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The Universe as seen by the Particle Zoo 
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http://www.particlezoo.net/ 
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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 inferred.  

 

ÅThe of the Universe have a 

. 
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Cosmostatistics of the initial conditions 

: 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 

: 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) 
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(from theory to data) 

(from data to theory) 

FL, Pisani & Wandelt 2014, arXiv:1403.1260 



Florent Leclercq 

High-energy physics experiments 
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The inhomogeneous Universe: 
 the big picture 

You are here, make the best of itȣ 
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The CMB time-machine 
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ÅA time-machine (380,000 yrs      10-35 s):  

Input gravitational potential 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 

ÅRelies on: 

ÅGaussian random fields 

ÅLinear transfer 

ÅOptimal inference of a GRF from a GRF: Wiener filtering 
see also FL, Pisani & Wandelt 2014, arXiv:1403.1260 
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The most boring Universe? 
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isotropic 
flat 

homogeneous 

Gaussian superhorizon 

adiabatic 
with coherent 
phases 

scale-invariant 

, inflation is a great successΧ 

ÅΧ ōǳǘ what is the of inflation? 

Planck collaboration 2013, arXiv:1303.5062 
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Order in the Universe: the large-scale structure 

de Lapparent, Geller & Huchra 1986 

CfA redshift survey 
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Order in the Universe: the large-scale structure 
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Order in the Universe: the large-scale structure 
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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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2ÅÃÏÎÓÔÒÕÃÔÉÏÎ ÏÆ ÔÈÅ ÉÎÉÔÉÁÌ ÃÏÎÄÉÔÉÏÎÓȣ 

ÅΧ ŀ !  

Å!ƴŘΧ 
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CMB: LSS: 
2D 3D 
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Where the Universe becomes non-'ÁÕÓÓÉÁÎȣ 
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Percival et al. 2006, arXiv:astro-ph/0608636 
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Gaussian vs non-Gaussian information 
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from R. Scoccimarro 
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Gaussian vs non-Gaussian information 

The two distributions 
have about the same 
power spectrum! 
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from R. Scoccimarro 

bispectrum 

trispectrum 



Florent Leclercq 

2ÅÃÏÎÓÔÒÕÃÔÉÏÎ ÏÆ ÔÈÅ ÉÎÉÔÉÁÌ ÃÏÎÄÉÔÉÏÎÓȣ 

 

 

 

 

ÅThe challenges : and 

ÅNon-linear transfer functions in the Hot Big Bang phenomena 

ÅGravitational evolution 

ÅPrimordial non-Gaussianity όΧΚύ 

ÅData imperfection and systematicsΧ 
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LSS: 
3D 
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ÅWhy do we need Bayesian inference? 

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

selection effects 

ÅNoise, biases, systematic effects 

ÅCosmic variance  

άWhat is the probability distribution of 
possible initial conditions (signals) 
compatible with the observations?έ 

άWhat are the initial 
conditions of the Universe?έ 

Why Bayesian inference? 

Complexity in the Universe:  



Florent Leclercq 

Bayesian physical inference of the ICs 
ÅPhysical motivation: 

ÅComplex final state, simple initial state 

Å! ά έ ǇǊƻōƭŜƳ 

(we have a generative model for the final state) 

ÅProblems: 

ÅHighly dimensional inference (107 parameters) 

ÅA large number of correlated parameters 

 

ÅPotentially complex posterior distribution 

ÅNumerical approximation: the posterior 
distribution 
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Å.ǳǘ Ƙƻǿ ǘƻ άƎŜǘ ǘƘŜ Řƻǘǎέ Κ 

Final state 

GRAVITY 

Initial state 
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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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What makes the problem tractable:

: Hamiltonian Markov Chain Monte 
Carlo method 

: Second-order Lagrangian 
perturbation theory (2LPT) 
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BORG: Bayesian Origin Reconstruction from Galaxies 

Observations 

BORG 

Jasche & Wandelt 2013, arXiv:1203.3639 

Jasche, FL & Wandelt 2014, arXiv:1409.6308 

Samples of possible 4D states 

Cosmic order and complexity 

see also: 

Kitaura 2013, arXiv:1203.4184 

Wang, Mo, Yang & van den Bosch 2013, arXiv:1301.1348  
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BORG at work ɀ chronocosmography 
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Observations Final conditions Initial conditions 

Jasche, FL & Wandelt 2014, arXiv:1409.6308 
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Samples of the posterior density 

 

ÅEach sample: a 

 

ÅThe between samples 

that results from having 

Åƻƴƭȅ ƻƴŜ ¦ƴƛǾŜǊǎŜ όŀ ƳƻǊŜ ǇǊŜŎƛǎŜ ǾŜǊǎƛƻƴ ƻŦ άŎƻǎƳƛŎ ǾŀǊƛŀƴŎŜέύ 

Åincomplete observations (mask, finite volume and number of 
galaxies, selection effects) 

ÅƛƳǇŜǊŦŜŎǘ Řŀǘŀ όƴƻƛǎŜΣ ōƛŀǎŜǎΧύ 
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see also FL, Pisani & Wandelt, arXiv:1403.1260 
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Bayesian chronocosmography from SDSS DR7 
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Data 
Jasche, FL & Wandelt 2014, arXiv:1409.6308 
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Bayesian chronocosmography from SDSS DR7 
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One sample 
Jasche, FL & Wandelt 2014, arXiv:1409.6308 
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Bayesian chronocosmography from SDSS DR7 
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Posterior mean 
Jasche, FL & Wandelt 2014, arXiv:1409.6308 
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Dark matter voids in the SDSS 
ÅWhy? 

 

 

 

ÅHow? 
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VIDE toolkit: Sutter et al. 2014, arXiv:1406.1191 

www.cosmicvoids.net 

 

based on ZOBOV: Neyrinck 2007, arXiv:0712.3049 

&  

Sutter et al. 2013, arXiv:1309.5087 

Sutter et al. 2013, arXiv:1311.3301 

FL, Jasche, Sutter, Hamaus & Wandelt 2014, arXiv:1410.0355 

http://www.cosmicvoids.net/
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Identification of 
voids VIDE Galaxies 

Dark matter voids: pipeline 
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ωBiased tracing 
of matter 

ωLimited 
number 

ωSelection 
effects 

Galaxies 

ωQuantification 
of 
uncertainties 

ωInference of 
Dark Matter 

ωBias model 

BORG 
ωDark matter 
field 

ωHigh density 
of tracers 

Non-
linear 

filtering 

Identification of 
voids VIDE 

FL, Jasche, Sutter, Hamaus & Wandelt 2014, arXiv:1410.0355 
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Dark matter void properties 
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All catalogs will be made publicly available at 
www.cosmicvoids.net 

FL, Jasche, Sutter, Hamaus & Wandelt 2014, arXiv:1410.0355 

http://www.cosmicvoids.net/
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Tidal shear analysis 
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FL, Jasche & Wandelt 2015, arXiv:1502.02690 

Final conditions 

Initial conditions 

Hahn et al. 2007, arXiv:astro-ph/0610280 
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Dynamic structures inferred by BORG 
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Final conditions 

FL, Jasche & Wandelt 2015, arXiv:1502.02690 


