
A&A 441, 303–308 (2005)
DOI: 10.1051/0004-6361:20042417
c© ESO 2005

Astronomy
&

Astrophysics

A detailed spectroscopy of the carbon-rich star BD +57◦ 2161
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Abstract. An LTE abundance analysis based on high-resolution spectra is presented for the carbon-rich star BD+57◦ 2161,
whose evolutionary status is unknown. With [C/Fe] = +0.4 dex and a mean s-process overabundance of [s/Fe] � +1.5 dex
the peculiar atmospheric composition of BD+57◦ 2161 is confirmed. The 12C/13C abundance ratio was found to be about 10.
The mild iron deficiency, [Fe/H] = −0.2, supports the idea that BD+57◦ 2161 could be an old-disk-population object. Radial-
velocity measurements confirm the binary nature of the star. Therefore the peculiar chemical composition could be due to
the mass transfer from the secondary − AGB star in the past. Orbital parameters are estimated for another star of this group,
BD+75◦ 348.
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1. Introduction

Carbon stars are recognizable in the optical spectral region by
the presence of absorption bands of carbon bearing molecules
(C2, CN, CH, C3, SiC, etc.) and are chemically characterized
by the presence of C/O > 1. The excess of carbon in such stars
is the result of stellar nucleosynthesis in the star itself or in a
binary companion. The s-process elements are enhanced usu-
ally by factors of 10–100. Stars with enhanced carbon-bearing
features come in many spectral types: the N stars, the R stars,
barium stars, CH stars, dwarf carbon stars, and others (for a re-
view, see Wallerstein & Knapp 1998). However, very often one
given star is classified by different authors in different spectral
types. The task of high-resolution spectroscopy is to identify
the chemical peculiarities with particular evolutionary paths.

The “CH-like stars” were first recognized as a distinct
class among the ordinary carbon stars of early spectral types
by Yamashita (1972) using low-resolution spectra. Sixteen
stars were selected from the group of C0–C3 stars which dis-
play a definite enhancement of Ba  line at 4554 Å, a low
radial velocity, and proper motion (Yamashita 1975). These
stars’ spectra closely resemble those of classical CH stars.
However, the CH stars have large radial velocities (RV),

typically ∼200 km s−1, indicating that they are halo objects,
while the ordinary C0–C3 and CH-like stars are concentrated in
the range of RV < 60 km s−1. It is probable from these velocity
distributions that the CH stars and the CH-like stars are from
different stellar populations, and that the CH-like stars form a
single natural group. However, their real nature is rather uncer-
tain at this time (see Wallerstein & Knapp 1998). An abun-
dance analysis for one star of this group, BD+75◦ 348, re-
vealed a large enhancement of carbon and s-process elements
(Začs et al. 2000). The modest iron deficiency, [Fe/H] = −0.8,
and the kinematic data support the idea that BD+75◦ 348 is an
old disk population object. Therefore, CH-like stars could be
analogues of barium stars in the old disk population. The pro-
gram of high-resolution spectroscopy and radial velocity mon-
itoring was launched to clarify the evolutionary status of these
stars. Here the results of detailed spectroscopy are presented
for the second star of this group, BD+57◦ 2161.

BD+57◦ 2161(=CGCS 4784=HIP 99725) has been classi-
fied before as R0 (Vandervort 1958), C4,1 ch (Yamashita 1975),
C3,1 (Yamashita et al. 1977), and C1,1 CH (Bartkevicius &
Lazauskaite 1996). Yamashita (1972, 1975) noted a low RV�
of −47 km s−1 and low proper motion for this object in spite of
the enhanced Ba  line at 4554 Å. The star is suspected to be a
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Fig. 1. Observed (thick line) and synthetic spectra of BD+57◦ 2161 around the Ba  line at 5853.68 Å. The synthetic photospheric spectrum was
generated using the atmospheric model with Teff = 4555 K, log g = 2.5 (cgs), ξt = 2.0 km s−1, and enhanced abundances for the neutron-capture
elements (Table 3). Also shown is the spectrum for the standard star Arcturus (Hinkle et al. 2000).

variable (NSV 12948), although significant variability is ab-
sent; and the visual magnitude ranges from 9.6 to 9.75
(Vandervort 1958; Yamashita 1975; ESA 1997). Bolometric
magnitude Mbol = −1.53 estimated by Bergeat et al.
(2002) is typical of R-type carbon stars (Knapp et al. 2001).
Investigations of the chemical and isotopic peculiarities in such
a star encourage improvements in stellar evolutionary models
and the theory of nucleosynthesis and convection.

2. Observations and reduction

A high-resolution spectrum for BD+57◦ 2161 was obtained
with the coudé échelle spectrometer MAESTRO fed by the 2 m
telescope at the Observatory on the Terskol Peak in Northern
Caucasus equipped with a CCD detector (Musaev et al. 1999)
with a resolving power of ∼45 000. A total exposure of 7200 s
was made on 19 November 2002. The spectrum covered a spec-
tral region from 3600 to 10 200 Å in 85 wavelength bands
overlapping shortward of Hα. Each region spanned from 50 to
140 Å. Unfortunately owing to the energy distribution in cool
stars, the S/N ratio in the blue region is low. Therefore only
the red and near-infrared spectral regions were used for abun-
dance calculations. The resulting rectified spectrum for one re-
gion, along with the synthesized one, is presented in Fig. 1;

also shown are the observed (Hinkle et al. 2000) and calculated
spectra for the standard star Arcturus.

Radial-velocity monitoring of BD+57◦ 2161 was started
in 2003 by one of us (J.S.) using the CORAVEL spectrome-
ter (Upgren et al. 2002) of the Vilnius University installed on
the 1.65 m telescope at the Moletai Observatory (Lithuania)
and a 1.5 m telescope at the Steward Observatory (Arizona,
Mount Lemmon). Eight RV measurements were made in a
114 day time spread (Table 1) with the standard deviation of
one measurement of 0.7 km s−1. Another star, BD+75◦ 348,
from the group of “CH-like stars” was monitored by Roger
Griffin with a radial-velocity spectrometer at the coudé focus
of the Cambridge 36-inch reflector. Thirty-three RV measure-
ments were carried out (Table 2) with the standard deviation
of one measurement of 0.4 km s−1. To bring the zero-points
into agreement, 0.8 km s−1 was subtracted from the Cambridge
measurements.

3. Analysis

A qualitative inspection of the high-resolution spectrum for
BD+57◦ 2161 shows that, compared to the moderately metal
poor ([Fe]=−0.5) giant Arcturus (K1.5 III), the lines of the
iron-peak elements are of similar strength (see, for example,
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Table 1. Radial-velocity observations of BD+57◦ 2161.

Date MJD Velocity
(km s−1)

2003 June 19.01 2 452 839.01 −65.9
19.99 839.99 −65.8

Aug. 12.88 863.88 −68.2
13.90 864.90 −66.7
18.91 869.91 −67.5

Oct. 17.11 930.11 −68.2
Nov. 5.16 949.16 −67.5

9.11 953.10 −68.1

Fig. 1), while features due to C2, CN, and neutron-capture ele-
ments are enhanced. For example, the barium line at 5853.68 Å
in the spectrum of BD+57◦ 2161 is very strong (EW= 344 mÅ)
in comparison with that for Arcturus (123 mÅ), indicating
a significant barium overabundance. Notice that the typical
R0–R3 stars show weak molecular bands, and their atomic-line
spectra are equivalent to G9–K2 normal giants; however, the
s-process elements usually are not enhanced (Dominy 1984).
Notice, too, that the widths (FWHM) of absorption lines are
larger than the instrumental profile (0.15 Å) owing to macro-
turbulence and/or rotation of the star. Our calculations, how-
ever, indicate that in the case of rotation the velocity should
be lower than 5 km s−1. The most prominent molecular fea-
ture for BD+57◦ 2161 in the observed region is the C2 Swan
system band (0, 0) at 5165 Å with a total equivalent width of
the head of �2.5 Å. Clearly visible in BD+57◦ 2161 are also
the lines of another C2 Swan system. Besides, over all the ana-
lyzed spectrum, bands of the CN red system are evident, blend-
ing the atomic absorption lines significantly. Although contin-
uum definition becomes an increasingly serious problem for
the later spectral types, the spectral synthesis of the atomic
and molecular spectrum for BD+57◦ 2161 over the entire ob-
served spectral region gives evidence that the continuum red-
ward of 4800 Å is in general clearly defined. However, some of
the atomic lines are significantly blended with molecular ones,
especially owing to the open structure of the CN red system
lines. The final selection of clean atomic absorption lines for
abundance analysis was done using the synthesized atomic and
molecular spectrum.

3.1. Radial velocities

3.1.1. BD +57◦ 2161

The radial velocity for BD+57◦ 2161 was measured from
the high-resolution MAESTRO spectrum (JD2 452 598) and a
number of symmetric atomic absorption lines selected over all
the spectral region. The mean RV� was found to be −56.2 ±
0.5 km s−1. A correction of zero-point was made by the use of
terrestrial absorption lines in the observed spectrum, ∆RV =
+0.15 km s−1. According to the measurements obtained with
the CORAVEL of the Vilnius University (Table 1), the mean
radial velocity was found to be −67.2 ± 0.4 km s−1. Therefore
the binarity of BD+57◦ 2161 is suspected. However, more

Table 2. Radial-velocity observations of BD+75◦ 348.

Date MJD Velocity Phase (O–C)
(km s−1) (km s−1)

1994 May 27.90 49 499.00 43.3 3.957 0.0
2000 Nov. 13.23 51 861.23 56.8 0.225 −0.6

30.19 878.19 57.1 .241 −0.4
Dec. 22.10 900.10 57.2 .262 −0.2

2001 Jan. 11.12 51 920.12 57.5 0.281 +0.1
Apr. 28.88 52 027.88 57.1 0.385 +0.7
Nov. 1.16 214.16 52.6 .563 −0.6

14.23 227.23 52.5 .576 −0.4
Dec. 14.17 257.17 51.4 .605 −0.8

2002 Jan. 1.11 52 275.11 51.8 0.622 0.0
Feb. 4.11 309.11 51.3 .655 +0.4
Mar. 1.03 334.03 51.0 .679 +0.7
Apr. 3.93 367.93 49.0 .711 −0.3
May 4.89 398.89 48.5 .741 +0.1

Sep. 28.19 545.19 43.5 .881 −0.1
Oct. 18.21 565.21 43.3 .901 +0.2
Dec. 5.13 613.13 43.0 .947 −0.1

2003 Jan. 5.13 52 644.13 44.5 .976 +0.3
Feb. 15.06 685.06 46.8 1.016 −0.4
Mar. 3.00 701.00 48.4 .031 −0.2

23.92 721.92 50.6 .051 +0.1
Apr. 7.92 736.92 51.6 .065 −0.1
May 6.93 765.93 54.6 .093 +0.9

Sep. 18.18 900.18 56.9 .222 −0.5
Oct. 18.22 930.22 57.5 .251 0.0
Nov. 28.14 971.14 57.1 .290 −0.2
Dec. 27.18 53 000.18 57.2 .318 +0.1

2004 Jan. 17.13 53 021.13 57.4 1.338 +0.5
Feb. 23.03 058.03 56.6 .374 +0.1
Mar. 16.98 080.98 56.4 .396 +0.2
Apr. 13.93 108.93 56.6 .422 +0.8
May 10.88 135.88 55.5 .448 +0.1
Sep. 21.18 269.18 52.5 .576 −0.4
Oct. 19.22 297.22 52.4 .603 +0.1

observations with a larger time spread are needed to calculate
orbital parameters.

3.1.2. BD +75◦ 348

For BD+75◦ 348, using 34 measurements available (Table 2),
Griffin calculated the folowing orbital elements: P = 1042 ±
5 days, T =MJD 52 669± 7, γ = 51.66 ± 0.08 km s−1,
asini= 97.9 ± 2.0 Gm, K = 7.29 ± 0.13 km s−1, f (m) =
0.0346 ± 0.0021 M�, e = 0.347 ± 0.018, ω = 233.7 ± 2.9 deg,
rms residual= 0.40 km s−1. The observed radial velocities of
BD+75◦ 348 plotted as a function of phase are shown in Fig. 2.
The calculated orbital elements are typical of extrinsic carbon-
rich stars (see McClure & Woodsworth 1990).

3.2. Atmospheric parameters

The effective temperature of BD+57◦ 2161 was estimated by
Bergeat et al. (2001) using intrinsic spectral energy distribution
and the atmospheric models technique, Teff = 4555 K. Using
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Table 3. Averaged absolute and relative abundances for
BD+57◦ 2161. The standard deviations and the numbers of
lines used in the analysis are also given. The last column indicates the
systematic errors produced by the uncertainty in ∆Teff = −200 K.

Element(X) log ε(X) σ n [X/Fe] ∆[X/Fe]

C  8.80 1, syn +0.5 +0.21
N  8.22 syn +0.5
O  8.45 1 −0.2 +0.28
Na  6.06 0.07 4 −0.1 +0.21
Mg  7.34 0.12 2 0.0 +0.14
Si  7.65 1 +0.3 +0.14
S  7.26 1 +0.1 +0.18
K  4.87 1 0.0 +0.04
Ca  6.08 0.08 5 −0.1 +0.10
Ca  6.20 1 0.0 +0.18
Sc  2.85 1 −0.1 +0.03
Sc  3.29 0.10 3 +0.3 −0.12
Ti  5.17 0.07 14 +0.4 −0.20
Ti  5.28 0.07 4 +0.4 −0.08
V  3.96 0.10 6 +0.2 +0.19
Cr  5.23 0.10 7 −0.2 −0.02
Fe  7.29 0.18 52 0.0 −
Fe  7.32 0.05 4 0.0 −
Ni  6.14 0.12 4 +0.1 −0.04
Rb  2.85 1 +0.5 −0.12
Sr  4.01 0.05 2 +1.3 −0.06
Y  3.54 0.07 3 +1.5 −0.23
Y  3.70 0.14 6 +1.6 −0.08
Zr  3.39 0.07 7 +1.0 −0.22
Zr  3.38 1 +1.0 −0.18
Mo  3.30 0.04 2 +1.6 −0.17
Ru  2.61 1 +1.0 −0.26
Ba  3.50 0.22 3 +1.6 −0.12
La  2.84 0.05 3 +1.9 −0.17
Ce  2.91 0.14 4 +1.5 −0.05
Pr  2.47 0.01 2 +1.9 −0.12
Nd  3.13 0.09 11 +1.8 −0.17

infrared JHK colors and two different calibrations, Ulla et al.
(1997) obtained lower temperatures, 4087 and >4200 K. For
abundance calculations in this paper we accepted the higher
temperature. An excitation analysis of the Fe  lines in general
supports this value (see Začs et al. 1998). The surface gravity
(log g) was determined from the Fe /Fe  ionization balance
and the microturbulent velocity by forcing the abundances of
individual Fe  lines to be independent of equivalent width. The
resulting atmospheric parameters for BD+57◦ 2161 are as fol-
lows: Teff = 4555 K, log g = 2.5 (cgs), and ξt = 2.0 km s−1,
approximately equal to those for normal K giants (Gustafsson
& Bell 1979).

3.3. The abundance analysis

The standard LTE line analysis program WIDTH9 developed
by Kurucz was employed, and the model atmospheres were
extracted from Kurucz (1993). Spectral lines stronger than
250 mÅ were not used for abundance calculations. The clean
lines (Table 3) were selected by successive iteration using the

Fig. 2. The observed radial velocities of BD+75◦ 348 plotted as
a function of phase, with the velocity curve corresponding to the
adopted orbital elements drawn through them. All measurements
except one (open square; Začs et al. 2000) were made with the
Cambridge Coravel.

calculated atomic and molecular spectrum over the entire spec-
tral region. The synthetic spectra were generated by the spectral
synthesis code developed by one of us (M.S.). The C2 Swan
system (0, 1) bandhead at 5635 Å and band at 5585 Å were
used to determine the carbon abundance for BD+57◦ 2161
(Figs. 3 and 4). Since the C2 band is not fixed by the car-
bon abundance alone (the CO molecule determines the partial
pressures of free carbon and oxygen so the C2 band depends
on both the C and O abundances), an independent estimate
of the oxygen abundance is needed. Unfortunately, only one
useful oxygen line (7771.96 Å; 10.1 mÅ; log g f = 0.29) was
found for abundance analysis; other O  lines are blended by
CN lines. Therefore, the oxygen abundance was fixed at the
value of [O/Fe]=−0.17. The nitrogen abundance was found
to be log ε(N)= 8.22 on the basis of spectrum synthesis of
CN(6, 1) lines (see Fig. 1). In order to obtain reliable esti-
mates of the carbon isotope ratio, an analysis of selected CN
red system (2, 0) lines near 7980 Å was made. The spectrum
synthesis of this region indicates that 12C/13C abundance ratio
for BD+57◦ 2161 is about 10.

The code for the spectrum synthesis adopts atomic and
molecular partition functions and the continuous opacity pack-
age from ATLAS9 (Kurucz 1992). The ionization and disso-
ciation equilibrium was calculated with the usage of Tsuji’s
(1973) dissociative equilibrium molecular constants. A dissoci-
ation energy of 6.25 eV was adopted for C2 (Cooper 1981) fol-
lowing Vanture (1992c). As a primary source of atomic data the
VALD database (Piskunov et al. 1995) was used. The final list
of lines was carefully selected by comparison with the NIST
database (Kelleher et al. 1999). The list of molecular lines of C2

and CN was adopted from Kurucz’s database (Kurucz 1993).
In addition SCAN-CN tape (Jørgensen & Larsson 1990) was
used for comparison purposes. Notice the systematic difference
in log g f and wavelengths for 13CN(2, 0) lines. Jørgensen &
Larsson (1990) recommend the multiplication of their gf val-
ues with a factor of 0.734 to agree with those given by Knowles
et al. (1988) and Bauschlicher et al. (1988).
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Fig. 3. The observed and synthetic spectra of the CH-like
star BD+57◦ 2161 (bottoms) around the C2 Swan system (0,1) band-
head at 5635 Å. The thin line represents the synthetic spectrum with
carbon abundances of log ε(C) = 8.80. Also shown is the spectrum for
the standard star Arcturus (top).

The systematic errors produced in abundances by uncer-
tainties in Teff (±200 K), log g (±0.3 dex), and ξt (±0.5 km s−1)
would lead to errors less than 0.3 dex, a little worse than those
for barium stars with similar effective temperatures (see Začs
et al. 1997). However, the variation in temperature by −200 K
leads to the variation in log g of about −0.7 dex. The final er-
ror estimate (Table 3; last column) includes the Teff and log g
coupling term. ∆[Fe/H] was found to be −0.15 dex. To check
this methodology our result for the CH star HD 201626 was
compared with that derived by Vanture (1992a), and reasonable
agreement (log ε(C)= 8.55 and 8.4, respectively) was found.

Large enhancements of s-process elements in the atmo-
sphere of BD+57◦ 2161 are found relative to the solar val-
ues: [s/Fe] � +1.5 dex on the average. The fit between the
observed and synthesized spectra confirms a mild iron defi-
ciency along with the overabundance of neutron-capture ele-
ments (see, for example, Fig. 1). The heavy s-process elements
are relatively more enhanced than the light s-process peak ele-
ments, [hs/ls] � +0.4 dex. Spectral synthesis of the molecular
band provides enhanced carbon abundance for BD+57◦ 2161,
[C/Fe]=+0.4 dex, which suggests that material rich in carbon
and neutron-capture elements has been added to the envelope of
this star. Although the S/N ratio shortward of 4800 Å is low and
the spectrum is very crowded, we also attempted to check in our
spectrum the presence of Pb  lines at 4019, 4057, and 4062 Å.
Blending in this region makes the detection of weak features
difficult; however, a medium strong line is seen at 4057.81 Å in
the spectrum of BD+57◦ 2161 (Fig. 5). Comparison with the
identification provided by Van Eck et al. (2001) for the metal-
poor star HD 196944 indicates clearly that this feature is not
due to the CH molecule. Thus a significant enhancement of
lead in the atmosphere of BD+57◦ 2161 is suspected. However,
a quantitative analysis is difficult due to significant uncertainty
in the continuum definition.

Fig. 4. Same as Fig. 3, but around the C2 Swan system (1, 2) bandhead
at 5585 Å. The thin line represents the synthetic spectrum with carbon
abundances of log ε(C) = 8.70.
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Fig. 5. The observed spectra of BD+57◦ 2161 and the standard star
Arcturus around 4057 Å corrected for radial velocities. The dotted
line indicates the laboratory wavelength of Pb  line at 4057.81 Å.

4. Discussion and conclusions

The atmospheric parameters and metallicity of BD+57◦ 2161
are close to those for R-type carbon stars. However, typical R-
type carbon stars are single stars (McClure 1997) and do not
show any signatures of s-process enhancement (Dominy 1984).
Our radial-velocity measurements suggest the status of a long-
period binary for BD+57◦ 2161. Therefore mass transfer from
an AGB star (now WD) to a less evolved companion in the past
is a good explanation of the abundance peculiarities detected.
However, the [hs/ls] ratio in the atmosphere of the analyzed star
is clearly higher than has been found for typical disk binaries.
Another difference is the high carbon (C/O) and nitrogen abun-
dance. Notice that classical barium stars usually do not display
significant features of carbon-bearing molecules in their spec-
tra; as a rule C/O < 0.6 (see, for example, Barbuy et al. 1992).
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On the other hand, the classical halo binaries, the CH stars,
are high-velocity objects with large [hs/ls] ratios of ∼+0.9 dex
on average (Vanture 1992b). Also notice that another star of
the group, BD+75◦ 348, has characteristics similar to those of
BD+57◦ 2161 (Začs et al. 2000). In addition, the orbital period
and mass function of BD+75◦ 348 (see Sect. 3.1.2) are typ-
ical of barium-like binaries. Therefore those two carbon-rich
stars could be analogues of the classical CH and barium stars
in the old disk population. Medium-high [hs/ls] ratios for such
stars are in agreement with theoretical predictions, because at
lower metallicities the heavy s-process elements have higher
abundances than the light ones (Busso et al. 2000).
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