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Abstract. We complete our study (Hui-Bon-Hoa et al. 1997Jable 1.Basic data for the programme stars.
of the abundances of Mg, Ca, Sc, Cr, Fe, and Ni ider cluster
stars using new spectra of two stars of the previous sample arghe HDorBD Sp.type Vmag.S/N Remarks

also adding two more objects. The new spectra of BD°888 HDK 220 19954 AQIV(1) 914 180

and. I_-|D 21527 show that thg former has an e_xlmost golar COflsk 285 20135 AOp(1) 809 270 Am(2),
position whereas the latter is an Am star with the iron peak SB2 (this work)
elements being all enhanced and Ca marginally underabundgiii 501 +48894 FOIV (1) 9.14 200 ¢ Scuti

As for the additional stars of this study, HD 19954 has a patteAbk 885 21527 A7IV (1) 8.79 250 SB?, Am (2)
very close to solar, and HD 20135 is an SB2 system where bath - -

components seem to be Am stars: Ca and Sc are strongly O%ﬁf_erences(.l) Morgan et al. (1971); (2) Abt (1978)

cient; Cr and Ni are overabundant in one component. A more
thorough study is needed for confirmation. This study reexamines the twoPer stars that show these

marginal overabundances of Ca and/or Sc with spectra not avail-
Key words: stars: abundances — stars: chemically peculiarable when Paper | was published of much higher quality and a
Galaxy: open clusters and associations: individual: more appropriate measurement method for these fast rotators.
We also present results for two stars that could not be observed
previously because of bad weather.

1. Introduction 2. Observations and reductions

Diffusion is usually considered as the main physical process thaf  The sample
accounts for the abundance anomalies of the Chemically Pecu- . .
. . . ; . m as well as normal A stars are selected for this series of
liar stars. According to several theoretical studies (Michaud ) . ) ) .

] . e studies since Alecian (1996) predicts possible phases of over-
Charland 1986; Alecian 1986, 1996), the stratification proce . .
- ... ..abundances of Ca for young peculiar stars. Indeedd#fe
is time-dependent and the abundances therefore vary with time. . . e

cléncyof Ca is a classical criterion for the Am phenomenon

The work of Alecian (1996) is focused on the abundance eV~ | us young Am stars witiverabundancesf Ca would not

lution of Am stars’ typically anomalous elements Ca and SC. . o . . .
Hui-Bon-Hoa et al. (1997, hereafter Paper I) began a seriesggt'dem'ﬂed as such. The sample stars fulfil the following cri-

. . . . eria: (i) a suitable rotational velocity to allow the abundance
papers with the purpose of constraining these simulations r - . .
: : termination and (ii) the availability efvbys data to estimate

observing cluster A stars of the corresponding age range. Pa- . ;

. he fundamental stellar parameters. The four investigated stars
per | dealt with the stars ef Per, Coma Ber, and Praesepe. The : .

. : s . are members of the Per cluster (Petrie & Heard 1970). Basic
Pleiades and Hyades stars along with additional objects of Co : : :
. . . a for these objects are gathered in Table 1 (the first column

and Praesepe were treated in Hui-Bon-Hoa & Alecian (19 splays the HDK numbers of Heckmann et al. 1956)
hereafter Paper Il). These studies concluded that the older 1y ' '
cluster, the more often the Am pattern is present and the more

the anomalies are pronounced (Hui-Bon-Hoa 1998a, b). Alsb?2. Data collection and reduction

atypical patterns with slighoverabundancesf Ca and/or Sc We obtained the spectra in December 1996 with the AURELIE
I?’rlgizgg\g)n by several stars of the youngest clustefsef and spectrograph (Gillet et al. 1994) attached to the éofiedus of
' the 152 cm telescope of the Observatoire de Haute-Provence.
Send offprint requests té. Hui-Bon-Hoa The settings are the same as in Paper | andoyield a spectral res-
* Based on observations collected at the Observatoire de HawBition of about 34000 (linear dispersion of6mm ') with
Provence (France) 5495-562A as spectral interval (typical spectra are shown in
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Fig. 1 of Paperl). The detector was a linear diode array Thoms@spectively+350 K and+0.40. The corresponding errors on
TH 7832 with 2036 13 by 75@m pixels. The integration time the abundances are abat®.30 dex.

was about 3 hours, which yields signal-to-noise ratios (S/N) typ-

ically .arou.nd 230 (see column 5 of Table 1). The S/N .reachng' Abundance determinations

here is twice the value of Paper | for the two stars in com-

mon. Calibration sequences (offset level, exposures of a tudre codes of M. Spite (1967, 1996 private communication) are
sten lamp and of a thorium-argon hollow cathode lamp) weused for the abundance analyses. The model atmospheres are
done between each stellar exposure. The reduction of the sgdeulated with the ATLAS9 code (Kurucz 1993) with the op-
tra made use of codes written by M. Spite (1967, 1996 privdiens discussed in Paper Il. An alternative approach to the clas-
communication, details in Paper ). sical Mixing Length Theory, which is used in ATLAS9, for the
treatment of convection has been proposed by Canuto & Mazz-
itelli (1991, 1992) and implemented by Kupka (19964, b, 1998
private communication). By using the two methods for typical
3.1. Effective temperature and surface gravity stars of this series of papers, we have checked that there were

The estimation of effective temperatures and surface gravitie§ significant differences (they are of the same order as the
carried out usinglvbw photometry (Moon & Dworetsky 1985, rounding errOI’S) in the derived abundances. A discussion about
Moon 1985). Napiwotski et al. (1993) showed that their calthe relevance of these approaches is beyond the scope of this
bration is still reliable for single normal stars. The errors con¥ork. The microturbulent velocity is obtained by minimizing
mostly from the uncertainties in the photometric measureme#t§ dispersion among the abundance values obtained from the
and aret+200 K for T, and=0.14 for log g. The photometric different lines of Fe
data come from the compilation of Hauck & Mermilliod (1980). Data for the lines considered for the abundance determina-
This method for HD 20135, which has been classified #8n are the same as in Paper | and II: the “solgiValues we
an Ap star (Morgan et al. 1971), is highly suspect. Maitzen @erived are shown in Table 2, along with the equivalent width
Pavlovski (1987) showed that ima_photometry was anoma- measurements. The f|tt|ng method of Ca.yrel et al. (1985) is
lous, denoting the presence of the 5208ux depression that is used mostly with rotational profiles since we have fast rotators
typ|ca| of magnetic Ap stars. The Smgren photometryband (except HD 20135) The use of rotational prOfiIeS yleIdS much
is affected by this Spectra| feature (Ade|man 1975) as Sugge%e stable measurements against the uncertainties of wave-
by the abnormally high color exceB¢b-y)derived by Crawford length scale. The smallest equivalent widths used are at least
& Barnes (1974) (théb — y), index is bluer for Ap stars than equal to the systematic error made on their measurements for
for normal ones of similar temperature). Therefore, the stand&@ch star, estimated following Cayrel (1988). HD 20135 shows
dereddening relations used for the other sample stars (throl§f systems of lines in our spectrum and will be discussed in
the code of Moon 1985) may not be valid. Even if its membepect. 4.
ship may be questionable (see Maitzen & Pavlovski 1987 and
references therein), we adopt for HD 20135 the mean rEddﬁn'Results
ing of the cluster (Crawford & Barnes 1974), according to its
position. The variation of reddening over this cluster has littlEhe results of the abundance analysis are given in Table 3 along
influence on the fundamental parameters and will be neglectaith the fundamental parameters used. The abundance patterns
Since the energy distributions (ED) of Ap stars are differeate presented in Fig.1 (except for the SB2 star HD 20135,
from those of normal stars because of their strong abundasee below). The solar abundances are those of Grevesse &
anomalies (Adelman et al. 1995), the use of the Moon & Dwordttoels (1993), namely: Mg, 7.58; Ca, 6.36; Sc, 3.17; Cr, 5.67;
sky (1985) calibration may not be suitable. A proper calibratidfe, 7.50; Ni, 6.25. The script [X] for any quantity X means
for Chemically Peculiar stars with strong abundance anomalieg (X). — log (X). The dispersion of the values given by
(like magnetic Ap and Hg-Mn stars) should at least consider th#ferent lines is indicated for Ca and Fe when more than two
effect of these anomalies on the photometric indices. Such a dales are used for the estimate. Thasini values are derived
ibration is not available yet and we lack data which could giieom our equivalent width measurements. The last column of
more direct estimates (spectrophotometry or infrared flux). Wable 3 indicates the classification we propose for each star from
can nevertheless obtain rough values of the fundamental paréime-scheme and criteria of Paper Il: abundances within 0.3 dex
eters by determining them as for a normal star (withdhes.5  around the solar value are considered normal (normal stars are
grids of Moon & Dworetsky 1985) and then correcting them fatenoted nl); the Am star HD 21527 is labelled (c) following
the changes in the ED (and thus in the photometric indices) the classification of Conti (1970), which means a star witly
duced by enhanced abundances of heavy elements. The laststemg metallic lines. The case of HD 20135 deserves a more
is performed by comparison between synthetic colours of PG0mplete study.
(solar abundances) and P10 (ten times the solar metal content)\W/e now discuss each sample star by order of increasing
ATLAS9 models (Kurucz 1993), also taking the derived abutdDK number.
dances of iron peak elements into account. The set of values weHD 19954 (HDK 220) is almost normal with slight defi-
obtain isT.g = 8050 K and logg = 3.80 with uncertainties of ciencies of Cr and Fe and a rather strong overabundance of Ni.

3. Analysis



A. Hui-Bon-Hoa: Metal abundances of A-type stars in galactic clusters. Ill

Table 2. Equivalent widths in A for the sample stars (HD or BD numbers). The values for
HD 20135A and B are not corrected for dilution effects.

A(A)  Element loggf 19954 20135A 201358 +4894 21527
550147 Fe  —2.95 - 9.3 - 65.5 49.3
550209 Cnm  —1.92 250 329 35.0 28.4 50.0
5506.79 Fe  —2.80 498 200 18.7 79.1 52.1
550864 Cn  —1.98 - 29.4 10.0 29.4 -
551299 Ca  —0.29 - - - - -
5526.82  So 0.08 930 <1.0 9.4 99.7 80.0
552842 Mg  —0.62 1364  17.4 22.4 173.1 1133
554320 Fe  —157 - - - - -
5543.95 Fe  —1.09 - - - - -
555490 Fe  —0.32 346 124 11.1 534  —
5560.22 Fe  —1.19 - - 5.2 10.7 -
5569.63 Fe  —0.54 831 331 19.9 1058  86.6
5576.10 Fe  —0.92 677 161 13.4 72.4 65.0
557873  Ni  —2.65 24.1 - - - 22.7
5581.98 Ca  —0.71 - - - 42.6 10.7
5586.77 Fe  —0.10 103.6  44.1 42.1 127.0  103.8
5588.77 Ca  0.21 1170  11.0 4.0 143.7 834
5589.37  Ni = -1.14 - 3.6 - 8.6 -
5590.13 Ca  —0.71 - 1.9 1.4 - 19.3
559375 Ni  —0.83 62.5 6.9 - 355 25.3
5601.29 Ca  -0.35 54.6 9.8 1.7 937 -
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Table 3. Abundances and fundamental parameters for the programme stars. A colon (;) denotes uncertain values (see text for details).

Name HD Remarks vsini Tesr Vi [Mg/H] [Ca/H] [Sc/H] [Cr/H]  [Fe/H]  [Ni/H] Type
(kms™)  (K) (kms™1)

HDK 220 19954 60 7610 4.10 —-0.08 -0.09 -0.05 -0.16 -0.22 0.83 nl
(+0.23) @0.13)

HDK 285 20135A Am (2), SB2 (this work) 14 8050: 3.80: —1.20: -0.86: <—2.10: 0.46: —0.20: 0.43: —

20135B 14 8050: 3.80: 20: -1.03: -—-1.33: —1.07: 0.21: —0.20: — —

HDK 501 +48894 4 Scuti 55 7450 3.0 0.10 0.00 -0.10 -0.08 —0.16 0.32 nl
(+0.19) #0.08)

HDK 885 21527 SB?, Am (2) 52 8210 4.30 -0.12 -0.24 0.05 0.43 0.22 0.89 Am(c)
(+0.19) @0.14)

References(1) Morgan et al. (1971); (2) Abt (1978)

However, the value for this elementis uncertain due to the strotgnt or marginally deficient in cool Ap stars (Adelman 1973).

blending of its lines in this fast rotator.

Mg is also very deficient. The effect of a possible magnetic field

Morgan et al. (1971) classified HD 20135 (HDK 285) as aon the line formation is neglected. We stress that all the results
Ap star, which is confirmed by Maitzen & Pavlovski (1987) byor this system should be considered very cautiously and a more
photometric method. It is clearly an SB2 from our spectrumapmplete study is needed to draw more definite conclusions.
which explains the radial velocity variations of Petrie & Heard The two last stars were studied in Paper |. BD 8@
(1970) and the excess of luminosity indicated by Maitzen §1DK 501) has a quasi solar composition as far as our elements
Pavlovski (1987), who invoked this argument against the memare concerned and its pattern looks like that of HD 19954 with
bership of this star. Since it is an SB2, this argument does motich smaller deviations from the solar values. In comparison
hold any longer. According to our spectrum, both componentsth the results of Paper |, the present values are smaller for most
seem to have approximately same luminosity and we therefetements and the slight Ca overabundance is not confirmed. The
adopt a dilution factor of 2. The effective temperatures are alsduction of the abundance values arises mostly from the equiv-
likely to be similar and with all these assumptions, we derivaent width measurement method since we used here rotational
that Cr and Ni are clearly overabundant in component A (thattofiles instead of gaussian profiles, the latter leading to over-
with the most intense metallic lines). Ca and Sc are strongly wstimates of the wings. There is also a small contribution due
derabundant in both components, which suggests that we ratibethe use of ATLAS9 models calculated without overshoot-
have Am stars (see Abt 1978) since these elements are overaimginstead of models interpolated in Kurucz’ (1993) grid (see
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15

two Am stars are the hottest members of our sample since the
diffusion time scale is smaller for hotter stars. Besides, anoma-
lies for the iron peak elements seem to appear earlier than those
for Ca and Sc since the Am stars of type ¢ are only found in the
youngest clusters we studied Per, Pleiades, Coma Ber, see
Paper | and Il) and this is in agreement with the radiative ac-
celerations of Cr, Fe, and Ni computed by Richer et al. (1998).
In the view of these new results, the conclusions of Paper | and
Il with regard to the simulations of Alecian (1996) remain: ei-

‘\\Q\\‘\\\\

—_ &)
< ther our sample stars are too old and have already passed the
_§ - 4 Ca/(Sc) overabundance phase or the extension of the convective
- i 1 zone should be smaller than one pressure scale height and the
- 4 mass-loss rate arour®—14 Mg .yr 1.
-05 — " , —e— BD +48°894 m
i o i Eg ;fgg‘; 1 Acknowledgementd. am grateful to G. Alecian for his useful com-
F N o BD+48°894(12/95) | ments and suggestions about the manuscript. | am indebted to F. Kupka
1.0 \?/ 4? Eg g?ggg (1208 | for his CM convection procedures. Thanks to F. Castelli and C. van't
r 5 BD +49°967 - Veer for a fruitful discussion about the treatment of convection in AT-
B |1 LAS9. The referee S. J. Adelman made many interesting remarks that
O ‘ ‘ ‘ ‘ L] contributed to improve this work. Thanks also to the excellent sup-
-15 port of the OHP staff. This research made use of the bibliographical
Mg Ca Sc Cr Ee Ni stellar database, Simbad, operated at the Centre ded@sr8tellaires

(Strasbourg, France).

Fig. 1. Abundance patterns for the programme stars (solid lines and

filled symbols). An arrow means upper limit and error bars end

by arrows denote very uncertain values. The two sets of results %g?ferences

BD +48°894 and HD 21527 are linked by dotted lines. The other stasgt H.A., 1978, PASP 90, 692

of Paper | are represented by dashed lines and open symbols. Adelman S.J., 1973, ApJ 183, 959
Adelman S.J., 1975, ApJ 195, 397

) . Adelman S.J., Pyper D.M., Lopez-Garcia Z., Caliskan H., 1995, A&A
Castellietal. 1997 and Paper Il). Hui-Bon-Hoa (1998a) showed 296, 467

that this change alone reduced the abundances by 0.06 deXlégian G., 1986, A&A 168, 204
mean except for Sc and Ni, which are almost unchanged. Alecian G., 1996, A&A 310, 872
The abundances of HD 21527 (HDK 885) are also reduce@nuto V.M., Mazzitelli 1., 1991, ApJ 370, 295
in comparison with Paper | and this star is still an Am of type (§2nuto V:M., Mazzitelli I, 1992, ApJ 389, 724
but without the previously found Ca overabundance. Here al stellllRF.,lggzttclml E'G" 'f(;'ruscz R;.Ll.,Glgéa?, Af‘ﬂA 338’ 8T4h1 | ‘
the differences arise from the equivalent width measuremen e, ,In: Cayrel de Strobel G., Spite M. (eds.) The Impact o

very High S/N Spectroscopy on Stellar Physics. IAU Symp. 132,
method. p. 345

Cayrel R., Cayrel de Strobel G., Campbell B., 1985, A&A 146, 249
Conti P.S., 1970, PASP 82, 781

Crawford D.L., Barnes J.V., 1974, AJ 79, 687

The abundances obtained in the present study are smallerGdjet D., Burnage R., Kohler D., et al., 1994, A&AS 108, 181

the two stars in common with Paper | due to the use of a I%_revesse N., NoeIsA., 1993, In: nggk B., Paltani S., Raboqd D. (eds.)
tational profile in the equivalent width measurements. We are -2 Formation des Eiments Chimiques. Lausanne, Switzerland,

more confident with these new results since the uncertaint'ﬁgu%kzgsMermi”iod J.C.. 1980. AGAS 40 1

related to fast rotators have much less influence on the eqyiVxmann O.. Dieckvoss W., Kox H.. 1956, Astr. Nachtr. 283, 109
alent widths and therefore on the abundance values. With {h@-Bon-Hoa A., 1998a, Tése de Doctorat, UnivergiParis 7

present work, there is clearly a lack of Am stars in th®er Hui-Bon-Hoa A., 1998b, In: North P., Schnell A., Ziznovsky J. (eds.)
cluster: only 2 out of the 5 non-SB2 members we have stud- Contrib. Astron. Obs. SkalnaPleso, Vol. XXVII, 1f3, p. 309

ied (including stars of Paper 1) are Am. Taking into account théui-Bon-Hoa A., Alecian G., 1998, A&A 332, 224 (Paper II)

bias introduced by the criterion of slow rotational velocity, thergui-Bon-Hoa A., Burkhart C., Alecian G., 1997, A&A 323, 901 (Pa-
should be many more peculiar stars, like in Praesepe (Paper 1Pe"!) . _

and II). Moreover, only one object shows obvious deficiengy}]pka F., 19963, In: Adelman S.J., K“p"? F., Weiss F.W. (eds.) Model
. . . . Atmospheres and Spectrum Synthesis. A.S.P. Conf. 108, p. 73
in Sc. In the framework_Of the d'ﬁUS'pn model, this ppverty 0&upka F., 1996b, In: Strassmeier K.G., Linsky J.L. (eds.) Stellar Sur-
Am stars can be explained by the time the anomalies take 10 ¢4 Structure. 1AU Symp. 176, p. 557

appear: the stratification process at work could be reflectedjytucz R.L., 1993, ATLAS9 Stellar Atmosphere Programs and 2
the marginal underabundances of Ca (and Sc) we found. Also, km.s~! grid (Kurucz CD-ROM f13), Smithsonian Astrophys-
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