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©CFHT/Coelum/Terapix/AstrOmatic

Ultimately: we want to fit a model to this kind of picture, and the pixel by pixel spectrum
That's very challenging, probably impossible > we reduce those datasets



A proposal to model observations of the Universe



Different analysis pathways...
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Global cosmological properties



The ideal scheme

Initial conditions  Super-Ramses Hyper-Horizon Virtual Euclid

Image credit: Arturas Slapsys, Horizon AGN collaboration



Initial conditions N-body solver
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A growing software basis

github.com/AlDanial/cloc v 1.72 T=12.21 s (41.1 files/s, 6463.8 lines/s)

C/C++ Header
Julia

CMake

Python

INT

Markdown

Image credits: Paramount Pictures Jasche & Wandelt (2013), Jasche & Lavaux (2019), ...



The inference chain

Matter density

Model

Likelihood

Cosmology

Q

SDSS data

Lavaux, Jasche & Leclercq (2019, submitted)



The inference chain

Matter density

A Likelihood

Cosmology

Q

SDSS data

Lavaux, Jasche & Leclercq (2019, submitted)



SDSS-I11I/BOSS data

Panstarrs

SDSS DR12 galaxy sample

~1.6 millions of galaxies




psfWidth




How to handle the unknown systematics?



Each count in 3d patch ¥ Poisson probability

Yield a new effective likelihood
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Map of the patches on the sky ...Extruded in 3d
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Porqueres, Ramanah, Jasche & Lavaux (2018)



Results on mock SDSS3 data

Pik) [h~= Mpc?]

Robust inference of contaminated data
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What about the bias model?



Expected number of galaxies

> Quadratic form ‘ gltuvn;)t()eeerOfgalaXIes

Simple, but capture non-local information about galaxy formation

Major improvement with neural bias: Charnock et al. (2019, submitted, arXivtomorrow)

Lavaux, Jasche & Leclercq (2019, submitted)



The final model and results



The inference chain

Matter density

Model

Likelihood

Cosmology

Q

SDSS data

Lavaux, Jasche & Leclercq (2019, submitted)



The inference chain

Lagrangian
Perturbation theory

Matter density
Om

Gaussian
density fluctuations
Oic Bias model:
Quadratic oct-tree
N (8

Power-spectrum
Pin(k, z = 1000)

Poisson likelihood Robust likelihood

Cosmology

Q

Systematic map SDSS data

Lavaux, Jasche & Leclercq (2019, submitted)



Results on SDSS-111/BOSS: densityand P(k):

Ensemble mean density Standard deviation
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Results on SDSS-111/BOSS: density-and P{k)::
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P(k)/Pprior(k)
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Lavaux, Jasche & Leclercq (2019 submitted)

P[k) = PPatchy(k)
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Results on SDSS-111/BOSS: densityand P(k):
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CMB Lensing

SDSS3/BORG

Planck 2018

-0.005 K 0.005

Lensing convergence



Application to CMB lensing
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Lavaux, Jasche & Leclercq (2019, submitted)
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Systematic map inference

Some of the Mean / LOWZ, z=0.29
odd features

[ —
0.7 Multiplicative 1.3
correction

Lavaux, Jasche & Leclercq (2019, submitted)



Conclusion




Take home message

Automated cosmological inference
Eliminating systematic effect

Gravity model validated with lensing

Need to increase resolution
Not laptop computing

!

Bias model to be improved
See tomorrow's arxiv paper by Charnock et al.




The Aquila consortium Al

* Foundedin 2016

Gather people interested in working with each other on developing the Bayesian pipelines

and run analysis on data.

https://aquila-consortium.org/
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Our mission

We are an international collaboration of researchers interested in developing and applying cutting-edge statistical inference
techniques to study the spatial distribution of matter in our Universe. We embrace the latest innovations in information theory and
artificial intelligence to optimally extract physical information from data and use derived results to facilitate new discoveries.


https://aquila-consortium.org/
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