


and wonderous place. There are more stars
in thousands upon thousands of lifetimes.

fit. Asking whether there are others like us out there equally wonderin:
they too are alone.

You belong to the first
n of humans in the
tory of this planet
with the chance to answer th
ancient question.

Earth they are and the
there. If we are terresf
i

you're holding will
you what we kni

discover cutting-edt

planets and use your ir

at what creatures

based on our best scientific ideas,

& rhaps you'll grow up to become an alien
et explorer. The first person to prove that
t the only ones to call this mind-
ly’beautiful universe home. A place
ry books is yours for the taking.
grab it.
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OUR
BIGGEST
CLUE:EARTH

The blue-green marble of Earth shines like a jewel against the
blackest black. An oasis of life in the desert of the universe.
As the only planet with life, it’s all we have to go on. If we can
work out what makes Earth special, it could help us search
for similar places in our quest for extra-terrestrials.

So, what makes Earth unique?

A BIG MOON

For a smallish planet, we have a
very big Moon. The pull of its gravity
keeps us steady and stops'the Earth
wobbling-around too much: This
keeps the seasons steady and stops
the planet getting too hold or too
cold. Without the Moon, ice ages
would be a lot more common. And if
there’s one thing life hates,

it's change.

| steady by letting heat in and

PUZZLE PIECES
The surface of the Earth is broken up into

puzzle pieces called tectonic plates. R
They crqate mountains, volcanoes 3
and e3rthquakes. Yet they also
keep Earth's temperature

out of thé'planet. Earthis 2 (
the only planet we know of
with these plates.

e ’
A FORCE FIELD s
Space is a pretty dangerous place, full of things that can kill you. Dying
stars burp out particles called cosmic rays that can damage the cells
s inside your body and stop them working properly. Fortunately, the Earth

has a force-field: our magneticfield. Formed deep inside the core of
the planetlit burststhroughthe surface to create a protectivée cocoon
around us. Along with our thick atmosphere, it stops cosmic rays from
reaching Earth’s surface and life can go about its business unharmed.

. But there is one thing above all others that life seems to need., and Earth

has an awful lot of it: water. e




THE GOLDILOCKS
PLANET ' :

04
Look at a map of the world and you might think that the Earth is mostly land. But that’s
because maps are drawn based on where people live. The Pacific Ocean is tucked away at _E WHY IS ITLIQUID?
the map’s edges, but it covers a third of Earth’s surface. It's bigger than all seven continents How hot a planet is largely depends on

how close it is to the Sun. On Mercury and

combined. Look at the Earth from space at just the right angle and you'll see no land at all.
Venus - the planets closer to the Sun than

H+HVE

us - the temperature soars above 400
degrees. That's about twice as a kitchen
oven. By the time you get to Mars - the
next planet out from us - the
average temperature drops
to minus sixty (about three
times colder than the

inside of a freezer)

o4 1o

HOW MUCH WATER?
There's so much water on Earth
that if you collected it all into a
ball, it would be bigger than the
biggest asteroid in the Asteroid
Belt. It would also weigh one H
hundred times more than Mars’s
two moons added together.
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SHVYIN

Every living thing on Earth, from the smallest
bacterium to the biggest blue whale, needs e ’ ¢ L :

liquid water to survive. Yet for water to be ool jananow part _ B % o v g for
liquid you also need the right temperature. i aplanetiohave ligt % % : " ¢ ol
Lower than zero degrees Celsius and the water e 3 zonegandthe Earth A

freezes into ice. Raise it beyond 100 degrees
and it evaporates into water vapour. /7
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Although not all creatures
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EXTREMOPHILES

out a apsme at almost two thousand miles an hour, more
times faster than a commercial aeroplane. The capsule smashes
ag of:sand on the other side of the room, yet the creatures inside
: ghe capsule are alive and weli.

This experiment really happened. Back in 2021, scientists placed tiny. eight-legged
creatures called tardigrades - also called water bears or moss piglets - within a nylon
capsule and fired it out of a five-metre-long gas cannon.

Tardigrades appear to be Nature's most indestructible creation. These organisms,
which are less than one millimetre long, have been frozen, baked beyond the
boiling point of water, squashed, dehydrated, exposed to high levels of

radiation and even sent out into the cold vacuum of space and they

still survived.

.

SNOTTITE : " Life, it seems, is not as fragile as it first appears. So, in your
Perhaps the best named extremophile, though, is snottite - hunt for alien life elsewhere in the universe you need to be
microbes hanging from dark, cave walls and with the same careful to keep an open mind. Perhaps it is possible to find
consistency as snot. It survives in acid so strong-thatit life far outside of the habitable zone! In fact, there could
‘would burn your skin. “  even be life hiding elsewhere in our own solar system...
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2 : ' ’ * A TRIP TO JUPITER
W A T E R W A T E R .The same thing is happening on Jupiter's moon Europa
. s ) ) N " which NASA estimates has a sub-surface ocean

Europa Clipper, scheduled for arrival
B in 2030, could help us work out
You're flying over a craggy ice sheet when suddenly you see it rising over - . i 1R e anditions therc are

‘ right for life.

. containing twice the amount of water in Earth's
E V E R Y W H E R E 3 * 2 oceans. Future missions such as NASA's
e o o : -

the horizon. You're stunned into complete silence and can’t look away.

Saturn and its majestic-rings/appear almost 150 times wider than the
Full Moon does in our night sky.

You are searching for life on Enceladus, one of Saturn’s 117 known
moons. Beneath its cracked, icy surface is an ocean of liquid water
that's almost as big as the Arctic Ocean here on Earth.

L BN 2
; OUTSIDE THE GOLDILOCKS ZONE
Enceladus is a long way from the Sun, more than five o
times farther than the outer edge of the solar system's ‘e
habitable zone. And yet there’s plenty of liquid water
here despite Enceladus’s surface temperature of
minus 200 degrees Celsius.

How can this be? The secret is tidal heating. Enceladus
orbits around Saturn in just 33 hours, meaning it's very
.: close to the planet. During this orbit Enceladus gets
‘* severely stretched and squeezed by Saturn’s strong
gravity. This constant flexing warms up the inside of
thesmoon,which is énough to keep the water liquid ~ v & i
under its surface ice.

k)

ANOTHER

EARTH

Despite these

A robotic spacecraft called Ca: gl ~ A * + possibilities, Earth remains

discovered Saturn’s ocean duri % ° . > the only place we've ever

13-year space mission. ! Jets of icy particles and found life. There's only one planet
explosions of water and 3 :

chemicals continuously spurt like ours around the Sun, so to find

into space from its surface." | 2 another Earth we may have to widen

the search. It's time we looked towards the

ather stars twinkling away in the night sky!




‘BEYOND OUR '~
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Space is big. AImost impossibly big. It contains more stars than the number of

- . g 4 L space. But it's not simple: stars are incredibly bright and i)
S 0 L A R S Y s I E M ° W - g ? planets are very dim. Seeing a distant exoplanet is like *

¥ .5

THE FIREFLY AND THE LIGHTHOUS?l
For now, you're left looking for exoplanets from afar, using

AL big telescopes scattered around the world and lofted into

trying to spot the light from a firefly in the glare of 250
lighthouses, both placed an Earth’s width away from you
(12,756 kilometres).

heartbeats in all of human history and.we don’t know if it ever ends. How do you-, : % Telescopes/satellites - somehow

Scientists think there could
be trillions of exoplanets,
some orbiting stars and some
just floating freely in space,

even begin to sear¢h forlife in such a vast and intimidating universe?\\

SECTION 2: HODW TO HUNT FOR

. % - NLE - erwreferencing the firefly/250 lighthouses

g A s Sanalogy.
L o b e could show the James Webb telescope,
-4 beaming light onto a zoom-in, which shows
THE MILKY WAY © 2 snapshot of an exoplanet - see image
- : A 0 ? .- # " ref above. The exoplanet is simply a
Every star in the night sky is a distant sun within a group of stars called the Milky PR o 2 ' fuzzy blob!
Way galaxy. Each one could have planets swarming around it in a solar system i Eale > e
of its own. We call them exoplanets. The problem is that the distancetothe =« at > To link the analogy visually, we could

nearest solar system is over four light years away, meaning a beam of u'ght'
trayelling at 300,000 kilometres per second would take.a little over "
ffouiryears to get there. So, sending-g spagedréft fora closer P ORUER
look is currently out of the questionr (aTthoudh there gre ¥ ¥
tentative plans to try, see pp 58-59).

to study exoplanets.

ALIEN PLANET TOOLKIT
Simply pointing your telescope at a
star.and hoping to photograph its
| plariets is almost impossibl
astronomers turn into detectives; -
carefully and cleverly unravelling clues
that a star has alien planets. Future
alien planet explorer, itgytime that ygu
learned these techniques! i

St ]
i Scientists have now.
. '] N found riore than 5000 |
. ah exoplanets, of all different
e shapes, sizes and types.
.
The first exoplanets ¥ @ - - -
o o 5 were discovered 3 . 5
Nt in1992, orbitinga , +% i
. b pulsar (a dying star). A = " .
. k3 o -

date previews and information.



.. ORBIT TIME AN
, Watch a star for long enough and you'll see multiple transits
Every time the planet completes an orbit and comes
back round in front of the star you'll see the same drop in
. brightness again. The time gap between winks tells you how
* long it takes the planet to orbit its star.

EXOPLANET
TOOLKIT: WINKS

All of a sudden, the temperature drops and the sky
darkens - even though it’s lunchtime. An eerie silence
descends as birds stop tweeting, tricked into thinking
night is falling. You're witnessing a spectacular solar
eclipse, where the Moon temporarily blocks out the Sun.

TRANSITING METHOD
Astronomers call an event like this a transit. The Moon is .
passing in front of — or transiting across - the Sun. Distant =<
exoplanets often transit in front of their stars, too. The planet
is too small and dim to be seen directly, but during the transit
it blocks out some of the star’s light. You'll see the star get
temporarily dimmer, like it’s winking at you.

HOW FAR FROM THE STAR?
The time gap between winks shows the planet’s distance from its
star. The longer it takes to complete an orbit, the further it must be
from its star. You're looking for exoplanets at just the right distance
to sit in the star’s habitable zone, so that there’s a good chance
they're home to liquid water and possibly even life.

R ;HEW:NKS ETHD

First Planet Discoyereg.

HD 209458 b (Dgjrig)

- Date: 9 Septempe 199
ti'rblragberind: 85 lmur:s9
Distance to Earth. 159
light years {

LIGHT CURVES
What's amazing about these winks is how much information about the
exoplanet you can learn. For starters, bigger planets block more light so the
deeper the drop in the star’s brightness, the bigger the exoplanet causing the
drop. The Earth-sized exoplanets you're looking for typically cause a 0.01 per
cent drop in a Sun-like star’s brightness. That's one part in ten thousand. The
shape of the star's changing brightness is called a light curve.

[




Have you been taught that the Sun stays still
while the planets move around it? Well, it's

a little more complicated... The Sun actually
moves or ‘wobbles’ around as it’s pulled on by
the gravity of its planets

o

L

0

3 \ \ .
\ \ WOBBLING STARS ]
Distant stars with exoplanets do the \
N same, wobbling towards and then
\ =i away from us. This wobbling affects

the starlight you see. Think about a
. police car's siren as it hurtles by. The

sound waves get squashed as it races
towards you but are stretched out

as the car speeds off and pulls them
away. That’s why you hear the pitch of
the siren change.

With wobbling stars, the light changes
instead. When a star wobbles towards
Earth, the light waves bunch up and

become slightly bluer. This is called
blueshift. When the star wobbles

away from us, the light waves are
stretched out and become slightly
redder. This is called redshift.

COLOURS OF STARLIGHT
Astronomers use a device called a spectrograph,
which attaches to the telescope, to view these
tiny changes of light. This breaks up the starlight
into a kaleidoscope of colours called a spectrum.
It's similar to the way raindrops split sunlight to
make a rainbow.

The spectrum contains black lines, which
move from the blue end to the red end as
the star wobbles. This technique - the radial
velocity method - is so sensitive that it can
detect changes in the speed of a wobbling
star down to ten centimetres per second.
That's about the top speed of a sloth!

Heavier planets orbiting a star cause bigger
wobbles, making the lines move more. You're
looking for just the right amount of wobble to
suggest a planet as heavy as Earth. This might
mean it has the right properties to support
extra-terrestrial life.
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THE WOBBLES METHOD

First Planet Discovered: 51
Pegasi b [Dimidium]

Date: 6 Dctober 1895

Orbital period: 102 hours
Distance to Earth: 50 light years




. EXOPLANET

- With just a few minutes until sunrise, a rocket ignites and soars into
» i the air, a $1 billion telescope safely nestled inside. Once in space
it is catapulted some 1.5 million kilometres away from Earth to

a quiet spot where it begins looking at distant stars.

_ MISSION GAIA
. This telescope, launched in 2013, is

called Gaia. Its mission? To map the
positions of the stars more accurately .
than ever before. In the process ]
astronomers hope to find tens of
thousands of alien worlds through a L4
technique called astrometry.

o, TOOLKIT: il

f y PR e :
'MAPPING STARS
Astrometry looks for stars that wiggle around in the night sky as they are pulled about by

«their planets. But these wiggles are almost impossibly small. So how do you find them?

/Astronomers measure the night sky in degrees, the same degrees you use when

talking about angles at school. The entire night sky spans 360 degrees, the same

as a circle. We divide degrees the same way we split hours — into minutes

and seconds - but we call them arcminutes and arcseconds. One degree

is made of sixty arcminutes and each arcminute sixty arcseconds. The

width of the EMLMQQQ for, gmplgviakes up half a degree of
or 1800 arcst

THE WIGGLES METHOD

First Planet Discovered: DENIS-P J082303.1-491201b
Date: 2013

Orbital period: 246.4 days

Distance to Earth: 87.7 light years




TOOLKIT: TICKS

A

! A massive star before

creating a searing ﬂash of light brigh r than one hundred billion

SUPERNOVA DISPLAY
This huge explosion - called a
supernova — is one of the universe’s

mighty star. This dead core is just 30
kilometres across — about the same
size as a big city like London. Yet it
still contains half the mass of the
original star. Everything is so squashed
together that a single teaspoon of
its material weighs more than every
person on Earth put together!

R the planet disrupts the pul%a Sv}’ﬁ

OUT OF TIME
Pulsars are super-reliable clocks. The
gap between the pulses of radio waves
hitting Earth is precisely the same. Tick
after dependable tick. But an orbiting
exoplanet throws the pulsar clock out
of time. As with wobbles and wiggles,

steady rhythm.

NEUTRON STARS
Astronomers call it a neutron star
and they act as Nature's lighthouses,
sending out beams of radiation into
space as they spin. The beams arrive
on Earth as pulses of radio waves so
we also call them pulsars.
HNER
MIEE

e

NO SIGN OF LIFE
Pulsar timing is so sensitive that it can detect
nets just one tenth as heavy as the Ea%k
Klt ough, unfortunately, the suf
explosion that created the pulsar would have
rendered the planet completely uninhabitable
which is no good for extra-terrestrial life. So if
you notice a tick, it’s best to move on...

THE TICKS METHODD

First Planet Discovered: PSR /
B1257+12 B [Poltergeist] p
Date: 22 January 1992 4
Orbital period: 25.3 days g
Distance to Earth: 2300 light years
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EXOPLANET
TOOLKIT: BLIPS

Albert Einstein is arguably the
most famous scientist of all-
time. Along with the equation
E=mc2, he changed the way
we think about gravity forever
and gave us a new way to
hunt down exoplanets.

C(_\J 'Y WELL

ing the sheet off your by
o hold orner. basketball in the middie, W
crea cent sheet. Next you tak
an ound the fim of the dip. In other

the basketball.

o4 X

* Now, let's pretend the basketball is the Sun and the tennis ball s
the Earth. The tennis ball isn't orbiting the basketball because it
is being pulled around by it. What happens is that the basketball
changes the shape of the sheet and the tennis ball is simply follows
that shape. This is Einstein’s explanation of gravity and the dip is a

- called a gravity well. -

NEUTRON STARS
Scientists use gravity wells to see if distant
stars have exoplanets using a technique
called gravitational microlensing. Here's how:

Wait for a nearby star to pass directly in front
of a more distant star.

As the light from the distant star approaches
the star in front, it encounters its gravity well.

The distant star’s light curves around the rim
of that well before hitting your telescope.

The effect of this is that you'll see the
distant star's light get temporarily brighter . %
as if the front star is acting like the lens of |
amagnifying glass. If the front star has an -
exoplanet then you'll also sce a small extra
‘blip’ where the planet’s own gravity well hésf
added in some extra magnification. DL

-4

THE BLIPS METHOD
First Planet Discovered:
: i OGLE-2003-BLG-235Lb
Date: 15 April 2004
Orbital period: 211.2 years

’ Distance to Earth: R e
% 17155.8 light years 37
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EXOPLANET
TOOLKIT:
SNAPS

Stars are so bright that taking a
photo of one of its planets is almost
impossible. Aimost, but not quite.
Astronomers have photographed
around fifty distant
exoplanets, including one in
the closest solar system
to ours. But how?

INFRA-RED LIGHT
The light that your eyes can see is called visible
light. It spans the colours of the rainbow, from
red to violet. But just as there are frequencies of
sound too high and low for your ears to hear, some
frequencies of light are too high or low for your
eyes to see.

TV remotes use beams of
infra-red light to talk to
your television. Infra-red

Move beyond the red end of the visible spectrum
Nod you enter the infra-red.

cameras can be used to
track animals at night by
sensing their body heat.
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