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Abstract. Elemental abundances analyses of the superfically normal B and A stars o Dra (A0 III), 7 Her (B5 IV),
~v Lyr (B9 III), and HR 7926 (B8 II-III) are performed consistent with previous studies of this series using
spectrograms obtained with Reticon and CCD detectors. Comparisons of the first two analyses with those of
the same stars performed earlier in this series which used mostly coadded photographic plates show the general
consistency of the derived elemental abundances. A slight increase in the adopted effective temperature produces
a corresponding increase in the derived abundances. In these stars the He/H ratios are found to be close to solar.
Except for v Lyr the metals show for the most part marginally subsolar abundance values. But this star has Al,
Ca, Sc, and Sr abundances that are substantially underabundant as well as other underabundant values.
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1. Introduction

Paper XXIV (Adelman et al. 2001) summarized the im-
provements in the analyses techniques in this series which
began in 1987 and showed by comparing the results of two
new analyses based on Reticon and CCD spectrograms
with those made previously using based on coadded pho-
tographic spectrograms that the discrepancies were for the
most part small and hence the analyses of this series are
quite consistent. In this paper we continue this process
with new studies of o Dra and 7 Her as well as study the
late B stars v Lyr and HR 7926 using CCD spectrograms.

a Dra (Thuban, HD 123299, HR 5291), spectral type
AQ0 III, and 7 Her (HD 147394, HR 6092), spectral type
B5 IV, were analyzed by Adelman (1994, Paper XIII) and
Adelman (1988, Paper III), respectively. The former is a
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slightly metal poor star which is also a single-lined spec-
troscopic binary. The last study was based on coadded
photographic region spectrograms supplemented by eight
Reticon spectra, most of which are reanalyzed in this pa-
per. The derived abundances of the later star except for
perhaps Ni are solar. Its analysis was based entirely on
coadded photographic spectra.

~ Lyr (HD 176437, HR, 7178, 14 Lyr) was discovered by
Mitchell (1909) to be a spectroscopic binary. Abt & Morell
(1995) classify it as a B9 III star with vsini = 60 km s~ 1.
HR 7926 (HD 197392) was classified by Cowley (1972) as
B8 II-II1. Wolff (1978) found it was a spectroscopic binary
with a period greater than 80 days and vsins = 25 kms~!.
Our studies of v Lyr and HR 7926 increase the number
of stars showing some rotation and extend the range of
luminosity for this series.

2. The spectra

For each star we obtained 17 Dominion Astrophysical
Observatory (DAO) 2.4 A mm~' Reticon or site 2 CCD

http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/371/1078 spectrograms with a typical signal-to-noise ratio of 200
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and a wavelength coverage of 67 or 63 A, respectively. Table 1. Radial velocity measurements

The central wavelengths between A3830 and A\4740 had
55 A offsets. For all four stars 20 A mm~"' DAO spectro-
grams containing the Hy region and 2.4 A mm~"! spectra
centered at A4905, A5015, and A5070 were obtained as
well as at A\5840 for HR 7926. Further 2.4 A mm~! spec-
tra using the new thinned site 4 CCD with a wavelength
coverage of 147 A, centered at \726 were obtained for
«a Dra and 7 Her and at A4864 for a Dra. The exposures
were flat fielded with the exposures of an incandescent
lamp located in the Coudé mirror train as viewed through
a filter to eliminate first order light except for the ex-
posures in first order at A5840 where no filter was used.
A central stop removed light from the beam in the same
manner as the secondary mirror of the telescope. The spec-
tra were rectified using the interactive computer graphics
program REDUCE (Hill et al. 1982). A correction of 3.5%
was applied for scattered light in the dispersion direction
(Gulliver et al. 1996).

Rotational profiles were fit through the stellar metal
lines of our four stars except for strong He I lines for
which Lorentzian profiles were used. Rotational velocity
estimates based on clearly single medium strength lines
near \4481 are 25 km s~! for o Dra, 37 km s~! for 7 Her,
70 km s~! for v Lyr, and 26 km s~! for HR 7926. For
some observations, the line profiles of 7 Her are asym-
metric, which is consistent with it exhibiting non-radial
pulsations (see, e.g., Campos & Smith 1980). Paper XIII
found the same value of vsini for a Dra while for 7 Her
Paper III gives 32 km s~! which is less than that for this
paper. Our value may reflect better determined line pro-
files.

The stellar lines were identified with the general refer-
ences A Multiplet Table of Astrophysical Interest (Moore
1945) and Wavelengths and Transition Probabilities for
Atoms and Atomic Ions, Part 1 (Reader & Corliss 1980)
as well as Huldt et al. (1982) for Ti II, Iglesias & Velasco
(1964) for Mn II, and Dworetsky (1971); Johansson
(1978); Guthrie (1985); and Adelman (1987) for Fe II
For a Dra, linesof HI, He I, C I, CII, O I, Mg I, Mg II,
Al ALIL SiI, SiIl, SII, Cal, CalIl, Sc II, Ti II, V II,
Cr I, Cr II, Mn I, Mn II, Fe I, Fe II, Ni II, Sr II, and
Ba II were identified in Paper XIII. These species except
for Mn I, whose identification was based on only one weak
line, were also seen in this study. For 7 Her the analysis in
Paper I1II and this study found lines of H I, He I, C II, N II,
O II, Mg II, Al II1, Si II, Si III, S II, Ca II, Ti II, Cr II,
Fe II, Fe III, and Ni II. The only newly found species was
Al II represented by one line. In the spectrum of « Lyr,
we found lines of H I, He I, C II, O I, Mg I, Mg II, Al I,
AL TII, Si II, Ca II, Sc II, Ti II, V II, Cr II, Mn II, Fe I,
Fe II, Ni II, and Sr II while HR 7926 shows lines of H I,
HeI, CII, NII, O I, Mg II, Al IT, Al III, Si II, Si III, S II,
Ca II, Ti II, Cr II, Mn II, Fe II, Fe III, and Ni II.

The radial velocities come from comparisons of the
stellar and laboratory wavelengths after corrections were
applied for the Earth’s orbital velocity. For a Dra,
~v Lyr, and HR 7926, which are single-lined spectroscopic

central Heliocentric RV
A(A) Julian date (km s~ 1)
a Dra
4190 2447333.740 —4.4
4245 2447335.718 —20.1
3860 2448475.700 —43.3
4630 2448479.685 —44.8
4685 2448480.682 —44.6
4740 2448796.821 —1.5
4355 2449141.737 —40.7
4465 2450168.062 —35.9
4300 2450168.839 —36.4
4410 2450306.014 32.5
4080 2450307.011 40.1
3915 2450309.011 52.3
4520 2450529.061 —36.5
4905 2450589.836 —39.9
5070 2450592.987 —40.0
5015 2450593.984 —38.8
3970 2450653.998 —25.1
4025 2450654.992 —21.3
4135 2450655.817 —17.8
4575 2450658.996 —-8.3
4726 2451609.001 —50.7
4864 2451660.724 —29.8
v Lyr
4685 2450400.572 —-23
4520 2450529.061 -23
4905 2450590.987 —26
5015 2450593.984 —21
4355 2450595.909 —23
4245 2450596.827 —21
4190 2450601.927 —21
5070 2450650.963 —26
4740 2450651.804 —19
3970 2450653.998 —27
4025 2450654.991 —24
4135 2450655.816 —-29
4300 2450657.001 —22
4410 2450657.813 —28
4575 2450658.996 —22
4630 2450661.009 —-23
4080 2450753.631 —24
4465 2450920.991 -23
3915 2451028.843 —22
3860 2451408.841 —27

HR 7926
4245 2449618.766 —46
4520 2449923.911 —61
4465 2450305.014 1
4410 2450306.014 -7
4080 2450307.011 —12
4905 2450648.988 —32
5015 2450649.989 —-32
4190 2450656.002 —25
4355 2450658.003 —-30
4630 2450661.009 —-20
4685 2450662.003 —-19
4740 2450694.951 5
4135 2450697.953 —6
3860 2450994.983 9
4025 2451027.881 —25
4300 2451306.835 20
4575 2451399.843 10
5840 2451410.732 —40
5070 2451413.032 —46
3970 2451440.037 —42
3915 2451441.913 —22
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Table 2. Effective temperature and surface gravity determinations

deduced deduced

Star Ter (K) Log g Method
a Dra 9975 3.63 Napiwotzki et al. (1993) with wvby3 photometry
10000 3.60 Spectrophotometry and Hy profile fitting, solar model, £ = 0.0 km s~*
T Her 15022 3.93 Napiwotzki et al. (1993) with wwby3 photometry
15000 4.10  Spectrophotometry and H~y profile fitting, solar model, £ = 0.0 km s~*
~ Lyr 9674 2.67 Napiwotzki et al. (1993) with uvbyl photometry
9550 2.75  Spectrophotometry and Hy profile fitting, solar model, & = 2.0 km s~ *
HR 7926 13306 3.42  Napiwotzki et al. (1993) with uwbyl photometry
13306 3.55  Adjustment to log g to best fit the Hv profile

binaries, we list the radial velocities as they can be used
to improve the orbit of the first star and to find the or-
bits of the other two stars. The mean radial velocity of
7 Her is = —16.3 4+ 4.1 km s—!. The individual values are
not given for this non-radial pulsator. For a Dra we could
not find any lines of the secondary. This also appears to
be true for both v Lyr and HR 7926, but their Ca II H
and K lines also have a sharper component, which could
be interstellar.

3. The abundance analyses

Table 2 lists our effective temperature and surface grav-
ity estimates with the last values for each star being
those adopted. We began with the computer program
of Napiwotzki et al. (1993) and the homogeneous wvbys
data of Hauck & Mermilliod (1980). The uncertainties are
about £150 K and £0.2 dex (Lemke 1989). To refine these
values we calculated synthetic spectra of the Hvy regions
from ATLAS9 LTE plane parallel model atmospheres
(Kurucz 1993) with Program SYNTHE (Kurucz & Avrett
1981) as well as the predicted fluxes with ATLAS9 for
comparison with the observations which are from Adelman
(1978) for o Dra and 7 Her, from Schild et al. (1971) as
modified by Breger (1976) for v Lyr, and from Kharitonov
et al. (1997) for HR 7926. For a Dra the temperature
is 25 K less and the surface gravity 0.15 dex less than
the values of Paper XIII while for 7 Her the tempera-
ture is 250 K greater and the surface gravity 0.45 dex
greater than those used in Paper III which were based
on ATLAS6 (Kurucz 1979) rather than ATLAS9 models
(Kurucz 1993). Comparison of the predicted fluxes for a
model atmosphere of HR 7926 with the photometric val-
ues of effective temperature and surface gravity with the
observations of Kharitonov et al. (1997) show that the size
of the Balmer jump is approximately correct, but that the
observed Balmer continuum only crudely looks like the
predictions is a substantial reason not to use these values.
The photometry indicates that HR 7296 is slightly red-

dened by E(b — y) = 0.027 which must be allowed for in
determining its values. A small adjustment in log ¢ makes
the spectral synthesis predictions agree with the observed
H~ profile. HR 7926, which is classified as a higher lumi-
nosity star than v Lyr, has the greater surface gravity of
the two stars. This is in accord with the determination

of absolute magnitudes using parallaxes from Hipparcos
(ESA 1997).

Paper XXIV indicates the changes in abundances due
to a 100 K change in effective temperature and a 0.2 dex
change in log g for ¢ Her. They are useful in estimating
similar changes for stars of this paper.

The helium and metal abundances were determined
using programs SYNSPEC (Hubeny et al. 1994) and
WIDTH9 (Kurucz 1993), respectively, with metal line
damping constants from Kurucz & Bell (1995) or semi-
classical approximations in their absence. Abundances
from Fe I and II lines were derived for a range of pos-
sible microturbulences whose adopted values (Table 3) re-
sult in the derived abundances being independent of the
equivalent widths (£1) and having a minimal scatter about
the mean (&3) (Blackwell et al. 1982). For « Dra, we find
0.1 km s—!, which is the same as in Paper XIII. But for
7 Her and HR 7926, we lack sufficient lines of any species
which are beyond the linear part of the curve-of-growth to
determine the microturbulence. Thus we use 0.0 km s~ 1,
the canonical value, which appears to be appropriate for
stars of similar effective temperature and surface gravity.
This was done in Paper III for 7 Her. For « Lyr, we find
0.8 km s~! using all our Fe II lines. There are insufficient
Fe I lines for this determination.

The helium abundances (Table 4) were found by com-
paring the line profiles with theoretical predictions which
were convolved with the rotational velocity and the instru-
mental profile. For these stars the He/H values are fairly
consistent from line to line. For o Dra, He T A4472 is most
discrepant and its profile suggests that it might be blended
in its shortward wing. In addition lines at A3868, \4143,
and Ab047 were not used as they are too weak or blended.
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Table 3. Microturbulence determinations from Fe I and Fe II lines

Number & &2
Star Species  of lines  (km s™!) log N/Nr (km s™h) log N/Nt gf values
a Dra Fel 54 0.4 —4.81+0.24 0.3 —4.814+0.24 MF
62 0.0 —4.77 + 0.27 0.0 —4.774+0.27 MF+KX
Fe 11 43 0.0 —4.74 + 0.17 0.0 —4.744+0.17 MF
71 0.0 —4.70 +0.19 0.0 —4.70£+£0.19 MF+KX
adopted 0.1
v Lyr Fell 45 0.9 —4.90 +0.19 0.8 —4.894+0.19 MF+KX
adopted 0.8

gf value references: MF = Fuhr et al. (1988), KX = Kurucz & Bell (1995).
Note: For & and &> the abundances are found so that there is no trend of values for lines
of different equivalent widths and have minimum scatter about the mean, respectively.

Table 4. He/H determinations

Star A (A) He/H
a Dra 4026 0.08
4121 0.10
4388 0.10
4472 0.06
4713 0.09
4921 0.09
average 0.09 £ 0.02
7 Her 3868 0.10
4009 0.12
4026 0.10
4121 0.12
4169 0.10
4388 0.10
4437 0.10
4472 0.10
4713 0.11
4922 0.11
5015 0.12
5047 0.13
average 0.11£0.01
v Lyr 4026 0.09
4143 0.12
4388 0.11
4472 0.11
4713 0.10
4922 0.10
average 0.10 £0.01
HR 7926 4009 0.10
4026 0.10
4121 0.10
4143 0.10
4388 0.10
4437 0.10
4472 0.10
4713 0.10
4921 0.11
5015 0.10
5047 0.12
average 0.10 £0.01

In the spectrum of 7 Her, the lines at \3872, A3926, A3964,
and A\4143 were not used. Further A\4121 and A5047 have
profiles which suggest they might be blended. In the spec-
trum of v Lyr, the lines at A3868, A3926, and A\4437 were
found, but not analyzed due to being blended or weak-
ness. For HR 7926 lines seen but not used include A3868,
A3872, A3926, A3964, A\4169, and A5840 with the LTE re-
sult for the last line much larger than those of other lines.
To convert log N/Nr values to log N/H values —0.04 dex,
—0.05 dex, —0.05 dex, and —0.04 dex were added to values
for « Dra, 7 Her, v Lyr and HR 7926, respectively.

Table 5, the analyses of the metal line spectra, con-
tains for each line the multiplet number (Moore 1945),
the laboratory wavelength, the logarithm of the gf-value
and its source, the equivalent width in mA as observed,
and the deduced abundance. Source references are given
at the end of this table. Letters are used in place of multi-
plet numbers to indicate sources other than Moore (1945):
D = Dworetsky (1971), I = Iglesias & Velasco (1964), and
J = Johansson (1978).

4, Discussion

Table 6 compares the results of these studies of & Dra and
of 7 Her with those from Papers XIII and III, respectively.
For a Dra most of the changes were small. For four ele-
ments with lines from two species, the agreement between
the species improved while for two other elements, it be-
came slight worse. The largest abundance change was for
Ba increasing by 0.35 dex and the next largest was for
S by 0.25 dex which are based on 2 and 1 lines, respec-
tively. For 7 Her there is a general tendency to increase the
abundances by about 0.1 dex due to the increase in tem-
perature. For Ti and Ni there is a much greater change,
but this is due to the measurement of weak lines. These
analyses and those of v Her and ¢ Her by Adelman et al.
(2001) by demonstrating that the abundances based on at
least a few metal lines were little changed in the newer
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Table 6. Comparison of results (log N/H)

Table 7. Comparison of derived and solar abundances
(log N/H)

a Dra

Species  Paper XIII  This paper
He I —1.04 —1.06
CI -3.91 —-3.78
CII —3.51 —-3.67
(OB —3.49 —3.50
Mg I —4.61 —4.54
Mg II —4.65 —4.70
All —6.07 —6.24
AlTI —5.76 —5.83
Sill —4.89 —4.96
S1II —4.60 —4.35
Cal —6.28 —6.25
Ca II —5.61 —5.95
Sc 11 —-9.41 —9.36
Ti 1T -7.10 —7.16
VII —8.04 —8.08
Crl —6.26 —6.37
Cr Il —6.34 —6.39
Mn I —6.84
Mn II —6.54 —6.62
Fel —4.81 —4.75
Fe 11 —-4.71 —4.69
Ni II —5.91 —6.10
Sr 11 —9.52 —9.52
Ba IT —10.07 -9.711
7 Her

Species Paper 111 This paper
He I —1.04 —0.96
CII -3.63 —3.53
NII —-4.30 —4.09
O1II —2.76: —3.36
Mg II —4.65 —4.60
AlTI —5.82
Al TII —5.79 —5.59
Si Il —4.57 —4.49
Si IIT —4.52 —4.42
S1II —5.01 —4.76
Ca Il -5.93 —5.74
Ti IT —7.39 —6.76
CrII —6.74: —6.55
Fe 11 —4.80 —4.72
Fe 111 —4.63 —4.62
Ni II —-7.15 —6.72

Species a Dra 7 Her v Lyr HR 7926 Sun
Hel —1.06+0.08 —0.96+0.02 —0.98+0.05 —1.00+0.02 —1.01
ClI —3.78 —3.45
CII  —3.67+0.28 —3.53+0.28 —3.61+0.27 —3.48+0.25 —3.45
N II —4.094+0.17 ... —4.24 —4.03
O1 —3.50 —3.20£0.25 —3.29+£0.17 —3.13
O1II —3.36 —-3.13
Mgl —4.5440.17 ... —4.57+£0.19 ... —4.42
Mg II —4.70£0.30 —4.60£0.03 —4.60+£0.19 —4.54+£0.07 —4.42
All —6.24+£0.22 ... —6.43+£0.02 ... —5.53
AlIl  —5.83 —5.82 —5.78 —5.53
AlTIT ... —5.594+0.09 ... —5.28 £0.27 —5.53
Sill —4.96+0.19 —4.49+0.04 —4.45+0.27 —5.00 £ 0.27 —4.45
SilIll .. —4.424+0.18 ... —4.39+£0.07 —4.45
S1II —4.35 —4.76 +0.18 ... —4.89£0.23 —4.67
Cal —6.25 —5.64
Call -5.95 —5.74 —6.40 —5.45 —5.64
ScIl  —9.36£0.11 ... —-9.97 —8.83
Till —-7.16+0.20 —6.76+0.18 —7.54+0.21 —7.154+0.17 —6.98
VII —8.08+0.23 .. —8.63 —8.00
Crl —6.37+£0.12 ... —6.33
CrIlI —6.394+0.16 —6.55+0.19 —6.48+£0.19 —6.58 £0.26 —6.33
Mn II —6.62 —6.44 —6.07£0.16 —6.61
Fel —4.75+£0.25 ... —4.90£0.25 ... —4.50
Fell —4.69£0.18 —4.724+0.16 —4.844+0.19 —4.66+0.22 —4.50
Fe IIT ... —4.62+0.07 ... —4.49+0.20 —4.50
Nill —6.104+0.22 —6.72 —6.01£0.19 —6.03£0.28 —5.75
SrII  —9.524+0.01 ... —9.86+£0.25 ... —9.03
Ball —-9.71+0.10 ... —9.87

analyses confirm the consistency and the quality of the
entire series.

This study’s abundances are compared with those of
the Sun (Grevesse et al. 1996) in Table 7. For 16 elements
the mean underabundance of o Dra with respect to the
Sun is —0.23 £ 0.26 dex. Thus the typical metallic abun-
dance for this star is about 60% of solar.

7 Her’s mean underabundance for 12 elements (exclud-
ing Ni) is —0.07+0.13 which is 85% of solar. However, Ni is
underabundant by a factor of 10, but this is based only on
one line. The agreement in abundances from two stages of
ionization for Al Si, and Fe is acceptable when one con-
siders the number of lines involved. That He appears is
have a slightly greater than solar abundance might reflect

undetected blending lines in those lines with He/H values
> 0.11.

For v Lyr, the mean underabundance for 15 elements
is —0.39 + 0.40 which is 40% of solar. Al, Ca, Sc, and
Sr are underabundant by more than 0.85 dex while Ti
and V are about 0.6 dex underabundant. Although the
underabundances of Ca and Sc are typical of the metallic-
lined (Am) stars, the general abundance pattern is not
(Adelman et al. 1997). But v Lyr is more luminous and
evolved than the classical Am stars. It also shows more
rotation than most stars which were studied in this tem-
perature range. Perhaps it is a star seen equator-on which
evolved from such a star.

The mean underabundance for HR 7926 from 13 ele-
ments is —0.15£0.10 dex. This does not include the value
for Mn which is based on two weak lines and is overabun-
dant. The pattern of other abundance anomalies suggest
we should consider this identification to be tentative.
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