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ABSTRACT

Aims. The aim of the present work is to study the radio emission on the parsec scale of 4C 26.42, the Brightest cluster galaxy in
Abell 1795, in the framework of radiosources in a dense cool core cluster.
Methods. We present Very Long Baseline Array (VLBA) observations at 1.6, 5, 8.4 and 22 GHz. We performed a spectral index and

multiepoch analysis.

Results. The source appears two-sided with a well defined and symmetric Z-structure at ~5 mas from the core. The kiloparsec-scale
morphology is similar to the parsec-scale structure, but reversed in PA, with symmetric 90° bends at about 2 arcsec from the nuclear
region. Comparing data obtained at 3 different epochs we derive a 30~ limit to the apparent proper motion of 8, < 0.04. We suggest
that the parsec-scale jets are sub-relativistic, in contrast with the high velocities found for most low-power radio galaxies. The origin
of the unusual radio morphology remains a puzzle. We suggest that the identification of the parent galaxy with the central cD in a
cooling cluster plays an important role in the properties and structure of the jets.

Key words. cooling flows — galaxies: clusters: individual: Abell 1795 — Galaxy: structure — radio continuum: galaxies —
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1. Introduction

Studies of central cluster galaxies show that amorphous and/or
distorted radio sources are typical of the cooling cluster envi-
ronment (O’Dea & Owen 1987; Taylor et al. 1994). Recently,
using the high resolution imaging capabilities of the X-ray satel-
lite Chandra, the interaction between the hot gas and the radio
plasma in cooling clusters has become clearer, and it is now
accepted that the intracluster gas and the central radio galaxy
profoundly influence each other. Examples include Hydra A
(McNamara et al. 2000) and Perseus A (Fabian et al. 2000). In
both cases, there is an anti-coincidence between the radio lobes
and X-ray emission. In particular, the kiloparsec radio lobes
are located in X-ray cavities. Moreover Baum & O’Dea (1991)
demonstrated that the central radio sources can arrest or slow
down the cooling process. The central AGN can inject into the
intra-cluster medium (ICM) an amount of energy comparable to
that lost by the cooling X-ray gas.

High rotation Faraday measures (RMs) are frequently found
toward radio sources at the centers of cooling core clusters. This
is a direct consequence of the thermal gas and cluster magnetic
fields present in the ICM. The detection of molecular gas (e.g.,
CO) and H,, emission confirms the presence in the ICM of dense
cold gas as well. Baum & O’Dea (1991) and Sarazin et al. (1995)
discussed a possible interaction between the radio sources and
the cooling flow. For example, the disruption of the radio jets
can be the consequence of the high-pressure ambient gas, which
also explains the plume-like features of some sources.

* Greg Taylor is also an Adjunct Astronomer at the National Radio
Astronomy Observatory.

At parsec-scale, there are well known sources in cooling core
clusters like Hydra A (Taylor 1996), 3C 84 (Taylor et al. 2006a),
PKS 1246-410 in Centaurus cluster (Taylor et al. 2006b); and
PKS 2322-123 in A2597 (Taylor et al. 1999). All but one of
these (PKS 1246-410) show two-sided structures and mildly rel-
ativistic jets. This is in sharp contrast to the predominately one-
sided parsec-scale jets found in most low power radiogalaxies
(Giovannini et al. 2001).

The radio galaxy 4C 26.42 (B2 1346+26) is identified with
a very luminous (M, = —23) cD galaxy at z = 0.0633. This
cD galaxy is the brightest member of the rich cluster Abell 1795.
In X-rays, A1795 shows a relaxed structure and it is one of
the most powerful clusters of galaxies known, with a luminos-
ity of ~8.5 x 10* erg s7! in the 0.5-4.5 keV band. A more
recent Chandra study of Ettori et al. (2002) indicate that the
central 200-kpc region is undergoing significant cooling with a
gas mass deposition rate of about 100 My yr ~! in the absence
of any heating process. They also found that the shape of the
potential is in agreement with the motion of the central domi-
nant galaxy, and suggests that the central cluster region is not
relaxed. It has a strong central peak of cooler gas and this ev-
idence of “cooling flow” (Baum et al. 1992) is supported by
the presence of strong emission-line nebulosity (Capetti et al.
2000; Fabian et al. 1994) around the central cD galaxy along
with excess blue light. The blue light is probably due to mas-
sive stars (McNamara et al. 1996) with some contribution from
young globular stars (Holtzman et al. 1996). Molecular gas in
the cD galaxy has been detected through molecular hydrogen
emission (Falcke et al. 1998). Fabian et al. (1994) observed in
the core an X-ray filament that coincides with an H, emission
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Table 1. Calibrators list.

Epoch Frequency Observing time Phase calibrators

yy-mm-dd GHz hour

03-08-07 1.6 1.0 J1350+3034
08-02-26 1.6 1.0 J1342+2709
97-04-06 5.0 1.0 J1350+3034
05-07-27 5.0 1.5 J1342+2709
08-02-26 5.0 1.5 J1342+2709
08-02-26 8.4 2.0 J1342+2709
08-02-26 22 3.5 J1342+2709

feature discovered by Cowie et al. (1983). This filament is pro-
duced by cooling gas from the ICM, and could be significant in
improving our understanding of the energy and ionization source
of the optical nebulosity, so frequently found in cooling core
clusters.

High Faraday rotation measures (exceeding ~2000 rad m~2
in places) are found in 4C 26.42 in high resolution (0.6 arcsec)
VLA images (Ge & Owen 1993). The magnitude and scale of
the RM are consistent with a hot (~10%) and dense (~0.03 cm™3)
X-ray emitting gas. The strength of the magnetic field is
probably between 20 and 100 uG, depending on the degree
of ordering.

From Very Large Array (VLA) observations, 4C 26.42 is
known to have an FR I, Z-shaped small (2” X 12”) radio
morphology (van Breugel et al. 1984), with a total power at
0.4 GHz LogPio.04 guz = 25.47 W/Hz and a core power at
5 GHz LogPore, 5 guz = 23.70 W/Hz (Giovannini et al. 2005).

On the parsec-scale, Giovannini et al. (2005) observed
4C 26.42 at 5 GHz with the Very Long Baseline Array (VLBA).
They found a faint peculiar structure with a total flux density
of ~8 mly, but the observations were inconclusive because of
its low brightness. In this paper we discuss new multi-epochs,
multi-frequencies VLBA observations of this source using the
phase-referencing mode. In Sect. 2 we present the new data, in
Sect. 3 we discuss the nuclear properties of this source. In Sect. 4
we discuss possible origins for the peculiar radio structures.

Throughout this paper, we assume Hy = 70 kms™' Mpc~!,
Q. =0.3, Qx = 0.7. At the distance of 4C 26.42, 1 mas corre-
sponds to 1.2 pc.

2. Observations and data reduction

We obtained new VLBA observations at 1.6 GHz on
2003 August 07, at 5 GHz on 2005 July 27, and at 1.6, 5,
8.4 and 22 GHz on 2008 February 26 (see Table 1). Moreover
we re-reduced the data at 5 GHz of 1997 April 4 (Giovannini
et al. 2005). All data were obtained using the phase referencing
mode, except for the 5 GHz data of 1997, whose quality largely
improved after applying the improved source position obtained
from the newer data taken using phase referencing. High resolu-
tion and high frequency data are necessary to study the nuclear
region. Data at 1.6 and 5 GHz have the sensitivity and (z—v) cov-
erage necessary to study the more extended jet structure.

The observations were correlated in Socorro, NM. A total
of 16 MHz bandwidth was recorded in both right and left cir-
cular polarization. Post-correlation processing used the NRAO
AIPS package and the Caltech Difmap package. We followed
the same scheme for the data reduction of all data sets. Using
AIPS we applied ionospheric corrections and corrections to
the Earth Orientation Parameters (EOPs). After this, we used
the AIPS script VLBACALA to correct sampler offsets and
to apply a-priori amplitude calibration. With VLBAPANG we
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corrected the antenna parallactic angles and with VLBAMPCL
we removed the instrumental delay residuals. All calibrator data
were also globally fringe-fitted and solutions were applied to the
target sources with VLBAFRGP. After flagging bad visibilities,
we obtained good models for the calibrators, which we used to
improve the amplitude and phase calibration for the entire data
set. Final maps were obtained with Difmap after averaging over
IFs and in time. After editing, we applied multiple iterations of
imaging and self-calibration in phase and amplitude. At last, to
these improved quality data, we applied Modelfit to obtain the
final set of components describing the data.

In Table 2 we report the image parameters for final natural
weighting maps at different epochs and frequencies.

3. Results
3.1. The parsec scale structure

In Figs. 1-3 we present the full resolution images of 4C 26.42
at 1.6, 5, 8 and 22 GHz respectively. At low frequency and low
resolution, the source shows two components (A and B) in the
inner 15 mas (in PA ~ 60°) and two symmetric lobes oriented
North—South (N1 and S1) with a peculiar Z shaped structure
(Fig. 1, left). The source size is ~30 mas. At 5 GHz the two cen-
tral components of the low resolution images are resolved into
three components (A, C and B; see Fig. 1, right). The symmet-
ric S1 and N1 lobes are still visible though with an extension of
only ~10 mas. We note that components A and B are coincident
with the regions where the jet position angle changes by ~90°.
The parsec-scale structure is very symmetric. At still higher res-
olution (Fig. 2), we distinguish four components in the central
10 mas (A1, A2, C and B); N1 is completely resolved out while
S1 is marginally detected. At the highest resolution, only the
central components Al, A2 and C are visible (Fig. 3). We note
that in high resolution images (8.4 and 22 GHz) because of the
low signal to noise ratio the extended source structure is not vis-
ible in our images.

Comparing the parsec and kiloparsec structure (Fig. 4), we
note that two changes in PA occur, one at ~15 mas from the core
where PA goes from 60° to —30° and the second at ~2 arcsec
where PA goes from —30° back to 60° to realign with the inner
parsec-scale PA.

3.2. Modéelfit results

Modelfitting was applied to all the data available for this source
using elliptical, circular or delta components. The difmap mo-
delfit program fits aggregates of various forms of model com-
ponents, fitting directly to the real and imaginary parts of the
observed visibilities using the powerful Levenberg-Marquardt
non-linear least squares minimization technique. First we ap-
plied modelfitting to the last observations taken in 2008 inde-
pendently for each frequency. All parameters of modelfit compo-
nents were initially allowed to vary freely, however to facilitate
comparisons between epochs, a mean shape was fixed for each
frequency and only the position and flux density of the compo-
nent was allowed to vary. We have also tried to describe elon-
gated features with several small components. However, this re-
sulted in an increase of ,\/2, so we retained the simplest model.
For example, in the case of SI at 5 GHz (1997 April 6), the x>
increases from 1.393 (one component) to 1.709 (3 components).
Following this step, we supposed that only the flux density of
the components can change with the time. We fixed the shape of
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Table 2. Image parameters for natural weighting maps.
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Epoch Frequency Beam Size Beam PA Noise Peak Total flux density
yy-mm-dd GHz mas deg mJy beam™'  mJy beam™! mly
03-08-07 1.6 11.0 x 6.1 7 0.15 22.5 67.6
08-02-26 1.6 11.3x5.9 15 0.10 322 90.9
97-04-06 5 4.0x24 6 0.21 8.7 29.9
05-07-27 5 34x22 -8 0.13 10.0 42.0
08-02-26 5 30x 1.5 -2 0.16 7.9 44.1
08-02-26 8.4 1.9 x 0.9 4 0.08 7.0 25.2
08-02-26 22 1.0 x 0.7 -19 0.15 6.6 13.6
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Fig. 1. On the left: 1.6 GHz VLBA contour map obtained on 2003 August. 07 with the 4 components given by modelfitting overlaid. The HPBW
is 11.0 x 6.1 mas at 6.8° with a noise level =0.15 mJy/beam. Contours are: —0.45, 0.45, 0.9, 1.8, 3.6, 7.2, 14.4 mJy/beam. On the right: 5 GHz
VLBA contour map obtained on 2005 July 27 with the 5 components given by modelfitting overlaid. The HPBW is 3.4 x 2.2 mas at —8.0° with a
noise level =0.13 mJy/beam. Contours are: —0.4, 0.4, 0.8, 1.6, 3.2 and 6.4 mJy/beam.

the components and then modelled the (u, v) data from previous
epochs at the corresponding frequencies.

In Table 3, we summarize the results obtained. For high fre-
quencies (>1.6 GHz) we refer the component distance to compo-
nent C because of symmetry reasons and its identification as the
“core” of 4C 26.42 (see Sect. 3.4). At 1.6 GHz where the central
component C is not visible, we use component A as the reference
point. In Table 3 we give the frequency (Col. 1) and the epoch
of observation (Col. 2), the y? (Col. 3) of the fit, the name of
the components (Col. 4), polar coordinates (r) and (6) (Cols. 5
and 6) of the center of the component relative to the origin dis-
cussed above, with polar angle measured from the north through
east, the positional uncertainty A (x, ) (Col. 7), the major axis a

(Col. 8), the ratio b/a of minor b and major a axes (Col. 9) of the
FWHM contour, the position angle ® (Col. 10) of the major axis
measured from north to east and the flux density S (Col. 11).
Statistical errors are provided for the component parameters in
Table 3. For elliptical and circular gaussian componentes we also
calculated errors in size (a). Uncertainties in the sizes, positions
and fluxes for components were derived from signal-to-noise ra-
tios and component sizes (Fomalont 1999). True errors could be
larger in the event that some components are covariant.

We note that the total flux density at 5 GHz, obtained by
summing the different components in the 2008 epoch, is 44 mly,
therefore neglecting variability, only a small fraction (~17%) of
the flux density is lost with respect to the sub-arcsecond core flux
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Fig. 2. 8.4 GHz VLBA contour map at the 2008 February 26 epoch with
the 5 components derived from modelfitting overlaid. The HPBW is
1.86 x 0.86 mas at —4.3° with a noise level =0.08 mJy/beam. Contours
are: —0.25, 0.25, 0.5, 1, 2, 4 mJy/beam.

density (53 mlJy) obtained from VLA data by van Breugel et al.
(1984). Lower total flux density at 5 GHz of data carried out on
6 April 1997 are due to different not in phase referencing mode
(see Sect. 2) observational analysis and it is not consequence of
variability in the radioemission of the source. We compared the
flux density of components A—C at different epochs at 5 GHz to
search for possible variability (see Table 3). The flux density is
slightly different but no clear trend is present. The limit on the
amount of variability is ~0.6 mJy at 30" level (i.e. less that 10%).
Improved sampling is necessary to better constrain variability.

We also have to note that, at higher frequencies, we lost flux
density measurements of some components (see Table 3). This
is a consequence of steep spectral index (see Table 4), low sur-
face brightness of these (see Table 3) combined to probably not
enough sensitivity of our images (see Table 2). Improved high
quality images are necessary to give a complete spectral analy-
sis of these components.

3.3. The parsec-scale spectrum

We used our multifrequency data from 2008 February 26 ob-
servations to study the spectral index (defined S, oc v=%) distri-
bution of the parsec-scale structure. For our analysis, we first
obtained images of the source using the same maximum and
minimum baseline in the (u, v) coverage, the same griding and
the same restoring beam. Then, we identified the different source
components, and we measured their flux densities. Finally, we
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Fig. 3. 22 GHz VLBA contour map obtained on 2008 February 26 with
the 3 components derived from modelfitting overlaid. The HPBW is
1.01 x 0.65 mas at —18.5° with a noise level =0.15 mJy/beam. Contours
are: —0.45, 0.45, 1.2, 2.4, 4.8 mJy/beam.

derived the spectral index for each component between 1.6 GHz
and 5 GHz, 5 GHz and 8.4 GHz and between 8.4 GHz and
22 GHz (see Table 4).

Between 1.6 GHz and 5 GHz owing to the low resolution,
single components are not well defined. The spectrum is in
general steep as expected from low brightness extended com-
ponents. We note that the steepest component is component B
(a = 1.8), and that the Northern extension (N1) is steeper, and
more extended than S1.

At higher resolution, component C shows a flat spectrum
(8% ~ 0, agy ~ 0.14) and it appears unresolved by a gaus-
sian fit to the self-calibrated data. For these reasons and be-
cause of the source morphology, we identify C as the center
of activity for 4C 26.42 with position RA 13748M5254894321 +
0.0000064, Dec 2635345340598 + 0.000038 (estimated from
the high resolution observations at 22 GHz of 2008 February 26).
Also component A (with subcomponents Al and A2) shows a
clear flattening in the spectrum at high frequency, while com-
ponent B despite the symmetric source morphology, has a steep
spectrum (1.0) between 5 and 8.4 GHz, and as expected is not
detected at 22 GHz. We do not interpret this steep spectrum as
due to different synchrotron aging because the component N1
shows a steeper spectrum with respect to S1. Instead we suggest
that the difference in spectral index is due to asymmetric inter-
actions with the surrounding medium in the bending region. We
note that the source is symmetric also on the kiloparsec-scale.

3.4. Jet dynamics
3.4.1. Proper motion

We studied the apparent proper motion of components A and B
using the three different epochs at 5 GHz. We have observations
at two different epochs also at 1.6 GHz, but the low resolution
does not allow for a reliable search for possible proper motion.
At 8.4 and 22 GHz only one epoch is available. We note that
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Fig. 4. Clockwise from left to right, zooming from kiloparsec to mas scale radiostructure of 4C 26.42: color maps of VLA X band, VLBI L band,
VLBI C band, VLBI X band and VLBI K band data. (C) indicates the core component.

components A and B are well defined and their identification is
not ambiguous, while components N1 and S1 are extended with
no evident substructures so that their best fit position is affected
by the varying sensitivity of different observations.

No significant proper motion was detected with a lim-
its on the motion of A and B with respect to C of ~9 X
10~% mas/yr (~3.6 x 1072c) at the 30 level. Available data are
poor (only 3 epochs) but with good time coverage (1997, 2005
and 2008 epochs). Therefore we conclude that A and B are sta-
tionary features, probably not due to moving knots in the jets
but instead resulting from standing shocks in the region where
the jet direction undergoes a symmetric PA change of about 90°.

3.4.2. Bulk velocity

An estimate of the jet bulk velocity rather than pattern speed can
be derived from the jet to counter-jet brightness and size ratio,
and by comparison of the nuclear with the total radio power (see
e.g. Giovannini et al. 1988). The brightest component at 5 GHz
at all epochs is A which is the nearest to C. The flux density
ratio with respect to B at S GHz is SA/Ss ~ 1.4. On the other
hand, the distance ratio is ra/rg ~ 0.8. Moreover from an inspec-
tion of available images we note that an underlying jet connec-
tion between different structures (A—C) is not visible probably
because of sensitivity limitations. In conclusion, there is no ev-
idence of asymmetry in flux or position that would be expected
from Doppler boosting.

In most FR I or FR II sources with good VLBI data a rel-
atively simple nuclear-jet structure is present. The VLBI core

shows a large fraction of the arcsecond core flux density, and
the correlation between the core and total radio power can pro-
vide constraints on the jet velocity and orientation. In this source
the arcsecond unresolved core shows a complex and extended
structure in VLBI images which are not core dominated. The
VLBI core is very faint and most of the flux density is from
jet-like components or small regions reminiscent of radio lobes.
Therefore it is not possible to estimate the jet velocity and orien-
tation from the core dominance.

We can only note that the lack of underlying jets connecting
the different knots, the source symmetry and the low power of
the nuclear structure, all suggest that either the core structure of
4C 26.42 is near to the plane of the sky or/and the jets are not
relativistic. This conclusion reinforces the identification of mas
structures as standing shocks in the jet.

3.5. The physical conditions at equipartition

X-ray studies have shown that the black holes at the center of
galaxy groups and clusters are capable of inflating cavities or
“bubbles” in the surrounding X-ray emitting gas (Fabian et al.
2003, 2005; Birzan et al. 2004). The core of radio emission in
4C 26.42 is clearly identified with the highest X-ray brightness
region and therefore with the center of the cluster. Similar to
many recent examples in literature, the correspondence between
the location of the radio lobes and X-ray cavities (Johnstone
et al. 2002) suggests an expansion of the radio lobes into the
surrounding X-ray emitting gas. In this section we compute the
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Table 3. Results of Modelfit applied to 1.6, 5, 8.4 and 22 GHz data.

E. Liuzzo et al.: The parsec-scale properties of the radio galaxy 4C 26.42 in the dense cooling core cluster A1795

Frequency Epoch X’ Component r 0 A (x,y) a bla (0] S
GHz yy-mm-dd mas deg mas mas deg mly
1.6 03-08-07  1.312 Aje 0 0 - 329+0.02 05 296 249+13
Nl,e 7.61 130 0.02 620+0.04 05 -673 214=x1.1
B,e 10.58 22 0.05 888+0.10 0.6 -147 13.1+0.7
Sl,c 14.11 -165 0.35 4.23 +0.07 1 842 8204
1.6 08-02-26  1.001 Ae 0 0 - 329+001 05 296 319+1.6
Nl,e 8.08 -128 0.01 620+0.02 05 -673 31.0x1.6
B,e 10.18 17 0.02 889+0.04 0.6 -147 214=+1.1
Sl,c 16.01 -178 0.03 4.23 + 0.06 1 842 6.6+0.3
5 97-04-06  1.393 C,e 0 0 - 1.92+0.05 03 457 7.6 +0.4
Ae 4.02 64 0.15 143+0.03 09 447 104+0.6
Nl, e 11.19 -6 0.55 1038 +£1.09 04 405 20x02
B,e 5.19 -130 0.03 221+006 0.7 309 73x04
Sl,e 9.4  -174 0.43 11.08 £0.86 03 -306 2.7x02
5 05-07-27  1.205 C,e 0 0 - 1.92+0.03 03 457 8304
Ae 4.02 65 0.01 1.43+£0.02 09 447 119=+06
Nl,e 1204 -4 0.13 1038 +£0.25 04 405 53+03
B,e 507 -129 0.02 221+003 07 310 84+04
Sl,e 7.38  —158 0.09 11.08 £0.18 03 -306 8.1+04
5 08-02-26  0.946 C,e 0 0 - 1.92+0.03 03 457 93+05
Ae 4.02 64 0.01 143+0.02 09 447 115+0.6
Nl, e 11.10 4 0.13 1038 £0.23 04 405 59+03
B,e 504  -127 0.02 221+004 07 309 77x04
Sl,e 6.85 150 0.08 11.08+0.15 03 -30.6 9.7+0.5
8.4 08-02-26  0.890 C,c 0 0 - 0.34 £ 0.01 1 -11.9  53+03
Al,d 3.01 61 0.02 0 1 0 29+0.2
A2, ¢ 4.02 63 0.01 0.44 £ 0.01 1 -147 8.1+04
B,e 5.09 -129 0.01 221+002 06 11.0 75x04
Sl,c 8.89 177 0.24 11.08 £ 047 03 -256 19=x0.1
22 08-02-26  1.040 C,c 0 0 - 0.9 +0.03 1 250 4.6+03
Al,d 2.05 71 0.01 0 1 0 22+02
A2, c 4.04 65 0.01 0.15+0.01 1 -21.8 6.8+04

Parameters of each component of the model brightness distribution: Col. 1: frequency; Col. 2: epoch; Col. 3: (y?) of the fit; Col. 4: name of each
component and we use (e) for elliptical gaussian component, (c) is for circular gaussian component, (d) for delta component; Col. 5: (r) and (6),
polar coordinates of the center of the component relative to an arbitrary origin, with polar angle measured from the north through east; Col. 6:
A (x,y) position uncertainty, (—) indicates no error can be determined; Col. 7: (@) major axis; Col. 8: (b/a) ratio between minor (b) and major (a)
axes of the FWHM contour; Col. 9: (®), position angle of the major axis measured from north to east; Col. 9: (S) flux density.

magnetic field strength, internal pressure, and total energy, as-
suming that equipartition conditions apply.

We use the standard formulae in Pacholczyk (1970), assum-
ing that the relativistic particles and the magnetic field fully oc-
cupy the same volume (® = 1), and that the amount of energy
in heavy particles equals that in electrons (k = 1). We integrated
over the frequency range 10’—10'! Hz and we infer the extent of
the source along the line-of-sight.

For the nuclear region imaged at 22 GHz (component C), we
estimate a global equipartition magnetic field Heq ~ 0.22 Gauss.
The total energy is Eo ~ 6.9 x 1072 erg, while the corresponding
minimum internal pressure is Peq ~ 2.4 X 10~* dyn/cm?. For
extended regions we used 1.6 GHz data and for the lobe on the
north N1, we obtained Heq ~ 1.73 X 1072 Gauss, Eio ~ 1.6 X
10% erg and Peq ~ 1.5 X 107 dyn/cm?. Instead for the lobe on
the south S1, we obtained Heq ~ 4.28 X 1072 Gauss, Eiy ~ 2.9 X
10°% erg and Peq ~ 8.9 X 107 dyn/cm?.

Birzan et al. (2004) estimated the energy required to inflate
the large-scale bubbles in 4C 26.42. The energy required to cre-
ate the observed bubble on the north in the X-ray emitting gas
is Epubble ~ 39 x 10°7 erg and the age of the bubble is 7,5 ~
1.8 x 107 yrs, where tage 18 R/cs where R is the distance of the

bubble center from the black hole and c; is the adiabatic sound
speed of the gas at the bubble radius. From these values we de-
rive the required average jet mechanical power Pje; = Epubble/fage
involved in “blowing” the bubble. We find Pje, ~ 6.9 x 10* erg/s
(~6.9 x 10°® W). Comparing the mechanical power of bubble
with the heating necessary to prevent the gas from the cooling
to low temperatures, Birzan et al. (2004) found that the cavities
can balance the cooling if they are relativistic and non-adiabatic,
and there may be further energy input if they are overpressured
or produce a shock when they are formed.

We can compare Pj, derived above with the present parsec-
scale jet power. Assuming for the northern jet a flux density up-
per limit of 20 mJy at 5 GHz, its bolometric radio power is ~8 X
103 W, significantly lower than the power estimated from the
Northern cavity and therefore indicating radiatively inefficient
jets (0.1% of Pje,). This result suggests that either the average jet
power is much higher, possibly because of the presence of heavy
particles, non-equipartition conditions, or an AGN activity that
was higher in the past. We note that a heavy, slow jet is in agree-
ment with the results discussed in Sect. 3.4. We also point out
that low radiative efficiency seems to be a common theme for
radio sources in clusters (Taylor et al. 2006b; Allen et al. 2006).
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Table 4. Spectral index for single component.

Vi-Va HPBW Component  §,, S,, a
GHz masxmas, ° ml]y mly
1.6-5 10.0 x 5.0, 0 A 154 75 0.63+0.01
B 29.0 3.6 1.82+0.01
N1 154 6.1 0.82+0.02
S1 94 73 0.66+0.03
5-8.4 3.0x3.0,0 A 6.7 6.7 0.00=+0.05
C 4.1 4.1 0.00+0.05
B 6.2 37 1.03=+0.06
S1 7.7 2.6 2.12+0.06
8.4-22 1.86x0.86, 4 C 53 46 0.14+0.04
Al 29 22 0.29+0.08
A2 81 6.8 0.18+0.03

S,, and §,, are referred to the flux density at lower v, and higher v,
frequency between the two considered for the spectral analysis. All flux
density values are derived from 2008 February 26 observations.

4. Discussion

The radio morphology on the parsec and kiloparsec scale of
4C 26.42 is very complex. From spectral index considerations
and modelfitting results, we identify component C as the radio
core. We note that the jets bend by ~90° on scales of 10s of par-
secs, and are remarkably symmetric. Two possibilities can ex-
plain the observed morphology in 4C 26.42: 1) if the pc scale
jets are relativistic as in most radio galaxies (see e.g. Giovannini
et al. 2001, 2005), and as suggested by unified models, this
source has to be oriented at ~90° with respect to the line-of-
sight. In this case the large symmetric change in the source PA
is real and not affected by projection. We find it difficult for a
highly relativistic jet to survive such a large change in its orien-
tation. Moreover we note that for a relativistic jet in the plane
of the sky the Doppler factor is much lower than 1. Any de-
crease in the jet velocity will increase the Doppler factor and
thereby manifest as an enhancement in the surface brightness.
Since no clear surface brightness discontinuity is present in our
images, we conclude that the jet velocity before and after the
large PA change should be roughly the same. 2) Alternatively
the source morphology suggests a subsonic flow which might
be expected to have entrained thermal gas. This hypothesis is
in agreement with the result that data at three different epochs
do not show any proper motion, and with the identification of
the bright regions on both sides of the core as bright standing
shocks.

The presence of non-relativistic jets in this source is in sharp
contrast with the observational evidence that parsec-scale jets
in FR I radio galaxies are relativistic (Giovannini et al. 2001).
In FR I radio galaxies relativistic jets in the parsec-scale re-
gion slow down because of interaction with the ISM on the sub-
kiloparsec scale. However we must acknowledge the peculiar
position and physical conditions of 4C 26.42 at the center of
a cooling flow cluster. In Brightest Cluster Galaxies (BCGs) the
presence of a dense ISM in the central (parsec-scale) regions is
expected since the cooling flow is related to the presence of a
high density gas as confirmed by the detection of CO line emis-
sion and molecular hydrogen (Edge 2001; Edge et al. 2002).
Rossi et al. (2008) showed that a jet perturbation grows be-
cause of Kelvin-Helmotz instability and produces a strong in-
teraction of the jet with the external medium with a consequent
mixing and deceleration. The deceleration is more efficient in-
creasing the density ratio between the ambient medium and the
jet. Relativistic light jets are expected in FR I sources and the
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above effect can produce their slowing down from the parsec
to the kiloparsec scale as found in many sources (Taylor 1996;
Rossi et al. 2008). However a large value of the density ratio can
produce a sub-relativistic and heavy jet even on parsec-scales as
suggested by our data on 4C 26.42.

A strong interaction with the ISM could also explain the
large difference in the spectral index distribution of the Northern
and Southern region. The symmetric radio morphology sug-
gests that the different spectral index distribution is related to
an anisotropy in the ISM. We concluded in Sect. 3.4.2 that
the mas structures result from standing shocks. Internal shocks
can arise from sudden changes in the medium external to the
jet. These shocks cause radiative losses through enhanced syn-
chrotron radiation due to both increased particle energy density
and magnetic field strength behind the shock. In particular, we
note from Table 4 that the southern part (components B and S1)
of 4C 26.42 is steeper than the northern part (components A
and N1). This behaviour could be due to a denser ISM in the
South than in the North region around our source.

We recall that in this source there are two dramatic changes
in PA. A similar, but reverse change is present at about 2" from
the nuclear region. The origin of this peculiar morphology is not
clear, but in any case requires the presence of heavy slow jets.
A possible origin of a large symmetric change in the jet direc-
tion could be the interaction with a rotating disk as suggested
by van Breugel et al. (1984) for 3C 293. In this model, a slow
jet could be bent by ram pressure of a rotational motion of the
accreted gas. The ISM of the galaxy rotates supersonically, so
there is a stand-off cylindrical bow shock in the interstellar gas
upstream of the jet. A result consistent with this scenario is the
spettroscopic discovery in the nuclear region of 4C 26.42 of two
clouds with a difference velocity of ~330 kms~!. Their emis-
sion line ratios of He and HB are very similar and typical of
Liners exceptionally weak O [III] lines (Gongalves et al. 1999).
However, no clear evidence of rotating gas has been found.
Moreover, the second change in direction would require two
counter-rotating regions one near to the core and one at larger
distance to explain the two changes in the jet direction.

An alternative possibility is that on the large scale the ra-
dio lobes rise buoyantly in the N-S direction according to the
thermal gas distribution (see e.g. the radio X-ray overlay pre-
sented by Fabian et al. 2001). On intermediate scales, the jets
have been heading out at PA —30° for a long time. Then, on
the smallest scale, we can suppose that the radio jets have just
been realigned recently due to the merger of a Binary Black
Hole system which could produce a change in the nuclear jet
ejection direction. Merritt& Ekers (2002) suggest that the ori-
entation of a black hole’s spin axis could change dramatically
due to a merger event, leading to a sudden flip in the jet direc-
tion. Merger events are relatively common in cD galaxies, and
in fact Johnstone et al. (1991) proposed that the structure in the
envelope of the cD galaxy in A1795 is due to a merger with
another giant galaxy. Alternatively the change of the jet PA on
the parsec-scale could be due to a complex angular momentum
of the gas accreted in the inner part of the disk of this galaxy,
as proposed by Augusto et al. (2006) for B2151+174 (BCG of
Abell 2390) or by rotating vortices in the cluster gas as Forman
et al. (2009) suggested for the unique morphology of 3C 28, the
BCG of Abell 115.

5. Conclusion

New sensitive, high resolution images at 1.6, 5, 8.4 and
22 GHz are presented for 4C 26.42, the radio loud BCG at the
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center of the cooling flow cluster A1795. Our multi-
frequency and multi-epoch VLBA observations reveal a com-
plex, reflection-symmetric morphology over a scale of a few
mas. No significant proper motion of observed components is
found (Sect. 3.4). We identify the core (component C), along
with two stationary shocks (A and B) and two lobes (N1 and S1).
A strong interaction with the ISM can explain the spectral index
distribution witch is steeper in the southern region of the source,
and the presence of sub-relativistic and heavy jets on the parsec
scale (Sect. 4). We note two 90° jet changes: one at ~4—5 mas
and one at 2" from the nucleus. It seems plausible that the two
90° PA changes may have a different origin: we suggest buoy-
ancy effects on the large scale, while on the mas scale it is diffi-
cult to identify if SMBH precession or peculiar gas motions are
able to produce the sudden change in direction. To better investi-
gate the peculiar structure of 4C 26.42, it would be useful to look
at this source with a resolution in between that of the VLBA and
VLA, as for example combining EVLA and e-Merlin data.

Acknowledgements. We thank the staff of NRAO involved in the observations
for their help. NRAO is a facility of the National Science Foundation, operated
under cooperative agreement by Associated Universities, Inc. This research has
made use of the NASA/IPAC Extragalactic Data Base (NED), which is operated
by the JPL, California Institute of Technology, under contract with the National
Aeronautics and Space Administration. This research was partially supported by
ASI-INAF CONTRACT 1/088/6/0.

References

Allen, S. W., Dunn, R. J. H., Fabian, A. C., Taylor, G. B., & Reynolds, C. S.
2006, MNRAS, 372, 21

Augusto, P., Edge, A. C., & Chandler, C. J. 2006, MNRAS, 367, 366

Baum, S. A., & O’Dea, C. P. 1991, MNRAS, 250, 737

Baum, S. A., Heckman, T. M., & van Breugel, W. 1992, ApJ, 389, 208

Birzan, L., Rafferty, D. A., McNamara, B. R., et al. 2004, BAAS, 36, 905

Capetti, A., de Ruiter, H. R., Fanti, R., et al. 2000, A&A, 362, 871

Cowie, L. L., Hu, E. M., Jenkins, E. B., & York, D. G. 1983, ApJ, 272, 29

Edge, A. C. 2001, MNRAS, 328, 762

Edge, A. C., Wilman, R. J., Johnstone, R. M., et al. 2002, MNRAS, 337, 49

E. Liuzzo et al.: The parsec-scale properties of the radio galaxy 4C 26.42 in the dense cooling core cluster A1795

Ettori, S., Fabian, A. C., Allen, S. W., & Johnstone, R. M. 2002, MNRAS, 331,
635

Fabian, A. C., Canizares, C. R., & Boehringer, H. 1994, ApJ, 425, 40

Fabian, A. C., Sanders, J. S., Ettori, S., et al. 2000, MNRAS, 318, L65

Fabian, A. C., Sanders, J.-S., Ettori, S., et al. 2001, MNRAS, 321, L33

Fabian, A. C., Sanders, J. S., Crawford, C. S., et al. 2003, MNRAS, 344, L48

Fabian, A. C., Sanders, J. S., Taylor, G. B., & Allen, S. W. 2005, MNRAS, 360,
L20

Falcke, H., Rieke, M. J., Rieke, G. H., Simpson, C., & Wilson, A. S. 1998, ApJ,
494, L155

Forman, W. R., et al. 2009, American Astronomical Society Meeting Abstracts,
213, #448.18

Fomalont, E. B. 1999, Synthesis Imaging in Radio Astronomy II, 180, 301

Ge, J. P., & Owen, E. N. 1993, AJ, 105, 778

Giovannini, G., Feretti, L., Gregorini, L., & Parma, P. 1988, A&A, 199, 73

Giovannini, G., Cotton, W. D., Feretti, L., Lara, L., & Venturi, T. 2001, ApJ, 552,
508

Giovannini, G., Taylor, G. B., Feretti, L., et al. 2005, ApJ, 618, 635

Gongalves, A. C., Véron-Cetty, M.-P., & Véron, P. 1999, A&AS, 135, 437

Holtzman, J. A., Watson, A. M., Mould, J. R., et al. 1996, AJ, 112,416

Johnstone, R. M., Naylor, T., & Fabian, A. C. 1991, MNRAS, 248, 18P

Johnstone, R. M., Allen, S. W., Fabian, A. C., & Sanders, J. S. 2002, MNRAS,
336, 299

McNamara, B. R., Jannuzi, B. T., Elston, R., Sarazin, C. L., & Wise, M. 1996,
ApJ, 469, 66

McNamara, B. R., Wise, M., Nulsen, P. E. J., et al. 2000, ApJ, 534, L135

Merritt, D., & Ekers, R. D. 2002, Science, 297, 1310

O’Dea, C. P., & Owen, F. N. 1987, AplJ, 316, 95

Pacholczyk, A. G. 1970, Series of Books in Astronomy and Astrophysics
(San Francisco: Freeman)

Rossi, P., Mignone, A., Bodo, G., Massaglia, S., & Ferrari, A. 2008, A&A, 488,
795

Sarazin, C. L., Burns, J. O., Roettiger, K., & McNamara, B. R. 1995, ApJ, 447,
559

Salomé, P., Combes, F., Edge, A. C., et al. 2006, A&A, 454, 437S

Taylor, G. B. 1996, ApJ, 470, 394

Taylor, G. B., Barton, E. J., & Ge, J. 1994, AJ, 107, 1942

Taylor, G. B., O’Dea, C. P, Peck, A. B., & Koekemoer, A. M. 1999, ApJ, 512,
L27

Taylor, G. B., Gugliucci, N. E., Fabian, A. C., et al. 2006a, MNRAS, 368,
1500

Taylor, G. B., Sanders, J. S., Fabian, A. C., & Allen, S. W. 2006b, MNRAS, 365,
705

van Breugel, W., Heckman, T., & Miley, G. 1984, ApJ, 276, 79

Wilson, A. S., & Ulvestad, J. S. 1982, ApJ, 263, 576



	Introduction
	Observations and data reduction
	Results
	The parsec scale structure
	Modelfit results
	The parsec-scale spectrum
	Jet dynamics
	Proper motion
	Bulk velocity

	The physical conditions at equipartition

	Discussion
	Conclusion
	References

