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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. 

November 9th, 2013 The initial conditions and the large-scale structure of the Universe 
2 



Florent Leclercq (IAP) 

Cosmostatistics of the initial conditions 

: ICs for gravitational evolutionΧ 
AFTER inflation 
AFTER 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 of using the departures 
from homogeneity observed in astronomical surveys to 
distinguish between cosmological models. 

ÅHuge data sets, but fundamental limits to information: 

Åon large scales:  

Åon small scales: 
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High-energy physics experiments 
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The inhomogeneous Universe: 
 the big picture 
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You are here, make the best of itȣ 
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The most boring Universe? 

, inflation is a great successΧ 
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Planck collaboration 2013, arXiv:1303.5062 
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The case for physical reconstruction of the ICs 

ÅΧ ōǳǘ what is the  of inflation? 

 

ÅSome : 
ÅThe eta problem: scale-invariant, superhorizon fluctuations 

require 
 
 
How to achieve and stabilize this mass hierachy? 
 

ÅLarge-field inflation: observational gravitational waves require 

 

 

ÅSome : multi-field inflation? non-standard kinetic 
term? periods of fast-roll? non-trivial pre-inflationary state? non-Bunch-Davies 
vacuum? 
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(Lyth bound) 

Astrophysics Quantum gravity 
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The CMB time-machine 
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ÅA time-machine (380,000 yrs      10-35 s):  

Input gravitational potential CMB Reconstruction of the 
gravitational potential 

Komatsu, Spergel & Wandelt 2005, arXiv:astro-ph/0305189 

Yadav & Wandelt 2005, arXiv:astro-ph/0505386 

adapted from Elsner & Wandelt 2009, arXiv:0909.0009 

see also FL, Pisani & Wandelt, proceedings to appear soon 

ÅRelies on: 

ÅGaussian random fields 

ÅLinear transfer 

ÅOptimal inference of a GRF from a GRF: Wiener filtering 


