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Surface zonal flows induced by thermal convection in rapidly rotating thin spherical shells
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Numerical modeling of Cloud-level Convection in Venus Atmosphere
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9% LEREEEE 3m/sEETH 5. FRERIE, EEERTE X7 T v 7 I X B WHINELIRPEEIC X > THNT E
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Convectively-generated gravity waves on Mars and their influence on the upper atmo
sphere
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A proposal of Martian dust devil observation by combination with eletromagnetic and
acoustic wave measurements
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Mars 2020 rover is planned to launch by NASA in 2020, as the almost same package of the Mars Science Laboratory (name
Curiosity after its successful landing in August 2012). The announcement of opportunity (AO) for scientific/technology payloads
to be onboard the NASA Mars 2020 rover was called for to the scientists community in world wide in September 2013. Here, we
introduce our proposed instrument designed for electromagnetic (EM) and acoustic wave (AW) measurements that have nev
been operated on Mars.

Low-frequency EM and AW are important for monitoring atmospheric events because of their long-distant propagating char-
acteristics more than 1000 km. Electrical discharges could be a hazard for instruments and future human activities on Mars
hence it should be treated as one of the strategic knowledge gaps (SKGs) for future missions. Our concept is that combining El
and AW measurements, precise distance information of dust storms and/or dust devils can be obtained by using two independe
velocities of light (c) and sound (Cs) because discharges could be generated by electro-static processes in low-pressure dusty
mosphere and the process also generates shock waves in acoustic/infrasonic pressure wave range. Moreover, wind roaring sot
shock waves by meteors entries, and operational sounds by rover itself will be recorded as the world first "Martian sound.”

Our EM and AW detection system consists of antennae, microphones, and common receiver circuits with on-board software
For E-field detection, a legacy monopole of 10 cm will be used as a vertical antenna. Two orthogonal loop antennae should b
applied for B-field with direction-finding system. However, instead of pop-up devices, these 3 antennae will be compressed intc
a fixed 10 cm cubic antenna to be equipped on rover surface. Although a legacy receiver circuit can be used, we can minimiz
it into a postcard size by applying a newly-developed chip device. Analyses of EM and AW for monitoring discharges can be
operated by on-board software to reduce data volume. Similar software is used in GLIMS operated on JEM-Kibo/ISS, where
only the most significant events will be sent to the Earth in priority basis.

EM sensing in the Martian atmosphere is significant for the future human exploration on Mars. Although the environment on
Martian surface is too severe to survive even in fair climate condition, human activities on Mars is obviously dangerous especially
when it is under the storm-like condition. Thus, dust devils on Martian surface are significant for the future human exploration,
especially, electrostatic discharge events could be serious hazards for astronauts as well as for Martian base facilities. Howev
the EM condition on the Martian surface has never been measured in detail. Hence, we consider the remote-sensing of the dt
devils and discharge events from a single site on Mars with simple sensors could be a potential instrumentation.

Here, as a proposal to the NASA 2020 AO, we introduce one of the most promising remote-sensing methods for dust devil:
and discharge events by using a combination of EM and AW. According to its rarefied atmospheric pressure condition on Martiar
surface, about 1/100 of the Earth’s surface, dust particles can easily be flown up by surface wind then could effectively product
charged particles by convection. Based on previous studies on the Earth, such charged particles possibly produce dischar
events. Drastic changes in EM fields can be observed even at far-distant observatory, more than 1000 km away from the exact ¢
ordinates of discharges. AW also could be a remote-sensing method when there exists the atmosphere. Especially, low frequer
AW less than 1 Hz can propagate for long distance more than 100 km even in the rarefied atmosphere. If we use two independe
velocities of light (for EM) and sound (for AW), we can identify source coordinates of every discharge events within a few tenth
km.

F—T— R KR, B, S, R, FA T e, AR
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Observation of a few months temporal variability of UV brightness in Venus with Pirka
telescope
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The superrotation, which is a phenomenon that Venusian atmosphere moves westward at a velocity 60 times faster than tt
planetary rotation, is a unique atmospheric system of Venus. There are several theories to explain what drive the superrotatio
but it is still unknown. Yamamoto and Tanaka (1997) suggested that the Kelvin wave in equator and the Rossby wave in mid
latitude, which propagating at an altitude of 70 km or higher, play an important role in the driving of the superrotation. They also
suggested that the Kelvin and Rossby wave forms the Y-feature when they balanced. The Y-feature is the bright and dark patte|
in UV range, and it has a planetary scale. From the Pioneer Venus spacecraft observation, it was revealed that the propagati
and the distribution of UV features cause variation in several time scales [Del Genio and Rossow, 1982, 1990], but it has no
been understood which dynamical processes determine these time scales. In our study, we focused on about 2-month brightn
variation. That variation seems to be strongly associated with the Rossby wave because there is inverse correlation betwe
low-latitude and mid-latitude, suggesting the existence of quasi-barotropic eddy. After the Pioneer Venus mission, there were n
further observations to reveal the mechanism of the 2-month variation.

In this study, we observed the Venusian UV brightness variation as a function of latitude and time. We carried out the ground-
based observations with Multi-Spectral Imager (MSI) onboard the Pirka telescope. The Pirka 1.6 m telescope, owned an
operated by the graduate school of science in Hokkaido University, is primarily dedicated to the observations of solar planets
Using this system, we can monitor the planetary scale UV-featurés@00 km) in Venus atmosphere over 8 hours in a day at
365 nm wavelength. In 2013, we carried out about 2 months total observations from mid-Aug. to mid-Nov.

There was a problem to estimate the absolute brightness variation because we observed Venus in the daytime and the correct

of the extinction of the Earth’s atmosphere had some difficulty. To investigate the brightness variation, we perform additional
procedure for each image that we normalize the brightness in each latitudinal band with the mean brightriés3 @S @rea.
Our results showed two types of UV feature. One showed the strong periodicity in both of equatorial region and mid-latitude and
it also had the symmetric structure between northern and southern hemisphere. The other one did not show the strong periodici
and had the symmetric structure. We suppose that the Y-feature does not always exist and the balance of the Kelvin and Ross
wave might be lost when the periodicity and the symmetry disappear. From our observations, it seems to take more than 2 montt
to return from the asymmetric phase to symmetric phase. Additionally, we found that 2-month variation of brightness in each
latitudinal band showed weak inverse correlation between both hemispheres like a seesaw. Such inverse correlation was not se
in the past Pioneer Venus observation. In this paper, we discuss the dynamical state of Venus during our observations and she
further observation plans.

F—U—R: &8, ©UHEER A—S—a0—F— 3V, Y Fhikk
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Spatiotemporal variations of brightness temperatures in the middle atmosphere of Venu
revealed by Subaru/COMICS
Spatiotemporal variations of brightness temperatures in the middle atmosphere of Venu
revealed by Subaru/COMICS
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The middle atmosphere (60-100 km altitudes) of Venus plays an important role in determining its own environment. Venus is
completely shrouded by a curtain of dense clouds (50-70 km) with total optical thickness of 20-40 at visible wavelengths. The
upper sulfuric acid (HSO,) clouds reflect “76% of the incident solar radiation back to space (Crisp and Titov, 1997). More than
70% of the solar energy absorbed by Venus is deposited at altitudes higher than 64 km mainly due to absorption of unknown U\
absorbers mixed in the upper cloud (Tomasko et al., 1980, 1985). This horizontally and vertically unusual heating in the clouc
layer excites the thermal tides, which are the key process to understand the atmospheric super-rotation. In order to elucida
this mysterious atmospheric phenomenon, it is fundamental to investigate horizontal and vertical thermal structure in the middls
atmosphere.

We conducted Venus observations at three mid-infrared wavelengths (8.66, 11.34, and 12.84 micron) with the Cooled Mid-
Infrared Camera and Spectrometer (COMICS), mounted on the 8.2-m Subaru Telescope, during the period of October 25-2
2007 (UT). Thermal radiations at these wavelengths (brightness temperature: 230-240 K) are most sensitive to altitudes of “7
km. The angular diameter of Venus and the solar phase angle (Earth-Venus-Sun angle) at the observation period were “25 arc:
and 90 deg (i.e., both the dayside and nightside hemispheres were observed), respectively. The spatial resolution of the obser
images, which was determined by astronomical seeing, was “200 km for the sub-observer point. This was the first time that suc
high spatially-resolved images had been obtained at mid-infrared wavelengths (Mitsuyama et al., 2008).

From images at 8.66 micron, we obtained three important findings. First, the brightness temperatures at cloud top altitude
(°70 km) in north high-latitudes seemed to be synchronized with those in south ones during the period, which implies that the
rotational speeds of them were nearly identical in both high-latitudes. Such atmospheric synchronization has not been reporte
by any previous mid-infrared ground-based (Diner et al., 1982; Orton et al., 1991) and spacecraft (Taylor et al., 1980; Zasova ¢
al., 2007) observations mainly because of low spatial resolution and tilt of Venus’ north pole toward the Earth, and of restricted
distribution of sounding, respectively. Second, the center-to-limb curves (dayside and nightside) showed a day-night asymmetr
across the morning terminator except that those on October 25 were nearly symmetric. The magnitude of this asymmetry we
variable from one day to the next. Such day-night asymmetric features would result from the differences of temperature and/o
cloud optical thickness. Finally, there were some streaky and patchy patterns in the whole disk after high-pass filtering. Thes
patterns, typical amplitude of which was "0.5 K, varied from day to day. It is worth noting that streaky patterns obtained on
October 28 were similar to a well-known horizontal Y-shape structure seen in UV. The above three findings were commonly seel
at the other wavelengths.

In this talk, we show the observational results and discuss what kind of atmospheric parameters are responsible for the anom
lous features of planetary scale center-to-limb curves through radiative transfer calculations.

F—U— R &R, PR, fth BB, ASAHBTSR, RO C R, fkeE
Keywords: Venus, middle atmosphere, ground-based observation, atmospheric synchronization, center-to-limb curve, smal
scale streaky and patchy patterns

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

PCG38-07 215423 FFR:5 A 1 H 10:30-10:45

il 7 B B ARSNIBERE 7 )L E R QL st B OB T 1)V F— A X7 )b _ _
Energy spectra of atmospheric motions simulated by a high-resolution general circulatior
model of Venus
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S HIE O ESEPEE [ A—3—a—F7— 3 V] ZIE U8, RREKRLRDIIAIFIEALHRII TV, B3
HF—=RZBPARE LTSN, K&AAEERT TV (GCM; General Circulation modely X% X 2 L—3 3 Vi5ehVA
K0 DODH5. L, HEEDEE DI-DICROEHEHLIRAEICE S % X TIC BRI ORI DREIC R D, KR
R (T21~ %) 5.6° X 5.6° #&7) OIHEICIEE > T3, FALlE, AFES (Atmospheric GCM for the Earth Simulatet)
a2 BA%E U (Sugimoto et al. 2012) TN E TIC AW EfRERE (T159~ # 0.75° X 0.75 #7) B L=,
AFETIE, BFRGEFE TR O NIES T XV F— AT MVOFFIC OV THRET 5.

ET RIS T159, SAIEARISE L120 Az =K 1km) & L, AZ(LZEGLREEMEAE S Z T2, BEHSENZ K
—E o — FUEBHITEZE LD, BNCK > TRMEN TV AERLZEEEZEA L., EBEEEERL T,
AR E UCEME LTz, RHAZEDTDICERAEAZR (A2 TERINZ/KEERMEEZEA L, YIWREIC A S 8B
7% 0.01H & L7z, ShiEkMEREUZ 0.15 st & Lz, K& LS CORDOKRE Z; <1z, ARV VEZERE 80
km & O E2HICERIE UTe. BHIVRZSE 2409 2 7o DICHZIETRANET 28 A Uz, WA & U CRIMAIRIFAD 558 5 G E &
TR 208572 5 2, RERRE D ZHE I RAEICET 5 £ Tl e, KRR IZEIIA /RS 47 % X —
N—b—7— 3 UG L Tz,

PATETREE « KRB D AR Y MIVIRED BEME S N 2 AT R BAIEECY 72 O O7K-EE) T %)L F— (Koshyk & Hamilton
2001) 7z K7z, HEIZENEEL (n = 4~ 45)IC BT, HEIT )V F— IR LT 5B FAIZR Uz, & DK
RO XK 0 BRI TclE X D KER (MR RTO) HEZRLE.

HIBR RS DM ZE > GCM GHE D T 3 )L F— AT b )UFEHT (Nastrom & Gage 1985; Takahashi et al. 2008 5
NARHE TEREGE (n <80) T -3 3FHI, mi#Halk© —5/3% ) TH5. Terasakietal. (2011, i ITFRETETIA
THORAL—ENEHT 2720 THD, BEEIAVAT—)VTEIJENEET 2720728 LTWA. RS THLNIHE
BRI AFES D T3 )V F— AT b)) -5/3 DR HIER KK DA K D MBI H b, S TIEEIHED
1H ~BTkmATr—)VTCEEBLTWE T EZRBLTWVS. TOAT—)VTHAL—EAEBK LRV DX, HiERD
LBAEXOEHEABEN NS, TVAVEREELAEVNSTHA . £z, YINNEBISLL THEHENAKEEST
WBHDIX, KCFERENEENEN TR EDEEZ HNS.

[RHRE] A2 HIER Y = 2 L— 2R AR TAFES & W I HIBRFU S O KGRFEER Y 2 2 L—>a v O L THi
LEL7.
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Microphysical properties of Venusian upper hazes observed with an Imaging-Polarimetry

system* HOPS’
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HIHRHIC A LT3 T & [Sato et al., 19968 SO, f7fEm & [[] U A7 — )L COWAMERMN R SN, liE ORICH
BHH % T EHME TN TV [Esposito, 1985] LA L PVO LUEIENA A& T2 —F 2 kM5 E< . SO, f#1F
=& OMHBENZF DR « HEFFA N AL E > T ZEERT O, HESH U X S SHEPD 2 D0 AHTH S, A
W23 Z DT OMYPERZ HE T 2725, PVOLIE I TONTVARWVWEE EEANA XDETEZ 2 > J@ElZ i 5
1286DTH 5,

BEEEANA XD MIKRZE= 2 —F 27D, BA R HRGEE “HOPS' (Hida Optical Polarimetry System)
FUUE L., FESKZAREER SCE D 65emE T N SES S 1 CRIIZ 1T - 72 HOPSIC X 2 Bl Tl R 24 2l b
Dy T UTHIST 5T EAHRZ DT, WEOENER E LR T 2 /zdicng & 3 2 wsd % €7 VDR
HE 2 BIRIC RS U CRIHINE 5 2 EDRIRETH %, U EDEERD BN T 2 RGBIIOR KON TH %,
HOPSIE 2R 2 1 T DY R 28R L TH O . BRI O RSGEHE DL B>, CCD ¥ 7 )VEDIKE LT YD
DN DE N T R WGP OMRIE ThRZET % T LIc k> T, BT 2 KEERMHICH U TEREEOBIRINTRETH %,

BN SR O KGN A A 39 B (20134 7 H), 56 & (20134 8 H), 58 & (20124 10 H), 85)F (20124 8 H), 129
FE (20124F 5 ) &5 EORIC 5 72, BIREE 438nm (B), 546nm (G), 650nm (R), 930nm (IR). G & IR 7—%
& PVO/OCPPDYELI E 7 — & L BT 2 T W AHETH 5, RICIE~ v TOMIK GEIZ 6012 X b &) 24
53 L PVO/OCPPDMRIE L LHHE L7z & T A, FHC IR T— RSB TR R ARA D b N, Thb5. MEED 0%E
7% % T SR OOLE D PVO/OCPPT— 2B\ Tid 40 FEEAIC & % DI L, HOPST— X Tld 75 FEEIIC B8l
LTWe, TOBEWIENA RDHDYREIZFREZD T L ZRBTEEDTH S,

B o NTRET— X O %2179 12812, Adding-Doublingi#: [de Haan et al., 1987, Hovenier et al., 20085%H L.
A M= R8T A =27 T )V S BEHeER T H O — FZRR Lz, 2ERN 1O Mie SGELWTERED 7um? 2ETH 2 D
L. IR, R, G, BIZHF % RayleighfELIrmifLld 0.21, 0.083, 0.041, 0.00067* FEETHZ DT, IR, R, GD 3 E
RayleighBliL D& 2 AH U TtT I 5 C E MR, AH/ST A—=21E BJEANA RICBI LU THRRER repp LICPE
1 & UTze NA XDERNEIE 0.18ICFHE L, FZEFD/8T A—213 Hansen and Hovenier [1974] L7zh > 7z, %
FenAd RFEEHIC, —KEGELT VA RZ L ERELTWD, TORSRE LT, dbrfsicBI L T2 NZ N r.;p=0.22um,
0.2Qum, 71, = 0.09, 0.05& W S iz 137z, YEAMEE 1Z PVO WIIHBIAHKICAR 5 Nz 1), = 0.25IC LERTNE DAY, [RIEE
AREBTAHR IS B S NI EAINE S O LEIE R LEVMETH %, Venus Expresss X o THEIIE TV 2 [HREHH
D SO, FHEIFIHDDBFHNTZDOBDEWEERLTEHED [Marcq et al., 2012] SO, fFEE L DHHEND B LWV S it L
ERENEHRTH %,

F—T— R B8R, A X, R CHRARIRT, BEHZEfR T
Keywords: Venus, Hazes, Imaging-Polarimetry, Radiative transfer analysis
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BRETAICET 5 JFHOHEE — ik —
Estimation of wind at the cloud top of Venus

I E— 1 P2 N X2
IKEGAWA, Shinichit* ; TAKESHI, Horinouch?

VAGHEE R AR ABEEREIR AR, 2 LR E R A HERERET R AT R
!Graduate School of Environmental Science, Hokkaido Univerdrggeulty of Environmental Earth Science, Hokkaido Univer-
sity

A—=)8—H0—F7— 3 YOERA N Z X LEFEHFET 50 AMATIEZDI EDO—DTHEZF =TI ANZALILHE
HU7zo ZOANZALERGET B 7201iE, BEOIIZEER 0 M 5T km F2ELL RO A7 — )L i X 2 i@ B &g
EHETZ0END S, I Ulz7—21&, BUNFHHEEE OS2 AR Venus Exprest- #5#{ & T3 Venus Monitoring
Camera(VMC)YDERV i (365 nm) TH %, 7—XIciE. Charge Coupled Devices(CCE D&M & i 3 FRICA U
TR D T VAN A RARIATNRIHCE LI N L THEUTRBE I vVICET2h b /) A ADEET %, Bz
FARBIC D  JEGEHEE Tld. A A=A LERKGET 2 BICEDR S NS REED R S NE, Z T T, AW TIEEZE
DT 2 O TEEHOHEE FiE 2R Lz, ThEX TOMKR TR, BEHOZEIMICE D EERHON b Nz, A5
Tld. HBEREOFBEXMICE D WL Z1T > 7. ZOBKICIE, BHMABEE T — 2058 Lz, 2t
AR AR T BT km LU OZE B fRAE CRUEMNHEE TZ %, L L. ZNREF TREFEEEHLHN TR, T
T, MROZYMEZ AR DIz, ZORE, IR U TRE L RBOKRE EDFERETHS T EWDnh -
Too BETIE. TORRZEDX I IHRTNIE OOV THERT 0

F—T—R: &R, A—/\—a—F— ¥ g v, JAEHEE
Keywords: Venus, super-rotation, estimation of wind
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KFAEIE R O O T 0 201244 & H i H OFHID» B EH & N 7c e m A< K
HHODER A DI .
Studying the Venusian atmosphere on the 2012 transit of Venus

B IRE T PR IEAN L K BB AR WY
KANAO, Miho™ ; NAKAMURA, Masato' ; SHIMIZU, Toshifumi' ; IMAMURA, Takeshit

LR
'ISAS/IAXA

KIGEESE TODT) & 201246 A 5 H 5 6 HICAE Hilm@aZ 8 Ui, n#DeisEEsi. HS WA
i F#BEIT 3 28.9 arcse@ WS 5 T ¢ A 7 7% 218arcsec x 109arcs@@ R EF NIC 33 CHEEE I BT U 72, BN,
388.3 396.8 430.5 450.4 555.0 668.4nMDIEEDTPET 1 )L Z—% T 0.3 arcsedt K7ZE THEL EUWZER] iR
Tifibhiz,

HRIEE NI OKIGHEICHN ST 28R T ¢ A7 EBROY LB % KD GREZEN S, E R 47z % 75kmbh
5 100km E TOMEHIC BV T, KEEETIN, BELT 2 NA AR KK D SO2 SOHED /) FOEE /A, FEEH D
DiER . FORERNTEBIDOERNEHNTH 5,

AT ERE ShmEDY, 430.5nmDIEICEWTEIER 0.5 (B 90kmALE) 2B U748 K& @ MOS0y
g, WKk O &AREKD D E. T OZEZEAHIT 6.1km, T 9.1km & A D FTHVKE WV, FEEE 40 FE X b JR5Ef
Tld. JKFEH IS 1000kmIEED A7 — )V RN R SN, BHIOGTHAEHIEIEAEY, KE 388.3nmM& T 396.8nmT
B E NIEZEFE 0.5 O RS EETE. G-bandDE & LLlig U TR CHEEICEFIN R 5N 5D, ZEEE 2 505 345
BETHD ., INLOMRICONT, ELEZITI,

F—U— R BERK, B8 H i
Keywords: planetary atmosphere, the transit of Venus
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SPARTHEHIIC K 555 « NEHERSKO I VB _ _
Millimeter Wave Band Monitoring of Venusian and Martian Middle Atmosphere with
SPART Telescope

HOTE 2 1 I SR Y K SAss b RN DR L UE R L R TSR L A SR 3 pER v L ORI RIRD L AL
SRR 2R A2 KRS S22 s EME B e AR A Al E Y R IERR A S Bk

MAEZAWA, Hiroyuki'* ; IKEDA, Yoshinori' ; OSAKI, Shigeki ; HORIUCHI, Kouské ; KIRIDOSHI, Ryosuke ; TANEKURA,
Naruaki ; SAGAWA, Hided ; NISHIMURA, Atsushi' ; OHNISHI, Toshikazd ; TOKUMARU, Munetosh? ; KONDOU,
Syusak? : MIZUNO, Akira2? ; KANZAWA, Tomio* ; HANDA, Kazuyuki4 ; IWASHITA, Hiroyuki4 : MAEKAWA, Jun* ; OYA,
Masaakt ; KUNO, Naric*

URBRIFIST REER AR AR EERIE R, 2 b RS K I BREREE R 22T, ® TGS Hroehng, + EN RSCGH 5l
(L= H AR I BT
!Osaka Prefecture UniversiSTEL Nagoya University?NiCT, “Nobeyama Radio Observatory

Biaid, HERRSRE ORE RGP TLEDTEINC X > TED X I B ERZT O EHHNS b, ENLKEEI
I FH R BT O FEE 10mOEBEREEFE LW E L, SEDNMNBEOHTEASKMED TAXRY MVOERTaY 27 -
SPART (Solar Planetary Atmosphere Research Telescagiéft L T\ 5%, #lid 201145 K D BAki L72AY, 20124F 1
FTRE—Z, /R E—R—DL Y —(F5% AD £ 5 SDIANN—2I1=w FOE L, 2013FFICiZT NS
DG ZIT>T2e TT2EFMNHIE. 100GHZA SISHREZERICINA T, 200GHZH D SISZEMEFTIE L, 23V F
TO7IVVE—bARL— 3 VEAREIC LTz, ¥ ZNERKIERFINAD AR Y MV Z % T & Tt - Yilas
O E2X 5 T EMWARRICR S, EHICESFE. @EDOHBERMN 200GHZ D ¥ — LT X (35 arcsec. e #i 2 %
WA K< 728, SPARTTld On-the-Fly~ v €V VBT — REZEA L, BT ¢ X7 2RO E RGO —iEbikE
BAZMZONS K21 L TW5B, HE, BifElERED. 12COJ=2-1: 230 GHz 3COJ=2-1: 220 GHz '2COJ=1-0:
115 GHzA EDE= 2 V7EIZED TV D, AEHTIX. TNDEDERC OV THET %,

F—TU— N 3R, KEEE), BN EEEE, N7 O XA ), HEAK, VE— ey T
Keywords: planet, solar activity, radio telescope, heterodyne spectroscopy, middle atmosphere, remote sensing
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KRB 51T B BB DA LIRS D _ . :
Observation of a wave structure of stratospheric haze in Jupiter’s polar regions by the
ground based telescope

ErH HESK T RS sEeh L B A !
GOUDA, Yuya™* ; TAKAHASHI, Yukihiro! ; WATANABE, Makoto!

LGB R AR BB AT R S i B 2 Y
! Department of Cosmosciences, Graduate School of Science, Hokkaido University

Stratospheric haze formed by aerosol particles covers both polar regions in Jupiter. It has been reported based on the imagi
using a methane band filter at 889 nm that the stratospheric haze can be measured. They show bright cap structures cover
polar regions and the edge of the cap shows a wave structure spreading in longitudinal direction. This structure can be seen mc
clearly in the Jupiter’s south pole than the north pole, and wave is clear at a latitude of about 67 S [Sanchez-Lavega, 2008].

Jupiter’'s polar areas have been investigated by the Hubble Space Telescope (HST) from 1994 to 1999 and the Cassini IS
in 2000. This wave structure is known to exist for several years in Jupiter’'s both polar regions. These observations suggeste
that this wave structure is caused by planetary Rossby waves because this wave structure presents for a longer period and mo
westward relative to the background flow. However, the origin and mechanism keeping to this wave structure, the vertical
structure of the wave, change of the propagation velocity of the wave in the short time scale, and north-south asymmetry of th
wave structure are unclear so far, because of lack of the observations in short time scale (monthly scale). We have carried out tl
monthly monitoring of Jupiter from 2011 to 2014 with the 1.6 m Pirka telescope of Hokkaido University.

In this paper, we show results of our observations of the wave structure in Jupiter’s polar region. We found a north-south
asymmetry of the wave structure in the polar areas. The wave structure at 67 N spread to 42 N in the northern hemispher:
however it does not so in the southern one. In addition, we found that the wave structure has varied in the vertical direction a bi
between altitude of 361 mbar and 750 mbar.

Keywords: Jupiter, haze, ground-based observation, Rossby wave
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NITHAMA R4 R X 51 K % AR EETH
Observing Jupiter with an infrared camera NIIHAMA

ik Bz b, K Bk 2 #A FEA 2 Kuhn Jeff
SATOH, Takehikd* ;: YONEDA, Mizuki? ; KAGITANI, Masatc® ; KUHN, Jeff®

LIRS E R RS, * SRALRE, P NT AR

1Japan Aerospace Exploration AgentJphoku University?University of Hawaii

20134 12 H. R9MEA A Z NIIHAMA  (1024x10248 3 PtSitz > Y —) Z/\L 7 A Z1LUTHD SOLAR-CHi=EE (1%
45cm, AL 7L 3V AR EESD) 1088 U, REBIIZEIE L7z, NIIHAMA 12 6 KRV g3 Y DRA— )V b,
Z—2. JLH K KREH;tA—nmIH G4370y), @EEmH 22632 70Y) OT7 4 ) 2—7ZH#LTW\W5, &
KOHREEZ T0XE ] HELRAKICKREA—mSZELZ, ZORHSZ IS EHEGE_X—T95 L ThHs, EEHEDO
BAVNENT & MHEREFIIEMENC LR A OERDND > T, REA—0 FTEPNIIAFRRER R TIERII LT
T, KNV RIZBWT, REICEKZHIRIC A HEA A OFEN., H20E 2263 70 TOLEREmRGR LK
NLTWB, KHTIE, ZDOT7 7—A T4 MERBXUSEZROKE - BHAEHEICDOWTHE T %,

F—TU— R RN AT, KRR, A—uZ, A4, B, NLT AT
Keywords: Infrared camera, Jupiter, aurora, lo, Venus, Haleakala
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6} ;é E%ﬁ%% &Ny T )V FHER O I T S SR > TeRED A A —1

Z i3

Self-driven auroral acceleration process at Jupiter captured by continuous monitoring o
Hisaki satellite with HST

AR B 1, 3 T2 3 ; Badman Sarah; &fd fIK T M b S Ll 2t TR skl 4 BEAS IRk !
KIMURA, Tomoki'* : TAO, Chihirc® ; BADMAN, Saral? ; YOSHIOKA, Kazud ; MURAKAMI, Go! ; YAMAZAKI, Atsushi!
: TSUCHIYA, Fuminori* ; FUJIMOTO, Masaki

L P e W DR R T H B2 2EAT, 2Lancaster University IRAP, Fance! Bt K
LIAXAJ/ISAS, 2Lancaster University IRAP, Fance?Tohoku University

Two possible drivers have been proposed for planetary auroral acceleration processes: magnetosphere-solar wind interacti
referred to as an 'external driver’ and shear flow of magnetospheric plasma around a planet referred to as an ’internal driver’
Recent observations of Jupiter’s aurora indicated significant responses of auroral intensity and morphology to the solar winc
These results are suggestive of the 'external driver’ for Jupiter. On the other hand, there have not been reported dynamics
the ’internal driver’ for Jupiter yet which should be essential because of Jupiter’s fast rotation and internal plasma source lo
Here we firstly report dynamics of the 'internal driver’ based on long-term continuous observation of extreme ultraviolet (EUV)
aurora by Hisaki satellite. The long-term variations in EUV aurora are compared with solar wind extrapolated from Earth’s orbit
by numerical simulation. We found dramatical brightening and decay of EUV aurora during the solar wind quiet period. The
brightening occurs once every a few days followed by sudden decay with a timescale less than a half of rotation ("5 hours), whicl
is significantly faster than the solar wind daily variations. Highly-resolved auroral imaging by Hubble Space Telescope capturec
expansion of diffuse aurora down to latitudes of 10’s footprint aurora during the brightening. These observations are indicative of
hot plasma deeply injected into the inner magnetosphere around lo’s orbit independently from the solar wind, followed by rapid
energy dissipation through auroral emissions and possibly other radiation and/or chemical processes.

F—U—F: OE R, Y DIVFHEES, K2, A—u 5
Keywords: Hisaki satellite, Hubble Space Telescope, Jupiter, aurora
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BEA A LA B DR & MR A A 2 mE X 7 = X LD BEfR _ _
Characteristics of O+ velocity distributions at Venus and ion acceleration mechanisms
ASPERA-4 observations

Tk B RERCE SR ER P
MASUNAGA, Kei'* ; FUTAANA, Yoshifumi? ; TERADA, Naok?

L R RRA I BRBREE T, 2 A Y = — 7 V FHEYIBRENTZE, 3 AL R KA 7R
ISTEL, Nagoya Univ.2Swedish Institute of Space Physié§rad. Sch. of Sci., Tohoku Univ.

O™ ion velocity distributions for high energy Obeams £100 eV) around Venus are statistically studied. The study shows
that OF acceleration is controlled by the local convection electric field produced by the local proton and local magnetic field.
In the magnetosheath, velocity distributions show a trend that perpendicular velocity component shifts from initial phase of
the ring distribution to the local proton velocity. This indicates that gyro motions of the pickup ion immediately collapse after
pickup and the ions are incorporated into the local proton flow. The pickup ions only escape through themiEphere. In
the dayside induced magnetosphere in the REmisphere, measurements show a scattered velocity distribution .off s
velocity distribution has two ion components depending on whether their gyro radius is larger or not than the scale of the induce
magnetosphere. For'Gons with small gyro radius¢500 km), the G velocity distribution appears on the middle phase of the
ring distribution. On the other hand for the"Gons with a large gyro radius<500 km), the G velocity distribution is similar
to the one in the magnetosheath. This means that in the induced magnetosphere two types of ions are mixed up: pickup iol
subject to the E x B drift and ions moving with the local proton bulk velocity. Since both ion components flow tailward, they are
convected toward the nightside. In the nightside of the induced magneto- sphere, velocity distribution shows initial and last phas
of the ring distributions and parallel beam (3D ring distribution). This suggests that ion pickup occurs at the center of the plasme
sheet. There is no evidence of an electric potential in the plasma sheet becausepheall beam velocity is larger than the
parallel velocity component of the local proton. Our result suggests that the local convection condition is rather important to
discuss ion acceleration mechanisms at Venus than the solar wind condition.

F—U— PR BE, A VR, A4 Vink, ©—F AT AT L X, ASPERA
Keywords: Venus, ion escape, ion acceleration, Venus Express, ASPERA
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ANBEUZAA NV RRED T % b o — A K BB R OB E ORI OMIE
Characteristics of boundary layer between the magnetosheath and Martian ionosphe
during solar wind penetration events

KA FIRE 1= ; B 45+ 1 J5 4t 1 ; Brain David A2 ; Lundin Rickard ; —7% ¥ 4 ; Barabash Stds
MATSUNAGA, Kazunari* ; SEKI, Kanakd ; HARA, Takuya ; BRAIN, David A2 ; LUNDIN, Rickard® ; FUTAANA,
Yoshifumi* ; BARABASH, Stas

LR KBAHIEREREINTZEAT, 2Laboratory for Atmospheric and Space Physics (LASP), University of Colorado at Boul-
der,2Space Physics Swedish Institute of Space Physics (IRF), Umea, SW&pere Physics Swedish Institute of Space Physics
(IRF), Kiruna, Sweden

'Solar-Terrestrial Environment Laboratory, Nagoya Universitgboratory for Atmospheric and Space Physics (LASP), Univer-
sity of Colorado at BouldePSpace Physics Swedish Institute of Space Physics (IRF), Umea, SW&pate Physics Swedish
Institute of Space Physics (IRF), Kiruna, Sweden

Deceleration of the solar wind due to the mass loading by planetary heavy ions forms the magnetic pile-up region arounc
unmagnetized planets such as Mars and Venus. The Martian magnetic pile-up region diverts shocked solar wind plasma aroul
the planet at altitudes typically in excess of 800 km [e.g., Vignes et al., 2000]. Mars Global Surveyor (MGS) measurements
have shown, on one hand, that shocked solar wind (magnetosheath) plasma occasionally penetrates into much lower altituc
(~400km) [e.g., Brain et al., 2005; Crider et al., 2005]. Our previous statistical study of these solar wind penetration events using
MGS magnetic field and electron observations revealed that both solar wind dynamic pressure (Psw) and the orientation of th
interplanetary magnetic field (IMF) control the occurrence of the events. However, MGS cannot observe the solar wind region:
due to its orbital design.

In this study, we focused on the simultaneous observation of the penetration events by MGS and Mars Express (MEX). MEX

possess the ion mass analyzer (IMA) and electron spectrometer (ELS), which are parts of plasma packages of ASPERA-3. ME
partly observed the solar wind region, since the orbit of MEX is elliptical orbit. We can thus obtain the solar wind density and
velocity from MEX data. Among the simultaneous observation data by MEX and MGS, we identified 46 simultaneous observa-
tion events of the solar wind penetration. We divided the 46 events into the low®sdnPa) and high Psw{~4nPa) events.
The solar wind penetration event on January 20, 2005 is observed during the high Psw periods, while the event on February 2
2005 is during the low Psw periods. We investigated characteristics of the boundary layers between the magnetosheath and t
ionosphere. We found that the electron flux shows a gradual decrease in the boundary in the high Psw event. On the one har
intermittent appearance of both the magnetosheath plasma and the ionosphere plasma in the boundary is during the low P:
event. The signature of the boundary layer resembles with the K-H instability signature seen in LLBL (low-latitude boundary
layer) in the Earth’s magnetotail [e.g., Hasegawa et al., 2006]. We also report the results of statistical analysis of 46 simultaneot
observation events.

F—U— Rk, i, SAER R, KRR, IR EaE
Keywords: Mars, lonospheres, Induced magnetosphere, Solar wind, Unmagnetized planet
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ZHAMHD ¥ X 2 L—3 3 NSOV TSR AR CO2+HRIE Rl A 4 >l
22N KX TR B DS o _ .

Effects of ion-ion collisions on vertical distribution of CO2+ in Martian ionosphere based
on multi-fluid MHD simulation

AN b B e L SEE ER 2 ST AR 2
KOYAMA, Kyoheil* ; SEKI, Kanakd ; TERADA, Naok? ; TERADA, Kaori

VREERY: RRGHEREREERIZERT, 2 ALK AR AR 2R
ISolar-Terrestrial Environment Laboratory, NAGOYA Universi@raduate School of Science, Tohoku University

HIBRAIER IS 1) % CO2 & N2 EHGBR O EELILDO LN 5, FHZEMAD KGBCREDO EEENEH N TS
[Chassefiere et al., 2006177 T, BHFORKEGERBEM TIX. HEVL CO2Z TR 2DIIAZGTEHENEEZLNTE
7zo & T AN, Mars Expres$itiffic X ., 280D CO,T A4V DOEGRDEHIE M [Carlsson et al., 2006] Z D HGR R
DN 2 L 75> T,

CO,t OHUEE KEL EATZHEED—DIC, BHEICH T % COT HEDEHENHNH 5, BHENOLEKIGIZ, 2
%73 (Multi-species) MHDZZ EIC K D 9 TICIHZE S TV 2D, 25 MHD W31 A VU FREEEICH S DIZHEDH THE L 2
A A UHEE U LIRS 2 DT, A& VAR LOMEZIHHTE T, KEED 5 FEAD COt Dk OH BN Xk <k
Mmolze AX VFEHOBE 2 IEMICRDR T B, A A VR4 OFik & LUTED 5 Z#ik (Multi-fluid)MHD
IR 72 %, BIFOFEE U T, (EERISORRZ T8I - 7z Terada et al.[2009K & % £ I— R 22
A& MHD O/:1Ti5% 5% % Najib et al.[2011]0D 52\ & SEIC Lk MHD I B LTz,

AL THIFE U722k MHD Tld, 1A »H6if (ion-ion) EZEDMIR 255 C L EA[RETH S 728, KT, KEHEHE
BICHT % COT BMEOEENMAICELZH T, TONMIC ion-ionfliZeMN 5. % % BRI Tz, ion-ionEZE DR %3
N2Z 128, L3k MHD T4 4 VEZ2e% Z0 -85 (Case 1) A A4 VEZe% &RV E (Case 2) BX U, K5 MHD
WA T B2 A A U HEDE USEEE 2 Fi DY 5 (Case3D 3 DD Y 2 a L— 3 U EITV,, HEERIRREICE LIRS R%E
LE#E U7z, i 460km T CO,t 25 1, Casel:82, Case2:190, Case3:11énT. MEKDZ K5 MHD A CO,t D
FE AL 8 NG LT B T EDMIBH LTz, Viking I K % FBEERE OB R & O Lbigh 513, 5 7% ion-ion 28 7%
GATE Caselit KK BIIRSRZHEH L Tz, DLENS, 23K MHD IZKEEN D O " BLIRE A 4 > Ok %z
X OBIFNCHEARETH D, AEH LD CO+ BURZERNS I, #Y) 7z ion-ionHZEDE AN EE TH % & Dfl
ARz, ARETIE, AV FEKRTEDMEE L A4 U ELOEZEDN, COT OIMEEENMIC G A DB RRET S,

F—T— R OB, BEEE, KKEOE, SRARGTRAY S 2L —v 3y
Keywords: Mars, ionosphere, Atmospheric escape, Multi-fluid MHD
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Temporal variability of exospheric sodium density
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Mercury’s atmosphere is very thin and it is also called "surface-bounded exosphere”. In the detected species, e.g., H, He
0O, Na, Mg, K, and Ca, Na emission (NaD) is the brightest and has been most frequently observed. Solar-photon-stimulate
desorption, sputtering by impacting solar particles, and meteoroid vaporization are considered to be the source processes
Mercury’s sodium. However, the primary process among these three processes is unclear as yet. The resonance scatter
constitutes exospheric emission. The NaD emission is well suited for study by ground-based observations because of its hig
intensity. Past observations have shown that the temporal variation and north-south asymmetry of intensity of sodium emission

We have observed Mercury sodium exosphere at the Haleakala Observatory in Hawaii since April 2011. The observations wer
performed using a 40 cm Schmidt-Cassegrain telescope, a high-dispersion spectrograph, and a CCD camera. We determined
temporal variation of the sodium density using the observational data. It is possible that the temporal variation of the sodiun
density is caused by variation of solar wind magnetic field if solar wind ion sputtering is the primary source process of Mercury
exosphere. To verify this assumption, we checked the temporal variation of solar wind magnetic field observed by MESSENGER
and then we compared these variations with our observational result.

In this presentation, we show our observational results and discuss the dominant source process.
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Study of heavy ion dynamics in the Mercury’s magnetosphere with offset dipole

JUAK 22 10 B #ELS - 2 FAR PEAT 2 Delcourt Dominiqué ; Leblanc Francois
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From Mariner 10 and MESSENGER observations, Mercury’'s magnetosphere is thought to be a miniature of the Earth’s
magnetosphere. While these two magnetospheres have several characteristics in common, some critical differences are a
evident. First, there is no atmospheric layer, but only tenuous exosphere. Second, the kinetic effects of heavy ions might not b
negligible because Mercury’s magnetosphere is relatively small compared to the large Larmor radii. Trajectory tracings is one
of the dominant methods to estimate the kinetic effect of heavy ions which originate the exosphere, though the results of th
simulation are quite sensitive to the electric and magnetic field. Hence, it is important to provide a realistic field model in the
trajectory tracings. In order to construct a large scale structure, we developed a MHD simulation code, and adopted to the glob:
simulation of Mercury's magnetosphere. We performed four solar wind conditions of the northward IMF, and the results showed
that the global configurations such as the location of magnetopause depend heavily on the dynamic pressure, while the solar wil
electric field contributes little to the magnetospheric configuration. On the other hand, the results of statistical trajectory tracings
of exospheric sodium ions depend not only on the dynamic pressure but also on the solar wind electric field. In the results
we identified two efficient acceleration processes and formation of the 'sodium ring’ which is formed by the accelerated ions
drifting around the planet by magnetic gradient of the dipole field. When the solar wind dynamic pressure is low, acceleration by
magnetospheric convection is efficient in the vicinity of Mercury. When the dynamic pressure is high, entry of the accelerated
ions picked-up in the magnetosheath into the magnetosphere becomes dominant. The entry point of sodium ions changes due
the variation of the solar wind electric field, which causes a difference in the sodium ring’s shape for the same solar wind dynamic
pressure cases. Recent observation by MESSENGER revealed the weaker dipole field of Mercury than the past estimation bas
on Mariner 10 as well as large offset of dipole which could change the global configuration of Mercury’s magnetosphere and
behavior of sodium ions. In the presentation, we will also discuss the ongoing simulation including the above configuration of
intrinsic magnetic field of Mercury especially focus on how will this affect the acceleration mechanisms.

F—U— R KERSE, 7 A MREHE, BER I a2 b—v g v
Keywords: Mercury’s magnetosphere, test particle simulation, MHD simulation
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Structure and time variability of lo plasma torus observed by EXCEED onboard the
HISAKI satellite
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Spatial distribution and time variability of emission lines of sulfur ions in lo plasma torus (IPT) measured by EUV spectro-
graph (EXCEED) onboard the HISAKI satellite are presented. The satellite has been launched on 14 Sep. 2013 and begun regul
observation of IPT and Jupiter’s UV aurora since middle of Dec. and it will continue until the end of Feb. A wide slit whose
designed field of view (FOV) is 400 x 140 arcsec was chosen to measure both radial and latitudinal distributions of IPT. Jupiter’s
north aurora was guided at the center of FOV and its spectrum was simultaneously observed. Averaged spatial distribution c
sulfur emission lines is consistent with previous observations. Looking at the time variability of IPT, new features were found
from the EXCEED observation. The most surprising one is periodic variation synchronized with 10’s orbital period. The varia-
tions in dawn and dusk sides were out-of-phase, suggesting the bright region is co-rotating with lo. The amplitude of the periodic
variation is larger than those of well-known Jupiter’s rotation periodicities in shorter wavelength and becomes smaller as in-
creasing wavelength. The wavelength dependence suggests significant electron heating and/or hot electron production proces
associated with lo. Another noticeable feature is long-term change in dawn-dusk asymmetry of the emission intensity which ha
not been reported so far. The asymmetry has been assumed to be a proxy of large scale dawn-to-dusk electric field generatec
Jovian magnetotail and the origin of the variation observed will be discussed in detail. Sporadic change in the emission intensit
of IPT associated with the aurora brightening event is expected to investigate in detail with the EXCEED observation to revea
energy transport process between inner and middle/outer magnetospheres. The expected event has not been detected so far
further continuous observation will be expected to resolve this issue.
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Plasma dynamics of lo plasma torus seen from the EXCEED
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search Center, Graduate School of Science, Tohoku Univet$itg University of Tokyo

Major ions in lo plasma torus have many allowed transition lines in the EUV and their radiation easily escapes to become
observable from outside the region. In other words, Jovian inner magnetosphere is able to be monitored by the EUV specir:
observation remotely. Moreover, with the atomic database which provides the cross sections to the ambient electron, transitic
probabilities, and these temperature dependence, EUV observations can be a very important diagnostic of ion densities, electr
density, and its temperature.

The EUV spectroscope EXCEED on the Hisaki spacecraft has started to observe the Jovian magnetosphere from the Ear
orbit since the end of 2013. The spacecraft is dedicated for the solar system planets so that all the observation window is spart
for planetary science. The spectral range is from 52 to 148 nm and its resolution is 0.3 nm with one of the narrowest slit. The
field of view is 400 arc-seconds which corresponds to around 18 RJ. Therefore, it can observe whole region of lo plasma toru
at one time. Moreover, it can achieve better spatial resolution than 1 RJ. It is the first time to get a whole spectral images of Ic
plasma torus in the EUV with such a high performance instrument. In this presentation, we will show the first results of EXCEED
observation with its high spectral resolution slit for lo plasma torus.

F—T— F: N, A 4TI A F—F X, REWAE, O & %, EXCEED
Keywords: EUV, lo plasma torus, Jovian magnetosphere, Hisaki, EXCEED
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Dust-plasma interaction in Saturn’s inner magnetosphere and its magnetosphere-ionospl
coupling
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We investigated the magnetosphere-ionosphere coupling with a dust-plasma interaction in Saturn’s inner magnetosphere |
using a modeling of ionosphere and inner magnetosphere. From our previous model, it was revealed that the magnetospheric i
velocity was significantly reduced by the electric fields generated by the ion-dust collisions when the dust density is high anc
the thickness of dust distribution is large. It was consistent with observations when the dust density is largep thert Th0
ionospheric conductivity of 1 S. An average electron density of Saturn’s ionosphere obtained from radio occultations by Cassin
spacecraft was “10 m—3 at 2000 km where density had a peak and gradually decreased with the increasing altitude. The density
was “1¢ m—3 at 10000 km. Plasma densities calculated by models also were similar to the observations and the topside tempe
ature is "650 K. However, electron densities from those models were calculated at the altitudes below 4000 km.

We estimated the ionospheric Pedersen conductivity from the plasma densities, and the plasma temperatures and velociti
by using a magnetohydrodynamics model. We used the magnetospheric plasma temperature, which was 2 eV, as a bound:
condition to investigate the magnetospheric influences. The plasma density was dbout®*14t the altitude of 1200 km, and
it decreased to about 10n—3 at the altitude of 10000 km. Below 10000 km altitudes the light ion has the upward velocity,
while heavy ions have zero or downward velocity at low altitudes. This might be due to the difference of mass. The electron
temperature increased to 20000 K at the altitude of 10000 km due to the heat flow from the inner magnetosphere. The electrc
temperature was about 2000 K at the altitude of 1000 km, and the collision and joule heating were contributing to the temperatur
below 2000 km. The peak density changed between abduari® 13° m—2 during one Saturn’s day, and the electron density
decreased with increasing the altitude. On the other hand, the electron temperature didn’t depend on the local time. The Peders
conductivity was the maximum 0.77 S on day time and the minimum 0.30 S on dawn time. The Pedersen conductivity strongly
depends on the ionospheric plasma density.

We estimated the magnetospheric ion velocity by using the calculated conductivity. The Pedersen conductivity was the large:
value at L = 3 and it decreased with the increase of the distance from Saturn. The conductivity changed in local time. The max
imum was on the day time and the minimum was on the dawn time. The calculated ion velocity decreases from the co-rotatiol
speed outside 3.58 The ion velocity was 60-80% of the co-rotation speed in the inner magnetosphere. The ion velocity was
smaller than the co-rotation speed since the magnetospheric electric field is smaller than the co-rotational electric field when th
current due to the ion-dust collision flows in the inner magnetosphere. The ion velocity strongly depended on the local time
since the conductivity also depended on the local time. It is suggested that the dispersion of the observed speeds could show t
dependence of local time. The ion velocity is fast during the solar irradiation since the Pedersen conductivity is large, while it
becomes slow after the sunset because of the small conductivity.

The magnetosphere-ionosphere coupling is significantly important for the dust-plasma interaction. It is impossible to under-
stand the dust-plasma interaction in Saturn’s inner magnetosphere without understanding of the Saturn’s ionosphere, since t
magnetosphere and ionosphere is intimately-connected.

F—U—F: LER, FAN-TIXAHANER, WKE-BEHEWS S, X AT 1 TIX<
Keywords: Saturn, Dust-plasma interaction, Magnetosphere-ionosphere coupling, Dusty plasma
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Relation between Kronian magnetospheric convection and auroral emission from MHD
simulation with solar wind data observe

PRI E—ER * ; WALKER Raymond F ; ERIKSSON Stefah
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'Research Institute for Information Technology, Kyushu UnivergtyCLA, IGPP, 2Laboratory for Atmospheric and Space
Physics, University of Colorado at Boulder

In a series of our simulation studies we have reported that vortices formed at Saturn’s dawn magnetopause in simulations whe
IMF was northward. We interpreted these vortices as resulting from the Kelvin Helmholtz (K-H) instability. In addition, thanks
to the recent developments of computer performance, we have been able to perform the high resolution global MHD simulation
of the Kronian magnetosphere. In these simulations we obtained the signature of the field-aligned currents from the K-H vortice
in Saturn’s auroral ionosphere and found small patchy regions of upward field-aligned current which may be related to aurora
emissions. These patchy aurorae resembling our results have been reported from Cassini observations.

In our previous simulations we used the constant and simple solar wind conditions to understand the basic behavior of Kronia
magnetosphere. In this study we have used Cassini observations of the solar wind upstream of Saturn to drive a simulatiol
Using these solar wind data we simulated the Kronian magnetosphere from 2008-02-12/14:00:31 to 2008-02-13/01:59:31 whe
the Hubble Space Telescope (HST) observed the Kronian UV auroral emissions. In these solar wind conditions there are sevel
enhancement of the solar wind dynamic pressure (shock) and polarity reversal in the IMF components.

From these simulation the shape and convection of Kronian magnetosphere dynamically changed according to the variatio
of dynamic pressure and IMF directions. As the results, layered convection formed between the corotation region and mag
netopause. Furthermore these convection interacted each other, then the large vortex configurations appeared. The calcula
configuration of field aligned currents from the simulation also showed the layered and patchy distributions. In addition the
upward field aligned current appeared in the dawn side mainly which resembles the configuration of auroral emission by HST.
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Study of dynamics of the Jovian magnetosphere-Il: energy transportation process to th
inner magnetosphere
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We have researched response of the Jovian inner magnetosphere to the substorm-like event which occurred in the night si
of the middle/outer magnetosphere. The transport of magnetic flux tube is one of important issues in the global dynamics of th
Jovian magnetosphere [Kivelson et al., 2005]. The magnetic flux tubes are carried outward from the lo plasma torus with the
slowly outflowing plasma. As they move outward, alternative flux tubes should be returned to the torus through rapid inflow of
lower-dense flux tubes. Goal of this study is to reveal the role of the substorm-like event in the transport of magnetic flux tube in
the Jovian magnetosphere.

In this study, substorm-like events were identified by using the in-situ observation data obtained by the Plasma Wave Sub
systems (PWS), Energetic Particle Detector (EPD) and Magnetometer (MAG) onboard the Galileo orbiter. X-lines where the
substorm-like events are thought to start were located at around 60-80 RJ [Woch et al., 2002]. Narrowband KilOMetric radiation
(nKOM) which was remotely observed by PWS was used to find response of the inner magnetosphere to the substorm-like ever
The source of NnKOM is suggested to be located at the outer edge of the lo torus (8-10 RJ ) (Reiner et al., 1993).

In the preceding studies, Louarn et al. (2001) reported nKOM correlated with inward flow burst during Jovian substorm-like
event reported by Woch et al.(1998) and Krupp et al.(1998). The report implies that the generation mechanism of nKOM relate
with the return of magnetic flux tube to inner magnetosphere. However, it has not been revealed well yet how inner and oute
magnetospheres couple each other during substorm-like event.

On the other hand, Dubyagin et al.(2011) reported about deeply penetrating flow burst at the terrestrial magnetosphere. The
reported that an inward flow burst penetrated into the inner magnetosphere when its entropy was less than that of the inner ma
netosphere, while flow burst did not penetrated when its entropy was larger than that of the inner magnetosphere.

We have analyzed Jupiter’s several inward flow events which are expected to relate with tail reconnection and nKOM radiatior
by using the data obtained by Galileo. We also have applied Dubyagin’s entropy analysis method to Jupiter’s cases in order t
reveal that how reconnection event at the outer magnetosphere couple with the inner magnetosphere.

In this presentation, we will show preliminary results on relations of Jovian substorm-like event and phenomena of inner mag-
netosphere.

F—U— N RE#SE, BB EAF I A, T A =L, 75 X#JE, Galileo, nKOM
Keywords: Jovian magnetosphere, magnetospheric dynamics, substorm, plasma density, Galileo, nKOM
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Jupiter’s decametric l1o-C modulation lanes observed by LWAL (2)
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The Long Wavelength Array (LWA) is a low-frequency radio telescope designed to produce high-sensitivity, high-resolution
images in the frequency range of 10-88 MHz. The Long Wavelength Array Station 1 (LWA1) is the first LWA station completed
in April 2011, and is located near the VLA site in New Mexico, USA. LWA1 consists of a 256 element array, operating as a
single-station telescope. Each LWA1 beam provides dual orthogonal linear polarizations such that it is possible to reconstruc
the full Stokes parameters for each tuning. The first Jupiter radio observation using LWA1 was made by Tracy Clarke (PI) from
December, 2011. The initial analyses of 10-A/C, 10-B, and lo-D event, show many spectral features such as S-bursts, narrow-bar
events (N-bursts), as well as modulation lanes and Faraday lanes.

The modulation lanes in Jupiter's decametric radiation, which were discovered by Riihimaa [1968], are groups of sloping
parallel strips of alternately increased and decreased intensity in the dynamic spectral plots. We present LWA1 observations
modulations lanes detected across a Jovian decametric l0-C burst that contains both right hand circular and left hand circul:
emission. The modulation lanes cross both handedness of polarization, suggesting that the emissions may be coming from t
same hemisphere. These results add important information regarding the emission mechanism of Jupiter’s decametric emissiol

F—T— R REEW, THA=BIVE, TV alb—ra >y L—, B, ERAGERE, LWAL
Keywords: Jupiter radio, decametric wave, modulation lane, radio source, radio emission mechanism, LWA1
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Observations of Polarization of Auroral Kilometric Radiation by KAGUYA and its Lunar

Occultations
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Study of the Venus’ upper haze
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Observation of CO2-ice cloud in the Martian mesosphere by using PFS onboard Mar:

Express

e f65C 1 - 55530 BEIE 1 ; Marco Giurannd; S5 SPE L /I A5 L ; B WlsE 3
SATO, Yukil* : KASABA, Yasumasé MARCO, Gluranné AOKI, Shohei NAKAGAWA, Hiromu! : KURODA, Takesht

HRERY:  SREARGWIEE, 2IAPS INAF, ltaly,® BUIbRY: R TS XA RAWigeL > 2 —
!Planetary Atmosphere , TOHOKU UniversitAPS,INAF,Italy, 2Planetary Plasma and Atmospheric Research Center , TO-
HOKU University

Almost all of constituent of martian atmosphere is CO2 (95%). It condenses at very high altitude (60°100km) and become
cloud. CO2-ice cloud have been observed by many instrument , but it was difficult to clearly judge whether observed cloud is
made of CO2 or not. However OMEGA, visible and near-infrared imaging spectrometer onboard Mars Express, have providec
the first spectroscopic identification of a cloud as being composed of CO2 (Montmessin et al, 2007) CO2-ice cloud has charac
teristic spectral feature emission peak at 4126 Recent study reported that CO2-ice cloud distributes around equator in spring
equinox to early summer and mid latitude in local autumn. (Maattanen et al,2010 , Montmessin et al,2007 2006, Clancy et a
2007) However, it is not clear about cloud feature (particle size or opacity ).

We try to observe CO2-ice cloud using high spectral resolution instrument PFS, infrared fourier spectrometer onboard Mar
Express. Strong point of PFS is that spectral resolution is ten times greater than that of OMEGA and We can see spectral featu
of CO2-ice cloud (spike at 4.2n) more clearly. Another point is that PFS and OMEGA observe almost the same point, so two
instruments can observe CO2-ice cloud at the same time. For the first step, we check the data where OMEGA observed CO2-i
cloud (10 orbits) and found CO2-ice cloud like feature all of the 10 orbits. However emission peak appears at shorter wavelengtl
(at 4.25um) . In order to judge whether this signal is real or not, we compared PFS spectra and OMEGA spectra observed a
the same point. When PFS observe signal at4n250MEGA also show strong signal at 4246 ,so we can say PFS signal is
real. In some orbit, PFS observed different signal from that of OMEGA. It is double spike feature atnda?8l 4.2@m which
OMEGA can not resolve. It is possible that double peak feature shows different cloud feature, for example, particle size.Now
we are trying radiative transfer model and discuss how cloud spectral feature changes when we changes cloud parameter (s
distribution, altitude, cloud opacity ).

F—U—F:kE, E
Keywords: Mars, CO2-ice cloud
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FORERE 2 0E U 72220 2 Xoedat 5B
Numerical Modeling of Moist Convection in Giant planets

Rl A T T DN IR 2 AR 2 AR RS T
SUGIYAMA, Ko-ichiro®* ; NAKAJIMA, Kensuke® ; ODAKA, Masatsugt ; KURAMOTO, Kiyoshi® ; HAYASHI, Yoshi-yuki

LIAXA “Fifff, 2 UK - HUBREKERIE, 3 JERBE « TP, 4 plP RBE - HIERERE 22
LISAS/JAXA, 2Graduate school of Science, Kobe Universitiepartment of Cosmosciences, Graduate School of Science,
Hokkaido University;!Graduate school of Science, Kobe University

FREEICIITERGEHEENFET 2 2 ENHILN TS, FREE OISR, HIBRKGDGE L RIS, KD BUE RS
i& L WA OPSE I E R R R ] 2 fH 5

TWVWBEEZLNTVS. LA L, BEVEICEDNEAREDEREZERENT 20N EETH D, EAREICBIT S
TR & R AR & OBIRIC DWW TIIRZIAS & x> TWiRWD b 2. T ORI L& &, S Ot
B IS ZE R Uz 2 JOTEMRET IV Z2F L, RERSGMHCBONT, Z2OEBIHEDER D BT NG R e
U Tk F B FHRIRAE T DRSS 2 F#8X T & 72 (Sugiyama et al., 2009, 2011, 201485 Tl&, KELS D E AL
B (TR, KEE, TR) 2R LR 2 Xot#EETE 2947 U, 2R & AR SIS & ORRZHm T 5.

VTR E UTHEEHER /X (Klemp and Wilhelmson, 1978F FV>, EMYHEFLIZHIERDBEED VD8 X &
Jt¥—2 3~ (Kessler, 1969z FIVTRBIT 2. GHEFHIRHCFIRE T, ACE—HA DR ZE UZs W Bl TR 4
5. KREUNOE KRR TIX, EBICBU S IEROESINE « IHOSE T 7 7 VB E N TWiaWnizo, REDH
HARSFICHED E 2 bar @ D S MR B O 72 M H1d 5. HEHHHEKRBIC TR 5 £ TORERE 21k d 5 720, 2k
FIDOMEIFARERLICB T 2BIHMEL D 2H7KE W -1 k/day L T 5.

BN R E, T2 T 500 km, K F 5 &2 T 600 km, /K FEHEfEEIZ &7 — A L & 960 km & 5. ShE AT B REE
DRKEE, BEU FEBESR TOMREFEIZBCE#ETE (Sugiyama et al., 2008Y #£0 & P Uiz, R IZ /K5 m & R
JHEIC 2 km &9 5. WIHHOSEREAE L, FEEEAD Sk X TIEEEAN & U, 2O EEIdiRE —E &9 5. Kt
FEIK o KUARDAFAE LSRR 2 IS OE D 5 2 5.

—filE UC, LUR TS R0 AR DEAE I RIHRHRR D 1 1% & Ul E 0+ B4 CoBUHF BRHS R 2719 M HIE
KT - il TR TORBRES, BHER D KA EE Z L Z L S B3R LR PETH 5. EFRENOFRNG I,
R KD & RO DL TR E WS EHEAR S NS, T ORI TlEW» FFFH LA THW REERICEK > T
FFAHT B NI RBERKDOERRFIHE O R (Sugiyama et al., 2009y FH ST RS . ZD—J7 T, KRR 0 Sk &
FEVIOFIGHIBATE A ORI AR E RO EN TR DR L BERNTH 5. HoO Fib LTS EEICTER E N5 ZEE
MRS 258 e UTER L TR D, ShEHE D B FEIEZ O EEIC B W TR A RyIMAEZ IS . TEFE TR
IC& 5T, HyO & NH SH DERIE NHs 15 EUTRHE RS X D FEEFTRIRENS. EmENE KRGS NS0,
NH; & HoSZAXUIZZNZTNORE FIF RS S E TR < HoO Fib B RS S X © @ L bz ihd 5.

F—U— R ERERE, IR, BUEEHE, EREE TV
Keywords: atmosphere of giant planets, moist convection, numerical modeling, cloud resolution model
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LRGE T )V 2 O Te R R E IO 2 ot RUEFER

Two dimensional numerical study on Venusian gravity waves by using mesoscale model

L AL T A2 I BB SR WY NG T 2 TR a3
ANDO, Hiroki'* ; SUGIYAMA, Ko-ichiro® ; IMAMURA, Takeshi' ; ODAKA, Masatsugt ; NAKAJIMA, Kensuke®

Lo ATZE TS B R ERRA, 2 G, 3 TN
LISAS/IAXA, 2Hokkaido University?Kyusyu University

WES, HIER7ZZUD Tl @ERGKT TEENPENI BRI NS X 51cEo7z, HlZIE, Oy DRECBHNC X > THE
110kmIiC T/KTFIEED 100 kmIEEDOE AR SN T WS, F G2 R R IR S N8RV H A T OHRIGERH
ICK D EIH (FE 70 km) T/KFEED 60-150 kmDE JJEMERENT W5, LA LINSDENITIE. H2RHED
FETOENFE LIRS ENTET, HOMBELRNEEZERT A E0EIRT T IV AZRBEE 5T DLV,
F iz, BIRFRTEINC X > THEE 65-90 kmO#IPH TF b NIZBhEIRE N fmH 5. EHICES IREEIL M Rt h, Z
DAY N JUIENT D 5 SRE I E 5-10 kmOE DN HEET % 2 EARENTWVS, LA L ZOBITIZ/KES I Yias
BOLTLES o, il O/ NI E IR IEZ % T EIdHEKRTS . F K ESSKCENAEEIC DWW THIS T
EMTERY, TOXIIC, FHEETIXENENSERKOEINC G 2 5508280 SHET 2 T SI3H LV,

AT, EEEZEPOMGED SEREN D BRI OO THFEERE DT 2 X OBUHHEZTTO. D
(RIBRF I ONAHREE . JICTPE S R DIHE « ORI DWW TELRT 3, MWEICE EIEHEE RO MIF T e
ISR ZHERITIIEE H B 0. W N B HIBROE BN DN R AR MV E T IVITHBAAL TV, &
T D E DDZEFNT DN TIE Imamura et al. (2014CEIEEIN TS A, EE 60 km KD FIZEEL TWiaw, i’
ICE SR DRI SERICE S £ TR T L BRI, AIRDHIDTTH S,

TR & UTHEEER 28 (Klemp and Wilhelmson, 1978F WV %, GHEO/KEEIIZ 50 km, AT fE
SEDOEE 35-100 km& Uz, F R IZ/KCESIAIC 400 m SAESTAIC 250 mCdHh %, BRI - i T,
7R L - fnERAE L W7 Ty AL E L, MIEEEEER e 75, FREORNZINZ 2701, Fimhs 20
km & Riih 5 5 km Qi TENTNAR Y VEZHR T Tz YIICH Z 2IREDME D MmIE, BEHHRE#O F Tol
fE537i (Ikeda et al. 2010 W 7o, T DWFOFFINLIERE . EE 48-55 kmTHINIE, ZD Mgz oK 51
HLTWVS, BEUHERIEHCETEE T, KE—NDRRIZL LW EG R Z 5 2. IERROERINER - iInH I OSRE i
& Ikeda et al. (2010)c#9° %, #WIHITIEIRREEHIELTWS & L, wRES Z #9272 DI i AdRIE 1 K OIRAETEL
EEEASKkMICH 2, ZCh 5 1ISHODOERIT- T2, TORER, @ 48-55 kmiZ THFHEAMECTE D, BN O
MERORZEIRATHRIMs ! TH B, FIMFROKTERT—)IVIEH) 10 kmFEETH %, WRED FIChiBET %48
BT, MRICK > T X N ENEDSHEICEE L TOWAEFDPRLONS, F25ER 60-80 kmic 351 B I%ICFES 1
EFROKRTAT—KE B2 &, SRIOGE TIIMEREDY 4 km DN HEBL THED ., HOFEIHIZ ~5 X 10° s ThH -
Teo FTIKFPEZ 50 kmIBETH > Tze TNEDMEIFE IO BEIGRAZHTZ LT 5. K T2 O/KEAHEE
+10ms ! FETHO . WEOENEHGRH SHEE X NIEEFRETH S, MHIE., X FHEHEKZLE-> 2 |
TEWETRZ1T > TR EFIR UL EEEOBIIFS R & OHIICOWTF LR 2 TETH %,

F—U— R BRERK, B, BiEA R
Keywords: Venus atmosphere, Gravity waves, Numerical study
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IRTF/CSHELLEHHNC X 585 02 K& DR 2 5
Temporal variations of Venus O2 night airglow using IRTF/CSHELL

KA #7182 ; Robert Severing; 14211 965 4 ; whili > ; ik Bt ©
OHTSUKI, Shokd* ; IWAGAMI, Naomoto? ; ROBERT, Severing; SAGAWA, Hided' ; KOUYAMA, Toru® ; SATO, Takao
M.6

VEBEREE, 2 K22, 3Belgian Institute for Space Aerononty|EHGE S TR, O PESERANIRABTZEAT, ¢ FHHIZEnisE

B R S R 2 T2

ISenshu University: University of Tokyo,3Belgian Institute for Space Aerononfi\ational Institute of Information and Com-
munications Technology,Information Technology Research Institufépstitute of Space and Astronautical Science, Japan
Aerospace Exploration Agency

Venus 1.27-micron @night airglow is the indicator of the general circulation at about 95 km in Venus. Recent observations
reported that the airglow emission showed the temporal variations with a period of a few hours and days [e.g. Ohtsuki et al.
2008; Gerard et al., 2008]. Such variations may be caused by the upward momentum transport and fluctuations by atmosphe!
waves. In recent years, the importance of planetary-scale waves on the general circulation of the Venus atmosphere has be
recognized. Forbes and Konopliv [2007] suggested the propagation of planetary-scale waves originated in the cloud deck int
the upper atmosphere. However, effects of planetary-scale waves on the Venus upper atmosphere have not been investigated

We conducted 5-days monitoring observation of the airglow to detect the planetary-scale waves with IRTF/CSHELL from 11-
15 July 2012, 3 and 5 February 2014. The 1.27-micrgmight airglow in the Venus atmosphere can pass through the Earth’s
atmosphere with a help of the Doppler shift. We obtained spectral image cubes at the wavelength of R-branch of the airglow
band, which includes several rotational lines. In order to cover spectral information continuously, a slit drifted across Venus’
nightside disk. The spatial resolution of the image is governed by seeing. The typical seeing was 0.6” to 1.5” in our observing
run and corresponds to 200-450km at the center of Venus’ disk. Under such conduction, we may detect airglow structures c
small scales due to atmospheric waves; this is smaller than the region of enhanced airglow having a horizontal scale of “3000kn
We can also derive the hemispherical distribution of the rotational temperature. To coincide with our observations, SOIR/Venu:s
Express stellar occultations were conducted. We can try to compare our horizontal temperature map and vertical temperatu
profile from SOIR data.

In this presentation, we will show temporal variation of the airglow distributions in July 2012 and report a preliminary result
of our new observations in February 2014.
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INT A I 7 THIC I B ARIMNT 11 2 A > o e B |
Observing plan for planetary atmosphere using IR heterodyne spectroscopy in 2014

T IEHES 5 FEAHE 1 AR BEE 5 R S 5 A1) 9K 2
NAKAGAWA, Hiromu'* ; AOKI, Shohet ; KASABA, Yasumasa ; MURATA, Isao' ; SAGAWA, Hided?

VEERSE, ? TG EnT 7R

Tohoku University?National Institute of Information and Communications Technology

We propose a new developed infrared heterodyne instrument, called Mid-Infrared LAser Heterodyne Instrument (MILAHI),
for our dedicated telescope at the top of Mt. Haleakala, Hawaii. It addresses the key physical/meteorological parameters, such
the atmospheric temperature profiles, abundance profiles of the atmospheric compositions and their isotopes, and wind veloci
The observational sensitivity of MILAHI is discussed in this paper. The scientific target of MILAHI is to understand highly vari-
able phenomena in the planetary atmospheres. The nature of atmospheric activity in various time-scale will be investigated b
continuous monitoring with our dedicated telescope, in order to increase our understanding of planetary atmospheric dynamic
photochemistry, and meteorology. New measurements with high spatial/spectral resolutions constrain the three-dimensional di
tributions of temperature and compositions. The D/H and other isotopic ratios, diagnostic of the terrestrial atmosphere evolution
will be accurately measured in® and CQ. The atmospheric chemistry will be studied by monitoring 8,0,, H,O, and
HDO. Mapping of the HO isotopes reveal the mechanism of complex interaction between regolith-aerosols-atmosphere-polar
caps on Mars. Direct measurements of wind velocity and temperature allow the first monitoring of the middle atmosphere os
cillations to investigate the effects of the gravity waves from the lower atmosphere on the upper atmosphere for various seasor
and dust loadings. A number of organics molecule bands in the mid-infrared regime will be accurately measured in plane:
tary/cometary/stellar atmospheres. In addition to these interconnected objectives, serendipitous searches with our advantage
dedicated use for astronomical/atmospheric transient events which occur at frequent and unpredictable intervals (e.g. dust stor
will enhance our knowledge of the composition and dynamics of the astronomical sources.

F—T— R R, NTaE AT, L—— B, EEKRA, FNA
Keywords: infrared spectroscopy, heterodyne, laser, observation, planetary atmosphere, isotopes
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I N B ERAE RO 72 & O HH HE RS _ o
Visual Orbit Design for the Next Mars Exploration Mission

AN ] IS FESA L Rekd B b I E 2
OGURA, SatosHi; KAWAKATSU, Yasuhiro' ; MATSUOKA, Ayako! ; TAGUCHI, Makotc**

L HRLARSET, 2 LB
LISAS/IAXA, 2Rikkyo University

In December, 2011, the working group concerned with the Japanese next Mars exploration mission began to study the use
orbiters to investigate the mechanisms of carbon dioxide and water escape from the Martian atmosphere, and the role playze
by the solar wind. This will be the successor to the first Japanese mission to Mars involving the NOZOMI spacecraft, and two
different orbiters will be deployed around the planet. Orbiter-A will carry out in-situ observations of electric and magnetic fields,
particles, plasma and the atmosphere at an altitude of about 100 km above the Martian surface. Orbiter-B will capture images ¢
the escaping atmosphere and monitor solar-wind conditions. The mission life will be a Mars year. This paper describes a visue
method for determining the orbits of both spacecraft, and presents examples of possible orbits.

The orbital constraints proposed by the working group are as follows.

Orbital constraints for Orbiter-A

Al. The periapsis altitude is around 150 km.

A2. The apoapsis altitude is between 5000 and 7000 km.

A3. The period during which periapsis occurs on the dayside of the planet is more than two thirds of the mission life.

Orbital constraints for Orbiter-B

B1. The apoapsis altitude is about 4-,R

B2. The period during which the orbiter is exposed to the solar wind is more than three quarters of the mission life.

B3. The period during which the orbiter can image the local time zone of 12-15 h at the planetary limb is more than three
guarters of the mission life.

Orbital constraints for combined observations by both orbiters

C1. The number of times during which Orbiter-B is exposed to the solar wind and can also image Orbiter-A, whose solar
zenith angle and altitude are less than 60 deg and about 300-800 km, respectively, is more than one hundred during the missi
life.

C2. When Cl1 is satisfied, the angle between the line-of-sight of the imager onboard Orbiter-B and the velocity vector of
Orbiter-A is within 96+20 deg.

The orbital elements are obtained by solving the Lagrange planetary equations for a two-body boundary-value problem, takini
only the J2 perturbation into account. Constraint A3 is chosen as an example for explaining the visual method of orbital design
The orbiter’s longitude of ascending node and argument of periapsis in a Mars-Sun fixed coordinate system are taken as desi
variables, and the orbital constraint is used as an evaluation function. A contour map for a period in which periapsis occurs ol
the dayside is plotted in a coordinate system in which the longitude of ascending node and argument of periapsis are the X ar
Y axes, respectively. A mission profile is placed on the map, along which the changes in the longitude of ascending node an
argument of periapsis during the mission period are plotted. The mission profile can be placed at anywhere on the map, sinc
its shape can be kept almost constant by selecting an initial position determined by the position and direction of the spacecra
during Mars orbit insertion. By looking at the map, it then becomes easy to identify an appropriate initial point for the mission
profile that maximizes the period during which periapsis occurs on the dayside.

By the method described above, it is possible to visually determine rough values for the longitude of ascending node an
argument of periapsis that are suitable for the mission. This technique is also applicable to the general design of orbits around
planet by choosing a coordinate system appropriate for the given orbital constraints.

F—TU— R KERKHGE, NEHRERK
Keywords: atmospheric escape of Mars, Mars orbiter
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A Circumpolar Stratospheric Telescope for Observations of Planets ? FUJIN
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HIEDOKRKER TS A E TR 22T 5 - DI IZERBOEGEANEETH S, KEkAE W TR E
BIC BN TREZ GBI 2 C e ZHMNE LT FUWIN YO Y 27 R EZITLTWS, ¥ AT LOVEREME
ZHM & Uz FUJIN-1525813 20134 5, 6 ACILHRERBINT THEE NE TETH > 72h, JAXA flOKERHIE S A7
LOREFICE Y RSNz, L L, ZNE TICHES Nz FERBERZRE LT, FUIN-1OHMIZER X
N7z AW L. FUIIN-LEERIZHE T Uiz, iz bl TOARMEER #1795 FUIIN-2DBRFRICET Uiz, FRE B D&
ENEDD 4, 5 AWK U 8. 9 AIHICEIHR TIEH 2 DEGED E DD TN WIREDNFEA T %S, FUJIN-21&ZDf= 7%
HoTAY 2—F Y « ) F OKERFEE R TH 5 ESRANGETHER L. 1-2 HREOBHIO%, AH v IF T EERIC
dV RIZ[E FERRINT %, BIEOFHETIX, FUJIN-2 2538 2NN & 72 % 20154 4, 5 HICHEEE N5 T
ETHD, SHOMIKRLERE TRl 2 EICKERERE S L. FILFHET I AHETH 1EM., ZIFHEREICH->
THIERZ —JH L CTHFIVFETRTDICHK 2 BRI S, ZNEFIF L. FUJIN-3 3 8JE B SZERIC TS, FUJIN-27%
N—= AU EHEE CCO N AT R OTEHT 2 —F T IV T 0 )V 2= L, 201 7EEHICEE, RE, KEZBNT S, &
DITFERINICIE 1 A— bV T 5 ZAOLEG 7% i 2 7o X MARBIEEERIC 7 » 77 L— R, #6172 i 2 fuSa O s
Fd2dY T, A—8—=TL v v —5EKIC X ZBENZRAT 5 7DIc, SEEANIMRG N CEEMEREZED 5,

F—T— R R ], B, e, S, FUINT oY 7 b
Keywords: Circumpolar, Stratospheric, Telescope, Venus, FUJIN-project
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B E RIS B B W) a7 v g v
Study of fast resistive magnetic reconnection in the upper atmosphere of Venus

BA A 15 S ek !
SAKAMOTO, Hitoshi'* ; TERADA, Naoki'

VBRI R ARG AR

!Graduate School of Science, Tohoku University

SRIFEERRZ R ROREREN, KRR E OHAERICE D . BEEAKTICIIRENMEET 5, SEDOBMODE
HEE Tl KRGEOEEMEOIFICH AT —T DX S Iichtniz7 Ty 7 2Aa—7 LN S EEED LI UIE
Bl E "5, Pioneer Venus Orbiter (PVQ). EMID NiREREE Zd@iEd 2HED 40—t U ETT v 7 A0—
TRBIL . ZOBIHBHED 170km Tl K & 75 % T & 245 L 7z [Elphic et al., 1983]

75w Aa—TIBELT. TNETIKWLDODODERET IV (K-H ANZLE [Wolffet al., 1980], F—ILhHRICEEN T %
JEFIEEN R [Kleeorin et al., 1994DHERE Nz, WERICFDERA N Z A LIF E S bh > TR, KIETIE. &
R E NI IEORS Y 2327 2 3 7 [Loureiro et al., 2007} 3L, LW I T 7 A0—TDERET IV
RET 5, REREINIZHOEGIEY 2% 7> 3 Yk, JEFICRICELV Sweet-Parketr 7 7 D&Y — FDOH TR C
%0 TORERIIVVFANUD 47D 1FIHHIL, WOFAREN 10D 4TI KEVE XIS, MEDOBERY—F
BALELED, MHD ¥ 2 2 L— 3 YOS [Samtaney et al., 2009F KX, EifS— FANDOZEOMETY axy
VarvhiEElzobic, RIS SADT I AXEALS RHEREND, TDX D HEIROREIX T F v 7 Aua—T1c i
TW3, BEOBMO FEBBHEICENTE, EOEFIEY a7 Y 3 VAR T ZIERICHICEVER Y — P DB E
NBAREMNEZ 5ND, TITHLE., SEOBAEEICHE N T, BICRVWERY — FOBRIC K > THEL 230
MY axrva vz Nl oy 7 20—=THEROET IV EER L, ZOMMHRENLEZBRE Lz, L DS EIER
TRETIVOMEIIRDOMD TH B, £IKEEOBENENVIREEZEZ % &, KEGEDEA T 2R E =MD T
HEERERE £ T DAL, RICEEZEMS O ENZL U, OIS A TZRESDNE D ADIE, R OBl EREHE T,
KREOERY — MR E NS, BRENERS — FOHRT, BN EFIEY ax sy a UhEEs2 Ik, 7T
JAa—ThHERAHENDS,

KAZTDETIVOEHDOHENZMETT 2 72, 3RO RBRERKDNA TV Yy R Ial—320D
f53 [Terada et al., 2002F VT, SEBHENCIBT 2L F A ML EWIRPIEY a% 72 a3 VY ORESR, Sweet-Parker
2ATDOERY— FDEH, TNTNOEE KDz, FONTZ@ERHMN D, IV F A MU U THRIR R
I ERFOEE VN ONREH Lz, ZULT, i LEZNETNDOEET, LUTD 2 D02z & Z2ET)IV
MEHAREL BR LTz, 1DHOEME, HOEFMEY 3% 7> 3 U E0 i lRET % L0 5 BiINEETth o, 2
DHDZEMIERS — FOEARDEHTHELNTVS T T v 7 A0—TDR UMDY [Elphic etal., 1983LA Fic/x % &
WS 22N TH B, FERICK D &, BXZFmEE 170km OV F A A 10D 55) A5 s 230km OV >3 & b
B 100 63) OFIPHTHADETIVZEIATHEL WS T N THIE NG, RETIR., CNSEMAEREEICHT S
INTA=REAVEEMHD ¥ al—r 3 VOEEREENTETETH %,

F—U—FVaxr gy, GEE, SR
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Estimation of the ion acceleration in the Ganymede polar magnetosphere by the Galile

spacecraft observation

P B T g N L BEA AR /NBF 52 1 Kurth William S2 ; Hospodarsky Georde
WATANABE, Shinya* ; KATOH, Yuto' ; KUMAMOTO, Atsushi* ; ONO, Takayuki ; KURTH, William S2? ; HOSPO-
DARSKY, Georgé

VLR 2R A B SR R P PR 22 951K, 2Department of Physics and Astronomy, University of lowa lowa City, lowa,
USA.

IDepartment of Geophysics, Graduate School of Science, Tohoku UnivéBégartment of Physics and Astronomy, Univer-
sity of lowa lowa City, lowa, USA.

HZATEIAREDOEED DT, Kk CHe—EAMZHDfiE L L THISN TS [Gurnett et al., 1996] X7z, H
ZATEAREOHSENZ NI L TV STz, RE LT B K18 75 X~ £ OB TTHEERMMEC, A= XTI
WIS BEDERE N T WS, A2 A TR BEOZEM A r —Vid, KREMSE TS A2 KT 2144007 —<—F
BNEHTERVEETHZ T eh b, FRE T I AYREDH A TEIICREHENTWS EZ NS, SH. H
Z AT OHSER TS ABREOMEIIITON TN 2200, WAE L 75 X< OMBIERH = X7 ORESIE Ok
ICIEREHDRDZ KEN TV S,

AL T, AV LA BREROBIREE R Z AW THZ A TS DO 7’5 A~ R Zikind 5. £9 . Plasma Wave Subsystem
(PWS)DEHFIKE R 5 Upper-Hybrid Resonance (UHRI 8z EIES 5 2 & T ZDHOETHEER ROz, FhEld,
FATHIFE TITb N TV fE (GO1, GO2) N X [Gurnett et al., 1996] #i 7z /= #fiE (GO7, G29)TOfEM & 11>z, H=
ATHIS B T EERA A VHTH S MOBEE 71 A4 OBUEENC OFHEE L5 LI & L [Vasyliunas and Eviatar,
2000], A=A T LA S OHEED 264 kmh 5 5262 kmE TOREBICIHIF 5 14 A VREOEE iRz T A, I
BECHE > TRENEZ IS A RENT, R, BENIEESMITHEEDNT, = AT AR 5 DA
FYOWMFICDNTER Ue, T3, MEEEED 5B > THZ X TEEBEEE O 4 > W d 28I
BOVWCT, A VREORIE LTI F v 7 AM—ETH S EGE LT, BlE NIHE M2 WROBIETEM LT, K
AREDEERED 2 FICLLHIT % & L7eGE & 3RICLHHIT S & LIcHEIC. 7Iv 7 A% —EICT 2T DICHERHEZ
KD, A F VRHEE O S A 2 HEE UTc, T ORGSR, HEIEEHEEr IS LT r-5.98T2(Ld 5 T &, &/ 500 kmic
B 28 IR EEEED 2 I 2550 17.3 kmis 3 |ICILHIT 2551% 14.5 km/isiciEd % & RS 51
BT DS LR Tz, WEDOWIZETIE Vasyliunas and Eviatar, [2008] G025 (&% 264 km™2000 km @ PLS D
BINCEDWTA A VREE 2 18 km/sER LTfIND %, AZEORERIZ, SFXTLRERZ 7 Tu—FTA 4
DFHZIEIT 2 EDTHBEEALND, AW TREISIC, ZORB T O A%ERT B0 HHK I 21—
Ta VeMREPTHD .. ZTOEBIKIICOWTEMET 2,
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EEBNZ HWeO & S EEEH EXCEEDOR FIIE
In-flight calibration of HISAKI/EXCEED by stellar observations

FF b 52U 5RO LR S KRS B L R skl 2 S REAN 2 FI B8
MURAKAMI, Go '* ;: YOSHIOKA, Kazud ; YAMAZAKI, Atsushi® ;: KIMURA, Tomoki! ;: TSUCHIYA, Fuminor? ; KAGI-
TANI, Masatd ; YOSHIKAWA, Ichiro3

L2 e b R R AITZET, 2 AL RZZERE T T A< - K&Wgit > 2 —, 3 s RS R R ek 2
Rl
HISAS/JAXA, 2Tohoku University?The University of Tokyo

The extreme ultraviolet (EUV) telescope EXCEED (Extreme Ultraviolet Spectroscope for Exospheric Dynamics) onboard the
Japan’s small satellite HISAKI (SPRINT-A) will be launched in August 2013. The EXCEED instrument will observe tenuous
gases and plasmas around the planets in the solar system (e.g., Mercury, Venus, Mars, Jupiter, and Saturn). One of the prim:
observation targets is Jupiter, whose magnetospheric plasma dynamics is dominated by planetary rotation. In the EUV rang
a number of emission lines originate from plasmas distributed in Jupiter’s inner magnetosphere. The EXCEED instrument is
designed to have a wavelength range of 52-148 nm with a spectral resolution of 0.3-1.0 nm. The spectrograph slits have a fiel
of view of 400 x 140 arc-seconds (maximum), and the attitude fluctuations are stabilized within 5 arc-seconds. The optics of the
instrument consists of a primary mirror with a diameter of 20cm, a laminar type grating, and an EUV detector using microchannel

plates (MCPs). The surfaces of the primary mirror and the grating are coated with CVD-SiC.

After the launch of the HISAKI satellite and the initial check out of the instrument for 2 months, we performed in-orbit cal-
ibrations of the EXCEED instrument by stellar observations. We observed the standard stars GD71, HZ2, and FEIGE110, an
measured the absolute sensitivity and the spatial resolution of the EXCEED instrument. As a result, the absolute sensitivity wa
“1-2 cn? and the spatial resolution was ~16 arc-seconds. In this presentation, we report the overview and initial results of the

in-orbit calibration of EXCEED.

F—T—F: OE &, Mkl SE2 iz
Keywords: HISAKI, EXCEED, EUV
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Hisaki/EXCEED& Hll FHimHiC K5 14 75 X< b —F XD il
Coordinated observation of lo plasma torus using Hisaki’EXCEED and gourd-based tele
scopes

A FEA 1+ Andrew Stefff ; Badman Sarah
KAGITANI, Masato'* ; ANDREW, Stefff ; BADMAN, Saraty

L HJEA A, 2Southwest Research Institufé)niversity of Leicester
Tohoku university? Southwest Research Institufé/niversity of Leicester

EXCEED is an EUV spectrograph onboard an earth-orbiting space telescope, Hisaki(SPRINT-A). One of the primal mission
goal of Hisaki/EXCEED is to reveal radial transport of mass and energy in the Jovian magnetosphere. At the begging of Januar
2014, intense campaign observations of Jovian aurora and lo plasma torus were made using Hisaki/EXCEED, Hubble Spac
Telescope and other ground-based telescopes covering wavelength range from EUV through IR. We will present results of spe
troscopic observation of lo plasma torus using the R.C. spectrograph attached to Kitt-Peak 4-meter telescope and an Eche
spectrograph attached to Haleakala 40-cm telescope.

The 4-meter R.C. Spectrograph was set up covering 550nm through 800nm which could successfully detect NaD (589nm;
Sl 631.2nm, Sl 671.6/673.1nm, and OIll 731.9/733.0nm as well. A field-of-view was 98 arcseconds along the slit and the slit
center was pointed at the dawn or dusk edge of the centrifugal equator. We could get 54 spectra from the observation durin
January 4th through 10th, 2014.

The Haleakala spectrograph is a high-resolution echelle spectrograh with an integrated field unit (IFU) which enables to cap
ture 2-d distribution of [SII] 671.6/673.1nm emission with spectral resolution of 67000 over a field-of-view of 41" by 61”". The
40-cm telescope was observing lo plasma torus all over the night during the observing campaign period.

Based on preliminary analysis of the EUV spectrum from EXCEED/Hisaki, visible spectrum from Kitt-Peak 4-meter and
Haleakala 40-cm, emission peaks of Sl and Oll was located outward compared to the Sl emission peak which is consister
with results from previous studies. More accurate analysis including pointing calibration and flux calibration are ongoing, the
result will be presented at the meeting.

F—"7— F: Hisaki/EXCEED, 7 4 7' A b —F X
Keywords: Hisaki/EXCEED, lo plasma torus
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20144F 1 IO T AR ZAE - RUR R B ORISR .
Coordinated observation of Jupiter thermosphere and radiation belt in January 2014

bt ZEvEmE Y b R R AR S L AR R !
KITA, Hajimel* : MISAWA, Hiroaki! ;: TSUCHIYA, Fuminori : FUJISAWA, Shotd : SAKANOI, Takesht : KASABA,
Yasumasa

LB

Tohoku Univ.

In order to evaluate the solar UV/EUV heating effect on the Jovian radiation belt, we made coordinated observations for bott
temperature of the Jovian thermosphere using an infrared telescope and synchrotron radiation from the radiation belt (JSR) usi
a radio interferometer. JSR is the most effective probe for the dynamics of the Jovian radiation belt through remote sensing fror
the Earth. Recent intensive observations for JSR reveal short term variations of JSR with the time scale of days to weeks, b
their causalities are not understood well. It is theoretically expected that the Jovian thermosphere is heated by solar UV/EU\
radiation, and planetary atmospheric neutral wind is driven by solar UV/EUV heating. Then, induced dynamo electric field
is mapped into the radiation belt and induces radial diffusion. From this scenario, the total flux density of JSR is expected tc
correlate with the solar UV/EUV flux.

Previous studies confirmed that the total flux density of JSR varied corresponding to the solar UV/EUV variations though it
is unclear whether the temperature of the Jovian thermosphere actually varied during this event. The purpose of this study is |
confirm whether sufficient solar UV/EUV heating occurs on the Jovian thermosphere and it actually causes variations of JSF
total flux density. We made coordinated observations of the NASA Infra-Red Telescope Facility (IRTF) and the Giant Metrewave
Radio Telescope (GMRT). From the infrared spectroscopic observations, we measured thermospheric tempegdtuiom.of H
From the radio interferometer, we measured the total flux density and brightness distribution of JSR.

The IRTF is a 3 m infrared telescope located in Mauna Kea, Hawaii. The IRTF observations were made on Jan 3, 8, and 1.
in 2014. We used the high spectral resolution spectrometer, CSHELL, and obsgrvé&dd330 microns emission (Q(1,0)) and
3.4547 microns doublet emission (R(4,3) and R(4,4)). We assumed local thermodynamic equilibrium at the equatorial region ani
calculated thermospheric temperature from the two emission line ratio. The GMRT is a large radio interferometer located in India
The GMRT observations were made from Dec 31 to Jan 16 with a few days interval. The typical duration of observation time
was 2 hours per day, and the observation frequency was 235 and 610 MHz. During this period, the SOHO satellite showed th:
the solar EUV flux increased from Dec 26, reached at the maximum flux on Jan 8, and then decreased to Jan 16. A preliminar
analysis of the IRTF data showed that the temperature increased from Jan 3 to Jan 8, and decreased from Jan 8 to Jan 13. T
is the first result that shows the temperature response of Jovian upper atmosphere to the solar UV/EUV heating. We will als
introduce analyzed results of the GMRT data and discuss the relationship between Jovian thermosphere and radiation belt.

F—T— RRE, BARE, AR, JROMBER, T ET

Keywords: Jupiter, thermosphere, radiation belt, infrared observation, radio interferometer
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LWAL TEIHIE N RE B DT — Z T
Data analysis of Jupiter's decametric radio emission observed by LWA1

BN B o S —HE 1 ; Clarke Tracy ; Higgins Charles A. ; 4 Hisg
SHIMANOUCHI, Yoshiaki* ; IMAI, Kazumasa ; CLARKE, Tracy ; HIGGINS, Charles A ; IMAI, Masafumi*
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!Kochi National College of TechnologyNaval Research LaboratoMiddle Tennessee State Universitiyoto University

AREBEWIT 1955FICHERA I NTLUR, £ DERIMTONMEENTE 2D, ZOBEIRPEFEREITZRITHEAINT
WEV, TOREERZBNTT HICHIz> TR b2 Fike LT, WHRGEIC X 2 & E R ) OsE L zKd X
AFIVITARY ST LMD %, OB THBRDOZ AT I v 7 AXRY b T LFEFICBWT, R RS L)L
DBE D LIWAL &, —2—XAF TV aRZOIIN—TIC X @RS N RERFHEBEROWRZHNE TS T L AT
VT THB, LWAL I, 256D 7 L A7 VT THREINTED., AlED &R O DIRKEZENAGEE T 572, A
R 2RMDT T 47 « FAR—IVT VT FTHEEN, ZELE7 a7 E5RlEEY > 7)) v Jickb T+
VEEENTT—ZUE D%, 7—HATEN TV 5,

Baid, KREBEOBGHERZ RIS % 72010, LWAL TEllE N T —2 %2 T — X2 i S8 TH % IDL I X > TiE
MiEIT->TWV3, BHIENTZZAFI v I ART b I LT—RF. KXOBTEILHWSENS FITST 7 AIVTT—hA
TENTWVDB, HADMERLZIDL O7ar S L&, HEICAHL Y T2 L7 NUKNDFITS 7 7 A I)IVEHRRL, N\
RO EGHFINS T N TE, HEMCRERFINEICE O Z T, B - REREh « BBz~ X5 Oz &
CICEAF I IART NS LEERT BT ENTES, £, L IDL 7075 LIS KD, (TEORER O JEHE
ROGEE S, BRI BRREN R E VT — 2B U TR % 2 L & TRET. AlED « B D R 72 N7
T3 L EETH B,

S RIfERT UTeAREZ B D 10-CEBEIRIROT—Z DX AF v 7 AR b T LT, LWAL O 22MHz h 5 28MHz DEH]
JAWEER T, EYal— a3y L—OMIMEZHRICHET 22 &N TE Tz, iz, A0 R & LR D FEEOX
AFIVIARTEILET, EVal—vayL—VORIREGEDN DED> TVWAE T Eh 5, B UHMAITHRI TN
TENETHZ T EMHEESINT, 5. LWAL THHIEN/Z DOREE ﬁ@T—9®%ﬁ%u@$§fﬁ?kaﬁ
D, REBKROBEE— RERET 2 LTl CTEERIFRESGS CENTES LRLIFEZITVS

F—U— R KRE&EW, T4 A= NIV, 7 — Z A, B, SR, LWAL
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KEA—0 FERORZZHREE - 1 _ o
Long Term Variations of Jupiter’s Auroral Radio Emissions - Il

SR GEA T ORE EZE 2 AR B U R SR K R
MISAWA, Hiroaki'* ; YONEDA, Mizuki? ; MORIOKA, Akira! ; TSUCHIYA, Fuminori ; MIZUGUCH]I, Takahird

THRIEREE ST X~ « K& Y 22—, 2 HALKRERE T T XX « K& VX — [ INT A KRER ST
IPPARC, Tohoku Univ.2PPARC, Tohoku Univ. / IFA, Univ. Hawaii

It is known that Jupiter’s auroral radio emission (hereafter JAR) shows long term variations with the time scale of about a
decade. The variations were first considered to be initiated by the solar activities in 1960’s, however, longer term analyses il
1970’s showed the variations relate with the Jovicentric declination of the earth (De). So far, their plausible causalities are
considered to be brought by 1) De relating to amount of reachable rays to the earth, and 2) the geocentric declination of Jupite
relating to incidence angle of the radio wave to the terrestrial ionosphere. However, considering solar cycle dependence on tt
terrestrial auroral radio activity (e.g. Kumamoto et al., 2003), the solar activity control may not be negligible for the long term
variations. Furthermore, we have not known well long term relationship between JAR and Jupiter’s substorm-like process whict
may be controlled by lo’s volcanic activity.

In order to assess the previously proposed causalities and the other effects, we have investigated occurrence features of J
using the radio wave data observed outside the terrestrial ionosphere; i.e., by the WIND satellite after 1995. We have derive
year-scale occurrence probabilities for 0.7 - 14 MHz around Jupiter’'s occultation periods, where the frequency range include
both Jupiter's decameter and hectometer radio emissions (so-called DAM and HOM, respectively). As the result, the yearly-scal
occurrence probabilities show almost monotonous decrease from 1995 to 2005, then gradual increase after 2005, but change
somewhat complex nature with increase and decrease after 2009. The tendency is roughly similar for DAM and HOM, and alst
quite roughly similar for lo-related and non-lo-related DAMs. On the other hand, the JAR variation features do not seem to
correspond to individual variation of De, solar activity and solar wind, but seem to somewhat correlate with those of logenic gas
luminosity. These results imply that multiple causalities and/or Jupiter’s internal process(es) control the long term variations.

Acknowledgements: We would greatly appreciate M. Kaiser and the WIND/WAVES team for providing the radio wave data.
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