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Primordial non-Gaussianity and the Large-Scale Structure

We expect effects

e on the matter higher-order correlation functions

(¢p) = (500)

e on the cluster abundance

(pp9) = 53 ~ (6°) = n(M)

e on the halo and galaxy bias relation

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

The galaxy bispectrum is affected by all these effects (this is good and bad)

The problem is to separate these effects from other sources of non-Gaussianity ...
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The matter bispectrum: Perturbation Theory

A solution for the matter density in Fourier space

Continutity eq. PT
Euler eq. = §(k) = (k) + @ (k) + 6 (k) + ...
Poisson eq.

dr(k) linear matter density

[ daFalk— . )3k~ a)ou(@)

with 5 (k)
k) =
+ the initial conditions, i.e. the initial correlators
G0y = op(ki + ka)Pu(k)
(s s)) S (ki + ko + k3) By (ki ka, ks)
Op(ky + k2 + k3 + ka) Ty (k1, ko, ks, kq)

< N.G. I.C.
< N.G. I.C.

ko ks

(1) 5(1) 5(1) 5(1) =
(6k1 Sk, Oy Ok Ye =

= a perturbative expression for the 3-point function
(5(1)5(1)5(2)> + <5(1)5(2)5(2)> + <5(1)5(1)5(3)> 4o

2 smsmsy 4
loop corrections

(585) '~
B(kl,kz,k3) ~ B/(kl,k27k3) + Bgee(k17k2,k3) +
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The matter bispectrum: Gaussian initial conditions

The scale dependence of gravity-induced non-Gaussianity

The component induced by gravity,
Bges(/q, kz, k3) = 2F2(k1, kz)PL(kl)PL(/Q) -+ perm.

is present even at large scales

Gaussian I.C.
1x10* AL=0
5000} 2=0 ]
[
<
. with a well defined =
dependence on scale = 81000 e N-body ]
500 @~ tree—level PT
— one—loop PT
0.01 0.02 0.05 0.10 0.20
k [hMpc™!]
[ES, Crocce, Desjacques (2010)]
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The matter bispectrum: Gaussian initial conditions

The shape dependence of gravity-induced non-Gaussianity

The component induced by gravity,
Bgee(kl, kz, k3) = 2F2(k1, kQ)PL(kl)PL(kQ) —|— perm.

is present even at large scales

. and with a well defined w

dependence on shape = N
20 Reduced bispectrum
Reduced bispectrum: ' =0
Q= Bk, k2, ks)
"~ P(ki)P(k2) + P(ki)P(ks) + P(k2)P(k3) S 150 1
10 ® N-body ]
k G tree—level ,
0 one—loop \\:_//
054 I I I I I
X 0.0 0.2 04 0.6 0.8 1.0
: O/n
ki = 0.1 hMpc~! and k, = 1.5k [ES, Crocce, Desjacques (2010)]
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The matter bispectrum: Cumulative Signal-to-Noise
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[ES & Scoccimarro (2005)]
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The matter bispectrum:
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—— Power Spectrum
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[ES & Scoccimarro (2005)]
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Ideal Geometry vs. SDSS
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The matter bispectrum and primordial non-Gaussianity

The scale-dependence of primordial non-Gaussianities

At large scales: Gravity + PNG = B~ B; + BZ*

5% 10*
matter bispectrum, z = 1 (equil. configurations)
— Gravity + Initial, fyp = 100
4 T Gravity
I1x10™ < Equilateral triangles

"""" Initial, fyp = 100

5000 B(k, k. k) vs. k

B(k,k k)

Bi k=0 fu
B¢ D(z)k2

1000

for a broad range of models

500

001 002 005 0.1
k [h Mpc™!]
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The matter bispectrum and primordial non-Gaussianity

The scale-dependence of primordial non-Gaussianities

B(k.k k)

Bk.k.k)

5x10* 5x10*
matter bispectrum, z = 1 (equil. configurations) matter bispectrum, z = 1 (equil. configurations)
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1x10"F L Ix10
-eessees Tnitial, fig = 100
< 5000 [
~
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3
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[Liguori, ES, Fergusson & Shellard (review, 2010)]
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The matter bispectrum and primordial non-Gaussianity

The shape-dependence of primordial non-Gaussianities

matter reduced bispectrum, z

=001 h™'Mpe
ko = 1.5k

250

O(ky k2,60)

matter reduced bispectrum, = 1 i
SE k=001 h™'Mpe -
ks = 1.5k i

(7.8 1.0

Gaussian IC Gaussian IC
00f ----- GIC + Local NG, ~4 < fur. <80 00f =---- GIC + Equilateral NG, ~125 < iy <435
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[ 23
" matter reduced biir‘lec!rumA = ' 1 " matter reduced hiq‘)eclrum, =0 ' B
25F & =001 h~'Mpe 25F ki =001 h"Mpe i
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o/ o/

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

Small scales: one-loop corrections in PT

Bm(ku, ko, ks) 2 Bi(ky, ko, ks) 4+ BE(ky, ko, ks) + BL P (ky, ko, k3) + ...

The 1-loop corrections are several

1—loop _ pll / I / I I I I i
B = Bi1p + Bio + Bixn + Biiz + Biiz + By + Bios + Bios + Bia,
for instance

n
8112

/d3q Fa(a, ks — a) To(ks, ko, a, ks — q),

B, =2 Po(ki) Faki, ks) /d3q Fa(a, ks — ) Bo(ks, q, ks — a) + perm.

!
B222

8/d3sz(—q,q +k1)F2(—q — ki, q — k2)Fa(ka — q,9)Po(q)Po(lk: + a)Po(lk2 — al),

= Extra sensitivity to By (and a mild one to Tp)

[Scoccimarro (1997); ES (2009)]
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The matter bispectrum and primordial non-Gaussianity

Small scales: N-body simulations vs. PT

Gaussian I.C.
1x10* S =0 4
5000} i=0
<
-
<
Q L 4
1000 ®  N-body
500F ~~~~- tree—level PT >
one—loop PT
0.01 0.02 0.05 0.10 0.20
k[hMpe™']
1.30 T T T T T T
Ratio B(fn. = 100) / B(fa1. = 0)
125¢ =0 1
z=
1201 1
o
Q e N-body
o 1 ]
] tree—level
Q 110k one—loop 1
1.05F AR R
100k Bt S SEES S P E SRS 3

005 010 015 020 025 030
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[ES, Crocce & Desjacques (2010)]
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The matter bispectrum and primordial non-Gaussianity

Small scales: N-body simulations vs. PT

o[ ]
10 e
i
1000} 1 .
< Gaussian |.C.
&
100} . |
\\
\\
10- N
001 002 005 010 020 . . .
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125 ‘ ‘ ‘ ; ‘ ‘ B(k, k, k) vs. k
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120f =1 1]
o LISE
Q
o
&£ 1.10F
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Look ' T relative effect
005 00 015 020 025 030
ke [hMpc™']

[ES, Crocce & Desjacques (2010)]
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The matter bispectrum and primordial non-Gaussianity

Small scales: N-body simulations vs. PT
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Reduced bispectrum
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20f
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10f e  N-body

""" tree—level \\ -
one—loop \\‘;7/__"
05} 1 . . .
00 02 0T 0e 08 o Generic configurations:
o Q(k1, k2, 0) vs. k
108~ ‘ . ‘ =
08 w/ ki = 0.14 hMpc™!
Ratio B(fy. = 100) / B(fx1. = 0) —1
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[ES, Crocce & Desjacques (2010)]
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The matter bispectrum and primordial non-Gaussianity
Small scales: N-body simulations vs. PT

2.5

20r

05

z=1

Reduced bispectrum

L12F

1.10

Bye / Bg

O/n

Ratio B(fyi. = 100) / B(fxi, = 0)

Fz=1

100F;

[ES, Crocce & Desjacques (2010)]

08 1.0
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< Gaussian I.C.

Generic configurations:
Q(k1, k2, 0) vs. k

w/ ki = 0.14 hMpc™!
and ky = 0.15 h Mpc™?
z=1

< Local non-Gaussian |.C.
relative effect
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The matter bispectrum and primordial non-Gaussianity

Small scales: N-body simulations vs. PT
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[ES, Crocce & Desjacques (2010)]
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The matter bispectrum and primordial non-Gaussianity

Small scales: N-body simulations vs. PT

5000} a=1
2000} ] < Gaussian I.C.
- i
21000 .
500} e
200} ‘\\
001 002 005 010 020 Squeezed configurations:
kU Mpe™] B(Ak, k, k) vs. k
14 T T T T _ —1
Ratio B(fy, = 100) / B(fxy, = 0) w/ Ak =0.01 hMpc
z=1 z=1
13
<= Local non-Gaussian |.C.
1.0H relative effect
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[ES, Crocce & Desjacques (2010)]
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The matter bispectrum and primordial non-Gaussianity

Small scales: N-body simulations vs. PT
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2000}
- i
2 1000F .
500} e
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[ES, Crocce & Desjacques (2010)]
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< Gaussian I.C.

e The tree-level approximation
breaks-down at relatively large
scales

e There is a 5 - 15% effect of
non-Gaussian Initial Conditions
for all triangles, at small scales
and at any redshift, for fiy, = 100)

< Local non-Gaussian |.C.
relative effect
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The matter bispectrum and primordial non-Gaussianity
Small scales: beyond PT

We can do better:

e The resummation of infinite sub-sets of perturbative contributions in RPT, can
be extended to non-Gaussian initial conditions, for arbitrary non-Gaussian
models

® Renormalized, “non-linear” kernels can be obtained as a function of the initial correlators, so that
Bk, ko k3) = TO )T (k)TD (ks)Bo(ku, ko, k3))
+2r® (ky, ko)FH (k)T (ko) Py (k1) Po(k2) + perm.
and they can be computed in the high-k limit

M (ki oo k) = F(K)Falkis oo kn), k= ki
with a damping function
— {(d-k)") " 3.4
log f(k) = > S (0~ 17, d= [ d'aton(@)
p! q
p=2
that does not depende on By, very close to the Gaussian case,

(@) = =Kol (@0) =0 (@ W)~ [Ty

[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

50.00 F
=05,V =4h"'Gpc?, fyr = 100
10.00-
= L
o 5.00
P
<
1%
1.00- (S Pp(k) (N—body)
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0.50 S Bm(k) (PT treg—le
1 m ’
/I
/
/
NI AR

vel) |

-1
kmax [h MPC ]
[ES, Crocce & Desjacques (in preparation)]
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The galaxy bispectrum

Non-linear bias is a source of additional non-Gaussianity

If we assume local bias:
5e(x) = F[0(x)] =~ b1d(x) + %(52(x)
And the tree-level prediction for the galaxy 3-point function
(06 (x1)3¢ (x2)0g (x5)) = b7 (6(x1)8(x2)(x3)) + b b2 (6(x1)8(x2)d” (x3)) + perm.

corresponding to the reduced galaxy bispectrum
1 b
Q,(gg) = b [Qc(ki, ko, k3) + Qi(ku, ko, k3)] + b%
1 1

Then we can expect very good constraints on fy., after marginalizing over bias,
from the initial component alone
| af | agp
Euclid, 0 <z <2 1.5 7
Planck (CMB) 6 30

[ES & Komatsu (2007); ES, Yadav, Liguori, Pajer & Jackson (2009)]
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Galaxy bias and primordial non-Gaussianity

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

k  (h/Mpc)
= a non-local bias relation (cf. Porciani's talk, Giannantonio & Porciani, 2010):

0g(x) = F[0(x), p(x)] = b10(x) + c1(fu)p(x) + %52(x) + a(fa)d(x)p(x) + ...

with 1 8
b1 _ nNG

= b1, + Dby ne(far), ¢ = 2fydc(br — 1),
nnG 1ol
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The galaxy bispectrum and primordial non-Gaussianity

The simplest model for the galaxy bispectrum is then

By(ki, ko, ks) = biB(ki, ko, ks) + biciBsso(ki, ko, k3)
+b3baP(ki)P(k2) + perm. 4 bicP(ki)Psg(ka) + perm.

a “tree-level” expression
(but we keep the matter and matter-potential correlators at 1-loop)

We study its validity (at large scales) with two halo populations:

Low mass: 8.8 x 102 h™' Mgy < M < 1.6 x 102 h~' Mg
High mass: M > 1.6 x 102 h™! Mg

So far we considered only the matter-matter-halo bispectrum, Bssh
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The galaxy bispectrum and primordial non-Gaussianity

First we determine the Gaussian bias parameters by ¢ and by ¢
from all configurations, up to kma = 0.07 hMpc™?

10* high mass bin,z=0.5

Isosceles triangles
B(2k, 2k, k) vs k ™ 1000
(Gaussian IC)

G

b\B+b,P*

100 £ L L
0.010 0.050 0.100
k[hMpc™']
5% 10* high mass bin, z = 0.5
2x10* T2
Squeezed triangles £ %104
B(k, k, Ak) vs k = s000

(Gaussian IC)

2000f  -----

1000 T biB+bP*

0.02 0.05 0.10 0.20
k [hMpc']

b]_’(; ~ 21, bz,(; ~1
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The galaxy bispectrum and primordial non-Gaussianity

Then we (try to) predict the non-Gaussian correction:

Isosceles triangles ‘f
B(2k,2k, k) vs k Z
(Non-Gaussian IC) =

Difference By NG = B
high mass bin, z =0.5

100F _____ 4
'''''' byP? NG~ Gl
byB+b,P* [NG - G]
"""" bY(Bxa=Ba) ™\,
\
0010 0.050 0.100
k [hMpc™']
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The galaxy bispectrum and primordial non-Gaussianity

Then we (try to) predict the non-Gaussian correction:

10°F ]
Difference By NG = B
high mass bin,z = 0.5
Isosceles triangles
B(2k,2k, k) vs k 100f - 1
Y N b2P? (NG~ G
(Non-Gaussian IC) b+t NG - G
"""" bY(Bxa=Ba) ™\,
0,610 .0.0‘50 Ov]‘OO
k [hMpc™']
10 Difference B, -B 3
~ JJ mmh, NG 'mmh., G
high mass bin,z = 0.5
©
. H 3
Squeezed triangles < T
B(k, k,Ak) vs k T e ) R N ]
. H = BP NG -G [N
- B
(Non-Gaussian IC) buB+ER NG - G]
"""" bS(Byo-Bo)
().(l‘l() (l;}il) ().I‘(l()
k[hMpe™']
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The galaxy bispectrum and primordial non-Gaussianity

Cumulative, “non-Gaussian”, signal-to-noise (but see Scoccimarro’s talk next week)

50.00 - g
Cumulative signal—to—noise
72=05,V =4h"'Gpc?
10.00|- 77T
< L i
v 5.00 o
e 7 SR
<
) )/
7
1.00}- 4
“““ Pr(k) Bi(k)
0.50+ STt Pron(k) = Brmn(k)
I/
/
/
/
LA

O S S Y S S
15 0.20 0.25

k[hMpc™1

[ES, Crocce & Desjacques (in preparation)]
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Current results, forecasts & Conclusions

ARG A

CMB Bispectrum

WMAP7 (current) 21 140 Komatsu et al. (2009)
Planck 6 30

CMBPol 3 18

LSS Power Spectrum

SDSS QSOs (current) 25 — Slosar et al. (2008)
NVSS AGNs (current) 27 — Xia et al. (2010)
Euclid 3~9 —_— Carbone et al. (2010)
LSST 2~5 — Carbone et al. (2010)
LSS Bispectrum

Euclid <2 <7 ES & Komatsu (2007)

work in progress!
LSS Cluster abundance (w/self-calibration)
WEXT 12 — Sartoris et al. (2010)
DES 6 —_— Cunha et al. (2010)

In principle, the constraints on primordial non-Gaussianity from the galaxy
bispectrum are expected to be quantitatively (smaller errors on fy,'s) and
qualitatively (larger sensitivity to the shape of non-Gaussianities) better than those
from other LSS probes. In practice, more work is needed ...
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