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What is the physics of inflation at scales A < A5 ?

40

Inflation generates fluctuations at scales ~ e smaller than CMB scales
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What is the physics of inflation at scales A < A5 ?

Observable thanks to PBH and GWs!

For sizeable effect, however:
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Possible nonlinear physics?
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* Numerical tool to study non-perturbative cosmological phenomena.
- Examples: reheating phase after inflation, cosmological phase transitions.

[M. A. Amin, R. Easther, H. [A. V. Frolov, égé Ak A§1n£og;nov [q' butaux, D.G.
Finkel, arXiv:1009.2505] arXiv:1004.3559] ccoce ’ crgueros, J.
M. Beecer Garcia-Bellido,
arXiv:1802.00444] arXiv:1006.0217]
My goal:

Develop lattice techniques for inflation
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https://arxiv.org/abs/1004.3559

Nonlinear
evolution

“super-horizon” box
(frozen)

“sub-horizon” box

e Key point: non-perturbative  ¢(X, 1) # p(t) + dp(X, 1)

e Assumptions: 1) Neglect gravitational interaction fixed metric ds* = a(r)(—d1'2 + d)‘c’z)

2) Semi-classical approach (neglect quantum tunneling, interference, etc...)
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Consider a small-scale modification of the inflaton potential

Slow-roll potential * Localised oscillation

W(¢)=l<1+tanh<¢_¢°>> <1+tanh<¢0_¢+A¢>>
4 f f
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Consider a small-scale modification of the inflaton potential

Slow-roll potential * Localised oscillation

W(¢)=%<1+tanh<¢;¢0>> <l+tanh<¢0_d;+A¢>>

parametric exponential growth
resonance of perturbations

oscillation e
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V($) = Vi) + N*W(h)|cos (¢ ;fb(’) -1

Let’s consider the following three cases:

(V/Vy — 1) x 10°

-7.4

0.092 0.093 0.094 0.095 0.096 0.097 0.098 0.099
¢/ Mp,

A. Caravano @ NEHOP24, Edinburgh

5/14




V(g) = Vild) + AW(@)|cos (¢ f¢°> -1

The feature induces a growth of the power spectrum:

(V/Vy —1) x 10°
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Case 1: PC ~ 107
Case 2: Pg ~ 1072

Case 3: PC ~ 1072
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V(g) = Vild) + AW(@)|cos (¢ f¢°) -1

The feature induces a growth of the power spectrum:

(V/Vy —1) x 10°
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Case 1 is perturbative

N=-0.3
| —
-0.55 -0.50

(¢ — o)/ (27f)

Animations:
(link is also in the paper)

Perturbative case
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Case 1 is perturbative
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Case 2: Inflaton is stuck inside the oscillatory potential

N =0.01
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Case 3: Only some patches are stuck in the resonant potential!
The rest continues slow-rolling
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Case 3:

What happens to the trapped regions at the end of inflation?
Their fate is analogous to false vacuum trapping.

/N False vacua
/ (forever inflating)
\/( ﬂ True vacuum
(reheated regions)
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Case 3:

What happens to the trapped regions at the end of inflation?
Their fate is analogous to false vacuum trapping.

Schwarzschild singularity
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Figure credit:
[J. Garriga, A. Vilenkin, J. Zhang arXiv:1512.01819]

The trapped regions become PBHs at the end of inflation! (in the form of baby universes)

A. Caravano @ NEHOP24, Edinburgh 10/14]



Case 3:
The trapped regions become PBHSs at the end of inflation!

Mass fraction in
PBHs at the time of
formation

g

Trapped volume fraction F; = Viapped! Viotar = ﬁ
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Lorenz (1 7: |

jJomadoinTexas?”[1] ]

| Can tiny, small-scale quantum fluctuations affect the |
‘dynamics of the entire Universe? |

[1]: E. N. Lorenz, American Association for the Advancement of Science (1972).
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Main lesson:
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Non-perturbative physics at small scales can have drastic

effects on the inflationary dynamics when & ~ 1072
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In the perturbative setup,
first quantitative comparison between full nonlinear, tree-level and 1-loop
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In the perturbative setup,

first quantitative comparison between full nonlinear, tree-level and 1-loop
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IR rescattering!
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In the perturbative setup,
first quantitative comparison between full nonlinear, tree-level and 1-loop
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Beyond 1-loop
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