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Abstract. Fine analyses of the silicon stars HD 133029
and HD 192913 are presented using ATLAS9 model at-
mospheres whose predictions fit the optical region spec-
trophotometry and H+y profiles and have the same bulk
metallicity as the deduced abundances. Both are very He
poor stars. The light elements are mostly solar except
for silicon, and all the heavier elements, except nickel in
HD 133029 which is solar, are greatly overabundant. The
iron peak elements are typically 10 times overabundant.
SrYZr are of order of 100 times solar. The rare earths are
1000 or more times overabundant.
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1. Introduction

This paper is the second of a series on the chemically pecu-
liar (CP) stars, especially the magnetic types. We are sys-
tematically comparing their elemental abundances with
those theories which try to explain their substantially non-
solar elemental abundances, such as the various radiative
diffusion scenarios of Michaud (1970) and his collabora-
tors. Paper I (Lopez-Garcia & Adelman 1993) concerned
the silicon star HD 43819 and the CP star HD 147550,
which we discovered was a very cool HgMn star. For this
paper we selected two silicon stars.

Bonsack (1977) studied the magnetic field and
radial velocity of HD 133029 (= HR 5597 ADS
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Cientifico,

9477A) and found radial velocity variations with a
period of 2.88706 days which were consistent with
the photometric variations documented by Winzer
(1974) and by Wolff & Morrison (1975). Rather than
periodic magnetic field strength variations, Bonsack
found that significant and sometimes rapid (>500 G
hour~!) variations occur. His effective magnetic field
strength measurements using Zeeman spectroscopy
range from 850 to 3300 G. Borra & Landstreet (1980)
found + 2905 to 4065 G using HB and argued that
Bonsack’s observations are not necessarily incompatible
with their observed smooth variability of H,. Bonsack
(1977) found definite evidence that certain lines vary in
strength and derived v sin ¢ = 21 km s™!, similar to
Preston’s (1971) wupper limit. Spectrophotometry
by Adelman & White (1980) revealed quite
broad continuum features at both A4200 and
A5200 with some evidence for the M6300 feature.
Recently Adelman (1998) reported that differential
uvby photometry obtained with the Four College
Automated Photometric Telescope (FCAPT) indicated
a period of 2.88756 + 0.00004 days and amplitudes of
variability of 0.020 to 0.025 mag. Each magnitude has a
single wave low amplitude light curve. These are crudely
in phase, yet show details which suggest a complex
photometric behavior whose explanation apparently
requires regions with enhanced elemental abundances
whose geometry is not that of spots at the magnetic poles;
this is in accord with the magnetic diffusion hypothesis
(Shore & Adelman 1974, 1976) as the magnetic latitude
at which maximum elemental abundance occurs does not
necessarily have to be at the poles.

Osawa (1965) classified HD 192913 as a silicon star.
It is one of the sharpest-lined Si stars with v sin i of
14 km s~! (Preston 1971). Differential FCAPT uvby pho-
tometry of HD 192913 by Adelman & Knox (1994) re-
sulted in a period of 16.829 £ 0.002 days, a value which is
close to previous studies by Bartolini et al. (1974), Winzer
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Table 1. H~v profiles

AMA) R (HD 133029) R (HD 192913)

0.309 0.366
2 0.385 0.459
3 0.458 0.538
4 0.530 0.606
5 0.596 0.674
6 0.654 0.732
8 0.748 0.805
10 0.809 0.853
12 0.862 0.893
14 0.892 0.914
16 0.917 0.929
18 0.935 0.946
20 0.942 0.952
22 0.952 0.959
24 0.960 0.964
28 0.968 0.976
32 0.974 0.985
36 0.978 0.994
40 0.983 0.999

(1974), Schoneich et al. (1976), and Musielok et al. (1980).
This star shows an asymmetric single wave photomet-
ric variability with the broad minimum showing evidence
for two sub-minima. Optical spectrophotometry (Adelman
1982) showed a definite A5200 feature while the other
three spectrophotometric anomalies are absent (Adelman
& Pyper 1993). Ryabchikova et al. (1990) concluded that
the metal lines change with the photometric period.

2. Observational material and line identifications

Four nitrogen-baked IIa-O 4.3 A mm™! spectrograms
(Ce 22760, Ce 22922, Ce 23322 and Ce 23760) of
HD 133029 and four (Ce 21996, Ce 22005, Ce 22015 and
Ce 22557) of HD 192913, obtained by SJA with the coudé
spectrograph of the 2.5 m telescope of Mount Wilson
Observatory were used in this study. The region covered
is approximately AA3760 — 4650.

There are no published line identifications of
HD 133029. The stellar lines were identified with the
aid of standard sources, especially, A Multiplet Table of
Astrophysical Interest (Moore 1945). Lines of H I, He I,
CII, Mg I, Mg II, A1 I, Si II, S II, Ca II, Ti II, Cr I,
Cr II, Mn II, Fe I, Fe II, Fe III, Ni II, Y II, Sr II, Zr II,
Ce II, Nd II, and Eu IT are definitely present. Those of
Si IIT and Hg II are probable identifications.

Jaschek & Lépez-Garcia’s (1966) detailed identifica-
tion study of HD 192913 for AX 3754 — 4670 based on a
4.5 A mm~! Palomar Observatory spectrogram listed lines
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of HI, CII, Mg II, A11, SiII, Ca II, Sc II, Ti I, V II, Cr I,
Cr II, Mn II, Fe I, Fe II, Fe III, Sr II, Y II, Zr II, Eu II,
Gd II, Hg I, and Hg II. Cowley & Crosswite (1978) (see
also Ryabchikova et al. 1990) identified lines of several
intermediate and heavy singly and doubly ionized rare-
earth species, in particular Ce III, Nd III, Sm III, Gd III,
Dy III, Ho III, Er III, Tm III, and Yb III.

Equivalent widths and H~y profiles were read di-
rectly from the intensity tracings which were made
with the PDS microdensitometer of Kitt Peak National
Observatory. Those from different spectrograms of the
same star were averaged to increase the signal-to-noise
ratio, but this means averaging over any spectral vari-
ability. As the Hv profiles were assumed to be symmetric
about the line core, their wings were averaged.

3. Atmospheric parameters

Temperature estimates for HD 133029 were made by
Burbidge & Burbidge (1955), Megessier (1971, 1988), and
Adelman & White (1980) and for HD 192913 by Adelman
(1982) and Megessier (1988). To improve these values, we
used the wwbyB mean colors of Hauck & Mermilliod (1980)
with the calibration of Napiwotzki et al. (1993) and ob-
tained Teg = 11760 K, log g = 4.10 for HD 133029 and
Teg = 11760 K, log g = 3.30 for HD 192913. We calcu-
lated line blanketed ATLAS9 model atmospheres (Kurucz
1995) with 10 times solar metallicity, and compared their
predicted fluxes with dereddened spectrophotometry and
the observed H+y profiles with synthetic spectra of the Hvy
region calculated with SYNTHE (Kurucz & Avrett 1981)
(Table 1). For HD 133029 we found Teg = 11200+ 100 K,
log g = 3.84 +0.10 dex. As discussed by Adelman et al.
(1995), these model predictions fit the energy distribu-
tion reasonably well including the A5200 broad contin-
uum region. For HD 192913 we found in this manner,
Tesr = 10900 £+ 100 K, log g = 3.40 £ 0.10 dex.

4. Abundance analyses

We determined the metal abundances from the equiva-
lent widths with Program WIDTH9 (Kurucz 1995). The
adopted metal line damping constants were the default
semi-classical approximations except for those of neutral
and singly-ionized Ca-Ni lines whose values are based on
the data of Kurucz (1995), for lines of C II multiplet 6 and
Mg II multiplet 4 where the adopted values for the Stark
broadening were based on data of Sahal-Brechot (1969)
and for Si IT and Ca II where the damping constants are
those of Lanz et al. (1988) and Chapelle & Sahal-Brechot
(1970) respectively.

We calculated abundances from Fe I and Fe II lines
for a range of possible microturbulent velocities (§).
For the final values, (Table 2), the abundances are not
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Table 2. Determination of microturbulent velocity assuming no magnetic field

(&1) (&)
Star Species n (km s™1) log Fe/Nt (km s™1) log Fe/Nt g f-values
HD 133029 Fel 39 2.4 —3.32 £ 0.22 2.2 —-3.29 £ 0.22 MF&KX
36 2.4 —3.33 £0.22 2.5 —3.35 £ 0.22 MF
Fe IT 72 2.0 —3.20 £ 0.26 2.2 —-3.24 £ 0.26 MF&KX
21 2.8 —3.53 £ 0.24 2.6 —3.46 £ 0.24 MF
mean £ : 2.4 km s™?
Ti IT 31 1.7 —5.93 £ 0.26 1.6 —5.92 + 0.26 MF&KX
CrII 46 2.9 —4.29 £ 0.31 2.8 —4.26 £ 0.31 MF&KX
HD 192913 Fel 51 0.7 —3.23 £ 0.19 0.8 —-3.24 £ 0.19 MF&KX
50 0.7 —-3.23 £0.19 0.8 —3.25 £0.19 MF
Fe IT 71 1.0 —3.39 £ 0.20 1.0 —-3.39 £ 0.20 MF&KX
32 1.0 —3.40 £ 0.20 1.0 —3.40 £ 0.20 MF
mean £ : 0.9 km s™?
Ti IT 44 1.2 —5.66 £ 0.25 1.2 —5.66 £ 0.25 MF&KX
CrII 37 1.2 —4.97 £ 0.20 1.1 —4.96 + 0.20 MF&KX
Table 3. Magnetic field determinations
H1 H2
Star Species n (kG) log N/Nt (kG) log N/Nt g f-values
HD 133029 Fel 39 3.1 —-3.29 £ 0.21 3.3 —-3.32 £ 0.22 MF&KX
36 3.1 —3.31 £ 0.22 3.1 —3.31 £ 0.22 MF
Fe II 72 2.8 —-3.18 + 0.30 3.0 —-3.21 £ 0.30 MF&KX
21 35 —337+037 35 —337+0.37 MF
mean H: 3.2 kG
Ti Il 30 3.0 —5.98 + 0.26 3.1 —5.99 + 0.26 MF&KX
Cr II 23 4.9 —4.33 £+ 0.30 4.9 —4.35 £ 0.31 MF&KX
HD 192913 Fel 51 1.0 —-3.24 £ 0.19 1.0 —-3.24 £ 0.19 MF&KX
50 1.0 —-3.24 £ 0.19 1.1 —3.25 £ 0.19 MF
Fe II 71 1.4 —3.40 £ 0.23 1.4 —3.40 £ 0.23 MF&KX
32 1.8 —3.54 + 0.26 1.7 —3.51 £0.25 MF
mean H: 1.3 kG
Ti II 44 2.3 —5.74 £ 0.24 2.2 —5.72 £ 0.23 MF&KX
Cr II 37 1.8 —4.96 + 0.20 1.7 —4.95 + 0.20 MF&KX

dependent on the equivalent widths (£;) or minimize
the rms scatter of the abundances (£2). Values for both
species were derived using lines with gf values only from
Martin et al. (1988) and also with gf-values from com-
patible sources, in this case Kurucz (1995). From these
species a mean microturbulence of 2.4 km s~ is found for
HD 133029. The Cr II lines give a value of 2.9 km s~! while
the Ti II lines suggest 1.7 km s~!. For HD 192913, the
Fe T and Fe II lines indicate a mean microturbulence of
0.9 km s~! while Ti II and Cr II lines 1.2 km s~ 1.
No microturbulence is expected if the magnetic CP
stars have quiescent atmospheres as required by various
radiative diffusion scenarios (see, e.g. Michaud 1970). The
derived microturbulence is most likely a manifestation
of an organized weak magnetic field with each line
having its own effective microturbulence due to the width
and the distribution of its Zeeman components. Strong

lines with wide patterns and many components will be
desaturated more easily than strong lines with smaller
patterns and fewer components. Following Adelman
(1973) we equated the mean width of the Zeeman o
components to the Doppler broadening to derive an
effective microturbulence for each line which increases
with the strength of the magnetic field and the width
of the Zeeman pattern. Although this approximation is
adequate for the current data, more refined modeling
will be required for observations with somewhat greater
signal-to-noise ratios.

By assuming that there is no microturbulence and
requiring that the abundances be independent of the de-
rived magnetic field (H; ) or that the scatter in the derived
abundances be a minimum (Hs) we found that surface
magnetic field of HD 133029 (Table 3) is about 3.2 kG
from the Fe I and Fe II lines. The Cr II lines yield 4.9 kG
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Table 5. Sensitivity of the derived abundances of HD 192913 to changes in temperature and surface gravity

Log N/H for  Log N/H for 500 K Log N/H for 0.5
Elements adopted model hotter model dex greater model
CII —3.16 —3.08 —2.96
Mg I ~5.10 —4.88 —5.32
Mg II —4.70 —4.66 —4.70
All —5.33 —5.20 —5.44
Sill —4.06 —3.99 —4.11
S1II —4.67 —4.61 —4.46
Ca Il —5.33 —5.15 —5.47
Sc II —8.68 —8.52 —8.72
Ti II —5.60 —5.42 —5.60
Crl —3.60 —3.27 —3.78
CrII —4.92 —4.86 —4.82
Mn II —4.76 —4.71 —4.68
Fe —3.26 —3.06 —3.41
Fe 11 —3.36 —3.32 —3.24
Fe III —2.68: —2.63: —2.40:
Ni Il —5.26 —5.29 —5.10
Sr II —5.03 —4.84 —5.21
Y II —17.59 —7.40 —7.67
Zr 11 —7.22 —7.04 —7.25
Ba II —8.52 —8.35 —8.61
Ce II —6.86 —6.69 —6.94
Pr I —6.66 —6.47 —6.76
Nd II —6.81 —6.64 —6.90
Sm II —6.34 —6.14 —6.43
Eu II —5.29 —5.10 —5.45
Gd II —7.44 —7.29 —7.52
Dy II —6.56 —6.33 —6.66
Hg I —5.12 —5.10 —5.00
and the Ti IT lines 3.1 kG. For HD 192913 we found a 5. Discussion
surface magnetic field of about 1.3 kG from the Fe I and )
Fe II lines, while Ti II lines indicated 2.30 kG and Cr 1able 6 compares the derived abundances for

IT lines 1.8 kG. As the rms values about the mean are
similar for both methods, we present the final abundance
results for the assumption of a uniform microturbulence of
2.4 km s~! for HD 133029 and 0.9 km s~! for HD 192913.

We calculate the He I profiles in LTE from the model
atmospheres with the program SYNSPEC (Hubeny et al.
1994). Only He I X\4026 is present for HD 133029 and its
equivalent width is about 13 mA. Thus HD 133029 is very
He poor. For HD 192913 no He I lines were seen, making
it too a very He poor star.

In Table 4 we present the analyses of the line spectra.
For each line we give the multiplet number (Moore 1945),
the laboratory wavelength, the gf value and its source,
the equivalent width in mA, and the derived abundance
log N/Nt. We did not include seriously blended lines in
the analyses. To give an idea of the sensitivity of our re-
sults to errors in effective temperature and surface gravity,
we derived the abundances of HD 192913 also for models
500 K hotter and log g 0.5 dex greater. Table 5 shows the
size of the resultant changes.

HD 133029 and HD 192913 with solar values (Grevesse
et al. 1996). Also given are the abundances of HD 43819
(Lopez-Garcia & Adelman 1994). Compared with the
Sun, the light elements of the silicon stars are mostly solar
except for Si, and all the heavier elements except nickel
in HD 133029, which is solar, are greatly overabundant.
HD 133029 has underabundant C, Mg, and S and over-
abundant Ca while HD 192913 underabundant Mg. The
iron peak elements are typically 10 times overabundant
except Cr in HD 133029 which is 100 times solar, Mn in
HD 192913 which is of order 100 times solar, and Ni
which is highly variable. SrYZr are of order 100 times
solar when observed. The rare earths are 1000 or more
times overabundant. HD 43819 appears to be in general
a slightly less metal rich star than the other two silicon
stars.

For a substantial confrontation with theory, we need to
analyze additional magnetic CP stars with higher signal-
to-noise spectra. This will also give additional informa-
tion on the line-to-line magnetic intensification. We need
to extend the range of effective temperatures to look for
temperature dependences and for theoretical tests.
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Table 6. Comparison of derived and solar abundances
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HD 192913 Sun
Elements  log N/H log N/H
CII —3.16 —3.45
Mg I ~5.10 —4.42
Mg II —4.70 —4.42
All —5.33 —5.53
SiII —4.06 —4.45
S II —4.67 —4.67
Ca Il —-5.33 —5.64
Sc II —8.68 —8.83
Ti IT —5.60 —6.98
Crl —3.60 —6.33
Cr1II —4.92 —6.33
Mn II —4.76 —6.61
Fel —3.26 —4.50
Fe 11 —3.36 —4.50
Fe II1 —2.68: —4.50
NiII —5.26 —5.75
Sr II -5.03 -9.03
Y II —7.59 —9.76
Zr 11 —7.22 —-9.40
Ba Il —8.52 —9.87
Ce II —6.86 —10.42
PrII —6.66 —11.29
Nd II —6.81 —10.50
Sm I —6.34 —10.99
Eu Il —-5.29 —11.49
Gd II —7.44 —10.88
Dy II —6.56 —10.86
Hg II —5.12 —6.57 —10.83
Ter 10900 11200 11300
log g 3.40 3.84 3.20
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