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Basic Idea 

Using the Blandford-Konigl jet model and five observables, one can 
determine a number of properties of blazar jets 

Blandford-Konigl 
jet model 

Observables: 
1.  Redshift 
2.  core flux density 
3.  extended flux 

density 
4.  core shift 
5.  apparent 

opening angle 

Nuisance 
parameters: 
1.  electron 

distribution 
parameters (γ1, 
γ2, p) 

2.  equipartition 
parameters (ξe, 
ξp) 

Results (jet 
parameters): 
1.  Lorentz factor 

(Γ) 
2.  angle to line of 

sight (θ) 

Other parameters: 
1.  Doppler factor 

(δ) 
2.  jet opening 

angle (α) 
3.  Magnetic field 

B(1 pc) 
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Redshift 
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Shaw et al. (2012) 

Gives distance to source, determines luminosities from fluxes 
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Core Flux Density 
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FIG. 1. Sketch of the synchrotron spectrum of a self-similar
relativistic jet in arbitrary units. (Upper) Section of the jet that
corresponds to each spectrum in Lower. The flat part of the total
spectrum (bold curve) would continue to higher frequencies were the
jet to remain self-similar to the left of section D.

blazar and subsequent particle cascade. In the neutron-decay
model (11, 12), an ultrarelativistic neutron beam is emitted by
the central engine as the result of hadron collisions. The
neutrons then decay at a distance downstream that is length-
ened from the proper value of -1000 light-seconds via rela-
tivistic time dilation. The neutrons decay into protons and
electrons, which become a relativistically flowing plasma after
interacting with the ambient medium. The final model (13) of
this type reenergizes a jet that was visible only at small radii via
a standing shock wave.

TESTING THE INNER JET MODELS
The models sketched above make different predictions that
can be tested observationally. The most straightforward test is
to image directly the inner jet through VLBI observations at
frequencies where the core is optically thin. Since VLBI can
now produce images at 90 GHz, which is above the turnover
frequency for a number of blazars, this should be possible. Fig.
2 sketches the intensity profiles (expressed in the practical
units of flux density per unit length along the jet) expected
according to various models.
Another major test is to observe nonthermal flares at a wide

range of frequencies. As is illustrated in Fig. 3 for the
accelerating and decelerating jet models, the relative positions
of the primary sites of radiation at each waveband are quite
model dependent. Flares should therefore exhibit frequency-
dependent time delays. Since there are a number of versions
of each model, listing the specific predictions of each is beyond
the scope of this brief review; the reader is referred to a
previous review (15) of y-ray emission from blazars.
Over 40 blazars have been detected (16) at y-ray frequencies

by the high-energy EGRET (Energetic Gamma Ray Experi-
ment Telescope) detector of the Compton Gamma Ray Ob-
servatory. In these cases, the y-rays dominate the apparent
nonthermal luminosities of the blazars. The most successful
models to this date generate the y-rays through inverse Comp-
ton scattering off the relativistic electrons in the jet (15).
However, it is not yet clear whether the "seed" photons are
synchrotron radiation from the jet [synchrotron self-Compton
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FIG. 2. Flux density per unit length of relativistic jets according to
various models. The curves are either qualitative or quantitative with
selected values of free parameters- inside of the core, which is
arbitrarily given a distance from the origin R = 1018 cm. -, Slowly
accelerating jet model; ---, more rapidly accelerating jet model;
- -, invisible inner jet, which becomes progressively brighter with
increasing R, as expected according to the decelerating jet model or
particle-cascade models; * *, invisible inner jet made abruptly visible
by a standing shock at the position of the VLBI core. All models have
similar behavior beyond R = 1018 cm.

scattering (17), or SSC], direct photons from the putative
accretion disk (8, 18), or photons originally from the central
engine that have been scattered nonrelativistically in the
ambient medium (10, 19).

Accelerating jet model

SSC
SSC SHOCK

UV+ ' ' '
SOFT X-RAY O+IR O+IR RADIO7y-RAY X-RAY 7-RAY + X-RAY

Decelerating jet model
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FIG. 3. (Upper) Tapered, accelerating jet model (6, 14). The
density of dots in the jet corresponds roughly to the emissivity of the
synchrotron radiation. (Lower) Decelerating jet model (8). Compton
"reflection" of accretion disk photons by the relativistic particle beam
decelerates the beam, which becomes the observed radio jet. For both
models, the regions of emission at different wavebands are indicated,
and the lengths of the arrows roughly indicate on a logarithmic scale
the Lorentz factor of the flow.

Proc. Natl. Acad. Sci. USA 92 (1995)

Marscher (1995) MOJAVE website 
http://www.physics.purdue.edu/astro/MOJAVE/ 

Core radio spectra seen in VLBI images are flat.  BK model explains this as the 
superposition of several self-absorbed components. Fν(Γ, θ, α, Pj)  .  Also 
depends on electron distribution Ne(γ) = Ne0 γ-p  . 
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Core Shift 
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Kovalev et al. (2008) 

VLBI core position is dependent on frequency.  Core’s position “shifts” when 
viewed at different frequencies.  Δφ(Γ, θ, α, Pj). Also depends on electron 
distribution Ne(γ) = Ne0 γ-p  . 
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Extended Radio Flux and Jet Power 
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Birzan et al. (2008) 

The Power needed to inflate cavities in hot ICM is well-correlated with extended 
radio luminosity.  So measuring extended radio flux gives jet power. 

Fig. 11.—Radio overlays (green) on the smoothed Chandra X-ray images. [See the electronic edition of the Journal for additional panels of this figure.]
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Figure 1. Cavity power vs. radio power. Orange triangles represent the galaxy clusters and groups sample from B08. Filled circles represent our sample of gEs with
colors representing the cavity system figure of merit (see Section 3.1): green = “A,” blue = “B,” and red = “C.” The dotted red lines represent the best-fit power-law
relations presented in B08 using only the orange triangles. The dashed black lines represent our BCES best-fit power-law relations. Left: cavity power vs. 1.4 GHz
radio power. Right: cavity power vs. 200–400 MHz radio power.
(A color version of this figure is available in the online journal.)

gE, the fluxes of the individual catalog sources were added and
the associated uncertainties summed in quadrature.

Archival VLA data for each source were also reduced
and analyzed. The continuum VLA data were reduced using
a customized version of the NRAO VLA Archive Survey
reduction pipeline. In the cases where high-resolution VLA
archival data are available, multifrequency images were used to
confirm the connection between NVSS detections and the host
gE. Images at 1.4 GHz were further used to check NVSS fluxes.
We found flux agreement for most sources, the exceptions being
IC 4296 and NGC 4782, where the NVSS flux is approximately
a factor of 2 lower. The radio lobes for IC 4296 and NGC
4782 contain significant power in diffuse, extended emission
which is not detected in NVSS because the NVSS flux limit is
higher than the archival observations used. For these sources,
the fluxes measured from the archival VLA data are used in
our analysis. For the systems where nuclear radio emission was
resolved from lobe emission, we found Sν0,nucleus/Sν0,lobe < 0.2,
suggesting that the nuclear contribution to the low-resolution
NVSS measurements has a small impact on our results. NGC
6269 appeared to be the exception with Sν0,nucleus/Sν0,lobe ≈ 1;
however, this is based upon the NVSS data only.

B08 found that a lower scatter Pjet–Pradio relation resulted
when 327 MHz radio data were used instead of 1400 MHz
radio data. We therefore decided to test this using our sample
of gEs. Unfortunately, the quality and availability of 327 MHz
data for our gE sample were not ideal, thus we gathered low-
frequency radio fluxes from the CATS database (Verkhodanov
et al. 1997). The CATS database is a compilation of more than
350 radio catalogs (e.g., WENSS, WISH, TXS, B3). For each
gE, the CATS database was searched in the frequency range
200–400 MHz for a counterpart to the NVSS and SUMSS
sources. Of the 21 gEs in our sample, 17 of them were found
to have a radio source in the CATS database. CATS does not
provide images for visual inspection and is composed of catalogs
having a variety of spatial resolutions and flux limits. Thus, the
200–400 MHz radio powers shown in Figure 1 may include
some contribution from background sources.

4. RESULTS AND DISCUSSION

4.1. Pjet–Pradio Scaling Relations

The results from the X-ray and radio data analysis are
shown in the plots of Pcav–P1.4 and Pcav–P200−400 presented
in Figure 1. A figure of merit (FM) was assigned to each set
of cavities through visual inspection, shown with color coding
in Figure 1. To give context to each FM, we supply a well-
known cluster system as an example. FM-A cavities have well-
defined boundaries and are coincident with radio emission which
can be traced back to an AGN (e.g., Perseus); FM-B cavities
are coincident with radio emission from an AGN but lack
well-defined boundaries (e.g., A2597); and FM-C cavities have
poorly-defined boundaries and their connection to AGN radio
activity is unclear (e.g., A1795). FM-C cavities are excluded
from all fitting, as are a subset of objects we have defined as
being poorly confined (discussed in Section 4.3 and excluded
from Figure 1).

Figure 1 shows a continuous, power-law relationship between
cavity power and radio power spanning 8 orders of magnitude
in radio power and 6 orders of magnitude in cavity power. To
determine the form of the power-law relation, we performed
linear fits in log space for each frequency regime using the
bivariate correlated error and intrinsic scatter (BCES) algorithm
(Akritas & Bershady 1996). The orthogonal BCES algorithm
takes in asymmetric uncertainties for both variables, assumes the
presence of intrinsic scatter, and performs a linear least-squares
regression which minimizes the squared orthogonal distance
to the best-fit relation. Parameter uncertainties were calculated
using 10,000 Monte Carlo bootstrap resampling trials. Our
fits differ from the method used in B08 which minimized the
distance in the Pcav coordinate.

The best-fit log-space orthogonal BCES relations are

log Pcav = 0.75(±0.14) log P1.4 + 1.91(±0.18) (1)

log Pcav = 0.64(±0.09) log P200−400 + 1.54(±0.12), (2)
where Pcav is in units 1042 erg s−1and P1.4 and P200−400
are in units 1040 erg s−1. The scatter for each relation is

Cavagnolo et al. (2010) 
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Apparent Jet Opening Angle 
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Jet opening angle projected on the sky can be measured by analyzing 
transverse jet profiles from VLBI images.   α = αapp sin θ 

Pushkarev et al. (2009) 
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Finding Jet Parameters 
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The flux density Fν can be found directly from Equation
(21), since

Fν =
fsy

ϵ

ϵ

h

mec2
. (22)

Thus, Fν will be independent of ν (or ϵ), i.e., “flat” in
agreement with observations of the radio spectra of the
cores of blazars.

2.6. Jet Power
The jet power

Pj = πR2Γ2βc(uB + ue + up)
= πR2Γ2βcuB(1 + ξe + ξp) , (23)

where
uB = B2/(8π) = uBcrϵ

2
B (24)

is the Poynting flux energy density, where
uBcr = B2

c/(8π) , (25)

and Bc = 4.414× 1013;

ue = mec
2

∫
dγ γ ne(γ) = mec

2n0A(p, γ1, γ2) , (26)

is the electron energy density, where

A(p, γ1, γ2) =
{

(p − 2)−1(γ2−p
1 − γ2−p

2 ) p ̸= 2
ln(γ2/γ1) p = 2 ; (27)

and up is the proton energy density. We define ξe =
ue/uB and ξp = up/uB.

The jet power Pj can be estimated from the extended
radio luminosity of a radio-loud AGN (e.g., B̂ırzan et al.
2004, 2008; Cavagnolo et al. 2010). A relationship was
found between the jet power Pj as measured by the power
needed to inflate cavities in the intracluster X-ray emit-
ting gas, and the 200-400 MHz extended luminosity Lr

log10

[
Pj

erg s−1

]
= c1

{
log10

[
Lr

erg s−1

]
− 40

}
+ c2 ,

(28)

where c1 = 0.64± 0.09 and c2 = 43.54± 0.12 (Cavagnolo
et al. 2010).

Using Equation (23), Equation (11) can be written

ϵSSA,0 =
[

C(p)λCre

sin θk1mec2A(p, γ1, γ2)Γ2

] 2
p+4

× 1
1 + z

(
δD

Γ

) p+2
p+4
(

Pj

πβc

) p+6
2(p+4)

× 1
R0χ1

(
1

uBcr

) p+2
2(p+4)

, (29)

where

χ1 =
(

1 +
1
ξe

+
ξp

ξe

) 2
p+4

(1 + ξe + ξp)
p+2

2(p+4) . (30)

For our a = 2, b = 1 model,
Pj = πR2

0Γ
2βcuBcrϵ

2
B,0(1 + ξe + ξp)

= πR2
0Γ

2βcmec
2n00A(p, γ1, γ2)

(
1 +

1
ξe

+
ξp

ξe

)
.

(31)

10-1 100 101 102

e [deg]

100

101

102

103

K

flux density equation

core shift equation

K = 11.7
e = 6.15 deg

Fig. 2.— A plot of Γ versus θ for a particular iteration for
2251+158 (3C 454.3) using the core shift equation (Equation [32])
and the flux density equation (Equation [33]) with the observed
parameters given in Table 1. The intersection of these curves gives
the numerical solution; in this case, Γ = 11.7 and θ = 6.15◦.

2.7. Determination of Jet Parameters
Combining Equations (14) and (29) for the the a = 2,

b = 1 model, with some algebraic manipulation,

∆φ =
1 + z

ϵeffαappdLχ1

[
C(p)λCre

sin θk1mec2A(p, γ1, γ2)Γ2

] 2
p+4

×
[
δD

Γ

] p+2
p+4
[

Pj

πβc

] p+6
2(p+4)

[
1

uBcr

] p+2
2(p+4)

. (32)

Similarly, combining Equations (21) and (31), and more
algebraic manipulation,
fsy

ϵ

ϵ
=

cσT

3χ2A(p, γ1, γ2)mec2 sin θδD

p + 4
5(p − 1)

u
3−p
4

Bcr

×
[
1 + z

αapp

] 1+p
2
[(

δD

Γ

)2 Pj

πβc

] 5+p
4

[∆φϵeff ]
1−p
2 d

−(3+p)
2

L

(33)

where

χ2 =
(

1 +
1
ξe

+
ξp

ξe

)
(1 + ξe + ξp)

1+p
4 . (34)

Equations (32) and (33) have two physical parameters we
wish to solve for: Γ and θ; and five observables: z, Fν ,
∆φ, αapp, and Pj (through Lext). These two equations
can be solved numerically for Γ and θ. We have several
“nuisance parameters” to marginalize over: p, γ1, γ2, ξe,
ξp.

An example of this calculation is given in Figure 2.
Here Γ versus θ are plotted from Equations (32) and (33)
using the observations given in Table 1. The intersection
of the curves is the numerical solution, giving Γ and θ.

Once Γ and θ are known, other parameters can be com-
puted as well. For instance, the instrinsic half-opening
angle, α can be computed from Equation (7); and B0 can
be computed from Equation (31) for a given r0.

3. RESULTS

3.1. Data

Using observables, we can get 
two equations: 
Fν(Γ, θ, α, Pj)  à Fν(Γ, θ, αapp, 
Lext) 
Δφ(Γ, θ, α, Pj) à Δφ(Γ, θ, αapp, 
Lext)  
 
Two equations, two unknowns, 
can be solved for Γ and θ. 
 
Once these are known, one 
can find: 
   δD = [Γ(1-βcos θ)]-1 
   α = αapp sin θ 
   βapp = (2δDΓ- δD

2 – 1)1/2 

   B(1 pc) ~ Pj
1/2 

[ B ~ r-1 in BK model]  
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The flux density Fν can be found directly from Equation
(21), since

Fν =
fsy

ϵ

ϵ

h

mec2
. (22)

Thus, Fν will be independent of ν (or ϵ), i.e., “flat” in
agreement with observations of the radio spectra of the
cores of blazars.

2.6. Jet Power
The jet power

Pj = πR2Γ2βc(uB + ue + up)
= πR2Γ2βcuB(1 + ξe + ξp) , (23)

where
uB = B2/(8π) = uBcrϵ

2
B (24)

is the Poynting flux energy density, where
uBcr = B2

c/(8π) , (25)

and Bc = 4.414× 1013;

ue = mec
2

∫
dγ γ ne(γ) = mec

2n0A(p, γ1, γ2) , (26)

is the electron energy density, where

A(p, γ1, γ2) =
{

(p − 2)−1(γ2−p
1 − γ2−p

2 ) p ̸= 2
ln(γ2/γ1) p = 2 ; (27)

and up is the proton energy density. We define ξe =
ue/uB and ξp = up/uB.

The jet power Pj can be estimated from the extended
radio luminosity of a radio-loud AGN (e.g., B̂ırzan et al.
2004, 2008; Cavagnolo et al. 2010). A relationship was
found between the jet power Pj as measured by the power
needed to inflate cavities in the intracluster X-ray emit-
ting gas, and the 200-400 MHz extended luminosity Lr

log10

[
Pj

erg s−1

]
= c1

{
log10

[
Lr

erg s−1

]
− 40

}
+ c2 ,

(28)

where c1 = 0.64± 0.09 and c2 = 43.54± 0.12 (Cavagnolo
et al. 2010).

Using Equation (23), Equation (11) can be written

ϵSSA,0 =
[

C(p)λCre

sin θk1mec2A(p, γ1, γ2)Γ2

] 2
p+4

× 1
1 + z

(
δD

Γ

) p+2
p+4
(

Pj

πβc

) p+6
2(p+4)

× 1
R0χ1

(
1

uBcr

) p+2
2(p+4)

, (29)

where

χ1 =
(

1 +
1
ξe

+
ξp

ξe

) 2
p+4

(1 + ξe + ξp)
p+2

2(p+4) . (30)

For our a = 2, b = 1 model,
Pj = πR2

0Γ
2βcuBcrϵ

2
B,0(1 + ξe + ξp)

= πR2
0Γ

2βcmec
2n00A(p, γ1, γ2)

(
1 +

1
ξe

+
ξp

ξe

)
.

(31)
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Fig. 2.— A plot of Γ versus θ for a particular iteration for
2251+158 (3C 454.3) using the core shift equation (Equation [32])
and the flux density equation (Equation [33]) with the observed
parameters given in Table 1. The intersection of these curves gives
the numerical solution; in this case, Γ = 11.7 and θ = 6.15◦.

2.7. Determination of Jet Parameters
Combining Equations (14) and (29) for the the a = 2,

b = 1 model, with some algebraic manipulation,

∆φ =
1 + z

ϵeffαappdLχ1

[
C(p)λCre

sin θk1mec2A(p, γ1, γ2)Γ2

] 2
p+4

×
[
δD

Γ

] p+2
p+4
[

Pj

πβc

] p+6
2(p+4)

[
1

uBcr

] p+2
2(p+4)

. (32)

Similarly, combining Equations (21) and (31), and more
algebraic manipulation,
fsy

ϵ

ϵ
=

cσT

3χ2A(p, γ1, γ2)mec2 sin θδD

p + 4
5(p − 1)

u
3−p
4

Bcr

×
[
1 + z

αapp

] 1+p
2
[(

δD

Γ

)2 Pj

πβc

] 5+p
4

[∆φϵeff ]
1−p
2 d

−(3+p)
2

L

(33)

where

χ2 =
(

1 +
1
ξe

+
ξp

ξe

)
(1 + ξe + ξp)

1+p
4 . (34)

Equations (32) and (33) have two physical parameters we
wish to solve for: Γ and θ; and five observables: z, Fν ,
∆φ, αapp, and Pj (through Lext). These two equations
can be solved numerically for Γ and θ. We have several
“nuisance parameters” to marginalize over: p, γ1, γ2, ξe,
ξp.

An example of this calculation is given in Figure 2.
Here Γ versus θ are plotted from Equations (32) and (33)
using the observations given in Table 1. The intersection
of the curves is the numerical solution, giving Γ and θ.

Once Γ and θ are known, other parameters can be com-
puted as well. For instance, the instrinsic half-opening
angle, α can be computed from Equation (7); and B0 can
be computed from Equation (31) for a given r0.

3. RESULTS

3.1. Data

Nuisance parameters drawn from 
flat priors: 
1.  electron distribution 

parameters 
1.  log( γ1 ): between 0 and 4. 
2.  log( γ2 ): between 3 and 7. 
3.  p: between 1 and 5. 

2.  equipartition parameters 
1.   log( ξe ) = log(ue/uB): 

between -1 and 1. 
2.   log( ξp ) = log(up/uB): 

between -4 and 1. 
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Observables taken from literature: 
1.  core flux density à MOJAVE website (e.g. Lister et al. 2009) 
2.  extended flux density à Meyer et al. (2011) 
3.  core shift à Pushkarev et al. (2012) 
4.  apparent opening angle à Pushkarev et al. (2009).   
 

64 sources: 11 BL Lacs,  52 FSRQs, 1 NLSy1 

6 Finke

TABLE 1
Blazar Radio Measurements

Source Alias Typea z log10

h
Lext

erg s−1

i
Fν(core) [Jy] 2αapp [◦] ∆φ [mas]

0133+476 DA 55 Q 0.859 41.93 1.781 21.7 0.099
0202+149 4C +15.05 Q 0.405 41.39 0.921 16.4 0.113
0212+735 S5 0212+73 Q 2.367 42.30 3.281 16.4 0.143
0215+015 OD 026 Q 1.715 43.52 1.170 36.7 0.111
0234+285 4C 28.07 Q 1.207 43.21 2.944 19.8 0.239
0333+321 NRAO 140 Q 1.259 42.98 1.343 8.0 0.276
0336−019 4C 28.07 Q 0.852 42.36 2.311 26.8 0.105
0403−132 PKS 0403−13 Q 0.571 43.25 1.808 16.4 0.285
0420−014 PKS 0420−01 Q 0.914 42.66 3.746 22.7 0.256
0528+134 PKS 0528+134 Q 2.070 43.73 3.847 16.1 0.150
0605−085 OC −010 Q 0.872 42.94 1.120 14.0 0.096
0607−157 PKS 0607−15 Q 0.324 39.84 3.983 35.1 0.254
0716+714 S5 0716+71 B 0.310 41.98 0.586 17.2 0.125
0738+313 OI 363 Q 0.631 42.17 1.226 10.5 0.138
0748+126 OI 280 Q 0.889 42.77 3.821 16.2 0.097
0754+100 PKS 0754+100 B 0.266 41.44 1.304 13.7 0.280
0804+499 OJ 508 Q 1.436 42.34 0.458 35.3 0.073
0805−077 PKS 0805−07 Q 1.837 43.78 1.08 18.8 0.228
0823+033 PKS 0823+033 B 0.506 40.95 1.828 13.4 0.142
0827+243 OJ 248 Q 0.940 42.62 0.775 14.6 0.139
0829+046 OJ 049 B 0.174 41.00 0.576 18.7 0.131
0836+710 4C +71.07 Q 2.218 43.91 2.222 12.4 0.172
0906+015 4C +01.24 Q 1.024 42.67 1.846 17.5 0.203
0917+624 OK 630 Q 1.446 43.07 1.017 15.9 0.111
0945+408 4C +40.24 Q 1.249 43.64 0.948 14.0 0.113
1038+064 4C +06.41 Q 1.265 42.86 1.211 6.7 0.146
1045−188 PKS 1045−18 Q 0.595 43.19 1.172 8.0 0.167
1101+384 Mrk 421 B 0.031 39.59 0.343 18.2 0.254
1127−145 PKS 1127−14 Q 1.184 43.24 3.308 16.1 0.089
1150+812 S5 1150+81 Q 1.250 43.44 1.710 15.0 0.082
1156+295 4C +29.45 Q 0.729 42.95 3.596 16.7 0.154
1219+044 4C +04.42 N 0.965 42.94 1.178 13.0 0.169
1222+216 4C +21.35 Q 0.432 42.88 0.507 10.8 0.170
1308+326 OP 313 Q 0.997 42.86 0.917 18.5 0.095
1334−127 PKS 1335−127 Q 0.539 42.51 4.714 12.6 0.274
1413+135 PKS B1413+135 B 0.247 40.32 0.731 8.8 0.228
1502+106 OR 103 Q 1.839 43.30 1.510 37.9 0.056
1504−166 PKS 1504−167 Q 0.876 42.41 1.162 18.4 0.115
1510−089 PKS 1510−08 Q 0.360 42.17 1.718 15.2 0.151
1538+149 4C +14.60 B 0.605 42.72 1.033 16.1 0.077
1606+106 4C +10.45 Q 1.226 42.73 1.462 24.0 0.073
1611+343 DA 406 Q 1.397 42.76 4.892 26.9 0.059
1633+382 4C +38.41 Q 1.814 43.24 2.419 22.6 0.139
1637+574 OS 562 Q 0.751 42.67 1.413 10.7 0.103
1641+399 3C 345 Q 0.593 43.16 5.279 12.9 0.201
1652+398 Mrk 501 B 0.033 39.46 0.877 19.5 0.279
1730−130 NRAO 530 Q 0.902 43.40 2.582 10.4 0.195
1749+096 4C +09.57 B 0.322 41.39 4.585 16.8 0.083
1807+698 3C 371 B 0.051 40.59 1.137 11.0 0.216
1928+738 4C +73.18 Q 0.302 42.28 3.396 9.8 0.155
1936−155 PKS 1936−15 Q 1.657 42.66 0.691 35.2 0.236
2121+053 PKS 2121+053 Q 1.941 42.46 1.955 34.0 0.148
2128−123 PKS 2128−12 Q 0.501 41.90 2.665 5.0 0.242
2131−021 4C 02.81 Q 1.285 43.33 2.005 18.4 0.099
2134+004 PKS 2134+004 Q 1.932 43.51 6.198 15.2 0.172
2155−152 PKS 2155−152 Q 0.672 42.82 2.151 17.6 0.343
2200+420 BL Lac B 0.069 39.86 3.0 26.2 0.052
2201+171 PKS 2201+171 Q 1.076 43.05 1.349 13.6 0.369
2201+315 4C +31.63 Q 0.295 42.16 2.334 12.8 0.345
2223−052 3C 446 Q 1.404 44.11 5.270 11.7 0.162
2227−088 PHL 5225 Q 1.560 42.55 1.515 15.8 0.193
2230+114 CTA 102 Q 1.037 43.40 2.268 13.3 0.320
2251+158 3C 454.3 Q 0.859 43.62 12.541 40.9 0.159
2345−167 PKS 2345−16 Q 0.576 42.61 2.280 15.8 0.157

aOptical Spectral Type. B = BL Lac object, Q = FSRQ, N = Narrow Line Seyfert 1.

. 

. 

. 
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TABLE 2
Blazar Jet Parameter Results

Source Alias Γ θ [◦] α [◦] B(1 pc) [G] δD βapp

0133+476 DA 55 7.5+36.6
−5.8 3.6+12.6

−2.9 0.7+2.4
−0.6 0.7+3.1

−0.4 8.2+25.7
−6.0 4.6+28.5

−4.2

0202+149 4C +15.05 5.4+20.2
−3.7 9.1+23.2

−7.2 1.3+3.1
−1.0 0.4+0.9

−0.2 4.2+10.6
−2.7 3.8+14.5

−3.1

0212+735 S5 0212+73 8.9+34.3
−6.8 1.5+4.2

−1.2 0.2+0.6
−0.2 2.5+15.7

−1.9 12.7+28.7
−9.3 3.8+30.6

−3.7

0215+015 OD 026 5.8+22.1
−4.1 9.3+24.4

−7.5 3.0+7.3
−2.4 0.7+1.8

−0.4 4.0+10.7
−2.6 4.0+14.9

−3.2

0234+285 4C 28.07 4.0+8.9
−2.5 14.0+23.2

−10.2 2.4+3.7
−1.7 1.2+2.9

−0.7 2.9+4.6
−1.6 2.8+6.3

−2.2

0333+321 NRAO 140 5.4+12.1
−3.4 14.6+24.6

−9.7 1.0+1.5
−0.7 1.7+2.5

−0.9 2.7+4.6
−1.5 3.9+7.1

−2.7

0336−019 4C 28.07 7.7+35.1
−5.9 4.3+13.7

−3.5 1.0+3.2
−0.8 0.6+2.4

−0.4 7.6+22.8
−5.5 5.1+27.2

−4.5

0403−132 PKS 0403−13 3.8+6.9
−2.0 26.3+30.5

−16.2 3.6+3.2
−2.2 0.8+1.3

−0.5 1.5+2.2
−0.7 2.4+3.3

−1.4

0420−014 PKS 0420−01 2.6+5.2
−1.4 15.8+25.4

−12.7 3.1+4.5
−2.5 0.9+4.5

−0.6 2.5+3.3
−1.2 1.6+4.3

−1.3

0528+134 PKS 0528+134 24.6+94.4
−20.0 2.3+6.4

−1.7 0.3+0.9
−0.2 1.8+3.3

−1.1 16.5+38.3
−11.8 19.2+65.1

−16.4

0605−085 OC −010 22.0+117.9
−18.2 3.8+14.1

−3.1 0.5+1.7
−0.4 0.8+1.1

−0.4 10.1+35.5
−7.7 16.3+72.0

−13.6

0607−157 PKS 0607−15 1.0+0.4
−0.0 6.4+35.4

−6.2 1.9+9.7
−1.9 1.4+24.3

−1.3 1.2+0.8
−0.2 0.0+0.6

−0.0

0716+714 S5 0716+71 5.8+17.2
−3.7 16.2+30.5

−11.9 2.4+3.9
−1.8 0.3+0.4

−0.2 2.4+5.3
−1.4 3.9+9.6

−2.7

0738+313 OI 363 10.3+37.1
−7.8 6.7+16.9

−5.0 0.6+1.5
−0.5 0.8+1.2

−0.4 6.1+14.6
−4.1 7.8+24.3

−6.2

0748+126 OI 280 35.7+192.6
−30.6 1.4+5.3

−1.1 0.2+0.8
−0.2 0.9+1.8

−0.6 26.3+85.8
−20.7 28.3+141.2

−25.2

0754+100 PKS 0754+100 2.2+3.1
−1.0 31.4+30.2

−23.9 3.5+2.5
−2.6 0.4+1.9

−0.3 1.4+1.5
−0.6 1.4+1.9

−1.1

0804+499 OJ 508 5.0+26.2
−3.6 6.5+24.2

−5.7 2.0+7.0
−1.7 0.4+2.2

−0.3 4.7+18.2
−3.2 3.1+19.7

−2.8

0805−077 PKS 0805−07 3.8+7.9
−2.1 21.4+30.6

−14.7 3.4+4.0
−2.3 1.3+2.4

−0.7 1.9+2.9
−1.0 2.6+4.4

−1.7

0823+033 PKS 0823+033 4.3+14.3
−3.0 5.3+13.3

−4.2 0.6+1.5
−0.5 0.7+3.7

−0.5 5.2+11.0
−3.5 2.3+12.1

−2.1

0827+243 OJ 248 5.9+18.2
−4.0 12.1+24.8

−9.1 1.5+2.9
−1.1 0.7+1.3

−0.4 3.4+7.3
−2.1 4.2+11.7

−3.1

0829+046 OJ 049 3.8+9.3
−2.2 19.9+32.3

−14.8 3.1+4.1
−2.3 0.2+0.4

−0.1 2.0+3.9
−1.1 2.5+5.8

−1.7

0836+710 4C +71.07 20.4+69.5
−16.2 3.9+10.3

−2.8 0.4+1.1
−0.3 2.1+3.0

−1.1 10.0+22.4
−6.9 15.4+41.9

−12.3

0906+015 4C +01.24 3.6+8.5
−2.1 14.5+24.6

−10.8 2.2+3.4
−1.6 0.9+2.6

−0.6 2.8+4.5
−1.6 2.5+6.1

−2.0

0917+624 OK 630 12.1+54.3
−9.5 5.4+16.6

−4.3 0.8+2.2
−0.6 1.0+1.7

−0.6 7.2+21.3
−5.2 9.1+35.4

−7.5

0945+408 4C +40.24 20.7+90.5
−16.7 5.2+16.6

−4.1 0.6+2.0
−0.5 1.1+1.3

−0.6 7.0+21.9
−5.2 14.1+49.2

−11.2

1038+064 4C +06.41 23.6+89.4
−19.0 3.5+10.0

−2.6 0.2+0.6
−0.1 1.7+2.2

−0.9 11.2+26.7
−7.9 18.2+53.8

−14.6

1045−188 PKS 1045−18 20.7+67.9
−15.8 6.5+17.1

−4.5 0.5+1.2
−0.3 1.1+1.2

−0.6 5.0+12.2
−3.3 13.0+30.6

−9.7

1101+384 Mrk 421 1.4+2.7
−0.4 51.0+26.5

−41.1 6.7+1.9
−5.2 0.1+0.9

−0.1 1.1+0.4
−0.6 0.8+0.8

−0.7

1127−145 PKS 1127−14 50.5+284.1
−43.9 1.2+5.2

−1.0 0.2+0.7
−0.1 1.1+1.8

−0.6 31.0+106.8
−25.0 39.0+203.2

−34.5

1150+812 S5 1150+81 48.0+297.8
−41.8 1.7+8.1

−1.4 0.2+1.1
−0.2 1.1+1.4

−0.6 21.9+85.6
−17.7 35.5+188.8

−30.9

1156+295 4C +29.45 13.8+48.4
−10.8 4.6+12.1

−3.4 0.7+1.8
−0.5 0.9+1.6

−0.5 8.6+19.6
−6.0 10.6+32.3

−8.6

1219+044 4C +04.42 7.1+20.8
−4.9 11.2+22.8

−8.1 1.3+2.4
−0.9 1.0+1.4

−0.5 3.6+7.4
−2.2 5.2+12.5

−3.8

1222+216 4C +21.35 7.7+19.7
−4.7 19.1+29.4

−12.5 1.8+2.3
−1.1 0.6+0.7

−0.3 1.6+3.5
−0.9 4.4+8.0

−2.7

1308+326 OP 313 12.4+63.5
−9.8 5.6+18.8

−4.6 0.9+2.9
−0.7 0.7+1.1

−0.4 7.0+23.7
−5.1 9.2+41.2

−7.5

1334−127 PKS 1335−127 6.0+14.6
−4.1 10.1+18.4

−6.9 1.1+1.9
−0.8 1.0+1.9

−0.6 4.1+6.7
−2.4 4.5+9.9

−3.5

1413+135 PKS B1413+135 2.1+3.3
−0.9 24.7+30.9

−19.8 1.8+1.8
−1.4 0.4+2.0

−0.2 1.7+1.9
−0.7 1.3+2.5

−1.1

1502+106 OR 103 24.8+270.0
−21.9 1.5+10.8

−1.3 0.5+3.6
−0.4 0.7+1.7

−0.4 20.4+140.7
−17.5 17.6+201.4

−16.3

1504−166 PKS 1504−167 7.1+28.6
−5.2 7.2+19.5

−5.6 1.1+3.0
−0.9 0.6+1.5

−0.4 5.3+14.1
−3.6 5.2+20.1

−4.3

1510−089 PKS 1510−08 8.2+26.0
−5.9 9.5+21.2

−7.0 1.3+2.6
−0.9 0.5+0.7

−0.3 4.3+9.6
−2.8 5.9+16.0

−4.5

1538+149 4C +14.60 27.7+189.4
−23.5 3.2+14.9

−2.7 0.4+2.1
−0.4 0.6+0.7

−0.3 11.9+53.1
−9.5 19.8+113.9

−16.8

1606+106 4C +10.45 18.0+135.3
−15.3 2.3+11.6

−1.9 0.5+2.5
−0.4 0.7+1.6

−0.4 14.6+69.9
−11.8 13.0+100.6

−11.8

1611+343 DA 406 42.0+353.8
−37.7 0.6+3.5

−0.5 0.1+0.8
−0.1 1.0+3.8

−0.6 46.0+242.2
−39.9 27.2+296.0

−26.0

1633+382 4C +38.41 8.6+31.1
−6.6 4.9+12.6

−3.8 1.0+2.5
−0.8 1.2+3.5

−0.7 7.5+17.5
−5.2 6.2+23.6

−5.4

1637+574 OS 562 28.4+139.4
−23.7 2.9+10.3

−2.3 0.3+1.0
−0.2 0.9+1.2

−0.5 13.5+42.8
−10.3 21.5+87.5

−18.1

1641+399 3C 345 18.7+58.1
−14.6 4.4+10.8

−3.1 0.5+1.2
−0.3 1.1+1.6

−0.6 8.9+18.8
−6.0 14.3+34.4

−11.3

1652+398 Mrk 501 1.5+2.1
−0.5 42.4+30.1

−38.2 6.3+2.8
−5.6 0.1+1.3

−0.1 1.1+0.7
−0.5 0.8+1.0

−0.8

1730−130 NRAO 530 17.0+52.6
−13.0 5.6+13.9

−3.9 0.5+1.2
−0.4 1.4+1.8

−0.8 6.8+14.8
−4.5 12.5+28.9

−9.5

1749+096 4C +09.57 31.2+194.7
−27.0 1.1+4.7

−0.9 0.2+0.7
−0.1 0.4+1.2

−0.3 29.9+113.0
−24.4 23.3+154.0

−21.5

1807+698 3C 371 6.2+14.2
−3.7 18.7+27.7

−11.9 1.8+2.3
−1.1 0.1+0.2

−0.1 1.9+3.6
−1.0 4.0+6.6

−2.5

1928+738 4C +73.18 28.8+105.1
−23.3 3.2+8.9

−2.3 0.3+0.8
−0.2 0.7+0.9

−0.4 12.2+29.1
−8.6 21.7+60.0

−17.3

1936−155 PKS 1936−15 1.1+1.0
−0.1 23.8+42.4

−23.2 6.9+8.6
−6.7 2.5+79.2

−2.2 1.1+0.5
−0.2 0.1+1.1

−0.1

2121+053 PKS 2121+053 2.5+6.5
−1.4 6.9+18.8

−6.2 2.0+5.4
−1.8 1.2+11.8

−0.9 3.3+6.2
−1.9 0.9+5.7

−0.8

2128−123 PKS 2128−12 14.2+40.5
−10.9 5.0+10.5

−3.4 0.2+0.5
−0.1 1.3+1.9

−0.7 8.1+14.6
−5.2 11.4+25.5

−9.0

2131−021 4C 02.81 24.6+130.9
−20.7 2.7+10.0

−2.2 0.4+1.6
−0.3 1.0+1.6

−0.6 14.3+48.5
−11.0 18.6+87.3

−16.0

2134+004 PKS 2134+004 24.2+87.3
−19.6 1.9+4.5

−1.3 0.2+0.6
−0.2 2.1+4.8

−1.3 19.6+40.7
−13.8 19.2+63.3

−16.9

2155−152 PKS 2155−152 2.2+3.1
−1.0 32.1+29.6

−24.7 4.6+3.1
−3.4 0.9+4.6

−0.6 1.3+1.4
−0.6 1.4+1.8

−1.1

2200+420 BL Lac 30.2+305.4
−27.1 1.0+7.5

−0.9 0.2+1.7
−0.2 0.1+0.3

−0.1 28.7+187.6
−25.0 20.7+245.4

−19.5

2201+171 PKS 2201+171 2.1+3.0
−0.9 35.7+29.7

−27.1 3.9+2.3
−2.9 1.4+6.8

−0.9 1.2+1.2
−0.6 1.3+1.6

−1.1

2201+315 4C +31.63 3.0+4.7
−1.4 27.8+30.4

−17.6 3.0+2.4
−1.9 0.6+1.2

−0.3 1.5+1.9
−0.7 2.0+2.6

−1.2

2223−052 3C 446 58.6+218.2
−48.9 1.6+5.0

−1.2 0.2+0.5
−0.1 2.1+2.6

−1.1 23.0+53.9
−16.6 43.8+121.0

−35.9

2227−088 PHL 5225 3.5+8.6
−2.1 11.5+20.8

−8.9 1.6+2.7
−1.2 1.2+4.6

−0.8 3.3+5.2
−1.9 2.2+6.8

−1.9

2230+114 CTA 102 4.0+7.6
−2.1 20.5+28.6

−13.3 2.3+2.7
−1.5 1.4+2.3

−0.8 2.0+3.0
−1.0 2.7+4.4

−1.8

2251+158 3C 454.3 12.3+42.7
−9.7 3.5+8.6

−2.6 1.2+3.1
−0.9 0.9+2.7

−0.6 10.6+22.9
−7.5 8.8+31.9

−7.8

2345−167 PKS 2345−16 9.2+29.2
−6.8 7.6+17.8

−5.7 1.0+2.4
−0.8 0.7+1.2

−0.4 5.3+11.7
−3.5 6.8+18.9

−5.3

Results for all 64 sources. 
 
Errors are quite large.  Dominated by errors on core shift and unknown 
electron spectral index. 

. 

. 
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TABLE 2
Blazar Jet Parameter Results

Source Alias Γ θ [◦] α [◦] B(1 pc) [G] δD βapp

0133+476 DA 55 7.5+36.6
−5.8 3.6+12.6

−2.9 0.7+2.4
−0.6 0.7+3.1

−0.4 8.2+25.7
−6.0 4.6+28.5

−4.2

0202+149 4C +15.05 5.4+20.2
−3.7 9.1+23.2

−7.2 1.3+3.1
−1.0 0.4+0.9

−0.2 4.2+10.6
−2.7 3.8+14.5

−3.1

0212+735 S5 0212+73 8.9+34.3
−6.8 1.5+4.2

−1.2 0.2+0.6
−0.2 2.5+15.7

−1.9 12.7+28.7
−9.3 3.8+30.6

−3.7

0215+015 OD 026 5.8+22.1
−4.1 9.3+24.4

−7.5 3.0+7.3
−2.4 0.7+1.8

−0.4 4.0+10.7
−2.6 4.0+14.9

−3.2

0234+285 4C 28.07 4.0+8.9
−2.5 14.0+23.2

−10.2 2.4+3.7
−1.7 1.2+2.9

−0.7 2.9+4.6
−1.6 2.8+6.3

−2.2

0333+321 NRAO 140 5.4+12.1
−3.4 14.6+24.6

−9.7 1.0+1.5
−0.7 1.7+2.5

−0.9 2.7+4.6
−1.5 3.9+7.1

−2.7

0336−019 4C 28.07 7.7+35.1
−5.9 4.3+13.7

−3.5 1.0+3.2
−0.8 0.6+2.4

−0.4 7.6+22.8
−5.5 5.1+27.2

−4.5

0403−132 PKS 0403−13 3.8+6.9
−2.0 26.3+30.5

−16.2 3.6+3.2
−2.2 0.8+1.3

−0.5 1.5+2.2
−0.7 2.4+3.3

−1.4

0420−014 PKS 0420−01 2.6+5.2
−1.4 15.8+25.4

−12.7 3.1+4.5
−2.5 0.9+4.5

−0.6 2.5+3.3
−1.2 1.6+4.3

−1.3

0528+134 PKS 0528+134 24.6+94.4
−20.0 2.3+6.4

−1.7 0.3+0.9
−0.2 1.8+3.3

−1.1 16.5+38.3
−11.8 19.2+65.1

−16.4

0605−085 OC −010 22.0+117.9
−18.2 3.8+14.1

−3.1 0.5+1.7
−0.4 0.8+1.1

−0.4 10.1+35.5
−7.7 16.3+72.0

−13.6

0607−157 PKS 0607−15 1.0+0.4
−0.0 6.4+35.4

−6.2 1.9+9.7
−1.9 1.4+24.3

−1.3 1.2+0.8
−0.2 0.0+0.6

−0.0

0716+714 S5 0716+71 5.8+17.2
−3.7 16.2+30.5

−11.9 2.4+3.9
−1.8 0.3+0.4

−0.2 2.4+5.3
−1.4 3.9+9.6

−2.7

0738+313 OI 363 10.3+37.1
−7.8 6.7+16.9

−5.0 0.6+1.5
−0.5 0.8+1.2

−0.4 6.1+14.6
−4.1 7.8+24.3

−6.2

0748+126 OI 280 35.7+192.6
−30.6 1.4+5.3

−1.1 0.2+0.8
−0.2 0.9+1.8

−0.6 26.3+85.8
−20.7 28.3+141.2

−25.2

0754+100 PKS 0754+100 2.2+3.1
−1.0 31.4+30.2

−23.9 3.5+2.5
−2.6 0.4+1.9

−0.3 1.4+1.5
−0.6 1.4+1.9

−1.1

0804+499 OJ 508 5.0+26.2
−3.6 6.5+24.2

−5.7 2.0+7.0
−1.7 0.4+2.2

−0.3 4.7+18.2
−3.2 3.1+19.7

−2.8

0805−077 PKS 0805−07 3.8+7.9
−2.1 21.4+30.6

−14.7 3.4+4.0
−2.3 1.3+2.4

−0.7 1.9+2.9
−1.0 2.6+4.4

−1.7

0823+033 PKS 0823+033 4.3+14.3
−3.0 5.3+13.3

−4.2 0.6+1.5
−0.5 0.7+3.7

−0.5 5.2+11.0
−3.5 2.3+12.1

−2.1

0827+243 OJ 248 5.9+18.2
−4.0 12.1+24.8

−9.1 1.5+2.9
−1.1 0.7+1.3

−0.4 3.4+7.3
−2.1 4.2+11.7

−3.1

0829+046 OJ 049 3.8+9.3
−2.2 19.9+32.3

−14.8 3.1+4.1
−2.3 0.2+0.4

−0.1 2.0+3.9
−1.1 2.5+5.8

−1.7

0836+710 4C +71.07 20.4+69.5
−16.2 3.9+10.3

−2.8 0.4+1.1
−0.3 2.1+3.0

−1.1 10.0+22.4
−6.9 15.4+41.9

−12.3

0906+015 4C +01.24 3.6+8.5
−2.1 14.5+24.6

−10.8 2.2+3.4
−1.6 0.9+2.6

−0.6 2.8+4.5
−1.6 2.5+6.1

−2.0

0917+624 OK 630 12.1+54.3
−9.5 5.4+16.6

−4.3 0.8+2.2
−0.6 1.0+1.7

−0.6 7.2+21.3
−5.2 9.1+35.4

−7.5

0945+408 4C +40.24 20.7+90.5
−16.7 5.2+16.6

−4.1 0.6+2.0
−0.5 1.1+1.3

−0.6 7.0+21.9
−5.2 14.1+49.2

−11.2

1038+064 4C +06.41 23.6+89.4
−19.0 3.5+10.0

−2.6 0.2+0.6
−0.1 1.7+2.2

−0.9 11.2+26.7
−7.9 18.2+53.8

−14.6

1045−188 PKS 1045−18 20.7+67.9
−15.8 6.5+17.1

−4.5 0.5+1.2
−0.3 1.1+1.2

−0.6 5.0+12.2
−3.3 13.0+30.6

−9.7

1101+384 Mrk 421 1.4+2.7
−0.4 51.0+26.5

−41.1 6.7+1.9
−5.2 0.1+0.9

−0.1 1.1+0.4
−0.6 0.8+0.8

−0.7

1127−145 PKS 1127−14 50.5+284.1
−43.9 1.2+5.2

−1.0 0.2+0.7
−0.1 1.1+1.8

−0.6 31.0+106.8
−25.0 39.0+203.2

−34.5

1150+812 S5 1150+81 48.0+297.8
−41.8 1.7+8.1

−1.4 0.2+1.1
−0.2 1.1+1.4

−0.6 21.9+85.6
−17.7 35.5+188.8

−30.9

1156+295 4C +29.45 13.8+48.4
−10.8 4.6+12.1

−3.4 0.7+1.8
−0.5 0.9+1.6

−0.5 8.6+19.6
−6.0 10.6+32.3

−8.6

1219+044 4C +04.42 7.1+20.8
−4.9 11.2+22.8

−8.1 1.3+2.4
−0.9 1.0+1.4

−0.5 3.6+7.4
−2.2 5.2+12.5

−3.8

1222+216 4C +21.35 7.7+19.7
−4.7 19.1+29.4

−12.5 1.8+2.3
−1.1 0.6+0.7

−0.3 1.6+3.5
−0.9 4.4+8.0

−2.7

1308+326 OP 313 12.4+63.5
−9.8 5.6+18.8

−4.6 0.9+2.9
−0.7 0.7+1.1

−0.4 7.0+23.7
−5.1 9.2+41.2

−7.5

1334−127 PKS 1335−127 6.0+14.6
−4.1 10.1+18.4

−6.9 1.1+1.9
−0.8 1.0+1.9

−0.6 4.1+6.7
−2.4 4.5+9.9

−3.5

1413+135 PKS B1413+135 2.1+3.3
−0.9 24.7+30.9

−19.8 1.8+1.8
−1.4 0.4+2.0

−0.2 1.7+1.9
−0.7 1.3+2.5

−1.1

1502+106 OR 103 24.8+270.0
−21.9 1.5+10.8

−1.3 0.5+3.6
−0.4 0.7+1.7

−0.4 20.4+140.7
−17.5 17.6+201.4

−16.3

1504−166 PKS 1504−167 7.1+28.6
−5.2 7.2+19.5

−5.6 1.1+3.0
−0.9 0.6+1.5

−0.4 5.3+14.1
−3.6 5.2+20.1

−4.3

1510−089 PKS 1510−08 8.2+26.0
−5.9 9.5+21.2

−7.0 1.3+2.6
−0.9 0.5+0.7

−0.3 4.3+9.6
−2.8 5.9+16.0

−4.5

1538+149 4C +14.60 27.7+189.4
−23.5 3.2+14.9

−2.7 0.4+2.1
−0.4 0.6+0.7

−0.3 11.9+53.1
−9.5 19.8+113.9

−16.8

1606+106 4C +10.45 18.0+135.3
−15.3 2.3+11.6

−1.9 0.5+2.5
−0.4 0.7+1.6

−0.4 14.6+69.9
−11.8 13.0+100.6

−11.8

1611+343 DA 406 42.0+353.8
−37.7 0.6+3.5

−0.5 0.1+0.8
−0.1 1.0+3.8

−0.6 46.0+242.2
−39.9 27.2+296.0

−26.0

1633+382 4C +38.41 8.6+31.1
−6.6 4.9+12.6

−3.8 1.0+2.5
−0.8 1.2+3.5

−0.7 7.5+17.5
−5.2 6.2+23.6

−5.4

1637+574 OS 562 28.4+139.4
−23.7 2.9+10.3

−2.3 0.3+1.0
−0.2 0.9+1.2

−0.5 13.5+42.8
−10.3 21.5+87.5

−18.1

1641+399 3C 345 18.7+58.1
−14.6 4.4+10.8

−3.1 0.5+1.2
−0.3 1.1+1.6

−0.6 8.9+18.8
−6.0 14.3+34.4

−11.3

1652+398 Mrk 501 1.5+2.1
−0.5 42.4+30.1

−38.2 6.3+2.8
−5.6 0.1+1.3

−0.1 1.1+0.7
−0.5 0.8+1.0

−0.8

1730−130 NRAO 530 17.0+52.6
−13.0 5.6+13.9

−3.9 0.5+1.2
−0.4 1.4+1.8

−0.8 6.8+14.8
−4.5 12.5+28.9

−9.5

1749+096 4C +09.57 31.2+194.7
−27.0 1.1+4.7

−0.9 0.2+0.7
−0.1 0.4+1.2

−0.3 29.9+113.0
−24.4 23.3+154.0

−21.5

1807+698 3C 371 6.2+14.2
−3.7 18.7+27.7

−11.9 1.8+2.3
−1.1 0.1+0.2

−0.1 1.9+3.6
−1.0 4.0+6.6

−2.5

1928+738 4C +73.18 28.8+105.1
−23.3 3.2+8.9

−2.3 0.3+0.8
−0.2 0.7+0.9

−0.4 12.2+29.1
−8.6 21.7+60.0

−17.3

1936−155 PKS 1936−15 1.1+1.0
−0.1 23.8+42.4

−23.2 6.9+8.6
−6.7 2.5+79.2

−2.2 1.1+0.5
−0.2 0.1+1.1

−0.1

2121+053 PKS 2121+053 2.5+6.5
−1.4 6.9+18.8

−6.2 2.0+5.4
−1.8 1.2+11.8

−0.9 3.3+6.2
−1.9 0.9+5.7

−0.8

2128−123 PKS 2128−12 14.2+40.5
−10.9 5.0+10.5

−3.4 0.2+0.5
−0.1 1.3+1.9

−0.7 8.1+14.6
−5.2 11.4+25.5

−9.0

2131−021 4C 02.81 24.6+130.9
−20.7 2.7+10.0

−2.2 0.4+1.6
−0.3 1.0+1.6

−0.6 14.3+48.5
−11.0 18.6+87.3

−16.0

2134+004 PKS 2134+004 24.2+87.3
−19.6 1.9+4.5

−1.3 0.2+0.6
−0.2 2.1+4.8

−1.3 19.6+40.7
−13.8 19.2+63.3

−16.9

2155−152 PKS 2155−152 2.2+3.1
−1.0 32.1+29.6

−24.7 4.6+3.1
−3.4 0.9+4.6

−0.6 1.3+1.4
−0.6 1.4+1.8

−1.1

2200+420 BL Lac 30.2+305.4
−27.1 1.0+7.5

−0.9 0.2+1.7
−0.2 0.1+0.3

−0.1 28.7+187.6
−25.0 20.7+245.4

−19.5

2201+171 PKS 2201+171 2.1+3.0
−0.9 35.7+29.7

−27.1 3.9+2.3
−2.9 1.4+6.8

−0.9 1.2+1.2
−0.6 1.3+1.6

−1.1

2201+315 4C +31.63 3.0+4.7
−1.4 27.8+30.4

−17.6 3.0+2.4
−1.9 0.6+1.2

−0.3 1.5+1.9
−0.7 2.0+2.6

−1.2

2223−052 3C 446 58.6+218.2
−48.9 1.6+5.0

−1.2 0.2+0.5
−0.1 2.1+2.6

−1.1 23.0+53.9
−16.6 43.8+121.0

−35.9

2227−088 PHL 5225 3.5+8.6
−2.1 11.5+20.8

−8.9 1.6+2.7
−1.2 1.2+4.6

−0.8 3.3+5.2
−1.9 2.2+6.8

−1.9

2230+114 CTA 102 4.0+7.6
−2.1 20.5+28.6

−13.3 2.3+2.7
−1.5 1.4+2.3

−0.8 2.0+3.0
−1.0 2.7+4.4

−1.8

2251+158 3C 454.3 12.3+42.7
−9.7 3.5+8.6

−2.6 1.2+3.1
−0.9 0.9+2.7

−0.6 10.6+22.9
−7.5 8.8+31.9

−7.8

2345−167 PKS 2345−16 9.2+29.2
−6.8 7.6+17.8

−5.7 1.0+2.4
−0.8 0.7+1.2

−0.4 5.3+11.7
−3.5 6.8+18.9

−5.3
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TABLE 2
Blazar Jet Parameter Results

Source Alias Γ θ [◦] α [◦] B(1 pc) [G] δD βapp

0133+476 DA 55 7.5+36.6
−5.8 3.6+12.6

−2.9 0.7+2.4
−0.6 0.7+3.1

−0.4 8.2+25.7
−6.0 4.6+28.5

−4.2

0202+149 4C +15.05 5.4+20.2
−3.7 9.1+23.2

−7.2 1.3+3.1
−1.0 0.4+0.9

−0.2 4.2+10.6
−2.7 3.8+14.5

−3.1

0212+735 S5 0212+73 8.9+34.3
−6.8 1.5+4.2

−1.2 0.2+0.6
−0.2 2.5+15.7

−1.9 12.7+28.7
−9.3 3.8+30.6

−3.7

0215+015 OD 026 5.8+22.1
−4.1 9.3+24.4

−7.5 3.0+7.3
−2.4 0.7+1.8

−0.4 4.0+10.7
−2.6 4.0+14.9

−3.2

0234+285 4C 28.07 4.0+8.9
−2.5 14.0+23.2

−10.2 2.4+3.7
−1.7 1.2+2.9

−0.7 2.9+4.6
−1.6 2.8+6.3

−2.2

0333+321 NRAO 140 5.4+12.1
−3.4 14.6+24.6

−9.7 1.0+1.5
−0.7 1.7+2.5

−0.9 2.7+4.6
−1.5 3.9+7.1

−2.7

0336−019 4C 28.07 7.7+35.1
−5.9 4.3+13.7

−3.5 1.0+3.2
−0.8 0.6+2.4

−0.4 7.6+22.8
−5.5 5.1+27.2

−4.5

0403−132 PKS 0403−13 3.8+6.9
−2.0 26.3+30.5

−16.2 3.6+3.2
−2.2 0.8+1.3

−0.5 1.5+2.2
−0.7 2.4+3.3

−1.4

0420−014 PKS 0420−01 2.6+5.2
−1.4 15.8+25.4

−12.7 3.1+4.5
−2.5 0.9+4.5

−0.6 2.5+3.3
−1.2 1.6+4.3

−1.3

0528+134 PKS 0528+134 24.6+94.4
−20.0 2.3+6.4

−1.7 0.3+0.9
−0.2 1.8+3.3

−1.1 16.5+38.3
−11.8 19.2+65.1

−16.4

0605−085 OC −010 22.0+117.9
−18.2 3.8+14.1

−3.1 0.5+1.7
−0.4 0.8+1.1

−0.4 10.1+35.5
−7.7 16.3+72.0

−13.6

0607−157 PKS 0607−15 1.0+0.4
−0.0 6.4+35.4

−6.2 1.9+9.7
−1.9 1.4+24.3

−1.3 1.2+0.8
−0.2 0.0+0.6

−0.0

0716+714 S5 0716+71 5.8+17.2
−3.7 16.2+30.5

−11.9 2.4+3.9
−1.8 0.3+0.4

−0.2 2.4+5.3
−1.4 3.9+9.6

−2.7

0738+313 OI 363 10.3+37.1
−7.8 6.7+16.9

−5.0 0.6+1.5
−0.5 0.8+1.2

−0.4 6.1+14.6
−4.1 7.8+24.3

−6.2

0748+126 OI 280 35.7+192.6
−30.6 1.4+5.3

−1.1 0.2+0.8
−0.2 0.9+1.8

−0.6 26.3+85.8
−20.7 28.3+141.2

−25.2

0754+100 PKS 0754+100 2.2+3.1
−1.0 31.4+30.2

−23.9 3.5+2.5
−2.6 0.4+1.9

−0.3 1.4+1.5
−0.6 1.4+1.9

−1.1

0804+499 OJ 508 5.0+26.2
−3.6 6.5+24.2

−5.7 2.0+7.0
−1.7 0.4+2.2

−0.3 4.7+18.2
−3.2 3.1+19.7

−2.8

0805−077 PKS 0805−07 3.8+7.9
−2.1 21.4+30.6

−14.7 3.4+4.0
−2.3 1.3+2.4

−0.7 1.9+2.9
−1.0 2.6+4.4

−1.7

0823+033 PKS 0823+033 4.3+14.3
−3.0 5.3+13.3

−4.2 0.6+1.5
−0.5 0.7+3.7

−0.5 5.2+11.0
−3.5 2.3+12.1

−2.1

0827+243 OJ 248 5.9+18.2
−4.0 12.1+24.8

−9.1 1.5+2.9
−1.1 0.7+1.3

−0.4 3.4+7.3
−2.1 4.2+11.7

−3.1

0829+046 OJ 049 3.8+9.3
−2.2 19.9+32.3

−14.8 3.1+4.1
−2.3 0.2+0.4

−0.1 2.0+3.9
−1.1 2.5+5.8

−1.7

0836+710 4C +71.07 20.4+69.5
−16.2 3.9+10.3

−2.8 0.4+1.1
−0.3 2.1+3.0

−1.1 10.0+22.4
−6.9 15.4+41.9

−12.3

0906+015 4C +01.24 3.6+8.5
−2.1 14.5+24.6

−10.8 2.2+3.4
−1.6 0.9+2.6

−0.6 2.8+4.5
−1.6 2.5+6.1

−2.0

0917+624 OK 630 12.1+54.3
−9.5 5.4+16.6

−4.3 0.8+2.2
−0.6 1.0+1.7

−0.6 7.2+21.3
−5.2 9.1+35.4

−7.5

0945+408 4C +40.24 20.7+90.5
−16.7 5.2+16.6

−4.1 0.6+2.0
−0.5 1.1+1.3

−0.6 7.0+21.9
−5.2 14.1+49.2

−11.2

1038+064 4C +06.41 23.6+89.4
−19.0 3.5+10.0

−2.6 0.2+0.6
−0.1 1.7+2.2

−0.9 11.2+26.7
−7.9 18.2+53.8

−14.6

1045−188 PKS 1045−18 20.7+67.9
−15.8 6.5+17.1

−4.5 0.5+1.2
−0.3 1.1+1.2

−0.6 5.0+12.2
−3.3 13.0+30.6

−9.7

1101+384 Mrk 421 1.4+2.7
−0.4 51.0+26.5

−41.1 6.7+1.9
−5.2 0.1+0.9

−0.1 1.1+0.4
−0.6 0.8+0.8

−0.7

1127−145 PKS 1127−14 50.5+284.1
−43.9 1.2+5.2

−1.0 0.2+0.7
−0.1 1.1+1.8

−0.6 31.0+106.8
−25.0 39.0+203.2

−34.5

1150+812 S5 1150+81 48.0+297.8
−41.8 1.7+8.1

−1.4 0.2+1.1
−0.2 1.1+1.4

−0.6 21.9+85.6
−17.7 35.5+188.8

−30.9

1156+295 4C +29.45 13.8+48.4
−10.8 4.6+12.1

−3.4 0.7+1.8
−0.5 0.9+1.6

−0.5 8.6+19.6
−6.0 10.6+32.3

−8.6

1219+044 4C +04.42 7.1+20.8
−4.9 11.2+22.8

−8.1 1.3+2.4
−0.9 1.0+1.4

−0.5 3.6+7.4
−2.2 5.2+12.5

−3.8

1222+216 4C +21.35 7.7+19.7
−4.7 19.1+29.4

−12.5 1.8+2.3
−1.1 0.6+0.7

−0.3 1.6+3.5
−0.9 4.4+8.0

−2.7

1308+326 OP 313 12.4+63.5
−9.8 5.6+18.8

−4.6 0.9+2.9
−0.7 0.7+1.1

−0.4 7.0+23.7
−5.1 9.2+41.2

−7.5

1334−127 PKS 1335−127 6.0+14.6
−4.1 10.1+18.4

−6.9 1.1+1.9
−0.8 1.0+1.9

−0.6 4.1+6.7
−2.4 4.5+9.9

−3.5

1413+135 PKS B1413+135 2.1+3.3
−0.9 24.7+30.9

−19.8 1.8+1.8
−1.4 0.4+2.0

−0.2 1.7+1.9
−0.7 1.3+2.5

−1.1

1502+106 OR 103 24.8+270.0
−21.9 1.5+10.8

−1.3 0.5+3.6
−0.4 0.7+1.7

−0.4 20.4+140.7
−17.5 17.6+201.4

−16.3

1504−166 PKS 1504−167 7.1+28.6
−5.2 7.2+19.5

−5.6 1.1+3.0
−0.9 0.6+1.5

−0.4 5.3+14.1
−3.6 5.2+20.1

−4.3

1510−089 PKS 1510−08 8.2+26.0
−5.9 9.5+21.2

−7.0 1.3+2.6
−0.9 0.5+0.7

−0.3 4.3+9.6
−2.8 5.9+16.0

−4.5

1538+149 4C +14.60 27.7+189.4
−23.5 3.2+14.9

−2.7 0.4+2.1
−0.4 0.6+0.7

−0.3 11.9+53.1
−9.5 19.8+113.9

−16.8

1606+106 4C +10.45 18.0+135.3
−15.3 2.3+11.6

−1.9 0.5+2.5
−0.4 0.7+1.6

−0.4 14.6+69.9
−11.8 13.0+100.6

−11.8

1611+343 DA 406 42.0+353.8
−37.7 0.6+3.5

−0.5 0.1+0.8
−0.1 1.0+3.8

−0.6 46.0+242.2
−39.9 27.2+296.0

−26.0

1633+382 4C +38.41 8.6+31.1
−6.6 4.9+12.6

−3.8 1.0+2.5
−0.8 1.2+3.5

−0.7 7.5+17.5
−5.2 6.2+23.6

−5.4

1637+574 OS 562 28.4+139.4
−23.7 2.9+10.3

−2.3 0.3+1.0
−0.2 0.9+1.2

−0.5 13.5+42.8
−10.3 21.5+87.5

−18.1

1641+399 3C 345 18.7+58.1
−14.6 4.4+10.8

−3.1 0.5+1.2
−0.3 1.1+1.6

−0.6 8.9+18.8
−6.0 14.3+34.4

−11.3

1652+398 Mrk 501 1.5+2.1
−0.5 42.4+30.1

−38.2 6.3+2.8
−5.6 0.1+1.3

−0.1 1.1+0.7
−0.5 0.8+1.0

−0.8

1730−130 NRAO 530 17.0+52.6
−13.0 5.6+13.9

−3.9 0.5+1.2
−0.4 1.4+1.8

−0.8 6.8+14.8
−4.5 12.5+28.9

−9.5

1749+096 4C +09.57 31.2+194.7
−27.0 1.1+4.7

−0.9 0.2+0.7
−0.1 0.4+1.2

−0.3 29.9+113.0
−24.4 23.3+154.0

−21.5

1807+698 3C 371 6.2+14.2
−3.7 18.7+27.7

−11.9 1.8+2.3
−1.1 0.1+0.2

−0.1 1.9+3.6
−1.0 4.0+6.6

−2.5

1928+738 4C +73.18 28.8+105.1
−23.3 3.2+8.9

−2.3 0.3+0.8
−0.2 0.7+0.9

−0.4 12.2+29.1
−8.6 21.7+60.0

−17.3

1936−155 PKS 1936−15 1.1+1.0
−0.1 23.8+42.4

−23.2 6.9+8.6
−6.7 2.5+79.2

−2.2 1.1+0.5
−0.2 0.1+1.1

−0.1

2121+053 PKS 2121+053 2.5+6.5
−1.4 6.9+18.8

−6.2 2.0+5.4
−1.8 1.2+11.8

−0.9 3.3+6.2
−1.9 0.9+5.7

−0.8

2128−123 PKS 2128−12 14.2+40.5
−10.9 5.0+10.5

−3.4 0.2+0.5
−0.1 1.3+1.9

−0.7 8.1+14.6
−5.2 11.4+25.5

−9.0

2131−021 4C 02.81 24.6+130.9
−20.7 2.7+10.0

−2.2 0.4+1.6
−0.3 1.0+1.6

−0.6 14.3+48.5
−11.0 18.6+87.3

−16.0

2134+004 PKS 2134+004 24.2+87.3
−19.6 1.9+4.5

−1.3 0.2+0.6
−0.2 2.1+4.8

−1.3 19.6+40.7
−13.8 19.2+63.3

−16.9

2155−152 PKS 2155−152 2.2+3.1
−1.0 32.1+29.6

−24.7 4.6+3.1
−3.4 0.9+4.6

−0.6 1.3+1.4
−0.6 1.4+1.8

−1.1

2200+420 BL Lac 30.2+305.4
−27.1 1.0+7.5

−0.9 0.2+1.7
−0.2 0.1+0.3

−0.1 28.7+187.6
−25.0 20.7+245.4

−19.5

2201+171 PKS 2201+171 2.1+3.0
−0.9 35.7+29.7

−27.1 3.9+2.3
−2.9 1.4+6.8

−0.9 1.2+1.2
−0.6 1.3+1.6

−1.1

2201+315 4C +31.63 3.0+4.7
−1.4 27.8+30.4

−17.6 3.0+2.4
−1.9 0.6+1.2

−0.3 1.5+1.9
−0.7 2.0+2.6

−1.2

2223−052 3C 446 58.6+218.2
−48.9 1.6+5.0

−1.2 0.2+0.5
−0.1 2.1+2.6

−1.1 23.0+53.9
−16.6 43.8+121.0

−35.9

2227−088 PHL 5225 3.5+8.6
−2.1 11.5+20.8

−8.9 1.6+2.7
−1.2 1.2+4.6

−0.8 3.3+5.2
−1.9 2.2+6.8

−1.9

2230+114 CTA 102 4.0+7.6
−2.1 20.5+28.6

−13.3 2.3+2.7
−1.5 1.4+2.3

−0.8 2.0+3.0
−1.0 2.7+4.4

−1.8

2251+158 3C 454.3 12.3+42.7
−9.7 3.5+8.6

−2.6 1.2+3.1
−0.9 0.9+2.7

−0.6 10.6+22.9
−7.5 8.8+31.9

−7.8

2345−167 PKS 2345−16 9.2+29.2
−6.8 7.6+17.8

−5.7 1.0+2.4
−0.8 0.7+1.2

−0.4 5.3+11.7
−3.5 6.8+18.9

−5.3

8 Finke

TABLE 2
Blazar Jet Parameter Results

Source Alias Γ θ [◦] α [◦] B(1 pc) [G] δD βapp

0133+476 DA 55 7.5+36.6
−5.8 3.6+12.6

−2.9 0.7+2.4
−0.6 0.7+3.1

−0.4 8.2+25.7
−6.0 4.6+28.5

−4.2

0202+149 4C +15.05 5.4+20.2
−3.7 9.1+23.2

−7.2 1.3+3.1
−1.0 0.4+0.9

−0.2 4.2+10.6
−2.7 3.8+14.5

−3.1

0212+735 S5 0212+73 8.9+34.3
−6.8 1.5+4.2

−1.2 0.2+0.6
−0.2 2.5+15.7

−1.9 12.7+28.7
−9.3 3.8+30.6

−3.7

0215+015 OD 026 5.8+22.1
−4.1 9.3+24.4

−7.5 3.0+7.3
−2.4 0.7+1.8

−0.4 4.0+10.7
−2.6 4.0+14.9

−3.2

0234+285 4C 28.07 4.0+8.9
−2.5 14.0+23.2

−10.2 2.4+3.7
−1.7 1.2+2.9

−0.7 2.9+4.6
−1.6 2.8+6.3

−2.2

0333+321 NRAO 140 5.4+12.1
−3.4 14.6+24.6

−9.7 1.0+1.5
−0.7 1.7+2.5

−0.9 2.7+4.6
−1.5 3.9+7.1

−2.7

0336−019 4C 28.07 7.7+35.1
−5.9 4.3+13.7

−3.5 1.0+3.2
−0.8 0.6+2.4

−0.4 7.6+22.8
−5.5 5.1+27.2

−4.5

0403−132 PKS 0403−13 3.8+6.9
−2.0 26.3+30.5

−16.2 3.6+3.2
−2.2 0.8+1.3

−0.5 1.5+2.2
−0.7 2.4+3.3

−1.4

0420−014 PKS 0420−01 2.6+5.2
−1.4 15.8+25.4

−12.7 3.1+4.5
−2.5 0.9+4.5

−0.6 2.5+3.3
−1.2 1.6+4.3

−1.3

0528+134 PKS 0528+134 24.6+94.4
−20.0 2.3+6.4

−1.7 0.3+0.9
−0.2 1.8+3.3

−1.1 16.5+38.3
−11.8 19.2+65.1

−16.4

0605−085 OC −010 22.0+117.9
−18.2 3.8+14.1

−3.1 0.5+1.7
−0.4 0.8+1.1

−0.4 10.1+35.5
−7.7 16.3+72.0

−13.6

0607−157 PKS 0607−15 1.0+0.4
−0.0 6.4+35.4

−6.2 1.9+9.7
−1.9 1.4+24.3

−1.3 1.2+0.8
−0.2 0.0+0.6

−0.0

0716+714 S5 0716+71 5.8+17.2
−3.7 16.2+30.5

−11.9 2.4+3.9
−1.8 0.3+0.4

−0.2 2.4+5.3
−1.4 3.9+9.6

−2.7

0738+313 OI 363 10.3+37.1
−7.8 6.7+16.9

−5.0 0.6+1.5
−0.5 0.8+1.2

−0.4 6.1+14.6
−4.1 7.8+24.3

−6.2

0748+126 OI 280 35.7+192.6
−30.6 1.4+5.3

−1.1 0.2+0.8
−0.2 0.9+1.8

−0.6 26.3+85.8
−20.7 28.3+141.2

−25.2

0754+100 PKS 0754+100 2.2+3.1
−1.0 31.4+30.2

−23.9 3.5+2.5
−2.6 0.4+1.9

−0.3 1.4+1.5
−0.6 1.4+1.9

−1.1

0804+499 OJ 508 5.0+26.2
−3.6 6.5+24.2

−5.7 2.0+7.0
−1.7 0.4+2.2

−0.3 4.7+18.2
−3.2 3.1+19.7

−2.8

0805−077 PKS 0805−07 3.8+7.9
−2.1 21.4+30.6

−14.7 3.4+4.0
−2.3 1.3+2.4

−0.7 1.9+2.9
−1.0 2.6+4.4

−1.7

0823+033 PKS 0823+033 4.3+14.3
−3.0 5.3+13.3

−4.2 0.6+1.5
−0.5 0.7+3.7

−0.5 5.2+11.0
−3.5 2.3+12.1

−2.1

0827+243 OJ 248 5.9+18.2
−4.0 12.1+24.8

−9.1 1.5+2.9
−1.1 0.7+1.3

−0.4 3.4+7.3
−2.1 4.2+11.7

−3.1

0829+046 OJ 049 3.8+9.3
−2.2 19.9+32.3

−14.8 3.1+4.1
−2.3 0.2+0.4

−0.1 2.0+3.9
−1.1 2.5+5.8

−1.7

0836+710 4C +71.07 20.4+69.5
−16.2 3.9+10.3

−2.8 0.4+1.1
−0.3 2.1+3.0

−1.1 10.0+22.4
−6.9 15.4+41.9

−12.3

0906+015 4C +01.24 3.6+8.5
−2.1 14.5+24.6

−10.8 2.2+3.4
−1.6 0.9+2.6

−0.6 2.8+4.5
−1.6 2.5+6.1

−2.0

0917+624 OK 630 12.1+54.3
−9.5 5.4+16.6

−4.3 0.8+2.2
−0.6 1.0+1.7

−0.6 7.2+21.3
−5.2 9.1+35.4

−7.5

0945+408 4C +40.24 20.7+90.5
−16.7 5.2+16.6

−4.1 0.6+2.0
−0.5 1.1+1.3

−0.6 7.0+21.9
−5.2 14.1+49.2

−11.2

1038+064 4C +06.41 23.6+89.4
−19.0 3.5+10.0

−2.6 0.2+0.6
−0.1 1.7+2.2

−0.9 11.2+26.7
−7.9 18.2+53.8

−14.6

1045−188 PKS 1045−18 20.7+67.9
−15.8 6.5+17.1

−4.5 0.5+1.2
−0.3 1.1+1.2

−0.6 5.0+12.2
−3.3 13.0+30.6

−9.7

1101+384 Mrk 421 1.4+2.7
−0.4 51.0+26.5

−41.1 6.7+1.9
−5.2 0.1+0.9

−0.1 1.1+0.4
−0.6 0.8+0.8

−0.7

1127−145 PKS 1127−14 50.5+284.1
−43.9 1.2+5.2

−1.0 0.2+0.7
−0.1 1.1+1.8

−0.6 31.0+106.8
−25.0 39.0+203.2

−34.5

1150+812 S5 1150+81 48.0+297.8
−41.8 1.7+8.1

−1.4 0.2+1.1
−0.2 1.1+1.4

−0.6 21.9+85.6
−17.7 35.5+188.8

−30.9

1156+295 4C +29.45 13.8+48.4
−10.8 4.6+12.1

−3.4 0.7+1.8
−0.5 0.9+1.6

−0.5 8.6+19.6
−6.0 10.6+32.3

−8.6

1219+044 4C +04.42 7.1+20.8
−4.9 11.2+22.8

−8.1 1.3+2.4
−0.9 1.0+1.4

−0.5 3.6+7.4
−2.2 5.2+12.5

−3.8

1222+216 4C +21.35 7.7+19.7
−4.7 19.1+29.4

−12.5 1.8+2.3
−1.1 0.6+0.7

−0.3 1.6+3.5
−0.9 4.4+8.0

−2.7

1308+326 OP 313 12.4+63.5
−9.8 5.6+18.8

−4.6 0.9+2.9
−0.7 0.7+1.1

−0.4 7.0+23.7
−5.1 9.2+41.2

−7.5

1334−127 PKS 1335−127 6.0+14.6
−4.1 10.1+18.4

−6.9 1.1+1.9
−0.8 1.0+1.9

−0.6 4.1+6.7
−2.4 4.5+9.9

−3.5

1413+135 PKS B1413+135 2.1+3.3
−0.9 24.7+30.9

−19.8 1.8+1.8
−1.4 0.4+2.0

−0.2 1.7+1.9
−0.7 1.3+2.5

−1.1

1502+106 OR 103 24.8+270.0
−21.9 1.5+10.8

−1.3 0.5+3.6
−0.4 0.7+1.7

−0.4 20.4+140.7
−17.5 17.6+201.4

−16.3

1504−166 PKS 1504−167 7.1+28.6
−5.2 7.2+19.5

−5.6 1.1+3.0
−0.9 0.6+1.5

−0.4 5.3+14.1
−3.6 5.2+20.1

−4.3

1510−089 PKS 1510−08 8.2+26.0
−5.9 9.5+21.2

−7.0 1.3+2.6
−0.9 0.5+0.7

−0.3 4.3+9.6
−2.8 5.9+16.0

−4.5

1538+149 4C +14.60 27.7+189.4
−23.5 3.2+14.9

−2.7 0.4+2.1
−0.4 0.6+0.7

−0.3 11.9+53.1
−9.5 19.8+113.9

−16.8

1606+106 4C +10.45 18.0+135.3
−15.3 2.3+11.6

−1.9 0.5+2.5
−0.4 0.7+1.6

−0.4 14.6+69.9
−11.8 13.0+100.6

−11.8

1611+343 DA 406 42.0+353.8
−37.7 0.6+3.5

−0.5 0.1+0.8
−0.1 1.0+3.8

−0.6 46.0+242.2
−39.9 27.2+296.0

−26.0

1633+382 4C +38.41 8.6+31.1
−6.6 4.9+12.6

−3.8 1.0+2.5
−0.8 1.2+3.5

−0.7 7.5+17.5
−5.2 6.2+23.6

−5.4

1637+574 OS 562 28.4+139.4
−23.7 2.9+10.3

−2.3 0.3+1.0
−0.2 0.9+1.2

−0.5 13.5+42.8
−10.3 21.5+87.5

−18.1

1641+399 3C 345 18.7+58.1
−14.6 4.4+10.8

−3.1 0.5+1.2
−0.3 1.1+1.6

−0.6 8.9+18.8
−6.0 14.3+34.4

−11.3

1652+398 Mrk 501 1.5+2.1
−0.5 42.4+30.1

−38.2 6.3+2.8
−5.6 0.1+1.3

−0.1 1.1+0.7
−0.5 0.8+1.0

−0.8

1730−130 NRAO 530 17.0+52.6
−13.0 5.6+13.9

−3.9 0.5+1.2
−0.4 1.4+1.8

−0.8 6.8+14.8
−4.5 12.5+28.9

−9.5

1749+096 4C +09.57 31.2+194.7
−27.0 1.1+4.7

−0.9 0.2+0.7
−0.1 0.4+1.2

−0.3 29.9+113.0
−24.4 23.3+154.0

−21.5

1807+698 3C 371 6.2+14.2
−3.7 18.7+27.7

−11.9 1.8+2.3
−1.1 0.1+0.2

−0.1 1.9+3.6
−1.0 4.0+6.6

−2.5

1928+738 4C +73.18 28.8+105.1
−23.3 3.2+8.9

−2.3 0.3+0.8
−0.2 0.7+0.9

−0.4 12.2+29.1
−8.6 21.7+60.0

−17.3

1936−155 PKS 1936−15 1.1+1.0
−0.1 23.8+42.4

−23.2 6.9+8.6
−6.7 2.5+79.2

−2.2 1.1+0.5
−0.2 0.1+1.1

−0.1

2121+053 PKS 2121+053 2.5+6.5
−1.4 6.9+18.8

−6.2 2.0+5.4
−1.8 1.2+11.8

−0.9 3.3+6.2
−1.9 0.9+5.7

−0.8

2128−123 PKS 2128−12 14.2+40.5
−10.9 5.0+10.5

−3.4 0.2+0.5
−0.1 1.3+1.9

−0.7 8.1+14.6
−5.2 11.4+25.5

−9.0

2131−021 4C 02.81 24.6+130.9
−20.7 2.7+10.0

−2.2 0.4+1.6
−0.3 1.0+1.6

−0.6 14.3+48.5
−11.0 18.6+87.3

−16.0

2134+004 PKS 2134+004 24.2+87.3
−19.6 1.9+4.5

−1.3 0.2+0.6
−0.2 2.1+4.8

−1.3 19.6+40.7
−13.8 19.2+63.3

−16.9

2155−152 PKS 2155−152 2.2+3.1
−1.0 32.1+29.6

−24.7 4.6+3.1
−3.4 0.9+4.6

−0.6 1.3+1.4
−0.6 1.4+1.8

−1.1

2200+420 BL Lac 30.2+305.4
−27.1 1.0+7.5

−0.9 0.2+1.7
−0.2 0.1+0.3

−0.1 28.7+187.6
−25.0 20.7+245.4

−19.5

2201+171 PKS 2201+171 2.1+3.0
−0.9 35.7+29.7

−27.1 3.9+2.3
−2.9 1.4+6.8

−0.9 1.2+1.2
−0.6 1.3+1.6

−1.1

2201+315 4C +31.63 3.0+4.7
−1.4 27.8+30.4

−17.6 3.0+2.4
−1.9 0.6+1.2

−0.3 1.5+1.9
−0.7 2.0+2.6

−1.2

2223−052 3C 446 58.6+218.2
−48.9 1.6+5.0

−1.2 0.2+0.5
−0.1 2.1+2.6

−1.1 23.0+53.9
−16.6 43.8+121.0

−35.9

2227−088 PHL 5225 3.5+8.6
−2.1 11.5+20.8

−8.9 1.6+2.7
−1.2 1.2+4.6

−0.8 3.3+5.2
−1.9 2.2+6.8

−1.9

2230+114 CTA 102 4.0+7.6
−2.1 20.5+28.6

−13.3 2.3+2.7
−1.5 1.4+2.3

−0.8 2.0+3.0
−1.0 2.7+4.4

−1.8

2251+158 3C 454.3 12.3+42.7
−9.7 3.5+8.6

−2.6 1.2+3.1
−0.9 0.9+2.7

−0.6 10.6+22.9
−7.5 8.8+31.9

−7.8

2345−167 PKS 2345−16 9.2+29.2
−6.8 7.6+17.8

−5.7 1.0+2.4
−0.8 0.7+1.2

−0.4 5.3+11.7
−3.5 6.8+18.9

−5.3

For Mrk 421, Mrk 501 and other TeV blazars, Γ, δD and 
βapp are low, consistent with observations of jet 
components. 
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Fig. 5.— A comparison of results computed using the relation between Lext and PJ found bym Cavagnolo et al. (2010, Equation (31))
and Ineson et al. (2017, Equation (39)). Left: A comparison of the bulk Lorentz factor Γ. Right: A comparison of the angle to the line of
sight θ. Error bars are not plotted for clarity. The dashed lines indicates the where the results with the two different calculations are equal.

TABLE 3
Correlations results

y x Spearman Kendall F-test m yn xn

log10 Γ log10 Lγ 1.5σ 1.6σ 3.0σ 0.14 ± 0.07 0.53 ± 0.10 54
log10 θ log10 Lγ 2.7σ 2.7σ 4.5σ −0.20 ± 0.05 1.28 ± 0.07 54
log10 α log10 Lγ 2.0σ 2.1σ 4.9σ −0.18 ± 0.04 0.44 ± 0.05 54
log10 B(1 pc) log10 Lγ 6.8σ > 8.3σ > 8.3σ 0.29 ± 0.08 −0.46 ± 0.12 54
log10 δD log10 Lγ 2.5σ 2.5σ 5.1σ 0.18 ± 0.04 0.34 ± 0.06 54
log10 βapp log10 Lγ 1.2σ 1.4σ 3.3σ 0.17 ± 0.07 0.35 ± 0.10 54
log10 θ log10 CD 3.2σ 3.1σ 4.0σ 0.91 ± 0.08 −0.34 ± 0.13 2.0
log10 θ ∆φ 6.8σ > 8.3σ 6.6σ 0.53 ± 0.12 4.0 ± 1.1 0.10
log10 Φjet/MBH log10 Lacc 2.8σ 2.9σ 4.8σ 0.31 ± 0.08 33.39 ± 0.06 47.1
log10 θ log10 νpk

a 1.7σ 1.8σ 1.6σ 0.33 ± 0.27 1.07 ± 0.21 14
log10 θ log10 νpk

b 1.5σ 1.5σ 1.7σ 0.28 ± 0.21 1.05 ± 0.24 14

aMeyer et al. (2011) BL Lacs
b3LAC BL Lacs
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Fig. 6.— The apparent jet speed of the core from this work
plotted against the median apparent speed of jet components as
in VLBI monitoring by the MOJAVE program. The dashed line
shows where these two measures are equal.

is correlated with θ and the results are in Table 3. In
all cases the significance is < 5σ. Again, I note that my
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Fig. 7.— Variability Doppler factors from Hovatta et al. (2009)
compared with this work. Dashed line is where the two methods
for determining Doppler factor would be equal.

errors on θ are quite large.
One might also expect the core shift (∆φ) to be corre-

lated with θ. I explore this correlation in Figure 11 and

Relation between jet power and extended radio luminosity is controversial (e.g., 
Godfrey & Shabala 2016).  Different expressions for jet power don’t have strong 
effect on results. 
 
Cavagnolo et al. (2010) versus Ineson et al. (2017). 
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Fig. 8.— Doppler factors from Jorstad et al. (2017) compared
with this work. Dashed line is the two ways of determining the
Doppler factor would be equal.
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Fig. 9.— The magnetic field at 1 pc from this work plotted

against the same quantity as measured by Pushkarev et al. (2012).
The dashed line shows where these two measures are equal.
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Fig. 10.— The result θ determined here plotted versus CD. The
line shows the best fit.
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Fig. 11.— The result θ determined here plotted versus ∆φ. The
line shows the best fit.

Table 3. The viewing angle θ is much more strongly cor-
related with ∆φ (> 5σ for all tests) than CD. I conclude
that ∆φ is a better proxy for θ than CD. For sources
where ∆φ is measured, but other measurements needed
to use my method are not, my resulting linear fit might
be a useful way to estimate θ.

4.3. Gamma Rays
TeV-detected BL Lac objects are often found to have

knots moving at low βapp indicating low Γ and δD

(Marscher 1999; Piner & Edwards 2004, 2005; Piner et al.
2008, 2010). This is in contrast to multiwavelength SED
modeling of these sources, which finds much larger values
of Γ and δD (e.g., Finke et al. 2008; Abdo et al. 2011a,b;
Inoue & Tanaka 2016). This discrepancy is sometimes
called the “TeV Doppler factor crisis”. For almost every
source in my sample Γ ! 4 is within the quite large 68%
confidence interval. Most notably, the two nearest BL
Lac objects, Mrk 421 and Mrk 501 have well-constrained
low Γ and δD, and sub-luminal implied βapp. Several
possible resolutions to the TeV Doppler factor crisis have
been suggested: the speed of the jet could be stratified,
with a slower layer to explain the low speed from the
radio, and a faster spine to explain the multiwavelength
emission (Ghisellini et al. 2005). Or the jet could be de-
celerating, with the faster part closer to the jet explaining
the multiwavelength emission and the slower part farther
from the jet explaining the radio emission (Georganopou-
los & Kazanas 2003). Finally, the overall flow could have
a low Γ consistent with radio observations, but magnetic
reconnection could lead to the creation of a “jet within a
jet” with large Γ to explain the multiwavelength emission
(Giannios et al. 2009). Mrk 421 and Mrk 501 have values
consistent with large angles, but also are consistent with
relatively small angles to the line of sight (θ > 9.9◦ and
θ > 4.2◦, respectively, at 68% confidence). Large θ fa-
vors the jet within a jet scenario, since in this model the
overall jet could be misaligned, but the jet within a jet
could be oriented towards the observer. The other expla-
nations require θ to be small. The small sample and large
errors prevent me from making definitive conclusions.

Many blazars are constrained to have low δD (Table 2)
and are not detected at TeV energies (e.g., PKS 0607−15,
PKS 1936−15). If low δD is an indication of brightness

12 Finke

100 101 102

bD (Jorstad et al. 2017)

100

101

102

b D
 (t

hi
s w

or
k)

Fig. 8.— Doppler factors from Jorstad et al. (2017) compared
with this work. Dashed line is the two ways of determining the
Doppler factor would be equal.
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Fig. 9.— The magnetic field at 1 pc from this work plotted
against the same quantity as measured by Pushkarev et al. (2012).
The dashed line shows where these two measures are equal.
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Fig. 10.— The result θ determined here plotted versus CD. The
line shows the best fit.
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Fig. 11.— The result θ determined here plotted versus ∆φ. The
line shows the best fit.

Table 3. The viewing angle θ is much more strongly cor-
related with ∆φ (> 5σ for all tests) than CD. I conclude
that ∆φ is a better proxy for θ than CD. For sources
where ∆φ is measured, but other measurements needed
to use my method are not, my resulting linear fit might
be a useful way to estimate θ.

4.3. Gamma Rays
TeV-detected BL Lac objects are often found to have

knots moving at low βapp indicating low Γ and δD

(Marscher 1999; Piner & Edwards 2004, 2005; Piner et al.
2008, 2010). This is in contrast to multiwavelength SED
modeling of these sources, which finds much larger values
of Γ and δD (e.g., Finke et al. 2008; Abdo et al. 2011a,b;
Inoue & Tanaka 2016). This discrepancy is sometimes
called the “TeV Doppler factor crisis”. For almost every
source in my sample Γ ! 4 is within the quite large 68%
confidence interval. Most notably, the two nearest BL
Lac objects, Mrk 421 and Mrk 501 have well-constrained
low Γ and δD, and sub-luminal implied βapp. Several
possible resolutions to the TeV Doppler factor crisis have
been suggested: the speed of the jet could be stratified,
with a slower layer to explain the low speed from the
radio, and a faster spine to explain the multiwavelength
emission (Ghisellini et al. 2005). Or the jet could be de-
celerating, with the faster part closer to the jet explaining
the multiwavelength emission and the slower part farther
from the jet explaining the radio emission (Georganopou-
los & Kazanas 2003). Finally, the overall flow could have
a low Γ consistent with radio observations, but magnetic
reconnection could lead to the creation of a “jet within a
jet” with large Γ to explain the multiwavelength emission
(Giannios et al. 2009). Mrk 421 and Mrk 501 have values
consistent with large angles, but also are consistent with
relatively small angles to the line of sight (θ > 9.9◦ and
θ > 4.2◦, respectively, at 68% confidence). Large θ fa-
vors the jet within a jet scenario, since in this model the
overall jet could be misaligned, but the jet within a jet
could be oriented towards the observer. The other expla-
nations require θ to be small. The small sample and large
errors prevent me from making definitive conclusions.

Many blazars are constrained to have low δD (Table 2)
and are not detected at TeV energies (e.g., PKS 0607−15,
PKS 1936−15). If low δD is an indication of brightness

Core dominance:  ratio of core to 
extended radio flux. 
 
Not significantly correlated with 
observing angle (< 4σ). 

Core Shift 
 
 
Significantly correlated with 
observing angle. (>5σ) 
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Fig. 14.— My determination of θ versus log10 νpk for FSRQs (black circles) and BL Lac objects (red squares). The line indicates the
best fit for BL Lac objects. Left: log10 νpk from Meyer et al. (2011). Right: log10 νpk from 3LAC (Ackermann et al. 2015).
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Fig. 15.— The value Γα for all sources in my sample. The line
shows the best fit value.

processes in jet physics (see Clausen-Brown et al. 2013,
and references therein). A constant αΓ has been found
by Jorstad et al. (2005, 2017), Pushkarev et al. (2009,
2017), and Clausen-Brown et al. (2013). I plot αΓ for
all the sources in my sample in Figure 15. I perform a
fit to αΓ = ρ instead of plotting and fitting α = ρ/Γ
in order to take into account the correlation in the er-
rors on α and Γ. I find ρ = 0.12 ± 0.02 with χ2/dof
= 7.0/63, certainly consistent with a constant αΓ. This
value is within the 68% confidence interval for all sources
in my sample. Jorstad et al. (2005) found ρ = 0.17±0.08
for their sample, and more recently Jorstad et al. (2017)
found ρ = 0.19 ± 0.07 and ρ = 0.32 ± 0.13 for two dif-
ferent ways of determining α. Pushkarev et al. (2009)
and Pushkarev et al. (2017) found median ρ = 0.13 and
ρ = 0.175, respectively, in their samples; Clausen-Brown
et al. (2013) found ρ ≈ 0.2 from their sample. My re-
sult is consistent with most of these previous results, al-
though it is difficult to judge in cases where authors do
not provide error estimates.

5. DISCUSSION

I have shown that using five observables (z, Fν , ∆φ,
αapp, Lext) with the BK model, it is possible to deter-

mine θ and Γ and other properties for parsec-scale blazar
jets. These results are generally consistent with other
constraints on θ, Γ, and δD, although my errors are quite
large. This limits my method’s usefulness. With some
exploration, I find that my uncertainties are dominated
by two sources:

• The errors on the core shift measurement (∆φ)
are large, ≈ 15 − 50%. These could be improved
by measuring core shifts at multiple frequencies,
and doing a fit to these data. Sokolovsky et al.
(2011) have done this, although they measure the
core shifts with a different technique, and have a
much smaller sample size than Pushkarev et al.
(2012). Also, there is the issue of validating ∆φ
measured with different techniques. For instance,
for 2201+315, the fit to core shift measurements
at 6 frequencies from Sokolovsky et al. (2011) re-
sults in ∆φ = 0.188± 0.009 masec between 15 and
8 GHz, while Pushkarev et al. (2012) measure a
discrepant ∆φ = 0.345 ± 0.051 masec.

• The uncertainty in the electron spectral index (p),
which I draw from a flat prior. This could in
principle be measured from the SEDs of a blazars.
However, practically, it is unclear if one could dis-
tinguish the parsec-scale portion of the jet from
other, more compact, highly variable components
that dominate the SED of blazars at high frequen-
cies. Alternatively, one could compute p from Γ
using shock physics and results from test-particle
relativistic shock acceleration theory (Keshet &
Waxman 2005). However, this may not be ap-
plicable to realistic shocks, where nonlinear effects
could be important. I performed calculations with
p constrained by the formula of Keshet & Wax-
man (2005), and found the resulting θ for some
sources to be unrealistically large. For example,
for 1101+384 (Mrk 421) I found θ = 80+5

−9 deg, in-
consistent with the jet/counter-jet brightness ratio
constraint for this source (Piner & Edwards 2005),
and the general expectation that blazars have small
θ.

Some expectation 
that θ and νpk are 
correlated for BL Lacs 
(Meyer et al. 2011).  
Did not find significant 
evidence for this (but 
large errors and few 
sources). 
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Fig. 8.— Doppler factors from Jorstad et al. (2017) compared
with this work. Dashed line is the two ways of determining the
Doppler factor would be equal.
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Fig. 9.— The magnetic field at 1 pc from this work plotted
against the same quantity as measured by Pushkarev et al. (2012).
The dashed line shows where these two measures are equal.
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Fig. 10.— The result θ determined here plotted versus CD. The
line shows the best fit.
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Fig. 11.— The result θ determined here plotted versus ∆φ. The
line shows the best fit.

Table 3. The viewing angle θ is much more strongly cor-
related with ∆φ (> 5σ for all tests) than CD. I conclude
that ∆φ is a better proxy for θ than CD. For sources
where ∆φ is measured, but other measurements needed
to use my method are not, my resulting linear fit might
be a useful way to estimate θ.

4.3. Gamma Rays
TeV-detected BL Lac objects are often found to have

knots moving at low βapp indicating low Γ and δD

(Marscher 1999; Piner & Edwards 2004, 2005; Piner et al.
2008, 2010). This is in contrast to multiwavelength SED
modeling of these sources, which finds much larger values
of Γ and δD (e.g., Finke et al. 2008; Abdo et al. 2011a,b;
Inoue & Tanaka 2016). This discrepancy is sometimes
called the “TeV Doppler factor crisis”. For almost every
source in my sample Γ ! 4 is within the quite large 68%
confidence interval. Most notably, the two nearest BL
Lac objects, Mrk 421 and Mrk 501 have well-constrained
low Γ and δD, and sub-luminal implied βapp. Several
possible resolutions to the TeV Doppler factor crisis have
been suggested: the speed of the jet could be stratified,
with a slower layer to explain the low speed from the
radio, and a faster spine to explain the multiwavelength
emission (Ghisellini et al. 2005). Or the jet could be de-
celerating, with the faster part closer to the jet explaining
the multiwavelength emission and the slower part farther
from the jet explaining the radio emission (Georganopou-
los & Kazanas 2003). Finally, the overall flow could have
a low Γ consistent with radio observations, but magnetic
reconnection could lead to the creation of a “jet within a
jet” with large Γ to explain the multiwavelength emission
(Giannios et al. 2009). Mrk 421 and Mrk 501 have values
consistent with large angles, but also are consistent with
relatively small angles to the line of sight (θ > 9.9◦ and
θ > 4.2◦, respectively, at 68% confidence). Large θ fa-
vors the jet within a jet scenario, since in this model the
overall jet could be misaligned, but the jet within a jet
could be oriented towards the observer. The other expla-
nations require θ to be small. The small sample and large
errors prevent me from making definitive conclusions.

Many blazars are constrained to have low δD (Table 2)
and are not detected at TeV energies (e.g., PKS 0607−15,
PKS 1936−15). If low δD is an indication of brightness
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Of all the parameters I 
determine, magnetic field is 
best-correlated with γ-ray 
luminosity (> 5σ).   
 
But is this a selection effect?  
Pj ~ αΓB2 

The Properties of Parsec Scale Blazar Jets 13

1052 1053 1054 1055 1056 1057

L
a
 [erg s-1]

10-2

10-1

100

101

B
(1

 p
c)

 [G
]

Fig. 12.— A plot of B(1 pc) versus LAT γ-ray luminosity from
the 3LAC. The line shows the best fit.

at very high energies, these sources could be potential
TeV sources, and observation of them with atmospheric
Cherenkov telescopes could result in detections. How-
ever, many of them are at high redshifts so absorption
by the extragalactic background light (e.g., Finke et al.
2010) could make them undetectable.

Although relatively few blazars have been detected
with atmospheric Cherenkov telescopes, a much larger
number have been detected by the Fermi Large Area
Telescope (LAT). Indeed, 54 of the 64 sources in my sam-
ple are in the Third LAT AGN Catalog (3LAC; Acker-
mann et al. 2015). I test correlations between the γ-ray
luminosity from this catalog with all of the parameters
presented in Table 2. The results can be seen in Table 3.
The strongest correlation is found between B(1 pc) and
Lγ . This result is plotted in Figure 12. This is perhaps
not a surprise. The magnetic field B is correlated with
Pj (Equation [34]), which is in turn determined from Lext
(Section 2.6). The respective luminosities Lext and Lγ

could be correlated due to both depending on distance.
The parameters θ and δD also show strong correlations
with the F-test, but not the non-parametric tests.

4.4. Implications for Jet Physics
General relativistic magnetohydrodynamic simula-

tions of jets launched from magnetically arrested disks
(MADs) indicate that energy can be extracted from the
rotation of black holes to form jets by the Blandford-
Znajek mechanism (Blandford & Znajek 1977) that
appear very similar to the ones found in nature
(Tchekhovskoy et al. 2011). The parsec-scale magnetic
flux Φjet can be determined from the jet parameters I
have computed by

Φjet = 1.2 × 1034 Γα

[
MBH

109 M⊙

] [
B(1 pc)

1 G

]
G cm2

(41)
where MBH is the black hole mass. The theory of jets
launched from MADs predicts a relationship between
Φjet and the accretion disk luminosity Lacc,

log10 [Φjet/MBH] = 0.5 log10 Lacc + 34.4 (42)

(Zamaninasab et al. 2014) where Φjet is in G cm2, MBH

is in 109M⊙, and Lacc is in erg s−1. In Figure 13 I plot
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Fig. 13.— Correlation between magnetic flux divided by black
hole mass (Φjet/MBH) versus Lacc. The theoretical expectation
from jets launched from a Shakura & Sunyaev (1973) accretion
disk around a maximally rotating black hole (Equation [42]) is
shown as the dashed line while the line from my best fit is shown
as the solid line. The parameter Φjet is in units G cm2, MBH is in
units 109M⊙, and Lacc is in units erg s−1.

Φjet/MBH determined from Equation (41) using jet pa-
rameters from this work versus Lacc as found by Zaman-
inasab et al. (2014). I tested for the significance of the
correlation of these quantities (Table 3) and found strong
significance with the F-test, weaker significance with the
Spearman and Kendall tests. As Figure 13 demonstrates,
the best fit line does not agree with the model prediction
for jets launched from MAD disks from Zamaninasab
et al. (2014). The reason for this is not entirely clear,
but note that Equation (42) assumes that all the black
holes have spin a ≈ 1 and all accretion disks have an
accretion efficiency η = 0.4, neither of which may be the
case (Zamaninasab et al. 2014; Zdziarski et al. 2015).
Further, since B(1 pc) is correlated with Lext, (Section
4.3), the correlation between Φjet/MBH and Lacc may be
due to the mutual dependence of Lext and Lacc on dL .

Meyer et al. (2011) have introduced a scenario where
FSRQs have jets which essentially have the same Γ for
the whole jet length, and BL Lac objects have deceler-
ating jets. For BL Lac objects, as θ increases, one sees
slower parts of the jets with larger beaming cones. Their
scenario explains the discrepancy between low Doppler
factors found in multiwavelength SED modeling of FR
I radio galaxies and the high Doppler factors found in
modeling the multi-wavelength SEDs of BL Lac objects
(e.g., Chiaberge et al. 2000). Their scenario predicts that
θ is correlated with the peak frequency (νpk) of the low-
energy synchrotron component in the SEDs of BL Lac
objects. In Figure 14 I plot my determination of θ versus
νpk with νpk taken from Meyer et al. (2011) and the Third
LAT AGN Catalog (3LAC; Ackermann et al. 2015). The
correlation between θ and νpk is not significant in any of
my tests (Table 3). However, I note that the error on θ is
quite large, and there are only 11 BL Lacs in my sample,
and only 2 with log10[νpk/Hz] > 14.5. This test is clearly
not definitive.

It is expected in the BK model that there is an inverse
relationship between the jet Lorentz factor and opening
angle, i.e., that αΓ is a constant for all sources in the BK
jet model. This parameter is important for a number of
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My results are consistent with a 
constant αΓ, i.e., α ~ 1/Γ.  
Similar results found by others 
(e.g., Jorstad et al. 2005, 2017; 
Clausen-Brown et al. 2013; 
Pushkarev et al. 2009, 2017) . 
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Fig. 14.— My determination of θ versus log10 νpk for FSRQs (black circles) and BL Lac objects (red squares). The line indicates the
best fit for BL Lac objects. Left: log10 νpk from Meyer et al. (2011). Right: log10 νpk from 3LAC (Ackermann et al. 2015).
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Fig. 15.— The value Γα for all sources in my sample. The line
shows the best fit value.

processes in jet physics (see Clausen-Brown et al. 2013,
and references therein). A constant αΓ has been found
by Jorstad et al. (2005, 2017), Pushkarev et al. (2009,
2017), and Clausen-Brown et al. (2013). I plot αΓ for
all the sources in my sample in Figure 15. I perform a
fit to αΓ = ρ instead of plotting and fitting α = ρ/Γ
in order to take into account the correlation in the er-
rors on α and Γ. I find ρ = 0.12 ± 0.02 with χ2/dof
= 7.0/63, certainly consistent with a constant αΓ. This
value is within the 68% confidence interval for all sources
in my sample. Jorstad et al. (2005) found ρ = 0.17±0.08
for their sample, and more recently Jorstad et al. (2017)
found ρ = 0.19 ± 0.07 and ρ = 0.32 ± 0.13 for two dif-
ferent ways of determining α. Pushkarev et al. (2009)
and Pushkarev et al. (2017) found median ρ = 0.13 and
ρ = 0.175, respectively, in their samples; Clausen-Brown
et al. (2013) found ρ ≈ 0.2 from their sample. My re-
sult is consistent with most of these previous results, al-
though it is difficult to judge in cases where authors do
not provide error estimates.

5. DISCUSSION

I have shown that using five observables (z, Fν , ∆φ,
αapp, Lext) with the BK model, it is possible to deter-

mine θ and Γ and other properties for parsec-scale blazar
jets. These results are generally consistent with other
constraints on θ, Γ, and δD, although my errors are quite
large. This limits my method’s usefulness. With some
exploration, I find that my uncertainties are dominated
by two sources:

• The errors on the core shift measurement (∆φ)
are large, ≈ 15 − 50%. These could be improved
by measuring core shifts at multiple frequencies,
and doing a fit to these data. Sokolovsky et al.
(2011) have done this, although they measure the
core shifts with a different technique, and have a
much smaller sample size than Pushkarev et al.
(2012). Also, there is the issue of validating ∆φ
measured with different techniques. For instance,
for 2201+315, the fit to core shift measurements
at 6 frequencies from Sokolovsky et al. (2011) re-
sults in ∆φ = 0.188± 0.009 masec between 15 and
8 GHz, while Pushkarev et al. (2012) measure a
discrepant ∆φ = 0.345 ± 0.051 masec.

• The uncertainty in the electron spectral index (p),
which I draw from a flat prior. This could in
principle be measured from the SEDs of a blazars.
However, practically, it is unclear if one could dis-
tinguish the parsec-scale portion of the jet from
other, more compact, highly variable components
that dominate the SED of blazars at high frequen-
cies. Alternatively, one could compute p from Γ
using shock physics and results from test-particle
relativistic shock acceleration theory (Keshet &
Waxman 2005). However, this may not be ap-
plicable to realistic shocks, where nonlinear effects
could be important. I performed calculations with
p constrained by the formula of Keshet & Wax-
man (2005), and found the resulting θ for some
sources to be unrealistically large. For example,
for 1101+384 (Mrk 421) I found θ = 80+5

−9 deg, in-
consistent with the jet/counter-jet brightness ratio
constraint for this source (Piner & Edwards 2005),
and the general expectation that blazars have small
θ.
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Fig. 12.— A plot of B(1 pc) versus LAT γ-ray luminosity from
the 3LAC. The line shows the best fit.

at very high energies, these sources could be potential
TeV sources, and observation of them with atmospheric
Cherenkov telescopes could result in detections. How-
ever, many of them are at high redshifts so absorption
by the extragalactic background light (e.g., Finke et al.
2010) could make them undetectable.

Although relatively few blazars have been detected
with atmospheric Cherenkov telescopes, a much larger
number have been detected by the Fermi Large Area
Telescope (LAT). Indeed, 54 of the 64 sources in my sam-
ple are in the Third LAT AGN Catalog (3LAC; Acker-
mann et al. 2015). I test correlations between the γ-ray
luminosity from this catalog with all of the parameters
presented in Table 2. The results can be seen in Table 3.
The strongest correlation is found between B(1 pc) and
Lγ . This result is plotted in Figure 12. This is perhaps
not a surprise. The magnetic field B is correlated with
Pj (Equation [34]), which is in turn determined from Lext
(Section 2.6). The respective luminosities Lext and Lγ

could be correlated due to both depending on distance.
The parameters θ and δD also show strong correlations
with the F-test, but not the non-parametric tests.

4.4. Implications for Jet Physics
General relativistic magnetohydrodynamic simula-

tions of jets launched from magnetically arrested disks
(MADs) indicate that energy can be extracted from the
rotation of black holes to form jets by the Blandford-
Znajek mechanism (Blandford & Znajek 1977) that
appear very similar to the ones found in nature
(Tchekhovskoy et al. 2011). The parsec-scale magnetic
flux Φjet can be determined from the jet parameters I
have computed by

Φjet = 1.2 × 1034 Γα

[
MBH

109 M⊙

] [
B(1 pc)

1 G

]
G cm2

(41)
where MBH is the black hole mass. The theory of jets
launched from MADs predicts a relationship between
Φjet and the accretion disk luminosity Lacc,

log10 [Φjet/MBH] = 0.5 log10 Lacc + 34.4 (42)

(Zamaninasab et al. 2014) where Φjet is in G cm2, MBH

is in 109M⊙, and Lacc is in erg s−1. In Figure 13 I plot

44 45 46 47 48
log10[ Lacc ]

32

33

34

35

lo
g 10

[ \
je

t / 
M

B
H

 ]

Fig. 13.— Correlation between magnetic flux divided by black
hole mass (Φjet/MBH) versus Lacc. The theoretical expectation
from jets launched from a Shakura & Sunyaev (1973) accretion
disk around a maximally rotating black hole (Equation [42]) is
shown as the dashed line while the line from my best fit is shown
as the solid line. The parameter Φjet is in units G cm2, MBH is in
units 109M⊙, and Lacc is in units erg s−1.

Φjet/MBH determined from Equation (41) using jet pa-
rameters from this work versus Lacc as found by Zaman-
inasab et al. (2014). I tested for the significance of the
correlation of these quantities (Table 3) and found strong
significance with the F-test, weaker significance with the
Spearman and Kendall tests. As Figure 13 demonstrates,
the best fit line does not agree with the model prediction
for jets launched from MAD disks from Zamaninasab
et al. (2014). The reason for this is not entirely clear,
but note that Equation (42) assumes that all the black
holes have spin a ≈ 1 and all accretion disks have an
accretion efficiency η = 0.4, neither of which may be the
case (Zamaninasab et al. 2014; Zdziarski et al. 2015).
Further, since B(1 pc) is correlated with Lext, (Section
4.3), the correlation between Φjet/MBH and Lacc may be
due to the mutual dependence of Lext and Lacc on dL .

Meyer et al. (2011) have introduced a scenario where
FSRQs have jets which essentially have the same Γ for
the whole jet length, and BL Lac objects have deceler-
ating jets. For BL Lac objects, as θ increases, one sees
slower parts of the jets with larger beaming cones. Their
scenario explains the discrepancy between low Doppler
factors found in multiwavelength SED modeling of FR
I radio galaxies and the high Doppler factors found in
modeling the multi-wavelength SEDs of BL Lac objects
(e.g., Chiaberge et al. 2000). Their scenario predicts that
θ is correlated with the peak frequency (νpk) of the low-
energy synchrotron component in the SEDs of BL Lac
objects. In Figure 14 I plot my determination of θ versus
νpk with νpk taken from Meyer et al. (2011) and the Third
LAT AGN Catalog (3LAC; Ackermann et al. 2015). The
correlation between θ and νpk is not significant in any of
my tests (Table 3). However, I note that the error on θ is
quite large, and there are only 11 BL Lacs in my sample,
and only 2 with log10[νpk/Hz] > 14.5. This test is clearly
not definitive.

It is expected in the BK model that there is an inverse
relationship between the jet Lorentz factor and opening
angle, i.e., that αΓ is a constant for all sources in the BK
jet model. This parameter is important for a number of
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Fig. 12.— A plot of B(1 pc) versus LAT γ-ray luminosity from
the 3LAC. The line shows the best fit.

at very high energies, these sources could be potential
TeV sources, and observation of them with atmospheric
Cherenkov telescopes could result in detections. How-
ever, many of them are at high redshifts so absorption
by the extragalactic background light (e.g., Finke et al.
2010) could make them undetectable.

Although relatively few blazars have been detected
with atmospheric Cherenkov telescopes, a much larger
number have been detected by the Fermi Large Area
Telescope (LAT). Indeed, 54 of the 64 sources in my sam-
ple are in the Third LAT AGN Catalog (3LAC; Acker-
mann et al. 2015). I test correlations between the γ-ray
luminosity from this catalog with all of the parameters
presented in Table 2. The results can be seen in Table 3.
The strongest correlation is found between B(1 pc) and
Lγ . This result is plotted in Figure 12. This is perhaps
not a surprise. The magnetic field B is correlated with
Pj (Equation [34]), which is in turn determined from Lext
(Section 2.6). The respective luminosities Lext and Lγ

could be correlated due to both depending on distance.
The parameters θ and δD also show strong correlations
with the F-test, but not the non-parametric tests.

4.4. Implications for Jet Physics
General relativistic magnetohydrodynamic simula-

tions of jets launched from magnetically arrested disks
(MADs) indicate that energy can be extracted from the
rotation of black holes to form jets by the Blandford-
Znajek mechanism (Blandford & Znajek 1977) that
appear very similar to the ones found in nature
(Tchekhovskoy et al. 2011). The parsec-scale magnetic
flux Φjet can be determined from the jet parameters I
have computed by

Φjet = 1.2 × 1034 Γα

[
MBH

109 M⊙
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]
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(41)
where MBH is the black hole mass. The theory of jets
launched from MADs predicts a relationship between
Φjet and the accretion disk luminosity Lacc,

log10 [Φjet/MBH] = 0.5 log10 Lacc + 34.4 (42)

(Zamaninasab et al. 2014) where Φjet is in G cm2, MBH

is in 109M⊙, and Lacc is in erg s−1. In Figure 13 I plot
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Fig. 13.— Correlation between magnetic flux divided by black
hole mass (Φjet/MBH) versus Lacc. The theoretical expectation
from jets launched from a Shakura & Sunyaev (1973) accretion
disk around a maximally rotating black hole (Equation [42]) is
shown as the dashed line while the line from my best fit is shown
as the solid line. The parameter Φjet is in units G cm2, MBH is in
units 109M⊙, and Lacc is in units erg s−1.

Φjet/MBH determined from Equation (41) using jet pa-
rameters from this work versus Lacc as found by Zaman-
inasab et al. (2014). I tested for the significance of the
correlation of these quantities (Table 3) and found strong
significance with the F-test, weaker significance with the
Spearman and Kendall tests. As Figure 13 demonstrates,
the best fit line does not agree with the model prediction
for jets launched from MAD disks from Zamaninasab
et al. (2014). The reason for this is not entirely clear,
but note that Equation (42) assumes that all the black
holes have spin a ≈ 1 and all accretion disks have an
accretion efficiency η = 0.4, neither of which may be the
case (Zamaninasab et al. 2014; Zdziarski et al. 2015).
Further, since B(1 pc) is correlated with Lext, (Section
4.3), the correlation between Φjet/MBH and Lacc may be
due to the mutual dependence of Lext and Lacc on dL .

Meyer et al. (2011) have introduced a scenario where
FSRQs have jets which essentially have the same Γ for
the whole jet length, and BL Lac objects have deceler-
ating jets. For BL Lac objects, as θ increases, one sees
slower parts of the jets with larger beaming cones. Their
scenario explains the discrepancy between low Doppler
factors found in multiwavelength SED modeling of FR
I radio galaxies and the high Doppler factors found in
modeling the multi-wavelength SEDs of BL Lac objects
(e.g., Chiaberge et al. 2000). Their scenario predicts that
θ is correlated with the peak frequency (νpk) of the low-
energy synchrotron component in the SEDs of BL Lac
objects. In Figure 14 I plot my determination of θ versus
νpk with νpk taken from Meyer et al. (2011) and the Third
LAT AGN Catalog (3LAC; Ackermann et al. 2015). The
correlation between θ and νpk is not significant in any of
my tests (Table 3). However, I note that the error on θ is
quite large, and there are only 11 BL Lacs in my sample,
and only 2 with log10[νpk/Hz] > 14.5. This test is clearly
not definitive.

It is expected in the BK model that there is an inverse
relationship between the jet Lorentz factor and opening
angle, i.e., that αΓ is a constant for all sources in the BK
jet model. This parameter is important for a number of

Following Zamaninasab et al. 
(2014) 
Parsec-scale magnetic flux 
can be computed from: 

The Properties of Parsec Scale Blazar Jets 13

1052 1053 1054 1055 1056 1057

L
a
 [erg s-1]

10-2

10-1

100

101

B
(1

 p
c)

 [G
]

Fig. 12.— A plot of B(1 pc) versus LAT γ-ray luminosity from
the 3LAC. The line shows the best fit.

at very high energies, these sources could be potential
TeV sources, and observation of them with atmospheric
Cherenkov telescopes could result in detections. How-
ever, many of them are at high redshifts so absorption
by the extragalactic background light (e.g., Finke et al.
2010) could make them undetectable.

Although relatively few blazars have been detected
with atmospheric Cherenkov telescopes, a much larger
number have been detected by the Fermi Large Area
Telescope (LAT). Indeed, 54 of the 64 sources in my sam-
ple are in the Third LAT AGN Catalog (3LAC; Acker-
mann et al. 2015). I test correlations between the γ-ray
luminosity from this catalog with all of the parameters
presented in Table 2. The results can be seen in Table 3.
The strongest correlation is found between B(1 pc) and
Lγ . This result is plotted in Figure 12. This is perhaps
not a surprise. The magnetic field B is correlated with
Pj (Equation [34]), which is in turn determined from Lext
(Section 2.6). The respective luminosities Lext and Lγ

could be correlated due to both depending on distance.
The parameters θ and δD also show strong correlations
with the F-test, but not the non-parametric tests.

4.4. Implications for Jet Physics
General relativistic magnetohydrodynamic simula-

tions of jets launched from magnetically arrested disks
(MADs) indicate that energy can be extracted from the
rotation of black holes to form jets by the Blandford-
Znajek mechanism (Blandford & Znajek 1977) that
appear very similar to the ones found in nature
(Tchekhovskoy et al. 2011). The parsec-scale magnetic
flux Φjet can be determined from the jet parameters I
have computed by

Φjet = 1.2 × 1034 Γα

[
MBH

109 M⊙

] [
B(1 pc)

1 G

]
G cm2

(41)
where MBH is the black hole mass. The theory of jets
launched from MADs predicts a relationship between
Φjet and the accretion disk luminosity Lacc,

log10 [Φjet/MBH] = 0.5 log10 Lacc + 34.4 (42)

(Zamaninasab et al. 2014) where Φjet is in G cm2, MBH

is in 109M⊙, and Lacc is in erg s−1. In Figure 13 I plot
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Fig. 13.— Correlation between magnetic flux divided by black
hole mass (Φjet/MBH) versus Lacc. The theoretical expectation
from jets launched from a Shakura & Sunyaev (1973) accretion
disk around a maximally rotating black hole (Equation [42]) is
shown as the dashed line while the line from my best fit is shown
as the solid line. The parameter Φjet is in units G cm2, MBH is in
units 109M⊙, and Lacc is in units erg s−1.

Φjet/MBH determined from Equation (41) using jet pa-
rameters from this work versus Lacc as found by Zaman-
inasab et al. (2014). I tested for the significance of the
correlation of these quantities (Table 3) and found strong
significance with the F-test, weaker significance with the
Spearman and Kendall tests. As Figure 13 demonstrates,
the best fit line does not agree with the model prediction
for jets launched from MAD disks from Zamaninasab
et al. (2014). The reason for this is not entirely clear,
but note that Equation (42) assumes that all the black
holes have spin a ≈ 1 and all accretion disks have an
accretion efficiency η = 0.4, neither of which may be the
case (Zamaninasab et al. 2014; Zdziarski et al. 2015).
Further, since B(1 pc) is correlated with Lext, (Section
4.3), the correlation between Φjet/MBH and Lacc may be
due to the mutual dependence of Lext and Lacc on dL .

Meyer et al. (2011) have introduced a scenario where
FSRQs have jets which essentially have the same Γ for
the whole jet length, and BL Lac objects have deceler-
ating jets. For BL Lac objects, as θ increases, one sees
slower parts of the jets with larger beaming cones. Their
scenario explains the discrepancy between low Doppler
factors found in multiwavelength SED modeling of FR
I radio galaxies and the high Doppler factors found in
modeling the multi-wavelength SEDs of BL Lac objects
(e.g., Chiaberge et al. 2000). Their scenario predicts that
θ is correlated with the peak frequency (νpk) of the low-
energy synchrotron component in the SEDs of BL Lac
objects. In Figure 14 I plot my determination of θ versus
νpk with νpk taken from Meyer et al. (2011) and the Third
LAT AGN Catalog (3LAC; Ackermann et al. 2015). The
correlation between θ and νpk is not significant in any of
my tests (Table 3). However, I note that the error on θ is
quite large, and there are only 11 BL Lacs in my sample,
and only 2 with log10[νpk/Hz] > 14.5. This test is clearly
not definitive.

It is expected in the BK model that there is an inverse
relationship between the jet Lorentz factor and opening
angle, i.e., that αΓ is a constant for all sources in the BK
jet model. This parameter is important for a number of

This is not consistent with my results.  May be due expression above 
assuming a~1 and η=0.4 for all sources.   
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•  I describe a method to determine parameters of parsec-scale blazar jets 
from observable quantities. 

•  I compute properties for 64 sources.   

•  Errors are large.  Errors dominated by error in core shift measurement 
and uncertainty in electron spectral index (p).  Variability is another issue. 

•  Properties are consistent with previous results.  Results are consistent 
with slow βapp for many TeV BL Lacs. 

•  Find little evidence for MAD-launched jets, or scenario of Meyer et al. 
(2011) (θ and νpk correlation for BL Lacs). 

•  A promising method for studying jets, especially if ways can be found to 
reduce errors! 


