Planck unveils the Cosmic Microwave Background

J.F. Macias-Péerez on behalf of the Planck collaboration
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Primary CMB anisotropies

Spherical harmonic decomposition
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Temperature and polarisation power spectra
* 6 possible combinations TT, EE, BB, TE, TB et EB
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v/ break degeneracies between parameters
v/ + reionisation, ondes gravitationnelles primordiales, distribution de matiere
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Temperature power spectrum
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Planck TT spectrum
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Temperature power spectrum consistency
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CMB polarisation anisotropies

Polarisation stacking of cold and hot spots, 30 arcmin
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Polarisation power spectra

Planck 143+217 |
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= Sensitivity to polarisation is excellent, at large angular scales systematics need to
be dealt with
= Polarisation power spectra in very good agreement with temperature
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6-parameters A -CDM model

Flat universe (no curvature) including photons, ordinary matter, cold dark matter
and a cosmological constant
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6-parameters A -CDM model

Flat universe (no curvature) including photons, ordinary matter, cold dark matter
and a cosmological constant
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Energy content of the universe

Dark Matter Dark Matter

Dark Energy Dark Energy

Before Planck After Planck
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Hubble constant

Expansion rate of the universe
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Planck best-fit model and BAO

Standard ruler
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Current BAO data are in good agreement with Planck best-fit 6-parameter model
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Supernovae

Standard candle allow to measure universe acceleration

Planck+WP+highL
SNLS combined
SNLS SiFTO
SNLS SALT?2

Union 2.1

Planck and supernovae come
info agreement when we
consider new calibration

techniques for SN distances

[Betoule et al 2012]
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SZ effect on cluster of galaxies

CcMB
SZ+BAO
SZ+CMB, b free
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Clusters | CMB Planck reveals the importance of
understanding cluster physics for
cosmology
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Extension of the base model

Planck+WP
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= The universe seems to be really flat
= Dark energy equation of state compatible cosmological constant

= Tight constraints on neutrino physics, tfotal mass and number of neutrino species

= Compatible with Big Bang nucleosynthesis
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Planck+WP+highL
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Constraints on inflationary physics

ACDM
+running-+tensors

@ Parameters of the model
ns : spectral index of scalar perturbations
dns/dlnk
nt : tensor spectral index
r : tensor to scalar ratio

fne ¢ non-linear paramter = non-gaussianity
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Non-Gaussianity and topology
@Primordial CMB as measured by Planck compatible with

Gaussianity: el = 27+ 5.8, f = —42 +75, and f3° = ~25 + 39

NL NL

@Detect non-Gaussian features from non-linear physics via

ISW-lensing bispectrum

K
(a) SMICA CMB map.

@Evidence for north-south asymmetries, cold
spot and octopole and quadripole alignment as
in WMAP

@ Topology might be complex

—300 nK

(¢) SMICA CMB map with best-fit Bianchi component removed.

J.F. Macias-Pérez 19 Planck Colloquium-May 2013




B Srae L RPN s b b ) S5 el = e 2 s A . o L T b - A WA Sl IR . ~ gt - g8 Vo T LD AL pad L T A e

J.F. Macias-Pérez Planck Colloquium-May 2013




Guth 1981

Ll i n ﬂ at i o n Starobinsky 1982

& Principe

o

Expansion accélérée de |'Univers qui permet de

i(t)>0 <= p<-—

répondre aux probléemes du modéle de Big-Bang

conditions de roulement-lent

@ Fluctuations quantiques produisent des perturbations gaussiennes
scalaires : fluctuations de densité
tensorielles: ondes gravitationnelles

vectorielles: vortex

@ Paramétres du modéle
ns : indice spectral du spectre perturbations scalaires
nt : indice spectral du spectre perturbations tensorielles
r : rapport tenseurs-scalaires
fa : paramétre de couplage non-linéaire

Liddle & Lyth 2000
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Neutrino physics

I |

~ Planck+WP+highL
Planck+WP+highL+BAO

V]

z/ sterile

= Neff = 3.30 + 0.54 - 0.51 (95 % C.L.)

= Neff<3.8 & m(sterile nu)<0.42 eV (95%) put pressure on evidence of a light
sterile neutrino (mini-BooNE (1 eV2) and neutrino reactor anomaly experiments)
= Tight constraints on the sum of neutrino masses >.m,
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Primordial nucleosynthesis
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Contraintes sur les parameétres cosmologiques avant Planck

CMB + diagramme de Hubble de Supernova de type I + spectre de matiere et BAO + constante de Hubble

CMB [Komatsu et al. 2011, Dunkley et al. 2010]; Supernova [Reiss et al. 1998, Perimutter et al. 1999]; Pk et BAO [Eisenstein et al. 2005, Padmanabhan et al. 2006,
Sanchez et al. 2006, Blake et al. 2007] ; Hubble constant [Freedman et al. 2001, Riess et al. 2009].

v/ Le modéle A-CDM plat ajuste bien les données:

Qnr =0.725 £ 0.016, Qcpm = 0.229 + 0.015, 72.5 % Energie Noire
Q, =0.0458+0.0016,Hy =70.2+1.4, ns=0.968+0.012,
Treio=0.08810.014 et o3 =0.816+0.024,

1-0 = 13.76 i‘ O.].]. Gyr, Zreion = 10.6 i‘ 1.2

22.9 % Matiere
Sombre

v/ Contraintes fortes sur les modéles 4.5 % Baryons
d’inflation (ou autres alternatives):

ns=0.968+0.012, r < 0.19 (95 %CL),
-0.061 < dns/dlnk < 0.017

v/ Equation d'état de |'énergie noire

w= -1.10 + 0.14 (constant) ; wo = -0.93 * 0.13 et wa= -0.41 + 0.71
W = Wo + Wq (1-a)

S
o
9
©
o
Rl
o
©
O
1
o
o
b
o)
w
c
@
|

+/ Neutrinos et nucléosynthése
0.96 0.98

Primordial Tilt (n)

Neff= 4.6 + 0.8, 2m, < 0.44 eV (95%CL), Yp= 0.313 + 0.044
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