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Sprint-B/ERG satellite project

TAKASHIMA, Takeshi1∗, ONO, Takayuki3, MIYOSHI, Yoshizumi2, ASAMURA, Kazushi1

1ISAS/JAXA, 2STEL, Nagoya University,3Tohoku University

The ERG (Energization and Radiation in Geospace) is a geospace exploration mission in Japan for the solar maximum and sub-
sequent declining phase of solar cycle 24. The mission is especially focusing on the relativistic electron acceleration mechanism
in the context of the cross-energy coupling via wave-particle interactions as well as the dynamics of space storms. The interplay
among different plasma/particle populations of the inner magnetosphere; plasmasphere, ring current/plasma sheet, and radiation
belts is a key to understand the energetic particle accelerations. The cross-regional coupling such as magnetosphere-ionosphere
via FAC and the potential electric fields causes the spontaneous variations of the ambient fields.

The ERG project consists of the satellite observation team, the ground-based observation team, and integrated-data anal-
ysis/simulation team, as well as the science working team and the project science team. The SPRINT-B/ERG satellite of
ISAS/JAXA will be launched into inner magnetosphere in FY2014-2015. The comprehensive instruments for plasma/particles,
field and waves are installed in the SPRING-B/ERG satellite to elucidate the electron acceleration processes. The newly devel-
oped system will directly measure the flow of the Poynting flux between particles and waves in the wave-particle interactions. In
this talk, we will present the current status of the ERG project and possible collaborations with other geospace satellite missions.
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Development of a Low-Energy Electron Instrument LEP-e for the ERG Mission

CHENG, Chio Z.1∗, Yoichi Kazama1, Chian-hsiao Ho1

1Plasma and Space Science Center, National Cheng Kung University

Plasma and Space Science Center (PSSC) at National Cheng Kung University in Taiwan is now developing a low-energy elec-
tron instrument for Japan’s radiation belts observation mission ERG (Energization and Radiation in Geospace). The instrument
consists of an electrostatic energy analyzer with multi-channel plates (MCP) and electronics. The energy analyzer is of the
top-hat type, and measures radiation belt electrons from approximately 10 eV to 20 keV. The analyzer’s design was studied by
numerical particle tracing simulations to achieve good electron measurement performance. The challenge in this development
is how to suppress effects due to harsh background radiations in the inner magnetosphere. As a measure against radiation, the
analyzer employs 6-mm aluminum shields to reduce radiation penetration to the MCP. Based on GEANT4 radiation simulations
with the AE-8/AP-8 radiation model, ˜1000 counts/sec of the radiation noise can be received by the MCP. To reduce the radiation
effects, a channel is placed for measuring the background noise counts. In the presentation, the electron observation performance
and the radiation effects will be discussed.

Keywords: Top-Hat Analyzer, Electron Energy Spectrum, Electron Pitch Angle Distribution, radiation belt
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Performance tests of medium-energy ion mass spectrometer developed for SPRINT-B
(ERG)

KASAHARA, Satoshi1∗, ASAMURA, Kazushi1, TAKASHIMA, Takeshi1, HIRAHARA, Masafumi2

1ISAS,2Nagoya University

We have been developing a medium-energy ion analyser for the radiation belt mission SPRINT-B (ERG). This instrument is
comprised of an electrostatic analyser, time-of-flight (TOF) mass spectrometer, and solid state detectors, hence it can measure
energy, mass and charge state of 10-180 keV/q ions. It provides the significant information of flux and pitch angle distribution
of ring current core components, which is essential for the understanding of the radiation belt dynamics. One of the important
issues for particle measurements in the inner magnetosphere is the mitigation of the background noise caused by the radiation
belt particles. When the penetrating high-energy electrons (greater than MeV) and protons (greater than 10 MeV) hit detectors in
the TOF unit, they produce spurious signals. Secondary particles (electrons and gamma rays) also cause a significant background.
Therefore we have designed a TOF unit that is especially suitable for the radiation belt observations in terms of the small detection
areas (note that the background count rate is less for the smaller detector areas). Through experiments in a laboratory we have
confirmed expected performance on TOF profiles expected from numerical simulations.
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Development of 0.01-25keV/q ion mass spectrometer for inner magnetospheric reserach

ASAMURA, Kazushi1∗, KAZAMA, Yoichi 2, KASAHARA, Satoshi1

1ISAS/JAXA, 2NCKU, Taiwan

Measurements of plasma partciles with energies lower than 100keV is not easy in the terrestrial magnetosphere, since fluxes
of high-energy particles are large. High-energy particles can penetrate through, or kick out the secondary particles when they
hit materials. This means they can be detected by a detector inside an instrument without any analysis, namely, noise. We are
developping an ion energy-mass spectrometer with energy range of 0.01-25keV/q for terrestrical inner magnetosphere. In order
to reduce the noise generated by the high-energy particles, we apply a time-of-flight (TOF) technique. In addition, we try to
minimize size of the detector.

We will discuss how an instrument in the current design can survive under severe environment like terrestrial inner magneto-
sphere.

Keywords: plasma particle instrument, terrestrial inner magnetosphere, ERG
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The ESA-led JUpiter ICy moon Explorer mission: a sophisticated instrumentation in an
intense radiation environment

ANDRE, Nicolas1∗

1IRAP, CNRS/Universite Paul Sabatier, Toulouse, France

The JUICE (Jupiter ICy moon Explorer) mission is one of the three candidates for the first ESA Cosmic Vision 2015/2025
L-class mission slot, with a foreseen launch in 2022. The final selection will be known in April 2012. JUICE will carry out an
in-depth study of the Jovian system and its four largest satellites, with particular emphasis on Ganymede and Europa. It will
conduct unprecedented detailed studies of Jupiter and its magnetosphere, the diversity of the Galilean satellites, the physical
characteristics, composition and geology of their surfaces. A model payload of 11 instruments addressing most of JUICE science
goals has been studied for the spacecraft. The studied model payload consists of a remote sensing package, a geophysical package,
and an in situ package. We will first review the mission science objectives and enabling instrumentation. We will then make use of
the charged particle package in order to illustrate some of the main mission challenges related to the intense radiation environment
of Jupiter.

Keywords: Jupiter, instrumentation, mission, radiation, particle package
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BepiColombo Euro-Japan Joint mission to Mercury: MMO Project Status update

HAYAKAWA, Hajime 1∗

1ISAS/JAXA

BepiColombo is a ESA-JAXA joint mission to Mercury with the aim to understand the process of planetary formation and
evolution in the hottest part of the proto-planetary nebula as well as to understand similarities and differences between the mag-
netospheres of Mercury and Earth.

The baseline mission consists of two spacecraft, i.e. the Mercury Planetary Orbiter (MPO) and the Mercury Magnetospheric
Orbiter (MMO). JAXA is responsible for the development and operation of MMO, while ESA is responsible for the development
and operation of MPO as well as the launch, transport, and the insertion of two spacecraft into their dedicated orbits.

MMO is designed as a spin-stabilized spacecraft to be placed in a 400 km x 12000 km polar orbit. The spacecraft will ac-
commodate instruments mostly dedicated to the study of the magnetic field, waves, and particles near Mercury. While MPO is
designed as a 3-axis stabilized spacecraft to be placed in a 400km x 1500 km polar orbit. Both spacecraft will be in same orbital
plane.

Critical Design Review(CDR) for MMO project is completed in Nov. 2011. While CDR for ESA BepiColombo project is
expected to be held on July 2012.

Electrical Interface Check (EIC)/ Mechanical Interface Check (MIC) for MMO has been completed in Jan. 2012. Environmen-
tal test and final calibration for each instrument will be performed before the Flight Model (FM) AIV. MMO stand alone FM
AIV is scheduled from June 2012. MMO Mechanical Test Model(MTM) has been transported to ESA/ESTEC on Nov. 2011 and
wait for the stack (MCS) level mechanical test which will be held on this year.

6th BepiColombo science working team (SWT) meeting, which discusses science related matters, was held on Sep. 2011. In
this paper, we will report the latest information of MMO project status.

Keywords: Mercury, Planetary Exploration, International Collaboration
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Space Experiment on Interaction between High Power Microwave and Ionospheric Plasma
for Solar Power Satellite

TANAKA, Koji 1∗, Takumi Abe1, Kenichiro Maki1, Susumu Sasaki1

1Japan Aerospace Exploration Agency

The Space Solar Power System (SSPS) which converts solar energy into electricity in space, and transmits energy using mi-
crowave from space to the ground is a promising candidate for a clean and sustainable energy system. The first solar power
satellite (SPS) concept was proposed by Dr. P.E.Glaser in 1968. R & D activities on the SPS have been carried out in US, Japan
and Europe. Some key technologies require space experiments in order to realize the SPS. Especially, Wireless power transmis-
sion (WPT) is inherent technology of the SPS, and WPT demonstrations on the ground and in space have been performed in
Japan. Two rocket experiments, MINIX in 1983 and ISY-METS in 1993 were performed by Kyoto University and ISAS in or-
der to study nonlinear interactions of the high power microwave in the space plasma environment and to demonstrate microwave
power transmission. However higher-accuracy evaluation of the effect of the microwave against the ionospheric region is required
because the experiments of the sounding rocket are limited in time and mass resources. Microwaves interact with ionospheric
plasma. Plasma density gradient and its variation will results the phase shift of the microwave and degradation of the accuracy of
the microwave beam pointing. Also, injection of the high power microwave into plasma will cause a change in plasma distribu-
tion of ionospheric region or a plasma hole that will affect on communications. There are some interaction mechanism between
ionospheric plasma and high power microwave. Plasma heating by the microwave will cause a decreasing of the plasma density
and thermal self focusing of the microwave beam. Several potential non-linear interactions between ionosphere and microwave
have been identified. These include parametric instability excitation, electron thermal runaway in the lower ionosphere and ther-
mal self-focusing of the microwave beam by the ponderomotive force. Microwave power density around ionospheric region is
designed around several hundred W/m2 for the future commercial base SPS. These effects should be confirmed by the space
experiments. We are considering a space experiment on the WPT from space to the ground and on the interaction between high
power microwave and ionospheric plasma using a small scientific satellite. The total microwave power radiated from the power
transmission panel is 0.95 kW for a single antenna panel configuration. This level of microwave power injection will generate
a power density above 1000 W/m2 within 50 m, and 100 W/m2 within 100 m in the ionosphere. Effects of interaction between
high power microwaves and plasma in ionosphere can be measured. We plan to measure the electron temperature, the electron
density and excited waves under the microwave irradiated conditions using plasma probes, wave receiver or some observation
equipments. We would like to discuss the on-board instrumentations for the plasma and waves measurement in ionosphere.

Keywords: Solar Power Satellite, Microwave, WPT, plasma, ionosphere
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Development of High Resolution Magnetometers for Space Plasma Study at SPDL

Lin-Ni Hau1, Bo Jhou Wang1∗, Yu-Chieh Chou1, Yen-Ting Lai1, Chi-Chun Lin1, Chun-Sung Jao1

1Institute of Space Science, National Central University, Jhongli, Taiwan R.O.C.

Space plasma has the unique property of being highly collisionless and thus conducting. As a result, the magnetic field is highly
perturbed due to the complex motion of charged particles. Measurement of high resolution magnetic field is very important for
providing information on the physics of small spatial and temporal scales of collective plasma which cannot be achieved by
particle instruments. Satellite Payload Development Laboratory (SPDL) at National Central University was founded in 2002
with the goal of developing high resolution space instruments for in-situ exploration and study of magnetspheric and collisionless
space plasma by space science major students. In this talk we present the achievement and recent progress on the development
of high resolution magnetometers by the efforts of SPDL members.

Keywords: Magnetometer, Space Plasma
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Tiny magnetic field measurement system onboard satellites by using an ASIC chip

MAGNES, Werner1∗, Hans Hauer2, Aris Valavanoglou1, Matthias Oberst2, Harald Neubauer2, Irmgard Jernej1, Christian
Hagen1, Wolfgang Baumjohann1

1Space Research Institute, Austrian Academy of Sciences,2Fraunhofer Institute for Integrated Circuits

Scientific instruments for space applications are required to reduce their resource requirements, such as volume, mass and
power while at the same time achieving at least the same performance as conventional instruments. So it is important that espe-
cially the instrument front ends and readout units undergo miniaturization.

A front-end ASIC (Application Specific Integrated Circuit) for magnetic field sensors based on the fluxgate principle (Magne-
tometer Front-end ASIC, MFA) has been developed that reduces the required power for the active readout electronics by a factor
of 10 as well as the area needed on a printed circuit board by a factor of 3-4 compared to magnetic field instruments e.g. aboard
Venus Express (ESA).

The concept of the MFA is based on a combination of the readout electronics of a conventional fluxgate magnetometer with
the control loop of a delta-sigma modulator in order to get an optimized signal-to-noise ratio with a reasonable oversampling
factor. The analog part of the MFA contains altogether four 2-2 cascaded sigma-delta modulators. Three of those modulators
are having the fluxgate sensor in their control loops for a direct analog-to-digital conversion of the sensor output. The fourth
modulator is unmodified and connected to the output of an eight-to-one multiplexer for housekeeping measurements (e.g. tem-
peratures of MFA and fluxgate sensor). The single-bit outputs of the cascaded modulators are processed by a digital tuning logic
for generating a fourth-order noise shaped and digitized output signal. The digital part includes primary (128Hz output) and
secondary decimation filter stages (2, 4, 8, to 128Hz output) as well as a serial synchronous interface (data are transmitted with
24 bit resolution). The chip area (0.35um CMOS from austriamicrosystems) is about 20mmˆ2 and the total power consumption
is 60mW (drive power for the fluxgate sensor is not included).

The achieved performance and radiation robustness can be summarized with THD> 95dB, SNDR in field mode> 85dB,
offset stability< 10pT/degC and< 0.2nT/100h and TID> 300krad. A first space magnetometer equipped with the MFA will
fly aboard a 4-satellite NASA mission called Magnetospheric Multiscale (launch in 2014).

Keywords: Magnetometer, Miniaturization, Fluxgate, Magnetic Field
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Development of Miniaturized Plasma Wave Receiver using analog ASIC

FUKUHARA, Hajime1∗, OKADA, Satoshi1, Hiromune Ishii1, KOJIMA, Hirotsugu1, Hiroshi Yamakawa1

1Research Institute for Sustainable for Humanosphere

Since space is filled with collisionless plasmas, kinetic energies of plasma particles are exchanged via electric and magnetic
fields, so-called plasma waves. The plasma waves have been observed a number of scientific spacecraft with plasma wave
receivers. The plasma wave receivers are classified into two types, spectrum receivers, and waveform receivers. The spectrum
receivers provide an overview of physical processes in which the plasma waves are excited, grown, and dissipated. The waveform
receivers give not only amplitude but also phase of the plasma waves. Phase information between the plasma waves and plasma
particle is essential in wave-particle interactions. It is important for understanding physical processes to combine both kinds of
data of spectra and waveforms. Since the plasma waves have various intensities in wide-band frequency range, from DC to tens
of MHz, the onboard instruments for the plasma wave observation are required to have low noise, high sensitivity, and wide
dynamic range in wide-band. The required performances lead to increase the weight budget of the analog part of the instrument
since discrete electronics devices and integrated circuits are usually used to implement the instruments. We have developed
dedicated chip which can drastically decrease weight budget of the plasma wave instruments for multi-point observation and
deep space exploration missions. It is also significant that manufacturing a number of instruments with the same performance
becomes easy. In this paper, we demonstrate the miniaturized plasma wave receiver using ASIC (Application Specific Integrated
Circuit) technology. The ASIC is a LSI (Large Scale Integrated circuit) for a particular purpose, is commonly developed for
a consumer electronics products. For the spectrum receiver, we develop a double super heterodyne receiver, so-called ”Sweep
Frequency Analyzer (SFA).” This SFA is improved in the time resolution with keeping good frequency resolution by combining
the analog frequency conversion and FFT. The SFA consists of an amplifier, a frequency synthesizer, mixers and band-pass filters.
These component circuits are fabricated in chips and their performances are tested. The waveform receiver generally consists of
the band-limiting filter, the amplifier, the anti-aliasing filter, and the A/D converter. The developed chip contains these circuits
except for the A/D converter, and has six-channel to observe full components of the electric and magnetic fields waves. The chip
is connected to A/D converters, a clock generator, and power circuits on the PCB. The sampling frequency is 400 kHz, and the
dynamic range of the A/D conversion is 14 bits. The total dimension of the PCB containing waveform receiver chip is 50 mm
by 90 mm, similar size of a business-card. By the development of the dedicated chip, the weight per channel of the waveform
receiver declines to a tenth of the NOZOMI LFA, which was the onboard instrument of the pas Japanese scientific spacecraft.

Keywords: Plasma Wave, Downsizing, Integrated Circuit, ASIC, Sweep Frequency Analyzer, Waveform Capture
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LED mini lidar for Planetary Exploration

KOBAYASHI, Masanori1∗, Tatsuo Shiina2, Moriaki Koyama2

1Planetary Exploration Research Center, Chiba Institute of Technology,2Graduate School of Advanced Integration Science,
Chiba University

Dust exists universally in space. Especially, it plays an important role in discussing the evolutions of solid bodies. For
instance, it is considered that dusts exist on the surfaces of and around the asteroids, and the existence reflects the surface
evolution. Although it is considered that dusts on the asteroid surfaces are horizontally transported by the electric fields formed
with electrification by the sunlight, and a similar transport mechanism may also occur on the lunar surface, details are unclear.
The hypervelocity dust particles can be detected with conventional dust monitors utilizing the phenomenon like the impact
ionization, while levitating dusts are hardly detected with the original place observation. Hence, we are studying a lidar for the
observation of levitating dusts that have low velocities. Normally, pulse laser for light transmission source are used, however, we
consider using light emitting diode (LED) for it. The benefit of LED is easy handling, for instance, it is strong against serge, and
the driver’s composition is simple. Hence, the entire lidar instrument can be miniaturized by using LED, LED mini lidar. Lidar
was a part of the meteorological observation station onboard to Mars lander Phoenix. LED mini lidar can be utilized for such
a mission. Moreover, because LED light has a lot of diversities of the wavelength of luminescence, for instance, it is relatively
easy to probe a certain particular atmospheric constituent by using as difference absorption lidar. In this paper, we describe our
study on LED mini lidar for planetary exploration.

Keywords: LED, LIDAR, Planetary Exploration, compact, dust observation
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The Development of the Miniaturized Antenna Impedance Measurement System using
ASIC

ISHII, Hiromune1∗, Hajime Fukuhara1, Hirotsugu Kojima1, Hiroshi Yamakawa1

1Research Institute for Sustainable Humanosphere, Kyoto University, Japan

Space is filled with plasmas. Since space plasmas are essentially collisionless, plasma wave is one of the most essential physi-
cal quantities in the solar terrestrial physics. There are two kinds of plasma wave receivers, the sweep frequency analyzer and the
waveform capture. While the sweep frequency analyzer provides plasma wave spectra, the waveform capture provides waveforms
of plasma waves with wave phase information. Electric field sensors in plasmas show different features from in vacuum. Since
plasma is a dispersive medium, the antenna impedances are various complex numbers in the frequency domain. Consequently,
in order to calibrate the observed plasma wave data we have to measure not only the antenna impedances but also the transfer
functions of plasma wave receiver’s circuits precisely. The impedances of the electric field antennas are affected by surrounding
plasma density and temperature. However, these states of plasmas change from moment to moment. Thus, we precisely should
measure the antenna impedances onboard spacecraft and convert the observed waveform data into the calibrated data. On the
contrary, we can obtain the plasma density and temperature from the antenna impedances.

Various systems for measuring the antenna impedance were proposed. A synchronous detection method is used on the Bepi-
Colombo Mercury Magnetospheric Orbiter (MMO), which will be launched in 2014. MMO has the onboard digital synthesizer,
as a signal source. The synthesized waveforms are fed to the preamplifiers of electric field sensors through a fixed resistor after
the D/A conversion.

We can obtain a transfer function of the circuit by applying the synchronous detection method using output waveform, and
digitalized signal source. This system is also useful to check the behavior of the waveform capture receiver. The size of this sys-
tem is same as an A5 board. In recent years, Application Specific Integrated Circuit (ASIC) is in attention which is a technique
to integrate large scale and complicated circuits. Lots of ASICs have been applied to high energy astrophysics, though there are
few applications in the solar terrestrial physics.

In this paper, we present our attempt to miniaturize the antennas impedances measurement system and Waveform Capture.
We design 8bits segment D/A converter synchronized with waveform captures. We improve input logic of the D/A converter to
generate a very weak signal accurately.

Keywords: Miniaturized satellite, Plasma wave reciever, Analogue ASIC
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Flight verification and performance of a discrete MCP anode with ASIC

SAITO, Yoshifumi1∗, YOKOTA, Shoichiro1

1Institute of Space and Astronautical Science

Recently, time resolution of the low energy charged particle measurement is becoming higher and higher. There exist several
development items to realize high time resolution measurements including development of a charged particle detector. Most of
the recent satellite-borne instrumentation for low energy charged particle (eV/q - 10s keV/q) measurement adopts top-hat type
electrostatic analyzers [Carlson et al., 1983, Young et al., 1988]. Since the top-hat type electrostatic analyzers have wide field
of view of 360deg. with uniform transmission characteristics, they are suitable for low energy charged particle measurement
by spin-stabilized spacecraft. Using top ?hat type electrostatic analyzers, one dimensional circular position sensing is necessary
in order to determine the incident particle direction. For this purpose, a detector with MCP (Micro Channel Plate) and anode
that collects the multiplied charged particles has been widely used. There are several types of one-dimensional circular position
sensing anode. For the high time resolution measurements, the anode has to measure high enough count rates in order to keep
good statistics for short sampling time. The most appropriate anode for the high time resolution measurements is discrete anode
where different anodes are used for different positions and each anode has its own amplifiers. Although discrete anode has been
widely used, the problem is that the required power and the size of the electronics circuit become unacceptably large for the
satellite borne instruments when the higher position sensing resolution is necessary. In order to solve this problem, an MCP
anode with ASIC has been developed [Saito M. et al., AIP Conf. Proc. 1144, 48 (2009), DOI:10.1063/1.3169303]. In order
to use the anode for sounding rockets and satellites, it should be lightweight and low power consumption. The anode should
survive the vibration / shock during the launch, wide temperature variation and radiation. We have decided to adopt the anode
configuration that discrete anode is formed on 1mm ceramic substrate, and the bare ASIC chip is installed on the backside of
the ceramic. It has been turned out that the S/N performance is very good since the amplifier is very near to the anode. Whole
ceramic substrate except discrete anode pattern that collect electrons is parylene coated in order to protect the ASIC and the
bonding wires from humidity and (metal) dusts. So far, we have performed radiation test including total dose and single event
latch up, thermal cycle test between -40deg. and 85deg. It is found that the anode can detect count rate of 25MHz/channel. The
anode has been successfully flight verified by two Norwegian sounding rocket experiments ICI-2 and ICI-3 (Launched from Ny
Alesund, Svalbard, Norway in Dec. 2008 and 2011). In the near future, this anode will be used for detecting low energy ions with
Mercury Ion Analyzer (MIA) on BepiColombo/MMO. The ASIC chip and its implementation will be widely used for the future
missions that require lightweight low power consumption, high time resolution charged particle measurements.

Keywords: charged particle, detector, ASIC, MCP anode
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Development of small-sized radio sensor for future Jovian mission

KASABA, Yasumasa1∗, MISAWA, Hiroaki2, TSUCHIYA, Fuminori2, MIYOSHI, Yoshizumi3, KIMURA, Tomoki4, KOJIMA,
Hirotsugu5, ISHISAKA, Keigo6, TAKASHIMA, Takeshi4

1Dep. Geophysics, Tohoku Univ.,2PPARC, Tohoku Univ.,3STEL, Nagoya Univ.,4ISAS/JAXA, 5RISH, Kyoto Univ.,6Toyama
Pref. Univ.

Future Jovian mission is now planned for 2020s. One of its major objectives is the investigation of electromagnetic system
connected and drived by Jupiter. Under the international collaborations, we have started the development for the small-sized
radio sensor for this mission from 2011. We succeeded to establish the base technical elements for (1) light-weight rigid antenna
with simple and reliable extension capability and (2) small-sized radiation-hard preamp with the highest sensitivity.

In any missions related to plasmas, electric field from DC to several 10s MHz has contributed to the remote-sensing and in-situ
studies of dynamics and energetic interactions in the electromagnetic system, associated with remote optical measurements and
in-situ particle and magnetic field sensors.

For the Jovian project, Euro-USA-Japan joint team is formed for the plasma and radio wave studies. Especially in Jupiter, it
is important as a remote sensing tool for the direct measurement of Jovian radio source regions distributing around the Jovian
system, i.e., polar region, radiation belts, Io torus system, and several satellites with thin atmospheres like Io, Europa, Ganymede,
and Calisto. We are involved for this topic, based on the Plasma Wave Investigation (PWI) aboard the BepiColombo/MMO, and
started the small-sized radio sensor package with antenna and preamp within the tightest resource limitations.

In 2011, we investigated base technologies for (1) a 3-axial antenna with 2m length, extracting at the Earth orbit and can be
kept along the long travel to the orbit around Galilean satellites, and (2) a 3-axial preamp covering 10 kHz - 50 MHz with highest
sensitivity, enough radiation tolerance in Jovian environment (the hardest in the solar system), within the mass limit less than
200g, and

For the former, we established the simple extension mechanism based on the self-extracting thin metal element, which is based
on the combination of the SCOPE Z-axis antenna (STEM-type extension mechanism but with a complex motor system) and the
sounding rocket antenna (self-extraction antenna but limited within 1m extension length). For the latter, under the collaboration
with the IRF Uppsala (Sweden) team, we established the key parts of the radiation-hard analogue custom IC technologies, in
which the most difficult part was a relay in the package with high-impedance, small-sized, and high-reliability enough. In
parallel, we also tested the high-sensitivity preamp BBM under the radiation hard condition, and proved that even in 200 krad
the degradation of the noise level is only the twice, without critical linearity and sensitivity damages. In 2012, we will proceed
to the next phase.

These small but reliable extension mechanism and electronics are not so much expensive. Therefore, we consider to apply
them to sounding rocket experiments. It can be also adopted to any space and planetary missions in which the resource is very
tight.

Keywords: electric field, plasma wave, radio wave, antenna, sensor, Jupiter
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Means to avoid the contamination effect of Langmuir probe measurement for ionosphere
studies

OYAMA, Koichiro1∗, C.H Lee1, Hui-Kuan Fang1, C.Z.Cheng1

1Plasma and Space Science Center, NCKU, Taiwan

Some scientists are still not aware of the serious effect of electrode contamination in Langmuir probe experiments in space,
or they do not take any action for that even though they are aware of the seriousness. We stress here that one should pay extra
small attention to the electrode contamination to get accurate and reliable parameters, by which the long time effort for sounding
rocket/satellite mission does not end in vain. In this paper we describe two main features of voltage-current characteristic curves
associated with contaminated Langmuir probe, which are predicted from equivalent circuit model which we proposed in 1970’s.
We then show that that fast sweep DC Langmuir probe can give reliable result in steady state regime. The first sweep probe
can also give a reliable result in transient situation such as the passing through plasma bubble in the ionosphere where electron
density suddenly changes, after the several sweep cycle of the probe voltage. This fact is first confirmed through Laboratory
experiment.

Keywords: Ionosphere, Surface contamination, Langmuir Probe
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Development of the ASIC for fluxgate magnetometers onboard space exploration satel-
lites

IGUCHI, kyosuke1∗, Hirokazu Ikeda2, MATSUOKA, Ayako2, FUKUHARA, Hajime3, KOJIMA, Hirotsugu4

1The Grad. Univ. for Advanced Studies,2ISAS/JAXA, 3Kyoto Univ. EE,4Kyoto Univ. RISH

Fluxgate magnetometers have many advantages, good accuracy, small-size, lightweight, and low-power consumption. There-
fore they have been most often used for space science missions to measure the earth, planetary and interplanetary magnetic
fields. Recently it is required to further reduce the resources of the scientific instruments for space missions keeping the high
performance levels of conventional instruments.

To realize a miniaturized and low-power fluxgate magnetometer, an analog Application Specific Integrated Circuit(ASIC 0.5
micrometer process) for the signal processing has been developed. Our newly designed magnetometer consists of the analog
ASIC part and the digital processing part. The digital processing part was already developed and realized by sounding rocket
experiments(S-310-38 and S-310-40).

In our presentation, we focus on the results of the ASIC design. The ASIC contains two channels and the single channel con-
tains an amplifier and a band-pass filter. The gain of the amplifier is variable (2, 3, ... ,10 times) by the external signals given to the
ASIC. The band-pass filter is the second-order Butterworth filter and the center frequency is adjusted to 22 kHz, the frequency
of the pickup signal of the fluxgate magnetometer. The dimension of the ASIC is 5 mm by 5 mm. The performance and the tem-
perature dependence of the designed circuit were evaluated by the circuit simulator. The power consumption is about 5 mW(5.0
V, 1 mA). The output dynamic range is 0.24 F.S.(corresponding to 1.2 V). The frequency characteristic of the band-pass filter
satisfies the requirement. The noise density in the output signal is less than 600 nV/Hz1/2 @ 1 Hz(corresponding to 2 pT/Hz1/2)
in the temperature range between -30 degrees C and 50 degrees C. The simulation results indicated that the overall performance
of the designed ASIC satisfies the requirements.

Keywords: fluxgate magnetometer, ASIC, digital-type, amplifier, band-pass filter
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Statistical evaluation of the fluctuation of the WPIA analysis

KITAHARA, Masahiro1∗, KATOH, Yuto1, ONO, Takayuki1

1Department of Geophysics, Graduate School of Sciece, Tohoku University

”Wave-Particle Interaction Analyzer (WPIA)” is a new type instrument proposed by Fukuhara et al. (Earth Planets Space,
2009) for the measurement of interactions between plasma waves and energetic electrons directly and quantitatively in space
plasmas. In the WPIA, we use the wave vector and each velocity vector of plasma particles respectively measured by wave and
particle instruments onboard a spacecraft. One of the methods of the WPIA measurement is the evaluation of the summation of
qE dot v, corresponding to the Joule heat, where E, v and q are the electric field, the velocity and charge of plasma particles,
respectively. The WPIA has a capability of the direct measurement of the phase relation between waves and particles which
cannot be obtained by conventional particle measurements and data processing. The WPIA will be installed in the ERG satellite
(Energization and Radiation in Geospace). In the ERG mission, one of the prime target is resonant interactions of energetic elec-
trons and whistler-mode chorus emissions. In this study, we discuss about the feasibility and capability of the method of WPIA
measurement based on the results of WPIA analysis of the simulations of whistler-mode chorus emissions.

Keywords: Wave-Particle Interaction Analyzer (WPIA), wave-particle interaction, whistler-mode chorus emission, radiation
belts, ERG
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Development of white-noise-applied impedance probe for high resolution electron density
measurements in the ionosphere

KUMAMOTO, Atsushi1∗, ENDO, Ken1, Keisuke Ishiguro1, ONO, Takayuki1

1Graduate School of Science, Tohoku University

Impedance probe is an instrument for electron number density measurements by using frequency dependence of the capacitance
of the probe antenna extended into the space plasma. Due to its high accuracy and independency from probe shapes and plasma
conditions, it has been installed on numerous sounding rockets and provided vertical profiles of electron number density in
the ionosphere. The spatial resolution of the current impedance probe system, 100 m, is determined by the sweep period of
frequency of the local signal applied to the AC bridge. On the other hand, the spatial scale of the field aligned irregularity (FAI)
in the ionosphere, which has been observed by the radars on the ground, is several meters. Therefore, those phenomena can not
be observed by the current impedance probe system. In order to solve the problem, we are now planning the development of a
new impedance probe system which uses white noise instead of the swept-frequency signal. The results of preliminary plasma
chamber experiment and development plan will be shown in the presentation.

Keywords: Impedance probe, Electron number density, Field aligned instability (FAI)
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Development of Electron Temperature and Density Probe(TeNeP)

OYAMA, Koichiro1∗, Chio Zong Cheng1

1Plasma and Space Science Center,NCKU,Taiwan

To prepare for the near future satellite missions, we propose to develop a new instrument ? the Electron Temperature and
Density Probe (TeNeP) and conduct its test and calibration in the Space Plasma Operation Chamber (SPOC, 2m in diameter
and 3m in length) of the Plasma and Space Science Center, National Cheng Kung University (PSSC/NCKU). PSSC/NCKU
has completed the development and test of an Electron Temperature Probe (ETP) to measure the electron temperature and an
Impedance Probe (IP) to measure the electron density for deployment in the observation in the ionosphere. Because the ETP
and the IP make use of the same electrodes and similar electronics, we develop a new Electron Temperature and Density Probe
(TeNeP)by combining the design and function of the Electron Temperature Probe and the Impedance Probe. The TeNeP can
measure the electron temperature and electron density successively in the satellite altitude below 3000 km.

Keywords: Small satellite, Ionosphere, Electron density, Electron temperature

1/1



PCG14-P05 Room:Convention Hall Time:May 23 17:15-18:30

Reciprocal contamination between electrons, protons and alphas in the radiation belts:
Akebono RDM and Geant4 simulation

ASAI, Keiko T.2∗, TAKASHIMA, Takeshi3, Tatsumi Koi4, NAGAI, Tsugunobu1

1Tamagawa Academy / Tokyo Institute of Technology,2Tokyo Institute of Technology,3ISAS/JAXA, 4SLAC

The Japanese semi-polar orbiting satellite Akebono (EXOS-D), launched in February 1989, has observed the space environ-
ment at altitudes of several thousands km. The radiation monitor (RDM) onboard Akebono gives data of energetic particles in
the Earth’s radiation belt for twice solar cycles. The data from RDM are for electrons in three energy channels of> 2.5, 0.95-
2.5, 0.3-0.95 MeV, protons in three energy channels of 30-38, 15-30, 6.4-15 MeV, and alpha particles in one energy channel of
15-45 MeV [Takagi et al., IEEE 1993]. These energy ranges are however based on information of about 20 years ago so that the
data seem to include some errors. In addition, these data include contamination of electrons and protons reciprocally. Actuary it
is noticed that the electron data are contaminated by the solar protons but unknown quantitative amount of the contamination.
Therefore we need data calibration in order to correct the energy ranges and to remove data contamination.

We examine the RDM instrument using the Geant4 simulation. Geant4 gives information of trajectories of incident and sec-
ondary particles whose are interacted with materials. It is confirmed from the results that electrons showed extremely complex
trajectories caused by material interactions in the instrument. Some electrons are scattered in the shading material (Al) and the
primary detector element (Si) before arriving the main detector elements of the instrument. Our simulation moreover confirms
that signals of proton incidence appear in the electron and alpha channels. The results of the simulation successfully show recip-
rocal contaminations that electron contaminates onto the proton channels and proton contaminates onto the electron and alpha
channels of the RDM detector.

It has been known that the solar protons enter the magnetosphere at high latitudes. Actuary the RDM instrument detects the
solar flare particles often at high L values of> 8. We compare the RDM data modified by Geant4 with the solar flare particle
data provided by the OMNI web database. It is found from the investigation of the solar energetic particle events from 1989 to
1999 that the solar helium of a few ten MeV can enter to the inner magnetosphere of L ˜ 3 during the geomagnetic storms. In the
inner radiation belt (L< 2), the electron data are significantly contaminated by protons> 40 MeV.

Keywords: radiation belts, high energy particles, particle detector, Geant4, solar energetic particles
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Atmospheric Neutral Analyzer for neutral mass composition and velocity measurement
in the upper atmosphere

SHIMOYAMA, Manabu1∗, Andrew W. Yau2, HIRAHARA, Masafumi1

1Solar-terrestrial Envinronment Laboratory, Nagoya University,2University of Calgary

Atmospheric Neutral Analyzer for neutral mass composition and velocity measurement in the upper atmosphere

Manabu Shimoyama, Andrew W. Yau, Masafumi Hirahara

In order to understand the variability of the ionosphere-thermosphere system, in-situ measurements of the composition and
density of the neutral atmosphere and the detailed velocity distribution of individual species are required. However, most con-
ventional types of instruments for neutral atmosphere lack the simultaneous capability of measuring neutral atmospheric velocity
and resolving neutral mass.

We are designing the Atmospheric Neutral Analyzer (ANA) instrument to measure neutral composition and velocity distribu-
tion simultaneously in the thermosphere. It is designed to measure the detailed, mass-resolved 2 dimensional velocity distribution
of thermospheric neutral species, and to derive the corresponding density, mass composition, velocity and temperature from the
measured distribution.

The ANA is comprised of 4 sections; Entrance Aperture (EA), Ion Accelerator (IA), Radio-Frequency Ion Mass Analyser
(MA) and Imaging Particle Detector (PD). The EA consists of a planar aperture slit and deflection electrode, and functions as an
incident-particle selector and collimator. A small fraction of the neutral particles is ionized by electron beam. The IA acts as a
particle energy selector by accelerating the ionized particles. The RF acts as an ion velocity selector. The RF voltage is applied
to grids and selectively accelerate ions of matching speed. As a result, ions with a particular mass-per-charge are selected. The
PD, which is comprised of a retarding grid, micro-channel plate and charge coupled device, acts as a detector of the selected ions
and a two dimensional velocity imager.

We present the concept and the detailed design of the ANA.

Keywords: wind measurement, temperature measurement, mass analysis, thermosphre-ionosphere coupling
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Spaceborne multi-turn time-of-flight mass spectrometer for isotope analysis

YOKOTA, Shoichiro1∗, TOYODA, Michisato2, SAITO, Yoshifumi1, KURIHARA, Junichi3

1ISAS/JAXA, 2Osaka Univ.,3Hokkaido Univ.

In situ low-energy ion measurement in terrestrial or planetary plasma environment has been done with a variety of ion an-
alyzers. Detailed studies of plasma characteristics demand not only energy analysis but also mass analysis. When measuring
a variety of ions originating from planetary atmospheres, we need to be able to measure the ion composition with high mass
resolution. As we achieve the measurements of the ion composition by mass analyzers around planetary environment, higher
mass resolution is needed in order to distinguish heavy species and isotopes. For the future isotope measurements around moons,
planets and asteroids, we are developing a high-mass-resolution mass analyzer. One of our scientific objects is to measure the
Martian atmospheric escape and evolution. Although mass resolution (m/dm) of 100 is generally needed for the isotope analysis
of planetary particles, the Martian atmospheric escape and evolution science requires m/dm>3,000 to discriminate N2 from CO.

ISAS particle measurement group has developed a time-of-flight(TOF) ion mass analyzer with mass resolution of about 20
for KAGUYA, which succeeded in measuring ions originating from the lunar exosphere and surface. It is also preparing a TOF
mass analyzer with mass resolution of 40 for the BepiColombo mission. Multi-turn TOF mass spectrometers(MULTUM), where
ions are stored in a fixed orbit within electrostatic sectors and allowed to propagate the same orbit numerous times, have been
developed by Osaka Univ. mass spectrometry group. One of the MULTUM series achieves the mass resolution over 30000 with
the size of 20cm x 20cm. Our isotope analyzer in development for the future planetary mission employs the MULTUM system.
We will show the spaceborne MULTUM analyzer and report the development schedule.

Keywords: mass analysis, isotope analysis, MULTUM
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Numerical model and calibration experiment on the sensor characteristics of MIA/MMO

MIYAKE, Wataru1∗, SAITO, Yoshifumi2

1Tokai University,2ISAS/JAXA

The Mercury Ion Analyzer (MIA) is one of the plasma instruments on board the Mercury Magnetospheric Orbitor (MMO).
and measures the three dimensional velocity distribution of low-energy ions (5 eV to 30 keV) by using a top-hat electrostatic
analyzer for half a spin period (2 sec). By combining both the mechanical and electrostatic sensitivity controls, MIA has a wide
dynamic range of count rates for proton flux expected around Mercury, in the the solar wind between 0.3 and 0.5 AU from the
sun and in the plasma sheet of Mercury’s magnetopshere. In this presentation, we discuss the sensor characteristics from both
model calculations and calibration experiment of the flight model.

Keywords: MMO, Mercury, solar wind
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The evaluation of the contamination on the EUV reflectance for the SPRINT-A/EXCEED
mission

UJI, Kentaro1∗, YOSHIKAWA, Ichiro1, YOSHIOKA, Kazuo2, MURAKAMI, Go3, ISHII, Hiroaki1

1Department of Earth and Planetary Science, Graduate School of Science, The University of Tokyo,2Department of Science,
Rikkyo University,3Institute of Space and Astronautical Science, Japan Aerospace Exploration Agency

An Earth-orbiting small satellite ’EXtreme ultraviolet spectrosCope for ExosphEric Dynamics’ (EXCEED) which will be
launched in 2013 is now under development. EXCEED will observe the atmosphere and plasmas around various planets in our
solar system. The optical instrument consists of entrance mirror, grating and microchannel plates. For this mission, it is essential
that the detection efficiency must be very high in order to detect the faint signals from targets.

In extreme ultraviolet spectral range, the mirror reflectivity is easily degraded by the molecular contamination. Therefore, it is
very important to evaluate the effects of the contamination on the mirror.

In this study, we prepared the mirrors contaminated by some materials that would be used in EXCEED instrument. Then, we
have compared the reflectivities of those mirrors for EUV for both before and after contamination. In this presentation, we report
those results.

Keywords: contamination, extreme ultraviolet
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Airglow observation mission with a visible spectrometer IMAP/VISI on ISS: Current
status for the launch

SAKANOI, Takeshi1∗, YAMAZAKI, Atsushi2, AKIYA, Yusuke3, PERWITASARI, Septi1, OTSUKA, Yuichi4, ABE, Takumi2,
SAITO, Akinori3

1Grad. Sch. of Science, Tohoku University,2JAXA/ISAS, 3Grad. Sch. of Science, Kyoto University,4STEL, Nagoya University

The ISS-IMAP mission is one of the Japanese Experiment Module (JEM) 2nd stage plan which will be launched in the summer
of 2012 onto the International Space Station (ISS) with HTV (Konotori) We completed the development and manufacturing of a
visible imaging spectrometer instrument (VISI) for this mission. VISI will measure to measure three nightglow emissions; O (630
nm, altitude 250 km), OH Meinel band (730 nm, altitude 87km), and O2 (0-0) atmospheric band (762 nm, altitude 95 km) with the
two field-o-views which enable us to make a stereoscopic measurement of the airglows looking forward (+45 deg.) and backward
(-45 deg.) to subtract contaminations from clouds and ground structures. We designed a bright (F/0.9), wide-angle (field-of-view
90 degrees) objective lens. VISI have a two-line-slit on the first focal plane to perform the stereoscopic measurement. Each slit,
i.e., field-of-view, is faced perpendicular to the orbital plane, and its width is about 550 km mapping to an altitude of 100 km.
We will obtain a continuous line-scanning image for all emissions line from + 51 deg to -51 deg. in geographic latitude by the
successive exposure cycle with a time interval of 1 - several sec.

We carried out so far the optical test including the adjustment of focus and alignment, intensity calibration, function check,
vibration and vacuum thermal tests. We also performed the system integration test on the Multi-mission Consolidated Equipment
(MCE). In this February, MCE will be mounted on the H-IIB rocket at the Tanegashima Space Center of JAXA. We present the
development of VISI, and the current status for the launch in this summer.
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Ultra-high resolution observations of planetary atmospheres using Mid-Infrared LAser
Heterodyne Instrument (MILAHI)

NAKAGAWA, Hiromu1∗, AOKI, Shohei1, KASABA, Yasumasa1, MURATA, Isao1, Morihiro Kuroda1, OKANO, Shoichi1,
Guido Sonnabend2

1Geophys., Tohoku University,2University of Cologne

We have developed a ultra-high spectral resolution spectrometer, called Mid-Infrared LAser Heterodyne Instrument (MILAHI).
It is for the applications to astronomy and planetary atmospheric science in 7-11 um wavelength at a spectral resolution resolution
of up to 107−8 and a bandwidth of 1GHz. We just finish the development phase of this project.

High-resolution spectroscopy in the mid-infrared regime is a versatile tool for studies of planetary atmospheres. With the
highest possible spectral resolution provided by heterodyne techniques, fully resolved molecular features enables us to retrieve
many physical parameters from single lines migrated in strong absorption of terrestrial atmospheric molecule bands. Because
many key species in the planetary atmosphere are also abundant in the terrestrial atmosphere, high-resolution directly leads to
less ambiguity. It also allows us to measure slow wind velocities with the order of 10-100m/s directly.

The heterodyne spectroscopy has been developed by our group from 1980s, in order to detect minor constituents in the terres-
trial atmosphere [Taguchi et al., 1990]. The renovation with a wide-band detector, the quantum-cascade (QC) lasers and CO2 gas
laser allows us to apply this instrument to tiny planetary atmosphere.

Our performance achieved the proper level for this target. (1) System noise: At 10.3 um, we achieved 3000 K (NEP of 2.24
W/Hz1/2 at 3MHz resolution). It leads to a minimal detectable brightness temperature difference of 37mK within 10min at 1.5
MHz bandwidth, corresponds to a minimum flux difference of 0.48 ergs/(scm2cm-1Sr) for extended source. (2) Spectral resolu-
tion: It can be achieved to be 20 MHz with a feedback using gas-cell absorption spectra.

The telluric CO2 and O3 absorption spectra had been obtained from the sunlight background in the lab at Sendai. On January
in 2012, our equipment was mounted on the Higashi-Hiroshima 1.5m telescope, and succeeded to detect the telluric O3 spectra
obtained from moonlight. We also aimed Venus and standard stars. Unfortunately, the final success was prevented by bad weath-
ers, but the S/N gained by these target told us that we should get the Venus and Mars spectrum with this design.

Now, we try to refine the emission spectra of the QC lasers, which provide us very wide tuneability (5cm−1, and 20cm−1) to
operate the heterodyne system.

Although a telescope dedicated to this instrument does not exist yet, we expect to attach it to the PLANETS telescope at the
top of Mt. Haleakala at Hawaii, which is now in development by PPARC / Tohoku Univ. with IfA / Univ. Hawaii (USA), Kiepen-
heuer Inst. f. Sonnen. (Germany), Univ. Nac. Aut. de Mexico, Univ. Turku (Finland), Harlingten Inovative Optics Co. (USA),
Stan Truitt Breckenridge Astronomycal Ltd (USA), and collaborators. Its first light is, if all things are going well, in 2014.

Keywords: spectroscopy, infrared, planetary atmospheres, high spectral resolution, heterodyne, laser
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PZT sensor with current-to-voltage converting amplifier for dust observation

KOBAYASHI, Masanori1∗, Takashi Miyachi1, Seiji Takechi2, Maki Hattori3

1Chiba Institute of Technology,2Osaka City University,3University of Tokyo

This paper describes the concept of a dust monitor with a large detection area but less resource consumption using lead
zirconate titanate (PZT) ceramics, and the possibility is experimentally demonstrated. PZT sensors, which are traditional devices
for in-situ observation of hypervelocity dust particles, have been used for momentum measurement. The hypervelocity impact
signals of PZT sensors are typically read by charge-sensitive amplifiers. Instead, we suggested the use of a current-to-voltage
converting amplifier for interpreting the impact signal of a PZT sensor to determine the size of a dust particle down to 0.5
um in radius. If a sufficient number of such PZT sensors cover the interspaces of instruments on interplanetary-space-cruising
spacecraft, datasets of dust impacts can be obtained with higher statistical precision than that of previous observations. Such
observations can provide insights into unresolved science problems in interplanetary dust research.

Keywords: cosmic dust observation, piezoelectric PZT, current to voltage conversion amplifier
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