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Introduction 
 Cosmography

• 3D density and velocity fields
• Power-spectra, bi-spectra
• Dark Energy, Dark Matter, Gravity
• Cosmological parameters

Large Scale Bayesian inference
 High dimensional ( ~ 10^7 parameters )
 State-of-the-art technology
 On the verge of numerical feasibility 

 Tegmark et al. (2004)

Jasche et al. (2010)
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 Inference of the non-linear LSS
• Non-linear density field

• Log-normal prior

• Galaxy distribution
• Poisson likelihood
• Signal dependent noise

See e.g.  Coles & Jones (1991),  Kayo et al. (2001) 

Credit: M. Blanton and the

 Sloan Digital Sky Survey 

Non-linear LSS inference
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 Inference of the non-linear LSS
• Non-linear density field

• Log-normal prior

• Galaxy distribution
• Poisson likelihood
• Signal dependent noise

Technically challenging in high dimensions!
• ~10^7 density amplitudes
• No reduction of problem size possible
• No analytic treatment of posterior distributions

See e.g.  Coles & Jones (1991),  Kayo et al. (2001) 

Credit: M. Blanton and the

 Sloan Digital Sky Survey 

Non-linear LSS inference



J. Jasche, Bayesian LSS I
nference

 HADES (Hamiltonian Density Estimation and Sampling) 
• Hybrid Monte Carlo sampling (dim ~ 10^7)
• Data constrained LSS realizations
• 3D Maps and uncertainty quantification

Non-linear LSS inference

Jasche, Kitaura, Li, Enßlin (2010)

 HADES and the SDSS DR7 
• Cubic box (750 Mpc) with 3 Mpc grid resolution

• 40000 density realizations (3 TB)  
• 3D Maps and uncertainty quantification
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Non-linear LSS inference
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4D physical inference
 Physical motivation

 Complex final state
 Simple initial state 
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4D physical inference
 Physical motivation

• Complex final state
• Simple initial state 

Gravity

Initial state Final state
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4D physical inference
 BORG (Bayesian Origin Reconstruction from Galaxies)

• Hybrid Monte Carlo sampling
• Second order Lagrangian perturbation theory

BORG

Jasche, Wandelt (2012)
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Summary & Conclusion 
 Large scale Bayesian inference in ~10^7 dimensions is possible!

 Noise, survey geometry, selection effects and biases
 Non-linear and non-Gaussian statistics
 Uncertainty quantification

• MCMC via Hybrid Monte Carlo methods

 Application to SDSS data
 3D density and velocity fields
 Higher order statistics
 Characterization of initial conditions
 Dynamic information
 Inference of structure formation history 
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