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structure of the jet may be explained by a relativistic alitow in a heterogeneous, clumpy
ISM.
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1. Introduction

The quasar 3C 309.1 belongs to the class of Compact Steep-Spectr@nrédi® sources,
which includes objects with projected linear size20 kpc and steep radio spect@m £ 0.5, S[J
v~9) [[4,[L3]. Their fraction is high — up to 30% depending on the selectiorufiaqy. CSS sources
are identified with quasars, radio galaxies and Seyferts and the morjdablsgparation between
CSS quasars and galaxies — similar to that observed in the case of largggsse has been found:
radio galaxies have simple double radio structures, whereas quasareiher triple structures
with a strong central component or complex structures([17, 4].

3C 309.1 is one of the most luminous object in the classsun, = 8 x 1078 WHz 1) and its
radio structure has been studied with the VLA, MERLIN and the VUBI[T3,[@.(L2]. The overall
extent of the source is’2 which translates to 80kpdor the redshifiz= 0.905 [3]. This quasar
appears as a triple source in the VLA and MERLIN images. There is a dotrieatral compact
region, a curved, one-sided, 1 arcsecond-long jet emerging to thevifashe hot-spot at the end
and a low surface brightness component with extended north-souttuséuc

2. Observations

We observed 3C 309.1 with HALCA at 1.6 GHz on 19 December 1997 an@&Hz on 11
May 1998. We used all VLBA stations in both experiments with the addition of &ofet 70 m
radio telescope at 1.6 GHz and two EVN stations (Effelsberg andiJatul.8 GHz. The data from
HALCA satellite were received by the tracking stations at Goldstone, TidlzEirdnd Robledo.
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Figure 1: Large-scale VLBI map of 3C 309.1 at 1.6 GHz.

1We assume a cosmology witly = 75kms I1Mpc~1 Qu = 0.3, Q5 = 0.7
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Figure 2. The composition of VLBI and VSOP maps of 3C 309pper left the inner part of the jet at
1.6 GHz.Upper right the VSOP map at 1.6 GHLower left the VLBI map at 4.8 GHzLower right the
VLBI map at 15.4 GHz. The main components are marked in th€sH& map. The superluminal feature
C1is marked in the VLBI 15.4-GHz map.

Clear fringes were found to HALCA at both epochs. We also carriedh®uiVLBA observation at
15.4 GHz on 1 September 2002. The data were globally fringe fitted andatalibin a standard
way with AIPS. For the experiments including HALCA, we produced imagesfth: all the
data and ground-based baselines only. The resulting images of 3C 8@@resented in Fig.1 and
Fig2 . We have labelled four main components of the jet as C (core), Jhdl®a

The ground-based map at 1.6 GHz (fig.1) shows a complex jet structdnereviously un-
detected features at some distance from the core C. The J5 compofiéritd the core at
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Figure 3: The spectral index mapkeft between 1.6 and 4.8 GHRight between 4.8 and 15.4 GHz.

P.A~ —75°) is connected with the bend of the jet visible on the MERLIN mdp} [12] wiserea
HS (098 at P.A~ —90°) and BF (1 at P.A~ —100) are probably a hot-spot and a backflow, re-
spectively, similar to those observed in the standard FR Il radio lobesinfiee part of the jet is
dominated by components C and J2, which have similar brightness at 4.6 @Hzeanonnected
by a smoothly curving jet. There is a bright spot J1 of emission inside thisp#re jet. Compo-
nents J2 and J3 are embedded in large regions of emission also detectedongpobservations
[[]. The jet extends about 80 mas at P-A-155, rapidly changes its direction to PA—45> and
extends another 110 mas as seen on the ground-based VLBI map atA(6iGH).

3. Resaults

The maps of the spectral index between 1.6 and 4.8 GHz, and betweerd4l8.4riGHz are
shown in FidB. We noticed that the flattening of spectral index of the jet inezad with the
increase of brightness. This could be an artifact introduced duringetthéction process but a
physical connection with the change of the jet direction is also possiblee lissume a stable
helical path model[[10] this effect could easily be explained by the ineceheaming factor and
supports the idea of a stable jet path. Components J2 and J3 are those oégie flow where the
local velocity vector is close to the line of sight. Theoretical studies of Kalafmholtz instabil-
ities in the relativistic jets have shown that they are able to create stable helftzdd$]. It has
been suggestefl 15] that the origin of the infrared radiation is in the #2&0 pc, thus the helical
part of the 3C 309.1 jet is placed in a very dense medium. We discoverddtigiséic motion
of the new blob C1 by comparing our map obtained at 15.4 GHz with the MOJAG[EG data
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Component | Tg[K] (1) Fh/Fx
C 2.6x 10t 10
J1 7.6x 108 <105
J2 1.8 x 100 <105
J3 7.9x 108 <105

Table 1: The brightness temperature and the ratio of predicted terabd X-ray flux for main components.
Note: (1) We used maps at 4.8 GHz.

[B, 3], and found C1 apparent angular separationpate0.15-+ 0.02magyr which corresponds
to Bapp= 7.0+ 0.5¢c. Such a behaviour was already suggestef in [10] prid [14]. No eHartge
position of component J2 relative to the core was detected. We derivddogyger factor using
the estimated synchrotron self-Compton X-ray flux. The self-Compton 8mbe predicted based
on the angular size of the componeftsthe synchrotron flu¥; at frequencw;, and the Doppler
factor 6. By comparing the observed and the predicted self-Compton fluxes ongecized in
the case of moving sphere according to the formla [5]:

1/(4+2a)

In(vy/vr) (1+72) 3.1)

5 = f(a) FI‘ FX 6r6+4a V)((:r Vr5+3a

whereF, andvy are X-ray flux and frequencyy is the synchrotron high frequency cut-off (assumed
to be 184Hz), a is the spectral index of optically thin synchrotron emission &fml) ~ 0.08a +
0.14. Knowing the above, we estimated the Lorentz fagtwhich corresponds to the bulk velocity

of the emitting plasmg, and the angle between the line of sight and the direction of the bulk
velocity (y = 1.5, ¢ = 15°5). To evaluate these, we used the data from the Chandra archive,
Fo_10kev = 9.83x 10-8Jy obtained on 28 January 2002][16]. As the epochs of the Chandra an
the VLBA observations at 15.4 GHz were close, we choose these to dalch&aratios of the
predicted to the observed X-ray flux for each main component. Theyrasemted in Taf.1 along
with the brightness temperatur@sderived from 4.8 GHz maps. If we assume that the orientation
of the central engine is similar to that of extended structures visible in the VIdAERLIN maps
then the overall size of 3C 309.1 would BeB0kpc. Thus, it is plausible to assume that 3C 309.1
is a small FR Il radio galaxy oriented close to the line of sight and is similar to 8421
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