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How did structure appear in the Universe? 

ÅWhat are the 
statistical properties of 
the initial conditions? 

ÅWhat is the physics of 
dark matter and dark 
energy? 

ÅUsually these problems are addressed in isolation. 

ÅThis talk: 
ÅA case for physical inference of four-dimensional dynamic states 

ÅA description of methodology and progress towards enriching the 
standard for analysis of galaxy surveys 

ÅFrom theory to data, from data to theory 
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FL, Pisani & Wandelt 2014, arXiv:1403.1260 
(Lectures Varenna 2013 and 

Paris École Doctorale for Astronomy and Astrophysics) 
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Outline 

1. Bayesian Inference 

 

2. Chrono-Cosmography 

 

3. The Non-Linear Regime of Structure Formation 

 

4. Cosmic Web Classification 

 

5. The Future 
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1. BAYESIAN INFERENCE 

Å Data assimilation with BORG 

Å The BORG SDSS run 
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J. Jasche, B. Wandelt, arXiv:1203.3639. 
 Bayesian physical reconstruction of initial conditions from large scale structure surveys 

J. Jasche, F. Leclercq, B. Wandelt, arXiv:1409.6308. 
Past and present cosmic structure in the SDSS DR7 main sample 
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Why Bayesian inference? 

ÅWhy do we need Bayesian inference? 

Inference of signals = ill-posed problem 
ÅIncomplete observations: survey geometry, 

selection effects 

ÅNoise, biases, systematic effects 

ÅCosmic variance  
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άWhat is the probability distribution of 
possible formation histories (signals) 
compatible with the observations?έ 

άWhat is the formation history 
of the Universe?έ 
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Bayesian forward modeling: the ideal scenario 
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All possible FCs All possible ICs 

Forward model = N-body simulation + Halo occupation +  
DŀƭŀȄȅ ŦƻǊƳŀǘƛƻƴ Ҍ CŜŜŘōŀŎƪ Ҍ Χ 

Forward model 

We need a 

big computer! 

 

Observations 

dҒмл7 
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(Parameter) Space: the final frontier 

Å¢ƘŜ άcurse of dimensionalityέ 

 

 

 

     Adding extra dimensionsΧ 

ÅExponential increase of the 
for uniform sampling 

ÅExponential increase of given a fixed amount of particles 

ÅHigh-dimensional probability distribution functions 

Bellman 1961 
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