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Concordance model of cosmology

Hypotheses

Gravity described by General Relativity

Isotropy and homogeneity

Inflation in the early Universe, power-law primordial power spectrum

The concordance ΛCDM model

Solution of the Einstein equations: FLRW metric

The Universe is flat

Universe dominated by dark energy (Λ) and cold dark matter (CDM)

Big bang theory observationally supported:

Cosmological Microwave Background

Expansion of the Universe

Large-scale structures

. . .
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Planck 2015 cosmology

Precision cosmology
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Planck 2015 cosmology

Precision cosmology

But this is model-dependent: What if the primordial power spectrum is not a

power law?
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Wiggly-whipped inflation

Hazra, Shafieloo, Smoot & Starobinsky (2014ab, 2016)
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Planck 2015 TT data points

Power law Best fit

WWI-a

WWI-b

-600

-400

-200

0

200

400

600

2 10 20

∆
[ℓ

(ℓ
+

1
) 
C
ℓT

T
/2
π

] 
[µ

K
2
]

ℓ
50 500 1000 1500 2000 2500

-150

-100

-50

 0

 50

 100

 150

 

 

Step in the potential →

wiggles in the power

spectrum

Better fit than power law

at the expense of (a few)

extra parameters

CMB alone cannot distinguish the model

2D (CMB) → 3D (LSS)

Can we use the LSS to distinguish these models?
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Primordial power spectrum
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Reference model: Planck 2015 TTTEEE (P15)

Wiggly-whipped inflation (Hazra et al. 2014ab, 2016): WWIA, WWID, WWI’

Planck 2015 TTTEEE+HFI (P15+HFI)

The WWI models give better fit to the CMB data than power law:

indistinguishable

Can we use the LSS to distinguish these models?
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The simulations

N-body simulations with Gadget-2 Springel 2005

5 models × 15 random realizations

Volume: L = 1.89 h−1Gpc, N = 10243 (DESI survey)

Model Ωm H0 (km s−1 Mpc−1) σ8 ns

P15 0.317 67.05 0.836 0.9625

WWIA 0.320 66.86 0.834 -

WWID 0.318 67.01 0.842 -

WWI’ 0.317 67.04 0.834 -

P15+HFI 0.319 66.93 0.816 0.9619
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Matter power spectrum

L’Huillier et al. (2018)
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non-linear regime.
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Separability Matrix

L’Huillier et al. (2018)
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Haloes: mass and correlation functions
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Matter density

L’Huillier et al. (2018)
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Halo mass density

L’Huillier et al. (2018)
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Separability by count-in-cells
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Summary

Degeneracy in the CMB: non-power law models can exist

Can the LSS break the degeneracy?

Power spectrum: reduces the dimension → loss of information

Power spectrum normalization: still degeneracy (WWIA, WWI’)

Halo mass and correlation functions: not helpful

Count-in-cell: the difference in the density PDF (large number of pixels)

Still holds for biased tracers at z ≃ 0.7

Euclid, LSST will probe these scales

Baryons?
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