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Abstract. Simulated color-magnitude diagrams are used to investigate the recent star formation history in NGC 5128. The
comparison of the simulations with the observg® color-magnitude diagram for a field in the north-eastern shell, where
recent star formation is present, constrains the initial mass function (IMF) and the duration of the star formation episode. The
star formation burst is still on-going or at most has stopped some 2 Myr ago. The look-back time on the main sequence is set
by the incompleteness of thé-band observations & ~ 26, and is of the order of 50 Myr. The post main sequence phases
have a look-back time up to 100 Myr, setting the maximum observable time for the star formation in this field. The comparison
of the observed and simulated luminosity functions and the number of post main sequence vs. total number of stars favours
models with active star formation in the last 100 Myr. The data are best fitted by an IMF with SalpeterostofE35), and

are also consistent with slopes in the range af 2 < 2.6. They exclude steeper IMF slopes. The mean star formation rate for

a Salpeter IMF in the range of masse @ M < 100 M,, within the last 100 Myr is B x 104 M, yr! kpc 2.

Key words. galaxies: elliptical and lenticular, cD — galaxies: stellar content — stars: fundamental parameters —
galaxies: individual: NGC 5128

1. Introduction aiming to address the questions of elliptical galaxy formation

. . L and evolution.
The two main traditional models of elliptical galaxy forma-

tion, the “monolithic collapse” (Partridge & Peebles 1967)
and the “hierarchical assembly” model (Toomre 1977) assurhdl. Recent star formation in the halo of NGC 5128

very different mechanisms and epochs of spheroid assembI%/. i . o
Correspondingly, they also predictfitirent mean ages and”t the distance of 3.8 Mpc (Soria et al. 1996; Rejkuba 2004)

metallicities for the stars that build these galaxies. Until tfdGC 5128 €Centaurus A) is the dominant galaxy of the

advent of the HST and 10 m class ground-based telescoped @by Centaurus group and one of the closest giant ellipti-
studies of the stellar populations in the elliptical galaxies wef@! 9alaxies to us. Itis also one of the ”_ea_f?st_AGNS and radio
restricted to integrated light photometry and spectroscopy. 9@!2xies. It presents a number of peculiarities: the central dust
the last few years, however, the nearef8Egalaxies have lane with HII regions and OB associations at its edge, and the
been resolved into stars (e.g. Soria et al. 1996: Davidges&e"ar shells which have presumably been formed in a recent
van den Bergh 2001; Schulte-Ladbeck et al. 2003). The stifFretion of a smaller companion galaxy (see review by Israel
of the star formation histories of the resolved stellar populh298). Moreover, young blue supergiants have been identified
tions observed in these galaxies is an important Comp|emgﬁ_souated with the optical filaments in the north-eastern halo

tary approach to the studies of the high redshift Universé>raham & Price 1981; Graham 1998).
The young stars and OB associations in the halo of

Send giprint requests toM. Rejkuba, NGC 5128 are roughly aligned with the ionized gas and the
e-mail:mre jkuba@eso.org radio jet (Morganti et al. 1999; Mould et al. 2000; Fassett &
* Based on observations collected at the European South&tfaham 2000; Rejkuba et al. 2001, 2002) over several kilopar-
Observatory, Paranal, Chile, within the Observing Programns€Cs. The preferred mechanism for this recent star formation
63.N-0229. in the halo at>14 kpc away from the nucleus is through the
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direct interaction of the radio jet with the gas. The necessdple et al. 1999; Olsen 1999; Schulte-Ladbeck et al. 2000;
amounts of neutral gas for this star formation have been déarris & Zaritsky 2001).

tected in nearby fields through HI (Schiminovich et al. 1994) Here we apply this technique to investigate the recent star
and CO molecular transitions (Charmandaris et al. 200@rmation history of the halo of NGC 5128. The observations
Charmandaris et al. suggested that the molecular clouds in e taken with VLT using FORS1 and ISAAC in tbe V and
distant halo are associated with stellar shells and are thusKe-bands. Their full description as well as data reduction and
mains of the last accretion episode in which NGC 5128 hgse resulting CMDs were presented in Rejkuba et al. (2001).
merged with a gas rich companion galaxy. While the gas could Thjs paper starts with the description of the synthetic
have just “hung around” in the galaxy halo, the presence of ta#/D simulator, including a detailed description of the algo-
radio jet triggered the star formation in highly collimated akithms used. In the next section the young stellar population in
eas. The investigation of the star formation history of the youfige north-eastern halo field is simulated. We test twiedént

stars and the determination of the age spread in the young sfgétallicities and a range of star formation histories. The initial
lar population can constrain the formation of the radio jet ghass function is also investigated.

the time of the last accretion event. The metallicity of the gas
of the accreted galaxy should be reflected in the newly formed

stars. 2. Description of the synthetic CMD simulator

The comparison of the optical color-magnitude diagrams . : .
(CMDs) with stellar evolutionary isochrones and youI%ur synthetic CMD simulator is developed based on the code

LMC clusters has indicated that these young stars can be §§d by Greggio et al. (1998).' The construction of a synthetic
young as 10-15 Myr old (Mould et al. 2000; Fassett & Graha%MD goes through the following steps:

2000; Rejkuba et al. 2001). However, except for a comparis%n
with one synthetic CMD (Mould et al. 2000), no detailed stud="
ies of the star formation history in the halo of NGC 5128 were

made.

Random extraction of mass according to the initial mass
function (IMF), age according to a chosen star formation
rate (SFR) law, and metallicity according to the chemical
enrichment law Z(t)).

2. Positioning of the extracted star as a function of mass, age,
1.2. The method and metallicity on the theoretical HR diagram (lbg(s),

log(Ter)) interpolating within stellar evolutionary tracks.

Containing stars that were born during the whole life-time a8. Transformation of the theoretical position of the star in the
the galaxy, CMDs represent snapshots of their star formation HR diagram (log(/L,), l0og(Tes)) into the observational
histories. Even when limited to the bright stars, the CMDs con- CMD assigning the bolometric corrections through inter-
tain useful age and metallicity indicators: the colors of the red polation within conversion tables.
giant branch (RGB) stars are very sensitive to metallicity; thé. Application of observational uncertainties, photometric er-
presence of bright asymptotic giant branch (AGB) stars signals rors and incompleteness, according to the results of artifi-
an intermediate-age population; the colors and magnitudes of cial star experiments on the real data.
the bright main sequence (MS) stars and blue supergiants &e-Iteration until a certain criterion (e.g. the total number of
pend on the most recent star formation history, as well as on stars generated, the total mass extracted, or the total num-
the metallicity. ber of stars in a certain region of the simulated CMD) is

The most &ective way to analyse the distribution of starsin ~ satisfied.
the CMD and to quantify the star formation history of a galax ) ) )
is through the comparison of the observed CMD with synthet%@e algorithms used for steps 1 and 2 are relatively straight-
CMDs computed using stellar evolution models. This tecferward, and used in a similar way by most groups. Hence we
nique is based on the simulations of a large number of cME§scribe them in the Appendix. In the following sections we
constructed assuming firent star formation rates (SR( address steps 3 and 4 in more detail as the final results depenc
chemical enrichment lawsZ(t)) and initial mass functions critically on them.
(IMF). The photometric errors and the incompleteness of the
data are alsolsimulated. Each ;imulated CMD the_n d.epe_r}ji Bolometric corrections
on all the main parameters which determine the distribution
of stars in a CMD. In this way it is best accounted for thBolometric corrections (BCs) are needed to convert the theo-
evolutionary behaviour of stars, small number of stars, anetical logl) — log(Teg) point into magnitude and color, to be
spread due to observationdferts. The synthetic CMDs arecompared with the data. An accurate knowledge of the photo-
then compared to the observed ones in order to determine tietric passbands is as important to synthetic photometry as the
acceptable range of parameters and the best fitted models. Khmwvledge of the standard stars and the proper calibration pro-
technique is currently used by several groups to investigaiedure is to observational photometry. The calibration of our
the star formation history (SFH) in dwarf galaxies (Ferrardata was described in detail in Rejkuba et al. (2001). We have
et al. 1989; Tosi et al. 1991; Bertelli et al. 1992; Tolstogerived a full set of calibration equations including the color
1996; Gallart et al. 1996a, 1996b; Dolphin 1997; Greggterm for the optical photometry, while only the zero point was
et al. 1998; Hurley-Keller et al. 1998; Heandez et al. 1998; derived for the near-IR photometry. Thus our photometric
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Fig. 1. Left Fagotto et al. (1994) tracks f@ = 0.004, transformed into the vs.U — V plane by applying bolometric corrections obtained by
convolving spectral energy distributions of Kurucz stellar atmospheres (see text) with the twolsBlg fifters: Landolt (1992; red lines with
crosses) and Buser & Kurucz (1978; blue lines with triangles) The masses of the tracks are inRightethe same as on the left, but fbvs.

V — 1. TheV filter transmission curves are from Landolt (1992; red lines with crosses) and Buser & Kurucz (1978; blue lines with triangles).
Thel passband is the same in both cases.

system consists of Landolt (1992) andV and ISAACKs BCS = —0.07, and the colors of Veghly*% — M¥*% = 0. The

(Cuby et al. 2003. spectral energy distributions of the Sun and Vega were taken
The Kurucz (1993) database of ATLAS9 synthetic spectfeom the Kurucz library as well.
covers a large range in temperatures (3500 < 50 000 K), It is known that the Kurucz (1993) spectral energy distri-

and gravities (0< logg < 5). Recently these models havéiutions are not very accurate for cool stars due to inadequate
been re-calculated by Castelli et al. (1997) and carefully comolecular opacities, non-LTE, and sphericity relatéfbas
pared to stellar data. Of the two sets in Castelli’'s grid, ti{e.g. Morossi et al. 1993). To extend our bolometric correc-
one without overshooting is found to yield the best match tmns to low temperaturesl{y < 4200 K), we used the em-
the observations (Bessell et al. 1998). Therefore we adopt ghiecally determined temperatures and bolometric corrections
“NOVER”files athttp: //kurucz.harvard. edu/for metal- from Montegrito et al. (1998). Montegfiio et al. do not have
licities [M/H] = -2.0,-1.5,-1.0,-0.5,0.0 and+0.5,and mi- fully developed metallicity classes, but rather define metal-poor
croturbulent velocity = 2 km s to derive BCs as function of ([M/H] < —1.0 dex) and metal-rich ([yH] > —1.0 dex) sam-
gravity, dfective temperature, and metallicity. This is done bples. The diferences in bolometric corrections between the two

convolving the spectral energy distributions from the Kurugroups span a wide range 0.05-0.4 fdag. We also notice

stellar library with filter transmission curvé: that their bolometric corrections are determined only for gi-
o ant stars. However, the last issue is not a problem, since the
[FiSida low temperature stars in our case are giants with photometry

(Fi) = 0 _ . 1) in theV andKgs-bands. In thaJV only bright young stars are

observed, the giants are too faint in tieband.

Of S, d1 We calculate the log of each simulated star with
log M/Mg, logL, Teg) using the following two equations:
The magnitude and the bolometric correction are then lgyg /Me. logL. Ter) g ¢ a
definition: Ro_ b (5)
4o TA
M; = —2.5|Og(|:i) +ZP; (2) | eflf M/M o1 6
BG: = Moo — My = ~25l0gleT4) + 25logFyy ~ 2R, (3) 09/9e) = 100(M/Mo) = 210gR/Ro) ©
o where logy, = 4.437,0 = 5.67x 10°° erg/cn?/K*, Ly =
where T4 = f Fodl. (4) 3.826x 10® erg's andR, = 6.9599x 10'° cm. The linearly
interpolated bolometric correction, as a function of Teg

0 and logy, is then applied to obtain magnitudes for the simu-

The calibration of the zero points in each band follows from thg;oq stars.
definition of theV-band bolometric correction of the Suntobe |, Fig. 1 we compare the evolutionary tracks of Fagotto

1 http://www.eso.org/instruments/isaac/index.html et al. (1994) forZ = 0.004 transformed using two fiierent
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sets ofUBYV filters. In the right panel the comparison lofrs. A

V - | shows qn excellent agreement of t_hg color_s of tracks fl%. 3.The spectral energy distributions of the Sun and Vega are com-
both sets of filters, but in the left panel it is obvious that oWgreqd with the Landolt (1992 BV passbands (full lines) and Buser
bolometric corrections calculated using the Landolt filters pre:kurucz (1978)U filter (dotted line).

duce wider range of colors for the trackslih— V. We inves-

tigated in detail the origin of this ffierence, finding that it is

entirgly due to dierentU filter used in calculating the bolo-  +hig example shows how important it is to know precisely
metric corrections. the transmission curves and the characteristics of the photo-
~ The Padova group uses Buser & Kurucz (19@8)V trans-  metric system used. The calibration of the synthetic magnitude
mission curves, while our photometry has been callbratedsrystem has to be done in the same way as the data, by con-
the Landolt (1992) system. The comparison of the passbanglg ing the spectral energy distributions from the stellar library
of the two photometric systems is given in Fig. 2. Note g, the same filters used for the real observations.
large dff_erence in the)-passband wavelength coverage. The Our data have been calibrated on Landolt’s stellar cat-
tL;]-band IS knovvfnt:]o be:[ the n:\ospfﬂcultdtj? reproduce dt:(etrt}o alogue (Landolt 1992), but observed with the FORSL1 tele-
© presence ol Ihe atmospheric cil-the presence o : escope-—CCD+fiIter system, so that our system’s throughput in
Balmer break_ within that pand, and the strong blanketing e |y 1anq is indeed much closer to the Bedilter (with
?:etals (see F'?]' 3). 'Il'lhef?renc? Eetweenltgk&ansv-band a passband similar to the Buser & Kurucz 1978), mainly due
liters are much smaller. Buser urucz (19133 System 4'the cCD response curve. The best approach to calibrate
has twoB filters, B, andBs. Both of these systems claim to be0 r photometry would have been to use a standard system
gased gr;(the J?Jhnsgn &dl\élorg/an 51953) fgtar:jdar(: sllystem YWiRich matches the one used in the observations (Bessell 1995).
user urucz = bandb -V colors defined as Tollows. Unfortunately, our list of observed standards has no star in
(U = B)gyn = (U — By) — 1.093 @) common with Bessell’s (1995) list.
syn = . K
B_V g — (B-—V)+0.710 8 The U-magnitude dierence between the two systems de-
(B=V)syn=(Bs = V) +0. (8) pends on the star’s spectral energy distribution, and therefore

We have calculated the bolometric corrections by convolvifdy temperature, gravity and metallicity. To a first approxima-
the Kurucz stellar library with the) B,B,V filters of Buser & tion, the calibration equation corrects for this systematics as
Kurucz (1978). There is an excellent agreement between fh&nction of the g — V) color. However, a residual system-

transformed tracks and Padova isochrones (Bertelli et al. 1984 €rror exists, which stems from applying to all of the ob-
if the following definition of theU — V color is adopted: served stars the calibration regression valid for the standard

stars. In order to estimate the residual error we have calculated

(U =V)syn= (U = B) + (B3 - V). (9) theU-magnitude dierence in the twt) passbands of the com-
plete grid of Kurucz models. The (FORS1 — Landolfjetience

The diference in the zero point is due tdferent calibration of the U band Bolometric Corrections increases frem0.2

of the zero point bolometric corrections adopted by Buser & ~+0.4, going from the hottest to the coolest models in the

Kurucz with respect to the Padova isochrones (Girardi et gkid. Once the color equation applied to the data is taken into

2002). The Padova group adopted the standard calibratioraotount, the residual fiérence ranges from—0.06 mag for

the synthetic photometry which is based on the colors and maige blue starsyy — V < 0), to~0.25 mag at{y — V) > 2. We

nitude of Vlega, similar to our procedure. notice that this is the maximum residual error that we expect
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in our photometry, as it includes a very wide range of stellar 5, [~~~ " """ T T

20 -
parameters. Nevertheless, our photometry will tend to be too | 5
faint for the blue stars and too bright for the red stars. We will *2 _ R ]
discuss in the last section the impact of this unceratinty on ours, - o4 [ ]
results. ]
26 | ., 26 errors<0.1i
H L L e e e e e |
. . -2 0 2 4 -2 0 2 4
2.2. Observational biases U-v U-V
[ 1 1 1 T
The synthetic CMD needs to be “corrected” for observational 20 | . 20 | -
biases before comparing it with the observed CMD. There are_, - 3 oo | 3
two main types of observational biases: . [ = ;
24 - 24 | -
— photometric errorsthe magnitudes of stars are measured i 1 i 1
3 . 26 errors<0.2 ] 26 errors<0.3_]
with some uncertainty; R R L3 L]
— incompletenessome stars are lost due to crowding or high  —< 0 . 3 4 -2 0 . 3 4

background.
Fig. 4. Color-magnitude diagrams of the young stellar populations in
Blending is an additional bias that is important in crowdege shell field of NGC 5128 with éfierent cuts applied on the size of
fields, and that combines properties of photometric errors athd photometric errors in both filtets andV.
incompleteness.

We used the extensive artificial stars experiments (the faHble 1. Fraction of stars in dierent parts of observed CMD — all
description can be found in Rejkuba et al. 2001) to assign téters, bluely — V < 0), intermediate color (& U -V < 1.5), and red
observational biases. In the artificial star experiments the fars U -V > 1.5) —that survive the error selection at maximum error
put magnitude is given, and the output magnitude measure@’g-1, 0.2, and 0.3, with respect to selection with< 0.5. Only the
each position of the input magnitude. If the star was lost in tRErs withU_—band completeness limits larger than 50% are selected,
background noise, or if it was completely blended with a mu&ﬁrrespondlng t&/-band magnitudes smaller than 25.5 in the bluest
brighter object producing a magnituddfdrence between thePa" of the CMD.
input and the measured magnitude of more than 0.75, we con-
sidered it to be non-detected. Observational biases are applied

o cut all stars blue intermediate red

. - . . o <03 81% 97% 70% 75%
to magnitudes to which the appropriate distance modulus and <02  66%  87% 53% 550
extinction were added. Thus, when applying the observational <01  37%  52% 29% 26%

biases we pick a random object from the input table of the arti-
ficial star experiments that has magnitude and color similar to
the simulated star. The simulated star then receives a realigiipulation. The diagonal cutficat faint magnitudes is a con-
photometric error (magnitudeftiérence between the recoveredequence of thé)-band incompleteness and the sharp bright
and input magnitude in the artificial star experiment), and ifagnitude cut-fi at V = 20 is due to the saturation limit of
completeness (the star in the artificial star experiment wgeV-band images. The CMD with all stars that haek 0.5 is
detected or not). presented in the upper left panel. Comparing it with the other
panels it is evident that many of the red stars have large photo-
3. Young stellar population observed metric errors. This_is _clearer in Table 1, where_we Iist_fraction
" of stars that remain in the CMD when a cut is appliedrat
in the UV CMD of 0.3, 0.2 and 0.1. Even when only the stars with the smallest

The observations of the young stars in the north-eastern stgiptometric errors are selected, more than 50% of the blue stars
field of NGC 5128 consist of pairs & andV-band images Survive and the young blue sequence remains well populated.
taken at ESO Parana' observatory UT1 Very Large Te|escdy§ Sha” use th|S feature to inVeStigate the recent star formation
with FORS1 instrument (Szeifert 208)2The photometry history in this field.

is 50% complete for magnitudes brighter thdn= 27.5 and Figure 5 shows the observed CMD with the transformed
U = 25 (Rejkuba et al. 2001). The shallowdrband photom- Padova tracks superimposed, ©r= 0.004 (left) andZ =

etry drives the incompleteness and the photometric errorsOiR08 (right). No spectroscopic estimate of the metallicity of

the UV CMD (Fig. 4) and thus limits our analysis to magnithe young stars in Cen A is available in the literature. The
tudes brighter tha ~ 25.5. two considered Z values are motivated by the Rejkuba et al.

In Fig. 4 we display the/ vs. U — V CMDs of this field (2001) estimate, which is based on the best fitting isochrones.
with different values of DAOPHOT errors in botth andy  Notice, however, that due to the discusseffiedence between
applied as a selection criterion. The vertical blue sequencefg Landolt and the Buse/ filter, the Rejkuba et al. estimate
U -V ~ —1is populated with massive MS stars in NGC 512#eeds to be reconsidered with the appropriately transformed

while most of the red stars belong to the foreground Galacif@cks. A distance modulus of B/mag (Soria et al. 1996) in
combination with a color excess &(U — V) = 0.62 yields a

2 http://www.eso.org/instruments/fors/userman/ good fit to the position of the MS stars in Fig. 5. According to
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Uu-V Uu-yV

Fig. 5. Comparison of the th&)VV CMD with stellar evolutionary tracks fa = 0.004 (left) andZ = 0.008 (right panel) and masses of 6, 9,
12, 20 and 4M,,. Overplotted are also the expected foreground stars (green filled triangles) from thed®esiandations (see Rejkuba et al.
2001). Along the line connecting MS turriks (large cyan dots) and along the line connecting blue edges (large black squares) most of tt
stars are expected according to the models. A box on the main sequence between magnitudes 23 and 24 indicates the area used to const
simulations.

the Cardelli et al. (1989) extinction curveE(U — V) = 0.62 to constrain the metallicity both because of the huge amount
implies E(B — V) = 0.35, which is much larger than the fore-of the foreground contamination and, because of the uncertain
ground extinctiorE(B — V) = 0.11 from Schlegel et al. (1998) extension of the blue loops (Ritossa 1996).

map, and implies a substantial amount of internal (perhaps dif- The location of the post main sequence (PMS) stars, blue
ferential) reddening. Rejkuba et al. estima@ - V) = 0.15, and red supergiants, and the extension of the loops depends
due to the dierentU filter. Choosing a somewhat larger discritically on the convection criteria or the mixingieiency, the
tance modulus of 27.92 mag (Harris et al. 1999; Rejkuba 20Gfktallicity, the opacities at intermediate temperatures, the mass
does not change our conclusions significantly. loss and the overshooting (Renzini et al. 1992; Ritossa 1996).

The magnitudes and colors of the stars be|0nging to tﬁélarger metallicities the thermal conductivity of the envelope
Milky Way, that are expected to be found in 28& 6/8 field of is lower leading to a larger thermal imbalance of the stellar
view of FORS1, at = 3095°,b = 19.5°, have been simulated €nvelope and to a faster expansion to the red. The more metal-
using Besa[mn ga|actic model of stellar popu|ati0ns (Robm 8[|Ch models have thus redder red giant minima. The models
Creze 1986; Robin et al. 1996). Realistic photometric erroiiat adopt fficient mixing in the semiconvective region during
and incompleteness has been applied through crowding sifffi hydrogen shell burning spend most of the PMS life-times
lations. In total, at least 340 stars with coldds- V > 0 are as blue supergiants, while the lesi@ent mixing drives the
expected to belong to the foreground Milky Way populatioftinaway expansion toward the red (Ritossa 1996). The convec-
(see Rejkuba et al. 2001). They are overplotted over the diye core overshootduring the MS in combination witfi@ent
served CMD in Fig. 5 as (green) filled triangles. Only a smdnixing can, however, produce models with wider loops (e.g.
number of stars withy — V) > 0 are expected to be blue and~agotto et al. 1994).
red supergiants evolving along the blue loops in the NGC 5128 The overshooting and opacity, constrainifigs, drive the
halo. Unfortunately, the width of the blue loops cannot be usathplitude of blue loops and, through the dependence of
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Table 2. Main sequence and total life-times of the stars with masstse observed)V CMD?” and “What is the slope of the initial
larger than 4V, and metallicitiesZ = 0.004 andZ = 0.008 (Fagotto mass function?”

etal. 1994).
M(Mo)  tws(MYD)  7odMyD) tms(MYD) 7eo(MyD) 3.1. Age of the young stella( population
Z = 0.004 Z =0.008 in the NGC 5128 halo field
5.0 101.89 112.09 104.91 116.05 L . .
6.0 70.98 76.74 71.63 7771 The range of _models probed is listed in Table 3. In the_flrst
70 5258 56.39 52.40 56.26 column there is th(_e model name, and in C(_)Is. 2—4 the input
9.0 33.07 35.25 32.42 34.52 parameters regarding the IMF and the duration of the star for-
12.0 20.20 21.48 19.85 21.08 mation are given. The output total extracted mass in the range
15.0 14.35 15.27 14.03 14.93 of 0.6 to 100M,, the mean SFR for the same mass range, and
20.0 9.805 10.48 9.44 10.10 the explored interval of the star formatiof1), as well as the
30.0 6.37 6.86 6.18 6.66 total number of stars above the 80% incompleteness limit in
40.0 5.01 5.44 4.89 5.31 V-band ¥ < 25.5), and the number of simulated blue plume
128-8 gii gég 2-% g-ﬁ stars U - V < —0.7 for V < 255) are listed in Cols. 6-9 for
' : ' ' : Z = 0.004, and 10, 11, 12 and 13 for models using evolution-
1200 > 08 304 301 333 0.004, and 10, 11, 12 and 13 for models using evolutio

ary tracks for metallicityZ = 0.008, respectively. Due to the
small range of ages and to the smooth appearance of the MS, a
constant star formation was considered. Therefore the Cols. 6

bolometric corrections on thefective temperature (BTLg)), and 10 list:
they produce the sharp edge in the observed CMD. In particig-FR _ Mstar (10)
lar the 9M, model forZ = 0.004 has a very short loop (see T OAT

Fig. 5). The blue excursion of this model is terminated at Iow

¢ t duci harp “red hook” in the simulat aur diterent IMF slopes have been used in the simulations.
emperatures, producing a sharp ‘red hook™ in the simulatef . dependence of the simulations on the IMF slope is dis-
CMD (see below).

) o cussed in detail in the next section. First we illustrate in detail
The extremely short evolutionary life-time for sta_rs b&he model CMDs made with Salpeter IM& & 2.35), varying
tween the MS turn and blue edge leaves a *hole” in thgpe age range, for the two metallicitieg= 0.004 (Fig. 6) and
CMD. On the other hand this area.5 s U -V s 0and 7 _ 0008 (Fig. 7). The duration of the star formation episode
V 2 23) of the observed CMD is populated. The possiblg ingicated in each panel as the starting—ending time. An end-
reasons include fierent metallicity, inadequate input physic;«;ng time of 0 Myr means that the star formation is on-going.
(combination of overshooting and opacity parametersjedi The sharp blue edge of the blue loops is due to the the-
ential reddening, bolometric corrections, photometric errogsetical form of the blue loops. In particular, the early termi-
and blends of several lower mass stars. Thus we expect Notd8on of the 9M,, model forZ = 0.004 produces a bend in
be able to reproduce well this zone. the simulated CMDs. This transition is much smoother for the
The evolutionary lifetimes of the plotted tracks are listed = 0.008 models. The appearance of the CMD suggests that
in Table 2. Comparing the tracks to the data we see that #he 9M, model forZ = 0.004 should have bluer blue edge. The
oldest MS stars in our observed CMD ard0-50 Myr old high degree of contamination prevents us to draw a robust con-
for theZ = 0.004 and~50-65 Myr for theZ = 0.008 mod- clusion, but théJ — V vs.V CMD seems particularly suited to
els. The faintest evolved stars are somewhat old80(Myr), constrain the shape of the loops, and could be applied in stellar
but buried in the foreground contamination. We can thus deriggstems with spectroscopic abundance determination.
the most recent star formation, and check the IMF for stellar As the star formation lasts longer it is possible to observe
masses larger thanM, from the bluest stars inthe CMD.  the excursions of the stars in PMS phases. The reddest parts of
Our simulations are constructed under the requirementtbe CMD, however, remain very sparsely populated due to the
reproducing the stellar counts in a box on the MS, which comuch shorter evolutionary timescales in the red with respect to
tains 57 stars with 2% V < 24 andU -V < -0.7 (Fig. 5). the blue. Less massivéM( < 15 M) red supergiants evolve
The faintest stars in this box are 15 Myr old. Therefore, angss rapidly. Few of them are visible in the upper red part of the
SFH with the last star formation episode ceasing earlier theimulated CMDs in which star formation was not terminated.
15 Myr ago would not populate this box, and we do not coidso, as the star formation gets longer, the MS gets populated
sider these models. Given the short age range sampled by\fith stars of smaller masses, the total number of which is gov-
blue stars, and given their relatively smooth distribution, werned by the IMF.
consider only episodes with constant SFR, and vary the start- In the direct comparison of the simulated and observed
iNg (Tmax) and ending {min) epochs of active SF. We compareCMDs, and the corresponding luminosity functions (Figs. 6
the synthetic and observed CMDs directly as well as the lungind 7) it can be seen that all the simulations with on-going
nosity function along the MS for the stars brighter thar 26, star formation fit the data equivalently well irrespectively of the
which are not #ected critically by photometric errors and in-maximum stellar agerf,ax). The luminosity function peak is
completeness. In the next sections we address the followhest fitted with models with longet,ax (230-50 Myr), but the
guestions: “How old are the oldest and the youngest starsdifferences between various models are within the Poissonian
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Table 3.Input parameters and results of the simulated star formation histories of young stellar populations. Columns 1 to 4 are identifier of
model, slope of the IMF, start and end of the star formation burst in Myr, respectively. In the next 8 columns extracted mass, mean star forms
rate in the interval\r, the total numberN:) and the number of blue plume stalMy(,e) in the simulated CMDs are given f@ = 0.004 and

Z = 0.008.

Z =0.004 Z =0.008
model IMF  Tqax Tmin mass (SFR Niot  Nbie mass (SFR Nt~ Npiue
ID a 1Fyr 1Fyr 1M, My/yr 100 My Mo/yr

salp01 2.35 1000 0 6.79  0.007 512 276 6.44 0.006 499 279
salp02 2.35 500 0 3.97 0.008 551 296 3.38 0.007 472 257
salp03 2.35 200 0 1.38 0.007 496 289 1.47 0.007 546 288
salp04 2.35 100 0 0.66 0.007 460 256 0.61 0.006 460 250
salp05 2.35 65 0 0.44  0.007 415 259 0.35 0.005 368 225
salp06 2.35 50 0 0.29 0.006 351 224 0.31 0.006 377 226
salp07 2.35 30 0 0.23 0.008 430 306 0.19 0.006 345 229
salp08 2.35 10 0 0.08 0.008 273 219 0.08 0.008 283 241
salp09 2.35 5 0 0.07 0.014 254 216 0.07 0.014 278 239

salpl0 2.35 100 10 7.73 0.086 3080 887 6.43 0.071 2685 801
salpll 2.35 100 5 152 0.016 816 353 1.40 0.015 806 339
salpl2 2.35 100 2.5 0.90 0.009 568 273 0.94 0.010 633 313
scal0l 2.60 1000 0 12.8 0.013 591 288 9.95 0.010 478 257
scal02 2.60 500 0 6.65 0.013 641 291 5.38 0.011 548 261
scal03 2.60 200 0 230 0.011 610 301 212 0.011 526 254
scalo4  2.60 100 0 1.65 0.017 719 337 1.19 0.012 600 296
scal)5 2.60 65 0 0.96 0.015 619 349 0.96 0.015 704 372
scal06 2.60 50 0 0.65 0.013 512 289 0.57 0.011 492 296
scal07 2.60 30 0 0.32 0.011 406 267 0.32 0.011 418 267
scal08 2.60 10 0 0.14 0.014 253 206 0.10 0.010 191 160
scal09 2.60 5 0 0.15 0.030 291 257 0.12 0.025 257 217
scall0 2.60 100 10 12.1 0.134 3497 921 10.0 0.112 3030 777
scalll 2.60 100 5 1.95 0.020 789 314 2.09 0.022 787 309
scall2 2.60 100 25 2.43  0.025 984 442 149 0.015 669 289
imf301  3.00 1000 0 34.8 0.035 939 366 28.4 0.028 743 314
imf302 3.00 500 0 21.6 0.043 1038 419 18.4 0.037 819 344
imf303  3.00 200 0 6.93 0.035 819 312 7.54 0.038 891 378

imf304 3.00 100 0 4.41 0.044 991 426 3.62 0.036 792 319

imf305 3.00 65 0 2.51 0.039 693 340 1.82 0.028 573 278

imf306  3.00 50 0 2.63 0.053 869 464 1.87 0.037 738 361

imf307  3.00 30 0 1.29 0.043 601 363 0.95 0.032 503 309

imf308 3.00 10 0 0.49 0.049 304 238 0.55 0.055 362 278

imf309  3.00 5 0 0.50 0.101 331 277 0.39 0.078 287 237

imf310 3.00 100 10 31.8 0.353 5756 1333 19.7 0.219 3267 784
imf311  3.00 100 5 6.02 0.063 1118 379 5.39 0.057 1082 396
imf312 3.00 100 25 5.22  0.053 1057 387 454  0.047 927 359
imf201  2.00 1000 0 3.87 0.004 402 239 3.75 0.003 388 235
imf202  2.00 500 0 211 0.004 433 258 1.68 0.003 370 231
imf203  2.00 200 0 0.93 0.005 490 271 0.68 0.003 358 222
imf204  2.00 100 0 0.40 0.004 377 237 0.43 0.004 445 261
imf205 2.00 65 0 0.32 0.005 486 309 0.26  0.004 386 248

imf206  2.00 50 0 0.19 0.004 362 256 0.20 0.004 411 260
imf207  2.00 30 0 0.10 0.003 312 233 0.14 0.005 419 290
imf208  2.00 10 0 0.05 0.005 252 215 0.03 0.003 193 165
imf209  2.00 5 0 0.03  0.005 190 173 0.03  0.007 232 212

imf210 2.00 100 10 4.25 0.047 2127 699 3.05 0.034 1705 517
imf211  2.00 100 5 0.99 0.010 693 318 0.87 0.009 625 311
imf212  2.00 100 2.5 0.52 0.005 445 253 0.45 0.004 422 235
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Fig. 6. Synthetic CMDs forZ = 0.004 using the Salpeter IMF(= 2.35), the appropriate distance, and a constant SFR in the interval that is
indicated in each panel (beginning-end of the burst). For comparison the observed CMD is also displayed. In the lower part simulated luminosity
functions (solid lines) are compared with the observed luminosity functions (dotted lines). In the observed and simulated luminosity functions
the color and magnitude cuts are applied, and only stars bluerlitharM) = —0.7 and brighter thaV = 26 are compared.

errors. Hence, using only MS stard ¢ V < -0.7) it is not ruled out. So, the total number of MS stars and their luminosity
possible to constraifinax. function constrainrmi, to be at most 2.5 Myr. The impact of

On the other hand, the simulations in which the star fothe IMF on this constraint is discussed in the next section.
mation has stopped 5 or 10 million years ago, have many Although PMS stars cannot be used to select the best fitting
more stars in the lower MS and around the blue edge of theodel due to large uncertainties as discussed above, in the ob-
loops than observed. In order to populate the box on the M8rved CMD there are 17 bright (21V < 23) and blue stars
between magnitudes 23 and 24, which contains the youngedd.7 < U -V < 0) most probably in the PMS phases. They are
MS stars (younger than 345 Myr) and thus the ones withfound in the area of the CMD where there is no contamination
the shortest evolutionary timescales, many more lower mégsforeground Galactic stars. The models that have active star
stars were produced in these simulations. Stopping the SHaamation only over the last-5L0 Myr, have one or no stars in
2.5 Myr produces a MS luminosity function in agreement witthis area of the CMD. Thus, the star formation in this field must
the observations. have been going on for more than 10 Myr.

In the left panels of Fig. 8 we plot the number of stars in Better limits to the duration of the star formation can be ob-
the blue plume for all the models with = 0.008 (top) and tained by comparison between the number of stars in the MS
Z = 0.004 (bottom). The observed value is shown as a greand in the PMS phases. When comparing the observed and the
star. Diferent symbols are used for models witfffelient IMF  simulated number of stars in the red part of the CMD, it is
slopes as indicated in the legend. The dashed lines indicagzessary to subtract the expected number of foreground stars
the 3~ Poissonian deviation from the observed value to whi@tcording to the Galactic models. The ratio of the blue plume
the random errors of the models have been added in quadqta— V < -0.7), and the total number of stars versus the dura-
ture. The models outside of the dashed lines in this figure ai@n of the star formation for the models described in Table 3 is
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Fig. 7. Synthetic CMDs forZ = 0.008 using the Salpeter IMky(= 2.35), the appropriate distance, and a constant SFR in the interval that is
indicated in each panel (beginning-end of the burst). For comparison the observed CMD is also displayed on the left. In the lower panel
simulated luminosity functions (solid lines) are compared with the observed luminosity functions (dotted lines). In the observed and simule
luminosity functions the color and magnitude cuts are applied, and only stars bluetdthdf) & —0.7 and brighter thalv = 26 are compared.

presented in the upper right panel of the Fig. 8Zot 0.008, plume. Since this ratio is low, even after the foreground con-
and lower right panel foZ = 0.004 models. This ratio de- tamination subtraction, it points, independently from the evi-
creases with increasingax, because the PMS phases becondence on number of MS stars, toward langx.
more populated.

T_he inflexion poin_t in these diagrams cor_responds tot 5> The initial mass function
maximum look-back time and hence the maximum age of the
burst Tmax. It is ~100 Myr for the models witiz = 0.008 The observations of the young stars on the MS can be used
and~90 Myr for theZ = 0.004 models. Of course, this valueto constrain the initial mass function for the range of masses
is the lower limit for the duration of the star formation. Th@bservedM = 5 M. The comparison of the simulated and ob-
older stars are not observed due to the incompleteness ingbpved luminosity functions along the MS is presented for a set
U-band, hence the ratio of the blue vs. total number of stasbmodels with on-going SF lasting for 100, 50, 30, and 10 Myr,
becomes constant for longer star formation durations. as well as for two models in which the SF was stopped 5 and

The observed ratio of the blue vs. total number of stars 25 Myr ago. Figure 9 compares the observed luminosity func-
NGC 5128, which has been corrected for the expected amotioin (dots) with the models foz = 0.008 and four dierent
of foreground contamination, is indicated with a star in Fig. 8MF slopes: Salpeter IMF (slope = 2.35; solid black line),
The arrow shows that it is only a lower limit due to the larg&calo IMF (slopar = 2.6 for M < 3.5 Mp; Scalo 1986; green
uncertainty in contamination whichffacts in particular the short dashed line), IMF with slope = 2 (blue long dashed
PMS phases. The number of stars redder than-(V) > 0 line), and IMF with sloper = 3 (red dotted line).
in the observed CMD is much larger than in all the simula- The observed slope of the MS between®2 V < 245 is
tions which reproduce correctly the number of stars in the bladogN/AV = 0.47 as derived by least square fitting of the
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Fig. 8. Left panelsnumber of stars in the blue plumd ¢V < —0.7) for V brighter than 2% vs. logarithm of star formation duration is shown

for the models witlZ = 0.008 (top) andZ = 0.004 (bottom). The observed number of stars within the same limits is indicated with a green star.
Dotted lines indicate @ Poissonian fluctuation limits in the number of observed and simulated starg-&tie value for the observed point

is arbitrary. Diferent symbols are used for models witlfelient IMF slopes as indicated in the legends. The models for which star formation
was terminated 2.5, 5 and 10 Myr ago are plotted with open symbols, and the models for which the star formation is still on-going have
filled symbols.Right panelsthe ratio of the blue plume vs. total number of simulated stars. The observed point (corrected for the foreground
contamination) is only a lower limit due to a large uncertainty in foreground contamination.

observed luminosity function in this magnitude range. Thidditionally, there may be few compact background galaxies
results for the models witZ = 0.004 andZ = 0.008 are contaminating the red part of the CMD.
equivalent and we plot onlg = 0.008 models in Fig. 9. The  Our simulations do not include binary stars. The presence
models with IMF sloper = 2.35 provide the best fit of the lu- of binaries would increase the IMF slope by an amount that de-
minosity function for both metallicitiesZ = 0.004 and 0008. pends on the slope and the fraction of stellar mass in binary or
Slightly shallower ¢ = 2) and steeper( = 2.6) slopes for IMF multiple stellar systems. According to Sagar & Richtler (1991)
are also acceptable, while the= 3 slope produces too manyif the fraction of binaries is more than 50% the IMF slope in-
stars in the lower mass bins in all the simulations. Note that tbeeases by 0.3 to 0.4. As the binary fraction in our field is not
models where the SF has stopped 2.5 Myr ago are well fittkdown, it is possible that the actual IMF slope is somewhat
with shallower IMFs, and they would exclude Scalo or steepsteeper than = 2.35.
IMF slopes.

'_I'hes_e result_s are confirmed by th&tests applied to thg 4. Young stellar population in the VK CMD
luminosity functions of the blue stars and are also summarized
in Fig. 8. In the left panels the dashed lines exclude the mdeigure 10 showd/K optical-near IR CMD for this field con-
els with IMF slopea = 3, because the simulated number ddtructed from the VLT FORSY-band and ISAACKs-band
blue plume stars is always larger than observed (having fixgldotometry published by Rejkuba et al. (2001). Most of the
in the simulations the number of stars in a box on the MSjtars are distributed along the red giant branch and are thus
In the right panels the above mentioned saturation value (@der than~1 Gyr. There is also a large number of bright
the inflexion point) of the number of PMS vs. the total numAGB stars, including several hundred Mira variables, located
ber of stars depends on the IMF slope. The steeper the INBove the tip of the RGB (Rejkuba et al. 2003). Sonid 0
the more favoured the PMS. Even though the observed rasiars with colors 2< V — K < 4 are expected to belong to
would favoura = 3.00, this IMF slope is excluded by the exforeground Galactic population. Several dozens of stars in the
cess number of stars in the blue plume, which is the more tduest part of the diagranv(- K < 2) do not appear in the con-
bust constraint. Therefore it seems that the contamination of thal halo field (see Rejkuba et al. 2001). They have very small
red part of the CMD is indeed much larger than that given photometric errors (90% has < 0.2), and are bright in the
the Besanan counts as already noted by Rejkuba et al. (200bptical. All but two stars are detected in tbeband images as



926 M. Rejkuba et al.: Simulated SFH in Cen A halo
r LI I B B T T ] i
r 0-100 Myr—+ - 1 B
I _ _ a=2.0 1 0-50 Myr ] ]
15| a=2.35 T ] 7
z [ e T = ]
w 1p T ] ]
- 17 ] ]
05 + HI ]
of s H :
r T 5-100 Myr T ]
15 T I 7 Lo ]
z : T i .
w 1F + T 51
e [ T [ ]
[ T 1 4 ]
0.5 T L]if |7
O ; ! T PR w i T L L ' ]
20 26 22 24 26 22 24 26

Fig. 9. The observed MS luminosity function (cyan dots) is compared with synthetic luminosity functionstésedt SFHs foZ = 0.008
and four diferent IMF slopesd = 2.0, 2.35, 2.6, and 30) as indicated in the legend. Synthetic luminosity functions correspond to models
calculated adopting the appropriate distance, reddening and a constant SFR in the interval that is indicated in each panel (beginning-end
burst). In the observed and simulated luminosity functions color and magnitude cuts are applied, and only stars uenthan-0.7 and
brighter tharlv = 26 are compared.

16 [
20 -
24 [

1200 |

> 1000 f

18 |

22 [,

16 [

18 |-
20
22 |-

24 |

800

X

1000

800 [

1 1eoof -

4 = 1000 F.

L)

o

PP B

1200

800 1000
X

1200

over the field, the majority of the blue stars are aligned in the
direction of the jet just like in the optical CMDs.

The low number of young stars observed in the much
smaller field of view of ISAAC prevents us from drawing
conclusions from their observations. The comparison with the
Padova stellar evolutionary tracks (in the upper panels of
Fig. 10) for two diferent metallicitiesZ = 0.004 (left) and
Z = 0.008 (right), indicates again a very smalttdrence be-
tween the models.

TheVK CMD gives complementary information about the
older stellar population in the halo. However, due to large
incompleteness in the red parts of this CMD (see Rejkuba
et al. 2001), the SFH of the old stars in NGC 5128 will be
investigated with deeper HSACS observations.

Fig. 10. The comparison of the théK CMD with stellar evolutionary 5. Discussion and conclusions

tracks forZ = 0.004 (upper left) an& = 0.008 (upper right panel) . . .
and masses of 6, 9, 12, 20 and M. In the lower panels the spatialThe recent star formation history in the north-eastern halo

distribution of the blue — K < 2 andK < 24) stars on the left and field in the giant elliptical galaxy NGC 5128 was investigated
red (V/ — K > 5 and 19< K < 21) stars on the right is shown. Note thevith the means of synthetic CMDs. The comparison of the
alignment of the blue stars along the direction of the radio jet indicatégbchrones and the data has to be done with great care, us-
by the arrow in the lower right corner of the left panel. ing the correct filter transmission curves to compute a consis-
tent set of bolometric corrections. Thieband is known to be
the most dificult to reproduce due to the presence of the at-
well. We plot the spatial distribution of the blug £ K < 2and mospheric cut-fi, to the presence of the Balmer break within
K <24)andred¥Y - K > 5 and 19< K < 21) stars in the that band, and to strong blanketing by metals. Additionally due
shell field in Fig. 10. While the reddest objects spread everily large diferences between thé-band filters and a possible
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miss-match in stellar properties (IggTx and [M/H]) between errors in magnitudes (that go inftérent direction for these
the calibrators and program objects, it is possible to introdutveo groups) partially cancel out. We estimate that our results
systematic errors if the calibrators do not rely on the same plaze not changed strongly by the systematics in calibration.
tometric system as the observations. Thigets mostly our At the distance of 3.6 Mpc, the observed field surveys
reddening estimate and very little other results. a projected area of approximately 45 Rpso that the de-
The new reddening estimated by matching the locus of thieed star formation rates range from® x 10 to ~3 x
observed MS in th&J -V plane with the models, using the cor10™% Mg yr-*kpc2. This is lower than the typical SFR
rected bolometric corrections for passband and assuming theuoted for the solar neighbourhoodZ4 1072 Mg yr—tkpc2;
Galactic extinction law (Cardelli et al. 1989)E¢B-V) = 0.35, Timmes et al. 1995), and is on the low side of the SFRs
significantly larger than previously obtain&gB — V) = 0.15 derived via theoretical simulations for dwarf irregular galax-
(Rejkuba et al. 2001). It should be noted, though, that Rejkuies in the Local Group (ranging from approximately-4@o
et al. estimate is obtained from the comparison of mostly forge-? M, yr~ kpc 2; Marconi et al. 1995; Tolstoy 1996; Gallart
ground stars with isochrones, and is in fact in good agreemental. 1996a). For example, the star formation rate in WLM
with E(B-V) = 0.11 from Schlegel et al. (1998) maps. This imelrr within the last million years was.3x 103 M, yr~* kpc2
plies a rather significant internal extinction in this field. Whil¢Dolphin 2000).
some internal extinction in the areas of recent star formation On a more speculative side, it is possible to estimate the
could be expected, we would like to stress that this result hagsximum duration of the future star formation. The fuel for
large uncertainty due to above mentioneffidulties to repro- this recent star formation is provided by the large HI gas cloud
duce correctly théJ-band. The maximum possible systematim the vicinity of the field (Schiminovich et al. 1994). Assuming
error introduced by the calibration to the Landolt photometrine constanSFRand a 100% #iciency in converting gas to
system is of the order of 0.04—0.08 in theband for the bluest stars, we can estimate the gas depletion timescale as:
stars. This translates to a possible over-estimate of reddening M
of E(B - V) = 0.07-0.14. Assuming the maximum possibler; = —H
systematic error, the internal extinction in this field is reduced SFR
to aboute(B - V) ~ 0.10. In the north-eastern shell very close to where the star for-
Unfortunately, on the basis of thd- and V-band pho- mation is observed,.2 x 10’ M, of HI have been detected
tometry alone it is not possible to constrain the metallicity gSchiminovich et al. 1994) as well as71x 10’ My of H,
the stars due to reddening—distance—metallicity degeneracy©fiarmandaris et al. 2000). At the constant star formation level
the models. However, the comparison of the synthetic and @#-0.006 My, yr~! it would take~100 Myr to use up all the
served CMDs gave a number of quantitative constraints to timlecular gas and230 Myr to use all the hydrogen.
recent SFH in the studied halo field. Our results place a lower limit 0£100 Myr to the last
We have constructed simulated CMDs of young stars in theerging event and a lower limit to the time of the formation
halo, having fixed the number of stars in a box on the brigbf the jet in Cen A. To set better constraints on the starting
portion of the MS, for two metallicite¥ = 0.004 andZ = epoch of the last SF episode deeper CMDs and a more robust
0.008. The parameters that were varied wasg (the starting determination of the foreground contamination are necessary.
epoch of the SF)min (the ending epoch of the SF), andthe
slope of the IMF). AcknowledgementsiVe thank D. Minniti and D. Silva for useful com-
The blue MS stars and their luminosity function conments. We acknowledge an anonymous referee fgnérisvery useful
strain min to be smaller than~2.5 Myr and exclude the comments, and espe(?ially_for pointing out the uncertainty of the pho-
IMF slopes steeper thanz 2.6. The ratio of the blue vs. total ©°Metry due to the calibration procedure.
number of stars favours steeper IMF slope and longer star for-
mation duration‘(max = 100 Myr) This is a robust result and iSAppendiX A: Random extraction of a star
not afected by the systematic errors in cal_ibration, as the slope ith a given mass and age
of the MS does not change. The exact ratio of the blue vs. total
number of stars may befacted by the systematics, but not s§Ve use a Monte Carlo algorithm to randomly select a mass and
much to change our conclusions. an age according to a given distribution. The mass is extracted
From the simulations withyin = 0 andrmax = 100 Myr, according to a single slope (e.g. Salpeter IMF; Salpeter 1955),
the total extracted mass in stars in the range of masées 0
M < 100 M, is ~0.4, 0.7, or 13 x 10° M,, for IMF slopes

of 2 and 2.35, or 2.6, respectively. The SFR associated Wfigouple slope initial mass function (e.g. Gould IMF; Gould
these IMFs and mass limits are approxmately 0.004, 0.0Q4,al. 1997) with slope; within a mass rangdl; < M < M,
and 0.013M, yr*, for the three IMF slopes in the above ordefng o, within M, < M < Ms. Here “A” is the normalisation

and itis independent afnax. Moreover the smooth appearance;cor that depends on the upper and lower mass limits used in
of the MS, the absence of gaps and breaks in the slope of {ig models. The choice of the slope is a free parameter.

MS luminosity function, indicates that most probably no major e age distribution is adopted to be either flat, represent-
fluctuations in the SFR have occurred over the sampled time fﬁg a constant star formation rate,

terval. The reported values of the SFR depend on a combination
of the MS and PMS stars, for which the possible systematit) = C for Tmin <t < Tmax (A.2)

(11)

dN = AM™*dM (A1)
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or exponentially decreasing, at variablet,n, we inserted a breaign(tpnhor) and dfectively di-
vided that phase into two sub-phases. Uggnd log{Tes) of
Yt)y=Ce'"  for  Tmin <t < Tmax (A.3)  the extracted star at the extracted age are then found by inter-
with given limits for the age of the oldest stars,,) and for polation at:
the duration of the star formation episode (= Tmax— Tmin)-  tpn/tpnbr fOr agestpn < tpnpr (B.2)
We have used a single metallicity simulator to produce syn-
thetic CMDs for the young stellar population. This is a gookdph — tphor)/(1 = toner) for agestpn = tpnpr. (B.3)

approximation, because the spread in ages of the young S{gis., the interpolation has to be done also in metallicity, the
(fewx 10 Myr) is too short for a significant metal enrichmenttg; ., 1o jinear interpolation algorithm described above is not

occur. However in the simulation of the optical-near IR CMDénough. It is necessary to perform a bilinear interpolation,

that are dominated by_the old and intermediate-age populatiBQCause the stars of the same masses, figrelt metallic-
evolution of the metallicity would have to be assumed. ities have dfferent ages. Thus for each extracted mass one
has to first interpolate in logj and log{Tet) for a given age,
Appendix B: Interpolation of the stellar and then again for_a given metallicity. In order to_ simplify
evolutionary models the proble_m Zogcall et.al. (2003) adopted a set of isochrones
as a starting point. Using the tabulated values of lpgnd
We have adopted two fiierent sets of models: Padova modiog(Te;) for stars of given mass in an isochrone the interpo-
els (Fagotto et al. 1994) and models computed by Cassisila&ion is done linearly within isochrones of the same age and
Salaris (1997) and extended by Bono et al. (1997a, 19978iferent metallicities. The Padova models are not adequate for
For the simulations of single metallicity star formation histothese simulations due to the very low number of points in each
ries used to compare with the youngest stars in NGC 5128, igechrone (approx. 30-55 points for each track) and it is bet-
use the Padova models by Fagotto et al. (1994). These modefsto use the Cassisi models (Cassisi & Salaris 1997; Bono
have tracks for stellar masses ranging from 0.6 to 20The et al. 1997a, 1997b) which have much more detailed evolution
newer set of Padova models (Girardi et al. 2000) are not cowith more than 600 points per track. Given a mass and metal-
puted for stars with masses larger thalld such as those thatlicity, the luminosity and temperature of the star are determined
are observed in the north-eastern halo field of NGC 5128. through the linear interpolation in a set of isochrones. The in-
Given the extracted mass and age, the luminosity and tegeepolation in log() and log{Tex) is made for the mass that has
perature of the star were determined via the linear interpolatithe same evolutionary phase of the extracted mass:
in a set of evolutionary tracks. Each track consists of a num- . )
ber of points (age, mass, ldg(Ls), log(Ter)). We have divided PN=m/m  for objects on the main sequence (B.4)
each track into portions according to stellar evolutionary pha
and interpolated linearly between the adjacent tracks within the
same portion. Typically, the portions of the tracks are: wheremy andmy are the masses at the beginning and the end
of the evolutionary phase. The evolutionary phases are as be-

— Main sequence (MS) — ending either at core H exhaustigdte: main sequence, subgiant branch, RGB, core-helium burn-
or at the start of the first runaway expansion; ing and AGB.

— Subgiant branch — ending at the base of the RGB;
— RGB - ending at the tip of the RGB;
— Horizontal branch — ending either at the core He exhaustiBfierences
or at the base of the AGB; Bertelli, G., Mateo, M., Chiosi, C., & Bressan, A. 1992, ApJ, 388, 400
— Early AGB — ending at the first thermal pulse. Bertelli, G., Bressan, A., Chiosi, C., Fagotto, F., & Nasi, E. 1994,

A&AS, 106, 275
For the high mass starsv( > 20Mg), whose evolution is Bessell, M. S., PASP, 107, 672
affected by mass loss, we divide the evolution in two maj@essell, M. S., Castelli, F., & Plez, B. 1998, A&A, 333, 231
phases (MS and post main sequence), and choose convenidithp, G., Caputo, F., Cassisi, S., Castellani, V., & Marconi, M. 1997,
the description of the post main sequence (PMS) phase, insert-ApJ, 489, 822
ing further sub-phases when needed. Bono, G., Caputo, F., Cassisi, S., Castellani, V., & Marconi, M. 1997,

ApJ, 479, 279
In most of the cases the Idg(and log{T ) of the extracted Buser. R.. & Kurucz, R. L. 1978, A&A. 70, 555

star are interpolated between the values of adjacent mMasseRiali J A Clayton, G. C., & Mathis, J. S. 1989, ApJ, 345, 245
read at the same fractional age in the appropriate evolutionalycqici's & Salaris. M. 1997. MNRAS. 285. 593

=my + (M- mp)/(my — mp) for later phases (B.5)

phase: Castelli, F., Gratton, R. G., & Kurucz, R. L. 1997, A&A, 318, 841
Charmandaris, V., Combes, F., & van der Hulst, J. M. 2000, A&A,
tph = (t = to)/(t1 — to) (B.1) 356, L1

. . Cole, A. A, Tolstoy, E., Gallagher lll, J. S., et al. 1999, AJ, 118, 1657
wherety andt; are respectively the ages at the beginning alaquy’ J. G., Lidman, C., Johnson, R., & Moutou, C. 2003, ISAAC

at the end of the appropriate evolutionary phasetasithe age User Manual
of the extracted object. In few evolutionary phases when lunBavidge, T. J., & van den Bergh, S. 2001, ApJ, 553, L133
nosity angor temperature presented a maximum or minimudolphin, A. 1997, New Astron., 2(5), 397
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