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CHEMICAL ANALYSIS OF FORNAX DWARF SPHEROIDAL WITH VLT/FLAMES

The Fornax dSph is a nearby dwarf spheroidal galaxy with five globular clusters and a complex star formation history. It is one of the most massive dwarf spheroidal galaxies in the Local Group. Using the FLAMES/GIRAFFE spectrograph on the VLT, we have obtained high resolution (R ∼ 20 000) spectra for 80 Red Giant Branch stars in the central 25 ′ of the Fornax dSph. We present abundance ratios for some of the elements we have in our analysis, including alpha (Mg and Ca), iron-peak (Fe and Ni) and heavy (Y, Ba, Eu) elements. We compare our results with the Milky Way (MW) and our recent VLT/UVES abundance determinations of nine individual stars in Fornax globular clusters.

Introduction

The Fornax dwarf spheroidal (dSph) galaxy is a relatively isolated, low mass galaxy, 7 × 10 7 M ⊙ ,( M a t e oet al. 1991) at a distance of roughly 135 kpc (Bersier 2000). It is well resolved into individual stars, and colour-magnitude diagram (CMD) analyses have been made going down to the oldest main sequence turnoffs (e.g., Stetson et al. 1998;Buonanno et al. 1998;Saviane et al. 2000). Low resolution spectroscopic studies have been made to determine Ca II triplet metallicities for samples of ∼30 stars (Tolstoy et al. 2001), ∼100 stars (Pont et al. 2004) and most recently ∼600 stars (Battaglia et al. 2006). These careful analyses have shown that Fornax contains a relatively metal-rich stellar population (for a dSph galaxy) and a complex star formation history where the majority of stars have been created at intermediate ages 2 -10 Gyr ago with a peak at 5.4±1.7 Gyr ago. Fornax also have a young stellar population (<1G y r )a sw e l la sa no l d one (10-12 Gyr) and sample a range in metallicity going from solar to -2.8 dex. Detailed abundance analyses based on high resolution spectroscopy has also been 10′ radius) region of Fornax, with a box around the area where we selected our targets. Right : close-up of the CMD where our targets are colour coded (grey-scale) according to their metallicity in the following way. Black for stars of -0.5 > [Fe/H] > -0.7, dark grey for -0.7 > [Fe/H] > -0.9, light grey for -0.9

> [Fe/H] > -1.1a n dw h i t ef o r-1.1 > [Fe/H] > -2.6.
carried out (Shetrone et al. 2003;Tolstoy et al. 2003) but it is limited to three stars. In this proceeding we present results of our high resolution abundance analysis of 80 individual stars in the central region of Fornax. Our targets are presented on the colour magnitude diagram (Fig. 1) where we have colour-coded them as a function of their metallicity. From this plot we can see that the average metallicity is high, having only a handful of stars with a [Fe/H] < -1.1 and that the metal poor stars tends to be on the blue side of the RGB.

Alpha Elements (Mg, Ca)

Alpha elements, like Calcium (Ca) and Magnesium (Mg) are predominantly produced by high mass, (short lifetime) SNe II. Since Fe is produced mainly by SN Ia, the different [α/Fe] ratios we observe in a star will depend mainly on the relative contribution of SN II versus SN Ia products available when the star formed. This ratio is typically overabundant in globular cluster stars and Halo stars with respect to Disk, as can be seen in Figure 2. Our [α/Fe] ratios are significantly lower than their galactic stars of the same metallicity and reach lower values than the high metallicity plateau ([α/Fe]≈ 0) of MW stars. The point when this ratio start to decrease coincide with the increasing contribution of SN Ia in the galaxy. The [Fe/H] at which the ratio is starting to decrease represents the epoch of the first SN Ia in a system and should be constant in age (≈1 Gyr) for all galaxies. The higher in [Fe/H] it happens, the more efficient the system was to enrich its gas before the arrival of the SNe Ia. Although it is clear from Figure 2 that Fornax was less efficient than the MW in enriching its gas, the lack of Fornax stars (in our sample) with [Fe/H] < -1.0 prevent us from making a more elaborate statement. We can only mention that Ca and Mg do not behave in the same way and that the low [Ca/Fe] ratios (globally) and especially for the handful of stars close to [Fe/H] = -1.5 would suggest that SN Ia started to enrich their environment at really low metallicity.

3N i c k e l

In Figure 3 we present the [Ni/Fe] ratio as a function of [Fe/H]. There is a clear underabundance of Ni, constant over the metallicity range, except for the most metal poor stars. We have no explanation for this unexpected behaviour, since both Ni and Fe are iron-peak elements created by SNe Ia, their ratio should be zero. We want to insist on the reliability of this result as it is based on ∼15 Ni lines per star. This has also been observed by Nissen & Schuster (1997) for eight peculiar halo stars with "extreme" orbital parameters, leading to the hypothesis that these Halo stars could have been accreted from a dwarf galaxy. Their underabundance in Ni was also accompanied by a moderate decrease in Sodium (Na) and α-elements in this metallicity range, similar to what we observe in Fornax. It has also been observed in the LMC by Pompeia et al. (2006).

Heavy Elements

Heavy elements are created mainly by two types of neutron capture, the s-process and the r-process. The first requires a small neutron flux like the envelope of low mass AGB stars while the later needs a high neutron flux, like the SNe II explosions of massive stars. In Figure 4 we present [Ba/Fe] (top), [Eu/Fe] (middle)a n d [Ba/Eu] (bottom) as a function of [Fe/H]. In the Sun, Eu is (97%) dominated by the r-process while Ba is (88%) s-process dominated (Kappeler et al. 1989). The rising [Ba/Fe] at [Fe/H] > 1 is a sign that the s-process becomes dominant at this metallicity and is not significant at lower metallicities, confirmed by the flat [Eu/Fe] in this metallicity range. The rise of [Ba/Eu] with [Fe/H] illustrates the increasing importance of the s-process as AGB stars becomes more numerous with rising metallicity. In Figure 5 we present [Ba/Y] versus [Fe/H], clearly showing that Fornax favoured the creation of Ba over Y. Ba being a heavier element than Y, and both of them being dominated by the s-process, suggest that the AGBs of Fornax were more metal poor than those of the MW. There where more seed nuclei or "targets" to accumulate the neutrons in the MW, therefore a more metal poor environment for Fornax. showing the strong role of (metal poor) AGB in its evolution. The old most metal poor stars in Fornax (field and clusters) are indistinguishable from their halo counterparts. More stars in the low metallicity range of Fornax would be needed to better understand its history.
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 1 Fig. 1. Left : Colour-Magnitude Diagram of the central (10 ′ radius) region of Fornax, with a box around the area where we selected our targets. Right : close-up of the CMD where our targets are colour coded (grey-scale) according to their metallicity in the following way. Black for stars of -0.5 > [Fe/H] > -0.7, dark grey for -0.7 > [Fe/H] > -0.9, light grey for -0.9 > [Fe/H] > -1.1a n dw h i t ef o r-1.1 > [Fe/H] > -2.6.
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 2 Fig. 2. Alpha elements (top) [Mg/Fe] and (bottom) [Ca/Fe] as a function of [Fe/H]. Our Fornax field stars (solid circle) are plotted along with Milky Way stars (small squares, Venn et al. 2004) and Fornax globular clusters stars (triangles, Letarte et al. 2006). A representative error bar is plotted in the bottom right corner of each panel.
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 3 Fig. 3. [Ni/Fe] as a function of [Fe/H]. The symbols are the same as those of Figure 2.
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 4 Fig. 4. (top) [Ba/Fe], (middle) [Eu/Fe] and (bottom) [Ba/Eu] as a function of [Fe/H]. abundance ratios as a function of [Fe/H]. The symbols are the same as those of Figure 2.
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 5 Fig. 5. [Ba/Y] as a function of [Fe/H]. The symbols are the same as those of Figure 2.
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