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ABSTRACT

We investigate th&ermi LAT ~-ray and 15 GHz VLBA radio properties of a joifptray- and radio-selected
sample of AGNs obtained during the first 11 months of Feami mission (2008 Aug 4 - 2009 Jul 5). Our
sample contains the brightest 173 AGNs in these bands almnlmation—30° during this period, and thus
probes the full range of-ray loudness+-ray to radio band luminosity ratio) in the bright blazar ptagion.
The latter quantity spans at least four orders of magnitediecting a wide range of spectral energy distribution
(SED) parameters in the bright blazar population. The BL dlajects, however, display a linear correlation of
increasingy-ray loudness with synchrotron SED peak frequency, suggeatuniversal SED shape for objects
of this class. The synchrotron self-Compton model is fastdoe the y-ray emission in these BL Lacs over
external seed photon models, since the latter predict andiepee of Compton dominance on Doppler factor
that would destroy any observed synchrotron SED pegkay loudness correlation. The high-synchrotron
peaked (HSP) BL Lac objects are distinguished by lower thaamage radio core brightness temperatures,
and none display large radio modulation indices or highdireore polarization levels. No equivalent trends
are seen for the flat-spectrum radio quasars (FSRQ) in ouplsarsiven the association of such properties
with relativistic beaming, we suggest that the HSP BL Lacsehgenerally lower Doppler factors than the
lower-synchrotron peaked BL Lacs or FSRQs in our sample.

Subject headings: galaxies: active — galaxies: jets — radio continuum: gaaxi- gamma rays: observations
— quasars: general — BL Lacertae objects: general
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1. INTRODUCTION

The successful launch of theermi Gamma-Ray Space
Telescope in 2008 has brought about a new era in our un-
derstanding of blazars, which dominate the extragalaksic s
at high energies. Because of their highly variable fluxes an
spectral energy distributions (SEDs), blazar samplesyaie t
cally subject to large biases, making it difficult to studgith
demographics. With the nearly continuous all-sky monitgri

capabilities ofFermi’sLarge Area Telescope (LAT), however,

it is now possible to construct well-defined samples that can

be used to investigate the wide range of jet properties isethe

powerful AGNs (e.g., Abdo et &l. 2010d; Kovalev 2009).

d ©One of these properties that has been of considerable in-
terest since the era of tli@ompton Gamma Ray Observatory
(CGRO) in the 1990s ig-ray loudness, or in other words,
why only a particular small subset of known AGNs (00;
Hartman et al. 1999) were detected by the CGRO’s EGRET
telescope. Considerable evidence has been presented gy man

Padova, Italy researchers (e.d., Dondi & Ghisellini 1995; Kellermannlet a
19 Dipartimento di Fisica “G. Galilei”, Universita di Padov&35131 2004; | Kovalev et all _2005; Jorstad etal. 2001; Taylor et al.
Padova, Italy ¥

2007) supporting the idea that relativistic Doppler bawsti
has a large impact on AGN-ray emission, but lingering
questions regarding the roles of the flaring duty cycle ard th
AGN spectral energy distribution remain. The superior sens
tivity and full-time survey operation mode &&rmi has now
provided substantial insight into these issues. With thease

of the 1FGL catalog (Abdo et gl. 2010a), the strong impact
of SED characteristics on the faintefray AGN population
was realized, as the sky at these levels becomes dominated by
high-synchrotron peaked BL Lac objects. At the same time,
the predominant association Bérmi LAT sources with flat-
spectrum radio quasars (FSRQ) and BL Lacs (blazars) has
established Doppler boosting as the primary factor in deter
mining y-ray loudness in the brightest AGNs.

In this paper, we follow up on previous analyses of bright
blazars that were based on the initial 3 month LAT data
set presented by Abdo etal. (2009). These studies estab-
lished several important AGN radiptay connections using
quasi-simultaneous VLBA observations, namely thatthe
ray photon flux correlates with the parsec scale radio flux
density (Kovalev et al. 2009; Arshakian etlal. 2011), and tha
the jets of the LAT-detected blazars have higher-thaneamesr
apparent speeds _(Lister et al. 2009a), larger apparent open
ing angles|(Pushkarev etial. 2009), more compact radio cores
(Kovalev et all 2009), strong polarization near the baséef t
jet (Linford et al. 2011), and higher variability Dopplercfa
tors {Savolainen et al. 2010). In addition, AGN jets have
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~-Ray and Parsec-scale Jet Properties of Blazars

been found to be in a more active radio state within severalcomes the difficulty of substantial flux and spectral vatighi

months of the LAT-detection of their strongray emission
(Kovalev et al! 2009), which was subsequently confirmed by
Pushkarev et al. (2010).

With the release of the 1st LAT AGN catalog (1LAC;
Abdo et al. 2010d) based on the initial 11 monthg=efmi
data, it is now possible to investigate the impact of Doppler
beaming and SED characteristics on AGNMay loudness us-
ing larger, more complete samples and better statisticee He
we present a joint analysis B&rmi and VLBA 15 GHz radio
properties of the brightest radio aneray AGN in the north-
ern sky, based on data from the LAT instrument, flux density

measurements from the OVRO and UMRAQO radio observato-

ries, and the MOJAVE VLBA program_(Lister etlal. 2009b).
In particular we examine the differences in the SED ady

Considerable challenges arise when attempting to compare
data from different wavelength surveys that are not cotempo
raneous, especially when each individual survey may contai
or omit certain objects depending on their activity statdhat
time the survey was made.

We addressed the issue of flux variability in MOJAVE by
considering a wide time window during which any source
that exceeded the flux limit was included in the sample. Al-
though this can potentially introduce a different kind cdéidi
towards highly flaring sources, it has been effectively ured
the 1FGL catalog (Abdo et £l. 2010a) and in previous radio
blazar surveys (e.d., Wehrle etlal. 1992, Valtaoja &t al21.99
It generally requires a large set of well-sampled flux den-
sity monitoring data. Fortunately we had a large archive of

properties of BL Lac objects with respect to FSRQs, and the VLBA (from the 2 cm Survey) and single-dish (from UM-

relative role of relativistic beaming on thejrray loudness.

RAO and RATAN) radio flux density measurements of bright

Several complementary studies will examine the connectionAGN ranging from 1994.0 to 2004.0, from which we con-

betweeny-ray emission and superluminal speeds (Kadler et
al., in prep.), detailed SED parameters (Chang et al., ip.pre
and radio jet activity level (Lister et al., in prep.).

Throughout this paper, we use #CDM cosmological
model withHo = 71 km s* Mpc™, O, = 0.27, and2, =0.73
(Komatsu et &l. 2009).

2. SAMPLE SELECTION

2.1. The MOJAVE Survey

Beginning in 2002, we undertook in anticipation of the
Fermi mission a program (MOJAVE: Lister & Homan 2005;

Lister et al.| 2009c¢) to assemble the most complete sample

possible of bright AGNs that could be observed relatively
easily on a regular basis with the VLBA. This meant choos-
ing radio sources located in the northern sky that were
bright enough for direct fringe detection on short inteigrat

times. Many of these had been observed regularly for up to

seven years by the preceding VLBA 2 cm Survey program
(Kellermann et dl. 1998). Because of its lack of short inter-
ferometric baselines, the VLBA effectively filters out diffe

radio lobe emission, guaranteeing that this sample would be ;1

dominated by AGNs with bright, compact radio cores. As
a further discriminator against steep-spectrum diffuskora
emission, we carried out the selection at a relatively hagh r
dio frequency (15 GHz).

Unlike blazar surveys in the optical or soft X-ray regimes,
the radio emission from the brightest radio-loud blazaris
substantially obscured by or blended with emission from the
host galaxy. Our VLBA-selected sample thus provides a rel-
atively “clean” blazar sample, namely, one selected salaly
the basis of beamed synchrotron emission from the rel&tvis
jets.

In order to ensure a high overlap witfermi and other
blazar samples, we included in our MOJAVE monitoring pro-
gram all blazars down to a specified radio flux density limit.
The use of a lower flux-density cutoff in astronomical sur-

veys is often dictated by practical concerns such as detecto

sensitivity or available observing time, but it also an impo
tant parameter in luminosity function and source poputatio
studies. A well-known downside is the introduction of a lu-
minosity (Malmquist) bias, in which the average luminosity
of sources in the flux-limited sample increases with redshif
Well-defined flux density limits are essential in blazar papu
tion studies, where the same objects are typically samplad i
variety of surveys at different wavelengths. With blazdss a

structed the original MOJAVE sample. Any AGN with decli-
nation above-20° with measured or inferred 15 GHz VLBA
density that exceeded 1.5 Jy (2 Jy for declinatien®) dur-

ing this period was included (see Lister et'al. 2009b and the
MOJAVE websit&%). In order to obtain an even larger over-
lap with Fermi , we have since extended the MOJAVE sample
to include all sources above 1.5 Jy north of declinati36°

for all epochs from 1994.0 to the present. It is from this ex-
tended survey that we draw the radio-matching sample used
in this paper (§213).

2.2. The 1FM ~-ray-Selected Sample

In assembling oury-ray AGN sample for this paper, our
main considerations were that the sources needed to be suit-
ably bright atv-ray energies, and have sufficiently strong
compact radio emission for imaging with the VLBA. We also
required the sample to be of reasonable sizd Q0 sources)
to ensure good statistics, yet small enough so that it cdilild s
be fully monitored by the MOJAVE VLBA program. We be-
gan by eliminating from the LAT 1FGL catalog (Abdo ef al.
2010a) all of the~-ray sources known to be associated
non-extragalactic objects, as well as one gravitatiign
lensed AGN (MG J0221+3555 = 1FGL J0221.0+3555). We
also excluded five millisecong-ray pulsars recognized after
the publication of the 1LACL(Abdo et gl. 2010d) and 1FGL
(Abdo et al. 2010a) papers: 1FGL J12311410 & 1FGL
J2214.8+3002| (Ransom et al. 2011), 1FGL J2017.3+0603
& 1FGL J2302.8+4443| (Cognard et al. 2011), and 1FGL
J2043.2+1709 (Abdo et al. 2011).

The specific selection criteria for our initial candidate
ray-limited sample were:

e average integrated 0.1 GeV energy flux> 3 x 10711
erg cm? s between 2008 Aug 4 and 2009 Jul 5.

¢ J2000 declination- -30°
e Galactic latitudgb| > 10°

e not associated with a Galactic source or gravitational
lens

These criteria yielded a total of 118 candidate AGNs. We
note that the subsequently published 1st LAT AGN Catalog

67 http:/ww.physics.purdue.edu/MOJAVE
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Figurel. Plot of 11 monthFermi average> 0.1 GeV energy flux versus 15
GHz VLBA flux density for our joint AGN sample. The filled cies repre-
sent BL Lac objects, with the high synchrotron peaked onesramge and
others in blue. The open circles represent quasars, tha dramonds radio
galaxies, and the purple crosses optically unidentifie@aibj Upper limits
on thev-ray fluxes are indicated by arrows. All of the BL Lac objecte a
detected by the LAT, with the exception of J060623. The vertical dashed
line indicates the sample radio limit of 1.5 Jy, and the tantal dashed line
indicates they-ray limit of 3 x 10711 erg cn2 s™1. Note that the radio flux
density data correspond to either a median or “referencetlegoincident
with our VLBA observations (see[€3.1), and do not necessegincide with
the epoch of maximum radio flux density during the 11 month Lp&Fiod.
Some AGNs in the bottom left quadrant thus have plotted flunsities below
1.5 Jy.

Table 1
AGN Samples
Sample Mot Nrsro  NaLL
Combined sample 173 123 45 (17)
~-ray-selected (1FM) 116 74 41 (17)
Radio-selected 105 86 14 (0)
Common to both samples 48 37 10 (0)

Note. — Niot = total number of AGNSs,
Nrsro= total number of flat-spectrum radio quasars,
NgLL = total number of BL Lac objects (number of
which are known to be high-spectral peaked).

time choosing all AGNs known to have exceed®&gsa =

1.5 Jy at 15 GHz during the initidfermi 11 month period,
without regards toy-ray flux. To carry out this selection, we
relied on MOJAVE VLBA measurements, as well as OVRO
and UMRAO single-dish data, from which compact (VLBA)
flux densities could be estimated (83.1). There are 105 AGNs
in our final LFM matching radio-selected sample, 48 of which
are also in the 1FMy-ray-selected sample. In Figuré 1 we
plot the 11-month> 0.1 GeV average/-ray energy flux ver-
sus 15 GHz VLBA flux density, which shows the region of
the flux-flux density plane covered by our survey. We note
that the radio flux density data plotted in Figlie 1 correspon
to either a median or “reference” epoch coincident with our
VLBA observations (see[&3.1), and do not necessarily coin-
cide with the epoch of maximum radio flux density during the
11 month LAT period. Thus, some AGNSs in the radio-selected
sample have plotted flux densities below 1.5 Jy.

2.4. Selection Biases
We have assembled two complete samples of the brightest

(1LAC; /Abdo et al. 2010d) listed some additional AGN as- AGNs in the northern-ray and radio sky, as seen during the
sociations for some 1FGL sources that were not given in thefirst 11 months of thé=ermi mission. We list their general
Abdo et al. (2010a) 1FGL catalog. We used these new as-yroperties in TablEI2. The optical redshifts and classificat
sociations to construct our 1FGL-MOJAVE (hereafter 1FM) are from the compilations of Lister etlal. (2009b) and NED

candidate list. In the case of three brightray sources

which had more than one unique AGN association: 1FGL

J0339.20143, 1FGL J0442+0019, 1FGL J1130:21447,

(see Appendix for notes on individual sources). Note that
we classify J0238+1636 as a quasar because of its occasional
broad emission lines (Raiteri et al. 2007), and the presehce

we assumed they were associated with the very bright, com- preak in itsy-ray spectrum that is characteristic of FSRQs

pact FSRQs J0339146, J04420017, and J113€1449, re-
spectively.

(Abdo et al/ 2010c). For the purposes of this paper, we have
rouped two narrow-line Seyfert 1 galaxies J0948+0022 and

For the sky region criteria, we used the position of the radio ?1504+1029 (Foschihi 2011) with the quasar class.

source in cases where an AGN association existed, and the The SED data are taken mainly from Charig (2010),
LAT position otherwise. Of the 1FGL sources that met our [Apdo et al. [2010e), and other papers in the literature as in-
criteria, only two had no clear radio source association. Ongicated in column 8. We use the following nomenclature
t20|09 Dec 30 ?_”d 20tOC9)VDR?OC 3t1tr¥veLZ't|)'tame?i'15tGHzf trhad'ofor high-, intermediate- and low-synchrotron peaked hisza
€'€scope poIntings a atthe LA coordinates ol these| sp 10, 1014 < ISP < 105, and HSP> 10'°, where the
sources, which yielded 0.11 Jy for 1FGL J1652858, and  \g|yes refer to the synchrotron SED peak frequendg Hz.
an upper limit of 0.01 Jy for 1FGL J2339:G531. Since there Although oury-ray and radio selections are both made on
were numerous possible faint radio counterparts in the LAT e pasis of compact beamed jet emission, there is only a 28%
error circle (as seen in NVSS images, Condon &t al.|1998), Wesverlap in the two samples. This is perhaps lower than might
dropped these two LAT sources from the 1FM sample. We pg expected, given the strong correlations previously seen
subsequently found that all of the remaining 116 candidatepeqyeen the 1LAC catalog and flat-spectrum radio sources
AGNs were bright enough for direct imaging by the VLBA - (Apdo et al[2010d). As we discuss in&13.3, however, this
at 15 GHz (see E3.2). These formed our 1kNay limited 5 mainly a consequence of the wide range/afy loudness
sample (Tablgl1). in the bright blazar population. There is also some likeditho
. ' that any particular AGN will not have a LAT association be-
2.3. The 1FM-Matching Radio-Selected Sample cause it happens to lie in a confused region that contains sev
For the purposes of constructing a matching radio-selectederal bright~-ray sources, or has a high diffuseray back-
sample, we used the same sky region criteria as the 1FM, thigground. The latter case is less likely to occur however for
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the bright non-Galactic-plane sources we are considevifeg.  mate of the median 15 GHz VLBA radio flux density during
have carefully examined our candidate list and found onty on the initial 11-monthermi period. Since the single dish radio
possible case of a missed association: 1FGL J1642.5+3947monitoring data were much more densely sampled than the
Recent analysis by the LAT team (Schinzel et al. 2010) hasVLBA data, we estimated the latter by using the single dish
led us to associate this source with the FSRQ J1642+3948nedian in column 5 of Tablel 3 and subtracting the source’s
(3C 345). extended flux density (assuming zero extended flux density
The nature of our-ray sample selection differs from that for those sources with no value listed in column 6). For 28
of our radio sample, since it uses average fluxes instead osources which lacked a single dish median value, we used the
maximum measured flux densities, and it spans a wide en-VLBA flux density at the reference epoch (column 4).
ergy band compared to the radio. It is thus more sensitive We also collected radio variability statistics for 84% of ou
to the shapes of the AGN SEDs, which can have curvatureAGN sample using 15 GHz OVRO observatory data taken
and breaks within the LAT detector band. The spectral re- during the first 11 months of tHeermi mission. The modula-
sponse function of the LAT detector and its favoritism to- tion index data are described and tabulated by Richards et al
wards harder sources causes some selection bias towards fai(2011). This index is defined as the standard deviation of the
high-synchrotron peaked AGNs (Abdo et al. 2010a). We note, flux density measurements in units of the mean measured flux
however, that the sources in our 1FM sample are selected welbensity (e.g., Quirrenbach etlal. 2000), and is less seasdi
above the instrument sensitivity level of the LAT detector outlier data points than other variability measures.
should be devoid of biases related to threshold effects.
The above selection biases do not have a large impact on 3.2. VLBA Data

the analysis presented in this paper, since our primary goal The 15 GHz radio VLBA data were obtained as part of the
is to ide dntlf)(;_br_o?d staustt_lcal It:rent(?? between theay erg\;]—t MOJAVE observing prograr (Lister et/al. 2009b), and consist
SI0n and radio J&t properties. ~or this purpose a repre & of linear polarization and total intensity images with aitgb

}fnage FWHM restoring beam of approximately 1 milliarc-

and~-ray loudness is appropriate. Future studies using moregoony This corresponds to a scale of a few parsecs at the
extensiva~ermi data will address these issues in considerably typical redshifts £~ 1) of our sample AGNs. We obtained

mor? dzte}[ll, with t;etter fsha;ﬂskt)llcs. Thesle will be.?e]?de?ﬁa fractional linear polarization and electric vector pasitangle
curate determinalion ot the blazairay iUminosity function measurements for the reference epoch image using the meth-

for different redshift ranges and optical sub-classes. ods described by Lister & Homan (2005). We calculated the
mean position angle of each jet on the sky by taking a flux

3. OBSERVATIONAL DATA density-weighted average of the position angles of all Gaus

3.1. Radio Flux Density Data sian jet components fit to all available 15 GHz VLBA epochs

up to the end of 2010 in the MOJAVE archive. A description
of the Gaussian model fitting method is given by Lister et al.
(2009c). We used the Gaussian fit to the flat-spectrum core
component of each jet at the VLBA reference epoch to deter-
mine a rest frame core brightness temperalyrécolumn 5

' of Table[4) for each jet according to

Seore(1+2)

v? emaj Omin

We list the radio flux density data for our sample in Table 3.
For each AGN we selected a VLBA “reference” epoch, which
was chosen to be the closest MOJAVE VLBA observation to
the end of the initial 11-montRermi period. In the case of
41 sources, no VLBA data were available within this period
so we used the first available MOJAVE VLBA epoch follow-
ing this period. The latter epoch dates ranged from 2009 July _ 2
23 to 2010 Nov 29. We list the reference epoch dates and Ty = 1.222x 10"
total 15 GHz VLBA flux densities in columns 3 and 4, re-
spectively. In column 5 we list the median single dish flux where S is the fitted core flux density in Janskys:at
density from OVRO at 15 GHz (or 14.5 GHz at UMRAO as 15 GHz, an®y, andfyin are the FWHM dimensions of the
indicated) during the same 11 month period (Richardslet al.fitted elliptical Gaussian core components along the majdr a
2011; Aller et al. 2003). minor axes, respectively, in milliarcseconds. In casesravhe

The vast majority of the radio sources in our sample are the best fit to the core was a zero-size (point) component, we
strongly core dominated at 15 GHz (Lister et al. 2009b), and used the signal-to-noise ratio formule of Kovalev etlal Q%0
therefore there is typically very little flux density that is to determine a lower limit ofi,. For the 26 sources without
missed by the VLBA. In order to estimate this amount for a redshift we assumezi= 0.3 in calculatingT, (and G; in
each source, we compared our historical MOJAVE flux den- Sectior 3.8), since most of these are BL Lac objects, and this
sity measurements with cotemporeaneous 14.5 GHz UMRAOcorresponds to the median BL Lac redshift in our sample.
measurements (within 7 days), and 15 GHz OVRO measure- We obtained pc-scale jet opening angle measurements
ments that were interpolated to the VLBA epoch date. By (as projected on the sky) using the method described by
taking the mean of these single dish-minus-VLBA flux den- |Pushkarev et al. (2009). We used a stacked image of all
sity measurements, we obtained the extended flux density valavailable 15 GHz epochs in the MOJAVE archive for this
ues that are tabulated in column 6. For the sources with nopurpose. The median opening angle value for each jet is
value listed, the amount of extended flux density was smallerlisted in Tabld’¥4. Fivey-ray-selected sources with weak ra-
than 3 times the associated measurement error. The errors idio flux densities € 200 mJy) did not possess sufficiently
our VLBA flux density measurements are on the order of 5%, bright jet emission to estimate their opening angles. These
while the single-dish errors are smaller (Richards 2t 81120 were J0136+3906, J0O507+6737, J1037+5711, J1303+2433,
Aller et all|2003). and J1725+1152. Additionally, the FSRQ J0957+5522 (4C

For the purposes of determining an averagmy loudness  +55.17) is largely resolved by the the long baselines of the
parameteiG; for each source during the first 11 months of VLBA at 15 GHz and thus has a low brightness tempera-
LAT science operations (Sectign B.3), we required an esti-ture and very little measurable jet structure (McConvitlale

K, 1)
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20171 {Rossetti et £1. 2005). Our opening angle measurements 20f ;amma_rayselmd 4 20f
based on the stacked-epoch images are in generally gooc 1FM sample 1 F
agreement with the single-epoch measurements of the same *°f Quine=Al o 1 F
sources by Pushkarev et al. (2009). In some sources our mean  t

sured opening angle was much wider, because of the presenc
of low-brightness jet emission that was below the noiselleve st
in the single-epoch image. In a few other cases, the ejec- | 1 E

tions of new moving jet features along different position an 0= IR 3 9 1 7 3
gles over time resulted in a wider apparent opening angte tha Redshift Redshift

seen in the single-epoch image. Figure2. Left panel: redshift distribution of the-ray-selected 1FM sam-
ple. The full sample is represented by the solid line, andBthé ac objects
3.3. ~-ray Loudness are shaded. There is one radio galaxy (J0319+4130 = 3C &4) Gi0176.

o o ) Right panel: redshift distribution for the radio-selectdeéM matching sam-
Our chosen statistic for describingray loudness is the ra-  ple. There are four radio galaxies in the sample, all in trst fr< 0.25)

tio of averagey-ray luminosity during the first 11 months of bin.

the Fermi mission to the median 15 GHz VLBA radio lumi- ) .

nosity. We have compiled this rat@ for all the AGNs in our As discussed by Abdo etlal. (2010a), the lower-energy LAT

sample using the 1FGL 0.1 GeV~-ray energy flux mea- band photon fluxes are poorly determined; therefore the en-

surements df Abdo et al. (2010a) and the radio data describe@'dY flux over the full band is better defined than the 0.1 to

in 8[31. These ratios are listed in Table 3. 100 GeV photon flux. The average 11-month energy fluxes
In the 1FGL catalog, the-ray source significance is mea- tabulated by Abdo et al. (2010a) were found by summing the

sured in terms of the Test Statistic (TS), where TS is defised a €nergy fluxes in five individual bands over this energy range.

Radio selected
1FM matching sample

Outline = All
Shaded = BL Lacs

I

2 times the difference in the log(likelihood) measure witld a We calculated the radio luminosities over a 15 GHz wide
without the source includef (Mattox etal. 1996). All sowce Pandwidth according to:

in the 1FGL and 1LAC catalogs have TS25. For the 1FM 4rD?uS,

radio-matching sources that had no associations in the 1LAC lg= — L+~ erg s‘l, 4)
catalog, we determined an upper limit on th®.1 GeV pho- (1+2

ton flux directly from the 11-montRermi LAT data, assum-  whereS, is the median VLBA flux density at = 15 GHz
ing a point source with a power law spectrum. We analyzed as defined in §3]1. We assumed a flat radio spectral index

photons of the ‘diffuse” class with a zenith angle smallerth (., = 0) for the purposes of thk-correction and luminosity
105 in the energy range 0.1-100 GeV within a circular region calculations.

of interest (Rol) with a radius of PZentered around the radio

position of the source. We modeled theay emission from 4. DATA ANALYSIS AND DISCUSSION
the Rol using extended Galactic and isotropic templates and e

all sources from the 1FGL catalog. We let the model param- 4.1. Redshift Distributions
eters of sources in the Rol vary, and froze those of the outer The redshift data on our AGNs are incomplete (see Ap-
sources to the catalog values. We used the stan@ameh- pendix), with missing values for 4 sources in the radio-
LAT ScienceTools software package (version vOr16pl) with selected sample, and 22 sources in theay-selected sam-
the instrument response functions ‘P6_V3_DIFFUSE” to ob- ple (the sources J0050929 and J0818+4222 are common
tain a flux value for each source. To obtain the upper lim- to both samples). In Figufd 2 we plot the redshift distribu-
its we increased the flux from the maximume-likelihood value tions for our samples. The redshifts range from0.00436 to

until 2A log(likelihood) = 4 [Rolke et al. 2005). Our final up- z=3.396, and the distributions are generally peaked between
per limits thus correspond te 20. For sources with TS 1 z=0.5 andz=1. Kolmogorov-Smirnov (K-S) tests do not
we calculated a 95% upper limit using a Bayesian approachreject the null hypothesis that theray-selected and radio-
(Helené& 1983). We converted these to energy fluxes accordingelected samples are drawn from the same parent redshift dis

to tribution, even when the sources in common to both samples
2 are excluded (D =0.20, probability = 0.27). We find no statis-
Soi= (I'-1)Ci1E1Fos l _ (E) ] ergcm? st tical differences in the redshift distributions of the noAT
(I'-2) E ’ detected versus LAT-detected AGNs in the combined samples

) (D =0.16, probability = 0.49). .
whereFo 1 is the upper limit on the photon flux abog = 0.1 With respect to the redshifts of the quasars in the two sam-
GeV in bhotons et st E, = 100 GeV, andC; = 1.602x ples, the K-S test suggests a marginal statistical differém

3 1 . o s their distributions (D = 0.079, probability = 0.96). Therea
tlho(; p?]rc%[o(?\es\ge'ctlrgIﬁﬁg::ialgigztgese upper limits, we fixed an ilnsufficient Qumb(er: of radio L?Qlaﬂes t(:j _perfolrm ar&y stati I
o .. fical tests on them (there are 4 in the radio-selected sample
tow?acolz\ﬁirrtlgii{ir:ees rgsgsr%riﬁd teonergy fluxes and upper IImItS‘one of these is also in theray-selected sample). The overall
v-ray 9 redshift distribution of they-ray-selected sample has an ad-
47D? S a0 ditional peak at low redshift, due to the presence of at least
v = @+22T ergs-, 3) 9 high synchrotron peaked (HSP) BL Lacs that are not in the
radio selected sample (8 additional HSP BL Lacs lack retshif
whereD_ is the luminosity distance in cnii, is the 11-month  information). These objects also bring the overall fratid
averagey-ray photon spectral index for sources with 1LAC BL Lacs up to 35% in the-ray-selected sample, as compared
associations antl = 2.1 otherwisez is the redshift, an& 1 to only 13% for the radio-selected sample.
is the 11-month average energy flux (or upper limit) above 0.1 Because of the similarities in the properties and redstsift d
GeVinergcm?s?, tributions of they-ray and radio-selected samples, for the re-
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© Figure4. Distribution of y-ray to radio luminosity ratio for BL Lacs (top
e panel) and quasars (bottom panel). Upper limit values folNA®vith no
! ! ! ! Fermi 1LAC catalog associations are indicated by the dashed lines
40 42 44 46
109 15 GHz VLBA luminosity [erg/s] These differences are reflected in Figlite 5, which shows

. I _ ~-ray loudness plotted against the synchrotron SED peak fre-
Figure 3. Plot of averagey-ray luminosity versus median VLBA 15 GHz - -
radio luminosity. The filled circles represent BL Lac obgawith the high guency. The BL Lacs show a rothIy linear correlation of

synchrotron peaked ones in orange and others in blue. Thedues rep- the form logG;, = (_0-40:|: 0.06)logrs—2.9+0.9, with a scat-
resent quasars and the green diamonds radio galaxies. fiwesaepresent  ter of 0.5 dex, while the quasars show no trend. It is apparent

upper limits based on the 11-month LAT data. The dashed éipeesents the that the BL Lacs have a higher mearray loudness value
1:1 luminosity ratio fine. because many of them have synchrotron peaks abal@"®
Hz. Since the fixed radio bandpass is always located below the
synchrotron peak, if we compare two BL Lacs with identical
SED shapes but different synchrotron peak locations, tiie hi
- synchrotron peaked BL Lac will have a lower radio flux den-
4'2_' 7-ray Loudnessand Synchrotron Peak. Frequency sity, and thus a highey-ray loudness value. Figuké 6 shows
A primary goal of our study is to examine the range of tns proad trend for the BL Lacs, with the HSP jets having
v-ray loudness ;) present in the bright blazar population, ' generally lower radio flux densities than the LSPs.
and its dependence on other AGN jet properties. Since we™ A similar spectral index effect also occurs as the high en-
have obtained data in several complete regions ofith@y-  orqy SED peak moves in tandem througheemi LAT band
radio plane (i.e.-ray-bright/radio-faint;y-ray-faint/radio-  557the synchrotron peak frequency increases. This is mani-
bright; ~-ray-bright/radio-bright) we can be assured of sam- fested in the strong correlation seen betweernray pho-
pling the largest possible range®f in the brightest northern- 4 spectral indexig and synchrotron peak frequency for the
sky blazars. Future studies of theay-weaki/radio-weakre- G| plazars, as described by Abdo €t al. (2010d). In Fig-
gion will be important for verifying whether the trends we ure[7 we ploty-ray loudness abainst photon‘ spectral index.
identify here extend to the fainter blazar population. Again we see a good (even tighter) linear correlation for the
In Figure[3 we ploty-ray luminosity against 15 GHz VLBA g’ | a¢ objects, and no trend for the quasars. A regression fit
luminosity. Despite our use of an averageay luminos- 4 the BL Lacs, omitting the outlier source J0825+0309, give
ity over an 11-month period, the linear relationship for the logG; = (-2.3+0.2)ag+ 7.8+ 0.5, with a scatter of 0.3 dex.
non-censored data has only moderate scatter (0.6 dex). A The continuous trend from LSP to HSP BL Lacs in Fig-
linear regression fit to the non-censored data yields.log ured® and7 is noteworthy, since it implies a relatively oarr
(0.924+0.05)logLr+6.4+ 2. TheG; values, which reflect  intrinsic range of variation in the SED shapes of the brighte
the perpendicular distance of the data points from the dshe g| | ¢ opjects. Broadly speaking, there are three aspects of
1:1 line, span nearly 4 orders of magnitude, from below 3 5 SED that can affect its measureday loudness parameter.
to ~ 15000. A clear division between the HSP and lower- These are the relative positions of the synchrotron and high
synchrotron-peaked BL Lacs is evident, with the former hav- energy peaks with respect to the fixeday and radio bands,
ing highery-ray loudness ratios. , their relative luminosities (often referred to as the Comnpt
None of the radio galaxies are significanflyay-loud, with  gominance), and the width and shape of each peak. If we
ratios all below 65. The quasars and BL Lacs have sig-take the simplest case of both peaks having equal luminosity
nificantly differentG, distributions (Figur€#), with the for- 514 identical parabolic forms iF, — space, then we would
mer peaking aG; ~ 10° and the latter peaking above®0  expect to have
There is a substantial population of quasars v@thvalues
below 100, while all of the BL Lacs (with the exception of v\ 2 v\ 2
J0006-0623) haverermi associations an@, > 60. The Peto logG, =C; <|09V—) -G <|09 V—) : 5)
and Peto modification of Gehan’s Wilcoxon two-sample test v '
for censored data rejects the null hypothesis that the quasawherer, andv, are the frequencies of the LAJ-ray and
and BL LacG; values come from the same parent population VLBA radio bandsyy, andvs are the frequencies of the high
at the 99.99% confidence level. energy and synchrotron peaks, ahdandC, are parameters

mainder of this paper we will no longer distinguish between
them, referring instead to the joint sample of 173 AGNs.
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unidentified objects.

that determine their respective widths.
If both SED peaks have identical parabolic shapexC,)

and the entire SED is then shifted to a higher frequency, suchc

that the peak separation log—logvs = C3 remains constant,
then we would expect to find a linear relation of the form
logG, =alogvs, with slope

a=2C; (Iog Z—r +C3) . (6)
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Figure7. Plot of y-ray to radio luminosity ratidG, versus~-ray photon
spectral index. The filled circles represent BL Lac objewith the high syn-
chrotron peaked ones in orange and others in blue. The opesciepresent
guasars, and the green diamonds radio galaxies. The BL Ljactsishow
a log-linear trend of decreasingray loudness with photon spectral index,
while no trend exists for quasars.

From compilations of observed blazar SEDs (e.g.,
Abdo et al.l 2010€; Chang 2010) we know that in actuality,
SED peak shapes are only approximately parabolic, and that
there exists a range @ parameter values among the popu-
lation. These factors would tend to distort any trend betwee
logvs and logG, from the simple linear one described here.
Furthermore, an intrinsic range of Compton dominance pa-
rameter would likely destroy any linear relation complhegtel
The fact that we see a scatter of only 0.5 dex for the BL Lac
objects therefore implies that the SEDs of the brightest AGN
of this class must have relatively similar shapes, at leastm
more so than the quasars, which showugds, correlation.
Our results are corroborated by a recent study of the 1LAC
by !Gupta et al. (2011), who defined a "Compton efficiency”
parameter as the ratio of the high-energy (inverse Compton)
SED peak luminosity to 8 GHz radio VLA core luminosity.
They found a similar trend of higher Compton efficiency with
increasing synchrotron peak frequency for BL Lac objects,
but no trend for FSRQs.

So far in this discussion we have omitted the possible ef-
fects of relativistic beaming on the SED. For the simple case
of the same Doppler factor in both the radio amday-
emitting regions, the entire SED should be blue-shiftedhiey t
Doppler factor, and the apparent luminosity of both pealis wi
be increased by Doppler boosting. Models which attribute th
high energy peak to inverse Compton scattering of external
seed photons by relativistic electrons in the jet predidtjadr
Doppler boost iny-rays, because of the additional Lorentz
transformation between the seed photon and jet rest frames
(Dermer 1995). In this case, when considering a jet at smalle
viewing angle, the resulting increase in Doppler factordiso
the luminosity of the high energy peak to a level much higher
than the synchrotron peak, thereby increasing the observed
Compton dominance ang-ray loudness. If the seed pho-
tons are internal to the jet, for a single-zone synchrotetfa s
ompton (SSC) model relatively equal boosting is expected
in both regimes; thu&; in this case is much less sensitive
to Doppler boosting. The fairly good line&;-vs correla-
tion for the BL Lacs therefore favors the SSC process as the
dominant emission mechanism in this class of blazars. This
is in general agreement with the conclusions of recentssudi
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Figure9. ~-ray to radio luminosity ratio versus apparent jet openingle.
The filled circles represent BL Lac objects, with the highahyotron peaked
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12 13 14 15 16 17 green diamonds radio galaxies, and the purple crossesptimidentified
objects. The AGNs with wide apparent opening angles tendcat@ tigh
~-ray loudness values.

log synchrotron SED peak frequency [Hz]

Figure 8. Radio core brightness temperature at 15 GHz versus symohrot . .
SED peak frequency. The filled circles represent BL Lac dbjesith the ~ Opening angles than the non-detected ones. Since the calcu-

high synchrotron peaked ones in orange and others in blueopén circles lated intrinsic opening angles of the two groups were simila

represent quasars, the green diamonds radio galaxiesheipditple crosses  they concluded that the-ray-detected jets were viewed more

optically unidentified objects. The arrows denote loweritsm The radio closelv to the line of sight

cores of the high-synchrotron SED peak BL Lac objects terzbtess com- y gnht. . .

pact than the other AGNs in our sample. J1104+3812 (Mrk 421)é only We have analyzed the apparent jet opening angles of our

high-synchrotron peaked blazar in the sample with a higle wightness sample, and find that they range from 5 to 68 degrees, with

temperature. Not plotted is the unusually low-brightnessgierature quasar 3 mean of 24 degrees There is an extended tail to the dis-
— 101377 — 1(0p.46 e ; : i ¢

J0957+5522 (4C +55.17) & = 1037 Hz, Tp = 10>4° K. tribution, with 19 jets having opening angles greater th@n 4

which have modeled the SEDsfedrmi-detected blazars with ~ d€9rees. With the exception of the quasar J0654+4514, none

detailed synchrotron and inverse-Compton emission model<f the high opening angle jets are highly variable (radio mod

(Abdo et al 2010e). It should be possible to investigats thi ulation indices all less than 0.26). We find no statistically

issue in much greater depth when more detailed informationdisce.rnible differences in the opening angle distributiofh
on the SED parameters of our full sample can be obtained. the different optical or SED classes. We do find a correlation

betweeny-ray loudness and apparent opening angle, however
_ i i the relationship is non-linear (Fifgl 9). All of the AGNs in
4.3. Parsec ScalfeRad|oJet Properties the high-opening angle tait{ 40 deg.) of the distribution
4.3.1. Core Brightness Temperature are significantlyy-ray-loud G; > 100). The apparent open-
Nearly all of the AGNs in our sample have a parsec-scaleing angle of a jet is related to the viewing angle and intdnsi
radio jet morphology that is dominated by a bright, flat- opening angle, with smaller intrinsic angles expected ighh
spectrum core, which is often unresolved or barely resdlved Lorentz factor jets based on hydrodynamical consideration
our mas-scale VLBA images. At our observing frequency of (Jorstad et al. 2005). The high opening angle jets in our sam-
15 GHz, this core typically represents the region whereghe j ple are a mixture of BL Lac objects and FSRQ, with a range
becomes optically thick, with the true jet nozzle beingteda  of synchrotron SED peak frequencies. With jet kinematic in-
upstream((Sokolovsky etlal. 2011). The brightness temperaformation on the sample from the MOJAVE program it will be
ture of the core component in our VLBA images measures possible to investigate whether these particular jetsiawead
the compactness of the radio jet emission, and has been prednusually close to the line of sight, or have atypically i
viously shown to be correlated with indicators of relatidis  trinsic opening angles.
beaming, such as superluminal apparent speed (Homah et al.
2006) and radio flux density variability (Tingay ei al. 2001; 4.3.3. Radio Core Polarization Vectors
Hovatta et al. 2009). _ _ We compared the direction of the linear polarization vec-
In Figure[8 we plot core brightness temperature against syn+or at the radio core position to the mean jet position angle
chrotron SED peak frequency. The main visible trend is that for our sources, as described ifiE]3.2. In some sources such
the HSP BL Lac radio cores tend to be less compact than thosg,s pks 1502106 [Abdo et al. 2010b) and PMN JO94®22
of the other AGNs in the sample. We discuss the possible (Eoschinietal 2011), changes in the core polarization an-
ramifications of this trend on beaming and jet velocity $trat gle have been seen to occur in conjunction witnay flar-

fication models for HSP BL Lacs in[§4.4. ing events, suggesting a close connection between the radio
i and-~-ray emission regions. We do not find any correlations
4.3.2. Apparent Jet Opening Angles between the core polarization vector offset and ampy or

In a previous study of the MOJAVE sample using the initial SED properties for our sample. However, since the linear po-
3 months ofFermi data/ Pushkarev etlal. (2009) found a ten- larization vector angles tend to be highly variable in btaza
dency for they-ray-detected blazars to have wider apparent (Jorstad et al. 2005), a more detailed analysis would requir
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limits. log synchrotron SED peak frequency [Hz]

truly simultaneous VLBAFermi measurements rather than Figure1l. Radio modulation index at 15 GHz versus synchrotron SED
the average-ray data that we use in our Curr.ent St.Udy' An- pe%k frequency. The filled circles represent BL Lac objethtg,open circles
other possible reason for the lack of correlations is Farada guasars, the plus symbols radio galaxies, and the crossieallypunidenti-
effects in the cores, which can rotate the observed potéyiza  fied objects. None of the blazars with synchrotron SED pebksea135 Hz
vectors. We are currently completing a VLBA rotation mea- show high amplitude radio variability.
sure analysis of the original MOJAVE radio-selected sample
(Hovatta et al. 2011) to further investigate this effect. of 144 sources having standard deviations greater than £5% o
, o their mean flux density level over an 11 month period. In their
4.3.4. Redio Core Polarization Level full sample of over 1000 sourcés, Richards ét al. (2011)doun

In Figure[I0 we plot the linear fractional polarization leve the FSRQs to have significantly higher variability amplasd
of the VLBA core at the reference epoch versus SED peakthan the BL Lacs. We do not see this distinction in our sam-
frequency. In general the cores of the jets are weakly polar-ple, however, most likely because ours contains a smaker pr
ized (< 4 %), with increasing fractional polarization levels portion of high-synchrotron peaked BL Lacs. The latter tend
seen downstream _(Lister & Homan 2005). There are no ap-to have moderately low radio modulation indexes, as seen in
preciable differences in the BL Lac and FSRQ core polariza- Figure[11.
tion distributions, however, as we discuss in secfioh 44, t
high synchrotron peak BL Lacs tend to have low core polar-
ization levels. We find no trend between 15 GHz radio core
polarization andy-ray loudness, although inthe VIPS5 GHz  previous studies of the full 1LAC catalog by the LAT team
VLBA survey (Linford et all 2011) detected core polarizatio  (Ahdo et al[ 20106le) have established that HSP BL Lacs have
more frequently in LAT-detected AGNSs than in the non-LAT ' fyndamentally different-ray properties than the-ray-loud
ones. We note that the core polarizations tend to vary overesrQs. In our study we have found that the HSP BL Lacs
time in these jets, which can complicate such analyses. In-gre characterized by higpray to radio luminosity ratios and
deed, in a preliminary investigation of the original MOJAVE ' |ower than average radio core compactness. Given these dif-
radio flux-limited sample, we found the LAT-detected AGNS ferences seen in both the radio anday regimes, a funda-
tended to have higher median fractional core polariza®n | mental question remains as to whether the lower synchrotron
els during the first three months of the Fermi mission, as com-peaked BL Lacs also form a jet population distinct from the
pared to their historical average level (Hovatta et al. 20A0  FSRQs. The continuity of the trend between SED peak fre-
more complete polarization analysis of our full multi-epoc  guency andy-ray loudness (Figufé 5) would suggest that their
MOJAVE VLBA dataset will be presented in a forthcoming SED shapes are similar to the HSP BL Lacs, and thus they
study. should be unified with them. They are also more similar to

_ - the HSPs in terms of their radio luminosity, as compared to
4.3.5. Radio Veriability the generally more luminous FSRQs (Figlre 3).

The hallmark flux variability seen in blazars is believed If we directly compare the radio properties of the LSP BL
to be closely related to Doppler beaming (Aller et al. 1992; Lacs and LSP FRSQs in our sample, we find that the LSP BL
Lahteenmaki et al. 1999; Hovatta et al. 2009) since it canLacs have higher mean fractional linear polarization (4.8
significantly heighten the magnitudes of flaring events and 2.8 versus 2.5t 1.7; t=3.02, p=0.992 according to a Welch
shorten their apparent timescales (e.g., Lister 2001b)NAG Two Sample t-test), although both classes span roughly the
jets have also been found to be in a more active radio statesame range of extreme values (Fig] 10). It is possible that
within several months from LAT-detection of their strong beam depolarization effects may lower the mean value for the
~-ray emission/(Kovalev et al. 2009; Pushkarev et al. 2010). FSRQs, since they are typically at higher redshift than the B
The AGNSs in our sample are indeed highly variable, with 51 Lacs and are thus imaged with poorer spatial resolution.

4.4. High Synchrotron Peaked AGN Jets and the BL Lac
Blazar Class
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However, if we compare the LSP and HSP BL Lacs, which sample contains all radio-loud AGNs known to have exceeded
have similar redshift ranges, we find the latter have con-a 15 GHz VLBA flux density of 1.5 Jy during the same time
sistently low core polarization and modulation indices, as period. There are 116 AGNs in theray-selected sample and
well as lower than average radio core brightness tempera-105 AGNs in the matching radio one, with 48 AGNs in com-
tures. Since high radio variability, core polarizationdan mon to both samples. By covering two complete regions of
brightness temperature are generally associated with higtthe ~-ray-radio flux plane, we are able to sample the widest
Doppler boosted-jets (e.d., Lister 2001a; Tingay et al.1200 possible range ofi-ray loudness in bright blazars. Our re-
Hovatta et all 2009), the trends we find in our sample sup-sults can be compared with those of Linford etlal. (2011), who
port the following scenario for the brightestray and radio  studied a larger, radio flux-limited sample of fainter AGNs

blazars in the sky. Because of their higher intrinsi@y loud- with 5 GHz VLBA data obtained several years before the
ness ratios and low redshifts, the HSP BL Lacs do not needlaunch ofFermi . We summarize our major findings as fol-
to be as highly beamed to enter into flux-limiteedray and lows:

radio samples, thus they tend to have lower Doppler boosting 1. There is a 28% overlap in our samples of the brightest
factors than other blazar classes. The LSP BL Lacs are lesg-ray-and radio-selected AGNs in the northern sky. We find
intrinsically luminous than the FSRQs, but their modesatel no major differences in the sample redshift distributianth
high intrinsicy-ray loudness ratios and Doppler boosting fac- the exception of a small number of high-synchrotron peaked
tors combine to give them apparentay and radio luminosi-  (HSP) BL Lac objects which appear only in theay-selected
ties comparable to the fainter end of the FSRQ distribution. sample. At the highest flux levels therefoseray-and radio-
The above scenario is supported by the previous resultsselected blazars are essentially selected from the saneeaden
of INieppola et al.[(2008), who found a general trend of de- parent population.
creasing Doppler factor with increasing synchrotron SED 2. We have tabulated &ray loudness parameteBy) for
peak frequency. Their sample only included blazars of theall of the sources in our sample, including upper limits for
LSP and ISP class, however. A potential test can be madethe non-LAT associated sources in our radio-selected sampl
with parsec-scale superluminal motion measurementsfwhic The non-censore@; values span nearly four orders of mag-
set an upper limit on the viewing angle and a lower limit nitude, reflecting the wide range of SED parameters in the
on the bulk jet Lorentz factor (see e.q., Urry & Padovani bright blazar population. However, within the BL Lac opti-
1995). One of the main unresolved problems for HSP BL cal class, we find a linear relation (scatter = 0.5 dex) betwee
Lacs has been the relatively slow apparent jet speeds desynchrotron SED peak frequeney and G,, with the HSP
tected for these objects (Piner & Edwards 2004; Pinerlet al.BL Lacs being morey-ray-loud. Such a linear relationship is
2010), despite the need for large Doppler factors to accountexpected if the overall range of SED shape is relatively nar-
for rapid variability seen iny-rays and to accurately model row within the BL Lac population, as the radio flux density
their SEDs (see, e.d., Henri & Saugé 2006). Several modelswill drop and~-ray flux will increase as the SED is succes-
have been put forward to address this “Doppler factor ¢risis  sively shifted to higher frequencies, thereby increadmagt
including decelerating flows| (Georganopoulos & Kazanas ray loudness. A further consequence of the observed cerrela
2003), and stratified spine-sheath models (Celottilet #1120  tion is that the amount of Doppler boosting must be corrdlate
Tavecchio & Ghisellinl 2008), in which the-rays originate  in the radio andy-ray emission regimes of BL Lac jets. The
in a high-velocity jet spine, while the radio emission (and external seed-photon inverse-Compton model is not favored
moving blobs) are associated with a lower-Lorentz factor for the y-ray emission of the BL Lacs in our sample, since
sheath. In this manner the radio apday emission can have it predicts higher boosting of the-rays with respect to the
independent Doppler factors. As we discussed[in B 3.3, how-radio. Any range of Doppler factor within the BL Lac popu-
ever, uncorrelated beaming factors for the synchrotron andlation would therefore destroy any expected linear cotiata
high-energy peaks would likely destroy any linear relatien betweerG, andvs in the external Compton scenario.
tween SED synchrotron peak aneray loudness, in contrast 3. In terms of their 15 GHz radio properties, the HSP BL
to what we see for the BL Lacs in our survey (Figlle 5). A Lac objects in our sample are distinguished by their lower
more recent model put forward by Lyutikov & Lister (2010) than average radio core brightness temperatures. None of
involving non-steady magnetized outflows suggests the exis them display large radio modulation indices or high linear
tence of different, yet correlated Doppler factors for twet  core polarization levels. Given the known association ahsu
SED peak regions, which can potentially preserveGheer- properties with relativistic beaming, we suggest that tis®H
sus synchrotron SED peak relation. With the MOJAVE pro- BL Lacs have generally lower Doppler factors than the lower-
gram we are currently obtaining multi-epoch VLBA measure- synchrotron peaked BL Lacs or FSRQs in our sample. They
ments of all they-ray-selected radio jets in our sample, which are able to meet our flux-selection criteria primarily bessau
will allow us to further investigate the connections betwee of their high intrinsicy-ray ratios and low redshifts. The con-
synchrotron SED peak frequency, apparent jet speed, jetope tinuity of the observe; - vs relation suggests that the high-
ing angle, and Doppler factor in the brightest blazars. and low-synchrotron peaked BL Lacs are part of the same
parent population. The latter have moderate intrinsiay
5. SUMMARY loudness ratios and Doppler boosting factors which combine
We have obtained single-epoch 15 GHz MOJAVE program to give them appareng-ray and radio luminosities that are
VLBA image®d of two complete flux-limited samples of comparable to the fainter end of the FSRQ distribution.

blazars north of declination30° and> 10° from the Galactic 4. We confirm the results of a previous analysis by
plane. The first sample consists of the brightest sources ass [Pushkarev et al.| (2009), who found thiegrmi -associated
ciated with AGNs that were detected by thermi LAT in- AGNs tend to have wider apparent jet opening angles. Using

strument during its first 11 months of operations. The seconda larger (11 month versus 3 mon#ermi dataset on our more
o _ » comprehensive blazar sample, we find that all of the highest
MOJAVE data archive: http://www.physics.purdue.edu/M@E opening ang|e jets>( 400) in our sample are significantry-
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ray loud. Facilities: VLBA, Fermi (LAT), UMRAO, OVRO.
The MOJAVE program is continuing to investigate these is-
sues by obtaining multi-epoch VLBA measurements of all the APPENDIX

~-ray-selected radio jets in our sample. Together with more
complete SED information, light curves and deep EVLA im- REDSHIFT INFORMATION

ages we aim to gain a fuller understanding of the connections We summarize the current status of those blazars in our
between synchrotron SED peak frequency, Compton domi-sample which either do not have a spectroscopic redshédtlis
nance, apparent jet speed, and Doppler factor in the beghte in Table 1, or have uncertain or conflicting reported redshif
blazars. values in the literature.

J0050-0929: — The NED value ofz = 0.634 from

We thank M. H. Cohen and D. C. Homan for helpful com- [Rector & Stocke|(2001) is based on a very weak emission
ments on the manuscript. line and is listed by those authors as tentative. This line

C. S. Chang was a former member of the International Max Was not seen by Shaw et al. (2009) or Sbarufatti et al. (2006)
Planck Research School for Astronomy and Astrophysics.in their optical spectra. Based on the absence of host
C. S. Chang acknowledges support by the EU Framework 69alaxy absorption features in the optical spectrum Shaw et a
Marie Curie Early Stage Training programme under contract (2009) findz > 0.44, and Sbarufatti et al. (2006) fizd> 0.3.
number MEST-CT-2005-19669 "Estrela”. Meisner & Romanil(2010) obtan> 0.27 based on the mea-

Y. Y. Kovalev was supported in part by the return fellowship sured optical host galaxy magnitude.
of the Alexander von Humboldt Foundation and the Russian :

; ; JO112+2244: — Healey et al. (2008) list= 0.265 based on

Foundation for Basic Research (RFBR) grants 08-02-00545, unpublished spectruni.Shaw et al. (2009) find 0.24

and 11-02-00368. and Sbarufatti et al. (2009) get> 0.25 based on the absence

E. Ros acknowledges partial support by the Spanish : : :
MICINN through grant AYA2009-13036-C02-02. of host galaxy absorption features in the optical spectrum.

Work at UMRAO was made possible by grants from the J0120-2701: — The NED value oz= 0.559 is a lower limit
NSF and NASA and by support from the University of Michi- from[Stickel et al.[(1993a).
gan. ) . :
The Fermi LAT Collaboration acknowledges generous on-  J0136+3908: — We could not find any published redshift
going support from a number of agencies and institutes thatvalue for this source.

have supported both the development and the operation of ;5,57 5645 _ The NED value ofz = 1.213 attributed to

the LAT as well as scientific data analysis. These include thes:rmidt (1977) is different than the= 1.207 that is reported
National Aeronautics and Space Administration and the De-; ihat reference. '

partment of Energy in the United States, the Commissariat a

I'Energie Atomique and the Centre National de la Recherche J0222+4302 = 3C 66A: — As discussed by Finke etlal. (2008)
Scientifique / Institut National de Physique Nucléaire et de and Bramel et al! (2005), the NED redshift valuezef0.444
Physique des Particules in France, the Agenzia Spazidle Ita is highly unreliable.|_Finke et al. (2008) obtained- 0.096
iana and the Istituto Nazionale di Fisica Nucleare in |ttig, based on their optical spectrum.

Ministry of Education, Culture, Sports, Science and Te¢hno , . .
ogy (MEXT), High Energy Accelerator Research Organiza- J0316+0904 — We could not find any published redshift
tion (KEK) and Japan Aerospace Exploration Agency (JAXA) Value for this source.

in Japan, and the K. A. Wallenberg Foundation, the Swedish 304331 2905: — [Meisner & Romani[(2010) obtain > 0.48

Sweden. _ _ _ origin of thez = 0.97 value listed in BZCAT[(Massaro etal.
Additional support for science analysis during the oper- 2009) is unknown.

ations phase is gratefully acknowledged from the Istituto _ _ _
Nazionale di Astrofisica in Italy and the Centre National J0509+0541: — |[Meisner & Romani/(2010) obtain > 0.38
d’Etudes Spatiales in France. based on the measured optical host galaxy magnitude.

The MOJAVE project is supported under National Sci- J0608-1520: — [Shaw et al.[(2011) have obtained an opti
. : D — (201 ptical
ence Foundation grant AST-0807860 and NAB&mI grant g0 orym of this source and find emission lines indicating a

NNX08AV67G. —

This research has made use of the NASA/IPAC Extragalac:—quas“'jIr ar=1094.
tic Database (NED) which is operated by the Jet Propulsion Jos12+4122: — [Meisner & Romani[(2010) obtain > 0.69
Laboratory, California Institute of Technology, under traat based on the measured optical host galaxy magnitude.
with the National Aeronautics and Space Administration. . - _ .

This work made use of the Swinburne University of Tech- _ J0630-2406: — [Landt & Bignall (2008) listz= 1.238, which
nology software correlator (Deller et/al. 2011), developed IS @ lower limit based on Mg Il absorption lines in their un-
part of the Australian Major National Research Facilities-P ~ Published optical spectrum.

gramme and operated under licence. . . Jo654+5042: — [Shaw et al.[(2011) have obtained an optical
The National Radio Astronomy Observatory is a facility of gpectrum of this source and find emission lines indicating a
the National Science Foundation operated under cooperativ quasar az= 1.253.

agreement by Associated Universities, Inc.

The VLBA is a facility of the National Science Foundation  J0738+1742: — The NED value oz = 0.424 is a lower limit
operated by the National Radio Astronomy Observatory underdetermined by Rector & Stocke (2001) on the basis of absorp-
cooperative agreement with Associated Universities, Inc. tion systems in the optical spectrum.
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Jos18+4222: — |Britzen et al. [(2008) lisz = 0.245 based on J2236-1433: — |Sbarufatti et al.[(2006) trace the oft-cited er-
an unpublished spectrum. The NED valuezaef 0.53 is at- roneous NED redshift af = 0.325 to a clerical error. Based
tributed ta Sowards-Emmerd et al. (2005) but does not appeaion the absence of host galaxy absorption features in the opti
in that paper. An optical spectrum obtained/ by Shaw et al. cal spectrum, they find find> 0.65. An unpublished optical
(2011) shows no visible features. Sbarufatti et al. (2005) spectrum by Shaw et al. (2011) shows no spectral features.
foundz > 0.75 based on a lower limit to the host galaxy mag-

nitude.

J1037+5711: — [Véron-Cetty & Véron [(2000) classify this
source as a BL Lac object. We were unable to find any redshift

value in the literature.

J1248+5820: — The SDSS optical spectrum (Abazajian et al.

2005) yields no reliable redshift, and an unpublished spect
bylShaw et al.. (2011) shows no spectral features.

J1215-1731: — We were not able to find any published red-

shift value for this optically unidentified source, whicledi
extremely close on the sky to a bright star.

J1221+2813 = W Comae: — The NED redshift value of =

J2243+2021: — IMeisner & Romanil(2010) obtain > 0.39
based on the measured optical host galaxy magnitude.
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Table 2
General Properties of AGNSs in the Combingday and Radio Samples
J2000 B1950 1FGL Name Alias z Ref. Opt. SED Ref. Sample
1 e 3 4 (5) (6) n & © 10
JO006-0623 0003066 NRAO 005 0.3467 Jones et al. (2009) B LSP 1 R
JO017#0512 0015054 J0017.40510 PMN JO0170512 0.226 Shaw et al. (2011) Q LSP 2 G
J0056-0929 0048097 J0050.60928 PKS 004809 . v B ISP 2 B
J0108+0135 0106+013 J0108.6+0135 4C +01.02 2.099 Hewatt(@995) Q ISP 1 B
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Table 2 — Continued

J2000 B1950 1FGL Name Alias z Ref. Opt. SED Ref. Sample

1) 2 3) 4) (5) (6) mn ® (10)
J0112+2244 0109+224 J0112.0+2247 S2 0109+22 0.265 Hetzddby(2008) B ISP 1 G
J0112+3208 0110+318 J0112.9+3207 4C +31.03 0.603 Wills Bs\\1i976) Q LSP 11 G
J0118-2141 0116219 J0118.72137 0OC-228 1.165 Wright et al. (1983) Q LSP 2
J012G-2701 0118272 J0120.52700 0OC-230.4 s B LSP 2 G
J0121+1149 0119+115 --- PKS 0119+11 0 570 Stickel et al. (1994) Q LSP 1 R
J01321654 0136171 J0132.61655 OC-150 1.020 Wright et al. (1983) Q LSP 11 B
J0136+3905 0133+388 J0136.5+3905 B30133+388 e B HSP 5 G
J0136+4751 0133+476 J0137.0+4751 DAS5 0.859 Lawrence @t946) Q LSP 1 B
J01452733 0142278 J0144.92732 OC-270 1.148 Baker et al. (1999) Q LSP 2 G
J0205+3212 0202+319 J0205.3+3217 B2 0202+31 1.466 Buelfitiy 0) Q LSP 1 R
J0204-1701 0202172 J0205.01702 PKS 020217 1.739 Jones et al. (2009) Q LSP 2 R
J0217+7349 0212+735 J0217.8+7353 S50212+73 2.367 Laevedrat. (1996) Q LSP 1 R
J0217+0144 0215+015 J0217.9+0144 OD 026 1.715 Boisse 8eBm1d1988) Q LSP 1 B
J0222+4302 0219+428 J0222.6+4302 3C 66A . B HSP 5 G
J0231+1322 0229+131 -- 4C +13.14 2.059 Osmer et al. (1994) Q LSP 6 R
J0237+2848 0234+285 J0237 9+2848 4C 28.07 1.206 Shaw(204ll) Q LSP 1 B
J0238+1636 0235+164 J0238.6+1637 AO 0235+164 0.940 Cdln(2987) Q LSP 1 B
J0252-2219 0256225 J0252.82219 OD -283 1.419 Shaw et al. (2011) Q LSP 11 G
J0303-2407 0303243 J0303.52406 PKS 0301243 0.260 Falomo & Ulrich (2000) B HSP 2 G
J0316+0904 0313+085 J0316.1+0904 BZB J0316+0904- - B HSP 5 G
J0319+4130 0316+413 J0319.7+4130 3C84 0.0176 Strauss(]e@@ﬂ) G LSP 4 B
J0339-0146 0336019 J0339.20143 CTA?26 0.852 Wills & Lynds (1978) Q LSP 1 R
J0349-2102 0347211 J0349.92104 OE-280 2.944 Ellison et al. (2001) Q LSP 2 G
J0403+2600 0400+258 --- CTD 026 2.109 Schmidt (1977) Q - R
J0423-0120 0426014 J0423.20118 PKS 042601 0.9161 Jones et al. (2009) Q LSP 1 B
J0433+0521 0430+052 --- 3C 120 0.033 Michel & Huchra (1988) G LSP 1 R
J0433+2905 0430+289 J0433.5+2905 BZB J0433+2905- - e B ISP 5 G
J0442-0017 0446003 J0442.70019 NRAO 190 0.844 Schmidt (1977) Q LSP 6 G
J0453-2807 0453282 J0453.22805 OF -285 2.559 Wright et al. (1983) Q LSP 4 B
J04572324 0454234 J0457.62325 PKS 0454234 1.003 Stickel et al. (1989) Q LSP 2 B
JO507+6737 0502+675 J0507.9+6738 1ES 0502+675 0.416 baal{(2002) B HSP 2 G
J0509+0541 0506+056 J0509.3+0540 TXS 0506+056 - -- B HSP 5 G
J0530+1331 0528+134 J0531.0+1331 PKS 0528+134 2.070 Hetrdaé (1993) LSP 1 B
J0532+0732 0529+075 J0532.9+0733 OG 050 1.254 Sowardsekdrehal. (2005) Q LSP 1 B
J0608-1520 0605153 J0608.61521 PMN J06081520 1.094 Shaw et al. (2011) Q LSP 11 G
J0609-1542 0607157 PKS 060715 0.3226 Jones et al. (2009) Q LSP 1 R
J0612+4122 0609+413 J0612.7+4120 B3 0609+413 e B . e G
J06306-2406 0628240 J0630.92406 TXS 0628240 s B ISP 4 G
J0646+4451 0642+449 - OH 471 3.396 Osmer et al. (1994) Q LSP 1 R
J0654+4514 0650+453 J0654 3+4514 B3 0650+453 0.928 Shatw(2011) Q LSP 2 G
J0654+5042 0650+507 J0654.4+5042 GB6 J0654+5042 1.253 w 8ha. (2011) Q LSP 11 G
JO713+1935 0710+196 J0714.0+1935 WB920711+1940 0.540 w &hal. (2011) Q LSP 11 G
J0719+3307 0716+332 J0719.3+3306 B20716+33 0.779 W hitie @000) Q LSP 2 G
J0721+7120 0716+714 J0721.9+7120 S50716+71 0.310 Ni&tsain(2008) B ISP 5 B
JO0738+1742 0735+178 J0738.2+1741 Ol 158 . B LSP 1 G
JO0739+0137 0736+017 J0739.1+0138 Ol 061 0.1894 Ho & Kimg200 Q ISP 1 B
J0748+2400 0745+241 -- PKS 0745+241 0.4092 Abazajian et al. (2005) Q LSP 4 R
JO750+1231 0748+126 JO750 6+1235 0Ol 280 0.889 Petersbn(£929) Q LSP 1 R
J0808-0751 0805077 J0808.20750 PKS 080507 1.837 White et al. (1988) Q LSP 4 B
J0818+4222 0814+425 J0818.2+4222 0J 425 .- B LSP 1 B
J0825+0309 0823+033 J0825.9+0309 PKS 0823+033 0.506 eSet:hI (1993a) B LSP 1 R
J0830+2410 0827+243 J0830.5+2407 OJ 248 0.942 Shaw efal )2 Q LSP 1 R
J0836-2016 0834201 -- PKS 083420 2.752 Fricke et al. (1983) Q - R
J0841+7053 0836+710 J0842 2+7054 4C +71.07 2.218 Mclrgtibsh (1999) Q LSP 1 R
J0854+2006 0851+202 J0854.8+2006 0OJ 287 0.306 Stickel (@t949) B LSP 1 B
J0909+0121 0906+015 J0909.0+0126 4C +01.24 1.0256 Shaw(2081) Q ISP 1 B
J0920+4441 0917+449 J0920 9+4441 S40917+44 2.189 Abazzijial. (2004) Q LSP 6 B
J0927+3902 0923+392 - 4C +39.25 0.695 Abazajian et al. (2005) Q LSP 1 R
J0948+4039 0945+408 - - 4C +40.24 1.249 Abazajian et al. (2005) Q LSP 1 R
J0948+0022 0946+006 J0949 0+0021 PMN J0948+0022 0.585 zafiba et al. (2004) Q LSP 2 G
J0957+5522 0954+556 J0957.7+5523 4C +55.17 0.8993 Shdw(2051) Q LSP 6 G
J0958+6533 0954+658 J1000.1+6539 S4 0954+65 0.367 Rectodke (2001) B LSP 5 R
J1012+2439 1009+245 J1012.7+2440 GB6J1012+2439 1.805 w Sha. (2011) Q e G
J1015+4926 1011+496 J1015.1+4927 7C 1011+4941 0.212 tAdbal. (2007) B HSP 2 G
J1016+0513 1013+054 J1016.1+0514 TXS 1013+054 1.713 Abaz al. (2004) Q G
J1037+5711 1034+574 J1037.7+5711 GB6J1037+5711.- e B ISP 5 G
J1037#2934 1034293 - PKS 1034293 0.312 Scarpa & Falomo (1997) Q LSP 10 R
J1038+0512 1036+054 -- PKS 1036+054 0.473 Healey et al. (2008) Q LSP 1 R
J1058+0133 1055+018 J1058 4+0134 4C +01.28 0.888 Shaw(20all) Q LSP 1 B
J1058+5628 1055+567 J1058.6+5628 7C 1055+5644 0.143 Mdraehal. (2004) B HSP 5 G
J1104+3812 1101+384 J1104.4+3812 Mrk421 0.0308 Ulrich é1975) B HSP 2 G
J112+0553 1118056 J1121.50554 PKS 111805 1.297 Drinkwater et al. (1997) Q LSP 11 G
J1127#1857 1124186 J1126.81854 PKS 1124186 1.048 Drinkwater et al. (1997) Q ISP 1 R
J1136-1449 112#145 J1130.21447 PKS 112714 1.184 Wilkes (1986) Q LSP 2 B
J1159+2914 1156+295 J1159.4+2914 4C +29.45 0.7246 Shaw(2081) Q ISP 1 B
J12151731 1213172 PKS 121317 e U LSP 1 R
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Table 2 — Continued

J2000 B1950 1FGL Name Alias z Ref. Opt. SED Ref. Sample

(1) (2 3) 4 (5) (6) o 6 (10)
J1217+3007 1215+303 J1217.7+3007 ON 325 0.130 Akiyama Q03) B HSP 5 G
J1221+3010 1218+304 J1221.3+3008 B2 1218+30 0.1836 AdeMuLarthy et al. (2008) B HSP 9 G
J1221+2813 1219+285 J1221.5+2814 W Comae . s B ISP 5 G
J1224+2122 1222+216 J1224.7+2121 4C +21.35 0.434 Schregide (2010) Q LSP 6 G
J1229+0203 1226+023 J1229.1+0203 3C 273 0.1583 Straus$EIR) Q LSP 1 B
J1230+1223 1228+126 J1230.8+1223 M87 0.00436 Smith e2G00) G LSP 7 R
J1239+0443 1236+049 J1239.5+0443 BzZQ J1239+0443 1.761 w &tal. (2011) Q LSP 11 G
J1246-2547 1244255 J1246.72545 PKS 1244255 0.633 Savaqe et al. (1976) Q LSP 2 G
J1248+5820 1246+586 J1248.2+5820 PG 1246+586 B HSP 5 G
J1256-0547 1253055 J1256.20547 3C 279 0.536 MarZIanl et al. (1996) Q LSP 1 B
J1303+2433 1300+248 J1303.0+2433 VIPS 0623 B e G
J1310+3220 1308+326 J1310.6+3222 OP 313 0.9973 ShaW 2oal) Q ISP 1 B
J13320509 1329049 J1331.90506 OP -050 2.150 Thompson et al. (1990) Q LSP 2 G
J13321256 1329126 J1332.61255 PMN J13321256 1.492 Shaw et al. (2011) Q -
J133F1257 1334127 J1337.#1255 PKS 1335127 0.539 Stickel et al. (1993b) Q LSP 1 B
J13441723 1341171 J1344.21723 PMN J13441723 2.506 Shaw et al. (2011) Q - cee
J1427+2348 1424+240 J1426.9+2347 OQ +240 s s HSP 5
J1436+6336 1435+638 - VIPS 0792 2.066 Mclintosh et al. (1999) Q LSP 4 R
J1504+1029 1502+106 J1504 4+1029 OR 103 1.8385 Adelma@anty et al. (2008) Q LSP 1 B
J1512-0905 1516089 J1512.80906 PKS 151608 0.360 Thompson etal. (1990) Q LSP 1 B
J1516+1932 1514+197 J1516.9+1928 PKS 1514+197 --- B LSP 5 R
J15172422 1514241 J1517.82423 AP Librae 0.049 Jones et al. (2009) B LSP 2 B
J1522+3144 1520+319 J1522.1+3143 B2 1520+31 1.484 Shaw(20a1) Q LSP 2 G
J1542+6129 1542+616 J1542.9+6129 GB6 J1542+6129-- cee B ISP 5 G
J1549+0237 1546+027 J1549.3+0235 PKS 1546+027 0.414 Mdraphal. (2004) Q LSP 1 R
J1550+0527 1548+056 J1550.7+0527 4C +05.64 1.417 Shaw(20all) Q LSP 1 R
J1553+1256 1551+130 J1553.4+1255 OR +186 1.308 Schn&ldbl(%OlO) Q cee e G
J1555+1111 1553+113 J1555.7+1111 PG 1553+113 B HSP 5 G
J1613+3412 1611+343 J1613.5+3411 DA 406 1.40 ShaW et dl1§20 Q LSP 1 R
J16252527 1622253 J1625.72524 PKS 1622253 0.786 di Serego-Alighieri et al. (1994) Q LSP 2 B
J1635+3808 1633+382 J1635.0+3808 4C +38.41 1.813 Shaw(20all) Q LSP 1 B
J1638+5720 1637+574 - OS 562 0.751 Marziani et al. (1996) Q ISP 1 R
J1640+3946 1638+398 -- NRAO 512 1.666 Stickel et al. (1989) Q LSP 1 R
J1642+3948 1641+399 J1642 5+3947 3C 345 0.593 Marziahi (@1986) Q ISP 1 B
J1642+6856 1642+690 - - 4C +69.21 0.751 Lawrence et al. (1996) Q LSP 6 R
J1653+3945 1652+398 J1653 9+3945 Mrk 501 0.0337 Sticladl €1993a) B HSP 2 G
J1658+0741 1655+077 -- PKS 1655+077 0.621 Wilkes (1986) Q LSP 1 R
J1700+6830 1700+685 J1700 1+6830 TXS 1700+685 0.301 bignet al. (1997) Q LSP 4 G
J1719+1745 1717+178 J1719.2+1745 OT 129 0.137 Sowardsearghal. (2005) B LSP 5 G
J1725+1152 1722+119 J1725.0+1151 1H 1720+117 . B HSP 5 G
J1727+4530 1726+455 J1727.3+4525 S41726+45 0.717 Hérettat (1997) Q LSP 1 R
J17331304 1736130 J1733.61308 NRAO 530 0.902 Junkkarinen (1984) Q LSP 1 B
J1734+3857 1732+389 J1734.4+3859 OT 355 0.975 Shaw etall)2 Q LSP 11 G
J1740+5211 1739+522 J1740.0+5209 4C +51.37 1.379 Walsh(2084) Q LSP 1 G
J1743-0350 1741038 PKS 1741303 1.054 White et al. (1988) Q LSP 1 R
J1751+0939 1749+096 J1751 5+0937 4C +09.57 0.322 Stitkél @.988) B LSP 1 B
J1753+2848 1751+288 - B2 1751+28 1.118 Healey et al. (2008) LSP 1 R
J1801+4404 1800+440 - S4 1800+44 0.663 Walsh & Carswell (1982) Q ISP 1 R
J1800+7828 1803+784 J1800 4+7827 S51803+784 0.6797 heevet al. (1996) B LSP 1 B
J1806+6949 1807+698 J1807.0+6945 3C 371 0.051 de Grijp @i982) B ISP 1 B
J1824+5651 1823+568 J1824.0+5651 4C +56.27 0.664 Shaw(20all) B LSP 1 B
J1829+4844 1828+487 J1829.8+4845 3C 380 0.692 Lawrente(£986) Q LSP 4 R
J1842+6809 1842+681 -- GB6 J1842+6809 0.472 Xu et al. (1994) Q - R
J1848+3219 1846+322 J1848 5+3224 B2 1846+32A 0.798 Sevéarinerd et al. (2005) Q LSP 2 G
J1849+6705 1849+670 J1849.3+6705 S4 1849+67 0.657 S&dkekhr (1993) Q LSP 1 B
J1903+5540 1902+556 J1903.0+5539 TXS 1902+556 --- e B ISP 5 G
J19112006 1908201 J1911.22007 PKS B1908201 1.119 Halpern et al. (2003) Q LSP 2 B
J1923-2104 1926211 J1923.52104 OV -235 0.874 Halpern et al. (2003) Q LSP 2 B
J1924-2914 1923293 J1925.22919 PKS B1921293 0.3526 Jones et al. (2009) Q LSP 10 R
J1927+7358 1928+738 --- 4C +73.18 0.302 Marziani et al. (1996) Q ISP 1 R
J1954-1123 1953115 J1954.81124 TXS 195%115 0.683 Shaw et al. (2011) Q LSP 11 G
J1955+5131 1954+513 - 1.223 Lawrence et al. (1996) Q LSP 7 R
J2006-1748 1958179 J2000 91749 PKS 1958179 0.652 Abdo et al. (2010d) Q LSP 1 B
J1959+6508 1959+650 J2000.0+6508 1ES 1959+650 0.047 I8ehat al. (1993) B HSP 2 G
J201+1546 2008159 PKS 2008159 1.180 Peterson et al. (1979) Q ISP 1 R
J2022+6136 2021+614 --- OwW 637 0.227 Hewitt & Burbidge (1991) G LSP 1 R
J20250735 2022077 J2025.60735 PKS 202307 1.388 Drinkwater et al. (1997) Q LSP 2 G
J2031+1219 2029+121 J2031.5+1219 PKS 2029+121 1.213 Shaw(2011) Q LSP 11 R
J2123+0535 2121+053 --- PKS 2121+053 1.941 Steidel & Sargent (1991) Q ISP 1 R
J213+1207 2128123 --- PKS 212812 0.501 Searle & Bolton (1968) Q ISP 1 R
J21340153 213%021 J2134 00203 4C02.81 1.284 Abdo et al. (2010d) Q LSP 1 R
J2136+0041 2134+004 - PKS 2134+004 1.932 Osmer et al. (1994) Q LSP 1 R
J2139+1423 2136+141 - OX 161 2.427 Wills & Wills (1974) Q LSP 7 R
J2143+1743 2141+175 J2143 4+1742 0OX 169 0.2107 Ho & Kimg200 Q ISP 2 G
J2147+0929 2144+092 J2147.2+0929 PKS 2144+092 1.113 \atrate (1988) Q LSP 2 G
J2148+0657 2145+067 J2148.5+0654 4C +06.69 0.999 Stei@argent (1991) Q LSP 1 R
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Table2 — Continued

J2000 B1950 1FGL Name Alias z Ref. Opt. SED Ref. Sample

1) 2 3) 4) (5) (6) mn ® (10)
J2158-1501 2155152 J2157.91503 PKS 2155152 0.672 White et al. (1988) Q LSP 1 R
J2202+4216 2200+420 J2202.8+4216 BL Lac 0.0686 Vermetlah @.995) B LSP 1 B
J2203+1725 2201+171 J2203.5+1726 PKS2201+171 1.076 $ath(1977) Q ISP 1 G
J2203+3145 2201+315 --- 4C +31.63 0.2947 Marziani et al. (1996) Q ISP 1 R
J22180335 2216038 --- PKS 221603 0.901 Lynds (1967) Q ISP 1 R
J2225-0457 2223052 J2225.80457 3C 446 1.404 Wright et al. (1983) Q LSP 4 B
J2229-0832 2227088 J2229.70832 PHL 5225 1.5595 Abazajian et al. (2004) Q LSP 1 B
J2232+1143 2230+114 J2232.5+1144 CTA 102 1.037 Falomo @t984) Q ISP 1 B
J2236-1433 2233148 J2236.41432 QY -156 e B LSP 11 G
J2236+2828 2234+282 J2236.2+2828 CTD 135 0.795 Jacksorn)\&rm(lggl) Q LSP 7 G
J2243+2021 2241+200 J2244.0+2021 RGB J2243+203.-- B ISP 5 G
J2246-1206 2243123 --- PKS 2243123 0.632 Browne et al. (1975) Q ISP 1 R
J2256-2806 2247283 J2250.82809 PMN J22562806 0.525 Shaw et al. (2011) Q LSP 11 G
J2253+1608 2251+158 J2253.9+1608 3C 454.3 0.859 Jacksanwing (1991) Q ISP 1 B
J2327+0940 2325+093 J2327.7+0943 0Z 042 1.841 Shaw eball (2 Q LSP 2 B
J23312148 2328221 J2331.62145 PMN J23332148 0.563 Shaw et al. (2011) Q .- e G
J2348-1631 2345167 J2348.01629 PKS 234516 0.576 Tadhunter et al. (1993) Q LSP 1 R

Note. — Columns are as follows: (1) IAU name (J2000), (2) IAU naf@&g50), (3) 1FGL catalog name, (4) other name, (5) reddBiftiterature reference
for redshift, (7) optical classification, where B = BL Lac, Quasar, G = Radio galaxy, and U = Unidentified, (8) spectratgndistribution class, where HSP
= high spectral peaked, ISP = intermediate spectral peaketl SP = low spectral peaked. (9) literature reference i 8ata, where 1 £ Chang (2010), 2
=[Abdo et al. [2010e), 3 E Abdo etlal. (2010a), 4 = Meyer et 41112 ApJ, submitted, 5= Nieppola el 4. (2006), 6 = Nieppoalle(2008), 7 = Aatrokoski
(2011), 8 < Tavecchio etal. (2010), 9 = Ruger ét[al. (2010); IMpey & Neugebauef (1988), 11 = 2LAC catalog, Abdo et alprieparation, (10) Sample
membership, where G=1FNtray selected sample, R = 1FM-matching radio sample, B = ih bamples.

Table3
Flux Data
J2000 B1950 VLBA VLBA Single Dish Arcsecond Gy
Name Name Epoch Total Median Emission
y) Jy) Ay)

1) 2 3) 4) (5) (6) (7
J0006-0623 0003066 2009 May 2 2.50 2.41 <6.7
J00170512 0015054 2009 Jul 5 0.29 0.32 cee 972
J0056-0929 0048097 2008 Oct 3 1.09 1.34 e 344
J0108+0135 0106+013 2009 Jun 25 2.77 2.66 e 1174
J0112+2244 0109+224 2009 Jul 5 0.48 0.79 e 489
J0112+3208 0110+318 2009 Jun 3 0.70 e e 1332
J0118-2141 0116219 2009 Jul 23 0.70 e e 1047
J0126G-2701 0118272 2009 Dec 26 0.56 e cee 529
J0121+1149 0119+115 2009 Jun 15 3.57 3.76 <9.9
J0132-1654 0138171 2009 Oct 27 2.02 2.02 e 352
J0136+3906 0133+388 2010 Nov 29 0.05 e e 9763
J0136+4751 0133+476 2009 Jun 25 4.44 3.87 e 415
J01452733 0142278 2009 Dec 26 0.95 e e 972
J0205+3212 0202+319 2008 Aug 25 3.17 3.26 e 106
J0204-1701 0202172 2009 Jul 5 1.45 1.47 s 370
J0217+7349 0212+735 2008 Sep 12 3.78 3.72 296
J0217+0144 0215+015 2008 Nov 19 2.00 1.53 e 788
J0222+4302 0219+428 2009 Jun 15 0.60 0.86 0.25 3827
J0231+1322 0229+131 2010 Oct 25 1.90 1.57 e <51
J0237+2848 02344285 2009 Jun 25 2.54 3.14 e 427
J0238+1636 0235+164 2009 Mar 25 3.08 3.15 1396
J0252-2219 0256225 2009 Mar 25 0.51 e s 2677
J0303-2407 0301243 2010 Mar 1 0.21 e e 1933
J0316+0904 0313+085 2010 Nov 20 0.06 e e 4960
J0319+4130 0316+413 2009 May 28 19.40 18.91 e 63
J0339-0146 0336019 2009 May 2 2.36 2.35 e 104
J0349-2102 0347211 2009 Jul5 0.62 e e 3981
J0403+2600 0400+258 2010 Oct 15 1.85 1.85 <75
J0423-0120 0426014 2009 Jul 5 6.29 4.45 e 254
J0433+0521 0430+052 2009 Jul 5 2.69 3.18 0 56< 27
J0433+2905 0430+289 2009 Jul 23 0.31 0.30 .- 1280
J0442-0017 0446003 2009 May 28 1.26 1.24 e 1050
J0453-2807 0453282 2009 Aug 19 1.71 e e 1201
J04572324 0454234 2009 Jun 25 1.99 .a e 2566
JO507+6737 0502+675 2010 Nov 20 0.05 0.03 e 9048
J0509+0541 0506+056 2009 Jun 3 0.59 0.60 e 646
J0530+1331 0528+134 2009 Mar 25 2.86 2.98 838
J0532+0732 0529+075 2009 May 2 1.47 1.42 e 608
J0608-1520 0605153 2010 Mar 1 0.20 0.21 e 4471
J0609-1542 0607157 2009 Jun 25 5.17 4,92 <12

J0612+4122 0609+413 2009 Dec 26 0.22 0.28 1022
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Table 3 — Continued
J2000 B1950 VLBA VLBA Single Dish Arcsecond Gy
Name Name Epoch Total Median Emission
Jy) y) Iy)

1) (2 3 (4) (5) (6) ]
J0636-2406 0628240 2010 Nov 29 0.07 4221
J0646+4451 0642+449 2009 May 28 3.62 3.43 < 57
J0654+4514 0650+453 2009 Jun 25 0.38 0.50 2063
J0654+5042 0650+507 2009 Jul 5 0.20 0.23 2805
JO713+1935 0710+196 2009 Aug 19 0.44 . 1885
J0719+3307 0716+332 2009 Feb 25 0.57 0.58 1193
J0721+7120 0716+714 2009 Jun 15 1.20 2.09 534
J0738+1742 0735+178 2009 Jun 25 0.62 0.74 0.19 629
J0739+0137 0736+017 2009 Jul 5 1.20 1.33 0.20 328
J0748+2400 0745+241 2010 Oct 25 1.15 1.54 <16
JO750+1231 0748+126 2009 Feb 25 4.30 4.33 70
J0808-0751 0805077 2009 Jun 25 1.91 1.08 1835
J0818+4222 0814+425 2009 May 28 1.68 1.44 523
J0825+0309 0823+033 2009 Jul 5 0.98 1.53 70
J0830+2410 0827+243 2008 Nov 19 1.53 1.49 e 353
J0836-2016 0834201 2009 Mar 25 2.07 . 0.65 <118
J0841+7053 0836+710 2009 May 2 1.58 1.57 1028
J0854+2006 0851+202 2009 May 28 4.67 3.78 88
J0909+0121 0906+015 2009 May 28 1.54 1.35 781
J0920+4441 0917+449 2009 Jun 25 2.12 2.02 2154
J0927+3902 0923+392 2009 Jul 5 10.86 10.18 <24
J0948+4039 0945+408 2009 Jun 3 1.69 1.76 <44
J0948+0022 0946+006 2009 May 28 0.44 0.24 .- 2901
J0957+5522 0954+556 2009 Mar 25 0.15 1.19 0.96 5909
J0958+6533 0954+658 2009 Jul 5 1.34 1.28 74
J1012+2439 1009+245 2010 Nov 29 0.05 0.05 14584
J1015+4926 1011+496 2009 May 2 0.20 0.28 0.08 3431
J1016+0513 1013+054 2009 Jun 15 0.66 0.62 2730
J1037+5711 1034+574 2010 Mar 1 0.11 0.17 1649
J10372934 1034293 20100ct 15 1.44 . <13
J1038+0512 1036+054 2008 Oct 3 1.49 1.38 <17
J1058+0133 1055+018 2008 Aug 25 4.32 4.65 265
J1058+5628 1055+567 2009 Aug 19 0.18 0.17 3011
J1104+3812 1101+384 2009 Jun 25 0.33 0.44 0.11 6456
J112+0553 1118056 2009 Jun 15 0.48 e 1495
J11271857 1124186 2009 May 2 1.74 1.64 334
J1136-1449 1127#145 2009 Jul5 2.33 2.27 528
J1159+2914 11564295 2009 Jun 3 2.18 3.07 e 280
J12151731 1213172 2008 Sep 12 1.75 1.80 0.16 <41
J1217+3007 1215+303 2009 Jun 15 0.36 0.38 1223
J1221+3010 1218+304 2010 Nov 20 0.07 e 4114
J1221+2813 1219+285 2009 May 28 0.33 0.40 0.07 1837
J1224+2122 1222+216 2009 May 28 1.01 1.15 0.13 359
J1229+0203 1226+023 2009 Jun 25 24.38 27.84 6.58 83
J1230+1223 1228+126 2009 Jul 5 2.51 26.30 23.71 45
J1239+0443 1236+049 2009 Jun 3 0.36 0.38 2926
J1246-2547 1244255 2009 Jun 15 1.10 e 970
J1248+5820 1246+586 2009 Oct 27 0.12 0.16 2929
J1256-0547 1253055 2009 Jun 25 12.01 13.65 328
J1303+2433 1300+248 2010 Nov 13 0.11 0.28 1049
J1310+3220 1308+326 2009 Jun 3 2.22 1.75 705
J13320509 1329049 2009 Jul5 1.12 0.99 3117
J13321256 1329126 2010 Mar1 0.35 e 3917
J13371257 1334127 2009 Jun 25 6.59 6.51 66
J1344-1723 134%171 2009 Jun 25 0.33 0.39 . 3486
J1427+2348 1424+240 2009 Jun 25 0.18 0.26 0.06 5450
J1436+6336 1435+638 2010 Jul 12 1.54 1.50 <41
J1504+1029 1502+106 2009 Mar 25 3.15 2.65 5965
J1512-0905 1516089 2009 Jul5 3.98 2.75 2335
J1516+1932 1514+197 2010 Sep 27 0.90 1.56 64
J15172422 1514241 2009 Jun 3 2.32 e 168
J1522+3144 1520+319 2009 Jun 15 0.42 0.40 12312
J1542+6129 1542+616 2010 Nov 29 0.14 0.13 3628
J1549+0237 1546+027 2009 Jun 25 1.79 1.72 191
J1550+0527 1548+056 2009 Jan 30 2.64 2.83 56
J1553+1256 1551+130 2009 Jun 3 0.67 0.67 2032
J1555+1111 1553+113 2009 Jun 15 0.15 0.18 8397
J1613+3412 1611+343 2009 May 2 2.81 2.83 46
J1625-2527 1622253 2009 Oct 27 2.32 .- 286
J1635+3808 1633+382 2009 May 2 2.88 2.80 933
J1638+5720 1637+574 2009 Mar 25 1.81 1.80 <13
J1640+3946 1638+398 2009 May 28 0.78 0.79 < 418
J1642+3948 1641+399 2009 Jul 5 9.14 7.72 130
J1642+6856 1642+690 2008 Nov 26 3.84 4.62 <73
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Table 3 — Continued

J2000 B1950 VLBA VLBA Single Dish Arcsecond Gy
Name Name Epoch Total Median Emission
Jy) y) Iy)

1) 2 3 4) (5) (6) (7
J1653+3945 1652+398 2009 Jun 15 0.87 1.17 0.30 812
J1658+0741 1655+077 2009 Jul 5 1.85 e e <29
J1700+6830 1700+685 2009 Jul 5 0.25 0.30 e 1201
J1719+1745 1717+178 2009 Jul 5 0.58 0.58 e 533
J1725+1152 1722+119 2010 Nov 20 0.07 0.07 e 5390
J1727+4530 1726+455 2008 Aug 25 1.02 1.39 e 215
J1733-1304 1736130 2009 Jun 25 4.00 4.74 e 113
J1734+3857 1732+389 2009 Dec 26 0.97 0.88 e 1097
J1740+5211 1739+522 2008 Aug 25 0.94 1.16 e 1504
J1743-0350 1743038 2008 Nov 19 3.26 3.02 < 33
J1751+0939 1749+096 2009 Jun 3 4.20 5.13 e 136
J1753+2848 1751+288 2009 Jun 25 1.48 1.57 <44
J1801+4404 1800+440 2008 Aug 25 1.32 1.44 <52
J1800+7828 1803+784 2009 Mar 25 2.40 2.31 212
J1806+6949 1807+698 2009 Jul 5 1.37 1.60 0.23 163
J1824+5651 1823+568 2009 May 28 1.59 1.61 e 266
J1829+4844 1828+487 2009 Mar 25 1.80 8 1.27 56
J1842+6809 1842+681 2010 Oct 25 0.50 0.88 e <59
J1848+3219 1846+322 2009 Jun 3 0.62 0.61 e 1036
J1849+6705 1849+670 2008 Oct 3 1.88 2.60 e 700
J1903+5540 1902+556 2010 Nov 20 0.18 0.11 e 2464
J191+2006 1908201 2009 Jun 25 1.64 e e 633
J1923-2104 1926211 2009 Jun 15 2.06 . e 786
J1924-2914 1923293 2010 Mar 1 15.54 1262 e 18
J1927+7358 1928+738 2009 May 28 3.71 3.21 <13
J1954-1123 1953115 2009 Dec 26 0.42 0.32 e 1705
J1955+5131 1954+513 2010 Oct 15 1.26 1.52 e <21
J2006-1748 1958179 2009 Jul 5 2.85 2.54 e 221
J1959+6508 1959+650 2009 Jun 3 0.22 0.21 0.03 3021
J201+1546 2008159 2008 Aug 25 2.04 1.99 < 64
J2022+6136 2021+614 2009 Jan 30 2.26 2.31 <11
J2025-0735 2022077 2009 Jun 15 0.95 1.11 e 2978
J2031+1219 2029+121 2010 Oct 15 1.26 1.36 e 262
J2123+0535 2121+053 2009 May 28 1.92 1.65 <81
J213+1207 2128123 2009 Jan 7 2.23 2.27 <18
J21340153 2133021 2009 Feb 25 2.41 2.31 e 54
J2136+0041 2134+004 2008 Nov 19 6.67 6.53 <14
J2139+1423 2136+141 2009 Jul 5 2.71 2.53 e <32
J2143+1743 2141+175 2009 Jun 3 1.09 0.81 e 816
J2147+0929 2144+092 2009 Jun 25 1.30 0.83 e 1878
J2148+0657 2145+067 2009 Mar 25 5.57 5.54 38
J2158-1501 2155152 2009 May 2 1.69 1.61 e 90
J2202+4216 2200+420 2009 Jun 15 4.52 3.23 e 180
J2203+1725 2201+171 2009 Jul 5 1.16 1.07 e 889
J2203+3145 2201+315 2009 Feb 25 2.60 2.57 <5.3
J2218-0335 2216038 2009 Mar 25 1.50 1.60 <14
J22250457 2223052 2009 May 2 7.51 8.05 e 96
J2229-0832 2227088 2009 Jun 3 2.75 2.62 e 973
J2232+1143 2230+114 2009 Mar 25 3.87 5.23 238
J2236-1433 2233148 2009 Dec 26 0.52 0.45 e 672
J2236+2828 2234+282 2009 Dec 26 1.21 1.22 e 607
J2243+2021 2241+200 2010 Nov 29 0.07 0.07 e 5133
J2246-1206 2243123 2009 Jun 15 2.19 2.18 <23
J2256-2806 2247283 2009 Jun 3 0.51 e e 781
J2253+1608 2251+158 2009 Jun 25 6.83 12.74 e 788
J2327+0940 2325+093 2009 Jun 15 2.01 2.44 e 1092
J23312148 2328221 2010 Nov 29 0.14 e e 3278
J2348-1631 2345167 2009 May 2 2.23 2.04 e 120

Note. — Columns are as follows: (1) IAU name (J2000), (2) IAU naiB&%50), (3) VLBA observation date, (4) total 15 GHz VLBA flueksity in Jy, (5)
single dish OVRO 15 GHz median flux density in Jy during 11 rhdrgrmi era. The flag indicates UMRAO 14.5 GHz data, (6) arcsecond scale 15 {idz
density in Jy, (7) ratio of average 100 MeV~-ray energy luminosity to 15 GHz radio luminosity.

Table 4
Jet Data
J2000 B1950 Op. Jet Core m Core
Name Name Angle PA. T, (%) EVPA
(deg) (deg)  (K) (deg)
(1) (2 (©)] 4 (5) (6) ]

J0006-0623 0003066 22 -95 >128 7.8 15
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Table 4 — Continued

J2000 B1950 Op. Jet Core m Core
Name Name Angle PA. T, (%) EVPA
(deg) (deg)  (K) (deg)
1) 2 (3) (4) (5) (6) (7
JO017#0512 0015054 39 -123 114 <03 e
J00506-0929 0048097 15 -8 >13.2 3.7 150
J0108+0135 0106+013 28-127 12.6 0.9 113
J0112+2244 0109+224 22 86 11.3 15 68
J0112+3208 0110+318 18 -66 12.2 2.2 115
J0118-2141 0116219 32 -69 11.2 1.1 122
J0126-2701 0118272 13 -26 111 5.5 136
J0121+1149 0119+115 15 3 12.9 5.1 156
J01321654 0136171 21 -109 121 2.5 0
J0136+3906 0133+388 --- ... >10.6 . .
J0136+4751 0133+476 21 -38 12.7 2.0 95
J01452733 0142278 25 54 11.4 1.3 96
J0205+3212 0202+319 12 -11 12.3 3.5 108
J02041701 0202172 15 7 12.5 3.7 93
J0217+7349 0212+735 12 113> 13.9 1.3 42
J0217+0144 0215+015 47 108 12.6 3.2 4
J0222+4302 0219+428 20 171 12.0 2.9 25
J0231+1322 0229+131 27 64> 13.5 4.1 179
J0237+2848 0234+285 23 -13 121 3.9 135
J0238+1636 0235+164 19 -34 12.0 0.5 8
J0252-2219 0256225 68 -155 >12.8 2.4 16
J0303-2407 030%243 25 =125 10.7 1.0 50
J0316+0904 0313+085 21 24 105 - .
J0319+4130 0316+413 30-176 111 0.04 123
J0339-0146 0336019 33 61 11.8 3.6 100
J0349-2102 0347211 15 -147 12.7 1.8 31
J0403+2600 0400+258 13 77 11.2 4.0 130
J0423-0120 0426014 24 -161 12.2 2.2 131
J0433+0521 0430+052 13-115 >120 <0.2 .
J0433+2905 0430+289 54 56 11.3 2.6 41
J0442-0017 0446003 42 -130 11.3 2.3 172
J0453-2807 0451282 9 8 12.7 1.3 48
JO4572324 0454234 31 134 > 13.3 1.0 160
JO507+6737 0502+675 --- e 10.7 e e
JO509+0541 0506+056 26-173 111 1.1 139
JO530+1331 0528+134 20 52 12.1 2.7 166
J0532+0732 0529+075 50 -25 10.4 3.8 165
J0608-1520 0605153 56 100 11.0 <05 e
J0609-1542 0607157 35 68 11.2 4.8 82
J0612+4122 0609+413 20 119 115 0.5 178
J06306-2406 0628240 30 -151 10.5 . .
J0646+4451 0642+449 21 83 12.5 1.6 164
J0654+4514 0650+453 46 97 11.9 0.5 42
J0654+5042 0650+507 20 93 10.8 5.0 101
JO713+1935 0710+196 42 87 11.9 1.4 108
J0719+3307 0716+332 22 76 12.1 1.8 99
J0721+7120 0716+714 18 18 12.7 2.3 154
JO738+1742 0735+178 23 63 11.3 1.6 129
J0739+0137 0736+017 21 -79 11.7 1.1 168
J0748+2400 0745+241 15 -59 11.9 2.0 85
JO750+1231 0748+126 23 89 12.1 2.6 35
J0808-0751 0805077 20 -30 13.1 1.9 154
J0818+4222 0814+425 41 100 12.2 1.6 2
J0825+0309 0823+033 24 26 12.6 5.3 41
J0830+2410 0827+243 21 124 11.9 2.3 25
J0836-2016 0834201 34 -100 10.4 1.6 136
J0841+7053 0836+710 10-145 12.6 0.1 93
J0854+2006 0851+202 29-115 12.4 5.9 156
J0909+0121 0906+015 19 43 12.2 25 130
J0920+4441 (0917+449 17 178 12.7 3.7 119
J0927+3902 0923+392 16 101 10.6 < 0.7 .
J0948+4039 0945+408 17 116 12.1 2.1 3
J0948+0022 0946+006 21 24>12.8 0.8 142
J0957+5522 0954+556 .- e 8.5 6.9 9
J0958+6533 0954+658 30 -38 11.9 2.4 51
J1012+2439 1009+245 23 38 10.7  --- .
J1015+4926 1011+496 20-105 11.3 1.1 134
J1016+0513 1013+054 28 140 12.2 25 97
J1037+5711 1034+574 -167 10.7 <0.8 .
J10372934 1034293 32 123 11.6 3.4 23
J1038+0512 1036+054 12 -5 12.6 6.8 154
J1058+0133 1055+018 28 -55 12.2 6.4 127
J1058+5628 1055+567 36 -85 10.7 <05 .
J1104+3812 1101+384 27 -34 >124 1.3 94
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Table 4 — Continued

J2000 B1950 Op. Jet Core m Core
Name Name Angle PA. T, (%) EVPA
(deg) (deg)  (K) (deg)
1) 2 (3) (4) (5) (6) (7
J1123+0553 1118056 11 31 12.0 2.0 139
J1127#1857 1124186 15 169 125 2.0 106
J1136-1449 1127145 18 81 11.9 0.5 38
J1159+2914 1156+295 20 9 12.1 1.8 16
J12151731 1213172 23 112 11.3 3.2 83
J1217+3007 1215+303 13 144 114 <0.2 .
J1221+3010 1218+304 22 94 105 -
J1221+2813 1219+285 16 112 11.6 1.3 2
J1224+2122 1222+216 13 -2 11.8 6.4 8
J1229+0203 1226+023 12-125 121 0.2 10
J1230+1223 1228+126 13 -73 10.9 0.1 0
J1239+0443 1236+049 29 -60 12.3 1.1 100
J1246-2547 1244255 22 140 >13.1 1.3 50
J1248+5820 1246+586 47 4 11.1 <0.7
J1256-0547 1253055 16 -124 12.9 2.0 65
J1303+2433 1300+248 .- -41 11.7 <05 .
J1310+3220 1308+326 38 -59 12.2 1.4 77
J13320509 1329049 14 18 12.7 <0.07
J13321256 1329126 25 112 > 125 0.7 87
J1337#1257 1334127 19 149 12.6 4.3 169
J13441723 134%171 53 -56 >12.7 1.6 21
J1427+2348 1424+240 56 145 11.0 2.1 153
J1436+6336 1435+638 5-127 10.7 <05 .
J1504+1029 1502+106 43 116 13.1 1.3 164
J1512-0905 1516089 19 -32 12.7 2.3 151
J1516+1932 1514+197 19 -24 12.6 2.3 168
J15172422 1514241 10 161 111 0.6 91
J1522+3144 1520+319 63 14 11.4 1.4 59
J1542+6129 1542+616 14 109 11.4 1.8 139
J1549+0237 1546+027 16 175> 13.3 2.8 46
J1550+0527 1548+056 14 -6 121 4.4 141
J1553+1256 1551+130 14 11 12.2 1.8 70
J1555+1111 1553+113 45 48 10.7 < 0.5
J1613+3412 1611+343 28 168 11.6 2.2 85
J16252527 1622253 23 14 11.7 1.2 111
J1635+3808 1633+382 21 -79 12.8 0.5 101
J1638+5720 1637+574 14 -156 13.4 0.3 146
J1640+3946 1638+398 66 -77 115 0.8 141
J1642+3948 1641+399 16 -89 12.6 0.7 122
J1642+6856 1642+690 15-167 12.7 4.9 104
J1653+3945 1652+398 28 128 11.0 0.5 105
J1658+0741 1655+077 15 42 12.9 5.6 103
J1700+6830 1700+685 17 142> 12.2 0.5 38
J1719+1745 1717+178 10-157 11.8 9.4 31
J1725+1152 1722+119 .. - >107 e e
J1727+4530 1726+455 26-110 12.6 1.2 100
J1733-1304 1736130 12 8 12.6 3.0 58
J1734+3857 1732+389 25 117 12.3 2.1 169
J1740+5211 1739+522 62 15 12.3 0.7 77
J1743-0350 1743038 22 -161 11.7 2.6 149
J1751+0939 1749+096 28 17 12.7 4.1 7
J1753+2848 1751+288 22 9>13.1 0.9 18
J1801+4404 1800+440 22 -156 11.7 15 46
J1800+7828 1803+784 22 -90 121 2.5 77
J1806+6949 1807+698 10-101 11.3 < 0.09 e
J1824+5651 1823+568 8 -160 125 6.8 14
J1829+4844 1828+487 15 -40 121 1.3 90
J1842+6809 1842+681 12 138 11.9 2.2 129
J1848+3219 1846+322 24 -41 >13.2 1.7 144
J1849+6705 1849+670 18 —45 12.7 2.1 84
J1903+5540 1902+556 32 41 11.8 5.4 22
J1911+2006 1908201 25 19 13.0 0.7 67
J1923-2104 1926211 30 -8 13.4 1.0 134
J1924-2914 1923293 36 17 12.2 3.0 131
J1927+7358 1928+738 9 162 12.0 0.10 178
J1954-1123 195%115 27 10 11.8 6.4 123
J1955+5131 1954+513 19 -59 11.9 3.0 43
J2000-1748 1958179 24 105 125 1.3 11
J1959+6508 1959+650 37 139 11.0 2.3 149
J2011+1546 2008159 14 12 11.8 1.3 14
J2022+6136 2021+614 6 32 10.6 0.1 137
J2025-0735 2022077 19 -13 12.2 2.3 128
J2031+1219 2029+121 19-154 12.3 0.8 101
J2123+0535 2121+053 18 -97 11.9 8.1 25
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Table 4 — Continued

J2000 B1950 Op. Jet Core m Core
Name Name Angle PA. T, (%) EVPA
(deg) (deg)  (K) (deg)
1) 2 (3) (4) (5) (6) (7
J213+1207 2128123 11 -150 11.3 0.6 54
J21340153 2131021 35 104 12.1 7.0 89
J2136+0041 2134+004 22 -84 12.4 1.9 22
J2139+1423 2136+141 31 -76 12.0 4.1 139
J2143+1743 2141+175 31 -52 11.7 1.0 90
J2147+0929 2144+092 37 78 12.7 2.0 11
J2148+0657 2145+067 27 118 11.8 0.5 40
J2158-1501 2155152 18 -148 11.9 3.0 18
J2202+4216 2200+420 27-171 121 8.1 13
J2203+1725 2201+171 21 49 125 0.9 135
J2203+3145 2201+315 15-144 12.0 0.9 122
J2218-0335 2216038 14 -172 11.2 1.2 157
J2225-0457 2223052 24 98 125 2.5 33
J2229-0832 2227088 15 -10 12.8 15 172
J2232+1143 2230+114 15 152 12.8 1.7 80
J2236-1433 2233148 42 105 11.3 7.4 84
J2236+2828 2234+282 25-135 10.8 4.8 36
J2243+2021 2241+200 7 9 10.7 .- e
J2246-1206 2243123 14 8 12.0 2.3 124
J2250-2806 2247283 20 159 > 12.6 2.0 23
J2253+1608 2251+158 48 -76 12.3 2.2 151
J2327+0940 2325+093 32 -96 12.6 1.6 91
J23312148 2328221 13 153 114 <04 .
J2348-1631 2345167 28 124 125 25 41

Note. — Columns are as follows: (1) IAU name (J2000), (2) IAU nafB&950), (3) opening angle of the jet (degrees), (4) postiagle of the parsec-scale
jet (degrees), (5) log brightness temperature of the coje (& fractional linear polarization of the core in per ceft) linear polarization electric vector
position angle at the location of the core (degrees).



