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WELCOME to our weekly public 
open evenings for the 2017/18 

season. Each night there will be a 
half-hour talk which begins promptly 
at 7.15pm: tonight John Ilee will be 
giving us a talk titled Cooking up 
planets in protoplanetary discs.

The talk is followed by an oppor-
tunity to observe if (and only if!) the 
weather is clear. The IoA’s historical 
Northumberland and Thorrowgood 
telescopes, along with our modern 
16-inch telescope, will be open 
for observations. In addition, the 
Cambridge Astronomical Association 
will provide a floorshow outdoors on 
the Observatory lawns, relaying live 
images from their telescopes and 
providing a commentary. If we’re un-
lucky and it’s cloudy, we’ll offer you a 
conciliatory cup of tea after the talk 
(with perhaps some more astro-in-
formation in the lecture theatre for 
those who want to stay on).

Our weekly welcome

John Ilee
Cooking up planets in protoplanetary discs

TONIGHT’S SPEAKER

ASTRONOMERS have spotted light 
shining from the first stars which ever 
formed in the Universe, just 180 mil-
lion years after the Big Bang (when the 
Universe was around one-hundredth 
of its current age).

Understanding the Universe at its 
earliest times is one of the most im-
portant quests in modern astrophys-
ics. According to our current picture, 
once the hot fireball of the Big Bang 
cooled the Universe entered the ‘Dark 
Ages’: the Universe was no longer hot 
enough to ‘glow’, but the earliest stars 
had not yet formed. The Universe ex-
isted as a dark void for over a hundred 
million years, before the first stars 
formed and ended the Dark Ages, with 
the ‘Cosmic Dawn’. In order to better 
understand this process, astronomers 
have hunted for signals from these first 
stars. And now, for the first time, they 
may have been found.

These original stars would be so un-
imaginably faint and distant, observing 
their light directly would be virtually 
impossible. Instead, astronomers 
have used an indirect method. This 
first starlight would have affected the 
hydrogen gas that cocooned these pri-
mordial stars, subtly shifting the gas’s 

behaviour and allowing it to absorb 
some of the background radiation left 
over from the Big Bang.

So, Judd Bowman and colleagues 
from of Arizona State University 
went looking for these first stars by 
carefully examining this leftover big 
bang radiation (called the cosmic 
microwave background, or CMB). And 
they found what they were looking for 
– a slight ‘dip’ in the CMB, caused by 
absorption from hydrogen in the very 
early Universe. And hydrogen can only 
absorb the CMB when it is illuminated 
by starlight – the light from the very 
first stars.

This signal was amazingly difficult 
to find. The size of the ‘dip’ in the CMB 
is just 0.1%. But even still, this was 
twice as large as astronomers expect-
ed, and this points to the hydrogen 
being colder than expected. Explaining 
this is tricky. One tantalising expla-
nation has been proposed by Rennan 
Barkana, professor of astrophysics at 
Tel Aviv University. Barkana proposed 
that hydrogen was cooled by dark 
matter in the early Universe. If this 
turns out to be true, this could be a 
groundbreaking discovery for our 
understanding of dark matter.

The Universe’s first stars spotted

An artist’s impression of the 
Universe’s first, massive, blue stars 
embedded in gaseous filaments, 
with the cosmic microwave 
background visible at the edges. 
Credit: N.R. Fuller, NSF
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Q: How many ears does Captain Kirk have?
A: Three. A left ear, a right ear, and a final 
frontier!

Joke of the Week

ASTRONOMERS have captured the 
most complete picture of an exoplanets 
atmosphere possible with present-day 
technology, finding that the exoplan-
et WASP-39b is host to a water-rich 
atmosphere.

WASP-39b is the sole planet orbiting 
the star WASP-39, about 700 light years 
away in the constellation Virgo. The 
planet is a similar size to Saturn (about 
a third of Jupiter’s mass), but orbits its 
star in a blisteringly fast 4 days.

A team led by Hannah Wakeford 
(an astronomer at the Space Telescope 
Science Institute in Baltimore, Mary-
land) used NASA’s Hubble and Spitzer 
space telescopes to analyse the atmos-
phere of this hot world. They used a 
special technique called ‘transmission 
spectroscopy’ – looking for starlight 
filtering through the atmosphere of 
the planet, where chemicals in the 
atmosphere leave tell-tale fingerprints 

WE have known for decades now that 
galaxies host a supermassive black hole 
in their centre – a lurking monster that 
can weigh millions or even billions of 
times as much as our Sun. And our 
modern picture of galaxy formation 
and growth wouldn’t be complete with-
out them. As galaxies grow, so do their 
black holes, and looking at galaxies 
around us we see a remarkably close 
connection between the two (known to 
astronomers as the ‘M–sigma’ relation).

As a result, the quest to understand 
how galaxies form and evolve needs to 

in the light which travels to Earth. “This 
spectrum is thus far the most beau-
tiful example we have of what a clear 
exoplanet atmosphere looks like”, said 
Wakeford.

Examining this light, Wakeford and 
team found an abundance of water 
– more than three times the amount 
that Saturn contains. As it contains so 
much water, the history of this planet 

include an understanding of the growth 
of supermassive black holes. Just as 
galaxies grow by turning gas into stars, 
black holes grow by by gobbling up ma-
terial and getting more massive. One of 
the way astronomers try to understand 
the co-operation between galaxies and 
black holes is to compare these growth 
rates. Given the close relationship be-
tween galaxies and their black holes, it 
has been long suspected that they grow 
in lock-step with each other.

Now, recent results have suggested 
that this might not be true. It seems 

must be interesting. These new obser-
vations suggest it formed far out in the 
distant outskirts of its star system, and 
migrated inwards towards the star over 
millions of years. 

Wakeford said “Exoplanets are 
showing us that planet formation is 
more complicated and more confus-
ing than we thought it was. And that’s 
fantastic!”

that the black holes in the most 
massive galaxies are putting on weight 
much faster than their host galaxy are 
forming stars. In other words, the ratio 
between black hole growth and galaxy 
growth is not the same for all galaxies – 
in the most massive galaxies, the black 
holes are seemingly ‘outgrowing’ their 
hosts.

“An obvious question is why?” said 
astronomer Niel Brandt, co-author of 
the study. “Maybe massive galaxies are 
more effective at feeding cold gas to 
their central supermassive black holes 
than less massive ones.” “We know that 
black holes are extreme objects, added 
Julie Hlavacek-Larrondo, another 
co-author, “so it may not come as a 
surprise that the most extreme exam-
ples of them would break the rules we 
thought they should follow”.

Exoplanet WASP-
39b is water rich

Supermassive black holes outgrowing their host galaxies

The background image shows an artists impression of WASP-39b while the data points and 
coloured lines show the measured transmission spectrum and best-fit atmospheric model.

The background image shows X-ray 
light (blue) overlaid on an optical 
image from HST. The inset artist’s 
illustration depicts a supermassive 
black hole consuming gas from its 
host galaxy and producing X-rays.
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