FTY9BASPC. ~100- ~Z99S!

Energy Transport in Radio Galazies and Quasars
ASP Conference Series, Vol. 100, 1996
P. E. Hardee, A. H. Bridle, and J. A. Zensus (eds.)

The Jets in the Radio Galaxy 3C 353

MARK R. SwAIN! AND ALAN H. BRIDLE

National Radio Astronomy Observatory,
520 Edgemont Road, Charlottesville, VA 22903-2475, U.S.A.

STEFI A. BAUM

Space Telescope Science Institute,
3700 San Martin Drive, Baltimore, MD 21218, U.S.A.

Abstract. Well-sampled multi-configuration VLA images of the nearby
FR II radio galaxy 3C 353 show both of its jets at exceptionally high
transverse resolution—up to eight beamwidths across. The jets contribute
~1% of the integrated flux density at 5 GHz. Both are well-collimated.
Their transverse intensity profiles are typically flat-topped, not center-
brightened. The brighter jet is surrounded by a “sheath” of enhanced
emission about three to five jet widths in extent, and roughly coaxial with
it. The jets appear to be only weakly linearly polarized, but there are
striking minima in both the polarized intensity and degree of polarization
of the total emission along their edges. We interpret these minima to
imply that the jet edges are dominated by a magnetic field configuration
whose component in the plane of the sky is predominantly parallel to the
jet axis, so that their polarized emission cancels that from surrounding
regions (whose field is predominantly perpendicular to the jet axes).

1. Introduction

3C 353 is a V = 15.4 elliptical galaxy that is the dominant member of a Zwicky
cluster at z = 0.03. It has a broad double-lobed radio structure with a well-
defined hot spot in one lobe, making it clearly of Fanaroff-Riley Class II. For
Hg = 100h km s~ Mpc™1, its projected linear size is ~ 120h~! kpc, and its radio
luminosity is 572 x 102> W Hz ! at 1.4 GHz. It is thus slightly larger than, and
has about one-hundredth the radio luminosity of, Cygnus A. 3C 353 has hitherto
received little attention (for such a strong source—57 Jy at 1.4 GHz) because of
its equatorial declination (§ = —0°9) and low galactic latitude (b = 19°6). We
have remedied this by making well-sampled (multi-configuration) VLA images
of 3C 353 at 1.4, 1.7, 4.9 and 8.4 GHz. Figure 1 shows a composite (A+B+C+D-
configuration) total intensity image with 0”44 resolution at 8.4 GHz.
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Figure 1. 3C353 at 8.4 GHz with 0”44 (FWHM) resolution.

2. Total Intensity Features
The following features of 3C 353 are evident from Figure 1:

1. The jet and counterjet, which comprise about 1% of the total emission
from the source, are both well-collimated.

2. Both jets brighten significantly beyond ~10h~! kpc from the nucleus.

3. Both jets contain knots of enhanced brightness within more diffuse, roughly
parallel-sided (i.e., slowly-expanding), emission.

4. Both lobes are highly filamentary. Filamentation in the West lobe confuses
the outer path of the counterjet, so it is hard to identify which, if any,
features in the outer lobe might continue the counterjet.

5. The integrated flux density of the jet is between two and three times that
of the unambiguous segment of the counterjet.

6. The jet, which is relatively straight along p.a. 73°8 for most of its length,
can be traced all the way from its first bright knot to a well-defined, oblique
hot spot that has a prominent arc of emission on its north rim.

7. In contrast, the counterjet first appears at p.a. ~78°5, then deflects to
p.-a. ~85° before reaching a complex ring of emission containing much
substructure but no well-defined “hot spot”.

8. Although the jet is straight, its centerline does not point to the nuclear
source; its north edge aligns better with the nucleus.
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Figure 2. Averaged transverse profiles across the segment of the jet between the
brightest knots: 8.4 GHz, 0”44 (FWHM) resolution. Upper: total intensity. Lower:
polarized intensity x2, showing two minima.

3. Transverse Profiles Across the Jet

We have used transverse profiles of the total and polarized intensity across the
jets to search for other features that may be coaxial with them (and which may
therefore visualize related features of the outflow).

3.1. Total intensity

Flat-topped jet and counterjet profiles The transverse intensity profiles are flat-
topped in many regions (see Figure 2, upper curve). The profiles are poorly fitted
by single Gaussian components wherever the signal-to-noise is high. Residuals
from Gaussian fits are always positive toward the edges of the jet, and negative
toward the jet axis.

The “sheath” around the jet The total intensity profiles shown in Figures 2
and 3 illustrate that there is also excess emission within three to five jet radii
(4 to 8 h~! kpc) of the jet axis. This excess, or “sheath”, is not simply a broad
band around the jet that is fully filled with diffuse emission. As well as some
diffuse emission, it contains bright ridges resembling the lobe filaments, and a
relative absence of emission close to the jet.

The transverse-integrated intensity of the sheath tends to increase with that
of the jet (Figure 4). The sheath is first detected at about the same distance
from the nucleus as the first jet knot, but brightens less abruptly than the jet.
Its ridge-like substructure complicates quantifying its collimation, or how well
it aligns with the jet; but integrating transverse profiles of total and polarized
intensity along axes at 0°, £10° and +20° to the jet implies that sheath and jet
are coaxial to <10°. We cannot exclude the possibility that the sheath is merely
part of the filamentary structure of the lobe that is superposed on the jet by
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Figure 3. Averaged transverse intensity profile across the entire jet at 8.4 GHz with
1”3 (FWHM) resolution.
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Figure 4. Transverse-integrated intensity of the jet and of the “sheath” plotted
against distance from the nucleus.

© Astronomical Society of the Pacific * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1996ASPC..100..299S

FTY9BASPC. ~100- ~Z99S!

JETs IN 3C 353 303
4.0 T T

O-—0 3¢ isophote separation (0.44 arcsec FWHM)
A—aA equivalent rectangular width (1.3 arcsec FWHM)
@—@ polarization rail separation (1.3 arcsec FWHM)

s £&—7 Gaussian fit FWHM (1.3 arcsec FWHM)

S 30t

]

T

[}

Cs

.1}

T 20 w

E

b

o

£

9

=

6 1 .0 r

°

0.0 . ! L
0.0 10.0 20.0 30.0 40.0

Distance from nucleus (kpc, H=100)

Figure 5. Four jet collimation measures, showing little spreading.

chance. The connection between their intensities (Figure 4) suggests, however,
that the sheath includes features that influence, or are influenced by, the passage
of the jet. There is no evidence of a similar sheath around the counterjet.

3.2. Polarized intensity—the “rails”

At all wavelengths, the polarized intensity and the degree of linear polarization
have well-defined minima near both edges of both jets, but (away from the
brightest knots) neither jet exhibits much excess polarization on-axis. These
“rails” of depressed polarized intensity are near the half-power points of both
jets, as illustrated for the main jet in Figure 2. The depth of the “rails” is
typically from 20% to 40% of the total intensity of the jet at their locations, and
they are not seen anywhere there is no jet emission.

We believe that these pairs of polarization “rails” indicate a systematic
misalignment between the dominant magnetic field components near the edges
of the jets and in surrounding (lobe plus sheath) emission. Four-frequency fits to
the Faraday rotation measure over 3C 353 show that the apparent (synchrotron-
emissivity weighted, line-of-sight averaged) magnetic field in the emission around
both jets is predominantly, but not exclusively, perpendicular to the jet axes.
The “rails” can therefore be accounted for by the crossed-field configuration that
results if the apparent field near the edges of the jets is predominantly axial,
while that near their centers is disordered, or is dominated by toroidal or radial
components. Such a configuration may occur if a velocity shear converts radial
field components to azial field in the outer layers of a quasi-cylindrical jet. We
suggest that if 3C 353’s jets could be studied in isolation, they would be limb-
brightened in polarization, with the apparent magnetic field direction parallel
to the jet axis towards both edges of both jets.

3.3. Collimation of the jet and counterjet

Figure 5 plots four measures of the width of the main jet against distance from
the nucleus, wherever the uncertainty in the estimate is < 0.5h~! kpc. By all four
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measures, including the separation of the polarization “rails”, the jet expands
only slowly, if at all, over most of its length. Both jets can be described as
features that are roughly constant (~ 1.5~ kpc) in width, containing narrower
bright knots which locally perturb the individual width measures.

4. Discussion and Conclusions

1. The counterjet is not a faint replica of the main jet, either in geometry
or in brightness. We therefore see little reason to ascribe the primary
jet/counterjet intensity asymmetry in 3C 353 to relativistic beaming.

2. The two jets terminate differently. The straighter jet forms a well-defined,
oblique, hot spot. The counterjet bends, dims (and perhaps disrupts)
entering a ring of emission around the jet axis with no clear hot spot.

3. There is enhanced emission on the scale of about five jet radii around, and
approximately coaxial with, the obvious jet in 3C 353. A similar scale of
excess emission was seen around the jet in the FR II radio galaxy 3C 219
by Clarke et al. (1992). This scale also resembles that of the “channel”
around the counterjet in Cygnus A noted by Katz-Stone & Rudnick (1994).
The dynamical significance of such emission “sheaths” around jets in FR II
sources is unclear, but their existence questions whether the brightest jet-
like synchrotron emission visualizes all components of the outflows.

4. There is good evidence for a region of enhanced polarization, with the
apparent magnetic field along the jet direction, toward the outer edges of
both jets in 3C 353. This feature resembles the shear layer on the outside of
FR I jets in Laing’s (1993, and these Proceedings, Page 241) decelerating-
jet model. For a jet near the plane of the sky, this field structure, and
some “Doppler hiding” of the emission near the jet axis, can produce flat-
topped transverse intensity profiles—as observed. We may therefore have
evidence that the internal jet structure postulated by Laing also occurs in
this moderately-powered FR. II source.
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