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Abstract

In-situ measurements by spacecraft in various planetary magnetospheres
(Earth, Mercury, Jupiter and other planets) have revealed many aspects of
space plasma dynamics. The origins of magnetospheric plasmas are
planetary atmospheres, moons, and the solar wind. Their initial energies are
from <1eV to a few keV. On the other hand, it is also well known that
particles with MeV-range energies (or higher) exist in magnetospheres.
However, transport and acceleration of these particles are not yet understood,
partly due to the energy gap (~a few 10s keV — a few 100s keV) between low
energy particle spectrometers and high energy particle spectrometers. These are major
questions in magnetospheric physics and are important targets for Mercury
Magnetospheric Orbiter (MMO), Exploration of energization and Radiation in
Geospace (ERG), and JUpiter ICy moon Explorer (JUICE) missions planned by JAXA
and/or ESA (and NASA).

In order to elucidate the transport and acceleration processes, in-situ ion composition
measurements with a wide energy range from eV to MeV are required. Due to technical
limitations, however, the energy gap between the spectrometers still remains.
Additionally, the tight demands on spacecraft resources make a smaller and lighter
device highly desirable. In this study, therefore, a new high energy particle spectrometer
(HEP) is examined, aiming at an extension of the lower energy coverage as well as
reduction in size and weight.

As the first part of this study, performance tests of a test-model HEP-ion (High Energy
Particle instrument for ions) for MMO were carried out to verify that the test model
works as planned. The experiment results agreed with the numerical simulation.

Secondly, a new solid-state detector (SSD) with a thin dead layer has been
produced to lower the minimum detectable energy for ERG and JUICE.
Through laboratory experiments, the thickness of the dead layer is found to
be approximately one fourth of the one used for MMO. We have confirmed that the
SSD is able to measure particles including heavy particles (such as N and, O) down to
30keV.



In order to reduce the size and weight, a new HEP sensor head which can measure both
ions and electrons was also designed. The volume and mass are approximately half
compared to the total values of HEP-ion and HEP-ele onboard MMO.

Finally, the most challenging issue for particle measurements by JUICE is that
energetic electrons (> a few MeV) penetrate through the spacecraft and sensor chassis,
and can be detected by MCPs and SSDs, causing background noise. Therefore the
reduction of the noise count rate is the key for this Jupiter mission. Although the sensor
shielding can decrease the noise level to some extent, a limitation on the mass makes
thick shielding impracticable. Thus, an alternative way for the noise rejection is needed.
I shrunk the area of detectors to reduce the noise, and it allows us to thin the shielding
from 25mm to 15mm whereas maintaining the noise rate at less than 5% of the signal
count rate.
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