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Thermal infrared (TIR) imager onboard Hayabusa-2
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Surface science with small landing robots in Hayabusa-2
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Laboratory experiments simulating for sample recovery in the Hayabusa-2 mission.
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Surface processes on small bodies: Implications to the internal structures of asteroids ar

their explorations
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Recent missions reveal that significant varieties exist in the shapes and surface states of small bodies in the solar system. The
are partly results of surface processes including cratering, reaccumulations of ejecta, migrations of gravels, and space weatheril
Recently, we find an impact crater on the unusually smooth-looking surface of a small saturnian satellite, Atlas, whose enigmati
shape is explained by accumulations of particles from the A-ring of Saturn. This finding as well as geologic and electro-static
analyses indicate that the surface of Atlas is covered by fine particles, which electro-statically levitate, migrate, and deposit
erase surface features, including craters. Such process is likely active on other small satellites of Saturn if they are 1) in the regic
outside the orbit of Titan, and 2) in the region that lies within A-, B-, and C-rings, including the orbits of Atlas and Pan. Also,
this process might be important even for near-earth asteroids, especially if large amount of fine particles are supplied on the
surfaces.

We consider this process is another example that the surface states of small bodies can be more active than relatively larg
bodies, such as the Moon. In this talk, we will review the surface processes on the surface of small bodies and discuss the
implications to the internal structures of asteroids. We also present the current status of our development of a Ground Penetratir
Radar for future asteroid mission, which is probably the most effective way to explore the near-surface structures of asteroids.
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The measurements of restitution coefficient for glass beads at low collision velocity undei
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Micrometeoroid Flux inside 1 AU Heliocentric Distance Measured by IKAROS-ALADDIN
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IKAROS(Interplanetary Kite-craft Accelerated by the Radiation Of the Sun), a 20-m-across solar sail demonstration spacecraf
was launched by H-1l1A rocket in May 2010. As the world’s first solar sail in deep space, IKAROS carries ALADDIN (Arrayed
Large-Area Dust Detectors for INterplanetary space) dust detector made of 0.54 m™2 PVDF sensors which deploy on its 7.!
micron polyimide sail membrane. As the first deep space dust detectors developed and built in Japan, ALADDIN continuously
measures dust flux in the viscinity of the Earth to that of Venus within its first 6-month cruising and now in its extended mission
period. On its thin sail membrane, a large-area but still light-weight dust detector arrays made of 8 channels of 9-20 micron-thicl
PVDF were attached in order to count and time hypervelocity impacts by micrometeoroids larger than a few micron size during
its interplanetary cruise. The sensors filter electronic, thermal and vibration noises and record time, peak hold value, and rela
duration of signals of micrometeoroid impacts. Inside the orbit of the Earth (1.0 AU) down to the vicinity of Venus (70.7 AU),
ALADDIN has measured abundant dust flux each of which separated by a 24-hour bin, thus enabling to discuss heliocentric de
pendency of the flux variation aroundl0™-12 g mass range in the finest detail among any previous spacecraft such as Helios-1/2
and Galileo. The ALADDIN dust flux in 2010 is generally consistent with flux trends of Helios in 1980’s and Galileo in 1990’s
but some fine structures are observed.
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The aim of this presentation is to demonstrate the capabilities of a new automated analysis scheme developed for meteor he
echo observations by the interferometric Shigaraki Middle and Upper atmosphere (MU) radar in Japan (34.85 degrees N, 136.1
degrees E). Meteors, or colloquially shooting stars, are caused by particles from space that are heated up and shattered in 1
atmosphere. Meteor head echoes are radio waves scattered from the intense regions of plasma surrounding and co-moving w
meteoroids during atmospheric flight.

Our analysis procedure computes meteoroid range, velocity and deceleration as functions of time with unprecedente
accuracy and precision. This is crucial for estimations of meteoroid mass and orbital parameters, as well as investigations int
meteoroid-atmosphere interaction processes. We collected an extensive set ofodétd) between June 2009 and December
2010. The data set contains both shower and sporadic meteor detections. Sporadic meteors are those that cannot be directly
cribed to a parent body. Sporadics are the most numerous among our observed particles, and the main contributors to the mz
influx into the Earth atmosphere.

Here, we present initial results from data taken 2009 October 19-21. More than 600 of about 10 000 head echoes recorde
during 33 hours were associated with the 1P/Halley dust of the Orionid meteor shower. The Orionid activity within the MU radar
beam reached about 50 per hour during radiant culmination. The rate of sporadic meteors in the MU radar data, coming primaril
from the direction of the Earth’s apex, peaked at about 700 per hour during the same observations.

Head echoes of shower meteors are quite rare in modern high-power large-aperture (HPLA) radar data, primarily becaus
sporadics outnumber shower meteors in the low-mass regime observable with these radar systems. The small collecting area
an HPLA radar system further limits successful observation of shower meteors. Analysis performed on a limited data set may
therefore, contain no or only a few shower meteors due simply to low statistical probability. In this work, we have estimated the
MU radar collection area, calculated the flux of Orionid meteors, and show that the Orionid meteoroid stream activity could be
accurately tracked with the MU radar when the radiant is at least 10 degrees above the local horizon.

0O 0000 : meteor, meteoroid, HPLA radar, head echo
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Jovian impact flashes and their implication to small bodies
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Dynamical Evolution of Haumea Collisional Family: General Properties and Implications

for the Trans-neptunian Belt
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Recently, the first collisional family was identified in the trans-neptunian belt, thus revealing the importance of collisions be-
tween trans-neptunian objects (TNOs). The family consists of the dwarf planet Haumea and at least nine other 100 km-size
TNOs. Here, we modeled the long term orbital evolution of an ensemble of family fragments over 4 Gyr. First, we obtained
collisional families that reproduced the currently known Haumea’s family. In particular, ninety percent of the fragments survived
the integrations concentrated in wide regions with the following orbital element ranges: a™ 6-12 AU, e “0.1-0.15and i~ 7-10 deg.
Most of the survivors populated the so called classical and detached regions of the trans-neptunian belt, whilst a minor fractio
entered the scattered disk reserveitl@o) or was captured in Neptunian resonance$0%). In addition, the great majority of
fragments displayed negligible long term orbital variations. This implies that the orbital distribution of the intrinsic Haumea’s
family can constrain the orbital conditions and physics of the collision that created the family billions of years ago. Finally,
"25-40% of the original Haumea family was lost due to planetary ejections or collisions over 4 Gyr.
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