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ABSTRACT We discuss the use of radio Jets as a probe of the structure of coolmg 

flows on length scales maccess1ble to the currently available X-ray data The radio 

structure of one such coolmg flow galaxy, IC 1101, suggests a shock d1srupt10n of a 

supersomc beam This type of rad10 structure 1s also found associated With other 

coohng flow galaxies The shock disruption 1s discussed 1n terms of an 1nteract10n of 

the beam With the coolmg flow enVIronment The current sophlstication of these disr­

uption mechamsms and of the rad10 observations does not compel one to favor one 

mechamsm over another Each mechamsm, however, may be useful 1n studying the 

central regions of coolmg flows 

1 INTRODUCTION 

Radio Jets associated With the central galaxy of a coolmg flow can proVIde an 

interesting probe of the structure of this enVIronment The gas beams associated 

With radio Jets react to changes m the pressure and density of the external medrnm 

(see Norman, 1986} This reaction of the beam 1s recorded m the observed structure 

of the Jet In prmc1ple, one could then use the structure of the Jet to study the 

structure of the coolmg flow 

A benefit of studymg coolmg flows through the rad10 structure of a Jet mstead of 

the X-ray structure of the flow 1s the higher resolut10n that can be achieved by rad10 

aperature synthesis arrays For example, HRI data from the Emstem Observatory has 

a FWHM resolution of approximately 3" In contrast, the radio source m M87 (3C 274) 

has been resolved by the VLA at 15 0 GHz m the A config With a FWHM of approxi­

mately O 15" (Biretta et al, 1983} Consequently, radio sources would allow the study 

of changes m the coohng flow structure on scales up to twenty times smaller than 

the X-ray observations 
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2 RADIO OBSERVATIONS OF COOLING FLOW GALAXIES 

2 1 IC 1101 

We have conducted a high resolution study of the rad10 structure of one such coollng 

flow galaxy, IC 1101 This galaxy 1s the dommant central cluster member m Abell 

2029 and 1s beheved to have a mass mflow rate onto the galaxy of approximately 100 

solar masses per year (Johnstone et al, 1987 for a Hubble constant equal to 100} 

Figure 1 shows a O 6" resolution 4 9 GHz map from a combmation of A and B 

config data taken at the VLA The most mterestmg feature of this map 1s the sym­

metnc knots on either side of the nucleus The knots appear to delmeate two very 

different parts of each Jet Inward from the knots, the map suggests a weakly rad1at­

mg flow, with a beam width less than O 6" and bttle evidence of bendmg The lack of 

bendmg 1s suggested by the colmeanty of the knots Outward from the knots, the 

map suggests a strongly rad1atmg flow, with a beam width spread over 2" and observ­

able bends In the southeastern Jet, there 1s evidence of an embedded oscillation 

supenmposed on the larger bend 

Figure 2 shows a 1 3" resolution map at 1 5 GHz from A config data taken at the 

VLA This map 1s more sensitive to broad low surface bnghtness structures and shows 

further extensions of the Jets seen m figure 1 There 1s evidence of strong twists and 

bends m both Jets There are no outer hotspots or radio lobes The em1ss10n from 

each Jet simply fades mto the n01se at the outer edge of the Jet m the manner 

charactenstic of FR I type rad10 sources (Fanaroff & Riley, 1974} 

The overall Jet structure seen m these maps of IC 1101 suggests a disruption of 

a supersomc beam mto a turbulent subsomc beam by a smgle shock event (Sumi et 

al, 1987} 

2 2 Other Coolmg Flow Galaxies 

High resolut10n observat10ns of three other radio sources associated with coolmg 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 s1m1lar to IC 1101 The symmetnc knots found 

m IC 1101 are also found m 4C 26 42 3C 84 and 3C 274, however, both lack a 

counter knot This may be the result of relativistic beammg or mherent ones1deness 

and not the result of a lack of symmetry All the knots are found close to their 

radio nucleus In IC 1101, the knots have a proJected galactocentr1c radms of 1 4 

kpc In 4C 26 42, 3C 84, and 3C 274, the galactocentnc radms of the knots are O 9, 

0 8, and 1 4 kpc, respectively 

2 3 Low Resolution Surveys 

As a class, radio sources associated with coolmg flow galaxies tend to be more com­

pact than other radio sources (Owen et al, 1984) In low resolution surveys, their 

structure generally consists of a bright unresolved core source with diffuse FR I type 

Jets and/or a diffuse halo (O'Dea & Baum, 1987} This same morphology 1s observed 

m IC 1101, 4C 26 42, 3C 84, and 3C 274 at a resolution comparable to these surveys 

Therefore, 1t 1s at least not mcons1stent for the diffuse structures m these surveys to 

be the result of a shock disruption of their beams ms1de the unresolved radio core 

Clearly, high resolution observations of more coolmg flow galaxies are needed to 

understand the ongm of the diffuse structures m 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 Vl.A. 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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2 4 Exceptions 

Two notable except10ns are 3C 405 (Arnaud et al, 1984) and 3C 295 (Henry & Henrik­

sen, 1986) which have FR II type radio structure (Perley et al , 1984 and Wilkmson, 

1982) These sources, however, are much more powerful than the sources previously 

mentioned, approximately one thousand times the 1 4 GHz power of IC 1101 High 

powered radio sources may have a disruptive effect on the environment This disrup­

tion may make them less sensitive to their propagatmg environment (Norman, 1987) 

3 DISCUSSION 

The present trend cited above suggests that some factor m the coolmg flow environ­

ment is responsible for the shock disruption observed m IC 1101 and others Several 

possible mechamsms may cause disruptive shocks m beams propagatmg through a 

coolmg flow These mechamsms are colhs10ns with dense gas clouds (Blandford & 

Komgl, 1979), growth of ordmary mode Kelvin-Helmholtz mstabihties (Sumi & Smarr, 

1986), and pressure walls m the pressure distribut10n of transomc coolmg flows 

(Burns, 1986, Burns et al , 1987, and Sok er & Sarazm, 1987) In order to exp lam the 

apparent symmetric nature of the knots m IC 1101, and 4C 26 42, the cloud colhsion 

and Kelvin-Helmholtz shock mechamsms require an addit10nal symmetrizmg mechan­

ism (see Sumi et al, 1987) The pressure wall mechamsm is naturally symmetric m 

a spherical coolmg flow 

Note that each mechamsm would give information about structures or reg10ns in 

the coolmg flow that cannot be resolved by the available X-ray data A collisional 

mechamsm gives information on inhomogeneities in the flow Kelvin-Helmholtz insta­

b1hties give mformat10n on the density and pressure distribution at the center of the 

flow A pressure wall would give mformabon about very sharp changes m the pres­

sure d1stributwn at the center of the flow and could md1cate the existence of a some 

pomt 

At the present time 1t 1s not possible to rule out any of these mechamsms 

However, the ubiquity of symmetric knots m a large sample of coolmg flow galaxies 

would help to rule out cloud colhswns as the primary shock mechamsm Symmetric 

colhs1ons m all the sources would be improbable We are m the process of observing 

ten coolmg flow galaxies with the VLA at a resolution of approximately O 4" These 

observations will allow us to resolve the core structures of the sample at approxi­

mately one kpc or better In addition, an mvesbgatwn of the propagation of beams 

m coolmg flows usmg two d1mens1onal beam simulations (Norman et al , 1985) 1s 

currently m progress It is hoped that these simulations will determme the cir­

cumstances m which a pressure wall or Kelvm-Helmholtz 1nstab1hties can cause beam 

disruptions s1m1lar to those observed 
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