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How do we study what
happens at the highest
energy scales and at the
shortest time scales?
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Showdown

Hubble Ultra Deep Field

HST = ACS
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Showdown

Hubble Ultra Deep Field HST = ACS




Will accelerators work?

Planck energy  Planck time 10%s

\  (Quantum
Gravity)

Unification of
forces

CERN

Everyday
SHEPIES nanoseconds
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Back to the Big Picture

(Big Bang ++)
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inflation, seeds
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smooth Universe at.

Due to gravity these
density fluctuations
start to grow.
Eventually,
overdensities become
so large that they
collapse to form
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Data

Homogeneity and Isotropy

CMB

FI atn eSS .F-.nbcrt Wilson and Amo Pcnzias
‘ @ 2006 Nobel Prize
in Physics

Seed perturbations

George Smoot John C. Mather




Testing Inflationary Paradis

* Probes of inflation:
— Inflation generates primordial flu

* Fluctuations in ra

—CMBT i
— CMB E-polarization
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Testing Inflationary Paradi:

e 0™ Order Tests:
— Is observable universe flat ?

— Are fluctuations
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e 0™ Order Tests:

— |s observable universe flat ?

— Are fluctuations nearly Gauss
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Testing Inflationary ’: :

(i) Flat, homogeneous and isotropic
(ii) Seed perturbations: canonical moc

- Nearly adiabatic:




Do we expect primordial
be absolutely positively Gé

NQO!
Different inflationary models pre

S|

amounts of NG so detection of

distinguishing them. ‘

i ) I' S = * '.

Amplitude of non-Gaussianity. fNL=0 for Gaussian perturbations
and the larger the value the larger the non-Gaussianity




Are primordial perturba
Gaussian ?

Non-Gaussianity from the Early Universe

f,, — 0.05 canonical inflation (single field. couple of

derivatives) (Maldacena
2003. Acquawiva etal 2003 )

f,, — 0.1-100 higher order derivatives

DBI inflation (Alishahiha et al 2004)
UV cutoff (Creminelli 2003)
; fML >10 curvaton models (Lyth et. al 2003)

f,, —100 ghostinflation (ArkaniHamed et al.. 2004)

fm ~20-100 New Ekpyrotic models (Creminelli and Senatore

2007, Buchbinder et. al 2007.
Koyama et. al 2007)

fNL ~ -50-200 Ekpyrotic models (Lehners and Steinhardt 2008)



Non-Gaussianity —a new fre

* Other than than the informations
from 2-point correlations, Non-C
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a new window on the Physic:
e What is the program?
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Our push at the frontier

How to search for primordial |
How to search for f




How to search for (weak;
non-

* Reconstruct curvature pertu t

« Compute error bars using G
realizations of the data
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The curvature perturbati
unique signature in T &
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The curvature perturbat
unique signature in T &

* Note negative response
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The curvature perturbat
unique signature in T &

» Note negative response on |
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Tomographic reconstruction of

inflationarv <calar ciirvatiire
We construg
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Tomographic reconstruction of |

inflationarv <calar curvatiure




Tomographic reconstruction of
inflationarv <calar aiirvatiire
We construct fi
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Tomographic reconstructio of
inflationarv scalar ciirvatiire
We construe
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How to search for f, —:
parameterization of non-(

7, 4
D(x)=D_ (x)+ [, P(x) :
Non-(.'-at?s:;iﬁrrity from Inflation bn-Gaussianity

f,, — 0-05 canonical inflation (single field. couple of

derivatives) (Maldacena
2003. Acquaviva etal 2003 )

e 0.1--100 higher order derivatives

PR

fm >10 curvaton models (Lyth. Ungarelli and Wands. 2003)

DBI inflation (Alishahiha, Silverstein and Tone

UV cutoff (Creminelli and Cosmol. 2003

f,, —~100 ghost inflation  (Arkani-Hamed et al.. Cosmol, 2004)




Liguor:, Yadav, Hansen, Komatsu, Matarrese, Wandelt 2C







lelt

-

2
=
ﬁ_
:
=
4
]
=
O
K
o
)
=
3|
-
w“..
.
(a5
-
-
]




Why use the bispe

“ﬂn—Gmmg

non-Caussian

forweak non-CausSu_—

much larger contribution fron
pertuhons- Tl’m 1ake:




f,. Phenomenology from the bis

« Komatsu & Spergel 2001 — CMB bispectrum from f,

NL

« Komatsu, Wandelt, Spergel. Banday., Gorski i =

- Komatsu Spergel & Wandelt 2003 — fast f_estir
Komatsu et al (WMAP team) 2003 — WMAPI ar
Babich and Zaldarriaga 2004 — temperature + |

Creminelli. Nicolis, Senatore, Tegmark. Zaldarriaga Z
to improve KSW estimator

spergel et al (WMAP team) 2006 —WMAP3 anal




8d estimator of local i

Cubic Statistic:

o 1 ) P " £ - \ £ -~
Sprim = f rdn d'nB(n.r)B(n.r)A(n.r) Komatsu, Spergel and Wandelt 2005

sky .

(n. r)‘ZZ ("'_lj*pn.”n (r) Yo (n2)

:l(n r) ZZ(C‘ VP ay,, o) (r)Yom(n)

ip lm




Status before Decemb:

WMAP 1yr

@+V+W coadded map
fg—38:48 for | =265

-54<f _<114(95%) WMAP 3yr

A MRS DOFCALFY]  Creminelli et. al. 2006
: — using WMAP 3yr data




Bcl estimator of local f
Cubic Statistic: . 4

. 1 2 o oo ixaalsc
‘S'Pf"fm = I redr dnB(n,r)B(n.r)A(n.1 ) Komatsu, Spergel and Wandelt 2005

sky .

(n.r)= ZZ (C*YPal [ 3, (r)Yem(n2)

ip Ilm

-
B L

“1{ n. Z Zl‘C Ipﬂtmﬂé (r)¥Yem(n)

ip lm




Status before Decemt

WMAP 1yr

@+V+W coadded map = P .
£, —38:48 for L —265 o <114 (95%) WMAP 3yr

RS (YA EY]  Creminelli et. al. 2006
i using WMAP 3yr data




gl estimator of local f |

Cubic Statistic:

. 1 ) o = \ ‘ -~ \ -~
‘S'Pﬂ-m i f redr dnB(n,r)B(n,r -’A( ", 7) Komatsu, Spergel and Wandelt 2005

sky .

(n.r)= Z Z *puﬁm 2 (r)Yem(R2)

ip Im

Aln,r)= Z ZIC ‘puimn (r)Yem(n)

ip Im




Status before Decembel

WMAP <f <137(95% WMAP 1yr

@+V+W coadded map | __ =
f,—38=48 for | _—265 e WMAP 3yr

Creminelli et. al. 2006
using WMAP 3yr data




Status before Decembel

@+V+W coadded map
fig—38:48 for | __—<65

54, “114(95%)

Ll

36<f <100 (95%)

AL

sequayiva eta| 2003

““x\‘Kxx

2004) e

WMAP 1yr

WNMAP 3yr

Creminelli et. al. 2006
using WMAP 3yr data




Status before Decembe

WMAP

@+V+W coadded map
fop—38=248 for | __—<65

20f  ~ 70

-38<f <137 (95%) WMAP 1yr

_=114(95%) WMAP 3yr

i <100 (95%0) Creminelli et. al. 2006
using WMAP 3yr data

gcquayiva etal 2003
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Wievawe far from Af ~ 1 but can already start putting constraints on some
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Anisotropic sky co

The KSW and YKWLHM |
estimators are optimal only for

uniform sky coverage and noise
distribution. Anisotropic noise
distribution couples different |
and produces excess variance.

e For mumfcrrm noise the
31 c 'E' or Cfat tﬁ —

i bhnear -

38| “'prim o

fr dr ‘/d"n{B{n r)Sag(n.r)+ Sge(n.r)A(n.r)}

Aln.r)= ZZ(C’ )P ag, ok (r)Yem ()

ip Im
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Might his result be due to...
e Instrument systematics?

* Foregrounds?
» Seco ndary anisotropies?
e Just rediscover 21y O] f
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Questions you might ask

Might his result be due to...
e Instrument systematics?
* Foregrounds?

; - e
» Secondary anisotropies:
G : z --_.II".'.-F_- =

S TarEar N p . -l . -1 ! e B et L |




Instrument systematics?
|) Beam asvmmetries

) If the CMB is GaUSSianr no a
beam can produce non-vanishir

* |If there are large side-lobes t
foreground around the sky




Instrument systematics? 1l: WMAI
* Noise correlations (striping)

— As long as noise is Gauss:am no noi
will produce a bispectrum. :
e Non-Gaussian noise? |
Analyzed differences of WMAP yea
— yearl-year2 f =1.1 “

- year2-year3 fNL=1.8

- yearl-year3  fNL=-3.4




We test the impact of foregrounds as a function of frequency and
as a function of mask. V and W channels are the least
foreground contaminated. Choice of V+W is driven by
foreground considerations. Analysis on raw maps to avoid FG

s fi
hae =9 2% B, = 84T DUEFSUb_fIﬁCt lon.
Kpl2 Kp2 Kpt)

50) -3145.22 -26.65 31.62 19.24

50 | -1425.06 -15.63 67.94 641.69 = =
50 | -1500.92 -13.09 79.99 33.53

50 | -1559.91 22243 ble beyond )
50 | -1575.11 2281 681 6.5




Foregrounds? (1)

» Remember — large scale s
Temperature map cor

* The added | modes
at 400<:l<:550

OC T
=] - J
' i

o Pogrizaiion




Foregrounds? (1l1)
« WMAP Raw maps vs WM
maps |
— Foreground subtracted maps do 1
f behavior |

NL*

— Same level of f . slightly h




Secondary Anisotropies?

* Point sources, including SZ

— Orthogonal overlap with primor
of

|f I <] |- SZ and

e Serra and Cooray ( rx
— dammmﬂ: | __ ' con

! 3 @ - xt UM & T ]
i . o ﬁ.._.-\............... r




Re-discovery of another non-Gaussi

<ional?

e Larson/Wandelt (hot and cold spc
cold enough):

— at smaller angular scales

Sy

— symmetric-> no odd coi relatic
model.

. The Cald Spot




Noise fluctuation?

e Possible. |
* It'sa 2.5-3 sigma result. P < 0.

BT

2.5 sigma for conservative i
for possible systematics




Non-Gaussianity p

Non-Gaussianity parameter

Fistrer predichons

=

Fisher predictions

! T T T T —|
]

AL Al B ]

. i Temperature _

2 i

= 1

|

3
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Yadav. Komatsu and Wandelf et al., a



Summary and Conclusions

Af . ~ 30 for all of WMAP 3 using Y
best fit parameters (statistical)

First bispectrum-based analysis of the
First significant departure of f_, from

Estimators tested against Gal al
simulations with and without inl




Conclusions and Outlook

* “If our result holds up to sc
statistical weight of future d
conclude that single field sl
disfavored by the WMAP d




Qutlook

« New data to come soon! Forecas
- WMAP 5 year: Af

L

- WMAP 8 year: Af ~21

NL

o Af L ~5 from Planck T & p !
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WMAP 5-Year Results:
Measurement of fnL

Eiichiro Komatsu
University of Texas at Austin
“Origins and Observations of Primordial Non-Gaussianity”
Perimeter Institute, March 8, 2008




