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tSC|ent|f|c exploration of Jovian System by JUICE Mission: Participation of Japanese
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The largest planet in the solar system, Jupiter, is a rapidly rotating hydrogen-helium gaseous body with strong magnetic fielc
and associated magnetosphere. Recent discoveries of exoplanets suggest that Jupiter should represent a body not only in the s
system but also in the universe. Jupiter has various satellites: four large satellites, lo, Europa, Ganymede, and Callisto, we!
discovered by Galileo 400 years ago. Three of them except lo are icy moons.

The Jupiter system was observed by several flyby missions such as Pioneer 10 and 11, Voyager 1 and 2, Cassini, New Horizo
and investigated by Galileo orbiter and its atmospheric entry probe. Galileo spacecraft data was very limited without capability
of its high-gain antenna. So far we knew about Jovian system much less than the Saturnian System, where Cassini spacecraft |
been continuously observing. JUNO mission will start observation of Jupiter in 2016. But since the main target of JUNO taking
polar orbits is structure and composition of Jupiter, observation of satellites would be limited.

JUICE (Jupiter Icy Moon Explorer) is the ESA first Large-class mission of Cosmic Vision 2015-2025 program. The emergence
of habitable worlds around gas giants, and the focus is to characterise the conditions of habitable environments among the Jovi
icy satellites, with special emphasis on the Ganymede, Europa, and Callisto. JUICE will be launched in 2022, and will arrive at
Jupiter in 2030. After several fly-bys to Europa and Callisto, JUICE will be inserted into an orbit around Ganymede in 2032 and
will continue scientific observations for eight months until the end of nominal mission in 2033.

The discussion for the international collaboration for Jupiter mission between ESA and Japan (JAXA) started in 2006. Initially
JAXA proposed a magnetospheric orbiter whereas ESA and NASA proposed Ganymede and Europa orbiters, respectively. Afte
the selection of JUICE by ESA in May 2012, six Japanese groups were invited to participate in the mission as Co-Is with instru-
ment development for model payloads. Finally through the selection process of instrument development teams, four of Japane
team partners were selected for the official JUICE instruments. These are GALA (Laser altimeter), SWI (Sub-millimeter wave
instrument), PEP (Particle environment package), and RPWI (Radio & Plasma Wave Investigation). Moreover three Japanes
scientists are invited to participate in the initial scientific analysis as Co-Is of JANUS (Optical cameras) and J-MAG (Magne-
tometer). And it is proposed that a longer Mast (for J-MAG) could be supplied from Japan.
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JUICE-GALA L —H' & fEaf .
Development of JUICE/Ganymede Laser Altimeter (GALA)
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JUICE-GALA : Focal Plane Assembl Analog Electronics Modul@® %zt
JUICE-GALA : Concept of Focal Plane Assembly and Analog Electronics Module
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JUICE-GALA : 32 C SR %
JUICE-GALA : Design of receiver telescope and related optics
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The Radio & Plasma Wave Investigation (RPWI) for JUICE: Contribution plan from
Japan
The Radio & Plasma Wave Investigation (RPWI) for JUICE: Contribution plan from
Japan
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We present the current status of Radio & Plasma Waves Investigation (RPWI) [PI: J.-E. Wahlund (IRF-Uppsala, Sweden)]
on the ESA JUICE mission to Jupiter (launch: 2022). RPWI consists of a highly integrated instrument package that provides ¢
whole set of Langmuir probe and electromagnetic wave measurements, and will study the electro-dynamics of the Jovian mag
netosphere and the affected exospheres, surfaces, and conducting subsurface oceans of Ganymede, Europa and Callisto.

RPWI first focuses on cold plasma around Jupiter and its satellites by 4-axis Langmuir probe combined with 3-axis search coi
sensor, for the understanding of how the momentum and energy transfer occurs through electro-dynamic and electromagne
coupling in Jovian environments with icy moons. Exhaust plumes from cracks on icy moons will also be studied, as well as
micron sized dust and related dust-plasma surface interaction processes.

RPWI also first provides the spatially resolved information of radio sources in auroral regions of Ganymede and Jupiter anc
possibly lightning activity of Jovian clouds, by the first 3-axis measurement in radio frequency. As a byproduct, reflected Jovian
emission can be expected from the boundary of crust (ice) and subsurface ocean (conductive water), which could observed as t
Lunar surface reflection in terrestrial auroral kilometric radiation seen by Kaguya Lunar Radar Sounder.

For these objectives, RPWI sensors consist of 4 Langmuir probes (LP-PWI) for determination of the vector electric field up to
1.6 MHz and cold plasma properties (including active measurements by LP sweeps and mutual impedance sounding) up to 1
MHz, a tri-axial search coil magnetometer (SCM) for determination of the vector magnetic field up to 20 kHz, and a tri-dipole
antenna system (RWI) for monitoring of radio emissions (80 kHz - 45 MHz). From Japan, we will provide the RWI preamp and
its High Frequency receiver with the onboard software, modifying from the BepiColombo PWI and ERG PWE developments.
We will also provide Software Wave-Particle Interaction Analyzer (SWPIA) function to RPWI DPU, for the onboard quantitative
detection of electromagnetic field - ion interactions, modifying from the ERG SWPIA developments.

The RPWI consortium covers all the best international scientists and engineers in this field who have provided a long heritag
record in ESA/NASA/JAXA missions and a track record of collaboration with each other. The team also includes the expert
members in numerical modeling of all relevant sciences related to RPWI, in order to maximize the science return from the inves
tigation. Followings are the participating organizations: [Sweden] Swedish Inst. Space Physics (IRF); Royal Inst. Technology
(KTH). [France] Lab. de Physique des Plasmas (LPP); LESIA - Obs. de Paris; CNRS-LPC2E, Univ. d’Orleans; CNRS-IRAP,
Univ. Paul Sabatier 9; Univ. de Versailles Saint-Quentin (LATMOS). [Poland] Space Research Centre of the Polish Academy
of Sciences. [Czech] Inst. Atmospheric Physics; Astronomical Inst. [UK] Imperial College London; Univ. Sheffield [Austria]
Space Research Inst. [Germany] Univ. Cologne. [Japan] Tohoku Univ.; Toyama Pref. Univ.; Kyoto Univ.; Kanazawa Univ.;
ISAS/JAXA; Nagoya Univ. [USA] Space Science Lab., UC Berkeley; Univ. lowa; Johns Hopkins Univ.; NASA/GSFC; Boston
Univ.; Univ. Michigan.
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JUICE-SWIY 7 2 Vi EEt
JUICE-SWI Submillimeter-wave instrument
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INICT, 2University of Tokyo,?Tohoku University*Kyoto Sangyo University; JAXA, $Osaka Prefecture University

In the JUICE mission, we are developing the Submillimetre Wave Instrument(SWI) which is a spectrometer with two fre-
guency bands in 600 GHz and 1.2 THz region to observe submillimeter-wave emission from molecular species in atmospehr
such as CH4, H20, 17-0, 18-0O, D/H ratio, CS, HCN and CO, as well as surface emission of satellites and the planet. Japane:
contribution is the main- and sub- reflector of the antenna, and moters.

The chemical and isotopic compositions of volatiles on geologically non-active Callisto may preserve information of the com-
position of icy planetesimals formed in the Jupiter-forming region. Based on the observations of Callisto’s atmosphere, the SW
Japan will try to constrain dynamics and chemistry of both the outer solar nebula and circum-Jovian subnebula, using their chen
ical model of protoplanetary disks and N-body simulations.

Also, the compositions of the atmospheres (and plumes) of Europa and Ganymede would provide information on particula
geochemical processes in their subsurface oceans. Using results of the observations, the SWI Japan team will be able to inve
tigate the availability of biogenic elements, conditions of geochemical reactions, and habitability, based on their high-pressure
hydrothermal experiments and chemical models of subsurface oceans.

F—"7— F: SWI, Submillimeter-wave, Oxygen isotope
Keywords: Oxygen isotope, Submillimeter-wave, SWI
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Fyw TR AAKBEOREZILDENE DN ?
Can gap suppress gas capturing growth of giant planets?

A1 47 5 e FA 2
TANIGAWA, Takayuki'* ; TANAKA, Hidekazu?
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LUniversity of Occupational and Environmental Heaftmstitute of Low Temperature Science, Hokkaido University

We study the final masses of giant planets growing in a protoplanetary disk by using a toy model, which employs simulation-
based two empirical formulae for gap depth and accretion rate of area of protoplanetary disks. This model enables us to calcula
time evolution of mass of giant planets. We find that gap opening is not effective to suppress gas capturing growth of giant
planets: a Jupiter-mass planet is easily formed in a disk with small viscosity (alphad} afd a small disk surface density
("1/10 of the minimum mass solar nebula model). Hot jupiters, which are thought to be formed outer region and then move
inward by type Il migration, could be formed in-situ (at 0.1 AU for example).

Keywords: gap, protoplanetary disk, giant planet
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Origins of stresses in the lithosphere of icy satellites

(SR VN N VR T SEE R
YODA, Masahird* ; KIMURA, Jur? ; KURITA, Kei'

VIRGURZAHIEEDIILA, 2 SR LA R A A 22
IEarthquake Research Institute, The University of Tokfarth-Life Science Institute, Tokyo Institute of Technology

Surface geological features on the Moon, terrestrial planets and icy satellites reflect past interior activity which effects surface
stress.

Most geologic features on icy satellites suggest a possibility that the surface have fractured and extended due to tension
stress. In case of large icy satellites such as Europa and Ganymede, it also well-recognized that the surface stresses were dire
generated from the past interior activity. On these surfaces, elastic lithosphere is divided from asthenosphere due to the lare
viscosity contrast between the base of icy shell and the surface. Therefore we assume that surface features have been formec
the stress of elastic lithosphere that directly affected by the current and past interior activity.

We will discuss origins of stresses of elastic lithosphere of icy satellites. On surfaces of Europa and Ganymede, we can se€
many extensional features, stripes, bands and ridges, which have been interpreted as a sign of past interior activity, especia
global volume expansion (Greenbezgal., 1998). In previous studies, various origins of such extensional features have been
suggested.

In case of Europa, stress associated with icy convection (McKinnon (1998)) and tidal deformation (GregahefP98)
discussed but the resultant of amplitude of surface stress is too small to create the observed extensional features. Therefore
thus focus on global expansion as important source of surface feature. The growth of the surface Ice-I layer is proposed for th
expansion quantitatively (Kimura et al., 2007). Hillier and Squyres (1991) discussed thermal stress on small satellites of Satur
and Uranus including contribution of the phase transition of water ice, and they suggested that thermal stress is another source
surface features. Although they included an effect of temperature change due to phase transition, they neglected a contributic
of volume change due to the phase transition and thermal history. Kiatua (2007) discussed surface stress on surface of
Europa, and they considered stress due to temperature change and volume change of phase transition. Furthermore they ¢
simulated interior thermal history coupling with stress calculation. Surface stress due to temperature change associated with t
temperature evolution in the lithosphere and the stress raised by the excess pressure in the asthenosphere are coupled. There
this method is consistent with the physical process of phase transition.

In the case of Ganymede though the amount of the expansion seems significant the origin is still enigmatic. Therefore ir
this report we try to formulate a kind of Stefan problem which takes into account of the self-consistent adaptation of pressure
build-up by phase change of Ganymede. We consider the heat transfer in the lithosphere by temperature-dependent rheolo
in the scheme of MLT(Kimurat al., 2009) and the elastic lithosphere which accumulate stress is estimated by estimated the
thermal history of Ganymede.
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Horizontal and vertical structures of Jovian IR aurora emission observed by SUBARU /
IRCS

PSR PR 1 AP LR L R (R 2 5 T 3 bk on 2 B R 2
FUJISAWA, Shotd* ; KASABA, Yasumasé ; SAKANOI, Takesh? ; TAO, Chihird® ; KITA, Hajime? ;
KAGITANI, Masatc?

VHAER AR AR A R ER Y B A i 1, 2 SRAER AR AR A A RERE 75 A<« R&U%Et > 2 —, 3Research
Institute in Astrophysics and Planetology

'Dep. Geophysics Graduate School of Science Tohoku Univeftgnetary Plasma and Atmospheric Reseerch Center,
3Research Institute in Astrophysics and Planetology

20144 2 A « 20154 1 HIZf7- 7z SUBARU 8.2mEiEEic & B2 ARERINA—1 5 DK « $hiERESETH 4SS
175, ABUHAITIZ, Adaptive Optics(AO) Z7EH LT 170kmiZE DZE M RAEZFH LTz, ThUT &b, Foktr—m S
DIKFRRTET Tl BED M (A — )Vl 200-400kmfEfE) Offfftd nfaeL 7o 7z, T OB Hisaki/EXCEEDD
1-3 HD 2015FEAR BT v > RXR—NTHEF L TIT> TV 5,

AREMSE T, EEHERIC K D ERINDEBRRICK > T K E-BHE-ZE (MIT) $E5Y AT L] DERE
NTWV3, TOYATLTIE, BB TORFRIEZEE N U THERGD S EEERGAHIZAETIED IS E N, 51
NI TRRER 2N U TR BEANEIZN, KB 7S X< 2B Ed %, ik o Nz BEEsio T x v
F—iF, MIER - & FE O CEME - BB OPHERK-EBEEAKESGENE RS> TL %, M FEFIIAE FERA
R L, BB (UV) A—a TN E T RKAEMAT 2, TOMBICEK D, EHEASK (H3+) « fFIPERK (H2) D
IR ERE N, FA—a S & UTEIIIE NS, TO H3+E H2 DIKEFOGRES D —F L TR WHEEE
D K-band 7RI TS £ T &7z [Raynaud et al., 2004; Uno, 2013]C AUk, i DFEEEDE, H3+HFOBIE X
DB TRHADFENRKE VW ER - SEE, H2 BT BEEEEIRIC K % JouleMBADZ BN K E WK - (K& & Ofif
WTH-oTz. UL, FAD 20114 12 HIC {15 72 SUBARU RIS K B WD AO BIHITlE. JLEERARMNRA—m S
DIEFETHITIHB VT, H2 & 590-720km H3+& 680-900kmD & EICFHIRE D ¥ — 7 b, PRI N-TE
JERIZ RSN -7 [Uno et al., 2014]

T DBPROT=8., 20144 2 A 13-14H & 20154F 1 A 30-31HIC SUBARU/IRCS (i E/Mi#AER) 10,000 7 WV 72K
BARS A —a SERETT> 72, BiEOEITIE AO 23 B EERD ARV A — 1 T DK « BREAGE OIS ZITV), %
FZOBITIEEILIEER T AO 3B T2 Rk IMRA — 10 5 DIk « hiERSEOHIS #1157z, Slit (5arcseds) 1. AO A
AR 3K « hE A OE A2 HINE UTARE limb ICHEE (HEZEPTET) 1224 7T, A0 MM AT (Galileo
HEDEY G R OEERGY) 1ICld, KEBRICK S slit HEBEOMER/NE IR A —a T4 — IV ETAREH
SN ATICH Tl F2. FIFFIC H3+ Fundamental lindv=1-0) DZEfN 1% T 4 IV Z—A A—Y THE LTV 5,
RHC, BEDOT— 21w NI R T, L-band (3.2-4.0p m) 123 T H3+ FundamentalK-band (2.0-2.4p m) Ic¥
T H3+ Overtone (v=2-0) + Hot overtone (v=3-1) B3X U H2 (SD DOffgE ZNZFNESEEREBIE L THE L. tHEOMH
FHZE AR - RIE L & Z ORI E) 2 #]8 CEfG S TG TRER L D L 75 %, T DOBIHIDOH#ZIC I Hisaki/EXCEED
MCEER UV A —a S ORFOCEEZBIHILTHED ., 2FCEBIXUZCH SN E FE FOREE TR IVF—7
L DIREITS TETH S,

BIE 20144F 2 H OpaEERBIAI T — Z DR 2170 Uno et al., 20142 [AREIC (D) KEDAETIE. XA VA —r Ui
IZBWVT H2 DRI HI+DFNH LD E AV R T A RN &, (2) FAED M TIE, H2 « H3+DOFE N EE Y — 71Tk
TIREWZ MY RNV L ZBMHERR LTz, 5% H3+, H2 FEXD line i@fE b HE N TN 28 - hIERSIRE DK -
EOmEK L, CORREREAS ELTW5S,

F 7z, 20154F 1 HOWREERICEE S 7 — &t v T H3+D L-band & K-bandDFE070 « SR A WD TITS . H3+
DFREBERETFE H2 D FEDEETEREIN, BIINF—DBEBFELEIVKEEETRATEL LD, TO%
&« FOETRERE FE TRV —DBREEAE LS %, TXIVF—HERMD X D @0 K-bandBERRIE K D b o & e i,
T3V F—HEN DKW L-band RIS AR E O EEIT W IR 2 & & MHEERINIC TFIIE N2 0, i OUEE MBI K
BFEN  REED TG D R0, A TIE Hisaki/EXCEEDD 5 & 12 5 X N 5 FHINE FEF T )VF—nhiEHRd
FWT, L« K-bandBF L & AR T %)V F— L OIS Z YRG5,

F—U— R RE, A—0F, IR, 53¢
Keywords: Jupiter, aurora, Infrared, spectroscopy
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Coordinated observation of lo plasma torus using Hisaki/EXCEED and gourd-based tele
scopes
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EXCEED is an EUV spectrograph onboard an earth-orbiting space telescope, SPRINT-A(Hisaki). One of the primal mission
goal of Hisaki/EXCEED is to reveal radial transport of mass and energy in the Jovian magnetosphere. An intense campaign ot
servations of Jovian aurora and lo plasma torus were made using Hisaki/EXCEED and ground-based telescopes from Decemt
2014 through February 2015. We will present results from [SIl] 671.6/673.1nm observation of lo plasma torus using a 60-cm
telescope at the Haleakala observatory feeding to a monochromatic imager.

The monochromatic imager consists of a coronagraph and a narrow-band filter (FWHM=0.9nm). The coronagraph has al
occulting mask and a Lyot stop to reduce contamination by diffraction from Jupiter. Field-of-view, 8 arc minutes, is wide enough
to cover both sides of the plasma torus. A platescale and integration time are larcsecond/pixel and 20 minutes respectively. V
could get 280 images from the observation during December 2014 through January 2015.

Based on a preliminary analysis of the Haleakala 60-cm, we have found variability of dawn-dusk shift of plasma torus which
is believed to be related to dawn-dusk asymmetry in EUV brightness as well as sudden brightening of plasma torus. Latest rest
will be presented at the meeting.
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Observations of neutral oxygen torus in the inner magnetosphere of Saturn by Hisaki
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Water group neutrals in Saturn’s inner magnetosphere play the dominant role in loss of energetic electrons and ions because
abundance of the neutral particles Enceladus [e.g., Paranicas et al., 2007; Sittler et al., 2008]. Understanding of the temporal a
spatial distribution of the neutrals is required to understand the plasma-neutral dynamics in the inner magnetosphere of Satur
Water molecules mainly originating from Enceladus lead to the productions of hydroxyl radicals and oxygen atoms through
dissociation reactions. In this study, we focus on oxygen dynamics in the inner magnetosphere of Saturn. The atomic oxygen i
the magnetosphere of Saturn was discovered by UVIS/Cassini [Esposito et al., 2005]. Melin et al., [2009] reported the spatia

distribution of oxygen and the variation of the total number of oxygen with time scale of several-dagsgeral tens of days.

In this study, we examine the time and spatial distributions of neutral oxygen in the inner magnetosphere of Saturn observed b
Hisaki. The daily variation of oxygen is first detected by the EXCEED onboard Japanease Earth orbiting satellite Hisaki. We alsc
show the daily variation of spatial distribution such as dawn-dusk distribution and Enceladus phase angle observed by Hisaki.

F—U— R 0T EtiE, LR, PSR, Enceladushfh b —F X

Keywords: Hisaki, Saturn, neutral oxygen, Enceladus neutral torus
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