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Primordial non-Gaussianity and the Large-Scale Structure
Inflation = Initial curvature perturbations: (¢®), (¢dp) # 0, (Gpppd) # 07

What are the effects on the Large-Scale Structure?

e on the matter higher-order correlation functions

(¢pp) = (860)

e on the cluster abundance

(900) = 53~ (6°) = n(M)

e on the halo and galaxy bias relation

(ppp) = [...] = berr(k, fur), for local NG
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This allowed contraints on the NG parameter
fnr comparable to those from the CMB
bispectrum, already from current observations!
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[Dalal et al., 2008]
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Primordial non-Gaussianity and the Large-Scale Structure

Inflation = Initial curvature perturbations: (@), (¢ppp) # 07
What are the effects of a non-vanishing initial 3-point function
on the Large-Scale Structure?
e on the matter higher-order correlation functions
(99¢) = (066)
e on the cluster abundance
(900) = 53~ (6°) = n(M)
e on the halo and galaxy bias relation

(pdd) = [...] = berr(k, fur), for local NG

Why bother with the galaxy bispectrum, then?

@ The effect of PNG is larger for the galaxy bispectrum
® The bispectrum is sensitive to any NG model!
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The matter bispectrum and primordial non-Gaussianity

The scale-dependence of primordial non-Gaussianities

At large scales: PNG+ Gravity = B ~ Bjiia + BES
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The matter bispectrum and primordial non-Gaussianity

The scale-dependence of primordial non-Gaussianities

Current constraints
for different models
on equilateral configurations, B(k, k, k)

[Liguori, ES, Fergusson & Shellard (review, 2010)]
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The matter bispectrum and primordial non-Gaussianity

The scale-dependence of primordial non-Gaussianities

At large scales: PNG + Gravity = B = Binitia) + B&imiry

Q(ka,k2,0)

14
12
1.0
0.8
0.6
04

0.2

< Reduced bispectrum:
B(k1, ka2, k3)

Q= P(k1)P(k2) + perm.
————— Gravity S~ ___---"" o b o
-------- Initial, fy, = 100 A ’
—— Gravity + Initial ke
] ki = 0.01 hMpc~* and

] kp = 1.5k

Cosmo2010, Tokyo — Emiliano Sefusatti Testing the initial conditions with the Large-Scale Structure



The matter bispectrum and primordial non-Gaussianity

The shape-dependence of primordial non-Gaussianities
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The matter bispectrum and primordial non-Gaussianity
At small scales, non-linear evolution is important!

In Perturbation Theory one studies loop-corrections:

Bm & B+ BE + BL (P, B, T)) + ...

Loop corrections depend on the linear power spectrum as well as on initial
higher-order correlators. For instance:

Bl 5 /d3q Fa(a,ks — a) Ti(ki ka, a, ks — q),
2 Py(kt) Folki, k3)/d3q Fa(a, ks — a) Bi(ks, g, [ks — al) + perm.,

8 /d3qF2(—q7 q+ki)Fo(—q — k1,9 — k2)Fa(k2 — 4, a)P(q)PL(lks + al)Po(lk2 — q]),

= Extra sensitivity to Btz (and a mild one to Tinitiar)

[Scoccimarro (1997); ES (2009)]

The same is true for the power spectrum ...

Pm 2 PL+ PLTP(PL, B) + ...
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The matter bispectrum and primordial non-Gaussianity

Small scales: N-body simulations vs. PT

Relative effect of Local non-Gaussian |.C.

1.25}F Equilateral configurations
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e Thereis a 5 - 20% effect of
non-Gaussian Initial Conditions for all
triangles, at small scales and at any
redshift, for fy, = 100

o The tree-level approximation
breaks-down at relatively large scales,
while 1-loop PT helps significantly to
extend the validity of the theoretical
predictions

Bne / Bs

Bne / Bs
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B(k, k, Ak), Ak =0.01hMpct

We can do better: the resummation of infinite
sub-sets of perturbative contributions in RPT,
can be extended to non-Gaussian initial
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conditions
[ES, Crocce & Desjacques (2010)]
[Bernardeau, Crocce & ES (2010), see also Bartolo et al. (2010)]
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The matter bispectrum and primordial non-Gaussianity

Cumulative, “non-Gaussian”, signal-to-noise
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[ES, Crocce & Desjacques (in preparation)]
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0.25
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(N) =2 AP?

P k
S\ _ knix (Bng — Bs)’
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Sums over all configurations up to kmax

Both the initial, non-Gaussian
component and its effect on the
nonlinear evolution are important
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The halo bispectrum and primordial non-Gaussianity

Cumulative, “non-Gaussian”, signal-to-noise
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[ES, Crocce & Desjacques (in preparation)]
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Sums over all configurations up to kmax

The cumulative “non-Gaussian”
signal is larger for the bispectrum
than for the power spectrum!
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Halo bias and the bispectrum

Dalal et al., (2008): the bias of halos receives a large correction (at large scales!)
for local primordial non-Gaussianity

)

= a non-local bias relation [Giannantonio & Porciani, 2010]:

dg(x) = f6(x), d(x)] = b16(x) + e1(fur)o(x) +

by

752(X) + c2(fu)o(x)d(x) + ...

The simplest model for the galaxy bispectrum is then “tree-level”

Bg(k1, k2, k3)

b} B(ky, k2, ks) + bic1 Bsso ki, ke, ks)
+b3byP(ki)P(k2) + perm. + b ca P(k1)Psy(ke) + perm.

(but we keep the matter and matter-potential correlators at 1-loop)

Relative effect
(BNG/BG) on the
matter-matter-halo
bispectrum, Bpmh

Work in progress!
[ES, Crocce & Desjacques (in

preparation)]
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The galaxy bispectrum: the past

2.5 . . : : .
o[ 4
o o_—]

15F -7 4

I 2

S 1k a9
<3 E ]
o . R A A e

[ 09~‘©@\2 ===/, .. ]

L Ny ® N

0.5 Q g g . . g/g 638,

t o o e ® g ]

L ® ]

0r - a a ®

[ ® . j

[ s w ET 1

_o5 L . I . I A% . 1 . N
0 0.2 0.4 0.6 0.8 1

o/m

PSCz catalogue

[Scoccimarro et al., 2001]
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The galaxy bispectrum: SDSS DATA are coming!
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[Scoccimarro et al., in preparation)
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Conclusions

In principle, constraints on primordial non-Gaussianity from the galaxy
bispectrum are expected to be better than those from other LSS probes,
both

e quantitatively (smaller errors on fy,'s)

and
o qualitatively (larger sensitivity to the shape of non-Gaussianities)

In practice, more work is needed:
we need an accurate description of the galaxy bispectrum at mildly nonlinear scales
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