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The Development of the compact ion and electron energy spectrometer for space
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In recent years, there has been a growing trend to use many small satellites for constellation observations in the magneto-
sphere and ionosphere.

CubeSat, for example, is a candidate for small satellites, but since these small satellites are only about 10cm x 10cm x
10cm in size, the onboard analyzers must necessarily be small enough to accommodate them. However, there are currently
no suitable small instruments for observing charged particles in the low-energy range (several eV to several 10keV), and their
development is desired.

We are developing a compact ion and electron energy spectrometer for space plasma measurement. In this study, we have
evaluated the performance of a proto-model analyzer. The energy spectrometer is a concentrically stacked 90-degree cylin-
drical electrostatic analyzers, which can make in-situ” observation of low energy charged particles ranging from a few eV
to several tens of keV. The analyzers are made of PEEK plastic which is partially metalized and have a radius of about 2cm,
making it small and lightweight. By assembling multiple analyzers, we can detect charged particles from various directions.
Ions and electrons are simultaneously energy analyzed by the stacked cylindrical electrostatic analyzers. The energy analyzed
electrons and ions from different analyzer are detected using CEM or MCP. However, because of the small size of the ana-
lyzer, it is difficult to detect the position of charged particles that have passed through different analyzers and separate them.
We are now investigating the angular characteristics of the analyzer. In parallel, we are developing a method to separate the
signals obtained from the different analyzers without position detection. We are also trying to reduce the expected influence
of solar ultraviolet light. By solving these problems, we will be able to use the analyzer in space in the future.

So far, we have evaluated the performance of the prototype analyzer through experiments and simulations. In the exper-
iments, we placed the analyzer on a gimbal in a vacuum chamber and rotated the gimbal in various directions while being
irradiated with nitrogen ion beam of about 2keV energy to investigate the angular dependence of the analyzer. The detectors
were a CEM with a lcm square inlet or an MCP with a 4cm diameter inlet. When solar ultraviolet light passes through the
analyzer and reaches the detector, it brings noise. So, UV irradiation was also performed to investigate the response against
UV light of the analyzer with carbon black painting. In the simulation, we investigated the angular dependence of the analyzer
and compared the results with the actual experiment data.

As a result of the experiment, it was found that all the charged particles that passed through the analyzer were not fully
detected in the test using the CEM because the size of the entrance to the CEM was too small. So, the results showed that the
angular characteristics of the analyzer deviated significantly from the simulation results, but when the new test was conducted
using an MCP with a large aperture, the deviation between the experimental and simulation results was smaller than before.

The results of the UV irradiation test with black painting showed that the UV-derived counts were suppressed to less than
100/sec for most of the angular range.

However, without the black painting, the UV-derived counts exceeded 10000/sec easily, indicating that the black painting
is very useful in removing UV light. Due to the small size of the analyzer, there is concern that the reduction in the dis-
tance between electrodes due to the thickness of the black paint will have a significant impact on the analyzer characteristics.
Therefore, it is necessary to investigate how the UV characteristics change when the thickness of the painting is reduced, and
further development is needed, such as examining methods of blackening analyzers other than black painting.

It was found that there can be a method to separate the signals of ions and electrons passing through different analyzers
without positional detection. This method takes advantage of the different energy-voltage characteristics of each analyzer.
We think that further study is needed to keep the number of voltages sweeps to a realistic value and obtain necessary energy
information on the charged particles.
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