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Planck 
•! Planck is a project of the European Space Agency 

- ESA – with instruments provided by two scientific 
Consortia funded by ESA member states (in 
particular the lead countries: France and Italy) with 
contributions from NASA (USA), and telescope 
reflectors provided in collaboration between ESA 
and a scientific Consortium led and funded by 
Denmark 

•! This talk is supported also by information provided by LFI, 
HFI and ESA 
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Science with the Cosmic Microwave Background 
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•!http://www.rssd.esa.int/Planck 
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Fluctuation and GW 
generator 

Fluctuation amplifier 
But GW dissipator… 
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As seen from the 2.2 m telescope ESO - Chile 
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Current Status 
•! 436 days since launch. 
•! Satellite and instruments working nominally and 

continuously since start of sky surveys (mid 
August 2009) 

•!  Sky coverage is 100% 
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A Planck view 



14th Cosmology Chalonge Colloquium -- Paris 

Planck: the 3rd generation space 
CMB experiment 

•! Planck gains a factor 2.5 in angular resolution and up to10 
in instantaneous sensitivity with respect to WMAP 

•! LFI uses coherent detection and HEMTS based amplifiers 
in 3 bands 30 to 70 GHz, photometric reference loads on 
the 4K box of the HFI FPU. LFI is cooled at 18 K, reads in 
total power (22 polarized channels, 44 total power 
signals). Small 1/f noise.  

•! HFI bolometers are cooled to 100 mK, 6 bands 100 to 857 
GHz, read in total power mode with a white noise from 10 
mHz to 100 Hz  (no 1/f noise in the signal range), nearly 
photon noise limited in the CMB channels (100-200 GHz) 

•! Intensity power spectrum sensitivity is limited by the ability 
to remove foregrounds (supported by the broad frequency 
coverage: 30 GHz-1 THz) 
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HFI view – II 
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LFI 30 GHz Radiometer 

Thales Alenia Space Milano 
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Spider web and polarization 
sensitive bolometers (Caltech-JPL) 
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•!J. Tauber: IAU GA 
2009, 14 Aug.2009 

•!Cosmic Microwave Background 

•!Sunyaev-Zeldovich 

•!Point & Compact sources •!The Milky Way 

30, 44, 70, 100, 143, 217, 353, 545,  857 GHz – I, Q, U at all channels 
Except 545 & 857 GHz 
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~ 7.5 % of the sky observed during the First Light Survey!   

Credit: ESA 
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Credit: ESA 
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~ 7.5 % of the sky observed during the First Light Survey!   

Credit: ESA 
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Cold dust in our Galaxy observed by  
Planck and Herschel   

•!J.L. Puget 
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•!Padova 27 April 
2010 

•!J.L. Puget 

Perseus at 30, 353 
& 857 GHz 
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Orion at 30, 353 e 
857 GHz 
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Dust structures  at 500 light years 
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Statistics of CMB anisotropy 

Analysis on the celestial sphere can be performed in terms of angular 
correlation functions 
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2-point correlation function depends only 
on a single angle: statistical isotropy 

)()( !! "
## !!
T
T

T
T

)()()( !!! ""
#

"
## !!!

T
T

T
T

T
T

)()()()( !!!! """
#

""
#

"
## !!!!

T
T

T
T

T
T

T
T

Two-point 

Three-point 

Four-point … 

For a Gaussian field, all CF of order > 2 can be deduced from the two-point CF 
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Spherical harmonic expansion 

Orthogonal, complete basis on the 4! sphere: 
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Typical model prediction for CMB 
anisotropy APS 

SW plateau: l(l+1)Cl ~ cost 

Pre recombination (acoustic) 
oscillations of photon-baryon 
fluid 

Photon diffusion damping 
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Current status of CMB anisotropy observations 

Komatsu et al 2010 



14th Cosmology Chalonge Colloquium -- Paris 



14th Cosmology Chalonge Colloquium -- Paris 

Temperature Angular spectrum varies with "tot , "b , "c, #, $, h, ns, …!

We can measure cosmological parameters with CMB ! 
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How to get a bound on a cosmological parameter 

DATA 

Fiducial cosmological model: 
(!bh2 , !mh2 , h , ns , �, �m� ) 

PARAMETER 
ESTIMATES 
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Blue: Today’s data 
Red: Planck 
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! ! ! !!

CMB POLARIZATION 
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•!Main Observational Objective of 

•! To image the temperature and polarisation anisotropies of 
the Cosmic Microwave Background (CMB), over the whole 
sky, with an uncertainty on the temperature limited by 
“natural effects” (foreground fluctuations, cosmic variance) 
rather than intrinsic or systematic detector noises, and an 
angular resolution ~5 arcminutes. 

r 
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! ! ! !!

CMB Polarization!
•! Polarization is described by Stokes-Q and -U 
•! These are coordinate dependent  
•! The two dimensional field is described by  “gradient” (E) plus 
“curl” modes (B). 

Grad (or E) modes 

Curl (or B) modes 

 

Temperature map :  T ( ˆ n )
Polarization map :  P( ˆ n ) = "E + " # B

(density fluctuations have no handness, 
so no contribution 
to B-modes). B-Modes=Gravity Waves !! 
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B-modes: present limits 
Present best direct upper limit is 0.3 one sigma (Bicep: Chiang et al 2009) 
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•!B-mode detectability 
•!2 surveys •!4 surveys 

•!Noise spectra 
•!CMB B-mode 
•!Lensing spectrum •!Efstathiou & Gratton 2009 
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Efstathiou & Gratton, 2009 

Planck 4 surveys 
(2 years) 

r = 0.05 

r = 0.1 
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•!59 

•!Paolo Giommi  
•!Italian Space Agency, ASI 

•!on behalf of the Planck, Fermi, Swift collaboration on blazars 

•!Planck,  Fermi, Swift  Simultaneous  

observations of Blazars  
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•! AGN : Two main categories  
1.! Dominated by (mostly) thermal 

emission from accretion disk -  

  TD-AGN (>~90 %) 
1.! Dominated by Non-Thermal radiation - 

jet emission - NT-AGN (< 10%) 

•!As of today, about 3,100 blazars are known.  
•!Only small good statistical samples exist so 
far, each including a few hundred objects at 
best! …but Fermi, Planck, Swift and other 

facilities (e.g. SDSS) are quickly changing this. 

•!Blazar research is much less developed than that of TD-AGN.  
•!Still, blazars dominate the extrag. sky in a number of emerging 

•!observational windows (µ-wave, %%-ray, TeV) 
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•!www.asdc.asi.it 
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•!ASDC SED Builder 
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•!The ASDC SED Builder 

•!Radiotelescopes and Planck •!Herschel •!Swift •!AGILE and Fermi •!TeV/CTA  
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•!Boomerang 90 GHz CMB MAP 
•!De Bernardis et al. 2000 
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•!PKS 0521-365  

•!PKS 0438-436 

•!PKS 0537-441 
•!PKS 0422-380 

•!PKS 0454-463 

•!PKS 0513-491l 

•!PKS 0539-543 

•!PKS 0549-575 •!PKS 0252-549 

•!PKS 0405-385 

•!PKS 0506-61 

•!PMN J0419-3010 

•![Giommi & 
Colafrancesco 2004] 

[ O 12 Blazars in WMAP (3 in Boomerang) ] 



14th Cosmology Chalonge Colloquium -- Paris 

•!PKS 0521-365  

•!PKS 0438-436 

•!PKS 0537-441 

•!RGal PKS 0518-45 

•!PKS 0422-380 

•!PKS 0435 -300 

•!PKS 0426-380 
•!PKS 0448-392 

•!PKS 0534-340 •!PKS 0602-31 

•!PKS 0610-316 

•!PKS 0558-396 

•!PKS 0524-485 

•!PKS 0454-463 

•!WGA 0624-3230 
•!WGA 0428.2-3805 

•!PKS 0446-519 
•!PKS 0452-515 

•!PKS 0513-491l 

•!WGA 0533-5817 

•!PKS 0431-512 

•!PKS 0514-459 

•!RXS J 0606-4730 

•!PMNJ0529-3555  

•!PKS 0548-322 

•!PKS 0524-460 

•!PKS 0427-435 •!Pictor A  

•!PKS 0402-362 

•!PKS 0355-483 

•!PKS 0618-37  

•!PKS 0622-441 

•!PKS 0539-543 

•!PKS 0549-575 

•!PKS 0548-317 

•!PKS 0558-504 

•!PKS 0252-549 

•!PKS 0405-385 

•!PKS 0506-61 

•!WGA 0631-5404 

•!PKS 0257-51 

•!WGA 0424-3849 

•!PKS 0646-437 

•!PKS 0532-378  

•!PKS 0443-387 •!PMN J0525-3343 

•!PKS 0439-331 

•!PMN J0419-3010 

•!1RXS0432-3506 

•!1RXS0543-3956 

•!PKS 0613-312 

•!1RXS0531-3533 

•!1RXS0557-3728 

•!1RXS0606-3447 

•!PMN 0422-3844 

•!PMN0510-3533 

•!1RXS0502-4221 

•!1RXS0608-3041 

•![Giommi & Colafrancesco 
2004] 

•![ O 54 Blazars  with &&T > 50 µµK ] 
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•!141 FSRQs 
•!23 BL Lacs 

•!13 Radio galaxies 
•!5 Steep Spectrum QSOs 
•!2 starburst galaxies 
•!2 planetary nebule 

•!17 unidentified 
•!5 without radio counterpart 

•!  (probably spurious)  

•!208 bright sources 

•!The vast majority (85%-90%) of 
bright WMAP foreground sources 

are Blazars  

•!WMAP CMB fluctuation map 

Blazars & WMAP 

•!http://www.asdc.asi.it/wmap/ 

•!WMAP bright foreground 
source catalog  
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PPllaanncckk,,  SSwwiifftt,,  FFeerrmmii  ssiimmuullttaanneeoouuss  oobbsseerrvvaattiioonnss    
ooff  bbllaazzaarrss 

   Large sample of blazars selected from 

–! List of sources selected by the Planck-WG6 catalog  
–! WMAP 5yr catalog  
–! Fermi 3-months bright source catalog 
–! Bright HBL/HSP list 
–! BAT and Plotkin (SDSS BL Lacs) catalogs 

Observed as Swift ToOs when they happen to be  
in the field of view of Planck 

Program started in September 2009. Since then Swift has been 
observing an average of 3 Planck blazars/week 

•!    ~ 80 sources per survey 
•!    ~ 150 sources per year 

As of 22 July 2010 we have simultaneous data for over 100 blazars   
including  69 FSRQ and  38 BL Lacs 
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•!J. Tauber: IAU GA 
2009, 14 Aug.2009 

Conclusions 

•! Planck is in routine operational phase 
•! Its performance is as expected or better 
•! It works as a Swiss watch 
•! The first all-sky products will be delivered in 

late 2012 


