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The magellanic irregular galaxy NGC 4449 is a global starburst with a widespread star formation activity that could
have been triggered by interaction or accretion. It closely resembles Lyman Break galaxies at high redshift (z~3), and
is a perfect laboratory where to characterize those processes, like merging and accretion, connected to the formation
and evolution of galaxies in the early Universe.

Figure 1. True color composite image of NGC 4449 obtained by combining our data in the B, V, I & Hα  filters. The image is a mosaic of two WFC pointings and covers a field of view
of 360 x 200 arcsec2  (6.6 x 3.7 kpc2 at the distance of 3.8 Mpc). The two compact objects indicated as A and B are candidate accreting satellites of the galaxy (see also Fig. 9).

The left panel of Figure 2 shows the V, B-V
color-magnitude diagram (CMD) of the
299,014 stars simultaneously photometrized
in B and V, while the right panel of Figure 2
shows the  I, V-I CMD of the 402,045 stars
photometrized in V and I. The CMDs refer
to the total field of view of NGC 4449.

Many of the stellar evolutionary phases are
sampled:  we recognize the blue plume at
V-I ~0 (MS stars and blue supergiants), the
red plume at V-I~1.5 (red supergiants and
Asynthotic Giant Branch (AGB) stars), the
Red Giant Branch (RGB) and the red
horizontal finger populated  by carbon
(TP-AGB) stars.

The discontinuity of the RGB tip (TRGB) is
detected at I =24 ± 0.02, which implies a
distance modulus (m-M) = 27.91 ± 0.10,
i.e. D = 3.82 ± 0.18 Mpc.

The distance derived from the luminosity of
the carbon stars (<I> = 23.59 ± 0.01) is
D =  4.11 ± 0 .38 Mpc, in agreement with the
TRGB result within the uncertainties.

In order to study spatial variations in the stellar
population of  NGC 4449, we have divided the galaxy’s
field of view into 28 (7x4) regions, as shown in Figure 3.
The size of the regions, ~(55 x 55) arcsec2, corresponds
to ~ 1 kpc2 at the distance of 3.8 Mpc. The insets shown
in Figure 3 provide an idea of both the amount of
crowding and the resolution of our data.

The V, B-V and I, V-I CMDs derived for the different
regions are shown in Figure 4. A clear age gradient
within the galaxy is observed, with the youngest massive
stars mainly located towards the center of the galaxy.
Low-mass old RGB stars are instead detected over the
whole galaxy, even if severe crowding in the most
central regions prevents us to reach the faintest
magnitudes sampled in the periphery.

Figure 4. V, B-V (left panel) and I, V-I (right panel) CMDs for the 28 regions selected in the field of view of NGC 4449, as shown in Figure 3.

   We have acquired deep HST/ACS imaging in B, V and I of
the magellanic irregular/starburst galaxy NGC 4449. The
total V, B-V and I, V-I CMDs contain ~300,000 and
400,000 stars, respectively. The CMDs show a variety of
stellar ages up to at least 1 Gyr and possibly as old as a
Hubble time.

   The tip of the RGB is detected at I=24.00 mag, which
yields a distance modulus of 27.91 mag, i.e. D=3.82 Mpc.
The Carbon stars at <I> ~23.59 mag provide a distance
which is consistent with the TRGB.

   In order to study stellar population gradients within the
galaxy, we performed an analysis of the CMDs at different
galactocentric distances. We observe that young massive
stars are mainly located in the central regions, while old
stars are spread over the whole galaxy. The presence of an
age gradient is further supported by the spatial behavior of
the average carbon star luminosity and of the RGB colors:
we find brighter carbon stars and bluer RGB colors in the
internal regions, suggesting younger ages toward the
galactic center.

   Preliminary simulations of the CMDs indicate that up to 90%
of the stellar mass is locked up into old stars.

   Our new ACS images also show clear evidence of accretion
which is responsible of the global star formation activity.

Table 1. Basic properties of NGC4449  and details of the new HST/ACS observations

Figure 2. Left panel: V, B-V CMD of the 299,014 stars photometrized in the field of NGC 4449. Right panel: I, V-I
CMD with 402,045 stars. On the right side of the I, V-I CMD we have indicated the magnitude of the RGB tip and the
average magnitude of the carbon stars.

    Figure 8. Color distribution of
stars 1 mag fainter than the RGB
for an external (top) and central
(bottom) region of NGC 4449.
The two RGB colors differ of
≈ 0.2 mag.

    Several compact objects have been
identified in our deep ACS image of
NGC 4449. The two most luminous (A
and B in Fig. 1) are clearly resolved into
stars (see Fig. 9). These two objects
have  MV∼-10, colors of a 5 Gyr old
population and masses just above 106

M⊙. Their ellipticity  (ε ∼ 0.15) and the
presence of gas/tidal tails associated
to A, suggest that they could be
accreting satellites at a distance of ∼2
kpc from the center. The quite regular
pattern observed in the distribution of
the young stars also inidcates accretion
in NGC 4449. This accretion is
responsable for the global starburst.
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    Figure 9.  Blowup of the two most luminous compact objects
identified in NGC 4449 ( see Fig. 1 for their location within the
galaxy). Their observed properties suggest that they are candidate
accreting satellites.
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Starbursts are short and intense episodes of star formation (SF) that usually occur in the central regions of galaxies
and dominate their integrated light. The associated star formation rates (SFRs) are so high that the existing gas
supply can sustain the stellar production only on timescales much shorter than ~ 1 Gyr.

We have acquired HST/ACS imaging in the F435W (B), F555W (V), F814W(I)  and F658N (Ha) filters of NGC 4449
(GO program 10585, PI Aloisi)  in order to infer its star formation history (SFH) and understand the connection
between possible merging /accretion processes and the global starburst observed.
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With the help of the Padua stellar evolutionary tracks, we identify in the I, V-I CMD four different regions corresponding
to different stellar masses (Figure 5). These four regions correspond to stars with age ≤ 10 Myr, 10 Myr < age ≤ 100 Myr,
100 Myr < age < 1  Gyr, and age ≥ 1 Gyr.

The spatial distribution  of the four groups of stars within the NGC 4449’s field of view is shown in Figure 6. Old stars
are homogeneously distributed over the galaxy, except for the central regions, where the high crowding level makes their
detection more difficult. As we approach younger ages, the distribution becomes more and more concentrated. The spatial
distribution of the very young stars well correlates with the Hα image.

Figure 5. I, V-I CMD of NGC 4449 where we have identified
four regions corresponding approximately to very young stars
(age ≤ 10 Myr),young stars (10 Myr < age ≤ 100 Myr),
intermediate-age stars (100 Myr < age < 1  Gyr), and old stars
(age ≥ 1 Gyr). On the same CMD, we plotted the Pauda stellar
evolutionary tracks at Z = 0.004 for those masses that define the
age boundaries.

Figure 6. Spatial distribution of very young stars (age ≤ 10 Myr),
young stars (10 Myr < age ≤ 100 Myr), intermediate-age stars
(100 Myr < age < 1  Gyr), and old stars  (age ≥ 1 Gyr).  Stars were
selected according to their position in the I, V-I CMD, as shown in
Figure 5.

    In the I, V-I CMD of Figure 2, the horizontal red tail, at magnitudes brighter
than the tip of the  RGB, is due to carbon-rich stars in the thermally-pulsating
AGB phase. The average carbon star luminosity is predicted to slightly depend on
the age and metallicity of the stellar population (Battinelli & Demers 2005).  A
spatial analysis of the carbon star luminosity can be useful to reveal the presence
of age/metallicity gradients.

    We derived the average carbon star I magnitude for each of the 28 regions
selected in Figure 3. Figure 7 shows that the carbon star luminosity is constant
over almost the whole galaxy, given the uncertainties. The only significant variation
occurs in the central regions,  where the carbon stars are up to ≈ 0.2 mag brighter
than the average value.

    More luminous carbon stars can be due to both metal poorer and younger stellar
populations. However, since studies of abundance gradients in galaxies show that
metallicity tends to decrease from the center outwards,  we are more inclined to
interpret the observed trend as due to a younger stellar population in the center of
NGC 4449.

    Figure 7.  Variation of the carbon star luminosity as a function of position in the field of NGC 4449.
The quantity ∆MI,C along the ordinate is the difference between the magnitude of the carbon stars
in a specific region, and the average magnitude of the carbon stars over the total field of view of
NGC 4449. The X coordinate in pixels is plotted in the abscissa. From top to bottom, the panels
refer to regions of decreasing Y coordinate.

    Similarly to what we have done for the carbon star luminosity, we perform a spatial
analysis of the RGB colors in order to reveal spatial variations in the stellar population of
NGC 4449.  Figure 8 shows that the RGB is bluer in the center than in the periphery of
NGC 4449. Again, we interpret this trend as the effect of younger RGB population in the
center of the galaxy.

    We also notice that the RGB in the center is wider than  in the periphery. This effect can
be due to a larger age/metallicity spread and/or larger photometric errors due to
crowding effects. Only a more detailed analysis of the star formation history (SFH)
through synthetic CMDs will allow us to disentangle the intrinsic physical properties of
the stellar population from the observational uncertainties.

Figure 3. Mosaicked image of NGC 4449 where the dot lines indicate the adopted
subdivision into (7x4) regions.   The insets show blowups of ~ (5 x 5)  arcsec2.


