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Abstract. This is the first of two papers whose main goal is to update and improve the information available on the
physical properties of the A Bootis stars. The determination of the stellar parameters is of fundamental importance
to shed light into the different theories proposed to explain the A Bootis phenomenon. With this aim, projected
rotational velocities, effective temperatures, surface gravities and chemical abundances of a sample of suspected
A Bootis stars have been calculated. Five objects showing composite spectra typical of binary systems were found
in our analysis. The abundance distribution of the program stars does not resemble the chemical composition of the
class prototype, A Boo, which poses some concerns regarding the idea of a well-defined, chemically homogeneous
group of stars. A possible relation between rotational velocities and the A Bootis phenomenon has been found.
This result would be in agreement with the accretion scenario proposed by Turcotte & Charbonneau (1993).
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1. Introduction

A Bootis stars have been defined as late B to mid F,
metal-weak, Population I objects (Paunzen 2000). The na-
ture and evolutionary state of these stars is still a matter
of debate and different hypothesis can be found in the
literature.

1.1. Very young stars which have not reached
the Main Sequence

This theory, suggested by Venn & Lambert (1990), sup-
ports the idea of a star surrounded by a shell of gas and
dust, the volatile elements remaining in the gaseous phase
while the refractory elements, with a higher condensa-

Send offprint requests to: E. Solano,
e-mail: esm@vilspa.esa.es

* Figure 3 is only available
http://wuw.edpsciences.org

** Visiting Astronomer at CASLEO. Complejo Astronémico
El Leoncito (CASLEO) is operated under agreement between
the Consejo Nacional de Investigaciones Cientificas y Técnicas
de la Reptblica Argentina and the National Universities of
La Plata, Cérdoba y San Juan.

in electronic form at

tion temperature, are locked in the dust grains. The de-
pleted gas is accreted by the star whereas the dust grains
are swept away from the shell due to radiation pressure.
Waters et al. (1992) and Andrievsky & Paunzen (2000)
have proposed scenarios where the dust—gas decoupling
is always present in regions where the temperature drops
to a value less than the condensation temperature of the
heavy elements.

Observational results supporting the accretion theory
are the high [C/Si] and [O/Si] abundance ratios found in
some A Bootis stars which can be used as indicators of
gas-dust separation (Paunzen et al. 1999a): carbon and
oxygen have low condensation temperatures and tends to
remain in the gas phase of the interstellar medium. Silicon,
on the other side, has a high condensation temperature
representing the elements locked up in the grains. Any
preferential accretion of gas will lead to a [C/Si] or [O/Si]
larger than solar. The correlation with Si of other elements
of high condensation temperature also fits nicely with
the accretion scenario (Stiirenburg 1993). Charbonneau
(1991) combined the accretion hypothesis with the dif-
fusion theory concluding that, with an accretion rate of
the order of 10713 Mg yr~!, many peculiar characteris-
tics of the A Bootis stars (including their restriction to the
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above-mentioned spectral types) are reproduced quite nat-
urally. Turcotte & Charbonneau (1993) investigated the
effect of mixing through meridional circulation, conclud-
ing that the abundance anomalies would disappear in
105 years, so all of the A\ Bootis stars should be essen-
tially young objects on or just arriving to the ZAMS.
The scarcity of A Bootis will be also explained by the
strict requirements for the accretion rate. The fact that
all A\ Bootis stars are young objects is further strength-
ened by the lack of A Bootis stars in open clusters older
than 107 years (Gray & Corbally 1988) and the discovery
of A Bootis stars in the young Orion OB1 association and
NGC 2264 (Paunzen & Gray 1997).

A critical point in the accretion scenario is the neces-
sary existence of gas and dust shells around A Bootis stars.
Some X Bootis stars show clear indications of both gas (cir-
cumstellar lines) and dust (IR excess) shells (Holweger &
Rentzsch-Holm 1995; Holweger et al. 1999). However, the
fact that some A Bootis stars do not show evidence of shells
does not necessary rule out this hypothesis. King (1994)
concluded that the amount of depleted gas required to
cause underabundances in A Bootis stars is small enough
that any circumstellar dust associated with this gas is not
necessarily detectable in the IR or submillimetre regions.

1.2. Stars at the end of their Main Sequence lifetime

Michaud & Charland (1986) investigated the effect
on abundances in stellar atmospheres of the diffusion
mechanism operating in the presence of mass loss. They
found that, after about 108-10° years, mass-loss rates of
only 107 Mg yr~! can reduce the extreme overabun-
dances predicted by diffusion theory for the Am stars to
underabundances of many elements, the degree of under-
abundance of an element being a function of both gravity
and time. According to this, A\ Bootis stars would be rather
old and at the end of their Main Sequence.

There are, however, some points that cannot be ex-
plained with theory. One is the moderate underabun-
dances predicted (only a factor of five less solar), very
far from the strong underabundances found by Venn
& Lambert (1990) in the three classical A Bootis stars
(A Boo, w! Ori and 29 Cyg). Also it is difficult to un-
derstand how diffusion could operate in the presence of
the meridional circulation which would likely be gener-
ated by rapid rotation. Turcotte & Charbonneau (1993)
showed that even an equatorial rotational velocity of
50 kms~! suppresses the appearance, at any epoch of
Main Sequence evolution, of the characteristic A Bootis
abundance pattern.

1.3. Spectroscopic binary theory

Faraggiana & Bonifacio (1999) proposed this alternative
to explain the underabundances of, at least, some A Bootis
stars. The composite spectra of a binary system with dis-
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entangled components not very dissimilar produces a veil-
ing effect with apparent underabundances. The authors
pointed out that the lack of a uniform pattern in the
chemical composition of the A Bootis stars can be eas-
ily reconciled with the binary hypothesis. Moreover, they
claimed that the hypothesis of all A Bootis stars being very
young objects in the late phase of their PMS evolution is
highly improbable on the basis of the rapid evolution and
the number of bright A\ Bootis candidates which would
imply that the star formation process is still very active
in the solar neighborhood, leading to an unexpected large
number of Main Sequence B stars in a similar volume.

1.4. Contact binary theory

Andrievsky (1997) proposed a complementary scenario in
which A Bootis stars would be the result of the coalescence
of contact binaries of W UMa type. The system would
be formed by two main-sequence components of approxi-
mately equal spectral types. This scenario would lead to
an age for A Bootis stars of 1 Gyr explaining the rather
evolved nature of some A Bootis stars and the origin of
the material around them.

A class definition of the A Bootis group is essential
on one hand to distinguish these stars from other groups
of stars populating the same region of the HR diagram
and, on the other hand, to shed light into the nature of
the A Bootis phenomenon. Ideally, a stellar class should
be formed by a homogeneous sample of stars showing
common properties originated by the same astrophysi-
cal processes. Historically, this has not been the case for
the A Bootis group since the use in the past of classi-
fication criteria not unique to the group (weakness of
the Mg 4481 A line, presence of spectral features at
1600 A and 3040 A, TR excess, ...) has led to the inclusion
of spurious members (horizontal branch stars, Ap stars,
shell stars, He-weak stars, ...). Although the problem of
the class definition can be efficiently alleviated making use
of unambiguous criteria defined in the ultraviolet range
(Solano & Paunzen 1998, 1999), the chemical composition-
based definition of the class makes it necessary to perform
an accurate determination of the stellar parameters for the
final decision on the membership of a potential candidate
to the A Bootis group. The observed sample was selected
from the list of suspected A Bootis stars given in Paunzen
(2000). HD 68758 and HD 184190 were also included as
possible members of the class.

2. Observations and data reduction

The observations were performed in May 1998 at the
Complejo Astronémico el Leoncito (CASLEO) using
the 2.15-m telescope equipped with a REOSC echelle
spectrograph! and a Tek-1024 CCD. A grating with

1 On loan from the Institute Astrophysique de Liege,
Belgium.
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1200 lines mm~' was used as a cross disperser. A

resolving power of 26 000 was achieved. Two wavelength
ranges were observed (3830-4570 A; 4520-5230 A).

The spectra were reduced using the context echelle of
the MIDAS reduction package. A typical session of echelle
reduction comprises the following steps: bias subtraction,
spatial positioning of the spectral orders, flatfield cor-
rection (several master flatfield exposures were taken ev-
ery night), background subtraction, order extraction and
wavelength calibration. The wavelength calibration of the
stellar spectra was done with thorium-argon comparison
spectra. Polynomial calibrations of wavelength as a func-
tion of pixel number were calculated for every night. The
lower sensitivity at the edges of the orders typical of echelle
spectra (ripple effect) was corrected by using Procyon as
standard star. A blaze function was derived for each order.

The reliability of the measured equivalent widths de-
pends to a great extent on the accuracy of the contin-
uum placement: an improper placement of the continuum
level will lead to systematic errors which can misrepresent
the data. Most A Bootis stars are characterized as having
broad and often shallow absorption line profiles. In this
case, the continuum placement cannot be set by simply
connecting the highest points in the observed spectrum,
which would produce an underestimation of the equivalent
widths. We solved this problem by defining the “true” con-
tinuum level as that of a synthetic spectrum of physical
parameters (Tug, log g, [M/H], vsini) similar to those of
the observed object. As a first approach, effective tem-
peratures and surface gravities were derived using Moon
& Dworetsky (1985). Rotational velocities were estimated
using the method described in Sect. 3 where a pseudo-
continuum was defined by connecting the highest points in
the line profile: the small influence of the continuum level
on the method used to calculate rotational velocities per-
mits this approximation. Also, a value of [M/H] = —1.0
was used for all the stars, which is justified by the re-
sults from our detailed abundance analysis. The normal-
ized spectra were then derived by dividing the extracted
spectra by this continuum level. Line identification was
performed with the help of Moore et al. (1966).

To have an estimation of the measurements errors in
equivalent widths, the standard star Procyon (o CMi,
HR 2943) was observed and the spectra compared to the
spectrum of the Atlas of Procyon (Griffin & Griffin 1979).
It can be seen in Table 1 how the equivalent widths mea-
sured in the observed spectra are only slightly larger than
those measured in the Atlas. We also compared the equiv-
alent widths of spectral lines present in the overlapping re-
gion between spectral orders finding no systematic trend.
The list of observed objects is given in Table 2.

2.1. Binarity among the observed stars

Five targets of our sample show a composite spectra and
no attempt to derive their abundance pattern was done
(Fig. 1). All of them are identified as members of binary

959

Table 1. Comparison between the equivalent widths mea-
sured in the observed spectra of Procyon and in the Atlas
(Griffin & Griffin 1979). The relative error is defined as
(EW (observed) — EW (atlas))/EW (atlas).

Observing Relative Number
date error of lines
08/05/1998 0.05+0.14 12
09/05/1998 0.06 + 0.08 9
10/05/1998  0.02 +0.12 11
11/05/1998 0.04 +£0.15 11
12/05/1998 0.02 £+ 0.06 20
13/05/1998 0.07 £0.11 17

systems:

— HD 111786: Two different hypothesis have been for-
mulated for this star: Holweger & Rentzsch-Holm
(1995) recognized a variable narrow absorption in the
core of the Call K line interpreted as sign of gas dy-
namic in an accretion disc whereas Faraggiana et al.
(1997) proposed a double-line spectroscopic binary sys-
tem in which the narrow features shown in the spec-
trum belong to a slow-rotating early F-type star;

— HD 141851: Catalogued as visual binary (Faraggiana
& Bonifacio 1999). The small separation of the pairs
(0.1”) makes that ground-based spectra will always be
the combined spectrum;

— HD 148638: This object is identified in HIPPARCOS
as double system with the two components of similar
magnitude and a maximum separation of 21.9”;

— HD 174005: Catalogued as spectroscopic binary
(Paunzen 2000), the maximum separation between
components is 37.9”;

— HD 177120: Catalogued as a visual multiple system
(Abt 1985), the separation between the primary and
secondary being of 8" (Faraggiana & Bonifacio 1999).

3. Rotational velocities

Different methods can be found in the literature to calcu-
late rotational velocities. In this work we have used the
technique based on the Fourier transform proposed by
Gray (1992) which has shown to give superior results than
those based on the convolution of a non-rotating standard
star of similar spectral type with a rotational function
or on the identification of a particular parameter of the
spectral lines (e.g. FWHM). Whereas these two latter
methods require one to build up a calibration of rotational
velocities, Gray’s method provides a direct and indepen-
dent measurement of v sini. In short, the method relies on
the relation between vsini and the frequencies where the
Fourier transform of the rotational profile reaches a rela-
tive minimum. Instrumental broadening may add relative
minima in the Fourier transform but at higher frequen-
cies than those used to calculate the rotational velocity.
Projected rotational velocities for our sample of stars are
given in Table 2.
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Table 2. Target list. Spectral types (excluding HD 184190 for which SIMBAD was used) and visual magnitudes are taken
from Paunzen (2000) and SIMBAD, respectively. Surface gravities derived from HIPPARCOS parallaxes are labeled with (x).
Adopted values (in boldface) are the average of Balmer lines and Moon & Dworetsky (1985) (Te), HIPPARCOS and Moon &
Dworetsky (1985) (log g) and the weighted mean of the different measurements (vsinz). Steps of 50 K and 0.1 dex have been

assumed.

Identification Spectral. V mag. Region Ter log g vsing
type (A) This work This work This work
/Other sources /Other sources /Other sources
HD 68758 AllVp 6.52 3830-4570 291 £21 (2)
3830-4570 8100(HL,),8187(Hs) 299 + 23 (3)
3830-4570 8050(Hs) 305 + 25 (6)
3830-4570 8066(ILs) 297 + 41 (3)
4520-5230 285 (1)
/8300(4) /3.7(x),3.65(4)
8150 3.7 299
HD 75654  hFOmA5V 6.38  3830-4570 7256(IL,),7214(Hs) 45+ 4 (16)
4520-5230 43 +5 (13)
/7275(4),7200(10) /3.85(%),3.8(4),3.8(10)  /45(10)
7250 3.8 44
HD 81290  kA5hF3mA5V 8.89  3830-4570 6775(H,),6862(Hs) 53+ 6 (10)
3830-4570 57+8 (7)
4520-5230 6800(Hz) 56 + 8 (16)
4520-5230 6750(Hg) 57 + 8 (18)
/6750(4),6760(6) /3.5(4)
6800 3.5 56
HD 83041 kA2hF2mA2V 8.80 3830-4570 105 £ 15 (7)
3830-4570 106 + 17 (4)
3830-4570 6800(Hs) 121 £33 (4)
4520-5230 7050(Hg) 77+ 10 (9)
4520-5230 6975(Hg) 83 + 14 (6)
4520-5230 6843(Hg) 78 + 10 (6)
/6850(4),6900(6) /3.6(4),3.3(6)
6900 3.6 95
HD 107233  kA1hFOmA1Va A1V 7.37  3830-4570 7000(H,),6900(Hs) 112 + 11 (24)
3830-4570 6900(HL, ),6950(H;) 110 + 12 (17)
/7225(4),7244(5),7200(2)  /4.2(x), 4.05(4), 4.1(2)
7000 4.1 111
HD 109738 kAlhA9mA1V 8.29 3830-4570 7437(H,),7350(Hs) 185 + 18 (10)
3830-4570 7425(Hs) 164+ 5 (3)
7500(Hp) 170 + 14 (2)
7500(Hp) 167 £ 12 (6)
/T575(4),7603(6) /3.9(4),3.8(6)
7450 3.9 166
111005 hFOmA3V 7.97 3830-4570 7250(H),7330(Hs) 140 £ 15 (12)
3830-4570 7415(HL,),7380(Hs ) 131 + 12 (10)
3830-4570 7525(H,),7375(H;) 136 + 12 (8)
4520-5230 7500(Hg) 143 £13 (5)
4520-5230 7500(Hg) 142 £ 11 (6)
/ 3.8(%)
7400 3.8 138
HD 142703  kA1hFOmA1Va 6.13  3830-4570 7172(H,),7000(Hs) 120 £ 13 (16)
4520-5230 110 £20 (12)
/7200(4), 7400(2),7294(6) /4.1(x),4.1(2),3.95(4)  /100(10),95(12)
7100 4.0 117
HD 142994  A3Va 7.18 3830-4570 6900(H,),6962(Hs) 202 + 14 (10)
3830-4570 7035(HL, ),6803(H;) 212 + 14 (9)
4520-5230 204 + 10 (9)
4520-5230 207 + 17 (10)
/7079(1),7244(2),7000(4)  /3.5(1,2,3),3.4(4) /220(1),195(3)

6950

3.4

206
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Table 2. continued.
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Identification Spectral. V mag.Region Teq log g vsing
type (A) This work This work This work
/Other sources /Other sources /Other sources
HD 156954 hF1mA5V 7.69  3830-45706775(H,),7112(Hs) 47 + 7 (20)
3830-45707000(H- ), 53+£9 (21)
4520-52306937(H) 56 £9 (32)
/7050(4),7079(6) /4.2(%),4.0(4)
7000 4.1 51
HD 168740 hATmA2V 6.13  3830-45707875(H,),7650(Hs) 168 + 16 (12)
4520-52307575(Hg) 158 + 14 (10)
/7650(4),7700(10) /4.15(x), 3.9(4,12) /147 (10)
7700 4.0 162
HD 184190 A8 9.74  4520-52307200(Hpg) 19+ 3 (55)
7250(4) 4.0(4)
7250 4.0 19
HD 193281 hA3mA2Vb 6.30  3830-45708000(H- ),8000(Hs) 101+ 7 (5)
4520-5230 103+9 (7)
4530-5230 104+ 5 (6)
/8100(4), 8100(10), 8080(13) /3.5(4),3.6(10),3.6(13) /95(10), 83(13)
8050 K 3.5 103
HD 204041 A1Vb 6.46  3830-45707857(H,),8041(Hy) 685 (8)
3830-45707950(H.,),8118(Hs) 69 £ 7 (10)
4520-5230 7950(Hs) T0£5 (7)
/8100(4),8128(6),8100(7) /4.0(x),3.95(4),4.03(7) /65(7),68(8),70(11)
8000 4.0 69
HD 210111 kA2hATmA2Vas 3830-4570 57+ 6 (10)
3830-4570 54+£9 (9)
4520-52307415(Hg) 60 £ 11 (8)
/7762(2),7603(5),7450(4) /3.9(%),3.9(2),3.8(4),3.75(8) /55(8),60(11)
7450 3.8 57

References: (1) Paunzen et al. (1998a); (2) Iliev & Barzova (1995); (3) Bohlender et al. (1999); (4) Moon & Dworetsky (1985);
(5) Paunzen (1997); (6) Paunzen et al. (1998b); (7) Stiirenburg (1993); (8) Holweger & Rentzsch-Holm (1995); (9) North et al.
(1994); (10) Paunzen et al. (1999a); (11) Gray & Corbally (1993); (12) Faraggiana & Bonifacio (1999); (13) Holweger et al.

(1999).

4. Effective temperature

It is well established that the Balmer lines are good tem-
perature indicators for Tog < 8000-8250 K because of
their small gravity and metallicity dependence (Solano &
Fernley 1997). As the spectral orders are not wide enough
to fully embrace the wings of the observed Balmer lines
(Hs, H,, Hg), an alternative method based on the varia-
tions in intensity at two different wavelengths was used in-
stead. These wavelengths, free of contamination of metal-
lic lines, were selected in such a way that they lie in the
region of the Balmer line profile where the dependency
with temperature is maximum. Prior to this, the observed
Balmer lines were shifted to the laboratory values to cor-
rect for radial velocity displacements. Effective temper-
atures were then calculated by comparing the observed
intensity ratio with the intensity ratio measured in a grid
of synthetic Balmer profiles previously convolved with the
corresponding rotational and instrumental profiles.

Balmer lines are known to be very sensitive to con-
vection as it can alter the temperature structure where
the lines are formed. In this work, the turbulent convec-

tion model developed by Canuto et al. (1996) and imple-
mented in the ATLAS9 code by Kupka (1999) has been
used. This convection model has been found to reproduce
adequately the temperature of standard stars whereas the
standard mixing-length theory models with overshooting,
originally implemented in ATLAS9, are clearly discrepant
(Gardiner et al. 1999; Smalley & Kupka 1997). The ef-
fective temperatures are given in Table 2. An error of
ATyg = £200 K has been assumed.

Some concern may also exist in the use of Balmer lines
as temperature indicators due to the existence of pecu-
liar Balmer profiles (weak, narrow core typical of late A-
type dwarfs but with strong wings proper to early A-type
dwarfs) in some A Bootis stars (Gray 1988). Based on this
criterion, A Bootis stars have been traditionally classified
in two groups: normal hydrogen-lines (NHL) and pecu-
liar hydrogen-line profiles (PHL). Iliev & Barzova (1993)
suggested that PHL profiles could be fitted by using two
theoretical profiles with different effective temperatures,
one for the core and other for the wings. Faraggiana &
Bonifacio (1999) pointed out that this duplicity can be
explained in terms of a binary system although some of



962 E. Solano et al.: Physical parameters of A Bootis stars
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Fig. 1. Observed stars with composite spectra.

the stars catalogued as PHL objects (e.g., HD 142703,
HD 142994, HD 204041) do not show in their spectra any
sign of the presence of companion. Moreover, this scenario
would not explain why PHL profiles are more frequent at
lower temperatures as proposed by Iliev & Barzova (1993).
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To ensure the reliability of the temperatures calcu-
lated using Balmer lines, they have been compared with
those calculated using the photometric calibration by
Moon & Dworetsky (1985) finding no systematic differ-
ences (Table 2).
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Table 3. Stars with surface gravities derived from Hipparcos parallaxes. Ages have been derived using Main Sequence (Claret

1992) and Pre-Main Sequence (Palla 1993) evolutionary tracks.

Identification  Parallax Bolometric My log (L/Lg) log (M/Mg) log t
Correction PMS MS
HD 68758 6.80 £ 0.62 —-0.32 0.37 1.74 0.38 6.21 8.63
HD 75654 12.82 +0.58 —-0.15 1.77 1.18 0.27 6.92 8.97
HD 107233 12.32 £0.81 -0.17 2.65 0.82 0.20 717 8.93
HD 111005 5.75+£1.01 —-0.15 1.62 1.23 0.28 6.84 8.61
HD 142703 18.89 £ 0.78 —-0.25 2.26 0.98 0.22 7.00 9.13
HD 156954 12.18 £ 0.94 —-0.09 3.03 0.67 0.17 7.30  8.50
HD 168740 14.03 + 0.69 -0.20 1.66 1.22 0.23 6.90 9.32
HD 204041 11.46 +0.99 —0.32 1.43 1.31 0.29 6.90 891
HD 210111 12.70 £ 0.89 —-0.25 1.65 1.22 0.28 6.80 8.31

5. Surface gravities

The method of calculating spectroscopic gravities using
the standard technique of making abundances of both neu-
tral and ionized iron lines agree was not used here due to
the scarcity of usable Fe1I lines in the observed wavelength
range. Alternatively, surface gravities were derived for
those stars with accurate parallaxes in the HIPPARCOS
catalogue following a method similar to that described in
Nissen et al. (1997). In short, the method relies on the
basic relations

Mol = my +5logm + 5+ BC (1)

(2)

where My is the bolometric absolute magnitude, m.,
is the apparent visual magnitude, w is the trigonomet-
rical parallax determined by HIPPARCOS (in arcsec-
onds), BC is the bolometric correction and L is the lu-
minosity. Lo and Mypel,o refer to the solar luminosity
and absolute bolometric magnitude, respectively. Visual
magnitudes are from SIMBAD whereas the bolometric
corrections were taken from Lang (1980). A value of
Moo = 4.71 was adopted. Bolometric corrections from
other authors (e.g. Bessell 1998) have been found to pro-
duce negligible differences in the derived quantities (lu-
minosities and masses). Only stars with relative errors in
parallax less than about 10% were considered to neglect
bias in the estimation of the absolute magnitude (Brown
et al. 1997).

The mass of the stars were calculated from its po-
sition in the log L-log T.g diagram by interpolating in
the isochrones given in Claret (1995). The mass so calcu-
lated was used as input value in the log Teg—log g dia-
gram to obtain the surface gravity. A chemical composi-
tion X = 0.70, Z = 0.02 (solar abundance) was adopted.
This is based on the fact that the main contribution to the
overall metallicity is due to C, N, O (solar abundant in
A Bootis stars). Furthermore, there are strong indications
that the A Bootis phenomenon is restricted to the stel-
lar surface (Holweger & Rentzsch-Holm 1995). The mix-
ing length and core overshooting parameters were fixed to

L — L@ X 100.4(Mb01’®—1\/fb01)

1.52 and 2.0 respectively. Surfaces gravities are given in
Table 2. Parallaxes, bolometric corrections, magnitudes,
luminosities, masses and ages are displayed in Table 3.
Age estimations for the sample stars indicate that they
cover an area slightly above the Main Sequence. Surface
gravities calculated using HIPPARCOS are only slightly
higher than those derived using Moon & Dworetsky (1985)
(HIPP — MD85 = 0.07 + 0.14). A conservative value of
A log g = 0.15 dex has been estimated based on errors in
the bolometric correction and in the calculated mass.

6. Chemical analysis

The abundance analysis was performed making use of a
modified version of the ATLAS9 code (Kurucz 1993) in
which the classical mixing length theory used for the treat-
ment of convection has been replaced by the turbulent the-
ory implemented by Kupka (1999) as described in Sect. 4.

Since the wavelength coverage of our spectra is quite
extensive, we have been restrictive in the selection of lines
for abundance analysis. Weak lines with large errors in
equivalent width due to noise and strong lines with a high
sensitivity to errors in microturbulence were discarded.
Moreover, the typically high rotational velocities of the
A Bootis stars produce a strong blending of the spectral
lines and it is an additional limiting factor in the line se-
lection. Only blended features formed by lines of the same
element and ionization stage were considered (Fig. 2).

The abundance of the different elements were com-
puted line by line by linearly interpolating in the grid
of metallicity values for a given T.gand log g, the fi-
nal abundance being the average value. Results are dis-
played in Table 4 and plotted in form of abundance pat-
terns in Fig. 3. For those program stars in common with
Stiirenburg (1993), abundances have been also displayed,
showing good agreement.

Microturbulence was calculated in an independent way
for each individual spectrum by making abundance results
of weak and strong lines agree. We have used the iron lines
since they are the most numerous and are spread over a
wide range in equivalent width. In those cases where the
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Fig. 2. Comparison between observed and synthetic spectra for two stars of our sample.

scarcity of Fel lines prevents from using this method, a
value of £ = 3.0 kms~! was adopted (Stiirenburg 1993).

6.1. Estimated uncertainties

One source of uncertainty is the quality of the oscillator
strengths values. To avoid using lines with log gf val-
ues of poor quality, a careful selection has been made
using the most recent papers in the literature and the
VALD database (Kupka et al. 1999). An average value
was adopted. As a further test we compared, for every
spectrum, the abundance value derived from every single
line with the average value. Lines with abundance values
clearly discrepant (which could be attributed to a wrong
log gf) were discarded.

Another source of uncertainty results from the er-
rors of the input atmospheric parameters. To get an es-
timation of how sensitive our results are to these er-
rors we have derived the abundances of a synthetic spec-
trum with Teg: 7500 K, log g: 4.0, [M/H]: —1.0 varied by
ATy = £200 K, A log g = +0.3 dex. Errors in metal-
licity of A[M/H] = 0.2 dex are obtained on average. As
expected, the abundance of ions changes with changes in
log g whereas the neutral species tend to have negligible
changes. On the contrary, changes in Tegproduce changes
in the abundances derived from neutral species while the
abundances derived from ions remain unchanged.

Uncertainties in the abundance values due to NLTE ef-
fects should also be included. However, according to Heiter
et al. (1998), corrections due to non-LTE effects are of the
same order as the abundance error bars in the range of

temperature of our program stars making the LTE ap-
proach perfectly valid.

Finally, it must be stressed that some abundances rely
in only one or few spectral lines so that the uncertainty is
high.

7. Discussion

In order to search for correlations providing clues about
the nature of A Bootis stars, the abundances for our pro-
gram stars have been compared with those of Procyon,
a primary standard with solar metallicity (Steffen 1985).
Chemical abundances of the class prototype, A Boo, were
taken from the literature (Paunzen et al. 1999b). As can
be deduced from Table 4, all the program stars but one
(HD 184190) show a clear metal deficiency when com-
pared to Procyon. Moreover, it is quite evident that the
candidate A Bootis stars here analyzed do not resemble
the abundance pattern of the class prototype, in particu-
lar for some chemical species (magnesium, titanium and
iron). This result poses some concern with the idea of that
A Bootis stars form a well separate, chemically homoge-
neous group of the stars. On the contrary, this result rein-
forces the hypothesis proposed by Stiirenburg (1993) that
A Bootis stars cover a continuous sequence of underabun-
dances from very metal week to solar metallicities.

At this point, it would be necessary to reopen the
question of the A\ Bootis class definition. If the defini-
tion by Baschek & Searle (1969) — “... A Bootis stars can
be defined as stars whose composition resembles that of
A Boo itself” — is strictly adopted, then all the stars in our
sample should be rejected as potential candidates to the
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Table 4. Abundances of the program stars. In brackets is the number of spectra and the lines per spectrum used.

Identification vmic [Mgl/H] [Cal/H] [ScII/H] [Till/H] [Mnl/H]
[Crl/H] [CrII/H] [Fel/H] [Fell/H]
Procyon 20 0214003 (2/2) —0.19+045 (4/1) —0.02 (1/1) 0.17 £0.07 (4/3)  —0.03 (1/1)
—0.05+0.08 (3/2) —0.08+0.14 (2/1) —0.18 +0.11 (4/14) —0.07 +0.09 (4/1)
HD 68758 3.0
—0.58 (1/1)
HD 75654 3.5 —0.52+0.18 (1/2) —0.75 + 0.08 (1/2) —1.014+0.29 (2/2) —1.0+0.42 (2/1)
~1.1340.23 (1/2) —1.07 (1/1) —1.04+0.14 (2/14) —1.12 £ 0.13 (2/1)
HD 81290 3.0 —1.0740.08 (2/2) —0.89 (1/1) —0.88 (1/1) —1.104+0.17 (4/2) —0.73+£0.23 (2/1)
—1.21 (1/1) ~1.2240.12 (4/12) —0.93 £ 0.22 (3/1)
HD 83041 3.0 —14040.17 (3/1) —1.31 (1/1) —0.86 (1/1) —1.24+0.16 (6/1)
—1.14+£0.11 (6/5) —1.33 (1/1)
HD 107233 4.0 —1.154+0.15 (2/2)
—0.96 (1/1) —1.14 4021 (2/8) —1.134+0.14 (2/1)
HD 109738 3.0
—0.834+0.32 (2/2) —1.25 (1/1)
HD 111005 3.0 —0.13 +0.12 (3/2)
~0.39 £ 0.0 (4/5) —0.33+0.15 (3/1)
HD 142703 3.0 —0.76+0.06 (1/2) —1.1340.1 (1/2)
—1.10+£0.12 (2/4)  —1.17 £ 0.08 (2/1)
HD 142994 3.0
—0.56 £ 0.19 (4/1)
HD 156954 2.5 —0.56 + 0.07 (2/2) —0.26 +0.10 (3/2)
~0.76 (1/1) —0.75+0.10 (3/11) —0.57 £ 0.12 (3/1)
HD 168740 3.0 —0.70 +0.08 (2/2)
—0.84+0.06 (2/4)  —0.73 (1/1)
HD 184190 3.0 0.20 (1/1) —0.18 (1/1) 0.55 +0.12 (1/2)
0.39+£0.05 (1/3) 0.0 (1/1) 0.17 £ 0.19 (1/16)
HD 193281 4.0 —0.1140.07 (2/2) —0.61 +0.09 (3/2)
~1.13+£0.07 (3/3) —0.84 £ 0.03 (2/1)
HD 204041 3.0 —1.06 % 0.09 (1/2) —1.4740.1 (3/2)
~1.08 (1/1) —1.00 £ .130 (3/6) —0.80 £ 0.13 (3/1)
HD 210111 3.0 —0.98+0.12 (1/2) —0.85+0.12 (1/2) —1.10 +0.06 (3/2)
~1.3340.10 (2/1) —1.15 (1/1) —0.88+£0.12 (3/9) —0.82 £ 0.08 (3/1)

A Bootis group. On the contrary, if the more conservative
definition given by Paunzen et al. (1997a) is considered —
“... X Bootis stars are Population I, metal-weak (except
for C, N, O, S) stars” —, all the stars (except HD 184190)
could be catalogued as members of the A Bootis class pro-
vided that they show solar abundances for carbon, nitro-
gen, oxygen and sulphur. It is of fundamental importance
to stress this point since the A Bootis phenomenon is not
ascribed to an overall metal deficiency but to a mechanism
able to produce underabundances of the heavy elements
contrasting with the solar abundances of C, N, O and S.
None of these species have been analyzed in this paper
due to the lack of spectral lines fulfilling the requirements
quoted in Sect. 6. NLTE abundances of nitrogen and sul-

phur for the program stars will be part of a subsequent
paper (Kamp et al. 2001).

The observed distribution of the abundance values
does not permit us to discriminate between the theories
proposed to explain the A Bootis phenomenon. It could
be explained in terms of the diffusion/mass-loss hypothe-
sis on the basis of different stages of the diffusion process.
Under the assumption of the accretion hypothesis, the ob-
served differential deficiencies would reflect different sce-
narios in the gas-dust decoupling ascribed to different disk
properties. Moreover, the binarity theories would be also
supported.

The relation between metallicity and wvsini, log g,
Teg has been plotted in Fig. 4. Whereas no obvious
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Fig. 4. Relation between physical parameters.

correlation between log g and Tog with [Fe/H] exists, there
is evidence for a connection between projected rotational
velocities and metallicity in the sense that the metallic-
ity is higher when wsini increases, although the cor-
relation coefficient (p = 0.59) and the small number of
measurements (n = 14) do not permit to obtain any sta-
tistically significant conclusion. A similar result was found
by Holweger & Rentzsch-Holm (1995) using calcium abun-
dances derived from the Call K line. If, after the deter-
mination of the C, N, O and S abundances the member-
ship of the program stars to the A Bootis group is finally
confirmed, this result would nicely fit with the accretion
theory: for large vsini the meridional circulation mixes
material of solar composition from the stellar interior into
the convection zone so that any surface contamination due
accretion of circumstellar material should vanish.

8. Conclusions

Physical parameters for a sample of suspected A Bootis
stars have been obtained. Effective temperatures were de-
termined both photometrically and spectroscopically to
identify potential problems affecting the methods (pecu-
liar Balmer line profiles, presence of circumstellar gas and
dust, ...), the values so obtained showing an excellent
agreement. The chemical analysis shows a wide range of
underabundances for the different studied elements sug-
gesting a continuous distribution from very metal-weak to
solar metallicities. One of the stars, HD 184190, does not
fit the overall distribution and it can be excluded from
the X Bootis group. The abundance distribution does not
permit us to shed light on the conflict of the theories on
the X\ Bootis nature, although the relation found between
projected rotational velocities and iron abundances seems

to agree well with the accretion hypothesis. Accurate C,
N, O, S abundances for the program stars are required to
confirm their membership to the A Bootis group and this
will be partly covered (N, S abundances) by a subsequent
paper (Kamp et al. 2001).
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