
Inflation is a period of nearly de Sitter expansion at early times.

𝑑𝑠2 = 𝑎2 𝜏 −𝑑𝜏2 + 𝑑 Ԧ𝑥2 , 𝑎 𝜏 = −𝐻𝜏 −1

In this background, large scale fluctuations of light scalar fields are enhanced

due to the accelerated expansion:
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In standard inflation, this produces a nearly scale invariant power spectrum

for the fluctuations: 𝑃 𝑘 = 𝜙 𝑘 𝜙 𝑘 ′ ∝ 𝑘−3.

But if there is a feature in the potential, there can be transitions in the

spectral index accompanied by oscillations.

In order to study these scenarios taking non-perturbative effects in account,

we use the large-N formalism. A key aspect is that the interactions are

encoded in an equation for the effective mass:

𝑚2 𝜏 = 𝜇2 + 𝑔4〈𝜙𝑖
2(𝜏)〉

This is the quantity we are interested in and we shall compute its evolution

after a quench.
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A quench is an instantaneous transition in the parameters of a system.

Examples:

• Depletion of gas in galaxies

• Condensed matter systems

• Sword tempering

• Features in the potential of the inflaton!

Aim of this work: Study quantum quenches as a way to model

features of the inflationary potential.

These features arise in several models of the early universe and

observational hints have also appeared in measurements of the CMB.

What is a quench?

Inflation

The result above can be corrected with techniques inspired in the dynamical

renormalization group, that, in essence, amount to exponentiating the

divergent terms. We find
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in which 𝜖1 ≈ 𝑚0
2/3𝐻2 and 𝜖2 ≈ 𝑚2/3𝐻2. It is now clear that this expression

does not diverge for 𝑥 → 0, converging instead to the value given above.

The correctness of this expression can be checked below, in which it is

compared to a numerical solution for which there is no expansion in 𝜖𝑖.

The evolution of the mass is then imprinted on the spectrum 〈𝜙2 𝑘 〉 as a

variable spectral index that mimics the value of the mass at the horizon

crossing time. This shows the potential observational signature of these

transitions with non-negligible self-interactions.

Re-summation and numerics

A quench in de Sitter
In a de Sitter-invariant state, the effective mass is constant and given

by
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This forces 𝒎𝟐 > 𝟎, consequently forbidding spontaneous symmetry

breaking. This is the state of the system before the quench occurs.

At the quench, the parameters 𝝁𝑹
𝟐, 𝒈𝟒

𝑹 change and the system is

excited away from a de Sitter invariant vacuum. Because of this, the

mass is time-dependent after the quench.

Asymptotically, the mass converges to a constant value and is given by
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which is approximately equal to the de Sitter invariant expression

above, but with different parameters 𝜇𝑅
2, 𝑔4

𝑅 . This indicates that the

system returns to a de Sitter-invariant state after some time.

The evolution of the system was computed using an adiabatic

approximation, in which the mass is assumed to be slowly varying. In

this regime we find the following result for 𝑚0, 𝑚 ≪ 𝐻:
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with 𝑥 ≡ 𝜏/𝜏0, 𝜏0 the time of the quench, and 𝑐2 a constant. This result

was obtained via an expansion in 𝜖 ≈ 𝑚2/3𝐻2 and diverges in the

late-time limit (𝒙 → 𝟎) (in red). This contrasts with the asymptotic

result above and requires re-summation.

Conclusions
• A quench in the de Sitter background was studied using the Large-N

approach for a self-interacting scalar field system.

• We obtained expressions for the asymptotic effective mass and the

evolution of the mass when it is slowly varying. Analytical expressions were

obtained for both light fields (as shown) and for more general transitions.

• The effective mass evolves towards the pre-quench mass, but does not

reach it, stopping at a predictable asymptotic value.

• We find indications of the potential effects of a quench in the inflationary

spectrum, by calculating its influence on the running of the spectral index.
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Fig. 4: Numerical evolution of 𝜖2(𝑥) (dotted)

compared to analytical results (solid), asymptotic

values (dashed) and pre-quench value (dot-dashed).

Fig. 5: Spectral index of 〈𝜙2 𝑘 〉 as a function of

scale (solid), compared to the post-quench mass

as a function of horizon exit time (dashed).

Fig. 2: Power spectrum 〈𝜙2 𝑘 〉 for standard

inflation (purple) and for a feature (blue), showing

slope change at characteristic scale of the feature.

Fig. 3: Re-scaled spectrum 𝑘3 𝜙2 𝑘 showing the

oscillations arising from the presence of a feature.

Fig. 1: Illustration of regions of the primordial potential with sharp transitions, usually called features. 


