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ABSTRACT

Aims. We investigate the resolved stellar content of early-typardl galaxies in the Centaurus A group, in order to estimage t
fraction of their intermediate-age populations.

Methods. We use near-infrared photometric data taken with the A@A&RAC instrument, together with previously analyzed avehi
HST/ACS data. The combination of the optical and infrared wavgtle range permits us to firmly identify luminous asymptgjiiant
branch stars, which are indicative of an intermediate-agilation in these galaxies.

Results. We consider one dwarf spheroidal (CenA-dE1) and two dwdigtilal (SGC1319.1-4216 and ES0O269-066) galaxies that
are dominated by an old population. The most recent peribddan formation are estimated to have taken place between
and~ 5 Gyr ago for SGC1319.1-4216 and ES0O269-066, and approgiyn@tGyr ago for CenA-dE1. For ESO269-066, we find
that the intermediate-age populations are significantlyencentrally concentrated than the predominantly old Ugther stars. The
intermediate-age population fraction is found to be lowha target galaxies, consistent with fractions of up-t@5% of the total
population. These values could be higher by a factor of twthore, if we consider the observational limitations and rieent
discussion about the uncertainties in theoretical modgéssuggest that there is a correlation between intermedggegyopulation
fraction and proximity to the dominant group galaxy, witbsgr dwarfs having slightly smaller such fractions, altgtoour sample

is too small to draw firm conclusions.

Conclusions. Even when considering our results as lower limits, the mttiate-age population fractions for the studied dwass ar
clearly much lower than those found in similar dwarfs arothrelMilky Way, but comparable to what is seen for the low-nTd84
companions. Our results confirm previous literature worlRleykuba et al. (2006) about early-type dwarfs in the Cenigidrgroup.

Key words. galaxies: dwarf — galaxies: evolution — galaxies: photaoynetgalaxies: stellar content — galaxies: groups: indigldu
CenA group

1. Introduction Vic < 550 km s? and angular distances from CenA of30°
The Cent A ¢ calaxies is. togeth ith th (Karachentsev et al. 2007).

e Centaurus A group of galaxies is, together wi e more L o .
the southern sky. In its center the peculiar giant elliptizdaxy fors | Yy hts in th f P ﬁ SEH) of E g
NGC5128 £CenA) is located, whose distance is 3.8 Mp@ffers insights in the star formation history (SFH) of these sys
(Harris et al| 2009). Recent searches for new members of t Qws.hOverbthe last (cj:_omap_le of decLadesl;,éesolved lste_llar!@opu
group were published by Coté el al. (1997), Banks et aR9)9 dlons'l a\r/]e een studied in most Local Group galaxies in great
and Jerjen et al_(2000). Karachentsev é{ al. (2002) proypde-  9€tail: The main result of all these St'ufj'efs IS a surpriziag v
cise radial distance measurements for 17 dwarf membergof f§1Y Of their SFHs (see e.g. Grebel 1997; Tolstoy et al. 2009

. . - order to explore the role of the environment in the evoluti
group using the tip of the red giant branch (TRGB) metho L ; - . ;

: - these systems, it is desirable to investigate stellaufadions
The current list of members of the CenA group contains %\d SFHs of dwarf galaxies in an environment that fegent

from the Local Group. With its higher density of galaxies th
Centaurus A groupfters such a possibility.

n -
Based on observations collected at the European Southern In ICrnojevié et al. [(2010) we considered optical Hubble

P [, Chil ithin th ing P 73.B- . .
oolt>§f rvatory, Paranal, Chile, within the observing Progrand73 Space Telescope (HST) archival images to perform photgmetr

** Table 3 is only available in electronic form at the cp<Lf six early-type dwarfs_ln the Centaurus A group, for whilkh t
via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5)via UPper part of the red giant branch (RGB) can be resolved. We
hitp7/cdsweb. u-strasbg/agi-birygcat?JA+A/ . derived their photometric metallicity distribution furmts and

*** Member of IMPRS (International Max Planck Research Schod@oked for stellar spatial gradients in their (predomimgneld

for Astronomy & Cosmic Physics at the University of Heidetband populations. Similar work was done for early-type dwarfthia

of the Heidelberg Graduate School for Fundamental Physics. M81 group byl Lianou et al| (2010). However, we pointed out

galaxies with radial velocities in the Local Group rest feaof
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that optical photometry alone is not enough to unambigyousl

estimate the fraction of intermediate-age population$@Ain *
these objects, given the substantial amount of Galactie-for 25
ground contamination in the direction of the Centaurus Aigro 2l
Previous studies have shown that luminous asymptotic giant -
branch (AGB) stars, indicative of such an IAP, are brighter i B
the near-infrared (NIR) bands, and that the foregroundsgeea =l .
to separate from the galactic stellar content with this kihdata L
(e.g., Rejkuba et al. 2006; Boyer etlal. 2009). The comlonati B
of optical and NIR data is thus a powerful tool to investigate 26l ——
which extent and at which ages the target dwarfs produced the . CenA-dE1
IAPsS. o e
Early-type dwarf galaxies of the Centaurus A group have - 0 v o ? 3
been observed in NIR bands, with the Infrared Spectrometdr A ° 0
Array Camera (ISAAC) at European Southern Observatory Very 20
Large Telescope (ESO VLT). The first results for two earlyety al
dwarf members of this group were presented_in Rejkuba et al. .
(2006). We now further study three additional objects ofitie 2r .
sample. ml
The paper is organized as follows. We describe the data in . -
§2, and present the derived color-magnitude diagrams (CMDs) o
for both wavelength sets ifid. The IAPs are then investigated - i -
in detail in§4], and the discussion is presented{th Finally, we N
draw our conclusions i§G. 260 ]
. SGC1319.1-4216
271 b
-1 0 i 2 3
2. Data and photometry Vol
Within the ESO observing programme 073.B-0131 we collected 20

NIR observations of 14 early-type dwarfs in the Centaurus A
Group. We choose to study in detail here those galaxies that
could be fully resolved (due to good seeing conditions see- 22¢
ing < 0.6 arcsec) in their stellar content from these observa-
tions, and for which archival HST data were already analyzed
by [Crnojevic et al.[(2010), similarly to what was alreadyndo 24f
bylRejkuba et al. (2006).

The sample consists of three objects, namely CenA-dE1,

21r

231

251

SGC1319.1-4216 and ES0269-066 (in order of increasing lu- or £S0269-066

minosity). We report the main properties of the target gakin -

Tabled. S
We will now separately consider the optical and NIR data for Voo lo

the studied galaxies. Fig. 1. Optical (dereddened) CMDs of the target galaxies, ordeyed b

increasing luminosity. The dominant feature of the CMDs w@mi-
2.1. Optical photometry nent RGB, with a small presence of luminous AGB stars aboee th

TRGB (indicated by a red dashed line). Representative pietidc
The archival optical HST data, taken with the Advanced Camegrrorbars are plotted on the left side of the CMDs. Greensliaee
for Surveys (ACS), were already presented and discussedst@llar isochrones with a fixed age of 10 Gyr, and varying tteta

Crnojevic et al. [(2010), and are not described in detailehely: ([:Fe/z];El—ztE:d_—']1~522agd—11618(”0(;‘1 éhffblugégltgigriddéildg)
- . . r CenA- ; = -25,-1.08 and-0.4 for 1- ;
again. For each one of the target galaxies there is one 1200 EG/H]: 25 121 and-0.4 for ES0269-066 (see text for details)

onds exposure in the606W filter (roughly corresponding to the
V-band) and one 900 seconds exposure irFB&AV filter (cor-
responding to thé-band). The photometry was performed usin
the DOLPHOT packagé (Dolphin 2002), which was also use064 for CenA-dE1, SGC1319.1-4216 and ESO269-066, re-
to estimate photometric errors and observational incotepéss  SPectively.

via artificial star tests. Typical photometric errorbafrartifi-

cial star tests are shown in the CMDs in Hi. 1. The DOLPHOJ 5 pjear-
package additionally provides magnitudes in the grourskbda

V- andl- bands, which are the ones we use throughout the f2eep NIR images of the target dwarfs were taken in service
per. The 50% completeness level in ¥dand lies in the range mode with the short wavelength arm of ISAAC NIR array at the
~ 27.2 — 26.8, where the first value refers to the least crowdedLT at ESO Paranal Observatory. The field of view of the short
of the galaxies in this sample, CenA-dE1, and the seconckto thiavelength arm of ISAAC is .3 x 2.5 arcmirf and the detector
most crowded, ES0O269-066. In thdand, the 50% complete- has a pixel scale of.048 arcsec. Each galaxy was observed once
ness ranges from 26.6 to ~ 26.1. The number of stars in thein the Js-band by coadding a sequence of dithered short expo-
final photometric catalogs (after quality cuts) is 3675,P8%@nd sures, amounting to a total exposure time of 2100 sec pexygala

infrared photometry
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Table 1. Fundamental properties of the target dwarf galaxies.

Galaxy RA DEC T D Dcena E(B-V) My <[FeH]>mea LastSF
(J2000) (J2000) (Mpc) (kpc) (dex) (Gyr)
CenA-dE1, KK189 131240 -414955 -3 442+033 676+483 011 -1199 -152+0.20 ~
SGC1319.1-4216, KK197 1322@1 -423208 -3 387+0.27 198+112 Q15 -1304 -108+041 2-5
ES0269-066, KK190 1313 -445324 -5 382+026 113+412 Q09 -1389 -121+033 2-3

Notes. The columns are as follows: column (1): name of the galaxaB){(Zquatorial coordinates (J2000, units of right ase@nare hours, min-
utes, and seconds, and units of declination are degreesirates, and arcseconds); (4): de Vaucouleurs’ morphcddditype from Karachentsev
(2005); (5): distance of the galaxy derived by Karachen&tel. (2007) with the TRGB method; (6): deprojected distaotthe galaxy from
the dominant elliptical CenA (Crnojevic etlal. 2010); (dydéground reddening from_Schlegel et al. (1998); (8): takmoluteV magnitude from
Georgiev et gl (2008); (9): photometrically derived medigetallicity and intrinsic metallicity dispersion of RGEass, taken from Crnojevic et lal.
(2010); and (10): epoch of most recent significant star foionapisode, as derived in Sect14.2.

Table 2. NIR imaging observing log. (Stetson 1994). The final photometric catalog for each galax
contains all the sources that could be measured in botld-the
Galaxy Date F & AM Seeing band and at least ort¢-band image. We further apply the fol-
(dd/mmyyy) (sec) (arcsec) lowing quality cuts to the catalog: the photometric erraas (

CenA-dE1 2J0404  Ks 2352 123  0.59 measured by ALLFRAME) need to be smaller than 0.3 mag in

110504  Ks 2352 1.08  0.34 both bands; the sharpness parameter has an absolutexvalue
27/0504  Ks 2352 121 = 041  gndwe imposg < 1.5. The number of stars from the NIR pho-

2700504 Js 2100 111 0.4 : o ) )
SGC1319.1-4216 8504 Ks 2352 144  0.43 Loz”l‘g;rgr'lg gi%g %E'géégé_%‘éé)@e% dE1), 1505 (SGC1319.1
100704 Ke 2352 111 047 '

100704 Js 2100 1.20 0.77 We have tied our photometry to the 2MASS photometric sys-
190704 Js 2100 1.32 0.44 tem (Carpenter 2004y matching all the point sources from
ES0269-066 10504 Ks 2352 1.20 0.41 2MASS observed in our fields with odrband andK-band de-

31/0504 Ks 2352 1.12 0.34 tections (the adopted photometric system is the Vega system
31/0504 Js 2100 121 041 Zero points for each galaxy included thus the correctiortter
atmospheric extinction. Typically more than 7 stars had Z%A

Notes. The columns contain: (1): galaxy name; (2): date of obs&mat maani TR . ot

T ; . X ) gnitudes, resulting in zeropoint uncertainties of trageoof
(3): filter; (4): exposure time (for the dithered sequencets of sec); : ) .
(5): airmass (given for the central image in each sequerace);(6): gfnzdto 0.1 mag in thé-band and 0.03 to 0.15 mag in the

seeing of the combined images (as measured on the combiggsn . .
units of arcsec). Completeness and magnitude errors were measured using ar-

tificial star tests. Fake stars were added to each image iising
measured PSF and adding the expected noise. Photometty of al

Ks-band images were taken with a similar strategy at tvii@di the stars was then performed and typical photometric ewers
ent epochs, amounting to a total exposure time of 4704 sec gerived as the dierence between input and recovered magni-
galaxy. The observing log is reported in Tab. 2. tude. We also compute the percentage of recovered simulated

The standard procedure in reducing IR data was used, andrs, and test to which extent stellar crowdifigets the com-
the details of ISAAC data reduction with IRBRre described by pleteness of the observations. CenA-dE1 is the least crbwde
Rejkuba et al.[(2001). At the end of the reduction all the igsaggalaxy of our sample, while ES0269-066 is the most crowded.
taken in a single dithered sequence were combined. From ngw choose an elliptical radius that divides the stellar damp
on when we refer to an image observed in flaeband orKs- into a central subsample (which should be the méstcted by
band we always refer to these combined dithered sequemzes, @owding) and a subsample containing stars in the outsidrts
we also drop the “s” subscript and just use the nomenclatur@ galaxies. To define this radius, we use the stellar densit
conventionJ- andK-band. profiles computed in_Crnojevic etial. (2010). CenA-dE1 & o

For all the targets point spread function (PSF) fitting ph@enter in the ISAAC field of view, so we can use the galaxy’s
tometry was performed using the suite of DAOPHOT ankiting (=tidal) radius, beyond which almost only field stars are
ALLFRAME programs|(Stetsan 1987, 1994). The procedure fésund. SGC1319.1-4216 and ES0296-066 are more extended
each galaxy target included the following steps. For eacyin than the field of view, so we adopt the half-light radius from
we detected all the point sources and determined their PSF|@snojevit et al.[(2010). The completeness curves are shiown
ing at least 30 relatively bright, non-saturated stars| sglead Fig.[2, for both thel- andK-band and for both the central and
across the field. For the observations in both filters the -co@ixternal stellar subsamples. We fit the curves with the dicaly
dinate transformation were derived. The complete stamizgt function introduced by Fleming etlal. (1995)
then created from the median combined image. In case of large
variations of seeing betweenfi#irent images, the worst seeing 1 a(m - my)
image was not used in the median combination. PSF fitting phb= 5 1- > AR
tometry using this star list and coordinate transformatioas V1+a*(m-mo)
performed simultaneously on each image using ALLFRAME

nd overplot the best-fit solutions in Fig. 2. We note that com
1 |RAF is supported by the National Optical AstronomyPleteness curves for particularly crowded fields can bewtdb
Observatories, which are operated by the Association ofisities ~fitted by alternative analytical functions (e.g., the skéwermi
for Research in Astronomy, Inc., under cooperative agre¢mih the
National Science Foundation. 2 httpy/www.ipac.caltech.ed@masgeleasefllsky/dogsec 4b.htmy.
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o 0.4r CenA-dE1
— Jmag
0.21 — Kmag
0
19
1 3
0.8
2 Fig. 3. Optical (eft panel) and NIR fight panel) dereddened CMDs
8 os for CenA-dE1. Representative photometric errorbars argqul on the
2 left side of the CMDs. The green crosses represent the Gaface-
E o4l SeC1310.1 4216 ground contamination as predicted by TRILEGAL models, whiie
S T \x red asterisks are simulated using the Besan¢con modelssiffudated
Jmag N\ data include corrections for photometric errors and acctmarincom-
02f T Kmag \ pletenessféects. The models show that the optical CMD is heavily con-
X taminated by foreground objects in the region above the TR@He

in the NIR CMD is it easier to disentangle foreground stacgrfrthe
Mag stars belonging to CenA-dE1.

O

3. Color-magnitude diagrams
3.1. Optical CMDs

o
©

The optical CMDs of the target galaxies are shown in[Hig. & Th
data were dereddened taking the Galactic foreground redden

”””””””””””””” ing values from the NASAPAC Extragalactic Database (NED),
ES0269-066 ] which are based on the Schlegel extinction maps (Schlegél et
1998). It was assumed that these galaxies do not have a signifi
cant internal extinction due to the lack of current star fation.
While locally enhanced extinction values could be preseat, (
% 20 21 22 23 24 around dust obscured carbon-rich AGB stars), this will cafly

Mag fect the individual star itself. We discuss in S&¢t. 4 thesfimbty

Fig. 2. J- andK-band completeness curves for the target galaxies. Tﬂgmissing such stars in our sample. . .
dashed line shows the 50% completeness level. Dots dedineates It can be seen that the stellar populations are dominated by a

that were computed using stars from the central region ofjtiaxy, Prominent RGB, which is indicative of an old population, bat

while crosses are for stars located in the outskirts of thexggsee text accurate age-dating is not possible due to the metallaity-de-

for details). We overplot the best-fitting analytic complegss functions generacy present in the RGB. The observations reazb mag

as solid lines/(Fleming et 5l. 1€95). Even for the most crawfield (1-band) below the tip of the RGB. The latter is computed from

(ESO269-066), the inner and outer completeness curvies ery lit-  the | -band luminosity function using a Sobel edge-detection fil-

tle. ter (Lee et al. 1993). We finld tree = 24.13+0.12,2396+0.13
and 2383+ 0.12 for CenA-dE1, SGC1319.1-4216 and ESO269-
066, respectively. Not surprisingly, our results agreenvtite
results of_ Karachentsev etlal. (2007) derived using the same
datasetlptres = 24.18+ 0.07, 2389+ 0.04 and 236 + 0.04,

law, see_Puzia et al. 1999), but the choice of the fitting funcespectively).

tion does not fiect our conclusions. Also in the case where the For the RGB stars, median metallicities and internal metal-

crowding is higher, namely for ESO269-066, the completendgity dispersions were derived by Crnojevic et al. (20483um-

is not changing significantly as a function of galactic radiuing that they are mainly old starg (L0 Gyr). Stellar isochrones

For example, for ESO269-066 the 50% completeness limit (irom the Dartmouth evolutionary database (Dotter et al.8200

both bands) is only 0.2 mag fainter for the external subsamwere used. First, a fixed age of 10 Gyr was assumed, and the

ple than for the central one. From now on we will thus assunmeetallicity was varied. Then, a metallicity value for eacBR

the completeness to be constant with radius. The photomeetri star located between the TRGB andl mag below it was in-

rors we derive are shown for each galaxy in the Figures of tkerpolated from this grid of isochrones, and a metallicitstrit

next Section as representative errorbars in the CMDs (tley loution function derived for the galaxy. In Figl 1, we ovetplo

not include zero point uncertainties). three isochrones on each CMD: the first has the lowest metalli

o
o

Completeness
o
=

— Jmag

0.21 — Kmag
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ity value for that galaxy (corresponding to the lowest nigtiay
available from the isochrone set), the second represemtsn¢h
dian metallicity (also reported in Tdh. 1), and the last tighbst
metallicity value found.

With the current observations, we can exclude the preser
of stars younger than 500 Myr in these galaxies (from the ab-
sence of an upper main sequence or supergiant stars), bee at
the TRGB of each galaxy we can see a number of stars that
probably luminous AGB stars. They are the bright tip of th
iceberg of an IAP { 1 to 9 Gyr), which we expect to find at
this position for metal-poor stellar populations. For plagions
more metal-rich than [Fel]~ —-1.0, some old and metal-rich
stars may also be found above the TRGB, but our target obje
are predominantly metal-poor (see Tab. 1), so we concluate t
the presence of such stars is not significant in our sample.

Unfortunately, the low Galactic latitude of the Centauru
A group 20°) means that a substantial amount o

~

Galactic foreground stars contaminate the CMDs of our te

get galaxies. We simulate the expected foreground usinig b
the TRILEGAL models|(Girardi et al. 2005) and the Besancc
models [(Robin et al. 2003). An example of the expected ca
tamination in our CMDs is shown in Figl 3. We plot both op
tical and NIR CMDs for CenA-dE1, and overplot the position
of foreground stars predicted by the two models (blue cmss
for TRILEGAL and red asterisks for Besangon). We convolv
the simulated data with photometric errors and take into &
count incompletenesdtects, and we stress that the simulate
Galactic stars are only one random realization of the adbpi
models. Just for comparison purposes, we only plot starg-sin
lated by Besancon models that have mass84.5M,, since the
TRILEGAL models do not include them in their computation
These excluded few, very low-mass stars would have fieete
of extending the Besancon plotted sequence to slightideed
colors. We can notice that at magnitud&s < 20.5 and colors
Jo— Ko < 1 (where only foreground stars are found), the numb
counts resulting from the models are comparable to each,ott
and similar to the number of observed stars. We stress, hc
ever, that the models give slightlyftBrent results, and in par-
ticular the Besangcon model reaches slightly redder colmrs
a comparison between the models is beyond the goals of t
study. Overall, it is clear from the left panel that the luous
AGB region is the most féected in the optical, and we have
no way of determining which stars belong to the dwarf gala>
and which are part of the foreground. We will come back to tt
NIR CMD in the following Section. In_Crnojevi€ et al. (2010)
we gave a rough estimate of the possible fraction of the |2
for the target early-type dwarfs by using the fuel consuompti
theorem (originally introduced by Renzini & Buzzoni 1986ées
also Armandréf et all 199B). We point out that the IAP fractions
we report throughout this work are intended as numbers of st
(i.e., number of luminous AGB stars to old RGB stars). The
sults were the following: for CenA-dE1 and SGC1319.1-421
the IAP fraction is~ 10%, while for ESO269-066 it is 15% of
the entire population.

3.2. Near-infrared CMDs

The NIR CMDs are presented in F[g. 4. We have corrected t
magnitudes for foreground reddening, referring to the NBED v
ues derived from the Schlegel extinction maps (Schlegdl et

©

L s ]
17 ©" CenA-dE1
(o)

o
)

g

SGC1319.1-4216 |

&

%

o

o
)

Fig. 4. NIR (dereddened) CMDs of the target galaxies, ordered by in-
creasing luminosity. Representative photometric ermsrizeie plotted
along the CMDs. The red dashed lines indicate the expectstiqgroof

the TRGB as a function of metallicity (see text for detailE)e green
Ii{ées are isochrones with a fixed age of 10 Gyr and spanningittal-
icity range of each target galaxy, with the same values &giid. The
%Iue solid lines indicate the 50% completeness limits.

1998). For all of the galaxies, the upper part of the RGB is vis
ible at Jg > 23 andKy > 22, and the stars above this limit are

likely belonging to the IAPs of these galaxies. We also olrp
the 50% completeness limits in all of the panels.
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function of the galaxy the approximate locus of the TRGB wiill
ConAdeL I T still b(_a recognizable as a stellar count de_crease towagthteni
., ] magnitudes (although not an as well-defined one, as would be
— K" T the case in-band). We thus check our NIR estimates of the ap-

° proximate TRGB magnitudes by additionally plotting the lum

nosity function for both bands in Figl 5. The luminosity func

Z 207 1 tions were dereddened, and for each magnitude bin the number
15l of predicted Galactic foreground stars from TRILEGAL (simi
lar to that given by Besancon) was subtracted. More prigise
we considered only a fraction of the predicted foregrouadsst

40

351

301

25¢

101

st in order to account for observational incompletendisces (as
L‘D‘H a function of magnitude). As an example, for CenA-dE1 in the

15 20 205 2 248 2 225 B 235 magnitude bin centered &, = 21 the completeness (as de-
o0 rived from artificial star tests) is 95%, so we subtract from the

400 : : ‘ ‘ ‘ ‘ ‘ dwarf galaxy star counts 95% of the simulated TRILEGAL

s  socmr-azs [ star counts in this magnitude bin. The expected TRGB values

— 3, derived with the Valenti et all (2004) formula using the naedi

8o K ] metallicities are shown in Fi@l 5 as arrows, and agree weh wi

the observations. We moreover show a horizontal line inofyd
the point of origin of the arrows in order to indicate the pbles
range of TRGB values stemming from the range of metallici-
ties, again computed following the Valenti et al. (2004) TRG
calibration equation. l.e., if we use the lowédjhest end of
a given galaxy’s metallicity range to compute the TRGB with
thel Valenti et al.[(2004) formula, we will find a corresporglin
fainteybrighter TRGB value. In addition, the NIR CMDsféer
from much larger incompleteness and photometric errons tha
the optical CMDs, such that the most metal-poor tip of the RGB
600 ‘ ‘ ‘ ‘ ‘ ‘ ‘ is fainter than the detection limit in CenA-dE1 and SGC 1319.
ES0269-066 Voo 4216, while it is close to the detection limit for ESO269-086
o — % — ] areference, in Figl4 we also overplot stellar isochrones the
wl —1L 1M CMDs (as in Fig[l) to indicate the metallicity range of théega

— ies and the shape of the TRGB. We moreover draw a dashed line
_— passing through the TRGB values computed from the lowesst, th
I median and the highest metallicities found for each galaity w
2000 m thel Valenti et al.[(2004) formula, finding a good agreemettt wi
the theoretical isochrones.

Also the NIR CMDs are contaminated by Galactic fore-
o ground, but this time the luminous AGB region is not as hgavil
o5 20 25 2 25 2 25 B/ BS affected as it is in the optical observations (see right paneigpf
o0 [3). The vertical feature extending frodg — Ko ~ 0.3 to ~ 1.0
Fig. 5. NIR luminosity functions for thelo- andKo-bands of the target in Fig.[d and_4 and over the whole magnitude range is mainly
galaxies, ordered by increasing luminosity. The numbeve baen cor- due to Galactic old disk turibstars (o — Ko ~ 0.36), Galactic
rected for Galactic foreground contamination. The arrawdate the RGB and red clump starg{— Ko ~ 0.65), and low-mass dwarfs
predicted values for the TRGB at the median metallicity ef galaxy, with M< 0.6M,, (Jo — Ko ~ 0.85,Girardi et alll_ 2005). The fact
while the horizontal lines above the arrows show the rangeadicted  that these stars are distributed in vertical sequencesisodtine
TRGB values that stem from the spreads in metallicity (seefte de- range of distances and luminosities that they span. We il n
tails). take advantage of the fact that the Galactic foregroundacoiat
nation is more easily recognizable in the NIR CMDs in order to

) ) look for AGB candidates in our galaxies.
We compute the expected TRGB magnitude in both bands

using the formulae given in Valenti etlal. (2004), assumimg t

distance moduli derived in the previous Section and the mg3. Combined CMDs

dian metallicities reported in Tabl 1. The resulting valaes:

JoTres = 2296 + 0.18, 2256 + 0.18 and 256 + 0.18, and Our goal is to use the combined HALS and VLTISAAC data
KoTree = 2200 + 0.18, 2150 + 0.18 and 2152 + 0.18 for to reliably identify candidate AGB stars. To do this, we first
CenA-dE1, SGC1319.1-4216 and ESO269-99, respectively. W@ss-correlate the optical and NIR photometric catalddee
emphasize that the TRGB is not constant as a function of metebordinate transformations are initially derived using tRAF
licity in these bands, in other words its luminosity depends tasksgeomap andgeoxytran. Successively, the combined catalog
the metallicity value of the galaxy and all of our targets énavs obtained with the programme DAOMASTER (Stetson 1987).
a considerable metallicity spread within them. Howevegas In Fig.[8 we show the expected location of luminous AGB stars,
be seen from the metallicity distribution functions presenn in both optical and NIR CMDs of CenA-dE1 and SGC1319.1-
Crnojevic et al.|(2010), most of the stars in a galaxy haveaine 4216, by overplotting the isochrones from the Padova eimwiut
licity values around the median value, so that in the lumitgos ary modelsl(Girardi et al. 2010). We point out that some gprea
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Fig.6. Optical and NIR (dereddened) CMDs for CenA-dE1 andE1l, showing the stellar point sources cross-identifieddth lzata-
SGC1319.1-4216. Representative photometric errorbagsplotted 10gs. Also shown are the boxes used to select luminous AGBidate
along the CMDs. The red lines are isochrones from the Padawa estars, and the resulting candidates are plotted as reair€he ob-
lutionary models with improved AGB phaseés (Girardi et all@D For jects marked with a black cross are cross-identified in tleedatasets,
CenA-dE1, they have the mean metallicity of the galaxyfffe —1.5) but turn out to be probable background galaxies after visisplection.
and ages of 2 and 9 Gyr; for SGC1319.1-4216 the metallic[fyadd]~ Representative photometric errorbars are plotted aloe@t#Ds. The
—1.0 and the ages 2 and 5 Gyr. blue solid lines in the NIR CMD indicate the 50% completerlesd.
Lower panel. Combined CMDs inVy- and Kqp-bands for CenA-dE1.
The stellar sources and the symbols are the same as abovésd/gbod

of the AGB star magnitudes and colors around the expectad pddreen lines) the isochrones with a fixed age of 10 Gyr andripgrhe
fi is due to phot tri d to their intrinsidaaitit metaI.I|C|ty range of the galaxy, ywth th.e same values as i[Ei The

onsis due o_p 0 Qme ncerrors andtotheirin rlns!o Y- plue lines have the same meaning as in the upper panel.

The combined lists of stars that have both optical and NIR

photometry contain 115, 344, and 919 stars, for CenA-dE1,
SGC1319.1-4216 and ES0O269-066 respectively, and in the up-
per panels of Fig.J7]8 arid 9 we show both the optical and thge most interested, we check visually the positions of thess
NIR CMDs of the combined list of stars for each of the threthat are found within our selection boxes (see below) in both
galaxies. We note that these numbers are indeed much loW NIR and optical catalogs, and add in this way a few more
than the numbers of stars found in the optical photomettic canatches to our combined catalogs.
alogs alone (see Se€t. R.1). This is partly due to the fad¢t tha On the same CMDs, we also overplot the boxes used in both
the ISAAC field of view is slightly smaller than the ACS onepptical and NIR to select candidate AGB stars. For the optica
and partly due to the higher resolution and photometric ldepghe box extends from a magnitudelghres—o1, whereo is the
of ACS. Unfortunately, this results in a loss of information observational error at that magnitude (in order not to $&&B
the process of cross-correlation, since there could be soiste stars with erroneously higher magnitudes because of pteitom
matches in the cases where more than one optical sourcend foric errors), up untilM; ~ —5.5. The color range goes from the
in the vicinity of a NIR source. This is particularly true forbluest edge of the TRGB 4, — | ~ 4 (there are no stars redder
SGC1319.1-4216 and ESO269-066, where the stellar dessitytian this value). This should be the magnitude range thait lum
higher, and from Fig.J8 and 9 we see that the NIR foregroumtbus AGB stars with the average metallicity of the targeagal
sequences are poorly populated because of such mismatcheses cover (see Rejkuba et al. 2006, and references theFain).
avoid a loss of information for the part of the CMD in which weSGC1319.1-4216 and ES0O269-066, we choose to extend the op-
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Fig. 8. Same as in Fidll7, for the galaxy SGC1319.1-4216. Fig.9. Same as in Fid]7 arid 8, for the galaxy ES0269-066.

tical selection box based on a few stars with coMys- g > 2.5
that have magnitudes below that of the TRGB derived from the The lower panels of Fig7]8 arid 9 show the composite
median metallicity. These stars could belong to the métal-r v, — Ko versusko, CMDs for the three studied galaxies. We plot
population, as the TRGB has in fact slightly fainter magmétsi the stars found in the combined lists and mark in red the AGB
at increasing metallicities (see, e.qg., [fib. 1). For the Nitie se- candidates. To show the expected TRGB position and to stress
lection box contains all the stars that are found above th@BR the metallicity spread of these galaxies, we also plot timeesa
in these bands, and redwards of the reddest foregroundddtarsochrones as in Fig] 1 afd 4. When looking at the combined
the vertical plume. Our final “AGB candidates” are thosestaCMDs, we notice that there are many objects that are found in
that are simultaneously found in the optical and the NIRcselethe region above the TRGB, but that are not identified as eandi
tion boxes, and are plotted in red on these CMDs. We also oveate AGB stars. These sources are mostly foreground contami
plot the 50% completeness limits to the NIR CMDs, in order teants, which are distributed all over the CMDs for these niragn
point out that we might be missing the detection of a few lumiude combinations, but some of them might be unresolved-back
nous AGB stars with colord—Ko 2 1.0-1.5. Thisis true in par- ground galaxies. In particular, Saracco etlal. (2001) stiep
ticular for SGC1319.1-4216 and for ESO269-066, which havelBAAC observations to derive the number counts of unresblve
more metal-rich extension than CenA-dE1. Given the numbigigh-redshift galaxies. From their Fig. 1 we estimate a neimb
of stars in the low completeness region, we estimate thaé thef galaxies of up to- 300 for our field of view, for magnitudes
could additionally be at least 10 undetected AGB stars for18 < Ky < 22 and distributed on the CMD as shown in their
SGC1319.1-4216 and 40 for ES0O269-066. Fig. 3. Due to the combination of high resolution HST data in
There are in total 13 AGB candidates for CenA-dE1, 41 faddition to excellent seeing ISAAC images, as well as to the
SGC1319.1-4216 and 176 for ES0269-066. For CenA-dE1, \eality cuts applied to our PSF photometry, most of thesaygal
can see that the four brightest candidates are detachedHtiemies will be rejected from the final combined catalogs, butehe
rest of the red dots, so we perform a visual inspection of tliestill the possibility of having a few high-redshift andrapact
images and conclude that they are barely resolved backdgroeontaminants among our AGB candidates, although this ¢anno
galaxies. In general, the above reported numbers are lowis | be clarified with the current data. The objects found at eolor
to the total number of luminous AGB stars in the target gaaxi Vo — Ko > 8 are indeed barely resolved background galaxies, as
given the NIR incompleteness limits. confirmed by visual inspection.
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Table 3. List of the AGB candidates for each galaxy in this study.

Galaxy ID @2000 02000 Jo Ko Vo lo

CenA-dE1 168 1312467 -41505323 2260+0.10 2130+0.07 2545+0.03 2376+0.03
204 1312483 -41503848 2313+0.14 2172+0.08 2539+0.03 2387+0.03
329 131247839 -41503596 2275+010 2139+007 2533+0.03 2371+0.03

SGC1319.1-4216 "2.24 1322Q1 -42323106 2277+0.10 2140+012 2424+0.02 2274+0.02
517 13220107 -42321543 2288+0.13 2148+012 2577+005 2371+0.03
562 13220312 -42321790 2166+0.05 2045+0.05 2646+006 2367=+0.03

ES0269-066 519 1313 1% 44524972 2182+0.05 2051+003 2565+0.04 2347+0.02
1008 13131116 -44533006 2223+007 2067+0.05 2617+0.05 2361+0.03
1246 1313099 -44530155 2213+007 2073+0.05 2629+0.06 2346+ 0.02

Notes. The columns contain: (1): galaxy name; (2): stellar ID frdme tombined catalog; (3-4): equatorial coordinates (J2000@s of right
ascension are hours, minutes, and seconds, and units ofatexi are degrees, arcminutes, and arcseconds); (5jatsred apparenk-band
magnitude; (6): dereddened apparkgthand magnitude; (7): dereddened appakgrband magnitude; (7): dereddened appategttitand magni-
tude. Note that the given photometric errors are the onedtirgs from the photometric package. Variable candidatesdanoted with an asterisk.
For each galaxy, only the first three entries are reportedewle complete table is available from the CDS.

4. Intermediate-age populations We thus mention that these are candidates but could justlas we

) . ) be unresolved background galaxies (see previous Sect.).
From the combined optical and NIR CMD analysis of the pre-

vious Section, we are left with 9 luminous AGB candidates for

CenA-dE1, 41 for SGC1319.1-4216 and 176 for ESO269-064.1. Variable candidates

We report the coordinates and magnitudes of these candidate

AGB stars in Tab[13 (the complete table is available electroYVe can also look for additional AGB candidates by consider-
cally). These stars belong to the IAP of the target dwarfglevhing variability, which is an intrinsic characteristic ofrhinous

a few old and metal-rich AGB stars could be also present f&GB stars. For all of the target galaxies we have at least two o
SGC1319.1-4216 and ES0269-066, given the red extensiorsefvations in thé&-band, so we use theftérence between the
their RGBs. We stress that the old and metal-rich stars in dgfellar magnitudes at fierent epochs as a variability indicator.
sample are a very small percentage of the whole luminous AGRr a long period variable star, the typical maximum magtétu
population, given the low fraction of stars with IF§< —0.7. difference is~ 0.1 to ~ 1.5 mag in theK-band, and the period
Therefore, in the subsequent analysis, we will neglect trai-  is on the order of- 107~® days (see for example Rejkuba et al.
tribution, thus considering all our AGB candidates to bglém 2003, and references therein). We should thus expect teesee v
the IAP. We now want to look at their properties in more detailations of a few tens of a magnitude at most, given the obsgrvin

Generally speaking, with these data it is not possible fnescales forour targets (see Tab. 2).
firmly separate carbon-rich from oxygen-rich stars among ou For CenA-dE1, there are three observations inKhband
AGB candidates. However, for such metal-poor galaxies vile to one repeated observation. There are 36 days between th
would expect to find carbon-rich stars at coldgs- Ko 2 1.5 first and the last one (see Tab. 2), which are barely enough to
(e.g..Kang et al. 2006, and references therein), and a faw staut a lower limit on the number of possible long-period vari-
with these colors are indeed present in all of our targeteda ables. We check whether there are variations between the dif
We check whether our stellar samples contain dust digrentK-band observations, but find none. We then also check

shrouded AGB stars. This kind of objects are extremely faifft€ Whole combined list of sources, looking for stars that di
or undetected in the optical, very red at NIR wavelengths aRéfy & magnitude variation of more than 3 times the combined
thus not easily detectable in tleband because of incomplete-Photometric errors of the individual measurements. We fival t
ness fects in our observations. For example, van Loon ket @dditional variable sources that lie just below the lowenitis
(2005) consider a sample of40 stellar clusters with a range ofof the AGB selection boxes, and thus include them in our AGB
ages and metallicities in the Small and Large Magellanizi@éo candidates list. However, when checking them on the images w
They find a total of about 30 dust enshrouded AGB stars 20 find that thel( proﬁles_ look like those of barely resolved lbac
young and intermediate-age clusters. These stars are faunground galaxies. In Fig. 10 (upper panel) we displayKhieand
J-K > 2.5, and have metallicities higher than [Aé= —0.9 dex. Magnitude dterence between the second and the third epochs,
However, for clusters with ages and metallicities complarap  Since these are the ones with better seeing, for all the datei
our target galaxies, no dust enshrouded AGB stars weretddtecAGB stars except one, because it has a bad measurement in the
We thus do not expect a significant number of dust enshroud&$ondk-band observation. Shown (in green) are also the two
stars to be present in our target galaxies. We search fartstar likely background galaxies.

have gooK-band measurement but deband counterpart,and  TheK-band observations of SGC1319.1-4216 were taken 57
find two such objects in CenA-dE1, none in SGC1319.1-42t@ays apart, and three of the AGB candidates display vaitiabil
and one in ES0O269-066. Of the mentioned sources, in Cen@ue dots in the central panel of Fig.]10). When considetfirey
dE1 one is found slightly outside the limiting radius, whitee entire sample, two stars that lie just leftwards of the NIR se
second is close to the center but has a good measurement tedyion box, and are found inside the optical selection lao®,

for one of the twdK-bands; in ES0269-066 the dust enshroudaddeed variables exhibiting a luminosity change by morentha
candidate also has a bad measurement in one of the two baBds(green symbols). We add the two latter to the number of can-
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didate AGB stars for SGC1319.1-4216 (and report them in the
electronic version of Tahl 3). Also in this case, one AGB ¢and
date has a bad measurement in the sed6#hnd observation
and is thus not shown in the plot.

Finally, for ESO269-066 the timescale for the observatisns
very short, only 20 days. We are able to see a variability afemo
than 3r for only four AGB candidates, as can be seen from the
bottom panel of Fid._10. No additional variable candidatesew
found for this galaxy.

4.2. Absolute bolometric magnitudes

We can now use the luminosity of the candidate AGB stars to
constrain their ages. This is possible since in this evohary
stage, at a given metallicity, there is no degeneracy betwee
sition in the CMD and age. In particular, the maximum bolomet
ric luminosity in the sample of AGB candidates can tell us whe
the most recent episode of star formation took place in axgala
with the further advantage that the metallicity dependerfitiee
luminosity is weak compared to the age dependence. We refer
in particular to Fig. 19 of Rejkuba etlal. (2006), where an &mp
ical relationship is found between age and absolute boldenet
magnitude of the tip of the AGB, starting from data for LMC
and SMC clusters. Although the bolometric luminosity at the
AGB tip also depends on metallicity, this has less of &ect

than the age dependence. For example, according to the&adov
stellar evolutionary models, at a fixed age (either 2, 4, 6 or 9
Gyr) the diference in bolometric AGB tip luminosity between
metallicities of Z0.0006 (i.e., [FH]= -1.5), Z=0.0019 (i.e.,
[Fe/H]= -1.0) and Z0.006 (i.e., [FEH]= -0.5) is only~ 0.2
mag.

We thus first compute the bolometric magnitudes of our lu-
minous AGB candidates for each galaxy. We can apply bolo-
metric corrections to both our optical and NIR results, age s
whether they give consistent values. Following Rejkubd.et a
(2006) (see also their discussion), we adopt NIR bolometric
corrections from_Costa & Frogel (1996) and optical ones from
Da Costa & Armandrfi (1990). The results for the three most
luminous stars in both optical and NIR wavelengths (which in
some cases overlap) are reported in Tab. 4.

For CenA-dE1, the three most luminous stars in the NIR
have absolute bolometric magnitudeshdg nig ~ —4.1 = 0.2
to ~ —3.8 + 0.2, while the values derived from the optical are
Mbol,opt ~ —4.1+ 0.2 to ~ —4.0 + 0.2 (with one star in com-
mon between the two subsamples). The optical data were taken
about 20 days later than the NIR data. We take the average
My from the three most luminous AGB candidates, which are

Fig. 10. K-band magnitude éierence between the first and second otMbol.NiR ~ —3.9 + 0.4 andMpoopt ~ —4.1 £ 0.3, respectively.

servation (or second and third in the case of CenA-dE1),nagahe

When putting these values on the age-absolute bolometige ma

combined dereddendtl magnitude. The target galaxies are ordered byitude of AGB tip relation of Rejkuba et al. (2006), we obtain

increasing luminosity. We display the magnitud&etience for candi-
date AGB stars, plus for those stars that lie at the edgeseo$etec-
tion boxes but show variability (green dots). For CenA-dffe, latter
turn out to be probable background galaxies after visual€oson and
have a black cross on top of the circle (see text for details)e ob-
jects are AGB candidates for which the magnitude varies bsertttan
3 times the combined photometric errors of the individuabsuze-
ments in the two observations (or in any combination of oksterns
for CenA-dEL). Finally, both for CenA-dE1 and SGC1319.1-@2ne

an age of approximately®+ 1 Gyr for the most recent episode
of star formation, indicating that there was very littleigity in
this galaxy other than at quite old ages.

In SGC1319.1-4216, the three most luminous AGB candi-
dates havéipg nir ~ —5.4 + 0.5 t0 ~ —5.0 + 0.3 andMpgi opt ~
-48 + 0.2 to ~ —-4.6 + 0.2. Two out of three stars are the
same for the two samples, and the optical data were taken be-
tween the twoK-band observations. The average values are

AGB candidate is not shown since it has a bad measuremenginfon Mpg nir ~ —5.1 + 0.6 andMpg opt ~ —4.7 + 0.3, respectively.

the two plottedK-bands.

10

These bolometric magnitudes lead to ages-a2.0 + 1.5 Gyr
and~ 5.0 + 2.0 for the last star formation episode.

Finally, for ESO269-066 the three highest luminosity val-
ues found in the NIR range frofMpgnr ~ —5.1 + 0.6 tO
~ —5.0+0.3, while in the optical they all ar®lyg opt ~ —4.9+0.2
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Table 4. Magnitudes of the most luminous (in bolometric magnitudéBAcandidates for each galaxy.

Galaxy ID lo Ko Vo—lo Jo-Ko Mbol,opt Mol NiR
CenA-dE1 426 2369+ 003 2178+0.11 220 158 -4.14+018 -324+0.24
9323 2374+ 0.03 2187+0.20 232 165 -411+0.18 -3.10+0.25
9248b 2366+ 002 2115+0.08 165 130 -404+0.18 -4.08+0.22
168 2376+ 002 2130+0.07 169 129 -395+018 -394+0.21
329 2371+ 003 2139+0.07 162 136 -398+018 -379+0.22
SGC1319.1-4216 224 2274+0.02 2140+0.12 151 136 -476+0.17 -3.61+0.28
1362° 2314+ 0.02 2008+ 0.04 315 124 -475+0.17 -5.05+027
1316 2306+ 0.02 1927+0.02 234 206 -464+017 -537+0.48
1482 2345+ 0.02 2000+ 0.03 390 134 -463+0.17 -503+0.28
ES0269-066 3689 2258+0.01 2015+0.04 194 122 -489+0.17 -4.86+0.32
213% 2268+ 001 2024+0.04 235 131 -489+0.17 -458+0.34
4406° 2293+ 0.02 1999+ 0.03 337 117 -488+0.17 -507+0.32
3774 2293+ 0.02 1937+0.18 260 208 -470+0.17 -513+0.63
317¢ 2321+ 0.02 1992+ 0.03 192 130 -425+0.17 -501+034

Notes. The columns contain: (1): galaxy name; (2): stellar ID frdme tombined catalog; (3): dereddened appatghiand magnitude; (4):
dereddened apparekp-band magnitude; (5): dereddened optical color; (6): ddeadd NIR color; (7) absolute bolometric magnitude congbute
from optical values; and (8) absolute bolometric magnittm®puted from NIR values. Note that the combined (ISAAC afiBhand dereddened
NIR and optical magnitudes are given with the photometniorarresulting from the photometric package.

@ Among the three most luminous objects in the optical.

® Among the three most luminous objects in the NIR.

(with one common star out of the three most luminous betweblmiting galactic radius for CenA-dE1 and the half-lightiiras
the subsamples). This galaxy was observed with HST thrise SGC1319.1-4216 and ES0O269-066, since the last two galax
months later than in the NIR bands. As before we compute thees extend beyond the field of view covered by the observation
average values for the NIR and opticMyq nr ~ —5.1 + 0.8 (values adopted from Crnojevic etlal. 2010).
andMpg opt ~ —4.9 + 0.3, and derive from these values the time  From the previous analysis of HST data (Crnojevic &t al.
of the most recent star formation, resulting i02 1.5 Gyrand [2010), we find that the ratio of AGRGB stars stays roughly
3.0+ 1.5 Gyr ago. constant as a function of radius for CenA-dE1 and SGC1319.1-
We just stress that we may expect the bolometric values4@16, while for ESO269-066 there is an indication for théorat
differ somewhat between the optical and NIR results, given thaing slightly higher in the central part of the galaxy. g Fi1,
the bolometric corrections may haveférences from one set ofwe can see that in CenA-dE1 the candidate AGB stars are not
bands to the other, and also considering the fact that oucesu symmetrically distributed, and do not tend to cluster in¢ka-
are possibly long-period variable stars. However, in altted  ter of the galaxy. This displacement is probably due to thallsm
cases we find a very good agreement between the two datagaimber statistics. In SGC1319.1-4216 the luminous AGBsstar
We also point out that the optical bolometric correctior@ir are smoothly distributed all across the galaxy, but mostiynti
Da Costa & Armandrfi (1990) are based on stars with colorsvithin the half-light radius. Finally, although the AGB aiidate
V -1 < 26, so for the three objects in SGC1319.1-4216 ardistribution for ES0269-066 is similar to that for SGC1319.
ES0269-066 that have optical colors redder than this lisde( 4216, the former has a higher density of AGB candidates in
Tab[4) the corrections are highly uncertain. We can howsser its central part. For the last two galaxies, we can noticé tha
that the resulting absolute bolometric values are congistgh there are some “holes” in the distribution of the whole stell
the ones derived starting from the NIR. The bolometric adrresample, and these are due to bright foreground stars. licpart
tions from Costa & Frogel (1996) are instead valid for thdrent lar, given the high density of AGB candidates for ES0269;066
range in NIR colors spanned by our listed stars. We conchate tthese foreground stars might be precluding the detectiadai
while for SGC1319.1-4216 and ESO269-066 the most luminotisnal AGB candidates, up to as much-ad40% of the detected
AGB stars have comparable bolometric luminosities, and thaumber.
similar ages (with ESO269-066 giving slightly younger \ej) We compare quantitatively the radial distribution of AGB
CenA-dE1 had no significant star formation over the las® candidates (i.e., the cyan, blue and green symbols in[Fiy. 11
Gyr. to that of RGB stars. For the latter, we select the stars Ilgelon
ing to the RGB from the HST catalog (based on their distribu-
tion in the CMD), because they have a broader spatial coeerag
and are more numerous than the NIR sample. For CenA-dE1
We show the positions of the candidate AGB stars in[Eij. 1&. Tthere are too few AGB candidates to draw such distributions,
coordinate system is the one of the ISAAC instrument (in pidout we do that for SGC1319.1-4216 and ES0269-066 [Eig. 12).
els), and there is complete overlap with the field of view ofSACWe show the cumulative radial distribution functions (asiack
since the latter is slightly larger. Red crosses indicateeh- tion of galactic elliptical radius) for both the AGB and RGB
tire sample of NIR sources (after applying the quality cuffle subsamples, and investigate the hypothesis that they came f
AGB candidates are shown as cyan diamonds, while blue filldte same parent distribution with a Kolmogorov-Smirnou.tes
circles are assigned to candidate variable stars among@®&e AFor SGC1319.1-4216, there is a probability~0L6% (i.e., less
stars and green filled circles refer to those stars that ai@bla than 2r significance level) that the two subsamples come from
but are found outside the selection boxes in the CMDs (see pttee same parent distribution. Theffdrence in the cumulative
vious Sect.). As areference, we overplot the half-lightuadnd distribution functions at a radius of 40 to 60 arcsec comes

4.3. Spatial distribution
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Fig. 12. Cumulative distribution functions of stellar number caias

a function of elliptical radius, for SGC1319.1-4216 and E25@-066.

The diferent curves show the distribution functions for RGB steesd (
line) and candidate AGB stars (blue dashed line, see textlétails

about the subsamples). The vertical black dashed lineateche half-
light radius, for comparison with Fig. 11 (at these distandearcsec
~ 0.02 kpc).

Crnojevict et al. [(2010) we find that a metal-poor and a metal-
rich subpopulations among the predominantly old RGB sta's a
clearly present for this galaxy. This result supports thdeavce
already found in many Local Group early-type dwarfs, forethi
younger angbr more metal-rich subpopulations are more cen-
trally concentrated than the old gndmore metal-poor subpop-
ulations (e.g. Harbeck etlal. 2001).

5. Discussion

Fig. 11. Stellar positions projected on the sky for the target galsxi VWe can now compare our results to what we know for early-

(ordered by increasing luminosity). The pixel coordinatefer to the
ISAAC field-of-view. Red crosses indicate the NIR sourcdse Blue

dashed lines are, respectively, the half-light radius &editniting ra-

dius for CenA-dE1 and the half-light radius for SGC131921-8 and

ES0O269-066. Cyan diamonds are candidate AGB stars, bligseadet
variable stars among the candidates, and green dots aableastars
found just outside the selections boxes (see text for dgtdihe white
“holes” in the distribution of stars for SGC1319.1-4216 &HO269-
066 are due to bright foreground stars that are overlappittgunder-

lying dwarf galaxy stars.

type dwarf galaxies in the Local Group. Among companions of
the Milky Way, there are many objects that do show a substan-
tial amount of IAPs (stars with ages in the rangd — 9 Gyr),

like for example the dwarf spheroidals Fornax, Carina, Laind

Leo Il (see Grebel & Gallagher 2004 and Tab. 7 of Rejkubalet al.
2006). The stellar populations of the mentioned galaxies co
tain as much as- 50% of IAPs, where these estimates come
from detailed SFH recovery from deep CMDs. Considering
the M31 companions, the dwarf elliptical galaxies NGC205,
NGC185 and NGC147 (e.g., Demers et al. 2003; Nowotny et al.
2003; | Davidge. 2005) do show some presence of IAPs, but

from the asymmetric distribution of AGB candidates, whiclamong the dwarf spheroidals only Andll and AndVIl contain
possibly suggests anffecenter star formation activity. On thea small fraction of such young populations (Harbeck et 8420
other hand, for ES0269-066 we can reject the null hypotherschbaum et @l. 2004). Generally, in dwarf galaxies witiren
sis with a probability<< 0.1%, which indicates the existencerecent star formation these populations tend to be moreatiynt

of two statistically separated stellar subpopulationseadly in

12
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We mention that previous studies have only been able to pathis way is calledP,a. The values for our target galaxies are:
upper limits on the HI gas mass of our target galaxies. For ex-0.07 for CenA-dE1~ 0.04 for SGC1319.1-4216; and0.11
ample, Bouchard et al. (2007) report valuedvf, /Lg < 0.05, for ESO269-066. We notice that SGC1319.1-4216 has a partic-
0.01 and 0002 for CenA-dE1, SGC1319.1-4216 and ESO26@arly low P, A, together with a very wide metallicity spread (see
066, which are comparable to the values found for Local Grodpb[1). SGC1319.1-4216 must have been very active at ok] age
early-type dwarfs with IAPs (see, e.g., Table 1 of Grebel.et defore loosing its gas reservoir and thus stopping to preduc
2003) after considering the lower HI detection limit at thsignificant amount of stars. This could be directly linkedato
distance of the CenA group. Bouchard €t al. (2009) estimatesssible tidal interaction with CenA or ram pressure sirigp
the current rate of star formation (fromeHemission) to be by the intergalactic medium, although the orbits for ougédr
< 0.4 x 10°5Myyr* for the target galaxies. These results affjalaxies cannot be constrained, as pointed out above.
confirm their morphological classification and absence ajlas  The next step to evaluate the IAP fraction is then to consider
nificant amount of ongoing star formation. stellar population models and compare them to our obsenaati

When looking at the bolometric luminosities of the brightedindings. We use the Maraston models (Maraston 2005) and fol-

AGB stars of dwarfs in both the Local Group and the Centaurigw the procedure of Rejkuba et al. (2006). Namely, we first as
A group, with our small sample we can confirm the results gume that there are two main subpopulations in our galaoies,
Rejkuba et al.| (2006) and conclude that they are all in theesathat is old (13 Gyr) and the second one with anage of 1, 2, 4, 6 or
range, with the exception of CenA-dE1 which shows a predo@-Gyr (one for each dierent realization). This is of course a first-
inantly old stellar content. The physical properties (ttdai- order simplification of the true situation, since the stanfation
nosity, mean metallicity and metallicity dispersion, dgpcted could also have proceeded more continuously or in more than
distance from dominant group galaxy, see Tab. 1) of SGC131%wo episodes during the galaxies’ lifetime. Moreover, weem
4216 and ESO269-066 are indeed very similar to those of Korrime that with our data we could be missing a certain amount of
and Leo |, and so are also the bolometric luminosities of th&Ps and even younger stars, if we assume that the star forma-
brightest AGB stars (e.gl, Demers etlal. 2002; Menzies|et aibn rate was, in some periods, so low that an observable atmou
2002; Whitelock et al. 2009; Held etlal. 2010), although we anf AGB stars was simply not produced. Thus, once again, we
here considering dwarf ellipticals while Fornax and Leo ¢ arconclude that the fractions we derive are lower limits fa titue
dwarf spheroidals. As pointed out by Bouchard et al. (20018, fractions of IAP.
two CenA group dwarf ellipticals might have been influenced The model we adopt has a metallicity of /= -1.35,
by the radio lobes of CenA, in the sense that their proxingty tvhich matches well with all of the galaxies in our sample, if
the giant elliptical could have played a role in the removial ave consider that the lifetimes of the AGB phase do not dramat-
their gas content. However, we stress that only the current dcally change as a function of the smallffégirences in metal-
projected position of these galaxies can be known, and we liity among our target galaxies. We then let the IAP fragtio
not have information about their orbits so that it isfidult to vary among the dierent realizations (from 0 to 1), and each
draw any firm conclusion about possiblffeets like ram pres- time compute thé, ratio given by the models. When we com-
sure stripping or tidal interactions. CenA-dEL1 is on theeothpare the results to the observed values found above, we fitd th
hand located further away from CenA (670+ 480 kpc, see CenA-dE1 has an IAP fraction of 15%; for SGC1319.1-4216
Tab.[1) in our sample, and is thus more similar (in distanage get an upper limit of only 5%; while for ESO269-066 the
from the dominant group galaxy, in its luminosity and metakalue we find is between 5% and~ 10%. While the empirical
licity content) to the most distant dwarfs of the Local Grougelation between age and bolometric luminosity at the AGB ti
Its last significant star formation episode is significardlgler that we adopt in Sedi. 4.2 comes from SMC and LMC clusters
than for the other galaxies and most probably its SFH was mugRejkuba et al. 2006), the metallicity dependence of theidum
less influenced by the central giant galaxy of the group. e anosity is smaller than our errors on the bolometric magmitud
sence of any sizeable IAP younger than 9 Gyr is somehow themselves. The derived ages of our AGB candidates are thus
expected in a system as apparently distant from the dominaot significantly metallicity dependent, and the assunmptiba
group galaxy (see, e.q., Bouchard et al. 2009), but on ther otimetallicity [Z/H]= —1.35 for our model will not introduce a bias
side Tucana and Cetus in the Local Group show similar char&g-our results.
teristics as CenA-dE1 (see, elg., Monelli et al. 2010). Aeferr Compared to the rough predictions given_ in Crnojevic &t al.
ence, we recompute the deprojected distances of the two Ce2810) (see Sedf_3.1), the current results are slightliétigor
dwarf companions AM1339-445 and AM1343-452 analyzed iDenA-dE1, and lower for both SGC1319.1-4216 and ESO269-
the previous study by Rejkuba et al. (2006). We find a distange6. We check whether this would change the results about
from CenA of~ 300+ 330 kpc and- 310+120 kpc, respectively. the metallicity content of CenA-dE1, and find that the median
metallicity value does not change, while the metallicityesal
is smaller by a few percent. For the other two galaxies thexe a
no significant changes. We emphasize though that recenéstud
We estimate the fraction of IAPs with respect to the totdlate have pointed out how stellar evolutionary models tend ta-ove
content of our target galaxies in the following way: we conepu predict the number of luminous AGB stars for dwarfs with low
the ratio of the total number of luminous AGB stars, derived imetallicities, similar to our targets, by a factor of as muash
the previous Section (also including the variable starsaunfi ~ 3 — 6 (e.g.,.Gullieuszik et al. 2003; Melbourne etlal. 2010).
outside the selection boxes), to the number of stars fourad ifThis, together with the arguments mentioned above, reiefor
box that extends down to 0.3 mag below the TRGB in the opthe idea that our results are lower limits for the true I1ARcfra
cal. The latter comprises both old RGB and AGB stars and alons in these galaxies.
a percentage of intermediate-age RGB stars and AGB stars tha Having computed the IAP fractions, even considering that
are still ascending the RGB. Finally, the number of stardan tthe real fractions could be twice or three times those ddrive
box extending below the TRGB has been subtracted for exppecteere, we still can clearly see that they are much lower than th
foreground stars, using TRILEGAL models. The ratio comgutdractions found in similar objects of the Local Group. We anrd

5.1. IAP fractions
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line that the relative diierences with the Local Group will not this difference might be due to environmentéieets, which are
be dfected by the model uncertainties, since the comparisoriéading to the loss of the neutral gas content for the dwarfs i
observationally based, although the absolute values of s  this dense group, and preferentially for objects that areadt to
might be larger. In particular, we mentioned that the charac the dominant elliptical CenA. However, we stress that oon-sa
istics of SGC1319.1-4216 and ES0O269-066 are similar toethgsle, together with the study of Rejkuba et al. (2006), caagi$
of Fornax and Leo |, but despite this similarity, the recdat s only five galaxies, so these are just preliminary findingsaHy,
formation has proceeded at a much lower rate for the (so fme underline that this kind of study has just begun for dwarf
studied) objects in the Centaurus A group. The latter, dgase galaxies outside the Local Group and that there is need foe mo
vironment could thus be responsible for the observed ptigger observational data.
of its dwarf members. These results are again in agreement to
what is found by Rejkuba et al. (‘2006)' who also found qu'mg |oAcknowledgements. We thank an anonymous referee who helped to improve
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