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The knowledge of the extragalactic radio sources at submm frequencies (> 10 GHz) 
improved thanks to the wide area (full Southern sky) deep (~10mJy) AT20G survey and 
CMB satellite catalogues as WMAP & Planck

Extragalactic radio sources constitute the major contaminant to CMB signal on scales smaller 
than 30 arcsec. Extrapolation from low frequency is not reliable because of the many 
possible spectral behaviour for extragalactic radio sources and their time variability. 

Co-eval observations with Planck were collected in order to 
- estimate the contribution of sources to the CMB observations.
- improve the knowledge of the SEDs
- assess quality of detection techniques

With several ground based facilities:
• VLA (PI: Partridge; 5-43 GHz; 34 bright objects; typically simultaneously with Planck)
• APEX (PI: Tornikoski; LABOCA; 64 blazars, 2 epochs)
• Metsahovi (PI: Lahteenmaki; 37 GHz; 104 blazars, several epochs)
• Effelsberg, Ratan…
• Medicina Radiotelescope (PI: Massardi; 5, 8, 22 GHz; 264 objects: all the NEWPS catalogue 

in the North + few South for cross-calibrations)
• ATCA (PI: Massardi; 4.5-40 GHz; 480 objects in the AT20G)

The simultaneous observations



  

Nearly simultaneous (within a week from Planck observations) with ATCA
multi-frequency observations (from 4.5 to 40 GHz) in total intensity and polarisation.

The Planck ATCA Co-eval Observations (PACO)

Simultaneity

Planck maps

Planck sources catalogue

Australian telescope data

ATCA source catalogue

Reconstruction of SEDs



  

• Observations 07 July 2009 – 23 August 2010

• Time allocated: >450h 

• 66 epochs 

• On average 35 sources per epoch @ 3 freqs

• Data lost: <15% 

PACO observations and samples

-Bright sample: 
189 S20GHz>500mJy
dec<-30°

(MM et al. 2011)

-Faint sample: 
162 S20GHz>200mJy
 dec<-30°

     (Bonavera et al. 2012)

-Inverted sample: 
69 S20GHz>200mJy

        (Bonaldi et al. 2013)

-ATCA calibrators:
197 (incomplete)

Whole sample to appear in 
MM et al. (in preparation)
with analysis of spectra 
for 445 point sources including 
Planck data



  

Multi-epoch PACO Spectra 



  

PACO results 

Down-turning spectra dominate the
population in the frequency range 5-40 
GHz, 
with an increasing fraction of steep
spectra as the flux decreases.

No source shows upturning 
or inverted spectra

Variability trend seems to increase
with frequency and time lag but not with flux 
density

Bonavera et al. (2012), MM et al. (2010 et in prep)



  

Source variability

To analyze the spectrally selected sample we used the variability 
between AT20G (2004–2007) and PACO (2009–2010) epochs 

- candidate High-Frequency Peakers (spectral peaks 
> 10 GHz in the observer frame) are < 0.5 per cent 
of the S20GHz >200 mJy sources, consistent with the short 
duration of this phase implied by the ‘youth’ scenario

-  89 per cent blazar candidates have smooth spectra, ≃
well described by a double power law, suggesting
that the emission in the PACO frequency range is dominated
by a single emitting region. 

- Sources with peaked PACO spectra show a decrease 
of the peak frequency with time at a mean rate of

 ∼ 3 ± 2 GHz yr−1  on an average time-scale of τ = 2.1 ± 0.5 yr. 

- At frequencies >20GHz spectral indices steepen: the
median spectral index between 30 and 40 GHz is steeper
than the one between 5 and 20 GHz by δα = 0.6.

Bonaldi et al. (2013)



  

Combination with the Planck Catalogue of Compact Sources 
(PCCS)

The PCCS flux densities are the result of repeated observations of 
the same source within the Planck nominal mission (from July 
2009 to November 2010).
The number of observations per source is a function of the
source position, with a peak close to the Ecliptic pole, where
sources are observed continuously for about three months
for each survey, and a minimum at the equator, where 
observations last for few days every 6 months 

PACO has been used for quality assessment of various 
extraction and photometric methods.



  

5-857GHz spectral behaviour

 MM et al. (in prep)



  

Source populations results (on going)

-Spectra fitted with double power laws up to 217 GHz  
(with the only exception of 5% of objects)

- Spectra are smooth in the full range:
→ emission comes from a unique component in most of the cases

- The vast majority are steep above 30GHz → optically thin synchrotron
→ at mm wavelength spectral properties does not identify 

compact and extended?

- There is no evidence of steepening at higher frequencies 
(break due to electron ageing) → sources are young?

      → Planck bias?
      → Needs to know the magnetic field properties

- No raising of dust emission signals associated to sources at high frequencies
→ compensating the electron ageing?

→ Needs of mm wavelength high resolution and sensitivity follow-up (ALMA)

 MM et al. (in prep)



  

PACO source polarisation (& ALMA)

53 faint sample point sources with b<-75° were observed in polarisation 
in September 2014 with ATCA at PACO frequencies.
Data reduction is on-going with Miriad and CASA.

The project is part of the activities to investigate radio sources polarisation 
properties down to mm wavelength and exploit them for ALMA commissioning
capabilities in the framework of the iALMA project.

See the poster Vincenzo Galluzzi's poster.

Selections of AT20G and PACO sources 
have been included in ALMA calibrator lists.

Knowledge of source calibration properties 
in the mm bands is crucial to optimize the 
calibration procedures and assess the 
instrumental capabilities. For CMB mission
It is needed for proper source removal ad
power spectra reconstruction 
in B and E modes.



  

Contribution of sources at varying flux limit

600 mJy

300 mJy

Bonavera et al. (2012)

The faint sample has been successfully used to
confirm the quality assessment for the Planck Catalogues 
(Planck collaboration 2011, 2013) 
and to estimate the radio source contribution to CMB 
power spectra down to  200 mJy at 30 and 44 GHz.∼



  

Contribution of sources at varying frequency

Flux limit 600 mJy

32.2 GHz

39.8 GHz

Bonavera et al. 2012)



  

Conclusions

The PACO project exploited the simultaneity with Planck to
minimize source variability and investigate radio source polarization
in the mm-wavelength range

PACO data between 5-40GHz  showed that down-turning spectra dominate the
population in the frequency range 5-40 GHz, with an increasing fraction of steep
spectra as the flux decreases. No source shows upturning or inverted spectra.

The same was confirmed up to 217 GHz.
Spectra look smooth, down-turning or steep with no further steepening or raising 
due to dust emission.

Emission come from  unique component, source look young and dominated by the AGN
component up to high frequencies

Faint sample have been followed up in polarization 

→ Needs of mm wavelength high resolution and sensitivity follow-up ( with ALMA) 
to disentangle the effects of Planck biases and confirm the findings and characterize 
polarization properties.
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