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Abstract. Atmospheric parameters and surface chemical coml:|1995%; M33: Monteverde et al. 1997 and the preliminary re-
positions are presented for eight stars, classified as B1 or &#ts for NGC 2403 reported in Kudritzki 1998). Although B-
but with a range of luminosity classes, in the northern doubtigpe stars in the solar neighborhood imply a below solar oxygen
cluster h and Persei. Echelle spectroscopy (covering the wavabundance (Gies & Lambert 1992, Kilian 1992), their agreement
length region 3900 to 470%)) and grating spectroscopy (of thewith Orion Hi1 region results has been interpreted as implying
Balmer, Hy and H3 lines) were analysed using non-LTE synthat B-type star results may be more representative of the local
thetic spectra based on LTE line-blanketed atmosphere str(gas plus dust) ISM (Savage & Sembach 1996) than the Sun. In-
tures. High microturbulences are found in our sample, and thised, main sequence B-type stars in the Orion association have
guantity must be included in the computation of the non-LT&lso been used to search for an enhanced oxygen signature of
level populations; its effect is generally to decrease the deriv@gpe 1l supernova ejecta in its youngest subgroups. (Cunha &
metal abundances by typically 0.1 dex but by up to 0.4 dex. Quember{ 1992; 1994).
absolute abundances are in reasonable agreement with thosélowever, there are other possible evolutionary processes
previously found for main sequence B-type stars, while we fighich may be relevant to the interpretation of B-type star abun-
some evidence for small abundance variations (particularly fdeinces. Lyubimkov (1991) claimed that the nitrogen abundance
nitrogen) within our sample. One star (BD+56 678) appearsitwreases significantly with evolutionary age. Gies & Lambert
be a spectrum variable and at two epochs shows a highly ¢0892) subsequently suggested that this conclusion could have
riched nitrogen spectrum. Our atmospheric parameters impdsulted from the assumption of a fixed microturbulent veloc-
that two stars have previously been mis-identified as main dg-for all stars regardless of their evolutionary status, although
quence objects and a distance modulus, at the higher end.yafbimkov (1996) disputes this interpretation. Gies & Lambert
the values previously deduced. The observational HR diagr&h®92) do suggest however that some stars in their sample show
is consistent with stellar evolutionary models that explicitly inevidence for moderate carbon and nitrogen anomalies consistent
clude the effects of rotation. with some contamination by CN-cycled material. In addition,
B-type stars used in Galactic abundance gradient studies also
Key words: line: formation — stars: abundances — stars: earlgppear to display an anomalously large scatter in their nitrogen
type — stars: evolution — Galaxy: open clusters and associaticaisundances compared to that of oxygen (Smartt et al. 1996a),
individual: h andy Persei while Lennon et al. (1996) have discovered two main sequence
B-type stars in the Small Magellanic Cloud with significantly
enhanced nitrogen. Furthermore, a non-LTE model atmosphere
1. Introduction analysis by McErlean et al. (1999) has identified a group of
chemically processed supergiants from a spectroscopic survey
The structure and chemical composition of B-type stellar aif pright Galactic supergiants (Lennon et al. 7992). It has been
mospheres have received considerable attention in recent yeggested that these nitrogen enrichments are the result of mix-
(see, for example, the recent Boulder-Munich workshoping processes operating during the main sequence stage, an idea
Howarth["I99B). Main-sequence stars have been used widelb,t@ina”y suggested by Walborn (1976) to explain the OBN
investigate the chemical homogeneity of our own Galaxy (segars, and first investigated theoretically by Paczyriski (1973).
for example, Gies & Lambert 1992, Smartt etal. 1996b, Smagibtationally induced mixing is currently the favoured mecha-
& Rolleston (1997) and the Magellanic Clouds (see, for exariism and has been discussed by Maeder (1987), Langer! (1992)
ple, Rolleston et al. 1993, 1996. 1999). Supergiants can provigley DenissenkoV (1994), with more recent predictions concern-
information on more distant galaxies (e.g. M31: McCarthy @ig the effects on surface abundances being produced by Flieg-
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We therefore decided to observe a sample of B-type starsd a spectral resolution of 058(fu||—width-half maximum).
within the same cluster at different evolutionary stages, but [fwo wavelength regions were considered centred onaHd
ing within a narrow effective temperature range. This shouli3 and total exposure times (normally broken into two sepa-
minimize possible differential systematic effects which may brate exposures) were chosen to achieve signal-to-noise ratios per
present between hot and cool stars (see Kilian 1992]1994). @uavelength channel normally in excess of 200. All targets were
objectives were: observed in the H region though the observing time available

) ) N was only sufficient for a partial coverage of our sample in the
— To investigate the reliability of non-LTE model atmospherg, 3 1egion. Details of the regions observed and the estimated

techniques for stars evolving away from the zero age maijy 5| to-noise ratios are listed in Table 1. The latter were esti-

sequence, and in particular the role of microturbulence. ya4eq from least-squares polynomial fitting of regions that were
— To search for signatures of CN-cycled material in MOlgyjieyed not to contain absorption lines. As such they are likely

evolved B-type stars and n the Be-type stars. to be underestimates but provide an insight into the quality of
— To compare the atmospheric parameters of the more evol\{ﬁg spectra.

stars with the predictions of stellar evolution calculations The images were reduced using IRAF and standard proce-

that include the effects of rotation. dures (see for example Gies & Lambert 1992). Wavelength-

The double cluster h andPersei (NGC 869 and NGC 884),calibrated spectra were then transferred to the Starlink package
is an ideal candidate, being one of the richest concentrationd3fPSO (Howarth et al. 1995) for subsequent analysis.
early-type stars in the northern hemisphere (Oosterhoff|1935).

It has an age of just over 10 million years, a main sequence tup2. Echelle spectroscopy

off around spectral type B1/B2, and includes many early-B-type ) i ]
giants and supergiants. Spectroscopy was undertaken using the Sandiford Cassegrain

The target selection, observations and reduction proceduf§§€!le spectrograph (McCarthy etal. 1993) and an EG&G Reti-
are discussed in Sef. 2. The model atmosphere calculatidi¥) CCD at three different grating positions centred at wave-
together with the methods used to estimate atmospheric par§h9ths 4050, 4460, and 4180 Each setting provided com-

eters and chemical compositions are presented inSect. 3, wilgje wavelength coverage (i.e. the echelle orders overlapped)
are then discussed in Sddt. 4. of 300-400A, with a spectral resolution of better than &2

The choice of the first two settings was made primarily to ensure
] ] nearly complete wavelength coverage from 3900 to 4Y.fe
2. Observations and reduction third position was chosen so as to improve the signal-to-noise

Targets were initially chosen on the basis that they are meff@li0 in the overlap regions with the other settings. The wave-
bers of the h ang, Persei double cluster (Johnson & Morga,lﬁngth positions were fine tuned to ensure that contamination
1955: Wildey 1964) and had spectral types between B1 and grpm the zero order beam did not affect any important spec-
additionally preference was given to targets that had evolvisg! features. The wavelength regions observed are again listed
away from the main sequence. These criteria allowed a nedfyrable[l together with estimates of the signal-to-noise ratio
complete sampling of the evolved population over the relevaifduced as discussed below. o

range of spectral types, and also with sufficient coverage of The images were reduced to multiple single-order spectra
targets whose spectral type implies that they are near to the H§ind the IRAF echelle package; the procedures adopted were
drogen burning main sequence. Spectral types, magnitudes%ﬁﬁ&l'ar to those discussed by Lennon etal. (1996). The spectra
Strdmgren photometry for the targets are listed in Table 1 aMf"® then transferred to the Starlink DIPSO package for further
are taken from Schild (1965), Slettebak (1968), Crawford et glanipulation. For all spectra, the widths of the lines were far
(1970) and Tapia et al_{1984). Spectroscopy was undertakeffgger than the instrumental pr(_)file fuII—width—haIf-maximum
the McDonald Observatory of the University of Texas from thé"WHM) and are probably dominated by Doppler broadening
22 to 28 November 1995, inclusive. The first three nights wedle to stellar rotational or atmospheric velocity fields. In Table 1,
devoted to obtaining profiles for the broad hydrogen lines usii list typical values for the FWHM deduced by fitting Gaus-

a grating spectrograph, while during the latter four nights, ti§&n profiles to some relatively strong metal lines (e.g. the O Il
targets were re-observed using a crossed echelle spectrogfBpHipletnear407@ and the Silll multiplet near 4568). Nor-
principally to measure the metal line spectra. These two setdiglization for each order was then achieved by fitting low-order

observations are discussed separately below. polynomials to spectral regions that we believed not to con-
tain absorption lines. These individual orders were then merged

together for any given grating setting to provide a single nor-
malized spectrum; the validity of this procedure for lines in

Spectra were obtained using grating C (operating in the secégrlapping orders was checked manually. The signal-to-noise
order) at the cous focus of the 2.7m telescope. The detedatio was then estimated from continuum regions in the merged
tor was a Tek CCD, which was binned by a factor of two iiPectra. Note that these ratios should only be considered as in-
the direction normal to the dispersion direction. The spect@fative as they will vary both across and between individual
coverage was approximate'y 220with a pixe| size of 0.4A orders OW|ng to variations in the SpeCtrOgraph SenSItIVIty.

2.1. Grating spectroscopy
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Table 1. Observational details of the program stars. The identifications in the second column are from Oosterhoff (1935). Note that in the
present analysis we find that the luminosity class of BD +56 502 and BD +56 510 is lll rather than V. Columns 8-12 inclusive give the S/N ratios
of the observed spectra. The FWHM line widths listed in the last column are derived from fitting Gaussian profiles to the sthonigidet

near 407 and the Siit multiplet near 456@.

Star Sp. Type \% (by) m; C1 couck Cassegrain FWHM
Hy HB 4020A  4550A  4200A A

HD 14052 NGC869662 B1llb 8.18 0.259 -0.070 0.087 210 320 140 190 110 11
HD 14053 NGC869-612 B2II 841 0.255 -0.051 0.070 400 190 80 140 100 0.8
HD 14443 NGC 884-2227 B2 Ibp 8.05 0.328-0.084 0.111 370 230 150 200 130 0.9
BD +56 502 NGC869-717 BlV 9.28 0.272-0.039 0.106 250 210 120 150 80 15
BD +56 510 NGC869-843 Bl5V 9.32 0.277-0.050 0.166 250 200 110 130 110 1.9
BD +56 511 NGC869-847 B3Il 9.11 0.345 —0.087 0.143 300 190 100 130 80 15
BD +56 576 NGC884-2311 B21ll 9.39 0.282 -0.064 0.160 270 - 120 100 110 0.4
BD +56 578 NGC884-2371 B2llle 9.25 0.307-0.078 0.129 300 250 170 150 90 15

Equivalent widths were deduced from the merged normaéckled in two stages; term populations were computed with
ized spectra by fitting multiple Gaussian profiles to select&ETAIL, while fine-structure populations and emerging fluxes
wavelength regions using non-linear least squares optimizativare computed with SURFACE. The following model atoms
procedures. Tests indicated that the line strength estimates weeee adopted: H (Herreto 1987); He (Husleld 1986} (Eber
not particularly sensitive to the choice of profile shape. WhegeButler [1988); Ni1 (Becker & Butler 1989); Q1 (Becker &
possible, exposures with different grating settings were coutler 1988); Ma1 (Mihalas 1972; Butler, priv. comm.); At1
bined (after checking for possible wavelength shifts). A lowDufton et al| 1986); Sii—111-1v (Becker & Butler 1990).
order polynomial was also included in the fitting procedure to The grids of line profiles presented in Vrancken et al. (1996)
allow for inadequacies in the original normalization. Furthdrad to be extended towards higher microturbulences and lower
details on the fitting procedures can be found in Smartt et gtavities, as summarized below. For the silicon spectrum:
(19964). The equivalent widths of approximately 90 individual .
lines or blends are too extensive to be listed here but are avail- Ter: 1900010 2.5 000 in steps of 1000 K
able from either from the VizieR Catalogue service at the DS 108 ¢: 3:010 3.8 in steps of 0.2 dex
or from the authors. — loge(Si): —5.4 to —4.41|n_ steps of 0.2 dex )

The least squares optimization yielded formal error esti- Vturb’ 9.010 21.0kms™ in steps of 3.0km's™.
mates but we have instead adopted a more qualitative approgghthe other elements:
as follows — (a) formal errors normally less than 5%; the line is
well observed and normalization of the continuum is convinc= Zes: 20 000 — 22000 — 24 000 K
ing, (b) formal errors normally less than 10%; the line is clearly~ log g: 3.0 — 3.5 —4.0dex
presentand there are no significant normalization difficulties, (cy Abundances from -1.0 dex to +0.5 dex relative to the solar
either weak lines or stronger lines with blending or normaliza- Vvalue, in steps of 0.5 dex
tion problems. The line strength measurements should be treatedVturb: 5 t0 20km s in steps of 5km's'.
with some cautic.)n,.(d) Iines. identified during the optimization One important difference with earlier work is that the level
procedure by coincidence with the appropriate laboratory waygs, | ations were computed with the effect of microturbulence
lengths (after correction for the stellar radial velocity). Howev cluded in DETAIL (the ‘non-classical effect’ of microturbu-

the fits were sometimes qnconvincing and the line strength mf‘&ice) and not simply in the emergent line profiles; a similar ap-
surements may be unreliable. _proach has been advocated for supergiant stars by McErlean et

We note that the formal errors should be treated with cautigp (1598 1999). Including microturbulence in this non-classical
and believe that they underestimate the uncertainties. Ingen generally increased calculated line strengths and we inves-

we would expect thelass ameasurement to be accurate i@ aieq its importance as follows. Synthetic spectra were com-
typically 10%, whilst those atlass bshould be reliable to 20%. puted including microturbulence only in the SURFACE runs to
simulate ‘observed’ spectra. These were then re-analysed using
the non-classical approach to microturbulence. The principal
conclusions of such tests, based on the lines used for the abun-
3.1. Model calculations dance analysis of BD +56 576 can be summarized as follows:

3. Model atmosphere analysis

Model atmospheres were taken from the LTE line blanketed Carbon: Lines of G1 showed the largest effects; for exam-
grid of Kurucz [1992) for solar abundances and the line- ple, the mean abundance was reduced by 0.2 dex even for a
formation problem was solved using the programmes DETAIL moderate microturbulence of,,,=10 km s! and by up to

and SURFACE (Butler & Giddings_1985). The problem was 0.45 dex for the doublet at 426¥.
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Table 2. Atmospheric parameters derived from the hydrogen and sibr this purpose since its lines cover a large range of equivalent
icon lines are _given in _Co!umns 2 and 3. In the fourth column valuggdths. Indeed the,,,, estimates derived from this multiplet
of vsin are given; (1) indicates the values from Slettebak (1968) apgere lower than those derived from aliiQines but still larger

(2) those from Slettebax (1985). than the Sii values. However a complicating factor is that the
weaker Qi lines were difficult to measure for stars with large

Star Tegr logg vsing projected rotational velocities, while the stronger lines were of-
K dex kms ten badly blended. As there was no obvious reason to prefer any

HD14052 21508500  3.08:0.05 <50 one criterion, the,.., estimates derived from the silicon lines

HD14053 22508500  3.20:0.05 - have been adopted.

HD14443 21508500  3.08-0.05 <50'" The physical mechanism for the large microturbulent ve-

BD+56502 230081500 3.4@:0.10 60" locities in giant and supergiant stars has been extensively dis-

BD+56510 215081500 3.4@:0.10 -
BD+56511 21008500  3.16:0.10 106
BD+56576 22508500  3.46:0.05 <50
BD+56578 22508500 3.20:0.05  100%

cussed (see, for example McErlean et al. 1998, 1999 and refer-
ences therein) and its origin is unclear. The direct comparison
of the observed and theoretical profiles to search for additional
broadening would be very attractive as this would provide direct
evidence for whether the microturbulence was really a veloc-

. ) ity field or simply an artifact of the simplifications made in our
— Nitrogen & Oxygen: The abundances changes were reld-_ =~ . .
. . analysis. In fact we have used this approach successfully for two
tively small for these elements corresponding~10.1 dex :
for av....=15km s-! but increasing with line strength. to Ve Narow line stars, PG 0832+676 (Hambly et al. 1996) and
burb g g, 19183206 (Lehner et dl. 2000). Both these stars have effectively

approximately 0.15dex. This in turn will lead to slightly . . . . : -
smaller estimates for the microturbulence. zero projected rotational velocity and relatively high gravities

— Aluminum: The effects for Al lines were negligible. (log g~4.2) and are probably evolved post-HB stars. Even in

— Magnesium: This abundance was deduced from one relattlogSe cases, it Is difficult fo distinguish between rotatigp,

strong Mgt line at 4481A where the change was typically]ft)nrd m|cigt§rbulefgin:?$ gir;ple, iosr 8':' D 8_3%?(?;2?1 p;rroeﬁles
0.1-0.2 dex for ay,,=15km s*. Vturb=H & Urot = Vturb=3 & Urot =

— Silicon: All three ionization stages of silicon were aﬁecte&'rtua”y identical for a given equivalent width. Unfortunately

and hence the estimates of effective temperature were ﬁ]gtour targets have line widths that are significantly large than

L e intrinsic profiles i.e. all our stars have significant rotational
significantly changed. For a;,,=15km s!, the abun- . . ; o
9 y 9 furb broadening. Numerical tests show that in such cases itis impos-

dance estimates were typically decreased by 0.1-0.2 de)éible to distinquish between the rotationally broadened profiles
for calculations using different microturbulence.

Metal abundances (summarized in Tdble 3) were determined
by interpolation in the grids of equivalent widths discussed in
Our procedures for estimating atmospheric parameters follow@gcti3.1. Equivalent widths classified as qualityere not con-
standard methods as discussed in Vrancken ef al. (1997) ai§gred. Abundances corresponding to the higher, derived
used previously in other studies (see, for example, Beckerf@m the Qi1 lines are also given and are identified in Table 3
Butler 1990 and McErlean et al. 1999). Hence only a brief surdnd in the text by being enclosed in round brackets. The abun-
mary will be given here, with further details being available iHances derived from the peculiar spectrum of BD +56 578 will
the above papers. be discussed separately.

Effective temperatures and logarithmic gravities were de- The errors in the final abundances induced by changes of
rived from the silicon ionization equilibrium (& A\4128.1, +1000K in T and 0.2 dex inlog g are of the order of
M\130.9, the Siit A\\4552.6, 4567.8, 4574.8 triplet andigi 0.05-0.10dex. A comparison of the abundances for the two
A4116.1 —)\4088.6 and\4631.2 were blended and not considsets of microturbulence estimates, shows that nitrogen and alu-
ered) and from the Hand H3 line profiles. Since the strength ofminum were relatively insensitive to this parameter with other
the silicon lines also depends on the adopted abundance anctREents showing changes of up to 0.3 dex.
microturbulence, the four parameters were determined simulta-
neously. The adopted,,,1;, was the value for which the silicon
lines from d_ifferent ic_>nization stages were most cpr_1$i_stent Wit Results and discussion
the scatter in the estimated abundances being minimized. Other
species can also be considered, for example thesPectrum 4.1. Atmospheric parameters and spectral types

in early B-type stars is one of the richest. Valuesig, de- The stars can be divided into two groups; five fainter stars (iden-

rived from the Qi lines were in general larger than those oo 1y their BD number) previously classified as giants or

tainyed ftom the si!icon I!nes and as discussed by Vran?ken(ﬁ&arfs, and the 3 brighter giants and Ib supergiants (identified
al. (1997), errors in oscillator strengths may be a contrlbutlrﬂ)?/their HD number)

factor. These can be eliminated by using Iineos belonging to one
multiplet, and multiplet 1 at approximately 46B0s well suited

3.2. Determination of the atmospheric parameters
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Table 3. Microturbulent velocities and abundances by number relative to the total number density. Two microturbulences are given and are
derived from the silicon lines or from an analysis of ther®ultiplet 1 (in round brackets). The number of lines used for each abundance

estimate is listed in square brackets. Errors are thdeliations of abundances from single lines. Abundances within round brackets are those
computed for the,,, derived from the oxygen lines. The C, N and O abundances of BD +56 578 are discussedin Skct. 4.3.1.

Star Vgurb  log €(C) log €(N) log €(O) log e(Mg) log e(Al) log €(Si)

HD 14052 12 —4.24+0.22 [3] —4.65:0.24[13] —3.32:0.33[24] —5.05[1] —6.23+:0.04[2] —4.85+-0.05[4]
(21) (-4.33) 4.70) (3.55) (+5.20) (+6.33) (+5.13)

HD14053 9 —4.00£0.17 [2] —4.49+0.23[13] —3.08:0.33[25] —4.88[1] —5.99+-0.05[2] —4.73+0.28[4]
(18) (-4.33) (+4.58) +3.44) (5.03) (+6.15) (5.00)

HD 14443 12 —4.06£0.21[3] —4.76+£0.20[12] —3.50+:0.26[22] —4.80[1] —6.04+0.06[2] —4.87+0.26 [6]
(21) (-4.21) +4.80) 3.70) (5.01) (+6.16) 5.10)

BD+56502 9: —4.19+0.11[2] —4.58+0.18[8] —3.24+0.11[18] - —6.24+0.02 [2] —4.87+0.11 [4]
(13:) (-4.34) +4.64) 3.42) - 6.27) (-5.06)

BD+56510 9: —4.29+0.19[2] —-4.47+0.29[6] —3.40+0.15[13] - —6.29 1] —5.12+0.15 [4]
(13:) (—4.43) +4.44) +3.54) - (6.33) +5.22)

BD+56511 9 —4.40+0.20[2] —-4.74+0.11[2] —-3.2740.24[17] - - —4.70+0.10 [4]
(13:) (-4.59) +4.83) 3.44) - - (4.93)

BD+56576 9 —4.11+0.18 [3] —4.65+0.22[14] —3.43+:0.14[23] —-4.92[1] -6.03:0.02[2] —4.91+0.10[4]
(13) (-4.22) +4.69) +3.59) (-5.01) (-6.06) (+5.02)

BD+56578 9 * * * —490[1] -6.01£0.03[2] —5.18+0.13[4]
(13:) (—4.99) (~6.05) +5.42)

4.1.1. The giants and dwarfs BD+56511: There is evidence of emission ingHthe line

Altouah these stars have luminosities classes ranaing from fofile showing some infilling with a double-peaked profile.
ug Ve fuminosit ging eak emission in | was previously reported by Merrill &

to V, their gravities only cover a small range. Indeed all appegtr)

. , urwell (1950) and Bidelman (1965), while Slettebak (1985)
to be evolved and in particular BD +56 502 and BD +56 51 served ki to be in emission and Blin absorption, Owing to

have surface gravities dbg 9=3.4 which are compara_\ble_ tothis infilling by emission, only H could be used for the gravity
those of the luminosity class Ill stars. Moreover their V'Su?fetermination

magnitudes are also similar to those of the giants in our sample.

Hence their previous spectral classification as luminosity clasgY 56 578: This star displays emission on the red side 6t H
objgcts appears to be erroneous. Since they have r'elatively rm‘hle Hy is also slightly asymmetric. Emission was found by
projected rotational velocities, we suspect that this may haggh“d (1965), while Slettebak (1985) reported kb be weak
contributed to the mis-classification. Additionally the estimatgg] ; (/i absorption and Hto be filled in by emission up to the
effective temperature for BD +56 511 is higher than expected f(9(5ntinuum level. More recent spectra of the first three Balmer

a B3 star, again indicati_ng the limitations of spectral types €VfRes of this star (Torréjn etall 1997) also show that the red wing
for these reasor]ably ‘?”ght stars. . of all three lines is slightly filled in by emission. Krzesinski &
Below we briefly discuss each star in trn: Pigulski (1997) have suggested that this star could be a binary
BD +56 576: With the sharpest lines amongst our sample (séand give a tentative period of about 2.6 days), a suggestion
Table[1), all three ionization stages of silicon were observsdpported by the range of reported radial velocities (Liu et al.
leading to a secure effective temperature estimate. No Balrid891).
line emission has been reported for this star, while Krzesinski &
Pigulski [T997) sugests it is an eclipsing binary (with a period of We also find evidence for significant velocity shifts. For
102.1 days or a sub multiple thereof), which is consistent wigxample, the radial velocity of the three sets of echelle spec-
the different radial velocities found by Liu et &l.(1991) an§fa taken on consecutive nights (26 to 28 November) are
Dufton et al. [199D). The latter authors suggest that it is a singté3 + 14 (sample standard deviation) from 14 measurements,
lined spectroscopic binary and indeed there is no evidence fo30 + 14kms~! from 13 measurements ard 61 + 7kms™*
a secondary in our spectra. from 10 measurements. The wavelength coverage, emission in
., .__._the hydrogen lines and lack of strong metal lines in the @oud
BD +56502: Torrejon et al. (1997) have reported em'SS'OEpecga m?ake them less suitable forgdetermining reliable radial

peaks in both the W and H3 lines, while Waelkens et al. elocities. However for the #l and H3 regions observed on

(L.390) observed variations in its colors and visual magnitu fie 22 and 24 November, we obtain radial velocities estimates
which they interpreted as evidence of possible emission-line k?l%- '

havi This obiect babl K Be-t : hich m the hydrogen and helium lines of —105kms™! and
aviour. This object 1S probably a weak be-type Stal WhiCh We 1 75y g1 respectively. Moreover if radial velocity varia-
have observed in quiescence,

tions did exist, they might also explain the asymmetric Balmer

BD +56 510: No evidence is found for Be-type behaviour line profiles seen here and by Togejet al. (1997).
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Table 4. The mean abundances derived in the present study, compared with abundances of early B-type stars from the literature.

Object(s) loge(C) loge(N)  loge(O) loge(Mg)  loge(Al) log €(Si) log(%)
This study —4.18 —4.62 —-3.32 —-4.91 -6.14 —4.86 —0.49+0.19
+0.14 +0.11 +0.14 +0.10 +0.13 +0.14
Kilian? —-3.78 —4.22 —3.48 —4.62 —5.88 —4.84 —0.30+£0.10
Kilian (cool)® -3.77 —4.41 —3.56 —4.68 —6.19 -5.19  -0.45£0.18
G&L* —3.84 —4.23 —3.36 - —5.59 —4.46 —0.17+£0.17
#2071 —3.80 —4.42 —-3.41 —4.62 —-5.85 —4.72 —0.29+0.09
Surf —3.48 —-3.99 -3.11 —4.46 —5.57 —4.49

I Mean of the abundances derived for the present sample; BD +56 578 is not included
2 Mean of sample of 21 early B-type stars studied by Killan (1992.11994)

3 Mean of the 4 coolest stars in the sample consideréd in

4 Gies & Lambert[(1992)

5 NGC 2244-201 (Vrancken et al. 1997)

5 Anders & Grevessé (1989)

The CNO linestrengths in the echelle spectra of BD +56 578y techniques to derive the atmospheric parameters and abun-
for the three different wavelength ranges, are inconsistentdances. Gies & Lambeit (1992) on the other hand used Kururcz
discussed in Se¢t.4.3.1. In determining the stellar parametensdels but deduced atmospheric parameters from photomet-
we have assumed that ther8iand Siiit lines observed in the ric calibrations and hydrogen line profiles, although additional
two spectral regions can be combined (i.e. the silicon spectemperature corrections, based on the Code et al. (1976) tem-
is not variable). Additionally, the H line was not considered, perature scale, were applied. Abundances were obtained from
and as the core of HHmay also be affected by emission, itsnterpolation in the same non-LTE grids as were used by Kilian
width at an intensity level of about 0.9 was used for the gravityith corrections being applied to allow for trends in abundance
determination. with temperature and to account for differences in atomic data.
Vrancken et al.[(1997) used similar methods to those used here
but unfortunately considered only a single star, NGC 2244-201,
with a relatively large temperaturé& ;=27 300 K).

HD 14052 (B1 Ib) and HD 14443 (B2 Ibp) have very similar In Table[4 our mean absolute abundances are compared with

H~ and H3 profiles, but these lines are clearly somewhat deepinse of these previous investigations. Also listed is the mean

and broader in HD 14053 (B1 Il). In all cases, their atmosphetigweighted differences between the hot stars abundances and

parameters are consistent with their spectral types. HD 140584is sun (og(%)). In addition, since Kilian noted a trend of

a3 Cepheid variable (Hil.1967), while none of the stars showghundance with effective temperature in her results, we also list

any evidence for emission in their Balmer lines. results for the four coolest stars in her sample. Below we discuss
the individual elements in turn.

4.1.2. The bright giants/supergiants

4.2. Absolute Metal abundances

We first compare our abundances with those found from oth‘b?'l' Carbon

analyses of B-type stars. These have concentrated on dwaHg carbon abundance includes estimates from the A2®-
and subgiants - indeed this was one of the motivations for thRt which is well known to be a problematic line for absolute
present study. ‘Standard’ B-type star abundances are defigagbon abundances in B-type stars (Lerinon 1988). Neither Kil-
here as those derived using techniques similar to our methags,nor Gies & Lambert considered this transition but Vrancken
namely LTE line blanketed model atmospheres and NLTE lifigund a mean carbon abundance of 8.08 dex for the two lines
formation calculations. Note that these will not necessarily bgon which most of the present results are based, 4267 and
the most reliable results but will form a suitable basis for cord075A. A recent non-LTE investigation of the line formation
parison. Kilian (1992, 1994), Gies & Lambert (1992; see algftoblem for the 4264 line by Sigut [1995) shows that the
Cunha & Lambert 1992, 1994) and Vrancken etlal. (1997) aflodel atom of Eber & Butlerl (1988) needs to be extended,
used such technigues. However one important difference is thgfile our more consistent treatment of the microturbulence will
they treated microturbulence in the standard way. have reduced the mean carbon abundance by 0.2 to 0.4 dex. We
Kilian (1992,[1994), adopted the atmospheres of Golgbnclude that while there are systematic differences in the abun-
(1984), which include less line blanketing than those of Kitances found here and in previous work, these are probably due

rucz (1992). The mostimportant consequence will be a differegtdifferences in the features observed and in the model atmo-
temperature scale (see Cunha & Lambert1994). Kilian howegihere techniques.

used identical atomic data and model atoms as here and simi-
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4.2.2. Nitrogen for B-type giants. This will be particularly important for inves-

tialations of other galaxies, where observations will necessarily

Our mean nitrogen abundance is approximately 0.4 dex beIBe limited to the more luminous B-type stars. Furthermore, the

that of Kilian and Gies & Lambert, but only 0.2dex beIOWa undance estiamtes from different stars show reasonable inter-

Vrancken's result for NGC 2244-201. We also note that the COr(l)all consistency as is indicated by the relative small standard
stellar subset of Kilian has an abundance only 0.2 dex high y y y

. . §viations.
;:S ;:1;:r(ilﬁ:rr]intbtre;trr:(e;?(itr:;tg|cBotlu(;k;l)J(lence would reduce It is interesting to note that all the analyses of B-type stars
pancy by app y o ’ listed in Tabld¥ lead to lower metallicities than the sun. The
differences range from —0.17 dex (which may not be signifi-
4.2.3. Oxygen cantly significant) for Gies & Lambert (1992) to —0.49dex in
Our mean oxygen abundance derived is larger by 0.24 dex tﬁg% current study. As noted above, our inclusion of the microtur-

that of the Kilian cool stellar subset but agrees well with m[téulentvelocnymto the statistical equilibrium calculations leads

. X ; 0 abundance estimates that are typically 0.1 to 0.2 dex lower
mean values for the complete Kilian sample, with Gies & Lan); . ) : o
. : than those in previous non-LTE calculations. When this is taken
bert and with Vrancken. For the elements studied here, oxyge . :
nto account, the metallicity deduced for the h anBersei tar-

both yields the most internally consistent estimates, and as%S relative to the sun lies in the middle of the range found by

g?tryepejstigjst-wnh the results from other studies of less evOI\%les & Lampert and _K?Ii_an. However, it is unclear whether the
differences in metallicities found for the hot star samples and
the sun is real.

4.2.4. Magnesium Inthe next section we consider whether there is any evidence

The magnesium abundance is derived from the 44dtublet for abundance variationithin our sample.

and our treatment of the microturbulence will lead to a decrease
of approximately 0.1 dex. Since our mean abundance is odl\3. Relative abundances

0.2 dex lower than the Kilian cool sample mean, we believe tq.gér all stars (apart from BD +56 578 discussed separately be-

our results are consistent with those for main sequence obje%\%/) the mean CNO abundance ratios weree(C)-log (N) =

+0.44 (0.33) andog €(O)-log ¢(N) = +1.30 (1.14) with a root-
4.2.5. Aluminium mean-square (rms) variation of 0.15 dex. The former agress well

For the Aluminium abundances listed in Table 4, there are signi ith the mean B-type stellar ratio in Talfle 4, while there is a

icant differences between the Kilian (and Vrancken) and Gies fference of typically 0.4 dex for latter. However as discussed

Lambert results (approximately 0.3 dex). The Kilian cool SarR_rewously, both our carbon and nitrogen abundances are signif-

: . . Icantly lower compared to previous work, resulting in high O/N
le gives a mean abundance in excellent agreement with i . S
e 9 9 and O/C ratios whereas the C/N ratio remains unchanged.

result (the different treatments of the microturbulence have'a™ . A

negligible effect). _ Itis more useful to search for differences between individual
objects. We note that although the sum of the CNO abundances
should be unaffected by CNO processing, this is dominated by

4.2.6. Silicon the oxygen abundance and uncertainties therein and hence does

Silicon is a key element as it is used in the determination pt provide a significant constraint. HD 14443 has the highest

the effective temperatures. Allowing for the different treatmen N rit'(_)tog the samplef,t\;]wtlbg E(tc)'lolg E(dN) ;'+Ot.7o'l$1-p.5t9)' h

of the microturbulence, our results agree well with Kilian an espite it being one of theé most evolved objects. This star has
Vrancken although they are still low compared to Gies & Lani"® lowest mtrqgen abundgnce (although similarto BD +5_6 511)
bert. However the mean silicon abundance for the Kilian co%Pd was classified as a nitrogen weak star by Walliom {1970).

stellar sample abundance is almost 0.5 dex lower and we hg{%/veverwe emphasis that itis the combination of low nitrogen
no explanation for this discrepancy and high carbon abundance that results in the high C/N ratio.

At the other end of the C/N scale, BD +56 510 witlg ¢(C)-
log e(N)= +0.18 (+0.01), appears to be mildly enhanced in ni-
4.2.7. General trogen and depleted in carbon. This star has the largest value of

The discrepancies between the mean abundances derived Hé?éi 'ir;]our sgmple which implies that there may be a correla-
and those reported in the literature can be partially tracedtBnAW't rotation. £ N/C rati d . d ional
the different treatment of the microturbulence, although the use comparison o ratios and projected rotational ve-

of different model atmospheres, temperature scales, atomic dagifies listed in Tablgl2 suggests that there may be a positive

and samples of lines may also be significant contributing facto?Q.rrelf‘t'on' I—(;owevEr theshe ro';atlonac: velogn);‘ esfur:satzssr;a 'I?'
Nevertheless, the results, particularly for nitrogen, oxygen, m&mP!ete and we have therefore adopted the full-width-halt-

nesium and silicon are encouraging and imply that plane p aximum Iine. widths listed ir! Tablg] 1. These WiII'be domi-
allel non-LTE model atmosphere techniques may be adequré?éed by rotational (and possibly for the more luminous stars
by macroturbulent) velocity broadening and hence will provide



646 M. Vrancken et al.: Early B-type giants in h apdPersei
0 1.1
BD+56 510
_ 1.0
//9//
g | BD+56 576
— 2 NN N r—— & \ \
O/// w l}\{ \\/\JJ\ / H \
°© -~ VYA / \’\/ Y
e 7 - iy Y J p
8 v il
e © 8 BD+56 578 v n
[0) e
O sl 4 3
s = W‘“h\\ M“\ W“
T
&
3 .7 i
a
<t
1.0 [ .
BD+56 576
BN e - ~ !
el * | 8 /H \F\f wf \ /\f j A(’\\
" |l \ \ bl
* L \f L / I \
777777777777 I / \\J -
T T TR T T T | W L)
sEoqb b i
el % 8 / i
* ! Si 1T OIl NI N I 01l k oIl
Si I Si I Ol NI NII NI 01l
-1.8 —1 : ! . . . ! ! " | | | | | | | ! ! ! ! !
4 6 8 1.0 1.2 1.4 1.6 1.8 4550 4560 4570 4580 4590 4600 4610 4620 4630 4640 4650 4660
Line width (fwhm) Wavelength

Fig. 1. N/C (circles) and N/O (asterisks) abundance ratios plottq‘.qg 2. Upper plots: Comparison of the spectrum of BD +56 510 (his-
against line widths (i). Also shown are linear least square fits. togram) with the rotationally broadenegn i=140 km s ') spectrum
of BD+56 576 (smooth line) - the latter has been arbitrarily shifted
by 0.1 in the y-axis. Lower plots: Comparison of the spectrum of
a consistent estimates of velocity broadening (although the&®+56 578 with the rotationally broadenedsin i=80 km s™*) spec-
widths will not directly translate into values ofin ¢). In Fig.[1, trum of BD +56 576 (smooth line). Note that therNines are much
both the N/C and N/O abundance ratios are plotted as a fufgonger and @ lines are much weaker in BD +56 578. Both spectra
tion of these line widths. For the former a significant positiv@ave been shifted along the y-axis to aid comparison.
correlation is found, which is consistent with the predictions
of stellar evolution calculations including rotation (Denissikov
1994; Talon et al. 1997; Fliegner etlal. 1996), where an nitrogenthe spectrum of BD +56 510. Although the nitrogen features
enhancement of a factor of 2—3 together with a smaller carberBD +56 510 may be enhanced, the change is modest. A simi-
deficiency is predicted in the fastest rotators. However the effégar comparison was undertaken for the two weak Be-type stars,
tively constant N/O abundance ratios appear inconsistent Wb +56 502 and BD +56 511, and again any enhancements of
such ascenario. Hence we conclude that either our observatiahalnitrogen spectra are small.
uncertainties have masked the (smaller) changes predicted forHence we conclude that the N/C abundance ratios are consis-
the N/O variations or that our N/C abundance variations are neht with rotational mixing. However given the relatively small
real but are artefacts of the methods used. magnitude of the abundance changes and the variation in line
We note that the fast and slow rotators have had abundanaigths within our sample, these results are by no means con-
estimated from different sets of lines with the former based etusive.
fewer and stronger lines (which are more susceptible to micro-
turbulence). Additionally the effect of any abundance chang
is relatively modest. Thisis illustrated in Hig. 2, which comparegs% 1. BD+56578
the spectra of BD +56 510 (which has the broadest metal linddje echelle spectra of BD +56 578, in the three different wave-
with that of the slow rotator BD +56 576; the latter has been colength ranges, were taken on consecutive nights and show large
voluted with a rotation broadening profile (see Vrancken et @&consistencies, especially in therNand Or lines. Krzesin-
1997 for details) with sin i= 140km s'!, which is appropriate ski & Pigulski (1997), suggest that BD +56 578 is an ellipsoidal
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variable/binary with a tentative period of about 2 days and thibservations are essential in order to investigate the nature of
may be related to these spectral variations. this object.
Another possibility is that two different objects were ob-
served. Support for this is that the observer (PLD) was r “4. Di
. : : . 2.4, Distances
atively inexperienced in the use of the 2.1m telescope while
observing conditions, with high winds, were difficult. HoweveEstimates for the distance-modulus to h anBer range from
two pieces of evidence do not support such a mistake. Firstly.1A-0.1(Balona & Shobbrodk 1984) to 11.9 (Wildey 1964).
although the line strengths are peculiar, the line widths meaeme authors have also claimed that the clusters lie at different
sured in the different wavelength regions (reflecting mainlistances; Nicolef (1981) finds 1188.41 and 11.4720.42 for
the rotational Doppler broadening) are consistent. For examandy Per respectively while Schild (1967) argued for values
ple, the wavelength regions 4065—-408@containing mainly of 11.66 and 12.00. To a large extent, these discrepancies can be
O11 lines), 4600—4638. (mainly N11 lines) and 4220-4245 understood in terms of the stellar samples and the methods used.
(N 11 lines) were fitted using the procedures discussed in Seck@ example Crawford et al. (1970) obtain a value of 11.4 based
and yielded full-width-half maxima 090.0 & 2.8, 86.6 &= 1.2  upon Stromgrembvy and H3 photometry and a calibration of
and 87.6 = 2.4 kms™! respectively. The small differencestheM,, —Grelationship. However, their dataset is biased towards
may reflect additional broadening mechanisms (e.g. instrumdime brighter cluster members where evolution effects may have
tal broadening) that do not strictly scale with wavelength baffected their results (Balona & Shobbrdok 1984 also use this
in effect, all the wavelength regions appear to have identicktaset). Indeed we have already demonstrated that some of the
linewidths. brighter stars, which have been classified as dwarfs, are in fact
Secondly, the line strengths in the two longer wavelengévolved stars.
region are clearly peculiar. As lines ofiNand Orr have their Schild (1967) and Wildeyl (1964) considered fainter main
greatest strength at similar effective temperatures, to first ordequence stars and obtain larger distances. Wildey in particu-
their line strengths (for a normal composition) have a similéar considers main sequence fitting in the raddge = —1 to
temperature dependence. Hence strongddupled with weak A, = 3 obtaining a distance modulus of 11.9 with no sig-
O11 line strengths are incompatible with a normal compositionificant difference between the two clusters (although there is
To summarize if the observations are of different stars, theyidence, as discussed by Schild, for a difference in age). We
have identical line widths, with one of them having an verguggest therefore that the smaller distance estimates result from
abnormal composition. Rather we believe that the observatidghe neglect of evolution in the upper main-sequence.
relate to the same star and make this assumption in the following The distance modulus can be further constrained as B-type
discussion. stars near to the zero age main sequence (ZAMS) in detached
The linesin the wavelength region centred at 482@dicate  eclipsing binary systems have observed masses in very good
that the carbon, nitrogen and oxygen abundances are very siagreement with masses derived from evolutionary tracks (see,
lar to those derived for the normal object BD +56 576. By conier example, Sctinberner & Harmanec 1995). Two B-type stars
parison, the Ni lines in the two longer wavelength regions aré x Per closer to the ZAMS than the stars considered here have
significantly enhanced and imply an overabundance of apprdeeen observed and analysed by Lennon eftal. (1988) and Dufton
imately 0.6 dex compared to BD +56 576. Severai [ilhes are etal. [1990) — 002139 and 002196, which have logarithmic sur-
not even present in this spectrogram of BD +56 578, while otface gravities of 4.0 dex and effective temperatures of 21000 K
ers are at least a factor of two weaker than those in BD +56 5&#d 20500 K respectively. From the stellar evolution tracks of
We also find that @1 \4267 in BD +56 578 is very weak or Heger [1998) we can estimate their masses and luminosities
absent, resulting in an underabundance of at least 1.0 dex. {$ee Seck. 415). Adopting appropriate bolometric corrections, we
abundances of magnesium and aluminium, derived from lindgeen obtain absolute visual magnitudes-&.03 and-1.96 for
in the longest wavelength interval, are normal, while silicon 802139 and 002196, which combined with extinction estimates
slightly underabundant (see Talple 3). In Eig. 2, the spectriand visual magnitudes give distance moduli of 11.80 and 11.79.
of BD +56 578 is compared with that of BD +56 576; again th€hese values are in good agreement with Wildey’s value of 11.9,
latter has been convolved with a rotational broadening profitee small discrepancy possibly being due to these two stars hav-
(vsini= 80km s7!) so that the spectra have similar line widthsng evolved further from the ZAMS than those considered by
Note the enhanced N lines between 4600 and 4680and at Wildey. We note that a smaller distance modulus of 11.2 would
4643A in BD +56 578; by contrast the @lines at 4590, 4596 resultin masses of onky4.0 solar masses for these B2V/B1.5V
and 46507 are either absent or far weaker than in BD +56 576tars. Hence we adopt a value of 11.9 for the distance modulus
Although the analysis of this peculiar star is very uncertaitg both clusters.
the pattern and magnitude of abundance peculiarities are still
of interest. The wea}k carbon, strong nitrogen and, in particulgrg Evolutionary status
the weak oxygen line strengths imply the presence of CNO
processed material, as opposed to just CN processed materifitierstellar extinctions were estimated using two separate meth-
the second and third nights’ observations. It is clear that mards; from a comparison of observed and intrinsie\Bcolors
(as expected from the spectral type), and by a comparison of the
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2.5 1 1

30F @ (13.6)/(17.2)|
7 ¢9.6)
S e(1a)/(B.4) Fig.3. The positions of the stars of our
7 e sample in thelogT.s-log L/ L, diagram
SO19en @126) (left) and thelogT.g-log g diagram (right)
35F FEE together with the tracks of Heger (1998)
S for rotating (dotted lines) and non-rotating
(solid lines) stars with Z=0.02. The rotat-
ing models are for an initial equatorial ve-
locity of approximately 200km's'and the
tracks are labeled with their stellar masses.
The objects are also labeled with their spec-
troscopically inferred masses (in parenthe-
ses) which, by referring to Table 5, may be
450 | used to identify each object. Note that some
| | | | | \ stars in the right-hand panel are co-incident.
450 440 430 4.20 450 4.40 4.30 4.20 Adistance modulus of 11.9 was adopted for
log(Tey) log(Te) the distance to h ang Per.
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log(L/L_sun)
log(g)

4.0r

theoretical flux distribution from the atmospheric models witiable 5. Stellar parameters for a distance-modulus of 11.9

the observed UBV magnitudes. Both methods resulted in very

similar values, differing typically by 0.01 in E(BV) and never Star RIR, M, B.C. My log(L/Lg) Mspee
more than 0.02 magnitudes. We adopt the results from the flux dist. rad.
distribution method, and this technique also provides us wiglb 14052 194 —-536 —2.18 —7.54 491 4.86 13.6
estimates of the the stellar angular radii. Using our adopted di#» 14053  15.8 —5.01 —2.30 —7.31 4.81 4.76 144
tance we can then estimate the radii of our stars, and togetHer14443  21.7 —5.62 —2.18 —7.80 5.01 4.96 17.2
with our values ofl.g we can estimate the stellar luminositie®D +56502 11.4 —-4.32 -2.36 —6.68 4.56 4.52 11.9
(designated as ‘rad. in Tabl@ 5). Alternatively we can estimal +56510 11.8 —4.25 —2.21 —6.46 4.47 4.42 12,6
absolute visual magnitudes using our adopted distance modtggsigg 2% Eg _j-gg _géi _g-gé j-gé j-i? 12'2
gnd extln_ctlon estl_mates_ (We_ assume = 3.1), and then use BD+56578 121 442 230 672 457 4.5 8.4
olometric corrections (implied by the stellar atmosphere flux
distributions) to derive bolometric magnitudes and luminositi€¥ 2139 4.57 -2.13 -2.20 —4.33 3.62 356 7.6
— designated as ‘dist.” in Tablé 5. Results for the two faint&}2 2196 4.53 —2.07 —2.10 —4.17 3.55 3.50 4
(near) main sequence stars, 002139 and 002196 (se€ Sect. 4.4)

are also summarized. o . .
gl\ave the same luminosity and effective temperature but differ-

The luminosities deduced from the two methods are similar; d surf o deed models that includ
although the ‘dist’ estimates are typically 5-10% higher. TEbIee:*»qt masses and surface gravities. In eed models that Include
ionally induced mixing (for recent discussions see Denis-

also lists stellar masses, estimated from our derived radii arﬁ(sat ) .
surface gravity — we refer to these sgectroscopic masses senkov_1994; Talon et &l. 1997; Fliegner etlal. 1996) confirm

opposed t@volutionary masseslerived from stellar evolution tat @ star's position in the HRD is not uniquely determined by

tracks initial stellar mass and metallicity, but that the same position
Fig[3 shows the positions of our targets in the Hertzsprun ay be reached by stars with differing masses imational

Russsell diagram (HRD), together with the stellar evolutio locities Furthermore, rotating stars evolve further to the red

tracks of Heger{1998) for rotating and non-rotating stars wifff'd to higher luminosities than non-rotating stars — indeed into
a metallicity Z=0.02; for the relatively massive stars consid!St that_reglon occupied by the stars con3|derled here. .Heger's
ered here the evolutionary tracks do not depend significantly %}Qdels ilustrate these effects wgll, but to avoid cqnfgsmn we
the metallicity with those for Z=0.02 and 0.08 being e1"fe<:tive|£)"’l\_’e only §hown one S.et of rotating models for an initial equa-
identical. For our targets the means of the luminosities list gyial velocity of approximate 200 kns. :

in Table[B were used. Also shown is the HRD transformed into The fastest rotators are also expected show signs of changes
log g— log(T.) Space. The positions of the stars relative to tHA their surface CNO abundances. Therefore one should expecta

evolutionary tracks are different in the two HRDs. This has be& rrelatlontl?etween ?ass—d|screpanpy (which wde c:]eﬁne as the d
found previously for massive stars (see Weiss (1994) for an ference between the spectroscopic mass and that expecte

ample concerning O-type stars) and implies that two stars Lom a_starsposmon_lnthe obser\_/gtlonal HRD and non-rotating
evolution) and chemical composition of our stars.
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Considering first the three bright giants and supergiants — correlation is found for the the N/O abundance ratio. Addi-
HD 14443 may be nitrogen weak and its mass discrepancy is tionally one target, BD +56 578, appears to be a spectrum
negligible compared to those for the ‘normal’ stars HD 14052 variable showing on occasions strong nitrogen coupled with
and HD 14053, both of which exhibit mild mass discrepancies. weak carbon and oxygen lines. However, itis clear that even
This would be consistent with the former being unaffected by ro- using high quality observational data and sophisticated theo-
tation, while the latter two objects are mildly nitrogen enriched retical methods, it remains difficult to identify the relatively
as the result of faster rotation (note that we only have access tosmall changes in chemical composition predicted by evolu-
vsini). The group of fainter giants, BD +56 502, BD +56576 tionary models.
and BD +56 510, all have small mass discrepancies, implying The HRD for our evolved targets appear to be consistent
that rotation is not a major factor in their evolution. However with predictions of evolutionary models including rotation.
BD +56 510 has the highestsin i in our sample (though not  In particular, such models are consistent with the presence
necessarily the highes) and also the highest nitrogen abun- of a significant number of targets in a region where non-
dance, while the nitrogen abundance of the other two is in good rotating models imply that evolution should be very rapid.
agreement with those of HD 14052 and HD 14053 which we Additionally rotating models can explain the discrepancies
have suggested may actually be nitrogen rich. However the massfound between spectroscopic masses and the evolutionary
constraint may be affected by uncertainties in the gravity es- masses predicted from non-rotating models. However we
timates; for example, all three stars could have spectroscopicfind no significant correlation between such mass discrep-
masses as low as 10M The two giants with significant mass  ancies and CNO abundance ratios, nor do the quatitative
discrepancies, BD +56 511 and BD +56 578, are both peculiar results match predictions from such models.

with the former being a Be star while the latter may be a spec- ] )
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