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Matter correlators

a bit of Perturbation Theory ...

P = Py + PX°P[P,)

/ N\

Linear power Gravity-induced Additional gravity-induced contributions

spectrum contributions present only for NG initial conditions (Bo)
(depending on Po alone)

matter power spectrum
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Matter correlators

a bit of Perturbation Theory ...

loop loop
P =PFPy+ P, Py + Pya | Fo, Bo matter power spectrum
Linear power GI‘aVit)f'ind.UCGd Additional gravity-induced contributions
spectrum contributions present only for NG initial conditions (Bo)

(depending on Po alone)

Few percent effect at small scales Ratio of the non-Gaussian |,
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Matter correlators

a bit of Perturbation Theory ...

loo loop
P = Py + PSP Po] + Py [Po, Bol matter power spectrum
Linear power Gravit)f-ind.uced Additional gravity-induced contributions
spectrum contributions present only for NG initial conditions (Bo)
(depending on Py alone) T
t f loo loo .
B + Biree[Py] + BY°P[Py] + B[Py, Bo) & bispectrum
Primordial
component
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The matter bispectrum and PNG: large scales

At large scales

B(k1, ko, k3) ~ By + BE¢[P]

v N\

Primordial Gravity-induced
component component

Equilateral configurations of the
matter bispectrum

Bo(k,k, k) k-0 [N
B&ee(k, k, k) D(2)k2

5000
< 2000
~
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& 1000
EE R Gravity .
500+, '
JNRLEEEEED Initial, fixy. = 100,
| Gravity + Initial
200 x x
001 0.02
k [h Mpc™']

The primordial component has a different
dependence on scale than the gravity-
induced one

This is true for almost all models (local,
equilateral, orthogonal ...)
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The matter bispectrum and PNG: large scales

At large scales

B(k1, ko, k3) ~ By + BE¢[P]

v

Primordial
component

N\

Gravity-induced
component

N

ki1 = 0.0l hMpc™ !, ks = 1.5k

" | The primordial component has a

different shape dependence

(each model has its own, of course)
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The matter bispectrum and PNG: large scales

Current CMB constraints for different
7 . models of non-Gaussianity as uncertainties
20 ' on generic configurations of the matter

? bispectrum, B ~ By + B& ¢
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Matter correlators

a bit of Perturbation Theory ...

loo loop
P = Py + PSP Po] + Py [Po, Bol matter power spectrum
Linear power Gravitx-inquced Additional gravity-induced contributions
spectrum contributions present only for NG initial conditions (Bo)
(depending on Po alone) T
t f loo loo .
B + Biree[Py] + BY°P[Py] + B[Py, Bo) & bispectrum
Primordial
component

If Bo was the only effect of NG initial conditions on the LSS
then future, large volume surveys (~100 Gpc?) could
provide:

Afni'?? < 5 and Afn®9< 10

ES & Komatsu (2007)
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Matter correlators

a bit of Perturbation Theory ...

P =P, + PCZ;OOP Py + P]l\?gp [Py, Bo] matter power spectrum

N\ ~

Gravity-induced Additional gravity-induced contributions

/

Linear power
spectrum

B = Bo + B [Po] + B&” [P

v

Primordial
component

/

contributions present only for NG initial conditions (Bo)

(depending on Po alone) T

\

& bispectrum

Nonlinear corrections are also affected by the
initial conditions!

There is a significant effect of NG initial conditions of
about 5-15% on all triangles, at small scales and at late

times for fne = 100
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The matter bispectrum and PNG: small scales

B = By + BEe¢[Py] + BSP[Py] + BRP [Py, By

v N\ V v

Primordial Gravity-induced Additional gravity-induced contributions
component contributions present for NG initial conditions (Bo)

Generic configurations B(k, k2, O)

as a function of ©
ith k; = 0.1 h/Mpc, k2=1.5k = (2009)
with k; = 0. PC, K2 =1.0K]| ES, Crocce & Desjacques (2010)
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The matter bispectrum and PNG: small scales

B = By + BEe¢[Py] + BSP[Py] + BRP [Py, By

v N\ V v

Primordial Gravity-induced Additional gravity-induced contributions
component contributions present for NG initial conditions (Bo)

Squeezed configurations B(AKk, k, k)

as a function of k with Ak = 0.0l h/Mpc ES (2009)
ES, Crocce & Desjacques (2010)
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Matter Power Spectrum vs Matter Bispectrum
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nonlinear corrections
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"""" B (k) (PT, tree—level) -

ES, Crocce & Desjacques
(in preparation)
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of NG initial conditions.

Sum of all configurations up to Kmax

é 2 B kiajc (PNG . PG)2
N/, n A P2

P
5Y' _ R (Bre—Bo)’
N/, AB?2
ki,k2,k3

Sunday, May 15, 2011



Effects of PNG on the galaxy power spectrum

Dalal et al. (2008):

5q(k) = [111 + Abluzw, k)] 6z + ... = Py(k) = [b1 + Aby (far, k)2 P(k)

“Gaussian” Scale-dependent correction
bias due to local non-Gaussianity fNL

Aby na(fnp, k) ~
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Effects of PNG on the galaxy bispectrum

Clearly, the effect on galaxy bias affects as well the galaxy bispectrum

By(ky, ko, k3) = b5 B(ky, ko, k3) + b3 by P(k1) P(k2) + 2 perm. + ...
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Effects of PNG on the galaxy bispectrum

Clearly, the effect on galaxy bias affects as well the galaxy bispectrum

b1 G b + Ssale-depenslent
T f bias corrections

By(ky, ko, k3) = b5 B(ky, ko, k3) + b3 by P(k1) P(k2) + 2 perm. + ...

— —

Abl,NG(fNL, k) — Abl,si(fNL) + Abl,sd(fNLa bl,G, k) Giannantonio & Porciani (2010)

et ke L Baldauf, Seljak & S 2010
Abs NG (fNLs k1, k2) = Abg si(fnr) + Abz sa(fNL, b1,6y b2.6y 1, k2) aldauf, Seljak & Senatore (2010)
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Effects of PNG on the galaxy bispectrum

Clearly, the effect on galaxy bias affects as well the galaxy bispectrum

bra+ AbynG(FND k) bag + Absna(far, b, By)  SCAle-dependent

bias corrections
A N oA

By(ky, ko, k3) = b5 B(ky, ko, k3) + b3 by P(ky) P(k2) + 2 perm. + ...

7 BE““[Po] + B [Po] + By [Fo, Bo]

Primordial component
(large scales)

— —

Abl,NG(fNL, k) — Abl,si(fNL) + Abl,sd(fNLa bl,G, k) Giannantonio & Porciani (2010)

et ke L Baldauf, Seljak & S 2010
Abs NG (fNLs k1, k2) = Abg si(fnr) + Abz sa(fNL, b1,6y b2.6y 1, k2) aldauf, Seljak & Senatore (2010)
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Effects of PNG on the galaxy bispectrum

Clearly, the effect on galaxy bias affects as well the galaxy bispectrum

bra+ AbynG(FND k) bag + Absna(far, b, By)  SCAle-dependent

bias corrections
f N oA

By(ky, ko, k3) = b5 B(ky, ko, k3) + b3 by P(ky) P(k2) + 2 perm. + ...

* l
\ P = Py + Pg™ | R]

B = By + B&[Py] + BP[Po] + B“’OP [Py, By

Primordial component Effect on nonlinear
(large scales) evolution (small scales)
Abq NG(fNL7 ) Aby Sz(fNL) + Ab; sd(fNL, by G k) Giannantonio & Porciani (2010)
SO Baldauf, Seljak & Senatore (2010)
Abs na(fvL, ki, ko) = Abs oi(fnr) + Abs sa(fyvr, b1.g,b2.a, k1, k2)
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Effects of PNG on the galaxy bispectrum

Clearly, the effect on galaxy bias affects as well the galaxy bispectrum

brc+ Abyna(FNi k) Do+ Abs e (far, B ky)  Scale-dependent

bias corrections
f N oA

By(ky, ko, k3) = b5 B(ky, ko, k3) + b3 by P(ky) P(k2) + 2 perm. + ...

* l
\ P = Py + Pg™ | R]

B = By + B&[Py] + BP[Po] + B“’OP [Py, By

Primordial component Effect on nonlinear
(large scales) evolution (small scales)
Abq NG'(fNL7 ) Aby Sz(fNL) + Ab; sd(fNL, by G k) Giannantonio & Porciani (2010)
o =P Baldauf, Seljak & Senatore (2010)
Abs na(fNL, k1, ko) = Abs si(fnr) + Ab2 sa(fnL, b1, 02,6, k1, k2)
* We test this model in N-body simulations (000p) = 5D(E123) Brmh

with local NG initial conditions R
(0n0n0R) = 0p(ki123) B

* We fit all triangular configurations Py — bia. Aby .

up to k =0.07 h/Mpc

for by,G, b2,g, Abi,c and Aba,G Bra — baq

ABp Nng — Abag;

Sunday, May 15, 2011



Effects of PNG on the galaxy bispectrum

Matter-matter-halo bispectrum:

Brmn(k1, kos ks) = bi(fvr, k) B(k1, ke, k3) + ba(fnr, ki, k2) P(k1) P(ks)

Generic configurations B(k/, k2, )
as a function of 6

with k; = 0.1 h/Mpc, k2 =1.5 k|

Sims / Theory
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Effects of PNG on the galaxy bispectrum

Matter-matter-halo bispectrum:

Brmn(k1, kos ks) = bi(fvr, k) B(k1, ke, k3) + ba(fnr, ki, k2) P(k1) P(ks)

Squeezed configurations B(Ak, k, k)
as a function of k with Ak = 0.01 h/Mpc
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ES, Crocce & Desjacques (in preparation)
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Effects of PNG on the galaxy bispectrum

Halo bispectrum:
B (k1, ko, k3) = b3 (fnr, k) B(k1, ko, k3)

+b1(fnr, k1)b1 (v, k2)ba(fL, k1, ko) P(k1) P(k2) + cyc.

Squeezed configurations B(Ak, k, k)
as a function of k with Ak = 0.01 h/Mpc
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ES, Crocce & Desjacques (in preparation)
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Power Spectrum vs. Bispectrum

S/N(<k)
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the effect of NG initial
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An unrealistic Fisher matrix analysis

Assuming perfect knowledge of a complete galaxy population in a |0 Gpc3 volume at redshift z
with density 107-3 Mpc”-3

lgnoring any complication no matter how relevant and pertinent
(covariance, redshift distorsions, selection function, degeneracies, etc ...)

We can estimate the uncertainty on fNL (local) from Power Spectrum & Bispectrum (& both)

100 | . 100 - -
N V=10h>3Gpc’,z=1 | |
-\ kpin = 0.009 h Mpc™! | | |
SN by =2, b,=08 S0r l
R .
30 e
10 -
5 unmarginalized
~— 7 8
| | | | | P-I\_B | | | | | | | | | | | | | A ’ | | | | | | | | | | | | | | | | | | | |
0.02 0.04 0.06 0.08 0.10 0.00 0.01 0.02 0.03 0.04
kmax [h MPC_l] kmin [h Mpc_l]
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An unrealistic Fisher matrix analysis

Assuming perfect knowledge of a complete galaxy population in a |0 Gpc3 volume at redshift z
with density 107-3 Mpc”-3

lgnoring any complication no matter how relevant and pertinent
(covariance, redshift distorsions, selection function, degeneracies, etc ...)

We can estimate the uncertainty on fNL (local) from Power Spectrum & Bispectrum (& both)
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An unrealistic Fisher matrix analysis

Assuming perfect knowledge of a complete galaxy population in a |0 Gpc3 volume at redshift z
with density 107-3 Mpc”-3

lgnoring any complication no matter how relevant and pertinent
(covariance, redshift distorsions, selection function, degeneracies, etc ...)

We can estimate the uncertainty on fNL (local) from Power Spectrum & Bispectrum (& both)
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Conclusions

* We have a (relatively simple) model for the large scales galaxy bispectrum
with local NG initial conditions

* Bispectrum measurements in LSS surveys can confirm and improve constraints on faL
from the power spectrum (particularly for non-local models ...)
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The matter bispectrum and PNG: large scales

5000 Local NG
’ —-10 < fNL <74
< 2000
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= 1000/
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Current CMB constraints for different
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The Matter Bispectrum induced by Gravity

Bg = BS* [Py + BYP[P)

Bgee(kla k27 kB) — 2F2(E17 EQ) PO(kl) PO(kQ) + 2 peri.

The bispectrum induced by gravity has a well defined
dependence on scale and on the shape

B . _ The equilateral configurations
matter bispectrum : _
] of the matter bispectrum:
equilateral configurations
1x 10 - I -
| fa=0 | B(k, k, k) vs. k
5000 - o5
| “="Y2 " Numerical simulations and PT
< predictions
<1000 - :
- : -
X 500 \ 1-doop
: N approximation
N N |
\
\
100 - \ ! E
[ : : \
-~ Tre_e-level approximation | g, . ]
- valid at large scales \
| \
[ 1 | . . | . . R | \‘
0.01 0.02 0.05 0.10 0.20
k [h Mpc_l] E.S., M. Crocce, & V. Desjacques (2010)
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Non-Gaussianity from Gravitational Instability

At large scales fluctuations are small, s« |, even at low redshift
we can study their evolution in terms of Perturbation Theory
00

Equations of motion for « Continuity eq. — + V- [1+6)1]=0
matter density and velocity: gf
5, U * FEulereq, oo+ HHT+ (0 V)F = —Vg
- Poisson eq. V2 — 3020 5
2 ™m

Perturbative solution for the 5 — oW 4 53
7 ) )

matter density, in Fourier space N\
v 52 = / B FalF - 3,000 50

Linear solution
Quadratic nonlinear correction

Initial condlitions (0 (11)5 (i)> — 0p (k1 +k2)Py(ky)
Boand To vanish for <5,%?5,%)5,%)> = 5D(E1 +E2+E3) By (k1, k2, k3)

Gaussian initial conditions!

<5g>59>59>59 V= 0p(k1+ ... +hka) To(kr, ko, ks, k)

ko ks kg
Perturbative solution for the (600) = <5(1)5(1)5(1)> + <5(1)5<1)5(2)> + ...| loop corrections
matter 3-point function * \a
= Bo = 0 for Gaussian non-zero bispectrum
initial conditions induced by gravity!
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Non-Gaussianity from Galaxy Bias (more problems?)

Additional non-Gaussianity in the galaxy distribution
IS induced by nonlinear galaxy bias

The relation between the
observed galaxy 5, (1) = ng(x) — ng
overdensity and the matter J

flo(x)] local bias

density Iis nonlinear 7/
At large scales, we expand it in _ 1 2
a Taylor series () bié(x) T3 b2 (x)\i—
Linear bias Quadratic bias correction
Perturbative solution for the < 5.5.8 > _ b3 < 55 5> 4 b2 bo < 55 52> 4
g“g%g/ — Y1 1

galaxy 3-point function

\

matter bispectrum

\/

\/

bispectrum induced
by nonlinear bias

A

By(k1, ko, k3) = b3 B(ky, ko, k3) + b3 by P(k1) P(ks) + 2 perm. + ...

The component induced by bias has a different
dependence on the shape of the triangle
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Effects of PNG on the galaxy bispectrum

Clearly, the effect on galaxy bias affects as well the galaxy bispectrum

bi.c + Abi na(fnL, k)

) N, 7

boc + Aba v (fNL, Ela Ez)

Scale-dependent
bias corrections

By(ky, ko, k3) = b5 B(ky, ko, k3) + b3 by P(ky) P(k2) + 2 perm. + ...

AB mmh

Sims / Theory
— o —
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ES, Crocce & Desjacques (in preparation)
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The matter bispectrum and PNG: small scales

1000 |
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| |
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