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Abstract. New spectroscopic observations are presented for a in our nearby sample. No obvious trend is seen between
sample of thirty-one blue horizontal branch (BHB) star candi- vsini and eithe(B — V'), or [Fe/H].

datesthat are sufficiently nearby to have reliable proper motio(3) they have-0.99>[Fe/H]>—-2.95 (mean [Fe/H}-1.67; dis-
Comments are given on a further twenty-five stars that have pre- persion 0.42 dex), which is similar to that found for field halo
viously been suggested as BHB star candidates but which wereRR Lyrae and red HB stars. These local halo field stars ap-
not included in our sample. Moderately high-resolution spectra pear (on average) to be more metal-poor than the halo glob-
(MAM = 15 000) of twenty five of our program stars were taken ular clusters. The local sample of red giant stars given by
with the cou@ feed spectrograph at Kitt Peak. Twelve of the Chiba & Yoshii (1998) contains a greater fraction of metal-
program stars were also observed with the CAT spectrograph poor stars than either our halo samples or the halo globular
at ESO. Six of these program stars were observed from both clusters. The stars in our sample that ha¥gsathat exceeds
hemispheres. IUE low-resolution spectra are available for most about 8 500 K show the He(A 4471) line with a strength

of our candidates and were used, in addition to other methods, inthat corresponds to the solar helium abundance.

the determination of theif.g and reddening. A compilation of (4) they show a similar enhancement of theelements

the visual photometry for these stars (including new photometry ({[Mg/Fe]) = +0.43+0.04 and alsq[Ti/Fe]) = +0.44+0.02)
obtained at Kitt Peak) is also given. Abundances were obtained to that found for other halo field stars of similar metallicity.
from these spectra using models computed by Castelli with an

updated version of the ATLAS9 code (Kurucz 1993a). Key words: stars: abundances — stars: fundamental parameters
All thirty one candidates are halo stars. Of these, twentystars: horizontal-branch — stars: AGB and post-AGB — stars:
eight are classified as BHB stars because: white dwarfs — Galaxy: halo

(1) they lie close to the ZAHB (in a similar position to the BHB
stars in globular clusters) in thigg versudog g plot. For all
butone ofthese stars, far-UV data were available which were
consistent with other data (8tngren photometry, energyThe field blue horizontal branch (BHB) stars have often been
distributions, Hy profiles) for derivingl ¢ andlog g. used to trace the galactic halo. Recent surveydisfant

(2) they have a distribution afsin i (<40 km s !) thatis sim- BHB starsinclude those of Pier (1983), Sommer-Larsen &
ilar to that found for the BHB in globular clusters. PetersoGhristensen (1986), Flynn & Sommer-Larsen (1988), Sommer-
et al. (1995) and Cohen & McCarthy (1997) have showrarsen et al. (1989), Preston et al. (1991), Arnold & Gilmore
that the BHB stars in the globular clusters M13 and M92992), Kinman et al. (1994, hereafter KSK), Beers et al. (1996)
have a highep sini (< 40 km s°!) than those in M3 and and Sluis & Arnold (1998).

NGC 288 20 km s'). The mean deprojected rotational  The nearby BHB stardiave been discovered sporadically

velocity (v) was calculated for both the two globular clustersver the past sixty years the majority by Stomgren 4-colour

and the nearby BHB star samples. A comparison of theskotometry. Pre-eminent among the discoverers have been A. G.

suggests that both globular clustetin i types are present Davis Philip (Philip 1994) and Stetson (1991). The only attempt,
however, to obtain a complete sample of the nearby BHB stars

(and hence a local space density) appears to be that by Green

Send offprint requests t@. Kinman . . 2
* Based on observations obtained at KPNO, operated by the AS%MOI’I’ISOH (1993). Following Philip etal. (1990), they showed

ciation of Universities for Research in Astronomy, Inc., under contrati@t @ BHB star must not only have the appropriat@i@gren

with the National Science Foundation, and the European Southern &= ¥) a'_"d G indices, but must also show |_itt|e orno rotational
servatory, Chile. broadening in high-resolution spectra. This criterion must now

** Tables 4 and 5 are only available in electronic form at the CDS vigeé somewhat modified since Peterson et al. (1995) found BHB
anonymous ftp to cdsarc.u-strasbg.fr stars withv sin s as large as 40 kms in the globular cluster
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M13. Philip et al. also considered that a BHB star must hatleat a jump in both Stmgrenu andlog g occurs for stars hotter
an appropriate location in the C(2%), vs. (b-y), diagrarf]. thanT,s = 11500 K in the EHB of globular clusters and sug-
In the solar neighbourhood, disk stars greatly outhnumber haest that this marks the onset of radiative levitation. This would
stars and there is a relatively high probability of finding diskxplain the results of Glaspey et al. (1989) and the more recent
objects whose Sbmgren indices are close to those of BHRliscoveries of strong overabundances of Fe in these hotter stars
stars. To emphasize this, we give, in the Appendix A, a nom the globular clusters NGC 6752 (Moehler et al. 1999) and
exhaustive list of stars whose colours resemble those of BHEL3 (Behr et al. 1999). Behr et al. (2000) find that the HB stars
stars but which most probably do not belong to this categoig.M13 that are cooler thaf,; = 11 000 K have high rotation
The use of high-resolution spectra is mandatory for the selectifrsin i ~ 40 km s7!) while the hotter stars have a low rotation
of BHB stars in the solar neighbourhood since both accurases might be expected if radiative levitation is operating.
abundances andsin i are needed as criteria. All stars in our sample are cooler than 11000 K because
High resolution studies of nearby RR Lyrae stars have beleotter stars cannot easily be identified as BHB stars by their
made by Clementini et al. (1995) and by Lambert et al. (199€tromgren indices. We should therefore expect them to have
Both the RR Lyrae and BHB stars may be expected to haseemical abundances that are similar to those of other halo field
similar galactic kinematics. There are, howewiskRR Lyrae stars such as halo RR Lyrae stars and halo red giants. We should
stars in the nearby field, but there are (as far as we know) mat expect abundance anomalies to be present, and none have
corresponding nearby field BHB stars that have disk kinem&ieen reported, in the cooler field BHB stars that have previously
icqd. been observed. In addition to HD 161817 (Adelman & Hill
While it is known that the field BHB stars generally showi987), abundances have been derived from CCD spectra for ten
the low metal abundances that characterize halo stars, earlyatber nearby field BHB stars (Adelman & Philip 1990, 1992,
terminations of these abundances show a rather wide scal@94, 1996a, 1996c). We consider that the abundances of BHB
(see Table A27 in KSK). The first reliable determination wastars based on photographic spectra by Klochkova & Panchuk
probably that based on the co-added photographic spectrgd1&90) are less accurate because of the poor agreement of their
HD 161817 by Adelman et al. (1987). The metallic lines iequivalent widths with those obtained from CCD spectra.
the visible spectra of BHB stars are relatively weak and early The aim of the present study is to provide data for a reli-
photographic spectra did not have adequate signal-to-noisale sample of the BHB stars in the solar neighbourhood. This
measure these lines with sufficient accuracy. Also, until relacludes the colour distribution, the reddenings, the stellar pa-
tively recently, it was not known with certainty whether or notameters, the projected stellar rotationsi( <) and the abun-
the evolution from the tip of the giant branch to the blue end dfaince ratios. These data can be compared with data for BHB in
the horizontal branch (with significant mass-loss) would chang®bular clusters and in other parts of the galaxy. The galactic
the composition in the stellar atmospheres and whether diffurbits of about half the stars in our present sample have recently
sion effects would be present. Glaspey etal. (1989) observed tveen calculated and analyzed by Altmann & de Boer (2000). It
HB stars in the globular cluster NGC 6752. The hotter (16 00 intended, in a future paper, to derive the galactic orbits not
K) showed low rotation, a strong overabundance of iron andaly for this BHB sample but also for other local samples of
helium deficiency. The cooler (10000 K) showed a higher rbalo stars so that these may be compared. These samples can
tation and no abundance anomalies compared to the red gidetp us to determine a better overall definition of the local halo
in the cluster. An example of a hot (16 430 K) field HB star iand determine to what extent it may be distinguished from the
Feige 86 which was analyzed by Bonifacio et al. (1995). Thelsk populatiorﬁ
found overabundances of the heavy elements and other pecu-
larities which might be attributed to diffu.sion. Lambert et a > The selection of candidates:
(1992) used an echelle spectrograph with a CCD detector t
obtain moderately high-resolution spectdd4\ ~ 18 000) of
two BHB stars (withl ¢ <10 000 K) in the globular clusters M4 Green & Morrison (1993) found 10 BHB stars among the 23
and NGC 6397. They found that their metallicities agreed welandidates that they studied and considered that their sample
with those found previously for the red giants in these clustergas incomplete for BHB stars with ¥ 8.5. ManynearbyBHB
Caloi (1999) proposed that the gap observed in the HB sequestas have been identified among high proper motion stars and
in many globular clusters at &(— V) of about zero is a surfaceso any sample of them will have kinematic bias. Thus Stetson
phenomenon and that stars wiflg; >10 000 K will show pecu- (1991) made 4-colour observations of high proper motion early-
liar chemical compositions. Grundahl et al. (1999) have notépe stars taken from the SAO Catalogue. More bright BHB
stars might well be discovered by using a more recent source of

1 The C(19-V) index is derived from the magnitude at 1 90t proper motions such as the PPM Star Cataloguis¢R& Bas-
IUE spectra and the V magnitude of the star.

2 One BHB star is known in the old metal-rich galactic cluster NGC ® For instance Majewski (1999) questions whether there is any dif-
6791 (Green et al. 1996) and extended blue horizontal branches Wavence between populations that have been identified as “Intermediate
been found in the two disk metal-rich globular clusters NGC 6388 afpulation II” and as the “Flat halo”. If the concept of stellar popula-
NGC 6441 by Rich et al. (1997). A search for metal-rich BHB stars itions is to be useful, there is a continual need to refine the definitions
the galactic bulge has been started by Terndrup et al. (1999). of each population so that misunderstandings are less likely to occur.

%hotes on the individual objects
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tian 1991) in which a larger fraction of the stars have spectral bright” or “above horizontal branch”. Mitchell et al. (1998)

types. To do this, even for a part of the sky, would be a large refer to this star as SBS 10. They deriligr = 11200 K

undertaking and we have therefore chosen to limit our observa- andlog g = 2.2 from g and the equivalent widths of H

tions to previously identified BHB star candidates.08tgren & H§ andT.g = 10700 K andlog g = 2.28 from a fit of

photometry can only be used to distinguish BHB stars that are the observed high-resolution spectrum to a grid of synthetic

redder tharn(b — y) ~—0.01 mag, so that the hotter stars (be- spectra. They classify it as a post-AGB star in tHgif vs

longing to the extended horizontal branch) are excluded. This log g diagram in which the star lies close to the track for a

paper enlarges the local sample of definite BHB stars, but does0.546 M., post-AGB star (Schnberner 1983). Our results

not affect our knowledge of the local BHB space density be- agree with this classification.

cause this depends only on the number of the very brightestHid 106304 Stetson (1991). This star had previously been clas-

these stars. Our sample is limited to stars that are brighter thansified as a metal-poor HB star by Przybylski (1971).

V' =10.9; these stars are near enough to have significant propBr+42 2309 (FHB No. 03). Identified as a BHB star by Philip

motions and bright enough for their high-resolution spectra to (1967).

be obtainable with the Kitt Peak coeideed spectrograph andHD 109995 (FHB No. 67). Originally noted by Slettebak et al.

with the ESO-CAT spectrograph. (1961), an early abundance analysis was made by Waller-
Thirty-one nearby BHB candidates were selected from the stein & Hunziker (1964). Adelman & Philip (1994) give

literature. BD +00 0145 was listed by Huenemoerder et al. [Fe/H] =— 1.89 (see Sect. 10.1).

(1984). Twelve candidates were described by Philip (1984) wB® +25 2602 Stetson (1991). Identified as an HB star by Hill

gave finding charts and some references to their original identifi- et al. (1982).

cation. These same stars and a (FHB) numbering system are &lB0l117880 (FHB No. 49). Noted by Roman (1955a, 1955b)

given in a more recent compilation and discussion of BHB star whose radial velocity £44.6 km s'!) differs completely

candidates by Gray et al. (1996). The remaining eighteen can-from that given by Greenstein & Sargent (1974: +141

didates were identified as possible HB stars by Stetson (1991) km s!) and by Kilkenny & Muller (1989) with which our

as a result of his 4-colour photometry of high proper motion A velocity agrees. Adelman & Philip (1992) observed this star

stars; some of these had been identified earlier as BHB stars asut only give an abundance from twoiglines.

noted below. HD 128801 Stetson (1991). Adelman & Philip (1996a) give
[Fe/H] =—1.26 (see Sect.10.1). The [Ca/Fe] ratio which
they derive (1.03) is very low.

HD 130095 (FHB No. 68). First suggested to be a halo star by

Luyten (1957) (as CoD-26 10505) and later by Greenstein

& Eggen (1966). Found to be a velocity variable by Przy-

bylski & Kennedy (1965b) and also Hill (1971). It does not,

however, show light variations (ESA Hipparcos Catalogue

1997) nor was it found to be a photometric binary by Carney

HD 2857 (FHB No. 61) Noted by Oke et al. (1966).

HD 4850 Stetson (1991).

BD +00 0145 Noted by Cowley (1958). Kilkenny (1984) clas-
sified it as AO from his 4-colour photometry. Our colours
((B—=V)=+0.04,(u — B)kx =+ 1.83) would not make it
a BHB star if the reddening given by the maps of Schlegel
etal. (1998, hereafter SFD)(B — V') = 0.028) is correct.
Huenemoerder et al. (1984) included it in their list of HB  (1983). Adelman & Philip (1996a) give [Fe/H]=2.03 (see
stars but derived a high gravitipg g = 3.9) for this star. We ~ Sect. 10.1).
find a similar gravity that is too high for it to be a BHB starHD 130201 Stetson (1991).

HD 8376 Stetson (1991).
HD 13780 Stetson (1991).
HD 14829 (FHB No. 23) Philip (1969).

HD 139961 Stetson (1991). This star was first noted as an HB

star by Graham & Doremus (1968). It is NSV 7204 in the
New Catalogue of Suspected Variable stars Kukarkin &

HD 16456 Stetson (1991). This is the type ¢ RR Lyrae star CS Kholopov (1982). Corben etal. (1972) found arange of 0.08

Eri which was discovered by Przybylski (1970).
HD 31943 Stetson (1991).
HD 252940 Stetson (1991).
HD 60778 (FHB No. 47). Noted by Roman (1955a).

magnitudes in V over six observations. It does not appear
to be variable according to the ESA Hipparcos Catalogue
(1997).

HD 161817 (FHB No. 69). Albitzky (1933) took the first spec-

HD 74721 (FHB No. 48). Noted by Roman (1955a). Adelman trum of HD 161817 and noted its large radial velocity. Slet-

& Philip (1996a) give [Fe/H] = 1.40 (see Sect. 10.1).
HD 78913 Stetson (1991).

HD 86986 (FHB No. 66). Noted by Oke etal. (1966). Adelman

& Philip (1996a) give [Fe/H] = 1.80 (see Sect. 10.1).
HD 87047 Stetson (1991).
HD 87112 Stetson (1991).

HD 93329 Stetson (1991). Adelman & Philip (1996a) give

[Fe/H] =— 1.40 (see Sect. 10.1).
BD +32 2188 (FHB No. 1) Originally noted by Slettebak &

tebak (1952) gives a referenced account of the early spec-
troscopic observations of this star. Burbidge & Burbidge
(1956) were the first to show that it was a metal-weak Pop-
ulation Il star. Other early abundance determinations are
mentioned by Takeda & Sadakane (1997) who made a non-
LTE study of its C, N, O and S abundances. They adopted
Ter = 7500 K andlog g = 3.0 and foundysin¢ from be-
tween 14.3 km st and 15.9 km st. Their re-analysis of
Adelman & Philips (1994) data leads to [Fe/H]— 1.5;

Stock (1959), Gray et al. (1996) described this star as “UvV Adelman & Philip (1994) and Adelman & Philip (1996a)
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SRR e by KSK. Additional(uBV )k observations were also made with

B / 7] the Kitt Peak 0.9-m telescope using a 5212512 CCD under
i & | control of the CCDPHOT program; details of this observing
system are given by Kinman (1998). TheBV )k photometry
B / | gives (B — V') on the Johnson system and a hylrid- B)x in-
n ’/ _ dex from the Sidmgrenu filter and the Johnso® filter. The
1= . — (u — B)k vs (B — V) diagram can be used to separate BHB
- "’ . from other stellar types as described by KSK(«#A— B)k vs
- (B — V) diagram using the most recent data is shown in Fig. 3
2 of Kinman (1998). There is a satisfactory separation of the BHB
B o 7 stars and RR Lyrae stars witB (V') > 0.00, but bluer than this
0 / ] the separation becomes rapidly more difficult. The- B)k vs
i 4‘ (B — V) diagram gives a satisfactory way of distinguishing
B // e BD +32 2188 _ fainter _BHB .stars at high galactic latitudes be(_:ause the risk of
e | confusion with other types of early-type stars is not too severe
b b b b b and the integration times are smaller than for theé@fgren
—05 0 05 5 1 A5 © photometry; this is an important consideration for faint stars.
(o=y) In the solar neighbourhood, however, there is a wide variety of
Fig. 1. A plot of (B — V) against(b — y) for the program BHB star early-type stars and these diagrams can only be used to provide
candidates. These colours show a close linear relationship exceptH®{B candidates.
the PAGB star BD +32 2188. Some idea of the accuracy of the adopted photometric
data can be appreciated from the plots (bf— y) against

derived [Fe/H] =1.74 and [Fe/H]=1.66 respectively (see (B — V) shown in Fig. 1. With the exception of the Post-AGB

(B=V)

also Sect. 10.1) star (BD +32 2188), which has a lower gravity than the remain-
HD 167105 Stetson (1991). Adelman & Philip (1996a) giv@g stars, t.he BHB star candidates approximately follow the
[Fe/H] = —1.80 (see Sect. 10.1). linear relationship:
HD 180903 Stetson (1991). B -V =1.459(b—y) —0.013

HD 202759 (FHB No. 70). Noted by MacConnelletal. (1971) = o
as a probable HB star. It was shown by Przybylski & BessdHihich is shown by the dashed line in Fig. 1. None of the BHB
(1974) to have a very low” amplitude (0.075 mag) with a Stars depart from this relation by more than 0.01 mag +ny_).
period of 11.5 hours; itis classified as a type ¢ RR Lyrae sthpis suggests that these quantities are not I|ke_Iy to be in error
(AW Mic). Przybylski & Bessell deduced from its colourPy Mmore than one or two hundredths of a magnitude.
that this star must be very close to the blue edge of the HiPparcos magnitudes (which are of high accuracy and on
instability strip; they derived &g of 7400 K andlogg = & Very homogeneous system) are available for twenty one of
3.1 in good agreement with the values derived by us. It wifie thirty stars given in Table 1. It was found that the difference
confirmed spectroscopically as an HB star by Kodaira & V') between the Hipparcos magnitude and the méanag-

Philip (1984). Adelman & Philip (1990) give [Fe/H]=2.36 nitudé for our BHB star candidates could be expressed as the
(see Sect. 10.1) following linear function of(B — V):

HD 213468 Stetson (1991). The large radial velocity was digl” = 0.002 + 0.275(B — V)

covered by Przybylski & Kennedy (1965a) and it was notefjhe Hipparcos Catalogue (Vol. 1) (1997) gives values\af
as a probable HB star by MacConnell etal. (1971). for various(V — I) in Table 1.3.5 and values ¢ — I) for
different(B — V) in Table 1.3.7. Thus the catalogue values of
AV may be obtained for variousB — V). TheseAV agree
well with our linear relation at 4B — V') of 0.00 and 0.22 but
Table 1 is a compilation of both existing and new photometare up to 0.01 magnitudes larger at intermedidte- V). The
for all our BHB candidates except for the RR Lyrae variableatalogueAV are for “early type stars” and we have preferred
HD 016458. The final adopted photometry is given in boldfaceur relation because it refers to the specific class of stars that we

The new photometric observations were made by Kinmae studying. Our linear relation was therefore used to convert
with the MKk Il photometer on the Kitt Peak 1.3-m telescopthe Hipparcos magnitudes #6 magnitudes and these are our
(with chopping secondary) on tie BV )i system as describedadopted magnitudes. If no Hipparcos magnitude is available,
" - . ) the weighted meal’ magnitude was adopted.

The amplitude of this RR Lyrae is large enoughi( ~ 0.5 mag) Significant systematic differences exist between values of

for its colours to be quite variable. Although &ngren photometry the Stbmgreng -index made by different observers (Joner &
for this star is given by Gray & Olsen (1991) and Stetson (1991), there

are not enough individual observations (with phases) to determine the The observations of Stetson (1991) were given double weight in
stellar parameters. forming these means.

3. Photometric observations in the visible spectrum
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Table 1. Summary of Photometric Data for Horizontal Branch Star Candidates

No. Object 1% (B-V) (u-Bx ((b-y) I&; m C (V—-K) Sourcé
1) (2) 3) 4) (5) (6) (7 (8) ) (10) (11)
1 HD 2857 9.990  +0.180 2.094 . 2787 .. e S K(19,27,4)
9.990  +0.180 2.094 +0.135 2.787 0.113 1.212 0.6(1)
2 HD 4850 9.619  +0.066 0.048 2.846 0.132 1.282 2)(3)
3 BD +000145 10.58  +0.040 1.831 ... 2897 ... e K(7,8,3)
10.58 +0.040 1.831 +0.023 2.897 0.154 1.032 (4)(5)
4 HD 8376 9.640  +0.126 2123 ... 2820 .- e K(11,15,7)
9.655  +0.126 2123 +0.092 2.835 0.104 1.273 3)
5 HD 13780 9.811 e +0.088 2.816 0.119 1.285 3)
6 HD 14829 10.29 +0.033 2.004 ... 2858 ... e - K(11,11,6)
10.306  +0.033 2.004 +0.036 2.858 0.135 1.241 0.1®) (6)
7 HD 31943 8.262 e +0.083 2.814 0.142 1.226 NN E))
8 HD 252940 9.090  +0.211 2115 ... 2769 .- e K(14,17,8)
9.098  +0.211 2.115 +0.159 2.768 0.091 1.215 1) (3
9 HD 60778 9.090  +0.104 2104 ... 2833 ... e - K(8,8,6)
9.103  +0.105 2.104 +0.078 2.834 0.118 1.294 0.4() (3)
10 HD 74721 8.700  +0.033 2.028 ... 2857 ... i - K(12,12,6)
8.713  +0.033 2.028 +0.028 2.859 0.127 1.273 0.2a) (3)
11  HD 78913 9.285  +0.089 +0.066 2.842 0.118 1.281 NN E©)
12 HD 86986 8.000  +0.121 2103 ... 2809 .- oy S K(11,5,4)
8.000  +0.122 2103 +0.092 2.825 0.109 1.278 0.48) (3)
13 HD 87047 9.740  +0.112 2.084 ... 279% ... e - K(6,12,8)
9.752  +0.115 2.084 +0.091 2.797 0.105 1.273 3)
14  HD 87112 9.710 —0.023 1.860 ... 2839 ... e K(7,10,6)
9.717 —0.023 1.860 +0.001 2.840 0.115 1.161 ©)
15 HD 93329 8.780  +0.080 ... 2814 . oy K(3,9,5)
8.790  +0.080 +0.060 2.825 0.123 1.315 (1)(3)(8)
16 BD+322188 10.750 —0.050 e - e e K(1,2)
10.756  —0.060 +0.012  2.633* 0.069 0.921 €))
17 HD106304  9.069  +0.022 +0.025 2.845 0.114 1.162 1) (3)
18 BD+422309 10.771  +0.030 ... +0.037 2.844 0.134 1.259 1)
19  HD 109995 7.630  +0.052 2.083 ... e . . S K(1,4)
7.602  +0.055 2.083 +0.049 2.848 0.117 1.305 0.3@)(3)
20 BD+252602 10.120  +0.070 2.056  --- oy iy e K(1,1)
10.120  +0.060 2.056 +0.048 2.850 0.128 1.298 6]
21 HD117880  9.064  +0.075 +0.056 2.855 0.125 1.207 0.25(1) (3)
22  HD 128801 8.730 —0.036 1.745 e e .y . K(5,11)
8.738 —0.036 1.745 —0.005 2.816 0.109 1.056 6E)
23 HD130095  8.128  +0.085 +0.065 2.855 0.108 1.256 0.31(1)(3)
24  HD130201 10.110  +0.075 +0.061 2.860 0.109 1.245 )
25 HD139961  8.860  +0.100 +0.078 2.858 0.115 1.298 MA)
26 HD161817  6.976  +0.160 +0.127 2.746 0.100 1.197 0.61(1)(3)
27 HD167105  8.966  +0.025 +0.036 2.849 0.120 1.260 (1)(3)(8)
28 HD180903  9.568 +0.174 2.800 0.095 1.255 1)
29  HD202759  09.09v e +0.178 2.770 0.082 1.164 )
30 HD212468 10.926  +0.009 +0.018 2.849 0.126 1.246 DAB)

I (K)(m,n,0): new observations by Kinman where m and n are the number of nights and the total number of BV observations and o is the total
number of observations @f. Other sources used to form adopted values (Columns 3 to 9): (1) Hauck & Mermilliod (1998); (2) Alexander &
Carter (1971); (3) Stetson (1991); (4) Klemola (1962); (5) Kilkenny (1984); (6) Gray et al. (1996); (7) Cousins (1972); (8) Oja (1987); (9) ESA
Hipparcos Catalogue (1997) (fof magnitudes)

(V — K) (Column 10) are from Arribas & Martinez Roger (1987).

t The value of3 is derived from observations by Philip & Tifft (1971) only.

** Mean of Hauck & Mermilliod catalogue value and single observation by Kinman (2:6410)

* Mean of Hauck & Mermilliod catalogue value and single observation by Kinman (2:878.5)
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Taylor 1997). Fortunately, many of the BHB candidates hafer a complete abundance analysis. We were able, however, to

been observed by Stetson (1991) and were therefore on one sysasure the equivalent width of thd481 Mqii line in these

tem. New( observations of a selection of our candidates wespectra and so derive an approximate [Fe/H] for these stars as

made using BHB (and other stars of similar colour that weexplained in Sect. 8.2.

observed by Stetson) as standards so as to be on his ystem

These news value_s are givenin thefirstline of Table 1, when thi'ﬂ' KPNO observations

source K(n,m,o) is given. It should be noted that the large radia

velocities of BHB stars can cause thei8Hne to be shifted (in  The spectroscopic observations of the northern BHB candidates

the case of HD 161817 by as much a&)drom the rest wave- were made by Kinman and Harmer using the Kitt Peak 0.9

length. The FWHM of the narrow Hifilter is only 30A, sothat m couck feed spectrograph. The long collimator (F/31.2; fo-

smallinaccuracies may be expected from this cause. As a chaxet,length 10.11 m) and camera 5 (F/3.6; focal length 108.0

synthetic3 indices were determined by measuring the “magnim) were used with grating A (632 grooves/mm) in the sec-

tudes” of the H-line through 3@ and 150 bandpasses in our ond order with a Corning 4-96 blocking filter. This gives a 300

spectra (which do not include® using themagbandroutine A bandpass covering\ 4260-4560 which includes both 41

in the CTIO package of IRAF. It was found that these synthetibe Mgi1 A4481-line and a selection of Eg~e11 and Titt lines.

3 indices (on the photoelectric system) could be derived aghe detector was a Ford 3KB chip (3072024 pixels) with a

linear function of the difference between the broad and narrguixel size of 15 microns. This gives a 3-pixel resolution of ap-

H~ “magnitudes”; these synthetic indices are given in Column@oximately 0.2\. The nominal resolution at 4 5@0s therefore

of Table 15. In general, these synthefiagree well with the 15000. Biases were taken at the start of each night and a series

mean photoelectric values gftaken from Hauck & Mermil- of flat field quartz calibration exposures were taken at the start

liod (1998) and given in Table 1 and with our adopted valuesd end of each night. ThAr arc lamp spectra for wavelength

that are also given in Table 16. Theus difference between our calibration were made at the start, end and at frequent intervals

synthetic3 and the adopted photoelectric values for the BHBuring each night. The spectra were reduced using standard

stars is+0.009 if we omit HD 161817 for which the differencel RAF proceedures of bias subtraction, flat field correction and

is 0.031. the extraction of the [1-d] spectrum. The wavelength calibration
Photometric data both from the far ultraviolet and from theas made using the ThAr arc spectrum that was closest in time

infrared can also be used for the determination of the interstellathe program spectrum.

reddening and stellar parameters. These data are discussed ifThe spectra were normalized to the continuum level interac-

Sects 5.4 and 7.5 respectively. tively by using an updated version of the NORMA code (Bonifa-

cio 1989; Castelli & Bonifacio 1990). These normalized spectra

were used to derive stellar parameters from theptofile and

for the comparison with the synthetic spectra.

High resolution spectra of the thirty-one candidates were ob-

tained either with the Kitt Peak coadeed spectrograph or .

with the ESO-CAT spectrograph at La Silla, Chile; six starAé'Z' ESO-CAT observations

were observed at both observatories. The journals of the obSére southern BHB candidates were observed by Bragaglia with

vations are given in Table 2 and Table 3 for Kitt Peak and EQfe CAT + CES (Coud Auxiliary Telescope, 1.4 m diameter

respectively. These tables contain the coordinates (Columns €ouck Echelle Spectrograph) combination at La Silla, Chile,

and 3) andV magnitude (Column 4) of each star. The UTuring Apriland September 1995. This equipment gives asingle

date, starting time and duration of each integration is givenéghelle order which was observed with two different instrumen-

Columns 5, 6 and 7. The S/N of each spectrum (Column 8) wias configurations. In April we used an RCA CCD (ESO #9),

determined by using the IRABplot task which determined 1024 pixels long, covering about 40at a resolution of 0.14

the (,/(mean signal)/rms) near thex4481 Mgit line in each A (or R ~ 30000), while in September the detector was a Loral

spectrum. The measured heliocentric radial velocities and theiED (ESO #38), 2688512 pixels, covering about 58 at a

rms errors are given in Columns 9 and 11 and the number m@fsolution of 0.114 (or R~ 40000). In both cases the spectra

lines used is in Column 10. The agreement between the two se&se centered on thet481 Mgl line. Integration times ranged

of observations for the stars in common is satisfactory if we coftem 10 to 70 minutes; the faintest stars were observed twice.

sider the number of lines that were available and also that three The ESO-CAT spectra also were reduced with standard

of these stars (HD 16456, HD 202759 and possibly HD 139968RAF proceedures. The extraction of the [1-d] spectra from the

are variable. The spectra of BD +00 0145 and HD 014829 h&zed] images was performed weighting the pixels according to

a significantly poorer quality than the others and were not usén@ variance and without automatic cleaning from cosmic rays.

The wavelength calibration also was computed from a series of

by interstellar extinction but it does require measuring to a high ‘;’hihorium arC_SpeoCtra and is estimated to be accurate to a few

curacy to be useful. The central wavelength of the narrawfiter undredths of am. IRAF tasks were used to clean the spectra

undoubtedly shifts with temperature and this means that careful c&fpm cosmic rays and defects, for flattening and for normaliza-
bration is needed in order to get onto the standard system. tion.

4. Spectroscopic observations

® The Stdbmgrens index is very valuable because it is not chang
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Table 2. Journal of KPNO spectra of BHB star candidates

Star RA (J2000) Dec (J2000) V Date Start T S/IN Rad.Vel. no.of o
(um (UT)  (min.) (kms?1) lines (kms?)

(1) (2 (3) (4) (5) (6) ) (8) 9) (10) (11)

HD 2857 00:31:53.8 —05:15:43 9.99 1994 Sep 06  06:41 60 124—-155.7 9 0.9

BD +00 0145 00:56:26.9 +01:43:45 10.58 1994 Sep 06 07:47 60 - - —-261.0 1 e

HD 8376 01:23:27.8 +31:47:13 9.66 1994 Sep 06  09:01 60 114 +143.8 7 1.1

HD 14829 02:23:09.2 —-10:40:38 10.30 1995 Jan 01 03:18 60 --- -177.0 1 .

HD 16458 02:37:05.8 —42:57:48 9.0v 1995 Jan 09 02:05 60 063-139.8 7 0.4

HD 31943 04:57:40.7 —43:01:58 8.26 1995 Jan 09 04:22 45 092 +088.2 11 0.8
1995 Jan 09 05:08 45 104 +088.7 11 0.7

HD 252940 06:11:37.2 +26:27:30 9.10 1995 Jan 07 04:25 40 100 +160.5 8 0.7
1995 Jan 09 03:10 40 106 +159.4 9 0.8

HD 60778 07:36:11.7 —-00:08:16 9.10 1995 Jan 07 07:24 50 121 +041.1 11 0.7

HD 74721 08:45:59.2 +13:15:49 8.71 1995 Jan 07 08:23 22 108 +030.7 9 0.6

HD 86986 10:02:29.6 +14:33:26 8.00 1995 Jan 07 08:49 12 096 +009.3 9 0.7

HD 87047 10:03:12.8 +31:03:19 9.75 1995 Jan 07 09:05 60 105 +137.2 7 0.4

HD 87112 10:04:38.8 +57:49:56 9.71 1995 Jan 07 10:11 60 086171.9 7 0.9

HD 93329 10:46:36.7 +11:11:03 8.79 1995 Jan 09 11:20 60 108 +205.2 8 0.7

BD +32 2188 11:47:00.5 +31:50:09 10.74 1995 May 04 04:13 67 072 +091.6 11 1.5

BD +42 2309 12:28:22.2 +41:38:53 10.77 1995 May 02 04:00 60 078145.3 8 1.7

HD 109995 12:38:47.6 +39:18:32 7.60 1995 May 03 03:18 20 136-129.0 8 0.9
1995 May 03 03:40 20 175 -130.1 7 1.1

BD +25 2602 13:09:25.6 +24:19:25 10.12 1995 May 03 04:06 60 099-067.0 8 1.4

HD 117880 13:33:29.8 —-18:30:54 9.06 1995 May 04 06:25 60 137 +144.7 6 0.5

HD 128801 14:38:48.1 +07:54:40 8.74 1995 May 04 07:28 40 173081.1 6 0.9

HD 13009% 14:46:51.9 —27:14:50 8.13 1995 May 03 07:08 30 130 +066.0 5 0.7

HD 139967 15:42:52.9 —44:56:41 8.86v 1995 May 03 08:24 50 097 +145.3 5 0.5
1995 May 04 08:27 60 100 +143.2 9 2.2

HD 161817 17:46:40.6 +25:44:57 6.97 1994 Sep 06  02:30 10 205363.8 10 0.6
1995 May 03  10:22 20 203 —-362.7 10 0.6

HD 167105 18:11:06.4 +50:47:32 8.96 1995 May 04 09:38 50 183-173.6 10 2.0

HD 180903 19:19:16.3 —24:23:11 9.57 1995 May 04 10:37 60 100 +103.7 11 0.8

HD 202759 21:19:05.9 —33:55:08 9.09v 1994 Sep 06 05:08 60 108 +021.3 8 0.6

? RR Lyrae variable.

P Also observed with ESO-CAT.

4.3. The measurement of the Kitt Peak (KPNO) Fig. 2 gives a comparison of the equivalent widths that we

and ESO-CAT spectra and other observers obtained from the spectrum of HD 161817.

. Fig. 2 (a) compares the equivalent widths obtained from the
In order to be able to compare the spectra with the models, ﬂ1§94 Igit)t Pealf spectrum gf HD 161817 with those obtained

were t_ransforr_n_ed to zero Ve.IOC'ty using the IR%CO?? U froma spectrum that was taken with the same equipment at the
tine. Line positions and equivalent widths were obtained from

the reduced spectra using the IR ¢ routine. approximat- end of the night of 1995 May 03 UT and which has a signifi-
ing (or (;Jeblengin if zelcegssar ) Iineg WitrL1j Iau,ss?a?nsi‘(tlmctior?antly poorer focus than any of our other program spectra; even
W%en cither twongNO or twg ESO-CAT g ecira were avaiﬁ.this case, the effect on the equivalent widths appears to be

Pe migor. The comparison in (b) is with the early photographic ob-

able for the same star, they were measured independently and .. . : :

. : Servations of Kodaira (1964) which were made with the Palomar
the values of the equivalent widths were averaged. The com- o .
. . . ... COuck spectrograph (mm) and shows a fairly large scatter
parison with the synthetic spectra was made, however, with the

spectrum of highest quality in order to compare ptofiles, o fesumably because of the low S/N of single photographic ex-

derive stellar parameters. o test abundan derived from ﬁsures) but the systematic differences are small. The compar-
erive stefiar parameters, o test abu a'ces( erved rom;&I%, in (c) with the more recent photographic observations of
averaged equivalent widths), to test the microturbulent veloc ochkova & Panchuk (1990), however, shows substantial dif-
and to derive the rotational velocities. Our measured equi\%- ' '

. . . rences in the sense that the equivalent widths of these authors
lent widths, together with the derived abundances (Sect. 8), I systematically too large with respect to the present measure-

givenin Table 4 and Table 5 for the KPNO and ESO-CAT SpeCtrrr"flents. On the other hand, the systematic agreement of our data

respectively. The wavelengths and multiplet numbers in th . : I
tables are taken from Moore (1945), &R this star with those of Adelman et al. (1987) shown in Fig. 2
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Table 3. Journal of ESO-CAT spectra of BHB star candidates.

Star RA(J2000) Dec(J2000) \% Date Start T S/IN Rad.Vel. no.of o
(um (UT)  (min) (kms') lines (kms?)
1) (2) 3 4 (5) (6) n ® 9) (10) (11)
HD 4850 00:49:59.7 —47:17:34 9.62 1995 Sep 09 04:38 70 60 —041.7 10 0.6
1995 Sep 09 07:39 60 60 —-041.8 8 0.6
HD 13780 02:12:51.4 —-49:03:17 9.80 1995 Sep 09 05:52 45 50 +025.4 9 1.0
1995 Sep 09 06:40 45 40 +025.4 9 1.0
HD 16458°" 02:37:05.8 —42:57:48 9.0v 1995 Sep 09 09:43 30 65 —158.9 9 0.8
HD 31943 04:57:40.7 —43:01:58 8.26 1995 Sep 09 08:50 40 80 +084.9 12 35
HD 78913 09:06:55.0 —68:29:22 9.28 1995 Apr29 00:26 70 105 +316.8 7 0.7
HD 106304 12:13:53.6 —40:52:25 9.07 1995 Apr29 01:48 60 85 +115.4 3 1.0
HD 13009% 14:46:51.9 —27:14:50 8.13 1995 Apr29 02:58 20 65 +065.6 3 0.8
HD 130201 14:48:19.9 —45:40:12 10.11 1995 Apr29 03:46 60 45 +069.7 2 1.0
1995 Apr29 04:49 60 40 +069.3 2 1.0
HD 139967 15:42:52.9 —44:56:41 8.86v 1995 Apr29 06:12 40 65 +142.6 4 0.8
HD 180903 19:19:16.3 —24:23:11 9.57 1995 Apr29 09:19 45 45 +105.6 9 1.1
HD 202759 21:19:05.9 —33:55:08 9.09v 1995 Apr29 07:03 40 55 +027.5 5 1.0
1995 Sep 09 00:08 60 65 +018.5 10 0.7
HD 213468 22:32:17.3 —42:34:149 10.92 1995Sep09 02:12 60 25 -174.3 3 0.8
1995 Sep 09 03:15 60 35 —-173.6 5 0.5
? RR Lyrae variable.
> Also observed at Kitt Peak.
(T T[TTT T [TTTT[T]/ [TTTT [T TT T[T TTT T [TTT T[T T [TTTT[T]/ [TTT T T T T T[T TTT T
S 150 —(a) °d — (b) ‘. — — (e) o — (d) <
EC ECEE - S (R P
3 100 - . 7 ; . ; — . 7 ; % 7
o L > B L B L il L s B
N L L4 - L °® - L o« © - L 8,0 -
g 50 — 1 [ e /e ] - . - ] . ]
= B 1k 1 e 1 et ]
OTH\\HH\HH\\F Ao b g 7\\.\\\\\\\\\\\\\\\7 T.H\\HH\HH\\F
0 50 100 150 0 50 100 150 0 50 100 150 0 50 100 150
KPNO (1995) (mA) Kodaira (mA) Klochkova et al. (mA) Adelman et al. (mA)

Fig. 2a—d. Comparison of the equivalent widths of the lines in HD 161817 in a KPNO spectrum taken in 1994 tlviike from a KPNO
spectrum taken in 199%; those given by Kodaira (19649;those given by Klochkova & Panchuk (1990) ashthose given by Adelman et al.
(1987).

(d) is quite good. The Adelman et al. spectrum was derivathd Tirt A\4563 linesin HD 74721. The KPNO equivalent widths
from 12 co-added photographic spectra éerﬁm) and has a give abundances that are in agreement with the other lines of
resolution of about 25 000; a 186section of this spectrum is these species and were preferred. Otherwise, these various com-
shown in Fig. 3 (above) together with the KPNO spectrum pfrisons give no evidence for significant systematic differences
1994 Sept 06 UT (belowl) The noise in the KPNO CCD spec-between our equivalent widths and those given by Adelman &
trum is such that some of the fainter lines (equivalent widtH#hilip.
less than about 30/&) can be quite distorted. Such lines can Fig.5 compares the KPNO equivalent widths of HD 31943
generally be recognized and omitted from our analysis. and HD 180903 with those obtained from the higher resolution
Fig. 4 compares the equivalent widths for HD 74721, HESO-CAT spectra; the agreement is very satisfactory. The 28
86986 and HD 93329 from the KPNO spectra with those mespectra of the stars in our sample identified by us as BHB stars
sured by Adelman & Philip (1994, 1996a) using the same equigre shown for the spectral region4475to 4 Ada Fig. 6; they
ment. The agreement is satisfactory except for the ké555 are numbered as in Table 1.
T The f : ken by Albitzk The de_termination of the chemical composition of the BHB
e first spectra of HD 161817 were taken by Albitzky (1933}, 5 \oqyjires a knowledge of the parameters that govern the
who noted "The spectrum contains fairly good H lines, strong K line hysical conditions in their atmospheres such as the effective
and a number of faint metallic lines. The Mg 4481 is hardly perceptlbﬁe y P

and was measured on one plate only.” The1Mg\4481) line is the temperature.), the surface gravitylgg g), the microturbu-
strongest line (equivalent width 210&Nin this figure. lent velocity €) and also assumptions about convection. These
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Fig. 3. Comparison of the spectrum of HD 161817 by Adelman et al. (1987) (above) with that taken at the Kitt Peak-€eddelescope on
1999 Sept 06 UT (below). Line identifications: (1) 4443.81(Yi(2) 4447.7 (Fe), (3) 4450.5 (Ti1), (4) 4455.9 (Ca), (5) 4468.5 (Ti), (6)
4476.0 (Fe), (7) 4481.2 (Mg), (8) 4488.3 (Ti1), (9) 4489.2 (Fer), (10) 4491.4 (Fe1), (11) 4494.6 (Fe), (12) 4501.3 (Ti1), (13) 4508.3
(Fer), (14) 4515.3 (Fer), (15) 4520.2 (Fer) and (16) 4522.6 (Fg).

parameters are determined from both spectroscopic and phetmission and the second is based on the empirical calibration
metric data. The latter require correction for interstellar reddeof the Stbmgren colours. The indirect methods use model at-
ing and this can be determined in several ways. These differemdspheres to compare the observed and computed visible spec-
methods and the extent to which they agree are discussed inttbphotometric data and the observed and computed UV colour
next section. indices.

5.1. The interstellar reddening for the program stars
from whole-sky maps

We have estimated the interstellar reddening for our BHB cappq reddening in the direction of our program stars was esti-

didates by two direct and two indirect methods. The first diregt tad from the whole-sky maps of Schlegel et al. (1998, SFD)
method makes use of the whole sky map of the dust infrared ’

5. The interstellar reddening for the program stars
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Fig. 4. Comparison of equivalent widths measured by Adelman & Philip (1994, 1996a) for HD 74721, HD 86986 and HD 93329 with those
measured from the KPNO spectra.

rTTT T T T T T 5.2. Reddening from the intrinsic colour calibration

We used the UVBYLIST code of Moon (1985) to derive the
intrinsic Stdmgren indices from the observed indices of our
program BHB stars by means of empirical calibrations that are
taken from the literature.

The stars are divided into eight photometric groups ac-
cording to their spectral class and a different empirical cali-
bration is used for each group. All our program stars except
BD+32 2188 have 2.8 § <2.88 and belong to group 6 (stars
of spectral type A3—FO0 with luminosity class IlI-V). We placed
BD+32 2188 in group 4 (BO—AO bright giants).

o AL IR e A complete description of the dereddening procedures can

50 100 150 be found in Moon (1985) and also Moon & Dworetsky (1985).
KPNO (1995) (mA) Here we recall that for group € — y)o, and hence the redden-

ing, is calculated from the equations given by Crawford (1979),
Fig. 5. A comparison of the equivalent widths from the ESO-CAT andvhich relate(b — y)o to the 3, dc;, anddm;(3) indices. For
Kitt Peak spectra of HD 31943 and HD 180903. group 4, a dereddening equation was derived by coupling linear

relations between the @nd(u — b), colours, determined from
Table IV of Zhang (1983), with the reddening ratios given by

which give the total line-of-sight reddening (B — V) ota1) @s  Crawford & Mandwewala (1976):
a function of the galactocentric coordinateé$). Thereddening , Wo = (b—y) — E(b—1y)
between the stars and the observer (Table 6, Column 6) was %)e- 0
rived by multiplying E(B — V)iota1 by (1 —exp(— | 2 | /b))  mo =m1 + 0.32E(b —y)
wherez is the star’s distance above the galactic plane. The value
that was assumed for the scale heighjtWas was taken to in- co = c1 = 0.20E(b —y).
crease linearly from 50 pc for stars at a distance of 200 pc to 120 We emphasize, however, that the empirical calibrations used
pc at a distance of 600 pc and to remain constant thereafter. Bgehis method are based on stars of spectral type BO to M2 that
stellar distances (Table 6, Column 4) were computed assumiiggon or near theénain sequencedence, for the BHB stars, the
the My vs.(B — V) relation given by Preston et al. (1991) withreddening, the intrinsic indices, and results from them, should be
the zero-point modified to give al/y, of +0.60 at 8 — V) = compared with the corresponding quantities obtained with other
0.20 (the blue edge of the instability strip). The mean differenegethods in order to assess the reliability of this dereddening
between thé(B—V") found in this way from the SFD maps andorocedure. The reddening values derived from the UVBYLIST
those given by Harris (1996) for 16 high-latitude globular clugsrogram are given in Column 8 of Table 6.
ters is satisfactorily small (+0.0840.003). At lower latitudes
(< 30°), however, the extinction is too patchy for the simple ex- . ,
ponential model to be reliable and the reddenings found in t)r%s?' Reddening from spectrophotometric data
way are much less certain. The least reliable values (TableSpectrophotometric observations are available (Philip & Hayes
Column 6) are marked with a colon. 1983; Hayes & Philip 1983) for twelve of our candidate BHB

150

100

ESO—CAT (1995) (mA)
al
(@)

@)
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Fig. 6. The spectra of the 28 BHB stars in our sample in the spectral range 4 475 tol 786 stars are numbered as in Table 1.
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Table 6. Galactic coordinates, distances, IUE coldu® — V') and a comparison of the extinctions for the program BHB stars by different
methods.

Star | b Dist. (18 — V) E(B-V) IM/H) Togllog g

(pc) SFO* ED® Moon® IUEY IUE®
1) 2 (3) (4) (5) (6) (7) (8) 9) (10) (11)
HD 2857 110.0 —67.6 717 1.085 0.042 0.005 0.030 0.008 0.010 -1.50/7500/2.95
HD 4850 303.8 —69.8 563 0.272 0.016 --- 0.000 0.010 0.010 -1.50/8400/3.10
BD +00 0145 126.8 —60.8 600: —0.670 0.028 --- 0.000 0.024 0.030 -1.50/10000/4.00
HD 8376 130.8 —30.6 565 0.554 0.051 --- 0.035 0.039 0.037 —2.00/8100/3.20

HD 13780 272.8 —63.0 640 0.651 0.018 --. 0.008 0.016 0.015 -1.50/7930/3.10
HD 14829 1805 -62.3 715 —0.093 0.024 0.025 0.000 0.023 0.023 -2.00/8950/3.30

HD 16456 256.3 —63.4 308 e 0.021 e 0.007 e cee
HD 31943 2478 -38.4 317 0.774 0.008 --- 0.000 0.011 0.006 -1.00/7850/3.00
HD 252940 185.0 +03.8 460 1.129 0.168: --- 0.042 0.051 0.06: -1.75/7600/3.00

HD 60778 2182 +09.9 443 0.517 0.054 0.040 0.016 0.027 0.028 -1.50/8160/3.10
HD 74721 2135 +31.3 351 -0.042 0.029 0.015 0.000 0.006 0.005 -1.50/8800/3.30

HD 78913 284.6 —14.0 483 0.175 0.068 --- 0.007 0.060 0.062 -—1.50/8870/3.25
HD 86986 2219 +48.8 274 0.617 0.030 0.005 0.023 0.035 0.025 -1.50/8000/3.20
HD 87047 196.5 +53.3 633 0.584 0.019 ... 0.000 0.000 0.000 -2.50/7800/3.00
HD 87112 154.7 +47.7 511 -0.602 0.009 --- 0.000 0.000 0.000 -1.50/9700/3.50
HD 93329 2354 +56.6 386 0.392 0.029 --- 0.000 0.014 0.014 -1.50/8260/3.10
BD +322188 190.5 +75.2 4170 -0.872 0.021 0.000: 0.000 0.023 --- e

HD 106304 2953 +214 369 -0.401 0.082 --. 0.000 0.031 0.031 -1.50/9600/3.50

BD +422309 1395 +74.7 895 0.025 0.018 0.020 0.000 0.012 0.013 -1.50/8730/3.30
HD 109995 1343 +775 211 0.198 0.017 0.050 0.000 0.020 0.020 -1.50/8558/3.15
BD +252602 359.2 +85.1 707 - 0.017 e 0.000 e e

HD 117880 316.7 +43.2 358 -0.077 0.087 0.080 0.000 0.066 0.064 -1.50/9300/3.50

HD 128801 000.8 +58.1 306 -0.791 0.027 - 0.000 0.004 0.004 -1.50/10135/3.50
HD 130095 3323 +29.0 241 0.103 0.108: 0.085 0.016 0.060 0.060 —2.00/8925/3.40
HD 130201 3234 +125 664 0.089 0.103 --- 0.015 0.056 0.055 —1.50/8925/3.50

HD 139961 332.0 +08.0 370 0.316 0.149: ... 0.042 0.058 0.060 -1.50/8600/3.30

HD 161817 0504 +249 185 0.999 0.073: 0.000 0.000 0.000 0.000 -1.50/7525/3.00
HD 167105 078.7 +26.9 372 -0.091 0.043 .- 0.000 0.030 0.029 -1.50/9050/3.25

HD 180903 013.6 —16.6 523 1.220 0.076 --- 0.103 0.090 0.095 -1.50/7700/3.10

HD 202759 010.8 —44.3 447 1.285 0.098 0.065 0.063 0.063 0.06: —2.00/7465/3.00
HD 213468 355.1 -579 939 -0.228 0.017 - 0.000 0.005 0.006 -1.50/9100/3.25

# Derived from the whole sky map of Schlegel et al. (1998).

b Derived from the energy distribution.

¢ Derived from the Stimgren colours using the Moon (1985) code.

4 Derived from a comparison of the observed with the theoretical (ATLA$8)- V) colours (B — V)1).

¢ Derived by comparing the observét8 — V) vs. (b — y) colours with the corresponding theoretical valuE$B — V')5).
f The [M/H]/T.g/log g that were used to obtain the reddenings that are given in Columns (9) and (10).

stars. An estimate of the reddening was derived for these starS.4h. Reddening from IUE ultraviolet data
the process of obtaining the stellar parameters (Sect. 7) by fittin

the observed energy distributions to a grid of computed flux%tsﬂ"’(‘;1 2‘9;: jggx?f(;ucﬁgsgfgﬁ:g% Séagtﬁfi)ntg?(t)l;ageli(\a/rrsnr?ﬁ_c-
For each star, we dereddened the observed energy d|str|bumg their reddening. All of our candidate BHB stars (except

fa

ion

for a set of E(B — V) values, sampled at steps of 0.005 m ;

and starting from 0.000 mag. The adopted reddening laky Aa(]%j1D 16456 and BD+25 2602) have UV IUE low-resolution (6

was taken from Table 1 in Mathis (1990) e, /E(B — V') = 'A) spectra, that have been previously analysed and discussed

3.1. For eachE(B — V), the stellar parameters are those th uenemoerder et al. 1984, Cacciari 1985; Cacciari et al. 1987,
give the minimumrms (Sect. 7.2). We assumed as the mo e Boer et al. 1997 and references therein). We felt, however,

: . at we should re-discuss the UV-spectra of these stars, espe-
probableE (B — V'), that which gave the minimumms among . o L
. - B . cially the short-wavelength spectra (SWP, 1150-188sing
}Eocsglgrl;/?\angft_lk_\:ljllétlgg procedure. Thesgh — V) are listed the data that is in the IUE Final Archfein this way we could

extract all the UV-spectra infeomogeneousay using the final

8 The data in the Final Archive was reprocessed by the IUE Project
using the latest and most accurate flux calibrations and the most recent
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IUE flux calibration and image-processing techniques (Nichols N S D
& Linsky 1996; Bohlin 1996) and compare them to the latest
model atmospheres for metal-poor stars computed by Castelli ?
with the ATLAS9 code and the Opacity Distribution Functions
(ODFs) from Kurucz (Castelli 1999). = 05
The region of the UV spectrum that is best reproduced by
the model atmospheres of stars with: between 7500 K and =~ o
10000 K seems to be that in the region of 1é((®1uenemo—
erder et al. 1984; Cacciari et al. 1987). The values of the ob- 5
served fluxes at 1 8@0were obtained from the SWP spectra by
averaging the flux over a rectangular bandpassﬁSL\MHe. The

— — logg=2.5

\
I

_ logg=3.0
logg=3.5
— __  logg=4.0

/,

\\\;A\.\\‘\ P Ly I

UV-colour (18 — V') (given in Table 6, Column 5) is defined as -0.05 0 0.05 0.1 0.15 0.2

(b—y)
(18 = V) = —2.5(log F} go0 — log Fy') Fig. 7. The theoretical (ATLAS9) colour§l8 — V) vs (b — y) for
wherelogFy, = —0.4V — 8.456 (Gray 1992). The UV-flux [m/H]=-1.5 and gravity from 2.5 to 4.0 in steps of 0.5. The arrow

is strongly affected by interstellar extinction. Consequently, tiicates the effect of reddening.

reddening can be estimated from th&—V") colour by compar-

ing it with that predicted by a model atmosphere assuming that ) o )

the temperature and/or gravity are known. We used correctid§id the other reddening determinations. The finally adopted

for reddening that were based on Seaton’s (1979) reddening I¥@&/ues for [M/H], Tor andlog g used to obtain these redden-
which gives ings are given in Column 11 of Table 6. They generally agree

with other determinations (Sect. 7). In the second method, the
E(18-V)/E(B—-V)=4.748 UV data essentially constrain theg g that is permitted for a
i given reddening; in particular this strongly discriminates be-
on the assumption that, = 3.1E(B — V). The recentreanal- yeen FHB stars and main sequence stars of higher gravity. The
ysis of the interstellar extinction by Fitzpatrick (1999) woulghterna|accuracies of the parameters that are found by this way
give a somewhat higher value (4.85) for this ratio. We also estizo estimated to b&0.1 inlog g and+100K in T.g.
mated thg19 — V)-colour, defined similarly 118 — V'), asa e estimate that the typical error in these reddenings that
check on the consistency of our results. The col@uss— V)  ¢omes from photometric errors and the systematic errors to the
and(19— V) sample contiguous parts of the energy distributiofy,s o) te visual and UV photometric calibrations:i§.03 mag.
andso are highly correlated;9 —V') is closertothe 2 208fea-  ging only the 20 higher latitude BHB stars where the SFD-
ture and can be more noisy because it is near the edge of 4G eq reddenings (Table 6, Column 6) are reliable, the mean
energy distribution in the SWP spectra. We verified that bofh ;e of the SFD reddeningainusthe mean of the two red-
of these_colours gave consistent results k_)ut only he_lve Usedtﬁgﬁings derived from the IUE data (Table 6, Columns 9 and 10)
more reliable(18 — V) colour so as to avoid duplication. is +0.017:0.004. The mean difference between the reddenings
We started with preliminary values @tq, log g and abun- yerived by the intrinsic colour calibration (Sect. 5.2; Table 6,

dances that had been derived from the model atmosphere anglyymn 11) and the mean of the two reddenings derived from
sis. When it was available, we preferred the parameters deriygd |yg data is-0.011-0.004 (28 stars).

from the Hy profile because these are reddening-independent. o getajled comparison between the different reddening es-
These stellar parameters were used to calculate an intringieaies is given in Table 6. Clearly systematic differences of the
(18 — V) colour and the_ difference betyveen this and the oBtqer of a few hundredths of a magnitudefi{B — V) exist
served(18 — V) colour gives the reddening (5B — V), called  peween the reddenings derived by the different methods even
hereE(B — V), _ at high galactic latitudes. At lower latitudes, the differences are

_ Thereddening(5 — V') may also be estimated by comparch jarger because of the greater uncertainties in the redden-
ing the observedls — V') vs. (b —y) pairs with those predicted j, s gerived from whole sky maps. It does not seem possible to
by the models at a given gravity, and is called hB(& — V). ra50lve these differences without additional observations (e.g.
In Fig. 7 we show the program stars and theoretical relations fﬂ%pping the extinction in the direction of the BHB stars using

[M/H]=-1.5 and gravities 2.5, 3.0, 3.5and 4.0 in & — V)  yhe stpmgren photometry of main sequence field stars).
vs. (b — y) plane. If these two estimates of the reddening were

consistent within~ 0.02 mag, then we assumed that our initial
values ofT.g andlog g were reasonably correct. If this was no6. The model atmosphere analysis

the case, we repeated the analysis with different initial values. | . . .
Our finally adopted values fdE(B — V), andE(B — V), are elsne high-resolution spectra were analyzed with the model at-

. . mosphere technique. Stellar parameters were estimated from
given in Columns 9 and 10 of Table 6, where they are compargébrﬂgren photor?wetry from sgectrophotometry from pto-

image-processing techniques so that no further processing of this dd&s, from IUE ultraviolet colours and (for nine stars) from
is needed. (V — K) colours. The estimates obtained by these different
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Table 7. Comparison of the stellar parameters obtained by different methods.
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Star Data E(B-V) Ter(K) log g* [M/H] Method
HD 2857 (c,(b—1y)) 0.042 7730+120  3.15:0.04  [-1.5a] interpolation
c,(b—1v)) 0.03¢ 7650£120  3.16:0.04 ” ”
(V - K) (0.022)3 7420+95 (3.1) ” "
En. Distr. 0.00% 7400+100 2.8:0.1 ” fit, RMS(min)=0.0110
uv 0.008°,0.01¢ 7500+100  2.95-0.1
Hry e 7550+150 (3.0) ” fit, RMS(min)=0.0104
Mean 0.022+0.009 756658  3.06:0.08 [-1.54]
HD 4850 (a,n 0.016 8610t275  3.15£0.04 [-1.53] interpolation
c,(b—1v)) 0.00¢ 8350+250  3.35:0.05 ” ”
uv 0.01¢%,0.01¢ 8400100  3.16:0.1 ”
Mean: 0.009+0.005 845380 3.20:0.08 [-1.5a]
BD +00 145 (an) 0.028 9740350  4.05£0.04 [-1.5a] interpolation
(an 0.008 9350+300  4.06:0.05 ” ”
uv 0.024,0.03¢ 10000:200  4.0G:0.2
Mean: 0.018+0.009 9697189  4.02:0.02 [-1.5a]
HD 8376 (c,(b—1y)) 0.051 8270+250  3.35:0.05  [-2.5] interpolation
c,(b—1v)) 0.03% 8110+175  3.25:0.04 ” ”
uv 0.039,0.037 8100+100  3.26:0.1  [-2.0q]
Hy e 8050+150 (3.3) [-2.5]  fit, RMS(min)=0.0081
Mean: 0.0410.005  813%48  3.2740.04 [-2.5]
HD 13780  (c,(b—1v)) 0.018 7970+150 3.15:0.04  [-1.5a] interpolation
c,(b—1v)) 0.008 7890+150  3.16:0.04 ” ”
uv 0.016,0.01%  7930£100  3.16:0.1 ”
Mean: 0.014+0.003  793@23  3.12£0.02 [-1.5a]
HD 14829 (an 0.024 9010+275  3.35:0.04 [-2.0a] interpolation
c,(b—1v)) 0.00¢ 8700+250  3.33:0.05 ” ”
[(V-K) (0.018% 9040+170° (3.2) "
En. Distr. 0.02% 9000+50 3.0£0.1 ” fit, RMS(min)=0.0100
uv 0.023,0.028 8950+100  3.26:0.1
Mean: 0.018:0.006 891373  3.2140.08 [-2.0a]
HD 16456 Hry 6 750+150 (2.8) ” fit, RMS(min)=0.0140
Mean: e 6750+150 (2.8) [-1.5a]
HD 31943 (c,(b—1y)) 0.008 8020150  3.35:0.04 [-1.0] interpolation
c,(b—1)) 0.00¢ 7950+150  3.30:0.04 ” ”
uv 0.01%,0.006 7850+100  3.06:0.1
Hry e 7 750+100 (3.2) fit, RMS(min)=0.0061
Mean: 0.006+0.003 789359  3.22+0.11  [-1.0]
HD 252940 [(c, (b —¥)) 0.168 8660300 3.65:0.05  [-1.5a] interpolation]
(c,(b—1v)) 0.042 7490+120  2.90:0.04 ” ”
uv 0.051°,0.065 7600:100 3.08:0.1 [-1.754]
Hry e 7600+150 (2.9) [-1.5a] fit, RMS(min)=0.0104
Mean: 0.048+0.006 756337  2.95-0.05 [-1.54]

methods and the values of the parameters that we adoptedrace 1993a). We adopted models for stars withnaelement

given in Table 7.

enhancement|/a]=+0.4 (which is generally appropriate for
Having fixed the model atmosphere, we computed abumalo stars). The symbol “a” near the metallicity in Column 6

dances from both the equivalent widths and line profiles for eachTable 7 indicates when these models were used. The con-
star observed at KPNO, except for BD +00 0145 and HD 1482#&ctive models T.¢< 8750 K) were calculated with the no-
For these two stars and for the BHB stars that were observedetrshooting approximation. More details about these models
ESO (whose spectra only extended oveA§@ve estimated the can be found in Castelli et al. (1997) and in Castelli (1999). The
abundances from the equivalent widths alone. synthetic grids of Sttimgren indices, Johnsol (— K) indices

We used model atmospheres and fluxes that were compuded Hy profiles were also computed by Castelli from the above
by Castelli with an updated version of the ATLAS9 code (Kunodels. Grids of models, fluxes and colours are available ei-
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Star Data E(B-V) Toge (K) log g* [M/H] Method
HD 60778 [(@r) 0.054 8590+275  3.16:0.05 [-1.53] interpolation]
(c,(b—1y)) 0.016 8080+200  3.20:0.04 " ”
(V- K) (0.028)3 8110+90* (3.1)
En. Distr. 0.046 8100+100 3.10.1 fit, RMS(min)=0.0105
uv 0.027,0.02¢ 8160+100  3.16:0.1 "
Hey e 7 950+300 (3.1) fit, RMS(min)=0.0072
Mean: 0.028+0.007 807244  3.13:t0.03 [-1.53]
HD 74721 (a,n 0.029 9170+300 3.30:0.04 [-1.5a] interpolation
(arn 0.008 8810+300  3.25:0.04 ” ”
(V- K) (0.012)3 8680+175" (3.3) 1
En. Distr. 0.01% 8850+50 3.3:0.2 fit, RMS(min)=0.0093
uv 0.006°,0.008 8800+100  3.36:0.1 ”
Hey e (8850) 3.4:0.1 fit, RMS(min)=0.0080
Mean: 0.012+0.006 890888  3.310.02 [-1.5a]
HD 78913 [(@ ) 0.068 9000£290  3.26:0.04 [-1.59] interpolation]
(c,(b—1)) 0.007 8160+200  3.25:0.04 ” ”
uv 0.060°,0.062 8870+100  3.25-0.1 ”
Mean: 0.034+0.027 851355  3.25:0.00 [-1.54]
HD 86986 (c,(b—1yv)) 0.030 8050170  3.25:0.04 [-1.5q] interpolation
(c,(b—1)) 0.023 7980+170  3.26:0.04 ” ”
(V- K) (0.022)3 7870+140° (3.2) ” "
En. Distr. 0.00% 7 850+50 3.H0.1 fit, RMS(min)=0.0105
uv 0.035°,0.02% 8000+100  3.26:0.1 "
Hy e 7800+150 (3.2) ” fit, RMS(min)=0.0085
Mean: 0.022+-0.006 793647  3.19:0.03 [-1.53]
HD 87047 (c,(b—1y)) 0.019 7970+150 3.15:0.04 [-2.5] interpolation
(c,(b—1y)) 0.00¢ 7790+£150  3.05:0.04 ” ”
uv 0.000°,0.006¢  7800+100  3.06:0.1 " "
Hey o 7 750+100 (3.1) fit, RMS(min)=0.0069
Mean: 0.006+0.006 782849  3.070.04 [-2.5]
HD 87112 (arn 0.009 9810£340  3.45:0.04 [-1.59] interpolation
(ar 0.008 9690+325  3.45:0.04 " ”
uv 0.000°,0.0060  9700+100 3.5:0.1
Hey e (9750) 3.5:0.1 fit, RMS(min)=0.0080
Mean: 0.003+0.003 973338  3.48:0.01 [-1.53]
HD 93329 (c,(b—1)) 0.029 8460+300 3.25:0.06 [-1.5a] interpolation
(c,(b—1y)) 0.00¢ 8130+200  3.15:0.05 ” ”
uv 0.014,0.014 8260+150 3.10.1
Hy - 8100+200 3.0£0.1 ” fit, RMS(min)=0.0046
Mean: 0.014+0.008 823782  3.12£0.05 [-1.53]
BD +32 2188 (c,8) 0.021 10420100 2.16:0.05  [-1.0] interpolation
(c,B) 0.00¢ 10400100 2.16:0.04 ” ”
En. Distr. 0.006 10500500  2.2+0.4 fit, RMS(min)=0.0396
Hy . (10400) 2.1#0.05 " fit, RMS(min)=0.0085
Mean: 0.0070.007 10446830 2.12£0.02 [-1.0]

ther at the Kurucz website (http://kurucz.harvard.edu) or up@n Stellar parameters
request.

We derived abundances from the equivalent widths using
WIDTH code (Kurucz 1993a), modified so that we could derivehe stellar parameterg,; andlogg were found from the
the Mg abundance from the measured equivalent width of theserved Stimgren indices after de-reddening (as discussed
doublet Mgir 4481 A. The SYNTHE code (Kurucz 1993b),in Sect.5) by interpolation in thevby3 synthetic grids. The
together with the atomic line lists from Kurucz & Bell (1995) adopted indices are those listed in boldface in Table 1. Dered-
were used to compute the synthetic spectra. dened indices were obtained both frértB—V') values derived

t?]él Stellar parameters from $tmgren photometry
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Table 7. (continued)

Star Data E(B-V) Tog (K) log g* [M/H] Method
HD 106304 (an 0.082 1044Gt300 3.55:0.04 [-1.53] interpolation
(an 0.008 9200+300 3.45:£0.04 " "
uv 0.031°,0.03f  9600+100 3.5:0.1
Mean: 0.038+0.024  974#365  3.56:0.03 [-1.5a]
BD +42 2309 (an 0.018 8870£300  3.26:0.04 [-1.53] interpolation
(an 0.008 8650+275 3.206:0.04 " "
En. Distr. 0.020 9050+100 3.0:0.2 " fit, RMS(min)=0.0179
uv 0.012,0.018  8730+100 3.3:0.1 ”
Hy e (8850) 3.30.1 " fit, RMS(min)=0.0077
Mean: 0.013+0.004 882588 3.26t0.05 [-1.53]
HD 109995 (an 0.017 8610300 3.16:t0.04 [-1.53] interpolation
(c,(b—v)) 0.00¢ 8300+250  3.25:0.05 ” "
[(V -K) (0.022)3 8390+235° (3.15) ” "]
En. Distr. 0.056 8900+100 2.90.3 " fit, RMS(min)=0.0190
uv 0.02¢°,0.02¢ 8560+200 3.15:0.2 ”
Hy e 8200+250 3.0:0.1 " fit, RMS(min)=0.0075
Mean: 0.022+0.010 8514-123  3.08:0.07 [-1.53]
BD +25 2602 (ar 0.017 8610t275  3.15:0.04 [-2.04] interpolation
(c,(b—1y)) 0.00¢ 8320+275  3.25:0.05 ” ”
Hy e 8300+300 3.10.1 " fit, RMS(min)=0.0074
Mean: 0.008+0.008 8414100 3.140.04 [-2.04]
HD 117880 (an 0.087 9590+325  3.45:0.04 [-1.53] interpolation
[, (b—y)) 0.00¢ 8320+220  3.55:0.04 " "
(V- K) (0.077)3 9380+225 (3.3) ” "
En. Distr. 0.086 9300+50 3.3:0.1 " fit, RMS(min)=0.0074
uv 0.066°,0.0064  9300+100 3.5:0.1 ”
Hy e 8950+500 3.10.2 " fit, RMS(min)=0.0109
Mean: 0.07A0.006 9285131 3.34£0.09 [-1.53a]
HD 128801 (an 0.027 1064Gt400 3.55:0.04 [-1.53] interpolation
(an 0.006 101606+400 3.55-0.04 " "
uv 0.004,0.004 1014G:200  3.5:0.1
Hy e (10300) 3.6:0.1 " fit, RMS(min)=0.0087
Mean: 0.01G+0.008 10313163 3.550.02 [-1.5a]
HD 130095 [(a 0.108 9650350 3.35:0.04 [-2.0a] interpolation]
[(c, (b—1y)) 0.016 8300+250  3.40:0.05 ” "
(V- K) (0.072% 8990+180° (3.3) |
En. Distr. 0.085 9100+50 3.3:0.1 " fit, RMS(min)=0.0073
uv 0.060°,0.06¢ 8920+100 3.4:0.1 ”
Hy e (9000) 3.2:0.1 " fit, RMS(min)=0.0082
Mean: 0.072:0.012 901690 3.36t0.03 [-2.0a]
HD 130201 [(ar) 0.103 9700330  3.45:0.04 [-1.53] interpolation]
(c,(b—1y)) 0.01% 8370+250  3.45:0.05 " "
uv 0.056°,0.058  8920+100 3.5:0.1
Mean: 0.035+0.020 8645275  3.48:0.03 [-1.53]

from the SFD whole sky map (Table 6, Column 6) and from theccording to one reddening determination, and in th@(ey))

E(B — V) derived from the UVBYLIST program of Moon plane according to the other.

(1985) (Table 6, Column 8). The reddening relations given in For each star, we started by selecting, from among the avail-

Sect. 5.2 were used in both cases. able grids of colour indices, the one which had the metallicity
WhenT.z>8500 K andlog g< 3.5, the (c,(b — y)) grid closest to that given in the literature or from a preliminary esti-

does not give an unambigous determination of the parameterate based on the strength of 181 Mgii line (KSK). After

and the (a, r) grid (Stmgren 1966) is to be preferred. It should new metallicity was found from the model atmosphere anal-

be noted that different values for the reddening may be derivgsis, it was used to determine, by interpolation, the colour grid

for a star by the two methods, so that it may lie in the (a, r) plameéhich corresponded to this new metallicity. New parameters
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Star Data E(B-V) Ter(K) log g* [M/H] Method
HD 139961 [(ar) 0.149 9840+350 3.36:0.04 [-1.5a] interpolation]
(c, (b—1y)) 0.042 8350+250  3.36:0.05 " "
uv 0.058,0.060 8600+100 3.3t0.1 "
Hy e 8600+250 3.1H0.1 " fit, RMS(min)=0.0098
Mean: 0.051-0.008 851483 3.23t0.07 [-1.5a]
HD 161817 [(c, (b —v)) 0.073 8120+150 3.50t0.04 [-1.5a] interpolation]
(c, (b—19)) 0.00¢ 7510+120 3.00:0.04 i ”
(V - K) (0.000)* 7 410+£45" (3.00) " "
En. Distr. 0.000 75504200 3.0t0.2 " fit, RMS(min)=0.0262
uv 0.000°,0.000 7520+100 3.0t0.1 "
Hy e 7550+100 (3.00) " fit, RMS(min)=0.0078
Mean: 0.00G6+0.000 753310 3.0G6+0.00 [-1.5a]
HD 167105 (an 0.043 9270300 3.25:0.04 [-1.5a] interpolation
(anrn 0.006 8730+300 3.25:-0.04 ? ”
uv 0.03(°,0.029 9050100  3.25:0.1 ”
Hy e 9050+500 3.4:0.2 " fit, RMS(min)=0.0063
Mean: 0.024+0.013 9025-111 3.29:0.04 [-1.57]
HD 180903 [(c, (b—v)) 0.076 7530+120 2.96:t0.04 [-1.5a] interpolation]
(c,(b—1)) 0.103 7750£120 3.16:0.04 ” ”
uv 0.090°,0.098 7700+100  3.10.1
Hey e 7600+100 (3.1) " fit, RMS(min)=0.0092
Mean: 0.098+0.005 768344  3.16:0.00 [-1.54]
HD 202759 (c, (b —v)) 0.098 7790120 3.35:0.04 [-2.0a] interpolation
(c, (b—1y)) 0.063 7510+£120 3.05:0.04 ” ”
En. Distr. 0.063 7300+100 2.8+0.1 fit, RMS(min)=0.0141
uv 0.063,0.06° 7460100  3.0:0.1
Hey e 7550+150 (3.0) fit, RMS(min)=0.0128
Mean: 0.072+0.009 752279  3.05:0.11 [-2.0a]
HD 213468 (ar 0.017 9280+320 3.3@:0.04 [-1.5a] interpolation
(a, 0.006 9060+300 3.3G:0.04 " "
uv 0.005°,0.006 9100+100  3.25-0.1
Mean: 0.008+0.005 914468  3.28:0.02 [-1l.5a]

Y If T,z < 8000 K, Hy is almost independent of the gravity alug g is then given in parentheses. The gravities used to d&tiyerom the

Tert, log g & (V — K) grid are also given in parentheses and were not used to obtain the mean gravity.
T RR Lyrae variable at phase 0.42 (Sect. 10.7).
* The quoted errors in the§eg correspond to the range ii(B — V') between Colums16 & 8 in Table 6.

! B(B — V) taken from SFD map (Table 6, Column 6).

2 E(B — V) derived from Stidmgren colours using the Moon (1985) code (Table 6, Column 8).
3 E(B — V) is the mean of the values given in Colus® & 8 of Table 6.

* E(B — V) was adjusted to obtain the best fit between the model and the observed Energy Distribution.

5 E(B — V) was derived by comparing the observed and theoreti@al1") colours for theTwg, log g & [M/H] shown.

5 E(B — V) was derived by comparing the observed and theoreti®a(V) vs. (b — y) for the T.g, log g & [M/H] shown.

were then redetermined. We found that the stellar parametensthe second line correspond to tB¢B — V') derived using
were, in practice, relatively insensitive to the value used for thdoon’s program (Table 6, Column 8). The reddeniigB —
metallicity. For this reason, the stellar parameters found froW)=FE (b —y)/0.73 is given in Column 3 of Table 7. The specific
the Stobmgren indices and listed in the first two (or three) lineStromgren indices that we used to obtdig andlog g for each

of Table 7 are those relative to the approximate metallicity listestiar are given in the second column of Table 7. The errors in
in Column 6. At this stage, we also adopted a microturbulent ite parameters were calculated by assuming an uncertainty of
locity of ¢&=2.0 km s™! for allthe stars. In Table 7, the data on the- 0.015 mag for all Stimgren indices except for which +

first line for each star correspond to th¢ B — V') derived from 0.005 mag was adopted. The actual errgt may well be larger

the SFD whole sky-map (Table 6, Column 6), while the dathan this for some stars as noted in Table 1 and in Sect. 3.
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7.2. Stellar parameters from spectrophotometry in the visiblelistributions. For each star, the parametérg andlog g are
. . . . those which give the minimumms difference.
Spectrophotometric observations are available (Philip & Hayes For stars cooler than 8000 K, this procedure gias, but

1983; Hayes & Philip 1983) for some of our candidate BH%ot log g, because the #profile is not sensitive to gravity for

stars. Stellar parameters were derived for these stars by fittmgse temperatures. Therefore, to defivg for these stars, we

the observed energy distribution to the fluxes of that grid, amoggopted the averadeg ¢ from the Stbmgren photometry and

those.ava|_lable tp us, which had the chsest metallicity ?'t.herltR/ colours, since small differences iog g do not change the
that given in the literature, or to that obtained from a prel|m|na(>/alue of T
eff -

est|m§1te bgsed on.th.e strength of &&181 Mg.H line, or to For stars withT.g between 8000 K and 10000 K both
that given in a preliminary abundance analysis. The observge

d ; -
energy distribution was dereddened as described in Sect. *E% andlog g can be obtained by the fitting procedure, but the

The fitting procedure is that described by Lane & Lester (198% ation is less satisfactory because some ambiguity occurs in

. . . T is range. For example, for [M/H] =1.5, the Hy profile is
in which the entire energy distribution is fitted to the mode _ _ -
which yields the minimumms difference. The search for thealmOSt the same fdfes = 8800 K, log g = 3.0 as forley =

minimum difference is made by interpolating in the ric19500 K,logg = 3.4. This means that very small differences
s y P 9 9%, the reduction procedure may give very different values for

of computed f'“X?‘S- The comp_uted fluxes are sampled in St?ﬁ’é parameters. Therefore, when the parameters derived from
of 50 K or 100 K inT,¢ depending whethér,¢< 10000 K or

. the fitting procedure were in reasonably agreement with other
T >10000 K, and in steps of 0.1 dex log g. The fluxes are g . . :
actually given in steps of 250 K or 500 K ifis and in steps determinations, we have given bdths andlog g. Otherwise

. ) ; ) "~ we fixed eithefl.g orlog g and calculated the other parameter.
of 0.5 dex inlog g, so the finer sampling was obtained by Ilnea.|:he stellar parameters found in this way are given on the’*H
interpolation.

. . ... linein Table 7. We give i hesis th h
The parameters derived from the energy distributions ine in Table © give In parenthesis the parameters that were

given on the “En. Distr” line in Table 7 and the adopted metzﬁed in advance. As for the energy distribution, the errors in the
S AN ) )arameters were estimated from the ran 4nandl for
licity is that listed in Column 6. The errors in the parameters ges 08g

: _ N LEQO ).
were estimated from the ranges Thz andlog g for which which rms = rims(min)+50%rms(min)

) ! The main error in deriving ¢ andlog g from Hy comes
= 0,
rms=rms(min)+50%rms(min). Lane & Lester note that the . e uncertainty in the normalization of the KPNO spectra;
point-to-point scatter that determines the valuesafs may be

. . . . . this is largely because of a small non-linear distortion in the
less important in their data than the calibration errors over large gely

ranges of wavelenath. In our data the main uncertainty in dem}gectrawhich means thatitis nota straightforward task to decide
9 gth. y where the wings of H start. The uncertainty iff.¢ produced

ing T andlog g from the energy distribution probably COMES v the extraction procedure of the unblended ptofile is of

from the spectrophotometric observations being available at €l order of 50 K
atively few wavelengths. This makes it difficult to get accurate '

results when they are fitted to the computed spectra.
7.4. Stellar parameters from IUE data

7.3. Stellar parameters from+ As we discussed in Sect. 5, the parameters derived from the
ultraviolet fluxes are those which lead to the most consistent

For stars cooler than about 8000 K, the ptofile is a good tem- .\{alues of reddening when one compares the obséed )

perature indicator because it is almost independent of gravity, B - :
while for hotter stars witl . between 8000 K and 10 000 K itcglours and alsc_) the obser_v(a]cB V) vs. (b —y) colours with .
the corresponding theoretical values. The parameters found in

depends on botli,¢ andlog g. Above 10000 K, H becomes th}s way are on the “UV” lines in Table 7.

lg}ocﬁé\g&zﬂy indicator, because it is almost independent 0 As a further check, we compared the whole UV-observed
P i . energy distributions, for the stars that have both short- and long-
In order to derive the stellar parameters from the pto- . S
, . . .wavelength IUE data, with model energy distributions computed
files given by the KPNO spectra, we fitted the observed profiles, . : . :
. . . . With the adopted parameters given in Table 7. We did not find
(normalized to the continuum level) to the grids of profiles com-

. systematic discrepancies between the models and the observed
puted with the E’ALMERQ code (Kur_ucz 1993a). For egch st ata at 1 606 and shorter wavelengths, as was found by Huen-
we used the grid computed for a microturbulent velogity 2

) . . emoerder et al. (1984) and Cacciari et al. (1987) using the 1979
km s~ and the metallicity closest to that derived for the Stq{urucz models. For more than half of these stars (HD 2857,

in a preliminary abundance analyses. We found that the fit Was) 4850. HD 13780. HD 14829. HD 31943. HD 74721 and

insensitive to the adopted value of A
We used an interactive routine to omit all the lines of othé—'rD 93329) the observed and calculated energy distributions

elements which affect thetrofile, and by linear interpolation match rather well over the entire IUE wavelength range. For
. >Ctthetprofile, and by polation, y o stars (HD 78913, BD +00 0145 and HD 130201), the UV
we derived the residual intensitiesR(i) of H~y for eachA(i)

sampled in the observed spectrum. We then used the samefitﬁ%ta suggest hotter temperatures than those adopted in Table 7.
P bec ' OP three other stars (HD 8376, HD 60778 and HD 252940),
procedure as that used to derive the parameters from the en

%%ydiscrepancies may be caused by incorrect values of the
adopted stellar parameters and/or uncertainties in the IUE and
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Stridmgren photometry. A detailed investigation, that compar&sble 8. Systematic differencesY) from mean ofT.# obtained by
the observed and synthetic UV energy distributions using tHiéerent methods
latest model atmospheres, would be of interest but is beyond

the scope of this paper. Meanwhile, we are confident that tM&thod No.of Systematic Difference  Dispersion

use of thg(18 — V) colour index gives results for the reddenin? Stars from mean Q) (rms)

and physical parameters which are consistent with and give fb (2) G (4)

same degree of uncertainty as those that would be derivedofy —»))' 8 +152£26 K 69 K

using the entire IUE energy distributions. @ny 12 +198£54 K 180K
c((b—y))? 18 —73+30K 122 K
(any 8 —218+64 K 169 K

7.5. The effective temperatures frgii — K), En Distr 10 +2760 K 180K

The (V — K) colours are available for nine of our candidate BH%V ii j;%ifz%f( 19259KK

stars (Arribas & Martinez Roger 1987). The$é{ K) colours (V - K) 7 75449 K 120 K

are listed in Table 1. For seven of these stdrs,(K) colours
had previously been given by Carney (1983). The mean différomitting HD 117880, HD 130095 & HD139961.

ence between these two sets of colours (CamizyisArribas ' E(B — V) taken from SFD map (Table 6, Column 6).

& Martinez Roger) is 0.0160.005; this corresponds to a tem? E(B — V) taken from Stdmgren colours using Moon (1985)
perature difference of£50 K; presumably the systematic erroVBYLIST program (Table 6, Column 8).

in these colours is of this order. The largest source of error in

deriving temperatures in this way is likely to come from the The gifferences from these straight means were then com-
correction for reddening. We assumed thal” — K) = 2.72  yyted for each method. The average of these differenags (
E(B—V)(Cohen etal. 1999) and took tg B — V) tobe the o 7 are given for each method in Table 8. The dispersions
mean of thels(B — V) derived from the other methods giveryiven in Column 4 of Table 8 are of the same order as the error
in Column 3 of Table 7. We assumed the méafg from the  estimates of th@.¢ given in Column 4 of Table 7 but there are
other determinations, and derivédg by interpolation in the sjgnificant differences. Thus the Energy Distribution method
Tew, log g and(V — K)o grid. These temperatures are given ifas among the smallest errors in Table 7 but has one of the
Table 7 and their errors are scaled from the estimated errorg;jpyest dispersions in Table 8. This, together with the undoubted
E(B —V); they were not used in deriving the me@; but yresence of systematic errors associated with each method has
gave a useful independent check on the temperatures obta%g,ped us from using the error estimates for any attempt at

by other methods (see Table 7). We see that the syste.matic \q,'@a,ghting theT,q in Table 7; we have therefore adopted the
ference between our adopted mekp and theTen derived girajght means for the parameters given in this table.
from (V — K) is only slightly larger than that expected from the

likely systematic errors in théd{ — K) colours.
8. Abundances

7.6. The comparison of the stellar parameters determined 8-1. Abundances from KPNO and ESO-CAT spectra

by the different methods Our first estimate of the abundances (using the mean stellar pa-

Table 7 gives, for each star, the straight meang 6B — V), rameters given in Table 7) was made by fitting the measured
T.s, andlog g together with the errors of the means. In nearl§duivalent widths (W) of the apparently unblended lines to

all cases, the extinction derived from the SFD maps excedfl§ computed ones. In the case of the spectra observed at Kitt
that derived by using the Moon UVBYLIST program (Table 6p€ak, we tried to determine the microturbulent veloci§y by

and the use of the SFD extinctions with the (b — y)) data assuming that, for a given element, the abundance is indepen-
gives higherT.4 than those found by other methods. This difdent of the equivalent widths. The uncertainty, however, both in
ference is most pronounced for low-latitude stars (HD 25294¢€ equivalent widths of the weak lines and in lxeg / values

HD 60778, HD 78913, HD 130095, HD 130201, HD 139961’especially for the lines of Ti, which are the most numerous)
HD 161817 and HD 180903) whose computed extinction geeverely limits this method of obtainiggWe therefore, in addi-
pends upon an uncertain model of the local distribution of t#&n, determined by comparing the observed spectra against a
interstellar extinctions. We have therefore felt justified in rejeceries of synthetic spectrain whigwas sampled in steps of 1.0

ing the stellar parameters that were derived using the SFD mgﬁks_li in a few cases an intermediate step of 0.5 kwas

for these low-latitude stars. We also excluded the parametHF@d-

determined from the Simgren indices according to the Moon N the case of BD +00 0145 and HD 14829 and for the stars
UVBYLIST program for the stars HD 117880 and HD 130095bserved at ESO we assumed a microturbulent veldciy
because of the excessive difference betwen the reddening 48-km s, since there were too few lines in their spectra to
rived from the Moon code and that from the other detern@llow US to derivet.

nations. These exclude_:d parameters (anc_i those derived frosm except for BD +00 0145 and HD 14829 for which only the
(V — K)) are enclosed in square brackets in Table 7. Mg 11 4481A line was measured.
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In computing the synthetic spectra, we used either the madb 202759. The case of the larger amplitude type-c variable
abundance derived from the equivalent widths for species wHD 16456 (CS Eri) is discussed in Sect. 10.7.

more than one measured line (e.g.1F€ei1, and Tiir) or the For the stars whosE.g exceeds about 8 500 K (or about half
abundance computed from a single line if only one line ofthe stars in our sample), the Ha 4471 line is visible in our
species was available (e.g. Ba4554). spectra. Its strength agrees with that predicted by the synthetic

The synthetic spectra were computed at a resolving povegrectrum for a solar helium abundance.
of 500 000 and then were degraded to 15000 (the nominal res-

o of 1 KL Peck pect) Ui s s SIUET). The [l abuncance s  unctono e equvale
o ) SRR " width of Mgir \4481 i dth lour indeiB —
tational velocity ¢ sin ) that is given in Column 2 of Table 15. width o Mg ine and the colour indet Vo

This vsin¢ was derived by fitting the observed profile of thén most halo stars, [Mg/Fe] can be assumed either to be con-
Mg 11 4481A to the computed profile assuming the Mg aburstant or a slowly-varying monotonic function of [Fe/H] (see
dance thathad been derived from the measured equivalent wiéct. 10.5). If we have the photometric information, we can de-
No macroturbulent velocity was considered. rive the stellar parameters and then determine [Mg/H] from the

The comparison of our observed spectra with the synthegiquivalent width of the Mgt A4481 line even in quite low res-
spectra showed that some of the lines in our original list shoudlition spectra; [Fe/H] can then be derived by assuming an ap-
be discarded either because they were blended or because fiepriate value for [Mg/Fe]; in this paper we assume [Mg/Fe]
were too weak. The WIDTH program was now used to recorm-0.43.
pute new abundances from the equivalent widths \&f the Evenifonly(B — V), is available, one can estimate [Fe/H]
remaining lines using the value éfthat had been determinedfrom the the equivalent width W of the Mg A\4481 doublet
from the synthetic spectra. We made several iterations us#ugd the intrinsic colour. Using the data and [Fe/H] abundances
both the comparison of the observed and the computedivd that we derived from our KPNO spectra we found the following
the comparison of the observed and synthetic spectra until thgression:
abundances obtained by the two methods were consistent, In 9
the course of the successive iterations we changegldhe the [F'e/H] = —3.350 4 0.01119W — 0.00001315W
metallicity of the models so that they were as close as possible —0.30(B = V)o
to the values that we derived from the abundance analysis. . . .

The measured equivalent widths (YWthe adoptedog g f, where (B — V)o was obtained by using tf@mean extinc-
their sources, and the logarithmic abundances relative ltn)thet'.onS given in boldface in Cplumn .3 of Tabl [Fe/H] de-
tal number of atomare given for the individual lines for each”ved from the abow_a equation is listed in the last column of
star in Table 4 for the KPNO spectra and in Table 5 for the Esagble 10. The’"im dlﬁerencg betwqen our measured [Fe/H]
CAT spectra. Table 9 lists, for each star, the model paramet d those obtained from this equationtiB.12 for the range

the microturbulent velocity and the average abundances derive 055(3_7 V)OSQ‘N' Systematic d|fferen_ces can occur be-
from the measured equivalent widths of the individual lines. een equivalent widths measured at very different spectral res-

derived the barium abundance from theiBa554.033A line. © utions. Our relation strictly applies only to spectra whose res-

For a few stars, we used only the synthetic spectra, while Iption is comparable to those discussed in this paper; it may be
some others wé used the equivalent width method ir,1 additidess accurate if used with equivalent widths derived from lower

Both values are given in Table 9 (that from the synthetic spec{%mu“on spectra.
is identified with the superscript S). The slight systematic dif-
ference between the abundances obtained by the two meth@dgncertainties

may be related to the placement of the continuum level which | . . .
this section we consider the effect on our abundances of

was fixed independently by Kinman for the measurement of t cainties .o 1 d the microturbulent veloci
KPNO equivalent widths and by Castelli for the normalizatiob\?Cer ainties ifeg, log g, and the microturbulent velocity.

of the whole observed spectrum. e also consider errors in lagf and NLTE effects.
Table 10 summarizes the abundances relative to the solar

values together with the [Mg/Fe] and [Ti/Fe] ratios. The sol&.1. Uncertainty in the the stellar parametéfrs;, log g

abundances, relative to the total number of atoms, are taken fr.?nwe uantitative dependence of the derived abundances on dif-

Grevesse et al. (1996). Their logarithmic values are —4.46 ffor N P

Mg, —5.68 for Ca, —8.87 for Sc, —7.02 for Ti,—6.37 for Cr, —4.5|frenceSA1;°ff = +100 Kf a”t‘i]motgg =HiD0ilef§){7ln I:hDe fé%lée .
for Fe, and —9.91 for Ba. A few of them are also given in t f parameters is given for the stars ’ ’

. D167105,andHD87112in Table 11. These stars are represen-
last line of Table 10 for reference. . ’ .

The ESO-CAT abundances, although based on only a f {jve of stars hf”“"”@ef.f around 7500 K, 8500 K 9900 K, and
lines, show excellent agreement with those derived from t eesgb};;zzaec?svggrg;E;ﬁ?r?;:itct:r?;r?f e.rtalngﬁ;z]es::
KPNO spectra for the non-variable stars HD 31943, HD 130095, . ANy '

HD 139961 and HD 180903 and for the low-amplitude variabfee species most affected by uncertainties in the parameters are

12 One may replace th@3 — V), term by —0.44(b — y)o.
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Table 9. Abundances derived from the KPNO and CAT spectra.

HD 2857 HD 4850 BD +00 145 HD 8376 HD 13780
KPNO CAT KPNO KPNO CAT
Model 7550/3.0/-1.5a]  8450/3.2/[-1.54] 9700/4.0/[-1.54] 8150/3.3/[-2.5a]  7950/3.1/[-1.54]
&kmst)  3.00 (2.00) (2.00) 1.00 (2.00)
Mg 11 —5.76 (1) —5.10(1) —6.46 (1) —6.86 (1) —5.58 (1)
Car —7.16 (1)
Tim —8.19+0.23 (14) —7.65+0.04 (4) —9.124+0.14(5) —7.90+0.17 (4)
Crir —-7.92 (]_)
Fer —6.29+0.24 (6)  —5.86 (1) —7.49+0.06(2) —5.97 (1)
Fen —6.25+0.17 (9)  —5.76£0.05 (2) o —6.01+0.1 (2)
Bauir —-11.72 (1) e e
HD 14829 HD 16456 HD 16456 HD 31943 HD 31943
KPNO KPNO CAT KPNO CAT
Model 8900/3.2/[-2.0a]  6750/(2.8)/[-1.5a] (7500)/(3.0)/[-1.5a] 7900/3.2/[-1.0a]  7900/3.2/[-1.0a]
&kms™h)  (2.00) 3.00 (3.00) 4.00 4.00
Mg 11 —6.47 (1) —5.87(1) —5.85 (1) —4.90 (1) —4.91 (1)
Car o —7.2240.02 (2) . —6.66+0.06 (3) —6.53 (1)
Tin —8.36+0.30 (14) —8.31£0.17(4) —7.67£0.21 (20) —7.68£0.17 (4)
Cri —7.55 (1)
Crit —7.73(1) . —7.26 (1) .
Fel —6.25+0.07 (6) —6.19+0.06 (3) —5.58+0.14 (8)  —5.47+0.02 (3)
Fer —6.24+0.12 (12) —6.19+0.03 (2) —5.50+0.10 (13) —5.49+0.05 (2)
Bar —11.44 (1) . —11.15 (1) .
HD 252940 HD 60778 HD 74721 HD 78913 HD 86986
KPNO KPNO KPNO CAT KPNO
Model 7550/2.95/[-1.5a] 8050/3.1/[-1.53] 8900/3.3/[-1.54] 8500/3.25/[-1.5a] 7 950/3.2/[-1.54]
&kmsh)y 350 3.00 4.00 (2.00) 2.50
Mg 11 —5.91 (1) —5.40 (1) —5.64 (1) —5.43 (1) —5.72 (1)
Car —7.12 (1) e e e —7.07 (1)
Sciu —10.54 (1) . —10.08 (1) . e
Tim —8.2740.19 (14) —8.14+0.24 (15) —8.114-0.13(13) —8.23(1) —8.32+0.17 (4)
Cri —7.85 (1) —7.79 (1) —7.64 (1) o —7.79 (1)
Fel —6.33+0.12 (6)  —6.03+0.21 (6) —5.95+0.10 (5) —6.36+0.10 (4)
Fer —6.30+£0.09 (6)  —6.02£0.13 (12) —5.974+0.08 (9) —6.34+0.10 (7)
Bal —11.84 (1) —11.76 (1)-11.68(1) --- —11.85 (1)~11.78 (1)
HD 87047 HD 87112 HD 93329 BD +32 2188 HD 106304
Model KPNO KPNO KPNO KPNO CAT
Model 7850/3.1/[-2.5a]  9750/3.5/[-1.54] 8250/3.1/[-1.54] 10450/2.1/[-1.0]  9750/3.5/[-1.5a]
&kms™h)  2.00: 2.00: 2.00 1.00 (2.00)
Mg 11 —6.47 (1) —5.55(1) —5.27 (1) —5.50+0.05 (2) —5.28 (1)
Sci e e —10.25+0.03 (2) e
Tim —8.89+0.12 (8)  —8.19+0.11 (7) —7.84+0.19 (14) —8.29 (1)
Cri e —7.62 (1) —7.51(1) —7.41 (1) .
Fer —7.014£0.11(5) —5.92(1) —5.86+0.08 (6)
Fer —7.014+0.04 (2) —6.08£0.11 (5) —5.874+0.06 (12) —5.65+0.18 (10)
Bail —11.27 (1)
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Table 9. Abundances derived from the KPNO and CAT spectra.

BD +42 2309 HD 109995 BD +25 2602 HD 117880 HD 128801
KPNO KPNO KPNO KPNO KPNO
Model 8800/3.2/[-1.5a]  8500/3.1/[-1.5a] 8400/3.2/[-2.0a] 9300/3.3/[-1.5a] 10300/3.55/[-1.5a]
&kmst)  2.00 3.00 4.00 2.00: 2.00
Mg 11 —5.66 (1) —5.84 (1) —6.15 (1) —5.51 (1) —5.55 (1)
Tin —8.15+0.13(6)  —8.31+0.12 (10) —8.63+0.14(8) —8.2740.20 (9) —8.23+0.10 (8)
Cru e e —8.02 (1) —7.73(1) —7.77(1)
Fer —6.13+0.22 (4)  —6.24t0.12(4) —6.52+0.10 (5) —6.13+0.03(3) —6.0140.05 (2)
Fer —6.20+0.11 (3)  —6.28+0.13(7) —6.53+0.02 (3) —6.23+0.07 (6) —5.974+0.08 (6)
HD 130095 HD 130095 HD 130201 HD 139961 HD 139961
KPNO CAT CAT KPNO CAT
Model 9000/3.3/[-2.0a]  9000/3.3/[-2.0a] 8650/3.5/[-1.0a] 8500/3.2/[-1.5a] 8500/3.2/[-1.5a]
&kmst)  2.00 2.00 (2.00) 3.00 3.00
Mg 11 —6.11 (1) —6.12 (1) —4.66 (1) —5.80 (1) —5.79 (1)
Tin —8.72£0.18 (9)  —8.86 (1) —7.82+0.16(2) —8.29+0.16 (9) —8.41(1)
Cru —8.06 (1) e . —7.78 (1) .
Fer —6.40 (1) e . —6.314-0.04 (4)
Fer —6.42+0.15(4)  --- —5.54 (1) —6.20+0.17 (6)
HD 161817 HD 167105 HD 180903 HD 180903 HD 202759
KPNO KPNO KPNO CAT KPNO
Model 7550/3.0/-1.5a]  9050/3.3/[-1.5a] 7700/3.1/[-1.5a] 7700/3.1/[-1.5a] 7500/3.05/[-2.0a]
&kmst)  3.00 3.00 3.00 3.00 2.0
Mg 11 —5.69 (1) —5.77 (1) —5.34 (1) —5.26 (1) —6.33(1)
Car —6.99 (1) o —6.70+0.36 (3)—6.90° .
Sci e e —10.08+0.35 (3) o —10.98+0.24 (2)
Tin —8.13+0.24 (14) —8.20+0.14 (11) —7.89+0.33(20) —7.84+0.01 (3) —8.74+0.25(12)
Cr1 —8.02 (1) e —7.99 (1) . —8.58 (1)
Cru e —7.80(1) —7.69 (1) e -8.12 (1)
Fer —6.06+0.12 (6)  —6.08:0.05(3) —5.99+0.14 (8) —6.02£0.02 (2) —6.67+0.05 (5)
Fel —6.12+0.07 (10) —6.12£0.12(8) —5.96+0.10 (9) —6.00+0.03 (2) —6.73+0.12(8)
Ball —11.60 (1) o —11.46 (1)-11.3% (1) --- —12.62 (1}-12.5% (1)
HD 202759 HD 213468
CAT CAT
Model 7500/3.05/[-2.0a] 9150/3.3/[-1.5a]
&kmst)  2.00 (2.00)
Mg 11 —6.38 (1) —5.71(1)
Tin —8.80+0.18 (4)  —8.04+0.36 (3)
Fer —6.57 (1) e
Fer —6.68+0.08 (2)

S Abundances derived from the synthetic spectrum analysis
! RR Lyrae variable CS Eri at phase 0.42. A further discussion is given in Sect. 10.7

Cr1, Fer and Bai. Their abundance changes by about 0.1 dérecause there were too few lines in these spectra to determine
for AT,¢ = £100 K. The effect on Mg\ 4481 is small and this quantity. Table 12 gives the abundances of the different
decreases with increasifg. species in these stars for microturbulent velocifie? km s*,

3 km s 'and 4 km s!. For a changeA¢ = 1 km s!, the
abundance derived from the Mg\ 4481 line changes by about
0.2 dex for the stars observed at ESO and about 0.05 dex for
The value of¢ was assumed for the spectra of the two statise two weaker-lined stars observed at KPNO (BD +00 145 and
BD 00+00 145 and HD 14829 and for all the ESO-CAT specttdD 14829). The abundance derived from therTines is also

9.2. Uncertainty ir¢
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Table 10.The adopted parameters and abundances relative to the solar values.

Star T logg € [Fe/H] [Mg/H] [Ti/H] [Ba/H]  [MglFe] [TilFe] [Fe/H]*
(K) (km/s)
(2) 2 G (4) (5) (6) (7) (8) (9) (10 (11)
HD 2857 7550 3.00 30  [-1.73]  [-1.30]  [-1.17] [-1.84] [+0.43] [+0.56] [-1.70]
HD 4850° 8450 3.20 (2.0) [-1.27] [-0.64] [-0.63] --- [+0.63] [+0.64] [-1.18]
BD +00 0145 9700 4.00 (2.0)  --- [~2.00] . . c o [-2.45]
HD 8376¢ 8150 3.30 10  [-2.95]  [-2.40]  [-2.10]  --- [+0.55] [+0.85] [-2.82]
HD 13780 7950 3.10 (2.0) [-1.45]  [-1.12] [-0.88]  --- [+0.33] [+0.57] [-1.53]
HD 14829° 8900 3.20 (20) .- [-2.01] . . - [-2.39]
HD 16456 6750 2.80 3.0  [-1.70]  [-1.41]  [-1.34] [-1.56] [+0.29] [+0.36] [-1.82]
HD 16456 7500 3.00 (3.0) [-1.65]  [-1.39]  [-1.29]  --- [+0.26] [+0.36] [-1.80]
HD 31943 7900 320 40  [-1.04] [-0.44]  [-0.65] [-1.25] [+0.60] [+0.39] [-0.97]
HD 31943 o , [-0.94]  [-0.45]  [-0.66] s [+0.59] [+0.28] [-0.98]
HD 252940¢ 7550 2.95 3.5 [-1.77]  [-1.45]  [-1.25]  [-1.90] [+0.32] [+0.52] [-1.80]
HD 60778 8050 3.10 3.0  [-1.49] [-0.94] [-1.12] [-1.70] [+0.55] [+0.37] [-1.34]
HD 74721 8900 3.30 4.0  [-142]  [-1.18]  [-1.09]  --- [+0.24] [+0.33] [-1.48]
HD 78915 8500 3.25 (2.0) .- [-0.97]  [-1.21] . e o [-1.43]
HD 86986° 7950 320 25 [-1.81]  [-1.26]  [-1.30] [-1.80] [+0.55] [+0.51] [-1.66]
HD 8704 7% 7850 3.10 2.0.  [-2.47]  [-2.01]  [-1.87] --- [+0.46] [+0.60] [-2.43]
HD 8711 9750 350 200 [-1.46]  [-1.09]  [-1.17]  --- [+0.37] [+0.29] [-1.56]
HD 93324 8250 310 20  [-1.32] [-0.81] [-0.82] [-1.39] [+0.51] [+0.50] [-1.30]
BD +32218& 10450 2.10 1.0  [-1.11]  [-1.04]  --- . [+0.07] .-+ [-1.45]
HD 106304’ 9750 3550 (2.0)  --- [-0.82]  [-1.21] . - S [-1.34]
BD +42230% 8800 320 20  [-1.63]  [-1.20]  [-1.13]  --- [+0.43] [+0.50] [-1.62]
HD 109995¢ 8500 3.10 30  [-1.72]  [-1.38]  [-1.29]  --- [+0.34] [+0.43] [-1.70]
BD +25260% 8400 3.20 4.0  [-1.98]  [-1.69]  [-1.61]  --- [+0.29] [+0.37] [-1.98]
HD 117880° 9300 3.30 2.0  [-1.64]  [-1.05]  [-1.25]  --- [+0.59] [+0.39] [-1.51]
HD 12880% 10300 3.55 2.0  [-1.45]  [-1.09]  [-1.21]  --- [+0.36] [+0.24] [-1.56]
HD 130095 9000 3.30 20  [-1.87] [-165  [-1.70]  --- [+0.22] [+0.17] [-2.04]
HD 13009%’ o , e [-1.66]  [-1.84] e e o [-2.05]
HD 13020f 8650 3.50 (2.0) [-1.00]  [-0.20]  [-0.80]  --- [+0.80] [+0.20] [-0.86]
HD 13996K 8500 3.20 30  [-1.71]  [-1.34] [-122] - [+0.37] [+0.49] [-1.68]
HD 139961 o 3.0 [-1.33]  [-1.39] [-1.66]

HD 161817 7550 3.00 3.0 ['—'1’.55] [-1.23]  [-1.11] .[.—.1.76] '[V+'o.32] ’[’40.44] [-1.64]
HD 167105 9050 330 30  [-1.56]  [-1.31]  [-1.18]  --- [+0.25] [+0.38] [-1.66]
HD 180903 7700 310 30  [-1.43] [-0.88] [-0.87] [-1.40] [+0.55] [+0.56] [-1.32]

HD 180903’ [-1.47]  [-0.80]  [-0.82] . [+0.67] [+0.65] [-1.27]

HD 202754 7500 3.05 20  [-2.16] [-1.87] [-1.72]  [-2.00] [+0.29] [+0.44] [-2.35]

HD 20275¢ o [-2.08]  [-1.92]  [-1.78] o [+0.16] [+0.30] [-2.40]

HD 213468’ 9150 3.30 (2.0)  --- [-1.25]  [-1.02] e o [-167]
Sun 10g(Niem/Niot) Fe=—4.54 Mg=—4.46 Ti=—7.02 Ba=-9.91

K. KPNO spectra®: CAT spectra* Derived from Mgi1 \ 4481 (see text).

affected by the value of; the change varies from 0.2 dex forCAT spectra, the observed waveband is not large. We inferred
HD 4850 and HD 13780 to 0.05 dex for HD 106304. The effetlie presence of these errorddg ¢ f as follows.
of £ on the Fa and Far abundances is very small in all these  Our first estimate of the abundance was made by fitting the
stars. measured equivalent widths (Wof the apparently unblended
lines to those computed by Kurucz's WIDTH program. We
therefore have an abundance for each line and the difference
between this abundance and the mean for that species in a given
The errorsiflog g f can be a significant source of uncertainty i§tar is calledA[m/H]. This quantity, when averaged over all
only afew lines of a species are available for measurement. Toig program stars,((A[m/H])) is shown in Fig. 8 for both the
can happen if the star is very metal-poor (e.g. HD 008376) Feir and Tiir lines. It shows little correlation with equivalent
that only the strongest lines are measurable or, as with the ES@dth (the W, on the left of Fig. 8 are those for HD 93329 which
has an intermediaté.g).

9.3. Errors inlog g f
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Fig. 8. A[m/H] s the difference between the abundance derived from
a given line and the mean abundance of that species for that star.

(A[m/H]) is the mean value of this quantity for each [Hdine (above)

and [Timr] line (below). This mean is plotted against the equivalent
width (on the left) and against the same quantity from the BHB spectra
of Lambert et al. (1992) (on the right).

Table 12. The effect of the microturbulent velocifyon the abundances

Table 11. Abundance changes produced by uncertainties 190 K 4
in Tos and+0.1 inlog g E
AR
Star Elem Aloge Net error g b
AT.e Alogg £ b
+100 +0.1 Vo2
@) (2 ®3) 4) ®) W
HD 161817 Mgui =+0.04 +0.04 0.06 T
Tes 7533K  Ca  +0.08 +£0.02 0.08 0
log g 3.00 Tin  +0.04 +0.04 0.06
Crt  £0.09 40.01 0.09 N
Fer +0.08 +0.01 0.08 C
Fen +0.03 +0.03 0.04 A 2F ;
Ban  +0.09 4001 0.9 g Y
HD 139961 Mgr +0.00 +0.02 0.02 é ° -
Teg 8517K  Tim  +0.06 +40.02 0.06 v a2
log g 3.23 Cmi  +0.04 +£0.02 0.04 =
Fer +0.10 +0.03 0.10 A }
Fem +0.04 +0.02  0.04 o
HD 167105 Mgr +0.01 +0.01 0.01
Ter 9025K  Tin  +£0.07 +0.01 0.07
log g 3.29 Cm1  +0.04 +0.02 0.04
Fer 40.10 +0.04 0.11
Fen +0.04 +£0.02 0.04
HD 87112  Mgu +0.01 4001  0.01
T.r 9733K  Tinm  +0.06 =+0.01 0.06
log g 3.48 Cm  40.03 +0.02 0.04
Fer +0.09 +0.04 0.10
Fen +0.03 +0.03 0.04

Star Elem log(Neiem /Niot)
€=2.0 £=3.0 ¢£=4.0
(A[m/H]) was also computed (for the same lines) frorhiD 4850 Mg  -5.10 -5.34 -5.53
the BHB star data of Lambert et al. (1992) and is called Tim  -7.65 -786 -7.95
(A[m/H])Lms. It is seen that there is a correlation between Fer -586 -587 -5.87
the values of A[m/H]) determined from our data and those of Fer  —-5.76 —-580 -582
Lambert et al.; moreover the range in this quantity is markedgp 000145  Mgr  -6.46 -6.51 -6.54
greater for the TiI lines than for the Fa ones. This scatter in HD 13780 Mgn —-548 -5.69 -5.82
(A[m/H]) is greater than can be accounted for by measuring Tim —-7.90 -811 -8.20
errors (the vertical error bars) and must be caused by a factor Fer 597 -598 -5.60
that is intrinsic to each species and which is common to both Femr —6.01 -6.04 -6.06
our calculations and those of Lambert et al. It seems most likéhy 14829 Mgu —6.40 -6.47 —6.53
that it is caused by errors in the assunheglyg f. HD 78913 Mgt -543 -5.64 -5.78
Tim —8.23 —-841 -—-8.50
_ HD 106304 Mgr —-5.28 -549 -5.64
9.4. Non-LTE effects Tin —-823 -8.27 -8.29
The models used to derive our abundances assume LTE copgi-130201 Mg: -4.66 —4.86 —5.06
tions. In hot stars, however, UV radiation can cause thestetes Tin -7.82 —-7.94 -8.00
to be underpopulated while the Hdines are relatively unaf- Feir 554 -560 -5.63
fected; the effect is expected to increase with decreasing metgl 213468 Mg: -5.71 -587 —6.00
licity. Lambert et al. (1992) tried to allow for this effect by Tin —-790 —7.94 —7.96
adjusting their stellar parameters so as to make][Fe[Fer1] Fer —428 -436 —4.40

=—0.2. Cohen & McCarthy (1997), however, made no non-LTE
corrections in deriving the abundances of BHB stars in M 92.

The T.g of their stars were in the range 7500 K to 9375 Klances, moreover, which they found for their BHB stars were
and were derived from the{fB — V) and (V' — K) colours. in excellent agreement with those previously found for red gi-

They found a mean value fgfFei]—[Fer]) of only —0.08; ants in the same cluster. We fijFe1] —[Fe1r]) = 0.014-0.01
this suggests that non-LTE effects are not significant. The abdior the 27 spectra where we measured bothd&®& Far lines.
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We therefore feel that it is unlikely that our iron abundancessumptions for interstellar reddening. The largest of these is

are significantly compromised by non-LTE effects. Our bariuthe 800 K difference il for HD 130095 for which there is a

abundances (Table 9) were derived from theiB84554.03 large range in the different estimatesiofB — V). In spite of

line alone and gave a mean LTE abundance of [Ba/Fe] frahis, the differences between the abundance estimates for this

nine stars of~0.08+£0.05; hyperfine broadening was not takestar are quite small. For further comments on HD 130095 see

into account and significant non-LTE effects may be expect8ect. 10.6.

for this line (Mashonkina & Bikmaev 1996; Belyakova et al. Gray et al. (1996) give stellar parameters for BHB stars

1998). that were determined from Philip’s $ingren photometry,
classification-dispersion spectra and spectral synthesis. The

9.5. Convection mean'differences between our parameters and theirs for the ten

stars In common are:

For the coolest stars of our samplE.£ <8 000 K) there may

be a problem with the treatment of the convection in the mode(IA[Fe/HD = —0.26+0.05 (£0.16)

atmospheres. Uncertainties of the order of 200 Kip can be ATeg) =+40 K£91 K (272 K)

expected in the sense tHAl; is higher for the mixing-length (2108 g) =—0.09+0.02 (-0.06)

parameter I/H = 1.25 that we adopted than for the lower valgg,o systematic difference between @y and those of Gray et
I/H =0.5 suggested by Fuhrmann et al. (1993, 1994). Als0@ 4re much smaller than for those given by Adelman & Philip.
different convection theory, like that of Canuto & Mazzitellirhe apundance estimates of Gray et al. from their low resolution

(1992) leads to a very low convection (or no convection) in stagectra, however, average 0.2 to 0.3 dex more metal rich than
hotter than 7 000 K, so thdt.s derived by adopting this theory /s

may be lower than that derived by us. We feel, however, that

more accurate observations that allow a more precise location _ _

of the continuum and more discussions on the theories adoptd?- Comparison of BHB abundances with those
to compute the Balmer profiles are needed in order to confirm  ©f other types of halo stars

the superiority of other convections over that adopted by US-Tﬁﬁcluding BD +32 2188, BD +00 0145 and HD 16456, we
effect of convection on the colour indices and Balmer profileggye 28 stars that from their stellar parameters, abundances,
and therefore on the.q derived from them, has been discussefl;, ; and kinematics have a very high probability of being
by Smalley & Kupka (1997), van't Veer-Menneret &8dsier gy stars. HD 202759 has been classified as a type ¢ RR Lyrae
(1996), Castelli et al. (1997), and Gardiner etal. (1999).  gtar, putits/-amplitude is so low< 0.1 mag), and it is S0

high (7500 K), that it has been included with the BHB stars. The
[Fe/H] of these 28 stars lie in the rang®.99 (for HD 31943)

to —2.95 (for HD 8376) with a mean value ef1.674+-0.08 and
10.1. Comparison with previous observers anrms dispersion &) about this mean af£0.4&]. We compare

e3€ parameters with those of other types of halo stars in Ta-

10. Discussion

h
Table 13 compares model parameters and abundances fotl.\ ;
by us (KCCBHV) with those given by other authors. Stella'? e 14. The small group of nearby red horizontal branch stars

abundances are relative to the solar values from Grevesse e%ﬂlta_ken from Pilach_owski etal. (1996). The ”ef?"'?y RR Lyrae
(1996), as given at the end of Table 10. Parameters from de BB&S include those with abundances by C_:Iementml etal. (1.99.5)
etal. (1997) (BTS) are only averages of previous determinatio d by L_ambt(;rt etal. |(1996)' 'Lhe(;ﬁ%glgn\t(s arzg tlh;;: VYII_t:m
taken from the literature. Takeda & Sadakane (1997) estima p(i lr)orln (Ia S?mp N g|;/:n yl : Id % A oshi c(JI f )1'9896
the stellar parameters of HD 161817 from the literature. Th 0 globular clusters are those listed by Armandroff ( )-

obtained a microturbulent velocigy=4 km s~ from an analysis e first sample is a subset of 21 of these clusters whose [Fe/H]
of O'1 lines in this star and suggested thas depth dependent. has been given by Carretta & Gratton (1997). The second sam-

The mean differences between our parameters and a Iﬁ contains all those in Armandroff’s list, using Carretta &

dances and those found by Adelman & Philip (1990, 199 ratton’s abundances for 21 of the clusters while for the re-
1996a) for the nine stars we have in common are: ' mainder, the abundances given by Armandroff (which are on

the Zinn & West (1984) scale) were converted to the system of

(A[Fe/H]) = 4-0.08+0.05 0.14) Carretta & Gratton using the quadratic relation given in their
(A[Mg/H]) = —0.02+0.14 (0.35) papetd. The halo clusters, on the average, appear to be 0.1 or
(A[Ti/H]) = +0.16+0.05 (-0.14) 0.2 dex more metal-rich than the field halo stars. On the Zinn
(ATeq) =+331 KE75 K (£212 K) 1 The 24 BHB stars for which we derived abundances from high
(Alogg) =+0.10+0.10 (0.27) resolution spectra have a mean [Fe/H}-af.66+0.09. The four BHB
(Af) =+1.0£0.4 *1.0) stars for which an abundance was estimated from therNf@481)

] . line have a mean [Fe/H] of 1.714+0.27
where the numbers in parentheses arerthe differences be- 12 The most metal-poor cluster, NGC 5053, lies outside the range

tween the individual determinations. The most significant dif this relation. This makes the metal-poor limit of this cluster sample
ference is inT,g and this may well be traceable to differentincertain but scarcely affects its mean value.
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Table 13.Comparison of stellar parameters and abundances from different authors

Star T logg £ [Fe/H] [Mg/H] [Ti/lH] [Ba/H] Source
(K) kms™!

(1) 2 O (4) (5) (6) (1) (8) 9)

HD 2857 7550  3.00 3.0 [-1.73] [-1.30] [-1.17] [-1.84] KCCBHV
7700 310 .- [-1.5] e e GCP

HD 14829 8900 3.20 - [-2.39] [-2.01] --- e KCCBHV
8700 3.30 e [-2.0] e e GCP

HD 60778 8050 3.10 3.0 [-1.49] [-0.94] [-1.12] [-1.70] KCCBHV
8600 3.30 e [-1.0] e e GCP

HD 74721 8900 3.30 4.0 [-1.42] [-1.18] [-1.09] --- KCCBHV
8600 3.30 1.4 [-1.40] [-0.96] [-1.00] --- AP96
8600 3.30  --- [-1.5] e e GCP

HD 86986 7950  3.20 25 [-1.81] [-1.26] [-1.30] [-1.80] KCCBHV
7800 3.10 2.2 [-1.80] [-1.21] [-1.35] [-2.15] AP96
8050 3.20  --- [-1.5] e e . GCP

HD 93329 8250 3.10 2.0 [-1.32] [-0.81] [-0.82] [1.39] KCCBHV
8150 3.10 2.4 [-1.40] [-0.96] [-0.98] [-1.65] AP96

BD +42 2309 8800 3.20 2.0 [-1.63] [-1.20] [-1.13] --- KCCBHV
8400 3.30 o [-1.5] e e GCP

HD 109995 8500 3.10 3.0 [-1.72] [-1.38] [-1.29] --- KCCBHV
8150 3.25 1.7 [-1.89] [-1.28] [-1.39] ---  AP94,AP96
8300 3.20 p [-1.5] e e GCP
8300 3.15 BTS

HD 128801 10300 3.55 2.0 [-1.45] [-1.09] [-1.21] --- KCCBHV

10250 3.40 0.0 [-1.26] [-0.79] [-1.33] --- AP94,AP96

HD 117880 9300 3.30 2.0: [-1.64] [-1.05] [-1.25] --- KCCBHV
9200 3.40  --- [-1.5] e e GCP

HD 130095 9000 3.30 2.0 [-1.87] [-1.65] [-1.70] --- KCCBHV
8300 3.45 2.0 [-2.03] [-1.55] [-2.09] ---  AP94,AP96
8950 3.40  --- [-1.5] e e GCP
8800 3.40 BTS

HD 139961 8500 3.20 3.0 [-1.71] [-1.34] [-1.22] --- KCCBHV
8750 3.30 BTS

HD 161817 7550  3.00 3.0 [-1.55] [-1.23] [-1.11] [-1.76] KCCBHV
7225 2.80 2.3 [-1.66] [-1.98] [-1.43] [-2.01] AP94,AP96
7600 3.10 o [-1.2] e e GCP
7500 2.95 i e BTS
7500 3.00 4.0 F-1.5] e e e TS

HD 167105 9050 3.30 3.0 [-1.56] [-1.31] [-1.18] --- KCCBHV
8550 3.30 2.0 [-1.80] --- [-1.42] e AP94,AP96

HD 202759 7500 3.05 2.0 [-2.16] [-1.87] [-1.72] [-2.00] KCCBHV
7000 2.30 0.6 [-2.36] --- [-1.85] e AP90
7400 3.10 . PB

KCCBHV:this paper; AP90, AP94, AP96: Adelman & Philip (1990, 1994, 1996a); GCP: Gray et al. (1996) BTS: de Boer at al. (1997); PB:
Przybylski & Bessell (1974); TS: Takeda & Sadakane (1997)

& West scale, they would have had more comparable metallased, tended to accentuate the discovery of the most metal-poor
ities. The red giant sample contains a greater fraction of vestars. The large subdwarf samples of Ryan & Norris (1991),
metal-poor stars than the other groups. Thus, 30% of the redathough they contain stars in the range +0:(He/H]>—-3.70

ants have [Fe/H{—2.00 while only between 5 and 10% of theand presumably include thick disk stars, have a maximum fre-
globular clusters are this metal-poor; this difference is signifijuency in [Fe/H] at-1.65. This is similar to what we find for
cant at better than the 1% level. This is possibly because mahg field halo stars but not for the halo globular clusters where
of the red giants were discovered in the objective-prism survethe maximum frequency is0.3 dex more metal-rich. Thus, al-

of Bond (1970, 1980) which, while being kinematically unbithough the [Fe/H] abundances which we have derived for the
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Table 14.Comparison of the distribution of [Fe/H] in our BHB stars RrTT [TT T T T rrT
with that of other samples of halo stars. * m

Type & No. [Fe/H]
of stars Range Mean o

BHB starg (28) —0.99t0-2.95 —1.67+0.08 +0.42
RHB starg (14) —-1.17t0—2.26 —1.62:£0.11 40.40

! BHB stars (this paper).

2 Pilachowski et al. (1996).

3 Halo RR Lyraes (see text).

4 Chiba & Yoshii (1998) (Red Giants within 600 pc).
5 Halo globular clusters (see text).

5 Halo globular clusters (see text).

RR Lyra€ (39) —1.11t0—2.49 —1.61+0.06 =+0.35 &
R. Giant$ (46) —0.92t0—2.82 —1.78+0.07 40.50 ~
Halo®®(21) —0.96t0—2.16 —1.50+:0.08 =+0.35 %
Halo®®(76)  —0.79t0—2.71 —1.40+0.04 40.35 —
Qg
af
°

BHB stars is in general agreement with those found for other lo- 4/‘ T "
cal halo stars, they are apprema_bly more metal—poo_r than those 105 4 395 39 385 28
of the halo %obular clusters. This discrepancy requires further log Te K]
investigationd.

Fig.9. The 28 BHB stars (filled circles) and the RR Lyrae star
) . HD 016456 (filled triangle) in théog Tex — log g plane using the
10.3. Comparison with ZAHB models mean values given in Table 11. The lines show the ZAHB O-enhanced

The T, andlog ¢ that we adopted for the analysis of the Kit?;gdels of Dorman et al.(1993) (1) and the models of Straniero et al.
€

- riv. comm.) (2) and the He-enhanced models of Sweigart (1997,
Peak and ESO-CAT spectra (Table 10) are plotted in Fig. 9. T 9) for AXmix = 0.00 (3) andAXmix = 0.10 (4). The models of

28 stars that have a high probability of being BHB stars agg),q g cassisi for [Fe/H] = 2.5 and— 1.7 are shown by (5) and (6)
plotted as filled circles and the c-type RR Lyrae star HD 164%6spectively.

as a filled triangle. For comparison we show the ZAHB models

of Dorman et al. (1993) with [m/H] =1.48 and [O/Fe] = 0.6,
the model_s of Straniero et al. (199.8’ priv. comm.) with [m/H] ?equired. The difference is, however, comparable with the er-
~13 _(equwalent to [m/H] = 1.6 with-enhancement +0.4, S€€ors in the computed gravities so that no definitive conclusion
Salaris et al. 1993) and the He-enhanced models of Swe'qgr[fossible

(1997, 1999) AXmix = 0.0 and 0.18 with [m/H] = —1.56). '
We also show models by Bono & Cassisi (1999, priv. comm.)

for [Fe/H] = —1.7 and—2.5; these illustrate the small metal-10.4. Projected rotational velocities in 7)

I'C'tt.y fdetpendence tt?at ILSDp{?;)ezrc])ti Tr;]((a);\grgem?nt IS ger;le@g/terson et al. (1983) measured the projected rotational veloci-
satistactory except for WNOSEr IS NOLVETy WEHl 409 (v sin 4) of eight of the brighter field BHB stars from echelle

determined. A similar plot for the BHB stars in globular clus: : ;
. spectra (resolution of 24 000) and found rotations of up to 30
ters (both metal-poor and the metal-rich NGC 6388, NGC 64 P ( W ) y ! up

. L 1. Pet 1983, 1985 d 1985b) al d th
NGC 362, and 47 Tuc) has been given in Fig. 8 of the recent. S eterson ( aan ) also measured the

[ ; of HB stars in the globular clusters M3, M5, M13, M4
review by Moehler (1999). Atog T.q = 3.95, the metal-poor . "'« g

. and NGC 288. More recently, thesin i of 67 HB stars in M3,
globular cluster BHB havieg g in the range 2.90to 3.44 and arqv]5, M13 and NGC 288 have been measured by Peterson et al,

mostly .concentra.ted in the range 3.10 to 3.40. We ha\(e ele %95, hereafter PRC). Also, Cohen & McCarthy (1997) have
BHB .W'th log Teg I the_ range 3.93 10 3.97 and and the|r_ MeAeterminedvsini for 5 HB stars in M92 from HIRES Keck
log g is 3.27, so there is good agreement between the field Cgectra. Behr et al. (2000) have also measuréd i for stars

cluster BHB stars in th&.g vs log g plot. Both field and cluster in M13. Rotations of up to 40 kn2 were found in both M13

BHB stars tend to lie slightly above the ZAHB, suggesting eith%'hd M92 for HB stars whosE.; were less than 11000 K. PRC

that some evolution is present or that some He-enhancementJs | find no correlation betwee(— V) andu sin i. Cohen &

13 Current abundance estimates of late-type halo stars are geneMﬁpafthy suspected apossible trend efn ; with apundance.
based on LTE analyses. The problem of NLTE effects in these stars is 1 N€ resolution of most of our spectra (15 000) is not enough
discussed by Gratton et al. (1999) and bye¥énin & Idiart (1999).  for us to make definitive measurementsuvefin 4, but we can

14 AXmix is @ measure of the amount of helium that is mixed into th@istinguish quite easily between stars with gin i of less than
envelope of the red giant precursor of the HB star. 15 km s! and those with @ sin i ~ 30 km s*. We chose to use
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50 T Table 15.The rotational velocity sin i) for BHB star candidatégde-
- - termined from the Mgt \4481 line). The Sttimgren index3 for the
B O: same stars determined both photometrically and from our spectra.
40 — —
B ] vsingt vsing? £ 3P
“n - - Star (kmsh (kms™h)
g 30| - ) @) ® @ ©®
= - 7 HD 2857 28 30 2787 2.779
s — - HD 4850 e 14 2846 ---
g o0 ; HD 8376 20 10 2.835 2.837
v — - HD 13780 e 14 2816 ---
@ L B HD 14829 e 07 2.858
B - HD 16456 15 14 e cee
10 — ] HD 31943 13 16 2.814 2.806
— - HD 252940 25 24 2.768 2.776
L B HD 60778 15 11 2.834 2.835
0 | Ly HD 74721 10 02 2.859 2.856
4 .8 1 1.2 HD 78913 14 2842 ...
FWHM (F) (4) HD 86986 15 04 2.825 2.827
Fig. 10.A plot of v sin ¢ against the FWHM of the Mg A\4481 doublet HD 87047 12 00 2.797 2810
for BHB stars observed by Peterson et al. (1983) (filled circles) aH 87112 10 03 2840 2.823
IAU standards (open circles). The adopted calibration is shown by 93329 15 07 2825 2832
rve. D+322188 05 00 2633 2.592
HD 106304 . 10 2.845 ...
BD +42 2309 35 35 2.844 2.856
the Mgt (A 4481) linéd and measured its FWHM (F) with theHD 109995 27 25 2.848 2.852
IRAF routine that employs a simple gaussian fit. Then i of BD +252602 20 12 2.850 2.855
seven field BHB stars observed by Peterson et al. (1983) wélf¢ 117880 15 13 2.855 .-
used to convert the FWHM tosin ¢ with the relation: HD 128801 14 04 2.816  2.800
HD 130095 12 07 2.855 2.847
vsing = 59.0 x / (F? — K) HD 130201 16 2.860 ---
. HD 139961 35 39 2.858 2.852
where F is inA and the constant K is 0.221 for the Kitt PealdD 161817 17 17 2,746 2.777
spectra and 0.151 for the ESO CAT spectra. The fit for the KD 167105 22 21 2.849 2.856
Peak spectra is shown in Fig. 10. A number of early-type st&t® 180903 20 17 2.800 2.789
whosev sin i are given in the IAU Transactions (1991) were alsgP 202759 15 07 2.770  2.759
HD 213468 e 12 2.849

observed and they are shown by open circles. Th&ir i follow
the same trend with F as the calibrating BHB stars (filled circlespetermined from synthetic spectra.

buttheirv sin ¢ are systematically lower for a given F. The reasohDetermined from FWHM of line (Sect. 9.4).

for this discrepancy is not understood but we have chosenftomitting BD +00 0145 because of the poor quality of the spectrum.
follow the calibration defined by the observations of Peterson’eAdopted photometric value (Table 1)

al. (1983) because our main interest s to compare eur; with  ” Determined from H (Sect. 3).

those obtained by PRC for the BHB stars in globular clusters.

We p0|nt10ut, however, that the use of our relationdeimn i > the fractional errors in the estimates are greater and so there
30km s does involve a small extrapolation beyond the range 5 hoorer correlation. In any case, we should not expect the

of the calibration. Had we used a calibration based on tr;e IAlo quantities to be identical since thein i determined from
standards, our computedin i would have been about 60% Ofihg g1 Jine have been forced onto the system of another ob-

those given in Table 15. o _server, whereas the rotational broadenings deduced from the
In Fig. 11(b), we compare thesin that were determined e/ involve different assumptions. In Fig. 11 (a) we com-
from the FWHM of the Mgt line with the estimates of the r0- ,16 the, sin i that were obtained from the ESO-CAT spectra
tational broadening that were obtained in fitting the observeg, ihose obtained for the same seven stars (six BHB stars and
and computed Mg line profiles. There is a good correlation, 140194) with the KPNO couaifeed. The good agreement
between the two forsini < 15 km s°* ; for smallervsini, pepyeen these independent estimates «fi i fully supports

15 This close doublet was used by Slettebak (1954) for his study {6 conclusion that our data can be used to distinguish between
the rotational velocities of stars of spectral types B8 to A2. The lif@rs With avsini ~ 30 km s'! and those of lower rotational
was also used by Glaspey et al. (1989) to dewivim i for two HB stars  VElOCity.
in NGC 6752. The line is strong over a wide range of spectral types The dependence afsini on the metallicity is shown in
and is essentially unblended. panel (a) of Fig. 12. Although the six most metal-weak stars
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Table 16.Meanwv sin ¢ and deprojected rotational velocities in field and cluster stars

System No.of wsini O] V (v —19)?
Stars kms!

(2) ) (3) (4) (5)

Field BHB stars (this paper) 28 14.0 17.8 10.3

Clusters M3, M13*, M92* & NGC 288" 72 13.6 17.3 9.0

Clusters M3, & NGC 288 38 10.3 131 3.8

Clusters M13 & M92P 34 173 220 10.7

# Data from Peterson et al. (1995).
b Data from Cohen & McCarthy (1997).

Table 17.Mean values of [Mg/Fe] and [Ti/Fe] from various sources.tional errors than those of the globular cluster HB stars, the
vsini, v andy/ (v — ©)? of our sample well match the whole

{[Mg/Fe]) ([TilFel) ([Fe/H]) No. Ref. sample of globular cluster HB stars. This suggests that the two
+0.43-0.03 +0.44-003 —1.66 24 (1) subgroups of globular clusters with lawand./ (v — )2 (M3
+0.33:0.02 +0.230.02 -068 19 (2 & NGC 288) and highv and/ (v — ©)2 (M13 & M92) are
+0.3740.05 +0.32:0.02 —1.60 8 (3) fairly equally represented in the field. None of these samples
e +0.28+0.02 -1.62 11 @) show significant evidence for skewness so the characterization
+0.30+0.01 e -18 60 (5 of the true velocity distribution in terms ofand./ (v — ©)? is
+0.48£0.02  +0.420.02 -213 20 (6) sufficient. Itis to be noted that thg (v — )2 of the low veloc-

+0.42:0.03 +0.220.02 -215 9 (7
+0.23:0.03 +0.2:0.03 -1.60 11 (8)
+0.37:0.02 +0.38:0.02 -1.09 16 (9)

ity group must be very largely produced by observational error
so that the intrinsic dispersion in this subgroup must be very

low.
(1) BHB stars (this paper).
(2) Edvardsson et al. (1993) (Thick disk:
Age> 10 Gyr; Orbital Ecc> 0.35; [Fe/HK—0.50). 10.5. Abundances of theelements
(3) Clementini et al. (1995) (halo RR Lyraes). It is well known that then-elements are more abundant rel-

(4) Gratton & Sneden (1991) (metal-poor dwarfs and giants).

) : i ative to iron in metal-poor halo stars than in disk stars with
(5) Pilachowski et al. (1996) (halo giants).

(6) Magain (1989) (halo dwarfs) solar abundances (Wheeler et al. 1989). The exact form of this
(7) Nissen et al. (1994) (metal-poor dwarfs and subgiants). enhancement may differ somewhat from element to elgment.
(8) Stephens (1999) (halo dwarfs: eccentric orbit). Thus Boesgaard et al. (1999) have found a linear relation be-
(9) Clementini et al. (1999) (Hipparcos stars: [FefH]0.50). tween [O/H] and [Fe/H] in the range Q:QFe/H]>—3.0, but
the relation is less well-defined for otherelements such as
Mg and Ti. The mean abundances of these two elements (rel-

have lower than averagesin 4, it is not thought that these dataative to iron) are given in Table 17 for the BHB stars in our
show anysignificantrend ofv sin ¢ with metallicity. The middle sample and for a number of other samples of metal-poor stars
and lower pane|s of F|g 12 show p|otsr@§ini against(B — of similar metaII|C|ty All of these other Samples are Iate—type
V), for the HB stars in globular clusters (middle) and for oupalo stars except for the old metal-poor selection taken from
field BHB (below). The distributions in the clusters and in thihe thick-disk stars of Edvardsson et al. (1993) and the halo RR

field are similar and in neither case is there a trend seen betwk¥gi@e sample of Clementini et al. (1995). Some systematic dif-
vsin ¢ and colour. ferences may be expected between the abundance ratios found

The interpretation of the observed distributionain i in ~ for the different samples because they are derived from differ-
terms of a randomly oriented population has been discussedEhy lines of these elements and also different ionization states
Chandrasekhar & linch (1950) and by Brown (1950). Brown,2nd undoubtedly systematic errors are present in their assumed
in particular, points out that the true distribution of rotational véog g f. Also, the abundance determined from the V34481
locities can only be determined from relatively large sampld#e can be quite sensitive to the assumed microturbulent ve-
It is possible to put some constraints on the true distributid®city (Table 12). Under these circumstances, we consider that
using the expressions given by Chandrasekhar 8nth for thea-elementenhancementin our BHB sample isin reasonable
the mean and mean square deviation of this distribution (the@reement with other recent determinations for halo stars.

Eq. (20)). Table 16 gives the mean projected rotational velocity

(vsinz), the mean true rotational velocity)(and the root mean 10 6. BHB binaries and HD 130095

square deviation of this true rotational velocity (v — 7)2)

in km s~! for our sample of field BHB stars and for varioudinaries may be expected among halo stars and a discussion of
samples of globular cluster HB stars. Bearing in mind that otii€ir possible effect on the abundances has been given by Ed-
measured sin i undoubtedly have somewhat larger observyardsson et al. (1993) and Clementini et al. (1999). We have no
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Fig. 11. aA comparison of the sin ¢ obtained (using the FWHM of the
Mg 11 doublet) from spectra taken with the ESO-CAT (ordinate) witﬁzqnil(sgré\?:;é)c :S;i;)tg(in‘]/;:og ebnsffs'g;)cfg:tgxr(ﬁljngpéoétgfrs
those obtained from spectra of the same stars taken with the Kitt Péak g 0 '

couck feed (abscissalp. A comparison of they sin ¢ obtained (using

the FWHM of the Mgt doublet) for the Kitt Peak coudfeed spectra period of about seven months seems to be possible, although far

(ordinate) with that determined from the same line using the synthefigm certain. Now ifP is the period in years, is the semi-major

spectra. (abscissa). axis of the orbit (in A.U.) andn; andm. are the masses of the
two components (in M), then

direct evidence from the spectra that there are any bmanes@m: P2 % (my +my)
our sample except that HD 130095 may have a variable radial

velocity although it does not appear to vary in light (ESA HipH we assume equal components with a combined mass of 1.2
parcos Catalogue 1997, Stetson 1991). Although the publishidd,, then the semi-major axis will be 0.74 A.U.; this is some-
radial velocities of this star (Table 18) show a spread of over Bfhat larger than the radius of the red giant progenitor of the
kms~!, more than half of these velocities liea 5 km s ! range HB star ~100R>). The other component might possibly be
centered on +63 km3. It does not seem entirely impossiblean equally metal-poor subdwarf ([Fe/H]=2.0) whose lines
that HD 130095 has a constant velocity of +63 km and that would not be easily detectable in the spectrum of HD 130095.
the errors of the velocities that are outside this range have b&rch a star would be much less luminous than but of com-

greatly underestimated. If, however, the spread is real, theparable mass to the HB star. Such a companion would not be
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Table 18. Radial velocities of HD 130095. observations using the more recent ephemeris given in the Hip-
parcos Catalogue (1997) (Column 3 of Tablé"§9Jhe effective
Date (UT) Radial velocity (kms')  Source temperatures which are given by Solano et al. and also the one
1960 Apr23  +46.0 N} which we derived from the Kitt Peak spectrum are given in Col-
1963 Feb 13  +73 2 umn 4. CS Eri is intermediate in metallicity and amplitude to
1963 Mar01  +64 (2) the two c-type variables T Sex\(/ = 0.42 mag) and TV Boo
1963 May 19  +55 (2) (AV =0.60 mag) and has a similar period. Using Thg given
1964 Apr28  +61.0 ) for these stars by Liu & Janes (1990), we deduce that the max-
1964 May 28 ~ +42.9 ) imum and minimumZ,.g for CS Eri should be 7475 K and
969 May 23 +63 2) 6725 K respectively. This minimufi.g is in good agreement
. +65+2.4 (3) . . ; :
1980 Jul +83.6 @) with the T,g deter_mmed from the Kitt Peak spectrum which
1982 Apr08  +64.31.0 ) was taken near minimum (phase 0.42). The abundan_ce deduced
1982 Apr17  +65.8:1.0 (5) from the ESO-CAT spectrum (phase 0.92, near maximum) as-
+964-2 (6) sumingT.g = 7500 K agrees well with that deduced from the
1995 Apr29  +65.6:0.8 (7) Kitt Peak spectrum; their mean is [Fe/H}=L.67. Table 20 also
1995 May 03  +66.8-0.7 8) gives the [Fe/H] that was derived for the fréines alone since,
. at theT,g of RR Lyrae stars, the strengths of these lines are less
Eg :ﬁ )(/Egli()l & Kennedy (1965b) sensitive both t@.g and NLTE effects than those of F@~ern-
(3) Greenstein & Sargent (1974) ley & Barnes 1997). Our abundances for [Fe/H] are therefore
(4) Kodaira & Philip (1984) ~0.2 dex lower than those found by Solano et al. (1997).

(5) Peterson et al. (1983)

(6) Adelman & Philip (1990) ]
(7) This paper (ESO-CAT) 11. Summary and conclusions

(8) This paper (KPNO cougfeed) The purpose of this paper is to determine stellar parameters

(e.g.vsini, Teg & logg) and chemical abundances that will
particularly bright in the infrared and so would not have beeHlow us to isolate a local sample of BHB stars by their phys-
discovered in the survey for infrared-bright companions of halea! properties. All of our sample of thirty one candidate stars

stars by Carney (1983). appear to belong to the halo, but BD +32 2188 (a post-AGB
It is known (Smart 1931) that star), BD +00 0145 (a possible cool sdB star) and HD 16456
(the RR Lyrae star CS Eri) are not BHB stars. HD 202759, al-

Asini = 68757 (a + B)y/(1 — €?) though classified as an RR Lyrae star (AW Mic), has such a low

. . L . L -amplitude & 0.1 mag) and high,g (7500 K) that it has
w_hereA|s _the semi-axis major (in k’.“)' Tisthe _penod (|_n day reen included with the BHB stars. Our spectra of HD 14829,
e isthe orbital eccentrl|C|ty an@x(+ 0) is the velocity amplltyde. HD 78913, HD 106304 and HD 213468 were not of sufficient
If we assume a velocity amplitude of 50 km’s then we find quality for a complete abundance analysis although we were
sini = 1.5 x /(1 — €2) able to estimate [Fe/H] from their Mg (A\4481) lines.

Of the twenty eight stars which we classify as BHB stars, the
which requires that > 0.75. Thus the published radial veloci-most doubtfulis HD 139961 because it has the largeisti and
ties are not incompatible with HD 130095 being a binary, butdso an unusually low orbital eccentricity (0.@)It is also
does seem highly desirable to make new velocity measuremeM&V 7204 in the New Catalogue of Suspected Variable stars,
over a period of several months so that the reality of the vaKukarkin etal. (1982). Corbenetal. (1972)found arange of 0.08
ability can be confirmed and a period established. The stamisgnitudes i/ over six observations. The 85 observations of
relatively bright {/ = 8.15) and at declination27°; the obser- this starin the ESA Hipparcos catalogue, however, show arange
vations would most easily be made in the southern hemispheareonly 0.05 magnitudes; this corresponds ta-afs deviation

. . 16 The radial velocities indicate that these phases are reasonably cor-
10.7. The RR Lyrae variable CS Eri (HD 16456) rect. DH Peg is a c-type RR Lyrae star that hds-amplitude of 0.51
Solano et al. (1997) observed CS Eri (HD 16456) with an Inf3ag that is only slightly smaller than thé-amplitude (0.55 mag) of
age Tube spectrograph (resolving power 19 000) on the SA,&é Eri. Jones et al. (1988) have determined a precise radial velocity
1.9-m telescope at Sutherland in July, 1995. They determir&ljve for DH Peg so that the difference between the radial velocity

. . : and they-velocity at each phase is known and this may be scaled by
abundances by assuming a microturbulent velog)yof 3.6 the VV-amplitudes to predict the corresponding differences for CS Eri.

km s~ an.d alogg .of 2.75. A summary of their observationsg o, these differences we deriyevelocities of—145.2 and—150.3
and ours is given in Table 19. Solano et al. found the phas@$s-! for CS Eri from the Kitt Peak and ESO-CAT spectra respec-
of their observations from the ephemeris of CS Eri given iyely. These agree well with the-velocity of —147 km s given by
the General Catalogue of Variable Stars (Kholopov et al. 1988jlano et al. (1997).

(Column 2 of Table 19). We have calculated phases for all th€ to be discussed in forthcoming paper with Christine Allen.
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Table 19. Spectroscopic observations of CS Eri (HD 16456).

Source Phase Tes [Fe/HP* [Fe/H] Rad. vel.
Gen. Catalogue Hipparcos (kmy
Solano et al. 0.12 0.20 6928 —1.36 e
Solano et al. 0.31 0.39 6679 —1.45 e e
This Paper (Kitt Peak) e 0.42 6750 -1.70 -1.69 —139.8
This Paper (ESO-CAT) e 0.94 (7500) —-165 —-1.65 —158.9

# from the equivalent widths of both the Fand Fa1 lines.
" from the equivalent widths of the Eelines only.
“logg=3.0

of only 0.01 magnitudes. Its colour, moreover, does not putgtoper motion; our sample may therefore be expected to have
near the edge of the instability strip, so that its variablity seerasinematic bias. This bias (inter alia) will be examined in a
questionableThe existence of stars such as HD 139961 shovelowing paper, where we shall compare the galactic orbits of
how difficult the classification of BHB stars can be and hothese BHB stars with those of other nearby halo stars.
necessary itis to use all available criterd/hen large numbers o
of stars are to be surveyed, simpler methods may have to suffiéénowledgementsie thank Saul Adelman for making his spectrum
but one must then expect to get more misclassifications. ThgsHD 161817 available to us and also Giuseppe Bono and Santino
Wilhelm et al. (1999) classify BHB stars with broad banéV’ Cassisi for providing their ZAHB models before publication. We also
colours, Balmer-line widths and the @a(K-line) equivalent thaqk Allen Sweigart for sending us his He-enhanced models in elec-
- . . tronic form. We are grateful to John Glaspey for helpful comments
widths. Among the 18 stars in common with our sample, th

. . a provisional draft of this paper and the referee (Klaas de Boer)
classify the broad-lined A-star HD 203563 as an FHB star a questioning the validity of models for representing far-UV spectra

their [Fe/H] average 0.320.08 more metal-poor than ours withsf BHB stars and for many suggestions for improving the style and
individual stars differing from our [Fe/H] by as much as 0.8 an@adability of the paper. We are pleased to acknowledge the use of the
0.9 dex. IUE Final Archive which is sponsored and operated by NASA/ESA.
Projected rotational velocities §in 7) were determined for This research has made use of the Simbad database, operated at CDS,
each star by calibrating the FWHM of the Mig(\4481) line Strashourg, France.
against they sin ¢ of seven of the stars in our sample that had
previously been detgrmined from‘ecj‘helle spectra by _Peter%bendix A: Comments on other possible
et al. (1983). No obvious trend ofsin ¢ was found with either BHB star candidates
(B—V), orabundance. A simple analysis of thein i (follow-
ing Chandrasekhar & Munch 1950) shows that the deprojectetilip & Adelman (1993) found 19 BHB star candidates
distributions of these rotational velocities are similar to thos® searching the Hauck & Mermilliod photometric catalogue
found in globular clusters. Both havevaf ~17 km s! thatis (1980) for stars with the appropriate &tngren indices (e.g.
intermediate between that of the high rotational velocity clusne of their criteria was that the amdex should exceed 1.15).
ters (M13 and M92) and the low rotational clusters (M3 andragaglia et al. (1996) made preliminary measurements of the
NGC 288). vsini of fourteen of these stars and noted that their rotations
BD +00 0145, HD 14829, HD 78913, HD 106304 angvere mostly too large for them to be BHB stars. Adelman &
HD 213468 should be reobserved since we did not obtain spe®¥ilip (1996b) obtained high resolution spectra of seven of
of sufficient quality for a complete analysis. Improved equivdhese stars (HD 15042, HD 42999, HD 47706, HD 48567,
lentwidths and sin i could be obtained for all our BHB stars byHD 49224, HD 67426 & HD 79566) and also concluded that
using a higher resolution and a larger waveband (e.g. by usthgir rotational velocities were too high for them to be BHB
an echelle spectrograph) so that more lines would be availalsigrs. Of the remaining seven stars observed by Bragaglia et
Improved abundances, however, require a better understamld-five (HD 53042, HD 67542, HD 128855, HD 181119 &
ing of the physical conditions in the stellar atmospheres ahtld 185174) have sin i greater than 60 knts'. Two, however,
more accurate f values as well as more certain determinatior($1D 83751 and HD 140194) havesini ~ 30 km s~ which
of the interstellar extinctions. In this latter connection, morie within the range of rotations observed for BHB stars; both
reliable determinations of the extinction would be possible $tars have Population | kinemaltsand roughly solar abun-
(V — K) colours were available for our entire sample. It is postances; thus in spite of their lowsin ¢, they are unlikely to be
sible that HD 130095 is a binary. Its reported velocity variatiorBHB stars. The remaining five of the nineteen candidates listed
should be checked so that (if these are real) a period can beljePhilip & Adelman were not observed by us but some com-
rived. ments can be made on the probability that they are BHB stars.
As we noted earlier, many of our BHB stars were selecteg}

from the early type stars that were found in surveys for hig The rid'al veloc_mes of HD 83751 and HD 140194 are +13.5 and
+1.2 km s * respectively.
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HD 100548 was classified as G8 Ill by Upgren (1962) from iBeers T.C., Wilhelm R., Doinidis S.P., Mattson C.J., 1996, ApJS 103,
objective prism spectrum. The photometry of this star listed in 433

the Hauck & Mermilliod catalogue (1980) appears to be spgehr B.B., Cohen J.G., McCarthy J.K., Djorgovski S.G., 1999, ApJ
rious because the star is not found among those in the listed>17, L135 _

reference (Drilling & Pesch 1973). Three of the remaining stap§"" B-B., Djorgovski S.G., Cohen J.G., et al., 2000, ApJ 528, 849
(HD 94509, HD 120401 & HD 304325) have very low galac,[igelyakova E.V., Mashonkina L.l., Sakhibullin N.A., 1998, In: Wiebe

latitudes (b< 3°) while HD 123664 is likely to be a member of D.iéged.) Modern Problems of Stellar Evolution. Geos, Moscow,

. o p.
the Scorpio-Centaurus Association (Glaspey 1972; Slawsorhggsgaard AM., King J.R., Delyannis C.P., Vogt S.S., 1999, AJ 117,
al. 1992). It therefore seems unlikely that any of Philip & Adel- 49,

man’s nineteen BHB star candidates have a high probabilitygdnjin r.C., 1996, AJ 111, 1743

being BHB stars. Their work was valuable, however, becauseénd H.E., 1970, ApJS 22, 117

it has shown the need to use criteria in addition t@®gren Bond H.E., 1980, ApJS 44, 517

photometry in the identification of these stars. Bonifacio P., 1989, NORMA: A Program for the Normalization of
Listed below are a number of other stars that have sometimes Spectra. University of Trieste, Astronomy Department, Internal

been suggested to be BHB stars; this list is not intended to be Rep. 20-Apr-1989

exhaustive. Spectra of one of them (BD +33 2171) should Banifacio P., Castelli F., Hack M., 1995, AAS 110, 441

obtained since its classification is doubtful from the availabf§292dlia A., Cacciari C., Harmer D., Kinman T.D., Valdes F., 1996,

. In: Morrison H., Sarajedini A. (eds.) Formation of the Galactic
data. The others are almost certainly not BHB stars. Halo.... Inside and Out. ASP Conference Ser. Vol. 92, ASP, San

HD 52057 Stetson (1991). Kilkenny & Hill (1975) classified ~Francisco, p. 175
the star as B6 and almost certainly subluminous. Br%wn Aj' &952' A%{_tilé’fﬁgm AbJ 192, 793
HD 57336 FHB 24 in Philip (1984). Huenemoerder et ag” ges J.\., KOrbIth KL, 1974, ApJ 294,

. . bidge E.M., Burbidge G.R., 1956, ApJ 124, 116
(1984) noted that the star has Population | metal-line Ch%grcclia?iec 1§ssu;§ﬁ§ 61 4‘07 » AP '

acteristics. Itis broa.d'”ne(.jj Cacciari C., Malagnini M.L., Morossi C., Rossi L., 1987, A&A 183,
BD +332171 FHB 2 in Philip (1984). Its colourB( — 314

V) = +0.276 is too red for it to be a BHB star if the red-caloi V. 1999, A&A 343, 904
dening given by the STD maps (199&)(B — V) =0.021) Canuto V.M., Mazzitelli I., 1992, ApJ 389, 724
is correct. Theysini of 42 km s™! is also somewhat high Carney B.W., 1983, AJ 88, 623

for a BHB star. Carretta E., Gratton R.G., 1997, A&AS 121, 95
HD 176387 Stetson (1991) is the RR Lyrae star MT Tel. ~ Castelli F,, 1999, A&A 346, 564
HD 203563 Stetson (1991) is broad-lined. Castelli F., Bonifacio P., 1990, A&AS 84, 259

HD 214539 Stetson (1991). Feast et al. (1955) discovered%%smé" F. Sr:atton R'Gr']' KuruczR.L., 1997, A&A 318, 841

very high radial velocity (+333 kms) and Przybylski Chandrasekhar S., dch G., 1950, ApJ 111, 142
(1969) found it to be metal-poor and considered it to bChlba M., Yoshii Y., 1998, AJ 115, 168
(?Iementini G., Carretta E., Gratton R.G., et al., 1995, AJ 110, 2319

an HB star. A two-sigma upper limit to |t.s Hipparcos PalEiementini G., Gratton R.G., Carretta E., Sneden C., 1999, MNRAS
allax (ESA 1997), however, means that it cannot be closer 345 9o

than 735 pc which would give it ahly of —2.1 or brighter cohen J.G., McCarthy J.K., 1997, AJ 113, 1353

so that it cannot be a HB star. Cohen J.G., Gratton R.G., Behr B.B., Carretta E., 1999, ApJ 523, 739

Corben P.M., Carter B.S., Banfield R.M., Harvey G.M., 1972,
MNASSA 31, 1&2,7
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