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Figure 1. Scaled throughput curves of the Ca H & K filter used in
Pristine (black dashed line, top panel only) over synthetic spectra
of stars on three di↵erent places on the giant branch with metallic-
ities [Fe/H] = 0.0 (red), [Fe/H] = �1.0 (orange), [Fe/H] = �2.0
(green), [Fe/H] = �3.0 (blue), and for a star with no metals
(black).

with existing broad-band photometry from SDSS. Pristine
has focussed its footprint on high-Galactic-latitude regions
(b > 30�) to remain within the SDSS footprint. There is
a wealth of known substructures within the survey regions
— consisting of dwarf galaxies, globular clusters and stellar
streams — which are all very promising structures to hunt
for the oldest stars (Starkenburg et al. 2016). The survey
data and the data reduction process, including the photo-
metric calibration, are described in Section 2. Our overlap
with the SDSS footprint also ensures that we are essentially
self-calibrated with the help of the SDSS and SEGUE spec-
tra. Section 3 shows how well we can separate stars of var-
ious metallicities and clean our sample of contaminants. In
Section 4 we summarise the main science cases enabled by
Pristine. We show how metallicity sensitive photometry, as
performed by Pristine, can probe the Galaxy out to its virial
radius. Not only does it allow for an e�cient search for ul-
tra metal-poor stars, but it also provides a mapping of the
metal-poor (and probably oldest) components of the Milky
Way halo that will help dissect the Milky Way’s past.

2 THE SURVEY AND DATA REDUCTION

2.1 The Ca H & K filter properties

Figure 2 illustrates the properties of the Ca H & K filter
used for Pristine (a.k.a. CFHT/Megacam narrow-band filter

Figure 2. Scaled throughput curves of the Pristine Ca H & K
filter (red) and the SkyMapper v filter (grey) plotted over syn-
thetic model spectra of an extremely metal-poor giant. The black
spectrum is additionally enhanced in C, N, and O by 2 dex.

93031). The filter is close to being top-hat and covers only
the wavelengths of the Ca H & K doublet lines, making
it particularly suited for our science. For the remainder of
the paper we will refer to this filter as the CaHK filter,
and to its measured magnitudes as CaHK magnitudes. For
comparison, we also show the SkyMapper v filter used for the
same purpose. Clearly, the CFHT CaHK filter is narrower
and more top-hat, resulting in a better sensitivity to the
Ca H & K line strength and less danger of leakage from
other features such as strong molecular bands in C-, N-, O-
enhanced stars, as can be seen from the di↵erence between
the blue and black spectra on the figure.

The expected discriminative power of the CaHK filter is
further demonstrated in Figure 3. The left panel of this fig-
ure shows the range of a spectral library in temperature and
gravity and compares this with the stars as expected in a 10
deg2 high- latitude field in an anti-center direction as indi-
cated by the TRILEGAL model of the Galaxy (Girardi et al.
2005). We subsequently run a library of synthetic spectra, il-
lustrated here by the red boxes, with large ranges in e↵ective
temperature, gravity and metallicity (�3 <[Fe/H]< +0.0)
using (OS)MARCS stellar atmospheres and the Turbospec-
trum code (Alvarez & Plez 1998; Gustafsson et al. 2008;
Plez 2008). Several individual spectra from this library are
shown in Figures 1 and 2. Subsequently we couple each star
as found in TRILEGAL to its nearest spectrum in the grid
based on stellar parameters and convolve its spectrum with
the response curves of the photometric Sloan bands and av-
erage response curve of the CaHK filter. The right panel
of Figure 3 demonstrates that the added CaHK filter com-
pared with Sloan broad bands is a very powerful tool to
select metal-poor stars. As can be seen from Figure 3 stel-
lar gravities have some impact on the exact placement of
the star in this colour-colour space, but especially for low-
metallicity stars the e↵ect of gravity di↵erence between a
main-sequence star red giant is much less pronounced than
the metallicity information. We additionally run the lowest
metallicity (OS)MARCS model without any metals (shown
as black symbols). An exponential fit is provided to each
of the model metallicities, shown here as lines colour-coded
according to their corresponding metallicity.

1 See http://www.cfht.hawaii.edu/Instruments/Filters/

megaprime.html for the filter curve.
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๏Search for the oldest/
most metal-poor 
stars

๏Conduct a metallicity 
decomposition of the 
MW halo

๏Enable a thorough 
study of ~20 (very) 
faint MW dwarf 
galaxies

Pristine goals
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Figure 15. From left to right the large coloured filled circles show
the locations of SDSS J1742+2531, SDSS J1425+1137, SDSS
J1446+1249 and SDSS J183455+421328 in the SDSS–Pristine
colour-colour space presented in Figures 11 and 12. As before,
the colour of the symbols indicates their [Fe/H] values, deter-
mined from higher resolution spectroscopic follow-up by Ca↵au
et al. (2013b); Bonifacio et al. (2015); Aoki et al. (2013), and
Aguado et al. (2016). Smaller dots show the sample of common
stars between SDSS/SEGUE and Pristine. All these stars are
colour-coded according to their SSPP FEHANNRR metallicity.

by Ca↵au et al. 2013b; Bonifacio et al. 2015) and SDSS
J183455+421328 with [Fe/H]= �3.94±0.20 (follow-up anal-
ysis with WHT/ISIS by Aguado et al. 2016). Addition-
ally, two extremely metal-poor SDSS stars followed up in
the high-resolution study of (Aoki et al. 2013) with Sub-
aru/HDS fall in our footprint. These are SDSS J1425+1137
with [Fe/H] = �3.08 ± 0.20 and SDSS J1446+1249 with
[Fe/H] = �2.99 ± 0.20. These four stars are highlighted
in Figure 15 and their photometric uncertainties are repre-
sented by the error bars in the y-axis direction. It is obvious
that the two ultra metal-poor stars are indeed falling in the
regime where we expect stars that have [Fe/H]< �3.0 to be
located, but they still do not fall close to the no-metals line.
They stand out significantly among most of the majority
of the stars to be selected in follow-up studies focussed on
extremely metal-poor stars. Although, as expected, they do
not stand out so significantly that Pristine photometry can
e�ciently isolate them from the more numerous extremely
metal-poor stars without follow up spectroscopy.

4.2 Characterising the faint dwarf galaxies

The last couple of decades saw the discovery of numerous
satellites in the Galactic halo. Satellite discoveries in the
SDSS (e.g., Belokurov et al. 2007), Pan-STARRS1 (e.g.,
Laevens et al. 2015), and the DES (e.g., Bechtol et al. 2015)
have provided us with powerful observational constraints in
our cosmic backyard, especially to understand the faint end
of galaxy formation in the preferred cosmological paradigm
of ⇤CDM (e.g., Belokurov 2013). However, good quality
spectroscopy samples of at least tens of member stars per
system are essential to both reach a good understanding of
a system’s dynamics and to accurately derive their chemical

Figure 16. SDSS–Pristine colour-colour plot for Pristine stars
in a 4-deg2 region centered on the Boötes I dwarf galaxy. Stars
within the central degree are represented with a darker colour.
Spectroscopically followed-up stars from Koposov et al. (2011)
and Norris et al. (2010) are circled blue if they agree with the
Boötes I systemic radial velocity and in red if they do not. The
samples that are labelled as the best member samples in either
paper from subsequent analysis on the spectra in terms of stel-
lar parameters such as gravity are circled in green. The CaHK
observations clearly gives a handle on membership without spec-
troscopic information and allows for an e�cient pre-screening of
candidate member-stars out to large radii from the galaxy’s cen-
ter.

evolution history. One of the main di�culties that the com-
munity is encountering when studying these systems stems
from their low contrast and the very expensive endeavour
that studying their individual stars represents: it is very
di�cult to weed out the overwhelming population of fore-
ground contaminants. Typically, only the central regions of
these dwarf galaxies are dense enough to yield a good re-
turn on (observational time) investment when selected from
broadband photometry alone. Further out, one encounters a
crippling fraction of contaminants. Yet, it should be noted
that the outskirts of these systems are especially valuable
if we wish to understand their dynamics and, from there,
derive their masses. At present, most of the “mass” mea-
surements assume dynamical equilibrium (e.g., Martin et al.
2007; Simon & Geha 2007; Simon et al. 2011), which is far
from being proven for systems within a few tens of kpc. In
fact, there are already hints that at least some systems have
complex kinematics (Ibata et al. 2006; Collins et al. 2016;
Martin et al. 2016). Similarly, the chemical signature of these
“first galaxies” is proving useful to model the first ages of
galactic formation (e.g., Ji et al. 2016; Webster, Frebel &
Bland-Hawthorn 2016), but current models are based on, at
most, a handful of bright stars per galaxy (Frebel & Norris
2015).

Photometric metallicity information as o↵ered by Pris-
tine helps to e�ciently isolate candidate member stars out
to the edges of the dwarf galaxies. From these clean sam-
ples, it is then possible to refine the structural properties of
the two stellar systems, search for the presence of extra-tidal
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