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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)
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- The Planck ATCA Co-eval Observatlons (PACD)

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

Planck maps Australian telescope data

Planck iourg'eﬂgfgététdguéﬁ S e Y ATéA source catalogue
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Observations 07 July 2009 — 23 August 2010 -Bright sample:

Time allocated: >450h 189 S,,.,,,>500mJy
66 epochs dec<-30°

On average 35 sources per epoch @ 3 freqs (MM et al. 2011)

Data lost: <15% -Faint sample:
0 162 S,,.;,=>200mJy

dec<-30°
(Bonavera et al. 2012)

-Inverted sample:

] 69 S,,.,;,>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
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PA'CO results

Down-turning spectra dominate the
population in the frequency range 5-40

Type 200 < Sycy: < 00mly  Sycu, =00 mly GHZ,
(per cent) (per cent) with an increasing fraction of steep
Flat 5.1 103 spectra as the flux decreases.
| Steep 13.3 3.6 |
[nverted 0 0.6 No source shows upturning
Peaked 11.2 145 or inverted spectra
[ Downturning 65.3 66|
Self-absorbed 5.1 4.8 Variability trend seems to increase
L Uptumning 0 0| with frequency and time lag but not with flux
density

Table 1. WVariability index as a function of time lag and fre-
— quency for the PACO brigh sample (BS), faint sample (FS) and

QD%Z 3 months I i \ spectrally-selected sample (SS). The time lag of 2-4yr refers to
L & manths ] the comparison between PACO and AT20G.
19% 1 coiiaos 9 months .
i C Sample Time lag 5 9 18 24 33 39
0%
= F i FSs 90 days 5.8 7.2 7.4 7.9 8.6 8.9
sz b Tas L—a' S 180 days 6.9 9.6 9.9 9.4 11.4 8.0
1 S 270 days 6.0 9.2 8.2 8.5 15.8 19.5
I 1 s 360 days 9.3 20.9 5.2 8.2 11.3 13.0
196 ' 3 FS 2—dyr 24.9 25.0 27.2
i L BS 90 days 4.9 6.6 7.3 6.8 9.2 9.3
z ~ BS 180 days 5.8 7.2 8.3 8.0 6.7 7.3
vd BS 270 days 7.2 7.0 8.2 85 140 17.4
10 ‘ BS 360 days 6.6 12.3 9.0 9.6 10.2 11.2
10000 BS 2—4Awyr 181 19.4 19.9
freq[MHz] SS 90 days 6.2 7.0 6.9 9.7 71 7.6
. L . SS 180 days T.7 7.4 9.1 10.7 8.8 10.8
Figure 11. Top: median variability index of the sample as a function of /» ss 270 days 7.0 -4 11.4 13.0 11.0 15.1

frequency; error bars are 1.250/+/N — 1. Bottom: number of sources. ss 360 days 6.7 8.7 10.8 12.1 15.1 15.7
Bonavera et al. (2012), MM et al. (2010 et in prep) SS 2—dyr 154 17.3 232
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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 T=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 da = 0.6.

Table 1. Median varability indices {per cent)
of the 585 sources and associated ermors

—
(1.25a /4N — 1, where N and o are the num-
ber of the varability indices and the standard

deviation of their distribution, respectively ).

Frequency PACO-ATXG  PACO-PACO
(GHz) (2-d yr) i 6 months)
5 131 +£19 55+15
9 150£22 49417
18 203+£25 ST LT
il 82+£20
33 48+ 30
LY 53+32

Bonaldi et al. (2013)



'?(.Jo-mbinart-i'on with the Pla'ﬁék Catal;)gue of Compaét -Sblirces

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

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 e
source position, with a peak close to the Ecliptic pole, where /=== i1 7"
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

p.
= I

Channel
30 44 70 100 143 217 353 545 857

Frequency [GHz] .. ............ 284 44.1 704 100.0 143.0 217.0 353.0 545.0 857.0
Wavelength, A [gm] .. ... ....... 10561 6807 4260 3000 2098 1382 850 550 350
Beam FWHM" [arcmin] .. ....... 32.38 27.10 13.30 9.65 7.25 4.99 4.82 4.68 4.33
Pixel size [arcmin] . ............ 3.44 3.44 3.44 1.72 1.72 1.72 1.72 1.72 1.72
S /N thresholds:

Fullsky ................. 4.0 4.0 4.0 4.6 4.7 4.8 .- . -

Extragalactic zone” . . ... .. .. . .. .. . 49 4.7 49

Galactic zone” . ........... 6.0 7.0 7.0
Number of sources:

Full sky ................. 1256 731 939 3850 5675 16070 13613 16933 24381

bl >30° . .. ... 572 258 332 845 1051 1901 1862 3738 7536
NS):

Fullsky . ................ 934 535 689 3425 5229 15107 13184 15781 23561

o] >30° . .. ... 373 151 191 629 857 1409 1491 2769 6773

bl <30° ... ... 561 384 498 2796 4422 13698 11693 13012 16788
Flux densities:

Minimum? [mJy] .......... 461 825 566 266 169 149 289 457 658

90% completeness [mJy] . .. .. 575 1047 776 300 190 180 330 570 680

Uncertainty [mJy] . .. ... .. .. 109 198 149 61 38 35 69 118 166
Position uncertainty® [arcmin] . . . . . 1.8 2.1 1.4 1.0 0.7 0.7 0.8 0.5 04
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" Source pop‘ﬁlé‘ti—ohs results (on 'going)

-Spectra fitted with double power laws up to 217 GHz
(with the only exception of 5% of objects) S(v) = So/[(v/v0)~* + (v/w0) b]
f = 1] ]
- 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 iIALMA project.

See the poster Vincenzo Galluzzi's poster.

- Polarimetric multi-frequency observations of a complete sample of radio sources

{Premiale IALMA project - INAF & Unific)

Vincerzo Galluz 2i, Marcella Massardi & Loretta Gregonni

Absiract The polarization proparties of edragalacic radio sources af high frequencies (» 20 GHz) are <l poaly constrained. Exendng such churactenzation o high fequancies would provide

] iriakuable infomation about the fyd o o‘mmzmpm:eze-" mi\«dw rmc-dby seffabsabed bctlhe syndhraron sord tom M.wmcm: cloga and cl wwammmmm

mdcu:[] it s b o gued that the adaring of magnaic Adds should inoease in the nner regions, ghving & higher polarzaton degres at higher fraguendy (o Tuoel of &, 2004 [ ). Howaser,

Selections of AT20G and PACO sources e i S s s e L i s
mvm-v:y..pmo&-u i this projeact, thanks to R ATCA, cbaamvations (alocated ir Septembar 2014) on & complete Sample of 53 S0r0es of M fid PACD Sumpk, We 3T 1 econamt the
0urce polar ation spearal bethanar acroas & wie raguendy range. and © dedper Ao dencity ke s than aailable 3o far. Henoe. we are going to submit a ropesal in o to edend polanmaric

have been included in ALMA calibrator lists, [«

I TS PROFCT VR L B0 FECONSICY The SOWCE POMZIGON SPROTal DENASOU SET055 & Wie IECRRACY FANGE 7 10 Sbepir T RV leviis T availabie 20 W2, Sxpioiting e
olsernvabions for Satsscally signilant samples of mdio sources. Ofher then being of imerest por se. dis ks caudal 10 vesBgate e contaminion of e poladzed CMB sgnal by
AR SOUTES.

Aralyzing podaration dacs for 120 eamagalacic sources from e ATDG survey camlogue, Massardl a ol [3] found thar there |s no saktically sgnifican eddinde of & nelatiorehip aifr baween the
racion of polar zaion andifaguency or beweer i racian of polanzat on and the il rersity A iy

Knowledge of source calibration properties
in the mm bands is crucial to optimize the |
calibration procedures and assess the i
instrumental capabilities. For CMB mission
It is needed for proper source removal ad i S e e s m—
power spectra reconstruction
in B and E modes.
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Contribution of sources at varying flux limit -

powar apactrum @ 32 GHz
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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.

Bonavera et al. (2012)



Contribution of sources at varying frequency

powar apactrum
1[]"“-" T T T T T T T 1 T T T T 1T T 11 T T T T T T 1
cl emb
ol pa @ 32232 ---oooeo-
= cl pe #3IEVER - |
1072 — B
E i _
. _
g
R S " 32.2GHz A
1n-|.:. ....................................................................................................................... 3 98 GHZ )
10~ L ! Lol ! ! Lol L L T
10 100 1000 10000
|
Flux limit 600 mJy

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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