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ABSTRACT

Context. Efforts to look for signatures of the first stars have concesdran metal-poor halo objects. However, the low end of the
bulge metallicity distribution has been shown to host sofite@oldest objects in the Milky Way and hence this Galaatimponent
potentially dfers interesting targets to look at imprints of the first stefjenerations. As a pilot project, we selected bulge figlsst
already identified in the ARGOS survey as having/Hle~ —1 and oversolard/Fe] ratios, and we used FLAMES-UVES to obtain
detailed abundances of key elements that are believedealraprints of the first stellar generations.

Aims. The main purpose of this study is to analyse selected ARG@&S gsing new high-resolution {85,000) and high-signal-
to-noise ($N>100) spectra. We aim to derive their stellar parameters Bmdental ratios, in particular the abundances of C, N, the
a-elements O, Mg, Si, Ca, and Ti, the odd-Z elements Na andh&lneutron-capture s-process dominated elements Y, Zgrd,
Ba, and the r-element Eu.

Methods. High-resolution spectra of five field giant stars were otadiat the 8m VLT UT2-Kueyen telescope with the UVES spec-
trograph in FLAMES-UVES configuration. Spectroscopic paggers were derived based on the excitation and ionizatjoitilerium

of Fe l and Fe Il. The abundance analysis was performed witAR®S LTE spherical model atmosphere grid and the Turbospect
spectrum synthesis code.

Results. We confirm that the analysed stars are moderately metal{pdd®4 < [Fe/H] < —0.43), non-carbon-enhanced (non-CEMP)
with [C/Fe] < +0.2, anda-enhanced. We find that our three most metal-poor stars amgen enhanced. Theenhancement sug-
gests that these stars were formed from a gas enriched byobapse supernovae, and that the values are in agreentarresults

in the literature for bulge stars in the same metallicitygarNo abundance anomalies (N&®, Al — O, Al — Mg anti-correlations)
were detected in our sample. The heavy elements Y, Zr, BandiFu also exhibit oversolar abundances. Three out of teefars
analysed here show slightly enhancedg¥] ratios similar to those found in two other metal-poorgauGCs (NGC 6522 and M 62).
This sample shows enhancement in the first-to-second peaidabce ratios of heavy elements, as well as dominantlpseps
element excesses. This can be explained figr@int nucleosynthesis scenarios.

Conclusions.
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1. Introduction stars) have focused on very metal-poor halo stars witfHFe

) . ) . ) —3. Some cosmological simulations have suggested thatsit lea
Efforts to find the chemical imprints in the oldest stars of theyif of the first stars should have formed in the Galactic eulg
Milky Way left by the first stellar generations (hereaftersti (e 5. Tumlinson 2010). Consequently, this Galactic conepon
is a potential source of interesting targets to be exploredse

Send offprint requests to: C. Siqueira Mello Jr. (cesar.mello@usp.br). simulations suggest that the oldest stars, which have fb@he
* Observations collected at the European Southern Obseyyvatdhe highest density peaks (bulge), have enriched the suiliog
Paranal, Chile (ESO), under programmes 089.B-0208(A).
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interstellar medium (ISM) on very short timescales. ChetnicTable 1. Log of the spectroscopic observations: date, time, ex-
evolution models also suggest that the old bulge formed ort shposure time, seeing, and air mass at the beginning and atthe e

timescales (e.g. Grieco et al. 2012). of the observation.

Barbuy et al. (2009, 2014) searched for evidence of the sig- “g,5 Date Time Exp. Seeing Airmass
natures of formation of the first stellar generations in the o -
bulge globular cluster NGC 6522, potentially the oldestkil ©) )

Way globular cluster. The results were discussed in the dram
work of the early fast-rotating massive stars, coined Saiss

or mass transfer from AGB stars (Chiappini et al. 2011; Néss e
al. 2014).

2012-07-12  04:07:43.1 2775 688 1.0-1.1
2012-08-02 02:59:47.1 2775 687 1011
2012-07-21 03:59:126 2775 D3 1.0-1.1
2012-07-23 02:46:143 2775 6IX0 1.0-1.0
2012-08-02 03:57:279 2775 D5 1112
2012-08-03  23:31:53.7 2775 688 1211
2012-08-22 01:22:09.9 2775 0608 1.0-1.1
2012-08-21 23:56:35.2 2308 609 1.0-1.0
2012-08-22 02:24:20.8 2775 0607 1.:x1.2
2012-08-23 01:48:05.3 2775 D1 1.0-1.1

The central parts of the Galaxy, where the oldest stars most
probably preferentially reside, have not been targetednext
sively, partly due to the very small fraction of metal-potars in
the predominantly metal-rich bulge region. The situatitamted
to change with the Bulge Radial Velocity Assay (BRAVA;
Kunder et al. 2012) and the Abundances and Radial veIociF
Galactic Origins Survey (ARGOS; Freeman et al. 2013), an
the new data being obtained by the Apache Point Observat(P]
Galactic Evolution Experiment (APOGEE; Majewski et al.
2015) in the near infrared. In particular, the Galactic kulg
ARGOS Survey, an AAOmegAAT spectroscopic survey that  fun RVs RVs RVe RVs
measured radial velocities, metallicities angHe] ratio of about 291 224
28, 000 stars (Freeman et al. 2013), opened the opportunity-t
explore the bulge field metal-poor stars. The rather largebar ~ funl ~ -96.9:2.1  -106.A#2.1 -10592.1 -115.6:2.1
of targets observed by ARGOS provided the opportunity afide 'Un2 ~ -88.31.6 -107.1£1.6 ~ -96.2#2.0 -115.4:2.0

tifying bulge stars with metallicities [F7El] = —1, and estimating ;32‘31 :22&;‘? __13(135%%? :igiéﬁg :ﬂg%ég

oversolar {/Fe] ratios. N5 -87.5:2.4 -106.3:2.4 -96.3:2.3 -115.1:2.3

. . . . runé -87.81.4 -106.9:1.4 -96.2t1.8 -115.3:1.8
UsmgARGOStargets,webeganapllotprOJectalmedatob—rlm7 2819:2.0 -107.420 -90.421 -115521

taining detailed chemical abundances _of metal-ppor buldd fi | \n8  _81 7434 -106.734 -893:3.0 -114.3:3.0
stars to Io_ok fqr possible chemical imprints of the flrstst.é)ne run9  -80.8:1.6 -106.11.6 -89.3tr1.6 -114.5:1.6
of these imprints could be an overabundance of dominantly srun10 -81.9:1.4 -107.4:1.4 -90.215 -115.%1.5
process elements (e.g. Meynet et al. 2006; Pignatari e0@8;2
Chiappini et al. 2011; Frischknecht et al. 2012, 2015; Barbu Mean -106.%2.1 -115.3:2.4
et al. 2014; Cecutti et al. 2013; Cescutti & Chiappini 2014). 230 235
Indeed, enhancements of Sr, Y, and Zr relative to Ba and La&; > >
and an excess of Ba or La relative to Eu, in very old stars of themgé :673;-52.1 :ggliz'i igi'ii'g igg'gi'g
Milky Way can be attributed to the s-process activation ifyea i1 D o o
. . - : 4 run3 -66.2+1.9 -80.1x1.9 150.6¢:1.6 136.41.6
generations of fast rotating massive stars, which pollueptri- rund 149215 1351415
mordial material prior to the formation of the oldest bulpalp) run5 155.51.6 136.61.6
field stars. _An alternative pOSS|b_|I|ty is an s-process nbnthn runé —61.5:2.5 —80.6:2.5 155.6:1.5 135.91.5
from massive AGB stars bound in a binary system (e.g. Bisterz run7  -55.9+1.9 -81.0+1.9 160.21.6 135.%1.6
et al. 2010). Otherwise the idea that has been more widely acrun8  -54.7+4.4  -79.7+4.4  162.61.6  137.@1.6
cepted is that these elements were produced by the r-priocess run9 ~ -54.741.9  -80.0+1.9  162.216  136.91.6
early times (Truran 1981). An extra process is also clainoed t runl0  -55.5¢1.8  -80.%:1.8  161.¢1.4  135.&l1.4
produce the enhancement of the lightest heavy elements relg ean _805:2.3 136.1:1.6
tive to the heaviest elements, in literature called thetégkle-
ment primary process (LEPP; Travaglio et al. 2004; Bistatzo 238
al. 2014) or weak r-process (Wanajo & Ishimaru 2006). The as-r””% ‘i%-a—’i-g ‘ﬂg-%i-g
trophysical scenarios with neutrino-driven winds are abered =~ 'UN< T e0 LD —IAD. L
. . . . . run3 -132.3:t1.5 -146.3:1.5
the most promising sites (Wanajo 2013; Arcones & Thielemann
gl X ol run4 -132.6:1.8 -147.3:1.8
2013; Fujibayashi et al. 2015; Niu et al. 2015). un5  —127.441.6 —146.2:1.6

. . . . . . runé -127.5:1.7 -146.6:1.7
The aim of this work is to obtain detailed chemical con- ;17  _121 515 -146.7:15

straints from field bulge stars. Here, we analyse five of theseng _-121.0:1.9 -146.0:1.9
stars at high spectral resolution, using UVES spectra. \Weale yn9 -120.8:1.4 -146.1+1.4
element abundances of C, N, theelements O, Mg, Si, Ca, and run10 -121.5:1.4 -147.0:1.4
Ti, the odd-Z elements Na and Al, the dominantly s-element 146617
Y, Zr, Ba, and La, and the r-element Eu. The observations ar i
described in Sect. 2. Photometrigextive temperatures are de-
rived in Sect. 3. Spectroscopic parameters are derivedatidde

4 and abundance ratios are computed in Sect. 5. A discussion i
presented in Sect. 6 and conclusions are drawn in Sect. 7.

Boo~Nwourwnr

le 2. Geocentric radial velocity in each of the ten exposure
ns with corresponding heliocentric radial velocitiesl amean
iocentric radial velocity, in kms.
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Table 3. Identifications, coordinates, magnitudes, and reddedid¢(s from both 2MASS and VVV surveys are given.

star 2MASS ID @(J2000)  6(J2000) )  be) V J H  Ke Jdwv Haww Kew EB-V)?® EB-V)P 9N

221 18033285-3117421 18:03:32.86-31:17:42.04 359.92 -4.54 17.9 13.95 13.08 12.84 13.85 13.08 12.84 0.73 0.85 101
224 18034522-3117379 18:03:45.1831:17:37.72 350.94 -4.57 17.9 13.96 13.10 12.84 13.77 13.02 12.79 0.77 090 79
230 18033933-3114044 18:03:39.28-31:14:04.24 359.98 —-4.53 18.6 14.70 13.94 1356 14.62 13.85 13.61 0.76 0.89 65
235 18032741-3109441 18:03:27.40-31:09:43.96 0.02 -4.45 16.2 12.63 11.81 11.60 1258 11.71 11.57 0.72 0.83 175
238 18031238-3106210 18:03:12.35-31:06:20.92 0.05 -4.38 17.0 13.14 12.24 12.02 13.03 1225 11.95 0.71 0.82 152

References. 2Schlafly & Finkbeiner (2011FSchlegel et al. (1998)

Table 4. Photometric temperatures derived using the calibratigddnso et al. (1999) for several colours and the final terapee
adopted. Colours from 2MASS and VVV catalogues were usetth, gddening B8 — V) based on Schlegel et al. (1998) (first line)
and Schlafly & Finkbeiner (2011) (second line) for each star.

Star Tea(V-K) Ter(V-K) Ter(3-H) Tex(@3-H) Ter(J-K) Ter(J-K) AverageTes

2MASS VVV 2MASS \AYAYS 2MASS VvV (K)
221 4179.3 4172.5 4281.9 4304.9 4404.8 4478.9 4303.7
4401.3 4392.8 4400.9 4425.4 4576.7 4658.7 4476.0
224 4249.3 4211.3 4348.7 4415.8 4436.3 4644.4 4384.3
4502.9 4455.1 4479.0 4550.9 4621.7 4853.9 4577.3
230 4244.7 4267.8 4666.3 4348.2 4379.3 4526.9 4405.5
4493.2 4522.1 4817.5 4476.7 4555.6 4719.7 4597.5
235 4476.1 4443.6 4437.9 3997.6 4640.7 4445.2 4406.9
4764.5 4723.9 4564.5 4096.8 4834.1 4617.7 4600.3
238 4182.7 4135.7 4180.5 4258.3 4336.5 4261.4 4225.9
4396.8 4338.9 4289.0 43715 4495.3 4412.7 4384.0

2. Observations and reductions

We used the UVES spectrograph (Dekker et al. 2000), in ,,
FLAMES-UVES mode, for the observation of five metal-poor
([Fe/H] ~ —1) bulge stars, at a high resolution of=R45, 000 20
with a slit width of 0.8”. Centring the wavelength at 5800 A,
the spectral wavelength range 48006800 A with a gap at 18
5708- 5825 A was obtained. The red chip (580800 A) has
ESO CCD#20, an MIT backside illuminated, with 4096 x 2048 ¢
pixels, and pixel size 15 x 1&m. The blue chip (48008 5800A) &=
uses ESO Marlene EEV CCD#44, backside illuminated, wittf: **
4102 x 2048 pixels, and pixel size 15 x k. The pixel scale
is 0.0147 Apix, with ~ 7.5 pixels per resolution element at3
6000 A. o0
The log of observations is given in Talile 1. The data were
reduced using the UVES pipeline, within EfR&flex software 08
(Ballester et al. 2000; Modigliani et al. 2004). The spetteae

STAR 221

STAR 224

[ STAR 230

itra

12

STAR 235

A

[ STAR 238

flatfielded, optimally-extracted and wavelength calibdatéth 06 -

the FLAMES-UVES pipeline. The spectra were normalized,

corrected for radial-velocity shift, and combined to proethe “r 1 1

final average data. Figulé 1 ilustrates the quality of thetspe 6314 6315 6316 6317 6318 6319
for the five sample stars. Wavelength

. - Fig. 1. Portion of the final data. The dashed lines show Nil (red),
2.1. Radial velocities Fel (blue), and Mgl (green) lines located in this wavelength

In Table[2, we report the geocentric and heliocentric radéal range.

locities measured with IRAFXCOR for each of the 10 runs,

together with their mean values. A solar spectrum was adopte

as the template. We used a solar synthetic spectrum to confirm

the correction for the radial-velocity shift. We note thla¢ the- from the final average spectrum. In addition, the IRAF raaitin
liocentric radial velocity for the star 221 obtained in ruris4 was not able to measure the radial velocities for the stan230
excessively dferent in comparison to others, so it was excludedg two runs (4 and 5), and they were also discarded.
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3. Photometric stellar parameters Table 5. Galactocentric velocities, atmospheric parameters, and
enhancement imv—elements for the present sample from the

3.1. Temperatures Galactic bulge ARGOS Survey.

The selected stars, their OGLE and 2MASS designations, co-

ordinates, magnitudes, ang\Svalues corresponding to an av- Star Vogal - T logg [FeH] [o/Fe]

erage of clean windows in the range 6400-6500 A, are given (km ) ®) [cgs]

in Table[3.V magnitudes computed using individual redden- 221  -96.06 4669.54 16 -0.80 0.40

ing from Schlegel et al. (1998) in the direction of each star a 224 -105.17 4757.18 1.8 -0.82 0.35

adopted from the ARGOS survey (Freeman et al. 2018Ks 230 -71.73 469727 14 -084 0.03

magnitudes from 2MASS (Skrutskie et al. 2006), and VVV sur- 235 14601 492972 24 -0.80 052

veys (Saito et al. 2012). In this section we derive the phetoin 238 -136.31 461303 24 -080 033

temperatures, to compare with results from the ARGOS survey
as explained below.

We calculated photometric temperatures based on thfbeSPectroscopic stellar parameters
colours: ¥ - K), (J - H)_, and _(J - K). Ca_librations by Alonso 4 ;. Equivalent widths
et al. (1999) were applied, with reddeningBe{ V) computed
with the Galactic reddening and extinction calculator frdve To derive the atmospheric parameters, we measured the-equiv
Infrared Processing and Analysis Center (IRbResults based alent widths (EW) of selected iron lines, using the IRAF soft
on Schlegel et al. (1998) and on Schlafly & Finkbeiner (201%are. We decided to retain the lines with X0EW < 100 mA
were used. The extinction laws given by Rieke & Lebofskipcated in the range 6100 6800 A to derive the atmospheric
(1985) were adopted. Colours from 2MASS were transform@é@rameters, which is the spectral region with the high@$r&-
into the ESO photometric system and from this into the TG® available. The EW values measured manually were adopted
(Telescopio Carlos Sanchez) system, following the reteties- since this method allows a better continuum placement and an
tablished by Carpenter (2001) and Alonso et al. (1998). Thadividual evaluation of each line.
VVV JHK; colours were transformed to the 2MASB K sys- Table.[A presents the complete list of lines, describing
tem, using relations by Soto et al. (2013). the atomic data, the EW measured with IRAF, and the indi-

The derived photometricfiective temperatures are listed invidual iron abundance derived using the atmospheric paeame
Table[3. In our sample, the values obtained using the reddenfdopted.
from Schlafly & Finkbeiner (2011) arkTo; = 182+13 K higher
than the results with redder)ing from Schlegel et all. (19988 4 Atmospheric parameters
more dfected temperature is the one obtained with the colour
(V = K), for which the average fierence ifATe = 243+ 22 K. The photometric temperatures, together with the gravitg an
The diferences between temperatures derived with the VVV ametallicity values from the ARGOS survey as given in Tdble 5,
2MASS JHK; colours areATe; = 12 + 45 K, which indicates are adopted as a first guess to calculate the excitation &Ad io
that there is no significant trend in the temperature owinlpéo ization equilibria of Fel and Fe Il lines. The MARCS sphelica
survey chosen for our sample. The outlier is the star 235: thdel atmosphere grids (Gustafsson et al. 2008) with,Jlakd
temperatures obtained with 2MASHH K colours areATes = the code Turbospectrum (Alvarez & Plez 1998) in the equiv-
232+ 9 K higher than the results from the VVV survey. alent width mode were used, with solar abundances adopted

Table shows the parameters obtained from the ARGOS sfipm Asplund et al. (2009). Applying an automatic routine on
vey to our set of stars. As described in Freeman et al. (2@18), @ grid of models withATey = 20 K, Alog g = 0.1 [cgs], and
effective temperatures were derived from tle—(K) colours A¢ = 0.1 km s, the final surface gravity log was chosen to
using the calibration from Bessell et al. (1998) with inteks Minimize [Fell/H] — [Fel/H], the final microturbulence ve-
lar reddening from Schlegel et al. (1998). The values fordpg locity £ was chosen to minimize the dependence of [A¢on
[Fe/H], and [o/Fe] were determined by comparing the observd@d (EW/4), and the final temperature was obtained by the exci-
spectra with a grid of synthetic spectra computed in LTE witt&tion equilibrium. The grid was recomputed successivetly &
the code MOOG 2010 (Sneden 1973) and using 1D model BgW metallicity in each step, and the range used for eachmpara
mospheres, described in Castelli & Kurucz (2004). A cortsta@ter was selected to avoid local solutions.

microturbulence velocity = 2.0 km s was adopted in their Figure[2 shows the excitation and ionization equilibria for
method. two different typical cases: the star 221, which presents a spec-

The photometric temperatures derived in this work are S)}':[.ym. with a low SN_; and t_he star 235, which presents a hig_h-
tematically lower than the results from ARGOST 4= 388 + quality spectrum. Lines with abundances out of the region i
54 K if the reddening from Schlegel et al. (1998) is adoptéEFd by +3c, whereo is the standard error of the mean, were
and ATer= 206 + 59 K for the reddening maps of SChIaﬂyremoved from the computations of final metallicities.

& Finkbeiner (2011). These fierences are smaller when our The black dots are the abundances obtained from Fel lines,
temperatures derived with the £ K) colours are compared:and the red squares are the results from the Fe Il lines. Thee bl

ATer= 278+ 58 K andATer= 98 + 66 K, respectively. Indeed, dashed lines represent the linear fit to data, and the bluediot

Freeman et al. (2013) report a mean temperature lower by 10&@@$ﬁredthe sa:jme fllfnction moved vertically by 4 in Table 6
when the empirical calibration from Alonso et al. (1999) 5 a e derived stellar parameters are reported in €5 as

. . P ell as the number of Fe | and Fe Il lines retained, tHeedénce
plid, and this dterence is higher (up to 200 K for the mosk™ ™2 e 1]  [Fe1/H] obtained vith the inal models, and

the parameters from the linear fit to data in each case. The ang
lar codiicients and the values af;,_; are null within the error
1 httpy/irsa.ipac.caltech.edapplicationgDUST/ bar, which indicate that there are no relevant trends inxbea
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Table 6. Spectroscopic parameters adopted for each star. We alserprthe number of iron lines used for each star to derive the
atmospheric parameters. ThafdienceA,,_; = [Fell/H] — [Fel/H] shows the quality in the ionization equilibrium, and the
parameters from the linear fitting [FgH] = agw * l0g(EW/ ) + bgy for microturbulence and [FE'H] = @exc * €XC. pot + beyc for
effective temperature.

Star Ter logg [Fel/H] [Fell/H] [Fe/H]model & #Fel #Fell Ay asw bew Bexc Dexc
(K)  [cgs] (kms™)

221 4620 2.0 -0.88:0.24 -0.91+0.17 -0.90 1.0 31 2 -0.035 +0.00+0.12  +6.63:t0.55 +0.004:0.045 +6.61+0.15

224 5000 3.5 -0.62:0.36 -0.60:0.30 -0.65 0.8 61 4 +0.015 +0.02+0.10  +6.96:t0.48 +0.013:0.044  +6.84+0.15

230 4960 3.0 -1.04:0.40 -1.03:0.18 -1.10 0.8 58 5 +0.0038  +0.02t0.11  +6.57+0.52  +0.087%0.056  +6.17+0.19

235 4680 22 -0.94:0.15 -0.95:0.09 -0.95 11 45 7 -0.012 +0.00+0.03  +6.59+0.17 -0.002:0.024 +6.57+0.08

238 4720 29 -0.43:0.18 -0.42:0.07 —-0.50 1.0 33 5 -0.0077  +0.00:0.07 +7.07+0.35 +0.0270.031 +6.98:0.11

Table 8. Adopted Arcturus abundaces.

§ - El A(X) Arcturus El A(X) Arcturus
- C 8.341 Ca 5.94
25 2.4 23 22 21 -2 -1.9 1.8 N 7.644 Sc 2.811
(e} 8.662 Ti 4.661
Na 5.8 \% 3.584
= Mg 7.471 Cr 4.991
g Al 6.26l1 Mn 4.744
: Si 7.301 Co 4,711
K 4.994 Ni 5.732

. . . . . References. [1]: Ramirez & Allende Prieto (2011); [2]: Meléndez et al.

0.0 [ 235 7]
10 Ll e Tl e e tP 1 e age? (2003).

20 I I I I 1]

[Fe/H]

-2.8 -2.6 -2.4 -2.2 -2 -1.8 . .
log(EW/lambda) tures were adopted for the lines relevantiieated by this fect.

Tabled¥ an@l9 show the adopted final abundances.

[Fe/H]

5.1. Carbon and nitrogen

To evaluate the adopted line list in the regions selecteddor

bon and nitrogen abundances, we used the Arcturus spectrum
) o o o ) (Hinkle et al. 2000) as a reference star. Our benchmark analy
Fig. 2. lonization and excitation equilibria of Fe lines for thesjs is based on the stellar parameters described in Metéstde
stars 221 and 235, using the newly derived atmospheric mararg| (2003):Ter = 4275 K, logg = 1.55 [cgs], [FéH] = -0.54,

ters. The black dots are the abundances obtained from the B@di+ = 1.65 km s*. We adopted chemical abundances from
lines, the red squares are those from the Fell lines, the biggmirez & Allende Prieto (2011) and Meléndez et al. (2088)
dashed lines represent the linear fit to data, and the dolied byresented in Tablg 8.

lines are the same linear fit moved verticallyb30-, whereo is To measure the carbon abundances we used (@ 1)

the standard error of the mean. molecular bandhead. The region is extended and a mean abun-
dance was derived from the overall fit, however the bandhead a
5635.3 A received more weight in the fitting procedure. The i

list for 12C,, 13C,, and?C'3C was adopted from Wahlin & Plez
(2005), which contains transitions from the Swanrl{d a°IT)
electronic band. The solar isotopic fraction #6€ (98.9%) and

13C (1.1%) was adopted (Asplund et al. 2009). Fiddre 3 shows
in the upper panel the synthetic spectrum computed for Austu
(blue solid line), which is in very good agreement with obser

A line-by-line fitting was carried out to derive the abundesic vations. For the sample stars, the(@ 1) molecular bandhead
using the spectrum synthesis code Turbospectrum (Alvarezilocated in the region observed with the blue chip, showing
Plez 1998), which includes scattering in the blue and UV déswer SN. An example can be seen in the fit to star 235 shown in
main, molecular dissociative equilibrium, and collisibbeoad- Fig.[4 (upper panel). The C abundances were adopted as upper
ening by H, He, and b following Anstee & O’Mara (1995), limits.

Barklem & O’Mara (1997), and Barklem et al. (1998). The The derived abundances are presented in Table 9. Beers
atomic line lists were adopted from the Vienna Atomic Lin& Christlieb (2005) defined carbon-enhanced metal-poassta
Database compilation (VALD3; Piskunov et al. 1995), togeth (CEMP) as having [@-e]> +1.0, but Aoki et al. (2007) presents
with the Turbospectrum molecular line lists (B. Plez, priva a new definition, which takes into account the mixing events i
communication). For lines used to derive abundances, as egelved stars and the consequently lower carbon abundance o
ported in Tabl€ AP, the oscillator strengths were adoptethf their surface. Following Aoki et al. (2005, 2007), we assdme
Barbuy et al. (2014), except when described. Hyperfine strtbe mass of the stars to be80M, to calculate the luminosi-

Exc.Pot.

tion and ionization equilibria. The parameters can be cortba
with the results derived from the mid-resolution survey ARg
reported in TablE]5.

5. Abundance ratios
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Table 7. Mean LTE abundances of the elements derived in the presekt wo

Element A(X) A(X) [X/Fel AXX) [X/Fe] A(X) [X/Fe] A(X) [X/Fe] A(X) [X/Fe]
221 224 230 235 238

Fel* +7.50 +6.62 -0.88 +6.88 -0.62 +6.46 -1.04 +6.56 -0.94 +7.07 -0.43
Fell* +7.50 +6.59 -091 +6.90 -0.60 +6.47 -1.03 +6.55 -0.95 +7.08 -0.43

Ol +8.69 +840 +061 ——— —— +825 +0.60 +8.40 +0.66 +8.85 +0.59
Nal +6.24 +5.68 +0.33 +5.58 -0.06 +4.90 -0.31 +5.21 -0.09 +5.93 +0.12
Mgl +7.60 +7.22 +0.52 +750 +051 +7.19 +0.63 +7.13 +0.47 +7.45 +0.28
All +6.45 +6.00 +0.45 +6.29 +0.45 +5.77 +0.36 +5.79 +0.28 +6.23 +0.21
Sil +751 +6.92 +0.31 +7.25 +0.35 +6.98 +0.50 +6.78 +0.22 +7.23 +0.14
Cal +6.34 +5.67 +0.23 +6.01 +0.28 +5.46 +0.16 +5.75 +0.36 +6.10 +0.18
Til +4.95 +4.38 +0.33 +4.71 +0.37 +4.28 +0.37 +4.39 +0.39 +4.87 +0.34
Till +495 +451 +0.46 +4.80 +0.46 +4.34 +0.42 +4.38 +0.38 +4.82 +0.30
Yl +2.21 +1.60 +0.29 +1.95 +0.12 +190 +0.73 +1.60 +0.34 +1.92 +0.14
Zrl +2.56 +2.40 +0.72 +2.60 +0.63 +2.40 +0.86 +2.33 +0.69 +2.60 +0.45
Ball +2.18 +1.60 +0.32 +1.80 +0.23 +1.63 +0.48 +1.90 +0.67 +2.10 +0.35
Lall +1.10 +0.30 +0.10 +1.03 +0.54 +0.68 +0.53 +0.90 +0.23

Eull +0.52 +0.00 +0.38 +0.35 +0.44 -0.10 +0.42 +0.05 +0.48 +0.56 +0.47

Notes. *: [X/H] is used in place of [}Fe].

Table 9. Carbon and nitrogen abundancegf¥] from G and

100 e e e L, [ L - CN bandheads.

i

5 098 b i Species 21A) 221 224 230 235 238
o || |||| I""ll | ”l [C/Fe] G(0,1) 56353 <+0.2 <+0.2 <+0.1 <00 <+0.1
g L i [N/FE]CN(62) 6478.5 +0.82 —- +0.712 +0.97 +0.35
= 0.96 c2 (0,1)

e bandhead

<t

Arcturus i

! ! ! ! ! resolution by Yong et al. (2014). This object is located 2000)

5633.5 5634 5634.5 5635 5635.5 a = 17"01M12.60° ands = —30°06'44.5” (Di Criscienzo et al.
Wavelength 2006), orl = 3535746 andb = +7.3196, therefore projected
100 ] LI LIS LT ] in the bulge. The open black stars represent the resultseof th

high-resolution abundance analysis from Barbuy et al. 4201
for the globular cluster NGC 6522, which is located at J(2000
a = 18'03"34.08° andé = -30°0202.3", or| = 1.0246 and

0.98

E
[
%‘0% L Arcturus i b = —-3.9256 (Barbuy et al. 2009), and therefore also projected
B CN (6.2) in the bulge.
T 004 - bandhead ] The nitrogen abundance was derived using the CNI A
= (e (naii X235 red system, based on the CN@§6478.48 A bandhead. The
0.92 1 1 1 1 CN line list is a compilation by B. Plez (private communioaj,
oaT?s 6478 64785 6479 6479.5 6480 ysing data from Cerny et al. (1978), Kotlar et al. (1980) dsan
Wavelength etal. (1983), Bauschlicher et al. (1988), Ito et al. (198888D),

_ ) Prasad & Bernath (1992), Prasad et al. (1992), and Rehfass et
Fig. 3. Upper panel: Fit to the G3(1,0) molecular bandhead at(1992). All four isotope combination€C14N, 12C15N, 13C14N,
5635.3 A in Arcturus. Observations (black crosses) are comnd!3CL5N were treated with nitrogen solar isotopic fractiéN
pared with synthetic spectra computed with the adopted-abyg9.8%) and!®N (0.2%) from Asplund et al. (2009). The syn-
dances (blue solid lines) from literature. Red marks shaav tkhetic spectrum computed for Arcturus (blue solid line)fiist
positions of molecular lined.ower panel: Fit to the CN(6,2) region is shown in Figl3 (lower panel), showing good agree-
molecular bandhead at 6478.5 A in Arcturus. Symbols are theent with observations.
same as in the upper panel. For the sample stars, the selected molecular transitias ar

weak and the noise becomes more evident, as shown ifJFig. 5
(upper left panel) for star 238. Taljle 9 shows the derivedidab
tiesL/Le o (M/Mo)(9/0o)  (Tert/Tetto)?, and in Figl# (lower dances which, owing to the previous discussion, must be used
panel) we show the [Ee] abundance ratios as a function of th#/ith caution. The dficulty in defining the local continuum does
luminosity log(/Ls) for our sample. The limits for CEMP starsnot permit us to determine the N abundance in the star 224.
are also presented, showing that our sample consists afrwarb
normal metal-ppor stars (non-CEMP). 5.2, Alpha elements
For comparison, we included carbon abundances of bulge
stars from the literature. The open black squares represeah The oxygen abundance was derived using the forbidden line
stars in the globular cluster M 62 (NGC 6266) studied in high© 1] 6300.3 A, as shown in Fig]5 (upper right panel) for the
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Fig. 4. Upper panel: Fit to the G(1,0) bandhead at 5635.3 A inFig. 5. Upper left panel: Fit to the CN(62) 6478.48 A band-
star 235. Observations (black crosses) are compared with sliead in star 238Jpper right panel: Fit to the [O1] 6300.3 A
thetic spectra computed with theffidirent abundances indicatedine in star 235. Symbols are the same as in[Hig. 4 (upper panel
in the figure (blue dashed lines), as well as with the adoptedwer panel: [O/Fe] abundance ratio as a function of the metal-
abundance (red solid lines), also indicatedwer panel: com- licity for the five sample stars (filled red circles), comphveth
parison of the [¢Fe] abundance ratios derived in the preseliterature abundances from Bensby et al. (2013; filled btaiek
sample (filled red circles) with stars from the bulge blobuangles), Barbuy et al. (2014; open black stars), Johnsoh et a
lar clusters M 62 (Yong et al. 2014, open black squares) a(@D14; open grey circles), and Barbuy et al. (2015; filledygre
NGC 6522 (Barbuy et al. 2014, open black stars). The dashettles).

black line corresponds to the limit for carbon-enhancebsts

defined by Aoki et al. (2007).

1.0

star 235. We inspected the individual spectra, before combis ¢z
ing, to check for possible blends with telluric lines, andge &=
move them from the final average when necessary. For star 224,06

Arbitrary Flux

the [O1] line was strongly contaminated in all individualesp g 04 08 v Star 224
tra, and consequently the oxygen abundance was not deriv@. Mgl 5528.4 V3 “', Sil 6243 8
Some individual spectra were also discarded owing to thiedrig < o2 [ a(ug) = 6.9 - L ABH =72
. . . A 0.7 A(Si) = 7.5,7.0,none -
noise level surrounding the [O1] line, compared with therave A(Mg) = 7.5,7.0.6.5,none 1 1
age, which allowed a better placement of the continuum. 00 5528 55284  5528.8 6243.6 6243.9 6244.2
In Fig.[3 (lower panel) we compare the /@] abundance Wavelength Wavelength

ratios in the sample stars with the result in the bulge glabul

cluster NGC 6522 (Barbuy et al. 2014), with microlensed bulg  *°
dwarfs and subgiants stars from Bensby et al. (2013) sel¢ste 5
have ages older than 11 Gyr, with selected red giant braach st=
in the Galactic bulge from Johnson et al. (2014), and with th&
giant stars from Barbuy et al. (2015). The solar oxygen aburi“i

0.8

0.6

08 [~

Star 235

Arbitrary Flux

VZ
Star 224 1
1

dance A(O) = 8.69 (Asplund et al. 2009) adopted in our resultss , L ™ Cal 6439.1 Till 6559.6 ©

is 0.08 dex lower than A(Q) = 8.77 adopted in Barbuy et al. < VA(Ca) = 5.85 | A(Ti) = 475 |
(2014, 2015) and, to ensure consistency among the abundancg, | *(®®) = &250nene | 87 [ A(T) = 5.0.4.5.n0ne
results, we shifted their values. This figure shows that buna 64385 6439 64305 6440 65502 6550.6
dances are in agreement with previous results for bulgs.star Wavelength Wavelength

We checked four Mg lines located at 5528.4 A, 6318.7 A,
6319.24 A, and 6765.4 A to derive the magnesium abundangey. 6. Upper left pane: Fit to the Mgl 5528.4 A line in star
The line at 5528.4 A is in the portion of the spectra with mor235. Upper right panel: Fit to the Sil 6243.8 A line in star
noise, obtained with the blue chip, and was only useful in sta24.1 ower Ieft panel: Fit to the Cal 6439.1 A line in star 235.
235, as shown in Fid.16 (upper left panel). The silicon abupower right panel: Fit to the Till 6559.6 A line in star 224.
dance was measured using ten Sil lines, two of them (5665.58§rmbo|s are the same as in Hig). 4 (upper panel).
and 5690.4 A) located in the wavelengths measured with te bl



C. Siqueira-Mello et al.: Looking for imprints of the firse#iar generations in metal-poor bulge field stars

et al. (1998). When not available in the literature, the hfipe
constants for a given level were assumed to be null. The line

1,00 [ g ey 1.0
5 % 09 splitting was computed by employing a code made available by
5 vos 5 o McWilliam et al. (2013).
- o For aluminum, only All 6696.0 A and All 6698.7 A lines
© s O ' were available. The stable isotop/@l has nuclear spin  5/2
R B 2 06 VY and we adopted the hyperfine coupling constants from Nakai et
e A(Y) = 1.6 5 o5 ‘\,'A(';ZI)I S14L al. (2007) and Belfrage et al. (1984) to compute the HFS.
oss | A(Y) = 2.0,1.0,none | o4 L A(Ba) = 2.0,0.0.none_|
1 1 1 : 1 1 1
6434 64344 6434.8 64352 6141.3 61416 61419 61422 5 4 HeaVy elements
Wavelength Wavelength o
..... T w We derive the abundances of the neutron-capture elements Y,
9 Lo o y Zr, Ba, La, and the reference r-element Eu. We preferentiall
5 . 5 used lines of ionized species, since these elements aréyrimost
> 09 | W B I this form. For strontium, we evaluated six Srl lines: 6408,5
g v ' 8 6504.0 A, 6546.8 A, 6550.2 A, 6617.3 A, and 6791.0 A. All
e V! starezes | S transitions are too weak for abundance purposes, constyuen
E 08 v el 69902 1 2 A(EY) = 0.56 no [SrFe] result is presented.
(ML) - 15.10n0ms 08 - A(E“)i 1‘0’0‘0’;“’”‘9 1 The best yttrium line Y Il 6795.4 A is located in the border
3905 63906 63900 wara  oaara pf the échelle spectrum a_nd shows clearly frln_ges thatemev
Wavelength Wavelength its use. The most reliable line from our spectrais Y Il 5544,6

which is located in the blue portion of the spectra and was not
useful for the abundance determination. Consequently\Ythe

235. Upper right pane: Fit to the Ball 6141.7 A line in star abundance in the sample is based on the Y | 6435.0 A line, as

230.L ower left pane!: Fit to the Lall 6390.5 A line in star 224. ShoWn in the upper left panel of Figi. 7 for star 235.

Lower right panel: Fit to the Eull 6437.6 A line in star 238, __ For zirconium, we checked three Zrll lines located at
Symbols are the same as in Figj. 4 (upper panel). 5112.3 A, 5350.1 A, and 5350.3 A, but none is reliable for

measuring abundances. Due to a lack of useful ionized lines,
we measured abundances from three lines of Zrl: 6127.47 A,
chip, but with individual abundances that are consistetti véi- 6134.58 A, and 6143.25 A. Oscillator strengths were adopted
sults from the lines in the red portion of the spectra. In thpar  from van der Swaelmen et al. (2013).
right panel of Fig[, we show the fit to the line at 6243.8 Ain  The barium abundance was measured using the
star224. . . Ball 6141.7 A and Ball 6496.9 A lines. As well known,
~ The calcium abundance was derived after checking 19 g\l {Fs (nuclear spin + 3/2) and the isotopic splitting are
lines. The transition located at 5601.3 A is the only linefie t important dfects to be taken into account in Ba transitions.
blue spectra and was used only for stars 235 and 238, giviggllowing Barbuy et al. (2014), the hyperfine coupling con-
individual abundances that are in agreement with the oihes.| stants were adopted experimentally from Rutten (1978) and
The result obtained from the Cal 6439.1 A line in star 235 @jehl (1976). According to Asplund et al. (2009), the major
shown in Fig[6 (lower left panel). contribution comes from the isotop#&Ba (71.698%), followed

It was possible to inspect 14 Til lines, with only thepy137Ba (11.232%)'3%Ba (7.854%)13%Ba (6.592%), and**Ba
Til 5689.5 A line located in the blue portion of the spectrar F (2.417%). The isotoped®®Ba and 132Ba together represent
the ionized species, six Till lines were checked to obtaintth less than 0.11% and they were ignored in the computations.
tanium abundance, but three of them (5336.8 A, 5381.0 A, and addition, to compute the profile for Ball 6141.7 A, it is
5418.7 A) are located in wavelengths of the blue portion ef thmportant to include a blend with the Fe | 6141.7 A, for which
spectra and they were only used for stars 235 and 238. In the adopted logf = —1.60 (Barbuy et al. 2014). The fit to this
lower right panel of Fig16, we show the Till 6559.6 A line meatine for star 230 is shown in Fi§] 7 (upper right panel).
sured in star 224. This line is located in the blue wing of the ' Tne Janthanum abundance is a contribution of two stable iso-
Ha line, and it was necessary to take the hydrogen line in thgyes. The most relevanti&La, with 99909% in the solar ma-

Fig.7. Upper left panel: Fit to the Y1 6435.0 A line in star

spectrum synthesis into account. terial, and the only isotope included in the computationsesi
138 a contributes less thanT (Asplund et al. 2009). The HFS
5.3. Odd-Z elements Na, Al values were computed with coupling constants A and B adopted

) ) from Lawler et al. (2001a) and Biehl (1976), with nucleamspi
The sodium abundances are based on four Nal lines, locatedl at7/2. The final abundances are based on three Lall lines, lo-
4982.8 A, 5688.2 A, 6154.2 A, and 6160.7 A. We did not usgated at 6320.4 A, 6390.5 A, and 6774.3 A. In Ffiy. 7 we show
”[‘)el rebsonance u”es Nal 5889-95,/,3‘ (D2) andLNaI 589:_3592 e fit to the La 1l 6320.5 A line for star 224 (lower left panel)
(D1) ecause t eg3 are very sensitive o n%raj- Teds. The Europium is the heaviest element measured in the sample
only stable isotop&°Na has nuclear spin4 3/29 and therefore stars. The solar isotopic fractidfiEu = 47.81% andiS3Ey =

exhibits hyperfine structure (HFS). The hyperfine coupliog-c , .
; 9% (Asplund et al. 2009) was adopted, with nuclear spin
stants are adopted from Das & Natarajan (2008) and Marca?g:alwzo_ \(Ne Féomputed the HF)S using copupling constants A aFl)nd

2 Adopted from the Particle Data Group (PDG) collaborationB from Lawler et al. (2001b). The final europium abundances
http7/pdg.Ibl.goy were derived from the Eull 6437.6 A and Eull 6645.1 A lines,
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Table 10. Observational and atmospheric errors in star 235, as
well as the final uncertainties.

0.9 T T T T T

0.6

Element  Ags  Aam  AfinapyH]  Afinapx/re 03

(dex) (dex) (dex) (dex) 00

Fel 0.15 0.08 0.17 —_ 03

Fell 0.09 0.06 0.11 —

C(C) 009 0.04 0.10 0.14 06
N(CN) 0.09 0.14 0.17 0.19 09 | | | I I
[O]1] 0.09 0.12 0.15 0.18 12 08 0.4 0 0.4
Nal 0.09 0.02 0.09 0.14

Mg 0.09 0.03 0.09 0.14 : :

All 0.09 0.05 0.10 0.14 tz 7 2 b
sil 0.03 0.02 0.04 0.11 o | =i [Al/Fe] |
Cal 0.10 0.02 0.10 0.14 ' o

T oos 0or od8 013 el T 1
Till .04 .07 . 1 2

Y 0.09 0.07 0.11 0.15 0.0 b T § ............................... s B240%a8 A
zrl 0.09 0.08 0.12 0.16

Ball 0.09 0.02 0.09 0.14 04 |- .
Lall 0.09 0.07 0.11 0.15 ‘ ‘ ‘ ‘ ‘
Eull 0.09 0.05 0.10 0.14 12 08 04 0 0.4

[Fe/H]

and in Fig..7 we show (lower right panel) the result for thgig. 8. [Na/Fe] (upper panel) and [Al/Fe] (ower panel) abun-
Eull 6437.6 A line in star 238. dance ratios as a function of the metallicity for the five sam-
ple stars (filled red circles), compared with literatureradances
from Yong et al. (2014; open black squares), Barbuy et all420
open black stars), Bensby et al. (2013; filled black triaggle
The typical errors in the spectroscopic atmospheric pateisie Johnson et al. (2012; grey crosses), and Johnson et al. (2014
areATer = 100 K, Alog g = 0.1 dex, and\¢ = 0.2 km s, Since open grey circles).
the stellar parameters are not independent, the quaduatios
the abundance uncertainties that arise from each of these th
sources independently will add significant covariance $etm - Galactic bulge field stars with high values of/f¢], which is
the final error budget. . correlated with [AlFe] and anticorrelated with [€e], typical
We solved this problem by creating a new atmospherig globular cluster stars (Hesser et al. 1982; Gratton, &l@r&
model with a 100 K lower temperature, determining the coBragaglia 2012). The N-rich stars in our sample could beedla
responding surface gravity logjand microturbulent velocity  to the population newly discovered by Schiavon et al. (2015)
by the spectroscopic method. Thefdience between the abun-according to the authors, abundance ratiogé] > +0.6 can-
dances derived with this new model and the nominal model ﬂf@)t be exp|ained by the CN_Cyc|e mixing scenario, and the con
each star are expected to represent the total error budgieigar tamination by mass transfer binaries mechanism can only ac-
from the stellar parameters. count for, at most, 25% of their sample. Possible scenadps f
The observational uncertainties are assumed as the stingiaé origin of the N-rich stars are: i) dissolution of an earyp-
error of the mean obtained with the abundances from individtation of globular clusters (Belokurov et al. 2006; Shapt
ual lines. For elements with three or less lines used to e a1, 2010; Kruijssen 2015; Bournaud 2016); ii) a shared (oi-si
the average, we adopted the Fe observational error as & reg{§ molecular cloud responsible for forming these stai tae
senta_tive value. The final error is the quadratic sum Qf the uglobular cluster (Longmore et al. 2014; Schiavon et al. 30iiip
certainty from the atmospheric parameters and the obsenat these stars are among the oldest in the Galaxy and their abun-
error. Tablé 10 shows the results in star 235 as an exame. l§ances are imprints of the first stellar generations (Tusolin
important to note, as described already in Table 6, thatltisers 2010: Chiappini et al. 2011).

5.5. Uncertainties on the derived abundances

vation errors in stars 221, 224, and 230 are significantyelein T petter place our results in the context of the Galactic
comparison with stars 235 and 238, as a consequencéef-di py|ge, we present comparisons with literature abundances i
ences in the BI. bulge stars. As already described in Sect. 5.1, we adopsettse

from Yong et al. (2014) of seven stars in the globular cluster
M 62, the ninth most luminous Galactic globular cluster, ethi
also presents an extended horizontal branch. The starsolere
The sample stars analysed at high spectral resolution are ceerved with the High Dispersion Spectrograph (HDS; Noguchi
firmed to be moderately metal-poor with1.04 < [Fe/H] < et al. 2002) on the Subaru Telescope and with the Magellan
—-0.43 with no enhancement in [Ee], and some stars showlnamori Kyocera Echelle spectrograph (MIKE; Bernsteinlet a
high nitrogen abundances [Re]: +0.82 + 0.26, +0.71 + 0.34, 2003) at the Magellan-1l Telescope. The authors found a good
+0.97+ 0.19, and+0.35+ 0.20, for 221, 230, 235, and 238, re-agreement between the scaled-solar r-process distnibatia
spectively. the derived abundances for the elements heavier than Laglas w

In the context of APOGEE (Majewski et al. 2015), Schiavoas an enhancementin Y, Zr, and Ba in comparison with the solar
et al. (2015) recently reported the discovery of a poputatib r-process pattern. According to Yong et al. (2014), thesalte

6. Discussion
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Fig. 9. [Mg/Fe] (upper panel) and [SjFe] (ower panel) abun-
dance ratios as a function of the metallicity for the five sa

observed at the VLT using the UVES spectrograph (Dekker. et al
2000) in FLAMES-UVES mode. They found an enhancement
in s-process-dominant elements, suggesting spinstarp@ssa
bility to form these elements, besides the usual explanstid
mass transfer from s-process-rich AGB stars and extra mecha
nisms as the weak r-process as possible scenarios to ekain
abundance signatures. Ness et al. (2014) found similaitsesu
to Barbuy et al. (2014), but these authors insist that ther-abu
dances of this cluster were measured to be similar to bullge fie
stars, halo stars, and other Galactic globular clusteriseo$ame
metallicity. We note that NGC 6522 appears to be among the
oldest globular clusters, and as such it should show sigesas
one of the main pieces of the sub-systems that first formeukin t
central parts of the Galaxy.

In addition, we selected 62 red giant stars analysed in
Johnson et al. (2012), observed in Plaut’s low-extinction-w
dow. Using the Hydra multi-fiber spectrograph on the CTIO
Blanco 4 m telescope, the stars were observdd=at-1° and
b = -8.5° (field 1) and al = 0° andb = -8 (field 2). Another
156 red giant branch stars in two Galactic bulge fields centre
nearl = +5.25 andb = -3.02 andl = 0° andb = -12°
analysed in Johnson et al. (2014), using FLAMES-GIRAFFE
spectra, were selected in the comparison.

In Bensby et al. (2013), 58 microlensed bulge dwarfs and
subgiants stars were analysed. The authors estimatecdettes st

Miges based on isochrones (Demarque et al. 2004) and piigbabil

ple stars, compared with literature abundances. Symbelthar gistribution functions (Bensby et al. 2011), so we sele@ad

same as in Fid.]8.

[Ca/Te]

T

-0.2

-0.2

Fig. 10. [Cg/Fe] (upper pandl) and [TiFe] (ower panel) abun-

stars with ages older than 11 Gyr, avoiding the youngerastell
populations present in the bulge.

Finally, 56 other bulge giant stars were selected from Van
der Swaelmen et al. (2016), who analysed the heavy elements i
this sample. Already studied in Zoccali et al. (2006), Lecuiret
al. (2007), and Barbuy et al. (2013, 2015), the observatigrs
performed with the multi-fibre spectrograph FLAMES-UVES,
at the UT2 Kuyen VLJESO telescope. The stars are located at
the Baade’s Windowl (= 1.14°, b = —4.2°), at the Blanco field
(I = 0°, b=-12), at the field of NGC 6553 (= 5.2°, b = -3°),
and in an additional field dt= 0.2° andb = —6°.

In Fig.[8 we show the comparisons for the odd-Z elements
sodium (upper panel) and aluminum (lower panel), whiledhe
elements Mg, Si, Ca, and Ti are presented in Higs. 9[and 10.
As a general behaviour, the derived abundances in the sample
stars are in agreement with the literature, for objects whith
same metallicities, within the error bars. Chemical sintikes
between globular cluster primary stellar populations apdtlfi
stars for a given metallicity were studied in other work®(sey.
Renzini 2008; Gratton et al. 2012; Schiavon et al. 2015).

Chemical inhomogeneity among stars within individual
globular clusters are well known for elements like C, N, O,
Na, Mg, and Al (see Kraft 1994; Gratton et al. 2004, 2012;
Mészaros et al. 2015), and several models are claimed-to ex
plain this observational signature (Fenner et al. 2004 r&ein
et al. 2007; Renzini 2008; Marcolini et al. 2009; Hopkins 201
Renzini et al. 2015). To test these so-called abundance @nom

dance ratios as a function of the metallicity for the five sanes, we checked if the Na O, Al — O, and Al - Mg anti-
ple stars, compared with literature abundances. Symbelthar correlations were present in our sample, as well as the W&

same as in Fid.]8.

correlation, but no significant trend was found. Tdxelements
abundaces are enhanced, as typical of chemical enrichroemt f
core-collapse supernovae (Woosley & Weaver 1995; Nomoto et

are incompatible with the s-process in AGB stars and suglgestal. 2013, and references therein).

fast-rotating massive stars as a possible solution.

Regarding the heavy elements, we derived abundances of Y,

Also discussed in Sect. 5.1, Barbuy et al. (2014) analys&d Ba, La, and Eu in our sample, and, in Figsl 11 12, we
four stars in the globular cluster NGC 6522, which appeabgto show the results in comparison to values from literatureoAdy
the oldest known Milky Way globular cluster. The targets everagreement is observed among the selected stars and, amslipgo
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to a-elements, enhancement in the heavy elements was obtaiasd's and r-I stars, respectively. This is the first time that¢hes
in the sample. The only exception to this average behaviourkind of stars are identified in the Galactic bulge.

literature is observed in Bensby et al. (2013), for whichrtree Figure[14 presents the same comparison for zirconium. In
jor fraction of stars shows solar values of/F¢] and [Bd#Fe] the upper panel the [AFe] abundance ratios derived in the sam-
abundance ratio. ple are compared with results from the literature. Johnsah e

The behaviour of the [E&e] abundance ratio is similar with (2012) identified evidence of two separate sequences: @ gifou
that observed for the-elements, which would be expected fronstars enhanced in [A¥e], and another group moderately poor.
the main r-process. In the solar material, the r-processigan- Clearly our sample stars are members of the enhanced group. |
sible for 94+ 0.4% of the total Eu abundance (Bisterzo et athe lower panel we show the [Ba] vs. [Fg¢H] diagram for the
2014). However, most of the Y, Zr, Ba, and La available todesample stars and the selected results from literature.dlbeted
in the solar system and in the Galaxy has been produced by thetal-poor r-element-rich and the enhanced stars in ghte
s-process in low-mass AGB stars (Sneden et al. 2008, and fefavy elements were also used to defingBal = —0.18+0.12
erences therein) which, owing to the typical long lifetimefs (yellow region) and [ZfBa]e = +0.95+ 0.15 (cyan region),
low-mass stars, would not have had time to evolve and pollugspectively. The figure shows that the Zr abundances dakrive
the gas before forming the sample stars, which are proba&fy vin stars 235 and 238 also agree with those observed in the r-
old. Possible scenarios for the enrichment of Y, Zr, Ba, aad lelement-rich stars, while stars 221, 224, and 230 requitiea ex
derived in our sample are: mechanism(s) to explain the abundance ratios.

i) Early enrichment from r-process only, where an extra For the Galactic halo, Roederer et al. (2010) show several
mechanism is required to produce excesses of the lightes-tr metal-poor stars located in the region between these two ex-
Fe elements with respect to second peak elements such adrBaies abundance regimes, suggesting also a continuoge ran
and La (e.g. Travaglio et al. 2004; Wanajo et al. 2011; Arsonef r-process nucleosynthesis patterns. On the other handstN
& Montes 2011; Arcones & Thielemann 2013; Fujibayashi et ail. (2015) more recently suggest that the weak r-procesghand
2015; Niu et al. 2015); main r-process are two distinct astrophysical processes.

ii) s-process elements from AGB stars bounded in a bi- The fundamental challenge that we are facing is that in
nary system, polluting the observed stars via AGB-masstfean the early galaxy a multitude of fierent nucleosynthesis pro-
(Bisterzo et al. 2014); cesses may have contributed to the production of the element

iii)y s-process activation in early generations of Spirstagt the first neutron-magic peak beyond iron, including Sr, Y,
(Meynet et al. 2006; Pignatari et al. 2008; Frischknechtlet @and Zr. Together with the s-process in fast rotating masgave
2012; Frischknecht et al. 2015), which pollutes the prinaird (Frischknecht et al. 2016) and the weak r-process (e.gougar
material before forming the oldest bulge field stars. et al. 2009), other sources could be at play such as: the elec-

Figure[I3 shows the [Ba] vs. [FgH] diagram for bulge tron capture supernovae (e.g., Wanajo et al. 2011), orthe
stars from our sample compared with selected results frem ttich freezout in most energetic core-collapse supernoeag, (
literature. From Bensby et al. (2013), we only retained th&0osley & Hdtman 1992), and the intermediary neutron cap-
star enhanced in [Fe]. We included the average [Ba}, = ture i-process (Dardelet et al. 2015, and references tijerei
-0.42 + 0.12 abundance ratio value obtained (yellow regiorgddition, neutrino-winds in core-collapse supernovae fast
from six halo metal-poor r-element-rich stars (HD 22117@ large variety of processes that can produce elements in the
HD 115444, CB 22892-052, HE 1523-0901, BD 17 3248, arg@me mass region (e.g., Frohlich et al. 2006, Farougi 2040,

CS 31082-001), compiled in Sneden et al. (2008), as a repR@berts et al. 2010, Arcones & Montes 2011). It is thus cilucia
sentative value of the main r-process. We also show the médarmeasure as many heavy elements as possible to isolate the
value of the [YBa] ratio obtained from six halo metal-poor r-different nucleosynthesis sources.

process stars showing enhancement in the lightest heavy ele

ments: HD 88609 (Honda et al. 2007), BD 4 2621 (Johns .

2002), HD 4306 (Honda et al. 2004), HD 237846 (Roeoler(zrr1 Conclusions

et al. 2010), HD 122563 (Honda et al. 2007), and HD 1402&8Be have carried out a pilot project with the goal of providing
(Siqueira-Mello et al. 2015). The average value igH3]Je = detailed abundances for moderately metal-poor Galactigebu
+0.56+ 0.18 (illustrated in the figure by the cyan region - wherstars that are believed to host imprints left by the firstlatel

E stands for “enhanced”). The source of this enhancemenieargenerations. In this work, we were able to obtain detailathab
manifold (see discussion below). We note that the cyan reigio dances for five moderately metal-poor angHe] > O stars from
meant to only show a reference value since, even for the saome field of the ARGOS survey. Our high-resolution FLAMES-
nucleosynthetic sources, the expected level of enhandeémenUVES spectra have confirmed three out of five stars to have
the bulge and halo will be fferent (see Barbuy et al. 2014).  metallicities [F¢H] < —0.8. All stars are confirmed to be-

The figure shows that the value derived in star 235 agremshanced: overabundances of the typicaMg, Si, Ca, Ti, and
with those observed in the r-element-rich stars, and it aan bf the odd-Z element Al are clearly detected.
explained by a pattern arising in a so-called main r-pracess Three sample stars exhibit high fie] abundance ratios.
Considering the error bars, the same conclusion could Bamilar high-[N'Fe] bulge stars were recently found in APOGEE
claimed to explain the [Ba] abundance in star 238. On thgsee Schiavon et al. 2015). According to the latter auttedmgn-
other hand, the derived abundances in 221, 224, and 230 @a@ace ratios [NFe]> +0.6 cannot be explained by the CN-cycle
barely explained using only the main r-process. If the batges mixing scenario.
with [Fe/H] ~ —1 trace the same early phases of chemical enrich- The sample stars show enhancements ifF€Y, [Z1/Fe],
ment as halo stars with [d] ~ —3, the sample stars 235 andBa/Fe], [LgFe], and [EyFe]. We found that three of our stars
238 may be classified as r-process enhanced stars, anatogoadso show [YBa] and [ZyBa] ratios slightly higher than ex-
the r-1 and r-1l metal-poor halo stars (Beers & Christliel3D pected from a pure main r-process nucleosynthesis. Theskse
In fact, using the latter authors’ definitions that are basethe are very similar to the recent reported chemical patternddn
[Ba/Eu] abundance ratio, objects 235 and 238 must be classifiame stars of the oldest Milky Way globular cluster, NGC 6522
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Fig.11. [Y/Fe] (upper panel) and [BdFe] (ower panel) abun-
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Fig.12. [La/Fe] (upper panel) and [EyFe] (ower panel) abun-
dance ratios as a function of the metallicity for the five santlance ratios as a function of the metallicity for the five sam-

ple stars, compared with literature abundances. Symbelthar ple stars, compared with literature abundances. Symbelthar
same as in Fid.]8, in addition to the abundances from Van ds&me as in FigEl 8 andl11.

Swaelmen et al. (2016; filled grey circles).

at Uppsala University, the Institute of Astronomy RAS in Mow, and the

(Barbuy et al. 2014). Considering the sample stars as an §liversity of Vienna.
population, whereas an enhancement in Eu would be expected

from the rapid neutron capture process (or r-process) jstems

with the observedd/Fe] enhancements, the observed anom
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Table A.1. Equivalent widths (EW) measured and used to derive new gthesi parameters and iron abundances.

Star 221 Star 224 Star 230 Star 235 Star 238
Species AA)  xex(eV) log gfVALD log gfNIST  loggfAdopted EW(mA)  A(Fe) EW (mA)  A(Fe) EW (mA)  A(Fe) EW(mA) A(Fe) EW(mA) A(Fe)
Fel 6137.691 2.588 -1.403 -1.403 -1.403 — — 1135 6.62 73.4 5.80 159.3 6.86 156.9 6.97
Fel 6151.618 2.176 -3.299 -3.299 -3.299 52.4 6.17 56.2 6.88 — — 61.7 6.42 89.8 7.27
Fel 6157.728 4.076 -1.260 -1.220 -1.220 70.8 6.93 48.4 6.77 52.5 6.80 57.6 6.62 70.2 7.08
Fel 6159.377 4.608 -1.970 —_ -1.970 — — — — 8.0 6.85 — — — —
Fel 6165.360 4.143 -1.474 -1.474 -1.474 83.1 7.56 44.6 7.01 20.8 6.34 30.4 6.36 50.3 6.95
Fel 6173.335 2.223 -2.880 -2.880 -2.880 78.2 6.39 46.2 6.27 32.8 5.86 90.3 6.69 — —
Fel 6180.204 2.727 -2.586 -2.649 -2.649 733 6.70 36.6 6.40 19.9 5.87 — — 79.3 7.07
Fel 6187.990 3.943 -1.720 -1.670 -1.670 49.9 6.71 22.0 6.42 — — 427 6.58 57.2 7.05
Fel 6200.313 2.608 -2.437 -2.437 -2.437 476 5.75 — — 64.3 6.63 69.8 6.28 — —
Fel 6213.430 2.223 -2.482 -2.482 —-2.482 102.9 6.54 94.6 6.97 82.0 6.64 105.8 6.61 121.8 7.11
Fel 6219.281 2.198 -2.433 -2.433 -2.433 — — 925 6.85 88.9 6.71 114.3 6.70 141.8 7.32
Fel 6220.783 3.882 -2.460 —_ —2.460 9.8 6.33 — — — — 11.8 6.47 26.2 7.07
Fel 6226.736 3.882 -2.220 _ -2.220 49.3 7.17 — — — — 15.3 6.37 — —
Fel 6229.228 2.845 -2.805 -2.805 -2.805 56.0 6.60 64.5 7.35 42.1 6.72 50.7 6.53 50.8 6.72
Fel 6240.646 2.223 -3.233 -3.173 -3.173 36.7 5.77 52.0 6.71 415 6.36 58.0 6.28 80.2 7.01
Fel 6246.318 3.602 -0.733 -0.877 -0.877 102.5 6.65 98.2 6.80 66.4 6.18 92,5 6.43 — —
Fel 6252.555 2.404 -1.687 -1.687 -1.687 133.1 6.59 1135 6.70 78.8 5.99 133.4 6.58 150.3 6.97
Fel 6254.258 2.279 —2.443 -2.426 -2.426 114.0 6.92 68.7 6.43 103.7 7.13 146.7 7.49 129.3 7.38
Fel 6265.133 2.176 -2.550 -2.550 -2.550 101.8 6.52 76.5 6.60 49.0 5.85 104.7 6.59 115.6 7.02
Fel 6270.225 2.858 —2.464 -2.609 -2.609 46.6 6.21 40.4 6.59 — — 61.0 6.56 72.7 7.03
Fel 6271.278 3.332 -2.703 -2.703 -2.703 25.8 6.43 — — 329 6.95 21.3 6.37 49.1 7.16
Fel 6297.793 2.223 -2.740 -2.740 -2.740 100.5 6.74 68.0 6.64 71.8 6.65 — — 122.7 7.38
Fel 6301.501 3.654 -0.718 -0.718 -0.718 775 6.02 — — — — 97.1 6.41 103.8 6.68
Fel 6302.493 3.686 -0.973 —_ -0.973 — — — — 61.6 6.26 87.5 6.51 — —
Fel 6311.500 2.832 -3.141 -3.141 -3.141 61.2 7.03 — — — — 35.0 6.52 53.8 7.10
Fel 6315.306 4.143 -1.232 -1.232 -1.232 60.7 6.77 70.1 7.34 39.3 6.57 65.3 6.88 77.9 7.33
Fel 6315.811 4.076 -1.710 -1.660 -1.660 437 6.72 455 7.14 37.2 6.87 37.4 6.61 39.5 6.81
Fel 6322.685 2.588 -2.426 -2.426 -2.426 86.4 6.60 84.1 7.11 — — 92.4 6.75 104.1 7.20
Fel 6335.330 2.198 -2.177 -2.177 -2.177 94.6 6.01 88.6 6.50 79.6 6.24 119.0 6.50 130.8 6.89
Fel 6336.824 3.686 -0.856 -0.856 -0.856 80.6 6.26 74.5 6.47 64.8 6.21 88.8 6.42 95.2 6.70
Fel 6344.149 2.433 -2.923 -2.923 -2.923 775 6.68 — — 487 6.51 82.2 6.82 104.9 7.53
Fel 6355.029 2.845 -2.350 -2.291 -2.291 83.6 6.72 78.8 7.15 75.8 7.01 86.5 6.79 106.6 7.41
Fel 6380.743 4.186 -1.376 -1.376 -1.376 56.5 6.86 30.9 6.63 32.9 6.61 37.7 6.46 61.7 7.15
Fel 6392.538 2.279 -4.030 _ -4.030 429 6.81 45.0 7.44 — — 30.9 6.63 39.7 7.00
Fel 6393.601 2.433 -1.432 -1.576 -1.576 112.8 6.12 88.3 6.17 87.0 6.07 143.0 6.61 161.6 6.98
Fel 6408.018 3.686 -1.018 -1.018 -1.018 69.1 6.17 77.1 6.77 67.2 6.49 83.8 6.51 93.1 6.89
Fel 6411.649 3.653 -0.595 -0.718 -0.718 95.5 6.39 96.6 6.66 69.8 6.14 98.6 6.43 104.3 6.67
Fel 6419.949 4.733 -0.240 -0.270 -0.270 776 6.88 — — 75.1 7.00 57.8 6.44 — —
Fel 6421.350 2.279 -2.027 -2.027 -2.027 148.3 7.13 1415 7.28 92.7 6.50 130.6 6.79 136.6 7.06
Fel 6430.846 2.176 -2.006 -2.006 -2.006 108.4 6.08 121.0 6.83 773 5.98 138.4 6.59 149.3 6.92
Fel 6469.193 4.835 -0.770 -0.810 -0.810 71.2 7.40 — — — — — — 56.7 7.21
Fel 6475.624 2.559 -2.942 -2.942 -2.942 74.4 6.78 59.7 7.02 62.4 7.01 732 6.78 84.4 7.25
Fel 6481.870 2.279 -2.984 -2.984 -2.984 87.5 6.74 73.5 7.05 54.1 6.51 74.6 6.48 93.4 7.11
Fel 6494.980 2.404 -1.273 -1.273 -1.273 149.0 6.35 123.8 6.40 123.4 6.33 — — 165.9 6.68
Fel 6498.939 0.958 -4.699 -4.687 -4.687 119.9 7.55 80.1 7.40 — — 86.5 6.77 101.1 7.38
Fel 6518.367 2.832 -2.460 -2.298 -2.298 66.5 6.29 55.8 6.59 45.6 6.27 73.6 6.47 732 6.67
Fel 6533.929 4.558 -1.460 -1.430 -1.430 — — — — — — 22.4 6.59 — —
Fel 6546.239 2.759 -1.536 -1.536 -1.536 114.7 6.51 85.7 6.43 79.0 6.22 114.3 6.49 137.9 7.04
Fel 6569.215 4.733 -0.420 -0.450 -0.450 54.7 6.54 59.9 6.93 38.1 6.40 54.2 6.54 80.7 7.23
Fel 6574.228 0.990 -5.023 -5.004 -5.004 59.0 6.44 68.1 7.45 57.8 7.10 — — 81.6 7.26
Fel 6575.015 4.733 -2.710 -2.710 -2.710 83.4 6.78 67.0 6.99 58.1 6.69 76.0 6.63 92.4 7.21
Fel 6581.210 1.485 -4.679 -4.679 -4.679 53.9 6.66 437 7.13 — — — — — —
Fel 6593.870 2.433 -2.422 -2.422 -2.422 — — — — 77.8 6.70 103.1 6.74 — —
Fel 6597.561 4.795 -1.070 -1.050 -1.050 76.0 7.69 55.8 7.50 17.7 6.54 24.0 6.54 — —
Fel 6608.026 2.279 -4.030 _ -4.030 62.6 7.21 46.0 7.45 — — 40.6 6.81 47.4 7.15
Fel 6609.110 2.559 -2.692 -2.692 -2.692 85.6 6.77 81.6 7.26 27.7 5.91 81.6 6.70 101.6 7.35
Fel 6627.544 4.548 -1.680 _ -1.680 24.0 6.84 — — — — — — 27.8 7.10
Fel 6677.986 2.692 -1.418 -1.418 -1.418 128.8 6.53 — — 95.2 6.35 139.8 6.68 138.6 6.84
Fel 6699.141 4.593 -2.101 -2.101 -2.101 — — — — — — — — 7.3 6.83
Fel 6703.567 2.759 -3.160 -3.060 -3.060 81.6 7.29 56.7 7.28 — — 46.5 6.56 68.6 7.23
Fel 6705.102 4.607 -1.392 _ -1.392 54.7 7.32 39.2 7.28 — — 30.9 6.82 45.4 7.27
Fel 6710.319 1.485 -4.880 _ -4.880 54.2 6.86 45.8 7.37 — — 324 6.49 57.6 7.22
Fel 6713.744 4.795 -1.600 _ -1.600 — — — — — — 10.3 6.61 23.2 7.19
Fel 6715.383 4.608 -1.640 —_ -1.640 — — — — 17.0 6.89 12.0 6.51 35.0 7.30
Fel 6725.357 4.103 -2.300 _ -2.300 — — 14.3 6.96 16.4 6.96 17.7 6.77 21.4 7.02
Fel 6726.666 4.607 -1.133 _ -1.133 — — 52.7 7.31 31.8 6.78 315 6.57 46.7 7.04
Fel 6733.151 4.638 -1.580 _ -1.580 — — 16.0 6.90 — — 17.4 6.68 — —
Fel 6739.521 1.557 -4.794 -4.794 -4.794 47.0 6.71 23.8 6.85 — — 34.8 6.55 38.0 6.82
Fel 6752.707 4.638 -1.204 -1.204 -1.204 24.7 6.48 — — — — 11.6 6.09 — —
Fell 6084.103 3.199 -3.780 -3.900 -3.790 — — — — — — 19.0 6.66 25.7 7.33
Fell 6149.246 3.890 -2.720 -2.800 -2.690 — — — — 11.2 6.18 229 6.48 18.4 6.74
Fell 6247.559 3.892 -2.310 -2.400 -2.300 — — 45.3 7.20 31.9 6.51 37.6 6.51 38.3 6.99
Fell 6416.930 3.892 -2.650 -2.900 -2.640 — — — — — — 27.7 6.58 28.3 7.04
Fell 6432.677 2.891 -3.520 -3.500 -3.570 42.2 6.71 35.3 7.10 33.0 6.69 33.6 6.51 38.5 7.12
Fell 6456.380 3.903 -2.100 -2.200 -2.050 26.5 5.95 32.7 6.62 38.5 6.45 43.7 6.43 50.4 7.08
Fell 6516.077 2.891 -3.320 -3.370 -3.310 432 6.47 29.0 6.67 35.2 6.49 51.0 6.67 50.9 7.17

References. *: Meléndez & Barbuy (2009).
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Table A.2. List of lines used in the present analysis, with the indigidabundances.

Species AA) xex(€V) log gf AX) AX) AX) AX) AKX
221 224 230 235 238

[Oo1] 6300.311 0.000 -9.716 +8.40 —— +8.25 +8.40 +8.85
Na | 4982.813 2104 -0962 ——— +545

Na | 5688.205 2104 -0450 —— ——— +4.70 +5.22 +5.88
Na | 6154.230 2102 -1560 +565 —— ——— +518 —-
Na | 6160.753 2104 -1.260 +5.70 +5.70 +5.10 +5.22 +5.98

Mg | 5528.405 4346 -0.498 +6.90 ——
Mg | 6318.720 5108 -2.100 +7.22 +7.50 +7.18 +7.18 +7.35
Mg | 6319.242 5110 -2360 —— +750 ——— +7.30 —-
Mg | 6765.450 5750 -1940 ——— ——— +7.20 ——— +7.55
All 6696.015 3.143 -1569 +6.00 +6.30 +5.64 +5.85 +6.25
All 6698.673 3.143 -1.870 +6.00 +6.28 +5.90 +5.72 +6.21
Sil 5665.555 4920 -2040 — — 4690 — —
Sil 5690.425 4930 -1.870 +6.70 — ——— +6.85 +7.18
Sil 5948.545 5.082 -1300 —— +7.14 ——— +6.75 +7.25
Sil 6142.494 5619 -1500 ——— +7.32 +6.80 +6.77 +7.40
Sil 6145.020 5.616 -1.450 +7.00 —— +6.95 +6.77 +7.15
Sil 6155.142 5619 -0.850 +6.96 +7.35 +6.90 +6.76 ——-
Sil 6237.328 5.614 -1.010 —— +7.25

Sil 6243.823 5.616 -1300 ——— +7.20 +7.00 ——— +7.15
Sil 6414.987 5870 -1.130 +680 —— +730 —4—mW ——
Sil 6721.844 5.860 -1.170 +6.80 ——
Cal 5601.277 2.526 -0.520 +5.70 +6.00
Cal 5867.562 2933 -1550 ——— +6.20 ——— +5.72 +6.00
Cal 6102.723 1879 -0.793 +5.75 +6.00 +5.40 +5.70 +6.22
Cal 6122.217 1.886 -0.200 +5.85 +5.85
Cal 6156.030 2521 -2390 +6.00 —— ——— +555 +6.10
Cal 6161.295 2510 -1.020 ——— +590 +535 ——— +6.00

Cal 6162.167 1899 -0.090 +5.50 +5.80 +5.40 +5.70 +6.00
Cal 6166.440 2521 -0900 —— —— 4540 — —
Cal 6169.044 2523 -0540 +550 +5.85 +540 ——— +5.95
Cal 6169.564 2526 -0.270 +550 +5.80 +542 ——-
Cal 6439.080 2526 +0.300 +5.75 +590 +550 +5.85 +6.15
Cal 6455.605 2523 -1.350 +545 +590 +5.70 +5.80 +6.25
Cal 6462.567 2523 +0.262 +5.90
Cal 6464.679 2523 -2.100 +5.60 ——- -
Cal 6471.668 2526 -0590 ——— +6.00 +5.42 +5.90 +6.30
Cal 6493.788 2521 +0.000 +5.70 +6.10 ——— +5.83 ——

Cal 6499.654 2523 -0.850 +5.60 +590 ———- +5.90 +6.28
Cal 6572.779 0.000 -4.320 +5.80 +6.35 ——— +5.80 +6.38
Cal 6717.687 2709 -0.610 +5.90 +6.45 +5.65 +5.70 +6.48
Til 5689.459 2230 -0.400 ——— +465 ——— +4.32 +455
Til 5866.449 1.067 -0.840 ——— +4.70 +4.00 +445 ——-
Til 5922.108 1.046 -1.460 +4.38 +4.94 +450 +4.45 +5.00
Til 5941.750 1.053 -1530 ——— +450 +450 +440 —-
Til 5965.825 1.879 -0.420 +4.32 +4.45 +4.10 +4.32 +4.85
Til 5978.539 1873 -0530 +445 +475 ——— +436 —-
Til 6126.224 1.070 -1.430 +4.35 +4.45 +4.40 +4.45 +4.82
Til 6258.110 1440 -0.360 +4.25 +455 +4.25 +4.20 +5.00
Til 6261.106 1430 -0.480 +4.20 +5.00 +4.20 +4.40 +5.00
Til 6336.113 1440 -1.740 +4.60 +480 ——— +4.35 +4.85
Til 6554.238 1440 -1.220 +4.42 +480 +430 +4.38 +4.85
Til 6556.077 1460 -1.070 +435 —— —— +446 ——-
Til 6599.113 0.900 -2.090 +450 +496 —— +450 +4.90
Til 6743.127 0.900 -1.730 +4.45 +4.87
Till 5336.771 1582 -1.700 +4.40 +4.75
Till 5381.021 1566 -2.080 +4.40 ——-
Till 5418.751 1582 -2.130 +430 —-
Till 6491.580 2.060 -2.100 +4.42 +4.95 +4.35 +4.43 +4.88
Till 6559.576 2.050 -2.350 +4.60 +4.75 +446 ——— +4.95
Till 6606.970 2060 -2.850 ———- +4.70 +420 ——— +4.70
Yl 6435.004 0.066 -0.820 +1.60 +1.95 +1.90 +1.60 +1.92
Zrl 6127.475 0.154 -1.050 +250 ——— +240 +238 ——-
Zrl 6134.585 0.000 -1.280 +2.40 +2.55
Zrl 6143.252 0.071 -1100 —— +2.60 ——— +2.20 +2.65

Ball 6141.713 0.704 +0.000 +1.50 +1.80 +1.25 +1.80 +2.00
Ball 6496.897 0.604 -0.320 +1.70 ——-
Lall 6320.376 0.170 -1560 +0.30 +0.85 ———- +0.45 +0.90

Lall 6390.477 0321 -1410 —— +1.20 —— +0.70 +0.80
Lall 6774.268 0.126 -1.708 +0.90 —
Eull 6437.640 1320 -0.320 +0.00 +0.35 +0.00 +0.00 +0.56
Eull 6645.064 1380 +0.120 —— ——— -0.20 +0.10 ——-
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