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Context

Blazar S5 0716+714 is one of the most active sources in the class. NevestR4lE&| kinematic
studies of its jet have yielded controversial results: one kinema#inas® suggests apparent

speeds of up to 2Z0(Bach et al. 2005, Jorstad et al. 2001), and the other suggests stationary jet

with precessing ridge line (Britzen et al. 2010). We believe to havevegdahis dichotomy.

Observations

We have analyzed five epochs of multi-frequency (5, 22, 43 and 86 GHz) VLBA obesivaf
0716+714 made in 2004. At 5 GHz, one additional epoch of observations was addediaid
set, and at 86 GHz only two epochs were analyzed. Observations wassl@art approximately
once a month in February-August 2004, when the source was in the activfstagsful optical
flare was observed in March 2004).

Observations at different frequencies allow us to sample jet of thecsa@ltrdifferent spatial
scales: 22-86 GHz sample first milliarcsecond near the VLBI core whil&ls @obe outer jet
at the distance of 1-12 mas from the core. Difference in the resolution ertdand 5 GHz is
about 10 times. It is demonstrated in Fig. 1.
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Figure 1. Contour maps of the 0716+714 at 43 GHz
(black), 22 GHz (violet) and 5 GHz (blue) at the same
epoch are overlaid with each other to show difference
of the jet size at different frequencies. It is due to both
the fact that the jet is optically thin and the resolution
effect. Size of the clean beam for each frequency is
shown as a cross under the image with the same colour
code for resolution comparison.
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Data reduction

Our aim was to identify jet components as precisely as possible. Densesaimpling gave us
an advantage in the cross-identification of components between different e#8&122 GHz
data have very similar image resolution and probes virtually the santialsgion (inner jet).
It allows us to identify the same jet components at several (3 or 2) fretggesimultaneously
and thus determine their positions more accurately. For the higher frequerciesed standard
CLEAN-selfcal loop in Difmap for imaging, and modelfitting with circuf@aaussian components
for kinematic studies. More detailed discussion of the analysis could be folRastorgueva et
al. 20009.

For the outer jet we had only 5 GHz observations. At lower frequency jet hasatk structure.
We independently used three imaging methods which were based on differenvdietion al-
gorithms: conventional method, based on difference mapping with the CLEAN wa&aaon
(Hogbom 1974), AIPS task VTESS based on the Maximum Entropy Method (MEM, Jaynes
1957, Frieden 1972) and VLBImager package based on difference mapping with lizexdera
MEM (GMEM) deconvolution method (Baikova 2007). The last one is a new packagador
VLBI data reduction. GMEM method is designed for the reconstruction of sigiadarfunc-
tions, it searches for the maximally smoothed image subject to theramsstand gives unbiased
solutions. Modelfitting with circular and elliptical Gaussian composdrave been performed
within each method for studies of the jet kinematics. More detailecuds=on of the methods
use and comparison of their results you can find in the recent paper by Rastorgake\zDéO0.

Results: inner jet

In the inner jet, we have fourttiree fast components with apparent speeds up to 2&nd one

stationary componentnear the core. Their proper motions and apparent speeds obtained at both

43 and 22 GHz are lister in the Table 1. Note good agreement between thoss. vdfe used
43 GHz as a reference frequency since those maps have highest resoligidhisHllustrating
component motion along the jet.

Comp. p, 43 GHz i, 22 GHZ By, 43 GHZ Byyp, 22 GHz, ¢
name| mas/yr | mas/yr C C
C5 /1.01+0.09 1.114+0.13 19.4+-1.7 21.3t2.5
C6 |1.04+0.070.98+:0.04 16.9+-1.6 18.9+-0.8
C7 /0.44+0.04 0.76+:0.14 8.5+0.8 14.6+-2.6
C8 /0.00+0.01 0.12+0.02 - -
| 43 GHz s @
86 GHz e )
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Separation from the core, mas

0 L L L L | L L L | 1 L L | L L L L | L L L L | L L L

2004.1 2004.2 2004.3 2004.4 2004.5 2004.6 2004.7
Epoch, yrs

Figure 1. Linear fit to the component positions at different epochs, represe¢hamgoutward
motion along the jet. Components identified at 22 GHz are shown in red colo@iH43n blue
and 86 GHz — in violet. Yellow colour shows the stationary component C8 whigchly 0.1 mas
from the core. C8 positions and fit are shown as found from the 43 GHz data.

Results: large-scale jet

For the large scale jet three imaging methods yielded three kinematiarsz® We analyzed and
carefully compared them, details of this study is to be published in the bgpgRastorgueva et
al. 2010. Combining results of all three methods, we found thattiye-scale jet of 0716+714

IS stationary and contains four componentgnamed CO, C1, C2 and C3). Spatial accuracy of
the method combination is 1.16 mas, and so Is the uncertainty of the positenmdition for
each of the stationary components, which approximate values could be foundlalee?.

Comp. namecore separation, mas
CO 11.5
Cl 4.6
C2 3.0
C3 1.6
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Results: large-scale jet (cont.)

Fig. 3 represents results of the combination of all three oaghvhich we used to study kinemat-

15 fvrEss £ Figure 3. Combination of all three methods, discussed
A 77 In Rastorgueva et al. 2010. All components, obtained
% %z ) %Q ? with different methods, which are falling inside the

same shaded area are considered to be corresponding
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0 8§ % to the same jet component.
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Also we cross-identified one component (C4/KS5) between 5 81#PRAGHz. We believe that
due to the lower resolution of 5 GHz images C4/KS5 (5 GHz) is adb®ENC5 and C6 (43/22
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Figure 4. Component C4/KS5 at 5GHz likely corre-
sponds to the blend of components C5 and C6 at 43/22
GHz. They are obviously located in the same area of
the jet and have similar speeds.
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Conclusions

In the jet of blazar 0716+714 we observe two dynamically diffieent regions: fast inner jet
(0 — 1 mas, apparent speeds up to 2pand a stationary region (1.6 — 11.5 mas)There is a
transitional area between those two regions, where compoasntkely deceleratedwWe did
not find any substantial non-radial motion of the ridge of the jet, however, we noticed that
jet slightly changes its direction, which could be seen inRige 1: large-scale jet is pointing
closer to the north direction than the inner one. This, togeth#h the wiggling component
motions found in the inner jet (Rastorgueva et al., 2009) antbetaty nature of the large-scale,
jet suggests that it hasleelical structure. However we do not have enough data points yet to
fit a helix and to determine its parameters. Future multi-fesqy VLBI monitoring for a longer
time and with possibly denser time coverage is needed in eodsetermine 3D structure of the
jetof 0716+714.
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