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Abstract
We present the essential stellar parameters of the close visual triple system HD
2893 using Al-Wardat’s method for analyzing binary and multiple star systems
in conjunction with Kurucz’s model atmospheres. This method accurately
computes the spectrophotometric stellar masses through a combined synthetic
spectral energy distribution approach that compares the results with observed
data. The vigorous approach uses spectroscopic, photometric, and dynamical
analysis to yield precise results. The method implements Gaia DR3 measure-
ments and other measurements like those of Hipparcos and 2MASS All-Sky
Catalog as a guide for the best fit between the synthetic spectra and observed
photometry. The analysis gives precise spectrophotometric stellar masses for
the three components being 0.01 M�, 0.06 M�, and 0.07 M�. It shows that the
three components are main sequence stars with an estimated age of around 1.0
Gyr. When integrated with the dynamical analysis, a new dynamical paral-
lax for the system is obtained, 𝜋dyn = 13.8528 ± 0.20 mas. Additionally, the
discussion covers the formation and evolution of the triple system.

Key words: (stars:) binaries (including multiple): close –stars: fundamental
parameters –stars: individual (HD 2893)

1. Introduction
Stellar systems represent a milestone in the history of astrophysics and in un-
derstanding our Galaxy. The stars in our Galaxy are classified as singles, bina-
ries, triples, and higher-order hierarchies. Triple systems with F- & G-spectral
type stars, which are the hierarchical stellar systems, make up 10% (Toonen et
al. 2020) of the stellar systems in our Galaxy, while binary systems make up
50% of them. That is why the formation and evolution of single and binary
systems have been widely studied (Lund & Bonnell 2018; Echeveste et al. 2020;
Luna et al. 2020; Kummer et al. 2023) and it is understood that their dynamics
are not like those of triple systems (Toonen et al. 2020). Understanding the
dynamics of the hierarchical stellar systems with three or more components is
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critical for understanding the formation processes and their evolution (Batten
1973).

The Multiple Star Catalog (also referred to as MSC), which includes roughly
10,000 hierarchical stellar systems within 100 parsecs (Tokovinin 2023), can be
used as a reference and an indicator of the results of the synthetic analysis for
the multiple systems. The MSC is the primary source of crucial information
about hierarchical stellar systems with three or more components (Tokovinin
2018b). It offers vital information, including the stellar masses of each system
component. However, Tokovinin (2018b) pointed out that stellar masses derived
from the absolute magnitudes of the main sequence components with the aid of
evolutionary tracks are more reliable than those derived from the spectral types.
Because of this, studying the hierarchical star systems is a very challenging
task that calls for a variety of analysis and observational methods as well as a
combination of binaries (Tokovinin 2021).

It is well known that the study and analysis of binary and multiple systems
are essential for determining fundamental stellar parameters, especially stellar
masses. They also play a crucial role in refining and testing evolutionary models,
which help investigate theories regarding the formation and evolution of stars
(Duquennoy & Mayor 1992; Tokovinin et al. 2016). Estimating the spectroscopic
and dynamical masses of binary and multiple systems is primarily dependent on
stellar evolutionary models as well as trigonometric parallaxes. The fundamen-
tal stellar characteristics and inclination, which are extracted from synthetic
analysis and visual orbits, are among the many aspects that must be taken into
account while estimating their masses (Novaković 2007).

Despite the accuracy of the trigonometric parallaxes relating to Gaia, several
authors have provided new trigonometric parallaxes for some stellar systems,
unlike those observed by Hipparcos and Gaia (Cvetković et al. 2014; Taani et
al. 2020; Hussein et al. 2022; Mardini et al. 2022, 2024; Masda & Al-Wardat
2023; Masda et al. 2023; Placco et al. 2023; Masda 2024). Most of them have
relied on the spectrophotometric analysis or the spectral types to determine the
stellar masses and the orbital solution to estimate precise orbital parameters.

The stellar parameters of systems (e.g., binary, triple, and hierarchical stellar
systems) are derived using Al-Wardat’s complex method for analyzing binary
and multiple star systems (Al-Wardat 2002, 2003, 2007) following the stages
of observation and data reduction processes. In this method, the main key to
constructing the synthetic spectral energy distributions (SEDs) is the observed
parameters. These include the combined visual magnitudes and the results
of astrometry and speckle interferometry. To build the individual SEDs and
combine the results to obtain the combined synthetic SED and synthetic pho-
tometry of a binary or triple system, the method makes use of Kurucz’s models
(Kurucz 1994). The stellar parameters of the close binary and multiple systems,
including giant, subgiant and supergiant stars as well as the triple and quadru-
ple systems, are determined by utilizing Al-Wardat’s complex method when
achieving the best agreement between the synthetic and observed data (whether
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they are observed SEDs or photometry) (Al-Wardat 2012, 2014; Al-Wardat et
al. 2014, 2014a, 2014b, 2016, 2017; Masda et al. 2016, 2018a, 2018b, 2019a,
2019b, 2021; Yousef et al. 2021; Hussein et al. 2024; Masda 2024).

A lot of the orbital solutions of visual binaries, including our system HIP 2532
(HD 2893), have been published in the Sixth Catalog of Orbits of Visual Binary
Stars (also known as ORB6). This catalog includes about 3655 orbits of visual
binaries, some of which have two or more orbital solutions because of some
discovered measurements. For these solutions, the orbits have been graded on a
1–5 scale for each published solution (1 is definitive, 2 is good, 3 is reliable, 4 is
preliminary, and 5 is indeterminate) (Hartkopf et al. 2001; Malkov et al. 2012;
Cvetković et al. 2014). When further speckle observations of the system become
available, orbits need to be revised. Here, we use Tokovinin’s method, which
combines the positional parameters to estimate the orbital parameters of the
system (Tokovinin 1992).

In our previous papers (e.g., Masda et al. 2023; Masda 2024), we used speckle
interferometry observations such as separation angle �, position angle �, and
magnitude differences Δm between system components to analyze the close
binary systems and provide their fundamental properties. In this scenario, we
analyze a hierarchical stellar system, the triple system HD 2893, and if needed
we will provide improved parallax and stellar masses for the triple system. In
this system, the designations of the triple systems are very important as shown
in Figure 1 [Figure 1: see original paper]. In this figure, there are subsystems
and individual stars. The subsystems of the triple system are AB, C, and AB,
while the individual stars of the system are A, B, and C.

The goal of this work is to determine the fundamental stellar parameters and
refine the stellar masses and trigonometrical parallaxes of system HD 2893. It
is the first in a series about modified masses and parallaxes of triple systems.
Primary information about the triple system is contained in Table 1 which
includes the magnitudes and color indices of the system from the Hipparcos and
Tycho Catalogues (ESA 1997), Strömgren (Hauck & Mermilliod 1998), Two
Micron All Sky Survey (2MASS; Cutri et al. 2003), the Tycho-2 Catalogue
(Høg et al. 2000), and Gaia (Gaia Collaboration 2022). Table 2 provides the
positional parameters, including the magnitude differences between the system’
s components (which were taken from the Fourth Catalog of Interferometric
Measurements of Binary Stars (Hartkopf et al. 2001) and the MSC) (Tokovinin
2018b).

2. Method and Analysis
Most previous publications focused on the synthetic analysis of binary systems,
using Al-Wardat’s method, and the dynamical analysis, using Tokovinin’s
method. Here, we employ the same methods to approach the spectrophoto-
metric and dynamical analysis of the close triple system. These analyses are
spectroscopic, photometric, and orbital.
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2.1. Spectrophotometric Analysis

The spectrophotometric analysis of binary and multiple systems comprises two
parts: spectroscopic analysis, which yields the individual and combined syn-
thetic SEDs based on precise stellar parameters, and photometric analysis,
which yields the individual and combined magnitudes and color indices based
on the spectroscopic results.

To implement the spectroscopic analysis for our system, we first estimate the
input parameters of the triple system (components AB and C) to generate the
synthetic SED. This includes two observed parameters: the combined visual
magnitude (total visual magnitude) and the magnitude differences between com-
ponents—both between the binary subsystem (A and B) and between the AB
pair and component C. The combined visual magnitude of the triple system
is m. The magnitude difference between components A and B is taken from
the Fourth Catalog, with D representing the average value given in Table 2 un-
der the speckle V-band filters 543–551 nm. The magnitude difference between
the AB pair and component C is also denoted by D, based on the apparent
magnitude of component C from Tokovinin (2018b).

To calculate the apparent magnitudes of the binary subsystem, we apply the
following equations from Heintz (1978):

where i and j indicate the components of the system.

The absolute magnitudes of the triple system can be calculated using the fol-
lowing equation:

5 log

Here, d represents the distance to the system in parsecs, and AV represents the
visual extinction, which is set to zero because the triple system is very nearby
(Chontos et al. 2021). Using these magnitudes along with tables from Lang
(1992) and Gray (2005), we estimate the input parameters of the close triple
system based on the following two equations:

2 log

In these equations, we use Te = 5777 K, 2 log log ge = 4.44, and Mbol indicates
the bolometric magnitude.

For nearby stars, the uncertainty in the final effective temperatures (Teff.),
which are based on the best combined synthetic SED, is approximately 100
K, while the uncertainties in the gravitational accelerations (log g) and radii
(R) are estimated based on the following equation:

log g

Next, we implement Al-Wardat’s complex method for analyzing binary and
multiple systems to create the combined synthetic SED of the triple system.
Kurucz’s models (Kurucz 1994) are used to construct the individual synthetic
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SEDs for the three components of the system. In general, the combined synthetic
SED of a multiple system at a distance in parsecs from Earth is estimated based
on the following equation:

The combined synthetic SED of the triple system is estimated as follows:

where lHA, lHB, and lHC are the fluxes of the three components of the triple
system, respectively, and RA, RB, and RC are the radii of the three components
in solar units. The result of Equation (9), which is the synthetic SED, is the
main reference for obtaining the synthetic photometry.

The second analysis is synthetic photometry, i.e., VJ, B − V, Δm, etc., which
represents the individual and combined synthetic magnitudes and color indices
of the system. This is used to ensure precise atmospheric parameters including
Teff., log g, and R when obtaining the best agreement between the synthetic
and observed photometry.

The synthetic magnitudes and color indices of the individual components and
combined system are calculated by integrating the model fluxes over each band-
pass of the system calibrated to the reference star (Vega) as follows (Al-Wardat
2002):

2.5 log

where the synthetic SED of the object is F𝜆,s(𝜆) and Vega’s SED is F𝜆,r(𝜆).
The zero-points (ZPp) were obtained from Maìz Apellániz (2007).

The results of the synthetic photometric analysis should be well consistent with
the observed ones in three photometrical filters: Johnson-Cousins: U, B, V, R,
I, U − B, B − V, V − R, V − I; Strömgren: u, v, b, y, u − v, v − b, b − y and
Tycho: BT, VT, BT − VT as well as other filters such as Gaia’s filters (Gaia
Collaboration 2022) and 2MASS’s filters (Cutri et al. 2003). In addition, the
synthetic magnitude difference between the components of the system should
be in good agreement with the observed one to obtain the best radii of the
individual components.

2.2. Dynamical Analysis

In the dynamical analysis, we should estimate the new orbital solution of the
system because of the new speckle interferometric measurements, thereby es-
timating the dynamical stellar masses of the system. To estimate the orbital
solution of the system, Tokovinin’s method should be applied (Tokovinin 1992).
The method is used for deriving the ultimate orbital solutions of the visual bi-
nary and multiple systems (Tokovinin 2016, 2017, 2018a; Tokovinin et al. 2019a;
Vrijmoet et al. 2022). Consequently, the orbital parameters and their associated
uncertainties are computed using a least-squares fitting method within the IDL
platform.

The new modifications of the orbits are based on the grades of the orbits and
the new relative positional measurements provided in the Fourth Catalog of
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Interferometric Measurements of Binary Stars (Hartkopf et al. 2001) and the
MSC (Tokovinin 2018b).

It is noteworthy that the orbit of the triple system HD 2893 has been previously
published by Cvetković (2013) and Cvetković et al. (2014), but it requires revi-
sion in light of the new positional parameters presented in the MSC (Tokovinin
2018b). Enhancing these orbits will improve the dynamical stellar mass of the
system as well as the root mean square (rms) residuals of the visual binary,
resulting in more precise orbital parameters and thereby determining accurate
dynamical stellar masses.

The dynamical stellar masses of a binary system require solving its orbit, thereby
determining the orbital parameters. The dynamical stellar masses of binary
systems are estimated based on Kepler’s Third Law represented by the following
equation:

where the synthetic magnitude of the passband p is denoted by mp. The dimen-
sionless sensitivity function of the passband p is [incomplete] while the dynami-
cal stellar masses of triple systems are estimated based on Kepler’s Third Law
represented by the following equation:

where A�, B� and C� indicate the stellar masses of the three components of the
system, respectively, while a and P indicate the semimajor axis in arcsec and
the orbital period in years, respectively.

In general, the error for the total dynamical stellar mass is calculated using the
following equation:

Based on the orbital solution, along with the parallax measurements, we can
calculate the total dynamical mass of the system. The best agreement between
the total dynamical stellar mass and the spectrophotometric stellar masses in-
dicates the reliability of the orbital parameters, the trigonometric parallaxes,
and spectral types of the system. In cases of poor agreement, the dynamical
parallaxes of the system based on the spectrophotometric stellar masses derived
by Al-Wardat’s method will be calculated as follows:

where å Sph� indicates the spectrophotometric masses in solar mass and 𝜋dyn
indicates the dynamical parallaxes in arcsec. The error of the dynamical paral-
laxes is determined as follows:

3. Results
We have calculated the fundamental stellar and orbital parameters of the close
triple system HD 2893 based on the spectrophotometric and dynamical analyses.
The fundamental stellar parameters of the close triple system are derived using
Al-Wardat’s method for binary and multiple systems while the orbital parame-
ters are derived using Tokovinin’s method for visual binaries. The combination
of the analyses led to the best agreement between the synthetic and observed
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data, modified stellar masses, and the new dynamical parallax of the close triple
system HD 2893.

The results of the synthetic SED of the close triple system HD 2893 have been
presented as the synthetic magnitudes and color indices of three individual com-
ponents as well as the combined system. The final synthetic magnitudes and
color indices of the triple system HD 2893 for the combined and three com-
ponents are listed in Table 3 based on three photometrical systems: Johnson-
Cousins: U, B, V, R, I, U − B, B − V, V − R, V − I; Strömgren: u, v, b, y, u
− v, v − b, b − y and Tycho: BT, VT, BT − VT.

To ensure the accuracy of the stellar parameters, the best agreement between
the combined synthetic and observed photometry of the triple system should
be achieved, as listed in Table 4. As shown in this table, the best agreement
between the synthetic and observed magnitudes and color indices indicates the
reliability of the fundamental stellar parameters and the spectrophotometric
stellar masses as well as the accuracy of the method used in the analysis.

Based on the results of Table 3 and the best agreement between the data in
Table 4, Table 5 lists the best fundamental stellar parameters of the three com-
ponents of the system. According to those parameters in Table 5, the combined
and individual synthetic SED for the three components of the system are dis-
played in Figure 2 [Figure 2: see original paper]. On the other hand, combined
observational magnitudes of the triple system are positioned on the combined
synthetic flux, which indicates the best agreement between the observed and
synthetic SED of the system in the case of the available observed SED of the
system HD 2893. In addition, the observed magnitudes of Gaia are consistent
with the synthetic SED of the system, as affirmed in Figure 2.

Figure 3 [Figure 3: see original paper] depicts the evolutionary tracks of Girardi
et al. (2000b) and isochrone tracks of Girardi et al. (2000a). The evolutionary
tracks are used to estimate the spectrophotometric stellar masses of three indi-
vidual components of the triple system, while the isochrone tracks are used to
estimate the age and metallicity of the triple system. Both tracks are based on
the best effective temperature (Teff.) and luminosity (L). Based on the posi-
tions of the components of three components on the Hertzsprung–Russell (H–
R) diagram, all components belong to the main sequence star group, as shown
in Figure 3. Additionally, we have determined the spectrophotometric stellar
masses to be 0.01 M�, 0.06 M�, and 0.07 M� for the three components.

Figure 3 also shows the age of the system. The positions of the three com-
ponents indicate that the system is aged at 1.0 Gyr based on the isochrone
tracks of Girardi et al. (2000a) for low- and intermediate-mass stars of different
metallicities and solar compositions. The helium and metal mass fractions of
the system are estimated as: Z = 0.019 and Y = 0.27, respectively. From the
positions of the three components on the H–R diagram in Figure 3, it is evident
that the system is metal-rich.

In the dynamical analysis, Table 6 shows the orbital solution of the primary

chinarxiv.org/items/chinaxiv-202503.00111 Machine Translation

https://chinarxiv.org/items/chinaxiv-202503.00111


component (the binary system) of the triple system HD 2893 compared with
the previous solutions of the system. We found three new measurements of the
speckle interferometry, which led us to the best orbits and grades of the primary
component of the system. The dynamical stellar mass of the triple system is
determined as 0.11 M� based on Gaia DR3’s parallax and 0.50 M� based on H07’
s parallax. Under the best orbital parameters of the system, Figure 4 [Figure 4:
see original paper] shows the best orbit of the binary system (A and B) with a
good rms of the system.

4.1. HD 2893 = HIP 2532 = HDS 71
Cvetković (2013) and Cvetković et al. (2014) classified the system as binary
according to the MSC (Tokovinin 2018b, 2023). However, the studied system is
the triple system with three components (A, B and C) as shown in Figure 1. It
is a close triple system with Gaia’s distance of 13.28 mas, which is estimated
as 75.30 pc.

Relying on the apparent magnitudes and Gaia DR3’s trigonometric parallax
of the system, the absolute magnitudes of three components of the system are
obtained. In the synthetic analysis of the system as a triple system, we obtained
the best stellar parameters of the triple system as listed in Table 5. According
to the stellar parameters listed in Table 5, the spectral types of the three com-
ponents are F7.5V, G1.5V, and M5V, respectively, while the luminosities of the
individual components are LA = 1.97 ± 0.10 L�, LB = 1.09 ± 0.09 L� and LC
= 0.04 ± 0.001 L�. We can see that our spectral types are in line with those
of SIMBAD and WDS. Cvetković et al. (2014) classified the system as a binary
system. Consequently, the spectral types of the components were estimated as
G2 and G5, which were almost in line with our spectral types of the primary
component (the binary system) of the triple system.

Since the system is a binary system as mentioned by Cvetković et al. (2014),
the stellar masses of the binary system (the primary component of the triple
system) were estimated to be 1.1 M� and 1.05 M� for the primary and secondary
components, respectively. But, Tokovinin (2023) revealed that the system was
classified as a triple system and the stellar masses of the primary component
(two components) were estimated as 2.03 M�, while the secondary component
was estimated as 0.45 M�, based on the spectral types. In our analysis, we
characterize the system as a triple system. As a result, Tokovinin (2023)’s
stellar masses were not in line with our results from the evolutionary tracks.

The first orbit of the primary component of the triple system was derived by
Cvetković (2013). In the calculation of this orbit, the dynamical stellar masses
were estimated to be 2.29 M� based on the HIP97’s measurements and 2.16 M�
based on the H07’s measurements. These are both approximately double the
value expected from our evolutionary tracks of the primary component of the
triple system. So, we see that the problem is in the parallax of the system.

The second orbit of the primary component of the triple system was derived by
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Cvetković et al. (2014). In the calculation of this orbit, the dynamical stellar
masses of the primary component are estimated as 2.75 M� based on the HIP97’
s measurements and 2.48 M� based on the H07’s measurements. Cvetković et
al. (2014) claimed that the expected stellar mass should be 2.03 M� from the
spectroscopy for the primary component of the triple system. In that case, our
results for the primary component of the triple system are 2.29 M� and 2.16 M�,
which are almost consistent with those of the spectroscopy of the binary system.

Tokovinin (2018b) relied on the spectral types, while our results relied on the
evolutionary tracks, which are more precise than those obtained by the spectral
types. Based on previous studies of the system, we can see that the parallax
should be improved based on precise spectrophotometric masses. As a result,
Cvetković et al. (2014) estimated the new dynamical parallax of the binary sys-
tem to be 𝜋dyn = 14.06 mas based on the stellar masses from the spectroscopy.
In light of this, we should give the new dynamical parallax of the triple system
based on our spectrophotometric masses and new orbital parameters.

We use the results of the spectrophotometric analysis, which are the stellar
masses (0.01 M�, 0.06 M�, and 0.07 M�) using Al-Wardat’s method and the
results of the dynamical analysis, which are the orbital parameters (P = 40.796
± 0.49 yr and a = 0.230 ± 0.001) using Tokovinin’s method, to estimate the
new dynamical parallax of the triple system to be 𝜋dyn = 13.8528 ± 0.20 mas.

5. Conclusions
We have used Al-Wardat’s and Tokovinin’s methods to derive the fundamental
stellar parameters and orbital parameters for the close triple system HD 2893.
Both methods are used to analyze binary and multiple systems based on spec-
trophotometric and dynamical analyses. The spectrophotometric analysis was
used to construct the synthetic SEDs, while the dynamical analysis was used to
estimate the orbital solution and grade of the orbit in the close triple system.

The combination of spectrophotometric analyses has been explicitly introduced
to derive magnitudes and color indices for binary and multiple systems. The
determined magnitudes and color indices of the triple system are obtained based
on three different photometrical systems: Johnson-Cousins: U, B, V, R, I, U −
B, B − V, V − R, V − I; Strömgren: u, v, b, y, u − v, v − b, b − y and Tycho:
BT, VT, BT − VT. We inferred the evolutionary and isochrone tracks of the
hierarchical system and found the spectrophotometric stellar masses to be 0.01
M�, 0.06 M�, and 0.07 M� and an age of 1.00 ± 0.09 Gyr.

We computed the orbital parameters of the triple system (the primary compo-
nents A and B) based on new speckle interferometric measurements from the
MSC. These have contributed not only to estimating the orbital parameters
and grades of the system more precisely, but also to improving the total mass
of the system. Relying on our results of the spectrophotometric and dynamical
analysis, we have determined the new dynamical parallax of the triple system
to be 𝜋dyn = 13.8528 ± 0.20 mas, which is close to H97’s parallax value. The
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total mass of the primary and secondary components of the triple system is
estimated as 2.29 M� based on Al-Wardat’s method, while the stellar masses of
the triple system from the MSC were estimated as 2.48 M� (Tokovinin 2018b).
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