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Abstract. We have computed a grid of synthetic spectra in the wavelength rahg600-5600 A using revised model atmo-
spheres, for a range of atmospheric parameters and valuestdhentd~e] = 0.0 and+0.4. The Lick indices Fe5270, Fe5335,

Mgb and Mg are measured on the grid spectra FMWHM = 2 to 83 A. Relations between the indices Fe5270, Fe5335 and

Mg, and the stellar parameterfective temperaturé., log g, [Fe/H] and [a/Fe], valid in the range 4008 T < 7000 K, are

presented. These fitting functions are givenfWHM = 3.5 and 8.3 A. The indices were also measured for a list of 97 ref-
erence stars with well-known stellar parameters observed at ESO and OHP, and these are compared to the computed indices.
Finally, a comparison of the indices measured on the observed spectra and those derived from the fitting functions based on
synthetic spectra is presented.
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1. Introduction evolutionary stages of globular clusters, for metallicities in the
Librari f stell tra f f at heri range-2.0 < [Fe/H] < +0.5, and composite spectra for single-
loraries ot stetlar spectra for a range of atmospheric paraijye populations, deriving a calibration of pgs. [FeH] and

eters are a useful tool for the study of stellar populations. g/Fe]. Tripicco & Bell (1995, hereafter TB95) computed a

the literature Iibraries_ of spectra both observed and synth ISies of 21 Lick indices, taking into account changes in the
(e.9. Allard & Hauschildt 199.5’ Gunn & Stryker 1083; ‘]aco.bXbundances of individual elements. For each of the elements C,
et al. 1984; Kurucz 1993; Lejeune et al. 1997, 1998; SOUbll’ﬁp 0, Mg, Fe, Ca, Na, Si, Cr and Ti, calculations with dif-

e]E al. 19|9§; Schia;/k(‘)n & Barbu%/ 1999|) ngﬁsﬁdtiqgggcuzlgg%g@rent abundance values were carried out, affieces of the
of population synthesis (e.9. Bruzua ario ’ undance changes of each of these particular elements on the

Spectral indices, among which the most used are the Li oo

Fe5270 and Fe5335, Mgb and Manes (Burstein et al, 1984;8 erentindices were measured.

Faber et al. 1985; Worthey et al. 1994), are also of great in- In the present work we compute synthetic spectra, us-

terest in studies of composite systems (e.g. Gorgas et al. 1999; revised lists of atomic and molecular data and revised

Worthey 1994; Worthey et al. 1994). model atmospheres, thus improving the grid of synthetic spec-
Indices derived from the computation of synthetic spectf@ as used by Cayrel et al. (1991). The Fe5270, Fe5335, Mgb

were presented by Gulati et al. (1993), where the ATLAS cod)d M@ indices are measured on the grid spectra, convolved

line lists and model atmospheres by Koz’ (1993) were em- With Gaussians oF WHM = 2.0 to 8.3 A. A comparison be-

ployed: Barbuy (1994) computed Mépr representative stellar fween the synthetic indices and those_ meas_ured on a sample
of reference stars are presented. Our intent is to reveal the ef-

Send gprint requests toB. Barbuy, fects caused on the indices by changes in the abundances of

e-mail:barbuy@astro.iag.usp.br all the a-elements at the same time, therefore in this respect
* Observations collected at the European Southern Observatgrylifferent approach relative to that by TB95. Finally, fitting

(ESO), La Silla, Chile and at the Observatoire de Haute Provergfctions of the indices Fe5270, Fe5335 andMueasured on

(OHP), St-Michel, France. _ _ synthetic spectra, convolved witWHM = 3.5 and 8.3 A, are
** All Tables of Appendices A and B are only available in elecbresented

tronic form at the CDS via anonymous ftpddsarc.u-strasbg. fr
(136.79.128.5) orvia In Sect. 2 the theoretical grid is described. In Sect. 3 the the-

http://cdsweb.u-strashg. fr/cgi-bin/qcat?/A+A/404/661  oretical indices are reported, and their behaviour with respect
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Table 1. Comparison of the interaction constant from this work and
computed with the collisional broadening theory of Anstee et al.
(1997).

Species A(A) Xex (€V) log gf  CPres™  CpORYT

0.0

e — S Mgl  5167.321 2709 -0.857 0.8E-31 0.29E-30
Mgl 5172684 2712 -0.38 0.8E-31 0.29E-30
Mgl  5183.604 2717 -0.158 O0.1E-30 0.29E-30

Fel 5227.192 1.56 -15 0.4E-31 0.29E-31
Fel 5269.550 0.86 -1.32 0.6E-32 0.18E-31
Fel 5328.051 0.91 -1.666 0.8E-32 0.19E-31
Fel 5328.542 1.56 -2.15 0.8E-31 0.28E-31
Fel 5397.141 0.91 -1.993 0.2E-31 0.19E-31
‘ Fel 5446.924 0.91 -255 0.7E-31 0.19E-31

0.0

| |
5170 5180 5190
Wavelength (A)

Fig. 1. Solar spectrum observed (thick lines) at a resolutiofRof

42000 with the ELODIE spectrograph compared to synthetic Spage discrepancy between calculation and observation becomes
tra (thin lines) computed with revised ATLAS9 models (Sect. 2'1?ncreasingly pronounced with the strength of the Mgl lines.
Damping constants and oscillator strengths were obtained from afi h . . . .
X ave previously computed a grid with atomic parameters
to the solar spectrum employiraj the HM74 modelp) ATLAS9 so- %erived fopr the SoIZ\r Sperc):trum er%ploying the HMp74 model
I L

lar atmospheric model computed in this work, for which the atom d the indi qf . h h
constants were fitted. and the indices measured for giants were much stronger than
expected.

In order to check our damping constants (and therefore
to stellar parameters is studied. In Sect. 4 the observed spegie, f-values, which are determined depending on the adopted
and corresponding indices are reported. A summary is givéamping constant) for Fel and Mgl triplet lines, we have com-
in Sect. 5. In Appendix A the fitting functions ceients are puted the damping constants based on the tables of damping
presented. In Appendix B the list of observed stars and coregnstants from the collisional broadening theory of Anstee
sponding measured indices are listed. et al. (1997, hereafter AOR97). For this purpose, we ob-
tained the list of Fel lines from Kucz (1993), which includes
the atomic transitions, available in his CD-ROM 23 and at
the web addreshttp://cfa-www.harvard.edu/amdata/

The code for spectrum synthesis is an improved version of ti&pdata/kurucz23/sekur.html. We selected the Fe | lines
presented in Cayrel et al. (1991), where hydrogen lines are With solar equivalent widths stronger th&W(mA) > 200,
cluded. LTE is assumed for the synthesis, and for the hydrog¥ifl free of blends, as well as the triplet lines of Mg I. We
lines a revised version of the code presented in Praderie (1987)'pared our derived interaction constants, as compared to
was employed. the damping constants derived from Anstee & O’'Mara (1995),
Abundances are adopted from Grevesse et al. (1998#rklem & O’'Mara (1997) and Barklem et al. (1998). The in-
Oscillator strengths for atomic lines are adopted from Fukgraction constan€s relates to the damping constant through
etal. (1988), Martin et al. (1988) and Wiese et al. (1969) whete formulays/Ny = 17%° C5/® (v is the velocity andNy is
ever available, otherwise they were obtained by fitting the sofi€ density of hydrogen atoms). In Table 1 the line parame-
spectrum. ters and the interaction constants from our fits and those by the
In order to fit the damping constants, it is important to bBOR97 method are reported for strong lines; théatences are
consistent with the models to be used in the calculation of théhin a factor 3, therefore negligible. For example, this causes
grid. In fact atomic constants fitted to the center of the sol@ichange of abow0.5% in the Mg index; in order to compen-
disk using the semi-empirical Holweger &WMér (1974, here- Sate for this amount, the lag value would have to be changed
after HM74) solar model atmosphere, showed not to be cdt <0.12 dex.
sistent with calculations for giants, where too large line wings The molecular lines of the following molecules were taken
have resulted. A revision of all constants using the integratéfo account in the calculations: MgH ¢N-X2%), C, (A®II-
solar spectrum (Kwréz et al. 1984) and a solar model atmoX°Il), CN blue (B'Z-X2%), CH (A*A-X?II), CH (B?A-X?II),
sphere computed in the same way as those used for the giired (AI1-X2), TiO a (C3A-X3A) and TiOy (A3@-X3A).
was necessary. This is illustrated in Fig. 1a showing the solar In all cases where possible the Franck-Condon factors with
spectrum fitted with constants suitable to the HM74 model, bdépendence on the rotational quantum numbess given in
using the present grid of model atmospheres (see Sect. 2.1 Faiwedi et al. (1978) and Bell et al. (1979) were computed and
the solar parameters. The wings of the Mgl lines are clearly tadopted. For vibrational bands for which such values were not
strong. In Fig. 1b we show the calculation with revised atomavailable, we adopted a constant value kindly made available
parameters and the solar model of the present grid. It prowedus through computations by P. D. Singh, using the code by
to be very important to correct damping contants, given th#rmain & McCallum (1970).

2. Calculations
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For the CN blue and CH systems, the line lists by Wanr” ; o o ey o
(1993, CD ROM 18) were adopted, where we transformed his
tables to our format, recomputingoi-London factors using <}
the formulae by Koscs (1969) (a more detailed description is 5t
given in Castilho et al. 1999). For the Gnes we have carried
out a detailed comparison between the iar line list and the
laboratory list by Phillips & Davis (1968). The resulting molec=
ular bands are very similar, so that we have kept the laboratory:
line list in our calculations. e

We have adopted the electronic oscillator strengthst
fel(CNred) = 6.76E-3 (Davis et al. 1986; Larsson et al. 1983, 5
Bauschlicher et al. 1988).(CNblue) = 0.0338 (Duric et al.
1978),fe(C2) = 0.033 (Kirby et al. 1979)fe(CH A%A-X211) =

5.257E-3 (Brzozowski et al. 1976), and dissociation potentials ) o ) ) )
Do(CN) = 7.65 eV, Do(Cy) = 6.21 eV, Do(CH) = 3.46 eV, Fig. 2. Spectral region containing the Mgl triplet lines computed with
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. Ter = 4000 K, log g = 1.5, [Fe/H] = -0.1 and p/Fe] = 0.0
Do(MgH) = 1.34 eV, Do(TiO) = 6.87 eV (Huber & Herzberg & ) - .
1559)9 T?O line lists an‘a( con)stants are dt(escribed in Schiavg apd +0.4. TheAsynthetlc spectra were convolved with a Gaussian of
’ HM=1.0A.
Barbuy (1999).
2 1. Models 0.0 and+0.3. Two values of the abundance ratiaeélements

to iron [@/Fe] = 0.0 and+0.4 were assumed.
Based on the grid of model atmospheres by utzr (1993), The C and N values which are modified in giants due to
a new grid covering theffective temperature range 4080 convective mixing were adopted to be /2] = -0.2 and
Ter < 7000 K, (in steps of 250 K) using the ATLAS9 code, wafN /Fe] = +0.4 for giants of logg < 2.0 and solar for higher
computed. The calculations comprise models withlements gravity stars. The changes in C and N have strdfegés in CH
to iron ratios fr/Fe] = 0.0 and+0.4. and CN bands. The values assumed for microturbulence veloc-
Three parameters were changed with respect to the origiitglarery = 1.0 km st for log g > 3.0, »; = 1.8 km s! for
grid, and for this purpose the ATLAS9 code was adapted tdlé < log g < 2.5, andy; = 2.5 km st for log ¢ < 1.0.
Unix system. Note that the grid was used to estimate atmospheric param-
i) The number of layers was increased from 64 to 72. Tleters for diferent samples of low resolution observed spectra,
8 additional layers represent the outer atmosphere, with optiediere errors were found to be of the order|bdz| < 50 K,
depths—6.875 < logtress < —5.875. These extra layers ardlog g| < 0.2,|[Fe/H]| < 0.2 (Katz 2000a,b, 2001).
important in the formation of the center of strong lines. In Fig. 2 is given a comparison between synthetic spectra
ii) The mixing length to pressure scale height ratio= in the Mgl triplet lines region, computed wiffir = 4000 K,
¢/Hp = 0.5 was adopted, instead af= 1.25 employed in the log g = 1.5, [Fe/H] = -0.1 and pr/Fe]= 0.0 and+0.4.
former models. This value was suggested by Fuhrmann et al. In Fig. 3 is given the comparison between the observed
(1993) and Van 't Veer-Menneret & &tjessier (1996) as beingspectrum of M67: F108 (Table B.1) and the corresponding syn-
more suitable to reproduce the profile of Balmer lines. thetic spectrum computed withey = 4360 K, log g = 2.1,
i) No overshooting was considered, given the prolFe/H] = —0.36 and fr/Fe]= 0.0.
lems discussed by Van 't Veer-Menneret &elgessier (1996),
Castelli et al. (1997), Castelli (1999) and Heiter et al. (2002). . )
The convergence of models was imposed to within tempgf— Indices vs. spectral resolution

ature and flux corrections &fT < 1 K, AFlux < 1% inthe The synthetic spectra of the grid were convolved with
optical depths-4.875 < log Tross < 1.625 andAT < 4K, pwHM = 2, 3, 3.5, 4, 6, 8 and 8.3 A, the latter correspond-
AFlux < 4% in the higher and lower parts of the atmospherejng to the observations of the Lick group (Worthey & Ottaviani
Cooler models were computed in order to have reliabilityg97). The Lick indices Fe5270, Fe5335, Mgb and.\ig
on the fitting functions foTex around 4000 K, such that thetheir early (Burstein et al. 1984; Faber et al. 1985) and revised
behaviour of curves at 4000 K takes into account a range @forthey et al. 1994) definitions, were measured on the whole
points above and below this temperature. grid of synthetic spectra, for all the convolutions considered.
The definitions of the indices are reproduced in Table 2. In
this paper we will focus the calculations on the Worthey et al.
(1994) definition of the indices.
The grid of stellar synthetic spectra is computed in the wave- In Figs. 4a-d the Fe5270, Fe5335, Mgb and Maudices
length ranget1 4600-5600 A and covers thefective tem- are plotted as a function of spectral resoluti&W\(HM in A).
peratures 4000 Ter < 7000 K in steps of 250 K, grav- These figures make it clear that the Mgb and,Nglices show
ittes 05 < log g < 5.0 in steps of 0.5, and metallicitiesessentially no dependence on resolution, showing how robust
[Fe/H] = -3.0,-2.5,-2.0,-1.5,-1.0,-0.5,-0.3,-0.2,-0.1, these indices are.

2.2. Grid of synthetic spectra
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Fig. 3. Comparison of the spectrum of M67: F108 and synthetic spectrum computed gyith 4360 K, log g = 2.1, [Fe/H] = -0.36 and
[a/Fe] = 0.0 (upper panel) and residuals (lower panel). The synthetic spectra were convolved with a Gauskisvidf= 3.0 A.

Table 2. Definition of indices, where “1984” corresponds to Burstein et al. (1984) and Faber et al. (1985), and “1994" to Worthey et al. (199:

index name  blue continuum index bandpass red continuum
Mg3%84 4897.00-4958.25 5156.00-5197.25 5303.00-5366.75
Mght%84 5144.50-5162.00 5162.00-5193.25 5193.25-5207.00
Fe5270%4  523550-5249.25 5248.00-5286.75 5288.00-5319.25
Fe5338%4  5307.25-5317.25 5314.75-5353.50 5356.00-5364.75
Mg2% 4895.125-4957.625 5154.125-5196.625 5301.125-5366.125
Mgh?9%4 5142.625-5161.375 5160.125-5192.625 5191.375-5206.375
Fe5270°4  5233.150-5248.150 5245.650-5285.650 5285.650-5318.150
Fe53358%4  5304.625-5315.875 5312.125-5352.125 5353.375-5363.375

The Fe5270 and Fe5335 indices are weaker for spectra vitie observations strongly suggest a behaviour as-alement
a-element enhancements than those withdlementFe] = (e.g. Pompia et al. 2002; Framis et al. 2003). In addition
0.0. The sameféect was present in the calculations by TB95o0 that, the measurement of the indices is strongly dependent
This is expected, because theclements are electron donoron the continuum, which isféected in two ways(i) molecu-
(magnesium being the most important in this respect). Withlar bands or a number of atomic lines involving thelements
enhancement the electron pressure increases, therefore thewthaffect indices in the pseudo-continuum as well as the fea-
tinuum absorption by Hincreases. As a consequence, a certaiares;(ii) the true continuum is dominated by Hand therefore
optical depth will be reached at a shallower layer, where the gawill depend on electron donors, among which thelements
pressure is lower, therefore the line wings will be less strongMg and Si are important, whereas Ti is hotimportant in this re-

The comparison between our calculations and those $i§ect. In conclusion, due to the combination of all theBeces,
TBO95 are dificult to establish, given that those authors conit-is difficult to make a comparison with the TB95 method of
puted variations of the indices by increasing the abundancecafculation and results.
one unique element one by one, whereas in the present work,It is important to note that calculations@fenhanced spec-
the calculations were carried out for an enhancement ef-all tra is useful for applications in stellar population synthesis in
elements at the same time. Theelements considered are Othe study of integrated spectra of elliptical galaxies. A discus-
Mg, Si, S, Ca and Ti; Ti nucleosynthesis is in principle assog@ion on<Fe> and a-element enhancements in ellipticals can
ated to the Fe-peak elements (Thielemann et al. 1996), howdwerfound in e.g. Greggio (1997) and Trager et al. (2000) and
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Fig. 4. a) Fe5270 and) Fe5330 (as defined by Worthey et al. 1994) F8VHM (A) for dwarfs of Tz = 4500 and 5000 K, logg = 4.5,
[Fe/H] = 0.2 and [/Fe] = 0.0 and+0.4; c) Mgb andd) Mg, vs. FWHM (A) for a giant and a dwarf of logy = 2.0 and 4.5T¢ = 4500,
[Fe/H] = -0.5 and fr/Fe] = 0.0 and+0.4. See comments in Sect. 3.

references therein. The calculations of TB95 were used Bgbles A.1-A.3 foFWHM = 8.3 A, and Tables A.4-A.6 for

Trager et al. (2000) to infer relations between indices and F&WHM = 3.5 A. Each set of fitting functions was divided into

abundances and the enhancement of a few selected elemerftaur parameter intervals. For the index Mdwo of the inter-
vals are not in the exponential form (as indicated in the Tables

o _ of Appendix A), in which cases the index is given directly by
3.1. Fitting functions the polynomial.

Based on the grid of indices derived for 2660 synthetic spectra |t js jmportant to note that since these indices were mea-

with parameters in the range described in Sect. 2.2, we apgred on synthetic spectra, computed in absolute flux, they are
plied the Levenberg-Marquardt method (e.g. Press et al. 1988} in the Lick System. In order to evaluate the deviation from
to derive functions of the form index [exp](@ + b(log 0) +  the Lick system, our fitting functions féfWHM = 8.3 A were
c(log6)? + d(logg) + e(logg)® + f([Fe/H]) + g([Fe/HI?) + applied to the Worthey et al. (1994) sample and compared with
h([a/Fe])+i(logf)(logg)+ j(logd)([Fe/H]) +k(logf)([a/Fel)+  the measured indices (as can be seen in Fig. 5 for the index
l(logf)?(logg) + m(loge)(logg)?) (whered = 5040 Ter), and  Fe5335). Systematic shifts can be seen, and we interpret them
[exp] indicates that the index is either the polynomial or thgs constants needed to calibrate our theoretical fitting functions
exponentlal of the polynomial, as indicated in Tables A of thg ine Lick System. These constants were derived by applying a
Appendix. linear regression to the plots, fixing the slope to 1. The adopted

The resulting cogéicients for the indices Fe5270, Fe533values of fy/Fe] for the Lick sample are described below in
and Mg in their Worthey et al. (1994) definitions are given irSect. 4.1.
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Fig. 6. In(Mgb) vs. [FgH] for log g = 2.5, [a/Fe] = 0.0 and dfective
temperature3 s = 4250 (circles), 5250 (triangles), 6000 (downsided
triangles) and 6750 K (diamonds). See comments in Sect. 3.1.

Fig. 5.Comparison of the index Fe5335 between the measured indi
of the Worthey et al. (1994) sample and the computed indices from
fitting functions using the stellar parameters provided for that samg
The systematic shift gives the correction that converts the indices
rived by the fitting functions to the Lick system. — 1.93 m telescope of the Haute Provence Observatory

(OHP), with a resolution oi\d ~ 3.0 A as described in
. - . Perrin et al. (1995);
The same procedure was applied to the fitting functions1 _ 4 g3 1, telescope of the OHP, with a resolution fof

]!: WH MJ 35 A 'rr‘]this Czse' we used our ‘f’IW” Obl.ssr"at(;o' ~3.5 A obtained in 1995-1997 with the CARELEC spec-
rom Table B.3. These observations were flux calibrate , trograph (Katz 2000a)

that we are providing the calibration of the fitting functions fc
FWHM = 3.5 A'in a flux calibrated system. The collected observations for this sample of 97 stars were used

The derived calibration constants are provided in Table Ato obtain measurements of the indices Fe5270, Fe5335, Mgb
The Mgb index shows a more complicated behaviour, asand Mg (early and revised definitions). The three sets of ob-
lustrated in Fig. 6, where In (Mgb) vs. [fH] is shown for 4 servations are given in Appendix B (Tables B.1, B.2 and B.3),
effective temperatures and log = 2.5. For the cooler stars together with the measured indices. There are 13 stars in com-
the behaviour is smooth, whereas Ty > 5250 K the de- mon between Tables B.1 and B.3, which are reported in both
pendence of the index with metallicity is less smooth; the Mtables, given that they were observed iffefient runs with dif-
lines are stronger, but the index is lower, due probably to ferent resolutions.
enhanced continuum absorption. We preferred not to pres
a fitting fgnction f(_)r _this index, since it would involve sev-4 1 ndices of observed vs. computed spectra
eral functions for limited ranges of parameters. Note that t
difficulties in finding fitting functions from the whole grid ofFor the comparison of observed and synthetic indices we used
synthetic spectra does not appear when using observed indithe fitting functions foFWHM = 35 A.
Fig. 9 of Schiavon et al. (2002) shows a clear separation |  In order to compare the indices measured on the com-
tween dwarfs and giants, therefore a clear dependence on gputed and observed spectra, we assumed the following val-
ity, and a well behaved function of temperature. The sameues of thex-to-iron ratios, based on results from the literature
obtained with the Mgb indices computed from the synthei(e.g. McWilliam 1997; Pomeia 2002; Pomgia et al. 2002;
spectra, if we select the same ranges of parameters as shFranwis et al. 2003):
in Schiavon et al. (2002). More complicated dependences _ [a/Fe] = 0.0 for stars of [F&H] > —0.1
paramete_rs appear hqweyer whe_n the yvhole space of stellar _ [a/Fe]= 0.1 for—0.4< [Fe/H] < —0.1
rameters is used, which is possible with the grid of synthe _ [a/Fe]= 0.2 for—0.7< [Fe/H] < 0.4

spectra. — [a/Fe]= 0.3 for-0.7< [Fe/H] < -1.0
— [a/Fe]= 0.4 for [FgH] < -1.0,
4. Observations Fig. 7 gives the computed vs. measured,Niydices for the

Low resolution spectra of reference stars were collected as‘Stars of Tables B.1-B.3, showing a very satisfactory agree-
lows: ment. Due to the stronger dependence of the Fe indices with

resolution, the comparisons of the indices Fe5270 and Fe5335
— 2.2 m telescope of the European Southern Observat(Figs. 8 and 9) are presented with the observations of Table B.3,
(ESO), with a wavelength resolution &ft ~ 4.7 A, as which show a very high signal-to-noise ratio (typically of
described in Cayrel et al. (1991); S/N ~ 300).
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Fig.7. Computed vs. measured Mdices for a sample of 97 ob- Fig. 8. Computed vs. measured Fe5270 indices for the stars listed in

served stars listed in Tables B.1-B.3. The solid line is a 1:1 line tiTaple B.3. Solid line: same as in Fig. 7. Standard deviation obtained:
would correspond to a perfect match. Standard deviation obtair g g7.

0.006.

I . . . . . .
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Measured Mg,

As explained in Sect. 3.1, for the Fe5270 and Fe5335
constant (see Table A.7) must be subtracted from the compt 4|
indices since we verify that the computed indices are stron
than the observed ones.

This behaviour of the computed vs. observed Fe featu
can be partly explained by (a) the calculations are carried
in LTE, therefore the bottom of strong lines are not repr
duced, being less deep in the calculations; (b) even in non-L
as investigated by McWilliam et al. (1995), the calculation ~ |
strong lines areféected by the fact that the model atmospher
do not account correctly for the upper layers and the pha
sphergchromosphere boundary; the ATLAS models, which v
use here, are more suitable than the MARCS models (e.g. | 0 1 PO
et al. 1992) in this respect, due to a more complete layer coy
age. On the other hand, the photospfaromosphere bound-
ary would cause a 0.1 dex underestimation of an Fel line Fig.9. Computed vs. measured Fe5270 indices for the stars listed in
equivalent width larger than 100 mA, for a metal-poor giar Table B.3. Solid line: same as in Fig. 7. Standard deviation obtained:
according to McWilliam et al. (1995) and the sanféeet is 0.09.
likely to occur in the present calculations. Note thiitets (a)
and (b) are interrelated; (c) possible uncertainties in the atoithen derived describing the index value as a functi¢fis,
parameters, given that the Fe indices are composed of se\|og ¢, [Fe/H], [«/Fe]). These relations can be useful for stellar
overlapping strong lines, which makes itfiiult to detect dis- population studies.
crepancies even at very high resolution. A comparison of computed indices to those measured on

spectra of reference stars with well-known stellar parameters
shows good agreement.

Computed Fe5335

w

Measured Fe5335

5. Summary

We have computed a arid of svnthetic spectra in the wa: eIenAcknowIedgementSNe are grateful to the referees A. McWilliam
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