauge for the lower-pressure region. The B-A gauge will be turned on under pressure below 4
Pa while the crystal gauge is responsible for the measurement at pressures above this threshold.

In 2022, our pressure gauge was first installed on sounding rocket “S-520-32”. In this measurement, two identical pressure
gauges were stored in two different shaped containers. The first container was designed on the basis of Patterson probe, which
is known as a closed spherical container with a long tube, from which gases flow in. In the Patterson probe, incoming gas first
collides with inner wall of the tube and loses translational kinetic energy, and the pressure gauge inside can measure static
pressure due to thermal motion of atmospheric particles. The second one is an open-type cylindrical container. This container
was newly developed for the first experiment and has a small inlet for gas inflow. The internal structure was designed so that
it can have high sensitivity in the direction of the incoming gas flow. Both sensors successfully measured the atmospheric
pressure through the rocket flight. However, it was found that the gauge did not function properly below 10~2 Pa because of
outgas from an inner surface of the container.

For the second experiment In  “S-310-46” experiment, the measures taken to prevent outgassing are as follows: 1)Heat
the ion gauge container to get outgas from its inner surface, while decreasing the pressure by pumping, 2) Stop heating and
maintain a vacuum inside the container and install the system on the rocket, 3) Lids to keep the vacuum is automatically
removed and start measuring during the rocket flight. This system successfully functioned well, and so the gauge started
measuring the atmospheric pressure when it became almost the same as the background pressure.

Unfortunately, a flight performance of “S-310-46” was much different from the expected one, i.e., 1) the rocket continued
flying while maintaining a large attack angle, 2) the spin rate downed below 0.1 Hz at its initial phase, 3) the apoapsis altitude
was about 103-104 km, which was more than 10 km lower than predicted value. As a result of this performance, data from our
pressure gauge was very different from the expectation, although the data was continuously collected all through the flight.
The preliminary result from the initial analysis will be presented.
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