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Why Planck?
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What is Planck doing?



  

Gaussian statistics



  



  

Testing inflation



  



  



  



  



  

The microwave sky



  

The timelines



  



  



  

The cosmic microwave background



  

gravEffect of gravity on 
Photons T

T
=

1
3
 grav



  



  



  

ca. 1 angular degree



  

Recombination & photon diffusion

● Before recominaton: photons 
scatter on free electrons

● After: photons free-stream 
through Universe 

● Observed CMB light from surface 
of last scattering 

● Finite duration of recombination 
permitted photons to diffuse

● Struktures smaller than 5 arcmin 
are erased (1/6 of moon diameter)

● Planck resolution: 5 arcmin
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The cosmic microwave background



  

Angular power spectrum

acoustic oscillations
= sound waves

photon 
diffusion

gravitational
redshift



  



  

The cosmic microwave background



  

Simulation



  

gravitational lensing



  

gravitational lensing



  

projected mass distribution



  

Precision cosmology

Acoustic scale is most precisely 
known cosmic parameter: 
1.19345 ± 0.00076°

Expansion rate of the Universe, 
the Hubble constant: 
H

0 
= 67.15 km/s/Mpc

(previously 69.32 km/s/Mpc)

Age of the Universe: 
13.82 billion years
(previously 13.77 billion years)

Primordial spectral index: 0.96
Significant deviation from scale 
Invariance as predicted by inflation
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Extended parameter space
curvature of the Universe, mass & number of neutrino, primordial Helium, 

spectral curvature, gravitational wave to scalar ratio, 
adiabatic index of dark energy  



  

Data consistency
acoustic-scale distance ratio



  

Data consistency
Hubble constant & Lambda



  

Data consistency
Big Bang Nucleosynthesis



  

Data consistency
Tensions & Agreements

Tensions:

Hubble constant:
with WMAP
with SN measurements (might go away)

primordial power spectrum amplitude:
with WMAP (2%)
with Planck SZ cluster counts

All tensions only one to a few sigmas

Agreements:

With LSS power spectrum, with BAOs, with BBN  



  



  



  

Polarization teaser



  

Gaussian statistics  non-



  

Data Best Fit Model

Bispektrum
non-Gaussian statistics



  



  

Inflation

slow role inflation

slow role parameters



  

Inflation



  

Inflation



  

Inflation



  

Anomalies

„Missing Power“

Hemisphere Asymmetry

„Cold Spot“



  

„Missing Power“



  

„Missing Power“

data are 
about 10% 
below model 
prediction



  

Hemissphere Asymmetry
and „Cold Spot“



  

Anomalies

Planck confirms: anomalies previously 
seen by WMAP are CMB features!

But what is their meaning?

Signatures of new physics 
(Universe inhomogeneous on largest scales, 

view on beginning of inflation, …)

or simply statistical fluctuations?
(with the large number of tests applied, 

a few outliers are to be expected)



  

Conclusions

Planck provided us with an amazingly 
consistent cosmological picture

Planck confirmed the quantum fluctuation 
origin of the cosmic structures

A few discrepancies and anomalies remain, 
but wouldn't life be boring otherwise?

 



  


