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ABSTRACT

We present receriubble Space Telescopbservations of the inner filament of Centau-
rus A, using the new Wide Field Camera 3 (WFE)25V, F657N and F814W filters. We
find a young stellar population near the south-west tip ofitament. Combining the WFC3
dataset with archival Advanced Camera for Surveys (AB&)6W observations, we are able
to constrain the ages of these starscid Myrs, with best-fit ages of 1-4 Myrs. No further
recent star-formation is found along the filament.

Based on the location and age of this stellar populationflaadact that there is no radio
lobe or jet activity near the star-formation, we propose pdated explanation for the origin
of the inner filament,_Sutherland et al. suggested that f@dimduced shocks can drive the
observed optical line emission. We argue that such shoaksaturally arise due to a weak
cocoon-driven bow shock (rather than from the radio jetaiyg, propagating through the
diffuse interstellar medium from a location near the inner resrtiiadio lobe. The shock can
overrun a molecular cloud, triggering star-formation ie tfense molecular cores. Ablation
and shock heating of the flise gas then gives rise to the observed optical line and X-ray
emission. Deeper X-ray observations should show mdfes# emission along the filament.

Key words: galaxies: elliptical and lenticular, cD; ultraviolet: gales; galaxies: individual:
NGC 5128; galaxies: active; intergalactic medium; galsxjets

1 INTRODUCTION lobes, potentially indicative of restarting activity (Sam et al.
[2001; Morganti et al. 1999). A pair of inner lobes at 5 kpc from

¢ : t believed to h f dvi b the nucleus co-exist with a single Northern Middle Lobe a35
ofa post-merger system, believed o have lormec via a mBKger kpc (Fig.[3). On the largest scales, a pair of outer lobes és se

e ek oy 15988) | afsrond 100 o o the s (Fean 1l 2009). The er
est poweriful extragalactic radio source (.:entau’rus A alias- nature and re-orientation of the jets between these thralessc
tors make Centaurus A the perfect Iabé)ratory for studiestaﬁ s suggests interactions between the jets and gaseous ameinon
formation and the interaction between the energetic outpsu- are importantl(Gopal-Krishna & Wila 2d10). Further evidetior
this is provided by observations of X-ray knots along theioad

permgss;ve bIac/I;hI:) les l? nd thelrtsurroulndlr;gz.. d at lenath jet, most likely triggered by jet interaction with dense gasmps
entaurus as been extensively studied at waveleng s_)_

ranging from radio all the way through tprays. Radio images
(e.g. |Morganti et &ll_1999) show multiple synchrotron-eimés It is well-known that interaction between radio sources and
their environment can result in significant quenching of gaal-
ing and star-formation. Such feedback is often invoked te ex
* Email: Stanislav.Shabala@utas.edu.au plain the lack of significant recent star-formation in massél-

The peculiar elliptical galaxy NGC 5128 is an archetypalnegke
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lipticals (Bower et al. 2006; Shabala & Alexander 2009). &y,
[Shabala et &l (20l11) have shown that radio sources canessppr
star-formation on scales of groups and clusters, by heatimdy
sweeping gas out of satellite galaxies. However, radiogetsalso
trigger star-formation by compressing dense gas with staolia-
tive cooling times. This phenomenon is modelled in simalagi
(e.g. [ 2009), and explains the so-called adigt ef-
fect between the radio, UV and optical line emission aloregjét
axis in distant radio galaxies (McCarthy 1993:; Best &t a96)9

Two filaments, observed as narrow-line optical emission,
are found in the vicinity of the Northern Middle Lobe (Fig. 1)
and oriented more or less in the direction of the inner radto j
(Morganti et al.[ 1999/ Blanco ethll. 1975; Peterson bt al.5)97
The inner filament is located 8.5 kpc from the nucleus, somec2 k
away from the radio jets (Morganti et/al. 1999), while thessuine
is 18 kpc from the central engine and aligned with the radisem
sion. Broad-band optical observations reveal that bottmélats
contain hot, young stars 6f10 Myrs old (Rejkuba etal, 2001,
2002,12004; Fassett & Grahhal
However, while the young stars appear to be evenly diseibut
along the outer filament (Rejkuba et al. 2001; Fassett & Graha
M), those in the inner filament are concentrated at itthsou
western tip, closest to the galaxy nucldus (Rejkubalet 820

H | observations highlight anotherftérence between the fil-
aments. The outer filament lies in very close proximity torgéa
H 1 cloud (Schiminovich et al. 1994; Oosterloo & Morgainti Z)0
The transverse dimension of the cloud is comparable to tradiht
length, and the rotational velocity of the cloud supporfgoitn col-
lapsing towards the nucIeLls_(_S_Qhme_oms;h_éLaL_i994) aduer,
the stellar age of 10— 15 Myrs 2) is consis-
tent with the crossing time of the cloud across the radicajed, the
ionized gas velocities within the filamentary structuresanailar to

the cloud velocityl(Schiminovich et al. 1994; Graham 19888).
This scenario led a number of authors (é.g. Rejkubalét az;200

|Gopal-Krishna & Wiita 2010) to suggest that the outer filatiga
prime example of recent jet-induced star-formation, wiigcbrob-
ably still ongoing ((Mould et all_2000; Rejkuba etlal. 2004j the
other hand, no such HI cloud is observed in the vicinity ofitireer
filament.

Despite the lack of cold gas and distributed stellar popuriat
the inner filament appears brighter and more tightly coltadan
optical emission lines than the outer filament. This emis@also
less uniform across the filament, appearing much brightbeand
nearest to the nucleus (Morganti etial. 1991). Two potentieth-
anisms have been proposed as being responsible for thentiise e
sion: photoionization by the nucleus_(Morganti etlal. 9@y
shock heating (Sutherland eilal. 1993). The photoioninatiodel
requires Centaurus A to be a blazar, which is at odds witloralok
servations of its jets (Hardcastle et al. 2003). It alsesfalaccount
for the highest excitation lines and complex velocity stuoe in
the inner filament (Evans & Koratkar 2004; Graham & Price 1981
Morganti et all 1991). The jet-driven shock excitation mosiey-
gested by Sutherland et/ dl. (1993) can explain both the high a
low-excitation emission by invoking fast and slow-movirigsks.
However, this model explicitly requires the presence ofdiarget
in the vicinity of the filament, which is not observed. It afads to
predict the distributed X-ray emission found by Evans & Kkea
(2004).

In this work, we employ high-resolutiodubble Space Tele-
scope(HST) Wide Field Camera 3 (WFC3) observations to exam-
ine star-formation in the inner filament. The unique spats-
olution and sensitivity of WFC3, in particular at near-aitiolet

(NUV) wavelengths, enables us to isolate and estimatebtelages
for stars and stellar populations. The location and agdsesit stars
place new constraints on the possible origin and evolutioheoin-
ner filament.

The paper is structured as follows. In Secfidn 2 we describe
the observations and object detection. Identification elfat pop-
ulations and derivation of parameters (in particular|atelges) is
presented in Sectidd 3. We discuss the implications of odirfgs
in the context of triggered star-formation and the AGN - gaer-
action in Sectiofil4. We conclude in Sectidn 5.

Throughout the paper, a distance 068+ 0.43 Mpc (u =
27.83 + 0.24) to Centaurus A is assumed, giving a scale’of1
1.07 kpc. This distance is taken from NEBnd is the mean of sev-
eral distance estimates made using a range of methods: i@ephe
variables|(Ferrarese et al. 2007); Type la supernovaeJeaget al.
[2007;[Ruiz-Lapuente et dl. 1992); surface brightness faitins
(e.g.LFerrarese etlal. 2007: Shopbell ét al. 1993); tip of¢ldegi-
ant branch (e.g. Rizzi et al. 2007; Rejkuiba 2004; Sorialto816);

m_2Dd0; Graham & Fassett! 2002). globular cluster raduué_(ghampaammwoog) gambaus-

ter luminosity funct|0n4) planetary nkblumi-
nosity function |(Ciardullo et al. 2002; Hui etlal. 1993); Mivari-
ables|(Rejkuba 2004).

2 HUBBLE SPACE TELESCOPE OBSERVATIONS

Our recent HST observations of the Cen A inner filament were
made using the new WFC3 as part of the WFC3 SOC (Scientific
Oversight Committee) Early Release Science Program (H8T pr
gram 11360, PI: R. O’Connell). These data, taken 2010 Jul 02,
were obtained using the225W, F657N and F814W filters (NUV,

Ha + [N 1], and I-band respectively). Of particular note is the
F225N (NUV) data. Later in this paper, we exploit the sensitiv-
ity of the NUV to stellar age in order to age date the very récen
star-formation in and around the inner filament.

Earlier HST observations of the Cen A inner filament from
2004 Aug 10&11 were found in the HST archive (HST program
10260, PI: W. Harris). Taken with the Advanced Camera for Sur
veys (ACS), these data comprise of three separate pointiliga
the F606W filter. This very broad V’-band filter spans a number
of prominent emission lines which dominate the optical spec
of the inner-filament — most notably [Olll] 4959A,5007A, [OI
6300A,6370A, [NII] 6548A,6584A, kt, and [SII] 6725A. The fil-
amentary structure is therefore strongly detected irfF@oWV im-
age.

The ACS data sets were downloaded from the HST ar@hite
the Space Telescope Science Institute (STScl) via the efite-
calibration (OTFR) pipeline, and we adopted the pipetinezled
data as our science images. The WFC3 data were bias, darlatnd fl
field corrected locally usingatwrc3, and subsequently drizzled us-
ing the muLnibrIZZLE iMage reconstruction software. The purpose
of murtmrizzie (both the pipeline and local implementations) was
to align exposures in each filter, correct for geometricautin,
remove defects such as cosmic rays and hot pixels, and cembin
the exposures using ttiizzleimage reconstruction technique of
Fruchter & Hook(2002). The latest calibration files, indhglim-

age distortion cacient tables (IDCTAB), were downloaded from

1 httpy/nedwww.ipac.caltech.egtgi-birynDistance?nameNGC+5128
2 httpy/archive.stsci.edhst
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Figure 1. Reproduction of Fig.1 fror@OS). @©pt image (provided by D. Malin) showing the location of timmer and outer
filaments relative to the nucleus of Cen A, and the radio jétif@vcontours). The black contours show the position of thelélid, associated with the outer
filament, which is crossing the radio jet. Angular size o€drresponds to 1.07 kpc. Note that the larg&udie pattern in the top left corner is an image artefact
and not a real object.

the WFC3 reference file websiteFurther details of WFQRIVIS Table 1.HST observations of the Cen A inner filament

data reduction are given by Windhorst et al. (2011).

The Cen A inner filament is strongly detected in AEGOBW

and WFC3F657N as optical line emission from ionized gas. It is Date Instrument Eilter Exposure Time
situated~ 8.5 kpc to the north-east of the galaxy nucleus, and ex- (s)

tends a further 2200 pc along the same direction, with a wadith

~50-100 pc. (Note all of the above are projected lengths).firbie gggi 2”9 ig ﬁggwllzg Egggw gg;g

500 pc of the filament, beginning in the south-west closesh¢o 2010 Jllelgoz WF%A;I}JVIS F225W 2932
galaxy nucleus, consists of three major groups of extenddd-e 2010Jul02  WFCRVIS  F657N (Hr + [N II]) 1640

sion. These appear as unresolved ‘blobs’ in the seeingelihab- 2010Jul02  WFCRIVIS F814W 1050

servations df Morganti et al. (1991)(see their Fig. 2a), Vele! the
regions A, B and C (following Blanco etlal. 1975; Osmer 1978).

3 httpy/www.stsci.edhsfobservatorjcdbgSlfileInfo/WFC3reftablequeryindexThe HST images in Figgl 23 5 reveal significant structure @s¢h
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regions.Shell-likefeatures are visible, which presumably demar-
cate regions of higher density gas (perhaps due to comprebgi
shocks), and appear to lie perpendicular to the line extenfilom
the galaxy nucleus, and along the inner filament.

clude that these particular objects are most likely foregcostars
in our own Milky Way.

The highest concentration of blue objects is found at the SW-
tip of the inner filament, which also harbours the brightdsthe

The filament continues to the north-east with decreased sur- blue objects. It is also the only region that such blue objece

face brightness, and appears to be split into two furtheionsg

labelled E and F by Morganti etlal. (19&ﬂ)|?he morphologies of

found in association with strong line-emission. The catoand
magnitudes of these objects (discussed more fully in tHeviimg

regions E and F are less well defined in the HST imagery due to sections) coupled with the line-emission suggests theepoesof

low surface brightness. However, there are tentative sratshell
structures orthogonal to the main axis of the filament, simib
those seen in regions A to C.

2.1 Obiject detection

A unique aspect of the WFC3 dataset is the inclusiof 225N
observations. Theseftliaction limited NUV images are most sen-
sitive to the hottest, youngest stars, arfi@ous clear information
as to their properties and location in and around the inreangint.
Given that other purely optical studies have already bebtighed
(e.q. 2) we have focussed our attentiohaset
objects that are detected H225\.

We used paorino — part of the war paopnor package
7) — to automatically identify point sourcesthin
F225M, F606W and F814W data. A % detection threshold was
applied. The resulting coordinate tables were cross-lzde to
extract those objects detected in th825N image and at least
one other filter. Cross correlation of the ACS and WFC3 object
positions required a transformation between the AABBON and
WFC3 F814W coordinate grids, which was calculated using the
IRAF taskGeomapr and the positions of 37 point sources common to
both images. The ACE606W coordinates were then transformed
to the WFC3 coordinate frame using the taskxytran.

A final visual inspection of the data was carried out to check
for any other common sources missed byorino and cross-
correlation, adding 17 extra objects to the list. Severathese
were saturated objects that had been rejecteddy~o due to their
shape characteristics. Other added objects were just libbde-
tection threshold ardr partially blended with neighbouring bright
objects in one or more filters.

The positions of all objects detected?225W and at least one
other broadband filter are plotted on the two images in[Bighe.
position markers have been colour-coded in relation to tiseved
colour of each of the objects, and this photometry will becdbgd
fully in the following section. However, it is useful to disgs now
the relative morphologies of the two main populations weiségs
figure — those with blue NUV-optical coloursH225V — F814W)
< 0; blue markers] and those with red colouS2@5W — F814W)
> 0; red and green markers].

The most obvious dierence is in their distributions across the
field-of-view. Red objects appear quite evenly spread, evhilie
objects are mostly to the right (south west) of the framesesd to
the galaxy nucleus and the radio jet.

Many of the red objects are very bright, or even saturated,
in F606WV and F814W and have diraction spikes or show clear
diffraction patterns around the central peak of their PSFs. \We co

4 The lack of a region ‘D’ iIl) relates te tlabeling
scheme o IE75), who identified regions A, B @ndf the
inner filament, and used ‘D’ to denote what is now referredstéha outer
filament.

young stars or star clusters. FigH.}4,Bl& 6 show progressivelg-
nified views of the SW-tip in greyscale and in colour, where th
RGB colour images have been constructed by assighBW,
F606W, and F225WV to the red, green and blue channels respec-
tively. The hot, blue stars are clearly seen concentratedadnre-
gions at the SW-tip. No other blue stars are seen anywheee els
along the emission-line filameffit

The reader should note that the speckled background visible
in the F606W and F814W images in Figd13 &} or in the colour
images shown in FigE] 5@ 6) is not due to noise, but ratherés th
myriad of background stars detected in the body of Cen Ardste
ingly, the stellar field coincident with the emission-linkafhent is
indistinguishable from this general background, exceph@iSW-
tip where we see the dense concentration of (presumablyjgyou
NUV-bright stars. This suggests that recent star-fornmaiiothe
inner filament has been predominantly confined to the SWatid,
that no — or at least no significant — recent star-formatiantaken
place anywhere else along the filament.

This contradicts the observations of Rejkuba et al. (2008) w
reported the detection of young stags{0 Myrs) along the entire
length of the inner filament (although they also noted thecean
tration at the SW tip). Our Fi@]7 is a partial reproductiorFaf. 4
from[Rejkuba et a1/ (2002), showing the positions of the &life-

V) <-0.5 stars (black triangles) which they detected alongrtheri
filament. We have overlaid a colour composite image, cootgtcli
from the same broadbandi (blue),V (green) and (red) Magellan
Telescope observations as use et al. in thdiysima
It is clear that the majority of these apparently blue starslong
the filament, which also appears blue in this figure, moshfidee

to [Ol] 3727A line-emission detected in the brobdband filter.
Apart from the SW tip and a few other outlying sources, none of
these blue stars are detected in our WHE225V image. Given
the resolution and depth of the HST data, we would have eggect
strong NUV detections if hot, young stars were present.

If the dust extinction along the rest of the filament is much
higher than at the SW tip, it might be possible that the NUWtig
from the young stars is fully attenuated. Howee
M) find no evidence for such high extinction. Anotherlaxp
nation might be that thel-band photometry fro al. is
contaminated by [Oll] 3727A line emission, leading to actilly
bluer photometry. Lacking narrow-band imaget
had to rely onsky-backgroundsubtraction to correct for underly-
ing line-emission in their stellar photometry, particlyan the U-
band. We can see from the Magellan and HST images presented
here that the surface brightness of the filament changedlyam
short spatial scales. This makes iffaiult to determine an appro-
priate sky-background level for any individual object aahe fil-
ament. For example, where an object happens to coincideawith
gion of higher emission-line flux, the background level deieed

5 55 detection limits (Vegamag) areE225W = 25.0; F606W = 27.4
(no emission-line backgroundy606W = 26.8 (strong emission-line back-
ground);F814W = 25.8

© 2011 RAS, MNRASD0O, [THZ3
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from the surrounding pixels will be an underestimate, legdo
brighter source photometry. 20 O O

This may have been the case with some ofltheand pho- . L
tometry in Rejkuba et all (2002), and would naturally explahy X (plX)
the majority of their blue star candidates are found assettiaith
the brightest regions of the filament. Of course, one coudd at- 1 500
gue that the association of young stars with regions of keigt
line-emission is a direct consequence of their photoiditinaof
the surrounding gas. Nevertheless, without narrow-banal itliés
difficult to rule out contamination in thg-band photometry, anc IOOO
our WFC3F225W observation strongly suggests thvatry young
stars are almost entirely confined to the SW tip.

In light of our HST data, it seems reasonable to suggest
photoionization by young stars<{0 Myr old) is contrlbutlng to 500
the strong line-emission at the SW tip. Indeed !
@) have already shown that a spectrum of this reglorms <
ilar to that of a normal Hll region powered by embedded, haisst
However, the apparent lack of young stars along the restedfilth O
ament, and the appearance of high excitation lines, sugdest
some other mechanism must be exciting the gas in these sedisn 2 O O O 1 O O O O
mentioned in the introduction, two mechanisms have alréseyn .
proposed to explain the line emission in the inner filamehb-p y (plX)

toionization by the galaxy nucleds (Morganti el al. 19919 shock
heating [(Sutherland etlal. 1993). Later in this paper weeprea Figure 7. Partial reproduction of Fig. 4 al._(2002) shayvi

model, based on the Sutherland et al. shock heating hypsthes the positions of the bluest (U-\§ —0.5 stars (black triangles) which they

which incorporates the formation of the inner filament, theay detected along the inner filament. Here, we have overlaidauceompos-
flux and optical line emission, and the recent star-fornmasibthe ite image, constructed using the (blue), V (green) and (red) Magellan
south-western tip. In the following section we focus on thar-s  Telescope observations used(by Rejkubalétal.| 2002 in thalysis. The

small square delineates Knot Alm\t@ooz), whie identify

formation, and attempt to fit ages to the young stellar pdmra with the SW tip.

using HST photometry.

tudesV > 25.5 — 26 mag. Th&606W photometry of the reddish
3 STAR-EORMATION IN THE INNER EILAMENT objects is consistent with their being RGB stars, |nd|cgmges of

>1 Gyr. It is worth stressing thatoneof the red objects visible in
As described above, two regions in the south-western tithef t  Fig.[d closest to the SW-tip are likely supergiants, as thiesolute
inner filament (Figsl2 &5) shows signs of young, massivesstar magnitudes (typically Meoay > —2) are too faint.
namely bright, compact objects visible in all of the HST ahae It is instructive to determine the ages of the NUV-brightlate
tions (NUV to I-band). Fig[B shows magnified colour composite  populations within the inner filament, particularly in thentext of
and greyscal&225W images of these fields. In the colour images,  the[Sutherland et hl. (1993) shock heating framework. Tlssipte
the F225W data is shown in blugz606W in green, and=814W in association of an AGN related shock with a gas cloud and young
red. stars points towards jet-induced star-formation — i.eitp@sAGN

The dituse green glow prominent in the north of Region 1, feedback. In the following sections we carry out photometny

and concentrated around the NUV-bright star clusters,rangt  the HST ACS and WFC3 datasets, and subsequently compare the
line-emission detected in the bro&®b06W filter. In contrast, the observed measurements to models of sing|e stars and mﬂap
blue objects in the south of Region 1, in Region 2, and through  |ations to determine ages. Although we present photometrglf
the rest of the field show little or no sign of such line-emossi  sources detected in tHe225W filter, our analysis and subsequent
This could suggest one or a combination of the following:t{it discussion is focussed on the dense concentration of bjeetslat

the photo-ionizing flux emitted by these stars is too low; t{@t the SW-tip and the potential link between their formation &mat
the gas density in these areas is lower than in the north obReg  of the emission-line filament.

1; or (3) that gas has been swept out by stellar winds or shocks
Region 2 (situated to the south-west of Region 1 and closer to
the galaxy nucleus) contains fewer NUV-bright objects, simolws 3.1 Photometry

only traces of line-emission around its two brightest NUVhpm- fiti
nents. It is detected in [Olll] by _Morganti etlal, (1991) (sbeir 3.1.1 PSFitting

Fig. 2a), but at much lower intensity than Region 1. This agag- Photometry was carried out using point spread function JRiSF
gests lower photo-lqnlzmg fluxes alod gas densities than in the  ting tasks within therar paopror packagel(Stetstn 1987). Vega-
northern part of Region 1. mag zeropoints for both the WFC3 and ACS instruments were

Also visible in the colour images is a multitude of yellow and taken from their respective webpages hosted by %@Dn]y
red objects that are not detected in the NUV. These are apipare

part of the background stellar population in Cen A as theaes st

appear throughout the HST field. From Rejkuba et al. (2004), W 6 httpy/www.stsci.edghstwic3/phot zp_bn
expect the red giant branch (RGB) in Cen A to appear at magni- 7 httpy/www.stsci.ed¢hsfacganalysigzeropoints

© 2011 RAS, MNRASD00,[THZ3



6 R. M. Crocketet al.

Figure 2. Combined WFC3F657N (Ha + [NII]) and F814W image of the Cen A inner filament and its immediate envirortmEhe filament, observed here
as Hy emission, is split into five major regions labelled A, B, C,1&laF, following the labelling scheme [of Morganti et &l (199The absence of a region D
is historical and relates to the discovery of regions A, B @f the inner filament mmm), who denotedatlter filament as region D.) The
filament has a projected length ©f125” (2200 pc), and width of 3 — 6” (50-100pc). Its appears, at least in projection, to lie glarine originating at the

galaxy nucleus and directed to the north-east. The majofityight sources to the north-west of the filament are Galatars along the line of sight, although
two Cen A globular clusters are marked (GCs 1 & 2). No youngssiee found along the length of the filament, except in twaoregin the south-western tip

(labelled regions 1 & 2).

W - F814W <0
o F225W - FB14W >0
o F814W saturated

Figure 3. ACS F606W and WFC3 F814W images showing the locations oftgdlats detected in F225W and at least one other filter. Blud&ensiindicate
objects with observed=225V — F814W) < 0, while red markers denote those wiff2R5V — F814W) > 0. Green markers denote objects that are saturated
in the WFC3 F814W data. TheftBrent pointing of the ACS F606W image results in severalatbjélling outside the field-of-view to the south east. The
inner filament is clearly visible in the centre of the F606\&hfie, running right to left (south west to north east). A com@ion of blue, NUV-bright objects

is located at its south western tip, but no other such obp@wisible along the rest of the filament. Other blue objaotsdetected in the rest of the field —
although nowhere with the same concentration as observibé &W-tip — with the vast majority located in the west betwéee filament and the radio jet.
The red and saturated objects (red and green markers) aesevemly distributed across the field-of-view, and many e$éhare likely foreground stars in our
own Galaxy. Some, including GC 1, are consistent with belpguar clusters in Cen A.

© 2011 RAS, MNRASD00,[THZ3
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Figure 4. WFC3 F225W, ACS F606W and WFC3 F814W image sections showiagnified view of regions A, B and C of the inner filament, indhgl
the SW-tip. Black circles mark the position of two likely &ground stars. It is immediately clear from the F225W im#ge the NUV-bright sources in this

figure are confined entirely to the two regions in the SW-tip.dther NUV point-sources are detected coincident with driie@line emission anywhere else
along this section of the filament.

to galaxy nucleus

SW tip

Region.2
Region 1

Figure 5. RGB colour composite image of regions A, B and C in the Cen /Aiirfilament. This image was created using the WHF225V (blue), ACS
F606wW (green) and WFCE814W (red) observations. Theddemission of the filament falls within thie606W passband and is therefore visible in this figure
as difuse green emission. At HST resolution, regions A, B and Caleashell-like structure, with the shells oriented perpendicular to théraais of the

filament. No young stars are observed coincident with theélat, except at the south-west tip in the regions marked Ralmdthese fields we see significant
NUV-flux, consistent with the presence of young, massivessta
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SW tip: region 1

iy S .
s, 2

="

Figure 6. Magnified colour composite (left) and greysc&225W (right) images of Regions 1 and 2 in the south-western tip@f@en A inner filament. All
images are oriented such that north is up and east is to th&llé¥/ bright sources are identified in the right-hand panéle ID numbers correspond to those
used in FigureE11 B2 (see Sectfon 312.2). The reader simotddthat object 1 is not coincident with the bright yelloweat visible in the colour image — it

is the fainter blue object immediately to the north-east.

those sources detected F225W and at least one other filter
were analyzed, and this photometry is presented in TableTAé.
matched coordinate lists (as described§#hl) were input to the
ALLSTAR task, along with model PSFs for each of the broadband
filters. Empirical PSF models were constructed using sévesia
atively bright stars in each image. Ideally, isolated steuld
be used and this was possible in th225/V image. The highly
crowdedF606W and F814W images required a multi-stage pro-
cess, in which an initial PSF model was created and substguen
used to subtract all objects close to the PSF stars. A secoddlm
was then generated from tlbeanedimage and the process re-
peated until the photometry of the subtracted objects agede

The crowded nature of thE606W and F814W images in
general, and of Regions 1 & 2 in all filters, necessitated e u
of small fitting radii in order to properly measure photorgetor
close or partially blended objects. These radii were 1.&Ipiin
WFC3UVIS and 1.5 pixels in ACBVFC. Median sky background
levels were measured in concentric annuli with internal exter-
nal radii of 1.3 and 2’ respectively.

Contamination of the ACE606W image by strong line emis-
sion posed a particular problem for the photometry of sonjeatd
in Regions 1. Crowding and the rapid variation of the linessian
on small spatial scales made itimpossible to accuratelysuredhe
line emission using annular apertures. As mentioned pusiydan
§2, the F606W filter spans several prominent emission linéstwh

dominate the optical spectrum of the inner filament. Thengfest
of these are [OlIl] 5007A, and #16563A.

We have used the WFCGB657N narrowband data to correct
the F606W image for Hr and [NI] 6548A,6584Aemission. First,
we aligned and re-sampled tRe&57N data to the coordinate grid
of the F606W image using thear tasksGeomap and GREGISTER.
The ratio between the606/N and F657N continuum fluxes was
calculated usingyneror — part of therar stspas package — and
the spectrum of a K-type main sequence star. Such stars hive o
very weak Hr absorption lines and we could therefore assume that
the calculated fluxes in both filters represented stellaticonm
only. Appropriate scaling of thE606W data therefore allowed us
to approximate the continuum emission of all stellar sosiinghe
F657N image. Here, we derived a scale factor of 0.04. FBO6N
image was scaled and subtracted from the narrowband dati& res
ing in anF657N image free from stellar continuum. Thesnission
lineimage was rescaled by a factor of 1.68 (again, calculatewjusi
synpHot) to take into account the higher throughput of #@06WN
filter at the Hr and [NII] wavelengths, and finally subtracted from
the original F606WV image. The finaF606/ image was thereby
corrected for contaminatingddand [NII] line emission.

Ourcorrected F506/V image still contains emission from sev-
eral other lines, but without additional narrowband obagons —
in particularF502N which targets the [Olll] 5007Aline — it is dif-
ficult to remove all of the contamination. In an attempt toreate
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the flux contributions of the remaining emission lines, weated a
synthetic spectrum using the line ratios recorde

) for the area closest to our Regionsineror was used to
calculate the count rates in tf606W and F657N filters for this
synthetic spectrum, from which we estimated that the eidaie
counts in the broadband image should be around 4.2 timegthigh
than in the narrowband. However, this high scale factor teagh
over-subtractiorin the vicinity of the brightest stafstar clusters in
Region 1, observed as negative count values in the pixaigisuwi-
ing these objects. This suggests that the line ratios inrfitieg
gas coincident with these stgtar clusters might be fiierent from
those measured elsewhere in the filament, and indeed vdming
ratios are observed by Morganti et al. (1991) — e.g. [OIIPBY
Ha.

Since no reliabléull-correction was deemed possible without
further observations we have used f&06W image corrected for
Ha and [NI1] emission only. As a result object photometry inage
of strong line emission — the north of Region 1 (. 6) — wibsh
likely be artificially brightened due to uncorrected flux.

3.1.2 Partially resolved objects

While the majority of objects are relatively well fit by thesBar
PSF, a few possess profiles that are significantly broaderthz

Triggered star-formation in Centaurus A 9

3.2 Age estimation

We have taken the conservative approach of compaaihgf the
photometry to models of both stellar populations and sistges.
Profile fitting suggested that most of the objects were ctersis
with the stellar PSF, but one cannot rule out the possibihgt
some of these might be close multiple systems (binarie$ etc.
low-mass, compact stellar clusters based on profile cheistits
alone. While it is true that neither model is particularlyited to
these specific possibilities, the comparison of photometriyoth
models allowed us to identify those objects that are morsistent
with one or the other, those that are consistent with botth those
that are not well fitted by either model.

Ulitimately, our main aim was to determine reliable and tbu
age estimates for the NUV-bright objects in the SW tip of theer
filament. This was achieved through the convergence of thdtee
from stellar population and single star model fitting as deed in
the following paragraphs.

3.2.1 Simple stellar populations

In Fig.[8 we plot our HST photometry in colour-vs-colour diagns
along with model colours of simple stellar populations (SSByn-
thetic WFC3 and ACS photometry for a grid of SSPs based on the

Padova stellar models (Girardi et lal. 2000; Marigo et aI.Sa(Was

obtained from the CMD web-interface, hosted by the Osservat

of a point source. In the case of objects 81 (also labelled GC 1 rio Astronomico di Padoff Model photometry was calculated for

in Figs.[2 &3) and 109 (see Tadle A1) the partially resolved ap

ages of 10to 2x 10° yrs with increments oAlog(Age[yr]) = 0.05,

pearance is obvious to the naked eye, and they are identied a metallicities of Z= 0.002 to 0.030 (0.1 to 1.5.% with increments

globular cluster candidates within Cen A. Photometry wags-me
sured in large apertures with radii of 0’8&nd 0.47 for objects
82 and 109 respectively, the aperture sizes chosen to bélyogg
times the FWHM of each object in tHe606W image. These radii
reflect an approximate cutftbetween each cluster and the stellar
background. The high density of background point sourcedgema
it impossible to reliably isolate objects 82 and 10606V and

F814W, which subsequently prevented the accurate determination

of AZ=0.002, and assuminOl) initial mass function
(IMF). The uncertainties in the synthetic photometry weieen to
be 0.05 mags in the optical filters, and 0.1 mags for the NUY (Yi
). The SSP models shown plotted in Eig. 8 are of roughly so
lar metallcity (Z= 0.020) with extinctions of E§— V) = 0.0, 0.115
and 0.345 (zero,x and 3 foreground extinctio al.
1998).

The photometry in Fid.18 is shown divided into three groups;

of total brightnesses. However, the measured colours are consid-Regions 1 and 2, both situated at the SW tip of the inner filamen

ered reliable.

Objects 12, 15 and 16 — located in the the northern part of Re-

gion 1 (see Fid.16) — were also found to be poorly fit by the atell
PSF, suggesting they are likely star clusters. We employaddi-
fied version ofisuare 9) to model each as a convolution
of the stellar PSF and an intrinsic source function of vdeaize
and shape.

The standard implementation wfiape does not function well
when targets are partially blended, which was the case fiecth
15 and 16. Despite a pixel weighting procedure that was deditp
mask-out neighbouring objects, the fitted profiles for thesjects
invariably fell between their respective centroids. Ourdamodi-
ficationwas to fix the centroid of the fitted profile at a user-defined
position, and to limit the radius within whigp?-minimization oc-
curs to one smaller than the radius used to extract the fittatem
— analogous to thétrad and psfrad parameters imaopnor PSF-
fitting tasks. The residual images for objects 15 and 16 fram o
modified code showed a marked improvement over those prdduce
by the standard version ofiiapk.

Thesuape models were used to define filter-dependent aper-
ture corrections, which were subsequently applied to sapaiture
photometry of objects 12, 15 and 16. Radii of 1.8 WR®AIS pix-
els and 1.5 ACBVFC pixels were chosen to prevent overlapping of
apertures during photometry of objects 15 and 16.

© 2011 RAS, MNRASD00,[THZ3

and the rest of the WFQACS field (see also Tab[e_Al). By def-
inition only those objects with photometry in all three biband
filters are plotted in these diagrams, thereby excludingaibjthat
were found to be saturated or fell outside the field-of-vidvihe
ACSF606W image. This &ectively removed all of the bright fore-
ground stars. Visual inspection of objects 25 and 29 in Regice-
vealed that thé&814W detections were not exactly coincident with
those inF225W, suggesting that two fierent objects — one red and
one blue — had been observed in each case. WhethdtrGdé/N
detections were of one, the other, or a blend of both the reld an
blue objects was unclear, due mostly to the transformagqunired

to map theF606W image to the WFC3 coordinate frame and the
lower resolution of the ACS instrument. The photometry geots

25 and 29 has therefore not been plotted. Object 24, alsogioRe
2, falls outside the ranges plotted in Hi§). 8 having coloncensis-
tent with SSPs and single star modef8.2.2) — again suggesting
the detection of dferent stars in dierent filters.

The photometry of Region 1 is colour-coded depending on the
location of each object. Objects coincident with strongelswof
line-emission in the north are plotted in green, while thivsthe
south that are associated with little or no discernible-Bngission

8 httpy/stev.oapd.inaf itgi-birycmd
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Region 1
15T
1.0

0.5t

0.0

F606W—-F814W

-0.5¢}
-1.0

Region 2

WFC3/ACS field

F225W-F814W

-4 -2 0 2 4 6 -4-20 2 4 6 -4-20 2 4 6 8
F225W—

F814wW F225W—-F814W

Figure 8. Photometry of detected NUV-bright objects (red diamond&rlaid on model SSPs. The metallicity of each model gricblars Three extinction
levels are shown: zero (dot-dashed line), foregroundddiie) and 3x foreground (dotted line). The blue crossesathepanel, going from left to right,
indicate the locations of 5, 10, 100 and 1000 Myr populationshe foreground-extinguised model grid. The photomefrghgects in Region 1 has been
split into two groups: northern objects associated witbrggrline-emission (green diamonds); southern objectscagsd with little or no line-emission (red
diamonds). The northern objects appear significantly netida those in the south, most probably due to higher eitimcSee text for detailed discussion.

are plotted in red. It is clear that objects in the north of iRedl
are systematically redder iF225V — F814W) than objects in the
south. Assuming the two populations are of similar age, wiith-
ilar intrinsic colours, suggests that the northern popaiteis more
heavily extinguished — to be expected given its associatiith
significant amounts of (line-emitting) gas. It should alsorioted
that the F606W — F814W) colour of some objects in Region 1
may be significantly bluer than their actual values due tqtréal
correction of emission line flux as describeciBr L.

Several points are immediately obvious from Hiy. 8: (i) the
colours of the vast majority of the NUV-detected objects @a-
sistent with stellar populations less than 10 Myr old; 4ill) of the
objects in Regions 1 and 2 of the inner filament hav@2BW —
F814W) colours consistent with such young stellar populations;
(iii) objects in the northern part of Region 1 are more hegaeitin-
guished than in the south; (iv) assuming foreground extincthe
bluest objects in the rest of the WF@ES field may be on average
slightly olderthan those in Regions 1 and 2; (v) the reddest objects
[(F225WV — F814W) >1.5] are potentially globular clusters of inter-
mediate age~1 Gyr). This includes object 81 (also labelled GC1
in Fig.[2) and object 109, the visibly extended cluster cdatdis.

It is important at this point to recognize the limitations of
SSPs in modeling real stellar populations. SSPs can be ased t
curately model massive clusters (L0°M,), but are less féective

Cervifio & Luridianal(2004) calculate thit-band photometry of a
4-10 Myr cluster can react™" of 10,000 - 3,000 M, dropping

as low as 300 M for a 100 Myr cluster. Assuming a continuation
of the trend to shorter wavelengths, é&t225/ (NUV) photometry
should enable even loweg¥i™", but here we have opted to assume
the U-band derived values of Cervifio & Luridiarla (2004) as con-
servative limits.

Assuming an object to be a SSP, we can make crude estimates
of its mass by taking rough age and extinction values from[&ig
and comparing the absolute photometry to model SSPs. Uges a
of 2 to 5 Myr and extinction of E(B-V)} 0.35 we estimated ob-
ject 15 — one of the brightest in Region 1 — to be roughly 1,800 -
2,700 M,. This is around 2 to 3 times lower than oM™ limit
and we can therefore conclude that, for most objects, agenasd
estimates derived from SSPs will have large uncertafities

In an attempt to better utilize SSPs to estimate ages in Regio
1 and 2, we combined the individual object photometry within
each region and compared the resultant colours to the agrtite
of model SSPs. By combining the photometry within each megio
we dfectively increased the mass of the fitted stellar population
However, we also implicitly assumed that all the objectsinita
region were coeval. This assumption might be reasonableuif s
formation was triggered by an event which traversed eaciomeg
on a short timescale; e.g. a shock. The estimated mass faorReg

when considering clusters of lower mass. Model SSPs assume al — using ages of 2-5 Myr and extinction of E¢ V) = 0.115 to

fully populated IMF which is only true in the limit of an infitd
number (and hence mass) of stars. Stochastic sampling t¥ifhe
in low mass clusters, particularly with reference to the hmas-
sive constituent stars, can lead to significant discrearmétween
model colours and observed photometry (e.g. Dolphin & Keuini
2002; Cervifio & Luridiaria 2004: Jamet et lal. 2004; Bastieaile
[2005)! Cervifio & Luridiarld (2004) have calculated minimcios-
ter masses M™") below which cluster colours are expected to
show significant dispersion in comparison to model SSPa IR
this dispersion is reported to be at least 0.35 mag in anyndile
ter. MM is dependent on both the age and metallicity of the clus-
ter, and also the photometric band in which it is observedh wi
shorter wavelength observations permitting lower valifes6™ .

9 GC2 was not detected iR225N and is therefore not included in our
photometry.

0.35 — was found to be roughly 2,000 to 11,00Q,Nhe range in
mass due mostly to that in extinction. The estimated masRéer
gion 2 was much lower at around 500 to 1,009,Mssuming only
foreground extinction (B — V) = 0.115;98). In
either case the combined mass estimates still fall closa toelow
the values ofM™" discussed earlier, and we must therefore expect
large uncertainties in our comparison with model SSPs. Teast
partially account for this in our SSP model fitting we incldden
uncertainty of£0.35 mag in each photometric band — equivalent to
the dispersion noted hy Cervifio & Luridiana (2004) for gimoe-
try of clusters with masses g¥(™".

The observed colours were compared to the entire grid of

10 |n contrast, we derive a mass of 2B My, for the large globular clus-
ter candidate object 81 (also labelled GC1 in Elg. 2), assgran age of 1
Gyr and foreground extinction of E(B-\4 0.115
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model SSP photometry, covering the range of ages and naetalli
ities described at the beginning of this section. Extinctticas al-
lowed to vary between 0.& E(B - V) < 1.0, with appropriate ex-
tinction codficients derived for each filter assuming the reddening
laws of Cardelli et dl.[(1989) and a model spectrum of BO super
giant from Castelli & Kurudz (2004). The likelihood of eaciodel
(< exp— (¥?/2)) was determined from the value pf, computed
in the standard way. Each parameter (age, extinction andllinet
ity) was then marginalised from the joint probability dibtrtion
to extract its one-dimensional probability density fuontiPDF).
This is the same method as employed by, for exa
(2007).

The marginalised PDFs for Regions 1 and 2 are shown in the
top panels of Figl]9. The age-PDFs indicate that the stebiar p
ulations in both regions are very young (only a few Myrs old).
However, the main peak of the Region 1 age-PDF is signifigantl

e

broader than that of Region 2. The Region 1 age-PDF also pos-

sesses a lower-likelihood tail which extends to much oldgrsa

— out to roughly 100 Myr. Both of these features are most yikel
due to higher levels of extinction in Region 1, in particulathe
northern part of this region, which is associated with digant
line-emission. This becomes clear when we split Regiond iist
northern and southern components, and fit each componeat sep
rately (see middle panels of Fid. 9) . The southern comporent
which is free from line-emission — has similar age and extime

PDFs to Region 2. The northern component — where we see in-
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colour-coded relative to itsH225V — F814W) colour. Note that
not all the photometry listed in Tab[e“A1 is plotted in Higl H3
some objects did not have a detection, or were saturatedeiroon
both of theF606W andF814W images. The plotted isochrones are
of roughly solar metallcity (Z= 0.020) with log(Age[yr])= 6.0

to 7.0, in increments of 0.2 dex, and log(Age[yH)8.0. Two lev-

els of extinction are illustrated in the colour-vs-magdéuplots —
E(B - V) = 0.115 and 0.345 — while three levels are shown in the
colour-vs colour plots — B — V) = 0.0, 0.115 and 0.345.

We again see that objects in the northern component of Region
1 are systematically redder than those in the south. Thiderddg
is especially pronounced in the NUV-optical colours, andhisst
easily explained as being due to excess extinction assdcigith
the line-emitting gas in the north of Region 1. The objectR&
gions 1 and 2 are most consistent with single star models ef ag
< 10 Myr. The majority of blue objects in the rest of the field ap-
pear to be relatively consistent with similarly young statthough
there is some indication that the absol&225/V magnitudes are
on average fainter than those in Regions 1 and 2 perhapsstirgge
slightly older ages.

Many of the reddest obects —F225W — F814W) > 1.5 —
are saturated iFr606W and are most likely foreground stars. By
assuming distance moduli consistent with Milky Way stamngl
the line-of-sight, all of these objects can be made to liaglthe
main sequence (roughly 14 magnitudes fainter than cuyreitt-
ted object photometry). Other red objects, which have gaod;

tense line emission — has a broader age PDF, and a second peakaturated detections in all filters, are found to have cslazon-

in the extinction PDF at higher reddening B&( V) ~ 0.375 mag).
Higher extinction is exactly what one would expect in an Hi r
gion, owing to the presence of gas, and presumably dust.tNate
the higher extinction fits are associated with models of geun
age, which are consistent with the best-fit ages from Regiand?
the southern component of Region 1. The older ages are dus to fi
that involve lower assumed extinctions, such that the eesigoho-
tometry appears intrinsically redder and hence older. Wiithe de-
tailed spectral coverage we might have been able to bresidhi
extinctiondegeneracy using model fitting alone. However, given its
apparent association with an Hll region, we can reasonasiyrae
that higher extinction values are more likely in the northpart of
Region 1.

From SSP fitting, we therefore conclude that the young stars
in Regions 1 and 2 are most likely 1-4 Myrs old, and not oldanth
~7 Myrs.

3.2.2 Single stars

The individual source photometry was fitted to a grid of syn-
thetic isochrones, again derived from the Padova stelladetiso
(Girardi et al! 2000; Marigo et &l. 2008). Each isochronesisted

of a set of single star models of the same age, but wiffemint
masses, and henceflédirent luminosities and colours. The model
photometry grid included isochrones with ages frorf ttol® yrs

(A log(Agelyr]) = 0.1), and metallicities of Z 0.002 to 0.0304

Z =0.002).

Figure[I0 shows the observed HST photometry plotted in
colour-vs-magnitude and colour-vs-colour space alondp wyn-
thetic photometry from model isochrones. The HST photoynetr
is again divided into three groups, with Region 1 furtheridid
into its northern component (green diamonds) — which isaein
dent with significant line emission — and its southern congpbn
(red diamonds). It is useful to consider Fig] 10 alongsidzg [Bi
which shows the position of each object in the WEESS field
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sistent with single stars (see the colour-vs-colour pldtio [10).
These same sources were discussed in the previous sect®&BRon
fitting where we suggested they are GC candidates biGyr old.
The distribution of the red objects across the field-of-viewds
further support to our conclusions. If these objects werefufa-
tion of red supergiants in Cen A we would expect them to be-asso
ciated with regions of very recent star-formation — i.e.ytbangest
stars in the field. Since they are in fact spread quite everigsa
the field, it is more likely that they are part of the old stetback-
ground in Cen A, or foreground stars in our own Galaxy.

Two colours — F225N — F606W) and F606W — F814W)

— as well as the absolute magnitudesdyhy, of each of the NUV-
bright sources in Regions 1 and 2 were fitted to the entire @jrid
model isochrones, while extinction was allowed to vary lestw
0.1< E(B-V) < 1.0 mag. Note again that foreground extinction
towards Cen Ais measured to belEE{ V) = 0.115 MI
) The likelihood of each model fit exp— (¢?/2)) was again
determlned from the value gf. By fitting Mrg14v We were able to
break some of the degeneracy in colour-colour space — sénéli
guish stars of the same colour buffdrent luminosity (and hence
age). Note that the absolute magnitude uncertainty indadeon-
tribution from the distance modulus of Cen A60.24 mag.

Figs[11 &12 show marginalized age and extinction-PDFs for
all of the objects in Regions 1 and 2 (see Eig. 6). In Eig. 11othe
jects of Region 1 are separated into two groups correspgtditne
northern and southern components discussed in S€ctidh Bl@te
that the objects in the north are generally associated Wwithg Hy
emission, while those in the south are not, as can be seeg.f@Fi
Our single star model fits indicate systematically highdues of
extinction in the northern component of Region 1 when comgar
to the south, which is consistent with the result from SSRtin
the previous section. The majority of objects in Region Zoms-fit
with low values of extinction, again consistent with the Siitihg
results.

The marginalized age PDFs suggest that all of the NUV bright
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Figure 9. Marginalised age (left) and extinction (right) PDFs for Reg 1 and 2 in the SW tip of the Cen A inner filament (see EigQ#)served HST
photometry was fitted to colours of model SSPs, covering gerafi ages, extinctions and metallicities (Agel®® to 1P yrs; E(B-V)=0.1t0 1.0; Z= 0.1

to 1.5 Z;). (Top panels) Both Regions 1 and 2 are best-fit by young stellar populatisionly a few Myrs old. However, the median age and extimctio
associated with Region 1 both appear to be higher than fapR&g (Middle panels:) Separating Region 1 into Northern and Southern componieafspears
that the Southern component actually has very similar ageeatinction characteristics to Region 2, while the Nonthesmponent, which is associated with
a bright HII region, most probably ffiers higher levels of extinctionBpttom panels) Limiting the fitting of the Region 1 Northern component to dets
with E(B-V) > 0.30, we find best-fit ages comparable to those of the Soutieenponent and Region 2. The marginalised metallicity PDBs hown) are
flat, owing to the fact that the model colours for such youmdjat clusters are almost completely independent of nmeitsdl

sources in Regions 1 and 2 ag&0-20 Myrs old, assuming thatthey 4 TRIGGERED STAR-FORMATION?
are single stars. This upper age limit is in line with thoseweel

from SSP fitting, although somewhat less constraining. &kehe The multi-wavelength picture for the innerHilament is an inter-
single star fits appear to corroborate the age and extinotisults esting one. Starting at the NUV-bright south-west tip (espond-
derived from SSP fitting. ing to a location near Region A bf Morganti eflal. 1991) and mov

ing north-east, the UV emission quickly disappears. Irestel-
fuse, gradually decreasing X-ray emission is observed tasse

sociated with Regions B and C (Evans & Koratkar 2004), and no
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Figure 10. Photometry of detected NUV-bright objects (red diamondgylaid on stellar isochrones: log(Age[yg)6.0 to 7.0, in increments of 0.2 dex, and
log(Agelyr]) = 8.0. All the isochrones shown are of solar metallicity. @mles magnitude plots show isochrones with two levels ofnetibn: foreground
(solid line) and 3x foreground (dotted line). Colour vs agiglot shows three levels of extinction: zero (dot-dasheed)) foreground (solid line) and 3x
foreground (dotted line). The photometry of objects in Ragl has been split into two groups: northern objects aswatiaith strong line-emission (green

diamonds); southern objects associated with little or me-&mission (red diamonds). The northern objects appgaifisantly redder than those in the south,
most probably due to higher extinction. See text for dedailiscussion.
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Figure 11. Marginalized age and extinction PDFs for NUV bright objdot&egion 1 of the inner filament south-west tip. See Segfi@@For details. Object
ID’s correspond to those shown in the top-right panel of [Blig.
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Figure 12.Marginalized age and extinction PDFs for NUV bright objents
Region 2 of the inner filament south-west tip. See SefiorP3dt details.
Object ID’s correspond to those shown in the bottom-rigitepaf Fig [6.

X-rays at all are found further along the filament. The brbadd
optical emission paints a similar picture to that in the né¥rwith
discernible stellar clusters only found coincident witle tstrong
NUV-flux. This strongly suggests that star-formation (retaz oth-
erwise) has only occured at the south-west tip of the filarrtaet
region closest to the radio lobes.

[Sutherland et &ll (1993) suggested that the observeerhis-
sion can arise as a result of interaction of dense molecldads
with AGN radio plasma. In this picture, the radio cocoon icelsi
supersonic turbulence in the gas, ablating it from the detmed.
Supersonic clumps produce strong extreme UV and soft X{nay p
tons as they collide, giving rise to the high-excitatiorebn Low-
excitation lines come from shocks in the dense gas. Such-mult
phase gas is a natural consequence of both the Kelvin-Héimho
instability, and ablation of the outer parts of gas clouds.

ThelSutherland et hl. model successfully reproduces beth th
high and low excitation lines, as well as thg Huminosity ob-
served by Morganti et al. (1991). Moreover, the predictedyu-
minosity in the filament is also consistent with the observaide
(Evans & Koratkar 2004). However, there are two major protsie
with the model. Firstly, the observed X-ray emission is moaire
extended than models predict. Secondly (and this is theaimed-
tal issue)al. predicted “the presence ddia jat in
the vicinity of the inner filaments”. As seen in Figlide 1, nalsjet
is observed.

© 2011 RAS, MNRASD00,[THZ3
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Our WFC3 NUV observations shed new light on this problem.
In this section, we propose an alternative scenario for &ion of
the filaments, namely shock heating and ablation of a gasidigu
a weak bow shock associated with the radio lobes.

4.1 Ablation of gas clumps

The basic picture we propose is illustrated in Figl 13 andeis d
scribed as follows. An AGN-inflated radio cocoon expandsesup
sonically into intragalactic gas. The resultant mildly ergonic
bow shock overruns a molecular gas cloud. The densest farts o
the cloud are radiative, and the passage of the shock tsgher
star-formation observed at the south-west tip of the inf@mint.

The more difuse parts of the cloud are ablated, and compressed as
they are dragged upwards by the shock front. The morpholbgy o
the resulting wake strongly depends on local microphysdslies

and Kelvin-Helmholtz instabilities), and evolves with gnShocks
similar to those proposed by Sutherland étlal. (1993) gise

the Hx emission further up the filament. The shock-heated gas will
also emitin the X-rays, giving rise to spatially distribdimission.

4.1.1 Filaments

Filamentary structures formed by uplifting of gas clumpweha
been observed in other environments. For exa et
) report observations ofaHilaments in the Perseus clus-
ter, and around NGC 1275 in particular. These authors afgate t
such structures are a natural consequence of the buoyarf
underdense bubble of radio plasma through the cluster gasnE
tially, these filaments correspond to gas “falling’aghe bubble as

it rises. It seems plausible that a weak shock could play dasim
role in Centaurus A.

Another possibility is that gas clumps were already lined up
along the filament before something triggered the émission.
This can happen as a result of, for example, a thermal instabi
ity IO). Our observations argue strongainat
this possibility. The warm interstellar medium is multigse (e.g.
Sutherland & Bicknell 2007), and any shocks required to gise
to Ha emission would necessarily also give rise to star-fornmatio
in the densest parts of the ISM. The resolution and sertgitdfi
WFC3 is stfficiently high to observe compact groups of (or even
single) massive stars, and thus there is no surface brighiimait
to consider. In other words, any young {0 Myrs) massive stars—
even if formed in very small numbers— should be observeden th
near UV. Similarly, any older stars should be picked up inthand
images. The fact that we don't see any stellar emission aexavh
apart from the south-west tip of the filament— suggests tloat n
dense gas clumps have been overrun in those regions. In other
words, our WFC3 observations strongly favour an externigjiror
for the emitting gas. It is worth noting that_Fabian €t al.q26)
also conclude that it is very unlikely that the cold gas clsrajv-
ing rise to the K filaments in the Perseus cluster are fornresitu
by cooling out of the hot gas.

4.1.2 Hyin the star forming region

If the above picture is correct, the lack of shock-heatecXgas at
the south-west tip, together with the young stellar popaatsug-
gests that only the densest gas remained unablated. Cemlyu



16 R. M. Crocketet al.
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Figure 13. Density maps from a two dimensional hydrodynamical sinmmtashowing the Cen A AGN-inflated radio cocoon expandingessipnically into
intragalactic gaqLeft panel:) A mildly supersonic bow shock is induced ahead of the exgandidio cocoon, which overruns a molecular gas cloud, éehot
Cloud2. The underdense (with respect to the intragalactidinm) radio cocoon is shown in purple. Ambient density ef timdisturbed gas corresponds to
green colours. The expanding bow shock is outside the regiown.(Right panel:) The passage of the shock triggers star-formation in theed¢msrt of
the cloud (red and yellow colours), and ablates the mafes# gas, dragging it out along the direction of shock prof@yaThe ablated material is shock
ionised, giving rise to the emission-line lament. A detaiBD simulation of the formation of the Cen A inner filamenthbi presented in an upcoming paper

(Antonuccio-Delogu et al. in prep.).

much of the observed ddemission must be due to the photoioniz-
ing UV-flux associated with star-formation, in contrast e rest
of the filament.

Wang et al.[(1998) relatedsurface brightness to the density
of photoionized electrons.. Rearranging their Equation 2, we get

EH(Y

= Uley, cm™
5.9 x 10-4ergs st cm2arcsec? S

Ne ()
where the ionization parameter= 4.22x 10~%r~172 is empirically
found from the ratiar = BUM6786731 54 e, is the ratio of in-
trinsic to observed surface brightness (i.e. an extinatmmection
in linear flux).

[Morganti et al.[(1991) give an averagerlsurface brightness
value for the entirety of Region A (some 30 arcsiecarea) of 1.08
x107%% ergs s cm? arcsec?. We find a similar value (1.2710715
ergs st cm? arcsec?) by performing photometry of the entire re-
gion in the continuum-subtracted WFEB57N image, using an
80 pixel (3.2) radius aperture. However, around 40 percent of the
total He emission in Region A is concentrated into an area of just
0.5 arcset (0.4 radius) centred on the main star-cluster visible
in Figs[B &[8. The K surface brightness in this small area is obvi-
ously much higher than the average value quotdm e
(1991)

We used a 10 pixel (0’4 radius aperture to measure the
Hea-flux coincident with the main star-cluster in the continuum
subtracted WFCE657N image. Correcting for the instrument and
filter throughputs, we calculated a mean surface brightneétbén
the aperture of 2.90107* ergs s* cm2 arcsec?, which is almost

30 times higher than the average value for Region A. Note that photometr

neither this, nor the Morganti etlal. value as quoted, hae loer-

rected for extinction.

on the value ofey,) are required to give rise to the observed H
surface brightness, as measured in our 10 pixel apertueeioFh
ization parametel is related to the total ionizing photon flux via
® = Unec/4 (Wang et all_1998). An ionizing flux of greater than
(4.8 — 7.0) x 103 photons s' m~2 is therefore required.

We can estimate the ionizing photon flux of our observed clus-
ter from model SSP spectra. In Sectibn_3.2.1 we found the most
likely age of the recent star-formation to be 1-3 Myrs. Asgigm
that a value of 2 Myrs is appropriate, the mass of the clustete
estimated by scaling a model 2 Myr old SSP to match the obderve
F814W (10 pixel aperture) photometry. This yields a cluster mass
of roughly 5200 M,.

By integrating the model spectrum of a 2 Myr old SSP (Star-
burst99; see Leitherer etlal. 1999) shortward of the 911 Astt
old for hydrogen ionization, and subsequently scaling edius-
ter mass and surface area of the emitting region (i.e. a spher
of the same physical radius as our photometry apertur¢; 8.4
2.20 x 10" m), we predictd = 2.75x 10 photons st m™2. This
is in excess of the value required to explain the observeeis-
sion, suggesting that it can be explained purely by photpaion
by young stars, in this region at least.

This approach can be used to estimate the ionizing photon
flux for a range of assumed cluster ages, and therefore m®ad
alternative method of estimating the age of the stellar [adjmn
from the Hr surface brightness alone. As Figlirtd 14 shows, stel-
lar ages in excess of 4 Myrs cannot produce the requiredif@niz
flux. Note that the mass of the cluster— calculated fronfrB&4W
y— varies with assumed age.

We note that the above calculation only presents a plaiigibil
argument for a significant contribution from newly-formers to

Literature values— and our best-fit SSP models (SeElion 3)— the ionizing flux. Shocks will almost certainly play a rol&rficu-

suggest modest extinction values between E(B=\).1 and 0.3
mag, yieldinge,, ~ 1.3 to 1.9. The line ratios listed in Table 3
of IMorganti et al. [(1991) allow us to calculate= 0.22 for Re-
gion A, and thusU = 571 x 103. From Egn[] we then find
that ionized gas densities of ~ 112 to 164 cm® (depending

larly at greater radial distance from the young stars, aaddtative
contributions of the two components can only be decouplat wi
detailed high-resolution spectroscopy. In Secfion 4.2 haevsthat
this assumption leads to a prediction for th&ube gas densities
that are in good agreement with an independent method.
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Figure 14. lonizing photon fluxes and cluster mass estimates vs agesahtin star cluster in Region 1. This cluster is embedded iHlaregion in the
Northern component of Region 1 (see Kif). 6). Masses are a&stilby scaling model SSPs offérent ages to match814W photometry of the observed
cluster. lonizing photon fluxes are calculated by integrathodel SSP spectra shortward of 911 A (the threshold fordgeh ionization), which are scaled
to match the estimated cluster masses. The obserwesliHace brightness in the immediate vicinity of the cluséguires an ionizing photon flux of at least
4.79% 103 photons m2 s~ (blue dashed line) suggesting the stellar population meigolinger than 4 Myrs.

4.2 Weak shock the Hy emitting gas near the south-west tip of the filament. For
o - . ) 107 K X-ray emitting gas and #0K Ha gas this yields a density of
The lack of a radio jet in the vicinity of the inner filament sug Ny ~ 10-*n,. While . ~ 100 — 150 ¢ immediately surrounding

gests that the origin of & emission is quite dierent from that in the main star-cluster in the south-west ti .
) . - - p, the averag&égion
the outer filament. As outlined above (Section] 4.1 and [EQ, 13 Ais ne ~ 4 cnT3. The density of X-ray emitting gas is therefore

a weak shoc_:k that s_hocks_and ablates a gas cloud located at theestimated 10 bey ~ 4 x 102 o3,
south-west tip of the inner filament could account for theeobsd Dvnamical considerations
features. Such a shock could arise from an overpressuredicad y

. S o Alternatively, average X-ray gas density can be esti-
radio plasma expanding into the ISM. It is intriguing to nthtat an mated from radio source dynamics. Analytical models of

H 1 clump is detected in both absorptlon.and emission Stq | Kai % Al [(1997) arld Kai L (1997) relatesize
) at the north-eastern edge of the inner northern ratie-+ . .

. L ) . and synchrotron luminosity of double-lobed radio sourogshys-

the part of the radio emission closest to our filament. Thislse . .

. o . ical parameters such as jet power, source age and the atetesph

the region where the radio jet appears to bend. The veryitotat . . . : .

of the HI cloud suggests that the jet could be deflected by the into which the radio source is expanding. We follow an apgioa
99 J Y ™€ similar to that outlined by Shabala ef 4l. (2008) to infer deesity

cloud lGopaI-Krishna & Wiita 2010), as often seen in simiolas of the hot qas
(e.g. Sutherland & Bicknell 2007; Gaibler etlal. 2011). Thsul- gas.

X . . . The age of inner lobes of Centaurus Adg = 5.6—5.8 Myrs,
tant reorientation of the hotspot (where the jet terminatesuld and their radio luminosity is (05:0.16)x 10% W Hz"* at 327 MHz

change the dynamics of cocoon bgckflow, and QHOW the bo hoc (Alvarez et a O). Such young lobes are not expectedffersu
far away from the hotspot to dissipate. A detailed 3D sinioat I .
significant synchrotron or Inverse Compton losses. In thiecthe

of the formation of the Cen A inner filament will be presenteci models of Kai I 1997) and Kai tfal_ (19978 g

subsequent paper (Antonuccio-Delogu et al. in prep.). a closed-form expression for radio luminosity:

v \-057 Ry 119 Poore 0.595
4.2.1 X-ray emission Lrago = 80X 1027(G_Hz) (3(5+ ARE) -4 _/3) (1022 K —3)
gm
Hot gas density Qet | [ Dsource) % [ Dsource)
A shock needs gas to propagate through, and we therefore (1o36w) ( kpc ) ( Reore ) @

expect difuse X-ray emission to be present between the radio

lobes and the inner filament. Karovska €t al. (2002) find sith d ~ Here, Dsourceis the observed separation of the two lobess the
fuse emission withChandra however their maps are adaptively ~observing frequencyr the axial ratio (lengtiwidth) of the radio
smoothed to 4.2 resolutioh. Evans & Koraikar (2004), ondtrer cocoon, Qi is the jet power supplied to each lobe (equal to half the
hand, do not detect any filise X-rays in the region of interest.  total jet power), anghcore: Reore @andps describe the density profile of
A lack of observed X-ray emission between the radio lobes and the hot gas, taken to follow a power lawr) = pcore(tre)_ﬂ. All
inner filament would argue against our interpretation, sslthe the other jet and environment parameters (power-law expdoe
gas is too diuse to be detected in the X-rays. In the first instance, the electron energy spectrum at hotspots, adiabatic isdarethe

we follow thel Fabian et all (2003b) analysis of the Perseus-cl  cocoon and magnetic field) are taken from Case [3 of Kaisel et al
ter in assuming that the hot ISM is in pressure equilibriuthwi  (1997).
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A second equation is required to close the relationship be- around the south-west lobe of Centaurus A. Typical tempegatin

tween Qe and the density profile. The dynamical model of
Kaiser & Alexandeér relates the age and size of the radio sotarc
jet power and environment, via:

650355 [ Qet )7
Dsource: 2Cl%ore t /5-H) (_) (3)
pcore
3 \11/(6EH)
where the constam = [(%) (%)} is of order unity.

The inner lobes of Centaurus A haldg,ce # 10 kpc,Rr ~

our simulation around the deflected (north-east) lobe ayednj but
the maximum density is lower. X-ray brightness scales.A8"/?,
and the global emissivity from the gas turns out to be aboattf

of five less than the measured values fm2007).

4.2.2 Filament size

If a weak (mildly supersonic) bow shock is indeed respoesiobf
the observed NUV and &lemission, the age of stars at the south-

4.5. Upper and lower limits on the gas density can then be ob- west tip should be similar to the shock wave travel time up the

tained by assuming a very steep or very shallow gas density pr
file. Settings = 0 (a constant density profile), Eqnk 2 &dd 3 yield
peore = 4 x 10723 kg3, corresponding toy = 0.04 cnts. Al-
ternatively, settingd = 1.5 andR.ore = 1 kpc (approximately the
transverse size of the H1 gas cloud near the central engiakjsy
peore = 1.9 x 10722 or negre = 0.019 cni. At the lobes, this density
drops by a factotDsourcd/ (2Reore)) 7, giving ny = 1.7 x 1073 e 3.
These values are consistent with the equilibrium-derivade of

nx = 4x 1072 cm 3. The implied jet powers of (2 8)x 10° W are
consistent with the lower limit of & 10%2 W estimated from X-ray

observationd (Kraft et &l. 2009).

filament. The extent of the filament is 125 arcsec, or 2.2 kpc.
Given a sound speed of 30@00 km s* (Evans & Koratkar 2004),
and assuming a bow shock speed of 60800 kms? (sec Sec-
tion[4.2.1 above), the expected age of the young stellarlptipn

is 2.4 — 3.6 Myrs, consistent with the values derived in Secfibn 3.

4.3 X-ray emission in the filament

In our picture, both the shocked and ionized gas will be tealif
Both the Hr and X-ray surface brightness are proportional to the
square of the gas density (e.g. Hdn 4 of this paper and Eqn 7 of

We can alsq use the size and age of the radio lobes to esti{g ;therland et al[(19b3). Therefore, the rafig,/sx should re-
mate the expansion speed of the cocoon. Given the abovesyalue ,in roughly constant and we can use the Kminosities of

the average cocoon expansion speed is 510- 730 kms?, de-

pending on the assumed density profile. Self-similar mogkp.
@Z) predict the bow shock to expand a factor ®f 1.

faster . ~ 600 - 900 kms?). For comparison, X-ray tempera-

Morganti et al.[(1991) to predict the expected X-ray surfagght-

ness along the filament. Dise X-ray emission is observed around
regions B and C. The predicted values for Regions E and F are
6.8 and 64 x 10718 ergs s* cm 2 arcsec? respectively, a factor of

tures of~ 0.7 keV (e'g'mlmg) yield sound speeds of ree jower than the.30- surface brightness above the background
430 kms?. Thus the picture of a mildly supersonic bow shock is a detected by Evans & Koratkar (2004). A ten-fold increasehie t

plausible one.

Surface brightness

Given a density and temperature, itis possible to deriv&the
ray surface brightness expected from bremsstrahlungrapdfor
a slab-like geometry, we have:

18 Mx ) By

Sx = 9.23x10° (W) A(TX)D(arcse
whereD = 3.68 Mpc is the distance to Centaurus A, the cool-
ing term for Tx = 10’ K is A ~ 25 x 10 ergsstcm®
(Sutherland & Dopifa._1993), anéy is the depth (in arcsec) of
the X-ray emitting region along the line of sight. The sizetlud
emitting region isd ~ (z22). The spheroid mass of Centau-

4npcore

rus A is 65 x 10 M, and the absolute upper limit on hot gas
mass is 10% of this value, yieldind < 35 kpc at the equi-
librium density ofny = 4 x 103 cm 3. It is worth noting that
this is a very large radius, likely to be an order of magnitirde

() ergs s* cm 2 arcsec?(4)

excess of the actual value. With these parameters,[Eqn 4 give (m) = 1.04(;9589

Ty < 8.3x10ergs st cm2 arcsec?. For comparison, the filise
emission detected in the inner filament, but slightly furtheiay
from the site of star-formation (Evans & Koratkar 2004) hdkia
Sy > 6x 107 ergs st cm2 and is~ 300 arcsetin size, implying
a surface brightness &fx obs > 2 X 10717 ergs st cm2 arcsec?.
This is a 250 Chandradetection for an integration time of 65
kiloseconds. Since sensitivity goes as the square rootajration
time, we don'’t expect the predicted surface brightess todseny-
able until the integration time is extended by a factor of &838

exposure time should therefore just pick up th@éudie X-ray emis-
sion.

4.4 Masses

The X-ray and k surface brightness can be used to estimate the
initial mass of the cloud that has been disrupted to form tlae fi
ment.

4.4.1 X-ray

The X-ray emission is spatially fluse, and it is likely that a sub-
stantial part of it is not detected Ifyhandrain the parts of the fila-
ment further away from the nucleus. Under the assumptioniafyX

emission scaling with bl we use the Morganti et al, (1991) val-

ues to interpolate the X-ray surface brightness profiles Jields
%%\ ihered, is the distance

along the filament to Region A of Morganti et &l. (1991). Edgn 4

then relates this surface brightness to a gas density. Asguan

filament width of 20 arcse¢ (Evans & Koratkar 2004), inteigrat

along the filament yields an estimate for total X-ray gas nuss
My = 3.7 x 10° M.

442 Hy

A similar estimate for the H-emitting gas yielddMy, = 1.2 x

megaseconds. We note that the maximum enhancement of X-rayl(® M. However, unlike the diuse X-ray emission, the dAflux

emissivity due to the bow shock is around an order of magaitud
2), and therefore the suggested weak shoaldwo
be undetectable in available X-ray observations. This igicoed
by simulatioan@b?) report X-ray detectidrashock

is known to be mostly contained in knots, and therefore thise/is
very much an upper limit. A better estimate is provided byiagd
up the contributions from the diknots. We can takee o X}/2,
where the constant of proportionality is derived using Ehforl
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Region A. This yielddVly, = 2.1 x 10° M, a value which is much
more consistent with the observed masses of nearby H 1 clouds
< 8x 10° M,, (Struve et al. 2010).

It should be noted that the above calculation implicitly as-
sumes the same scaling between electron demsignd surface
brightnessz,, along the Hr filament. However, this may not be
true, since we have suggested that the é#ission in Region A
may be heavily influenced by the photoionizing flux from young
stars, while it is dominated by shocks further along the fédatmn
Using the gas density af, ~ 1 cnT3 derived bal.
@) for their shock model, and assuming the filaments to be
circularly symmetric about the major axis, we derive a mass o
My, = 1.5 x 10° M,, in good agreement with the value derived
above from the k-flux.

4.4.3 Cloud constituents

There is no detectable HI-flux in the vicinity of the inner fila
ment, and the mass of young stars in the south-west tip is esti
mated fromF814W photometry to beMgs = (2 — 8) x 10° M.
Thus, we estimate the total pre-ablation cloud mas$/igf,q =

My + My + Mstars ~ 5.8 x 10° M,,. Recently [.(2010)
have reported observations of two new H1 clouds near therinne
filament, of masses 8 x 10° M. It is therefore entirely plausible
that another one of these clouds could have been overrun ek w
shock within the last few Myrs.

The mass of the star-forming component is also entirely con-
sistent with this picture. A passing shock will only ablate affi-
ciently heat the more ffuse gas components of a molecular cloud.
Dense molecular clumps are radiative (i.e. they have veoytsh
cooling times), and as a result shock passage can only trigae
formation by compressing the gas. Typical molecular cluragses
of > 10° M, (Kim & Koo|2001; Shabala et &l. 2006) are consistent

with the derived mass in young stars.

5 SUMMARY

In this paper, we presented high-resolution WFC3 NUV olmserv
tions of the inner filament of Centaurus A. We found a significa
population of recently formed stars at the south-west titheffil-
ament, and no such population further along the filamentlaBte
population modeling reveals that these stars have ageslpfaon
few Myrs.

The location and age of this stellar population suggestxan e
planation for the origin of the multi-wavelength structofehe in-
ner filament. As originally proposed by Sutherland ét al9@9the
observed optical line emission is driven by shocks origigefrom
gas clumps. We propose that these shocks arise due to a weak bo
shock propagating through thefitlise interstellar medium, from a
location near the inner northern radio lobe. The shock cesgas
and ablates a molecular gas cloud, triggering the obsenad s
formation at the south-west tip. The dragging out of thude
cloud gas and subsequent shocks give rise to the observiedlopt
narrow-line and X-ray emission.

We show that the derived stellar ages for the UV-bright pop-
ulation are consistent with the gas uplifting timescale. phéedict
that much deeper X-ray observations should reveal morg fiifn
fuse emission along the filament. More generally, this meisima
should be applicable to any galaxy or galaxy cluster coimtgigas
clumps and capable of driving weak bow shocks.
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Positive feedback is likely to be present in many systents, pe
haps even more so at high redshift where the gas supply and gas
densities are much higher and interaction between AGN asdsga
much more frequent. This type of process may play an impbrtan
role in the rapid buildup of stellar mass in massive galaxéeg.

2005). This study is therefore a useful laboratory &wérthis

process, which is both useful from a purely observatiorelpoint
but also as a potential constraint on models of galaxy faonait
high redshift.
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APPENDIX A: TABLE OF PHOTOMETRY
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Table Al: Table of photometry. Includes only objects detddh bothF225N
and at least one other filter. Photometry of objects 12, 151&ndas performed

using small apertures, with aperture corrections deriv&dguisHAPE

). Visual inspection of objects 25 and 29 revealed tieft814W detections
were not coincident with those 225V and F606/. Photometry of the glob-
ular cluster candidates, objects 81 and 109 was performiad le&ge apertures
with radii of 3x each object's FWHM ir-606W — 0.80" and 0.47 respectively.

I.D. R.AI Decl?! F225W F606W F814W Comment

Southwest tip - Region 1

1 13:26:03.253 -42:57:19.36  23.55(0.11) 24.68(0.06) 20.69)

2 13:26:03.264 -42:57:19.18 22.29(0.05) 24.33(0.04) 10.D6)

3 13:26:03.304 -42:57:19.04 21.16(0.05) 23.44(0.05) @B.64)

4 13:26:03.274 -42:57:18.88 22.01(0.07) 24.28(0.05) %(0.88)

5 13:26:03.282 -42:57:18.94 22.84(0.11) 24.61(0.05) @b.04)

6 13:26:03.297 -42:57:18.58 22.57(0.08) 24.42(0.12) 70.06)

7 13:26:03.328 -42:57:18.38 23.45(0.08) 25.70(0.15) 1H.85)

8 13:26:03.320 -42:57:18.36 22.91(0.06) 24.83(0.05) 70.89)

9 13:26:03.264 -42:57:18.34 24.23(0.11) 25.87(0.10) @6.27)

10 13:26:03.207 -42:57:18.31 22.31(0.05) 24.65(0.10) 810.09)

11 13:26:03.325 -42:57:18.23 22.27(0.04) 24.39(0.05) 5%0.07)

12 13:26:03.418 -42:57:18.04 21.04(0.03) 22.46(0.02) 3&P.03) Extended object
13 13:26:03.372 -42:57:17.82 24.12(0.11) 24.75(0.11) 0¥6.10)

14 13:26:03.502 -42:57:17.77 22.44(0.06) 24.43(0.04) 6&0.09)

15 13:26:03.424 -42:57:17.63 20.32(0.01) 21.45(0.01) 2%D.02) Extended object
16 13:26:03.427 -42:57:17.49 20.78(0.02) 21.14(0.01) 1D.02) Extended object
17 13:26:03.453 -42:57:17.36 23.69(0.11) 23.72(0.09) 718.09)

18 13:26:03.408 -42:57:17.38 22.98(0.11) 23.39(0.10) 8®B.17)

19 13:26:03.375 -42:57:17.34 23.20(0.06) 24.28(0.05) 240.05)

20 13:26:03.332  -42:57:17.28 24.16(0.12) 24.61(0.07) 728.09)

Southwest tip - Region 2

21 13:26:02.940 -42:57:21.80 23.27(0.06) 24.64(0.07) 5®8.07)

22 13:26:02.968 -42:57:21.54 23.61(0.09) 25.65(0.10) 7%6.20)

23 13:26:02.856 -42:57:21.09 24.12(0.06) 26.02(0.05) 0®6.12)

24 13:26:02.904 -42:57:20.80 23.99(0.08) 25.99(0.07) 27D.50) Very weak F814W detection
25 13:26:02.856 -42:57:20.73 24.29(0.10) 25.38(0.07) 7349.05) F814W detection isfiierent object
26 13:26:02.887 -42:57:20.46 20.73(0.04) 23.03(0.06) 028.03)

27 13:26:02.889 -42:57:19.93 24.28(0.13) 26.28(0.09) 22(6.23)

28 13:26:02.878 -42:57:19.73 21.14(0.04) 23.53(0.06) 648.03)

29 13:26:02.877 -42:57:19.41 24.72(0.17) 25.71(0.11) 0449.05) F814W detection isfiierent object
Rest of WFCFACS field

30 13:26:03.538 -42:58:38.93 24.36(0.12) - 23.64(0.03) tside F606W FOV
31 13:26:07.384 -42:58:07.24 24.54(0.10) - 24.72(0.09) tside F606W FOV
32 13:26:03.736  -42:58:02.39 23.03(0.08) - - Satuyatedlinear F606W & F814W
33 13:26:09.251 -42:57:58.56 23.42(0.07) - 18.83(0.07) tside F606W FOV
34 13:26:01.558 -42:57:46.75 21.98(0.04) - 16.91(0.04) turgeednon-linear F606W
35 13:26:00.483 -42:57:46.39 23.51(0.09) 24.98(0.05) 950.08)

36 13:26:00.606 -42:57:44.40 24.15(0.11) 25.46(0.05) 4&5.16)

37 13:26:13.163 -42:57:37.06 23.50(0.09) - 20.92(0.04) tside F606W FOV
38 13:26:01.513 -42:57:35.51 24.69(0.13) 19.76(0.06) 97(8.03)

39 13:26:01.862 -42:57:33.35 22.27(0.04) - 16.60(0.02) tur8tednon-linear F606W
40 13:26:15.019 -42:57:28.38  24.29(0.08) - 25.09(0.09) tside F606W FOV
41 13:26:02.694 -42:57:28.30 23.74(0.09) 19.94(0.07) 22(9.02)

42 13:26:06.972 -42:57:23.87 16.85(0.02) - - Satuyatedlinear F606W & F814W
43 13:26:01.164 -42:57:23.88 24.27(0.09) 25.25(0.09) 740.06)

44 13:26:06.314 -42:57:23.22 22.79(0.05) 24.83(0.06) 7&#8.07)

45 13:26:01.534 -42:57:22.67 23.91(0.09) 25.36(0.10) 1¥(6.10)

ICoordinates measured in WFC3 F225W data
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Table Al — continued from previous page

I.LD. R.A! Decl? F225W F606W F814wW Comment

46 13:26:01.636 -42:57:21.04 23.81(0.12) 25.17(0.06) 3&H.10)

47 13:26:09.319 -42:57:19.63 23.00(0.08) - 20.52(0.02) tside F606W FOV
48 13:26:04.809 -42:57:16.76 23.64(0.06) 25.60(0.09) 62H.14)

49 13:26:04.841 -42:57:16.05 22.03(0.05) 23.95(0.11) 1&0.08)

50 13:26:11.406 -42:57:15.16 24.69(0.11) - 18.31(0.03) tside F606W FOV
51 13:26:14.150 -42:57:13.46 18.67(0.04) - - Outside F6B&W; saturated F814W
52 13:26:05.846 -42:57:11.29 20.56(0.03) 19.40(0.07) 65(8.02)

53 13:26:03.353  -42:57:10.85 21.60(0.04) - 17.61(0.02) turdeednon-linear F606W
54 13:26:11.240 -42:57:07.72 24.26(0.08) - 23.14(0.05) tside F606W FOV
55 13:26:08.780 -42:57:07.60 24.67(0.12) - 21.34(0.03) tside F606W FOV
56 13:25:58.130 -42:57:06.47 23.81(0.09) - 17.49(0.02) turdeednon-linear F606W
57 13:26:00.599 -42:57:03.44 23.05(0.06) 23.71(0.07) 5&8.07)

58 13:26:02.147 -42:57:03.33 23.23(0.06) 20.61(0.08) 91(9.02)

59 13:26:02.016 -42:57:02.87 24.17(0.09) 25.46(0.09) 9%0.10)

60 13:25:59.413 -42:57:02.50 24.37(0.14) 24.52(0.06) 4Z0.06)

61 13:25:59.159 -42:57:01.92 23.93(0.08) 25.02(0.05) 9®8.08)

62 13:25:59.050 -42:56:58.89 23.23(0.07) 24.50(0.07) 430.05)

63 13:25:59.644 -42:56:58.28 23.57(0.05) 24.60(0.05) 740.08)

64 13:25:57.687 -42:56:56.84 23.67(0.05) 23.15(0.06) 028.03)

65 13:25:57.128 -42:56:56.52 22.73(0.05) 21.01(0.09) 3%0.04)

66 13:26:00.489 -42:56:55.08 24.37(0.11) 25.36(0.09) 61B.16)

67 13:26:12.125 -42:56:54.80 20.47(0.04) - 17.16(0.02) tside F606W FOV
68 13:25:59.748 -42:56:53.16 24.01(0.07) 25.18(0.09) 148.11)

69 13:26:10.273  -42:56:51.09 21.95(0.03) - 17.90(0.02) tside F606W FOV
70 13:26:00.028 -42:56:51.07 24.84(0.17) 26.38(0.08) 578.12)

71 13:26:05.809 -42:56:50.23 20.69(0.03) - 16.38(0.05) turdeednon-linear F606W
72 13:26:00.079 -42:56:49.87 23.65(0.06) 24.97(0.08) 940.07)

73 13:26:00.573 -42:56:49.71 23.36(0.06) 23.08(0.06) 8&R.03)

74 13:26:08.224 -42:56:49.50 23.94(0.11) 24.13(0.08) 62B.06)

75 13:26:03.122 -42:56:48.97 22.01(0.04) - 16.82(0.02) tur8gednon-linear F606W
76 13:25:59.577 -42:56:45.09 23.73(0.06) 21.38(0.06) 5%0.03)

77 13:25:58.771 -42:56:40.10 24.19(0.09) 25.09(0.03) 620.08)

78 13:25:56.932  -42:56:39.31  23.23(0.07) - 16.98(0.02) tur8ednon-linear F606W
79 13:26:12.608 -42:56:34.21 24.44(0.21) - 25.49(0.11) tside F606W FOV
80 13:26:06.155 -42:56:33.57 21.77(0.04) 23.77(0.06) 8B.03)

81 13:26:05.386 -42:56:32.28 19.87(0.01) 17.17(0.01) 23(6.01) Globular cluster; some non-linear pixels F606W
82 13:25:57.294 -42:56:30.27 23.96(0.06) 20.10(0.06) 36(9.02)

83 13:26:06.849 -42:56:28.96 23.99(0.09) 25.26(0.04) 840.09)

84 13:25:59.533 -42:56:27.51 23.16(0.05) 24.45(0.09) 020.06)

85 13:25:59.684 -42:56:25.06 23.79(0.08) 25.37(0.10) 2&V.11)

86 13:25:59.413 -42:56:25.06 23.23(0.05) 25.08(0.08) 1&B.09)

87 13:25:59.310 -42:56:24.91 20.94(0.03) 22.65(0.05) 6%P.03)

88 13:26:03.337  -42:56:24.07 19.84(0.04) - - Satufatedlinear F606W & F814W
89 13:25:59.278 -42:56:23.75 21.48(0.03) 23.50(0.03) 448.03)

90 13:25:59.597 -42:56:23.20 23.59(0.07) 25.32(0.07) 5&6.15)

91 13:25:59.385 -42:56:22.63 23.14(0.06) 25.04(0.06) 9&8.07)

92 13:25:59.546 -42:56:22.42 24.36(0.11) 26.17(0.05) O&6.16)

93 13:25:59.388 -42:56:23.26 24.78(0.11) 25.96(0.07) 8%B.20)

94 13:26:08.344  -42:56:22.03 21.99(0.03) - 17.39(0.04) turdeednon-linear F606W
95 13:25:59.699 -42:56:21.36 21.72(0.04) 23.93(0.05) 9¥B.05)

96 13:25:59.297 -42:56:21.17 21.72(0.04) 23.76(0.05) 648.04)

97 13:25:59.357 -42:56:20.67 22.33(0.04) 24.47(0.06) 640.09)

98 13:25:58.745 -42:56:20.31 23.77(0.07) 25.30(0.05) 910.09)

99 13:26:05.651 -42:56:19.00 23.03(0.06) 19.57(0.07) 60(®.03)

100 13:26:09.942 -42:56:14.55 24.07(0.09) - 18.38(0.02) aturateghon-linear F606W
101 13:26:05.969 -42:56:11.44 20.77(0.03) - - Satufatedliinear F606W & F814W
102 13:26:07.718 -42:56:10.24 22.74(0.07) 22.60(0.11) .4%P.04)

103 13:26:03.636 -42:56:09.33 21.10(0.04) - - Satumatedlinear F606W & F814W
104 13:26:05.352 -42:56:00.29 24.43(0.09) 20.03(0.08) .96i(8.03)

ICoordinates measured in WFC3 F225W data

Continued on next page
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Table Al — continued from previous page

Triggered star-formation in Centaurus A 23

ID. RAZ Decl? F225W FG0BW F814W Comment

105 13:26:05.220 -42:55:58.91  20.30(0.04) - - Saturacedinear F606W & F814W
106 13:26:10.200 -42:55:58.07 22.74(0.04) 19.65(0.08) .88(8.02)

107 13:26:06.602 -42:55:56.69 23.23(0.05) - 17.81(0.02) aturdteghon-linear F606W
108 13:26:10.065 -42:55:55.60 21.41(0.03) - 17.95(0.04) aturteghon-linear F606W
109 13:26:04.165 -42:55:44.60 21.32(0.02) 19.04(0.01) .228.01) Globular cluster
110 13:26:07.989 -42:55:44.09 21.25(0.04) - - Satupatedlinear F606W & F814W
111  13:26:06.737 -42:55:34.92 24.67(0.20) 27.21(0.11) .9(%B.18)

1Coordinates measured in WFC3 F225W data
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