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Overview

● Planck Surveyor
● Physics of the CMB
● CMB & Cosmology



  



  

Many people ...

… and 20 years of work!
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         Planck Surveyor



  

Courou at 10:12 on May 14th 2009



  



  



  



  



  



  

Coolest spot in space, 0.1 Kelvin



  



  

Sensitivity in PR representation



  



  

WMAP Planck 



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  

Simulation Pipeline in the ProC Editor
& Data Management Component

●

●



  

German contributions to Planck
➢ Planck Simulation package
➢ ProC Workflow engine
➢ Data Management Component
➢ Scientific data analysis



  

Physics of the CMB
      a) the CMB & history of the Universe 
      b) primordial CMB anisotropies 
      c) secondary CMB anisotropies
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CMB discovery by 
Penzias & Wilson 1965

Pigeon dirt ?

No, primordial 
radiation !

Gamov 1946



  

Max-Planck-Institute for Astrophysics
Planck Analysis Center



  

CMB as seen by COBE

● mean temperature

● dipole due to movement of 
Earth, Sun, & Galaxy with 
371 km/sec relative to CMB

● galactic emission 
& CMB fluctuations 



  

CMB as seen by COBE

● Universe extreme uniform
on largest visible scales

● opposite directions not in 
causal contact even today 

● small scale temperature 
variations on a level of 
1:100.000 visible

● seeds for present day 
galaxies and clusters ...

● ... if dark matter is present
in addition to normal, 
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

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

● however, they started 
with already higher 
temperature
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Baryon-acoustic oscillations

● subhorizon dark matter haloes grow after matter-
radiation equality (5.000 yr or                  )

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

z≈20.000



  

Baryon-acoustic oscillations

z≈1.100

1 °



  

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 
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Gravitational lensing

● 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

● produces intriguing 
polarisation patterns 
(B-modes)



  

Sunyaev Zeldovich effect

● galaxy clusters are filled with 
hot
plasma

● electrons scatter photons to 
slightly higher frequencies

● depletion of photons at low 
and increase at high 
frequencies 

● characteristic spectral 
signature  

T~1−10keV 



  

Jasche et al (2009)

Integrated Sachs Wolfe Effekt

● photon gains/loses energy 
while falling into/climbing out 
of potential well

● gain & loss compensate in 
static potential

● gain/loss dominates if 
potential is decaying/growing

● recent cosmic expansion 
erases potentials => cosmic 
large scale structur imprints 
on CMB (small effect)

grav



  

Galactic foreground

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

● free-free emission of hot 
thermal electrons in 
ionised part of the inter-
stellar medium

● thermal emission of warm 
and hot dust  



  

         CMB & Cosmology



  

Sachs-Wolfe effect: frequency shift due to 
gravitational potential difference

acoustic oscillations of baryon-photon fluid in
potential wells of forming dark matter 

Silk damping due to finite width of recombination
shell & photon diffusion

decomposition into 
spherical harmonics
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BBPrimordial gravity 

waves

lensing



  

Gravity 
waves 
from 
infaltion !



  

Sensitivity to spectral slope



  

Non-Gaussianity from Inflation
& Information Field theory



  

Sensitivity to ionisation history



  

         CMB & Cosmology



  

large scales      small scales   



  



  

cosmological 
parameters with 
Planck & WMAP

baryon density

dark matter density

optical depth

spectral index

running spectral index

primordial amplitude

Hubble constant

particle 
physics

astrophysics 
reionisation epoch

inflationary epoch

cosmic 
history

Planck will be close to fundamental limit to information gain due to cosmic variance !
Figure courtesy B. Wandelt



  

http://arxiv.org/abs/astro-ph/0604069 

WMAP Team results @ http://lambda.gsfc.nasa.gov/

Many thanks to
Jan Tauber, Jean Loup-
Puget, Reno Mandolesi, 
Francois Bouchet, George 
Efstathiou, Ben Wandelt, 
Ken Ganga, Matthias 
Bartelmann, the WMAP 
team, ... 
from whom I took many 
slides, figures and 
pictures !



  

Zusammenfassung

● Planck ist 2009 erfolgreich gestartet und hat den
 Routinebetrieb aufgenommen

● Die Instrumente erfüllen die Erwartungen
● Präzisionskosmologie (1% Fehler) und Test
 inflationärer Szenarien dürfen erwartet werden

● Überlapp mit Astroteilchenphysikprojekten:
 - Wissenschaft: frühe Universum, Inflation, 
   galaktische kosmische Strahlung & Magnetfelder
- Infrastruktur: komplexe Datenverarbeitung 
- Algorithmik: diffizile Signalextraktion 



  



  



  

www.mpa-garching.mpg.de
or google: „riding early waves“

http://www.mpa-garching.mpg.de/
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