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Coolest spot in space, 0.1 Kelvin
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Planck Sky at 30 GHz




Planck Sky at 44 GHz




Planck Sky at 70 GHz
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Flanck Sky at 100 GHz




Planck Sky at 143 GHz
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_ Acquiring and processing
time-ordered information

_ Converting TOI to maps of
the sky emission

at many frequencies

l Converting frequency
maps to component maps

[*etector noiss
Thermal Dogpples

Cluslers Galaxies

Estimating the CMB
Y angular power spectrum
' — and cosmological parameters
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Physics of the CMB

a) the CMB & history of the Universe
b) primordial CMB anisotropies
c) secondary CMB anisotropi




Physics of the CMB
a) the CMB & history of the Universe

b) primordial CMB anisotropies
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CMB as seen by COBE
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CMB as seen by COBE

 Universe extreme uniform
on largest visible scales

e opposite directions not in
causal contact even today

T = 2.728 K

« small scale temperature

variations on a level of
1:100.000 visible
e seeds for present day

galaxies and clusters ...
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. ' baryonic matter
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Physics of the CMB
a) the CMB & history of the Universe

b) primordial CMB anisotropies
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Sachs-Wolfe effect

 gravitational potential &
= hilly landscape

grav

* photons starting from
lower positions loose
energy on way to us

 however, they started
with already higher
temperature :

5T 1
T 3

(b grav



Baryon-acoustic oscillations

subhorizon dark matter haloes grow after matter-
radiation equality (5.000 yr or z~20.000 )

baryon-photon fluid follows gravitational pull
photon pressure grows due to compression, ...
and stops further plasma inflow ...

and leads to an expansion







Recombination & Silk damping

photons are scattered on
free electrons before rec.

photons free stream after

visible CMB emerges from
last scattering surface

finite duration of rec. leads
to finite width of surface &
photon diffusion

smearing of small scale
structures => Silk damping

CMB featureless for 0<5'



Gravitational lensing
T@)=T(F) —ab) -VT(6)

* lensing does not change
surface brightness, but §
reshuffles brightness and
polarisation on the sky |

 most important on small
angular scales, where
CMB is more smooth

e produces intriguing
polarisation patterns
(B-modes)

F1G 3.6.— Example of a CMB temperature field of area 10" x 10’ (left panel) lensed by a cluster of mass
101> A= Mpc at redshift 0.4 in a ACDM universe (right panel). There is very little structure in the unlensed map,
and lensing by the cluster creates a characteristic distortion most easily seen in the contours in the right panel.



galaxy clusters are filled witg

Sunyaev Zeldovich effect

incoming,
low-energy photon

hot (T~1—10keV)
plasma

hot electrons in
electrons scatter photons to galaxy cluster
slightly higher frequencies

depletion of photons at low
and increase at high

frequencies outgoing, higher-

characteristic spectral

energy photon

signature "/f‘

observer



Integrated Sachs Wolfe Effekt

photon gains/loses energy

while falling into/climbing out b
of potential well —
gain & loss compensate in Jasche et al (2009)

. . In (2 + (6))
StatIC pOtentIaI +O‘.OG-:+O:.86:+1,72 +2.59 +3.45 +4.31 +°F
gain/loss dominates if TR A
potential is decaying/growing | | o

recent cosmic expansion
erases potentials => cosmic .
large scale structur imprints s - 2
on CMB (small effect) R o

y [Mpc/h]
Y




Galactic foreground

e radio-synchrotron
emission of relativistic
electrons in galactic
magnetic field

o free-free emission of hot
thermal electrons in
lonised part of the inter-
stellar medium

 thermal emission of warm' .
and hot dust kS B




) & Cosmoloc

Main Cosmological Parameters

, Cosmological total density parameter
Hubble constant

Q
HO
(), Baryon density
Q). Cold dark matter density
A Cosmological constant

* n_, Spectral index of scalar pertu
Q Amplitude of fluctuation speg
r  Ratio of Gravitational wave t

1. Residual optical depth due to

r
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power spectrum
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Fic 2.2.— The left panel (courtesy of the WMAP Science Team) shows a summary of CMB anisotropy mea-
surements from various experiments prior to the release of the first year results from WMAP. The references to the
experimental data are as follows: COBE (Tegmark 1996), Archeops (Benoit et al. 2003), TOCO (Miller et al. 2002),
Boomerang (Ruhl et al. 2003), Maxima (Lee et al. 2001), DASI (Halverson et al. 2002), CBI (Pearson et al. 2003)
and ACBAR (Kuo et al. 2004). The right panel shows results from the first year of WMAP data.



WMAP PLANCK
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FIG 2.8.—The left panel shows a realisation of the CMB power spectrum of the concordance ACDM model (red
line) after 4 years of WMAP observations. The right panel shows the same realisation observed with the sensitivity
and angular resolution of Planck.
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residual (uK®)
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Fic 2.11.—The solid lines in the upper panels of these figures show the power spectrum of the concordance
ACDM model with an exactly scale invariant power spectrum. ng = 1. The points, on the other hand, have been
generated from a model with ng = 0.95 but otherwise identical parameters. The lower panels show the residuals
between the points and the ng = 1 model, and the solid lines show the theoretical expectation for these residuals.
The left and right plots show simulations for WMAP and Planck, respectively.
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F1G 2.15.—Lett: ionization histories for three physically-motivated models of reionization, each having the same
optical depth (z is the fractional abundance of ionized hydrogen). Right: large-scale E- mode polarization power
spectra for the different ionization histories, with all other parameters held fixed. Cosmic variance errors for a tull-sky
experiment are plotted for the model shown in black. (Figures modified from Holder et al. 2003).



CMB & Cosmology
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(b) Equation of
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baryon density parficle _
physics cosmological

parameters with
Planck & WMAP

Qph?

dark matter density

~
0
-
[N

optical depth

QU

£ spectral index

O inflationary epoch
% j}\\ running spectral index

¢ Ns

if Q primordial amplitude

S In A,

% Hubble constant ¢ gsmic
h history
i

0.0224 0.0229 0.11 0.114 0.069 0.085 -0.115 -0.006 0.954 0.967 3.0348 3.0684 49.8 82.2

Planck will be close to fundamental limit to information gain due to cosmic variance !
Figure courtesy B. Wandelt
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Zus a/y/menf aS S L(ng

* Planck ist 2009 erfolgreich gestartet und hat den
Routinebetrieb aufgenommen

* Die Instrumente erfullen die Erwartungen

* Prazisionskosmologie (1% Fehler) und Test
inflationarer Szenarien durfen erwartet werden

» Uberlapp mit Astroteilchenphysikprojekten:
- Wissenschaft: fruhe Universum, Inflation,

galaktische kosmische Strahlung & Magnetfelder

- Infrastruktur: komplexe Datenverarbeitung
- Algorithmik: diffizile Signalextraktion
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STAY HERE,
DON'T BE A
Foou!

EINE
MATERIEVERDICHTUNG!
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http://www.mpa-garching.mpg.de/
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