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ABSTRACT

Continuum spectra covering centimetre to submillimetre wavelengths are presented for a northern sample of 104 extragalactic radio sources,
mainly active galactic nuclei, based on four-epoch Planck data. The nine Planck frequencies, from 30 to 857 GHz, are complemented by a set of
simultaneous ground-based radio observations between 1.1 and 37 GHz. The single-survey Planck data confirm that the flattest high-frequency
radio spectral indices are close to zero, indicating that the original accelerated electron energy spectrum is much harder than commonly thought,
with power-law index around 1.5 instead of the canonical 2.5. The radio spectra peak at high frequencies and exhibit a variety of shapes. For a
small set of low-z sources, we find a spectral upturn at high frequencies, indicating the presence of intrinsic cold dust. Variability can generally be
approximated by achromatic variations, while sources with clear signatures of evolving shocks appear to be limited to the strongest outbursts.

Key words. galaxies: active — galaxies: general — radio continuum: galaxies

1. Introduction

In radio-loud active galactic nuclei (AGN), jets of relativistic
matter emerge symmetrically from the core. Non-thermal radi-
ation produced in the jets, rather than thermal emission from
the accretion disk, dominates the spectral energy distributions
(SEDs) of these kinds of sources. The SEDs typically consist
of two broad-band bumps, the one at lower frequencies asso-
ciated with synchrotron radiation, and the other at higher fre-
quencies with inverse Compton (IC) radiation. There are usu-
ally several emission components simultaneously occurring in
the jet, in addition to the quiescent jet. The “shock-in-jet” model
(Marscher & Gear 1985; Valtaoja et al. 1992) describes the flow
of plasma with shocks that locally enhance the emission.

* Corresponding author: A. Lahteenméki,
e-mail: anne.lahteenmaki@aalto.fi

Article published by EDP Sciences

In Planck Collaboration et al. (2011, hereafter Paper I), we
used data from the Planck Early Release Compact Source Cata-
logue (ERCSC)' to plot the radio spectra and spectral energy dis-
tributions for a sample of 104 radio-bright, northern AGN. Data
have also been acquired by a large collaboration of observatories
from radio to gamma-ray frequencies. The near-simultaneous
spectra were determined with good accuracy.

In Paper I, we reported that the majority of high-radio-
frequency spectral indices were surprisingly flat for synchrotron
sources. The canonical optically-thin synchrotron spectral index

' Planck (http://www.esa.int/Planck) is a project of the Euro-

pean Space Agency (ESA) with instruments provided by two scientific
consortia funded by ESA member states and led by Principal Investi-
gators from France and Italy, telescope reflectors provided through a
collaboration between ESA and a scientific consortium led and funded
by Denmark, and additional contributions from NASA (USA).
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is —0.7, while for many sources the ERCSC data gave a spectral
index between —0.2 and —0.4. The distribution was compatible
with the electron energy spectral index s = 1.5, which is clearly
harder than the assumed s = 2.5.

In this paper, we study the spectral index distribution with
new single-epoch data from four Planck all-sky surveys (the
definitions of which are given in Planck Collaboration I 2014.)
Throughout the paper, we adopt the convention S, o« v*, where
S, is the flux density and « is the spectral index. The errors of
numerical values given with a “+” correspond to one standard
deviation.

2. Sample

The complete sample presented in this paper consists of 104
northern and equatorial radio-loud AGN. It includes all AGN
with declination >—10° that have a measured average radio flux
density at 37 GHz exceeding 1Jy. Most of the sample sources
have been monitored at Metsihovi Radio Observatory for many
years, and the brightest sources have been observed for up to
30 yr. This sample forms the core of Metsdhovi’s Planck-related
observing programme, in which we aimed to observe the sources
as simultaneously as possible and at least within two weeks. We
did this by using the Planck On-Flight Forecaster tool (POFF,
Massardi & Burigana 2010) to predict when the sources were
visible at each of the satellite’s frequencies. We also provided
the information to our multifrequency collaborators. In addi-
tion to this sample of bright sources, large samples of fainter
sources were observed at Metsidhovi in support of Planck (e.g.,
Torniainen et al. 2005; Nieppola et al. 2007).

The sample can be divided into subclasses as follows: 40
high-polarized quasars (HPQ); 14 low-polarized quasars (LPQ);
24 BL Lacertae objects (BLO); 17 quasi-stellar objects (QSO);
eight radio galaxies (GAL); and one unclassified source
(J184915+67064). We classify highly-polarized quasars as ob-
jects that have a measured optical polarization >3% in the liter-
ature, while low-polarized quasars have a measured polarization
<3%. Most of the quasars have no polarization information so
they could be either HPQs or LPQs. Radio galaxies are non-
quasar AGN.

The full sample is listed in Table A.1, presented at the end of
the paper. Columns 1 and 2 give the B1950 name for the source
and an alias. The coordinates of the sources are given in Cols. 4
and 5, and Col. 6 lists the redshift.

3. Data

We use data within the frequency range 1.1-857 GHz. Planck
frequencies and the radio observatories that participated in si-
multaneous multifrequency campaigns with Planck are listed in
Table 1. Supporting observations were taken within two weeks
of the Planck scans. Archival radio data were retrieved from the
database maintained by Metsihovi Radio Observatory.

For non-Planck data we imposed a signal-to-noise (S/N) con-
straint of 4, while for Planck data we applied the S/N threshold
given in Table 1 of Planck Collaboration XXVIII (2014).

3.1. Planck data

Details of the -characteristics of the Planck Low Fre-
quency Instrument (LFI) and High Frequency Instrument
(HFI) data and processing pipelines are to be found in
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Table 1. Participating observatories and their observing frequencies.

Observatory Frequencies [GHz]
Planck LFI .......... 30, 44, 70
PlanckHFI . ......... 100, 143, 217, 353, 545, 857
Metsdhovi, Finland.. . . . . 37
OVRO,USA ......... 15
RATAN-600, Russia . . . . 1.1,2.3,48,7.7,11.2,21.7
UMRAO, USA ....... 4.8,8.0,14.5

Planck Collaboration II (2016) and Planck Collaboration VII
(2016), respectively. Planck observed the whole sky twice in one
year (Planck Collaboration VI 2014), therefore each source was
typically observed every six months. The visibility period was
usually several days, but depended on frequency and ecliptic lat-
itude. We consider two weeks as a single pointing. Given the
scanning strategy of the satellite, sources close to the ecliptic
poles were observed more often and over a period of up to sev-
eral weeks. For a small subset of sources, therefore, the Planck
flux densities used in this paper are averages of several pointings
over the source’s visibility period in one Survey. The longest vis-
ibility period is approximately two months (seven sources). The
start and end times of the visibility periods for all sources are
shown in Table A.2, and the number of pointings within each
Survey, for each frequency for sources with multiple pointings,
is shown in Table A.3 (both tables are published at the end of the
paper.). These are all calculated with POFF.

The Planck flux densities used in this paper have been ex-
tracted from the full mission maps from the 2015 data release us-
ing the Mexican Hat Wavelet 2 source detection and flux density
estimation pipelines in the Planck LFI and HFI Data Process-
ing Centres. For LFI, data detection pipeline photometry (DET-
FLUX) was used, while for HFI, aperture photometry (APER-
FLUX) was used. The calibration of Planck is based on the
dipole signal, and is consistent at approximately the 0.2% level
(Planck Collaboration I 2016). The systematic uncertainties of
the absolute flux density scale are under 1% for the seven low-
est frequencies and under 7% for the two highest. The overall
uncertainties of the flux densities vary between 30 and 270 mJy,
depending on frequency. See the Second Planck Catalogue of
Compact Sources (Planck Collaboration XXVI 2016) and the
references therein for further details.

3.2. Radio and submillimetre data

Six-frequency broadband radio spectra for 29 sources were ob-
tained with the RATAN-600 radio telescope in transit mode
by observing simultaneously at 1.1, 2.3, 4.8, 7.7, 11.2, and
21.7GHz (Parijskij 1993). The parameters of the receivers are
listed in Table 2, where A is the wavelength, f. is the central
frequency, Af is the bandwidth, AF is the flux density detec-
tion limit per beam, and BW is the beam width (full width at
half-maximum in right ascension). The detection limit for the
RATAN single sector is approximately 8 mJy (over a 3s inte-
gration) under good conditions at the frequency of 4.8 GHz and
at an average antenna elevation of 42°. Data were reduced us-
ing the RATAN standard software FADPS (Flexible Astronom-
ical Data Processing System) reduction package (Verkhodanov
1997). The flux density measurement procedure is described by
Mingaliev et al. (2001, 2012). We use the data acquisition and
control system for all continuum radiometers, as described by
Tsybulev (2011). The following flux density calibrators were
applied to obtain the calibration coefficients in the scale by
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Table 2. Parameters of the RATAN-600 antenna and radiometers.

A 1 Af AF BW
[cm] [GHz] [GHz] [mJybeam™'] [arcsec]

14 ....... 21.7 2.5 70 11
27 oo 11.2 14 20 16
39 ... 7.7 1.0 25 22
63 ....... 4.8 0.9 8 36
13.0 ...... 2.3 0.4 30 80
312 ..., 1.1 0.12 160 170

Notes. Column 1 — wavelength; Col. 2 — central frequency; Col. 3 —
bandwidth; Col. 4 — flux density detection limit per beam; Col. 5 — beam
width.

Baars et al. (1977): 3C 48, 3C 147, 3C 161, 3C 286, 3C 295,
3C 309.1, and NGC 7027. The measurements of some of the
calibrators were corrected for angular size and linear polariza-
tion following the data from Ott et al. (1994) and Tabara & Inoue
(1980). In addition, the traditional RATAN flux density calibra-
tors J0237-23, 3C 138, J1154-35, and J1347+12 were used.
The total error in the flux density includes the uncertainty of the
RATAN calibration curve and the error in the antenna temper-
ature measurement. The systematic uncertainty of the absolute
flux density scale (3—10% at different RATAN frequencies) is
also included in the flux density error.

Centimetre-band observations were obtained with the Uni-
versity of Michigan 26-m paraboloid. This telescope was
equipped with transistor-based radiometers operating at three
primary frequencies centred at 4.8, 8.0, and 14.5 GHz, with
bandwidths of 0.68, 0.79, and 1.68 GHz, respectively. Dual-horn
feed systems were used at 8.0 and 14.5 GHz, while at 4.8 GHz a
single-horn mode-switching receiver was used. Each observation
comprised a series of 8 to 16 individual measurements obtained
over a 25 to 45 min time period using an on-off observing pro-
cedure at 4.8 GHz and an on-on technique (switching the target
source between two feed horns closely spaced on the sky) at 8.0
and 14.5 GHz. Drift scans were made across strong sources to
verify the pointing correction curves, and observations of nearby
calibrators selected from a grid were obtained every 1-2 h to cor-
rect for temporal changes in the antenna aperture efficiency. The
adopted flux density scale was based on Baars et al. (1977), and
used Cas A as the primary standard. A systematic uncertainty of
4% in the flux density scale is included in the error bars.

The 15GHz observations were carried out as part of a
high-cadence gamma-ray blazar monitoring programme using
the Owens Valley Radio Observatory (OVRO) 40-m telescope
(Richards et al. 2011). This programme, which commenced in
late 2007, now includes about 1800 sources, each observed with
a nominal twice-per-week cadence. The OVRO 40-m uses off-
axis dual-beam optics and a cryogenic high electron mobility
transistor (HEMT) low-noise amplifier, with a 15.0 GHz cen-
tre frequency and 3 GHz bandwidth. The two sky beams are
Dicke-switched using the off-source beam as a reference, and the
source is alternated between the two beams in an on-on fashion
to remove atmospheric and ground contamination. Calibration
is achieved using a temperature-stable diode noise source to re-
move receiver gain drifts, and the flux density scale is derived
from observations of 3C 286 assuming the Baars et al. (1977)
value of 3.44 Jy at 15.0 GHz. The systematic uncertainty of about
5% in the flux density scale is included in the error bars. Com-
plete details of the reduction and calibration procedure can be
found in Richards et al. (2011).

The 37 GHz observations were made with the 13.7-m Met-
sdhovi radio telescope using a 1 GHz bandwidth, dual-beam
receiver centred at 36.8 GHz. The observations were on-on ob-
servations, alternating the source and the sky in each feed
horn. The integration time used to obtain each flux density
data point typically ranged from 1200 to 1400s. The detec-
tion limit of the telescope at 37 GHz is approximately 0.2Jy
under optimal conditions. Data points with S/N < 4 were
handled as non-detections. The flux density scale was based
on Baars et al. (1977), and was set by observations of DR 21.
Sources NGC 7027, 3C 274, and 3C 84 were used as secondary
calibrators. A detailed description of the data reduction and anal-
ysis is given in Terdsranta et al. (1998). The error estimate in the
flux density includes the contribution from the measurement rms
and the uncertainty of the absolute calibration.

The flux density scale based on Baars et al. (1977) used in
the aforementioned observations agrees reasonably well with the
new scale proposed by Perley & Butler (2013). The ratio of the
two scales at the frequencies used is very close to 1 (see Table 13
in Perley & Butler 2013), and the differences are small compared
to the measurement errors.

4, Statistics
4.1. Spectral indices

The near-simultaneous radio spectra of the sources in the sam-
ple for each observing epoch are shown in Figs. A.1-A.104, pre-
sented at the end of the paper. Historical data, showing the range
of variability for each source, are also included in the figures. In
Paper I the radio to submillimetre spectra were fitted with two
power laws to characterize the lower and higher frequency (LF
and HF, respectively) part of the spectrum. As a better approxi-
mation of the spectra, Leén-Tavares et al. (2012) fitted them us-
ing a broken power-law model,

YOLF for v < Vpreak
S(v) e { (QLF—auF) | app f e ey
break v OI' V > Vpreaks

where apr and ayg are the spectral indices for the LF and HF
parts of the spectrum, and vy, is the break frequency. We apply
the same model to the spectra of 104 sources obtained from the
four Planck Surveys used in this paper. In order to characterize
the spectra better, we consider only those sources observed at
five or more frequencies during one Survey. The goodness of fit
was tested based on a y? distribution at 95% confidence level.
Thus, we obtained acceptable estimates for 62, 60, 58, and 51
sources in Surveys 1, 2, 3, and 4, respectively.

From the fits we have calculated the LF and HF spectral in-
dices. The break frequencies that separate the low and high fre-
quencies have been determined from the fit. All parameters for
all sample sources are available in Table A.4, presented at the
end of the paper. Columns 1 and 2 give the source name and
class. The spectral indices and break frequencies for each of the
four Surveys are given in Cols. 3—6. Figures 2—4 show the dis-
tributions of the LF and HF spectral indices, and the break fre-
quencies, respectively, for all four epochs. Some sources show
a contribution of dust in their high frequency spectra, suggested
by an upturn at the highest or two highest Planck frequencies in
visual inspection (see also Sect. 6). Unfortunately the large error
bars at the highest frequencies make quantifying the significance
of the spectral upturns difficult. While for some sources the dust
imprint seems unmistakable (see Table 4), up to a quarter of our
sources may be suspected of dust contamination. For example,
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0003-066
10.0 ¢ 4
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=4 TR '
:3 if
0.1 F 4
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%  Survey3
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0.01 : : :
10° 101 10! 102
v (Hz)

Fig. 1. Radio spectrum of 0003—066: coloured stars, Planck data from
four Surveys; coloured circles, data simultaneous to the Planck ob-
servations; grey circles, historical data; solid lines, broken power-law
fits. The entire set of radio spectra for all 104 sources is shown in
Figs. A.1-A.104 at the end of the paper.

the spectrum of the first source in our sample, 0003—-066, flat-
tens at the two highest frequencies, and the flux during the four
epochs is constant within the error bars, consistent with a ther-
mal origin. We have separated the evidently “dusty” sources in
Table 4 from others in the relevant calculations and figures.

The average spectral index and break frequency values, and
their standard deviations of the distribution for sources with no
dust and the dusty sources are shown in Figs. 2 and 4. However,
with the present data it is not possible to exclude with certainty
the alternative non-thermal explanation, nor can we differenti-
ate between Galactic foreground cirrus contamination and pos-
sible intrinsic cold dust. The issue is discussed in more detail in
Sect. 6. Table 3 lists the average spectral indices and break fre-
quencies for each AGN subclass. The dusty sources have been
excluded from this table. As a consequence, the number of GAL
sources was reduced to only four, and they were therefore left
out of the table. The average low and high frequency indices of
all Surveys of the GAL class are 0.337 and —0.617, respectively,
while the average break frequency is 33.4 GHz.

The break frequencies of the spectra in Table 3 (see also
Fig. 4 for the distribution) are remarkably high, tens of gigahertz.
Practically all of the sources show strong variability, at least in
the historical long-term flux density data, so none of them adhere
to the original definition of a Gigahertz peaked-spectrum (GPS)
source (O’Dea 1998, and references therein). For many of them
the turnover frequency also changes from epoch to epoch, due to
the various phases of activity.

The low frequency spectral indices are close to zero, as ex-
pected. The high frequency indices are approximately —0.5. The
abundance of flat high frequency radio spectra we reported in Pa-
per I can also be seen in these distributions. On average 42% of
the calculated high frequency indices are flatter than —0.5, while
the spectral index of the canonical optically thin synchrotron
spectrum is —0.7.

In Paper I we argued that the most likely explanation for
the flat high frequency spectra is a quite hard intrinsic elec-
tron energy spectrum with a power-law index well below the
canonical value of approximately 2.5. As Fig. 2 shows, the
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spectral index distributions do not range from —0.7 to —1.2, as
would be expected from the canonical electron energy spectrum
with consequent spectral steepening by energy losses; rather, the
range of observed high frequency indices is from around —0.2
to —0.7, which would be expected from an electron energy spec-
trum index of approximately 1.5.

4.2. Differences between AGN types

There are significant statistical differences between the spectral
properties of the AGN subclasses in Table 3. While the distri-
butions of the low frequency spectral index are compatible, the
high frequency indices of BLOs and LPQs for all four epochs
are drawn from different distributions, according to the Kruskal-
Wallis analysis of variances (P = 0.001-0.008 between Sur-
veys). Also, for Survey 2, the HF indices of BLOs and HPQs
are from different distributions (P = 0.001). As can be seen in
Table 3, the high frequency radio spectra of LPQs are clearly
steeper than those of BLOs, indicating a possible difference in
the energies of the electron population creating the spectra. A
similar result was found in Hovatta et al. (2014). There are no
significant differences in the break frequencies, although they
vary significantly between sources, which increases the uncer-
tainty of the average values in Table 3.

The spectral shapes are further illustrated in Fig. 5, which
shows the radio colour plots, i.e., the correlation of the two spec-
tral indices. The plot area can be divided into quadrants, which
represent different spectral shapes: inverted (upper right); peak-
ing (lower right); steep (lower left); and upturn (upper left). The
sample sources are concentrated in the low-ayp part of the plots,
as can be expected when the high frequency radio index is cal-
culated up to the submillimetre domain. The low frequency in-
dices are scattered around the zero line, including both rising
and setting spectra. There are a few sources that have a rising
high frequency spectrum, as can be seen in Fig. 5. The galaxy
appearing in the “upturn” quadrant in Survey 1 is 0238—-084.
Its spectrum has little variability between surveys, and truly ap-
pears to have an upturn in Fig. A.27. Indeed, the core of this
source has been found to be heavily obscured (Vermeulen et al.
2003; Kadler et al. 2004). The HPQ in the “inverted” quadrant in
Survey 4 is 0736+017. The source passes through the “peaking”
and “upturn” phase in Surveys 1 and 3. Thus, the later inverted
spectra are likely to be caused by passing synchrotron blobs. The
same is true for HPQ 0906+430, which showed upturn shapes in
Survey 3; it exhibits a negative ayr in other surveys, although
not very steep, generally above —0.5.

5. Behaviour of flaring sources
5.1. Shocked jet models

Ever since the first models were put forward in the 1980s
(Marscher & Gear 1985; Hughes et al. 1985), the most favoured
description for the variations in spectral shape and total flux
density (TFD) in the radio regime has been in terms of
growing and decaying shock-like disturbances in a relativistic
jet. This behaviour, originally seen and modelled in 3C 273
(Marscher & Gear 1985), has been found to describe quite well
a number of sources and flares. In particular, the predicted mo-
tion of the shock turnover peak from higher to lower frequencies
and the time delays have been found to be in agreement with the
predictions of the shocked jet models (e.g., Valtaoja et al. 1988;
Stevens et al. 1995; Hovatta et al. 2007, 2008; Nieppola et al.
2009). Detailed modelling of the University of Michigan TFD
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Table 3. Average spectral indices at low, high, and break frequencies, excluding the dusty sources.

Survey 1 Survey 2
Class N QLF QHF Vbreak N QLF ayr Vbreak
BLO ..... 16 0.005 +0.002 -0.454+0.011 81.5+1.8 12 0.096 +0.005 -0.369 +£0.015 61.3+0.5
HPQ ..... 22 0.008 £0.003 -0.560+0.014 61.2+14 24 0.030+0.003 -0.647 +£0.008 65.2+0.7
LPQ ...... 8 0.081+0.010 -0.784+0.014 541+24 8 0.120+0.017 -0.695+0.014 488 +1.6
QSO ..... 8 0.205+0.020 -0.495+0.013 555+0.6 8 0.017+0.010 -0.530+0.037 72.6+5.6
Survey 3 Survey 4
BLO ..... 17 0.082+0.005 -0.409+0.013 57.2+0.6 9 -0.090+0.004 -0.371+0.009 37.2+0.2
HPQ ..... 22 0.000+0.002 -0.481+0.005 61.2+0.2 22 0.027 £0.003 -0.535+0.009 55.0+0.7
LPQ ...... 8 0.074+0.007 -0.640+0.020 42.0+0.7 & -0.080+£0.006 -0.679+0.012 43.2+0.5
QSO ..... 7 0.230+0.008 -0.410+0.018 44.7+1.8 9 0.150 £ 0.004 -0.541+0.025 435+1.0

Notes. N is the total number of sources in each class.
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Fig. 3. Distributions of the low frequency spectral indices for four Planck Surveys.

and polarization data at 4.8, 8.0, and 14.5 GHz using a shocked
jet model code has been quite successful (Hughes et al. 1985;
Aller et al. 2002, 2014). Furthermore, it has also been found
that the zero epochs of the VLBI components correspond to the
times when the millimetre TFD starts to rise, and that the vari-
able TFD flux agrees with the corresponding VLBI component
flux (Savolainen et al. 2002). Finally, the similarity of the TFD
flares seen in centimetre- and millimetre-wave monitoring pro-
grammes has been argued to be a strong indication that all the
radio variations have the same physical origin in growing and
decaying shock-like structures propagating down the radio jet.

As is well known from AGN monitoring programmes, it is
only rarely that we see a single, isolated radio flare without fine
structure or superposition with other older and younger flares
(e.g., Hovatta et al. 2007), as is also apparent in the discussion of
the individual sources below. During a Planck Survey snapshot,
the observed radio spectrum is therefore virtually always a sum
of several spectral components, including the contribution from
the underlying radio jet spectrum. The sampling time of Planck,
approximately once in every six months, is typically too sparse
to follow the evolution of a flare from the beginning to the end,
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even for those sources that were flaring during the Planck mis-
sion (Figs. 6-10). For most of our sources, we therefore do not
see clear evolving shock signatures. In a few cases, the Planck
observations cover a strong radio flare seen in the Metsdhovi
monitoring. In these cases we do see the expected new spec-
tral component in the SED, with the spectral peak moving from
higher to lower frequencies during subsequent survey epochs, as
discussed below.

We limit our discussion here to the five sources with the
most “pure” flaring occurring during the four Planck Surveys,
namely 0420-014 (OA 129), 0851+202 (OJ 287), 11564295
(4C 29.45), 1226+023 (3C 273), and 2251+158 (3C 454.3), and
discuss whether their behaviour is compatible with the shocked
jet models. They all have a particularly well-sampled flaring
event at 37 GHz during the Planck survey periods, and also have
good multifrequency spectra for all four Surveys. In addition we
have used 1.3 mm (230 GHz) and 870 um (345 GHz) flux density
data obtained at the Submillimeter Array (SMA) near the sum-
mit of Mauna Kea in Hawaii. The sources are included in an on-
going monitoring programme at the SMA to determine the flux
densities of compact extragalactic radio sources that can be used
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Fig. 4. Distributions of the break frequencies for four Planck Surveys: red, dusty sources; blue, sources with no dust (see Sect. 4.1 for details).

as calibrators at millimetre wavelengths (Gurwell et al. 2007).
Observations of available potential calibrators are from time to
time observed for 3 to 5 min, and the measured source signal
strength calibrated against known standards, typically Solar sys-
tem objects (Titan, Uranus, Neptune, or Callisto). Data from this
programme are updated regularly and are available at the SMA
website?.

The 37 GHz flux curve from Metsidhovi and the 1.3 mm and
870 um flux density curves from SMA for the five sources are
shown in Figs. 6-10. The epochs of the four Planck Surveys are
marked with vertical lines. We analyse these sources in more
detail in the following subsections.

5.1.1. 0420-014 (OA 129)

There is a clear, symmetric flare in the 37 GHz flux curve,
starting in late 2008 and lasting until early 2011 (Fig. 6). The
measured maximum flux density, reached in January 2010, was
10.5Jy. Planck Surveys 1 and 2 occur at both sides of the peak,

2 http://smal.sma.hawaii.edu/callist/callist.html

Survey 3 takes place during the flare decline, and at the time of
Survey 4 the flux density has returned to normal.

This trend is quite clear throughout the multifrequency spec-
train Fig. A.21. Surveys 1 and 2 sample the highest flux densities
in all frequencies, Survey 3 is slightly lower, and Survey 4 gives
the faintest multifrequency spectrum. The spectral turnover can
be discerned moving towards lower frequencies with decreas-
ing flux density, and the optically thin spectrum steepens from
epoch 1 to 4. Therefore we conclude that this source follows the
Marscher & Gear model well. See also Aller et al. (2014) for de-
tailed modelling of this flare at 4.8, 8.0, and 14.5 GHz.

5.1.2. 0851+202 (OJ 287)

During the Planck observing period, this source had its strongest
observed flare at 37 GHz, reaching 15.7Jy (Fig. 7). Survey 1
occurred during its rise, and Survey 2 during its decay. Sur-
veys 3 and 4 occurred at an active stage following the strong
flare, with several quite intensive (roughly 8Jy) outbursts. Ad-
hering to the shock model, the multifrequency spectrum of epoch
1 peaks at the highest frequencies and is the brightest. The
steepening of the optically thin spectrum due to energy losses
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can be detected in the Survey 1 spectrum. The spectrum dur-
ing Survey 2 features the flare decay stage, having a negative
spectral index throughout. The spectra of epochs 3 and 4 are yet
again brighter, and peak around or slightly below 37 GHz. See
Aller et al. (2014) for detailed modelling of this flare at 4.8, 8.0,
and 14.5 GHz.

5.1.3. 11564295 (4C 29.45)

11564295 also has a well-sampled radio flare during the Planck
survey period (Fig. 8). The first two Surveys sample the rising
phase, and the last two Surveys occur in the decay stage. The
flux density curves look quite smooth, but the multifrequency
spectra reveal the presence of several flaring components, espe-
cially during Survey 1. The structure of the flare has been studied
in great detail in Ramakrishnan et al. (2014). During the active
phase in 2007-2012, the flaring consists of four moving and one
stationary component in the jet. The Survey 1 spectrum is the
most complicated, and the spectrum becomes smoother towards
Survey 4. See Aller et al. (2014) for detailed modelling of this
flare at 4.8, 8.0, and 14.5 GHz.

5.1.4. 1226+023 (3C 273)

This source clearly shows the passing of a flare-inducing blob
in its multifrequency spectra, particularly in Surveys 1 and 2. In
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Survey 1 there is a distinct bump in the spectrum, caused by the
rising flare at 37 GHz occurring at the same time (Fig. 9). The
1.3mm flux density is already decreasing during Survey 1. In
the Survey 2 spectrum, the bump can still be discerned below
100 GHz, even though the flare is already decreasing at 37 GHz
as well. In Surveys 3 and 4, it has faded away, and the spectrum
has returned to its steep form in the quiet stage. For a multiwave-
length analysis of this source during the Planck Surveys see, e.g.,
Jorstad et al. (2012).

5.1.5. 2251+158 (3C 454.3)

3C 454.3 was another source to undergo its strongest observed
37 GHz flare during the Planck Surveys (Fig. 10). The flare had
a complex structure, both at 37 GHz and 1.3 mm, and reached
44.2Jy at 37 GHz in early 2011. Survey 1 sampled its rise, Sur-
veys 2 and 3 its complex multicomponent peak, and Survey 4
the late decline stage. The multifrequency spectra showcase the
essence of the Marscher & Gear model. The spectrum peak
moves to lower frequencies from Survey 1 to 2, and Survey 3
samples the highest flux densities close to the peak of the flare.
Due to another synchrotron component, the spectrum peak is
again at higher frequencies compared to Survey 2. In Survey 4,
the flare is decreasing, the flux density has dropped, and the peak
has moved to around 10 GHz from approximately 100 GHz in
Survey 1. For multiwavelength analyses of this source during
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Fig. 6. Flux density curves for 0420014 at 37 GHz (Metsihovi), 1.3 m,
and 870 um (SMA). The fop plot shows the long-term behaviour of
the source and the three bottom plots show the period 2004-2014. The
epochs of the four Planck Surveys are marked with vertical lines.

the Planck Surveys see also, for example, Wehrle et al. (2012)
and Jorstad et al. (2013).

5.2. Alternative models for variability?

Although the variability in our five example sources can be ar-
gued to be compatible with the shock behaviour predicted by the
basic Marscher & Gear model, it is worthwhile to discuss alter-
native models. In most other sources, the variability behaviour
seems to be approximately achromatic, with the fluxes at all fre-
quencies except the very lowest ones either rising and decreas-
ing simultaneously. However, an earlier study (Angelakis et al.
2012) with data over 4.5 yr (including also millimetre wave-
bands) found that only eight out of 78 sources show achromatic
variability.

Until now, the vast majority of AGN radio monitoring has
been limited to relatively low frequencies, even though studies
such as Tornikoski et al. (1993, 2000) and Hovatta et al. (2008)
also used data up to230 GHz. Consequently, the comparisons
with shocked jet models have also been done at low frequen-
cies, and have mainly considered the strongest radio flares, those
which also produce visible VLBI components emerging from the
radio core.

A plausible working hypothesis is that the shocked jet de-
scription is a valid approximation for the strongest disturbances,

0851+202, Metsahovi 37 GHz
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Fig. 7. Flux density curves for 0851+202 at 37 GHz (Metsdhovi),
1.3 mm, and 870 um (SMA). See Fig. 6 for details. Some SMA data
have been previously published in Agudo et al. (2011). Some data come
from a dedicated programme by Ann Wehrle.

which survive to emerge from the radio core and continue to
propagate downstream as something that can be approximated
with a single shocked portion of the jet. We note that the flaring
epochs described above are, for each of the five sources, among
the strongest seen in these sources during the 30+ yr of Met-
sdhovi monitoring.

Multifrequency observations (e.g., Marscher et al. 2008) and
comparisons with VLBI data (e.g., Savolainen et al. 2002) have
demonstrated that the less extreme variations take place mainly
within the radio core itself, or even upstream of it. The structure
of the radio core is under debate, as are the processes that occur
when a disturbance moving down the jet passes through it. One
possibility is the turbulent extreme multi-zone model (TEMZ;
Wehrle et al. 2012; Marscher 2014), in which a number of ran-
dom cells are shocked by a disturbance passing through a stand-
ing conical shock, identified as the radio core. The observed flux
density is the sum of radiation from the individual cells. Due to
the stochastic nature of the TEMZ, the flux density variations
can be essentially achromatic even over a very wide frequency
range, as shown by model simulations (Fig. 3 in Marscher 2014,
and priv. comm.). In Wehrle et al. (2012), the TEMZ model was
successfully applied to an outburst in 3C 454.3, during which
the multifrequency variations, in particular from 10'! to 10" Hz,
appeared to be nearly simultaneous. In many cases the TEMZ
model may thus be a better overall description of the radio SED
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Fig. 8. Flux density curves for 1156+295 at 37 GHz (Metsihovi),
1.3 mm, and 870 um (SMA). See Fig. 6 for details. Some SMA data
have been previously published in Ramakrishnan et al. (2014).

behaviour as seen by Planck. For example, in 07164714 the
overall flux densities change by a factor of 3, and in 1253-055
by a factor of 2, but the shapes of the radio spectra remain un-
changed within the observational error bars. This is very sim-
ilar to what was seen in 3C 454.3 (see especially Fig. 2 in
Wehrle et al. 2012).

Geometric variability — changes in the jet direction — can
naturally produce achromatic variations through changes in
the Doppler boosting factor. Such models have been proposed
to explain the radio variability in a number of sources (e.g.,
Raiteri et al. 2012; Chen et al. 2013). However, geometric mod-
els in general predict regularities (either periodicity or repetitive
variability patterns) that have never been observed over longer
timescales (Chen et al. 2013). A kink in the jet will produce a
change in the overall flux density levels, but not spectral vari-
ability moving up and down.

Finally, achromatic variability can also arise naturally during
shocks, at high frequencies (above the spectral turnover), where
the source is optically thin and the fluxes therefore rise and fall
in unison (Valtaoja et al. 1992).

6. Rising high frequency spectra

Looking at our radio spectra, it is obvious that some sources
show a clear upturn at the highest or two highest frequencies
(see also Sect. 4.1). The most likely reason for the upturns in
most sources is contamination of the flux densities by Galactic
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Fig. 9. Flux density curves for 1226+023 at 37 GHz (Metsédhovi),
1.3 mm, and 870 um (SMA). See Fig. 6 for details. Some data come
from a dedicated programme by Ann Wehrle.

cirrus clouds with temperatures from 15 to 25 K. This inter-
pretation is in accordance with the v* to v* spectral index (es-
timated by removing the synchrotron component extrapolated
from lower frequencies), typical for Galactic cirrus clouds, and
the estimated temperature for the sources where archival IRAS
and other data impose upper limits to mid-infrared fluxes, re-
straining the range of possible temperatures and fluxes for cold
thermal components.

As we noted in Paper I, even the most luminous known
infrared-emitting AGN dust components would be completely
swamped by the non-thermal radiation at the typical redshifts
of our blazars. However, there remains the possibility that some
blazar-type AGN could have extreme amounts of cold dust, de-
tectable at the highest Planck frequencies. In the commonly
accepted evolutionary scenario, the starburst phase preceeds
the AGN phase. Starburst galaxies typically contain copious
amounts of dust, and in the AGN phase some blazars may con-
sequently still have detectable dust components.

We originally looked at the seven most promising candi-
dates with clearly rising high frequency spectra. These sources,
and their redshifts and optical classes, are listed in Table 4.
The high-z objects unfortunately lie in poor, confused fore-
ground areas, based on IRAS and Herschel data, and have
cirrus flags in the Planck Catalogue of Compact Sources
(Planck Collaboration XXVIII 2014), with the possible excep-
tion of 2037+511. However, in sources with the lowest red-
shifts, detected previously in the mid-infrared, and located
in unconfused areas, the highest Planck frequency upturns
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Fig. 10. Flux density curves for 2251+158 at 37 GHz (Metsihovi),
1.3mm, and 870 um (SMA). See Fig. 6 for details. A large part of
the SMA data has been published; see Raiterietal. (2008, 2011),
Villata et al. (2009), Jorstad et al. (2010, 2013), Pacciani et al. (2010),
Vercellone et al. (2010, 2011), Ogle et al. (2011), Wehrle et al. (2012).
Some data come from a dedicated programme by Ann Wehrle.

indeed could be due to the coldest intrinsic dust component,
around 20 K.

For the three low-z sources, 0238—084 (NGC 1052),
0415+379 (3C 111), and 0430+052 (3C 120), archival IRAS and
other infrared data allow us to delineate the whole spectrum of
this IR component. It can be roughly fitted with a single 15-K
heated dust component (corresponding to log vpeax = 12.2, or
200 um). For all three sources, archival mid-infrared data in-
dicate the presence of warmer dust components that cannot be
due to Galactic cirrus clouds. Therefore, the roughly 20 K com-
ponents in these sources may indeed be intrinsic as well. This
possibility requires further study. For example, Malmrose et al.
(2011) detected dust using observations from the Spitzer Space
Telescope in two AGN also included in our sample, namely
4C 21.35 (1222+216) and CTA 102 (2230+114). In the first
source we do not see an upturn, but in the second one a small
upturn is visible. However, our Planck data are from a consider-
ably lower frequency range than Spitzer’s.

7. Conclusions

We have presented four-epoch radio-to-submillimetre spectra
using simultaneous Planck and auxiliary data for a complete
flux-density-limited sample of 104 northern-to-equatorial bright

Table 4. Sources with clearly rising high frequency spectra, along with
their redshift, optical class, and figure number.

Source z Optical class Figure
0238-084 . ... 0.005 Seyfert 2 A.l4
0333+321 .... 1.258 Quasar A.17
0415+379 . ... 0.049 Seyfert 1 A.20
0430+052 .. .. 0.033 Seyfert 1 A22
0446+112 . ... 1.207 BL Lac A23
19544513 . ... 1.223 Quasar A.84
2037+511 .. .. 1.686 Quasar A.88

extragalactic radio sources. Our main conclusions from this
unique data set are the following.

1. The flattest high frequency radio spectra have indices close to
zero, and most range between —0.2 and —0.7. This indicates
that the original electron acceleration spectrum index is quite
hard, 1.5 instead of the canonical 2.5.

2. Statistical differences between AGN subclasses are signif-
icant at high frequencies, particularly between BLOs and
LPQ:s.

3. The radio spectra of these sources peak at remarkably high
frequencies, tens of gigahertz. Most of them are highly vari-
able, and for many the peak frequency also shifts with vari-
ability.

4. Although we see signatures of evolving shocks in the
strongest radio flares, much of the high frequency variability
may be better approximated by achromatic variations. Such
variability is predicted by the recent TEMZ model, although
other explanations are also possible.

5. We have found indications of intrinsic cold dust in low-z
AGN. A number of more distant AGN show an upturn at
the high frequency end of their radio spectra that is most
likely due to contamination from cold Galactic cirrus clouds,
although we cannot exclude intrinsic dust contributions in
some cases.

A more comprehensive scientific analysis of this data set, with
spectral energy distributions that include high frequency data
(optical, UV, X-ray, and gamma-ray data) will be published in
a subsequent paper.
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Appendix A: Additional tables Table A.1. continued.
Table A.1. Complete 1Jy northern AGN sample.

Source Alias Class RA (J2000) Dec J2000)  z i Alias Class RA (J2000) Dec(J2000)  z
0003066 . . ... .. NRAO 5 BLO 00:06:13.90 —06:23:13.90 0.347 1652+398 . . .. ... MARK 501 BLO 16:53:52.20 39:45:52.20 0.034
0007+106 . . . . . .. IZW?2 GAL 00:10:31.01 10:58:31.01 0.089 17394522 . ... ... S4 1739+52 HPQ 17:40:36.98 52:11:36.98 1.375
0048097 . . . . . .. PKS 0048-097  BLO 00:50:41.20 —09:29:41.20 0.300 1741038 ....... PKS 1741-038 HPQ 17:43:58.86 -03:50:58.86 1.054
0059+581 . ... ... TXS 0059+581 QSO 01:02:45.76 58:24:45.76 0.644 17494096 . . . . . .. PKS 1749+096 BLO 17:51:32.70 09:39:32.70 0.322
01064013 0C o012 HPQ 011083877 01353877 2099  1803+784 ... . ... S51803+784  BLO 18:00:45.40  78:28:45.40 0.684
JO125-0005 . .. .. QSO 01:25:28.84 —00:05:28.84 1.075 1807+698 . . . . . .. 3C371.0 BLO 18:06:50.70 69:49:50.70 0.051
0133+476 . . . . . .. DA 55 HPQ 01:36:58.59 47:51:58.59 0.859 1823+568 . . . . . .. 4C 56.27 BLO 18:24:07.07 56:51:07.07 0.663
01494218 HPQ 0152:18.06 22071806 1320  1828+487 ... .. .. 3C 380 HPQ 18:29:31.80  48:44:31.80 0.692
0oo2+140 4C 15.05 HPQ 02:04:5041  1514:5041 0405  J184915+67064 UNK  18:49:15.890  67:06:15.89 0.657
0212+735 BLO 0217-30.81 73493081 2367 19284738 ....... 4C73.18 HPQ 19:27:48.50  73:58:48.50 0.302
0224+671 . . . . . .. QSO  02:28:50.05  67:21:50.05 0523  1954+513 ... .. LPQ 19:55:4274  51:31:42.74 1.223
02344285 . . . . . .. 4C 28.07 HPQ 02:37:52.41 28:48:52.41 1.207 20074776 . . . .. .. S52007+77 BLO 20:05:31.10 77:52:31.10 0.342
0235+164 . . . . ... BLO 02:38:38.80  16:36:38.80 0.940  2005+403....... QSO 20:07:44.94  40:29:44.94  1.736
0238—0s4 GAL 0241-0480 —08-15-04.80 0005 20214614 . ... ... OW 637 GAL 20:22:06.68  61:36:06.68 0.227
03064102 . . .. ... PKS 0306+102  BLO 03:09:03.60  10:29:03.60 0.863 ~ 2037+511....... QSO 20:38:37.04  51:19:37.04  1.686
03164413 . . .. ... 3C 84 GAL 03:19:48.16  41:30:48.16 0.018 21214053 ..... .. HPQ 21:23:44.52  05:35:44.52  1.941
333321 NRAO 140 HPQ 03363011 32183011 1258  2131-021.. ... .. PKS2131-021 HPQ 21:34:1031 -01:53:10.31 1.285
0336-019 . . .. ... CTA 026 HPQ 03:39:30.94 —-01:46:30.94 0.852  2134+004..... .. OX 057 LPQ 21:36:38.59  00:41:38.59 1.932
0355+508 . . . . ... NRAO 150 LPQ 03:59:29.75  50:57:29.75 1.510  2136+141....... LPQ  21:39:01.31  14:23:01.31 2.427
04154379 . . . . ... 3C 111 GAL 04:18:21.28  38:01:21.28 0.049 21454067 ..... .. LPQ  21:48:05.46  06:57:05.46  0.990
0420014 . . . . . .. 0OA 129 HPQ 04:23:15.80 —-01:20:15.80 0.915 22004420 . . ... .. BL LAC BLO 22:02:43.30 42:16:43.30 0.069
04304052 . . . . . .. 3C 120 GAL 04:33:11.10  05:21:11.10 0.033 ~ 22014315 .. 4C31.63 HPQ 22:03:14.98  31:45:14.98 0.298
0446+112 . . . . . . . PKS 0446+112  GAL 04:49:07.67  11:21:07.67 1207 ~ 2201+171....... QSO 22:03:26.89  17:25:26.89  1.075
0458-020 . . . . . .. PKS 0458-020  HPQ 05:01:12.81 —01:59:12.81 2286 2216038 ....... QSO 22:18:52.04  -03:35:52.04  0.901
0507+179 . . . . . .. HPQ 05:10:02.37 18:00:02.37 0.416 2223-052 . ... ... 3C 446 BLO 22:25:47.26 -04:57:47.26 1.404
0528+134 . . . .. .. PKS 0528+134  HPQ 05:30:56.42  13:31:5642 2070  2227-088 ....... HPQ  22:29:40.09 -08:32:40.09 1.562
0552+398 . . . . ... DA 193 LPQ 05:55:30.81  39:48:30.81 2363  2230+114..... .. CTA 102 HPQ 22:32:36.41  11:43:36.41 1.037
0605085 . . .. ... PKS 0605-085  HPQ 06:07:59.70 —08:34:59.70 0.872  2234+282....... HPQ  22:36:2247  28:28:22.47 0.795
o6arady OH 471 LPQ 06463203 44513203 3408  2251+158. ... ... 3C 4543 HPQ 22:53:57.75  16:08:57.75 0.859
07164714 . . . . ... BLO 07:21:5330  71:20:53.30 0300  4C4551 ....... QSO 23:54:21.68  45:53:21.68  1.986
0723008 . . . . ... PKS 0723-008  BLO 07:25:50.70 —00:54:50.70 0.127 ~ 2353+816....... QSO 23:56:22.79  81:52:22.79  1.340
07354178 . . .. ... PKS 0735+178  BLO 07:38:07.40  17:42:07.40 0.424
07364017 . . . . ... HPQ 07:39:18.03  01:37:18.03 0.191
07484126 . . . . ... LPQ 07:50:52.05  12:31:52.05 0.889
07544100 . . . . . .. 01 090.4 BLO 07:57:06.64  09:56:06.64 0.266
0805077 . . .. ... QSO  08:08:15.54 —07:51:15.54 1.837
08044499 . . . . . .. HPQ 08:08:39.67  49:50:39.67 1.432
08234033 . . .. ... PKS 0823+033  BLO 08:25:50.30  03:09:50.30 0.506
08274243 . . . . ... 01248 LPQ 08:30:52.08  24:10:52.08 0.941
08364710 . . . . . .. 4C 71.07 LPQ 08:41:2437  70:53:24.37 2.172
08514202 . . . . . .. 05287 BLO 08:54:48.80  20:06:48.80 0.306
0906+430 . . . . . .. 3C216 HPQ 09:09:3350  42:53:33.50 0.670
09174449 . . . .. .. QSO 09:20:58.46  44:41:58.46 2.188
09234392 . . .. ... 4C 39.25 LPQ 09:27:03.01  39:02:03.01 0.698
09454408 . . . . . .. 4C 40.24 LPQ 09:48:55.34  40:39:55.34 1.252
09534254 . . . . ... LPQ 09:56:49.88  25:15:49.88 0.712
09544658 . . . .. .. S4 0954+65 BLO 09:58:47.20  65:33:47.20 0.367
10364054 . . .. ... QSO  10:38:46.78  05:12:46.78 0.473
TEX 1040+244 . . . . BLO 10:43:09.00  24:08:09.00 0.560
1055+018 . . . . . . . OL 093 HPQ 10:58:29.61  01:33:29.61 0.888
J1130+3815 . . . .. QSO B1128+385 QSO 11:30:53.28  38:15:53.28 1.741
1150+812 . . . . . .. QSO 11:53:1250  80:58:12.50 1.250
1150+497 . . . . . .. HPQ 11:53:24.47  49:31:24.47 0334
11564295 . . . . . .. 4C 29.45 HPQ 11:59:31.83  29:14:31.83 0.729
12194044 . . . .. .. QSO 12:22:2255  04:13:22.55 0.965
12224216 . . . . ... PKS 12224216  HPQ 12:24:54.51  21:22:54.51 0.435
12264023 . . .. . .. 3C273 HPQ 12:29:06.69  02:03:06.69 0.158
12284126 . . .. . .. 3C 274 GAL 12:30:49.42  12:23:49.42 0.004
1253-055 . . . . . .. 3C 279 HPQ 12:56:11.17 —05:47:11.17 0.536
13084326 . . . . . .. AUCVn BLO 13:10:28.66  32:20:28.66 0.997
13244224 . .. .. .. QSO  13:27:00.86  22:10:00.86 1.400
14134135 . . ... .. BLO 14:15:58.80  13:20:58.80 0.247
14184546 . . . . . . . 0Q 530 BLO 14:19:56.60  54:23:56.60 0.151
15024106 . . . . . . . OR 103 HPQ 15:04:2498  10:29:24.98 1.839
1510-089 . . . . . . . PKS 1510-089  HPQ 15:12:50.53 —09:05:50.53 0.360
15464027 . . . . . .. HPQ 15:49:29.44  02:37:29.44 0.414
15484056 . . .. . .. HPQ 15:50:3527  05:27:3527 1417
1606+106 . . . . . . . 4C 10.45 LPQ 16:08:46.20  10:29:46.20 1.226
16114343 . .. .. .. DA 406 HPQ 16:13:41.00 34:12:41.00 1.401
16334382 . . . . ... 4C 38.41 HPQ 16:35:1549  38:08:15.49 1.814
1638+398 . . . . . .. QSO  16:40:29.63  39:46:29.63 1.660
16424690 . . . . . . . HPQ 16:42:07.85 68:56:07.85 0.751
16414399 . . . .. .. 3C 345 HPQ 16:42:58.81  39:48:58.81 0.593

Notes. The columns and source class types are defined in Sect. 2.
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Table A.2. Start and end times [yyyy-mm-dd] for the Planck Surveys, calculated with POFF.

Survey 1 Survey 2 Survey 3 Survey 4
Class Start End Start End Start End Start End
0003-066 . . . . 2009-12-12 2009-12-21 2010-06-25 2010-07-04 2010-12-12  2010-12-21 2011-06-25 2011-07-04
0007+106 . . . . 2009-12-25 2010-01-02 2010-07-04 2010-07-13 2010-12-25 2011-01-02 2011-07-04 2011-07-13
0048-097 . . . . 2009-12-23  2010-01-01 2010-07-08 2010-07-16 2010-12-23  2011-01-01 2011-07-08 2011-07-16
0059+581 . . . . 2009-08-17 2009-08-28 2010-01-28 2010-02-05 2010-08-18 2010-08-28 2011-01-28 2011-02-05
01064013 . . . . 2010-01-04 2010-01-12 2010-07-17 2010-07-24 2011-01-04 2011-01-12 2011-07-17 2011-07-24
JO125-0005 . . 2010-01-08 2010-01-16 2010-07-21 2010-07-28 2011-01-08 2011-01-16 2011-07-21 2011-07-28
0133+476 . . . . 2009-08-14  2009-08-23 2010-01-29  2010-02-05 2010-08-15 2010-08-23 2011-01-29  2011-02-05
0149+218 . . . . 2010-01-24 2010-01-30 2010-08-05 2010-08-11 2011-01-24 2011-01-30 2011-08-04 2011-08-11
0202+149 . . .. 2010-01-24 2010-01-31 2010-08-05 2010-08-11 2011-01-24 2011-01-31 2011-08-05 2011-08-11
02124735 . . .. 2009-09-11  2009-09-21 2010-02-11 2010-02-20 2010-09-11 2010-09-21 2011-02-11 2011-02-20
0224+671 . . . . 2009-09-06  2009-09-15 2010-02-10 2010-02-18 2010-09-06  2010-09-15 2011-02-10 2011-02-18
0234+285 . . . . 2009-08-16  2009-08-23 2010-02-03  2010-02-09 2010-08-17 2010-08-23 2011-02-03 2011-02-09
0235+164 . . . . 2009-08-12  2009-08-17 2010-02-01 2010-02-07 2010-08-12  2010-08-19 2011-02-01 2011-02-07
0238-084 . . . . 2010-01-24 2010-02-01 2010-08-05 2010-08-11 2011-01-24 2011-02-01 2011-08-05 2011-08-11
0306+102 . . . . 2009-08-15 2009-08-22 2010-02-06  2010-02-12 2010-08-17 2010-08-22 2011-02-06 2011-02-12
0316+413 . . . . 2009-08-29  2009-09-04 2010-02-13  2010-02-19 2010-08-29  2010-09-04 2011-02-13  2011-02-19
0333+321 . . .. 2009-08-28  2009-09-03 2010-02-15 2010-02-20 2010-08-28 2010-09-03 2011-02-15 2011-02-20
0336-019 . . . . 2009-08-18  2009-08-25 2010-02-10  2010-02-17 2010-08-19 2010-08-25 2011-02-10  2011-02-17
03554508 . . . . 2009-09-07 2009-09-14 2010-02-19 2010-02-26 2010-09-07 2010-09-14 2011-02-19 2011-02-26
0415+379 . . . . 2009-09-06  2009-09-12 2010-02-22  2010-02-28 2010-09-06  2010-09-12 2011-02-22  2011-02-28
0420-014 . . . . 2009-08-28  2009-09-03 2010-02-21 2010-02-27 2010-08-28 2010-09-03 2011-02-21 2011-02-27
0430+052 . . . . 2009-09-01  2009-09-07 2010-02-24  2010-03-01 2010-09-01 2010-09-07 2011-02-24  2011-03-01
0446+112 . . . . 2009-09-05 2009-09-11 2010-02-27 2010-03-05 2010-09-05 2010-09-11 2011-02-27 2011-03-03
0458-020 . . . . 2009-09-05 2009-09-11 2010-03-01 2010-03-07 2010-09-05 2010-09-11 2011-03-01 2011-03-05
0507+179 . . . . 2009-09-11  2009-09-16 2010-03-03 2010-03-09 2010-09-11 2010-09-16 2011-03-02 2011-03-07
0528+134 . . . . 2009-09-14  2009-09-20 2010-03-07 2010-03-13 2010-09-14  2010-09-20 2011-03-05 2011-03-11
0552+398 . . . . 2009-09-22  2009-09-28 2010-03-09 2010-03-15 2010-09-22  2010-09-28 2011-03-07 2011-03-14
0605-085 . . . . 2009-09-19  2009-09-26 2010-03-17 2010-03-23 2010-09-19  2010-09-26 2011-03-16 2011-03-23
0642+449 . . . . 2009-09-30  2009-10-06 2010-03-16 2010-03-22 2010-09-30  2010-10-06 2011-03-15 2011-03-22
07164714 . . . . 2009-10-04 2009-10-12 2010-03-10  2010-03-18 2010-10-04 2010-10-12 2011-03-08 2011-03-18
0723-008 . . . . 2009-10-09  2009-10-16 2010-04-02  2010-04-08 2010-10-09 2010-10-16 2011-04-01 2011-04-08
0735+178 . . . . 2009-10-10 2009-10-17 2010-03-31 2010-04-06 2010-10-10  2010-10-17 2011-03-31 2011-04-06
07364017 . . . . 2009-10-12  2009-10-19 2010-04-04 2010-04-10 2010-10-12  2010-10-19 2011-04-04 2011-04-10
0748+126 . . . . 2009-10-14  2009-10-20 2010-04-04 2010-04-10 2010-10-14 2010-10-20 2011-04-04 2011-04-10
0754+100 . . . . 2009-10-15  2009-10-22 2010-04-06 2010-04-12 2010-10-15 2010-10-22 2011-04-06 2011-04-12
0805-077 . . . . 2009-10-22  2009-10-31 2010-04-12  2010-04-19 2010-10-22  2010-10-31 2011-04-12  2011-04-19
0804+499 . . . . 2009-10-12  2009-10-19 2010-03-27 2010-04-03 2010-10-12  2010-10-19 2011-03-27 2011-04-03
08234033 . . . . 2009-10-24 2009-11-01 2010-04-14 2010-04-20 2010-10-24 2010-11-01 2011-04-14 2011-04-20
0827+243 . . .. 2009-10-21 2009-10-27 2010-04-09 2010-04-16 2010-10-21 2010-10-27 2011-04-09 2011-04-16
0836+710 . . . . 2009-10-12  2009-10-19 2010-03-17 2010-03-27 2010-10-12  2010-10-19 2011-03-16 2011-03-27
0851+202 . . . . 2009-10-27  2009-11-03 2010-04-15 2010-04-22 2010-10-27 2010-11-02 2011-04-15 2011-04-22
0906+430 . . . . 2009-10-23  2009-10-30 2010-04-09 2010-04-17 2010-10-23  2010-10-30 2011-04-09 2011-04-17
09174449 . . .. 2009-10-25 2009-11-01 2010-04-11 2010-04-19 2010-10-25 2010-11-01 2011-04-11 2011-04-19
0923+392 . . . . 2009-10-28  2009-11-03 2010-04-15 2010-04-23 2010-10-28 2010-11-03 2011-04-15 2011-04-23
0945+408 . . . . 2009-10-31  2009-11-07 2010-04-18 2010-04-27 2010-10-31 2010-11-07 2011-04-18 2011-04-27
0953+254 . . . . 2009-11-08  2009-11-15 2010-04-27 2010-05-06 2010-11-08 2010-11-15 2011-04-27 2011-05-06
0954+658 . . . . 2009-10-21  2009-10-29 2010-03-30  2010-04-11 2010-10-21 2010-10-29 2011-03-30  2011-04-11
10364054 . . . . 2009-11-29  2009-12-08 2010-05-16  2010-05-25 2010-11-29  2010-12-08 2011-05-16  2011-05-25
TEX1040+244 . 2009-11-19  2009-11-27 2010-05-10 2010-05-19 2010-11-19  2010-11-27 2011-05-10 2011-05-19
1055+018 . . . . 2009-12-07  2009-12-16 2010-05-24  2010-06-02 2010-12-07 2010-12-16 2011-05-24  2011-06-02
J1130+3815 2009-09-05 2009-09-11 2010-03-18 2010-03-24 2010-09-05 2010-09-11 2011-03-17 2011-03-24
1150+812 . . . . 2009-10-16  2009-10-26 2010-03-07 2010-03-22 2010-10-16  2010-10-26 2011-03-05 2011-03-22
11504497 . . . . 2009-11-16  2009-11-26 2010-05-11 2010-05-26 2010-11-16  2010-11-26 2011-05-11 2011-05-26
11564295 . . . . 2009-12-04  2009-12-14 2010-05-31 2010-06-11 2010-12-04 2010-12-14 2011-05-31 2011-06-11
1219+044 . . .. 2009-12-29  2010-01-07 2010-06-20 2010-06-29 2010-12-29 2011-01-07 2011-06-20 2011-06-29
12224216 . . . . 2009-12-18  2009-12-28 2010-06-13  2010-06-23 2010-12-18 2010-12-28 2011-06-13  2011-06-23
12264023 . . . . 2010-01-02 2010-01-10 2010-06-23  2010-07-02 2011-01-02 2011-01-10 2011-06-23  2011-07-02
1228+126 . . . . 2009-12-26  2010-01-04 2010-06-19  2010-06-29 2010-12-26  2011-01-04 2011-06-19 2011-06-29
1253-055 . . . . 2010-01-13  2010-01-20 2010-07-05 2010-07-13 2011-01-13  2011-01-20 2011-07-05 2011-07-13
1308+326 . . . . 2009-12-21 2010-01-03 2010-06-21 2010-07-01 2010-12-21 2011-01-03 2011-06-21 2011-07-01
13244224 . . .. 2010-01-05 2010-01-15 2010-07-02  2010-07-11 2011-01-05 2011-01-15 2011-07-02  2011-07-11
1413+135 . . .. 2010-01-25 2010-02-02 2010-07-19 2010-07-26 2011-01-25 2011-02-02 2011-07-19 2011-07-26
14184546 . . . . 2009-12-06  2009-12-28 2010-06-18  2010-07-03 2010-12-06  2010-12-27 2011-06-18 2011-07-03
1502+106 . . . . 2010-02-08 2010-02-15 2010-08-01 2010-08-07 2011-02-08 2011-02-15 2011-08-01 2011-08-07
1510-089 . . . . 2009-08-12  2009-08-14 2010-02-14  2010-02-20 2010-08-09 2010-08-16 2011-02-14  2011-02-20
15464027 . . . . 2009-08-12  2009-08-18 2010-02-21 2010-02-27 2010-08-14 2010-08-20 2011-02-21 2011-02-27
15484056 . . . . 2009-08-12  2009-08-18 2010-02-21 2010-02-27 2010-08-13  2010-08-19 2011-02-20 2011-02-27
1606+106 . . . . 2009-08-14  2009-08-21 2010-02-24  2010-03-03 2010-08-15 2010-08-21 2011-02-24 2011-03-02
1611+343 . . .. 2010-02-23  2010-03-06 2010-08-05 2010-08-13 2011-02-23  2011-03-04 2011-08-05 2011-08-13
1633+382 . . . . 2009-08-12  2009-08-14 2010-03-02 2010-03-14 2010-08-07 2010-08-16 2011-03-02 2011-03-12
1638+398 . . . . 2009-08-12  2009-08-14 2010-03-04 2010-03-16 2010-08-07 2010-08-16 2011-03-03  2011-03-15
16424690 . . . . 2009-11-06  2009-11-29 2010-01-17 2010-02-27 2010-04-08 2010-05-23 2010-06-05 2010-07-05
16414399 . . . . 2009-08-12  2009-08-15 2010-03-05 2010-03-17 2010-08-07 2010-08-17 2011-03-04 2011-03-17
1652+398 . . . . 2009-08-12  2009-08-17 2010-03-09 2010-03-21 2010-08-10  2010-08-20 2011-03-07 2011-03-21
1739+522 . . .. 2009-08-12  2009-08-18 2010-03-30 2010-04-15 2010-08-06 2010-08-21 2011-03-30 2011-04-15
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Table A.2. continued.
Survey 1 Survey 2 Survey 3 Survey 4
Class Start End Start End Start End Start End
1741-038 . . . . 2009-09-08 2009-09-14 2010-03-18  2010-03-23 2010-09-08 2010-09-14 2011-03-17 2011-03-23
1749+096 . . . . 2009-09-07  2009-09-14 2010-03-21 2010-03-27 2010-09-07 2010-09-14 2011-03-21 2011-03-27
1803+784 . . . . 2009-10-11 2009-10-27 2010-02-02 2010-02-19 2010-10-11 2010-10-27 2011-02-02 2011-02-19
1807+698 . . . . 2009-10-21 2009-11-15 2010-01-07 2010-01-31 2010-05-11 2010-06-05 2010-06-16 2010-07-12
1823+568 . . . . 2009-08-12  2009-08-29 2010-04-17 2010-05-04 2010-08-05 2010-08-29 2011-04-17 2011-05-04
1828+487 . . . . 2009-08-25 2009-09-12 2010-04-11 2010-04-24 2010-08-25 2010-09-12 2011-04-11 2011-04-24
J184915+670 . . 2009-10-12  2009-11-14 2009-12-25 2010-01-19 2010-05-12  2010-06-10 2010-06-26  2010-07-31
1928+738 . . . . 2009-09-28 2009-10-20 2010-01-18 2010-02-03 2010-09-28 2010-10-20 2011-01-18 2011-02-03
1954+513 . . .. 2009-10-09 2009-12-06 2010-05-06 2010-05-20 2010-10-09 2010-12-06 2011-05-06 2011-05-20
2007+776 . . . . 2009-09-25 2009-10-12 2010-01-27 2010-02-10 2010-09-25 2010-10-12 2011-01-27 2011-02-10
2005+403 . . . . 2009-10-17  2009-11-09 2010-05-02 2010-05-12 2010-10-17 2010-11-09 2011-05-02 2011-05-12
2021+614 . . . . 2009-08-15 2009-08-21 2009-12-20 2010-01-08 2010-05-26  2010-07-12 2010-07-28 2010-08-22
2037+511 . . . . 2009-11-25 2009-12-19 2010-05-18  2010-06-03 2010-11-25 2010-12-19 2011-05-18 2011-06-03
21214053 . . . . 2009-11-02  2009-11-11 2010-05-08 2010-05-16 2010-11-02  2010-11-11 2011-05-08 2011-05-16
2131-021 . . . . 2009-11-02  2009-11-10 2010-05-09 2010-05-17 2010-11-02  2010-11-10 2011-05-09 2011-05-17
21344004 . . . . 2009-11-04  2009-11-12 2010-05-10 2010-05-19 2010-11-04 2010-11-12 2011-05-10 2011-05-19
2136+141 . . .. 2009-11-11 2009-11-21 2010-05-16 2010-05-25 2010-11-11 2010-11-21 2011-05-16 2011-05-25
21454067 . . . . 2009-11-10  2009-11-19 2010-05-16 2010-05-24 2010-11-10 2010-11-19 2011-05-16 2011-05-24
2200+420 . . . . 2009-12-13  2009-12-26 2010-06-06 2010-06-22 2010-12-13  2010-12-26 2011-06-06 2011-06-22
22014315 . . .. 2009-12-02  2009-12-15 2010-05-31 2010-06-12 2010-12-02 2010-12-15 2011-05-30 2011-06-12
2201+171 . . .. 2009-11-21  2009-12-02 2010-05-24  2010-06-03 2010-11-21 2010-12-02 2011-05-24  2011-06-03
2216-038 . . . . 2009-11-14  2009-11-22 2010-05-21 2010-05-31 2010-11-14 2010-11-22 2011-05-21 2011-05-31
2223-052 . . .. 2009-11-15 2009-11-23 2010-05-23  2010-06-01 2010-11-15 2010-11-23 2011-05-23 2011-06-01
2227-088 . . . . 2009-11-14  2009-11-22 2010-05-23  2010-06-01 2010-11-14 2010-11-22 2011-05-23 2011-06-01
2230+114 . . . . 2009-11-27  2009-12-07 2010-05-31 2010-06-10 2010-11-27 2010-12-07 2011-05-31 2011-06-10
22344282 . . .. 2009-12-10  2009-12-21 2010-06-09 2010-06-21 2010-12-10  2010-12-21 2011-06-09 2011-06-21
2251+158 . . . . 2009-12-06  2009-12-16 2010-06-10 2010-06-20 2010-12-06  2010-12-16 2011-06-10 2011-06-20
4C4551 .. .. 2010-01-11 2010-01-19 2010-07-20  2010-08-02 2011-01-11 2011-01-19 2011-07-20 2011-08-02
2353+816 . . . . 2009-09-19  2009-10-01 2010-02-08 2010-02-19 2010-09-19 2010-10-01 2011-02-08 2011-02-19
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Table A.3. Number of Planck pointings for each source, Survey, and frequency.

44 GHz 70 GHz 100 GHz 143 GHz 217 GHz 353 GHz 545 GHz 857 GHz
S1S2S384 S1S2S3S84 S1S2S3S4 S1S2S3S84 S1S2S384 S1S2S3S84 S1S2S384 S18S28S384 S1S28384

30GHz

Source

0003-066 . . . . ..

0007+106 . . . . ..

0048-097 . . . . ..

2020 2020 2020 2020 2020 2020 2020 2020

2020

0059+581 . . . ...

0106+013 . . . . ..

J0125-0005

2020 2020 2020 2020 2020 2020 2020 2020

2020

0133+476 . . . . ..

0149+218 . . . . ..

0202+149 . . . . ..

0212+735 . . . . ..

0224+671 . . . . ..

2020 2020 2020 2020 2020 2020
2020 2020

1

2020

0234+285 . . . . ..

2020

2020 2020 2020

2020

2020

0235+164 . . . . ..

0238-084 . . . ...

1

2020

1

0306+102 . . . . ..

0316+413 . . . . ..

0333+321 . ... ..

0336-019 . . . ...

0355+508 . . . ...

04154379 . . . . ..

0420-014 . . . . ..

0430+052 . . . . ..

0446+112 . . . . ..

0458-020 . . . . ..

0507+179 . . . . ..

0528+134 . . . . ..

0552+398 . . . . ..

0605-085 . . . ...

0642+449 . . . . ..

0716+714 . . . . ..

0723-008 . . . . ..

0735+178 . . . . ..

0736+017 . . . . ..

0748+126 . . . . ..

0754+100 . . . . ..

0805-077 . . . ...

0804+499 . . . ...

0823+033 . . . ...

0827+243 . . . . ..

0836+710 . . . . ..

0851+202 . . . ...

0906+430 . . . . ..

0917+449 . . . . ..

0923+392 . . . ...

0945+408 . . . . ..

0953+254 . . . . ..

0954+658 . . . . ..

1036+054 . . . . ..

TEX1040+244 . . .

1055+018 . . . . ..

J1130+3815

1150+812 . . . . ..

1150+497 . . . . ..

11564295 . . . . ..

1219+044 . . . . ..

12224216 . . . . ..

12264023 . . . . ..

12284126 . . . . ..

1253-055 . . . . ..

1308+326 . . . . ..

13244224 . . . . ..

1413+135 . . . . ..

2222 1
020

1
1

1418+546 . . . . ..

1
1

020
020

1
1

020

020

1
1

0201 020

1
1

020

020

1
1

0201 020

020 1

1502+106 . . . . ..

1510-089 . . . . ..

1546+027 . . . . ..

1548+056 . . . . ..

1606+106 . . . . . .

1
1

020
020
0201

1
1

I 020
020
0201

1
1

1 020
020
020

1
1

020

1
1
1

1 0201 020
020
020

1

2

1611+343 . . . . ..

2
21

0
0

1633+382 . . . . ..

1

3
1

1638+398 . . . . ..

2222 2222 2222
0201

2222

0

2020

16424690 . . . . . .

1 0201 0201

1

0201 2

1

1

16414399 . . . . ..

1652+398 . . . . ..

0201 0201

11

2

0201

1

1739+522 . . . . ..

Notes. Because the visibility periods calculated with POFF may overlap in time, for some single-pointing sources there can be zero to three

pointings per Survey.
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Table A.3. continued.

44 GHz 70 GHz 100 GHz 143 GHz 217 GHz 353 GHz 545 GHz 857 GHz
S1S2S384 S1S2S3S84 S1S2S3S4 S1S2S3S84 S1S2S384 S1S2S3S84 S1S2S384 S18S28S384 S1S28384

30GHz

Source

1741-038 . . . . ..

1749+096 . . . . ..

2020 2020
2020

1

2020

2020 1
2222

1

2222

1803+784 . . . . ..

2020

2020

3232 2222

2222

1807+698 . . . . ..

0201 1

1

1823+568 . . . . ..

1828+487 . . . . ..

2222
2020

1 2222 2222 2020 2222 2222 2222
2020 2020 2020

323

2222

J184915+670 . . . .

3030 2020 2020 2020
1

2020

1928+738 . . . . ..

2121

1

1954+513 . . . . ..

2020 2020 2020 2020 2020 2020

1

2

20074776 . . . . ..

2005+403 . . . . ..

1
1

3332
2222

1
1

1
1

2021+614 . . . . ..

2037+511 . ... ..

21214053 . . . . ..

2131-021 . .. ...

21344004 . . . . ..

2136+141 . ... ..

2145+067 . . . . ..

22004420 . . . . ..

22014315 . .. . ..

2201+171 . . . . ..

2216-038 . . . . ..

2223-052 . .. ...

2227-088 . ... ..

2230+114 . . . . ..

22344282 . ... ..

2251+158 . . . . ..
4C 4551

23534816 . . . . ..
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Table A.4. Broken power-law fits to the radio spectrum.

Planck Collaboration: Planck spectra of extragalactic radio sources

Survey 1 Survey 2 Survey 3 Survey 4

Source Class  aLF  QHF  Vbreak QLF  QHF  Vbreak QLF  @HF  Vbreak QLF  QHF  Vbreak
0003-066 . . . . .. BLO -0.07 -0.33 23.18 -0.26 -0.39 241.31 -0.15 -036 42.78 -0.26 -04 70
0007+106 . . . . .. GAL 0.59 -045 3756 0.14 -0.81 100
0048-097 . . . . .. BLO -0.02 -0.52 120.25 . .
0059+581 . . . ... QSO 0.36 -0.7 46.18 .. ... .. .. ... ..
0106+013 . . . . .. HPQ 0.13 -044 236 -0.15 -0.67 56.79 -0.38 -0.67 100
JO125-0005 QSO
0133+476 . . . . .. HPQ 0.03 -04 57.49 . ... . -0.18 -0.39 37.15
0149+218 . . . . .. HPQ ... 0.13 -0.58 81.23
0202+149 . . . . .. HPQ ..
0212+735 . . . . .. BLO . ... ... 032 -0.6 18.15 0.09 -0.46 9.31
0224+671 . . . . .. QSO 0.84 -0.24 39.61 -0.09 -031 70 e . e
0234+285 . .. ... HPQ -0.15 -0.61 57091 0.07 -0.5 59.13
0235+164 . . . . .. BLO 0.01 -0.5 123.65 .. ... .. 0.04 -0.34 100
0238-084 . .. ... GAL -0.12 0.23 181.71 -0.12 -0.02 147 . . e
0306+102 . . . ... BLO 0.37 -0.75 70 . ... . 028 -0.59 70 . e .
0316+413 . . . . .. GAL 0.21 -0.54 19.56 0.18 -0.57 21.17 036 -0.54 19.54 0.37 -0.57 19.88
0333+321 . .. ... HPQ 0.19 -1.01 539 -0.18 -0.75 65.16 0.62 -0.63 20.19 -0.21 -0.63 37.81
0336-019 . .. ... HPQ N . R . . . -0.02 -0.7 88.92 -0.1  -0.71 106.44
0355+508 . . . . .. LPQ -041 -0.69 77.18 0.1 -0.57 3747 0.22 -0.59 19.68 ... .. ...
0415+379 . . . . .. GAL -044 -034 37 0.69 -0.38 44.88 -0.58 -0.07 2841 -0.56 0 15.98
0420-014 . . . . .. HPQ 0.12 -046 58.72 0.07 -0.59 54.35
0430+052 . . . . .. GAL 0.02 -045 2288 -0.16 -0.19 19.63 . ... .
0446+112 . . . . .. GAL 0.2 -0.67 70.19 0.02 -0.71 8285 0.21 -048 41.72 . . .
0458-020 . . . . .. HPQ 0.12 -0.72  68.27 0.24 -0.64 70 -0.05 -031 70
0507+179 . . . . .. HPQ ...
0528+134 . . . . .. HPQ
0552+398 . . . . .. LPQ ... ... ... .. ... .. -0.13 -0.56 104
0605-085 . .. ... HPQ 0.32 -043 469 0.12 -0.83 66.2 .. ... .. 0.18 -0.78 52.11
0642+449 . . . . .. LPQ 0.37 -0.78 22.89 0.18 -0.61 19.85 0.31 -0.65 2041 -0.01 -0.57 21.75
0716+714 . . . . .. BLO 0.12 -0.17 70
0723-008 . . . . .. BLO 0.01 -044 847 0.36 -046 6793 037 -0.39 73.62 -0.01 -0.42 55.18
0735+178 . . . . .. BLO
0736+017 . . . . .. HPQ 026 -0.41 57.65 .. . . -0.39 0.04 4.76 0.18 0.07 8227
0748+126 . . . . .. LPQ -0.15 -0.78 7758 -0.25 -0.65 85.86 0.05 -0.64 37.21 -0.04 -0.54 3149
0754+100 . . . . .. BLO -0.04 -053 70 0.03 -031 68.99 -0.04 -0.22 52.08 . e .
0805-077 . . . ... QSO -0.11 -0.31 100 0.02 -043 62.54 -0.03 -035 4148 0.01 -0.65 81.94
0804+499 . . . ... HPQ
0823+033 . . . ... BLO .. ... . 0.24 -0.83 81.59 ... .. ...
0827+243 . . . . .. LPQ . ... .. 044 -0.52 5554 0.52 -041 81.36 0.1 -0.81 63.38
0836+710 . . . . .. LPQ 044 -0.7 50.95 0.5 -09 67.64 -037 -098 70 0.06 -0.62 59.59
0851+202 . .. ... BLO 0.28 -0.26 53.19 . 0.14 -0.36 5299 ... . ...
0906+430 . . . . .. HPQ 0.09 -035 44 . . . -0.45 0.45 127.38 -0.25 -0.5 71.75
0917+449 . . . . .. QSO 03 -033 3212 0.17 -0.52 44 0.29 -0.39 333 047 -0.53 26.08
0923+392 . .. ... LPQ 0.33 -0.6 19.9 -0.24 -0.62 35.59 . .. . -0.04 -0.6 23.97
0945+408 . . . . .. LPQ -0.12 -1.11 100.18 -0.15 -0.78 70 -03 -038 64.78 -03 -0.85 111.51
0953+254 . . .. .. LPQ
0954+658 . . . . .. BLO 0.24 -0.08 17.28 0.07 -0.15 44 -0.02 0.11 15
10364054 . . . . .. QSO e . e
TEX1040+244 . . . BLO -0.01 -04 37
1055+018 . . . . .. HPQ 0.13 -0.66 58.33 . ... . 024 -049 50.02 0.27 -041 5553
J1130+3815 - QSO -0.02 -0.54 5248 042 -044 44 0.31 -0.37 35.17
1150+812 . . . . .. QSO ..
1150+497 . . .. .. HPQ ... ... ... 0.53 -044 8251 -0.05 -0.39 17143 ... . ...
1156+295 . . . . .. HPQ -0.02 -0.22 44 -0.02 -03 37 0.06 -0.35 28 -0.15 -0.53 23.74
12194044 . . . . .. QSO 0.39 -0.56 46.31 0.02 -0.51 54.02 043 -0.34 6744 0.29 -0.54 4563
12224216 . . . . .. HPQ -0.07 -0.62 782 0.34 -0.63 59.63 0.19 -0.77 614 027 -047 231
12264023 . . . . .. HPQ ... ... ... -0.24 -0.85 58.59 -0.35 -0.61 3199 ... .. ...
1228+126 . . . . .. GAL 0.37 -0.72 3834 0.34 -0.73 3796 039 -0.74 39.21
1253-055 . . . . .. HPQ
13084326 . . . . .. BLO 0.08 -0.57 44 0.39 -0.63 24.83 0.1 -057 217 -0.04 -0.5 27.37
13244224 . . . . .. QSO .. ...
14134135 . . . . .. BLO
1418+546 . . . . .. BLO 0.11 -0.21 56.71 0.19 -0.13 17.61 -0.18 -0.1 86.05 ... . ...
1502+106 . . . . .. HPQ -0.07 -1.14 93.1
1510-089 . . . . .. HPQ . ... ... 0.02 -0.73 72.75 . . .. 048 -041 54
1546+027 . . . . .. HPQ 0.09 -0.59 67.18 -0.07 -042 4538 0.22 -0.58 5244 021 -041 70
15484056 . . . . .. HPQ 022 -0.53 2239 -0.32 -047 6445 -0.15 -0.64 56.46 -0.19 -0.58 41.89
1606+106 . . . . . . LPQ
16114343 . . . . .. HPQ 0.39 -0.64 37 0.14 -0.67 273
16334382 . . . . .. HPQ 0.07 -0.71 68.84 ... . ...
1638+398 . . . . .. QSO N . N . . -0.11 -0.8 59.42
16424690 . . . . .. HPQ -0.17 -0.64 3391
16414399 . . . . .. HPQ ... -0.12 -0.64 68.03 -0.14 -048 27.51
16524398 . . . . .. BLO . ... . -0.24 -0.46 75.56
17394522 . . . . .. HPQ -0.27 -0.86 92.73 ...
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Table A.4. continued.
Survey 1 Survey 2 Survey 3 Survey 4
Source Class  aLF  QHF  Vbreak QLF  QHF  Vbreak QLF  @HF  Vbreak QLF  QHF  Vbreak
1741-038 . . . . .. HPQ -0.22 -0.77 763 0.37 -096 5892 -0.02 -0.6 39.19 02 -0.6 50.06
1749+096 . . . . .. BLO 0.04 -045 59.36 0 -0.52 70 0.26 -044 6143 ...
1803+784 . . . . .. BLO -0.18 -0.27 53.61 ... .. -0.09 -0.33 56.7
1807+698 . . . . .. BLO 0.12 -0.31 20.33 -0.1 -0.3 37
18234568 . . . . .. BLO 0.02 -0.31 70 -0.07 -047 60.42 -0.07 -0.59 67.18 -0.08 -0.19 2248
1828+487 . . . . .. HPQ -043 -0.96 59.86 -039 -0.74 80 e . . -0.23 -0.64 437
J184915+670 . . . . UNK 0.07 -043 57.05 0.23 -0.5 90.79 0.27 -0.47 30.88
1928+738 . . . . .. HPQ 0.15 -0.68 55.06 .. ... .. 0.25 -0.58 3033
19544513 . . . . .. LPQ :
2007+776 . . . . .. BLO 0 -0.47 143.86 0.31 -0.6 89.07 ... . ...
2005+403 . . .. .. QSO . 0.28 -0.5 14.74
2021+614 . . . . .. GAL
20374511 . ... .. QSO -04 -0.68 70.67 0.27 -0.62 334 -0.09 -0.6 37 0.33 -0.61 3445
21214053 . . . . .. HPQ -0.25 -048 2231
2131-021 . . .. .. HPQ -0.14 -048 70 -0.12 -045 70 -021 -048 70 0.01 -0.32 1624
2134+004 . . . . .. LPQ 0.38 -0.87 1751 0.38 -0.91 18.55 0.37 -0.81 18.71 -0.28 -0.88 23.36
2136+141 . . .. .. LPQ
21454067 . . . . .. LPQ -0.19 -0.74 66.34 .. ... .. -0.21 -0.66 23.8
2200+420 . . . . .. BLO -0.08 -042 95.04 0.14 -0.03 39.12 0.36 —0.15 14.99 ... .. ...
22014315 . . .. .. HPQ 0.09 -0.57 69.64 -0.02 -0.83 59.19 036 -0.62 23.82 -023 -1.1 69.91
2201+171 . . .. .. QSO 0.16 -0.53 52.76 0.12 -0.52 100 047 -0.22 2562 0.13 -0.51 63.63
2216038 . . . . .. QSO -0.23 -0.86 70 -031 -091 107.29 -0.24 -0.66 70 -0.18 -043 217
2223-052 ... ... BLO -0.58 -0.93 217 -0.31 -0.64 39.78 -0.14 -0.63 20.72 -0.25 -0.63 23.14
2227-088 . . .. .. HPQ 0 -0.66 130.13 0.17 -0.54 69.61 0.34 -0.52 58.31 0.31 -0.61 51.01
2230+114 . . . . .. HPQ -036 -0.84 86.28 0.01 -0.6 15.17 -0.23 -0.67 585 ... . ..
22344282 . . .. .. HPQ 0.11 -045 86.98 0.07 -0.69 134.01 e . . -0.01 -0.15 96.81
2251+158 . . .. .. HPQ 046 -0.39 66.03
4C4551 ... ... QSO ..
2353+816 . . . . .. QSO
0003-066 0007+106
10.0 | E 10.0 |
o 0z o Q/v«@ﬂ\ﬁ\} B
Z 10t + g - . = 10F % ,,
L]'_‘:‘ ‘}_ qj' LLE.
ik
% * w
0.1 ¢ E 0.1 ¢
% Surveyl % Surveyl
Survey2 Survey2
% Survey3 % Survey3
Survey4 Survey4
0.01 L I I 0.01 L I L
10° 1010 10! 1012 10° 1010 10! 1012
v (Hz) v (Hz)
Fig. A.1. Radio spectrum of 0003—066: coloured stars, Planck data  Fig. A.2. 0007+106.

from four Surveys; coloured circles, data simultaneous to the Planck
observations; grey circles, historical data and solid lines, broken

power-law fits.
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Planck Collaboration: Planck spectra of extragalactic radio sources
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vo  Survey4 ¥ Survey4
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Fig. A.3. 0048-097. Fig. A.4. 0059+581.
0106+013 J0125-0005
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Fig. A.5. 0106+013. Fig. A.6. J0125-0005.
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Fig. A.7. 0133+476. Fig. A.8. 0149+218.
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