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Astrophysicist Emma Chapman answers the 
question of why astronomers are desperate to find 
the first stars and to understand what happened to 
bring the Universe out of the cosmic Dark Ages.

Looking 
for the first
light

Of late, I have been reflecting on the point of my profession. I 
am paid to look to the sky and hypothesise about the first stars 
to exist in our Universe. Now and then, people ask me what’s 
the point of looking for the first stars, or of doing astronomy in 

general. This kind of question is great, because it comes with the potential 
to change some minds and convert people to a love of astronomy. With 
the most recent version of the question, I paused more than usual, in the 
same way I suppose many people have been reconsidering their place in 
the world, given the tumultuous nature of the global pandemic.

My research could be considered even more gratuitous than, say, 
observing the solar wind, because it involves not only looking away from 
Earth but also looking far back in time. Why look back? Fourteen billion 
years ago the Universe came into being in the Big Bang. This was an 
explosion of space–time so violent that we can measure its expansion by 
noting that the surrounding galaxies are mostly flying away from each 
other at great speed, and also by measuring the afterglow of the Big 
Bang in the form of the cosmic microwave background. This radiation 
is a snapshot of the Universe at 380,000 years old, when the Universe 
had expanded and cooled enough for the first atoms to form. It was a 
time of simplicity. The environment had been too hot and violent for any 
large, complicated atoms or molecules to survive. I picture a room full of 
hyperactive toddlers where a few quiet children are trying to build large 
brick towers. You might get the odd tall tower (heavy element), but it 
won’t be long before one of the toddlers (photons, other atoms) charges 
into it, breaking it once again into the simplest of elements: hydrogen 
and helium. So we have the first few hundred thousand years pretty much 
down – but what then? It’s one of the next big questions for astrophysics. 
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  An artist’s impression of 
some of the first stars, their 

radiation warming the clouds 
of hydrogen gas around them. 
Image: National Astronomical 

Observatory of Japan.
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Imagine the most complete darkness you 
have experienced. Perhaps you saw the Milky 
Way splashed across the sky in one of our 
International Dark Sky parks. Or maybe you 
paid for the experience, in a restaurant where 
a waiter guides you to your table, to exploit 
heightened taste sense as they serve your meal 
in the pitch-black. Were you able to see the 
Universe after the Big Bang, you would encounter 
the same inky darkness. While there were plenty 
of photons around, they were not photons of 

visible wavelength, and so the expanding Universe 
settled into a short (about 180 million years or 
so) period of calm: the ‘Dark Ages’. The Dark 
Ages were exactly that: dark. The name is also a 
reference to the so-called Dark Ages in human 
history, a time that was supposedly empty of 
culture, innovation, literature, science or art. The 
human use of the term has fallen out of favour 
because of the mounting evidence that there were 
plenty of the mentioned subjects being tackled. 
And so it is mirrored in the cosmic Dark Ages. 
While they were optically dark, behind the scenes 
there was plenty going on.

Our stellar history
The hydrogen gas that made up the majority 
of normal matter in the Universe was slowly 
clumping together, drawn by the gravitational pull 
of the underlying web of dark matter (another 
subject, another time – take my word for it!). 

Many of the first stars would 
have been very different from 
stars today, with a surface 
temperature of 100,000 degrees 
Celsius, and a mass hundreds or 
even thousands of times greater 
than that of the Sun. Image: N. 
R. Fuller/NSF.

The timeline of the Universe. The events of the first billion years – the cosmic Dark Ages – are shrouded in mystery. We think the first stars switched on 180 million years after the Big 
Bang, and by a billion years after the Big Bang the neutral gas in the Universe had been ionised by radiation from the first astronomical objects. What happened in between, however, 
remains a murky puzzle. Image: National Astronomical Observatory of Japan.

It’s one of the next 
big questions for 

astrophysics – we have 
the first few hundred 

thousand years pretty 
much down, but what 

came next?
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Then, abruptly, the Universe experienced its 
‘Cosmic Dawn’. The first star burst 
into life, its internal fusion engine 
producing heavier elements, 
heat and, crucially, light. 
Another star and another, 
and before long the 
Universe was lit up, like 
lanterns in the night. Let 
me be honest, this image is 
enough for me to validate my 
job. How can you not want to 
shed light (pun intended) on such 
a momentous time in our history? 
Because the Universe’s history is our 
history. We watch TV programmes demystifying 
celebrity ancestry, diving into centuries-old family 
trees, and revealing shunned family members 
and royal bloodlines. We are buying genetic 
tracing kits in record numbers, taking blood 
and testing it for remnants of our lineage. What 
we don’t appreciate is how that blood contains 
the secrets not just of our human ancestors, but 
of our stellar ones too. The carbon, oxygen and 
calcium in our bodies, and the gold and silver on 
our rings, are ‘made of star stuff ’ as Carl Sagan 
famously said. Hydrogen comprises one proton 
and one electron, helium comprises two protons, 
two neutrons and two electrons. It is the first 
stars, and the supernovae that marked their end, 
that synthesised the heavier elements for the 
first time. The first stars changed our Universe 
forever, seeding it with complex atoms in only 
one short generation. Without them, we would 
not have been able to form the stars that we see 

The cosmic microwave 
background radiation, emitted 
380,000 years after the Big 
Bang. It immediately preceded 
the cosmic Dark Ages. Image: 
ESA/Planck Collaboration.

around us today, or the galaxies that are whizzing 
away from us. Or the humans fighting between 
themselves on Earth. The first stars formed from 
what we call the primordial gas, which was free 
of heavier elements. Because the complex cooling 
mechanisms that come with bigger atoms were 
not an option, the first stellar nurseries couldn’t 
cool as effectively. The first stars were therefore 
hot, with a surface temperature of 100,000 
degrees Celsius, and up to hundreds, possibly 
even thousands of times the mass of our Sun. 
Because of the large mass, they guzzled through 
their hydrogen fuel so quickly that they are 
thought to have lived only 100 million years or 
so, less than one per cent of the Universe’s present 
age. They are extinct dinosaurs, so very different 
to any star we can observe today, adorned with 
their shiny heavy elements. 

The first stars are not just the first edition of 
a bestselling book with the same story on older 
pages. Instead, they are a forgotten play by 
Shakespeare, or a mummy in a hidden tomb to 
rival Tutankhamen.

Missing time
Overall, we are missing about a billion years in 
the timeline of our Universe. Not just the Dark 
Ages and Cosmic Dawn, but a much more 
extended ‘Era of the First Stars’, which follows 
their lives, deaths and the beginnings of galaxies 
and supermassive black holes. A billion years lost 
from our timeline – that’s equivalent to missing 

The first stars were hot, with a 
surface temperature of 100,000 

degrees Celsius, and up to hundreds, 
possibly even thousands of times the 

mass of our Sun.
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every moment in a life from just after birth to the 
first day at school. Imagine how much happens, 
and how events in those formative years can 
affect a person. The scale of what we are missing 
is gargantuan, and doubtless that missing data 
is influencing our current interpretation. It’s like 
a psychologist understanding a patient with no 
access to their childhood experiences. Wrong 
conclusions about the Universe today are almost 
inevitable unless we fill in that timeline.

Another question I am asked is whether 
doing cosmology makes me depressed. This is in 
response to my speeches about huge timelines 
and vast distances, always hammering home how 
insignificant we are on the scale of space. The 
answer to that is no, it doesn’t. I don’t deny these 
philosophical thoughts can be wearing, but the 
technology and collaboration that astronomy is 
fostering outweighs any scale-induced melancholy. 
In the past, it was down to individuals like 
Galileo, Newton and Einstein to be pioneers in 

their fields. They, invented telescopes to look at 
Jupiter’s moons and come out with a universal 
time system, used prisms to understand light, and 
wrote equations to describe the Universe. Now, 
we are pushing the frontier of what is possible by 
building observatories and space telescopes that 
require the funding and person-power that only 
large multinational collaborations can achieve. We 
live in a time when we don’t just have to wonder 
about the history of our Universe. We can build the 
machinery to answer our questions. What a time 
it is to be alive, to be one of so many pushing that 
frontier to the first stars.

In terms of the public sphere, and in the 
academic sphere too, our interests jump from 
the beginning to the present day, the local 
neighbourhood. How do we fill in the middle 13 
billion years? Archaeologists dig for artefacts and 
come to conclusions about how people lived and 
died in the past. We can divine the last supper of 
a man who died 35 centuries ago, because he was 
preserved in the ices of the Alps. We can learn 
how to decipher long-dead languages and read 
about ancient gods and demons. With the first 
stars, we have similar options, in spirit.

Looking for the first stars
First, there is stellar archaeology, the science of 
sifting through the billions of stars in the Galaxy to 
find the few tiny survivors of the Era of the First 
Stars. While most of the first stars are thought to 
have been massive, and therefore to have lived brief 
lives, there is growing simulation-based evidence 
that there may have been some smaller siblings 
that formed too. These smaller stars, about 80 
per cent of the mass of the Sun, would live much 
longer lifetimes, 13 billion plus years, and so they 
could still be around in the neighbourhood of 
our Milky Way Galaxy today. Searching for them 
is hard since, much like human archaeology, the 
preservation of their unique simple constitution 
is endangered by the threats of pollution. These 
first stars should be notable from their complete 
exclusion of all elements other than hydrogen and 
helium, since those elements did not exist at the 
time the first stars formed. In the time since then, 
however, heavier elements might have accreted 
onto those small survivors, camouflaging them 
against our attempts to find them. But search 
we do. The second way in which we search for 
answers is akin to deciphering hieroglyphics on an 
ancient, dusty tomb. When the original stars came 
to life, they produced lots of heat and light. This 
affected their immediate environments, heating 
the gas. If we measure the temperature of the gas 
as it changed throughout cosmic time, we could 
measure when the first stars came to life, and how 
they lived. That’s my day job, and, on reflection, I 

A simulated depiction of the 
end of the Dark Ages, where a 
process begun by the first stars, 
and completed by following 
generations of stars as well as 
the first galaxies and quasars, 
saw most of the neutral gas in 
the Universe (red) re-ionised by 
radiation. Image: Paul Geil and 
Simon Mutch.

The first stars may have been 
the most luminous, massive 
stars ever formed, coalescing 
from hot clouds of gas. Image: 
Image: NASA/ESA/ESO/Wolfram 
Freudling et al. (STECF).
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don’t find it pointless at all! As astronomers, we are 
used to time travel. We see the Sun eight minutes 
in the past, Mars four minutes, the nearest star 4.2 
years ago and the Andromeda Galaxy 2.5 million 
years in the past. The further a source of light is, 
the longer that light has had to travel, and so the 
more delayed it has been in getting to us. It has lost 
a lot of energy, and so its wavelength gets longer. 
To study the first stars, we use radio telescopes 
to tune in to the long wavelengths of light that 
have travelled 13 billion years to get to us. These 
are signals so faint that they are buried under 
instrumental and galactic noise about 10,000 times 
stronger. I’d draw a comparison with the needle-in-
the-haystack analogy, but it is more like an invisible 
object of unknown shape in a haystack the size of 
a swimming pool. The signal from the first stars is 
too faint to observe directly. Luckily, the hydrogen 
gas that surrounded those stars and which has been 
heated up is so overwhelming in abundance that 
we can perceive the radiation from that hydrogen 
and we can measure its temperature. The first 
tentative measurements have suggested that the 
first stars were born about 180 million years after 
the Big Bang, so there’s only another 800 million 
years of that missing billion years that remain 
unknown. It is an arduous task, but so rewarding, 
so search we do.

Summing up how astounding the first stars 
are and how we are searching for them in just a 
few paragraphs was always going to be difficult. 

Hopefully, though, I will at least have convinced 
you it is worth our while to look. I have argued 
the scientific reasons this field is exciting. I could 
have bored you with grandiose statistics about 
antenna numbers and fibre-optic cable length. 
Or talked about how space missions produce 
spin-off companies worth millions, or how 
we are pushing the limits of computing and 
technological infrastructure. But time is short, 
and I won’t apologise for wanting to look up just 
because we can. There is enough going on around 
us that we are all in dire need of a distraction now 
and then. The sky is free and beautiful and full of 
mystery, and the seeking of answers there is as old 
as humankind. It’s time to deal with the next big 
puzzle, and I don’t know about you, but I hope 
the answer generates even more questions.

 Dr Emma Chapman is a Royal Society research fellow at Imperial 

College London and one of the world’s leading experts on the 

first stars. She is also the author of a new book about those stars: 

First Light: Switching on Stars at the Dawn of Time, published by 

Bloomsbury Sigma.

There is growing evidence that the 
first stars may have had some smaller 

siblings that could still be around in 
the neighbourhood of our Milky Way 

Galaxy today

  As the first stars formed 
inside vast clouds of gas, their 

radiation heated and re-ionised 
the gas, causing it to glow. 

Image: Adolf Schaller (STScI).


