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Dirty CMB dataDirty CMB data

Cosmology with large scale structures
Dirty Large scale structure dataDirty Large scale structure data
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Dirty Large scale structure dataDirty Large scale structure dataClean CMB dataClean CMB data

Cosmology with large scale structures

?

Image credit: Planck collaboration, SDSS
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Cosmology with large scale structures

Baryonic Acoustic OscillationsBaryonic Acoustic Oscillations

?

Clean CMB dataClean CMB data Dirty Large scale structure dataDirty Large scale structure data

Image credit: Planck collaboration, SDSS



Principles of statistical reconstruction of 
large scale structure (LSS)

Bayesian Origins Reconstruction from Galaxies 

BORG

Algorithm for REconstruction and Sampling

ARES

Image (c) Theoi Project & Universal Pictures
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Statistical reconstruction of LSS

Poisson probability on large scales
Noise is signal dependent!

Linear response

Local differentiable dependency on 
matter field

Selection

e.g. bias function

Mean density

forward model for dynamics

Galaxies are counted in 3d cells



Dealing with Foregrounds

Principles of statistical reconstruction of large scale 
structure (LSS)

Algorithm for REconstruction and Sampling

ARES
Image (c) Theoi Project
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ARES3: posterior for the linear model

Gaussian probability Gaussian prior

Linear response operator (mask, radial selection)

« Mean » density of tracers

NGP binned data

bias

Jasche et al. (2010); Jasche & Lavaux (2015)



April 2017 / PONT Avignon

Some foregrounds for SDSS3

Airmass
(absorption)

Star density

(contamination and
absorption)
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Foregrounds: 1st order correction

Actual mask from data = 

Real (unknown) linear selection

Fractional contribution of foregrounds

Free parameter
Template =

Jasche & Lavaux (submitted A&A, 2017)
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Example on a mock SDSS3
Ensemble mean density Standard deviation

Excess large 
scale power

Jasche & Lavaux (submitted A&A, 2017)

Raw mock
LSS data
Raw mock
LSS data

Foreground 
corrected
LSS data

Foreground 
corrected
LSS data

Excess noise
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Powerspectrum (un)corrected
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Dealing with non-linearities of LSS
Dealing with Foregrounds

Principles of statistical reconstruction of large scale 
structure (LSS)

Image (c) Universal picture

Bayesian Origins Reconstruction from Galaxies 

BORG
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BORG3: the non-linear model

Jasche et al. (2010); Jasche & Lavaux (2015); Jasche & Lavaux (2017, in prep.)

Full poisson model:Full poisson model:

Broken power law model for bias:Broken power law model for bias:

Non-linear physical 
forward model:
Non-linear physical 
forward model:

L.P.T. = Lagrangian Perturbation Theory

Eulerian linear theoryEulerian linear theory Particle meshParticle mesh
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Data: the 2M++ compilation
0 Mpc/hGalaxy distribution SDSS

6dF

2MRS

250 Mpc/hRedshift completeness

Lavaux & Hudson (MNRAS, 2011)
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BORG3 density field
Supergalactic plane, final density field, no smoothing

Coma
Shapley
concentration

Perseus cluster

Pisces cluster

Virgo

Norma

Hydra-Centaurus

Bootes void

PRELIMINARY

Supergalactic plane2M++, mean final matter density field 
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BORG density vs Galaxy density
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Shapley mass profile (PM)

Mean
68% probability
95% probability

Lavaux & Jasche, 2017, in prep.
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In detail: Coma mass profile (PM)

Mean
68% probability
95% probability

Image of the 
posterior distribution

Lavaux & Jasche, 2017, in prep.
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Power spectrum of initial conditions ?
~60 Mpc/h ~6 Mpc/h

Image of the 
posterior distribution

Mean
68% probability
95% probability

Prior values of the
power spectrum

Jasche & Lavaux, 2017, in prep.
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Conclusion / Perspective
Model works (> 16 million parameters)

Biases can be alleviated or at least identified

LCDM still rocks

Distance survey and spectroscopic surveys are converging
Foreground contamination can be better assessed and corrected
Code scales for large surveys

Liberate
cosmology

Improve sub-grid modeling 
of dynamics

Mesh refinement
of initial conditions
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Additional material
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Cosmology with large scale structures

SDSS DR12 galaxy sample

Main DR7

LOWZ

CMASS

Looks smooth

But tons of statistics and systematics 
are buried in the dataset

Cosmology hides both in the global 
geometry (Alcock-Paczynski) and the 
two point correlation of the underlying 
matter field

~1.6 millions of galaxies
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Cosmology with large scale structures

SDSS DR12 galaxy sample
~1.6 millions of galaxies

Aim: transform moderately processed photometric+spectroscopic data

Panstarrs

SDSS
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Reminder on LSS data

A wedge

Sky projection

vs.
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LSS is full of foregrounds

Leistedt & Peiris (2014)

And 50 mores….
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BORG: non-linear dynamics
Eulerian linear
perturbation theory: 

Lagrangian Perturbation Theory:

2nd order Lagrangian perturbation theory: Particle mesh:
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Bias model

BORG3 model
Galaxy redshifts surveyCosmological prior

Forward model: 
✔ Perturbation Theory
✔ Particle Mesh
✔ Redshift Space Distortion

Matter Density building     
particles → density     

Poisson statistics

Galaxy density:
galaxy position → density

Initial conditions
→ particles

Lavaux & Jasche, 2017, in prep.
Jasche & Lavaux, 2017, in prep.MPI + OpenMP parallel, exact supersampling, entire code rewriting



April 2017 / PONT Avignon

BAD!

Completeness estimate

LOWZ survey (z < 0.4)

Lavaux & Jasche (to be submitted, 2017)

spectroscopy contaminated by physical fiber collisions, spectral confusion
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Some foregrounds for SDSS3

Airmass
(absorption)

Star density

(contamination and
absorption)
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Foregrounds / Powerspectrum correlation

Normalized covariance matrix P(k1) vs P(k2) Normalized covariance matrix α
i
 vs α

j

j

ik1

k2
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