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Scientific Case:

In the last decades, the exponential growth of data drastically changed the way
we do science. This data tsunami led Astrophysics in the so-called Big Data
Era. Standard cosmological analyses based on abundances, two-point and
higher-order statistics of specific extra-galactic tracer populations — such as
e.g. galaxies, galaxy clusters, voids - have been widely used up to now to
investigate the properties of the Cosmic Web. However, these statistics can
only exploit a sub-set of the whole information content available.

This project aims at improving the scientific exploitation of current and future
galaxy surveys, taking advantage of the newest data analysis techniques to
assess the properties of the large-scale structure of the Universe. Specifically,
the goal is to develop a new Bayesian deep neural network for cosmological
analyses. The implemented supervised machine learning infrastructure will be
trained and tested on simulated catalogues in different cosmological
frameworks, and then applied to current available datasets, such as e.g.
VIPERS, XXL, BOSS. In the next future, the developed neural network will be
used to analyse the data provided by the European Space Agency (ESA)
Euclid satellite, which will be launched in 2022.

The primary scientific goals of this project are to provide independent
constraints on the dark energy equation of state parameters and to test
Einstein’s General Theory of Relativity. The candidate will acquire high-level
knowledges on the modern statistical techniques to analyse large extra-
galactic datasets and extract cosmological information. Moreover, he/she will
become familiar with the newest deep learning techniques for data mining, that
will be investigated for the first time in a cosmological context. The new
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implemented algorithms will be included in the CosmoBolognal.ib, a large set
of free software C++/Python libraries for cosmological calculations.

Outline of the Project:
The project is organised in the following phases:

e Construction of a large set of dark matter mock catalogues in different
cosmological frameworks using fast techniques, such as e.g. the ones
based on Lagrangian Perturbation Theory.

e Application of subhalo abundance matching (SHAM) and/or halo
occupation distribution (HOD) techniques to populate the dark matter
catalogues with galaxies and galaxy clusters.

¢ Implementation of new standard and Bayesian deep neural network
infrastructures.

e Training and testing of the neural networks on mock galaxy and cluster
catalogues.

e Comparison of the cosmological constraints from neural network and
standard probes, such as e.g. the two-point and three-point correlation
functions of galaxy and galaxy clusters.

e Exploitation of the new machine learning tools on available datasets
(e.g. VIPERS, XXL, BOSS) to provide independent cosmological
constraints.

¢ Application of the tools on larger mock catalogues to provide forecasts
for next-generation galaxy redshift surveys, such as Euclid and LSST.
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