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Abstract: The metal content and spatial distribution of the most metal poor stars in a galaxy can give important clues
of how galaxies form and evolve. Indeed, an understanding of how the enrichment of pristine gas occurred in the early uni-
verse is crucial to our understanding of the first generation of stars and the subsequent evolution of galaxies. One unique test
of enrichment mechanisms can be made through mapping the metal poor stars in local dwarf galaxies. As such, we propose
a wide-field, narrow-band photometric survey of the Draco and Ursa Minor dwarf galaxies with the goal of finding the most
metal poor stars in these galaxies and mapping their extended metal poor components. We will make use of an existing
WFC narrow band filter to isolate the Ca II K line, which when combined with existing SDSS photometry allows an efficient
identification of these metal poor stars.
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Scientific Justification
The dwarf galaxies that we observe around the Milky Way today are ideal tests of our theories on galaxy formation and
evolution, as due to their size and proximity we can examine their individual stars. Lessons learned from these systems can
be applied to our understanding of galaxy formation in general. We know that the dwarf galaxy satellites have undergone
a different chemical evolution than most Milky Way building blocks, as their metal-rich stars show very different chemical
patterns (Venn et al., 2004). In contrast, the number of metal-poor stars studied in these systems is very low (e.g., Starkenburg
et al., 2013).

Therefore, we propose very efficient survey of the most metal-poor components of the Draco and Ursa Minor dwarf
galaxies and their surroundings using a narrow-band filter (NOVA392), which is sensitive to the Ca II K line, with the WFC
on the INT. This proposal addresses two different scientific goals:

1. Finding the most metal-poor stars. It is still an open question if the evolution of dwarf galaxies has been different
from the earliest stages on - perhaps due to pre-enrichment that an infant Milky Way would have imposed on its
surrounding environment (e.g., Salvadori, Ferrara & Schneider, 2008). The narrow-band information obtained by this
program will allow a search for the most metal-poor stars in these systems, as well as in the surrounding halo fields.
This very efficient method to uncover the most pristine stars (see Figure 1.) will provide information on the metallicity
floor in both environments.

2. Mapping the metal-poor components in these galaxies. Many of the dwarf galaxies have shown to possess radial gra-
dients, or multiple components in their metallicity structure. Recently, also a wealth of sub-structures were uncovered
within these small systems themselves. Ursa Minor was the first clear example of a dSph containing sub-structures,
a kinematically cold clump corresponding to a secondary peak in the stellar distribution (e.g. Irwin & Hatzidimitriou,
1995). The nature of this feature is unknown since no metallicities have been measured for their stars. This project will
allow us to map these stars in metallicity space and compare them with the rest of the dwarf galaxy. Another intruiging
characteristic of these two particular dwarf galaxies is that they have been suggested to be a physical pair (Fattahi et al.,
2013). Surveying a larger area around these dwarfs with additional metallicity information might help to reveal any
physical connection.

Technical Justification
The discriminative power of this NOVA392 filter comes from isolating the Ca II K line in a very narrow band (FWHM ∼
50Å) and is demonstrated in Figure 1. The right panel of the Figure 1 demonstrates that the added NOVA392 filter, in concert
with SDSS broad bands (to eliminate the dependence of the lines on temperature of the star) is a very powerful tool to select
metal-poor stars. In particular for the cooler stars a clear distinction can be made down to the ultra-low metallicity regime -
separating stars of [Fe/H]=-2.5 from [Fe/H]=-3 and even possibly [Fe/H]=-4 using photometry alone - far beyond any broad-
band photometric metallicity technique. The Skymapper team have used medium resolution spectra to confirm that such a
selection, even with their slightly broader filter, presents a very clean distinction between the sought for metal-poor stars and
the more metal-rich contaminants (Murphy et al., 2009; Keller et al., 2012).

For both galaxies, broad-band imaging is publicly available from the SDSS and will be targeted down to the Sloan depth
(eg., i ∼21.5). With the expected conditions of these observations, we reach a 5 sigma point source NB filter depth of 21.5 in
170 seconds. The distance moduli for both galaxies is (M-M0)= 19.4 so the full red giant branch with its mixture of stars of
all ages will be targeted. Such depth will likely not be surpassed in any near-future study and the most extreme metal poor
stars will be excellent targets for high resolution spectroscopic follow-up.

Sparser spectroscopic studies exist for both galaxies such that overlapping targets can provide the metallicity calibration
and zero-point. For each galaxy between 200-300 stars are measured with medium-resolution spectroscopy (Kirby et al.,
2010) and typically ten stars with high-resolution methods (e.g., Shetrone, Bolte & Stetson, 1998; Shetrone, Côté & Sargent,
2001; Sadakane et al., 2004; Cohen & Huang, 2009, 2010). A significant subset of observations will be purposely carried
out with overlap between the fields to allow a correction for any inhomogeneities in the filter throughput. Thus, as shown
in Figure 2, we require a total of 262 pointings to map out to 4 times the tidal radius of each galaxy. With overheads, each
pointing will take roughly 4 minutes. In April/May, the targets are up for 5.5-6 hours, so this makes a total request of 3
nights. We will use the first parts of the nights to target blank MW halo fields with known spectra available for calibration
and control fields. We will adjust the extent of the coverage in the event of bad weather or a smaller allocation of time.
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Figure 1: Left: TRILEGAL model prediction for stars as expected in a 10 deg2 high-latitude field in an anti-center direction and the spectral synthesis
grid used in these tests (red) in Teff, log(g) space. The spectral library is computed for the full parameter space for [Fe/H]=-4.0, -3.0, -2.0, -1.0 and +0.0
using the OSMARCS atmosphere models and Turbospectrum (Plez, 2008; Alvarez & Plez, 1998). Right: All predicted stars are matched to their most
representative spectrum in the grid. Colors are calculated for the spectra using SDSS and the NOVA392 response curve. This panel demonstrate how
combinations of broad band Sloan colors and the new narrow band filter separate cleanly the various metallicity stars in the sample.
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Figure 2: Individual WFC footprints needed to cover Ursa Minor and Draco to 4 times the tidal radius (4 * 35.5 arcminutes; the outer circle). The
inner circles show the tidal radius and twice the tidal radius. This requires 262 WFC pointings. Ursa Minor and Draco have similar radial velocities (∼
-280 km/s), and both present the Ca II K feature comfortably within the NOVA392 filter.
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