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Abstract. We demonstrate that it is arduous to define thBoo stars as a class of objects exhibiting uniform abundance
peculiarities which would be generated by a mechanism altering the structure of their atmospheric layers. We collected the stars
classified ag Boo up to now and discuss their properties, in particular the important percentage of confirmed binaries producing
composite spectra (including our adaptive optics observations) and of misclassified objects. The uneRMaragedbles

(and thus suspected binaries), the known SB for which we lack information on the companion, the stars with an UV flux
inconsistent with their classification, and the fast rotating stars for which no accurate abundance analysis can be performed, are
also reviewed.
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1. Introduction Only 12 stars were classified ak Boo in the Catalog
o of Stellar Groups (Jaschek & Egret 1982) and 2 of them
The peculiarity of thel Boo star was detected by Morgan et a'(HD 79469 ¢ Hya) and HD 212061y Agr)) proposed by

(1943); these authors gave the first implicit definition of thSargent (1965) had been rejected by Baschek & Searle’s (1969)
class in describing thé Boo spectrum. Weak metal lines chargpndance analysis, as well as by later studies.

acterize the spectrum of this star and of the other members of |; \yas at that time that a sudden revival of interest took
the class. In fact, the common characteristic that distinguishﬁéce, at least partly related to the fact that:

the A Boo stars is the underabundance of elements which are

usually overabundantin stars belonging to other CP groups. ® Nighly performant echelle spectrographs,

A handful of A B daf ther similar st e high SN CCD detectors,
anil 1 Papsts o7 B0 and & 1 Otner SIar Siars large catalogues of intermediate band photometric colour
appeared in the following years; abundance analyses, madei ndices (wbys, Geneva)

with the curve of growth method, were performed by Burbid =came available
& Burbidge (1956) and by Baschek & Searle (1969). The first objective was to enlarge the number of the mem-

The 4 Boo group was almost forgotten in the followingyers of this class by selecting new candidates with homoge-
years; a sign of this is the fact that while included in thgeous properties. These properties are author-dependent since
first Bertaud (1959) catalogue of peculiar A stars, they wefigey rely on a1 Boo definition varying with time and authors.
later excluded in the revised and updated edition by Bertaudgfyera lists proposed byftrent authors and based offfeli-
Floquet (1974). ent selection criteria became available and have been used to

The state of the art at the beginning of the 80’s is well surgenstruct our list oft Boo candidates.
marized by Wolf (1983) in her Monograph on A-type stars: she The search forl Boo stars through the classical method
got rid of this class at page 3 by writing that so little is knownf classification of blue low dispersion spectra has been made
on a very small number of objects, not homogeneous in thiir a systematic way by Gray (1988); he compiled a list
composition, that the class is no further discussed in the boak. A Boo stars which has been regularly updated with newly

discovered members; this is the most systematic and homo-

Send gprint requests toM. Gerbaldi, e-mailgerbaldi@iap. fr geneous study of these stars. Larger samples have been con-
* Partly based on observations collected at the CFH Telescopgucted for statistical studies of theBoo properties by other

(Hawaii) and at TBL of the Pic du Midi Observatory (France). authors, in particular by the Vienna group.
** Table 5 is only available in electronic form at The present selection of all the stars classified 890 is
http://www.edpsciences.org made to achieve the purpose of our ongoing study: the selection
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of a statistically significant sample abn-binarystars, if they e Column 5 (H):1 Boo stars selected by Hauck & Slettebak
really exist, showing the spectral properties given by Morgan (1983) and Hauck (1986).
et al. (1943) for the stat Boo. In fact, since 1999 (Faraggianae Column 6 (A): A Boo stars classified by Abt (1984a,b,
& Bonifacio) we have realized that a non-negligible percentage 1985); this author notes that it is venyfiitult to separate
of stars classified asBoo are in fact unresolved binaries with  weak-line A-type fromt Boo stars.
the spectrum contaminated by that of the companion. e Column 7 (L): threel Boo stars in the Orion cluster classi-
In the present paper we present, in Sect. 2, the criteria usedfied by Levato et al. (1994).
to select the candidates on the basis of classification papers andColumn 8 (AJ):4 Boo stars classified by Andrillat et al.
the resulting list oft Boo stars. In Sect. 3 we discuss the bina- (1995) from near IR range spectra.
ries with a companion so bright to produce a composite spee Column 9 (V):1 Boo stars classified by Vogt et al. (1998).
trum, as indicated by the Hipparcos experiment observations, Column 10 (P2):1 Boo stars classified by Paunzen
by the interferometric measures and by the Washington Double (2001) (P2).
Star Catalog data. e Column 11: spectral classification by Gray and collabora-
In Sect. 4 the results of our observations with the adaptive tors, taken from his extensive series of papers on stellar
optics system mounted at the CFH telescope are presented. Thélassification.
measure of the magnitudefiéirence of the HD 141851 com- ¢ Column 12: remarks obtained in this papers, their meaning
panion has been obtained for the first time, showing that its iS givenin Sect. 11.
contribution cannot be neglected in the spectral analysis of this
object. The criteria adopted for these classifications are mostly based
Section 5 describes the duplicity indications from the van SPectra. In some cases, photometric selections have beer
ues of radial velocity andsini measurements extracted froninade: that based on the characteristics of the Geneva photo-
the literature and from the notes in the Hipparcos (ESA 199gric colour indices (H column) and that based onAhen-
catalogue. Some of theBoo candidates appear to be misclagleX (V column) which measures the metallicity of the star.
sified stars, as explained in Sect. 6, and for others the existencel? 2002, Paunzen et al. (2002) after “a critical assess-
of a companion has been demonstrated by the study of hi§§nt of the literature” published a list of “57 well-established
resolution spectra (Sect. 7). A Boo stars”. This list diers from the previous ones by the
TheTer and logg values derived from the visual photometS2Me author, which have been qualified as the “consolidated
ric colour indices are discussed in Sect. 8, the derived absolGgg2logue” (P1) or the “new and confirmed” (P2) and we de-
magnitudes are compared with those obtained from the paralfig€d to limit our selection to the list published in 2001, ignor-
measured by Hipparcos in Sect. 9. The inconsistencies betwilighany further rapid evolution of the Boo star selection by
the magnitudes measured in the visual and in the UV bands gi2se authors.
served by the 9B8 experiment on board the TD1 satellite indi-  The resulting list of 13@ Boo candidates in Table 1 repre-
cate an abnormal behaviour for several stars classifie®as; Sents the sample of objects we shall discuss in this paper.
these peculiarities are discussed in detail in Sect. 10. We note immediately that some of these stars are well-
known objects which have been assigned either to the
A Boo class or to other classes of peculiar stars; as a matter
2. The A Boo candidates: Differences between of fact, they are misclassified binaries and will be discussed
A Boo selections in Sect. 6.
, , , . The inspection of Table 1 shows that the classification of
We constructed a list, given in Table 1, #fBoo candidates s ) goo stars is not easy. This can be interpreted as a conse-
which comprises all stars which have been classified as mM&iliance of the spectral characteristics of these stars: i) the low
bers of this class either by spectroscopic or by photometyg, hyeting, so that very few and weak metal lines are present

criteria. _ in the spectra and ii) the very higtsini of several candidates,
The sources used to assemble this table are labelled,@g:h washes out the lines.

follows: As a result diferent authors selectedfiirent objects and

even the same author can producéedent lists at dferent
ates. For example, severalfdrences are present in the lists

R . . ) Dy P1 and P2. Sevea Boo stars in the 1997 edition have

4 Boo stars” by Gray on the list available on his WebSItSeen classified as normal in 2001, and are referenced as P*

gwwvgl'appStated'fﬁ uf/ deptt/ physlicsésrée;;mmé hi (Paunzen et al. 2001) in Table 1 Col. 10. The latter classifica-
amboo. txt) and the four stars classifie 00 by him tign is: HD 38545: A2Va (shell),

and collaborators in other papers: HD 290492 (Paunzen .
Gray 1997), HD 87 271 (Handler et al. 2000), HD 174005 D 39421: AlVa(wk4481),
(Gray et al. 2001) and HD 218396 (Gray & Kaye 1999). 1D 98772:AlVa,
e Column 3 (P1): the “consolidated catalogueld@oo stars” HD 141851: A2Van,
by Paunzen et al. (1997) (P1). HD 149303: A3 IV-V(wk4481),
e Column 4 (AM): stars classified asBoo by Abt & Morrell HD 160928: A2IV weak met,
(1995) (AM) in their paper om sini of A-type stars. HD 177 120: A0.5 1V shell.

e Column 1 (HD): HD number.
e Column 2 (G): stars classified as “confirme(g
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HD G P1 AM A L Al V P2 Spectral classification Remarks
3 AM inconsistent UV flux (bin.?)
319 G P1 A vV P2 A1lmA2 VbiBoo PHL
2904 AM inconsistent UV flux (bin.?)
4158 P1 pP2?
5789 AM
6173 A
6870 P1 P2 misclassified:
7908 P2
11413 G P1 AM A vV P2 Al ValBoo PHL
11503 AM B9.51Vn
13755 P2
15165 P2
16 955 A
21335 A AJ A3 1Vn
22470 AM composite, Hipparcos
23258 AM
23392 G P2 A0 Va (1Boo) NHL inconsistent UV flux (bin.?)
24472 P2 inconsistent UV flux (bin.?)
26801 A
30422 G P1 vV P2 A3 ViaBoo PHL
30739 AM A0.5 IVn inconsistent UV flux (solar ab.)
31295 G P1 AM Al V. P2 A0 VaBoo NHL
34787 AM misclassified
35242 vV P2
36496 AJ composite, Hipparcos
36726 G P2 kKAOhASmAQIBooNHL
37411 G kAOhA3mAOVa(g¥hell ABoo
37886 L misclassified
38545 G P1 AJ p* A2 VaaBoo PHL composite, Hipparcos
39283 AJ Al Va inconsistent UV flux (solar ab.)
39421 P1 A vV  P* Al Van
41580 A
47152 AM composite, Hipparcos
54272 P2 inconsistent UV flux (bin.?)
56 405 A \% A2 Va inconsistent UV flux (bin.?)
64491 G AM P2 kA3hFOMA3 ViBoo (PHL) composite, spectrum
66 684 AM B9 Va discordantsini values
74873 G P2  kA0.5hA5mA0.5 MBoo NHL inconsistent UV flux (solar ab.)
75654 P1 vV P2
79108 AM \% RV variable
81104 A composite, spectrum
81290 P1 P2
83041 P1 P2  FHB F2VKA3mA2 Boo PHL misclassified
83277 P2 inconsistent UV flux (bin?)
84123 P1 P2 misclassified:
84948 P1 AJ P2 SB2, metal ab. to be reviewed
87271 G A9KAOMAO VABoo
87696 AM A7V inconsistent UV flux (solar ab.)
89239 AM inconsistent UV flux (solar ab.)
89353 A misclassified
90821 G kA2hA7mA2 VmBoo
91130 G AM A0 Va ABoo (PHL)
97773 AJ? composite, Hipparcos
97937 A
98353 A Al Al Va (composite spectrum ?) composite, spectrum
98772 P1 AM P*
101108 P1 AJ p*
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Table 1.continued.
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HD G P1L AM H A L Al V P2 Spectral classification Remarks
102541 P2 inconsistent UV flux (bin.?)
105058 G P1 AJ P2 kA1hA7mAl ¥Boo (PHL)

105759 G kA2hFOmAZ2 V.{Boo)

106 223 P1 AJ P2 F3Vm-3 misclassified
107233 G P1 P2 kA1hFOmA1 \@Boo PHL

108283 AM A9 IVnp Srli misclassified
109738 P1 P2

109980 AM

110377 AM P2

110411 G P1 AJ P2 A0 ValBoo) NHL

111005 P2 D, Hipparcos
111604 AM P2 RV variable

111786 G P1 AM P2 Al.5 VaiBoo PHL composite, spectrum
112097 AM

118623 AM A7 Vn composite, Hipparcos
120500 G P2 kA1.5hA5mAl.5 ViBoo) NHL

120896 P2

125162 G P1 AM AJ P2 A0 VaBoo NHL

125489 AM A7 Vn inconsistent UV flux (bin.?)
125889 P2

130158 AM

130767 P2

138527 AM D, Hipparcos
141851 P1 A pP* composite, AO
142703 G P1 AM P2 kA1hFOmAL VaBoo PHL

142994 G P1 P2 A3 VaBoo PHL

144708 AM

148638 P2 D, Hipparcos
149130 P2

149303 P1 A p*

153747 P2

153808 AM AO IV* composite, spectrum
154153 P2 F1Vm-25 misclassified

156 954 P1 P2 inconsistent UV flux (bin.?)
159082 AM inconsistent UV flux (bin.?)
160928 P1 p* composite, interferometry
168 740 P1 P2

168947 P2 inconsistent UV flux (bin.?)
169009 AM RV variable

169022 AOIF(n)shell misclassified
170000 AM kB9hB9HeAOV(Si) composite, Hipparcos
170680 G P1 AM P2 A0 VaniBoo) NHL inconsistent UV flux (solar ab.)
171948 G P1 A P2 A0 VRBoo NHL SB2, twin stars?
174005 G A7V kA2mA21Boo composite, spectrum
175445 P2 inconsistent UV flux (bin.?)
177120 P1 A pP* inconsistent UV flux (bin.?)
177756 AM kB8HeAOIV wk4481 RV variable

179791 A inconsistent UV flux (solar ab.)
183324 G P1 AM A AJ P2 A0 VRaBoo NHL RV variable

184190 P1

184779 P1 P2

191850 P2

192424 P1 A

192640 G P1 AM P2 A0.5 VaiBoo PHL discordant sini values
193063 A
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Table 1. continued.

HD G P11 AM H A L Al V P2 Spectral classification Remarks
193256 G P1 P2 A2 VaBoo PHL D, Hipparcos
193281 G P1 P2 A3mA2 VhBoo PHL
196 821 AM inconsistent UV flux (bin.)
198160 G P1 P2 A2 VanaBoo PHL: metal ab. to be reviewed
198161 G A2 metal ab. to be reviewed
200841 A inconsistent UV flux (bin.?)
204041 G P1 AM P2 Al VhBoo PHL inconsistent UV flux (bin.?)
204965 A
210111 G P1 P2 kA2hA7mA2 VaiBoo PHL
210418 H A A2mALl IV-V (SB2) composite, spectrum
212150 AM inconsistent UV flux (bin.?)
214454 AM A9V KATMA6
216847 P2 inconsistent UV flux (bin.?)
217782 Al composite, Hipparcos
218396 G kAS5hFOmMAS5 v Boo
220061 AM H A A8V kA5mA5 14481weak RV variable
220278 H A A5Vn composite, Hipparcos
221756 G P1 A AJ P2 Al Va(1Boo) RNHL inconsistent UV flux (solar ab.)
223352 AM AOVan
225218 AM inconsistent UV flux (bin.)
261904 P2
290492 G P2 A0.5 VbABoo) NHL composite, interferometry
290799 G P1 L P2 A2 VhABoo PHL
294253 G P1 L P2 B9.5 VaiBoo) NHL

The spectral classification is taken from Gray and co-authored papers.
Symbols of the columns:

G: Gray (his website) and stars added in published papers (see text).
P1: Paunzen et al. (1997).

AM: Abt & Morrell (1995).

H: Hauck & Sletteback (1983), Hauck (1986).

A: Abt (1984a, 1984b, 1985).

L: Levato et al. (1994).

AJ: Andrillat et al. (1995).

V: Vogt et al. (1998).

P2: Paunzen (2001).

P*: classified as non-Boo in Paunzen et al. (2001), see text.

Three A Boo stars in the 1997 edition are not considerddspection of the candidates must be made before discussing
so any more in the 2001 edition (HD 184190, HD 192 424he abundance pattern of this class.

and HD 290492). HD 4158, a Boo star in the 1997 list, is

only a doubtful member of the class in the 2001 list. On the

other hand, HD 154 153, included in Paunzen's (2001) list, wgs Hipparcos and speckle interferometry

among the rejected stars in Paunzen et al's (1997) catalogue

because it was defined as an “evolved star”. Duplicity indications have been found by the Hipparcos exper-

The Paunzen et al. (1997) catalogue comprises 45 cons'cmEant and by interferometry.

dated members; more than 25% of them changed their classifi-I" Table 2 the measures of the angular separation and mag-
cation 4 years later. nitude diference and the variability notes of themagnitude

L _in the Hipparcos catalogue (ESA 1997) are given in Cols. 2,
In general, the agreement between théedent lists is quite 3 5044 The angular separation and the magnitufierdhce,

poor: for example, Table 1 shows that only 9 stars are in CORkjjected in the Washington Visual Double Star Catalog (WDS)
mon between G, P1 and AM. The excellent agreement clai orley & Douglass 1997) are in Cols. 5 and 6. Column 7 re-

by Paunzen (2001) between his (P2) and the (AM) classifiGgs s the interferometric measurements of the separation from

tion is not evident from our Table 1. the binary search results obtained by the interferometric tech-
We conclude that it is very flicult to produce a list of nique (Hartkopf et al. 2003); the smallest value has been chosen

unambiguous members of thieBoo class and that a carefulwhen several measures are given in this catalogue. The values
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Table 2. Duplicity detection and measures. Table 2. continued.
HD Hip. Hip. Hip. WDS WDS Interf. HD Hip. ~ Hip. Hip. WDS WDS Interf.
P dHp Hvar o 0 o dHp Hvar o o
arcsec Am arcsec Am arcsec arcsec  Am arcsec Am arcsec
3 D <0.030 105 058 u <0.155
319 2.1 5.1 105759 U
2904 C 106223 C
4158 - 107233 u
5789 7.856 0.87 R 7.8 0.8 108283 <0.073
6173 - 109738
6870 109 980 M <0.038
7908 110377 <0.038
11413 u 110411 <0.038
11503 7606 005 D 8.6 0.0 7.267 111005 D
13755 u 111604 u <0.038
15165 P 111786
16955 2992 393 112097
21335 0.075 118623 1.800 204 D 1.1 1.9
22470 0.152 1.36 P <0.054 120500
23258 120896 C
23392 C <0.155 125162 <0.030
24472 125489 C <0.038
26801 125889
30422 130158 u
30739 130767 C
31295 C 138527 D <0.038
34787 C 141851 C 0.1 - 0.069
35242 142703 C
36496 0.180 098 D 0.107 142994 -
36726 - 144708 3350 399 D <0.038
37411 - 148638 D
37886 - 149130 C
38545 0.155 0.64 D 0.1 - 0.071 149303 16.356 3.08 D <0.038
39283 C <0.038 153747 U
39421 <0.038 153808 0.2 - <0.038
41580 D 154153
47152 0.212 0.77 D 0.1 - 0.057 156954 C
54272 - 159082 C 0.2 -  <0.05
56 405 <0.038 160928 C 0.1 0.0 0.086
64491 <0.124 168 740 M
66 684 3.527 0.73 D 3.5 0.9 <0.038 168947 -
74873 <0.038 169 009 u <0.038
75654 169022 2.392
79108 C <0.038 170000 0.382 1.45 P 0.6 1.5 0.125
81104 5731 1.08 D 5.8 1.0 170680 C <0.038
81290 C 171948
83041 C 174005 C
83277 D 175445
84123 <0.155 177120 7985 219 U 8.0 15
84948 C <0.155 177756 <0.030
87271 U 179791 C <0.030
87 696 C <0.038 183324
89239 C <0.030 184190 -
89353 u 184779 -
90821 — <0.155 191850 -
91130 M <0.030 192424 6.183 004 D 6.2 0.0
97773 0.138 004 D 0.080 192640 u <0.124
97937 <0.030 193063 5396 057 D 5.3 0.5
101108 7.087 290 D 6.7 3.2 193256 D

102 541 193281 3.841 341 D 4.7 3.0
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according to them, by 2 arcsec. Théféience in the separa-
tion between their measure and that of Marchetti et al. (2001)

HD Hip. Hip. Hip. WDS WDS Interf. is 1.3 arcsec. A rough estimate of the period of orbital motion
o dHp Hvar p P can be computed from masses and absolute magnitude cor-
arcsec  Am arcsec  Am  arcsec  responding to normal stars for the two components, giving a
196 821 value for the period of some thousands of years. The period
198 160 2447 030 D 27 031 2.446 fraction covered between the two observation epochs is negli-
198161 2.447 0.30 gible. Therefore, it is impossible that the stars have moved so
200 841 C much between these two observations if the same star has been
204041 C <0.155 observed. The classification a8oo given by Paunzen & Gray
204965 c (1997) is clearly based on the composite spectrum. This exam-
210111 ple demonstrates, once more, our point of view that the combi-
210418 <0.054  nation of two similar, but unequal spectra can easily produce a
;ii ‘1122 c weak line spectrum.
For the two spectroscopic binaries HD 153808 and
216 847 . . .
217782 0387 217 D 033g HD 159 082 we note the discrepancy between the negative bi-
218396 p nary detection by interferometry in Hartkopf et al. (2003) and
220061 p <0.030 the separation of 0.2 arcsec given in the WDS Catalogue; for
220278 0.139 1.13 D 0.111 both stars the latter value refers to Miura et al.’s (1995) paper,
221756 which calls for confirmation.
223352 3.3 7.04
;2? géﬁ >34z 3466 _D 0.1 4. Adaptive optics
290492 - 06 14 042  Apngther method of detecting binary systems, with small sep-
;gg ;gg _ aration, is adaptive optics, which gives access not only to the

measure of the angular separation, as in the case of speckle in-

HD 225 218: the primary is the A component of a wide visual binar)férferometry, but also to the magnituddfdience between the
the given separation is that of the Aa components.

Remarks from ESA Hipparcos Catalogue (1997).

Notes on Hipparcos-defined type of variability, the Hvar Type (52):
C: no variability detected (“constant”).
D: duplicity-induced variability.

M: possibly micro-variable (amplitude0.03 mag).
P: periodic variable.
R:V -1 colour index was revised due to variability analysis.

U: unsolved variable which does not fall in the other categories.

components.

We have applied this method to a sampletloBoo stars
with the adaptive optics system PUEO at the CFH telescope for
a search of stars near to our targets, which are separated by less
than 2 arcsec, because we are interested only in companions
which can contaminate spectral observations. The near-infrared
camera KIR, designed to be used at the focus of PUEO, was
used in a runin May 2001 and the images were taken with two
filters: Hcont and Jcont.

On each target 50 exposures of approximately 0.1 sec-
onds were combined (the actual integration time of each ob-

for the angular separation are given only for binaries with sejaet was adjusted for optimal signal-to-noise without satura-
aration lower than 10 arcsec.
For 9 stars (HD 22470, HD 36496, HD 38545gky by taking the median of the dithered images. Standard in-
HD 47152,HD 97 773, HD 118 623, HD 170000, HD 217 78Z%rared data reduction techniques were then applied (sky sub-
HD 220 278) the separation and the magnitudiedénce mea- traction, flat fielding and dead pixel correction). The images
sured by Hipparcos are such that the observed spectrunyisre also deconvolved using a PSF provided by the wave front
composite. For two of them (HD 118623 and HD 217 78%ensor (\éran et al. 1997). The deconvolution was a simple
the Tycho Space Experiment Data made it possible to add fftear division by the MTF and filtering in the Fourier plane;
colour indices dterence (Fabricius et al. 2002).
The separation and magnitude of the HD 160928 comparoduced by uncorrected seeing. Examples of adaptive optics
ion given in the WDS catalogue show its weight on the brighimages are provided in Fig. 1 which shows unambiguous de-

ness of the observed object.

tion). A 5-point dither pattern was used to obtain the infrared

the net &ect of this deconvolution is mostly to reduce the halo

tection of companions on both raw and deconvolved images.

HD 290492 produces also a composite spectrum accoEkch image was visually inspected for binarity; it is estimated

ing to WDS data which have been confirmed by Marchettiat the minimum separation that can be detected@’0The

et al. (2001). For this star the Tycho Space Experiment Dateximum contrast depends on the distance to the primary but,
(Fabricius et al. 2002) show that the two components hase a rough estimate, contrasts on the order of tens are easily
different magnitudesMT = 9.77 and 10.33 BT = 9.98 detectable within the central arcseconds and hundreds (if not
and 10.31) and unequal colour indices. Paunzen & Gray (19#19usands) outside of the central arcsecond.

claimed to have observed the spectrum of this close binary sys-Table 3 gives the list of the observed stars and the results
tem without any contamination by the companion separat&t have obtained.
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HD 138527 HD 138527 — Deconvolved

than 2 arcsec.
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Table 3.1 Boo stars observed with the PUEO adaptive optics. The
3.8 note “nothing detected” means that there is no companion at less

5 HD Dates Filter Results
e observ.
- - 64491 4May2001 H2 nothing detected
46 oy 5May 2001  Jcont nothing detected
TR Sy 1 B ORI gy P B A 6 May 2001  Hcont nothing detected
HD 138527 HD 125489 83041 4 May 2001 Hcont nothing detected
3,4; 6 May 2001  Hcont nothing detected
84948 5May 2001 Hcont nothing detected
e 90821 4 May 2001 Hcont nothing detected
g ; 101108 5 May 2001 Hcont nothing detected
23 105058 5 May 2001 Hcont detection of a star
346 3.8 250 times fainter
74?4.673,4672,371.15 0 1.15 2.3 3.46 46 74?41373,4672.371‘15 0 1.15 23 346 46 15 arsec (northweSt)
e 8l 105759 6 May 2001 Hcont nothing detected
Fig. 1. Raw adaptive optics images dhandH bands for HD 125 489 106223 4 May 2001  Hcont nothing detected
and HD 138527, and deconvolved imageHrband for HD 138 527. 111786 4 May 2001 Hcont nothing detected
The scale on both axes is given in arcsec. 5May 2001  Jcont nothing detected
112097 6 May 2001 Hcont nothing detected
For HD 105058 and HD 125489 (Fig. 1) the detected com- 118623 4 May 2001 Hcont  no other companion
panion is too faint to fiect _spectroscopic obser.vations. (see Table 1)
For the HD 141851 binary system the existence of a SeC- 150500 6 May 2001  Hcont nothing detected
ondary separated by less than 0.1 arcsec has been known since )
1987 (McAlister et al. 1987); however, the companion has been 125489 6May 2001 Hcont  detection of a star
considered too faint toféect the observed spectrum, which has 100 times fainter
always been interpreted as that of a single object (North et al. 1.8 arcsec (northeast)
1994; Paunzen et al. 1999; Kamp et al. 2002; AndrieVSky et al. 130158 4 May 2001 Hcont nothing detected
200_2). The AO observations confirm the presence of a com- 138557 5 May 2001  Jcont detection of a star
panion star that cannot be separated at a spectrograph entrance. . .
The magnitude dierence is measured for the first time by our 20 times fainter
observations to be 1.2 in thd filter and allows us to firm 0.6 arcsec(northwest)
that the average atmospheric parameters and the abundances 6 May 2001  Hcont  detection of a star
derived from them in the quoted papers are far from being reli- 20 times fainter
able values, especially if derived from lines of neutral species, 1 arcsec (west)
which are more heavilyfﬁect_ed by the ct_)oler companion. 141851 4May 2001 Hcont detection of a star
_ The presence of a faint _companion near HD 138527 3 times fainter
(Fig. 1) makes this object an interesting binary system to ex-
plore before assigning it to theBoo class. 0.15 arcsec (east)
We note that no close companion to the spectroscopic bi- 6 May 2001 Hcont  detection of a star
nary, HD 153808, was detected. 3 times fainter
0.2 arcsec
5. Duplicity indication from radial velocity, 142703 4 May 2001  Hcont nothing detected
v sin i and Hipparcos Catalogue notes 153808 4 May 2001 Hcont nothing detected
The values of the radial velocityr{/) and of the projected ro- 6 May 2001 Hcont nothing detected
tational velocity ¢ sini) are presented in Table 4. 156954 4 May 2001 Hcont  nothing detected
The RV and associated notes are taken from the Bright 171948 5 May 2001 Hcont nothing detected
Star Catalogue (Hfleit & Warren 1994) BSQ and are given 177120 6 May 2001 Hcont nothing detected
Cols. 3and 4. _ 183324 6 May 2001 Hcont nothing detected
The inspection of the values of tf/ and more precisely 192640 6May 2001 Hcont nothing detected

of its variability gives important information on the presence

of a companion which mayfiect the spectrum. The values are
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HR HD RV notes R AM UF BSEDS
1 3 -18 - 210: 275 195
12 319 -13 V 61 45
129 2904 -10 - 225: 210 154
4158 - - -
283 5789 1 SB - 230: 305 298
6173 - - -
6870 - - -
7908 - - -
541 11413 7 139 -
545* 11503 4 Vv - 185 185 152
13755 - - -
15165 - 129 -
803 16955 -11 - 160 130
1036 21335 31 - 200: 255 214
1100 22470 14 - 65 80 98
1137 23258 15 SB - 110 100 87
23392 - - -
24472 - - -
26801 - - - -
1525 30422 19 134 100 200 157
1544 30739 24 SB - 195 235 212
1570 31295 13V 121 105 110 104
1751 34787 12 SB - 200: 290 268
1777 35242 9 - 75 105
1853 36496 -15 V? - 180 225 209
36726 - - -
37411 - - -
37886 - - -
1989 38545 21V - 175
2029 39283 -12 V? 70 55 70 72
2039 39421 39 225 215:
41580 - - -
2425 47152 18 v? - 25 29
54272 - - -
2758 56 405 10 v? 160 145 152
3083 64491 22V - 15 75 70
3164 66684 -17 V? - 65 103
3481 74873 23V - 10 85 74
3517 75654 9 45 -
3651 79108 20 V 172 160 160 150
81104 - - - - -
81290 - - -
83041 - - -
83277 - - -
84123 - - -
84948 - - -
87271 - - -
3974 87696 -18 V - 150 160 148
4041 89239 7 - 135 100 83
4049 89353 -33 - -
90821 - - -
4124 91130 -15 V - 190 130 125
97773 - - -
4366 97937 -20 SB - 120 109
4380 98 353 -3 SB20 - - 50 47
4391 98772 1 - 230 170 160
101108 - - - 100
102541 - - -
105058 - - - 130
105759 - - -
106 223 - - - - 100
107233 - -
4733 108283 -4 SB - 185 227

455
HR HD RV notes R AM UF BSE&DS
109738 - - -

4811 109980 -15 - 255: 235 220

4824 110377 9 SB - 160 153

4828 110411 2 SB - - 173
111005 - -

4875 111604 -14 V - 180 185 183

4881 111786 -18 45: 135

4900 112097 -10 SB - 61 67

5127 118623 -6 V - 190 235 204
120500 - - - -

120896 - - -

5351 125162 -8 - 110 110

5368 125489 22 V - 145 157
125889 - - -

5514 130158 -18 - 55 0
130767 - - -

5770 138527 -18 V - 75

5895 141851 -8 V 249 185

5930 142703 12 112 95
142994 - - -

6002 144708 -25 SB - 255 239
148638 - - -

149130 - - -
6162 149303 -16 V - -

153747 - - -
6324 153808 -25 SBO - 50 85 78
6338 154153 -33 125 -

156 954 - - -

6532 159082 -12 SBO 21 30 32

6597 160928 -9 - -

6871 168740 -21 - - 150 123
168947 - - -

6878 169009 -24 V? - 35 <30 <41

6879 169022 -15 236 - 175 140:

6920 170000 -16 SB1O - 65 85 88

6944 170680 37 V 224 200: 305 213
171948 - - -

174005 - 87: -
175445 - - -
177120 - - -

7236 177756 12V - - 160 176

7288 179791 9 Vv? - 180 185 175

7400 183324 12 Vv 109 105 73
184190 - - -

184779 - - -
191850 - - -
192424 - - -

7736 192640 -17 V 86 35 75 37
193063 - - - -
193256 - - - 65 53

7764 193281 4 vV 99 75 90 82

7903 196821 -37 SB? 24 10 30 20

7959 198160 -16 - -

7960 198161 -10 - -

200841 - - -

8203 204041 -9 68 55 68

8237 204965 -17 SB - 85 70 65

8437 210111 -4 54 -

8450 210418 -6 SB2 - 130 120 117

8525 212150 -18 - 180 230 165:

8613 214454 12 SB - 93 87
216847 - 209 -

8766 217782 2 SB - 195 205 190

8799 218396 -12 - 40 55 45
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HR HD RV notes R AM UF BSE&DS
8880 220061 16 V - 135 150 143
8890 220278 -12 - 160 140 141
8947 221756 13V - 75 100 109
9016 223352 14 v? 299  280:

9105 225218 -8 SB - 20
261904 - - -
290492 - - -
290799 - - -
294 253 - - -

HD 11 503 has a wrong HR numberB8C HR 545= HD 11 502 and

HR 546= HD 11 503.
UF gives this value for HD 11 502.

HD 193 256: vsini

Rentzsch-Holm (1995).

240 kms?, according to Holweger &

work: thev sini is derived from the frequency of the first zero

of the Fourier transform of several line profiles. Other sources
of rotational velocity values are the Uesugi & Fukuda (1982)
(UF) and theBSCcatalogues, Cols. 7 and 8 respectively. These
last two catalogues, being critical compilations of heteroge-
neous values taken from the literature, are not directly com-
parable with the values of Cols. 5 and 6; we will discuss only
the stars for which very discrepant values are found. For these
stars, we extended the search to all previous measures founc
in the literature to extract information on veryfiiirento sini
values, considered as a possible sign of a spectroscopic binary
observed at dierent phases.

The stars emerging from this comparison are some of the
objects already known as misclassifie@oo stars. For exam-
ple, for HD 64491 (Faraggiana & Gerbaldi 2003), th&ini
are 15, 70 and 75 knts according to AM,BSCand UF re-
spectively. For HD 111786 (Faraggiana et al. 2001a), Royer
et al. (2001a) measured 45 kmtswvhile AM and Stirenburg
(1993) measured 135 km's

For other stars the origin of the discrepastni values re-
mains unexplained, in particular for three stars: HD 66 684,
HD 74873 and HD 192640. For HD 66684 the following

available for 79 stars; for 50 of them an indication of radialsini values are reported: 65 kmis(AM), 103 km s (BSQ,

velocity variability (V) or suspected variabilityM?) or the in- 107 kms?* (Wolff & Simon 1997), 145 km$ (Dworetsky

dication of spectroscopic binar$B is given in this catalogue. 1974). For HD 74873 AM measured 10 kmisthe BSC
For each of the 30 objects having tkleor V? indication, gives 74 kms! and Dworetsky (1974) measured 95 krh.s

we searched for information to explain tH&/ variability. A

For the very classical and widely studied Boo star

number of these stars belong to known visual binary systefB 192 640 AM measured 35 km'sin agreement with the
and theRV variation is easily ascribed to the presence of theeasure by Meisel (1968), who gives 2020 kms?, but

widely separated companion which is spatially resolved by thery different from Slettebak (1954) 85 kmts Stirenburg
entrance of a spectrograph and therefore cannot produce a c@893) 80 km s', Adelman (1999) 80 knr3 and Royer et al.

posite spectrum.

(2002b) 86 kms'. If we recall that this star has variabRy

The inspection of the speckle interferometry data baaed anU (unsolved variable: Col. 4 of Table 2) comment in
(Hartpkopf et al. 2003) has not revealed the presence othe Hipparcos catalogue, the two lewini values may be not
companion for 13 stars of the remaining RV variables: simple misprints.

HD 39283, HD 56405, HD 74873, HD 79108, HD 87696, These stars deserve further study to exclude the hypothe-
HD 111604, HD 125489, HD 138527, HD 169009sis that they are undetected spectroscopic binaries producing
HD 177756, HD 179791, HD 183 324 (the star not observedmposite spectra.

by speckle), HD 220061 and HD 221 756.

To conclude, we may add that for more than 40 stars no

The adaptive optics observations described in the previaaslial velocity and na sini values have been measured so, at
section have detected a companion of HD 138 527 and gauhia stage, it cannot be decided whether these stars are gooc
negative result for HD 183 324.

Among the 20 SB stars, there are two SB2 stars (HD 98 353 The Hipparcos space experiment data Catalogue (ESA
and HD 210418, see Sect. 7) which must be considered ni§97) contains also information on the constancy of the mea-
classified! Boo stars, as already noticed by Gray (see last calured magnitude; this note is reported in Col. 4 of Table 2.
umn Table 1). For two stars (HD 170000, HD 217 782) thBuplicity-induced variability “D” is quoted for most of the
separation and the brightness of the companion measuredstays for which duplicity has been measured by Hipparcos,
the Hipparcos experiment (see Table 1) show that the obseriat also for some other targets; these are: HD 3, HD 83277,
spectrum is composite. The composite spectrum of the tripk® 111 005, HD 138527 (which is alsoRV variable and for
system HD 153808 is discussed by Faraggiana et al. (2001ehich the adaptive optics observations detected the presence

HD 225218 is a complex system (see Table 2).

A Boo candidates.

of a faint companion, Sect. 4), HD 148638 and HD 193 256.

The unexplaine®V variables and th8Bwith a companion The nature of this variability remains to be determined. Five
of unknown magnitude remain doubtfuBoo candidates.

Values ofv sini are given in Col. 5 to 8 of Table 4. Thoseriod has been determined: HD 15 165, HD 22470, HD 170000,
in Col. 5 are taken from Royer et al. (2002a,b). The AM valug$¢D 218396 and HD 220061. For two stars, HD 22470
(Col. 6) are based on the fit of the observed profiles of 2 linemnd HD 170000, it may be interpreted as the rotational period
Fe 11 4476 and Mg Il 4481, with a gaussian curve for which AMf one of the components belonging to the CP class; for the
measured the half width. Royer et al. made a more refin@demaining stars it corresponds té &cuti variability.

stars in Table 2 have a variable Hip magnitude for which a pe-
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Fig. 2. The H, profile of the hydrogen emission line star HD 34 787Fig- 3. Extinction E(b — ») compared to the distance given in Col. 11
misclassified asi Boo. The spectrum has been taken at th@f Table 5. The stars having two derivdd; and logg and conse-

Observatoire du Pic du Midi with the MUSICOS spectrograpAuently two values foE(b - y) are represented by dots. The solid line
on Oct. 7, 2002. is the Vergely et al. (1988) mean extinction law of 0.27 mag per kpc.

The labels are: &= HD 91130, 2= HD 153747, 3= HD 169009
and 4= HD 177 120.
6. Misclassified candidates

Objects belonging to other classes of peculiar stars can be caid HD 154 153 belong to the group of intermediate popula-
fused withA Boo stars in the absence of a complete and acdi@n Il stars with a metallicity class ef3 and-2.5 respectively.
rate analysis. Such already detected objects are: HD 108 283is a well-known shell star (see for example

HD 6870 and HD 84 123have kinematics slightly deviat- Sletteback 1951; Jaschek & Andrillat 1998; Gray et al. 2001).
ing from that of Pop. | stars and peculiar spectroscopic charac- HD 169 022"listed as probablel Boo star by Hauck &
teristics ford Boo stars; they are more likely members of th8lettebak (1983), but see the description of the spectrum in
thick disc population (Faraggiana & Bonifacio 1999). Slettebak (1975, ApJ 197, 137)" says Gray (1988).

HD 34787is classified ast Boo by AM and has been
investigated by Hauck et al. (1998) who measured CS compp
nents in the Ca Il K line and Na | doublet. It is included in the "
P2 list. This star had been rejected by P1 because, accordinglte discussion of the previous sections has demonstrated
these authors, it did not show thdBoo characteristics selectedcthat for a number of objects the classification a800 is
by Baschek et al. (1984) and by Faraggiana et al. (1990) in thieiappropriate because it is based on a spectrum heavily
study of IUE spectra; however, HD 34 787 was not mentionedntaminated by a companion. These stars, when considered
in these two papers and has never been observed by IUE. as single objects, show a peculiar spectrum and controversial

This star is one of the new hydrogen emission linglassifications may be found in the literature. For example,
star found by Irvine (1990) in his survey of rapidly rotatsome stars ard Boo according to some authors, but well-
ing early-type stars. The Hprofile observed by this authorknown Ap stars according to others. For these unresolved
on 1986 Dec. 1 (Fig. 3 of his paper) is very similar to those wenaries no classification of their composite spectrum can be
have observed on Oct. 7, 2002 (Fig. 2) and on Feb. 15, 200%onsidered reliable. This is the case for:

The TD1 data show that the UV flux is lower than that com-
puted from a model with solar abundances, contrary to whatg Eri= HD 22 470 sep= 0.152 arcseam = 1.36
predicted by the low blanketing afBoo stars. A more correct
classification of HD 34 787 is AO V ne. 53 Aur= HD 47 152 sep= 0.212 arcseam = 0.77

HD 37886is a hot star classified as B8 IIl in CDS and
Hg-Mn by Woolf & Lambert (1999), who measured [Vid] = ¢ Dra= HD 170000 sep- 0.382 arcsedm = 1.45.

2.25 (with the conventiomN(H) = 12.0). This star has not been
observed by Hipparcos nor by interferometry. The Hipparcos experiment has clarified the origin of the pecu-

HD 83041 has been classified as an FHB candidate Higrities of the 9 stars cited in Sect. 3.

MacConnell et al. (1971); it is considered one of the 10 FHB The contamination of the HD 160928 and HD 290492
with A Boo characteristics by Corbally & Gray (1996) or morgpectra are demonstrated by WDS data and that of the
probably a blue straggler (Gray et al. 1996). HD 141 851 spectrum by our adaptive optics observations.

HD 89 353is the extremely iron-deficient post-AGB binary  Another example of a wrong Boo classification is that of
star, better known as HR 4049, so it cannot be consideretha already quoted SB2 HD 98 353 (55 UMa), which is in real-
A Boo candidate. ity a triple system; it has often been assigned tatB®o class

HD 106 223 and HD 154 15ave been classified as “in-in spite of the fact that it has been known to be a double-
termediate Pop Il F-type stars” by Gray (1989) and the aline spectroscopic binary since 1908 (Lee 1908); details on the
thor notes that these stars form a very homogeneous poptiatory of this star and on the discovery of a third compan-
tion. For the first of them a summary of its classification higsen are given by Horn et al. (1996), who detected the spectral
tory is also given in this paper. According to Gray, HD 106 22tes of the tertiary component and gave the orbital solution of

‘Binaries with composite spectra
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this triple system. The high variability of the line profiles witt8. Atmospheric parameters

phase is apparent from Figs. 1 and 2 of this paper. More de- . . . L
tailed analysis of the three components is given in Liu et éﬁfurthersource of information about possible duplicity is the

(1997). The magnitude fierence between the two brighteslfbnSiStency of the spectral characteristics ifiegent wave-

components has been estimated to be 0.33 mag from the %Q\gth ranges. Inconsistencies have also been found, for some
orbital solution computed bydlerhjelm (1599) stars, between their visual photometric indices and their spec-

HD 81 104 duplicity has been detected by Bidelman et gﬁal classification. In fact, it is well known and repeatedly
(1988): they classified this star as A3Vn SB2 stressed in the non-recent literature (see for example Olsen

Another SB2 star is HD 210 418; we only report the Grais;;so) that the most probable cause of unusual photometric in-

& Garrison (1987) note: “SB2 and therefore the spectrum m |res is duplicity. i i
be composite and not actually metal poor”. One way to compare the visual and the UV flux behaviours

HD 198160 and HD 198161 have similar visual magni-s to compute the atmospheric parameters from the visual pho-

tudes ¥ = 6.28 and 6.59), and form a binary system so CIOggmetric colour indices and to compare the observed UV fluxes
that only the combined colours have been measured. The ofil those computed by adopting the parameters derived from
abundance analysis is that made byr&tburg (1993) and is thé visual. . . ) )
based on the hypothesis that the two stars are twin, i.e. have 1 N€ following two sections, on the visual absolute magni-
the sameT; and logy derived from the combined colour in_tude and on the UV flux measured by the TD1 satellite, have
dices. However, Tycho Space experiment data (Fabricius et?f€n developed with this in mind.

2002) detected a slight firence in the colouraV = 0.35 To derive the atmospheric parameters, we adopted the clas-
andAB = 0.39. In conclusion, for none of them can reliapl§ical method, i.e. deriving them from photometric data. We re-

metal abundances be derived from photometricaly derived &l that photometrically derived values are obtained on the hy-
mospheric parameters. pothesis that the stars are single objects; they have no physical

Two stars have been classified 2sBoo and SB2 by meaning if the colour indices are contaminated by the flux of a

Paunzen et al. (1998): HD 84948 and HD 171948. vEe@mpanion. In spite of this, they have been computed for all the
(Faraggiana et al. 2001a) observed HD 84948 and deméﬁi—rs of the sample to look for inconsistencies, the only excep-
strated that the atmospheric parameters chosen by Paurff¥hbeing HD 89 353, better known as the post-AGB HR 4049,
et al. for the abundance analysis of this star are not correct f8f Which the photometric calibrations valid for normal stars
at least one component. cannot be employed.

Some of the most useful criteria for detecting a composite Seven stars have no 8mgren photometry, 30 stars no
spectrum are described in Faraggiana et al. (2001a) and hav&gi0eva values.
ready been applied to several stars. The objects whose spectrunyVe used the photometric colour indicesupbyg photom-
is tangled by that of one or more companions, according to &ify With the Moon & Dworetsky (1985) (MD) calibration
high resolution spectral inspection, are: HD 64 491 (Faraggisiad those of Geneva photometry with tharicTi et al. (1997)

& Gerbaldi 2003), HD 111 786 (Faraggiana et al. 1997, 2001&glibration.

HD 153808 (Faraggianaetal. 2001a), HD 174 005 (Faraggiana The  photometric data were retrieved from the
et al. 2001b). This programme is going on; other stars hald@uck & Mermilliod Catalogue (1998) forwbys pho-
been recently found to be spectroscopic binaries, produciniPaetry, complemented for some stars by values ex-
composite spectrum that simulates that of a singloo star; tracted from the General Catalogue of Photometric
they will be discussed in a paper in preparation, together wiata by Mermilliod et al. of the Geneva Observatory
the series of criteria selected for the duplicity detection. (http//www.unige.ch/sciences/astro/).

Further observations are required for the other stars clas- The values of the Geneva photometry are taken from the
sified as SB or radial velocity variables (see previous sectidagneral Catalogue of Photometric Data by Mermilliod et al. of
to verify that the companion is too faint téfact the spectrum, the Geneva Observatory.
before assigning them to theBoo class. The values of the atmospheric parameters are given in

All the above-mentioned stars cannot be considerdéble 5: Cols. 2 to 6 refer tawbys photometry, Cols. 7 to 10 to
A Boo stars until the correct analysis of the composite spgbe Geneva photometry. The Table 5 is only available in elec-
trum is made, and this is not the subject of our investigatioipnic form.
which is based on one or a few spectra for each target. In fact, Column 2 gives the remarks taken from the Hauck &
the aim of our research is restricted to the selection of a stafidermilliod Catalogue (1998): variabilityf) and indication of
tically significant sample of stars without any sign of duplicitthe component(s) observed for binaries (A or AB). In Col. 10,
among the proposed candidates; only these can be consid#fiedremarks are similar to that of Col. 2, but related to the
reliableA Boo candidates, according to the classical definitiddeneva photometry.
of the class and only for them can a metal abundance analy- We computed the reddenirig(b — y), given in Col. 3, us-
sis based ot and logy derived from photometric coloursing the programme by Moon (1985)¢; and logg, in Cols. 4
be made. We cannot exclude a priori that the composite spand 5, are computed with the MD programme according to the
trum of a binary is formed by the combination of those of twwalue of the group given in Col. 6. Columns 7 and 8 giyg
A Boo stars; however, this must be proved by a correct analyaisd logg computed with the Kizli et al. (1997) programme,
and cannot be derived by analysing the object as a single stasing as reddenning(B2—-V1) = 1.146E(b-y); Col. 9 shows
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the metallicity, [M/H] computed only for stars having Beg
lower than 8000 K.

In the application of Moon’s (1985) programme we re
alized that for several stars the observed colours are
consistent with each other and with the spectral clas
fication; these stars are: HD 3, HD 4158, HD 3524:§
HD 38545, HD 39421, HD 153747, HD 153808, HD 17544t §

HD 177120, HD 179791 and HD 290799. For thes & )
11 starsT¢r and logg have been derived by using two algoé
rithms of the MD routine, and these two valuesTafy and

log g are given in Table 5 for comparison. The most strikin=
example is that of HD 4158. Mv (Moon (1985) calibration)

For the.98 stars, excluding those mentloned ab?"e’ ha"'ﬂg.4. The absolute visual magnitudd, derived with the Moon
atmospherlc parameters computed W'th MD. amhlt<|| etal. (1985) calibration versus the one computed from Yhenag using
algorithms, the mean value of thefférences inTer is 29 K, Hipparcos parallaxes; the dereddening is applied according to the
with a standard deviation of 161 K, and for lggthe mean relation A, = 3.2(L35E(b - y)). The stars with inconsistent ob-
value of the diferences, (MD minus izl et al.) is—0.22, served colours in the Stnigren and the Geneva photometric systems
with a standard deviation of 0.24. are not plotted. The solid line is the bisector. The labels are for the

The stars with a dierence inTeg larger than 350 K are stars for which the dierence between the two computed absolute
HD 2904, HD 22470, HD 106 223, HD 130158, HD 144 708nagnitudes exceed 0.5 mag.=1 HD 108283, 2= HD 169022,

HD 149303, HD 193256, HD 204 965. As concerns thedpg 3 = HD 196821, 4= HD 170000, 5= HD 225 218, 6= HD 66 684,
the diferences are such that this will nafect the choice of / = HD 148638, 8= HD 105058, 9= HD 5789, 10= HD 174005
the template flux distribution to be compared with the UV ﬂu?nol 11=HD 106223.

observed by the S2@8 space experiment on board TD-1.

The stars with a negative value of the colour exdes-y) type A3-A9. We used the relation given by these authors (re-
larger than the expected observational error (0.02 mag) &#on 7), not taking into account the influencewsfini which
good candidates for having a distorted visual energy flux di§-not available for all the stars of the sample. The mean value
tribution. The inconsistency of the colour indices produces &hthe diferences between the absolute visual magnitude com-
uncertainty on the reddening computation and therefore on f#éted from the Moon (1985) calibration and that using the
derivedTes, log g. No star has a negatiVi(b — y) value lower Domingo & Figueras (1999) relation is 0.006 mag with a stan-
than—0.030, which is a mild value, not considered peculiar fo¥ard deviation of 0.15 mag.
this study. Figure 4 shows that there are no systematitedences be-

The values of(b—y) as a function of the distance (given infween the absolute magnitudes computed from the parallaxes
Col. 11 of Table 5), as computed from the Hipparcos parallad theV mag and the one determined through a calibration of
have been compared (Fig. 3) to the extinction in the solar neighe Stomgren photometric system.
bourhood determined by Vergely et al. (1998). From this com- The error bar orMy derived from Hipparcos data is due
parison it follows that only 4 stars have a slightly larger extinétom the uncertainties in the parallaxes measurements. It has
tion than the normal one: HD 91 130, HD 153 747, HD 169 0d%een computed according to the relation:
and HD 177 120; two of them HD 153747 and HD 177 120(MV) = (0 (V))? + (2.170°(r) /)2 + (0 (Ay)2)°5.

os parallaxes
N

o

. . . (%
have been previously noted as having incoherent observed

colours with their spectral classification. A constant value of 0.01 has been taken #&d¥/), and we
These comparisons show that the behaviour of the starsadbpted 0.05 as the error @ . For the photometrically de-
this sample is similar in the two photometric systems. rived My we have plotted an horizontal bar which is equal to
the diference between the values given by the Moon (1985)
calibration and those by Domingo & Figueras (1999); this is
not an error bar.
The absolute magnituddy can be derived from two indepen-  In Fig. 4 the stars with the largest discrepant values have
dent methods and the comparison of the values so obtaineéen noted and some of them correspond to questionable
another way to detect peculiar objects. These methods are: 1 Boo candidates, according to the discussion given in previous

e the direct determination using Hipparcos parallax and tf gc_tlons qtr)tc:jséarj fOT.WP'Ch the Hllpparcos T?Q”g“g‘* VaSab”'
previously computed reddening: ity is ascribed by duplicity or remains unexplained (D or U re-

e the calibrations of thawbys photometry adopted in thespectively in Col. 4 of Table 2).
Moon (1985) programme.

9. Visual absolute magnitude

Before comparing the values obtained by these two approacr%gs',TDl UV fluxes

we checked the reliability of thivy photometric calibration The revised edition of the Thompson et al. (1978) cata-
by comparing it to the one recently defined by Domingo &gue of Stellar Ultraviolet Fluxes, available at CDS, has been
Figueras (1999) for main-sequence stars in the range of speattadsen for computing the ultraviolet magnitudes (UV mag),
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and their errors, corresponding to the flux measured in t S

four spectral domains centered at 156.5 nm, 196.5 n

236.5 nm and 274 nm. The magnitudes are normalised to , —0.0

V magnitude. g
These fluxes are available for 96 out of the 136 stars > -02 1

Table 1, but for 4 of them (HD 7908, HD 109980, HD 11100

and HD 112 097) the error bars are too high for any informatic™ 04

to be derived from these fluxes.

The computed fluxes to be used as templates have b _p g
obtained from the grid of Kurucz fluxes (1993). The theore 150 200 250
ical UV magnitudes have been calculated by integrating the wavelength (nm)

fluxes over t.he respo_nse profile of the four passbands of ?]85 HD 98353 UV magnitudes in each spectral band are plot-
8_2/68 eXpe”m_ent' _usmg fqr each C_hannel’ the absoléie eted; a line joins these measures. The upper and lower lines represent
ciency curve given in the printed version of the Thompson et gle errors on these measurements. No de-reddening is applied (see
(1978) catalogue. Table 5). The computed UV mag fdiy = 8500 K, logg = 4.0 and

In making this comparison we have to take into account thit /H] = —1.0 are plotted and joined with a dash-dot line.
the main possible sources of discrepancy are:

i) the TD1 errors on the observed fluxes; 20 ‘ ‘ -]

i) the uncertainties on the adopted values of the reddeni -~ :
and of T, logg; o L ~ e a1

i) the fact that the Kurucz fluxes are computed from moc & '
els having scaled abundances with respect to the solar 0@,
These fluxes cannot reproduce accurately thBoo spec- >'
tra which are characterized by abundance deficiencies
the Fe-peak elements, but not of the light elements CNC
Moreover, the11600 A absorption feature characteristic @ .
many.1 Boo stars and due to the iysatellite (Holweger et al. 150 <00 =50
1994) is not introduced in these computations. wavelength (nm)

The observed UV magnitudes have been normalized Hgy. 6. HD 170 000 UV magnitudes in each spectral band are plotted:
the V value and dereddened according to the UV extingdine joins these measures. The upper and lower lines represent the
tion A(1)/E(B - V) given by Thompson et al. (1978), whereerrors on these measurements. The dotted line joins the dereddened
E(B-V) = 1.35E(b-y), E(b—y) being the value in Table 5. Themagnitudes according to the extinction value given Table 5. The com-
computed magnitudes are obtained from the Kurucz flukgs, puted UV mag fofTer = 12500 K, logg = 4.5 and solar abundances
and logg are taken from Table 5, and various values of metaite plotted and connected with a dash-dot line.
licity are tested. The comparison of these two sets of values
shows that tha Boo in the UV display astonishingfiiérences,
because the stars already known to produce composite spectraing paper, shows that HD 196 821 is one of the newly de-
are not those with the most abnormal UV patterns. tected stars with a composite spectrum.

HD 98353 represents a striking example: this object is e Group 2 (10 stars, 12% of the sample): stars for which
an SB3 system (see Sect. 7) composed of non-twin stdahe observed flux is fitted by that computed with the solar abun-
The UV spectrum is fitted by computations basedTan, dance or close to it; also these cannot be considered as classica
log g derived from visual photometry (Table 5) if [M] = A Boo stars. An example is given in Fig. 7.

-1.0 is adopted. The UV data of HD 98353 may be repro- The observations of the visual spectrum of HD 34 787 (see
duced by the computations basedTag = 8500, loggy = 40 Sect. 6) have confirmed that this is nat 800 star. The spec-

and [M/H] = -1.0 as displayed Fig. 5. trum of HD 36496 is a composite one according to the du-
A detailed inspection allows us to group the stars infglicity detection (Table 2). The behaviour of the UV flux of
5 groups given in Col. 12 of Table 5. HD 179 791 does not allow us to discriminate between the two

e Group 1 (8 stars, 9% of the sample): stars for which tigets of atmospheric parameters given Table 5.
observed flux is lower than the one predicted for solar abun- ¢ Group 3 (19 stars, 23% of the sample): stars for which
dances, indicating a blocking similar to that of the Ap stathe observed flux cannot be fitted by any model either because
if the object is considered single. An example is given ithe UV flux is too high (Fig. 8) (6 stars, group 3a) or because
Fig. 6. Three of these stars are unsolved binaries (see Tabléh2) flux is distorted compared to the theoretical one (Fig. 9)
HD 22470, HD 47152, HD 170000. HD 159082 is a que$13 stars, group 3b).
tionable binary (see Sect. 3). Three of them are known to be binaries for which the
A preliminary inspection of the high resolution observacompanion fiects the spectrum: HD 38545, HD 64491 and
tions, made at the Observatoire du Pic du Midi with thelD 97 773; for one, HD 225218, a companion at 0.01 arc-
MUSICOS spectrograph, which will be discussed in a fortlsec has been detected by interferometry; two stars, HD 3 and
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Fig. 7. HD 36496 UV magnitudes in each spectral band are pldfig.9.HD 204 041 UV magnitudes in each spectral band are plotted,;
ted; a line joins these measures. The upper and lower lines represelitie joins these measures. The upper line and lower lines represent
the errors on these measurements. No de-reddening is applied {seeerrors on these measurements. No de-reddening is required for
Table 5). The computed UV mag fdrs = 7500 K, logg = 4.0 this star. The computed UV mag fégz = 8000 K, logg = 4.0 and

and [M/H] = -0.5 are plotted and linked with a dash-dot line. Th¢M /H] = —1.0 are plotted and linked with a dash-dot line; according
UV spectrum agrees with [MH] = —0.27 derived from the Geneva to the Geneva photometry the metallicity-6.83.

photometry. This star is a binary detected by speckle interferometry

and the Hipparcos experiment (see Table 2). 0077 1 T T T T 1 T 1.
o e —————— p ]
-1.0 = 3
no —
£ 2.0 =
. E -2 :
g r 17 5 ]
r B I -3.0 —
g 0.0 — — > 7
r _ A= e lyylinpy - Spfempp=pr et 1 By ]
2 B //_/("/ ] —4.0 E
-20 - A/j/'/ — T Y T S Y T R N R S

Lo ] 150 200 250

I L1 L L1 L1 [ I wavelength (nm)
150 200 250
wavelength (nm) Fig. 10. HD 218 396 UV magnitudes in each spectral band are plot-

) _ _ ted; a line joins these measures. The upper and lower lines repre-
Fig.8. HD 168 947 UV magnitudes in each spectral band are plottegknt the errors on these measurements. HD 218 396 is compared to
a line joins these measures. The upper and lower lines represent thg &r-— 7000 K, logg = 4.0, [M/H] = —10 (dash-dot line)Ter
rors on these measurements. The dotted line connects the dereddgﬁgqogg are close to the values derived from@trjren photometry
magnitudes according to the extinction value given Table 5. The co{ghich indicates a slightly negative reddeniii(p — y) = —0.027. The
puted UV mag foff = 7500 K, logg = 3.5, [M/H] = ~1.0and-2.0  comparison withTe; = 7250 K, logg = 4.5, [M/H] = —0.5 (long dash
are plotted and linked respectively with a dash-dot line and a long dagfe) is less satisfactory; these values correspond to those given by the
line; the metallicity derived with the Geneva photometry-&87. Geneva photometryf; = 7347 K, logg = 4.55 and [M/H] = —0.68.

HD 83277, have a “D” note in the Hipparcos catalogue (Hvafioderate reddening d(b — y) = 0.038, the fit is obtained
type (52)). with [M /H] = 0.0, not allowing us to discriminate between the

We note that the fit for HD 3, HD 38 545, HD 175445 andwo sets of parameters.

HD 177120 is distorted, whatev&g; is chosen. The TD1ob-  HD 153808 has two sets of parameters (Table 5) and the
servations do not permit us to discriminate between theliwo quality of the fit is slightly better with the set derived in the
computed. case of no-reddening.

e Group 4 (41 stars, 48% of the sample): stars with an However, even this group includes 5 already known bina-
observed flux fitted by the computed one with metal undeties, demonstrating that the UV fit with underabundant fluxes
abundance, in most cases ten times lower than that of the §inot a stficient condition to safely sele@tBoo stars.

(Fig. 10); this is the largest group. e Group 5 (7 stars, 8% of the sample): the spectra of these
For HD 35 242 two sets of parameters have been computgdrs are fitted by spectra based o/l = —1.0 except for
(Table 5). The fit is similar for each set of parameters withe observed magnitude at 1565 A which is too low; this can
[M/H] = —1.0. Nevertheless, fofer = 8900 K, the flux mea- be interpreted as due to the presence of a stith&D0 ab-
sured at 1563 is slightly too low. sorption feature characteristic of manyBoo stars. However

For HD 39421 two sets of parameters have been coffigs. 11 and 12 demonstrate ambiguous information embod-
puted (Table 5). The fit with the metallicity [MH] = —1.0 ied in an observed spectrum. In fact, the sarfiect is ob-
corresponds to d¢ of 8500 K and no reddening. But forserved in a star, HD 120500, classifiedi@300 by Paunzen &
the set of parameter§ g = 9000 K, logg = 4.0) and the Gray (1997), and in HD 210418, classified as a normal SB2 by
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O e L This study of the UV properties of the knowinBoo stars
includes about 70% of the objects of our survey. An analysis
based on the behaviour of the UV flux, using the atmospheric
parameters derived from visual photometry, shows that a large
number of these stars cannot be classified as stars with a lower
than solar atmospheric metallicity.

The 8 stars of group 1 and the 10 of group 2 have a spectral
energy distribution similar to that of peculiar or normal A-type
stars and they include a number of recently discovered binaries.
The highly distorted flux of the 19 objects of group 3 is not co-
herent with that of any known star. The most likely explanation
for this unexpected behaviour is that it is the combined flux
Fig. 11. HD 120500 UV magnitudes in each spectral band are pldrom two sources with dierentT;; in fact, the flux of 13 of
ted; a line joins these measures. The upper and lower lines repreggat3b objects is already known to be due to a composite flux
:Ee grrorjdon tr;jese me_tasdurements(.j_Thet dtohtted Iti_net(_:onnelcts re_prqﬁ_gm the two components of a binary system.

e dereddened magnitudes according to the extinction value given in ; -
Table 5. The computed UV mag s = 8750 K, logg = 4.0 and In conclusion the pr(_asent ar;aIyS|s of the large TD1 data
[M/H] = -1.0 are plotted and linked with a dash-dot line. base allows us to reje.Ct 27% .Of the sample stars of
Table 1; some of these rejected objects are excluded from the
— T T T T T T T T A Boo class also on the basis of the presence of a near bright

V-UVmag

150 200 250
wavelength (nm)

051 4 companion.
o
>E 0.0 11. Conclusions
:.’ A careful inspection of the information available in the liter-
> -05 ature and retrieved from data bases has allowed us to demon-
strate that thet Boo class includes stars with veryfigirent
qol e v T physical properties. A not negligible percentage is represented

150 200 250 by binaries producing composite spectra. The detection of du-

plicity can be achieved by a careful inspection of high resolu-

_ _ _ tion spectra for stars with low or moderatsini; spectra char-

Fig.12.HD 210 418 UV magnitudes in each spectral band are plotteggterized by broad and shallow features, mostly due to blends

aline joins these measures. The upper and lower lines represent thg£figerent species, do not make it possible to derive informa-

rors on these measurements. The dotted line connects the dereddﬁa%n duplicity and are also not suitable for an accurate abun-

magnitudes according to the extinction value given in Table 5. T'&%\nce analysis (see for example Hill 1995) or even for useful

computed UV mag folfr = 9000 K, logg = 4.0 and [WH] = -1.0 . 2 .. )

are plotted and linked with a dash-dot line. radial veI00|t|e_s_(Nordstm1 etal. 1997), especially for hot stars
as those classified asBoo.

The Hipparcos and the interferometric measures have al-

Gray & Garrison (1987). In both cases only an unrealisticallpwed us to discover that 11 stars are binaries with low values

strong11600 feature would explain the low value of the magnPf angular separation and magnitudéetience.

tude at 1565 A. HD 210418 and HD 217 782 are binaries with Our adaptive optics observations allowed us to reject one

a companion bright enough téfact the spectrum. more star, HD 141 851, for which only the companion separa-
For 6 stars the TD1 observations are available but no photi®n was known before.

metric observations have been made iroBigien and Geneva  Spectral analysis has allowed us to reject the triple sys-

systems. tem HD 98353, the two SB2 stars HD 81104, HD 210418
On the hypothesis that the stars are unreddened, the begtfll the four stars analysed in our previous papers (HD 64 491,

with computations is obtained with the following parameter$iD 111786, HD 153 808, HD 174 005).

HD 105779T¢ = 8000 K, logg = 4.0 and [M/H] = -0.5; Therefore, 19 stars (14%) cannot be assigned to the

HD 171948Ty = 9250 K, logg = 4.0 and [M/H] = -1.0; 1 Boo class on account of established duplicity; for these stars,

HD 192 424T¢ = 10500 K, logg = 4.0 and [M/H] = 0.0. the fluxes collected by photometric and spectroscopic devices
Martinez et al. (1998) have derived for HD 1057V§ = are average values of two components and cannot be analysec

8000 K, logg = 4.0 and [M/H] = —1.0 from spectroscopic as originating from a single source.

data andTs = 7500 K, logg = 3.8 from photometric data. A group of misclassified stars is that discussed in Sect. 6

For HD 192 424 the estimated parameters suggest that it is aontl includes 10 stars.

al Boo star. For 3 further objects, the metal abundance analyses made
For 3 others HD 26801, HD 81104, HD 193063, thap to now which should prove the Boo character, are based

V magnitude and the shape of the UV flux suggest reddening, incorrect values of ¢ and logg parameters (HD 84 948,

so that no estimation dfr and logg have been attempted. HD 198160, HD 198161). For the SB2 HD 171948 the

wavelength (nm)
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abundances are based on the hypothesis that the two conipeferences
nents are twin stars. , _ Abt, H. A. 1984a, ApJ, 285, 247

The UV fluxes discussed in Sect. 10, even if based on loWps 1. A 1984, in MK Process and Stellar Classification, ed. R. F.
resolution observational data, have allowed us to reject 28 more Garrison (Richmond Hill, Ontario: David Dunlap Observatory),
stars. 340

Altogether 58 stars out of 136 (43%) objects cannot kt, H. A. 1985, ApJS, 59, 95
safely considered as single objects belonging to a classAbt. H. A., & Morrell, N. 1. 1995, ApJS, 99, 135 (AM)
A-type stars defined asBoo. Adelman, S.J. 1999, MNRAS, 310, 146

For the remaining stars, very little is known for thos@nd“eVSky’ S. M., Chernyshova, I. V., Paunzen, E., et al. 2002, A&A,
not belonging to theBSC The discussion of the bright- 396, 641

: . . . i . Andrillat, Y., Jaschek, C., & Jaschek, M. 1995, A&A, 299, 493

est objects, i.e. those present in this catalogue, is restric chek, B., & Searle, L. 1969, ApJ, 155, 537
to 41 stars: 10 of them are classified SB and 16 have a vasischek, B., Koeppen, J., Scholz, M., et al. 1984, A&A, 131, 378
able RV. For most of them, this variability is explained by aertaud, C. 1959, JO, 42, 45
visual companion too far away or too faint téfect the spec- Bertaud, C., & Floquet, M. 1974, A&AS, 16, 71
trum, but this is not the case for HD 79108, HD 111 604&idelman, W. P., Ratdi, S. J., & Svolopoulos, S. 1988, PASP, 100,
HD 169009, HD 183324, HD 220061. These 5 stars and 828

the 10 SB require further study before being safely classifiBgrbidge, E. M., & Burbidge, G. R. 1956, ApJ, 124, 116
asa Boo. Corbally, C. J., & Gray, R. O. 1996, AJ, 112, 2286

. . R Domingo, A., & Figueras, F. 1999, A&A, 343, 446
The conclusion obtained on individual stars of th woretsky, M. M. 1974, ApJS, 28, 101

A Boo class is summarized in the last column of Table 1. OB\ The Hipparcos Catalogue 1997, ESA SP-1200
one comment concerning the questionabBoo classification Fabricius, C., Hag, E., Makarov, V. V.,‘ et al. 2002, A&A, 384, 180

is given for each star. Faraggiana, R., & Bonifacio, P. 1999, A&A, 349, 521
When several criteria have been found, the given one is th&aggiana, R., Gerbaldi, M., & Boehm, C. 1990, A&A, 235, 311
“strongest”. Their meaning is: Faraggiana, R., Gerbaldi, M., & Burnage, R. 1997, A&A, 318, L21

Faraggiana, R., Gerbaldi, M., Bonifacio, P., & Fraig; P. 2001a,
¢ “misclassified:” and “misclassified” refers to stars dis- A&A, 376, 586
cussed in Sect. 6. Faraggiana, R., Gerbaldi, M., & Bonifacio, P. 2001b, A&A, 380, 286
» an(lj:araggiana, R., & Gerbaldi, M. 2003, A&A, 398, 697
Gray, R. O. 1988, AJ, 95, 220

e “‘composite, Hipparcos”, “composite, interferometry
composite, AO” means that the spectrum i$eated by, ray R. O. 1989, AJ. 98, 1049

at least, one bright enough component, this one being @&z/ ¢ "corbally, C. 3., & Philip, A. G. D. 1996, AJ, 112, 2291
tected by Hipparcos space experiment, by mterferomet@g:ay R. O., & Garrison, R. F. 1987, ApJS, 65, 581
observations or by adaptive optics (see Sects. 3, 4). Gray, R. O., & Kaye, A. B. 1999, AJ, 118, 2993
e “composite, spectrum”, “SB2, metal ab. to be revised&ray, R. O., Napier, M. G., & Winkler, L. |. 2001, AJ, 121, 2148
“SB2, twin stars?” and “metal ab. to be revised” whenandler, G., Gray, R. O., & Shobbrook, R. R. 2000, Information
spectral analysis of the composite spectrum has been madeBulletin on Variable Stars (IBVS) 4876, 1
(Sect. 7). Hartkopf, W. I., Mason, B. D., & Wycfi, G. L. 2003, Fourth
e “inconsistent UV flux” is quoted when the TD1 magnitudes Catalogue of Interferom.etric Mgasurements of Binary Stars,
have been found not in agreement with the hypothesis that hf(t%: / 1/ ;géu,igjo; “fg’i"gié/ wds/int4.html
; : : auck, B. : , 154,
the star ist Boo (groups 1, 2 and 3 defined in Sect. 10}, " 0" ‘goicrean ., & Chauville, J. 1998, AGAS, 128, 429
Between parenthesis is the description of the fitwhen it c Nuck B. & Mermilliod. M. 1998. AAS. 128 431
be expr(_assed shortly: “sola_r at_).", “bin?” _|f the_ binarity o auck, B., & Slettebak, A. 1983, A&A, 127, 231
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exists, comprises very, very few stars and that it is very easy]fﬁcnet' E:/I & AE”d”"aB Yl 19298' A&'ﬁ' 13f0’ 5(:|7 Bart 1: 1h
classify a binary ag Boo. Jaschek, M., & Egret, D. 1982, Catalog of Stellar Groups, Part 1: the

earlier groups, Publ. Speciale du CDS, N 4
Kamp, I., Hempel, M., & Holweger, H. 2002, A&A, 388, 978
AcknowledgementsLarge use has been made of the SIMBADKiinzli, M., North, P., Kurucz, R. L., etal. 1997, A&AS, 122, 51
database operated at the CDS, Strasbourg, of the General Catalegygcz, R. L. 1993, CD-ROM 13

of Photometric Data by Mermilliod et al. (1997, A&AS, 124, 349)| ee, O. J. 1908, Science, 28, 853

available on line at the Geneva Observatory site and of the IUE Fin&yato, H., Malaroda, S., Grosso, M., & Morrel, N. 1994, The
Archive data processed with the INES system. We warmly thank the pMK Process at 50 years, ed. C. J. Corbally, R. O. Gray, & R. F.
Referee, H. Hensberge, for the careful examination of the paper and Garrison, ASP Conf., 60, 93

for its precious suggestions to shorten and clarify it. Liu, N., Gies, D. R., Xiong, VY., et al. 1997, ApJ, 485, 350



464 M. Gerbaldi et al.: The heterogeneous classBbo stars

MacConnell, D. J., Frye, R. L., Bidelman, W. P., & Bond, H. E. 1971Raunzen, E., Weiss, W. W., Heiter, U., & North, P. 1997, A&AS, 123,
PASP, 83, 98 93 (P1)

Marchetti, E., Faraggiana, R., & Bonifacio, P. 2001, A&A, 370, 524 Royer, F., Gerbaldi, M., Faraggiana, R., ®@éz, A. E. 2002a, A&A,

Martinez, P., Koen, C., Handler, G., & Paunzen, E. 1998, MNRAS, 381, 105

301, 1099 Royer, F., Grenier, S., Baylac, M.-O.,08ez, A. E., & Zorec, J.
McAlister, H. A., Hartkopf, W. I., Hutter, D. J., Shara, M. M., & Franz, = 2002b, A&A, 393,897

0. G. 1987, AJ, 93, 183 Sargent, W. L. W. 1965, ApJ, 142, 787
Meisel, D. D. 1968, AJ, 73, 350 Slettebak, A. 1951, ApJ, 113, 436
Miura, N., Iribe, T., Kubo, T., Baba, N., & Isobe, S. 1995, Publ. NatSlettebak, A. 1954, ApJ, 119, 146

Astron. Obs. Japan, 4, 67 Soderhjelm, S. 1999, A&A, 341, 121
Moon, T. T. 1985, Comm. from the Univ. of London Obs. 78 an&tlirenburg, S. 1993, A&A, 277, 139

Revisions in 1985, private comm. Thompson, G. I., Nandy, K., Jamar, C., et al. 1978, Catalogue of
Moon, T. T., & Dworetsky, M. M. 1985, MNRAS, 217, 305 (MD) Stellar Ultraviolet Fluxes (The Science Research Council)
Morgan, W. W., Keenan, P. C., & Kellman, E. 1943, An Atlas of Stelladesugi, A., & Fukuda, |. 1982, Revised Catalogue of Stellar

Spectra (University of Chicago Press) Rotational Velocities, Dept. of Astronomy (Kyoto University)
Nordstom, B., Stefanik, R. P., Latham, D. W., & Andersen, J. 199%eran, J. P., Rigaut, F., Ma&8, H., & Rouan, D. 1997, J. Opt. Soc.

A&AS, 126, 21 Am. A: Optics, Image Science, and Vision 14, 3057
North, P., Berthet, S., & Lanz, T. 1994, A&AS, 103, 321 Vergely, J.-L., Freire Ferrero, R., Egret, D., & Koeppen, J. 1998, A&A,
Olsen, E. H. 1980, A&AS, 39, 205 340, 543
Paunzen, E. 2001, A&A, 373, 633 (P2) Vogt, N., Kerschbaum, F., Maitzen, H. M., & Faundez-Abans, M.
Paunzen, E., Diee, B., Heiter, U., Kuschnig, R., & Weiss, W. W. 1998, A&AS, 130, 455

2001, A&A, 373, 625 Wolff, S. C. 1983, The A-stars: Problems and perspectives,
Paunzen, E., & Gray, R. O. 1997, A&AS, 126, 407 Monograph series on nonthermal phenomena in stellar atmo-
Paunzen, E., Heiter, U., Handler, G., et al. 1998, A&A, 329, 155 spheres (Washington, DC: NASA)
Paunzen, E., lliev, I. Kh., Kamp, I., & Barzova, I. S. 2002, MNRASWolft, S., & Simon, T. 1997, PASP, 109, 759

336, 1030 Woolf, V. M., & Lambert, D. L. 1999, ApJ, 520, L55

Paunzen, E., Kamp, I, lliev, I. Kh., et al. 1999, A&A, 345, 597 Worley, C. E., & Douglass, G. G. 1997, A&AS, 125, 523 (WDS)



M. Gerbaldi et al.: The heterogeneous clasg 8o stars Online Material p 1

Online Material



M. Gerbaldi et al.: The heterogeneous class 8o stars Online Material p 2

Table 5. Reddening, atmospheric parameters and distance in parsec computed from the Hipparcos parallaxes. The TD1 groups descril
Sect. 10 are given in the last column; “ * ” indicates that the star has not been observed by this satellite “—" is given when no visual photome
is available and “ : " when the TD1 values have a too large error to be used. We recall that HD 89 353 (HR 4049) is not considered here

Sect. 6).
HD Reml1l E(b-y) TsMD loggMD Gr Te Gen loggGen [MWH] Rem2 dist(pc) UV flux category
3 -0.021 8640 3.63 6 8644 3.69 - 150 3b
3 0.035 9260 3.65 5 9231 3.98 - ” !
319 AB 0.001 8150 3.80 6 8139 3.66 - AB 80 4
2904 0.001 9970 3.75 1 9607 3.84 - 162 3b
4158 —0.030 6500 3.03 7 6763 352 -1.59 - *
4158 0.250 12260 2.90 1 11798 4.47 - " ”
5789 AB 0.012 10040 4,12 1 - - - 129 *
6173 0.001 7820 3.40 6 - - - - *
6870 \Y -0.021 7240 3.77 6 7362 429 -1.08 \Y, 97 *
7908 —-0.023 7070 4.07 6 7187 448 -0.67 88 :
11413 \Y, 0.002 7950 3.84 6 7813 4.08 -2.03 \Y, 75 4
11503 \Y, —-0.029 10970 4.25 1 - - - 63 *
13755 —-0.019 6960 3.30 6 - - - 212 *
15165 AV -0.018 6870 3.27 6 - - - 118 4
16 955 AB 0.023 9060 3.92 5 8971 4.08 - AB 108 5
21335 —0.006 7850 3.74 6 7780 409 -0.86 129 4
22470 \% —0.002 14510 412 1 14097 4.16 - \% 145 1
23258 -0.018 9500 4.42 5 9555 4.35 - 75 4
23392 0.016 9840 4.47 5 9740 4.21 - 308 3a
24472 —-0.022 6760 3.68 6 6924 430 -0.71 92 3a
26801 - - - - - - - - -
30422 \Y, —0.009 7990 4.16 6 7886 437 -0.52 \Y, 57 4
30739 0.014 9560 3.56 1 9464 3.81 - 59 2
31295 0.013 8970 4.26 5 8981 4.28 - 37 *
34787 0.004 9890 3.49 1 9843 3.59 - 104 2
35242 0.032 8900 4.03 5 8747 4.06 - 75 4
35242 —0.002 8280 3.97 6 8294 3.84 - i ”
36496 AB 0.001 7660 4.04 6 7581 436 -0.27 A 79 2
36726 0.027 9380 4.49 5 9274 4.30 - - *
37411 0.068 8970 4.10 5 8982 4.19 - - *
37886 0.050 12550 4.18 1 12497 4.35 - - *
38545 —-0.028 8600 3.59 6 8495 3.58 - 130 3b
38545 0.042 9340 3.61 1 9156 3.92 - i ”
39283 0.017 9150 3.85 5 9183 4.12 - 74 2
39421 —0.009 8450 3.71 6 8380 3.56 - 116 4
39421 0.038 9090 3.73 5 8951 3.86 - i ”
41580 - - - - 11287 4.10 - A - *
47152 0.011 10190 4.22 1 10312 4.32 - ABV 129 1
54272 -0.015 6860 3.84 6 - - - - 3b
56 405 0.005 9010 4.20 5 8964 4.20 - 85 1
64491 -0.014 7120 4.08 6 7304 456 -0.67 60 3b
66 684 AB 0.006 10040 4.02 5 10010 4.13 - AB 287 4
74873 0.013 8720 4.38 5 8714 4.19 - 61 2
75654 \Y —-0.019 7260 3.70 6 7325 419 -0.95 \Y, 78 4
79108 0.004 9830 4.07 5 9852 4.17 - 115 4
81104 - - - - - - - - -
81290 0.008 6560 3.49 7 6821 414 -0.76 265 *
83041 \Y, 0.015 6850 3.53 6 6998 416 -1.14 \Y, 223 *
83277 —0.002 6780 3.52 6 6765 3.77 -1.16 201 3b
84123 0.018 6890 3.56 6 7113 429 -0.84 110 4
84948 —-0.028 6780 3.39 6 - - - 201 *
87271 0.001 7450 3.52 6 - - - 147 4
87696 0.001 8050 4.20 6 7853 441  -0.07 28 2
89239 0.000 10390 4.25 1 10595 4.46 - 128 2
89353 \Y, - - - - - - - \Y - -
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Table 5. continued.

HD Reml1l E(b-y) TgMD loggMD  Gr Tegr Gen loggGen [MWH] Rem2 dist(pc) UV flux category

90821 0.006 8270 3.73 6 - - - - *
91130 0.080 9690 3.84 1 9718 4.34 - 75 5
97773 AB 0.002 7420 3.77 6 - - - 202 3b
97 937 —-0.007 7180 3.84 6 7152 426 -0.18 71 4
98353 —0.003 8620 4.24 5 8599 4.12 - 56 4
98772 -0.022 8590 3.80 6 8536 3.85 - 86 4
101108 AB 0.004 7880 3.81 6 7750 415 -0.62 AB 233 *
102541 0.018 7690 4.13 6 7744 446 -0.47 125 3a
105058 \% 0.004 7670 3.57 6 7745 405 -2.02 \% 188 *
105759 - - - - - - - - -
106 223 -0.021 6490 3.29 7 6864 408 -1.44 110 4
107 233 —-0.007 7190 4.00 6 7267 441 -1.14 81 *
108 283 0.011 7120 2.87 6 6945 3.32 -0.40 84 4
109738 0.017 7610 3.87 6 7599 415 -0.92 - *
109980 —-0.026 7660 3.85 6 7699 421 -0.28 65 :
110377 \% —-0.010 7750 3.92 6 7661 418 -0.59 \% 68 4
110411 \Y 0.008 8970 4.36 5 8865 4.13 - \% 37 4
111005 0.004 6910 3.74 6 - - - 174 :
111604 -0.011 7660 3.47 6 7622 388 -1.61 119 4
111786 \Y 0.000 7490 3.95 6 7397 429 -1.13 \Y 60 4
112097 -0.014 7250 3.93 6 7248 429 -0.11 61 :
118623 AB —0.006 7400 3.57 6 7384 402 -0.34 AB 59 4
120500 0.036 8840 3.89 5 - - - 143 5
120896 —-0.005 7370 3.81 6 - - - 205 *
125162 0.011 8800 4.24 5 8751 4.13 - 30 4
125489 0.005 8040 4.14 6 - - - 70 1
125889 0.026 7330 3.96 6 7257 427 -0.79 - *
130158 0.016 10940 3.60 1 11336 3.72 - 188 *
130767 0.006 9510 4.26 1 9189 4.16 - 128 4
138527 0.030 11220 3.99 1 11250 4.06 - 132 4
141851 —-0.014 8080 3.86 6 8258 3.69 - 49 4
142703 \Y —-0.020 7120 3.88 6 7295 438 -1.53 \% 53 4
142994 \% 0.002 6950 3.23 6 6892 3.68 -0.88 \% - *
144708 AB 0.047 10650 3.58 1 10241 3.75 - AB 131 4
148638 0.028 7840 3.47 6 - - - 140 *
149130 0.014 6850 3.47 6 6830 3.82 -0.48 163 *
149303 A -0.018 8120 3.80 6 8483 3.78 - A 69 *
153747 \Y 0.108 9850 3.91 1 9745 4.26 - \Y, 188 *
153747 \% 0.092 9530 3.90 5 9413 4.14 - \% ? "
153808 0.018 10420 4.21 1 10449 4.33 - 50 4
153808 0.005 10130 4.20 5 10113 4.24 - " "
154153 -0.012 6940 3.54 6 7001 408 -0.88 66 4
156 954 -0.014 7040 3.97 6 7083 437 -0.56 82 3a
159082 0.037 11230 3.99 1 - - - 152 1
160928 AB -0.013 7910 3.87 6 7866 418 -1.21 AB 83 4
168 740 \% —-0.001 7680 3.89 6 7532 420 -1.54 \Y 71 4
168 947 \Y 0.027 7540 3.66 6 7481 400 -0.87 \% - 3a
169 009 0.152 10480 3.94 1 10180 3.81 — 105 4
169022 0.023 9830 3.04 1 9524 2.99 - 44 *
170000 ABV 0.005 12450 4.36 1 12392 4.35 - ABV 89 1
170680 0.025 10090 4.11 5 9998 4.19 - 65 2
171948 - - - - - - - 131 -
174005 A 0.053 7910 3.79 6 7709 400 -0.79 A 162 4
175445 0.032 9050 4.01 5 - - - 196 3b
175445 0.060 9570 4.10 1 - - - " ”
177120 0.162 9630 3.50 1 9733 3.65 - AB 223 3b
177120 0.052 7800 3.44 6 8038 2.72 - AB " "
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Table 5. continued.

HD Reml E(b-y) TgMD loggMD  Gr T Gen loggGen [MH] Rem2  dist(pc) UV flux category

177756 —-0.002 11560 4.09 1 11613 4.04 - 38 4
179791 0.053 9100 3.51 5 9042 3.80 - 183 2
179791 0.063 9290 3.52 1 9200 3.88 - " ?
183324 \Y 0.029 9190 4.22 5 9137 4.28 - \% 59 5
184190 0.029 7170 4.07 6 7092 441 -0.84 - *
184779 —-0.004 7090 3.45 6 7190 410 -0.76 - *
191850 0.002 7380 3.67 6 7275 411 -0.62 - *
192424 - - - - - - - - -
192640 \% —0.006 7980 3.98 6 7752 406 -2.24 \% 41 4
193063 - - - - - - - - -
193 256 0.002 7810 3.68 6 7455 3.83 -1.18 218 *
193281 AB 0.025 8110 3.60 6 8096 3.35 - AB 218 *
196 821 0.002 10390 3.55 1 10260 3.63 - 284 1
198 160 AB 0.003 7970 3.98 6 7975 433 -0.63 AB 73 *
198161 AB 0.003 7970 3.98 6 7836 419 -1.13 73 *
200841 0.082 10250 3.52 1 - - - 5562 3b
204041 0.000 8110 4.03 6 7938 426 -0.83 87 3b
204 965 0.006 9000 3.53 6 8471 3.51 - 147 *
210111 —-0.023 7450 3.75 6 7545 426 -1.18 79 5
210418 0.033 9150 3.92 5 9097 4.08 - 30 5
212150 0.050 10310 3.24 1 - - - 289 1
214454 0.002 7510 3.57 6 7282 389 -0.21 53 4
216 847 —0.002 7360 3.41 6 7258 3.88 -0.52 148 3a
217782 AB 0.059 9140 3.68 5 9213 3.81 - AB 107 5
218396 -0.027 7170 4.10 6 7347 455 -0.68 \% 40 4
220061 \ -0.012 7750 3.59 6 7656 3.98 -0.57 \% 51 4
220278 AB -0.015 7620 3.67 6 7617 410 -0.50 AB 73 3b
221756 \Y 0.034 9020 3.91 5 9151 4.25 - \% 72 2
223352 AB 0.004 9880 4.19 5 9790 4.17 - AB 44 4
225218 AB 0.093 9230 3.48 1 - - - 515 3b
261904 0.029 9560 4.33 5 9456 4.18 - - *
290492 AB 0.103 10390 4.16 1 - - - - *
290799 0.074 9160 4.24 5 - - - - *
290799 0.004 8000 4.26 6 - - - " "
294 253 0.038 10370 4.50 5 10383 4.38 - - *




