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Primordial non-Gaussianities

Higher-order correlators: beyond free fields . measure of interactions

Cosmology Particle physics

Goal: establish a
standard model of inflation

|dentify degrees of freedom,
mass, dispersion relation,
spin, interactions

' Additional difficulty compared to particle physics:
®

everything is, a priori, time-dependent
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Bispectrum
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Amplitude S ~ fNL

A? Scale-dependence (overall size)

Shape dependence (configuration of triangles)
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Prospects

Huge efforts with CMB-54 &

large-scale structure surveys

(scale-dependent bias, EFT of LSS,
position space maps, simulation based inference etc)

LN WOMNLs N

Long-term: 2 lcm radio-astronomy
from the far side of the moon!
(dark ages)




Is it done for theorists?

Statistical properties

Physics of
inflation?

Theorists’ task

Building dictionary

|dentifying targets worth measuring

Is the dictionary complete?! Interesting targets not yet identified?!
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| Striking non-Gaussian
signature has been missed

)

Main ideas

Il Beyond local EFT

lll Parity-violation from
emergent non-locality




ldea 1: Detection of equilateral non-Gaussianities,
what is the next target?

Equilateral non-Gaussianities Cosmological collider signal
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New discovery channel of heavy fields with m < H/c;
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ldea 2: Non-local EFT
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Low speed
of sound
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Instantaneous propagation
of supersonic field
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Single-field non-local EFT
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spatial non-locality
(mild form, Yukawa-type)



Idea 3: Parity violation from emergent non-locality

k4 k- k- k, Kk, k; ks k,
;< 1
e
—1
DPO
Massive spin-| Single-field non-local EFT with parity-odd 4-pt

with different helicities

Low-speed collider resonance

Ot 70— . .
+ new type of oscillatory signal

Jazayeri, Renaux-Petel, Tong, Werth, Zhu [2023]
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Effective Field Theory of Inflationary Fluctuations

Formulation of theories

straight at the level of fluctuations Preferred space-like foliation (existence of clock)
breaks time reparametrization invariance

Guaranteed: Goldstone boson

motivates informs

m(ax,t) fluctuation of the clock field

Source of inflation

Systematic, powerful and
direct link with observations

Cheung, Creminelli, Fitzpatrick,
Kaplan, Senatore [2008]



Equilateral/orthogonal non-Gaussianities
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Imprints of Massive Field?

7C quadratic sector

canonically normalised 0 quadratic sector quadratic miXing
L[ .o 2(0im)*] 17 2 2 2 -
L/ 0’ = —Te" 1+ C Za; 5 (@LO ) +m o | + pr.o Non-linearly realised
- - ' ) symmetry
(07, )* 1 (0;m.)° 1 H/A < p/H
— M TTe—s Aor.® — o — AN.o° 0 20
¢ a2 2/t c ILL C A]_ a2 A2 C

Wang, Pimentel [2022]
Jazayeri, Renaux-Petel [2022]

Bootstrap results in simplest situation

Self-interactions

Cosmological Flow in all situations Werth, Pinol, Renaux-Petel [2023]
see Werth’s talk

Low-speed limit: transparent physical understanding with non-local single-field EFT



Non-local single-field EFT

ORFT = D_lJ(WC)
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Crucial for a=c,— < 1
rucial for 7

Instantaneous response of

Low sound speed - supersonic field to dynamics of 7T Single-field EFT
: Non-local in space
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e o Jazayeri, Renaux-Petel [2022]
Weak m|X|ng Jazayeri, Renaux-Petel, Werth [2023]
All interactions contact , , , ,
g Simple analytical results for all interactions

+ simple mode functions

- - -1

1 k2 k2 0\ 7 Simple factorizable template
= |1+ . + 2 perms :
for data analysis
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/

Resonance comparable
to self-interactions Non-perturbative treatment

—

when pushing of mixing required
p~m




Str()ng miXing Jazayeri, Renaux-Petel, Werth [2023]

m/H 1/Cs
| | >p/H

strong mixing

weak mixing

effective mass regime modified dispersion
relation regime

FEffective mass regime:  strong mixing without strong coupling

Main effect: unmodified 7T interacting with 0 with effective mass mgﬂ: = m* + p°

TN eff

Analytical results and template qualitatively hold with « — e = C5

H




Str()ng miXing Jazayeri, Renaux-Petel, Werth [2023]

Interesting new shapes with large amplitude and perturbative control, e.g.
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Interactions
with heavy field

====x  Self-interactions === - Total shape



Parity violation for density fluctuations

Tetrahedron and mirror image
not related by rotation
(contrary to 2 and 3 point functions)

First signal of parity violation: 4 pt function l

Sum : parity-even 4-pt parity-even: real
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Credit: Philcox, 2206.04227

Fourier space

Difference : parity-odd part parity-odd: purely imaginary



Origin of parity violation: spin-1 with chemical potential

Proca + Chern-Simons

longitudinal mode

/ irrelevant for parity violation

3 dofs 0

transverse modes, helicity +1
Massive spin-|

with different helicities

O—_I_ # o 0-2/:,]ﬁ _I_ |:k72 ::2@]{/{ _I_ &sz} O-Z:,]C — O

Parity violation like in axion-gauge field
(but massive field here)
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Non-local single-field EFT
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Parity violation from emergent non-locality

L~ 7?4+ arD nm !

Single-field —_—

+  linear dispersion relation Liu et al, 1909.01819

Cab | 2910.02907 no-go theorem does not hold as
+ Bunch-Davies abass et al, .

implicit assumption of locality violated

Im~t
A . . . .
R _ Wick-rotated: zero contribution (usual reason behind no-go theorem)
«
,/// T,

Pole of non-zero contribution, Simple result and
. 1 . . .
! Dy from emergent non-locality  analytical understanding
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Jazayeri, Renaux-Petel, Tong, Werth, Zhu [2023]



Trispectrum: 5d function
with scale-invariance

Plot in specific configuration
(non-planar)

Main features

Large signal

Low-speed collider Q
resonance =~
=
e
New oscillatory signal —2

periodic in kz’/kj
rather than log(k;/k;)
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Jazayeri, Renaux-Petel, Tong, Werth, Zhu [2023]



Conclusions

e Striking non-Gaussian signature in motivated minimal framework has been missed:
Cosmological Low-Speed Collider. Resonance as discovery channel of heavy fields

* New shape, simple template, interesting strong mixing regime with large amplitude

* Beyond local EFT: interesting by itself, bottom-up constructions?

* Non-local single-field EFT with large parity-odd 4 pt and new signatures
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Jazayeri, Renaux-Petel
2205.10340

Bootstrap
Weak mixing
Single-field non-local EFT
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Thank you!

Low-speed collider
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Jazayeri, Renaux-Petel, Tong, Werth, Zhu

to appear

Spinning field
parity-odd 4 point function
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Jazayeri, Renaux-Petel, Werth
to appear

More interactions
Strong Mixing
Simple template
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https://arxiv.org/abs/2205.10340

