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About the Book


Is it possible for humans to live on other planets?


What will happen on the next mission to the Moon?


And was there really once life on Mars?


Brought to you by the infectiously enthusiastic team behind The Supermassive Podcast from the Royal Astronomical Society, The Year in Space highlights the most exciting space news from the past twelve months and looks forward to the year ahead.


Packed with features, interviews, in-depth explainers and stunning photography, it covers everything from the extraordinary new images from the James Webb telescope to the search for extraterrestrial life. You’ll also find practical tips on what to look out for in the night sky in 2023.


Fun, engaging and accessible, this is essential reading for every space enthusiast.


‘Everything you could possibly want to know about recent space science accomplishments. Expertly delivered with a human touch.’


Professor Lucie Green


‘What a superb astronomical companion book this is. A fantastic snapshot and collection of all our astro and space travel events in this feverishly busy chapter we’re travelling through! A fascinating and accessible read that shows what a hugely inspiring period this is, consolidating our place ever further into space.’


Jon Culshaw
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MEET THE TEAM
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DR BECKY SMETHURST

is an award-winning astrophysicist

and science communicator at the

University of Oxford, specialising in how galaxies co-evolve with their supermassive
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Fellowship for 2022. Her YouTube channel, ‘Dr Becky’, has over 500,000 subscribers

who engage with her videos on weird objects in space, the history of science and

monthly recaps of space news.
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nomical Society and enjoys the darker night skies of his family home in Sussex.

SUE NELSON

is an award-winning science journalist, broadcaster and

author of

Wally Funk’s Race for Space

. Sue presents podcasts,

makes short films for ESA and produces BBC radio documentaries – often with a
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has ridden a replica Moon buggy with an Apollo astronaut, experienced the accel-

eration of space shuttle launch in a centrifuge, and flown thirty-one parabolas on a

‘zero G’ flight without throwing up.

SARAH WILD

is a freelance science journalist. She studied physics,

English literature and bioethics in an effort to make herself

unemployable. It didn’t work and now she writes about everything from cosmology

to particle physics and all the steps in between. She’s won awards, run national

science desks and learned how to eat a sandwich while interviewing someone.

Her work has appeared in
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,
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  and

Scientific American

, among other

publications.
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INTRODUCTION

S

pace is bloomin’ big. Maybe even infinite. So how on

Earth (and beyond) do you squeeze an entire year of

space exploration into one book? It’s a good question.

It’s certainly one that we asked ourselves when first

approached to write the very thing that is now in your

hands. But we’ve given it a go. (And don’t worry, this book isn’t

somehow infinitely long …)

If you don’t know us, we’re the space nerds behind the

Supermassive Podcast from the Royal Astronomical Society.

A podcast? Now on paper? Wild, we know. But if the past year is

anything to go by, then that is by no means the most absurd thing

that has happened.

For starters, a massive origami telescope unfurled in space.

Then it started peering through the Universe to see the very

first stars ever made (see page 8). We celebrate ten years of a

rover roaming Mars in the search for life and investigate the

plans to courier samples from the Red Planet back to Earth

(page 58). But that’s not all; we also look at the world’s largest

telescope operating out of two of the quietest corners of the

planet, listening to the song of the Universe (page 42), and we

meet the scientists planning the upcoming mission to Jupiter’s

icy moons (page 90).

See? We really have crammed a lot in.

If you’ve no idea who or what the Supermassive Podcast is,

then let us explain ... We are the monthly podcast from the Royal

Astronomical Society, produced by Boffin Media, and since our

launch in 2020 we’ve become one of the most popular astronomy

podcasts in the UK and US. Every episode, science journalist

Izzie Clarke and astrophysicist Dr Becky Smethurst take listeners

through the Universe with the latest research, history from the

society’s archives and astronomy you can do from home.

As for the Royal Astronomical Society, it has been at the

heart of UK astronomy for over 200 years. The second largest

astronomy society in the world, it has 4,000 members in seventy

countries, consisting of professional and amateur astronomers,

science writers, historians, teachers and people in the space

industry. All are united by their love of space with many of them

devoted to making it accessible to the public.

It’s that same excitement for sharing the wonders of space that

runs through the podcast and (hopefully) the pages of this book.

In fact, you might even notice a few similar features that

have leaped out of the podcast and into these pages. Izzie is

trying to shoehorn music and film references into all her space

stories, Dr Becky is on hand to answer everyone’s questions

and Dr Robert Massey has all the stargazing and telescope

tips covered.

Space is bloomin’ big, but it’s also endlessly fascinating. Let us

show you why …
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THE ORIGAMI TELESCOPE

I

t was shaping up to be a Christmas Day

like all others. Carefully wrapped presents

were under the tree, the turkey was roast

-

ing in the oven, and there was the familiar

sound of my godmother and Mum chatting

away as they peeled carrots in the kitchen.

But unlike Christmas(es) past, I have never

sneaked away from The Big Day to watch a

rocket launch.

Huddled on the end of the fold-out guest

bed, phone in hand, I watched the small

screen nervously as an Ariane 5 rocket blast-

ed off from French Guiana. Folded inside

was arguably the most precious cargo in

recent astronomical history: the James Webb

Space Telescope (JWST). As the largest, most

powerful telescope ever launched, Webb

will peer deep into the cosmos to see the

formation of distant worlds. ‘It was a relief,’

says Mark McCaughrean, an interdisciplin-

ary scientist at the European Space Agency

(ESA). I’ll be honest, it was not the response

I was expecting. But it is understandable

given that he has waited twenty-four years

to see this observatory launch.

Talk of the telescope began in 1989, so

McCaughrean sees himself as ‘a latecomer’

to the mission. ‘We had seen the rocket the

day before from close up and there was a

real sense that you are part of it.’ But when

the launch day arrived there was what

McCaughrean described as a ‘tussle’.

The James Webb Space Telescope is revealing

a new view of the Universe, says Izzie Clarke.
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THE YEAR IN SPACE

‘Our mission control is 12 kilometres

away, and if you’re the most senior person

for science, you should be there.’ But

McCaughrean had other ideas. ‘I said, “No,

I’m going to be at the closest point I can

possibly be,” which is 5 kilometres away.

There was a bit of a hullabaloo.’

McCaughrean stood with colleagues

surrounded by Kourou’s wild jungle, every-

one happily chatting among themselves.

He assures me that there was little sense of

concern that it wouldn’t work. And then the

countdown began.

‘The tension just went through the

roof. And we’ve all heard so many Ariane 5

countdowns. You know exactly what each

piece means. You know that zero doesn’t

mean lift-off. Zero means start the engines

and then launch is six seconds later.’ Looking

out across the plain, a mixture of steam and

smoke enveloped the rocket.

‘I don’t think I’d want to be any closer,’

says McCaughrean. ‘When the solid boosters

lit up, suddenly there’s this bright thing on

the horizon.’ The rocket moved quickly and

a few cheers erupted as it climbed into the

“Then the sound arrived, and everybody went nuts.

What I felt was just this sense of total disbelief.”
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PAGE 8:

JWST’s

primary mirror

segments are prepped

for testing.

NASA/

MSFC/David

Higginbotham

OPPOSITE:

Webb

safely stowed away on

an Ariane 5, poised for

launch the following

day.

ESA/CNES/

Arianespace

LEFT:

JWST launch,

25 December 2021.

NASA/Bill Ingalls
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sky. ‘Then the sound arrived, and everybody

went nuts. What I felt was just this sense of

total disbelief.’

Webb ascended quickly and was soon

lost in the thick clouds. As a viewer, far

removed from the inner workings of

mission control, that’s when my heart rate

started to quicken. Was it on course? What

if something had gone wrong? This is when

McCaughrean’s mind started racing too.

‘We know what’s coming next.’ That ‘next’

stage meant unfolding the biggest space

telescope ever built, cooling it down to cryo

-

genic temperatures, and peering into the

early Universe. No biggie, right? As Robert

Massey, Deputy Executive Director of the

Royal Astronomical Society (RAS), put it, ‘Ev-

erything about it does sound a bit bonkers.’

But it has to be, to break barriers.

That seems to be the story with space

telescopes. If you have ever seen any

stunning space images, from swirling spiral

galaxies to their oddball cousins – irregular

galaxies – it is likely they’ve been taken

by Webb’s predecessor, the revolutionary

Hubble Space Telescope (HST). But, at six

times the size and half the weight, Webb

is one hundred times more sensitive. The

infrared images that it will take are going

to transform our understanding of the

Universe. It will penetrate clouds of gas and

dust to capture the first stars to shine, hunt

for habitable faraway planets, and look for

that little thing called the origin of life.

The most ‘bonkers’ thing about this

telescope is the design. It is big. Really big.

Half the size of a Boeing 737 aircraft big.

The sunshield is 22m (72ft) by 12m (39ft),

similar to the size of a tennis court, and the

large, hexagonal primary mirror towers

above at 6.5m (21ft). And the only way to

get this complex structure into space was

to origami-fold it into a rocket and have it

unfold on its way to its destination.
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THE YEAR IN SPACE

TESTING, TESTING

There is no denying that it has taken a lot of work to get to this point. As

a huge international collaboration between NASA, ESA and the Canadian

Space Agency, the creation of Webb has involved more than 300 univer-

sities, organisations and companies across twenty-nine US states and

fourteen countries.

Initial hopes were that Webb would take flight by 2010, some two

decades after planning began, and would cost $1 billion. Having launched

in 2021 and at a price of $10 billion, it’s safe to say that everyone’s

patience and purse strings were put to the test. There were engineering

faults, political hesitancy, and seemingly endless delays. And delays mean

money. The US Government Accountability Office (GAO) was keeping a

keen eye on progress and its annual report makes for interesting reading.

“There is no denying

that it has taken a lot

to get to this point.”
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OPPOSITE TOP:

The primary mirror

segments are

gold-coated.

NASA/

MSFC/David

Higginbotham

OPPOSITE BOTTOM:

JWST ready for testing

in a

space simulation

chamber at NASA’s

Johnson Space Center.

NASA/Desiree Stover

BELOW:

Cleanroom

workers watch the

mirrors being rotated

so that the science

instruments can be

installed behind.

NASA/Chris Gunn
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THE ORIGAMI TELESCOPE

In May 2017, for example, there was an investigation into leaks within

the spacecraft’s propulsion valves. Turns out a technician had cleaned

them with the wrong solution. To make matters worse, someone else

then applied too much voltage to the refurbished modules, resulting in

a two-month delay. Another exercise in October 2017 was to unfold, or

deploy, the vast sunshield. The sunshield peeled back to reveal several

tears. Further investigations concluded these were due to ‘workmanship

error’. Two more months of delays.

Then came April 2018. JWST was a few months ahead of its (opti-

mistic) launch date and went through ‘environmental tests’. These are

pretty standard to ensure the thing you have spent decades making

can survive the ride into space. They did not go well. Screws and wash-

ers – physical hardware to keep the sunshield in place – had broken

free, scattering around the test chamber. At that point, the launch was

delayed for another three years. You can understand McCaughrean’s

sense of relief when launch day finally arrived in 2021

̵

although, true

to form, it was six days later than planned.
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THE YEAR IN SPACE

All things considered, Webb had a smooth

launch. So smooth that McCaughrean even

described it as ‘completely perfect’. When

planning a mission as bold as this, scientists

allow for a window of possible error that

may tweak a trajectory but still give the

result you want. Webb, however, followed a

path that simulations would have described

as flawless. So far, so good.

Next came the deployment of the sun-

shield and unfolding the telescope. For those

scientists who had spent decades on this

mission, this is where the nail-biting began.

Think about it. You have a 6.5m (21ft) dish

that is made up of eighteen individual mir

-

rors. Each of those has pins to release mech-

anisms – the primary mirror itself has 178

release mechanisms alone, plus additional

latches to keep things in place. In fact, JWST

had 344 ‘single points of failure’ – consider

them breaking points – when it left Earth.

All it needed was for one of those to kick

off and it was mission over.

The first step to unfolding the biggest

telescope ever made began thirty-three min-

utes after launch with the release of Webb’s

solar array, to enable it to generate its own

power. Fortunately, the manoeuvre went

smoothly. A day later, the communication

antenna sprang into action. After these two

automatic processes, everything else was

controlled by the team on the ground. All

eyes were on Webb.

Two days after launch, the observatory

still looked like a bud waiting to bloom. The

primary dish was curled up, enveloped by

two structures carrying the sunshield. But by

day three the sunshield started to peel away,

beginning its long-awaited deployment

phase. Two long, rectangular planks –

officially called the Unitized Pallet Structures

(UPS) – carrying the folded-up sunshield

membranes, unfurled at the front and back.

A day later, the now-exposed telescope rose

by 1.22m (4ft) to distance the telescope from

the spacecraft – firstly, to create room for

the sunshield to stretch out when the time

came; and, secondly, so that the telescope

could begin its cooling process.

Six days after launch and JWST’s sunshield

now started to resemble the famous kite

structure we had been promised. With every

completed step, the likelihood of having a

new space telescope was increasing. A few

days into the New Year and the two-day

activity of tensioning the sunshield began.

Three of the five layers were pulled into

place, and by the following day all five layers

were fully tensioned. One enormous parasol

had been deployed. After decades of delays

and increasing costs, this was the first proof

that Webb was worth it.

If you have lost track of the days, we

are now at day eleven. But that period

after Christmas is always hazy. Now it’s the

telescope’s time to shine. From an upright

position, secured by long metal arms (aka

booms), the secondary mirror swings in

front of the twelve central mirrors. This

smaller mirror is responsible for reflecting

everything the mammoth main dish collects

to beam it to the instruments on board.

Finally, the wings of the primary mirror

unfurl. Right goes first and it’s a success.

Left wing follows … and exactly two weeks

after launch, the observatory is in place.

FAILURE NOT AN OPTION

“Webb assumes the position of the most

impressive space telescope ever made.”
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ABOVE:

Hubble during a servicing mission in 2000. The astronauts

give a sense of scale.

NASA/ESA

LEFT:

The giant nebula NGC 2014 and its neighbour, as captured

by Hubble in 2020.

NASA/ESA/STScl

15

THE ORIGAMI TELESCOPE

Webb assumes the position of the most

impressive space telescope ever made.

If space wasn’t a vacuum, it probably could

have heard the cheers from ground control.

Webb arrived at its destination on

24 January 2022. Lagrange Point 2 (L2) is lo-

cated 1.5 million kilometres (932,000 miles)

from our blue dot. It is a fortuitous region,

in the exact opposite direction from the

Sun, where the gravity from the Earth and

our star balances the orbital motion of a

satellite. Parking Webb here gives it a fixed

position relative to the two bodies.

Being quite literally a million miles from

Earth is also an ideal spot to radiate heat out

into deep space. Hunting for those earliest

galaxies is no easy job. They are old. And

that means their infrared (heat) signals are

faint. The last thing Webb needs is our local

fireball, with its light and heat, throwing it

off the trail. The fact that the telescope is

plunged into twenty-four-hour darkness at

temperatures just above absolute zero gives

it the best chance possible.

So how does the James Webb Space

Telescope actually work?

DUSTY VEIL

‘We always start off with talking about the

Hubble Space Telescope,’ Keith Parrish,

Observatory Commissioning Manager for

the James Webb Space Telescope, told the

Supermassive Podcast. I know you are

here to read about Webb but bear with.

‘Hubble is just fantastic,’ continued

Parrish. ‘One of the most ground-breaking

things that Hubble has taught us is that

the amount of galaxies in our Universe is

mind-boggling.’

Launched on 24 April 1990, HST

delivers 140 gigabytes of science data

back to Earth every week and has

transformed our view and knowledge

of the Universe. ‘In every direction that

you would look, Hubble’s actually able

to spy some of these early galaxies,’ said

Parrish. ‘They just look like little red dots.

Nobody knows how they’re constructed.’
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ABOVE:

Jets of energised gas ejected from a young star.

ESA/Hubble & NASA, D. Padgett (GSFC), T. Megeath (University of Toledo), and B. Reipurth (University of Hawaii)

OPPOSITE:

The star cluster Pismis 24.

NASA, ESA and Jesús Maíz Apellániz (Instituto de Astrofísica de Andalucía, Spain)
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THE YEAR IN SPACE

Hubble has shown us so much more

than these captivating little red dots. It has

revealed the size and age of the Universe, the

birth and death of stars, and the formation

of galaxies and storms

on Saturn and Jupiter.

It has been used to investigate dark matter

and probe the atmospheres of alien worlds.

And alongside these leaps of knowledge, it

has left a huge cultural legacy.

Hubble itself isn’t exactly small. NASA de-

scribes it as being the size of a large school

bus, and having the weight of two adult

elephants (if you are inclined to measure

things in elephants). For the stargazing fans,

it’s an epic Cassegrain telescope design. For

everyone else, it’s tube-like in shape.

What sets Hubble apart from tele-

scopes here on Earth is that it sits above

our atmosphere, the very definition of a

‘space’ telescope. At just 547km (340 miles)

above Earth, Hubble can observe objects
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