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Axion-U(1) inflation

Interaction between the inflation and a gauge field f,, =9,4,—9d,A,
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Observational consequences:

Production of gauge field particles — decay into inflaton perturbations

observable!
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Axion-U(1) inflation

Known results:
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Axion-U(1) inflation

Known results:

P k) =2 P

FRR

+ PP

ag

gzzf_H

VaCﬁ(g) € 472-5

Scalar perturbations naturally grow on small scales

Vacuum

Source |

P /\ dominated 1 dominated ¢
. ‘ ¢ ® Vacuum
2 , +
, v ( Sourced
" nonlinear dynamics -
g \‘ (Ial;ge perturbations) e Total
("¢ =% o
. ‘ 4/_,3
——
e vy TIME



Axion-U(1) inflation

Known results:
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Axion-U(1) inflation

More quantitatively:

o 7 v Ty 24 S
0-p+ 270 ¢+ aV(¢p) = a J?(FWF” )

If these terms become comparable backreaction

Some sort of ,
but not so simple (as we
will see)



Lattice simulations

* Numerical tool to study non-linear cosmological phenomena.

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

A. Caravano, E. Komatsu, K. D. Lozanov, J. Weller arXiv:2102.06378
arXiv:2110.10695
arXiv:2204.12874

In this talk: focus on axion-U(1) model.
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Lattice approach

Solve numerically for all lattice points:
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Start with a sub-horizon box
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Lattice approach

| Pr—— “super-horizon” box
“sub-horizon” box (observable)




A. Caravano et al. arXiv:2204.12874

Results of the simulation:

1. Large scales

2. Small scales
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Thanks to the lattice,
we know the full 6¢h(X) in real space!
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Define cumulants:
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Strong backreaction (small scales)

Study transition linear — nonlinear

Linear

(no backreaction)
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Strong backreaction (small scales)

Non-Gaussianity is suppressed
in the nonlinear regime!
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Why? Central limit theorem
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Strong backreaction (small scales)

. Figure from 2002.02952

1 [courtesy of V. Domcke]

[V. Domcke, V. Guidetti, Y.
Welling, A. Westphal
arXiv:2002.02952]

Confirms the semi-analytical results of:
[E.V. Gorbar, K. Schmitz, O. O.
Sobol, S. l. VilchinsKii
arXiv:2109.01651]



Strong backreaction (small scales)

-~ Figure from 2002.02952
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Lattice simulation Purely analytical
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Strong backreaction (small scales)

Non-Gaussianity is suppressed
in the nonlinear regime!
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SpeCtator aXion_gauge sector arXiv:23??2.222? (in prep.)

Ongoing work with Marco Peloso (University of Padova)
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sSummary:

* First simulation of an axion-gauge model during inflation

We studied both:

* Linear regime (large scales):

4 —— Gaussian

Full characterisation of 6¢) and its non-Gaussianity
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* Nonlinear regime (small scales):

0.015 A

Backreaction and its consequences on PBH and GW £ — te-o
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— Confirms nontrivial background dynamics S e e N e O
Ne 0.000 A

— perturbations become Gaussian, due to nonlinearity



