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Current status and future direction of sounding rocket experiments in Japan
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Sounding rocket is an effective platform which provides opportunity to make a vertical sounding for a short period through
the thermosphere, ionosphere and magnetosphere while satellite generally flies in a horizontal direction. In short, the soundir
rocket has a great advantage in conducting an instantaneous survey of the upper atmosphere in the vertical direction. The primz
objectives of Japanese rocket experiments include various topics; studies of thermospheric, ionospheric, magnetospheric physi
and astrophysics, microgravity experiment, demonstration of various instrument and technique, and advanced engineering expt
iments. Among these topics, the upper atmospheric physics is one of the most frequently explored targets.

For further understanding the upper atmosphere and ionosphere, sounding rocket will be inevitably needed. In particular, it i
the most effective platform to investigate a coupling between neutral atmosphere and plasma, in other words, coupling betwee
thermosphere and ionosphere, because it is only a platform which enables in-situ observation at 100-250 km altitudes where
role of collision rapidly changes. Advanced ground-based instruments to observe thermosphere and ionosphere are deployed &
now operational in many places in Japan, and those capability has a great advantage compared to other countries. Making use
such an advantage, it becomes possible for Japan to conduct the most advanced experiment by coordinating the sounding roc
and the ground-based observations. However, we cannot expect too much progress as long as we repeat similar observations
is highly required to adapt a new perspective to the future experiment to proceed to the next step from our current understandin
Furthermore, it is desired to develop a new type of instrument which enables us to study the thermospheric and ionosphers
physics from a new point of view.

Another advantage of sounding rocket is that a proposed experiment can be achieved within a few years after a mission pre
posal is approved, while it takes more than three time longer in the satellite project. On the other hand, it should be noted the
it also takes several years to develop a new instrument. Therefore, it is necessary to make a plan by closely coordinating
future experiment of the sounding rocket and the instrument development. In this presentation, we will also discuss what kind o
instrument should be developed in the future.
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A multi-satellite formation flight mission for aurora observation
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In 2000s, Fast and Reimei satellite revealed fine-scale plasma particle and wave structures which are considered to be playi
a siginificant role in magnetoshere - ionosphere coupling. They carry plasma instuments with time resolution of tens of ms whict
is much higher than previous. In particular, Reimei conducted plasma particle measurements togather with auroral imagings i
which ionospheric footprints were captured. It provides us a hint for fine-scale spatial plasma structures in the auroral regior
although it is a single-satellite platform. However, it is still difficult to investigate a dynamics of plasma processes by using the
simultaneous observations without wave measurements, like Reimei. It would be necessary to make a simultaneous observati
of plasma particles and auroral emissions togather with waves, which is never made so far. We are planning a multi-satellit:
formation flight mission for auroral observation. Main purpose of the mission is to reveal (1) time- and spatial-structures of
auroral particle accelaration caused by Alfven waves and field-aligned electric field, (2) energy transfer between plasma wave
and ions in supra-thermal energy range, and (3) fine-scale plasma structures which trigger global-scale changes and vice ver
We will discuss possible mission configurations.
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Science of Collisionless Shock Explorer
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Importance of integrated data analysis for geospace science
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The geospace environment is characterized by dynamic process which link sun/solar wind to the changes in the near Ear
space environment. Many attractive phenomena in geospace occur in the inner magnetosphere, for example, enhancement
ring current that causes magnetic storms, and disappearance and rebuilding of the MeV electrons in the radiation belts. Ir
situ and ground-based observation systems provide various kinds of the observation data to support our understanding of tl
geospace. Since the geospace is a complex coupled system and elementary process at different energies and regions affect
are affected by each other, the integrated analysis system is needed in order to address the interconnection of each element
process and to understand the geospace as a global coupled system. In order to realize such integrated analysis environment,
ERG-Science Center operated by ISAS/JAXA and STEL/Nagoya University have developed the integrated data analysis syster
The standard data format and the common analysis software are a key technology for the system. The ERG project data a
archived with the NASA/CDF format and opened to the public, and the analysis procedures that are plug-in of the SPEDAS
are also developed. The data analysis system for the ERG project would be useful for not only the ERG project but also othe
geospace missions, and the system should be a heritage for the future geospace mission. In this presentation, we describe curi
activities of the ERG-Science center and the perspective on the integrated data analysis for the future geospace missions.
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A Piggyback Micro-Satellite for Aurora Observation
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Auroral camera required in the future small satellite missions exploring the magnetospher
lonosphere coupling processes
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We propose the conceptual design of auroral camera required for future small-scale satellite mission to be launched for ur
derstanding the magnetosphere-ionosphere coupling system and fine-scale aurora. Reimei satellite showed that the simultane
image-particle data are useful to investigate the fine-scale auroral dynamics, such as small-scale discrete aurora and time-varyi
pulsating aurora. However, Reimei does not carry the wave and field detectors, and therefore it is hardly measure the field aligne
current, which is essential to understand the coupling process. Thus, the fundamental issues, such as the coupling process (ti
and spatial variation) via dispersive Alfven wave, radio wave emission from the auroral acceleration region, the relationship
between large-scale auroral dynamics (like substorms) and small-scale aurora, etc., are still not understood.

We are now discussing on the possibilities for future small- and micro-scale satellites to understand the small-scale aurora ar
the coupling system between magnetosphere and ionosphere. In this talk, we focus on the scientific targets to be solved by tl
future satellite missions, and also show the conceptual design of auroral camera. These will be launched into a polar orbit ¢
low-earth-orbit (LEO) or at mid-altitudes up to a few thousands km. We consider that the following specifications are required
to this auroral camera. (1) Imaging optics is preferred. (2) At apogee, the field-of-view mapped on the ionosphere is wider
than 400 x 400 km, which is about 6 times greater than that of Reimei. (3) Spatial resolution is better than 1 km/pixel to obtain
fine-scale aurora. (4) Time resolution is higher than 1 frame/sec to obtain time variation of aurora. (3) It is preferred that the
camera measures auroral emission in the nightside hemisphere under sunlit conditions.

To satisfy the requirements, we carried out the conceptual design of auroral camera as follows, assuming that the satellite
three axis stabilized and its apogee is 3000 km. The target is auroral N2 1P emission at 670 nm and/or O2 A-band emission
762 nm. The objective lens is f=100mm (F1.5), and the preferred detector is 1k x 1k EMCCD of which pixel size is 13 x 13 um.
Then, the field-of-view is 7.6 deg, which enable us to cover 400 x 400 km and 200 x 200 km with spatial resolution of 2 km/bin
and 1km/bin (assuming 5-pix binning) viewed from altitudes of 3000 km and 1500 km, respectively. In the case of 10 frame/sec
sampling and the EM gain 50, we obtain the S/N of 50 for 1kR auroral intensity and the data rate is 4.5 Mbps (assuming lossles
data compression rate of 0.7). We also discuss the requirement for auroral camera measurement under sunlit conditions usin
dipole or IRGF magnetic field model. We find that the satellite exists in the shadow of the Earth at altitude of 3000 km only in
the limited period in the winter hemisphere in addition to that the magnetic pole tilts toward the anti-sunward direction. Thus,
we suppose that we should take auroral image under the sunlit conditions using a baffle prior to the objective lens to reduce tr
strong scatter light.
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Solar System Explorations using DESTINY: the Demonstration and Experiment of Space
Technology for Interplaneta
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Super constellation of micro-satellites as a new platform for space investigations
Super constellation of micro-satellites as a new platform for space investigations
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It is expected that micro-satellites with a weight less than 100 kg will play important roles in space development in the very
near future due to extreme low cost and the rapid down-sizing. Adding to Surrey Satellite Technology Ltd., a venture company
of Surrey University in UK and one of the pioneers of microsatellite, not a few institutes or companies started entering the
international race of micro-satellite development. Micro-satellite had been considered as an educational or experimental tool, bt
it is not any more at present. Google bought US company, Skybox Imaging, which may launch several tens of, even hundreds ¢
100 kg-class micro-satellites in the near future for commercial services as a part of Google businesses. Recently, with telescog
camera on board RISING-2, our second 50 kg-class satellite, we succeeded in acquiring 10-m resolution spectral images wi
liquid crystal filter, which is the best performance in the world among all kinds of satellites. However, no standardized satellite
BUS or scientific sensors exist in the world. One of the fascinating ideas to realize super multipoint measurement for spac
weather monitoring might be installing a standardized scientific plasma sensor package at every micro-satellite as a part of th
BUS instruments. In the near future we may have an opportunity to realize the super constellation with more than several tens

micro-satellites, organizing international community. Here we would like to discuss how to implement our conception

F—7— F: micro-satellite, constellation
Keywords: micro-satellite, micro-satellite
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Development of TOF-MS for in-situ K-Ar dating
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SR ERERISE O TOF-MSIZ &, Y1 X, BHOWTHIINSD D ZFDZM T T Ar [FINARIE D AT RE /R B &) iR
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ETEEET 2 3CAr OBRZEHEE LIL TA, Tt 7ZS 5 7DITIEEHT 5 1 4 > ORHZR N\ DRER 25 10 % LA
b FHAIORE DR USSR EE B KHZ] U EE T 2088052 EMHLN LT, ZTTAA VR LOTOE—LIRIC
TOF-MS~NEA T2 C & Taifzm EXE, FRICAA Y OWIANEDIXSDEZMAZ L5 Lz, Thuckb, &t
B S 2 L—arTld. 10 %L EDORFERNER TE TS, /2. TOF-MSDhE 7 )V X BN & E H BN
D 2P LTV AEBEFRO AR Z/NE L 2T & T, TOF-MSEHIIOR D K UEEEE [kHz] ETh k83 e
ETEAH LI LTz
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Space-borne observation of the ionosphere, thermosphere and the mesosphere

TR IR 1
SAITO, Akinoril*
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IKyoto University

A micro satellite for imaging of the ionosphere-thermosphere-mesosphere-plasmasphere is being designed in aiming to k
launched in the low-earth orbit. This new observation is expected to clarify the upper atmospheric processes that have bee
partially found by the ground-based techniques and the ISS-IMAP missions from the international space station. The new satellit
can observe the Earth’s upper atmosphere with a wide field of view that cannot be observed from ground-based instruments. Ma
targets of the observation are: (1) generation, evolution and decay mechanisms of mesoscale structures in the mesosphere anc
ionosphere, (2) longitudinal and regional characteristics of the atmospheric gravity waves and tidal waves in the mesosphere, (
disturbances of the thermosphere associated with the geomagnetic storms, (4) electron density distribution in the plasmasphe
and its effect on GPS radio waves, (5) the ionospheric effect on the radio waves and development of the correction technique
Coordinated study among the satellite, ground-based instruments and numerical models is expected to expand our knowledge
the mesosphere, thermosphere, ionosphere and plasmasphere from the equatorial to the polar regions. The coupling mechani
among high-, mid-, and low latitude regions, and between lower and upper atmosphere will be elucidated by this space-born
observation.

F—U— B EHEE, PR, 29, 75 X, fRiRGeil
Keywords: lonosphere, Mesosphere, Thermosphere, Plasmasphere, space-borne imaging observation
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VA auF HRfGEiE LAICA OFIYE & B8R .
Development of geocoronal hydrogen Lyman Alpha Imaging CAmera (LAICA) and ob-

servational results

M R 1 B EE L ek AR R R 2 S 2 O B
IKEZAWA, Shota* ; KAMEDA, Shinga' ; SATO, Masak1 KUWABARA, Masak? ; YOSHIKAWA, Ichiro? ;
TAGUCHI, Makoto'

LSTBOR, 2 KA, 3 TR 2o e e RS
IRikkyo University,2University of Tokyo,3JAXA

HiBRYV B D 7K IR 13 KPRV 72320 THIBEGELZ L C 97, Z DOBGELE IRz ais =N T a—Z K L,
A anat eEN TV 5, BEOBIHNCK D EEK 20REXTIA a0 LT0aET A bh>TED
(Tsuchiya, 2003) ZDFHEDHTEIKE Ly- a @D R EBENRN T EHHENTND

FATIRIC K © P o F OZEE R OIEXFRE (Bailey and Grantman, 201 &ph 5 ﬁkﬁﬂc TeIKAFEF DK 10%FE
FEDIENN (Bailey and Grantman, 20133 EWME SN T3, LHM L, TS OHEIFHERFE R EIC X S8 ETH
D, BEEICBI 2 YA a0 ORI, §xb b RERNAUKRIE TEEEE P REURIC M © 7o KE R RO E B BI%R
BREIEARTEHS MM EN TR, HIERE [EHELLED S OB MD TH7E <, Apollol6 W HE—T 4 a1 ) D4
KN LTV B, L LZDOBIIEEIE I0REFREETH O VA a2 EI A % LI TE TV,

Z TTAMIETIREEEN SO YA anFHiRigZz Hi & L7z LAICA(Lyman Alpha Imaging CAmeralDBi¥ %175 2o
20134 10 AN LR Z e Tz LAICA WEZEKEI A2 T L V8, /N RIS T 4 )V & #iids (MCP+RAE) DB LD . #R
#rld BepiColombo/MPOZ5#{E 1% PHEBUS/FUVE RO E D2 L TV 5, JERIIVIEBK THHRUCKRE! - BFE
ZUTco RIONHFROFE - BIFE - 74 V2 L RIBOWERE DB LRI L, VBRIV —2IV—LTHHIILT
ZiTotes LT 20144 7 HICFIRMTE 7 Lz LAICA E[AI4E 12 A 3 HIGHE/INEF FH PR PROCYONICHE# T 1
b EFbNiz, AFEER T LAICA DE LG 5N T — X DY FERICOWTIRE T %,

F—TU—R:UFan), T4 ol HIERKA, FHEws:
Keywords: geocorona, Lyman alpha line, earth’s atmosphere, space telescope
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DIV B GAIA-I 1T & % EEAE R R &@‘@%‘rﬁﬁrﬁ HIE 7 1 —7 EDTP O
Measurement of ionosphere by microsatellite "GAIA-I" and development of the electron
density and temperature probe: EDTP

HFERY IV T vy FhATAY ARV T oI PEEEIE 2 PR BEES ML FE—REY
K PR 2

MIYAZAKI, Takahiro'* ; JOSAPHAT TETUKO, Sri sumantyo, ABE, Takum? ; NAKAZONO, Tomoyuk®? ;
OYAMA, Koichiro* ; KODAMA, Tetsuy&

VFIERY, 2 TR, S Xttt o1 - A — - T X P JUNKRE
LChiba University,JapartJapan Space Exploration Agency,Jap&dvanced Engineering ServicesCo.,Ltd.,Japdfyushu
University,Japan

Chiba University plans to hold orbital experiment by using a microsatellite named GAIA-I. The GAIA-I could investigate
relationship between diastrophism and ionospheric phenomenon to seize precursors of earthquake. Many ground based obs
vations show that ionosphere is modified before large earthquakes. The mechanism of the ionosphere modification is still nc
known. Recently, ionosphere observation by small and micro satellites has been proposed in order to study the mechanism
the ionosphere modification. However, conventional ionosphere measurement has some problems in small and micro satellite
In the case of Langmuir Probe, one problem is that satellite potential changes easily when sweeping voltage which is applied t
probe and second problem is that the measurement is influence by the electrode contamination. We discuss here a new sen
to observe an electron density and temperature at the same time with one simple low cost, low power consumption and low da
rate instrument. This sensor is called Electron Density and Temperature Probe (EDTP).

EDTP has a probe that is formed by two semicircular plate shapes. When a sinusoidal voltage whose frequency is lower tha
ion plasma frequency is applied to an electrode, the floating potential shifts to the negative potential. The electron temperatur
can be calculated from the ratio of the two floating potential shifts which are caused by applying two successive signal of ampli-
tudea andZ2a. This principle to measure electron temperature is applied the instrument was developed in 1970, which is namec
Electron Temperature Probe (ETP).

In a high frequency region, plasma impedance is more dominant and the amplitude of sinusoidal signal which is applied be
tween electrode and sheath edge is controlled by the combination of sheath impedance and plasma impedance. Based on 1
principle, we added one more function of ETP to measure electron density as well by replacing low frequency oscillator which
was used for ETP to sweep frequency generator.

We tested ETDP experiment that compared ETDP with Langmuir Probe and Impedance Probe by using space chamber. O
experiment has revealed that EDTP is better than conventional ionosphere measurement.

Keywords: lonosphere, electron density and temperature, microsatellite
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Submillimeter limb sounder for stratospheric and mesospheric temperature, wind, an
chemical species

RO BN ARG Y VYR 2 2 SRR E 2 IS HEN 3
OCHIAI, Satoshi* ; UZAWA, Yoshinori' ; NISHIBORI, Toshiyuk? ; SUZUKI, Makot@® ; SHIOTANI, Masatd

VIEHOBASWTIORS, 2 THE TR, ° R
INational Institute of Information and Communications Technolddgpan Aerospace Exploration Agenéiyoto University

TEBEKEE D S A £ TOIRWEERIFHICDZ2IRE L El. BET Hy0 X 03 ZTOMOMER D ZH 7 2 ) s
DYLY TR K >THNT SN TES, Y7 IVKY LYYV Z T, RELBEOFHICHEY ZBEEDT A
& RGULRACER R ZHO D 751 2 2Bl 271, EEROFEBEHNLETH D, BOEENS DT A > O
T SRS BN B T DI B B FRBED 73D, ARV EEN 5 D AR MV & EE DT A > 7z [RRFICBINGS %
T2 DI D DR ETH B, SHEHLES ETEI vy a VBT, BB O 2-4 T2 % 220
KK T, ZNZFhUTx USETRE fiRRE 1 MHZ F2E T, 2-4 GHZRRE DA /DT B8y 7 TV RPMEEE NS, ZOf:
k7, REPAESRICHN 28880, BHEO FL— FA 7 THEBIVE L TITK TETH 2 ARFEK TIE, 20090 5 20104F
WKHEBEFHEAT—>a Y ETY T I VKR LYY VT 0 7% 7572 JEMISMILESO%MK S v a v & LTIREENT
W% SMILES-2IC DWW T, il OBIIIANORZECR 272 93 RIEROMEHERICHE DT ZNERB R I v 3
VREERHERR & U TR L TO BRI T %,

U LYY v ZOBRANGEICIER I 2 ZERORER., BREIFY 2T HGL. BROVERZMERT 255
ET. BUROEAM T 1M EDZEND S, & ICHHBEX D BWEEDY LBt BT ORI 0 KITIWE
ROFTHENSORS THZDT, MEFRZEHESEHSETZEORFICKRD, BREIFTEFHLTINENEL
T2 EIFEETH S, JEM/SMILES TIFHIEE I FY % 625, 650 GHZF TARZEHNCHEHA L., 4V U 0EELEY
HBN L TEFOENMEZIGE LTz, JEMISMILESZZE#D ¥ X7 LHEE IR (B 1 297 K TH O . RO F IR
SFEVICK B ZEKITHRN U0 FOME TH > T2, JEMISMILESTiE. EFEFHAT— 3~ (ISS)ICHB % EiE
BiOR 8 7 i/ NRIC S % Tz 2 578 (FPRERRECT) Z L RRRICH - 722 & BN O BRIV NE WERRFGETE
T 57 DICZEKZE 2R FEIEFIC LT &FEDTzdIC, IRENTEEOS TOBRIUNKEETE S, XURZ ILHIF THEE
T EHIDDEREDT A R, RAEED N L—WEEZ B W TEiahoT, RETSHIv i ar Tk, LA
O ERHRZ RIS 5 C & TRZEMRFERBZEIDS T &0 U7 3V 1T O &R E BES O R KR 0O TR THA
AT — FLOFEEBHREHAZ/INE LT 2KE21TV. ZRIRIAFEOZERZ X sk Ul imsigo HicHBiL,
BHIELR E L TR N TV RO TR TESRIIZEFBNICANS X 51CT %, 78 (F 721 2SBib) & & E
EIRETITY T EHICK D, JEM/ISMILES K D &5 7 IV DR Z/N T 5 2 L TOREILER S, 72T T,
JEM/SMILES®D & 5 7x{lifty (fiff) ZERTE 2 A 71y bt F L2 T, RS HEEBRIEIC X % D @ HREE 2 km i
EDD LEHINTEZ XS LIZVWEEZI TS, 7T TOHMAREZEOHEOMG & & &I, BIEAHIPH & R
HEOBRANRT MV AMZEER L TRD B FTET, EHIC, KERONT MVZZEHTE S X5 IC 2 HmOBloFB M
EMETT %0 U LY T ZOIEATEZ. JEMISMILES®D /51572 HAMICHEET 5 2 L 2 E L T3, JEM/SMILES
DZEHEIRERIEDHME L U HIRBRIEIRIIEEE LTI LIRS DOO0 D TH D, TN EFAROEDZZ T
fEHTE5 T LDMRETEL TS,

COXSEIvya UK EiRER 200 kg E TERFET 2 L 2HIEL 3%, JEM/ISMILESOEEZ 476 kgTH >
Tehd, ISSHEBERIEH D= D DOHKNC K 2 ERMOH > 72T L L E /I, R T 200 kgfED I v 3 sz
KEHT ZDIEAARETIZ ARV, HIRE I F VARG HEOFmIE SFRETHS T eh b, EHM OB ZHESRIC
I B5Hic, WU THRIET 2 IFY2BRT 2 L eMmatd 5, £z, BIHOFEEZRS DI, BIEEZEHK
FEDLEOVEIRIFYREIOSSI/VIREDI vy g VORI TED T FETH S,

F—T— R HERK, YV LB Y7 30U 3, BERBARE, FkX v >3 >, SMILES
Keywords: middle atmosphere, limb observation, submillimeter wave, instrument development, future mission, SMILES
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Sensitivity study of chemical species for SMILES-2

B E5A U 83K BE 2 E2RH 8.2 3 ; baron Philippé ; %4 4
MANAGO, Naohiro"* ; SUZUKI, Makotd : OZEKI, Hiroyuki3 : BARON, Phi|ippé : OCHIAI, Satosht
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!Center for Environmental Remote Sensing, Chib&L8AS, *Toho U.,*National Institute of Information and Communications
Technology

Superconducting Submillimeter-Wave Limb-emission Sounder (SMILES) was the first instrument to use 4K cooled SIS
(Superconductor-Insulator-Superconductor) detection system for the observation of the atmosphere in the frequency regions 6:
GHz (Bands A and B) and 650 GHz (Band C) [1]. It has demonstrated its high sensitivity (System Temperature, Tsys “250K) for
measuring stratospheric and mesospheric species, 03, HCI, ClIO, HO2, HOCI, BrO, and O3 isotopes from Oct. 12, 2009 to Apl
21, 2010 [2-5]. Since SMILES operation has terminated after only 6 months operation due to failure of sub-mm local oscillator
(and later 4K cooler system), there exist strong scientific demand to develop successor of SMILES, the SMILES-2, which has
optimized and enhanced frequency coverage to observe: (a) BrO and HOCI without interferences of stronger emission lines, (k
N20, H20, NO2, and CH3CI not covered by the SMILES frequency regions, and (c) O2 line to measure temperature. This pape
discusses possible SMILES-2 band selection considering limited instrument resources (number of SIS mixers and sub-mm loci
oscillator) and scientific requirements.

SMILES L2 system used strong O3 and HCI lines to retrieve temperature, which has sensitivity only up to 40-50 km. Temper-
ature should be observed by SMILES-2 itself up to (or above) 100 km with a sensitivity of 1% (2-3K), since the temperature is
the primary physical parameter to determine the dynamics and chemistry of the atmosphere and there is no global meteorologic
data set which is reliable above 60 km. SMILES-2 should have observation capability of H20 and N20 better than 5% precision
which are not observed by SMILES and are important tracers in the upper atmosphere. These are major sources of HOx ar
NOx. SMILES-2 should improve HOCI and BrO sensitivity by properly selecting observation frequency. SMILES BrO and
HOCI observations have suffered severe interference from the near-by stronger lines. SMILES-2 should have original SMILES
frequency coverage, and if possible it should add observation of other species retrieved in the Aura/MLS and Odin/SMR.

Instrument Altitude range: 10-120 km, 2.5 km vertical sampling. Frequency sampling: 4 GHz bandwidth, 500 kHz sampling
interval, 1.3 MHz Gaussian (FWHM). Tsys = 150 K, Integration tixn@48 s.

(Band 1) 485-489 GHz: T, Wind, 02, H20, O3, HO2, HNO3

(Band 2) 523-527 GHz: O3, 17000, 18000, 01700, 01800, BrO, NO2, H2CO, N20, HO2

(Band 3) 612-616 GHz: HOCI, O3, HO2

(Band 4) 623-627 GHz: SMILES Bands A+B extended, O3, HCI, BrO, HNO3, HO2, N20O, HOCI, CH3CN, CH3CI

(Band 5) 648-652 GHz: SMILES Band C extended, O3, 17000, 01700, 18000, CIO, HO2, BrO, NO

[1] K. Kikuchi et al., Overview and early results of the Superconducting Submillimeter-Wave Limb-Emission Sounder (SMILES)
J. Geophys. Res., 115, no. D23306, pp. 1-12, 2010.

[2] K. Imai et al., Validation of ozone data from the Superconducting Submillimeter-Wave Limb-Emission Sounder (SMILES),
J. Geophys. Res., 118 (11), pp. 5750-5769, 2013.

[3] T. Sakazaki et al., Diurnal Ozone Variations in the Stratosphere Revealed in Observations From the Superconducting
Submillimeter-Wave Limb-Emission Sounder (SMILES) on Board the International Space Station (ISS), J. Geophys. Res., 11¢
(7), pp- 2991-3006, 2013.

[4] A. K. Smith et al., Satellite observations of ozone in the upper mesosphere, J. Geophys. Res., 118 (11), pp. 5803-582
2013.

[5] R. A. Stachnik et al., Stratospheric BrO abundance measured by a balloon-borne submillimeterwave radiometer, Atmos
Chem. Phys., 13, pp. 3307 - 3319, 2013.
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Mesospheric wind observation from Sub-millimeter limb sounding: Results from SMILES
and simulation study for SMILES-2
Mesospheric wind observation from Sub-millimeter limb sounding: Results from SMILES
and simulation study for SMILES-2

BARON, Philippe* ; MANAGO, Naohird ; OZEKI, Hiroyuki?® ; UZAWA, Yoshinori' ; OCHIAI, Satoshi ;
SUZUKI, Makotc*
BARON, Philippe* ; MANAGO, Naohir@ ; OZEKI, Hiroyuki® ; UZAWA, Yoshinori' ; OCHIAI, Satoshi ;
SUZUKI, Makotd*

INICT, 2Chiba University,>Toho University,*Institute for Space and Astronautical Sciences, Japan Aerospace Exploration
Agency
INICT, 2Chiba University,>Toho University,4Institute for Space and Astronautical Sciences, Japan Aerospace Exploration
Agency

Wind observations in the middle atmosphere, i.e. stratosphere and mesosphere are sparse [1]. Observations have been
tained from ground-based active sensors (radar and lidar), and recently from passive infra-red and microwave spectrometel
Satellite observations were successfully conducted with instruments on-board the UARS and TIMED satellites but they mainly
cover the mesosphere. Mesospheric winds have also been retrieved from AURA/MLS using the O2 line at 118 GHz. It was the
first demonstration that good quality winds can be provided by a microwave limb sounder. More recently winds were measurec
between 30 and 80 km (with a theoretical lower limit of 20 km), by the Superconducting Submillimeter Wave Limb Emission
Sounder (SMILES) onboard the Japanese Experiment Module on the International Space Station. The advantage of SMILE
was its low measurement noise, about 5 to 10 times lower than concurrent systems such as Odin/SMR and AURA/MLS [2]
Such noise level was obtained with the use of two 4-K cooled SIS mixers. However, the instrument was not designed for winc
observations and suffered from serious limitations due to the choice of the spectrometers (type, bandwidth, resolution) and c
the spectral lines. Sensitivity studies [3,4] have shown that with a careful selection of these parameters, the line of sight winc
velocity can be retrieved between 4090 km with a precision of 2 m/s and a vertical resolution of about 5 km, even without the
use of a SIS mixer.

Wind has been selected as one of the products for the study of the successor of JEM/SMILES, namely SMILES-2, whose th
main target is the study of the dynamics and chemistry in the mesosphere. In this presentation we summarize the results obtain
from JEM/SMILES and discuss the SMILES-2 potential for wind measurements.

References:

[1] P. Baron, D. P. Murtagh, J. Urban, H. Sagawa, S. Ochiai, Y. Kasai, K. Kikuchi, F. Khosrawi, H. Kornich, S. Mizobuchi, K.
Sagi, and M. Yasui. Observation of horizontal winds in the middle-atmosphere between 30S and 55N during the northern winte
2009— 2010. ACP, 13(13), 2013.

[2] K. Kikuchi, Nishibori, T., Ochiai, S., Ozeki, H., Irimajiri, Y., Kasai, Y., Koike, M., Manabe, T., Mizukoshi, K., Murayama,

Y., Nagahama, T., Sano, T., Sato, R., Seta, M., Takahashi, C., Takayanagi, M., Masuko, H., Inatani, J., Suzuki, M., Shiotani
M. Overview and Early Results of the Superconducting Submillimeter-Wave Limb-Emission Sounder (SMILES), JGR Atmo-
spheres, 2010

[3] P. Baron, D.P. Murtagh, J. Urban, H. Sagawa, P. Eriksson, S. Ochiai, Definition of an uncooled Sub-Millimeter/THz Limb
sounder for measuring middle Atmospheric winds., Proc. In ESA Living Planet Symposium, 2013.

[4] N. Manago, H. Ozeki, and M. Suzuki. Band selection study for the SMILES-2, Proc. In 28 Taikiken symposium, 2014
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Initial performance verification of Atmospheric Neutral Analyzer for in-situ observations
of planetary atmospheres

BRENE Y Nl A O e L PR EEs !
ARIMI, Koki 1* : SHIMOYAMA, Manabu ; ITO, Fumihird' ; HIRAHARA, Masafumit

L R KR BRER B e
!Solar-Terrestrial Environment Laboratory, Nagoya University

The dynamics in the neutral upper atmosphere of the Earth and the other planets affect the environment of their ionospheres a
the thermospheres. In-situ observations of the neutral atmospheres utilizing spacecraft are needed for understanding atmosphe
circulations, heating, and dissipation. Neutral Mass Spectrometers for the terrestrial and planetary explorations have not had
capability to directly observe two-dimensional particle velocity distributions in the past. Therefore, detailed information on the
interaction of the upper atmosphere with the solar wind and the dynamics of neutral particles have not been obtained so far.

We are newly developing a Bennett-type radio-frequency mass spectrometer, which is called Atmospheric Neutral Analyze
(ANA). The ANA is capable of observing 2-D velocity distributions, from which density, wind velocity and temperature are
derived, for each component of neutral species. The ANA consists mainly of five sections: an entrance slit, an ionization sectiol
utilizing electron gun, a pre-acceleration section, a Radio Frequency (RF) stage for mass spectrometry, and a detection secti
which obtains 2-D velocity distributions in combination of MCP with 2-D position-sensitive device. We now concentrate on the
development of the whole ion mass spectrometer after the ionization section.

In addition to the numerical design of the structure and the performance of the mass spectrometer by using SIMION 8.1, we
newly had experiments to investigate the characteristics of the engineering model of the ANA except for the ionization section
We, here, used the suprathermal ion beamline df and N;*. For the calibration, we set the ANA in a vacuum chamber, and
irradiated the ions with energies of several to a few tens of eV, in order to investigate its response. Because the spacecraft veloc
is assumed to be 8 km/s, the energy of the irradiated ions must correspond to it. The energies tfdhd Ay~ of 8 km/s
are 13.3 and 9.3 eV/charge, respectively. We irradiated tHeatad N, ™ beams of 8 km/s, but the beam ions were not detected
in the detection section. Instead, particles whose energies were approximately 1779\agdr13 eV (N*) were detected
when the voltages of the ANA electrodes were of reference values for the 8 km/s cases of each species. We are now consideri
the possibility of fabrication errors in ANA. Besides, the irradiated” Avhose energy was 17 eV was not detected when the
parameter of the ANA electrodes were of reference values for the 13 eV cases ofthAmd vice versa.

In the presentation, we will show the overall design of the ANA regarding the mass spectrometry and the characteristics
investigated by the simulation and the beamline experiments.

F—T— B BRERK, ERREI, h IR E R s, FEERE
Keywords: Planetary atmosphere, In-situ observation, Neutral mass spectrometer, Equipment development
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The design of the suprathermal ion mass spectrometer (STIMS)

AR AT T P BT
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lon escape processes are critical issues to solve atmospheric evolution of non-magnetized planets, e.g., Venus and Mars. Me
studies about the ion escape have been conducted by both observational and theoretical methods. There is, however, a probl
that qualities of in-situ observations have not been sufficient to identify the detailed suprathermal plasma dynamics, especiall
about molecular ions, around the non-magnetized planetary ionospheres. A suprathermal ion mass spectrometer (STIMS) h
been designed for future in-situ observations of three dimensional velocity distributions for suprathermal ions around the plane
tary atmospheres.

The STIMS consists of (a.) an energy analyzer and (b.) a mass analyzer. A field of view of the STIMS is about 4 pi sr per a
half spin of spin-stabilized spacecraft. A target energy range is from 0.1 to 300 eV, which corresponds to suprathermal energie
and a mass range is from 1 to 50 amu. An energy resolufidiF, is less than 5%, and a mass resolutior/A\IMV, is over 10.

(a.) An energy analysis of the STIMS is carried out in a top-hat type electrostatic analyzer, which deflects incident ions by 90
degrees and leads them to an entrance of the mass analyzer. Only ions that fly along a center radius of spherical electrodes
able to get to the mass analyzer.

(b.) The mass analyzer of the STIMS is mainly made up of a pre-acceleration section and a magnet section. The magne
section, which has a cylindrically symmetric structure, is divided into sixteen regions by permanent sector magnets. Firstly, in
the pre-acceleration section, ions which got through the energy analyzer are accelerated or decelerated by an acceleration voltz
E eV, whose magnitudes depend on mass number of theMbasnu. Secondly, the accelerated/decelerated ions experience
Lorentz force in the magnet section, and reach a micro-channel plate (MCP), with semicircular trajectories. By sweeping mag
nitudes of the acceleration voltage only ions that conserve square root of product of their masses and kinetic energi¢s, i.e.,
ME, are able to reach the MCP.

As for observations of molecular ions, magnet type mass spectrometers have a great advantage that it is possible to detect 1
molecular ions without dissociations. However, this type of spectrometer has several disadvantages; (1) it is difficult to discrim-
inate between noise signals and ion signals at the MCP because this type of spectrometer does not take signal coincidences;
this type of mass spectrometer tends to be heavier than other types of spectrometers due to installing magnets; (3) magnetic fie
of the magnets might cause undesirable effect on other observation instruments on spacecraft.

In this presentation, we will introduce design concepts and specifications of the STIMS.

F—U—F: A& EEes, BEANA A, JE LR, SRR B
Keywords: ion mass spectrometer, suprathermal ion, non-magnetized planet, planetary ionosphere
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Space-terrestrial couplings and polar ionosphere/thermosphere dynamics studied by fo
mation flight of compact satellites

SR EESE b SR s 2 RAS ORISR 2 SRR (3 IS e 4 =i e L KL f—ER !
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!Solar-Terrestrial Environment Laboratory, Nagoya Univergitystitute of Space and Astronautical Science, Japan Aerospace
Exploration Agency?The Planetary Plasma and Atmospheric Research Center, Tohoku UniviRsisgarch Institute for Sus-
tainable Humanosphere, Kyoto University

We have been discussing a possibility and feasibility of the future space exploration mission for studying the space-terrestriz
couplings based on the space plasma dynamics. In this future mission, we are planning to elucidate the universal particle acce
eration/heating and transport mechanisms by using the in-situ and remote-sensing observation techniques with a formation flig
of multiple compact satellites. These plasma dynamics are caused mainly by the terrestrial ionosphere-magnetosphere coupli
processes and also affect both mangetospheric plasma dynamics and upper atmospheric (ionospheric and thermospheric) p
nomena in the Earth’s polar regions. In past, our Reimei satellite, the first Japanese microsatellite focusing on the exploration ¢
the fine-scale auroral dynamics, was launched in August, 2005. Reimei successfully obtained the in-situ observational data f
the space plasmas but the imaging camera data for the auroras, the airglows, and the sprites. These Reimei results have been I
ing to several new satellite mission proposals in the world. We are now organizing a highly plausible mission based on our owr
experimental experiences obtained from Reimei and our data analysis achievements, for instance, in the ISAS Akebono missic
and the NASA FAST mission. Itis undoubtedly evident that highly accurate measurements of magnetic/electric fields and plasm:
waves should be realized in this future satellite missions in addition to the monochromatic auroral imaging camera with high-
time/spatial resolutions and the energetic and suprathermal electron/ion analyzers with a high-time resolution. Thermal plasm
instruments are also important for measuring the plasma circumstances. It should be noticed that the neutral particle instrumen
which are now under development and modification in Japan, would significantly contribute to the quantitative researches of th
polar ionospheric and thermospheric dynamics. Toward the realization of the new space exploration mission, we are makin
intensive efforts for defining the scientific mission strategy and the specifications of the science instruments. In the future mis
sion planning, we are now considering the following features. 1: Changeable formation flight with multiple compact satellites,
whose weights are roughly 100 kg, is essential for simultaneous multipoint observations of fine-scale auroral phenomena. 2: Th
precise three axial attitude control system should be applied for realizing the high-quality 2-D imaging of auroral emissions anc
the simultaneous measurements of the pitch-angle distributions of the auroral particles with top-hat type energy analyzers. 3:
is crucial to capture the ram direction of the satellite with the attitude control in order to measure the shifted velocity distributions
of the core ions. 4: The electric/magnetic field instruments and the plasma wave instruments should be installed on the satellite
for the integrated observations. Particularly, it is one of the most prominent features of this mission to perform wave-particle
interaction analyses based on these comprehensive and integrated measurements of the plasma particles and waves, and the fi
5: Neutral particle instruments for the velocity distribution measurements would make essential contributions from the farsightec
viewpoint in the upper atmospheric dynamics beyond the space plasma regimes. 6: The sun-synchronous orbit at relatively lo
altitudes would be desirable both for bringing the observational advantages. In this presentation, we introduce the multi-side
scientific importance and several types of our exploration mission specification.

F—TU— R FHZEM TS X, R rhnd, FHitERE G, BEhR A BV, e i, sk T
Keywords: space plasma, particle acceleration, space-terrestrial coupling, wave-particle interaction, integrated observation, fo
mation flight
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7 7 A PEENBIHIEEE O T 2 2 )V A5 SIS O/ NI E « @i b O RG]
Study on miniaturization and accelertion of onboard digital signal processing module for

plasma wave instruments

IR T R R 1 Bk FHE !
KASAHARA, Yoshiya'* ; MATSUI, Hiroki' ; GOTO, Yoshitaka

LR

!Kanazawa University

Measuring plasma wave is one of important clues to understand space plasma physics, and it is necessary to impleme
intelligent signal data processing techniques into the plasma wave instruments. It is necessary to reduce the weight and si
of the instruments to meet the requirements of future missions such as flying formation satellites and planetary exploratior
spacecraft. In the present study, we developed a FPGA board, which enables us to develop arbitrary digital signal processir
applicable for the future missions.

Our FPGA board is designed to evaluate the performance of signal processing module, which is especially used for variou
kinds of real-time signal processing. The board consists of one CPU connected with a USB port, and two sets of FPGA an
DDR2. One set of FPGA and DDR2 is equipped for storing input signal data and sending them to another one, which is used fo
the evaluation of real-time data processing module and storage of output data. The input and output data stored in the DDRS c:
be accessed from the onboard CPU, and we can easily control the CPU using Tera Term through a USB port. We also develop
a general purpose module for evaluation of a proposed signal processing method. By using this module, a developer can integre
his/her own signal processing module on the FPGA board without any complicated wiring work for the peripheral circuits and
evaluate the performance of his/her own module. Finally we implemented a sub-band compression module developed for rea
time data compression of waveform measured by the plasma wave instruments. It was demonstrated that the designed module
compact and fast enough to realize real-time processing for 6 channels of waveform data.

F—T— F: AR, Verilog-HDL, 7°5 X il il as, {5500
Keywords: Waveform capture, Verilog-HDL, Plasma wave instruments, Signal processing
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Pk T EIC  7e 75 A i ElEEE Oy N & 2 DR _
Miniaturization of plasma wave instruments and its perspective towards future space mis
sions

/NI Y 1 s FRIRE DD 2 R BR 2 B SR T KU B L ATUR R 2 e 3
KOJIMA, Hirotsugu* ; OZAKI, Mitsunori? ; YAGITANI, Satosh? ; ZUSHI, Takahird ; ONISHI, Keisukeé ;
KASAHARA, Yoshiya ; SAITO, Yoshifum?

VRERRE, 2 IR, 3IAXA FHRVESLAT
IKyoto University,’Kanazawa University ISAS, JAXA

VR SR O TE FE PRI B IRGE H D D EAEMNE TEIHICH 2> TW0b, ThUCEIDI DT, FH R 2 H
BHITZIvya VDOV TRE, REIGENNIEE TIIFIRTETWiEL, FHEREHEEICIE. 2 < OB FEIRIC L
HETHO, @IVIERICEEEDPHELNEWV S ONKZHHEO—DTH S (TN SWVFEIABIINTEERI vy a v
TH5, LWVWHTLTHB), HROES., Wih. TUT. 7I7ART. TIAXEEFH NS ZERHCERRITT % DN T
HRBRERE TH S, TLTINSZFNFNICE YD Y —DER T EE RS B RIEHIDFEET %, C
OHTT T A WHBIRZIE R VY —, @R Y —Z L TEFRIEBI 5%, Eit Y —I3 T2 E
LT BMIETZEO TS EFRICI/NI WD, FHZEMTHIET 20X AF I 7 ANMEE KO VB &
DIICTOREL 5, Wit Y —Th 5329 —FaAAIRIN—TT 7 HiE. TNZTDOEDE T 77 LEIERT/N
UL T BN D B LA, BRYE VY — LRI UK S ITHBEIOEEND S, —J7. 7T A INHERRIZE O 191#%
. ZEOT IV ERIK S/ ARXT VTOEZD LE->TED, HAE T Fa FREOBHKAAEL 1D, TV 2IVE
WKBEWTH, ) & UTEIT 2 79 A B O 7o b 7y b, WNCRIERE B EQUE L Tl EAR SN
TeT L A—ZEIRIETREA T, EWSEEHSTED, VI MY 27 TEREHET S LIZTRETE T DU RO
DDV TIVEA LRI L HE>TED, VI T2 T7DON— R T7{behdtlixs,

KLiE, 79 A EEERIEE & 2Ot o9 — 08 DE RIS Z 01/ Vb3 % 72 I Mixed Signal ASICIC X %
HHFw TORERIT>TER, TNET. MBI 075 A#EEifesso 7 a7, 8XC, vo9—71
77D ASICILICEKINI L T B, THUCKD 7T A PEBHIERO 7 Fa 7o RE ERERIX, —H/hEXEDI
ToTHD, WRTEE S REARARETH o7z, BRER 6 KD T'T AW OWIE 2 FRFICHIEZ 52 & DTES
7FraZEEgEE, smmx 5mmADFy THICERHETE TV 5,

i, coT7FasEicmi, WEEM. FFTRE/RKY 7 v 27 Tiro Tk EFAE N~ K = 71k %
CTEICEINLTEHED, CTNUCTEDERIEPATRETH - 72V IV R A LN AREL 7> T\ 5, Z LT, FERmICiE,
Eieo7Fa e cOF Y ZVERERICF Y T RICHET 27 a s -7V Z)VIREER TS X< i EhEi Ty kil
TEYRETIIRVWE TAETETCN S, THUTHA T SICRI OB OV R 72 75 AIEENIZISINICE D AT Tz D
AVE—=T 2 —RAF v TORREEIT>THED., BHIE, ERGHETHE 3y hU—7 T LU Tii>TW5 WPIA L E F v
THNTITHI T LEAREL KRB TETH B, R TIE. TDOXKD BT T AWEIBIERO T v Sk & ZDFREEICD
WTHET %,

F—T— R 7T XXH), ASIC
Keywords: Plasma wave, ASIC
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77 A WE DL S Al 2 92809 2 /Nl T b —7
Small Sensor Probe for Multiple Point Observation of Plasma Waves

SRR 2240 1 /NI Fii 2 5 KPS BT L IR R 3 SRS R 3 Tk R 4
ZUSHI, Takahird* ; KOJIMA, Hirotsugl? ; ONISHI, Keisuké ; OZAKI, Mitsunori® ; YAGITANI, Satosh? ;
SHIMIZU, Satord

LUK TR, 2 RS AEAFBISTAT, @ R BRI, 4 i S 26 MRttt
IKyoto University, Graduate School of EngineeringKyoto University, Research Institute for Sustainable Humanosphere.,
3Kanazawa University, Faculty of Electrical and Computer Engineeri@ki Electric Industry Co., Ltd.

A HERO—RBIINC K 2R EIRT 272, HBIHRICK2THT IAYOZABNZHNE LIty a Y
MibhBEIIE>TETVS, UL, #HEERICKZZ BN, HE - EROKZVHEZEZFEKICIT S L5
WERSHZT S, BIABCHEEREICBOTHIEMEENTLE S, TT T, TOK D RERERIC X 2B
Rb2Hay AT LE LT, BAIGTHBYUERET = X— X7 L (MSEE : Monitor System for space Electromagnetic
Environments) "5 7T A EEIO L SIS AT LEREL TS, TOYATLIE, 75 ARG S K UK
FEEAEHZ R U/ N Y —T 0 — T 2 H0ET 5 2 Lic kb, ZRBZITS VAT LTH S,

MSEEICHW2 > —7a—7 DOFBICIE, ERIEFICKILLI5> TV e TS AR WHIZEHRO/NILNEE L /&
%o A, FrE@m EREEIE (ASIC : Application Specific Integrated Circuiy FIIffI $ % C & TIRIEHIHT 7 5 X~
Wz ERZ/ N L, MSEEICHWS ¥ —7 00— 7 DORFEICKII LTz, BFLIce Y —Tu—7&, /NETS
A2 G5, BRI U — BEREEK. Ny TV — §lflf~ 7 7nay ba—S—icmA, SRt Y—¢&
LTHWARAAR=IVT VT FTOREMHT 7F 2T —2—Z2H#HL T3, BRI —BXUOT7 7Fa1—%—LL
NOaYR—=%2 ME 75 mmiTOERICNE > THED, HRIFZ 6929TH 2, TOXI KLY —Tu—TI1cDNT,
CNECICEERBZIT> TETED., BHHRT—EZNELERICK DIRETE TS T &, FHTHEVWT T XK
BERETHDIC TN EERNEEZET 5 EMERETE TN S,

BIfED MSEEICBW TR, BRI D 7S X< Eas 2 L TV 20, iR ZER 2 g AT T—
AMELNB K, T—XENEL T ESDICHGEINAETH 2 L VI REAZF > TV, TTTHRAE, 7—
ZEDD I GEEEBINCHE L TV 2 ARY MVIIT'S T EIZE I DN TEO/NEE 2TV, FRRIcE > —7
O— i 772583 % T L ZFHE L T\ 5, VAR Y WIVELT S T2 ERR ORI 720 . ASIC ZFIHT %
T LI KB/ NULDFHIE BT, ASIC DFISZTENT T LI K DIERD ZARY MIVZSEDAZ TOIIRER] - R fif
RED b L— FA T 2T 5, FBARY MIVZERZIRET 5, FiAXRT MVZERET FaJHERic X 508 e
T4 VRVEBNEE AR GO o TEb, 7HalmiEsE ASICICK VIR L, T« ¥ 2V EE5U%Z CPU
KX FPGATITH T ZMEL TWVWD, BUEX TIC. ATEOEIFZHBIT 27 Fu JRIEETF v T OG- BRI
LTW3,

AFRICBN T, FRZIT o —7 00— 7 OFEilla IR - HEEICINZ . FITARY FVZEIRICDONTHE
21795,

F—TU— R TITAWEIRER, 2B, ASIC
Keywords: plasma wave receiver, multiple-point observation, ASIC
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/INEIE SR AN R) U 72 ASIC HEAIC K Y —F a1 )V TR T DBHFIRIL
Recent progress in developing search coil magnetometer using ASIC technology towar

micro-satellite experiments

Bl YAt 1 JURA Ba L /NI Vi 2 ME kst L sEAR 224 2
OZAKI, Mitsunori'* ; YAGITANI, Satoshil ; KOJIMA, Hirotsugl? ; KOJI, Hiroki' ; ZUSHI, Takahird

LRIRRAE, 2 UK AR PR S
IKanazawa UniversityyRISH, Kyoto University

Magnetic field components of plasma waves are essential for probing space plasma environments. Search coil magnetomet
are commonly used in satellite experiments and well-adapted to the measurements in the frequency range from a few Hz 1
several tens of kHz. A search coil sensor is installed at the top of a few-meter long mast or boom to reduce a noise contaminatic
from a satellite. Then a preamplifier could be installed inside the satellite due to thermal and radiation conditions in space
Such a preamplifier separated from a sensor has disadvantages for the signal-to-noise ratio and the system resource. Recel
application specific integrated circuits (ASICs) are one of key technologies for increasing demands of plasma wave observation
using multiple micro satellites. In order to further reduce mass, volume, and power consumption of analog circuits in typical
plasma wave instruments, we have developed a low noise ASIC preamplifier for search coil magnetometer. The preamplifie
is an important analog component of plasma wave observation to determine the noise equivalent magnetic induction (NEMI)
In this study, a current-sensitive preamplifier for search coil magnetometer was developed and fabricated of sili@anm
chip by using a standard 250 nm complementary metal-oxide semiconductor (CMOS) technology. A search coil sensor shows
maximum value of its impedance at the resonance frequency. The NEMI at the resonance frequency is determined by multiplyin
the sensor impedance by the current noise of preamplifier. Thus, the ASIC preamplifier using CMOS technology is more suitabls
for search coil magnetometer compared to a preamplifier using bipolar junction transistors, because MOS transistors show tt
very low current noise. The NEMI of developed ASIC preamplifier combined with a 100-mm-long search coil is, 88zfT/
at 2 kHz with a power consumption of 15 mW. The radiation hardness assurance of the ASIC preamplifier is at least 100 krac
total ionizing dose, which is equivalent to approximately the total amount for 10 year duration at the geostationary orbit. The
temperature dependence of the gain of the ASIC preamplifier is 0.04 dB/deg C in the worst case. The ASIC preamplifier showin
such sufficient NEMI, low power budget, and environmental tolerance in space can be installed in the close vicinity of the searct
coil sensor located at the top of a mast. Also the ASIC preamplifier can provide large mass saving. As an application, we
have embedded a new ASIC preamplifier for 3-axis loop antennas into a palm-sized sensor probe as a monitor system for spa
electromagnetic environments. The sensor node includes the ASIC preamplifiers, an ASIC waveform receiver, a CPU, and
wireless communication module in the cubic body(® x 8 cm).

In this presentation, we will report the present status of our ASIC preamplifier and also introduce some applications using the
ASIC preamplifier for plasma wave observation.

F—T— R Y —F A1)V, 71 T ERE R
Keywords: Search coil magnetometer, ASIC
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Evalaation of the effective measurement frequency for the digital fluxgate magnetomete
installed in the S520-29 rocket

ESZR: SRR N TP S T2 S
NOMURA, Reikd™* ; MATSUOKA, Ayako' ; ABE, Takumt
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20144 8 A 17 HICNZilih ST B nz8ifla v b S520-295#1c1x, 7Y 2NV TR 7T v 7 A% —+ (DFG)
PEHINTHS. SEEHRENS DFGIX, S310-405IciE3# L7z DFG EE L, 2 Yic Bl 2 %A% NED
WU 7t%, TLA MY TF—=2ELTHNIT ST LK, JERBERZEIZINC SR RICIERLIZ8DTHS. TD
RO NIRRT Y b HEI v Y 3 BV, aksEl, e BEND LR RO TH S.

F 7z, S520-295KKICIZ KRRt I DB I NTWVA T, Oy MR B KB a%Z EMICHS T EWNTES. £
CC, DFG CEIHIL7=KRA A mOERT E, IGRFEDET VIO KRR HR D2 L, DFGHE»as v b
FHET DRI KB A E VTmOSEA 72y b, BXUZ0oar vy MRAITICED 2 2EEEMET 5. BETIE,
175 DFG OHE A & I £ TR L2 h OfHili 2 &5 3 5.
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T 1\ BT B BEAEZE 2 - 7o R R A O e
Potential for seismic investigation of Europa using meteorite impacts

d R T — By ZOF A2
TSUJI, Daisuké* : TEANBY, Nicholag

I EIEER BB ANIFR, 2 77 A R VRAHIERR A
!Graduate School of Environmental Studies, Nagoya University, J&Bahpol of Earth Sciences, University of Bristol, UK

KEOH) LAFRO—DTH 5T/, HRIWWKETEHDNTED ., ZO FICHIADIKDFE L TV S ATHEMED
FNEEZLENTVS [1], TN EMOFEDOAREEARE I NTHE D, FEROKEEFTHOBEAME LT, HHZR
U T TE Tz FHER, 20224EDfTH PR A E LTz AKRE E A Y LA E OB JUICE (Jupiter Ilcy Moon Explorer)
MLIZIADIFRHDI v 3> LTESAICERINE N,

EEDONIHEO RO Tz DITIE, HIEHIC K2 FEEDRE AN E K D185, Apollo FHEIIC I 2 HIFEREA Tl £
Z < OB ZHAIT 5 T LIS L. A DHDONERICHT 2 PRZHD Tz KEICBWTEH, Viking FHEIT. FICER
BEEFTOME FBERIFE S NG 5T DD, MARERIC K 2 MEFREDTREM 2R Lz, 7535, 201640 NASA
@ InSightFHEIC BN T, HUHIEGI DA RICRIEI NS TETH %,

AW TR, T/ SRAICHBT BEAEZZICKN T 2 HER OWRAIRTREE 2Tz, BiRE U TOKBORRHC K -
’Cié’}&éh%iﬂal&%’:%zé &L MEHOT =R X D BFRET S 720121E. —RICIFIEEEDBEN 72 B D G

RENNRELZD, UL, BBAEZIGERT 2HERZHANT S EMNTE, T/ SKHOBEFICK D ZOMH
k@ﬁ%b‘?ﬁiT ECHhNUE, H—OHIEF TG OHEE N IREL 72 5, ITHFEDOWIZE TR, MR DWW TH—DH
Bl o T B NSRS O TREMEDHR SN TV B [2], FT T BRI T Y /S C—ERMICH— O TN
% T LDTEBEAOEIEFEOMER D2, LLTOBMRZHLMNMCT 2 L 2R THEE 5T,

1) Ty REKH MBI 57 L—2—Y 1 XL\ I)VF—DOMGRZ, H7edE, 1B, >Ia21—2 32T
Fonfer—2zZlIabEes L TEL,

2) T NIC BT B 1Y 72D OEADOHEISHE Z HEET %,

3)1) & 2) DHIRZHAG DR, —ERMICEINT 5 LD TE 2B OB ZHEE T 2,

4) LLED#ERZFH LT, FREICBW TR REa IEEFH ORSEZ R A, RAICBBRAEZEZFH Lz s
WEBDO R PR GBI OB R M2 RS 5 .

S5 3k

[1] F. Cammarano et al., J. Geophys. Res., 111, E12009 (2006)
[2] N. A. Teanby and J. Wookey, PEPI, 186, 70 (2011)

F—TU— R o, KR, W2EkEE, EHRE
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Development of electric field instrument onboard spacecraft

AR FE T /NI T 2 AR REE 3 BAlES BRGE 4
ISHISAKA, Keigo'* ; KOJIMA, Hirotsugt? ; KASABA, Yasumasa ; ABE, Takumi

DELRNTRE, 2 ST RSB ZET, 2 AU, ¢ R Ao
Toyama Prefectural UniversityRISH, Kyoto UniversityTohoku University; ISAS

Measurements of electric fields are one of key elements for various missions. The detection of electric field is useful to identify
global plasma dynamics and energetic processes in magnetosphere and ionosphere. The concrete examples are as follows.

- Electric field structure associated with the charged particle precipitation

- Electric field structure associated with the global motion of the ionosphere

- The role of the electric field in the acceleration and heating mechanisms of ions

- Propagation mechanism of the electric field in the auroral ionosphere to the low latitude ionosphere

- Electric field structure in the equatorial ionosphere

Many electric field measurements have been carried out in Japan. And the electric field detector onboard sounding rockets ai
satellites have been successfully used in the D, E and F regions of the ionosphere and in the magnetosphere.

The double probe technique have been extensively used on sounding rockets in order to measure electric field in the ionosphe
And the passive double probe technique has been proven to be a reliable technique in the high electron density plasmas of t
ionosphere. The technique has been extended to the lower density plasmas of the D region of the ionosphere. For electric fie
measurement, a wire antenna has been used as a sensitive sensor onboard Japanese sounding rocket. And this antenna w
used for several spacecraft in the future mission. However, its extension mechanism is complicated and it is difficult for the
sounding rocket to extend a wire antenna in the ionosphere. Accordingly new type antennas are developed in order to measu
the electric field by the sounding rocket. Their antennas fulfill the severe requirements to the antenna system, i.e., light mas:
enough stiffness, compact storage, safe extension, and reasonable test efforts. Three antennas were newly developed for
electric field measurement. These antennas were loaded on three sounding rocket in Japan (S-310-37, S-520-23, S-520-26). A
these new style antennas deployed normally during the flight of a sounding rocket, and succeeded in the electric field observatic
in the ionosphere.

This paper describes about the basic measurement techniques of the electric field in the ionosphere. In particular it explair
about three new type antennas in detail. Then we show the electric field in the ionosphere measured by the new type anten
onboard the Japanese sounding rocket.

P — K B, B Y —, 7 Y7 By b, VR
Keywords: electric field instrument, electric field sensor, antenna, sounding rocket, small satellite
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Developing of a chip for the interface between plasma wave instruments and plasma pal
ticle instruments

RV A Y gl 2240 1 /NI T 2 ek 8
ONISHI, Keisuké* ; ZUSHI, Takahird ; KOJIMA, Hirotsugt? ; SAITO, Yoshifum?

VBB EBE LA SR, 2 SR AAEAA DS, 3 SRS 7 BAFERNS - R AT - REGRRIAIZER
!Graduate School of Engineering, Kyoto Universtigesearch institute for sustainable humanosphere, Kyoto UniveiSitiar
System Science Division, Institute of Space and Astronautical Science, Japan Aerospace Explora

FHEMEMAER T IR THIZENTED, TI AR TOR OB T )V F =R TOEETIZ R 7T AW
FEMUTRORD END, TOTTARET T A BEHOM EAEH 2R B VR & PEC, TR THRAET S
LKA Y S 2 RIS % L CIFRICEETH %,

BeEhR T EF 2 B E BICHEZ 5 ik e UL TRENRHH BV AT 2@ (WPIA: Wave-Particle Interaction
Analyzer) BEREI N, BHAEOXYHE I v a3 > ERGICEHKEINTN S, TD WPIA T, Bk 70 D0 ED
OB R A 2207, 7T XA BEEBI OIS > ") JiH E FRREORETE 5 2 20805 %, ERGHE TIE
75 AR EE T B HFRITEHRAEFIH U T, M OISR 2RI L T E D, —EREROE. ki
FOMBESZ, 77 XA EEBIERNT, 77 A ZY T T L Tws7ay 7T, Y FILTsT e
TH3, TT T, KBRSV AZE T T X WEHBRIESNIC A V2 —T7 21— AT 3 HEHAHNE. BLEDEDDHD
EHETFIENRE 2D, KOV AIVTERERBIIINTE 2K 51Ck%, Z T TARUIZE TR FBIIRR DL X 7= A
BRTEPDR VA DU D%, IIARWEEBIEEBEBND AT & T 570D A V2 —T 21— AEREHEST 5, 7
F ARFBHID 5 O, ZOHBONERBICHE > T2 F vV RIVOH NI Z 10, ZNET 0 A7) — il
M CHHET % & REABIICIZ > TLE 5, FrEREMITERREIE (ASIC) fiffiz HWTH LWEHF v 72Dl 52 L
THIFBIIIZRD 5 DS E L 7T X< BEHIEZCH D AL,

AR —T 21— ARFIIEMEZRAILELE UTH T SR & BED SR TORPRZMH T 2%EBEB D 5
B, TNTNCKRIVT—I T +a TR E 3R —2EH Wz, BIEE TR D ORGH 2177, fESN S
ATERND AT 3B GHZ FEDER/ SV A TH B, TDER VA ZIEIEPEH O/NE REFERICEHT 2 08N D
1%, @REICEET 24T VT ROZFNEHOERILVT—Y 7 0 U REEEEREE L. Fv TOREREIEL T 5%,
RETRERG LIeA 2 —7 2 —REEEOFMChZ . ARIEL Ty TORERE RIS OV TR S,

F—T— R PER P AR, A > 2 —7 2 — X, ASIC
Keywords: Wave-patrticle interaction, Interface, ASIC
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Improvement of dynamic range of ASIC waveform receiver for plasma wave observa-
tions
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KOJI, Hiroki'* ; OZAKI, Mitsunori' ; YAGITANI, Satoshit ; KOJIMA, Hirotsugt? ; ZUSHI, Takahirg ;
YOSHIDA, Akira!

L EBIRKAR AT AR AR, 2 SO R AR B 2
IGraduate School of Natural Science and Technology, Kanazawa UnivéRsitsearch Institute for Sustainable Humanosphere,
Kyoto University

Further reductions in mass, volume, and power of analog circuits are important in developing scientific instruments of plasmse
wave observations. Typical plasma wave receiver is roughly divided into two types: one is a waveform receiver and the othe
is a spectrum one. The waveform receiver provides a waveform with a high time resolution and phase information of a plasm:
wave. On the other hand, the spectrum receiver provides a frequency spectrum with a high frequency resolution and a hig
signal-to-noise ratio in comparison with waveform receivers.

We have been developing a plasma waveform receiver using Application Specific Integrated Circuit (ASIC) technology. Pre-
vious ASIC waveform receiver consists of a differential Gm-C Low-Path Filter (LPF), a main amplifier for the gain adjustment,
a switched capacitor LPF for anti-aliasing with the cutoff frequency of 100 kHz, and a Gm-C LPF for reducing the clock pulse
noise of the switched capacitor LPF. The previous ASIC receiver shows a sufficient low noise performance (210 nV/sqrt(Hz) ai
10 kHz) and low power consumption (60 mW). However, the dynamic range of output voltage is not sufficient due to using oper-
ational transconductance amplifiers (OTAs) of Gm-C LPFs. In order to improve the dynamic range of the ASIC receiver, we have
redesigned the ASIC receiver to exclude OTAs. In this study, we used active LPFs consisting of operational amplifiers (OPAS
instead of Gm-C LPFs using OTAs. As a result, the dynamic range increased by 80%. Moreover, the layout area decreased |
18%, and the number of transistors decreased by 60% in comparison with the previous ASIC receiver.

In this presentation, we will present the design principles of our ASIC receiver for plasma wave observations and discuss it:
electrical performances in detail.

F—U—R: 7F01 7 ASIC, 7T A EEE 2 5%
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A model calculation of MIA sensor characteristics on board MMO
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Laboratory experiment simulating Martian surface observation with submillimeter-wave
polarimetric radiometry
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