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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,

WModels TNL Comments
Single- field inflation Ofe, n) ¢, 7 slow-roll parameters
= : & 3. B -2 (B2
Curvaton scepnario oS r oo ( - )d”“
Inhomogeneous reheating -t | I = __% + Iﬁ___%
“minimal case” [ =0 (ar = E I'hh=1%)
Multiple scalar fields ~E-;— cos® A ( 1- 10%. -:j‘-r) -ﬁH-’;—' arder of magnitude estimate

of the absolute value

Warm inflation —2 (=) In (L) = I': inflaton decay rate

Ghost inflation —85-0 - 7 equilateral configuration

DBT —0.2+* equilateral configuration
Preheating scenarios e.g. ﬂ:-r YO/t~ 50 N: number of inflaton oscillations
Inhomogeneous preheating and eg 2N, (:—") ~ 100 A,: inflaton coupling to the
inhomogeneons hvbrid inflation waterfall field y
Generalized single-field inflation —a (: ~ I) + & (7 -1=- 2%) high when the sound speed ¢, < 1 or

piltiebasiine k-inflation and brane inflation) AME 1 Page 4/41




Which means:

Defined in Fourier space, through the bispectrum,

f
o and in general with complex dependence on k (vectors)

But many justsay: ®=9¢+a(¢"-<¢">)

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

faL Let’'s assume it is constant

Defined on Gravitational potential
W (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 & = ¢ +a(¢® — (¢7)

§=06+a (¢2 - <¢2)) density
Some two fields models (e.g. Luo Schramm 1994)

B~pP3
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?

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




Why Trispectrum?

{é‘k[&k:ﬁkgﬁk.; ::I =
(O, 0k, ) (D Okc,)  + (2 perms.) + (O, O, Oty Ok )
where
(Odx,) = (27)°P(k:)6° (k; +k;)
(B O1cs e By e = (20)°T' (K )6” (hex + ke + ke + k).

For mildly non-linear fields the 20PT contribution to {0k, Ok, Oy 0k, ) IS Zero.

{{ikl 51(2 5"3 ék.d, }
= (27)°P(k1)P(k2)6" (k1 + k3)&” (ka + ky) + eye.
+ 7+ P(ky)P(k;) Plks) P(ks)6” (ky + ko + ks + k),

Tk, ko, k3, ky)
/ Plky)Plks) P(ks) P(ks)
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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 anisoiropies) 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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Back to VWHK ® =¢+a(p’ — (¢7)

B(k1= k2= k3) o~
M | |
{Ple)Plls) [ (20 ) + 27001, ko) | } + cpe

- gravity

50k ) = ML), whem My () =2 ngg 1 z)

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
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Table 1. Minimum le,| and legl detectable form
different observables and thewr sign when positive
skewness is required for detection. For Model A the
pnmondial skewness has the same sign as €,, whale for
Model B the pnimordial 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 high-redshift objects it is robust to detect
non-Gaussiamity that produces an excess rather than a
defect in the number density. Only a positively skewed
pnmondial distribution will generate more high-redshift
objects than predicted in the Gaussian case.

Observable Min. le, Min. eyl
CMB 107 ~ 10 20

LSS 10 - 10*~10*
High-z obj. (+)5x10 *(gal) () 200 (clusters)
ST relaton (+)3x 10 - {(—) 500

11/41

LV, Jimenez, Kamionkowski, Matarrese 2001




Conventions:

e Sign:if ®4=%®sc+ fne(®hg— (®he)

e : — LSS crowd
gravitational potential, then fnz = —fnL

3 M 2
e Bl Maldacena(2003
Also: ¢ =¢L— s fNilL aldacena(2003)

» Amplitude: f, “>5=g(«)/g(0)f, M8

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 , efc. ..., 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, ~ 102 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°( o+ e(d® — (%)) —¥)) = [ doP(0)6” ( & + e(0® — (¢°%)) — ¥)

If no filtering

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

With filtering

P(sg) = (8" ( or(x) —¢ f yFe(|x—y )o*(y) —C — 5&(1)))

= / [De|Pg] f %exp [m ( GRr(x) + € f EyFr(|x -y )é*(y) - C - 5n(xl)]

And that's when you learn to love path integrals
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S
W(A)=—?ﬂ»§ R e?#g}g ) Cumulant generator

wrr = of=(0R) usr = (03)

In the Press-Schecter approach

o0

00 00
P(> 6.z, R)= |  ddpP(bg) = / dop f dA _ixsp+W(3)
)

5::{2.*:) 5c{zc — 271-

MVJ: exchange order of integration, integrate in &

1 dA 1
P(> 6|z, R) = = | oxP —iMc(z:) + W(A)] + = Exact so far..
—

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

1 o 187 (2c 53 R
P> é.1x., R) = o (‘: exp|: = (52 ) ( ——4.(z ))]
Pirsa: 08030062 > E R
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Resulting in:

o (% S3,

20‘R

i.e. Gaussian mass function with Bibic) = ki) [1 B S:;, Ry (zc)l 1/2

NB n(M,z) = f

3HZQom |dP(> &c|z2, B) |
8rGM dM
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Is this competitive?

Note: this was derived in the
Press-Schecter framework. PS fails
at some point (spherical collapse
etc.).

Recommended: use the ratio NG/G
(compare this to observations
normalized to numerically calibrated
Gaussian predictions)

TEST on simulations!

Approximations:
Linear terms in fNL
High-peaks saddle point
PS-type derivation
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Table 1. Minimum le,l and legl detectable form
dafferent observables and thewr sign when positive
skewness 1s required for detection. For Model A the
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
sign of the skewness does not influence the accuracy of
the detection of non-Gaussianity, but, when using the
abundance of high-redshift objects it i1s robust to detect
non-Gaussiamity that produces an excess rather than a
defect in the number density. Only a positively skewed
pamordial distnbution will generate more high-redshift
objects than predicted n the Gaussian case.

Observable Min. le, Min. leg!
CMB 10" ~ 10°° 20

LSS z=0 10 - 10~ 10"
High-z obj.  (+)5%10 *(gal) () 200 (clusters)
ST relation (+#)3x10 - (—) 500

LV, Jimenez, Kamionkowski, Matarrese.201




Is this competitive?

Note: this was derived in the
Press-Schecter framework. PS fails
at some point (spherical collapse
etc.).

Recommended: use the ratio NG/G
(compare this to observations

normalized to numerically calibrated
Gaussian predictions)

TEST on simulations!

Approximations:

Linear terms in fNL
High-peaks saddle point
PS-type derivation
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Table 1. Minimum le,l and legl detectable form
different observables and thewr sign when positive
skewness i1s required for detection. For Model A the
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
sign of the skewness does not influence the accuracy of
the detection of non-Gaussianity, but, when using the
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
prnmordial distnbution will generate more high-redshift
objects than predicted in the Gaussian case.

Observable Min. le, Min. leyl
CMB 107 ~ 1077 20

LSS z=0 10 - 10'~10*
High-z oby. (+)5x10 : (gal.)  (—) 200 (clusters)
ST relation (#)3x10 (—) 500

LV, Jimenez, Kamionkowski, Matarrese.201




N-body simulations
of local (constant fy, ) NG

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

Standard CDM “concordance” model with: Q_,=0.3, Q. ,=0.7, h=0.7, ,=0.9, n=1
S 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)3

mputations performed at CINECA Su permmf:lutm Centre (Bo na on a3k
{only initial conditions) and sp5 machines: about 3000/5000 hours time per

simulation. A second set of simulations has run at MPA (Garc:h:ng}

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

Note: this was derived in the
Press-Schecter framework. PS fails
at some point (spherical collapse
etc.).

Recommended: use the ratio NG/G
(compare this to observations

normalized to numerically calibrated
Gaussian predictions)

TEST on simulations!

Approximations:

Linear terms in fNL

High-peaks saddle point
PS-type derivation
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Table 1. Minimum le,] and legl detectable form
different observables and their sign when positive
skewness 1s required for detectuon. For Model A the
pnmondial skewness has the same sign as €,, while for
Maodel B the primordial 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 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
prnmordial distnbution will generate more high-redshift
objects than predicted m the Gaussian case.

Observable Min. le, Min. legl
CMB 10" ~ 107° 20

LSS 2=0 10 - 10"~ 10"
High-z oby. (+)5x10 - (gal.)  (—) 200 (clusters)
ST relation (#)3x10 (—) 500

LV, Jimenez, Kamionkowski, Matarrese.20611




N-body simulations
of local (constant fy, ) NG

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

Standard CDM “concordance” model with: Q_,=0.3, Q, ,=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)?

Computations performed at CINECA Supermmfutmg Centre (Bologna) on a3k
{qnlypi,ﬁ.itial conditions) and spS machines: about 3000/5000 h&ws‘%‘% CFLU 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

=0

fal=—1000 fai=1000




DM halo mass-function in NG models

s i M. Grossi, K. Dolag, E. Branchini, S. Matarrese & L. Mescardini 2007
Deviations from the Gaussian

mass-function in excellent J g ] e )
agreement with the theoretical " i L 5 2
predictions by Matarrese, ¢ [ ogugeees®® tlllo] o | =

Verde & Jimenez (2000): A il e

18%({z.) dSy.3 akz, o8 F 4
O R R i AR : talss
S O g (BN 1 JNT. o - -

6 0s{zc) dlnoy Ocl Ze) r ;

where F, , represents the  log M/[heM)  log M/[nM)
NG/G mass-function ratio R premrpey o i

n( M. = _thl = nclM. z) Fxa(M. z. ,f.‘\.'L_J' E _ - .’.,15.— 154 o

and i

- - v i . e o T I _":., pi= - .,i_ L. =% IEE TN
(i " I_ i b= -"3,_| Zps ) ,vr’ ] -H"_'_",__[!l'\‘_ (= .'II:_L r 2 B = . .._. a = . =

—

with S, ,, the skewness of the ) JOURTIRNUCTURIY |- S s n I
mass-density field on scale M og M/[h-"M,] og M/Th-'M,]

’ Ly - : : . : .
Y3 8 = —;;L X INT. Figare ). Logantho of the rang of the Jalo el mass Somcions 7 25 2 Smcnon of the mass s shewe i 52 &ferew onets 7 the same redshefts 2
Pirsa: 03030062 T M m Fag | Carcles and Tangoes o 0 postine and neguone vRmes for iy open aod G5ed symbels rier 9 fyy, = =300 and Sy 55 ppapeciely.
[hearcmical gredichons chtmeed saming from egs (1) and (4} sm showny br dedted and soisd ines, cospeetwely Fowsom omrors asc shosen for clanty oy for
e ~pees Sur = —Till)




f, = +100

Continuous line: ratio of
Press-Schechter-like A ]
formula from Matarrese, sl

Verde & Jimenez, 2000 s : ]
to Gaussian mass- :
fu ncti m BETTR EPENTETR O TS SR

Pirsa: 08030062 Page 24/41




f, = +500

The agreement with the MVJ
formula is encouraging
because it allows to make
predictions for a large class of
models without running

many expensive N-body
simulations.
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LoVerde, Miller, Shandera LV 2007(8)

Among other things (see Marilena’s talk)

P(> bc|ze, R) = il dépP(6r) = _/ i dé s f T D el Remember this?
tj—l:z.- } 5:*. {2.--] 21
e it is now written as
Pilin—"21 | &em [y“ﬂ iy)]
2xiop J i o2 o2

Saddle point--> Edgeworth expansion

s r 2
Py = e |1+ o Hylv) + ok (T2 Ha) = 2 Hols) ) + . ]
where v = §p/or and the H, are Hermite polynomials v=0/0

Hs(v) = v° - 3v
Hy(v) = vt — 6% +3
Hg(v) = v° — 150* + 4507 — 15.
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To finally give:

D i ) dc S3(M)ox 5\ e ¥k
P> 5C|g..-_.¢‘M)=§ [l—erf(v,ﬁ.ﬁM)] - 3 (l (JM) ) =+

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.%/(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 Institate for Theoretical Astrophysics, 60 St. George St,
University of Toronto, Teronte, ON, Caonada M353HE
* Kavli Institute for Cosmolegical Physice and Department of
Astronomy and Astrophysics, University of Chicago, Chicago, IL 60637
* Department of Physics, University of Michigan, 4580 Church 5t, 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 nongaussianity
We propose a simple fitting function for the mass function valid acress 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 primerdial nongaussianity. We very roughly estimate that upcoming
surveys can constrain nongaussianity at the lovel | fix: | £ 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 = o
that the halo bias is sensitive to primordial = i . +500 ——
non-Gaussianity though a scale-dependent = —
correction term Z 10° _

Ab(K)/b o 2f,,8_f(K) : |

0.01 0.10

This opens interesting prospects for k  [h/Mpc]
constraining or measuring NG in LSS but R Chenpeetiapechn Semnon: S, T e pen
demands for an accurate evaluation of the - o0 - 1 h Fhesoli B

; : < 3.2x 107 Az Phe solid R
f i NG h l b* . [ }|'.'-'j=pu;_..i_- ko Lhie theoretioal predietion e P with o a B tedd
e“ects o (genera ) On a 0 ias]ng' s =325 We see astrongle seale-dependans carrection o
the hins for fyy £ L imrreasing towards small & (larze =cales).
The battom panel displazs the ratio Ak Fup i bk fy — DL
The srrors ace compured from the scatter smongst onr simau
1E o et weathin Phe bins: Toangies cormspond o large
[1U24" parricie| sumulstions wheress diamomvls correspond rto
. orr =maler 1512 particle] somelabions Fhe dervedd Tines cor-
Pirsa: 08030062 e=pond to ore kit for the hiss dependence an Ehaggalial chiy
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Clustering of peaks (DM halos) of

NG density field

Start from results obtained in the 80's by
Grinstein & Wise 1986, ApJ, 310, 18

Matarrese, Lucchin & Bonometto 19886, ApJ, 310,
L21

giving the general expression for the peak 2-point
function as a function of N-point connected
correlation functions of the background linear (i.e.
Lagrangian) mass-density field

T |KL —Xal|)=—1+

" \' —1 N —_N
) Vg %) [xi- -2, xa. x3z
P:"p Z Z mi’ [_ll:”-u...-nl Ihn'—dl LR -]
N=3 jmi <% i
(requires use of path-integral, cluster expansion,

multinomial theorem and asymptotic expansion).
The analysis of NG models was motivated by a

[T SR S S | I R s S —
O — — | g e T W

A FANE-INTIHIRAL AarFROACH o LARGESTALF MATTER DHNETEIBLTN
DRNENATHD HY NONGALISSIAN FLUTUATHMEG

FarE s VARREE
e s o Suimseim Rl T om— |y

L T et
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afalk
S ven A BT
| i L i el |l (e Db i P 1 e Faden, s

amd FE gty & Py

e S S " s C S

AEETIAT

The sy lid, 0 che freerssd of o el Gy of gelewy (luiimg. e erkeriemg e
Haerirmteoy e e aamAAE e el o RS o raeafopmetes preswetmg (0 frowest slitss o oigsreesd
Wy sl el @ ruiesher of o TERCNTY PO STTIESE)Y [ # g mile aldle W (e ple Caf SSeeey
fell coborvmer. cpge e njukesere bal e emBerlymy TETAT SSCriTENen b Cometsmad s dgeped  Fow
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Pirsa: MBM. | Page 31/41




Halo bias in NG models

»  Matarrese & Verde 2008 (arXiv:0801.4826, ApJL in press) have applied
this relation to the case of local NG (lfNL type) obtaining the power-
spectrum of dark matter halos modeled as high “peaks” (upcrossing
regions) of height v=8_/o, of the underlying mass density field (Kaiser's

model). Here §_(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+3, (%, ))(1+8 (X))

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

#2(2) S }
Plalk, z) = WPH{L z) 4:1 + 4 f.0.(2) Mg (k)
2 ._l,.{:} y __lr.":fifﬂtﬁl"
h,.\[_ - e e ol = Sy 7
h . oplP?(z) [l 2In D(z) .L'f:‘?i"’-"l

e

form factor: /

}_L.H == = /\n‘frﬁ. 1 Jr.[}_‘y[ Il'.:‘l)-::‘.i Iijtr _11-,'! |
'.\" ;_I"T_'.IJ = 1
1 == .
c = [ Ee e
I‘Pr“_,‘l./llrf v i‘n:! ~ —
o L : I ol -'il: Fic. | Ihee fanction F ol k) for Chree different measses; | pptd
Mo (solid), 2 < 108 M (dotved), 1 x 105 M. (dashed)

i = k= . -gn-_" o = -_-".rl“.'_.fu JH

factor connecting the smoothed linear overdersity with the primordial potential:

I

P2 power-spectrum of a Gaussian
Wgr(k) gravitational potential
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N window function defining the radius R of a proto-halo of
‘H&fisfer function: mass M(R):
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Halo bias in NG models

Fr(k)

AP’P= 4 fxr0:(2) Ma(k)

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

« Neglecting the effect of the form
factor F,(k), of the transfer st B S e — s
function T(k) and of the window m}.::;} 10" My (motid), 2 x 10' Mg, (dotsed), 1 x 10° Mg
function W(k) leads to an error e e o gl rnsoms S B _
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 preparation) @ =0 .
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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

aby  Alz) 7 e o
— - - : = - I"i‘ll_ -L"?_.‘lv{ _[-{” i 1 |' X
.Ill":-1 j‘ .}"_ -_ ! l\ﬁ. T _'L'T_j?_ .
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It applies e.g. to non-local NG (DBI, efc.. )
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In full generality write the ¢ bispectrum as B (k, .k;,k;). The
relative NG correction to the halo bias is
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It applies e.g. to non-local NG (DBI, efc.. )
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Conclusions
& future prospects

* Constraining/detecting non-Gaussianity is a powerful tool to
discriminate among competing scenarios for perturbation generation
(standard infiation, 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 (theoriﬁs 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
30Gpc3, and-~200 M galaxies
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Instituto de ciencias del Espacio (ICE-Barcelona)
Instituto astrofisico de Andalucia (IAA-Granada)

Instituto de fisica teorica (IFT-Madrid)

Centro de investigaciones|...] (CIEMAT-Madrid)

Instituto de fisica corpuscolar (IFIC -Valencia)
"Pi¥frto de informacion Cientifica(PIC-Barcelona)




FIorence Planck and LHC

The Galileo Galilei Institute for Theoretical Physics
Aurcetri, Florence

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
d extra dimensions)?

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

stions 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
archuinastrophysics 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.




il

e

; Signsl
Gl .




