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The early universe
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1. Fragmentation




Post-inflation growth of inhomogeneities

Inflaton inhomogeneities follow (at linear order in perturbation theory)
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Switching to conformal time and quantizing rescaled fluctuations
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Growth of inhomogeneities: quartic case k£ =4

Switching to dimensionless time 2z = Mepq (7 — Tend) the EOM reduces to
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Once §¢ ~ ¢ , inhomogeneities are
large, non-linearities captured by
solving the full EOM on the lattice

i ; S : el . sl n S ] .e . 2
103 102 10! 1 10 b+ 3Hop — V_f +Vy =0
a

p/mend




Growth of inhomogeneities: quartic case k£ =4

 Simulations with CosmoLattice [D. G. Figueroa, A. Florio, F. Torrenti, and W. Valkenburg, “Cosmolattice” arXiv:2102.01031]
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Fragmentation: quartic case k — 4
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Fragmentation: k£ > 4
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* Transition to radiation-like era at the onset of fragmentation

* Fragmentation takes longer for larger k but the condensate subsists!



2. Reheating




Consider coupling to
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Reheating: production from fragmented quanta

Quanta contribution
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Mass term induced by leftover
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Estimate number density from
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Reheating: total production rate for £ =4
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Effect on reheating temperature for £ =4
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* Fragmentation suppresses efficiency of reheating process



Effect on reheating temperature
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« Large (non-perturbative) couplings required

* At large k, post-fragmentation decays do not occur



3. Gravitational waves




Gravitational waves: quartic case k =4

« Tensor perturbations of the metric  ds* = a(’r)2 [dTQ - (5ij T hij) da’ da:j}

* Sourced by Tranceverse-Traceless (TT) scalar inhomogeneities
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Gravitational waves: quartic case k£ =4

« Tensor perturbations of the metric  ds* = a(’r)2 [dT? - (5ij T h%’j) da’ dajj}

* Sourced by Tranceverse-Traceless (TT) scalar inhomogeneities
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Gravitational waves: quartic case k£ = 4
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Summary and conclusion

* Parametric resonances give rise to large post-inflation inhomogeneities leading
to fragmentation of the inflaton condensate

 Reheating can be strongly altered by fragmentation

* Fragmentation can source interesting GW signal
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Reheating to bosons
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Reheating to bosons
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