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Figure 3. Diagnostic colour—colour diagram: (r — z) versus (u — r)
(lower panel). The grey dots, the black 4+ signs and grey + signs enclosed
in red squares have the same meaning as in Fig. 2. Only a subset of
sources in the parent sample has SDSS photometry and thus appears
also in this figure. The cyan x signs correspond to BZCAT blazars with
SDSS photometry. We also show, for comparison, the colour—colour
tracks, as a function of redshift, of four passive elliptical templates
of different ages (red lines) and of three star-forming galaxies (blue
lines). The SO, M82, QSO and Arp 220 tracks were computed using the
SEDs tabulated in the SWIRE library (Polletta et al. 2007) available at
http://www.iasf-milano.inaf.it/~polletta/templates/swire_templates.html.
The elliptical galaxy tracks were computed using GALSYTH, the web
based interface for the GRASIL model (Silva et al. 1998) available at
http://galsynth.oapd.inaf.it/galsynth/. The colours corresponding to some
redshift values are indicated. The typical errors in (r — z) and (u — r) are
0.046 and 0.091, respectively.

as the limiting ratio, the maximum value for ERCSC blazars, shown
with a dashed red line in Fig. 2.

On the whole, ERCSC blazars greatly extend the ‘blazar region’
in the Ss00 um/S1.4GHz Versus Ssoo um/ S350 um diagram compared to
that populated by known H-ATLAS blazars. On one side, this high-
lights the power of the sub-mm selection in finding blazars with
‘anomalous’ properties. On the other side, a broader blazar region
is more easily contaminated by other source populations, implying
a lower efficiency in the selection of true blazars; this is however
the usual price to be paid by exploratory studies aiming at open-
ing new perspectives. The black solid lines in Fig. 2, showing the
colour tracks as a function of redshift for three objects in our sam-
ple assuming a parabolic SED, representative of blazars, confirm
that these sources indeed populate the part of the diagram with
8500 um/S1.46u, < 10. However, since we are using low-frequency
(1.4 GHz) radio observations, is expected that most objects be-
low the dashed boundary line are steep-spectrum radio galaxies or
quasars. We then need to find diagnostic tools capable of singling
out good blazar candidates.

To this end we have built the (r — z) versus (u — r) colour—
colour diagram (Fig. 3) for known blazars by cross-correlating the
SDSS Data Release 8 (DR8)’ catalogue (Aihara et al. 2011) with
the BZCAT, using a search radius of 0.5 arcsec. The surface density
of DRS sources is ~3.22 x 10*deg=? so that the probability of
a chance association within 0.5 arcsec is ~2 x 1073, Since there
are ~1800 BZCAT sources within the DR8 area, we expect ~3.5

7 www.sdss3.org/dr8/
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chance associations. We get 1600 matches. They are mostly con-
centrated along a relatively narrow strip in the (» — z) versus (u — r)
plane. As illustrated by the colour tracks in Fig. 3, the blazar region
is bounded on the right by the region occupied by galaxies with in-
tense star formation activity and on the left by the region of optical
quasi-stellar objects (QSOs), while passive early-type galaxies are
much redder in both colours. Thus very red colours are indicative
of contamination by a passive early-type host galaxy. Indications
that (u — r) > 1.4 likely implies host galaxy contamination were
previously reported by Massaro, Nesci & Piranomonte (2012).

Seven out of the 12 radio-loud objects (#11, 15, 16, 17, 19, 20
and 21) lie within or very close to the blazar strip in the (r — z)
versus (u — r) diagram, although the Herschel/SPIRE colours of
#16 and 17 are indicative of contamination by dust emission in the
host galaxy. Objects #12, 14 and 18 are at, or somewhat above,
the red end of the strip, suggesting that their optical colours may
be contaminated by the stellar component of the host galaxy. Hints
of additional contamination from the host galaxy dust emission
come from the Herschel/SPIRE colours of two of these objects
(#12 and 14). The sub-mm to optical photometric data on one of
the two outliers with blue (u — r) colours (object #10) are strongly
indicative of a star-forming galaxy. The other blue outlier (object
#13) is anomalously faint in the r band (compared to neighbour
bands); its (r — z) versus (¢ — r) colours may thus not be a good
diagnostic. Some of our radio-loud objects have optical colours
consistent with those of QSOs.

Another diagnostic tool, based on the [3.4][4.6][12] um colour—
colour diagram using WISE (Wright et al. 2010) magnitudes, was
proposed by Massaro et al. (2011a). Magnitudes for the three WISE
channels are available® for 7 H-ATLAS catalogued blazars (the ex-
ceptions are #7 and 9) and for nine of our radio-loud objects (the
exceptions are #11, 14 and 15). The cross-match was performed
using the WISE All-Sky Source Catalog multi-object search tool,
with a search radius of 5 arcsec. All the 16 associations found are
unique, i.e. there were no multiple matches. The positions of H-
ATLAS catalogued blazars and radio-loud sources are identified, in
Fig. 4, by their ID numbers (see Tables 1 and 3). The catalogued
H-ATLAS blazars for which WISE photometry is available plus the
radio-loud sources #10, 16 and 20 lie in the upper part of ‘blazar
strip’, i.e. in the region occupied by flat-spectrum radio quasars (al-
though #16 is at the border). Four of our radio-loud sources (#12, 13,
18 and 21) have WISE colours typical of starburst galaxies, and two
(#17 and 19) are in the regions populated by low-ionization nuclear
emission-line regions (LINERs)/obscured AGN or ultraluminous
infrared galaxies (ULIRGs).’

Other indications on the nature of our radio-loud sources can
be obtained from the radio morphology. To investigate it we have
extracted images centred at their position using the FIRST image
cut-out tool. Seven sources (#12, 13, 14, 16, 17, 19 and 20) look
point like, three (#11, 15 and 21) show a core-jet morphology with
a dominant core, while the other two (#10 and 18) are clearly
double with similarly bright blobs, consistent with them being steep-
spectrum radio galaxies or quasars. Three of the candidates (#10,
15 and 18) have 1.4 GHz NRAO VLA Sky Survey (NVSS) flux
densities larger than the FIRST ones by a factor of >2. Since FIRST
has a much higher angular resolution than NVSS, this is consistent
with these sources being extended.

8 irsa.ipac.caltech.edu/Missions/wise.html

9 wise2.ipac.caltech.edu/docs/release/prelim/expsup/figures/
sec2_2f16_annot.gif
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Figure 4. Diagnostic diagram using WISE colours. BZCAT objects are
shown in cyan and our radio-loud sources and the catalogued blazars are
labelled with their ID numbers (see Tables 1 and 3). The other data points and
the boundaries of the ‘WISE blazar strip’ are from (Massaro et al. 2011a).
BZB, BZQ and BZU stand for BL Lac, flat-spectrum radio quasar and blazar
of uncertain type, respectively. The contours tracing the density of sources
in colour bins with annotations showing the location of different classes of
objects are from the WISE Explanatory Supplement (Cutri et al. 2011).

2.2 Follow-up radio observations

We have performed follow-up observations with the Medicina 32-
m single-dish telescope at 5 GHz of six of our radio-loud sources.
Observations were carried out between 2011 August 1 and 16 in the
OTF scan mode (Mangum, Emerson & Greisen 2007; Righini 2008)
applying the observing strategy, the data reduction procedures and
the software tools developed for the SIMPIE project (Procopio et al.
2011). 25" were allocated for 5 GHz observations with a single
feed receiver and a 150-MHz-wide band. The 37 arcmin length of
each scan (~5 x HPBW) was covered at 3 arcmin s~ ! in 12.5s. A
sampling rate of 40 ms allowed us to obtain 60 samples beam~!.
The scans were centred on the FIRST positions.

Given the FIRST flux densities we do not expect to see any of
our targets in a single scan, which, in optimal observing conditions,

Table 4. Flux densities (mJy) at 5 GHz and their errors
(0's) measured with the Medicina radio telescope for five
radio-loud sources. The FIRST 1.4 GHz flux densities
(mJy) are also shown, for comparison.

ID  RA() Dec.(°) Siacuz SscHz  Os

10 218.522 —0.385 59.92 43.03 5.25
11 220.332 0.420 57.32 38.72 3.19
13 222.376 2.610 50.09 46.93 4.30
14 174.092 0.815 151.74 37.21 3.93
21 222.406 0.693 51.93 55.20 9.09

should hence appear as a linear baseline that corresponds to the
off-source zero level of the signal. Along the scans, Gaussian noise
shows up as amplitude fluctuations. However, cloudy weather, the
presence of random, but unfortunately not rare, contributions by
radio frequency interference (RFI) or digital noise heavily affected
portions of the data. These disturbances give rise to bumpy base-
lines or spike-like features. All the scans that do not show a linear
profile or show such features were removed before running the data
reduction pipeline.

We have used the OTF Scan Calibration—Reduction (oscar)
pipeline (Procopio et al. 2011; Righini, in preparation) to get the
conversion factor from raw data counts measured on calibrators to
their known flux densities, to determine the component of the flux
density error due to calibration and to calculate the source flux den-
sities and their errors. 3C 295 and 3C 286 were used as flux density
calibrators. One out of the six targeted sources was not detected be-
cause of technical problems. The 5 GHz flux densities for the other
five sources were measured with S/N greater than 6. The results
are given in Table 4. Source #14 turned out to have a steep 1.4—
5 GHz spectral index and is optically identified as a galaxy. For the
other four sources (#10, 11, 13 and 21) our observations indicate a
flat spectral index, consistent with them being blazars. We caution,
however, that the low-frequency spectral index is not necessarily
a conclusive indication for or against a blazar classification since
the low-frequency radio emission frequently comes from a different
component. Additional flux density measurements up to mm wave-
lengths are necessary to assess the nature of candidate blazars. Such
observations have been planned, and preliminary results for some
of the candidates are available.

Table 3. New blazar candidates found in the H-ATLAS 9", 12" and 15" fields. Redshifts are not available for any of these objects.

ID H-ATLAS IAU ID RA Dec. $250um S3soum Ss00um Srrst Distance FIRSTID FIRSTRA FIRST Dec.
) (°)  (mly) (mly) (mly) (mly) (arcsec) (hms) ©rm
10 HATLAS J143405.2—002307 218.52182 —0.38549 7340 70.02 4195 59.92 3.01  J143405.2—002310 1434 05.248 —00 23 10.76
11 HATLAS J144119.74002511 220.33240 0.41993 5244 6079 41.15 57.32 731  J144119.44+002506 1441 19.412 +00 25 06.88
12 HATLAS J140931.9—010054 212.38320 —1.01520 43.92 3833 3531 63.61 7.60 J140931.4—010053 1409 31.465 —01 00 53.83
13 HATLAS J144930.24+023636 222.37620 2.61022 2443 43.89 4627 50.09 432  J144930.3+023632 144930310 +02 36 32.48
14 HATLAS J113622.04+004854 174.09173  0.81505 99.44 6530 4397 151.74 240  J113622.0+004851 113622.041 +00 48 51.80
15 HATLAS J085418.9—003612 133.57879 —0.60352 56.07 68.31 48.88 2543 724  J085418.6—003619 08 54 18.690 —00 36 19.14
16 HATLAS J114616.8—001937 176.57016 —0.32712 9544 69.55 3728 22.17 111  J114616.8—001936 1146 16.820 —00 19 36.53
17 HATLAS J114203.34+005133 17551381  0.85938 147.77 6652 3679 1592 3.00 J114203.4+005136 114203.440 +00 51 36.05
18 HATLAS J142631.1+014226 216.62988  1.70600 30.70 4320 49.80 2339 592  J142631.4+014231 142631.400 +014231.25
19 HATLAS J143743.4—005237 219.43098 —0.87711 53.80 49.90 47.70 3540 876 J143742.8—005240 143742.880 —00 52 40.64
20 HATLAS J145146.2+010610 222.94281  1.10293 3560 60.30 6270 41.78 9.83  J145145.9+010619 145145950 +01 06 19.10
21 HATLAS J144937.4+004135 22240611  0.69322 5342 44.550 4626 51.93 819  J144937.9+004131 144937.946 +004131.66
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Figure 5. SEDs of the nine catalogued blazars in the H-ATLAS equatorial fields (Table 1). The red six-pointed stars, the blue five-pointed stars, the red circles,
the magenta diamonds and the blue squares are GMRT, FIRST, H-ATLAS, WISE and VIKING survey data, respectively. The other data points are from the
NED and are generally from the SDSS. The thick solid lines are second-order polynomials representing the synchrotron emission. In panels 1, 3, 4, 6 and
9 the thin blue solid lines show the type 1 QSO SEDs by Polletta et al. (2007); they are average SEDs (QSO1) except for panel 4 where the BQSO1 SED
(appropriate for QSOs with particularly low-IR/optical ratios) is plotted. This template is only shown for illustration purposes and no fit to the data has been
attempted: since the synchrotron component is highly variable and the data are not simultaneous, fits would have little meaning.

3 SPECTRAL ENERGY DISTRIBUTIONS

3.1 Catalogued blazars

Four out of the nine known blazars in the H-ATLAS fields have
counterparts in the 2-year Fermi-LAT catalogue (Ackermann et al.
2012, see Table 1). The blazar J090910.14+012135 (#3) happened
to be observed twice by Herschel, on 2009 November 22 and 2010
May 30, and showed a strong variability, thus providing a direct
confirmation of the non-thermal, jet-related nature of its sub-mm
emission. Its 250, 350 and 500 um flux densities increased from
160, 194 and 266 mly, respectively, at the first epoch, to 258, 338
and 425mly at the second epoch. This source was also found

et al. 2010). In addition, five of our catalogued blazars and nine
of our blazar candidates were detected by the Giant Metrewave
Radio Telescope (GMRT) survey of H-ATLAS equatorial fields
at 325 MHz (Mauch et al., in preparation). The measured flux
densities are given in Table 5 and shown in Figs 5 and 6. The
0.325-1.4 GHz (FIRST) spectral indices of four catalogued blazars

Table 5. Flux densities at 325 MHz and their
errors obtained with the GMRT for five con-
firmed blazar and nine new candidates.

ID  Ss;smuz (mly)  ID S35Mmp (mly)

to be variable also in y-rays: its Fermi-LAT variability index is 1 500 + 15 12 255+ 13
159.5. 2 157 +5 15 155£5
Fig. 5 shows the SEDs from radio to UV frequencies of the nine 3 986 & 31 16 156 £ 6
known blazars in the H-ATLAS equatorial fields. To the data from 4 4354 £ 124 17 72+5
the NED and to the H-ATLAS data we have added the near-IR 8 - 8I5£26 18 2107
photometry provided by the VIKING survey (Fleuren et al. 2012; }(1) 62%2;;291 ;? 18247:11152

Sutherland et al., in preparation) and by the WISE survey (Wright
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Figure 6. SEDs of the 12 radio-loud sources in the H-ATLAS equatorial fields (Table 3). The meaning of data points is the same as in Fig. 5 except that the
cyan five-pointed stars at 5 GHz, shown for sources in Table 4, show the Medicina measurements and the downwards-pointing magenta triangles represent
WISE upper limits. The black solid line, shown only for source #20, is a second-order polynomial representing the synchrotron emission. The black dashed
lines shown in the other panels are again second-order polynomials and are plotted only to illustrate that a blazar-like SED cannot match the data, except for
the puzzling source #16 and for the source #21, discussed in the text. The green line (in the panel referring to object #13) shows the QSO1 template by Polletta
et al. (2007), that may account for the UV data. This supports the possibility that this object contains a faint blazar nucleus. The blue solid lines show the
Arp 220 template from Polletta et al. (2007) for objects #10, 11, 14, 15, 17 and 19; a dusty galaxy template with log (Laust/L5) > 11.5 for objects #12 and
18, and with log (Laust/L ) in the range 11.0-11.5 for object #13 (Smith et al. 2012); the QSO1 SED by Polletta et al. (2007) for objects #16 and 21. As for
Fig. 5, these templates are shown for illustration only: no fit of the data was attempted.

are flat or inverted (O‘(;.'gzs > —0.5, S, o v¥) while all the nine radio- different from the relativistic jet. In addition, all these data are far
loud sources (possible blazar candidates) have }%,s < —0.5. As from simultaneous. Hence any fit should be dealt with great caution
noted in Section 2.2, however, a steep low-frequency spectrum is an and can only be considered as purely indicative.

indication, but not necessarily a proof, that the object is not a blazar Asusual (e.g. Fossati et al. 1998), we fit the synchrotron peak with

since the low-frequency emission may come from a component a second-order polynomial (i.e. a parabola). As shown by Table 1,



six out of the nine catalogued blazars have redshift measurements.
For the other three we assumed a redshift of 1.2, the median value
of the 6. The estimated rest-frame synchrotron peak frequencies
(in terms of vL,) are in the range 11.5 < log (Vpeax, n,) < 13.7,
with a median 10g Vpeak, median, i, == 12.5. These objects are thus
LSPs. In only one case (#3; see Gonzélez-Nuevo et al. 2010) we
have enough high-energy data to allow a meaningful estimate of the
shape of the inverse Compton peak (not shown in the corresponding
panel of Fig. 5). For this object, the Compton dominance, defined
as the ratio between the inverse Compton and synchrotron peak
luminosities is vp 1cLvp, 1c/Vp, sLvp, s > 8.6. Although three other
blazars have y-ray measurements, they are missing X-ray data and
therefore the rising part of the inverse Compton peak is essentially
unconstrained.

Most of these blazars (#1, 3, 4, 6, 7, 9) also show evidence of
a UV excess that can be attributed to emission from the accretion
disc (Dermer & Schlickeiser 1993; Ghisellini & Tavecchio 2009).
Under the standard assumption that the accretion disc emission is
a combination of blackbodies with temperatures depending on the
distance from the central black hole (equation 1 of Ghisellini &
Tavecchio 2009) the black hole mass, My, can be estimated as

My, (L>—<1/2) T -
10°Mp RN | 2 x 10*K

Ly —(1/2)
N 7 2
X (1045ergs*') @

where 7 is the mass to light conversion efficiency, 7'is the maximum
blackbody temperature and L, is the total luminosity of the accretion
disc. The lack of sufficient simultaneous data hampers reliable esti-
mates of the key quantities 7' and Ly, hence of My,. In this situation
the calculation of corrections for attenuation by the intergalactic
medium along the line of sight (Haardt & Madau 2012) is not war-
ranted. Tentative values, obtained simply interpreting the UV data
points, uncorrected for attenuation, as lower limits, are in the ranges
My, = 0.3-1 x 10° M@, with a median value of 0.7 x 10° Mg.
The median accretion rate My, = La/(nc?) is ~4 Mg yr~".

A standard type 1 QSO SED (Polletta et al. 2007) implies that
the WISE flux densities and a fraction of sub-mm Herschel/SPIRE
flux densities (especially at the shorter wavelengths) of our blazars
with UV excess can be attributed to the dusty torus around the black
hole. No contribution from the host galaxy is required for any of
the nine catalogued blazars.

To complement this analysis we have considered again the cata-
logued blazars with counterparts in the Planck ERCSC at both 545
and 857 GHz (see Section 2.1), excluding only BZU J1325—-4301,
i.e. Centaurus A, because of the difficulty of removing the contri-
bution of the extended emission and BZB J1136+1601 because its
classification as a blazar is dubious. Thus we have now 12 ERCSC
blazars. For five (i.e. ~40 percent) of them (BZU J0840+41312,
BZQ J0921+6215, BZQ J1559+4-0304, BZQ J1719+0817 and
BZU J2209—4710) the sub-mm continuum appears to be domi-
nated by thermal dust emission powered by star formation. Three
of these Planck ERCSC objects (those labelled BZQ) and both
H-ATLAS blazars with possibly/likely star-forming hosts are clas-
sified in BZCAT as flat-spectrum radio quasars. This is not im-
plausible since the far-IR luminosity of an ongoing starburst can
easily outshine, around its peak wavelength, the quasar emission
(e.g. Netzer et al. 2007). The starburst dominance is facilitated
by the fact that the quasar bolometric luminosity is distributed
over a broad wavelength range while the thermal dust emission is
peaked.
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3.2 Radio-loud sources

As discussed in Section 2.1, the distribution of our radio-loud
sources in the diagnostic diagrams does not allow an unambigu-
ous selection of reliable blazar candidates, while suggesting that
most of these objects are steep-spectrum radio galaxies or quasars
whose far-IR/sub-mm emission is dominated by the contribution of
a dusty star-forming host galaxy. Clearer indications can hopefully
be obtained by considering all the photometric data together, i.e.
investigating the SEDs.

As shown by Fig. 6, the SEDs of most (eight out of 12) radio-
loud objects (#10, 11, 12, 14, 15, 17, 18, 19) are indeed more
consistent, in the sub-mm to optical range, with those of dusty
galaxies, while the radio data indicate that they are probably steep
spectrum. Thus these objects are not plausible blazar candidates.
The SED of #13 is a bit puzzling. On one side its radio spectrum
is flat but, on the other side, higher frequency data are indicative
of a star-forming galaxy. Thus this source may consist of a weak
blazar nucleus at the centre of a bright star-forming galaxy. Another
puzzling case is object #16. Its low-frequency radio spectrum is
steep while higher frequency data configure an SED consistent
with a parabolic shape and markedly different from any galaxy and
QSO SED. Also consistent with a parabolic shape is the SED of #20
while that of #21 can be fitted with a parabola plus a type-1 QSO
SED.

Objects #13, 16 and 20 are point like in FIRST images, while
#21 has a core-jet morphology, with a dominant core. These mor-
phologies are consistent with these objects being blazars. However,
preliminary results from a multifrequency follow-up observation
campaign with the Australia Compact Array (Massardi et al., in
preparation) show that both sources #16 and #21 have a steep radio
spectrum at least up to 240 GHz, while object #20 is flat spectrum.
So only the latter is a reliable blazar candidate. Variability and po-
larization measurements can provide further tests of their blazar
nature.

4 NUMBER COUNTS

From the previous analysis we can conclude that of the nine BZCAT
blazars with Sspo .m > 35 mJy over the area of 134.55 degz, two (#1
and 6) seem to have a substantial thermal contribution (likely from
the dusty torus) to the measured 500 pm flux density. Since their flux
density is close to our threshold, the pure synchrotron component is
probably below that limit. It may also be noted that the radio source
associated with object #1 has a relatively large angular distance
from the H-ATLAS position (9.7 arcsec) and therefore may be a
misidentification.

In addition we have found one valid blazar candidate (#20). We
caution, however, about the possibility that the radio source is not
the correct counterpart of the H-ATLAS source, given the rela-
tively large angular separation between their positions (9.8 arcsec).
Another object (#13) may consist of a faint blazar nucleus inside a
bright star-forming galaxy at a measured redshift z = 0.6995, a con-
figuration similar to that of the catalogued Planck-ERCSC blazar
BZU J2209-4710.

All in all, we estimate that there are seven or eight confirmed
or likely blazars with synchrotron flux density brighter than the
adopted flux density limit over the considered area. Notwithstand-
ing the uncertainties discussed above and the limited statistics, the
H-ATLAS survey allows us to put significant constraints on the
500 pm blazar counts, thus providing a test on evolutionary mod-
els and, in consequence, on the underlying physics. For example,



1576 M. Lopez-Caniego et al.

the model by De Zotti et al. (2005) assumes, for all blazars, a
flat radio spectral index followed by a parabolic decline above a
synchrotron peak frequency that increases with decreasing radio
luminosity according to the ‘blazar sequence’ model (Fossati et al.
1998). On the other hand, Tucci et al. (2011) find that the data
favour a broad range of peak frequencies, so broad that any trend
with luminosity is blurred. They also argue for different distribu-
tions of break frequencies, v, for BL Lacs and FSRQs, in the
sense that the former objects have substantially higher values of vy,
implying that their synchrotron emission comes from more com-
pact regions. Both points are supported by the study of Giommi
etal. (2012).

The De Zotti et al. (2005) model predicts 0.21 blazars deg—>
brighter than 35 mJy at 500 pm, i.e. ~28 blazars over the H-ATLAS
Phase 1 area. At the same flux density limit the Tucci et al. (2011)
predictions are in the range 0.068-0.12 blazars deg~2, implying
about nine to 16 blazars over the Phase 1 area, the lower values
referring to the C2Ex model, the higher to the C2Co model. The
present analysis shows that the 500 pm blazar counts are substan-
tially below the predictions of the De Zotti et al. (2005) model
but consistent with those of the Tucci et al. (2011) models. The
most consistent model is the C2Ex, which is also favoured by other
data. This adds to the growing evidence (e.g. Planck Collaboration
2011b) that the synchrotron peak frequency of most blazars oc-
curs at lower frequencies than envisaged by the ‘blazar sequence’
scenario.

Our estimate is also fully consistent with the Planck counts of syn-
chrotron extragalactic sources. Planck Collaboration (2012) found,
at 545 GHz (550 pm), 2~ 1.5 sources sr™! brighter than 1.2 Jy. Com-
bined with our result, this implies a slope of the integral counts
between 1.2 Jy and 35 mJy B >~ 1.3—1.4, close to the slope of blazar
counts at lower frequencies (see e.g. Tucci et al. 2011).

5 CONCLUSIONS

The sub-mm selection emphasizes blazar flavours that are marginal
or missing in the familiar radio or X-ray-selected samples. In the H-
ATLAS fields that we have investigated we found nine catalogued
blazars with Sso0 .m > 35 mJy over the area of 134.55 degz‘ To pick
out additional blazars that may have been missed in prior surveys
new diagnostics need to be devised. The basic selection, based on ra-
dio loudness, singled out 12 sources, that could include, in addition
to candidate blazars, radio galaxies and steep spectrum radio-loud
quasars. To identify candidate blazars we used diagnostics based
on optical (SDSS) and on IR (WISE) colours, but the possible con-
tamination of the synchrotron emission by the contribution from
dust heated by star formation in the host galaxy and from the AGN-
related emission (dusty torus and accretion disc) prevented firm
conclusions. A better discrimination between the possible classes
of sources was obtained from consideration of the full body of avail-
able multiwavelength data. Taking also into account the preliminary
results of multifrequency follow-up measurements up to ~40 GHz
with the Australia Telescope Compact Array (ATCA), the SED of
only one of the 12 selected sources was found to be compatible with
being synchrotron dominated at least up to 500 pm, i.e. with being
blazar like.

Another object may consist of a faint blazar nucleus inside a
bright star-forming galaxy. Although this is at odds with the notion
that blazar hosts are passive ellipticals, the possibility that some
blazar hosts are endowed with active star formation is supported by
our analysis of the SEDs of Planck ERCSC blazars detected at both
545 and 857 GHz. The sub-mm continuum of five of the 12 such

objects appears to be dominated by thermal dust emission. Also
several of these sub-mm-selected blazars with likely star-forming
hosts are classified as flat-spectrum radio quasars, although quasar-
type blazars are expected to outshine the host galaxy. This situation
however is not implausible since the far-IR emission peak associated
with star formation can easily outshine the quasar emission at the
same wavelength.

The estimated rest-frame synchrotron peak frequencies (in terms
of vL,) of catalogued blazars are in the range 11.5 <1log (Vpeak, 1) <
13.7, with a median 10g v eak, median, 1z =2 12.5. These objects are thus
LSPs. Interestingly, the only known blazar in our H-ATLAS sample
that happened to be observed twice by Herschel (blazar #3), with
a time lag of about 6 months, showed a flux increase by a factor
of about 60 per cent thus providing direct confirmation of the non-
thermal nature of its sub-mm emission.

Six of the catalogued blazars also show evidence of an UV excess
that can be attributed to emission from the accretion disc. Under
the standard accretion disc model the properties of the excess can
be exploited to estimate the black hole mass and the accretion rate.
However, these properties are poorly constrained by the available,
non-simultaneous, data. Tentative median values of the black hole
mass and of the accretion rate are My, median =~ 0.7 X 10° Mg and
Mbh.;nedian = 4M@ yril'

A standard type 1 QSO SED implies that the WISE flux densi-
ties and a fraction of sub-mm Herschel/SPIRE flux densities of
these objects (especially at the shorter wavelengths) can be at-
tributed to the dusty torus around the black hole. The QSO con-
tamination may imply that the pure synchrotron component of two
of these sources does not reach the chosen 500 um flux density
threshold.

Allowing also for the possibility of misidentifications, we esti-
mate that there are seven to eight pure synchrotron sources brighter
than Sso0.m = 35mly over the considered area. This is substan-
tially lower than predicted by the De Zotti et al. (2005) model,
based on the blazar sequence scenario, but in good agreement with
model C2Ex by Tucci et al. (2011), that adopts a broad distribution
of synchrotron peak frequencies at all luminosities, which would
have the effect of lowering the effective synchrotron peak frequency
for the bright sources of interest here.

At this stage all conclusions must be considered as preliminary
because of the poor statistics. This will improve as soon as data for
the full H-ATLAS survey, covering an area four times larger, will be
available. The sub-mm-selected blazar sample will be further aug-
mented by other Herschel surveys such as the Herschel Multi-tiered
Extragalactic Survey (HerMES; HerMES Collaboration 2012) and
the Herschel Virgo Cluster Survey (HeVICS; Davies et al. 2012).
A blazar search on HeVICS data using the approach proposed in
this paper is in progress (Baes, private communication). A com-
plementary view of sub-mm-selected blazars is being provided by
the Planck surveys, which cover the whole sky with detection lim-
its more than an order of magnitude brighter than achieved by the
H-ATLAS survey at similar wavelengths.

ACKNOWLEDGEMENTS

The authors would like to thank an anonymous referee for useful
comments and suggestions. Partial financial support to this work
was provided by the Spanish Ministerio de Economia y Compet-
itividad projects AYA2010-21490-C02-01, AYA2010-21766-C03-
01 and CSD2010-00064, by ASI/INAF Agreement 1/072/09/0 for
the Planck LFI activity of Phase E2, by MIUR PRIN 2009 and by
INAF through the PRIN 2009 ‘New light on the early Universe



with sub-mm spectroscopy’. ML-C thanks the Spanish Ministerio
de Economia y Competitividad for a Juan de la Cierva fellowship.
JG-N thanks the Spanish CSIC for a JAE DOC fellowship.

This research has made use of the NASA/IPAC Extragalactic
Database (NED), of SDSS DRS data and of data products from the
Wide-field Infrared Survey Explorer (WISE).

The NED is operated by the Jet Propulsion Laboratory, Cali-
fornia Institute of Technology, under contract with the National
Aeronautics and Space Administration. WISE is a joint project of
the University of California, Los Angeles, and the Jet Propulsion
Laboratory/California Institute of Technology, funded by the Na-
tional Aeronautics and Space Administration.

Funding for SDSS-III has been provided by the Alfred P. Sloan
Foundation, the Participating Institutions, the National Science
Foundation and the US Department of Energy Office of Science.
The SDSS-III web site is www.sdss3.org/. SDSS-III is managed by
the Astrophysical Research Consortium for the Participating Institu-
tions of the SDSS-III Collaboration including the University of Ari-
zona, the Brazilian Participation Group, Brookhaven National Lab-
oratory, University of Cambridge, University of Florida, the French
Participation Group, the German Participation Group, the Instituto
de Astrofisica de Canarias, the Michigan State/Notre Dame/JINA
Participation Group, Johns Hopkins University, Lawrence Berkeley
National Laboratory, Max Planck Institute for Astrophysics, New
Mexico State University, New York University, Ohio State Uni-
versity, Pennsylvania State University, University of Portsmouth,
Princeton University, the Spanish Participation Group, University
of Tokyo, University of Utah, Vanderbilt University, University of
Virginia, University of Washington and Yale University.

REFERENCES

Abdo A. A. et al., 2010, ApJ, 716, 30

Ackermann et al., 2012, ApJ, 743, 171

Aihara H. et al., 2011, ApJS, 193, 29 [Erratum: 2011, ApJS, 195, 26]

Becker R. H., White R. L., Helfand D. J., 1995, ApJ, 450, 559

Chini R., Kruegel E., 1994, A&A, 288, L33

Condon J. J., Anderson M. L., Helou G., 1991, ApJ, 376, 95

Cutri R. M. et al., 2011, Explanatory Supplement to the WISE All-Sky Data
Release Products

Davies J. I. et al., 2012, MNRAS, 419, 3505

Dermer C. D., 1995, Apl, 446, L63

Dermer C. D., Schlickeiser R., 1993, ApJ, 416, 458

De Zotti G., Ricci R., Mesa D., Silva L., Mazzotta P., Toffolatti L., Gonzdlez-
Nuevo J., 2005, A&A, 431, 893

Dunlop J. S., Hughes D. H., Rawlings S., Eales S. A., Ward M. J., 1994,
Nat, 370, 347

Eales S. et al., 2010, PASP, 122, 49

Fleuren S. et al., 2012, MNRAS, 423, 2407

Fossati G., Maraschi L., Celotti A., Comastri A., Ghisellini G., 1998,
MNRAS, 299, 433

Ghisellini G., Tavecchio F., 2009, MNRAS, 397, 985

Giommi P. et al., 2012, A&A, 541, A160

Blazars in H-ATLAS 1577

Gonzilez-Nuevo J. et al., 2010, A&A, 518, L38

Griffin M. J. et al., 2010, A&A, 518, L3

Haardt F., Madau P., 2012, ApJ, 746, 125

Hardcastle M. J. et al., 2010, MNRAS, 409, 122

Helou G., Soifer B. T., Rowan-Robinson M., 1985, ApJ, 298, L7

HerMES Collaboration, 2012, preprint (arXiv:1203.2562)

Herranz D. et al., 2013, A&A, 549, 31

Ibar E. et al., 2010, MNRAS, 409, 38

Ivison R. J. et al., 2010, MNRAS, 402, 245

Jarvis M. J. et al., 2010, MNRAS, 409, 92

Kotilainen J. K., Falomo R., Scarpa R., 1998, A&A, 332, 503

Kotilainen J. K., Falomo R., Labita M., Treves A., Uslenghi M., 2007, ApJ,
660, 1039

Larson D. et al., 2011, ApJS, 192, 16

Ledn-Tavares J., Valtaoja E., Chavushyan V. H., Tornikoski M., Aforve C.,
Nieppola E., Lahteenmiki A., 2011, MNRAS, 411, 1127

McCarthy P. J., 1993, ARA&A, 31, 639

Mangum J. G., Emerson D. T., Greisen E. W., 2007, A&A, 474, 679

Massaro F., D’Abrusco R., Ajello M., Grindlay J. E., Smith H. A., 201 1a,
Apl, 740, L48

Massaro F., Paggi A., Cavaliere A., 2011b, ApJ, 742, L32

Massaro E., Giommi P., Leto C., Marchegiani P., Maselli A., Perri M.,
Piranomonte S., 2011c, Multifrequency Catalogue of Blazars, 3rd edn.
Aracne Ed., Rome, Italy

Massaro E., Nesci R., Piranomonte S., 2012, MNRAS, 422, 2322

Netzer H. et al., 2007, Apl, 666, 806

Nieppola E., Tornikoski M., Valtaoja E., 2006, A&A, 445, 441

O’Dowd M., Urry C. M., 2005, ApJ, 627, 97

Padovani P., Giommi P., 1995, ApJ, 444, 567

Padovani P., Giommi P., Abraham P., Csizmadia S., Modr A., 2006, A&A,
456, 131

Pascale E. et al., 2011, MNRAS, 415,911

Perlman E., Addison B., Georganopoulos M., Wingert B., Graff P., 2008,
in Proc. Workshop on Blazar Variability Across the Electromagnetic
Spectrum. Published online at http://pos.sissa.it, p. 9

Pilbratt G. L. et al., 2010, A&A, 518, L1

Planck Collaboration, 2011a, A&A, 536, A7

Planck Collaboration, 2011b, A&A, 536, A13

Planck Collaboration, 2012, preprint (arXiv:1207.4706)

Plotkin R. M., Anderson S. F., Brandt W. N., Markoff S., Shemmer O.,
Wul., 2012, ApJ, 745, L.27

Poglitsch A. et al., 2010, A&A, 518, L2

Polletta M. et al., 2007, ApJ, 663, 81

Procopio P. et al., 2011, MNRAS, 417, 1123

Rigby E. E. et al., 2011, MNRAS, 415, 2336

Righini S., 2008, IRA Internal Report 425/08

Silva L., Granato G. L., Bressan A., Danese L., 1998, ApJ, 509, 103

Smith D. et al., 2012, MNRAS, 427, 703

Swinyard B. M. et al., 2010, A&A, 518, L4

Tramacere A., Massaro E., Taylor A. M., 2011, ApJ, 739, 66

Tucci M., Toffolatti L., de Zotti G., Martinez-Gonzilez E., 2011, A&A, 533,
A57

Wright E. L. et al., 2010, AJ, 140, 1868

This paper has been typeset from a TEX/IATEX file prepared by the author.


http://www.sdss3.org/
http://arxiv.org/abs/1203.2562
http://pos.sissa.it
http://arxiv.org/abs/1207.4706

