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Large Scale Structure

of the Universe 

Fossils of the 

Cosmic Structure Formation process
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Central Theme:

Cosmic Enigma

Universe

379,000 years after Big Bang

almost  perfectly  smooth
Microwave Background Radiation, surface of last scattering of cosmic photons is 

almost perfectly isotropic, all around the same temperature:

T=2.725 K
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Universe
13.7 Gyrs. after Big Bang:

Large Variety and  Wealth 
of Structure

The Early Universe:
Almost perfectly homogeneous and isotropic, 
without  any discernable structure é

How did the present wealth and variety of 
structure emerge out of 

an almost featureless, pristine early Universe 
?????
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Cosmic Paradigm:

Gravitational
Instability

Primordial Gaussian Perturbations
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Gaussian Density Field

Gaussian Density Field
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The gravity perturbations induce 
cosmic flows of matter. High density 
regions start to contract and finally 
collapse, assembling more and more 
matter from their surroundings.  

By contrast, as matter is moving out of 
them, low density regions turn into 
empty void regions. 

Gradually,  dependent on scale, we see 
the emergence of cosmic structures.

These days we can simulate the 
characteristics of the process through 
large computer simulations. Succesfull 
confrontation with the observational 
reality has given confidence in our 
understanding.  

density field ŭ(x,t) gravity field g(x,t)

displaced mass:

structure forming
peculiar velocity  v(x,t)

Cosmic Structure Formation 

Millennium  Simulation

Millennium 

Simulation:

LCDM

(courtesy:

Virgo/V. Springel).



7/1/2009

7

Millennium  Simulation
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Millennium  Simulation

Millennium 

Simulation:

LCDM

(courtesy:

Virgo/V. Springel).

Cosmic

Fossils 


