
 
 
Today cosmologists combine increasing computing power and developing theories 
for the formation of galaxies together in computer simulations that can recreate the 
appearance of the Universe. These N-body simulations allow us to find the right 
ingredients of dark matter and gas physics together with our current theory of 

gravity, to make galaxies that resemble the real world.  In this 
lecture we will examine these computer simulations in details, 
reviewing how they are run and why they are important for 

testing our current cosmological model. !
The Universe contains a 
wealth of structure on 
different scales, ranging 
from planets to stars to 
galaxies and clusters of 
galaxies.  Following the 
complexity of structure 
formation from the early 
universe until today where  
galaxies are forming 
within dark matter halos is 
a daunting task.  
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Lecture 8: Simulating the Universe in a computer
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Modern cosmological simulations are carried out on the largest supercomputers 
available which may run for months at a time - not bad considering we are trying 
to replicate 13.7 billion years of structure formation!  !!
Building a synthetic universe of galaxies is extremely important for astronomers 
who use the resulting maps or surveys of galaxy positions to constrain the basic 

parameters that control the evolution 
and fate of the Universe and to try to 
extend our knowledge of how 
galaxies formed and evolve. 
Forthcoming galaxy surveys will have 
extraordinary precision and matching 
that accuracy with computer 
simulations and viable theories will 
be a challenge. Computer simulations 
allow us to create mock universes 
where we can experiment with 
hypothetical dark matter particles 
with certain properties or we can 
model the force of gravity as 
repulsive in certain environments. 
Ultimately these theories can then be 
tested by comparing the predictions 
from the mock universes with the real 
one.
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