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ABSTRACT. Spectroscopic abundance determinations for a sample of seven F—G stars have been carried
out. The majority of them have large galactic latitudes. One objective in deriving spectroscopic abundances
is to differentiate evolved objects seen at high galactic latitudes from the young Population I supergiant stars
that happen to have large galactic latitudes but actually belong to the galactic disk. Second, it is important
to get good calibrators for photometric metallicity indices. It has been suggested in the past that many high
galactic-latitude F—G stars that are classified as supergiants are in reality subgiants or dwarfs. Our
spectroscopically derived gravities show that two of the stars studied in this paper, HR 5165 and HD
114520, are not supergiants as classified in the Bright Star Catalogue but are subgiants belonging to the
solar neighborhood. In our sample, HR 3229 and HR 8470 display solar abundances and the derived
gravities support the bright giant luminosity class ascribed to them. HR 4114, HR 4912, and HR 7671 have
abundances significantly different from those of young supergiants of galactic disk. The evolutionary status

of these objects is discussed.

1. INTRODUCTION

Yellow supergiants in general and particularly those at
high galactic latitudes are very interesting objects to study.
Semiregular and regular light variations have been found in
many of them. For several objects, the presence of circum-
stellar material has been detected. There has been much
interest in the study of high galactic latitude supergiants
since many of them have, very conclusively, turned out to
be evolved objects, like post-AGB stars, despite their su-
pergiantlike spectra. A search among high galactic latitude
objects is more efficient in locating evolved stars since
formation of massive stars is less likely to take place at
large distances from the galactic plane. There would be the
added advantage of less or no interstellar extinction. But in
the absence of reliable distances it is often difficult to say if
the star is indeed away from the galactic plane. A sample of
F—G supergiants in the galactic plane might contain a much
smaller fraction of evolved objects but that does not imply
that such searches should not be made.

On the other hand one cannot be unduly certain of the
post-AGB status of all high galactic latitude objects as there
are faint blue objects that are considered to be formed at a
large distance from the galactic disk (Conlon 1993) and
from which massive young A—F—G supergiants are

'Based on observations at the European Southern Observatory, La Silla;
VBO Kavalur and McDonald Observatory.
20n leave from Instituto de Astronomia, UNAM.

evolved. Bidelman (1993) published yet another list of
A—F supergiants with a large Stromgren c; index, charac-
teristic of low-gravity stars, and indicated that some of them
may be evolved post-AGB stars. As one sees, there is con-
siderable confusion about the evolutionary status of some
field F—G supergiants.

A high galactic latitude may not always imply a large
distance above the galactic plane and the actual distance is
hard to determine for field objects. Detection of infrared
excess to ascertain if the star is an evolved object has been
a very important but not a final clue towards their evolu-
tionary status. One may recall that the well-known post-
AGB star BD +39°4926 studied by Kodaira et al. (1970)
does not have infrared excess.

A large radial velocity is a common characteristic of
Population II objects but evolved objects are also found in
the thick disk with not very high radial velocities (e.g., RV
Tau stars) and hence the velocity criteria cannot be used
decisively. A further complication arises due to variations in
the radial velocity, reported for many post-AGB stars, that
might conceal the real systemic velocity. In fact there is
growing evidence towards binarity of many well-known
post-AGB stars.

Then it would appear that the most reliable way of as-
certaining the evolutionary status is by determining accurate
abundances. Though this approach is laborious, as one re-
quires high-resolution spectra and detailed model atmo-
sphere calculations, the unambiguous determination of
abundances is enough reward. These abundance determina-
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TABLE 1
Basic Data of Program Stars

Star 1 b (B—V) Sp. Type

v, Infrared fluxes (Jy)

(kms™') 12um 25 um 60 um 100 um

HR 3229 236:63  +10°11 1.07 GS Tb/II
HR 4114 28522 —00.89 0.31 21

HR 4912 30430 +36.40 0.68 F31Ia

HR 5165 321.03 +44.82 0.80
HR 7671 30.60 —21.53 0.52 F1 III
HR 8470 2698  —54.70 0.49 F2 11
HD 114520 34090 +82.63 0.42 F2II

GO Ib-Ia

+16 3.94 0.96 0.40L 1.00L
+10 3.15 0.72 12.35L  130.80L

—-22 1.24 1.59 0.55 1.00L
+1 1.69 0.35L 0.40L 1.00L

-12 0.65 0.32 0.40 1.08

—28 0.78 0.30 0.40 1.00
—6

tions not only help in ascertaining the evolutionary status of
these objects, but can also be used for calibrating photo-
metric metallicity indices in various photometric systems.

The detailed spectroscopic studies of these objects have
yet another important aspect. In addition to metallicity, ac-
curate temperatures and gravities are also derived. A good
fraction of F—G stars of high galactic latitude supergiants
are in reality subgiants or dwarf stars (misclassified as su-
pergiants in the Bright Star Catalogue) as reported by Men-
doza and Arellano Ferro (1993). That makes the detailed
spectroscopic study of field F—G supergiants (high galactic
latitude or not) a very important task. The spectroscopically
derived gravities can serve in identifying the various lumi-
nosity classes. It is important to recall that the galactic IMF
(initial-mass function) uses star counts in different mass
groups. Misclassification of a host of low-luminosity stars
for the massive supergiants might adversely affect the ac-
curacy of IMF and subsequent galactic evolutionary calcu-
lations.

In the present work we have derived abundances for
seven supergiants; HR 3229 (HD 68752, G5 Ib/Il), HR
4114 (HD 90853, F2 1I), HR 4912 (HD 112374, F3 Ia), HR
5165 (HD 119605, GO Ib-Ila), HR 7671 (HD 190390, F1
I1I), HR 8470 (HD 210848, F7 II), and HD 114520 (F2 1I).
For HR 4114, HR 5165, HR 8470, and HD 114520, spec-
troscopic abundances have not been determined before. The
abundances for HR 7671 are derived by Luck et al. (1990).
HR 3229 was included in the study of Gratton et al. (1989),
McWilliam (1990), and Luck and Wepfer (1995). We also
included HR 4912 in our list despite the fact that Luck et al.
(1983) have also done chemical analysis for a large number
of elements and have shown the star to be metal poor. Qur
reason for doing so was that an important element Zn was
not included in the study of Luck et al. and the abundance
of S is based on a single line. It has been pointed out by
Bond (1992) and Van Winckel et al. (1992) that the detec-
tion of Zn is a very important finding in metal-poor post-
AGB stars. With the grain condensation affecting the abun-
dances of many refractory elements, abundances of S and
Zn are the best indicators of metallicity in evolved objects.
We used all three good lines of Zn available in the visual
region.

Additionally, the spectral regions employed by us for HR
3229, HR 4912, and HR 7671 are different from those
employed by earlier workers and hence our estimate can be
treated as independent determinations though they are not

the first ones for these three stars. As will be shown later,
we obtain very good agreement with the earlier estimates.
We will also show, that HR 4114, HR 4912, and HR 7671
show abundances significantly different from solar values.

2. OBSERVATIONS

The basic data on our program stars is presented in Table
1. Details of our observations are presented in Table 2. The
bulk of spectra for HR 3229, HR 4114, HR 7671, and HR
8470 were obtained with the coude echelle spectrograph on
the 1.52-m ESO telescope at the La Silla Observatory on
the nights 1991 May 31, June 1, and June 2. This spec-
trograph is equipped with a RCA 1024X624 pixel CCD
(No. 13); the pixel size is 15X15 um. This spectrograph
gives a resolution of about 30,000. Exposure times were
between 20 and 60 min to obtain a S/N of 100 or more.

One spectrum of HR 4114 was obtained with a coude
echelle spectrograph on the 1-m telescope of Vainu Bappu
Observatory, Kavalur, India. This spectrograph uses a Pho-
tometrics CCD of 384 X576 pixels. The pixel size is 22X22
pm. The resolution is lower, ~ 15,000. But this spectrum
was used only to examine a Ha profile and no lines were
measured for the abundance work.

HR 5165, HD 114520, and HR 4912 were observed
using a cassegrain echelle spectrograph at the 2.1-m
telescope of the McDonald observatory between 1995
June 20 and June 22. The spectra were recorded on a
Reticon 1200X400 pixel CCD. This spectrograph gives
resolution 50,000. The stars being quite bright, exposures of

TABLE 2
Log of Observational Material

Spectral region Exposure time

HR Date (A) (min)
Hr 3329 1991 June 1 4920~5240 35
1991 June 2 45804880 2
HR 4114 1991 May 31 52605600 20
1991 June 1 4920-5240 35
1997 Jan. 18 5920-7000 15
HR 4912 1995 June 20 5700~7200 10
1995 Jan. 18 4430-4980 20
HR 5165 1995 June 21 4430-4980 55
HR 7671 1991 May 31 5260-5600 60
HR 8470 1991 May 31 5260~5600 55
HD 114520 1995 June 21 4430-4980 10
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FIG. 1—(a) Spectrum of HR 4912 showing Zn 1 lines at 4722 and 4810 A.
(b) Spectrum of HR 4912 showing Zn1 line at 6362 A.

10-20 min. were generally adequate to give a S/N ratio of
100 or more.

A Th-Ar hollow-cathode lamp was observed immedi-
ately following the exposures for wavelength calibration.

2.1 Spectral Reduction

The spectra were bias subtracted, flat fielded, and wave-
length calibrated using an echelle spectra reduction package
contained in IRAF. These reductions were made using the
Sparc 20 workstation at the Department of Astronomy of
the University of Guanajuato, Mexico. With the spectral
resolution of about 30,000 available to us, the accuracy of
the equivalent width measured is 6%—10% for ESO spectra.

HR 5165, HD 114520, and HR 4912 were observed at a
resolution of 50,000 and hence we could get a large number
of weak unblended features, even in the blue spectral re-
gion. HR 4912 was observed in the blue as well as in the
red spectral regions. We could measure three Zn I lines at
wavelengths 6362.35 A, 4810.54 A, and 4722.16 A. Figures
1(a) and 1(b) show the spectra of HR 4912 with Zn1 fea-
tures marked on them. Fortunately for us, the Zn1 line at
6362.35 A was not affected by telluric lines. We could also
measure and use three lines of S1I to derive the S abun-
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TABLE 3 .
Atmospheric Parameters Derived for Program Stars

Tetr Microturbulence Velocity
Star (K) log g (kms™1)
HR 3229 5000 1.75 24
HR 4114 7000 1.50 4.5
HR 4912 6000 1.00 4.7
HR 5165 6000 3.25 3.2
HR 7671 6500 1.25 3.2
HR 8470 6300 2.00 2.8
HD 114520 6300 3.25 2.8

dance. Our O abundance uses only the forbidden lines at
6300.3 A and 6363.8 A, as the lines in the 6156 A region
were not usable.

3. DETERMINATION OF ATMOSPHERIC
PARAMETERS AND ABUNDANCES

We used a grid of model atmospheres computed using
the MARCS code of Gustafsson et al. (1975). This grid was
kindly lent to us by Dr. R. E. Luck. We have calculated
equivalent widths using a computer program originally writ-
ten by Sneden (1973) and revised by one of us (S.G.). The
assumptions are local thermodynamic equilibrium (LTE),
plane-parallel atmosphere, and hydrostatic equilibrium.
Since our calculations use photospheric metal lines of mod-
erate strengths, these assumptions do not affect the accuracy
of derived abundances. Various steps involved in deriving
abundances using this approach are explained in detail in
Giridhar (1983). We have first determined atmospheric pa-
rameters 7., log g and microturbulence velocity using a
set of Fe I and Fe I lines. The atmospheric parameters could
be estimated with an accuracy of 200 K in T, 0.25 in
log g and 0.5 kms™! in microturbulence velocity. The at-
mospheric parameters derived for our sample stars are pre-
sented in Table 3. This chosen model atmosphere for each
star was used to derive elements for the remaining ele-
ments.

The sensitivity of the derived abundances to the accura-
cies of the atmospheric parameters is demonstrated in Table
4 of Giridhar et al. (1994).

Oscillator strengths for Fe I lines were taken from Lam-
bert et al. (1996), and from the NBS compilation by Martin
et al. (1988). Fe 1l gf values are taken from Giridhar and
Arellano Ferro (1995). For the remaining elements experi-
mental determinations of gf values compiled by Luck
(1994) were used. Our derived atmospheric parameters and
abundances for each star are presented in Tables 4-8 and
that for each star gives derived abundances with standard
errors. One can see that though our atmospheric parameters
are derived using FeI and Fe Il lines, the good agreement
between Til, Till lines, and between CrI and CrI lines
lends further support to our estimated atmospheric param-
eters.
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TABLE 4
Derived Elemental Abundances for High-Gravity Stars

HR 5165 HD 114520
Element No. Lines [M/H] o No. Lines [M/H] o

C1 2 —0.10 0.07 2 0.21 0.01
Nar 1 0.16 1 0.14

Mg1 3 0.11 0.17 2 0.23 0.22
Cal 6 -0.13  0.17 3 0.28 0.13
Ti1 11 0.07 0.18 10 0.01 0.14
Tin 4 0.00 0.14 8 0.00 0.16
Vi 3 -0.03 0.15

Cr1 12 0.08 0.17 16 0.03 0.25
Cru 5 0.03 0.08 5 0.04 0.07
Mn1 2 0.25 0.20 3 045 0.21
Fe1 52 0.11 0.11 29 —0.02 0.16
Fen 7 009 0.09 6 0.00 0.14
Nir1 15 —-0.13 0.19 10 0.02 0.16
Zn1 2 -0.11 0.06 2 -0.07 0.03
Yo 2 0.27 0.02 2 0.27 0.20

4. RESULTS AND DISCUSSION

We found four stars in our sample displaying solar-
system abundances. The remaining three are metal deficient
in varying degree. Within the solar-abundance group, two
subgroups emerged: stars with high gravities and more Iu-
minous stars with lower gravities.

4.1 Stars with High Gravities: HR 5165 and HD 114520

High-resolution spectra of high S/N were available for
these two stars and therefore we could measure a large
number of weak lines covering most of the Fe group ele-
ments. Hence the atmospheric parameters as well as abun-
dances could be derived with better accuracy. As one can
see in Table 4 the line-to-line scatter is quite small. There is
a good agreement between the FeI and Fe 11, TiI and Ti I,
and between CrI and Cr II lines that supports our ionization

TABLE 5
Derived Elemental Abudances for Low-Gravity Stars

HR 3229 HR 8470
Element No. Lines [M/H] o No. Lines [M/H] o
Ci1 1 —0.44 1 —0.08
Mg1 1 ~0.06 1 +0.37
Si1 1 -0.18 1 +0.01
Ca1 4 -0.26 0.07 4 -0.12 0.06
Can 1 —0.35
Scn 4 -0.16 0.11 2 -0.26 0.04
Tit 29 -0.25 0.22 1 +0.06
Tin 4 —0.10 0.26 1 -0.13
Cri 12 -0.19 0.21 6 —0.06 0.11
Cru 5 -0.16 0.19 5 —0.14 0.32
Mn1 2 +0.05 0.01
Fe1 99 -0.16 0.16 45 +0.06 0.11
Fen 7 —-0.21 0.13 5 +0.06 0.09
Co1 3 -0.22 0.33 1 +0.09
Nit 35 -0.24 0.24 5 0.00 0.29
Yo S —0.30 0.15 1 -0.38
Zru 1 -0.07
Cen 2 +0.17 0.01 2 —-0.02
Pro 1 -0.10
Ndu 5 —-0.22 0.11

equilibrium. Spectroscopic abundances have not been deter-
mined earlier for these two objects. The derived effective
temperatures are in good agreement with the color tempera-
tures. The high value of gravity (derived spectroscopically)
indicates that the two stars are most likely subgiants of
luminosity type approximately IV (see Table 3). For an
adopted M, of 1.0, the distance for HD 114520 is estimated
to be 150 pc while that of HR 5165 is 100 pc. Notwith-
standing their high galactic latitudes, they appear to be
members of the solar neighborhood as indicated by their
abundances.

But then it would appear that stars classified as super-
giants in the Bright Star Catalogue (Hoffleit and Jaschek
1982) and the supplement (Hoffleit et al. 1983) are not
necessarily high-luminosity objects. Mendoza and Arellano
Ferro (1993) had already predicted this from medium-
resolution spectroscopy and narrow-band photometry mea-
suring the strength of the O triplet at 7774 A. In fact, very
few stars from their sample of 73 high-galactic-latitude stars
turned out to be metal-poor evolved objects. Our spectro-
scopically derived abundances give strong confirmation to
the above-mentioned finding of Mendoza and Arellano
Ferro (1993).

However, if the number of such misclassified objects is
significantly large then it might affect the shape of the
initial mass function in the solar neighborhood. The IMF
may contain a larger number of massive stars than exist.
This in turn would affect the accuracy of galactic evolu-
tionary calculations.

4.2 More Luminous Objects: HR 3229 and HD 8470

Table 5 presents abundances for HR 3229 and HR 8470
that essentially have solar abundances. HR 3229 was inves-
tigated by Gratton et al. (1989) who estimated T, = 5100
K, logg = 1.56, V, = 2.3 and [Fe/H] = +0.21. McWill-
iam (1990) estimated T = 4890 K, logg = 1.98,
V, = 3.3, and [Fe/H] = —0.27. Recently Luck and Wepfer
(1995) estimated T = 4725 K, log g = 1.6, V, = 2.3, and
[Fe/H] = 4+0.03. Our estimates given in Table 3 agree very
well within the errors of estimate with all of them. Most
elements in HR 3229 show a small deficiency with respect
to the solar value but it is not very significant. On the other
hand, derived [C/Fe] is quite typical to those found in giant
stars (Lambert and Ries 1981). The star HR 3229 generally
appears to be a normal supergiant with a moderate radial
velocity of 16 km s~ ! as given in the radial-velocity catalog
of Wilson (1953).

HR 8470 also displays near-solar abundances for most
elements indicating that this star is also a normal super-
giant. No earlier spectroscopic estimate of metallicity has
been made for this star.

The derived gravities for these two stars indicate that M,
could be in the —2 to +1 range. Then it would imply that
the distances of these stars must be 200-300 pc. However,
a radial velocity —28 kms~! for HR 8470 is high for a
normal Population I star and a bit surprising. It will be of
interest to see if radial-velocity variations exist. As such
very little work has been done for this star.
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TABLE 6
Derived Elemental Abundances for Metal-Poor Stars

HR 4114 HR 4912 HR 7671
Element  No. Lines [M/H] o No. Lines [M/H] o No. Lines [M/H] o
C1 1 —0.28 0.04 4 —-1.27 0.04
O1 2 ~-0.28 0.01
Nai1 3 —-0.46 0.07
Mg1 1 —-0.36 2 -040 014
Si1 4 —0.46 0.11
Sin 1 -0.28
S1 1 —=0.11 3 -0.71 0.10
Cal 4 —0.23 0.14 10 —1.03 0.28 3 —1.06 0.05
Can 1 —0.28
Scn 4 —045 0.15 1 -0.92
Ti1 4 -0.26 0.12 4 -1.02 0.38 1 -0.80
Tin 6 —-0.30 0.19 8 -0.95 0.10
Cr1 6 -0.36 0.14 8 —1.40 0.14 3 -1.20 0.04
Cro 5 -0.32 0.17 5 -1.35 0.19 5 —1.28 0.14
Fe1 49 —-0.37 0.15 40 —1.08 0.20 21 —1.14 0.17
Fen 6 —-0.40 0.13 6 -1.11 0.13 5 -1.15 0.06
Nii 5 -0.30 0.28 13 -0.97 0.10 1 -1.02
Zn1 3 -0.86 0.06
Yu 1 —-0.40 0.14 2 —145 0.04
Cen 3 -1.30 0.04

4.3 Metal-Poor Stars: HR 4114, HR 4912, and HR 7671

HR 4114 shows moderate metal deficiency by a factor of
2 or so. The Fe peak elements Sc, Ti, and Cr show defi-
ciency of similar magnitude. The light elements C and Mg
also show deficiency of similar magnitude. Sulphur is less
deficient, almost solar. Significantly, this star has the largest
infrared flux in our sample. As one can see in Table 7 the
relative abundances of C, @ elements Mg, S, and Ca and
those of heavy s-process elements like Y relative to Fe
found for HR 4114 bear good resemblance to those found in
89 Her, HD 161796, and HD 70379. The [Fe/H] for these
objects is in the —0.3 to —0.4 range. Abundances for 89
Her and HD 161796 are given in Luck et al. (1990) and
those for HD 70379 are taken from Reddy (1996). All the
three objects mentioned above have significant infrared
fluxes and their [C/Fe], [N/Fe], [O/Fe] cannot be accounted
by CN processing that occurs at RGB evolution. These
abundance ratios for a large sample of red giant stars are
presented in Lambert and Ries (1981) who found that the
average value of [C/Fe], [N/Fe], [O/Fe] for red giants are
—0.2, +0.35, and +0.10, respectively. The observed
[C/Fe], [N/Fe], [OfFe] for the stars of Table 7 obviously
indicate a more advanced evolutionary stage, most likely
post-AGB state. However, 89 Her and HD 161796 do not

show the s-process enrichment that should follow the third
dredge up but HD 70379 shows mild s-process enrichment.

Unfortunately, our spectral region does not cover lines of
elements like Al and Zn, and even our estimate of S abun-
dance is based on a single line. It would be very interesting
to determine abundance ratios S/Fe, Zn/Fe, and Al/Fe for
this object as well as C, N, O abundances since HR 4114 is
likely to be an evolved object that might have gone through
some mass loss as indicated by the infrared flux. However,
the spectrum in the He region (Fig. 2) does not show any
emission although asymmetry is evident. It appears that Ha
has a wide shallow component and a deep narrow compo-
nent (both in absorption). It is a variable star and radial-
velocity variations are reported, but no periodicity is re-
ported so far. Arellano Ferro and Madore (1986) had
examined ultraviolet spectra in search of a blue companion
but no detection was accomplished. However, one cannot
rule out the possibility of an evolved cool companion that
might be responsible for the infrared flux.

We had measured the strength of the O1 triplet using
high-resolution spectra (Arellano Ferro et al. 1991) and
derived M, = —4.4. The derived temperature and gravity
also points to M, in the —4 to —5 range. For an assumed
M, of —4.4 the distance turned out to be ~ 400 pc. If one

TABLE 7
Important [X/Fe] Ratios for HR 4114 and other High-Latitude Objects of Similar Metallicity

Star [Fe/H] [C/Fe] [N/Fe] [O/Fe] [Mg/Fe] [Ca/Fe] [S/Fe] [Y/Fe] References
HR 4114 -031 +0.10 —0.02 +0.12 +0.27 +0.02  This work
89 Her -041 +0.15 +0.66 +0.14  +0.39 -0.03 +0.15 +0.01 1
HD 161796 -031 +020 +1.17 +0.38 +0.71 —-0.05 +0.72  -0.23 1
HD 70379 -031 +042 +038 +0.34 +0.01 -0.17 +0.34 +040 2

Luck et al. (1990).
%Reddy (1996).

© Astronomical Society of the Pacific « Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1997PASP..109.1077G

7PASP. Z109: 10770

rt

1082 GIRIDHAR ET AL.

TABLE 8
Important [X/Fe] Ratios for HR 4912 and a Few Well-Known Post-AGB and Halo Giants

Star [Fe/H] [C/Fe] [N/Fe] [O/Fe] [S/Fe] [Ca/Fe] [Zn/Fe] [s/Fe] References
HR 4912 —-1.10 -0.17 +0.50 +0.84 +030 +0.02 +024 —030 1,2
SAO 239853 -090 +049 +0.60 +0.72 +049 +040 +020 -—0.20 3
IRAS 180955+2704 —-0.82 +0.32 +0.76 +0.59 +0.50 +0.08 +0.07 —0.60 4
HD 47603 -170 +170 +1.70 +1.60 +130 +0.70 +040 —0.20 5,6,7
HD 44179 —3.30 +330 +3.30 +290 +1.70 3

"Luck et al. (1983).
>This work.

3Van Winckel (1995).
“Reddy (1996).

employs the parallax given in the Bright Star Catalogue
(Hoffleit and Jascheck 1982), then the distance would be
only 100 pc. We are inclined to regard the parallax values
with caution. Alternatively, the large distance modulus
might have been caused by circumstellar extinction. This
star deserves a very comprehensive multiwavelength study.

HR 4912 is a semiregular variable of a long period but
small amplitude of light variations. Arellano Ferro (1981)
found a period of 44 days. The Ha profile has strong
emission components on both wings. The infrared flux is
detected (Table 1) but it is not particularly strong for this
object. Submillimeter fluxes are reported by van der Veen
et al. (1994) but they are near the detection limit. An ab-
solute magnitude of —3.7 can be inferred from the strength
of the O triplet measured on high-resolution spectra (Arel-
lano Ferro et al. 1991). From the spectroscopic determina-
tion of gravity, Luck et al. (1983) estimated M, ~ —4.
Our present spectroscopic study also indicates a similar
value. In the present work we found almost the same value
of atmospheric parameters. Considering the fact that it is a
variable star, finding the same values of T and log g is
strange, but then the amplitude of the variations is not very
large and it is possible that the spectra of ours and those of
Luck et al. (1983) were obtained at similar phases.

Luck et al. (1983) did a chemical-composition study and
suggested that this star is a semiregular variable, situated at
the top of the AGB evolving towards the white-dwarf re-
gime. After the detection of infrared fluxes in many high-

Rel Intensity
T Fe [ -

HR 4114

Hralpha —-

0 | | | |
6540 6550 6560 6570 6580 6590
Wavelength (A)

FI1G. 2—Spectrum of HR 4114 in Ha region.

SLuck and Bond (1984).
%Bond and Luck (1987).
"McCarthy et al. (1996).

galactic-latitude stars, many searches have been made to
identify post-AGB objects among field stars. Several post-
AGB stars have been identified, for example, HD 52961,
HD 46703, and BD +39°4926. Abundance data have been
compiled to define the abundance pattern found in post-
AGB stars. It is found that for many well-known post-AGB
objects, their abundance pattern correlates with the elemen-
tal depletions observed in the interstellar medium (Venn
and Lambert 1990; Bond 1991; Van Winckel et al. 1992).
The elements with higher condensation temperature
(T, > 1200 K) are strongly depleted in their atmospheres
whereas the elements like Zn and S having smaller conden-
sation temperatures (7, < 600 K) are largely unaffected. In
fact, for stars whose abundances are affected by the dust-
condensation process, these two elements may be better
indicators of metallicity. These elements are neither affected
by the CNO cycle nor are easily condensable ones.

Our present study of HR 4912 covers these two ele-
ments. In Table 8 we have presented, the [X/Fe] for several
elements for HR 4912 and a few post-AGB stars. HD
44179 is a very metal-poor post-AGB star. It is obvious
from the table that the abundance pattern of HR 4912 is
quite similar to those of oxygen-rich post-AGB stars SAO
239853 and IRAS 18095+2704. Much larger values of
[S/Fe] and [Zn/Fe] are found in post-AGB stars with
C/O > 1. Some of these carbon-rich post-AGB stars show
s-process enrichment.

HR 7671 is metal poor by a factor of 10—15. This defi-
ciency is shared by all Fe group elements Ca, Sc, Ti, Cr,
Fe, and Ni. Our atmospheric parameters are in very good
agreement with T = 6600 K, logg = 1.0 and V, = 2.8
derived by Luck et al. (1990). The investigation of Luck et
al. is more extensive than ours, covering more elements.
They reported this star to be slightly deficient in C and O,
s-process elements to be enhanced and Li abundance of
log €(Li) = 2.3 that is unusually high. This star does not
possess a very large infrared flux.

5. PHOTOMETRIC IRON ABUNDANCES

It is shown by Arellano Ferro and Mantegazza (1996)
that the photometric estimations of the iron content of a
yellow supergiant star can be made with reasonably good
accuracy from the Stromgren m; and B indices. Since the
present work derives spectroscopic [Fe/H] for a number of
stars, it was considered important to see how well the two
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TABLE 9
uvbyB Data of Program Stars

Star \4 b—y my cy B References

HR 3229 0.657 0416 0.329 7
0.660 0399 0.392 7

5070 0.683 0438 0390 2584 8

HR 4114 3.82 0.179 0.142 1173 2739 1
3824 0191 0.163 1331 2744 5

0.192  0.158 1.344 7

0.183  0.179 1326 7

3.826 0.187 0.165 1325 2744 10

3.80 0.185 0.159 1370 2.730 9

HR 4912 6.782 0468 0.143 1.023 2.590 9
HR 5165 5604 0538 0238 0566 2591 8
HR 7671 6.46 0424 0.170 1.033  2.611 1
6.34 0.435 0.060 1.105 2

6351 0389 0.016 1.201 2613 34

6371 0394 0025 1.174 2.603 5

0394 0.068 1.113 2.630 6

6.404 0403 0040 1.128 2.628 10

HR 8470 5.58 0321 0195 0.789 2.674 1
5592 0308 0195 0738 2.662 34

0317 0.182 0.743 2.670 11

HD 114520 0272 0.154 0576 2.686 11

IStokes (1972).

Danzinger and Faber (1972).
3Gronbech and Olsen (1976).
4Gronbech and Olsen (1977).

SOlsen (1983).

SFernie (1986).

"Manfroid and Sterken (1987).

®Mean values in Arellano Ferro et al. (1990).
Gray and Olsen (1991).

WEggen (1992).

"Mendoza and Arellano Ferro (1993).

estimates agree, and whether these stars could serve as
calibrators for future empirical calibrations. Table 9 con-
tains the Stromgren indices of the seven stars under study
and their sources are listed for completness. It is clear from
the V and b—y indices that mid- to long-term intrinsic
variablity can be found in these supergiants. Indeed HR
4114 is listed as a probable variable in the Bright Star
Catalogue (Hoffleit and Jaschek, 1982) while the variability
of HR 4912 and HR 7671 has been discussed by Arellano
Ferro (1981) and Fernie (1986), respectively. We have av-
eraged all the available indices and used those mean values
to calculate the &[m,] parameter defined by Arellano Ferro
and Mantegazza (1996).

Figure 3 shows the position of the seven stars in our
sample on the [Fe/H]-8[m,] empirical calibration derived
by Arellano Ferro and Mantegazza (1996), that has an un-
certainty of = 0.33 dex. The solid curve is a quadratic fit to
photometric [Fe/H] as a function of &[m;] given in Arell-
ano Ferro and Mantegazza (1996). The meaning of various
symbols are explained in the figure caption. It can be seen
that within the errors of determinations (0.33 for photomet-
ric estimates and about 0.2 for the spectroscopic ones), the
agreement between the two estimates of [Fe/H] is generally
good. HR 4114 and HR 5165 are located a little far from
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FIG. 3—Empirical photometric calibration [Fe/H]-8[ m,] taken from Arel-
lano Ferro and Mantegazza (1996). The crosses and error bars represent the
spectroscopic iron abundances and standard errors reported in Tables 4-8.
The numbers are HR identifications, except for HD 114520. Other symbols
represent supergiant stars as coded in the legend. Solid curve is a quadratic
fit (see Arellano Ferro and Mantegazza 1996 for details).

the calibration. The discrepancy can be understood for HR
4114 since it is a variable object and the mean value of its
photometric indices may not necessarily be the equilibrium
value. Second, the calibration made using a young disk
object may not be a very appropriate one for HR 4114 if it
is an evolved object. For HR 5165 no obvious explanation
is at hand. It is clear, however, that given the present un-
certainties of the photometric calibration, from the m; and
B indices alone, one may not be able to estimate the low
iron content of some stars, such as HR 4114. Further in-
vestigations in this field are needed.

6. CONCLUSIONS

We find that two stars of our sample, HR 5165 and HD
114520, are not yellow supergiants of high galactic latitude
as considered earlier, but are subluminous giants belonging
to the galactic disk. HR 4114 has abundances similar to
those of the post-AGB stars 89 Her, HD 161796, and HD
70379. This star has the largest infrared flux in our sample
although Ha only very mildly suggests a shell structure.
HR 4114 is a potential post-AGB candidate, but a more
detailed investigation is required to confirm it.

The abundance pattern of the semiregular variable HR
4912 is very similar to that found in oxygen-rich post-AGB
stars.

HR 3229 and HR 8470 are young bright giant members
of the galactic disk.

The photometric predictions of [Fe/H] match well with
the present spectroscopic determinations which shows that
these stars can be used as calibrators for future empirical
calibrations of photometric abundances.
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