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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 Will Alston will be 
taking us on A random walk through 
accreting black holes.

The talk is followed by an oppor-
tunity to observe if (and only if…) 
the weather is clear. The Cambridge 
Astronomical Association will pro-
vide a floorshow outdoors on the 
Observatory lawns, relaying live im-
ages from modern telescopes with 
a commentary. The IoA’s historical 
Northumberland and Thorrowgood 
telescopes will be open for unaided 
eye observations, along with the 
16-inch telescope. If we’re unlucky 
and it’s cloudy, we’ll offer you a cup 
of tea as compensation after the talk, 
with perhaps some more astro-in-
formation in the lecture theatre for 
those who want to stay on.

TONIGHT’S SPEAKER

Will Alston
A random walk through 
accreting black holes
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ASTRONOMERS have discovered that 
the brightest and largest galaxies at 
the core of galaxy clusters ‘wobble’ 
around the cluster’s centre of mass. 
This unexpected result appears incon-
sistent with predictions made by the 
current standard model of dark matter.

Dark matter constitutes just over 
25 percent of all matter in the uni-
verse but cannot be directly observed, 
making it one of the biggest mysteries 
in modern astronomy. Transparent 
haloes of this elusive dark matter 
enclose galaxies and galaxy clusters 
alike. The latter are massive groupings 
of up to a thousand galaxies immersed 
in hot intergalactic gas. Such clusters 
have very dense cores, each containing 
a massive galaxy called the “brightest 
cluster galaxy” (BCG).

The standard model of dark matter 
predicts that after a cluster of galaxies 
has undergone a massive merger with 
another cluster, the turbulence created 
will subside and the system will return 
to a ‘relaxed’ dynamical state. The 
BCG remains anchored at the cluster’s 
centre, held in place by the enormous 
gravitational influence of dark matter.

Astronomers have analysed ten gal-
axy clusters observed with the Hubble 
Space Telescope, and found that their 

BCGs are not fixed at the centre as 
expected, but instead ‘wobble’ around 
the centre of mass of the cluster. The 
implication is that the dominant 
visible part of each cluster and the 
centre of the total mass of the cluster 
— including its dark matter halo — are 
offset, by as much as 40,000 light-years.

Rather than a dense region in the 
centre of the galaxy cluster, as predict-
ed by the cold dark matter model, the 
data suggest a much shallower central 
density. This could be interpreted as 
requiring exotic forms of dark matter 
right at the heart of galaxy clusters, 
and further analysis may provide new 
insights into the nature of dark matter.

But how can astronomers tell where 
the centre of mass is in the first place? 
The wobbling of the BCGs could only 
be analysed as the galaxy clusters stud-
ied also act as so-called gravitational 
lenses. They are so massive that they 
warp the shape of space enough to 
distort light from more distant objects 
behind them. This effect, called strong 
gravitational lensing, is due to the total 
gravitational mass present, and so can 
be used to work out the exact position 
of the centre of mass and any offset of 
the BCG from this centre.

“Wobbling” galaxies may hint at 
the nature of dark matter

The talk schedule for this term
 can be view

ed at:   w
w
w
.ast.cam

.ac.uk/public/public_observing/current

www.ast.cam.ac.uk/public

If you have any questions, suggestions or 
comments about the IoA Open Evenings 
please contact Carolin Crawford at 
csc@ast.cam.ac.uk or Matt Bothwell at 
bothwell@ast.cam.ac.uk. We tweet current 
astro-news and events as IOACOA.

A giant galaxy at the centre of a cluster of galaxies.
Credit: NASA, ESA, J. Richard (CRAL), J.-P. Kneib (LAM)
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What do you call an overweight ET?
An extra cholesterol!

Joke of the Week

AN ARTIFICIAL intelligence algorithm 
— based on the same method used 
by Google, Facebook and Tesla — has 
discovered 56 gravitational lens candi-
dates in huge piles of observations.

Like in the article about ‘wobbling 
galaxies’, the way the shape of space 
bends around a large mass allows you 
to see the light of one galaxy hidden be-
hind another. The amount of distortion 
in the image of the background galaxy 
depends on the total gravitational mass 
of the foreground object – due to both 
ordinary and dark matter. Such ‘gravita-
tional lenses’ are thus important for the 
research into dark matter.

The hunt for gravitational lenses 
requires a painstaking search through 
thousands of images. Even with the 
assistance of enthusiastic citizen scien-
tists around the world, the inspection 
can no longer keep up with the pace of 

A BLISTERING hot exoplanet has been 
discovered where it “snows” sunscreen 
— but only during the night-time!

Kepler-13Ab orbits so close to its 
parent star that it is tidally locked by 
gravity — this means it always has one 
side facing the star with the other in 
permanent darkness.

Any titanium oxide in the daytime 
atmosphere would absorb light to 
heat the upper atmosphere, but the 
observations show the air temperature 
grows colder with altitude. Instead, 
high winds carry the titanium oxide 

MARS has an invisible magnetic “tail” 
that is twisted by interaction with the 
solar wind, according to new research 
using data from NASA’s MAVEN 
(Mars Atmosphere and Volatile Evolu-
tion Mission) spacecraft.

The MAVEN spacecraft is in orbit 
around Mars gathering data on how 
the Red Planet lost much of its atmos-
phere and water, transforming from a 
world that could have supported life 

images emerging from new telescopes 
that repeatedly survey large areas of 
the sky.

Instead scientists have turned to 
computer algorithms known as ‘neural 
networks’. The astronomers trained 
the neural network using millions of 
artificial images of gravitational lenses 
before letting it loose on millions of 
images from a small patch of the sky.

Initially, the neural network found 
761 gravitational lens candidates, and 
the sample was downsized after visual 
inspection by the astronomers. The 
remaining 56 candidates will now be 
confirmed by follow-up observations. 
Ultimately the researchers want to 
train the neural networks to become 
more efficient at both rejecting false 
lenses, and recognising smaller ones, 
with the final goal of removing the 
need for visual inspection.

around to the permanently dark side of 
the planet where it condenses to form 
clouds and precipitation. The huge 
planet’s crushing gravity pulls all the 
titanium oxide so far down that it is 
trapped in the lower atmosphere, and 
can’t be recycled back into the upper 
atmosphere on the daytime side.

These kinds of observations provide 
insight into the complexity of weather 
and atmospheric composition on exo-
planets, and may someday be applica-
ble to analysing Earth-size planets for 
habitability.

billions of years ago into the cold and 
inhospitable place of today. The process 
that creates the twisted tail could 
also allow some of Mars’ already thin 
atmosphere to escape to space.

Mars’ magnetic tail, or ‘magnetotail’, 
is unique in the solar system because it 
has a twist. But why is that? And how 
does one map magnetic fields in the 
first place?

Magnetic fields are invisible, but 
their direction and strength can be 
measured by the magnetometer 
instrument on MAVEN. Mars lost its 

global magnetic field billions of years 
ago and now only remnant “fossil” 
magnetic fields remain embedded in 
some surface rocks.

The solar wind is a stream of 
charged particles and magnetic fields 
continuously blowing from the Sun’s 
surface into space at about 1 million 
miles per hour. If the solar wind field 
happens to be oriented in the oppo-
site direction to a field in the Martian 
surface, the two fields join together 
in magnetic reconnection forming 
Mars’ magnetotail in the process.

An exoplanet that “snows” sunscreen

Artist’s impression of the system.
Credit: NASA, ESA and G. Bacon (STScI)

Artificial intelligence finds 56 new 
gravitational lens candidates

A sample of the handmade photos of 
gravitational lenses that the astronomers 
used to train their neural network. 

Mars has a twisted 
magnetic tail
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