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ABSTRACT

Context. A discrepancy has emerged between the cosmic lithium aleedaferred by the WMAP satellite measurement coupled
with the prediction of the standard big-bang nucleosyngtibgory, and the constant Li abundance measured in metalhalo dwarf
stars (the so-callefpite plateau). Several models are being proposed to explain this diaa@p involving either new physics, in situ
depletion, or the fcient depletion of Li in the pristine Galaxy by a generatiomassive first stars. The realm of possibilities may be
narrowed considerably by observing stellar populatiordifierent galaxies, which have experiencefiiedent evolutionary histories.
Aims. The w Centauri stellar system is commonly considered as the retrofaa dwarf galaxy accreted by the Milky Way. We
investigate the lithium content of a conspicuous samplenef/alved stars in this object.

Methods. We obtained moderate resolution£R7 000) spectra for 91 main-sequefealy sub-giant branch (MSGB)w Cen stars
using the FLAMES-GIRAFFPR/LT spectrograph. Lithium abundances were derived by niadcthe equivalent width of the Li
resonance doublet at 6708 A to the prediction of synthetictsp computed with éfierent Li abundances. Synthetic spectra were
computed using the SYNTHE code along with ATLAS-9 model apheres. The star$fective temperatures are derived by fitting
the wings of the H line with synthetic profiles.

Results. We obtain a mean content of A(l52.19+:0.14 dex forw Centauri MESGB stars. This is comparable to what is observed in
Galactic halo field stars of similar metallicities and temgperes.

Conclusions. The Spite plateau seems to be an ubiquitous feature of ol weetal-poor stars. It exists also in external galaxies,
if we accept the current view about the originefCen. This implies that the mechanism(s) that causes therf@ogical lithium
problem” may be the same in the Milky Way and other galaxies.

Key words. nuclear reactions, nucleosynthesis, abundances, starsdances, stars: Population Il, (Galaxy:) globular ersstindi-
vidual (w Cen), galaxies: abundances, cosmology: observations

1. Introduction microwave background, by the WMAP satellite (Cyburt et al.,
. . 2008, hereafter C08). Coupled with the prediction of th@sta
4
According to standard cosmology, light elemerftd, CHe, *He dard big bang nucleosynthesis (SBBN) theory, this measemém

and’Li) were synthesized, starting from protons, during the in mplies a primordial Li abundance a factor of three to fogtr
t|§1l hot and_ dense phase of the evolu'glon of the Universe. The e Spite plateau. This discrepancy is often refeorad the
yields of this primordial nucleosynthesis depend on thedar “cosmological lithium problem”.

to-photon ratia;, a cosmological parameter not constrained by Many solutions for this discrepancy have been proposed

first principles. . . . . . ;
. ingluding new physics at the time of the big bang (Jedamzik,
1 e femarable constancy of e L abudance, obsen b 2005, o et . 2008, Hiano o al 2009) ot
’ he pristine Galaxyl (Piau etial., 2006, hereafter P06), and t

temperature and metallicity — the so-called “Spite plateal . o .
: = 3 - . ulent difusion to deplete lithium in the stellar atmospheres
(Spite & Spite, 19824,b) has long been interpreted as amg&na‘Richard et all, 2005).

of big bang nucleosynthesis and a tool for measuring the-ba

onic%ensitgy of the U)r/ﬂverse (see Spite & Sylite, 2()10;gStaig,m -y A fresh look at the problem can béfarded by the study of

2010). lithium in metal-poor popula_tlons of external galaxiese®hes _
However, the baryonic density has been measured withSUCh_ as that of P06 can be immediately testeo_l and also teeorie

‘ nihat invoke stellar phenomena can be constrained by the-obse
vation of systems that have experiencefliedtent star formation
* Based on observations taken at ESO VLT Kueyen telescopeqCeistories.
Paranal, Chile, program: 079.D-0021A) The w Centauri stellar system is commonly considered as
Correspondence to: Imonaco@eso.org the remnant of a dwarf galaxy accreted by the Milky Way



http://arxiv.org/abs/1008.1817v1

2 Monaco et al.: The lithium content af Centauri

12 [ T T T T ‘ T T T T

#707740 8/N=52; T,,=6023; [Fe/H]=-1.48

> 1=

ﬁ -
é r #215094 S/N=58; T,=5930; [Fe/H]=—1.80]
il § €08 WMWWW
= i i
£ i i
_ L 4706196 S/N=70; T,,=5728; [Fe/H]=-1.82]
© 0.6 o
> E WWWMWN‘WUWW
w B ]
AN A é 04 — #710543 §/N=64; T, =5749; [Fe/H]=-1.80]
18 A 7 ]
AL D 1 O v T

N | 670.5 671
Wavelength (nm)
A
L L L L | L i i 1 L
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the spectrum signal-to-noise ratigk8 are indicated.
Fig. 1. Target stars are plotted on top of theCentauri Vver-
susV — | color-magnitude diagram. Open circles mark /86B
stars, open triangles SGB-a stars.

Frames were processed using version 2.13 of the

(e.g.,[Zinnecker et al|_1988; Freeman, 1993; Carraro & LIELAMES/GIRAFFE data reduction pipelifle A total of
2000). The complexity of its color-magnitude diagram (e.d./ fibers were allocated for sky subtraction on each plate.
Lee etal.,[ 1999 Pancino etlal.,_2000; Sollima ét al., 20058he average of the sky fibers closer to each star was sub-
Villanova et al.[ 2007) clearly testify the existence of tipie tracted from the science spectra. The standard FReesk
stellar populations, spanning a sizeable range in metakc fxcor was employed to measure the star's radial velocities by
(0.6 <[Fe/H]< —2.1,[Pancino et al. 2002; Sollima et al. 2005b¢ross-correlating the spectra with a synthetic one of simil
Villanova et all 2007). atmospheric parameters. Correction to the heliocentistesy

In this Letter, we present the first measurements of thé¢ere computed using the IRAF taskcorrect and applied
lithium content in a conspicuous sample of main-sequende df the observed radial velocities. After being reduced t re

early sub-giant branch (MSGB) stars inv Cen. frames, multiple spectra of the same target were finally-aver
aged. Typical errors 0f£1.2 kms?! are derived from repeated
measurements of the stellar radial velocity. We end-up with
2. Observations and data reduction a total of 178 cluster members providing a mean cluster
. heliocentric velocity and dispersion of,%233.8 kms! and
We selected targets at the turfi-and sub-giant branch level of __19 9 kms!. These values are in good agreement with

w Cen, mainly using the high precision FORET photometry | AMES-GIRAFEEVLT ted bv Pancino ét al
of Sollima et al. [(2005a, hereafter SO5) and data from the'Sp‘f’ZOO'J hereafter 5(\)/7 O;nzzass.lirismpgle.sirltlas.Zykn?glc)ln%er, &

troscopic survey of Villanova et al. (2007, hereafter VOIN 5 sample of 649 Cen giants. Given the significant cluster
targets were selected to trace the so-called SGB-a (SO8)ella, o1ation, a more detailed comparison should take into aecou
stars are shown in Figl 1, superimposed on the wide field phfs humber of stars sampled in each cluster region.

tometry of_ Bellini et al. (2009, hereafter B09). The MS tagge In the followi id | th d ob
selected from SO5 cover a more central area. For thesewtars, " the following, we consider only stars with repeated ob-

use in FigCL the original SO5 photometry corrected for theze Servations. All of them (91 MSGB, 10 SGB-a) have radial

point difference between BO9 and S05 at the magnitude level¥ ocities within 3o of the cluster motion as derived above.
interest. ter data reduction, we obtained averaged spectra forethes

Observations were taken on three nights of 27-29 Apﬁfarswith signal-to-noise ratios/{§ in the range 30 to 90 with a

2007 using the FLAMES/LT spectrograph at ESO Paranal. Th ean arounq 60. Stars without repeated observations hawe at
fibers in Medusa mode fed the GIRAFFE spectrograph, confgy" SN, which make them unhelpiul for the present analysis.
ured in the HR15n setting, which covers both&hd the Li res- pectra for a subsample of stars with measured lithium abun-
onance doublet at 670.8nm at a resolution of 17 000. The saf@1Cce are presented in Fig. 2.

plate configuration was observed for all three nights, witle-i

gration times between one hour and slightly over two houn& O 1 y++5: //girbldrs. sourceforge . net/

additional plate configuration was observed, which has #igbar 2 |RaF is distributed by the National Optical Astronomy
overlap with the main plate configuration. We thus achievedabservatories, which is operated by the association of dJsities for
total integration time of between 17 and 19 hours for most @fesearch in Astronomy, Inc., under contract with the Naii@tience
our MYSGB and SGB-a stars. Foundation.
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3. Abundance analysis

[ L e e
We derived stellar lithium abundances from the equivalédtiw g e WMAP + SBBN]
(EW) of the Li1 resonance doublet a6708 A . The EWs were 260 o e b %% ,,,,,,,, Bdgs S e
measured by fitting synthetic profiles, as donle in Bonifatille f—- %WH%&*%%%% £ o %%ﬁ 777777777777 43
(2002). When we could not detect the Li line, we estimated & 2 [ i vy bl {1 v %I% ISRt
upper limit given by 2-ew, Whereogw was estimated using the ™ , v RS SR

Cayrel formula[(Cayrel de Strobel & Spife, 1988). Abundance '°[ v Npw = 91]
were then derived by iteratively computing synthetic pesfilin- [ | <All)>=2.19+0.14 ‘ Ny, = 39 | ]
til the EW of the Li doublet matched the measurements. Fdr eac T E O B e s
star, synthetic spectra are calculated using the SYNTHEe cod 6200 6100 6000 5900 5800
along with an appropriate one-dimensional ATLAS-9 model T (K)

atmosphere (Sbordone et al., 2004; Sbordone, |2005; Kurucz, ———
2005). The &ective temperature of the stars was determined by
fitting the wings of the i line. The theoretical profiles were 25 . 5ok bodo B g boob g ]
computed with a modified version of the BALMER cBdehich },,%& *i—gﬁ'@% %jﬂ% L—%@f%%ﬁf:
uses the self-broadening theory of Barklem etal. (200Gmd) 3 2 '%"%W """"" 1 i A e
the Stark broadening given by Stehle & King (1999). We as:® _ t oo
sumed log g= 4.0 and a metallicity of [F#l]=-1.5 for all stars, Lsr v
thus ignoring the dependence of the Balmer line profiles ¢h bo _ 1
metallicity and surface gravity. A microturbulent velgcif 1 T T T
kms! was assumed. This, like the assumed surface gravity and -2 -1.8 -16 -14
metallicity, have &ects of a few hundredths of dex on the de- (Fe/H]
rived Li abundance. This is totally negligible in the curtrean-
text. Our 9N ratios are sfiiciently high to ensure that the errorFig. 3. Measured lithium abundances for targets on the main
in the Li abundances is totally dominated by the uncertaimty sequengsub-giant branch as a function of th&estive tem-
the dfective temperatures. The latter is on the order of 150ferature (upper panel) and the star metallicity (lower Pane
and is dominated by the uncertainty in the correction of tagdd  The mean Li abundance and dispersion derived.f@en, the
function of GIRAFFE. Our estimated internal uncertaintghie number of stars analyzed {}), and the number of stars for
Li abundance is 0.1dex. which we derived upper limits () are indicated in the upper
For none of the SGB-a stars did we detect the Li doublgtanel. The mean Li abundance (dot-dashed line), the(tlot-
For these stars, we derived upper limits in the range A¢0)9- ted lines), and 3¢ (continuous lines) levels from the mean and
1.5 dex. Owing to their cool temperature(£5650K), some the primordial lithium level implied by WMAP measures plus
level of lithium depletion is, however, actually expectedthese SBBN theory (C8, shaded area) are also marked for reference.
stars. From a sample of 91 RERSB stars, we could measure
the Li abundance of 52, and for the remaining 39 we provide

upper limits. The mean value was found to be AG2)19 with 4y comparison with the Galactic field stars on the saffece

a dispersion of 0.14 dex. When we, instead, ad@gbéve tem- e temperature scalé_(Shordone étal., 2010) shows.ti@en
peratures based on the VI color (Alonso et al., 1996) themegars occupy the same zone as the Galactic ones, in both the
Li abunda_m(_:e and dlspers_lon we _obtaln are identical to tbeeab A(Li)=T & and the A(Li)-metallicity planes.

figures within the errors, i.e. A(LH2.17+0.12. We used ared- ~ There are no obvious trends in Li abundance with temper-

dening of E(B-V)=0.11 (Lub; 2002). . _ature (upper panel) or metallicity (lower panel) and upjrek |
The spectral region covered by our observations is not rigd are not confined to any particular metallicity. The agera
in metallic lines. Nevertheless we used the availabla Bed |ithjym abundance of stars fainter thar-¥7.8 (i.e., MS stars)
Ca1 lines to estimate the metallicity of the stars, assuming nowever, slightly lower than that of brighter stars. (iarly
[Ca/Fe=+0.4. For the stars in common, we find a rather googGp stars) which are 0.06dex richer: A(ld)75=2.22:0.12
agreement with the results of V07, although we obtain sght( 30 stars): A(Li).175=2.16:0.17 (22 stars). This is similar to
lower metallicities on the order f0.1dex. In the online mate- \ 4t is observed in the globular cluster NGC 6397 and in the
rial we report, coordinatesffective temperatures, [Ad], A(Li),  field (Gonzalez Hernandez et dl., 2009; Charbonnel & Psima
and the equivalent width of the Li line for the target stars. 2005) and may indicate a dependence of the Li content on the
evolutionary state. The absence of stars with high Li abnoes
suggests that stars in our sample were not (significanthyted
by lithium produced in asymptotic giant branch (AGB) stays b

We have either measured or derived upper limits to the Li abuf#€.Cameron & Fowlet (1971) mechanism.
dances of 91 M&SGB stars in the) Cen stellar system. We have ~ We have a large number of upper limits, but only 3 stars are
also estimated upper limits for 10 stars belonging to theadted  at 3o from the mean lithium abundance and 10 at & w Cen
SGB-a. has a He-rich population (Norris, 2004; Piotto etlal., 200
Our results for MESGB stars are summarized in Fig. 3. Théan expect this population to be essentially Li-free, siaicthe

w Cen stars lie on the Spite plateau, well below the value iiigh temperatures necessary for He production, Li is cotejyle
plied by the WMAP measurement coupled with the SBBN thé&lestroyed. Higher /Bl observations are required to robustly as-
sess the number of Li-depleted stars, yet it is clear thieife

3 The original version provided by R.L. Kurucz is available astars belong, indeed, to a He-rich population, then a Livrady
http://kurucz.harvard.edu/ and by inference also He-normal, population of the samelmeta

4 A(L) :logg%guz.oo. licity, also exists. The Spite plateau @fCen appears indeed to

Li)

4. Discussion and conclusions
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be uniformly populated at all metallicities sampled in thegent the lithium abundancers age trend observed in open clus-
analysis. ters (Charbonnel & Talon, 2005). Unfortunately, similar dno
Globular clusters are known to display light elements abuels are still lacking for populations |1 stars. fRision associated
dance variations down to the turfEqCarretta et dl., 2009). with turbulent mixing has been proposed as a likely solution
In NGC 6752, 47 Tuc and perhaps NGC 6397, the Na-O antd the cosmological lithium problem (Korn et al., 2006). Bet
correlation is accompanied in MS by a Na-Li anticorrelationbservations, however, cast serious doubts on this hygpigthe
(Pasquini et al!, 200%; Bonifacio et al., 2007; Lind €t[a009). (Gonzalez Hernandez et al., 2009).
Some of the stars for which the Li line was not detected may These phenomena are time dependent. Since the age spreac
indeed be Na-rich. On the other hand, the spread observid indf the Galactic halo is very small, however, models cannot be
measured Li abundances is compatible with the analysisrtunasnstrained by the observations of halo dwarfs at the Spite

tainties. plateau. The true age spreaddnCen and within each of its
Based on the hypothesis thatCen is the remnant of an subpopulations remains a matter of lively debate. Sevéudt s
accreted dwarf galaxy, we can conclude that: ies (Hughes et all, 2004, Sollima et al., 2005b; Stanfordlet a
2006) concluded thab Cen enriched itself on a timescai®-
— the Spite plateau also exists in other galaxies; 5 Gyr, with each subpopulation being essentially coevahiwit

— the mechanism(s) causing the “cosmological lithium prolthe uncertainties implied in the analysis1(5 Gyr, see, e.g.,
lem” is(are) the same in the Milky Way and other galaxies|Sollima et al.| 2005b). On the other hahd, Johnsonlet al.5200
presented evidence offtikrent degrees of s-process enrichment
The second conclusion is the simplest and most reasonaduteong stars in the metal-poor population, which is the one sa
scenario we may envisage at the present stage but it clearlypled in the present analysis. This implies a time span of 0.1-
quires confirmation by Li measurements in additional exaern3 Gyrs (Schaller et al., 1992) for 1.5-3.QM\GB stars to pol-
galaxies. lute part of the metal-poor group, depending on the true mean
Solutions to the “cosmological lithium problem” that pro-mass of the AGB population. Further evidence comes from the
pose a special evolution for the Milky Way halo are disfadorerelative ages derived from color-magnitude diagrams, énath
by our results. To reconcile the primordial value with therent  with spectroscopic metallicities (V07), which infer an agage
observed Spite plateau level, the astration model (PO&jinesy of ~6 Gyr over the wholes Cen metallicity range. For the 35
one third to one half of the Galactic hale (0°M,,) to have been stars in common with the present study, the age spread isy8,6 G
processed through a generation of massive stars figattigely of which 31 have an age spread-dt.5 Gyr.
depleted lithium. Howevery Cen has a dierent type, mass, and  Coupled with our results, we can conclude that theories in-
has likely experienced affiérent evolution from the Milky Way. voking time-dependentphenomena should prescribe a cwysta
A fine tuning of the mass fraction processed through massiogthe lithium abundance (at the level of the observed dsper
stars would be required for thisftBrent galaxy to end up with i.e. 0.14 dex) over a timescale comparable to the above sange
Li abundances similar to those of Milky Way stars.
In contrast, models based on cosmological simulations pre-
dict the formation of the Milky Way halo by the assembly of &eferences
large r‘umber.Of sub-units (see, e.g., Bullock & JOhr'SIOﬁ.f‘?-O Alonso, A., Arribas, S., & Martinez-Roger, C. 1996, A&A, 31873
The similar Li content of old metal-poor stars in the halo angbki, w., et al. 2009, A&A, 502, 569
in w Cen may, indeed, favor the hierarchical merging paradigmerklem, P. S., Piskunov, N., & O'Mara, B. J. 2000a, A&A, 355,
What fraction of the stellar population in the Galaxy halalco Balrlk'e”.“'.P- S., P'Slk“”O"' N., & O'Mara, B. J. 20000, AZA, 38891
have been built-up by this mechanism is still, however, aenat gznﬁfi‘zx': Q’t"éft;(‘)bg?X%AA’%?%S%%EZOQ)
of debate. The chemical composition of the oldest, mostImetgoesgaard, A. M., Deliyannis, C. P., Stephens, A., & LamtizrL. 1998, ApJ,

poor stars in the Milky Way dwarf satellites indeed provides- 492, 727
flicting evidence in this respect (Monaco etlal., 2007; Adlale ~ Bonifacio, P., etal. 2002, A&A, 390, 91
2009; Frebel et all, 20 10)_ Bonifacio, P., et al. 2007, A&A, 470, 153

Bullock, J. S., & Johnston, K. V. 2005, ApJ, 635, 931
It has been suggested thatCen may be the remnant ofcayrel de Strobel, G., & Spite, M. 1988, The Impact of Very HigN

the nucleus of a, now destroyed, dwarf galaxy that had hostedspectroscopy on Stellar Physics, 132,

a globular cluster (GC) at its center (Bellazzini et al., 00 Cameron, A. G. W., & Fowler, W. A. 1971, ApJ, 164, 111

Carretta et al/, 2010)o Cen would then be a system similar tdéa"egav E ei a:- 38(1)8' 2&3“'75&511717

the GC M 54 plus the nucleus (SgrN) of the Sagittarius dwakfmonnel .. & Primas. F. 2005, AGA, 442, 961

spheroidal galaxy (Sgr dSph) at whose center it lies. Indbés  charbonnel, C., & Talon, S. 2005, Science, 309, 2189

nario, part of thev Cen stellar population would belong to theCarraro, G., & Lia, C. 2000, A&A, 357, 977

former galaxy, and the remaining part to the GC residing at tkyburt, R. H., Fields, B. D., & Olive, K. A. 2008, Journal of &mology and

: : : : R Astro-Particle Physics, 11, 12 (C08)
nucleus center. While we cannot clearly identify with eiths Frebel, A, Kirby, E. N., & Simon, J. D. 2010, Nature, 464, 72

gin’ both type of stars would, in any case, be of ex_tra-g'm:ladt— Freeman, K. C. 1993, The Globular Cluster-Galaxy Connect8, 608

gin. As for M54 [Monaco et all, 2005; Bellazzini et al., 2008)Gonzalez Hernandez, J. 1., et al. 2009, A&A, 505, L13

the position ofw Cen at the bottom of a galaxy potential WeII,Hisaggy J., Kawasaki, M., Kohri, K., & Nakayama, K. 2009, Bhigev. D, 79,

PN P T 514

stroggly "Sp“es t.hat th? G(f:1 orlglna'ges within thre] ga!axy_. k.Hughes, J., Wallerstein, G., van Leeuwen, F., & Hilker, MO20AJ, 127, 980
ur observations also have an Impact on theories INVOKIRGn A 3., Grundahl, F., Richard, O., et al. 2006, Natus, 657

stellar atmospheric phenomena, such &sisiion (Richard et al., Kurucz, R. L. 2005, Memorie della Societa Astronomicaidia Supplementi,

2005). It has been shown thatffdision alone is unable to si- 8, 14

multaneously reproduce the level of depletion observeceid fi Jedamzik, K. 2004, Phys. Rev. D, 70, 083510

stars for Li, Be and B[(Boesgaard et dl., 1998). The inclq%%im?kk'éhﬁoof'Egﬁ' ?Ae"étDJib%)%%Pﬁs Rev. D. TBE007

sion of internal gravity wave, on the other hand, has provebhnson, C. 1., Pilachowski, C. A., Michael Rich, R., & Fugt, J. P. 2009,
successful in reproducing both the solar rotation profild an ApJ, 698, 2048
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Table 1.Basic data for MEBGB stars studied in this paper. For each star, we reportdbrdinates, the Li line EWs and errors,
and the lithium abundances. The spectra signal-to-noigdyaded &ective temperatures, and the estimatedHifand its errors
are also reported. For three stars, ngfHevas estimated. These stars were not plotted in the bottmelwf Fig.3B.

D RA Dec EW e (EW) A) | IN | Ter(K) | [FOHAT e (FeHD)
200876 | 13.26:36.82 -47.3555.49 433 2.7 2.17| 84 | 5763 | -1.86 0.20
202055 | 13:26:50.23 -47:35:35.57 32.3 3.1 2.15| 72 | 5917 | -1.85 0.04
212980 | 13:26:45.74 -47:32:58.26 —  —  <1.86| 67 | 5978 | -1.64 0.17
213239 | 13:26:37.69 -47:32:55.1¢ 54.2 6.8 2.42| 33 | 5931 | -155 0.40
215094 | 13:26:25.00 -47:32:29.91 41.4 3.9 2.28| 58 | 5930 | -1.80 0.24
215324 | 13:26:31.64 -47:32:26.92 —  —  <1.85| 59 | 6018 | -1.64 0.22
215862 | 13:26:44.65 -47:32:19.14 —  —  <1.48| 69 | 5898 | -1.76 0.11
216091 | 13:26:39.09 -47:32:16.33 —  —  <2.04| 57 | 6080 | -1.89 0.40
216284 | 13:26:58.90 -47:32:13.0] —  —  <2.13| 55 | 5959 | -1.56 0.13
216434 | 13:26:46.08 -47:32:11.40 —  —  <1.84| 52 | 6134 | -1.52 0.12
216941 | 13:26:40.28 -47:32:04.95 —  —  <2.29| 67 | 6161 | -1.60 0.22
217251 | 13:26:30.08 -47:32:00.7% 28.0 3.8 2.09| 59 | 5932 | -1.79 0.18
217350 | 13:26:56.03 -47:31:58.72 —  —  <1.87| 54 | 6019 | -1.45 0.18
217836 | 13:26:54.36 -47:31:51.95 —  —  <1.85| 54 | 5868 | -1.57 0.15
218599 | 13:26:28.06 -47:31:42.16 —  —  <220| 63 | 5933 | -1.77 0.08
218941 13:26:39.40 -47:31:37.41 —  —  <2.26| 54 | 6147 | -1.45 0.22
219646 | 13:26:23.86 -47:31:28.38 37.6 5.0 2.34| 45 | 6077 | -1.97 0.39
219921 | 13:26:48.18 -47:31:24.39 13.9 3.5 1.76| 64 | 5929 | -1.80 0.38
220173 | 13:26:31.33 -47:31:21.29 32.2 45 2.30| 49 | 6134 | -1.71 0.27
220472 | 13:26:39.15 -47:31:17.1¢ 26.4 4.2 2.01| 53 | 5862 | -1.61 0.13
220539 | 13:26:51.79 -47:31:16.01 31.9 3.6 2.08| 63 | 5833 | -1.57 0.11
220543 | 13:26:25.51 -47:31:16.60 —  —  <1.99| 54 | 5787 | -1.63 0.11
221047 | 13:27:01.15 -47:31:09.23 —  —  <2.23| 64 | 6151 | -1.97 0.19
221944 | 13:26:27.77 -47:30:57.94 31.1 5.0 2.20| 45 | 6020 | -1.79 0.05
224278 | 13:26:46.11 -47:30:25.83 —  —  <2.16| 68 | 6018 | -1.49 0.02
225188 | 13:26:30.13 -47:30:13.63 24.9 3.1 2.09| 71 | 6014 | -1.74 0.19
226046 | 13:27:05.23 -47:30:01.08 —  —  <2.09| 65 | 5999 | —- —
228016 | 13:26:25.53 -47:29:34.41 27.9 5.0 1.99| 45 | 5807 | -1.92 0.21
228199 | 13:26:26.89 -47:29:31.87 29.0 3.6 2.07| 62 | 5882 | -1.80 0.32
232117 | 13:26:24.07 -47:28:37.49 —  — <202 | 52 | 5901 | -1.70 0.17
232161 13:27:01.29 -47:28:35.98 —  —  <1.70| 87 | 5899 | -1.69 0.02
233415| 13:27:08.78 -47:28:17.85 —  —  <2.10| 72 | 5950 | -1.62 0.34
234553 | 13:26:24.61 -47:28:03.58 —  —  <2.12| 56 | 6020 | -1.63 0.18
234927 | 13:26:26.85 -47:27:58.39 —  —  <2.08| 68 | 5837 | -1.94 0.28
238398 | 13:27:03.93 -47:27:09.94 —  —  <2.28| 58 | 6006 | -1.67 0.16
238851 13:26:58.42 -47:27:04.45 —  —  <212| 63 | 6042 | -1.72 0.02
240490 | 13:26:23.83 -47:26:42.34 —  —  <220| 50 | 6042 | -1.51 0.26
240604 | 13:26:25.92 -47:26:40.7] —  —  <2.13| 53 | 5911 | -1.68 0.19
241341 13:26:46.69 -47:26:29.98 —  —  <1.89| 79 | 5858 | -1.91 0.37
241861 13:26:22.08 -47:26:235] —  —  <2.10| 59 | 6111 | -1.86 0.00
242697 | 13:26:56.94 -47:26:11.44 33.8 3.8 2.20| 59 | 5961 | -1.42 0.23
242803 | 13:26:23.68 -47:26:10.98 25.2 4.2 2.21| 54 | 6171 | -1.63 0.28
244548 | 13:26:41.42 -A7:25:47.46 22.3 3.6 1.94| 62 | 5878 | -1.72 0.24
245711 13:26:22.65 -47:25:31.92 —  —  <2.30| 50 | 6107 | -1.56 0.23
246815 | 13:27:08.72 -47:25:15.22 —  —  <2.08| 47 | 6008 | -1.59 0.16
246822 | 13:26:43.28 -47:25:16.0] —  —  <1.84| 51 | 6011 | -1.71 0.21
246899 | 13:26:57.38 -47:25:14.46 —  —  <2.26| 59 | 6127 | -1.46 0.28
246949 | 13:26:59.34 -47:25:13.73 33.3 4.4 2.35| 51 | 6176 | -1.72 0.21
247449 | 13:26:36.70 -47:25:07.74 —  —  <2.13| 61 | 6012 | -1.68 0.17
248411| 13:26:51.38 -47:24:54.65 —  —  <1.82| 58 | 5939 | -1.61 0.14
248991 | 13:26:54.85 -47:24:46.72 —  —  <2.13| 40 | 6032 | -1.54 0.24
249154 | 13:26:56.74 -47:24:4410 —  —  <2.16| 58 | 6023 | -1.68 0.28
249555 | 13:26:24.96 -47:24:39.03 31.6 4.9 2.14| 46 | 5926 | -1.57 0.13
249952 | 13:26:28.89 -47:24:33.44 —  —  <226| 48 | 6121 | — —
250239 | 13:26:49.98 -47:24:28.90 452 3.5 2.26| 65 | 5838 | -1.71 0.17
250205 | 13:26:47.08 -47:24:28.29 23.9 3.3 1.93| 68 | 5823 | -1.75 0.14
250960 | 13:26:41.05 -47:24:19.16 —  —  <2.16| 67 | 5934 | -1.55 0.21
300010 | 13:25:42.83 -47:36:09.89 47.9 3.5 2.35| 64 | 5925 | -1.78 0.22
300098 | 13:25:52.22 -47:36:06.94 48.1 4.1 2.30| 55 | 5852 | -1.75 0.22
300147 | 13:25:47.93 -47:36:05.63 33.2 2.7 2.22| 83 | 6006 | -1.87 0.37
311493 | 13:25:45.82 -47:31:39.66 29.9 4.1 2.24| 54 | 6107 | -1.89 0.38
608199 | 13:26:39.18 -47:41:25.72 —  —  <212| 45 | 5991 | -1.69 0.15
608330 | 13:26:41.25 -47:41:21.00 40.7 4.4 2.20| 51 | 5832 | -1.45 0.16
608523 | 13:26:38.02 -47:41:13.32 36.7 3.3 2.29| 68 | 6021 | -1.94 0.20
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Table 1. Basic data for MEGB stars studied in this paper (continued). For each stargport ID, coordinates, the Li line EWs
and errors, and the lithium abundances. The spectra sigradise, H-based fective temperatures, and the estimatedHifand
its errors are also reported. For three stars, ngHP@&as estimated. These stars were not plotted in the botamelpf Fig.B.

D RA Dec EW €(EW) AW) | IN | Ter(K) | [FEH] e (F/HD)
610001 | 13:26:39.48 -47.40:20.13 32.9 35 2.28] 65 | 6088 | -1.69 0.26
610873 | 13:26:46.88 -47:39:51.34 36.4 3.8 2.24| 59 | 5972 | -1.54 0.15
611625 | 13:26:33.36 -47:39:29.26 54.7 3.3 2.38| 68 | 5870 | -1.62 0.17
612223 | 13:26:52.72 -47:39:11.66 33.5 4.5 2.16| 49 | 5917 | -1.51 0.31
612310 | 13:26:39.46 -47:39:09.45 50.5 3.2 2.35| 71 | 5886 | -1.88 0.10
612354 | 13:26:24.63 -47:39:08.2]1 34.7 4.2 2.06| 53 | 5763 | -1.71 0.28
613844 | 13:26:32.11 -47:38:29.44 55.1 3.5 2.35| 65 | 5816 | -1.87 0.24
614247 | 13:26:23.67 -47:38:19.62 353 3.6 2.18| 62 | 5900 | -1.86 0.30
614387 | 13:26:27.86 -47:38:16.08 19.8 3.7 1.96| 61 | 5976 | -1.78 0.16
614413 | 13:26:50.27 -47:38:15.14 32.8 3.2 2.24| 69 | 6031 | -1.76 0.21
614706 | 13:26:22.07 -47:38:08.14 36.7 4.1 2.16| 54 | 5854 | -1.66 0.20
615000 | 13:26:35.56 -47:38:01.05 32.9 4.1 2.26| 55 | 6058 | -1.72 0.37
615659 | 13:26:25.62 -47:37:46.49 —- —  <167| 56 | 5921 | -1.58 0.23
615841 | 13:26:31.83 -47:37:42.53 —- —  <216| 63 | 6103 | -1.56 0.20
617253 | 13:26:53.48 -47:37:12.63 52.2 3.7 2.25| 61 | 5725 | -1.95 0.27

617587 | 13:26:40.17 -47:37:06.10 37.7 3.3 2.32| 68 6057 -1.87 0.21
619767 | 13:26:38.98 -47:36:24.68 43.6 3.5 2.25| 63 5863 -1.87 0.13
706196 | 13:26:18.98 -47:41:06.91 50.9 3.2 2.23| 70 5728 -1.82 0.24
707431 | 13:26:10.29 -47:39:57.26 36.5 3.6 2.06| 62 5722 -1.69 0.13
707740 | 13:26:17.15 -47:39:41.58 41.3 4.3 2.35| 52 6023 -1.48 0.12
709357 | 13:26:13.14 -47:38:31.22 33.6 3.6 2.05| 63 5771 — —

709669 | 13:26:01.52 -47:38:18.12 32.2 3.7 2.09| 61 5843 -1.96 0.15

710011 | 13:26:11.96 -47:38:05.2]1 55.1 3.3 2.49| 68 6003 -1.75 0.38
710543 | 13:25:58.10 -47:37:44.77 64.1 3.5 2.38| 64 5749 -1.80 0.10
711304 | 13:26:19.02 -47:37:16.13 25.1 3.1 2.06| 72 5960 -1.94 0.19
711572 | 13:25:55.45 -47:37:07.3% 43.4 3.2 215| 71 5732 -1.86 0.18
711606 | 13:26:03.26 -47:37:06.37 34.1 2.8 2.14| 80 5878 -1.96 0.16

Table 2. Basic data for SGB-a stars studied in this paper. For eachvatareport ID, coordinates, and the derived upper limits
to the lithium abundances. The spectra signal-to-noisettat,-based &ective temperatures are also reported. A metallicity of
[Fe/H]=-1.5 was assumed.

D RA Dec A) | SN [ Ter(K)
120117 | 13:27:15.18 -47:29:52.18 <1.50 | 38 | 5654
213295 | 13:26:42.67 -47:32:54.29 <1.42 | 32 | 5490
213952 | 13:26:23.23 -47:32:45.23 <1.23 | 45 | 5479
215700 | 13:26:30.16 -47:32:21.8] <1.33 | 44 | 5542
216031 | 13:26:27.23 -47:32:17.22 <1.00 | 33 | 5081
223861 | 13:26:22.04 -47:30:31.76¢ <1.36 | 51 | 5330
224921 | 13:27:08.47 -47:30:15.98 <1.39 | 37 | 5528
243327 | 13:26:32.84 -47:26:03.9] <0.92 | 46 | 5148
247798 | 13:26:31.46 -47:25:03.30 <1.30 | 44 | 5503
248814 | 13:27:05.20 -47:24:48.7]1 <1.28 | 43 | 5465
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