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Abstract. In the attempt to shed new light on theBoo phe- defined properties of these stars are, at least partially, respon-
nomenon we analyzed the astrometric, photometric and spsible of the various hypotheses proposed to explaim\tBeo
troscopic characteristics of stars out of a list of recently selectglenomenon as well as of the uncertainty on the age attributed
A Boo candidates. to these objects, which spans from that of stars not yet on the
We show that the class is still ill-defined and discuss théain Sequence to that of old objects descending from contact
possibility that some, if not most stars presently classified bisary systems.
A Boo, are in fact binary pairs and that peculiar abundances The present paper reviews the characteristics of the mem-
may not correspond to actual values if the average valuesbefs of this class according to recent compilations and discusses
the atmospheric parametéfs and log g are assumed and théhe effect of duplicity on a composite spectrum as source of mis-
effect of veiling is not taken into account. classification for some of these candidates.
In a modern astrophysical perspective, age, position in the
Key words: stars: atmospheres — stars: abundances — st&tR diagram and chemical abundances are the key quantities
chemically peculiar which describe a class of stars. The purpose of introducing a
class of stars is to help identify a common underlying phe-
nomenology. For\ Boo stars the aim is to find the common
1. Introduction factor which can explain the observed chemical peculiarities; to
be meaningful this must explain a statistically significant sample
The class ofA Boo stars still presents poorly defined charagf stars. Bearing this in mind, it is clear that any classification
teristics, and this more than 50 years after the discovery of gheme which does not rely on abundance criteria is unlikely to
prototype membeh Boo by Morgan et al. (1943) who notedpe helpful. It is probable that as high accuracy abundance data
the abnormally weak metal lines of this AO dwarf star. accumulate, we will have to revise our concepi\dBoo stars

The properties that should define)aBoo star are not and probab|y reach a more physica| definition.
clearly established; the proposed spectroscopic criteria are usu-

ally based on the weakness of metal lines, especially of the Mg _
Il 4481, compared with what is expected from the hydrogeh The A Boo candidates

line type, Wh.”e c, N’. O and S have near!y _sola_r abundanc%ﬁany stars were classified asBoo in the past. The catalogue
The kinematic behaviour should allow to distinguish these Staffrenson et al (1990) includes over 100 candidates. Many of
from the metal poor A-type Horizontal Branch stars. MOdera{ﬁese turned out to be misclassified and the whole sample re-

to high projected rotational velocities are usually found among i+s too heterogeneous. We selected stars classifiadas

A Boo stars, although some exceptions have been recently 'diﬂr}'ecent papers based on modern data, hoping to extract a more

tified (e.g. HD 64491 and HD 74873 selected by Paunzenﬁ%mogeneous sample. They should be considefab candi-
Gra_yr/h1997). It of th definit £ th | dﬁates, since for many of them further analysis to check whether
e result of the vague de Initions of these non-evolv y match any givei Boo definition is still required. The can-
mgtgl U”defat.’“”dam stars is well reflected by the vquetycﬂ ates we selected, with the exception of three of them, have
_Io_;k)‘mlons fxﬁtmg at preste)nt' ab(;)ut the membersl tht.h'ﬁ Claﬁaen listed in at least one of the following papers: Abt & Mor-

f e metal abundances obtained up to now reveal a hig Sc%ﬂfw%; hereafter AM), Paunzen et al. (1997; hereafter CC),
rom sta_r to star. . . . Gray (1997; hereafter G). The exceptions are: HD 290492 and
Details on the evolution with time of theBoo definition are HD 90821 which were classified asBoo by Paunzen & Gray

summarized in Faraggiana & Gerbaldi (1998); the not Cleard¥997); HD 105759 for which the G classification is unpub-

Send offprint requests 1&. Faraggiana lished.
* Partly based on data from the ESA Hipparcos astrometry satellite. Both methods and scope differ among the three papers (i.e.
Correspondence tdaraggiana@ts.astro.it AM,CC,G). However, the degree of reliability of each of them
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is difficult to define. Promising candidates are found in all list§) if one of the hitherto proposed theories about the origin of
although Gray is probably the most reliable source, becausetthe) Boo phenomenon is able to explaifi the observed pe-
author (Gray & Garrison 1987, 1989a, 1989b; Garrison & Grayuliarities of these stars.

1994; GG in Table 1) has classified a large sample of “normal”

and “standard” stars using the same methods.

AM is a study of stellar win ¢ of 1700 A-type stars of the
Bright Star Catalogue (Hoffleit & Warren 1994) (BSC). On thabundance analyses have been performed only for a\fBao
basis of their available spectra (photographic spectra of dispgiars. Baschek & Searle (1969) analyzed 5 stars through the
sion 39Amm 1) they %ive a classification for each star. Someurve of growth method and rejected 2 of them from xH&oo
are classified as Boo. class. Venn & Lambert (1990) made a new modern analysis

CC, on the contrary, is a paper specifically aimed 800 of the 3 stars retained asBoo by the previous authors. St93
stars. Their working definition is “Pop | hydrogen burning Adetermined the metal abundances for 15 stars, 2 of which were
type stars, which are, except of C, N, O and S, metal poor”. Thecommon with those considered in the two previous papers.
catalogue contains 45 objects and includes stars withr@s Heiter et al. (1998) analyzed 3 stars, 2 of which are in common
low as 6500 K. The stars should have the same characterisiifg previous authors. Paunzen et al. (1999) derived non-LTE
of those ofA Boo itself and establish a homogeneous group ofabundances of C and O for 16 and 22 stars, respectively. To these
Boo stars. According to the criteria adopted by the authors, thgalyses of the visual spectra we can add the semiquantitative
log g must be consistent with a Main Sequence evolutionary ségudy of the UV spectra of 1@ Boo candidates (3 of which
tus, but the photometrically derived log g is less than 3.6 for 9 gfe not included in our Table 1) made by Baschek & Slettebak
the 45 selected objects. Accurate abundances for some elemergss).
are available for less than half of these stars and the abundanceshe comparison of the abundances obtained so far shows the
of the key elements C,N,O and S for an even smaller numkgfatic behaviour of the abundance anomalies in different stars:
of objects. Keeping in mind our remarks on the importance gh emblematic example is the peculiarly sligkier-abundance
abundances in establishing th@oo status, this status still hasof Mg found by St93 in HD 38545 and the almost solar Mg
to be confirmed for over one half of the stars in CC. abundance found in HD 193281.

G is also specifically devoted toBoo stars. It is based on  Solar abundances of the elements C,N,O and S is a property
his own accurate classification for all but one star (for which thﬁat requires to be further proved; in factitis essentia”y based
abundance analysis has been performed Byegburg (1993; on the Venn & Lambert (1990) study of 3 stars, but we stress
hereafter St93)). This classification is based on the comparignat the measured lines of these elements refer to the neutral
with a set of a previously selected sample of standard stars Witge and lie in the red or near infrared spectral range so that a
various win i values. This list must be considered as the moggssible contamination by a cool companion star would increase
reliable source ok Boo candidates because itis based on alargfs abundances of C, N, O and S. The other semiquantitative
set of homogeneous data. studies by Baschek & Slettebak (1988) and by Andrillat et al.

Since the\ Boo nature rests ultimately on a peculiar abury1995) are not conclusive, since opposite conclusions are drawn
dance pattern, only an accurate abundance analysis basegh @Rese two papers for what concerns the C,0 and S elements
high quality data and covering a broad spectral range can allgwdoes not appear in the Andrillat et al. paper).
to either retain or reject these candidates. The Paunzen et al. (1999) paper strengthens our remarks on

The list assembled in such a way comprises 89 objectscIN, O and S abundance pattern. In fact, the mean [C/H] abun-
of which are in common with CC, G and AM; further 7 furthegance results -0.3% 0.27, and the comparison of O abundances
objects areincommon between CC and G, butwere not obserdeéived previously, show the inconsistency of those derived from
by AM. Thus out of 89 candidates there is concordance amoifiies in UV, optical and near-IR regions. The extreme cases of
different classificators at most in 16 cases, i.e. less than 20%% 141851 and HD 204041 with [C/H] —0.81 pose some
We interpret this poor agreement as evidence of the subjectiifubts on the notion that C is solar \nBoo stars. Moreover,

3. Spectral characteristics

classification criteria adopted by each author. ~ for HD 204041 even the LTE [C/H} —0.75 is not far from the
~ We intend to examine the properties of these stars with ffie/H]= —0.95 found by St93, but we recall that a conclusive
aim at investigating: abundance pattern can be obtained only by analyzing all ele-

ments with the same model, i.e. with the same paramé&tgrs
log g, microturbulence, vsini and abundances.

The large survey by St93 does notinclude any abundance de-
termination of N, O and S; an almost solar abundance is derived

zen) because the standards of Morgan et al. (1978) defined for a g‘?sf-c' but no d.etalls On the _measured lines are given; consid-
persion of 125 A mm* are used, in spite of the higher dispersion’?rlng the paucity of C lines in the spectral ranges analyzed by

available. In fact since most of theBoo stars havesini > 150km/s  St93, quite possibly most of the results rely mainly on the CI
a higher dispersion does not improve the results. However, AM nét832A line. We note also that a similar, almost solar abundance
that, even if this procedure may in fact lead to an inaccuracy in tiederived for the Mg, which is usually the key element for the
spectral type of 0.27 subclasses they could see faint lines better. A Boo classification, in one third of his sample stars. Another

i) if a homogeneous group can be selected,;

1AM classification has been criticized by the referee (Dr. E. Pau
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Table 1. The A Boo candidates.

HD CC G G+GG classif. AM AM classif. AM  Sep Am Sep Am Rem.
vsini 7  mag " mag
HIP HIP WDS WDS
3 X AO0Vn(AB00) 210: D
319 X X A1mA2 VbABoo PHL A2Vp(4481wk) 45 2.1 5.1
2904 X AOVnnQBoo) 225:
4158 X -
5789 X B9.5Vnn ABoo) 230: 7.8 0.8
6870 X -
11413 X X Al Va\Boo PHL X A1Vp(Boo) U
11503 B9.5 IV n X AOVp(ABoo)n 185 8.6 0.0
22470 X B9.5p {Boo) 65 0.152 1.36
23258 X AOVpQBoO) 110
23392 X A0 Va- ABoo) NHL -
30422 X X A3 VbABoo PHL A3Vp(4481wk) 100
30739 A0.5 IVn X AOVpQABoO) 195
31295 X X A0 Va\Boo NHL X AO0Vp(A\Bo0) 105
34787 X B9.5VpiABoo) 200:
36726 X kAOhA5mAOABoo NHL -
290492 06 14
294253 X X B9.5 VaXBoo) NHL -
290799 X X A2 VbABoo PHL -
38545 X X A2 Va ABoo PHL A2IVn+shell (Till,CaK,HI) 175 0.155 0.64 0.1 -
39421 X Al Van A2Vp(4481wk) 215:
47152 X A2Vp(ABoo) 25 0.212 0.77 0.1 -
64491 X kA3hFOmMA3 VABoo (PHL)  x A9Vp(\Boo) 15
66684A B9 Va X B9.5VpiBoo) 65 3.527 0.73 3.5 0.9
74873 X kA0.5hA5mAO0.5 VABoo NHL A1Vp(4481wk) 10
75654 X -
79108 X AOVpQBoO) 160
81290 X -
83041 X -
84123 X -
84948 X -
87696 A7V X A9VpQABoo;met:A5) 150
89239 X A2VppBoo;met:B9.5) 135
90821 kA2hA7mA2 Vn\Boo
91130A X AO Va~ ABoo (PHL) X AO0Vp(\Boo) 190 M
98772 X X AllVn 230:
101108 X - 6.7 3.2
105058 X X  kA1hA7mAl VABoo (PHL) - U
105759 kA2hFOmMA2 V XBoo)
106223 X -
107233 X X kA1hFOmA1 VaBoo PHL - U
108283 A9 IVnp Srll X A9VpABOO) 185
109738 X -
109980 X A6VpQABo0) 255: M
110377 X A6VpABO0O) 160
110411 X X A0 Va ABoo) NHL A0Vp(4481wk) 140
111604 X A5VpQABo0) 180 U
111786 X X Al.5Va \Boo PHL X FOVpQBoo;met:Al) 135
112097 X FOVpABoo,met:A7) 61
118623AB A7 Vn X FOVpABoo)n 190 11 1.9
120500 x kA1.5hA5mA1.5 VXBoo) NHL
125162 X X A0 VaxBoo NHL X AOVp(ABoo,met:v.wk) 110
125489 X FO VpiBoo,met:A5) 145
130158 X AOllIp(\Boo) 55 U
138527 X B9.5VpiBoo: Ca,4481 wk)

523
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Table 1. The A Boo candidates (continued).

HD CC G G+GG classif. AM AM classif. AM Sep Am Sep Am Rem.
vsin i ” mag " mag

HIP HIP WDS WDS
141851 X A3 Vp(4481wk)n 185 0.1 -
142703 X X KkA1hFOmA1l VaBoo PHL x A9Vp(\Boo) 95
142994 X X A3 Va\Boo PHL -
144708 X B9Vp(\Boo)nn 255: 3.4 35
149303 X -
153808 A0 IV X A0IVp(ABoo0) 50 0.2 -
156954 X -
159082 X AOIVp(\Boo) 30 0.2 -
160928 X - 0.1 0.0
168740 X - M
169009 X A1V pABoo0) 35 U
170006 kB9hB9HeAOV(Si)+Note X AOllIpABoO) 65 0382 145 0.6 15
170680 X X A0 Van §Boo) NHL X AOVp(ABoo) 200:
171948 X X A0 VbABoo NHL -
177120 X - 8.0 15 U
177756 kB8HeAOIV wk4481+Note X B9.5pBoo)n
183324 X X A0 VbABoo NHL X AO0IVp(ABoo) 105
184190 X -
184779 X -
192424 X - 6.2 0.0
192640 X X A0.5 Va-\Boo PHL X A7Vp(Boo, met A1,4481 wk) 35 U
193256 X X A2 VaxBoo PHL - D
193287 x x A3mA2 Vb ABoo PHL A2.5V 75 4.7 3.0
196821 X AOllI(A\BoO)s 10
198166¢ x  x A2 Vann ABoo PHL: - 27 031
198161 X A2 -
204041 X X Al VbABoo PHL X A3Vp(Boo) 55
210111 X X kA2hA7mA2 Vas\Boo PHL -
212150 X AOVpQABoo) 180
214454 A7 IV-V X FOVpQBoo;met:A6) 93
220061 A5V X A5VpABo00) 135
221756 X X Al Va+ ABoo) P/NHL A1Vp(4481wk) 75
223352 AOVan X AOVp(ABoo)n 280: 33 7.04 S
225218 X A3IVp(ABoo)s 20

'hoth A and B are SBZdifferent from Paunzen & Gray 199fccultation and interferometric binary P=22.3yA=SB P=4.02d;°A=SB
P.6.8d,°A=SB andaCVn, “A of a quintuple system C= HD 193258B=HD 198161,° HIP note: ambiguous double star solution, WDS
gives Aa sep6.1” Aa-B sep= 5.2” Am = 2.6; B=SB hence the system is quadruple. Remarks from ESA Hipparcos Catalogue (1997)
D=duplicity-induced variability, M=possibly microvariable, S=suspected non-single, U=unsolved variable.

peculiar element behaviour is that of Na whose abundanced.ige profile). Subsequent studies by lliev and Barzova based

found to be lower than the solar one in 5 stars, almost solar i@ high dispersion photographic spectra confirmed and quanti-

stars and higher than the solar one in 6 stars. fied this peculiarity. This dicothomy is therefore observationally
The present knowledge of the Balmer line profiles of she well established, but we still lack a theoretical interpretation for

Boo stars is based on the studies by Gray (1988) and by lligév

& Barzova (1993a, 1993b, 1998). Gray pointed out peculiar

Balmer profiles in soma Boo stars from classification disper-

sion spectra. In the spectra of some stars he noted Balmer life&inematics

WiFh broad_ wings anc_i We_ak core, and an inconsistency of tag oy the metal-weakness afBoo stars, it is proper to won-
3 index with the luminosity class based on the extent of the, .\ hether some of them are truly metal-poor stars with halo
hydrogen-line wings. Thesg problems were not present in othgto marics. The kinematics of the stars in Table 1 observed
A Boo stars. Thus, according to the appearence of the Balmgr, 2005 and with known RV has been computed from
lines, he divided the .Boo stqrs into two distinct glasses: NHLproper motions and radial velocity as described in Johnson &
(Normal Hydrogen-Line profile) and PHL (Peculiar |Wdrogerﬁoderblom (1987). A left-handed system was used in which
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. . . Fig. 2. The colour excess E(b-y) of Boo stars as a function of their
Fig. 1. Kinematics ofA Boo stars. HIP 5321 (HD 6870) and HIP 4775201pparent magnitude

(HD 84123) are shown as black dots.

1978) do not fit those computed with these parameters at 2365
is directed towards the Galactic anticentérjn the direction and 2740A.
of Galactic rotation andil’ towards the north Galactic pole. In
F|g_. 1 we plot the rotational velocity ver.sus.\/(U2 + W?2), 5. Atmospheric parameters
which may be taken as a measure of kinetic energy not asSo-
ciated to rotation. All velocities are heliocentric, so that stafhotometric indices of thevby 3 system are examined in order
with V around Okms~! and small,/(U?2 + W?2) are qualified to determine the atmospheric paramef@gsand log g from the
as disk members. All tha Boo stars pass this test, in agreeealibration of the colour indices by Moon & Dworetsky (1985)
ment with @mez et al. (1998). This outcome was expected d¢D).
a consequence of the brightness of the stars for which velocity
data are available; out of the 14 sample stars weaker than V=8,
eight were not observed by Hipparcos and 5 lack a measured EZ A Colour excess
Thus, among the faint stars of our sample, we could compute &g observed indices are taken from the catalogue of Mermilliod
space velocities only for HD 101108. In Fig. 2 we note that HIét al. (1997). For 5 stars (HD 5789, HD 171948, HD 177120,
5321 (HD 6870) and HIP 47752 (HD 84123), shown as bla¢kD 192424 and HD 198161) they are not available and for
dots, present a marginal deviation from disklike kinematics. HD 184190 only the3 index was measured; for the remain-
The first star has been classified as Population Il blue stragg 82 stars the colour were dereddened using the UVBYLIST
gler (Bond & MacConnell, 1971) and has been identified @®de of Moon (1985). In fact, 30 stars in Table 1 have a visual
a member of ther Pup group, which is similar to the globu-magnitude weaker than 6.5 so that we cannot neglect a possible
lar cluster 47 Tuc (Rodgers, 1968, Eggen 1970a, 1970b), whiofluence of reddenning. In 36% of the stars the colour excess
has metallicity [Fe/Hf —0.71 (Da Costa & Armandroff 1990). has a negative value, which is twice the occurrence found in
This star also presents a UV excess in the (U-B) colour, simildie sample of 71 bright dwarf AO stars recently analyzed by
to that of Pop Il stars, which is not found in otheBoo candi- Gerbaldi et al. (1999) with the same procedure. The most nega-
dates. However, the nature of this star is still matter of debatiee colour excess among this latter sample was of -0.02, found
Paunzen etal. (1999) consider X Boo star. Their O abundancefor one star only, while for the other stars with negative colour
of [O/H]= +0.05 could be reconciled with an extreme case afexcess it was equal to -0.01. Among the objects of the present
« element enhancement as found in Pop |l stars. However, treample the stars with negative colour excess equal to or less
C value [C/H]=+0.14 prompt interpretation as Pop I. Clearly ahan -0.02 are at least 10. The UVBYLIST code requires that
elucidation of its nature must rely on the determination of the stars are assigned to one of six possible groups, depending
abundaces of C,N,@y elements and iron-peak elements usingn spectral type and colours; for several stars the choice of the
the same stellar atmospheric parameters. We note here thatibgropriate group is ambiguous owing to inconsistencies of the
abundances of C and O have been obtained by Paunzen et@bur indices and spectral type. We decided to give less im-
(1999) by assuming very different values ofin: (128 and portance to the spectral type and rely more on the unreddened
200kms!, respectively). [ index. For the still remaining doubtful cases an unambiguous
HD 84123 belongs to the coolef sy = 6900 K) A Boo choice between the parameters derived with different choices
candidates selected only by CC and has peculiar characteristiesinot be performed without further information; for the most
The UBV colours indicate that it does not belong to the MS, a®ubtful cases the various possible choices have been retained.
confirmed by the photometrically derived log g=3.5; the UV  Since the MD procedure has been established for solar abun-
magnitudes measured by the TD1 experiment (Thompson ettnce stars, we investigated if the derived colour excess is re-
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lated to the lower than solar abundances, attributed to these <
by analyzing, with the same procedure, the theoretical colc  _, |
indices computed for [M/H= - 0.5 and - 1.0 (Castelli 1998). L
The colour indices computed for abundances 10 times low L
than solar produce a spurious colour excess up to 0.0B.for s
=8000 K, but never a negative value. We thus conclude tt, o
a negative value of E(b-y) cannot be directly related to mef® -
underabundances. -

Strange enough the value of E(b-y) is not correlated to t r
V magnitude which, for these non evolved stars, is expected  ? [
be roughly related to their distance (Fig. 2).

A high value of vsini is expected to affect the photometri
(Collins & Smith 1985) and spectroscopic (Cranmer & Collin -02 0 02 0.4
1993; Collins & Truax 1995) characteristics of A-type stars. Tt.. B-V
inspection of the stars for which AM measured the vsini ha$g. 3. The colour magnitude diagram: dots indicate #1Boo stars;
not revealed any correlation between the anomalous negagygares and triangles the isochrones of Bertelli et al. (1994) for 200
colour excess and the vsini value. and 500 Myr respectively.

We observe also that for 12 stars the photometric measures

refer to two components of a binary system and thus requif§ye consider these stars in post-main sequence phase. The
some sort of disentangling from the influence of the companiafernative hypothesis thail these stars are very young ob-

jects in the late phase of their pre-main sequence evolution is
5.2.T.¢ and log g highly improbable; in fact, according to the scenario proposed

by Turcotte and Charbonneau (1993) the accretion of gas, but

The parameters.q and log g have been derived from the M0, o ot qust, should occur in less tharfM@ars and the number
TEFFLOGG code according to the above described choice @i, jont \ Boo candidates would imply that the star formation

colour excess. The table of these parameters is available frBFHcess is still very active in the solar neighbourhood, which

the authors. would imply a large number of MS B stars in a similar volume.

The stars cover a broad domain of the HR diagram aroupg ction of pre-main sequence stars cannot either be excluded
the prototype Boo; in factTey spans from 6500 (HD 4158 . jemonstrated on the basis of only these data.
and HD 106223) to 14500 K (HD 22470) and log g from 2.87

(HD 108283) to 4.50 (HD 294253). We note that the 8 stars with o )

T. lower than 7100 K belong to the CC list and the 5 stars wifly Peculiarities ofA Boo candidates

Teqs higher than 10500 K are from AM; a systematic shiffiir  \we performed a systematic search of known binaries among the

probably exists between these two sources. However, the bylgoo candidates of Table 1.

of the stars in the two papers lies in the temperature range theyHp 38545 and HD 141851 are visual binaries whose speckle

share. interferometric measurements are given by McAlister et al.
We conclude that before proceeding further with the discyg-993). Given the small separation of the pairs, ground-based

sion of the region of the HR diagram covered by these stargffectra will always be the combined spectrum of these binaries;

is necessary to examine their photometric properties and thgir the first star, Hipparcos data demonstrate that the effect of

peculiarities. the companion is surely not negligible. Starting from the analy-
sis of the H, profile, Faraggiana et al. (1997) were able to show
5.3. Colour-magnitude diagram that a third star, HD 111786, is indeed a binary system and this

finding was supported by the identification of the lines (in the
For the stars with a Hipparcos measured parallax we may reaqi,iilguaL but not in the UV range below 200&) of the cooler
build a colour-magnitude diagram. Undereddened colours 8mpanion, which are narrow if compared to those of the pri-
used, the only “faint” star being HD 105058, which is expectagary star, this happens quite likely because the companion is
to be unreddened (Faraggiana et al. 1990). This is displayggn pole on. In order to determine abundances, the spectra of
in Fig. 3, where the isochrones of solar composition and aggg two components must be disentangled.
of 200 Myr and 500 Myr of the Padova group (Bertelli et al.  Tyelve out of 89 stars of our sample are known to be visual
1994) are also shown. We note the inconsistency between fiaries according to the Mermilliod et al. (1997) catalogue.
position in the HR diagram and the log g values derived frofy these binaries only the combined colour indices have been
uvby 3 photometry and by using the MD procedure; this poiheasured and therefore they cannot be safely used to derive the
deserves further analysis. Two facts are clear from this Compgdmospheric parameters of the primary component. In order to
ison: 1) most of the\ Boo stars lie outside the main sequencgajuate the influence of the companion star, we extracted the
2) a range in ages between 0.2 and 1 Gyr is necessary 10 &qular separation and the magnitudes for the components A
plain the observed dispersion in the colour magnitude diagragmyd B from the Washington Visual Double Star Catalog (Wor-
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ley & Douglass 1997; hereafter WDS); these data are givenanalysis before being assigned to thBoo class; Hauck et al.
Columns 10 and 11 of Table 1 for the objects with an angulék998) rejected it from tha Boo class.

separation of less than 10 arcsec. The contamination on the ob-We conclude that from ground and space observations close
served spectra depends on the luminosity difference of the catoplicity which is able to affect the observed spectrum, has been
ponents and on the slit width of the spectrograph on the sky; fdready observed or suspected for Z4or 33 % (if the stars
several stars the observed spectra are expected to be affecteddssified U by Hipparcos are included) of the stars of Table 1
the companion star and, in some cases (HD 290492, HD 385484 that some spuriousBoo candidates are present.

HD 47152, HD 141851, HD 153808, HD 159082, HD 160928,

HD 170000 and HD 225218), a composite spectrum cannot-pepredicted composite spectra

avoided with observations from ground instruments unless it
can be demonstrated that the companion luminosity is muéhhe abundance analyse$oo stars have been generally con-

weaker. sidered as single stars. The exception is the analysis of the two

The effect of the secondary star should underlie the disc&tB2 stars HD 84948 and HD 171948 by Paunzen et al. (1998).
dant classifications proposed for HD 225218, either B Il or A the present section we consider the influence of a possible
Vs; moreover its UV magnitudes, as determined by the TD1 és@mpanion on model parameters and on derived abundances
periment (Thompson et al. 1978), would suggest a much lowfd discuss the ability to pick out the already known binaries
reddening than that derived from the &tigren photometry, ON the basis of spectra. This has a direct bearing on the issue
i.e. E(b-y)=0.03, a value more coherent with the stellar visudhether binarity may lead to significant systematic errors in the
magnitude. abundance analysis and classification\ @oo stars.

The two stars HD 141851 and HD 149303, being X-ray nabinary system, ifthe angular separation of the two com-
sources (Hinsch et al. 1998), are expected to have cool cofenents is too small to be detected, and the two stars have a
panions. similar mean to high projected rotational velocity, the spectral

Significant discrepancies in the magnitude and photoméfes of the components are not resolved in the observed spec-
ric colours of the AB system HD 193281 are reported in tHEUM and duplicity is not easily detected spectroscopically. If
literature (BSC). the two components have significantly different parameters, the

The ESA Hipparcos Catalogue (1997) allowed to comple@iplicity should appear when a large spectral range is covered

information on some stars and to add new binaries; these daYgobservations, the contribution of each star being different
are collected in Columns 8 and 9 of Table 1. at different wavelengths. This implies that there are doubts on

Further known binaries are: binarity, the analysis of spectral ranges of only a few hundred

e The already quoted spectroscopic binary HD 111786 af}dnay nqt be suffici_ent to establ?sh or reject.the binarity.o
HD 84948 and HD 171948. The 4 components of the last two |f @ binary star is analyzed in the classical 3500-5200
binaries are al\ Boo stars, according to Paunzen et al. (199g2nge, the average values ffy and logg are derived from
however, we note that the Mg does not show underabundaffé@ combined light; synthetic spectra are computed from the
higher than the other metals and that the abundances of the &dgPted model atmosphere and the best fit with observations is
elements C,N,0 and S are not given. obtained by adjusting the microturbulence value and the chem-

« HD 142703 is a suspected occultation double (BSC). ical abundances. .

e HD 79108 is a suspected SB (BSC), but we could not In Fig. 4 we illustrate the result of the comparison of a com-
retrive any further information on the possible influence of tHOSite spectrum with two single-star spectra. We note that in

companion on photometric and spectroscopic data. these spectra the Horofile is practically the same, but most of
e The oxygen spectrum indicates that HD 149303 is an $&e metal lines simulate a metal underabundance in the com-
system (Paunzen et al. 1999). posite spectrum. The hydrogen profile, in this case, would be

We also note the inconsistent classifications asSignedcgpsidered as NHL. Metal underabundances would be obtained
HD 22470 i.e. a\ Boo star (AM) or He-weak with variable from the combined spectrum if analyzed by disregarding its bi-
intensity of the Sill 4128-30 doublet (Gray 1988). The explan&ary nature. A similar result on the apparent metal underabun-
tion of the peculiarities has been given by the Hipparcos deté@nces of the Am triple system,Sgr, if analyzed as a single
tion of its duplicity (see Columns 8 and 9 of Table 1). SimilapPiect, has been obtained by Lyubimkov & Samedov (1987).
remarks apply to two other binaries, HD 47152 and HD 170000, 10 illustrate how a PHL profile can be produced by the
which have been both classified, as single objects, either Apc@mbination of 2 single profiles, we constructed the composite
) Boo. H., line given in Fig. 5 and compared it with the single spectra

Two more spurious Boo candidates are HD 130158 whictfomputed withl.g =7000 K, log g=4.0, which fits the wings,
is in reality an Ap SiA4200 star (Gray 1988) and HD 159082nd with 7o =9750 K, log g=3.0, which fits the core of the
whichis aB9 Hg-Mn (see, for example, Hubrig & Mathys 1996};omposite spectrum. All these profiles refer to solar abundance

The peculiarity of HD 108283, which has a very high cmodels. The example has been constructed in such a way as to
value and therefore a derived log g which is the lowest of o@fhance at most the effect which is observed in PHL stars and
sample stars, but also a very high v sini value, deserves furtifepot intended to simulate any really observed object.
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L b — some but not all have a shell surrounding the star which is
S detected by the presence of narrow circumstellar compo-
nents of Ca Il K line (Holweger & Rentzsch-Holm 1995)

ity is responsible for the mostly underexposed IUE spectra
ofthe middle and late A-type stars, so that#&00A could
be searched only among the hotte®00 candidates;

— for three of them an abundance pattern similar to that of the

Fig. 4. The comparison between a computed composite spectrum and ISM has been derived (Venn & Lambert 1990).
a single one in the region of H The composite (thick line) consists
of two spectra corresponding ¢ = 7200 and 9000 K, logg =4.0,
vsini=50 km s !, luminosities L/L;,; =0.2 and 0.8 respectively, and so
lar abundances; the two spectra have been slightly shifted with respﬂ@tr S:

to each other. The two single spectra with which the composite is cofhvery young stars which have not reached the main sequence
pared correspond . = 8000 K, log g =4.0, solar abundances an@Waters et al. 1992; Gerbaldi et al. 1993; Holweger & Rentzsch-
T.s = 8250 K log g =4.0 and [M/H]=-0.5, both with vsini=100kms  Holm 1995).

i) dwarfs in the middle of their life on the main sequence, with
an age of 106-10° years (lliev & Barzova, 1995);

ii) quite old objects representing a merger of binaries of W
UMa type (Andrievsky 1997).

The only property common to all Boo stars of Table 1 is
the weakness of most metal lines, which is also confirmed by the
negativeAa values (a photometric index measuring the blanket-
ing in the regi0n>\5200,&) measured by Maitzen & Pavlovski
(1989a and 1989b) for the stars they observed.

Taking this common characteristic of the group as a starting
point, we inspect the possible causes that may produce a weak-
lined spectrum.

P E N T B The classical explanation of metal underabundances, for
4320 45’;&40 4360 stars belonging to Population 1, is related to the existence of

single stars with peculiar atmospheres in which some elements
Fig. 5. Example of how a PHL profile (thick line) may be created byre depleted by different amounts.
combining two single spectra df; = 9500 K, leg g = 2.0 andleq Disturbing is that the abundance pattern is not the same in
= 8500 K, log g =4.0, and luminosity ratios/Li.: of 0.8 and 0.2 w0 \ Boq candidates analyzed up to now; one particular ele-
respectively with a single one in the region of H'he dashed profile . P

énent shows different abundance peculiarities in different stars,

corresponds t@.+ = 7000 K, log g =4.0 and fits the wings. The dotte L e )
profilezorrespor?ds Bl = 975%?< lgg =3 IOand f‘ﬂg t%e core. This S0 that it is difficult, at present, to establish the average chem-

is an example to illustrate the effect which is much larger than what &l composition ofA Boo stars and thus to elaborate a theory

actually observed in Boo PHL stars. explaining the phenomenon.
Venn & Lambert (1990) formulated the hypothesis that the

A Boo phenomenon could be the result of accretion of gas but
not of dust from circumstellar or interstellar material. The only
modern and detailed analyses available at present are the two
In the previous sections we stressed the fact that\tteoo papers by Venn & Lambert (1990) and by St93. We compared the
candidates of Table 1 constitute a non homogeneous group./Bgtal abundances derived for théBoo stars by these authors
adding the informations spread in the literature, we summariéh those of the ISM as given by Savage & Sembach (1996).
that among\ Boo stars: This comparison shows that the similarity is only marginal; in
the first place there is a large difference from star to star in the
— some but not all show PHL profiles (Gray 1988, 1997); abundance of any given element, unlike what happens in the
— some but not all have an IR excess (2 stars in SadakandéS, in the second place the highest underabundances in the
Nishida 1986; 2 stars in Cheng et al. 1992; 1 star in GradiyM are those of Ca and Ti while in mo&tBoo candidates it
et al. 1996; 2 more in King, 1994); is that of Mg.

K R

z o g and of metal lines (Hauck et al. 1995 and 1998; Andrillat et
§ L ] al. 1995);
= oer ] — some but not all show the UV broad absorption feature cen-
§ C ] tered on\1600A (Baschek et al. 1984; Faraggiana et al.
g 04r 7] 1990; Holweger et al. 1994). We recall that the combined
= C ] effect of the stellar flux drop and the lowering IUE sensitiv-

02 —

4280 4300 4320 4340 4360 4380 4400
)

On the basis of the few abundance coherent analyses avail-
able, several hypotheses have been made on the age of these
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Among possible explanations of theBoo phenomenon 18/89= 20% of our sample stars duplicity must be examined in
one should also take into account the possibility that these stangher detail before determining atmospheric abundances.
indeed belong to a metal-weak population. The kinematic data Grenier etal. (1999) in their radial velocity study of a sample
imply that A Boo stars belong to the disk population, whiclof B to F stars, included in the Hipparcos catalogue, obtained
has indeed a metal-poor population in the range<{FPe/H]<- spectra for 16 stars of our sample. Of these 12 are suspected,
1.0 and possibly the thick disk has a metal-weak tail at muphobable or established binaries, only 4 of these are among the
lower metallicities (Beers & Sommer-Larsen 1995). We mu&B known binaries previously mentioned. If all of them will be
examine the two possible cases th&00 stars are either Main confirmed to be binaries the percentage will raise to 29%. We
Sequence (MS) and therefore relatively young, or on the Honete also that 11 of these stars are in common with the G list
zontal Branch and therefore old. and 8 are classified as PHL by him.

The main argument to reject the hypothesis thBbo stars If we apply the present knowledge to the 15 stars analyzed by
are metal-poor MS stars is that whileirBoo stars Mg, Si, Ca St93, we seethat 2 ofthemare SB2 (HD 38545 and HD 111786),
and Ti are among the most underabundant elements, in mefiat-HD 198160 and HD 198161 the atmospheric parameters,
poor stars the even-Z light elements, synthesized bgpture derived from the combined photometric indices, require the hy-
processes, show an increasing enhancement over iron with piethesis that the two stars are strictly the same so that the same
creasing metallicity, reaching a 0.4 - 0.5 dex enhancementiagt and logg can be adopted. The duplicity of these stars re-
[Fe/H]= —1.0. quires to be further examined in order to determine accurate

To distinguish Blue Horizontal Branch (BHB) stars from single elements abundances. Furthermore, the variability of the
Boo stars on the basis of spectroscopic properties alone, is Biafariable stars must be examined to assess that its amplitude
trivial. However, the BHB population in the solar neighbourdoes not affect the photometrically derived atmospheric param-
hood would be uncomfortably large if masBoo belonged to eters.
this class. A further argument against the BHB hypothesisis that High S/N spectroscopic data of spectral regions in which
most\ Boo stars are characterized by mean to high projectedt severely blended features are present are necessary to dis-
rotational velocities, while BHB stars are all slow rotators. Altriminate between “veiling” (spectral lines when they retain the
fast rotators may be thus rejected as BHB stars. Although thieadth of their temperature type, but are shallower than normal
possibility could be still considered open for slowly rotatingCorbally 1987)) which indicates a composite spectrum and nor-
A Boo stars (e.g. HD 64491 and HD 74873 (Paunzen & Grayal profiles with weak intensities, which are sign of real metal
(1997) and a few others proposed by AM), their number is vempnderabundances. Such discrimination, however, becomes ex-
small. We recall that lowsin ¢ stars may be either intrinsically tremely difficult when the observed spectrum is characterized
slow rotators or fast rotators seen at high inclination. by broad and weak metal lines as in mas€Boo candidates.

From the foregoing discussion we reject the hypothesis of What we can expect in a composite spectrum of two similar
membership of the class to a metal-poor population and do #oetype stars are Balmer lines broader than those of the single
discuss it any further. components by an amount which depends on the relative RV of

A completely different origin of weak metal lines is thathe components, so simulating a star with a higher log g value
produced by stellar duplicity. Examples of how a compositghen compared to computed spectra or intrinsically very high
spectrum, which is the average of two actual components of fiat an early A-type star as it may be the case of HD 294253
very dissimilar spectral type, can be classified as Mg-weak(the parameters derived by MD programs dtg =10370 K
given by Corbally (1987) for HD 27657 and HD 53921. Corlog g=4.50). Moreover, the composite Balmer line profile will
bally remarks also that the AB spectrum of HD 41628 “is clog@esent a flat inner core which depends on the difference of the
to imitating a\ Boo star, but the A5 Balmer line class is a comtwo radial velocities as well as a global profile which may be dif-
promise between A7 V strength and A3 V wings... example &rent from what is expected from the dominating broadenings:
two normal parent spectra producing a peculiar composite”. Doppler core and linear Stark wings.

The effect of veiling in the spectrum of a binary with compo-  For the stars recognized to be double by speckle observa-
nents not very dissimilar from one another (M=2 and 1.4 soléons, and not observed by the Hipparcos satellite, the extraction
masses) has been investigated in detail by Lyubimkov (1998j.luminosity ratios from speckle data will be fundamental to
Most of his analysis, devoted to Am stars, refers to compdsetter define the character of the two components. Algorithms
ite spectra (computed for 4 selected evolutionary phases) tbextract luminosity ratios from speckle data have been devel-
tained by combining two spectra for which solar abundances aed, but these techniques are still limited (Sowell & Wilson
adopted only for elements lighter than Ti. A general apparet®93). If the luminosity of the companion is large enough (of
underabundance of these elements is derived by his comptite-order of 25% of the total luminosity), the veiling may not
tions when the original duplicity is neglected, in agreement witte neglected; in fact the metallic lines will appear weaker, thus
the weak metal lines obtained by our example plotted in Fig.léading to an underestimate of the metallicity.

According to the data collected in the previous sections, 11 The IR colours could also prove to be powerful diagnostic
stars of our original sample are doubles with an angular sepax! for the presence of cooler companions. A cool companion
tion smaller than 1.2 arcsec, 3 stars are SB2 and 4 are probatfliD 111786 was predicted by its photometry in the J,H and K
non-single, according to the Hipparcos data. In conclusion, for
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bands by Gerbaldi (1990) on the basis of the discrepancy withdrievsky S.M., 1997, A.A. 321, 838

the (B-V) value and was ascribed to a probable cool companidmdrillat Y., Jaschek C., Jaschek M., 1995, A&A 299, 493
The foregoing discussion leads us to formulate the hypotaschek B., Searle L., 1969, ApJ 155, 537

esis that a considerable fraction)oBoo candidates are in factBaschek B, Slettebak A., 1988, A&A 207, 112

binaries. This is supported by the large fraction of binaries ré@schek B., Heck A., Jaschek C., etal., 1984, A&A 131, 378

cently discovered amongBoo stars either through the speckI€€e'S T-C., Sommer-Larsen J., 1995, ApJS 96, 175

technique or by the Hipparcos experiment. Also the high num?rtfggez"?gressan A., Chiosi C., Fagotto F., Nasi E., 1994, AZAS

ber of stars with a “blue” colour excess supports thatour binariy,,ender p.A., Gonzalez J.-F., Kennelly E.J., 1996, A&A 307, L9
hypothesis is at the origin of distorted energy distributions agg 4 H.E., MacConnell D.J., 1971, ApJ 165, 51
of not coherent uvhy indices of several Boo candidates. The castelli F., 1998, at http://CFAKU5.HARVARD.EDU
PHL phenomenon cannot be easily explained if the stars are gfieng K.-P., Bruhweiler F.C., Kondo Y., Grady C.A., 1992, ApJ 396,
gle, however its explanation becomes trivial if the stars are bi- L83
nary, as has been demonstrated in the case of the stars HD 3&%eHns 1l G.W., Smith R.C., 1985, MNRAS 213, 519
and HD 111786, classified PHL by Gray (1988, 1997), whichifollins Il G.W., Truax R.J., 1995, ApJ 439, 860
deed turned out to be binaries. The apparently erratic abundafegdally, 1987, ApJS 63, 365
patterns pose serious problems to the accretion hypothesis, ggfmer S:R., Collins Il G.W., 1993, ApJ 412, 720
again it may be easily reconciled in the case of binary stars, P& €0sta G.S., Armandroff T.E., 1990, AJ 100, 162
The fact that some of the stars are binaries does not excl en0.J., 1970a, PASP 82, 274

s . L. gen O.J., 1970b, Vistas Astron. 12, 367
the possibility that chemical peculiarities are actually presenl e Hipparcos Catalogue, 1997, ESA SP-1200

in their atmospheres. However their quantification requires ﬂ?—%traggiana R.. Gerbaldi M. Bm. 1990. A&A 235 311

the binarity is properly accounted for. Faraggiana R., Gerbaldi M., Burnage R., 1997, A&A 318, L21
Faraggiana R., Gerbaldi M., 1998, Contr. Astron. Obs. SkalR&so
9. Conclusion 27,413

Garrison R.F., Gray R.O., 1994, AJ 107, 1556

We have shown that each author has his own definition a@drbaldi M., 1990, In: Jaschek C., Andrillat Y. (eds.) The Infrared
list of A\ Boo candidates and these lists only partly overlap. Spectral Region of Stars. Cambridge University Press, 307
Until all the classification schemes converge into a single wiferbaldi M., Faraggiana R., Burnage R., et al., 1999, A&A in press
a physical basis there is little hope of understandingitBmo ~ Gerbaldi M., Zorec J., Castelli F., Faraggiana R., 1993, In: Dworetsky
phenomenon. M.M., Castelli F., Faraggiana R. (eds.) Peculiar versus Normal

Recent observations, mainly by speckle interferometry and " nénomena in A-type and Related Stars. Proc. IAU Coll. 138,

. . - ASP Conf. Ser. 44, 413

by the Hipparcos satellite, have detected the binary natureGof

. ] omez A.E., Luri X., Sabas V., et al., 1998, Contr. Astron. Obs.
several\ Boo candidates and other candidates have been réC-Skalnaé Pleso 27, 171

ognized on the basis of high resolution spectra. Grady C.A., McCollum B., Rawley L.A., 1996, ApJ 464, L183
We make the hypothesis that abundance anomalies areg@ly R.0., 1988, AJ 95, 220
least partly, due to the effect of veiling in a composite spectrugtay R.O., 1997, The Third Conference on Faint Blue Stars. A.G.
and that other still undetected binaries are likely to be present Davis Philip, J.W. Liefert, R.A. Saffer (eds.) p. 237
among the objects collected in Table 1. Distorted and uncert&ray R.O., Garrison R.F., 1987, ApJS 65, 581
colours (e.g. stars with negative colour excess and reddefgay R.O., Garrison R.F., 1989a, ApJS 69, 301
bright stars) and peculiar Balmer line profiles are reasons féfay R.O., Garrison R.F., 1989b, ApJS 70, 623
suspecting duplicity. Grenier S., Burnage R., Faraggiana R., et al., 1999, A&AS 135, 503

. . : uck B., Ballereau D., Chauville J., 1995, A&AS 109, 505
The. phOIO.met.nca”y derived atmospheric pararr.]et'ers- ngck B., Ballereau D., Chauville J., 1998, A&AS 128, 429
close visual binaries refer to the average photometric indices. ;
. eiter U., Kupka F., Paunzen E., Weiss W.W., Gelbmann M., 1998,
of the components and an abundance analysis based on t €M g A 335 1009
requires that the two components form a twin pair or have vefygeit p . Warren W.H., 1994, The Bright Star Catalogue: 5th rev.
different luminosities. Moreover, for some of these binaries the ¢ (private communication) (BSC)
angular separation is such that a composite spectrum cannotibveger H., Koester D., Allard N.F., 1994, A&A 290, L21
avoided. Holweger H., Rentzsch-Holm I., 1995, A&A 303, 819
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