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We present an analysis of nine bright spectroscopic binaries (HD 1585, HD 6613,
HD 12390, HD 39923, HD 55201, HD 147430, HD 195543, HD 202699,
HD 221643), which have orbital periods of 𝑃 > 500 days. These well-separated bi-
naries are the last stars of our sample that we observed with the TIGRE telescope
obtaining intermediate-resolution spectra of 𝑅 ≈ 20, 000. We applied the same
method as described in our previous publication of this series. For the analysis of
the radial velocity curves, we used the toolkit RadVel, which allowed us to deter-
mine all orbital parameters. Recently published orbital solutions of some systems
from Gaia DR3 agree with our results. However, our solutions have much smaller
uncertainties. We determined the basic stellar parameters of the primary stars with
our automatic script using iSpec. The parameter determination allowed us to place
all nine stars in the Hertzsprung-Russell diagram. We found that all stars have al-
ready evolved to the giant phase. A comparison with stellar evolution tracks of the
Eggleton code was applied to determine the stellar masses and ages. As a result of
our analysis, we were able to estimate the masses of the secondary stars and the or-
bital inclinations of the binary systems.
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1 INTRODUCTION

Our Galaxy, the Milky Way, contains a vast amount of dou-
ble or multiple stellar systems. Well-separated binaries like in
this paper form a large fraction of the stellar galactic content
(Fisher, Schröder, & Smith, 2005). In the solar neighborhood
a fraction for all type of binaries of about 50% has been esti-
mated (Raghavan et al., 2010). Furthermore, it has been shown
that the formation of multiple stellar systems is actually a nat-
ural outcome of the star formation process (Duchêne & Kraus,

0Abbreviations: RV, radial velocity;

2013; Tohline, 2002). Binary stars are still, if not the only any-
more, but the best source of stellar mass information, which
we need to test our evolution models in a quantitative way. In
addition, the age of both components is the same, which sets
precise constraints to any analysis. Especially of the rarer type
of binaries with a giant, it is therefore in the interest of stellar
astrophysics to know more systems.

Recently, the Gaia mission (Gaia Collaboration et al., 2016)
published its third data release (Gaia DR3) based on about 34
months of observations and data collection (Gaia Collabora-
tion et al., 2022). The Gaia DR3 contains now a non-single
stars catalog (Gaia Collaboration, 2022), which contains about
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813,000 objects discovered and analyzed with different de-
tection methods. Because of the nature of the Gaia mission
and telescope most of the binaries were observed with astro-
metric methods, which include also a proper motion analysis.
However, the catalog contains also eclipsing binaries and
spectroscopic binaries. Spectroscopic binaries are detected by
periodic variations in the radial velocity (RV). Usually, only
the primary star is visible in the spectrum (SB1), but if the
two stars have similar luminosities, spectral lines of the sec-
ondary star will appear in the observed spectrum (SB2). The
non-single star catalog of Gaia DR3 contains also the orbital
parameters of some SB2 stars. There are also orbital solutions
in the catalog where different methods have been combined,
e.g. astrometry and spectroscopy.

In our previous publications of this series about bright
spectroscopic binaries (Jack, Hernández Huerta, and Schröder
(2020) (hereafter Paper I) and Jack, Hernández Huerta, Rosas-
Portilla, and Schröder (2022)(hereafter Paper II)), we reported
the detection of 19 bright spectroscopic binaries (𝑚𝑉 <
7.66 mag) and presented the detailed analysis of ten of these
binaries that have periods of 𝑃 < 500 days. In this third
publication of the series, we present a detailed study of the
nine remaining bright spectroscopic binaries with periods of
𝑃 > 500 days. Such large periods allow the assumption, that
the two components evolved separately, i.e., without mass ex-
change (see also Fisher et al. (2005)). Hence, we here apply the
well-tested single star Eggleton-code evolution models (Pols,
Tout, Schroder, Eggleton, & Manners, 1997; Schroder, Pols, &
Eggleton, 1997). Cases with known sin i allow then to further
infer the secondary mass and provide tests to the models.

Please consult also the first two papers for a more detailed
introduction and motivation. The method used in this paper is
basically the same as described in Paper II. Some of the stars
have already orbital solutions in the non-single stars catalog of
Gaia DR3, and we will compare our results to these solutions.

2 BINARY ORBITS

2.1 Observations
For the observations of the time series of spectra we used the
1.2 m robotic telescope TIGRE (González-Pérez et al., 2022;
Schmitt et al., 2014). The spectrograph has an intermediate
resolution of 𝑅 ≈ 20, 000 in a spectral range from about
3800 to 8800 Å, with a small gap of about 120 Å around
5800 Å. Because of the brightness of the stars, we obtained
each individual spectrum with an exposure time of just one
minute. For the automatic determination of the RVs, we used
the same procedure as described in Papers I and II, and in Mit-
tag, Hempelmann, Fuhrmeister, Czesla, and Schmitt (2018).
First, telluric lines are used to better calibrate the wavelength.

Then, a cross-correlation with a reference spectrum taken from
a set of synthetic spectra using PHOENIX models (Husser et
al., 2013) is used to determine the RV. This procedure has mean
precision of about 0.11 km s−1 (Mittag et al., 2018).

We made all individual RV measurements electronically
available as supporting online material at link to Wiley
page here and at http://www.astro.ugto.mx/~dennis/
binaries/.

2.2 Orbital parameters
To determine the orbital parameters of all nine spectroscopic
binaries, we used the Radial Velocity Modeling Toolkit Rad-
Vel (Fulton, Petigura, Blunt, & Sinukoff, 2018) (version 1.4.9).
The toolkit was designed for exoplanets but worked also very
well with stellar binaries. The orbital parameters were the or-
bital period 𝑃 , the time of inferior conjunction 𝑇𝑐 , eccentricity
𝑒, semi-amplitude 𝐾 , the argument of the periapsis of the
star’s orbit 𝜔 and the RV of the system 𝑣rad. RadVel fitted the
observed RV curves by solving the set of equations for the Kep-
lerian orbit by an iterative method. We used the Markov-Chain
Monte Carlo (MCMC) package of Foreman-Mackey, Hogg,
Lang, and Goodman (2013) included in RadVel to obtain the
uncertainties for our orbital solution.

We present the results of the determination of the orbital
parameters with RadVel in Table 1 , where we also present the
uncertainties obtained with the MCMC run. There is one star
(HD 55201) where we were not able to determine the argument
of the periapsis 𝜔 because the orbit is close to circular with a
low eccentricity of 𝑒 = 0.0068 ± 0.0065. The other star where
we could not determine the argument of the periapsis 𝜔 was
HD 39923 probably because we do not have enough data for
the long orbital period.

To maintain the readability of the paper, the detailed graphs
of the RV observations and the fit of the RadVel toolkit are
presented in the APPENDIX A:. In subplots a) we present all
RV measurements during the complete observation campaign
marked with yellow dots. The best RadVel fit is shown as a
solid (blue) line. The residuals are shown in subplots b).

In Fig. A1 , we plotted the observed RV curve and the Rad-
Vel fit of HD 1585. This star has the lowest semi-amplitude of
the nine binary systems presented here. The recently published
Gaia DR3 Part 3. Non-single stars catalog (Gaia Collabora-
tion, 2022) has an entry for the star HD 1585 identifying it
as an astrometric binary star. The orbital parameters are very
similar to the ones obtained in this study. However, the or-
bital period is with 𝑃 = 926.2 ± 16.7 days smaller than ours
(𝑃 = 1085.8 ± 4.4 days). There is a factor two of difference in
the eccentricity of Gaia DR3 determined as 𝑒 = 0.185±0.039,
while our eccentricity is 𝑒 = 0.095 ± 0.0088.

http://www.astro.ugto.mx/~dennis/binaries/
http://www.astro.ugto.mx/~dennis/binaries/
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Table 1 The orbital parameters of nine spectroscopic binary systems determined with the toolkit RadVel.

Star 𝑃 (days) 𝑇𝑐 (JD) 𝑒 𝐾 (km s−1) 𝜔 (rad) 𝑣rad (km s−1)

HD 1585 1085.8 ± 4.4 8203.6 ± 5.3 0.095 ± 0.0088 7.494 ± 0.056 1.699 ± 0.088 35.841 ± 0.042
HD 6613 1095.0 ± 3.3 8280.0 ± 3.5 0.18 ± 0.007 8.278 ± 0.048 1.122 ± 0.036 12.521 ± 0.039
HD 12390 557.85 ± 0.34 8366.68 ± 0.69 0.3497 ± 0.0038 10.101 ± 0.043 2.783 ± 0.012 −11.785 ± 0.028
HD 39923 1101.5 ± 3.3 8457.3 ± 3.4 0.1497 ± 0.0086 11.45 ± 0.09 − 15.4 ± 0.2
HD 55201 776.61 ± 0.96 8838.0 ± 2.6 0.0068 ± 0.0065 9.25 ± 0.098 − 49.694 ± 0.062
HD 147430 2242 ± 32 7117 ± 33 0.331 ± 0.009 11.5 ± 0.06 0.515 ± 0.014 −31.01 ± 0.11
HD 195543 674.77 ± 0.38 8758 ± 1 0.1157 ± 0.0034 10.642 ± 0.041 4.198 ± 0.032 −18.901 ± 0.028
HD 202699 2077 ± 34 8721.1 ± 2.9 0.4314 ± 0.0084 11.059 ± 0.059 3.507 ± 0.011 −21.3 ± 0.1
HD 221643 724.78 ± 0.88 8513.1 ± 1.6 0.1906 ± 0.0063 10.829 ± 0.059 0.441 ± 0.035 −9.305 ± 0.052

The next star is HD 6613, and the RV curve is presented
in Fig. A2 . This star was marked as a binary by Frankowski,
Jancart, and Jorissen (2007) in a search for proper-motion bi-
naries in the Hipparcos catalog. There is also an entry in the
Gaia DR3 non-single stars catalog. They give a solution for an
SB1 star, where the orbital period is 𝑃 = 1090.00 ± 24 days.
This coincides within the errors with our determination of an
orbital period of 𝑃 = 1095.0±3.3 days. The eccentricity of the
Gaia DR3 solution is 𝑒 = 0.190 ± 0.018, which again agrees
with our eccentricity for HD 6613 of 𝑒 = 0.18 ± 0.007. In
general, our determination of the orbital parameters is better
because our spectrograph has a higher spectral resolution and
larger wavelength range than the Gaia RV spectrometer (Crop-
per et al., 2018). The argument of periastron of the Gaia DR3
orbit is 𝜔 = 70 ± 7◦ compared to the value of our solution of
𝜔 = 64.3 ± 2.1◦.

In Fig. A3 , we present the complete RV measurements of
the star HD 12390. This star is in the Catalog of ultrawide
binary stars from Gaia DR2 (Tian, El-Badry, Rix, & Gould,
2020). However, the two stars in that Catalog have a projected
physical separation of about 172,640 AU or 0.837 pc. This
is of course a much larger separation than the detected spec-
troscopic binary orbit of our study. The orbital period of the
spectroscopic binary is 𝑃 = 557.85 ± 0.34 days. The eccen-
tricity was found to be 𝑒 = 0.3497 ± 0.0038 and the orbit has
a semi-amplitude of 𝐾 = 10.101 ± 0.043 km s−1. There is no
entry in the Gaia DR3 non-single stars catalog.

Figure A4 demonstrates the observed and fitted RV curves
of the star HD 39923. This star is also mentioned in the Gaia
DR3 non-single stars catalog. It has an orbital solution for
combined data of astrometric observations and single-lined
spectroscopy. The orbital period given by Gaia DR3 is 𝑃 =
1098.7 ± 4.3 days, while we obtained an orbital period of
𝑃 = 1101.5 ± 3.3 days. These values are within the un-
certainties. For the eccentricity, Gaia DR3 found a value of
𝑒 = 0.135 ± 0.008, which is also similar to the value of our
orbital solution (𝑒 = 0.1497 ± 0.0086). Despite the non-zero

eccentricity, we were not able to determine the the argument
of the periapsis of the star’s orbit 𝜔.

The star with the lowest eccentricity is HD 55201, and the
RV curve is shown in Fig. A5 . The orbit is practically circular
(𝑒 = 0.0068 ± 0.0065). This star can also be found in the Gaia
DR3 non-single stars catalog, and it has a solution as an SB1
star. The eccentricity of Gaia DR3 is given with 𝑒 = 0.012 ±
0.025, which also means that the orbit is circular. The orbital
period of Gaia DR3 is 𝑃 = 780.1 ± 4.5 days, and our orbital
period is𝑃 = 776.61±0.96 days. Again, our orbital parameters
are more precise and within the Gaia DR3 uncertainties. Gaia
DR3 determined a semi-amplitude of 𝐾 = 8.98±0.13 km s−1.
Our semi-amplitude of the orbit is 𝐾 = 9.25±0.098 km s−1. It
is also worth mentioning that this star has also an entry in the
Gaia DR3 non-single stars catalog for sources having a non-
linear proper motion.

Figure A6 demonstrates the observed and fitted RV curve
of the star HD 147430. This star has the longest period of
𝑃 = 2242 ± 32 days, and it will be necessary to obtain more
observations to determine the orbital parameters more pre-
cisely, because so far we have not covered a full orbital period.
This star is mentioned in the Gaia DR3 non-single stars cat-
alog as having a non-linear proper motion, but there is no
orbital solution to which we could compare our results. The
eccentricity is 𝑒 = 0.331 ± 0.009, and the semi-amplitude is
𝐾 = 11.5 ± 0.06 km s−1.

The full RV curve of HD 195543 is shown in Fig. A7 .
This star is marked as a spectroscopic binary in SIMBAD. It is
in the Gaia DR3 non-single stars catalog and has a combined
astrometric + single-lined spectroscopic orbital solution. We
determined an orbital period of 𝑃 = 674.77±0.38 days, which
is similar within the uncertainties to the value of the Gaia DR3
orbital solution (𝑃 = 674.27 ± 0.96 days). The eccentricity
given by Gaia DR3 is 𝑒 = 0.101±0.005, while we determined
a value of 𝑒 = 0.1157 ± 0.0034 for our orbital solution.

The observed and fitted RV curves of HD 202699 are pre-
sented in Fig. A8 . The orbital period of 𝑃 = 2077 ± 34 days
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is quite long, and we have not covered a full orbital period
with our observations. This star has the most eccentric or-
bit of the nine binaries with a value for the eccentricity of
𝑒 = 0.4314 ± 0.0084. This star does not have an entry in the
Gaia DR3 non-single stars catalog.

Figure A9 demonstrates the observed and fitted RV curves
of the star HD 221643. This star shows an interesting bump in
the observed RV curve around JD 2458750. It has an almost
exact two-year orbital period, this means that we have observed
the star always during the same phases of the orbit. This star
has an entry in the Gaia DR3 non-single stars catalog with an
orbital solution as an astrometric binary. The orbital period is
given as 𝑃 = 725.19 ± 8.6 days, while we determined a value
of 𝑃 = 724.78 ± 0.88 days, which is within the Gaia DR3
uncertainty. The eccentricity given by Gaia DR3 has a value
of 𝑒 = 0.195 ± 0.062, and the value for the eccentricity of our
orbital solution is 𝑒 = 0.1906 ± 0.0063.

3 STELLAR PARAMETERS

Using the intermediate resolution spectra (𝑅 ≈ 20, 000),
we determined all stellar parameters of the primary stars
and placed them in the Hertzsprung-Russell diagram (HRD),
which allowed us to obtain the masses and ages.

3.1 Distances, extinction, and absolute
magnitudes in the 𝑉 -band
In Table 2 , we present the observational properties like spec-
tral type and apparent magnitude in the 𝑉 -band (𝑚𝑉 ) of
the stars. The information was obtained from the SIMBAD
database, and the parallaxes were taken from the Gaia DR3
archive. We already discussed in Paper I that the binarity may
cause a systematic effect on the parallaxes. The presented
distances include the zero-point correction for Gaia DR3 paral-
laxes (Lindegren et al., 2021). Because some stars are located
at considerable distances, we estimated the reddening of the
stars using the 3D dust mapping (Green, Schlafly, Zucker,
Speagle, & Finkbeiner, 2019)(http://argonaut.skymaps
.info/) and obtained the color excess 𝐸(𝐵 − 𝑉 ) using the
dust map at the given positions and Gaia DR3 distances. As-
suming an extinction law of 𝑅(𝑉 ) = 3.1, the corrections for
the 𝑉 -band (𝐴𝑉 ) magnitude were determined. We then deter-
mined the absolute magnitudes in the 𝑉 -band (𝑀𝑉 ). No star
has a specification of the luminosity class in SIMBAD, but it
is clear from the absolute magnitudes that all stars must be in
the giant phase. Before we could continue with the determina-
tion of the luminosities, it was necessary to apply bolometric

corrections (BC), for which we needed exact stellar parame-
ters like the effective temperature 𝑇eff . Therefore, we needed
to perform a detailed analysis of the observed spectra.

3.2 Spectral analysis with iSpec
As discussed in the previous papers, we obtained spectra with a
low signal-to-noise ratio (S/N) of about 30 in the red channel of
the HEROS spectrograph. Therefore, we combined ten spectra
with the highest S/N to obtain one spectrum with an S/N that
allows a determination of the stellar parameters from spectral
analysis.

For the determination of the stellar parameters, we used the
same method as described in Paper II. That is, the spectral
analysis toolkit iSpec (Blanco-Cuaresma, Soubiran, Heiter, &
Jofré, 2014) in its Python 3 version (v2020.10.01) (Blanco-
Cuaresma, 2019). We applied the improved method estab-
lished in Rosas-Portilla, Schröder, and Jack (2022) and used in
Paper II, which works very well with giant stars. Please consult
Paper II for a detailed description of this method.

We present the results of the stellar parameter determina-
tion in Table 3 . The effective temperatures range from about
3900 to 5100 K, and the values for the surface gravities indicate
that all stars are in the giant phase. The rotational velocities
are difficult to determine and include a factor of sin 𝑖 because
of the inclination of the stellar rotation axis. Below, we will
give an estimate of the orbital inclinations 𝑖 of the binary sys-
tem orbits, which are usually similar to the inclinations of the
rotation axis of the primary stars. However, the intermediate
spectral resolution of the HEROS spectrograph does not really
allow a physically meaningful determination of the turbulence
and rotational velocities. For all parameters that are determined
with line profiles, it is necessary to use high-quality (high S/N)
spectra for a reliable determination.

Table 3 gives also the fitting uncertainties of iSpec. These
are very low and do not represent the uncertainties that are in-
troduced from observations, models or spectral line data for the
fitting process. To continue with our parameter determination,
we assumed a conservative value of 100 K for the uncertainty
of the effective temperatures.

3.3 Masses and ages
We determined the BCs with the published code presented in
Casagrande and VandenBerg (2014, 2018). This allowed us
to obtain the absolute bolometric magnitudes 𝑀bol and lumi-
nosities 𝐿 (in solar luminosities 𝐿⊙) of the stars. We present
the results in Table 4 . Using the luminosities and effective
temperatures of the primary stars, we could finally place them
in the HRD. We computed stellar evolution tracks with the
Cambridge (UK) Eggleton code in its updated version (Pols,

http://argonaut.skymaps.info/
http://argonaut.skymaps.info/
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Table 2 Observational properties of nine spectroscopic binary stars. The extinction (𝐸(𝐵 − 𝑉 )) was determined with the 3D
dust mapping to obtain the absolute magnitudes in the 𝑉 -band 𝑀𝑉 .

Star Spectral type 𝑚𝑉 parallax (mas) distance (pc) 𝐸(𝐵 − 𝑉 ) 𝑀𝑉

HD 1585 K0 6.782 ± 0.001 2.87 ± 0.21 352.3 ± 22.7 0.020 ± 0.02 −1.01 ± 0.16
HD 6613 G5 6.99 ± 0.01 3.35 ± 0.14 301.9 ± 9.3 0.030 ± 0.03 −0.50 ± 0.12
HD 12390 K0 6.54 ± 0.01 2.66 ± 0.10 380.9 ± 9.3 0.060 ± 0.03 −1.55 ± 0.11
HD 39923 K5 7.63 ± 0.01 2.77 ± 0.33 366.2 ± 44.5 0.145 ± 0.04 −0.64 ± 0.31
HD 55201 G5 7.29 ± 0.01 5.58 ± 0.17 180.4 ± 4.5 0.000 ± 0.02 1.01 ± 0.08
HD 147430 K2 6.920 ± 0.009 3.59 ± 0.12 280.6 ± 7.2 0.115 ± 0.03 −0.68 ± 0.11
HD 195543 K5 7.36 ± 0.01 2.09 ± 0.06 484.6 ± 8.9 0.030 ± 0.03 −1.16 ± 0.10
HD 202699 K2 7.00 ± 0.01 3.02 ± 0.10 335.0 ± 8.1 0.078 ± 0.03 −0.87 ± 0.11
HD 221643 K5 7.11 ± 0.01 2.28 ± 0.13 444.1 ± 20.1 0.065 ± 0.04 −1.33 ± 0.16

Table 3 Basic stellar parameters of the nine spectroscopic binaries determined with spectral analysis using iSpec.

Star 𝑇eff (K) log 𝑔 [𝑀∕𝐻] [𝛼∕𝐹𝑒] 𝑣mic (km s−1) 𝑣mac (km s−1) 𝑣rot sin 𝑖 (km s−1)

HD 1585 3962 ± 100 1.04 ± 0.05 −0.36 ± 0.02 −0.11 ± 0.03 1.74 ± 0.03 2.99 ± 0.62 3.16 ± 1.01
HD 6613 5110 ± 100 2.82 ± 0.11 0.03 ± 0.04 −0.06 ± 0.05 1.65 ± 0.05 5.13 ± 0.70 3.42 ± 1.05
HD 12390 4803 ± 100 1.74 ± 0.10 −0.13 ± 0.03 −0.03 ± 0.04 1.75 ± 0.05 3.79 ± 0.82 5.30 ± 0.00
HD 39923 3964 ± 100 1.18 ± 0.12 −0.30 ± 0.04 0.03 ± 0.05 1.52 ± 0.05 3.92 ± 0.84 1.89 ± 0.00
HD 55201 4721 ± 100 2.62 ± 0.05 0.12 ± 0.02 −0.08 ± 0.03 1.59 ± 0.03 4.21 ± 0.74 0.00 ± 0.00
HD 147430 4310 ± 100 1.53 ± 0.04 −0.31 ± 0.02 0.02 ± 0.03 1.22 ± 0.03 2.38 ± 0.54 4.91 ± 1.63
HD 195543 4199 ± 100 1.31 ± 0.04 −0.32 ± 0.02 −0.01 ± 0.03 1.74 ± 0.03 3.76 ± 0.54 2.06 ± 1.63
HD 202699 4170 ± 100 1.11 ± 0.04 −0.32 ± 0.02 0.06 ± 0.03 1.60 ± 0.03 3.71 ± 0.54 3.83 ± 1.63
HD 221643 3945 ± 100 1.46 ± 0.04 −0.11 ± 0.02 −0.09 ± 0.03 1.68 ± 0.03 3.33 ± 0.54 3.89 ± 1.63

Schröder, Hurley, Tout, & Eggleton, 1998; Pols et al., 1997)
and determined the masses and ages of the primary stars. The
results are also presented in Table 4 . The masses ranged from
1.15 to 4.0 𝑀⊙, and the ages from 195 Myr to ≈ 6.3 Gyr. In
general, masses and especially ages of stars are difficult to de-
termine because the evolution tracks are very close together
during the giant phase. In Fig. 1 , we show the positions of
the stars HD 6613, HD 39923, and HD 147430 in the theo-
retical HRD with stellar evolution tracks. The HRD positions
of three other stars (HD 1585, HD 55201, and HD 221643)
are presented in Fig. 2 . The remaining three stars HD 12390,
HD 195543, and HD 202699 and their positions in the HRD
are shown in Fig. 3 . We used two different values for the
metallicity 𝑧 for the tracks. The used value is indicated for each
track.

We performed a consistency check, where we calculated the
parallax-related surface gravities of all stars as described in
Rosas-Portilla et al. (2022) and Jack et al. (2022). Knowing
the luminosity 𝐿, the mass 𝑀1, and the distance from Gaia
DR3, we calculated the surface gravity using basic relations

between the stellar parameters. We found that the two inde-
pendently determined surface gravities are very similar. The
largest difference was found for HD 202699 with Δ log 𝑔 ≈
0.35.

3.4 Secondary star masses and orbital
inclinations 𝑖
We have now the masses of the primary components from the
fits of evolution tracks to the HRD positions. Thus, we now
attempt to estimate the masses of the secondary components
and the inclinations.

The Kepler’s laws provide a formula that connects the
masses of the two components of a binary system with three
observable orbital parameters, which are the orbital period 𝑃 ,
the semi-amplitude 𝐾 , and the eccentricity 𝑒. This function 𝑓
is called the mass function and can be calculated by the formula

𝑓 =
𝑀3

2 sin
3 𝑖

(𝑀1 +𝑀2)2
= 𝑃𝐾3

2𝜋𝐺
(1 − 𝑒2)3∕2, (1)

where 𝐺 represents the gravitational constant. This formula
can be used to calculate the masses of both stars from one
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Table 4 The masses and ages of the five primary stars of the spectroscopic binaries determined by comparing stellar evolution
tracks to the positions in the HRD.

Star 𝑀𝑉 BC 𝑀bol log 𝑇eff log𝐿∕𝐿⊙ mass (𝑀⊙) age (Myr)

HD 1585 −1.01 ± 0.16 −1.078 ± 0.014 −2.03 ± 0.16 3.598 ± 0.011 2.73 ± 0.07 1.40 ± 0.20 3184+2249−1100

HD 6613 −0.50 ± 0.12 −0.299 ± 0.011 −0.71 ± 0.12 3.708 ± 0.009 2.20 ± 0.05 3.35+0.05−0.10 291+25−12

HD 12390 −1.55 ± 0.11 −0.509 ± 0.012 −1.87 ± 0.11 3.682 ± 0.009 2.67 ± 0.05 4.00+0.40−0.20 195+48−51

HD 39923 −0.64 ± 0.31 −1.458 ± 0.016 −1.65 ± 0.31 3.598 ± 0.011 2.58 ± 0.17 1.15 ± 0.25 6309+9108−3132

HD 55201 1.01 ± 0.08 −0.363 ± 0.011 0.65 ± 0.08 3.674 ± 0.009 1.66 ± 0.04 1.65 ± 0.20 2152+996−624

HD 147430 −0.68 ± 0.11 −0.993 ± 0.014 −1.31 ± 0.11 3.634 ± 0.010 2.45 ± 0.05 1.60 ± 0.25 2075+1522−720

HD 195543 −1.16 ± 0.10 −0.831 ± 0.014 −1.90 ± 0.10 3.623 ± 0.010 2.68 ± 0.05 1.80 ± 0.20 1469+611−114

HD 202699 −0.87 ± 0.11 −1.009 ± 0.014 −1.63 ± 0.11 3.620 ± 0.011 2.57 ± 0.05 1.50 ± 0.25 2541+2169−945

HD 221643 −1.33 ± 0.16 −1.244 ± 0.016 −2.37 ± 0.16 3.596 ± 0.011 2.87 ± 0.09 2.15 ± 0.35 1262+440−440

Table 5 The mass function (𝑓 ) of the nine spectroscopic binary systems, which we used to determine the minimum mass of the
secondary stars (𝑚2). Some inclinations 𝑖 were determined. Other values were taken from the Gaia DR3 data.

Star 𝑓 (𝑀⊙) 𝑀1 (𝑀⊙) 𝑚2 = 𝑀2 sin 𝑖 (𝑀⊙) 𝑚†
2

√

𝑟 (𝑀Jup) 𝛾 𝑖 𝑀2 (𝑀⊙)

HD 1585 0.0467 ± 0.0011 1.40 ± 0.20 0.47 ± 0.04 283+81−36 0.484 50.7◦ +7.0◦
−5.6◦ 0.60 ± 0.1

HD 6613 0.0613 ± 0.0010 3.35+0.05−0.10 0.90 ± 0.03 474+133−53 0.491 52.9◦ +6.1◦
−5.6◦ 1.13 ± 0.1

HD 12390 0.0490 ± 0.0005 4.00+0.40−0.20 0.94 ± 0.05 176+62−43 0.155 55.7◦ +10.0◦
−6.9◦ 1.14 ± 0.1

HD 39923 0.16946 ± 0.0011 1.15 ± 0.25 0.67 ± 0.02 44.92◦ ± 1.17◦ 0.95 ± 0.03
HD 55201 0.0637 ± 0.0021 1.65 ± 0.20 0.58 ± 0.05 327+91−35 0.157 30.6◦ +8.7◦

−3.9◦ 1.14 ± 0.02
HD 147430 0.2969 ± 0.0059 1.60 ± 0.25 1.02 ± 0.10 679+190−73 0.860 50.1◦ +6.3◦

−5.4◦ 1.33 ± 0.1
HD 195543 0.0826 ± 0.0010 1.80 ± 0.20 0.67 ± 0.03 74.0◦ ± 6.9◦ 0.70 ± 0.03
HD 202699 0.2154 ± 0.0048 1.50 ± 0.25 0.86 ± 0.09 649+182−70 0.841 48.4◦ +6.6◦

−5.4◦ 1.16 ± 0.10
HD 221643 0.0902 ± 0.0010 2.15 ± 0.35 0.78 ± 0.03 57.7◦ ± 2.6◦ 0.92 ± 0.03

spectroscopic orbit. However, this is only possible if both in-
clination 𝑖 and the mass ratio are known, which is only the case
for eclipsing SB2 systems (i.e., sin 𝑖 close to 1). In some cases,
the inclination sin 𝑖 can be obtained from an astrometric orbit.
We were only able to calculate the minimal masses of the sec-
ondary stars (𝑚2 = 𝑀2 sin 𝑖) solving Eq. 1. We present the
results in Table 5 .

Some of the binary stars were also identified as binaries in an
analysis of the proper motion anomaly of Hipparcos stars us-
ing Gaia DR2 data (Kervella, Arenou, Mignard, & Thévenin,
2019). They present masses of secondary stars normalized for
a 1 AU circular orbit 𝑚†

2, because the orbital distance (𝑟 in AU)
from the primary was unknown to them. This normalized mass
is related to the minimal mass of the secondary by the rela-
tion 𝑚†

2

√

𝑟. There is also a sensitivity factor 𝛾 , that increased

the actual signal and, therefore, the normalized minimal sec-
ondary masses 𝑚†

2. As described in Paper II, we can combine
the results of Kervella et al. (2019) with ours and determine
the orbital inclination 𝑖 using the equation

𝑖 = arctan
𝑚2

𝑚†
2

√

𝑟
. (2)

We were then able to calculate the actual mass of the secondary
with the equation 𝑀2 = 𝑚2∕ sin 𝑖.

In Table 5 , we present the factor 𝛾 and the results for the
inclinations 𝑖 and the secondary masses 𝑀2. All orbital incli-
nations 𝑖 are around 50◦. The lowest inclination has the star
HD 55201 (𝑖 = 30.6◦ +8.7◦

−3.9◦).
The value of the inclination 𝑖 for HD 1585, from an astro-

metric orbital solution of Gaia DR3 non-single stars catalog is
48.9◦±2.4◦. Our inclination is 50.7◦ +7.0◦

−5.6◦ , which agrees within



D. Jack et al. 7

Figure 1 Positions of the primary components of HD 6613,
HD 39923, and HD 147430 in the HRD and the best fitting
stellar evolution tracks (solid lines) of the respective masses
using tracks with the mentioned value of the metallicity 𝑧.

Figure 2 Positions of the primary components of HD 1585,
HD 55201, and HD 221643 in the HRD and the best fitting
stellar evolution tracks (solid lines) of the respective masses
using tracks with the mentioned value of the metallicity 𝑧.

the errors. This shows that our approach to determining the in-
clinations with the data of Kervella et al. (2019) worked quite
well.

There are three stars (HD 39923, HD 195543, and
HD 221643) where we did not have data from Kervella et
al. (2019), but where values for the inclinations exist in the

Figure 3 Positions of the primary components of HD 12390,
HD 195543, and HD 202699 in the HRD and the best fitting
stellar evolution tracks (solid lines) of the respective masses
using tracks with the mentioned value of the metallicity 𝑧.

Gaia DR3 non-single stars catalog. Thus, we used the inclina-
tions from Gaia DR3 to calculate the masses of the companion
stars (𝑀2).

As can be seen in Table 5 , the secondary stars have lower
masses and are, therefore, main sequence stars. Comparing
their luminosities to the luminosities of the giant primary stars,
one can clearly see that the luminosity ratio is at least a fac-
tor of 200. Thus, it was not possible for us to detect any signal
from the secondary components in our observed spectra.

4 SUMMARY

We determined the orbital parameters of nine well-separated
bright spectroscopic binaries, which have orbital periods of
𝑃 > 500 days. We were able to compare some of our orbital
solutions with solutions published in the Gaia DR3 non-single
stars catalog. They agree within the uncertainties, but our
orbital solutions are more precise because of the higher resolu-
tion of our spectrograph. We used the intermediate-resolution
spectra of the HEROS spectrograph and applied our automatic
stellar parameter determination script based on iSpec. With
corrections for interstellar extinction and BCs, we placed the
stars in the HRD and compared the locations with stellar evo-
lution tracks that we calculated with the Eggleton code. This
allowed us to determine the masses and ages of the primary
stars. We calculated the minimal masses of the secondary and
applied a method of comparison with results from the analy-
sis of proper motions anomaly of Kervella et al. (2019). This
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allowed us the determine the inclinations and, therefore, exact
masses of most of the secondary stars in the binary systems.

The presented thorough analysis of nine well-separated
spectroscopic binaries, which contain a giant, and the deter-
mination of the masses of both components is of good help to
quantitatively test evolution models. It is also worth mention-
ing that the age of both components is the same as the stars
formed at the same time. This puts further constraints on any
further evolution analysis of the binary systems.
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Figure A1 RV curve of HD 1585: a) the complete measurements (circles) and RadVel fit (solid line), b) the residuals.
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Figure A2 RV curve of HD 6613: a) the complete measurements (circles) and RadVel fit (solid line), b) the residuals.
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Figure A3 RV curve of HD 12390: a) the complete measurements (circles) and RadVel fit (solid line), b) the residuals.
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Figure A4 RV curve of HD 39923: a) the complete measurements (circles) and RadVel fit (solid line), b) the residuals.
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Figure A5 RV curve of HD 55201: a) the complete measurements (circles) and RadVel fit (solid line), b) the residuals.
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Figure A6 RV curve of HD 147430: a) the complete measurements (circles) and RadVel fit (solid line), b) the residuals.
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Figure A7 RV curve of HD 195543: a) the complete measurements (circles) and RadVel fit (solid line), b) the residuals.
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Figure A8 RV curve of HD 202699: a) the complete measurements (circles) and RadVel fit (solid line), b) the residuals.
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Figure A9 RV curve of HD 221643: a) the complete measurements (circles) and RadVel fit (solid line), b) the residuals.


	Bright Spectroscopic Binaries: III. Binary systems with orbital periods of P>500 days
	Abstract
	Introduction
	Binary Orbits
	Observations
	Orbital parameters

	Stellar parameters
	Distances, extinction, and absolute magnitudes in the V-band
	Spectral analysis with iSpec
	Masses and ages
	Secondary star masses and orbital inclinations i

	Summary
	Acknowledgments
	References
	RadVel plots


