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ABSTRACT

This paper introduces a new Planck Catalog of Polarized and Variable Compact Sources (PCCS-PV) comprising 153 sources, the
majority of which are extragalactic. The data include both the total flux density and linear polarization measured by Planck with
frequency coverage from 30 to 353 GHz, and temporal spacing ranging from days to years. We classify most sources as beamed,
extragalactic radio sources; the catalog also includes several radio galaxies, Seyfert galaxies, and Galactic and Magellanic Cloud
sources, including H ii regions and planetary nebulae. An advanced extraction method applied directly to the multifrequency Planck
time-ordered data, rather than the mission sky maps, was developed to allow an assessment of the variability of polarized sources. Our
analysis of the time-ordered data from the Planck mission, tod2flux, allowed us to catalog the time-varying emission and polarization
properties for these sources at the full range of polarized frequencies employed by Planck, 30 to 353 GHz. PCCS-PV provides the
time- and frequency-dependent, polarized flux densities for all 153 sources. To illustrate some potential applications of the PCCS-
PV, we conducted preliminary comparisons of our measurements of selected sources with published data from other astronomical
instruments. In summary, we find general agreement between the Planck and the Institut de Radioastronomie Millimétrique (IRAM)
polarization measurements as well as with the Metsähovi 37 GHz values at closely similar epochs. These combined measurements
also show the value of PCCS-PV results and the PCCS2 catalog for filling in missing spectral (or temporal) coverage and helping to
define the spectral energy distributions of extragalactic sources. In turn, these results provide useful clues as to the physical properties
of the sources.

Key words. catalogs – polarization – radio continuum: general – submillimeter: general

1. Introduction

There are many categories of prominent radio, millimeter-wave,
and submillimeter sources, including Galactic sources such as
H ii regions and supernovae remnants, and extragalactic systems
such as quasars and dusty star-forming galaxies. The brightest
of these sources at high frequencies, however, are typically ei-
ther Galactic or active galactic nuclei (AGN). Both classes are
considered here, though the bulk of our objects are extragalac-
tic. AGN are the most powerful long-lasting sources in the Uni-
verse. Unlike much shorter timescale events such as black hole
mergers or gamma-ray bursts, the active phase lasts long enough
so that its properties and evolution can be studied in detail. Ra-
dio and submillimeter observations are central to understanding
these systems. The radio emission of AGN is almost certainly re-
lated to a black hole at the center of the active galaxy and to the
jets it engenders. These massive black holes in turn appear to be
intimately related to the evolution of their host galaxies (Magor-
rian et al. 1998). AGN feedback in the form of radiation, winds,
and relativistic jets is now invoked to explain the galaxy lumi-
nosity function and the M–σ relation (e.g., Croton et al. 2006;
Fabian 2012; King & Pounds 2015). The total power in the jets
is a critical parameter in estimating the magnitude of this feed-

back. The physics required to estimate the jet power, however,
is poorly understood. Important clues are provided by studies of
both polarization and variability of emission from the jets. Such
observations can illuminate the launching and initial propagation
of relativistic jets, as well as the presence of jet “sheaths” and
surrounding winds that could contribute to feedback (Blandford
et al. 2019). The optical depth of the material surrounding the
central black hole increases with wavelength, however. Hence
millimeter and submillimeter observations are particularly use-
ful: they allow us to study the properties of both the black hole
and its surrounding accretion disk, as has been done for a few
bright, relatively nearby, radio galaxies such as M87 (3C 274)
(Junor et al. 1999; Hada et al. 2011) and 3C 84 (NGC 1275)
(Giovannini et al. 2018). In these objects, as well as more distant
radio galaxies and blazars, the millimeter–submillimeter contin-
uum spectrum, time variability, and linear polarization probe the
acceleration and collimation zone of the jet.

The observed properties of AGN strongly depend on the
orientation between the line of sight and the axis of the jets.
Emission from the jet itself is dominant when the line of sight
and jet axis align closely. This class of AGN, the blazars, in-
cludes BL Lac objects and flat-spectrum radio quasars (FSRQs).
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Doppler boosting causes the emission of the aligned jet to be
strong and the counter-jet to be weak. A substantial fraction of
the AGN detected by Planck and other cosmic microwave back-
ground (CMB) experiments are blazars (Planck Collaboration
XIII 2011). That is not surprising, given the high apparent lu-
minosity of blazars and their continuum spectra, which peak at
millimeter to submillimeter wavelengths. The close alignment
of jet and line of sight also allows for variability introduced by
small changes in the angle between the line of sight and the jet
(Begelman et al. 1984; Chen et al. 2013).

To maximize the science that can be extracted from radio
and submillimeter observations of AGN, we ideally need high
angular resolution, wide frequency coverage (extending to the
submillimeter range) and repeated observations over time-scales
of days to years including both total power and polarization
measurements. Ground based interferometers, including the At-
acama Large Millimeter Array (ALMA), meet the first of these
needs. We show here that data derived as a byproduct of CMB
experiments, properly analysed, can meet the last two. The sen-
sitivity of current CMB experiments, including the Planck mis-
sion, is adequate to detect thousands of the brightest AGN. Most
current CMB experiments now employ polarization-sensitive de-
tectors and combine observations at several frequencies. Planck,
for instance made polarized observations of the entire sky at
seven frequencies from 30 to 353 GHz, some of them inacces-
sible from the ground. Finally, CMB searches generally cover
large areas of the sky (the entire sky, in the case of Planck) re-
peatedly, providing observations of sources with cadences rang-
ing from minutes to years.

To date, however, the potential contributions of CMB exper-
iments and data sets have not been fully realized because the
repeated observations of a given sky region are merely added to-
gether to produce static sky maps (Partridge et al. 2017). Com-
bining repeated observations such as this makes perfect sense
for the CMB and for Galactic foregrounds, both of which are
static, but all information in the time domain is lost. We remedy
that situation here by working with the time-ordered data (ToD)
available from the multiyear Planck mission. The methods we
employ can easily be extended to data coming from other CMB
surveys. Here we provide a catalog of extragalactic sources mea-
sured in both total power and polarization by Planck, with fre-
quency coverage from 30 to 353 GHz, and time-scales ranging
from days to years.

We discuss the Planck mission, source selection, calibration
and related topics in Sect. 2. In Sect. 3, we describe our tech-
nical approach to extracting flux density and polarization mea-
surements from the Planck ToD, source by source and epoch by
epoch. Sect. 4 describes the catalog we construct of these obser-
vations. Sect. 5 then treats the results and some consequences for
models of AGN. We conclude in Sect. 6.

2. Planck data

All the data employed here were taken from archived time-
ordered data (ToD) from the Planck mission as found in the
Planck Legacy Archive.1 We first describe aspects of the mis-
sion relevant to our study, then describe how we selected bright
sources. While most bright sources are AGN, we include some
Galactic and thermal sources in our study. Galactic sources, such
as the planetary nebula NGC 6572, are not expected to vary on
short time scales, and hence provide a useful test of our pipeline.

1 https://www.cosmos.esa.int/web/planck/pla

2.1. The Planck mission

Planck was a European Space Agency (ESA) mission designed
to map fluctuations in the CMB to the limit set by unavoid-
able cosmic variance down to angular scales of 5’ or so (Planck
Collaboration I 2020). Two instruments shared a common fo-
cal plane: the low-frequency instrument (LFI), with HEMT
radiometers operating at 30, 44 and 70 GHz, and the high-
frequency instrument employing lower-noise bolometric detec-
tors in six frequency bands from 100 to 857 GHz. The fractional
bandwidth at each frequency ranged from 20% to 30%. Polar-
ization was measured at all but the two highest-frequency bands
(545 and 857 GHz). Table 1 lists some of the relevant proper-
ties of the Planck mission. While mapping the CMB, Planck
detected thousands of compact sources, both Galactic and extra-
galactic. Planck thus provides a valuable archive of observations
of these sources, which we explore in this paper. These sources
are cataloged, frequency by frequency, in several Planck cata-
logs; we employ only the latest, PCCS2 (Planck Collaboration
XXVI 2016). Approximate completeness limits in this catalog
are provided in Table 1. These limits give a rough indication of
the sensitivity of Planck to compact (unresolved) sources in each
frequency band. A multifrequency catalog of Planck nonthermal
sources is provided in Planck Collaboration Int. LIV (2018).

The scan strategy employed by Planck ensured that the full
sky was covered twice in one year (Planck Collaboration I 2014).
Typically, a given source was observed at a given Planck fre-
quency for a few days to one week in each six month survey
(sources near the ecliptic poles, where Planck scans overlapped,
were viewed much more frequently). HFI completed approxi-
mately five full sky surveys from 2009 August to 2012 January
before its coolant ran out. LFI completed a fraction more than
eight six-month surveys stretching from 2009 August to 2013
October. Thus we have five independent samples of flux densi-
ties at nine frequencies for each source, and an additional three
or four measurements at 30, 44 and 70 GHz. The flux densities
recorded in PCCS2 are averages over the entire mission, how-
ever, and thus smooth out any variability. In this paper, we work
with the independent samples by analysing the time-ordered data
(ToD).

Planck calibration at the frequencies employed here is deter-
mined from the satellite’s annual motion around the solar system
barycenter (Planck Collaboration II 2020 for LFI; Planck Col-
laboration III 2020 for HFI). The calibration is thus absolute and
precise to subpercent accuracy. This method of calibration has
two consequences. First, the annual motion of the satellite pro-
duces a dipole signal in the CMB, much larger in angular scale
than the beam width. In contrast the compact sources we inves-
tigate are almost never resolved, even at Planck’s highest fre-
quency. Accurate calculations of flux density therefore require
exact knowledge of the beam solid angle. The beam solid an-
gles are known at each Planck band to percent-level accuracy
(Planck Collaboration I 2020). Second, the substantial band-
width of the Planck detectors means that they respond differently
to sources with spectra that differ from the blackbody spectrum
of the CMB. Thus, for precision work, each measured flux den-
sity needs a small, spectrum-dependent, “color correction.” We
return to this issue in Sect. 4 below.

2.2. Source selection

Given Planck’s relatively low sensitivity to compact sources and
the low polarization fraction expected (a few percent; see, e.g.,
Datta et al. 2019), we elected to work only with the bright-
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Table 1. Relevant properties of the Planck instruments.

Band frequency Center frequencya FWHM Polarized? 90% completeness
(GHz) (GHz) (arcmin) (mJy)

30 . . . . . . . . . 28.3 32.29 yes 430
44 . . . . . . . . . 44.0 27.94 yes 700
70 . . . . . . . . . 70.2 13.08 yes 500

100 . . . . . . . . . 100.3 9.66 yes 270
143 . . . . . . . . . 141.6 7.22 yes 180
217 . . . . . . . . . 219.6 4.90 yes 150
353 . . . . . . . . . 359.0 4.92 yes 300
545 . . . . . . . . . 555.4 4.67 no 550
857 . . . . . . . . . 850.0 4.22 no 790

Notes. (a) The center frequencies are calculated for sources with synchrotron spectra.

Fig. 1. Footprint of the Planck focal plane as seen by an observer at
infinity. The size of each colored spot is a rough indication of the relative
resolution. The small crosses indicate polarization sensitivity.

est sources in the Planck PCCS2 catalog (Planck Collaboration
XXVI 2016). Specifically, we selected all PCCS2 sources with
100 GHz flux density greater than 1 Jy (roughly 15–20 times the
1σ uncertainty). Recall that the cataloged Planck flux densities
are averages over the entire duration of the mission. Since most
of these bright sources are variable, some may have fallen be-
low the 1 Jy threshold for part of that period. The PCCS2 cat-
alog yielded 148 sources above the 1 Jy threshold at 100 GHz;
111 were at Galactic latitude > 20◦ and therefore likely to be
extragalactic. This list included many well-known AGN such as
3C 454.3 and BL Lac. To this initial list, we added five sources
well-studied in other high-frequency monitoring programs. In
the end, we examined 153 sources, both Galactic and extragalac-
tic. The majority were extragalactic, and most of these were
blazars. The full list of sources with classification is shown in
Table A.2. Positions of all of the sources are indicated in Fig. 2.

2.3. NPIPE processing

The Planck NPIPE data release (also known as PR4) differs from
earlier data releases in several critical ways (Planck Collabora-
tion Int. LVII 2020). It is the first data release based on a single,
stand-alone pipeline that processes both raw LFI and HFI data
into calibrated, bandpass-corrected, noise-subtracted frequency
maps. The release comprises frequency maps, Monte Carlo sim-

Fig. 2. Positions of all 153 sources plotted over the Planck 857 GHz
intensity map.

ulations, and calibrated timelines which we used as inputs to our
processing. The timelines are accompanied by an updated instru-
ment model that includes notable corrections to HFI polarization
angles and efficiencies.

The NPIPE release is the first to include detector data ac-
quired during so-called repointing maneuvers. Including these
4-minute periods between stable science scans not only in-
creases integration time by about 9% but also improves sky sam-
pling by adding detector samples between the regular scanning
paths, which are separated by two arcminutes. NPIPE suppresses
degree-scale noise in the maps by modeling the 1/ f noise fluc-
tuations in the data with 167 ms noise offsets. In contrast, earlier
LFI data were fitted with one-second offsets and earlier HFI data
with full pointing period (45-minute) offsets.

We list here other systematic effects and artifacts corrected
in NPIPE processing:

– electrical interference from housekeeping electronics (for
LFI) and the 4-kelvin cooler (for HFI);

– jumps in signal offset;
– cosmic ray glitches (HFI);
– bolometric nonlinearity (HFI);
– thermal common modes (HFI);
– ADC nonlinearity (HFI);
– gain fluctuations;
– bandpass mismatch from both continuum emission and CO

lines;
– bolometric transfer function and transfer function residuals

(HFI);
– far-sidelobe pickup.

In addition, NPIPE removes time-dependent signals from the or-
bital dipole and Zodiacal light that would otherwise compromise
mapmaking.
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3. Technical approach

As noted above, Planck sees most compact sources on the sky
only once during each six-month sky survey. We call the roughly
week-long period during which the Planck detectors collect time
samples in the vicinity of a source an observation. During each
observation, the orientation of the detectors with respect to the
source remains fixed. Consequently, individual detectors cannot
resolve the polarized flux density from the intensity in a single
observation. To overcome this restriction, different detectors in
a given Planck band are given different polarization angles (see
Fig. 1).

3.1. Individual detectors

To solve for the polarized flux density, we first measured the
polarization-modulated flux density seen by each of the Planck
detectors. The data model can be cast in the typical linear regres-
sion form:

d = Fa + n, (1)

where

– d is the vector of detector samples that fall within some fit-
ting radius from the source coordinates;

– F contains the time-domain templates representing the
source and the background. The primary template in F is
the detector point spread function (PSF). This is the beam
pattern produced when a detector with finite resolution scans
a point source.

– a contains the template amplitudes;
– n is the detector noise.

The maximum likelihood solution for the template amplitudes,
a, is:

a =
(
FTN−1F

)−1
FTN−1d, (2)

where N is the noise covariance matrix N = 〈nnT〉. The Planck
PR4 timelines used as inputs are calibrated and destriped, mak-
ing a diagonal noise matrix, N = σ21, an excellent approxima-
tion. Furthermore, the detector samples in d are separated in time
by 60 s, the time it takes for Planck to spin around, effectively
breaking sample-sample noise correlations.

The PSF must be rotated into the appropriate orientation and
centered at the cataloged source position. The fitted amplitude of
the PSF template is readily translated into a flux density across
the detector pass band. Since the detector data are calibrated in
thermodynamic units, the fitted amplitudes must be translated
into flux density using the unit conversion factors derived from
ground-measured band-passes. The full unit conversion is

f = Tmax Ωdet udet, (3)

where Tmax is the peak temperature read off the PSF fit, Ωdet is
the solid angle of the PSF and udet is the unit conversion factor
from kelvin to MJy/sr, derived by convolving the detector band-
pass with a standard source spectrum (slope α = −1).

Additional columns in F model the background [foreground]
emission. There is always a constant offset template, but we also
considered higher-order templates such as slopes. Keeping the
fitting radius close to the beamwidth limits the number of modes
needed to fully model the background [foreground].

Small offset between the catalog source position and appar-
ent source location can be modeled by adding spatial derivatives

of the PSF in F. Such offsets naturally rise if the source position
was originally fitted over a pixelized sky map. There can also be
small pointing errors in the Planck data themselves. Finally, the
center of the PSF template is slightly arbitrary and can be defined
as either the peak or the center of weight. For vast majority of
our targets, including position corrections in the fit increases un-
certainty without a significant improvement in the quality of the
fit. The few cases where the improvement is statistically signifi-
cant (source is very bright), the change in measured flux density
is less than a percent. Therefore the reported flux densities are
based on fits directly at the catalog positions.

3.2. Polarized flux density

For a given observation, each detector produces one data point:
the polarization-modulated flux density:

fd = I + ηd
[
Q cos(2(ψ + ψd)) + U sin(2(ψ + ψd))

]
, (4)

where

– fd is the polarization-modulated flux density measured with
detector d;

– I, Q and U are the Stokes parameters of the source flux den-
sity (CMB detectors are not typically sensitive to V , the cir-
cular polarization component);

– η is the detector polarization efficiency – an ideal
polarization-sensitive detector would have η = 1;

– ψ represents the angle between the source coordinate system
and the focal-plane coordinate system;

– ψd is the polarization sensitive direction of the detector in the
focal-plane coordinates.

A vector of detector fluxes, f , can be modeled as

f = Pm + n, (5)

where each row of the pointing matrix, P, comprises the point-
ing weights, [1, η cos(2(ψ+ψd)), η sin(2(ψ+ψd))], for one detec-
tor, and the “map” vector contains the three Stokes parameters:
m = [I,Q,U]T. The noise vector, n, contains the measurement
uncertainty for each detector. Analogous to Eq. (2), the maxi-
mum likelihood solution reads:

m =
(
PTN−1P

)−1
PTN−1 f . (6)

The theory of linear regression also provides the covariances:

Nm = 〈∆m∆mT〉 =
(
PTN−1P

)−1
=

σ
2
I σIQ σIU

σ2
Q σQU

σ2
U

 , (7)

where we have omitted the redundant elements in the symmetric
covariance matrix.

In order to derive the polarization fraction and polarization
angle, we defined two estimators:

p̂ =

√
Q2 + U2

I
and ψ̂ =

1
2

arctan
U
Q
. (8)

While these estimators are textbook definitions of the polariza-
tion parameters, they are biased by uncertainties in I, Q, and U.
Finding unbiased or minimally biased estimators for these pa-
rameters turns out to be complicated and depends on the signal-
to-noise ratio (S/N) of the I,Q,U estimates. For the modest
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S/N in our case, we have adopted the asymptotic estimator from
Montier et al. (2015):

p̂AS =

√
p̂2 − b2 if p̂ > b,

0 otherwise
, (9)

where

b2 =
σ̃2

U cos2 (2ψ0 − θ) + σ̃2
Q sin2 (2ψ0 − θ)

I2
0

(10)

θ =
1
2

arctan

 2ρσQσU

σ2
Q − σ

2
U

 (11)

σ̃2
Q = σ2

Q cos2 θ + σ2
U sin2 θ + ρσQσU sin 2θ (12)

σ̃2
U = σ2

Q sin2 θ + σ2
U cos2 θ − ρσQσU sin 2θ (13)

ρ =
σQU

σQσU
. (14)

The estimator from Eq. (8) is typically substituted in place of the
true polarization angle, ψ0.

Confidence regions for the polarization parameters are de-
termined using a Monte Carlo method: we sampled 100,000
triplets of true (I0, p0, ψ0) and recorded the likelihood of the mea-
sured (I, p, ψ). From those likelihoods, we inferred the 68% and
95% confidence regions for the true polarization parameters. The
Bayesian likelihood, L(I, p, ψ|I0, p0, ψ0), is defined in Montier
et al. (2015), Eqs. (3) and (23). Examples of the sampled likeli-
hood, projected to the p-axis are shown in Fig. 3.

3.3. Multifrequency fits

In addition to tabulating flux densities at each Planck frequency,
we provide multifrequency fits in order to improve the S/N of the
measured polarized flux densities. A fit such as this necessarily
requires some accommodation of the source spectral energy dis-
tribution (SED). We extended the signal model in Eq. (4) to:

fd =

(
νd

ν0

)α {
I + ηd

[
Q cos(2(ψ + ψd)) + U sin(2(ψ + ψd))

] }
, (15)

where α is the spectral index of the source, νd is the central fre-
quency of detector d, and ν0 is the noise-weighted central fre-
quency of all detectors that are being combined. This model im-
plies strong constraints on the fit:

– the SED is approximated as a power-law across the fitted
frequencies;

– the spectral indices of intensity and polarized emission are
the same;

– the polarization fraction and angle do not depend on the fre-
quency.

These approximations obviously break down as increasingly
wider frequency ranges are considered. Hence we provide multi-
frequency fits only up to three adjacent frequency bands. Within
these bands, and to the extent the approximations are valid, the
additional constraints greatly improve the S/N of our fits.

3.4. Software

Our flux-fitting software is implemented in Python-3 and re-
leased as open source software.2 The package includes Planck-
specific specializations but they are modularized and the soft-
ware can be adapted for other experimental data sets that can
2 https://github.com/hpc4cmb/tod2flux

be sampled into the small data set format used as inputs to the
calculation.

4. The catalog

Our catalog of time- and frequency-dependent, polarized,
flux densities is spread over multiple comma-separated value
(CSV) files. Each file features a single source and the en-
tries correspond to a fixed number (ranging from 1 to 3)
of frequency bands averaged together. The filenames are of
the form results_<PCCSNAME>_nfreq=<NFREQ>.csv, where
<PCCSNAME> is the name of the source in the 143 GHz Planck
PCCS2 catalog and <NFREQ> is the number of frequency bands
averaged for each entry (1, 2, or 3). The fields of the files are

1. band(s) – nominal Planck bands comprising the entry.
2. freq [GHz] – noise-weighted average of the nominal fre-

quencies.
3. start – approximate UT calendar date of the start of the

observations used in deriving the entry.
4. stop – approximate UT calendar date of the end of the ob-

servations.
5. I flux [mJy] – intensity flux density at the effective cen-

tral frequency, not color-corrected to match freq [GHz].
6. I error [mJy] – 1-σ uncertainty of the I flux [mJy]
7. Q flux [mJy] – linear Q-polarization flux density in IAU

convention and Equatorial (J2000) coordinates.
8. Q error [mJy] – 1-σ uncertainty of Q flux [mJy].
9. U flux [mJy] – linear U-polarization flux density in IAU

convention and Equatorial (J2000) coordinates.
10. U error [mJy] – 1-σ uncertainty of U flux [mJy].
11. Pol.Frac – debiased polarization fraction in the range

[0 . . . 1].
12. PF low lim – Bayesian 16% quantile lower limit of
Pol.Frac or zero.

13. PF high lim – If PF low lim is nonzero the Bayesian
16% quantile upper limit of Pol.Frac. Otherwise the 95%
upper limit.

14. Pol.Ang [deg] – Polarization angle in IAU convention and
Equatorial (J2000) coordinates.

15. PA low lim – Bayesian 16% quantile lower limit of
Pol.Ang [deg].

16. PA high lim – Bayesian 16% quantile upper limit of
Pol.Ang [deg].

An excerpt of one catalog file is shown in Appendix A. The
CSV file is accompanied by two diagnostic plots that visualize
its contents:

– flux_fit_<PCCSNAME>_nfreq=<NFREQ>.png
– results_<PCCSNAME>_nfreq=<NFREQ>.replot.png

The first of these shows the fit data as a function of frequency
(e.g., Fig. 4) and the second as a function of time (e.g., Fig. 5).

For convenience, we also provide a single catalog file,
combined.csv, that combines entries from all individual
results_*csv files so that it includes data for all 153 sources.
This file has three additional columns appended to the beginning
of each row:

– target – Name of the target in the Planck 143GHz PCCS2
catalog;

– RA – Right ascension in degrees (J2000);
– Dec – Declination in degrees (J2000).

Article number, page 5 of 18
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Fig. 3. 100,000 sampled values of the likelihood function, projected to the intensity axis (top row), polarization fraction axis (2nd row) or
polarization angle axis (3rd row). The source, PCCS2 143 G052.40−36.49 also known as 4C−02.81, was chosen because it has both positive
detections of and upper limits on polarization fraction. The likelihood threshold that includes 68 % of the total likelihood is indicated in green
and 95 % in orange. Samples with likelihood lower than 95 % of the distribution are in blue. When the green part of the polarization fraction
distribution excludes zero, we report a 68 % confidence interval. When zero is included, we report a 95 % upper limit. The bottom row presents
the maximum of the likelihood function in the polarization fraction-polarization angle plane. The dashed lines indicate the maximum likelihood
values. The likelihoods are based on the first survey shown in Fig. 4.

The flux densities in our catalog are not color-corrected. That
is, we made no effort to translate the measured flux density to
the nominal observing frequency. The reason is that the spectral
indices of the sources can vary as a function of time and across
the Planck pass-band, and the small corrections (of order a few
percent) depend on a source’s spectral index. Instead, we present
in Table 3 the effective central frequencies of the Planck bands
for a number of spectral slopes. The formulas for evaluating the
central frequency are laid out in Planck Collaboration IX (2014).

Our catalog, PCCS-PV, will be available at the ESA Planck
Legacy Archive.3 and at the NASA/IPAC Infrared Science
Archive. 4

5. Results and discussion

5.1. Polarized signal-to-noise ratio

The targets in our catalog vary in intensity, polarization fraction
and spectral properties. We explore the polarized S/N of our cat-
alog in Fig. 6. The Figure shows the scatter in polarized S/N as
a function of the intensity flux density and identifies a thresh-
old beyond which half of the observations reach S/N of one. The
threshold varies considerably across the Planck frequencies and
obviously depends on the spectral and polarization properties of
our catalog.

3 https://www.cosmos.esa.int/web/planck/pla
4 https://irsa.ipac.caltech.edu/Missions/planck.html

Our most sensitive, single frequency measurements of polar-
ized flux density come from the 143 GHz band where the S/N is
higher than unity in a majority of observations when the source
is brighter than 1.86 Jy. Fitting for the source spectral index and
combining frequencies gives us a combined threshold better than
1.5 Jy in all frequency combinations involving 143 GHz. Com-
bining the Planck LFI frequencies (30–70 GHz) has a combined
threshold of 2.20 Jy.

5.2. Characterization

We made use of both spectral information and classifications
from the literature, mainly NED (Helou et al. 1995) and SIM-
BAD (Wenger et al. 2000), to divide our sample of 153 sources
into several categories. The majority are extragalactic, but nine
(6%) are Galactic sources such as H ii regions or planetary neb-
ulae, and five more are H ii regions located in the Magellanic
Clouds. Many of the extragalactic objects are well-studied ra-
dio sources such as 3C 84 or M87. We characterize the 139
extragalactic sources as ∼25% BL Lac objects, ∼60% quasars
and ∼10% Seyfert-1 galaxies. Some sources exhibit both syn-
chrotron emission with a falling spectrum and dust emission at
the highest Planck frequencies (see Fig. 8 for an example).

The few Galactic (and LMC) sources are not beamed and
have large physical dimensions, so they are unlikely to be vari-
able on time scales of a few years or less. They therefore of-
fer an opportunity to check the fidelity of our pipeline. Fig. 7
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Fig. 4. Example of a full diagnostic plot showing intensity, polarization fraction, polarization angle, and position for PCCS2 143 G052.40-36.49.
The polarization fraction axis is nonlinear between 0.3 and 1.0 to accommodate all values. The lines and points of different colours mark different
observing epochs, separated by 6 months. The Galactic-coordinate map (HEALPix formatted, Górski et al. 2005) in the lower right panel shows
the position of the source on top of the Planck 857 GHz intensity map. Plots and maps similar to this are provided for each source and each number
of jointly fit frequencies.

Fig. 5. Time-series plot of our flux density fits to 3C 454.3 observations. The HFI data for the third pass are missing due to quality flagging.
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Table 3. Effective central frequency in GHz as a function of the nominal frequency and spectral index across the pass-band.

Nominal frequency Spectral index α
(GHz) −2 −1 0 1 2 3 4

30 . . . . . . . . . 28.10 28.28 28.46 28.64 28.83 29.03 29.22
44 . . . . . . . . . 43.79 43.94 44.09 44.25 44.40 44.55 44.69
70 . . . . . . . . . 69.43 69.90 70.36 70.80 71.24 71.66 72.07

100 . . . . . . . . . 99.36 100.28 101.23 102.22 103.28 104.46 105.95
143 . . . . . . . . . 139.82 141.17 142.57 144.04 145.59 147.28 149.18
143P . . . . . . . . . 139.29 140.63 142.04 143.52 145.10 146.83 148.77
217 . . . . . . . . . 218.08 220.03 222.02 224.05 226.14 228.30 230.60
217P . . . . . . . . . 217.18 219.18 221.23 223.32 225.47 227.69 230.04
353 . . . . . . . . . 355.38 358.07 360.82 363.62 366.47 369.40 372.44
353P . . . . . . . . . 354.57 357.22 359.93 362.70 365.53 368.45 371.50
545 . . . . . . . . . 547.42 552.80 558.00 563.01 567.84 572.45 576.83
857 . . . . . . . . . 845.64 853.99 862.02 869.76 877.23 884.40 891.26

Notes. Frequencies with “P” suffix denote the subsets of detectors that are polarization-sensitive. Spectral index is defined by S ν ∝ ν
α.

provides an example. PCCS2 143 G000.35−19.48 is a Galactic
dark cloud, and, as expected, shows no statistically significant
variation with epoch at any Planck frequency except for some
scatter at 44 GHz, which has the highest noise among the Planck
bands. In addition, as shown in Fig. 1, the three 44 GHz beams
lie at the periphery of the Planck field of view, and two of the
beams have much higher ellipticity than the other one. Conse-
quently, the measured flux density at that frequency depends on
how the source crosses the focal plane, and hence may show
some instrument-related variation.

Some extragalactic sources also demonstrate no significant
variation during the Planck mission. We show two examples in
Fig. 8. G021.20+19.62 (3C 353) is an radio galaxy with a spec-
tral upturn at 545 GHz showing no variation in flux density at any
frequency. The polarization percentage, while small, also does
not appear to vary.

Of more interest are those sources that clearly do vary dur-
ing the Planck mission. The blazar PCCS2 143 G086.11−38.19
(3C 454.3), for instance, is a well-known and well-studied vari-
able source that is known to have flared during the Planck mis-
sion (Planck Collaboration XIV 2011). We discuss 3C 454.3 in
some detail below (see Fig. 5).

In Fig. 9, we show the SED of another strongly variable
source, G304.15−72.18 at RA = 12.32◦, dec = −44.95◦. There
is clear evidence of spectral change with epoch. Strong vari-
ability is also evident in the following sources, among others:
G106.95−50.62 (a Seyfert-1 galaxy), G315.80−36.52 (a QSO),
and G352.45−08.41 (a blazar).

5.3. Concurrent observations with other instruments

In order to check our measurements and to illustrate possible
uses of the data presented here, we compare the Planck polar-
ization data of selected objects with published data from other
astronomical instruments. Fig. 10 presents the Planck data of the
BL Lac object OJ 287 alongside the 37 GHz light curve from the
Metsähovi Radio Observatory (as summarized in Planck Collab-
oration Int. XLV 2016), linear polarization at 86 and 230 GHz
measured with the 30-meter antenna of the Institut de Radioas-
tronomie Millimétrique (IRAM, Agudo et al. 2018), and Very

Long Baseline Array (VLBA) images that include linear polar-
ization (Jorstad et al. 2017). Fig. 11 provides a similar plot for
the quasar 3C 454.3. For comparison, we present in Figures 12
and 13 VLBA images at 43 GHz of OJ 287 and 3C 454.3 ob-
tained within one month of an epoch for which we have Planck
polarization measurements. The images are from the VLBA–BU
Blazar Monitoring Program.5 We find that the flux densities at 30
and 44 GHz agree with the Metsähovi 37 GHz values at nearby
epochs. In addition, there is general correspondence between the
Planck and IRAM polarization. These similarities serve to vali-
date our measurements.

Figure 10 demonstrates that the Planck polarization of
OJ 287 is similar to that of the core seen in Fig. 13. We note
that the optical electric-vector position angle (EVPA) of the knot
deviates at some epochs from the source-integrated polarization
at 30–353 GHz. Sasada et al. (2018) have shown that the opti-
cal polarization is related to that of either the core or the knot,
depending on the epoch. Our data are consistent with this con-
clusion.

Figure 14 presents the frequency dependence of the flux den-
sity, degree of polarization, and EVPA of 3C 454.3 during the
first Planck survey in late 2009. At that epoch, an extremely
high-amplitude two-year outburst was in its early, rising stage.
The core completely dominated the polarization in a VLBA im-
age obtained 17 days earlier (from the VLBA-BU-BLAZAR
website). Figure 14 reveals that the degree of polarization was
higher by a factor of ∼ 2 from 44–100 GHz below the spec-
tral turnover than at 217–353 GHz above the turnover. There
is a frequency gradient in EVPA from ∼ 5◦ to ∼ −30◦ from
70 to 353 GHz. At the same epoch, the optical R-band EVPA
was −37◦ ± 2.1◦, having shifted from +25◦ nine days earlier
(Jorstad et al. 2013). The degree of polarization at R band was
15.4 ± 1.8%. This frequency dependence strongly implies that
the outburst involved a component that dominated the emission
from ∼ 200 GHz to optical frequencies. We are therefore able to
conclude that the optical flare occurred within the same region
as the ∼ 200 GHz flare, which is distinct from the regions (prob-
ably farther downstream in the jet) that dominate the emission at
lower frequencies.

5 http://www.bu.edu/blazars/BEAM-ME.html

Article number, page 8 of 18



Rocha et al.: Polarized variable compact sources from Planck TOD

10−1

100

101

P
ol

ar
iz

ed
S

/N

30 : 2.49 Jy 44 : 12.36 Jy 70 : 5.75 Jy 100 : 2.47 Jy 143 : 1.86 Jy

10−1

100

101

P
ol

ar
iz

ed
S

/N

217 : 2.26 Jy 353 : 8.78 Jy 30+44 : 2.76 Jy 44+70 : 7.57 Jy 70+100 : 2.46 Jy

10−1

100

101

P
ol

ar
iz

ed
S

/N

100+143 : 1.35 Jy 143+217 : 1.18 Jy 217+353 : 2.35 Jy

10−1 100 101

Intensity flux density [Jy]

30+44+70 : 2.20 Jy

10−1 100 101

Intensity flux density [Jy]

44+70+100 : 2.49 Jy

10−1 100 101

Intensity flux density [Jy]

10−1

100

101

P
ol

ar
iz

ed
S

/N

70+100+143 : 1.49 Jy

10−1 100 101

Intensity flux density [Jy]

100+143+217 : 1.23 Jy

10−1 100 101

Intensity flux density [Jy]

143+217+353 : 1.12 Jy

Fig. 6. Polarized S/N: for each polarization-sensitive observation in our catalog, we plot the de-biased polarized flux density S/N against the
intensity flux density. Observing bands are indicated in the labels. For cases where de-biasing renders a S/N less than 0.1, we plot a data point at
0.1. The vertical grey bands indicate the lowest and narrowest flux density bin that has a median S/N of 1.0 and at least 20 entries. The center of
the bin is spelled out in the label.

Fig. 7. SED of a Galactic source, PCCS2 143 G000.35−19.48 at RA
= 287.56◦ and dec = −37.15◦. The lines and points of different colors
mark different observing epochs, separated by 6 months. It is important
to note the larger scatter of the noisier LFI measurements at 30, 44, and
70 GHz. With the possible exception of 44 GHz, there is no evidence for
variability, as expected for a large source of this type.

5.4. Planck’s contribution to the overall spectral energy
distribution

In Figures 15 and 16 we present the Planck data from PCCS2
(Planck Collaboration XXVI 2016). For the remaining three
sources, Centaurus A, 3C 84, and Pictor A, the Planck data help
to fill in some missing spectral coverage. In particular, in Cen-
taurus A, the Planck data help to define the rise into the spectral
region dominated by the infrared dust component.

6. Summary

In this paper we have introduced the new Planck Catalog of Po-
larized and Variable Compact Sources, PCCS-PV, comprising
153 sources, the majority of which are extragalactic, measured in
both total power and polarization by Planck, with frequency cov-
erage from 30 to 353 GHz, and time-scales ranging from days to
years. We classify 135 of the 153 sources as beamed, extragalac-
tic radio sources (blazars), four as well-studied radio galaxies
such as 3C 84 and M87, and 14 as Galactic or Magellanic Cloud
sources, including H ii regions, planetary nebulae, etc. To allow
an assessment of variability of polarized sources, the catalog was
generated using an advanced extraction method, tod2flux, ap-
plied directly to the multifrequency Planck time-ordered data,
rather than the mission sky maps. We used the calibrated time-
lines from the Planck NPIPE data release, PR4, as input to our
processing.
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Fig. 8. Same as in Fig. 7, but the lines and points of different colors mark different observing epochs, separated by 6 months. For the polarization
fraction (right column) we plot the maximum likelihood value as a solid line and indicate a 68% confidence region or 95% upper limit with error
bars. Top: An AGN (3C 353) displaying no significant changes in SED, and small, but apparently constant polarization. Bottom: A BL Lac object,
PKS 1514−24, showing only mild variability, and no significant change in polarization.

Fig. 9. Strongly variable source, PCCS2 143 G304.15−72.18. It is ap-
parent that the spectral shape, as well as luminosity, changes with epoch.

To check our measurements and to illustrate possible uses
of our catalog, we have compared the Planck polarization data
of selected objects with published data from other astronomical
instruments. Our preliminary findings show that for the selected
sources OJ 287 and 3C 454.3, the flux densities at 30 and 44 GHz

agree with the Metsähovi 37 GHz values at nearby epochs,
while there is general correspondence between the Planck and
IRAM polarization. This general agreement confirms our mea-
surements. Furthermore we have found that the Planck polar-
ization of OJ 287 is similar to that of the core, supporting the
conclusion of Sasada et al. (2018) that the optical polarization
is related to that of the core at some epochs and the knot at oth-
ers. From joint analysis of our data and optical R-band data, we
have shown a strong frequency dependency of the degree of po-
larization and EVPA of 3C 454.3, with the EVPA at the highest
Planck frequencies becoming similar to the optical EVPA during
the early stages of a major outburst. This has led us to conclude
that the optical flare during the first Planck survey in late 2009
occurred within the same region as the 200 GHz flare, which is
distinct from the regions that dominate the emission at lower fre-
quencies.

We have also presented Planck data along with observa-
tions compiled in NED for five non-blazar extragalactic sources
to demonstrate Planck’s contribution to the overall SED of the
sources. Planck observations of M87 and the quasar 2134+004
are in good agreement with the observations in NED, confirming
the flux density calibration of the Planck data. For the remaining
three sources, Centaurus A, 3C 84, and Pictor A, the Planck data
help to fill in missing spectral coverage. In particular, in Centau-
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Fig. 10. Flux density and polarization versus time of the BL Lac ob-
ject OJ 287. Frequencies and sources of the data are indicated in the
figure. The figure does not plot the following upper limits: 44 GHz:
MJD 55301–55309 (≤ 34%), 55497–55505 (≤ 30%), 55666–55674
(≤ 24%), 56038–56050 (≤ 27%), 56236–56247 (≤ 42%); 70 GHz:
MJD 56238–56241 (≤ 31%), 56410–56413 (≤ 31.2%); 353 GHz: MJD
55304–55305 (≤ 77%), 55500–55501 (≤ 52%), 55669–55670 (≤ 37%).
No polarization was detected at 545 or 857 GHz, since the HFI detectors
are unpolarized at those frequencies.

rus A, the Planck data help to define the rise as the infrared dust
component starts to dominate the spectrum.

These preliminary results illustrate the usefulness of our
Planck catalog, PCCS-PV, for application with follow-up stud-
ies. Furthermore, our versatile ToD-based flux-fitting software,
tod2flux, is applicable to other experimental data sets.

PCCS-PV will be available at the ESA Planck Legacy
Archive.6 and at the NASA/IPAC Infrared Science Archive.7,
while the flux-fitting algorithm, tod2flux, is released as open
source software.8
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Fig. 11. Flux density and polarization versus time of the quasar
3C 454.3. Frequencies and sources of the data are indicated in the
figure. The figure does not plot the following upper limits: 30 GHz:
MJD 55179–55182 (≤ 2.4%), 56464–56465 (≤ 11%); 44 GHz: MJD
55357–55369 (≤ 3.6%), 55535–55546 (≤ 4.6%), 55899–55914 (≤
36%), 56089–56097 (≤ 42%), 56277–56285 (≤ 41%), 56464–56472 (≤
29%); 70 GHz: MJD 55912–55913 (≤ 47%), 56101–56103 (≤ 64%),
56277–56279 (≤ 36%), 56465–56467 (≤ 18%); 217 GHz: MJD 55902–
55902 (≤ 27%); 353 GHz: MJD 55901–55901 (≤ 100%). No polariza-
tion was detected at 545 and 857 GHz.

Fig. 12. VLBA image of OJ 287 at 43 GHz at epoch 2012 Decem-
ber 21 (MJD 56282). The contours represent total intensity, starting at
0.25% of the maximum of 0.79 Jy/beam and increasing by factors of 2.
The color scale represents linearly polarized intensity, with maximum
value (yellow) of 0.032 Jy/beam. The yellow line segments indicate the
EVPA. The restoring beam FWHM, representing the angular resolution,
is displayed in the lower left corner.
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Fig. 13. VLBA image of 3C 454.3 at 43 GHz at epoch 2011 May 22
(MJD 55704). The contours represent total intensity, starting at 0.25%
of the maximum of 6.00 Jy/beam and increasing by factors of 2. The
color scale represents linearly polarized intensity, with maximum value
(yellow) of 0.27 Jy/beam. The yellow line segments indicate the EVPA.
The restoring beam FWHM, representing the angular resolution, is dis-
played in the lower left corner.

Fig. 14. Frequency dependence of the flux density, degree of linear po-
larization, and EVPA of 3C 454.3 in 2009 December. For frequencies
≤ 353 GHz, the data are from this work. The high-frequency point is at
optical R band from Jorstad et al. (2013).

(NERSC), a U.S. Department of Energy Office of Science User Facility lo-
cated at Lawrence Berkeley National Laboratory, operated under Contract No.
DE-AC02-05CH11231 This research has made use of the SIMBAD database
(Wenger et al. 2000), operated at CDS, Strasbourg, France.

Fig. 15. Spectral energy distribution (SED) for a few sources: red points
are photometry from NED and the blue points are our Planck observa-
tions. The Planck data for Cen A add some new spectral coverage and
help to define the rise of the dust component.
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Fig. 16. Spectral energy distribution (SED) for a few sources: red points
are photometry from NED and the blue points are our Planck observa-
tions. The Planck observations of 2134+004 and M87 show good agree-
ment with previous measurements.

Software used in this work

Astropy (Astropy Collaboration et al. 2013, 2018), HEALPix
(Górski et al. 2005), Matplotlib (Hunter 2007; Caswell et al.
2021), Numpy (Harris et al. 2020), TOAST10, and Scipy (Vir-
tanen et al. 2020).
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Appendix A: Sample catalog file

We show an example of a catalog file in Table A.1. This one is for
PCCS2 143 G009.33−19.61, better known as QSO B1921−293.
These results combine two adjacent frequency bands to boost the
signal-to-noise ratio of each entry.
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Table A.2. All fitted sources.

PCCS2 name Alias Type RA Dec
PCCS2 143 G000.35−19.48 PGCC G000.37−19.50 Cold clump 19h 10m 16s −37◦08′52′′

PCCS2 143 G001.36+45.99 ICRF J151640.2+001501 Seyfert 1 Galaxy 15h 16m 36s +00◦14′38′′

PCCS2 143 G001.58−28.95 QSO B1954−388 Quasar 19h 57m 58s −38◦44′56′′

PCCS2 143 G009.33−19.61 QSO B1921−293 BL Lac - type object 19h 24m 52s −29◦15′26′′

PCCS2 143 G010.83+40.91 QSO B1546+0246 Quasar 15h 49m 27s +02◦36′56′′

PCCS2 143 G014.20+42.21 4C 05.64 Quasar 15h 50m 36s +05◦26′20′′

PCCS2 143 G016.86−13.20 QSO B1908−202 Quasar 19h 11m 05s −20◦06′58′′

PCCS2 143 G017.19−16.26 PMN J1923−2104 Quasar 19h 23m 35s −21◦03′53′′

PCCS2 143 G021.20+19.62 3C 353 Radio Galaxy 17h 20m 32s −00◦59′08′′

PCCS2 143 G024.01−23.11 QSO B1958-179 Quasar 20h 00m 57s −17◦48′38′′

PCCS2 143 G024.37−64.93 ICRF J225805.9−275821 Seyfert 1 Galaxy 22h 58m 08s −27◦58′45′′

PCCS2 143 G026.68+28.66 QSO J1658+0741 Quasar 16h 58m 05s +07◦41′22′′

PCCS2 143 G034.61+11.84 NGC 6572 Planetary Nebula 18h 12m 07s +06◦50′50′′

PCCS2 143 G034.90+17.65 QSO B1749+096 BL Lac - type object 17h 51m 30s +09◦38′34′′

PCCS2 143 G036.89−24.37 QSO B2022−077 BL Lac - type object 20h 25m 38s −07◦35′43′′

PCCS2 143 G039.59−72.18 ICRF J233355.2−234340 BL Lac - type object 23h 33m 52s −23◦44′03′′

PCCS2 143 G040.66−48.04 QSO B2155−152 Quasar 21h 58m 12s −15◦00′44′′

PCCS2 143 G052.40−36.49 4C −02.81 BL Lac - type object 21h 34m 10s −01◦52′39′′

PCCS2 143 G053.89−57.06 QSO J2246−1206 Quasar 22h 46m 18s −12◦06′01′′

PCCS2 143 G055.14+46.38 QSO B1611+343 Quasar 16h 13m 39s +34◦12′28′′

PCCS2 143 G055.22−51.71 QSO B2227−0848 Quasar 22h 29m 42s −08◦33′05′′

PCCS2 143 G055.47−35.57 QSO B2134+0028 Quasar 21h 36m 38s +00◦42′09′′

PCCS2 143 G057.68−40.34 ICRF J215614.7−003704 BL Lac - type object 21h 56m 13s −00◦38′11′′

PCCS2 143 G058.95−48.84 3C 446 Quasar 22h 25m 47s −04◦57′14′′

PCCS2 143 G061.08+42.34 QSO B1633+382 Quasar 16h 35m 13s +38◦08′14′′

PCCS2 143 G063.45+40.94 3C 345 Quasar 16h 43m 01s +39◦48′40′′

PCCS2 143 G063.66−34.06 4C 06.69 Quasar 21h 48m 06s +06◦58′05′′

PCCS2 143 G064.03+31.01 QSO J1734+3857 BL Lac - type object 17h 34m 18s +38◦58′19′′

PCCS2 143 G065.54−71.88 QSO B2345−167 Quasar 23h 48m 01s −16◦30′47′′

PCCS2 143 G071.41+33.28 ICRF J172727.6+453039 Seyfert 1 Galaxy 17h 27m 27s +45◦29′59′′

PCCS2 143 G073.45+41.87 4C 47.44 Quasar 16h 37m 45s +47◦18′11′′

PCCS2 143 G075.66−29.63 QSO B2201+1711 BL Lac - type object 22h 03m 25s +17◦25′45′′

PCCS2 143 G077.22+23.48 ICRF J182931.7+484446 Seyfert 1 Galaxy 18h 29m 36s +48◦44′19′′

PCCS2 143 G077.42−38.59 CTA102 Quasar 22h 32m 35s +11◦43′10′′

PCCS2 143 G083.16−30.08 QSO J2225+2118 Quasar 22h 25m 38s +21◦18′35′′

PCCS2 143 G085.67+83.35 QSO B1308+326 Quasar 13h 10m 27s +32◦20′06′′

PCCS2 143 G085.73+26.08 4C 56.27 BL Lac - type object 18h 24m 03s +56◦50′51′′

PCCS2 143 G085.95−18.78 4C 31.63 BL Lac - type object 22h 03m 16s +31◦45′36′′

PCCS2 143 G086.11−38.19 3C 454.3 Quasar 22h 53m 58s +16◦08′34′′

PCCS2 143 G090.10−25.64 QSO B2232+282 BL Lac - type object 22h 36m 20s +28◦28′37′′

PCCS2 143 G092.58−10.44 BL Lac BL Lac - type object 22h 02m 43s +42◦16′43′′

PCCS2 143 G093.48−66.64 QSO B0003−066 BL Lac - type object 00h 06m 12s −06◦23′32′′

PCCS2 143 G097.47+25.03 ICRF J184916.0+670541 Seyfert 1 Galaxy 18h 49m 18s +67◦04′57′′

PCCS2 143 G100.13+29.17 3C 371 Radio Galaxy 18h 06m 46s +69◦49′33′′

PCCS2 143 G100.68+36.61 4C 69.21 Quasar 16h 42m 14s +68◦56′00′′

PCCS2 143 G105.62+23.54 ICRF J192748.4+735801 Seyfert 1 Galaxy 19h 27m 40s +73◦57′58′′

PCCS2 143 G106.95−50.62 Mrk 1501 Seyfert 1 Galaxy 00h 10m 27s +10◦58′26′′

PCCS2 143 G110.03+29.07 QSO B1803+784 BL Lac - type object 18h 00m 34s +78◦27′42′′

PCCS2 143 G130.79−14.31 QSO B0133+476 Quasar 01h 37m 02s +47◦51′33′′

PCCS2 143 G131.81−60.99 4C 01.02 Quasar 01h 08m 37s +01◦34′50′′

PCCS2 143 G143.53+34.42 QSO B0836+710 Quasar 08h 41m 25s +70◦54′09′′

PCCS2 143 G143.97+28.02 QSO B0716+714 BL Lac - type object 07h 21m 59s +71◦21′02′′

PCCS2 143 G144.62−73.42 QSO B0113−1152 Quasar 01h 16m 09s −11◦36′01′′

PCCS2 143 G144.97−09.85 4C 47.08 BL Lac - type object 03h 03m 32s +47◦17′07′′

PCCS2 143 G145.57+64.99 4C 49.22 Quasar 11h 53m 22s +49◦30′26′′

PCCS2 143 G145.73+43.13 QSO B0954+658 BL Lac - type object 09h 58m 53s +65◦34′06′′

PCCS2 143 G149.46−28.52 QSO B0234+285 Quasar 02h 37m 52s +28◦48′02′′
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Table A.2. (continued.)

PCCS2 name Alias Type RA Dec
PCCS2 143 G149.56−14.10 ICRF J031301.9+412001 Seyfert 1 Galaxy 03h 12m 58s +41◦19′45′′

PCCS2 143 G150.56−13.25 3C 84 Radio Galaxy 03h 19m 46s +41◦31′28′′

PCCS2 143 G152.56−47.35 ICRF J021113.1+105134 BL Lac - type object 02h 11m 11s +10◦52′29′′

PCCS2 143 G156.77−39.10 QSO B0235+1624 BL Lac - type object 02h 38m 40s +16◦37′05′′

PCCS2 143 G159.70−49.11 4C 06.11 Quasar 02h 24m 27s +06◦59′55′′

PCCS2 143 G162.12−54.41 QSO J0217+0144 Quasar 02h 17m 47s +01◦45′12′′

PCCS2 143 G162.15+08.22 6C 052928+482031 Quasar 05h 33m 13s +48◦23′01′′

PCCS2 143 G168.07−19.15 LDN 1489 Dark Cloud (nebula) 04h 04m 46s +26◦19′10′′

PCCS2 143 G168.10−76.03 QSO B0130−17 Quasar 01h 32m 39s −16◦55′32′′

PCCS2 143 G169.15−39.71 QSO B0306+101 Quasar 03h 09m 01s +10◦30′15′′

PCCS2 143 G171.08+17.94 QSO J0646+4451 Quasar 06h 46m 30s +44◦51′37′′

PCCS2 143 G174.12−54.30 QSO B0237−027 Quasar 02h 39m 44s −02◦34′05′′

PCCS2 143 G175.67+44.82 QSO B0917+449 Quasar 09h 21m 02s +44◦42′47′′

PCCS2 143 G177.39+58.35 QSO B1030+415 Quasar 10h 33m 00s +41◦15′55′′

PCCS2 143 G183.72+46.16 ICRF J092703.0+390220 Seyfert 1 Galaxy 09h 27m 02s +39◦01′32′′

PCCS2 143 G187.98−42.44 CTA 26 Quasar 03h 39m 30s −01◦45′36′′

PCCS2 143 G190.36−27.39 3C 120 Radio Galaxy 04h 33m 10s +05◦21′37′′

PCCS2 143 G195.28−33.13 QSO B0420−0127 Quasar 04h 23m 16s −01◦19′57′′

PCCS2 143 G196.83−13.74 QSO B0529+075 Quasar 05h 32m 37s +07◦32′52′′

PCCS2 143 G196.94−10.36 LDN 1594 Cloud 05h 44m 39s +09◦09′25′′

PCCS2 143 G199.41+78.37 QSO B1156+295 Quasar 11h 59m 32s +29◦14′45′′

PCCS2 143 G200.02+31.87 QSO B0827+243 Quasar 08h 30m 50s +24◦10′57′′

PCCS2 143 G201.43−79.27 ICRF J013738.3−243053 Seyfert 1 Galaxy 01h 37m 41s −24◦31′08′′

PCCS2 143 G201.45−25.27 PMN J0501−0159 Quasar 05h 01m 18s −01◦58′49′′

PCCS2 143 G201.84+18.07 QSO B0735+178 BL Lac - type object 07h 38m 08s +17◦42′37′′

PCCS2 143 G203.51−24.72 NGC 1788 Reflection Nebula 05h 06m 49s −03◦21′01′′

PCCS2 143 G206.80+35.81 OJ287 BL Lac - type object 08h 54m 47s +20◦06′56′′

PCCS2 143 G207.58−23.04 HH 240/241 Dark Cloud (nebula) 05h 19m 44s −05◦51′53′′

PCCS2 143 G208.14+18.76 QSO B0748+126 Quasar 07h 50m 51s +12◦31′45′′

PCCS2 143 G211.31+19.05 QSO B0754+10 BL Lac - type object 07h 57m 06s +09◦56′07′′

PCCS2 143 G215.20−24.29 IC 418 Planetary Nebula 05h 27m 24s −12◦41′52′′

PCCS2 143 G216.98+11.39 QSO B0736+01 Quasar 07h 39m 20s +01◦37′24′′

PCCS2 143 G217.68+07.22 QSO B0723−007 BL Lac - type object 07h 25m 50s −00◦54′23′′

PCCS2 143 G220.69+24.31 QSO B0829+047 BL Lac - type object 08h 31m 45s +04◦29′22′′

PCCS2 143 G221.44+45.06 LEDA 1427054(?) Galactic 09h 47m 59s +13◦16′51′′

PCCS2 143 G222.60−16.18 QSO B0607−157 Quasar 06h 09m 40s −15◦42′24′′

PCCS2 143 G223.69−34.90 QSO J0457−2324 Quasar 04h 57m 01s −23◦24′09′′

PCCS2 143 G227.77+03.13 QSO J0730−116 Quasar 07h 30m 19s −11◦41′49′′

PCCS2 143 G228.93+30.92 4C 01.24B Quasar 09h 09m 08s +01◦21′51′′

PCCS2 143 G229.01−36.99 QSO B0451−281 Quasar 04h 53m 18s −28◦07′15′′

PCCS2 143 G229.03+13.18 QSO B0805−077 Quasar 08h 08m 18s −07◦50′11′′

PCCS2 143 G237.75−48.46 QSO J0403−3605 Quasar 04h 03m 59s −36◦05′21′′

PCCS2 143 G240.59−32.72 QSO B0521−365 BL Lac - type object 05h 22m 55s −36◦26′51′′

PCCS2 143 G240.70−43.61 QSO B0426−380 BL Lac - type object 04h 28m 40s −37◦56′02′′

PCCS2 143 G244.77−54.07 QSO B0332−403 BL Lac - type object 03h 34m 14s −40◦08′46′′

PCCS2 143 G250.07−31.09 QSO B0537−441 Quasar 05h 38m 46s −44◦04′58′′

PCCS2 143 G251.50+52.76 QSO B1055+018 Quasar 10h 58m 28s +01◦33′57′′

PCCS2 143 G251.60−34.64 Pictor A Radio Galaxy 05h 19m 46s −45◦47′16′′

PCCS2 143 G251.61+21.41 ICRF J092751.8−203451 Seyfert 1 Galaxy 09h 27m 46s −20◦34′05′′

PCCS2 143 G251.72−35.35 PKS J0515−4556 Quasar 05h 15m 46s −45◦56′20′′

PCCS2 143 G251.97−38.82 QSO B0454−463 Quasar 04h 55m 47s −46◦16′11′′

PCCS2 143 G255.03+81.66 QSO B1222+216 Quasar 12h 24m 54s +21◦23′09′′

PCCS2 143 G261.83−60.08 QSO B0244−470 Quasar 02h 46m 01s −46◦51′42′′

PCCS2 143 G270.95+24.85 QSO B1034−293 Quasar 10h 37m 18s −29◦33′38′′

PCCS2 143 G272.47−54.62 QSO B0252−549 Quasar 02h 53m 27s −54◦40′55′′

PCCS2 143 G275.27+43.62 QSO B1127−145 Quasar 11h 30m 05s −14◦50′22′′

PCCS2 143 G276.08−61.76 QSO B0208−512 BL Lac - type object 02h 10m 50s −51◦01′16′′
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Table A.2. (continued.)

PCCS2 name Alias Type RA Dec
PCCS2 143 G276.72+39.59 QSO B1124−186 Quasar 11h 27m 05s −18◦56′45′′

PCCS2 143 G277.16−36.04 LHA 120-N 11 HII (ionized) region 04h 57m 00s −66◦23′56′′

PCCS2 143 G277.70−32.12 NGC 2032 HII (ionized) region 05h 35m 35s −67◦34′04′′

PCCS2 143 G277.90−32.42 LHA 120-N 57A HII (ionized) region 05h 32m 18s −67◦41′55′′

PCCS2 143 G278.38−33.32 RX J0522.0−6756 HII (ionized) region 05h 22m 15s −67◦57′37′′

PCCS2 143 G279.75−34.24 LHA 120-N 105A HII (ionized) region 05h 09m 53s −68◦53′33′′

PCCS2 143 G283.76+74.50 M87 Radio Galaxy 12h 30m 49s +12◦24′08′′

PCCS2 143 G284.15+14.21 QSO B1104−445 Quasar 11h 07m 04s −44◦49′16′′

PCCS2 143 G284.85+66.07 4C 04.42 Quasar 12h 22m 26s +04◦13′31′′

PCCS2 143 G286.37−27.15 QSO J0635−7516 Quasar 06h 35m 45s −75◦16′23′′

PCCS2 143 G289.22+22.93 QSO B1144−3755 BL Lac - type object 11h 46m 57s −38◦12′43′′

PCCS2 143 G289.94+64.36 3C 273 Quasar 12h 29m 06s +02◦03′12′′

PCCS2 143 G293.83−31.37 QSO B0454−810 Quasar 04h 50m 10s −80◦59′58′′

PCCS2 143 G296.96−05.76 QSO B1145−676 Quasar 11h 47m 35s −67◦53′21′′

PCCS2 143 G297.31−07.74 ICRF J114553.6−695401 Seyfert 1 Galaxy 11h 45m 49s −69◦53′58′′

PCCS2 143 G298.01−18.28 QSO B1057−797 BL Lac - type object 10h 58m 48s −80◦04′05′′

PCCS2 143 G301.62+37.06 QSO J1246−2547 Quasar 12h 46m 48s −25◦47′25′′

PCCS2 143 G304.15−72.18 2MASX J00491665-4457110 Quasar 00h 49m 19s −44◦56′11′′

PCCS2 143 G305.09+57.06 3C 279 Quasar 12h 56m 09s −05◦47′30′′

PCCS2 143 G308.33+09.56 VLBI 1323−527 Quasar 13h 26m 54s −52◦56′09′′

PCCS2 143 G309.51+19.42 Centaurus A Radio Galaxy 13h 25m 27s −43◦00′28′′

PCCS2 143 G313.43−18.84 QSO B1610−771 Quasar 16h 17m 43s −77◦16′58′′

PCCS2 143 G315.80−36.52 QSO J2147−7536 Quasar 21h 47m 07s −75◦36′19′′

PCCS2 143 G316.49+21.14 TGU H1970 P1 Dark Cloud (nebula) 13h 57m 45s −39◦58′26′′

PCCS2 143 G320.02+48.37 QSO B1334−127 Quasar 13h 37m 40s −12◦57′24′′

PCCS2 143 G320.18−62.12 QSO B2355−534 Quasar 23h 57m 56s −53◦10′22′′

PCCS2 143 G321.30−40.64 ESO 75-41 Seyfert 1 Galaxy 21h 57m 11s −69◦41′43′′

PCCS2 143 G321.36+56.24 QSO J1332−0509 Quasar 13h 32m 04s −05◦09′41′′

PCCS2 143 G321.43+17.26 QSO B1424−41 Quasar 14h 27m 53s −42◦06′34′′

PCCS2 143 G325.18+25.59 ICRF J142741.3−330531 BL Lac - type object 14h 27m 40s −33◦05′15′′

PCCS2 143 G326.97−05.90 3FGL J1617.4−5846 Quasar 16h 17m 18s −58◦47′57′′

PCCS2 143 G328.13−12.43 ICRF J170336.5−621240 BL Lac - type object 17h 03m 44s −62◦12′08′′

PCCS2 143 G328.22+18.96 ICRF J145427.4−374733 Seyfert 1 Galaxy 14h 54m 25s −37◦47′40′′

PCCS2 143 G335.72−64.05 QSO B2326−477 Quasar 23h 29m 17s −47◦30′19′′

PCCS2 143 G340.68+27.57 QSO B1514−24 BL Lac - type object 15h 17m 43s −24◦22′18′′

PCCS2 143 G347.47−12.47 ICRF J180957.8−455241 BL Lac - type object 18h 10m 01s −45◦52′44′′

PCCS2 143 G351.27+40.12 QSO J1512−0906 Quasar 15h 12m 51s −09◦07′01′′

PCCS2 143 G352.45−08.41 ICRF J180242.6−394007 Quasar 18h 02m 39s −39◦39′39′′

PCCS2 143 G352.59−40.37 QSO B2052−474 Quasar 20h 56m 12s −47◦14′31′′
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