Oscillons from Higgs Inflation

Matteo Piani

Based on arXiv:2304.13056 with Javier Rubio

e I‘| ullllm

l /Le/

I-‘unda;éo ‘ > centra costar
gl:;:cn;fnc:: ./‘ center for astrophysics and gravitation v cosmos and stars
a :



Inflation, and then what?

A scalar field to solve problems of standard cosmology and seed the perturbations leading to structure formation

Vie)

-—0
—

>

¢end ¢in

e Accelerated expansion
e Generation of primordial density perturbations

Inflation alone would leave the Universe COLD and EMPTY

Post-Inflationary to-do list:

1. Fill the Universe with SM particles(Preheating)
2. Reach thermal equilibrium (Reheating)
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Connecting what we know

Inflation Big Bang Nucleosynthesis
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Choose your inflaton: The SM Higgs

Encyclopedia Inflationaris

Jérdme Martin,” Christophe Ringeval’ and Vincent Vennin®

“Institut d'Astrophysique de Paris, UMR 7095-CNRS. Université Pierre et Marie Curie,
98bis boulevard Arago, 75014 Paris (France)

bCentre for Cosmology, Particle Physics and Phenomenology, Institute of Mathematics and
Physics, Louvain University, 2 Chemin du Cyclotron, 13

Let’s use the onl
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Gravity enters the game

e Allowed by symmetries
e Necessary for consistency
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Choose your gravity: Einstein-Cartan

\ You know him Elie Cartan
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e Tetrads and spin-connection are the fundamental variables

e Obtained by gauging the Poincaré group

e Non-vanishing torsion

e Fermions are naturally introduced in the theory

The connection is not assumed to be symmetric a priori —» T*, 5 = r#, e &= ov
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Avoiding the Einstein-Cartan Multiverse

Many extra operators are allowed, we focus on a representative one

Nieh-Yan Topological Invariant
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Einstein-Frame: original recipe
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The model only has 1 free parameter




Preheating

At first order in perturbation theory we get
k?  d2V(y)
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Possible tachyonic instability

Oxk + 3Hdvk + (

Rapid growth of perturbations at low momenta

Formation of non-linear structures of fixed physical size called oscillons.

Oscillons

&/

Backreaction

Fragmentation

Related phenomena

e Pseudo-solitonic objects e  Production of sizeable amount of gravitational waves

e Quasi-spherical shape e Non-standard expansion history
e  Similar to boson stars (and Q-balls) e Change of the inflationary observables
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Results from the lattice




Gravitational waves production

The fragmentation of the condensate can lead to the
generation of a stochastic gravitational wave background
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Oscillons themselves can source a
secondary peak at larger frequencies
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Conclusions

e For the first time we have observed the presence of oscillons in the
context of Higgs-Inflation

e Oscillons can appear for a wide range of parameters

e Their presence can source a sizeable amount of GWs, providing an
extra observational channel besides inflation

e Fermions and gauge bosons are not expected to spoil oscillons
formation, but can play a role once they have formed
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Thank you!



