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Problems of DC Probe Measurement onBoard Mini/Microsatellite
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DC Langmuir probe is one of the key instruments to study ionosphere by satellite. It needs a counter electrode whose condu
tive surface are is at least 1000 times larger than that of surface area of the electrode. This requirement is usually fulfilled fo
large satellites which have been launched so far for ionosphere study. Now we are jumping into an era to use tiny satellites. The
we will encounter serious problems for DC Langmuir probe measurements. Conductive surface area of the satellite become
much less than 1000 times, or even equal to the surface area of electrode. As a result, measurement of electron density becor
unreliable, because potential of the electrode with respect to the satellite (counter electrode) cannot reach ambient plasma pote
tial where electron density is calculated. For the worst case, DC Langmuir probe is in double probe region, where the maximun
current is controlled by ion current. An electronics needs to measure low current. although to measure the low current is no
impossible with low frequency response. Another more serious problem is contamination of electrode as well satellite surface
To avoid the effect of contamination, probe bias of DC Langmuir probe need to be swept with about 10 Hz. These two factors
make it possible to use DC Langmuir probe, because to measure low current with high frequency is not possible. We reviev
problems which raises for the ionosphere measurement by small satellite, and propose one solution to avoid these problems
accomplish accurate measurements. The data which have been used here are the contribution of three students, G. S. Jiang
H. Chen, and Y. W. Hsu, Plasma and Space Science Center, National Cheng Kung University, Taiwan.
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Canada has participated in a number of Japanese space science satellite and sounding rocket missions by contributing scient
instruments and participating in related science investigations since the 1980s, including the Akebono (EXOS-D) and Nozom
(Planet-B) satellite and the SS520-2, S520-23, and S520-26 sounding rocket missions. We review the experience of this partic
pation, including the resulting scientific benefits and the lessons learned.
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Development of Miniaturized Plasma Wave Receiver using ASIC
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Plasma waves are an important physical phenomenon for understanding the electromagnetic environments in space. T
plasma wave receiver is roughly divided into two types: a waveform receiver and a spectrum analyzer. Spectrum analyze
provides the frequency spectrums with low noises and high frequency resolution. On the other hand, waveform receiver provide
the waveform. Though the waveform has more noise than the spectrum provided by the spectrum analyzer, only the wavefort
has phase information of a plasma wave. Thus it play a complementary role. However, these plasma wave receivers occupy
large amount of space because of its analog circuits, so a late scientific satellite has only a kind of plasma wave receiver. We ha
developed miniaturized waveform capture (WFC), a kind of waveform receiver, and sweep frequency analyzer (SFA), a kind of
spectrum analyzer, using ASIC (Application Specific Integrated Circuit). We realized 6¢ch WFC in a chip of 5 mm x 5 mm. We
execute experiment expose this chip to radiation. We find that though radiation influence WFC component, especially switche
capacitor filter, our WFC fit for the space radiation environment. The SFA has fine frequency resolution, but its time resolution is
poor. We propose a new kind of SFA combined with FFT. It has an improved time resolution without losing time resolution. We
have developed analog circuits in the new SFA using ASIC technology. Furthermore, we propose the multipoint plasma wave
observation system that consisted of some sensor probes using these miniaturized plasma wave receiver. We plan the sound
rocket experiment for performance test of this sensor probe.
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Development of a wide-field X-ray imaging spectrometer for solar system exploration
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We present our development of a wide-field X-ray imaging spectrometer for solar system exploration. In the past decade or sc
various types of X-ray emission have been discovered in the solar system (Bhardwaj et al., 2007, Planet. Space, Sci., Ezoe et
2011, Adv. Space, Res.). These X-rays are often associated with energetic particles in planetary magnetosphere and neutrals
planetary atmosphere and cometary coma. Therefore, X-ray observations of solar system objects will lead to better understandi
of solar system environments and astrophysical phenomena.

For this purpose, we are developing a wide-field X-ray imaging spectrometer for future exploration missions such as GEO-X
(Ezoe et al. 2014, Space Sci. Symposium) and JMO (Sasaki et al. 2011, EPSC-DPS). This instrument is composed of an ult
light-weight X-ray telescope and a low-power radiation-hard semiconductor pixel sensor. The telescope covers a wide field o
view of "4 deg in diameter in 0.3-2 keV with the angular resolutiorcdfarcmin. It uses sidewalls of etched holes through
thin 4-inch silicon wafers for X-ray mirrors (Ezoe et al., 2010, Mircosys. Tehc.). The detector covers a wide area of “20 x 20
mm”~2 with a 300 x 300 um™2 pixel. It is an active pixel sensor developed by MPE and PNsensor (Strueder et al., 2010, SPIE)
Compared to X-ray CCDs, this type is more radiation hard and allows higher frame time less than 1 ms. This instrument car
satisfy stringent resource constraints in the exploration missions. The mass, size, and power are estimated to be "10 kg, “30 ¢
cubic, and “10 W, respectively. Multiple units of this instrument are considered for GEO-X to achieve a wider field of view, while
one unit will meet science requirements of JMO. In this presentation, we will describe design, fabrication, and performance of
the instrument components and future prospects.

F—T— R X R, GO, BRI, K2, K2
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ENA Imaging On board the DESTINY Mission
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Energetic Neutral Atom (ENA) imaging is a technique that enables remote imaging of space plasma and neutral clouds. Sever
current space-borne missions including Cassini, IMAGE, TWINS, Chandrayaan-1, IBEX, and several future missions such a:
JUICE make use of ENA imaging to investigate magnetospheric plasma acceleration and evolution; structure and acceleratic
mechanisms in the boundary between the heliosphere and the interstellar medium; and surface and atmosphere interactic
(terrestrial upper atmosphere, terrestrial moon, the Galilean moons, and Titan).

Demonstration and Experiment for Space Technology and INterplanetary voYage (DESTINY; See Kawakatsu et al., this
conference) is an innovative technology demonstration mission that is being proposed to JAXA with a low-thrust increase of the
apogee of an equatorial orbit, followed by a lunar swing-by, and finally an insertion in to a halo orbit around the Sun-Earth L2
point. This trajectory provides a historical opportunity to perform ENA imaging of the two following compelling targets.

- The terrestrial magnetosphere:the equatorial vantage point will offer the first compound view of how ions flow out from
the polar ionospheres, , plasma stagnation at the sub-solar magnetopause, ion energization in the plasmasheet out tg about 20
and the subsequent heating and earthward transport that forms the terrestrial ring current.

- The boundary between the heliosphere and the interstellar mediumthe NASA/IBEX and Cassini missions have revealed
a global pattern and possibly dynamics that are believed to originate from ions charge exchanging in the heliosheath. A multitud
of compelling science questions have arisen from the combined analysis of these two data sets that have demonstrated that EI
imaging is perhaps the only tool capable of remotely probing the global structure and acceleration processes in this importar
region.

The key to observing these targets in a new light that goes beyond previous missions is the ability to image with high angula
and energy resolution, with a wide field of view (FOV) that can image large portions of the regions simultaneously. In this
presentation we discuss a concept of an ENA camera to perform imaging from DESTINY. The ENA camera design is capable
of imaging ENAs in the<1keV - 100 keV range with an angular resolution down to 2 degrees and an energy resolution down
to 20%. The current design has a FOV of 120x90 degrees, which dramatically increases the duty cycle over single-telescor
detectors on spinning platforms.
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A compact, broad-beam, low-energy, LED-based, UV photoelectron source for the cali-
bration of plasma analysers.
A compact, broad-beam, low-energy, LED-based, UV photoelectron source for the cali-
bration of plasma analysers.
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Electrostatic electron analyser instruments are used to make in-situ measurements of space plasmas and are typically desig
to detect electrons with energies from a few eV to a few tens of keV. To make optimal use of such instruments, a complete
calibration is performed in a laboratory vacuum chamber before flight. An electron source and a moveable stage are used so tt
the instrument response can be characterised at every relevant electron energy and beam direction. For an ideal calibration, 1
source should be a uniform, collimated electron beam of controllable energy and flux, which is sufficiently broad in diameter to
cover the entrance aperture of the electron analyser instrument being tested.

Various sources are used for such purposes, including radioactive beta-emitters and thermionic emissioaltnagh the

former have fixed flux and are broad-band in energy, and the latter are expensive and produce only a narrow beam with limite
energy ranges and limited dynamical control. To produce a broad, uniform, highly-controllable, long-lifetime, monoenergetic
beam, UV photoelectron sources are generally preferable. These consist of a UV light source which illuminates a photocathod
causing it to release photoelectrons. These electrons, which are released with negligible kinetic energy, are accelerated towart
high transmission grid by an electric field. The source can thus be as wide as the grid and the photocathode, as spatially unifor
as the light that falls on the photocathode, and as collimated and monoenergetic as the photocathode and grid are flat and para
(and thus the E field uniform). The electron flux can be adjusted by adjusting the UV lamp intensity, and the electron energy car
be varied by adjusting the strength of the grid-photocathode E-field.

Traditionally the UV photons are created using gas discharge lamps (e.g. mercury, xenon, deuterium), however these typ
cally have poor dynamical control, can create large amounts of background light and are bulky and inefficient. In recent year:
however, advances in solid-state technologies have enabled increasingly powerful, efficient and affordable LEDs of various U\
wavelengths. Accordingly this has enabled compact, low-power, UV-stimulated electron sources that can have intensities the
vary between 10 to 1@ electrons cm? s~1.

To meet the requirements for calibrating the electron analysers for the SCOPE (cross Scale COupling in Plasma universE) mi
sion, a 9cm beam diameter, UV photoelectron source of this nature has been built and is being tested. Weighing approximate
1.5kg (excluding power supplies) and consisting of rugged, low cost components it can be mounted inside the vacuum chamb
with great flexibility, including on a motorised translation stage.

The SCOPE mission requires several FESA (Fast Electron energy Spectrum Analyser) instruments for 10eV to 30keV elec
trons and several EISA (Electron lon Spectrum Analyser) instruments for 10eV to 20keV electrons and ions. The first duty
of the new electron source is the testing of prototype developments for the EISA instrument: namely measuring the electrol
transmission properties of carbon foil and assessing the secondary electron emission performance of candidate dynode materi

F—7— R: Electron energy analyzer, Plasma spectrometer, Particle source, Ultra-violet photoelectron, Calibration, UV LED
Keywords: Electron energy analyzer, Plasma spectrometer, Particle source, Ultra-violet photoelectron, Calibration, UV LED
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Effects of finite electrode area ratio on Langmuir probe measurement
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Langmuir probe(LP) is a widely used instrument for measuring electron density and temperature on satellites and rockets
Recently pico- and nano- satellites have become more popular, when the surface area of satellite is similar to the probe, tt
effects on LP measurement due to limited satellite surface area need to be considered, and these effects may cause LP meas
ment inaccurate. We have investigated the effect of satellite surface area, satellite and probe contamination and LP sweepil
frequency in laboratory. Also we have found that the satellite and probe voltage will decrease when a large quantity of electron:

are attracted by probe voltage and the contamination effect of satellite surface becomes major.
In summary, a solution to these problems is suggested.

F—7— F: Langmuir probe, finite electrode area ratio, electrode surface contamination, pico/nano-satellite, electron tempera

ture, electron density
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The nano/micro-satellite becomes popular for the study of near earth environment. To measure the electron tempgrature (T
and electron density (N in the ionosphere, we have developed the Electron Temperature and Density Probe (TeNeP). The TeNeF
measures Jand N. based on principles of electron temperature probe (ETP) and planar impedance probe (IP). By combining
systems of ETP and IP,.Tand N, can be measured by one single probe. The TeNeP system has advantages not only as beinc
small, light weighted and low power consumption that fulfills the needs of instruments onboard nano/micro-satellites. It also
overcomes problems associated with electrode surface contamination and satellite/probe surface area ratio for DC Langmt
probes.

F—7— I Electron Temperature and Density Probe, nano/micro-satellite, Electron Temperature, Electron Density, electrode
surface contamination, satellite/probe area ratio
Keywords: Electron Temperature and Density Probe, nano/micro-satellite, Electron Temperature, Electron Density, electrod
surface contamination, satellite/probe area ratio
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Development of the small probe system to measure plasma wave for the sounding rock
experiment
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Plasma filling the space is very rarefied. lons and electrons in space plasma don’t exchange their kinetic energy through the
collision but through plasma waves. Hence observing plasma wave is essential for measuring space electromagnetic environme
We propose the multipoint plasma wave observation system that consisted of some sensor probes.

The present paper shows the achievements in designing the small sensor probe system which is dedicated to the soundi
rocket experiment. The experiment is performance test of the small sensor probe which measures the standard wave in out
space. The necessary components for the small sensor probe are Li-lon battery, wireless LAN device, plasma wave receiver, A/
converter, and CPU. All of them should be installed in the cubic body with an edge of 10 cm. Therefore, we chose one-chip
microcomputers as wireless LAN device, A/D converter, and CPU. The wave receiver is miniaturized by designing the analog
ASIC (Application Specific Integrated Circuit).

The wave receiver has the function of observing electromagnetic waves in the frequency up to 100 kHz and we want to tak
three-axis data at the same time. So, we should design A/D converter which has three simultaneous sampling and samplir
frequency over 200 kHz to fulfill the sampling theorem.

We also designed other necessary systems, such as attitude sensor and wireless communication system with the sound
rocket.

F—U—RFHT IR, TIARED, ML =T 0—7, gila sy b
Keywords: Space plasma, Plasama wave, Small sensor probe, Sounding rocket
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The space plasma operation chamber (SPOC), a research facility designed to calibrate and test satellite/rocket-borne instt
ments and study space plasma processes, is constructed at NCKU in 2009. It is a cylindrical chamber of 2m in diameter an
3m in length. Plasma is produced by two back-diffusion type sources installed at the center of both chamber sides. The sourc:
produce ions of controllable drifting energy from a few ten to several hundred eV and density dpam 10 These ions are
neutralized by thermal electrons emitted from Nickel cathodes, and collide with neutral molecules in the chamber of pressure
~2.2x10~* Torr, and a plasma environment with ion temperature “300K and electron temperature ~1000-3000K is formed in the
chamber. This paper presents measurement results of a retarding potential analyzer (RPA), an electron temperature and den:
probe (TeNeP) and a Langmuir probe installed on the 2-axis moving system in SPOC. The thermal and beam component io
energy distributions at different distances from the ion source and the electron temperature/density spatial distributions in thi
SPOC will be presented. The collision process of ions with neutral molecules will also be discussed.

F—7— F: Plasma properties, space plasma operation chamber, back-diffusion plasma source, retarding potential analyze
electron temperature and density probe, Langmuir probe

Keywords: Plasma properties, space plasma operation chamber, back-diffusion plasma source, retarding potential analyzer, el
tron temperature and density probe, Langmuir probe

1/1



Japan Geoscience Union Meeting 2014 0/0)

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]p n

Geoscience
Union

PCG11-P05 23 R AR —2 IRFfd:4 A 28 H 18:15-19:30

PRA SRS R R AT AR BRI (1)U P2 B8IE > 2 7 L O R _
Construction of a calibration system for developing space-borne particle analyzers
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HRRYICIE 10eVichargeh 5 10keV/chargek TO I3 )LF—HIFIC BT, HT, Het, OF, N*. Art L\ o 7 HiE
AF V=LA, Nty Ot COT DK BN TAZ L E—LZRGFT 25T EHARERE — LT A VDR EE TN
%, Z T TH A& 10keV/charge™150keV/charge ¥ — LT A Il Z. #Hi7zlc 10eV/charge ~10keV/charg®BEAMN T %
IWFE—C—=LTA4 VORR, BikittdTER, RERMCZEZNZENEREHIET 2H80E Y AT LEET 2 TEREH,
FTRBEOME, BifziT-o 7,

HEAN TV F—EC— LT A VEFIC 6 DDOEML (A VR, EAEEIes. ©— LIRS, Ehdds, 52
FrN—, BZEMAZX—T—TI)DEHEENT VS, HARIADSA A VRICEA SN2 RIE, 74T X
VIO ENEREFIC K> TAAMEEI NG, FELA L IWIEE N, EROEEESFEIC K> T
FUHEDNRIE NS, A4 I E— LEIRARICB O TCRE T MDOELO Rt T A A EBICEK > TEDOEMLEREN,
ESIThGEZERE T EE N, FIHbE N4 4 Y E—LRBAED T RIVF—F ThifoE &N, BE2F © > N—IC
HBAINS, —J7. BIET 30N BEEF = VN—HND R —2T—T )LD Eic@Ehn, Z—2T7—7)VOJifh, i
RIS % 2 & TOMEANDE — LD AFHEEZLERZ N TED, o, BRI TDI8S X —Z 72 Hil{#
THIETE—LRMZZLERZT LN TES, O)BETFT Ty 7 AL WINEET. (2) BEER O YIHImLE, (3)
BT R W OREGTREE . (4) ©— LIRS A 2 EH - AT LES. (5) ok ES. (6) x—>T7—7 )LD
Fififg & ANfa, e OERNRE LTI 1, FkiZ1DDTT s S L ET—EHE X OCERERETE 2 HilfE s
AT LOWEEHED TS, EIRDA > 2 —T 1 — AL LT RS-232 USB, #Ef LAN ZHWV CRigHEZTT5, 7o
7527558 LabVIEW 23 %, Fiz, DO C—LT 1V « BLEETOEEERZ 5 - [FAREEH L, B
W ES A—)VO HBIEE 217 5 HARERMH - B AT LZEA LT,

HBAWTZ IV F—C— LT, VBT RE—=2T =TI AT LUNOERIEY A7 LIRS N THE O, Tk,
PAHEENEFED TRV F—DAF V E— LWNEZEF = VN—ICEHARRER T DRI N TV S, FEICE — LR
JEZHUST % 2 000 MCPEHIIRZE i L. A L7 € — LB OHEZTT o 7c AFR T, FEELIE—LF A 2D
WL L A L 72 B — LB DORER RIS DOV TG T %,

F—T =R BRESAT L, AF Y E—LTA 7, BENA A 28— L, Kb, B BV = AT o, e b
Keywords: calibration system, ion beam line, suprathermal ion beam, particles analyzer, magnetic ion mass spectrometer, remc
control
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ERGHREICHER T 5 i 3 )L F—hi 7 Hrds EM O,
Verification of engineering models of medium energy particle analysers for ERG

R SR NI 1 L R o A1 SR= 1 [ R = =2 v NV iy (RSl S
KASAHARA, Satosht* : ASAMURA, Kazusht ; MITANI, Takefumi' : TAKASHIMA, Takeshi' ;: HIRAHARA, Masafumg :
SHIMOYAMA, Manabt? ; YOKOTA, Shoichird

LSRR, 2 A E R
1ISAS, 2Nagoya University

ERG (Exploration of energization and Radiation in Geospace) is a geospace exploration spacecraft, which is planned to b
launched in FY2015. The mission goal is to understand the radiation belt dynamics especially during space storms. The key ¢
this mission is the observations of electrons and ions in medium-energy range (10-200 keV), since these particles excite variot
electromagnetic waves (e.g., EMIC waves, magnetosonic waves, and whistler waves), which are believed to play significant role
in the relativistic electron acceleration and loss. Engineering models (EMs) of medium energy electron analyser and ion mas
spectrometer have been developed and their performances and tolerances are tested. We report the results of these verifica

tests on EMs.

F—T—F: VA AXR—AHEHE ERG, =)V F—1F >, Hl =)V F—&E 1
Keywords: Geospace exploration spacecraft ERG, medium energy ion, medium energy electron
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CASSIOPE# EEH PR FE B HNES (NMS) OFJHAE RS R
The results in the initial operation of the Neutral Mass and Velocity Spectrometer (NMS)

onboard the CASSIOPE satellite

SRR — T BRI L2 SERUE T 2
KURIHARA, Junichi'* ; HAYAKAWA, Hajime 2 ; KOIZUMI-KURIHARA, Yoshiko?

VABERE REERBCERANTIERE, 2 MOTTTBOE N Tz e b FE
!Graduate School of Science, Hokkaido Univerisiihie Institute of Space and Astronautical Science/Japan Aerospace Explo-
ration Agency

20134 9 H 29 HICHT B LT 517z CASSIOPE#HEICH#{E 1172 Enhanced Polar Outflow Probe (e-POP) > 3 /%
O—DTH % ki EEHENER (Neutral Mass and Velocity Spectrometer; NMBWIHE IS I DWW THRE S
%o e-POPI v ¥ 3 v ORPEHNIIMIKFEEEE > 5 D7 5 X< D@ K CEE KRS SO RK ORI ER
LZOMBEEHZHET S T EMNHNTH D . NMS IZIEEN 755E 5545 72 R D TR 7~ OB /00 1S S % i BN 7
BICFH G T2 LM ENT VS, 2D, NMS IFBHFZOHIR BRI RN FEESTET & E B A58 LWREEZ T
ICHFEE Nz, NMS I EET AR AR Z2H B, #RICH T 2HHEE (7-8 km/9 T ASI 2 Hhi i< xf
LT, RSB THN O ENSETE— LK B EHZ1T S B, S Nz Pk U CHRE 1Al )
9 % 5 Thinig LU TR TRERTAY (Time of Flight; TOF)YE & 7741217 5 & [FIKIC Microchannel Plate (MCPy L A7«
T7 /= RIC X2 IO hiEMR 21T 2 RIS, BRUT—2UEERIc K> TR E NS, brEEEZE DR L
T, KiFOBHMED SERICHT ZHBHEEN DN D | ZONMBEDOS D SEEEE 2 L5 T & TARDEE >
EIVAN SIS g

BEOFHNEMEREICHE O T, NMS DR E L TOREBICEHERZESNAVE DD, BEFH2EHEEERVEATL
HEX D BHMILL L2 WRIER TSNS &0 S BFENBH S MR 5 Tes T ORRIZAS U T E Fo ek - EEE N
MICH28d 5 L TEMEND D EHE TR LT3, COEAIT R 7O AEIC RIFTHE L
FIHEMABOT — 2 RFTHERIC DN TELET %,

A7 e AR PELRUMT A, A, TR i

Keywords: neutral mass spectrometer, atmospheric escape, non-thermal velocity distribution
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ASEA— 1 SR A FHEBINSDA A— D B 2T LORIFE & il
Development and evaluation of the drive system of InSb imager mounted on infrared cam
eras for Jovian aurora

Hp ] AR I NS OEE] 2 IRET R L B FEAY I B 3
NOGUCHI, Eriko"* ; KOTANI, Koji 2 ; SAKANOI, Takesht ; KAGITANI, Masato' ; ICHIKAWA, Takash?

LRI - B - ERYE A, 2 SRR - T - LA B AR - B - KSR
1Geophys., Graduate School of Science, Tohoku Utlgctronics, Graduate School of Engineering, Tohoku Uhistronomy,
Graduate School of Science, Tohoku Univ.

HALKRZ T, 20144E1CNT A « NL T A IITEICRRIE TN % 60cm iEsE D 72 O JRIMEHIEEE OB 217> TV
%o AW, REFRIA—T T HFNA X T EFRNT Y o)V aicHL@Eic v 5% Focal plane array(FPAF O BRE)
VAT L7ZBAR L, ORI « AR 2 DT, B S 2 % FPA DB ESRIF 2 TR E § % Tk Z2 T
L, SERNSROBIFRM 2RI T L 2 HNE T 5,

AT & O |, BU R OIFZERZE 2B 5 IS T % BI1CE H3+4— 10 T IS RIS 155 T SIN=15L0 | H2 A —n1
T TR 1200sT SIN=5LL I, FREEGREZIC DWW TR 7200sT SIN=5LL EDRETH S T &R LT,
T DOEER SIN 38 K UG RIRIFRIC E DWW T, BSOS 7 F IV Sy, IBR KGR DOFO ST, imEh © D ENRS 72 &
U, FPAICELRE NG /A XfHE, BAAIICIZY — R/ A AB X OV — 7 EBRO EREAEHS M LTz,

T, AT L T 579 FPAT% % Raytheor?D CRCA63DERENFHIC D & | ABRE) > 2 7 LN CO@EY) 5/ A
7 A EHIFD, Vdet=-3.0VLA F,Vdduc=-4.0VLL F TH B T L ZIASMIC Uiz, TOEM T, 731 7 A Vdet-Vdduc=0.6V
23UV T Full Well(FW) 58 0.02V 5 0.4VICHEK L, Na7 V5 > T ORI LTz, B, RO K S BB ZIT-> Tz,
OFRIN A1 AT DBV A DILEWZ IR E 8% T & T, FPAIFREIX 45K 15 20KICE T VD, U — 75l 17,145¢els
M5 200e/s,) — K/ A Xid 4536, 5 3206.,,s £ Tk L7z, OCRCA6IRFEDAESZMGEL, 7 L— LHALOH
R EZHFE LI T, U— R /A RIFHEIT 200, TR L, ThicE D E FPATIEIEIERZRD 7 1w 7
B —7r v ADREL 21T 1o AREREIS 2T LOFHMRMERERIM 2175 T & WA[REL 72 o 7o, OFPA BRE[HIES R DK
BELT, &R—ROHNEND ) A XKL, BRI — R/ A X% 90€.,,, T T LTz,

LI FogEIC & D ,Photon Transfer Cunv®FiE% W T, FPADTERE S5 X — X B FEHCEE T 5 C & A A[EE 75—
Tzo ZOREH, N4 7 X 0.6V DIGE Tl Fixed Pattern Nois® HEfRIE TdH % Dark Signal Nonuniformityh® 3.8 %, Pho-
toresponse Nonuniformitp® 1.6 %, 1) — 7~ i 200e/s,Full Well 133,000/ 27 L7 1 > 10.9e/DNTH % T & IS
IC75 > Tz, FPABIEREM T, & FA1RIIE 2170, Raytheom FE Rk L T W 2 & [AISE 0D 0.85 DR LTz, X,2.3 u
m,400K ® Noise Equivalent Difference Temperatuig i L7z & 5, ik K 45mK TH D, 5 3 FPA L Lt L TE 1+
DIEMEREERFHETE TN B T ENHLMNCIE o T, 5B, RIFFELTERH L TV 2 FPAIX NASA O IRTF L [FAIfEDE D TH
D, R ZZOHRIGS A7 LOMREZ LT % &, U — 7 BRI IRTF OBREN S A7 LICVLElT 2 ERETH 2 T &
RENTz,

EHIT,FW, U —Z &R, Y AT LA CDWT, FNHDINA T AMAFNEZ 2 ICEH Uz, ZORMRS R~ W,
BIHR S DE 5 T IRIE, M BRI, i KRG EHIR 7% & 25 18 U, B S B8 2 ik SIN 72 2B ] e 7 i
HNA T ARERRIET B F LML UTc, ZTHUCKD, LLFD T ENHLMMTR 5T, BRI FPABKEN S A7 LI
T, 237 X 0.5V T, H3+Z R 155 TA X—Y  ZBI L 7255 O/ SINIE 30 Th B, /317 X 0.4V T,H2 %
HRIRIER 1200s T/ CRIHI U 723 B OB SINEIE, =2 ZHR U258, oK SINE 3.14% 3£ 3 B 1Y, B3Rk SIN %
FE%, TOWE, V—27&EifiZ 8le/sbl NI KIS 24080 H 5, ELEDEBIIDLE, /317 X 0.4V T 28 AN 7%z
179 &, IR 7200s T K SIN=52.7CH %W, 731 77 A 0.9V TV — 7 &% 100e/sbL FITAKIE T 1L, 1 1 OHRE T
SIN=40LL F3ERTE S,

BT ZICAIIZEHE, BEBID 72 DRI RKEREBUCHHA D T N2 FRVEHEEE IR E N5 FPADERE S X7 L\
B - R L, FOMEREZ R RN U, Z OF5 372 W TEIIRBIC R NA 7 A2 BT 252 2R LIcE DT
B3, 58, HRBITOY — 7 EBRIE FPAASKD ARy 7 LI LT E 2 HRERE L, TORBNSHOFETH %,

F—T— R A A=D 2 T ERE S AT L, RIER S, 2R RN, NASA JR9 Sia i
Keywords: Focal plane array drive system, IR telescope of Tohoku Univ., long-term observation for planet, NASA IRTF
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TR PR H N S5 DESTINY 1< X % FR2ZBHRI 0D 72 & O EiB R O Mt
A study for candidate scientific instruments for DESTINY

A H B )1 el !
IWATA, Takahiro'* ; KAWAKATSU, Yasuhiro'

YIAXA FHBEADTET
Hnstitute of Space and Astronautical Science, JAXA

TR RN FEF% DESTINY (Demonstration and Experiment of Space Technology for Interplanetary VolgaghyXA
DR LA Tvarayry FTof BT ZHET/ NUERERETH 2, TOHME. 1 7>arayy b /Nl
IC XD THEEZ KRBT 572, T LML KRG—HERRS 75>V am2 (L2 5) ONa—uElc E2PEHR A -
WUERIEEARe, EEtEzm SRR A A oYy RGBSR 8 BRA RN Z356Ed %
TlliLhBd, TD—NT. it - FROEHOH T, BREEFDY YV —XICREMNE UEEICIE. 10kgEE X TOHE
BUNBSER 2B TR T Z 20 HEED D O . B SIRFEER DRI E N TV 5,

L2 Na—EBEHEOR T, HEREE O T — VIO 7S X< >— Nz, B xR iEE - fiEh SBT3 C
EMTE, TIXX, BIxIVF—RTF. WS OBIINERREEG & LTHIT 5N %, L2 iTlE. ZELHEEIC XD
EHBOBHINATRETH 2 2 5. JAXA DRI R SPICAZIZ LS, £ < DAN—A KRR DRIE
AL RS> TWD, TDD, TOZEMBEHOX X ., BV, TR ZM5 2 &, BN - BANZEEEZH
HFGEEST 5T &3, TNOFBRI v a VDO DOBEERT— 255, L2 i B—HuEE K UZDOROMEEIE. K
RHEBEDGE LTEEHTH 5, HIZZHBRAE KA (NEO) & XA N EDMEZBIIT S LIcKD ., RERD
/N L T ORERIAE DBIRZIHS M LT, KR OIREYIE S Z OHE(L 75 b CICEnE O 2 L T <, £,
HIEREES D DFHAET 2 X AR ERERE ORI - BHEEZBNT 52 Ik D, TS DOMSEHEMZIASMCT S &
LI, KREBRNEEDORKBNNCE DT Z T LW TES, DESTINY I&. TNH DA GIREDFIELD, FelRrvE
W EpEF 5N 5,

F—I—R:A7maruasy b, DESTINY, 7750 am
Keywords: Epsilon Rocket, DESTINY, Lagrange point
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BepiColomboH KL FEI/KEHEEI v 3> t MMO 7Y = 7 iR e
BepiColombo Euro-Japan Joint mission to Mercury: MMO Project Status update

BN §iE sl L R an YR Fuavc s hF—L L
HAYAKAWA, Hajime ™* ; MAEJIMA, Hironori' ; BEPICOLOMBO, Project teaf

DEEIRE - R
'ISAS/JAXA

FUTHIN DA N D KEI, TRBFHISEWIRERSE | & THERAICES 22 KEME D5 REEER#ETH O .
WEAE 3 Ah 5 OKE MESSENGERC K 2B WID TOEDTH %, MEDHEEN S, TONIEREIIEHDERV
EEZ SN TV E A BEIEEI O TRENORRZ L1256 LIz, ZORAIIRIZCNISOFRELZ->TWVS, [N
¥ . a2k (BepiColombo ] (&, WM HIKERE (LAR. ESA) & DOEEEME - /I & b OB ORSS. M E. N
. REEYDTEZAN - BANICBRIL XS5 357027 b ThHb, EERY & REKIE 2D HER R 13 Bk
EIKETZT T, FIOKEDFHIRE = [WIORERYS - MBI ORI 13, [EREORS - BB O E M & Rk
OHRICKZGEREEZET25F, £, WHOFEELBERT % L REN2E RGO E/KE DR ERNE - ZED
EERENG., KBFRIEAL R THIBREIEE O & b ) OMEIC EHkT %,

AGHEE, BUIEHBICRE(EE NIz 2 DO RERER. b bRE - MO REL S N iz DKER IR
(MPO)J (3 filiilfEn, (K FEMiiE) . s - KB OB Rt T iz KBRS BEHEEER (MMO) ) (RE HilfE, 5
MdE) MO E N5, ISAS, JAXA &, HARDREDE TH 21 - B OB Z EHE L 9% MMO AR
DOBAFE LK EFAREEICH I ZEAZEY L, ESADKRO DT, I4hbb, iTH EiFh SR Mz 0K, KEHE
EHENDORA . MPO ORI & #4249 %,

MR IE R T 5 Bk ORPABINIZEE L, 2004F O EMEHIEE LIRHFE 135 &4 LT L, HARMOFHMERG R &
TR 234F 11 AICHR T Lizo JAXA DBIFT %5 MMO IIAME 1 HICES « A > 2 —7 2 — & 7 L, —HE
9 ARD DIRARBD BB I Nz, BEIRD - HEABRIDIK T L. SEOREZARZ > THIAOR AT
T E7E%, RKEFRLZICESAESTECN LA SN ESAJIBIREEY 2 — )L LB bR TR BB 2 R 115155 Tdh 2 1L
FT7FANEEEN, 2016FEEHHICH B EFOFETH S, —7 MMO X ET IV RA AL N—FEE 10 AN S
FBRETIVERBICBIN LTz, SBEREICTESNTOWEE 2MEXRETIVIRICBINT 32 FETH 5,

IKEFEROBIANE, BRINTEERMAETFT — L X5, A< HERIZEE TS % [BepiColomboks: T — 3>

TF— L] (1 BIRREERME) TVUE - Ffic N5, A#EEHTIE. TNOSRPABIINCEE L7 T BAMID 8 EZH
9% MMO I DWW TERATIRIZ 9 %,

F—TU—FiKE, RERE, EE
Keywords: Mercury, Planetary Exploration, International Collaboration
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IK AR BepiColombo MMOD RSN TR 5
Magnetic Cleanliness of BepiColombo MMO

R R 7~ 1 5 PR I
MATSUOKA, Ayako'* ; NAKAZAWA, Satoru?

VAR R T EERARITERT, 2 TR RN A RBRET 0SS LYV =T
LISAS/IAXA, 2JSPEC/IAXA

IKEEIE, HIBREYEKE TIIHER D i ME— AR IR SR B ORI G Z2 R DB THh %, LA L, ZDRMEICHBT 215
&, HIBERODK) 100570 1 E/NE W, T D=8, KIGHEDZEF DD K PE OIS £ CHEBEINTEE L., A BEAVEOES
MR =)V TREL BT Z T ENFRHRINT WV, 2011FEI/KEDERIFHEIC A - 722K E D MESSENGERI X - T,
IKE DG OBRINED SN TWD, LHL, #iidD & B O KERDOELEC X BHIHEENARKENT &, MESSENGER
DA EEHEAVKE OIREERICR > TW5 T e 5. KEDEA S ORH R FRIEITIEE > TWVEV, 2016415 FiF,
20244 1 H/KEHF T O/K B4R BepiColombald. JAXA IZ & - THIFE « 8L X M-S BHEA R MMO A%, ESA
I &K o THIFE « Bl S N 7= BE R MPO & HHIC/KE DORIGERE 2B U, /KEDRADOS 7% C & x HlE
THT L, HBEUICB T 2B TRBROLEH O EZ T 2 2Ic kD, KEDEEMSEZHERIROZ T L
FHEDO—DE LT\ 5, MEZMZBINOIDICIE, SHEOHIEI 2T s Lt bAA. FEBKOHITH
8/ A R Kikd % ENEETH S, TDIzH, MMO DiRGEE « BUWEICI W T, s/ 4 X 3R~ Rz fii L.
YR EH 21T T IcZ L DHIIHEII NI, AEFETIE. MMO ICBUT 215/ A4 AEROANEE. X7 L EMC
AERIC I B HliAS R 2 iR S %,

F—T— R KE, Wi
Keywords: Mercury, magnetic field
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