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Feasibility of the exploration of the subsurface ocean of Jupiter’s icy moon by Jovian
decametric radiation spectra
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VAL REER B AW R
!Tohoku University

Subsurface liquid ocean of the Jupiter’s icy moons, which is suggested by several studies, is one of the most important targe
in the Jovian exploration missions. We propose a nhew method for determination of the depth of the boundary between the ic
crust and liquid ocean below the icy crust by using interference patterns found in the spectrogram of the Jovian decametric radi
emissions (DAM). If we can operate an wave receiver onboard the icy moon orbiter, we can obtain spectrograms of the DAM
propagated from Jupiter. Because the emissions directly from Jupiter can be interfered with the emissions reflected at the ic
moon’s surface and subsurface boundaries, we will find interference patterns in the measured spectrograms. In case of the Moc
the lunar orbiter SELENE detected the interference patters in the spectrograms of auroral kilometric radiation (AKR) [Ono et
al., 2010]. Because the interference occurs between AKR directly from the earth and AKR reflected at the lunar surface, the
amplitude of the interference patterns are almost constant. In case of Jupiter’'s icy moons, DAM directly from Jupiter, DAM
reflected at the icy crust surface, and DAM reflected at the boundary between icy crust and liquid ocean are interfered with eac
other. Due to slight phase difference between DAM emissions reflected at the surface and subsurface boundaries, the amplitu
of the interference patterns will be modulated. The depth of the liquid ocean can be determined the frequency width of the
modulation. Assuming that the frequency of DAM is "25 MHz, the permittivity of the icy crust is 3, permittivity of the liquid
ocean is 87, loss rate in the icy crustis 1 dB/km, and the depth of the ocean is 5 or 10 km, spacecraft and receiver’s specificatiol
needed for measurement of the interference patterns in the spectrogram are as follows: (1) Spacecraft height below 200 km, (
Receiver bandwidth o&1 kHz, and (3) Receiver level resolution @b dB. In addition, the following two issues have to be
considered in actual application of this method: (a) DAM itself has band structures in the spectrogram due to anisotropy of the
emission at the source. (b) The roughness of the surface and subsurface boundaries have to be within the wavelength ("10 m)
order that the interference occurs.
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The Circumpolar Stratospheric Telescope FUJIN for Observations of Planets
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G & ONEBRZFINRS T & T, HEELEDERSEMZIHEMNCT 5,
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R/Iesospheric wind/temperature measurements in the terrestrial planetary atmosphere L
ing the IR heterodyne spectroscopy

i BT U WIS s AT T 2 EOR BIRE 3 AR RELE L ATEE T
TAKAMI, Kosuke!* : NAKAGAWA, Hiromu'! ; SAGAWA, Hided ; AOKI, Shohe? ; KASABA, Yasumasa;
MURATA, Isac!

VHUERSE, 2 5UPESERE, 3 A 2V 77 i 2 bR

Tohoku University?Kyoto Sangyo University?Istituto Nazionale di AstroFisica

HIERTYE S O R FREOROARK S EATOFHERANEHR L T RADERHEIK L T>TW0d, Xz, HiErs
DGR LU TL BN T OFEE TG L, EEE & T 3)VF—0ZF 9 LA b, JEE, HEoEi Nkt v, 21k
MELWRZ RTHEETEH 5, TDXIIC, BEPEBEOMEIIRKAD L MEG. 748b 5 FERAKOEHN KK
BORIC ED KT ER 52 2 D RT 2 DICIERICERTH S D, ARG ENZFHEL TV, KETIE,
HEET COT R 0Oyt ix L, EHAZ 2V OERENH R EZ KiEIC L0 2 &I E N TE D [Carlsson et al.,2006] Z D
EOBEVAZT U ETELID FBIC EHEREEEZANZALDPARHTH S, @B T, A—/—a—5—rayei
WRDHR OB MO MNRIEAIH L 725> T b, FERGHTRAE LI RGIEEIMNET &, =3 )LF— YEOH
REICKELHFELTWVB T EPRITIFRIC L > TREIN TV 2 300, EENEHENEALTOERV, ZTOHHE L
T, FEE FEZBEIESHENTH 2 TRBE OB RE L TV A HNBRTFTENDS, HifkE o JEE01E 5 2wk I
BT 2 FEAHRNUE, RKUEEIN ED X S IC KA L MBI EZ 5 A TO 202 HNHR S,

B O EE, BREOHEHT S DD 51kE LT, B TRIET % CO, D non-LTE emission 53Kk % /510 H %
W, HERD DL TIEEESREEN AL L TV T emissiond A2 S, T RAIRETH S, TNEENT 27201, &
WIKEDREEN B TH % Iz BIGIA Dz, 731 « S UREIIC X % COBIA 5 JRbE, IRERE I 2 /1T
TMMETNTVED, E—LT A ZIHKE S EEDREDNE L TS, AW TIE CO; @ non-LTE emissiorz &1l
T B0, BEDREEDTN L —F—"TO XA V20D, TONTORA e EERNR B field ~ 107 1
EL, Y73V« SUEBRIK 01X 2 DI @O ZER 7 #RE. 60cmPiEsE 10um T ~3.5" ZHiD,

AFLTET IV KATHIBE NIRRT B X A 2538 Tuneable Heterodyne Infrared Spectrometer(THIS) —
RERNT, RO - JBEGOEH 7L L ZOERREEICOWTHEmT %, AT 57—k, 7UVFMFY k-
Y — 2 ENRREBEAFT O RS THIS ZHL0 {113 T, 20094 6 A 4 H O EaAfl e 33° ZA5 e 20 7> TR
LIzbDTH B, EE 110kmFLD CO, non-LTE emissiond» 5, i K v 75— 7 &, IR HEED S EED
ICEHT 2T ENTES, ZOME, EE £11m/s BE 184+-12K DIEE TEHTE 5 T LIPS MR- Tz, BRI
emission linez i A7 14w b U, x2<1 & L TRz, BONIRAEIGNE - SRERKOMREETLL (NE T 5-35K, &2
T 5-40K [Deming and Mumma ,198B)7z2 @il d" 2 DIC +73 5k TH O . IENREED 5 HFF & N 2 HUHERA (£10m/s)
EHEWVETH B, BT NIZIREE Pioneer Venus’ @ —7 ([Clancy et al.,2008] I & - T 5 N7z Z OLGEH OfEH
ERW—HEIRT,

WS CHENT U T8 717 20154E 3 HD BNT A L7 A FITHIC TARRET 2 B E OfNANTa &
A VNI L > TIRENSNE, REAXRYT MUCHEHT 5 C & T, MBRUEE RSP EOMIICEIL T» L 3
ETH 5,
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Jovian tropospheric aerosols inferred from the Cassini ISS limb-darkening data
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AREREOEICIE, RHIIET 5 RS (HOICE R 5585 % zone ABMICHZ 2877 7% belt & KX 5) P KAFBIC
RESNZMHEEFEORED D 5. TN O DOERDENIE, EEFELLY 0 VDI ERRHEDE N2 KL T\ 5.
TN OYIEREZY E— Y U TFENSE LI, T YIVCKBZEHEEZ S LDENH D, FOE
LR (BGELATAHESS) OB HEARI R E T35,

4 iF, CassindFAHEICH5# & N7z Imaging Science Subsystem (ISGYKE 7 5 1 73 Bl 7 — & (IR © 2000
fE— 20014E 3 H, KIGNEA 1 0° — 140 ) ZHWT, 7 2V )VORGELNAAHBEEE#EE L TE 2. TOWETIE, 2%
£ (BL1 : A%hikE 455 nm CB2: A%hEE 750 nm) TEHHI & N7z #iRYHY 7 zone (the South Tropical ZorieSTrZ) & belt
(the north component of the South Equatorial BEREBN) FHEIC DWW THMT 21T o /2. D7z, =71V )VOELIC
13 Mie BELIFGZEH TE 3 EIE LT, TOREDE LICELNZ 7OV )IVOEITRIEn, =1.858 740D, KEER
L TWVW5 EEZ SN TE NHy KOERIE (n, = 1.42) KD, FEMICKIVEE -T2, TOFERIK, NHy kH)
MBS K > TROD > TOVERVEWV S TR E T2 EDTH 5.

— T, FRBEICEN ST 0V ) VRIEERIER 7 Th 5 L EZ BN TE . ERIRN T OBELZ R d % Mie HELEER
DA OVTIE, HWiiHmz XSHETHS. T THELIE, WO OIEERERL T ORGELA RIS & CassiniFEerk
F—=2Zh 5B 5N Mie BELNAHBIEE kT % C £ T, Mie BifLFRZ & LIEONIAEROE T EFTHINZA M
TR TH 2 ONFHI LTz, JEERFERI & U TRIESFEMAZIGE U, & XSGR, GE%, Biliitofss
DEICH LT, Z2N5OBENHHBERZEIE U, BELAHBIROEHICIE, T-matrixitzfvz. chicks &, £E
EDREMTH % NHz K (0, = LANTEWEHTR (0, = 1.45) % & DA FIAOEGELN IR, AR Bl b
KPR <, CassinifabT — 2 h 5155 N7 Mie BELNAHBIEIC R, BABED SN &b o7 2D XS 7%
BELNAHREOZIRTIE, BT — 2 Z2HBIT 5 2 LI RARETH 5. —J7, @B (n,. = 1.85) Th 2 [HlHEtE A D
BELAHBE B DA, BELOSRE, MFHBISDIEIR E £12, CassindEdiT—2h 5155 N7z Mie BGELA IS SH
L2200 H D, REKCBIT—2ZHETE 20T 2N D 2HERZ2E/. o ehb, IR FICE
THZRAJZGEETE, REEEFHHR NH; K055 DT TERY, LEA2KEA9.

AFETIE, EEITIEERIERLFOBGELAAHBE S E W2 E 7 )VET RS R L BT — 2 O E &6 T, #Eimd 5.

F—TU— F:RE, B, EHE, CassinfRA R
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Infrared imaging-polarimetric observations of Venus with NIIHAMA and SOLAR-C on
Haleakala
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ISOKENDAI (The Graduate University for Advanced Studiés)stitute of Space and Astronautical Science, Japan Aerospace
Exploration Agency>Planetary Plasma and Atmospheric Research Center, Graduate School of Science, Tohoku University,
4Institute for Astronomy, University of Hawaii

To best utilize the polarization data from Venus, as a useful tool to study its atmosphere and aerosols, one needs to cowv:
enough either a range of phase angles or spectra by observations. While most of previous studies were based on "phase curv
in a few visible wavelengths, we are motivated to perform multi-wavelength polarimetry in the infrared at a few selected phase
angles. To acquire infrared imaging-polarimetric data of Venus, preparative works were done at the Institute for Astronomy
(IfA), University of Hawaii, Maui.

From recent our visible-wavelength observations (2012 - 2014) using HOPS (Hida Optical Polarimetry System), we found that
the optical thickness of polar hazes of Venus are now in thinning phase. Since polarization is dominated by the main cloud, it i
difficult to significantly derive the optical thickness of decreasing hazes without affected by the errors due to an assumption tha
main cloud parameters are same as Hansen and Hovenier (1974). Additionally because the previous observations take long tir
to obtain polarization data varying with phase angle changes of Venus, it is a problem that variation of polarization can contair
its temporal variations.

Considering the polarization of the infrared light scattered b$®, droplets with radius of 1.05 microns, standard Venusian
cloud model (Esposito, 1980), the sign of polarization shall vary from negative to positive at middle phase angle range, betwee
60 and 80 deg. At this phase angle range, polarization degrees caused by single scattering vary like J: negative, H: neutral, |
positive (astronomical bands, central wavelength (microns) J: 1.25, H: 1.65, K: 2.2). Actually according to test calculations taking
into account multiple scattering, disk-averaged polarization degree at phase angle 80 deg. J: -3%, H: -0.5% K: +2% are expecte
In case that observed signs of polarization are different from that of expected, parameters such as radius of cloud particle can |
different from standard cloud model. For example if main cloud particles are largei5(microns), these signs can vary like J:
negative, H: negative, K: neutral. Inversely if the particles are smallé).6 microns) J: neutral, H: positive, K: positive. From
combination of these signs, we can know microphysical properties of the clouds with single observation run. Because especiall
phase angle around 80 deg. is near greatest elongation, which means that observation is much easier compared with other ph
angles, we are planing to perform observations at that time.

To realize our idea, preparative works, optical design of SOLAR-C telescope with a polarizer (Savart plate) inserted into the
optical system and test observations, were done from September through December 2014, and in February 2015 at IfA. Tt
test observations were carried out by using NIIHAMA camera attached to SOLAR-C, off-axis gregorian telescope of diameter
45cm, at the top of Haleakala altitude about 3000m. The Savart plate separates the light into two beams whose vibrating plane
orthogonal each other. We could verify that the separation distance is about 200 pixels on images (pixe) gkadecsec./pixel)
by the observations. For precise measurements of polarization degrees, calibration of polarization generated by primary mirrc
of SOLAR-C is future work.

F—U—FR: &8, 7 a V), wECERGEH
Keywords: Venus, Aerosols, Imaging-Polarimetry
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5um spectro-imaging on the Venus dayside
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SERFEBICBOWTIEEEHEOFENRNTED ., EEO FHICH 25 70km I 3BV T Z O3 X H fi5# g 0K
60M5ICIET %, TOREAHSRIIA——a—T—2 3 Y EMEN., ZTOERL « #iFF A = X LITDOTO L DEE
T BIHDTVEDE LT, WEIOMELERIC K > TAEFIED LEAKANER URKIED G [ZR I INTV S T EhH
EEINTWV3S, GRERGEHSOFMZIHLNCT 272D, T WHOMELEREZRA S EIZEETHS, A—/3—
O—7—3 32T, SE50-70kmDEEHNEZTNEHTH S EZONTED, TNE T, BEENEEINCK -
TEfE 70km D, R ARIEHBTINC X - THEE 50km DTERNME 5N T E o, FHA M 201441 IRTF/CSHELLIC X >
TAT > T2V RGBT O Hiid. T E TIERIBIO DI 0@ 60km OISR Z1S2 T SIChA ., BIEE & OFEIE
BEITS T TH> o FiE 60kmIZ DWWV TIX, 1.07 p miIc I % B LR E OIS ilEA 5 B D i R 27
72137z, FImEE 70kmIc DWW T, 5.04 p mIOBEEED 5B - K OERAMZHRA 5 WKz, T Ot
ZECIXRRICERE OB RIS OWT, WIS EE 1 OBBEEDEIET S & WS IEN S Z DJEHZ R, KISz
BT ozito .
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Implementation of sulfuric acid cloud into a Venus GCM
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SR EE 50-7T0kmE R EICEDN TWV3, SR RKKGAIERET IV (Venus General Circulation Model FHu 72 i
BB OHBORAIL, Lee etal. [2010 T4 D7 )L—7 (e.g. Kato et al. 20104 1 33U T HEE « Z8F0ERE & vk
ERDANTZERTAZ)L =2 a3 VX2 TRINTER, EL, INSIKBV T EARENEREINTWHAEW
728, Knollenberg and Hunten [1980FH2HE E N TV BB EMBEEY 1 7 VKD 7729, BFENET o AICH D E
IO B ZIT > TEWEW,

AL, EFAERZ VGCMICE AT 5 C LT KO BFENREEMBEDOEMN - HMZ B L. EOIEE - 71
DWTEI & E VR - E B EERD TREAEUEE T NV DOFZITI EDTH B, N—A & LTHH LIETIVIE. Kato et
al. [2014][Fl#%. CCSR/NIES/FRCGC AGCMr & L ICBi% & 117z VGCM[Ikeda, 2011]CTH b . IKFEfFEE T21 (FU
REIRRE © REREN T/ 5.6° ). il 528 ORI Limm L @ # 95km) ICEE LTz, EDER « 1HIIE, XA LA
T v T CHRMEE L AR DRSO RIERINASIEA 2 LRl @& TNTEICED ., TRl a R TAR
Uilg7axUC72 5. SIRE L TEA LT, ERENTEORFEZ. BETIVICH W TIE Haus and Arnold [2010)c 5D <
AT OE— RIE OKEAMIC—E. BEMNZIET %) IS5, Thbb, BN TROILK « fivNIARET IV
TREHLTELT., ERINIHTOBRZEN T HICHEE 5, £z, ARERE LTELNEEDMHIT KK DR
G« DR « BRI ER 5250, BETVICBOWTRER —E& - —ERE (Eka—FRoEF) &LT
W5, TEICEID % K7 DAER K OIREER T OIS (LAt e LT, BIET VTR D (1) - (4) %
g)\bf:o

SO, +0+M — SO, +M, (1)
S()g +H20+H20 — HQSO4 +H20, (2)
HQSO4 +H20 e SO3 +HQO+HQO, (3)
SO; +CO — SO, +CO;, (4)

INSDEEREZEA Lz VGCM Z W T, 158 R HMOGIEZT1T> T2AER. FHURRRICE L2 BN mHME bz,
CTOBIHETIVCIBO T, EMEERIE. BIKBEEOEER 65km TIL2EKIGIC K > T SO0 5 DED K, /- HfEER
I Ko T, FICEFERE T R U SR 50km {3 THFE & WV 9 TRRE N, 255 [Knollenberg and Hunten,
1980; Imamura and Hashimoto, 1998}]& THIFHEMICHE L7282 GCM L 7x o7z, 7z, ERMmICB N TIE, Bl
NI-ETEBE O EFEEANO D 2 TN HER Uz, 72720, Ml (75201 E) OYE2EME S DM LETE < 72 % 1
MIcH b, iz, (D - @ ICBEHT 2YESMHICHB N T, HoO, SO, I EE 60km UL | TEZE 7 )L [Krasnopolsky,
2012]DMEEL DK LI 5Ttz RD AT TIZBWTIE HyO, SO, IS T L2 MIGE BB T 20BN H %,

St B - BELERZERENIENME —BERZTETH S, UKD, KO BIFENRIREESIERO H B
DI E NS, 20164EICHIEE NS TH S S5 Akatsukils & % EDKHIE /150 F DZEH) 2 TN « R ELATHE
EBEEILY—)VE LTz,

F—U—F: &5, iz, GCM
Keywords: Venus, sulfuric acid cloud, General Circulation Model
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T NERKHEGIC DWW T OIS
Study about the structure of Venusian lower atmosphere

o0/ S o O | IR=Y NI 151
ANDO, Hiroki'* : IMAMURA, Takeshi* ; TAKAGI, Masahirc®

LA B TR, 2 HURRPESE
LISAS/IAXA, 2Kyoto Sangyo University

ERIF. B 50-70 kmiZiE > TIFEET 2 D EWHREEOEIC K > TRERMNICED N TV S, EE XD FOMEKIcET 3
KX, Pionner Venus® Venus Express W\ o 7eHES DR X v & 3 VIC 0T 2 ) ABIINC s IC K 5 BT
Ko THEAWREINTE I, —J7, EEEXD FORGKHEICDOWTIE, BZED Veneral v ¥ 3 > Pioneer Venuss v
vavicBI A7 a— 7B X o TRESEEDSFARSN TV R D, Ta—7TiEd3REDLI LHTHNRS T &M
TEY, ZERERICZLVE WS REND D, Tz, AEBRRM EERNZ O TERREDO N BONEIC K> THENL
7. TNOHILEFBLO TORSHEZIEET S LIEIRE#ETH S, W, EEERID TORSHEICDWT
OHIFRZ, HRICFLWEWSOWBIRTH S, CNZITHTEZFERO—DL LT, KIRDGEESZ EkEE (RE
WERRAT0.L K OB REE BREDHRAEL km) THIE T X 2 BB 5N 5, Z U TAMZE TR, BN
THE ESADT B IR EEE R Venus ExpressC 351 2 BB O T — 2 245 2 LT, ©EEEX
D FOMERESHEFHEL, CTNETRZTEPHERED S TEEEE-I D FTORKHEZHLMIT S T EHRA
DHNTH %,

T — 2% 20064E0 5 2010FE X TICGF SN & DZ VT, SFENTEREDNMZIEE 1022 LICH L. TNZNOM
JEH RSN 1km & SIS T 5, W, PERIRIEES O — )L X A LRI DWW TR EE L, ITORSR, 1K -
HERE & EE I TR N R BN, B TIEE 50-60kmic P ZEEHH O, TD FTIRRFHLER KRG ER L
Tz, TNULBED T —T7EMIE BENGHETH D, — . EHEE TIEHZEED I 40-60kmic £ 720> T
FAELTWVB T e oTe, ARKTIR., EREENREMOMEN & 52 KMtz LTV 5 DM RKIKRERET
JU (AFES) & LHlig Ui 5 FIERINEZ R 2 5 X %,

F—T— R £EKRK, Venus ExpressE i, KxIKIERET )V
Keywords: Venus atmosphere, Venus Express, Radio occultation, GCM
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BRI T T T (RIS K BB EARKO BT — 2 Offf
Radio holographic analysis of Venus’ radio occultation data

A RRE T S 2 L R 2 e AR 2 Rl b
MIYAMOTO, Mayu'* ; IMAMURA, Takesh? ; ANDO, Hiroki? ; TSUDA, Toshitaka ; AOYAMA, Yuichi *

VORI E G PR TSR ER R R AR I, 2 P H T2 T e DR TR SARTIEATR, 3 SURRRSE LA ST,

4 ENT M2

IDepartment of Earth and Planetary Science, The University of Téaman Aerospace Exploration Agency, Institute of Space
and Astronautical SciencéResearch Institute for Sustainable HumanospH@&tational Institute of Polar Research

FHIRIIFN RT3 28T, SRR T ROV —Z28iEinE L TASAERERE TS L EZ 5N T VS,
Te B ER e ST DIREN K E L 5% b, FHRARZER Y T —ALE LWV RiNE AR ER N UTHHEL. TN
IPES SLIRIEE R T3V F — OB B O EEAKEH ZRIcTeEZ LN TVS, HIEKKK T, V4V YT
RL—Z—IC KO MEFEENT m~E km OFEIJEDBIHIE N, DA —IVOFEOREFE TRSEREINTNS, —
i MOEE TR HER & RO RSB E S NS T2, FICERMEIRENNC X > THE SN2 &S ROIRE D
D, WICPES IREEILZIO MU TENFEOEENER SN TV, UL LIERO BT — 2 DfTIc BN T
WBEIRE 1 AONIRE LTS BPDEAREDN VSN TN S 728, JEITROLECHY K & W iEE 2 i Uz B, #
BIRER OB L Ex O ETRIFICZEINTLE S 2, 2Tk, £z, BHOBPFTEIRIC K D SHiE S REED 1
KmEEICHRE NS 28, TNTRIBILVENKAXRTZ MVDIEDTL = L b2 THELHT ., BRI OEE
BT BEJFEDER - BoElfRIE & A BRI N TOHER,

Z T TERARIZ, SEFOHBRRAICH T 5 GPSHIBINITHW SN TWAE R KT Z'F 7 ¢ 1% (Jensen et al., 2003 W
I, ZAEESOIRIE & A ORERI A [FRFIC 2R T NV U CTofRiex FIF 3k E SR RAICIGH Lz, T
Tk H., BEIEE 100 miEE & W S B REER B ERKOREDRESHNE S Nz,

RIT, 5 NTREOIE RN DEITFRICIES LN ZIREEEL 2 L, 2N 5 OMERBART MLzkdiz,
F o, IREORED D S I KKRLEEDME N E RDTz, RERETIIIMERMART MIVOEEDRFRE - BEc e
DHIED ., ZEEDREDNHICHBT B2 RLEBDODFRICDONTIN, B OEIEE L B OMEICOWTHERT S,

F—U— R B8, B, BN, B0 T 57 1 ik
Keywords: Venus, Gravity wave, Radio occultation, Radio holographic analysis
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I HRIGEIC K B H AR E RN 381 2 HUEREE 8 O 28 DWW T
Effect of the terrestrlal lonosphere for the lunar radio occultation observation

Kt L2 1l 52 2 A SR !
KIKUCHI, Fuyuhiko'* ; KAWANO, Nobuyuk? ; MATSUMOTO, Koji!

VENIRSCE RISE H B REMGI=E, 2 BN KA

'RISE project office, National Astronomical Observatory of Japhlational Astronomical Observatory of Japan

The existence of the lunar ionosphere is an open question of the Moon. The lunar ionosphere was found by radio occultatio
observations of spacecraft, such as Luna 19, Luna 20, and SELENE (Vasilyev et al., 1974; Vyshlov et al., 1976; Imamura et al.
2012). However, the estimated electron densities of several hundreds to 1000 cm-3 are much larger than theoretical estimati
(Daily et al., 1977). Although several kinds of theories have been proposed to explain the existence of the lunar ionospher
(Dally et al., 1977, Savich 1976, Stubbs et al., 2011), inadequate quality and quantity of the present data prevent to qualify thi
origin of the lunar ionosphere.

Principal factor of inadequate data is the terrestrial ionosphere. The amplitude for fluctuation of total electron content (TEC)
of the terrestrial ionosphere is similar or larger than the TEC of the lunar ionosphere. The cause of the lunar ionosphere cann
be derived without removal of the terrestrial ionosphere.

Imamura et al. (2012) removed the terrestrial ionosphere by a polynomial fitting method. If we assume the lunar ionosphere
exists under a certain altitude (for example 30 km), the time series of observed TEC can be divided to two parts dependin
on whether the radio signal paths the lunar ionosphere or not. Before the occultation starts, named A-part, only the terrestri
component of the TEC is included in the observed TEC. On the other hand, both of the terrestrial and lunar components ar
included in the occultation period, named B-part. To remove the terrestrial component of B-part, the observed TEC of A-part is
fitted by polynomial function and extrapolated to B-part. The lunar TEC had been estimated by this method in SELENE mission.
However, the polynomial approach was ineffective when the fluctuation of the terrestrial ionosphere was large (Imamura et al.
2012).

In this presentation, the effect of the terrestrial ionosphere for the radio occultation observation is estimated by using SELENE
derived terrestrial TEC data. The error of the polynomial fitting and extrapolation of above method is evaluated, and the pos
sibility of the detection of the lunar ionosphere is discussed. The optimal configuration of the radio occultation observation is
also considered for future exploration. Appropriate orbital elements are discussed to collect sufficient data set. We focus on
solar zenith angle dependency of observation that is a key parameter to derive a mechanism for generating the lunar ionosphe
Furthermore, we start to search the lunar ionosphere by using other data set of SELENE. That is the VLBI data obtained i
VRAD mission. Both of S-band and X-band signals from sub satellite of SELENE, Vstar, were received at four ground stations
of VERA. The result will be shown in the presentation.

[1] Vasilyev, M. B. et al., Radio transparency of circumlunar space using the Luna-19 station, Cosmic Res., 12, 102-107, 1974

[2] Vyshlov, A. S. et al., Some results of cislunar plasma research, Solar-Wind Interaction with the Planets Mercury, Venus,
and Mars, NASA, 81-85, 1976.

[3] Imamura, T. et al., Radio occultation measurement of the electron density near the lunar surface using a subsatellite on tf
SELENE mission, J. Geophys. Res. 117, 2012.

[4] Daily, W. D. et al., lonosphere and atmosphere of the moon in the geomagnetic tail, J. Geophys. Res., 82, 5441-5451
1977.

[5] Savich, N. A., Cislunar plasma model, Space Res., 16, 941?943, 1977.

[6] Stubbs, T. J. et al., A dynamics fountain model for lunar dust, Adv. Space Res., 37, 59?66, 2006.

F—U—R: A, BEtE, B
Keywords: Moon, ionosphere, radio occultation
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HUBRAV ] B 9 2 BRI TS

The Terrestrial Exosphere observed by Space Satellites

=Y ] IR 1SR 2 =S R N I N EE [ b i v = | R s
KUWABARA, Masaki'* ; YOSHIOKA, Kazud@ ; MURAKAMI, Go?2 ; TSUCHIYA, Fuminori ; KIMURA, Tomoki? ;
KAMEDA, Shingad* ; SATO, Masaki ; YOSHIKAWA, Ichiro?

VERRUR?E, 2 FHRVETL, 3 BULRE, 4 T BORY:
LUniv. of Tokyo,2ISAS/JAXA, 3Tohoku Univ.,*Rikkyo Univ.

BRIV & I ZHIER D KA D B IMUIOTEK TH O . K7D X7 —)bnA b X0 & FEHBITENEL . kAL
DEZENFZE A ETHTZ ATHETH 5, HERNSEZRER T 25 FOH TRELZ IFET 2DIFKETHD, K%
WETIENY T LTH 5, HIERNPE ORI R HEEEL T % T & T, HERERZ WTRMR T 0 —2 KT %,
CORMNETO—IZYAaaF EEEN T WS,

19724EICFT B EIF 57z Apollo-16 1ZERAMER 71 X S 7% VT, A SEBHIHE 10R, FE T, WO T4 aaF Ok
G217, ZT D% 19984EICF B FIF S NI AEFBHED D F A B IIER S NIZEIOEERR UVS O TR A
I+ 20Rg X TIAM > T3 T E DR S NIz, Ko T, Apollo-16 DEITIZ VA aaFDefzEiZ ENT
Wihole b A%, . TOENLEY A oo oiRBi3irbnTcniah o7z,

HIERE IR IC X 2 IREEO YA auF OB TN T &z, i Tl TWINS I S TV % Lyman alpha
detectors(LADs) DO#ENC K D, 3-8Rg F TOHIFIIFET 2/KEETOMRED. HAURDOFAEITHEV 6-17%8I19 %
EWVSBHSEMDERENT, LA L. TOBIBERZARIZIAS MRS TR,

2013fE 9 HicA vy Mk biH EiF bz HISAKI/EXCEED CHUBRJE BIFLED 5 24 a2 F OBHllA T
PNTWV 3, 20144 2 HIC KB RREAED RSN TE D, ZOMIKET AV afGONCROEMMEIIE Nz, &
e TR AR D FEAE IS S IKE R OBENINERE & X, HISAKI/EXCEED I X 2 BIlIfE SR & LHig Uiz, ZOfEHE, 41
LB OKEF Oz 5| & T YFLERIS B ORI X 355 8 79 ARBOA > & OFBRASHEZER HIC K
B2HE5THD VI fEmEST,

20144 12 HICHT B B S NIz B IVEE TSRS PROCYONTIE V4 a m Higf§dEE LAICA (Lyman Alpha Imaging
Camera I X 27/KHEE T OHIGHGELE (121.6nmM DRy z17-> TW5, T OBITIE A LURICET 2 HED 5 DR
TH510, INNMEHNEE T4 a0 ORI EIEZ % T EMWNTE S, FAld LAICA Ot FEIERERZTTV. KE
121.6nmic R 9 2 EEEADY 1.1x 1073 cps/Rayleigh/pixCdh % T & il LTz, Z LT, 15 L% D 20154 1 A 5 Hicih
BRA & DFFEEA ) 1300 km £ 755 L TAD 5, Apollo-16 LK 42 FESD I VA a0 F DRI Uiz, TDEED
B3 110R; T, THUE L F CILHIFOIRSHIIAEICHLS . A aaF DR fi%z 1Ok E U THIFL
7D TORMES A %,

F—U— RN, 75 A, A, AUR, A aaT, MY a
Keywords: exosphere, plasmasphere, magnetosphere, magnetic storm, geocorona, lyman alpha
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MHD ¥ X 2 L—3 g U2 WK B EBEE A A > ORI T 2098
A global MHD simulation study of the ion outflow channels from the Martian ionosphere

HITFH ADF0 1 5 SFH R T AR R
MAEDA, Sawa* ; TERADA, Naoki' ; KASABA, Yasumasa

VBRI R ARG AR

!Graduate School of Science, Tohoku University

KEBFEBEA T — )VOE GG IR 2O EERETH O, KBEOHEERERKE KRN EEAHEFHT 2 2 &n
HoNTWa. ZOME, REMRET 2 RXDNHEWMSNZBG (RAOFHZEMADOFH) HRET 5. @Al
Phobos2c & o TESEEIFA A > OhnsEs XK CHRHESBIHE N TE D, #3x10% ions/sDENG THZEA 4 > HRHE LT
W5 E RS 57z [Lundin et al., 1989] %7z, Mars Express(MEX) IC## & 117z lon Mass Analyzer(IMA) 12X >
T, COtT 7z EDHEWEREEREA A VD KRICH T LT\ T A & /z [Carlsson et al., 2006]

KEDTRHGHRRICTIIBR A R E DD D, KEEE DEZMHEEFHICK2EDL LT, 1AV Ey 77y T, X
28w 2 VTR, BEED S OFRHGERE, 7 U CEBERE A 2 ORHEREMEIES N TWS. 2O TE, KTl
F— (<~ 10eV) OEHEE A A > OFHEERIE, B HMICNEETH 5 C & 7% EIC K > TRICREE R T2 0.
Z T, FLIZEBERNZ magnetohydrodynami€MHD) 3 X 2 L—3 3 Y OfER [e.g., Terada et al., 2009 FLT =X
JCAEZT TV, AR 3 )V F—OEEEE A 4 > ORI B KO, TOMER 2@ L7z, MHD 2 a2l—3 3 Vi
TIARZHRE LTS FETH AN, (KT FIVF—AF VOB T —< BRI/ NE N T & ST LA ELERY
OO UTEEA Uz, =20t 2175 TokER, BRIFEREE D &MU 2 A N OGS 2/ L, &l
DOFRERE TR DN, TOXXUDDMZIEKT % &V D RS SN Tz, Z O3 EE BEE ST T
RELZ>THD, ZOXIEFHEMANEMT T, AFRTRIET, ZOMimzED, BAIEERREDO 1 4>
MRMD EDFEETIEES N TV AR ZHE L. ZLT, WD OWIRZIREH L, ZOWAIIIh - CHE O/
RTITAIDENOBEZH I L, EHTEXOREAZERNICFHET 2 2 LIk > T, BHAFEBERIED 14 > b
HFAR B & DONE T EDIEIC X - ThEZZIF T 2 EiNTz.

AFRLKTIE, TNHDMHD ¥ 2 b— 3 VICTEDWT KR EEEE A A > ORI & IR O TR DL
THET 5.

F—U—FokE, BEEE, K&, MHD a2 b—Y 3>
Keywords: Mars, ionosphere, atmospheric outflow, MHD simulation
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NEEREPEFEIC I B 7L -V LRIV R EEDBEY I 2 L— g
A simulation study of the Kelvin-Helmholtz instability at the Martian ionopause

IR A0%2 1 3 S IR L S EE !
AIZAWA, Sae'* ; TERADA, Naoki' ; KASABA, Yasumasé

VBRI R ARG AR

!Dep. Geophysics, Graduate School of Science, Tohoku Univ.

)\%cilﬁﬁﬁi%féhttm\h&) KIGE & KR BB D EEAH A ERZ ST 288 ICh 5, TOXIBEE FcBWNT
SRR SR TR B R TR & R ERRRE T D X< ORI EEAE G L S 7 — DB E NS, Uiy, Sl
li'?ﬁh.’f}l/h/ ANIVLFIVY (KH) RZEhE & 5 % [Amerstorfer et al., 20100, T NUAVEEHEERE 1 4 > D
SRR — S > T B ARSI E N T B, & Blc KH A2 3 8 R LT I 3500 C 2 OB S 7 — D X
EA XV ORERGFHOBRN S, SHAIENFRZG 2T EEZ 5N TS [Nagano, 1978) JEREEEEIC IV TId AR
DI S KRR ES A IENF 2 | ER T EEZI SN TV 5,

Terada etal. [2002 70—\ UNA T )y RY I aLb—y 3 VERAWT, SEBEEREICET % KH RLZEMN, K
R R B /T [\ D EEEfEE A A > Oz /t U CIERFRICHE T 5 C L 2B UTze KH ANLZEDYIHAREX A 4> D
AR —~—F1% (FLR) R, EZERPEHE RO EDEA R EICKODRES NS, UL, Fa—N
W2 al—2a v TRRABIIROFEEGNE LDHTEIHEINSG 2D, FLOMBICKZEHFESZY0 I TRBE 5T
CLIEREETH > T, Tz, WEDIIE TN EBEBE R E D/ 8T X —ZFFICIHBN T, FLR 2R KH RNLE DI K
ERIFMERBICRIETHEBE AL 5N TWhiah -7,

AWFETIE, HAEAMHD ¥ 2 L—3 3 VI FLRIIRNE N LECNRZIMA 5 T & T KEEHERMD/NT A—
KZEPIC BN TELZ DIRMNENIEZ E KH RE DL EPIHIERBICHF 5T 50, TIKEDN S DORKEERRIC
ENEELHELGTHIIZRMBEATZANE LTV, ZTORHETII FLRIIFICHEH L, MEBEE R/ ST A —&
IZHWWT FLR 215 7% Huba [1996)iCih > THAAATZE S LA TRV EIT DV T KH RNZE DFE R IERR
RENE S ELT DLtz T Tz, Zlifé%%’ccihBht%ﬂﬂ;ﬁﬁ%bu“)b\fﬁlﬁi@“%o

F—T— R FIVE VANV LRIVYREE, AIRT — < LR
Keywords: the Kelvin-Helmholtz instability, the finite Larmor radius effect
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