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Hayabusa2 Actual Observation Timeline

2018: Rapid resolution improvement 2019: Physical Contacts with Surface
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General Characteristics of Ryugu

. Top shape (Watanabe+2019, Sugita+2019)
« Rubble pile

« High abundance of large boulders (sugita+2019)
« Low p (1.19 g/cm3) and high porosity (>50%) (watanabe+2019)

« Consistent with thermally metamorphosed CM/CI.
« Extremely low reflectance (1.9% in VIS-NIR) (Sugita+2019, Kitazato+ 2019)
 Flat spectra w/o strong 0.7um absorption band (Cb type) (sugita+2019)
« Weak but significant OH band (Kitazato+2019)
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e . .
beulder size on Ryugu is ~ 3m (Sugita+2019 Sci)
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Thermal properties of Ryugu

* Thermal inertia is ~300 Jm~2s70->K-1

Consistent with ~cm size pebbles.
(Sugita+2019 Science, Okada+2020 Nature, Shimaki+2020 Icarus)

* No significant difference in thermal inertia
between regolith and boulders.

* There are “cold boulders”(i.e., low

porosity). But they are extremely rare
(Okada+2020 Nature).

* ~300 Jm2s9>K? |leads to 0.2-0.28 MPa of
tensile strength (srott+2019)

=> Ryugu is made of large high-porosity
boulders.
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MASCOT’s in situ measurements!

Jaumann+2019
Science

* Morphologies are similar between sub-mm-scale and m-scale images
Lot of mm-scale inclusions in boulders => No thick dust layer!
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Breccias on Ryugu

An S-type clast is adhered to substrate boulder.
S-type materials are exogenous
- i B
. - : .
Brecciation must have continued until large impact (s) ~Byrs
N
Many breccias may have formed!
This could be a cause for the low thermal inertia on Ryugu.
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Conclusions

« Ryugu’s spectral properties are consistent with thermally metamorphosed
carbonaceous chondrites.

 Bulk density 1.19 g/cc is much lower than any carbonaceous chondrites.
= High porosity >50%

. %reat gap between grailz size (~cm) estimated from thermal inertia and
actual average grain size (~3 m).
=»> Ryugu is covered with large high-porosity boulders.

* No thick dust layer on boulders.
=> Boulder bulk thermal inertia must be low.

« Many pieces of evidence for breccia on Ryugu.
« Breccia structure may be a significant cause for Ryugu’s low thermal inertia.

= Breccia structure may be an important factor to consider for planetary
defense of low-albedo asteroids. |



Bright boulders (BBs) on Ryugu and Bennu

e Ryugu is uniformly dark. (Sugita+2019 Science).
« Tatsumi+ (2021 Nat. Geo) found 21 BBs. Most have C-type spectra; some have S-type spectra.
« S-type BBs are Ilkely exogenlc but too large to accrete on Ryugu after becoming current size.

-> S-type BBs are probably fragments
from impactor(s) to Ryugu’s parent body.
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