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Cosmology at 1st order
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The Universe is homogeneous

The Universe is expanding
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Betoule 2014
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Cosmology at 2nd order
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The Universe is inhomogeneous

T = 2.7 K

Structures perturb the Hubble flow
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Large scale structures statistics
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Chabanier 2019
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Large scale structures statistics
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Large scale structures statistics
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Growth rate

Chabanier 2019
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Growth rate
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Ishak 2016
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Measuring the growth rate
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Measuring the growth rate
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Forecasts
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Graziani et al in prep.
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Example of systematic
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Example of systematic
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Relative calibration 
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Preliminary: 2000 SNeIa to z = 0.08
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Possible systematics
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Systematics Status Importance

Inhomogeneity Medium?

Saturation ?

Non-linear model Medium?

Contamination Small

Inhomogeneous Malmquist bias High

Selection effects ?

�15


