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Brightness and morphology variations on surface boulders of 162173
Ryugu: Space Weathering, Breccia, and Thermal Cracks
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Topography of large craters and equatorial bulge of 162173 Ryugu
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Observation of 1064 nm normal albedo around equator of the Ryugu
using the Hayabusa2 LIDAR
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In June 2018, the Japanese asteroid explore Hayabusa2 has arrived to C-type asteroid 162173 Ryugu
after three and half years journey. The Hayabusa2 has the laser altimeter (light detection and ranging:
LIDAR) for navigation of the spacecraft and scientific uses. The main purpose of the LIDAR is to measure
the distance between the spacecraft and the asteroid using time delay between the transmission and
reception of the laser. In addition, the Hayabusa2 LIDAR has the function of measuring the intensities of a
transmitted laser pulse and received laser pulse reflected from the asteroid surface. In this study, we have
derived the normal albedo of the Ryugu at the laser wavelength of 1064 nm using the intensity data. The
observation of normal albedo using the LIDAR has never been performed on C-type asteroid. Our
observation will provide first knowledge of normal albedo variation at 1064 nm on C-type asteroid.

Usually, the Hayabusa2 spacecraft stands at home position (altitude of 20 km) and the intensity and
ranging data are obtained with 1/32 Hz. As special operation, the spacecraft moves to latitudinal and
longitudinal direction or descend to low altitude. Then, the LIDAR data are sampled at 1Hz. For analysis of
normal albedo, we have selected the data obtained in altitude lower than 7 km. The size of the footprint
become smaller with descent of the spacecraft, and mapping resolution is higher. Then, less size of
footprint is effective to reduce effect of the surface terrain on the LIDAR return pulse. We have applied the
data obtained at July 20, August 1, 6, 7, September 11, 20, 21, October 2, 3, 4, 15, 24, 31 and November
1, 2018 for normal albedo analysis. In these days, the spacecraft has been operated at low altitude, for
example, rehearsal of touchdown for sample sampling has been performed in October 15 and 24. From
the selected data, we have derived the normal albedo around equator of the Ryugu in range of about 10
degrees in latitude. The total data number is 37,5151.

For calculation of normal albedo, we applied some reflectance models; they are the Lambert, the
Lommel-Seeliger and the Oren-Nayar models. The intensity of the reflected pulse calculated by the
Oren-Nayar model depends on the applied value of roughness () in degree. We have applied 9
Oren-Nayar model changing the roughness from 10 to 90 degrees with interval of 10 degrees. On a
footprint, 11 types of normal albedo have calculated for 11 reflectance models, respectively.

Firstly, we have found that the derived values of the 1064 nm normal albedo are different for each model.
The lowest albedo is derived for the Lommel-Seeliger model, and the highest albedo is derived for the
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Oren-Nayar model with roughness of 90 degrees. Secondary, it has been found that values of normal
albedo depend on the incident angle of the laser pulse for some reflectance models. Especially, the
normal albedo using the Lambert model are evidently higher with increase in incident angle at many areas
around the equator. This is impossible phenomena for real material as rocks, and this means the Lambert
model is inappropriate to represent reflectance of a lot of areas on the Ryugu. Therefore, we have
investigated relation between the normal albedo and incident angle in each grid with resolution of 5 5
degrees. In the investigation, slope of normal albedo for incident angle were derived for 11 reflectance
models in each grid, and the model which have the smallest slope would be appropriate in the area. From
the results, we found that the Lommel-Seeliger model is dominant around equator of the Ryugu. When we
apply the Lommel-Seeliger model, the average of normal albedo in the equator area is 0.042, and the
deviation is 9.0 %. It corresponds to typical albedo of C-type asteroid (0.03-0.06) observed by ground
telescope. In this presentation, we will also discuss regionality of the normal albedo on Ryugu and relation
with surface terrain.

F—T7—FR:CEUNRKE, Vavso, EPRs2, L—HYEEF. /—ILT7IXREK
Keywords: C-type asteroid , Ryugu, Hayabusa2, LIDAR, Normal albedo

©2019. Japan Geoscience Union. All Right Reserved. - PPS03-15 -



PPS03-16 AAIRBERLEA2019E AL

LIDART—49 B L UBRET IV ZHAELE L TIEPRT2] REKENE
HE
Improved Trajectory of Hayabusa2 by Combining LIDAR Data and a

Shape Model

AR A BHREKX. AR S0 FTRERS WA EF TEK. FHEZ. A AT

. ORI B0, R B—ERT. KT BEFS. LA =4S hE AL EBIINIEFS i WmAS EAh
® 2| -

*Koji Matsumoto', Hirotomo Noda', Yoshiaki Ishihara®, Hiroki Senshu®, Keiko Yamamoto', Naru
Hirata®, Naoyuki Hirata®, Noriyuki Namiki', Toshimichi Otsubo®, Sei-ichiro WATANABE’,
Takahide Mizuno®, Yukio Yamamoto®?, Hitoshi Ikeda®, Naoko Ogawag, Shota Kikuchi®, Takanao
Saiki®, Yuichi Tsuda®

1. BN RXARISEABREZRERTE. 2. BRIEMEA. 3. FEIZAE. 4. £FK2, 5. P K%, 6. —BRE 7.

BHEXRE. 8. FHMZEMERFEE

1. RISE Project, National Astronomical Observatory of Japan, 2. National Institute for Environmental Studie, 3. Chiba

Institute of Technology, 4. The University of Aizu, 5. Kobe University, 6. Hitotsubashi University, 7. Nagoya University,
8. JAXA

Hayabusa2 spacecraft successfully arrived at the target C-type asteroid 162173 Ryugu on 27 June, 2018,
with its “home position” being about 20 km above the sub-Earth point. Soon after arrival, Hayabusa2’ s
remote sensing instruments started near-global observations. Because map products from these
instruments depend on the spacecraft position with respect to the asteroid, it is necessary to provide
precise spacecraft trajectory in a timely manner. The basic idea is to find a trajectory correction which
makes “LIDAR-derived topography” fit to the reference shape model. The LIDAR-derived topography is,
in other words, a sequence of LIDAR footprint positions expressed in asteroid-centered body-fixed
rotating frame. The footprints can be computed by using the following information; spacecraft position
with respect to the asteroid, spacecraft attitude, LIDAR range, rotational information of the asteroid
(orientation and spin period). If all the information above was perfect, the collective footprints would
delineate the shape of the asteroid. In reality, however, there are various errors affecting the footprint
positions, among which the largest is generally the trajectory error, making the resultant LIDAR footprints
deviate from the shape model. We call the deviation as residual. A shape model constructed by stereo
photoclinometry (SPC) method is used as reference. We obtain trajectory correction by minimizing the
residuals with polynomial functions. We made use of Markov chain Monte Carlo (MCMC) algorithm to
explore better parameters. We compared the LIDAR-corrected trajectory with camera positions that are
determined through SPC shape modeling. The two estimates agree with each other within about 40 m on
10 July 2018, and 20 m on 20 July 2018. LIDAR-derived topography with such an improved trajectory can
be used for analysis of boulder height, crater shape, surface roughness, etc.

F—T— R ZPRS2, BEEHE, L —YEES
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Present status of preparation for the Ryugu sample curation returned
by the Hayabusa?2
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& #k: [1] Watanabe S. et al. (2018). AGU 2018 fall meet., present. #P21A-02. [2] Watanabe S. et al.
(2017) Space Sci. Rev. 208, 3-16. [3] Vilas et al. (2008) Astron. J. 135, 1101-1105. [4] Tachibana S. et al.
(2014) Geochem. J., 48, 571-587. [5] Sawada T. et al. (2017) Space Sci. Rev. 208, 81-106. [6] Okazaki R.
et al. (2017) Space Sci. Rev. 208, 107-124. [7] Okazaki R. et al. (2011) LPS XLII, abstract #1653.
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Analysis of the grain from the asteroid Ryugu proposed by the Phase 2
curation “Team KOCH!”
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*Motoo Ito', Naotaka Tomioka', Masayuki Uesugi?, Kentaro Uesugi®, Ohigashi Takuji®, Akira
Yamaguchi4, Naoya Imae*, Yuzuru Karouji5, Naoki Shirai®, Toru Yada®, Masanao Abe®
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1. Kochi Institute for Core Sample Research, JAMSTEC, 2. JASRI, 3. UVSOR Synchrotron Facility, Institute for
Molecular Science, 4. National Institute Polar Research, 5. JAXA, 6. Tokyo Metropolitan University

Returned samples from asteroids and comets have provided unique characteristics to investigate their
origin and nature of the Solar System [1-3]. For example, analytical studies of the S-type asteroid Itokawa
by the Hayabusa mission provided new insights for the asteroid-meteorite connections, space weathering
processes, small asteroidal body formation in the Solar System [e.g., 1, 3, 4]. JAXA Hayabusa2 and NASA
Osiris-REx are both on-going sample return missions from the primitive asteroids, Ryugu (C-type) and
Bennu (B-type), respectively [5, 6]. Both missions have complementary scientific goals that are to
understand the Solar System evolution in the point of view of organics, water, and associated minerals
(i.e., hydrous minerals).

Phase 2 curation teams will be acting under the scientific direction and strong ethic of the Astromaterial
Science Research Group (ASRG) of JAXA and was authorized 2 institutes by the steering committee of the
ASRG in 2017: (1) Kochi Institute for Core Sample Research (KOCHI), JAMSTEC in collaboration with
JASRI/SPring-8, UVSOR Synchrotron Facility/National Institutes of Natural Sciences, Institute for
Molecular Science, National Institute of Polar Research (NIPR) and Tokyo Metropolitan University, and (2)
the Institute for Planetary Materials, Okayama University at Misasa. The JAXA Curation requested us to
make an in-depth analysis of a few grains by the state-of-the-art instruments/techniques and nationwide
collaborative research activities. We will conduct on analyses in parallel with the initial analysis team led
by the Hayabusa?2 project.

Recent reports by the Near-IR Spectrometer (NIRS3) on Hayabusa2 spacecraft presented that the asteroid
Ryugu may consist of either CM chondritic materials [8] or shocked/heated carbonaceous chondrites [9].
Matsuoka et al. [9] pointed out that the low albedo of the asteroid Ryugu could be explained by a
combination of C-rich material, grains size, porosity and space weathering effects on the asteroid surface
materials. This implies that the avoiding terrestrial contaminations (i.e., atmospheric water/air, organics)
during sample curation, transportation and analysis are important to obtain original chemical
characteristics of Hayabusa2 returned samples.

We have developed novel and universal sample holders (KOCHI grid and KOCHI clamp) for a linkage
analysis utilizing micro-analytical instruments of FIB, TEM, STXM and NanoSIMS minimizing terrestrial
contaminations and sample lost or broken. We also made an additional sample holder (Okazaki cell) for
STXM analysis (Ohigashi T. et al. in preparation), and a sample transport vessel (FFTC: facility to facility
transfer container; Uesugi K. et al. in preparation) under vacuum or inert gas in parallel.

We have carried out the development of coordinated synchrotron based-CT (SPring-8) —XRD (SPring-8)
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-FIB JAMSTEC KOCHI) -STXM (UVSOR Synchrotron Facility) -NanoSIMS (JAMSTEC KOCHI) -TEM
(JAMSTEC KOCHI) analysis to obtain complex structure inside of the sample, light element/isotope
images to obtain their spatial distributions, speciation of elements: type of bonding, chemical species,
redox state and ultra-fine textural observation: mineralogy and crystallography in fine-grained mineral and
organic assemblages in few tens to hundreds of micrometer-scale Hayabusa2 samples. We, therefore,
have chosen Antarctic micrometeorites provided by NIPR as analogues of Hayabusa2 sample because of
their size (50 to 800 wm, as an example of small particle) and chemical characteristics.

We will report the current status, ethic and motivation of “Team KOCHI” of Phase2 Curation. In
addition, we will present newly developed universal sample holders for FIB, TEM, NanoSIMS, STXM, and a
sample transport vessel under vacuum or inert gas among nationwide/international universities and
institutes.

References: [1] Nakamura T. et al. (2011) Science 333, 1113-1116. [2] Brownlee D.E. et al. (2006)
Science 314, 1711-1716. [3] Yurimoto H. et al. (2011) Science 333, 1116-1119. [4] Noguchi T. et al.
(2011) Science 333, 1121-1125. [5] Tachibana S. et al. (2014) Geochem. J. 48, 571-587. [6] Lauretta
D.S. et al. (2014) Meteorit. Planet. Sci. 50, 834-849. [7] Uesugi M. et al. (2019) Meteorit. Planet. Sci. 1,
1-29. [8] Hiroi T. et al. (2019) 50th LPSC (LPI Contrib. No. 2132), abstract#1129. [9] Matsuoka et al.
(2019) 50th LPSC (LPI Contrib. No. 2132), abstract#1534.
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