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Abstract. We present the results of simultaneous VLBI obser-
vations of the quasar 3C395 at 2.3 and 8.4 GHz. Our maps show
two well defined components (A and B) together with a weaker
component in between (C2). The position of component C2 is
compatible with the position of a component observed at epoch
1986.9 (component C1). We can interpret this positional coin-
cidence i) assuming that component C2 and component C1 are
just the same one, and hence C2 is stationary, or ii) considering
that component C2 has travelled from the core to its current po-
sition, which now is coincident with the position of component
C1 observed in 1986.9. The latter interpretation is supported by
the total flux density evolution of 3C395. Based on this idea, we
also present a model for 3C395 and numerical simulations of the
time evolution of the emission of the compact structure at 2.3,
4.9 and 8.4 GHz which allow us to construct simulated maps
of 3C395. The model and numerical simulations also provide a
quantitative positional shift for the opaque core at 2.3 GHz with
respect to 8.4 GHz which helps us to construct a spectral-index
map of the source. Finally, our re-analysis of intermediate res-
olution VLBI observations at 0.6 GHz contribute to clarify the
behavior of the jet beyond the cm-VLBI structure.

Key words: galaxies: jets — quasars: individual: 3C395 — tech-
niques: interferometric — radio continuum: galaxies

1. Introduction

The radio source 3C395 (1901+319) is a 17th magnitude quasar
with a redshift of z = 0.635 (Hewitt & Burbidge 1987). Radio
observations at arcsecond scales show 3C395 as a compact un-
resolved core together with an extended component separated
by 0.6 arcseconds in position angle P.A. —57° measured north
through east. Polarization observations made with the VLA at
a frequency of 5 GHz (van Breugel et al. 1984) show that the
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extended component has a degree of polarization of 10% with
the electric vector along P.A. 10°, while the compact component
is 7.5% polarized with the electric vector along P.A. 70°. VLBI
provides the necessary resolution to study the details of the core
and shows it resolved in several sub-components (Phillips &
Mutel 1980; Johnston et al. 1983; Phillips & Shaffer 1983; Waak
et al. 1985; Simon et al. 1988a; Simon et al. 1988b). Two sub-
components have not changed their relative angular separation
for 15 years, while a third has been observed moving superlu-
minally between the previous two stationary components. This
situation is reminiscent of that found in the compact structure
of the quasar 4C39.25 (Alberdi et al. 1993). On the other hand,
unlike 4C39.25, the VLBI structure of 3C395 is directed in a
position angle almost opposite to that of the extended structure.
Intermediate resolution observations (Saikia et al. 1990) sug-
gest a sharp bending, possibly due to projection effects, of the
VLBI jet towards the extended structure. Such sharp projected
bends are unusual in extragalactic radio sources.

In this paper we present the results obtained from VLBI
observations carried out on November 1st 1990 at 2.3 and 8.4
GHz simultaneously. These observations have led to the first
high dynamic range VLBI map of 3C395 at 2.3 GHz and to
the first VLBI map at 8.4 GHz. We have also carried out nu-
merical simulations based on a relativistic jet model (Blandford
& Konigl 1979). With our simulations we intend to reproduce
the compact structure in order to obtain the basic physical pa-
rameters which are determining the synchrotron emission, and
understand the origin of the different jet components. These sim-
ulations also provide an approximate method for constructing
a spectral-index map of the source by comparing the position
of the peak of brightness of the core in our simulated maps at
2.3 and 8.4 GHz and shifting the observed maps according to
the model displacement of the core. We have also re-analyzed
previously published VLBI data of intermediate resolution at
0.6 GHz. The new maps help us to understand the behavior of
the jet of 3C395 beyond the structure seen with cm-VLBI
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Table 1. Calibration parameters

Station Diameter Tsy, Gain  Freq.
(m) K) (Ky) (GHz)
Effelsberg (Germany) 100 60 1.28 8.4
Medicina (Italy) 32 105 0.10 2.3
110 0.15 84
Noto (Italy) 32 130 0.09 2.3
180  0.09 8.4
Onsala (Sweden) 20 78 0.03 23
105 0.05 8.4
DSS65 (Spain) 34 45 0.17 2.3
25 0.23 84
Haystack (MA, USA) 37 225  0.03 2.3
155 015 84
OVRO (CA, USA) 40 145 021 2.3
142 0.15 84
VLA (NM, USA) 26 x 25 26 1.4 8.4

2. Observations

On November 1st 1990 we observed the quasar 3C395 simulta-
neously at 2.3 and 8.4 GHz in right circular polarization (RCP).
The following nine stations observed coordinated by the Amer-
ican and European networks: Effelsberg, Medicina, Noto, On-
sala, DSS65, Haystack, phased VLA, OVRO and the VLBA
antenna in Pie Town (see Table 1 for antenna characteristics).
The average observation time with each antenna was ~ 10 hours
except for DSS65, where we only had 1.2 hours. We made obser-
vations of the quasar 3C395 phase-referenced to the core of the
radio-galaxy 3C382 switching between the sources following
a suitable duty cycle of 9 minutes. The stations used the Mark
III recording system (Rogers et al. 1983), with a synthesized
bandwidth of 56 MHz (Mode A), except for VLBA-PT which
used a VLBA terminal and recorded a Mark III-compatible syn-
thesized bandwidth of 32 MHz. The total bandwidth was split
in two halves, allowing 28 MHz (or 16 for VLBA-PT) for each
frequency band. Effelsberg and VLA, which did not record at
S-band, only used 28 MHz.

We carried out the correlation of the data at the Max-Planck-
Institut fiir Radioastronomie (MPIfR) in Bonn, Germany. We
inserted compact and strong radio-sources (4C39.25, 0Q208,
1642+690, 3C345, BL-LAC) at the beginning, middle and end
of the observations to serve as fringe finders and as calibrators
for the proper correction of the fringe rate. The VLBA-PT, with
a rather new operating system which caused frequent format-
ter and clock problems at the time of the observations, did not
yield fringes. We finally exported the data in Caltech package
format for mapping purposes (Pearson 1991) and in a format
compatible with the program VLBI3 (Robertson 1975) for as-
trometric purposes. The astrometric results of this work will be
considered elsewhere.

We used measured system temperatures and gain curves, or
antenna temperatures, supplied by the individual antennas to
obtain an a priori calibration of the data. Table 1 summarizes

L. Lara et al.: The quasar 3C395 revisited: new VLBI observations and numerical simulations

the main parameters of the calibration. Subsequently, we derived
antenna-based calibration corrections in phase and amplitude by
means of the self-calibration technique (Cornwell & Wilkinson
1981). From the examination of the fringe amplitude at (u,v)
crossing points, we estimate that the systematic errors in the
final calibration of both data sets are of the order of 5-10%. We
have used VLBI hybrid mapping algorithms to obtain our final
images. We have also performed fits to the data using gaussian
models to obtain quantitative estimates of the flux densities,
positions and sizes of the source components.

3. Observational results
3.1. Observational history

During the last decade the quasar 3C395 has been observed at
different epochs and/or frequencies using VLBI arrays. Obser-
vations at wavelengths of 50cm (Padrielli et al. 1991), 18cm
(Phillips & Mutel 1980; Simon et al. 1988a), 13cm (Phillips &
Shaffer 1983), and 6cm (Johnston et al. 1983; Waak et al. 1985;
Simon et al. 1988a; Simon et al. 1988b) have contributed to the
idea of a quasar with a compact structure which essentially con-
sists of two stationary components, labelled A and B hereafter,
separated by a distance of ~15 mas along a position angle of
118°. Some of these observations also detected a knot, which we
shall name C1 hereafter, moving superluminally from the west-
ernmost component, A, towards the easternmost component, B.
The time evolution, through the different observing epochs, of
the position relative to component A and flux density of these
components are listed in Table 2. There are two different anal-
ysis of the data from epoch 1979.93 at 6cm: while the original
analysis by Johnston et al. is much more consistent with the
total flux density of the source at the observing epoch (1.85 Jy),
the re-analysis by Waak et al. resulted in a flux density of 0.42
Jy for the core of 3C395, and in a total flux density of 0.90 Jy
for the VLBI structure. The undetected 0.95 Jy were attributed
to the arcsecond scale structure (0.32 Jy) and to a possible low
brightness emission of ~0.5 Jy located at 20 mas from the core
along a position angle of ~ 50°, which has not been detected
in any other map. Nevertheless, Johnston et al. give a value too
high for the flux density of component B and do not detect any
emerging component from the core, while Waak et al. detect
component C1 for the first time at 1.2 mas from the core.
Component A has revealed itself to be a very active fea-
ture in 3C395: a strong variability in its flux density at 5 GHz
has been observed between 1979.9 and 1986.9. This fact, to-
gether with its flat spectrum and the detection of a component
possibly superluminally separating from it, has led to the iden-
tification of component A with the core of 3C395. Component
B, southeast from the core, has kept its relative distance from
the core constant since the very early observations. There are
slight variations in the distance between A and B from one fre-
quency to another which could be explained in terms of opacity
changes with the observing frequency. Additionally, component
B shows a steep spectrum in the range of frequencies spanned
by the existing observations. Finally, component C1, the su-
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Table 2. Evolution of 3C395

395

Date A Component  Flux Density  Distance PA. Reference
(cm) dy) (mas) (deg.)

1978.39 18 A 1.0 0 0 1
B 1.5 156+02 1185+05

1979.93 6 A 0.87 0 0 2
B 0.74 15.9 118

1979.93 6 A 0.42 0 0 4
B 0.38 15.6 118
Cl 0.09 1.2+03 118

1980.59 13 A ~0.8 0 0 3
B ~1.6 ~15 ~120

1983.26 6 A 0.64 0 0 4
B 0.40 15.6 118
C1 0.12 3.7£0.8 118

198492 18 A 0.33 0 0 5
B 0.94 15.1+0.1 118.6+0.5
C1 0.3 36+02 1175+35

1985.41 6 A 1.1 0 0 5
B 0.44 157+03 1184+ 1.1
C1 0.09 47+03 119.7+3.7

1986.89 6 A 1.2 0 0 6
B — ~15.3 —
Cl1 — 4.8 —

References: (1) Phillips & Mutel 1980; (2) Johnston et al 1983; (3) Phillips & Shaffer 1983;
(4) Waak et al. 1985; (5) Simon et al. 1988a; (6) Simon et al. 1988b

perluminal knot in 3C395, shows some peculiarities, namely, it
is placed between two stationary components and exhibits one
of the highest velocities reported in the literature (0.64 + 0.10
mas/yr, equivalent to a velocity of 13+2cassuming H, = 100 h
Km s~! Mpc~! and g, = 0.5). Nevertheless, this superluminal
motion does not seem to be uniform. The latter is especially crit-
ical if we consider the results from 1985.4 and 1986.9 (Simon et
al. 1988b). From these two epochs an apparent proper motion of
0.08 mas/yr can be derived for component C1, which is incom-
patible with the apparent proper motion previously reported by
Simon et al. (1988a).

3.2. Maps at 2.3 and 8.4 GHz

In Fig. 1a-b we present hybrid maps of 3C395 made at 2.3 and
8.4 GHz. We have found no evidence of the extended arcsec-
ond scale emission, which can be detected with the VLA or
MERLIN, since our VLBI array resolves it completely. We can
easily identify components A and B in Fig. 1. Nevertheless we
consider that the identification of component C1 is not straight-
forward, due mainly to undersampling caused by the long pe-
riod of time that has elapsed since the last VLBI observations of
3C395 (epoch 1986.9). Thus, an erroneous identification of this
component and consequently a wrong proper motion measure-
ment is possible. An additional difficulty for the identification
of component C1 in our maps comes from the fact that this com-
ponent was previously observed at 1.7 and 5 GHz but not at 2.3
or 8.4 GHz.

At2.3 GHz, component A appears almost unresolved, with a
particularly abrupt decrease in its flux density towards the west.
Component B, placed from the core at a distance of 15.3 mas,
similar to that of previous observations, appears resolved mainly
towards the east. There is also a fainter, and almost resolved,
emission to the east of component B that extends to the southeast
direction and which can be still detected at about 24 mas from
the core. Additionally, components A and B appear at 2.3 GHz
connected by a continuous bridge of emission. This emission
had not been detected in any previous VLBI image of 3C395
due to its steep spectrum, although there were some indications
of it in the 5 GHz image of Simon et al. 1988a. Our map at
2.3 GHz also shows clearly an additional component between
components A and B, which we shall name C2 in Fig. 1a.

The image shown in Fig. 1b is the first hybrid map of 3C395
ever made at 8.4 GHz. Component A, which we identify with
the core, appears as a bright and unresolved component. There
is a faint elongation, apparently emerging from A and directed
southeast, which resembles the emission of a new component
from the core. Nevertheless, several tests suggest that this struc-
ture could be the result of contamination of our clean map by
the primary sidelobes of the interferometric beam. Component
B is almost resolved out at 8.4 GHz, with a flux density much
lower than at 2.3 GHz. In contrast to the 2.3 GHz map, there is
no indication of emission between components A and B, except
for a very weak component which we tentatively identify with
component C2 on our 2.3 GHz map, and which appears close
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Fig. 1a and b. VLBI maps of 3C395 from epoch 1990.84. a Map at 2.3 GHz restored with a beam of 6.7 x 2.3 mas with the major axis along
P.A. —2°. The peak brightness is 1.2 Jy/beam and the total map flux density 2.6 Jy. b Map at 8.4 GHz restored with a beam of 2.1 x 0.6 mas
with the major axis along P.A. —2.2°. The peak brightness is 0.86 Jy/beam and the total map flux density 1.54 Jy. In both maps the contours

represent -1,1,2,4,8,16,32, and 64% of the peak brightness

to the position observed in 1986.9 for the superluminal compo-
nent C1. It is not clear whether this is pure coincidence or not. It
is important for any interpretation of the structure of 3C395 to
account for the strong deceleration suffered by component C1
between 1986 and 1987 and to explain the origin of the present
component C2.

3.3. Map at 0.6 GHz

In Fig. 2 we present a map made at 0.6 GHz, a result of a re-
analysis of previously published data kindly provided by L.
Padrielli. The observations date from June 1988 and correspond
to a series of snapshots, each of approximately half an hour dura-
tion. (For a detailed description of the observations and analysis
of the data see Padrielli et al. 1991). This map, which has been
cleaned deeply in order to extract the low level emission, clearly
shows a strong component corresponding to the now blended
components A and B. It is possible to trace the jet beyond the
compact structure seen in the higher frequency maps, and even
to determine its curvature towards the arcsecond scale structure,
supporting the interpretation of Saikia et al. (1990). It is remark-
able that, in order to fit visibility data from the short baselines,
we needed to consider the extended arcsecond scale structure.

3.4. Quantitative estimates

To obtain quantitative estimates of the flux density, positions,
and sizes of the components found at 2.3 and 8.4 GHz we have
fitted simple elliptical gaussian models to the visibility data
using a least-squares algorithm. A three component model pro-

vides the best fit to the visibility data at 2.3 and 8.4 GHz. The
results of the fit are summarized in Table 3, where for both fre-
quencies and for each component we display the flux density
(S), the distance from the core (D), the position angle (P.A.),
the length of the gaussian major axis (L), the ratio between the
major and the minor axis (r) and the orientation of the major
axis (¢), defined in the same way as the position angle. The er-
rors correspond to statistical standard errors. A question-mark
means that the error is undetermined, probably because the pa-
rameter considered is not sufficiently well constrained by our
data. From the flux density values in Table 3 we estimate the
spectral indices of the components of 3C395 at the epoch of
observation: a4 = —0.02 £ 0.03, ag = —1.05 + 0.09 and
acy=-19+0.6.

4. Discussion
4.1. The variability of the core of 3C395

The compact core of 3C395 exhibits strong flux density vari-
ability at 5 GHz between 1980 and 1987 (see Table 2). In fact,
the total flux density of 3C395 at the epochs of the VLBI obser-
vations shows an almost perfect correlation with the behavior
of the core, indicating that the variations in the total flux density
may be mainly explained through activity in the compact core
region (Fig. 3).

A flux density monitoring program on 3C395 at 4.8, 8.0 and
14.5 GHz developed since 1980 (Aller et al. 1985 and Aller
& Aller, private communication) reveals a remarkable increase
in the total flux density since 1983 followed by a decrease be-
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Fig. 2. VLBI map of 3C395 at 0.6 GHz from epoch 1988.4. This im-
age has been convolved with an elliptical gaussian beam of 29 x 7
mas with the major axis along P.A. —17°. The contours represent
-1,1,2,4,8,16,32, and 64% of the peak brightness of 0.86 Jy/beam. The
total map flux density is 2.6 Jy

tween 1987 and 1988. In view of this, and also considering that
the ejection of new components from compact cores of radio
sources may be correlated with events in the total flux density,
it is very attractive to suggest that a new component may have
been ejected from the core of 3C395 between 1983 and 1984.

In fact, Valtaoja et al. (1988) found as a general result that the
spectral shape and overall evolution of flux density flares fit well
with a model where the flares result from shocks in an adiabatic,
relativistic jet, as proposed by Marscher & Gear (1985). Such
shocks would propagate along the jet and would be eventually
detected as moving components. Finding or missing evidence
of changes in the VLBI structure may be due more to observa-
tional limitations rather than to a sharp separation into transient
flares and ejection of new knots. In 3C395, another increase in
flux density observed since 1988 could indicate that we might
be now in a situation similar to that of 1983-1984 and that a
new component could be in the process of ejection. However,
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Table 3. Gaussian fit parameters
Component S D PA. L r ¢ Frequency
dy) (mas) (deg) (mas) (deg) (GHz)
A 1.3440.04 0 0 1.1£0.2 0.8+0.3 13847 2.3
1.31£0.01 0 0 0.88+0.02 0.304+0.03  138+2 8.4
B 0.82+0.06 15.3+0.1 119.1+£0.5  3.5+0.8 0.6+0.1 162+13 2.3
0.21+0.01 155401 118.5£0.2 1.9+03 0.6£0.1 148+10 8.4
c2 0.244+0.06  4.6+0.6 111+8 3+1 0.3£? 9317 2.3
0.02+0.01  5.04+0.3 11543 1.4+£? 0.4+7 15047 8.4
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Fig. 3. Total and core flux density of 3C395 at the epochs of VLBI
observations at 5 GHz. For epoch 1979.9 we have considered the core
flux density given by Johnston et al.

our 8.4 GHz observations were made at a suitable epoch to de-
tect such a new component and we find no evidence for it. This
can be explained if i) we hypothesize the existence of some
unknown mechanism able to produce strong variability in the
flux density of the core not directly associated to the ejection
of components, and/or alternatively, ii) there is a delay between
flaring and component ejection. Strong and unresolved bends
merged within component A in 3C395 could provide suitable
mechanisms to produce such retardation. In fact, bends in the
vicinities of cores are a common phenomenon in compact radio
sources, frequently observed with mm-VLBI (Krichbaum et al.
1993).

The existence of bends in the proximity of the core of 3C395
is partially suggested from the elongation along ¢ ~ 140° of
the gaussian component which characterizes the core, which dif-
fers significantly from the position angle of components C1, C2
and B.
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4.2. Stationary component B

Considering the position of component B measured at different
epochs and frequencies, we have obtained, by means of a least-
squares fit, a limit to its motion relative to the core of —0.02 +
0.02 mas/yr (see Fig. 4). Thus, we confirm the stationary nature
of this component. Saikia et al. (1990) suggested that component
B, at an angular separation of ~ 15 mas from the core, is the
inflection point of the jet towards the arcsecond scale structure
seen with smaller interferometric arrays. However, our map at
0.6 GHz reveals that the jet extends much further out, ~50 mas,
in a position angle close to 130°, and then bends towards the
north. We interpret component B to be the result of a bend
in the relativistic jet towards the observer’s line of sight which
does not produce a significant variation in the observed position
angle of the jet. The stationary nature of component B is then
explained in terms of the curvature of the jet at a fixed position.
The slight variations in the position of component B relative
to the core could be mainly attributed to displacements of the
peak of brightness of the core. Indeed, the small decrease in the
distance of component B to the core reported by Simon et al.
(1988b) is probably caused by the same reason which caused
the deceleration of component C1.

Stationary components have been observed in other radio-
sources, as for example 4C39.25 (Alberdi et al. 1993) or
1803+78 (Schalinski et al. 1992). The interpretation of such
components as caused by bends of the jet towards the observer’s
line of sight underlines the lack of a need to classify these
sources as a special class of AGN.

4.3. Superluminal motion in 3C395?

The maps presented in Fig. 1a-b represent the first high resolu-
tion images of 3C395 after a gap of four years. For superluminal
radio sources this period of time makes it difficult to identify the
different components within the structure observed at different
epochs. If we consider component C2, its distance from the core
derived from the modelfit is quite consistent with the distance
of component C1 presented in 1986. This situation regarding
component C2 is still unclear since it could be component C1
observed in 1986.9 or a new component that has travelled from
the core to the current position during the time spanned between
consecutive observations (see Fig. 4).

If we admit the first option, we must think about a plausi-
ble mechanism able to convert a superluminal component to a
stationary one without any significant variation in its flux den-
sity, since the flux density of component C2 measured at 2.3
and 8.4 GHz is consistent with the flux density of component
C1 at 5 GHz (see Table 2), as deduced from spectral index in-
terpolation. Curvatures in the geometry of the jet, which would
produce changes in the velocity of moving components, would
also imply variability in the flux density due to the variation of
the Doppler boosting factor. Other mechanisms, like interaction
with a dense ambient medium capable of stopping a travelling
component, is likely to be incompatible with the high stability
of the jet, as seen in our 0.6 GHz map or in the 5 GHz map of
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Fig. 4. Time evolution of the position of the components observed
in 3C395 with respect to the core. Component B (x) has remained
stationary since 1978. Component C1 (O) shows a peculiar behavior
with superluminal motion (solid line) followed by a sharp deceleration
inepoch 1986. The extrapolated zero-spacing epoch for this component
is ~ 1978. For component C2 (e) we plot two lines corresponding to the
two possibilities presented in the text: i) the dashed line corresponds
to the assumption that component C2 and component C1 in epochs
1985 and 1986 are the same one, and ii) the solid line assumes that C2
moves with the same apparent velocity as C1 (i.e. 0.64 mas/yr). The
latter implies an extrapolated zero-spacing epoch around 1983

90 92

Saikia et al. (1990). These difficulties, together with the lack of
reported observations of stopping superluminal knots in other
radio sources, make this idea implausible. However, also com-
patible with the identification of component C2 and component
C1 in 1986.9 is the assumption that our component C2 is not
related to a superluminal knot. In this case, a mechanism similar
to the one which explains the stationary nature of component B
would be appropriate to account for the lack of observed mo-
tion of component C2. A helical jet trajectory could describe
this possible situation in 3C395, but it would not explain the ap-
parent superluminal motion measured between 1979 and 1985.

Another valid explanation compatible with the experimental
information acquired so far is our second option: If, as was
suggested above, a new component was ejected around 1983—
1984, then it could be tentatively associated with component
C2. The possible date of ejection and the current distance from
the core measured in our map at 8.4 GHz, 5.0 & 0.3 mas, would
imply an average superluminal velocity of 15+2c, which is also
compatible with the superluminal velocity previously reported
for component C1 (Simon et al. 1988a).

Moreover, the ejection of a new component around 1983
could also be the reason, as suggested by Simon et al. (1988b),
for the strong deceleration observed in component C1 between
1985.4 and 1986.9. Assuming that components C1 and C2 have
the same proper motion of 0.64 mas/yr, we can estimate the
flux density of component C2 at 5 GHz at epoch 1986.9 by
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considering the flux density necessary to produce a shift in the
peak of brightness of the unresolved “core-component C2” (flux
density 1.2 Jy) sufficient to explain the apparent decrease in the
velocity of component C1. Such calculations give a value of
0.5 Jy for component C2, and thus 0.7 Jy for the core. In its
favour are the facts that these values are consistent with the flux
density of the core in more quiescent epochs and the increase
seen in the flux density curves by Aller et al. However, under
these assumptions, the position of component C2 in 1986 should
have been far enough from the core (1.85 mas) to be detected
as an individual component with the array available in those
observations. This would be in agreement with the existence of
some kind of delay effect (bends in the jet?) in the ejection of
components.

If component C2 is a new component, where is the old com-
ponent C1? We know that as components move away from the
core in other superluminal radio-sources, their flux densities de-
crease, mainly due to the quasi-adiabatic expansion of the jet.
This may have occurred to component C1. Our map at 2.3 GHz
shows faint emission eastward of component C2 at a distance
of ~8 mas which could be tentatively associated with the old
component C1. This distance would imply a superluminal ve-
locity (0.6 mas/yr) compatible with the superluminal velocities
reported in previous works.

Future VLBI observations will allow us to follow the evolu-
tion of component C2 and to select between the two presented
options, namely, to identify component C2 with a stationary
component, probably caused by a bend in the jet, or to consider
components C1 and C2 as two different travelling knots which
move superluminally along the jet.

5. Numerical simulations

We have used a numerical code (Gémez et al. 1993a) which
computes the synchrotron emission from bent shocked relativis-
tic jets in order to model 3C395. This code considers an input set
of geometrical and physical parameters that can be iteratively
improved to make the model emission match the observations.
Our aim in the simulations, which we present here, is to pro-
vide a plausible and simple geometry for the jet and to explain
the origin of the different jet components. Although we still do
not have enough observational constraints to select between the
two proposed models for component C2, in the simulations we
have adopted the interpretation of two different shock waves, C1
and C2, travelling along the jet under the simplest assumptions
for the geometry and the kinematics of the components. This
interpretation is strongly suggested from the total flux density
evolution of 3C395. Nevertheless, if component C2 is confirmed
to be stationary, some modifications will have to be made to the
geometry, and hence to the physical parameters used in these
simulations. Thus, the derived numerical values of the different
parameters must be understood as plausible, giving indication
of the order of magnitude.

Considering the time evolution of the component C1, we
can estimate the main geometrical parameters of the jet trajec-
tory. The measured apparent superluminal velocity provides an
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upper limit to the deviation of the jet from the observer’s line
of sight, Oaz = 2tan™! ﬁ—al,; Since we do not have any mea-
surement of the motion of component C2, we will assume that
the new component travels with the same velocity as that re-
ported for component C1, namely 0.64 mas/yr (= 13.2c). This
superluminal velocity sets an upper limit of 8.7° to the angle to
the observer. We will also assume that this velocity is constant,
at least in those regions where moving components have been
observed. In this region we will assume a straight jet at 8° from
the observer’s line of sight. Beaming effects and such a favor-
able orientation of the jet would prevent the detection of any
milliarcsecond-scale counterjet in 3C395.

In order to simulate the stationary component B, we have
assumed a bend in the jet towards the observer at a projected
distance of ~15 mas. To reproduce the observed flux density
of this component, the jet must reach a maximum orientation
of 1° with respect to the observer. In this way, component B
is simply the result of the magnification of the radiation due
to Doppler boosting and its stationary character is guaranteed,
as long as the bend corresponds to a fixed physical position.
We have also assumed a narrow jet with a small opening angle,
0.2°; otherwise, adiabatic losses would prevent the formation
of component B, placed far away from the core (~0.5 to 1 Kpc).
The final geometry is shown in Fig. 5. For simplicity, we have
not considered any bends on the projection plane of the sky,
but just bends with respect to the observer’s line of sight. The
geometry in Fig. 5 is the simplest one capable of describing the
general features of the observations.

Once the geometry is fixed, we iteratively determine the
physical parameters that better reproduce the observed emis-
sion at different epochs and frequencies. To do that, we first
simulate the quiescent jet without shock waves, to which we
add the contribution from the different shock waves at different
epochs. In this way, we reproduce the flux density at 2.3 GHz
and 8.4 GHz , corresponding to epoch 1990.84 which we used
as a reference for the quiescent jet, within discrepancies of 10%
and 30%, respectively. Components C1 and C2 are interpreted
as shock waves travelling along the jet, both with the same ap-
parent velocity, vepp = 13.2c. This velocity and the geometry
correspond to §=0.9992, or equivalently I' = 25, for both for-
ward shock waves. To fully describe the shock waves, we have
also assumed that they are 3 parsecs in length and that only
70% of the inner jet radius is shocked (Gémez et al. 1993b).
Once we know the geometry and the velocity, we can determine
the evolution of the shock waves along the jet, and thus obtain
simulated maps at different epochs of observation. It is worth
noting that the parameters which best describe the observations
correspond to an optically thin core at 4.9 and 8.4 GHz; oth-
erwise, we would have an inverted spectrum core, contrary to
observations, and we would also have a large, and thus measure-
able, shift in the position of the peak of brightness of the core
with the frequency. In order to reproduce the core flux density
ratio between 2.3 and 8.4 GHz we have assumed that a new
component was in the process of ejection in 1990, as suggested
from the flux density curves of Aller & Aller (private commu-
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Fig. 5. Geometry of the jet of 3C395 used in the numerical simulations.
Only the VLBI structure (~ 16 mas on the sky) is considered

nication). This component should not be resolved at any of the
three frequencies we are considering.

The final set of parameters is displayed in Table 4. In Fig. 6
we present the simulated maps at different observing epochs
between 1979 and 1990 at the frequencies of 2.3, 4.9 and 8.4
GHz. '

The numerical simulations provide frequency dependent
core positions as a result of changes in the optical depth (Mar-
caide & Shapiro 1984; Gémez et al. 1993a). Comparing the
position of the peak of brightness of the core in our simulated
maps at 2.3 and 8.4 GHz in 1990.84, we find that they differ by
~ 0.7 mas. We can then shift both observed maps according to
this model displacement and compute the spectral-index map of
3C395 between these two frequencies (see Fig. 7). Since we as-
sume a straight jet in the vicinity of the core, we have performed
the displacement of the maps along the jet predominant position
angle, P.A. 118°. Additionally, in order to obtain a meaningful
spectral-index map, the flux density maps must have the same
resolution. Thus we have convolved both maps with the 2.3 GHz
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Table 4. Jet physical parameters®

Initial particle density per energy 10%e~ecm™erg”"!

Minimum energy of electrons O0.1erg

Total magnetic field, H 1.35 mGauss
Jet initial radius 0.16 pc
Electron energy spectral index 2.2

Jet flow velocity 0.990 ¢
Opening half angle 0.18°

Fraction of randomly oriented field 0.7

Evolution of H with 1/r 1.0

Redshift of the quasar 0.635
Azimuth observer angle 98°

“ As defined in Gémez et al. (1993a)

data beam. Finally, to minimize the contribution of noise in our
intensity maps to the final spectral-index map, we have con-
sidered 1% as the limiting meaningful contour in our intensity
maps.

Although this is a tentative method of constructing a
spectral-index map (the accurate way would be by means of
phase reference techniques, Marcaide & Shapiro 1984) we ob-
tain a plausible map which shows a flat spectrum core followed
by a steep spectrum jet. The differences in the spectral indices
of components B and C2 (component B is flatter than C2) can
be understood considering that the orientation of the jet towards
the observer and the physical parameters involved are different.
A favorable orientation of the jet produces an increase in the
optical depth, which turns into a flattening of the spectrum.

There are features in the map, for example the positive
contour in the southwest of component B, which are proba-
bly caused by artifacts of hybrid mapping or by the method
of constructing the spectral-index map. We have estimated the
uncertainty in the construction of our spectral-index map by in-
troducing different shifts to the flux density maps around the
previous shift of 0.7 mas. The spectral-index maps thus ob-
tained show consistent results if the shifts are within 0.4 mas.
Greater shifts produce implausible results, as for example, high
values for the spectral indices in the western side of component
B, or contours which are not normal to the axis of the brightness
structure. Such a configuration of the contours was suggested as
a useful criterion for making spectral-index maps by Marcaide
& Shapiro (1984).

Although our modelled maps can be readily compared with
the observations and reproduce the behaviour and spectral index
of components A and B, there are some difficulties which cannot
be overcome with our simple assumptions:

— There are serious discrepancies in the flux density levels at
epochs different from 1990.84, which we used as areference
in the simulation of the quiescent jet. Assuming a straight
jet in the vicinity of the core may be incorrect: possible
bends in the jet would distort the motion of the shock waves,
the time of ejection of the components from the core, and
consequently, the total flux density evolution. Furthermore,
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Fig. 6. Modelled maps of 3C395 obtained from numerical simulations. The 8.4 GHz maps are convolved with a beam of 2.1 x 0.6 mas with
P.A. —4° and the contours represent 4,8,16,32, and 64% of the peak brightness of 0.46 (1979.9), 0.46 (1983.3), 0.56 (1985.5), 0.46 (1986.9)
and 0.78 (1990.8) Jy/beam. The 4.9 GHz maps are convolved with a beam of 3 x 1 mas with P.A. —2° and the contours represent 1,2,4,8,16,32,
and 64% of the peak brightness of 0.80, 0.79, 0.89, 0.79 and 0.98 Jy/beam for the corresponding epochs. The 2.3 GHz maps are convolved with
abeam of 6.7 x 2.3 mas with P.A. —2° and the contours represent 1,2,4,8,16,32, and 64% of the peak brightness of 1.09, 1.06, 1.06, 1.09 and
1.04 Jy/beam for the corresponding epochs
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Fig. 7. Spectral-index map of 3C395 between 2.3 and 8.4 GHz corre-
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imum, zero, and minimum values of the spectral index are indicated.
Contour increment is Aa = 0.12

we have not considered any kind of processes that would
produce a time evolution of the physical parameters in Table
4 that we use in our simulations.

— We obtain too much emission between components A and
B. This may be due to the simple geometry that we have
assumed. Slight bends away from the observer’s line of sight
between these two components would produce a decrease
in the emission, but on the other hand would complicate
the geometry and the motion of the moving components.
In addition, we cannot compare the dynamic range of real
images with the “dynamic range” of simulations: while our
simulated images contain all the flux density of the source, in
real imaging we could be missing some low level emission.

— Our simulations show that in 1986.9, an inter-continental
array should have clearly resolved from the core a compo-
nent ejected in 1983-1984 moving with an apparent velocity
of 0.64 mas/yr. Nevertheless, this component was not de-
tected, although the core was slightly resolved towards the
southeast. Apart from the indetermination of the velocity
of component C2, we have assumed a constant velocity for
the shock wave, even at jet regions giving rise to the core
emission. Bends, again, would change this assumption, pro-
ducing significant variations in the date of ejection, and thus
in the results of our simulations.

6. Conclusions

We have observed the radio source 3C395 simultaneously at
2.3 and 8.4 GHz using VLBI techniques and have obtained new
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maps, which contribute to understand the compact structure and
kinematics of 3C395 after a period of four years without high
resolution information from this radio source. The maps that
we have presented i) confirm component B as stationary with
respect to the core component A, ii) show a component, C2,
between component A and component B, whose identification
as a moving component or as a result of a bend in the jet is still
unclear, and iii) show a continuous bridge of emission at 2.3
GHz between components A and B.

On the basis of simple assumptions, we have made numeri-
cal simulations of the compact structure of 3C395 based on the
computation of the synchrotron emission from bent shocked rel-
ativistic jets. We have found a geometry and a set of physical
parameters which reproduce the general features of the obser-
vations. We have assumed a straight jet in the region where
moving components have been observed, and a sharp bend to-
wards the observer’s line of sight which explains component B.
Looking for a scenario compatible with previous observations
and with the evolution of the total flux density of 3C395, we
have assumed the existence of two travelling shock waves: the
first, associated to component C1, detected and monitored in
observations previous to 1987, and the second, associated to
component C2, tentatively detected by us and presented in this
work. However, we do not rule out the possibility of component
C2 as the result of a bend in the jet. The identification of C2
as a new component is suggested by the time evolution of the
total flux density. However, further observations are required to
confirm its existence. In our simulations we have characterized
both shock waves with the same parameters and have obtained
simulated intensity maps that can be compared with the observa-
tions. The discrepancies between observations and simulations
strongly suggest the existence of bends in the vicinity of the
core. Highly sensitive observations at higher frequencies are
needed to test the existence of such bends. Such observations
would provide a deeper sight of the active nucleus of 3C395.

As an additional result derived from our numerical simula-
tions, we have obtained a displacement of 0.7 mas in the position
of the peak of brightness of the core at 2.3 with respect to 8.4
GHz. We have then taken advantage of such modelling result
and of simultaneous observations at two different frequencies to
construct a spectral-index map of the source, which is consistent
with a flat core and steep spectrum jet.

Furthermore, we have shown that the inflection point to-
wards the arcsecond scale structure is not associated with the
stationary component B but rather is located at a distance of
~ 70 mas from the core.
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