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ABSTRACT 

We present simultaneous Planck, Swift, Fermi, and ground~based data for 105 blazars belonging to throo samples with flux limits in the soft X-ray, 
hard X-ray, and ")'-ray bands, with additional 5 GHz flux~density limits to ensure a good probability of a Planck detection. We compare our results 
to those of a companion paper presenting simultaneous Planck and multi~frequency observations of 104 radio~loud northern active galactic nuclei 
selected at radio frequencies. While we confinn several previous results, our unique data set allows us to demonstrate that the selection method 
strongly influences the results, producing biases that cannot be ignored. Almost all the BL Lac objects have been detected by the Fermi Large Area 
Telescope (LAT), whereas 30% to 40% of the flat-spectrum radio quasars (FSRQs) in the radio, soft X-ray, and hard X-ray selected samples are 
still below the 'Y~ray detection limit even after integrating 27 months of Fermi~LAT data. The radio to sub-millimetre spectral slope of blazars is 
quite :lat, with (0:") - 0 up to about 70GHz, above which it steepens to (0:") - -0.65. The BL Lacs have Significantly flatter spectra than FSRQs 
at higher frequencies. The distribution of the rest~frame synchrotron peak frequency (~at.) in the spectral energy distribution (SED) of FSRQs 

is the same in all the blazar samples with (V'peak) = 1013.1,00.1 Hz, while the mean inverse Compton peak frequency, (v~), ranges from IOZl to 

1022 Hz. The distributions of v'lpeak and v;U of BL Lacs are much broader and are shifted to higher energies than those of FSRQs; their shapes 
strongly depend on the selection method. The Compton dominance of blazars. defined as the ratio of the inverse Compton to synchrotron peak 
luminDsities, ranges from less than 0.2 to nearly 100, with only FSRQs reaching values larger than about 3. Its distribution is broad and depends 
strongly on the selection method, with "y~ray selected blazars peaking at - 7 or more, and radio~selected blazars at values close to 1, thus implying 
that the common assumption that the blazar power budget is largely dominated by high~energy emission is a selection effect A comparison of 
our multi~frequency data with theoretical predictions shows that simple homogeneous sse models cannot explain the simultaneous SEDs of most 
of the 'Y~ray detected blazars in all samples. The SED of the blazars that were not detected by Fermi~LAT may instead be consistent with sse 
emission. Our data challenge the correlation between bolometric luminosity and yS peak predicted by the blazar sequence. 

1. Introduction 

Blazars are jet-dominated extragalactic objects characterized by 
the emission of strongly variable and polarized non-thermal ra
diation across the entire electromagnetic spectrum, from radio 
waves to -y-rays (e.g., Urry & Padovani 1995). As the extreme 
properties of these sources are due to the relativistic amplifica
tion of radiation emitted along a jet pointing very close to the , 
line of sight (e.g., Blandford & Rees 1978; Urry & Padovani 
1995), they are rare compared to both objects pointing their jets 
at random angles and radio quiet QSOs where the emitted radia
tion is due to thermal or reflection mechanisms ultimately pow
ered by accretion onto a supermassive black hole (e.g., Abdo 
et aI. 20IOa). Despite that, the strong emission of blazars at 
all wavelengths makes them the dominant type of extragalac
tic sources in the radio, microwave, -y-ray, and TeV bands where 
accretion and other thermal emission processes do not produce 
significant amounts of radiation (Toffolatti et al. 1998; Gionum 

& Colafrancesco 2004; Hartman et aI. 1999; Abdo et aI. 201Oa; 
Costamante & Ghisellini 2002; Colafrancesco &Giommi 2006; 
Weekes 2008). For these reasons, blazars are hard to distin
guish from other sources at optical and X-ray frequencies, while 
they dominate the microwave and -y-ray sky at high Galactic 
latitudes. The advent of the Fermi (Atwood et aI. 2009) and 
Planck I (Tauber et al. 2010; Planck Collaboration 2011 a) satel
lites, which are surveying these two observing windows, com
bined with the versatility of the Swift observatory (Gehrels et al. 
2004a), is giving us the unprecedented opportunity to collect 
multi-frequency data for very large samples ofblazars and open 

1 Planck (http://www.esa.intjPlanck) is a project of the European 
Space Agency - ESA - with instruments provided by two scientific con~ 
sortia funded by ESA member states (in particular the lead countries: 
France and Italy) with contributions from NASA (USA), and telescope 
reflectors provided in a collaboration between ESA and a scientific con~ 
sortium led and funded by Denmark. 

https://ntrs.nasa.gov/search.jsp?R=20120016559 2019-08-30T23:12:28+00:00Z
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the way to a potentially much 'deeper understanding of the 
physics and demographics of these still puzzling objects. 

Blazars can be categorized by their optical properties and the 
shape of their broad-band spectral energy distributions (SEDs). 
Blazar SEDs always show two broad bumps in the log v -
log Y F y space; the lower energy one is usually attributed to syn· 
chrotron radiation while the more energetic one is attributed 
to inverse Compton scattering. BJazars displaying strong and 
broad optical emission lines are usually called flat.spectrum ra
dio quasars (FSRQs), while objects with no broad emission lines 
(i.e., rest-frame equivalent width, EW, < 5 A) are called BL 
Lac objects. Padovani & Giomnti (1995) introduced the terms 
LBL and HBL to distinguish between BL Lacs with low and 
high values of the peak frequency of the synchrotron bump 
(v'"",,). Abdo et al. (20IOa) extended this definition to all types 
of blazars and defined the terms LSP,ISP, and HSP (correspond
ing to low, intermediate, and high synchrotron peaked blazars) 
for me cases where ~"",< 1014 Hz, 1014 Hz < "s""",< IO"Hz, 

and "s""",> 10" Hz, respectively. In me rest of this paper, we use 
me LSP/ISPjHSP nomenclature. 

It is widely recognized that one of the. most effective ways 
of studying the physics of blazars is through the use of multi
frequency data that is ideally simultaneous. There are several 
examples of studies following this approach (e.g., Giornmi et a1. 
1995; von Montigny et al. 1995; Sambruna et aI. 1996; Fossati 
et al. 1998; Giomnti et aI. 2002; Nieppola et al. 2006; Padovani 
et 81. 2006), but in most cases the samples are heterogeneous and 
the data are sparse and non-simultaneous. 

The compilation of simultaneous and weU·sampled SEDs re
quires the organization of complex multifrequency observation 
campaigns, involving the coordination of observations from sev
eral observatories. Such large efforts have been carried out only 
rarely, and almost exclusively on the occa'\iion of large fiaring 
events in a few bright and well-known blazars, e.g., 3C 454.3 
(Giommi et al. 2006; Abdo et al. 2009a; Vercellone et aI. 2009), 
Mkn421, (Donnarumma et aI. 2009; Abdo et al. 2011), and 
PKS2155-304 (Aharonian et al. 2009). 

Significant progress has been made with the publication of a 
compilation of quasi-simultaneous SEDs of a large sample of 1-
ray bright blazars (Abdo et aI. 20IOa). This is an important step 
forward from previous compilations, as the sample presented is 
statistically representative of the population of bright y-ray se
lected blazars, and the data were quasi-simultaneous, that is col
lected within three months of the Fenni-LAT observations. 

With Planck, Swift, and Fenni-LAT simultaneously in or
bit, complemented by other space and ground-based observato
ries, it is now possible to assemble high-quality multi-frequency 
datasets that allow us to build simultaneous and well-sampled 
broad-band spectra of large and statistically well-defined sam
ples of active galactic nuclei (AGNs). 

In this and a companion paper (Planck Collaboration 201 Ie), 
we present the first results of a large cooperative program be
tween the Planck, Fermi-LAT, and Swift satellites and a num
ber of ground-based observatories, carried out to collect multi
frequency data on large samples ofblazars selected using differ
ent criteria and observed when the sources lie in the field of view 
of Planck. 

In this paper, we concentrate on blazars selected in the soft 
X-ray, hard X-ray, and y-ray bands. We present the simultaneous 
data, test for flux correlations, and estimate some key parame
ters characterizing the SEDs. We then compare the results 0b
tained for the different samples. Detailed fits to models, variabil-

2 

ity studies, and more complete theoretical interpretations will be 
presented elsewhere. 

Throughout this paper, we define the radio-to-submillimette 
spectral index a by S(v) " v", and we adopt a ACDM cosmol
ogy with Ho = 70km s-' MpC-', Om = 0.27, and OA = 0.73 
(Komatsu et aI. 2011). 

2. Sample selection 

To explore the blazar parameter space from different viewpoints, 
we used several different criteria to select the blazars to be ob
served simultaneously by Planck, Swift, and Fermi. In this paper, 
we considered three samples of blazars that are fiux·limited in 
me high-energy part of the electromagnetic spectrum: soft X-ray 
(0.1-2.4keV) sources from the ROSAT All-Sky Survey Bright 
Source Catalog (lRXS, Voges et aI. 1999, hereafter referred to 
as the RASS sample), hard X-ray (l5-ISOkeV) sources from 
the Swift-BAT 54-month source catalog (Cusumano et aI. 2010, 
hereafter referred to as the BAT sample), and y-ray sources from 
the Fermi-LAT 3-month Bright AGN Source List (Abdo et aI. 
2009b, hereafter referred to as the Fermi-LAT sample). 

These high-energy-selccted samples were complemented by 
a radio flux-limited sample ·of northern sources (hereafter re
ferred to as the radio sample), which is presented in the com
panion paper (planck Collaboration 201 Ie). We used these four 
samples. defined in widely different parts of the electromagnetic 
spectrum, to try to disentangle the intrinsic properties of blazars 
from the heavy selection effects that often aIRict blazar samples. 
In total we considered 175 sources. 

We based our classification of different blazar' types on the 
Roma-BZCAT catalog (Massaro et aI. 2010), which is a 'com
pilation of known blazars that were carefully checked to deter
mine their blazar type in a unifonn and reliable way. Massaro 
et al. (2010) divided blazars into three categories: BZQJFSRQ, 
in which the optical spectrum has broad emission tines; BZB/BL 
Lac objects, in which the optical spectrum is featureless or con
tains only absorption lines from the host galaxy; BZU/uncertain 
type, comprising objects for which the authors could not find 
sufficient data to safely determine the source classification, and 
objects that have peculiar characteristics (see Massaro et aI. 
2010, for details). According to this classification, 96 of our ob
jects are of the FSRQ type, 40 are BL Lacs, and the rest are 
of uncertain type. About 160 were observed by Swift simulta
neously with Planck, mostly by means of dedicated target of 
opportunity (ToO) pointings. In the following we describe the 
selection criteria for each high-energy selected sample. Details 
of the radio·selected sample are given in Planck Collaboration 
(20Ile). 

2. 1. The issue of blazar c1assifica/ion 

The classification of blazars as either featureless (BL Lacs) or 
broad-lined objects (FSRQs), although very simple in principle, 
is neither unambiguous, nor robust. The borderline between the 
two blazar subclasses, namely 5 A in the source rest-frame for 
the EW of any emission line, was originally defined as a result 
of the optical identification campaigns of the sources discovered 
in the first well-defined and complete samples of (bright) ra
dio and X-ray selected objects (Stickel et aI. 1991; Stocke et al. 
1991). However, we now know that well-known BL Lac objects 
such as OJ 287 - and BL Lac itself - exhibit emission lines with 
EWs well above the 5 A limit on some occasions (VenneuIen 
et aI. 1995; Corbett et aI. 1996). Several other BL Lac objects 
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have strong emission lines with EWs just below, and sometimes 
above the 5 A threshold, depending on the variable continuum 
level (see e.g. Lawrence et al. 1996; Ghisellini et al. 2011, and 
references therein). Well-known FSRQs such as 3C 279 also ap
pear nearly featureless during bright states (Pian et aI. 1999). 
The- detection of bra,ad Lyman-a emission in the UV spectrum 
of classical BL Lacs such as Mlm421 and Mlm 501 (Stocke etal. 
2011) contributes to the blurring of the distinction between the 
two types ofblazars. 

It is difficult to differentiate between BL Lac objects and ra
dio galaxies as BL Lacs have been defined as sources for which 
the 4000 A Ca H&K break (a stellar absorption feature in the 
host galaxy) is diluted by non-thennal radiation more than a 
certain amount that was first quantified by Stocke et al. (1991) 
and then revised by Marcha et al. (1996), Landt et aI. (2002), 
and Landt et aI. (2004). The level of non-thermal blazar light 
around 4000 A reflects the intrinsic radio power of the jet; it can 
be highly variable and depends strongly on the position of the 
peak of the synchrotron emission, thus ensuring that the border 
between BL Lacs and radio galaxies is quite uncertain. Giommi 
et al. (2012) tackled the problem' of blazar classification using 
extensive Monte Carlo simulations and showed that the observed 
dlffe:ences can be interpreted within a simple scenario where 
FSRQs and BL Lacs share the basic non-thermal emission prop
erties. 

[n the presenl study, we relied on the blazar classification 
given in the Roma-BZCAT catalog (Massaro et aI. 2010), which 
re-assessed the blazar subclass of each object after a critical re
view of the optical data available in the literature and in large 
public databases such as the SDSS (York et al. 2(00). Despite 
that, some uncertainties remain, which rnay in turn influence our 
conclusions about the differences between BL Lacs and FSRQs. 
However, the large size of our samples ensures that a few mis
cla..,sifications should not significantly affect our results. To as
sess the impact of both blazar misclassi5cation and transitional 
objects in a quantitative way, it is necessary to perform detailed 
simulations, 

2.2. The Fermi-LAT (y-ray flux-limited) sample 

Our [-ray flux-limited sample was created from the Fermi LAT 
Bright Source List' (Abdo et aI. 2009b). We selected all the high 
Galaotic latitude Obi > 10") blazars detected with high signif
icance (TS > 1(0)'. To reduce the size of the sample and en
sure that all the sources are we]] above the Planck sensitivity 
limit for one survey, we considered only the sources with ra
dio fiux density (taken from BZCAT) S, GR, > I Jy. We real
ized that this is a double cut, with a TS limit at y-rayenergies 
and a flux-density limit in the radio band. A TS limit translates 
into different yaray flux limits depending on the y-ray spec
tral slope, with higher sensitivity to flat-spectrum sources (see 
fig. 7 of Abdo et al. 2009b), Hence, for our statistical consid
erations we also considered the subsample with a flux cut of 
F(E > 100 MeV) > 8 x 10-' ph cm-2 S-I , which removed this 
dependence on the spectral slope. 

The sample so defined includes 50 sources, 40 of which 
are brighter than the y-ray flux limit of 8 X 10-8 ph cm-2 S-1 . 

Relaxing the radio ftux density cut would have provided a purely 
y-ra} flux-limited sample and increased the number of sources 

2 http://www.asdc.asi.it/fermibsl/ 
J The test statistic (TS) is defined as TS = -21n(Lo/ L1) with Lo the 

likelihood of the nuli·hypothesis model and LJ the likelihood of a com
petiti-.'e model (see e.g. Abdo et al. 201Oc). 

to'" 70, but with about 40-50% of the objects with S 5 GH, < I Jy 
being undetected by Planck. 

Details are presented in Table I, where column I gives the 
source common name, cohimn 2 gives the Fermi-LAT name as 
it appears in Abdo et aI. (201Ob), columns 3 and 4 give the 
source position in equatorial coordinates, columns 5, 6, and 7 
give the redshift, V magnitude, and X-ray flux (0.1-2.4keV) 
from BZCAT (Massaro etal. 2010), column 8 gives the 1.4GHz 
or 843 MHz flux density from NVSS(Condon et al. 1998) or 
from SUMSS (Mauch et aI. 2(03) with Dec < -40' , column 
9 gives the y-ray fiux from Abdo et aI. (201Ob) " and column 
10 gives the date of the Swift ToO observation made when the 
source was within the Planck field of view. 

2.3. The SwiftlBAT (hard X-ray flux-limited) sample 

We defined our hard X-ray flux-limited sample starting from tbe 
Swift-BAT 54 month 500= catalog" (Cusumano et al. 2010), 
and selecting all the sources identified with blazars with X-ray 
flux> 10-11 ergcm-2 S-I in the 15-150keV energy band. The 
BAT catalog includes 70 known blazars that satisfy the X-ray 
flux condition, but many of them are too faint to be detected at 
millimetre wavelengths by Planck. Therefore, although a pure 
X~ray selection would be preferable, we have decided to add 
a mild radio flux-density constraint (S50Hz > lOOmJy, with 
S 5 GHt. taken from BZCAT) to select onLy sources that can be 
detected by Planck or for which Planck will be able to provide 
meaningful upper limits, leaving enough sources to build a sta
tistically sizable sample. The list of the 34 sources included in 
this sample is given in Table 2. The column description is the 
same as for Table 1. 

2.4. The ROSATIRASS (soft X-ray flux-limited) sample 

The soft X-ray Bux-limited sample was defined starting from the 
RASS catalog (IRXS) (Voges et al. (999), and selecting all the 
sources identified with blazars with count rates higher than 0.3 
counts/s in the 0.1-2.4 keY energy band, and radio flux densities 
(taken from BZCAT) of S 'GH, > 200mJy. The reasons for using 
an additional radio flux constraint are the same as for the hard 
X-ray flux-limited sample, where, however, we chose 200 mJy 
to reduce the size of the sample to be comparable to those of the 
y-ray and hard X-ray samples. We realize that this is a stringent 
cul thal removes about two thirds of the sources from the purely 
soft X-ray selected sample. However, all the sources below the 
radio threshold are HSP BL Lacs, thus implying that the sub
sample of LBL sources remains purely X-ray flux-limited. and, 
consequently, that high v' """ objects are strongly underrepre
sented. The list of the 43 sources included in this sample is given 
in Table 3. The column description is the same as for Tables I 
and 2. 

2.5. The radio nux-density limfted sample 

The radio flux-density limited sample is presented in the com
panion Planck paper (Planck Collaboration 201 Ie), where all 
the observational details are given. The sample consists of 104 
bright northern and equatorial radio-loud· AGN characterized by 
S 37 GHz > 1 Jy as measured with the Metsahovi radio telescope. 

" We give average )'-ray fluxes from the I-year Fermi catalog rather 
than the three-month fluxes that were used to define the sampl~ for con
sistency with Tables 2 and 3. 

5 http://www.asdc.asi.it/bat54/ 
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Table 1. The Fenni-LAT (y-ray TS/fiux-limited) sample. 

x·ray Flux Aux Density F,mnJAux 
R.A. Ceo. 0.1-2.4keV 1.4GHz Q 1-IOOGeV 

Sow~~ Frnni-LAT name (IroL) (J2£XXl) (ll000) , """" • mll Swift otis. date Blaur !)'pC 

lJy Ol 18 272 lroUOI20.5-2700 012031.6 -270124 0 " 7 15.S 0.77 9)4 3.7 :1:0.4 
, 

8LLac·LSP 
S40133+47 IPGU OI 37,{)+4751 013658.5 475129 0.859 17.6 1.04 11 38 9.6: 0.6 2010-()2..05 FSRQ . L.SP 
PKS0202-17 IFGU02O.5.0-1702 0204 57.6 -17011S 1.740 17.3 0.57 1220 1.5: 0.3 2010-01-08 FSRQ.LSP 
PKS020S-S12 IFGU0210.6-5101 021046.2 -.510101 1.003 14.8 0.7.5 3493 7.1: 0.6 2009-11-26 Uncertain - LSP 
PKS ')215+0IS IFGU02t7.9+0l44 02 1748.9 014449 1.715 18.7 2.S6 7S1 6.0:1: 0.5 

, 
FSRQ·LSP 

\IyG21B+3!i7 I flOU 0221.0+3555 0221OS.5 355614 0 .... 20.0 0.8S 1707 6.4.:t: 0.5 201Q.O&.19 Un~n - LSP 

4C2S.D7 I POU 0237.9+2848 023752.4 284800 1.213 18.8 0.58 2'97 3.7 :1:0.4 2010-02-05 FSRQ. LSP 
PKS 023.5+ 164 IFGU0238.6+1637 02 38 38.9 163659 0.9040 IS.5 1.24 1941 32.7: 1.I 2010-01-30 8L LIe· LSP 
PKS 0332-403 IPGU 0334.2-4010 033413.6 -4008 25 17.5 0.73 1042 3.S: 0.4 2010-OJ.l7 BLl.ac:·LSP 
PKS0420-01 IFGU0423.2-0118 0423 IS.8 -012033 0.916 16.7 1.39 2726 5.6: 0.5 2009-08-27 FSRQ . LSP 
PKS0426-380 IFGU0428.6-3756 04 28 40.4 -375619 1.030 16.3 0.42 '" 25.7 ± \.0 201D-08-17 BLLac· !..SP 
PKS 0454-234 IFGU04.51.Q-232S 04 S7 03.1 -23 24.52 1.003 '7E 0.91 '727 32.5 :t 1.1 2010-02-25 FSRQ· UP 
PKS0528+I34 i fGU 053 1.0 .. 1331 0.5 3056.4 133155 2.070 08E 0.80 IS,. 4.o :i: 0.5 2009-09-2. FSRQ ·LSP 
PKS 0537-441 IFGW0538.8--4404 0538 SO.3 -440508 0.892 16.0 2.10 3779 21.3:1: 0.9 201Q.())"()3 BL Lac ·LSP 
PKS0735+11 IFGU0738.2+1741 07 38 01.3 114219 0.424 14.5 0.97 225. 4.4: O.S 2010-10-01 BLLac· ·ISP 
54 0814+425 IFGUOSI8.2+4222 081816.0 422245 0 . .530 19.6 0.32 '00' 8.1: 0.6 2010-1O·IS BLLac·LSP 
OJ 535 IFGU 0815.0+5.555 082447.2 555242 1.411 18.1 0.64 ,44' 0.9 z 0.3 2010-03·28 FSRQ· LSP 
PKS08SI +202 lFOW0854.8+2006 08 54 48.8 200630 0.306 14.4 1.12 1.512 2.1 :to.4 201().()4..10 BLLac· LSP 
540917+44 !roU0920.~1 09 2058.4 44 4154 ~'90 19.2 1.04 1011 14.0: 0.1 2OQ9.1Q..29 FSRQ. LSP 
4C5~.l7 IFGW09S1.1+5523 09 57 38.1 S5 22 57 0 .896 '.A O~, 3079 10.5:1: 0.6 2009-11-01 f'SRQ· LSP 
4C01..28 IFGU 1058.4+0134 105829.6 OJ 3358 0.88S 11.6 1.08 3220 7.1 :t 0.6 2009-1Hl3 Uncertain - LSP 
PKS1051-79 tFGU lOS8.1-8006 105843.3 -800354 0 . .581 17.3 0.43 53' 2.2=0.4 2010-08·30 BLLac·LSP 
PKS !I21-145 IFGLJ 1130.2-1447 113001.0 -144921 1.184 16.0 1.39 l622 2.4:0.4 2009-12·28 FSRQ· LSP 
PKS !l44- 379 IFGU 1146.9-3812 tI 47 01.3 - 38 12 II 1.048 1.5.7 0.91 '804 2.4:t 0.4 2otD-()6..24 BLLac· LSP 
4C~.45 IFGU 1159.4+2914 115931.8 29 1444 0.129 1M 0.84 203' .5.3.:t: 0.5 2!11Q.OS-28 FSRQ· LSP 
ONnl IfGU 1221..5+2814 122131.6 28 13 58 0.102 14.3 ' .30 732 6.9:t0.5 2:009-12-10 BLLac · ISP 
3C273 lFGU 1229.1+0203 122906.7 02 03 08 0.158 14.1 63.11 l4991 9.6:1:0.6 2010-01-1 I FSRQ.LSP 
PKS 1244-255 IFGLl 1246.7-2545 124646.8 -254149 0.635 16.7 1.30 1165 8.1 .:t:O.6 201().01-2.5 FSRQ·LSP 
3C279 IFGU 1256.2--{)541 125611.1 -054121 0.536 1.5.0 20.90 91.11 32.4: 1.1 201().()1-15 FSRQ. UP 
lIy 1308+326 IFGU 1310.6+3222 131028.6 32 20 43 0.997 19.6 0 . .53 '687 6.8:: 0 . .5 2009-12-12 Uncertain - LSP 
PKS ]502+ 106 tFGW 1504.4+1029 1.5 04 24.9 102939 1.839 1'~ 0.16 ,m 61.0.:t: 1.6 2010-07-29 FSRQ·LSP 
4C --(:6.64 IFGU ISll. I--0s45 15 1053.5 -054307 1.191 16.9 1.16 3l" 2.1 .:t: 0.4 

, 
FSRQ·LSP 

APL:!J LffiU 1517.8-2423 151741.8 -24 2219 0.048 12.6 1.0.5 2042 5.6.:t:0.5 2010-02-20 8L Lac • LSP 
OS-::31.8 tFGLl 162.5.7-2524 162546.8 -25 2138 0.786 20.6 2S21 4.4:0.6 2010-08-26 Uncertain - LSP 
4C3B.41 IFGLl 163.5.0+3808 163515.4 38 08 04 1.814 11.3 C.17 272. 6.8: 0.5 2010-03-07 FSRQ·LSP 
NRADS12 IFGU 1642 . .5+3947 164029.6 394646 1.660 11.5 0.15 97. .5.6 .:t: 0.S 2010-08-06 FSRQ· UP 
Mkn~01 tFGU 16.53.9+3945 1653.52.2 394536 0.033 83 30.90 1558 8.3.:t: 0.6 201Q-OJ..2 1 BLLac· HSP 
orO!! IFGU 17.51.5+0937 17 5132.8 09 39 00 0.322 17.0 1.18 623 6.4:t 0.6 201o.<H-0i Uncertain - LSP 
SS ISn +7M IRJU 1800.4+7827 180045.6 182804 0.680 14.7 0.79 2223 3.0 :to.4 2009-1().. 13 BLLac· LSP 
2E 1908.2-2011 IFGU 1911.2-2007 1911 09.6 -20 06 55 1.119 18.9 1.71 2114 4.5:1: 0.5 2009-10-04 FSRQ· LSP 
PMNI1923-2104 lFGLl 1923.S-2104 192332.1 -210433 0.814 16.6 0.11 3167 1I.9.:t: 0.7 2010-09-30 FSRQ·LSP 
IJy2005-489 IFGU 2009.5-4849 2009 25.3 -4849.53 0.071 11.0 33.24 1282 5.0: 0 . .5 2009-10~ BLLac·HSP 
PKS:;:052-47 IFGU2OS6.3-4114 2056 i6.3 -471447 1.491 18.3 0 . .56 2223 4.6.:t:0 . .5 201Q..ID-18 FSRQ ' ,LSP 
S321 .:11+17 IFGU2143.4+1742 214335.5 114348 0.213 14.4 0.63 6l' 4.9.:t:O.5 2009-!I-20 FSRQ·LSP 
lJy2!44+092 IFGU2141.2 .. 0929 2147 10.1 09 2946 1.113 16.9 1.49 ,)4 4.1 :to.4 • FSRQ·LSP 
BLLa: IFGW2202.8+4216 220243.2 42]640 0.069 12.5 U8 60>' 7.1.:t:O.6 2009· 12-23 BLLac · LSP 
PKS 2204-54 IflOUZ207.S-5344 22 07 43.7 -534633 1.215 IS.2 0.S2 1526 1.6.:t:0.3 2OIo-M-03 FSRQ. LSP 
PKS2227-08 lFGLJ2229.1--{)832 222940.0 -OS 32 54 1.560 16.8 8.74 '" 4.6 :0 . .5 2009-1 J.19 FSRQ· LSP 
4Cll.69 IFGU2232.5+1144 22 32 36.4 II 4350 1.037 16.s 1.26 7202 4.1.i: 0.4 2009-11-29 FSRQ· LSP 
3C4s..t.3 lFGU 2253.9+ 1608 22 53 57.7 16 08 53 0.859 13.2 7.80 12657 46.2.:t: 1.3 2009-1Z·14 FSRQ· LSP 

Notes. (n) 843 MHz flux is reported for sources with Dec < -40"; (b) Units of 10-12 ergcm-2 S-I; (el Units of 10-10 ph em-2 S-I 

(a) Sw(1i simultaneous observation not available. (~) Optical spectrum completely featureless or not available, redshift unknown 

Although tlte samples are defined by different criteria, four 3.1.1. APEX 
sources are common to all samples. These are the well-known 

Some sources from our sample were observed in the submil-objects 3C273, 3C279, Mkn501, and 3C454.3, which are 
among the brightest objects across the entire electromagnetic limetre domain with the 12-m Atacama Pathfinder Experiment 

spectrum. A summary of the number of sources common to more (APEX) in Chile. The observations were made using !he 

than one sample is given in Table 4. LABOCA bolometer array centered at 345 GHz. Data were 
taken at two epochs: September 3-4, 2009, and November 12, 
2009. The data were reduced using the script package mini-
crush6 , version 30-0ct-2009. Uranus was used as a calibrator 
of the Dux densities. 

3. Dala analysis 

3. 1. Ground-based fof/ow-up data 3.1.2. ATCA-PACO 

The Planck-ATCA Co-eval Observations (PACO) project 
Following the launch of Planck, several follow·up programs (Massardi et aI. 2011 a; Bonavera et aI. 20 II) observed 480 
with ground-based facilities started collecting simultaneous ra- sources selected from the Australia Telescope 20 GHz catalogue 
dio and optical data. In this paper, we used data from the obser-
vatories listed in Table 5 . 6 http:// www.submm.caltech.edu/-sharc/crush/ 

• 
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Table 2. The Swiji·SAT (hard X·ray flux-limited) sample. 

x .ray Aux Aux De:nsity Flnn/-UT Flux 
R.A. Doc. O. 1-2.4 kc:V 1.4 GHz a 1- IOOGc:V 

Souxename: F,nn/·tAT name: (12000) (J2CXXl) , ~ • mJ, Swift obs. date Blazac~~ 
IIIZW2 00 10 31.0 10:5829 0.089 13.9 6.14 98 2010-07:08 FSRQ- LSP 
S5 ( ')14+813 00 1708.4 8 1 1~ 08 3.387 15.9 0.77 693 201Q..09.21 FSRQ- ISP 
1 ES 0033+595 IPGUOOlS.9+5951 003552.6 "'>003 17.2 5.41 147 3.2 *' 0.5 

, 
Bll..ae-HSP 

Mtn348 004847.1 3 1 5125 0.(115 ' .3 0.12 292 
, 

BLLac- LSP 
lJy 0212+111 IFCiU0217.8+1353 021730.8 734932 L~7 18.8 .0.54 2272 1.0 ~ O.4 2010-09-11 Uncertain - LSP 
NGC 1215 JPGU0319.1+4130 03 1948.1 41 30 42 O.QIS 123 191.92 22S3O 17.3 ~ O.A 21)11"'.'" FSRQ-LSP 
NRAOI40 lPOW0334.2+3233 033630.1 321829 1.259 16.6 2.80 um 1.0 ± 0.4 2010-08·25 Uncertain - LSP 
3C120 043311.0 05 2115 0.033 13.S 2268 3440 2010-02-25 Uncertain· LSP 
PKS0521-36 1 row 0522.8-3632 05 22 51.9 -362730 0.055 11.6 10.42 "620 2.9 *' 0.4 2010-03-05 Uncertain· LSP 
PKS 0528+ 134 IFGUM31.0+1331 05 30 56.4 133155 2.010 18.9 0.80 1556 !"O± 0.5 2009-09-24 FSRQ -LSP 
Uy0537-286 IFGU 0539.1-2&47 053954.2 -283955 3.104 19.0 0.83 862 0.9 ± 0.0 2010-03-12 FSRQ -LSP 
PKS054S-322 055040.6 -321620 0.C69 13.1 26.34 344 2010-03-12 BLLac- HSP 
B2.:Z0743+2S I rou 0746.6+2548 07 46 25.S 25 4902 2.979 19.2 0.38 417 0.7.:t0.2 2010-10-15 FSRQ -LSP 
4C 71.07 I FGU 0842.2+7054 08 4124.3 7Q 53 42 2.218 t6.8 5.52 3823 1.2 ± 0.3 2010-03-21 FSRQ ·LSP 
Mkn421 IFGU 1104.4+3812 110427.3 38 1231 0.030 &.3 180.94 767 26. 1 ± 1.0 2009-11·17 BLLae- KSP 
PKS 1121-145 IFGU 1130.2-1441 113007.0 -14 4927 Ll84 I~O 1.39 S622 2.4 j: 0.4 2009-12·28 FSRQ- LSP 
PKS 1219+04 IFGU 1222.5+04:5 12 2222..5 041315 0.961 17.1 0.91 800 0.9*,03 2010-07-17 FSRQ-LSP 
3C273 IFGU 1229.1+0203 122906.1 02 03 08 0.158 14.1 63.11 54991 9.6:1:0.6 201()..()1-11 FSRQ·LSP 
3C219 IFGU 1256.2-0547 1256 1 1.1 -054721 0.536 15.0 20.85 9711 32.4:!: 1.1 2010-01-15 FSRQ-LSP 
APUb IPOW 15l7.S-2423 151741.8 -242219 a.C4S 12.6 LOS 2042 5.7 :1:0.5 2010-02·20 BlLac-LSP 
Mkn501 IFGW 1653.9+3945 165352.2 394536 0.C33 8.3 36.93 1558 8.3 ± 0.6 2010-03-21 BlLIIC-HSP 
ARPI02B 171914.4 48 5S 49 0.C24 9.4 0.59 145 2010-03-31 Unce:ttain • ISP 
PKSB IS30-21O IFOW 1833.6-2103 183339.8 -210339 2.507 16.6 0.69 IOS96 to.7:t 0.8 2010-09-23 fSRQ·LSP 
OV-236 IFGU 1925.2-2919 19245\.0 - 29 1430 0.352 17.3 2.42 13387 1.4 ± 0.4 2010-09-30 FSRQ-LSP 
1 ES 1959+650 IPGU2000.0+650S 195959.8 65 08 54 0.C47 11.9 35.28 2" 6.0 ± 0.5 2009·09-26 BlLac -HSP 
!Jy2126-1S8 212912.1 -15 3841 3.268 16.5 154 5'" 2010-05-03 FSRQ-ISP 
4C06.69 IFGU21485+0654 21 48 0!i.4 06 57 38 0.999 IS. I \.46 "". 0.7 :1:0.3 2009-11-21 FSRQ -UP 
PKS2149-307 215155.5 -302753 2.:!45 17.4 4.80 1243 201~1l FSRQ-LSP 
BL"" 1FGU2202.B+4216 22 0243.2 421640 0.<69 125 1.57 6051 7.t :1:0.6 2009-12-23 BlL..:-LSP 
4C31.6J 220314.9 314538 O.l95 14.3 3.22 2m 2009-11·27 FSRQ -LSP 
NGC7213 220916.2 -471000 0.006 10.3 3~.34 " 2010-11).2] Uncertain 
4C1I.69 IFCiU 2232.5+ 1144 22 3236.4 II 43 SO 1.037 16.5 1.26 1202 4.\ ±0.4 2009-11-29 FSRQ -LSP 
3C454.3 lFGU2253.9+1608 225357.7 160853 0.859 13.2 7.80 12657 46.2 ± 1.3 2009-12·14 FSRQ- LSP 
PKS 2325+093 lFOU2327.7+0943 23 27 33.~ 09 40 09 I.S43 IS.S 0.73 74' 3.0 :: 0.4 2010-07-18 FSRg ·LSP 

Notes. (a) 843 MHz flux is reported for sources with Dec < -40". (b) Units of 10- 12 'erg cm-2 S-I; (c) Units of 10-10 phcm-2 S-1 

(II) S.,../ift simultaneous observation not avai1able. (,) Optical spectrum completely featureless or not available, redshift unknown 

(AT2OG, Massardi et ,I. 2011b), with the Australia Telescope 
Compact Array (ATCA) in the frequency range 4.5-40 GRz, at 
seve:-al epochs close in time to the Planck observations in the pe
riod July 2009 to August 2010. The PACO sample is a complete, 
flux-density limited. and spectrally selected sample of southern 
sources, with the exception of the region with Galactic latitude 
Ibl < 5°. A total of 147 PACO point-like sources have at least 
one observation within ten days of the Planck observations. 

3.1.3. Elfelsberg and IRAM 

Quasi-simultaneous cm/mm radio spectra for a larger number of 
Planck blazars were obtained within the framework of a Fermi 
monitoring program of y-ray blazars (F-GAMMA: Fuhrmann 
et al. 2007; Angelakis et al. 200S) on the Elfelsberg IOO-m 
and lRAM 30-m telescopes. The frequency range was 2.64-
142GHz. 

The Etfelsbetg measurements were conducted with the sec
ondary focus heterodyne receivers at 2.64, 4.85, 8.35, 10.45, 
14.60,23.05, 32.00, and 43.00 GHz. The observations were per
fonned quasi-simultaneously with cross-scans, that is by slew
ing over the source position in azimuth and elevation with the 
number of sub-scans chosen to reach th~ desired sensitivity 
(for details, see Fuhrmann et al. 2008; Angel,lds et al. 2008). 
Pointing offset, gain, atmospheric opacity, and sensitivity cor
rections were applied to the data. 

The !RAM 3O-m observations were carried out with cal
ibrated. . cross-scans using the EMIR horizontal and vertical 
polarization receivers operating at 86.2 GHz and 142.3 GRz. 

The opacity-corrected intensities were converted into the stan
dard temperature scale and finally corrected for small re
maining pointing offsets and systematic gain-elevation effects. 
Conversion to a standard flux density scale was based on fre
quent observations of primary calibrators (Mars, Uranus) and 
secondary calibrators (W3(OH), K3-50A, NGC7027). 

From this program, radio spectra measured quasi
simultaneously with the Planc~ observations were collected for 
a total of 37 Planck blazars during the period August 2009 to 
June 2010. Results are reported in Table 6 and 7. 

3.1.4. Medicina 

The Simultaneous Medicina Planck Experiment (SiMPlE, 
Procopio et aJ. 2011) used the 32-m Medicina single dish to 
make almost simultaneous observations at 5 GHz and 8.3 GHz 
of the 263 sourt:es of the NEWPS sample (Massardi et al. 2009) 
with Dec > ()", and partially overlapping with the PACO obser
vations for _10° < Dec < ()" . The project began in June 2010 
and finished in June 2011, observing our sample severa1 times 
throughout two complete Planck surveys. It does not overlap 
with the Planck first survey. 

3 .1.5. Metsahovi 

The 37 GHz observations were made with the 13. 7-m Metslihovi 
radio telescope using B I GHz bandwidth, dual-beam receiver 
centered at 36.S GRz. We performed ON-ON observations, by 

5 
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Table 3. The ROSAT(RASS (soft X-ray flux-limited) sample. 

X·ray Awt Aux OetIsity &nni·LAT Flux 
R.A. D«. O.l-2AkV 1.40H1 - 1-IOOOeV 

Sour:e name Fenni·LAT name (12000) (12000) , Rm~ • mI, Swift obs. dale BIIWlr!IPC 
InZWi 00 1031.0 10 SS 29 0.089 13.9 6.14 98 2010-07.OS FSRQ ·LSP 
OB6J02t4+~H45 02 1417.9 SI44S2 0.049 16.S 4.S8 294 BLLae·nSP 
3CIlO 043311.0 OS 21 IS 0.033 13.8 22.68 3440 2010-02·l!5 Uncertain - LSP 
PKS OS21-36 I POW 0522.8-3632 OS 22 S7.9 -3627 30 O.OSS 11.6 10.42 "620 2.9:t OA 2010<J><)5 Uncen.ain - LSP 
PKS 054S-322 053040.6 -32 1620 0.069 13.1 2h.34 34' 201()..()3...12 BLLac- HSP 
IRAS-l06229-643 062301.6 -64 36 20 0.129 iJ.7 ' .34 27' 201o.o8-IS PSRQ-LSP 
4C71.07 IFGW0&42.2+7054 08 4124.3 70 S] 42 2.21S 16.8 S.52 3823 12:i: OJ 2010-03-21 FSRQ - LSP 
B20912+29 IPOU0915.7+2931 09 l!l S2A 29 33 24 IS.O 6.25 3., 2.1 ± 0.3 2010-10-28 BLLac·HSP 
PKS{)921-213 09 23 38.8 -213S47 0.053 12.S 4.80 ,.8 2010-05-02 Uncertain -lSP 
IH t()13+498 lFOUI015.1+4927 10 IS 04.1 492600 0.212 15.1 13.23 378 8.7 ± 0.6 2010-04-24 BLLac-HSP 
IRX3J 105837.5+562816 IFOU lO58.6+S628 10 58 37.7 56 28 II 0.143 14.0 3.13 228 5.7 :i: O.S 2010-04-18 BLbe - nsp 
PKS 1124-186 IFOW 1126.8-18S4 112704.3 -18 S7 17 1.048 . 19.2 5.33 ' 36 2.4 ± 0.4 2010-06-10 FSRQ-LSP 
B2 I i28+31 II 31 09.4 31 1405 Q.289 1S..3 ' .02 37C 2009-11-28 FSRQ-HSP 
851 133+704 JFGU 1136.6+7009 I I 3626A 700927 0.045 11.0 35.08 327 1.7:to 0.3 2009-10-27 BLLac-HSP 
4C4~.22 115324.4 493108 0334 1M 3.31 1572 2:00911-17 PSRQ-LSP 
ON ~25 lfGU 1217.7+3007 111752.0 30 07 00 0.130 14.5 24.90 '" 6.7 ± 0.6 2009·]2 .. 03 BLLac·HSP 
PKS1217+02 1220 11.8 02 03 42 0.241 15.6 2.78 672 201Q.06..24 FSRQ-LSP 
3C273 lFGU 1229.1+0203 1229 06.7 02 03 08 0.IS8 14.1 63.11- S4991 9.6 ± 0.6 2010-0I-ll FSRQ~LSP 

PG 1246+S86 1 POU 1248.2+5820 124818.7 S8 20 28 14.5 3.99 lA, 4.5 :1:0.4 2010-05-20 BLLac -!sP 
3C2i9 1 rou 1256.2-0S47 12 5611.1 -OS4721 0.536 15.0 20.85 97t\ 32.4:t 1.1 2010-01-15 f'SRQ-LSP 
Ily 1302-102 13 as 33.0 -1033 19 0286 14.4 4.20 711 

, 
FSRQ-ISP 

GB6B 1347+095S 13 5022.1 0940 10 0.133 13.6 3.74 293 2010-07-18 Uocertain - ISP 
IWGM 140U-2700 140129.7 -270104 0.022 9.7 "28 646 2010-02-12 UnccltBin - HSP 
3C29S.0 141908.1 062834 1.437 16.4 0.00 6\00 2010-{)7-30 Rlldio Galaxy 
BZQJ 1423+50SS J42314.1 so 55 37 0.286 IS.! 3.35 178 2OJO-07-13 FSRQ·HSP 
PG 1':'24+240 lroLl 1426.9+2347 J4 27 00.3 234800 14.5 3.57 430 10.2 ± 0.6 2010-01-22 BLLac-ISP 
IRXSJ 14S603.4+504823 1456 03.6 50482S 0.479 18.1 13.02 220 2009-12-25 BLLac-HSP 
BZQJ lS07+0415 150759.7 041.512 1.701 19.0 6.11 \67 2010-08-05 flSRQ-LSP 
PO 1553+113 IS 55 43.0 11 11 24 14.0 17.85 3\2 201Q...02..()5 BLLac ·ISP 
WEI60I + 16W3 160338.0 IS 54 02 0.110 114 4.14 97 2010-08-14 Uncertain - HSP 
3C345 IFGU 1642.5+3947 164253.8 394837 0.593 15.0 232 7099 5.6:1:0.5 2010-03-06 FSRQ-LSP 
MlrnSOI IfOU 1653.9+3945 · 165352.2 39 45 36 0.033 8.3 36.93 15S8 8.3 :1:0.6 2Oi0-03·21 BLLac-HSP 
IP.S 174: + 196 IFGU 1744.2+1934 174357.8 193509 0.084 12.7 4.23 301 1.1 ± OJ 

, 
BLLae-ISP 

PKS 1833- 77 1840 38.4 -77 09 28 0.018 8.3 .5.93 ll08 201 0-{)3-11 Uncertain .. ISP 
IBS 19S9+650 1FOU 2000.0+6S08 195959.8 65 08 S4 0.047 11.9 35.28 "0 6.0 ±O.S 2009·Q9..26 BLLac-HSP 
Uy 2·JOS-489 IFOW2009.S-4849 20 09 25.3 -4849 S3 0.071 1l.0 33.24 1282 5.0 ± O.S 2009-10-{)S BLLac - HSP 
PKS2I49-307 2151 !IS.!! -30 27 53 234' 17.4 4.80 IlA3 201O-O!l-1l FSRQ-LSP 
NGC7213 220916.2 -471000 0.006 \03 ".34 " 2010-10-23 ' Uncertain· HSP 
PKS2227-399 22 3040.2 -3942.52 0.318 I~O ' .23 369 2010<IS-09 Uncertain ·ISP 
3C4~4 .3 IFGW 2253.9+1608 22 53 57.7 1608 53 0.859 132 7." 12657 46.2:1: 1.3 2009-12-14 FSRQ- LSP 
PKS2300-18 230302.9 -184125 0.129 IS.S 5.16 861 2010-{)!l-30 Uncertain - ISP 
PKS2331-240 233355.2 -234340 0.048 11.4 3.92 782 201().{)(j..Q5 Uncertain - ISP 
IES2344+.514 IFGU2347.1+5142 23 47 04.8 514217 0.044 10.7 7.71 250 1.4 ± 0.3 2010-01-17 BLLac -nsp 

Notes. (II) 843 MHz flux is reported for sources with Dec < -40·. (b) Units of 1O-12 ergcm-2 S-I; tc) Units of 10-10 phcm-2 S-1 

(<1) Swift simultaneous observation not available, (.) Optical spectrUm completely featureless or not available, redshift unknown 

Table 4. Summary of the samples. blazar types, and selection methods considered in this paper. 

Selection No. of B1"""" Sources in common 

Sample band sources PSIBLJUnc. OtherAGN RASS BAT Fermi-LAT Radio All 
RASS Soft X-ray 43 15/ 16/11 1 12 5 9 4 
BAT Han! X-ray 34 21f716 12 9 16 4 
Fermi-LAT' y-ray 50 5 9 23 4 
Fermi-LAT FL ~., 40 3 7 19 3 

• Total Fenni-LAT sample (TS limited) • 

•• Flux·limited Fermi-LAT sample F(E > 100 MeV) > 8 x 10-8 ph cm-2 S-I 

alternating between the source and the sky in each feed hom. A 
typical integration time for obtaininig one flux density data point 
was 1200-1400 s. The telescope detection limit at 37 GHz was 
.....().2Jy under optimal conditions. Data points with a signal-to
noise ratio (SIN) smaller than four are handled as non-detections. 
The flux-density scale was set by observations of DR 21. Sources 
NGC 7027, 3C 274, a1\d 3C 84 were used as secondary calibra
tors. A detailed description of the data reduction and analysis is 

6 

given in (Terii.sranta et al. 1998). The error estimate in the flux 
density includes the contribution from the measurement nus and 
the uncertainty in the absolute calibration . 

3.1.6.0VRO 

Some of the sources in our samples were monitored at 15 GHz 
using the 4O-metre telescope of the Owens Valley Radio 
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Table 5. Optical and radio observatories participating in the Planck multi·frequency campaigns. 

Radio obseryatory Frequencies [GHz] 
345 APEX, Chile 

ATCA, Australia 

Effelsberg. Germany 
IRAM, Spain 
Medicina. ltaly 
Metsahovi. Finland 
OYRO, USA 
RATAN, Russia 
UMRAO, USA 
YLA, USA 

4.7,5.2; 5.8, 6.3 , 8.2. 8.7. 9.3, 9.8, 17.2. 17.7, 18.3, 18.8 
23.2.23.7, 24.3.24.8,32.2.327. 33.3,33.8.38.2,38.7. 39.3. 39.8 
2.64. 4.85, 8.35, 10.45, 14.60,23.05,32.00, 43.00 
86.2, 142.3 
5. 8 
37 
15 
1.1.2.3,4.8,7.7.11.2,21.7 

Optical observatory 
. KVA. Spain 
Xinglong, China 

4.8.8.0, 14.5 
5;8,22,43 
Band 
R 
I 

Observatory as part of a larger monitoring program (Richards 
et aI. 2011). The flux density of each source was measured ap
proximately twice weekly, with occasional gaps due to poor 
weather or instrumental problems. The telescope was equipped 
with a cooled receiver installed at prime focus, with two 
symmetric off-axis corrugated hom feeds that are sensitive 
to left circular polarization. The telescope and receiver com
bination pnxJuces a pair of approximately Gaussian beams 
(157 arcsec FWHM). separated in azimuth by 12.95 arcntin. The 
receiver has a central frequency of 15.00Hz,. a 3.00Hz band
width, and a noise-equivalent reception bandwidth of 2.5 GHz. 
Measurements were made using a Dicke-switched dual-beam 
system, with a second level of switching in azimuth where we 
alternated between source and sky in each of the two horns. 
Our calibration is referred to 3C 286, for which a flux density 
of 3.44Jy at IS GHz is assumed (Baars etal. 1977). Details of 
the observations, calibration, and analysis are given by (Richards 
et aI. 2011). 

3.1.7. RATAN 

A six-frequency broadband radio spectrum was obtained with 
the RATAN-600 radio telescope in transit mode by observing si
multaneouslyat I.l, 2.3, 4.8, 7.7, 11.2, and 21.7 GHz (Parijskij 
1993; Berlin & Friedman 1996). Dala were reduced using the 
RATAN standard software FADPS (flexible Astronontical Dala 
Processing System) reduction package (Ycrkhodanov 1997). 
The flux density measurement procedure at RATAN-600 is . de
scribed by (Aliakberov et aJ. 1985). 

3.1.8. UMRAO 

Centimetre-hand observations were obtained with the University 
of Michigan 26-m prime focus paraboloid equipped with ra
diometers operating at central frequencies of 4.8, 8.0, and 
14.5 GHz. Observations at all three frequencies utilized rotating 
polarimeter systems permitting both lotal flux density and linear 
polarization to be measured. A typica1 measurement consisted 
of 8 to 16 individual measurements over a 20-40 minute time 
period. Frequent drift scans were made across stronger sources 
to verify the telescope pointing correction curves; and observa
tions of program sources were intermixed with observations of 
a grid of calibrator sources to correct for temporal changes in 
the antenna aperture efficiency. The flux scale was based on ob-

servations of Cassiopeia A (Baars et aJ. 1977). Details of the 
calibration and analysis techniques are described by Aller et aI. 
(1985). 

3 .1.9 . VLA 

The Very Large Array (yLA) and, since Spring 2010, the 
Expanded YLA (EYLA), observed a subset of the sources as 
simultaneously as possible. Most of the YLA and EYLA runs 
were performed in one to two hour chunks of time. We ob
served during a one-hour chunk of time, in addition to flux cal
ibrators and phase calibrators, typically 5-8 Planck sources. In 
many cases, VLA ftux-density and phase calibrators were them
seLves of interest, since they were bright enough to be detected 
by Planck. For these bright sources, the integration times could 
be extremely short. 

Integration times were about 30 sat 4.86 GHz and 8.46 GHz, 
100s at 22.46GHz, and 120s at 43.34GHz. All YLA/EYLA 
flux density measurements were calibrated using standard val
ues for one or both of the primary calibrator sources used by 
NRAO, 3C48 or 3C286, and the u-v data were flagged, cal
ibrated, and imaged using standard NRAO software (AlPS or 
CASAl. It is important to bear in ntind that the YLA and EYLA 
were in different configurations at different times in the several 
months duration of the observations. As a consequence. the an
gular resolution changed, becoming. for a given configuration, 
much higher at higher frequencies. For that reason, sources that 
appeared to be resolved in any VLA configuration or at any VLA 
frequency were carefully flagged. 

3.1.10. KVA. 

Optical observations were made with the 35 cm KYA (Kunliga 
Ye",nskapsalcadentiet) telescope at La Palma, Canary islands. 
All observations were made through the R-band ftl",r (-4ff = 
640 nm) using a Sanla Barbara ST-8 CCD camera with a gain 
factor of 2.3 e- / ADU and readout noise of 14 electrons. Pixels 
were binned 2x2 pixels giving a plate scale of 0.98 arcsecjpixel. 
We obtained 3~6 exposures of 180 s per target. The images were 
reduced in the standard way of subtracting the bias and .dark 
frames and dividing by twilight flat-fields. The fluxes of the tar
get and 3-5 stars in the target field were measured with aper
ture photometry and the magnitude difference between the target 
and a primary reference star in the same field was determined. 

7 
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The Ilse of differential mode makes the observations insensitive 
to variations in atmospheric transparency and accurate measure
men[8 can be obtained even in partially cloudy conditions. 'The 
R-band magnitude of the primary reference star was determined 
from observations made on photometric nights, using compari
son ~tars in known blazar fields as calibrators (Fiorucci & Tosti 
19%; Fioruccietal. 1998; Raiterietal. 1998; Villataet a!. 1998; 
Nils80n et a!. 2(07) and taking into account the color tenn of the 
R-band filter employed. After the R-band magnitude of the pri
mary reference star was determined. the object magnitudes were 
computed from the magnitude differences. At this phase we as
sumed V - R = 0.5 for the targets. Several stars in the field were 
used to check the quality of the photometry and stability of the 
primary reference. The uncertainties in the magnitudes include 
the contribution from both measurement and calibration errors. 

3.1.11. Xinglong 

The monitoring at Xinglong Station. National Astronomical 
Obse:vatories of China, was performed with a 6Of.l0 cm f/3 
Schmidt telescope. The telescope is equipped with a 4096x4096 
E2V CCD, which has a pixel size of 12pm and a spatial res
olution of 1~'3 pixel-I. The observations were made with an 
intermediate-band filter, the 1 filter. Its central wavelength and 
passband width are 6685 A and 514 A, respectively. The expo
sure times were mostly 120 s but ranged from 60 s to 180 s, de
pending on weather and lunar phase. 

3.2. Planck microwave data 

Planck Cfauber et a!. 2010; Planck Collaboration 20lle) is the 
third generation space mission to measure the anisotropy of the 
cosmic microwave background (CMB). It observes the sky in 
nine frequency bands covering 30-857 GHz with high sensitiv
ity and angular resolution from 31' to 5'. Full sky coverage is 
attained in about seven months. The Low Frequency Instrument 
(LFI; Mandolesi et al. 2010; Bersanelli et al. 2010; Mennella, A. 
et a!. 20\ I) covers the 30, 44, and 70 GHz bands with amplifiers 
cooled to 20 K. The High Frequency Instrument (HFI; Lamarre 
et al. 2010; Planck HFI Core Team 2011a) covers the 100, 143, 
217,353,545, and 857GHz bands with bolometers cooled to 
0.1 K. Polarization is measured in all but the highest two bands 
(Leaby et al. 2010; Rosset et a!. 2010). A combination ofradia
tive cooling and three mechanical coolers produces the temper
atures needed for the detectors and optics (Planck Collaboration 
20 II b). Two data processing centers (OPes) check and calibmte 
the data and make maps of the sky (planck HFI Core Team 
2011b; Zacchei, A. et a!. 2011). Planck's sensitivity, angular res
olution, and frequency coverage make it a powerful instrument 
for Galactic and extragalactic astrophysics as well as cosmol
ogy. Early astrophysics results are given in Planck Col1aboration, 
2011h-z. 

The Early Release Compact Source Catalog (ERCSC, 
Planck Collaboration 20 II c) contains all sources, both Galactic 
and extragalactic, detected with high confidence over the full 
sky during the period between August 12, 2009 and June 6, 
2010 (corresponding to Plnnck operational days 91 to 389). 
The ERCSC only contains average intensity information for the 
so'urces. However. many of the sources were observed more than 
once riuring the time period spanned by the ERCSe, and some 
of the Swift observations used for this paper were carried out be
tween June and October 2010. Therefore, to have simultaneous 
data. we produced independent maps for the first (OD 91-274), 
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the second (00 275-456), and the beginning of the third Planck 
survey (00 457-550) thmugh the LFI and HFI pipelines de
scribed in Zacchei, A. et al. (20 11) and Planck HFI Core Team 
(201Ib), and we extracted the fiux densities from each map us
ing IFACMEX, which is an implementation of the Mexican Hat 
Wavelet 2 (MHW2) algorithm available at the LFI OPe. The . 
MHW2 tool has been extensively used to detect point-like ob
jects in astronomical images, both with simulations from vari
ous experiments and data from the WMAP, Planck, and Herschel 
satellites (Gonz3lez-Nuevo et al. 2006; L6pez-Caniego et al. 
2006, 2007; Massardi et al. 2009). This wavelet is defined as 
the fourth derivative of the two-dimensional Gaussian function, 
where the scale of the filter R is optimized to look for the max
imum in the SIN of the sources in the filtered map. In practice, 
the IFCAMEX code, our implementation of the MHW algo
rithm, deals with flexib1e image transport system (FITS) maps 
in Healpix format (Gorski et al. 2005) and can be used to de
tect sources in the whole sky or at the position of known objects. 
For this analysis. we looked for objects above the 40- level at the 
positions corresponding"to the 105 sources of our sample. For 
objects with SjN smaller than four we adopted the 4u level as 
an upper limit. The results of the analysis of Planck simultane
ous data are reported in Table 8, where columns 1 and 2 give the 
source name, columns 3 and 4 give the observation start and end 
times, and columns 5-13 give the flux densities in units of Jy at 
30,44,70, 100, 143, 217,353,545, and 857 GHz. 

Owing to source variability, we do not expect these simulta
neous flux densities to be the same as the time-averaged ERCSe 
measurements, except in the case of the sources that were ob
served only once during the ERCSC time range and for which 
we estimated the Planck flux densities, measured simultaneously 
with the Swift observation, in the same period. We verified that, 
for the sources fulfilling these requirements, the flux densities 
extracted for this paper are in good agreement with those of the 
ERCSC. 

In addition to simultaneous Planck data, we also used 
ERCSC flux densities in both our analysis of flux correlations 
(Sect. 7.2) and the SED plots described in Sect. 5. 

3.3. Swift optical, Vv. and X-ray data 

The Swift Gamma-Ray-Burst (GRB) Explorer (Gehrels et al. 
2004b) is • multi-frequency space observatory devoted to the 
discovery and rapid follow-up of GRBs. There are three instru
ments on board the spacecraft: the UV and Optical Telescope 
(UVar, Roming et al. 2005), the X-Ray Telescope (XRT, 
Burrows et al. 2(05) sensitive to theO.3-1O.0keV band, and the 
Burst Alert Telescope (BAT, Barthelmy et al. 2005) sensitive to 
the 15-150keV band. Although the primary scientific goal of 
the satellite is the observation of GRBs, the wide frequency cov
erage is suitable for blazar studies. because it covers the region 
where the transition between synchrotron and inverse Compton 
emission usually occurs. 

When not engaged in GRB observations, Swift is available 
for target of opportunity (ToO) requests, and the Swift team de
cided to devote an average of three ToO observations per week 
to this project for simultaneous observations of blazars. 

3.3.1. UVOT 

The Swift uvar telescope can produce images in each of its 
six lenticular filters 01, B, U, UVWI, UVM2, and UVW2). 
However, in an effort to reduce the use of mechanical parts after 
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several years of orbital operations, observations are carried out 
using only one filter, unless specifica1ly requested by the user. 
Thus images are not always available for all filters. 
. The photometry analysis of aU our sources WlJ.S perfonned 
using the standard uvar software distributed within the 
HEAsoft 6.8.0 package and the calibration included in the latest 
release of the "Calibration Database". A specific procedure was 
developed at the AS! Science Data Center (ASDC) to process all 
ToO observations requested for the blazar sample. Counts were 
extracted from apertures of 5" radius for aU filters and converted 
to fluxes using the standard zero points (poole et al. 2(08). The 
fluxes were then de-reddened using the appropriate values of 
E(B - V) for each source taken from (Schlegel et al. 1998) with 
AA/ E(B - V) ratios calculated for uvar filters using the mean 
Galactic interstellar extinction curve from (Fitzpatrick 1999). 
No variability was detected within single exposures in any filter. 
The processing results were carefully validated including checks 
for possible contamination by nearby objects within the source 
and background apertures. Some sources, such as 3C 273 and 
NGC 1275, needed special analysis, and results for some other 
sources had to be discarded. 

The results of the UVOT data analysis are summarized in 
Table 9, where columns I and 2 give the source name. coluDUls 
3 and 4 give the observation date and the Swift observation 1D. 
and the remaining columns give the magnitudes in the six UVOT 
filters with errors. 

3.3.2. XRT 

The Swift XRT is usua11y operated in "auto-state" mode, which 
automatically adjusts the CCD read-out mode to the source 
brightness, in an attempt to avoid pile-up (Burrows et a1. 2005; 
Hill et al. 2004). As a consequence, some of the data were 
collected using the most sensitive photon counting (PC) mode. 
while windowed tiring (WT) mode was used for bright sources. 

The XRT data were processed with the XRTDAS software 
package (v. 2.5.1, Capalbi et al. (2005» developed at the AS! 
Science Data Center (ASDC) and distributed by the NASA High 
Energy Astrophysics Archive Research Center (HEASARC) 
within the HEASoft package (v. 6.9). Event files were calibrated 
and cleaned with standard filtering criteria using the xrtpipeline 
task and the latest calibration files available in the Swift CALDB. 
Events in the energy range 0.3-lOkeV with grades (}-12 (PC 
mode) and (}-2 (WT mode) were used for the analysis. 

Events for the spectral analysis were selected within a cir
cle of 20 pixels (- 47") radius, which encloses about 90% of 
the point spread function (PSF) at 1.5 keY (Moretti et aI. 2005), 
centered on the source position. When the source count rate is 
above....., 0.5 counts/s, the PC mode data are significantly affected 
by pile-up in the inner part of the PSF. In these cases, and after 
comparing the observed PSF profile with the analytical model 
derived by (Moretri et al. 2005), we removed pile-up effects by 
excluding events detected within up to 6 pixels from the source 
position, and used an outer radius of 30 pixels. The value of the 
inner radius was evaluated individually for each observation af
fected by pile-up, in a way that depended on the observed source 
count rate. 

Ancillary response files were generated with the xrtmkarf 
task by applying corrections for the PSF losses and CCD de
fects. Source spectra were binned to ensure a minimum of 20 
cowus per bin when utilizing. the r minimization fi"tting tech
nique. We fitted the spectra adopting an absorbed power-law 
model with photon index r;c. When deviations from a single 
power-law model were found, we adnpted a log-parabolic law 

of the form F(E) = KJl!··· ... El (Massaro et al. 2004), which 
has been shown to fit the X-ray spectrum of blazars of the HSP 
type well (e.g. Giomrni et al. 2005; Tramacere et al. 2009). This 
spectral model is described by only two parameters: a, the pho
ton index at I ke V, and b, the curvature of the parabola. For both 
models, the amount of hydrogen -equivalent column density (NH) 

was fixed to the Galactic value along the line of sight (Kalberla 
et al. 2005)_ For a fraction of the sources fitted with a power
law model ( .... 15%). we found evidence of an absorption excess 
at low energies and the hydrogen column density NH parameter 
was left free. 

The results of the spectral fits with a power-law model and 
Galactic NH are shown in Table 10, where columns I and 2 give 
the source name, column 3 gives the Swift observation date, col
umn 4 gives the best·fit photon index r;c. column 5 gives the 
Galactic NH , columns 6 and 7 give the 0.1-2.4 and 2-lOkeV 
X-ray fluxes, column 8 gives the value of the reduced X2, and 
column 9 gives the number of degrees of freedom. 

In Table 11 , we report data obtained using a log-parabola to 
describe the spectrum model. Columns 1 and 2 give the source 
name, column 3 gives the Swift observation date. columns 4 and 
5 give the log parabola parameters a and b, column 6 gives the 
Galactic NH, columns 7 and 8 give the 0.1-2.4 and 2-lOkeV 
X-ray fluxes, column 9 gives the value of the reduced,r, and 
column 10 gives the number of degrees of freedom. 

Finally.·in Table 12 we report the results of the spectral fits 
that were performed leaving the hydrogen column density NH 
to vary as a free parameter. Columns I and 2 give the source 
name, column 3 gives the Swift observation date. column 4 gives 
the best-fit photon index r.:t. column 5 gives the estimated NH. 
columns 6 and 7 give the 0.1-2.4 and 2-lOkeV X-ray fluxes, 
column 8 gives the value of the reduced x2, and column 9 gives 
the number of degrees of freedom. 

3.4. Fermi-LAT y-ray data 

The Lazge Area Telescope (LAn on-board Fermi is an electron
positron pair conversion telescope sensitive to y-rays of ener
gies from 20MeV to > 300GeV. The Ferrni-LAT consists of 
a high-resolution silicon microstrip tracker, a CsI hodoscopic 
electromagnetic calorimeter, and an anticoincidence detector for 
charged particle background identification. A full description of 
the instrument and its perfonnance can be found in Atwood et a1. 
(2009). The large field of view (-2.4 sr) allows the LAT to ob
serve the full sky in survey mode every 3 hr. The LAT point 
spread function (PSF) depends strongly on both the energy and 
the conversion point in the tracker. but less on the incidence an
gie. 

The LAT y-ray spectra of all AGN sources are studied in 
Abdo et al. (20IOb) based on II months of Ferrni-LAT data. 
Here we derived the y-ray spectra of the blazars for which we 
built the simultaneous SEDs, integrating for two weeks encom
passing the whole duration of the PLanck observations. 

The Fermi-LAT data considered for this analysis cover the 
period from August 4, 2008 to November 4, 2010 and were 
analyzed using the standard Fermi-LAT ScienceTools software 
package7 (version v9rl6 and selecting for each source only pho
tons of energies above 100 MeV belonging to the diffuse class 
(Pass6 V3 IRF; Atwood et al. 2009), which have the lowest 
background contamination. For each source, we selected only 
photons within a IS° region of interest (Ro]) centered aroWld 

7 http://fermi.gsfc.nasa.gov/ssc/data/analysis/ 
documentation/Cicerone . 
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the source itself. To avoid background contamination from the 
bright Earth Jimb, time intervals where the Earth entered the 
LAT Field of View (Fo V) were excluded from the data sample. 
In addition, we excluded observations in which the source un
der study was viewed at zenith angles larger than 105". where 
Earth's atmospheric y-rays increase the background contamina
tion. The data were analyzed with a binned maximum likelihood 
technique (Mattox et al. 1996) using the analysis software gllike 
developed by the LAT team'. A model accounting for the diffuse 
emission and nearby y-ray sources was included in the fit. 

The diffuse foreground, including Galactic interstellar emis
sion, extragalactic y-ray emission, and residual CR background, 
was modeled with glUem_v029 for the Galactic diffuse emission 
and isotropicjem_ v02 for the extragalactic isotropic emission. 
Each source under study was modeled with a power-law func
tion 

dN 
dE 

(I) 

where both the normalization factor N and the spectral index r 
were allowed to vary in the model fit. The model also includes 
all the sources within a 20" RoI included in Fenni-LAT one-year 
catalog Ahdo et al. (20IOc) and modeled using power-law func
tions. If a source included in the model is a pulsar belonging to 
the Fenni-LAT pulsar catalog Ahdo et at. (20IOd), we modeled 
the spectrum with a power-law with exponential cut-off using 
the spectral parameters in the pulsar catalog. 

For the evaluation of the y-ray SEDs, the whole energy range 
from 100 MeV to 300GeV was divided into two equallogarith
mically spaced bins per decade. In each energy hin, the standard 
gllike binned analysis was applied assuming power-law spectra 
with photon index = -2.0 for all the point sources in the model. 
Assuming that in each energy bin the spectral shape can be ap
proximated by a power-law, the flux of the source in all selected 
energy bins was evaluated, requiring in each energy bin a TS 
greater than ten. If the TS is lower than ten, an upper limit (UL) 
was evaluated in that energy bin. Only the statistical errors in 
the fit parameters are shown in the plots. Systematic errors due 
mainly to uncertainties in the LAT effective area derived from 
the on-orbit estimations, are < 5% near I GeV, 10% below 
0.1 GeV, and 20% above 10GeV. 

For each source, we considered the three different integration 
periods for the y-ray data: 

- Simultaneous observations: data accumulated during the pe
riod of Planck observation of the source. As the Planck in
struments point in slightly different directions and the field of 
view depends on the frequency of observation, a typical ob
servation covering all Planck channels takes about one week, 
the exact integration time depending on the position of the 
source. 

- Qumi-simultaneolLf observations: data integrated over a pe
riod of two months centered on the Planck observing period 
of the source. 

- Twenty-seven month Fermi-LAT integration: data integrated 
over a period of 27 months from August 4, 2008 to 
November 4, 2010, i.e., the entire Fermi-LAT data set avail
able for this paper. 

8 ht~p://fermi . gsfc.nasa.gov/ssc/data/analysis/ 
do~entation/Cicerone/Cicerone-Likelibood 

9 http://fermi . gsfc . nasa.gov/ ssc/data!access/lat/ 
8ackgrouncll{odels. h'U1l 
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Table 13. Summary of y-ray detections with significance TS > 
25. 

Sample 
No. of detected sources 

simult. 2 months 27 months 
Sources 

in sample 
Fermi·LAT 
Swift-BAT 
ROSAT/RASS 
Radio 

18 (36%) 40 (80%) 50 (100%) 
9 (26%) 12(35%) 27 (79%) 

10 (23%) 15 (35%) 24 (56%) 
22 (2t%) 38(37%) 78(75%) 

50 
34 
43 
104 

Table 14. Statistics of y-ray detections (TS > 25) in the 27 
month Fermi-LAT data set. 

Sample 
Fermi·LAT 
Swift-BAT 
ROSAT/RASS 
Radio 

No. of detected sources 
FSRQs BL Lacs Uncertain 

28 (100%) 14 (UlO%) 8 (100%) 
17 (63%) 7 (100%) 3 (50%) 
8 (53%) 14 (88%) 2 (17%) 

48 (72%) t6 (100%) 9 (64%) 

lables 13 and 14 give a summary of the y-ray detections 
(1'8 > 25) in all our samples. The fraction of sources detected by 
Fenni-LAT during the simultaneous integrations is not very large 
and varies from - 40% in the Fermi-LAT sample to just - 20% 
in the soft X-ray selected sample. We note that even considering 
all the Fermi-LAT data available at the time of writing (27 month 
integration), a sizable fraction of the blazars in the radio and both 
soft and hard X-ray selected samples were not detected. 

Detailed results of the Fermi-LAT analysis are given in 
Tables 15-20, where the observed fluxes or upper limits are 
given in six or three energy bands depending on the source 
brightness. 

lWo sources (PKS 0548-322 and NGC 7213) appear as sig
nificant ,,-ray detections in our 27-month data set, although they 
were not included in any of the Fenni-LAT cata10gues published 
so far (Abdo et at. 2009b, 20lOc, and 10). These should therefore 
be considered as new y-ray detections. 

4_ The Importance of simultaneity 

Blazars are, by definition, highly variable sources. It is there
fore important to use simultaneous multi-frequency data to build 
SEDs for comparison with theoretical models. In this section, we 
compare our measurements with data taken from the literature in 
order to derive an estimate of the'uncertainties introduced by the 
use of non-simultaneous data in different parts of the spectrum. 

Figure I plots the Planck flux density at 44 GHz presented 
in this paper versus the WMAP flux density at 41 GHz from the 
WMAP point source catalogs (Bennett et al. 2003; Wright et at. 
2009a). Some scatter is present, but most of the points lie be
tween the two solid lines indicating a factor of two variability. 

Figure 2 plots the X-ray fluxes of the sources observed 
by Swift simultaneously with Planck (see lable 10) against 
the X-ray fluxes of the same sources from the BZeAT cata
log (Massaro et al. 2009, 2010). In this case, a large scatter is 
present, with variations of over a factor of ten. 

10 http: //heasarc .gsfc.nasa .goy/W3Browse/ all/ 
femilpsc.html 
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Fig. 1. The Planck 44 GHz flux density of the sources in our sam
ple is plotred against the 41 GHz flux density from the WMAP 
five-year catalog (81 sources). The three solid lines represent 
equal flux densities (i.e., no variation) and a factor of two vari
ability above or below the equal flux level. Almost an the points 
lie between the factor of two variability lines. 

Figure 3 shows the Fermi-LAT y-ray fluxes of our sources 
measured simultaneously with Planck plotted against their 'Y-ray 
fluxes in the Fermi-LA! lFGL catalog (Abdo et al. 20lOc). As 
in the X-ray sample, a scatter with variations larger than a factor 
of ten is observed. 

We conclude that SEDs built with non-simultaneous data 
suffer from uncertainties in the microwave region that are rel
atively modest and generally limited to about a factor of two, 
while the high energy part of the spectrum (X-ray and ;--ray) 
is much more affected, with uncertainties caused by flux vari
ations of up to a factor of ten or more. The same uncertain
ties. of course, apply when searching [or correlations in non
simultaneous multi-frequency data. 

5. Spectral energy distributions 

We constructed the SEDs of all the blazon; in our samples from 
the simultaneous multi·frequency data described above using the 
ASDC SED Builder. an on-line service developed at the ASI 
Science Data Center (ASDC)" (Strana et al. 2011). This is a 
WEB-based tool that allows users to build multi-frequency SEDs 
combining data from local catalogs and external services (e.g., 
NED, SDSS, USNO) with the user's own data. The tool con
verts observed fluxes or magnitudes into de-reddened fluxes at a 
given frequency using standard recipes that take into account the 
instrument response and assumed average spectral s10pes. The 
SED builder can display SEDs both in ftux and in luminosity (if 
redshift infonnation is given); it also provides useful tasks such 
as the overlay of templates for blazar host galaxies and nuclear 
optical emission (blue-bump), and allows users to compare the 
SED with models including one or more sse components. 

The SEDs of all the sources in our samp]es are shown in 
Figs. 24-41. In these figures, red points represent strictly si
multaneous multi-frequency data, green points represent 'Y-ray 

LL http: / /tools.asdc.asi . it/SED/ 
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Fig.2. The Swift X-ray (0.1-2.4keV) ftux of the sources in 
our sample measured simultaneously with Planck is plotted 
against the 0.1-2.4keV flux reported in the BZCAT catalog (83 
sources).The three soHd lines represent equal fluxes (Le., no vari
ation) and a factor of two variability above or below the equal 
fiux Level. Note that several points are outside the factor of two 
variability lines, revealing variability of up to about a factor ten. 
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Fig. 3. The Fermi-LAT y-ray flux of the sources in our samples 
detected during the simultaneous integration with Planck is plot
ted against the fiux reported in the Fermi-LAT I-year catalog. 
The three soUd lines represent equal ftuxes (Le., no variation) 
and a factor of two variability above or below the equal ftux 
level. Note that several points are outside the factor of two vari
ability lines, revealing variability of qp to about a factor ten. 

data integrated over a period of two months centered on the 
times of the Swift/ Planck observations, ground-based data taken 
quasi-simultaneously. and Planck-ERCSC flux densities. and 
blue points represent 'Y·ray data integrated over the full period 
of 27 months. In the few cases where no Swift simultaneous 0b
servations could be obtained. we plot only Planck, Fermi-LAT. 
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and XMM-Newton (Vagnetti et al. 2010). To assess the presence 
of a possible thermal component in the X -ray emission, we used 
the relationship given by Grupe et al . (2010) 

UUV-X(R<di<>-<jUi"QSO) = O.l1410g(L,sooA) -1.l77, (2) 

where ~ A is the rest-frame luminosity of the thermal emis
sion at 2500 A in units ofWHz-1 and ll'UV-X(radio-quietQSO) is the 
usual slope between the UV (2500 A) and the soft X-ray (2keV) 
flux in radio quiet QSOs (e.g., VagneUi et al. 201 0). 

Examples of the emission from these components unrelated 
"";--- - r. to the jet are shown in Fig. 5, which shows the SEDs ofMkn501 

1. r -.. and Mkn421 where the optical light is dominated by the host 
~ 

~ : galaxy. 
~ ~ Figs. 6 and 7 show the SEDs of BL Lacertae where part of 
, the UV light is thought to originate in disk emission (Raiteri 
- ~ et al. 2009), the nearby FSRQ 3C273 (z = 0.158), and the 
~,~--;t;----,;rr--*~-;-t;;-7~-;-t:.--;t.-~ high-redshift FSRQs 4C38.41 (z = 1.814) and IJy0537-286 

14 14.2 14.4 1"·~(1~~~~, Hz 15 15.2 15.4 15.6 (z = 3.104) where the opticaljUV light is heavily, or completely, 

Fig. 4. Top panel: The SDSS template of Vanden Berk et al. 200 I 
for the broad-line and thennal emission from a QSO. Bottom 
panel: The giant elliptical galaxy template of Mannucci et al. 
200 I. See text for details. 

and ground-based data. Two-u upper linUts are indicated by ar-
rows. 

5.1. Distinguishing the non-thermalljet-related radiation from 
QSa accretion and host galaxy emission 

We used the simultaneous SEDs of Figs.24-41 to determine 
some parameters that can constrain the physical mechanisms 
powe:ing blazars. However, before dOing so we had to identify 
and separate the radiation that is unrelated to the non-thermal, 
relativistically amplified emission from the jet of the blazars; that 
is, radiation from accretion onto the central black hole and from 
the ho.~ galaxy (see, e.g., Perlman et at. 2008). To do so, we es
timated the contamination by the host galaxy assuming that all 
blazars are hosted by giant elliptical galaxies (e.g., Kotilainen 
et al. 1998; Nilsson et al. 2003; LOOn-Tavares et al. 2011) with 
absolute magnitude of M. = -23.7. As Scarpa et al. (2000) 
and Urry et al. (2000) demonstrated, this value is within one 
magnitude of the observed values in a sample of over 100 BL 
Lacs observed with the Hubble Space Telescope. For the spec
tral shape, we used the elliptical galaxy template of Mannucci 
etal. 2001 (botrom panel of Fig. 4), which is based on low 
spectral resolution observations of a number of nearby galax
ies in the wavelength range 0.12 -2.4 fim and is a good match to 
the predictions of spectrophotometric models for giant ellipticals 
Mannueci et al. 200 l. 

The radiation produced by accretion was estimated from the 
composite optical spectrum built by Vanden Berk et at. (2001) 
using over 2200 optical spectra of radio-quiet QSOs taken from 
the SDSS database (York et al. 2(00) (top panel of Fig.4), and 
the expected soft X -ray emission of radio quiet AGN from Grupe 
et al. 2010. 

The ratio of optical to soft X-ray light has been known to be a 
function of optical luminosity since the early obervations of the 
Einstein observatory (Avni & Tananbaum 1986). More recently, 
this dependence has been confirmed using simultaneously ac
quired optical and soft X-ray data from Swift (Grupe et aJ. 2010) 
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contaminated by radiation coming from accretion onto the cen-
tral black hole. . 

We compared the amplitude of the optical thermal enUssion 
to non-thennal radiation using the parameter aR....()(Thennal). de
fined as the spectral slope between the 5 GHz radio flux den
sity and the 5000 A optical flux density that can be attributed to 
the blue-bump/di.k/thermal enUssion. This quantity depends on 
both the relativistic amplification factor and the intrinsic ratio of 
non-therma1!jet radiation to disk emission. In the case of FSRQs, 
the optical spectrum displays emission lines by definition. there
fore we were able to constrain aR-O(Thermal) by adjusting the op
tical thermal emission to the same level as the data. When the 
thermal blue bump was seen directly in the optical/UV part of 
the SED (e.g., figs. 6 and 7), we fit the template of Vanden Berk 
et al. (2001) to the observed data; when the disk enUssion was 
not obviously visible we set the intensity of the blue-bump tem
plate to just below the observed optica1{UV emission where the 
broad emission lines had been detected. 

The BL Lacs do not show emission Lines in their optical spec
trum. so for this class of objects we could only set upper limits on 
UR-{)(Th,"",,). We did that by assunUng that the template for the 
optica1 thermal-emission is at least onc order of magnitude below 
the observed data, that is sufficiently low to hamper any broad 
line detection. The estimation of aR-O(Thennal) relies strongly on 
the quality of the optical' data available, in particular on the si
multaneous uvar data. Therefore we define an "optical data 
quality" 6ag as follows: 

- 0: no simultaneous data available; 
- I: poor quality (e.g., only one uvor filter available): 
- 2: good quality (e.g., two or three uvor filters available) ; 
- 3: excellent quality (an uvor filters available). 

In Figure 8 (upper panel), we show the distribution of 
UR-O(Th,"",,) for all the FSRQs with excellent optical data for 
the whole sample and each of our samples independently. The 
distribution of the u'-()(TI><nruoI) upper linUts for BL Lac ob
jects is shown in the bottom panel. The results suggest a possi
ble difference in the aR-Q(1bermal) distribution between different 
samples. As reported in Table 21. when only sources with ex
cel1ent optical data are considered we obtain (aR-Q(Thennal) = 
-0.64 ± 0.05 for the ROSAT/RASS sample, to be compared with 
(aR-O(Thenn,t) = -0.73 ± 0.02 for the Fermi-LAT sample. 

To assess the possible presence of a thermal component in 
the X-ray emission, for each source we compare the predicted 
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Fig. 5. The SEDs of Mkn 501 (left) and Mkn 421 (right) showing the expected emission from the host galaxy (giant elliptical) as an 
orange line. The green lines are the best-fit to the simultaneous non-thermal data using a third degree polynomial function. See text 
for details. 
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Fig. 6. Left: the SED of BL Lacertae showing the expected emission from the host galaxy (just below the observed non-thcrmal 
radiation. giant elliptical. orange line) and the blue bump emission (blue line. see also Raiteri et al. 2009). Right: the SED of 3C 273 
showing the thennal emission from the blue bump and the expected X-ray emission from accretion including I, 2, and 3u bands 
(purple and blue lines) derived from Eq. 2. The vertical parallel lines represent the optical window (4000-10000..\). The green 
lines are the best-fit to the simultaneous non-thennal data using a third degree polynomial function. 

Table 21. Contamination of the X-ray emissionfrom a thermal component and (aR-()(ThomW») estimated for FSRQs in the whole 
sample and for each sample independently, for various thresholds on the qua1ity of the optical data. We have considered as contam
inated sources ali those with X-ray thennal contamination flag ~ 2 (see the text for a description of the flags). 

ALL Fenni-LAT Swift-BAT ROSAT/RASS 
Opt Data coot! % (aR--()(ThmnII» conti % (all.--()(1'beraW» cont! % (aR-o(ThermaI» cont! % (all.-()(IbmnaJ» 
quality total to:aI total total 
ALL 10/47 21 -Q.69±o.02 3{2S 12 -Q.72±0.02 WI 10 -Q.70±O.03 6/ 13 46 -Q.6S±0.04 
~2 10/44 23 -Q.69±0.02 3{22 14 -0.73±0.02 2{20 10 -Q.70±0.03 6/13 46 -0.6S±0.04 
3 9/40 23 -0.69±0.02 3{22 14 -0.73±0.02 1/16 6 -0.69±0.04 6/12 SO -0.64±0.05 

thermal emission from accretion with the actual X-ray spectrum, 
and we also include the uncertainties in the parameters of Eq. 2 
in detennining the uncertainties given by 1, 2, and 3cr bands. 
We therefore define the following X-ray thennal contamination 
flags: 

- 0: no X-ray data available; 
- ]: X-ray emission mostly or entirely due to accre-

tion/reflection (data agree with the expectations for accretion 
emission within lcr): 

13 



P. Giommi et a1 .: Simultaneous Planck., Swift, and Fermi observations ofblazars 

~ ." ~ 
, 

't 
, 

~ ". 1 • ~ 
~ 

1 
... 

"'I' I -' ,,~ 

:§ ...... ;,. ~ or Q > 2% > 

SO ~:~::: ! ... .... .-

"I, \ 
:-::;. ... 

; ; 

~ 10 15 '" " 
~ 10 ,. 20 " Log Frequency" (Hz) Log Freqooncy" (Hz) 

Fig. 7 •. The SEDs of 4C38.41 (z = 1.814; left) and lJy0537-Z86 (z = 3.104; righ.). Simultaneous data are shown in red; non
simultaneous literature or archival data are shown in light gray. Note that the uvar data of these medium and high redshift objects 
matches quite well the QSO template of Vanden Berk et al. (ZOOI) that we use to estimate the thermal entission from the blue 
bump (blue line). The emission from the host galaxy (orange line) is very low compared to other components. The observed X-ray 
emission from these sources is more than 30- above the expected emission from accretion derived from Eq. 2. In both cases, the 
optical light is dominated by radiation from the accretion while the X-rays originate from the non-thennal component. 

Radio sample 
FIJ",lIM~ IE ~ 
E"T!oJrnple 
!\ASS U9rrqM: 

Fig.8. Distribution of UR- ()(Thennal) for all the sources and for 
each blazar sample. Only SEDs with good or excellent optical 
data (flag = Z or 3 • see text) were used. Black solid histograms: 
radio sample; red dashed histograms: Fermi sample; green dot
dashed histograms: Swift BAT sample; blue dotted histograms: 
RASS sample. Distributions for BL Lac objects refer to upper 
lintits only. 

- 2: X -ray emission probably contaminated by the accretion 
component (data agree with with the expectations for accre
tion emission within 2cr); 

- 3: X-ray emission mostly of non-thermal origin (data are at 
Z-3<1' from the expectations for radio quiet QSOs); 

- 4: X-ray emission certainly of non-thennal origin (data are 
more than 30- away from the expectations for radio quiet 
QSOs). 
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Fig. 9. Distribution of the thermal entission tlag for all the 
FSRQs with good or excellent optical data flag (see text for 
details). Black solid histograms: radio sample; red dashed 
histograms: Fermi-LAT sample; green dot-dashed histograms: 
Swift BAT sample; and blue dotted histograms: RASS sample. 
As the X-ray emission of all BL Lacs was not contaminates, the 
BL Lac data are not plotted here. 

Results for all the FSRQs with good or excellent optical 
data are shown in Figure 9, and summarized in Table 21 for the 
whole sample and each sample independently. We considered as 
contaminated all the sources with X-ray thennal contamination 
flag ::;; 2. There is a large difference between the Fermi-tAT and 
Swift-BAT samples, where :: 15% of the sourCes have a ther
mal component in their X-ray entission, and the ROSATjRASS 
sample. where ~ 50% of the sources are contaminated. This 
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demonstrates that the thennal component in the X-ray emission 
of blazal's cannot be neglected. even in bright sources. 

5.2. SED parameter estimation 

We used the SEDs of all the objects in our samples to esti
mate the values of important physical parameters such as yS peak' 

"" .... F("" .... ), v';"', and v';"'F(v';"') (sec Table 22) taking into 
account only the non-thennal radiation and fitting third-degree 
polynomials as described in Abdo et .1. (2010.) (see Figs. 5, 6, 
and 7 for examples). 

For the sources that were not detected by Fermi-LAT even 
in the 27-month integration, we estimated limits of yI~and 

v';"'F(v';"') by constraining the polynomial in the high-energy 
part of the SED with the 27-month Fermi-LAT upper limits, as 
shown in Fig. 10. 

In some RSP BL Lacs with particularly high """,. values 
(see, e.g., Figs. 30, 31 , 36, and 38) the Fermi-LAT data alone 
are insufficient to. ensure a good measure of yI~, as the spectra 
are still rising at the highest Fermi-LAT energies and no simulta
neous TeV data are available. The Y;at values for these sources 
should therefore be considered as lower limits. 

• , . 

f\ 
10 15 20 

Log Frequency v (Hz) 
25 

Fig. 10. The SED of the blazar PKS 0003-066, illustrating the 
estimation .of the upper limits to v:,c;..and to v';"'F(V~) by 
combiriing the X-ray data with the 27-month Fermi-LAT upper 
limits. 

6. The spectral slope of blazars In the 
radlo-microwave region 

While WMAP results are consistent with a single Hat spectral in
dex in the relatively narrow frequency range 23-94 GRz (Wright 
et al. 2009b; Gold et al. 2011), the blazar spectrum must steepen 
at fre:{uencies closer to the synchrotron peak. Adding Planck 
data end simultaneous ground-based observations at centimetre 
wavelengths to the WMAP data improves the spectral coverage, 
and allows us to probe the spectral shape of blazars over the 
much wider frequency range - I GRz to - I TIIz. 

We studied the low frequency (LF) and the high frequency 
(HF) :egions of the centimetre to sub-millimetre blazar spectra 
separ:!tety to search for differences in the spectral index a and 
deteIT!'line the frequency at which the spectral index changes. We 
fitted \he two frequency regions independently with power-laws 

to estimate the spectral indices at both low frequencies (aLF. for 
v S Vsreak) and high frequencies (aHP, for Y > YBreak), assum
ing a range of break frequency values, vo.-, from 30GRz to 
100 GHz. In Fig. II, we show the distributions of au and aHF 

for YBn:ak = 70 GHz and 100 GHz; the blazar spectra steepen 
from alF - 0 to aHF - -0.65. 

To verify the robustness of the results we repeated the anal
ysis by imposing the two minimum numbers of independent fre
quencie.~ needed to perfonn the fit, namely 3 and 5, and the re
sults are consistent (Table 23). 

We also analyzed the different classes of blazars -Hat spec
trum radio quasars (FSRQ), BL Lac objects (BL Lac), and radio
loud AGN of unknown classification (Uncertain Type) - sepa
rately, and we have found a difference at a level of about 30' in 
aHF, which is - -0.7 for FSRQ but - -0.5 for BL Lacs. 

The spectral steepening and the difference in aHP are visi
ble in Figure 12, where we show aLf versus (vs.) aHF for the 
sources that meet the requirements for the minimum amount of 
independent data at both low and high frequencies. 

Our results are in complete agreement with the findings of 
Planck Collaboration 201le for the radio selected sample, i.e., 
ftat spectral index at low frequency and aHF - -0.6 at high fre
quency with a break frequency - 70 GRz, suggesting that this 
is a general feature of an blazars regardless of the selection cri
teria. There is also general agreement with the results presented 
in Planck Collaboration 201ld for all the sources in the Planck 
ERCSC catalogs, and the slight discrepancy in the spectral index 
estimated at low frequency can be explained by the fact that, un
like Planck Collaboration 2011d, we have included the ground
based observations at 5-30 GHz. 
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"" Fig. 12. aHF VS. aLP diagram for VBreak = 70 GHz for different 
bJazar classes: ftat spectrum radio quasars (FSRQ), BL Lac ob
jects (BL Lac), and blazars of uncertain classification. 

7. Searching for correlations between fluxes in 
different energy bands 

We used our simultaneous and average multi-frequency data to 
identify possible correlations between fluxes measured in differ
ent energy bands. As some of the blazars in our samples were 
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Table 22. Rest·frame (~"') and (vi';") values for different samples and classes. 

Synchrotron peak inverse Compton peak 
Same1e Class No. of sources (lo~(v,,,,,,» No. of sources (log(y, .... » 

ALL 45 13.34±0.12 42 22.19±0.1O 
Fenni-LAT FSRQs 24 13.07±0.07 23 22.21±0.14 

BL Lacs 13 14. 1 1±0.32 11 22.35±O.24 
ALL 26 13.6S±0.26 22 21.66±O.28 

Swifr-BAT FSRQs 18 13.16±O.09 16 21.45±O.17 
BLLacs 5 IS .7S±0.81 3 23.41±1.S2 
ALL 25 14.27±O.3 1 20 22.15±0.38 

ROSAT/RASS FSRQs 11 13.02±O.17 11 21.43±O.30 
BLLacs 11 IS.79±O.28 6 24.24±0.37 
ALL 94 13.20±O.06 77 21.99±0.1O 

Radio FSRQs 64 13.08±O.OS 49 21.99±O.12 
BLLacs 14 13.89±O.27 13 22.26±O.20 
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Fig.1l. Radio/microwave low frequency (v < 70 GHz, LF; left side) and high frequency (v > 70 GHz, HF; right side) spectral index 
distributions of FSRQs and BL Lacs in our samples for the case V8,~k = 70 GHz. While the distributions of low frequency spectral 
indices are very similar for both Iypes ofblazars with (aLF) - -0.1 , the distributions of the high frequency slopes indicate thaI the 
spectra ofFSRQs «"'HP) = -0.73 ±0.04) might be somewhat steeper than those of BL Lacs «etHF) = -0.51 ± 0.07). A Kolmogorov 
Smirnov (KS) lesl gives a probability ofless than 3% thaI the HF distributions for FSRQs and BL Lacs come from the same parenl 
distribution. 

not detected by either Fermi-LAT or PLanck, we estimated the 
significance of the correlations using the ASURV code Revl .2 
(Lavalley et al. 1992), which takes account of upper limits as 
described in Isobe el al. (1986). We search for possible corre
lations using fluxes or flux-densities rather than in luminosity
luminosity space because this allows us to use all objects in the 
samples, including those with no redshift (and consequently lu
minosity) infonnation. 

7.1. Microwave VS. X·ray 

Figure 13 shows the PLanck 143 GHz flux density versus the si
multaneous Swiji-XRT X-ray flux for aU the sources where the 
X-rays are expected to be due to the inverse Compton com!», 
nent (that is all LSP blazars) and not significantly contaminated 
by X-ray emission that is unrelated to the jet, such as that pro
duced by the accretion process (see Sect. 5.1 for details). Sources 
thaI were nol detected by Planck are plotted as upper limils; all 
the sources were detected in the X-ray band. 
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A correlation, although with some scatter, is clearly present. 
The Spearman rank coefficients (P) and the corresponding prob
abilities that the observed correlation is the result of chance are 
given in Table 24. Results obtained USing PLanck flux densities 
at other frequencies from 30 GHz 10 217 GHz are similar and nol 
shown here. 

7.2. Microwave vs. y-ray 

The relationship between radio or microwave and r-ray fluxes is 
a topic that has been addressed several times in the literature. A 
positive correlation between the radio and y-ray fluxes is gener
ally found, though with a large scatter (e.g., Kovalev et aI. 2009; 
Le6n-Tavares et al. 2010; Girolelti el al. 2010; Ghirlando et al. 
2010; Mahony el 01. 2010; Peel el 01. 2010; Linford el aI. 2011; 
Ackennann et al. 2011 ; Le6n-Tavares 01 al. 2011). However, in 
most cases radio and non-simultaneous y-ray data for sources 
detected in both energy bands are compared. For the first time, 
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Table 23. Radio LF and HF spectral index distributions for different values of the break frequency YBrt!aX. and of the minimum 
number of frequency bands considered for the fit. 

Low Frequency High Frequency 
VBuak n. of frequencies Class n. of sources (a",) <T", n. of sources (aHP) <TKP 

30 3 ALL 47 O.OO± 0.04 0.27 69 0.51± 0.04 0.30 
30 5 ALL 46 O.OO± 0.04 0.27 57 -0.49±0.03 0.26 
44 3 ALL 47 -Q.02±0.04 0.25 66 -0.64±0.03 0.2~ 
44 5 ALL 47 -Q.02± 0.04 0.25 47 -0.62± 0.03 0.22 
70 3 ALL 63 -Q.08± 0.03 0.28 66 -0.67± 0.03 0.28 
70 5 ALL 47 -Q.02± 0.04 0.25 35 -0.65± 0.04 0.22 
100 3 ALL 65 -O.ll± 0.03 0.27 48 -0.56± 0.04 0.26 
100 5 ALL 47 -0.02± 0.04 0.24 15 -0.52± 0.05 0.19 
70 3 FSRQ 39 -Q.11± 0.04 0.28 40 -Q.73± 0.04 0.27 
70 3 BLLoc 12 -0.08± 0.08 0.29 14 -0.51± 0.07 0.27 
70 3 Unc.'iYpe 12 -Q.02± 0.08 0.29 12 -Q.64± 0.07 0.25 

Table 24. Spearman correlation parameters for 143 GHz flux density vs. X-ray flux. 

Oass Fermi-LAT sample Swift-BAT sample ROSAT(RASS sample Radio sample 
No. of p P(%) No. of p P(%) No. of p P(%) No. of p P(%) 
sources sources sources sources 
(a)/(b) (a)/(b) (a)/(b) (a)/(b) 

All 35/3 0.72 <0.01 18/4 0.50 2.34 9/10 0.70 0.30 49/3 0.51 0.03 
FSRQs 20(2 0.75 0.06 I~ 0.58 1.40 5/3 0.89 1.85 33/3 0.57 0.08 

BLUes 8/1 0.95 0.72 2/0 1/3 9/0 0.28 42.29 

(a) Number of Planck detections. (b)Number of Planck upper limits . 
• The number of detections is too low to allow a reliable estimation of p. 
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Fig. 13. The Planck 143 GHz flux density plotted vs. the simul
taneous Swift XRT X-ray flux for all sources where the X-ray 
flux is expected to be due to the inverse Compton component. 
Blazars with significant X-ray contamination due to accretion 
have been excluded from the plot. 

we present simultaneous microwave and '}'-ray data and take into 
account upper limits. 

The top panel of Figure 14 shows the simultaneous Fermi
LAT y-ray flux plotted versus the Planck flux density at 
143 GHz. Sources with TS < 25 in the Fermi-LAT data and 
below 40" in Planck maps are shown as upper limits. The 
plot shows a clear trend but from Thble 25, which gives the 
Spearman's p correlation parameter and the probability P that 
the observed level of correlation is caused by chance, we see 

that the level of significance of the cOITelation is never very high 
(P is of the order of a few percent and never lower than 0.05%), 
especially in the hard X-ray and y-ray selec1ed samples and for 
BL Lacs. This result is partly due to the large number of upper 
limits to the simultaneous ')'-ray flux, which was estimated typi
cally over a period of one week. To improve the statistics. in the 
middle panel of Fig. 14 we show the same plot using the Fermi
LAT y-ray flux integrated over a two-month period centered on 
the time of the Planck observations. From Table 25, we see that, 
although the significance of the correlation in the various sam
ples and blazar classes substantially increases, it is never very 
high and the scatter remains. . 

This result may be due to the limited flux dynamic range 
in the y-ray barid for the Fermi-LAT sample and 10 the small 
number of objects (in the case of BL Lacs). However, a weak 
correlation could occur if· the microwave flux density represents 
the superposition of multiple synchrotron components, while the 
simultaneous ,},-ray flux represents the emission from a single 
dominant component that may be active for only a short time. 
For this reason, in the bottom panel of Fig. 14, we plot the Planck 
BRCSC Dux densities (which in most cases represent the flux 
density averaged over more than one Planck observation) versus 
the Fenni-LAT flux averaged over the entire 27-month period. 
In this case the correlation is highly significant, although, the 
many upper lintits in both energy bands clearly imply that the 
dispersion is very large. 

7.3. X-ray vs. y-ray 

Figure 15 plots the 2-month y-ray flux versus the simultaneous 
X-rely flux for all sources observed by Swift that do not show sig-
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Table 25. Microwave (143 GHz) vs. y-ray flux correlation parameters. 

)'-ray Class Fermi-LAT sample Swjft-BAT sample ROSATfRASS sample Radio sample 
integration No. of p P(%) No. of p P(%) No. of p P(%) No. of p P(%) 

period sources soorces sources sources 
(a)/(b)/(c) (a)/(b)f(c) (a)/(b)/(c) (a)/(b)f(c) 

All 16{5{32 0.22 12.4 8f6{20 0.42 2.49 6{20{25 0.42 1.42 22f2{11 0.35 0.07 
Simult. FSRQs 10/3/16 0.23 23.4 5(l{12 0.39 9.92 4{3/6 0.65 3.97 15/1/46 0.33 1.19 

BLLacs 5/2/9 0.55 4.76 2f2r2 2/11/4 4,1)/10 0.38 17.6 
All 36/5{9 0.29 4.is llf7/20 0.61 0.07 8/21/18 0.31 6.00 37{3/56 0.40 0.61 

2 months FSRQs 19{3/6 0.17 38.7 6{3/15 0.59 0.89 4/4{9 0.51 6.83 23/2/42 0.36 0.39 
BL Lacs 11/2/1 0.72 0.92 3{3/2 3/11/5 1Oft)f6 0.42 10.2 

All 47{3/0 0.47 0.10 22/16(7 0.67 <0.01 12/23/18 0.40 0.99 75/4/16 0.48 <0.01 
27 months FSRQs 25{3{O 0.48 1.27 16{3/4 0.54 1.59 8{3(7 0.85 0.15 47(l{19 0.48 0.01 

BL Lacs 14,1),1) 0.72 0.91 3/410 2/14/2 16,1),1) 0.55 3.22 

(0) Number of sources detected both by Planck and Fenni-LAT. (b)Number of Planck. upper limits. (c)Number of Fenni-LAT upper limits . 
• The number of detections is too low to allow a reliable estimation of p . 
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Fig. 14, Top panel: The Planck flux density at 143 GHz is plot
ted against the simultaneous Fenni-LAT flux. Middle panel: The 
Planck flux density at 143 GHz is plotted against the Fermi-LAT 
flux integrated over the 2-month period centered on the Planck
Swift observations. Bottom panel: The Planck ERCSC fiux den
sity ~t 143 GHz (flux averaged over more than one Planck sur
vey) is plotted versus the y-ray fluxes averaged over the entire 
27 month Fermi-LAT observing period. 

natures of thennal contamination in the X-ray spectrum. Open 
red circles represent HSP sources, where the X-ray flux is due to 
the tt.i1 ofthe synchrotron emission, while black filled circles are 
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LSP and ISP sources for which the X-ray flux is' related to the 
inverse Compton radiation. This distinction is needed in order to 
properly compare sources where the emission is produced by the 
same mechanism. We therefore compute the y-ray vs. X-ray cor
relation coefficient only for LSP and ISP sources. The Spe.annan 
rank test shows moderate evidence of a correlation that is less 
significant in the longer integrations: P = 2.55% for simultane
ous data, P = 6.9% for a 2-month integration, or P = 17.4% for 
a 27 -month integration. 

Figure 16 plots the power-law spectral index in the 
Swift XRT energy band (0.3-lOkeV) versus the spectral slope 
in the Fermi-LAT 1'-ray band (100 Me V-I 00 Ge Y) derived using 
the 2-month y-ray data. A significant correlation is present, con
firming the results of Abdo et al. (2010a). The top rigbt comer of 
Fig. 16 shows the same plot built with simultaneous y-ray data; 
although the number of objects is smaller, the correJation is still 
present. 

8, Discussion and conclusions 

We have collected simultaneous Planck, Swift, Fenni-LAT, and 
ground-based multi-frequency data for \05 blazars included in 
three statistically well-defined samples characterized by flux 
limits in the soft X-ray (0.1-2.4 keY, ROSAT), hard X-ray (15-
150keY, Swift-BAT), and y-ray (E > lOOMeY, Fenni-LAT) en
ergy bands, with the addition of a cut to the radio 5 GHz flux 
density to ensure a high probability of detection by Planck. This 
study complements a similar study of 104 radio-bright AGN 
(f37GH' > Uy) (Planck Collaboration ZOlle). Altogether, the 
four samples contains a total of 175 distinct objects. The acqui
sition of this unprecedented multi-frequency/multi-satellite data 
set was possible thanks to cooperation between the Planck, Swift, 
and Fermi-LAT teams, who agreed to share data and organize 
an extensive program of multi-frequency observations involving 
over 160 Swift ToO pointings scheduled when the blazers were 
within the field of view of the Planck instruments. 

We have used this unique multi-frequency dataset to build 
well·sampled, simultaneous SEDs of all the blazars included in 
our high-energy selected samples. This collection of SEDs is 
an improvement over previous compilations (e.g., Abdo et aI. 
WlOa) because: a) the SEDs presented here are strictly simul
taneous, while in Abdo et al. (2010.) the multi-frequency data 
were collected over a period of up to nine months centered on 



P. Giommi et al .: Simu1taneous Planck, Swift, and Fenni observations of blazars 

e 

LSP 
a HSP 

Fig. IS. The Swift XRT ftux is plotted again~t the two-month 
Fermi-LAT flux for the sources included in the three high-energy 
flux-limited samples. Open red cirC1es represent HSP sources, 
i.e., high synchrotron-peaked BL Lacs where the X-ray ftux is 
dominated by synchrotron radiation. Filled black circles repre
sent LSP sources, Le., blazars with low synchrotron peak, for 
which the X-ray flux is dominated by inverse Compton radia
tion. 
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Fig. 16. The power-law spectral index in the Swift XRT energy 
band (O.3-lOkeV) is plotted versus the slope in the Fermi-LAT 
),-ray band (100 MeV-IOOGeV) derived using Fermi-LAT data 
integrated over a period of 2 months. The same plot built with si
multaneous y-ray data is shown in the inset at the upper right. A 
clear anti-correlation is present; the Speannan test gives a prob
ability of less than 0.01 % that the correlation is due to chance, 
even in the simultaneous data. 

the first three months of Fermi-LAT operations; b) the sources 
were selected according to different statistical criteria allowing 
us to probe the blazar parameter space from widely different 
viewpoints; and c) we took care to identify and separate radi
ation components unrelated to the emission from the jet, such 

as the light from the blazar's host galaxy and the radiation pro
duced by the accretion onto the central black hole, which often 
con~inate the non-thermal blazar spectrum in the optical, UV. 
and X-ray bands. 

Our findings are broadly consistent with those of Abdo et a1. 
(20l0a). However, our analyses oflargersamples selected in dif
ferent parts of the electromagnetic spectrum, wider wavelength 
coverages, different level of simultaneity, and the ability to sep
arate the emission components, have allowed us to make signif
icant progress in severa1 areas. The use of four widely different 
samples has allowed us to investigate the consequences of se
lection effects on the estimation of critical parameters such as 
<v~). average Compton dominance, especially for the case of 
BL Lacs. 

Some of our sources have been observed simultaneously by 
Swift, Planck, and Fermi-LAT during more than one Planck sur
vey. In these cases, we have presented only the data collected 
during the first observation. Multiple simultaneous observations 
of a subset of our blazars and detailed model fitting of the SEDs 
will be the subject of future papers. The main results of this work 
are discussed below. 

B.1. Fermi-LAT detection statistics and the effects of 
variability 

The percentage of Fermi-LAT detected sources during the simul
taneous integrations, typically lasting about one week, ranges 
from :s 40% in the Fermi-LAT sample to 20-25% in the radio 
and X-ray selected samples (see Table 13). When 2-month in
tegrations centered on the Planck-Swift observations are consid
ered, these percentages grow to 80% in the Fermi-LAT sample 
and to ..... 35% in the other samples. However, even when using 
data from the 27-month Fermi-LAT integrations available at the 
time of writing, many of the blazars belonging to the radio, and 
both soft and hard X-ray selected samples remain undetected. 

We note that the detection rate is quite different for FSRQs 
and BL Lacs: if we exclude the Fermi-LAT sample where all 
the objects have been detected (by definition), the percentage of 
detections is 95% for BL Lacs and only -60% for FSRQs, with 
values ranging from 72% in the radio sample to just 53% in the 
RASS sample (see Table 14). 

A comparison of our simultaneous data with published and 
archival measurements shows that the use of non-simultaneous 
data in the SED ofblazars typically introduces a scatter of about 
a factor of two in the microwave band, and a factor of up to ten 
or more in the X -ray and y-ray bands. 

B.2. The spectral slope in the radio-sub-millimetre region 

We confirm that the energy spectrum of blazars in the radio
microwave spectr1l1 region is quite fiat, with an average slope 
of (a) - 0 (J(v) oc va) up to about 70 GHz, above which it 
steepens to (a ) - -0.6. This behaviour is very similar to that ob
served in the sample of radio bright blazars considered by Planck 
Collaboration (2011e) (sec also Tucci et aL 2011) confinning the 
findings of Abdo et al. (20IOa) that the radio to microwave part 
of the spectrum is approximately the same in all blazars (FSRQs 
and BL Lacs) independently of the selection band. However, the 
spectral slope of BL Lacs above -70 GHz is fiatter than that of 
FSRQs with (aHF) ; -0.51 ± 0.07 for BL Lacs compared to 
(aHF) ; -0.73 ± 0.04 for FSRQs (see Table 23 and Fig. 11). A 
KS test, performed on the subsamples of FSRQs and BL Lacs 
with radio ftux density larger than I Jy, gives a probability of 
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less than 3% that the two samples come from the same parent 
population. This difference in the high frequency spectral index 
may reReet that the radio-submm part of the spectrum is closer 
to """""in LBL than in HSP sources. 

8.3. Synchrotron self-absorption 

We 5earched for signatures of synchrotron self-absorption, 
which in simple homogeneous sse models is expected to cause 
strong spectral flattening below ,."IOOGHz, but we found no ev
idence of any common behaviour; indeed, the average spectrum 
in thnt region steepens instead of flattening. Possible cases where 
some evidence of synchrotron self-absorption may be present are 
PKS 0454-234, PKS 0521-36 (Fig. 27), S40917+44 (Fig. 29), 
PKS 1127-145 (Fig. 31). and 3C454.3 (Fig. 40). 

8.4. Non-thermal versus disk radiation 

In several blazars, the opticalflJV light is contaminated signifi
cantly by thermal/disk radiation (known as the blue bump. see 
Figs. 6 and 7). while the soft X-ray fiux is contaminated by ra
diation produced in the accretion process in approximately 25% 
of the blazars in our samples (see Fig. 9). In some of the clos
est sources, the optical light is instead either contaminated or 
domi,.",d by the emission from the host galaxy. Ignoring this 
contamination may cause an overestimate of the position of both 
>~and v'';''by 0.5 dex or more. 

We investigated the relationship between the radiation pro
duced by accretion and the jet, which co-exist in most FSRQs, 
using the parameter a'R-O(Thcnna1), defined as the spectral slope 
betw."n the 5 GHz radio (non-thermal) fiux and the 5000 A op
tical aux that can be attributed to the blue-bump/disk emis
sion. In the blazar paradigm, this quantity depends on both the 
amou~t of relativistic amplification (which only affects the oon
thermal radiation from the jet) and the intrinsic ratio of non
thermal/jet radiation to disk emission. We estimated the value 
of O'R-O(Thennal) in all sources for which we had optical data of 
good qUality. Since BL Lacs do not display broad lines. only 
lower limits to (lR-Q(Thennal) can be derived. 

Figure 8 shows the distribution of Q'R-Q(ThermaJ) for all our 
samples. which range from -0.4 to just above 1.0 and have 
peak values between 0.6 and 0.8. The distributions are all sim
ilar, with the largest difference being between the Fermi-LAT 
and the RASS samples (a KS test gives a probability of 3.6% 
that the two distributions originate from the same parent popu
lation), possibly reflecting differences in either the amplification 
factor or the ratio of accretion to jet emission between 'Y-ray and 
soft X-ray selected blazars. We note that the distribution of the 
O'R-Q(Thcnnal) limits for BL Lacs is consistent with intrinsic values 
of O'R-O('Thcrmal) for BL Lacs that are within the range of values 
observed in FSRQs. 

8.5. Th. distribution of rest-frame peak energies 

The distribution of rest-frame synchrotron peak energies (vS peak) 
of FSROs is very similar in all our samples with a strong peak 
at ~ 10 i2.' Hz, an average of ("""",,)10 '3 ... 0.' Hz. and a disper-

sion or (lnly ,." 0.5 dex. However, for BL Lacs the value of (~ak) 
is at least one order of magnitude larger than that of FSRQs, 
the exact value depending considerably on the selection method 
(see Table 22 and Fig. 17). Since all the sources that are be
low lhe rddio fiux density cut in the RASS and BAT samples 
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are ISP or HSP blazars, their inclusion would increase the dif
ference between the "s """ distributions. The distributions of v'';'' 
for FSRQs and BL Lacs also differ. but nol as much as those of 
""""" (see Fig. 18). The majority of the sources in all the samples 
(both FSRQs and BL Lacs) peak between 1021 Hz and 1023 Hz, 
with a rew extreme HSP BL Lacs reaching - 1026 Hz. 
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Fig. 17. The rest-frame synchrotron v""" distributions of FSRQs 
and BL Lacs in different samples. Black solid histograms: radio 
sample: red dashed histograms: Fermi-LAT sample: green dot
dashed histograms: Swift BAT sample; blue dotted histograms: 
RASS sample. 
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B.6. Correlations between fluxes and other blazar 
parameters 

Despite the strict simultaneity of our data, plots of fluxes in dif
ferent spectral regions (microwave vs. X-ray, microwave vs. 'Y
ray, and X-ray vs. y-ray) still have a large scatter (see Figs. 13, 
14, md 15). This is somewhat surprising. as positive correla
tions between the radio and y-rays have been reponed (e.g. 
Kovalev et al. 2009; Le6n-Tavares et al. 2010; Giroletti et al. 
2010; Ghirlanda et 'al. 2010; Mahony et al. 2010; Peel et al. 
2010; Linford et al. 2011; Ackennann et al. 2011). The ditfer
ence might be due to the different synchrotron peak energies of 
the objects in the samples. Even in simple SSC scenarios, this 
introduces a scatter in the correlation between the fluxes (e.g., 
for the same radio flux, an object with higher ~ak is expected 
to produce more y-rdys than one with a smaller v' ,,,.,J The large 
scatter present in Fig. 14 could also imply that y-ray emission 
is due to components not always directly related to radiation in 
other energy bands, e.g., multiple sse components (see also 
Abdo et al. 20IOa). A good correlation is however present be
twee~ the X-ray and y-ray spectral slopes (see Fig. 16). 

We confinn the correlations between the Fenni-LAT spectral 
index and the SED peak energies v' """ and v::;" found by Abdo 
et al. (2010.). As an illustration of the agreement, Fig. 19 plots 
the Fermi-LAT speetral sloge estimated using the full 27-month 
data set as a function of V peak' The gray points represent the 'Y
ray spectral slopes estimated using the quasi-simultaneous two
month dataset. These points, plotted without the much larger er
ror bars to avoid confusion, clearly cluster around the 27-month 
data, confirming the correlation. The solid line represents the 
best-fit obtained by Abdo et al. (20IOa). 
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Fig. 19. The y-ray spectral index, estimated from the entire 27-
month Fermi-LAT data set of all sources in our samples is plot
ted against log(v::;"). Gray points, plotted without statistical er
rors to avoid confusion, represent the Fermi-LAT spectral slopes 
estimated using the 2-month integrations. The solid line is the 
best-fit given by Abdo et al. (2010.) 

B.7. Comparison with the expectation of simple SSC models 

As discussed in Abdo et al. (20IOa), simple sse models pre
dict that in the Thomson regime the peak frequency of the syn
chrotron (~ak) and inverse Compton (v;at) compo'nents are re
lated by 

vi';" ~ ~ (_.ssC)2' 
"s 3 r""" ' (3) 

""" where ~~ is the Lorentz factor of the electrons radiating at the 
peak energy. This is related to the observed peak frequency of 
the observed photon spectrum by 

~C 0: """ (
v' )'/2 

""" B6 
(4) 

where v'""" is the synchrolron peak frequency in the rest-frame 
of the emitting region, B is the magnetic field, and 0 is the usual 
Doppler factor (e.g. Urry & Padovani 1995). 

In objects where ~,,,,is higher than '" 10" Hz, the Thomson 
approximation is no longer valid and the inverse Compton 
scattering occurs under the Klein-Nishina (KN) regime. Using 
Monte Carlo simulations, Abdo et aI. (20 I 0.) estimated the area 
covered by sse models in the plane 10g(v'"""Hog(Y".!f). This 
area is delimited by the solid contour lines shown in Fig. 20 
where we plot the log(~) of our sources, calculated from the 

observed values of ~ak and Y~ using eq. 3, versus the rest

frarne log( >!"k)' 
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Fig.20. log(r:i), obtained from Eq. 3 for all the objects in 

our s~ples for which we could obtain r;ak and ~ak is plot
ted against log(v:c:at) in the rest-frame of the blazars. The two 
black lines delimit the area predicted by simple homogeneous 
sse models obtained through extensive Monte Carlo simula
tions (see Abdo et al. 201 Oa, for details). 

As in the case of the bright y-ray blazars considered by Abdo 
et al . (2010a), only a few objects are inside or close to the sse 
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Fig. 21. The logarithm of the Compton dominance is plotted as 
a function of log(~".) for all sources for which ~'"" and v',';.. 
could be reliably determined. 

area, implying that simple SSC models cannot explain the SED 
of mnny blazars in our samples. This conclusion is supported by 
the lack of a strong correlation between radio and y-ray fluxes. 

However, the y'~ of blazars that were not detected by 

Fermi-LAT and for which we could only infer a limit to Y~ 
(from 30% to 40% of the FSRQs in the radio and X -ray selected 
samples; see Fig. 10 for one example) are plotted as upper lim
its in Fig. 20; many of these limits are close to or inside the SSC 
area end therefore the SEDs of these objects are likely consistent 
with simple SSC emission. 

8.8. The Compton dominance of blazars 

The Compton dominance (CD, defined as the ratio of the inverse 
Compton to synchrotron peak luminosities) is a crucial parame
ter for the study of blazar physics, as it is strictly related to the 
location of the maximum power output in the energy spectrum 
of a blazar. 

Figure 21 'plots the CD values, estimated from our SEDs, as a 
function of v pru' showing that 10g(CD) ranges from about -0.5 
to about 2. The larger values are always associated with LSP 
objects, while HSP sources always have values oflog(CD) lower 
than ::::: 0.5. In this figure. the two blazar subclasses appear to 
be quite differen~ with BL Lacs having significantly smaller CD 
values. even when their Y~ values are equal to those of FSRQs. 
To better understand this difference, in Fig. 22 we plot the CD 
distributions of FSRQs and BL Lacs for different samples and 
vSpeall; intervals. 

The FSRQs included in the Fermi-UJ sample, which are 
y-ray bright by definition. show a CD distribution peaking at 
large values. We note that in this sample we also applied a ra
dio flux-density limit of 1 Jy. hence the sources below the radio 
cut must be on average more Compton-dominated than those in 
our sample. This implies that the distribution of purely ')I-ray se
lected blazars must be even more strongly peaked at high CD 
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Fig, 22. Distributions of the Compton dominance for FSRQs and 
BL Lacs of the LSP and HSP type. A significant fraction of 
FSRQs in the radio, RASS, and BAT samples have not been de
tected in the y-ray band and therefore only limits to the Compton 
dominance (shown as a dashed histogram; only the radio sample 
to avoid confusion) can be calculated. The large difference be
tween the CD distribution of FSRQs in the Fermi-LAT and the 
other samples illustrates the strong bias that y-ray selection in
duces. 

values than that of the Fermi-LAT sample. Considering instead 
FSRQs selected in the radio and the X-ray bands, we get quite a 
different picture. with a broader distribution extending to values 
ofless than I. Moreover, about 30-45% of FSRQs in the radio, 
soft X-ray, and hat<! X-ray selected samples are not detected by 
Fermi-LAT and therefore they must populate the part of the CD 
distribution with low CD values. This is shown by the dotted red 
histogram, which also includes upper limits to the CD estimated 
as the ratio of the upper limit to v',';..F(v',';..) and v'pruF(v'pru) 
where limits to v',';.. and v:;',F(v',';.. ) are obtained by fitting the 
X-ray data together with the 27-month Fermi-LAT upper limits 
as shown in Fig. 10. 

8.9. The blazar sequence 

The top panel of Fig. 23 plots the logarithm of the bolometric 
power, represented by the sum of the synchrotron and inverse 
Compton peak luminosities [LBo! - ~",L(v~) + v',';..L(v~)l 
as a function of log( v' pru) for all sources in the four samples 
considered in this paper and Planck Collaboration (201 Ie) for 
which an estimate of ~a.k and the boJometric luminosity was 
possible. We use this plot to test the relationship known as the 
Blazar Sequence, which is the strong anti-correlation between 
bolometric luminosity and v' pruclaimed by Fossati et aJ. (1998) 
and Ghisellini et aJ. (1998) that remains a subject of lively debate 
(e.g., Giommi et aI. 1999; Padovani et aI. 2003; Caccianiga & 
Marchi! 2004; Nieppola et aI. 2006; Padovani 2007; Ghisellini 
& Tavecchio 2008). 

We stress that to robustly test for the existence of such a re
lationship it is mandatory to use samples that are unbiased, that 
is selected in such a way that no particular part of the Laor-v' pru 
diagram is more likely than others to be selected. Although our 
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Fig. 23. Top panel: The bolometric luminosity (represented by 
the sum of synchrotron and inverse Compton peak luminosities) 
is plotted against'" _. The non-thennal optical light of blazars 
with no strong emission lines above the dashed line would be 
bright enough to swamp the emission from the host galaxy mak
ing the source appear featureless thus hampering any redshift 
measurement. The lower limits, representing BL Lacs with no 
known redshift, are estimated assuming that the non-thennal 
light is ten times brighter than that of a giant elliptical host 
galaxy (see text for details). The bottom panel shows the same 
plot for the subs ample of sources satisfying the selection criteria 
of Fossati et aI. (1998). 

samples are statistically wen-defined. they are not unbiased from 
this viewpoint for the following reasons: 

a) As shown in Figs. 17 and 18, the distribution of "'_ 
strongly depends on the selection method; hence, for the various 
samples, we obtain different samplings of the parameter ~eak' 

b) The area above the dashed line, which represents the lumi
nosity above which the non-thennal emission of a blazar com
pletely dominates the observed optical flux!2 cannot be popu
lated by blazars with no emission lines, such as BL Lacs. as in 
this case they would appear completely featureless and therefore 
their redshift could not be measured. In this res~t, we note 
that over 40% of the BL Lacs in the BZCAT catalog, and an 

12 We assume a non-thennalluminosity one order of magnitude higher 
than tl"at of the host giant-elliptical galaxy of luminosity equal to that 
found by Scarpa et al. (2000) and Urry et aL (2000) and verified by us 
to fit our SEDs. 

even larger fraction of the Fermi-LAT detected BL Lacs, still 
lack any redshift measurement (Massaro et aI. 2010; Shaw et aI. 
2009,2010). All the BL Lacs in our samples for which redshifts 
are unknown are plotted in Fig. 23 as lower limits estimated as
suming that their non-thermal light is ten times brighter than the 
optical light of the host galaxy. Some BL Lacs of known lu
minosity (red points in Fig. 23) are above the red line because 
their redshift was measured from emission lines with rest-frame 
equivalent widths below the sA limit; they might be objects with 
properties in-between those of BL Lacs and FSRQs (see. e.g., 
Ghisellini et aI. 2011). 

c) The different radio flux-density cuts applied to our sam
ples imply that different subsamples probe different parts of the 
radio luminosity function. The radio and y-ray selected samples, 
which are defined using a high radio flux limit (S " I Jy), probe 
the high-luminosity end of the radio luminosity function, which, 
for "{eat = 1013 Hz and the observed red shift and CD distribu

tions, translates into LBo! ~ 1046 erg S-I. The soft and hard X-ray 
selected samples have a radio flux density cut of S = 0.1-Q.2Jy, 
or about one order of magnitude fainter than that of the radio 
and Fermi-LAT samples, hence might include significantly less 
powerful sources, as faint as bolometric luminosities of the order 
of 10'" erg S-I • 

If we remove the ~eak dependence of the selection method 

by considering only FSRQs (which have the same'" _ distri
butions as all samples), we see that the luminosity values span 
five orders of magnitude from'" IQ44 to '" lQ49 erg S-I and show 
no trend with "{eak' which only ranges between.... 1012.5 and 

'" 1014 Hz. No obvious correlation is present-in each sample sep
arately or in the union of the four samples. The L-shaped distri
bution that is apparent in Fig. 23, if lower limits are ignored, is 
similar to that found by Meyer et aI. (20 II) who estimated both 
the ~Cak and peak luminosities of a large sample of blazars us
ing non-simultaneous multi-frequency data. These authors, how
ever. instead of considering lower limits to the peak luminosities 
of blazars with unknown redshifts, assumed a luminosity corre
sponding to the redshift that the host galaxy would have for the 
observed blazar optical magnitude. Meyer et aI. (2011) argued 
that the strong correlation predicted by the blazar sequence turns 
into a blazar envelope when partly misaligned blazars are in
cluded in the samples. However, Giommi et al. (2012), by means 
of detailed Monte Carlo simulations, showed that this envelope, 
or L-shaped distribution, is expected when blazars with no red
shift measurements are not properly taken into account. 

Finally, we consider the subsample of sources that satisfy 
the same conditions as in Fossati et al. (1998), that is S 5 GHz > 
2 Jy for FSRQs, S 5 GHz > I Jy for radio-selected BL Lacs, no 
restrictions for X-ray selected BL Lacs, and the exclusion of all 
BL Lacs with no redshift information. This case is illustrated in 
Fig. 23 (bottom panel), which shows a trend very similar to that 
presented in Fossati et aI. (1998). 

Taking take into accou'nt all of the above, we conclude that 
our data do not show a correlation of the type predicted by 
Fossati et aI. (1998). owing to the presence of low luminosity 
LSP objects and the difficulty in measuring the redshifts of likely 
high-luminosity HSP sources. That such a correlation becomes 
evident when the objects are selected by the criteria of Fossati 
et aI. (1998) supports the hypothesis that the correlation might 
be the result of a selection effect. 

23 



P. Giommi et al. : Simultaneous Planck, Swift, and Fermi observations ofblazars 

B.10. Selection effects and sample composition 

Our decision to select flux-limited samples for widely different 
parts of the electromagnetic spectrum (radio, soft X-ray, hard 
X-ray, and y-ray) has allowed us to demonstrate the strong se
lection biases that can affect important physical parameters, such 
as the peak energy of both the synchrotron and inverse Compton 
components (see Figs. 17 and 18) and the Compton dominance 
(see Fig. 22). Since FSRQ. and BL Lacs have significantly dif
ferent Y; peak distributions, these selection biases also strongly 
affect the composition of the samples in tenns of the relative 
abundances of blazar subclasses (FSRQs vs. BL Lacs, LSPs vs. 
HSPs), as is apparent from Table 4. 

Radio-selected samples include sources that are bright 
in the radio band. If there is no correlation between radio 
ftux/luminosity and other parameters such as Y; peak and Compton 
dominance, this is the best selection for measuring the distri
butions of these important physical parameters. If instead there 
is a strong correlation between radio luminosity and Y; peak' then 

the distribution of v:W should strongly depend on the radio flux 
limit. 

X-ray selection favors high v"pru (and consequently high 

Y~) sources, which are much brighter at X-ray frequencies 

than low Vi peak for the same radio flux. X-ray fiux·limited samples 

are therefore much richer in high v" pru BL Lacs (HBLs or HSP 
sources) than radio-selected samples. ·This selection effect has 
been known since the first soft X-ray surveys became available. 

Selection in the y-ray band favors bright y-ray objects and 
therefore highly Compton-dominated sources. Fenni-LAT TS
limited samples contain more sources with fiat y-ray spectral 
slopes or high y~sources. This explains the overabundance of 
HSP blazars (only BL Lacs) and high CD blazars (only FSRQs) 
in Fermi-LAT catalogs. 

Ac:.:no"Niedgemenrs. We thank the entire Swift team for the help and support and 
especially the Science Planners and Duty Scientists for their invaluable help and 
professional support with the planning and execution of a large number ofThOs. 

The Planck CoUaborntion acknowledges the suppon of: ESA; CNES and 
CNRSIINSU-IN2P3· INP (France); AS!, CNR, and INAF (Italy); NASA and 
DoE (USA); S'IFC and UKSA (UK); CSIC, MICINN and JA (Spain); Tekes, 
AoF and CSC (Finland); DLR and MPG (Gemtany); CSA (Canacb); IYI1J 
Space (Denmark); SER/SSO (Switzerland); RCN (Norway); SFJ (Ireland); 
FCf/MCfES (Portugal); and DEISA (EU). A full description of the Planck. 
Collaboration and a u. .. t of ill; members, indicating which leChnical or ~ientilic 
activiti~ they have been involved in. can be found at bttp://ww.rssd.esil. 
int/Planck. We thank the Plmrck team and in particular the members of the 
Data Processing Centers for their support in the reduction of LA and HFl data 
carried out specifically for this work. 

The Fermi-LAT Collaboration <lCknowledges generous· ongoing support 
from a number of agencies and institutes that have supported both the derel
opment and the operation of the LAT as well as scientific data analysis. These 
include the National Aeronautics and Space Administration and the Department 
of Ene:gy i..., the United Sts.tt:s, the Commissariat A I' Energie Atomique and the 
Centre National de la Recherche Scicntifique / lnstilUl National de Physique 
Nudecire et de Physique des Particules in France. the Agenzia Spaziale Italiana 
(ASO and the lstituto Nuionale di Fisica Nudeare (INFN) in ItaIy. the Ministry 
of Education, Culture, Sports. Science and Technology (MEXT). High Energy 
Accelerator Research Organization (KEK) and Japan Aerospace Exploration 
Agency (JAXA) in Japan, and the K. A. Wallenberg Foundation, the Swe<lish 
Research Council and the Swedish National Space Board in Sweden. 

Additional suppon for science analysis during the operations phase from 
the Istituto Nazionale di Asttofisica in Italy and the Centre National d'Etudes 
Spatiales in France is gratefully acknowledged. 

The Metsiihovi team acknowledges the support from the Academy of 
Finland to our projects (numbers 212656, 21033S. 121148. and others). This 
work was also supported by grants L2n40 and L22352 of the Academy of 
Finland. L'MRAO is supponed by a series of grants from the NSF and NASA. 
and by the University of Michigan. This publictttion is partly based on data 

24 

acquired with the Atacama Pathfinder Experiment (APEX). APEX is a col
laboration between the Max"Planck·Institut fUr Radioastronomie. the European 
Southern Observatory, and the Onsala Space Observatory. This rescarch is partly 
based on obsen:ations with the lOO-m telescope of the MPlfR (Max-Planck
lnstitut fLit Radioastronomie) at Etfelsberg. the lRAM 3O-m telescope. and the 
Meilicina (Noto) telescope operated by INAF -IstiMo di Radioastronomia. 
J. WU and X. Zhou arc supported by the C1J.inese National Natural Sciera: 
Foundation grants 10633020. IDn8714. and 11073032, and by the Natiooal 
Basi<: Research Program of Olina (973 Program) No. 2007CBSl5403. The 
OVRO 4O-m monitoring program is supported in pan by NASA grants 
NNX08AW31G and NNG06GGIG and NSF grant AST-080SOSO. O.G. King 
acknowledges the support of a Keck Institute for Space Studies Fellowship. 
W. Max-Moerbeck acknowledges suppon from a Fulbright-CONICYT schol
arship. v. Pavlidou ackll.owledges support provided by NASA through Einstein 
Postdoctoral Fellowship grant number PFS-90060 awarded by the Chandra x
ray Center, which is operated by the Smithsonian Astrophysical Observatory for 
NASA under contract NASS-03060. TIie Australia Telescope is funded by the 
Commonwealth of Australia (or operation a.o; a National Facility managed. by 
CSIRO. 

This paper makes use of observations obtained at the Very Large Array 
(VLA) which is an i.nsuument of the Nationai Radio Astronomy ObservalOry 
(NRAO). The NRAO is a facility of the National Science FoWldation operated 
under cooperative agreement by Associated. Universities. Inc. 

We acknowledge the use of data and software facilities from the ASI Science 
Ow Center (ASDC), managed by the Italian Space Agency (ASl). Pan of this 
work is based on archival data and on bibliographic information obtcined from 
the NASA/IPAC Extragalactic Database (NED) and from the Astrophysics Data 
System (ADS). 

We thank the anonymous referee for his/her useful and constructive com
ments. 

References 

Abdo. A. A., Ackermann, M., Agudo. I.. et aI. 201Oa, ApJ, 716, 30 
Abdo. A. A.. Ackermann. M., Ajello, M .• etal. 201Ob, ApJ, 71S, 429 
Abdo, A. A .• Ackermann. M .• Ajello. M, et al. 201Oc, ApJS, 188, 40S 
Abdo. A. A.. Ackermann. M., Ajell0. M., et al. 201(}d, ApJS, IS7. 460 
Abelo, A. A., Ackermann, M., Ajello. M .• et aI. 2009a, ApJ, 699. 817 
Abdo, A. A .• Ackennann, M., Ajello, M .• et aI. 2009b. ApJ, 700, 597 

·Abdo, A. A., Ackermann, M., Ajello, M .• et al. 201I,ApJ, 736,131 
Ackermann, M .• Ajello, M., Allafon.. A., et aI. 2011. ApJ. 741, 30 
AIwonian. F.. Alchperjanian. A. G .• Anton. G., eI. al. 2009. ApJ. 696, Ll50 
Aliakbemv. K. D., MingaJiev. M. G .• Naugolnaya, M. N .. et 31. 1985, 

Astrofizicheskie IssledovanUa lzvestiya Spetsia!'ooj Astroflzicheskoj 
Observdtorii, 19, 60 

Aller, H. D., Aller. M. F.. Latimer, G. E .• & Hodge, P. E. 1985, ApJS, 59, 513 
Angelakis, E .• Fuhrmann, L., Marchili, N., Krichbaum, T. P .• & Zensus. J. A. 

2008, Mem. Soc. Astron. ltaliana. 79. 1042 
Atwood, W. B., Abdo. A. A .• Ackermann. M., etal. 2009, ApJ. 697.1071 
Avni. Y. & Tananbaum, H. 1986, ApI. 305, 83 
Baars. J. W. M., Genzel, R.. Pauliny-Toth.l.l. K., & Witzel, A. 1977. A&A.61. 

99 
Barthelmy, S. D .• Barbier. L. M .• Cummings. J. R., ef. aI. 2005. Space Sci. Rev., 

120. 143 
Bennett., C. L.. Hill. R. 5 .• Hinshaw. G .• et al. 2003, ApJS. 148.97 
Berlin, A. & Friedman. P. 1996, in 25th General Assembly of the International 

Union of Radio Science, 750 
Bersanelli, M., Mandolesi, N., Butler. R. C .• et al. 2010, A&A, 520, A4+ 
Blandford, R D. & Rees, M.]. 1975, in BL Lac Objects, ed. A. M. Wolfe, 32S-

341 
Bonavera. L., Massardi, M .• Bonaldi, A .• et aI. 2011. MNRAS, 1034 
Burrows, D. N., Hill, J. E.. Noosek, J. A., el al. 2005. Space Sci. Rev., 120. 165 
Caccianiga. A. & Marchi, M. J. M. 2004. MNRAS. 348, 937 
CapaIbi, M .• Peoi, M .• Saija, B., Tamburelli. F .• & Angelini. L. 2005, availble at 

http://beasarc.gsfc.nasa.gov/docsIswift/analysis/x.rt...swguide_vl-2..pdf 
Colafrancesco, S. & Giommi, P. 2006, Chinese Joumal of Astronomy and 

Astrophysics Supplement. 6. 010000 
Condon. J. J., Cotton, W. D .• Greisen. E. W .• et al. 1998, N, liS. 1693 
Corbett, E. A., Robinson. A.. Axon, D. J., et aI. 1996, MNRAS. 281. 737 
Costamante. L. & Ghisellini. G. 2002, A&A, 384, 56 
Cusumano, G., La Parola, V .• SegrclO. A., et al. 2010. A&A, 524, A64+ 
Donnarumma,l., Vittorioi, v.. Verce1lone, S., et al. 2009, ApI, 691. LI3 
Fiorucci, M. & Tosti, G. 1996. A&AS. 116,403 
Fiorucci, M .• Tosti. G .• & Rizzi, N. 1998. PASP. 110, lOS 
Fitzpatrick:. E.. L. 1999. PASP. 111.63 
Fonati, G., Maraschi, L.. Celotti. A .• Comastri. A.. & GhiseUini. G. I99S, 

MNRAS, 299, 433 



P. Giommi et aJ .: Simultaneous Planck, Swift. and Fermi observations of blazars 

Fuhrmann, L .• Krichbaum. T. P.. Witzel. A .• et al. 2008. A&A, 490, 1019 
Fuhrmann. L., Zensu!. J. A .• Krichbaum, T. P.. Angelakis. E., & Readhead, 

A. C. S. 2007, in American Institute of Physics Conference Series, Vol. 921, 
The First GLAST Symposium, ed. S. Ritz. P. Michelson, & C A Meegan, 
249-251 

Gehrels. N., Chincarini. G .• Giommi, P., et al. 2004&, ApJ, 611, 1005 
Gehrels, N., Cllincarini, G .• Giommi, P .• et al. 2004b, Api, 611. 1005 
Ghirlanda. G .. Ghisellini, G., Thvecchio., E . & Fosclrini. L. 2010. MNRAS, 407, 

791 
Ghisellini, G .• Celoui. A., Fossali, G., Maraschi. L .• & Comastri. A. 1998. 

Mf'.;l{AS. 301, 451 
Ghisellini. G. & Tavecchio. F. 2008, MNRAS. 387.1669 
Ghise:iini, G .• Tavecchio. F .• Foschini, L., & Ghirlanda. G. lOll, MNRAS, 627 
Giommi. P., Ansari, S. G., & Micol, A 1995. A&AS. 109.267 
Giommi, P .• Blustin. A. J •• Capalbi, M., et aI. 2006, MA. 456, 911 
Giommi, P., Capalbi. M., Fiocchi, M., et al. 2002, in Blazar Astrophysics 

with BeppoSAX and Other Observatories, ed. P. Giommi. E. Massaro, & 
G. Palumbo, 63-+ 

Giommi, P. & Colafrancesco, S. 2004. A&A, 414. 7 
Giommi, P.. Menna, M. T., & PadO\ollli, P. 1999. MNRAS. 310, 465 
Giommi. P.. Padovani, P., Polenta, G., et aI. 2012. MNRAS. in press. 

arXiv:llI0.4706 
Giomr.ri, P., Piranomonte. S .• Perri, M .• & Padov..uri, p, 2005, A&A, 434. 385 
Girole:ti, M., Reimer, A., Fuhrmann, L., Pavlidou. v., &; Richards, J. L. 2010, 

ArXiv:astro-ph/iOOI.5123 
Gold, B., Odegard, N., Weiland, J. L .• et al. 2011, ApJS, 192. 15 
GonzAlez-Nuevo, J,. ArgUeso, E, L6pez-Caniego, M .• et aL 2006. MNRAS, 369. 

1603 
G6rski, K. M .• Hivon. E., Banday, A 1, et ai. 2005, ApJ. 622, 759 
Grupe, D .• Komossa, 5 .• Leighly, K. M., & Page, K. L . 2010. ApJS. 187,64 
Hartm:n. R. C . Bertsch. D. L . Bloom. S. D .• et aI. 1999. ApJS. 123.79 
HiU. J. E., Burrows, D. N., Nouset, J. A, et al. 2004, in Society of Pbolo-Optical 

Instrumentation Engineers (SPIE) Conference Series, ed, K. A. f1anagan &. 
O. H. W. Siegmund. Vol. 5165, 217-231 

babe, T., Feigelson, E. D .• & Nelson. P. L 1986. ApJ, 306,490 
Kalberla, P. M. W .• Bunan, W. B., Hartmann, D .• et aI. 2005, A&A, 440, 775 
Komatsu, E., Smith, K M., Dunkley. J., et al. 2011, ApJS, 192, 18 
Kotilainen. J. K., Palomo, R, & Scarpa, R 1998, A&A. 332, 503 
Kovalev, Y. Y., Aller, H. D,. Aller, M. E. et al. 2009, ApJ, 696, Ll7 
Lamar.e, 1, Puget, J., Ade. p, A R, et al. 2010, A&A, 520, A9+ 
Landt. H., Padovani. P.. & Oiommi. P. 2002, MNRAS, 336. 945 
Landt. H., Padov.mi, P.. Perlman. E. 5., & Giommi. P. 2004. MNRAS, 351, 83 
Lavall~y, M .• lsobe, T., & Feigelson. E. 1992, in Astronomical Society of the 

Pacific Conference Series, Vol. 25, Astronomical Data. Analysis Software a.,d 
Sys:ems I. ed. D. M. Worrall, C. Biemesderfer, & J. Barnes, 245-+ 

Lawrence. C. R., Zucker, J. R" Readhead; A C. S., et al. 1996, ApJS, 107.541 
Leahy, J. P., Bersanelli, M .• D' Arcangelo, 0 .• et aI. 2010, A&A, 520. A8+ 
LeOn-Tavares, J., VaItaoja. E .• Chavushyan, V. H .. et aI. 2011, MNRAS. 411, 

1127 
Le6n-Tavares. J .• Valtaoja, E., Tomikooki, M .• Uhteenmll.ki, A, & Nieppoia, 

E. 2010, in Fermi meets Jansky: AGN in Radio ar.d Gamma Rays. ed. 
T. Savoiainen, E. Roo, R W. Porcas, & J. A. Zensus, 93-96 

U:6n-Tavares, 1. VallaOja, E .• Tomikoski, M., Uhteenmltki. A., & Nieppola, E. 
WII. A&A. 532, AI46 

Linford,J. D., Taylor, G. B., Romani. R. W"etal. 2011, ApJ, 726.16 
L6pez-Caniego. M., Gon.z.a:Jcz-Nuevo, J., Herranz, D., et a1. 2007, ApJS. 170, 

108 . 
L6pez-Caniego, M" Herranz, D., Gonzalez-Nuevo, J., et aI. 2006. MNRAS, 370, 

2047 
Mahony, E. K., Sadler, E. M .• Murphy, T., et aI. 2010, ApJ, 718, 587 
Mandoiesi, N., 8ersanelli. M .• Butler, R. C, et aI. 2010, A&A, 520, A3+ 
Mannucci, F., Basile. F., Poggianti, B. M., et aI. 200 I, MNRAS. 326, 745 
Marcha, M. J, M., Browne, I. W. A .• [mpey, C. 0 .. & Smith. P. S. 1996. MNRAS, 

281 , 425 
Massanti, M., Bonakli. A.. Bonavera, L , et aI. lO1la, MNRAS, 878 
Massanti. M., Ekers, R. D .• Murphy, T., et at 201lb, MNRAS. 412, 318 
Massanli, M., L6pez-Qlniego, M .• Gonzalez-Nuevo, J., et al. 2009, MNRAS. 

392, 733 
Massaro, E.. Giommi. P., Leta, C, el aI. 2009, A&A, 495, 691 
Massaro, E., Giommi, P .• Leta. C., et aI. 2010, ArXiv:astro·ph,lI006.0922 
Massaro, E., Perri, M., Giommi, P., & Nesci, R. 2004, A&A, 413, 489 
Mattox, J. R., BerlScb, D. L.. Chiang, J., et aI. 1996, ApJ. 461, 396 
Mauch, T .• Murphy, T., Buttery, H. J., et aI. 2003, MNRAS. 342, 1117 
Mennella, A., Bers.anelli. M,. Butler, R. C, et ai. 2011, A&A, 536, A3 
Meyer. E. T., Fossati, G., Georganopoulos, M., & Lister, M. L 2011 , ApJ, 740, 

98 
Moretti, A .. Campana, 5., Mineo, T., el aI. 2005, in Society of Pboco-Optical 

Instrumentation Engineers (SPlE) Conference Series, ed. 0, H. W. Siegmund., 

Vol. 5898, 360-368 
Nieppola. E .• Tomikoski, M., & Valtaoja, E. 2006. A&A, L45, 4!41 
Nilsson, K., Pasanen, M., Takdo, L. 0., et aI. 2007. A&A. 475, 199 
Nilsson, K., Pursimo, T., Heidt, J., et aI. 2003, A&A, 400, J5 
PadoVL'1i, P. 2007, Ap&SS, 309, 63 
Padovani. P. & Giommi, P. 1995, ApJ, 444. 567 
Padovani. P .• Giommi. P .• Abrah6.m, P., Csizmadia, S., & ~lo6r. A. 2006. A&A. 

456. 131 
Padovani, P., Perlman, E. S .• Landt, H .. Giommi, P.. & Perri, M. 2003, ApJ, 588. 

128 
Parijskij, Y. N. 1993.lEEE Antennas Propagation Magazir.e, 35, 7 
Peel, M. W., Gawronski. M. P .• Banye, R. A, et al. 2010. MNRAS, 1633 
Perlman. E .• Addison, B., Georganopoulos. M .• Wingert, B .• & Oraff. P. 2008, 

in Blazar Variability across the Electromagnetic SpecllUm, Proceedings of 
Science, BLAZARS2008, 009 

Pian, E,. Urry, C. M., Maraschi, L., et al. 1999, ApJ, 521, 112 
Planck Collaboration. 201 la, A&A, 536. AI 
Planck Collaboration. 2011 b, A&A, 536. A2 
Planck Collaboration. 201 Ic.A&A, 536. A7 
Planck Collaboration. 2011d., A&A. 536. Al3 
Planck Collaboration. 201 Ie. A&A, 536, AI5 
Planck HFI Core Team. 20118, A8tA, 536. A4 
Planck HFl Core Team. 201lb, A&A, 536. A6 
Poole, T. S., Breeveld, A. A., Page, M. J., et aI. 2008. MNRAS. 383, 627 
Procopio. P .• Massardi, M., Righini. S., el al. 2011, MNRAS, 417, 1123 
Raiteri. C. M., Villata, M., Capetti. A.. et al. 2009, A&A. 507, 769 
Raiteri, eM .• Villata, M., Lanleri. L., Cavallone. M., 8t Sobrito. G. 1998, 

A&AS, 130,495 
Richards. 1. L., Max-Moerbeck, W .• ·Pavlidoo. V .• et al. 2011. ApJS, 194. 29 
Ronting. P. W. A., Kennedy, T. E., Mason. K. 0,. et al. 2005, Space Sci. Rev., 

IW. 95 
Rosset. C., Tristram. M .• PontJrieu, N., et al. 2010, A&A. 520. A13+ 
Sambruna, R. M., Maraschi, L , &. Uny. C. M. 1996, ApJ, -«;3,-l44 
Scarpa. R., Urry, C. M,. Falomo, R" Pesce, J. E., & Treves, A. 2()(x). ApJ, 532, 

740 
Schlegel, D. J., Finkbeiner, D. P.. & Davis, M. 1998, AP]. ~OO. 525 
Shaw, M. S., Romani, R W, Cotter, 0 .• et a!. 2010, in Bulletin oCthe American 

Astronomical Society. Vol. 42, American Astronomical Society Meeting 
Abstracts 215, 434.12-+ 

Shaw, M. S., Romani, R. W .. Healey. S. E., et aI. 200'), ApJ, 704, 477 
Stickel, M,. Padovani, P., Urry. eM., Fried, 1, W., & Kuehr. H. 1991. ApI, 374, 

GI . 
SlOCke. J. T .• Danforth, C. w .. & Perlman, B. S. 2011 . Api. 732. 113 
Stocke, J. T., Morris, S. L. Gioia, I. M.,et aI. 1991, ApJS, 76, 813 
Stratta, G .• Capalbi, M .• Giomn:ri. P.. et aI. 2011, ArXiv:astro-pl:-ll103.0749 
Tauber. J. A., Mandolesi. N .• Puget, J .• et aI. 2010. A&A, 520, A 1+ 
Tertisranta, H., Tomikoski, M .. Mujunen, A., et aI. 1998. A&.AS, 132,305 
1b(foJatti, L., Argueso Gomez, F .• de Zorn, G., et aI. 1998. MNRAS, 297, 117 
Tramacere. A, Giommi, P., Pem, M., Verrecchia, E, & 'Tosti. G. 2009, A&A, 

501.879 
Thcci, M., Toffolatti. L, de Zotti, G., & Martfnez-GonzaIez. E. 2')1 1, A&A, 533, 

M7 
Un')'. C M. & Padovani.P. 1995. PASP. 107. 803 
Urry, C. M .• Scarpa. R.. O'Dowd, M •• et at '2000, ApJ. 531, Sif 
Vagnetti, E, Turriziani, S., l'revese, D., & Antonucci, M. 2010, A&A, 519. A17+ 
Vanden Berk, D. E., Richards, G. T., Bauer, A., et aI. 2001, AJ, 122, 549 
Ve:rcellone. S .• Chen, A. W., VitlOrini, V., et al. 2009, ApJ, 690,1018 
Verkhodanov, O. V. 1997, in Astronomical Society of the Pacifie Conference 

Series, Vol. 125. Astronomicw Data Analysis Software and SysleJr.s VI, ed. 
O. Hunt & H. Payne, 46-+ 

Venneulen, R. C., Ogle, P. M .. Tran, H. D., et aI. 1995, ApJ, 452. U + 
Villata, M .• Raiteri, C. M., lanteri. L., Sobrito, G., & Cavallone, M. 1998, 

A&AS, 130,305 
Voges. W., Aschenbach. B .• BoIler,'T" et aI. 1999. A&.A. 349,389 
von Montigny, C., Bertsch, D. L., (biang, J., et al. 1995, ApJ. 440. 525 
Weekes, T. C. 2008, in American Institute of Physics Confere:lCC Series, Vol. 

1085, American 'lnstitute of Physics Conference Series, ed. F, A. Aharonian, 
W. Hofmann, &; F. Rieger, 3-17 

Wright, E. L., Chen, X .• Odegard. N., et aI. 2009a, ApJS, 130, 283 
Wright. E. L., Chen, X., Odegard, N., et aI. 2009b, ApJS, 180.283 
York. D. G., Adelman. 1 , Anderson, Ir .• I. E., et al. 2000. AJ, 120, 1579 
Zacchei, A. Maino, D., Baccigalupi, C .• et al. 2011, A&A. 536, AS 

25 



P. Giommi et at.: Simultaneous Planck. Swift. and Fermi observations ofblazars 

J001D+1058 _ III ZW2 

Q .. 
.' 

7L-~~lO~~----~~'5~~----~!~~~----~~~ 
Log Frequency v (Hz) 

JOO35+5950 - 1 ES 0033+595 

Q .. 
II 

.' • .l-

t -t ' ''-... · .. 04· . 

~L-~~lO~~----~~,5~~----~=~~~------~ 
I.JJg FreqJ80Cy v (Hz) 

e .. 
l-,t , 

/ 

JOl20-2701 - 1Jy0118-272 

, ~ 
..i:""''''+ i, 

; 

~L-~1~O~------~'~5~------~~~~~----~~~ 
Log Frequency v (Hz) 

1: 

Q .. 

JOO17+8135 - 55 0014+813 

• .. . . \ ' , 
, 

1 

1 

~L-~~lO~~------~'5~~------~~~-------~;-J 
Log Frequency v (Hz) 

JOO48+3157 - Mkn 348 

Q , 

• • 
, . 

~L-~=lO~~----~='5~~------~~~-------~=-J 
Log Ff6(JJef'oCy v (Hz) 

J0136+4751 - 54 0133+47 

Q .. 
, ~ 
E -o , 

~ 

" L . .. 

~L-~~'0~------~T.15~~----~2=O~~----~2T.5~ 
Log Frequency v (Hz) 

Fig. 24. The SED of lIIZW2 (10010+ 1058, top left), S50014+813 (JOO17+8135, top right), IES 0033+595 (J0035+5950, middle 
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Simultaneous data are shown in red; quasi-simultaneous data, i.e. Fermi data integrated over 2 months, Planck ERCSC and non
simultaneous ground based observations are'shown in green; Fermi data integrated over 27 months are shown in blue; literature or 
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Fig. 27. The SED of PKS 0426-380 (10428-3756, top left), 3C 120 (10433+0521, top right), PKS 0454-234 (10457-2324, middle 
left), PKS0521-36 (10522-3627, middle right), PKS0528+134 (10530+1331, bottom left), and PKS0537-441 (10538-4405, 
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Fig. 29. The SED of OJ 535 (10824+5552, top left), 4C 71.07 (J0841 +7053, top right), PKS 0851 +202 (J0854+2006, middle left), 
B20912+29 (J0915+2933, middle right), 540917+44 (10920+4441, bottom left), and PKS0921-213 (J0923-2135, bottom right), 
Simultaneous data are shown in red; quasi-simultaneous data, i.e. Fermi data integrated over 2 months, Planck EReSe and noo
simultaneous ground based observations are shown in green; Fermi data integrated over 27 months are shown in blue; literature or 
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Fig.30. The SED of 4C55.17 (J0957+5522. top left), IH 1013+498 (JlOI5+4926, top right), lRXSJ 105837.5+562816 
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left). ON231 (JI221+2813; middle right), PKS 1219+04 (Jl222+0413, bottom left), and 3C273 (Jl229+0203, bottom right). 
Simultaneous data are shown in red; quasi·simu)taneous data, i.e. Fenni data integrated over 2 months, Planck ERCSC and 000-

simultaneous ground based observations are shown in green; Fermi data integrated over 27 months are shown in blue; literature or 
archival data are shown in light gray. 

34 



P. Giommi et al .: Simultaneous Planck, Slt:i/t, and Fermi observations ofblazars 

o ., 

, 

, 
. -.. 

.' 
" 
•• 

J1246-2547 - PKS 1244-255 

"1."' ... . + 
+ .. .. ... , ' ....... l ' 

, L-~~lO~------~~'5~------~~=---------~~=-J 
log F'8(JIeocyv (HZ) 

o ., 

• 

....... 
l .. 

JI256--0547 - 3C 279 

.. 

~L-~t'O~------~~'5~------~~~~------~~=-~ 
Log Frequency v (Hz) 

J1310+3220 - lJy 1306+326 

.' 
,c'" 
• l 

• 

1L-~t'O~------~t'5~------~=20~------~=~~ 
Log Frequency v (Hz) 

o ., 
JI248+5820 - PG 1246+586 

... .. 

1L-~~lO~--------'~5~------~OO=---------~~~ 
Log FfeqUencyv (Hz) 

... 

• 
.j. 

.j. 

1!ot' 
.j. 

I 

JI305-1033 - lJy 1302-1C2 

1L-~t'O~------~~'5~------~~=---------~~~ 
Log Frequency v (Hz) 

J1350+0940 - GB6B 1347+0955 

o 
'; 

1 L..-~l"O~------~'''''~------"-;20:::--~------''''~o--J 
Log Frequency" (Hz) 

Fig. 33, The SED of PKS 1244-255 (J\246-2547, top left), PG 1246+586 (Jl248+5820, top right). 3C 279 (J\256-0547, middle 
left), lJy 1302-102 (Jl305-1033, middle right), lJy 1308+326 (J1310+3220, bottom left), and GB6B 1347+0955 (J1350+0940, 
bottom right). Simultaneous data are shown in red; quasi-simultaneous data, i.e. Fermi data integrated over 2 months, Planck 
ERCSC and non-simultaneous ground based observations are shown in green; Fermi data integrated over 27 months are shown in 
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Fig.34. The SED of IWOAJ 1407.5-2700 (J1407-2701. top left) and of 3C298.0 (J1419+0628. top right), CS0643 
(J1423+5055, middle left), of PO 1424+240 (J1427+2348, middle right), IRXSJ 145603.4+504825 (11456+5048, bottom left), 
and PKS 1502+ 106 (J 1504+ I 029, bottom right). Simultaneous data are shown in red; quasi-simultaneous data, i.e. Fermi data inte
grated over 2 months. Planck ERCSe and non-simultaneous ground based observations are shown in green; Fermi data integrated 
over 27 months are shown in blue; literature or archival data are shown in light gray. 
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Fig. 35. The SED of BZQJ 1507+0415 (Jl507+0415. top left), 4C-05.64 (Jl51O-0543, top right). APLib (Jl517-2422, middle 
left), PG 1553+113 (Jl555+llll, middle right), WE 1601+16W3 (J\603+1553, bottom left), and OS -237.8 (Jl625-2527, bottom 
right). Simultaneous data are shown in red; quasi-simultaneous data. i.e. Fermi data integrated over 2 months. Planck ERCSC and 
non-simultaneous ground based observations are shown in green; Fenni data integrated over 27 months are shown in blue; literature 
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Fig.36. The SED of 4C38.41 (Jl635+3808, top left), NRA0512 (Jl640+3946, top right). 3C345 (Jl642+3948, middle left), 
Mkn501 (J1653+3945, middle right), ARP 102B (Jl719+4858, bottom left), and lES 1741+196 (J1743+1935, bottom right). 
Simultaneous data are shown in red; quasi-simultaneous data, i.e. Fermi data integrated over 2 months, Planck ERCSC and non
simultaneous ground based observations are shown in green; Fermi data integrated over 27 months are shown in blue; literature or 
archival data are shown in light gray_ 
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t 1Bble 6. Elfel,berg data. 

,..- -''I"u). ok:woll)' f"lux dt. .. W I} HuJt. OOL'lil), "'w. J<:I'-'>It,. FlUJt.lGSIIY ' -IlIA """Sll)' .. l uA ,Jall'lly 

2.64GHz • . 85GHz IL35GHz IO.450Hz 14.600lh 23.OSGHz 32.00GHz 
(Jl) (.I~) (Jr> (ly) (It 

691?,.o.0I 1 1.'.6hO.oll 1.649±O.022 1.79O±Q.oztI 1.86:1:.( 
J02I7+0144 PKS02LS+O I S 20 1 ~1·3 1 O.964±O.OIO 1.3 IS:l:D.Ol I 1.74O±OD7.1 1.878:+D.026 1.85=':0.07 l .n:+:O.08 1.47.tO.I] 
J0237+2848 4C28.01 2010-0] · ] 1 2.838.+.0.029 2.670±0.Q23 2.53:+:0.04 2.46:U>.04 2.33:tO.09 2.17tO.10 
J0238+1636 PKS 0235+ 164- 2OJ{)"'o1·31 1.254:0.013 1.165:1:0.010 1.073±O.015 I .037±O.OI~ 0,98±O.04 1.06:1:0.06 1.23±O.1l 
JOS3tM 1331 PKS 0528+134 2009-08·29 3.1913:0,028 2.S86±O.02S 2.38±0.07 2.l 9:t.O.09 1.73:t{1.06 1.48J:O.09 1.O4±0.03 
J0530+ 1331 PKS 0528+ 134 2009-09-28 2.n9±O.024 2.34±O.03 2.1 5±0.03 1,99:1Q.OS 1.62±O.05 1.5I ±O.0:; 
JOS30+1331 PKS 0528+ 134 2009-11-03 3.219:0.027 2.980±O.027 2.33±O.04 2.15±O.03 1.88±O.05 I.S7±O.06 1.32±0.05 
JOS30+ 1331 PKS 0528+ 134 2010-03·01 3.128:1:0.029 2.639:1:0.024 2.13:1:0.03 1.93:t:0.03 
10530+1331 PKS0528+134 2010-03·31 1.36.:1:0.09 
J0854-+-2oo6 PKS0851+202 2009- 11 ·03 1.448:t:O.012 2.258±0.020 4.O4±O.07 5.14:t:0.08 6.61.:1:0.19 7.75±0.28 7.71±0.24 '" 10854-t·2oo6 PKS0851+202 200~· 1I · 1 6 2.475±0.021 5.62±0.08 6.86.:1:0.19 8.9±0.3 9.0±0.3 

~ 10854+2006 PKS0851+202 2010-Q4-01 2.249~.021 3.88:t:O.03 6.3I:t:O.08 7.02±O.12 7.22:t0.22 7.2±0.3 6.89±0.27 
J0854+2006 PKS0851 +202 2010-05·02 2.19:t:O.03 3.7 I±O.04 S.03:1:0.07 S.22:t:O.08 '-44:1:0. 14 5.13±0.25 4.66±O.IS ~. J0854+2006 PKS 0851 +202 2010-05·24 2.291 :0.021 3.S6:t:O.03 4.39:1:0.06 4.20±o. 12 2.98±0. 1O 2.08±O.20 
JII04+3812 Mkn 421 2009·11 · 15 0.680:l:0.00t'i O.56 I±O.OOS OA34 :1:0.007 0.383±0.009 0.230 :1:0.009 :I 
Ji I04+3812 Mkn421 2009-11 -28 0.674:1:0.006 O.S72±O.OIO 0.473:1:0.006 0.44:!:{).04 

~ JII04+38 12 Mkn 421 2otO-Ol..Q4 0.713:1:0.007 0.573±O.005 0.484±O.007 0.448±OJJ07 OAIS:+.0.011 . 0.39~0.05 0.393±O.014 
11104+3812 Mkn42 1 2010--02·28 0.73:1:0.09 036 1:1:0.005 0.447::1:0.007 0.426±O.019 '" 11104+3812 Mkn 42 1 20 ,C><)4.()2 0.683:0.007 O..584~.005 0.498::1:0.006 0.461=<1.0 10 I Jll04+3812 Mkn42 1 2010-05-02 0.690:0.019 0.575±0.00t'i 0.495±O.006 0.459:t:O.008 OA18:kO.013 
Jl104+3812 Mkn42 1 201O-OS-24 0.701±0.006 O.60hO.OO6 0.514:t:O.007 0.433±O.0 13 
Jl217+3007 PKS 1217+02 2010-05-24 Q.479.t0.OO4 O.425±O.OO4 0.379:tO.OO5 0.368±0.006 0.327:1:0.024 
112 17+3007 PIeS 1217-+-02 2010-()6.21 O.473±O.OOS O.399.tO.OO4 0.357:1:O.oos 0.328:1:0.0 15 O.296±O.Ol I 0.263:1:0.0l3 ~ 
J 1229-+-0203 JC273 201().()2'()1 46.7:kO..5 39.7±O.3 33.6:1:0.4 31.5:t:O.5 28.0±0.9 2S.7.tI.l 2S.6±2.3 .. 
JI2S6-OS47 3C279 201().()2'()1 8.73±O.og 8.99±O.08 9.72±O.12 10.28±O.20 1J.2:tO.4 14.0±0.6 IS.5:1: 1.4 § 
J1 256-OS47 3Cm 201().02·28 8.6bO.08 8.99±O.08 9.7 I±O.14 10.25=<1.1 7 11.1:10..5 12.4±O.6 15.7:!:O.6 
J1256-0547 3CV, 2010-06-26 8.16±Q.08 8.90±O.08 10.30:1:0.14 1O.39:t:0.16 12.1:1:0.8 9.8±OA F-
JI310-+-3220 LJy 1308-+-326 2009-11 ·28 0.946:1:0.008 1.391 ±O.OIl 1.96±O.06 2.39:tO.OS 2.57:1:0.1 3 ~ J 1635+3808 4C 38.41 2010-02·28 3.04S±O.028 3.4S:I:O.03 3.80±O.06 3.95±O.08 4.01:1:0.17 :iO' Jl635-+-3808 4C 38.41 2010-04-02 3.100:1:0.029 3.S2±O.03 3.63:1:0.05 3.74±O.1l 3.54:1:0.10 3.06:rO.l O 
J I642+3948 3C 345 2010-03'()1 6.96:1:0.06 6.98:!:{).07 7.44:1:0.1 1 1.58±O.13 7.6:1:0.3 6.17:1:0.22 8. J I653+3945 Mkn SOI 2010-03.()1 1.'03:10.014 1.435±O.014 1.332:t:O.020 1.252±O.021 1.15:1:0.05 
J I653+3945 Mkn 50' 2010-05-02 1.543:1:0.021 1.443:1:0.014 1.341±0.011 1.258±O.01S 1.179:1:0.029 1.03:1:0.05 0.89±O.06 :l' 
J1653+3945 MLm50' 2010-05·25 1,558:1:0.014 1.458:t:O.014 1.333±0.011 1.13±0.03 0.774:1:0.028 0.55±O.07 ~. J1653+3945 Mkn501 2010-06·27 L592±0.016 1.504:1:0.0 13 1.415±0.0I9 1.347±O.023 0.80±0.03 
11800+7828 S51803+784 2009-09-28 2.069:t:O.0IS 2.31±0.03 2.39±O.04 2.43:1:0.06 2.19:1:0.08 2.16±O.09 f 11800+7828 S51S03+784 2009-1 1·()4 1.950:1:0.017 2.111 ±0.011 2.36±0.03 2.44:10.04 2.56:kO.l3 
12202-+-4216 BLl.o<o 2009-1 1·28 3.79:1:0.04 4.26±O.05 4AO±0.07 4.55:1:0.14 4.11:1:0.16 4.21±0.15 • 12202+4216 BLLae 2009- 11 ·29 4.36:1:0.12 4.03:1:0.13 3.SS±0.12 e. 
12202+4216 BLLae 2010-01-03 3.58:1:0.04 3.76:1:0.03 3.95:1:0.05 3.96:10.06 3.S6±Q.1O 3.71±0.19 3.5 1:1:0.13 0 

~ 12202+4216 BL Lae 2010-01-04 3.48:1:0.17 2.77±Q.08 
S, 12202+4216 BL ue 2010-05-25 3.31:1:0.03 3.83±0.04 4.30±0.06 4.31:0.13 3.94:0.14 3.S:t:O.5 

m02+4216 BL Lruo 2010-06-27 4.63:0.04 4.86±0.06 5.34±0.08 5. 17:1:0.19 4.62:1:0.29 4.7±0.5 

f J2203+3145 4C3 1.63 2009- ](-30 2.323±0.020 2.64±O.O5 258±0.06 2.64:1:0.09 2.75±0.09 
J2253+1608 3C454.3 2OQ9-11-28 I t.63:tO.10 9.68:1:0.08 8.13:1:0.10 8.05::1:0.1 3 8.5.:1:0.3 15.1±O.5 
J2253+1608 3C4S4.3 2009- 11 -29 11.10: 0.10 9.69:1:0.08 
J2253+ 1608 3C4S4.3 2010-01-03 11 .53tO. 12 9.13±O.08 9.07±Q.12 9.28:1:0.15 10.48;:0.21 16.6±O.8 21.2:1:0.7 
J2253+ 1608 3C4S4.3 2OIQ..OS·23 I l.5hO. 13 11.75:1:0. 10 15.6±O.5 Ul.O±O.9 21..5%2.6 19.6±1.5 21.1:1:2.0 
J2253+1608 lC4S43 2010-06-27 lL46.tD.1I 12.22:0. 11 16.16±O.22 19..53:t:0.26 23.4:1:0.9 26.8:1:1.1 21.8:1:1 .0 
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Tablt 7. lRAM d.t •. 

Flux density flux dat&lry 
86.2GHz 1-42.30Hz 

12000,0 name Sa=",,,,, Obs. date (Jl) (J~) 
J0217+0144 PKS0215+015 2010-02:01 \.91::1:: O.lB 2.0 ::1::. 0.4 
J0237+2848 4C28.07 2010-02-0] 1.491 ::1:: 0.017 1.27::1:: O.OS 
J0238+1636 PKS0235+164 2010-02-01 1.87::1:: 0.13 1.92::1:: 0.27 
J0238+1636 PKS 0215+ 164 2010-07·29 1.46::1:: 0.22 1.6 ::1::0.4 
10238'1'1636 PKS 023'+ : 64 2010-08-02 \.45 ::1::0.16 1.49::1:: 0.27 
10238+1636 PKS02J5+I64 201Q..08...24 1.39::1:: 0.13 1.33:1:0.13 
10433+0521 3C120 201()..Q3...01 1.864*0.016 1.0'34:1: 0.00: 
J0530+1331 PKS 0S28+ 134 2000<)8.27 1.58 *0.10 1.22:1:0.10 
J0530+1331 PKS 0528+ 134 2010-03-22 0.81 ± 0.14 0.S2:1: 0.09 
JOS30+1331 PKS OS28+ 134 201Q.09-20 0.88 ± 0.12 0.57:1: 0.06 
J0818+4222 S40814+425 2010-10-22 0.84 ± 0.10 0.94:1: 0.2j 
J0854+2006 PKS OB5 1+202 2010-01-22 6.0::1::0.6 5.0 :1:0.5 
J0854+2006 PKSOs51+202 2010-04-26 3.95::1:: 0.17 3.12::1: 0.29 
11104+3812 Mkn421 2010-04-26 0.6::1: 0.1 0.38 :t O.OS 
JlI04+3812 Mkn421 201Q.05.31 0.50 :1: 0.06 
1l256-0S47 3C279 201().{)1-31 13.7 :t0.6 12.5 ± 1.8 
11256-0547 3C279 201()..{)6...14 16.6:t 1.1 12.3 % 1.4 
J1256-0.547 3C279 2010-06-17 13.4 ± 0.8 10.4:1: 1.1 
Jl2S6-0547 3C279 2010-07-01 13.9 ::I:: l.l lL2:!: 1.6 
J1256-0547 3C279 2010-07-05 14.44::1:: 0.22 12.0::1:: 0.5 
1IS04+1029 PKS 1502+i06 2010-08-02 0.7::1::0.3 0.49 ± 0.17 
1IS04+t029 PKS 1502+ 106 2010.08-24 0.9 ± 0.4 0.53:t 0.10 
Jl635+3808 4C18.41 2010-03-22 3.31 ± 0.23 2.7 :I: 0.4 
JI635+3808 4C38.41 W'<><J8.02 3.46:t0.27 2.9:1:0.4 
J1635+3808 4C38.41 201().()8·24 3.58:t 0.:8 3.05 % 0.28 
11642+3948 3C345 201()'{)3-22 5,{)4 * 0.20 3.9::1: 0.4 
11653+3945 Mkn"" 2009-08-27 0.51 :t 0.09 
Jl653+3945 MknSOI 2010-03-22 0.70::1:: 0.14 0.56 ::1:: 0.10 
JI653+394S MknSOI 2010-04-28 0.78 ± 0.15 0.S79::1: 0.004 
J\653+3945 Mkn501 2010-05-31 0.81::1:: 0.07 0.666 :t 0.026 
Jl65~3945 Mkn50J 2010-07-01 0.94:!: 0.29 0.93 J: 0.04 
Jl6S3+3945 _501 2010<JII.<I2 0.S7 :to.19 0.72:t: 0.18 
J16S3+394S """50' 2010-08-Z" UM):!:O.2S 0.80%0.16 
H653+3945 Mkn501 2010-10-23 0.789:t 0.019 0.746 % 0.018 
J2202 .... 216 BL,"" 20lO-OS-31 5.0 ± 0.6 4.2 * 0.8 
12202+4216 BL,"" 2010-07-01 6.5± l.0 7.9:t 1.8 
12202+4216 BL"'" 2010-06·08 5.58 ± 0.19 5.s:t 0.5 
12202+4216 BL"'" 2010-06-17 5.7 ± 0.5 5.6 ::1:0.7 
J2202+4216 BLLac 20l()..()6...21 6.8:t 1.0 7.7 % 1.2 
J22S~1608 3C4S4.3 2009-1:-21 31.3:tO.6 3ZA* 1.3 
J2253+I608 3C4S4.3 201O-OS-31 31 .4±0.9 21.3:1: 2.6 
J2253+1608 3C4S4.3 201 G<J6.<)8 25,66±0.24 19.7 ±0.4 
J2253+1608 3C4S4.3 201D-06-17 26.0 ± 1.4 22.2:t 2.5 
J22S3+1608 3C4S4.3 2010-06-21 28.8 :!: 1.1 28.2:!: 2.2 
J2253+1608 3C4S4.3 2010-07-01 2~ . 1l ::I:: 0.07 26.3:!: 0.9 
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~ Thbh: 8. Planck data integrated over a single survey during the Swift observations. 

Hux dCrunty -Flux density folux density PlUI density Flux density Piux denSity "lux density F1ux density Hux dCllllity 
300Hz 44 0Hz 700Hz 1000H7. 1430Hz 2 17 CIlz 3530Hz 5450H7. 8570Hz 

J2000.0 name SOIll'Cc: fWTlC Start Obs. date: End Obs. Date (Il) 2.~.21 (Jl ) (J,r) (Iy) Or) C!l) (~ (Jr.) 
0010+1058 IllZW2 2010-07-04 2010:67·13 2.S9±O.t3 1.74:1.0.20 I.S8:tO.08 1.09:1.0.05 0.71,,0.03 O.54±O.ll 1.02 .20 < 1.55 
00 17+8 135 850014+813 2010-09-18 2Ot().1()..(] I <0.53 <0.74 <0.64 <0.34 <0.20 .:0.19 <1.43 <1.75 <3.17 
0035+5950 I ESOO33+5~ 2010-01-25 201<J.m,.()2 <0.7 1 < 1.14 <0.81 <0.33 <0.19 <0.33 <0.91 <3.28 <8.48 
0048+3157 """34' 2010-01-14 2010-01-21 <0.69 <1.04 <0.70 <0.34 <OIl 024:tO.05 <().51 <1.04 <0.88 
0 120-2701 lJyO I18-·2n 2009-12-15 2009-12-27 0.75:10.13 <0.88 <0.7 ' O.6l:tO.08 0.40:1.0.05 033zO.05 0.41 :1:0.08 <0.59 <0.62 
0 136+415 1 540133+47 2010-01-29 2010-02-OS 4.33±O.IS 3.80:tO.23 3.48:l:D.l7 3.24:*:0.01 2.40:1:0.05 2.02zO.04 1.66:1:0.09 1.45zO.16 <1.03 
0204- 1701 PKS 02Q2-1 7 201<W1-03 2010-01-18 0.91:1:0.13 <0.89 0.7210.17 0.5UO.09 0.37±O.O5 O.lB:t,O.()4 <0.5 1 <1.04 <1.72 
0210-5101 PKS0208- 512 2009-11 -23 2009-12..Q1 2.06±il.12 2.28;1;0.20 1.9410. 15 1.4B±O.07 1.09±O.05 0.7B;I;O.04 0.48±O.03 <0.49 <0.52 
02 1~+5144 GB6J0214+5145 20 10-02-O~ 2010-02- 11 <0.54 <0.85 <0.81 <0.35 :0.17 <0.1 9 <0.51 <1.()4 <1.72 
0217+7349 Uy 0212+735 2010-09-11 2010-09-21 2.B41O.15 2.05±0.21 1.67±0.18 1.3O±0.09 0.B2±O.06 0.64±0.08 <1.43 <2. 15 <3. 17 '" 0217+0144 PKS0215+015 2010-01-22 2010-0 1-29 1.9910.14 t.82±O.26 1.92±0.19 1.79",0. 11 1.3310.05 1.23",0.06 0.98±0.09 0.74±O.16 <0.76 Cl 
0221+3556 Uy 021B+357 201 0-0B-16 2010-08-23 1.131O.l3 0.9410.22 <0.67 0.70;1;0.10 0.48±0.06 0.37: 0.05 0.45:0.11 :1.75 <0.B5 o· 
0237+2848 4C28.07 2010-02-03 2010-02-09 2.07±0.14 2. 1I ±0.25 1.54±O.16 1.3B.:I:0.08 0.9S±0.05 0.59±O.05 0.49;1;0.09 <0.73 <1.72 a 
0238+1636 PKS 0'235+ 164 · 2010-02-01 20 1~-O7 1.I4±0.15 L21±0.2S 1.4710.19 1.47%0.08 1.05±0.05 0.82:1:O.0!5 0.63±0.08 <O.!59 <1.08 ~. 
0319+4130 NGC' I11' 201O.()8..29 201009-04 16.51:t.0.J8 13.27:i{).27 9.76±O.26 9.12:1:0. 11 6.75 ..1.0.07 4.S<i±O.09 3.25±0.14 2.67%0.22 2.09:tO.JO !l 
0334--4008 PKS0332-4Q3 2010-01- 11 2010-02-02 2.16±O. 18 2.06:1:0.20 1.4O:tO.l7 1.52±O.Q7 1.24:1:0.04 0.822.0.03 0.65:1:0.06 0.71±0. 11 <0.51 e. 
0336 .. 3218 NRAO I40 2010-08-23 2OIQ..OCH)3 2..Q8±O.23 2.1!5:t0.31 J:/8±02S 1.46:tO.l5 1.19±O.09 0.73.10.11 <1.43 <1.75 -<:3.1'1 .. 
O4U-{) I20 PKS04~1 2OIJ9.<)8-28 2009-09'()3 7.S4:tO.18 7.61:1:0.30 6.04±O.23 6.DO±O.J 1 5.l6:tO.06 3.69:0.08 2.57:tO.l4 2.3b02S 1.84:1:.0.41 r 0428-3756 PKS0426-380 201o-oJ-16 201()-{)8-26 2.91:0.13 2.67±0.21 1.97:1:0.19 1.09.10.09 0.96:1:0.06 O.65±O.OS 0.51:1:O.os <0.64 <0.65 
0433+0~;:l l 3C 120 201O-m.-24 2010-03-01 2.5HO.IS 2.04±O.29 1.35±O.21 1.63:EO. 10 1.35:1:0.07 0.83%0.06 <0.55 <1.06 <1.98 

~ 0457-2324 PKS 0454- 234 2010-02-27 2010-03-05 2.08:1:0.1 6 1.96:1:0.26 1.67:1:0.21 1.44±O.lO 1.19±0.05 0.80: 0.05 0.62±0.12 0.72±O.16 <CJ.7 1 
0522-3627 PKS0521-36 2010-03-03 2010-03-14 5.31 ±O.l4 4.6H O.23 4.60±0.18 4.70±0.09 3.13±0.05 3.3li-Q.06 2.20.tO.1O 2.34.:1:.0.15 1.81:1:0.21 

~ 0530+1331 PK5 0528 .. ·134 2009-09-15 2009-09-20 I.B3±O.24 2.19:1:0.32 1.29±0.21 1.15.:1:0.14 0.87±0.OB 0.60:1:0.11 <0.51 < 1.04 <1.72 
0538-4405 PK50537-441 2010-03-07 2010-03-22 7.25±0.17 6.78±0.23 7.07±O.17 6.95:1:0.08 5.13±0.04 4.68:t.Q.06 3.77±0.1O 3.37: 0.15 2.26:1:0.29 .. 
0539-·2839 Uy0537- 286 2010-03-0S 201Q-()3-19 l.l H.Q. 14 1.19:0.24 <0.70 0.66:1:0.09 0.37±0.05 O.24±O.O~ <0.36 <OSI <1.72 

.[ 0550-3216 PK50543- 322 2010-03-11 2010-03-22 <0.71 <1.04 <0.81 <0.37 <0.19 <0.21 <0.48 ·-:0.57 <0.87 
0623--6436 IRAS-L06229-643 2010-08-13 201Q.09..()9 0.S7:1:O.09 1.40±0.21 0.67±0.08 0.47±0.05 <0.21 <0. 19 <1.43 < 1.75 <3.17 
Q13S+ 1742 PKS 0735+ 11 2010- 10-10 201Q..I()"17 0.89:1:0. 15 <1.09 <Q.U <0.31 <0.21 <0.19 <1.43 < 1.75 <3.17 ~ 00-46+2549 B2.20743+2!5 2010-10- 11 201().. 10-17 <O.n <1.07 <0.81 <0.31 <021 <0.19 <1.43 <1.75 <3.17 :s 0818+4222 540814 .... 25 2010-10-15 2010-10-21 ' .B2±O.17 1.3!w).1.7 <0.86 <0.31 <021 <Q.19 <1.13 <1.75 <3.17 
0824+5552 OJ 535 2010-0]-26 201 ""'"'" <0.66 -d .06 <O~I <0.34 O.30:iD.05 <0.23 <0." <0.89 <0.87 § 
0841+7053 4C71.07 2010-03-16 2010-03-27 2.84:1:0.15 3.2.5:1:0.27 2.52:1:0.21 3.OS:f:O.09 2.09±C.05 1.40±0.05 0.95:1:0.<» 0.76:lQ.13 <0.10 Q. 

0854+2006 PKSOS51+202 201Q.04-IS 2010-04-22 8.48:1:0.16 8.60:1:0.31 8.11:1:0.23 3.54:1:0.1 0 2.93±0.06 2.24:1:0.05 1.81:1:0.12 1.80:l{l.15 1.38:1:0.20 :l' 
0915+2933 B20912+29 2010-10-28 2010-11-04 <0.66 < 1.04 .... 0.81 <0.31 ..:0.21 <0.19 <1.43 < I." <3. 17 ~ . 0920+4441 540911+44 2009-10-25 2009-11-01 2.5S±0.16 2.09±0.26 1.89:1:0.21 1.84:tO.09 1.51:EO.06 1.16±O.OS 0.91±0.09 0.88±0.IB 0.84:tO.18 
0923-2135 PKS0921-21 3 2010-05-04 2010-05-12 <0.53 <0.90 <0.60 <0.37 0.30±0.05 0.26:t.Q.05 0.42±0.1O <0.89 <0.87 g. 
09!57+5522 . 4C55.17 2009-10-26 2009-11 -03 (22.:1:O.1!5 < 1.04 <0.77 0.Sb :O.09 0.39±0.05 0.27±0.05 <0.38 <1.04 <0.85 ~ 1015+4926 IH 1013+498 2010-04-18 2010-04-28 <0.71 <1.04 <0.81 <0.30 <0.19 ~0. 17 -:0.48 <0.89 <0.87 • I OS8+5628 1RXSJ 10!5837.!5+562816 2010-04-19 201Q-()5-O] <0.6.'i <1.02 <0.77 <0.37 <0.19 <0. 16 <0.48 <0.89 <0.87 =. 
l{)!58+0133 4CO I.28 2009- 12-07 2009-12- 16 6.07±O.14 S.64±O.23 4.51±0.l7 4.19;1;0.08 3.25±0.05 2.!55±0.05 1.63±O.09 1.37:0.14 0.98±0.17 0 

" H)!5S-S003 PKS 1051- 79 2010-0&-27 2010-09-13 2.O5±O.14 2. 14:EO.21 1.81:tO.16 1.86±O.08 1.21:1:0.04 0.74±O.04 056:tO.08 <0.58 <3.17 • 
0 

1104+3812 Mkn421 2009- 11-15 2009- 11-24 <0.>2 <1 .04 <Q.81 Q.4O±O.09 <0.24 <0.23 <0.51 <1.04 d .72 ~ 

11 27-I ~, PKS 1124- 186 2010-06-10 201{).()6.20 1.63:tO.l4 1.39:1:0.26 O.86±O.20 1.18:1:0.09 O.91:1:O.D4 0.79:0.04 0.14:1:O.1Q <0.65 <0.96 f 1130-1449 PKS 1121- 14' 2009-12-27 2010-01-04 3.S8±0.14 3.38±O.28 2.83:1:0.19 2.49:1:0.08 l.77±O.05 1.202:0.05 O.97±Q.IO 0.89±O.15 0.81:1:0.17 
1131+3114 B211 28+31 2009-11-26 2009-12-05 <0.71 <1.04 <0.81 <0.34 <0.19 <0.21 <0.51 <1.04 <1.72 
11 36+7009 551 133+104 2009-10-27 2009-11-05 <0.71 <1.04 <0.73 <0.35 <0.22 <0.21 <0.51 <1.04 <1.72 
1147-381 2 PKS 1144-]79 2010-06-25 2010-07-08 1.29:1:0.15 < 1.1 0 0.99:1:0.19 1.91:1:0.08 1.53±O.04 1.29:Hl.05 l.04±O.09 0.85: 0.16 <0.17 
115).14931 4C49.22 2009-11-16 ZOO9-11-26 1.03±0.15 1.23:1::0.25 0.96±O.20 O.70±O.09 0.51:1::0.05 0.29: 0.06 <0.51 <1.04 <1.72 
1159+2914 4C29.45 2010-05-31 2010-06-11 1.35±0.14 1.41 ±0.22 0.80±0.16 1.!5 l tO.08 1.24.:1:0.05 0.99:0.04 O.n:l:O.09 0.B4±0. 14 <0.60 
1217+3007 ON 325 2009-12-08 2009-12-19 0.55±O.13 <1.04 <0.72 <0.32 <0.19 0.20: 0.05 <0.33 <0.60 <0.68 
1220+0203 PKS 1217+02 2010-06-20 2010-06-29 <2.18 <1.04 <1.96 0.59:0.08 0.39:1:0.05 0.24::1:0.04 <0.48 <0.89 <0.81 
1221+2813 ON231 2009-12,. 11 20Q9. 12-22 <O.SO <0.88 <0.67 0.34:1:0.08 0.3O:i:0.05 0.25:1:0.04 <0.32 <0.54 ":1.72 
1222+041] PKS 121CJ+04 2010-06-20 2010-06-29 1.5O±O.35 < (,85. < 1.04 0.94:0.08 O.64±O.O5 0.58:tO.~ <052 <0.89 <0.87 
1229+0203 3C273 2010-01-02 2010-01-10 24.49:1:0.43 27.88±i>.69 "20.58:1:0.45 21.S6±0.1I 16.09±O.06 9."=tQ. lQ 6.14:1:0.14 5.72±0.16 3.99±O.17 
1246--2547 PKS 1244-235 2010-01-20 2010-01-26 1.D2±O.15 1.22:1:0.27 l .n :tD.19 1.2S±O. lQ 1.CJ8 :1:O.06 0.~.06 Q.83:1:O.12 <1.04 <1.00 
1248+5820 PG 1246+586 201D-05-12 2010-06<)3 <0.7 ' d .ll4 <0.81 <0.37 <0.15 <0.13 <0.48 <0.89 <OA7 
1256-<1547 3C 279 201O-OJ-13 2010-01-20 14.36:1:0.17 14 .27~.31 lI .n:l:O.22 1I .96±O.lQ 9.06:1:OJ16 7.1 3%0.10 S.45±O.15 4.79.t:O.17 2.77:t{U8 
1305-1033 lJy 1302··102 2010-01-17 2010-01-24 <0.59 <1.02 <0.82 <0.38 0.36:1:0.06 0.31 ±O.06 <0.41 <0.74 <1.72 
1310+3220 IJy 1308+326 2009-12,.21 2010-01-03 3.64:1:0.14 3.05±0.25 1.92±O.lS 1.81 ±0.08 1.34±Q.OS 0.92: 0.05 
c olumns I and 2: soum: name: COlumns 3 and 4: obsClVanon SlUt lIld end brnes: COlumns 5-13: nux aenJlttes In units of Jy at 30, 44. 70, 100, 143, 217, 353, 545. and 857~H~. 

0.1]:1:0.08 0.66%0.1 2 <0.63 



'fitble 8. Planck data. Continued. 

FlulI:dcllIity ~sity FlulI: density Flux d<mslty FlulI: density AUK dCIl.tty Flux denlmy F1ulI: c:IUf1s1l)' Plux dCn~ity 
300Hz 440Hz 700Hz 1000Hz 1430Hz 2170llz 3530Hz . 5450Hz 8570Hz 

J2000.0 name Soun:e IUlme Start Obs. date End Om. Date (Jr) (Jl) (ly) (J~) (Jy) (lX) (ly) (J~:l (J~) 
I3SO+<l94O oBiio 1347+0955 2010-07-14 2010-07-22 <0.71 <1.04 <0.81 <0.37 <0.19 <0.21 <0.48 <0.89 <0.87 
1407-27QI 1WGAJ 1407j-2700 2010-02-05 2010-02-11 <0.60 <1.04 <0.81 <0.39 <0.23 <0.21 <0.51 <0.70 <1.72 
1419+0628 3C298.0 201a.D7-23 2010-01-30 <0.55 <0.98 <0.81 <037 <0.19 <0.21 <0.48 ' <0.89 <0.87 
1423+505S BZQJ 1423+505S 2010-06-24 2010-07-08 <O.SO <o.n <0.58 0.37±01I8 <0.17 <0.21 <0.48 <0.89 <0.&7 
1<127+2348 PG 1<124+240 2010-01-23 2011J.<l2.02 <0.51 <1.04 <O~ I <0.15 0.2 L±O.05 <021 <0.4<1 <0.70 <1.119 
1<l56+5()4g IRXSJ 145603.4+504825 2009-12-26 2010-01-26 <0.71 <1 .04- <0.45 <O.3S <0.19 <021 <0.20 <0.37 <0.46 
1504+1029 PKS 1.502+106 2010-08-01 2010-08-07 1.l6±O.lS <1.04 0.87±O.l8 0.65:1"0.09 O.40±O.04 O.30±O.cr.I <0.31 <0.89 <0.87 
1507+0415 BZQJI507+041S 2010-U8-04 2010-08-10 <0.71 <1.04 <0.81 <0.31 <021 <0.19 <1.43 :1.7.5 <3.17 
1510--0543 4C - OS.64 2010-02-13 2010-02-19 0.96~0.17 <1.()4 I.OS:I:O.22 <0.3.5 <0.19 <0.21 <0.51 <1.04 <1.72 
1517-2422 APLib 2010-02-17 2010-02-23 2.21±0.16 2.21 :1::0.28 1.9I±O.24 1.83::!::0.10 I.S4::!::0.06 1.22:i.{l.06 1.19±O.12 1.21=:0.18 1.39±O.25 

'" ISS5+1111 PO IS53+113 2010-02-21 2010-02-28 <0.71 <1.04 <0.82 <0.35 <0.19 <0.22 <0.51 <1.04 <1.72 0 
1603+1554 WE 1601+16W3 2010-08-12 2010-08--18 <0.71 <1.04 <0.81 <0.31 <0.21 <0.19 <1.43 <1.75 <3. 17 ,r 
1625-2527 05-237.8 201Q.08-28 2010-09-03 2.69±O.39 <L81 1.48::!::0.3 1 t.46±O.20 0.90::!::0.11 0.78::!::O.15 <1.52 <6.34 <17.5 3 
1635+3808 4C38.41 2010-03-02 2010-03-12 3.43::!::O.26 <1.04 2.95::!::O.21 <0.35 <0.19 <0.21 <0.51 <1.04 <1.72 2. 
1640+3946 NRA0512 201~7 2:OtQ.OS-16 <0.71 <1.04 <0.81 <0.69 0.52±0.09 <0-'5 <0.38 <0.89 <0.87 SI 1642+3948 3C345 2010-03-04 2010-03- 17 9.10::!::O.18 <1.04 6.26±O21 5.75::!::O.08 <0.19 <021 <0.51 <1.04 <I.n 

17 1653+3945 MknSOI 2OI()"o3..oo 2010-03-2 1 <1.37 < UM <0.73 0-'7~.08 0,47±O.04 O.3I::!::O.04 O.3!i±O.06 <0.44 <0.55 
17 19+4858 ARP 1028 2OI()"o3·20 2010-03-31 <0.71 <1.04 <0.81 033::!::O.07 0.16±O.04 <0.14 <0.25 <0.89 <0.56 '" 1743+1935 IES 1741+196 2010-03-20 2010-03-27 <0.71 <1.04 <0.81 <035 <0.19 <0.21 <0>1 <1.04 <l.n ir 
1751+0939 OfOSI 2010-03-21 2010-03-27 6.4610.16 5.82:10.28 5.05:tO.22 In±.O.08 2.78:tO.06 2.44:l0~01 1.6810.13 1.68:0.21 <1.42 

f )800+7828 S51803+784 2009-10-11 2009-10-27 2.28±O.13 2.14:1:0.17 1.49::!::O.15 1.78:1:0.06 1.43::!::O.03 1.22.10.03 1.03±O.06 0.99:0.10 0.58::!::O.14 
\833-2103 PKSO 1830-210 2010-09-20 2010-09-26 4.II::!::O.33 3.42±0.36 2.44::!::o.22 2.47:1:0.11 1.64:10.07 1.18::!::0.08 0.79±O.l7 <1.63 <3.17 
1840-7709 PKS 1833-77 2010-03-12 2010-03-24 <0.71 <1.04 <0.81 <0.35 <0.19 <0.21 <0.51 <1.04 <1.72 " 1911-2006 2E1908.2-201 2009-09-28 2009-10-03 2.88::!::O.19 3.O2::!::O.33 2.34::!::o.21 2.02:tO.1 1 1.74::!::0.06 1.33::!::0.06 0.86::!::o.12 1.02::!::0.18 1.22±0.30 • 
1923-2104 PMNJ1923-2104 2010-09-30 2010-10-06 2.22::!::0.19 2.7I±O.28 2.43::!::0.24 <0.31 1.49±O.05 1.I9::!::0.07 0.95±0.12 0.90::!::0.19 <1.28 ~ 
1924-2914 OV-236 2010-09-30 2010-10-06 16.48±0.16 13.8O±0.30 11.6I ::!::O.24 <0.)1 5.82±O.06 4.46±0.08 3.27::!::O.l1 3.18:tO.21 1.67::!::0.35 F. 1959+6508 185 1959+6j() :zooo:J-09-16 20\0-01-14 <0.71 <1.04 <0.81 <0.35 <0.12 <0. 11 <0.51 <0.83 <2.18 
2009--4849 Ily20M-489 2009-10-05 2009-10-11 <0.67 <1.13 <0.98 0.76::!::0.10 O.46±O.O6 0.31:1:0.06 0.42±O.10 <1.04- <0.75 

~ 2056-4714 PKS2052-47 2010-10-12 2010- 10-1 9 2.1.5::!::O.15 2.27±O.30 1.68±O.20 <0.31 <021 <0.19 <1.43 < 1.75 <3.17 
2 129-1538 Uy2126-158 201"","" 2010-05- 11 <0.62 <1.04 <0" <0.34 <021 <0.21 <0.48 <0.89 <0.87 ~ 
2143+1743 S32141 +17 2009-11 -14 2009- 11 -25 131:tO.16 <0.89 <0.76 0.40:t0.09 0.39.i:D.04 O.26::!::O.O5 <O~ I <1 .04 <I .n § 
2147+0929 lJy2144+092 2009-11-11 2009-11-21 1.01 ±D.n 1.IS::!::0.21 0.7S±O.19 O.86:tO.09 0.67:1:0.05 Oj8::!::O.Q5 0.76±O.10 <0.78 <I.n Q. 

2148+0657 4C06.69 2009-11-10 2009-1 1-19 5.32±O.16 4.85:tO.24 3.23±O.19 2.85::!::O.08 2.14±O.05 1.<13:0.05 1.15±D.l0 0.76±O.18 <1."01 ;:.. 
2151-3027 PKS 2149-307 2010-05-04 2010-05-13 0.82±D.14 1.03:0.25 <0.81 0.67±O.08 . 0.42~0.05 0.36:0.05 0.34±O.07 <0.52 <0.87 ~. 2202+4216 BLLac 2009-12-13 2009-12-26 4.0I:tO.l5 3.71±0.22 3.23±O.17 3.13:tO.08 2.69±O.05 1.91±0.01 1.81±O.18 <2.16 -:1.72 
2203+3145 4C31.63 2009-12-02 2009_12_15 2.90::1::0.13 2.52±O.23 2.69:1:0.15 2 . .59±O.O8 .2.00±0.05 1.39: 0.04 1.02±O.08 0.90:1:0.15 <1.72 g. 
2207-5346 PKS2204-54 2010-04-26 2010-05-08 0.92::!::O.l4 1.03±O.24 <0.81 0.6I±<1.08 0.46±0.04 0.41:1:0.04 <0.31 <0.51 <0.87 ~ 
2209-4710 NOC7213 2010-10-23 2010-10-30 <0.71 <1.00 <0.81 <0.31 <0.21 <0.19 <1.43 < 1.'/5 <3.1'1 

~. 2229-0832 PKS 2227-08 2009-11-14 2009-11-22 1.69::!::O.20 1.79±O.28 2.06::!::0.21 1,48±0.09 1.29±O.OS 0.94::!::0.04 0.77±O.1O <0.62 <0.71 
2230-3942 PKS 2227-399 2010-05-10 2010-0S-22 0.7I::!::0.16 <0.97 0.95::!::0. 1.1 0.49±0.08 0.29±O.05 <0.20 0.31±0.08 <0.89 <0.87 0 = 2232+1143 4C 11 .69 2009-11-T1 2009-12-07 4.53±D.13 3.85ZO.26 2.79:tO.16 2.15:0.09 1.57±O.05 1.00000.O5 0.73:1:0.10 <0.63 <0.83 • 
2253+1608 3C4S4.3 2(1119.12.<16 2009- 12- 16 17.II±O.17 21.90±O.27 2S.40±O.29 27.28::!::O.13 25.39::!::0.08 22.04::!::O.19 19.29±D.lA 19.4I±O.20 1 3.89~0.28 0 

~ 

2.303-1842 PKS2300- 18 2010-05-30 2010<16-09 0.74:tO.17 <1.06 <1.02 <0.37 <0.20 <0.18 <0.34 <0.51 <0.60 g: 
2327+0940 PKS 2325+093 2010-06-19 2010-06-29 J.,48±O.16 1.22::!::O.25 0.75±O.l7 0.65:t:O.08 0.61.:1::0.05 O."I±O.05 <0.48 <0.89 <0.87 • 
2333-2343 PKS2331-240 2m """"" 2010-06-18 1.2I±O.l4 1.()9±O.26 O.93±O.20 0.97:1:0.08 1.01±O.05 0.90:tC.05 O.SO:I:O.09 0.6O±O.14 <0.62 ~ 2347+:5142 IES2l44+SI4 2010-01-13 2010-01-22 <0.56 <0.98 <0.81 <0.34 . <0.20 <0.22 <0.51 <1.04 <1.72 
columns 1 and 2: source name: columns 3 Ind4: observatlOTJ ~Ian and end time.': Columns 5 13: flUlt den~lnes in units of Jy It 30, 44.10,100, 143, 217, 353, 545, Ind 8S7~ 

t; 



... Table 9. Swift·uvar da,a. 
~ 

o name soiirce name 000. date Swift ObsJ1) V B u uvWI 
1058 IIIZW2 2010007-08 00036363006 15.05.:1::0.02 ~t'D 

0010+1058 I1IZW2 2010-07-08 00036363007 14.01±O.O3 
0017+8135 5.50014+813 2010-09-21 00031816001 I:S .92±O.03 ICS.80±O.04 17.4 I:tO.07 
0017+8135 S5 0014+8 13 2OtQ..{)9..21 00:1318 16002- 11.4S±O.04 
0017+8135 5.50014+813 2010-09-22 0003 1816003 19.46±O.32 
0136+47.51 540133+47 2010-02-0.5 00036''''''' 16.89±O.03 17.oI±O.03 
0136+47.51 540133 ..... 7 2010-02-OS 00036188008 17.21:tD.14 1732±O.1O 16.7hO.IO 16.9S:tO.1I 16..7SJ;().13 16.98:1:(U)1) 
0204-1701 PKS 0202-1 7 2010-01-08 00038366001 17.4O±O.06 17.4Q±O.04 1632±O.04 16.]S±01)4 16.28:t:O.04 16.44:tO.04 
OlIO-S IOI PKS0208-SI2 2009-11-26 0CK:I3~2044 1'.94±O.14 18.4519.l0 J7.22±O.01 11.IS±O.D8 J6.79±O.08 1'.17±Q.01 
0217+7349 lJy 0212+73S 2010-09-09 0003.5241004 <14.17 <13.89 
0217+7349 IJy0212+13!5 201().()9..10 0003524100.5 16.9.5.:1::0.32 <16.81 <16.10 
0221 +3556 lJy0218+3S1 2010-08-20 00038096003 18.90 <19.96 <19.56 <19.79 <19.52 <20.17 '" 0237+2&48 4C28.07 2010-02-05 000361S9001 17.41±0.21 17.92±O. 15 17.02:1:0.11 17.19±0.12 17.1I±O.09 Cl 
0237+2848 4C28.07 2010-02-05 ooo36189OO!5 16.85:1:0.03 o· 
0238+1636 PKS023!5+164 2010-01-30 ooo308800!53 <18.19 <19.06 : IS.66 <18.97 <IS.94 <19.48 3 
0319+4130 NGC 127!5 2010-08-09 0003tnOO10 13.34:1:0.02 13.812!1.02 \3.27±0.02 13.29±O.O3 \3.04±0.04 13.2I±O.03 e. 
0334--400S PKS 0332--403 2010-01-17 0003>372003 17.62±O.07 18.0910.06 \7.4S±0.05 17.7110.01 17.S2:1:O.07 18.69±O.OS sa 
0336+3218 NRAO I40 2010-08-26 0000636<004 10.80±C.D4 e. 
0336+32IS NRAO I40 2:010-08-26 00036360005 14.99:0.06 14.64:1:0.05 13.21:1:0.04 .. 
0423-0120 PXS0420--o1 

_ .... 27 
00036368006 IS.42:tO.03 !!! 

0428- 37!56 PKS 0426- 380 2010-08-17 0004lS13OM 17.75:1:0.19 18.07%0.10 11.34:1:0.09 17.36::1::0.09 11.22:1:0.10 17.42::1::0.08 3 
0428- 37!56 PKS 0426-380 2010-08-17 00041 S 13004 17.61:1:0.04 t 0433+0521 3CI20 2010-02-25 00037S94002 14.15±0.03 13.19±0.03 13.04:*:(1.04 12.18:1:0.04 12.76±O.04 
0433.0521 3CI20 2010-02-25 00037594003 13.18:1:0.02 
04!51-2324 PKS 0454-234 2010-02-25 00038101()()j 17.82±O.15 18.32%0.12 17.44±0.1O 17.50±O.09 11.4hO.1I 17.74±0.09 ~ 
0451-2324 PKS 0454- 234 2010-02-25 00038101006 17.36±0.04 ... 
0457-2324 PKS 0454-234 2010-02-27 ooo38lO1001 17.34:1:0.04 .. 
0!522-3627 PKSO:;21-)6 2010-03-05 ooo3164!500J 14.88:1:0.03 IS.5S±O.03 \4.98±0.03 IS. 18:1:0.04 1!5.08±O.04 15.24±O.04 

, 
~22-3627 PKS 0521-36 201Q.()3-0S 0003164S002 lS.02:1:0.03 .~ 
0530+1331 PKS 0528. 134 

_24 
00035384041 <16.62 < 16..:51 <15.72 <14.70 ·: 12.17 <13.05 ~ o.s38-440S PKS OS17--441 201()'()3-01 00030138029 14.44±C.01 14.87:t:O.02 14.09±O.02 14.20±O.03 14.09:tO.03 14..3S±O.03 

~ 0539-2839 lJyOS17-286 2010-0]-12 00030816009 <18.94 <19.88 <19,49 <19.73 <19.SS <21121 
OS39- 2839 lJyOS37-286 2010-03-12 000308 16010 2O.68±O.l4 <20.61 ~ 
OSSO- 3216 PKS 0S48-322 2010-03-12 00030836003 16.01:1:0.1)6 16.91%0.05 16.42:tO.05 16.43:1:0.07 16.22±O.07 16.38±O.OS "" 
05!50-3216 PKS 0548-322 2010-03-12 00030836004 16.46±O.04 16.4S±0.03 <' 
0623- 6436 IRAS-L 06229-643 201{U}8-19 OOO3(l947OOS 15.42:tO.OS 15.67±O.04 14.41:1:0.04 14.09±O.04 13.70±0.04 13.63±0.04 ~. 0623- 6436 IRAS-L06229-643 2010-08-19 00030947009 14.IO±O.03 
073S+1742 PKS073S+17 2010-10-07 00036312003 16.54±O.04 15.66:1:0.04 15.72±O.04 15.67:1:0.04 15.81±0.04 t 073S+1742 PKS0735+17 2010-10-07 00036372004 15.70±0.03 
073S+1742 PKS0735+17 2010-10-09 0003637200' 15.67:1:0.03 
0746+1549 82.20743+2S 2010-10-15 0003S422008 19.34±0.24 <20.36 19.74±0.23 c . 
0746+2549 8220743+2S 20 10-10-15 0003>422000 20JJ6±0. 19 <7.0.112 e 08IS+4222 S40814+42S 2010-10-15 00033 138002 17.8II:i:O.10 18.4110.07 17.68±0.OS 17.83±O.07 l1.n:i:O.07 17.92±O.06 
0824+'.5'2 OJ 535 2010-03-211 00033389002 18.23±O.l2 18.S2±O.01 17.3S±O.04 S, 
0824+S'!52 0"', 2010-03-28 00038389003 17.29±O.04 f 0841+7053 4C71.01 2010-0]-21 00036376007 17.2O±O.04 
0854+2006 PKS 0851 +202 2010-04-10 00030901076 14.73±O.02 15.06:1:0.03 14.19:tO.02 14.20:1:0.03 14.03:tO.04 14.2O±O.03 ~ 
0915+2933 820912+29 2010-10-28 ooo391SI003 16.43:1:0.08 16.S7:tO.04 IMO±O.04 15.48±0.QdI 15.28:i:O.o.s 15.39:1:0.04 
091'.2933 820912+29 2010-10-28 00039151004 15.40±0.03 
0920+4441 S40917+44 2009-10-29 00020118001 17.71:1:0.11 18.07:1:0.07 17.33:1:0.06 IS.93:1:0.21 <19.55 <19.114 
0920+4441 S40917+44 2009-10-29 00038392002 17.S4±O.OS 17.94±O.09 17.46:1:0.04 
0923-2135 PKS0921-213 2010-05-06 0003799!50' 2 16.60±0.OS 
0923- 2 135 PXS092I-21 3 201Q.()5-1O 0003799.50'3 16.66:1:0.05 
0957+5522 4C55.17 2009-11-01 00038396002 17.S9±0.09 17.S3±O.05 16.&S±O.04 16.74:1:0.04 16.55±O.0!5 16.113±0.04 
1015+4926 1H 1013+498 2010-04-24 000350 120 18 l:5,46±O.04 15.71%0.04 14.76:tO.03 14.68±0.04 14.53±O.OS 14.66:1:0.04 
1015+4926 IH 1013+498 201Q.04-28 00))5012019 14.55%0.03 
1058+5628 lRXSJ 105837.5+562816 2010-04-18 00038453002 IS.42±O.05 15.79±O.04 14.90:lO.D4 14.86±O.04 IU3±O.05 14.84:lO.04 
1058+0133 4COI .28 2009-12-03 00036379005 17.Q2:lO.Q6 17.4 1:100,04 16.73:tO.04 16.17:1:0.04 16.6520.05 16.&8:1:0.04 
I05S-8oo3 PKS 1057-79 2010-03-30 0003676(ll()4 1.8.04:1:0.28 17.84::tO.13 17.0I±O.l 1 17.13:t().13 17.1 6:i:O.l9 16.98:1:0. 11 
IO.5S- 8oo3 PKS 10!57-79 2010-03-30 0003676600.5 16.60±O.09 
1127-I S57 PKS 1124-186 2:010-06-10 00036243004 17.39±O.07 17.TI±O.OS 16.S1±O.04 
Columns i and 2: source name; Columfl!: 3 and 4: observation date and swift ohservation ID: ColUfI1ll.l; s-Io: magnltuaeli in the six UVOT tUtcrs. 



Table 9. Swift-UVar data. Continued. 

"'10 v .. .. j u Uf 
300, 17.00±0 .. 

PKS 1124-186 2010-06-14 00036243006 17.01±O.04 
PKS 1127-14.5 2009·12·28 0CKl36380003 16.73±0.07 17. Il ±O.OS IS.97±0.04 1.5.79±O.O4 15.81 :t.0.05 16.05:1:0.04 

1130-1449 PKS 1I27- loi5 2009-12-28 00036380004 16.14±O.03 
1l31+3114 B21128+31 2009· 11·28 00037564003 16.36±O.03 16.22:0.03 15.1 7:10:0.02 I5.lO±O.03 14.74:0.03 14.86±O.03 
1l47- 3812 PKS 1144-379 201CJ..06.24 0004056SOOI 18.69±O.19 19.18:0.14 18.59±O.12 
1147- 3812 PKS 1144-379 201(}.()6..24 1lOO4056S002 l8.17±O.07 
1153+4931 4C49.22 2009- 11-11 00017519002 11.34±O.07 17. lbO.04 16.0I:tOJ)3 15.72±O.04 15.2bOM IS,4 I±O.03 
11 59+29114 4C29."S 201O-OS-28 00036381006 16.85±O.02 
11 59+29114 4C 29.4S 201 ().(lS.2.8 00036381007 17.72:f.0.08 16.84±O.07 17.03±O.08 16.93±O.06 
1217+3007 ON 325 2Q09.. 12-03 000315S3001 15.59:1:0.02 15.91:t.0.02 IS.06:t.O.02 14.98±O.03 1-4 .84:0.03 IS.0I±O.03 
1220+0203 PKS 1217+02 2010-06·24 00031144001 16.36±O.07 16.19J:0.04 14.96±0.04 14.9I ±O.04 14.66: 0.04 14.50:1:0.04 "' 1220+0203 PKS 1217+02 2010-06-26 00031144002 14.62±O.03 

r-1221+2813 ON 231 2009· 12·10 0003S0 18025 1.5.03:0.02 1!5,4 I±O.02 14.59±0.02 1-4.64±0.03 14.53±O.03 14.69±O.03 
1222+0413 PKS 1219+04 201()..(16..17 1lOO36'3OOOI 17 . .56±0.07 1'.92:tO.04 16.80:1:0.04 
1222+0413 PKS 1219+04 2010-06-11 1lOO36330005 16.9O:tO.02 2. 
' 229+0203 3C273 2010-01·10 00035017<M6 12.17±O.OI !l 
1229+0203 3C273 2010-01-11 CXXl3SOI7047 12.76:1:0.01 r" 1229+0203 3C273 201(}.()1·12 00035017048 12.76±O.01 
1229+0203 3C273 2010-0]·13 00035017049 12.76:1:0.01 '" 1246- 2547 PKS 1244- 255 2010-01-25 00031591001 17.33±O.IS 17.69:0.09 16.78±0.07 16.S0:tD.07 15.9hO.08 16.IO±O.0!5 

t 
1246-2547 PKS 1244-255 2010-01-25 00031 S9 1 002 16.17±O.04 
1248+S820 PG I246+!586 2010-0S·20 00040749003 1.5 . .5 1±0.04 1!5.8j:f.{l04 14.99±O.03 14.92±0.04 14.74:1:0.04 1-4.94±O.04 
1248+5820 PO 1246+S86 2O(()-O5·20 00040749004 I S.09:tO.(11 

' 256-0547 3C279 2010-01·15 00035019021 16.99±0.05 17.S9!tO.04 17.00±OlM 11.22i:O.OS 17.11 :to.OS 17.24±O.04 
1310+3220 lIy 1308+326 2009· 12·12 00036384008 18:%±0.06 ." 
1350+0940 GB6B 13"7+0955 201(}.Q7·IS 00031760001 18.08±0.23 19.31'*-0.35 <18.95 <19.33 < 19.44 <20.04 S 
13S0+0940 GB6B 1347+0955 2010-07· 18 00031760002 17.20±0.07 18.40%OJO IS.54±O.16 18.S6±O.12 IS.62±O. 13 18.61:1:0.09 ~ 1407- 2701 IWGAI I407.S- 2700 2010-02-12 000316IS001 <20.06 
1419+0628 3C298.0 2010-07·30 0003177700 1 17.05±O.OS 17.44±O.04 16.S3±0.04 ~ 
1419+0628 3C298.0 2010-07·30 0003177700l 16.82±0.04 ? 1423+503.5 BZQJ 1423+5055 2010-07·13 00035375002 17.66±O. 10 16.52±O.07 16.36±0.07 
1423+SOS5 5ZQJ 1423+5055 201()..()7· 13 00035375003 15.91:tO.03 &. 
1427+234S PO 1424+240 2010-01-22 00039' 82OO'l 14,41±0.03 14.70:0.03 13.85±O.03 13.8 I±O.04 13.63:tO.04 13.82±O.04 
14:56+5048 IRXSJ 145603.4+50482S 2009·12-25 00030925002 <18.49 19.00±0.22 IS.61±021 IS.04±O.1I 17.98!tO.12 18.01%0.09 

., 
14S6+5048 IRXSI I-45603.4+50482S 2009·12·25 0003092500' 18.01 :to.04 ~. 
1504+1029 PKS 1502+106 2010-07·29 000363S8O 18 18.47±O.13 18.62±O.09 17.91±0.08 18.26±O.09 18.31,*-0.09 18,46±O.07 
lS17- 2422 APLib 2010-02·20 0003634 I 005 14.72±0.04 15.39: 0.04 14.93±0.04 14.98±0.05 14.88:!.0.06 14.99±0.05 t 1517- 2422 APLib 2010-02·22 00036341006 14.93±0.03 
15SS+ 1111 PG 1553+113 2010-02·~ 00031368012 14.55±O.(11 14.82:1:0.02 13.89±0.(11 13.n±O.03 13.S9: 0.03 13.72±0.03 
1603+1554 WE 1601+16W3 2010-08-14 00031786001 17. II ±O.10 18.03:1:0.09 IS,40±0.18 18.32±O.15 lS.-49!tO.18 18.S4±O.l 2 ". 
1603+1554 WB I60I+ I6W3 2010-08-14 0003 1786002 18.34:1:0.01 0 

~ 

1625- 2527 05 - 237.8 2010-08·21 00038428002 <12..43 ~ 

0 
1635+3808 4C3S,41 2010-03..()1 00036389026 18.IO:t:O.OS ~ 

16040+39-46 NRA0 512 2010-Q8~ 00036213008 IS.07±O.04 !2: 
1640+3946 NRAO S12 2010-08·07 0003621 3009 18.30±O.11 18.50: 0.07 17.85±0.06 ~ 
1642+3948 3C34S 2010-03-06 000363900 16 17.39:t.0.06 16.78±0.OS 16.44±O.OS 16.34±0.09 ~ 
1642+3948 3C345 2010-03-06 00036390017 16.24,*-0.06 16.29±0.05 
1642+3948 3C345 2010-03..()1 00036390018 16.45±O.04 
1642+3948 3C34' 2010-03-08 00036J900 19 16.93±O.03 
1653+3945 MlmSO' 2OJ()..()3·21 00030793 112 13.88:1:0.01 IUO:tO.D2 13.94±O.(11 13.89±O.03 13.71:1:0.03 13.8O±O..03 
1719+4858 ARP 102B 2010-03·31 00035493002 17.08:tO.D6 17.S6:t:D.09 1754±O.07 
1719+-4858 ARP 102B 201 ()..()3·31 00035493003 17.!59:tO.06 
17SI+0939 arosl 2010-04-01 00036392011 17.17±0.18 17.37:1:0.1 1 16.74±O.10 16.90±0.13 16.51±0.15 17.20±O.l -4 
1751+<1939 OT081 2010-04-04 00036392012 16.75: 0.10 
1751+0939 ar081 2010-04-06 00036392013 16.67±0.03 
1800+7828 S51803+784 2009·10-13 1lOO36393005 15.79±0.03 16.20J.O.03 15,41±0.03 15 . .52:EO.04 15A3:O.D4 IS.59±O.03 
'840-7709 PKS 1833-17 2010-03- 11 00039424002 16.09:tO.05 

' ...... 7709 PKS 1833-17 2() 10-03-13 1lOO39424003 14.02±O.03 14.93!tO.04 15.27:tO.D5 16.12i:O.08 J6.14:tO.10 16.04±O.07 

' ...... 7709 PKS 1833- n 201()"()J.13 1lOO3942<004 15.31:10.(11 

t 
1840-7709 PKS 1833-17 2010-03·16 0003942-4OO!i 1 6.~±O.04 
Columns 1 and 2: soun::c nmne; Columns 3 and 4: observation date and Swift ohservat~~ lD; COlumDs 3~JO: magni~ in thC six UVOT filtm. 



~ Table 9. swift~nV(Yl' data. Continued. 0 

12000.0 name SOUIre name Obs. date Swrn:ObsID V B U VVWl TlvMi- UVW2 
1911 - 2066 2E 1908.2 201 2009-1001 00636J"UJOj 1I1.6 5±O.J2 18.!56:LO.16 17.58±O.1O 1'1.32:1:0.09 1"f.11.rtl.09 17.40±O.OS 
1923- 2104 PMNJ 1923-2104 2010-09-30 ooo3617100? 15.82%0.05 16. t8±O.04 IS.Ui±O.04 15.22::1:0.04 14.98±0.OS IS.3O::I:O.04 
1923"'2104- PMNJ 1923-2104 2010-09-30 00036""100] IS.28±O.03 
\923-2104 PMNJ 1923-2104 2010-10-01 0003677 J 004 14.94rll04 
19'24- 2914 OV-236 2010-09-30 OIXBI373002 1'.0 I±O.14 17.83±O.16 17.06:1;0.13 1'.18±O.t3 I6.5 J±O.lO 16.90:1:0.09 
1924- 2914 OV - 2J6 2010-09-30 00031373003 16..8 1:1:0.04 
1959+6.S08 IES 1959+MO 2009-09-26 OOOJ>02S044 14.<I7±O.0I 14.18:tO.02 1 ).8~±O.02 13.84±O.OJ 13.49.+0.03 I 353±O.03 
2009-184' lJy200S~ 2009-,"'" 00035026010 i4.o I±O.02 ' 4.4O:tO.02 13 . .52%0.02 13.40±O.03 13.14:1:0.03 13.27±O.03 
2OS6-4714 PKS2052-47 2010-10-18 00038412009 1'.76±O.l0 
2056-4714 PKS 20S2-47 2010-10-19 00038412010 18.32±O.09 18.54::1:.0.05 17.50±O.04 
20,56-4714 PKS 2052--47 20 10-10-19 00038412011 17.45±O.04 
2129- 1538 lJy2126- IS8 2010-05·03 00036356005 16.97::1:0.14 17.92±O.13 18.76::1:0.34 <19.19 <18.99 <19.65 '" 2129-1538 l1y2126- 158 2010-05-03 00036356006 <20.87 Cl 
2 143+ 1743 S32141+17 2009-11-20 000363S8OO!i 15.85±0.03 15.91%0.03 14.72±0.02 14.54:1:0.03 14.22:1:0.04 14.27.:1:0.03 Q' 
2 148+0657 4C 06.69 2009-11-21 00036774003 16.IS±0.03 16.42i{).03 15.2 I±O.03 14.99.;1:0.04 
2151- 3027 PKS 2149-307 2010-0S-1l 0003 1404008 17.58i{).U7 17.93:t:O.06 17.24±O.04 

14.72:1:.0.04 IS.03.;1:0.03 ~, 
21 51-3027 PKS 2149-307 2010-05- 11 00031404009 lS.17±OJM 
2202+4216 8 1Lo< 2009-12-23 000=" 14.40.;1:0.03 14.90±O.<M 14.29:1:0.04 14.56±O.06 
2203+3145 4C 31.63 2009- 11-27 00036220009 

14.18%0.08 14.49±O.06 
~ 

13.30±O.03 r7 
2207- 5346 PKS 2204-54 201CH)5...03 000_ 17.57:1:0.16 17.&S,dUO 16.6l :l:0.06 16.42:1:0.06 

· 2207- 5346 PKS2204-S4 2010-05-03 00038409003 16.46:1:O.D3 
16.44±O.08 16.80:1:0.06 en 

3' 
2230-3942 PKS 2227- 399 201O-OS-09 00037511002 17.S6:1:O. 13 17.48,d1.06 16.4S±O.OS 16.25:1:0.05 
2230-3942 PKS2227-399 201O-OS-09 00037511003 
2232+1143 4C11.69 2009-11-29 00036401005 17.04±O.07 17.25:H).04 16.IO±O.04 15.87.;1:0.04 
2253-+ 160S 3C454.3 2009-12-06 00035030079 13.97±0.Q.1 
2303-1842 PKS23oo- 18 2010-0S-30 00031729001 17. IS±O.1l 17.69:1:0.08 16.6I±O.06 16.53.;1:0.06 
2303-IS42 PKS23OQ-IS 2010-05-30 00031729002 

. 2327+0940 PKS 2325+093 20 10-06-18 00031558001 IS.49.:1:0.14 18.77±O.09 17.71::1:0.05 
2327+0940 PKS 2325+093 20 1~I S 00031SS8002 

IS.69:tO.05 15.74.;1:0.04 e. 
15.77:1:0.03 ~ 

IS.S9±0.04 IS.9I ±O.04 • 
13.S4:1:0.01 14.09:i.{1.04 

0 
Iii 

16.39:1:0.07 16. 12±O.04 ." 
16.4 1:1:.0.04 .. 
17.84:1:0.09 18.12±0.O5 F-

2333- 2343 PKS233 1-240 
20 ' ''''''"'' 

OOJ3 173 1001 16.2O±O.OS 17.03±O.05 16.77±D.06 16.98±O.07 
2333- 2343 PKS2331 -240 

20 ' ''''''"'' 
0003 173 1002 16.76±0.02 

16.87:1:0.07 16.86±O.O5 ~ 
~ 
g 
Co 

<' 
~, 
~ 
~ c , 

~ 
g, 
g: 
• § 



Table 10. Swift-XRT data. described by a power-law. The last four lines refer to sources where the spectral index is fixed to r = -2. 

X-Ray Flux 
Galactic NH 10-12 ergcm- 2 8-1 

J2000.0 name Source name Obs. date Photon Index 10" cm-' 0.1-2.4keV 2-lO keV Reducedx' d.o.f. 
0010+1058 JIIZW2 2010-·07-08 1.64+0.01 0.54 6.8 12.8 1.24 58 
0136+4751 540133+47 2010-02-05 - 1.58~n 1.04 0.9 1.9 0.96 10 
0204-1701 PKS0202-17 2010-01-08 - 1.63 0.26 0.8 1.5 1.00 7 
0210-5101 PKS 0208- 51 2 2009-11-26 -o.67~:ti 0.18 0.8 8.5 0.55 I 
0237+2848 4C28.07 2010·-02-05 -1.18· 0.76 0.4 1.6 0.65 2 
0334-4008 PKS0332-403 2010-01-17 -1.44~:11 0.15 0.5 1.5 0.62 3 '" 2 9 0428-3756 PKS0426-380 2010-08-17 -1.85:;ji:lo 0.21 0.5 0.7 1.85 c 
0457-2324 PKS0454-234 2010-02-25 -1.72 ' 0.28 0.5 0.8 1.71 4 3 

0522-3627 PK50521-36 2010-03-05 _1.63:;ji:il9 0.36 5.7 11.0 1.31 56 2. 

0530+1331 PKS 0528+134 2009-09-24 -1.21~:~ 2.40 0.5 2.0 0.87 
!t 

6 r'-
0538-4405 PKS0537-441 2010-03-03 -1.83+' 0.31 2.4. 3.1 0.69 27 en 
0539-2839 lJy0537-286 2010-03-12 -1.08~:!1 0.22 0.4 2.2 1.27 3 J 0623-6436 IRAS-L06229-643 2010-08-19 -2.11· 0.39 4.8 3.3 0.67 24 
0738+1742 PKS0735+17 2010-10-07 ":1.56~:U 0.40 0.3 0.7 1.58 3 • 
0746+2549 B2.20743+25 2010-10-15 -1.18+ . 0.45 0.5 2.0 0.94 9 ~ 
0818+4222 540814+425 2010-10-15 -1.76~:1l 0.56 0.2 0.3 0.28 I il' 
0824+5552 OJ 535 2010-03-28 -1.51~:l~ 0.47 0.5 1.2 0.33 4 F-
0841+7053 4C71.07 2010-03-21 -1.31' 0.28 3.7 12.7 0.86 6 ~ 
0854+2006 PK5 085 I +202 2010-04-10 -2.1O~:U 0.25 4.0 2.8 0.87 15 ~ 
0920+4441 540917+44 2009-10-29 -1.44+ ' 0.15 1.1 3.0 0.30 6 § 

0923-2135 PKS0921-213 2010-05-06 -1.81~:n 0.46 3.8 5.0 1.21 18 
Q. 

"' 0957+5522 4C55.17 2009-11-01 -1.59+ . 0.09 0.3 0.7 0.27 2 ~. 1015+4926 IH 1013+498 2010-04-24 _2.52+l1:ill 0.08 4.1 3.6 10.85 46 g. 
1058+5628 IRXSJ 105837.5+562816 2010-04-18 -2.35~:~ 0.07 3.5 1.4 0.04 I 

~ 1058+0133 4COl.28 2009-12-03 -1.85:;ji:ll 0.31 1.5 1.9 0.61 9 
5 

<t. 
1127-1857 PK51124-186 2010-06-10 -1.4O~: lt 0.35 0.4 1.2 1.49 c 

~ 

20 ~ 

1131+3114 B21128+31 2009-11-28 -2.11 ' 0.18 2.4 1.6 1.28 g, 
1147-3812 PKS 1144-379 2010-06-24 -1.64~:1: 0.74 0.7 1.3 1.13 8 5!: 

17 • 1153+4931 4C49.22 2009-11-17 -2.06:;ji.11 0.21 2.2 1.7 0.61 N 

1159+2914 4C29.45 2010-05-28 -1.72:;ji:n 0.18 0.6 0.9 1.40 6 S 
1217+3007 ON 325 2009-12-03 -2.56+ . 0.17 6.6 1.6 0.95 31 
1220+0203 PKS 1217+02 2010-06-24 -1.99~:~ 0.18 4.3 3.9 0.79 35 
1221+2813 ON 231 2009-12-10 - 2.35+· 0.20 1.2 0.5 0.86 6 
1222+0413 PKS 1219+04 2010-06-17 -1.I6~:l! 0.16 0.8 3.9 1.12 16 
1229+0203 3C273 2010-01-11 -1.57+ 0.17 1.9 176.7 81.10 280 
1248+5820 PG 1246+586 2010-05-20 -2.~r~ 0.07 3.2 0.8 1.14 20 
1256-0547 3C279 2010-01-15 -1. os 0.21 3.8 7.8 1.20 41 
Column I and 2: source name; Co1umn 3: Swift observation date; t<1umn 4: best-fit photon index r x: Colwnn 5: Galactic NH; 

~ 
Column 6 and 7: 0.1-2.4 and 2-IOkeV X-ray ftuxes; Column 8: reducedx'; Column 9: number of degrees of freedom. -



u. Table 10. Swift-XRT data described by a power-law. Continued. The last four lines' refer to source.c; where the spectral index is fixed to r = -2. to 

Galactic NH 
X-Ray FI.;x 

10-12 ergcm-2 8-1 

J2000.0 name Source name 000. date Photon Index 1()21 cm-2 O.l-2.4keV 2-lOkeV Reduced,r d.o.f. 
1310+3220 lJy 1308+326 2009-12-12 1.81 +0.35 0.12 0.7 0.9 0.01 2 
141 9+0628 3C298.0 2010-07-30 _2.03<ll:ll 0.21 0.6 0.5 0.77 2 
1423+5055 BZQJ 1423+5055 2010-07-13 _2.oo<ll:1l 0.13 2.5 2.2 0.51 14 
1427+2348 PO 1424+240 2010-01-22 -2.35<ll1~ 0.31 5.1 2.0 1.72 14 
1456+5048 IRXSJ 145603.4+504825 2009-12~25 _2. 13<ll:i>a 0.16 3.7 2.4 0.90 30 
1504+1029 PKS 1502+ 106 2010-07-29 _1.78<ll:93 0.23 0.3 0.4 0.80 2 '" 1517--2422 APLib 2010-02-20 -1.48<ll:lg 0.83 2.2 5.6 0.81 28 ~ 
1625-2527 OS-237.8 2010-08-27 -o.72<ll~9 1.30 0.2 1.7 1.16 2 ~. 1640+3946 NRA0512 2010'{)8-07 -1.87<llJij 0.11 0.4 0.5 0.50 1 

_1.77<ll:i§ $I 
1642+3948 3C345 2010-03-06 0.11 2.2 3.2 0.70 20 ~ 
1800+7828 S51803+784 2009-10-13 ·_1.58<ll:1l 0.34 0.9 2.0 1.30 11 §" 1911 - 2006 2E 1908.2-201 2009-10-04 -1.39;~ 0.92 0.6 1.9 0.79 5 
1923-2104 PMNJ 1923-2104 2010-09-30 0.58 0.7 1.8 0.45 II 

E. 
-1.5°<ll bl ~ 

1924-2914 OV -236 2010-09-30 -1.72 . 0.72 3.3 5.4 0.87 40 • 
2143+1743 S32141+17 2009-11-20 _1.46<ll:9! 0.76 0.7 1.8 1.25 8 ~ 
2148+0657 4C06.69 2009-11 -2 1 -1.63<ll:lfi 0.45 2.2 4.3 0.89 26 ~ 
2151-3027 PKS 2 149-307 2010-05-11 _1.35<ll:bi! 0.16 2.7 8.8 1.02 43 )l-
2203+3145 4C31.63 2009-11-27 -1.61 <ll:81 0.85 3.3 6.5 1.22 44 "' -I. 17<ll:2l • 2207-5346 PKS2204-54 2010'{)5-03 0.18 0.5 2.1 1.04 7 ? 
2209-4710 NGC7213 2010-10-23 -1.79<ll:~ 0. 11 7.0 9.7 1.14 32 § 
2229-0832 PKS2227-08 2009-11-19 -1.63<ll:~ 0.42 1.1 2.1 0.63 9 

Co 

_1.8 1<llM ;:> 
2230- 3942 PKS 2227-399 2010-05-09 0.13 3.8 5.0 1.49 41 ~ 
2232+1143 4C 11.69 2009-11-29 -1.47<ll:?Il 0.54 0.9 2.4 0.90 9 g. 
2303-1842 PKS2300-18 2010-05-30 -1.71 <ll:bl 0.22 3.4 5.5 0.81 42 ~ 2327+0940 PKS 2325+093 2010-06-18 -1.41 <ll:jt 0.40 0.8 2.3 1.12 II 

- 1.69<llM 
!!l 

2333-2343 PKS 2331-240 2010-06.{)5 0.16 3.7 6.4 1.04 45 ~. 

2347+5142 IES 2344+514 2010-01-17 -256:;li:1il 1.50 8.7 2.1 1.62 4 • ...n ~1 g, 
g; 

0221+3556 lJy0218+357 2010-08-20 -2.00 0.56 0.4 0.3 5.09 ~ • 0238+1636 PKS0235+164 2010-01-30 -2.00 0 .74 1.2 1.1 4.63 ~ 

1058-8003 PKS 1057-79 2010'{)8-30 -2.00 0.63 1.0 0.9 0.08 
1635+3808 4C38.41 2010-03'{)7 - 2.00 0.11 1.3 1.1 0.25 
Column I and 2: source name; Column 3: Swift observation date; Column 4: best.fit photon index r z; Column 5: Galactic NH ; 

Column 6 and 7: 0.1-2.4 and 2-lOkeV X-ray fluxes; Column 8: reducedx'; Column 9: number of degrees of freedom. 



'fible 11. Swiji-XRT data for sources described by a log parabola. 

X~RayFlux 

log parabola Galactic NH 10-12 erg cm-2 S-I 

J2000.0 name Source name Obs. date a b 102' cm~2 O. 1-2.4 keV 2-lOkeV Reducedx' d.o.f. 
0550-3216 PKS 0548-322 2010-03-12 1.55~:81 0.27~:m 0.26 25.0 41.1 0.94 188 
1104+3812 Mkn421 2009-11-17 -1.97j[8! -o.40~:1'l 0.19 878.5 530.8 1.04 639 
1136+7009 S51133+704 2009-1()"28 -1.86:;ll:m -o.66;1!.U 0.12 91.7 50.7 1.17 164 
1555+1111 PG 1553+113 2010-02-05 -2.50:;1lm -o.35:;1lA~ 0.36 15.1 4.7 0.85 90 
1653+3945 Mkn501 2010-03-21 -1.93+ -0.22 · 0.15 92.5 65.4 1.03 257 
1959+6508 IES 1959+650 2009-09-26 -2.05~;~ -0.59~~ 1.00 104.0 71.7 1.00 369 
2009-4849 lJy2005-489 2009-10-05 -2.02 DD6 -o.28dl " 0.39 69.0 48.5 1.29 98 
Column 1 and 2: source name; Column 3: Swift observation date; Column 4 and 5: log parabola parameters a and b; Column 6: Galactic NH ; 

Column 7 and 8: 0.1-2.4 and 2-lOkeV X-ray ftuxes; Column 9: reducedx' ; Column 10: number of degrees offreedom. 
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u. Table 12. Swifi-XRT data for sources described by a power-law leaving the column density NH as free parameter. "-

X-Ray Flux 
Galactic NH 10-12 ergcm-2 S-1 

J2000.0 name Source name Obs. date Photon Index 1021 cm-2 0.1-2.4 keY 2-10 keY Reducedi' d.o.f. 
0017+8135 S50014+813 2010-09-21 -2.15~:il 4.28:l:ll 4.2 2.7 0.75 14 
0217+7349 IJy0212+735 2010-09-10 -1.59~:ll 5.53~:!l 2.2 4.7 0.93 12 
0336+3218 NRAO 140 2010-08-26 -1.57;8:la 3.37j~1 7.7 17.0 0.97 63 
0423-0120 PKS0420-01 2009-08-27 -2.10 ' 2.39+ . 3.6 2.6 0.61 9 
0433+0521 3C 120 2010-02-25 -1.86;8:~ 2.22+A:'l'I 24.8 33.8 0.89 108 
0915+2933 B20912+29 2010-10-28 -2.68~: 1~ 0.77~:n 9.3 3.8 0.89 66 " 1130-1449 PKS 1127-145 2009-12-28 -1.61;8:19 1.50;jJ:ag 2.5 4.9 0.79 27 ~ 

3 1246-2547 PKS 1244-255 2010-01-25 -2.09~:ll 1.65~:~ 1.9 1.4 0.40 10 2. 1507+0415 BZQJ 1507+0415 2010-08-05 -3.66~:~ 2.34
j

:u 2.7 0.6 1.22 28 l! 
1719+4858 ARPI02B 2010-03-31 -1.76;8'% 2.37:;1,'!1 2.1 3.2 0.38 8 r:-
1751+0939 ar081 2010-04-01 -1.93 ' 2.24 . 2.5 2.6 0.52 14 '" 
1833-2103 PKSB 1830-210 2010-09-23 -1.22~:1! 7.81~:~ 3.1 13.3 0.75 29 

J 1840-7709 PKS 1833-77 2010-03-11 -2.46j·tj 1.72~:jg 9.6 2.9 1.19 37 
2056-4714 PKS2052-47 2010-10-18 -2. 19;8 U 1.99:;1,3\ 1.7 1.0 1.33 3 g 

~ 2129-1538 lJy2126-158 2010-05-03 -1.71;8l~ 1.75;8'18 3.8 6.4 1.01 38 

~ 2202+4216 BLLac 2009-12-23 -1.88 2.93 . 9.6 11.2 0.47 21 
2253+1608 3C454.3 2009-12-06 -1.71~·g! 1.25~~ 56.3 93.0 0.86 11 3 -~ 
Column 1 and 2: source name; Column 3: Swift observation date; Column 4:6est-fit photon Index rx; Column 5: estimated NH ; ~ 
Column 6 and 7: 0.1-2.4 and 2-10 keY X-ray fiuxes; Column 8: reduced i'; Column 9: number of degrees of freedom. 1$ 
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Table IS. Fenni-LAT data at two bins/decade simultaneous with the Planck observations. 

J2000.0 name Source name too 316Mev 316McV -1 GeV 
f lux deMi t~ (to-lOph l.'ID- 1 s'" MeV-I) 

l - j.liiGev .Iii IOOCv 10 ji.6GCiv 
0010+ 1058 lliZW2 <6.1 <0.24 <1 .6)( 10-1 

0 136+4751 ~0133+47 <> .• <0.43 <3.0 x I(r2 

0319+4130 NOCl275 8.5:1:1 .8 0.95ti).l2 (1l.l:1.8) x 10-2 ( 10.3:2.7) X 10-1 <1.0 X 10-' 
0334-4008 PKS 0332-403 <3.9 <0.21 <1.4 x 10-2 <2.7 X 10-] (1.8:1:1.8) x 10 ..... 
0428-3756 PKS0426-380 <3.6 <0.19 <2.4 x 10-2 (2.3:1: 1.7) X 10- 3 <4.6 x 10 ..... 
04.57-2324 pKS0454-234 8.3:1:2.2 0.85: 0.17 (4.7:1:1 .8) x 10-2 

0.522-3627 PKSOS21-36 <2.1 <0.23 <3.0 x 10-2 

0.530+133 1 PKSQS28+134 <8.1 <0.74 
0538-4405 PKSOS37--441 23.6:t:1 .9 2.23ti).16 ( 19.7=2.2) x 1(r2 ( 16.S:t:3.5) x 10-) (7.2:1:4.0) x 10-' 
0550-3216 PKS0.548-322 <2.6 <0.25 
0920+4441 S40917+44 6.2:1:2.1 OAh O. 14 ;4.9 x 10-2 <5.3 X 10-3 

IOJS+4926 IH 1013+498 <4.6 <0.19 (2.1:1:1.3) x 10-2 (3.3:1:2.3) X 10- 3 

11 04+381 2 M\:n42 1 6.8:t:2.3 0.7S±O.l7 (6.l±2.1)( 10-2 (12.0:1:4.9»( 10--3 (3.2:1: 1.3»( 10-' 
1127- 1857 PKS 1124-186 . ..:6.5 0.52±O. 13 (3.7:t:J.4) x 10-2 (6.2 :1:2.8) X 10-) 
1130-1449 PK$ 1127-145 <4.6 <0.43 
1147- 3812 PKS 1144-379 <5.3 <2.2 x 10- 3 

1217+3007 ON 325 <1.8 0.21 : 0.08 (11.3:6.9) )( 10-1 

1229+0203 3C273 43.1 :5.2 2.92:i:O.34 (11.4:3.0) x 10-2 (6.7:!:3.9) X 10-3 

1248+5820 PO 1246+586 <~ I <0.17 (1O.9J:S.7) x 10-3 

1256-0547 3Cm <163 1.20:t0.2I (5.2±2.5) x 10-2 

1407- 2701 IWOAJ 1407.5- 2700 <3., 
1423+5055 BZQJ 1423+5055 <2.7 
1427+2348 PO 1424+240 <7.2 <0.33 (4.1:1: 1.7) x 10-2 <8.1 x 10-3 < 1.6 x 10-3 

14.56+5048 IRXJ 14,5603.4+504825 <2.0 <8.2 x 10 ..... 
1504+1029 PKS 1502+ 106 <9.9 0.55i{1. 16 (6.932.2) x 10-2 (7.7:1:.3.9) X 10-3 

1603+ 1554 WE 1601+ 16W3 4 ' <2.0 x 10-2 

1635+31108 4C 38Al 22.2±3.0 1.27i{1.18 (4.4:1:: 1.6) x 10-2 <5.3 x u r l 

1642+3948 3C '" <4.2 <0.54 
16.53+3945 Mkn501 <4.9 0.24=0.10 (2.2:1.1) x 10-2 (3.3±1.9) x 10-3 (4.5:1:.4.2) x ICy" 
1751 +0939 ar081 <0.39 <2.7 )( 10-2 <2.3 X 10-3 

1800+7828 S5 1803+784 <4.6 0.31=0.08 (3 . .5±1.1)x 10-2 (1.S±1.1) x 10-3 

1833- 2103 PKSB 1830-210 34.5±9.1 18.6±O.5 (9.9:t4.9) x 10-2 <1 .6 )( 10-2 

2143+ 1743 S32141 +17 <8.0 0.«:0.15 < 1.2 x I(r2 

2148+{)6S7 4C 06.69 <H <0.47 <2 ,4 x Io-! 
2202+4216 BL Lac 9.0:1:.1.9 0.99±O.l5 (4.4±1.4) x 10- 2 <5.3 X 10- 3 

2232+1143 4C 11.69 <7.3 <0.35 <3.4 x 10-2 

2253+1608 3C4S4.3 204:i:29 19.2:1:2.4 1.23%0.27 (3.5:1:2.5) x 10-2 

COlumn 1 and 2: source name; Column 1-9: F~rmi-LAT flux deruirics in seven encqy blildi 

iJ: 

jl.6 ioodCV 

(5.9±S.9) x 10-' 

<1.7)( 10-3 

IOdGCV-316Gev 

<2.7 x lcr 

(6.0%6.0) x 10-5 

<4.1x 10-5 
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P. Giomrni et al.: Simultaneous Planck. Swift. and Fermi observations ofblazars 

Tablt 16. F~nni-LAT data at one bin/decade simultaneous with the Planck observations. 

flux density (lo-lOphcm 's-I MeV-I) 
J2000.0 name Source name 100 Mev IGeV I IOGeV 10 IOOGev 
0017+8135 S50014+813 <0.33 <3.0 x 10-3 

0035+5950 IES 0033+595 <0.32 <5.5 x 10- 2 

0048+3157 Mkn348 · <0049 ... 
0120-2701 IJy 0118-272 <0.70 (1.0±0.4) x 10-2 

0204-1701 PKS0202-17 OA8±0.21 
0210-5101 PKS 0208-5 12 <0.64 <1.3 x 10-3 

0214+5144 GB6J0214+5145 <4.8 
0217+7349 IJy0212+735 
0217+0144 PKS0215+015 0.91±0.31 <7.7 x 10-3 

0221+3556 IJy0218+357 <104 <1.1 x 10-2 

0237+2848 4C28.07 1.5±0.5 <1.1 x 10-2 

0238+1636 PKS0235+164 <1.9 <7.6 x 10-3 

0336+3218 NRAOI40 <0.95 <1.5 x 10-2 <4.5 X 10-' 
0423-0120 PKS0420-01 1.5±0.5 <1.1 x 10-2 

0433+0521 3C120 <1.3 
0539-2839 IJy0537-286 <0.59 ... 
0738+1742 PKS 0735+ 17 <1.1 (5.2±3.1) x 10-3 

0746+2549 B2.20743+25 <0.46 
0818+4222 S40814+425 <1.2 <104 x 10-2 

0824+5552 01535 <0.39 
0841+7053 4C71.07 <0043 
0854+2006 PKS0851+202 <0.81 < 1.1 x 10-2 

0915+2933 B20912+29 <0.46 <7.8 x 10-3 

0923-2135 PKS0921-213 <0.21 
0957+5522 4C55.17 0.89±0.27 (1.7±0.5) x 10-3 (I.I±I.I) x 10-4 
1058+5628 IRXSJ 105837.5+562816 0.51±0.19 (6.2±2.3) x 10-3 

1058+0133 4COl.28 <0.71 <7.5 x 10-3 

1058-8003 PKS 1057-79 <0.65 <7.4 x Hr3 <9.7 x 10-' 
1131+3114 B21128+31 <0.24 
1136+7009 S51133+704 <0.77 <8.0 x 10-3 

1153+4931 4C49.22 <0.48 ... 
1159+2914 4C29.45 17.8±0.3 (2.0±0.5) X 10-2 

1220+0203 PKS 1217+02 <0.50 ... 
1221+2813 ON231 <0.65 <5.7 x 10-3 

1222+0413 PKS 1219+04 1.2±OA <7.3 x 10-3 

1246-2547 PKS 1244-255 <1.8 <1.7 x 10-2 

1305-1033 IJy 1302-102 <0.55 ... 
1310+3220 IJy 1308+326 <0.31 (6.5±2.2) x 10-3 

1350+0940 GB6B 1347+0955 <0043 ... 
1419+0628 3C298.0 <0.66 <7.2 x 10- 3 

1507+0415 BZQJ 1507+0415 <0.45 
1510-0543 4C-05.64 (45.5±7.6) x 10-2 (21.3±2.9) x 10-' <5.8 x 10-6 
1517-2422 APLib 1.22±0.41 <9.5 x 10-3 <4.8 X 10-4 
1555+1111 PG 1553+113 <1.1 (I4.6±3.3) x 10-3 <7.8 x 10-' 
1625-2527 OS-237.8 <2.9 <lA x 10-2 

1640+3946 NRA0512 <9.8 <0.67 (5.7± 1.7) x 10-2 

1719+4858 ARPI02B 
1743+1935 IES 1741+196 <0.31 <2.5 x 10-2 

1840-7709 PKS 1833-77 <0.59 <3.3 x 10-3 

1911-2006 2E 1908.2-201 <1.4 <204 x 10- 2 

1923-2104 PMNJ 1923-2104 1.97±0.67 (8.78±5.4) x 10-3 

1924-2914 OV-236 <1.6 (I2.7±6.9) x 10-3 

2129-1538 IJy2126-158 <6.1 x 10-3 <4.2 X 10-4 
2147+0929 IJy 2144+092 1.47±0.45 <7.6 x 10-3 

2151-3027 PKS 2149-307 <1.2 
2203+3145 4C31.63 <0.32 
2207-5346 PKS2204-54 <0.61 
Column I and 2: source name~ Column 3-9: Fermi-LAT flux densities in three energy bands. 
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P. Giommi et al.: Simultaneous Planck, Swift, and Fermi observations ofblazars 

Table 16. F~rmj-LAT lata at one bin/decade simultaneous with the Planck observations. Continued. 

12000.0 na:ne Source name looMev 1 GCY 1 JOGCY 10 looGeV 
2209 4710 NGC7213 <0.62 
2229-0832 PKS2227-08 <0.81 
2230-3942 PKS2227-399 <0.31 
2303- 1842 PKS 2300-18 <0.45 
2327+(940 PKS2325+093 <0.97 
2333-2343 PKS2331-240 <0.83 

<9.7 x 10-' 

<6.9 x 10-' 
<4.7 x 10-' 

2347+5142 IES 2344+514 <9.9 x 10-' 

<9. 1 x 10-' 

Column L and 2: source name; Column 3 9: Fermi-LAT flux densities in three energy bands. 
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v. Table 17. Fermj-LAT data at two bins/decade integrated over two months around the Planck observations. 00 

100 jl6McV jj6MeV ,cev flUXdeJlliit~(urlll~cm IS- I MeV-I 
l-l.16GCV.J6- rdCV 10 ji.6GCV 31.6 iOOdCY liJOGeV jltiGCY 

<2.2 <0.12 <8.8 x 104 

0017+8133 S50014+813 <1.5 <7.4 x 10-2 <4.5 X 10-3 <" .4 X 10""" 
540133+47 2.90±O.84 (19.5±4.6) x 10- 2 (10.3±4.0) X 10- 1 <3.9 X 10-4 <2.8 x 10""'" 
0136+4751 PKS0'202-17 <0.9 <9.8 x 10--2 <7.0 X 10-3 

0210-5101 PKS 0208- 512 2.01±0.69 (9.9*3.4) x 10-2 <5.5 X 10-3 <1.5 X 10-3 

0217+7349 lJy02J2+llS <0.2> < 1.4 x 10-2 <1 . 1 X 10-3 

0217+0144 pKS021S+OIS 3.85±O.14 (33.7i:5.3) x 10-1 (28.3±63) X 10-] (19.1±B.3) x 10""'" 
0221+3556 l1y0218+351 <3.7 (l4.8:f:4.2) x 10-1 (16.6*,5.1) X 10-1 <2.0 X 10-l 

0237+2848 4C 28.07 5.4810.95 (34.6±5.7) x 10-1 (25.8±5.9) x 10-3 < \.4 X wool 

0238+1636 PKS021!!i+1 64 2.81 ± 0.92 <0.11 <5.1 x 10-3 < 1.6 X 10-3 

"' 0319+4130 NOC 1275 11.2:1::1.1 (99.5:1:7.9) x 10-2 ( 12.2:1;1.1) x 10-1 (11.1 :1:1.8) x 10-3 (8.0:t2.5) X 10--04 (2.6:2.6) x 10-5 3.2 x 10-' 
0334-4008 PKS 0332-403 <3.1 (l2.6:t3.7) x 10-1 <1.3 X 10-2 (9.6:1:5.7) X 10-4 <3.2 X 10--04 9. 
0336+3218 NRAOl40 <6.1 <0.21 < 1.4 x 10-2 <4.5 X 10--04 <1.9 x 10-' 0 

042&-3756 PKS0426-380 3.13:tO.76 (27.O:t4.8»( 10-1 (24.5:t5.8»( H,3 (24.5±8.9) x 10-' <3.3 x nr' ~. 
0433+0S21 3C020 <4.3 .-:9.5 x 10-2 

!! 0457-2324 PKS0454-214 5.59%0.87 (6O.4:t6.5) x 10-2 (36.1±6.7) X 10-3 (14.0±6.8) x 10-' < 1.2 x 10 .... 
0522-3627 PKSOS21-36 <3.0 (17.2:1:4.3) x 10-2 (9.0±4.0) x 10-] < 1.3 X 10-1 !"-
0530+1331 PKS 0528+ 134 <5.0 <0.12 (18.6:t9.4»( 10 .... en 
0339-2839 Uy05J7-286 <2.4 <0.11 <8.6 x 10-4 3· 
0338-4405 PKS~37-441 22.6±1.3 2.13%0.11 (23.0±1.6) x 10-1 (20.9±2.3) x 10-3 (12.6:1;3.4) X 10'" (4.0:1:3.6) X 10-5 Eo 
0550-3216 PKS 0543- 322 <1.2 <7.7 x 10-2 <2.4 )( 10-3 < 1.6 X 10-3 § 
0623-6436 IRAS-L062~3 <2.3 ...;7.1 x 10-2 <6.3 X 10-3 < LO)( 10-3 

~ 0746+2549 B2.2 0743+ 25 <1.9 <7.7 x 10-3 <4.1 x 10-' 
0818+4m S40814+425 <2.' (16. 1±3.8) x 10-1 (I 1.6:1:4.0) x 10-3 ...: 1.8 x 10-] <4.0xur ." 
0824+5552 OJ 535 <2.' <6.0)( Io-! <4.4 X 10-] -:4.2 x 10-5 .. 
0841+1053 4C71.07 <2.8 <5.7)( 10-2 • 
0920+4441 S40917+44 4.98±O.76 (33.3±4.8) )( 10-2 (13.6:1:4.1) X 10-3 (l1.3±6.1) x 10-4 .* 
0923-2133 PKS092 1-213 <3.1 ~ 
0957+5522 4CSS.17 3.53±O.64 (26.8±4.0) x 10-2 (46.7±6.7) X 10-3 (22.1 ± 7.7) X 10-4 (2.9:!:1.4»( 10'" (7.8:7.8» ( IQ-fi 'jl; 
1015+4926 IH 1013+498 1.82:tO.64 (8.1±3.0) x 10-1 (16.9%4.5»( lQ-3 (19.6:1:8.1)(10'" (L6J: 1.2»(10-' 
1058+5628 IRXSJ 1058)7.5+562816 <2.2 (14.8:t3.5»( urz (13.5:1:3.9»( 10-3 (10.3±5.s) x 10-' <2.8 x 10-"' § 
1038+0133 4C01.28 <4.2 (18.1±5.o) x 10-2 ( 10.1 :1:4.1} x 10-3 <1.9)( 10-1 Co 

1058-8003 PKS 10S7-79 <3.4 <0.20 < 1.2 x 10-2 ( 11 .4%6.8) X 10'" .. 
1104+3812 Mkn421 6.3I±O.85 (16.0±6.7) x 10-2 (12.9:1:8.8) X 10-1 (10.5:1.8) x 10-3 (18.1:!:3.9) X 10--4 (18.1:6.8) x 10-5 (2.8:1.6) x 10-5 ~. 
1127- 1857 PKS 11 24-186 5.15±O.97 (37.3±5.5) x 10-2 (19.J:I:!i.2) X 10-3 (17.1:1:7.6) X 10-4 <2.7 X 10'" 0 
Jl30-1449 PKS 1127-145 <2.9 <0.16 <3.2)( 10-3 § 1131+3114 B21128+31 <6.2)( 10-2 < Ll X 10-3 

1136+7009 S51133+704 <0.12 <8,j x 10-3 < 1.2 X 10-3 (13.2:!:9.3»( IO-~ <2.0 X 10'" g. 
1141-3812 PKS 1144-319 < 1.1 <7.5)( 10-2 <3.9 X 10-3 < 1.1 X 10-3 <3.1)( 10"" 
1153+4931 4C49.22 <os <4.2)( 10-2 <5.8 X 10-] ~ 
IIS9+2914 4C29.45 9.64±O.91 (6.5.2±63) )( IO-~ (64.7:1:8.4) X 10-3 (3.4:!:1.0) X 10-1 (2.0:!:1.4»( 10"" (25.S:l:2.6) x 10-6 g, 
1217+3007 ON 325 <2.3 (27.4:1:5.2»( 10-2 (12.4:1:4.5) X 10-J <2.1 X 10-1 (I.8rJ.3) x 10'" 

~ 1'.20+0203 PKS 1217+02 <3.0 <7.1 X 10-2 <8.7 X 10-] <4.5)( 10'" 
1221+2813 ON231 <3.6 <0.17 (13.7:1;4.5) x 10-3 < 1.0 X 10-1 <2.6 x 10-' S 
1222+0413 PKS 1219+04 3.9±1.1 (1!I.9:1:4.7»( 10-1 <8.5 X 10-3 <5.9 X 10'" 
1229+0203 3C273 26.4±1.9 1.32±0. 10 (60J)±93) )( 10-3 <2.5 X 10-3 <3.7 )( 10-"' 
1246-2547 PKS 1244-255 <4. 1 07.8:1:4.9) x 10-2 < U x 10-2 <4.3 x 10"" 
1248+S820 PO 1246+586 <0.68 (1.0:1:2.1) x 10-2 (12.1±3.1) x 10-] < 1.4 X 10-1 (I.S:!:Ll) x 10-' 
1256--0547 3C2,. 13.1:1:1.5 (83.2:tB.2) x 10-2 (37.0:1:7.5) X 10-1 <2.2)( 10-1 

1310+3220 lJy 1308+326 2.78:tO.83 <0.10 (12.6:1:4.2) x 10-3 (11.5:1:5.9)( 10--4 
1330+0940 OB6B 1347+0955 <0.90 <5.4 x 10-2 <4.2 X 10-3 

1407-2701 IWOAJ 1407.5-2700 <1.6 <0.10 <3.6 x 10-3 

1419+0628 3C298.0 . <2.9 <7.4 x 10-2 <1.3)( 10-3 

1423+5055 BZQJ 1423+5055 < 1.5 
1427+2348 PG 1424+240 <3.' (16.4:1:4.4»( 10-2 (31.%6.8»( 10-3 (2.9 ± 1.0))( 10-3 (5.8±2.4) x 10"" (IO.S:!:3.1»)( Io-~ 
1456+5048 IRXS) 145603.4+S0482S <2.2 x 10-2 <3.3 X 10-

' 
<3.6 x 10-' 

1!i04+1029 PKS 1502+106 6.7:1:1.0 (3S.6±.!i.7) x 10-2 (25.3%6.0) X 10-' (18.!i:t8.2»( uri 
COlumn 1 and 2: 50Urce name; Column 3 9: Fl'nnl-LAT Bux dtn~ltlC.~ In iW:Ven energy baDiL. 
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Table 17. Fermi-LAT.data at two bins/decade integrated over two months around the Planck observations . Continued, 

J20oo.0 name Source name \otJ - 316McY 3i6MeY ICkV I 
Flux densit~ (l0- lIlrcm-1 s-T MeV I) 

3.16GeV .16 - roev to 3i.6GCV 
1507+0415 BZQJl507+0415 <3.4 <8.1 x 10-3 <4.4 x 104 

15 1()-{)S43 4C-0!5.64 <2.7 <0.36 (l1.9±4.9) x 10-3 

15 17-2422 APLib <3 .• (27.4±6.1) X 10-2 (25.0±6.9) X 10-] (3.4.:i:1.2) X (cr. <3.3) X I~ 
1555+ 1111 PO 1553+113 <2.1 ( 1 6.1I~.7) X 10-' (482:1:11.4) X 10-3 (5.6.:i: 1.4) X 10-3 <3.6 X I~ 
1603+ 15'" WE 1601+ 16W3 <2.2 <7..8 X 10-1 d.Ox 10-3 

1625--2527 OS - 237.11 9.2~.0 0 .42:tO.1I (24.5*8.1) X 10-1 ( 139:t7.4) X 10-4 <3.1 X I(r--4 

163S+3I!08 4C3B.41 17..(±1.3 1.24:tO.08 (4B.6±7.5) X 10-) (24.4.:i:8.9) X 10'" <3.0 X I~ 
1640+3946 NRAOSI2 8.8±1.3 (64.5±6.7) )( 10-2 (48.1I±7.4) X 10-3 (26.2:9.2) X 10'" 
1642+3948 3C34S <5.5 (39.5±6.1) X 10-2 (lB.5±5.1) X 10-3 (23.2:9.0) X 10'" 
1653+3945 _"', <2.9 (16.9:£4.3) X 10-2 (17.9:1:5.0) X 10-3 (19. 1:1:7.9) X 10'" (4.5:1:2.0) X 10'" 
1719+411511 ARP 1028 <2.2 
1751+0939 or01l1 <0.14 < 1.8 X 10-2 <5.0 X 10'" 
11100+7828 S5 1803+7114 2.44:1:0.S8 (17.9:1:3.6»( 10-1 (16.4*4.0) X IO-J (12.4* 5.6) X lr <2.2 X 10'" 
1833-2lO3 PKSB 1830--210 4O.S±2. 1 
1840-7709 PKS 1833-77 <5.6 X 10-] <1.1 X 10-3 

1911-2006 2E 1903.2-201 <5.9 <0.26 (16.0±S.3) X 10-3 (7.815.3) X 10-4 
1923-2104 PMNJ 1923-2104 <3.4 (28. I ~.6) X 10-' (10.h42) X 10-3 < L3 x 10-) 
1924-291 .. OV - 236 d.3 <0.1 5 (1O.1:t:4.6) X 10-1 <1.6 X 10-) <3.1 X I(r 
2009-484. IJ)' 2005--489 < 1.9 <0.1 7 (7.5*3.4) X I(r l (lI.bS.3) X 10'" (1.6±1.2) X 10'" 
2056--4714 PKS2052-47 4.75:1:.0.86 (16.2:1:4.3»( IO- l <1.2 X 10-1 <4.2 X 10'" 
2129-1538 1J), 2126-1S11 <75)( 10-1 <8.3)( 10-3 

2143+1743 832141+17 6.3:1:1.3 (36.3:1::6.1) X 10-2 (111.3*5.2) X 10-3 <4.5 X 10'" 
2147+0929 lJy2 144+092 6.7:1:1.2 (21.9:1:.5.5) X 10-2 (13.1:t4.7) X 10-3 (9. 1:1:5.6) X 10'" <3.3 x 10'" 
2148+0657 4C06.69 <2.6 <0.13 <8,4 X 10-3 

2151 -3027 PKS2149- 307 <2. 11 <0.16 <3.5 X IO-l 

2202+4216 BLLac 7.7:1:1.1 (53.6:t1.0) X 10-2 (41.1:1:7.3) X 10-3 (32.9:9.9) x 10-' (1.6:1:1.1) X 10-4 
2203+3 14~ 4C31.63 <2.5 <8.0 X 10-1 

2207-l346 PKS 2204-54 <1.9 <8.6 X 10-1 <4.4 X Ilr 
2209-4710 NOC1213 <1.0 <1.8 x 10-' 
2229--0&32 PKS nrT-OS 4.l1:tO.92 (14.0±0.4) X 10-1 ( 145:t4.9) X 10-1 <1 .3 X 10'"" 
2230-3942 PKS2227-399 <1.3 <62 )( 10-1 <4.3 X 10-<1 
2232+1 143 4C 1 1.69 <3.B ( 16.3*4.7»( 10-1 <1.6 X 10-2 < 1.1 X 10-) 
2253+ 1608 3C4.54.3 220:1:3 17.2:tO.3 1.13:1:.0.03 (44.3: 3.8) x 10-3 (11 .11*3.3) x 10-4 
2303-1842 PKS2300- IS <1.4 <4.5 X 10-] <4.4 X 10'" 
2321+~ PKS 2325+093 <2.5 <0.1 1 <1.6 X 10-3 <5.6 X 10'" 
2333-2343 PKS2331-240 <2.4 <8.2 x 10-2 <5.4 X 10-3 

Column I IlJId 2: source name; Column 3 9: Ft:nnl-LAT flux densities in seven enera;)' bands. 
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P. Giomrni et aJ.: Simultaneous Planck. Swift. and Fenni observations ofblazars 

Table 18. Fenni-LAT data at one bin/decade integrated over 2 months around the Planck observations. 

60 

Flux density (10 iUphcm-2 8-1 MeV i) 
12000.0 name Source name 100 Mev 1 GeV I 10 GeV 10 100 GeV 
0035+5950 IES 0033+595 <0.41 <3.8 x 10-3 <7.0 x 10-' 
0048+3157 Mkn348 <0.19 <4.6 x 10-' <6.8 x 10-' 
0120-2701 lJyOIl8-272 (43.3±9.8) x 10-2 (4.7±1.2) x 10-3 (6.0±3.S) x 10-' 
0214+5144 GB6J0214+5145 <0.22 <1.9 x 10-3 

0423-0120 .PKS0420-01 1.34±0.18 (6.5±1.5) x 10-3 

0738+1742 PKS0735+17 0.5 1 ±0.13 (3.6±1.2) x 10-3 

0854+2006 PKS0851+202 0.50±0.14 (3.2±1.I9 x 10-3 

0915+2933 B20912+29 <0.18 (96.5±5.4) x 10-' 
1305-1033 lJy 1302-102 <0.29 
1743+1935 IES 1741+196 <0.39 <2.9 x 10-3 

2347+5142 IES 2344+514 <0.41 <2.5 x 10-3 

(7.3±4.2) x 10-' 
(4. I ±2.9) x 10-' 

Column I and 2: source name; Column 3-9: Fenni-LAT flux densities in three energy bands. 



Table 19. Fenni-LAT data at two bins/decade integrated over 27 months. 

Soo=~ uXJ-JI6Mt V jl6MCv JGcV I 
Flu,; ~ (IO-I"~cm-J$- I MeV- I 

J.16Gcv ~i6 10 tV IO jUdev JI.6 u'OGeV- iOOGiV J I6GCv 
Ul ZW2 <0.>4 (35%:1.0) x 10-1 <2.0 x IO-r 

003S+S9S0 IBS0033+S9S < 1.3 (4.S%:1.4) )( 10- 2 (48.o±9.9) )( 10 .... (52:1.2) x 10-' (7.8:2.0» ( 10-' (7.0:1:3.3) x 10--6 <1.9xlo1 
0048+3157 Mkn348 ~6.7)( 104 <.2.7)( 10-' <3. l xl~ 
0120-2701 lly01l8-272 0.9S±O.l6 (11.4±O.9»( 10-1 (12.D±1.I»( 10-) (12.0:1:1.7»)( 104 (12.3:1:2.8»)( 10- 5 (S.6:3.4) )( 10-<1 
0J36+47S I S40133+47 4.04±O.23 (28.9:1:1.3»( 10-2 (19.4:1.3»( 10-3 (1I.2:ld.S»)( 104 <3.-4 )( 10-5 <6.1)( 10-<1 
0204- 1701 PKSOZOZ-17 0.99±O.17 (59.3%:8.6»( 10-3 (42.4±7.4»( 104 <1.04 ;( 10 .... <9.9)( 10-7 

0210-5 101 PKS 0208- S 12 2.4I ±O.2S (18.7:t1.1»( Hr2 (14.0±1.1»)( 1O-} (S.9:1:1.2»( 10 .... <3.0 x 10-5 -:9.6)( 10-<1 
0217+01-4-4 PKS021S+015 2.29%0.20 (20.2:1.2»)( I()"'"! (18.0:1: 1.4) )( 10-3 (lS.0:1: 1.9) x 10 .... (5.9:1:2.1))( IO-~ <7.3)( 10-(i 
0221+3S56 Uy0218+3S7 4.02%0.25 (26.7%1.3) x 10-1 (16.6:1:1.3) X 10-3 (13.l±1.1) X 10 .... (4.8: 1.8) )( l(r~ <6.9 x 10--6 
0237+2&48 4C28.07 4.38%0.24 (31.2:1.!i) x 10-2 (14.5±1.3) x 10-3 (6.4:1:1.3) )( I~ (1.6:t1.0) )( Io-~ 

'" 0238+1636 PKS 0235+ 164 7.63:t0.30 (65.1±1.9) x 10-1 (57.7:1:2.3) X 10-3 (41.9±3.1) x 10 .... (17.7%3.4) x 10-5 (7.6:1:3.8) X 10--6 
0319+4 130 NOC I275 6.83:t0.27 (6O.9± 1.8) x 10-1 (63.4:1:2.2) X 10-3 (48.7±3.2) x 10 .... (34.5%4.4» )( 10-s (25.S:t6.9) x IO-(i <2.9 x I~ Cl 

0' 
0334-4008 PKS 0332-403 1.8S:t0. 18 (21.4:1::1.1) x 10-2 (lS.4±1.2) x 10-3 (9.6±1.5) x Ir (6.5:2.0) x 10- ! :6.6 x 10- 6 

3 
0336+3218 NRAO l40 <2.8 Cl2.3±2.7) x 10-2 (4.S±1.3) X 10-3 8, 
0423~120 PKS042Q-Ol 4.5O±0.33 (32.9:1.6) x I()"'"l (22.0±1.5) x 10-) (l3. 1:t1.9) x Ir (7.0:t:2.2) x 10-" S\ 0428- 3156 PKS0426-380 10.2±0.3 (93.4±1.9) x l(r1 (91.7:1:2.7) x 10-3 (80.9:1:4.2) x 10 .... (40.7:1:5.0) )( 10"""' (21.8:1:6.3) X Icr6 <2.4 X 10-i! 
0433+032 1 3C I2O <1.3 (3.9±1.2) x 10-] <2.0 X 10- 3 <2.2 X 10-4 ~ 
0457-2324 PKS 0454-234 1O.6±O.3 (93.4:.2.0) x 10-2 (72.4:1:2.4) )( 10- 3 (42.1±3.1) x 10 .... ( 12.0%2.8) x I~ (7.9:1:4.2) x I~ '" 0522-3627 PKSOS2 1-3ti 4.42±<1.22 (27.2:1:1.3) x w-2 (16.7:1:1.3) x 10-3 (6.5:1:1.3»)( 10-4 <3.1)( I()","" <7.9)( IO-i! 

J 0530+133 1 PKS OS28+ 134 3.27:t0.34 (l6.2:t 1.8) x 10-2 (8.1±1.3) x IQ-l <3.8 x Ir <4.7 x 10-6 
0338-4405 PKSOS37-441 13.9±<I.3 J.I9:tO.m (1I.4±O.3) x ur2 (86.6.±4.3) x ur (44.1:1:5.2) x 10-5 (26.9:1:7. 1) x 10-6 
0539-2839 IJyOS37-286 1.87:t0.19 (49.8±8.1) x ur' (I7.W .1) x Ir <2. 1 )( 10 ...... <2.8 x 10-5 0 

0623-6436 lRAS-l.06229-643 0.79:tO.l1 <2.1 x 10 -2 <2.0 x 10 .... <1.0 x 10-05 ~ 
0138+1742 PKS073S+17 1.0 :1:0.22 (16.6%12) x 10-2 (l6.0±1.3) x I ()"'") (14.7±1.9»)( 10 .... (1-4.1:1:3.2) x 10-' <9.8 x I~ ." 
0146+2549 B2.20143+25 1.46:1:0.20 (4O.4:t9,O) x 10-' <.2.3 x 10-3 <1.8 x 10 ...... § 
0818+4222 S408 I4-t42S 2.89:1:0.20 (24.4%:12»( Hr2 (23.3:1:1.4) x I ()"'"l ( IS.3:t1.8»)( Itr (7.8:1:2.2) x 10-' 

.~ 0824+SS52 OJ53S 1.I 1:t.<1.16 (46.6:1:1.4) x Io-
' 

(13.1 :1:4.8) x 10 .... <1.7 x 10 .... <7.-4 X 10-7 

0841+7033 4C7I.07 1.98:1:0. 16 (76.0:1:7.5) x 10-3 (2O.2±5.0) x 10 .... <loS x 10 .... <2.5x 10-' '" • 0854+2006 PKS 0851 + 202 2.18:t:O.34 (16.9:1:1.3) x ur2 (11.1 :tl.l) x 10-3 (9.3:1:l.Sl x 10 .... (4.0: 1.1»( lO-s <7.0 X 10-i! ~ 
0915 .. ·2933 820912+29 <0.7 1 (62.1:t.8.4) x 10-3 (72.5±8.9»)( 10 .... (5;0:1:1.1»)( 10 .... (2.9:1:1.5»( l cr' (5.813.3) )( 10 .... <2.4)( 10 .... 

8. 0920+44-41 S40917+44 5.2S:t:O.ZI (42.4:t1.3) x 10-1 (27.6:t1.4»( 10-3 (16.3±1.8) x Ir (5.4%1.8) x 10-' 
0923-2135 PKS0921-213 0.77±O.21 <2.2 x 10-2 <I.S x 10- 3 

"' 0957+5522 4CSS. 17 2.S0%O.i'6 (21.5:t1.1) x 10-1 (30.7±1.4) x 10-3 (27.2±2.2) x Ir (17.4: 3.0) x 1 0~ (14.9±4.8) x 10- 6 <2.0)( IO-(i 

~, 1015+4926 IH 1013+498 1.52%0.15 (l4.8:t0.9) x 10- 2 (20.2±1.2) x 10-3 (18.8±1.9) x 10 .... (16.6: 3.0) x 10"""' (14.9:1:4.9) x 10 .... (1.8± 1.0»)( 1~ 
IM8+5628 IRXSJ 105837.5+562816 1.04±0.15 (lO.h:0.8) x 10-2 (12.1 ±0.9) x 10-3 (10.7:1:1.4) x 10 .... (9.8:2.2) x 10-' (13.1:1:4.4) x 1O-(i <7.7 X 10-7 

~ 1058+0133 4C OL28 3.45:1:0.36 (25.8±1.4) x 10-] (19.8± 1.5) x 10-3 (1O.4±1.7) x 10 ....... (8.3:2.5) x Io-~ (6.2:t3.6) X IO-fi 
1058-8003 PKS IOS7-79 1.I8±0.23 (11.5:1::1.1) x 10-1 (72.8±8.8) x 10 .... (32.3±9.2) x 10-' <2 .6)(1~ ~ 1104+3812 Mkn 421 5.38:t0.21 ('9.2: 1.5) x 10-1 (74.1±2.3) x 10-3 (94.8:1:4.4) x 10 .... (97.0: 1.4) x 10-' (l5.0±1.6) x IO-~ (1 8.6:1:3.4»)( IO-i! 
1121- 1857 PKS 1124- 186 2.91±0.24 (23.6:1.3) x 10-2 (l7.0±1.4) x 10- 3 (8.6:1:I.S) x l<r ("':t2.0) x 10-' <6.2 X IO-fi g 
1130-1449 PKS 1I27-14S 2.91 :1:0.23 (11.6:1:1.1) x 10-2 (S5.S±8.7) x 10 .... il 
1131+3114 821128+31 <1.3 x 10-2 <8.8 X 104 g, 
1136+1009 SS 1133+704 <0.42 (Z2.5:1:S.3) x 10-3 (28.D±S.I) x 10 ....... (2S.6:1:7.4) x 10-' (4.4J:1.4) x 10-' (S.I±2."l) x 1O-fi g: 
1153+4931 4C49.22 0.6S%O. 14 (42.8%6.6) )( 10-3 (24.I:tS.5»)( 104 <1.3 x Ir <1.1)( 10-" ~ 
1159+2914 4C29.4S ,.I 1±C.23 (37.4:t1.4) x 10-2 (30.0:1: 1.6) x 10-] (14.5:t: 1.8)x 10 .... (6.7:1:2.1))( 10-" ~ 
1217+3007 ON32S 1.82±O.28 (l7.5:t I.S) x 10-2 ( 19. 1: 1.4)x ICy-] ( IS.2±I.9)x I~ (lO.9J:2.6) x I O-~ (7.7:1:4.1»)( 10-6 <2.6)( 10--4 
1221+2813 ON231 1 .~:tO.27 (l6.9J: 1.2) x 10-2 (17.B:t1.3)x 10-] ( 13.0:1:1.7»)( I~ (11.2:1:2.7) x 10-5 (11.4:1:4.8) x I~ 
1222+0413 PKS 1219+04 1.86:dJ.J2 (l3.1±1.3»)( 10-1 (36.4:1:1.8) x Ir < 1.3x 10 .... <3.4 x Hro5 <15 x I~ <1 .0 x 10" 
1229+0203 3C273 24.1:t:Oji 1.29:tO.02 (57.3:1:2.3) x 10-1 (lSD±l.O) x I~ (-4.0:1:1.8) x ur5 

1246-2547 PKS 1244-2.5S 4.97±O.26 (42.3:1:1.1) x 10-2 (1O.1±1.7) x I ()","J (16 .h2. l) x Itr (2.6:t1.5) x IO- s 

1248+'820 1'01246+586 1.02±0.l4 (IO.I:t.<I.8) x 10-2 (11 .S±O.9) X Io-l (1I .7:t I5)x 10 .... (7.9:1:2.0) x IO-S (13.3:1:4.6) x I~ 
12.S6~7 3C279 18.8±O.4 I.J7:i:D.02 (1UI.7:t2.8» ( l()"'"l (45.9±3.4) x l<r (20.9:3.8) x 10"'" 
1310+3220 LJy 1308+326 3.004±O.23 (21.2:t 1.1) x 10-2 ( 163±1.2) x 10-3 (9.8±1's) x I~ (3.2±1.4) x 10-s <5.2 X 10-(i ,3_ 0MB 1347+0955 <0. 19 <1.3 x 10-2 <l.l x 10 .... <8.9 x IO~ 
1407-270 1 lWGAJ 1407.5-2700 (2.3±1.3»)( 10-' 
1421+2348 PO 1424+240 2.42 ±u.JU (25.8:t1.3) x 10- 2 (33.3:1:1.7) X 10-} (38.0:1:2.9) x 10 .... (46.0:5.4) x 10-' (46.4±9.5) x 10-(i (2. 1:1:1.2) X 10--6 
1.504+1029 PKS 1502+106 20.1%0.4 1.79:tO.03 (13.8±O.3) x 10-] (81.1±4.3) x 10 .... (21.3:3.8) x 10-' (6.8±4.0) x I~ 
1.501+041' BZQJlS07+041S <2.9 x IO~ 

g: Column I and 2: source name; Column 3--9: Fwni-LAT'flulI aensjde~ in se~~ cncray band!;. 



'" Thble 19. Fenn;-LAT data at 2 bins/decade integrated over 27 months. Continued. .., 

n:rev-i 
Flux densi~ ~U-mph cm-2 5-1 MeV-I 

j.I6GeY .r - n,.c:ev-- lif=3 
;) x 10-1 (15.0*1.4) x 10-3 (16.7±2.1) x 10""' (l5.6±3.3) x 10-3 

1.555+1111 PO 1:'553+113 2. 1!i±O.33 (26.2± 1.5) x 10-1 (36.5±1.9) x 10-3 (54.1:1:3.6»( 10 ..... (62.7±6.3) x 1O-~ 
1625-2527 05-237.8 6.'7211.14 (5O.3±3.1) x lO- l (29.0±2.1) x 10-3 (9.7±1.8) x Icr (4.M2.D) x 10""" 
1635+3808 4C38.4t 9.58%032 (68.h2.D) x 10-2 (40.4±1.8) x 10-3 ( 12.9± 1.7) x 104 (3.7±1..5)x IO- l 

1640+3946 NRAOS IZ <6.4 (17.6±3.2) x 10-2 (14.7±1.7) x IO-l (8.3±1.5) x 10"'" (1.9±1.I) x I(r' 
1642+3948 """ (16.9±I :i') x IIr' 1653+3945 _501 1.2510.33 (21.2±1.3) x IO-l (25.1 ~.3) x lire (27.6±4.0) x Woo) 
1751+0939 arOSI 2.07±O.40 (23.01:1.7) x 10- 2 (16.7±1.5) x IO-J (7.h 1.5) x I ()-4 (3.9±1.1) x IO- s 
1800+7828 S~ 1803+784 2.5l:tO.l6 (14.4:1::0.9) x 10-1 (10.9::1:0.9) X 10-3 (8.2::t 1.2) x 10-4 (4.6±1.~) x IO-~ 
1833-2103 PKSB 1830-210 19.5:1:0.6 1.I7::t0.03 (60.7::1:2.7) x 10-3 (17.2::1:2.2) x 10 ..... (~.6::t2.0) x 10-' 
1840-7709 PKS 1&33-77 <0.6& 

(32.0::tl:8) x 10-2 
<9.5 X 10--4 < LOx 10--4 

1911-2006 2E 1908.2-201 4.23:1:0.34 (20.8±1.6) x 10-3 (7.1 ::t1.S) X IQ"""4 
1923-2104 PMNJ 1923-2104 3.93:1:0.31 (32.0±1.7) x 10-2 (27.2::t1.7) x IO-J (16.S::t2.1) x .10--4 (3.6±1.7) x 10-~ 
1924-2914 OV-236 32&:1:0.32 (l6.4±1.4) x 10-1 (10.2±1.2) X 10-3 (5.0:1.3) x 1Q"""4 <S.7 x IO-~ 
19S9+6508 IES 19S9+65O 2.19:1:0.19 (16.9±t.I) x 10-1 (13.6:1:1.1) X IO-J (12.4:t1.5)x 10-' (17.9:t2.9) x 10-' 
200!}-'UI49 lJy200S-4i9 <0.71 (75.5±9.6»( 10-1 (9.3:t 1.0) x 10-3 (9.6::1: 1.5) x 10"""" (IO.4::1:2.6) x lo-~ 
2OS6-47 14 PKS20S2-47 6.48:1::0.02 (2.6:1: I .S) x 10-2 (1A.7:tl.j) x 10-3 (ll.hl.6) x Ir (5.8±1.9) x 10-) 
2 143+1743 S32141 + 17 6.S<H:O.33 (12.!i::l:1.6) x 10-2 (18.O:t1.4) X 10-1 (S. I ::tI.2»( Ir <15 x 10-' 
2147+0929 lJy2144+092 J . 8~:I::O.27 (21.8::1:1.3) x 10-2 (11.7:t: 12) x 10-] (3.3::t I .o) x 10 ..... (2.5±1.3) x 10-' 
2148+06S7 4C06.69 <1.1 (2.9:1:0.9) x 10-1 (22.3:t:7.0) x 10"""" <1.3 x 10"""" 
2 ISI ··-3027 PKS 2149-307 I.RtO.30 (6.1::1:1.1) x 10-2 <2.5 X 10-1 

2202+4216 BL,"", 6.23:1:0.28 (47.5::1:1.7) x 10-1 (33.1::1:1.7) X 10-3 (1S.4:2.0) x· 10 ..... (9.0::1:2.3) x 10-' 
2203+3145 4C31.63 1.14±O.16 <3.4 x 10-2 (20.8::1:7.0) X 10--4 
2207- 5346 PKS2204-54 0.90:1:0.16 (S.8:1:O.8) x 10-2 (34.4±6.6) x 10--4 (13.S::I:6.4) x 1O-~ 
2209-4710 NGC7213 0.66±O.l6 <3.2 x Io-I <1 .4 X 10-3 <7.9 X 10-6 

2229-0832 PKS2227-o& 5.73:1:0.26 (11.9:tI.S) x 10-1 (17.2:tl .4) X 10-3 (3.67:t 1.0> x 10"""" (1.9::1:1.2) x 10-' 
2230-3942 PKS 2227-399 
2232+ 1143 4C 1 1.69 3.84:1::0.26 (20. 1::1:1.3) x ur1 (10.9:*: 1.1) x 10:-3 (3..5:t1.0) x 10-' ( I.S:tI . l ) x 10-' 
2253+ 1608 3C4S4.3 88.0:1:0.6 6.43:tO.OS (38.9:tO.5) x 10-2 (13.9±Q.6) X 10-3 (21.9±3.8) x 10-5 

2327+0940 PKS 232S+<l93 2.9hO.24 (l7.7±I .J) x 10-2 (70.I±9.S) x 10""' <2.6 x lr 
2347+514Z IES2344+:H4 <0.87 (39.5::1:9.5);0; 10-) (60.9:*:8.7»)( Hr 
Column 1 M!a 2: sowee name; Column l=9: FlI!'mIi-LAT flUl. den.'lt.ie, in !\eVen eneJlY blOdl. 

(33.3::1:9.2) x 10-' (S.4± L.7) x 10-) 

<7.2 X 10"41 
(6.6±1.I) x IO~ 

..:8.3 x I<r' 
(42.8:*:85) x IO~ 

<4.& X IO-{; 

(t7.1:t5.0»( IO-fi 
(8.6::1:4.2»( 10--6 

(5. 1:1:3.0) x Ir 

<7.1 X 1O-{; 
<2.5 x JO-{; 
<2.7 X 10-fi 
<5.2x 10-fi 

<6.6 x I<r> 

(1.5:8.6) X 10-6 

(5.h2.0) x IO~ 

(6.5:1:2.0) x 10"" 

<9.9 X 10-' 

<2.S X 10-6 

(14.h9.2) X 10-1 

(2.&± I.4) x 101 

<9.1 x 10-1 

< 1.0;0; 10-6 
( 11.1:*:7.9) X 10-1 
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1Bble 20. Fenni-LAT data u one bin/decade integrated over 27 months. 

J20')OOname Source name 100 Mev IGeY 1 I GeY 10 iOOGeY 
001 7+8135 S5OO14+S13 <8.7 X 10-2 <I.S X 10"' 
1) 214+5144 GB6J0214+5145 <6.7 X 10-' <4.2 X 10-4 
0217+7l49 lJy0212+735 (2S.1±3.8) X 10-' (4.8±1.7) X 10-4 
055~-3216 PKS0548-322 <5.8 X 10-' <4.7 X 10-4 
11"7-3.312 PKS 1144-379 (23.1±3.0) X 10-' (15.7±2.2)x 10-' 
1220+0203 PKS 1217+02 (l2.3±3.6) X 10-' <4.9 X 10-4 
13{i5-1033 lJy 1302-102 <6.0 X 10-' 
1419+0628 3C298.0 <0.10 <4.0 X 10-4 

1423+5055 BZQJ 1423+5055 <4.2 X 10-2 

1456+5048 1RXSJ 145603.4+504825 <0.12 
1510-0543 4C-05.64 (45.5±7.6) X 10-2 (21.3±2.9)x 10-4 
1603+1554 WE 1601+16W3 <2.5 X 10-4 
17 19+4858 ARP 102B <4.8 X 10-2 <1.4 X 10-4 

<6.4 X 10-6 

<3.7 X 10-< 
(4.6±2.8) x 10-< 

<8.3 x 10-< 
<5.8 x 10-< 

<6.5 X 10-6 
<5.8 X 10-6 
<4.9 X 10-6 

174.; +1935 IES 1741+196 <7.6 X 10-2 (9.5±1.9) X 10-4 (5.8±3.2) X 10-< 
,U29-1538 lJy2126-158 <0.11 <3.5 X 10-4 
2303-1842 PKS2300-IS <2.7 X 10-4 <2:3 X 10-6 

2:1,;-2343 PKS2331-240 <9.5 X 10-2 <4.3 X 10-4 <3.7 X 10-6 

Column 1 and 2: source name; Column 3 9: Fermi-LAT flux densities in three energy bands. 
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