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What is Pristine ?
   Narrow-band photometric survey centred on 

the metallicity-sensitive CaH&K doublet lines

   3.6 meters Canadien-France Hawaii Telescope 
(CFHT) with the wide-field imager Megacam

   Now covering more than 2000 deg2 in the 
northern hemisphere
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   First data in 2015
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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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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)
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trum code (Alvarez & Plez 1998; Gustafsson et al. 2008;
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shown in Figures 1 and 2. Subsequently we couple each star
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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
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Figure 13. Di↵erences between the Pristine photometric metallicities and the FEHANNRR values from the SDSS and SDSS/SEGUE
stellar parameter pipeline for each star in common between the two surveys. A grid is overplotted with Galactic l and b coordinates as
dotted black lines. The lines of constant l are spaced 30� apart and range from l = 270 to l = 30 (right to left). The lines of equal b are
spaced 10� apart and range from b = 30 to b = 70 (bottom left to top right). One can clearly see the locations of the SEGUE fields where
the density of overlapping targets is higher. No overall trend is present in the residuals as a function of sky position. The flatness of the
overall calibration as a function of Galactic environment is most clearly visible in the bottom panel, where the results are averaged over
wide RA range bins.

success rate percentage at 24% would mean a great success
for Pristine.

From these success rates we conclude that a survey of
very metal-poor stars based on Pristine photometry will be
very complete and have a low level of contamination. We can
confirm that these rates are indeed achieved from prelimi-
nary results of our first spectroscopic follow-up campaign
(Youakim et al., submitted).

4 SCIENCE WITH PRISTINE

Below we outline three main science goals of the Pristine
survey, as well as present some preliminary results from the
photometry and the spectroscopic follow-up programs. De-
tailed results will be presented in upcoming papers.

4.1 Searching for the most metal-poor stars

Uncovering a sample of hundreds of extremely metal-poor
stars is one of the main goals of the Pristine survey. As de-
tailed in the introduction, many scientific questions about
the early Universe are hampered by the small number of
known extremely metal-poor stars, but Pristine provides
the capability to e�ciently find and study large samples of
[Fe/H]< �3.0 stars in a range of Galactic environments.
Starting in 2016, the Pristine collaboration began a dedi-
cated spectroscopic follow-up program to gather spectra for
the brightest extremely metal-poor candidates found in the
Pristine photometry (Venn et al., Aguado et al., in prep.,
Youakim et al., subm.).

In Figure 14 we illustrate that Pristine is well suited
also to uncover the extremely rare ultra metal-poor stars
([Fe/H]< �4.0). Two additional MegaCam fields were
strategically placed to cover the known ultra metal-poor

Figure 14. From left to right the large coloured filled
circles show the locations of SDSS J1742+2531 (black)
and SDSS J183455+421328 (darker blue) in the SDSS–
Pristine colour-colour space as presented before in Fig-
ure 11. These two stars are known to have [Fe/H]  �4
and we find that they are located approximately on the
[Fe/H] = �3 line in the Pristine data. As before, the colour
of the symbols indicates their [Fe/H] values, determined
from higher resolution spectroscopic follow-up by Ca↵au
et al. (2013b); Bonifacio et al. (2015) 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 metallicity. The
coloured lines represent exponential fits to the symbols
of metallicities [Fe/H]= �1,�2 and �3 and no metal lines,
as defined in Figure 3, with an extra o↵set of 0.05 for
the no metal line.
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the early Universe are hampered by the small number of
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Starting in 2016, the Pristine collaboration began a dedi-
cated spectroscopic follow-up program to gather spectra for
the brightest extremely metal-poor candidates found in the
Pristine photometry (Venn et al., Aguado et al., in prep.,
Youakim et al., subm.).

In Figure 14 we illustrate that Pristine is well suited
also to uncover the extremely rare ultra metal-poor stars
([Fe/H]< �4.0). Two additional MegaCam fields were
strategically placed to cover the known ultra metal-poor

Figure 14. From left to right the large coloured filled
circles show the locations of SDSS J1742+2531 (black)
and SDSS J183455+421328 (darker blue) in the SDSS–
Pristine colour-colour space as presented before in Fig-
ure 11. These two stars are known to have [Fe/H]  �4
and we find that they are located approximately on the
[Fe/H] = �3 line in the Pristine data. As before, the colour
of the symbols indicates their [Fe/H] values, determined
from higher resolution spectroscopic follow-up by Ca↵au
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colour-coded according to their SSPP metallicity. The
coloured lines represent exponential fits to the symbols
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Pristine Dwarf Galaxy
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Perform a detailed study of the faintest satellite of the Milky 
Way

  Old ( > 10 Gyr), metal-poor systems ([Fe/H] < -2.0)

  Thought to be among the most dark-matter dominated objects

  Faint galaxies

  Cosmological probes (Missing satellites problem …)
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The case of Sagittarius II

  Discovered in PAN-STARRS by Laevens et al. 2015

  Size of 38 pc, at a distance of 68 kpc

  ~ 170 solar luminosities

   Metallicity ? Dynamics ?

   ~ 8000 solar luminosities
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The case of Sagittarius II

Only a handful of stars          Contamination sensitive

Sgr II

Longeard, Martin et al. (in prep.)
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The case of Sagittarius II

Sgr II

CaHK

Longeard, Martin et al. (in prep.)
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The case of Sagittarius II
Longeard, Martin et al. (in prep.)
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The case of Sagittarius II

Sgr II

Longeard, Martin et al. (in prep.)
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The case of Sagittarius II
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Things to bring back home
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  Pristine is a survey that uses a CaHK filter to find 
metallicities of stars only by photometry

   Very useful to study the faintest satellites of the MW
 - Getting rid of the foreground MW contamination
 - Identify member stars 
 - Estimate the chemical properties of a system

 - Find the most metal-poor stars
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Figure 2. Current footprint of the CFIS-u survey (solid black areas) on an equatorial projection of the Northern sky. The light blue
background shows the expected final footprint of the survey (|b| < 25�), once it is completed in 2020. The colormap that increases towards
the Galactic plane shows the interstellar reddening, clipped so that the lowest value (in brown) marks E(B�V) = 0.15. The red lines
show Galactic coordinates, with the Galactic Plane and Galactic minor axis highlighted with a solid line.

Figure 3. Transmission curves for the SDSS and both old and
new CFHT u-band filters. The new CFHT u-band (solid purple
line) remains highly transmissive into the red (> 50% transmission

until ⇠ 3970
�
A), whereas the SDSS u-band (blue dotted line) drops

rapidly after ⇠ 3820
�
A. Thus the di↵erence between the SDSS and

new CFHT filters is sensitive to the Ca II H+K lines (3968.5
�
A

and 3933.7
�
A) in the survey stars, among other features.

that there was a strong pattern of residuals over the cam-
era. This problem has been noted before (e.g., Regnault
et al. 2009; Ibata et al. 2014). The SDSS�MegaCam
pattern for the u-band appears to have remained stable
over the course of the survey, but since we have good
enough statistics, we decided to model it on a run-by-
run basis (MegaCam is mounted on the CFHT typically
once per month for a two-week period). For each CCD
the residual pattern was modelled as a two-dimensional
Legendre polynomial with up to cubic terms in x and
y (i.e. 10 parameters in all), and the resulting models
were used to flatten all the data. An example of this
correction for one of the runs is shown in Figure 4. The

typical rms scatter for stars in the range 16 < u < 19
(and 1.3 < u� g < 2.5) is 0.02 mags. Note that even
with perfectly calibrated CFHT and SDSS photometry,
there would be scatter in the photometric di↵erences due
to the fact that the two u-band filters are significantly
di↵erent (see Figure 3).
The photometric o↵sets between overlapping fields,

and with the SDSS, were then used to derive a global
solution to the zero-point of the survey. Due to the size
of the matrix inversion problem (> 83000 equations with
8863 unknown zero-points), we simplified the task by
solving for the zero-points using data in bands of 30�

in RA, but o↵set in 10� intervals. In this way we solve
for the central 10�, while maintaining the information
of the photometric o↵sets for 10� on either side of that
region. Any equation solutions that were discrepant at
more than 2.5� were discarded, and the procedure was
reiterated until convergence. We checked that the zero-
points in the overlapping RA bands were consistent to
better than 0.01 mag.
Finally, the individual sources between frames were

matched using a 000.3 search radius, and their photomet-
ric measurements were combined using the photometric
uncertainties to construct a weighted flux average, and
hence a magnitude. These detections were then matched
against the SDSS, or PS1, using a 000.5 search radius, and
thus matching all but the very highest, rare, proper mo-
tion sources.
In comparing the corrected CFHT photometry with

the SDSS (their Data Release 13, which has been re-
calibrated as detailed in Finkbeiner et al. 2016) , we no-
ticed that there are strong residuals that remain. How-
ever, these residuals do not follow the MegaCam foot-
print, but quite obviously track the SDSS observing pat-
tern of “stripes”, as we show in Figure 5. Once the CFIS-
u survey is completed, we will be able to use it to fully
recalibrate the SDSS u-band. In the meantime, some
caution is needed when using the SDSS u, which obvi-
ously contains spatially-correlated zero-point errors.
The photometric uncertainties in the CFHT data are

derived from the square root of the variance of the
weighted flux measurements. The distribution of these
uncertainties is displayed in Figure 6, along with the un-
certainties of the SDSS u-band photometry of the same
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et al. 2009; Ibata et al. 2014). The SDSS�MegaCam
pattern for the u-band appears to have remained stable
over the course of the survey, but since we have good
enough statistics, we decided to model it on a run-by-
run basis (MegaCam is mounted on the CFHT typically
once per month for a two-week period). For each CCD
the residual pattern was modelled as a two-dimensional
Legendre polynomial with up to cubic terms in x and
y (i.e. 10 parameters in all), and the resulting models
were used to flatten all the data. An example of this
correction for one of the runs is shown in Figure 4. The

typical rms scatter for stars in the range 16 < u < 19
(and 1.3 < u� g < 2.5) is 0.02 mags. Note that even
with perfectly calibrated CFHT and SDSS photometry,
there would be scatter in the photometric di↵erences due
to the fact that the two u-band filters are significantly
di↵erent (see Figure 3).
The photometric o↵sets between overlapping fields,

and with the SDSS, were then used to derive a global
solution to the zero-point of the survey. Due to the size
of the matrix inversion problem (> 83000 equations with
8863 unknown zero-points), we simplified the task by
solving for the zero-points using data in bands of 30�

in RA, but o↵set in 10� intervals. In this way we solve
for the central 10�, while maintaining the information
of the photometric o↵sets for 10� on either side of that
region. Any equation solutions that were discrepant at
more than 2.5� were discarded, and the procedure was
reiterated until convergence. We checked that the zero-
points in the overlapping RA bands were consistent to
better than 0.01 mag.
Finally, the individual sources between frames were

matched using a 000.3 search radius, and their photomet-
ric measurements were combined using the photometric
uncertainties to construct a weighted flux average, and
hence a magnitude. These detections were then matched
against the SDSS, or PS1, using a 000.5 search radius, and
thus matching all but the very highest, rare, proper mo-
tion sources.
In comparing the corrected CFHT photometry with

the SDSS (their Data Release 13, which has been re-
calibrated as detailed in Finkbeiner et al. 2016) , we no-
ticed that there are strong residuals that remain. How-
ever, these residuals do not follow the MegaCam foot-
print, but quite obviously track the SDSS observing pat-
tern of “stripes”, as we show in Figure 5. Once the CFIS-
u survey is completed, we will be able to use it to fully
recalibrate the SDSS u-band. In the meantime, some
caution is needed when using the SDSS u, which obvi-
ously contains spatially-correlated zero-point errors.
The photometric uncertainties in the CFHT data are

derived from the square root of the variance of the
weighted flux measurements. The distribution of these
uncertainties is displayed in Figure 6, along with the un-
certainties of the SDSS u-band photometry of the same

Pristine 15A+16A
with CFHT/MegaCam
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A

and 3933.7
�
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that there was a strong pattern of residuals over the cam-
era. This problem has been noted before (e.g., Regnault
et al. 2009; Ibata et al. 2014). The SDSS�MegaCam
pattern for the u-band appears to have remained stable
over the course of the survey, but since we have good
enough statistics, we decided to model it on a run-by-
run basis (MegaCam is mounted on the CFHT typically
once per month for a two-week period). For each CCD
the residual pattern was modelled as a two-dimensional
Legendre polynomial with up to cubic terms in x and
y (i.e. 10 parameters in all), and the resulting models
were used to flatten all the data. An example of this
correction for one of the runs is shown in Figure 4. The

typical rms scatter for stars in the range 16 < u < 19
(and 1.3 < u� g < 2.5) is 0.02 mags. Note that even
with perfectly calibrated CFHT and SDSS photometry,
there would be scatter in the photometric di↵erences due
to the fact that the two u-band filters are significantly
di↵erent (see Figure 3).
The photometric o↵sets between overlapping fields,

and with the SDSS, were then used to derive a global
solution to the zero-point of the survey. Due to the size
of the matrix inversion problem (> 83000 equations with
8863 unknown zero-points), we simplified the task by
solving for the zero-points using data in bands of 30�

in RA, but o↵set in 10� intervals. In this way we solve
for the central 10�, while maintaining the information
of the photometric o↵sets for 10� on either side of that
region. Any equation solutions that were discrepant at
more than 2.5� were discarded, and the procedure was
reiterated until convergence. We checked that the zero-
points in the overlapping RA bands were consistent to
better than 0.01 mag.
Finally, the individual sources between frames were

matched using a 000.3 search radius, and their photomet-
ric measurements were combined using the photometric
uncertainties to construct a weighted flux average, and
hence a magnitude. These detections were then matched
against the SDSS, or PS1, using a 000.5 search radius, and
thus matching all but the very highest, rare, proper mo-
tion sources.
In comparing the corrected CFHT photometry with

the SDSS (their Data Release 13, which has been re-
calibrated as detailed in Finkbeiner et al. 2016) , we no-
ticed that there are strong residuals that remain. How-
ever, these residuals do not follow the MegaCam foot-
print, but quite obviously track the SDSS observing pat-
tern of “stripes”, as we show in Figure 5. Once the CFIS-
u survey is completed, we will be able to use it to fully
recalibrate the SDSS u-band. In the meantime, some
caution is needed when using the SDSS u, which obvi-
ously contains spatially-correlated zero-point errors.
The photometric uncertainties in the CFHT data are

derived from the square root of the variance of the
weighted flux measurements. The distribution of these
uncertainties is displayed in Figure 6, along with the un-
certainties of the SDSS u-band photometry of the same

Pristine 15A+16A
with CFHT/MegaCam

Observed/planned
for 16B+17A



Pristine footprint

16

Ibata et al. (2017)

4 Ibata et al.

Figure 2. Current footprint of the CFIS-u survey (solid black areas) on an equatorial projection of the Northern sky. The light blue
background shows the expected final footprint of the survey (|b| < 25�), once it is completed in 2020. The colormap that increases towards
the Galactic plane shows the interstellar reddening, clipped so that the lowest value (in brown) marks E(B�V) = 0.15. The red lines
show Galactic coordinates, with the Galactic Plane and Galactic minor axis highlighted with a solid line.

Figure 3. Transmission curves for the SDSS and both old and
new CFHT u-band filters. The new CFHT u-band (solid purple
line) remains highly transmissive into the red (> 50% transmission

until ⇠ 3970
�
A), whereas the SDSS u-band (blue dotted line) drops

rapidly after ⇠ 3820
�
A. Thus the di↵erence between the SDSS and

new CFHT filters is sensitive to the Ca II H+K lines (3968.5
�
A

and 3933.7
�
A) in the survey stars, among other features.
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The photometric o↵sets between overlapping fields,

and with the SDSS, were then used to derive a global
solution to the zero-point of the survey. Due to the size
of the matrix inversion problem (> 83000 equations with
8863 unknown zero-points), we simplified the task by
solving for the zero-points using data in bands of 30�

in RA, but o↵set in 10� intervals. In this way we solve
for the central 10�, while maintaining the information
of the photometric o↵sets for 10� on either side of that
region. Any equation solutions that were discrepant at
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ric measurements were combined using the photometric
uncertainties to construct a weighted flux average, and
hence a magnitude. These detections were then matched
against the SDSS, or PS1, using a 000.5 search radius, and
thus matching all but the very highest, rare, proper mo-
tion sources.
In comparing the corrected CFHT photometry with

the SDSS (their Data Release 13, which has been re-
calibrated as detailed in Finkbeiner et al. 2016) , we no-
ticed that there are strong residuals that remain. How-
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print, but quite obviously track the SDSS observing pat-
tern of “stripes”, as we show in Figure 5. Once the CFIS-
u survey is completed, we will be able to use it to fully
recalibrate the SDSS u-band. In the meantime, some
caution is needed when using the SDSS u, which obvi-
ously contains spatially-correlated zero-point errors.
The photometric uncertainties in the CFHT data are

derived from the square root of the variance of the
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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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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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Figure 4. Histograms showing the selection power of the SC14 technique for finding metal-poor star candidates. The column on the left
shows the metallicity distribution of all the stars in the Pristine sample, the middle column shows the resulting metallicity distribution
after the selection criteria from SC14 are applied, and the right most column shows the cumulative histograms of the relative distribution
of stars for a given metallicity. Each row represents a di↵erent magnitude range. Dashed vertical lines represent lines of constant [Fe/H],
and the inlaid numbers are the counts for a given region of the plot, to show the low completeness in the metal-poor regime.

Figure 5. Photometric metallicities for both g � i and g � r plotted against spectroscopic metallicity. The data points are labelled
as follows: stars that pass the selection criteria (blue hexagons), stars that do not pass the selection (red hexagons), stars with bad
photometry in i for the left panel and r for the right panel (marked with an x), and stars that are above the theoretical no-metals line
in Figure 1 (circled in green). The grey shaded area is to emphasize the lack of stars selected with [Fe/H]Pristine > �2.5, a result of the
follow-up strategy. Data points that fall outside of the plotted region are forced to the border of the plot and marked arrows.
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Table 2. Number of candidate stars in di↵erent magnitude bins
and metallicity ranges. The first number in each cell is the number
of stars followed up with spectroscopy from the sample in this
paper, and the second is the total number of candidates as of
September 2016 over the ⇠ 1000deg2 Pristine survey footprint.
[Fe/H] values shown are photometric Pristine metallicities.

# Candidates [Fe/H]-2.5 [Fe/H]-3.0

V <15 47/213 30/118 13/48
15 <V<16 114/797 91/462 33/92
16 <V<17 29/2 388 28/1 307 17/242
17 <V<18 15/6 845 14/3 680 10/674

Total 205/10 243 163/5 567 73/1 056

the second is the number of candidates in the full sample,
for a given magnitude range.

From Table 2, there are 1 056 stars in the selection sam-
ple that have a photometric [Fe/H]Pristine  �3.0, which
represent 0.14% of the total sample. Given that we find
a success rate of 22% for stars predicted to be [Fe/H] 
�3.0, we can predict that 0.03% of all stars will actu-
ally satisfy [Fe/H]  �3.0. However, in this estimate we
should also include stars for which an [Fe/H]Pristine < �2.5
was assigned but that turned out to have a metallicity of
[Fe/H]FERRE  �3.0. Of the stars in the sample with pho-
tometric �3.0  [Fe/H]  �2.5, 5.4% of them turned out
to have [Fe/H]FERRE < �3.0. Taken together, we thus ex-
pect 0.085%, or ⇠ 1/1175 stars to have a metallicity of
[Fe/H]  �3.0. Based on these statistics, we expect to find
202 stars with [Fe/H]  �3.0 over the current Pristine foot-
print of ⇠ 1000 deg2 that are brighter than V = 18. Based
on the Besançon Model of stellar population synthesis of
the Galaxy Robin et al. (2003) – for a similar sky region
to the Pristine footprint and a magnitude range relevant
to the current sample (14 < V < 18) – we expect a fre-
quency of 1/2000 (0.05%) for randomly selected halo stars
to have [Fe/H]  �3.0. It should be noted that this is only
a first order approximation, and the model relies on several
assumptions, including a Gaussian distribution estimate for
a halo metallically distribution function. It should also be
noted that our projections have been made based on a small
sample of stars that preferentially occupy the brighter part
of this magnitude range. However, as a coarse comparison,
frequencies of expected EMP stars from simulated galaxy
model predictions are in good agreement with our observa-
tions.

6.2 Comparison to other surveys

In comparison to other surveys, the success rates presented
here are relatively high. SC14 report that 3.8+1.3

�1.1% of their
candidate stars have an [Fe/H] . �3.0, and 32+3.0

�2.9% have
�3.0 . [Fe/H] . �2.0, from high resolution follow-up
of their selection with WISE and 2MASS magnitudes. Al-
though we report significantly higher success rates in this
paper, it should be taken into consideration that they are
using publicly available survey data and are specifically tar-
geting bright stars, so they enjoy the advantage of large sky
coverage and ease of spectroscopic follow-up. They also use
near infrared magnitudes, which o↵ers the advantage of be-

Table 3. Pristine success rates in comparison to other surveys

Survey [Fe/H] <-3 [Fe/H] <-2.5 -3 <[Fe/H] <-2

Pristine 22% 70% 81%
HES 3.8% 22% 40%
SC14 3.8% - 32%

ing able to probe the crowded regions of the disk in the
direction of the bulge (Casey & Schlaufman 2015), although
they are limited in the distance they can reach due to the
bright nature of their sample.

The stellar content and metallicity distributions of the
Hamburg/ESO objective-prism survey (HES) are presented
in Schörck et al. (2009). In that paper, they report a fraction
of stars with [Fe/H]  �3.0 of 7% for their best-selected
sample, and 3-4% for the other samples. Their best-selected
sample totals 105 out of 1638 stars, and constitutes only
6.4% of their total accepted follow-up sample. Taking their
entire sample as a whole then yields 65 out of 1638 stars with
[Fe/H]  �3.0, a fraction of 4%. Table 3 summarizes the
comparisons of the success rates for HES, SC14 and Pristine.
The percentages given in the table for HES are computed
from the scaled sample presented in Table 3 of Schörck et al.
(2009).

As we only follow-up a subset of the entire candi-
date sample, we can only report preliminary success rates
with low number statistics for the Pristine survey. Fur-
thermore, we have selected the best candidates available
first, i.e. we have observed a higher ratio of stars with
[Fe/H]Pristine < �3.0 than are present in the full sample.
Therefore, we expect that the full sample will have a slightly
lower rate of EMP stars than this sample. However, it is un-
likely that the 22% success rate of the stars that are assigned
[Fe/H]Pristine < �3.0 would change significantly for the same
magnitude range, as our current follow-up of these stars has
been homogeneous, with no apparent bias in temperature
range.

6.3 Future follow-up strategy

Schörck et al. (2009) report that for the bias-corrected HES
metallicity distribution function, around 1% of all [Fe/H] 
�2.0 stars had a metallicity [Fe/H]  �3.0 and only 0.01�
0.03% had [Fe/H]  �4.0. Taken together it is expected that
1�3% of stars with [Fe/H]  �3.0 will have [Fe/H]  �4.0.

Although we cannot compute explicitly how many
[Fe/H]  �4.0 stars we expect to find, we can use these
statistics from the HES to make projections. Taking a mod-
erate estimate from the HES (2%), we expect to find one star
with [Fe/H]  �4.0 for every ⇠ 50 stars with [Fe/H]  �3.0,
although we do expect to find a slightly higher ratio of
UMP stars than this since we are probing deeper into the
halo. We can therefore predict that we expect to find ⇠ 4
UMP stars over the ⇠ 1000 deg2 in the magnitude range
V < 18, given that we will uncover a projected 202 stars
with [Fe/H]  �3.0. Furthermore, it is not surprising that
we have not yet found any UMP stars in our current sam-
ple of 205 stars (27 with [Fe/H]  �3.0). To give some
context, this sample is still quite small when compared to
other surveys that have successfully found UMP stars, such
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Table 2. Number of candidate stars in di↵erent magnitude bins
and metallicity ranges. The first number in each cell is the number
of stars followed up with spectroscopy from the sample in this
paper, and the second is the total number of candidates as of
September 2016 over the ⇠ 1000deg2 Pristine survey footprint.
[Fe/H] values shown are photometric Pristine metallicities.
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the second is the number of candidates in the full sample,
for a given magnitude range.

From Table 2, there are 1 056 stars in the selection sam-
ple that have a photometric [Fe/H]Pristine  �3.0, which
represent 0.14% of the total sample. Given that we find
a success rate of 22% for stars predicted to be [Fe/H] 
�3.0, we can predict that 0.03% of all stars will actu-
ally satisfy [Fe/H]  �3.0. However, in this estimate we
should also include stars for which an [Fe/H]Pristine < �2.5
was assigned but that turned out to have a metallicity of
[Fe/H]FERRE  �3.0. Of the stars in the sample with pho-
tometric �3.0  [Fe/H]  �2.5, 5.4% of them turned out
to have [Fe/H]FERRE < �3.0. Taken together, we thus ex-
pect 0.085%, or ⇠ 1/1175 stars to have a metallicity of
[Fe/H]  �3.0. Based on these statistics, we expect to find
202 stars with [Fe/H]  �3.0 over the current Pristine foot-
print of ⇠ 1000 deg2 that are brighter than V = 18. Based
on the Besançon Model of stellar population synthesis of
the Galaxy Robin et al. (2003) – for a similar sky region
to the Pristine footprint and a magnitude range relevant
to the current sample (14 < V < 18) – we expect a fre-
quency of 1/2000 (0.05%) for randomly selected halo stars
to have [Fe/H]  �3.0. It should be noted that this is only
a first order approximation, and the model relies on several
assumptions, including a Gaussian distribution estimate for
a halo metallically distribution function. It should also be
noted that our projections have been made based on a small
sample of stars that preferentially occupy the brighter part
of this magnitude range. However, as a coarse comparison,
frequencies of expected EMP stars from simulated galaxy
model predictions are in good agreement with our observa-
tions.

6.2 Comparison to other surveys

In comparison to other surveys, the success rates presented
here are relatively high. SC14 report that 3.8+1.3
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�2.9% have
�3.0 . [Fe/H] . �2.0, from high resolution follow-up
of their selection with WISE and 2MASS magnitudes. Al-
though we report significantly higher success rates in this
paper, it should be taken into consideration that they are
using publicly available survey data and are specifically tar-
geting bright stars, so they enjoy the advantage of large sky
coverage and ease of spectroscopic follow-up. They also use
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ing able to probe the crowded regions of the disk in the
direction of the bulge (Casey & Schlaufman 2015), although
they are limited in the distance they can reach due to the
bright nature of their sample.

The stellar content and metallicity distributions of the
Hamburg/ESO objective-prism survey (HES) are presented
in Schörck et al. (2009). In that paper, they report a fraction
of stars with [Fe/H]  �3.0 of 7% for their best-selected
sample, and 3-4% for the other samples. Their best-selected
sample totals 105 out of 1638 stars, and constitutes only
6.4% of their total accepted follow-up sample. Taking their
entire sample as a whole then yields 65 out of 1638 stars with
[Fe/H]  �3.0, a fraction of 4%. Table 3 summarizes the
comparisons of the success rates for HES, SC14 and Pristine.
The percentages given in the table for HES are computed
from the scaled sample presented in Table 3 of Schörck et al.
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As we only follow-up a subset of the entire candi-
date sample, we can only report preliminary success rates
with low number statistics for the Pristine survey. Fur-
thermore, we have selected the best candidates available
first, i.e. we have observed a higher ratio of stars with
[Fe/H]Pristine < �3.0 than are present in the full sample.
Therefore, we expect that the full sample will have a slightly
lower rate of EMP stars than this sample. However, it is un-
likely that the 22% success rate of the stars that are assigned
[Fe/H]Pristine < �3.0 would change significantly for the same
magnitude range, as our current follow-up of these stars has
been homogeneous, with no apparent bias in temperature
range.
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Schörck et al. (2009) report that for the bias-corrected HES
metallicity distribution function, around 1% of all [Fe/H] 
�2.0 stars had a metallicity [Fe/H]  �3.0 and only 0.01�
0.03% had [Fe/H]  �4.0. Taken together it is expected that
1�3% of stars with [Fe/H]  �3.0 will have [Fe/H]  �4.0.

Although we cannot compute explicitly how many
[Fe/H]  �4.0 stars we expect to find, we can use these
statistics from the HES to make projections. Taking a mod-
erate estimate from the HES (2%), we expect to find one star
with [Fe/H]  �4.0 for every ⇠ 50 stars with [Fe/H]  �3.0,
although we do expect to find a slightly higher ratio of
UMP stars than this since we are probing deeper into the
halo. We can therefore predict that we expect to find ⇠ 4
UMP stars over the ⇠ 1000 deg2 in the magnitude range
V < 18, given that we will uncover a projected 202 stars
with [Fe/H]  �3.0. Furthermore, it is not surprising that
we have not yet found any UMP stars in our current sam-
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