
Lattice Simulations of Axion-U(1) Inflation

Angelo Caravano



Axion-U(1) inflation

[MPl =
8πG

3
≡ 1, c ≡ 1]

S = ∫ d4x  −g( 1
2

M2
Plℛ −

1
2

gμν∂μϕ∂νϕ − V(ϕ) −
1
4

FμνFμν −
α
4f

ϕFμνF̃μν)
Fμν = ∂μAν − ∂νAμ

Adding an electromagnetic U(1) field that interacts 
with the inflation:

Ingredients:

• Pseudoscalar (axion) inflaton 


• U(1) gauge field 


• Interaction 
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Consequences of the interaction:
 1. Production of gauge field particles.

 2.  these act as a source for inflation perturbation (and GWs)⇒
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Scalar perturbations:
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Backreaction

If  is large, perturbation theory breaks. ξ

Need nonlinear tools
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Start with a sub-horizon patch1.
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Evolve the system with the full equations of motion2.
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Solve numerically for all lattice points:

Assuming unperturbed FLRW universe ds2 = a2(−dτ2 + d ⃗x 2)
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We are interested in the statistical 
properties of the super-horizon box:
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Results of the simulation:

1. Linear regime


2. Nonlinear regime
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α ·ϕ
2fH



\
W

The linear case:
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Power spectrum:
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The linear case:
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Thanks to the lattice,

we know the full distribution of  in real space!δφ(x)

δφ

The linear case: what’s new?
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Define cumulants:

 “skewness”,  “kurtosis”, etc.κ3 κ4
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The linear case: what’s new?

κn =
⟨δφn⟩c

σn

Define cumulants:

 “skewness”,  “kurtosis”, etc.κ3 κ4

. . . > κ6 > κ5 > κ4 > κ3 > 1

Bispectrum
TrispectrumHigher order 

polyspectra
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Study transition linear  nonlinear⟶

Nonlinear case

Linear Linear-nonlinear 
transition

e-folds number (time)

(no backreaction) (strong backreaction)
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Study transition linear  nonlinear⟶

Nonlinear case

Non-Gaussianity is suppressed in the nonlinear regime.
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Study transition linear  nonlinear⟶

Nonlinear case

Non-Gaussianity is suppressed in the nonlinear regime.
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Nonlinear case

Before our study, it was believed that:

Large     large non-Gaussianityξ ⟶

A. Linde, S. Mooij, E. Pajer, 
arXiv:1212.1693  
J. Garcia-Bellido, M. Peloso, 
C. Unal, arXiv:1212.1693  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First

Conclusions:

• First simulation of axion-gauge model during inflation

Results:

• Linear regime:

• Nonlinear regime:

Providing a full characterisation of non-Gaussianity.
. . . > κ6 > κ5 > κ4 > κ3 > 1

Perturbations become Gaussian.

interesting phenomenology at large scales. 
Invalidate PBH bounds, allowing for


