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Abstract. We have used spectra obtained as part of the Science Verification program of the FLAMES multi-object spectrograph
mounted on Kueyen (VLT-UT2) to perform an abundance analysis of stars along the giant branch (RGB) in the globular cluster
NGC 2808. Sodium abundances are derived from Na D lines for a sample of 81 cluster stars spanning a range of about 2 mag
from the tip of the RGB. Our results show that a large star-to-star scatter does exist at all positions along the RGB, suggesting
large variations in the abundance of proton capture elements down to luminosities comparable to the red horizontal branch
(HB). The distribution of Na abundances along the RGB seems to point out that in this cluster most of the observed spread
has a primordial origin. Overimposed evolutionaifeets, if any, must be only at “noise” level, at odds with results from a
similar analysis in M 13 (Pilachowski et al. 1996). This study is a first step towards ascertaining if a link exists between the
distribution of chemical anomalies in light elements along the RGB and the global properties of globular clusters, in particular
the HB morphology.
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galaxy: globular clusters: individual: NGC 2808

1. Introduction dispersion spectroscopy clearly demonstrated that the lighter

| ) he alobular cl h b eﬁiements (in primis carbon and nitrogen) showed marked dif-
For a long time the globular clusters (GC) have been cons rences along the RGB in several GC's. Moreover, striking

ered the best approximation in the Universe of Simple Ste'@ériations in the CH band strenghts, anticorrelated with CN

Populations (SSP), i.e. associations of single, coeval stars s d NH, when accessible) strenghts were observed in several
ing the same initial chemical composition. These assu

. X i earby clusters as far down as to main sequence and ffirn-o
tions have been questioned in the last few years. Apart fr

the relevant presence of binary stars in GC’s (showing up as 's (see e.g. Cannon et al. 1998 and references therein)
Blue Stragglers or eclipsing binaries or peculiar objects, and 1hree fgndamental steps forward haye beer? made, thanks
strongly needed by dynamical considerations as a crucial {-the continuous progress in the building dfigent spec-
gredient in the dynamical evolution of clusters), also the othBPgraphs: (i) since the early '90s, the high resolution studies
two properties that define a SSP have been seriously challengédhe LickTexas group (see Ivans et al. 2001 for updated
on the basis of modern, accurate studies of the chemical cdfferences) well assessed that Na and O abundances are anti-
position of cluster stars. correlated among the first ascent red giant branch (RGB) stars
Leaving aside the very peculiar casewCentauri, it has in almost all the clusters surveyed, for at least 1 magnitude

been evident for more than 30 years (Osborn 1971) that fH&loW the RGB tip; (i) the anomalies seem to be restricted
hypothesis of monometallicity holds for GC only as far alo cluster stars, while the abundance pattern of field stars is
“heavy” elements (those belonging to the Fe group) are Coqgrfec_tly explglned by the classical first dredge-up and a sec-
cerned. Early studies (see the comprehensive reviews by St Mixing episode after the level of the RGB-bump (Gratton

1987 and Kraft 1994) based on indexes from photometry or Itk & 2000); (iii) the Na-O anticorrelation was recently found
for the first time among turnfbstars in NGC 6752 by Gratton

Send gprint requests toE. Carretta, et al. (2001). These seminal works point out that not only the
e-mail:carretta@pd.astro.it CN-cycle (easily detectable even with low resolution analysis),

* Based on data collected at the European Southern Observatbh also the ON-cycle of the complete CNO H-burning cycle is
Chile, during the FLAMES Science Verification. at work, producing the observed pattern. In particular, Na can
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be produced front?°Ne by the proton-capture fusion mecha- NGC 2808 is by itself a very interesting object, since its
nism that is at work in the high temperature (inner) regiot$B morphology (a red stubby HB and a population of blue
where O is transformed into N (see Denisenkov & DenisenkoktB stars, about /4 of the total HB stars) has often been la-
1990; Langer et al. 1993). belled as the second parametéfeet working within an indi-
The Na-O anticorrelation is the most convincing evidenaédual cluster. However, the overwhelming majority of previ-
of this process that, however, is restricted only to high deaus works was photometric, to investigate the morphology of
sity environments (such as those in the globular clusters), sirthe color-magnitude diagram (CMD). The only spectroscopic
Gratton et al. (2000) showed that Na and O abundances sitdy is that of Gratton (1982), who analyzed a single giant star
hardly involved in the normal evolution along the RGB of isocebtaining a metallicity of [FgH] = —1.1 dex.
lated field stars. In a still unknown way, the large number of This situation dramatically changed at the end of January
interactions between stars in GCs has to be involved in prod26003, when~130 RGB stars in NGC 2808 were observed dur-
ing the observed pattern of chemical abundances. ing the program “Mass loss in Globular Cluster Red Giant
Finally, the recent analysis of high resolution high qualitgtars” (proposed by C. Cacciari and A. Bragaglia), that was
UVES spectra of turn4dand early subgiant stars in NGC 639part of the FLAMES Science Verification program. The results
and NGC 6752 (Gratton et al. 2001) and 47 Tuc (Carretta et@af.this study are presented in a separate paper (Cacciari et al.
2003a) indicated that groups of both Na-yiGhpoor and Na- 2003). In the present paper we exploit part of this material for
pooyO-rich unevolved stars are present in all these clustetise analysis of the sodium D lines in order to get insights on
In turn, this must be due to pre-existing abundance variatiottise distribution of this proton capture element along the RGB.
since these stars do not have the requirements (central highin the next section we present the star selection (that was
temperatures and an extended envelope able to bring the pgastormed for studying the mass loss process and was not opti-
ucts of proton fusion to the photosphere) to produce the ahized for the present purpose) and the observations. In Sects. 3
served chemical pattern as a consequence of internal mixii@l 4, respectively, we explain the atmospheric parameters
during their evolution. adopted and the abundance analysis for Na, whose results are
Primordial variations, viable to explain the observediscussed in Sect. 5. Comparison with results for other clusters
anomalies, have been suggested both in the primordial gasi®f made in Sect. 6, and a short summary is given in Sect. 7.
the proto-cluster (see Cottrell & Da Costa 1981) in the very
early phases of stauster formation, and as Na-rich, O-poor
material ejected from a first generation of (now extinct) inte?. Sample selection and observations
Cocond generation of sars (1t are resentl abserved) fortaL PTOSIAIM Sars iere observed n 2003, Januarpadiur
(D’Antona et al. 1983; Ventura et al. 2001). Notice that in thig'J the FLAMES Science Verification program at the ESO

: . X ranal Observatory. The data were released to the public on
latter case the assumption of strictly coeval stars in a GC MY393 March 3. The niaht was not bhotometric. the skv con-
be dropped. ' . 9 b ' y

On the other hand, the increasingly high N abundancgl%t,lons were thin cirrus and the seeing was about 0.9 arcsec.

accompanied by a progressive decline in C abundance andStars were observed with the grating HR 12 of GIRAFFE,
12¢/13C ratio, observed at increasing luminosity along the RG ving an useful spectral range from 5820 to 6134 A, with a

. o : . solution of about 15000 at the centre of spectra. During all
in many clusters, testifies that changes are going on during @ﬁ?AFFE exposures, the available fibers (8 for each setup
evolution of stars, such as e.g. very deep mixing in RGB stars ' '

. : : neluding one fiber on the sky) feeding the Red Arm of the
that may be triggered by enhanced core rotation possibly due .

" igh resolution spectrograph UVES were centered on other
to the dense cluster environment.

Nowadays, the most likely explanation of the overall che RGB stars, for a total of 20 objects observed at high resolution

. . . oo ~ 45000). Only 4 stars were observed by both GIRAFFE
ical pattern observed in GC stars is that a contribution of boaﬁd UVES. Details of these UVES observations and their anal-

aspects (primordial and evo!utlonary mixing) is reqw_red. m is are deferred to a forthcoming paper (Carretta et al. 2003b).
debate seems presently shifted rather on how to disentargle .

S . . .Here, we concentrate only on the GIRAFFE sample in the Na
these two contributions and to properly ascertain their relative

weights within a cluster and in clusters offfdrent physical region.

: ) . Figure 1 indicates the position of our program stars in the
properties (Horizontal Branch (HB) morphology, density, age, g g y colour—magnitucri)e diagram of IF\)IGgC 2808. We re-
metallicity, etc.). ’ ’

To this purpose large and homogeneous sets of cluster stﬁ'rrs]d here that the main purpose of this program was to study

Lo . € mass loss along the RGB, so the observations are concen-
must be observed, possibly infidirent evolutionary stages. . . :
. . . trated in the region close to the RGB tip. Cool and (moderately)
This has become possible only recently, with the advent of ef- . :
- e metal-rich stars are not the best targets for abundance analysis
ficient multiobject spectrographs on large telescopes, such aS 10 the line crowding fecting the continuum positionin
Hydra at the KPNO 4-m and WIYN 3.5 m telescopes used by 9 9 P 9

Pilachowgki et al. (1996b) and Sneden et aI._(ZOOO) to SUI'VeY \ie use the usual spectroscopic notation: f4) is the abun-
the RGB in M 13, orin M15 and M 92 respectively. dance (by number) of the element A in the usual scale where
FLAMES mounted at the 8 m Kueyen VLT-UT2 telescopyg n(H) = 12; notation [AH] is the logarithmic ratio of the abun-

is the ideal instrument for this type of studies (see Pasquifinces of elements A and H in the star, minus the same quantity in the
et al. 2002 for a technical description). Sun.
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Fig. 1. Left panei V, B — V colour-magnitude diagram of NGC 2808Fi9- 3. Upper panel measured radial velocities for program stars plot-
(Piotto et al. 2003, in preparation). Stars observed with the GIRAFRRM as a function of the fiber numbers. Filled circles are stars rejected
HR 12 grating in the Medusa configuration are indicated by open ffom our analysis as non-membetsower panel histogram of the
cles, while filled circles are stars observed with fibers feeding tﬁ%dlal velocities, where the rejected stars are indicated by the filled
UVES Red Arm.Right panel averageS/N in 0.5 mag bins along histogram.

the RGB.
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The sample goes from the tip of the RGB (abblyt = -3,
adopting a distance modulusmi- M)y = 1559 from Harris
1996) to just below the level of the red HB (abddt, = 1).
Only two stars have been observed beMw 16, the bulk of
1 program stars lie within 2 mag from the RGB tip. The right
0,/0.62 E panel in Fig. 1 shows how the avera§gN ratio varies as a

= ) function of theV magnitude along the RGB. The scatter around
a mean value at fixed magnitude is likely due to a combina-
tion of small mis-positioning errors of the star in the individual
fibers and dierent throughtputs in transmission fronffdrent
fibers.
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near the mean ridge line of the giant branch and checked
a posteriori by measuring radial velocities from spectral lines.
The radial velocity RV) for each star was derived by fitting
Gaussian profiles to about 30 lines (with the IRA®Butine
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02 Fstor 42165: 4906/2.39  “stor 56136: 4905/2.38 Figure 3 shows the distribution of radial velocities. A small
5880 5890 5900 5880 5890 5900 zero point dfset between fibers is possible, due to the reduc-
Wovelength (A) Wovelength () tion procedure not optimized for precise radial velocities mea-

Fig. 2. Typical spectra for brightupper panely intermediaterfiiddle Surements, that could reaefi0 kms*, according to the ESO

panel§ and faint (ower panel} objects in our sample with fierent relevantweb pages. We have not done any detailed check on ra-

Na abundances. The small arrows indicate the position of the steti#@l velocities, since it was outside our main purpose; we only

Na | D lines; notice how well they can be separated from the interstglote that the 4 stars that were observed also with UVES at high

lar lines, here shifted to the blue. We also indicate for each star the @lsg|ution — and more reliable wavelength calibration — show

ues ofTer, l0g g, and [NaFe]. S/N (per pixel) varies from about 100, 4 gifference between derived velocities from 1 to —8 kin's

t0 85, to 45 for the three magnitude levels. with an average of —3.5 km§ and measurement of the tel-
luric Na | line at 5889.884 A in star #56136 indicates a veloc-
ity zero point of 3.5 kmst. So the derive®RV's are in general

cise enough to discriminate between cluster and field stars.

_ [
and to concerns on existing mode_l atmospheres that are un%)s?an theRYV distribution, we disregarded 4 stars as sure field
to well reproduce the cooler red giants.

In Fig. 2 typical spectra are displayed for stars spanning alt |RAF is distributed by the NOAO, which are operated by AURA,
the range of parameters sampled along the RGB. under contract with NSF.
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interlopers. Another star was rejected from the sample after #raall number of Fe | lines available in our spectral range (about
abundance analysis (see below, Sect. 4). The average heliodgnlines, on average, are measurable per star) and from the
tric velocity isSRV = 1021 kms™ (o = 10.9), after eliminating rather low resolution. As discussed, e.g., in Carretta & Gratton
these 5 non-members. (1997), at lower resolution line blends are more frequent, lead-
The final sample consists therefore in 81 red giant stailsg to overestimate the equivalent widths (EW) in a complex
What is the physical evolutionary status of these giants? Aray that is a function of metallicitys/N and temperature (all
they truly first ascent giant stars or is the sample contaminatgtécting the line crowding), as well as resolution. Since the
by stars in a more evolved stage, i.e. Asymptotic Giant BranBGB magnitude range monitored by GIRAFFE observations
(AGB) stars? For the brightest objects there is no way to disas covered also by UVES observations, we believe that the
criminate between RGB and AGB stars either photometricallige of UVES-based metallicities is justified and does not bias
or spectroscopically: their position in the CMD is almost iderthe results we obtain from GIRAFFE data.
tical, and small dterences in colours may well be due to pho- Finally, based on the same considerations, we adopted the
tometric errors an@r variability, and in both cases emissionsnicroturbulent velocityy; derived from the high resolution
on the Hr wings can be present. Anyway, from robust evolUJVES spectra, using a large number of Fe | lines dfedi
tionary theory expectations, AGB stars should represent onlg@at strenghts. The resulting relation is well constrained, so
small fraction £10%) of the brightest objects. When we conwe adoptedyy = 1.73 kms?! for Tz < 4100 K andy;, =
sider lower luminosity stars, photometric distinction is easier1.3 x 107 x Teg + 7.10 for Teg > 4100.
and we may also hope to detect AGB stars via émission Star designations and derived atmospheric parameters are
wings (as done by Sneden et al. 2000): this emission, whicHiged in the first four columns of Table 1.
rather common also in RGB stars near the tip (see e.g. Lyons
et al. 1996, and the vast literature cited there), is not presenhi
fainter objects. Hence, if stars wittly < -1 or fainter present
Ha emission wings, they may be taken as — or at least slguivalent widths (EW) of Na D lines were measured follow-
pected to be — AGB stars. Cacciari et al. (2003) have donéng the method outlined in Bragaglia et al. (2001): we refer
similar survey of the same stars we are analysing here, and tbethat paper for further details. The fraction of the (highest)
tected emissions only for one such star (#10341): we will st8pectrum points to be used by the automatic program in order
retain it in our sample, cautioning that it could well not be # set a local continuum centered on the feature of interest is
true RGB star. the crucial point of the procedure. We checked this parameter
by inspecting by eye the continuum location as defined by the
program for some lines of typical spectra distributed all over
the temperature range. After this test, we set this fractiorido 1
As described in Cacciari et al. (2003), thfestive tempera- for stars withTer < 4200 K and to 12 for warmer stars.
turesTer and bolometric corrections B.C. for our stars were de- Using this value and the atmospheric parameters derived in
rived from theV—K colors in the 2MASS All-Sky Data Releasethe previous section, we measured the EWs of the Na D lines
(accessible atwww.ipac.caltech.edu/2mass/releases/ at’5889.97 and 5894.94 A for all 81 program stars, and derived
allsky/ and released on March 25, 2003), and using the céte Na abundances interpolating in the Kurucz (1995) grid of
ibrating equations by Alonso et al. (1999, with the erratum efiodel atmospheres with the overshooting option set on.

r‘Analysis: Sodium abundances

3. Atmospheric parameters

Alonso et al. 2001). We have adoptéd = 0.353E(B - V) However, a Gaussian function is a poor approximation for
and Ay = 3.1E(B - V) from Cardelli et al. (1989), and fitting these very strong lines and may give misleading results,
E(B - V) = 0.22 from Harris (1996). missing the relevant contribution of the damping wings of the

The 2MASS photometry was transformed to the TCS syiaes. For these reasons we decided to adopt the Na abundance
tem and an input metallicity of [F&] = —1.25 was adopted  obtained from comparison with synthetic D1 and D2 lines: the

Surface gravities log were obtained fromféective tem- procedure is much more time consuming but gives more re-
peratures and bolometric corrections, using the distance molible results than a Gaussian fit or even a direct integration.
lus (m— M)y = 1559, and assuming that the stars have masd@sreover, concerns related to the positioning of the continuum
of 0.85 M. The adopted bolometric magnitude of the Sun &re much reduced.

M(bol), = 4.75. Hence, we computed a grid of synthetic spectra for each of
For the overall metallicity, we adopted the average metale Na D lines. Each grid includes 21 spectra Wlith ranging
abundance as derived by the analysis of the high resolutfbom 3950 to 4950 K (this range brackets all our program stars)

UVES red spectra (Carretta et al. 2003b)/# = -1.14+ in steps of 50 K. Using the single value [A] = —-1.14 dex,
0.01 dex,o- = 0.06 dex (19 staré) This choice stems from the, for each synthetic spectrum was computed using the relation

Pa— — . . .. obtained from the UVES spectra, as described in the previous
This value is intermediate among several previous determinations

(cf. Walker 1999), and is slightly fierent from the metallicity we section; the gravity was derived froniTgr—log g relation ob-

adopt in the present analysis; however, the dependenc¥ eft) t@ined with alinearfit from our program stars. _
on [FeH] is so weak that temperatures are almostfiewied by this For each of the 21 spectra (i.e. valuesTef) in our grid
difference. we computed 10 synthetic spectra of the Na line by varying the

4 This in turn is based on a solar iron abundance d¢Na/Fe]ratio from —0.4 torl.4 dex, in steps of 0.2 dex. Thus
logn(Fel), = 7.54, see Gratton et al. (2001). we could associate to each Naline a set of 210 synthetic spectra
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Table 1. Atmospheric parameters and derived Na abundances, botfTable 1. continued.
LTE and in NLTE. Star designations are taken from Piotto et al. (2003

in preparation). Star Ter l0gg vt [NayFe] [NagFe] o
LTE NLTE
Star  Ter logg b [Na/Fe] [NaFe] o (K) dex kms!  dex dex dex
LTE NLTE 45840 4220 1.06 1.61 -0.14 +0.10 0.03
(K) dex kms? dex dex dex

46041 4568 1.63 1.16 +0.26 +0.41 0.04
46367 4383 1.46 1.40 +0.21 +0.38 0.03
46663 4474 141 1.28 +0.47 +0.65 0.04
46868 4463 1.50 1.30 +0.05 +0.22  0.02

7536 4245 1.18 158 -0.16 +0.06 0.04
7558 4691 1.87 1.00 +0.17 +0.28 0.09
7788 4459 1.53 130 +0.12 +0.29 0.15
8603 4290 1.24 152 -0.24 -0.02 0.13

8739 4211  1.12 1.63 -0.08 +0.14 0.15 47145 4051 0.74 1.73 +0.02 +0.29 0.05
8826 4564 1.66 1.17 +0.42 +0.57 0.16 47421 4288 114 153 +021 +043 011
9230 4132 0.96 1.73 +0.04 +0.29 0.02 48011 4375 1.28 141 +0.63 +0.83 0.01
10012 4243 1.12 1.58 +0.23 +0.45 0.04 48060 3969 0.63 1.73 -0.35 -0.05 0.04
10105 4455 1.44 1.31 -0.05 +0.13 0.01 48128 4368 1.31 142 +0.48 +0.68 0.08
10201 4717 2.02 0.97 +0.42 +0.52 0.08 49509 4164 0.94 1.69 +0.12 +0.37 0.08
10265 4283 1.18 153 +0.24 +0.45 0.04 49680 3952 0.62 1.73 -0.37 —0.07 0.05
10341 4399 140 138 +044 +0.63 004 49743 4665 177 1.04 +0.46 4060 0.6
10571 4252 1.19 1.57 -0.01 +0.21 0.08 49942 4023 0.75 173 -0.15 +0.13 0.02

13575 4569 1.80 116 -0.23 -0.10 0.01
13983 4826 2.17 0.83 +0.35 +0.42 0.16
30523 4733 1.94 0.95 +0.26 +0.37 0.05
30900 4666 1.74 1.03 +0.21 +0.34 0.11
31851 4731 1.83 0.95 +0.77 +0.89 0.03
32469 4379 1.14 1.41 +0.44 +0.65 0.11

50371 4054 0.82 1.73 -0.23 +0.04 0.07
50861 4039 0.69 1.73 +0.13 +0.41 0.06
50866 4432 1.42 1.34 +0.40 +0.58 0.09
50910 4577 1.64 1.15 +0.25 +0.40 0.02
51416 4546 1.61 1.19 +0.39 +0.54 0.09

32685 4788 203 0.88 +0.37 +0.47 001 51515 4154 105 170 +0.04  +028 006
32862 4525 1.69 122 +0.15 +0.30 0.10 51646 4886 2.01 075 +0.88 +0.98 0.08
32909 4572 166 1.16 +0.29 +0.44 0.09 51871 3970 0.62 173 -0.02 +0.27 0.10
32924 4538 157 120 +0.54 +0.70 0.15 51963 4242 111 159 +0.06 +0.28 0.04
33918 4312 1.21 149 +0.06 +0.27 0.09 52006 4397 1.27 138 +0.62 +0.81 0.09
35265 4547 1.76 119 +0.07 +0.21 0.10 54264 4668 1.84 1.03 +0.15 +0.27  0.09
37496 4547 1.58 1.19 +0.26 +0.42 0.03 54284 4327 1.26 1.47 +0.14 +0.34 0.11
37998 4317 1.18 1.49 +0.12 +0.34 0.08 54733 4236 1.08 1.59 +0.25 +0.48 0.05
38228 4588 1.65 114 +0.38 +0.52 0.01 54789 4355 121 144 +0.66 +087 001
38244 4659 1.78 104 +023 +0.36 0.04 55031 3995 067 173 -0.35 —005 005

38967 4717 1.83 0.97 +0.41 +0.53 0.08
39060 4357 1.28 1.44 +0.21 +0.41 0.08
40983 4364 1.26 1.43 +0.29 +0.49 0.01
41008 4684 1.79 1.01 +0.67 +0.80 0.03
41828 4409 1.36 1.37 +0.11 +0.30 0.22
41969 4377 1.30 1.41 +0.07 +0.26 0.01
42073 4268 1.17 1.55 -0.02 +0.20 0.13
42165 4906 2.39 0.72 -0.09 -0.06 0.04
42789 4813 193 0.84 +0.78 +0.89 0.09 spanning the relevant range both in temperature and Na abun-
42886 4791 2.14 0.87 +0.11  +0.19 0.08 dance. These synthetic spectra were convolved with a Gaussian
42996 4769 193 0.90 +0.29 +0.39 0.09 function to match the resolution of the GIRAFFE spectra. We
43041 4035 0.70 1.73 -0.23 +0.05 0.04 found that a smoothingWHM of 0.3 Ais appropriate for our
43247 4463 1.50 1.30 +0.29 +0.46 0.09 program stars.

43794 4431 1.38 134 +0.05 +024 0.13 Starting with input Na abundances determined by line anal-
43822 4411 1.39 137 +0.16 1034 003 ysis, we chose the nearest value of temperature for each star,
44665 4310 1.18 150 +0.17 +0.39  0.16 and compared the observed spectrum to the 3 synthetic spectra
44984 4405 136 137 -000 4019 013 bracketing th.e Na abundance from EW. Visual _mspectlon was
45443 4425 139 135 4005 4023 013 used to obtain the Na abundar_mes from each line. For the star
Na abundance we then took simply the average from the two

55437 4440 1.44 1.33 +0.27 +0.45 0.05
55609 4430 1.46 1.34 +0.23 +0.41 0.04
55627 4459 1.41 1.30 +0.52 +0.71 0.13
56136 4905 2.38 0.72 +0.04 +0.09 0.09
56710 4643 1.86 1.06 +0.04 +0.16  0.09
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41008, Teri—assa. [no/Fel - 006 | fitting @pproximation may underestimate the measure of EWs
for these strong lines, resulting in spurious Na abundances.

. — —— ——
[ Stor 41008, Teff=4684, [No/Fel,e = 0.66 1|  Stor

Since the observations were made for other purposes and
did not aim at deriving chemical abundances, rapidly rotating
early type stars were not observed. Lacking a suitable template
to subtract telluric lines, we evaluated their impact on derived
1 abundances by estimating their contribution to the EW of the
L T 1 Nalines within the region where the fitting of synthetic spectra
F [Na/Fe]=0.4, 0.6, 0.8 + [No/Fe]=0.4, 0.6, 0.8 4 . . .

[ (from top 1o bottar) T tromen o bottor) | 1 was performed. We verified that the possibfeeet of telluric
E Sior 45060, Tefimsots, (No/rele = 1035 T tor sa060, Terress6e, ne/rel - 0o 1INE€S ON the derived abundances amounts to no more than a few
I 1 hundredths of a dex and was therefore considered negligible.
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Finally, we neglected the hyperfine splitting for Na D lines.
°21 Explorative computations with atomic parameters for the com-
® 1 ponents of each line taken from McWilliam et al. (1995) al-

1 lowed us to conclude that theéfect on our Na abundances is

1 negligible, likely because in very strong lines thiéeet itself

1 is reduced since all hyperfine components in the line core are
saturated (see McWilliam et al. 1995).

o
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4.1. NLTE corrections
Fig. 4. Upper left panel spectrum synthesis of the Na D2 line at

5889.97 A in star 41008. Open squares are the observed spectrg@istical equilibrium computations (e.g. Bruls et al. 1992;
wh|_Ie lines represent the synthetic spectra computed at 4700 K 8fation et al. 1999) show that the NLTE abundance correc-
fodt')fgi{grr: '\rlssaté‘é:s;”ae&e[ﬁ]; O.:ﬁgrllfhinga?ﬁi dEthr%T ttﬁs tions for Na D lines follow a rather complicated pattern, due

» fesp yLpper ngn: p » o to the complex relative interplay between photoionization and

Na D1 line at 5895.94 ALower left panel spectrum synthesis of .
the Na D2 line in star 48060, near the RGB tip. The plotted syﬁ-_‘e so-called photo suctiorffect (Bruls et al. 1992) that con-

thetic spectra are computed at 3950 K and for abundance ratioStS In @ recombination cascade to the ground level, where the
[Na/Fe] = 0.4, -0.2 and 0.0 from top to bottont.ower right panel D lines originate. Moreover, the strong Na D lines form high in
the same, but for the Na D1 line. All synthetic spectra have been cdhe atmosphere, where departures from LTE are larger. In order
volved with a Gaussian havingWHM = 0.3 A to take into account to assess the true Na distribution, a careful evaluation of these
the instrumental profile of the observed spectra. All abundances effects is then required.

given in the LTE assumption. We derived appropriate corrections for departure from the

LTE following the prescriptions of Gratton et al. (1999). Since
these corrections are a function of both stellar physical status
étemperature and gravity) and line strength, we measured the
equivalent widths of synthetic Na D2 and D1 lines for dll{,

Fe]) pairs. These EWs were used to construct interpolating
ations (one for each line) as a function of temperature and
abundance.

Na D lines, adopting logn(Na) = 6.23 as the solar Na abun-
dance.

In Fig. 4 we show two examples of the fitting of syntheti
spectra to the observed Na D lines for two stars iffiedént
position along the RGB. In the upper panels, the star 410
hasTer = 4684 K and was compared to spectra comput
at 4700 K, while in the lower panels the program star h
Ter = 3969 and Na abundances are obtained through compari-Next, we entered in these relations with stellar tempera-
son with synthetic spectra computed at 3950 K. tures and previously derived LTE Na abundances from spec-

This figure shows that despite thefdrence of~1 dex in trum synthesis for all our program stars, deriving [Ne] ratios
Na abundance and800 K in temperature, the Na features arroperly corrected for departure from LTE following Gratton
well reproduced. et al. (1999). These corrected abundances are listed in Table 1

A comparison of Na abundances derived by line analydigbeled as [NA=elv.te) and represent our final set of abun-
(EWs) and by spectrum synthesis is highly instructive. The a§ances on which the following considerations and discussions
erage abundanceftirence (in the sense synthesis minus linéye based. As reference for the reader, in this table are also
is A[Na/Fe] = +0.30 + 0.01 dex, with an rms= 0.09 dex listed abundances derived under the LTE assumption. The er-

(81 star8). This test illustrates how severely the Gaussid@rs listed in Table 1 are the rms of the straight average between
the abundances as given by Na D2 and D1 lines.

- . . .
We exclude from the sample and from the following discussion In Fig. 5 we show the NLTE corrections to [¥] LTE

star 37781, that is probably not-member of the cluster even if its radiatl) d f ion dfeti A
velocity is compatible with membership. The unusually high Na abuffPundances as a unction dfetive temperature. As one can

dance obtained for this stars ([Nee] ~ +1.5) is likely due to an erro- S€€ the corrections are progressively larger going from lower
neous estimate of atmospheric parameters due to the initial assumpfibRinosity giants toward giants near the tip of the RGB (where
that this star is member of NGC 2808, or because it might be an AdiBey can reach as much as 0.3 dex). Neglecting these correc-
star. tions would then result in a spurious trend as a functiongf
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Fig. 5 Correctlor_ls to the Na abundances for departure from LTE a%_%' 6. Upper panel abundance ratios [M&e] for stars along the RGB
function of &fective temperature, derived for our program stars. of NGC 2808, corrected for theffects of departure from LTE, as a
function of the &ective temperatures. At the top of the figure the ap-

with tip giants having 0.2—0.3 dex lower [N&e] abundances Proximate luminosity levels for the RGB-tip, the RGB-bump and the
than less evolved RGB stars. average luminosity of the red extreme of the HB are indicated. At the
bottom of the figure we show the typical error bars over the whole
range of temperatures spanned by our sample, due to random uncer-
5. Results and discussion tainties in the adopted atmospheric parameters and measurement er-

. . . . rors. Bottom panelthe solid line indicates the fiierence in [N#&e]
Ourfinal [NgFe] abundances (including NLTE corrections) argerived by using Bell et al. (1976) model atmospheres with respect to
plotted as a function of temperature in Fig. 6. Kurucz (1995) models. The dashed line indicates tiiece of NLTE

The first clear evidence that can be derived from this ple¢. LTE approximations on the derived [¥&] abundances.

is the large star-to-star scatter, at every lumingistyperature
along the RGB. Also, the average Na abundance is generally
quite high. Neither featl_Jre Is surprising in itself, as both ha\é%ough to explain the observed pattern, at odds with what hap-
been commonly found in several other clusters; now they

. 8 . ; ns in field stars.
found for the first time also in this cluster, that had never been Na abundances so larae and scattered from star to star do
studied in detail from a spectroscopic point of view before. 9

When compared to abundances of field stars of similgauire tha_lt a variable amount of Nq-enrlched matter polluted
a?e stars in the past, or that th&ieiency of some further
.

metallicity (e.g. Gratton et al. 2000; Pilachowski et al. 1996 eep) mixing mechanism varies alona the RGB. modifvin
these results confirm once more that globular cluster stars p)_ 1Xing IS varles g o ifyi .g_
Ig/:emstmg stellar abundances. Thus, the question is now: is

- o pr
f f ) L .
mgssgaaeaﬁtirrggugggnsdoamngsvizlﬁggde:égemo tﬁéo;:; Srsiseg]r\{%heeobserved scatter a cosmic scatter intrinsic to the studied
. . mple, or is it an artifact of the analysis due to conjuring ef-
H-burning shell, by proton-capture nucleosynthesis that op§ _tspof uncertainties on derived abun)éjances’) Juring
ates at high temperatures, and likely producing Na through {& '
NeNa cycle.

In general, we may consider three sources of errors on
In fact, while field stars have generally low Na abundancg@undance determinations, some of which miégaa the scat-
(almost coincident with the lower envelope of the cluster abu

ter, and some others only the zero point. First, the adopted tem-
dances), with small scatter around the average value (comp@rature or oscillator strength scales may be whorgwever,
rable with observational errors), in cluster stars the stand

his would result only in a zero point shiftifacting rigidly the
evolutionary paradigm is broken. The spread in Na abundanc%s _ _
in NGC 2808 reaches as much as 1 dex and does not decreashote however that a systematic error of about 100 K in the tem-
with temperature much below 0.5 dex, in [Re]. perature scale WOL_JId give qfﬂarence_ of abou_t 0.2 dexin abun_dances
Apart from the well known Na-O anticorrelation (alsc{rom neutral and singly ionized Fe lines, while the averagierénce
nd by Carretta et al. (2003b, from whom we adopted the average
present among RGB sta_rs of NGC_: 2_80$ at a level that co tallicity for NGC 2808) is only-0.01 dex, implying a rather small
be at least comparable with that existing in M 13, Carretta et @stematic error on the temperatures. Moreover, the atomic parame-
2003b), our results from Na abundances alone allow us to C@ds for the strong Na D lines are well known, as well as the laboratory
clude that the standard first dredge-up and an additional mxcillator strengths for many of the Fe lines used to derive the abun-
ing mechanism at luminosities above the RGB-bump are ntainces from the UVES spectra.
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entire metallicity distribution but leaving almost unchanged thiable 2. Sensitivities of [N#e] abundances to demonstrative errors

star-to-star spread. in the atmospheric parameters.

Second, otherfeects exist, that may result in spurious sys-
tematic trends on the results if not taken into account. A clear Element AT Alogg A[A/H] Auv
example is provided by the corrections for departure from LTE +100K +03dex 02dex +0.2km st

considered in Sect. 4.1. In the bottom panel of Fig. 6 we have

. - star 51871Ts = 3970 K, logg = 0.62
shown (dashed line) the changes in [N& abundances that o 99

would result by neglecting the non-LTE corrections. Since, as [NyFe] ~ +0.205  -0.105 +0.011 —0.008
shown by Fig. 5 and discussed in Gratton et al. (1999), the

amount of the correction increases at lower temperatures and star 39060T; = 4357 K, logg = 1.28
gravities, had we neglected thiffect a marked trend would [Na/Fe] +0.172 -0.132 +0.028 _0.016

appear in the results, with Na abundances decreasing as the

stars approach the RGB-tip. Notice that thigeet should be in

principle larger at low metallicity. This should be borne in mind star 56136 Ter = 4905 K, logg = 2.38

when comparing the pattern found ifffidrent clusters, suchas _ [N&/Fe]  +0.292  -0.156 +0.041 -0.017
the survey of Na abundances in giants of M15 and M 92 by

Sneden et al. (2000) where Na D lines were also used, but no ) ) )
correction for departure from LTE was applied. uncertainty of about 0.25-0.30 dex in lgg So the contri-

Another dfect of some impact may be the choice of thRutions from these two terms must first be summed up alge-
grid of atmospheric models used in the analysis. In the presBfitally, and the result be summed in quadrature along with
study we adopted the Kurucz (1995; K95) models with il other independent contributions to give the final error due
overshooting option. We then repeated the analysis by COmptgt_uncertainties in all the adopted parameters. These typically
ing the Na abundances using the Bell et al. (1976; hereinaf@fge from 0.06 dex for the brightest stars in the sample up to
BEGN) model atmospheres, that are maybe a bit better at Qg0 dexfor the faintest stars observed at the RHB level.
producing the atmospheres of cooler stars such as those at thé © these, one has to add the uncertainties in the mea-
RGB-tip. Figure 6 shows (bottom panel solid line) thafgt Surements. These random errors (including e.g. the continuum
about 3900 K the BEGN models provide [[¥e] ratios about placement, the visual estimate of Na abundances from com-
0.04 dex larger than those derived with K95 models. At lowB@1iSon with synthetic spectra) can be evaluated from the rms
luminosity, aroundTez ~ 4900 K, the trend is inverted, with deviations of the average of Na abundances given by the two

abundances from BEGN models being about 0.08 dex lowdf D lines. They range typically from 0.05 dex at the RGB-tip,
than those from K95. The neffect is again a (small) treng: t0 0.06 dex around 4350 K, and to 0.07 dex for the faintest stars

if one used BEGN models and no corrections for non-LTE the sample.
the two opposite trends would nearly compensate each other. "€ resulting total random errors then vary from 0.08—
Anyway, also this flect would only tilt the distribution func- 0.09 dex for brighter stars and increase to as much as 0.12 dex

tion of Na abundances along the RGB, leaving the rms scaf@éitheé RHB level. The random error bars are displayed in the
untouched. upper panel of Fig. 6. Hence, the observed spread in Na abun-
Finally, random errors due to uncertainties in the adopt&é@nces is more than 5 times the error for the bright part of the
atmospheric parameters and to measurement errors may potéf2Ple and as much as B0 times the error when considering
tially add a random noise to the observed abundances. Are tH&y/0wer luminosity giants. S
enough to explain the observed scatter? In order to test this, weA first, firm result of these observations is then that large
evaluated the sensitivity of abundances to errors in the adopf@fations do exist in the abundances of elements produced
atmospheric parameters in the usual way, i.e. we repe‘.ﬂedl‘gh@roton-capture reactions at all luminosities along the Re_d
analysis changing by a given amount one parameter at a tifignt Branch of NGC 2808, as shown by the large spread in
(Terr, l0g g, [A/H] anduv). We performed this test on three typ{N&/Fe] abundances. . . .
ical stars spaced all along the RGB, the results of this exercise APart from specific computations, Fig. 7 allows to imme-
are summarized in Table 2. diately appreciate how much Na carffdr between pairs of
To correctly use this table, one has to notice that tfsdars having the same temperature, hence the same evolution:
changes in the parameters are arbitrary, and have been adopé@hysical status.
only for demonstrative purposes. For example, realistic errors
In Ter are not likely to exceed-50 K, whereas in Col. 2 0f g ' comparison with the Na distribution in other
Taple 2 we have used twice this value. Similarly, the gravity is Globular Clusters
unlikely to be wrong by much more than 0.1 dex and a conser-
vative estimate of errors in metallicity is about 0.1 dex (Carreffdne proton capture elements as Na in RGB stars have been
et al. 2003b), hence the values listed in Cols. 3 and 4 shostddied in several GC'’s, mainly by the Lick and Texas groups.
be scaled accordingly. Moreover, since our derivation of atmé/e may compare here our findings with what has been de-
spheric parameters uses the position of stars in the CMD, eved for the following GC’s ([FgH] values are all on the
rors in Teg and logg cannot be considered independent: e.gCarretta & Gratton 1997 metallicity scale): M5 (lvans et al.
an error inTe¢ of about 100 K would also correspond to ar2001; [FgH] = -1.11), M13 (Pilachowski et al. 1996b;
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g | 48060 (=0.05) ‘_._‘_‘._‘518%1 (40.2‘7_) 1 overimposed to primordial variations. Moreover, Pilachowski
> ! g 174 1 etal. (1996b, hereafter PSKL) and Kraft et al. (1997) made a
g 08 7 case for evolutionaryfeects being strongly at work in M 13,
o6 — which is also the template cluster as far as extreme oxygen de-
T 04 [ 4 pletion in RGB stars is concerned.
: 02 FE  interst. | interst. \( ) E The two clusters have been observed at similar resolutions
o jNohb2, Ny, (RelPT, . T 4 (R~ 11000 and 15000 respectively for M 13 and NGC 2808),
ik 10105 (+0.13)  ———-= 55627 (+0.70) 1 in both cases Na abundances come from spectral synthesis
2 aE ' : ' N 1 (5682-88 A lines, and Na D lines, respectively), the metallic-
& F 1 ities are quite similar (0.25 dex less for M 13), and only true
c0er 7 RGB stars are considered in the comparison.
go4E J interst. ] E We note here that 13 more RGB tip stars were observed in
02  interst ' "\ 0 i o' o T NGC 2808, with UVES, and preliminary Na abundances were
= a a - . .
] 42*165* 0‘106 —t— *516;6 *(‘)918 1 derived from abundance analysis based on the EW'’s of four
1 I _ Go8) TS A0k lines, the subordinate lines 5862-88 A and 6154-60 A. We do
= 08 b \ 4 notinclude these stars in the present analysis to maintain a strict
2 ek 1 homogeneity in our database, however it's worth mentioning
- W \-I 1 that they agree very well with the present results.
e« 0'4? S Y interst.  V E To evaluate the (possible) presence of evolutionary ef-
02 Nal|D2 | Ni . nalor 7, 7 fects we have to compare samples of stars ffedént phases
5890 5895 sg00  along the RGB. PSKL define as “RGB tip” stars those having
Wavelength (&) logg < 1, since they find an abrupt change in the Na abundance

Fig. 7. Observed spectra of pairs of stars witlffelient strenghts in distribution at this point, with [Né-e] becoming larger and less

Na D lines, at the top (3970 K), in the middle (4450 K) and at thg_ispersed for higher luminosity stars. We find a similar separa-

bottom (4906 K) of the temperature range spanned by our sampl@": butin our case the Na abundances decrease in the RGB tip

Star identifications are given at the top of each panel, together with ff@rs. While it is not clear if this point has some physical rele-
[Na/Fe] value. A few photospheric lines are indicated, while “interstvance, e.g. marking the onset of a particular regime when the
shows the position of the interstellar Na D lines. star approaches the last stages of lifetime as a red giant, in the
following we will adopt logg = 1.02 as separator (as done e.g.,
in M5 by Ivans et al. 2001) between RGB-tip and lower-RGB
Kraft et al. 1997; [F¢H] = -1.39), M 15 and M 92 (Sneden etstars (see also PSKL for a discussion on this point).
al. 2000; [F¢H] = —2.12 and —2.16, respectively). M4, stud-  However, before attempting any comparison, we have to
ied by Ivans et al. (1999), will not be considered here becaugfend a few cautionary words on the various factors that may
severe dierential reddening makes the separation of true RGRroduce spurious €ierences. When we compare results for
from AGB stars very diicult. bright and fainter objects, the larger random errors that are in-
We have taken the [NBe] values from the above quotedrinsic to the analysis of fainter stars can produce an artificial
papers, together with the photometric information that comgfrease in the abundance dispersion. Moreover, when we com-
originally from: Sandquist et al. (1996, M5), Cudworttpare abundance analyses done lffedént groups we also have
& Monet (1979, M13), Cudworth (1976, M 15), and Reeo take into account the fiierent tools adopted: the use of the
(1992, M92). The distance modulin(~ M)y and reddenings Kurucz or BEGN models for atmospheres, or the choice about
were taken from Harris (1996). These [Re] values come correcting or not for NLTE, both introduce a tilt (see Fig. 6)
from moderately highR = 11 000) to very highR = 60000) that influences the median values of the Na distributions.
resolution spectra. The analysedfeli from ours in some  Figure 8 (lower panels) shows the distribution along the
parts: in some cases Na abundances have been derived R@®B's of the observed stars for NGC 2808 and M 13, in the
the 5682-88 A doublet (M5 and M 13), in others from th@ereddeneds — V)o, My plane, while in the upper panels are
NaD lines (M 15 and M 92); the Bell et al. (1976) grid of modeplotted the distributions of the [NEe] ratios for RGB tip and
atmosphere was usually used by the Texas-Lick group; finaltywer RGB stars; the vertical lines indicate the median value of
no correction for departure from LTE has been applied (thisdach distribution. NGC 2808 and M 13 appear to behave quite
slightly less important when the 5682-88 A lines are used). differently in both binganges. As already noted by PSKL, in
M 13 the brightest stars are skewed towards high Na abun-
dances (the median of the [Nee] values is+0.41 dex) and
show a small dispersion, while among the lower RGB stars
The largest samples of RGB stars are for M13 (112) atidere is a number of objects that are more Na-poor (median
NGC 2808 (81), while less than about 30 RGB stars haw®.16 dex) and with a larger dispersion. Notice that the — small
been observed in the other GC’s. The first comparison therdifferential corrections (needed to translate abundances de-
will be done between these two GC’s, since statistical signifived with BEGN models to our own scale) between the two
cance and large sample of stars iffelient evolutionary phasesbins would only increase thefigrence, shifting the medians
are required to disentangle possible evolutiondigats, if any, apart.

6.1. NGC 2808 and M 13



152 E. Carretta et al.: Proton capture elements in NGC 2808. .

logg=1.02, 11 st. —

logg=1.02, 11 st. —

0.6 ogg=1.02, 18 st - review by Kraft 1994 for references). Instead, in NGC 2808
this enhancement of the number of Na-rich stars is not seen,
and the variation goes the opposite way, as in other clusters

(see below).
The conclusions of this comparison are that:

(i) in NGC 2808 the evolutionaryfiect claimed in M 13 —if at

all present — is only at the noise level. This would imply that
the Na abundance distribution along the RGB is most proba-
bly of primordial origin, either because it was imprinted in the
gas from which these stars originated, or because it was pro-
duced by an early pollution event due to a first generation of
oy A ... intermediate-mass AGB stars;

0 1 0 1 1 (ii) this finding seems to be quite at odds with what one may
[Na/Fe] [Na/Fe] [Na/Fe] expect from the distribution of stars on the HB, which is rather
peculiar in NGC 2808 (an important example of “second-
parameter” ffect). Gratton (1982) already noted that about one
fourth of the HB stars lie on the blue HB, which is quite unex-
pected given the metallicity of the cluster.

On the working hypothesis (recently explored by D’Antona
e A et al. 2002) that Na-rich stars are also enriched in helium (as
05 1 15 05 1 15 well as depleted in oxygen, as found in NGC 2808 by Carretta

(B-V), (B-V), et al. 2003b), they would populate exactly the blue part of
the HB. This, however, would require that aboy# bf the
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Fig. 8. Bottom panelsCMD’s for the RGB stars studied in NGC 2808 . . . L
and M13: filed and open circles represent stars with dog stars in the upper RGB stand out as Na-rich objects, which is

and >1.02, respectively; crosses indicate objects not considerednﬂ?ybe_Observed in M13 but not very clearly in NGC_’ 28(_)8' The
the histograms because they are possible AGB stipper panels SCenario proposed by D’Antona et al. (2002) also implies that
histograms for the [N#&e] values, for logy < and >1.02 respec- More than one episode of star formation may have occurred
tively, normalized to the total number of stars used in the adoptedthin a GC, producing a bi(multi)-modal mass distribution on
range (labelled in the box). For NGC 2808 we plot both the LTEhe HB. A similar type of distribution in the Na abundances
and NLTE cases. The vertical lines (dotted: NGC 2808 LTE; solighould then be present along the RGB, which however is not
NGC 2808 NLTE; dashed-dotted: M 13) indicate the median valug$served with a dficient degree of confidence.

for each considered range and case; the value for the NLTE distribu-

tions in NGC 2808 are shown also in the M 13 panels for comparisq[ﬂ In our opinion, the lack of a clear peak at high Na values in

e distribution for NGC 2808 is an indication that the possible
link between HB morphology (extension and mass distribution)

] and other parameters such as the extent of chemical anomalies
In NGC 2808 the opposite seems to be true: the RGB T'lﬂay be not very tight.

stars are Na-poorer, on average: a median value of 0.13 dex

is found, to be compared with 0.40 dex for lower luminosity

RGB stars. When running simple Kolmogorov-Smirnov tests,2. Comparison with other clusters: M5, M 15, M 92

these diferences (between the two bins for the same GC, and

between GC'’s) appear significant: the two ranges indggr As a result of the above comparison, can we deduce that
luminosity andor temperature) have very low probability ofNGC 2808 is a peculiar GC? Or is instead M 13 that behaves
being extracted from the same parent population. MoreoveRusually? Already Ivans et al. (2001) in their study on M5
both ranges seem to be statisticallffeiient between M 13 and noted that this cluster does not behave like M 13 (see their
NGC 2808. While a larger spread at hotter temperatures is &@. 11). To M 5 we may add M 15 and M 92: even with smaller
pected because of the worsening of spectra quality at lowgtmbers, the samples in these three GCs reach down to the
luminosities, it is the median value that matters, as far as tB@me luminosity levelNly ~ 0) of the bulk of our program
interpretation of this data is concerned. stars, so we feel entitled to repeat the comparison.

The interpretation by PSKL of this pattern of abundances The results are displayed in Fig. 9. In all three cases the
in M13 was that, in addition to the primordial variationg§Na/Fe] distribution does not vary significantly (as deduced
among stars, an evolutionarytect is present, that increasesgain by the Kolmogorov-Smirnov test) between the two bins
the Na abundance somewhatfeiently for each star, since(upper and lower RGB), and the median values are quite simi-
the mixing dficiency is diferent from stars to star. This evo-ar, in particular for the lower RGB. Again, based on this test,
lutionary Na enhancement is dominant in the upper RGBI 13 appears to stand out among globular clusters, since none
as witnessed also by the lowering of carbon isotopic ratiofthe examined clusters shows a clearcut shift toward Na-rich
and carbon abundances (accompanied by increasing nitrogems when climbing up the RGB. This is not surprising, as
abundances climbing up the RGB in several clusters, see Mé3 is peculiar in other ways, like its anomalously extendend
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existing the star forming gas, or is due to pollution on the star
surface.

3 — This Na abundance dispersion, and the (absence of)
variation towards the RGB tip is similar to what was found
for other GCs, e.g. M5, M 15, and M 92, but at odds with what
is seen in M 13, the only other cluster for which a very large

0.2

0.6 [ loguston 16 st ] [ logee10z 9 st. 1 [ logestoz, 7 st. ] 2 — We have compared RGB-tip to lower-RGB stars to see
C 1t 1 1t 1 1 whether there is any evolutionaryfect acting like in M 13,
04 1 1 r 7 and enhancing Na for the brighter, more evolved giants. This
oo - q1t 4t - effect does not appear to be important in NGC 2808, since
T 1T 1T 1 brighter RGB stars have lower average Na abundances; if a
F- A H b3 B a0 1 similar mechanism is at work in this cluster, it only contributes
06 r logg>1.02, 13 st. | [ 1 F "1 adding some noise to a primordial dispersion. Our data are not

o4 - ‘ q1t 4t - suficient to distinguish if the dierent composition was pre-

g D EMis T e ] ez S N sample of RGB stars has been observed.
RE El % El 2 E Homogeneous analysis of large samples of stars observed
£ E 3B "2 1L 2 3 at high resolution and higts/N is now possible for all
o g 1F & 1F @gg) 1 Galactic globular clusters, with the new multiobject spectro-
E 1 F 1 F 7 graphs mounted on 8-10m class telescopes. This is the road
bl b bod bl oo bod b boo Lo Lod we have to follow if we wish to make significative improve-
0.5 1 1.5 0.5 1 1.5 0.5 1 1.5

(B-V), (B-V), (B=V), ments on our knowledge of stellar formation and evolution in

globular clusters.
Fig. 9. The same as Fig. 8, but for M5, M 15, and M 92.
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