(NonGaussian) Curvature
Perturbations from Entropy
Generation on Cosmic
Trajectories

JONATHAN BRADEN

CITA (Canadian Institute for Theoretical Astrophysics) @ Fél#

WWW.Cita.utoronto.ca/~|braden

Work with
Dick Bond, Andrei Frolov,
Zhiqi Huang, Thomas Morrison,
Jibran Haidar, Jaafar Chakrani

Particle Physics Meets Inflationary Reheating


http://www.cita.utoronto.ca/~jbraden

C a ﬂ d E n t rO py JB and Bond, in progress]

de. dlnp dlna

dee i S )




Entropy Production
Mechanisms

i POteﬂtial features duriﬂg iﬂf|ati0ﬂ [JB, Bond, Morrison]

* Nonlinear superhorizon evolution




| attice Simulations

[Braden]
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e Finite-difference or
pseudospectral

e 10th order Gauss-Legendre
(general) or 8th order Yoshida
(nonlinear sigma model)

o Quantum fluctuations =l
random field realization

o Scales to (at least) 204813 sites

O(107) convergence



Nonlinearity Leads to
Complexit

Volums
Var: Ireh



Superhorizon Complexity

Time evolution of large scale condensate



Inflation may have been
complex




C Features
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Development of Structure

Lattice slice (Q)k=an.n=1

Freezeout of large-scale modes after transient



Inflation + Particle Production
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Contribution from Particle Production

Alenq, Tagged 30




Response of Adiabatic Mode
to Entropy Perturbations
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Suggests ¢ response function to isocurvature mode

¢(z) = G + CNL(Giso)



Scale Dependence

(C) by k-band (2d slice)

In(k/aH) € [—4.01, — 3.32) In(k/aH) € [—-3.32, —2.63) In(k/aH) € [—-2.63, —1.93)

-

In(k/aH) € [—1.24, — 0.55) In(k/aH) € [—0.55, 0.15)




k-dependent ¢

Uz of (Q)k=an n=3 by k-band (2d slice)

U3 of (C)k=aH,n=3 by k-band (2d slice)
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A More Extreme Example

A

Vel — —¢ +(m + Am? (¢))X +4x

Am? =0 Am? > mi, m?y




Lattice slice (()k=an n=3
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(C) by k-band (2d slice)

In(k/aH) € [—3.38, — 2.69) In(k/aH) €[—2.69, —1.99) In(k/aH) €[—1.99, —1.30)
- - — —

In(k/aH) €[—0.61, 0.09) In(k/aH) €[0.09, 0.78)




k-dependent ¢

Uz of (C)k=aH,n=3 by k-band (2d slice)




k-dependent ¢

U3 of (C)k=aH, n=3 by k-band (2d slice)
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Simple and “Universal” Form of NonGaussianity

B — (e + GuilGie nflationary Particle Prod.

C — Coe (1 -nd-of-Inflation

e Gelln e uedlGe Correlated nonGaussianity




|CA Separation

Separating Multiple Sources

Sources Mixing Observation ICA estimation

Maximise relative entropy of whitened signal combinations



|[CA Separation
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[JB, Bond, Jibran Haider]

Sum

Signals

Maximise relative entropy of whitened signal combinations
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|CA Separation

Original Field

—xtracted Field




Conclusions / Future Work

» Interesting nonGaussian ¢ can be produced from
nonlinear dynamics in the ultra early Universe

* Generically obtain a highly NG signal combined with
Gaussian inflationary contribution




Preheating and Vacuum Decay
N multi-component BECs

[JB, in prep/
JB, Johnson, Peiris, Pontzen, Weinfurtner]
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