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Summary Bayesian physical inference of the 1

Establishing a link between cosmological obser- Application of BORG (Bayesian Origin Reconstruction from Galaxies) |[1| to the SDSS DR7 galaxies:
vations and theories describing the early Uni- e 2LPT: physical model of gravitational dynamics in the linear and mildly non-linear
verse is important because it can further our regime, linking initial density fields (z = 1000) to the presently observed large-scale structure.

knowledge of fundamental physics on a wide
range of energy and distance scales. In par-
ticular, the analysis of large-scale structure in

e HMC: full-scale Bayesian inference framework, exploring the posterior by sampling the
joint distribution of all parameters involved.

the mildly non-linear regime remains one of the BT
biggest cosmological challenges. _4001

We apply the BORG algorithm [1| to Sloan

Digital Sky Survey Data Release 7.  The = 90T

method results in the physical inference of the Z o0l

—

four-dimensional initial density field at redshift
z = 1000, evolving gravitationally to the ob- —100}
served density field at redshift = = 0, and pro-

XL

vides an accurate quantification of correspond- °I' initial conditions in one sample” Wpfinal _ SapaN
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Building upon these results, we generate a set of . | . EE 2 = s
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scale dark matter distribution. P ER R A S S E_ |

As a physical illustration, we apply a void iden- 400} 1 —a00 ;‘.

tification algorithm to them. In this fashion, we

access voids defined by the inferred dark mat- = 0 | 1= 739

ter field, not by galaxies, greatly alleviating the g ool ' \ 2& 000

bias problem. In addition, the use of full-scale . ' 5 _

physical density fields yields a drastic reduc- —100} | : 1 —100 BRSW

tion of statistical uncertainty in void catalogs. \ et BN R

This new catalog is an enhanced data set for °  (initial conditions) ’| 34 % o (Mmal afditic galaxy number count in SDSS

cross-correlation with other cosmological probes 0 100 22[1‘\)40136 /2]00 2 ol U Zzﬂ(\)fpc /2]00 400 500 0 100 22[1(\)40pc /2]00 400 500

such as the cosmic microwave background, to E | - EE 2 e

study the integrated Sachs-Wolfe effect, or grav- 00100005 00 0.005  0.010 0.4 0.8 1.21n(12.6+ g)o 24 2.8 3.2

itational lensing shear maps. Each sample is a “possible version of the truth” in the form of a full physical realization of dark
matter particles, tracing both the density and the velocity fields. The variation between samples

Materials and M quantifies joint and correlated uncertainties (survey geometry, selection effects, galaxy bias, redshift

distortions, noise, cosmic variance) inherent to any cosmological observation.

SDSS DR7 data. We employ the Sample dr72 of the
New York University Value Added Catalogue

(NYU-VAGC), based on the final data release Data_constrained realizatiOnS Of the
(DR7) of the Sloan Digital Sky Survey (SDSS).

BORG. The algorithm explores numerically the poste-

rior distribution, via efficient Hamiltonian Markov e Some samples of inferred primordial conditions are evolved with 2LPT to z = 69,
Chain Monte Carlo (HMC) sampling. The ap-

proximate physical model for cosmic structure for- . . . , : :
T T2 G el Lo ISR S S A dynamic, non-linear physical model naturally introduces some correlations between the constrained

theory (2LPT). and unconstrained parts, which yields reliable extrapolations for certain aspects of the model that

VIDE. The void finder is a modified version of ZOBOV | | have not yet been constrained by the data.
that uses Voronoi tessellations of the tracer parti-
cles to estimate the density field and a watershed

algorithm to group Voronoi cells into voids. Dark matter V()idS in the SDSS ga,l 0

Generation of a set of data-constrained realizations of the present large-scale structure:

e then with a fully non-linear cosmological simulation (using GADGET-2) from z = 69 to z = 0.

Application of VIDE (the Void IDentification and Examination pipeline) to the constrained parts of
References these realizations:

e We find physical cosmic voids in the field traced by the dark matter particles, probing a level
deeper in the mass distribution hierarchy than galaxies |5|, and greatly alleviating the bias
problem for cosmological interpretation of final results.
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