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Alan Turing 
Source: Wikimedia

Credit: Royal Astronomical Society

“What we want is a machine that can 
learn from experience”  

– Alan Turing (1947)



Credit: Computer Laboratory, University of Cambridge
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Oct 6th, 1923

Credit: Carnegie Observatories 

Edwin Hubble 
ca 1922
Credit: Huntington Library 

Henrietta Swan 
Leavitt
1921
Credit: public domain  



The Hubble-Lemaître Law

Estimated age of the universe:

Lemaître, then Hubble:    2 Bn years 
Today’s value:                14 Bn years 

Georges Lemaître (centre), 1933 
Credit: Archives Louvain, Mitton (2020)

Hubble (1929)Distance
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E. Jacobi/NSF 

A. Duro/ESO

Planck/ESA

21st century cosmology  

Imperial College London
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Credit: M. Markevitch

What is dark matter?
What makes the cosmos

accelerate?

Credit: NASA

Is there life 
elsewhere?

Credit: Ricardo Ramirez
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Category # known

Stars 455,167,598

Galaxies 1,836,986

Asteroids 780,525

Quasars 544,103

Supernovae 17,533

Artificial satellites 5,524

Comets 3,511

Exoplanets 2564

Moons 169

Black holes 62

Solar system 
large bodies 13

Earth orbit 

Solar system

Our Galaxy

Distant Universe

Only a subset of 
the data shown for 

clarity  

Animation:  RT & Amena Faruqi



Cosmic Acceleration

Hubble

~ recession velocity/c 
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Abbott et al  (DES Collaboration, 2019)



Supernovae Discovered Over Time

1990s: CCD cameras and robotic 
methods 

1996: Discovery of cosmic 
acceleration
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~ 1,000  SNIa 
(spectroscopically 

confirmed)



The Vera C. Rubin Observatory
Science first light: 2021-2
Mirror: 8.4m 
Camera: 3,000 MPixels 
Data flow: 30 TB/night
Yearly data:  200,000 images, 1.3 PB 
Computing: 100 teraflops  

Credit: Rubin Observatory/LSST Science Collaboration 



Batalha (2014)
There are probably more planets than stars 

in the galaxy!



Credit: IllustrisTNG Simulation 



The Era of Machine Learning 



What is Machine Learning?

The Guardian, May 29th 2018 



dog

How Does Machine Learning* Work? 

cat

dog

lion

penguin

?
Training 

+ a few more millions…  

* Supervised machine learning; there are many other techniques. 

“Why not try to produce [a programme] which simulates 
the child’s mind? If this were then subjected to an 
appropriate course of education one would obtain the 
adult brain” 

– Alan Turing (1950)



Credit: O’Reilly Media

Dark Matter 
Simulation 

Machine Learning 
“Guess”

Perroudin et al (2019)



Grouping galaxies by shape 
without human input  

Generating synthetic galaxies 

Spindler et al (2020)



Credit: Cliff Johnson/Clarae 
Martínez-Vázquez/DELVE
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The Limits of Machine Learning

cat

dog

lion

penguin

Training 

+ a few more millions…  

?
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2018

2019

“Our findings suggest 
that if we build an 

intelligent system that 
learns enough about 

the properties of 
language to be able to 

understand and 
produce it, in the 

process it will also 
acquire historical 

cultural associations, 
some of which can be 

objectionable.”
Poor accuracy in facial recognition for dark 

skinned females 

Gender Shades (MIT Media Lab, 2019)

Caliskan et al., Science 356, 183–186 (2017)



De-biasing AI: a Cosmological Solution

High z SN Team/NASA/HST

Revsbech, Trotta & van Dyk (2018)

Similar (if less societally damaging) biases 
present in our astrophysical data 

Solutions are equally applicable 



AI and Machine Learning 

The Vera Rubin observatory The XENONnT dark matter 
detector 

The Euclid space telescope



Thank you!

[Image: The EAGLE Simulation; Schaye+14]
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