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Characterization of the strong backreaction 
regime in axion inflation

Do we need to consider the full backreaction in the strong coupling regime of axion inflation?

Classical model:Model: Approaches:

Gravity

Quadratic 
potential

Axion Like Particle 
acting as the inflaton U(1) gauge field Coupling between both 

controlled by alp                             

Linear regime

Homogeneous backreaction

Full backreaction
Dynamics

Constraints

•Backreactionless inflaton dynamics               Inflation ends at              , independent of the coupling.

•Inflaton velocity interacts with the gauge modes only via                   .

•Tachyonic growth of the positive helicity:

•Homogeneous backreaction in the inflaton dynamics    lengthening of the inflation duration. 
If in the strong backreaction regime, end clustered around              independent of the coupling.

•Oscillatory inflaton velocity    Why? Delay in the backreaction between fields.

•Still completely chiral as in the linear regime.
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Ḣ

/H
2

Æ§ = 11

Æ§ = 12

Æ§ = 13

Æ§ = 14

Æ§ = 15

Æ§ = 16

Æ§ = 17

Æ§ = 18

Æ§ = 19

Æ§ = 20

with

eFoldings with 

Our work

Results
Exponential increase of inflation duration “Magnetic slow-roll” in the strong backreaction regime 

Phys.Rev.Lett. 131 (2023), arXiv:2303.17436 and ongoing work

Power into the UV scales Reduction of chiral asymmetry
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Weak backreaction                 :

Mild backreaction                         :

Strong backreaction                 :

• Inflation ends at               ,  same as when     
  backreaction on it is not considered.         

• Gauge field contribution is almost 
negligible.

• Still crossing of                 at               .           
• After that, EM energy bumps the 

monotonic growth of        .

•         reenters expansion for almost                  .

• No longer                 at               .

• Monotonic growth stops earlier and 
earlier with higher values of the coupling.

• Inflationary period extends exponentially.

•Evolves the full equations of motion: including the 
inhomogeneous              backreaction term and non-vanishing 
inflation gradients that lead to                       . 

•Only lattice cosmology can perform a non-perturbative 
approach to solve the non-linear dynamics of axion inflation.

Magnetic energy 
dominance!

1. EM energy density overtakes the kinetic energy density before              . In this manner avoids the end of inflation to happen as in the linear regime.
2. Gradient energy also becomes relevant by               . Amounts for %3 of the total contribution at its maximum and surpasses kinetic energy before               .
3. Inflation ends when                   . Before, in the strong backreaction, the dynamics resembles the typical scalar field slow-roll dynamics, but with the EM 

energy as the secondary contribution instead of the kinetic. 
4. Opposite to the homogeneous approach the magnetic contribution dominates over the electric one, capturing completely different physics.

Solid: Full backreaction

Dashed: Homogeneous 
backreaction

Solid: Total gauge 
power spectrum

Dashed: Positive helicity 
power spectrum

Dotted: Negative helicity 
power spectrum

Not fully chiral at 
IR scales! 

Respect to the phenomenology of axion 
inflation, the reduction of chiral asymmetry 
we observe may affect previous predictions 
of the GW helicity modes (ongoing work).

Controls the strength 
of the backreaction

1. Initially, both the positive and negative helicity 
modes remain at Bunch-Davis vacuum, with total 
gauge power spectrum being the sum of both.


2. At the first stages of the evolution it is still linear, 
and therefore, only the positive helicity grows (on 
top of the total contribution) and the minus 
helicity remains at vacuum.


3. However, when entering the non-linear dynamics, 
gradients become relevant and thus, the effect   
of the term         makes the negative helicity 
depart from vacuum. 


4. In this way, in the period until the end of inflation, 
at different scales the theory is not fully chiral, 
and therefore the total contribution is not only 
given by the positive helicity. This effect is mostly 
visible at IR scales.

Spectrum 
evolution:

Linear regime end 
of inflation

End of inflationary 
period at

Bunch-Davis 
vacuum:

Spectrum peak moves to 
further UV scales as inflation 

lasts longer

Backreaction 
terms

for

Evolution of the comoving 
Hubble horizon                

 
in the dashed vertical lines

1. From the initial Bunch-Davis vacuum solution 
modes get excited once the comoving Hubble 
horizon                     approaches them.


2. As expected, the most IR modes start growing 
tachyonically with the peak of the spectrum 
located around the comoving Hubble horizon at 
each        value.


3. Once the evolution enters the non-linear 
dynamics, highly affected by the strong 
backreaction regime, the UV modes get excited 
and the peak displaces to smaller scales.


4. This effect is related to the exponential increase 
of inflation duration with higher values of the 
coupling. Thus, a wide UV coverage is necessary 
to properly capture the dynamical range to the 
highest couplings.


5. It is worth mentioning that by the end of inflation 
at             the peak of the spectrum is  sub- 
horizon, contrary to the homogeneous approach 
predictions with the peak located at super-
horizon scales.

Inflationary cosmology stands as a beacon of predictive success, particularly evident in its accurate forecasts of Cosmic Microwave Background (CMB) anisotropies. While numerous single field slow-roll models can achieve 
the coveted 50-60 efoldings, they can be affected by the sensitivity to ultraviolet (UV) physics, potentially truncating the necessary slow-roll efoldings. One promising solution emerges in the form of shift-symmetric particles, 
with Axion-like Particles (ALPs) as potential candidates for the role of the inflaton, notably when coupled to a U(1) gauge field. The reason behind choosing this approach is the highly effective energy exchange between the two 
components. This can lead to interesting outcomes, such as metric perturbations that can create phenomena like Primordial Black Holes (PBHs) and Gravitational Waves (GWs). In contrast to other works, we study the non-linear 
dynamics of axion inflation, capturing for the first time the full inhomogeneity and dynamical range of the system, till the end of inflation. The results obtained unequivocally answer the following question :


