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Elucidation, this is the engine of Super-Rotation caught by Venus Express/ESA
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BESNDDTTNESROEREN I CHEERAL L\ (Hot BeltD—EBIFBAMICEIHND)o (FFHE - I+ 1 ODHE
BEE R DMEEALayer1 D LEIC"+ v X5 —"&JT U Tlayer2,3N\& D, FRENNDE LEHNS FTAREMFETHNS EA
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A plan to study the Venus' haze based on SOIR/Venus Express and AKATSUKI
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Near-Infrared spectro-polarimetry of Venusian upper cloud structuer
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THd. COUIMEEFMMAL. ARMNEEHOT—INSEFEOUEZEHIITRET 5,
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(M"HONIR" (Hiroshima Optical and Near - Infrared)C. £EIKEE(II, H, KAVRTH D, HFERNTEL
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Venus upper atmosphere as observed by Hisaki: Dayglow and ion tail
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Hisaki was launched on September 14, 2013. Since then, we have conducted quasi-continuous
observations of the upper atmosphere of Venus by using the Extreme Ultraviolet Spectroscope for
Exospheric Dynamics (EXCEED) [Yoshioka et al., 2013; Yoshikawa et al., 2014] on-board Hisaki. Our
observation aims to see variations of the EUV dayglow of Venus and to detect ions, such as 0" and C
*, escaping from Venus.

From three quasi-continuous observations in 2014, we found characteristic periodic variations of
oxygen EUV dayglow [Masunaga et al., 2015]. In 2015, we conducted new observations of Venus upper
atmosphere covering different local times or different latitude from those in 2014. Our result
shows that the ~4 day periodicity is observed on the dawn side of Venus. We suggest that gravity
waves may propagate from the middle atmosphere of Venus, where the atmosphere is super-rotating
with a 4-day period, to the upper atmosphere of Venus. The local time difference of the ~4-day
periodicity of the dayglow suggests that there is a local time difference in wave propagation
altitudes or wave filtering structures.

Using the 10" slit of EXCEED, we also observed Venus tail region to detect ion tail escaping from
Venus. The 10" slit has a better pointing accuracy than that of the 60" slit. The result shows that
C" ion tail (CII 133.5 nm) is detected with SNR > 1. We discuss the escape rate of C" ions from
Venus by assuming cold C' ions are escaping from Venus.

Keywords: Hisaki, EXCEED, Venus, Dayglow, Ion escape
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Monitoring Observations of Millimeter-Wave Band Spectral Lines of Carbon Monoxide in the
Middle Atmospheres of Venus with the SPART Telescope
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ZEOHBARICER DZEDFMERNBEEZIES, TC CBARELXRXAT I LFHEREANRICHBO
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(SPART : Solar Planetary Atmosphere Research Telescope) ZH#EL TUL\D,
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(C0) NEFNEZS U VIBENEEREL TLS, BAMICIE(C0 J=1-0 115.2712018, GHz J=2-1 230.538
GHz, "°C0 J=2-1 220.3986765 GHz ) DEEEB(C L BN R RILEERHL TWS, 2011-20155 OELRIL
BMICHEVNT. FENDEES0 km HANC SEELLOEIRFI HiEZECLID,NSOREREINSD) (. &
&K Z60 ppmv Tholc. BDILFHEKEAPMTOAGERRKET GHz FOERBEEZENIdE. COEH
HEH. KB &SI FEFBMAAEML TLBCERDH DT, Cycle-22(CH(FTBBEDORSLL(FES0
km) EEERT, Cycle-24(CH(FTBORELIEHERL TH D SEFEDOKBEEIDE TEMR & DREED AT EM R
cNd, KBEhSBNRZDR B2, CNICHED TOME DL SICEE L TL\ S HETRIZ ki L T L)
CFETH D, AFECTIE. CNS5—EDEBTORIKERET B,

F—OU—F 22, I EERERRE. ABEH
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Development of 1.9-THz-band Waveguide-type Hot-electron Bolometer Mixer Employing
Superconducting NbTiN Microbridge
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EETIPREXRGONDF  BF - 717 VDZL<M ZVU-BITZREICHSVTHEE - IRE) - MBS E (C
KBDARTIVGERH L TUD, BRAXETIE. CORRECELWVTATOSTVIYE—REZYIVID
FEERVBRH. SUVERBOEREE(M/f > 10°0)NB5N. BRNICERREES. REAKNDI 1T
ZPZE, BE. HEREE DEANLYNIE - (EZHNREEFRDBNEY—ILEED>TUL D, 1212 LERERE MM
THzZ B2 D E. REROGESISBERF (T —/R—NUHRRSI N THEEE UL LD Tz60. B4R (EINbTINEBIGEH
BE in situUDFEICEDERT ZIRAMMRADBIGERY FI LY OVROX—S =5 Y (HEBM) ZRF DR & #E
ELTWS,

WE. BAE, HEK - REXKFOOHS I AL, ERAIFORET 4 VPOBERF. ZOMOBRIEIRD
MILIEDDTRT $1.8-2THZEE AN—TF AR HEBMOEXARE. KDL Y XEEB L\ EEXRZEARH

5. E=L/INI—VDBNEERE/ K—VEXATRANERREITOTUD, T—  BREEOFKEHIZRTTE
BEREHR =1L —9—HFSSEAULTITL. E—LOETFTMEXRY ¥ RO-JDFIEEREL TLD, B
BOREY 1 X (ZE50umx40umEFEB (CHMTH DM, MFEDVr OOV YTV IEMIOELEIC LD, EERIC
NI - 8FEXRIRIDCENTE R, Ffe. COHEBMOEXARICHHOE. GRASPY T DI PICKDEFICS
HINPILERERET - IEUTz, HEBMERFZEDHIT 34 KEMTUSEEOA Y RDEEIRIE(Ipeak to peakT

0.2 KEXE L\ CNISNLTINSHEDMEERDBEIRBEREEDZ®. CDFEFIIRIEMRHEBMICEND EHDDOR
RUESIELT D, €L T FINFRERH - BHIET DT, HEBMADEEZEFHE1 nKE+DELARILET
BRTEDEDIICIERLTVND, REBETIE. TNST1.9THZEHEBMZEDOBEROESIC DV TERET D,

F—D—R:FIAIY, AFOFTVVE—EYI VD, BRERERT
Keywords: Terahertz, heterodyne remote sensing, Superconducting detector
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Measurements of the Venusian mesospheric wind and temperature profiles using mid-IR
heterodyne spectrometer MILAHI
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HEKBVRENHFEE (L. MRICEIT I TBAREFEANBUZ LBASOERECH S, ZOEEMEEIEIAE
T50-90 km £E2T60-100 kn&INd, TEOHHEEE. TEFRBEOHNDETNEATIELE (B

E :65-90 km) COBEGAAERRE (X—/{—0—-F7—T3Y) &, BB (CEEITZIERMEANER(E

£ :1100-120 km) E OBBETH D, < DTE- LERBEDERICIECNDESEEORERSEZLE DB
BREAR, AT —5(EFDEL. FeEBKRKET)Wenus International Reference Atmosphere (VIRA)(DHIRS
BYES & BE5ULU [Sonnabend et al., 2010],

BR (&, EEFEEORRES - BESE MG ERMEES DB NERC K O TR IR, /\NTT - /\
L 7 NS ILIEORILK60cmERS (T60) (CEEUAZREDHFENL —T —AFTO5 1 253 Hes MILAHI
(Mid-Infrared LAser Heterodyne Instrument)Z=Z®{iL CTE/fc, MILAHI(Z. ZEREEREE-3.5MA (REBRKOE
ECHERYEE kn) . REDRE-10U EOMREEE T 3DHBTH D, KAFEIE. COBEAM EEIT—5%
FHETDIENDT. CNHNSBOSNBZIETEZEDRR - BEBBEHRZHNDOTHAUT —FJHRL. TEEEBD
SEEATHEBICEX SFENERETREETSCEEBMNET S,

=E100-120 knDER - SBE(F. COBRE THENI 310umHEC0,IFFFAER]Z FE (non-LTE) MEHEIRH S B H
TED, BRORVIS—IBHSEREE. E—UFRBORY S5-I 7 RENSBRARERE ZNENE
BEEHT 3, CNIGAVEEMEE (80-110kn) TOEUFEREL T, YIZ UK - = UKIBOODNERIC LD
RR - SBEEHMHSD[e.g., (lancy et al., 2008]/. EEKERARVZHE—IBTOERRITIEZRESEERE(C
FHRECSD C~14MAEEE) o MILAHI+TE0(C KBDERITIE, CNEURBEERPECTEET + XU EDHET
F. FEENRAAELEEBEDCHRIBERENZXRIVTET D, FLRETIE. BEELA (BE : 70-95
km) DEEE - SBEHBE. 10um CO,IRUIRNSBHAIRETH S, ER - BEZIME TOT 7 1 ILE KD BSERIC
(&, LTEFEBNELHEHEE - REAENTETEIES /U AMATERASU [Baron et al., 2008]&FHUL\TWL\B,
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[EX > CEWLERRERAESH ZERBI B0\,
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EeBERRICERIS. TEE~THEBEOREEE] OHZEEHL. X—/3—0—7—2 3> -BRENYR™
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Radiative transfer model combined with multiple scattering in planetary atmosphere:
implication for a potential biomarker
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PRIC. BLAERRICENTINSONFORETEMEZRT S L. BECHIBERERT DDLU
HECHBTHS S,

AHEROENE. RABEDASHICHBEMERCHRT 30T HETE SR TEBNVE ERIICT
FTBCETH D, FITHIE (Hollis et al. 2013) D1 RTERWFROBREAKICH L\ TEEFENX T T ILE ik
L. FSYYYRECLBRUERIET 3. 1 ATBREMOASICH (T3ROS ESALE. REFEERNT
£T. BEHEICL SO THFOL T —HEL. WEORHDHMRA RSV Iy MEAICHTB A7
V—N—DRHICE DL S (CHBES 3N ERBE S,
ENEHERASERUERET. 0, O,0BENHSNBHEREE SR, RSV Iy R TEEITESIRY
R ILICBEXREDEN S DREZ R RILOMBERMD STV, Thid. L —BEIC &3S EHE

T ENSORENEATESC EEFRT B, 0,E0,0IRIRZ AT FUE. ZHZN 1.27um 2.47mlc 85
NBH. RT3 CET/LBHMTH S,
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Ion acceleration by magnetic reconnection in the dayside ionospheres of unmagnetized
planets
Ton acceleration by magnetic reconnection in the dayside ionospheres of unmagnetized
planets
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We have examined magnetic reconnection in the dayside ionosphere of Venus and its application to
other unmagnetized planets using a 2-D multi-species magnetohydrodynamic (MHD) model. Main object
is to investigate the ionospheric ion acceleration and the escape processes associated with
magnetic reconnection after an interplanetary magnetic field (IMF) reversal.

Magnetic reconnection is an efficient energy conversion process that converts the energy of
magnetic field in an anti-parallel configuration into plasma kinetic and thermal energy. Thus, it
is potentially important to accelerate and remove the ionospheric ions from unmagnetized planets
and to understand the evolution of planetary atmospheres. Recently, magnetic reconnection has been
observed around unmagnetized planets such as Venus and Mars [Eastwood et al., 2008; Halekas et al.,
2009; Zhang et al., 2012; Hara et al., 2014; Harada et al., 2015]. However, there remain unsolved
problems about magnetic reconnection after an IMF reversal; its spatiotemporal evolution and
resulting atmospheric loss rate.

In this study, we performed three runs with different initial conditions. In order to examine the
altitude where magnetic reconnection develops, different initial heights of the current sheet are
given; 450 km (Run A), 360 km (Run B) and 260 km (Run C) altitudes. Our simulations showed that the
fast magnetic reconnection called the plasmoid instability [Loureiro et al., 2007] occurs in Run A
and Run B. On the other hand, the instability evolves slowly in Run C. From three runs, it is shown
that the growth rate of the plasmoid instability is suppressed in the lower region of the
ionosphere. For all cases, ionospheric plasmas are accelerated and ejected from the current sheet
by magnetic reconnection. The averaged outflow velocities are 2.3 km/s for Run A, 2.8 km/s for Run
B, and 0.4 km/s for Run C, respectively. It is indicated that the plasma is accelerated efficiently
(up to 0.7-0.8 times the local Alfven velocity) in the upper ionosphere of Venus.

We also examined the 0° loss rates due to magnetic reconnection after an IMF reversal in three
runs. The transient 0' loss rates are about 2.8x10% ions/s for Run A, 2.3x10% ions/s for Run B,

and 5.5x10%* ions/s for Run C. This difference is attributed to the difference in the outflow
velocity. It is suggested that the escape rate due to the reconnection decreases with a decreasing
initial altitude. We have compared the 0" loss rate due to magnetic reconnection with other escape
processes, and concluded that the reconnection after an IMF reversal potentially contribute to
oxygen loss if an IMF reversal frequently occurs.

Based on the simulation results and the theory of magnetic reconnection, we investigated the
possible atmospheric loss by the magnetic reconnection after an IMF reversal at other unmagnetized
planets. From an analytical estimation of the loss rate due to the reconnection after an IMF
reversal, it is shown that the loss rate is proportional to local Alfven velocity and the number
density of ionospheric ions. Using the parameter of the Martian ionosphere, we have estimated the 0
* loss rates as 8x10%* ions/s at the maximum. The estimated maximum loss rate is several ten times
larger than that obtained from the Mars Atmosphere and Volatile Evolution (MAVEN) spacecraft [Hara
et al., 2015].
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The Martian atmosphere was warm and high pressure several billions of years ago[Carr, 1999]. The
Martian atmosphere is dry and low pressure (636 Pa)[McKay and Stoker, 1989; Kerr, 2000; Baker,
2001]. Although about 95% of Martian atmosphere is C02, about 90% of escaping atmosphere is oxygen
(0, 0+) from the observation by Mars Express[Lundin et al., 2009].0xygen escape may be important
for the evolution of the water of Mars. Mars does not have a significant internal magnetic field.
The solar wind can penetrate to the Martian ionosphere altitude and interact with the Martian
ionosphere [Acund et al., 1998; Lundin et al., 2004]. Then, ionopause and bow shock are formed, and
oxygen ion escape is strongly affected by the solar wind. The structures of ionopause and bow shock
are important for oxygen ion escape.The important escape mechanisms of Martian atmosphere are
Dissociative Recombination, Solar Wind pick up and Sputtering. The previous models do not include
the effect of the collision of the escaping particles with the atmospheric particles and the escape
of the collided secondary particles. Then, We constructed a model including dissociative
recombination, solar wind pick up and spattering processes, and investigated the amount of the
atmospheric escape from Mars.We calculated the solar wind interaction with the Mars ionosphere with
Magnetohydrodynamics equations and particle model of Oxygen, and we found that the solar wind
conditions around Mars control the escape flux of Oxygen in Mars.

F—O—F KB KBEA. 8. BR
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Study of the solar wind influence on the Jovian inner magnetosphere using an ionospheric
potential solver
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Study on dynamics of Jovian atmosphere by a colorimetric observation of surface structures
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Derivation of the vertical distribution of Jovian decametric
S-burst sources based on ground-based observations

for verification of the Jovian ionospheric Alfven resonator model
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Vertical distribution of Jovian decametric (DAM) S-burst was studied based on the analysis of
S-burst events simultaneously found in multiple frequency range in the ground-based observation.
Using the determined repetition frequencies of the S-burst elements, scale height of the Jovian
ionosphere has been estimated from Jovian ionospheric Alfven resonator (JIAR) model.

JIAR hypothesis was proposed by Ergun et al. [2006] and Su et al. [2006]. According to these
studies, eigen-frequencies of JIAR are expected to determine the repetition frequency of S-burst
elements. The ionospheric Alfven resonator (IAR) model has been investigated through the
theoretical studies and observations of the Earth’s ionosphere. In the IAR model, the fundamental
and higher harmonic eigen-frequencies were analytically derived from parameters such as the Alfven
speed at the plasma density peak of the ionosphere, and the scale height of the topside ionosphere
[Lysak, 1991; 1993].

In this study, we have observed Jovian decametric S-burst in a frequency range from 20 MHz to 40
MHz with a logperiodic antenna and a wideband receiversince 2012 at Yoneyama observatory of Tohoku
University. These observations were performed mainly in Io-B source condition, in which Previous
studies reported high occurrence probability of intense S-burst events.

We especially focus on a simultaneous S-burst event in two different frequency bands (~23.5 MHz,
hereafter DAM1, and ~27.0 MHz, hereafter DAM2) found at 15:56 on 24 November 2014. With assumption
that emissions are radiated at the local electron cyclotron frequency, the geometric distance of
the DAM1 and DAM2 sources are respectively estimated to be ~1.085 Rj and ~1.040 Rj based on the
VIPAL magnetic field model [Hess et al., 2011] and the location of Io UV footprint [Bonfond et al.,
2009]. The determined repetition frequencies of DAM1 and DAM2 were 22.3 Hz and 28.5 Hz,
respectively.

The two emission sources are considered to be in the same magnetic field line or in the different
magnetic field lines which are close to each other. In the both cases, we can assume that the
repetition frequencies are equal to the fundamental and high harmonic eigen-frequency of JIAR, and
that the ionospheric scale heights for DAM1 and DAM2 are common or quite similar. Therefore the
Jovian ionospheric scale height is estimated to be ~1400 km and ~1800 km.

In the presentation, we will discuss the comparison results of the S-burst source altitude derived
from the emission frequency and vertical distribution of the standing Alfven waves in JIAR
estimated from the eigen-frequencies of JIAR, also.
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Observation of Jupiter's synchrotron radiation in the magnetospheric variation period
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Rapid variation of relativistic electrons in Jupiter's radiation has been inferred with the time
scale of a day or less from the observation of Jupiter's synchrotron radiation (JSR) at 327MHz. The
Galileo Jupiter orbiter data showed this rapid variation has some relation with the (recurrent)
magnetic reconfiguration events (MRE) in the outer magnetosphere, however, the causality of the
rapid variation of JSR and MRE have not been known yet. One plausible causality for MRE is proposed
to be enhancement of mass loading originally brought by enhancement of plasma originated from Io.
In the middle of Jan. to May, 2015, obvious Io plasma enhancement has been identified by the
ground-based optical observation (Yoneda et al., 2015) and also the Hisaki spacecfarft observation.
This phenomena gives us a good opportunity to directly confirm the relation between the occurrence
of rapid variation of Jupiter's radiation belt and enhancement of the Iogenic plasma. We have made
a quasi regular JSR observation at 2.3GHz for about three weeks in March, 2015 using the Kashima
34m radio telescope with a new observation method to eliminate artificial radio noises. We will
report the result of this JSR observation and discuss variation characteristics.
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Estimation of dawn-to-dusk electric field in the Jovian inner magnetosphere from emission
asymmetry in the Io plasma torus
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North-south asymmetry of Saturn's auroral radio emissions: The seasonal variation of their
fluxes
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UTzCassinilFEM(C L 3 T ERFHIRE S MENRI(2004-2010)H\ 5. BHERICH S SKREZEFRNKEEE TS C
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THREARZNZITOHAAHNSTRIANEBITLTHD. IZMBERAE2015FEICED T TASTUVEH. RIKROH
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[0I]630.0nm emission in the Enceladus torus obtained with Haleakala T60/Vispec
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B33 THoOlcCENS. SECOHEBEDREBEDEHICDOVWTCERI DCENTETIEHFTIND, BER
FRFREADEHMORED—DE LT FTHREDEUNIA X LY DEVLRZEFSND, HEKHNSHTERR
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Test-particle simulation of elastic collisions between magnetospheric 500eV-50keV
electrons and neutral H,0 molecules originated from Enceladus
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Water group neutrals (H,0, OH, and 0) in Saturn’s inner magnetosphere play the dominant role in
loss of energetic electrons and ions because of abundance of the neutrals [e.g., Paranicas et al.,
2007; Sittler et al., 2008]. The observations of injected plasmas in the inner magnetosphere
suggest that these particles do not survive very long time due to the neutral cloud originated from
Enceladus [e.g., Paranicas et al., 2007; 2008]. Thus, the previous studies suggested that the
neutral cloud contributes to loss processes of plasma in the inner magnetosphere. However, little
has been reported on a quantitative study of the electron loss process due to electron-neutral
collisions.

In the present study, we examine the variation of energetic electron pitch angle distribution at
the magnetic equator and loss rate of precipitated electrons into Saturn’s atmosphere through pitch
angle scattering due to elastic collisions with neutral H,0 along Saturn’s dipole magnetic field
line around Enceladus. We conduct one dimensional test-particle simulation for monoenergetic
electrons along Saturn’s dipole magnetic field line around Enceladus when the co-rotating electron
flux tube passes the dense H,0 region in the vicinity of Enceladus (~6.4 minutes). The initial
electron pitch angle distribution is assumed to be isotropic.

Tadokoro et al., [2014] examined the variation of 1keV electron pitch angle distribution due to
elastic collisions with the dense region of H,0 originated from Enceladus. The examination of
elastic collisions with other electron energy is required to understand the electron loss process
due to elastic collision. We show the loss rates through pitch angle scattering of electrons with
500 eV -50keV.
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