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Abstract. In this paper we present some results concerning the effects of two instantaneous starbursts, separated
by a quiescent period, on the dynamical and chemical evolution of Blue Compact Dwarf galaxies. In particular,
we compare the model results to the galaxy IZw18, which is a very metal-poor, gas-rich dwarf galaxy, possibly
experiencing its first or second burst of star formation. We follow the evolution of a first weak burst of star
formation followed by a second more intense one occurring after several hundred million years. We find that a
galactic wind develops only during the second burst and that metals produced in the burst are preferentially
lost, relative to the hydrogen gas. We predict the evolution of several chemical abundances (H, He, C, N, O,
α-elements, Fe) in the gas inside and outside the galaxy, by taking into account, in detail, the chemical and
energetical contributions from type II and Ia supernovae. We find that the abundances predicted for the star
forming region are in good agreement with the H ii region abundances derived for IZw18. We also predict the
abundances of C, N and O expected for the H i gas to be compared with future FUSE abundance determinations.
We conclude that IZw18 must have experienced two bursts of star formation, one occurred ∼300 Myr ago and
a recent one with an age between 4–7 Myr. However, by taking into account also other independent estimates,
such as the color-magnitude diagram and the spectral energy distribution of stars in IZw18, and the fact that real
starbursts are not instantaneous, we suggest that it is more likely that the burst age is between 4 and 15 Myr.
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1. Introduction

Blue Compact Dwarf galaxies (BCD) are characterized
by compact appearance, high gas content, very blue col-
ors and low chemical abundances. These properties are
typical of unevolved systems, thus suggesting that BCDs
should have suffered very few bursts of star formation dur-
ing their lives and that some of them are probably experi-
encing their first burst (Searle & Sargent 1972). In a recent
review, Kunth & Östlin (2000) argued that, despite a few
remaining young galaxy candidates (like IZw18, SBS 0335-
052 or HS 0822+3542; Lipovetsky et al. 1999; Kniazev
et al. 2000), in most BCDs an old underlying stellar pop-
ulation does exist, revealing at least another burst of star
formation (SF) besides the present one. In a recent survey
of BCDs, Östlin et al. (2001) have found that, although
the young burst population dominates the integrated
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optical luminosities, it contributes only marginally to the
total stellar mass. It is possible that each starburst episode
in BCDs is followed by a quiescent (or almost quies-
cent) period, with a time scale of the order 108 to 109 yr
(Leitherer 2001), during which winds produced by super-
nova explosions expel the gas out of the region and the
star formation fades. When the luminosity of the burst is
no longer able to sustain the wind, the gas should cool
and collapse back toward the center of the galaxy, thus
allowing for the onset of a new burst (Babul & Rees 1992;
D’Ercole & Brighenti 1999). Off-centered SN explosions
can also drive inward-propagating shocks, thus creating
the conditions of a new SF event in the center of the galaxy
(Mori et al. 2001).

The galaxy IZw18 is the most metal-poor local galaxy
known so far and was considered until recently as the
best candidate for a truly “young” galaxy. Stellar popu-
lation analyses by Hunter & Thronson (1995) and Dufour
et al. (1996) were not deep enough to reveal any old stellar
population, but recent studies of deeper Color-Magnitude
Diagrams (CMD), both in the optical (Aloisi et al. 1999;
hereafter ATG) and in the infrared (Östlin 2000) revealed
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the presence of two stellar populations in IZw18: a young
population with an age of ∼15 Myr and an asymptotic
giant branch population with an age of several 108 years.
Chemical evolution models by Kunth et al. (1995) fit the
abundances observed in IZw18 with one, or at maximum
two short bursts. Evolutionary population synthesis mod-
els by Mas-Hesse & Kunth (1999; hereafter MHK) showed
that the present burst is very young (ranging between 3
and 13 Myr, depending on whether the burst is instanta-
neous or continuous) and the contribution of the stars of
an ancient burst to the emission over the whole UV-optical
range, if any, is negligible. Legrand (2000) and Legrand
et al. (2000) proposed instead a low and continuous SF
regime for IZw18; furthermore they assumed that the
observed metals cannot result from the material ejected
by the aging starburst, because these metals are hidden
in a hot phase and therefore undetectable with optical
spectroscopy.

In a previous paper (Recchi et al. 2001; hereafter
Paper I) we presented a study concerning the effect of
a single, instantaneous starburst on the dynamical and
chemical evolution of a gas-rich dwarf galaxy, with galac-
tic parameters resembling those of IZw18. We showed that
the observed abundances of IZw18 could also be repro-
duced by a single-burst model provided that its age is
∼30 Myr, occurring in a primordial gas (zero initial metal-
licity), although we did not exclude the presence of an
underlying older population which only slightly polluted
the ISM (less than 1/100 of solar metallicity). However,
the estimate of ∼30 Myr for IZw18 seems to be in con-
trast both with the spectral energy distribution and the
color-magnitude diagram, as mentioned above.

Other results of Paper I can be summarized as follows:
i) A galactic wind develops as a consequence of the

starburst and mostly carries away the metals produced
during the starburst. In particular, we found that the
metals produced by type Ia SNe are lost even more ef-
ficiently than the metals produced by type II SNe. This
fact is important since different SN types produce differ-
ent elements; in particular, the net effect is to enhance the
α-element over Fe ratio inside the galaxy relative to the
gas lost from the galaxy.

ii) The cooling of metals in the gas was found to be
very efficient so that most of the metals should be found in
the cold gas phase already a few Myr after the beginning
of the burst. Both results i) and ii) depend on the assumed
energy transferred from SNe into the interstellar medium
(ISM), a crucial parameter in galaxy evolution studies.

In this paper we intend to test the hypothesis of multi-
ple starbursts with our model. In order to investigate this
hypothesis, we performed some numerical simulations to
study in detail the dynamical and chemical evolution of
a gas-rich dwarf galaxy experiencing two single, instan-
taneous starbursts. Our approach makes use of a two-
dimensional dynamical model coupled with detailed chem-
ical enrichment from both type II and type Ia SNe.

In Sect. 2 we summarize the properties of IZw18;
in Sect. 3 we describe the model and the assumptions

adopted in our simulation. The results are presented and
discussed in Sect. 4. Finally some conclusions are drawn
in Sect. 5.

2. IZw18

The blue compact dwarf galaxy IZw18 (also known as
Mrk 116) is the most metal-poor galaxy known locally (the
metallicity is ∼1/50 Z�). More metal-deficient BCDs have
not been found in spite of extensive surveys (Masegosa
et al. 1994; Terlevich et al. 1996). The colors of this
galaxy are exceptionally blue; the most recent estimates
give U − B = −0.88 and B − V = −0.03 (van Zee et al.
1998), thus suggesting the presence of a dominant very
young population (van Zee 2001). Given the low degree of
pollution, IZw18 is also an ideal laboratory to measure the
primordial helium abundance (Olive et al. 1997; Skillman
et al. 1998; Izotov et al. 1999).

The morphology of IZw18 is rather complex, consisting
of a “peanut-shaped” main body, formed by two starburst-
ing regions, associated with two H ii regions (Dufour et al.
1996). To the north and west of the main body, there are
several diffuse features noted from the deep ground-based
imagery of Davidson et al. (1989) and Dufour & Hester
(1990), but only the nearest of these objects (component C
in the nomenclature of Davidson et al. 1989, located 22′′

NW of the NW region) is a blue irregular galaxy physi-
cally associated with the main body, while the others are
background galaxies (Dufour et al. 1996). For simplicity,
we focus our attention only on the main body features (see
Paper I for more references).

The dynamical mass and the H i mass of the main body
of IZw18 are of the order of ∼108 M� and ∼107 M�, re-
spectively (see e.g. Lequeux & Viallefond 1980; Davidson
& Kinman 1985; Viallefond et al. 1987; Petrosian et al.
1997; van Zee et al. 1998). The H i column density is as
high as NH i ' 2× 1021 cm−2 (Vidal-Madjar et al. 2000).

Abundances derived from H ii regions are reasonably
well known (Searle & Sargent 1972; Dufour et al. 1988;
Skillman & Kennicutt 1993; Garnett et al. 1995; Garnett
et al. 1997; Izotov & Thuan 1999; Izotov et al. 1999; Izotov
et al. 2001a), and indicate a low content of oxygen but a
rather high N/O ratio. However, there is still some debate
in the literature about the abundances in the H i region
of IZw18. The first measurement of this kind, by Kunth
et al. (1994), indicated a metallicity which was a factor of
20 lower than in the H ii region, although the UV absorp-
tion lines they used were saturated, so this result remains
still uncertain (Pettini & Lipman 1995). Results by Pettini
& Lipman (1995) and van Zee et al. (1998) seem to indi-
cate indeed a metallicity comparable to the abundance in
the H ii regions. A recent work of Levshakov et al. (2001)
about argon and silicon emission line profiles in IZw18
also reveals a good degree of mixing between hot and cold
regions. Future FUSE abundance determinations will cer-
tainly shed more light on the problem.
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3. The model

The dark matter content, the interstellar medium (ISM)
initial mass and the mass of stars formed during the first
burst are shown in Table 1, and are chosen to match the
observed values of IZw18. We assume that the dark mat-
ter has a quasi-isothermal distribution with a flat profile
in the center (see Paper I). In fact, Borriello & Salucci
(2001) have recently shown that rotation curves in dwarf
galaxies, as well as in spiral galaxies, are consistent with
a flat central dark matter distribution.

We assume that the first burst of SF produces 105 M�
of stars, distributed according to a Salpeter IMF, with
an upper mass limit of 40 M� and a lower mass limit of
0.1 M�. We follow the dynamical and chemical evolution
of this first burst of SF up to 300 Myr (model M300)
and up to 500 Myr (model M500), solving the set of
gas-dynamical equations in two dimensions described in
Paper I. According to the results of ATG, who suggested
that the stars of the present burst could have formed
with a flat IMF, we consider also an IMF with a slope
x = 0.5 (model M300F). The model parameters are shown
in Table 2.

The nucleosynthesis prescriptions are summarized in
Table 3. The initial metallicity of the gas is set to zero.
The adopted set of yields is from Woosley & Weaver (1995;
hereafter WW) case B and metallicity 1/100 Z� for mas-
sive stars, whereas for low and intermediate-mass stars
(IMS) we consider both the results of Renzini & Voli
(1981; hereafter RV81), and the more recent set of yields
by van den Hoek & Groenewegen (1997; hereafter VG97),
which has been successfully tested by chemical evolution
models of the Galaxy (Chang et al. 1999; Romano et al.
2000). One of the main differences between the two sets
of yields is the assumption about the mass loss scaling
parameter ηAGB (Reimers 1975): in RV81 most of the
models are calculated assuming ηAGB = 1/3, while VG97
consider higher mass loss efficiencies, resulting in lower
CNO yields. The adopted mixing length parameter for
low and intermediate-mass stars αML is different from
zero, in order to allow the production of primary nitrogen
in intermediate-mass stars. Concerning type Ia SNe, we
adopt the yields of Nomoto et al. (1984; hereafter NTY).

The initial abundances of the second stellar generation
are simply the abundances of the cold gas in the central re-
gion (a sphere of∼200 pc of radius) at the onset of the sec-
ond burst (see Table 2), which result from the pollution of
the first burst. We follow the evolution, in space and time,
of several chemical elements of particular astrophysical in-
terest (namely H, He, C, N, O, Mg, Si, Fe). The supernova
(Ia and II) rates and the energetic prescriptions (explo-
sion energy, thermalization efficiencies) are those adopted
in Paper I, namely ηII = 0.03 and ηIa = 1, where with
ηII and ηIa we indicate the efficiency of energy transfer
from SNe into the ISM. The reason for this choice is that
SNeII explode in a cold and dense medium, thus radiating
away most of their internal blast wave energy (cooling is

Table 1. First burst of star formation.

M I
∗ (M�) Mg (M�) Mh (M�) Zi (Z�)

105 1.7 ×107 6.5 ×108 0

Notes: M I
∗ is the mass of stars formed in the first episode of

SF, Mg is the mass of gas in the galactic region, Mh is the total
mass of the dark halo and Zi is the initial metallicity.

Fig. 1. Initial gas density profiles of model M300. The density
scale is logarithmic and varies linearly between −29 and −23.5.

proportional to the square of the density), whereas type Ia
SNe occur after a minimum time delay of ∼30 Myr in an
already hot and diluted medium, thus transferring most
of their energy into the ISM.

Before the onset of the second burst we checked if the
physical conditions of the gas allowed new star forma-
tion to set in. In particular, we controlled whether cold
gas was present in the central region and whether its col-
umn density was larger than the threshold value for SF
(∼1021 cm−2), as suggested by Skillman et al. (1988) and
Saitō et al. (1992). We ran the simulations for ∼150 Myr
from the beginning of the second burst for all the mod-
els M300, M300F and M500.
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Table 2. Model parameters.

Model Onset II burst (Myr) IMF slope ∆t (Myr) logNH (cm−2) M II
∗ (M�) Zi (Z�)

M300 300 −2.35 159 −21.5 5.8 × 105 1/50

M300F 300 −1.5 171 −21.8 4 × 105 1/40

M500 500 −2.35 154 −21.4 6.25 × 105 1/100

Notes: ∆t is the duration of the second burst; NH is the peak of column density in the central region at the onset of the second
burst, M II

∗ is the mass of stars formed in this episode of SF and Zi is the mean metallicity in this region.

Table 3. Chemical prescriptions.

Case SNII yields IMS yields SNIa yields αML ηAGB

R WW (Z = 1/100 Z�) RV81 NTY 1.5 0.333

V WW (Z = 1/100 Z�) VG97 NTY 2.0 4

References: WW Woosley & Weaver (1995) (models with Z = 0.01 Z�); RV81 Renzini & Voli (1981); VG97 van den Hoek &
Groenewegen (1997); NTY Nomoto et al. (1984).
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Fig. 2. Column density of the initial ISM seen edge-on (dashed
line) and face-on (solid line).

4. Results

4.1. Dynamical results

4.1.1. Model M300

Owing to the low luminosity of the first burst (∼3 ×
1037 erg s−1 during the SNII phase, a factor ∼10 lower
during the SNIa phase), a galactic wind still does not
develop after 300 Myr. A cold, dense shell with dimen-
sions ∼200×100 pc forms and outside this region the ISM
is practically unperturbed (see Fig. 1). Inside the central

region, after 300 Myr, 5.8×106 M� of cold gas (<2×104 K)
are present. The mean metallicity inside this region is
∼1/50 Z�, whereas in the whole galaxy (roughly an el-
lipsoid with dimensions 700 × 1000 pc) the gas is more
diluted (the mean abundance is ∼1/500 Z�). Most of the
metals in the star formation region are cold (more than
99% of metals have T < 2 × 104 K). This is because the
superbubble evolution is slow and no shell rupture occurs.
For this reason the internal cavity can cool significatively
(see also Paper I).

The column density in the central region largely ex-
ceeds the threshold density (see Fig. 2). Therefore a new
SF event can develop with a pre-enrichment of 1/50 Z�.
Assuming an efficiency of SF of 0.1, we obtain for this sec-
ond burst ∼5.8× 105 M� of stars, in agreement with the
mass of stars deduced for IZw18 by assuming an episode
of continuous star formation lasting 13 Myr (MHK).

We assume, in this second burst, a thermalization effi-
ciency slightly higher than that adopted for the first burst
(and in Paper I): in particular we assume ηII = 0.05. In
fact, the very central regions are hot and rarefied, ow-
ing to the activity of the first generation of stars, thus
a higher value of this efficiency should be expected. We
should however consider that star formation is more likely
to be found in the cold and dense shell, rather than in
the central region where the gas is depleted. The physical
conditions of the shell suggest indeed a value of the ther-
malization efficiency around 0.05, computed as described
in Bradamante et al. (1998).

The dynamical evolution of this model is shown in
Fig. 3. Because of the thermodynamical conditions of the
central region and the value of the thermalization effi-
ciency, the impact of the energetic input of the second
generation of stars on the ISM dynamics is rather strong.
In fact, a breakout occurs already after 30 Myr and the
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gas produced by this second generation of stars is easily
channelled along the galactic chimney.

The most relevant dynamical results of Paper I indi-
cated a selective loss of metals, in the sense that the metals
produced during the burst were ejected more easily than
the gas originally present, and a fast cooling of metals, due
to the slow evolution of the superbubble, was present. In
this model the selective loss of metals is confirmed: at the
end of the simulation (∼150 Myr after the onset of the sec-
ond burst) ∼75% of pristine gas (not processed through
stars) is lost, while the galaxy looses ∼87% of the met-
als produced in the first generation of stars and ∼92% of
those produced in the second generation.

Differences between ejection efficiencies of SNIa and
SNII products are still present: SNIa products are more
easily channelled along the galactic funnel, but this ef-
fect is less evident compared to the single-burst model. In
fact, the SNII products in this case are lost more easily
than in the one-burst case. This is partly due to the fact
that we assume a larger ηII than in the one-burst case and
partly by the fact that a cavity is already carved by the
first burst when the second burst sets in. Both these ef-
fects favor a larger loss of metals from type II SNe. As a
consequence of this, the fraction of cold metals inside the
galactic region is around 77% after ∼20 Myr, while in the
single-burst model, with a slower evolution, this fraction
was around 95%.

4.1.2. Model M500

We now follow the hydrodynamical evolution of the first
burst of star formation up to ∼500 Myr. The evolution in
this first phase is the same as in model M300. The cavity is
only slightly narrower and more elongated along the polar
axis; consequently the bubble slightly deflates and a part
of the pristine gas outside the bubble moves toward the
center, along the R-direction. Owing to this, the gas mass
in the star forming region is a little larger than in model
M300 (∼6.25 × 106 M�) and the metallicity is reduced
(Z ∼ 1/100 Z�). The mass of stars formed in this second
burst is then 6.25× 105 M�.

After the onset of the second burst, the evolution of
this model is similar to that of model M300; a breakout
quickly occurs (after ∼30 Myr) and the metals produced
in this second burst are easily lost. Approximately 80%
of metals are in a cold phase after 20 Myr, while if we
consider only products of the second generation of stars,
this fraction reduces to 70%. The fraction of unprocessed
ISM ejected in this model is 63.6%, while the ejection
efficiencies are ∼81% for the first generation of stars and
∼91% for the second generation.

4.1.3. Model M300F

In this model, owing to the flatter IMF, more SNeII are
produced. At the end of the first burst less gas is present in
the central region (∼4× 106 M�). The stellar population

is strongly biased toward massive stars and ∼80% of the
total stellar mass is in the form of stars more massive than
2 M� (more than twice of what estimated by MHK). The
total number of type II SNe is around 1.3× 104, which is
three times the number of SNeII in model M300.

The temporal evolution of model M300F is shown in
Fig. 4. At the onset of the second burst (left panel), a
weak galactic wind is already present, at variance with
model M300, in which most of the ISM is still unperturbed
(Fig. 1). This is due to the fact that the mean luminosity
of the first burst is three times higher than in model M300
(∼1038 erg s−1 during the SNII phase). The impact of the
second burst of SF is thus even stronger than in previous
cases and a breakout occurs already after ∼15 Myr.

The luminosity of the second burst is rather high and
consequently the ejection efficiencies, computed at the end
of the simulation, are close to unity. In particular, 81% of
the unprocessed gas, 86.7% of metal produced by the first
generation of stars and 93.9% of the metals produced by
the second stellar generation are ejected out of the galactic
region.

4.2. Chemical evolution results

The evolution of carbon, nitrogen and oxygen for model
M300 (cases R and V) and for model M300F (case V
only), compared to the results of the single-burst model
described in Paper I, are shown in Fig. 5. We have plot-
ted also the evolution of N/O for a model (model NP),
similar to model M300 (case R), but in which we assume
an “ad hoc” production of primary nitrogen from massive
stars. This possibility seems to be suggested by some stel-
lar evolution models with rotation (see for example Heger
& Langer 2000). However, precise yields calculations do
not seem to exist, thus we adopted some “ad hoc” prescrip-
tions in order to reproduce the observed N/O in IZw18. In
particular, we assumed that nitrogen production in mas-
sive stars is 1/1000 of the initial mass of the star, for the
whole range 8÷40 M� both in the first and in the second
burst.

The abundances shown in this plot refer to the abun-
dances of the cold (T < 2× 104 K) gas inside the galactic
region extending for 1 kpc in the radial direction and for
700 pc in the vertical direction. They should be compared
with the observed H ii region abundances. The abundances
of gas in a hotter phase are, in fact, virtually undetectable
(see Paper I for more details). We also computed the mean
metallicity over a region larger than the galactic one and
covering the whole computational grid (roughly 5 kpc ×
2 kpc) and found a metallicity which can be attributed to
the H i gas of ZHI ' 1/100 Z�, although this estimate is
rather uncertain with our model. For this even colder gas,
we computed also the column densities, integrating along
all the lines of sight, assuming the galaxy to be edge-on
(Martin 1996). We found that the abundance ratios of
the metals (showed in Fig. 6) are roughly a factor of 2
lower than those predicted for the H ii region. These values
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Fig. 3. Density contours and velocity fields for model M300 at different epochs (the time labelled on top of each panel refers
to the time elapsed since the beginning of the second burst). The density scale (logarithmic) is given in the strip on top of the
figures. The lower panels show the whole evolution of the system, whereas the upper panels are a zoom in the central regions.
In order to avoid confusion, we draw only velocities with values greater than 1/10 of the maximum value. This is true also for
Fig. 4.

can be used for future comparison with observations (in
particular they could be directly compared with
FUSE/HST observations).

Coming back to Fig. 5, the superimposed dashed area
represents the abundances observed in IZw18 H ii re-
gions (Dufour & Hester 1990; Skillman & Kennicutt 1993;
Izotov et al. 1997; Garnett et al. 1997; Vilchez & Iglesias-
Páramo 1998; Izotov & Thuan 1999). We find that the
single-burst model, occurring in a primordial gas at an age
of ∼31 Myr (case R) can reasonably reproduce the abun-
dances measured in IZw18. However, as evident in Fig. 5,
the correct N/O ratio would last only for a very short time

(of the order of a couple of Myr) since for t ∼> 31 Myr the
N/O ratio will start to increase, due to the N produced
by intermediate and low mass stars, outside the permit-
ted observational range. Moreover, this age estimate is in-
consistent with other independent estimates derived from
observations (see Sect. 5).

In model M300, at the onset of the second burst,
the metallicity in the central region is ∼Z�/50, and a
very good agreement with the observed abundances is ob-
tained, especially for the O abundance and the C/O ra-
tio, for a larger range of burst ages. The yields of VG97
produce substantially less CNO, compared to what is
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Fig. 4. Density contours and velocity fields for model M300F at different epochs.

obtained by RV81. Therefore, the evolution of nitrogen
is strongly affected by the choice of nucleosynthetic pre-
scriptions, whereas the oxygen evolution is almost iden-
tical, because O is mostly produced by type II SNe (see
Fig. 5, upper panels).

For the model M300 we find two solutions reproducing
the observed N/O abundance ratio. The first is around
5–6 Myr after the beginning of the second burst and is al-
most independent of the the adopted nucleosynthetic pre-
scriptions. The second solution predicts a larger burst age
and depends on the adopted set of chemical yields: in the
R case, the N/O ratio observed in IZw18 is reproduced
after a time between 20 and 40 Myr from the onset of
the second burst, whereas in case V we need an age be-
tween ∼45 and ∼70 Myr to fit the observed abundance
ratios. Unfortunately, both these burst age estimates are
too large and inconsistent with the spectral energy dis-
tribution. The M300F model with a flatter IMF produces
much more oxygen in the first burst and indicates that
the only possible solution requires an extremely short age
of the second burst (around 4 Myr, in agreement with the
results of MHK).

These results depend also on the thermalization ef-
ficiency, in the sense that if we assume a higher ηII, the
galactic wind is stronger and more metals are lost through
the galactic chimney, thus diminishing the abundances in-
side the galaxy. In the limiting case ηII = 1 we have shown
in Paper I that the galaxy is quickly devoided of gas, at
variance with what observed in IZw18. Thus the ther-
malization efficiency could be higher than the assumed
value, but not high enough to empty the galaxy of gas.

The thermalization efficiency of SNe, in particular type II
SNe, is a crucial parameter and a more refined model
will be presented in a future paper (Recchi et al., in
preparation).

It is worth noting that we assumed mainly secondary N
production from massive stars, as implied by the adopted
yields of WW, and this means a slow growth of N with
time. However, Izotov & Thuan (1999) and Izotov et al.
(2001b) found that some low metallicity BCDs show a con-
stant N/O ratio as a function of O/H. This result can be
interpreted as due to the fact that N from massive stars
is mainly a primary element, as originally suggested by
Matteucci (1986). We explored this alternative and the
resulting N/O evolution as a function of time, shown in
Fig. 5, is rather flat and consistent with the nitrogen abun-
dance observed in low-metallicity BCD galaxies. In this
case, N/O cannot be used as a clock for the burst age.

The evolution of the C/O ratio at the onset of the sec-
ond burst is different from the behaviour of the N/O ratio.
In particular, all the models shown in Fig. 5 seem to fall
to a constant C/O value (around −0.9) at the beginning
of the second burst, then rising with different slopes, at
variance with what happens with the N/O evolution. The
reason for this is that carbon is produced also in massive
stars, thus the C/O ratio after the onset of the second
burst is mostly due to the massive stars produced by the
second stellar generation, whereas the level of N is only
determined by the IMS produced during the first burst.

In Fig. 7 the evolution of carbon, nitrogen and oxygen
for model M500, case R, is shown. For this model we ob-
tain good agreement with the observed abundances for an
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Fig. 5. Evolution of O, C, N for the single-burst model (left panels) and models M300 and M300F (right panels). In the
bottom-right panel we show the evolution of N/O for a model (model NP) in which we assumed an “ad hoc” production of
primary N in massive stars. The corresponding line is barely visible, because is completely embedded in the observational strip.
The superimposed dashed areas represent the observative values found in literature for IZw18 (see text for references). Left
panels represent the evolution of the single-burst model, with yields by RV81 (solid line) and VG97 (dotted line). In the right
panel the solid line represent the evolution of model M300 with RV81 yields (case R), the dotted line the VG97 yields (case V),
while the dashed line is the evolution of model M300F, with nucleosynthesis prescriptions by VG97 (case V).

age of the second burst of ∼6 Myr or between ∼40 Myr
and ∼120 Myr, a far too large value. The results of this
model slightly differ from those of model M300; in partic-
ular the evolution of nitrogen appears to be flatter than
in model M300. In fact, at the onset of the second burst,
the first generation of stars still produces and ejects met-
als into the ISM and the production of nitrogen due to
the first starburst is larger for model M300. Moreover, the
differences in the initial distribution of the ISM and in the
luminosity of the starburst in models M300 and M500 have
different dynamical consequences, which can explain the
different N/O behaviours. In particular, after ∼150 Myr
the ejection efficiency of N is ∼0.91 for the M500 model
and∼0.85 for the M300, thus most of N produced in model
M500 is lost and the evolution of N/O flattens.

In Fig. 8 the [α/Fe] ratios for model M300, case R, is
shown compared to the results of the single-burst model.
The [O/Fe] ratios in the two-burst case are always lower

outside than inside the galaxy, but the effect is less evident
than in the one-burst case. Note that, after the first burst
in model M300, no outflows are expected, thus no metals
are present in the external region. The evolution of the
[O/Fe] ratio in the model M500 is shown in Fig. 9.

As evident from these figures, the overabundance of
α-elements lasts only for the first 20–30 Myr after the
second burst and the maximum overabundance is of the
order of 0.4 dex, which is in good agreement with some
observations (Izotov et al. 1997 give [O/Fe] = 0.39±0.09).
Recently, Levshakov et al. (2001) with their mesoturbu-
lent approach, found higher overabundances of α elements
(they found [Si, Ar/Fe] = 0.7± 0.1). Since there are some
indications that the WW yields of iron are overestimated
by a factor of 2 (Timmes et al. 1995), we tried to cal-
culate α/Fe ratios with reduced iron yields from mas-
sive stars and the results for [Mg/Fe] and [Si/Fe] evo-
lution are shown in Fig. 10. As shown in this figure,
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Fig. 6. Abundance ratios of oxygen (solid line), carbon (dashed
line) and nitrogen (dotted line) relative to hydrogen, calculated
using the column densities of the neutral medium for the model
M300 after ∼6 Myr. These values are calculated integrating
along all the lines of sight, covering the whole computational
grid, assuming the galaxy to be edge-on.

the overabundances of Si and Mg are larger than 0.6 dex
after the second burst, and they last until ∼30 Myr after
the onset of the second burst.

As mentioned in the introduction, IZw18 provides use-
ful information about the primordial helium abundance,
because BCDs are the least chemically evolved galaxies
known, so they are supposed to contain very little he-
lium processed by stars after the big bang. Indeed, in our
models, the variations of the helium mass fraction are at
maximum of the order of 1%, thus confirming the robust-
ness of this approach in determining the primordial 4He
abundance.

5. Discussion and conclusions

In this paper we have studied the chemo-dynamical evo-
lution of the gas as a consequence of two instantaneous
starbursts, separated by a quiescent period, in a galaxy
similar to IZw18. We have taken into account, in detail,
both SN (Ia and II) feed-back and stellar yields. The main
conclusions can be summarized as follows:

– In most of the explored cases a wind develops only
during the second burst and the newly formed met-
als are ejected more efficiently than the pristine gas
(mostly H), confirming previous results (Paper I;
D’Ercole & Brighenti 1999; MacLow & Ferrara 1999).

– In particular, the metals produced by type Ia SNe are
lost more efficiently than those produced by type II
SNe, due to the higher efficiency in energy transfer

Fig. 7. Evolution of O, C, N for model M500. The time is
calculated from the onset of the second burst. As in Fig. 5, the
superimposed dashed areas represent the observative values
found in literature for IZw18.

Fig. 8. O/Fe vs. time and vs. Fe/H for the single- burst model
(upper panels) and for model M300, case R (lower panels).
Dashed lines represent the chemical evolution of the first burst
for model M300.

by type Ia SNe, which explode in an already hot and
rarefied medium. However this effect, already found in
Paper I where only one burst was assumed, is milder
in the case of 2 bursts, since SNeII in the second burst
are also likely to transfer more energy into the ISM.

– Our best model suggests that a first weak burst of star
formation occurred roughly 300 Myr ago, followed by
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Fig. 9. O/Fe vs. time for the model M500.

a more intense one, can well reproduce the properties
of IZw18.

– The predicted chemical abundances for the gas which
remains inside the star-forming region are in very good
agreement with abundances in the H ii region of IZw18,
especially for what concerns the C/O and N/O ra-
tios. The agreement with the data of IZw18 is defini-
tively better for the case with 2 bursts than with
only one, thus confirming the presence of old under-
lying stellar populations (ATG, Östlin 2000). These
results are in good agreement with observations either
when using the chemical yields from low and interme-
diate mass stars by Renzini & Voli (1981) or those by
van den Hoek & Groenewegen (1997).

– In the framework of the standard nucleosynthesis in
massive stars we find two solutions for the age of the
second burst: 1) an age of some tens of Myr (de-
pending on the nucleosynthetic prescriptions adopted)
and 2) an age of 4–6 Myr. This second solution is in
good agreement with the spectral energy distribution
models studied by MHK. If we assume that massive
stars produce only primary N, the situation changes
since the right N/O ratio is achieved already after
3–4 Myr after the first burst. Therefore, in this case
we cannot use the N/O as a cosmic clock. However,
the assumption of massive stars producing only pri-
mary N is perhaps too extreme. Therefore, we conclude
that on the basis of chemo-dynamical results alone
we cannot safely suggest the age of the present burst.
As a consequence of this, we checked our burst age by
computing the spectral energy distribution expected
for the second burst, in the best model case. To do
this we have computed the U − B and B − V col-
ors by adopting the package Starburst99 (Leitherer
et al. 1999), a web based software and data package de-
signed to model spectrophotometric and related prop-
erties of star-forming galaxies. The results obtained
with Starburst99 were then compared with the ob-
served values of IZw18 (namely U −B = −0.88± 0.06
and B − V = −0.03± 0.04; van Zee et al. 1998) and
they are shown in Fig. 11. From this figure one can see

Fig. 10. [Mg/Fe] and [Si/Fe] vs. time for the single-burst
model (upper panel) and for model M300, case R and M300F,
case R (lower panel), calculated with halved Fe yields from
massive stars. Dashed lines represent the chemical evolution of
the magnesium, while solid lines are the evolution of silicon.

that the outputs of Starburst99 are consistent with
the observed U−B only if the second burst has an age
between 5.3 and 11 Myr, whereas the B − V color is
well reproduced if the age is between 23 and 44 Myr.
However, the B − V color is affected by the presence
of the older stellar population (impossible to simulate
with the Starburst99 package), whereas theU−B color
is dominated by young stars. Thus, these results seem
to indicate that a very young age for the second burst
(of the order of 5–6 Myr) is the most likely solution,
at least in the hypothesis of an instantaneous burst of
star formation. Moreover, we can also estimate the age
of the second burst from dynamical considerations. In
particular, in our best model the bubble has travelled a
distance of 720 pc in only 6–7 Myr from the beginning
of the starburst. This distance is exactly that between
the shell and the center of the NW H ii region observed
in IZw18 (Martin 1996). Martin (1996) herself suggests
an age larger than the one derived here (see Table 4).
This difference is due to the fact that Martin (1996)
assumed an ISM distribution unmodified by the pre-
vious burst. In fact, the bubble expansion timescale
strongly depends on the gas distribution. In conclu-
sion, our results combined with the information we
have from other studies, as summarized in Table 4,
and taking into account the fact that real starbursts
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Table 4. Ages of the second burst from various sources.

age (Myr) source reference

5–6 model M300 this paper

40–70 model M300 this paper

∼4 model M300F this paper

∼6 model M500 this paper

40–120 model M500 this paper

6–7 bubble dynamics (M300) this paper

5–11 U−B S99

23–44 B−V S99

13.6 MB S99

15–20 optical CMD ATG

15–20 NIR CMD Ostlin (2000)

15–27 bubble dynamics Martin (1996)

3–13 integrated spectra MHK

Notes: we quote as S99 our own application of the Starburst99
(Leitherer et al. 1999) models to our examined cases. See text
for details.

are not instantaneous, suggest that one can reasonably
conclude that the age of the present burst should be
in the range 5–15 Myr.

– Models with a flat (x = 0.5) IMF produce much more
oxygen after the first burst of star formation compared
to models with the Salpeter (1955) IMF. For these
models the only possible solution is a second burst of
a very short age (around 4 Myr).

– The [α/Fe] ratios in the two-burst case are always
lower in the gas lost through the wind than in the
gas which remains bound to the galaxy, thus creat-
ing an asymmetry. However this effect, already present
in the one-burst case, is less strong here. The [α/Fe]
inside the galaxy is predicted to be higher than so-
lar (overabundance of α-elements) during the first
30 Myr from the burst. In particular, we predict a
value of [O/Fe]∼+0.4 dex when the standard yields
are adopted and a value of [O/Fe] ∼ +0.7–0.8 dex
when the Fe in massive stars is artificially lowered by
a factor of two, since the Woosley & Weaver (1995)
yields for Fe seem to be overestimated. The last value
of [O/Fe] is in very good agreement with the abun-
dance analysis of IZw18 by Levshakov et al. (2001).

– Finally, we computed the abundances of metals which
should pertain to the HI gas and estimated that they
are roughly lower by a factor of 2 compared to the
abundances in the star forming region (H ii), a predic-
tion which should be tested on new FUSE data.

Before concluding we want to address some comments
about the limits of the present model. In particular, the
above results refer to the case of two subsequent instan-
taneous bursts of SF, the most common scenario usu-
ally attributed to the evolution of BCD. Until recently
BCDs were supposed to undergo short and intense bursts

Fig. 11. U − B and B − V colors computed by means of
Starburst99 (Leitherer et al. 1999), for the model M300 (solid
line) and M300F (dashed line), compared with published
observed values for IZw18, with relative error-bars (dashed
areas).

of star formation, separated by long quiescent intervals,
whereas dwarf irregulars and giant irregulars appeared to
have a more continuous SF activity (e.g. Tosi 1999). For
this reason, the vast majority of chemical evolution mod-
els for BCDs (e.g. Matteucci & Tosi 1985; Pilyugin 1993;
Bradamante et al. 1998) were computed assuming burst
durations of 108 years or less.

Nowadays, however, there is increasing evidence that
also BCDs have rather a gasping SF, with long episodes
of activity, separated by short quiescent intervals, if any.
This continuity has been hypothesized by a few authors
(e.g. Carigi et al. 1995; Legrand 2000), and has been sup-
ported by observations when the Hubble Space Telescope
has allowed to resolve faint single stars even in galaxies
outside the Local Group. The application of the method
of synthetic color-magnitude diagrams (CMD) to derive
the SF history in relatively distant BCD has provided fun-
damental information on the evolution of these systems.
Deep CMD have been obtained from HST optical and
infrared photometry of several BCD by different groups
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(e.g. Aloisi et al. 1999; Schulte-Ladbeck et al. 2001; Tosi
et al. 2001) and have provided similar scenarios for the
SF histories of the examined objects: the SF activity has
started long ago (in all cases, at least as long ago as
given by the maximum lookback time corresponding to
the depth of the available photometry), but has been very
intense only in a few galaxies. Standard episodes have a
duration of several 108 years and tend to overlap each
other with no real quiescent phases in between, or fairly
short ones (lasting only 5–10 Myr).

If the latter scenario turns out to apply in general to
most BCD, the next fundamental step for a better un-
derstanding of their chemical evolution will be to take
into account the effect on the ISM of SN explosions pro-
duced during long-lasting SF episodes. In fact, in most of
the model solutions selected here, the predicted N abun-
dances cross the observed range in a very short time in-
terval (cf. Figs. 5 and 7). We expect that models with
continuous SF will predict abundances remaining within
the observed range for longer, more realistic timescales.
Despite the much heavier computer requirements, we are
currently working on this implementation in our treatment
and the results will be presented in a forthcoming paper.
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(Éditions Frontières, Gif-sur-Yvette, France), 443

Tosi, M. 2001, in Dwarf Galaxies and their Environment, ed.
K. S. de Boer, R. J. Dettmar, & U. Klein (Shaker Verlag,
De), in press

Tosi, M., Greggio, L., Marconi, G., & Focardi, P. 1991, AJ,
102, 951

van den Hoek, L. B., & Groenewegen, M. A. T. 1997, A&AS,
123, 305 (VG97)

van Zee, L. 2001, AJ, 121, 2003
van Zee, L., Westpfahl, D., & Haynes, M. P. 1998, AJ, 115,

1000
Viallefond, F., Lequeux, J., & Comte G. 1987, in

Starbursts and Galaxy Evolution, Proc. of the Twenty-
second Moriond Astrophysics Meeting (Gif-sur-Yvette: Éd.
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