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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.  

 

Å The of the Universe are particular with respect 

to other physical phenomena. 



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: 
ïon large scales:  
ïon small scales:  

 



CMB LSS 

A time-machine (380,000 yrs      10-35 s): 
linear perturbation theory 
Komatsu, Spergel & Wandelt 2005, arXiv:astro-ph/0305189 
Yadav & Wandelt 2005, arXiv:astro-ph/0505386  



Bayesian inference of the ICs 

ÅWhy do we need Bayesian inference? 

 Inference of signals = ill-posed problem 
ïNoise 

ï Incomplete observations: survey geometry, 
selection effects, biases, cosmic variance 

ïSystematic uncertainties 

ïCosmic variance 

ÅA good question: "What is the 
probability distribution of possible 
signals compatible with the 
observations? " 

from J. Jasche 



ÅProblems: 
ïHigh dimensional (107 parameters) 
ïA large number of parameters 

ïComplex posterior distribution 

ÅNumerical approximation: for dim > 4: sampling 
the posterior distribution 
 
 
ÅBut how to "get the dots" ? 

 

Bayesian inference of the ICs 

from J. Jasche 



4D physical inference of the ICs 

ÅPhysical motivation: 

ïComplex final state 

ïSimple initial state 

ÅA "direct only" problem 
Final state Initial state 

GRAVITY 

from J. Jasche 



4D physical inference of the ICs 

ÅThe ideal scenario: 

N-body simulation 

every possible ICs every possible FCs 

observations 

We need a 

big computer! 
from J. Jasche 



BORG: Bayesian Origin Reconstruction 
from Galaxies 

ÅMCMC with Hamiltonian sampling 

ÅSecond-order Lagrangian perturbation theory 

observations 

BORG 

Jasche & Wandelt 2012, arXiv:1203.3639 from J. Jasche 



Bayesian non-linear inference 

Jasche & Wandelt 2012, arXiv:1203.3639 


