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In December 2014, the Hayabusa2 
spacecraft was launched by the Japan 
Aerospace Exploration Agency 
(JAXA) to the small Apollo-type 

asteroid known as 1999 JU3. By the time 
the spacecraft swung by Earth a year 
later for a speed-boosting gravity assist, 
the asteroid had acquired a new name –
Ryugu – following a public competition.

Fast forward two and a half years 
and a 300 million km journey. As 
Hayabusa2 approached (162173) Ryugu 
in June 2018, close enough for the 
spacecraft’s suite of onboard cameras 
to start snapping the asteroid’s features, 
a distinctly lumpy diamond-shaped 
body emerged, somewhat different 
to shape model estimates. Closing in, 
the images revealed a pockmarked, 
boulder-strewn surface cut by a bulging 

equatorial ridge, topped with a large 
bright boulder at the south pole.

Ryugu’s south pole points up relative 
to the ecliptic due to the asteroid’s 
retrograde spin, opposite to that 
of Earth and most other objects in 
the Solar System. In all of JAXA’s 
early released images, Ryugu’s south 
pole is shown pointing up (like 
Earth north) but at the 24 August 
press briefing, JAXA announced it 
would now show Ryugu’s south pole 
pointing down. So always check 
whether the boulder is up or down.

Hayabusa2 officially arrived at Ryugu 
on 27 June 2018, reaching its “home” 
position 20 km from the surface, from 
where it would make observations and 
excursions. Images taken during the 18 
to 20 June 2018 approach from 220 km 

After Hayabusa2 deploys three of its probes onto the 
surface of asteroid Ryugu, the boulder-strewn terrain 

may pose problems for the spacecraft’s own touchdown 
to collect samples, reports Margaret Murphy.
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  Images captured by 
JAXA’s Hayabusa2 spacecraft 
approaching asteroid Ryugu 
from 220 km (top R) to 
100 km (top L), taken with 
the spacecraft’s telescopic 
optical navigation camera 
(ONC-T) on 18, 19 and 20 
June 2018. Image processing 
has been used to interpolate 
between the pixels during 
enlargement and emphasise 
light and dark regions. Image: 
JAXA  and collaborators.

  The boulder-strewn surface 
of asteroid Ryugu from an 
altitude of 6 km, taken with 
Hayabusa2’s telescopic optical 
navigation camera (ONC-T) 
on 20 July 2018 at 07:00 UTC. 
Three prominent features in 
the image are the bulging 
equatorial ridge overprinted 
with a 290 m wide crater, the 
largest on the asteroid, with 
a contrasting bright boulder 
just outside its rim. In this 
image the asteroid’s south 
pole is up because Ryugu 
has retrograde spin. Image: 
JAXA and collaborators.

to 100km are shown in the double stack 
opposite. A close-up taken a month 
later at 6 km altitude is shown above. 

Most images do not convey the 
darkness of this asteroid and are 
lightened to show the features. But 
Ryugu is really very dark, reflecting 
only about 2.5% of the sunlight 
falling upon it – think asphalt (see 
the very last image on p.29).

What was expected?

The asteroid’s dark colour was not 
unexpected. Ryugu is, after all, a 

carbonaceous, or C-type, asteroid. These 
types of asteroids are rich in organics 
and have undergone little alteration 
since the formation of the Solar System – 
which is one of the reasons this asteroid 
was selected as an exploration target.

But the equatorial bulge was baffling 
and some speculated that Ryugu’s spin 
may have been faster in the past. Ryugu 
has a rotation period of 7.6 hours (twice 
that of asteroid Bennu, target of NASA’s 
current OSIRIS-REx mission) which is 
relatively slow for this kind of bulging 
shape – which is generally predicted 
for fast-rotating asteroids, as a reaction 
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Getting to know Ryugu    

During July and August, we saw JAXA 
release LIDAR, thermal and shape 
models, and geographical, topographical 
and boulder maps. Mid-altitude 
operations and gravity measurements 
down to 1 km altitude were carried 
out which determined the equatorial 
gravity to be about 1/80,000th that of 
Earth, and a third higher at the asteroid’s 
poles than at its equator – meaning 
the direction of Ryugu’s gravitational 
pull changes across the surface. From 
this, its mass is calculated to be about 
450 billion kg, which given its size 
equates to a density of about 1.2 g/cm3. 
Compare that to the porosities of some 
carbonaceous chondrite meteorites 
(e.g. Macke et al, 2011, MAPS) such 
as Orgueil (CI1) 1.6 g/cm3 and Mighei 
(CM2) 1.9 g/cm3, which have about 35% 
porosity and it means Ryugu’s porosity 
is really high – a rubble pile asteroid.

Following a landing site selection 
conference in August, target sites and 
dates were announced for deploying 
three tumbling or “hopping” exploration 
rovers and for the spacecraft’s own 
touchdown to collect samples. In the 

map below, N6 is the site for JAXA’s 
two Roomba-sized MINERVA II-1 
rovers, MA-9 is for the shoebox-sized 
MASCOT rover developed by the 
German Aerospace Center (DLR), and 
L08 is for the spacecraft’s own touchdown 
(with L07 and M04 as backups). 

The first close touchdown rehearsal 
(TD1-R1) which took place 10-12 
September was cut short. On 12 
September the spacecraft autonomously 
halted its descent at 0.6 km and started 
to rise. The spacecraft’s LIDAR could 
not measure the distance to the asteroid 
surface because the reflectance is so low. 
Onboard cameras help the spacecraft 
aim in the right direction but the LIDAR 
tells it how close it is to the surface.

On 21 September, the spacecraft 
deployed the MINERVA II rovers (1A and 
1B) which transmitted data and images 
(see p.28) that showed at least one of the 
rovers was able to perform a successful 

 Map of Ryugu (south 
pole down) indicating the 
landing site regions for 
the MINERVA II-1 rovers 
(N6), the MASCOT rover 
(MA-9), and the candidate 
site for the spacecraft’s 
own tocuhdown to collect 
samples (L08, with L07 and 
M04 as backups). Image: 
JAXA and collaborators.

  LEFT: Global image of Ryugu taken with Hayabusa2’s 
telescopic optical navigation camera (ONC-T), showing 
the location of the two inset images. Note the large South 
Polar Rock is down in this image. CENTRE: Image at 
70 m altitude taken as Hayabusa2 descended to deploy 
the two MINERVA II-1 rovers, taken with ONC-W1, 
one of the spacecraft’s two wide angle cameras. Note 
the silhouette of Hayabusa2 on the surface. RIGHT: 
ONC-T image at about 64 m altitude during the same 
operation. Images: JAXA and collaborators.

The LIDAR could not measure the 
distance to the asteroid surface 
because the reflectance is so low 

to Earth dimensions it would be like 
standing at the foot of a boulder the 
size of India and 160 times the height of 
Mount Everest. Maybe a new category 
of planetary surface feature is afoot?

The asteroid’s pockmarked surface 
reflects its collisional history. Social 
media went into a frenzy when the 
images revealed a huge impact crater 
on the equatorial bulge which made the 
asteroid resemble an orbiting Death Star. 
Ryugu is two to three orders of magnitude 
smaller than said fictional battle station, 
having a mean diameter of about 900 m, 
with the large crater spanning about 
a third of that, at 290 m across.

to the centripetal force. Comparing the 
similar shape of Ryugu to Bennu and 
to 2008 EV5 (the target ESA’s previously 
proposed MarcoPolo-R mission), 
Hayabusa2 mission manager, Makoto 
Yoshikawa said on the JAXA website, 
“These celestial bodies are small and 
rotating fast compared to Ryugu. On the 
other hand, Bennu is a B-type asteroid, 
which is very similar to C-type asteroids 
such as 2009 EV5 and Ryugu. Therefore 
there should also be common properties 
due to the asteroid type. So we have both 
differences and similarities that have 
combined to produce very similar shapes. 
It will be interesting to clarify exactly 
what this similarity means scientifically.”

Equally surprising is the size of the 
bright boulder that perches on the south 
pole, nicknamed South Polar Rock 
by the mission team, which is about 
130 m across – or 15% of the asteroid’s 
diameter. Calling it a boulder really does 
play down just how large it is. Scaled 

There should be common properties due 
to asteroid type. We have differences and 
similarities that have combined to produce very 
similar shapes. It will be interesting to clarify 
exactly what this similarity means scientifically
Makoto Yoshikawa, Hayabusa2 mission mnager
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a signal to Hayabusa2,” said Elizabeth 
Tasker, associate professor at JAXA.

The good news is that because 
Ryugu’s surface rocks are so diverse, 
sampling anywhere could provide 
an assortment of geology that may 
characterise the whole surface. So a 
single touchdown may be enough. The 
equator and poles may be good places 
to sample, where Ryugu’s reflectance 
is spectroscopically bluer than the rest 
of the asteroid – and bluer generally 
means less altered. Images from all 
three rovers showed an absence of 
fine-grained material for sampling, but 
according to mission manager Makoto 
Yoshikawa, the sampling method of 
Hayabusa2 can be used for any kind 
of surface – sand, pebble or rock.

A touchy touchdown

In the early days of the mission, JAXA 
wanted a 50 m wide touchdown site with 
no boulders higher than 0.5 m. With no 
such identified sites on Ryugu, this was 
revised to a radius of 20 m. Following the 
second touchdown rehearsal (TD1-
R1-A) which just took place on 14-
15 October, high-resolution images 
indicate the safe region for touchdown 
is now a radius of just 10 m – a fairly 
severe constraint. Luckily, MINERVA-II 
and MASCOT deployment operations 

confirmed the spacecraft can be guided 
within that radius from 50 m height. 

A third touchdown rehearsal (TD1-R3) 
to drop a target marker is planned 
for 24-25 October. The sampling in 
early 2019 will be followed by firing a 
Small Carry-on Impactor (SCI) into 
the asteroid to uncover subsurface 
material for further sampling. Then 
Hayabusa2 will depart for Earth with 
its precious cargo in December 2020.

What’s in a name?

Ryugu is named after Ryūgū, a mystical 
undersea palace in an ancient Japanese 
folk tale which is inhabited by Ryūjin, an 
immortal shape-shifting Dragon Emperor, 
and controller of the sea. Official names 
have not yet been announced for Ryugu’s 
surface features, but no doubt some will 
honour other major characters in that 
folk tale. In the tale, a young fisherman, 
Urashima Tarō, is taken to Ryūgū on the 
back of a turtle he rescues, where Ryūjin’s 
daughter Otohime (in some versions the 
turtle’s reincarnation) rewards him with a 
never-to-be-opened tamatebako casket. But 
back on land, he opens the casket…and in 
a cloud of white dust he is instantly old. 

Let’s hope that the little metal capsule 
containing Ryugu’s precious sample 
collection survives its year long journey 
back to Earth firmly intact. 

hop on the surface to image different 
locations. Commenting on the images, 
Tetsuo Yoshimitsu, who is responsible for 
the MINERVA-II1 project, said, “Although 
I was disappointed with the blurred 
image that first came from the rover, with 
the image taken during the hop on the 
asteroid surface, I was able to confirm the 
effectiveness of this movement mechanism 
on the small celestial body and see the 
result of many years of research.” 

On 3 October, MASCOT was 
deployed and relayed detailed images 
of the dark geology during its 17 hour 
life on the asteroid (see opposite).

Which news do you want first?

Whilst the Death Star in Star Wars is 
capable of destroying a planet with 

one shot of its superlaser, Ryugu looks 
to be capable of causing serious harm 
to a spacecraft attempting to land on 
its rugged, boulder-strewn surface, 
with some locations more dangerous 
for landing on than others. Just as 
this article was being finalised, JAXA 
announced the postponement of the 
sample collection touchdown until the 
first quarter of 2019, to allow time to 
evaluate the surface in more detail. 

Before that there is solar conjunction 
to deal with, which brings a month-
long blackout when Ryugu and 
Hayabusa2 are on the other side of the 
Sun when viewed from Earth. “Once 
the angle between the spacecraft, Earth 
and Sun is less than about 6 degrees, 
radio noise from the Sun interferes 
with communication too much to send 

  MINERVA II-1 deployment 
TOP LEFT: Image taken by 
Rover-1A on 22 September 
at 02:44 UTC, captured 
while moving (hopping) on 
the surface. The bright white 
region is due to sunlight. 
BOTTOM LEFT: Image taken 
by Rover-1A on 23 September 
at 00:43 UTC, captured whilst 
stationary on the surface. 
TOP RIGHT: Image taken by 
Rover-1B on 21 September 
at 04:07 UTC, captured 
immediately after separation 
from the spacecraft. The 
coloured blur in the top 
left is due to sunlight. 
BOTTOM RIGHT: Image 
taken by Rover-1B on 
23 September at 01:10 
UTC, captured after landing 
on the surface. Images: 
JAXA and collaborators.

  MASCOT deployment. 
LEFT: MASCOT immediately 
after separation from 
Hayabusa2 on 3 October 
2018 taken with one of the 
spacecraft’s wide angle 
optical navigation cameras 
(ONC-W2) at 01:58 UTC. 
RIGHT: The surface of Ryugu 
imaged by MASCOT’s 
MASCAM just before 
MASCOT’s first contact on 
landing. Ryugu’s rugged 
surface is extremely dark, 
reflecting only 2.5% of the 
incoming sunlight. MASCAM 
and is able to show details of 
the dark terrain due to its highly 
photosensitive CMOS camera 
sensor which can enhance 
extremely weak light signals 
to provide usable image data. 
Images: MASCOT/DLR/JAXA.

The safe 
region for 
touchdown is 
now a radius 
of just 10 m –  
a fairly severe 
constraint

Although I was disappointed with the blurred image  . . I was able 
to confirm the effectiveness of this movement mechanism on the 
small celestial body and see the result of many years of research
Tetsuo Yoshimitsu, MINERVA-II project


