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Simplest inflationary models predict SMALL deviations from Gaussian initial
conditions

How small is small? In some models “small” can be “detectable”

There can always be non-standard models (strings, defects etc.
yielding primordial non-gaussianity)
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Inflationary predictions for fy,
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Which means:

fNL Defined in Fourier space, through the bispectrum,
and in general with complex dependence on k (vectors)

But many justsay: ®=9¢+a(¢°-<¢">)

4 Verde et al 2000 (VWHK);
fNL Komatsu Spergel 2001

L Let’'s assume it is constant

Defined on Gravitational potential
. (actually Bardeen potential, important for sigp.)..
This evolves in a LCDM universe... more later

Salopek Bond 1990; Gangui et al 1994,

| |



However other cases are possible:
- & = ¢ +a(¢® — (7))

§=¢+a(s’—(4%) density
Some two fields models (e.g. Luo Schramm 1994)

B ~PS
Some defect models

Different observables may be best suited for different types of non-gaussianity
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Searching for non-Gaussianity
with LSS

clustering/spatial properties:
Bispectrum, trispectrum, etc.

warning: gravity also generates NG that’'s why
trispectrum may be interesting (LV & Heavens 2001)

abundance of rare events:
by looking at the tails of the halo mass function

warning: what's a halo and what'’s its mass? What mass
function?

- aayway interesting: can probe smaller scales than CMB......




Why Trispectrum?

{-ﬁkl 51!2 Ok, ‘sk-; ) =
{6k1 Ekg:'{&kz‘sk‘:’ T (2 p['f!"fﬂﬁ.) Lj :I.ékl ﬁkg%ﬁh}c
where
(Odi;) = (22)°P(k;)8° (k; + ;)
{5‘:'-, 6]‘3 Jk:i 5"4 :’c —— {2“');!1":1‘!')5“(!‘1 + ko + ki + k.,;)

For mildly non-linear fields the 20PT contribution to (O, O, 0Ky 0k, ) IS zero.

{Bic, Oz Oy Ouc, )
= (27)°P(k1)P(k2)6" (k; + k3)é” (ko + k) + cye.
+~ 7/ P(ky)P(ky) Pks) P(k4)d” (k; + kea + kg + ky),

. T(ky, ko, kg, ky)
V Plky)Plkz) P(ks3)P(ky)
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Searching for non-Gaussianity
with LSS

Clustering; inflation-type

Verde et al. (1999) and Scoccimarro et al. (2004) showed that
constraints on primordial NG in the gravitational potential from large
redshift-surveys like 2dF and SDSS are not competitive with CMB

ones : fnL has to be larger than 10%- 102 in order to be detected as
a sort of non- linear bias in the galaxy-to-dark matter density
relation. However LSS gives complementary constraints as it tests
different scales than CMB.

Going to redshift z~2 can make LSS competitive (Sefusatti & Komatsu
2007). Going to higher z (e.g. through SZ cluster surveys or via 21-
cm background anisotropies) helps, as the effective NG strength in
the underlying CDM overdensity scales like (1+z) (Pillepich,
Porciani & Matarrese 2006; Cooray 2006).
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Why?

Back to VWHK ® = ¢+ a(¢’ — (¢%))
B(k:, k2, k3) =~

{ (k1) P(ks) [(m—:*-—) +2J(k1,kg)]} cpe.

- gravity

22T (k)(1 + 2)

SN )= A IE) wiaae M) =—— o

In 99 did
not take A
seriously

| »

In 1999 | did not think one could measure the galaxy bispectrum at z>0,
~ and disentangle it from bias
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Searching for non-Gaussianity
with LSS

PDF

Primordial non-Gaussianity also

strongly affects the abundance of

the first non-linear objects in the
Universe, thereby modifying the
reionization history

It also affect the abundance

of rare events such as massive
clusters or high-z galaxies
and their formation redshift

Pirsa: 08030062

Table 1. Minnmum le,] and legl detectable form
different observables and thewr sign when positive
skewness is required for detection. For Model A the
pnmonhial skewness has the same sign as €,, while for
Model B the pnmordial skewness has the opposite sign
as €g. In detecting non-zero €, g from CMB maps, the
sign of the skewness does not influence the accuracy of
the detection of non-Gaussianity, but, when using the
abundance of hagh-redshift objects it 1s robust to detect
non-Gaussianity that produces an excess rather than a
defect in the number density. Only a positively skewed
pnmordial distribution will generate more high-redshift
objects than predicted in the Gaussian case.

Observable Min. le,y Min. leyl
CMB 0% ~ 10+ 0

LSS 10 ° 10~ 10"
High-: oby (+)5x10* (gal) (—) 200 (clusters)
ST relation (+)3x 10 - (—) 500

11/41
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Conventions:

o Sign:if ®a4=%®sc+ fne(®hg— (®he))

L . = LSS crowd
gravitational potential, then fyr = —fnL

Also: § =6L — gf__%-‘},cﬁ Maldacena(2003)

- Amplitude: fy, “>5=g(=)/g(0)f, “M5

Warning: the same authors may use different conventions in different papers;
Should we find an agreement?
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-Jmproved formula obtained by LoVerde et al.

Searching for non-Gaussianity
with rare events

Besides using standard statistical estimators, like bispectrum,
trispectrum, three and four-point function, skewness , etc. ..., one
can look at the tails of the distribution, i.e. at rare events.

Rare events have the advantage that they often maximize deviations
from what predicted by a Gaussian distribution, but have the obvious
disadvantage of being ... rare!

Matarrese LV & Jimenez (2000) and Verde, Jimenez, Kamionkowski
& Matarrese showed that clusters at high redshift (z>1) can probe
NG down to f, ~ 10? which is, however, not competitive with future
CMB (Planck) constraints.

For other type of non-gaussianity rare events may be competitive.
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Matarrese, LV & Jimenez (2000):
Try to derive the mass function for non-gaussian fields

P() = (6°( ¢+ e(d? — (¢%)) — ¥)) = f d6P(6)82( ¢ + e(d? — () — ¥)

If no filtering

Sn(x) = nlx)+e f ByFr( x -y )$*(y) - C

With filtering

P(ég) = (8" ( or(x) —ffff]yFR(l x—y )é*(y) —C — 53(1)))

~ [wepiel [ e i3 ontn) - [ Eurnlix—y )6y) - € ~bn))

And that’'s when you learn to love path integrals
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2 o) iN
W) =—Zup—€et3p (...) Cumulant generator
H2.R = U% = (623) R = (5%2}

In the Press-Schecter approach

o0

oC 00
P(> bc|2, R) = dépP(6Rr) = / daﬁf d’\ —iMp+W(A)
b (ze) be(ze) b 271'
MVJ: exchange order of integration, integrate in &

P(> 6|z, R) = % -d%cxp —iMc(ze) + W(A)] + % Exact so far..

Truncate W to first order in € and use saddle-point (8c>>1) to do the integral

1 or 152(%) 5312
P(> o.lz., R) =~ ——4,
(> 8z B) = —= =T exp[ . ( @)
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Resulting in:

P(> .|z, R) =

OR

1
v 2T 5::(-30

exp l:

i.e. Gaussian mass function with

NB n(M,z) = f

1
2

HED
g

(1-3250)|

dc(ze) — Oc(2e) [1 e S?'—R‘s

S?rG,M
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3H2Qq,, |dP(> 6. zc,R)‘
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Is this competitive?

Note: this was derived in the S SEE S
. anle 1. Mimmmum lé,l and légy Hectable lorm
Press-Sd'ie_cter framork' PS fails different  observables and their sign when positive
at some point (spherical collapse skewness is required for detection. For Model A the
etc.). pnmordial skewness has the same sign as €,. while for
Model B the primordial skewness has the opposite sign
' . as €g. In detecting non-zero €, g from CMB maps, the
Recommended: use the ratio NG/G sign of the skewness does not influence the accuracy of
(mmpare this to observations the detection of non-Gaussiamity, but, when using the
normalized to numerilly calibrated abundance of high-redshift objects it i1s robust to detect

non-Gaussianity that produces an excess rather than a
defect in the number density. Only a positively skewed
pnmordial distnbution will generate more high-redshaft

Gaussian predictions)

obyects than predicted in the Gaussian case.

= . Observable Min. le Min. leg!

TEST on simulations! —_— : -
CMB 10°% ~ 107? 20

Approximations: LSS z=0 10~ 107~ 10"

5 - High-z oby. (+)5x10 "(gal.) (—) 200 (clusters)
Linear terms in fNL ST relation  (+)3% 10 (—) 500
High-peaks saddle point
PS-type derivation
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Is this competitive?

Note: this was derived in the e _ S e
. able 1. Mimmmum eyl and leégl “ectable lorm
Pf&SS‘SdTe‘CtEf ﬁamork' PS fails different observables and their sign when positive
at some point (spherical collapse skewness is required for detection. For Model A the
etc.). pnmondial skewness has the same sign as €., while for
Model B the pnmordial skewness has the opposite sign
a . as €g. In detecting non-zero €, g from CMB maps, the
Recommended: use the ratio NG/G sign of the skewness does not influence the accuracy of
(compare this to observations the detection of non-Gaussianity, but, when using the
normalized to numerically calibrated abundance of high-redshift objects it 1s robust to detect

non-Gaussianity that produces an excess rather than a
defect in the number density. Only a positively skewed
pnmordial distnbution will generate more high-redshaft

Gaussian predictions)

objects than predicted in the Gaussian case.

. . Observable Min. le Min. leg!

TEST on simulations! - ~ g
CMB 10 ~10°° 20
Approximations: LSS z=0 10 - 10"~ 10
- ) High-z obj.  (+)5%10 *(gal)  (—) 200 (clusters)

Linear terms in fNL ST relation~ (+)3% 10" (—) 500
High-peaks saddle point
PS-type derivation
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N-body simulations
of local (constant fy, ) NG

M. Grossi, K. Dolag, E. Branchini, S. Matarrese & L. Moscardini 2007

Standard CDM “concordance” model with: _,=0.3, @, ,=0.7, h=0.7, ¢,=0.9, n=1
9 models with: f,, =-2000, -1000, -500, -100, 0, +100, +500, +1000, +2000

800° particles, corresponding to a mass-resolution of m, ~ 2 *10 ' solar masses
Cosmological boxes: L=500° (Mpc/h)?

mputations performed at CINECA Su Centre ( Bo#o?na& on a3k
(only initial conditions) and sp5 machines: abou 3 /S000 hours of CPU time per
simulation. A second set of simulations has run at MPA (Garching).

see also recent related work by Dalal et al. 2007
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Is this competitive?

Note: this was derived in the e Sl B LB
. able 1. Minimum le,] and legl detectable form
Pf&SS-SdTe.CtEf framork' PS fails different observables and their sign when positive
at some point (spherical collapse skewness is required for detection. For Model A the
etc.). pnmordial skewness has the same sign as €,. while for
Model B the pnmordial skewness has the opposite sign
: . as €g. In detecting non-zero €, g from CMB maps, the
Recommended: use the ratio NG/G sign of the skewness does not influence the accuracy of
(mmpare this to observations the detection of non-Gaussianity, but, when using the
normalized to numerically calibrated abundance of high-redshift objects it 1s robust to detect

non-Gaussianity that produces an excess rather than a
defect in the number density. Only a positively skewed
pnmordial distnbution will generate more high-redshift

Gaussian predictions)

objects than predicted in the Gaussian case.

- . Observable Min. le Min. leg!

TEST on simulations! —_— " -

CMB 10 ~10°° 20
Approximations: LSS 2z=0 10 - 10°~10*

: ) High-z obj. (+)5%10 *(gal) (—) 200 (clusters)
Linear terms in fNL ST relstion  (+)3x10™° (—) 500
High-peaks saddle point
PS-type derivation
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M.

N-body simulations

of local (constant fy, ) NG

Grossi, K. Dolag, E. Branchini, S. Matarrese & L. Moscardini 2007

Standard CDM “concordance” model with: Q_ ,=0.3, Q,,=0.7, h=0.7, 5,=0.9, n=1
9 models with: f,, =-2000, -1000, -500, -100, 0, +100, +500, +1000, +2000
800° particles, corresponding to a mass-resolution of m, ~ 2 *10 ' solar masses

Cosmological boxes: L=500° (Mpc/h)?

Computations performed at CINECA Su permmtzuﬂ Boio?na on a3k
(only initial conditions) and spS machines: about 3000/5000 hours o FLU time per
simulation. A second set of simulations has run at MPA (Garching).

see also recent related work by Dalal et al. 2007
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DM halos in NG simulations

fal=—1000 fni=1000




DM halo mass-function in NG models

. ) M. Grossi, K. Dolag, E. Branchini, S. Matarrese & L. Moscardini 2007
Deviations from the Gaussian

mass-function in excellent P ] e
agreement with the theoretical o _ppt] osf ]
predictions by Matarrese, g b gueeeeos® 11l o] | =1e |
Verde & Jimenez (2000): R o He

1 62{z.) dSsar  B.(zc) o8] i I o I

FxalM.z. fn1.) = == = : & - b
Y 0 sl =) .rfl_ufr_"_r Ocl Ze) [ ' 1 L k.

where F, . represents the " log M/[h-'M_] og M/[h-M]
NG/G mass-function ratio ey L s
n(M, z, far) = nglM.z) Fnag(M. z. fair) _{: .=' 1h > _

and

o (2ze) = Oelz:) V"-] Sa ar0e(ze) /3, ot ey

with S, ,, the skewness of the 9 SOORCTRIRTTION || W L oSO K
mass-density field on scale M g M/[h-"M,] oq M/[h-"M_]

93 M = == X N7, Byl Logotn oftemo ofbe nic cemlame nns Suciees Py = a fincmon of the mass = shows in e ddSesenr paneis 2t the same sedshefts 2
> m Fag | Carcles and angies metar 0 posstoe and neganse T2mes for My open and fiZec svmbels mwier 1 fyy, = =900 and fyp L% mrppecirely.
Ihearseal predhctions cbtames samng rom egs (3] aod (4) s showm B doted and soid lines, resporawely Fonssom emers ase shosm for chney only for

e ~aaes yr = —Till)
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f, = +100

Continuous line: ratio of :
Press-Schechter-like : !
formula from Matarrese, $%ee®e. . "* 3
Verde & Jimenez, 2000 - . s
to Gaussian mass- ; j
fl‘nctim ST SRR AT SRS SRR

F R S N - -
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f, = +500

The agreement with the MVJ S < ]
formula is encouraging 7 -' 7
because it allows to make ST :
predictions for a large class of

models without running Ieaassaass aease SRS sasas aaans a2
many expensive N-body : Jeo ] 3 &
simulations. ™ ] : proc. M
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LoVerde, Miller, Shandera LV 2007(8)

Among other things (see Marilena’s talk)

P> 8|z, R) = o dbpP(6r) = /‘-x - /:x: ﬂe—m‘narwm} Remember this?
5e(2c) 8e(2e) —oc 2T
P(35)db — dép 1 oc e [yéﬂ S y)] it is now written as
271 crzH e a?{ ‘T%z
Saddle point--> Edgeworth expansion
o dv —v* J2 | S3(R) 9 Si(R) SH(R}E -
P(v)dv = me l—op . Hiy(v) +~op = H(v) - == Hg(v) | +...
where v = dp/or and the H,, are Hermite polynomials v=0/O

Hi(v) = v’ —3v
Hy(v) = v*-602+3
Hg(v) = v° — 15v* + 450° — 15.
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To finally give:

1 5'3[;\4 ]0‘.1,! 5:: - e_ 253
.P c C_ﬁf — l_ = I__
o alzed) = 3 [ -erf ()| - 25 o) ) =

Different approximations: High peaks --—-> MVJ
lower peaks—>LVSMV

Must be tested on simulations, of course.

How different?
For small NG and high peaks the ratio NG/G P(>9)
1+S, 8.3/(6 oR ?)

For both expressions
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So is there agreement or disagreement with
simulations?

Resolution issues, simulation issues, initial conditions etc.....

Compare simulations
&
Initial conditions!!!

irsa: 08030062
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DM halo bias as a constraint on NG

Interesting paper: arXiv:0710.4560

The imprints of primordial non-gaussianities on large-scale structure: scale dependent
bias and abundance of virialized objects

Neal Dalal." Olivier Doré,'! Dragan Huterer.”* and Alexander Shirokov!

' Canadien Institute for Theoretical Astrophysics, 60 St. Ceorge St,
University of Toronto, Toronte, ON, Canada M353HS
* Kavli Institute for Cosmolegical Physice and Department of
Astronomy and Astrophysics, University of Chicago, Chicago, IL 60637
* Department of Physics, University of Michigan, 450 Church St, Ann Arbor, MI 48109
(Received February 2. 2008)

We study the effect of primordial nongaussianity on large-scale structure, focusing upon the most
massive virialized objects. Using analytic argnments and N-body simulations, we calculate the mass
funetion and clustering of dark matter halos across a range of redshifts and levels of nonganssianity
We propose a simple fitting function for the mass function valid across the entire range of our
simulations. We find pronounced effects of nongaussianity on the clustering of dark matter halos.
leading to strongly scale-dependent bias. This suggests that the large-scale clustering of rare objects
may provide a sensitive probe of primordial nongaussianity. We very roughly estimate that upcoming
surveys can constrain nonganssianity at the level | fsi | < 10, competitive with forecasted constraints
from the microwave background.
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DM halo bias as a constraint on NG

Dalal, Dore’, Huterer & Shirokov 2007

Dalal et al. (2007) have recently shown =
that the halo bias is sensitive to primordial =
non-Gaussianity though a scale-dependent =
correction term =

Ab(k)/b a 2 f,, 8, (k)

bk fa)/b(k,0)

This opens interesting prospects for
mnstraining or measuring NG in LSS but 'J":If -r,.H RowevEgho r-l-.u varions If_.L ; | 1|-“_111“-1“*I'~I -
demands for an accurate evaluation of the .- i

k [h/Mpc]

= ol .|'|. w L6 =< 10" M - Mo T 3% D" '!I':_ Fhe sodicl B
effects of (general) NG on halo biasing. cormeponds b Lhe thearetical prodicon or P with » fied

see a stronghe scale- e nddans correction T

, == 1. merensing towards small £ il

the hins fior ™~ RATTIR ST b

The hattoam ]’-.1Ih-| ] -']'I|.-'l.'- the rat o . TNL) i, Fy, — IH
[he errors ave computed from the scatter an

CNEET ONT simn
1 e within Lhe bins, Toang os

rresEpesncd iy oo larig
1U24" parrice| simulations whereas diamonds
onr smaller 1512 1'—:“1:1 I simmmelabwoms. The o
G 2 d to onr fAr for the hias cler e
| L. (1Y)

correspond to
iwl 1 wi |ir||-- ]
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Clustering of peaks (DM halos) of
NG density field

Start from resits obtained in the 80’s by [ ————
wnmn & NE 1m' AN’ 3101 19 A FAIEINTMIRGL AaFFROACN T LARGE ST Al F MATTER [ TR T~

RSN ATED BY SNORN-GGALISSAN FLLCTUATHNS

Matarrese, Lucchin & Bonometto 1986, ApJ, 310, o Massnm

l :!1 L TN a sl s
B — e F— i s P, g
Al
S vws A Byt

giving the general expression for the peak 2-point : e i~
function as a function of N-point connected i

. . & - The possdelrs ilad, o8 e freerssd of o eeesd Eaery oo gelesy Claserimg e ssbeeiemg S

'mn Amermncs b oW camaas D Ncimssd d e vy resBameeTs pPESETILRY (U SrTaSE lilss o ogesemsd

correlation fu s of the background linear (i.e. e e e e e

™ . fl cofeTrmer cmmr the Chgsstwwes el ‘e ewlerbyog TaTeT piaw her o A5 Fem

Lagrangian) mass-density field e s e STl S
ek et Afeed Lials o cdvestss o cwmrme & el Cwrmsa, dameag S8 e ol g i

Fapp el o e cagrommn of Coms s cisewleiests o w9t oo e manrr crwerlrmen. G

! Smaioty  jadAlan o iy

- ) — To S b s B I St
Enmijxa —X2|) =—1+ D ——
e \ —14 . MONCGALSEIAN FLICTUATHONS AND THE CCREFLATIONS OF (GGALANTES (63 RNH
iN) Ix X b4 X3 CLUSTERS OF GALAXIES
#XD 1 1 d '
l ‘ r i timmre = IN = 3 ) Farmie = Wi Caparmes owp Wy B e’
& }- -] [T Y, P—
I‘.._____ J=1 B o W b %5 g 1
WESTRALT
Sapral premeedil e desey fuctssiuems ew hear b oshec s probabiiey Sssntuton G Smees
* z H drrwiy Sectageems gveraged o O Borsos selome. o eabrpemiesr o oo Thes e devgrmenes
[mulm u% Of mm-mmral’ duster exmn, Ul e (e arerldie o T Srsee M Teileess Bie @ Jfhlovve R poreet gWUTaf 5 @ el gLt
Stopitmal W b il aled sescErsbist) Sei s bF Sooly o of e ool higher cwrsise

multinomial theorem and asymptotic expansion). S Snssieg @uies s s i pnies ses Siasrrer iy svegnd sl S ity
The analysis of NG models was motivated by a s D e e | LTI
paper by Vittorio, Juszkiewicz and Davis (1986) on U —_—
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Halo bias in NG models

» Matarrese & Verde 2008 (arXiv:0801.4826, ApJL in press) have applied
this relation to the case of local NG afNL-lype), obtaining the power-
spectrum of dark matter halos modeled as high “peaks” (upcrossing

ions) of height v=8 /o, of the underlying mass density field (Kaiser's

model). Here 5_(z) is the critical overdensity for collapse (at redshift a)
and oy, is the rms mass fluctuation on scale R (M ~ R?)

* Next, account for motion of peaks (going from Lagrangian to Eulerian
space), which implies (Catelan et al. 1998)

1+ 8, (x)=(1+5, (x, ))(1+d(x))

and (to linear order) b=1+b, (Mo & White 1996) to get the scale-
dependent halo bias in the presence of NG initial conditions.
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Halo bias in NG models

02(z) - () 2L }
Praio(k, z) = mﬂa(k- z) [1 + 4fude(2) 34 r(k)
| A A) Falk)
hf\[. -3 . + 2fN : -
h T D) [1 ) -‘vln'*‘-"l

-~

form factor: /
-l ] /(dﬁlﬂf.bfulﬂi‘ftmi1* < "

}‘Hl."- po=

hT“ﬁﬁ1

. — 1% G/
[ F!rj.*,‘u't."i' {\ i ] o LV & = _"J
~ L

P, k)
X — 'f__. +|-;I._' - -_]J‘lt'_ltllp'-

factor connecting the smoothed linear overdersity with the primordial potential:

power-spectrum of a Gaussian
1! r:’a\ gravitational potential

_ window function defining the radius R of a proto-halo of
“tr&risfer function: mass M(R):

2 T(k)k?
Mp(k) = 7
!‘.{ } . [{r-:{lrn_li




Halo bias in NG models

Fr(k)
M (k)

« The NG correction to the halo
bias is scale, mass and redshift
dependent

AP/P= 4fsib(2)

i

» Neglecting the effect of the form
factor F(k), of the transfer S e, S e L
function T(k) and of the window et 10" Mg (solid), 2 x 10'* Mg, (dotted), 1 x 105 Mg
function W, (k) leads to an error g PP S e
of up to 100% in the NG bias '

correction and hence in f,

« Large high-resolution N-body <
simulations should be used to '
accurately evaluate the effect _
(Grossi et al. in preparaton) @
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Halo bias in NG models

Extension to general (scale and configuration dependent) NG
is straightforward

In full generality write the ¢ bispectrum as B (k,.k;.k;). The
relative NG correction to the halo bias is

II ;}r '__-. |l
F 1. v a. k)
: — WNY . O,
;f;r_i;] ’ fire)
/_1 e (\ P
v = k2 + k2 + 2y kp

It applies e.g. to non-local NG (DBI, etc.. )
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Halo bias in NG models

Extension to general (scale and configuration dependent) NG
is straightforward

In full generality write the ¢ bispectrum as B (k;, .k;,k;). The
relative NG correction to the halo bias is
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v = k2 + k2 + 2k kp

It applies e.g. to non-local NG (DBI, etc.. )
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Conclusions
& future prospects

* Constraining/detecting non-Gaussianity is a powerful tool to
discriminate among competing scenarios for perturbation generation
(standard inflation, curvaton, modulated-reheating, DBI, ghost
inflation, multi-field, etc. ...) some of which imply large non-
Gaussianity. Non-Gaussianity will soon become the smoking-gun for
(non?)-standard inflation models.

* Constraining non-Gaussianity in LSS allows to put independent limits
on NG and on a different range of scales. Massive/high redshift
objects (rare events) are most sensitive to primordial non-Gaussianity,
both in their abundance and clustering (bias).

* Predicting/constraining non-Gaussianity has become a branch of
Precision Cosmology this requires accurate analytical calculations,
high-resolution numerical simulations.
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PAU

http://www.ice.csic.es/research/PAU/PAU-welcome.html .

Close collaboration between particle physicists (meorigs and
experimentalists) and astrophysiciSts (theorists and observers)

Awarded consolider-ingenio 2010 |
“Hybrid” technique: narrow band photometry New camera (~3500-9000 AA)
Survey ~10000 deg® 0.1<z<1.0, ~14M LRG galaxies

Measures both H(z) and Da But just imagine what you can do with
30Gpc?, and-~200 M galaxies
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Instituto de fisica teorica (IFT-Madrid)
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Instituto de fisica corpuscolar (IFIC -Valencia)
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FIorence Planck and LHC

The Galileo Galilei Institute for Theoretical Physics
Aurcetri, Florence - ) __‘
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January-March 2009 winter workshop
New horizons for modern cosmology

Losmology is offering us a new laboratory where standard and exotic fundamental theories can be tested on
es not otherwise accessible.The success of the standard cosmological model has many puzzling
nsequences and raises several key questions which are far from being answered. For example, the

rvation of dark energy demonstrates that our well established theories of particles and gravity are

e if not incorrect. What makes up the dark side of the universe? What created the primordial
ctuations? Is gravity purely geometry as envisaged by Einstein, or is there more to it (such as scalar partners
extra dimensions)?

unprecedented experimental effort is currently being put into addressing these grand-challenges

estions in cosmology. This is an intrinsically inter-disciplinary issue, and the range of opportunities afforded
the wealth of high precision data that will become available means that it will inevitably be at the forefront of
GiLimAastrophysics and fundamental physics in the coming decades. We aim to bring together scientists
the forefront of the field both on the experimental side and the theoretical side to discuss these issues.
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