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Principles of statistical reconstruction of
large scale structure (LSS)

Algorithm for REconstruction and Sampling Bayesian Origins Reconstruction from Galaxies
ARES BORG
Jasche et al. (2010), Jasche & Wandelt (2013) Lavaux & Jasche (2016)
Jasche & Lavaux (2014) Jasche & Lavaux (2017 in prep)
Jasche & Lavaux (2017, in press) Lavaux & Jasche (2017 in prep)

Image (c) Theoi Project & Universal Pictures



Statistical reconstruction of LSS

Galaxies are counted in 3d cells

Poisson probability on large scales
P(Nops|A) oc ANevs exp(—A) g

Noise is signal dependent!

> Mean density
)\p = RPN(l —+ 5ga1axies,p) Linear response

N\

1+ 5ga1ax1es p — (1 + matter,p) Local differentiable dependency on

haN e.g. bias function

5matter,p — Mp ({5i0,p})
\

forward model for dynamics
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ARES3: posterior for the linear model
—N)?/(2N) [(6) = b8

P(Nobsl)‘) X eXp(_(NObS

Linear response operator (mask, radial selection)

(« Mean » density of tracers bias

i' L 2

(Ni—NRi(l—Fb(S ) |5 |2
2N R; Z k

—log P(6,b, N) = A+

NGP binned data

Gaussian probability Gaussian prior
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Some foregrounds for SDSS3

s Airmass
: (absorption)

L e
"j?f_.-;?.._.‘_ :,

T

Star density

(contamination and
absorption)
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Foregrounds: 1* order correction

Fractional contribution of foregrounds

M. — N, spectro N, real galaxies R F
p = —
N, real galaxies N targets

Real (unknown) linear selection

Actual mask from data = &

Ity = H(l —aiGip) | M,

1/Fp Template =

Free parameter

June 2017 / EWASS Prague Jasche & Lavaux (A&A in press, 2017)



Example on a mock SDSS3
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Powerspectrum (un)corrected
5 Unclean LSS data I Cleaned LSS data I
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BORG3: the non-linear model

Full poisson model: P(Nobs|pg) X eXp(_pg)péVobs
N 1+6\ °
Broken power law model for bias: f(5) = A(l + (5) eXp | — ,0— —1
0
Non-linear physical L. P. T
! M=< 2L.P.T. + Redshift space distortion

forward model:

Particle mesh

L.P.T. = Lagrangian Perturbation Theory

Eulerian linear theory Particle mesh
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Data: the 2M++4 compilation

Galaxy distribution

2MRS
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BORG3 density field

Supergalactic plane, final density field, no smoothing
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BORG density vs Galaxy density
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In detail: Coma mass profile (PM)
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Conclusion / Perspective

Model works (> 16 million parameters) LCDM still rocks

Biases can be alleviated or at least identified

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