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Primordial NG

P (x): primordial gravitational potential

If the fluctuations ®(x) are Gaussian distributed then their statistical properties are
completely characterized by the two-point correlation function, <®(x,)P(x,)>
or its Fourier transform, the power-spectrum.

Thus a non-vanishing three point function, or its Fourier transform,
the bispectrum is an indicator of non-Gaussianity

(D)DK, )D(k,)) = 27)* 0% (K, + Ky + k) Bk, Ky ey S <—(n1) (n,)— (n3)>

B(k19k29k3) = fNL F(k19k29k3)

‘ Amplitude




ds’ = a*(7)[-(1 + 2®)dr” + w, dvdx" + (1-2W)5, + h,)dx'dx’]

Gravitational potential perturbation in the perturbed
Friedmann-Robertson-Walker metric
(Newtonian or Poisson gauge)




Why primordial NG 1S umportant?




v/ In general different models for the generation of the primordial
perturbations predict (standard inflation vs alternatives):

n-1
- some departure from scale invariance F.=Ak
1 2
- some amount of tensor perturbations

- some amount of non-Gaussianity

v/ In fact many models predict negligible amount of tensor perturbatio
and negligible departure from scale-invariance

( Even a precise measurement of the spectral index might
not allow to discriminate among competing scenarios;

if no G.W. is detected (e.g. via CMB polarization) no efficient
discrimination

However these models predict different NG




v A crucial example:

a detection of a primordial fy, ~10 would rule out
standard single-field models of slow-roll inflation.




Going beyond linear order

» NG i1s generated by non-linear physics producing mode-mode

couplings: break linear approximation

Primordial effects:

- non-linear evolution after inflation interactions of fields

- non-linear hydrodynamics near recombination
- non-linearities after recombination (GR is non-linear!)

”

NG requires more than linear: theory

Various techniques available: second-order perturbation theory, fully non-
linear approach a la Salopek/Bond “O1 (or the so called olN formalism),
quantum field theory (Schwinger-Keldish tormalism)



Primordial non-Gaussianity:
predictions. from standard Inflation
and alternative scenarios




Primordial non-Gaussianity

It 1s useful to characterize it in terms of the non-linearities present
in the curvature perturbation £ (in the uniform energy density slice)

Note that
a) this is a fully non-linear definition for the curvature perturbation

(Salopek/Bond’91; Kolb et al. ‘05; Lyth at al. ‘05) and at linear order 1t
reduces to the usual definition

§(1)=_1P_H5_.p, where C=§(1)+%C(2)+....
P

gV = -3/50"




The key point is that C remains constant on superhorizon scales

after 1t has been generated and possible 1socurvature (entropy)
perturbations are no longer present.

C?) provides all the information about the primodial level
of the NG generated during inflation, as in the standard
scenario, or after inflation, as in the curvaton scenario.

The value of C® is different for different scenarios

2_3 )2
C( )_SfNL(g())

It is not directly connected to the measurable quantity,
the CMB anisotrooy




Case 1:

Standard single-field models of

inflation

Acquaviva, N.B, Matarrese and Riotto
(2002); Maldacena (2002);
Lidsey and Seery (2004)




Primordial non-Gaussianity in standard single
field models of Inflation

e non-Gaussianity generated during inflation:

Accounting for the inflaton self-interactions and metric fluctuations
at second-order in the perturbations brings

5
far = —E(n -D+n,.f(K.Kk,)

Acquaviva, N.B., Matarrese, Riotto (2002); Maldacena (2002)

Primordial non-Gaussianity for single-field models of
slow-roll inflation is tiny ~ O(en)

ln-11=12n-6¢l<<1; n, =2¢

* Notice that in the squeezed limit k,<<k, =k,
f(k,.k,) goes to zero (Maldacena 2001)




Case 2: Local models

f\ =constant

NG local in real space: non-linearities
develop outside the horizon




Radiation density can be perturbed
by other scalar fields during
or after inflation

> Curvaton decay after inflatig
Mollerach (1990)

Linde & Mukhanov (193
Engvist & Sloth; Lyt N ind Takahashi (2001)

Inhemoegeny 2ating or preneating

Dvali, Gruzind B, Kofman (2003); Enqgvist et al.
(2003); Kolb, Ric allinotto (2004)




NG from the curvaton decay

2 2
m- , m 2 2
O, =70 =7(00 + 20,00 + 00 )

Lyth, Ungarelli and Wands (2002);
N.B, Matarrese and Riotto (2004);
Lyth, Rodriguez, Malik (2005+)




Non-Gaussianity shape

(see Babich et al 04; for other shapes see Fergusson and Shellard 08)

Babich et al. (2004) BISpectrum peaks
for squeezed triangles:
Kk <<k,~K;

2




Case 3: equilateral models

NG non-local in real space: non-linearities
generated by operators with gradients

Such as Ghost inflation, N. Arkani-Hamed et al., 2003
DBl inflation, E. Silverstein and D. Tong, 2003




‘Equilateral” models:

* Single field models of inflation with non-canonical kinetic term
L=P(¢p, X) where X=(0d ¢)?> (DBI or K-inflation)
models where NG comes from higher derivative interactions
of the inflaton field
1

1 (Vor (Vo)

* The bispectrum peaks for equilateral triangles: k,=k,=k;
since 1n this case the correlation 1s among modes that exit the

horizon at the same time
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e In this case an equilateral non-linearity parameter f]\e;gu11

1s used to characterize the amplitude of the bispectra. It 1s defined

B F(k,k,k) =6 3P (k)

® Ex: DBI inflation, E. Silverstein and D. Tong, 2003




Babi
ich et al. (2004)
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2.2
B(1,x,,x5)x;x;

rg = ka/ky and xo = ko /ky

Kk k
Viest signaliinithe flattened triiangles ki=ks+ks 4}<\1>
k3

(typical of NG from excited initial states, see Chen et al 07;
Holman & Tolley 08)




Inflation models and 7,

Updated table from N. B., E. Komatsu, S. Matarrese and A. Riotto., Phys. Rept. 2004

Standard inflation O(en)

5/4r - 5r/6-5/3 I~ (Po/P) decay

modulated reheating 5/4 - T 5/2(;35”/122622))

curvaton

multi-field inflation may be large ?

Feature in the inflaton | [ >1
_ NL
potential

DBI -032/¢c 52 equilateral configuration

L.Gener'.alized SligiE=rizke -(35/108) (1/c%-1) High when the sound of
unleafels +(5/81) (1/c2-1-20/5) | speed c, <«1 or /51

(e.g:k-and brane inflation)

-85 [3 o3 cquilateral configuration

ghost inflation




Excited initial states+derivative ~(6.3 104 Mp/M) Flatten configuration
interactions ~(1-100) M: cut-off scale

Preheating scenarios e.g. (Mp/ ) eN/2 ~50 N:n" of inflaton oscillations

Inhomogeneous preheating e.g. (5/6) i, 6Mp/m.)

; L : A+ inflaton coupling to
And inhom. hybrid inflation

the waterfall field ¥

Warm inflation typically 10!

Warm Inflation (IT) 15L(r ) < fyg < L(r) l;f; /)BElr;(:r/14):

depends on the sharpness of
conversion from isocurvature
to curvature perturbations

Ekpyrotic models -50 < fy; < 200

Generalized slow-roll inflation

(higher-order kinetic terms) e >+ equilatergledniigueallon

Multi-DBT inflation far~ 2 V(14 T%) both local and equil. shapes




Observational constraints on NG




WMAP Syr limits on local models

v From an analysis of the bispectrum of CMB temperature anisotropies

9<f1°°<111 (95%) CABLE

CLEAN-MAP ESTIMATES AND THE CORRESPONDING 68%
INTERVALS OF THE LOCAL FORM OF PRIMORDIAL

- from the template‘CIGaned NON-GAUSSIANITY, fR92l THE POINT SOURCE BISPECTRUM

NL
. AMPLITUDE, bsre (IN UNITS OF 1072 pK3 , AND
V+W Channel, MONTE-CARLO ESTIMEXTES OF BIAS DUE THO POSIrN’I? SOURCES,
o o local
- accounting for a bias from BTN
unresolved point SOUrces Band ~ Mask  Imax  fR0f AR bsre

_ for l — 500 V4+W KQ85 400 50 £29 142 0.26 £ 1.5
max V4+W KQS85 500 6126 25+£1.5 0.05%0.50

V4+W KQ85 600 68 £31 3+£2 0.53 £0.28

V4+W KQ85 700 67+£31 35&£2 0.34 £0.20

VAR INONG BV GRS I @) V+W  Kpo 500 61+£26 2.5+15
VAW KQ75p1® 500 53+28  4+2

loc V+W  KQ75 400 47 £32 342  —05041.7
—4 < f < 80 (95 %) VAW KQ75 500 55+30 442  0.15+0.51
V+W  KQ75 600 61+£36 4+2  0.53+0.30

V4+W KQ75 700 58 £36 5+ 2 0.38 £ 0.21

“This mask replaces the point-source mask in KQ75 with the
/ and Claimed evidence from one that does not mask the sources identified in the WMAP

K-band data
Yadav & Wandelt 08, WMAP3

27 < [, <147 (95%)




WMAP Syr limits on Equilateral models

From an analysis of the bispectrum of CMB temperature anisotropies

il
—151 < £, <253 (95%) TABLE 7
CLEAN-MAP ESTIMATES AND THE
£ / — 700 CORRESPONDING 68% INTERVALS OF THE
Or EQUILATERAL FORM OF PRIMORDIAL
NON-G AUSSIANITY, j’equll AND

MONTE-CARLO ESTIMATES OF BIL}s DUE TO
POINT SOURCES, Afyl"

See also Senatore et al. (2009)

-125 < [ <435 O5%)fll B Muk b SR afpY

KQ75 400 774 146 947
KQ75 500 784125 1446
KQ75 600 714108 27+5
KQ75 700 734101 2244

Komatsu et al. 2008




N.B.1)
Use of other statistical tools can be very useful to have an
independent test of consistency

el —8 < f ;‘2" SUSNCRYD applying wavelets to WMAP 5Syr,

a result very similar to the limits of the WMAP team (Curto et al. 08)

N.B.2)
An experiment like Planck can reach a minimum detectable value

£ ~3and_f ~ 67

(Komatsu & Spergel 01; Babich & Zaldarriaga 04; Smith & Zaldarriaga 06;

Yadav, Komatsu, Wandelt, Hansen, Liguori, Matarrese 08)

N.B. 3):
A lot of information can come from other observables as, e.g,
CMB polarization and Large Scale-Structures —s | See Sabino’s Talk




Primordial NG vs secondary effects




Non-primordial sources of NG

v Any non-linearity can contribute to NG and this can contaminate
the extraction of the primordial signal:

NG=NG primordial+non-linear effects

v’ Planck and future experiments will be sensitive to non-Gaussianity
at the level of second- or higher order perturbation theory:
need to keep under control all possible sources of contamination to
the primordial non-Gaussianity

v" Need to specify of which primordial non-Gaussianity we study
the contamination from the non-primordial sources
(local, equilateral..)




Non-primordial sources of NG

There are mainly three classes:

I) (residual) foregrounds and unresolved point sources

IT) ‘known’ secondaries such as
Sunyaev-Zel’dovich effect,
gravitational lensing,
Rees-Sciama effect,

IIT) Less known effects:
non-linearities from Boltzmann equations for
photons, baryons and CDM at second-order in perturbation theory

i.e.: non-Gaussianities related to the non-linear nature of General
Relativity

and to the non-linear dynamics of the photon-baryon fluid




Non-primordial sources of NG

What is the impact of non-primordial sources of NG on the
extraction of a primordial non-Gaussian signal?

Mainly they act in two ways:

1) They might ‘mimic’ a three-point function similar in shape (and
amplitude) to the primordial one in the CMB

bias or contamination to primordial NG

2) They might increase the variance of the estimator of primordial
NG

(in other words they degrade the S/N of primordial NG)




Mimicking a primordial fy, ?

Yes: It IS possible,and such effects can be important for a
local NG in a intermediate region 1< [fl°¢,, | <10

For an experiment like Planck (minimum detectable value fioc,, ~5)

e.g. ISW-lensing bispectrum can contribute a bias fy, ~9 to the
local primordial NG; negligible bias to equilateral NG

(Goldberg & Spergel 99; Smith & Zaldarriaga 06; Serra & Cooray 08; Hanson et al.
09)

LLensing-Rees Sciama bispectrum contribute a bias f'°%,, ~10 to
the local primordial NG (Mangilli & Verde 09)




L.ensing can also modify the shape of the primordial bispectrum

by smoothing its acoustic features: negligible effect
(Hanson, Smith, Challinor, Liguori 09; but see also Cooray et al. 09)

Bispectrum from correlations of number density and lensing
magnification of radio and SZ point sources with ISV give a
bias of f°%, ~1.3

(Babich & Pierpaoli 08)

From perturbations at second-order

e.d.: Inhomogenous recombination due to electron density
perturbations 6,~5 6,, give a bias |f°% |=1
(Khatri & Wandelt 09; Senatore, Tassey, Zaldarriaga 08)




CMB anisotropies. at second-order




Aim:Second-order transfer function

First step: calculation of the full 2-nd order radiation transfer function on large scales
(low-1), which includes:
NG initial conditions

non-linear evolution of gravitational potentials on large scales

second-order SW effect (and second-order temperature fluctuations on last-scattering surface)
second-order ISW effect, both early and late

ISW from second-order tensor modes (unavoidably arising from non-linear evolution of scalar
modes), also accounting for second-order tensor modes produced during inflation
(N.B;, Matarrese & Riotto ‘04-'06;
see Boubekeur et al. 09 for lensing)

Second step: Boltzmann equation at 2-nd order for the photon, baryon and CDM
which allows to follow CMB anisotropies at 2-nd order at all scales

NG from gravity and non-linear dynamics of the photon-baryon fluid at recombination
(acoustic oscillations at second order)

Crucial to extract information from the CMB bispectrum are the scales of acoustic
oscillations according to the analysis of Komatsu and Spergel 2001

(N.B, Matarrese & Riotto JCAP'06-07)

This also includes both scattering and gravitational secondaries, like:
Thermal and Kinetic Sunyaev-Zel'dovich effect

Ostriker-Vishniac effect

Inhomogeneous reionization

Further gravitational terms, including gravitational lensing (both by scalar and tensor modes), Rees-
Sciama effect, Shapiro time-delay, eftects from second-order vector: (i.e. rotational) modes, etc. ...




Non-Linear Sachs-Wollfe effect (large scales)

Vv Non-linear perturbations ds* = -e**di* + a’(1) e-zméij dx'dx’

a la Salopek-Bond (1990) definition of the non-linear T quantity

Iinear order

Second order

N.B., S. Matarrese,
A. Riotto JCAP 2005

see expression in N.B., Matarrese, Riotto,
Phys. Rev. Lett. (2004)

It includes primordial NG

Post-inflation non-linear gravity
common to all scenarios




Second-order CMB Anisotropies

df_8f+ 8fdxi+8fdp+ Of dn’
dn On Oxidn  Opdn On' dn

§ —» Redshift of the photon
(Sachs-Wolfe and ISW effects)

PS: Here the photon momentum is p=pn' with p*=g;, P' P!
( P*= dx*(A)/d\ quadri-momentum vector)




The 2"d-order photon Boltzmann equation

o dpp3 £(2)
A(Q)(ajl,nl,n) — f pp f
[ dpp? (O

N.B: for a derivation of the Boltzmann equations see also
C. Pitrou CQG 09 (includes polarization);
Senatore, Tassev, Zaldarriaga, arXiv:0812.36523

Source term S=S2)4+S5(0xD)

with t’= -n_ oa optical depth

Sachs-Wolfe effect P

S2) = —T’(A(()%) +402)) 4 4(0®) + w2y —guint — ax;n'n? — 7' {4v(2) ‘n— %

= —8AM (\1:<1>’ - cp(j)ni) +2n' (@M + M), (AM 4+ 49M)

o . 1 0AM o :
[(@S) + 0 WDynind + (@ — \If”)] — > Gravitational lensing

1
1260 <4v n+ AP A L AP (%0 ) :
T %0 0 g52 (¥ -m) Quadratic-Doppler effect

2(v - ?{Aé” + 3457 — Al (1 - ng(ff : n))} — AW (54+4P,(% - n)) + 14(v - n)? — 202]

Coupling velocity and linear photon anisotropies




CMB angular bispectrum

mimoms
Blllglg — <a’l1m1 a’lzmza‘lsms> )
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CMB angular bispectrum (Il)

Bk [ PE
(2m)> ) (2m)°

< 3B K KV (k)R

2= W@ﬂl /d%%%w+k"—m

Primordial curvature
Second-order radiation transfer function perturbation

Nitta, Komatsu, N.B, Matarrese,
Riotto 09

CMB source function

10
/0 dne =S (K, K", ) ju [(n — no).




A closer look at the CMB source function

Two types of contributions: ) ) )
1) Intrinsically second-order term
on large scales it gives rise to the Sachs-Wolfe effect;
on small scales it grows as n?

(pointed out by Pitrou, Uzan, Bernadeau 08 )

Contamination to equilateral NG

2) (first-order)?-terms (oscillating/constant in time)

L Contamination to local NG




Acoustic oscillations at second-order

In the tight coupling limit the energy and momentum continuity equations
for photons and baryons at second-order describes the non-linear dynamics

of the photon-baryon fluid at recombination

(A(§8,’—41P(2)”)+H—1 RR (A<2> 4w | 23 (A2 - 4w -
+

(2) |
Ra V2 P C I +(S, +HLS io'g.SlV
1+ R 3

Source made by (first-order)? terms.
For expressions and analytical solutions
see

N.B, Matarrese, Riotto JCAP 07




Non-linear dynamics at recombination

On small scales, i.e. modes k >> k, , the second-order anisotropies at recombination
are dominated by the 2"d-oder gravitational potential sourced by dark matter perturbations

1 10 9,0
2 = w® =y () - L (@kq>(1)3kq>(1) _ 30(;82 (@q)(l)ajq)(l))) .

in Fourier space gives the
convolution kernel

10 kok,)(k*k,)] ,
(k*k,)( 1)]"

Initial conditions that contain
the primordial NG

Gk Kk, .k ‘= |k, ok, -—
(k,.k, k) 1Ty B

As a generalization to the well known expression at linear-order

1 z For details see Pi 1. 08;
2) _ 12 A 2) _ ~(klkp)* (2) (For details see Pitrou et al. 08;
© 4 Bop + P ACOS[kCST]] ¢ R®™+35 see also N.B, Matarrese, Riotto 07)

On small scales the combination of the damping effects AND the growth of
the potential as 1> make dominant the term

R
_RP? = —aG(kl,kz,k)n2<I>(“(k1)<I>“)(k2)




Non-Gaussianity from 2"9-order gravitational potential

0? = —RO? = _%G(kl,kz,k)nzcl)(“(kl)q)(”(kz)

This effect is a causal one, i.e. developing on small scales; its origin is gravitational (due to the
non-linear growth sourced by dark matter perturbations)

Important comment:

so, even 1f the NG at
recombination 18
dominated by this effect, it
will have a minimal
contamination to the local
primordial NG

r3 = kg/ky and xo = ko /g




Signal to Noise ratio and correlation

See Spergel and Goldberg ‘99; Cooray and Hu 200; Komatsu and Spergel 2001
b OIS
o S 2
(Bily, — 0, 4Bl )

l1l2l3
2 _ /p2 2
07 a1y = (Biiigta) — (Buutats)” = C1,CiyCis Aty 11

B"  BY)

lals Bl1l2l3
z : 2

o<l <lo<ly  Clilals

How similar are
two bispectra?




Contamination to primordial f NL

We fit the primordial bispectrum template to th 2"9-order
bispectrum:
define the best-fitting ‘contamination’ feont, by minimizing

_ p2nd )2

l1l2l3

2nd RPrimM
cont __ F2nd,prim _i 2 : Bl1l2l3 l1l5l3
NL F N 2

prim,prim frr =1 2<11 <l2<l3 16263




Correlation to primordial fy, of the
intrinsically. second-order term 6%=-R®{2)

Fisher matrix

fsky 1
T (27m)2

Bi(fh 627 63) BJ(€17 627 63)
6 C(61) C(l2) C(l3)

Fz'j =

/d2€1d2€2d2€3 33 (£193)

For EQUILATERAL primordial %9

As a confirmation of our expectations
~12.6 x 10~3 equil the NG from recombination (governed by the
- NL

1
1 non-linear evolution of the 2"-order
\/ © equil,equil gravitational potential)

1 shows a quite high correlation with an

— ~ 0.1 equilateral primordial bispectrum
’\/ Frec,rec
Pl

rec,equil -
T'rec,equil —
\/ equll equil rec ,Tec

drec - rec recF_ = 1 4

rec,rec ——

dequil Fequil,equllFe;luﬂ equil — ~ 14 N.B, Riotto JCAP 09




v Degradation of the 1-6 uncertainty of <9,

[ equi= —0-93 translates into an increase of the minimum detectable

value for f*9; We find a mimimum value of

It corresponds to a an increase of O(10): recall: f*9; =67, not accounting for the
cross-correlation (i.e. not marginalized over the signal from recombination).

v/ Contamination to primordial fy,

cont

Contamination to equilateral v =0(10)

Contamination to local =03

Given the 1-0 uncertainty fl°°y ~ 5 for local, and f*4; ~ 67 for equilateral, these numbers are not relevant.

So the contamination from the intrinsically second-order term 6®=-R®®
to a primordial local NG 1s minimal;

what 18 relevant is the degradation in the minimum detectable value of =9
for primordial equilaterall NG




A check for our model:
S/N for the primordial equilateral bispectrum

Use the flat sky approximation

transfer function on small scales
(1>>1.~750; a ~3)

power spectrum
(see also Babich & Zaldarriaga 04)

Bispectrum

_ 2 - - -
il 2, £2) = DI [ QU3 0R3 6 ) B (K . )BT (0, KD AT (12 AT (0,15

2

Bequil(k1, k2, k) = fa™ - 642 - ( ———+—5=+ 5 perm.))
4 NL k3 K3k K2R2RZ T ko k2ED

2411 equil 5 _pl.2 /9p1.2 2 1
Bequil(£1, 2, 03) = —— fxia® A2 =17 /267 42 ——r + —= + (5 perm.
(1, 02, 6s) = (53 Jn A% \"mg " Ee we wae T nes tOPO™)




S/N for the primordial equilateral bispectrum
Signal-to-noise ratio

2

il\ 2
~ 8 fsky A ( ﬁ]ciul ) emax
equil N.B. & Riotto JCAP 09

For f,,=0.8 and 1 ,,,,=2000, for an experiment like Planck gives a minimum detectable

equil __
NL — 66

very good agreement with the numerical results of Smith and Zaldarriaga 06, and Liguori 09

N.B. The S/N scale as (1

(S/N)?receive contribution from the configuration which is peaked at 1,~1,~15,

(SINY o [d*d*L,6(1 - 1)1} <1,

1/2 - :
)4, not as 1__ as in the local case;

max




Shape of th
e second-orde .
from products of 1st-or:12:'stpe?'0trum
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Maximum si
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Cross-correlation

How similar are 2 bispectra?

2"d_order bispectrum
and local primordial
are fairly similar

nd prim™ 0-3 at Imax~2000




Signal to Noise ratio:
numerical results for (first-order)?-terms

(Nitta, Komatsu,
N.B., Matarrese,
Riotto, JCAP 09)

Full-sky ideal exp.

products of the first-order
primordial (for fy =1)

(S/N) from the (first-orderxfirst-order) terms is about 0.4
at | .=2000 for an ideal full-sky experiment

max




Contamination to primordial ¥ _NL of the
local type from (first-order)?-terms

(Nitta, Komatsu,
N.B., Matarrese,
Riotto, JCAP 09)

Contamination 1s 0.9 at | =200 and 0.5 at | ..=2000
vS S5 which is the minimum detectable value for Planck




FURTHER CONSIDERATIONS




Anisotropic non-Gaussianity

v' Growing interest in models which can produce some level of statistical
anisotropy in the CMB

v’ There exist constraints on a preferred direction and the level of statistical
anisotropy (Eriksen et al. 09)

P(R)(1 + g(k) (k - 2)?)

v Anisotropic non-Gaussianity predicted in models where vector fields play a
role during inflation (e.g. Karciauskas, Dimopolous, Lyth 09)

—

(B (k1) D (ko) ®(k2)) = (27)363) (k1 + ko + k3)B(k1, ko, k3)

violation of rotational invariance

We considered a SU(2)-vector multiplet: NG peaks in the local configuration
with an amplitude that is modulated by the preferred directions that break
rotational invariance

(Dimastrogiovanni, N.B., Matarrese & Riotto 09)




b A 4

Bk, k,.k,) ~1(7, * k) B(k, .k, k;)

., Isotropic contribution to
the bispectrum

, Modulation dependent
on the preferred directions




If the primordial f, is compatible
with zero, are primordial pertb.ns
Gaussian distributed ?

NO!!!

> One can have models with zero bispectrum and non-
vanishing trispectrum

(P(k)P(k,)P(k)P(K,))

> €e.g., this is what happens in some configurations of the
curvaton models




TRISPECTRUM

C=d, +fy *((Di _<(I)i>)+gNL *(1’2

(e.g., Okamoto & Hu, 2002)

Also 1n this case primordial cubic non-linearities
+ non-linearities coming from the post-inflationary
evolution

EX.: see expressions in D’Amico, N.B., Matarrese, Riotto (JCAP 08) for
cubic non-linearities in the CVIB anisotropies on all scales from gravitational
effects




Theoretical Predictions for the trispectrum

Slow-roll inflation

(including multiple fields) O(em) en : slow-roll parameters

: (9/4 r?) (g2 g"/g3+3g g"/g?) + g": deviation from a
Curvaton scenario - (2/r) (1+ 39 9"/g?) quadratic potential

Inhomogeneous reheating| (5/3) fy2+ (25/24) (Q"(x)/ Q3(x)) X={|/ H at the end of
inflation

DBI inflation ~01¢H C2: sound speed

depends on the parameter

Ekpyrotric models 4
pyrotric mode lgn | < 10 N




CMB trispectrum on large scales

See N.B, Matarrese and Riotto (JCAP 05) for the expressions of the
Measurable gy, entering in the trispectrum of CMB anisotropies,
allowing for generic NG initial conditions

25 5 1 25

gy = EbNL + gaNL[SA(kl,kz,kQ ~1]+ ” + EC(kl,kz,kQ

1|k, -k +k,)k, &k +k,) 1 K, k,
31k, +k, I

N.B., Matarrese & Riotto 2005
D’Amico, N.B., Matarrese & Riotto 2008

+ cycl.




Conclusions

v/ Both a positive measurement of the non-Gaussainity or an upper limit
on its amplitude will represent a crucial observational discriminant
between competing models for the primordial perturbation generation

v/ A detection of fy; ~10 would rule out all standard single-field models
of inflation

v/ Toassesa detection of primordial NG: take care of foregrounds and
any secondary signal that can mimick a primordial NG signal

v/ We are assessing precisely the level and shape of NG from 2"-order
perturbations and their contamination to primordial NG

V' Future techniques exploiting the CMB polarization and additional
independent statistical estimators might help NG detection down to
fy ~3: need to compute exactly the predicted amplitude and shape of
NG from the post-inflationary evolution of perturbations.




