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The shape and origin of the rubble-pile asteroid Ryugu
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Results of Hayabusa2 Near Infrared Spectroscopy at Asteroid Ryugu
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The Near Infrared Spectrometer (NIRS3) is installed on the Hayabusa2 spacecraft to observe the target
C-type asteroid 162173 Ryugu at near infrared wavelengths of 1.8 to 3.2 wm. It aims to obtain
reflectance spectra in order to detect absorption bands of hydrated and hydroxide minerals in the 3
m-band spectral region. Spectra obtained during the cruising and proximity-operation phases have
revealed that the performance of NIRS3, using the newly developed linear-image sensor with indium
arsenide (InAs) photodiodes, are good enough as expected from the ground performance tests.

Prior to the touch down of Hayabusa2 on the surface of Ryugu, NIRS3 has completed global observations
from the Home Position, where the altitude is about 20 km above the surface. NIRS3 also performed
low-altitude observations in several opportunities, such as the separation operation of the small rovers
and lander, during which the lowest altitude was less than 30 m. Analyzing the spectra, NIRS3 contributed
to estimate the temperature of the asteroid surface. After removing the thermal emission, we successfully
detected a weak and narrow absorption feature centered at 2.72 wm, which suggests the existence of
hydroxyl (OH)-bearing minerals formed by aqueous alteration. This feature is, however, almost uniform
over the whole surface in terms of band depth and position. Additionally, it is remarkable that the albedo
of Ryugu is extremely low. These results imply the following hypotheses; 1) dehydration caused by heating
or space weathering, or 2) masking effects by dark materials on the surface. We will argue about the
inspection of the evolution scenario of Ryugu inferred from the above results.

F—I7—R:1FPRE2, Yav s, NIRS3. EKIELY
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Impact experiment on asteroid Ryugu by Small-Carry on impactor of
Hayabusa-2 and observation of the impact ejecta by a Deployable
CAMera-3
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A small carry-on impactor (SCI) equipped on Hayabusa?2 is scheduled to be propelled toward to the
surface of asteroid Ryugu this spring. Cratering process on Ryugu made by the impactor will
simultaneously observed by a deployable camera 3 (DCAM3) detached from Hayabusa2. The mission
objective of the impactor is to excavate the asteroid to expose a subsurface material as ejecta deposits
around the crater. Thus, not only it enables us to give a good opportunity for obtaining a fresh or
subsurface material by a sampler system, remote sensing instruments such as ONC, TIR, NIRS3 onboard
Hayabusa2 will also have a good chance to observe the exposed subsurface material. Furthermore, this
impact experiment on Ryugu is also a rare opportunity to verify the crater scaling law in the microgravity
environment on the real asteroid materials, and is expected to enable us to improve the conventional
scaling law, especially for the crater size and the ejecta velocity distribution.

After arrival at Ryugu, the surface morphology observation through remote sensing has turned out that a
plenty of boulders cover throughout the surface, and many of the boulders are larger than 10 m. These

boulders are distributed almost uniformly and the size frequency distribution of the boulders is a power
law distribution with the power law index around -1, indicating relatively large boulders are dominant on
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the surface. Therefore, taking into account that the precision of an actual impact point toward an aiming
point expands several 10 m, the impactor possibly collides with a large boulder, otherwise with small
boulders having the power law size distribution, wherever the impactor would aim at on the surface of
Ryugu. If the impactor collides with a large boulder, a crater should be formed in the strength regime, and
if the impactor collides into a finer-boulder area, a crater will be formed in the gravity regime. The DCAM3
was designed for the observation of not only the impact cratering in the strength regime but also that in
the gravity regime.

We believe that we will success to observe impact ejecta induced by the impactor when the SCI and
DCAM3 operations are conducted as scheduled. We are planning to present a first report of the DCAM3
observation in this talk, and discuss how to search the impact point on the Ryugu surface using the
DCAM3 images, beforehand the onboard imaging instruments. Moreover, the morphology of the ejecta
curtain imaged by DCAM3 will bring us a lot of information about the crater formation process. We report
the surface condition around the impact point, such as a large block or a small-boulders area, and an
excavated area corresponding to the crater size. The DCAM3 will also observe individual dusts in the
ejecta curtain to obtain information of the ejecta velocity distribution, so that we may have a chance to
introduce these images. However, please note that this presentation strongly depends on the success of
the SCI/DCAM3 operation.

F—TO—R:NREY 10T, BRER. NEEREE. SBEAX S, TS ILKRE

Keywords: Asteroid Ryugu, Impact Experiment, Small carry-on impactor, Deployable camera3, Rubble pile
body
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Impact cratering experiments on glass beads with bead size frequency
distribution: Implications for cratering process on asteroid Ryugu
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Enhancement of impact heating in strength-supported media
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Hypervelocity mutual collisions between small bodies, which include the asteroid Ryugu,occur throughout
the history of the solar system. A strong compression and thermal pulse caused by an impact can produce
various unique features, such as a change in spectral properties, mosaicism, planer deformation features,
high-pressure minerals, atomic diffusion, volatile loss, shock veins, impact melt, and so on. We can obtain
these features in samples returned from Ryugu, collected by the Hayabusa2 spacecraft. When we have a
reliable model connecting the degree of shock metamorphism with the impactor/target conditions, we
can reveal the impact history of Ryugu more correctly.

Frequently, the table from Stoffler et al. (1991, 2018) is used to deduce the shock stage of meteorites
using observed shock features, which are subsequently used to infer impact velocities on target bodies.
Recently, Kurosawa and Genda (2018) reported that the degree of heating in low-velocity impacts (<10
km/s) is expected to be much higher than previously expected. This is caused by the irreversible heating
during plastic deformation against material strength. Low-velocity impacts do not produce large-scale
impact melting, but trigger a comminution of both impactor and target materials. Although the materials
experiencing compression do not have a tensile strength, they still have a compressive one. Thus, the
required impact velocities for producing the unique features produced mainly by the rise in temperature
is greatly lowered as shown by Kurosawa and Genda (2018). Another work also confirmed the importance
of plastic deformation during impacts to a target embedding hydrous minerals (Wakita and Genda 2019).
The experienced temperature at a given shock stage defined by Stoffler’ s table would be revised to
somewhat higher temperatures, which would mean that impact histories derived from shock features
using the previous table would need to be revised. For example, the target bodies are likely to experience
many fewer high-speed energetic impacts than previously expected.

We are planning to revise the Stoffler’ s table by using the state-of-the-art numerical shock physics code,
iSALE, which includes both recent equation-of-state (EOS) models and various constitutive models. The
Hayabusa2 spacecraft is planning to return to Earth with Ryugu samples in 2020. The revised table would
largely help to reproduce the impact history of Ryugu.

In the presentation, we will introduce the work done by Kurosawa and Genda (2018) using the iSALE-2D
model and will present some preliminary results from the three-dimensional (3D) model. We newly
investigated the effects of impact obliquity using iSALE-3D. As a preliminary result, the enhancement of
the impact heating in strength-supported media at oblique impacts becomes larger than the case at
vertical impacts to the tangent plane. Although it is widely accepted that the degree of heating correlates
well with the vertical component of the impact velocity, our preliminary results show that oblique impacts
(45-degrees) produce nearly the same amount of heated volume as vertical impacts do. We are also going
to discuss the strategy for reproducting Ryugu’ s impact history.
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Global Thermal Inertia and Surface Roughness of Asteroid 162173
Ryugu by TIR on Hayabusa?2
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Thermal infrared imager TIR onboard the Hayabusa2 spacecraft acquired thermal images of the asteroid
162173 Ryugu for one asteroid rotation during Mid-altitude operation on August 1, 2018, with around 5
m/pixel resolution. The thermal images were converted to brightness temperature maps on a shape
model based on the ground tests, then temperature profiles of the surface of Ryugu were obtained. For
comparison, thermal calculations by a thermophysical model without roughness using the shape model
(TPM1) and by one with roughness using fractal rough surfaces (TPM2) were carried out.

Thermal images by TIR reveled that the surface of Ryugu showed ubiquitously high temperature above
300 K, and its temperature profile showed flat pattern at noon. Thermal calculations by TPM1 did not
reproduce observed temperature profiles. By comparing maximum temperatures by TIR with those by
TPM1, thermal inertia of Ryugu was estimated to be around 160 in MKS unit and reached maximum at the
equatorial ridge. By contrast, thermal calculations by TPM2 successfully created flat temperature profile
at noon for various thermal inertia and surface roughness. The temperature profiles were fitted by 4-order
function to characterize its pattern. A multi linear regression analysis was carried out to estimate thermal
inertia and surface roughness from the fitting coefficients. From the regression equations and fitting
coefficients by observed temperature profiles, thermal inertia and surface roughness of Ryugu were
estimated. Since the estimation is strongly affected by surface tilt angle of a polygon on a shape model,
we carried out tilt angle corrections. Finally, thermal inertia of Ryugu by TPM2 was estimated to be around
330 in MKS unit and showed little variation in latitude, and with moderate homogeneous surface
roughness. Thermal inertia of Ryugu determined in this study by two TPMs are consistent with that
determined by ground observations. Our results suggest that thermal inertia of Ryugu is consistent with
that of boulders, indicating porous nature of the boulders widely distributed on Ryugu.
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