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CMB and Galaxy Clusters at Planck 
frequencies 

Fig. credits: ESA and the Planck collaboration 
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Syllabus: 

Outline: This course provides a short introduction to the Cosmic 
Microwave Background (CMB) radiation and Galaxy clusters as probes of 
Cosmology and Large Scale Structure (LSS). After briefly reviewing the 
current standard model of cosmology, we will describe the main properties 
of the CMB and Sunyaev-Zeld’ovich (SZ) clusters and finalize with an 
overview of the latest findings obtained with the Planck satellite (ESA).  

Contents: 
Part 1: Review of the Standard Model of Cosmology (SMC): 
Part 2: CMB and Sunyaev-Zel’dovich (SZ) Galaxy Clusters 
Part 3: Latest results from the Planck Satellite 

Bibliography:  
-  Primordial cosmology, P. Peter, J.-P. Uzan, Oxford University Press, 2009 
- An Introduction to Modern Cosmology, A. Liddle, J. Wiley & Sons, 2003 
- Course notes by the module’s responsible   
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Part III: CMB observations by 
the Planck Satellite 



Planck Surveyor: looking back to the dawn of time 

Project: ESA lead mission to observe the temperature 
and polarization anisotropies of the Cosmic Microwave 
Background (CMB) radiation with unprecedented 
precision.  

Total Cost: about €700 million (€1 / person in EU)  

Mission timeline:   
   Launch:  14 May 2009 
   Operational orbit at L2: July 2009 
   Nominal science phase: end of January 2011 
   Extended mission:   Shut down date: 19 Oct. 2013   

Payload:  
   Telescope: 1.5 m projected apertures 
   Low Frequency Instrument (LFI): array of 22 tuned     
     radio receivers operating at 30, 44 and 70 GHz.  
   High Frequency Instrument (HFI):  array of 52 
     bolometers operating at 100, 143, 217, 353, 545,  
     and 857 GHz.   

Fig. credits: ESA 
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Sunyaev Zel’dovich (SZ) effect!

Planck Surveyor

Max Planck (1858-1947) - Physicist  

1918: Nobel prize for the theory of 
quanta of light 

Also known for the Planck's law of 
black body radiation 

And his contributions to quantum 
mechanics 

blackbody 
T=2.725 K 



Planck will address a number of fundamental questions in Cosmology and 
Astrophysics:  

•  what are the initial conditions for the evolution in the Universe’s structure?  
•  what is the nature and dynamics of dark energy?  
•  what is the nature and amount of dark matter? 

Specific investigations to take place:  

• The determination of the Universe’s fundamental characteristics, eg,: 
 - space geometry,  
 - mater-energy densities,  
 - Age, expansion rate, etc 

•  Test of whether the Universe experienced an inflationary phase  
and search for primordial gravitational waves. 

• The search for ‘topological defects’ in space, e.g. cosmic strings 

•  The first all-sky survey of galaxy cluster, filaments and voids at 
 CMB frequencies  

• The study of our and other galaxies emission in the microwave 

Planck Surveyor: Scientific Objectives 

Fig. credits: ESA 



Planck Surveyor: Latest Portuguese participation and contributions 

Scientists in Consortium Science and Data structures: 
  - Core Team and Data Processing Centre:  
    Graça Rocha (IPAC/Caltech, USA); Luis Mendes (ESAC, Spain) 

  - Planck Associate and Data Agreed:  
    Antonio da Silva (CAUP/DF-FCUL, Portugal) 

  - Core Team:  
   Pedro Carvalho (Cambridge, Uk) 

ESA’s Industrial Team: 
- Prime contractor: Thales Alenia Space (France) 
- Subcontractors from Portugal: 

Fig. credits: ESA 
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Herschel and Planck Launch
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Planck: looking back to the dawn of  time   

• Launch: 14-May-2009 13:12 UT, French Guyana 

T0 – 1 day T0 – 10 mn T0 + 3 mn 



CMB observations: COBE vs WMAP vs Planck 

Fig. credits:  



CMB observations: COBE vs WMAP vs Planck 

Fig. credits:  



CMB Observations: COBE 

Primary CMB (foregrounds removed) 

Fig. credits: NASA / COBE  



CMB Observations: WMAP 

Primary CMB (foregrounds removed) 

Fig. credits: NASA / WMAP  



CMB Observations: Planck 

Primary CMB (foregrounds removed) 

Fig. credits: ESA / PLANCK collaboration  



Planck frequency maps: 

From: Planck collaboration.  



Planck Products and Publications:  

                                        Source Catalogues 

http://pla.esac.esa.int/pla/aio/planckProducts.html 

http://www.sciops.esa.int/index.php?project=PLANCK&page=Planck_Published_Papers 

Film credits: ESA / PLANCK collaboration  



Planck foreground removal: 
               multi-frequency component separation techniques  

Film credits: ESA / PLANCK collaboration  



Planck temperature fluctuation map: 

Fig. credits: ESA / PLANCK collaboration  



A simple flat LCDM model 
with “only” 6 parameters 

fits the data! 

Angular power spectrum estimation 

Allows to constrain theoretical models (green curve) 

From: Planck collaboration. XVI. arXiv:1303.5076 



Red line is the 6-parametrs best fit model 

Polarization power spectra @ 143+217GhZ 

From: Planck collaboration. XVI. arXiv:1303.5076 



Cosmological parameters 
From: Planck collaboration. XVI. arXiv:1303.5076 



Cosmological parameter changes? 

Fig. credits: ESA / PLANCK collaboration  



Cosmological parameter changes? 

From: Planck collaboration. XVI. arXiv:1303.5076 



Cosmological parameters: Extensions to the 
6-parameter model 

From: Planck collaboration. XVI. arXiv:1303.5076 



Cosmic Microwave Background 
Planck 

Anomalies (enhanced)!? 

Primary CMB (foregrounds removed) 

Fig. credits: ESA / PLANCK collaboration  



Planck SZ cluster Population 

Fig. credits: ESA / PLANCK collaboration; cluster map by Douspis, Hurier, Aghanim, 2013  



Cosmology from SZ power spectrum 

From: Planck collaboration. XXI. arXiv:1303.5081 



Cosmology from SZ power spectrum 

From: Planck collaboration. XXI. arXiv:1303.5081 



Cosmology from SZ cluster counts 
From: Planck collaboration. XX. arXiv:1303.5080 
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Stay tuned for the next release of 
Planck results! 

Summer, this year. 



Cosmological parameters definitions 
From: Planck collaboration. XVI. arXiv:1303.5076 


