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CMB spectra

Measuring the distribution of these small anisotropies in the CMB
has been our main window into the very early Universe

⋆ Second moment (Power spectrum) Measured!

⟨ζζ⟩ ∼ H2

M2
Plϵ

= 10−10

⋆ Third moment (Bispectrum) Constrained!

⟨ζ(k1)ζ(k2)ζ(k3)⟩ ∼ fNL(ϵ)S(k1, k2, k3)

⋆ Fourth moment (Trispectrum) Constrained!

⟨ζ(k1)ζ(k2)ζ(k3)ζ(k4)⟩ ∼ gNL(ϵ)S(k1, k2, k3, k4)
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CMB spectra

Planck 2015 @ 68% CL

feqNL = −4± 43

f locNL = 0.8± 5

forthoNL = −26± 21

glocNL = −9± 7.7× 104

⋆ CMB temperature anisotropies follow nearly scale invariant,
almost Gaussian statistics (Consistent with ΛCDM)

⋆ End of the story?
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CMB spectra

The Planck analysis is optimised for the search of nonzero
moments of the PDF. What about this PDF for example?

-� -� -� � � � �
���

���

���

���

���

���

ζ/σζ

ρ
(ζ
)

It is clearly non-Gaussian but has fnl = 0
Can we get something like that?
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CMB spectra

Scalar Perturbations in multifield inflation
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Ultralight ψ, µ = 0

S =

∫
dx4a3

[
ϵ
(
ζ̇ − αψ

)2
− ϵa−2(∇ζ)2 + 1

2

(
ψ̇2 − a−2(∇ψ)2

)]
Symmetries:

ζ → ζ + C

ψ → ψ + C1 & ζ̇ → ζ̇ + αC1

This leads to

ζ ≃ ψ0
α

H
∆N + ζ0 ⇒ Pζ =

α2

H2∆N2Pψ
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Chen, Palma, Riquelme, Scheihing, SS ’18

What if we add a potential?

S =

∫
dx4a3

[
ϵ
(
ζ̇ − αψ

)2

− ϵa−2(∇ζ)2 + 1

2

(
ψ̇2 − a−2(∇ψ)2 − V (ψ)

)]

Lets try something usual:

V (ψ) = Λ4(1− cos(ψ/f ))

So by the same arguments we expect to transfer the ψ statistics to
ζ. But now we have nonzero even n-point functions!
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Hα ∝ ζ̇ψ, HΛ ∝ 1− cos(ψ/f ) = −
∞∑

m=1

(−1)m

(2m)!
(ψ/f )2m

and compute the even n-point function using the in-in formalism:

⟨ζn⟩ ∝ αnΛ4 ⟨ζ̂1 . . . ζ̂n ˆ̇ζ1ψ̂1 . . .
ˆ̇ζnψ̂n ψ̂1 . . . ψ̂n ψ̂n+1 . . . ψ̂2m⟩

⌧

⌧ 0

· · ·

k2k1 k3 kn

⌧ 01

⌧ 02 ⌧ 03
⌧ 0n

= + ···

⌧ 0

· · ·

k2k1 k3 kn

⌧ 01

⌧ 02 ⌧ 03
⌧ 0n

⌧ 0

· · ·

k2k1 k3 kn

⌧ 01

⌧ 02 ⌧ 03
⌧ 0n

⌧ 0

· · ·

k2k1 k3 kn

⌧ 01

⌧ 02 ⌧ 03
⌧ 0n

++

Loops can be resummed to exp(−σ2/2f 2)!
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Having the n-th moment for arbitrary n (the n-point correlator) one
can compute the whole PDF for the curvature perturbation ζ as

⟨ζn⟩ =
∫

dζζnρ(ζ)

ρ(ζ) = e
−ζ2/2σ2

ζ√
2πσζ

[
1− A2

(
σ2ζ∂

2
ζ − ζ∂ζ

)
cos(ζ/fζ)

]

where σ2ζ = α2∆N2
∫
kL
ζζ∗ and A2 = 1

6
Λ4

H4 e
−σ2

S/2f
2
.

This PDF has a Gaussian part plus a non-Gaussian correction.
The Gaussian part comes out because we have only considered the
cuadratic Lagrangian for ζ.
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-� -� -� � � � �
���

���

���

���

���

���

ζ/σζ

ρ
(ζ
)

An example of the PDF for the choice of parameters
fζ/σζ = 5× 10−2 and B2/σ2ζ = 10−6 (red solid curve). For

comparison, we have plotted a Gaussian distribution of variance σζ
(blue dashed curve).
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We have shown how the PDF of the curvature fluctuation can
inherit a rich non-Gaussian structure due to axion dynamics.
To do:

⋆ Look for axionic signatures in the PDF

⋆ Late time signatures of tomographic NG?
(exploiting e.g. LSST data)

⋆ How would this affect structure formation?

⋆ Simulate LSS with this initial condition?

⋆ How does this affect PBH distribution?
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Thank you!
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