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One point
• Number of faster blobs looks smaller
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Fig. 6.— Stacked maps of the CLEAN images at 22 (left) and 43 GHz (right) rotated clockwise by 18� with respect to the map center.
Contours start at 0.8 mJy per beam and increase by factors of

p
2. The displacements of several SSPs between adjacent epochs detected

at the finest SWD scales are shown with the arrows (see Section 4.3 for more details).

We assumed the minimum scale to be ⇡ 1/5 of the
beam size and maximum scale to be about one beam
size. We applied the SWD on three spatial scales of 0.2
(0.12), 0.4 (0.24) and 0.8 (0.48) mas and amended them
with the IWD on scales of 0.3 (0.18), 0.6 (0.36), and 1.2
(0.72) mas at 22 (43) GHz. We identify SSPs in adja-
cent epochs by using the MCC method with a tolerance
factor of 1.5 and a correlation threshold of 0.7. In the
MCC analysis, we search for velocity vectors with sym-
metric search windows of [�31, +31] mas/yr and [�18,
+18] mas/yr in a longitudinal direction relative to the
jet axis at 22 and 43 GHz, respectively. We used search
windows of [�10, +10] mas/yr and [�5, +5] mas/yr in a
transverse direction at 22 and 43 GHz, respectively. This
constraint is based on the maximum SWD/IWD scales
and the typical time separation between adjacent epochs.
We use velocity vectors of the SSPs matched in at least
four successive epochs for our further analysis. We ob-
tained the apparent speeds by fitting linear functions to
their separation from the core with time.

We note that we used symmetric velocity search
windows, while previous studies using WISE analysis
adopted asymmetric search windows in a longitudinal di-
rection (Mertens et al. 2016; Boccardi et al. 2019). The
reason for using asymmetric windows in those studies is
based on our prior knowledge that fast inward motions
are not physically realistic. However, at least for the
present study, we found that using an asymmetric ve-
locity search window can lead to biased results towards
detecting faster speeds. In Appendix B, we perform sev-
eral tests by using one hundred randomly shu✏ed im-
ages of the VLBA 1.7 GHz data presented in Section 5,
which provide us with a number of detected WISE vec-
tors and good statistics. We observed a systematic accel-
eration pattern with distance even for the shu✏ed data
set when we use an asymmetric velocity search window.
This indicates that an artificial acceleration feature can
be observed in the real data as well due to the asym-
metric search window. Thus, we used symmetric search
windows to ensure that the observed speeds and jet ac-
celeration result from real jet motions.

Also, we found that the statistical behaviors of the
real data and the shu✏ed data become significantly dif-
ferent when using the SSPs matched in more than four or
five successive epochs (Appendix B). This result implies

that false detection due to a chance alignment may be
suppressed in our KaVA WISE analysis that uses SSPs
matched in more than four successive epochs. However,
a number of jet motions are still detected in the ran-
dom data set when a length-chain of four or five succes-
sive epochs is used. This suggests that one needs to use
a longer length-chain such as seven or eight successive
epochs, if possible, to obtain robust results. Neverthe-
less, we had only eight epochs in total for the KaVA im-
ages and using such a long length-chain was not available.
Instead, we used a larger correlation threshold (0.7) com-
pared to the previous studies (0.6, Mertens et al. 2016;
Boccardi et al. 2019) for our KaVA data to reduce the
probability of false detection.

We found that our WISE results show a significant
dependence on di↵erent SWD/IWD scales at both fre-
quencies (see Appendix A for more details). This be-
havior was not clearly observed in the previous WISE
analysis of the VLBA data at 43 GHz (Mertens et al.
2016), nor in our WISE analysis of the VLBA data at 1.7
GHz (Section 5). The scale dependence is likely due to
the limited angular resolution of our KaVA observations
because the sampling interval of our data (⇡ 2 weeks)
is short enough compared to the previous studies (& 3
weeks, Mertens et al. 2016; Boccardi et al. 2019). Based
on this argument, we selected the results of the finest
scales, which provides the highest e↵ective spatial reso-
lution among di↵erent scales. Figure 6 shows the WISE
vectors detected at the finest scales. We found many
vectors having a wide range of speed from stationary
motions to fast outward motions up to ⇡ 2c.

4.4. Jet Apparent Speeds and Comparison with Other

Studies

We show the mean radial distances from the core
and the observed radial speeds of the jet components
obtained by the three methods in Table 2. We present
the apparent jet speeds in the left panel of Figure 7.
The apparent speeds, in general, increase from ⇡ 0.3c at
a distance ⇡ 0.5 mas to ⇡ 2.7c at ⇡ 20 mas. However,
there is non-negligible dispersion in the speeds at a given
distance. Many of the slower speeds come from the WISE
analysis. On the contrary, the speeds of the fast outward
WISE vectors are in good agreement with the modelfit
results. This may imply that the WISE analysis can

Park, Hada, Kino et al. 2019

See Komissarov & Falle 1997
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Many thanks for your participations, 
contributions & discussions!
Let us keep in touch & make our 
community more active.

We will prepare a next BH/jet workshop.




