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How did structure appear in the Universe?

A joint problem!

* How diid the * How diid the large-scale
Universe begin? structure take shape?
What are the What is the physics of
statistical properties of dark matter and dark
the initial conditions? energy?
AUsually these problems are addressed in isolation.
AThis talk:

A case for physical inference of fedimensional dynamic states

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

From theory to data, from data to theory

. . ectures Varenna 2013 and
FL, Pisani & Wandelt 2014, aervggﬁg-égg% Doctorale for Astronomy and Astraphysit
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Outline

1. Bayesian Inference

2. ChroneCosmography

3. The NonLinear Regime of StructuFermation
4. Cosmic Weltlassification

5. The Future
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1. BAYESIANNFERENCE

A Data assimilation with BORG
A The BORG SDSS run

J. Jaschd3. Wandelt arXiv:1203.3639
Bayesian physical reconstruction of initial conditions from large scale stristitweys

J. Jaschd-. LeclercgB. Wandelt arXiv:1409.6308
Past and present cosmic structure in the SDSS DR samapie
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Why Bayesian inference

AWnhy do we need Bayesian inferencdiiite.

Inference of signals =-flosed problem . X

Incomplete observations: survey geomet
selection effects

Noise,biases, systematic effects
Cosmiovariance

B:> No unique recovery is possible!

&WVhat is the formation histor OWhat is the probability distribution of
of the Universe® 4 §> possibleformation histories (signals)
compatiblewith the observations®

p(s|d)p(d) = p(d|s)p(s)



Bayesian forward modeling: the ideal scenario

Forward model = Ptbq\dy simulation + Halo occupation +
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(Parameter) Space: the final frontier

A ¢ K Sursé of dimensionaliy Beliman 1961

dimension  fraction of particles in quadrant of hypercube

1 271 =05

10 2710 =97x%x10™
100 271000 =78 % 10731
1000 271000 = 9.3 % 10302

Adding extra dimensions

Exponential increase of thi
for uniform sampling

Exponential increase cf given a fixed amount of particles
A High-dimensional probability distribution functions

will fail
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