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Abstract. We present Space-VLBI observations of the quasar Observations and data reduction

3C 395 which show evidence of the existence of a large b . . .
in the inner parts of its jet, close to the core. This bend wo:jgfe made continuum observations of 3C 395 with the VLBA and

explain why previous Earth-based cm-VLBI observationsAL.CA on May 1st 1998 at a frequency .Of 4'BG.‘HZ' The ob-
could not detect the ejection of new moving componentserw.ng bandwidth was 32 MHz.Two_tr_ackmg_statlons, Roble_zdo
as expected from flux density variability in this source. pain) and Green Bank (USA), participated in the observations

In general, the observational properties of the jet in 3C 3@5?;’?;?3;‘?5 :ifgﬁgzet?‘grzggofgﬁﬁcg Z‘;:?:Eg:ﬁ:ﬁgf
are heavily marked by the existence of bends on different Scalt%?%bugh a K’u-ba)llnd downlink, recording them on magnetic tapes
for later processing in a VLBI correlator. In Fig. 1 we display
Key words: galaxies: active — galaxies: individual: 3C 395 Lhe uv-coverage achieved in our observations to iIIus_t_rate the
galaxies: jets — radio continuum: galaxies improvementin angular resolution prowdgd by the_ orbiting an-
tenna. The correlation of the data was domabsentia by the
staff of the VLBA correlator in Socorro (NM, USA). After cor-
relation, we used the NRAO AIPS package to determine the
1. Introduction bandpass response functions of the antennas, to correct for in-
. N . . strumental phase and delay offsets between the separate base-
Flux densny variability at raq o wavelengths in the compa%tand converters in each antenna, to determine antenna-based
cores of radio lOUd.AGNS on “"_‘e s_cales of months or even ye?rri%ge corrections and to apply tteepriori amplitude calibra-
is generally associated with ejection of components in parse

scale relativistic jets (e.g. Valtaoja et[al.”1988). Such behav or

%%n. Data imaging in total intensity was finally performed with
has been observed in many radio sources (e.g. Pauliny-Toth gLIE_)lfmap pgckage (Shepherpl etal. 1994). . -
he imaging process consisted of two main steps: initially,

> . X
al.[[3EY) and is successiully reproduced by theoretical Wovrvlfe started mapping the VLBA data alone, i.e. without ground-

D1 €6 [e
eg. I—!ughes et al.139b1,0Enez et all 19.“'7)' I—_|owever, _theres ace baselines, atlow angular resolution by reducing the weight
are objects which, apparently, do not fit into this scenario. OB the longer VLBA baselines. Once a satisfactory low resolu-
of these, the quasar 3C 395 & 0.635), exhibits significant . S . i
. o - . 4 .. tion map of 3C 395 was obtained, the weight of the long base
le.( density variability which is clearly associated with activit ines was progressively restored to its original values, so that we
in its compact core (Lara et dl._1994. 1997); however, Ve; ally obtained a map with the VLBA alone at its maximum

Long Baseline Interferometry (VLBI) observations since 198arqgular resolution. In this process, we also derived accurate

showa;tanonary morphology,_ with no e_v_|dence of the_ ex_pectgF f-calibration solutions for the VLBA antennas. We then in-
correlation between flux density variability and the ejection @ . : : .
. Cluded data from HALCA in a second mapping step, improving
new jet components (Lara et al. 1997). . . ;
; . the source model at sub-milliarcsecond resolution and obtain-
In this paper we present new VLBI observations of the hiah uti f he whole d Finall
uasar 3C 395 at 4.8 GHz, made with the Very Long Baselihngq.al Igh resolution map from the whole data set. Finally, we
irra (VLBA) and th.e Ja a,nese satellite HALCA. These obsecr- librated the absolute flux density scale mapping the compact
y P ' calibrator source 0133+476, also observed during the experi-

vations not only take profit of the enhanced angular reso'”“%‘ent and with an assumed flux density of 2.50Jy at 4.8 GHz

of Space—VLBI, but glso of thg high sensitivity aqh|eved by th information obtained from the University of Michigan Radio
continuous observation of a single source at a single frequengc
with the VLBA. The new data shed light on the link between

éironomy Observatory (UMRAOQO) database).
flux density variability and the structural properties of 3C 395,
3. Results

Radio maps of 3C 395 are displayed in [Eig. 2, with angular res-
Send offprint requests to: L. Lara (lucas@iaa.es) olutions spanning a range from 10 to 0.3 mas.
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g JC9% at 4807 Brz 1996 Moy O1 ‘ . Table 1.VLBI components of 3C 395
2
Comp. S D P.A. L r iiJ
Ground-Ground T ] (mly) (mas) (deg) (mas) (deg)
. Baseline AL 124 0 0 059 <001 106
_r 7 A2 629 0.66 109 0.30 0.74 132
A3 245 1.57 126 0.58 0.71 160
C 48 7.60 118 8.70 0.22 118
. B1 51 15.18 117 2.45 0.47 170
e B2 235 1609 120 165 075 66
= °T 7 B3 72 17.60 119 5.63 0.65 116
= D 16 4853 125 7.39 0.80 53
. \ component and a jet-like feature. Such complexity within A
T 7  was suggested by Lara et al. (1997) after a three-baseline VLBI
test observation at 22 GHz. Component B also shows a rather
r : Grouqd-Space 1 complex structure at high angular resolution. Component C ap-
. Baselines pears resolved (Fifgl 2¢), and it is difficult to associate it with
Sk ‘ ! ‘ ! ‘ ! ‘ 4 any single feature, either moving or stationary.
400 200 0 ~200 —400 To obtain a quantitative description of the milliarcsecond
u(10°%) structure of 3C 395, we have fitted simple elliptical Gaussian

Fig. 1. uv-coverage obtained during the space-VLBI observations pr%gmponents to the visibility data using a least square algorithm

sented in this paper. The compact set of uv-data points correspond¥tilin Difmap. We needed a total of 8 components to satisfac-
ground — ground baselines. The outer tracks correspond to grouri@tly rgprgdu_ce the data; we did not attempt to f|.t the.br|ght-.
space baselines. The maximum uv-distance is 384 M ness distribution beyond component D along the jet, since this

extended emission only marginally affects the data from the
shorter baselines. The estimated parameters for each Gaussian
Fig[2a shows a low angular resolution map of the jet ilcomponent are given in Taklé 1, where we display the flux den-
3C 395. The brightness distribution is dominated by a strosgy (S), the angular distance from the westernmost component
double component, but the most remarkable feature at this re&a-(D), the position angle with respect to Al (P.A.), the length
lution is the existence of a very sharp bend in the jet at a distarafethe major axis (L), the ratio between the major and minor
of ~70 mas from the core. This bend links the compact structuaris (r) and the orientation of the major axig)( defined in the
with the extended emission observed at sub-arcsecond resehme sense as the position angle. The elliptical Gaussian com-
tion (Saikia et al. 1990; Lara et al. 1997). We can follow the jgionents have been plotted on [Fi. 4 for direct comparison with
up to a length of nearly 200 mas thanks to the very high sent$ie surface brightness distribution.
tivity of the VLBA. The jet at these large scales is not smooth,
but knotty. Two of these knots can be associated to componepts.. , ,
D and E in Lara et al[ (1997). The total flux density recovere% Discussion and conclusions
in our VLBI observations is 1.43 Jy. The launch of satellite HALCA in February 1997 has prob-
Fig[2b has an angular resolution similar to that of prevably marked an inflection point in the development of radio
ously published cm-VLBI maps of 3C 395 (Lara et[al. 1994astronomy. VLBI, continuously improving its sensitivity since
Leaving apart the weak component D, the radio structure canitseorigins in the sixties, has finally managed to break the hard
described in terms of three main components named A, B azwhstraints in angular resolution imposed by the limited size of
C, as in previous papers. Component A has been usually idére Earth. As a sample of the new capabilities of VLBI, our
tified as the radio core; component B appeared stationary withservations show that the milliarcsecond structure of 3C 395
respect to A and was interpreted as the result of a local béadather more complex than previously thought, with several
in the jet towards the observer; component C, between A afeditures which deserve special attention.
B, was claimed to be moving superluminally after VLBI obser- First, there is a sudden decrease in the surface brightness of
vations during the 80's (Waak et al. 1985; Simon et al. 1988#e jet after component A3, defining a sharp boundary between
but no clear evidence of motion was found in later observatiotiss component and the rest of the jet. Second, the jet posi-
(Simon et al. 1988b; Lara et al. 1997). tion angle between A2 and A3 is 137remarkably different
Figs[2c-d reveal that a simple description of the compatdom the position angle defined by components C and B (P.A.
structure of 3C 395 in terms of only three components is 1d.8°). These two facts argue towards the existence of a bend in
longer valid when observing with high sensitivity and resoluhe jet soon after component A3 in which the orientation angle
tion. Feature A is not a single component: it hosts the cod, the jet increases significantly with respect to the observer.
most plausibly at its western edge, but also a second strdigrd, as mentioned above, the emission between components
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Fig. 2a—d.VLBI maps of the jet in 3C 395 at 4.8 GHa,b correspond to the VLBA alone;,d correspond to the VLBA and HALCA. Dashed

lines and arrows help to identify equivalent jet regions in the different maps. In all maps contours are spaced by fd@tordoghtness, with

the lowest at 3 times the rms noise level. For each map we list the Gaussian beam used in convolution (mas), the rms noise lever {inJy beam
and the peak of brightness (Jy beﬁlm a Beam = 10<10; rms = 0.17; Peak = 1.01B; Beam = 2.5 2.5; rms = 0.24; Peak = 0.894;; Beam
=1.69x0.76 P.A. 31.2; rms = 0.35; Peak = 0.608; Beam = 0.6%0.31 P.A. 29.2; rms = 1.10; Peak = 0.415;

A and B cannot be easily associated with a single componerariability is related with the activity within component A (Lara
Nevertheless, in our Gaussian fit we have used only one coshal.[1997).
ponent to describe this emission in order to compare our results As noted before, flux density variability in the compact cores
with previous lower resolution observations and look for amyf AGNs is usually associated to the ejection of new travel-
evidence of motion, but the Gaussian component we obtairiig components along parsec-scale relativistic jets. According
very elongated, making any motion estimates very uncertaia.this idea, Fid.B suggests that new components should have
Moreover, attempts to model the complex structure of C webeen ejected from the core of 3C 395 in 1986, 1990 and 1993.
not conclusive, suggesting that the emission observed betwetawever, previous VLBI observations of 3C 395 do not show
components A and B might be related more to the underlying e expected correlation between flux density variations and the
hydrodynamics, rather than to a traveling shocked componegjection of new VLBI components. The Space-VLBI observa-
Another interesting aspect of 3C 395 is related to its vations presented here help us to understand this peculiarity: if
able flux density. In Fid.]3 we display the time evolution in théhere exists a large bend in the jet after component A3, it will
flux density of 3C 395 at 4.8 and 14.5 GHz since 1982. Thebe very difficult to correlate flux density variability within A
are variations of up to 30% in total flux density at both frequemvith structural variations beyond this component because rel-
cies. Monitoring the quasar with VLBI at several frequenciestivistic time-delay makes the time scales of these two events
and angular resolutions since 1990 shows that the flux densigry different. Moreover, the decrease in the Doppler factor
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Fig. 4. Space-VLBI image of 3C395 at 4.8 GHz with an approxi-

Fig. 3. Time evolution of the flux density of 3C 395 at 4.8 and 14.5 GH#nate determination of the jet ridge line (dashed line). The positions

obtained from the UMRAQ database. 8.4 GHz data, also availabledghthe bends which determine the observational properties of 3C 395

this database, have been excluded from this plot for the sake of claréige marked. The third sharp bend is out of this plot. Gaussian compo-

The dashed line represents the date of the observations presented Rgrés in Tablg]1 are also marked, except component D which lies out
of this plot.

after component A3 produces a large diminution in the flux

density of a possible moving component. 3C 395 requires syigknowledgements. This research is supported in part by the Spanish
milliarcsecond resolution to study structural variations withiRG!CYT (PB97-1164). It has made use of data from the University
A associated to flux density variability. Hence, previous VLB‘f?f Michigan Radio Astronomy Observatory which is supported by

observations did not have the necessary angular resolution unds from the University of Michigan. The National Radio Astron-
The ridae li f the iet of 3C 395 at milli d l'omy Observatory is a facility of the National Science Foundation
e rdge fine of the Jet o at miiarcsecond scalgg,q aied under cooperative agreement by Associated Universities,

can be traced from our maps (see Elg. 4) showing the Wiggl&s \we gratefully acknowledge the VSOP Project, which is lead by
and curvatures present in this twisted jet. We can conclude that japanese Institute of Space and Astronautical Science in coop-
the observed properties of quasar 3C 395 are heavily markedkation with many organizations and radio telescopes around the world.
three main bends which produce changes in the orientation of

the jet with respect to the observer, and hence changes in the

observed properties due to Doppler factor variations. The fiﬁ(te
apparent bend, close to the core and producing a departure 0
the jet direction from the line of sight, might be the reason whyomez J.L., Maiit].M., Marscher A.P., Itigez J.M., Alberdi A., 1997,
flux density flares are not directly followed by ejection of com- ApJ, 482, L33

ponents observable with ground cm-VLBI. The second bend Htghes P-A., Aller H.D., Aller M.F., 1991, ApJ, 374, 57

15 mas from the core, orients the jet back towards the observef&: L., Alberdi A., Marcaide J.M., Muxlow T.W.B., 1994, A&A, 285,

e s L Mo T, Abori .t 107, 15 105

. . auliny-Toth I.1.K., Porcas R.W., Zensus J.A., etal., 1987, Nature, 328,
component B. The third bend, at a distance of 70 mas from the ;5
core, produces a sharp deflection in the projected ridge linefixia p.J., Muxiow T.W.B., Junor W., 1990, MNRAS, 245 503
the jet, appearing to almost turn back upon itself. While the firgshepherd M.C., Pearson T.J., Taylor G.B, 1994, BAAS, 26, 987
two bends could possibly be consequence of a helically twistsighon R.S., Hall J., Johnston K.J., et al., 1988a, ApJ, 326, L5
geometry in the jet (which might explain also components oBimon R.S, Johnston K.J., Spencer J.H., 1988b, in The Impact of VLBI
served beyond B), the third large curvature would require a on Astrophysics and Geophysics, ed. M.J. Reid & J.M. Moran,
global bending of the helix. We note that the intrinsic effects of Kluwer Academic Publishers, 21
these bends are most probably highly amplified by a sharp ovétltacja E., Haarala S., Lehto H., etal., 1988, A&A, 203, 1
all orientation of the jet in 3C 395 with respect to the observer¥aak J.A., Spencer J.H., Johnston K.J., Simon R.S., 1985, AJ, 90(10),
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