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Subject line: Tokyo Tech-led study shows how icy outer solar system satellites may have

formed
Release subtitle:

Scientists use sophisticated computer simulations and observations of Trans-Neptunian

Objects to understand the formation of the solar system
Release Summary:

Beyond the orbit of the planet Neptune, there are a multitude of icy and rocky small bodies,
smaller than planets but larger than comets. These likely formed at the same time as the Solar
System, and understanding their origin could provide important clues as to how the entire
Solar System originated. Using sophisticated computer simulations and observations of TNOs,
a Tokyo Tech-led team has shown how these so-called trans-Neptunian Objects (or TNOs) may

have formed.
Full text release:

Using sophisticated computer simulations and observations, a team led by researchers
from the Earth-Life Science Institute (ELSI) at Tokyo Institute of Technology has shown how the
so-called trans-Neptunian Objects (or TNOs) may have formed. TNOs, which include the dwarf
planet Pluto, are a group of icy and rocky small bodies—smaller than planets but larger than
comets—that orbit the Solar System beyond the planet Neptune. TNOs likely formed at the
same time as the Solar System, and understanding their origin could provide important clues as

to how the entire Solar System originated.

Like many solar system bodies, including the Earth, TNOs often have their own satellites,
which likely formed early on from collisions among the building blocks of the Solar System.
Understanding the origin of TNOs along with their satellites may help understand the origin and
early evolution of the entire Solar System. The properties of TNOs and their satellites—for
example, their orbital properties, composition and rotation rates—provide a number of clues

for understanding their formation. These properties may reflect their formation and collisional



history, which in turn may be related to how the orbits of the giant planets Jupiter, Saturn,

Neptune, and Uranus changed over time since the Solar System formed.

The New Horizons spacecraft flew by Pluto, the most famous TNO, in 2015. Since then,
Pluto and its satellite Charon have attracted a lot of attention from planetary scientists, and
many new small satellites around other large TNOs have been found. In fact, all known TNOs
larger than 1000 km in diameter are now known to have satellite systems. Interestingly, the
range of estimated mass ratio of these satellites to their host systems ranges from 1/10 to
1/1000, encompassing the Moon-to-Earth mass ratio (~1/80). This may be significant because

Earth’s Moon and Charon are thought to have formed from a giant impactor.

To study the formation and evolution of TNO satellite systems, the research team
performed more than 400 giant impact simulations and tidal evolution calculations. “This is
really hard work,” says the study’s senior author, Professor Hidenori Genda from the Earth-Life
Science Institute (ELSI) at Tokyo Institute of Technology. Other Tokyo Tech team members

included Sota Arakawa and Ryuki Hyodo.

The Tokyo Tech study found that the size and orbit of the satellite systems of large TNOs
are best explained if they formed from impacts of molten progenitors. They also found that
TNOs which are big enough can retain internal heat and remain molten for a span of only a few
million years; especially if their internal heat source is short-lived radioactive isotopes such as
Aluminum-26, which has also been implicated in the internal heating of the parent bodies of
meteorites. Since these progenitors would need to have a high short-lived radionuclide content
in order to be molten, these results suggest that TNO-satellite systems formed before the
outward migration of the outer planets, including Neptune, or in the first ~ 700 million years of

Solar System history.

Previous planet formation theories had suggested the growth of TNOs took much longer
than the lifetime of short-lived radionuclides, and thus TNOs must not have been molten when
they formed. These scientists found, however, that rapid TNO formation is consistent with
recent planet formation studies which suggest TNOs formed via accretion of small solids to pre-
existing bodies. The rapid formation of large TNOs is consistent with recent planet formation
studies; however, other analyses suggest comets formed well after most short-lived
radionuclides had decayed. Thus the authors note that there is still much work to be done to

produce a unified model for the origin of the Solar System’s planetary bodies.



Large Trans-Neptunian Objects (> 1000 km in Diameter)
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Title: Largest TNOs with 1000 km in diameter and their satellite(s).

Caption: The masses of the satellite(s) range from 1/10 to 1/1000 of the corresponding TNOs.
For comparison, Earth and Moon are also shown.

Credit: NASA/APL/SwRI/ESA/STScl



1. Hydrodynamic Simulation of Giant Impacts
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2. Tidal Evolution of Satellites’ Orbit and Spin

Current orbit: circular (typically eccentricity is lower than 0.1)
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Title: Formation of satellite(s) via a giant impact (top panels) and its orbital evolution via tidal

interaction (bottom panel).

Caption: Top panels show snapshots for the satellite-forming giant impact with about 1 km/s
of the impact velocity and 75 degree of the impact angle. Bottom panel shows the schematic
view for the circularization of the satellite’s orbit due to tidal interaction after satellite
formation.

Credit: Arakawa et al. (2019) Nature Astronomy
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Title: Simulation results for the tidal evolution.

Caption: The relationship between the initial eccentricity of the formed satellites and the final
eccentricity after 4.5-billion-year tidal evolution are shown for three cases. When planetary
bodies are rigid for the whole time (right figure) or they behave as a fluid for the first 1000
years (middle figure), most of the eccentricities were not damped, which is not inconsistent
with the observation. When they behave as a fluid for the first > 1 million years, the resultant
eccentricities are consistent with the observation.

Credit: Arakawa et al. (2019) Nature Astronomy
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Tokyo Institute of Technology (Tokyo Tech)

Tokyo Tech stands at the forefront of research and higher education as the leading university
for science and technology in Japan. Tokyo Tech researchers excel in fields ranging from
materials science to biology, computer science, and physics. Founded in 1881, Tokyo Tech
hosts over 10,000 undergraduate and graduate students per year, who develop into scientific
leaders and some of the most sought-after engineers in industry. Embodying the Japanese
philosophy of “monotsukuri,” meaning “technical ingenuity and innovation,” the Tokyo Tech
community strives to contribute to society through high-impact research.

http://www.titech.ac.jp/english/

The Earth-Life Science Institute (ELSI)

Launched in 2012, ELSI is one of Japan’s ambitious World Premiere International research
centers, whose aim is to achieve progress in broadly inter-disciplinary scientific areas by
inspiring the world’s greatest minds to come to Japan and collaborate on the most challenging
scientific problems. ELSI’s primary aim is to address the origin and co-evolution of the Earth

and life.

WPI

The World Premier International Research Center Initiative (WPI) was launched in 2007 by the
Ministry of Education, Culture, Sports, Science and Technology (MEXT) to help build globally
visible research centers in Japan. These institutes promote high research standards and
outstanding research environments that attract frontline researchers from around the world.
These centers are highly autonomous, allowing them to revolutionize conventional modes of

research operation and administration in Japan.



