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CMB Chronology

— Gamow, Alpher, Herman — Big Bang,

)65 — Penzias and Wilson (McKellar; Shmaono

992 — COBE, Temperature anisotropy discovered

98, 2003 — BOOMERanG
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CosmMic MICROWAVE BACKGROUND SPECTRUM FROM COBE
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Acoustic peaks corresg / universe due to
acoustical oscillations of ple electrons and photons is
not perfect, especially as one apg of recombination, this leads
to damping in the anisotropy spectrum: smaller scale inhomogeneities are
smoothed out.
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Sunyaev-Zeldovich effect

CMB

Inverse Compton scattering of CMB photons
against hot electrons in the intergalactic
medium of rich clusters of galaxies

About 1% of the photons acquire about 1%

boost 1n energy, thus shghtly shifting the

spectrum of CMB to higher frequencies.
AT/T ~10*

Cluster

The result 1s a decrease of CMB brightness
in the line of sight crossing the cluster at
v<217 GHz, and an increase at v>217 GHz

Independent of redshuft !
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SZ effect is used for distance estimations.
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The minimalist model with 6 free par: D, 00, OQb, QA, n, tau - describing
the angular power spectrum ¢

Comparison of Planck-only and WMAP-only Six-Parameter ACDM Fits?

Parameter Planck WMAP Difference
(“CMB+Lens”) (9-year) value WMAP o

Qph? 0.02217 + 0.00033  0.02264 + 0.00050 —0.00047 0.9
Qch? 0.1186 + 0.0031 0.1138 + 0.0045 0.0048 1.1
Qa 0.693 + 0.019 0.721 + 0.025 —0.028 1.1
T 0.089 + 0.032 0.089 + 0.014 0 0

to (Gyr) 13.796 + 0.058 13.74 + 0.11 56 Myr 0.5
Hp (km s™'Mpc™!) 67.9+ 1.5 70.0 + 2.2 -21 1.0
os 0.823 + 0.018 0.821 + 0.023 0.002 0.1
Q 0.0481° 0.0463 + 0.0024 0.0018 0.7
52 0.257° 0.233 + 0.023 0.024 1.0




Slide by P. de Bernardis (2010)

Open 1ssues related to CMB anisotropy (1)

« Large angular scales :
The quadrupole component 1s somewhat low (confirmed in WMAP 3-yrs data)
There 1s some degree of alignment of the lowest multipoles

There 1s an evident galactic north-south anomaly in the CMB map of WMAP:
the distribution 1s smoother m the north than in the south (see e.g. Eriksen
2004, Hansen 2004, Hansen 2006 ...)

There 1s evidence for localized non gaussian spots i the maps (see e.g. Vielva
2004, Cruz 2006 ...) mm)

There 1s evidence for threshold-independent ellipticity of the cold and hot spots
m WMAP and BOOMERanG data é)ee Gurzadyan et al. 2003.2004.2005)

* We should not forget that the full-sky CMB map from
WMAP i1s the result of a components separation process

All this seems enough to call for an independent
measurement of CMB anisotropy at large angular scales,
with wider frequency coverage to better monitor the
foregrounds, and with the highest possible sensitivity to
make 1t easier to detect instrumental systematics.

« The Planck mission will assess all these 1ssues.
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Algorithms and maps

Correction WMAPyrOW [A+B] Alg: H11001  22.01.07 13:41:30
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150..119785 3-2000 HPix Tmin 150 Hmin Q.00 ¥min -90.00 1423559 281586 17431

Cut-off WMAP CMB map created by
our Software c
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CMB 3D map with Galactic disk.
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Fig. 1. Kolmogorov maps i.e. the degree of randomness in
CMB sky. WMAP’s 5-year W-band, 94 GHz data are used;
upper map is for Nside=8, the lower for Nside=16. The
Galactic disk is clearly distinguished.

From Gurzadyan et al 2009



Fig. 2: The CMB temperature map region of 5° radius centered on No.04 (a). and its & distribution (b).
g p p reg

Detection of previously unknown point sources
(active galaxies, quasars).
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