A&A 415, 95-102 (2004) Astronomy
DOI: 10.10570004-6361:20034314

& .
© ESO 2004 AStI’OphySICS

First detection of cold dust in the northern
shell of NGC 5128 (Centaurus A) *

M. Stickelt, J. M. van der Hul€t J. H. van Gorkor, D. Schiminovic, and C. L. Carill?

Max — Planck — Institutdi Astronomie, Kohigstuhl 17, 69117 Heidelberg, Germany

Kapteyn Astronomical Institute, Postbus 800, 9700 AV Groningen, The Netherlands

Department of Astronomy, Columbia University, New York, NY 10027, USA

Division of Physics, Mathematics, and Astronomy, California Institute of Technology, MS 405-47, Pasadena,
CA 91125, USA

5 National Radio Astronomy Observatory, PO Box 0, Socorro, NM 87801, USA

A W N P

Received 12 September 2008ccepted 3 November 2003

Abstract. Deep far-infrared (FIR) imaging data obtained with ISOPHOT at@0150um, and 20Q:m detected the thermal
emission from cold dust in the northern shell region of NGC 5128 (Centaurus A), where previously neutral hydrogen and
molecular gas has been found. A somewhat extended FIR emission region is present in bothuth@a8@0Q:m map, while

only an upper flux limit could be derived from the @& data. The FIR spectral energy distribution can be reconciled with a
modified blackbody spectrum with very cold dust color temperatures and emissivity indices in the rangelThak< 155K

and 2> B > 1, respectively, where the data favor the low temperature end. A representative value for the associated dust mass is
Mpust = 7 x 10* Mg, which together with the HI gas mass gives a gas-to-dust rati®00, close the average values of normal
inactive spiral galaxies. This value, in conjunction with the atomic to molecular gas mass ratio typical for a spiral galaxy,
indicates that the interstellar medium (ISM) from the inner part of a captured disk galaxy is likely the origin of the outlying
gas and dust. These observations are in agreement with recent theoretical considerations that in galaxy interactions leading to
stellar shell structures the less dissipative clumpy component of the ISM from the captured galaxy can lead to gaseous shells.
Alternatively, the outlying gas and dust could be a rotating ring structure resulting from an interaction or even late infall of tidal
material of a merger in the distant past. With all three components (atomic gas, molecular gas, dust) of the ISM present in the
northern shell region, local star formation may account for the chains of young blue stars surrounding the region to the east and
north. The dust cloud may also be involved in the disruption of the large scale radio jet before entering the brighter region of
the northern radio lobe.
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1. Introduction and often found farfithe galaxy centers in irregular structures,

o . . ) . even when the optical images no longer show obvious signs
Gravitational interaction is a major process rearranging 3¢interactions (Hibbard 2000; Hibbard et al. 2001). However,

stars and_the interstellar medium (ISM) of the involved progefle Hi gas in the progenitor galaxies is usually much more ex-
itor galaxies. The more violently and supposedly young casg$ged than the stars, the molecular gas, and the dust. Its distri-
of gravitational interactions are easily discernible by their oy tion in the interacting system is therefore not necessarily rep-
tically highly disturbed appearance, particularly in the case Qfsentative of these other components of the ISM. Moreover,
disk galaxies. The presumably older, more settled, and perhgpetection of molecular gas and dust in the interacting sys-
virialized later stages can be ascribed to the rarer optical fegs, provides evidence from where the observed ISM has been

tures of shells and polar rings, which consist mostly of starsqr away and thereby can constrain models of the interaction
The fate of the ISM can be traced by the structure of thgocess.

atomic hydrogen (HI) gas, which is relatively easy to observe ) o
While molecular hydrogen as traced by the CO emission

Send gfprint requests toM. Stickel, is now regularly found in the inner regions of disk gaIa_X|es
e-mail: stickel@mpia-hd.mpg. de (Helfer et al. 2003, and references therein), the detection of

* Based on observations with 1SO, an ESA project with instrumerfi@olecular gas far from the disk is rather rare. Besides its occur-
funded by ESA Member States (especially the Pl countries: Frank@nce in Tidal Dwarf Galaxies, possibly gravitationally bound
Germany, The Netherlands and the UK) and with the participation 8ystems in the tails of violently interacting galaxies where it
ISAS and NASA. is likely condensing out of the HI (Braine et al. 2001), only a
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few additional cases with outlying molecular CO emission has#uated between shells. The CO detection in the northern shell
been found (Braine et al. 2001; Aalto et al. 2001). Similarly, theegion S1 was confirmed by Curran (2001), althoughféedi
FIR or sub-mm thermal emission of compact extra-nuclear destt interpretation in terms of an molecular outflow associated
structures is detected in strongly interacting systems suchvagh the radio jet was suggested.
NGC 403839 (“the Antennae”, Haas et al. 2000) and HCG 92 NGC5128 had been the target of previous FIR studies
(“Stephans Quintett”, Sulentic et al. 2001), whereas in weakhased on IRAS data (Israel 1998, and references therein), as
interacting or less disturbed systems none has been repovted as more recently, in the near-IR (Mirabel et al. 1999)
so far. A possible exception might be a cold intergalactic dushd sub-mm (Leeuw et al. 2002). These studies were aimed at
cloud in the outskirts of the Virgo elliptical M86 (Stickel et althe investigation of the dust emission of the already optically
2003), which is likely undergoing tidal interactions during itsisible dust disk in the central part of the disturbed galaxy.
infall into the Virgo cluster. Up to now, no evidence has shown up of any localizéd o
Any FIR emission from extra-nuclear dust associated wittenter FIR emission, particularly none at the position of the
the atomic and molecular ISM components in a weakly imptical shells or associated with the outlyinj-oenter HI and
teracting system is likely quite faint, even if galactic gas-t@&zO emission. In the case the IRAS data (Marston & Dickens
dust ratios are assumed. Thus, a search for outlying dust fra@88; Eckart et al. 1990; Marston 1992; LeWinter et al. 1993),
a captured system is promising only in nearby galaxies. tAis negative result might not only be due to sensitivity but also
prime candidate in this respect is the radio galaxy NGC 51d8e to the wavelength limit of 1ém, which made it insensi-
(Centaurus A), an optically highly disturbed system with a cetive to a cold dust component with temperatures below 20 K.
tral dust lane, which is considered to result from at least one The ISOPHOT detector (Lemke et al. 1996; Lemke &
major merger of an elliptical system with a spiral galaxy. Klaas 1999) aboard the Infrared Space Observatory (ISO;
is also particularly interesting because of its system of optidéssler et al. 1996) not only provided a higher sensitivity and
shells (Malin et al. 1983; Peng et al. 2002), which is poss+higher angular resolution, its increased wavelength coverage
bly the result from one or even more earlier minor encountersut to 20Qum also allows the detection of cold dust with tem-
The morphology seen in deep optical images bears some peratures well below 20 K. Such cold dust temperatures might
semblance to a polar ring galaxy (Richter et al. 1994) or evbe expected since there is no strong radiation field from a large
to a spheroid intersected by a large disk oriented along a nomtlsamber of young stars which could heat any outlying dust.
east south-west direction (Malin 1978; Cannon 1981; Hayne&C 5128 was therefore observed with ISOPHOT to search
etal. 1983; Peng et al. 2002). Other remarkable features inclddeextra-nuclear dust in the northern part of the stellar halo,
a highly complex radio structure (Morganti et al. 1999) anparticularly dust associated with extra-nuclear HI and CO in
emission line regions roughly aligned with the radio jet (Blancite northern shell S1, the optical filaments, and the radio jet.
et al. 1975; Morganti et al. 1991; Graham 1998). A more de-
tailed review of the current observational status of NGC 51 : .
can be found in Israel (1998), while schematic diagrams of t éObservatlons and data reduction
various optical, radio, and cold gas structures can be founddn area of=20 x 20' north of NGC5128 was imaged at
Dufour & van den Bergh (1978), Morganti et al. (1999) and50um and 20Qum with the ISOPHOT (Lemke et al. 1996;
Charmandaris et al. (2000), respectively. Lemke & Klaas 1999) in August 1996. The main body of the
The detection of HI emission in several regions near tlyalaxy was placed at the southern edge of the maps to cover
outer shells (Schiminovich et al. 1994) and the subsequent tlee northern shell region S1 (Charmandaris et al. 2000), where
tection of molecular gas traced by CO emission in the twweviously HI and CO had been detected (Schiminovich et al.
regions with the strongest HI emission (Charmandaris et 4P94; Charmandaris et al. 2000). These long wavelength ob-
2000) indicated that the ISM in the tidal remnant has not yse¢rvations were carried out with the ISOPHOT C200 camera,
completely settled in the center of the potential (cf. Weil & 2x 2 pixel array of stressed Ge:Ga with a pixel size df89
Hernquist 1993). This is possibly due to a relatively high velo@ the regular raster mapping mode. The total integration time
ity of the encounter, as indicated by the rotation of the HI géar the two filters was 4500s. A somewhat larger region north
(Schiminovich et al. 1994) and the azimuthally distributed shedlf NGC 5128 was observed at 8t with the C100 camera of
system (Peng et al. 2002). Alternatively, tidal material might BEOPHOT, a 3< 3 pixel array with a pixel size of 45 in the
falling back onto the main galaxy long after the encounter, akopped raster mapping mode. The full area was mosaiced in
suggested by Hibbard & van Gorkom (1996) and recently cogight separate parts in July 1996 with a total integration time
firmed by numerical simulations (Barnes 2002). The HI moof 6600 s. For all observations, calibration measurements with
phology and velocity field of NGC 5128 (Schiminovich et althe on-board Fine Calibration Source (FCS) of ISOPHOT were
1994) strikingly resembles a ring structure, similar to a fevaken before and after each (sub-)map to put the observed sig-
rare cases of HI rings (Barnes 1999; Ryan-Weber et al. 2003]Js on an absolute level.
and references therein), in which case the positional associa-The signal derivation for each detector pixel and sky po-
tion with the stellar shells might only be a projectiofieet. sition made use of the full distribution of pairwise ramp read-
In fact, locating the three HI emission regions (Schiminoviabut differences instead of ramp slope fitting. This gives a much
et al. 1994) in the optical image showing the interleaved shbktter rejection of cosmic ray hits, which is critical for the de-
system (Peng et al. 2002) reveals that only the northern S1testion of faint FIR sources (Stickel et al. 2003). The signals
gion lies outside the outermost shell whereas the other two arere corrected for the dependence on ramp integration times to
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be consistent with calibration observations, dark-current sub- NGC 5128 90um

L | L L
tracted, and finally flux calibrated with ISOPHOT Interactive 1 = -
Analysis package PlAversion 9.1 Cal G version 6.0 (Gabriel _ 1 { 5 E E T "

<

et al. 1997). For the conversion of detector signals to fluxes, thes
average of the signals of the two FCS measurements accompa- |
nying each (sub-)map was used. 4
The flux calibrated data streams of the detector pixels of all-o | <

observations showed significanti@grences in the overall sky
levels levels of up to 30%, most likely coming from inappro- | L
priately corrected pixel-to-pixel sensitivities (flatfield), which 1 L
moreover appeared to be time-dependent. If uncorrected, thisy @
would lead to quite severe striping and checker board patterns
in the final maps, thereby degrading the limit for detecting

faint structures significantly. Therefore, the data streams were
smoothed with robust filtering techniques, and each individual 1] ) B
data stream rescaled to the common mean, while any residual

time trend was removed with robust low-order polynomial fits. |
However, due to the very high contrast between the FIR bright _ |
central disk and the very low FIR emission in the outer stellar":; |
halo of NGC 5128, an acceptable flattening of the whole ob- | |
served region could not be achieved. Since the central parts of
the disk region is in any case saturated in all three filters, the

=
T

T T T T T
flat-fielding has therefore been optimized for the outer stellar 13"2770° 40° 20° 2607 40°
halo region of NGC 5128. | e _
The ISOPHOT raster mapping observations contain an in- e o e
herent redundancy such that a given sky position is observed ’ ’ ) " y/pixel]

with several pixels, and addltlonally, in the case of t_hguﬂf) Fig 1. Gray-scale representation with overlaid isocontours of the
chopped measurement with the C100 detector, during SEVREYPHOT 9Qum map of the region north of NGC 5128. The large
chopper sweeps. For the longer wavelengths C200 observatighig piob at the bottom is the FIR emission of the central dusty disk
at 150um and 20Qum, this redundancy was utilized by producregion of NGC 5128 itself. Only a few very low level structures near
ing for each detector pixel a full map with a common centefie edges of the mapped region are apparent. Map pixel sizé& is 35
using the Drizzle mapping method (Hook & Fruchter 1997)
within IRAF2. Similarly, full maps with a common center were .
created for each pixel and chopper throw from the:@0data Part treated as completely separate measurements, which were
streams, again with the Drizzle mapping method. These in@dain fully processed to the complete maps. Except for an in-
vidual maps were subsequently stacked, and a final map &Geeased noise due to the less robust signal derivation, these
ated from the stack. In the case of the C200 detector with ofi@Hr additional sets of maps showed results consistent with the
4 pixels, a robust biweighted mean was applied to each pigove described pairwise stack maps, thereby providing an in-
in the stack. For the 9%9m map, the stack consists of a totafiependent confirmation of the features described below.
of 117 full images, which were averaged after applying a min-
max outlier rejection scheme. This stack-averaging reductignResults
scheme is similar to standard near-infrared data processing and
has been shown to suppress quifteetively small scale de- The final 9Qum (Fig. 1), 15Q:m (Fig. 2) and 20@m (Fig. 3)
tector variability and cosmic ray hits, leading to significantlynaps are dominated by FIR emission of the central dusty
lower detection limits (Stickel et al. 2003). disk of NGC 5128. The galaxy center is saturated in all three
For cross-checking the obtained results, full maps have ddnds, although this is not obvious from the displayed images.
ditionally been created in a single drizzling step from the paidnfortunately, this precludes the derivation of integral fluxes
wise as well as the standard linear ramp fitted data strearios.the central part of the galaxy. As a consequence of the high
Furthermore, the total integration time per sky position wdkixes, long term drifts were apparent in the one-dimensional
divided into two halves and the pairwise signals from eactata streams, which could not be removed completely by the
T The ISOPHOT data presented in this paper were reduced usabove described flat-fielding process. Any structures directly
g . . éﬂﬂacent to the central dust disk must therefore be considered
PIA, which is a joint development by the ESA Astrophyelcs I_DlVlSlorlwmre”able
and the ISOPHOT Consortium. The ISOPHOT Consortium is led by ) L
In the 9Qum map, no FIR emission further away from

the Max-Planck-Instituteuf” Astronomie, Heidelberg. T ' v
2 |RAF is distributed by the National Optical Astronomythe central disk is seen, particularly not at the position of the

Observatories, which are operated by the Association of Universitids (Schiminovich et al. 1994) and CO (Charmandaris et al.

for Research in Astronomy, Inc., under cooperative agreement w@Q00) in the northern shell S1, nor is there anything dis-
the National Science Foundation. cernible at the position of the northern large scale radio jet
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Fig.2. Gray-scale representation with overlaid isocontours of thég. 3. Same as Fig. 2, but for the 2@@n band.
ISOPHOT 15Q:m map. In addition to the strong FIR emission of the

central region of NGC 5128 near the lower edge, a resolved emissio
region~15 northeast of NGC 5128 (marked with a bar) can clearly
be seen. Map pixel size is 40

44

(Morganti et al. 1999) or the ionizedftlise clouds and fila- ]

ments (Graham 1998). A few very low level structures lying o

close to the edges of the map are not significant, because the

appearance is strongly dependent on the on the data set us |

(see above) to create the map. They are due to detector noi o

and residual baseline variations not completely removed by th

flat field correction. ]
In contrast, the 150m (Fig. 2) and 20@m (Fig. 3) maps Q-

show in addition to the bright FIR source due to the dusty cen

tral disk also a somewhat extended FIR sour@& northeast - |

of NGC 5128. Its peak emission is at the same position at bot°m |

wavelengthsdoopo : 13" 26™ 16°%, 62000: —42° 48 35”), which I S

in turn is closely coincident with the maximum of the HI 3 oo% '

(Schiminovich et al. 1994) and CO (Charmandaris et al. 2000- < no' 2}05 -

emission in the northern shell S1. The positiongiset of the R 2N RMANS | aRS | oAMAS  4hS | mhE | A

peak of the FIR emissior(’ south) from the HI and CO emis- ! 13726740 20 26707 40 20 2570

sion, the somewhat brighter southern end as well as the &fy. 4. Gray-scale representation of the ISOPHOT 200map with

parently faint curved extension of the FIR emission presentarerlaid isocontours of the DSS®-band image. The outlying FIR

both maps, which in fact bears some resemblance to the cureaussion region is indicated by the white ellipse.

HI morphology (Schiminovich et al. 1994), can not necessarily

be taken as evidence for a strongly asymmetric FIR emission

region, because these features could be a result of the asyaster scan. Additionally, each of the 3&af and 20Q:m maps

metric sampling of a compact dust cloud with the larg&jl made from the other above described data streams showed the

ISOPHOT C200 pixels. However, it should be emphasized ttstme FIR emission region, albeit with minoffdrences in its

the FIR emission in both maps lies away from the map bdevel and structure.

der and could therefore not be due to edffects, which re- The combined 20Qm / DSS-2 B-band image (Fig. 4)

sult from the reduced redundancy and incomplete coverage sfows that the f-center FIR emission lies at the position
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1000 beyond 20Qum. The steep flux increase towards longer FIR
wavelengths is indicative of the thermal emission of a cold dust
750 + e S~ component. The dust emission is usually represented by a mod-
/

T
1

ified blackbody (Planck) function

500 :
, F, « W B, (TDuSt) (1)
~ /
’E 300 T=13K )/ 7 with a dust color temperatuiEpyst and an emissivity indeg.
ot B )/ The measured fluxes at 15 and 20Qum as well as the up-
LTD_ 200 - B=2 K ] per limit at 90um do not strongly constrain the values for the
/ dust color temperature and the emissivity index. For emissivity
)/ indices in the range 2 g > 1, they can be reconciled with
100 $ ! R dust color temperatures in the range 13KTpyst < 155K.
/ However, with increasing dust color temperature and decreas-
1

ing emissivity index, the SED becomes increasingly flatter to-
50 Ll 1 1 d \_/rvards ir1505rt§r v_vaveleggihs}landh thc(jaI cgn*;binaﬁo& 1 and
pust = 155K gives a 9um flux hardly below the conserva-
80 100Wave| e%'gt% (unﬁ;m 300 tive detection limit indiqated in Fig. 5. Thg detections at 160
and 20Qum together with the upper limit at 96n thus favor
Fig.5. FIR spectrum of the ff-center source at the position of thea dust temperature towards the lower and an emissivity index
HI/CO detection in NGC5128. 30% error bars are indicated for thewards the upper end of the possible range. Moreover, if a
ISOPHQOT detections at 130n and 20Qm. The dashed curve showsinverse temperature dependence of the emissivity index simi-
a modified blackbody spectrum with temperatlig,s; = 13K and |ar to that found in the Milky Way (Dupac et al. 2003) holds
emissivityp = 2. also for the outlying dust in NGC 5128, then orfly~ 2 with
Toust ® 13K is acceptable. Given the uncertainties in the mea-

where the faint optical extensions seen in deep images (Maﬁllﬂ\red fluxes at 156m and 20Q:m, the dust color temperature

1978; Cannon 1981; Haynes et al. 1983) start, as indicated \ h:]b%even Iowerthan. 13dK. ith the FIR emissi b
the departure of the optical isophotes from elliptical symmetrl)(m;tez frlé‘:’;mass associated with the emission can be es-
Remarkably, the diuse H, emission (Fig. 1 of Blanco et al.
1975) has also a strong depression there. Mpust = D2 F,, [x1 B,(Tous) ]~ )
Other known features of NGC 5128, namely dust patches
seen in the optical (Dufour & van den Bergh 1978), the aftlildebrand 1983; Draine 1990), whefe is the flux density,
of young blue stars north-west of the central dust disk (Pebxthe distancex, the dust opacity, anflpys;the dust color tem-
et al. 2002; Karovska et al. 2002), the northern inner radio jegrature. Dust opacities are rather uncertain and a representa-
and lobe (Burns et al. 1983), and the inner gaseous filamelite value of 3 n3/kg for 200um is used, which lies in the mid-
(Blanco et al. 1975; Morganti et al. 1991) lie in all three mapgde of the range of currently considered values (Draine 1990).
too close to the very bright central dust disk to be discernibM/ith a distance to NGC 5128 of 3.4 Mpc (Israel 1998), the de-
even if compact FIR emission up to a few Jy would have beémed dust mass for dust color temperatures 13KTpyst <
present. 155K lies in the range & 10 My 2 Mpyst 2 3.2 x 10* M.
The integrated FIR fluxes of the northern emission region
have been measured with simple aperture photometry. Fr : :
the total flux inside a rectangula? boxpcontainﬁ\g the FIR emiﬁs?hscussmn
sion, various background boxes were subtracted to give the Wéth the detection of the FIR emission from cold dust at the
flux, while the variations of the efierences gave an indicationposition of previously detected HI and CO in the northern
of the accuracy. In the 9am map, twice the flux of the bright- shell S1 of NGC 5128, all three components of the ISM, atomic
est blob near the eastern border was considered as the absalutemolecular gas as well as dust, have now for the first time
minimum of any FIR emission, which would have been consitieen seen in an outer shell structure of an early type galaxy.
ered a detection if it were at the position of the FIR emissioks it is obvious from the spectral energy distribution (Fig. 5),
at 150um and 20Q:m and the HICO detections. The result-the newly discovered extra-nuclear dust is rather cold hav-
ing fluxes are 550 mJy at 1%0n, 810 mJy at 20Qm, while at ing a color temperature below 14 K, which is in fact signifi-
90um a conservative upper limit for any FIR emission withiantly colder than the dust color temperature of the Milky Way
a similar region is 100 mJy. Uncertainties in the 150 and (Sodroskietal. 1994) and of other normal inactive spiral galax-
200um fluxes arex30%, as derived from several combinationies (Stickel et al. 2000), but similar to cold interstellar clouds in
of the source and eferent background regions. the Milky Way (Ristorcelli et al. 1998; ath et al. 2000). This
The spectral energy distribution (SED, Fig. 5) shows thlw temperature together with the rather small inferred dust
the FIR emission is strongly rising from @& to 150um, mass leads to very lows(L00 mJy) FIR fluxes at wavelengths
and is further increasing to 2@@n. Apparently, its peak is up to 10Qum, which in turn precluded an earlier detection with
not covered by observed wavelength range and likely li€RAS.

T
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FIR spectra and dust temperatures for dispersed ISM dast references therein) provides strong evidence for the gen-
out to large radii from the galaxy center have been computerhl absence of dust at very large radii, although there have
for ellipticals by Temi et al. (2003). This model includes heabeen a few hints that dust can indeed reside outside stellar disks
ing by star light as well as by electron — grain collisions in a h@iNelson et al. 1998; Alton et al. 1998; Melo et al. 2002). The
X-ray emitting component. An exemplary result of the graiapproximately normal properties of the shell material then in-
temperature as a function of distance was given for NGC 4688 ates that the ISM of the inner part of a spiral galaxy is its
(Fig. 2in Temi et al. 2003), which has a total mass affiekative  likely origin.
radius quite similar to that of NGC 5128 (Israel 1998). It shows The getection of dust is also in agreement with mod-

that large dust grains can actually attain very low temperatuigs ¢or the shell formation (Combes & Charmandaris 2000;
(Toust < 15K) in the outer regions, only heated by the ambiegt, 3rmandaris & Combes 2000), where the ISM of a merging
_starlight. This is in accord with the low temperature_of the duébmpanion is not only included as a smoothly distributed, ho-
in the northern shell S1 of NGC 5128 (Fig. 5), which can Bg,,geneous dissipative component, but also contains a clumpy
taken as evidence that neither the surrounding chains of YoWfhponent of small and dense clouds with a very low dissipa-
stars nor the radio jet (see below) is significantly contributing,, \yhich in turn will survive and be presentin the shell struc-
to the heating of at least the large dust grains. Unfortunatelyes along with the stellar component. The consistent picture
no deep MIRFIR data between 26m and 9Qum are available ¢ o external origin of the outlying gas and dust also makes an
for the northern outskirts of NGC 5128 to check the presenggjimated outflow of molecular gas from the central regions
of MIR_/FIR_emlssm_n from smaller grains. They are expected HPong the jets (Curran 2001) for the origin of the CO emission
have significantly higher temperatures, partly because electrpng,e northern shell S1 less likely, although some outflow of
grain collisions become important (Temi et al. 2003). The a5y components from the central actively star forming region

sence of thermal emission from these smaller grains to VeJ¥NGcC 5128 in form of a galactic wind is to be expected.
low detection limits would indicate that they might have al-

ready been destroyed by sputtering (Dwek et al. 1990; Tielens Since dustis anecessary requisite for molecular gas forma_-
etal. 1994; Dwek et al. 1996), leaving preferentially behind tHin: its presence in the northern shell S1 can be taken as evi-
larger grains. The grain sputtering time in turn can be useddgnce that at least a fraction of the molecular gas might have
set a lower limit for the lifetime of the dust cloud, which for?€€n created in situ from the neutral gas, rather than broughtin
an external merger origin of the dust might give an indicatidrem the c_aptured system.. This situation would t_hen be similar

when this event had happened. to a few tidal dwarf galaxies, where the formation of molec-

For the northern shell S1, Charmandaris et al. (2000) gith#" 9as out of HI and dust has been proposed (Braine et al.
a HI gas mass 0£2.1 x 10’ Mo, and an only slightly smaller 2001). The presence of atomic and molecular gas together with
amount of molecular gas. Taking x 10 M, as a representa-d“St in a compact cold region is reminiscent of Giant Molecular
tive value for the dust mass gives a HI gas-to-dust ratigagfo.  Clouds in the Milky Way, which often harbor the sites of star
Since the total gas HI mass is distributed over a much |ar§gpmat!on. There is currently no evidence for large scale star
area than the detected FIR emission (Schiminovich et al. 19d#jmation going on at the center of the northern gas and dust
the HI gas-to-dust ratio of the inner region of the northern sh&ioud- However, there is a chain of young blue stars not only
is likely smaller. Given the uncertainties in the dust param@Iond the eastern edge of the cloud (Rejkuba et al. 2001, 2002)
ters, this value is remarkably close to the canonical value of fidiacent to the emission line region likely excited by the radio
Milky Way (~160, Sodroski et al. 1994), and even closer #§t (Morganti et al. 1991; Graham 1998), but remarkably also
the median value 6£250 for a large number of inactive spiraONg its northern edge (Fassett & Graham 2000). This can be
galaxies (Stickel et al. 2000). Similarly, the ratio of the neutr§Jt€rPreted as recent star formation at the surface of the cloud,

to molecular gas mass efL.25 is also representative for spirafVhich initially might have been triggered by its interaction with
galaxies (Charmandaris et al. 2000). the jet, but apparently has now spread even to the far side of the

There is no report of a large cluster of young stars Orsgppoged jet-cloud intgrface. Even earlier phasgs of the stellar
large evolved star formation region associated with the north&¥p!ution are characterized by compact cores with gas and dust
shell region S1, which makes a creation of dust from the Idfgmperatures well below 15K, which usually show up as in-
phases of the stellar evolution unlikely. Rather, the obser/&fiSity peaks in cold gas and dust clouds at the longest FIR

properties of the extra-nuclear gas and dust strongly suggd sub-mm wavelengths. Whether such pre-stellar cores are
an external origin, most likely coming from the normal |gpPresent and star formation might eventually independently start

of a gas rich progenitor galaxy, while a gas poor elliptical Jyithin the gas _and dust cloud can be tested by high resolution
spheroidal galaxy and a low metallicity dwarf or low surfac8UP-mm mapping.
brightness galaxy appears to be ruled out. A remarkable feature has shown up in recent 20 cm map-
The presence of dust in the northern shell already exclugesg of the brighter northern radio lobe region, namely a
the outer HI rich envelope far beyond the stellar disk of a sparge scale jet connecting the inner radio lobe and the much
ral galaxy as the origin of the gaseous shell component, raere difuse radio emitting region of the northern middle lobe
suggested by Carter (1999). CO has been found to be a g@ddrganti et al. 1999). As already noted by Morganti et al.
tracer not only for molecular hydrogen gas but also for dugt999), the position where the confined jet emission becomes
(Neininger et al. 1998, and references therein). Its confinemditfuse is positionally coincident with the HI and CO emission.
to the stellar disk region (Regan et al. 2001; Helfer et al. 200)e newly detected dust at the same position can be taken as
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supporting evidence that there is indeed some kind of dynantigital form with their permission. The Digitized Sky Survey was pro-

cal interaction going on which disrupts the collimated jet.  duced at the Space Telescope Science Institute under US Government
Although a few other cases of shell galaxies with associat@@nt NAG W-2166.

HI emission are known (Schiminovich et al. 1995; Petric et al.

1997; Balcells et al. 2001; Schiminovich 2001), no other cle®@eferences

case of CO emission associated with the HI is currently pub- 0. S. Hittemeister. S.. & Polatidis. A. G. 2001 AGA. 372. 29

lished. An uncertain case is NGC 3656, where Charmandgf "oy “ro o' M Davies, 3. J., et al. 1998, A&A, 335, 807

& Combes (2000) note a possible detection of the southern o

. ) alcells, M., van Gorkom, J. H., Sancisi, R., & del Burgo, C. 2001,

shell. Unfortunately, this particular galaxy has not bee_n 0b- A3 122 1758

served with ISO at FIR wavelengths. A cross-correlation @hmes b. G. 1999, PASA, 16, 77

the FIR mapping observations in the ISO data archive with tRgrmes, J. 2002, MNRAS, 333, 481

lists of shell galaxies from Malin & Carter (1980), Wilkinsongraine, J., Duc, P.-A., Lisenfeld, U., et al. 2001, A&A, 378, 51

et al. (1987), and Thronson et al. (1989) revealed that th@lanco, V. M., Graham, J. A., Lasker, B. M., & Osmer, P. S. 1978,

are several additional shell galaxies with useful mapping dataApJ, 198, 63

at wavelengths beyond @@n. Among them are the two well Burns, J. O., Feigelson, E. D., & Schreier, E. J. 1983, ApJ, 273, 128

known cases NGC 474 and Arp 230, which have in addition ﬁﬁnnon, R. D. 1981, in Optlcal Jets in GalaXieS, ed. B. Batt”ck, & J.

stellar shells also a highly structured HI morphology. Again, Mort: ESA-SP 162, 45 _ _ _

no CO has been detected associated with the optical shell e D 1999, in Galaxy Interactions at Low and High Redshifts,

. . roc. IAU Symp., 186, ed. J. E. Barnes, & D. B. Sanders
these galaxies (Combes et al., priv. commun.). The ISOPHO Dordrecht: Kluwer), 165

observations showed in both cases no outlying compact dggt nandaris. V.. Combes. F.. & van der Hulst J. M. 2000. A&A
structures, and did detect the central FIR emission only fromgsg |1 C ' o

Arp 230 but not from NGC 474. However, the less well knowgharmandaris, V., & Combes, F. 2000, in Small Galaxy Groups, ed.
object NGC 5813 from the list of Thronson et al. (1989) clearly M. valtonen, & C. Flynn, ASP Conf. Ser., 209, 273
does show two outlying compact FIR emission regions not aSembes, F., & Charmandaris, V. 2000, in Dynamics of Galaxies: from
sociated with anything obvious in the optical DSRRDand  the Early Universe to the Present, ed. F. Combes, G. A. Mamon, &
image of the galaxy, although its center is only very weakly V. Charmandaris, ASP Conf. Ser., 197, 339
detected. NGC 5813 is a rather unconspicious E1 elliptical, fgfrran, S. J. 2001, A&A, 376, 402 o _
which a merger origin has been suggested by Kormendy (19@4 ine, B. T. 1990, in The Interstellar Medium in Galaxies, ed. H. A.
on the basis of a non-isothermal core-witin-a-core structure, fut' ""onson Jr., & J. M. Schull (Dordrecht: Kluwer), 483

. . ) o . ufour, R. J., & van den Bergh, S. 1978, ApJ, 226, 73
has not yet been investigated in detail with HI observations.

. o . upac, X., Bernard, J.-P., Boudet, et al. 2003, A&A, 404, L11
detailed description of these archival FIR data from the IS ek, E., Rephaeli, Y., & Mather, J. 1990, ApJ, 350, 104

database will be given elsewhere (Stickel etal., in preparatio)yek, E., Foster, S. M., & Vancura, O. 1996, ApJ, 457, 244

Since these three objects and all other shell galaxies with FtRkart, A., Cameron, M., Rothermel, H., et al. 1990, ApJ, 363, 451
mapping data are at much larger distances than NGC 5128a8sett, C. I., & Graham, J. A. 2000, ApJ, 538, 594

similarly small amount of dust can currently not be detecteGabriel, C., Acosta-Pulido, J., Heinrichsen, 1., et al. 1997, in
For the time being, the detection of dust in the northern shellAstronomical Data Analysis Software and Systems VI, ed. G. Hunt,
system of NGC 5128 is therefore unique. &H. E. Payne, ASP Conf. Ser., 125, 108

Graham, J. A. 1998, ApJ, 502, 245
Haas, M., Klaas, U., Coulson, |., Thommes, E., & Xu, C. 2000, A&A,
356, L83
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