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Lattice simulations

* Numerical tool to study non-linear cosmological phenomena.

» Typically associated with the reheating phase after inflation.
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Lattice simulations

* Numerical tool to study non-linear cosmological phenomena.

» Typically associated with the reheating phase after inflation.
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Our goal

Generallse Iattlce technlques to mﬂatlonary dynamlcs f
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In this talk: focus on axion-U(1) model.
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Axion-U(1) inflation
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Ingredients: (1) Pseudo-scalar (axion) inflaton, (2) U(1) field, (3) Interaction

2/12



Axion-U(1) inflation
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Axion-U(1) inflation
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Axion-U(1) inflation

M. Anber, L. Sorbo 0908.4089
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Ingredients: (1) Pseudo-scalar (axion) inflaton, (2) U(1) field, (3) Interaction

Observational consequences:

Production of gauge field particles — decay into inflaton perturbations
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AXion-U(1 ) inflation N. Barnaby, M. Peloso 1011.1500

M. Anber, L. Sorbo 0908.4089

Power spectrum and bispectrum of d¢ are known.

Fork < aH :
H? ad
* (OhoPy) = 5 (1+5(Ee*™) 5k + k) E = _¢
’;s ,Kx . Z;f]%f
(si\rgl::};ir:ld)

9 ky k
¢ (OhphSh) #O0 = on I (8 ) e gk
1 1

S

3/12



AXion-U(1 ) inflation N. Barnaby, M. Peloso 1011.1500

M. Anber, L. Sorbo 0908.4089

Power spectrum and bispectrum of 6¢ are known.
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Lattice approach

Start with a sub-horizon box
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Lattice approach

y L “super-horizon” box
sub-horizon” box (observable)
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Lattice approach
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Lattice approach

We are interested in the statistical properties of

the super-horizon box:
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Power spectrum and bispectrum

Simulation confirms known results:
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1077 ; Analytical result
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Power spectrum: P, .
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Bispectrum: k°B.
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And much more!

Thanks to the lattice,
we know the full distribution of 6¢)(X) in real space!
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And much more!

Thanks to the lattice,
we know the full distribution of 6¢)(X) in real space!
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And much more!

Define cumulants:

(50"
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Kn

K5 “skewness”, K, “kurtosis”, etc.
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And much more!
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And much more!
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Nonlinear dynamics of axion-U(1) inflation
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Nonlinear dynamics of axion-U(1) inflation
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Nonlinear dynamics of axion-U(1) inflation
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Let’s study transition linear — nonlinear
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Nonlinear dynamics of axion-U(1) inflation
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inflation

Let’s study transition linear — nonlinear
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nonlinear dynamics
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agrees with results of recent
semi-analytical studies:

4— today!
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Nonlinear dynamics of axion-U(1) inflation

Non-Gaussianity is suppressed in the nonlinear regime.

Non-Gaussianity is suppressed
in the nonlinear regime!
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A. Linde, S. Mooij, E. Pajer,
arXiv:1212.1693

Suppression of non-Gaussianity

J. Garcia-Bellido, M. Peloso,
C. Unal, arXiv:1610.03763

etc..

Before our study, it was believed that:
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sSummary:

First simulation of an axion-gauge model
during inflation

We studied both:

* Linear regime:
Full characterisation of 6¢) and its non-Gaussianity

——> new important properties
C > K> Ky > Ky > k3>

* Nonlinear regime:

Backreaction and its consequences on the phenomenology
— perturbations become Gaussian, due to nonlinearity!

— relaxing PBH bound, allowing for more phenomenology

(to be explored)
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