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ABSTRACT

We present an analysis of high-dispersion spectra (R ~ 40,000) of three red clump stars in the old open
cluster NGC 6819. The spectra were obtained with SARG, the high-dispersion spectrograph of the Tele-
scopio Nazionale Galileo. The spectra were analyzed using both equivalent widths measured with an
automatic procedure and comparisons with synthetic spectra. NGC 6819 is found to be slightly metal-
rich ([Fe/H] = +0.09 + 0.03, internal error); there are no previous high-resolution studies to compare.
Most element-to-element abundance ratios are close to solar; we find a slight excess of Si and a signifi-
cant Na overabundance. Our spectra can also be used to derive the interstellar reddening toward the
cluster by comparing the observed colors with those expected from line excitation: we derive
E(B—V)=0.14 4+ 0.04, in agreement with the most recent estimate for this cluster.

Key words: open clusters and associations: individual (NGC 6819) — stars: abundances —
stars: fundamental parameters — techniques: spectroscopic

1. INTRODUCTION

Open clusters (OCs) are excellent tools to infer the evolu-
tion of our Galaxy from both the chemical and structural
points of view because they provide information on the
distribution of the chemical abundances in the disk, on the
average ages at various galactic locations, on the initial
mass function, and on the interactions between thin and
thick disks (see, e.g., Mayor 1976; Panagia & Tosi 1981;
Friel 1995; Luhman et al. 2000). The major advantage of
using OCs rather than field stars to derive these quantities
resides in the circumstance that (1) their current galactic
location is not too different from where they were born and
(2) the distances, ages, and metallicities of field stars located
beyond a limited radius from the Sun are highly uncertain.

OCs probably represent the best means to understand
how element abundances change with time and with loca-
tion in the Galaxy. Several years ago, it was suggested that
young OCs show steeper negative abundance gradients
with galactocentric distance than old clusters (Mayor 1976;
Panagia & Tosi 1981). However, later extensive studies (e.g.,
Friel & Janes 1993) have suggested that the gradient slope is
roughly independent of the cluster age. A striking character-
istic of Friel & Janes’s sample is that at each Galactic radius
the oldest clusters happen to be also the most metal-rich
ones. This result, if confirmed, would have remarkable
implications on our understanding of the Galaxy evolution,
since it is opposite of any intuitive age —metallicity relation
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derivable from steady state scenarios and suggests the exis-
tence of short, intense phenomena that may alter local evol-
utions significantly. A caveat of these results is that they can
be strongly affected by several uncertainties also related to
the lack of homogeneity in the derivation of the cluster
parameters (age, metallicity, distance, and reddening). As
discussed, e.g., by Bragaglia et al. (2001), use of literature
values can lead to a confusing picture; for instance, ages
derived with different techniques or isochrones may be not
only uncertain in absolute value but also in ranking.

To overcome this problem, we are homogeneously ana-
lyzing with great accuracy a sample of open clusters that lie
at various galactic locations and cover a wide range in age
and metallicity. We derive the age, distance, reddening, and
approximate metallicity of these systems from deep photom-
etry combined with the synthetic color-magnitude diagram
method (see, e.g., Sandrelli et al. 1999 and references
therein), while accurate element abundance determination
is based on high-resolution spectroscopy. The final sample
of OCs necessary to allow for significant statistics on the
abundance gradient at various epochs should include at
least 30 objects.

In this paper we present the abundances derived from
high-resolution spectroscopy of the first cluster of the
sample: NGC 6819, an intermediate—age cluster (age ~ 2.3—
3.1 Gyr) with RA. =19"41™, decl. = +40°12' (J2000.0),
(I, b) = (73998, 8247), and Galactocentric distance 8.2 kpc. A
recent reference for photometry and derivation of distance
and age is Rosvick & VandenBerg (1998). The observations
have been performed with SARG, the new high-dispersion
spectrograph at the Italian Telescopio Nazionale Galileo
(TNG), and this is the first paper in which data acquired
with this instrument are presented.

2. OBSERVATIONS AND DATA REDUCTION

Spectra were obtained of two clump stars in 2000 July
and of one in 2000 August, during the second and third
commissioning runs of SARG, the new high-dispersion
spectrograph at the 3.5 m TNG in La Palma (Spain). The
stars were selected (using BDA, the database for Galactic
open clusters; Mermilliod 1995) among fiducial cluster
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TABLE 1
INFORMATION ON THE OBSERVED STARS
RA. Decl. uT Exposure RV
Ident (2000.0) (2000.0) 14 B—V Prob. Memb. Date (Init.) (s) (kms ™)
333...... 19 41 20 +40 12 41 13.069 1.176 92 2000 Aug 17 00 45 41 3600 5.31
978...... 194115 +40 11 05 12.869 1.149 90 2000 Jul 18 0114 35 3600 5.96
979...... 19 41 17 +40 11 11 12.956 1.075 91 2000 Jul 18 022019 3600 1.44

Notes.—Units of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds. RV
values are heliocentric and derived from about 100 Fe 1 lines in each spectrum. Identification is taken from the BDA (Mermilliod 1995, an

extension of the Auner 1974 numeration); photometry, from Rosvick & VandenBerg (1998); and membership, from Sanders (1972).

members selected from proper motions (Sanders 1972) and
now confirmed by the velocities measured from our spectra.
The most important data for the program stars are listed in
Table 1 along with a summary of the spectral characteristics
and the heliocentric radial velocities; Figure 1 gives the
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Fi1G. 1.—Top: CMD for NGC 6819, taken from Rosvick & VandenBerg
(1998). The three observed stars are shown with a heavier mark. Bottom:
cluster map (field of 2.8 arcmin?, east on the left, north up) with the three
observed clump stars plotted as filled circles; from top to bottom: 333, 979,
and 978.

location of the stars in the color-magnitude diagram (top)
and on the sky (bottom).

This being the first paper based on SARG data, a few
details about the spectrograph and the observations are to
be provided. SARG (Gratton et al. 2001) is a single-arm,
white-pupil, cross-dispersed echelle spectrograph, per-
manently mounted on one of the arms of the TNG fork. It is
fed by a suitable optical train from the Nasmyth focus. The
spectrograph uses an R4 echelle grating in an off-plane,
quasi-Littrow configuration that yields an RS product of
46,000 when coupled with the 100 mm spectrograph beam.
Spectral resolution of SARG depends on the selected slit (a
set of seven is available on the slit wheel, from 0727 to 1760),
the maximum value being about 150,000. The present
observations were obtained using a slit width of 300 um,
corresponding to 1760 projected on the sky. However,
stellar images did not completely fill this wide slit. During
the observations, the seeing value was about 0”7. Since the
guiding accuracy was not yet optimal (only manual guiding
was available when the program spectra were acquired), the
actual images over the 1 hr exposure time had an FWHM
of about 172, yielding a spectral resolution of about 40,000.
This value is confirmed by measures of the FWHM of
narrow telluric lines.

SARG is equipped with four grism cross-dispersers
mounted on a wheel; the present observations were made
using the yellow grism, which provides an almost complete
spectral coverage from 4650 to 7900 A, with only a small
gap of about 40 A near 6200 A, due to the nonsensitive
region between the two 4k x 2k thinned, back-illuminated
EEV CCDs located on the focal plane of the spectrograph.
Minimum interorder separation is about 7”. To reduce
readout noise and readout time, the CCDs were binned
4 x 4. With this choice, 2 pixel resolution is 36,000, a bit less
than the FWHM of the spectral lines, so that the spectra are
slightly undersampled. The spectra have a rather high back-
ground level, due to parasite light in the spectrograph not
yet eliminated when they were acquired, which is well
removed by the spectrum extraction procedure. The high
background level has small impact on the spectra of these
rather bright stars, and the final S/N ~ 130 is that expected
from photon noise.

Spectral extraction was done using standard IRAF
routines® for echelle spectra. First, the two CCD were
separated and reduced independently. The two-dimensional
images were bias-subtracted (but not flat-fielded; the flats
were extracted and used to check the quality of correction

¢ IRAF is distributed by the National Optical Astronomy Observa-
tories, which are operated by the Association of Universities for Research
in Astronomy, Inc., under contract with National Science Foundation.
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done for the blaze function, with the ISA package; Gratton
1988) then cleaned from cosmic-ray hits and hot pixels
using COSMICRAYS. Images were corrected for scattered
light; the orders were then found (21 in the red CCD and 34
in the blue one), traced, and extracted, and the local sky
background was subtracted. Wavelength calibration was
performed using thorium lamp exposures taken once each
night (the spectrograph is very stable, and furthermore
precise radial velocities were not our goal), yielding an rms
of about 0.009 A in our wavelengths.

3. ANALYSIS AND ERROR ESTIMATES

3.1. Equivalent Widths

In our analysis, we used both equivalent widths (EWs)
and spectral synthesis. Equivalent widths were used to
derive the best set of atmospheric parameters (effective tem-
perature from line excitation, gravity from the equilibrium
of ionization, and microturbulence from trends with
expected line strength; see Table 2) and elemental abun-
dances. Comparisons with synthetic spectra were then used
to check the adopted abundances.

Equivalent widths (see Table 3) were measured on the
unidimensional, extracted spectral orders using an auto-
matic routine within the ISA package, prepared by one of us
(R. G. G.). Only the spectral region 5500-7200 A was even-
tually used in the abundance analysis: continuum tracing is
quite uncertain at shorter wavelengths at the resolution of
our spectra, and diffraction fringes (not completely removed
by our reduction procedure) make results from longer
wavelengths uncertain. The routine for measuring equiva-
lent widths works as follows. First, removal of the blaze
function response is performed using a spline interpolating
function. Then, a local continuum level is determined for
each line by an iterative clipping average over a fraction (the
highest ones) of the 200 spectral points centered on the line
to be measured; after various tests, this fraction was set at %
for the spectra of NGC 6819. Second, the equivalent width
for each line from an extensive list (including several
hundred lines that are quite clean in the solar spectrum) is
tentatively measured using a Gaussian fitting routine. Mea-
sures are rejected according to several criteria (e.g., if the
central wavelength does not agree with that expected from a
preliminary measure of the geocentric radial velocity or if
the lines are too broad or too narrow). Third, the measured
lines are used to draw a relationship between equivalent
width and FWHM. Fourth, this relation is used to measure
equivalent widths again, using a second Gaussian fitting
routine that has only one free parameter (the equivalent
width), since the central wavelength is fixed by the measured
geocentric radial velocity and the FWHM is fixed by the
relationship between equivalent width and FWHM. Again
measures are rejected if residuals are too large, asymmetric,
etc.

TABLE 2
ADOPTED ATMOSPHERIC PARAMETERS AND IRON
ABUNDANCES
Tege log g 2

Star (K) (dex) (km s™1) [Fe/H]
333...... 4835 2.61 1.54 0.11
978...... 4855 2.60 1.26 0.11
979...... 4740 2.72 0.98 0.11
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These procedures allow one to obtain very stable mea-
sures of the EWs, with small random errors even when lines
are in quite crowded spectral regions. However, systematic
errors, related to the adopted reference continua, may be
present. Comparisons with synthetic spectra convinced us
that systematic errors in the finally adopted EWs are quite
small, insofar as a suitable fraction of the points is used to
determine the reference continuum level and rejection cri-
teria on the used lines are kept strict.

Since the stars have similar atmospheric parameters, we
may estimate (internal) errors in our equivalent widths by
comparing values measured in different stars. Such a com-
parison is shown in Figure 2. By taking as a reference star
978 (which is the brightest and has the best spectrum), the
rms scatter about the linear relationship is 10.9 and 10.5 mA
for stars 333 and 979, respectively. Assuming that both sets
of EWs have equal errors, we can estimate typical errors of
7.5 mA in our measured EWs.

3.2. Atmospheric Parameters

Equivalent widths and Kurucz model atmospheres (1995;
models with the overshooting option switched off) were
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Fi1G. 2.—Comparisons between the equivalent widths measured for star
978 and those measured for star 333 (top) and 979 (bottom).



TABLE 3

EQUIVALENT WIDTHS

333 978 979
EW EW EW
ELEMENT 2 E.P. loggf (mA) Abund. (mA) Abund. (mA) Abund
Nat...... 568822 210  —0.37 0.0 0.00 0.0 0.00 1515 6.32
Nar...... 615423 210  —157 1094 6.77 0.0 0.00 105.1 6.81
Nafl...... 6160.75 210  —126 1202 6.60 138.4 6.96 144.6 7.04
Mgr...... 552842 434 —048 0.0 0.00 0.0 0.00 212.1 7.12
Mgl...... 5711.09 434  —171 1380 7.50 0.0 0.00 0.0 0.00
Mgi...... 631871 511 —197 0.0 0.00 715 7.65 412 7.17
Mgl...... 631924 511  —220 0.0 0.00 0.0 0.00 37.0 7.32
Alr...... 669603  3.14  —132 0.0 0.00 80.2 6.44 51.6 5.95
Alr....... 6698.67 314  —162 58.1 6.35 0.0 0.00 60.6 6.40
Sil....... 564562 493  —2.14 62.0 772 65.9 7.83 0.0 0.00
Sit....... 566556 492  —2.04 0.0 0.00 0.0 0.00 732 7.98
Sil....... 568449 495  —165 92.8 7.76 0.0 0.00 88.8 7.90
Sit........ 569043 493  —187 58.4 7.39 87.6 7.95 0.0 0.00
Sir ........ 5701.11 493  —205 67.8 772 60.0 7.63 66.4 7.87
Sit........ 577215 508 —1.75 0.0 0.00 85.1 793 88.5 8.13
Sil....... 5793.08 493  —2.06 66.7 771 63.8 771 712 7.96
Sit........ 579787 495  —205 0.0 0.00 0.0 0.00 53.7 7.65
Sil....... 5948.55 508  —123 0.0 0.00 107.1 778 1255 8.16
Sit........ 612503 561  —1.57 51.3 7.70 494 7.69 0.0 0.00
Sil....... 614502 561  —144 0.0 0.00 0.0 0.00 674 8.00
Sit........ 684857 586  —1.75 229 7.58 43.1 8.01 0.0 0.00
ST..... 674878 187  —0.44 0.0 0.00 14.8 745 0.0 0.00
ST...... 675720 787  —029 0.0 0.00 19.8 7.54 0.0 0.00
Car ...... 5867.57 293  —149 654 6.35 0.0 0.00 498 6.11
Cal....... 6439.08  2.52 039 2114 597 188.5 591 183.7 5.79
Car...... 644982 252  —050 1731 6.50 0.0 0.00 0.0 0.00
Car..... 645560 252  —129 1189 6.51 0.0 0.00 0.0 0.00
Car ...... 6499.65 252  —0.82 0.0 0.00 0.0 0.00 117.9 6.21
Car...... 657280 000  —4.32 0.0 0.00 1244 6.69 0.0 0.00
SCI....... 567183 145 0.56 0.0 0.00 68.2 321 0.0 0.00
Sci ...... 552682 177 019 1159 2.98 0.0 0.00 101.2 3.12
Scm ...... 564099 150  —0.86 88.3 3.18 0.0 0.00 0.0 0.00
Sci ...... 5657.88 151  —0.29 0.0 0.00 1125 3.30 96.7 3.19
Scm ...... 568420 151  —092 86.5 322 87.2 3.37 0.0 0.00
Sci ...... 624562 151  —105 0.0 0.00 85.0 3.38 71.0 3.30
Scm ...... 627974 150  —1.16 0.0 0.00 73.6 3.26 71.1 3.40
Sci ...... 660460 136  —1.14 0.0 0.00 80.9 3.18 81.1 337
Tit....... 5490.16 146  —093 0.0 0.00 727 491 59.8 4.59
Til....... 550390 258  —0.19 59.8 5.15 0.0 0.00 0.0 0.00
Til....... 5662.16 232 —0.11 0.0 0.00 713 5.19 0.0 0.00
Til....... 5689.48 230  —047 51.8 497 58.3 5.16 46.2 4.86
Tir....... 5978.55 187  —0.58 0.0 0.00 94.6 5.40 0.0 0.00
Tir....... 6091.18 227  —042 0.0 0.00 663 5.18 48.6 478
Tir....... 612622 107  —142 957 5.07 99.4 532 0.0 0.00
Til....... 655424 144  —122 0.0 0.00 91.1 536 69.8 491
VI 5627.64 108  —037 1130 421 0.0 0.00 0.0 0.00
VI 567086 108  —042  109.0 4.17 0.0 0.00 0.0 0.00
VIo...... 5703.59 105  —021 1186 4.08 0.0 0.00 0.0 0.00
VI 608145 105  —0.58 1058 4.16 824 3.90 62.0 344
VI 609022 108  —006 1217 397 0.0 0.00 105.3 391
VI 624311 030  —098 0.0 0.00 0.0 0.00 104.0 375
VI 625183 029  —134 0.0 0.00 102.4 4.06 0.0 0.00
Cri....... 570233 345  —0.68 0.0 0.00 0.0 0.00 473 5.65
Cri....... 578119 332 —0.88 0.0 0.00 48.6 577 56.1 5.89
Cri....... 578307 332 —040 79.9 5.75 0.0 0.00 0.0 0.00
Cri....... 578498 332 —0.38 59.5 5.38 61.7 5.52 0.0 0.00
Cri....... 578793 332 —008 0.0 0.00 0.0 0.00 74.0 5.48
Cri....... 6330.10 094  —287 0.0 0.00 85.2 551 72.8 5.24
Cri....... 688307 344  —042 84.6 591 0.0 0.00 66.4 571
MnrI...... 6013.50 307  —025  139.6 5.44 139.9 5.65 140.2 570
Mn1...... 601665 307  —009 1564 5.54 0.0 0.00 0.0 0.00
MnrI...... 6021.80  3.08 003 1735 5.65 0.0 0.00 0.0 0.00
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TABLE 3—Continued

333 978 979
EW EW EW
ELEMENT 2 E.P. loggf (mA) Abund. (mA) Abund. (mA) Abund
Fel...... 5491.84 419  —224 0.0 0.00 38.8 7.64 0.0 0.00
Fer...... 549447 407  —196 0.0 0.00 544 7.53 0.0 0.00
Fel...... 552245 421 —147 0.0 0.00 742 7.59 62.5 743
Fer...... 553929 364  —2.59 0.0 0.00 0.0 0.00 66.9 7.99
Fel...... 5547.00 422 —185 0.0 0.00 0.0 0.00 70.1 8.00
Fer...... 555269 495  —1.69 0.0 0.00 0.0 0.00 12.4 7.24
Fel...... 556022 443  —1.10 88.1 7.60 732 745 0.0 0.00
Fer...... 5568.86  3.63  —2.82 418 7.57 344 7.48 0.0 0.00
Fel...... 557703 503  —149 0.0 0.00 213 743 0.0 0.00
Fer...... 559505 506  —1.69 0.0 0.00 123 736 0.0 0.00
Fer...... 560898 421 @ —222 534 7.85 304 7.46 0.0 0.00
Fer...... 5609.97 364  —3.09 0.0 0.00 21.0 7.46 0.0 0.00
Fel...... 561136  3.63  —2.84 419 7.60 38.1 7.57 454 773
Fer...... 5618.64 421  —134 94.7 772 782 7.54 0.0 0.00
Fer...... 5619.61 439  —149 0.0 0.00 61.1 7.55 654 772
Fer...... 563583 426  —1.59 0.0 0.00 69.6 7.67 0.0 0.00
Fer...... 5636.70  3.64  —2.53 0.0 0.00 63.6 778 417 735
Fer...... 565000 510  —0.80 0.0 0.00 0.0 0.00 54.0 7.56
Fer...... 565148 447  —1.79 49.8 7.65 0.0 0.00 284 7.28
Fer...... 565233 426  —1.77 0.0 0.00 67.7 7.82 61.0 775
Fer...... 5677.69 410  —2.55 325 7.67 21.0 7.44 37.8 7.83
Fer...... 567839 388  —288 0.0 0.00 19.5 7.48 0.0 0.00
Fel...... 568024 419  —220 377 7.52 34.0 7.49 53.6 793
Fer...... 5701.56 256  —2.16 0.0 0.00 0.0 0.00 1259 7.56
Fel...... 5717.84 428  —098 0.0 0.00 103.6 7.76 933 7.67
Fer...... 573177 426  —1.10 1028 7.67 0.0 0.00 80.6 7.50
Fel...... 573824 422 —224 343 7.52 357 7.59 204 7.23
Fer...... 574186 426  —1.69 84.0 791 66.7 7.70 732 7.93
Fel...... 574296 418  —226 0.0 0.00 39.9 7.65 247 732
Fer...... 575204 455  —092 0.0 0.00 85.5 7.64 81.9 7.67
Fel...... 5759.26 465  —198 0.0 0.00 255 7.60 132 721
Fer...... 576036  3.64  —246 0.0 0.00 0.0 0.00 61.5 771
Fel...... 577846 259  —344 0.0 0.00 755 7.67 82.0 792
Fer...... 578467 340  —253 66.3 7.42 0.0 0.00 0.0 0.00
Ferl...... 579392 422  —162 0.0 0.00 63.8 7.53 70.8 776
Fer...... 580673 461  —093 713 7.32 83.8 7.68 0.0 0.00
Ferl...... 581191 414  —227 0.0 0.00 0.0 0.00 363 7.55
Fer...... 581481 428  —181 674 775 432 7.38 374 7.27
Ferl...... 583511 426  —2.18 0.0 0.00 40.8 7.68 0.0 0.00
Fer...... 583770 429  —221 26.6 7.42 35.6 7.64 0.0 0.00
Fer...... 5849.60  3.69  —2.86 40.8 7.66 31.1 7.51 0.0 0.00
Fer...... 585223 455  —136 0.0 0.00 0.0 0.00 51.7 7.45
Ferl...... 585509 461  —1.56 46.8 7.51 0.0 0.00 333 731
Fer...... 5856.10 429  —1.57 67.7 7.53 0.0 0.00 73.1 7.85
Fel...... 585878 422  —219 353 7.49 373 7.57 34.8 7.53
Fer...... 5859.60 455  —0.63 1174 778 0.0 0.00 0.0 0.00
Fel...... 586111 428  —226 36.1 7.65 324 7.61 0.0 0.00
Fer...... 586237 455  —042 0.0 0.00 0.0 0.00 107.3 7.63
Fel...... 5879.49 461  —190 0.0 0.00 22.8 7.40 28.8 7.56
Fer...... 588002 456  —185 0.0 0.00 0.0 0.00 275 7.42
Ferl...... 588128 461  —176 0.0 0.00 436 771 0.0 0.00
Fer...... 590248 459  —1.86 487 7.82 34.8 7.60 49.4 7.94
Fer...... 590568 465  —0.78 94.8 7.62 86.4 7.61 0.0 0.00
Fer...... 592780 465  —1.07 719 7.50 711 7.60 65.1 7.56
Fel....... 5929.68 455  —1.16 87.1 775 674 7.50 69.7 7.63
Fer...... 5930.19 465  —034 1230 7.65 0.0 0.00 108.4 7.66
Fer...... 593380 464  —205 23.1 7.56 17.9 7.44 26.6 7.68
Fer...... 593466 393  —108 1283 7.70 109.9 7.58 102.2 7.54
Fer...... 594753 461  —195 225 741 0.0 0.00 0.0 0.00
Fer...... 5969.57 428  —2.63 0.0 0.00 20.7 7.70 0.0 0.00
Fer...... 5976.79 394  —130 0.0 0.00 0.0 0.00 103.9 7.81
Fer...... 598483 473  —029 1193 7.63 0.0 0.00 1120 774
Fel...... 600302 388  —102 1291 7.60 124.0 771 1274 7.85
Fer...... 6007.97 465  —0.76 80.0 7.34 86.5 7.60 0.0 0.00
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TABLE 3—Continued

333 978 979
EW EW EW
ELEMENT 2 E.P. loggf (mA) Abund. (mA) Abund. (mA) Abund.
Fel...... 6008.57 388  —092 1204 735 0.0 0.00 116.7 7.59
Fer...... 601524 222 —457 0.0 0.00 316 7.50 259 733
Fel...... 601937 357  —3.14 437 7.84 21.8 743 0.0 0.00
Fer...... 602706 407  —120 96.8 7.42 0.0 0.00 0.0 0.00
Fel...... 603404 431  —230 209 7.38 273 7.57 0.0 0.00
Fer...... 605408 437  —217 32.1 7.57 26.5 7.49 259 7.47
Fel...... 605601 473  —046 1160 775 0.0 0.00 109.0 7.86
Fer...... 606549 261  —149 0.0 0.00 1759 7.49 170.7 7.44
Fel...... 6078.50 479  —038 1272 7.90 100.8 7.64 0.0 0.00
Fer...... 6079.02 465  —097 96.7 7.85 76.2 7.60 59.1 733
Fel...... 6089.57 502  —087 734 775 0.0 0.00 60.5 7.67
Fer...... 6093.65 461  —1.32 85.8 7.95 714 7.81 473 7.38
Fel...... 609438 465  —1.56 0.0 0.00 0.0 0.00 428 7.56
Fer...... 609667 398  —1.76 75.8 7.48 0.0 0.00 69.5 7.58
Fel...... 609825 456  —181 0.0 0.00 49.6 7.82 0.0 0.00
Fer...... 612026 091  —577 0.0 0.00 59.8 7.61 57.1 7.53
Fel...... 613700 220  —291 1335 7.54 0.0 0.00 0.0 0.00
Fer...... 615162 218  —326 1246 7.70 0.0 0.00 974 7.51
Fel...... 615773 407  —126 0.0 0.00 0.0 0.00 953 172
Fer...... 624633 360  —073 0.0 0.00 158.0 7.57 1357 7.34
Fel...... 625256 240  —164 0.0 0.00 183.5 745 0.0 0.00
Fer...... 627023 286  —2.55 0.0 0.00 0.0 0.00 106.0 7.84
Fel...... 629055 259  —427 376 7.70 426 7.83 46.0 7.88
Fer...... 6297.80 222 —270 0.0 0.00 1422 774 0.0 0.00
Fel...... 630151 365  —072 0.0 0.00 146.9 7.44 140.9 742
Fer...... 631150 283  —3.16 0.0 0.00 784 7.65 71.1 7.59
Fel...... 631581 407  —167 0.0 0.00 75.6 7.58 67.5 751
Fer...... 632269 259  —238 0.0 0.00 130.7 7.63 117.5 7.53
Fel...... 633085 473  —122 0.0 0.00 0.0 0.00 62.5 772
Fer...... 633534 220  —228 0.0 0.00 167.0 7.63 156.6 7.54
Fel...... 639254 228  —397 0.0 0.00 68.4 7.61 0.0 0.00
Fer...... 641166 365  —0.60 0.0 0.00 0.0 0.00 156.1 7.46
Fel...... 643641 419  —231 420 7.67 385 7.65 0.0 0.00
Fer...... 651837 283  —2.56 0.0 0.00 0.0 0.00 104.0 7.70
Fel...... 653394 456  —128 0.0 0.00 0.0 0.00 62.5 7.57
Fer...... 659131 459  —195 0.0 0.00 283 7.53 28.5 7.55
Fel...... 663376 456  —0.81 0.0 0.00 97.6 7.70 0.0 0.00
Fer...... 666743 245  —428 0.0 0.00 0.0 0.00 299 737
Fel...... 6667.72 458  —201 0.0 0.00 369 7.76 437 7.93
Fer...... 6699.14 459  —2.02 0.0 0.00 0.0 0.00 373 7.81
Fel...... 670358 276  —3.00 0.0 0.00 0.0 0.00 100.2 7.94
Fer...... 670448 422 —255 0.0 0.00 24.5 7.61 357 7.86
Fel...... 672667 461  —105 0.0 0.00 69.6 7.44 643 7.43
Fer...... 6733.15 464  —144 0.0 0.00 56.7 7.63 0.0 0.00
Fel...... 6750.16 242  —2.58 0.0 0.00 131.8 7.56 1259 7.60
Fer...... 675347 456  —226 0.0 0.00 25.1 772 319 7.90
Fel...... 675655 429  —2.69 0.0 0.00 224 7.78 0.0 0.00
Fer...... 6786.86 419  —1.90 0.0 0.00 56.8 7.57 504 7.49
Fel...... 679326 407  —234 0.0 0.00 0.0 0.00 357 747
Fer...... 6796.12 414  —231 0.0 0.00 513 7.82 373 7.56
Fel...... 680686 273  —3.14 0.0 0.00 0.0 0.00 84.5 7.70
Fer...... 681027 461  —1.00 0.0 0.00 86.1 771 0.0 0.00
Fel...... 682037 464  —1.16 0.0 0.00 0.0 0.00 84.5 7.99
Fer...... 6843.66 455  —0.86 0.0 0.00 99.3 775 88.1 7.66
Fel...... 6851.64 161  —522 57.1 774 0.0 0.00 494 7.65
Fer...... 685572 461  —171 0.0 0.00 38.7 7.51 0.0 0.00
Fel...... 6858.16 461  —095 0.0 0.00 80.6 7.55 783 7.62
Fer...... 686195 242  —378 0.0 0.00 713 7.60 68.5 7.61
Fel...... 6862.50 456  —143 0.0 0.00 60.8 7.60 55.5 7.56
Fer...... 6880.63 415  —223 0.0 0.00 49.5 771 28.6 731
Fel...... 693650 461  —2.14 0.0 0.00 292 775 15.7 7.38
Fer...... 696032 459  —188 0.0 0.00 0.0 0.00 49.1 7.90
Fel...... 697194 302  —335 0.0 0.00 64.6 7.76 0.0 0.00
Fer...... 701035 458  —1.84 374 7.54 33.0 7.50 0.0 0.00
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TABLE 3—Continued

333 978 979
EW EW EW
ELEMENT i E.P. loggf (mA) Abund. (mA) Abund. (mA) Abund.
Fer ...... 7069.54 256  —4.20 0.0 0.00 39.8 7.63 343 7.49
Fer ...... 711456 269  —3.87 0.0 0.00 43.6 751 0.0 0.00
Ferl ...... 711810 501  —1.50 0.0 0.00 38.1 773 284 7.56
Ferm...... 599138 315  —355 52.0 7.49 52.0 7.55 0.0 0.00
Fer...... 608410 320  —3.80 0.0 0.00 319 736 342 7.65
Ferm...... 611333 321  —412 0.0 0.00 356 7.79 174 745
Fer...... 614925 389  —272 0.0 0.00 0.0 0.00 37.1 743
Ferm...... 624756 387  —232 0.0 0.00 76.4 7.69 60.1 7.64
Fer...... 6369.46 289  —421 0.0 0.00 344 7.50 0.0 0.00
Ferm...... 638372 555  —2.09 20.6 7.77 0.0 0.00 0.0 0.00
Fer...... 641693 389  —270 0.0 0.00 0.0 0.00 532 7.86
Fem...... 643268 289  —3.58 0.0 0.00 0.0 0.00 54.1 7.61
Fer...... 645639 390  —2.10 0.0 0.00 84.7 7.68 0.0 0.00
Co1...... 564724 228  —156 0.0 0.00 68.8 5.00 74.0 525
Cor...... 645500  3.63  —025 57.5 491 60.5 5.04 362 4.60
Nir ...... 557873 168  —257 0.0 0.00 118.4 6.53 0.0 0.00
NiI ...... 5587.87 193  —239 0.0 0.00 98.3 6.17 0.0 0.00
Nir ...... 558937 390  —1.15 499 6.13 0.0 0.00 0.0 0.00
NiI ...... 559375 390  —0.78 0.0 0.00 64.3 6.13 0.0 0.00
Nir ...... 5643.09 416  —125 0.0 0.00 39.3 6.37 0.0 0.00
NiI ...... 574836 168  —325 0.0 0.00 94.5 6.61 67.7 6.15
Nir ...... 576084 410  —0.81 0.0 0.00 54.7 6.18 0.0 0.00
NiI ...... 580523 417  —0.60 0.0 0.00 654 6.26 0.0 0.00
Nir ...... 584701 168  —344 0.0 0.00 74.3 6.37 0.0 0.00
NiI ...... 5996.74 423  —1.06 0.0 0.00 46.1 6.39 38.3 6.29
Nir ...... 6053.69 423  —1.07 0.0 0.00 0.0 0.00 438 6.43
NiI ...... 608629 426  —047 723 6.25 0.0 0.00 0.0 0.00
Nir ...... 6108.13  1.68  —247 1300 6.25 124.6 6.40 1222 6.56
NiI ...... 611108 409  —0.83 729 6.42 60.6 6.28 574 6.33
Nir ...... 612898 168  —3.39 74.9 6.15 824 6.43 0.0 0.00
NiI ...... 6130.14 426  —098 0.0 0.00 49.6 6.40 0.0 0.00
Nif ...... 632217 415  —121 0.0 0.00 0.0 0.00 38.6 6.34
NiI ...... 632760 168  —3.08 0.0 0.00 0.0 0.00 954 6.53
Nif ...... 648281 193  —278 0.0 0.00 0.0 0.00 87.2 6.35
NiI ...... 658632 195  —278 0.0 0.00 103.5 6.53 100.0 6.65
Nif ...... 659861 423  —093 0.0 0.00 533 6.37 0.0 0.00
NiI ...... 676778 183  —2.06 0.0 0.00 148.0 6.45 1389 6.45
Nif ...... 677232 366  —096 0.0 0.00 0.0 0.00 90.0 6.63
Yiu..... 554462 174 —1.09 0.0 0.00 232 233 30.5 2.64
Bau...... 649691 060  —0.38 0.0 0.00 0.0 0.00 120.6 2.17

Note.—Abundances are derived from the equivalent line width [log n(4), on the scale for which

log n(H) = 12].

used to derive the best set of atmospheric parameters listed
in Table 2. Effective temperatures were derived directly
from the spectra, imposing Fe 1 lines of different excitation
(several tens for each star) to provide the same tem-
peratures. Figure 3a shows the run of abundances from Fe 1
lines with excitation potential for star 978: there is no dis-
cernible trend. Internal error estimates in temperatures are
obtained directly from the errors in the linear regression fits
and are +68 K, corresponding to 1 ¢ rms uncertainty of
0.015 dex eV~! in the slope. Systematic errors might be
larger and mainly ascribed to the set of adopted model
atmospheres (Kurucz 1995).

In addition, a number of Fe 11 lines were measured in each
star, allowing an estimate of surface gravities log g from the
equilibrium of ionization of Fe, which is very well derived
from our Fe lines. Internal errors include the contribution
from both the above uncertainties in the adopted tem-
perature and the errors in EWs of individual lines: the

quadratic sums provide an internal error of +0.19 dex in
log g. Our use of the LTE approximation in the analysis is
not of concern for these stars (see Gratton et al. 1999);
however, systematic errors can be present, again mainly
related to the adopted model atmospheres.

The following exercise shows that the assumed tem-
perature scale leads to a reasonable internal consistency of
data. The (average) absolute magnitude of the program
stars is My, = 4 0.6, according to their apparent magnitude
and to the distance modulus of (m — M), = 12.35 by
Rosvick & VandenBerg (1998) and in agreement with the
average value for clump stars measured by Hipparcos. The
bolometric correction appropriate for the temperature,
gravity, and metal abundances of the program stars, derived
from Kurucz (1995) is BC = —0.44 mag. This leads to an
assumed luminosity of the program stars of log L/Ly =
1.82, and, assuming a mass of 1.5-1.6 M 4 (appropriate for a
clump star in a 2.5 Gyr old cluster; see Rosvick & Vanden-
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Berg 1998), we obtain an expected gravity for the program
stars of log g = 2.5, in reasonable agreement with the
observed value. Note that if we instead decrease T, by 100
K, we obtain a good ionization equilibrium for a gravity of
log g ~ 2.3, which implies an absolute magnitude of M, ~
+0.3, too bright in our opinion for clump stars in an old
open cluster. This exercise thus suggests that the adopted
temperature scale might be overestimated but only slightly
(by ~50 K); such a small error would cause our [Fe/H]
value to be overestimated by only 0.03 dex. Hereafter, we
will assume that systematic errors are not larger than the
NGC6819-978 internal errors of +70 K.

\ \ \ Microturbulent velocities v, were obtained by compensat-
4.0 ing any trend in the derived abundances from Fe 1 lines with
the expected line strength (see Magain 1984). Results for
star 978 are shown in Figure 3b. Because of the large
number of measured Fe 1 lines and the high quality of mea-
surements, internal error bars in the derived values of v, are
almost negligible (+0.07 km s~ !, average from the three
stars).
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3.3. Abundances

76 " e . Table 4 lists the abundances obtained for the individual
stars, as well as the average values for the cluster. Sensiti-
vities of these abundances to changes in the atmospheric
parameters are listed in Table 5 and were used to estimate
the internal errors in our abundances. These errors are
listed in the last column of Table 4 and were obtained by
‘ : ‘ summing quadratically the contribution due to each atmo-
4.0 2.0 0.0 . : S .
log gf — x0+ log A spheric p.arameter (assumlpg uncertainties of 70 K_1n. T,
0.19 dex in log g, 0.05 dex in [A/H], and 0.07 km s~ in v,;
F1G. 3.—Trends of abundances from individual Fe 1 lines with excita- see the last column of Table 5) and that due to the line-to-
tion potential (top) and expected line strength (bottom) for star 978. line scatter (we assumed 0.15 dex); the value was then

log n(Fe)

7.4

7.2 NGC6819-978

TABLE 4
AVERAGE ABUNDANCES

333 978 979

EL Sun N Abund. mms Overab. N Abund. rmms Overab. N  Abund. rms Overab. {[A/Fe])

Fer....... 752 49 7.62 0.16 +0.10
7.63 0.14 .

6.68 0.11 +0.35
7.50 . —0.08
6.35 e —0.05
7.65 0.10 +0.03
6.34 0.25 +0.06

O
o

7.60 0.12 +0.08
7.60 0.15 .

6.96 e +0.65
7.65 . +0.09
6.44 e +0.06
7.82 0.14 +0.19
6.30 0.55 +0.04
321 . +0.03
3.30 0.08 +0.12
5.22 0.16 +0.20
3.98 0.12 —0.03
5.60 0.14 —-0.11
5.66 . +0.11
5.02 0.03 0.00
6.37 0.14 +0.04
2.34 . +0.02

O
(=)

7.61 0.20 +0.09 +0.09 + 0.03
7.61 0.16

6.72 0.37 +0.40 +0.47 £+ 0.07
7.20 0.10 —0.37 —0.12 £ 0.07
6.17 0.32 —022 —0.07 £ 0.07
7.96 0.16 +0.32 +0.18 £ 0.04
6.04 0.22 —0.23 —0.04 £+ 0.06
+0.02 £+ 0.13
3.28 0.12 +0.06 +0.04 + 0.04
4.78 0.14 —0.25 —0.01 £+ 0.04
3.70 0.24 —0.32 —0.09 + 0.07
5.59 0.25 —0.13 —0.10 £+ 0.05
5.70 +0.14 +0.07 + 0.08
4.93 0.45 —0.10 —0.08 + 0.05
6.43 0.15 +0.09 +0.01 +0.02
2.64 +0.31 +0.16 + 0.10
2.16 ——0.27 —027 £0.15

-

>

(98]

S
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3.13 0.13 —0.07
5.06 0.09 +0.02
4.12 0.10 +0.09
5.68 0.27 —0.05
5.54 0.11 —0.03
491 . —-0.13
6.24 0.11 —0.11
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Notes.—The adopted solar abundances in the second column were obtained from an inverted solar analysis using Kurucz model atmospheres and
equivalent widths from the literature for the same set of lines as that used for the stars. For each star we list N, the number of lines, the average abundance
[on the scale log n(A), where log n(H) = 12], the rms of individual lines around this average value, and the overabundance with respect to Fe, except that we
list the [Fe/H] value for Fe. The last column lists the average overabundances ([Fe/H] values for Fe) for NGC 6819; the error bars were obtained as
explained in the text.
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TABLE 5
SENSITIVITY OF ABUNDANCES TO ATMOSPHERIC PARAMETERS

AT Alogg A[A/H] Av,

Element (+100 K) (+0.3 dex) (+0.1 dex) (+02km™1) Total
[Fe/HIr....... +0.059 +0.016 +0.010 —0.057 0.048
[Fe/H]m ...... —0.082 +0.159 +0.037 —0.061 0.128
[Na/Fe] ...... +0.029 —0.066 —0.010 —0.018 0.129
[Mg/Fe]...... —0.015 —0.016 —0.003 +0.029 0.121
[Al/Fe] ....... +0.013 —0.032 —0.013 +0.016 0.122
[Si/Fe]........ —0.078 +0.036 +0.010 +0.016 0.072
[Ca/Fe] ...... +0.082 —0.072 —0.016 —0.046 0.113
[Sc/Fe] ....... +0.070 —0.037 —0.009 —0.043 0.077
[Ti/Fe] ....... +0.076 —0.024 —0.018 —0.028 0.071
[V/Fe]........ +0.107 —0.016 —0.022 —0.049 0.114
[Cr/Fe]....... +0.050 —0.022 —0.016 —0.004 0.079
[Mn/Fe]...... +0.035 —0.072 —0.003 —0.080 0.133
[Co/Fe] ...... +0.001 +0.031 +0.003 —0.008 0.087
[Ni/Fe]....... —0.013 +0.034 +0.006 —0.040 0.040
[Y/Fe]........ +0.067 —0.027 +0.001 +0.043 0.130

divided by the square root of the number of stars used to
estimate abundances.

The average Fe abundance for NGC 6819 is [Fe/
H] = +0.09 £+ 0.03, the three stars yielding very similar
results. Element-to-element abundance ratios are generally
close to solar (within twice the internal error; note that
abundances for V, Mn, and Co include corrections for the

I ! ]
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FI1G. 4—Spectra of the observed stars in the region 6150-6165 A (thick
lines) compared with synthetic spectra computed with the appropriate
atmospheric parameters and abundances, and three different values of Na
and Si abundances ([Na/Fe] = 0.0, 0.3, and 0.6; [Si/Fe] = 0.0, 0.3, and 0.6;
thin lines). Lines of Na, Si and Fe are marked by arrows (Na 1 146154.230,
6160.753, Si 1 16155.135, Fe 1 A46151.623, 6157.733, 6165.363). Note the
good match of the Fe 1 lines. Na and Si are clearly overabundant with
respect to Fe.

quite large hyperfine structure of their lines). There are two
exceptions:

1. We get a slight overabundance of Si (on average, [Si/
Fe] = +0.18 £ 0.04). This result is obtained from a rather
large number of lines and seems reasonably sound.

2. We find quite a large Na excess (on average, [Na/
Fe] = +0.47 £+ 0.07). This value includes a small non-LTE
correction (<0.05 dex), computed according to Gratton et
al. (1999). A partial confirmation of the results of the equiva-
lent width—based abundance analysis comes from compari-
sons of the observed spectra with synthetic spectra. An
example of such a comparison is shown in Figure 4, where
the spectral region 6150-6166 Ais presented and compared
with results of spectral synthesis computations. Note the
good match of the Fe 1 lines. Na and Si lines are clearly
stronger than predicted for a solar-scaled composition, indi-
cating an overabundance with respect to Fe. However, the
excess we would derive from this figure is about [Na/
Fe] ~ +0.3, a bit lower than that given by the equivalent
widths. Similar excesses of Na have been found for Popu-
lation I supergiants (see e.g., Sasselov 1986); however, the
clump stars in NGC 6819 are much less massive than those
considered by Sasselov.

4. SUMMARY AND CONCLUSIONS

We can use our temperatures derived from line excitation
(and hence a reddening-free parameter) to derive the inter-
stellar reddening toward NGC 6819. This can be done by
comparing the observed B— V colors with those predicted
by models (Kurucz 1995). There might be some systematic
errors in such reddening derivations, since they would
depend on the accuracy of the colors computed by model
atmospheres and on possible errors in the gf values.
However, this zero-point offset (itself a function of
temperature) may be determined by observation of a com-
parison sample of nearby unreddened clump stars, analyzed
by strictly following the same procedure described here. We
did this for a sample of 12 bright clump stars with accurate
parallaxes from Hipparcos (Carretta et al. 2001). This com-
parison sample overlaps in temperature and metal abun-
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dance the stars of NGC 6819, so that no extrapolation was
required. Using this procedure, we derive an average
reddening for our three clump stars of
E(B—V)=0.142 + 0.044 (three stars, rms = 0.076 mag).
This value agrees very well with that obtained recently by
Rosvick & VandenBerg [ E(B— V) = 0.16] in their accurate
study based on good-quality CCD photometry. Previous
determinations were contradictory, ranging, e.g., from
E(B—V) = 0.12 (Burkhead 1971) to E(B— V) = 0.28 (Auner
1974), and were based on more uncertain photographic
photometry.

Our determination of the metallicity for NGC 6819 ([Fe/
H] = +0.09 £+ 0.03) is only slightly higher than the value
obtained by Rosvick & VandenBerg (1998) from an analysis
of the color-magnitude diagram ([Fe/H] = —0.05) and
seems to agree very well with the value given by Twarog,
Ashman, & Anthony-Twarog (1997; [Fe/H] = +0.07
=+ 0.05) and based on a revision of the low-dispersion spec-
troscopic data by Friel & Janes (1993). In fact the latter
agreement is based on a value for the reddening
[E(B—V)=0.28 — 0.30] much higher than ours, derived
from quite old data and explicitly admitted to be highly
uncertain. Had they adopted a lower value for the
reddening, their metallicity would have also been lower
([Fe/H] ~ —0.05 or —0.10; see Rosvisk & VandenBerg
1998), but the discrepancy is fairly modest.

Our values for the metallicity and reddening of NGC
6819 are close enough to the values presented by Rosvick &
VandenBerg that no new analysis of distance modulus and
age for this cluster seems required. We must recall, however,
that the age and distances derived from isochrone fitting to
the cluster color-magnitude diagram are highly sensitive to
the adopted stellar models. Finally, we point out that our
reddening and metallicity agree perfectly with those recent-
ly adopted by Sarajedini (1999) in his discussion of the
dependence of the luminosity of the clump on age and
metallicity.

NGC 6819 hence appears to be a cluster with galactocen-
tric distance (8-9 kpc) similar to that of the Sun, metallicity
moderately higher, and age slightly younger. These features
make it consistent with standard age-metallicity relations
and abundance gradients.
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