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ABSTRACT

Aims. Clusters of stars are key objects for the study of the dynalndod chemical evolution of the Galaxy and its neighbors.
In particular chemical composition is obtained fronffelient kinds of stars (hot main-sequence stars, cool majnesee stars,
horizontal-branch stars, RGB stars) usinffatient methodologies. Our aim is to apply these methodddgi¢he stars of the Open
Cluster NGC 6475. Obtaining a census of the most importaments we will be able to test their consistence. We finallgtvia
establish more robust fundamental parameters for thiserlus

Methods. We selected high /8l high resolution spectra of 7 stars of the Open Cluster NGI564m the ESO database covering
the Ter range 4500-10000 K and of luminosity class V (dwarf) and ¢iafts). We determined the chemical abundances of several
elements. For hot stars &>9000 K) we applied the Balmer Lines fitting method to obtaiéthospheric parameters. For cool
stars (Eg<6500 K) we used the F#l abundance equilibrium method. For the two groups of sfaesuse of dierent line-lists was
mandatory. LTE approximation was used. For elemefiescted by NLTE deviation (C,N,O,Na,Mg) corrections werelaggp The
abundance of many elements were obtained from the measurefmine equivalent width of spectral lines. For those eletsidor
which only blended lines were available (O, He) comparisbreal spectrum with synthetic ones was used. Hyperfine tstreevas
taken in account for V and Ba.

Results. First of all we showed that the two methodologies we used ainendances which are in agreement within the errors. This
implies that no appreciable relative systemaffeets are present for the derived chemical content of coohandtars. On the other
hand giants stars show clear chemical peculiarities witheet the dwarf concerning light elements (up to Si) and @@dn. This
fact can be explained as an evolutionaffeet. Then, having a new estimation of the metallicity for thester ([F¢H]=+0.03:0.02,
[a/Fe]=-0.06£0.02) we fitted suitable isochrones to the CMD of the clustarining the basic parameters (E(B=\0.08:0.02,
(m-M)o=7.65:0.05, Age=200+50).
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1. Introduction mag. Age was found to be in the range 170-220 Myr, and the

L o ) .. _metallicity is slightly super-solar ([[7E]]=+0.14 according to
Metal abundance determination of individual stars in GadaciSestito et di. 2003). The cluster possesses both hot stapeof
open _cIusters b_rlngs useful mforma‘uon on the formatlpd afral type around B, and evolved red giants of spectral tyaiab
chemical evolution of a cluster itself, on the importanceni-

ing and rotation in the surface chemical properties of e&@h Spoyever a throughout chemical investigation of both coal an
and, finally, allow to determine solid estimate of clustetkbu ot stars together has never been performed.

properties as distance, reddening, age and age spreadd&eny, this paper we describe in deep details the techniquesitous
tailed studies are now available, like the ones on Coma B®¥8N jher abundances for a variety of elements in hot and coe sta
(Gebran & MOHIG"_ZOC‘S), the Plrelades (Gebran et al. 2008), afhoth dwarf and evolved), giving special emphasis to the-com
Praesepe (Fossati elial. 2007, 2008), to make a few examplegyarison of the results for elements belonging to the samepgro
The ESO archive contains high resolution spectroscop&ofat (,, iron peak or light elements). The results are then used-to re
many stars in Galactic clusters which have been taken fer difse the fundamental parameters of the cluster.

ferent purposes, but that have never been fully investigdt® The |ayout of this paper is as follows. In Sect. 2 we desctilee t
searched the archive and found several interesting cases, ghservation materiatyhile in Sect. 3 the build-up of suitable
present here a detailed analysis of individual high resmiut |ine.jists is illustrated. In Sects. 4 and 5 we discuss the -
spectra of stars in the open cluster NGC 6475. This cluster Wination of atmospheric parameters for cool and hot stars
stud_led before several times _(Prosser et al.r 1996, FO$_Si1tI €respectively, and the abundance determination is analyzed
2007/ Meynet et al. 1998, Kharchenko €t al. 2005), and iEirsect 6 A brief re-visitation of the cluster parameters is finally

outto have areddeningin the range 0.06-0.10 mag and adistagiyen in Sect. 7, while the paper conclusions are highliglire
modulus not well constrained but in the range (MyMJ.0-7.7 gect. 8.
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Table 1.Basic parameters for the observed stars.

ID a(h:m:s) 6%y V(mag) B-V(mag) Sp.T. RM(km/s)  wesini(kmys) Ter(K) log(g)(dex)  w(kmy/s)
HD 162679 17:53:45.9 -34:47:29 7.16 0.03 B9V -17.06 37 9962 463 0.40
HD 162817 17:54:27.1 -34:28:00 6.11 0.04 B9.5V -15.66 65 1965 3.29 0.85
HD 162391 17:52:19.8 -34:25:00 5.85 1.10 G8illl -14.51 - 4800 1.60 1.83
HD 162587 17:53:23.5 -34:53:42 5.60 1.09 K3l -17.18 - 4850 2.10 1.65
JJ10 17:53:54.2 -34:46:.08 12.53 0.74 KoV -14.87 - 5700 4.30 101
JJ22 17:53:08.9 -34:4552 11.11 0.50 F5-GoV -14.96 - 6300 05 4. 1.25
JJ8 17:54:09.7 -34:53:13  13.30 0.87 K5V -14.83 - 5400 4.50 850.
2. Observations and Data Reduction the identification (ID), the coordinates,(5), V magnitude,

) , , B-V color, Spectral Type (Sp.T.), heliocentric radial &ty
Observations of stars in the field of the open cluster NGC 64ZF5VH), rotational velocity for the hot stars dsini), efective

were carried out during August 2001 in the context of thfemperature T, gravity log(g), and microturbolence velocity
ESO DDT Program |ID 266.D-5655 (Bagnulo etlal. 2003). Thig (for determination of rotational velocity and atmospheric
program had the aim of observing spectroscopically a 'argﬁrameters see Sec. 4 and 5).

sample of field and cluster stars from ultraviolet (UV) to Nedrccording to SIMBAD databaBethree of them (HD 162679,
infrared (NIR). _ HD 162391, and HD 162587) are binaries, but no evidence of
Observations were performed with UVES on board qoyple spectrum was found (no double peak in the cross-
UT2(Kueyen) telescope in Paranal. Spectra of 32 st&f§relation function in the radial velocity determinatjoiVe
candidate cluster members (selected from WEDBA datdbasgynciyde that the secondary component must have negligible
were obtained using the DIC1(34680) and DIC2 (43¥860) influence on the spectral energy distribution, and so fieces
settings with a 0.5 slit width. The spectra cover the wavelengthy, our spectroscopic analysis are expected.

range 3000-10000 A with a mean resolution of 80000. We do not have any information on the other 4 stars, but 3
Data were reduced using the UVES pipeline (Ballesteret gk them (3J8, JJ10, JJ22, see K. 4) lie in the single star MS
2000) Where. raw data were b|as-sut_3tracted, flat-field ctadec region, well detached from the binary sequence. In any case
extracted using the average extraction method and wawvélengl| of them show no evidence of a double spectrum or double
calibrated. Sky subtraction was applied. Echelle ordersWex peak in the cross-correlation function when the radial cigjo
calibrated using the master response curve of the instrtymejetermination was performed. Also in this case we conclbae t
and an atmospheric extinction correction was applied.liyina the secondary component, if present, has negligible indeien

the orders were merged to obtain a 1D spectrum. All the retlucgn the spectral energy distribution, and so rfte@s on our
spectra can be downloaded from the UVES POP web int&fac@pectroscopic analysis are expected.

For our purposes we selected stars having low rotatigr@®00
kmy/s) allowing the measurement of equivalent width (EQW) of
spectral lines. 3. Theline-lists

Our choice left us with 7 membergovering the spectral .
type range K5-B9 and of luminosity class V (dwarf) and _EarIy (Hot) and late (coo_l) type stars in our sample have fevv_
f not common spectral lines. For this reason we had to build

Il (giants). SN of their spectra vary from star to star and i . Y : .
is function of the wavelength, but it is greater than 200 ie th{W0 different line-lists forthe purpose of measuring their

Worst case abundances Abundances for most of the elements can be
Membership was checked by radial velocity measurement tﬁ)&tamed by the EQW method in both cases.

was obtained using théxcor IRAF, which cross-correlates LZ"B%',L')St Igor( C]f))m:rt:rrﬁ‘eréfss \I/\rl]clet;glI?héik?g-égzrgaiéo?iteac
the observed spectrum with a template having known rad‘u »). 109{gl) p

velocity. As templates we used two synthetic spectra, tﬁlergengbyasolarr]-mverse analﬁlssm orderlto removemaercd h
former for cool stars and calculated for a typical Sun-likead Imabundance with respect to the mean value. We measured the

(Tex=5777, log(gi-4.44, v=0.80 ks, [FgH]=0.0), and the equivalent widths from the NOAO solar spectrum (Kurucz et al

latter for hot stars and calculated for a typical AOV dwat%g&l) by Gaussian fitting (and using a voight profile for the

(Ter=9500, log(gi4.00, w=1.00 km's, [F¢H]=0.0). Spectra strongest lines) and derived the abundances using a model

were calculated using the 2.73 version of SPECTRUM, thd IO%&S?—FTET \Icirotgg kcr;a;golr]ol;a(lFZ()J:Iz;rS%aéz)r?et65§:=5777 K,

thermodynamical equilibrium spectral synthesis progrezaly Solar abundances we obtained from this line-list are replart

distributed by Richard O. Grily Table[2 and compared with Grevesse & Sauval (1998).

The error in radial velocity - derived frorfxcor routine - is For some elements (Al and Nd) the agreement was not good
less than 1 kyfs. According to the measured R\and to the (AA>0.2 dex); in this case we redetermined log(gf) values

typical velocity dispersion of Open Clustersl(-2 knys) all the by averaging the data obtained from VALD & NIBBtomic

selected stars turn out to be members. Finally, for the adouee parameters databases. Abundances from the new log(gf) pa-
analysis, each spectrum was shifted to rest-frame velacity rameters showed a better agreemexA<€0.1 dex), and again

continuum-normalized. ey were adjusted by solar-inverse analysis. For N and O
In Table[1 we report the basic parameters of the selectest stgP y ) y ysIS. ;
abundance we were forced to apply the spectral synthesis

1 httpy/www.univie.ac.gwebdd 4 httpy/simbad.u-strasbg/gimbad
2 httpy/www.sc.eso.organtiagguvespogindex.html 5 VALD and NIST database can be
3 See | httg/www.phys.appstate.efpectruryspectrum.html for found at http/vald.astro.univie.ac.at and

more details. httpy/physics.nist.ggPhysRefDatgASD/lines form.html
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Fig. 1. Example of the spectral synthesis method used to derive NDdiod cool stars (applied to #HD 162391, left panel), and He
and O for hot stars (applied to #HD 162817, right panel). @amius lines are the observed spectra, while dashed lieesyathetic
spectra. Abundances used in the synthesis are indicatet! &oundace determination spectral regions of 0.4 A widtitered at
4209.8 and 4212.0 A were rejected because of the very pomrdegtion of the observed spectrum. The reason is that soee |
are not identified in the solar spectrum. We tentativellsitauted these lines to Fe, which appears to be a bad choieeg slid not
include the relative spectral regions in the fitting.

method because these lines affeeted by severe blending withV, and from 5853 and 6496 A features for Ba respectively. In
other spectral features. O abundances were obtained frem ltioth cases spectral synthesis was applied and the hyperfine
6300 A forbidden line, while N from CN features due to th€omponents were taken from McWilliam & Rich (1994) and
Av=-1 band of the violet system {8-X?%) near the band-headMcWilliam|(1998). Ba lines have also isotopic components,

at 4215 A. Line-lists for the synthesis of the O line and cRnd for the isotopic ratios we assumed the solar values as
band were taken from the more complete lines compilation 8escribed inlMcWilliami (1998). _
SPECTRUN. The list for the CN feature was calibrated on th@s a results of this procedure all our abundances agree with
Sun in order to match the synthetic spectrum with the NOAGrevesse & Sauval (1998) within 0.1 dex except for Ball for
one. In this case a complete calibration procedure wouldireq Which a diference 0f0.20 dex was found (see Tahle 2).

also a comparison with the spectrum of a late type and well

known stars (i.e. Arcturus), in order to adjust log(gf) vaiof Line-list for hot stars was taken from VALD (Kupka et al.

those lines not present in the Sun, bffieating cooler stars such : =

o 2000) database for a typical AOV solar metallicity star. he
a‘?’”%?) Eln6f23t9:rleang ';g 1€ c?rSt?\?e H:)I?nlesn? V(Zrz;?]ngapr?hcaetss o (gf) parameters were then re-determined by a inversk ana
wi In Tutureé papers. W Y & EVEHis measuring the equivalent widths on a reference sprctru
without this adjustment the agreement between.synthetllc e Vega spectrum was chosen for this purpose. We measured
obser\(ed spectra for HD 16391 and HD 162587 is satlsfactchWS on two Vega spectra, the first (4100-6500 A wave-
(see FigL1L). length range) obtained from Elodie database (Moultaka et al

Another effect to consider is the hyperfine structure of
the odd-numbered elements such as Sc, V, Co, Cu, Y and2004), and the second (3900-8800 A wavelength range) from

Ba. These elements possess non-zero nuclear spin, whiclakeda etal.(2007). Since Vega is a rotating star, EQWs were
result in considerable splitting of the lines into hyperfine obtained from direct integration of spectral features. te t
components. According td McWilliam & Richl (1994), in the Common wavelength range (4100-6800 A) the measured EQWs
case of weak lines this split #ects only the shape of the line Were averaged. The atmospheric parameters for Vega were
and not the EQW, leaving the derived abundance un-altered. obtained in the following way. As for &, Vega is primary
On the other hand strong lines are desaturated’ increasing standard because both angular diameter and bolometric flux

their EQW, whose final efect is a anomalously greater are available. From the literature we obtain the following
abundance for the element if no correction is applied. information: f=29-8&1-.20><10—9 W/m?, 6=3.223:0.008 mas.
For Sc, Co, Cu, and Y we considered only weak lines (EQW Hence, we infer anféective temperature of 964000 K.

50 mA or lower according to[McWilliam & Rich (1994)). For Since a direct estimate of Vega gravity is not available, we
V and Ba only strong lines were available, and we derived determined log(g) using H Balmer lines fitting. We obtained

their abundances from 6274, 6285 and 6812 A features for °9(9)=3-97£0.05. The microturbulence velocity was obtained
by minimizing the slope of the abundances obtained from

Fel lines vs. EQW. We obtained;1.02:0.05 kmis and

6 Seé http/www.phys.appstate.efpectrunspectrum.html and ref- 10ge(Fe)=7.02 dex. The iron content normalized to the Sun
erences therein. results [FeH]~-0.5, in agreement with previous determinations
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(Qiu et al 2001). Vega abundances we obtained are reparteghossible NLTE &ects. We did not find significant filerences
Table2 and compared with Qiu et al. (2001) and with the Sun(A[C/H]<0.05, in agreement with Takeda & Honda 2005), and
Also in this case for some elements (He,O) we were forced tteerefore we did not apply any NLTE corrections to the detive
apply the spectral synthesis method which compares spectlundance for this element.

features to synthetic spectra havingfelient abundances ofNa content was derived from the 5682-5688 and 6154-6160 A
the studied element. In fact, spectral features of He (58y5 floublets, while Mg one from 5711,6318,6319 high exitacion
and O (6156-6158 A) are composed by several blended lifés. Both Na and Mg lines are known to beted by a not
of the element. Suitable line-lists for the synthetic speat Negligible amount of NLTE gect. For this reason abundances
calcolation were taken from VALD & NIST databases and th@btained in LTE approximation have been corrected accord-
log(gf) values averaged. ing to|Gratton et al. (1999). Each Ilne was treated §eparat9|

It was not possible to derive He abundance for Vega becaese @gcause the amount of the correction is a function of the

target spectral line (5875 A) was too contaminated by tellurEQW, besides the atmospheric parameters of the star. In
lines. Table [2 and[3 we report only the mean LTE and NLTE

abundances for the Sun and for our targets respectivelly.
All the analysis (both for the Sun and Vega, and for the/nfortunately incompleted sources of NLTE correction for

target stars) was performed using the 2007 version of MOQt abundances are available in literature, which provides
(Snedeh 1973) under LTE approximation coupled with ATLAS@OITections for dwarf or sub-giants stars in the range KO-F5

model atmospheres (Kurlicz 1992). (Baumueller & Gehren 1997 and Gehren et al. 2004). However,
Spectral featuresféected by telluric contamination were re-2ccording tol Asplund(2005) NLTE corrections for Al are
jected. important for metal poor stars ([f¢]<-0.5) and less important

C, O, Na and Mg abundances were corrected for NLTEats  at decreasing temperature. Also gravity appears to havealljs
when necessary as described in thext Sections, while N influence on the correction but no data are available fortgian

content for Vega and the hot stars in our sample was correc&ars- Since cool stars in our sample are metal rich and the tw
as described in Sec. 6. giants (HD 162391 and HD 162587) are very coalzd4800

K), we estimate that no NLTE corrections appear necessary fo
this element.

4. Atmospheric Parameters for Cool stars

For cool stars (HD 162391, HD 162587, JJ10, JJ22, JI)Atmospheric Parameters for Hot stars

the classical method for obtaining spectroscopic atmasphe .
parameters is to use the abundances from EQW ofF B8l Atmospheric parameters of hot stars (HD 162679, HD 162817)

lines. Initial estimates of the atmospheric parametgr Were are routingly determi.ned by fitting the Ba'm?r lines of obser
obtained from the Sp.T. reported in Talle 1 according ectra with synthetic ones. For our analysis we used a é_et_s o}
the relations given by Straizys & Kuriliene (1981). We the LAS9 model atm_ospheres calculated f(_)r solar ”.‘eta”'c'ty
adjusted the féective temperature by removing any trend in th oughly the metallicity of the cluster as derived by thisds).
relation between the abundance obtained from Fe | linestend parting from these model atmospheres we calculated spectr
excitation potential. At the same time, the input log(g)ues with Lemke’s version of the LINFOR program (developed orig-

were set in order to satisfy the ionization equilibrium of Fel inally by Holweger, Stéen, and Steenbopk at K]el University).
and Eell until the relation: To achieve the best fit, we used a routine which employs a

test. Theo necessary for the calculation gf is estimated
from the noise in the continuum regions of the spectra .The
loge(Fell), — loge(Fel), = loge(Fell), — loge(Fel), fit program normalizes model spectesd observed spectra
using the same points for the continuum definition. We used th
) Balmer lines H to Hi» (excluding H to avoid the Call H line)
was accomplished. for the fit.
Finally, the microturbulence velocity was obtained by remg The formal errors given by the routine arT=10-20 K,
any slope in the relation between the abundance from Fes lingog(g)=0.005-0.01, which, according fo_Moehler & Sweibart
and the reduced EQW. Typical internal errors for this methqgo06) are half of the true value. For this reason we assumed a
and the 3N of our spectra areATe;~30-40 K, Alog(g)~0.1, internal uncertainties for our determinations Af¢=20-40 K
Avi~0.05 knys (see _Marino et all (2008)). Adopted values foéndAIog(g)zo.Ol-0.0Z dex.
the atmospheric parameters are reported in Tdble 1. Microturbulence velocity was obtained by removing any ¢ren
Abundances for most of the elements were obtained fram the relation between abundance and reduced EQW for Fel
EQW measurements. All the cool stars do not show evidenggd Fell lines and the typical internal error is 0.1/knobtained
of rotation, and for this reason EQWs were obtained frogk in Marino et 4l. (2008).
Gaussian fitting of spectral features. The adopted values for the atmospheric parameters aretedpor
For N and O abundance we were forced to apply the spectipiraple].
synthesis method as said in the previous section. Sdg Fig.1 f
an example of the synthesis for N and O applied to #HD 162391. Apundances for most of the elements were obtained from
In addition we applied the spectral synthesis method todhe f EQW measurements. The selected hot stars show clear egidenc
bidden blended Cl line at 8727 A to complete the C abundanasfsrotation. As a consequence, we refrained to obtain EQWs
obtained from EQW of the other unblended C features. from a Gaussian fitting, but used a direct integration of spéc
CI-8727 is formed strictly in LTE mode at odd with the othefeatures.
features {=4775,5052,5380 A), so our aim was to compar®n the other hand, for some elements (He,O) we were forced to
the abundances obtained from the two set of lines to evaluaply the spectral synthesis method as explained in Se@e3. S
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Fig. 2. The correlations N-C, Na-C, Na-O, Na-Mg, Na-Al, and Si-O éar stars. Filled circles are the giants, open ones are the
cool dwarf, while open squares are the hot dwarfs.

Fig[d for an example of the synthesis for He and O applied twmol dwarf stars, so we conclude that the NLTE correctiorots n
#HD 162817. necessary in this case.

For He we simply give the LTE value because any detailed
From spectral synthesis we were able to measure also MIETE treatment is beyond the purpose of the paper. However
projected rotational velocity of the stars (reported inl@@pby in [Villanova et al. [(2009) we studied a sample of hot Globular
confronting the shape of the spectral lines with synthegtécsa. Cluster members in agf-log(g) regime comparable to the hot
The typical rotational velocity error is 3-5 ke (obtained by stars of the present paper. We found a He content in very good
comparing rotational velocities fromftiérent lines). agreement with the primordial value for the Universe, which
Na abundance was derived from the 5889-5895 A doublstggest that for objects cooler than 10000 K NLTE correction
known to be &ected by strong NLTE féect. NLTE correction for He in not very important. We leave to a future paper a
for this element can be large (up to -0.50 dex according €@gtailed discussion about this argument.
Takeda et al. 2003). For hot stars in our regime a full disonss
of NLTE correction for Na-double is done in Mashonkina et al.
(2000). For our targets a correction of -0.30 dex is required
Also the O triplet at 6156-6158 A isflacted by NLTE and in 6. Results of the spectroscopic analysis
this case we applied corrections|by Takeda (1997).
The NLTE correction for N, necessary for hot stars, is quite
disputed issue (see Takeda 1992 and Lemke & Menn|1996)
will be discussed in Sec. 6, while C abundances were codec

according to Takeda (1992). ; e :
e . - roups in agreement within 0.10-0.15 dex in the worst case.
No NLTE corrections are available in literature for He or M ased on this good agreement, we can conclude that

in our Teg regime. However the Mg abundances we obtained D 162679 and HD 162817 are normal /B objects, not
LTE approximation well agree with those ones obtained frogh‘ected by deviation of the superficial abundances, ’WhiCh

Chemical abundances we obtained are summarized in Thble 3.
Fable[3 demonstrates that there is a good agreement between

and cool dwarf stars as far as the abundances of common
Sements are concerned, being the mean abundances of the two
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Table 3. Abundances (log(N/Ny)+12) obtained for our stars. The absolute (9th column) aretmed to the Sun (10th column)
averaged abundances were calculated rejecting the twbgjan (see Sec. 6).

EL HD 162679 HD 162817 HD 162391 HD 162587 JJ10 3322 JJ8 <loge(E)> _ <[El/H]>
Hel 11.1¢0.05 11.180.05 - - - - - 11.180.04 +0.1720.04
o] 8.33 - 7.820.05  8.330.02 - - 8.44:0.06 - -
Clnwre 8.45 - - - - - - 8.440.01  -0.06:0.01
NI 8.20 - 8.330.02 8.1@0.06 7.920.04 - 7.920.03 7.920.02  -0.020.02
NlNLTE 7.80 - - - - - - - -

ol 8.97:0.04  9.020.05 8.420.05 8.620.05 8.820.05 - 8.92:0.05 - -
Olyre  8.83:t0.04  8.83:0.05 - - - - - 8.8%0.02 +0.04:0.02
Nal 6.53:0.05 6.680.08 6.840.07 6.720.04 6.380.05 - 6.25:0.03 - -
Nalyre 6.23:0.05  6.380.08  6.980.07 6.820.04 6.310.05 - 6.120.03 6.240.05 -0.080.05
Mgl 7.43 7.61:0.09 7.59 7.60 7.540.06 7.430.03 7.430.04 - -
Mglnire - - 7.95 7.82 7.580.06 7.580.03 7.440.04 7.530.04 -0.03:0.04
Al - - 6.49+0.11  6.330.03 6.130.03 - 6.140.04 6.130.01 -0.3@0.01
Sil - - 7.72:0.06  7.7%0.03 7.580.03 7.520.04 7.5%0.02 7.530.02  -0.080.02
cal - 6.42:0.10  6.4%0.06 6.440.04 6.320.05 6.330.04 6.46:0.01 +0.01+0.01

Scll - 3.02

- - 3.050.04 3.040.05 3.040.06 3.050.01 -0.040.01
Til - - 4.91+0.05 4.980.03 4.96¢0.03 4.920.05 4.960.02 4.950.02 +0.01+0.02
Till 4.87+0.04 4.95%0.04 4.920.03 4930.04 4.820.02 4.840.04 4.9%0.05 4.9%0.02 -0.0%0.02
\ - - 3.83+0.01 3.960.01 3.920.02 - 4.030.01 3.940.04 -0.060.04
Crl - - 5.68+0.06 5.720.03 5.620.02 5.740.05 5.6%0.02 5.6&0.02 +0.05:0.02
Crll 5.72+0.05 5.82:0.07 5.720.11 5.8%0.06 5.620.04 5.660.04 5.530.02 5.650.04 -0.020.04
Fel 7.46:0.08 7.550.05 7.520.01 7.5¢0.01 7.540.01 7.5%0.01 7.440.05 7.53%0.02 +0.03:0.02
Fell 7.47#0.03 7.62:0.03 - - - - - 7.540.07 +0.03t0.07
Col - - 4.87%0.06 4950.06 4.740.03 - 4720.02 4.720.05 -0.060.05
Nil - - 6.28+0.04 6.220.02 6.2%0.02 6.250.02 6.120.01 6.220.02 -0.06:0.02
Cul - - - - 3.98 - 4.060.05 4.0%0.05 -0.140.05
Znl - - 4.63 4.48 4.460.02 - 4.48 4.460.05 -0.150.05
Yl - - - 2.40 2.27#0.03 - 2.3&¢0.05 2.3@0.05 +0.06+0.05
Ball - - 2.60+0.05 2.6%0.02 2.46:0.01 - 2.420.01 2.440.02 +0.13:0.02
Lall - - - - - - 1.39 1.39 +0.13
Cell - - - 1.59 - - 1.720.04 1.7%0.04 +0.18:0.04
Ndll - - - - - - 1.95 1.95 +0.31

affects peculiar (ApBp) stars. This results agrees with in the case of He and O abuncances, where spectral synthesis
Folsom et al. (2007), where authors find a normal solar was used. However Fif] 1 shows that the adoptsihivvalue
chemical composition, within the errors, for HD 162817. well reproduces the observed spectrum.
On the other hand [Folsom et al. [(2007) showed that the
other NGC 6475 AB stars in their sample have peculiar A second interesting result concerns light elements (from C
composition and present a huge variation of solar scaled to Si), that show clear trends (as we can see in[Big. 2) defined
abundances of many elements (from C up to Ba) with by the abundances of the two giant (filled circles). Thosessta
respect the mean chemical content of the cluster as tracedturned out to be more /O-poor and MNa-rich with respect to
by cool dwarf or giant stars. This variation can reach the the dwarfs (open circles and squares).
value of +2.0 dex, depending on the element. Our variation, These trends or correlations are similar to those found for
if present, is lower than 0.10-0.15 dex for all the element Globular Clusters (GC), where they seem to be primordial and
we studied. Because of this we confirm that HD 162679 and due to the dierent composition of the interstellar medium from
HD 162817 do not present surface abundance peculiarities which stars of dierent ages were formed (see_Gratton et al.
of Ap/Bp stars. This result can be easly explained by the high 2004 for extensive references) withy@poor and MNa-rich
rotation of HD 162679 and HD 162817 (ysini>35 kmy/s), stars representing the younger generation.
which, according to/Hempel & Holweger (2008), mixes the In our case trends are fully explained as an evolutionary
stellar envelope inhibiting diffusion processes which cause effect due to the migration of light elements produced by the
chemical anomalies. H-burning cycle from deeper regions up to the photosphéee af
Based on this fact we can affirm also that no appreciable stars have left the MS.
differential systematic errors affect the two methods used for However the two phenomena can be correlated, because in
abundance analysis, which was one of the main aims of this Globular Clusters the younger generation ofOtphoor and
paper. In any case differential systematic errors, if present, are  N/Na-rich stars is thought to be born from material polluted
lower than 0.10-0.15 dex for all the chemical abundance we by ejecta of the young massive stars belonging to the older
determined.. generation. The favorite classes of candidate pollutershaee:
fast-rotating massive main-sequence stars (Decressin eta
About the consistence of our atmospheric parameters B007), intermediate-mass AGB stars (D’Antona et al. 2002),
hot stars, Folsom etall (2007) find for HD 162817 a largemd primordial population 11l stars (Choi & Yi 2007).
temperature 4300 K) and gravity £0.1 dex), however in Inthese stars the original superficial abundance of ligtheints
agreement with our values withinrl Only rotational velocity is altered by mixing phenomena concerning products of the
is out of the & limits. This is not critical for our results, exceptH-burning process at high temperature (Langer et al. 11993,
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Table 2. Abundances for the Sun and Vega as obtained from theot square of the number of stars used for the calculation,
line lists used in this work. Abundances for the Sun are coraxcept for N and He, were this procedure gives unreliably
pared with Grevesse & Sauval (1998) (34sp), those for Vega low errors. For those elements error on the mean was
with [Qiu et al. (2001) (Vegao1). For some elements (C, N, O,assumed to be the mean error on the single star, divided by
Na, & Mg) NLTE correction were applied and both LTE andhe root square of the number of stars

NLTE abundances reported. For V and Ba we took into account

the hyperfine structurdfgcting their lines. Metallicity of the cluster turns of to be solar or almost
solar for most of the elements, especially for iron peak and
El. Sun  SuRsgs Vega Vegaio (C,0,Mg,Si,Ca,Ti). In particular the cluster has:
Hel - 10.93 - -
Cl 8.50 8.52 8.52 8.46
ClniTe - - 8.57 - [Fe/H] = +0.03+ 0.02 dex [«/Fe]= —0.06+ 0.02 dex
7.95 7.92 7.98 8.00
Nlne - - 7.58 -
ol 8.83 8.83 8.82 9.01 In spite of this some elements deviate considerably from the
Olnire - - 8.74 - solar composition. He turns out to be supersolar by 0.17 dex.
Nal 6.37 6.33 6.63 6.45 This translates in:
Nalyte 6.32 6.33 6.33 -
Mgl 7.54 7.58 7.14 6.81
Mglnre  7.56 7.58 - - Y =0.33+0.02
All 6.43 6.47 - -
Sil 7.61 7.55 - -
Cal 6.39 6.36 5.65 541 We underline the fact that He was determined in LTE approxi-
Scll 312 317 2.56 2.33 mation, as discussed before.
Til 4.94 5.02

! - - Al turns out to be strongly subsolax{0.3 dex). Cu and Zn re-
Till 4.96 5.02 4.52 4.58

sult under-abundant by about -0.15 dex, while La,Ce, and Nd
\é'rlHyp g'gg g'gg i i are over-abundant. Finally s-process (_alements Y and Ba ahow
crll 567 567 5.20 519 overabundance 0f~0.1 dex The chemical content of the clus-
Fel 750 750 703 6.94 ter with respect of the Sun is plotted in Hig. 3.
Fell 751 750 7.01 6.93 Some additional discussion is needed for N abundance of the
Col 485  4.92 - - stars HD 162679. For Vega (that has similar parameters as
Nil 6.28 6.25 - - HD 162679) Takeda (1992) and Lemke & Venn (1996) reports
Cul 4.19 4.21 - - two different values for the NLTE correction: the former gives
Znl 461  4.60 - - -0.8 dex, while the later -0.4 dex. Comparing N abundance of
Yil 224 224 - - HD 162679 with the mean of the dwarf stars (JJ8 and JJ10) we
Bally, 234 213 185 081 see that a correction of-0.3 dex is required to match the two
(L:aéllll 11%2 1115; B ) values._ We conclude that our data suggest that the right NLTE
NIl 159 150 ) ) correction is the one by Lemke & Venh (1996). So we applied

this value to our data, both to HD 162679 and to Vega.

Finally, we want to compare our results with Sestito et al.
Prantzos et al. 2007) like C,N,0, and Na, as is the case of gi&4003), which determined cluster metallicity from a sample
stars studied in this paper. 30 dwarfs. They give a value of0.14+0.06 for iron content.

In this picture evolved stars in NGC 6475 could simply be thEhe agreement with our results is within r5We attribute this
present day version of those AGB intermediate-mass pouu@fference to th_e used methods. Sestito et al. (20Q3) obtal.n tem-
stars present during the first millions of years of a GC lifeti Perature and microturbulence from photometry using prestio

that caused the correlation we see nowaday, and that are fgjorated colour-& and v-Teq-log(g) relations. At odd with
disappeared. that, our Tg and v values were obtained directly from spectra.

According to Table 3 giants present also a overabundance Therefore it is not surprising that the two results do nofeuly
of Ba of ~0.2 dex with respect the dwarf, but this is more adree.

difficul to interpretate for us also if some evolutionary
mixing phenomenon cannot be ruled out

The last two columns of Tablgl 3 report the 'absolute’ an
‘refered to the Sun’ averaged abundances of the cluster Basing on the detailed chemical analysis detailed in theipre
obtained from from out 7 stars. Light elemeanid Ba values ous Sections, we revise here the cluster fundamental parame
were calculated rejecting the two giant staso N abundance ter using the Padova suite (Girardi etlal. 2000) of stelladmo

of #HD 162679 was rejected in the calculation of the mean els and isochrones. Previous determinations of clustguguro

N content because noa priori NLTE correction could be ties are described In Meynet el al. (1993) and Kharchenkb et a
applied (see the following discussion). (2005). They derive a logarithmic age of 8.35-8.22 respeliyj,
Averaged abundances were calculated using the weightedwhich is compatible with the distance of 2826 pc determined
mean, where the weightw is obtained from the abundance by|/Robichon et all(1999).

error o asw=c"2. For some elements we could not obtain The cluster metallicity is basically solar, and therefalegting

the error, and we simply assumedo=0.15, which is our Z = 0.019 seems quite an adequate compromise, provided that
upper limits for the error on abundance when a single line is the amount ofr—element under-abundance is almost negligible
used. within the errors. The procedure is highlighted in Fiy. 4,enén
Error on the mean abundance is the rm.s. divided by the photometric data taken from Prosser etlal. (1996) are coadpar

(71' NGC 6475 basic parameters revisited
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Fig. 3. Abundances of the cluster with respect of the Sun. Fig.4. CMD of NGC 6475. Isochrones of 150, 200, and 250
Myr are plotted. Open circles indicate stars analyzed spect

. L scopically and confirmed to be cluster members.
with three solar metallicity isochrones for ages of 150,,20@1

250 Myr.

In general the fit is good, especially for the Main Sequenoe. Freyil abundance equilibrium method, while for hot MS stars
Turn-off and Red-clump regions (were the cluster population ifey were determined from the shape of H Balmer lines. For the
not well defined) the fitis not well constrained and stars se®m two group of objects two sets of line-lists were used, catied
cover a age range between 1gflefits) and 200-250 MyrTO  on the Sun and Vega respectively. Abundances were obtained
stars). A reason for this mlsma}tch could be the_lt giant stars in LTE aproximation, but for several elements (C,N,0,Na)Mg
do not have the same superficial abundance with respect the NLTE correction from literature was applied and hyperfine
dwarf due to evolutionary phenomena, which are not consid- strycture was considered for Vanadiamd Barium.

ered in the isochrones The age we derive is therefore 288D  Abundances of common elements in hot and cool MS stars
Myr. ) - ) agree very well (within 0.1 dex), allowing to conclude thia t
The fit has been obtained shifting the isochrones by E(Brethods used for the two kind of objects are nfieeted by
V)=0.08, and (m-M)=7.65. A reddening of 0.08 mag is con-appreciable relative systematic errors.

firmed also by the two-colors diagram (U-B vs. B-V, notrepdrt On the other hand abundances for the two giants stars do not
here), where the few blue stars having UBV magnitudes are wgfree with the ones obtained for MS as far as light elements an
fitted by the ZAMS obtained from Padova isochrones shifted lB’a are concerned. This is an indication of an ev0|utionm

the previously reported reddening. This value lies in thédi@ which changes the photospherical chemical compositiomwhe
of the range given by literature (0.06-0.10 mag). stars leave the MS. These stars could be the present dagiversi
Basing on a visual inspection, we estimate errors of 0.02 agflthose massive polluters present during the first milliohs
0.05 mag. on reddening and apparent distance moduluscresgears of a GC lifetime, that altered the chemical compasitib

tively. We infer a distance of 3a10 pc, in agreement with pre- the intracluster medium from which they formed as discussed
vious estimates and which is the value also reported in WEBD®\ Sec. 6. This contamination is visible nowaday in the Na-O

We underline the fact that reddening and distance of theéerlusgnticorrelation found toféect almost all GCs.

are very well constrained by our study, mainly because wélcorhe  Cluster turns out to have solar composition
confirm the former parameter obtained by the isochronedittif[Fe/H]=+0.03,|r/Fe}=-0.06) within +0.1 dex for most of
by the two-colors diagram. On the other hand age is not welle elements. A overabundance was found for He and heavy
determined because the Turff@nd Red-Clump regions of theelements (Ba,La,Ce,Nd), while a strong underabundance was
cluster are not well defined. found for Al.

Finally the Cluster parameters were revised. We obtained
8. Conclusions E(B-V)=0.08, (m-M),=7.65, and a age of about 200 Myr.
We studied a sample of stars belonging to the Open Clusfgfnovedgements. This study made use of ESO, SIMBAD and WEBDA
NGC 6475 (M7) covering a wide range in temperature (4508212°35es
13000 K)and gravities (both dwarf and giants) Spectroscopic
data were obtained from the UVES POP database, while phofgsierences
metric ones from WEBDA database.
Our aim was to determine abundances of a wide range AsPlund, M. 2005, ARA&A, 43, 481
elements (frorm He 1o Nl in derent Kinds of objects, which Sl S; o, Ledowx, . ot 2003 Tre essengg 10
require diferent methodologies of analysis. Parameterg (T operations Team. 2000, ESO Messenger, 101, 31
and log(g)) for cool MS and Giant stars were obtained by tleaumueller, D. & Gehren, T. 1997, A&A, 325, 1088
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