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Measurements of the neutral and ionized atmospheres by a sounding rocket to
elucidate the generation process of Es: RIDE campaign

#Akinori Saito?, Takumi Abe®, Ayako Matsuoka'), Keigo Ishisaka®), Yoshifumi Saito?), Maasto Tagawa?), Atsushi
Kumamoto®, Kumiko Yokota?), Hirotsugu Kojima®, Satoshi Kurita®, Naofumi Murata”, Susumu Saito®, Toru
Takahashi®), Michi Nishioka? , Keisuke Hosokawa'®), Hiroyuki Nakata'!), Tatsuhiro Yokoyama®, Huixin Liu*®, Satoshi
Andoh?), Masaru Kogure'?), Takanori Nishiyama'®), Takatoshi Sakazaki®), Mitsumu K Ejiri'®)

(IGraduate School of Science, Kyoto University, (*Institute of Space and Astronautical Science, Japan Aerospace Explo-
ration Agency, (*Faculty of Engineering, Toyama Prefectural University, (*Graduate School of Engineering, Kobe University,
(5Graduate School of Science, Tohoku University, (“Research Institute for Sustainable Humanosphere, Kyoto University,
(7Japan Aerospace Exploration Agency, (®Electronic Navigation Research Institute, (?National Institute of Information and
Communications Technology, (**Graduate School of Informatics and Engineering, University of Electro-Communications,
(11Graduate School of Engineering, Chiba University, (>Graduate School of Science,Kyushu University, ('*National
Institute of Polar Research

The Rocket Investigation of Daytime E-region (RIDE) campaign is a direct observation of the neutral and ionized
atmospheres, electric field and magnetic field that form the sporadic E(Es) layer at an altitude of 90-130 km. This will be
achieved by the S-310-46 rocket from Uchinoura in the summer of 2025. The project has three principal objectives: (1)
To elucidate and predict phenomena in which the interaction between the neutral and ionized atmospheres is important
by combining in-situ observations from rocket experiments with numerical models and ground-based observations, (2) to
complete the in-situ measurement package of the neutral and ionized atmospheres and electromagnetic fields, and (3) to
develop human resources for future missions. The target phenomenon is the Es layer, a region of high plasma density that
appears at approximately 100 km altitude at mid-latitudes. In order to elucidate the formation and dissipation processes of
the Es layer, comprehensive observations of the neutral and ionized atmospheres and electromagnetic field are essential.
In this experiment, comprehensive in-situ measurements will be made at an altitude of 90 to 130 km during the ascent
and descent of the S-310 rocket at 11:00 to 14:00 local time in summer over Japan. The S-310 rocket is equipped with
seven instruments, each designed to measure a specific physical quantity as follows: Neutral mass spectrometer (neutral
atmosphere composition), neutral atmosphere density and wind instrument (neutral atmosphere density and velocity), ion
drift velocity instrument (ion composition, temperature, and velocity), impedance probe (plasma density), Langmuir probe
(electron temperature and plasma density), electric field instrument (electric field), and magnetic field instrument ( magnetic
field). The data obtained from each instrument are linked by the equation of motion of ions and ionospheric currents, and
then compared with the predictions derived from a numerical simulation of the ionosphere. The numerical simulations
provide insight into the relationship between the formation of the Es layer and wind/electric field, as well as the relationship
between wind and altitude for horizontal migration of the Es layer. In addition to the direct measurements obtained by
rockets, ground-based observations will be conducted using an ionosonde receiver network and a GNSS receivers network.
Wide-area multi-point observations of aviation VHF radio waves and ship VHF radio waves anomalously reflected by the Es
layer will be conducted to elucidate the impact of the Es layer on social systems that utilise radio waves.
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