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Pristine goals
๏Oldest/most metal-poor stars inform us on

• early star formation
• first supernovae
• early build-up of galaxies



Observations — the most iron-poor
๏ [Fe/H] < –4.5

• Christlieb et al. (2002)
• Frebel et al. (2005)
• Norris et al. (2007)
• Caffau et al. (2011)

• Re-defined the metallicity 
floor via fine-structure

• Hansen et al. (2014)
• Keller et al. (2014)
• Bonifacio et al. (2015)

๏Every new star has its own 
story!

Frebel & Norris (2015)
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Figure 8
[C/Fe], [N/Fe], and [O/Fe] are shown as a function of [Fe/H] (left) and [C/Fe] (right). Red and black symbols
refer to C-rich (excluding CEMP-s, CEMP-r, and CEMP-r/s subclasses) and C-normal stars, respectively;
the circles and star symbols stand for objects with [Fe/H] above and below −4.5, respectively. The middle
column contains generalized histograms pertaining to the abundances to the left (Gaussian kernel, with
σ = 0.30). The red dotted line in the upper-left panel is the boundary between C-rich and C-normal stars
adopted in the present work. See Section 3.8.1 for discussion. The data are from Cayrel et al. (2004), Spite
et al. (2005), Sivarani et al. (2006), Caffau et al. (2012), Cohen et al. (2013), Norris et al. (2013), Yong et al.
(2013a), Hansen et al. (2014), and Keller et al. (2014).

stars, and the open and filled circles denote the mixed and unmixed red giant stars, respectively,
of Spite et al. (2005). The red symbols stand for C-rich stars (excluding CEMP-s, CEMP-r, and
CEMP-r/s subclasses).

The leftmost panels show [C/Fe], [N/Fe], and [O/Fe] as a function of [Fe/H]; the middle panels
present the generalized histograms of the abundances of these elements in the C-rich stars. On
the right, [C/N], [N/Fe], and [O/Fe] are plotted as a function of [C/Fe].
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[C/Fe], [N/Fe], and [O/Fe] are shown as a function of [Fe/H] (left) and [C/Fe] (right). Red and black symbols
refer to C-rich (excluding CEMP-s, CEMP-r, and CEMP-r/s subclasses) and C-normal stars, respectively;
the circles and star symbols stand for objects with [Fe/H] above and below −4.5, respectively. The middle
column contains generalized histograms pertaining to the abundances to the left (Gaussian kernel, with
σ = 0.30). The red dotted line in the upper-left panel is the boundary between C-rich and C-normal stars
adopted in the present work. See Section 3.8.1 for discussion. The data are from Cayrel et al. (2004), Spite
et al. (2005), Sivarani et al. (2006), Caffau et al. (2012), Cohen et al. (2013), Norris et al. (2013), Yong et al.
(2013a), Hansen et al. (2014), and Keller et al. (2014).

stars, and the open and filled circles denote the mixed and unmixed red giant stars, respectively,
of Spite et al. (2005). The red symbols stand for C-rich stars (excluding CEMP-s, CEMP-r, and
CEMP-r/s subclasses).

The leftmost panels show [C/Fe], [N/Fe], and [O/Fe] as a function of [Fe/H]; the middle panels
present the generalized histograms of the abundances of these elements in the C-rich stars. On
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Need more statistics to…

๏Understand and recognize chemical subgroups

• Model the chemical enrichment in the early universe

๏Determine the shape of the metal-poor tail

• What is the value of the metallicity floor?
• Is there a true First Star still out there?

๏What fraction of the most metal-poor are Carbon-rich?
• Does this change with environments?



Pristine goals
๏Oldest/most metal-poor stars inform us on

• star formation
• supernovae
• early build-up of galaxies

๏Metallicity decomposition of MW 

• weeding out foreground contamination
• structure as f([Fe/H]) → type/history of hierarchical accretion
• very faint dwarf galaxies
• added dimension to deconstruct MW, even in Gaia era



Andromeda
(PAndAS; Martin et al. 2013) 12

0 k
pc

Halo metallicity decomposition



Pristine goals
๏Oldest/most metal-poor stars inform us on

• star formation
• supernovae
• early build-up of galaxies

๏Metallicity decomposition of MW 

• weeding out foreground (metal-rich) contamination
• structure as f([Fe/H]) → type/history of hierarchical accretion
• very faint dwarf galaxies
• added dimension to deconstruct MW, even in Gaia era

๏CaHK photometry → cheap 



CaHK surveys
๏ Southern Hemisphere – Skymapper

• Multi-colour, multi-epoch of all        
20,000 deg2

• ugriz filters + Stromgren-like v-
filter (Ca H&K) 

• Found [Fe/H] < –7 star!
• Positioned to reach the bulge

๏ Northern Hemisphere – Pristine

• ~1,000 deg2 (→ 3,000 deg2) 
• In the Sloan footprint – broad-

band colors
• Object classifications
• Calibration (SEGUE)

Howes et al. (2016)

Metal-poor stars in the Galactic bulge 3

Figure 1. Positions of all the fields observed by SkyMapper in the
bulge, shown as green rectangles. The blue circles show the fields
that have been followed up with spectroscopy from AAOmega.

a g � i, g colour-magnitude diagram. This is necessary to
limit our selection to stars that are in the bulge, and not
foreground dwarfs. Then we move on to the metallicity se-
lection, plotting (v � g) � 2(g � i) against g � i to create a
selection box. In Figure 2 we show an example two-colour
diagram, revealing its powerful ability to identify low metal-
licity stars. We have overlaid the SkyMapper photometry
with spectroscopic [Fe/H] data taken from both a metallic-
ity unbiased ARGOS field, and an EMBLA field, centred at
(l, b)=(0,�10). We chose the selection regions in each field
(shown as the red box in Figure 2) by selecting the 700 stars
with the lowest (v�g)�2(g� i) values, adjusting this index
in each field to account for reddening. From the selection
region, a box of the first 200 stars from the top downwards
were identified as the highest priority candidates, followed
by a box containing 500 lower priority candidates from which
⇠ 150 are chosen at random at the fibre configuration stage
of the spectroscopic follow-up. This second selection is de-
signed to provide us with a random sample of the metal-poor
stars in the field, from which we aim to recreate the tail end
of the metallicity distribution function (MDF) of the bulge
to be presented in a later paper.

2.2 Medium resolution spectroscopy with
AAOmega on the AAT

With the capability of selecting so many candidate metal-
poor stars, an e�cient means to spectroscopically confirm
their metal-poor nature is necessary. The AAOmega spectro-
graph combined with the 2dF fibre positioner on the Anglo-
Australian Telescope (AAT) (Sharp et al. 2006) provides
spectra of up to 392 stars at once with a circular field-of-
view of 2� diameter. Over 24.5 nights on the AAT between
2012 and 2014 we have observed more than 14,000 stars in
the fields shown in Figure 1. All observations were taken us-
ing the 1700D grating for the red arm, and the 580V grating
for the blue arm, which provides a spectral resolving power
of 10,000 in the Ca II triplet region and of 1,300 over 370

Figure 2. Two-colour plot using the g, v, and i bands of
SkyMapper to demonstrate the metallicity dependence on the
(v� g)�2(g� i) colour. The coloured circles are data taken from
both EMBLA and the ARGOS survey (Ness et al. 2013a), with
[Fe/H] determined spectroscopically. The red trapezium shows
our selection region for metal-poor candidates. The arrow rep-
resents the mean reddening vector in this field, E(B � V )=0.17
(Schlafly & Finkbeiner 2011).

Figure 3. The red-arm spectra showing the Ca ii triplet
(R=10,000) of three of the stars observed with AAOmega. The
three stars have been chosen from the same field (l, b)=(�1.5,
�8.8) and with a range of metallicities to demonstrate the no-
table di↵erence in the spectra with varying metallicity. The stel-
lar parameters (T

e↵

, log g, [Fe/H]) are labelled underneath each
spectrum.

- 580 nm. The data were reduced using the 2dfdr pipeline3

(version 5.39), and examples of reduced spectra from field
2156 ((l, b)=(�1.5,�8.3)) can be seen in Figure 3, showing
a range of metallicities.

3 http://www.aao.gov.au/science/software/2dfdr

c� 2015 RAS, MNRAS 000, 1–20



The Ca H&K filter

[Fe/H] = –3.0 [Fe/H] = –3.0, [C/Fe] = +1 

Figure'2:'Top'panel:'Throughput)curves)
of)the)CFHT)9303)filter)(red))and)
Skymapper)v@filter)(grey))overploAed)
over)spectra)of)an)extremely)metal@
poor)giant.)The)black)spectrum)is)
enhanced)in)C,N)and)O)by)2)dex,)as)we)
see)in)some)of)these)stars.'
Bo1om'panel:'Sketch)of)the)PrisLne)
footprint)on)an)SDSS)density)map)of)
turnoff)stars)at)different)distances)
(courtesy)V)Belokurov).)The)SagiAarius)
stream)is)the)most)prominent)feature,)
the)Monoceros)stream)is)visible)on)the)
right)(at)low)RA,)close)to)the)disk).)The)
orphan)stream)runs)through)both)
PrisLne)16B)and)17B.)

Pris%ne(Footprint(2015A(

Pris%ne(15A(+(16A(

Belokurov)et)al.)(2007))

Pris%ne(17A(

((((((Pris%ne(16B(

Pris%ne(17B(

Pris%ne(17B(

Pristine filter is narrower than Skymapper filter, far 
less biased by Carbon



Pristine Footprint

Pristine 15A+16A
with CFHT/MegaCam

Belokurov et al. (2007)



Observations 15A & 16A

100s per field
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Calibrating Pristine with SEGUE

Figure'1:'Top'panel:'Sample)of)SDSS)SEGUE/BOSS)

spectra)with)derived)parameters)overlapping)with)

our)survey)before)and)a[er)we)clean)for)various)

contaminants.)The)two)black)triangles)represent)

stars)with)[Fe/H])=)@3.0)from)Aoki)et)al.,)2011.)The)

colored)lines)are)model)predicLons)for)stars)at)[Fe/

H])=)@1,)@2,)@3)and)no)metal)lines)(orange,)green,)

blue)and)black)respecLvely).)'
Bo1om'panel:'Stars)in)four)square)degrees)around)
the)Bootes)I)dwarf)galaxy)(targets)in)the)central)

degree)are)darker).)Spectroscopically)followed@up)

stars)from)Koposov)et)al.,)2011)and)Norris)et)al.,)

2010)are)circled,))red)if)they)agree)with)the)Bootes)I)

radial)velocity,)blue)if)they)do)not.)The)CFHT)9303)

filter)clearly)gives)us)another)handle)on)

membership)and)allows)us)to)efficiently)target)

stripped)member)stars)out)to)large)radii)from)the)

core)galaxy.)))))

Starkenburg, Martin et al. (in prep)
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Calibrating Pristine with SEGUE



The Pristine [Fe/H] decomposition
Starkenburg, Martin et al. (in prep)



[Fe/H]<–2.5

180200220240
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15

The metal-poor Milky Way

180200220240
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–2.5<[Fe/H]<–1.5

Bootes I (~104 L )

Bootes II (~103 L )



Bootes I seen by Pristine
Figure'1:'Top'panel:'Sample)of)SDSS)SEGUE/BOSS)

spectra)with)derived)parameters)overlapping)with)

our)survey)before)and)a[er)we)clean)for)various)

contaminants.)The)two)black)triangles)represent)

stars)with)[Fe/H])=)@3.0)from)Aoki)et)al.,)2011.)The)

colored)lines)are)model)predicLons)for)stars)at)[Fe/

H])=)@1,)@2,)@3)and)no)metal)lines)(orange,)green,)

blue)and)black)respecLvely).)'
Bo1om'panel:'Stars)in)four)square)degrees)around)
the)Bootes)I)dwarf)galaxy)(targets)in)the)central)

degree)are)darker).)Spectroscopically)followed@up)

stars)from)Koposov)et)al.,)2011)and)Norris)et)al.,)

2010)are)circled,))red)if)they)agree)with)the)Bootes)I)

radial)velocity,)blue)if)they)do)not.)The)CFHT)9303)

filter)clearly)gives)us)another)handle)on)

membership)and)allows)us)to)efficiently)target)

stripped)member)stars)out)to)large)radii)from)the)

core)galaxy.)))))

within 1 deg2 around BooI
within 2 deg2 around BooI



Follow-up Sectroscopy
๏40n awarded in 2016A (ESPaDOnS, INT, NTT, MPG/ESO 2p2) 

• First results are very encouraging (see Kim's talk)
• INT follow-up — 20 stars, all [Fe/H]<–2.0

• 13 stars with [Fe/H]<–2.5
• 3 stars with [Fe/H]<–3.0

Wavelength (Å)



The Pristine survey
Figure'2:'Top'panel:'Throughput)curves)
of)the)CFHT)9303)filter)(red))and)
Skymapper)v@filter)(grey))overploAed)
over)spectra)of)an)extremely)metal@
poor)giant.)The)black)spectrum)is)
enhanced)in)C,N)and)O)by)2)dex,)as)we)
see)in)some)of)these)stars.'
Bo1om'panel:'Sketch)of)the)PrisLne)
footprint)on)an)SDSS)density)map)of)
turnoff)stars)at)different)distances)
(courtesy)V)Belokurov).)The)SagiAarius)
stream)is)the)most)prominent)feature,)
the)Monoceros)stream)is)visible)on)the)
right)(at)low)RA,)close)to)the)disk).)The)
orphan)stream)runs)through)both)
PrisLne)16B)and)17B.)

Pris%ne(Footprint(2015A(

Pris%ne(15A(+(16A(

Belokurov)et)al.)(2007))

Pris%ne(17A(

((((((Pris%ne(16B(

Pris%ne(17B(

Pris%ne(17B(

๏The Future:

๏A dedicated survey on the MW (northern) faint dwarf 
galaxies

๏A systematic spectroscopic follow-up
• Most intersting targets → 8m telescope high resolution
• Eventually WEAVE + 4MOST
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