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This month, the JUICE mission blasts off on its 

eight-year voyage to Jupiter. Once there, it will 

peer at the planet’s moons to find out if life 

could be lurking beneath their icy crusts…
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PLANET NINE

he Earth has always been 
believed to be the gold 
standard for a habitable 
world. Lessons learnt from 
life on Earth have told us 
that if we want to seek life 
on other planets in the Solar 
System, we need to find three 
basic ingredients in the same 
place at the same time – 
liquid water, the chemical 
building blocks of life, and  
a source of energy. Previously, 
we thought that these could 
only be found within  
a narrow ring around the 
Sun called the ‘Goldilocks 
Zone’, or ‘Habitable Zone’. 
But we were wrong.

Images of Jupiter’s moons 
taken by the Voyager missions 
in 1979 and the Galileo 
spacecraft between 1995 and 
2003 completely reshaped 
our view of the Solar System. 

They exposed evidence for liquid water in the 
outer reaches of our planetary neighbourhood, far 
from where we thought it should be able to exist. 
Today, we know that the fourth largest moon of 
Jupiter, Europa, contains more water than all of 
Earth’s oceans combined. It turns out that Jupiter, 
despite being outside our Solar System’s traditional 
habitable zone, has created a habitable zone all of 
its own, driven not by the Sun’s warmth – sunlight 
at Jupiter is 30 times dimmer than at Earth – but 
by the effects of its incredibly powerful gravity. 
Given these new ‘cooler’ habitable options, in April 

“JUPITER, DESPITE BEING OUTSIDE OUR 
SOLAR SYSTEM’S HABITABLE ZONE, HAS 
CREATED A HABITABLE ZONE OF ITS OWN”

this year the JUpiter ICy moons Explorer (JUICE) 
mission will be sent to Jupiter’s moons to help 
astrobiologists understand how habitable worlds 
have emerged in the outer Solar System. 

JUICE will uncover the biological effects of the 
interaction between a planet and its moons by 
exploring three of Jupiter’s icy moons: Ganymede, 
Callisto and Europa, and their watery subsurface 
environments. Ganymede will take a fair share of 
the focus of JUICE, but the results it might obtain 
from Europa, in collaboration with NASA’s Europa 
Clipper, will be incredibly exciting as it will be 
the first time we are able to study present-day 
environments suitable for life beyond the Earth. 

WATER WORLD
Liquid water is at the top of the astrobiological 
wishlist when exploring other planets, as it 
dissolves nutrients and transports chemicals 
within the environment. Water could help to store 
and circulate the chemicals for life throughout  
a planetary body, and Europa has water aplenty. 

A large part of Europa’s water is frozen, creating  
a bright, icy crust; a landscape unlike anything the 
Earth has to offer. This glacial shell encompasses 
the entire moon and is thought to be between 
16 and 24 kilometres thick, but is floating atop  
a salty liquid ocean between 64 and 160 kilometres 
deep that is in direct contact with a rocky seafloor. 
The most striking features of this ice are the criss-
crossing double ridges and grooves of reddish 
brownish non-ice material (water mixed with 
magnesium sulphate and sulphuric acid, for 
example) that scar the surface. Recent studies of 
similar ridges on the Greenland icesheet have 
hinted that these might be created by pockets of 
liquid water near to the surface of the ice shell 
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being squeezed upwards from the underlying 
ocean through fractures in the ice. 

It is generally agreed that there is an ocean 
within Europa, but we haven’t directly seen it 
yet. The best evidence that this ocean exists is 
indirectly due to the observation that a magnetic 
field is created within Europa as Jupiter’s powerful 
magnetic field sweeps past the moon – a global 
ocean of salty water is the most likely thing that 
could create this. 

In addition, there is growing evidence for plumes 
of water vapour erupting from its surface, similar 
to those most commonly associated with one of 
Saturn’s moons, Enceladus. The icy surface also 
appears to be young, or at least parts of it are. It 
doesn’t have many impact craters on it like other 
moons, which means geological activity such as 
warmer ice rising from an ocean below, could be 
erasing the craters and allowing Europa to maintain 
its relatively youthful appearance.

RADIATION AND REACTIONS
As with any planetary body, Europa may have a 
number of processes that are working together 
and independently to make the energy needed 
for powering life. Yet given how far the moon 
is from the Sun, this life won’t be powered by 
photosynthesis using solar heat, but most likely by 
chemical reactions occurring across the surface 
and within the ocean. Europa’s surface is blasted 
by radiation from Jupiter which interacts with 
the icy crust and other materials, altering them 
into some of the chemical building blocks of life 
including free oxygen, hydrogen peroxide, carbon 
dioxide and sulphur dioxide. The oxygen, for 
example, if it makes its way to the ocean, could 
be used in chemical reactions that release energy 
for life to exploit. 

Reactions between the salty 
water and the rocky ocean floor 
could also create nutrients to 
support life. The ocean interacts 
with hot rock emanating from 
the sea floor, then that water 
could be pouring out chemical 
nutrients that can power life, 
just like the hydrothermal vents 
in Earth’s oceans. Internal heat 
energy from Europa, perhaps 
enough to help maintain the 
liquid ocean in the first place, 
could also be useful and would 
be created as the icy moon gets 
squeezed  in and out by the 
tug of Jupiter’s gravity, in a 
process called tidal flexing. ´

ABOVE LEFT  

As seen in this 
artist’s 
impression, one 
of the most 
striking features 
of Europa is the 
array of reddish 
coloured lines 
that criss-cross 
the surface   

LEFT JUICE’s solar 
panels, of which 
there will be 10 in 
total, provide the 
power to run the 
spacecraft and 
operate its 
scientific 
instruments 
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JUICE, or the JUpiter ICy moons Explorer, is a European 

Space Agency (ESA) mission that will travel to Jupiter and 

its moon system with various instruments to help us 

understand gas giant systems. It will be launching on 13 

April 2023. Although it is an ESA-led mission, there have 

been engineering contributions from NASA and JAXA

To help us understand our own Solar System and gas 

giants across the Universe, JUICE will be studying Jupiter’s 

environment, in addition to some of its icy moons. The 

mission’s theme is ‘the emergence of habitable worlds 

around gas giants’, as it is thought that moons such as 

Europa are likely to contain signs of life. 

JUICE will be the first spacecraft ever to orbit a moon in 

the outer Solar System, when it changes orbit from Jupiter 

to Ganymede at the end of the nominal mission.

In 2024, the Europa Clipper will blast off, arriving at the 

moon in 2030 to carry out further research.

The number of scientific instruments 

carried by JUICE, from spectral imaging 

tools to radar. Find out more about these 

tools on the opposite page.  

Lift-off!

Start here

All systems ready!

Lunar-Earth flyby

A visit to Venus

The total duration of JUICE’s mission. 

 In that time it will have been to Venus 

and back to Earth (twice!), before 

reaching Jupiter and its moons.

The impressive size of JUICE’s solar 

panels. JUICE has to operate where 

sunlight is 25 times weaker than on 

Earth, so it needs to be able to collect 

lots of light.

The temperature that JUICE will have to 

operate in while in the orbit of Jupiter. 

However, during its Venus flyby, the 

temperature will be +250°C!

The number of people who worked on 

the JUICE mission. This ESA-led, global 

collaboration included 18 institutions,  

23 countries and 83 companies.

Everything you need to know about  
ESA’s much-anticipated JUICE mission

Words  Catherine Regan 

Infographic  James Round

What will JUICE’s  

JUICE: IN NUMBERS

What is JUICE?

Journey  

to Jupiter

01

02

03

04

JUICE is the latest in a long line of 

ambitious missions involving Jupiter, 

starting with the first flyby by Pioneer 10 

in 1973. In 1995, Galileo became the first 

spacecraft to orbit Jupiter, with the broad 

aim of studying the planet and its moons. 

And Juno followed two decades later to 

further investigate the gas giant.

During its eight-year journey,  

JUICE will take in some of our  

Solar System’s most spectacular 

sights, as it uses the gravity of  

other planets and moons to help  

it reach its final destination. 

JUICE will be launching 

on an  Ariane 5 rocket, the 

‘workhorse’ of the ESA.  After 

110 successful launches, this 

launch will be Ariane 5’s last, 

as it is due to be replaced by 

the new Ariane 6.

10

85m2

8  

years

-230°C

>2,000

!

JUICE will be launching 

from French Guiana, which 

is Europe’s spaceport, 

within the launch window 

in April 2023.

After launch, it will take 

JUICE around 2.5 weeks to 

complete the deployment 

of its antennas, probes  

and magnetometer boom. 

In August 2024, JUICE will 

perform a flyby of the 

Earth-Moon system, known 

as a Lunar-Earth gravity 

assist (LEGA) – the first 

ever to be carried out.

In August 2025, JUICE will 

perform a flyby of Venus, 

where it will receive 

another gravity assist. 

journey look like?

!



JANUS 

This optical camera system will be  

JUICE’s eyes, studying the features of  

the moons, as well as the clouds of  

Jupiter itself. 

UV imaging spectrograph (UVS)              

This will study the composition and 

dynamics of the moon’s exospheres,  

as well as Jupiter’s atmosphere and 

beautiful aurorae.

Moons and Jupiter Imaging Spectrometer 

(MAJIS)

This will be used to study the atmospheric 

features of Jupiter, as well as the ice and 

other minerals found on the Jovian moons.

Next stop... Earth?

Sub-millimeter Wave Instrument (SWI)

This will measure the atmosphere 

of Jupiter and the exospheres of its 

moons, to determine their structure and 

composition.

JUICE Magnetometer (J-MAG)

This will allow JUICE to study the  

magnetic fields of Jupiter and Ganymede, 

and how they interact with each other.

Particle Environment Package (PEP)

This includes a number of sensors to 

characterise the plasma* environment 

of the Jupiter system.

Ganymede Laser Altimeter (GALA)

This tool will help to provide evidence 

for subsurface oceans within the Jovian 

moons. It will also map the topography of 

the moons.

Radar for Icy Moons Exploration (RIME)

This ice-penetrating radar can see nine 

kilometres below the surface, in order 

to discover the subsurface features of 

the moons.

Radio and Plasma Wave Investigation 

(RPWI)

This will characterise radio emissions of 

Jupiter’s magnetic field and the plasma* 

environment on Jupiter and its moons.

*A plasma is a partly or wholly ionised gas whose particles 

exhibit collective responses to magnetic and electric fields.

Gravity and Geophysics of Jupiter  

and Galilean Moons (3GM)

This will study the gravitational field of 

Ganymede, and the atmospheres and 

ionospheres of Jupiter and its moons.

What tools does JUICE have on-board?

06 07

05

Welcome to Jupiter A Jovian joyride
JUICE will be focusing its attention on three 

of Jupiter’s moons – Europa, Callisto and 

Ganymede – but it’s estimated that the gas 

giant has more than 90 moons, the most  of any 

planet in our Solar System!

It’s believed that this moon could 

potentially support life, so JUICE will 

be looking for evidence of organic 

molecules and other biosignatures 

within the ice, and also within  

water vapour that Europa may vent 

into space.

Ganymede is the only moon in 

the Solar System to generate its 

own magnetic field. JUICE will 

analyse this, along with the moon’s 

atmosphere, complex core, its ice 

content, and the potential of  

a subsurface ocean.

With the oldest and most heavily 

cratered surface in the Solar System, 

JUICE will be investigating Callisto 

to better understand the features 

and environment of the early Jovian 

system. It will also study its structure, 

composition and chemistry.

Number of flybys Number of flybys Number of flybys

Closest approach Closest approach Closest approach

2 21 12

400km 200km 400km

!

JUICE will then travel back to Earth, 

where it will perform not one, but two 

flybys in September 2026 and January 

2029. These gravity assists allow the 

craft to save a significant amount of 

propellant on its journey.

In January 2031, JUICE  

will begin its science  

phase, before reaching 

Jupiter in July.

JUICE will perform 35 flybys 

as it explores Jupiter's moons, 

then will settle into orbit 

around Ganymede in 2034.

Europa Callisto Ganymede



´�In addition to liquid water and energy, for Europa to be 
potentially habitable, it needs to have the essential elements 
for life – carbon, hydrogen, nitrogen, oxygen, phosphorus 
and sulphur. We think these were present on the moon as it 
formed, with more added over billions of years by the impact 
of comets and asteroids; and will be found within its icy 
shell, watery ocean and rocky core. 

GOING UNDERGROUND
On the face of it, Europa isn’t welcoming to life. Its surface 
is bathed in extreme radiation and daytime temperatures 
barely surpass -160°C. None of the currently known terrestrial 
extremophilic lifeforms could survive these harsh conditions, 
and as such we think that any life on Europa 
will be relegated underground where more 
protected and relatively clement environments 
can be found. Studies on the Earth have 
reinforced this idea. Since the 1970s we 
have discovered more than 370 lakes hidden 
beneath several kilometres of glacial ice in 
Antarctica (many with microbial life within 
them), bacteria living in sandstones in the cold, 
dry, inhospitable Antarctic Dry Valleys, and 
thriving ecosystems around hydrothermal 
vents deep beneath the world’s oceans. 

The Earth has shown us that life lives in 
colder, darker, stranger places than we ever 
dreamed. Today, the idea of life f loating 
around in the liquid ocean under Europa’s ice 
crust or crowding around mineral-and energy-

LEFT Jupiter with 
its four largest 
satellites, known 
as the Galilean 
moons. From  
top to bottom:  
Io, Europa, 
Ganymede and  
Callisto

BELOW Artist’s 
impression of 
Europa’s icy 
surface crust

BOTTOM 

RIGHT Core of 
the Ariane 5 
rocket, which  
will blast JUICE 
into space in April 
this year
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Ganymede. JUICE will 
perform two Europa flybys 
and work in collaboration 
with NASA’s Europa Clipper 
mission (which sets off in 2024 
and arrives in 2030), before 
culminating its tour with 
an orbital insertion around 
Ganymede, its final stop. 

Since we are not landing 
on Europa anytime soon 
and cannot drill into the 
ice or directly sample the 
ocean, we will need to 
make observations of the 
surface remotely and sample 
indirectly. High-resolution 

mapping of the surface at multiple wavelengths can help us 
figure out the composition of the ice and the non-ice reddish 
material, and assess how habitable the moon could be by 
searching for biosignatures and determining the distribution 
of biologically essential elements. 

We can also use ice-penetrating radar to map the subsurface 
structure of the moon down to nine kilometres. We might 
also be able to get a taste of Europa’s ocean, because it is 
possible that it may be leaking out into space. In November 
2019, NASA announced it had directly detected water vapour 
for the first time above Europa’s surface, and we are pretty 
sure that thin plumes of water are being ejected into space. 
If the plumes do exist, then JUICE could investigate the dust 
and other substances being erupted, and if that material 
originates from the ocean, it could contain molecules that 
are indicative of life. 

Although JUICE isn’t designed to find extraterrestrial life, 
it will help us assess Europa’s habitability. It will allow us to 
learn more about the ocean-surface boundary, to what extent 
the conditions are suitable for biology, and will reveal how 
geologically active Europa’s interior is.

As scientists, we are always having to change and adapt 
our thinking, especially with regards to habitability and the 
extent and limits of life. Thanks to Europa and the future data 
from JUICE, we are exponentially expanding our catalogue 
of potentially habitable worlds, not just in our Solar System, 
but in other solar systems across the Galaxy. If through JUICE 
and subsequent missions and 
observations we one day find 
that life arose on Europa, then 
life in the Universe could 
literally be everywhere! If 
we discover that life didn’t 
arise on Europa despite all 
the right conditions, then we 
will truly marvel at just how 
unique and special the Earth 
really is. 

“EUROPA COULD HAVE  
A VIGOROUS BIOSPHERE 

HIDDEN INSIDE ITS 
WATERY DEPTHS” 
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rich hypothesised deep-sea 
vents, is widely considered 
the most promising reservoir 
for life beyond Earth. 

What could this life look 
like? Honestly, who knows. 
Logically, we think it will be 
mostly or entirely microbial, 
like the most extreme-loving 
life we find on the Earth in  
Europa-like environments. 
However, it is always fun to 
speculate. Europa’s global 
ocean may have been in 
existence for billions of 
years, more than enough 
time for evolution to get to 
work. Europa could have a vigorous biosphere hidden inside 
its watery depths supporting larger forms of life – perhaps it 
is filled with Europan octopuses? It is, of course, unlikely, but 
we cannot be closed off to this possibility. What is exciting 
about Europa, is that the life we are talking about is not 
ancient life or the signatures of its past existence left behind 
in the minerals and ice, but life that could be living today!

HUNT FOR LIFE
In July 2031 when JUICE arrives in the Jovian system, the 
solar-powered spacecraft will combine the power of all 10 
of its science instruments to uncover the hidden subsurface 
oceans and habitability potential of Europa, Callisto and 




