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Science goal: 

The Institute for 
Computational Cosmology 

→  Model the formation and evolution of cosmic 
structures from the Big Bang to the present 

→  Link early universe theory to observations  

Need top-end supercomputers 





The 2-degree galaxy redshift survey 

Anglo-Australian collaboration: 
1995-2005 
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3 key questions addressed at the ICC 

1.  What is the universe made of? 

•  What is the identity of the dark matter? 
•  What is the nature of the dark energy? 

2.  What  are the fundamental parameters of our World model? 
•  Geometry, age, expansion rate, etc 

3.  What is the origin of cosmic structure? 

•  What are the properties of the large-scale structure? 
•  How do galaxies form and evolve? 



• Flammarion 1888: tete des  etoiles 

 THE KEY QUESTIONS OF COSMOLOGY 

•  What is the Universe made of?  

•  How did it begin? 

•  How did it evolve to its present state? 

•  What does the future hold? 
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Testing the CDM paradigm 

z=0 
δρ/ρ ∼1-106	



Simulations 

“Cosmology machine” 

Structure grows primarily by 
gravity, but the problem is non-

linear and involves gasdynamical 
and radiative physics 

Cosmological simulations 

z=1000 δρ/ρ ∼10-5	
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Pictures, movies and simulation data 

available at: 

 http://www.mpa-garching.mpg.de/Virgo 

www.durham.ac.uk/virgo 

UK, Germany, Netherlands, Canada, 
China collaboration (PI: CSF) 

The Virgo Consortium 

UK members  
Durham  

Cambridge 

Edinburgh 

Manchester 

Nottingham 

Sussex 
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Simulation data, movies, etc available at: 
www.durham.ac.uk/virgo 
http://www.mpa-garching.mpg.de/Virgo 

Virgo  consortium for 
supercomputer simulations 

            Core members 

  Carlos Frenk –         ICC,  Durham    (P.I.) 
  Adrian Jenkins –      ICC, Durham 
  Tom Theuns –          ICC,  Durham  
  Gao Laing –             ICC, Durham/Beijing  
  Simon White –         Max Plank Inst für Astrophys (co-P.I.) 
  Volker Springel –     HITS Heidelberg 
  Frazer Pearce –       Nottingham  
  Naoki Yoshida –       Nagoya 
  Peter Thomas –       Sussex 
  Hugh Couchman –   McMaster  
  John Peacock –       Edinburgh 
  George Efstathiou – Cambridge  
  Scott Kay –              Manchester  
  Julio Navarro –        Victoria 
  Joop Schaye –         Leiden 

•  23 Associate members  

•  29 PhD students  
35/68  UK  

~70 scientists in 7 countries 
6 UK universities 
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Small irregularities 
in the early universe 
grow under the 
action of gravity:  

Large Scale Structure 
Computer 
simulation 
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www.durham.ac.uk/virgo 

www.mpa-garching.mpg.de/Virgo 

June 2/05 

Springel et al 05 

(1137 citations) 





Springel, Frenk & White  
Nature, April ‘06 

real 

simulated 

2dFGRS 

SDSS 

CfA 
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The final 2dFGRS power spectrum 

ΛCDM model  

ΛCDM convolved 
with window 

Baryon oscillations 
conclusively 
detected in 
2dFGRS!!! 

Demonstrates that 
structure grew by 

gravitational 
instability in ΛCDM 

universe 

P(k) / Pref(Ωbaryon=0)  

Also detected in 
SDSS LRG sample 
(Eisenstein etal 05) 
Cole, Percival, Peacock, 

Baugh, Frenk + 2dFGRS ’05      
(720 citations) 

ΛCDM model  

ΛCDM convolved 
with window 

Euclid ESA proposed mission 
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 Number of galaxies as 
a function of IR 

luminosity 

The infrared universe 

ESA Herschel Telescope 
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z=10 

Lacey, Baugh, 
Frenk, Benson ‘10 

The early universe 
z=7 

z=8 

The onset of galaxy formation 
t~0.5 billion years 

 Number of galaxies as 
a function of UV 

luminosity 

The James Webb Space Telescope – 2018 
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A galactic halo  
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The Aquarius programme  

Nature, Nov 2008 
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Milky Way halo seen in DM 
annihilation radiation 

Springel, White, Frenk et al 
Nature Nov/08 

Fermi satellite Theoretical 
prediction 
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The first-year all-sky image 
from Fermi 
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A galactic halo  
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Impact of supercomputing in 
cosmology   

ALMA, Scuba-2, PS1, Herschel, 
Planck, JWST, LOFAR, ASKAP, SKA, 

… 

This kind of modelling is vital for the exploitation of data from eg: 
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www.durham.ac.uk/virgo 

www.mpa-garching.mpg.de/Virgo 

June 2/05 

Springel et al 05 

(1137 citations) 

As of yesterday 404 refereed papers 
had been published by astronomers 

all over the world using the 
Millennium simulation data 



University of Durham 

Institute for Computational Cosmology 

International standing  
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•  Sun Microsystems (£800k) 
•  Microsoft (£80k) 
•  IBM 

Collaboration with Industry 

Science & Society 
Extensive international outreach programme funded by STFC, 

Durham University. and Ogden Trust 
•  Schools in NE 
•  RS Summer Science Exhibitions (2002, 2005) 
•  3D movies 
•  Science museums (Newcastle, Mexico) 
•  Public lectures TV, press 



Pete Edwards 
Department of Physics, Durham University 

University 
of Sheffield 

Outreach programme in the NE  



What attracts young people to science? 

Which aspects of physics attracted you to the subject? 

IoP survey of 673 1st yr undergraduates – 20% of all UK undergrads 
in physics and astronomy  
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Small-scale structure depends sensitively 
on the nature of the dark matter  

Theme 1: The Milky Way  

Observations of the MW could disprove ΛCDM if 
theoretical predictions can be made robust  

PanSTARRS1 
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• cold dark matter • warm dark matter  

• Gao, Lovell et al 2011 
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Simulate Millennium-2 
with full baryonic physics  
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This is a  “golden era” in cosmology  

… and it is probably just beginning! 
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The Cosmology Machine 

Titania 
24 Sunfire processors 
48 Gigabytes 

Centaur 
128 UltraSparc III cluster 
 64 Gigabytes ram 

One of the largest supercomputers for academic research in the UK                                                
dedicated to numerical cosmology  

£650k JREI 
grant to Virgo 
£250k Sun  

Opened by Patricia  
Hewitt in Aug/01 

COSMA-1 

COSMA-3 
£675k SRIF-2  -- ICC 
£55k   SRIF-2  -- Sussex 
£75k   PPARC – Virgo 

2006  

COSMA-2 
£465k JIF 
grant to ICC 
£200k  Sun 

March/04 

Quintor 
512 processors, 
630 Gbytes ram, 
60 Tbyte storage 
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