
 

ESA plans mission to smallest asteroid ever
visited
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ESA’s Hera mission concept, currently under study, would be humanity’s first
mission to a binary asteroid: the 780 m-diameter Didymos is accompanied by a
160 m-diameter secondary body. Hera will study the aftermath of the impact
caused by the NASA spacecraft DART on the smaller body. Credit:
ESA–ScienceOffice.org

ESA's planet-defending Hera mission will set a new record in space. The
asteroid investigator will not only be the first spacecraft to explore a
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binary asteroid system – the Didymos pair – but the smaller of these two
worldlets, comparable in size to Egypt's Great Pyramid of Giza, will
become the smallest asteroid ever visited.

From afar, one asteroid looks much like another, until comparing them
directly. Checking the well-known scale chart prepared by the Planetary
Society of all asteroid and comets so far surveyed by spacecraft and the
larger Didymos asteroid would form a modest dot, with its smaller
moonlet struggling to make a single pixel.

Didymos itself is just 780 m across – smaller than any asteroid visited by
a probe other than the 350-m diameter Itokawa rubble pile visited by
Japan's first Hayabusa spacecraft and the 500 m-diameter Bennu, around
which NASA's Osiris-REx mission is currently in orbit.

That leaves Didymos's orbiting moonlet 'Didymoon' as the smallest of all
asteroids scheduled for robotic inspection, at just 160 m across.

"Didymoon's miniscule size really becomes clear when you look at other
asteroids," comments Hera's lead scientist Patrick Michel, CNRS
Director of Research of France's Côte d'Azur Observatory.

Patrick also serves as co-investigator and interdisciplinary scientist on
Japan's Hayabusa2 mission to the Ryugu asteroid, which is about 1 km in
diameter: "Hayabusa2 images show a large boulder near the north pole
of Ryugu – and that single boulder is about the same size as Didymoon
in its entirety."

Humankind's first planetary defence test

Its diminutive size was the reason Didymoon was chosen for a
pioneering planetary defence experiment. In 2022, NASA's DART
spacecraft will impact Didymoon in an attempt to change its orbit
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around its larger twin, to test the feasibility of asteroid deflection.

"This isn't the first spacecraft impact into a planetary body," adds
Patrick, "NASA's Deep Impact crashed into comet Tempel 1 in 2005,
but not to try and deflect it, instead it was to expose subsurface material
– the 6-km diameter body was much too large. But Didymoon is small
enough, and in a tight enough 12-hour orbit around its parent, that its
orbital period can indeed be shifted in a measurable way."

After the impact, Hera will survey the Didymos asteroids in 2026 to
gather key information that will not be available from Earth-based
observations, including Didymoon's mass, its surface properties and the
shape of DART's crater.

  
 

3/10

https://phys.org/tags/planetary+body/


 

  

Ryugu imaged from Hayabusa2 on 30 June 2018 from a distance of about 20
km. The large boulder obserbed near the north pole of Ryugu is about the same
size as Didymos's moonlet ‘Didymoon’ in its entirety. Didymoon, due to visited
by ESA's Hera mission in 2026, is the smallest of all asteroids scheduled for
robotic inspection, at just 160 m across. Credit: JAXA, University of Tokyo,
Kochi University, Rikkyo University, Nagoya University, Chiba Institute of
Technology, Meiji University, University of Aizu and AIST
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"This will give us a good estimate of the impact's momentum transfer,
and hence its efficiency as a deflection technique," explains ESA's Hera
project scientist, Michael Küppers. "These are fundamental parameters
to enable the validation of numerical impact models necessary to design
future deflection missions. We will better understand whether this
technique can be used even for larger asteroids, giving us certainty we
could protect our home planet if needed."

Didymoon is very relevant for such testing as it is in the riskiest class of
near-Earth asteroids because of its size: larger bodies can more easily be
tracked, smaller bodies will burn up or do limited damage, while a
Didymoon-sized impactor could devastate an entire region of our planet.

Low-gravity worldlets

The Didymos system is also attractive in terms of bonus science,
offering insight into the formation of the binaries that make up around
15% of known asteroids.
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A Planetary Society montage of 17 of the 18 asteroids and comets that have been
photographed up close as of June 2018, when Hayabusa2 arrived at Ryugu. This
version is in color but does not show the bodies at their correct relative albedo or
brightness. Not included are Vesta or Ceres, both of which are many times larger
than Lutetia. This is a provisional version for 2018. Bennu is currently
represented by a gray dot; later in the year, that dot will be replaced by a new
OSIRIS-REx image, and this image will be updated. Credit: Planetary Society –
Emily Lakdawalla

"Didymos is spinning very swiftly, rotating once every two hours," says
Patrick. "Around its equator, its weak pull of gravity could be overcome
by centrifugal force, potentially leading to material rising from the
surface – the leading theory of where Didymoon came from. So landing
on the equator would be impossible; you would have to touch down near
its poles instead.
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"Didymoon's small size means we know little about it, but we assume it
would be spin-locked around its parent like Earth's moon, implying a
slower spin equal to its orbital period. The plan is to land at least one
CubeSat there, although it will require precise navigation to achieve this.
The asteroid will have something like one millionth of Earth's gravity,
with an estimated escape velocity of just 6 cm per second, so one danger
might be bouncing back out to space."

Patrick suggests Didymoon-class objects may additionally prove optimal
for planned asteroid mining: larger bodies are comparatively rarer, while
their smaller equivalents are more prone to fast spinning – caused by
gradual warming due to sunlight.

Hera is currently under study to be presented for approval by ESA's
Space19+ Council meeting of European space ministers. It is planned for
launch in 2023.

Hera would be ESA's next mission to a small body after the Rosetta
comet-chaser, benefiting from the expertise acquired during that 12-year
mission. Long-term planning is crucial to realise future missions, and to
ensure the continued development of innovative technology, inspiring
new generations of European scientists and engineers.
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NASA's Deep Impact spacecraft struck the 6-km diameter comet Tempel 1 on 4
July 2005. This image was acquired 67 seconds after impact. Credit: European
Space Agency
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NASA’s Double Asteroid Redirect Test, DART, mission is the US component of
AIDA, intended to collide with the smaller of two bodies of the Didymos binary
asteroid system in October 2022. ESA's Hera mission will then perform follow-
up post-impact observations. Credit: NASA
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Asteroids compared to Didymoon. Credit: Ian Carnelli adapting Planetary
Society – E. Lakdawalla image
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