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Optical survey of cometary dust trails with the Kiso Schmidt telescope
SARUGAKU, Yuki'* ; ISHIGURO, Masaterti; USUI, Fumihikd ; UENO, Munetaka

Hnstitute of Space and Astronautical Science, Japan Aerospace Exploration Atepgrtment of Physics and Astronomy,
Seoul National University: Department of Astronomy, Graduate School of Science, The University of Tokyo

The maximum size of dust particles contained in cometary nuclei is an important parameter to understand the formatior
and evolution of comets. Existing of cm-sized particles is confirmed by the EPXI mission when the spacecraft flew by Comet
103P/Hartley. In addition, the Rosetta spacecraft is beginning to take amazing images of Comet 67P/Churyumov-Gerasimenk
Obviously, in situ observations with spacecrafts are powerful, however, it is impractical to send spacecrafts to a number of comet
to search the size distribution of dust particles for each comet. Cometary dust trail is a good object to study this issue througl
remote observations. Dust trail is a structure extending along the orbit of the parent body, it is composed of dust particles larg
enough not to be blown off by the radiation pressure of the Sun. This structure was first discovered for eight short-period comet
by the Infrared Astronomical Satellite in 1983. Then, Reach et al. reported that dust trails are a generic feature of short-perio
comets based on the observations with the Spitzer Space Telescope. Although their deep imaging was sufficient for detectio
the field of view was not enough to examine the particle size accurately. In this study, we present wide-field images of dus
trails taken with the Kiso Schmidt telescope, we estimate the size of dust particles composing them, and discuss similarity o
difference among observed comets.
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Study of the opposition surge of Asteroid 4 Vesta

HASEGAWA, Sunad* ; MIYASAKA, Seidai® ; TOKIMASA, Noritaka® ; SOGAME, Akita* ;: YOSHIDA, Fump :
OZAKI, Shinobt ; ABE, Masanab ; ISHIGURO, Masateri; KURODA, Daisuké

1Japan Aerospace Exploration Agené¥okyo Metropolitan GovernmengSayo Town Office*Tokai University,®National
Astronomical Observatory of Japdi§eoul National University

We present the results of photometric observations for the asteroid 4 Vesta in the B, Rc, and z’ band at the minimum phas
angle 0.1 deg has been performed at four small telescopes.

The magnitude reduced to unit distance and phase anglB(1y1, 0) = 3.85 +- 0.05 mag, MRc = 2.71+-0.04 mag, and
M_z'(1, 1, 0) = 2.98 +- 0.03 were obtained in this study.

The absolute magnitude under the IAU H-G function are about0.1 mag darker than the magnitude at the phase angle of Ode
based on the Shevchenko function model and the Hapke model.

Porosity of the optically active regolith on Vesta are estimated with the Hapke model yielding rho = 0.4-0.7.

We found that the opposition effect for Vesta is made a contribution to not only the shadow-hiding effect but also the coherent
backscattering effect which appears from around 1deg.

The amplitude of the coherent backscatter opposition effect of Vesta increases as the reflectance is brightening.

We suggested that multiple-scattering in optically active scale may contribute to the amplitude of the coherent backscatte
opposition effect, BCO, from the comparison with those for the other solar system bodies.

Keywords: asteroid, Vesta, opposition effect
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Exploring hydrated minerals on asteroids with ground-based observatories and spac
borne telescope

USUI, Fumihikd* ; HASEGAWA, Sunad ; OOTSUBO, Takafurri
IThe University of Tokyo?ISAS/JAXA

The knowledge of hydrated minerals among asteroids is important for understanding a wide range of solar system formatior
evolutionary processes, and thermal history. Formation of hydrated minerals occurs in environments where anhydrous rock ar
water are together. The distribution of hydrated minerals in the main belt region is a clue to solve the questions of the homogeneit
of the solar nebula, the existence of heat sources, and how much mixing of planetesimals occurred. The presence of hydrat
minerals indicates that conditions in the past were more conducive to the presence of liquid water on small bodies.

Many asteroids are known to exhibit a broad absorption feature in the 3 micron band due to hydrated minerals, water ice, an
organics. Spectral range between 2.5 and 2.85 micron contains a strong absorption band of typical hydrated minerals. Howeve
this spectral range is largely obscured by the terrestrial atmosphere and we need space-borne telescopes to observe these feal
in detail. The Infrared Camera (IRC) onboard the AKARI infrared satellite has a spectroscopic capability in the near-infrared
(between 2 and 5 micron) with a high sensitivity. We observed 70 asteroids with the IRC, carried out in its warm mission phase.
From these observations, wide variety of the absorption feature of hydrated minerals on asteroids has been obtained. Especia
the peak region of the absorption around 2.7 and 2.8 micron has been clearly observed in asteroid spectra for the first time wit
AKARI. This distinctive spectral shape is considered as the evidence for hydrated minerals, and their detailed features var
among asteroids depending on the origin of the associated hydrated minerals.

In this talk, we report the observations of search for hydrated minerals on asteroids in the 3 micron band with AKARI/IRC and

other ground-based observatories, and discuss the distribution of hydrated minerals in the main belt regions.

Keywords: asteroids, hydrated minerals, near-infrared spectroscopy
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The tidal rupture mechanism of CERRA by Jupiter perturbation,Moon hypothesis that the
mantle piece collides with Earth.

TANEKO, Akiral*
!SEED SCIENCE Labo.

There is No inevitability to hypothesis of Moon formation mechanism until now. No consistent story that further illustrate the
Earth evolution and present condition.

1. Multi-impact hypothesis: Ml is a new hypothesis to Moon and Planet Earth’s evolution is New answer to the unified under-
standing of "mystery of Earth”.

1. New mechanism of the moon formation

(2). "Origin hypothesis of the moon and the deep ocearn-floor by multi-impact muntle picedes” was proposed New collision

mechanism at the Eartfthe differentiated Mars size of primitive planetichiusu Bourdais’law that has not been proven, was
formed in the asteroid belt position.

Why was broken by perturbing tidal forces of Jupiter and flattening of the orbit of primitive planet CERRA by whether?

= Jupiter perturbation protoplanetary Serra was desripted.

(2). "Giant planet collision hypothesis: Gl (Cameron etc.)” Difficult problems, etc. that can not be solved are shown below.

The differentiated Mars size of primitive planet, due to the collision ( dependent upon only good lucky) from the revolution
surface obliquely backward. =Impossible.

Hypothesis that forms the moon of only mantle component, it is not possible to explain the Earth’s evolution and current status

= Just a hypothesis for the origin of the moon.

2. Comparison the moon formation hypothesis«x«Multi-impact hypothesis : Mkxvs x«xGiant impact hypothesis : G

(0). History of collision body>>Mantle piece in the tearing mechanism of differentiated planet CERRA vs Differentiated
Mars size protoplanetary (No mechanism)

(2). The impact velocity at the time of moon formatiex Theory calculation , multi-collision Ml (12.4km / s, 36.5 degrees)
vs Gl giant impact. ("8km / s: the most die about 30 degrees)

(2). In Collision energy;>>MI (8.01 . 1(*°J). vs GI (2.05 . 18'J) which is about 2.56 times as huge as Ml

(3). Collision probability and time mechanisms>by high chance about 4 billion years ago , inevitable mechanism vs by low
chance about 4.6 billion years ago

(4). Earth’s situation at impact >Differentiation and Solid Crust solidification and inside Semi-molten vs Melt and Differ-
entiation Magma Ocean core

(5). Partial peeling of the crust Mantle crackingWas realized , Partial peeling of the crust was realized The plate boundary
vs None Crust becomes thinner, cracking not occur

(6). Front and back hemispherical differences of Mogslt can be explained by peeling the crust and mantle emitted from
the Earth vs Need another solution

(7). Formation position of the moon (Earth radius: RE}60 xR (about Moon position) vs 3Rg (Limit position of Roche)

(8). Earth’s deep ocearn- floor, Plate boundary formation, Land and sea distributidii can be formed, vs All Impossible
Formation.

3. Itis possible unified understanding of the effect of multi-impact hypothesis«xxxxxxxt0 "Mystery of Earth.” sk

(1). Whether the five times biological large extinctions have occurred in the earth ? It is caused by the multiple of debris has
collided to Earth.

(2). Why the Earth’s core eccentricity (about 10%) has occurred?

Earth’s mantle by CERRA debris collision to the Pacific Ocean position is missing, is due to isostasy to complement it.

<<The conclusior>In this way, the origin of Moon and the Earth evolution according to the multi-impact hypothesis,
serves the interpretation the future of unified understanding.
This hypothesis can be explained the evolution and current status of the Earth, than the giant impact hypothesis.

Keywords: Rupture mechanism of CERRA, Transition of Cerra orbit by Jupiter perturbation, CERRA's rupture due to tidal forces,
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Moon is formed by the Mantle peace collision to the Earth, Frequency curve showing a two-peak, Velocity12.4km/s,36.5degree
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Thermal Infared Imager TIR on Hayabusaz2: Initial Check and Future Operation Plan

OKADA, Tatsuakit* ; TANAKA, Satoshi ; FUKUHARA, Tetsuyd ; TAGUCHI, Makoto® ; IMAMURA, Takeshi' ;

ARAI, Takehikd" ; SENSHU, Hiroki ; DEMURA, Hirohide ; OGAWA, Yoshikd ; KITAZATO, Kohei® ;

SEKIGUCHI, Tomohiké ; NAKAMURA, Ryosuke’ ; KOUYAMA, Toru” ; HASEGAWA, Sunad ; MATSUNAGA, Tsuned ;
WADA, Takehiko' ; TAKITA, Jun® ; SAKATANI, Naoya'® ; HORIKAWA, Yamato'® ; HELBERT, Jori! ;

MUELLER, Thomas? ; HAGERMANN, Axel'?

HISAS/JAXA, 2Hokkaido University?Rikkyo University,*Chiba Institute of TechnologyUniversity of Aizu,®Hokkaido Uni-
versity of Education?National Institute of Advanced Industrial Science and Technol®gtional Institute of Environmental
Studies,’University of Tokyo, '°Sokendai,!!German Aerospace CentéfMax-Planck Institute for Extraterrestrial Physics,
13The Open University

TIR is a thermal infrared imager on Hayabusa2, based on two dimensional uncooled micro-bolometer array. It aims at mappin
the thermos-physical properties of the surface of asteroid (162173) 1999JU3 to investigate and constrain its formation and evc
lution processes, which will be applied for a study of physical properties of small solar system bodies such as asteroids, comet
or planetesimals in the ancient solar nebula. TIR is also to give information for sampling site selection, such as the thermal en
vironment and the distribution of hazardous boulders for assessment of safe touchdown operation, as well as the typical partic
size of surface regolith for better sample collection.

Thermal radiometry is among the typical methods in planetary missions. It determined what the surface condition is like suct
as fine regolith, full of pebbles, many boulders, or rocky basement rock. Multi-filtered thermal mapper has been used for mappint
from orbiters (i.e., Viking, Mars Odyssey, and Mars Reconnaissance Orbiter). Recently small bodies such as 9P Tempel-1, 103
Hartley-2, or 4 Vesta was mapped with near-infrared spectroscopy at 3 to 5 micrometer range. These method is only applicabl
for hot surface regions (the sub-solar points).

In Hayabsua2, TIR images the asteroid surface in 10 micrometer band, with relatively high spatial resolution (0.05deg/pixel,
17m/pixel from 20km altitude). This method has an advantage to image the colder surface, meaning that the dawn-dusk regior
(even the night side if thermal inertia is high enough) are also imaged. TIR will take images of asteroid every several minute
from the Home Position, 20km Earthward from the asteroid surface, with Sun angle from 0deg to 40deg to the surface normal
The whole asteroid surface is imaged by asteroid rotation in 7.6 hours. The temperature profile of each site is traced, and tf
thermal inertia of each site is determined by the peak temperature and its delay from the sub-solar time.

We conducted the initial check of TIR after the launch of Hayabsua2 on 3 December 2014. Functionality and performance ha
been checked on 11 and 17 December, respectively, and we found no uncomfortable problems compared to those of pre-flig
tests. After that the monthly health and performance checks are planned for TIR. Attitude control of spacecraft is not requeste
so that TIR points to the deep sky. Readout value varies from pixel to pixel so that a couple of images taken during the shutte
open and close must be subtracted to derive a thermal image by reducing the offsets. During the Cruise Phase of Hayabsuz
a long-term trend of damage or degradation of the imager is investigated by the monthly operation. The performance of TIR is
highly influenced by temperature, so the temperatures of TIR optics and mounting panel are controlled by spacecraft the therm
control system of spacecraft. The on/off setting temperature as well as the percentage of heater on can be set by commands, ¢
we are searching for the best settings during the in-flight monthly operation. Currently the temperature can be controlled withir
0.2°C. In addition, TIR will image the Earth and the Moon 10 to 2 days just before the Earth swing by for gravity assist of
trajectory change. The geometry of Sun-Earth-Spacecraft angle is almost 50deg, and the observation time is limited but this me
be the only chance for TIR to image the bodies of known thermal radiation. The Earth and the Moon will be seen as more thar
10 or 3-4 pixels of diameter, respectively, which is a good opportunity before asteroid arrival.

Keywords: Hayabusa2, thermal inertia, thermo-physical property, mid-infrared, asteroid, thermograph
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Separation of effects of albedo and emissivity on the thermal evolution of asteroid by
using TIR on board Hayabusa-2
SENSHU, Hiroki* ; TAKITA, Jun? ; TANAKA, Satosh? ; OKADA, Tatsuak? ; HAYABUSA-2, Tir team!
IPlanetary Exploration Research Center, Chiba Institute of TechnAIBiS, JAXA

Surface temperature of an air-less body is thought to be determined by balance of the energy received from the sun and tt
energy emitted as black body radiation. The energy received from the sun per unit area is calculated as a function of the solz
distance, D, and the albedo of the body, A. The energy emitted as black body radiation per unit area is calculated as a functio
of the surface temperature, Ts, and emissivity, E. Thus it is said that the resulting surface temperature is simply calculated as
function of D and (1-A)/E. However this is only the case for a thermally non-conductive body.

For the case of time evolution of surfae temperature is affected by thermal flux from/ to the underground. The effect can be
observed as time-delay of peak temperature relative to sub-solar longitude. This indicate that a time-series observation of surfa

temperature allow the separation of effects of albedo and emissivity on the evolution.

In this presentation, we will show our storategy to estimate the albedo and the emissivity of the target asteroid of Hayabusa
2,1999JU3, by using TIR (Thermal InfraRed) imager.

Keywords: Hayabusa-2, TIR, albedo, emissivity
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Can Hayabusa-2 reveal the distribution of organics on asteroid surface?
KITAZATO, Kohei'* ; FUJIWARA, Ayaka ; NAKAMURA, Akiko ? ; OHTAKE, Makiko® ; ABE, Masanad
LUniversity of Aizu,2Kobe University2JAXA/ISAS

Japanese asteroidal mission "Hayabusa-2" aims at bringing back samples of a C-type asteroid to the Earth, which is expecte
to extend our knowledge about the early evolution of the solar system and the origin of Earth’s life through the on-ground analysis
of the returned samples. To maximize its scientific outputs, it is important to reveal the distributions of hydrated minerals and
organics on the asteroid surface by remote sensing. Although we can examine the distribution of hydrated minerals by using tt
near-infrared spectrometer on-board the Hayabusa-2 spacecraft, the method to examine that of organics has not been establis
yet. Since the total amounts of carbon including carbonaceous meteorites show a clear negative correlation with their absolu
reflectance in visible, the absolute reflectance might become a useful index for estimating the organics content. However, th
absolute reflectance also depends on the physical properties such as particle size and porosity. Then, we considered discern
the organics content and patrticle size by using the photometric properties in addition to the absolute reflectance, and performe
an experiment to verify this idea using analog materials of asteroid surface. The samples that we used are dunite and hum
acid as silicate and organics analogs, respectively. We measured the photometric properties of (1) silicate-organics mixtures al
(2) dunite samples with different particle size in the phase angle range of 5-60 degrees. The measurements were performe
with a gonio-spectrometer developed in University of Aizu. As a result, in the case of increasing the organics content, the
reflectance becomes lower and backward scattering becomes stronger. While in the case of increasing the particle size, t
reflectance becomes lower and forward scattering becomes stronger. Also we found that those variations could be matche
with the predictions from a theoretical model. Thus, we conclude that it is possible to discern the organics content and particle
size based on the absolute reflectance and photometric properties. We need more experiments to examine the effect of sp:
weathering.

Keywords: Hayabusa-2, asteroids, organics, photometric properties
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The accuracy of geometric albedo of the 1999JU3 estimated from observation by the
LIDAR and the following results

YAMADA, Ryuhei'* ; SENSHU, Hirok? ; NAMIKI, Noriyuki ! ; YOSHIDA, Fumi* ; ABE, Shinsuké ;
NODA, Hirotomod' ; HIRATA, Naru* ; HIRATA, Naoyuk? ; ISHIHARA, Yoshiak? ; OSHIGAMI, Shokd

I'National Astronomical Observatory of Japan / RISE Profa€hiba Institute of TechnologyNihon University,*The University
of Aizu, SUniversity of Tokyo,%Japan Aerospace Exploration Agency

The Japanese asteroid explorer 'Hayabusa2’ was launched at end of 2014 to explore the near-Earth C-type asteroid '1999JU.
In this mission, we have a plan to apply the laser altimeter (LIDAR) on board the Hayabusa-2 to investigate the distribution of
geometric albedo of the 1999JU3 at the laser wavelength (1064 nm). The LIDAR has functions to measure the intensities o
sending laser pulse and receiving laser pulse reflected from the asteroid surface in addition to measurement of distance betwe
the spacecraft and the asteroid. We can evaluate the geometric albedo on the 1999JU3 using the measured intensities of senc
and receiving pulses.

We have evaluated how accurately we can estimate geometric albedo of the C-type asteroid from the intensities of lasel
measured by the LIDAR. We investigated the characteristics of the LIDAR required to estimate the geometric albedo througt
some performance tests before the launch. Firstly, the characteristics and the expected accuracy of geometric albedo estima
using data from the LIDAR with the characteristics will be described. Then, intensity of receiving laser pulse can vary depending
on degrees of inclination and roughness of the asteroid surface. We will also describe effects of the inclination and roughness c
estimation of the geometric albedo.

We consider three types of scientific topics evaluated from information of the geometric albedo distribution of the 1999JU3
estimated from the LIDAR data at Am and reflectance investigated from other equipment in other wavelengths. The topics
are (1) rock and mineral category of the 1999JU3, (2) degree of water content on the asteroid surface and (3) variation of th
asteroid surface caused from space weathering and/or exterior material. We will report prospects to obtain information abot
these science topics applying the LIDAR which has our evaluated performance.

Keywords: Albedo of asteroid, C-type asteroid, 1999JU3, Hayabusa-2, Laser altimeter
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Dust detection by using laser altimater on board Hayabusa-2

SENSHU, Hirokt* ; OSHIGAMI, Shoké ; KOBAYASHI, Masanort ; YAMADA, Ryuhei? ; NAMIKI, Noriyuki 2 ;
MIZUNO, Takahidé ; HAYABUSA-2, Lidar science team

IPlanetary Exploration Research Center, Chiba Institute of TechnalB§$E Project Office, National Astronomical Observa-
tory of Japan?ISAS, JAXA, ‘Hayabusa-2

LIDAR (LIght Detection And Ranging) on board Hayabusa-2 is basically used to measure the distance between the satellite
and the target asteroid, 1999JU3. This instrument can also measure the absolute reflectance at the wavelength of 1064nm
itself since it monitors the energies of the laser pulse and receiving signal. The accuracy of determining the reflectance is so f
estimated no better than 25%, but it would become better through further calibration tests using a pre-flight model of the LIDAR.

Dust count mode is one of the operational modes of LIDAR on board Hayabusa-2 in which it detects faint scattered light from
dust grains on the line of sight. The distribution of dust grains along the line of sight is determined from the time resolved energy
profile of received light. We need the optical property of a dust grain and size distribution function of dust grains to obtain the
true number density. The optical property of a dust grain is modeled by using Mie scattering model assuming that a diamete
of dust is larger than the wavelength of laser and that the complex dielectric constant of a dust grain is same as typical value ¢
dirty silicatate cosmic dust analogue. The distribution function of dust grains above the surface of an asteroid can be modele
assuming photoelectric dust levitation, but we need to know the initial condition of dust at the surface to carry out the model.
Dust observation by LIDAR on board Hayabusa-2 is the first-ever direct observation of the distribution of dust grains around an
asteroid and would constrain the models on the origin and evolution of dust grains on and above the surface of an asteroid.

Keywords: Hayabusa-2, LIDAR, dust
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HARMONICS2 for camera operations on Hayabusa2 as a visualization tool
UENO, Watard* ; HIRATA, Naru? ; DEMURA, Hirohide?
LUniv. of Aizu, 2CAIST/ARC-Space, Univ. of Aizu

We had developed HARMONICS (HAyabusa Remote MONitoring and Commanding System) as a visualization tool of cam-
era’s FOV and spatial geometry of the spacecraft Hayabusa and the targeted asteroid, Itokawa for camera operations. This tc
was used for evaluating the shape model of the asteroid, optical navigations. Now we have Hayabusa? as the successor
Hayabusa. The tool has been also updated to HARMONICS2. This updated tool also has following functions: to visualize FOV,
to show geometry of the spacecraft and target body, to comparison a simulated image and an obtained one. These functions :
calculated with following items: positions and attitudes of the spacecraft, pointing vectors of instruments, shape model of targe
and ephemeris of the asteroid, etc. GUI of the previous HARMONICS was adoped GTK, but on the other hand HARMONICS2
is done Qt, which is available for cross-platform environments such as Windows, LINUX, and MacOS. We have added new
function of interactive operations where users change positions and attitudes of the spacecraft, then variations are reflect in FO
HARMONICS2 exports SPICE kernels as time sequential data sets of spacecraft positions and attitudes. We’ll also add anoth
function of visualizing footprint for scientific observations based on 3-D GIS interface. Users find whether the the they imaged
an area or not if the tool visualizes footprint.We’'ll demonstrate current version of HARMONICS2 and hear feedbacks from users.

Keywords: Hayabusa?, Visualization, CG, Exploration, asteroids, SPICE
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Study on asteroid sample collection for Hayabusa-2 spacecratft

OKAMOQOTO, Chisatd* ; HYODO, Takuma ; HYAKUTAKE, Toru? ; SAWADA, Hirotaka® ; TACHIBANA, Shogd ;
KUNINAKA, Hitoshi?

IKobe University.2Yokohama National UniversityJapan Aerospace Exploration Agentiokkaido University

Hayabusa-2 is the follow-on sample return mission of Hayabusa. Hayabusa-2 spacecraft was launched by H-IIA rocket fron
Tanegashima Space Center in 2014 to retrieve rock samples from C-type asteroid called 1999 JU3. The spacecraft will return
Earth in 2020 to deliver the samples of 1999JU3. C-type asteroids are believed to be more primitive than S-type asteroids suc
as Itokawa explored by Hayabusa. The rock sampling from C-type asteroid is crucial to understanding of the interactions amon
minerals, water and organics in the planetary system. The sampling system of Hayabusa-2 spacecraft was designed to efficien
collect asteroid samples from the unknown surface. The sampling method is impact sampling by a powder gun which enable
to be applied to the various surfaces from silicate hard bedrock to regolith layers with gravel. The sampling system is compose
of powder guns, a metal horn and a catcher. Impact cratering on the asteroid surface is performed by the powder gun. Afte
its shot, the asteroid fragments are collected in the catcher along the inside wall of the metal horn. In this study, we performe
impact experiments at JAXA using the analog sampler which is faithfully reproduced its flight-model in order to clarify the
elementary process of sample collection by the sampling system. Furthermore, we conducted numerical simulations using
hard sphere model to expand experimental data under 1G into estimation of collection mass under microgravity. Therefore, w
experimentally and numerically clarified the process of sample collection from C-type asteroid by Hayabusa-2.

Keywords: Hayabusa2, spacecraft, cratering, asteroid
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Novel analytical/transportation system of extraterrestrial materials: Are we ready for
Hayabusa 2 returned sample?

ITO, Motoo'* ; TOMIOKA, Naotakd ; UESUGI, MasayuKi ; YADA, Toru?
1Japan Agency for Marine-Earth Science and Technolbippan Aerospace Exploration Agency

The Hayabusa 2 is the exploration mission to the C-type asteroid 1999JU3. The spacecraft will arrive at the asteroid in 2018
and a minimum 1g of the piece of asteroid will be returned 2 years later (e.g., Tachibana et al., 2014). During the remote sensin
investigation for 1.5 years at the asteroid, sample collection from the asteroid surface will perform for three different locations.
The sample will be consisted of a mixture of anhydrous/hydrous minerals and organic materials. It is a key material providing
critical evidence of evolution of the Solar System including planetesimals, and nature and origin of organic materials and life.

The Hayabusa 2 returned sample might be sensitive to terrestrial contamination during curation, transportation, preparatio
and analysis. Several reports mentioned that the Hayabusa sample contained carbon-rich particles, inorganic particles, met
and organic materials as terrestrial contaminants (e.g., Uesugi et al., 2014; Ito et al., 2014; Yabuta et al., 2014; Yada et al., 2014
Therefore, it requires to avoid contaminations to the Hayabusa 2 sample from any environmental conditions, to identify possible
contaminants if any, and to prepare the proper curation and analytical flow/system in a few years. Uesugi et al. (2014) reporte
an optimized sample-handling system including transportation between institutes and the sequence of the analytical flow throug
the examination of Hayabusa category 3 organic materials and meteoritic samples as analogues of Hayabusa 2 returned samg

JAXA Extraterrestrial Sample Curation Center is taking a lead to work on above problems of unexposed sample transporta
tion, a coordinated analytical system including micro-Raman spectroscopy, FT-IR, XANES, ToF-SIMS, focused ion beam (FIB),
transmission electron microscopy/scanning transmission electron microscopy (TEM/STEM) and NanoSIMS. This coordinatec
analysis is essential to acquire maximum information including abundances of major/trace elements and isotopes, characteriz
tion of organics, and petrographic textures from nanometer- to micrometer-scale samples. This technique has been applied
carbonaceous materials by Stardust cometary dust return mission (e.g., Sandford et al. 2006; Matrajt et al. 2008), and can |
used for samples obtained by future missions such as Hayabusa 2 and Osiris-REX.

In this talk we will discuss about detailed analytical and comprehensive system for small samples, and future developments c
curation, transportation and analysis under air-isolated and/or cryo condition.

Keywords: Hayabusa 2, Extraterrestrial organics, Micro analysis
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Construction of the initial description analysis flow for Hayabusa2 sample

NAKATO, Aiko '* ; ABE, Masanab ; OKADA, Tatsuakt ; YADA, Toru! ; UESUGI, MasayuKi ;
KAROUJI, Yuzurd ; KUMAGAI, Kazuya!

lnst. Space Astronaut. Sci., Japan Aerosp. Explor. Agency, Japan

The Hayabusa 2 was successfully launched in December 2014, and now it is heading to the C-type asteroid 1999JU3. Befo
the spacecraft will return to the Earth in 2020, the extraterrestrial sample curation team (ESCuTe) of JAXA is planning to work
on designing a new clean chamber during FY2015. We present the initial description analysis flow (IDAF) draft of Hayabusa 2
returned sample.

The IDAF is a flow that most of the returned samples follow. Essentially, in this flow, non-destructive and non-atmospheric
exposure analysis must be carried out by ESCuTe. Both initial analysis and international Announcement of Opportunity (AO) for
“Hayabusa” sample investigation has been performed based on the information obtained by the IDAF. In Hayabusa 2 mission, |
is also expected that the IDAF would be performed by ESCuTe before the any other detailed analysis. Since the IDAF is the mo:s
upstream in all analysis flows, not only the acquisition of information for sample allocation, but also minimizing contamination
and damage has been required.

The IDAF has been studied to date is as follows.

1. Assembling of sample container to clean chamber in JAXA curation facility.

2. Analysis of volatile elements released from samples into sample container during transformation from the landing site tc
JAXA.

3. Optical microscopic observation for identification of sample size and volume after opening the sample container.

4. X-ray CT in descending order for understanding of detailed sample texture.

5. Analyses for organic and inorganic components. As analysis for inorganics, we observe petrography and mineralogy b
using SEM/EDS and identify constituent minerals of the sample. On the other hand for organic components, analysis techniqu
has been still studying in cooperation with experts in that field.

6. Separating the sample into roughly equal parts. One is for storage and the remaining is for a detailed analysis such as initi
analysis and international AO.

ESCuTe has constructed the IDAF in consultation with researchers from various fields. To maximize science gain from
the Hayabusa 2 returned sample, damage evaluation of each analysis and development of non-atmospheric exposure contai
becomes necessary at the same time with the specification examination of the clean chamber. We introduce the analysis flow
the latest version including these problems that should be resolved in the near future.

Keywords: Hayabusa 2, curation, initial description analysis, 1999JU3, carbonaceous chondrite
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Imaging strategy of DCAM3 equipped on Hayabusa2 based on radiance prediction o
imaging objects

WADA, Koji * ; ARAKAWA, Masahikca® ; OGAWA, Kazunor? ; SHIRAI, Kei® ; HONDA, Rig! ; ISHIBASHI, Ko' ;
SAKATANI, Naoya® ; KADONO, Toshihikd ; NAKAZAWA, Satoru® ; HAYAKAWA, Hajime? ; SAWADA, Hirotaka®

LChiba Institute of TechnologyKobe University,3Japan Aerospace Exploration Agenéitochi University,The Graduate
University for Advanced Studie§University of Occupational and Environmental Health

Hayabusa?2, the next Japanese asteroid explorer successfully launched at 13:22:04 on December 3, 2014 from the Tanegash
Space Center toward a C-type asteroid 1999JU3, brings a deployable camera called DCAM3. Separated from the mother sh
Hayabusa2, DCAMS3 will observe an artificial impact on the surface of 1999JU3 performed using Small Carry-on Impactor (SCI)
[1, 2]. DCAMS3 has two camera systems: a monitoring camera (DCAM3-A) and a scientific camera (DCAM3-D). DCAM3-D
possesses a high resolutionl( m/pix at a distance of 1km) and wide angle (74 degrees) optical system for the following two
objectives. First objective of DCAM3-D is to image an impact crater produced by SCI and fragments (i.e., ejecta) thrown out
of the crater. Second objective is to image Small Carry-on Impactor (SCI) before explosion, which will float several hundred m
above the surface of 1999JU3 arnd km away from DCAMS3. Imaging SCI enables us to estimate the location of SCI explosion
and the impact direction that is an important parameter to interpret the artificial impact experiment. In addition, to estimate the
position of DCAM3 itself, images of a part of 1999JU3 surface should be taken by DCAM3. DCAMS3-D is, therefore, prepared
for imaging three objects with different radiance in different positions: impact ejecta, floating SCI, and the surface of 1999JU3
including the crater cavity produced by SCI. In this presentation, we introduce how to predict the radiance of these three object
and the imaging strategy of DCAM3-D based on the prediction.

SCl is approximated by a cylinder of 15 cm30 cm, smaller than the pixel resolution of DCAM3-D located at a distance
of ~ 1 km, but Beta cloth with a diffusive reflectanceef80 % is attached on the lateral surface of SCI. Assuming SCI surface
is a uniform diffuse reflector (i.e., lambertian), we estimate the radiance of SCI and the signal to be detected with DCAM3-D.
Since 1999JU3 is a C-type asteroid, its surface is dark with a geometric albedo "0.05. We estimate the radiance of the surface
1999JU3, assuming Hapke model with Hapke parameters for 1999JU3 [3] as well as other C-type asteroids [4, 5] and comets [
7]. ltis difficult to predict the radiance of ejecta because we have not yet known the surface condition producing ejecta and the
size and the material property of grains consisting of ejecta from 1999JU3. On the other hand, a preliminary trial to generally
construct a light scattering model of impact ejecta is in progress by means of Monte Carlo method [8]. We use such preliminary
results to estimate the ejecta radiance.

These radiance predictions were checked by some experimental tests and reflected to the imaging strategy of DCAM3-L
namely to decide imaging parameters such as timing, exposure time, and gain setup. Consequently, we prepared three imag
modes specialized for each imaging object: SCI mode, ejecta mode, and 1999JU3 mode. These modes were adequately mi
in a sequence of 1 fps imaging to cope with every situation we can assume at around the time of SCI impact. Since we have r
route to access the FPGA of DCAM3 in space, its imaging parameters had to be completely set up before launch. That is, w
have already released the shutter of DCAM3. GOOD LUCK!

[1] Saiki, T. et al., 2013, Proc. Int. Symp. Space Tech. Sci., 29. [2] Arakawa, M. et al., 2014, Lunar Planet Sci. Conf., 44,
Abstract #1904. [3] Ishiguro, M. et al., 2014, ApJ 792, 1, 74-82. [4] Helfenstein, P. & Veverka, J., 1989, in Asteroids Il, 557-593.
[5] Clark, B. E. et al., 1999, Icarus 140, 53-65. [6] Li, J.-Y. et al., 2007, Icarus 188, 195-211. [7] Li, J.-Y. et al., 2009, Icarus 204,
209-226. [8] P., Shalima et al., 2015, submitted to PSS.

Keywords: asteroid, planetary exploration, Hayabusa?2, scientific payload
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A future perspective for Japanese explorations of small solar system bodies: The value c
Martian moons

WATANABE, Sei-ichiro'* ; TACHIBANA, Shogd ; SEKINE, Yasuhitd ; USUI, Tomohird ;
PROGRAMATIC MARS EXPLORATION STUDY GROUP, Japan

I'Nagoya University?Hokkaido University? The University of Tokyo?Tokyo Institute of Technology,JAXA/ISAS

Background: The main theme of solar system (SS) explorations in the next decades will be focused on the elucidation of
prebiotic environmental evolutions. In Japan, along with lunar landing missions and Mars landing missions, we should promote
explorations of small bodies, utilizing the sample return (SR) technologies succeededHaydkusaseries, for constraining
the evolution and supply of life substance in the early SS. Following to the near Earth asteroids Itokawa (S-type) ang 1999 JU
(C-type), the candidates for SRs from more primitive bodies may be comets or main-belt or Trojan asteroids. Though these Si
missions would be possible within Japanese capabilities, it takes long:tiffeyears) to bring back samples from these bodies.
Thus, Martian moons are worth noting because of the shorter periods for SR from them. Further, for Japan being behind to US/
and Europe in Mars explorations, the Martian moon mission has strategic values for constructing an original exploration progran
for Mars toward the landing.

Except for the Earth’'s moon, Martian moons Phobos and Deimos are the only two satellites of terrestrial planets. Both are
low-albedo small bodies with surface reflectance spectra like D/C-type asteroids and have circular equatorial orbits. As to thei
origin there is still a controversy between capture of primitive asteroids and accretion in a possible circummartian debris disk
Past fly-by observations are insufficient to reveal surface material owing to their featureless optical and NIR spectra. There hav
been no missions succeeded in the rendezvous or landing.

If the moons have captured, the surface material are not only primitive but also less thermally altered by harsh solar radiatior
because they have kept away from the Sun. The density of the moons are low, so that they may have icy material inside for th
capture scenario or volatile-depleted highly porous material for the disk accretion scenario. From the view of comparative theory
of satellite formation, collaboration with science community interested in the formation of the Earth-Moon system is expected.
Anyway, the moons have a key role in clarifying life substance supplied to Mars.

Mars moons SR mission We propose a SR mission from one of the two moons considering the international circumstance.
The mission includes high-resolution remote-sensing observations of surface material and internal structure. The objectives a
to constrain (1) the origin and history of the moons (early SS information for the capture scenario and planetary growth anc
alteration processes for the disk accretion scenario) and (2) Mars collisional and atmospheric escape histories that determine t
surface environment.

The mission will solve the controversy of the origin of the moons by measuring oxygen isotopes of returned sample and
comparing with those of Martian meteorites and future returned samples of Mars. The dating of possible Mars material on the
moon and isotope measurements of implanted Mars escaping atmospheric atoms should be done by returned sample analy:
The same side of the moon always faces Mars, so that multiple sampling enabling comparisons between near and far sides
leading and trailing sides is desirable. We can determine the initial value of the D/H ratio for the Mars environmental evolution
from measurement of the moon’s material originated from ice.

High-level international collaborated mission There are several exploration plans on Phobos: Russian and B&é&gprint
SR mission candidate arfPADME fly-by mission candidate for the next NASA Discovery Mission. Is it too late for Japan to
participate in the race? The answer is no, because Mars has two moons. If Europe chooses Phobos as the SR mission tar
then Japan should target on Deimos, the less recognized outer satellite. Then the both missions will provide a synergy effect c
deciphering the origin of the moons and the Mars environmental evolution through the comparative approach.

Keywords: Asteroids, Planetary exploration, Sample return, Phobos, Deimos, Prebiotic environmntal evolution
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Formation of carbon-rich grains of the Chelyabinsk and Nio meteoritic showers.
MIURA, Yasunori*
Lyamaguchi, Visiting Univ.(In & Out)

Introduction: Carbon-rich sources of carbon-bearing materials are so many changed in cosmic space from carbon-star form:
tion to any celestial bodies, where main dynamic process is considered to be collision impact process with celestial bodies t
planets (including Earth). Recently we have pointed out recently that many carbon-rich grains can be obtained at collision ex
plosions in terrestrial atmosphere by meteorite showers of the Nio and Chelyabinsk meteorites[1-4]. The purpose of the presel
paper is to elucidate the formation of carbon-rich grains formed by meteoritic showers in air as new carbon-rich source.

Carbon-rich grains of the Nio meteorite: The Nio meteorite (H3-4) fallen at Niho to Miyano, Yamaguchi, Japan (night on 8th
August, 1897AD) shows meteoritic shower exploded above ground, where we have collected many fragments of 1,212 spherule
and ca.36 pieces with my laboratory students on the old rice-fields at the Niho- to Miyano-towns separately[2] as follows. 1)
Japanese rice-paddy with many soil-layers can be stored fallen meteoritic fragments which we can still collect in the grounds of
to 5 concentration sites, though the reported fragments of the meteorites are 2 to 3 pieces. 2) Carbon-rich grains can be obtain
as FeC in compositions at xenoliths-like materials in the spherules.

Carbon-rich grains of the Chelyabinsk meteorite: The Chelyabinsk meteorite (LL5) fallen recently (15th February, 2013)
showed meteoritic shower which have been collected many fragments of ca. 400 pieces on the fields (ca. 3.5kg in total). Th
samples in this study are collected at Deputaskiy, Russia (Nos.CH-19 to 21) and falllen field (sample No.CH-50 similar to
No.CH-20)[5-6] as follows. 1) Sample No. CH-19 shows iron-rich sulfides, carbides and isolated carbon-bearing grains, where
irregular void- rich textures shows larger evaporating process in local sites. This indicates that meteorite shower produces carbo
rich grain[4]. 2) Sample No. CH-20 shows primordial chondritic composition with considerable carbon contents. 3) Sample
No. CH-21 shows SiC in composition. This indicates that meteorite shower produces single grains of moissanite SiC[2]. 4) All
exploded fragments in air contain significant carbon contents with the analytical FE-SEM (JEOL) instrument. Carbon-separatior
to show the most carbon-rich grains§0%C) are obtained at the completely mixed sample (No.CH-19)[2].

Carbon concentration sites: Terrestrial carbon sources are considered to be complicated from the deep interior to shallo
surface in active planet Earth, though there are no consideration on sources of meteoritic asteroids concentrated on meteori
shower explosions in air (not from terrestrial rocks). The present results are considered to be new carbon- concentrated sour
within terrestrial air by meteoritic shower process, which might be clues also for carbon materials on the air planet of the Solar
System [2, 3].

Summary: 1) Carbon separation and concentration process can be found at explosions of meteorite shower in air of th
Chelyabinsk (Russia) and Nio (Japan) meteorites[4]. 2) The present results suggest that two meteorite shower produce carbc
rich FeS and moissanite SiC grains which were considered to be originated from the comet and/or previous sediments of impa
sites[2]. 3) Carbon concentration process by explosions of meteoritic is considered to be new site and sources between extr
terrestrial and terrestrial locations. 4) The present result can be explained new carbon source of impact-related sites (without at
remained craters or meteorites).

References: [1] Miura Y. (1996): Shock wave handbook (Springer Tokyo), 1073-1176. [2] Miura Y. and Uedo Y. (2001): LPI
Contrib.N0.1080 (LPSC32, LPI, USA),#2075. [3] Miura Y. (2012, 2014): Planet. Sci. Japan, abstract, p.1. [4] Miura Y. (2015):

LPSC2015, #1666. [5] Planetary New, Chelyabinsk meteorite. LPI-USRA (2013).http://www.Ipi.usra.edu/ [6] SBAG (2013):
No. 1330. http://www.Ipi.usra.edu/sbag/

Keywords: Russian meteorite shower, Niho meteorite shower, Carbon-rich grains, Air explosion, Extraterrestrial source, SiC
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The possibility of np-Fe production by solar wind protons on the airless body surfaces.

NAKAUCHI, Yusuke!* ; MATSUMOTO, Torl? ; ABE, Masanad ; TSUCHIYAMA, Akira? ; KITAZATO, Kohei* ;
SUZUKI, Koutakw

ISOKENDAI(The Graduate University for Advanced Studié®yoto University,3Institute of Space and Astronautical Science,
Japan Aerospace Exploration Agentyniversity of Aizu,?Wakasa Wan Energy Research Center

In HAYABUSAZ2 mission, we must decide the sampling site using characterization of mineralogical and textural hetero-
geneities on the asteroid surface by remote sensing data. The reflectance spectra of asteroidal surface have information
mineral composition, but the surface spectra was changed by weathering effects which contain the micro-impacts and the in
plantation of solar wind ions and cosmic ions. The spectra of S-type asteroids show the reddening and darkening, on the oth
hand the C-type asteroids show the bluing and darkening [1].

A lot of experimental approaches tried to reproduce the weathering effects. Sasaki et al. (2001) found the nanophase iro
particles within the amorphous vapour-desposited rims of laser-irradiated olivine grains using transmission electron microscop
(TEM) [2]. On the other hand, the simulation of implantation for endmembers of lunar and S-type usingd-at keV energy
and MeV energy protons implantation show only small changes in visible and near infrared spectra [3, 4].

Then we simulate weathering effect for minerals that would be contained in C-type asteroid. We prepared three minerals
olivine, antigorite and saponite. The weathering simulation of solar wind protons was achieved using ion implantation device a
the Wakasa Wan Energy Research Center (WERC). The total amount of implanteditd 10 keV was 16® ions/cn?. The
reflectance spectra were measured by FTIR at WERC, and the TEM observation was at Kyoto University. In our simulation, vary
with previous study, olivine irradiated Hions shows reddening and darkening like laser-irradiated olivine. On the other hand,
another samples did not show large change. Here we report the TEM observatignsiafadiated samples.

References: [1] Nesvorny, D., et al., (2005) Icarus, 173, 132-152. [2] Sasaki, S., et al., (2001) Nature, 410, 555-557. [3]
Hapke, B., et al., (2001) JGR, 106, 10039-10073. [4] Yamada, M., et al., (1999) EPS, 51, 1255-1265.

Keywords: space weathering, asteroid, Hayabusa 2, np-Fe
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Experimental study on low velocity impact onto granular media:Dependence on gravity
acceleration and ambient pressure

KIUCHI, Masatd* ; NAKAMURA, Akiko !
LGraduate School of Science, Kobe University

Because gravitational acceleration at an asteroid surface is very small, it is not known which scaling should determine the siz
of an impact crater, gravitational scaling or strength scaling. In order to estimate the evolutional processes of asteroid surface
it is important to understand the gravity dependence of crater diameter. However, not many impact cratering experiments und
low gravity conditions have been conducted. Some hypervelocity impact experiments were conducted under increased gravitie
(Schmidt and Housen, 198and under low gravitiesGault and Wedekind, 1977; Takagi et al., 2p0These studies show dif-
ferent gravity dependences and further study is required to understand why the results look inconsistent.

We developed a drop mechanism which can simulate gravities smaller than 1 G: a target container was suspended by springs
constant force. We conducted experiments under a gravity range of 0.25-1 G. We used silica sand of diametaridiglass
beads of diameter 50@m as the target material. Stainless steel sphere of 8 mm diameter was dropped and impacted onto the tar
get. The impact velocity was between 1 and 4Th.sAs a result, the crater diameter formed under the gravity range between 0.5-1
G was proportional to -0.1880.008 power of the gravity acceleration for the silica sand and -&0887 for the glass beads.
These values are roughly in agreement with previous studies at hypervelofityi(dt and Housen, 1987, Gault and Wedekind, 3977

We conducted new experiments in which the container was fallen freely and simulated gravity was about 0.01 G. In this cas
the crater diameter was smaller than the expected value by the above gravity dependence. We estimated the adhesion of the tal
material based on a theoretical mod@umpf, 1970, and we found that the effect of the target strength on the crater size is not
negligible. On the other hand, when we conducted similar experiments in an evacuated chamber the crater diameter was larg
than the one under 1 atm. There is a possibility that the smallness of the crater under 0.01 G is due to atmospheric effects.

In order to evaluate the above effects, it is important to understand the atmospheric effects on crater foSafatitin(1992)
conducted hypervelocity impacts under the ambient pressure range betwieg@® 1a and the crater volume was found to
become larger as the ambient pressure becomes lower. Mostly impact experiments in the past were conducted under the ambi
pressure range approximately between 1-P@ and it is unknown whether or not these results could apply to the ultra-high
vacuum condition.

We conducted impact experiments under the ambient pressure range betweeRal-Target was silica sand and projectile
was stainless steel sphere which were the same ones used in our study on the dependence of gravity. Impact velocity was -
m s~!. As a result the crater diameter was found to become larger as the ambient pressure becomes lower and this result h
the similar tendency to the previous study conducted at hypervelocity. It may be due to the change of the air drag which affect
the motion of particles or of the internal friction of target material. It is known that crater diameter formed in the particles with
smaller internal frictional angle tends to become larger. We measured the angle of repose (which is approximately similar tc
internal frictional angle) of silica sand and found that the one under 20 Pa was smaller than the one under 1 atm. Conversel
it is shown that the internal frictional angle under ultra-high vacuum was larger than the one underPegtmd al., 2001
The mechanism for the change of internal frictional angle is not understood, however it is suggested that the change of ambiel
pressure may affect the crater size through the change of the internal frictional angle. We will further investigate the effect of
ambient pressure on crater diameter and will present the results.

Keywords: Asteroids, Impact craters, Laboratory experiments, Microgravity, Ambient pressure

1/1



Japan Geoscience Union Meeting 2015 /0 d ;

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]ggg;gimc

Union

PCG30-19 Room:A02 Time:May 27 09:45-10:00

Cratering experiments on coarse-grained targets: application to the resurfacing age of
rubble-pile asteroid Itokawa

TATSUMII, Eri'* ; SUGITA, Seiji
! Dept. of Complexity Science and Engineering, Univ. of TolkdDept. of Earth and Planetary Science, Univ. of Tokyo

Introduction: The crater-like morphologies on Itokawa are observed by the spacecraft Hayabusa (Hirata et al., 2009). The
crater-retention ages on asteroids would provide valuable information on their dynamical evolutions. Because crater-retentio
age is influenced sensitively by crater size scaling, accurate age estimation requires an accurate crater scaling law. It is n
obvious if cratering on rubble-pile asteroids, whose surface is composed of coarse grains, is controlled by material strength c
gravity. Although crater experiments on coarse-grained targets have been conducted (e.g., Guettler et al., 2012; Holsapple a
Housen, 2014), their results are not necessarily consistent to each other. Michel et al. (2009) estimated the crater surface a
based on the strength crater scaling as 75Myr - 1Gyr. Furthermore,the cosmic ray exposure (CRE) ages and Ar degassing ac
of returned samples show a variety of ages. To interpret these ages with linking to dynamical phenomena, the accurate crat
scaling is needed for crater-retention age estimates. The purpose of this study is to experimentally examine what crater scalir
rule should apply for estimating crater age on a possible rubble-pile asteroid Itokawa.

Experiments: The impact experiments were conducted at low velocities (70-200 m/s) and high velocities (1.5-5.3km/s): 10-
mm diameter projectiles for low velocities and 4.6-mm diameter projectiles for high velocities. We used pumice as boulder
simulants and loose 2@fn glass beads as regolith simulant. Two types of targets were used: (1) two-layer targets with a block
layer on a regolith substrate, (2) a uniform block layer. We measured the rim-to-rim (crest) diameters of craters.

Mechanism of armoring: There may be three mechanisms of armoring depending on impact energy. (1) If impact energy
is low enough that the target grains are rarely disrupted, target grains move as receiving momentum from a projectile discusse
by Guettler et al. (2012). (2) The energy slightly increase when the projectile disrupts only the surface grains because of th
low impact energy, fragments are ejected without transferring momentum efficiently to grains deeper in the target and crater siz
increases only gradually. (3) When impact energy becomes large enough for the projectile to penetrate into a certain depth, tt
fragments from disrupted surface grains can also transfer their momentum to surrounding grains very efficiently, and resulting
crater size approaches the gravity scaling.

Experiment results would predict the minimum size for craters formed on coarse surfaces; the minimum crateréfl%g is
of the gravity scaling on dry soils. Thus, the armoring effect suppresses the excavation enedf}gbyt most.

Discussion:Our experimental results show that the crater sizes formed on the coarse surfaces are in between the gravity scalir
and the gravity scaling with armoring (the 40% suppressed from the gravity scaling). Avoiding the effect of seismic shaking or
other erasure processes, the formation of five of 100-m sized craters on Iltokawa would take 0.4-8.4 Myr including statistical erro
of 50%. The crater retention age may be younger than the age estimate based on the strength scaling law (Michel et al., 200
by more than an order of magnitude. Our age is rather close to the CRE ages of the returned samples (Nagao et al., 2011; Me
et al., 2014) and the space weathering age from spectra analysis (Koga et al., 2014) which suggest asytuiMyasMore
recently an old®Ar/3°Ar age (1.26:0.24 Gyr) was reported (Park et al., 2014), which probably corresponds to a catastrophic
disruption of Itokawa’s parent body. Take into account of these ages, our age can be interpreted on two scenarios. One is tt
resurfacing time scale by escape of the regolith which is suggested by Nagao et al. (2011) and another possible scenario is tt
Itokawa might be disrupted more than once and so our crater age may reflect the latest event age.

Keywords: asteroid, Itokawa, impact experiment, rubble-pile, crater, age estimation
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Hypervelocity cratering experiments on ice-silicate mixture targets
TAKANO, Shota* ; ARAKAWA, Masahiko' ; YASUI, Minami! ; HASEGAWA, Sunad
LGraduate School of Science, Kobe Universitiapan Aerospace Exploration Agency

Introduction: It is well known that ice-rock mixtures could be a main component of icy satellites, and the crust of asteroid
Ceres. Especially, Dawn space craft of NASA will arrive at Ceres in March 2015 and several types of remote sensing will be
carried out. Ceres is a member of main asteroid family, so the icy crust could be impacted by various asteroids with different
components and physical properties. Therefore, we should obtain various information from the investigation of the observec
crater morphologies such as material properties of impacted asteroids and the internal structures of the icy crust and more. ~
do these investigation, the laboratory experiments would be necessary. Impact experiments on ice-rock mixtures have bee
conducted systematically by changing the impact velocity from 0.1 to 7km/s and by using the projectile with different densities.
However, the cratering experiments on ice-rock mixtures were quite limited at the rock contents below 50wt.%. When we apply
our results to the crater on Ceres, the results are not enough to discuss the crater morphology right now. Therefore, we ma
cratering experiments on ice-rock mixtures with the rock content higher than 80wt.%, and the several types of the projectile wer:
used to compare the results with the previous works.

Experimental method: Impact experiments were conducted by using a two-stage light gas gun at Kobe University. We prepare
the targets of ice-rock mixtures simulating the Ceres icy crust. The target consisted of water ice and quartz sand having a partic
size of about 100 and 5@@n, and the water content was from 20 (porosity=0%) to 2.5wt%(porosity=42%). The ice-sand mixture
was made in a cylindrical metal container with the height of 5 to 10cm and the diameter of 15cm. The water-sand mixture was
frozen in a freezer with the temperature from -23to -15°C. Spherical projectiles were used and their diameter were 2mm
(aluminium, zirconium, titanium, copper, stainless steel), Imm (alminium, titanium, stainless steel). We launched a projectile a
1.577.0km/s with a nylon sabot, and the sabot was separated from the projectile before the impact. A target was set in a vacuu
chamber just before the impact, and to prevent the target from melting, the chamber was evacuated for thermal insulation. The &
pressure in the chamber during the experiments was kept in the range of 150 "230Pa. A crater formation process was observed
high-speed video cameras. The crater shape formed on the recovered target was measured by a caliper and a laser displacer
meter.

Results: In the case of a non-porous target with 20wt.% water content, we found a conical hole called as ‘Pit’ at the collision
point and a shallow trace called as ‘Spall’ around the pit. Hiraoka et al. 2004 investigated how the spall diameter depende
on the rock content of targets, and reported the results below 50wt.% of the rock content: the spall diameter decreased wit
the increase of the rock content. However, our result for the rock content of 80wt.% (water content 20wt.%) showed that the
spall diameter was almost the same as that obtained for the rock content of 50wt.%. Then, we found the spall diameter coul
be constant between 50wt.% and 80wt%. The pit diameter linearly increased with the decrease of the water content betwee
20wt.% (porosity=0%) and 2.5wt.% (porosity=42%). This might be caused by the target strength decreasing with the increase c
the target porosity. The ratio of the pit depth, H, to the pit diameter, d, (H/d) was found to decrease with the decrease of the wate
content from 20wt.% (porosity=0%) to 2.5wt.% (porosity=42%), and this ratio was clearly small compared with the previous
results for pure ice by Burchell and for non-porous ice-rock mixtures by Hiraoka. Then, we might speculate that H/d decrease
simply with the decrease of the water content, but we should consider the effect of target porosity in the future.

Keywords: icy body, impacts, experiment, water content, strength regime, cratering
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Ejecta velocity distribution for impact crater formed on quartz sand: Effect of projectile
density on crater scaling law

TSUJIDO, Sayaka; ARAKAWA, Masahiko'* ; SUZUKI, Ayakd® ; YASUI, Minami! ; MATSUE, Kazuma ;
TAKANO, Shotd ; HASEGAWA, Sunad

IGraduate School of Science, Kobe Universitiapan Aerospace Exploration Agency, Institute of Space and Astronautical Sci-
ence

In order to clarify the effects of projectile density on ejecta velocity distributions for a granular target, impact cratering ex-
periments on a quartz sand target were conducted by using eight types of projectiles with different densities front11 g cm
to 1.1 g cnT3, and they were launched at about 200 ™ by a vertical gas gun at Kobe university. The scaling law of crater
size, the ejection angle of ejecta grains, and the angle of the ejecta curtain were also investigated. The ejecta velocity distributic
obtained from each projectile was well describedrsgcaling theory of/o/v gR=k-(xo/R)"(-1/1), wherev,, g, R andx, are
ejection velocity, gravitational acceleration, crater radius and ejection position, respectively,aamad;, are constants mostly
depending on target material properties (Housen and Holsapple, 2011), and then it was fokpdstalhost constant of 0.7 for
all projectiles except for a nylon projectile, whileincreases from 0.43 of a low-density projectile to 0.6 - 0.7 of a high-density
projectile with the increase of the projectile density. On the other haméys obtained to be 0.55 from thescaling theory for
crater size, and it was close to the average ofitlabtained from ejecta velocity distributions. The ejection anglexf each
grain decreased slightly from higher tharr4tear the impact point to 30 40° at 0.6 R with the distance. The ejecta curtain
angle is controlled by two elementary processes of ejecta velocity distribution and ejection angle; it gradually increased fromn
52° to 63 with the increase of the projectile density. The comparison of our experimental results with the theoretical model of
the crater excavation flow called as Z-model revealed that the relationship betweed obtained by our experiments couldn’t
be described by the Z-model (Maxwell, 1977). Therefore, we used the extended Z-model by Croft (1980) that could be appliec
to the crater excavation process when the point source was buried at the deptmadér the target surface, and then all the
experimental results gf andd were reasonably explained by suitalllendd of the extended Z-model.

Keywords: Impact processes, Regoliths, Cratering, Asteroid surfaces, Ejecta curtain, Scaling Law
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Pre-launch calibration and the first image data of the optical navigation camera of Hayabu
2

SUGITA, Seijit* ; KAMEDA, Shingd® ; SAWADA, Hirotaka® ; SUZUKI, Hidehikd* ; YAMADA, Manabu® ;
HONDA, Ri€® ; MOROTA, Tomokatsti ; HONDA, Chikatosht ; OGAWA, Kazunor? ; SHIRAI, Kei® ;
[IJIMA, Yuichi?3 ; CHO, Yuichir@ ; TAKEI, Akito? ; OKUMURA, Hirosh? ; YASUDA, Tatsuy& ;
SHIBAZAKI, Kazuo? ; SATO, Masaki ; IKEZAWA, Shot ; NAKAMURA, Tomoki® ; HIROI, Takahird ;
KAMATA, Shunichi'® ; KOGA, Sumiré ; ONC, Science teafn

LUniversity of Tokyo,2Rikkyo University,3JAXA, *Meiji University, °Chiba Institute of Technolog§Kochi University,” Aizu
University, 3 Tohoku University? Brown University,'°UC. Santa Cruz

Introduction: The optical navigation camera (ONC) system of Hayabusa 2 consists of three CCD cameras (T, W1, and W2).
By taking images of both the mission target asteroid 1999JU3 and the star field, it navigates both the spacecraft and its scientif
observations. Because of its high spatial resolutions and global coverage, it is expected to provide geologic context to othe
science instruments on Hayabusa 2.

As a part of optical calibration for the cameras, we conducted end-to-end tests to observe objects similar to the actual observ
tion targets under conditions close to the actual flight situations are very effective.

ONC-T: Because the 0.#m absorption band is one of the most important observation targets of ONC-T multi-band imaging,
we examined whether the actual ONC-T flight model can detect:Absorption band of carbonaceous chondrites samples.
The experimental results indicate that all the multi-band images of the former five CM samples clearly indicate the presence o
0.7 um absorption and that that for Jbilet Winselwan, which is a CM chondrite with np.@bsorption, indicates the absence
of the absorption. This result unambiguously shows that ONC-T can detect then@nd if its strength is about 3%.

ONC-W1: The experimental results indicate that large and bright CAIl's in CV meteorites are discernible. Although individual
condrule fragments in CM meteorites are too small to resolve with W1 even at proximity, the gradual brightness undulation due
to the inhomogeneous distribution of chondrule fragments are discernible in W1 images. Because spatial inhomogeneity in CN
chondrites are may be due to impact brecciation on their parent body, observation of such brightness distribution might be usefi
for understanding the mechanical history of the asteroid surface.

First Light of ONC: Soon after the launch, an image of the Moon was obtained with the W2 camera at "50-deg of solar
phase angle. This became the first light of ONC system. A preliminary analysis based on the brightness recorded in the imag
and pre-flight calibrations indicates that the apparent reflectance of the Moon is about 7%. The data by the Multi-band Image
(MI) onboard KAGUYA indicate that typical visible range (415 ? 1000 nm) reflectance for lunar highlands are 4.5 ? 10.7 % for
50-deg of solar phase angle. This agreement between W2 and Ml suggests that the W2 camera has been calibrated properly :
is functioning properly.

Keywords: asteroid, planetary exploration, Hayabusa 2 mission, Multi-band imaging
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Accuracy Evaluation of Asteroid Shape Reconstruction by Structure-from-Motion Method
with a asteroid scale model

HIRATA, Naru'* ; IWASAKI, Fumiya! ; HAYABUSA-2 SHAPE RECONSTRUCTION, Study grogip
LARC-Space/CAIST, The University of AizdHayabusa-2 project

Here we report results on application of open source shape reconstruction tools to an asteroid image data set. We test tv
tools that cooperatively work to reconstruct an object shape from images. Bundler is an open source implementation of a stere
shape reconstruction method called Structure from Motion (SfM). PMVS2 gives a more dense shape model, since Bundler onl
estimates 3D locations of a limited number of feature points. The target of our test is a scale model of an asteroid. The shape
the model is accurately measured by a laser scanner, and this shape data is used as a reference to evaluate a shape model obt
by Bundler and PMVS2 from imaged of the scale model. This procedure is more appropriate to evaluate in a more objective wa:
than our previous procedure (Hirata et al., 2014, JPGU meeting), because two shape models are independently obtained w
different methods.

Keywords: Asteroid, shape reconstruction, bundler, PMVS2, Structure-from-Motion, Hayabusa-2
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Results of the development for NIRS3: the Near Infrared Spectrometer on Hayabusa-2

IWATA, Takahiro'* ; KITAZATO, Kohei? ; ABE, Masana6 ; ARAI, Takehiko' ;: NAKAUCHI, Yusuke® ;
NAKAMURA, Tomoki? ; HIROI, Takahir@ ; OSAWA, Takahit§ ; MATSUOKA, Moe? ;: MATSUURA, Shuji1

Hnstitute of Space and Astronautical Science, JAXBniversity of Aizu,?>Graduate University for Advanced Studié$phoku
University,®Brown University, JAEA

NIRS3: the Near Infrared Spectrometer is one of the candidate scientific instruments which will be equipped on Hayabusa-:
mission. It aims to observe near infrared spectroscopy at the wave length band of 1.8-3.2 micrometer to detect specific molecul:
absorption lines, including the absorption by hydrated minerals at 3 micrometer, on the target C-type asteroid. We implemente
ground performance tests using the flight mode of the Spectrometric Unit (NIRS3-S) and the Analogue Electric Unit (NIRS3-
AE). Infrared rays from the black body source are reflected by the sample and two gold mirrors in a vacuum desiccator, anc
then injected into NIRS3-S which is refrigerated at -60 to°®@0n a vacuum cryostat. The black body source emission is
directly injected into NIRS3-S during amplitude-calibration tests. Lights from a halogen lamp are injected into NIRS3-S through
a monochromator during frequency-calibration tests. NIRS3-AE controls the inner calibration lamps, the chopper, and datz
acquisition by the sensor in NIRS3-S.

Results of flight-model tests implied that the dark current at the InAs sensor is much lower than that of the engineering model
which improves the signals-to-noise ratio (SNR). The projected on-board SNR was confirmed to be sufficient during the one-
year observation period of Asteroid 1999JU3 assuming the surface temperature estimated from the heliocentric range and sol
phase angle. The SNR exceeds 300 after 2.5 ms integration and 1024-stacking at the home position observations. It excee
60 after 1 ms integration and 64-stacking for the observations of artificial crater made by the Small Carry-on Impactor (SCI)
on Hayabusa-2. The data obtained after the vibration tests and thermal-vacuum tests indicate that NIRS3 is sufficiently durab
for the launching and on-orbit environments. The observed spectra for samples of serpentine, olivine, and CM-chondrites suc
as Murchison, Murray, and Jbilet Winselwan demonstrated that the derived reflectances are almost the same as those obtair
by Fourier-transform infrared (FTIR) spectroscopy. These results show that NIRS3 has sufficient performance for scientific
objectives. We will also report the first results on Hayabusa-2 after the launch.

Keywords: Hayabusa-2, asteroid, 1999JU3, NIRS3, near infrared, spectrometer
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Initial operation of Hayabusa-2 laser altimeter (LIDAR)

NODA, Hirotomo"* ; MIZUNO, Takahidé ; NAMIKI, Noriyuki ! ; SENSHU, Hirok? ; YAMADA, Ryuhei! ;
HIRATA, Naru! ; SHIZUGAMI, Makoto®

IRISE project, NAOJ?Japan Aerospace Exploration Agentiplanetary Exploration Research Center, Chiba Institute of Tech-
nology,*Dep. of Computer Science and Engineering, Univ. of AiMizusawa VLBI Observatory, NAOJ

Introduction: As a successor of Japanese Hayabusa Asteroid mission, Hayabusa-2 was successfully launched on 3 Decemt
2014. The target asteroid of Hayabusa-2 is now called 1999which has C-type spectral type. C-type asteroids are considered
to be more primitive than S-type asteroids because of its further heliocentric distance, and to be good targets to know the origi
and the history of the solar system.

As a part of the Attitude and Orbit Control Subsystem (AOCS), the laser altimeter called LIDAR is developed. LIDAR mea-
sures altitudes of the spacecraft from a surface of the asteroid by detecting a time of flight of bounced laser pulse on the astero
surface. Basically the LIDAR data are used for navigation of the spacecraft, and they are particularly important during touch-
down operation. Besides, the LIDAR data will be served for scientific analysis of the shape, mass, and surface properties of th
asteroid in order to elucidate physical evolution of minor bodies such as impact fragmentation and coagulation.

In addition to the normal ranging mode, LIDAR of Hayabusa-2 is equipped with dust counting mode and laser transponder
mode. The levitation dusts above the asteroid, if they exist, can be measured along the line of sight direction of the LIDAR in dus
counting mode. The laser transponder mode is used for the demonstration of the optical data transmission from the spacecr:
to the ground laser station and vice-versa, when the spacecraft is near the Earth for the Earth gravity assist operation in wint
2015.

Operation history: After the launch, the LIDAR was turned on for the first time on 15 December 2014 for the confirmation
of the power consumption and thermal environment of the instrument. On 23 January 2015, detailed function test was done. O
this day, all the necessary commands were issued and all observation modes were used. The whole ranging system was chec
by turning on the laser and the detector unit for the first time after the launch. Because no ranging target is available during th
cruise phase, each function was checked separately. First, the laser power is confirmed to be normal. Then, the high voltage
the APD (Avalanche Photo Diode) detector was applied properly, which was compensated with the temperature of the APD tc
stabilize the sensitivity. Also, the noise level of the APD was checked by changing the threshold level of the detectable signal
Lastly, the range-finding circuit was intentionally operated by detecting the stray light of the emitted laser by setting no dead time
of the circuit. The dust mode and laser transponder mode were also confirmed to be normal. Besides, the quick look software ¢
the LIDAR for monitoring the housekeeping data and data reduction has been developed, and the function was also confirmed |
the initial checkout.

Future plan: The first chance of light detection will be realized as an experiment on the laser transponder mode before anc
after the Earth gravity assist in winter 2015. In this opportunity we can evaluate whether the alignment of the transmitting and
receiving telescope keeps the required alignment position for ranging after the shock of the launch. The link budget of the lase
can be also tested in this experiment.

After the Earth gravity assist operation, the spacecraft will be inserted into the transfer orbit, and it will arrive at the target
asteroid in the middle of 2018 and the ranging with the LIDAR will start.

Keywords: LIDAR, Hayabusa-2, asteroid, laser altimeter, ranging, initial operation
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Present status of curation of Hayabusa-returned samples

YADA, Toru'* ; ABE, Masanab ; UESUGI, Masayuki ; KAROUJI, Yuzurd ; NAKATO, Aiko! ;
KUMAGAI, Kazuya' ; OKADA, Tatsuakt

1Japan Aerospace Exploration Agency

The extraterrestrial sample curation team (ESCuTe) of JAXA has continued to perform initial description of Hayabusa-returnec
samples since 2010, when they had been returned to the Earth (Yada et al., 2014). A sample catcher of Hayabusa is mainly col
posed of room A and B, and a rotational cylinder. Since 2010 until 2013, we recovered particles from the room A and B of the
catcher using synthetic quartz glass disks on which we let them fall down. On the contrast, the cover of room B is a part of the
catcher which was disassemble from the catcher, so it should not suffer biases such as the fall-down process and the handpicki
process. Since the end of 2013, we started describing all particles larger than 15 microns on a cover of room B of a catcher wit
an electron microscope, utilizing a specific holder newly developed for introducing the room B'’s cover directly into the electron
microscope. So far, we finished to observe particles on 2/3 of area of the cover to count up more than 1800 of particles on it
Among them, those consist mainly of silicate and are considered to be Itokawa origin count up to more than 400.

Adding more than 100 of newly described particles among them to a list of distributable ones, we published the 3rd interna-
tional announcement of opportunity (AO) for research of Hayabusa-returned samples in this January and are now waiting fo
research proposals until this March. Then committee of the 3rd AO will review submitted proposals and the selected proposal
will be announced in this June. We will start distributing the allocated particles from this July.

We are now scheduling to finish describing particles on room B’s cover in the first half of the fiscal year of 2015. In the second
half of FY2015, we will recover particles from the rotational cylinder, from which particles has not been recovered yet.

Reference: Yada T. et al. (2014) Meteoritics Planet. Sci. 49, 135.
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Statistical analyses of lineaments on Phobos: implications to their formational processe
and orbital environment

KIKUCHI, Hiroshi'* ; MIYAMOTO, Hideaki'
The University Museum, The University of Tokyo

There are mainly two hypotheses on the origin of the martian satellites, Phobos and Deimos. One is that they are capture
because these spectra are similar to D-type asteroids in the outer main asteroid belt and outer solar system. The other is tl
they formed in situ from a disk of debris in Mars’ orbit, because these are low inclination and near-circular orbits. In the former
hypothesis, there is a difficulty accounting for these physical characters. Therefore in situ formational models have been studie
in detail. One of the models for the origin of Phobos and Deimos is as follows. Primary many moonlets have formed by accretior
of disk materials and orbited Mars. These moonlets fall back towards the martian surface by tidal perturbations, and finally only
two moons, Phobos and Deimos, remain in present martian system [1].

Schmedemann et al. [2] estimated 4.3 Ga for the formation age of Phobos and Deimos by crater chronology. In numerica
analyses, moonlets with Deimos’ mass can accrete near the synchronous orbit. A Phobos’ mass moonlet could also be form
in the same disk. This moonlet is however formed closer to Mars. Thus, it collides with Mars because of tidal decay of its orbit.
Therefore Phobos’ mass moonlet needs to be formed near to synchronous orbit [3]. The ancient distance from Mars is a clue |
the origin of the martian satellites.

On the other hand, lineaments on Phobos are the most extensively-existing geological features on the satellite, and thus &
documented and discussed for years [4]. From principal component analysis, we confirmed the important character that all th
lineaments lie on planes. We suggest that these structures are certainly a result of a series of impacts of aligned fragments.

We simulate several trajectories that arrive at Phobos, changing the number and the size of fragments. We examine that
small body of a collection of smaller fragments held together by self-gravity in form of a rubble-pile is pulled apart and stretched
straightly by tides during a close approach to Mars.

Then we test how the linearly-lined fragments change positions relatively by gravitational effect and how patterns leave on
Phobos when the fragments arrive at Phobos.

Collectively, the placement of fragments patterns consistent with the observational facts. Furthermore we suppose that frag
ments form a ring, because lineaments’ widths are almost same, and some lineaments appear to be parallel. In this model, \
find Phobos needs to be to synchronous orbit when lineaments form.

Reference

[1] Craddock, A, R., (2011) Icarus, 211, 1150-1161

[2] Schmedemann, N., et al., (2014) Planetary and Space Science, 102, 152-163
[3] Rosenblatt, P., Charnoz, S., (2012) Icarus, 221, 806-815

[4] Murray, J, M., Heggie, D, C., (2014) Planetary and Space Science, 102, 119-143
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MU radar head echo observations of the 2012 October Draconid outburst
FUJIWARA, Yasunori* ; KERO, Johah ; ABO, Makoto® ; SZASZ, Csill# ; NAKAMURA, Takuiji4
ISOKENDAI, 2Swedish Institute of Space Physié$pkyo Metropolitan University!National Institute of Polar Research

We present October Draconid meteor head echo observations with the Shigaraki middle and upper atmosphere (MU) rad:
in Japan. Prominent activity of 2012 October Draconids occurred between 16:20 UT and 17:40 UT on October 8. Around the
peak time (13-20 h UT), the MU radar recorded 51 Draconid head echoes with precise orbit determinations. The weighted mea
geocentric radiant during this time interval was= 262.5+ 0.5 in right ascension, = +55.8+ 0.3 declination (degree, epoch
J2000.0) with the weighted mean geocentric velocity of 2003 km s7!, which are in good agreement with model predictions.
Although the models predicted no strong visually detectable activity, our head echo observations showed that the peak activit
in 2012 was higher than that of the previous outburst in 2011. Based on the distribution of radar cross section (RCS) for the
Draconid meteor head echo, the outburst in 2012 was due to meteoroids with lower masses (fainter meteors) than that in 2011

Keywords: meteor shower, radar observation, head echo
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Prediction of Phoenicid
SAITO, Takehird ; SATO, Isad* ; ABE, Shinsuke
INihon University

The Phoenicids appeared in 1956 is caused from the comet 289P/Blanpain.

The meteors has relative velocity 10km/s to the earth, the lowest among the known meteors, and the dust trail encounters
Jupiter very frequently. The Phoenicids would appear in 2014. So we made prediction of Phoenicids in two dimension.

The great apparition in 1956 was caused by the simultaneous encounter of many dusttrails ejected in 18-19 centuries. On
other hand, the apparition in 2014 will caused by non-simultaneous encouner of the dusttrails ejected in 19-20 centuries. So w
assumed the apparition in 2014 would not be so many. The observation result was about HR5.

Phoenicids has 95-year periodicy. So the next apparition will be in 2015.

Keywords: Phoenicid, prediction
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