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The Ca H&K doublet
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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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Figure 3. Left: Besançon model prediction (black points) and the spectral synthesis grid used in these tests (grey) in Te↵, log(g) space.
Spectra are computed for the full parameter space for [Fe/H]= �4.0,�3.0,�2.0,�1.0 and +0.0. Right: All predicted stars are matched
to their most representative spectrum in the grid and colours are calculated for the spectra. This panel demonstrates how combinations
of broad-band SDSS colours and the new narrow band filter cleanly separate the various metallicity stars in the sample. Additionally,
the most metal-poor stellar atmosphere models are run with no metal absorption lines, resulting in the black circles. The coloured
lines represent exponential fits to the symbols of metallicities [Fe/H]= �1,�2 and �3 and no metals (same colour-coding, redwards of
g � i = 1.0 the giant branch is followed instead of the main sequence dwarfs).

and the Turbospectrum code (Alvarez & Plez 1998; Gustafs-
son et al. 2008; Plez 2008). All elements are treated as scaled
from solar abundances, with exception of the ↵-elements
that are enhanced relative to scaled solar by +0.4 in the
models with [Fe/H]< �1.0. Several individual spectra from
this library are shown in Figures 1 and 2. For each combina-
tion of stellar parameters in the synthetic grid, we evaluate
if indeed such a star is physically expected, by checking if
that box of temperature, log(g) and metallicity is filled with
a star in the Besançon model. All verified synthetic spec-
tra are subsequently integrated with the response curves of
the photometric SDSS bands and average response curve
of the CaHK filter. If a star with [Fe/H]< �2 is found for
that combination of stellar parameters, we include all mod-
els of [Fe/H]< �2 and lower, motivated by the fact that
these stars are too rare to find all possible physical combi-
nations in a 100 deg2 field-of-view in the Besançon model,
but that isochrones generally change very little at these low-
est metallicities. We additionally synthesise all [Fe/H] = �4
models while taking out any absorption lines by atoms or
molecules heavier than Li. This set of additional synthetic
spectra represents our approximation to stars without any
metals at all. The right panel of Figure 3 demonstrates that
the CaHK filter in combination with SDSS broad bands is a
very powerful tool to select metal-poor stars. The additional
(g� i)0 term on the y-axis is purely used to flatten the rela-
tion such that the fanning out of the di↵erent metallicities
is oriented from top to bottom. The size of the symbols is
inversely proportional to their surface gravities (larger sym-
bols are giant stars, smaller symbol stars are main-sequence

dwarfs). As can be seen from Figure 3, the surface 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↵erences between a main-sequence star
and a red giant is much less pronounced than the metallicity
information. The synthetic spectra that are run without any
metals are shown as black symbols. As the Ca H & K ab-
sorption lines get weaker with decreasing metallicity, so does
the vertical space between the models that are 1 dex apart
in [Fe/H] space. According to this test, it should neverthe-
less be possible to distinguish [Fe/H] = �3 and [Fe/H] = �4
stars with a CaHK filter, in particular at lower temperatures
when the lines are stronger. An exponential fit is provided
to each of the model metallicities of [Fe/H]= �1,�2,�3 and
the no-metals models, shown here as lines colour-coded ac-
cording to their corresponding metallicity. We compare these
predictions to data in Section 3.

2.2 Observations and coverage

In order to build a sample of several tens of stars with
[Fe/H] < �4.0, one of the science goals of Pristine, we aim
for Pristine to cover at least 3,000 deg2 of the Galactic halo.
Since March 2015, we have accumulated more than 1,000
MegaCam pointings with CFHT. These observations were
performed through the CFHT queue and scattered through
semesters 2015A and 2016A for ⇠ 50 hours of observing
time. The state of the survey is presented in Figure 4 as
of August 2016 (i.e. the end of semester 2016A) and com-
pared to the SDSS footprint from which we get broad-band
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An accurate metallicity decomposition

Broadband ugriz
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Figure 12. Left top panel: Pristine photometric [Fe/H] as determined by the photometric calibration described in
the text using the CaHK 0 magnitudes and SDSS g0 and i0, compared to the spectroscopic [Fe/H] as determined
from SDSS and SDSS/SEGUE spectra by the FEHANNRR method in SSPP. Right top panel: Pristine photometric
[Fe/H] compared to the spectroscopic [Fe/H] as determined by the LAMOST pipeline in the LAMOST data release 2
sample. Bottom left panel: Broad-band photometric [Fe/H] as determined from SDSS u0, g0, and i0 alone, following the
calibration of Ivezić et al. (2008) and their colour cuts for their more stringent sample restricted to stars with (g�r)0 <
0.4 (i.e., the hotter stars close to the turn-o↵). Because of the extra colour cuts by Ivezić et al. (2008), the bottom left
panel has far fewer stars than the top left panel. Bottom right panel: Comparison of Pristine photometric [Fe/H] and
spectroscopic [Fe/H] from overlapping high-resolution samples. Stars in this sample are taken from SDSS near-infrared
high-resolution survey Apache Point Observatory Galactic Evolution Experiment (APOGEE, SDSS Collaboration et al.
2016) at the higher metallicities, where we have discarded any star with the APOGEE pipeline flag unequal to zero. At
lower metallicities we have cross-correlated the high-resolution datasets of Aoki et al. (2013) and Cohen et al. (2013)
with the footprint of the Pristine survey. Finally, we have added high-resolution observations of stars in the Boötes
I dwarf galaxy as compiled by Romano et al. (2015) (original measurements by Feltzing et al. 2009; Gilmore et al.
2013; Ishigaki et al. 2014) and supplemented with one additional star from Frebel et al. (2016). The symbol sizes on
the first three panels are inversely linearly dependent on the metallicity on the x-axis, to allow both a good view on
the sparser metal-poor population and dense metal-rich population. The numbers in the panels indicate the number
of stars in the sample.MNRAS 000, 000–000 (0000)
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collaboration (~20 staff researchers) and it is essential that we are provided with adequate funding to ensure 
the French part of the team remains visible and can efficiently tackle the science projects reserved to it. 

We describe below the full extent of the scientific objectives that the ANR funding will enable. The 
main participants of a given task are highlighted with (*).

Task 0 — Continued expansion of the Pristine survey. Involvement: Martin(*), all.
First and foremost, the ANR funding will support the planning of the survey over the next 4 years, 

the reduction of the steady stream of photometric data from CFHT, the calibration of the data from Ca H&K 
magnitude  to  [Fe/H]  measurements,  and  the  spectroscopic  follow up  on  a  large  array  of  spectroscopic 
facilities. Pristine is an on-going survey and will continue to accumulate large amounts of data over the 
course of the ANR grant. The ambition is to cover as much of the Milky Way's northern-sky halo as possible 
with Pristine photometry in advance of WEAVE observations and ensure the build up of the largest possible 
sample of very metal-poor star candidates with follow-up spectroscopy (see Figure 3). The current rate of 
~800 deg2 of new coverage each year ensures that a significant fraction of the full WEAVE coverage will be 
in Pristine.  In order to ensure that the data flow remains constant over the next semester, we have switched 
to a "bad-weather" strategy: very few MegaCam programs can use poor-seeing conditions whereas we have 
shown that we can update our strategy with longer integrations at no cost to our science. Since the beginning 
of the project in 2015, we have steadily accumulated ~800 deg2 each year. Martin has developed the tools to 
efficiently reduce these data and measure photometric [Fe/H] values from them. He will continue to do so 
over the period of the ANR.

In  parallel,  our  aggressive  requests  for  spectroscopic  follow up translated  into  more  than  120 
telescope nights for low- and medium-resolution spectroscopy since the beginning of 2016. It is expected 
that a similar rate will continue until 2019, when this follow up will transition to using mainly WEAVE. At 
the  moment,  these  observations  are  being  proposed,  planned,  and  conducted  by  the  members  of  the 
collaboration and the ANR funding will be essential to keep a prominent French involvement in this effort. 
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Figure 3 — Footprint of the Pristine survey (black) plotted over the expected footprint of the WEAVE 
Galactic archaeology low-resolution survey (blue). In any overlapping region, 20 WEAVE fibers will be 

dedicated to follow up Pristine-selected extremely metal-poor star candidates. The resulting data set will 
yield thousands of true extremely metal-poor stars, the largest sample ever put together, by an order of 
magnitude. Note that the Pristine footprint, which already significantly overlaps the WEAVE footprint, will 

continue to expand at the rate of ~800 deg2 each year and eventually cover most of the WEAVE footprint.

Pristine WEAVE low-res

~4,000 deg2 coverage and growing



๏The metal-poor halo

• Building large samples of EMP stars (4–5x more efficient than 
previous surveys)

• Already new discoveries [Fe/H]<–4.0
• 4,000 deg2 with good photometric metallicities (–3.0<[Fe/H]<–1.0)
• Tailored to Gaia depth

๏Spectroscopic follow-up

• 1,500 stars already followed up at the bright end
• Future follow-up with WEAVE (few 10k stars with [Fe/H]<–2.5)

๏See Kris Youakim's talk tomorrow morning

Summary
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