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Space plasma is profoundly different from laboratory plasma in that it is highly collisionless and thus may develop many inter-
esting nonlinear phenomena. In-situ measurement and observation of space plasma requires specially designed and high-quality
instruments onboard satellites. Theoretical understanding and interpretation of spacecraft data is equally challenging. In this talk
a brief overview is presented of the theoretical research on collisionless magnetized plasma and the efforts on the instrumentation
conducted at the Satellite Payload Development Laboratory (SPDL), National Central University.
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STSAT-1 is the fourth satellite developed by Korea Advanced Institute of Science and Technology (KAIST), following the
two 50 kg-size KITSATs and 100 kg-size KITSAT-3. The development of these microsatellites is part of the efforts at KAIST to
promote space education as they were built with involvement of graduate students and relatively inexpensive parts were used. The
purpose of the first three satellites was to establish satellite technology at KAIST while the main focus shifted to space science in
the case of STSAT-1. STSAT-1, a three-axis stabilized satellite, was launched on September 27, 2003 into a sun-synchronous po-
lar orbit at 685 km altitude and operated until May 2005. The main scientific mission of STSAT-1 was astrophysical observation
while geophysical observations were also made when they did not interfere with scheduled astrophysics observations. The main
scientific payload was an imaging spectrograph, capable of measuring far ultraviolet (FUV) emission lines from 90.0 to 115.0
nm (S-band) and 134.0 to 171.5 nm (L-band) with 0.15-0.2 nm and 0.25-0.3 nm spectral resolutions, respectively. The payload
was primarily used for the observation of Galactic hot gas through sky survey mode operations. Geophysical observations of the
spectrograph were usually made during eclipses when the geomagnetic conditions were not severe to protect the instrument. The
spectrograph was directed toward the ground during geophysical observations so that it naturally observed auroras and nighttime
airglows in the nadir direction. Over the polar region, precipitating electrons were simultaneously measured using the Electro-
static Analyzer (ESA) and Solid State Telescope (SST), whose energy ranges were 100 eV - 20 keV and 170 keV - 360 keV,
respectively, on board the same spacecraft. For the auroral observations, the satellite was further maneuvered so that the desig-
nated one of the satellite’s three axes became aligned with the local geomagnetic field line so that the ESA could provide pitch
angle information of the precipitating electrons. With such a configuration, one of the SST’s two telescopes was aligned along the
geomagnetic field line and the other perpendicular to it. I would like to discuss some of the results obtained from this operation
of STSAT-1 over the polar region. For example, electron microbursts were detected by SST at magnetic latitudes corresponding
to the outer radiation belt zone. The observations showed that the microbursts occurred very fast with the time scale of less
than 50 msec, much faster than the proposed pitch angle diffusion time scales. Furthermore, the energy dispersion showed that
higher energy electron precipitation occurred at lower L values, indicating that precipitation might be related to the magnetic
moment scattering in the geomagnetic tail. In another example, the auroral spectrum will be compared with the ESA spectrum
of precipitating electrons measured simultaneously. It will be shown that the auroral FUV spectrum for inverted-V events has
significant energy dependence with the long wavelength region of the L-band increasing faster than the short wavelength region
with increasing peak electron energy.
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宇宙プラズマは無衝突であるため、プラズマの運動エネルギー交換はプラズマ波動を介して行われるため、プラズマ波
動の観測は宇宙プラズマ物理を解き明かす上で非常に重要である。GEOTAIL以降の科学衛星では波形観測が行われてお
り、波形観測から得られるプラズマ波動の位相の情報がスペクトル観測のみからでは得られなかった知見を与えている。
一方、プラズマ波動の観測器は同時多点観測ミッションや深宇宙探査ミッションに向け小型化の要求が高まっている。

しかし、プラズマ波動の観測器は高感度・低雑音・広ダイナミックレンジであるアナログ回路が不可欠であり、小型化が
困難であった。
我々はこれまで特定用途向け集積回路技術（Application Specific Integrated Circuit: ASIC）技術によってアナログ回路の

小型化を進めており、100kHzまでのプラズマ波動の電磁界 6成分全てのアナログ信号処理が可能な回路の開発に成功し
た。ASICの寸法は 5mm角であり、ASICが封入されているパッケージまで含めると 15mm角である。ASICには、帯域
制限フィルタ、差動アンプ、アンチエイリアシングフィルタ、という 1連の回路を 1チャンネルとしてそれを合計 6チャ
ンネル搭載しており、また温度ドリフトの補償回路も同時に搭載している。また開発した ASICを搭載し、6チャンネル
のアナログ差動入力からそれぞれの AD 変換を行いシリアルビット列として出力する名刺サイズの受信器の開発も行っ
た。これらは、今後の同時多点観測ミッションや深宇宙探査ミッションにおけるプラズマ波動観測において非常に大き
な効果を発揮すると見込まれる。

キーワード:プラズマ波動,波形, WFC, ASIC
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Space plasma is essentially collisionless, and its kinetic energy is transferred through plasma waves. Plasma wave receivers,
which capture these waves, have contributed to the investigation of electromagnetic environment in space. Sweep frequency ana-
lyzer (SFA), one of the types of the plasma wave receivers, provides spectral information on plasma waves with good frequency
resolutions. General SFA is basically a heterodyne receiving system, provides the spectrum information with the good signal
to noise ratio. The SFA has a PLL, a frequency synthesizer. This PLL makes a number of fine sweep frequency steps. It takes
several seconds to complete all sweep steps. Thus, this type of SFA generally has disadvantage in temporal resolution.

We propose a new kind of the SFA combined with FFT in FPGA (Field Programmable Gate Array). To improve the temporal
resolution, we widen frequency range of each sweep step and decrease the number of sweep steps. The bandwidth brought out of
the double-superheterodyne receiving is also widened. Observed signals are converted into digital signals and input to the FPGA.
Logic FFT blocks in the FPGA apply the FFT to these digital signals. Thus, we can obtain the frequency resolution which is
equals to the widened bandwidth divided by the FFT points. This new type of SFA realizes low noises, high frequency resolution,
and high temporal resolution at the same time.

Plasma wave receivers, include SFA, are required to have low noise and wide dynamic range with amplification in wide band.
These requirements lead analog circuits in each receiver to be large and make it difficult to realize small plasma receivers with
discrete parts or commercial integrated circuits. We use ASIC (Application Specific Integrated Circuit) technology to make
breakthrough in this present state. The ASIC technology enables extreme miniaturization of analog circuit. We have developed
several analog circuits in the SFA, such as a differential amp, a low pass filter, PLLs, and a band pass filter using ASIC. In the
session, we will introduce the new SFA and development of required circuits with showing each performance.
Keywords: Space electromagnetic environment, Space plasma, Plasama wave, Plasama wave receiver, Sweep frequency analyzer,
ASIC technology
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Particle simulations on the photoelectron environment around an electric field sensor
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将来磁気圏探査衛星で計画される定常および波動電界の精密測定に向け、宇宙プラズマ環境における電界センサーの
振る舞いをより詳細に把握する必要がある。磁気圏および太陽風プラズマ中では、衛星の太陽光照射面から放出される光
電子の密度が背景プラズマ密度に対して非常に高く、電界センサーの日照面周辺に高密度の光電子雲が形成される。特
に一対のセンサー間の光電子分布が非対称な場合に、こうした光電子雲が電界センサー特性に重大な影響を及ぼし得る
といった報告例もあり、センサー周辺の光電子環境およびそれが電界センサー特性に及ぼす影響を詳細に解析する必要
がある。こうした解析は、限られたケースを除いては理論や地上実験で取り扱う事が困難であり、数値的手法の確立が
急務となっている。
本研究では、電界センサー周辺プラズマ環境、およびその環境下でのセンサー特性評価にプラズマ粒子計算機実験を

適用する。粒子モデル計算機実験は個々のプラズマ粒子の運動方程式を解き進めていくため、原理的には光電子雲の形
成過程を運動論効果も含めて矛盾なく再現することができる。
本発表では特に水星磁気圏探査衛星 BepiColombo/MMOに搭載予定のパック式電界センサー (MEFISTO)の数値モデ

リングおよびセンサー周辺の光電子環境解析について報告を行う。MEFISTOの特徴として、電界センサー特性への光電
子の影響の軽減を目的としたガード電極の搭載があげられる。本発表ではセンサー周辺光電子分布に対するガード電極
の影響やその結果として得られるセンサー電気特性について、計算機実験の結果を示す。また、現実的なセンサー形状
のモデリングやプラズマパラメータの取り込みなど、センサー特性評価数値ツールとして克服しなければならない課題
に対する取り組みの進捗や今後の展望についても紹介する。

キーワード:電界センサー,光電子,粒子シミュレーション
Keywords: Electric field sensor, Photoelectron, PIC simulation
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Nondestructive analysis of single dust particle based on observation of free magnetic mo-
tions in microgravity
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It is expected that the ensemble of dust samples collected by various space missions are generally mixture of various primitive
grains which have different origins. For such samples, it is desirable to identify the material of individual grain by a simple and
non-destructive method, before performing various refined analysis, such as isotopic, chemical or optical analysis. The situation
may be the same for the grain materials that compose the primitive meteorites.

A new principle to identify the material of a single grain is proposed, which is based on magnetic susceptibility data obtained
from magnetically induced translation of the grain; when solid grain is released in an area of magnetic field-gradient with negligi-
ble initial velocity, a translation caused by field-gradient force is induced on the grain; here the field is located in a micro-gravity
condition. In general, every material possesses an intrinsic value of magnetic susceptibility, and the values are compiled in a data
book [1]; hence the material of a solid particle is directly identified from the measured susceptibility data.

Previously, the above translation was observed in a large-scaled facility of microgravity for millimeter sized crystal of corun-
dum, diamond, forsterite, MgO and graphite [2][3]. It was deduced from motional equation that acceleration of translation is
independent to mass of particles; it uniquely dependent to intrinsic susceptibility assigned to the material, in a given field dis-
tribution. Value of susceptibility was obtained from observed acceleration, which agreed well with published values [1]. The
measurement was free of a back ground signal of a sample holder; it does not require mass measurement. This means that, in
principle, susceptibility is obtained for samples with a limitlessly small size, provided that motion of sample is observable [2];
material identification is also becomes possible for these grains. Specific translation due to magnetic field has not been recognized
before for ordinary diamagnetic solid particles; at present, such motions are publically recognized only for materials that contain
spontaneous magnetic moment.

Observation of the above translation was extended to micron-sized samples in the present work for the purpose of developing
a practical system to identify the above-mentioned primitive grains. The mass independent properties are examined by varying
the grain size of the measured materials between 5mm to 0.05mm in diameter.

In general, the conventional facilities of microgravity require long machine time and large running cost. Hence they are not
suitable for a routine analysis such as the present measurement of susceptibility. Hence compact microgravity system was newly
developed, which can be introduced in an ordinary laboratory. The length of the drop shaft is 1.5m, and the duration of micro-
gravity was 0.62 second. The compact system was realized by designing a small NdFeB magnet circuit. Maximum field intensity
of the circuit was 0.7 T at field center. It is noted that this compact apparatus will be the basis to construct a system that can be
loaded on a space probe to investigate dust particles. At present, size of system can be reduced to 100 cmˆ3 (2x5x10) in volume,
and 1 kg in weight. Specific problems in loading the system in various space missions will be discussed.

[1] K. Hisayoshi et al: J.Phys.: Conf. Ser., in press. [2]C.Uyeda et al: J.Phys.Soc.Jpn. (2010) 79 064709 [3] R. Guputa:
Landort Bornstein New Series II (1983) 445.

キーワード:磁気放出,微小重力,磁場勾配力,反磁性磁化率,物質同定,ナノ材料
Keywords: magnetic ejection, microgravity, field gradient force, diamagnetic susceptibility, material identification, nano sized
material
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Four space plasma instruments were proposed to National Space Organization (NSPO), Taiwan as the scientific payload of
Sounding rocket experiment to observe temporal and vertical variations of these parameters in order to study plasma irregularities
produced by instabilities in E and F regions and to understand coupling processes of particle, momentum and energy between
the ionosphere and the thermosphere. The four instruments are Langmuir Probe, Ion Energy Analyzer (Faraday cup), Neutral
Particle Analyzer, and magnetoresistive magnetometer. Two instruments, Sun Aspect Sensor and Flux-gate magnetometer, are
contributed by Japan colleagues to tone up scientific merit. The development of these instruments are reported in this presenta-
tion.

キーワード: Sounding rocket, ionosphere, thermosphere, plasma irregularity
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We have been developing an instrument for the observations of the medium-energy electrons (8-80 keV) in our coming radia-
tion belt mission ERG (Energization and Radiation in Geospace). The mission goal is to understand the radiation belt dynamics
during space storms. The medium-energy electron measurement is one of the most important issues in this mission since these
electrons generate whistler chorus wave, which is believed to play significant roles in the relativistic electron acceleration and
loss during storms. On the other hand, the medium-energy electron measurement has been a challenging issue since the quantum
efficiencies of classical detectors (CEM, MCP, and conventional SSDs) are generally low and ambiguous in this energy range.
Avalanche photodiode (APD) is a promising device for medium-energy electron detection, and we have developed a new APD
particularly for the ERG mission. The area and thickness of the detector were optimised to cover the medium-energy range and
minimise the gamma ray background at the same time. We report the performance of this new device obtained through laboratory
tests, with a special emphasis on the gain dependence of the temperature, which is essential for the calibration sequence in energy
determination.
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Development of a low energy electron spectrometer for SCOPE
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地球磁気圏観測を目的とした将来ミッションとして、SCOPE（cross Scale COupling in Plasma universE）計画が 2019
年の打ち上げを目標に企画されている。SCOPE計画の主目的は、プラズマの MHD スケールのマクロな現象と、電子・
イオンの特徴的なスケールのミクロな現象を同時に観測することである。既存の磁気圏観測衛星における電子計測では、
観測時間分解能が 1 secオーダーであるため、電子の特徴的なスケールの観測ができなかった。計画の実現には、10 msec
以下の時間分解能での観測の実現が必須となる。本研究では、このような超高時間分解能での観測が可能な電子計測器
FESA（Fast Electron Spectrum Analyzer）の設計、並びに FESAを用いた観測の精度評価を行なった。
　 SCOPE衛星には、８台の FESAを搭載し同時に 4π strの観測視野を確保することを検討している。これにより、

観測の時間分解能は衛星スピンに依存しなくなる。また FESAには、Spherical Top-hat型と Toroidal Top-hat型の静電分
析器を組み合わせた三重球型静電分析器を採用する。二種類の極板間電圧を与えることができるこの分析器を用いれば、
同時に２つのエネルギー帯を測定でき、電圧掃引回数を半減させることができる。以上の試みによって、最高で 8 msec
という超高時間分解能を実現することができる。
　本研究で設計するセンサーは、先行研究（Saito et al., 2009）によって製作された FESAの第一世代テストモデルを

改良した、第二世代テストモデル（Test Model 2,TM2）という位置付けになる。計算機上で TM2の設計モデルを構築し、
数値シミュレーションによって設計した TM2の感度特性を求めた。TM2の感度（g-factor）は、サンプリングタイム 0.5
msec中に GEOTAIL LEP-EAeと同等の統計精度でカウントレートを取れる値を目標に設定し、Spherical部（Inside）で
6.37e−3 [cm2 str eV/eV /22.5deg.]、Toroidal部（Outside）で 9.12e−3 [cm2 str eV/eV /22.5deg.]となった。またエネルギー
分解能は、10 eV～22.5 keVのエネルギー帯を 32ステップで十分なカバレッジで測定できる分解能を目標に設定し、Inside
で 25.4%、Outsideで 18.6% [Full Width at the Half Maximum : FWHM]となった。α方向角度分解能については、１つの
センサーヘッドで衛星スピン方向に 22.5deg.の視野幅を確保できる角度分解能を目標に設定し、Insideで 14deg.、Outside
で 9deg.[FWHM]となった。
　設計した TM2の観測精度を求めるため、またローブ・太陽風観測時の観測のサンプリングタイム (dt)の長さを決め

るため、各観測領域におけるプラズマ電子の速度分布関数モデルを構築し、モデル計算によって取得されるカウントを
再現した。モデル計算には、取得カウントの統計誤差の影響が考慮されている。モデル計算の結果から、ローブ観測で
50 msec、太陽風観測では 20 msecの dtを採用するのが、統計誤差を押さえつつ高時間分解能で観測を行うのに適当であ
ると判断した。プラズマシート観測では、0.5 msecの dtで観測を行うことが検討されている。モデル計算から、この dt
では取得カウントの統計誤差が温度・密度の計算結果に 1%オーダーの誤差を与えること、またバルク速度の計算は統計
誤差の影響が大きいため計算精度が悪くなることが確認できた。8 msecの時間分解能で取得した分布関数から精度良く
速度モーメントを求めるには、取得した分布関数に対して関数形を仮定してフィッティング関数を求める必要がある。
　 SCOPE衛星の観測対象の一つである磁気圏尾部リコネクション領域を、8 msecの時間分解能で観測を行なった前例

は無い。8 msecの時間分解能で取得される速度分布関数の再現性を評価するため、３次元粒子シミュレーションの結果
を用いてこの領域で取得されるカウントを再現し、速度分布関数を計算した。8 msecで取得した分布関数から速度モー
メントを計算すると、シミュレーションで再現されているリコネクションポイント付近の特徴的な速度モーメントの変
化を再現できることがわかった。またこの分布関数から、リコネクションポイント付近で見られる分布関数の温度異方
性も確認できた。
　複数センサーによる同時観測では、衛星スピンの影響で各センサーの観測視野が回転してしまう。このため Energy-

Time Spectrum（E-T図）の作成するためには、あるサンプリングタイムに観測方向を向いているセンサーを選び出す、
センサーセレクションが必要となる。本研究では、このセンサーセレクション方法を提案した。３次元粒子シミュレー
ションの結果から再現した取得カウントから E-T図を作成し、提案した方法によって E-T図の作成が可能であることを
示した。また同時に、スピンを行わず同じ時間分解能で観測を行う衛星によって取得されるカウントからも E-T図を作
成し、両者を比較して Differential energy fluxの計算精度を比較した。
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Development of the High Energy Particle instrument for Ions (HEP-ion) on BepiColombo/MMO

山崎潤 1,笠原慧 2,西村夏奈 1,高島健 2,平原聖文 1∗

Jun Yamasaki1, Satoshi Kasahara2, Kana Nishimura1, Takeshi Takashima2, Masafumi Hirahara1∗

1 東大・理・地惑, 2 宇宙研
1Dept. Earth & Planet. Sci, Univ. Tokyo,2ISAS/JAXA

In the past, Mercury has been investigated by Mariner 10 in 1970s. It discovered a dipole-type magnetic field and high-energy
particle bursts through three times fly-by. However, due to the limited conditions, the observational results are not sufficient.
Recently Messenger explored Mercury through three times fly-by in 2008-2009 and it has detected the substorms, but it has not
detected any high-energy particle bursts. In order to reveal the structure and dynamics of the magnetosphere of Mercury, it is
crucial to observe plasmas and high energy particles directly. Therefore, the next Mercury exploration, BepiColombo mission is
planned to launch in 2014, which is a collaborate project between JAXA and ESA.

Mercury Magnetospheric Orbiter (MMO), one of the two spacecraft of this mission, carries the High Energy Particle instru-
ment for ions (HEP-ion) which has two techniques for high energy particle measurements, namely a Time-of-Flight (TOF) and
a Solid-State Detector (SSD). They can measure velocity (v) and energy (E) of incoming ions respectively and the ion mass can
be derived from v, E, so the ions are discriminated such as H, He, C-N-O, Na-Mg, K-Ca and Fe. Energy range is required from
30KeV to 1.5MeV.

In order to measure these particles, the characteristics of the TOF unit of HEP-ion have been studied about electrical potential
distribution and particle trajectories with numerical simulations. Additionally we calibrate its prototype model in our labora-
tory by using the high-energy ion beam line which provides 10keV-150keV ion beam of H+, He+, He++, N+. Its performance
of a coincidence rate and mass resolution is checked by comparisons with the simulation results. The experiment results of a
coincidence rate are consistent with simulations. As for mass resolution, the results of experiments and simulations show good
agreement and sufficient mass resolution in the energy range of 55keV to 100keV and we obtain information of mass resolution
from 100keV to 1.5MeV with simulations. In this presentation, we report the performance of the TOF unit of HEP-ion.

Keywords: BepiColombo, MMO, HEP-ion, TOF



PCG008-11 会場:202 時間:5月 26日 12:00-12:15

The space particle instrument calibration facility at PSSC/NCKU and development of a
neutral particle analyzer
The space particle instrument calibration facility at PSSC/NCKU and development of a
neutral particle analyzer

Chio Z. Cheng1∗, N. Fujikawa1, Y. Kazama1, K. M. Peng1, C. H. Ho1, K. Oyama1, E. Kawamori1, A. B. Chen1, M. Hirahara2

Chio Z. Cheng1∗, N. Fujikawa1, Y. Kazama1, K. M. Peng1, C. H. Ho1, K. Oyama1, E. Kawamori1, A. B. Chen1, M. Hirahara2

1PSSC, National Cheng Kung Univ., Taiwan,2University of Tokyo
1PSSC, National Cheng Kung Univ., Taiwan,2University of Tokyo

The Plasma and Space Science Center (PSSC) Space Instrument Laboratory developed a test and calibration facility for space
plasma instrument development. With a high-energy ion beam (1 -130 keV) and 3-axis turntable, the facility is capable of calibrat-
ing particle analyzers that can measure 3-dimensinal velocity distributions with a wide energy range. The ion beam is produced
by electron impact on neutral gas introduced to the ion source chamber and ions with a specific mass/charge value are selected by
the ExB mass spectrometer. After the beam expander, the ion beam is accelerated by an electric potential drop in the accelerator
tube and directed to the drift tube where a beam monitor is located. In the main chamber the 3-axis turntable is set up to house
particle instruments for test and calibration. The property of the ion beams will be presented. One of the space particle instru-
ments we are developing using this facility is a Neutral Particle Analyzer (NPA), which is one of the instruments for a sounding
rocket experiment to observe the ionosphere and thermosphere. The NPA measures the neutral energy distribution function as
neutral particles enter into the instrument as the rocket proceeds. Then, neutral particles are ionized by an electron beam and
accelerated by a uniform electric field perpendicular to the incident velocity towards the detector plane. Only the particles with
an incident energy selected by the acceleration electric field can reach one of the two detectors through a slit in the detector plane.
By sweeping the electric field strength, the full energy spectrum is obtained. Test results of the NPA will be presented.

キーワード: space instrument, instrument development facility, neutral particle analyzer
Keywords: space instrument, instrument development facility, neutral particle analyzer



PCG008-P01 会場:コンベンションホール 時間:5月 26日 14:00-16:30

SPRINT-A/EXCEED観測機の検出感度較正
Calibration of detective sensitivity of SPRINT-A/EXCEED

酒井恒一 1∗,村上豪 1,本間達朗 1,石井宏明 1,吉川一朗 1,吉岡和夫 2,上野宗孝 3,山崎敦 3,鍵谷将人 4,土屋史紀 4

Kouichi Sakai1∗, Go Murakami1, Tatsuro Honma1, Hiroaki Ishii1, Ichiro Yoshikawa1, Kazuo Yoshioka2, Munetaka Ueno3, At-
sushi Yamazaki3, Masato Kagitani4, Fuminori Tsuchiya4

1東京大学大学院理学部地球惑星科学専攻, 2立教大学理学部物理学科, 3宇宙航空研究開発機構, 4東北大学地球物理学専
攻
1The University of Tokyo,2Rikkyo University,3JAXA, 4Tohoku University

SPRINT-A/EXCEEDは地球周回軌道から極端紫外領域の分光撮像観測を行う惑星プラズマ観測用宇宙望遠鏡である。
現在光学素子の開発が終了しつつあり、2011年 3月から観測装置全体の組み上げと較正試験が予定されている。観測装
置は空間分解能、波長分解能、感度の較正を極端紫外光で行う必要があり、装置全体が入る容積の大きさの長さ 3m、直
径 2mの真空チェンバーを製作中である。本研究では現状での EXCEED光学系の較正試験結果を報告する。

キーワード:極端紫外光,宇宙望遠鏡,惑星プラズマ
Keywords: SPRINT-A, EXCEED, EUV



PCG008-P02 会場:コンベンションホール 時間:5月 26日 14:00-16:30

EUVの波長領域におけるMPOの性能試験
Performance test of Micro-pore Optics (MPO) in the EUV spectral range

石井宏明 1∗,酒井恒一 2,本間達朗 2,吉岡和夫 3,村上豪 2,吉川一朗 1

Hiroaki Ishii1∗, Kouichi Sakai2, Tatsuro Homma2, Kazuo Yoshioka3, Go Murakami2, Ichiro Yoshikawa1

1 東京大学, 2 東京大学大学院理学系研究科, 3 立教大学理学部
1The University of Tokyo,2School of Science, The Univer. of Tokyo,3Department of Science, Rikkyo University

硝材の透過率が極めて低いために、EUVの観測にはレンズを使うことができない。したがって、EUVの観測には反射
光学系を組む必要があった。Micro-pore Optics (MPO)は、縦横比数百対 1の微小な正方形のガラス管数万個を数千の細
管に融合させ、その細管を方形または放射状に並べた薄板である。MPOはこれまでも、X線の観測でレンズと同等の役
割を果たす光学素子として使用されてきた。そこで今回、焦点距離 35mmのMPOを用意し、EUVでの透過率を測定し
た。その結果、30.4nmから 140.0nmの波長に対して 60%以上の値を示した。本発表では、MPOが EUVの波長領域でも
レンズと同様の役割を担い得るかを検証するために、EUVに対する光学的な性能を評価した。

キーワード:極端紫外線,大気光,光学系,撮像素子
Keywords: EUV, airglow, optics, remote sensing device
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惑星電離圏撮像用多層膜反射鏡の設計
Designs of multi-layer coated mirrors for remote sensing of planetary ionospheres

山崎敦 1∗

Atsushi Yamazaki1∗

1 宇宙科学研究所
1ISAS

According to observations of the polar orbital and the geosynchronous satellites the oxygen ions sometimes become the main
component, especially during the periods of the southward interplanetary magnetic field and the high geomagnetic activity. Be-
sides the atmosphere of the terrestrial planets has oxygen atoms as the main component, and the process of the oxygen atoms/ions
escape is one of most significant issues for the evolution of the planetary atmosphere. One of the powerful tools for this study is
a imagery of the oxygen ions.

The concept study of the oxygen ions imagery proposed in 1990’s has been expected to make a progress about the studies on
the evolution of the planetary atmosphere and on the plasma structure in the direct interaction region between the solar wind
and the planetary ionosphere. However, the observations have never been performed, because a reduction of the noise produced
by hydrogen atom resonance emission is too difficult to observe the signal from the oxygen ions. The members of our research
team has developed the instrument with the thick indium filter to reduce the hydrogen Lyman alpha emission, and succeeded in
observing the oxygen ions emission. The technical methods is adopted to the Upper-atmosphere and Plasma Imager (UPI) on the
SELENE(KAGUYA) sattelite. The imager is ready for the observation of the oxygen ion distribution in the polar wind and the
near-earth magnetosphere.

But we revealed that the intensity of the Lyman beta emission was not negligible. Consequently, a multi-layer coating is de-
signed to keep the reflectivity at the oxygen ions emission and to reduce simultaneously the reflectivities at the Lyman alpha and
beta emissions. There are several methods of the noise reduction, but the use of only one multi-layer mirror has an advantage
of the compact and light instrument. The measured reflectivity of the preproduction sample mirror is presented, and the optical
performance is discussed.

キーワード:惑星電離圏,プラズマリモートセンシング,ソフトＸ線と極端紫外光
Keywords: planetary ionosphere, plasma remote sensing, soft x-ray and extreme ultraviolet light
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輻射熱防止反射膜塗布によるPZT素子の圧電応答への影響
Effects of a light reflecting layer to the response of piezoelectric PZT elements

中村真季 1∗,柴田裕実 3,藤井雅之 6,長谷川直 6,平井隆之 7,岩井岳夫 1,木村宏 10,小林正規 2,宮地孝 2,大橋英雄 5,
岡田長也 9,奥平修 6,佐々木晶 8,杉田精司 1,武智誠次 4,矢野創 6, Ralf Srama11, Eberhard Gruen11

Maki H. Nakamura1∗, Hiromi Shibata3, Masayuki Fujii6, Sunao Hasegawa6, Takayuki Hirai7, Takeo Iwai1, Hiroshi Kimura10,
Masanori Kobayashi2, Takashi Miyachi2, Hideo Ohashi5, Nagaya Okada9, Osamu Okudaira6, Sho Sasaki8, Seiji Sugita1, Seiji
Takechi4, Hajime Yano6, Ralf Srama11, Eberhard Gruen11

1東京大学大学院, 2千葉工業大学, 3京都大学, 4大阪市立大学, 5東京海洋大学, 6JAXA, 7総合研究大学大学院, 8国立天文
台, 9 本多電子株式会社, 10 惑星科学研究センター, 11Max Planck Insititut fuer Kernphysik
1The University of Tokyo,2Chiba Institute of Technology,3Kyoto University,4Osaka City University,5Tokyo Univ. of Marine
science and Tech,6JAXA, 7The Graduate Univ. for Advanced studies,8NAOJ,9HONDA ELECTRONICS CO., LTD.,10Center
for Planetary Science,11Max Planck Insititut fuer Kernphysik

We have studied responses of piezoelectric PZT elements for measuring cosmic dust. This report is aimed at a theme on effects
of a light reflection layer to the response of the PZT element.

The BepiColombo mission that explores Mercury and its environment is progressed as a joint project between JAXA and ESA.
Since the measurement of dust ambient Mercury is one of the approved programs, the Mercury Dust Monitor (MDM) has been
developed onboard the BepiColombo mission (MPO). Because of restricted resources to the MDM, it comprises piezoelectric
PZT elements and electronic circuits.

Since the MDM is to be operated around the Mercury orbit, the thermal flow around the PZT element is estimated using a
thermal model. The temperature condition under which the element is operated is crucial, because the piezoelectric character
should be maintained. In order to overcome this difficulty, we discussed a layer that reflects thermal flow from the sun. The layer
is useful to lower temperature down at which piezoelectricity is retained. On the other hand, this layer would considerably affect
the characteristic of the PZT.

The effects of the layer on the characteristic responses were experimentally studied by bombarding hypervelocity micropar-
ticles with the PZT element. The microparticles were supplied by the Van de Graff accelerator at MPI-K, HIT of University of
Tokyo, and the GUN at ISAS.

The PZT element was a square of a 40 x 40 mm2 and its thickness of 2mm. One side of the element was covered with a ˜5 um
thick silver layer over the entire surface. At the rear side a 5 x 5 mm2 and ˜5 um thick silver layer was embedded as a collector
of induced signal. Thus then, the surface of the silver layer was painted with a paint up to ˜100 um thick. The paint was produced
by Ube Kosan C.o. (PETI-330m, high heat resistance material composition polyimide resin). Hereafter we call this paint layer as
a white paint.

Output signal from the collector was processed with a charge sensitive amplifier and measured with an oscilloscope. A photo-
multiplier was set near the element to observe light flashes immediately after collision.

The PZT element was bombarded with microparticles at room temperature. The observed signal forms measured and recorded
by the scope were processed in offline analysis. A first one cycle of the signal form was interested in analysis.

The amplitude was plotted against the momentum of the incident particle. Here, let define the sensitivity of the PZT element
as the ratio of the increment of amplitude dA to that of momentum dp; dA/dp. Thereby, the sensitivity clustered into three groups.
The first group corresponded to the case in which the sensitivity of the PZT element overlapped with that of PZT elements with-
out covering the white paint. There existed the second group that its sensitivity is approximately expressed as a sum of dA/dp and
a certain offset. The third group clustered in a region different from those of the first and second groups, and the dA/dp values
are considerably small.



At present, it is unclear why the three groups coexist. Except for the first group, the effect of the white paint to the response of
PZT element is significant. As an intermediate result, we are interested in the second group that is considered to be significantly
influenced by the white paint. Therefore, the present results could be worth reporting, since there are very few reports that the
effects of the white paint to the system comprised white paint and the PZT element has been quantitatively discussed.

キーワード:宇宙塵,ベピコロンボ,水星, PZT検出器
Keywords: cosmic dust, dust, BepiColombo, PZT
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次期惑星探査機搭載用軽量ループアンテナの開発
Development of lightweight loop antenna for future space missions

須田康介 1∗,富田新之介 1,石坂圭吾 1

Kousuke Suda1∗, Shinnosuke Tomita1, Keigo Ishisaka1

1 富山県立大学
1Toyama Prefectural University

In space plasma physics, the polarization and wave normal direction provide key information to identify the modes and origins
of plasma turbulences. Such broad-band measurements have been made by loop antennas, from 0.1 to 1000 kHz.Okada et al.
developed a loop antenna system aboard the Akebono satellite (EXOS-D) launched in 1989. The loop was square-shaped with
an area of 0.36 m2 (0.6 x 0.6 m) and the mass of about 2 kg. The major part of its mass was due to antenna frames.

We have examined lighter loop antennas with CFRP technologies since 2007. It has an area of 0.36 m2, which is the same as
that of the Akebono antenna. The TWF-CFRP tubes are used as antenna frames. Since the CFRP tube is conductive, it is also
used as an electrostatic shield of the loop element. The antenna element is rectangular (0.6 x 0.6 m) open coil with 10 turns each.
The weight of the loop antenna was 438 g (frame: 72 g, wire element: 135 g, joint parts: 231g), 1/4 of the original Akebono
design. As the next step, we will use CFRP joint parts. In that case, the mass will become half. The folding method of the loop
antenna was examined in parallel. Then it will be tested by a model with realistic size. We expect to adopt the new loop antenna
system to small-sized space missions for magnetospheric and ionospheric studies. It is also expected in landing missions, as a
light sensor to detect radio waves from atmospheric discharges, subsurface radar echo, etc.

Reference
Okada et al.,Tras. IEICE, Vol. E70, No. 6, 550-561, 1987

Keywords: lightweight loop antenna, ionosphere, magnetosphere, radio wave receiver
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SCOPE衛星搭載に向けた高精度磁力計の開発
Development of high-resolution digital fluxgate magnetometer for the SCOPE mission

井口恭介 1∗,松岡彩子 2,藤本晶子 2

kyosuke Iguchi1∗, Ayako Matsuoka2, Akiko Fujimoto2

1 総研大・宇宙科学, 2 宇宙研
1Sokendai,2ISAS/JAXA

1.SCOPE計画
　地球磁気圏内外における宇宙プラズマのスケール間結合の解明を目的として、JAXAは Canadian Space Agencyと協

力して地球磁気圏観測衛星群「SCOPE」プロジェクトの実施を計画している。SCOPE計画では電子スケールの観測を行
うため、10 msec以下の高時間分解能かつ高精度な電磁場、粒子観測が要求されている。
　我々は、この SCOPE衛星への搭載を目指してフラックスゲート磁力計の開発を行っている。フラックスゲート磁力

計は DCから低周波の磁場を高精度で計測できる。加えて、小型、軽量、省電力であることから、多くの科学衛星に搭
載されてきた実績がある。フラックスゲート磁力計の主な性能諸元は以下のとおりである。以下の性能緒元は SCOPE衛
星のミッション要求を満たすために設定されている。
　　磁場測定範囲　：　約± 4000 nT
　　測定周波数帯域　：　 DCから 60 Hzまでの変動磁場
　　分解能　：　 20ビット（8 pTに相当）
現在は SCOPE衛星搭載用の磁力計を開発するために、性能検証として観測ロケット S310-40号機に搭載する磁力計を

開発している。観測ロケット用には、以下の性能を満たす磁力計を開発する。
　　磁場測定範囲　：　約± 65000 nT
　　測定周波数帯域　：　 DCから約 60 Hzまでの変動磁場
　　分解能　：　 16ビット（2 nT）
　 SCOPE計画における磁場測定範囲は観測ロケットの場合に比べて狭いため、同じ分解能でも磁場分解能が向上す

る。したがって、SCOPE衛星搭載用の磁力計では分解能 16ビットが 128 pTに相当することがわかる。本講演では観測
ロケット搭載磁力計の性能評価結果を報告する。ロケット実験終了後は磁場分解能 20ビットを目指して開発を進めてい
く。

　 2.フラックスゲート磁力計
SCOPE衛星および観測ロケット S310-40号機搭載用のフラックスゲート磁力計にはセンサからの検出信号をディジタ

ルプロセッサで処理するディジタル方式を採用している。国際的にはディジタル方式は 1990年以降開発が進み、従来の
方式に比べて小型、軽量化がなされ、経年変化や温度特性も改善されたという特徴を持つ。
しかし、測定精度と線形性の向上は未だ課題である。ディジタル方式の磁場分解能は電気回路部のディジタル-アナロ

グ変換器（DAC : Digital-to-Analog Converter）の分解能に強く依存する。宇宙機用として承認されている DACの分解能
は 12ビットまでしかないため、これまではディジタル方式の高磁場分解能化は困難であった。
そこで、我々は宇宙機に搭載できる部品だけを使い、デルタ-シグマ変調方式を用いた高分解能 DACを開発した。デ

ルタ-シグマ DACはデルタ-シグマ変調器とその後段にあるフィルタで構成され、それらの性能がデルタ-シグマ DACの
分解能を決定する。まずはシミュレーションによって 16ビットを満足するように DACを設計した。その結果、2次型
デルタ-シグマ変調器と後段フィルタに 4次型アナログローパスフィルタを採用した。デルタ-シグマ DACの性能指標で
あるオーバーサンプリング比を 676とすることにより 16ビットの性能を満足することがわかった。次に、この設計に基
づいてデルタ-シグマ DACを製作し、各種性能評価試験を行った。結果は以下のとおりである。
ノイズレベル　：　 16ビット
線形性　：　 0.006 %F.S.
周波数応答計測　：　 67 Hz@± 40000nTレンジ
以上の結果から、分解能 16ビットの性能が実現したことを確認した。次のステップとして、このデルタ-シグマ DAC

をディジタル磁力計の電気回路に組み込んで、観測ロケット搭載ディジタル磁力計を開発した。

キーワード: SCOPE,磁力計,ディジタル・フラックスゲート,デルタ・シグマ変調方式,ディジタル・アナログ変換器
Keywords: SCOPE, magnetometer, digital fluxgate, sigma-delta modulation technique, Digital-to-Analog Converter
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QSAT-EOS搭載の地球磁場観測用磁力計に関する残留磁気測定実験
Residual magnetism measurements needed for magnetometers onboard QSAT-EOS

長谷川純一 1∗,湯元清文 2,池田昭大 2,八坂哲夫 3,鶴田佳宏 3,横田和毅 4
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クス研究室
1Dept.of Earth&Planet Sci.,Kyushu Univ,2SERC, Kyush Univ,3QSAT-EOS group,4SSDL, Kyushu Univ

超小型地球観測システム実証衛星、(QSAT-EOS, Kyushu Satellite for Earth Observation System Demonstration)搭載の磁
力計（理学磁気センサ Science Magneto Sensors以後 SMSとする）ではオーロラ・極冠に流れ込む沿磁力線電流に伴う磁
場変動の観測を目的としている。
しかし、衛星本体や搭載機器の持つ残留磁場及び衛星内部を流れる電流によって発生する磁場変動もSMSによって観

測されてしまうため、沿磁力線電流に伴う磁場変動を正しく観測するためには、観測された磁場データから衛星起原の
磁場ノイズを正確に抽出・分離する必要がある。
そこで本研究では今後のQSAT-EOSの後続機も見据えた、データ校正のための基礎データ取得を目的とし、搭載機器

毎の残留磁気モーメントを計測する方法及び解析方法を考案した。
測定には九州大学宙空環境研究センター所有の 3軸フラックスゲート磁力計である MAGDAS磁力計を用いた。被測

定機器をターンテーブル上に載せ回転させることにより、周辺磁場の角度特性を測定した。
既存の残留磁気測定実験では被測定機器の持つ磁場を偏心双極子や四重極子で近似し、衛星搭載の磁気センサに及ぼ

す影響を算出しているが、本研究では実際の磁場変動の波形から機器のどの位置にどのような磁場発生源が存在するの
かを特定することに重点を置いた。磁場発生源を特定することにより、今後の衛星設計の際の基礎データとして役立て
る狙いである。
なお、実際の運用を想定した本衛星起源の磁気オフセットに関しては、4月以降に実施予定の FMを用いた試験から得

られたデータを採用することによって定義し、QSAT-EOS衛星搭載 SMS磁力系の科学ミッションを達成することを目指
す。

キーワード:残留磁気, QSAT-EOS,理学磁気センサ, MAGDAS磁力計,地球磁場測定,沿磁力線電流
Keywords: residual magnetism, QSAT-EOS, Science Magneto Sensors, MAGDAS magnetometer, measurements of Earth’smagnetic
fierl, Field Aligned Current(FAC)
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インピーダンスプローブ計測における共振のQ値の特性
What does determine the resonance Q-factors in impedance probe measurements?

鈴木朋憲 1∗,熊本篤志 1,小野高幸 1,大家寛 1,上本純平 2,若林誠 3,遠藤研 1

Tomonori Suzuki1∗, Atsushi Kumamoto1, Takayuki Ono1, Hiroshi Oya1, Jyunpei Uemoto2, Makoto Wakabayashi3, Ken Endo1

1 東北大学大学院理学研究科, 2 情報通信研究機構, 3 新居浜工業高等専門学校
1Tohoku University,2NICT, 3Niihama National College of Technology

The impedance probe is a powerful tool realizing highly-accurate measurements of the electron density. Detection of the upper
hybrid resonance (UHR) frequency from the impedance curve provides the electron density with high accuracy. The frequency
response of the antenna impedance also reflects various physical quantities and properties of a plasma in addition to the electron
density. Interpretations of the antenna impedance are therefore essential for space plasma diagnostics. This paper reports on the
characteristics of the ”quality factors (Q-factors)” of the UHR and sheath resonance (SHR) in impedance probe measurements.

One of the important aspects of impedance probe measurements is the ”clarity” of the resonance. The sharpness of the res-
onance is evaluated by the Q-factor. Sufficient insight on the Q-factor is important for evaluating the lower threshold of the
electron density measurement range. Besides, the phase of the probe capacitance measured in plasma chamber indicated that
characteristics of the resonance Q-factor should be examined in order to realize automatic detection of the UHR frequency. The
Q-factor also has a potential to provide the electron-neutral collision frequency, which is a key parameter of the ionospheric
science. However, the effect of the collision frequency on the Q-factor has not been examined. We therefore tried to evaluate the
Q-factor experimentally.

We confirmed that the Q-factors of the UHR and the SHR have a clear boundary atfpe/fce = 1. The Q-factor indicated lower
values whenfpe < fce, while the Q-factor showed clear increases with the electron density whenfpe > fce. This tendency
was already expressed by Balmain and Oksiutik (1969). However, we also found characteristics which were not pointed out in
previous works: the Q-factors were also characterized by the second harmonics of the cyclotron frequency. The effects of a hot
plasma (e.g., Suzuki et al., 2009) should affects on the impedance probe measurements.

The effects of the collision frequency on the Q-factor were also examined. The impedance curves measured in the ionosphere
were compared with the impedance curves measured in the plasma chamber. Contrary to expectations, the impedance curves
measured in the ionosphere and in the chamber showed similar signatures in spite of the difference of 3 order magnitudes of
the collision frequency. The result suggested that the mean free path is essential for evaluating the Q-factor. Careful treatments
are required both for the measurements and for the numerical calculations in order to estimate the collision frequency from
impedance curves.

The present study pointed out that the detailed understandings of the resonance Q-factor are necessary for further improve-
ments of the impedance probe measurements in plasma.
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プラズマ波動の偏波情報解析のためのリアルタイム機上ソフトウェア処理法の研究
Study on real-time polarization analysis

松田昇也 1∗,笠原禎也 1,後藤由貴 1

Shoya Matsuda1∗, Yoshiya Kasahara1, Yoshitaka Goto1

1 金沢大学・自然科学研究科
1Kanazawa University

The amount of raw data from the plasma wave instrument is increasing as the scientific objectives require covering a wide
frequency ranges with high time and frequency resolution. Furthermore a variety of operation modes are needed to meet these
scientific objectives. However, it is inevitable to reduce the amount of telemetry data because it is too huge to downlink all
measured data to the ground. Onboard software plays a very important role because many kinds of operational modes can be
implemented without changing the hardware configuration. We have developed several software receivers for spacecraft such as
NOZOMI, KAGUYA and MMO and implemented lots of intelligent functions in them making use of digital signal processing
technique.

In the present study, we investigated a signal processing method to derive polarization of plasma wave using onboard soft-
ware. We evaluated computation load as well as accuracy of polarization parameters under severe restrictions on telemetry and
computation resources in order to find a solution for implementation to onboard software. In the presentation, we introduce the
evaluation results using the waveform data obtained by the AKEBONO and KAGUYA spacecraft.

キーワード:プラズマ波動観測器,偏波解析,オンボードソフトウェア,磁気圏,信号処理
Keywords: Plasma wave instruments, Polarization analysis, Onboard software, Magnetosphere, Signal Processing
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磁気圏モデルを考慮した編隊飛行衛星の連携観測法の検討
Evaluation of co-operational observation strategy for formation-flying satellites using a
magnetosphere model

竹中悟 1,笠原禎也 1∗,小嶋浩嗣 2

Satoru Takenaka1, Yoshiya Kasahara1∗, Hirotsugu Kojima2

1 金沢大学・自然科学研究科, 2 京都大学・生存圏研究所
1Kanazawa University,2RISH, Kyoto University

Recently multi-satellite mission is a mainstream of in-situ measurement method of the Earth’s magnetosphere, because it is
quite difficult to distinguish between spatial and temporal variation of plasma environment in the magnetosphere by single satel-
lite. So far four Cluster satellites launched in 2000 and five THEMIS probes launched in 2007 are in operation, and MMS mission
is in the planning stage.

The SCOPE is a Japanese future mission to investigate the multi-scale plasma physics using multiple satellites. In the SCOPE
mission, formation flying will be made up of a mother satellite, a daughter satellite in the near distance, and two or three daughter
satellites in the long distance from the mother.

Because it is obviously impossible to transmit all raw data measured by onboard instruments because of limitation of down-
link capacity, we need to make an operation plan predicting a forthcoming observation region in order to optimize observation
parameters for the purpose of data reduction.

To achieve a co-operational observation efficiently with formation-flying satellites, we developed a system using LAN-connected
PCs in order to simulate inter-communication among satellites and onboard data processing functions. On the simulator, we as-
sume that each satellite has a function of event detection such as boundary crossing in the magnetosphere, and the mother satellite
makes an autonomous decision as a multi-satellite federation to grasp temporal and spatial variation of the target region.

In the present study, we introduced a magnetosphere model in the simulator and studied appropriate parameters to select the
best observation mode. In the presentation, we show some experimental results under some conditions of observation configura-
tion and discuss the performance of co-operational observation.

キーワード:編隊飛行衛星,衛星間通信,連携観測,磁気圏,同時多点観測
Keywords: Formation-flying satellite, Inter-satellite communication, Co-operational observation, Magnetosphere, Simultaneous
multi-point observation
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