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Polarimetry of exoplanets using T60/DIPOL-2 at the Haleakala
observatory
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Many exoplanets have been found since the first discovery of exoplanet in 1995, and observation
methods have been developed so far. In this study we particularly focus on polarimetry of the exoplanets.
Light scattered at exoplanetary atmosphere is polarized with a periodic variation of it's revolution. Thus,
we expect to obtain exoplanetary orbital element and exoplanetary atmosphere information from phase,
amplitude, wavelength dependence of polarization. The measurement of exoplanetary polarization is
characterized by photon noise limited, which enable us to observe with a small-sized telescope.

Since 2000, several groups attempted to detect the polarimetry of exoplanets. Some groups suggested
that the polarization degree less than 10~-4 exists, however other groups reported that there is no
significant variation in exoplanetary polarization. In this study, we purpose to establish the measurement
method of exoplanetary polarization using DIPOL-2 installed on the Tohoku 60 cm telescope(T60) at
Haleakala, Hawaii, and also aim to develop the data analysis method which is required to estimate the
exoplanetary polarization very accurately.

DIPOL-2 observation data involve exoplanetary polarization as well as instrumental polarization. Thus, we
need to subtract the instrumental polarization precisely from the observed data. In case that the
instrumental polarization is too large compared with exoplanetary polarization, it might be impossible to
detect exoplanet polarization. To verify the stability of instrumental polarization, we carried out two kinds
of observations of non-polarized standard stars as follows. One is the observation of 44 non-polarized
standard stars, and the other is the continuous observation of a non-polarized standard star HD142373.
Observations of 44 non-polarized standard stars were performed on 90 nights during the period from May
2015 to October 2016. From the useful dataset for 39 stars, we estimated Stokes Q and U of instrumental
polarization are 1.20 x 10~-5 and 2.63 x 10~-6, respectively. From continuous observation of a
non-polarized standard star HD142373 in August 2016, we also estimated the lower limits of variabilities
in Stokes Q (sigma_Q) and U (sigma_U) of the instrumental polarization as 1.0 x 10~-5 and 8.8 x 10"-6,
respectively. These variabilities in instrumental polarization defines the estimation limit of exoplanetary
polarization.

On the exoplanetary observation, we first estimated the expected amplitude of stokes parameter and
observation S/N based on previously known parameters of exoplanet, such as the distance between
exoplanet and main star, and brightness of main star. From this estimation, we selected three target
exoplanets, HD189733 b, T Boo b, v And b.

From the data analysis of HD189733 b, we could not obtain significant periodic variation in stokes
parameters obtained in past observation by Berdyugina et al. [2011]. Standard deviations in observed
stokes parameters were close to the those of instrumental polarization, and therefore it seems further
accurate observation is required to evaluate the polarization parameters for HD18933 b. On exoplanet ©
Boo b and v And b, the standard deviation in observed data was larger than expected estimation errors
including photon shot noise and uncertainty of instrumental polarization (Stokes Q=65%, and Stokes
U=128% for = Boo b, and Stokes Q=20%, and Stokes U=39% for v And b). Therefore, we conclude that
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the data should show exoplanetary polarization although any significant orbital phase dependence in
exoplanetary polarization was not seen. This may be due to insufficient accuracy of estimated
instrumental polarization parameters, and thus we suggest further accurate calibration of instrumental
polarization and its dependence on telescope environment, such as temperature, air pressure, viewing
angle and seasonal dependence, should be needed in future study.
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PIC simulation on the plasma environment of a weakly magnetized
small body with heavy ion emission
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Reconsideration of the relation between Jupiter's auroral radio
activities and lo's volcanic variations
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It has been discussed for a long time how the logenic heavy plasma affects to Jupiter's magnetic activities.
Kronberg et al. (JGR, 2007) proposed a conceptual model for periodic magnetospheric variations by
assuming that magnetospheric reconfigurations are caused by ion mass loading from the internal plasma
sources. This proposal implies that enhancement of logenic plasma enhances internal magnetic
variations. On the other hand, Shay and Swisdak (PRL, 2004) indicated that magnetotail reconnection rate
is reduced when heavy ions (O+) are contained larger. This idea implies the opposite response of Jupiter's
magnetosphere to plasma enhancement.

Tohoku University has conducted campaign-base optical observations for logenic gas around the
opposition period of Jupiter since 1999. From the observations, significant variations of logenic gas have
been identified several times in 1999, 2003, 2007 and 2015 (Nozawa et al., JGR, 2004; Yoneda et
al.,GRL, 2010; GRL, 2013; Icarus, 2015). These phenomena give good opportunities to examine how
magnetospheric activities respond to the logenic plasma enhancement.

We have analyzed Jupiter's auroral radio emission in hectometer to decameter wave ranges by using the
WIND/WAVES data to investigate relation between Jupiter's magnetospheric variations and lo's volcanic
events. So far, a negative correlation was reported for the event in 2007 (Yoneda et al., GRL, 2013), while
we suggested a positive correlation for the recent event in 2015. To clarify more precise characteristic of
the mutual relation, we have extended the analysis for the other volcanic events by evaluating variations
of the emission power. In the presentation, we will show the results and reconsider causalities for the
variability of magnetospheric response to lo's volcanic variations.

Acknowledgements: We would greatly appreciate M. Kaiser, J.-L. Bougeret and the WIND/WAVES team for
providing the radio wave data.
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Pitch angle scattering due to elastic collisions between
magnetospheric keV electrons and neutral H,O molecules originated
from Enceladus
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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]. These neutrals in the inner magnetosphere play the dominant role in a loss process of energetic
electrons and ions [e.g., Paranicas et al., 2007; Sittler et al., 2008]. However, little has been reported on a
quantitative study of the electron loss process due to electron-neutral collisions. In this study, we focus on
the elastic collisional loss process with neutrals. Conducting one dimensional test-particle simulation,
Tadokoro et al. [2014] examined the time variations of equatorial pitch angle distribution and electrons
within loss cone through 1 keV electron pitch angle scattering due to electron-H,O elastic collisions
around Enceladus when the electron flux tube passes the region of the dense H,O molecules in the
vicinity of Enceladus (7380 sec). The result showed that the electrons of 11.4 % are lost in "380 sec. Next
remaining issue is loss rate of electrons with other energy. In this study, we show a preliminary result of
the loss rate of electrons with 500eV-50keV. We also show the comparison of the loss rate between the
high H,O density region (in the vicinity of Enceladus) and the low H,O density region (in the Enceladus
torus).
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DSMC simulations of internal gravity waves propagating and
dissipating in the Martian upper thermosphere and exosphere
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Z R KE EEREE - 4B Direct Simulation Monte Carlo (DSMC) €7 )L [Terada et al., 2016] =R\ T
NBICETEET 2AREANROBEL I 2L —> 3 v AETV., AREAKH LIERE - %IODEF‘F b
= - BREEEICRITIHEAME L=, Mars Atmosphere and Volatile EvolutioN (MAVEN) DOERIEARS & &
FDIVT4avOTF. BHROE— ROENROBRM LHHE - ABICH T 2MEREOO—HIL Y
Talb—varvaEiTofk, ZDHER. MAVEN ICHEEH I T % Neutral Gas lon Mass Spectrometer
(NGIMS) &R L 7= & 5 . ABEICE T2 KRER/IRIBOFEEREL [e.g. Yigit et al., 2015; Terada et al.,
2017) %, T - FBASHSEGERL TCEAEDRICE > TELIEBITIE, 200 km U EDERRIHE
THDZ MM ol, FEMBERR 200 km DENRKIZ. &E 150 km & W EEED LERE D, S 4B %54
<HNE - ML, CO, DESHEEMIESE I &N o7, ZDOIMEIFKFEAMICK 1200 m/s/sol. HNZk
[$# 100 K/sol ICET B, 1 F / R—XEED Co, DRELDIEMNIZH 80 %/sol THY., ABICETET S
PEEARIE CO, /0" & 0,'/0" DT 5 v 2 A& MINE &3 & HAE B,
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Dense cold ion outflow observed in the Martian induced magnetotail
by MAVEN
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Geological studies have suggested that Mars had a warm climate and liquid water on surface about 4
billion years ago. Now, Mars has a cold surface temperature and little water on surface. Escape of
greenhouse gases such as CO, to space is considered as the plausible reason to cause the drastic climate
change. On one hand, mechanisms enabled the large amount of the CO, loss is far from understood. The
planetary ion escape through interaction between the solar wind and the Martian upper atmosphere is
one of the candidate mechanisms to achieve the atmospheric escape. To understand atmospheric loss
from Mars, MAVEN (Mars Atmosphere Volatile EvolutioN) has observed the ion escape from Mars as well
as space environment around Mars since November 2014. In this study, we investigate detailed
characteristics of a dense cold ion outflow event observed in the Martian induced magnetotail based on
the MAVEN observations.

From 14:55 to 15:35 UT on December 4, 2014, MAVEN traversed the wake region and observed cold
ions in the induced magnetotail of Mars. Around 15:01 UT, it crossed the current sheet from the
dusk-southern to dawn-northern quadrants of the magnetotail. The former (latter) corresponds to the
downward (upward) electric field (E) hemisphere in the MSE (Mars-Sun-Electric field) coordinates, since
the direction of the solar wind electric field was directed roughly to Z axis of the MSO coordinates. In the
wake region, the negative spacecraft charging enable us to detect ambient cold ions. The observation
shows a clear asymmetry both in the cold ion density and composition against the current sheet crossing:
In the southern downward-E hemisphere, the density is high (>100 1/cc) and heavy ion rich, where the
main component is 02+ with O;/O+ ratio of “2.6. However, in the northern upward-E hemisphere, the
heavy ion density drops more than 1 order of magnitude and proton becomes the main component. It
should be noted that the high heavy ion density was observed also at high altitudes (>2000km).

At the time of the cold dense heavy ion observation, the strong crustal magnetic fields located on the
dayside of Mars. Therefore, the MAVEN observed the cold dense heavy ion outflow in the magnetotail
region which corresponds to the downward-E hemisphere as well as most likely the downstream of the
mini-magnetosphere formed by interaction between the solar wind and the strong crustal magnetic fields.
The result might mean that the combination of the mini-magnetosphere and the downward-E hemisphere
facilitates the cold ion escape from Mars. We also tried to precisely estimate the number density of COZ+
ions by eliminating the O," contamination using a fitting method based on the data from The
Supra-Thermal And Thermal lon Composition (STATIC) instrument onboard MAVEN. The preliminary
result of the C02+ density estimation will be shown.
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Variations of ion escape from the past to present at Mars
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The present Mars has thin atmosphere consisting mainly of CO, and does not have liquid water at the
surface. The recent space missions gave some evidences for existence of liquid water in the past Mars. It
suggests that Mars have experienced atmospheric loss from the past through present. One of the
important mechanisms of atmospheric escape is the ion loss. The ion escape is largely controlled by the
magnetic configuration, solar wind and solar XUV (X-ray and extreme ultraviolet) irradiances. Terada et al.
(2009) showed that the ion escape rate was at most five orders of magnitude higher under the past active
solar condition than under the present ones.

The magnetic field is also an important factor in determining the ion escape rate. The present Mars does
not have intrinsic global magnetic field, but is leaving the magnetism in its crust, which is known as the
crustal magnetic field. The existence of crustal field suggests that Mars had a global magnetic field of
interior origin in the past and the different escape mechanism from the present. The magnitude was
perhaps about 0.1 G which is corresponding to the strength of the present magnetic field of the Earth's
surface (Curtis and Ness, 1988).

We present the ion escape rates calculated by different magnetic configurations and solar conditions, and
compare the results with the Terada et al. (2009) ones. The three-dimension and multi-species
magnetohydrodynamics (MHD) modeling are used for the simulation. We will discuss the variation of
escape rate due to the differences of magnitude of magnetic field, solar XUV irradiances, and solar wind
density.
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Observation project of the Martian atmosphere by THz-band
heterodyne spectroscopic remote sensing with Mars
micro-satellite/landers

BB Mz, A%, AR B =E. B8 KA. S BEFS Larsson Richard®, &M
Mise?, A E 2 M ERS B =T RLE B, A8 50 EE A kI EXS, $
RS, R ERES S+ B
*Hiroyuki Maezawa', Matsumoto Satoshi’, Yuji Nishida', Ryosuke Aoki', Takeshi Manabe',
YASUKO KASAI?, Richard Larsson?, Takeshi Kuroda?, Satoshi Ochiai?, Akifumi Wachi®, Ryohei
Takahashi®, Ryo Sakagami3, Shin-ichi Nakasuka®, Toshiyuki Nishibori*, Hideo Sagawa5, Hiromu
NakagawaG, Yasumasa Kasaba6, Takeshi Imamura’

1. KIRFFILKZE, 2. [BEHREEFTEE,. 3. RRAZIFRMRM. 4. FEMEHRARMEE. 5 RHMEEXKRFEZE, 6.
RIKRE, 7. REAFARZRFEZGRINBZH TR

1. Osaka Prefecture University, 2. National Institute of Information and Communications Technology, 3. School of
Engineering, the University of Tokyo, 4. The Japan Aerospace Exploration Agency, 5. Faculty of Science, Kyoto
Sangyo University, 6. Graduate School of Sciences, Tohoku University , 7. Graduate School of Frontier Sciences, The
University of Tokyo

EE, KETREALEZREPF VAT REICLY A U BRBEEIN, ZORRICDOWVWTIX, £H0H
ML EOLERLERIBRASINATWS, £/, 2010FICE. N—Y T ILFHERFICEHINE
Heterodyne Instrument for the Far Infrared(HIF)IC & W, (EEETERRSFORENENT 2HFIIEAON
REMATWSG, RABRBDONAAT—H—DEEEZRDZ LTH, I LEGFOEEEZATIEERIERY b
D— 4 DEBEANSFMEMRT DI EHNEROFEBRER>TWVWD,

EE REKREMETIEH RN OPEEMEF — LN KEADBNGEFHIZEMS/ BEEORT A ED TS
BRI INICEETRERBEZATHZEDATOY A VAR AT LORERFTEEDTWVWDE, KEXKKOD

xj\ﬁf;t@ ML—RAT7DERMSBNEFEEICEH TZI2EEICHIBELIH S0, RIFSCEABRKNE
13450 GHz®, 750 GHzE D2RFBETHREIT L TH Y, kDt FESREHN S TIIHHRAIOO VY IICKYE
AHEEL WO, PH,0, O FPEESTF. TNOORMAEOEBEREZREATWS, Zhic&y, B&“\”?ﬁkz
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Study of THz-band heterodyne spectroscopy system on board Mars
micro-satellite/lander
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Observation plan of Venus cloud tops with new developed fiber IFU
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