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Ca H&K photometry to select metal-poor stars in the Sagittarius core
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The largest high-resolution sample of very metal-poor stars in Sagittarius core

The recipe of the most metal-poor stars in Sgr

✦ From C to Zn: High-energy and hypernovae with 

✦ n-capture: neutron stars merger, fast-rotating metal-poor stars, 

asymptotic giant branch stars

10 − 70 M⊙

Carbonicity to trace SNe retention: Sagittarius vs the 7 dwarfs and the Milky Way

The higher the SNe energy, the lower [C/Fe]

✦ Sgr/DGs: Imprints of high-energy SNe 

events


✦ MW building blocks: predominance of  
faint SNe events?

Should we re-define “CEMP”?

✦ Lower [C/Fe] in Sgr/DGs 
than in the MW


✦ Lower fraction of CEMP 
in Sgr/DGs than in MW


✦ CEMP definition based 
on MW observations


✦ How about to re-define 
“CEMP” as outliers from 
the average [C/Fe] of a 
given system?
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Starkenburg+2017

MIKE High-res
AAT medium-res

ONLY 12 VMP stars with high-res: 
Multi-object high-res spectrographs are needed!
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Fig. 6. Chemical abundances [X/Fe] as a function of [Fe/H]. Sgr stars analysed in this work are marked with blue circles. For [C/Fe], values
are corrected for stellar evolution e↵ects as in Placco et al. (2014). MW halo stars are from SAGA database (Suda et al. 2008) and they are
denoted by grey small circles. Literature stars of Sgr (black circles) for the various [X/Fe] are from Monaco et al. (2005), Mucciarelli et al. (2017),
Hansen et al. (2018), except for [C/Fe] which are from Hansen et al. (2018), Chiti & Frebel (2019), Chiti et al. (2020), and Sestito et al. (2024a).
All datasets are in LTE. Halo stars have been selected to be all giants for a more fair comparison. Open triangle in our Eu measurement denotes an
upper limit.
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Most of the elements were unexplored
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Carbon gradient in Sagittarius
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contributing (Sestito et al. 2024b). In particular, intermediate-
mass high-energy and hypernovae are needed to explain the
abundance patterns of the lighter elements up to the Fe-peak,
while compact binary merger events and fast-rotating (up to
→300 km s↑1) intermediate-mass to massive metal-poor stars
(→25–120 M↓) are needed to account for the level of the heavy
elements. No evidence for contributions from pair-instability
supernovae has been found in Sestito et al. (2024b). This mixture
of various energetic SN events appears to be common in classi-
cal DGs and therefore explain the similarity in [C/Fe] between
these systems and their lower level compared to the MW (see the
next section for a further discussion on this topic)

4.4. Various kinds of supernovae enrichment

The different amount of [C/Fe] among the classical DGs and
their lower level compared to the MW can be interpreted as the
imprint of a different chemical evolution and a different effi-
ciency in retaining the ejecta of SNe. For instance, the chemical
evolution models from Vanni et al. (2023) suggested that DGs
would have been polluted by a mixture of SNe II from Popula-
tion III and II stars versus a more pristine population of SNe II
in the building blocks of the MW halo (see also Skúladóttir et al.
2024b). The higher fraction of Pop II would have contributed to
partially lower the average [C/Fe] (Vanni et al. 2023).

In addition, the ISM of classical DGs is considered to be
homogeneously mixed and, thus, able to retain the ejected yields
from the most energetic events (Skúladóttir et al. 2024b), such
as high-energy SNe II, hypernovae, and potential pair-instability
SNe II. The retention of the ejected yields from the most ener-
getic events would lower the average amount of [C/Fe], given
they would produce more Fe than C (e.g. Limongi & Chieffi
2018; Kobayashi et al. 2020; Koutsouridou et al. 2023; Vanni
et al. 2023).

While there is a consensus that massive systems would con-
tribute to the formation of the MW (e.g. Deason et al. 2016),
an open question remains regarding whether the MW’s building
blocks resemble UFDs or DGs in terms of their ISM efficiency
in retaining SNe yields or regarding their star formation history
or their initial mass function. We interpret the higher average
[C/Fe] of the MW as an indication that the ISM efficiency of
the MW’s building blocks is similar to UFDs, hence unable to
retain the most energetic events (e.g. Ji et al. 2016; Roederer
et al. 2016; Hansen et al. 2017; Kobayashi et al. 2020; Applebaum
et al. 2021; Waller et al. 2023; Sestito et al. 2024a). Therefore,
the ISM of the building blocks of the MW, should be the fossil of
the lower energetic events only (Koutsouridou et al. 2023; Vanni
et al. 2023; Skúladóttir et al. 2024b). Additionally, if inhomoge-
neous chemical enrichment is in place, asymptotic giant branch
stars (AGBs) can also be an extra source for the level of carbon,
even at lower metallicities (Kobayashi et al. 2014; Vincenzo &
Kobayashi 2018; Kobayashi et al. 2020).

Figure 5 also shows a difference in the average [C/Fe]
between the MW halo and the inner Galaxy, especially those
stars confined within 3 kpc. Recently, Pagnini et al. (2023) sug-
gested that a potential dearth of CEMP stars in the inner Galaxy
could be due to the very high star formation rates at early times.
The star formation would be so intense that stars massive enough
to explode as pair-instability SNe would form, which would
lower the average [C/Fe] compared to the halo. However, no star
carrying the imprint of pair-instability SNe has been found so
far in the Galaxy (e.g. Lucey et al. 2022; Sestito et al. 2023b;
Skúladóttir et al. 2024a).

Fig. 6. Median [C/Fe] as a function of the projected elliptical distance.
Stars from the final selection of Sgr PIGS/AAT. The median is obtained
removing the sample from CEMP stars and dividing it into distance
bins and into two sub-groups, the more metal-poor (blue circles, ↑2.5 ↔
[Fe/H] ↔ ↑2.0) and the slightly more metal-rich (navy circles, [Fe/H] >
↑2.0). Stars have been selected to have 1.8 < log g < 2.3.

Furthermore, SNe Ia can concur to lower the average [C/Fe]
in a given system (Iwamoto et al. 1999). The contribution of
SNe Ia might start at [Fe/H] ↭ ↑2.5 in some classical DGs (e.g.
Cohen & Huang 2009; Venn et al. 2012; Kirby et al. 2015b;
Sestito et al. 2023c), and likely between ↑2.0 ↫ [Fe/H] ↫ ↑1.5
for Sgr (Sestito et al. 2024b). This is not the case for the MW,
where SNe Ia starts to kick in at higher metallicities, [Fe/H] →
↑1.0 (e.g. McWilliam 1997; Matteucci 2003; Venn et al. 2004).
Therefore, the lower average [C/Fe] at [Fe/H] ↭ ↑2.5 in DGs and
at [Fe/H] ↭ ↑2.0 in Sgr can also be caused by the contribution
of SNe Ia.

4.5. Radial gradient of [C/Fe]

Our sample is large enough and covers enough of Sgr to test
whether there may be any radial gradients in [C/Fe]. To avoid
potential systematic effects in [C/Fe] between radial bins due to
differences in stellar parameter coverage, we limit the sample
to 1.8 < log g < 2.3 for this analysis. We find that the general
picture of our results does not change compared to using a more
generous cut or the full sample, but the behaviour is cleaner for
the limited sample.

The median [C/Fe] as a function of the projected ellipti-
cal distance is shown in Fig. 6. The Sgr PIGS/AAT sample is
divided into two sub-groups, the low-metallicity (blue circles,
↑2.5 ↔ [Fe/H] ↔ ↑2.0) and a slightly more metal-rich group
(navy circles, ↑2.0 < [Fe/H] ↔ ↑1.5), and removing CEMP stars
from the calculations. There is a net positive [C/Fe] gradient
for the slightly more metal-rich sub-group, with a difference
of → + 0.25 dex between the very inner region and the out-
skirts of Sgr. This leads to a positive gradient in [C/Fe] of
about ↗[C/Fe] → 0.23 dex r↑1

h or →8.8 ↘ 10↑2 dex kpc↑1 or
→6.8 ↘ 10↑4 dex arcmin↑1.

Regarding the low-metallicity sub-group, a mild positive gra-
dient is visible if the innermost bin is not considered. In this case,
the difference in [C/Fe] would be →0.2 dex between the inner to
the outer Sgr’s regions. To be taken into account, uncertainties
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−2.5 ≤ [Fe / H] ≤ − 2.0

−2.0 < [Fe/ H] < − 1.5
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Inner Way Way

Medium-resolution PIGS/AAT sample:

~830 metal-poor Sgr stars with [Fe/H] and RVs

~350 have “good” [C/Fe] measurements vs dwarfs vs Milky Way

Carbon gradient at “higher” [Fe/H]

✦ Hint of Sne Ia in the inner core?
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Medium-res

High-res

MW halo
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