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The Universe as seen by the Particle Zoo 
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Some specificities of cosmology 

. The experience is unique and irreproducible by physical 

experimentation. There is no exteriority nor anteriority. The 
properties of the Universe cannot be determined statistically on a 
set. 

. The energy scales at stake in the Early Universe are 
orders of magnitude higher than anything we can reach on Earth. 

. Reasoning in cosmology is "bottom-up". The 

final state is known and the initial state has to be infered.  

 

ÅThe of the Universe have a 

with respect to other physical 

phenomena. 
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Cosmostatistics of the initial conditions 

: ICs for gravitational evolutionΧ 

ÅAFTER inflation 

ÅAFTER Hot Big Bang phenomena 

(primordial nucleosynthesis, decoupling, recombination, free-streaming of neutrinos, 
acoustic oscillations of the photon-baryon plasma, transition from radiation to matter 
dominated universe) 

: discipline dealing with stochastic 
quantities as seeds of structure in the Universe 
Åprediction of cosmological observables from random inputs 

 

Åuse of the departures from homogeneity in astronomical surveys to 
distinguish between cosmological models 
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High-energy physics experiments 

November 27th, 2013 The initial conditions and the large-scale structure of the Universe 
5 



Florent Leclercq (IAP) 

A large-scale structure in the Universe 

ÅHalos trace mass distribution 
(of dark matter). 

ÅHalos are NOT randomly 
distributed: there exists a 
Large Scale Structure of the 
Universe 

ÅHow do we analyze this 
structure quantitatively? 

 and 
 

Blue: matter distribution 
Orange: dark matter halos / galaxies 
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Bayesian inference of the ICs 

ÅWhy do we need Bayesian inference? 

 Inference of signals = ill-posed problem 
ÅNoise 

ÅIncomplete observations: survey geometry, 
selection effects 

ÅSystematic uncertainties, biases 

ÅCosmic variance 

Å! ƎƻƻŘ ǉǳŜǎǘƛƻƴΥ άWhat is the probability 
distribution of possible signals compatible 
with the observations?έ 
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