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What are the laws ruling the

' ?
Universe Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

Quant

Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion

A
\

. 13.7 billion years
What were Its

initial conditions ? What iSfi;E made
of .



Cosmology and large scale structure

Simplest case and consistency relations

Non Gaussian initial conditions




Cosmology and distances

General Relativity: Geometry = Content

Distances (e.g. Supernovae) wp expansion

26.8% Dark
Matter

68.3% Dark T
d.9% Ordinary
Energy Matter




Cosmology with structures

Energy content changes the structure




Cosmology with structures

Equivalence Principle (EP)

==p Do all objects fall the same way? @

Initial conditions

=) |5 the distribution initially Gaussian?

Prediction of simplest




Probing the structures

Snapshot at t = 380'000 years.
5 ~107°

2 dimensional

< Large scale structure (LSS)

Late Universe (2-10 billion years ago)

0 >1

3 dimensional




Extracting the information

Density field ()




Extracting the information

Fourier space 5(]2)

—  (3(kd - a(k))

Power Spectrum (n=2)

k)5 (k')

Bispectrum (n=3)




Simplest case
and
consistency relations




Consistency relations

Assume Equivalence Principle

Dr(,7) = ()l + 0L ()ly 2’ +{0:0,01 )]y w0+ .




Consistency relations

Assume

5Z(n, ) = —i]%CSL(??a@ x O (1), )
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Consistency relations

Assume

Assume Gaussianity
(no correlations long/short)
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Consistency relations

Assume

Assume Gaussianity
(no correlations long/short)

n

k%(nﬁg) (m) -0 (n))po = —P(@,0) >

Peloso & Pietroni ’| 3, Riotto et al 'I 3 Creminelli et al, ‘I 3



Consistency relations

@ gor @Y

Hnear Non perturbative 6(77’ = D)o (k

Equal time correlators

g )0 ()0 = O(/) |




Equal time correlators
B3 ()8 (n)) = Ol(k/p)°]
(A)




Breaking the assumptions

< Equivalence principle

oy (M) (M Lo = u—‘“ + ouk/p)O]) P(n,p)Pas (1, k)

p
Model dependent

< Correlation short-long modes

== | ocal Non Gaussianity P = (I)G + fﬁfﬁc(q)é — <(I)G>2)

e (6 FhocQy o H2
= p*T'(p)D(n)

+Ol(k/p)] ) Pl )P




Primordial

Non-Gaussianity
(PNG)




Why study non-Gaussianity?

¢ = Og + [N (PG — (D))

— flOC —_— _i( — 1) Maldacena 02
12
Single field inflation Creminelli & Zaldarriaga ‘04
N ?

Multi-field inflation




Why study non-Gaussianity?

Probed by future missions like

Single field SPHEREX, LSST, Euclid, CMB-S4
| | V//////////
| | I 10
0.01 0.1 1 10 exctuded ty
I Planck
Multi-field (allowed by Planck)

X
- PrOb(lfLocl > ) z 50% with de Putter and Doré arXiv:1612.05248



Measuring PNG from surveys

< CMB: Bispectrum

o(fNLS) ~ 5

< Galaxy surveys: scale-dependent bias




Scale-dependent bias

Single field inflation

NW o o VWV

q)

_




Scale-dependent bias

Multi-field inflation

S 7




Scale-dependent bias

Multi-field inflation

bias




Scale-dependent bias

< Local PNG M(q) =

bng(q) = 2 faef (bs — 1) e M1 (q) ~

L]

()35, ()07, (1) 5 = (L 00 4 O[(k/p)%)) PO )Pl
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Scale-dependent bias

< Local PNG M(q) =

< Equilateral PNG

Typical size of
1

bna(q) = 6 fod (bs — 1) 6 (q R)2 M () ~ =——

-




BIaSI ng and PN G with de Putter, Green and Doré arXiv:1612.06366

< Generalized model of bias  McDonald & Roy ‘09, Assassi et al ‘15

5h — b55 + bNG (Q)5 + Fnonlocal [v25] + Fnonlinear [5]

[qu (qR.)* + by (qR*)4 0

Seen in simulations Chan et al 'l 2, Baldauf et al ‘I

< Evolution or PNG?
T(Q) ~1+T19% +T2q*

Loc —2 /

blli]I((l}NC+Clq2+°°° 7

g




Measuring PNG from surveys

| -—= marg. over linear bias only - marg. over all I
‘ 10° ' '
Planck 2015 \

Planck 2015
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Signal peaks for squeezed Signal peaks for equilateral

from evolution




Conclusions

Consistency relations are robust consequences of ACDM

Not satisfied if Equivalence principle is broken or local PNG

Unbroken for equilateral PNG === degenerate with evolution

Bispectrum more appropriate than bias for equilateral PNG
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