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A status report of future geospace satellite projects
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In this presentation, we report several plans for future geospace exploration projects including magnetosphere and ionosphe
and discuss a possible roadmap for the future mission.
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MELOS1 Mars Exploration for Life-Organism Search

i B2 1 AR 22 0 A by (i B2 2 SR I 3 kL e Cx—U4 FROMR S FIH &M 0 IV
BER T A e 8 b )t O I E - L R R L

SATOH, Takehikd* ; KUBOTA, Takasht ; FUJITA, Kazuhisa ; YAMAGISHI, Akihiko 2 ; MIYAMOTO, Hideaki® ; HASHIMOTO,
Georgé ; SENSHU, Hirok? ; USUI, Tomohird ; KOMATSU, Gord ; DEMURA, Hirohid€® ; ISHIGAMI, Genya ; OGAWA,
Naokd ; OKADA, Tatsuakt

VAR RS E BT, 2 BORCRERLR, 3 BURE, 4 BAILRE:, P THE TR, O B TR, T XX Y ¢ AR, 8

EHRRE, O BEERREAR Y

1Japan Aerospace Exploration AgenéJokyo University of Pharmacy and Life Sciencé&lniversity of Tokyo,*Okayama
University, >Chiba Institute of Technology,Tokyo Institute of Technology,Universita’ d’Annunzio,®Aizu University, °Keio

University

NOEGRE IS PEIMGE, T20fifE,. 2 L THE L U TOfifizIZIFHERICE DR TLI=—7Thh, NEHOT7u Y
T4 7R LT ETHELEYAIVA N THb, Al k725 1046 OIvyaryaryeThelTod
DTHAMNE, FERMMEZ HLIC T22MifEZ & 39 Cilnd 5. MELOSLIZ A R moEEM 2 HiF L. ARtk
(B—\=) + 7 )V—=XAT =Y LWV BB TF v LI EITI D TH S, Curiosity DN TEEMER LK
EDONKEBHEENDH D, BEED ExoMars2 v ¥ 3 HH 0. bhbNA BT 2020FERUTHE D B RS MR Z [\l - T
WGEEY L—ZN5 &9 5RER. R & TidEV,

O—/3—13 60 kgfk C. ZHUTEMIEEIEMEE L IREGAE OO OKRKNZEH T L VS DPIR—ZAF5 4V TH %,
M REBEMEEIC OV TIRPEEE TR L BRENZI1E T TH D, HBRDEHRETEMT S REEEOEV ) Tk,
b B HIlEE Y U2 Y T CHOE R BAMEIRIS T %, ChUCK D, NAF U TBEMOER I D 3HmmWERE
ORI EBRZITIFETH S, HERWVEMZL LEDI S N TERLDL, ZTNERER FERKDFEREEDES
A5, IKKTEICELNEMZE, CTNET7HOEEIELLULBEOMSTHD ., BoNAEEamalherkici
TEHMAFTLKBENENVZ S, FUKHIES® X 2 U OREb NS MLER &, EMRERICREEMREEZ DN
BPNE. AIAKBEOBRERN R TH O, EfbEERE, FildmitEz A, 2 LIREMCHE D> TOEmiEEZ
SIS HEBRTF TIT S o AFEE TG OMEBIRIN ZHE T2 & LI, HARDORERGE OIS I % RS FERE DAL
EOW R E, [KOHEE S - 2210 20,

F—TU—FkE, BR’E, AR Lar, 0—N—
Keywords: Mars, exploration, landing, life, rover

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. ]ggg;gim

Union

PPS26-04 215418 F#f:4 H 30 H 09:45-10:00

Z OGFEGHIZEEIC K % ABEFARE _
Lunar chronological mission based on the in-situ geochronology instruments
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Applicability of a laser-ablation in-situ K-Ar dating method on the Moon: insights from
lunar samples
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We have been developing an in-situ K-Ar isochron dating method for future landing missions. Potassium-argon ages are mez
sured with the combination of laser-induced breakdown spectroscopy (LIBS) and mass spectrometry using a quadrupole ma
spectrometer (QMS). In our previous studies, we reported that isochron ages for gneiss samples with 30% accuracy and 10-20
precision.

However, such experimental results using test samples do not guarantee the applicability of our LIBS-QMS isochron metho
for actual rock samples on planetary surfaces. Depending on geologic units, the types of rocks and K concentration vary greatl
on planetary surfaces.

Thus, we assess the capability of our in-situ K-Ar dating method taking the petrologic properties including K abundance and
possible age range of the lunar surfaces into account. First, we examined the global maps of K obtained with the Gamma Re
Spectrometers onboard remote sensing satellites. We found that the concentrations of K and Ar of KREEPy materials are we
above the detection limits of our LIBS-QMS approach. Then, the elemental compositions and textures of KREEP basalt were
investigated. We found that Si-rich glasses contained in mesostasis are measurable with K-Ar dating on the Moon because of tl
high K concentration ("7 wt%), while other minerals (i.e., pyroxene, olivine, and plagioclase) contain virtually no K. Since the
textures of these samples were heterogeneous at the scale of laser spot ("500 microns), the "isochron” ages would be obtained
measuring the different portions containing K-bearing phases in various ratios.

The major problem concerning in-situ K-Ar dating is partial 40Ar loss due to thermal events after crystallization. This suggests
that K-Ar dating only yields the lower limit for the real crystallization age. Furthermore, brecciation by impacts and contamina-
tion by solar wind will inhibit accurate in-situ dating. In order to avoid such problems and obtain meaningful age data by in-situ
dating, we aim to measure fresh impact melt rocks exposed by a very recent (tens of Ma) impact on the Aristillus crater floor.

Finally, we evaluated how our method can constrain the absolute chronology models of the Moon and Mars based on thi
precisions of age measurements achieved by this study. For example, the absolute age of impact melt rocks in Aristillus crate
whose ages correspond to the "missing ages” of the current lunar crater chronology model (i.e., between 3.0 Ga and 0.1 Ga
would be measured with "20% precision when the K concentration of the glass in KREEP basalt is assumed. Then, our metho
would be able to discriminate the constant flux model [Neukum, 1983] and the decreasing flux model [Hartmann et al., 2007].
The implications of in-situ dating in Aristillus crater include refining the crater chronology model, determining the age of the
youngest mare basalts, and understanding the dynamical evolution of the asteroids in the last three billion years.
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Exploration of Jovian Trojan asteroids by Solar Power Sail
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Current status of mission study for small scale planetary exploration in JSPS
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R EHIR A BN 2R DESTINY
Deep Space Explorer DESTINY
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DESTINY which stands for Demonstration an&xperiment ofSpaceTechnology foriN terplanetary vi¥age” is a mission
candidate for the next space science small program. The next mission is planned to be decided in 2014, and the select one
scheduled to be launched in 2018.

As illustrated in the Figure, DESTINY will be launched by an Epsilon launch vehicle and firstly placed into a low elliptical
orbit, where then its altitude raised by the use of ion engine. When the orbit raising reaches the Moon, DESTINY subsequently
is injected into transfer orbit for {_Halo orbit of the Sun-Earth system by using lunar gravity assist. Upon arrivegd ldalo
orbit, DESTINY will conduct its engineering experiment as well as scientific observations for at least a half year. If conditions
permit, DESTINY will leave L, Halo orbit, and transfer to the next destination.

On the way to L Halo orbit, DESTINY will conduct demonstration and experiment on key advanced technologies for future
deep space missions. Major items of the technology demonstration are listed as follows.

1) High energy mission by Epsilon rocket.

We investigate appropriate rocket configurations and flight path designs, and evaluate the performance of Epsilon rocket t
insert spacecrafts into high energy orbits. It provides basic data of Epsilon rocket application to deep space missions.

2) Ultra-Lightweight solar panel.

In order to generate large electric power to pt#0 ion engine, "Ultra-Lightweight Solar Panel”, which is under development
at JAXA, is applied and its performance is evaluated. This solar panel is estimated to achieve power to mass ratio at least doub
to conventional ones. Future application is expected in outer planet probes (JMO, MELOS) or probes with large ion engines.

3) Large scale ion engine20.

DESTINY is inserted into an elliptical orbit and reaches to a Halo orbit by its own orbital maneuver. For this maneuver, a large
ion engine (;20) which is under R&D at JAXA will be adopted and its performance is evaluated. This ion engine has thrust five
times as much 8810 used by Hayabusa and will be expected to be applied to large probes such as SOLAR-D or Hayabusa Mk2.

4) Advanced thermal control.

In order to manage large amount of heat generated by the large ion engine, advanced thermal control techniques by way
Loop Heat Pipe will be adopted.

5) Orbit determination under low thrust operation.

DESTINY will reach to Halo orbit by running ion engine over long duration. In order to reduce burdens to shut down the
ion engine each time of orbit determinations, orbit determination under ion engine operation is conducted and its performance i
evaluated.

6) Automatic/autonomous onboard operation.

In order to increase the efficiency of operation, autonomous and highly functioned spacecraft management system is develop
demonstrated on board. This technique is expected to be adopted especially in the deep space missions usually operated un
severe communication condition.

7) Halo orbit transfer and maintenance.

DESTINY will reach to Halo orbit and maintains the orbit more than one period. In order to reduce the risks of Halo orbit
insertion and suppress the amount of orbital maneuvers, the orbit control technique using dynamical system theory is used at
its operability is evaluated. This technique will be adopted in SPICA, which will be operated in Halo orbit.

DESTINY itself is an engineering experiment probe which destinesHowever, its mission profile is naturally applied to
lunar missions and escape missions by forking the profile at the lunar encounter. Moreover, the spacecraft's high astronaut
performance makes its application to other launch method attractive, such as dual launch with GEO satellite or another dee
space probe. The significance of DESTINY from the point of its opening new opportunities for low-cost deep space mission is
discussed in the presentation as well.

1/2



Japan Geoscience Union Meeting 2014

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

a p an
Geoscience
Union

PPS26-09 25418

Ultra Light Weight Solar Pancl

N

Small Scientitic Satellire Bus

Propalsion Module

DESTINY Overview

22

RFRE:4 A 30 H 11:30-11:45

(1% Lounch by Epsilon Bocket (4} Inject into Ly Malo Orbat

2y Accelerare with lon Engine

{51 Escope from La Halo Orbit

Mission Profile



Japan Geoscience Union Meeting 2014 0/0)

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ];;;’g;gime

Union

PPS26-10 215418 FFRd:4 A 30 H 11:45-12:00

/INRYH 5 REFER"SLIM? DOREAR & Z DR 2
Introduction of SLIM, a small and pinpoint lunar lander
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T HITE TR FE R
LISAS/IAXA

/NEISEERESLIMY (&, BEIEREL R CO Y 2 RA > g2 A g REC X 0 Fifiddhtd 5 2 & 2z HE 9%, 500kg
W NIRERTH D, A AKENDBFEICOWNTIE, HRMICERICI v > a Vhind5h, ThHDERIBXZ
Bkm A=A —DRETOERETH D, BRI LRGN EATZ L TOEETH >z, —/5 T, [SELENE| ##
Bz Elffil e UT, B TIEH « BEIC DWW TOREEBIID EREL L TEHBO ., ThUCtEs TREZNBEOE D 5 1
EDGIEENRFEEINE X IICE>TETWVD, —DDlE, SLIM BWBHIEZ—7w FO—DE LTWVWA"IU T AR
ORI ETH D, TOHREONDONERE R A X DR D T2DICiE. ZFOEHEE 100mLINICERET 5 T & MREIC
BHEEZLENTVS, "SLIM" TIEZ DX EHREMN L, [k km A —F—72 o I EREM SR, 100mA — X —IT TR
ICEREELT 22 L ZHMNE L. 2D B BRI ZT> TN S 2RO AmAREIC K DHEIET S &
FHHELTWS, EzFEFHCSLIMY X, ITEOFHENULOFENZHE 2 T, A F>arayy b CREEER/
RIEREE L TOFREZEHIELTWS, TOXIE'SLIM? EHOT-DICHE L35 BEFTHIZ. FTEVRA VS
WEFZHR D 1= b ORiER SRR CH b . BARMITIE, A A TERIC K D 27 L—Z2—HiH « IE D= OGBS
Fiffi, EkEL—&Z —Hili, FEEVIOR L BN EDN T %, CoMicd ., FRCHEEENULOEZEN 5. /)
RIRE B IR A B BRI S AT L0, kRt R, HRABEROHIROIZHD 2 > 7 L EREED—Kb, RS
it Vi EDRRFHIC K B EIFS AT LO/NEER B 2 OFIfBIREIT> TV 5, NS, SLIM U —F 2 54 )L —
TOIEH O TERFZOMFE R LICELSHBINEE RIS, TNSHEERIMT DWW T OB EBICED THRTH
D. TORRPEEBEDRELTELEFDDDOH S, ZORREIIC, 3EEHOAA Tvorvayry hIvyarvel
TORRICESTLETATHS,

SLIM SZAFEEEOFIIX, A ROHNTH S ¥V RA  FERERNOFIIF] LS AIVA—V0ERELTE
HELRLDTHD, TNEFFC, Pk A 7vavasry M K28R I vy a V] ZRIZOWTE, Ko/ - %
HBIFVAT LERIRT 2 L TOBRFMPERSEHLENS FETHSHTH, RKEEXEEFEZAELTWVAEDLEZ T
%

HEICBW TR, ERCTHbNz SLIM OEZ - HNE . ZOMGHEHI DR TIrbN T\ 2 28O T#MFOH & Z
DRE, TNEERIEEZTEERKY AT LEIEORN A 8 S X CIEE, T, SLIM ZRX—Z & LIKHC,
RO Tarary Mk /BRI v g VICDWTEDE S BRIBEMNRZTL 200, #EinE 8 CHL TE
FETH %,

F—U— R ARELRE, Aiske, AbEAahiusile, © R, v MEkE, T oaray b
Keywords: Moon and Planetary survey, Lunar landing, Guidance and Navigation for landing, Precise landing, Epsilon Rocket
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IR R 2 Te X3 b L— ZRE NGNS A7 LOSREI v & 3

Proposal for Demonstration of Penetrator Technology by Small Satellite and Epsilon
Launch Vehicle

P v b L 28 25 et A0 /NI REE L Reoe KBRS TN 4 i 05 5 5 AF b S50 O 5 jIrp B L /bR kS
LRI HEZ Y BRI s BN il K 55, A EIR Y B M PR RN B R AR R
AL TEE H—AR !

SHIRAISHI, Hiroaki'* ; YAMADA, Ryuhei? ; ISHIHARA, Yoshiaki' ; OGAWA, Kazunori ; OKAMOTO, Tarc® ; TAKEUCHI,
Nozomd ; ISHIHARA, Yasushi ; MURAKAMI, Hideki® ;: TANAKA, Satoshi ; KOBAYASHI, Naoki' ; HAYAKAWA,
Masahikd ; HAYAKAWA, Hajime! ; ARAYA, Akito* ; GOTO, Kerl ; MIZUNO, Takahidé ; ISHII, Nobuaki ; TSUDA,
Yuichi! ; HABU, Hiroto! ; KAKEHASHI, Yuya' ; ISHIMURA, Kosei' ; TOKUDOME, Shinichird

VIS ATBOE NFHIIZE DI B FE R T E R ARSI KRR R R AIZER, 2 R RISE H BB EREMETE, 3 it
TIHERAR ARG T A RHER R R A HIE, ¢ RO AR, ° e B FERns HiBRINER X1 - X 7 A5l

O RIS BRAA TR IS FH B2 R

'Department of Solar System Sciences, Institute of Space and Astronautical Science, JAXA ?Niapianal Astronomical
Observatory of Japan, RISE proje¢hepartment of Earth and Planetary Sciences, Tokyo Institute of TechnéBasthquake
Research Institute, University of Toky®lFREE, JAMSTEC SDepartment of Applied Science,Faculty of Science,Kochi Uni-
versity

NRR P L—& &3/ EOmEE AR T a—T7 0 L THO . EEERE L DARERRE Fic 1Eloas v b
TEFCEZ S8Ry b — 0 2R T 270D TFERZIRMIET 2, TNX TICEENNTR R b L—XDBIFRD
T, MELHHE OV 27 FADIGHIEE CHERENTE R, TOT LIRERKREDZ SEMIC K > TERIX NS
EBIREC X 2 NERSGE R DS VE C I3 BRI I TOZ DB, X% b L—2 D E 12 5 3 RERORAE
BDOIED OO EZRTEDTH S, LH L. ZTORMENSEIHEN R X I ICKEXIMNOEAFHRICHA 5N
HR AR ORI RS KERFMIN—RIVTH S, MAT. XRRbL—&IcXBS %y NT—78EFET 57201203,

< JERIEED S O - BT - BB

e R b L— & — JE B 2 ] O S H i

- AR « 255« [A]REEI 217 5 8 Hh

HELHDBHMRETH %, [HLUNAR-A 7’0 =7 kTld A NEREE 2 BRI P2 I FRE TERIIS 5 7zic
5O TR 2 RET « BT U ChER 7t FikBR2 1T > TE M, MRENFEE 21T ICIZES A o Tcs F T TEHZEDBAFE
Rz Lie X2 b L—R2EY 2 — )V HELE GlREZ —Ha8) 5L 81, HERIEED DO FER;
il & X% b L—Z OBHER M ZHIET % T & TREROAMN T 2y T —ZBHNC DT C L2 HIET T EAHV)
RIRZEE Iy Y g VUNOERZEANTH 5,

fTEgary e LT, A 7yara’y MEERNTHBBAT % 4 RSy 7 A7 =78 L THEBHLEND
A u— FEEZENE 5, DNREHEERITHBERAZ, BHEE ETXX M L—2ET 2 —)VZ20H - K FL T,
T—=2) L—DEOOWEEERITS . —J7. DR RSN K b L—REY 2 —)VIHuE#E t— 2 DS X -
TIEEBEERR 77 7% F ¥ > )V Uicté, @ER 25kmh 5 O EH A& R 90 EORBAZ T2 L Th 53R 300m/sed,
TCTHEZES LIV AEIZ 2~3mDFEZ X THE DAL, X3 FL—ZAKITIE LUNAR-A FHEICIWTHRFE S N7zt
ERt L EWRERTOIE D, MEEF O ERE 2HBHE U TEARERICR AN ZSMET 5, HONER, R, ROy
1« BAREICBI T 2 HIRZS2 C ERHANE T 5, BRI, X% b L—2EHEEFF OB A ORI Tt 58
AEZEF B G 2 R T A 5 T e TENR., BIRNE & RERLDREER IR o Te ARV b & U THER
R~ > MIVORSEZPINRD T2DICFIHAT S EMNTES, —77. BARBICOWV T 7 ROglEm vl S EbEs L I3 H
IR HHE I =y MCEE L TEINIT 2 2 & DT HUTHTRZ MRS 2 eR2OE| G H 2RO HEHFEF M e RO E 2 HE
ETBHENRND LITB,

AFER TIE/ NV A RERORESMET, X% b L— ZEHEER OB E A &E G ORI OWTEN T %,

F—U— F/NERPERR, A T oarady b, X3RS L—2 HEE SRR
Keywords: small satellite, Epsilon rocket, penetrator, seismometer, heat flow probe
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KB L0FEDFRLE « PRI v g VDREE
Lunar and planetary exploratlons in a coming decade: Summary of 4 years and problernr

remained

WA BT 15 /bR G 2 5 HARE #8035 KHel Faer 4
NAMIKI, Noriyuki ** ; KOBAYASHI Naok| : DEMURA, Hirohide? ; OHTSUKI, Keiji*

VT EETIERE, 2IAXA FHRPAIFEATE AR E R ANITER, 3 2EAE, 4 M R
I'PERC/Chitech?Department of Planetary Science, ISAShe University of Aizu,*Kobe University

AARERZ SR E ARG 7V — T Tk, REHFBROENRBLEZHG L, Tk vy a VElHZIRRT %
WMEEOERZHIELTWVS. COMGHEIZRERZOII 227 4D, REREEEE, E2EZMDT, HHOD
HEICBW TGO TV EETH S.

O EOBEHEERZOEMN R « FIEOzHICIE, FEANH A > T2 REFTH O RDHE 5T, AMBEEK
SOREFELAEI OHEE T T D, ERERE I NCHEE T BRI O 2, RERYII 227 0 & L THAEEL
T TEPRAIRTHOEFHETHS. HLDOMEZEILEBAA, T 2T ¢ RAEDROEE THEWNHD D TR
BaEEHEL TV T EMROENTWS., EFIE Y g VORERBIAT 5I1CHizD, BLIZLLTD 5 SEMREHTEO
BWHEEZT-.

(A KERZII =T o DONEEEEL, 2017EH 5 2027F F TORBEHEENEEAHZ H EMICHHT 5 &2 H
Heg 3.

(B) ?X%ﬂ?@%—%&@ﬂ# ¢ FyTHAZUR ) EMHET B E LB, BHBEHESR - v v URESIER R E-
T, A 22T 4DPEABIvyaryzRIKT 5.

(CVVEER =R/ TITY. BRETR Ny T A A% L, B EBETIEI vy g VIR EBIIZHER
ERZNEERICHE DO THS - AB L, BERETIEI v > g VIR BN IEROER MG 2175 .

(D) BEEBE T2 « Y VRY I LETORRMREZROIE LT, LS ERERNEX 5.

(E) i FHERZEEY S - A3 2 =7 ¢ LOHERXS.

2010 SR UTckighd, b YA T2 A% 250 —BRE, I v a VIRR B EHER ORI B RS & 5T
g 25 _ERBEZRET, vy a VIRROFEIMNZFHGT %5 RS T Lz, 2012429 A 14-15HIcii 7 a v
%\ﬂx%%%b(ﬂiiwﬁL&ﬁm®wf¢J&Fiﬁkiéim%§®ﬁkij&w929®k7—7u%of
13DHARRROENE K 5Tz, TONRETRBHETENO G Zim L, () IMI0OFIC—EOhRIZ v a2 BTTy
77773v&5V&@$C&,00ﬂ%m‘//3 v, NIy g VEPER UGV, [R5 104 HBE=FEETIR
Tow Ty TIyvaicERhTscl, #EDZ. CORE, 3207 —TIckebonizIvyaryarye sl ks
DORFEHRERITY, I 227 ¢ OiHlizHIL.

F—U— R H, KR, A, ket
Keywords: moon, planets, exploration, road map
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Ktz B L0/ S )V OHY D fHA
Approach of the next decade panel

R AR 1
DEMURA, Hirohide™*

' RERE

LUniversity of Aizu
KB 10ERFINVDHEREE LD 5B,

F—U— R BERRE, GRS, Rk, SR, T varad Y b, TR A RS
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