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WMAP 5-yr papers

“Data Processing, Sky Maps, and Basic Results”
“Beam Maps and Window Functions”

“Galactic Foreground Emission”
“Source Catalogue”™

, “Likelihoods and Parameters from the WMAP data”

“Cosmological Interpretation™
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CMB as probe of
fluctuations

Linear theory
Basic elements have been

understood for 30 years

(Peebles, Sunyaev & Zeldovich)
Numerical codes agree to better

than 0.1% (Seljak et al 2003)

Amplitude
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Improvements in analysis

e More Polarization Data for Cosmology
- We now use the polarization data in three bands

e |Improved Beam Model
- 5 yrs of Jupiter observations, combined with optics
modeling, reduce the beam uncertainty by a factor of
zmmmmmh-m
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Generated at large scales by
E_ d I " i CMB quadrupole scattering off
m O e p O arl Zatl on electrons from reionized
universe

Optical Depth to reionization:
* Tau(Syr) = 0.087 +/- 0.017 (Duniley et al 2008)
* Tau(3yr) = 0.089 +/- 0.030 (Page eral 2007)
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Generated at large scales by
E- d I 1 - CMB quadrupole scattering off
m 0 e p O arl Zatl o n electrons from reionized
universe

Optical Depth to reionization:
* Tau(Syr) = 0.087 +/- 0.017 (Dunkiey et al 2008)
* Tau(3yr) = 0.089 +/- 0.030 (Page ecal 2007)




LCDM Cosmological Model

Flat universe filled with baryons,




Model is consistent with other
observations

Small-scale CMB
Baryon Acoustic Oscillations

Type la Supernovae

Galaxy power spectra
Weak and strong lensing
Big Bang Nucleosynthesis
Hubble constant




Testing inflation

The WMAP data is consistent with these
classical inflationary predictions:
The observable universe is flat

The primordial fluctuations are adiabatic &

The primordial fluctuations are Gaussian

The power spectrum is nearly scale
invariant

0018<Q k<0.007 (95% C




Non-Gaussianity?

Can look for non-Gaussianity by looking for non-zero bispectrum
RS P S (< ) D (k2) D (k3)>=Fui(2TT) 203 (ki +ka+ks)b (k1. ka. k)

®(k) is the Fourier transform of the curvature perturbation

-9 <f_NL(local) < 111 (95% CL) (Komatsu et al 2008)

-151 < f_NL(equilateral) < 253 (95% CL) (Komatsu e al 2008)

The primordial curvature perturbations are Gaussian to 0.1% level

Use the new Galaxy mask (KQ75) and correct for point-source
e



Limits on gravitational waves

Use WMAP to constrain tensor-to-
scalar ratio: tensors produce B-
mode polarization, but also a large-
scale temperature signal.
(Currently low-l BBL r < 20)




Contents of the universe

Constrained baryon density,
CDM density

Constrained total geometry

(2% errors on total curvature)

What can we say about dark
energy? (6-77% errors on constant w)

What can we say about
neutrinos?

WMAP only




Evidence for relativistic species

Relativistic species, e.g neutrinos,
that don’t couple to photons/
baryons, affect expansion rate and
acoustic oscillations




In summary...

The LCDM cosmological model is still doing
well, and is consistent with virtually all other
astronomical observations

Improvements with five-year WMAP: large-
scale CMB polarization and third peak in
temperature (~0.2 deg scales)

Tells us more about contents of universe
(hint of neutrinos), inflation/early universe
(r<0.2,f_NL =0 within 2 sigma), reionization
(likely extended)
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Komatsu et al. (2008

Main Result (Local)
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® T he results are not sensitive to the maximum
multipoles used in the analysis, Imax.




