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ABSTRACT

Aims. We study the resolved stellar populations of dwarf galaiiebe nearby Centaurus/M83 group of galaxies. Our goal is to
characterize their evolutionary history and to investgatentual similarities or ffierences with the dwarf population in other group
environments.

Methods. This work presents the analysis of five late-type (irregutlwvarfs found in the vicinity of the giant spiral M83. Using
archival HSTACS data, we perform synthetic color-magnitude diagrameting to derive the star formation histories of these late-
type dwarfs.

Results. The target objects show heterogeneous star formatiorrigistavith average star formation rates of 0.08 f600< 10-2M,
yr-l. Some of them present prolonged, global bursts of star fitom#& 300— 500 Myr). The studied galaxies are all metal-poor
([Fe/H]~ —1.4). We further investigate the spatial extent dfelient stellar populations, finding that the young stars shaumpy
distribution, as opposed to the smooth, broad extent of ih@mes. The actively star forming regions have sizes dfo0 pc and
lifetimes of > 100 Myr, thus suggesting a stochastic star formation modthéotarget dwarf irregular galaxies. The galaxies formed
~ 20% to 70% of their stars more than7 Gyr ago.

Conclusions. The studied dwarfs have average star formation rates bligigher than their analogues in the Local Group, but
comparable to those in the M81 group. Our preliminary sarimgl&ates that the neutral gas content of the target dwarxs deem

to be dfected by the group environment: galaxies within a denséomdgave a much loweMy,/ < SFR > than the isolated ones,
meaning that they will exhaust their gas reservoir moreldyic

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

1. Introduction consist of predominantly old stellar populations (0 Gyr),
Since the first detailed studies of the smaller counteréittse Zggrr?;gleeg (()g;ﬁ:% dFeOprIre];id IigoFI” Lge%ﬁi)vvor:,;?\e/?rz’té?ﬁwfd;; also
well-studied giant galaxies, dwarf galaxies have reveatedn- . jations provide a good fraction of the stellar mass. I@n t
expected amount of intriguing properties. They are b_y far ﬂgther side, late-type dwarfs (irregulars) always show tresp
most numerous galaxy population in our Universe, with many, e of young stars<(1 Gyr) on top of the older populations,
new faint galaxies being recently discovered in our Locad@r nd they are normally gas-rich and more luminous. Additigna
(see, e.g., Belokuroy etial. 2006; Zyckeret al. 2."'06afb=’20(gwarf irregulars are usually found at greater distancemfro
Belokurov et al. 2010). Dwarf galaxies are possibly the barje giant dominant galaxy, whereas early-type dwarfs are lo
onic counterpart of dark matter bundllng blopks, predichad 5iaq mostly within the inner 300 kpc of the group cen-
/.\CDM cosmology.. From spectroscopic studies of dwarf satqgs, (e.g.,L Einasto et al. 1974; Dressler 1980; Karachergtisal/
lites around our Milky Way, we also know that they appear 960>}, Al dwarf galaxies tend to be metal-poor, with aver-
be strongly dark matter dominated (e.g., _Gilmore et al. ;Z.OO'ége [FeH] values of< —1.0 dex. In particular, both types fol-
None of the Loc_al Group dwarfs St“d“?d in detail_ so far '%“ks Fow a metallicity-lumNinosity relation, such thz;lt more luroius
ancient population, although the fraction of ancient starses objects have also a higher mean metal content, but late-type
strongly from galaxy to galaxy (e.g.. Grebel & Gallagher 200 4\ afs appear to be more metal-poor at a fixed luminosity. (e.g
Orban et al. 2008). . Grebel et al. 2003). Finally, the so called transition-tgpearfs
Many eforts have been made to analyze the physical progyo stellar population characteristics similar to thobealy-
erties of the dwarf companions of the Milky Way and of Msl’eype dwarfs, but also contain some neutral gas, just asyate-
\;Vr?mlgg ?rr\?atldcfeleréirtgritgr(glrj\glz)ogit?;lrt%g)s(,lrgitri/i.b\i/y(\a/:rr;?f\grfeor:te)ﬁwarfs’ with the diference that they do not currently form stars.
characteristics (sée Grebel 2001 for a review). Early-tiparfs objeoc?s igfttr?z; ?ﬁé?:g?emnoosi\zztngngtghg;ozfrzrgﬁliem ;;:Qesyma”

* Corresponding e-maitleni ja@ari .uni-heidelberg. de. hibit a wide range of diverse evolutionary histories (GI4l9897;
Member of IMPRS (International Max Planck Research Schtmi) Tolstoy etal. 2009). Deep color-magnitude diagrams (CMDs)

Astronomy & Cosmic Physics at the University of Heidelbergilaf permit us to derive the detailed star formation historieSBHS)
the Heidelberg Graduate School for Fundamental Physics. for dwarf galaxies in the Local Group. In particular, thehtec
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nigue of synthetic CMD modeling was pioneered some twenty The Centaurus M83 group has a mean distance from
years ago, and since then it has been further developed asdof ~ 4 Mpc, and thus its members are still resolvable
improved by many dferent groups (e.g.,. Tosietal. 1991jnto stars. The complex is formed by two smaller subgroups,
Aparicio et al. 1996; Dolphin 2002; Cole et al. 2007). We ar@hose dominant galaxies are Centaurus A (CenA) and
thus able to put strong constraints on the star formatiomlepo M83, even though it is not clear whether they are receding
and dficiency for dwarf galaxies, provided that the photomdrom or approching each other (e.g./ Karachentseviet al.
try reaches the main sequence tufnaf the old populations. 2007). The group contains about 50 dwarf galaxies, and
These kinds of analyses were preferentially performed dg-ea with respect to the Local Group it is a denser and possibly
type dwarfs, since they require long exposure times anddteis more evolved environment (see discussion_in_Crnojevitiet a
easier to apply for closer objects. As for late-type dwagtn- 12010). The dwarf population has already been studied in the
erally found in the outskirts of the Local Group, their CMDpast (Coté et all 1997; Karachentseva & Karachentsev ;1998
modeling census has not yet been completed. For example,Banks et al. | 1999;| Coté etlal. _2000;_Jerjen etlal. _2000a,b;
tailed SFHs have already been determined from deep CMRarachentsev et al. 2002b; Lee etlal. 2003; Karachentsdy et a
for the Magellanic Clouds (e.gl, Smecker-Hane et al. 2002004; Karachentsev 2005; Rejkuba et al. 2006; Bouchard et al
Harris & Zaritsky 1 2004,1 2009| Noél etlal. _2009; Sabbi et aR007; | Grossi et al. 2007; Karachentsev et al. 2007; Lee et al.
2009), IC1613/(Skillman et &l. 2003), Leo A (Cole et al. 2007R007; [Makarova & Makarov | _2008;| Sharina et al. 2008;
IC10 (Colel 2010). From these and other works we learn thRBbuchard et al. 2009; Makarova ef al. 2009; Coté &t al. 009
late-type dwarfs tend to form stars slowly over long perjodmost of these works consider the physical properties ofelarg
separated by short quiescent phases (e.g., Cignoni & Td$l,20samples of objects at fiierent wavelengths. The main conclu-
and references therein). Spatial studies of the star faomatsions from these datasets are that the scaling relatiogs (e.
in these small galaxies, both within and beyond the Localorphology-density, metallicity-luminosity) are comphle to
Group, have also been performed (e.9., Payne-Gapashkf) 19fiose observed in the Local Group and in other nearby groups.
Isserstedt 1984; Dohm-Palmer etlal. 1997; van Dyk et al.|199%he Centaurus A group environment is supposed toffieent
Dohm-Palmer et al. 2002; Weisz et al. 2008; Glatt et al. 2010h the gas stripping of its dwarf membelrs (Bouchard et al.Z200
leading to the conclusion that their star formation apptab®e but some of its late-type dwarfs contain an unexpectedbyelar
stochastic. This picture gains further support from abucda fraction of neutral gas (Grossi et al. 2007). The presegtstizr
studies, which indicate that these dwarfs are not well-ohixdormation dficiencies of its dwarf irregulars in general are lower
(e.g.,.Kniazev et al. 2005; Glatt et/al. 2008a; Koch et al80)0 in denser regions of the group (Bouchard et al. 2009). Despit
the fact that the giant members of the group all show elevated

Beyond the Local Group, the integrated properties &far formation rates (SFRs) and hints for recent interactio
dwarf galaxies in nearby groups have also been studied &xents, the it fluxes of the late-type dwarf population do not
tensively (e.g.. Trentham & Tully 2002; Makarova etlal. Zp0Zeveal any sign of enhanced activity with respect to otheups
Karachentsev et al._2004: Karachentsev 2005; Makarova et(&0té et al. 2009).

2005; [ Sharina et al. 2008; Bouchard etlal. 2009; Kolevalet al. In the present work, we want to look more in detail at the
2009). However, their stellar populations can be studiedeén SFRs over the late-type dwarf galaxies’ lifetimes, takidgan-

tail only with advanced space instrumentation (Hubble Spatage of the resolved stellar populations observed with thigttte
Telescope), and even in those cases, only the brightest sfapace Telescope. For the predominantly old early-typefdvaar
are resolvable out to a distance of 17 Mpc (e.g/ Caldwell the Centaurus A group, the information available from thelCM
2006; [Durrell et al [ 2007;_Williams et &l._2007). The first atiS rather limited, but we were able to photometrically estien
tempts of deriving SFHs via synthetic modeling beyond tH&eir metallicities. We find population gradients in soméhefse
Local Group were already made more than a decade ago (e?giects (Crnojevic et al. 2010), and estimate their intsiate-
Tosi et al.[1989] 1991; Dohm-Palmer et al._1997: Aloisi ét atge population fractions (Crnojevic et al. 2011, subrd)tt&@he
1999; [Schulte-Ladbeck etlal._1999; Aloisi & Leitherer 2001late-type dwarfs contain also young stellar componentd, iain
Makarova et al. 2002), and recently there has been an if-thus possible to perform synthetic CMD modeling to derive
creasing #ort in this kind of studies (e_g_’ Weisz et a|_the|r recent SFHs. We do so for 5 dwarfs that are found within
2008:[McQuinn et al. 2009; Tolstoy etlal. 2009, and refersncand around the M83 subgroup. In addition, we look for poten-
therein), but we are still very far from having a complete-ceriial environmental influences on the derived propertiesuA f
sus. Even though we can only obtain photometric depths tkat g1er sample of 5 objects located in the CenA surroundings wil
comparable to the ones we used to reach for objects in thd Loe@ presented in a companion paper (Crnojevic, Grebel & Cole
Group about one decade ago, the results can still shed light4911b, in prep.). . . _

how dwarf galaxies evolve in fierent neighbourhoods. Are the ~ The present paper is organized as follows: we describe the
SFHs influenced by the surrounding environment? Until nofata ind2, and present the derived resultgiBi(color-magnitude
there is no evidence for largefiirences among dwarf irregu-diagrams) §4 (SFHs), andf8 (population gradients). The dis-
lars within diverse galaxy groups (see, for example, thegamm cussion is then carried out §6, and our conclusion are drawn
ison between the Local Group and the M81 group in Weiszlet #).§7.

2008), which could lead us to the conclusion that internat pr
cesses are the ones governing the star formation in thesetsbj 2
On the other hand, the dwarf galaxy types do seem to depern
on environment. For example, very loose groups such as fiee five target galaxies of this study have been observed by
Sculptor group and Canes Venatici Cloud host primarily-lat¢he Wide Field Channel (WFC) of the Advanced Camera for
type dwarfs (seel_Karachentsev etlal. 2003b,a), whereas m8ugveys (ACS) aboard the Hubble Space Telescope (HST), dur-
evolved, higher density groups like the Local Group, the M8hg the observing programmes GO-9771 and GO-10235. For
and CenA groups have a sizeable fraction of early-type dwagach galaxy there is a 1200 seconds exposure time in@aéN
(Karachentsev et él. 2002a,b). filter (corresponding to the broaétband in the Johnson-Cousins

dData and photometry
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Table 1. Fundamental properties of the studied sample of galaxies.

GalaXy RA DEC D (m— M)O Dwvss 0 A Mg My ®
(J2000)  (J2000) (Mpc) (ko)  °X (10°M.,)
ESO381-18 124442 -355800 S32+0.51 2863+0.14 1156+125 1254 012 -1291 27/2%P -0.6
ESO381-20 124600 -335017 544+0.37 2868+0.14 1100+144 1153 Q13 -1444 157252* -0.3
ES0O443-09, KK170 125458 -282027 S97+046 2888+0.17 1212+415 932 013 -1182 14 -0.9

IC4247, ESO444-34 132644 -302145 497+049 2848+021 277+437 228 012 -1407 34370 15
ESO444-78, UGCA365 13363 -291411 525+043 2860+0.17 107+499 064 010 -1311 1§21 21

Notes. The columns are the following: (1): name of the galaxy; (2e8juatorial coordinates from Karachentsev et al. (20@0Q0; units of right
ascension are hours, minutes and seconds, and units afatémti are degrees, arcminutes and arcseconds); (4-8ndésand distance modulus
of the galaxy derived by Karachentsev etlal. (2007) with iihetthe red giant branch method; (6-7): deprojected andikanglistance from M83;
(8): Galactic foreground extinction in theband from_Schlegel et al. (1998); (9): absolBtenagnitude (converted from Bouchard et al. 2009 with
the distance modulus listed in column (6)); (10): HI massiietd from diferent sources® [Banks et all. 1999, recomputed with updated values
of the distance® [Georgiev et gl. 20089 [Bouchard et ai. 2009); and (11): tidal index (i.e., degressalation), taken from_Karachentsev et al.
(2007).

system) and a 900 seconds exposure time inR824W filter and we distribute them evenly across the field of view and such
(corresponding to the brodeband). that they cover the whole color and magnitude range of the ob-
We perform resolved stellar photometry with the DOLPHOerved stars. Moreover, the artificial stars are simulalsnl &t
package [(Dolphin_2002), using the ACS module and adogpeagnitudes below our detection limit, in order to take inte a
ing the parameters suggested in the User's Guidde out- count objects that are actually fainter than what we obsénve
put photometry is given both in the instrumental and in tH&at are detected because of an addition of noise. The photom
Johnson-Cousins system (converted by the program follpwigitry of the artificial stars is performed by the program foeon
Sirianni et all 2005). In order to reject non-stellar detect and star at a time, so that we are not artificially introducing reve
to have a clean final sample of stars for our CMDs, we appdjowding. At a 50% completeness level, the limiting maghétu
quality cuts. We require the signal-to-noise toxh8, y2 < 2.5, for the least crowded galaxy (ESO443-09, with a peak density
the sharpness to be betweel3 and 0.3 to avoid too sharp (cos-~ 2 stars per arcséccorresponding te- 167 stars per.Q kpc?)
mic rays or detector defects) or too extended objects (ldakb IS ~ 27.5 mag ¢ 26.8 mag) for theV-band (-band). At the
ground galaxies), and finally the crowding parameters (whignentioned -band magnitude, the representativeghotometric
quantify how much brighter the star would be if isolated whe@rror (as derived from artificial star tests) amounts @18 mag
measured) to be 0.5 in both filters. However, for some of in magnitude and 0.23 mag in color. For the most crowded one
the galaxies (ESO381-18 and 1C4247) the standard parasnegdrour targets (IC4247, peak density ©f10 stars per arcséc
for the photometry do not give satisfying results. More sfgecor ~ 1041 stars per.@ kpc®), the 50% completeness level is
ically, the stars found in central, crowded regions arectejg reached at 26.9 mag ¢ 26.2 mag) for theV-band (-band),
by our adopted quality cuts. For these galaxies, we charge while the correspondingd photometric errors for this-band
DOLPHOT photometry parameter Forcel from the value sugtagnitude are- 0.21 mag in magnitude and 0.28 mag in
gested in the User’s Guide. This would normally force theecogolor. We show the mean photometric errors for each galaxy in
to retain only “good” objects, meaning not too faint for théhe CMDs of the next Sections.
point spread function determination, not too sharp or tomel We list the general properties of the target galaxies indabl
gated. By changing this parameter, also sfextended objects [I. We additionally note that the morphological de Vaucordeu
are classified as “good” objects in the output of the photom&ye is the same for all the galaxies and has a value of 10.
try, so that the final photometry will now retain valid objg@t  Moreover, we use the tidal index parameter throughout this
the crowded regions, but will also add spurious objectsvbida Work, as defined by Karachentsev & Makarov (1999):
the latter, we apply stricter quality cuts (usir.2 < sharpness 3
< 0.2), and remove spurious objects by hand when this is 8t = MaxXlog(Mk/Dit +C, k=1,2,..N,
enough (e.g., in the cases where pointlike objects are teete
in the tails of saturated foreground stars). In this way, we ;

not lose precious information about the biuest part of thelGM This parameter thus quantifies the maximum density enhance-

with the only disadvantage of having a less clean diagran (i. . L
the main sequengaue helium burning sequence and the red gﬂ‘e”t produced by the companions of the object in study. The

ant branch features show a larger scatter at magnilugezA.5 value of C is set for each galaxy such th@t = 0 when the
. : 9 9 “~* Keplerian orbit of the galaxy with respect to its main diser
and more spurious objects are found at coldrs| > 2).

i , has a period equal to a cosmic Hubble time.
The DOLPHOT output includes photometric errors for each

star, however, these errors do not account for systematicser
of the point spread function. Thus, extensive artificiat séats 2.1. Galactic foreground contamination
are performed for each of the studied objects, using the sa
photometry and quality cut parameters of the original image

order to estimate the photometric uncertainties and totcains

the parameters derived from our SFH recovery (see Sect.&t).
add~ 5 - 10 times the number of real stars (after quality cuts

or the galaxyi, whereMy andDj refer to the mass and depro-
ected distance of any of its neighboring galaxies, resypsgt

Btore discussing the features of our CMDs, we briefly dis-
cuss the Galactic foreground contamination issue. To et
use the TRILEGAL model$ (Girardi et/al. 2005). Their web
orn allows one to perform simulations of the Galactic popu-
ation star counts in dierent directions and considering several

1 httpy/purcell.as.arizona.egiplphof. 2 httpy/stev.oapd.inaf icgi-birytrilegal.
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Fig. 1. Color-magnitude diagrams of the five late-type dwarf g&sstudied here, ordered by (increasing) absolute magnifiiee main features
visible in all of the diagrams are the blue plume (main seqgaemd blue helium-burning stars), the upper red giant braghe luminous asymptotic
giant branch (in all but for ESO443-09) and for IC4247 and B8020 also a prominent red supergiant region (see textdiaild). On the left
side of each diagram, representativedhotometric errorbars (as derived from artificial stargate shown.

free parameters (e.g., initial mass function, or IMF, estitn, of the CMDs. However, when looking at the strips with magni-
thin and thick disk shape). For our simulations, we inclugde etudes 23< | < 25 and colors in the ranged V - | < 1.3 (red
ponential thin and thick disks plus oblate halo and bulgemmm supergiant region, see description below), the contanhiinacr
nents. We point out that each of the performed simulatioms igion of foreground stars in this region is much higher, witues
random realization of the theoretical model and not a unigpe of ~ 22%,~ 20% and~ 25% for ESO443-09, ES0O381-18 and
resentation of the Galactic foreground. At the sky positibthe ESO444-78, respectively. Also the asymptotic giant branech
target objects, and within the ACS field of view 8x 3 arcmin), gion appears to be contaminated, but due to the higher number
there are between 170 and 260 foreground dwarf stars (depewftstars in this stage with respect to the red supergiant; tiaat

ing on the galaxy considered and using a Salpeter IMF). Odees not fiect seriously our subsequent analysis. For 1C4247
has to carefully compare these numbers to what is seen in gl ESO381-20, the CMD is overall well populated, and the
CMD of each galaxy. In Fid.]1 we show the CMDs for our targdtaction of Galactic foreground objects in the red supergia-
galaxies, and in FidJ2 we additionally report their Hess-degion rather small (5% and 2% respectively).

sity diagrams to which we overplot the simulated Galactiefo  \we thus decide to perform a statistical foreground subtrac-
ground stars from TRILEGAL as red crosses. For each magfbn over the whole CMD for the three galaxies where the con-
tude bin, we have randomly extracted a subsample of stars frgaminant fractions are not negligible. The decontamimeico-

the original simulation in order to account for the inconele cess for the other two galaxies would leave all of our resuits
ness of the observations; moreover, we have randomly c@dpU¢hanged because the contaminants fractions are very lome so
for each of the simulated stars a photometric error (dependigecide not to perform it in these cases. We adopt the follgwin
on its magnitude) and have accordingly shifted its origpwi- method: we first randomly extract a subsample of objects from
tion in the color-magnitude space by this amount. The psiti the ist of foreground stars simulated by the TRILEGAL magel
of the plotted foreground stars should thus not be taken asjgnyrder to account for the incompleteness of our obsematio
absolute value, but as a possible realization of the expdate-  (which differs for diferent color and magnitude ranges). Then,
ground contamination. Overall, the contaminant fract®tess e consider the observed galaxy stars that are found in k circ
than 10% for all of the galaxies and is onlffecting the red part around each simulated foreground object, with a radiuslequa



D. Crnojevit et al.: A close look at the Centaurus A group albgies Ill. Late-type dwarfs around M83

20— 20
. x X X X X Xx x
x X X y x  x . X X
XX x % X . X% X Xx T x
x x X )X%XXX%X Xx X &;5 >§:< X x
. y N . »
221 x X R x g:xx%( v ol 5 ;((Xx X122
e >><<>< : Ko X gi X x
><>< >$<><><>< X < X xxxx % M X "
- x >><°<’<x "X - >><<>§< X 2% X - g X X%
241 - By - % T - xX X Y24
-+ x XX X§ * -+ %X X X ><>< . X XXX * x
>§(XX % R, X &% % X Tk x
-+ X —_ X —_ X x X x
x3 x xx X >§< x X
26| + W L+ 3 b 3 126
%
+ : + » + 5 o
JE443-09 X “E381-18 . X * R444-78
X
20—
X XX X X
L w0, Cae -1 0 1 2 3
X X X x
X Xx X Xy V-1
° * >>§X x « X x X x @
22t o B x oo, % 12D
~ Xxxxx >§<xx . >§<<X>22<xxx x
~ 24 s T N PV
- XX XX r - X
Xxx)s< o X% e s fg Xi?%(x x
-+ -+
X L] X
-+ x -+ %%
S e,
26 —+ X X xx)« X | -+ ¢ X'26
x
. —+ x
v 14247 * x  E381-20

Fig. 2. Hess density diagrams of the five late-type dwarf galaxiedistl here, ordered by (increasing) absolute magnitudeadfgionally
overplot to each CMD the Galactic foreground stellar contation (red crosses), as simulated with the TRILEGAL med&he simulations
include incompletenesdfects and photometric errors in their color-magnitude iistron. We point out that the drawn distribution is only one
random realization of the Galactic foreground model. Onléffteside of each diagram, representative dhotometric errorbars (as derived from
artificial star tests) are shown.

two times the error in color at that position in the CMD. If reor contaminants fraction. In the case of ESO444-78, which has a
than one observed star is found within that circle, we sirsply-  very low SFR from 40 to 100 Myr ago as measured by main se-
tract one of them randomly. We then use these decontaminae@nce stars, many of the bright red stars are better malbghed
CMDs as an input for the SFH recovery process. scaling the foreground than by increased star formatiomén t
gf_ilaxy itself. The net result is that when the foregroundxis e

We also try an alternative approach to account for the fore: X X
ground decontamination of the mosteted galaxy in our sam- PICitly modeled with the SFH recovery code, the derived SFR
is a factor of~ 2 lower in this age range than what was found

ple, namely ESO444-78. Instead of subtracting the foragtou 2 .
stars in advance, we model the contaminant component durffge" the foreground was statistically subtracted basedsim-a
the SFH recovery process (see SELt. 4). To do this, we first si TRIL%%%'&TA?C% ﬁ'm‘#]at'oPn' -II-IhIStlﬁ amvéorft'fgzeﬁtcrim?r:'
ulate a total of 10 random realizations of the foreground ehoabecauset SN asl e st atﬁs Lé erot brig ‘3 Se-
for the considered galaxy, and treat them as a probabilityidli quenced_s ars in (?[.L” szim_pf?, giving etrﬁ guperg(gﬁ%roun
bution in the color-magnitude space. During the SFH computg 30N disproportionate infiuence overtnhe gerive aiges

tion, we then let the code look for the best fit to the observe?d100 Myr, systematiciects due to the treatment of foreground

; deling are negligible. Since for ESO444-78 we find a change
CMD for a model that contains dwarf galaxy stars plus Gatac 0 -
foreground stars. In this way, we are statistically tregtihe of a factor of 2 in the SFR from 40 to 100 Myr ago, we con-

foreground, as opposed to choosing one random realizationcgJde that in this age range the errorbars resulting fronse

it. This test shows that the SFHs recovered with both metho@&°VeY could be underestimated by at most this amount.

are comparable to each other within the errors. The maindtresu

ing parameters (e.g., average SFR and metallicity) ardstens ; ;

within the errorbars, and the only noticeabldfelience is ob- 3. Color magnitude diagrams

served for the SFR in the past40 to 100 Myr. This is approx- The CMDs for our five target galaxies (ordered by absolute-mag
imately the age range covered by red supergiant stars, valsicmitude) are presented in Fig. 1, and we additionally showr the
stated above are found in the CMD region that has the highéwss density diagrams in Figl 2. Also shown on the left-hand
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and overlay Padova isochrones. We choose a metallicity of
Z=0.0008 (which roughly corresponds to [Fé~ —1.4, assum-

ing Z,=0.019), since this is the best-fit average metallicity re-
sulting from our synthetic CMD modeling (see Sddt. 4). The
isochrone ages range from 4 Myr to 14 Gyr (from the blue to the
red side of the CMD). We draw the “young” ages (4 to 85 Myr,
encompassing upper MS and most of the blue helium-burning
stars) in magenta, the “intermediate” ages (130 Myr to 1.8 Gy
clearly showing where most of the red helium-burning stas a
the luminous AGB stars lie) in blue, and the “old” ages (4 to 14
Gyr, for which only the upper red giant branches and luminous
AGB stars are visible at this photometric depth) in red. Ehes
isochrones were truncated at the tip of the red giant bramgt o
ting the thermally pulsing AGB stars, to avoid overcrowding

the plot. We point out that the previous color-coding of “pgd,
“intermediate” and “old” ages is arbitrary, and simply mesmn
illustrate the diverse features of the CMD, which were déscr
above.

Fig. 3. Hess density diagram of the dwarf irregular galaxy ESO381- |n Fig.[3 we also show the selection boxes that separate dif-
20. Overlaid are Padova stellar isochrones, with a fixed @t of  ferent evolutionary stages for ESO381-20, which are used in
Z=0.0008 and varying ages. Ages of 4, 8, 15, 20, 35, 55 and 85 Mgpct [, We select flerent evolutionary stages in the CMDs
(proceeding fro”} tlg% b;%% tgggesrseg ggg |\c;|f the g'l"g)eare ﬁ:“"’rt‘) following the stellar sequences for each individual galaxy
e e, o0 200 1 21 13 0¥ #4881 efering tothe Paclova sochone moclels. The stelar oot
plotted are selection boxes that separaféeént evolutionary stages, each galaxy is divided 'n'_RGB’ M_S’ blue helium-burning Star
as indicated. (or blue loop, BL), red helium-burning stars (or red supengs,
RSG), and luminous AGB. We stress that the upper RSG region
is not well reproduced by the models, in the sense that the ob-
served stars are redder than predicted (Bloeda et all. 2007,
and references therein), and we thus follow the stellar execg
mag in color at dferentl-band magnitudes for fierent galax- " the CMD to define our selection box. We will come back to

ies (namely at = 2550 for ES0443-09, 230 for ESO381-18, NS Pointin SectK.

25.45 for ES0444-78, 280 for IC4247, and 235 for ESO381- 1€ presence of many firent evolutionary stages clearly
20). These error limits will be used in,Se{ﬂ 5 to defingedent Ndicates the presence of a prolonged star formation, ack ea
stellar subsamples ' one represents a range of stellar ages. Depending on theenumb

; o ; of stars that are found in each stage and depending on the time
tion-grr];sctzx;[e)::()f all of the galaxies exhibit the following evolu resolution that the CMD foers, it is possible to quantitatively
constrain the SFR of a galaxy during its past history. In tile f
— upper main sequence (MS): a blue plume of main sequer@@ing analysis, our purpose is to derive the SFH of the targe
candidates (and blue helium-burning stars) is found in tig&laxies, making use of a code written by one of the authors (A
color range 0f-0.5 < V — | < 0 and at magnitudes 6f> 22 A. Cole).
(Fig.[2). The youngest and most massive stars detected in our
CMDs have estimated ages-ofL0 Myr;
— helium-burning stars: massive stars with ages fror20 to 4. Star formation histories

500 Myr are visible in the CMDs in the so called “blue-loop”

phase, burning helium in their core. These evolved supdle used synthetic CMDs based on published theoretical
giants comprise blue{— | ~ 0to 0.5) and red\( — | ~ 1 iIsochrones to constrain the SFRs as a function of time ower th

to 1.3) supergiants. The latter are however not prominent fg¢ent history of the galaxies. We used the code developed by
the galaxies in which the star formation was low soAE00 Cole (Skillman et all_2003; Cole etlal. 2007) to find the most
to 500 Myr ago (ESO443-09, ESO381-18 and ESO444-7 robable SFH based on minimizing thefdrence between sets

— asymptotic giant branch (AGB): lower mass stars with ag synthetic CMDs and the data. This approach is widely used
between~ 0.1 and 8 Gyr are found along the red gian{! the interpretation of the CMDs of resolved stellar popula

branch and above its tip. The latter (luminous AGB staréf”s_(e-gw G_allart et él. 2005; Tolstoy etlal. 2009, andrr@rﬁces_
are well visible at colors of B < V — | < 2.5, except for therein). While the method is most powerful when the CMD in-
ES0O443-09, which contains very few of these objects: cludes the MS turn® of the oldest stellar populations, robust

— upper red giant branch (RGB): these are evolved stars wigsults at lower precision can.be derived even from relgtive
colors in the range&/ — | ~ 1 to 1.8, and indicative of S allow data. For example, the inferences of Tolstoy el abg)

intermediate-age and olg (L - 2 Gyr) low-mass stars which at_)ou_t the Local Gro_u_p dwarf Leo A (DDO 69) were confirmed
have not yet commenced core helium-burning. Up 20% with increased precision by the muc_h dgeper .da'.ta of Colg et al
of the stars along the apparent upper red giant branch ard4R07)- The method adopted here is similar in its general ap-

fact faint AGB stars in the same age range as the red gié}li ach to the methods used in other recent studies of dwarf
branch stars (Durrell et Al. 2001). galaxies in the Local Volume, e.g., the M81 group (Weisz 2t al

2008).
To help the eye recognize the various features, we plot The SFH-fitting code starts from a set of isochrones inter-
again the Hess diagram for the galaxy ES0O381-20 in [Hig.p®lated to a fine grid of age and metallicity in order to create

21F

23F

25r

side of each diagram are the mean photometric uncertafoties
each magnitude bin, as derived from the artificial star 1ésis
instance, the & error is~ 0.1 mag in magnitude and 0.15
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Table 2. Star formation parameters derived for our sample of gataxie

Galaxy < SFR> b1oo bsoo b b fic fac fia <[F@H] >
(102Muyr) (dex)
ES0O443-09, KK170 08+ 0.07 648 302 091 101 011 006 083 -146+0.14
ESO381-18 (B5+0.26 171 093 191 095 013 011 Q76 -140+0.13
ESO444-78, UGCA365 .63+036 066 048 040 107 003 011 086 -137+0.21
1C4247, ESO444-34 .01+ 0.45 104 106 Q70 107 005 032 063 -137+021
ES0O381-20 0+ 048 436 341 176 092 015 006 079 -145+0.17

Notes. The columns are the following: column (1): name of the gald2y: average SFR over the whole lifetime; (B)ao; (4): bsoo; (5): big; (6):
bi4; (7): fi; (8): fas; (9): fias; @and (10): average metallicity over the whole lifetime. Thearameter is the ratio of star formation rate over the
indicated time period (0.1, 0.5, 1 and from 1 to 14 Gyr redpelyt) to the average star formation over the whole lifetithes f parameter is the
fraction of stars born in a certain time interval{@, 1- 4 and 4- 14 Gyr). In a hypothetical galaxy with constant star forroatiate,f;c = 0.07,

f4G =0.36 andfMG =0.57.

synthetic CMDs with no artificial gaps between points. The-sy TRGB method are taken from_Karachentsev ét/al. (2007), and
thetic CMDs are then binned in age and metallicity to inceeaseddenings from the extinction mapsiof Schlegel et al. (1.998
computational tractability and conform to the informatiwon- We did nota priori assume any internal reddening within the
tent of the data; this typically results in dgeetallicity bins that target galaxies. However, our fit procedure accomodatgatie
are nearly evenly spaced in log(age) and B)glThe CMDs are sibility by allowing the reddening value to vary slightlyo Tin-
divided into a regular color-magnitude grid, and the exaéah derstand the possibldfects that internal reddening might have
value of the number of stars expected in each grid cell forR Sken our results, we perform some tests on the galaxy IC4247 (se
of 1 My, yr~t is computed from the isochrones. There are se$ect[4.4). The fitting code does not takéefiential reddening
eral input parameters that must be fixed or fit in order to firidto account, but Cignoni & Tasi (2010), in their review of ISF
physically meaningful solutions with goodheiency. Among modelling techniques, show that thffests of diferential red-
the most important of these are the distance modulus W), dening on SFH reconstruction are typically minor and of less
reddeningg(B - V), and reddening law (expressed as a singl@nportance than proper constraints on the foreground aed av
parameter Rrelation, Cardelli et al. 1989). Once an isochronage reddening. Because we are dealing with metal-poor dwarf
set is chosen, the density of stars along the isochroneteiedl galaxies, the amount of dust is expected to be generally low.
by the IMF, the frequency of binary stars, and the mass fancti g age-metallicity relation is assumed, but where pos-
of binary companions. sible we use literature values to constrain the present-day
The isochrone is then convolved with the color and magniaetallicity estimated from nebular oxygen abundancesilfava
tude errors and incompleteness of the dataset in orderdw allable for 1C4247 and ESO381-20, see below for details). In
a direct comparison between the models and data. During these cases, the highest metallicity considered was taken t
fitting process, linear combinations of the individual $ygttc be the upper bound on metallicity from the nebular abun-
CMDs are added to find the composite CMD that best matchdsnces. The full range of metallicities considered \ifas=
the observed data. Because many cells of the CMD grid cdh©001, 0.00024 0.0004 0.0006, and MO1. Higher metallicities
tain relatively few stars, a maximum likelihood test basedie can in general be ruled out because of the mismatch in color of
Poisson distribution (Cash 197%9; Dolphin 2002) is useceast the evolved stars (RGB). Moreover, allowing a larger range i
of a y? statistic. Because there may be 50-100 individual symetallicities would increase the computational time andilo
thetic CMDs considered, a direct search of parameter sgaceesult in higher uncertainties in the metallicity values. #test,
not feasible; however, the problem is well-suited to a sated we choose isochrones with metallicities as highzas 0.005
annealing approach in which an initial guess at the SFH is rdor one of the target galaxies (ES0O381-20), to check whether
domly perturbed and the increase or decrease in log-likethh this would change the results of our SFH recovery. The aeerag
is calculated for each perturbation. Perturbations thetteimse SFR obtained in this case is just slightly lower (th&atience is
the likelihood are retained while those that worsen the it ar 10% in M, yr~1) than the original value, while the metallic-
usually rejected. The simulated annealing formalism prese ity is higher by~ 0.2 dex, both being still consistent with the
the code from being stuck in local minima, of which there areriginal values within the errorbars. The only notablfetience
many. Prior to the perturbation of each trial solution, th&RS lies in the shape of the recent SF %00 Myr): there is a shift
are transformed using an arcsin function in order to ensae tof a few ~ 10’ yr in the age of the youngest episodes of star
only non-negative SFRs are sampled. formation, where the age shifts around due to a combinatfion o

We adopted specific choices motivated by the best avaide-metallicity degeneracy and contravariance betwejeneut
able information, choosing not to attempt to solve for p(,;lge_bms. This is however still comparable to the originaHSF
rameters that were otherwise constrained (e.g., distarame mWithin the errorbars, and also the star formation pararsektet
ulus), or about which our dataset contains little informiati W€ compute (see below) remain the same. Metallicity ranges a
(e.g., binary fraction, IMF). We used the Padova isochron@gJiven age are notruled out by our data, and isochrones of mul
(Marigo et al.[ 2008) with circumstellar dust around coolrsta_t'ple metaII|C|t_|es typically contribute to the total starmation
from|Groenewegén (2006), combined with the IMF of Chalbridf ach age bin.

(2003). This IMF is identical to the Salpeter power law above Finally, no information is available regarding the detdile

1 M, but is log-normal for low-mass stars. Based on the statisbundance patterns, or even approximations such as average
tics inlDuquennoy & Mayoi (1991) and Mazeh et al. (1992), oHe/Fe] values, so no attempt is made to model this parameter.
third of the stars are single and the rest have a companion dtdtle is known about §/Fe] values in dwarf irregular galaxies
drawn from the same IMF as the primary. Distances based on #r&l in particular we have no measurements for those beyond
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Fig. 4. Upper panels. Star formation histories derived for the five studied g@aXES0443-09, ESO381-018, ES0444-78, IC4247 and ESO381-
20, ordered by increasing absolute magnitude). For eaelxgahe star formation rate as a function of time is plotteith the oldest age being

on the left side and the most recent age bin on the right edtfeedfogarithmic) horizontal axis. Note that the size of ige bins is variable due

to the diferent amount of information obtainable from each CMD fortestellar evolutionary stage. ESO381-20 is the only galaxhis sample

for which the SFR could be derived for ages younger than 10 Kigo note the dierent vertical axis scales. The black dashed line indicates
the mean star formation rate over the whole galaxy’s lifetifhe red dashed line for ESO381-18 indicates the altgmatar formation history
solution obtained when restricting the metallicity rangahe parameter space (see text for details). The red doi€#247 and ES0O381-20
report the current star formation rate derived from dbservations described in the literature, while the blus dalicate the recent star formation
rate derived from the FUV (see text for referencés)ver panels. Metallicity as a function of time, with the same axes corinas above. The

0.01
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black dashed line represents the mean metallicity overabexy's lifetime. Note that the metallicity evolution isqdy constrained.
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the Local Group. We can however assume that galaxies outside 23
the Local Group follow similar trends to the Local Group anes
The existing studies for the Local Group tend to suggest that
for younger populations ayar higher metallicities thed|/Fe] 24
ratios are around solar values, while for very old poputatio
andor low metallicities the ¢/Fe] ratios tend to be similarly
high as in the Galactic halo (see, elg., Venn et al. 2001,;2003
TautvaiSienée et al. 2007; Tolstoy etlal. 2009). If thgHe] ratios
atthose early ages were higher than they are now, then thislwo 26
affect the RGB stars in our CMDs. For example, at the TRGB
and at a fixed metallicity of [F&l] = —1.5, assuming a value of
[a/Fe] ~ +0.3 dex would mimic a higher age-(2 — 3 Gyr for
ages> 7 Gyr, see Dartmouth isochrongs, Dotter et al. 2008). On
the other hand, since we can only poorly resolve ages older th og Loy
~ 7 Gyr, which are the ones where a departureagF€] from 6 05 1 15 65 1 15 2
solar \yalues might be present, considerir?@emént Ex/lft]a] val- eoeW MO 1AW mBOGW=m814W
ues would not alter our current result. Since the unceresmh Fig. 5. Padova stellar isochrones with a range of ages (1, 2, 4, 8 and
our derived SFHs are the largest for ages older than a few Gi#, Gyr from left to right in each panel), shown for a combiaatof
the only dfect of adding §/Fe] as a free parameter in the maxiHST/ACS filters. Panel a). The metallicity is set to be constark (=
mum likelihood process would be to make the errobars lagyer £-001). Panel b). The metallicity has an initial value a = 0.0004 at
those time bins. Moreover, the Padova isochrones that wetad %gg; and '”Cr.ealsesﬁs agﬁ oflfeﬁcreaZ&;Q.O%Oﬁ, ?021,£8%15, and
throughout our study do not model variations efffe] values. ) , respectively). Note theftrence in width of the '
When the code indicates that the global maximum likelihood
fit has been reached, errorbars on the SFRs are computed-by per
turbing the SFR of each age bin in turn, holding the rate fixedton alone. We can put constraints on the intermediate-&ge S
the perturbed value and finding the new best-fit solution. iVhé~ 1 to ~ 9 Gyr) by looking at luminous AGB stars, but we are
the new best fit is no longer withinolof the likelihood of the not able to resolve any bursty episode of star formationeseh
global best fit, the change in the SFR of the bin under consideages, and so the time bins become very large as age increases.
tion is taken to be the errorbar on the SFR. The value is themt reEach bin size is thus considered as a horizontal errorbar.
to the best-fit value and allowed to vary again, and the psoces As mentioned in the previous Section, theoretical models
is repeated for the next bin until all values have both an uppere usually not reproducing perfectly the supergiant heliu
and a lower errorbar computed. Typically the SFRs of adjacdsurning phases due to the flitulties in robustly model-
bins are highly anticorrelated, because the total numbstan$ ing these evolutionary stages (e.g., Maeder & Meynet [2001;
is fixed, so that a reduction in SFR at one age forces the syshm-Palmer & Skillman| 2002 Levesque et al. 2005). The
thetic galaxy to make up theftirence at older arior younger models tend to predict colors bluer than observed for RSGs,
ages. These changes then propagate into the metallicitipdis which would result in metallicities biased towards highat-v
tion because an increase in the metallicity of an isochr@me aies, but at the same time the observed color of the blue helium
partially mask a decrease in age. burning stars prevents thidfect. In our case this discrepancy
The code output is a table of SFRs and mean metallicitidses not heavily influence the resulting SFHs. The number of
as a function of age in the user-defined age bins. From thes@ys in these phases is small for all target galaxies (so the
the synthetic CMDs can be reconstructed and compared to Weight in the SFH recovery process is lower) except for IC424
data for a visual impression of the fit quality. The absol@kig and ESO381-20, but the latter already have metallicity con-
of the maximum likelihood depends sensitively on the griddi straints from HIl regions.
scheme for the CMD, the treatment of contaminating datatpoin  The vertical errorbars for the star formation shown in the
not in the isochrones (e.g., Galactic foreground stars),the upper panels of Figl4 come from the maximum likelihood pro-
matching of a few stars in bright but sparsely populated farsd cess, and extend to all of the values that produce solutigthgw
sibly poorly modelled) phases of evolution. However, thestnolo from the best-fit star formation value as explained above. In
likely SFH to match the CMD is driven by the distribution o&th the lower panels we also report the evolution of metallicity
most populous cells in the gridded CMD and is robust as long asunction of time. Unfortunately, due to the age-metalicie-
the incompleteness is carefully modelled. The best-fit Skitts generacy for the old stars of the RGB and due to the limited
age-metallicity relations are shown in Hig. 4. amount of information for younger ages, it is veryfdiult to
The first thing to point out is that we plot the SFHs wittconstrain the metallicity for our target galaxies. We thoger-
a logarithmic age axis. This is done because the age resdine that the mean metallicity values derived are reliableile
tion decreases with increasing age. The age bins will bederoathe evolution with time and potential metallicity spreadsicot
when there is less information available from the CMD, anelrfinbe firmly constrained from the available data. However, we ca
where there is more. For example, in [Eif. 3 we see that thebldat least rule out the presence of a strong metallicity irsgedth
main sequence turfiodetectable in our data is visible for stardime by looking at the width of the RGB. In Figl. 5 we give an ex-
no older than- 50 Myr (I ~ 26). For the recent SFH we can therample (using Padova isochrones) of the combirféeceof age
rely on the upper MS and the bright helium-burning phases. TAnd metallicity on the width of the RGB. A constant value of
CMDs do not reach the horizontal branch (which at these diswetallicity coupled with decreasing age would produce almuc
tances would be expected atlahand magnitude of 28). Also, broader RGB than a case where the metallicity is strongly in-
the red clump is not recognizable in our data. This means tltaeasing with decreasing age (age-metallicity degenessey
for ages older thar 1 Gyr it is very dificult to put any firm age also Worthey 1999). From our observed CMDs we can thus ex-
constraint on star formation episodes from the evolved [@puclude such a strong trend for metallicity, but we cannotitist

a)

T
c
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m814W
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guish between a scenario with constant metallicity and aitie windex of—0.9. Its distance from us is87+0.46 Mpc, and its de-

a mild evolution with time. We note that such mild metalljcit projected distance from M83 is 1.2+0.4 Mpc (computed using
evolution with a fairly flat age-metallicity relation hasalbeen the radial distance and the coordinates from Karachentssv e
found for a few Local Group dwarfs using photometry and ste2007). ESO443-09 has not yet been studied in /e detect

lar spectroscopic metallicities (elg. Koch et al. 2007;tG3aal. only ~ 1900 stars in its CMD (Fid.]2). ESO443-09 indeed con-
2008b). Finally, the errorbars in metallicity show the ranm tains very few massive MS stars and no evidence of currently
each age bin, from the ¥to the 9" percentile from the best- ongoing star formation as judged from its CMD. There is, how-
fit SFH. ever, a considerable presence of BL stars, on top of the ald co

We note however that there is disagreement betwepanent seen in the RGB; the RSG and an intermediate-age pop-
our derived [FgH] values and previous literature worksulation (luminous AGB) are almost absent. Hence, overddl th
(Karachentsev et al. 2007, Sharina et al. 2008), in the dbase galaxy exhibits the properties of a typical transitioneygpwarf
our values are higher for all of the target dwarfs. In thoselst (e.gLGrebel et al. 2003).
ies, the mean metallicity of the target galaxies was contbute The SFH derived for ESO443-09 and shown in Eig. 4 con-
through the empirical formula by Lee et al. (1993) considgri firms that this galaxy has been almost constantly activesin it
the mearV — | color of stars on the upper red giant branch. Thearly history, although with a low average SFR (0.0008 +
aforementioned formula is valid only for predominantly ptob-  0.0007M, yr~1). From now on we adopt a standax€DM cos-
ulations, while in our target galaxies there is clear evadefor mology withty = 13.7 Gyr, Ho = 71 km s Mpc™, Q, = 0.73
intermediate-age stars. These younger stellar compomgihts andQy, = 0.27 (Jarosik et al. 2011). If we assume that the galaxy
bias the old RGB in the sense that it will be highly contamédat was born~ 135 Gyr ago, the fraction of stars that had formed
by intermediate-age RGB stars, which have bluer colors thby 8 Gyr ago (which corresponds zo~ 1.1) and by 5 Gyr ago
old RGB stars at a fixed metallicity and luminosity (see, ,e.gz ~ 0.5) is ~ 60%=+ 10% and~ 75%=+ 10%, respectively. This
Cole et all 2005). When adopting the Lee etlal. (1993) formuiia just a rough estimate, since we cannot derive the age of the
RGB stars younger than 10 Gyr will thus be considered to beoldest stellar populations with these data. A fairly langefion
old, metal-poor RGB stars, and the resulting metallicityyrna (> 10%) of stars was however formed in the last Gyr. In partic-
underestimated by up to 0.5-1 dex. In addition, faint AGBsstaular, the values of;g0 andbsgg (Tab[2) are quite high, showing
along the RGB locus can bias the derived metallicities to-erra non-continuous episode of star formation from 10 to 200 Myr
neously lower values. ago.

As an additional test, we compute the total number of stars The metallicity is fairly constant within the errorbars.
formed during the whole galaxy’s lifetime from our SFH, andHowever, for this and for almost all of the other galaxiexépt
compare it to estimates of the stellar mass coming from ttaé tofor ESO381-20), the present-day values appear to be slightl
luminosity and an assumption for the stellar mass-to-ligtib. lower than the average ones. We will return to this issue én th
The latter has normally a value of1 for gas-rich dwarf galaxies next Subsection.

(e.g.,.Banks et al. 1999; Read & Trenthiam 2005, and refesence We compute the total stellar mass firstly from our SFH,
therein) Coté et al. (2000) analyze dwarf irregularsiem€enA which yields 11 x 10'M. We note that this is not a precise esti-
and Sculptor groups. We have one galaxy, ESO381-20, in comate, since we are not taking into account the stars thatafied
mon with their sample. Looking for the best-fit stellar m&ss- due to their evolution. This implies that we are overestintat
light ratio from their HI rotation curves, they derive vatlarger the stellar masses by 20%. Starting from theB-band lumi-
than 1 ¢ 2 to ~ 4) for some of the galaxies including ESO381nosity and assuming a stellar mass-to-light ratio of 1 or @, w
20, so we decided to additionally assume a stellar masigtto- obtain values of 8 x 10’M,, and 16x 10’'M,, respectively, thus
ratio of 2 when computing stellar masses for our sample. Vi finonsistent with our SFH derivation.

good agreement between the twéfelient estimates, and we list
the exact values in the individual galaxies’ description.

To better understand the SFH, we also present some paré’rﬁ-’ £50381-18
eters to facilitate the comparison of the results amongviddi ES0381-18 is another rather isolated gala®y=( —0.6), found
ual galaxies and to other literature studies (elg., ScaB619 at a deprojected distance of1.2 + 0.1 Mpc from M83 (com-
Weisz et all 2008). We compute the ratio of the SFR in a cgjuted using the radial distance from Karachentsev!ét al7200
tain time period to the average SFR during the galaxy'sififet As for ES0443-09, neutral gas has been detecid, ( ~
(b1oo over the last 100 Mytsoo over the last 500 Myt over 3 x 10’M,), but there is no evidence of ongoing star forma-
the last 1 Gyr, antb;4c for ages older then 1 Gyr ago). We als@ion (poorly populated upper MS, not observed im)HAIso the
derive the fractions of stars formed from-QL Gry (fic), from BL and RSG phases are very sparsely populated, but a clump of
1 -4 Gyr (fsg) and from 4- 14 Gyr (f146), to assess the ef- AGB stars is visible in the CMD in Fi@l 2, the latter contaigia
ficiency of the star formation process infiégrent time periods. total of ~ 7300 stars. ESO381-18 has a particularly high stellar
These parameters would have the following values if a const@ensity, with a peak stellar density of 909 stars parkpc in
SFR were adoptediic = 0.07, fs.g = 0.36 andfisg = 0.57. jis central regions.

The values that we derive for these parameters, togethietheat This galaxy formed 55% 3% of its stars prior to 8 Gyr
lifetime average metallicity values, are reported in Tab. 2 ago, while 72%t 3% were at place by 5 Gyr ago. The SFR

We now comment separately the results obtained for eagiiring the past 100 Myr and the past 1 Gyr (seeb;oo and

individual galaxy. by in Tab.[2) was higher than the average SFR value, which is
~ 0.0008+ 0.0007M, yr~1. The derived SFH in Fidg]4 suggests
4.1. ESO443-09, KK170 the occurence of two strong recent bursts, the first from 690 M

to 1 Gyr ago and the second one, shorter, from 40 to 60 Myr ago.
The faintest and least dense galaxy in our sample is ESO443- Some dfficulties were met when deriving the SFH for this
09. This object also contains the smallest amount of HI ggalaxy. In particular, the color of the old RGB and young BL
(My ~ 10°My,), and it is the most isolated one, having a tidgbopulations and the TRGB were not well fitted by isochrones
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&

w = make the RGB redder. We perform the following test: we run
N the SFH recovery process again, but this time with a restfict
range of metallicities4 = 0.0004 0.0006 and 0.001). This will

2 force the metallicity to vary very little, thus not giving asy
information about the chemical evolution itself, but it vehow
how much the RGB color issue cafiect our derived SFH. The
results show a synthetic CMD that is almost identical to tre fi
one, and the SFH (plotted in red in Fig. 4) is comparable to our
originally derived SFH within the errorbars. The secondestd

020 02040608 1 1214 02 0 02040608 1 1214 time bin changes slightly to a higher SFR, but this age range
meeemeis meeemes is in any case quite uncertain, and the overall featurestyibe

recent burst episodes) are still clearly distinguishahlso the

two most recent time bins show little change, but this is due t

the higher metallicity imposed (with respect to the first mipd

We thus conclude once again that the derived SFH is fairly ro-

bust, but the constraints on the metallicity are weak.

20

m814

265 26 255 25 245 24 235 23

m814
265 26 255 25 245 24 235 23

c) 15

Finally, we compare the stellar mass found from the SFH
. (4.7 x 10'M,) with a mass estimate coming from the galaxy’s
2 luminosity and an adopted stellar mass-to-light ratio off .o
s We find values of 2x 10'M, or 4.4 x 10’M,, respectively, thus

m814

265 26 255 25 245 24 235 23

again matching well the result of our SFH (even after comect
for the evolutionary fects).

02 0 02040608 1 12 14 02 0 0204 0608 1 12 14
m606-m814 2 m606-m814

Fig. 6. Hess diagrams (displayed using ACS filters) for ESO318-18.
The density values are listed along the colorb&mel a). Data; the 4.3. ESO444-78. UGCA365
reported densities are in units of number of stars per bith(@binsize '

of 0.10 mag in color times 0.20 mag in magnitudeanel b). Best- . . I
fit synthetic model, with a reverse color scale with respedht data The dwarf irregular ESO444-78 is the closest one to M83 withi

to facilitate comparison; units are number of stars per Bamel c). OUr sample (only~ 110+ 500 kpc deprojected distance, again
Difference between data and best-fit model; units are numbearsf sconsidering the values reported Karachentsevlet al.| 2@GOid),
per bin.Panel d). Difference between data and best-fit model, weightdd also currently located in the densest environment, wath r
by the Poisson errors; units are proportional to the squaoeof the spect to the other targets of our study £ 2.1). According to
number of stars per bin. LEDA, also in this case there is a high internal extinctiomhia

B-band due to the inclination (0.88 mag). As the previous two

galaxies, ESO444-78 contains little neutral gas (see[Jabut
with the average metallicity we derive for this galaxy (se®.T it was detected in bl (Coté et all 2009). From the CMD alone
[2), and with the reddening and distance modulus adopted. Ye11400 stars), the old stellar component seems predominant,
thus first tried to slightly change the reddening and distanghile there are few, smoothly distributed stars in the yoand
modulus. The best-fitting values found to reproduce themviese intermediate-age phases, with a smaller concentratidmeiut
CMD wereE(B-V) = 0.1 instead of 0.06, andr{—M)o = 2856 minous AGB.

instead of 283+ 0.14, which is still consistent with the original Indeed, ES0444-78 formed already 6596% of its stars

value within the errorbars. LED#reports an internal extinction N
value in theB-band of 0.42 mag due to the inclination of th(%mre than 8 Gyr ago, and 82¥65% more than 5 Gyr ago. The

: : : action of the galaxy'’s total stellar content formed ptio8 Gyr
galaxy, which may explain part of the discrepancy. However, | the largest for this galaxy, compared to the others in #&me-s

region above and redward of the RGB in the best-fit synthe{? .

. The average SFR for ESO444-78-i9.0063+ 0.0036
CMD does not match the observed one weII._We plot the Hegr 1. For agesgyounger than 8 Gyr, ESO444-78 seemsl\ilg have
diagram for the data and the best-fit model in Elg. 6 to sho\év - ' L
where the fit yields poor results. Note the bin size is big due ; ; .
the low number statistics. The discrepancy is partly duedor- r:ri'%%:’év 'Itsh gsr;:?/ng:g’ do{(;tsl;:tgﬁybg Br&l)notsgelvla)s;f);rrb;hﬁscur-
sistencies in the models, which cannot reproduce smtﬂt@y one HIl region [(Coté et al. 2009). We do not plot this valoe i
the colors of RGB and RSBL stars at these low metallicities

. —the SFH of Fig[}4, since we are not able to recover a significant
(e.g.Ubeda et al. 2007), together with the poor number statisti ’ . : A
: C - R for the youngest time binc(10 Myr). Also in this case,
and the possible presence offdrential reddening. the metallicity seems rather constant, excluding the timéob-

Another point is that the metallicity seems to be decre veen 1 and 2 Gyr ago, which has a lower value. This could be

ing with time (see Figl14), and the problem is again related 9 il : - :
S ) y due to the fact that there is not much informationliese
the color of the RGB, which is not well fitted by the choselages in the CMD, so it may not be relevant.

set of isochrones. The metallicity value for the RGB (as ligh
Z ~ 0.004 if we compare its color to models) is well above the The stellar mass from the derived SFH ist & 10'Mo.
values one would expect for such a small galaxy, also considéssuming a mass-to-light ratio of 1 or 2 to estimate the gatax

ing the low metallicity of the young populations we derivelwi stellar mass, together with its luminosity, we find values of
the SFH recovery ([Fel]~ —1.4, corresponding t& ~ 0.0008). 2.7 X 10'M, and 53 x 10'M,, respectively. These masses are
Apart from the reddening issue, another plausible expianat slightly lower than the first mass estimate: for this galaxg,
could be arv-element enhancement at early times, which woultiay be overestimating the low-mass end, given the SFR at ages
older than~ 4 Gyr is particularly uncertain due to the low

3 httpy/leda.univ-lyon.ff. amount of information obtainable from the CMD.
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We decided to perform a test on IC4247 to estimate the influ-
0.04 ence of internal reddening on our SFHs. This galaxy has a high
internal extinction due to its inclination, according to Dk, al-
0.03 IC4247 , though this value is just an estimate. We recompute the SFH
— Eggzafg-ég for IC4247 changing the reddening value parameter in the cod
_ % - - E(B-v)=018 | (see Secf]4). The reddening given byithe Schlegel et alg{199
- maps isE(B — V) = 0.06, so we perform the SFH recovery first
adopting this value, and then usifgB — V) = 0.18 as an ex-
treme case of high reddening. By doing this, we moreoversadju
the distance modulus value, in order to be able to reprochece t
features of the observed CMD. The best-fit reddening value is
E(B - V) = 0.12 (as discussed above), but even substiantially
changing this value does noffect dramatically our results. As
shown in FiglY, the results for the lastl Gyr are similar within
the errorbars, while the biggestidirences are found at interme-
diate ages+ 2 to 7 Gyr ago). This is because the RGB shape
strongly depends on a combination of age, metallicity and re
dening, and thus higher reddening values translate intogeu
Fig. 7. Star formation rate and metallicity as a function of time fomges, and vice versa. Overall, the best fit to the color of tBe M
IC4247, as in Figll4. This time, the SFH has been derived fazeth is given by a value oE(B—V) = 0.12, while the other reddening
different input values of reddening in the cod&& - V) = 0.06, red values give either too blue or too red sequences. The meatmet
dashed lineE(B — V) = 0.12, solid black line, and(B - V) = 0.18, |icity values are also consistent within the errorbarfialgh the
blue dot-dashed line). highest reddening solution gives slightly lower mean valie
can thus safely conclude that the main results we obtainare n
heavily dfected by internal reddening.
4.4. [C4247, ESO444-34 The value of [FgH] looks constant over the history of
IC4247. The mean value of [Ad]= —1.37+0.21 dex is slightly
IC4247 has the highest stellar density in our sample, withlawer than the value we derive from the oxygen abundances of
peak stellar density of 1040 stars pet &pc. This galaxy is |Lee et al.(2007) ([F#i]= —1.03+0.20), although still within the
located at a deprojected distance-0280+ 400 kpc from M83, errors. The HIl regions of this galaxy are rather small ana-co
with a positive tidal index (see TdB 1). Its neutral gas contecentrated in its central parts, and their enhanced metdenbn
is My, ~ 3.5 x 10'M,, and this galaxy is detected also inrH is the consequence of a recent short episode of star formatio
(Lee et al. 2007). Inthe CMD in Fifi] 2, the RGB, luminous AGBvhich shows the inhomogeneity of the enrichment process. If
stars, blue and red helium-burning stars, and some upper k@ youngest populations have a higher metallicity, it isy -
stars are clearly visible, with a total number-ofL8000 recov- ficult for us to recover this information just from the few MS
ered stars. As for ESO381-18 and ES0444-78, this galaxy hagtars, which are degenerate with age and metallicity and are
high internal extinction due to its inclinatiod§ ~ 0.74 mag).  blended with the BL at the faintest magnitudes of our CMD.
The recovered SFH is shown in F_ 4. The average SFERNre in general, even thOUgh the interstellar medium isobed
~ 0.0061+ 0.0045M, yr-1. This galaxy formed- 20%x+ 5% of by star formation episodes, dwarf galaxies are not alwajes ab
its stars prior to 8 Gyr ago and 50%+ 5% of its stars before to retain the enriched gas. Furthermore, they are often et w
5 Gyr ago. 1C4247 had a rather constant SFH, with a period rajnixed (e.g., Kniazev et al. 2005; Glatt etlal. 2008a; KocH.et a
slightly enhanced SFR at intermediate age®(to 7 Gyr ago), '2008&.b). 1C4247, with its high stellar density, possiliidws
and a period of very low star formation from 400 Myr to 2 this trend, having some young “pockets” more enriched in the
Gyr ago. An estimate of the star formation within the last00 ~ central regions where the potential is deeper.
Myr is given by the far ultraviolet (FUV) non-ionizing cont From the SFH of IC4247 we estimate a stellar mass®&0
uum. IC4247 is included in the sample of Lee étlal. (2009), wH&M,. Considering, instead, its luminosity and a stellar mass-
consider nearby luminous and dwarf galaxies to compare tigelight ratio of 1 or 2, we get values of@x 10°M, and 13 x
SFRs derived from H and FUV. In Fig[% we plot the SFR de-lOS_M@, respectively, thus perfectly consistent with the presiou
rived from FUV, and find it to be consistent with our resultsgstimate.
At the present day, there is not very much star formation vccu
ing as seen from the CMD, and we do not extend our SFH )
ages younger than 10 Myr. ThexHlux coming from the inter- ¥s5. £s0381-20
stellar medium in the central region of the galaxy (takemfro The irregular galaxy ESO381-20 is located in the outskifts o
Lee et all 2007) can be used to compute the current SFR. Tthie CenAM83 group and is rather isolated (its tidal ind®xs
value turns out to be 0.0045M, yr~, and we show it as ref- negative). Its distance as found|by Karachentsevlet al. 7280
erence in Figl 4, even though it refers to an age bin that we 844 + 0.37 Mpc. Its deprojected distance from the closest mas-
not plot. We mention that, as for ESO381-18, it was rathfi-di sive neighbour (M83) is- 1.1+ 0.1 Mpc. Ilts CMD (Fig[2) con-
cult to match the color of the RGB with the other features i thtains~ 20000 stars and shows an old RGB, an intermediate-age
CMD in the isochrone-fitting process. We thus had to use avalwminous AGB and young MS, BL and RSG stars. This galaxy
of E(B-V) = 0.12instead of 0.06, and the distance modulus wass a very high content of neutral gady; ~ 2 x 10°Mo,
rearranged tor— M)o = 28.33 instead of 2818 + 0.21, which see Tab[11), which extends much further than the apparent op-
is still within the errorbars. As discussed before, adjustta in tical galaxy. There is thus a high potential to form starg] an
the metallicity values would not lead to any major changée t indeed its K maps shows regions of very active star formation
derived SFH. (Lee et al. 2007; Bouchard etlal. 2009). Some of these star-for

Age (Gyr)
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w w up to give the total flux. The star formation in the last few Myr
) has a value consistent with the average SFR from our SFH, as
» confirmed by the presence of only few MS stars compared to
blue and red He-burning stars. We note that the SFRs derived
o from FUV and from Hr differ from each other. Lee et|al. (2009)
show that, for dwarf galaxies, there is a systematic disorep
between these two methods of deriving SFRs. In the case of
- ES0381-20, this seems to be due simply to the fact that the
= two tracers representfierent star formation timescales. Already
il ~ 50%= 5% of the stars of ESO381-20 were formed by 8 Gyr
02 0 02 04 06 08 1 12 : 16 02 0 0.5 .4%.6 08 1 12 14 16 ago’ Whlle 70(y0|__ 5% Were In place 5 Gyr ago’ bUt a SUbStantlal
mevema1a mevemaL4 fraction was formed in the last Gyr (see Tab. 2).
Finally, in Fig.[8 we show the Hess diagrams for the ob-
= . served CMD and the best-fit synthetic CMD. We can see that,
given the higher number of stars for this galaxy, the resglti
Hess diagrams are divided into smaller bins than in the chse o
‘ ES0318-18 (Fid.16), from which the information needed to re-
: construct the SFH is then evaluated. In the case of ESO381-20
, the overall fit is better, with the biggest discrepanciesveen
data and synthetic CMD being found in the less populated and
most dificult to model regions (upper BL, upper RSG and lumi-
2 nous AGB).
a Also in this case, the [FEl]] value seems to be fairly con-
e e i S (L stant during the entire galaxy lifetime. For comparisorhvaitir
meoe-meLs results, the oxygen abundances of the HIl regions derived by
Fig. 8. Hess diagrams (displayed using ACS filters) for ESO318-2b€€ et al. [(2007) are combined into a mean/ffevalue us-
The density values are listed along the colorb®amel a). Data; the ing the empirical formula by _Mateo (1998), and the result is
reported densities are in units of number of stars per bith(@binsize —1.4+0.2 dex, consistent with our value within the errorbars (see
of 0.05 mag in color times 0.10 mag in magnitudeynel b). Best- Tab[2). However, there are strong variations in the valaethe
fit synthetic model, with a reverse color scale with respedhe data ndividual HIl regions (the nominal range is from [F§= —1.87
to facilitate comparison; units are number of stars per Bamel ). 19 _0,90). These findings would support the previous interpreta-
Difference between data and best-fit model; units are numbeansf st%n of the high metallicities found for the two HIl regions o

per bin.Panel d). Difference between data and best-fit model, weight : . . )
by the Poisson errors; units are proportional to the squaoeaof the Eicoégfy7’ in contrast with the value we derive from the SFH re

number of stars per bin. )
For ESO381-20, a total stellar and dynamical mass were
computed by_Coté et all (2000) via modeling of its rotation
curve. They get a value of2x10°M, for the stellar mass, with a
ing regions seem to coincide with local maxima in the HI distrpest-fit stellar mass-to-light ratio of 2.3 and a total mastght
bution (Coté et dl. 2000). The extinction due to the irfian is  ratio of about 20. From our method the resultid x 108M,,
about 0.57 mag in thB-band (taken from LEDA). ESO381-20thus slightly lower. If we recompute the mass starting fréwe t
is also the only galaxy within this sample that contains &glar  B-band luminosity and assuming a stellar mass-to-lighorati
cluster (Georgiev et &l. 2008). 1 or 2, we get values of 0.9 and~ 1.8 x 108M,, respectively.
ES0O381-20 seems to have experienced a relatively high cditms is consistent with our SFH. Since the depth of our CMDs
tinuous star formation during its lifetime (with an averagfe is limited, it is plausible that in our resolved stellar sgude
~ 0.007+ 0.0048M, yr~1), which then increased substantiallyare losing part of the mass coming from the oldest population
from 10 to 500 Myrs ago. This increased star formation agtiviwhich results in a lower mass when compared to the intergrate
was more than twice the average rate (see also the paramgterlight study of Coté et all (2000). As a check, we use the GXLE
in Tab.[2). Following the recent discussion by McQuinn et aodels|(Kotulla et £l. 2009) with our derived SFH as an input t
(2009), we may definitely say that this is a period of a glotats compute the resulting total luminosity of the galaxy, whiigins
burst for the galaxy. The result does not change if we considrut to be almost identical to the observed one reported irflllab
only the average SFR over the last4 Gyr, as McQuinn et al.
(2009) do to avoid “contamination” from old ages. We will fur
ther discuss this starburst in the following Sect. We rejort 5. Spatial distribution of stellar populations as a
Fig.[4 the estimate of the SFR in the last100 Myr, derived  function of time
from the FUV continuum by Lee etlal. (2009), which is in good
agreement with our results. For the most recent age binlffer t Dwarf irregulars are known to have scattered, clumpy regain
galaxy we are able to derive the SFR for ages as young4s active star formation, with the less massive dwarfs onlytaion
Myr), the value derived here is consistent with the SFH aetiving one such active region (for a review, see Giebel 2004, and
bylBouchard et al! (2009) considering the Hux of the galaxy references therein). This is, for example, reflected in tieps
(~ 0.006+ 0.002M, yr~1, shown in Fig[#), but a factor of two these galaxies show when imaged in.lWVe now want to look
higher than the kit SFR inferred by Coteé et al. (2009). After afor possible diferences in the spatial distribution of stellar sub-
visual examination of the HIl regions selected in the two pgopulations.
pers, we conclude that the discrepancy may be due to a glightl The subsamples into which the galaxies are divided were de-
different selection of the emission regions, which are summsctibed in Secf]3, and are (ordered by increasing age): MS, B
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Fig. 9. Density maps for four of the M83 target galaxies (ESO381;@E80444-78, 1C4247, and ESO381-20, ordered by absoluteitdg),
each divided in five stellar evolutionary phases. TheseM®&:BL, RSG, luminous AGB and RGB, ordered by increasing ape.stellar density
values are listed along the colorbars, in units of numbetarssper L kpc. 10 equally spaced isodensity contours are drawn startititealo
significance level up to the peak significance level. The peals are: for ESO381-018: MR0, BL=3.80, RSG=3.80-, AGB=3.60-, RGB=40;
for ESO444-78: MS20, BL=2.50, RSG=30", AGB=30", RGB=40; for IC4247: MS=2.60, BL=4.70-, RSG=50", AGB=4.20-, RGB=4.70; for
ES0381-20: MS30, BL=3.50-, RSG=3.40", AGB=3.50-, RGB=3.7¢". The center of each galaxy is indicated with a black cross.akia reference
among diferent frames, we also overplot in red the ellipse corresipgrtn the projected major axis radius at the isophote lebehag arcseé

in 1-band (taken from_Sharina et al. 2008).

RSG, AGB and RGB. For each subsample, only stars with phaleteness level. We report in F[d. 9 the density maps of tlee fiv
tometric errors smaller than 0.1 mag in magnitude and 0.15 mentioned stellar subsamples for four of the five targetgeda
mag in color are considered, since some features in the CMBsr ES0443-09 the number of stars is too small to draw signifi-
strongly overlap when the errors are larger (e.g., MS and Rlant density maps, so we do not report them.

stars, see Fidl]3). This limit also corresponds te 80% com-
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Fig. 10.Density maps for one of the target galaxies (ESO381-20)Jeilinto diferent evolutionary stages. These are: in the top row BL;stars
the middle row RSG stars; in the bottom row luminous AGB sthos each panel in each row, there is an age range as indiddtedolor scale
is the same within each row, normalized to the peak densitigeoflensest{ oldest) subsample, and the stellar density values arel lidteg the
colorbars (in units of number of stars pel &pc?). For each map there are 10 equally spaced isodensity asngiarting at thed significance
level up to the peak significance level. The peak levels amm(fthe youngest to the oldest sample):-BlL60, 1.60, 3.20, RSG=1.30, 3.20,
AGB=2.30, 3.10. The center of the galaxy is indicated with a black cross.

We compute density maps for the subsamples in the followasically over most of the galaxy’s extent, with a quite regu
ing way. The target galaxies are located at an approximate dar elliptical shape. This reflects the long-time migratiamd
tance of~ 5— 6 Mpc, at which 1 arcsec corresponds-t®.03 redistribution of stars within the galaxy over long timdssa
kpc. We assign to each star of a given evolutionary phase tBech regular distributions of older populations appeardaab
number of neighbours found within 0.07 kp& (a value cho- common trait of irregular galaxies (e.d., Zaritsky etlal0@0
sen such that we do not add too much substructure but we stdh der Marel 2001; Battinelli et al. 2007). It is interesgtito
retain the overall features). We then convolve the resut wi note that ESO381-20 has a very broad distribution for both BL
square grid. The final resolution of the density maps is.020 and RSG stars. This is due to the fact that it experiencedagstr
kpc&. For each map there are 10 equally spaced isodensity cborst of star formation in the last500 Myr, that must have taken
tours. They start from ad significance level, or 8o where the place across much of the spatial extent of the galaxy. We note
number counts are too low (corresponding-td stars or~ 2.4 that the RGB sample is likely to be contaminated by a fraction
stars per (L kpc, respectively), and extend to the peak signifief intermediate-age and old AGB stars, which are less lumsno
cance level, dferent for each map and indicated in the captiothan the TRGB.
of Fig.[d. The colorbars indicate the stellar density forresiab- We now discuss in more detail the helium-burning and lumi-
sample, in units of stars perlOkpc. To facilitate comparisons nous AGB samples. The position of a star in a CMD is deter-
among the stellar subsamples, we show with a black cross thimed, among other parameters, by age and metallicity, lwhic
center of the galaxy (i.e., coordinates listed in Tab. 13} with in some evolutionary stagesfier a degeneracy, meaning that
an ellipse the projected major axis radius at the isophgtd B5 older and more metal-poor stars are found at the same locatio
mag arcset in |-band (taken frorh Sharina et/al. 2008). as younger and more metal-rich stars. This is particulauky in

The youngest stars (MS in a range-of10 to 20 Myr and the RGB phase. Moreover, for the MS older and younger stars of
BL in arange of~ 10— 20 to 150 Myr) are mostly concentratedhe same mass occupy roughly the same position on the CMD.
in small “pockets” close to the the center of the galaxy. @iveOn the other hand, in their BL and RSG stages, at a fixed metal-
typical lifetimes of star forming complexes (LO0 Myr, see e.g. licity stars with diferent ages are well separated in the CMD
Dohm-Palmer et al. 1997, and references therein), it isoreas (see Fig[B). Given that for our galaxies we are able to exclud
able to assume that these stars are still close to theirfdatte. a strong metallicity evolution with time (see previous Sgete
They appear to form preferentially close to the centraloegibf can safely assume that the age-metallicity degeneracyismal
the galaxies, where the potential is deeper. In some of tget® in these stages and we can assign to each star in the BL and RSG
(e.g., ESO444-78 and ESO381-20) the most recent star forrphase a single age based on its position in the CMD. We want to
tion episode took place in a region displaced from the cdater use this information to better understand the distributibstars
shown in Fig[®), while the BL stars reveal a simildf-oentered at different lookback times, and see how the stellar populations
activity region as well as activity in the galactic centenisire- are evolving.
sembles the distribution of recent star formation as sees @, We adopt the method described by Dohm-Palmerlet al.
Sextans Al(van Dyk et al. 1998). For populations older than(4997) to separate the BL, RSG and AGB samples into older
few hundred Myr, the stellar distribution evens out. The RS@nd younger subsamples, using Padova stellar isochromek as
stars are approximately 50 to~ 400— 500 Myr old and appear erence. We then again compute density maps as described be-
slightly more smoothly distributed. Finally, the interniete-age fore, this time for three age subsamples for the BL starstawad
and old populations (luminous AGB and RGB) are distributeslibsamples for RSG and luminous AGB. This is done because it
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is easier to separate ages for the BL as compared to the ather
evolutionary stages. We stress that for the luminous AGB@hz ES0381-20 M. Myrl0.1kpc)
the age determination for agesl Gyr is quite uncertain, since ——— ——— =
stars with diferent ages almost overlap in the region above tl ,,, B ’
TRGB inl, V — | color-magnitude space. We thus cannot evall
ate precisely the age of the oldest AGB bin, and the age regor
in the plot is just indicative. We report one example for tigd 2800
of density maps with high age resolution for ESO381-20, Whic
is plotted in Fig[ID. )
For all of the studied objects, the youngest populations & 2400
again generally found in concentrated, actively star fagnie-
gions, while the stars with older ages are more broadly di
tributed. Theoretical expectations tell us that such cenxgs can
have diameters up to several hundred pc in size, and conin
associations and open clusters (for a discussion, see App&n
in Dohm-Palmer et al. 1997). The former will quickly disselv
(within ~ 10— 30 Myr), but their stars will remain in the com-
plex for ~50—- 100 Myr, while open clusters are more long-livec
and disrupt after several hundred Myr due to internal dyieami x 10
It is not easy to put observational constraints on the fifetof 14r ESO381-20
such complexes, because we are not able to follow them glos Outer - BL region
for long enough timescales. For Sextans A, Dohm-Palmel et 1.2} Central - BL region
(2002) find a lower-limit age of 100 Myr, based on the spatially
resolved SFH derived from BL stars. In our sample, ESO381-
is the only galaxy that contains a substantial BL populatsoiit-
able for this kind of study, so we will now concentrate on thi
object.

111000

5000

2000

250

1600 2200 28001600 2200 28001600 2200 2800
pixel x pixel x pixel x

-7

fyrikpc®)

sun

SFR (M

5.1. ESO381-20

0.4 [
ES0381-20 experienced a strong enhancement in star fama o2l w
in the last~ 500 Myr, approximately three times higher than th '

average value. ESO381-20 also contains a higher number of 0 ‘ ‘
stars as compared to the other galaxies in our sample, asd t 1 0.1 0.01
we can take a closer look at its spatially resolved SFH. Age (Gyrs)

. Fig.[10 shows how the Ipca.tlon of the peall<s. in stellar .denS|IBfg. 11.Upper panel. Spatially resolved star formation history for the
in the BL phase changes Wl_th time. However, it is not strdaght central region of ESO381-20, as from BL stars dfetient ages (as in-
ward to compare the density maps to each other. When sortyiéhted in the subpanels). The SFR per unit area is indicatede col-
the subsamples by age, we are considering stars wiibreint orbar, with the same color scale for all of the subsamples. aftgular
masses, and so the star formation needed to produce theetsetesolution of the maps is marked with a red rectangle in eabpanel.
densities will be dierent. We thus have to normalize the densityhe center of the galaxy is indicated by a black cross. Juatraer-
maps for the IMF, and to do so we use the relations describeddsige among dierent frames, we also overplot in red the ellipse corre-
Dohm-Palmer et al[ (1997). We zoom in on the central region &onding to the projected major axis radius at the isoplevisl P5 mag
the galaxy, recompute the density maps for the BL Subsamplgé:sec in the I-band (taken from_Sharina et al. 2008pwer panel.

this time with a resolution of 01 kp(?, and finally normalize atially resolved star formation history (via synthetM@ modeling)

. 1 of ES0O381-20 within the last 1 Gyr. We select two subsamplesans,
them to get units of M Myr™* 0.1 kpc®. The results are shown found in the “inner” and in the “outer” regions of the galaky,looking

in the upper panel of Fig. 11. _ at the density maps of the BL stars (Fiig] 10, see text for @taihe

We can see that the galaxy has kept forming stars throughgih formation rate for each region (normalized to the afehecon-
this age range, with several localized enhancements. Tipis Ssidered region) as a function of time is plotted, with theesichge being
ports the idea of self-propagationg stochastic star faongsee on the left side and the present day on the right edge of tgai(timic)
Seiden et al. 1979; Dohm-Palmer el al. 2002; Weisz|et al.2008orizontal axis.
for which the star formation is intermittently turning ondaoff
in adjacent cells within the galaxy. It is not clear what thaim
mechanism is that triggers this mode of formation. Turbcdentunately the low number of stars in the youngest bin only [#srm
in the interstellar medium may locally enhance the gas tiensus to detect the two most prominent, intensively star fogmin
above the threshold for star formation (EImegreen et al8),99regions. The peaks have diameters~ofLl00 pc, thus consis-
or the reason could lie in the balancing process betweeimigeatent with the expectations. For reference, the physicaadce
(from stellar feedback) and cooling (iffieient at low metallic- from the center of the galaxy (black cross) to the highest den
ities) of the interstellar medium_(Hirashita 2000). Thesechr sity peak in the rightmost panel is 0.8 kpc. Their duration
anisms would lead to large star forming complexes, withssizes more dificult to determine, given the small timescale resolv-
of up to several hundred pc and lifetimes of 100 Myr. As able. We can however notice that the peaks of star formation
mentioned before, some of the HIl regions in ESO381-20 ci the youngest age bin are already present, even thoughawith
incide with HI peaks. Looking at Fig. 11, we can see how tHewer dficiency, in the middle panel, so activity there has lasted
peaks in star formation are moving as time proceeds, butrunftor at least~ 80 Myr. Several of the smaller peaks present in
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the oldest time bin are disappearing in the young ones, hat ac
cent cells are seemengly turning on. There does not seem tc
any obvious spatially directed progression of the star &diom,
but from these data it is not possible to draw firm conclusion
A high-resolution HI mapping would be helpful to study mort
in detail the substructures in this galaxy (see, e.g., Wdtigd#.
2009). We note that similar star formation characteristind
timescales have also been found in other irregulars, ég.,
LMC (Grebel & Brandner 1998; Glatt etfal. 2010), and may b
typical for these galaxies.

Moreover, star formation may be overall enhanced withi
galactic scales for long time periods (0.5 — 1 Gyr, see e.g.
Dohm-Palmer et al. 1997, McQuinn etlal. 2009), due to a glok
starburst in the galaxy. ESO381-20 seems to have expeden
such a high star formation period, and this was recent enot
that we can try to look at the spatially resolved SFH withifa di
ferent parts of the galaxy, as derived from synthetic CMD mo
eling. Following McQuinn et all (2009), we separate the g@ala
in two smaller subregions, and we do that accordingly to the E
density maps in Fig._10. We consider the inner region to be t .
one where the star formation activity has been high in the le 25°S
~ 100 Myr, producing a high density of BL stars. The oute
currently less luminous, region is the one where stars yeun(
than 130 Myr are found. We then want to see whether the ¢
hancement in star formation haexted the galaxy as a whole, 30°S
possibly with intermittent episodes, or whether it was lzeal
in the central region. We compare the SFHs derived for the
two subsamples, scaling them for the area of the regions, ¢
plot them in the lower panel of Fig.1L1. The outer region is-pr¢ 25°s
ducing overall fewer stars with respect to the central o, t
apart from that we do not see any obvious trend from the ¢
rived SFHs. On the contrary, the SFR is randomly varying wi
time around the average value. Even though the area noedali
SFHs clearly show that the star formation in the faint regfon
on average more than two times lower than in the bright regic

it still is enhanced by a factor of two with respect to the ager Fig. 12.U L . .
. L P .12.Upper panel. Positions in the sky of the galaxies belonging to
SFR of the faint region Itse_lf. This SImpIy te_IIs us_that the- o hg Centaurus M83 complex (from_Karachentsev et al. 2007). Red
served burst of star format|0_n was a period in which the Whoi?mbols indicate early-type dwarfs (dwarf ellipticals,, chd dwarf
galaxy produced stars at a higher rate, and the phenomerson ¥eroidals, dSph), while blue symbols are for late-typarésv(dirr).
not only localized to the currently bright central region. The circles are objects with positive tidal index, while thesses stand
for objects with negative tidal index. Two red stars are drat the
. . positions of the two dominant giant galaxies CenA and M88uad
6. Discussion which the smaller companions are clustering, forming tvsidct sub-

Just as for the dwarf irregular galaxies of the Local Grobp, tErOUpLS' The ﬁ”‘;d gircles andghick (_:roEsses rep(;e_sefnt thﬂfd‘“ﬁ“die‘j .

. . . .. ere.Lower panel. same as above, Just zoomea-in Tor a smaller region
target objects of our Sam_ple show considerable varietyeir th around M83F? where the galaxies stjudied here are locatedfated ing
SFHs. The galaxies studied here cover a range &5 mag, e plot).
they have neutral gas masses of few idfew 1M, and the
sample includes galaxies with both positive and negatilal ti
indices.

For almost all of our sample dwarfs, a period of old star fogest that this object could be a transition-type galaxyegithe
mation & 5 Gyr) at the lifetime average rate is followed byabsence of a strongdemission. Its SFH resembles that of
a lower-level activity for intermediate ages. We underlihat Local Group transition-type dwarfs like Phoenix or LGS3g(se
episodes of enhanced star formation could be present als®&t, | Dolphin et &l 2005), with two major fiérences. First,
these old ages, but the time resolution of our CMDs does rfob0444-78 is almost three magnitudes brighter than the men-
permit us to recover such episodes. Only in the lagtGyr we tioned LG dwarfs, and second, also its neutral gas content is
are able to resolve increased star formation activity attmyav- higher by a factor of 16- 100 (see our Talj.]1 and Tab. 1 in
erage rate, for which ESO381-18 and ESO381-20 are the nmesebel et al. 2003). However, we are not able to make a more
striking examples. The enhancements in star formationdéon  detailed comparison between these objects, since our piedto
all of the galaxies are usually a factor of 2-3 the averagtifife ric depth does not permit us to resolve enhanced star fosmati
value. In contrast, IC4247 is an example of an overall ratber episodes at ages older tharb Gyr.
stant SFH, with peaks of moderate intensity. In one singéeca The derived SFHs (Fi§l 4) seem to confirm the general trend
(ESO444-78) the situation is veryftiirent: the star formation found for objects in the Local Group, with quite long periads
activity is high only for the first few Gyr, after which it stay star formation{ 100 to 500 Myr) separated by quiescent epochs
rather constantly below the average value. Cotélet adpug- when the star formation is low but constantly active (“gagpi

Oxdirr
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° ©-0
(@]

M83

DEC

x
E381-20

x
E381-18

40°S 13h00m 13h30m 1ah00m
RA

17



D. Crnojevit et al.: A close look at the Centaurus A group albgies Ill. Late-type dwarfs around M83

regime| Marconi et al. 1995). Ttawerage SFRs are of the order aim is to investigate how these parameters behave as adoncti
of ~ 1073 to ~ 102M,, yr~1, which is slightly higher than the of luminosity, tidal index and deprojected distance from3vi8
values found for Local Group dwarf irregulars in the same magiven the fact that the sample of galaxies considered inpidts
nitude range, but comparable to the sample of objects in i Mper is small, we postpone this discussion to a forthcomimgpa
interacting group studied by Weisz ef al. (2008). Given tiglhh (Crnojevi¢, Grebel & Cole 2011b, in prep.), where resutisthe
activity seen for the giant galaxies in the Centaurus A groupntire sample of target galaxies will be presented.
Coté et al.|(2009) also look for enhancements in the SFRsof i Regarding the metallicity results, we emphasize again that
dwarf members with respect to the Local Group, but they do neith the current data we are not able to constrain the metal-
find evidence for this using theurrent SFR. Finally, all of the licity evolution with time and that our photometric meteiti
galaxies in our sample seem to have formed at least 50% of theds are uncertain, but we can provide lifetime averageeslu
stellar content before~ 1 (s 8 Gyr ago). All of the targets are metal-poor ([A¢]~ —1.4 dex). This sug-
The position of our five galaxies in the Centaurus A grougests that the galaxies may have been locally enrichedrwithi
and a blow-up of the M83 subgroup are shown in Eig. 12 (trsmall-scale regions during periods of intense star foronats
positions are taken from Karachentsev et al. 2007). An impaan be seen from their ddemission, but they have afterwards
tant diference between the two subgroups is that the M83 suixperienced heavy loss of newly formed metals from star form
group, as opposed to the CenA subgroup, contains many mimgregions. The ejection can happen through galactic wamdis
dwarf irregulars (shown in blue). Apart from the dwarfs theg SN explosions (see elg. Bradamante et al. 1998), and thésdwar
likely bound members of the M83 subgroup, we also plot theay have also accreted some primordial or little enrichesi ga
positions of galaxies with negative tidal indices (i.eqladed during their lifetime. Alternatively, the enriched gas nsiyf be
dwarfs), of which three are in our target sample. We want to a hot phase, and thus not possible to detect at optical-wave
compare the properties of the studied dwarfs consideriag alengths (e.g.._Recchi etlal. 2000, 2006). Previous liteesdtud-
their position within the group. The currently most isothteb- ies also suggest that the metallicity-luminosity relation ex-
jects are ESO443-09, ESO381-18 and ES0381-20, located égraal galaxies is similar to the one found in the Local Group
deprojected distance of 900 kpc from M83. These galaxiesIn particular, Sharina et all (2008) consider the same datas
appear to have undergone periods of enhanced star formiatiothat we study, but as suggested in SEkt. 4 their metallcite
the last few hundred Myr (relative to their lifetime avergdgbus the dwarf irregulars may be underestimated. We will thus als
showing that there is no need for a high density environnmmt foresent a metallicity-luminosity relation for the entiengple of
these episodes to happen. dwarf galaxies in the Centaurus A group in a forthcoming pape
A puzzling property of the Centaurus A complex is théncluding early-type dwarfs studied by Crnojevic et al01D)
higher neutral gas mass to visual luminosity ratio of its menand the late-type dwarfs surrounding CenA.
bers (Grossi et al. 2007), as compared to the Local Group or
the Sculptor group, which are both less dense environmen}s
When considering galaxy density, the stripping of the redgtas °
from the dwarfs should thus in principle be more favored & thin the present work we analyze photometric archival IS
Centaurus A environment (e.d., Bouchard et al. 2007). Ehis data to study the stellar content of five late-type dwarfshi t
sue is extensively discussed|by Grossi et al. (2007), whaatre Centaurus A group. The target objects shoffiedent luminosi-
able to find a definite answer. Bouchard etial. (2007) study tties, neutral gas contents and are located ffecént positions
HI content of ESO444-78, and from an asymmetric elongatiavithin the group (two close to the giant spiral M83 and theee i
of the HI distribution they conclude that ram-pressuregirig lated objects in the outskirts of the group). We perform bgtit
could be occurring in for this object. When we compute thieratcolor-magnitude diagram modeling starting from Padovieste
of the present-day neutral gas content over the lifetimeaaee isochrones|(Marigo et al. 2008), and derive the star foronati
SFR, we see that for both ESO444-78 and 1C4247 (located atage as a function of time for each object. The average star fo
deprojected distance of 104 kpc and~ 280 kpc from M83, mation values range from 1073 to ~ 107?M,, yr~%, which are
respectively) it would take 3.5 and 6 Gyr to consume their en-typical values for low mass galaxies. The individual stanfa-
tire Hl amount at this rate, respectively. This could be d@ bfra  tion histories appear to be veryfidirent from each other, but
possible environmentatiect on the neutral gas content of thesthe overall trend is one where the star formation is takirgel
dwarfs, since the galaxies of our sample that currently l@veaather constantly over the galaxy'’s lifetime, with globahance-
negative tidal index show instead hilyhy, /SFR ratios ¢ 10'%. ments of 2- 3 times the average value lasting up to 30800
Moreover, theMy, /Lg ratio for ESO444-78 and IC42474s1.3  Myr. Moreover, we find that for the target galaxies a fractie@a
and~ 1.7, respectively, while for the isolated dwarfs of our sarmtween 20% and 70% of the total stellar population was prodiuce
ple this ratio is always< 0.8.|Lee et al.[(2007) and_Coté el al.at ages older than 7 Gyr ago.
(2009) do not find any obvious trend of the neutral gas frac® In a companion paper, we plan to investigate possible corre-
a function of tidal index or of distance from the dominantep@ lations between the parameters characterizing the staatown
(the first work considers projected distances, while th@séc efficiency at diferent epochs and galaxy luminosity, degree of
one uses deprojected distances), using data for many dwagédation, and deprojected distance from the dominantxyala
in different nearby groups. On the other hand, Bouchard etBbr the current sample, we find that the ratio of neutral gassma
(2009) find that both the neutral gas mass and the gas mastotaverage star formation rate is much lower for galaxies wit
visual luminosity ratio for dwarf galaxies are generallwly in  positive tidal index than for those with negative tidal indm-
denser environments, in agreement with our results, sovie o dicating that maybe the group environment has fé@ct on the
all trend seems to be unclear. neutral gas content of these dwarfs. These preliminaryitsesu
In the previous Section, we computed parameters to quantifill be completemented with a larger dataset.
the amount of star formation for each galaxy in certaintirme p  Our results can be compared to late-type dwarfs in other
riods, relative to the average value, and the fraction eédiarn group environments. The average star formation rates are Si
at recent, intermediate-age and old epochs ([Thb. 2). Our fiilar to what is seen for dwarfs of comparable luminositiethia

‘Conclusions
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M81 group of galaxies, and slightly higher than those in auno
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Durrell, P. R., Harris, W. E., & Pritchet, C. J. 2001, AJ, 12557

Local Group. We find no significantfiiérences among the threePurrell, P. R., Williams, B. F., Ciardullo, R., et al. 2007pa, 656, 746

groups of galaxies when looking at the galaxies’ individstal
formation dficiencies at various time epochs, and also looki
at the shape of the star formation histories themselves.

We present the stellar spatial distribution for stars difedi

Einasto, J., Saar, E., Kaasik, A., & Chernin, A. D. 1974, Nat252, 111
Elmegreen, B. G., Elmegreen, D. M., Salzer, J. J., & Mann,396] ApJ, 467,

Ng 579

Gallart, C., Zoccali, M., & Aparicio, A. 2005, ARA&A, 43, 387
Georgiev, I. Y., Goudfrooij, P., Puzia, T. H., & Hilker, M. 28, AJ, 135, 1858

ent ages within our galaxies. We confirm previous resultsigb@imore. G., Wikkinson, M. 1., Wyse, R. F. G., et al. 2007, Ap&3, 948

the oldest populations being more extended and having #areg

irardi, L., Groenewegen, M. A. T., Hatziminaoglou, E., & @asta, L. 2005,
A&A, 436, 895

shape with respect to the youngest stars, which show a mefg, k., Gallagher, I1l, J. S., Grebel, E. K., et al. 20084, 135, 1106

clumpy distribution. The latter is particularly pronoudctr

Glatt, K., Grebel, E. K., & Koch, A. 2010, A&A, 517, A50

ES0381-20, which experienced a strong burst of star foomatiGlatt, K., Grebel, E. K., Sabbi, E., et al. 2008b, AJ, 136,370

in the last 500 Myr. When looking at its resolved star formd="

tion history, traced by the youngest populations of coréunel
burning stars, we clearly see that this prolonged periodgti h
activity involved the galaxy as a whole, with several lozati
(~ 100 pc) and short-livedy 100 Myr) enhancements. We sug
gest that a stochastic mode of star formation takes pla¢eset
objects. The overall similar properties among the threebgal
groups, and the intrinsic scatter in the parameters chexiaicty
the star formation, support this scenario. This will betertin-
vestigated in our forthcoming study of five additional |agpe
dwarfs in the Centaurus A group.
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