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Why Axions in 
the Early 
Universe? 
1. They are theoretically well motivated and welcomed in many extensions of the Standard 

Model  

2. They Naturally Couple to Gauge Fields  

3. During Inflation they prevent loop corrections to the inflaton mass because of the shift 
symmetry 

4. Support rich Phenomenology (Chiral GW, Non-Gaussianities, PBH… )
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The Model Parameters: ( f, g, λ)



The Background

U(χ) = μ4 [1 + cos ( χ
f )] ,Aa

0 = 0, Aa
i = δa

i a(t) Q(t)

··χ + 3H ·χ + Uχ +
3gλ

f
Q2( ·Q + HQ) = 0

··Q + 3H ·Q + ( ·H + 2H2)Q + gQ2 (2gQ −
λ ·χ
f ) = 0

The Inflaton Potential is left unspecified in this work 

Isotropic Configuration Axion Potential



The attractor regime
mQ ≡

gQ
H

, Λ ≡
λQ
f

Λ ≫ 2 Λ ≫ 3/mQ

Q ≃ (
−f Uχ

3gλH )
1/3

ξ ≃ mQ + 1/mQ .

We can neglect the accelerations



Important  
Functions

mQ ≡
gQ
H

, Λ ≡
λQ
f

At some point, mQ drops below the critical value 

And triggers a tachyonic instability INSIDE the Horizon



The Particle Production Function

ξ ≡
λ ·χ

2Hf

It goes to zero rapidly in absence of the backreaction



Our Set-up: Decay of the axion-
gauge sector during inflation
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.

So, we avoid large non-Gaussianity  

And direct sourcing to the Power Spectrum



The perturbations park
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We expand the Lagrangian and obtain the equations of motion… 



The EoMMe



Linear Strong Backreaction
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WE DISREGARD THE TENSOR BACKREACTION. IT IS NEGLIGIBLE AS LONG AS mQ ≤ 2



The New Sources
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The Effective Potential
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The Effect of the Scalar Instability 
Backreaction



The Energy Densities



Tensor and Gws δgij = a2hij, δAa
i = a ta
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Peaks and oscillations in the GW 
spectrum at LISA scale

λ = 100, f = 3.847 ⋅ 10−2 Mp, g = 4 ⋅ 10−3

μ = 1.5 ⋅ 10−3 Mp, H = 1.69 ⋅ 10−5 Mp, χin =
πf
2
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