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Evaluation of the in-flight performance of MPPE-MIA on BepiClombo/Mio
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BepiColombo Mio was successfully launched by Ariane 5 from Kourou, French Guiana on 20 October 2018. The
Mercury Plasma/Particle Experiment (MPPE) is a comprehensive instrument package on Mio spacecraft for plasma,
high-energy particle and energetic neutral atom measurements. It consists of 7 sensors: two Mercury Electron Analyzers
(MEA1 and MEA2), Mercury Ion Analyzer (MIA), Mass Spectrum Analyzer (MSA), High Energy Particle instrument
for electron (HEP-ele), High Energy Particle instrument for ion (HEP-ion), and Energetic Neutrals Analyzer (ENA).
MIA that measures 3D phase space density of low energy ions between 15eV/q and 29keV/q was developed for
understanding (1) structure of the Mercury magnetosphere, (2) plasma dynamics of the Mercury magnetosphere, (3)
Mercury - solar wind interaction, (4) atmospheric abundances, structure, and generation/loss process, and (5) solar
wind between 0.3 and 0.47 AU. In order to achieve these science objectives, MIA was designed to measure the three-
dimensional distribution function of both solar wind ions around Mercury, and Mercury magnetospheric ions.

The low voltage part of MIA was turned on for the first time on 25 November 2018 about one month after the launch.
No problems were identified during the low voltage function tests including calibration pulse injected into all the
channels of the pre-amplifier. The high voltage tests were performed on 3 and 4 July 2019 about 8 months after the
launch when Mio was in the solar wind. High voltage up to +2500V, -3610V, -2471V were successfully tested for SVG
(stepping high voltage power supply connected to “top-cap"), SVS (stepping high voltage power supply connected to
the inner sphere) and MHV (high voltage power supply connected to the MCP detector), respectively. Dark counts of
the MCP were observed indicating that the detector part of MIA was functioning normally. Since Mio is surrounded by
MOSIF (MMO Sunshield and Interface Structure) during the cruise phase, most part of the MIA's field of view is
blocked by MOSIF. No solar wind ions are observed since solar wind ion thermal velocity is much lower than the solar
wind bulk velocity and MOSIF blocks the solar wind ions from entering into MIA.

Between 9 and 11 April 2020, BepiColombo made the first and last Earth fly-by. MIA made observation of low energy
ions for about 19 hours on 10 and 11 April. Although most part of the MIA's field of view was blocked by MOSIF, MIA
succeeded in measuring hot plasmas in the Earth's magnetosphere that entered MIA from topside of the Mio spacecraft.
The obtained data were used for evaluating the in-flight performance of MIA. Most of the obtained data were as
expected except for the onboard calculated velocity moments that were calculated unexpectedly by using a dummy table
due to the lack of a few necessary commands.

MIA will be turned on again during Venus fly-by in October 2020. It is another good opportunity to keep remembering
the instrument operation as well as a good opportunity to evaluate the performance of the instrument. The operation
will be much improved by reflecting the results of Earth fly-by operation. During another Venus fly-by scheduled in
August 2021, and during the Mercury fly-bys scheduled in October 2021, June 2022, June 2023, September 2024,
December 2024 and January 2025, MIA will be turned on. The observation with full performance of MIA will start after
Mio's arrival at Mercury in 2025.
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