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Table 2. Characteristic statistic values of the γ-ray luminosity (in log-
arithmic scale, measured in erg/s) of the CJF sources detected in the
γ-ray regime by Fermi-LAT.

log (νLν)γ All QSO BL Var Non-Var
All z < 1

# 51 31 9 14 30 21
Average 47.26 47.45 46.09 46.32 47.41 46.83
Error 0.07 0.09 0.11 0.13 0.09 0.09
Median 46.63 46.91 47.19 45.44 46.73 46.60
Error 0.09 0.11 0.14 0.16 0.11 0.11
Max 48.58 48.58 47.50 47.15 48.58 47.64
Min 43.67 45.33 45.33 43.67 43.89 43.67

Notes. We use the flux between 1 and 100 GeV to calculate the γ-ray
luminosity. We give average and median values with uncertainties, max-
imum, and minimum values for the whole sub-sample, QSOs, QSOs at
z < 1, BL Lacs, variable, and non-variable sources. Given the small
number of RGs (five sources) detected, we do not calculate separate
statistics for that sub-sample.

QSOs at z < 1, at 5 and 30 GHz (single dish), at optical (V
band), and in the soft X-rays (data from Britzen et al. 2007b;
Taylor et al. 1996, and references therein). The γ-ray detected
sources are consistently more luminous in the radio and optical
regime, but are fainter in the X-rays. As we mentioned above,
up to soft X-rays the emission is thought to be produced by the
synchrotron mechanism, and therefore γ-ray detected sources
show a stronger synchrotron component than their non-detected
counterparts. This may in turn be linked to the putative inverse
Compton process that is usually employed to explain the produc-
tion of γ-ray emission in AGN jets. Conversely, γ-ray detection
of a source implies that the inverse Compton hump of its SED
is shifted toward higher energies compared with non-detected
sources. It is therefore to be expected that γ-ray detected sources
are actually weaker in the soft X-rays than their non-detected
counterparts. A larger sample of γ-ray detected sources, along
with a closely matched (in terms of luminosity and redshift) con-
trol sample, is required to test this scenario.

For the relative importance of the synchrotron and inverse
Compton components, we calculate the γ-ray-to-radio luminos-
ity ratio for the γ-ray detected CJF sources (see Fig. 2).

In Fig. 2 we show the distribution of this ratio for quasars and
BL Lacs (including variable and non-variable sources). BL Lacs
show marginally higher γ-ray-to-radio ratios than quasars, with
the BL Lac distribution peaking around 1.075 compared with the
quasar one peaking around 1.055. That we include both variable
and non-variable sources may influence our results. Given the
observational bias that sources classified as γ-variable are on av-
erage brighter than the non-variable ones and that there are more
variable BL Lacs than non-variable ones, the effect observed in
Fig. 2 may in part be due to the same observational bias dis-
cussed above. A two-sample K-S test for BL Lacs and quasars is
inconclusive as to whether their γ-ray-to-radio ratio distributions
are drawn from different parent distributions. An obvious caveat
for this comparison is that γ-ray and radio observations are not
contemporaneous.

4.2. Apparent VLBI jet component velocities and γ-ray
emission

We characterize the kinematics of the CJF sources by the max-
imum observed component velocity, βapp,max, of each source.

1.04 1.05 1.06 1.07 1.08 1.09
logLγ /logL5GHz

0

1

2

3

4

5

6

7

8

N

Quasars
BL Lacs

Fig. 2. Histogram comparing the distributions of γ-ray-to-radio lumi-
nosity ratios for BL Lacs and QSOs. We use γ-ray luminosities derived
from the Fermi-LAT photon fluxes given in the first Fermi-LAT source
catalog (Abdo et al. 2010a) and radio luminosities at 5 GHz derived
from single-dish energy fluxes from Taylor et al. (1996).

This maximum component velocity depends on both the orienta-
tion of the source (viewing angle) and the intrinsic properties of
the jet itself. We investigated whether the distribution of maxi-
mum apparent component speeds differs between γ-ray detected
and non-detected sources. For all CJF sources with available
redshift, Britzen et al. (2008) have calculated the apparent to-
tal component velocities for all identified components in their
VLBI jets. We identify the component with the maximum ap-
parent speed in each source and plot the distribution of these
maximum apparent speeds in Fig. 3, for γ-ray detected sources
(black line) and non-detected ones (gray blocks).

In the upper panel of Fig. 3 we plot the distribution of the
maximum apparent velocities for the 191 CJF sources that have
not been detected at γ-ray wavelengths (gray blocks) and the 45
sources that have (black line). The maximum of the distribution
for the non-detections is found in the [3.5, 7] bin. For the detec-
tions the maximum lies in the [0, 3.5] bin. As can be seen in the
inset of the upper panel (inset plots are normalized to the surface
area one, because we are interested in the relative distributions
of the two sub-samples), if smaller bins assumed, the maximum
of the γ-ray detected sources breaks down to two maxima in
the [0, 2] and [4, 6] bins. The non-detected source distribution
is peaked in the [4, 6] bin. γ-ray detected sources have a more
extended distribution toward higher velocities, and show a pos-
sible secondary peak in the [10, 12] and [12, 14] bins. A K-S test
between γ-ray detected and non-detected source βapp,max distri-
butions does not give a conclusive answer (93.7% confidence
that the two sub-samples are different).

In the middle panel of Fig. 3 we show the same plots as be-
fore, but only for those sources classified as quasars (same nota-
tion as before). The distribution here is markedly different from
before. Both populations (γ-ray detected and non-detected) have
their distribution shifted toward higher velocities, and peak in
the [4, 6] bin. The γ-ray detected QSOs show a possible sec-
ondary peak in the [10, 12] bin (secondary to primary ratio of
0.71) and again appear to show a higher fraction of the total
number of sources at higher velocities. Non-detected quasars
have a possible secondary peak in the [8, 10] bin (secondary
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Fig. 3. Distribution of the maximum apparent velocities βapp,max for sources that have been detected in the γ-ray regime (black line) and for those
that have not (gray blocks). We show the distributions for all sources (upper panel), quasars (middle panel), and BL Lacs (lower panel). The insets
show the normalized-to-surface-area unity distributions for each case and for apparent speeds up to 30c. We used the kinematic data from Britzen
et al. (2008).

to primary ratio of 0.8). The highest velocities for quasars are
found in sources that have not been detected at γ-ray wave-
lengths. A K-S test gives a low probability (of 95.4%) that the
two samples are significantly different. Similarly, in the lower
panel of Fig. 3 we show the distributions (absolute and normal-
ized) for BL Lac objects. Both γ-ray detected and non-detected
BL Lacs have their distribution maxima in the [0, 2] bin, with
γ-ray detected BL Lacs having a considerably more extended
distribution, that reaches higher velocities, compared with their
non-detected counterparts. Compared with quasars, the BL Lac
velocity distribution is shifted toward lower values. A K-S test
for the distribution of βapp,max for γ-ray detected quasars and BL
Lacs gives a 97.7% probabilily that they are drawn from differ-
ent parent samples. But the number of γ-ray detected BL Lacs
with available redshift and kinematic information is small and
therefore our analysis for BL Lacs is probably affected by low
number statistics.

We also calculated the average and median values of the
maximum apparent velocity for γ-ray detected CJF sources and

for those not detected (9.0 ± 0.8 and 8.8 ± 1.0, compared to
8.1 ± 0.4 and 6.4 ± 0.5, respectively). A Student’s t-test is incon-
clusive (49% for the null hypothesis). Another note concerns the
redshift distribution of the two sub-samples. The γ-ray detected
sources have a lower average redshift (0.967) compared with
their non-detected counterparts (1.175). It is known that there
appears to be a dependence between apparent velocity and red-
shift (as noted by Cohen et al. 2007; Britzen et al. 2008; Lister
et al. 2009a; Karouzos et al. 2011). This effect reinforces the
difference in average and median values seen between γ-ray de-
tected and non-detected sources and implies that γ-ray detected
sources indeed have higher maximum apparent velocities.

Finally, for the γ-ray detected sources we distinguish be-
tween quasars and BL Lac objects. We find that quasars exhibit
considerably higher average and median maximum apparent ve-
locities (10.8 ± 1.0 and 10.2 ± 1.2, respectively, compared with
6.1 ± 1.5 and 2.9 ± 1.9). Redshift effects may again have in-
fluenced our results. We selected those QSOs at redshifts lower
than 1 and calculated the βapp,max average and median values. We
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Fig. 4. Distribution of the maximum apparent velocities βapp,max for
γ-ray detected sources that are variable (black line) and for those that
are not (gray blocks). We used the kinematic data from Britzen et al.
(2008).

find that the sub-sample of local QSOs shows within the statis-
tical errors the same average values as the BL Lacs (6.9 ± 1.2),
but a considerably higher median value (6.1 ± 1.5).

In Fig. 4 we compare the βapp,max distribution of variable
(27 sources; average redshift zavg = 0.94 ± 0.09) and non-
variable (19 sources; average redshift zavg = 0.94 ± 0.10) γ-
ray detected CJF sources. Below we refer to γ-ray variability,
not taking into account possible variability in other wavelength
regimes. Non-variable γ-ray detected sources show a more ex-
tended distribution than the variable ones, reaching the highest
velocities (∼30c). Both distributions show their main maximum
in the [0, 3.5] bin. Variable sources show a possible secondary
maximum in the [10.5, 14] bin (with a secondary to primary ra-
tio of 0.86). A K-S test for the two distributions did not provide
a conclusive result.

As in the previous cases, we again calculated the statisti-
cal properties of the two sub-samples. Variable γ-ray detected
sources show a similar βapp,max average value to their non-
variable counterparts, within the statistical errors (7.9 ± 0.8 and
8.9 ± 1.7, respectively). When checking the median values how-
ever, the variable sub-sample shows a substantially higher value
than the non-variable one (8.6 ± 1.0, compared with 4.6 ± 2.1).
Both sub-samples show similar redshift distributions, therefore
we do not expect any redshift effect to influence our result.

In Fig. 5 we compare the βapp,max distributions of γ-ray de-
tected, variable quasars and γ-ray detected, variable BL Lacs
(left panel) and γ-ray detected variable quasars and γ-ray de-
tected non-variable quasars (right panel). These two sub-samples
(variable sources and quasar sources) are the largest of the differ-
ent γ-ray detected sub-samples (e.g., non-variable sources, BL
Lac sources, etc.) and were therefore chosen to check the differ-
ences between quasars and BL Lacs and their variability, in an
isolated manner.

We find that quasars (left panel of Fig. 5) show the maximum
of their distribution at higher values than BL Lacs ([3.5, 7] bin
compared to [0, 3.5]). Given the small number for each group
of sources, a K-S test was not applied. For variable and non-
variable sources the comparison is not straightforward (right
panel of Fig. 5). Non-variable γ-ray detected quasars show
a main maximum in the [0, 3.5] bin, lower than their vari-
able counterparts. However, they also show a more extended
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Fig. 5. Left panel: distributions of the maximum apparent velocities
βapp,max for γ-variable BL Lacs (black line) quasars (gray blocks). Right
panel: γ-variable (black line) and non-variable (gray blocks) quasars.
We used the kinematic data from Britzen et al. (2008).

distribution that reaches higher βapp,max values than their vari-
able counterparts. A K-S test gives inconclusive results (23%
probability that the sub-samples are the same). Small number
statistics, as well as the biased detection of bright sources as
variable, affect our results and therefore we cannot give a defini-
tive answer concerning the relative importance of the two effects.
There is evidence that γ-ray emitting, variable quasars show sta-
tistically higher apparent velocities.

The above analysis implies that there are two effects, which
are possibly dependent, that correlate with the jet kinematic
properties of γ-emitting AGN. These are the γ-variability and the
classification of the source (BL Lac or quasar). The latter can be
associated either to the difference in un-beamed luminosity be-
tween BL Lacs and quasars, or possibly to the difference in view-
ing angles (e.g., Lähteenmäki et al. 1999; Hovatta et al. 2009).
We cannot robustly decouple these two effects for the number
of sources available here. Given the available data, we do not
find any significant connection between γ-ray detection and fast-
moving jet components, as has been argued by other authors. We
rather see that the βapp,max distribution is more strongly depen-
dent on the type of object, i.e., BL Lac or quasar classification
(see Sect. 5 for a discussion on this).

4.3. γ-ray luminosities and apparent jet-component velocities

In the previous section we probed the putative connection be-
tween the apparent brightness of γ-rays and the jet kinematics –
i.e., the beaming mechanism, – as reflected in the differences be-
tween the βapp,max distribution of quasars and BL Lacs. Another
way to approach this is by looking for a possible direct correla-
tion between the apparent velocities measured in the AGN jets
and their γ-ray luminosity. This is shown in Fig. 6.

Apparently there is a correlation between the βapp,max of a
source and its γ-ray luminosity. Variable sources appear to clus-
ter closer to the implied trend, with non-variable QSOs devi-
ating the most. We find Spearman correlation coefficients of
0.68 and 0.77 (both at a significance of >99.999%), respec-
tively. Given the mutual dependence of luminosity and jet-
component apparent velocity to the redshift of a source, we also
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Fig. 6. Maximum apparent component velocities for all γ-ray detected CJF sources as a function of their γ-ray luminosity, for all sources (left
panel) and for high-significance values of βapp,max (right panels; see text for details). We distinguish between γ-variable (filled symbols) and non-
variable sources (open symbols), and between the different AGN classes, i.e., BL Lacs (circles), quasars (squares), and radio galaxies (diamonds).
We used the kinematic data from Britzen et al. (2008).

calculated the Pearson product moment partial correlation coeffi-
cients r(Lγ βapp,max, z)1. While for the whole sample we obtained
a relatively low partial correlation coefficient (0.43 at a signif-
icance of 99.8%), the correlation for variable sources persists
(0.68 at a significance of >99.9%). Given the expected degree
of scatter in the data, the correlation coefficients combined with
the calculated significance imply that the trend seen in Fig. 6 is
indeed true.

Some of the apparent velocities show relatively large er-
rors, therefore, in the right panels of Fig. 6, we plot only
sources for which βapp,max ≥ 3σ. We also separated the vari-
able sources from non-variable ones. Clearly the non-variable
sources show the most scatter. For the variable sources, we cal-
culated a Spearman correlation coefficient of 0.69 (at a 99.1%
significance level), which is lower than the coefficient we
obtained when fitting all sources. Calculating the partial corre-
lation coefficient for the same sub-sample gives a smaller cor-
relation coefficient (0.61 at a 98.1% significance). We also in-
vestigated the same correlation for individual classes of objects.
The strongest correlations are seen for both γ-variable BL Lacs
(partial correlation coefficient of 0.68 at 95.1% significance) and
quasars (partial correlation coefficient of 0.69 at 99.9% signifi-
cance). The differences between the different classes of AGN, as

1 For this we use the Web tool: Wessa P. (2008), Partial
Correlation (v1.0.4) in Free Statistics Software (v1.1.23-r6), Office
for Research Development and Education, URL http://www.wessa.
net/rwasp_partialcorrelation.wasp/.

well as between variable and non-variable sources reveal a com-
plicated picture. We discuss the robustness and implications of
our results more extensively in Sect. 5.

4.4. γ-ray and jet ridge-line properties

The currently accepted paradigm for the jet kinematics of
flat-spectrum sources (i.e., core-dominated AGN) includes su-
perluminaly outward-moving components, which are usually in-
terpreted in the context of a specific projected geometry com-
bined with relativistic effects, caused by the intrinsically high
speeds of the bulk flow. Recent detailed kinematic studies of
the parsec-scale jets of BL Lac objects (e.g., 1803+784, Britzen
et al. 2010a; 0716+714, Britzen et al. 2009; 0735+178, Britzen
et al. 2010b) have however revealed a rather different kinematic
scheme for their jets: BL Lac jet components are predominantly
stationary with respect to the core, but change their position an-
gle significantly, which essentially reflects an important trans-
verse component in their movement. In addition, their jet ridge
lines, defined as the line that linearly connects the projected po-
sitions of all components at a certain epoch, show significant
temporal evolution, at times forming very wide flow funnels. In
an accompanying paper we present a statistical investigation of
the jet ridge-lines of the CJF sources (Karouzos et al. 2011).
We are interested in investigating a possible correlation between
the jet ridge-line properties of a source and its appearance at γ-
ray wavelengths. We therefore briefly outline the method used
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Fig. 7. Example of the definition of the jet width for the source
0700+470. With arrows we show the components with the minimum
and maximum position angles at that epoch. The continuous line repre-
sents the jet ridge-line of 0700+470 (see the text for a definition) at the
same epoch. Map from Britzen et al. (2007b).

to analyze the CJF jet ridge lines. We can define three measures
that probe the apparent radial and transverse motion of the jet
ridge line of a source, (1) the jet ridge-line width, dP, (2) the
jet ridge-line width evolution, ∆P, and (3) the linear evolution
of the jet ridge line, ∆!. The dP is defined as the position angle
difference between the components with the maximum and min-
imum position angle at a given epoch, measured in degrees (see
Fig. 7 for an example). The ∆P is derived between two succes-
sive epochs as the difference between the jet ridge-line widths
at these epochs (measured in degrees per unit time). The ∆! is
derived as the sum of the linear displacements along the vector
of their motion of all jet components across all available epochs
(measured in parsecs per unit time and per component) and re-
sembles an average component apparent speed across all epochs.

We compared these three measures of the jet ridge line prop-
erties for γ-ray detected and non-detected sources. We find that
γ-ray detected sources show significantly wider jet ridge lines,
both in average and median values (16.9 ± 1.0◦ and 11.1 ± 1.2◦,
respectively), compared with the non-detected ones (13.6 ± 0.4◦
and 9.3 ± 0.5◦). A Student’s t-test gives a 97.6% probability that
the two average values are significantly different. The difference
between the two distributions is also clearly visible in the upper
panel of Fig. 8: the maximum of the jet ridge-line width dis-
tribution of the γ-ray detected (non-variable) sources is shifted
to higher values (in the [5, 10] bin) compared with their non-
detected counterparts (which have their maximum in the [0, 5]
bin).

Furthermore, γ-ray detected sources are found to show
stronger evolution of their widths in their average and median
values (4.7 ± 0.5 deg/yr and 2.5 ± 0.6 deg/yr, respectively) com-
pared with their non-detected counterparts (3.13 ± 0.18 deg/yr
and 2.26 ± 0.22 deg/yr). A Student’s t-test confirms at a 98.1%
confidence that the two averages are significantly different. In
the lower panel of Fig. 8 we show the normalized distribution of
the width evolution values for γ-ray detected and non-detected
sources. The γ-ray detected distribution is peaked in the [2, 3]
bin compared with the non-detected one, which peaks in the
[0, 1] bin.

We also distinguished between variable and non-variable
γ-ray detected CJF sources and investigated their jet ridge-line
width evolution in this context. Variable sources are found to
have significantly stronger evolving jet ridge-line widths at a 4σ
significance level in their average and median values (6.7 ± 1.0
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Fig. 8. Histograms of jet ridge-line apparent width, dP, and width evo-
lution, ∆P, for γ-ray detected variables sources (continuous black line),
γ-ray detected non-variable sources (dashed black line), and γ-ray non-
detected sources (gray blocks). Given the large difference in absolute
numbers, we plot histograms normalized to surface area unity. We used
data from Karouzos et al. (2011).

and 4.4 ± 1.2 deg/yr, compared with 2.4 ± 0.3 and 2.2 ±
0.4 deg/yr). A Student’s t-test confirms this result (at a 98.8%
confidence). In Fig. 8 (lower panel) we plot the distribution of
γ-ray detected variable and non-variable sources. The non-
variable source distribution is fairly confined to lower values,
whereas variable sources extend up to the highest values of width
evolution. This implies that viewing angle changes at parsec
scales of AGN jets are linked to variability in the γ-ray regime,
which reflects a possibly evolving jet at even smaller scales (con-
nected to the timescales associated with γ-ray variability).

We finally compare how the jet ridge-line evolves in linear
terms in γ-ray detected and non-detected sources, this time es-
sentially looking for a possible link between γ-ray brightness of
a source and its average jet component apparent speed instead of
the maximum apparent speed. The redshift distributions of the
two sub-samples are fairly similar. We therefore did not expect
any redshift-induced effects related to linear distances to influ-
ence our results. We find that in the average and median val-
ues the two sub-samples show similar values of the linear evolu-
tion (0.47 ± 0.03 and 0.40 ± 0.04 pc/yr/comp, respectively, for
the γ-ray detected sources, compared with 0.440 ± 0.020 and
0.377 ± 0.025 pc/yr/comp for the non-detected ones).

The same behavior is seen when comparing between γ-ray
detected variable and non-variable sources. The median value for
γ-ray detected variable sources is considerably higher than the
one for non-variable sources (0.43 ± 0.04 pc/yr/comp compared
with 0.291 ± 0.025 pc/yr/comp, respectively). This discrepancy
between average and median values implies a large scattering
within our data that may limit the robustness of our results.
Aside from that, we confirm our finding from before, i.e., that the
link between fast apparent jet speeds and the γ-ray detectability
of a source is questionable. Apparently some other effect may
play a more important role in defining the γ-ray properties of a
source although there are certainly indications that higher speed
sources are preferentially γ-ray emitters. Our results concern-
ing the apparent width and width evolution comparison between
γ-ray detected and non-detected sources imply that non-radial
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Fig. 7. Example of the definition of the jet width for the source
0700+470. With arrows we show the components with the minimum
and maximum position angles at that epoch. The continuous line repre-
sents the jet ridge-line of 0700+470 (see the text for a definition) at the
same epoch. Map from Britzen et al. (2007b).

to analyze the CJF jet ridge lines. We can define three measures
that probe the apparent radial and transverse motion of the jet
ridge line of a source, (1) the jet ridge-line width, dP, (2) the
jet ridge-line width evolution, ∆P, and (3) the linear evolution
of the jet ridge line, ∆!. The dP is defined as the position angle
difference between the components with the maximum and min-
imum position angle at a given epoch, measured in degrees (see
Fig. 7 for an example). The ∆P is derived between two succes-
sive epochs as the difference between the jet ridge-line widths
at these epochs (measured in degrees per unit time). The ∆! is
derived as the sum of the linear displacements along the vector
of their motion of all jet components across all available epochs
(measured in parsecs per unit time and per component) and re-
sembles an average component apparent speed across all epochs.

We compared these three measures of the jet ridge line prop-
erties for γ-ray detected and non-detected sources. We find that
γ-ray detected sources show significantly wider jet ridge lines,
both in average and median values (16.9 ± 1.0◦ and 11.1 ± 1.2◦,
respectively), compared with the non-detected ones (13.6 ± 0.4◦
and 9.3 ± 0.5◦). A Student’s t-test gives a 97.6% probability that
the two average values are significantly different. The difference
between the two distributions is also clearly visible in the upper
panel of Fig. 8: the maximum of the jet ridge-line width dis-
tribution of the γ-ray detected (non-variable) sources is shifted
to higher values (in the [5, 10] bin) compared with their non-
detected counterparts (which have their maximum in the [0, 5]
bin).

Furthermore, γ-ray detected sources are found to show
stronger evolution of their widths in their average and median
values (4.7 ± 0.5 deg/yr and 2.5 ± 0.6 deg/yr, respectively) com-
pared with their non-detected counterparts (3.13 ± 0.18 deg/yr
and 2.26 ± 0.22 deg/yr). A Student’s t-test confirms at a 98.1%
confidence that the two averages are significantly different. In
the lower panel of Fig. 8 we show the normalized distribution of
the width evolution values for γ-ray detected and non-detected
sources. The γ-ray detected distribution is peaked in the [2, 3]
bin compared with the non-detected one, which peaks in the
[0, 1] bin.

We also distinguished between variable and non-variable
γ-ray detected CJF sources and investigated their jet ridge-line
width evolution in this context. Variable sources are found to
have significantly stronger evolving jet ridge-line widths at a 4σ
significance level in their average and median values (6.7 ± 1.0
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Fig. 8. Histograms of jet ridge-line apparent width, dP, and width evo-
lution, ∆P, for γ-ray detected variables sources (continuous black line),
γ-ray detected non-variable sources (dashed black line), and γ-ray non-
detected sources (gray blocks). Given the large difference in absolute
numbers, we plot histograms normalized to surface area unity. We used
data from Karouzos et al. (2011).

and 4.4 ± 1.2 deg/yr, compared with 2.4 ± 0.3 and 2.2 ±
0.4 deg/yr). A Student’s t-test confirms this result (at a 98.8%
confidence). In Fig. 8 (lower panel) we plot the distribution of
γ-ray detected variable and non-variable sources. The non-
variable source distribution is fairly confined to lower values,
whereas variable sources extend up to the highest values of width
evolution. This implies that viewing angle changes at parsec
scales of AGN jets are linked to variability in the γ-ray regime,
which reflects a possibly evolving jet at even smaller scales (con-
nected to the timescales associated with γ-ray variability).

We finally compare how the jet ridge-line evolves in linear
terms in γ-ray detected and non-detected sources, this time es-
sentially looking for a possible link between γ-ray brightness of
a source and its average jet component apparent speed instead of
the maximum apparent speed. The redshift distributions of the
two sub-samples are fairly similar. We therefore did not expect
any redshift-induced effects related to linear distances to influ-
ence our results. We find that in the average and median val-
ues the two sub-samples show similar values of the linear evolu-
tion (0.47 ± 0.03 and 0.40 ± 0.04 pc/yr/comp, respectively, for
the γ-ray detected sources, compared with 0.440 ± 0.020 and
0.377 ± 0.025 pc/yr/comp for the non-detected ones).

The same behavior is seen when comparing between γ-ray
detected variable and non-variable sources. The median value for
γ-ray detected variable sources is considerably higher than the
one for non-variable sources (0.43 ± 0.04 pc/yr/comp compared
with 0.291 ± 0.025 pc/yr/comp, respectively). This discrepancy
between average and median values implies a large scattering
within our data that may limit the robustness of our results.
Aside from that, we confirm our finding from before, i.e., that the
link between fast apparent jet speeds and the γ-ray detectability
of a source is questionable. Apparently some other effect may
play a more important role in defining the γ-ray properties of a
source although there are certainly indications that higher speed
sources are preferentially γ-ray emitters. Our results concern-
ing the apparent width and width evolution comparison between
γ-ray detected and non-detected sources imply that non-radial
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γ-CJF sources: 

larger 
apparent 

widths 
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stronger 
changes in 

their apparent 
widths 



Conclusions 

•  We find no strong link between fast jets and γ-

detection 

•  AGN class and γ-variability are connected to jet 

speeds 

•  A correlation between γ-luminosity and βapp,max 

is found (stronger for γ-variable sources) 

•  γ-detected sources show apparently wider and 

more strongly changing jet-ridge lines 



Implications 
Why the difference with previous studies? 

•  Different observing frequency (5GHz vs. 15GHz) 

à implies different emission properties @ different 

scales 

à spine/sheath models 

•  Different (coarser) sampling of kinematics 

à fastest components missed 

à (but) parent sample kinematics not so different 

Side note: 
BL Lacs preferentially detected BUT show intrinsically different 
kinematics (see Karouzos+12a,b) 
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