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The early Universe

A The physics of the early Universe is not directly observable

A Experiments measure only initial conditions:
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[Planck2018 Constraints on Inflation]




The early Universe

A Singlefield, slowtroll inflation is a good fit to observations:

A Multi-field inflation is better motivated!

A Multiple d.o.f allow for:

A Non-Gaussianity

A Isocurvatures

A A detection would increase our knowledge of the early Unive
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Isocurvatures

A What are the properties of each mode after reheating?
on/n

A Adiabatic mode:
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A Isocurvature modes:
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A 4types at first order: o
A Baryon, CDM, density and velocity mode -

Isocurvature
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Isocurvatures

A Constraints on matter isocurvatures from Pla2€k 8

= CDI: Planck TT+lowE-+lensing = Planck TT,TE,EE+lowE+lensing — ===e= 2015 TT+lowP-+lensing
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A Low amplitudeM pb contribution to CMB variance.

A If present, correlation with adiabatic mode is very small.
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Isocurvatures

A Compensated Isocurvature

[ Planck TT4+lowE
B Fianck TT,TE ,EE+lowE

A Mode with B Planck TT,TE,EE+lowE-+lensing (8 < L < 400)
= Planck TT,TE,EE+lowE+lensing (8 < L < 2048)
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A No linear effect on CMB:

[Planck2018 Constraints on Inflation]

A Similar effect to lensing; oo oo o

A Amplitude can b 1 larger than adiabatic mode!
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Isocurvatures

A 2nd order Boltz. codes needkew initial conditions for isocurvatures:

A Ex: mix between Cl and adiabatic:A Cl enhances magnetogenesis:
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10 more solutions irarXiv:1803.08939 Other modes irarXiv:1902.00459
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Bispectrum of the CMB

A The CMB bispectrum offers a window into the Horear physics of
the early Universe
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A Planck has constrainé&templates:
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A But no primordial signal found yet!
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Bispectrum of the CMB

A But it also probes the nolinear evolution after inflation, even with
Gaussian initial conditions:
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A LensinglSW contribution detected: St :
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A Large bias must be subtracted!

A Other cantributionsmay be found in future.” |
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[Planck2018 Constraints on nofGaussianity

A Aim: Compute signal from isocurvatures!
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Bispectrum of the CMB

A We compute the bispectrum numerically using SONG (no lensing).
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A Adiabatic resulfHuang et al013, Suet al 013, Pettinariet al 2013, etc]
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Bispectrum of the CMB

A Ad + CDM isocurvaturé ( p) result:
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A Strictly positive contribution from Ad x CDI mixed mode.
A Negligible contribution in the equilateral limit.
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Bispectrum of the CMB

A Ad + compensated isocurvature ( p,A @ 1) result:
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A No signal above adiabaticO . © .. 555 g g Tt
A Allows us to test of the code.
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Bispectrum of the CMB

A Ad + compensated isocurvature (
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A Bispectrum is amplified by "Q Fu from adiabatic!
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Bispectrum of the CMB

A Ad + compensated isocurvature ( p, A @ D) result:
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A Polarization bispectrum also amplified ByQ 7u from adiabatic!
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Bispectrum of the CMB

A Ad + compensated isocurvature ( p, A @ D) result:
Squeezed
A Shape of the signal also similar ™" '
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A Given norobservation of this signal:
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Conclusions

A We can now calculate ndinear effects of isocurvatures!

A 1socurvatures in CMB bispectrum:

A Small effects for single isocurvatures (but may have increased big3 for);

A Large effect of compensated isocurvaturasable for constraints!

A Future Work:

A Estimate lensingSW contribution for generic isocurvatures;

A Study of degeneracy between lensing and compensated isocurvature effec
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