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Does the simplicity of the data reflect the simplicity of the
underlying theory, or does it emerge from complexity?

Credit: D. Baumann
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Complexity in the early universe

Inflation Particle theory

e Near scale invariant: AZ ~ k™" 43| ® SMUV completions Np > 1
o Near Gaussian e Coupling to ¢ weakly constrained
o Weak self-interaction (slow roll) e Non-trivial field manifolds

mege(t) = mi + ¢ (d(2) — d3) + -+
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Complexity in the early universe

(flipped SU(5))

(axion monodromy)

(flipped SU(5))

[J. Ellis, MG, N. Nagata, D. Nanopoulos, K. Olive, '17]
[R. Flauger, M. Mirbabayi, L. Senatore, E. Silverstein, '1 6]

mag(t) = my + g (o(t) — i) + - -
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background dynamics ———p particle production $—— curvature fluctuations
Xy Xz -+ ) (Cor G <)

me(t) = mi + g (p(t) — ds) + -+
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Conformal Spectator in dS
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Conformal Spectator in dS
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Conformal Spectator in dS

n=|6> <1

W | AL

I Y1 VY T I PO Y Y L L)
ey L = W AR L LA L AL I AR I | B R

10° 10° 1 103 109
kT

Marcos A. G. Garcfa.  Bilbao webinar  20/05/2020



Conformal Spectator in dS
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Conformal Spectator in dS
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Conformal Spectator in dS
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Conformal Spectator in dS
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Conformal Spectator in dS

P(M;t+5t) = /de P(M;'M; t) P(M;; 1)
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Conformal Spectator in dS

Zi = In | Xg|? — (In | Xg|?)
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Conformal Spectator in dS

0 + @+ e 9 = geometric (Brownian) random walk of | Xj|?
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Curvature power spectrum

2
To lowest order in 7, with ¢ ~ Hr and (C(k)¢(K')) = %Af(k) @ (k+ k),
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Curvature power spectrum
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Curvature power spectrum
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Curvature power spectrum

(N. = 20, Ni(o/H)* = 25)

108 L
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Curvature power spectrum

(N. = 20, Ni(o/H)* = 25)
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Curvature power spectrum

(N. = 20, Ni(o/H)* = 25)
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Curvature power spectrum

ensemble (arithmetic) mean

108 L

sample (geometric) mean
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Curvature power spectrum

(N = 20, Ni(o/H)? = 25)
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Observational implications

kg

ko < ko < kg
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Observational implications

— Higher point correlators

— Biasing by long-wavelength background

kg

el ko < Ky < kg

—

— Primordial black holes

— CMB spectral distortions
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Observational implications

Niy(o/H)* =25, Ny =20, Planck TT, TE,EE + lowE + lensing + BK15 (M 10, M 20)
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Conclusions

Stochastically excited spectator fields undergo geometric random walks

Lead to features in the curvature power spectrum — constraints
Look for enhancement in the N-point function
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Higher spin spectators / higher spin observables
Stochastic preheating
Backreaction regime — dissipation

Thank You




