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Surveys for Cosmology

Many new surveys to come online: LSST,WFIRST, EUCLID,...

h/\/hat’s causing the accelerated expansion of the Universe .7]

Cosmological constant?
Dark Energy?

Modifications of General Relativity?




And more

Equivalence Principle (EP)

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

Initial conditions

== |5 the distribution inrtially Gaussian?

Prediction of simples




Simplest case and consistency relations

Breaking the Equivalence Principle

Non Gaussian initial conditions




Simplest case
and
consistency relations




Consistency relations

Assume Equivalence Principle

Dr(,7) = ()l + 0L ()ly 2’ H{0:0,01()]y 20| .




Consistency relations

Assume

5Z(n, ) = —z‘}%éL(n,ﬁ) x ® (1, P)

k(s(g) (1, 71) -+ 69 (1, @) ®1) = (69 (31, F1)
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Consistency relations

Assume

Assume Gaussianity
(no correlations long/short)

ké(g) (7717 fl) N 5(9) (77?17 fn)|(I)L> o <5(g) (7717 5_51) ol 5(9) (nnafn»




Consistency relations

Assume

Assume Gaussianity
(no correlations long/short)

Riotto et al '| 3 Creminelli et al,

'3



Consistency relations

@ o @Y

Hnear Non perturbative & D(n)do(k
< Extensions
Full relativistic treatment Creminelli et al, ‘13
Redshift space with Creminelli, Simonovi¢ and Vernizzi, ‘1 3

< Equal time correlators




Equal time correlators

(65(m)3 (5L (m)) = O[(k/p)°)
(4)




Breaking the assumptions

< Equivalence principle

(B8 ()8 ()0 = (}—k + 0[<k/p>01> P(n,p)Pap(n, k)

p
Model dependent

< Correlation short-long modes

== | ocal Non Gaussianity P = (I)G + f%f‘ﬁc((]:)é — <(I)G>2)
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Breaking
the
Equivalence Principle
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Motivations

< Test of gravity on unusual scales

< Extra coupling in the dark sector

< Difference screened/unscreened in modified gravity




The physical picture

(Op(m)3 (B ()0 = ( AL 0[<k/p>°1) P(n,p)Pap(n, k)

(4)




A tOy mOdel with Creminelli, Hui, Simonovic and Vernizzi, ‘| 3

Extra scalar field couples only to dark matter (B) but not baryons (A)

< Brans-Dicke type coupling: extra force CYVSO @ X ad

< Compute full bispectrum with SPT

A
(B3 ()8 (1)) =




The results {i_c?

(3 (M3 ()0 = ( pp—’“ + 0[<k/p>01) P(1}, p)Pap(n, k)

kemin = 271073h Mpc ™!
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Limits on a?
=

10_4 - 1 1 1 1 1 1 1 1
0.03 0.05 0.1 0.3

fonscs (hMpc_l)

traint from growth o < 1074




Primordial

Non-Gaussianity
(PNG)
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Why study non-Gaussianity?

O = Dg + fR(PE — (Dg)?)

loc 3 ,
—) fNL —_— _E(ns — 1) Madldacena 02
Single field inflation Creminelli & Zaldarriaga 04
) ?

Multi-field inflation




Why study non-Gaussianity?

Probed by future missions like

Single field SPHEREXx, LSST, Euclid, CMB-S4
| | V//////////

| | V27272727 | loc

0.01 O]. ‘ ].O Excluded by

Planck
Multi-field (allowed by Planck)

L b S
PI'Ob(| = ‘ > ) z 50% with de Putter and Doré arXiv:1612.0524



Measuring PNG from surveys

< CMB: Bispectrum

o(fNL°) ~ B

< Galaxy surveys: scale-dependent bias




Scale-dependent bias

Single field inflation

D
L

N o, CDW




Scale-dependent bias

Multi-field inflation

/\/mﬂv%g N CDW D,




Scale-dependent bias

Multi-field inflation

bias




Scale-dependent bias

< Local PNG M(q) = qug(Q)HDQ(Z)
m-=-0
bc(q) = 2 FE2° (bs — 1) 6o M7 (q) ~ ——
T i ¢*T(q)

< Equilateral PNG

1

bna(q) = 6 fup (bs — 1) 8. (q Re)> MY (q) ~ @




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 m

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

[bq? (QR*)2 4 0

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

< Evolution or PNG?
T(q) ~ 1+ Ti¢> + Tog*

Loc —2 /

——

blli]I((l}Nc+Clq2+°°° 7




Equilateral PNG and bias

- marg. over loops - marg. over gradient bias - marg. over all

103&




Equilateral PNG and bias

[— marg. over loops === marg. over gradient bias === marg. over all
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What Is helping us

Fnonlocal [v25] —} R*_l > kmax

e koq ~ 107 2h/Mpc




Conclusions
Consistency relations are robust consequences of ACDM

Not satisfied if Equivalence principle is broken == o (€) ~ 1077

Broken in multi-field inflation, with e ~ 1 for spectator fields

Unbroken for equilateral PNG === degenerate with evolution

trum more appropriate for PNG beyond local
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