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ABSTRACT

We present the first release of a large-scale study of relatively bright (V < 13.5) metal-poor stars
observed with the Southern African Large Telescope (SALT), based on high-resolution spectra of 50
stars with a resolving power of R ~ 40,000 and S/N ~ 20 per pixel at 4300 A. The elemental abundances
of C, Sr, Ba, and Eu are reported, as well as several a-elements (Mg, Ca, Sc, Ti, V) and iron-peak
elements (Mn, Co, Ni, Zn). We find a diverse array of abundance patterns, including several consistent
with the signatures of carbon-enhanced metal-poor CEMP-i and CEMP-r stars. We find that 15 of
50 (30%) are carbon enhanced (with [C/Fe] > +0.70), and that a large fraction (26 of 50, 52%) are
enhanced in r-process elements. Among the r-process-enhanced stars, five are strongly enhanced r-II
([Eu/Fe] > +1.0) stars ( two of which are newly discovered) and 21 are newly discovered moderately
enhanced r-I (+0.3 < [Eu/Fe] < +1.0) stars. There are eight stars in our sample that, on the basis of
their abundances and kinematics, are possible members of the metal-weak thick-disk population. We
also compare our measured abundances to progenitor-enrichment models, and find that the abundance
patterns for the majority of our stars can be attributed to a single (rather than multiple) enrichment

event.

Keywords: galaxy: halo — stars: abundances — stars: atmospheres — stars: Population IT — tech-

niques: imaging spectroscopy

1. INTRODUCTION

Metal-poor stars are the oldest survivors of the earliest
era of star formation after the Big Bang; they preserve
material in their photospheres that has (with the ex-
ception of mass-transfer binaries) remained essentially
unaltered since their birth (Beers et al. 1992, and ref-
erences therein). This allows for the direct examina-
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tion of star-formation environments that have not ex-
isted for billions of years. Their frequencies, elemental
abundances, and kinematics provide insight into early
star-formation channels, nucleosynthesis pathways, and
Galactic assembly. As such, they are a valuable tool for
studying many facets of the early Universe.

Metal-poor stars exhibit diverse elemental-abundance
patterns; it is thus useful to define several sub-classes.
Stars that are over-abundant in carbon relative to iron,


mailto: tbeers@nd.edu

2 RASMUSSEN ET AL.

compared to the Solar ratio ([C/Fe] ! > +0.70), are
referred to as carbon-enhanced metal-poor (CEMP)
stars. Stars that are also over-abundant in the neutron-
capture elements are referred to as CEMP-s, CEMP-i,
or CEMP-r, depending on their overall heavy element-
abundance patterns. The CEMP-no stars exhibit under-
abundances of neutron-capture elements relative to the
Solar ratios. Quantitative abundance definitions can
be found in Table 1, adapted from Beers & Christlieb
(2005) and Frebel (2018).

At very low metallicities, the presence of large
amounts of carbon relative to iron is significant because
it a strong indicator that a star likely formed in the early
Universe through cooling channels involving CII and/or
OI (Bromm & Loeb 2003; Frebel et al. 2007). This is
supported by the observed increase in the cumulative
fraction of CEMP stars that have not been externally
enriched by a mass-transfer event from a binary com-
panion (i.e., CEMP-no and CEMP-r), as demonstrated
in Lee et al. (2013a), Placco et al. (2014), and Yoon et al.
(2018). According to the most recent work, this fraction
grows steadily from ~30% at [Fe/H] < =2.5 to ~ 100%
at [Fe/H] < —4.5. The search for CEMP-no stars is thus
important, since these stars have the greatest potential
to represent bona-fide second-generation stars.

The presence of the (predominantly) r-process ele-
ment Eu in a very metal-poor star (along with [Ba/Eu]
< 0, to exclude possible s- or i-process contributions)
indicates that an explosive progenitor event, such as a
neutron star merger (Lattimer & Schramm 1974; Ar-
cones et al. 2007; Thielemann et al. 2017), likely en-
riched the star’s natal cloud with significant amounts of
heavy elements beyond the iron peak. Specifically, the r-
process-element abundance patterns (strictly speaking,
the residuals from the Solar pattern after subtracting
the s-process contribution, e.g., Burris et al. 2000) of
such stars encode unique information on the nature of
the possible astrophysical sites and the various nucle-
osynthetic pathways involved in the operation of the r-
process.

In addition to C and Eu, several other elemental abun-
dances can be useful tests of first-star and Galactic
chemical-evolution models (e.g., Coté et al. 2016, 2017,
and references therein). Measurements of @-capture el-
ements, such as Mg, can be used to between models for
first-star nucleosynthesis mechanisms (Yoon et al. 2016,
and references therein), as well as to separate stars with
single supernova progenitors from those with multiple

I Relative abundance ratios used in this work correspond to
[A/B] = log(Na/Ng)—log (Na/NB)g, where N indicates the

number density of the given species.

Table 1. Metal-Poor Sub-class Definitions

Sub-Classes

Definition

r-process-enhanced stars

r-1 0.3 < [Eu/Fe] < +1.0, [Ba/Eu] < 0
r-11 [Eu/Fe] > +1.0, [Ba/Eu] < 0
Carbon-enhanced metal-poor stars
CEMP [C/Fe] > +0.7
CEMP-r [C/Fe] > 4+0.7, [Eu/Fe] > +1.0
CEMP-s [C/Fe] > +0.7, [Ba/Fe] > +1.0, [Ba/Eu] > 4+0.5
CEMP-i [C/Fe] > 40.7, 0.0 < [Ba/Eu] < +0.5 (-1.0 < [Ba/Pb] < -0.5)
CEMP-no [C/Fe] > +0.7, [Ba/Fe] < 0

such progenitors (Hartwig et al. 2018). Other neutron-
capture element abundances, such as Ba, can provide
insight into the s-process operating in asymptotic gi-
ant branch (AGB) stars and the subsequent mass trans-
fer across a binary system (Herwig 2005; Bisterzo et al.
2010; Abate et al. 2015), or in massive, rapidly rotat-
ing extremely low-metallicity stars (e.g.,Pignatari et al.
2008, Meynet et al. 2010, Maeder et al. 2015, Choplin
et al. 2016, Choplin et al. 2018), as well as the possible
operation of the i-process, the astrophysical site(s) for
which are still under investigation (Hampel et al. 2016;
Denissenkov et al. 2017).

2. TARGET SELECTION AND OBSERVATIONS
2.1. Target Selection

The stars that comprise this sample are the first data
release from a total of ~200 metal-poor stars, selected
from candidates identified during the Radial Velocity
Experiment (RAVE) survey (Steinmetz et al. 2006; Kun-
der et al. 2017). RAVE obtained moderate-resolution
(R ~ 7500) spectroscopy of bright stars in the region
of the Ca triplet, and derived stellar parameters (T,
log g, and [Fe/H]) and abundance estimates for a lim-
ited number of elements. Their sample of nearly 500,000
stars was selected on apparent magnitude, effectively re-
moving the biases typically associated with searches for
metal-poor stars, such as selection on metallicity itself,
kinematics, coverage of a limited range of evolutionary
status, or membership in a specific Galactic population.

To arrive at the current sample, medium-resolution
(R ~ 2000) spectra of candidate metal-poor RAVE stars
were obtained (see Figure 1), and processed by the non-
SEGUE Stellar Parameter Pipeline (n-SSPP) (Lee et al.
2013b; Beers et al. 2017), which compares observed spec-
tra to synthetic spectra to predict [C/Fe], along with
their stellar atmospheric parameters (Teg, logg, and
[Fe/H]), using a number of approaches (Placco et al.
2018). The estimates of [C/Fe] were then corrected for
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Figure 1. Medium-resolution (R ~ 2000) spectra of several stars in our sample. Estimates of Tog /log g/[Fe/H]/[C/Fe] obtained
by the n-SSPP are shown for each star: J153830.9-180424 (light green), J100709.2-180947 (orange), J061950.0-531212 (red),
and J044208.2-342114 (dark red) were taken with the EFOSC2 spectrograph at the New Technology Telescope (NTT), while
J222236.0-013827 (dark green) was taken with the RCSPEC spectrograph at the Mayall 4m Telescope. The gray region at
the left indicates the wavelength range not covered by the high-resolution SALT spectra. The blue-shaded region indicates
the location of the CH G-band used by the n-SSPP to estimate [C/Fe]. The values of [C/Fe] shown have been corrected for

evolutionary effects, as discussed by Placco et al. (2014).

evolutionary effects, as discussed by Placco et al. (2014),
in order to better approximate their natal C abundances.

The full sample of ~200 SALT stars were selected af-
ter this step on the basis of brightness and/or their high
[C/Fe] abundances, to maximize the numbers of likely
CEMP stars in the sample. The sample of 50 stars re-
ported on here were picked from the full sample as a
pilot study. This pilot sample covers the same appar-
ent magnitude range as the full ~200 star sample (see
Figure 2).

2.2. SALT Observations

A total of 55 hours of observing time was granted
at the 11m Southern African Large Telescope (SALT;
Buckley et al. 2006) for the Long Term Proposal 2017-
1-MLT-012, “Detailed Study of CEMP Stars Identified
in the RAVE Survey”. The observations were carried
out in service mode during four consecutive semesters,
beginning in 2017 April and ending in 2019 March. A to-
tal of 223 stars were observed with the High Resolution
Spectrograph (HRS; Bramall et al. 2010, 2012; Crause
et al. 2014) at a resolving power of R ~ 40,000. Exam-
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Figure 2. Distribution of V magnitudes for the present
sample, as well as for the complete set of ~200 stars observed
with SALT on this program.

ples of several of the important absorption features are
shown in Figure 3.

The HRS is a dual-beam, single-object, fiber-fed
echelle spectrograph which utilizes a pair of fibers to
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Figure 3. Comparison of high-resolution data with synthetic spectra for the elements carbon, europium, barium, and strontium,
for the r-II star J153830.9-180424. The black dots indicate the observed spectra, while the blue-shaded region indicates the
range around the best-fit values, as provided in the legend for each panel. Top left: The CH G-band at ~ 14310 A. Top right:
The Eull line at 14129 A. Bottom left: the Ball line at 14934 A. Bottom right: The Sr1I line at 14215 A.

simultaneously image a target and the nearby sky back-
ground. It employs Volume Phase Holographic (VPH)
gratings composed of dichromated gelatin between two
optical windows as cross-dispersers. HRS has three res-
olution settings (R ~14,000, R ~40,000, and R ~65,000),
which deliver light to one blue (370-550 nm) 2k by
4k CCD chip and one red (550-890 nm) 4k by 4k
fringe-suppressing deep-depletion chip. Nominal expo-
sure times were ~2 h, depending on the brightness of the
target, leading to a typical signal-to-noise ratio (S/N) of
~ 20 per pixel at 4300 A. The useful wavelength range
of the spectra is 3990-5560 A, as the signal is dominated
by the noise blueward of 3990 A, and issues within our
own reduction pipeline made reduction of the red wing
infeasible. Further observing details can be found in
Table 2.

3. DATA ANALYSIS AND STELLAR
PARAMETERS

3.1. Data Reduction

Reduction of the raw spectra from HRS was carried
out with custom-made code designed for SALT spec-
tra utilizing IRAF routines (Tody 1986, 1993). The
packages noao, imred, cddred, and echelle were em-
ployed, specifically, using the tasks ccdproc, imcombine,
apflatten, apscatter, and apall.

Spectra were normalized, stitched together, and
radial-velocity corrected with the software Spectroscopy
Made Hard (SMH; Casey 2014), which is a python wrap-
per of the FORTRAN-based MOOG routine (Sneden
1973; Sobeck et al. 2011). Atomic data for the absorp-
tion lines used for equivalent-width determination are
listed in the Appendix.

3.2. Stellar Parameters

Effective-temperature estimates were determined by
minimizing trends between the abundances of Fel lines
and their excitation potentials, and applying the tem-
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perature correction from the spectroscopic to the pho-
tometric scale suggested by Frebel et al. (2013). The
microturbulent velocity was determined by minimizing
the trend between the abundances of Fel lines and their
reduced equivalent widths (REW; log (Eq.Width)/4,).
The surface gravity was determined from the balance of
the two ionization stages of iron, FeI and FeIl. The loca-
tion of stars in our sample along isochrones generated for
[Fe/H] = -1.0, —2.0, and —3.0 for both 10 and 12 Gyr,
based on their derived atmospheric parameters, is shown
in Figure 4. There is little difference between the 10 and
the 12 Gyr isochrones for post-main-sequence stars, but
it is instructive to show that the sample matches what
we expect to see for a population of old, metal-poor
stars.

= [Fe/H] = —1.00 (12 Gyr)
== [Fe/H] = —1.00 (10 Gyr)

[Fe/H] = —2.00 (12 Gyr)
14 [Fe/H] = —2.00 (10 Gyr)
= [Fe/H] = —3.00 (12 Gyr) *
= = [Fe/H] = —3.00 (10 Gyr)

7000 6500 6000 5500 5000 4500
Tefr (K)

Figure 4. Comparison of the program sample to a set
of isochrones. The three solid or dashed lines represent
isochrones with a common age of either 10 or 12 Gyr, respec-
tively, for metallicities of [Fe/H] = —1.0 (red), —2.0 (orange),
and —3.0 (blue). Data used to generate the isochrones were
taken from Placco et al. (2019).

3.3. Comparison with Prior Estimates

Temperature: Figure 5 shows a comparison of
effective-temperature estimates for our stars. For stars
with RAVE DRA4 results (Kordopatis et al. 2013), there
is only moderate agreement between the reported tem-
peratures and the temperatures derived in this work
(Figure 5). RAVE DR5 (Kunder et al. 2017) only issued
corrections for stars above 6000 K, which does not affect
the majority of our generally cooler stars. However, new

RAVE DR5 temperatures based on IR photometry ex-
hibit far better agreement with our results, as do the
temperatures derived from the n-SSPP.

7000 - Range of juncertainty: 250 7000 -
<
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[
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Figure 5. Temperatures from RAVE DR4 (top left), RAVE
DRS5 (top right), RAVE DR5 IR (bottom left), and Placco
et al. (2018) (bottom right), compared with the atmospheric
parameters derived in this work. The blue-shaded region
marks a +250 K margin of error.

Surface Gravity: Surface gravity (see Figure 6) is
often difficult to accurately estimate, even with high-
resolution spectra. For both RAVE DR4 and DR5, the
scatter with respect to our results is quite large, and log
g is frequently over-estimated by nearly a dex. Better
agreement is achieved with the n-SSPP values, but the
spread is still rather large.

Metallicity: Figure 7 shows a comparison of derived
metallicities. The metallicities from RAVE DR4 exhibit
a rather large scatter compared with our SALT deter-
minations, and include a number of highly deviant stars
at the lowest [Fe/H]; the scatter and deviant behavior is
reduced for RAVE DR5. The scatter compared to the
n-SSPP is generally good, but there remain a number of
stars with significant deviations. Many of these outliers
have either high carbon abundances (A(C) > 7.35), lower
temperature (Tog < 4750K), or both. This is a known
difficulty for medium-resolution spectra analyzed with
the n-SSPP, due in part to the nascent saturation of the
CH G-band, and depression of the continuum by molec-
ular carbon veiling in the region of the Call K line,
which is a primary metallicity estimator for that rou-
tine. An improved methodology for dealing with both
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Figure 6. Log g values derived from RAVE DR4 (left), RAVE DR5 (middle), and Placco et al. (2018) (right), compared with
the atmospheric parameters derived in this work. The blue-shaded region marks a 0.30 dex margin of error.

of these challenges has been recently developed, and is
reported on by Yoon et al. (2020).

4. CHEMICAL ABUNDANCES

The elements C, Mg, Ca, Sc, Ti, V, Cr, Mn, Fe, Co,
Ni, Zn, Sr, Ba, and Eu have been measured (or had up-
per limits determined) for all 50 stars in our data set.
Metallicity ranges from [Fe/H] = —2.92 to —0.94, with
typical values around [Fe/H] ~ —2.40. Abundances of
all elements, except for C, Sr, Ba, and Eu, were mea-
sured using the equivalent-width approach. Gaussian
profiles were fit to all absorption lines in our line list
to obtain the line measurements. We applied a REW
cutoff of —4.5, as this is the point above which equiva-
lent widths no longer linearly correlate with increasing
abundance. Uncertainties for these element abundances
are reported as the standard deviation resulting from
multiple measurements. In the case of single-line mea-
surements, we adopt a nominal value of 0.10dex. In
the case of any synthesized spectral features, the un-
certainty is chosen to represent the difference between
the best-fit abundances and a synthetic spectrum with
an abundance that encapsulates all of the data points
across the region of the line. Example spectra can be
found in Figure 3.

The derived abundances of elements useful for classi-
fying our program stars, as discussed above, are listed
in Table 5. Comparison of these abundances (and the
adopted atmospheric parameters) for nine of our stars
with previous high-resolution spectroscopic analyses are
listed in Table 3. We find that our carbon and barium

values values are largely consistent between works when
uncertainties and differing temperatures are taken into
account, and that Sr and Eu are mostly consistent, with
a few outliers. For Sr, inconsistencies are likely to come
from the large depth of the line combined with its many
blends; for Eu, inconsistencies beyond measurement un-
certainty arise when the [Eu/Fe] ratio is high and the
line begins to saturate.

Additional elemental abundances for our program
stars are listed in Table 6 (a-elements), and Table 7
(iron-peak elements), and are described briefly below.

4.1. Carbon and the a-Elements

Carbon abundances were measured using spectral syn-
thesis of the CH G-band at 14313 A. The great majority
of the stars in our sample are red giants, so we assume an
equilibrium isotopic ratio value of 2C/13C ~ 5.0. These
giants have experienced a varying degree of internal car-
bon depletion due to CN processing. To correct for this
depletion, the procedure from Placco et al. (2014) was
applied. Corrected C abundances are reported in Ta-
ble 5 as [C/Fecorr-

Mg I abundances were measured using lines redward
of 14000 A, including the Mg triplet, when a REW of
less than —4.5 was reported. Ca I was measured in a
similar fashion. No Ca II lines were available within our
wavelength range. Sc I lines, at these metallicities and
S/N, and within the available wavelength range, are too
weak to measure; we instead report abundances based
on as many as eight Sc IT lines. We measure both Ti I
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Figure 7. [Fe/H] values reported by RAVE DR4 (left), DR5 (middle), and Placco et al. (2018) (right), compared with the
atmospheric parameters derived in this work. The blue-shaded region marks a 0.30 dex margin of error. Outliers in the Placco
et al. (2018) comparison are generally stars which have either a very high A(C) value (A(C) > 7.35), a lower temperature (Teg

< 4750K), or both. See text for details.

and Ti II species, and report their abundances individu-
ally. The results for these elements are listed in Table 6.

4.2. Iron-Peak Elements

For our data, a reliable V I abundance is reported
based on only a single line at 14786.50 A. Both Cr I
and Crlll abundances are reported when the S/N is
sufficiently high to measure the three weak Cr II lines
at 14558.59 A, 14588.14 A, and 14591.99 A. Between 60
and 80 lines were measured for Fe I, and 5 to 15 for Fe II,
depending on the temperature, metallicity, and S/N of
the stellar spectrum.

Mn I and Ni I abundances are measured from 7 and
18 lines, respectively. Because the majority of Co I lines
lie blueward of 14000 A, we derive its abundance from
only the one line at 14121.32 A. Zn I is measured from
the two lines at 14722.15 A and 14810.53 A. The results
for these elements are reported in Table 7.

4.3. Neutron-Capture Elements

Estimates of the elemental abundances for Sr, Ba, and
Eu have been handled with extra care, as they are the el-
ements by which our program metal-poor stars are clas-
sified. Details for each element are provided below.

Strontium: The Sr II abundance was measured from
the 14215 A line, as it is quite strong and does not easily
over-saturate, unlike the line at 14077 A. The 14161 A
line is weak and closer to the blue cutoff, so it was inac-
cessible in most cases.

Barium: Ba II was measured from the 14934 A line,
as this feature is strong, accessible, and isolated from
blends. It also does not over-saturate, as the 4554 A is
known to in cases of strong s-process enhancement.

Europium: Eu I was measured from the 14129 A line,
which is strong and accessible. It is blended with a Dy 11
line; however, these are both r-process elements and reli-
ably scale with one another over a wide range of [Eu/Fe]
values. Other Eu lines exist, however, they are largely
too weak to be measured at the typical S/N of our spec-
tra.

4.4. Comparisons with Prior Abundance Measurements

Nine of our stars have previous estimates of stel-
lar atmospheric parameters and chemical abundances
based on from high-resolution spectroscopy, the major-
ity of which originate from the R-Process Alliance data
releases (Hansen et al. (2018); Sakari et al. (2018a)).
These are provided in Table 3. Comparing to the at-
mospheric parameters and abundances in the present
work, we find very good agreement for several stars,
while others exhibit moderate disagreements. In those
cases, significant differences in vy, can account for the
differences, while for one case, our temperature estimate
differs by ~400 K, with respect to that determined on a
purely spectroscopic scale by Roederer et al. (2014); this
results in large abundance differences. In addition, mea-
surements based on relatively low- S/N spectra result in
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larger uncertainties for both our work and for several
stars in the comparison sample.

5. METAL-POOR STAR SUB-CLASSIFICATIONS
AND FREQUENCIES

5.1. Classifications

We have classified all of our program stars with astro-
physically interesting chemical-abundance signatures, in
order to assess their frequencies among Galactic halo
stars. Over time, as ever larger samples of metal-poor
stars with these signatures become available, this should
eventually enable detailed assessments of the nucleosyn-
thetic origins of these patterns.

Sub-classifications for our program stars have been
performed, based on A(C), [C/Fe], [Ba/Fe], and [Eu/Fe],
listed along with [Sr/Fe] in Table 5. This is adequate for
all but two of our stars, those that are likely CEMP-i
stars. Such stars are difficult to classify, because confi-
dent membership within the CEMP-i class depends on
a Pb abundance, a measurement we cannot obtain from
our data. With higher-S/N spectra, the detailed abun-
dance patterns could be established to further verify and
fill in the details of the relevant nucleosynthesis signa-
tures.

The distribution of CEMP stars in the A(C)-[Fe/H]
fall into at least three groups, as defined in the Yoon-
Beers diagram presented by Yoon et al. (2016). Group
I is primarily populated by relatively higher-metallicity
CEMP-s stars that received their high C abundances
through mass transfer from a binary AGB companion.
Group IT includes stars with a relatively low [Fe/H] and
very low A(C) values, which can be classified as CEMP-
no stars on the basis of either their A(C) or, when avail-
able, low [Ba/Fe] ratios. Group IIT also contains CEMP-
no stars, with low [Ba/Fe|, but at extremely- to ultra-
low metallicities, and with higher A(C) than Group II
CEMP-no stars. As argued by Yoon et al. (2016), dif-
ferent progenitor scenarios are thought to be responsible
for the production of the stars in Groups II and III. The
availability of different cooling channels, as discussed in
Chiaki et al. (2017) , may also play an important role.

From inspection of the locations of our stars in the
Yoon-Beers diagram, shown in Figure 8, five of our
CEMP stars fall into Group I, seven into Group II, and
three into the region shared by Groups I and II. No
stars in our sample have metallicities sufficiently low to
be uniquely associated with Group III.

5.2. Frequencies of CEMP and r-Process-Enhanced
Stars

We find that 52% of our program stars are enhanced
at the [C/Fe] > +0.50 level (using the corrected car-

8.5
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7.0

A(C)

6.5
6.0

551
/ [C/Fe] = +0.70
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—4.5

Figure 8. Location of our program stars in the A(C)-[Fe/H]
space with overlaid groupings, following Yoon et al. (2016).
Five of the 15 CEMP stars clearly lie in Group I, seven in
Group II, three in the Group I/II overlap region, and none
in Group III. The rest of our sample lie below the adopted
cutoff for CEMP stars, [C/Fe] = 40.70, shown as a gray line.

bon abundances), 30% of our sample is carbon-enhanced
at the [C/Fe] > 40.70 level, and 14% of our sample
at the [C/Fe] > +1.00 level. Of the 15 CEMP stars,
six are CEMP-no, four are CEMP-s, two are likely
CEMP-i, and three are CEMP-r stars. Of the CEMP-
r stars, one is an r-I, and two are r-II, adding to the
small number of such stars that were previously known.
RAVE J180242.3-440443 has [C/Fe] = +0.78 + 0.25
with [Eu/Fe] = 4+1.20 = 0.30. [Eu/Fe] has also been
measured for this star by Hansen et al. (2018), who re-
ports [Eu/Fe] = +1.05 + 0.30. RAVE J171633.4-700902
has [C/Fe] = 40.73 + 0.25, with [Eu/Fe] = +1.09 +
0.30, bu no other previous measurements. A total of 10
CEMP-rII stars are now known, including the canonical
r-1I star CS 22892-052 (a compilation is provided in Gu-
den et al., in prep.); it appears clear that r-process en-
richment must at least occasionally take place in carbon-
enhanced gas, presumably provided by either massive
first stars in some of the earliest star-forming regions,
or by progenitors that have been suggested to be capa-
ble of producing both C during their lifetimes and r-
process elements when they explode, such as collapsars
(see, e.g., Siegel et al. 2019).

Our sample was selected to be predominantly carbon
rich. Accordingly, our CEMP fraction cannot be mean-
ingfully compared to previous literature CEMP frac-
tions. We believe that the reason a CEMP fraction
greater than 30% was not actually achieved, as initially
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intended, is likely due to a temperature offset. This can
be seen in the bottom right panel of Fig 5. On aver-
age, we arrived at temperatures 100-200 K lower than
that obtained by Placco et al. (2018) for their medium-
resolution spectra. This has naturally led to lower car-
bon abundances for the majority of the stars in our sam-
ple.

r-Process-Enhanced stars: Half (52%) of the pro-
gram stars of our sample are enriched in r-process
elements, with 21 stars (42%) being classified as r-
I and five (10%) classified as r-II. Of the r-II stars,
three were either known previously or discovered dur-
ing the course of the observing campaign by the
RPA: CS 31082-001 (Cayrel et al. 2001; Hill et al.
2002), RAVE J180242.3—-440443 (Roederer et al. 2014)),
and RAVE J153830.9-180424 (Sakari et al. 2018Db).
Two such stars stars, RAVE J040618.2—030525 and
RAVE J171633.4-700902.8, are newly discovered, with
[Eu/Fe] = +1.17 + 0.20 and +1.09 + 0.30, respectively.
These frequencies are consistent with the RPA pilot sur-
veys (Hansen et al. 2018; Sakari et al. 2018a; Ezzeddine
et al. 2020), whose combined 374 stars contain 43% r-1
and 7% r-11 stars.

6. KINEMATICS

Kinematics for our program stars were computed us-
ing the galpy Galactic dynamics library (Bovy 2015).
We adopt Re = 8 kpc as the distance to the Galactic
center, vigr = 220 km s™! as the local standard of rest
(LSR) velocity (Kerr & Lynden-Bell 1986), and (U, V,
W)o = (-9, 12, 7) km s7! as the motion of the Sun
with respect to the LSR (Mihalas & Binney 1981). Or-
bital parameters were derived with the potential code
employed by Chiba & Beers (2000), which utilizes the
Stackel potential described in Sommer-Larsen & Zhen
(1990). Uncertainties in the orbital parameters were de-
rived through a Markov chain Monte Carlo (MCMC)
sampling method.

To better represent where our sample stars lie in the
Lindblad diagram with respect to various Galactic pop-
ulations, Figure 9 over-plots our stars with a reference
sample from SDSS (Dietz et al. in prep.). The red filled
dots indicate our program stars. The dashed line marks
the L, = 0 line, separating prograde and retrograde pop-
ulations. The green, blue, and red ellipses indicate ap-
proximate locations of important reference populations.
Green indicates the strongly bound, prograde disk sys-
tem. Blue indicates the “plume” that marks the rem-
nant of the large inner-halo progenitor referred to as
Gaia Enceladus (Helmi et al. 2018) or the Gaia Sausage
(Belokurov et al. 2018; Myeong et al. 2018). Red in-
dicates high-energy, retrograde stars in the outer halo.

—0.4 1
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.
(]

|
=
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Figure 9. Stars in our sample (red filled circles) plotted in
Energy-Ly space on top of a reference sample of SDSS stars
(gray dots) from Dietz et al. (in prep). The dashed line
marks the L, = 0 line, separating prograde and retrograde
populations. The green ellipse indicates the strongly-bound,
prograde disk population, blue indicates the “plume” that
marks the remnant of the large inner-halo progenitor referred
to as Gaia-Enceladus (Helmi et al. 2018) or the Gaia-Sausage
(Belokurov et al. 2018; Myeong et al. 2018), and pink indi-
cates high-energy, retrograde stars in the outer halo.

The stars in our sample, being relatively bright and
(presently) close-by, are largely more strongly bound,
and comprise members of the disk system and inner-
halo population. No high-energy outer-halo stars are
found in our sample, although the more energetic stars
have higher uncertainties on their orbital-value determi-
nations, so their membership is somewhat uncertain.

7. COMPARISON WITH S- AND I-PROCESS
MODELS AND ORIGIN SCENARIOS

Finally, we compare our results with chemical-
abundance models in order to investigate the '3C-pocket
efficiencies (where the C-pocket refers to the thin layer
of radiative carbon burning that occurs in the top layer
of the He-shell after the third dredge-up episode of an
AGB star) ultimately responsible for our three Ba-rich
stars. We also consider the divergence of chemical dis-
placement scheme to investigate origin scenarios of our
program stars, by testing whether they formed from gas
enriched by multiple vs. single supernovae.

7.1. The Ba-Rich Stars

Three of our program CEMP stars are highly en-
riched in Ba, likely due to mass transfer from an
AGB companion — one CEMP-s star (RAVE J111912.3-
160947) and two CEMP-i stars (RAVE 044208.2-342114,
RAVE 201446.1-563530). All three are compared with
theoretical predictions for a variety of AGB models,
varying in mass and '*C-pocket efficiencies, taken from
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Figure 10. (Left Panel) The three Ba-rich stars in our sample (the CEMP-s star RAVE J111912.3-160947, and the CEMP-i
stars RAVE J044208.2-342114 and RAVE J201446.1-563530), are plotted in the [Ba/Fel]-[Fe/H] space, along with theoretical
yield predictions for two AGB stars with different initial masses and '3C-pocket efficiencies, where the C-pocket refers to the thin
layer of radiative carbon burning that occurs in the top layer of the He shell after the third dredge-up episode of an AGB star.
The dashed gray and blue lines represent models with 1.5 Mg and 1/12 and 1 standard pocket efficiency (SPE), respectively.
The solid black and dashed black lines represent models with 1.3 Mg and 1/12 SPE and 1 SPE, respectively. Data were taken
from Tables B5 and B6 of Bisterzo et al. (2010). We find that our CEMP-i stars fall along the 1.3 Mg SPE track, while the
CEMP-s star falls between the 1.3 Mg 1/12 SPE and 1 SPE track. (Right Panel) Comparison of our newly identified stars with
available C and Mg abundances to a diagnostic for mono-enrichment or multi-enrichment proposed by Hartwig et al. (2018).
The contours illustrate the likelihood for a star to be mono-enriched, based on its chemical composition. The majority of stars
appear consistent with mono-enrichment, with only a small fraction, located to the right of the purple contour, likely being

enriched by more than one supernova.

Bisterzo et al. (2010). We find that a model of 1.3 Mg
with standard pocket efficiency fits our CEMP-i stars
well, but that a lower efficiency may be required to fit
the abundances of the CEMP-s star. The results are
shown in the left panel of Figure 10. Similar tests for
a larger sample of CEMP stars from our full ~200 star
sample will be considered once their analysis is com-
pleted.

7.2. Origin Scenarios

We consider the origin scenarios for our program
stars, contrasting the cases of enrichment by a single
(mono-enriched) supernova with that from several su-
pernovae (milti-enriched), using the divergence of the
chemical displacement approach described by Hartwig
et al. (2018), and shown in the right panel of Figure 10.
Broadly, stars that are mono-enriched are expected to
occupy a larger region in the [Mg/C] vs. [Fe/H] abun-
dance space. For stars that form from gas enriched by
multiple supernovae, this region shrinks, since the abun-
dances of such stars are effectively weighted averages of
mono-enriched stars, resulting in a more centrally con-
centrated space. This change in the occupation of abun-
dance space can be expressed by a vector field of chem-
ical displacement, and its divergence quantifies regions

of mono- and multi-enrichment. The contours illustrate
a positive divergence (from 0 to 160 in steps of 40; com-
pare with Figure 14 in Hartwig et al. 2018), and high-
light regions of the abundance space where we expect
stars to be mono- vs. multi-enriched.

Only two out of nine newly discovered CEMP stars
for which Mg abundances are available exhibit a mild
tendency for multi-enrichment (the region to the right of
the purple contour in Figure 10, right panel). Their loca-
tion on the this diagram is driven by their relatively high
[Fe/H] ([Fe/H] ~ -1.9). One is a strongly bound CEMP-
no star on a retrograde orbit (J111711.0-310951), and
one is a CEMP-s star (J111912.3—-160947) that lies very
close to the inner-halo population in the Energy-L,
space shown in Figure 9. The other stars, which are
more metal poor (down to [Fe/H] ~ —2.9), follow along
the blue contour indicating mono-enrichment; they do
not preferentially occupy any particular location in Fig-
ure 9. This implies that the majority of the CEMP
stars in our sample are likely to have formed from gas
enriched by only one progenitor supernova, rather than
by many. These results are consistent with expectations
based on yields from faint supernovae by Nomoto et al.
(2013) and Ishigaki et al. (2014).
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8. SUMMARY & OUTLOOK

We present a limited set of chemical-abundance mea-
surements and kinematics for a new sample of 50 metal-
poor (MP; [Fe/H] < —1.0) and very metal-poor (VMP;
[Fe/H] < —2.0) stars in the metallicity range —2.92 <
[Fe/H] < —0.94, based on high-resolution (R ~ 40,000
spectroscopic data collected with the HRS on the South-
ern African Large Telescope. Sub-classification of our
program stars indicate that 15 (30%) of these are CEMP
stars; nine of these are CEMP-no stars (eight of which
are newly discovered), one is a CEMP-s star, and two are
likely CEMP-i stars. Twenty-six of our program stars
(52%) are r-process-enhanced stars (21 r-I, and newly
discovered, and 5 r-II stars, two of which are newly dis-
covered); both of these latter stars are newly discovered
members of the sparsely populated CEMP-r sub-class.

We also find that there are eight stars in our sample
that, on the basis of their abundances and kinematics,
are possible members of the metal-weak thick disk. Fur-
ther chemical-abundance analysis at higher resolution
over an expanded wavelength range would prove use-
ful in the study of the differing enrichment mechanisms
which are responsible for the differences in the chemical-
evolution histories of the halo and the thick disk.

We compare our stellar parameters with those ob-
tained by RAVE DR4, RAVE DR5, and Placco et al.
(2018), and find moderate to good agreement for most
stars. We argue that a number of the stars with [Fe/H]
and [C/Fe| estimates from SALT disagree with those
reported by Placco et al. (2018), most likely due to
their cooler temperatures and relatively strong molec-
ular carbon bands. Application of a new procedure to
the medium-resolution spectra for these stars, described
by Yoon et al. (2020), results in improved agreement
with our high-resolution SALT determinations. Com-
parison with previous stellar atmospheric parameters
and a limited set of chemical abundances with previous
high-resolution analyses for nine stars indicate reason-
ably good agreement.

We also compare our results with chemical-enrichment
models to investigate the ">C-pocket efficiencies of AGB
stars that are likely responsible for production of the
heavy elements for our three Ba-rich stars, and show
that most of our program stars are consistent with
mono-, rather than multi-enrichment, scenarios.

Additional higher S/N high-resolution spectra for the
four stars in this sample belonging to poorly popu-
lated sub-classes (two CEMP-rII stars and two CEMP-i
stars), from which a larger number of neutron-capture
elements cam be obtained, would be especially valu-
able. Analysis of the remaining ~150 stars from our
SALT program, now underway (Zepeda et al., in prep.)

will improve our estimates of the frequencies of the var-
ious sub-classes found in the present sample, and iden-
tify additional astrophysically interesting stars. Long-
term radial-velocity monitoring for many of these rela-
tive bright MP and VMP stars will also prove illuminat-
ing.
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Table 2. Details of the Observations

Name Obs. Date  Exp. Time (hrs) S/N @ 4310A A%
RAVE J012931.1-160046¢ 2017 Jun 11 2.65 23 11.64
RAVE J030639.1-692040 2018 Jul 21 1.75 15 12.36
RAVE J035550.9-721151 2017 Jun 13 1.95 20 13.35
RAVE J040618.2-030525 2017 Oct 28 1.80 19 12.17
RAVE J044208.2—-342114b 2017 Oct 26 2.25 18 11.65
RAVE J045322.6-221040¢ 2017 Oct 26 1.60 25 10.66
RAVE J053817.0-751621 2017 Nov 05 2.20 21 11.21
RAVE J061950.0-531212 2017 Oct 26 1.90 18 11.37
RAVE J071234.0-481405 2017 Apr 09 2.90 21 11.57
RAVE J074824.3-483141 2017 Apr 21 2.25 28 11.29
RAVE J100709.2-180947 2017 Dec 05 1.70 14 12.36
RAVE J111711.0-310951 2017 Apr 22 1.60 14 11.56
RAVE J111912.3-160947 2017 Apr 10 2.00 26 12.37
RAVE J113508.3-111328 2017 Apr 14 1.50 15 12.70
RAVE J114444.8-112817 2017 Apr 10 1.55 42 9.80
RAVE J115941.7-382043 2017 Apr 16 1.25 20 12.26
RAVE J123550.1-313111 2017 Apr 17 2.00 10 10.70
RAVE J124154.7-085701 2018 Feb 07 2.80 16 12.06
RAVE J124753.3-390802 2018 Jan 14 2.45 10 12.23
RAVE J130524.5-393126 2017 Apr 17 1.70 14 12.82
RAVE J132141.8-432006 2017 May 06 2.35 17 11.42
RAVE J132414.3-180620 2017 May 03 2.30 22 11.41
RAVE J134319.3-235814 2017 May 11 2.50 22 11.56
RAVE J151558.3-203821 2017 Apr 19 2.30 26 11.64
RAVE J151608.7-212160 2017 May 03 2.75 14 10.85
RAVE J153539.5-173455 2017 Apr 16 2.25 15 12.14
RAVE J153830.9-1804249 2017 May 12 1.85 25 10.86
RAVE J154230.9-210731 2017 Apr 17 2.30 16 12.53
RAVE J155829.6-122434 2017 Apr 17 2.20 17 12.33
RAVE J160245.0-152102¢ 2017 Apr 18 1.50 30 10.35
RAVE J165300.5-005507 2017 May 17 2.15 20 12.68
RAVE J171633.4-700902 2019 Mar 22 2.85 12 10.48
RAVE J175159.8-475131 2019 Feb 22 2.00 17 10.96
RAVE J180242.3-440443¢ 2018 Jun 12 2.30 14 12.62
RAVE J183108.2-491105 2018 Jul 22 2.10 14 12.86
RAVE J183623.2-642812 2018 Jun 24 2.35 15 12.45
RAVE J191755.9-544015 2017 Oct 27 2.05 25 10.76
RAVE J192632.8-584657 2017 Apr 16 2.95 17 12.52
RAVE J192819.9-633935 2017 May 18 1.85 18 12.76
RAVE J194550.6-392631 2017 May 05 1.90 21 12.93
RAVE J201446.1-563530 2018 Jun 24 1.75 13 12.20
RAVE J203706.4-122125 2018 Jul 18 2.63 22 11.69
RAVE J204450.7-371400 2018 Jun 25 3.30 22 12.35
RAVE J204954.4-480045 2017 Oct 27 1.65 28 11.86
RAVE J205149.7-615801 2017 May 16 1.55 21 12.31
RAVE J205609.1-133118¢ 2017 May 06 1.95 25 10.19
RAVE J210642.9-682827¢ 2018 Jun 25 1.55 22 12.80
RAVE J211413.5-572636 2017 Apr 22 2.65 16 10.54
RAVE J215118.3-135937 2017 Nov 05 1.50 16 11.93
RAVE J222236.0-013827¢ 2018 Jul 07 2.25 16 11.87

NoOTE— A handful of these stars have been previously observed in other programs since
the beginning of the observing campaign or earlier and are noted as such: (a) Hansen
et al. (2015), (b) Sakari et al. (2018b), (c) Sakari et al. (2018a) (d) Hansen et al. (2018),
(e) Roederer et al. (2014). Their stellar atmospheric parameters and [C/Fe], [Sr/Fe],
[Ba/Fe], and [Eu/Fe| values are compared in Table 3.
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Table 3. Stellar Atmospheric Parameters and Abundances for Previously Observed Stars

Name Other Name Lit. Literature Values This Work
Totr (K) logg (cgs) [Fe/H]  viurn (kms™t) Totr (K) log g (cgs) [Fe/H] viun (kms™t)

RAVE J012931.1-160046 BPS CS 31082-001 1 4800 1.50 -3.01 1.95 4959 1.70 -2.77 2.65
RAVE J044208.2-342114 HE 0440-3426 2 4800 1.60 -2.20 1.90 4837 1.40 -2.17 2.25
RAVE J045322.6-221040 TYC 5911-452-1 3 6225 4.54 -1.88 2.33 6115 3.90 -2.54 1.60
RAVE J153830.9-180424 TYC 6189-285-1 4 4752 1.63 -2.09 1.51 4995 2.00 -2.02 1.85
RAVE J160245.0-152102 BD -14 4336 5 5240 3.16 -1.80 1.65 5215 3.00 -1.90 1.50
RAVE J180242.3-440443 UCAC2 13007354 5 4701 1.60 -1.55 2.17 4711 1.30 -1.84 2.30
RAVE J205609.1-133118 HD 358059 5 4780 1.60 -2.30 1.80 4918 1.65 -2.24 1.95
RAVE J210642.9-682827 UCAC2 2203606 5 5186 2.70 -2.76 2.90 5026 2.00 -2.92 1.55
RAVE J222236.0-013827 BPS CS 29502-092 6 4820 1.50 -3.20 1.50 5205 2.40 —-2.87 2.25

[C/Fe] [Sr/Fe] [Ba/Fe] [Eu/Fe] [C/Fe] @ [Sr/Fe] [Ba/Fe] [Eu/Fe]
RAVE J012931.1-160046 BPS CS 31082-001 1 +0.20 +0.65 +1.17 +1.63 +0.44 +0.96 +1.20 +1.80
RAVE J044208.2-342114 HE 0440-3426 2 +1.51 +0.33 +0.46 <+0.62 +1.44 . +0.49 +0.39
RAVE J045322.6-221040 TYC 5911-452-1 3 -0.38 -0.23 -0.68 <-0.21 <0.00 -0.29 -0.73 .
RAVE J153830.9-180424 TYC 6189-285-1 4 +0.26 +0.44 +0.62 +1.27 +0.12 +0.50 +0.72 +1.52
RAVE J160245.0-152102 BD -14:4336 5 -0.05 +0.35 +0.08 +0.55 +0.14 +0.11 0.00 +0.53
RAVE J180242.3-440443 UCAC2 13007354 5 +0.35 +0.68 +0.95 +1.05 +0.48 +0.15 +0.03 +1.20
RAVE J205609.1-133118 HD 358059 5 0.00 +0.13 -0.56 0.00 +0.24 +0.07 -0.20 +0.18
RAVE J210642.9-682827 UCAC2 2203606 5 +0.53 +0.90 +0.52 +1.32 +0.43 +0.62 +0.83
RAVE J222236.0-013827 BPS CS 29502-092 6 +1.06 -0.33 -1.36 < -0.11 +1.35 -1.23

4 The [C/Fe] value reported is “as measured”, not corrected for evolutionary effects, as in the rest of the paper.

NoTe—Literature citations are as follows: 1) Hill et al. (2002) 2) Hansen et al. (2015) 3) Sakari et al. (2018b) 4) Sakari et al. (2018a) 5) Hansen et al. (2018) 6)
Roederer et al. (2014). Average Uncertainties for [X/Fe] measurements are as follows: Hill et al. (2002): ~0.05-0.20 dex; Hansen et al. (2015): ~0.2-0.3 dex; Sakari
et al. (2018a): ~0.05-0.2 dex; Sakari et al. (2018b): ~0.1-0.2 dex; Hansen et al. (2018): ~0.3-0.4 dex; Roederer et al. (2014): ~0.2-0.3 dex.
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Table 4. Stellar Atmospheric Parameters for the Program Stars

Name Tors (K)  log g (cgs) [Fe/H] Viurb (km s71)
RAVE J012931.1-160046 4959 1.70 -2.77 2.65
RAVE J030639.1-692040 4770 1.55 -2.81 1.75
RAVE J035550.9-721151 4990 2.05 —2.64 1.95
RAVE J040618.2-030525 5260 2.75 -1.34 1.80
RAVE J044208.2-342114 4837 1.40 -2.17 2.25
RAVE J045322.6-221040 6115 3.90 -2.54 1.60
RAVE J053817.0-751621 4900 1.65 -2.03 2.20
RAVE J061950.0-531212 5170 2.80 -2.15 1.90
RAVE J071234.0-481405 4612 0.80 -2.92 2.90
RAVE J074824.3-483141 5445 2.00 -2.01 2.25
RAVE J100709.2-180947 4806 1.70 -2.01 1.70
RAVE J111711.0-310951 6070 3.55 -1.90 1.60
RAVE J111912.3-160947 5346 2.25 -1.97 2.00
RAVE J113508.3-111328 6115 4.25 -1.21 1.50
RAVE J114444.8-112817 5125 2.45 -2.51 1.55
RAVE J115941.7-382043 5287 3.35 -0.94 1.25
RAVE J123550.1-313111 4860 1.45 -2.34 2.00
RAVE J124154.7-085701 6061 3.65 -2.38 2.80
RAVE J124753.3-390802 4423 1.05 -2.19 2.45
RAVE J130524.5-393126 5008 2.20 -2.11 1.70
RAVE J132141.8-432006 4954 1.25 -2.03 2.35
RAVE J132414.3-180620 4837 1.55 -2.52 2.30
RAVE J134319.3-235814 4896 1.75 —2.64 2.50
RAVE J151558.3-203821 4743 1.10 -2.65 2.30
RAVE J151608.7-212160 4360 0.60 -2.43 2.75
RAVE J153539.5-173455 4882 1.60 -2.58 2.25
RAVE J153830.9-180424 4995 2.00 -2.02 1.85
RAVE J154230.9-210731 4675 0.85 -2.18 2.30
RAVE J155829.6-122434 5067 1.40 -2.58 2.20
RAVE J160245.0-152102 5215 3.00 -1.90 1.50
RAVE J165300.5-005507 4702 1.30 -1.56 2.15
RAVE J171633.4-700902 4608 1.00 -2.65 2.85
RAVE J175159.8-475131 4716 1.65 -1.90 2.00
RAVE J180242.3-440443 4711 1.30 -1.84 2.30
RAVE J183108.2-491105 4545 1.15 -2.09 2.10
RAVE J183623.2-642812 5071 2.20 -2.50 2.35
RAVE J191755.9-544015 4887 1.50 -2.59 2.05
RAVE J192632.8-584657 4590 1.00 -2.49 2.95
RAVE J192819.9-633935 4927 1.70 -2.23 1.85
RAVE J194550.6-392631 4855 1.50 -2.79 1.90
RAVE J201446.1-563530 5044 2.05 -1.75 1.75
RAVE J203706.4-122125 4540 1.05 -2.63 2.90
RAVE J204450.7-371400 4558 0.90 -2.84 3.30
RAVE J204954.4-480045 5206 2.70 -1.79 1.65
RAVE J205149.7-615801 5310 3.15 -1.92 1.55
RAVE J205609.1-133118 4918 1.65 -2.24 1.95
RAVE J210642.9-682827 5026 2.00 -2.92 1.55
RAVE J211413.5-572636 4828 1.30 -2.61 2.65
RAVE J215118.3-135937 5017 2.10 -1.94 1.50
RAVE J222236.0-013827 5202 2.40 —2.87 2.25
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Table 5. Classification Abundances for the Program Stars

Name Class A(C)eorr [C/Fe] [C/Fe]corr [Sr/Fe] [Ba/Fe] [Eu/Fe]
RAVE J012931.1-160046 r-11 6.35 +0.44 £0.25 +40.69 +0.25 +40.96 £0.30 +1.20 + 0.30 +1.80 = 0.30
RAVE J030639.1-692040 .. 6.08 +40.08 £ 0.25 +0.46 + 0.25 -0.53 £ 0.30 -0.31 + 0.20 <+0.35
RAVE J035550.9-721151 r-1 6.11 40.32 £ 0.25 40.32 £ 0.25 40.53 £ 0.20 -0.08 = 0.2 +0.60 = 0.20
RAVE J040618.2-030525 r-11 7.66 +4+0.54 £ 0.25 +0.57 + 0.25 +0.98 + 0.30  +1.17 £ 0.20
RAVE J044208.2-342114 CEMP-i 7.84 +1.44 £0.25 +1.58 £ 0.25 +0.49 + 0.30 +0.39 = 0.2
RAVE J045322.6-221040 6.19 < 0.00 <+0.30 -0.29 £ 0.10 -0.73 £ 0.10
RAVE J053817.0-751621 6.91 +40.18 £0.25 +0.51 +0.25 -0.63 +£0.30 -0.24 +£0.20 +0.44 + 0.20
RAVE J061950.0-531212 6.62 +0.33 £0.25 +0.34 +0.20 +1.24 +0.20 -0.24 £0.20 +0.51 + 0.20
RAVE J071234.0-481405 592 -0.36 £0.25 +0.41 +0.25 -1.73 +0.30 -1.60 + 0.20 <0.00
RAVE J074824.3-483141 r-1 6.48 +40.00 £ 0.25 +0.06 + 0.25 +40.66 + 0.20 -0.20 £ 0.30 +0.45 + 0.20
RAVE J100709.2-180947 r-1 6.83 +40.10 £ 0.25 +40.41 £ 0.30 +41.01 £+ 0.20 . +0.62 = 0.20
RAVE J111711.0-310951 CEMP-no 7.23 40.70 £ 0.25 +0.70 £ 0.25 +1.10 £ 0.30 -0.05 £+ 0.20 <0.00
RAVE J111912.3-160947 CEMP-s 7.71 +4+1.23 £0.25 +1.25+0.25 +40.98 +£0.20 +1.52 +£0.20 +0.75 + 0.20
RAVE J113508.3-111328 .. 7.32 40.01 £0.25 +0.10 + 0.25 +40.31 + 0.20 40.36 = 0.30 <0.00
RAVE J114444.8-112817 r-1 6.01 40.08 £0.25 40.09 £ 0.25 40.19 £ 0.20 -0.05 £ 0.20 40.42 + 0.20
RAVE J115941.7-382043 r-1 7.67 40.18 £0.25 +0.18 + 0.25 -0.01 £ 0.20 +0.70 £ 0.20
RAVE J123550.1-313111 CEMP-r 7.06 40.61 £0.25 40.97 £ 0.25 +0.27 £ 0.20 40.59 + 0.20
RAVE J124154.7-085701 CEMP-no 6.88 +4+0.83 £0.25 +0.83 +0.30 +40.47 +0.50 -0.38 £ 0.20
RAVE J124753.3-390802 6.72 -0.18 £ 0.25 +0.48 + 0.25 +0.07 + 0.30 .
RAVE J130524.5-393126 r-1 6.50 +40.17 £ 0.25 +0.18 +0.25 +40.43 +£0.30 +40.12 £0.30 +0.76 + 0.30
RAVE J132141.8-432006 r-1 6.74 -0.23 £0.25 40.34 £0.25 40.67 £0.30 40.04 £ 0.20 40.66 + 0.20
RAVE J132414.3-180620 6.54 +40.23 £ 0.25 +0.63 £ 0.25 +40.02 + 0.20 -0.56 + 0.20 < -0.04
RAVE J134319.3-235814 6.30 40.32 £0.25 40.51 £0.25 40.39 £0.30 -0.75 £ 0.20 <0.00
RAVE J151558.3-203821 r-1 6.32 -0.15+0.25 +0.54 + 0.25 +40.27 £ 0.20 -0.39 £ 0.20 +0.36 + 0.20
RAVE J151608.7-212160 CEMP-no 7.18 40.76 £ 0.25 41.18 £ 0.25 -0.50 £ 0.20 4-0.09 + 0.20
RAVE J153539.5-173455 CEMP-no 6.66 +0.48 £0.25 +0.81 +0.25 +40.55 + 0.30 +40.20 + 0.20 <0.00
RAVE J153830.9-180424 r-11 6.59 40.12 £ 0.25 40.18 £ 0.25 40.50 £ 0.30 40.72 £ 0.20 +41.52 + 0.20
RAVE J154230.9-210731 S 6.68 -0.48 £0.25 +0.43 +0.25 -1.11+0.20 -1.50 +0.20 S
RAVE J155829.6-122434 r-1 6.39 40.00 £ 0.25 40.54 £ 0.25 40.65 £ 0.20 40.23 £ 0.20 40.72 + 0.20
RAVE J160245.0-152102 r-1 7.07 +40.14 £ 0.25 +0.54 + 0.25 +40.11 £ 0.20 40.00 £ 0.20 +0.53 + 0.20
RAVE J165300.5-005507 r-1 7.00 -0.36 £0.25 40.13 £0.25 -0.39+0.30 -0.43 +£0.20 40.68 £ 0.20
RAVE J171633.4-700902 CEMP-r 6.51 +40.03 £ 0.25 +40.73 £ 0.25 +0.00 £ 0.30 +1.09 = 0.30
RAVE J175159.8-475131 r-1 6.64 -0.27 £0.25 40.11 £0.25 40.38 £0.30 -0.14 +£0.30 40.68 + 0.20
RAVE J180242.3-440443 CEMP-r 7.37 4048 £0.25 +40.78 £0.25 +40.15+0.30 +40.03 £0.30 +1.20 £ 0.30
RAVE J183108.2-491105 . 6.65 -0.32 £ 0.25 40.31 £ 0.25 . -0.05 £ 0.30 40.32 + 0.20
RAVE J183623.2-642812 r-1 6.41 +0.47 £ 0.25 +40.48 +0.25 +40.66 £ 0.30 +0.09 + 0.20 40.72 = 0.30
RAVE J191755.9-544015 CEMP-no 6.69 +40.44 £0.25 40.85+ 0.25 +40.47 +£0.30 -0.42 £+ 0.20 <40.17
RAVE J192632.8-584657 r-1 6.45 -0.22 +£0.25 +40.51 +0.25 +40.38 £0.30 -0.35+0.20 +40.76 = 0.20
RAVE J192819.9-633935 r-1 6.69 40.17 £ 0.25 40.49 £ 0.25 +0.09 £ 0.20 40.45 + 0.30
RAVE J194550.6-392631 r-1 6.23 +0.17 £ 0.25 +40.59 + 0.25 +40.20 £ 0.30 +0.40 + 0.20 40.90 = 0.20
RAVE J201446.1-563530 CEMP-i 8.10 +41.37 £0.25 +1.42 +£0.25 ce. +0.85 + 0.30 +40.78 £+ 0.30
RAVE J203706.4-122125 CEMP-no 6.83 +0.70 £ 0.25 +1.30 + 0.25 -0.13 £0.30 40.00 £ 0.20 +0.20 + 0.30
RAVE J204450.7-371400 CEMP-no 6.61 +40.37 £0.25 +1.02 + 0.25 +40.63 + 0.30 -0.69 + 0.30 <+0.10
RAVE J204954.4-480045 6.90 +0.24 £0.25 +40.26 + 0.25 +40.52 £ 0.20 +0.11 + 0.20 40.18 = 0.20
RAVE J205149.7-615801 r-1 6.74 +4+0.22 £ 0.25 +0.23 + 0.25 +40.00 £ 0.30 -0.25 £ 0.20 +0.60 + 0.20
RAVE J205609.1-133118 6.80 +0.24 £ 0.25 +40.61 +0.25 +40.07 £0.20 -0.20 + 0.20 40.18 = 0.20
RAVE J210642.9-682827 L. 5.98 +40.43 £0.25 +0.47 £ 0.25 +0.62 + 0.20 0.83 + 0.30
RAVE J211413.5-572636 CEMP-no 6.76 +0.43 £ 0.25 +0.94 + 0.25 -1.13 £ 0.20 <0.00
RAVE J215118.3-135937 r-1 6.85 +4+0.34 £0.25 +0.36 + 0.25 +40.56 + 0.30 -0.85 £ 0.30 +0.37 + 0.30
RAVE J222236.0-013827 CEMP-no 6.92 +41.35+0.25 +41.36 +£ 0.25 -1.23 + 0.20
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Table 6. Abundance Ratios for the Elements Mg, Ca, Sc I, Ti I, and Ti II

Name [Mg/Fe] [Ca/Fe] [Sc II/Fe] [Ti I/Fe] [Ti II/Fe]
RAVE J012931.1-160046 +0.47 + 0.19 40.47 £ 0.15 +0.03 + 0.01 40.31 + 0.18 +0.33 + 0.12
RAVE J030639.1-692040 +0.32 + 0.10 -0.10 £ 0.10  40.14 £ 0.10 +0.12 + 0.08
RAVE J035550.9-721151 40.46 + 0.10 40.42 + 0.14 +0.11 + 0.03 40.22 + 0.07 +0.37 £ 0.11
RAVE J040618.2-030525 ...  +0.41 £0.05 +40.47 £0.10 +0.23 + 0.10 40.27 +£0.15
RAVE J044208.2-342114 ... +0.48 £ 0.04 +40.24 £0.10 +0.26 + 0.11 40.23 + 0.08
RAVE J045322.6-221040 +0.27 + 0.04 +40.44 £ 0.10 +0.21 + 0.07 +40.43 = 0.06 +0.49 + 0.09

RAVE J053817.0-751621 ... +40.60 £ 0.22 +40.05
RAVE J061950.0-531212  +0.41 + 0.03 40.33 + 0.11 +0.04
RAVE J071234.0-481405 +0.48 £ 0.14 40.23 + 0.06 +0.07
RAVE J074824.3-483141 +0.32 £ 0.10 40.38 + 0.05 +0.08
RAVE J100709.2-180947 +0.39 £ 0.10 40.71 + 0.09 +0.13
RAVE J111711.0-310951 +0.24 + 0.08 +40.37 + 0.07 —-0.04
RAVE J111912.3-160947 +0.31 £ 0.13 40.38 + 0.12 +0.15
RAVE J113508.3-111328 +0.31 + 0.10 40.38 + 0.14 +0.17
RAVE J114444.8-112817 +0.42 £ 0.09 40.42 + 0.08 -0.01
RAVE J115941.7-382043 ... +0.24 +0.10 +40.35
RAVE J123550.1-313111  +0.41 £ 0.10 40.46 = 0.06 —-0.10
RAVE J124154.7-085701 +0.45 + 0.12 40.60 + 0.10 +0.20
RAVE J124753.3-390802 ... 40.22 £0.10 +40.29
RAVE J130524.5-393126 ... +0.43 £ 0.06 +0.10
RAVE J132141.8-432006 +0.30 £ 0.10 40.27 + 0.01  -0.07
RAVE J132414.3-180620 +0.31 + 0.08 40.27 +£ 0.07 -0.18

0.09 +40.24 £0.14 +0.31 £0.15
0.05 +40.25 £ 0.11  +0.33 £ 0.12
0.03 +40.32 £0.05 +0.39 £ 0.14
0.05 +40.26 £ 0.11  +0.32 £ 0.13
0.03 +40.20 £ 0.12 +0.37 £ 0.19
0.01  +40.29 £ 0.09 +0.40 £ 0.08
0.09 +40.32 £0.08 +0.36 £ 0.15
0.04 +0.23 £ 0.07 +0.20 £ 0.07
0.04 +40.26 £ 0.09 +0.31 £0.11
0.02 +40.35 £ 0.07 +0.50 £ 0.13
0.06 +40.20 £ 0.13 +0.26 + 0.14
0.01 +40.51 £ 0.06 +0.37 £ 0.12
0.10 +40.29 £ 0.06 +0.44 + 0.12
0.04 +40.23 £0.09 +0.42 +0.12
0.02 +40.18 £ 0.10 +0.21 £ 0.11
0.09 +0.10 £ 0.11  +0.24 + 0.12

RAVE J134319.3-235814 +0.40 + 0.10 +0.06 + 0.01 +0.17 £ 0.11  +0.35 + 0.14
RAVE J151558.3-203821 40.52 + 0.09 40.37 £ 0.08 +0.00 + 0.05 40.19 + 0.06 +0.33 + 0.14
RAVE J151608.7-212160 ... +0.54 £ 0.10 40.07 £ 0.04 +0.09 + 0.06 +0.41 + 0.16
RAVE J153539.5-173455 +0.31 + 0.08 40.29 +£ 0.05 +0.06 + 0.02 40.22 + 0.10 +0.32 £+ 0.05
RAVE J153830.9-180424 ...  +0.35+0.04 +40.09 £0.08 +0.19 + 0.09 +40.30 + 0.13
RAVE J154230.9-210731 +0.59 + 0.09 40.47 £ 0.07 +0.13 + 0.03 40.18 £ 0.13 +0.19 + 0.14

RAVE J155829.6-122434 +0.47 £ 0.13  40.37 + 0.06  +0.02
RAVE J160245.0-152102 +0.19 + 0.04 40.24 + 0.12 -0.08

0.02 +40.35 £ 0.07 +0.37 £ 0.13
0.06 +40.02 £ 0.06 +0.22 + 0.10

RAVE J165300.5-005507 ...  +40.39 £ 0.10 40.10 £ 0.03 +0.17 + 0.10 +0.42 + 0.15
RAVE J171633.4-700902 +0.29 £ 0.06 +0.02 £ 0.07 +0.27 + 0.08 +0.43 + 0.14
RAVE J175159.8-475131 ... +40.32 +£0.10 +40.19 £0.11 +0.30 £ 0.09 +40.37 + 0.10

RAVE J180242.3-440443 . . +0.13
RAVE J183108.2-491105 ... +0.59 £0.25 +0.02
RAVE J183623.2-642812 40.40 + 0.12 40.41 + 0.08 +0.07
RAVE J191755.9-544015 +0.31 £ 0.13 40.40 + 0.13 -0.12
RAVE J192632.8-584657 +0.27 + 0.08 +40.40 + 0.14 +0.05
RAVE J192819.9-633935 +0.61 + 0.10 40.38 + 0.07 +0.00
RAVE J194550.6-392631 +0.40 + 0.06 40.33 + 0.05 +0.11
RAVE J201446.1-563530 ... +0.39 £ 0.10 +40.37
RAVE J203706.4-122125 +0.42 + 0.05 +40.30 £ 0.13 +0.23
RAVE J204450.7-371400 +0.48 £ 0.07 +40.25 + 0.04 +0.04
RAVE J204954.4-480045 +0.40 £ 0.10 40.26 + 0.05 +0.15
RAVE J205149.7-615801 +0.36 + 0.10 40.30 + 0.04 +0.01
RAVE J205609.1-133118 +0.50 + 0.03 40.30 + 0.08 -0.07
RAVE J210642.9-682827 +0.50 + 0.10 +40.52 + 0.08 —-0.06
RAVE J211413.5-572636 +0.37 £ 0.12 40.25 + 0.05 -0.08
RAVE J215118.3-135937 +0.55 + 0.10 40.81 + 0.09 +0.06
RAVE J222236.0-013827 +0.19 + 0.01 40.48 + 0.14 +0.28

0.11  +40.24 £ 0.12 +0.29 £ 0.19
0.07 +0.28 £ 0.10 +0.46 + 0.07
0.05 +40.27 £ 0.14 +0.46 £ 0.12
0.02  +0.16 £ 0.08 +0.26 £ 0.15
0.07 +40.25 £ 0.07 +0.36 £ 0.16
0.03 +0.27 £ 0.09 +0.33 + 0.11
0.02 +40.29 £ 0.09 +0.40 £ 0.13
0.07 +0.50 £ 0.13 40.57 + 0.17
0.12  +40.21 £ 0.04 +0.49 £ 0.15
0.35 +0.24 £ 0.13 +40.35 + 0.18
0.06 +40.25 £ 0.06 +0.34 £ 0.13
0.04 +0.23 £0.10 +40.37 +0.10
0.03 +40.21 £0.11 +0.27 £ 0.11
0.08 +0.31 £0.09 +0.25 £ 0.13
0.05 +40.20 £ 0.07 +0.28 £ 0.17
0.10 +0.28 £ 0.06 +0.41 + 0.10
0.04 +40.17 £ 0.06 +0.23 + 0.14

L s S S O S e s O e e O e o s e s s £ s L

NoTeE—Uncertainties are taken as the standard deviation of multiple measurements; in cases where only one
line was measurable, a nominal uncertainty of 0.10 dex has been assigned.



METAL-POOR STARS OBSERVED WITH SALT

Table 7. Abundance Ratios for the Elements V I, Cr I, Cr II, Mn, Co, Ni, and Zn

Name [V 1/Fe] [Cr I/Fe] [Cr 1I/Fe] [Mn/Fe] [Co/Fe] [Ni/Fe] [Zn/Fe]

RAVE J012931.1-160046 -0.21 + 0.16 -0.44 £ 0.09 +40.64 +£ 0.10 +40.01 +£0.12 +40.30 = 0.10
RAVE J030639.1-692040 S -0.32 £ 0.11 -0.47 £ 0.10 -0.09 £ 0.10  +0.14 = 0.16 L.

RAVE J035550.9-721151 +0.13 + 0.10 -0.23 +£ 0.08 +0.18 + 0.02 -0.41 +0.10 +0.48 £ 0.02 +40.11 + 0.06 +0.26 + 0.01
RAVE J040618.2-030525 +0.29 + 0.10 -0.03 + 0.14 -0.09 £ 0.10 -0.23 + 0.03 +0.00 + 0.08 -0.01 + 0.13
RAVE J044208.2-342114 +0.00 = 0.21 -0.17 £ 0.11 +0.00 £ 0.06 40.10 + 0.10
RAVE J045322.6-221040 . -0.17 £ 0.14 -0.44 £ 0.10 40.17 £ 0.10 +0.25 + 0.10 .

RAVE J053817.0-751621 +0.06 + 0.10 -0.11 + 0.10 -0.35 + 0.05 -0.12 £ 0.10  40.05 £ 0.11  +40.01 £ 0.03
RAVE J061950.0-531212 . -0.20 = 0.09 -0.49 £ 0.07 40.54 £ 0.08 +0.11 £ 0.05 +0.44 + 0.10
RAVE J071234.0-481405 -0.13 + 0.10  -0.20 + 0.06 o -0.59 + 0.01 +0.04 + 0.08 +0.13 + 0.10
RAVE J074824.3-483141 +0.10 + 0.10 -0.11 £ 0.06 +0.08 + 0.01 -0.31 = 0.07 +0.27 £ 0.09 +40.05 + 0.07 +0.14 + 0.13
RAVE J100709.2-180947 +0.21 + 0.10 -0.10 £ 0.10 +0.26 + 0.06 -0.34 + 0.07 +0.03 + 0.07 +40.21 + 0.08
RAVE J111711.0-310951 S -0.21 + 0.03 -0.19 = 0.10 e +0.07 +£ 0.03  +0.30 £ 0.10
RAVE J111912.3-160947 +0.06 + 0.10 -0.10 £ 0.07 +0.12 + 0.05 -0.30 = 0.10 +0.00 + 0.10 -0.03 + 0.14 +40.14 + 0.09
RAVE J113508.3-111328 +0.19 + 0.10 -0.09 £ 0.09 +0.03 + 0.10 -0.22 = 0.02 +0.01 £ 0.11  40.07 £ 0.05
RAVE J114444.8-112817 +0.01 + 0.10 -0.18 £ 0.09 +0.17 + 0.01 -0.44 + 0.04 +0.25 £ 0.01 40.02 + 0.07 +0.21 + 0.03
RAVE J115941.7-382043 +0.08 £ 0.09 +40.17 £ 0.08 +0.20 + 0.10 +0.01 £ 0.12  40.20 £ 0.07
RAVE J123550.1-313111 -0.32 + 0.11  40.08 £ 0.07 -0.34 £ 0.10 +0.00 + 0.13 40.06 + 0.05
RAVE J124154.7-085701 -0.13 £ 0.03 +0.33 £ 0.10 -0.13 £ 0.10 +0.13 £ 0.05 +0.37 £ 0.10
RAVE J124753.3-390802 S -0.12 + 0.13 -0.31 + 0.09 -0.05 + 0.12  +0.23 £ 0.02
RAVE J130524.5-393126 -0.20 + 0.10  -0.19 + 0.10 S -0.60 = 0.09 -0.01 £ 0.11 .

RAVE J132141.8-432006 -0.13 + 0.10 -0.17 £ 0.06 +0.15 + 0.07 -0.36 + 0.02 +0.00 + 0.09 +0.14 £ 0.08
RAVE J132414.3-180620 -0.23 + 0.10 -0.24 + 0.05 -0.06 £ 0.10 -0.49 + 0.05 -0.04 +£ 0.05 +0.13 £ 0.03
RAVE J134319.3-235814 L. -0.25 + 0.04 +0.12 £ 0.10 -0.41 + 0.04 +0.33 £ 0.01 +0.06 + 0.08 +0.12 + 0.10
RAVE J151558.3-203821 -0.26 + 0.10 -0.23 + 0.04 +0.08 £ 0.08 -0.40 + 0.03 +0.19 = 0.10 40.00 + 0.08 +0.17 + 0.10
RAVE J151608.7-212160 L. -0.33 £ 0.06 +40.20 £ 0.01  -0.46 + 0.07 -0.04 + 0.08 +0.32 £ 0.05
RAVE J153539.5-173455 —-0.10 £ 0.10  -0.20 + 0.14 S -0.32 = 0.05 +0.09 £ 0.10 +0.34 £ 0.08
RAVE J153830.9-180424 -0.02 + 0.10 -0.13 £ 0.10 +0.08 + 0.04 -0.26 + 0.32 +0.75 £ 0.08 +40.00 + 0.06 +0.06 + 0.08
RAVE J154230.9-210731 +0.15 + 0.10  —0.40 + 0.08 - -0.23 £ 0.10 +0.41 £ 0.04 +40.09 + 0.07 +0.14 £ 0.10
RAVE J155829.6-122434 -0.05 + 0.10 -0.25 £ 0.12 +0.16 + 0.10 -0.45 + 0.05 +0.35 £ 0.07 +40.08 + 0.06 +0.33 + 0.01
RAVE J160245.0-152102 +0.03 + 0.10 -0.32 £ 0.08 +0.05 + 0.04 -0.56 = 0.02 +0.04 £ 0.08 -0.14 + 0.03 +0.02 + 0.05
RAVE J165300.5-005507 L. -0.15 + 0.10  +0.03 £ 0.10 . -0.04 + 0.05 +0.11 £ 0.03
RAVE J171633.4-700902 +0.28 + 0.10 -0.08 + 0.08 +0.09 = 0.10 -0.14 + 0.01 +0.20 £ 0.10 40.37 £ 0.04
RAVE J175159.8-475131 -0.09 + 0.14 40.04 £ 0.10 -0.22 + 0.03 -0.07 +£ 0.09 +0.12 £ 0.12
RAVE J180242.3-440443 S -0.04 + 0.03 -0.02 = 0.10 -0.21 + 0.10 -0.06 = 0.08 +0.09 + 0.12
RAVE J183108.2-491105 +0.20 + 0.10 -0.03 +£ 0.08 —-0.04 + 0.10 -0.19 + 0.05 -0.07 £ 0.10  40.00 £ 0.07 +40.02 + 0.07
RAVE J183623.2-642812 -0.20 + 0.12 c. -0.36 = 0.04 -0.03 £ 0.12 +0.19 = 0.10
RAVE J191755.9-544015 -0.21 + 0.08 +0.14 £ 0.04 -0.37 + 0.05 +0.41 £ 0.10 +0.09 £ 0.08 +0.17 + 0.02
RAVE J192632.8-584657 —-0.06 + 0.10 -0.18 £ 0.10 -0.17 + 0.10 -0.43 + 0.02 +0.08 + 0.08 .

RAVE J192819.9-633935 +0.10 + 0.10 -0.19 + 0.05 +0.13 + 0.03 -0.46 + 0.02 -0.07 £ 0.10 -0.01 + 0.10 +0.10 + 0.10
RAVE J194550.6-392631 +0.03 + 0.10 -0.25 + 0.08 -0.54 £ 0.10 +40.37 £ 0.10 -0.01 £ 0.02 +0.12 + 0.02
RAVE J201446.1-563530 +40.08 + 0.10  -0.06 + 0.08 -0.39 = 0.10 -0.03 +£ 0.04 -0.06 = 0.10
RAVE J203706.4-122125 -0.12 + 0.10 -0.18 + 0.04 R -0.31 = 0.10 +0.03 £ 0.09 40.19 £+ 0.10
RAVE J204450.7-371400 -0.07 = 0.10 -0.13 £ 0.02 +0.02 + 0.02 -0.32 + 0.07 +0.14 + 0.14 +0.34 £ 0.06
RAVE J204954.4-480045 +0.46 + 0.10 -0.13 £ 0.06 +0.11 + 0.09 -0.36 + 0.02 +0.33 £ 0.22 -0.09 + 0.10 40.00 £ 0.02
RAVE J205149.7-615801 —-0.09 + 0.10 -0.12 £ 0.06 +0.23 + 0.03 -0.27 + 0.03 +0.08 + 0.10 40.06 + 0.06 +0.20 + 0.01
RAVE J205609.1-133118 -0.15 + 0.10 -0.20 £ 0.04 +0.07 + 0.03 -0.53 + 0.04 +0.33 £ 0.11  -0.03 + 0.07 +40.05 £+ 0.03
RAVE J210642.9-682827 -0.27 + 0.10 -0.22 + 0.13 .. -0.43 + 0.12 +0.15 + 0.10  +0.24 £ 0.08
RAVE J211413.5-572636 -0.25 + 0.10 +0.12 + 0.08 -0.27 + 0.01 +0.13 £ 0.06 40.25 + 0.01
RAVE J215118.3-135937 -0.11 + 0.03 -0.40 £ 0.09 +40.29 £ 0.10 +0.00 £ 0.10 -0.16 + 0.10
RAVE J222236.0-013827 -0.21 + 0.12 -0.12 £ 0.11  40.67 £ 0.10 40.12 + 0.08 +0.50 + 0.10

NoTE—Uncertainties are taken as the standard deviation of multiple measurements; in cases where only one line was

uncertainty of 0.10 dex has been assigned.

measurable, a nominal
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9. APPENDIX

Here we provide a table of the atomic data for lines
used in the equivalent-width analysis of the SALT spec-
tra.

Table 8. Line List for Abundances

Ton a X log gf

Mgl 4057.505 4.35 -0.890
Mgl 4167.271 4.35 -0.710
Mgl 4351.906 4.34 -0.525
Mgl 4571.096 0.00 -5.688
Mg I 4702.990 4.33 -0.380
Mgl 5172.684 2.71 -0.450
Mgl 5183.604 2.72 -0.239
Mg I 5528.405 4.34 -0.498

Cal 4226.730  0.00 0.244
Cal 4283.010 1.89 -0.224
Cal 4318.650 1.89 -0.210
Cal 4425.440 1.88 -0.358
Cal 4434.960 1.89 -0.010
Cal 4435.690 1.89 -0.519
Cal 4454.780  1.90 0.260
Cal 4455.890 1.90 -0.530
Cal 5262.244 2.52 -0.471
Cal 5265.556  2.52  -0.260
Cal 5349.465 2.71  -0.310

Sc I 4246.820 0.32 0.240
Sc I  4314.083 0.62 -0.100
ScIT 4324998 0.59 -0.440
Sc II ~ 4400.389 0.61 -0.540
Sc I  4415.544 0.59 -0.670
ScII  5031.010 1.36 —0.400
ScII  5239.811 1.46 -0.770
Sc Il  5318.374 1.36 -2.010

Til 4008.928 0.02 -1.016
Til 4512.730 0.84 -0.424
Ti I 4518.020 0.83 -0.269
Til 4533.249  0.85 0.532
TiI 4534.780 0.84 0.336
Ti I 4535.567 0.83 0.120
Ti I 4544.687 0.82 -0.520
Til 4548.760 0.83 —-0.298
Ti I 4555.490 0.85 -0.432
Til 4656.470 0.00 -1.289
Til 4681.910 0.05 -1.015
TiI 4840.870 0.90 -0.453
Ti I 4981.730 0.84 0.560
Til 4991.070  0.84 0.436
Ti I 4999.500 0.83 0.306
Til 5007.206 0.82 0.168

Table 8 continued
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Table 8 (continued)

Ton A X log gf
Til 5009.645 0.02 -2.203
Til 5014.187 0.00 -1.220
Til 5014.276 0.81 0.110
Til 5016.160 0.85 —0.518
Til 5020.024 0.84 -0.358
Til 5024.843 0.82 -0.546
Til 5035.902 1.46 0.260
Til 5036.463 1.44 0.186
Til 5038.396  1.43 0.069
Til 5039.960 0.02 -1.130
Til 5064.650 0.05 —-0.935
Til 5173.740 0.00 -1.062
Til 5192.970 0.02 -0.950
Til 5210.390 0.05 -0.828
Ti Il  4012.396 0.57 -1.750
Ti 1T 4025.120 0.61 -1.980
Ti Il  4028.338 1.89 -0.960
TiII  4053.829 1.89 -1.210
Ti 1T 4161.527 1.08 -2.160
Ti Il 4163.634 2.59 -0.400
TiII  4184.309 1.08 -2.510
Ti 11 4290.219 1.16 -0.930
TiII  4300.049 1.18 -0.490
TiII  4330.723 1.18 -2.060
Ti Il  4337.914 1.08 -0.960
TiII  4394.059 1.22 -1.780
TiII  4395.031 1.08 -0.540
Ti IT 4395.839 1.24 -1.930
Ti 1T 4398.292 1.21 -2.650
TiII  4399.765 1.24 -1.190
Ti 1T 4409.520 1.23 -2.370
Ti Il  4417.714 1.17 -1.190
TiII  4418.331 1.24 -1.970
Ti 11 4441.731 1.18 -2.410
TiII  4443.801 1.08 -0.720
Ti Il  4444.554 1.12 -2.240
Ti 1T 4450.482 1.08 -1.520
Ti 1T 4464.448 1.16 -1.810
Ti Il  4468.517 1.13 —0.600
Ti 1T 4470.853 1.17 -2.020
TiII  4488.342 3.12 -0.820
Ti Il  4493.522 1.08 -3.020
Ti 1T 4501.270 1.12 -0.770
Ti Il  4529.480 1.57 -2.030
TiII  4533.960 1.24 -0.530
Ti 1T 4545.144 1.13 -1.810
Ti Il  4563.770 1.22 -0.960
TiII  4571.971 1.57 -0.320
Ti IT 4583.409 1.16 -2.920
Ti IT 4589.915 1.24 -1.790
Ti Il  4636.320 1.16 —3.020
Ti IT 4657.200 1.24 -2.240
Ti 1T 4708.662 1.24 -2.340

Table 8 continued
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Table 8 (continued)

Ton A X log gf
TiII  4779.979 2.05 -1.370
Ti II 4798.532 1.08 -2.680
TiII  4805.089 2.06 -1.100
Ti Il  4865.610 1.12 -2.810
Ti II 4911.175 3.12 -0.340
TiII  5005.159 1.57 -2.730
Ti Il 5129.156 1.89 —1.240
Ti IT 5185.902 1.89 -1.490
Ti Il 5188.687 1.58 —1.050
Ti Il 5226.538 1.57 —1.260
Ti Il  5268.607 2.60 -1.620
Ti Il 5336.78 1.58 —1.590
TiII  5381.021 1.57 -1.920
Ti Il  5418.768 1.58 -2.000
VI 4379.230 0.30 0.550
VI 4786.499 2.07 0.110
VI 5195.395 2.28  -0.120
VI 6008.648 1.18  -2.340
Crl 3578.680  0.00 0.420
Crl 3908.762 1.00 -1.000
Crl 4254.332 0.00 -0.114
Crl 4274.800 0.00 -0.220
Crl 4289.720 0.00 -0.370
Crl 4337.566 0.97 -1.112
Crl 4545.950 0.94 -1.370
Crl 4580.056 0.94 —1.650
Crl 4600.752 1.00 -1.260
Crl 4616.137 0.98 -1.190
Crl 4626.188 0.97 -1.320
Crl 4646.150 1.03  -0.740
Crl 4651.280 0.98 —-1.460
Crl 4652.158 1.00 —1.030
Crl 4789.340 2.54 -0.330
Crl 5206.040 0.94 0.020
Crl 5208.419 0.94 0.160
Crl 5247.564 0.96 -1.640
Crl 5296.690 0.98 -1.360
Crl 5298.280 0.98 -1.140
Crl 5300.740 0.98 —-2.000
Crl 5345.800 1.00 -0.950
Crl 5348.310 1.00 -1.210
Crl 5409.770 1.03 -0.670
Cr II  4558.594 4.07 -0.656
Cr II 4588.142 4.07 -0.826
CrII 4591.992 4.07 -1.419
Fe I 4001.661 2.18 -1.900
Fe I 4005.242 1.56 —-0.583
Fel 4007.272  2.76 -1.280
Fe 1 4014.531 3.05 -0.590
Fe I 4021.866 2.76 —-0.730

Table 8 continued
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Table 8 (continued)

Ton A X log gf
Fe I 4032.627 1.49 -2.380
Fe I 4044.609 2.83 -1.220
Fe I 4045.812  1.49 0.284
Fe I 4058.217 3.21 -1.110
Fe I 4062.441  2.85 -0.860
Fe I 4063.594 1.56 0.062
Fe I 4067.271  2.56  —1.419
Fel 4067.978 3.21  -0.470
Fe I 4070.769 3.24 -0.790
Fe I 4071.738 1.61 —0.008
Fe 1 4073.763  3.27  —-0.900
Fe I 4076.629 3.21 -0.370
Fe I 4079.838 2.86 —1.360
Fel 4095.970 2.59 -1.480
Fe I 4098.176  3.24 -0.880
Fe I 4109.057 3.29 -1.560
Fe 1 4109.802 2.85 -0.940
Fe I 4114.445 2.83 -1.303
Fe I 4120.207 2.99 -1.270
Fe I 4121.802 2.83 -1.450
Fe I 4132.058 1.61 -0.675
Fe I 4132.899 2.85 -1.010
Fe 1 4134.678 2.83 -0.649
Fe I 4136.998 3.42 -0.450
Fe I 4139.927 0.99 -3.629
Fe I 4143.414  3.05 -0.200
Fe I 4143.868 1.56 -0.511
Fel 4147.669 1.48 -2.071
Fe I 4152.169 0.96 -3.232
Fe I 4153.899 3.40 -0.320
Fe I 4154.498 2.83 —0.688
Fe 1 4154.805 3.37 —0.400
Fe I 4156.799 2.83 —-0.808
Fel 4157.780 3.42 —0.403
Fe 1 4158.793 3.43 -0.670
Fe I 4174.913 0.91 -2.938
Fe I 4175.636 2.85 —0.827
Fe 1 4181.755 2.83 -0.371
Fe I 4182.382  3.02 -1.180
Fe I 4184.892 2.83 —0.869
Fe I 4187.039 2.45 -0.514
Fe I 4187.795 2.42 -0.510
Fe I 4191.430 2.47 -0.666
Fe 1 4195.329 3.33 —-0.492
Fe I 4196.208 3.40 -0.700
Fe 4199.095 3.05 0.156
Fe 1 4202.029 1.49 -0.689
Fe I 4216.184 0.00 -3.357
Fel 4217.545 3.43 —0.484
Fe 1 4227.427  3.33 0.266
Fe I 4233.603 2.48 -0.579
Fel 4238.810 3.40 -0.233
Fe I 4247.426  3.37 -0.240
Fe I 4250.119 2.47 -0.380

Table 8 continued
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Table 8 (continued)

Ton A X log gf
Fe I 4250.787 1.56 —0.713
Fe I 4260.474  2.40 0.077
Fe I 4271.154 2.45 -0.337
Fe I 4271.760 1.49 -0.173
Fe I 4282.403 2.18 -0.779
Fe I 4325.762 1.61 0.006
Fe I 4337.046 1.56 —1.695
Fe I 4352.735 2.22 -1.290
Fe I 4375.930 0.00 -3.005
Fe I 4383.545 1.48 0.200
Fe 1 4388.407 3.60 —0.681
Fe I 4404.750 1.56 -0.147
Fe I 4407.709 2.18 -1.970
Fe I 4415.122  1.61 -0.621
Fe I 4422.568 2.85 -1.110
Fe I 4427.310 0.05 —2.924
Fe I 4430.614  2.22 -1.659
Fe I 4442.339 2.20 -1.228
Fe I 4443.194 2.86 —1.043
Fe I 4447.717 2.22 -1.339
Fe I 4454.381 2.83 -1.300
Fe I 4459.118 2.18 -1.279
Fe 1 4461.653 0.09 -3.194
Fe I 4466.552 2.83 —0.600
Fe I 4476.019 2.85 —0.820
Fe 1 4484.220 3.60 -0.860
Fe I 4489.739 0.12 -3.899
Fel 4490.083 3.02 -1.580
Fe I 4494.563 2.20 -1.143
Fe I 4528.614 2.18 -0.822
Fe I 4531.148 1.48 -2.101
Fe I 4592.651 1.56 —2.462
Fe I 4595.359 3.29 -1.758
Fel 4602.941 1.49 -2.208
Fe I 4611.185 2.85 -2.720
Fe I 4630.120 2.28 —-2.587
Fe I 4632.912 1.61 -2.913
Fe I 4643.463 3.64 —1.147
Fe I 4647.434 2.95 -1.351
Fe I 4661.968 2.98 —2.502
Fe 1 4678.846 3.60 —0.830
Fe I 4691.411  2.99 -1.520
Fe I 4707.274 3.24 —-1.080
Fe I 4710.283 3.02 -1.610
Fe I 4733.591 1.49 -2.988
Fe 4736.772 3.21  -0.752
Fel 4786.806 3.00 -1.606
Fe I 4789.650 3.53 —-0.957
Fel 4800.648 4.12 -1.028
Fe 1 4859.741 2.88 -0.760
Fe I 4871.318 2.87 -0.362
Fel 4872.137 2.88 -0.567
Fel 4890.755 2.88 —-0.394
Fe I 4891.492 2.85 -0.111

Table 8 continued
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Table 8 (continued)

Ton A X log gf
Fe I 4903.310 2.88 —0.926
Fe I 4918.994 2.85 -0.342
Fe I 4920.503  2.83 0.068
Fe I 4924.770 2.28 -2.114
Fe I 4938.814 2.88 -1.077
Fe I 4939.687 0.86 —3.252
Fe I 4946.388 3.37 -1.170
Fel 4966.089 3.33 -0.871
Fe I 4973.102 3.96 -0.950
Fe I 4994.130 0.92 -2.969
Fel 5001.870  3.88 0.050
Fe I 5006.119 2.83 -0.615
Fe I 5012.068 0.86 —2.642
Fe 1 5014.942 3.94 -0.300
Fe I 5022.236 3.98 -0.530
Fe I 5027.225 3.64 —1.890
Fe I 5028.127 3.56 -1.122
Fe I 5041.072 0.96 -3.090
Fe I 5041.756  1.49 -2.200
Fe I 5044.212 2.85 -2.017
Fe I 5049.820 2.28 -1.355
Fe I 5051.634 0.92 -2.764
Fel 5060.080 0.00 —5.460
Fe I 5068.766 2.94 -1.041
Fe I 5074.749 4.22  -0.200
Fe I 5079.224 2.20 -2.105
Fe I 5079.740 0.99 -3.245
Fel 5080.950 3.27 —-3.090
Fel 5083.339 0.96 —2.842
Fe I 5090.770 4.26 -0.360
Fe I 5098.697 2.18 -2.030
Fe 1 5110.413 0.00 -3.760
Fe I 5123.720 1.01 -3.058
Fel 5125.117 4.22  -0.140
Fel 5127.360 0.92 -3.249
Fe I 5131.468 2.22 -2.515
Fe I 5133.689 4.18 0.140
Fe 1 5137.382 4.18 -0.400
Fe I 5141.739 2.42 -2.238
Fe I 5142.929 0.96 -3.080
Fe 1 5150.839 0.99 -3.037
Fe I 5151.911 1.01 -3.321
Fe I 5162.273  4.18 0.020
Fe I 5166.282 0.00 —4.123
Fe I 5171.596 1.49 -1.721
Fe 5191.455 3.04 -0.551
Fe I 5192.344 3.00 -0.421
Fe I 5194.942 1.56 —2.021
Fel 5198.711 2.22 -2.091
Fe I 5202.336 2.18 -1.871
Fe I 5204.583 0.09 —-4.332
Fel 5216.274 1.61 —2.082
Fe I 5217.390 3.21 -1.162
Fe I 5225.526  0.11 -4.755

Table 8 continued
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Table 8 (continued)

Ton A X log gf
Fe I 5232.940 2.94 -0.057
Fe I 5242.491 3.63 —-0.967
Fe I 5247.050 0.09 —-4.946
Fe I 5250.210 0.12 —4.938
Fe I 5250.646 2.20 -2.180
Fe I 5254.956 0.11 -4.764
Fe I 5263.305 3.27 —0.879
Fe 1 5266.555 3.00 —0.385
Fe I 5269.537 0.86 —-1.333
Fe I 5281.790 3.04 -0.833
Fe I 5283.621 3.24 -0.524
Fe I 5288.527 3.68 —1.508
Fe I 5302.300 3.28 -0.720
Fe I 5307.361 1.61 -2.912
Fe I 5322.040 2.28 -2.802
Fe I 5324.179 3.21 -0.103
Fel 5328.039 0.92 -1.466
Fe I 5328.531 1.56 -1.850
Fe I 5332.900 1.55 —2.776
Fel 5339.930 3.27 -0.720
Fe I 5364.871 4.45 0.228
Fe I 5365.400 3.56 —1.020
Fe I 5367.467 4.42 0.443
Fe I 5369.962  4.37 0.536
Fe I 5371.489 0.96 -1.644
Fel 5379.573 3.69 -1.514
Fe I 5383.369 4.31 0.645
Fel 5389.479 4.42 -0.410
Fel 5393.168 3.24 -0.910
Fe I 5397.128 0.92 -1.982
Fe I 5405.775 0.99 -1.852
Fe 1 5410.910 4.47 0.398
Fe I 5415.199 4.39 0.643
Fel 5424.068 4.32 0.520
Fel 5429.696 0.96 —-1.881
Fe I 5434.524 1.01 -2.126
Fe I 5446.917 0.99 -1.910
Fel 5455.609 1.01 -2.090
Fe I 5497.516 1.01 -2.825
Fe I 5615.644  3.33 0.050
Fe 1 5624.542 3.42 -0.755
Fe I 5662.516 4.18 —0.573
Fe I 5686.529 4.55 —0.450
Fe 1 5753.122 4.26 —-0.688
Fe I 6297.792 2.22 -2.640
Fe II  4122.668 2.58 -3.380
Fe II  4128.748 2.58 -3.470
Fe II  4178.860 2.58 -2.510
Fe II  4233.170 2.58 -1.970
Fe II  4416.817 2.78 -2.600
Fe I  4489.185 2.83 -2.970
Fe 11 4491.410 2.86 -2.710
Fe II  4508.283 2.86 —2.580

Table 8 continued
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Table 8 (continued)

Ton A X log gf
Fe IT  4515.340 2.84 —2.600
Fe 11 4520.224 2.81 -2.600
Fe 11 4522.630 2.84 -2.250
Fe IT  4541.523 2.86 —3.050
Fe II  4555.890 2.83 —2.400
Fe II  4576.340 2.84 —-2.950
Fe IT  4583.840 2.81 —1.930
Fe II 4620.520 2.83 -3.210
Fe II  4731.439 2.89 -3.360
Fe IT  4923.930 2.89 -1.320
Fe I  4993.350 2.81 -3.670
Fe IT 5018.450 2.89 -1.220
Fe II  5197.580 3.23 —2.220
Fe I1 5234.630 3.22 -2.180
Fe II  5276.000 3.20 -2.010
Fe II  5284.080 2.89 -3.190
Fe II  5325.550 3.22 -3.160
Fe II  5414.070 3.22 -3.580
Fe II  5534.834 3.25 —2.930
MnI 4030.753 0.00 -0.480
Mn I 4033.062 0.00 -0.618
Mn 1 4034.483 0.00 -0.811
Mn 1 4041.357 2.11 0.285
Mn I 4754.048 2.28 -0.086
Mn I 4783.432 2.30 0.042
Mn I 4823.528  2.32 0.144
Col 4020.898 0.43 -2.070
Col 4110.532 1.05 -1.080
Co I 4118.767 1.05 —0.490
Co I 4121.318 0.92 -0.320
Nil 4605.000 3.48 —0.290
Nil 4648.659  3.42 -0.160
Nil 4686.220 3.60 —-0.640
Nil 4714.421 3.38 0.230
Nil 4855.414  3.54 0.000
Nil 4904.410 3.54 -0.170
Nil 4980.161 3.61 -0.110
Nil 5017.591 3.54 -0.080
Nil 5035.374  3.63 0.290
Nil 5080.523  3.65 0.130
Nil 5081.110 3.85 0.300
Nil 5084.080  3.68 0.030
Nil 5115.400 3.83 -0.110
Nil 5137.075 1.68 —1.990
Nil 5155.760 3.90 -0.090
Nil 5476.900 1.83 —-0.890
Nil 5578.734 1.68 —2.640
Nil 5754.675 1.94 -2.330
Zn 1 4722.150 4.03 -0.390
Zn 1 4810.528 4.08 -0.137

Table 8 continued
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