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ABSTRACT We discuss the use of radic jels as a probe of the structure of cooling
flows on length scales mmaccessible to the currently available X-ray data The radwo
strueture of one such cooling flow galaxy, IC 1101, suggests a shock disruption of a
supersome beam This type of radio structure is also found associated with other
cooling flow galaxies The shoek disruption 1s discussed 1n terms of an interaction of
the beam with the cocling flow envircnment The current sophlustication of these disr-
uption mechamsms and of the radic observations does not cempel one to favor one
mechanism over another Each mechamsm, however, may be useful 1n studying the
central regions of cooling Nows

1 INTRODUCTION

Radio etz associated with the central galaxy of a cooling flow can provide an
interesting probe of the strueture of this environment The gas beams associated
with radio jets react to changes 1n the pressure and density of the external medium
(see Norman, 1986} This reaction of the heam 1= recorded in the observed structure
of the jet In principle, one could then use the structure of the jet to study the
sgtructure of the ccohng flow

A benefit of studying cooling flows through the radio structure of a jet instead of
the X-ray structure of the flow 1s the higher resolution that can be achieved by radio
aperature synthesis arrays Fer example, HR! data from the Einstein Observatory has
a FWHM resclution of approximately 3* In contrast, the radio source 1n M87 {3C 274)
has been resolved by the VLA at 150 GHz mn the A config with a FWHM of approxi-
mately 0 15" (Biretta et al, 1983} Consequently, radio sourees would allow the study
of changes 1n the cooling flow structure on scales up to tweniy times smaller than
the X-ray observaticns
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2 RADIO OBSERVATIONS OF COOLING FLOW GALAXIES
21 IC 1101

We have conducted a high reselution study of the radie strueture of one such cooling
flow galaxy, IC 1101 Tins galaxy 1a the dominant central cluster member mn Abell
2029 and 13 beleved to have a rnass inlow rate onte the galaxy of approxamately 100
solar masses per year (Johnstone et al, 1987 for s Hubble constant equal te 100)

Figure 1 shows a 0 8" resolution 4 9 GHz map from a combination of 4 and B
config data taken at the VLA The most interesting feature of this map 1= the sym-
metmec knots on either side of the nucleus The knot= appear to delineate two very
different parts of each jet Inward from the kmots, the map suggests a weakly radiat-
g flow, wvith a beam width less than 08" and htile evidence of bending The lack of
bending 18 suggested by the ccolmmearity of the knets Culward from the knots, the
map sugpests a strongly radiating flow, wath a beam widih spread over 2" and observ-
able bends In the scutheastern jet, there 15 evidence of an embedded oscillation
superimposed on the larger bend

Figure 2 shows & 13" resolution map at 15 GHz from A config data taken at the
VLA This map 13 more sensitive to broad low surface brightness structures and shows
further extensions of the jets seen in figure 1 There 15 evidence of strong twists and
bends 1n both Jets There are no outer hotspots or radio lebes The ermission from
each jet sumply fades into the noise at the outer edge of the jet 1n the manner
charactenistic of FR I type radio sources (Fanarofl & Riley, 1974)

The everall jet structure seen in these maps ef I1C 1101 suggests a disruption of
a supersonic beam info a turbulent subsenic beam by a single shock event {Sum: et
al, 1987)

22 Other Cocling Flow Gelaxies

High resolution cbservations of ithree other radio sources asscciated with cooling flow
galaxies, 3C 274 (Biretta et al, 1983), 4C 26 42 (van Breugel et al, 1984), and 3C 84
(Pedlar et al, 1983), all show structure stmilar to IC 1101 The symmetrie knots found
m IC 1101 are also found n 4C 2642 3C B4 and 3C 274, however, both lack a
counier knot Thiz may be the result of relativistic beaming or inherent cnesideness
and not the result of a lack of symmetry All the knots are found clese {o their
radic nucleus In IC 1101, the knots have a projected galactocentre radius of 14
kpe In 4C 26 42, 3C 84, and 3C 274, the galactocentric radius of the knotis are 09,
08, and 1 4 kpe, respectively

23 Low Resolution Surveys

As a class, radio sources assoclated with cocling flow galaxies tend to be more com-
pact than other radio sources (Owen et al, 1984) In low resolution surveys, their
structure generally conmsts of a bright unresolved core source with diffuse FR | {ype
jets and/or a diffuse halo (0'Dea & Baum, 1987) This same morphology 18 observed
m IC 1101, 4C 26 42, 3C 84, and 3C 274 at a resolution comparable to these surveys
Therefore, 1t 18 at least not inconsistent for the diffuse structures 1n these surveys to
be the result of a shock disruption of their beams inside the unresolved radio core
Clearly, lgh resolution observations of more cooling flow galavies are needed to
understand the orygin of the diffuse structures i1n these sources
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Figure 1. CLEANed untapered 4.9 GHz intensity contour maps of IC 1101 from con-
catenated A and B configuration data taken at the VLA. The FWHM resolution of the
map is 0.58" x 0.56" and the RMS noise level is 0.000032 Jy per beam. The nucleus of
the galaxy is designated by N.
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Figure 2. CLEANed untapered 1.5 GHz intensity contour map of IC 1101 from A
configuration data taken at the VLA. The FWHM resolution of the map is 1.34" x 1.27"
and the RMS noise level is 0.00011 Jy per beam.
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24 Excephtions

Two notable exceptions are 3C 405 (Arnesud et al, 1984) and 3C 295 (Henry & Henrik-
sen, 1986) which have FR Il type radio structure (Perley et al, 19B4 and Willnnson,
1982} These scurces, however, are much more powerful than the sourees previcusly
mentioned, approxmately cne thousand times the 14 GHz power of IC 1101 High
powered radic sources may have & disruptive effect on the environment This disrup-
tion may meke them less sensitive to thewr prepagating enwvironment (Norman, 1987)

3 DISCUSSION

The present trend ciied above suggests that some factor in the cooling flow environ-
ment 15 respensible for the shock disruption observed 1in IC 1101 and others Several
possible mechanisms may cause disruptive shocks in beams propagating through a
cooling flow These mechanmisms are collisions with dense gas clouds (Blandford &
Kergl, 1979), growth of erdinary mode Kelvin-Helmholiz mstabbiies (Sum & Srnarr,
1986), and pressure walls 1n the pressure distribuiion of transonie cooling flows
{Burns, 1986, Burns et al, 1987, and Soker & Sarazin, 1987} In order to explain the
apparent symmetric nature of the knots in IC 1101, and 4C 28 42, the cloud collision
and Kelvin-Helmheliz sheck mechanisms require an additronal symmetrizing mechan-
1sm {see Sunm et al, 1987} The pressure well mechanism 15 naturally symmetrie i
a spherical cooling flow

Note that each mechamsm would give information about structures or regions in
the cocling flow that cannot be resolved by the available X-ray data A cellimional
mechanism gives information on nhomegeneities 1n the flow Kelvin-Helmholtz mnsta-
bilities give information on the density and pressure distribution at the center of the
flow A pressure wall would give information about very sharp changes in the pres-
sure distmbution at the center of the flow and could mndicate the emstence of a sonic
pomt

At the present time 1t i1s not possible to rule cut any of these mechamsms
However, the ubiquity of symmetrie knots in a large sample of cooling flow galaxies
would help te rule cut cloud collimions as the primary sheck mechamsm Symmetniec
collisions 1n all the sources would be improbable We are in the process of ohserving
ten coohing flow galaxies wath the VLA at a resclution of approxmimately 04" These
cbservations will allow us to resolve the core structures of the sample at approx-
mately one kpc or hetter In additien, an investigation of the propagation of beams
in cooling flows using two dimensional beam siumulations {Norman et al, 1985) 1s
currently in progress It 1s hoped that these symulations will deterrmine the ar-
cumstances 1n which a pressure wall or Kelvin-Helmheliz mstabilhities can cause beam
disruptions similar to those observed
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