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Abstract

We present the detailed fundamental stellar parameters of the close visual binary system HD 39438 for the first
time. We used Al-Wardat’s method for analyzing binary and multiple stellar systems. The method implements
Kurucz’s plane parallel model atmospheres to construct synthetic spectral energy distributions (SEDs) for both
components of the system. It then combines the results of the spectroscopic analysis with the photometric analysis
and compares them with the observed ones to construct the best synthetic SED for the combined system. The
analysis gives the precise fundamental parameters of the individual components of the system. Based on the
positions of the components of HD 39438 on the H-R diagram, and evolutionary and isochrone tracks, we found
that the system belongs to the main sequence stars with masses of 1.24 and 0.98 solar masses for the components A
and B, respectively, and age of 1.995 Gyr for both components. The main result of HD 39438 is new dynamical

parallax, which is estimated to be 16.689 & 0.03 mas.
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1. Introduction

One of the most vital disciplines for contemporary stellar
astronomy is having a reliable understanding of binary stars.
Close binary systems can be used in precisely estimating the
fundamental stellar parameters, especially stellar masses,
because the majority of systems, up to 50%, are in the form
of binary and multiple systems (Duquennoy et al. 1991).

The modern techniques of speckle interferometry (Balega
et al. 2002a; Tokovinin et al. 2010; Kohler 2014) and adaptive
optics (Roberts et al. 2005; Roberts 2011) have been
instrumental in studying and analyzing close visual binary
systems. The analysis of spectroscopic and astrometric data is
of overriding significance in the time of speckle interferometry
and adaptive optics (Lucy 2018). These techniques are also
essential in improving the study of those binaries in terms of
evolutionary status and relative motion.

Al-Wardat’s method for analyzing binary and multiple stellar
systems (BMSSs) involves merging the results of spectroscopic
and photometric analyses with the observed measurements.
This combination is regarded as the most effective method for
analyzing such systems (Al-Wardat 2002, 2003, 2007). It
consolidates the magnitude difference measurements of
speckle interferometry, combined spectral energy distributions
(SEDs) of the spectrophotometric analysis with the aid of the
grids of ATLAS9 models (Kurucz 1994) and radial velocity
measurements (once available) to estimate the individual
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fundamental stellar parameters of binary systems, thereby
determining the precise spectrophotometric masses of such
binary systems. The method has been utilized to compare
synthetic stellar photometry with observed stellar photometry
to estimate the fundamental parameters of solar-type
stars (Al-Wardat 2009, 2012, 2014; Al-Wardat et al.
2014a, 2014b, 2014c, 2016, 2017, 2021a; Masda et al.
2016, 2018a, 2018b, 2019a, 2019b, 2021; Widyan &
Aljboor 2021; Yousef et al. 2021).

On the one hand, synthetic stellar photometry is mainly
utilized to obtain the fundamental stellar parameters more
precisely through comparing their results with the observed
ones (Al-Wardat et al. 2014a, 2014b, 2021a; Masda et al.
2018a, 2018b, 2019a, 2019b, 2021; Widyan & Aljboor 2021).
Synthetic photometry is synthetic analysis of the results of the
spectroscopic analysis (synthetic SED) of the binary system.
This contributes to the improvement in the fundamental
parameters of close binary systems.

In this work, the system HD 39438 (HIP 27758) is studied, a
visual close binary in the solar neighborhood located at
Tho7 = 20.15 £ 1.19 mas (van Leeuwen 2007), also reported at
mpr3 = 16.0508 +=0.264 mas (Gaia Collaboration 2022),
where the abbreviations of the astrometric measurements have
been pointed out in Masda & Al-Wardat (2023). Since the
renormalized unit weight error in mpr3z was very large, the
solution of this parallax should not be used in this case.
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The first orbital calculation for this binary was solved by
Mason et al. (2010) with grade of three (G 3 = Reliable).
Mason et al. (2010) found that the dynamical stellar mass was
M = 1.29 4 0.44 M,, based on van Leeuwen (2007) (HO7)’s
parallax, and 2.56 + 0.34 M, based on the Gaia Data Release
3 (DR3)’s parallax. Then, the orbit was studied for a second
time by Tokovinin et al. (2014) with grade of three and the
dynamical stellar mass of the system was calculated as
M =153 £028M; based on HO7’s parallax, and
M =3.02 £ 170 M, based on Gaia DR3’s parallax. In
2017, Tokovinin (2017) revised the orbit of the system. In
that case, Tokovinin (2017) found that the orbit has been
graded as 2 (G 2 = Good), which should be adopted.
According to this study, the individual dynamical masses were
estimated to be M =129M; and M = 097 M for the
primary and secondary components, respectively. In this
solution, the dynamical stellar mass of the system was
M =150+ 027M, based on HO7’s parallax, and
M = 2.97 £ 0.15 M, based on Gaia DR3’s parallax. Based
on these results, Tokovinin (2017) indicated that HO7’s
parallax is not accurate and should be revised to be more
precise. As a result, Tokovinin (2017) suggested a new
dynamical parallax of mgy, = 17.6 mas.

In this study, we proceed with the series of Masda & Al-
Wardat (2023), which presents the modified masses and
parallaxes for a selected sample of close binary systems. First,
the key aim for this paper is to publish the fundamental stellar
parameters of the binary system utilizing Al-Wardat’s method
for analyzing BMSSs. Second, we present the comparison
between the observed photometry of the combined system with
the combined synthetic photometry. Third, we report the
spectrophotometric stellar masses and new dynamical parallax
of the system.

In this study, we present the observational data of HD 39438
(HIP 27758), which will be compared to the synthetic analysis
in Section 2. Section 3 contains the analysis method of the
binary system. Section 4 describes the method to calculate the
stellar masses of the binary system. In Section 5, the results and
discussion of the close binary system are provided. Finally, in
Section 6, we present the conclusion of this study.

2. Observed Data

The observed data are the backbone of the synthetic analysis.
The observed photometric data, which are available from
miscellaneous sources, are the key references to obtaining the
stellar parameters. These are the Hipparcos (ESA 1997),
Stromgren (Hauck & Mermilliod 1998) and Tycho catalogs
(Hgg et al. 2000), which will be compared with the synthetic
photometric data to study details of the system. Table 1 lists the
basic data and observed photometric data of HD 39438, while
Table 2 contains the observed magnitude differences between
the primary and secondary components of the binary system.
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Table 1

Fundamental Data and Observed Photometry of HD 39438

Property HD 39438 Reference
HIP 27758

@000 05"52m29%411 1
62000 —02°17'07"62 1
Sp. Typ. GOV 2
Gaia DR2 3025640770239673216 1
Gaia DR3 3025640770239673216 1
EB-V) 0.017 3
A, (mag) 0.053 *
Tho7 (Mas) 20.15 £ 1.19 4
TpRr2 (Mas) 11.906 £ 0.37 5
Tpr3 (Mas) 16.051 £ 0.26 5
[Fe/H] —0.12 £ 0.08 6
V; (mag) 7.26 7
B; (mag) 7.79 £ 0.02 8
(B — V); (mag) 0.56 £0.015 7
(b — y)s (mag) 0.35 9
(v — b)s (mag) 0.51 9
(u — v)s (mag) 0.88 9
Br (mag) 7.89 £0.012 7
Vr (mag) 7.32 £0.010 7

Note. * means A, = 3.1E(B — V).

References. (1) Gaia Collaboration (2020), (2) Houk & Swift (1999), (3)
Lallement et al. (2014), (4) HO7’s parallax (van Leeuwen 2007), (5) Gaia Data
Release 2 (DR2) and Gaia DR3’s parallax (Gaia Collaboration et al. 2016; Gaia
Collaboration 2022), (6) Gaspar et al. (2016), (7) ESA (1997), (8) Hgg et al.
(2000), and (9) Hauck & Mermilliod (1998).

Table 2
The Observed Magnitude Difference between the Components of HD 39438
(HIP 27758)

HD Am OAm Filter (A\/AN) Reference

39438 0.87 0.89 Vi 511 nm/222 ESA (1997)
1.34 0.03 545 nm/30 Pluzhnik (2005)
1.31 0.03 545 nm/30 Balega et al. (2002b)
1.65 550 nm/40 Horch et al. (2008)
1.26 541 nm/88 Horch et al. (2008)
1.33 550 nm/40 Horch et al. (2010)
1.40 551 nm/22 Tokovinin et al. (2010)
2.30 543 nm/22 Hartkopf et al. (2012)
1.60 543 nm/22 Tokovinin et al. (2014)
1.50 543 nm/22 Tokovinin et al. (2014)
1.60 543 nm/22 Tokovinin et al. (2015)
1.62 0.28 543 nm/22 Tokovinin (2017)
1.60 543 nm/22 Tokovinin (2016)

3. Method and Analysis

The spectrophotometric analysis is the most important step
in Al-Wardat’s method, which depends on two solutions to
estimate the astrophysical parameters. The solutions are as
follows:



Research in Astronomy and Astrophysics, 23:115005 (7pp), 2023 November

3.1. Spectroscopic Solution

The spectroscopic solution is the most important key to
produce the fundamental stellar parameters. In this solution, we
are required to construct the synthetic SED for the combined
and individual synthetic SED of the system. First of all, we
need to know the observed magnitude difference of the system,
which is estimated as follows: Am=1.49+0.01. This
parameter is the average for all Am measurements given in
Table 2 under the V-band filters. The observed magnitude
difference of the system, combined with the visual magnitude,
leads to the individual apparent and absolute magnitudes of the
system as follows: m® = 8730 + 0.002, M = 4736 +
0.01, and m? = 8m64 + 0.12, M# = 4™70 + 0.13 for the
primary and secondary components, respectively, by using the
following simple relationships:

m? =m, + 2.5log(l + 10-042m), (D)
mB=m*+ A m, 2
My —m, =5 — 5log(d) — Ay. 3)

Here, the distance of the system from Earth (d) is measured in
parsecs (pc). Furthermore, since HD 39438 is a nearby system,
the interstellar extinction is neglected.

The absolute magnitudes of HD 39438’s components are
employed for estimating the input parameters, together with
some parameters taken as introductory values from the tables of
Lang (1992) and Gray (2005). In addition, the following
equations for the main sequence stars are used:

log X — Moo = Moot _ 0 Tert, 4
O] 5 O]
M R
logg = lo —2lo + log g, 5
g8 g M, g R 28 (5)

)

where T.=5777K, log g.=444 and My, = 4M75.
My = My + BC, where BC is the bolometric correction.

The individual synthetic SED for each single star is built
based on input parameters of the binary system. Therefore, the
Kurucz ATLASY9 models, which are plane-parallel model
atmospheres developed by Kurucz in 1994, are employed.
These models are used to generate the synthetic fluxes for
individual components of the system, and when combined with
the parallax, they produce the synthetic SED for the combined
close binary system. For this purpose, the specialized
subroutines of Al-Wardat’s method for analyzing BMSSs must
be utilized. The combined synthetic SED of the binary system
is determined using the following equation

Ry Rs \
R, = (7/*) [Hf + Hf(R—i) ) (©6)

where F'y is the combined synthetic SED of the binary system,
and R, and Ry are the radii of components A and B of the
system, respectively, in solar units. H{ and HP are the
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corresponding fluxes of components A and B, respectively, in
units of ergs cm *s A~'. These individual fluxes are
dependent on the T, and log g. This equation accounts for the
energy flux of the individual components located at a distance d
(in parsecs) from Earth, ensuring a reliable estimation.

In Equation (6), the values of the radii are dependent mainly
on the accuracy of the parallax measurements. Tokovinin et al.
(2000) showed that the parallax measurements of binary
systems were probably distorted by orbital motion. That is
why, employing Al-Wardat’s method, significant problems
started appearing in the parallax measurements of the binary
systems and new dynamical parallax values were provided
(Al-Wardat et al. 2021b; Masda & Al-Wardat 2023).

The results of the fundamental stellar parameters should be
in keeping with those observed of the binary system. This is
regarded as one of the best ways to ensure a certain accuracy
for the parallax of the system. So, the synthetic photometric
solution should be calculated to determine the best stellar
parameters of the close visual binary system.

3.2. Photometric Solution

The synthetic photometric solution is the perfect comple-
ment to the spectroscopic solution, which is in turn
instrumental in estimating the fundamental stellar parameters
of close binary systems. The main aim of this solution is to
calculate the magnitudes and color indices of the combined and
individual synthetic SEDs and then compare with the observed
ones in any photometric system. So, the synthetic magnitudes
and color indices in different photometrical systems such as:
Johnson: U, B, V,R, U — B, B—V, V — R; Strtomgren: u, v, b, y,
u—v,v—>b, b—y and Tycho: By, Vi, By — Vr are calculated
by using the following equation (Al-Wardat 2012)

SV F () AdA

FLOV] = —2.51
myFs(V)] TR OVFL () A

Zp,, )

where my, is the synthetic magnitude of the passband p, P,(}) is
the dimensionless sensitivity function of the passband p,
F, () is the synthetic SED of the object and F ,(}) is the SED
of the reference star (Vega). Zero-point (ZP,) values from Maiz
Apellaniz (2007) are adopted.

4. Mass and Dynamical Parallax

Stellar mass plays a vital role in understanding the formation
and evolution of binary systems. Thus, its estimation should be
accurate. There are two types of masses, which are the
spectrophotometric mass Msp, and dynamical stellar mass M.
The former is estimated based on the evolutionary tracks by
using Al-Wardat’s method for analyzing BMSSs, while the
latter is estimated by using the orbital solution of the system
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based on Kepler’s third law as follows

I
My = My + Mp = (W) M. (3)

The error in the dynamical mass is estimated as follows

T T ]

— = 9—| +9{—| +4—]. )

M 0 a p
where a” and 7 are the semimajor axis and parallax (both in
arcsec), respectively, P is the orbital period (in years), and M,
and Mp are the masses (in solar mass).

The dynamical masses are dependent mainly on the grades
of the orbits. We can adopt the best orbit if that orbit has grades
of Grade 1 = Definitive, Grade 2 = Good and Grade
3 = Reliable. When the spectrophotometric mass is in keeping
with the dynamical mass, the parallax of the system is adopted,
otherwise it should be estimated by applying Al-Wardat’s
method as follows

a
N P2/3(ZMsph)l/3 ’

where > Msp;, are estimated by using Al-Wardat’s method for
analyzing BMSSs in solar mass and 74yy, is in arcsec. Its error is
estimated as follows

2
Ontgyn _ i(o’_p)z I (U_a)z n l O Mspn . (11
Tdyn 9\ P a 9 ZIWSph

5. Results and Discussions

Tidyn (10)

The fundamental stellar properties of the close binary system
HD 39438 are estimated using the complex analytical method
(Al-Wardat’s method for analyzing BMSSs) by Al-Wardat
(2002). The method combines the spectroscopic solution with
photometric solution to estimate the physical and geometrical
stellar parameters of the system. These lead to a new value for
the system’s parallax.

The results of the calculated synthetic magnitudes and color
indices of the individual components and combined synthetic
SEDs of the binary system, HD 39438, are listed in Table 3.
These are presented in different photometrical systems
(Johnson: U, B, V, R, U—- B, B—V, V— R; Strtbmgren: u, v,
b,y,u—v,v—>b, b—yand Tycho: By, Vi, Br— V7).

Table 4 shows the best agreement between the synthetic and
observed photometry of the binary system, HD 39438. This
agreement demonstrates that the basic stellar characteristics of
each element in the system listed in Table 5 are reliable.
Table 3 indicates that the synthetic apparent magnitudes are
completely in keeping with the observed apparent magnitudes
of the system.

The stellar luminosities of the individual components of HD
39438 are estimated to be as follows: Ly =2.65 + 0.08 L, and
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Table 3
The Synthetic Stellar Photometry of HD 39438
Sys. Filter Combined Synth. HD 39438 HD 39438
oc==x0.03 A B
Joh- U 7.90 8.06 10.06
Cou. B 7.82 8.02 9.76
Vv 7.26 7.51 9.00
R 6.95 722 8.59
U—-B 0.08 0.04 0.31
B—-V 0.56 0.51 0.76
V—R 0.31 0.29 0.40
Strom. u 9.07 9.23 11.21
v 8.14 8.32 10.16
b 7.58 7.80 9.41
y 7.23 7.48 8.96
u—v 0.93 091 1.05
v—>b 0.56 0.52 0.675
b—y 0.35 0.32 0.45
Tycho Br 7.96 8.14 9.95
Vr 7.33 7.57 9.08
Br—Vr 0.63 0.57 0.87

Table 4
The Best Agreement between the Observed Photometry from Catalogs and the
Synthetic Photometry from this Study of HD 39438

HD 39438
Filter Observed® Syntheticb (This Work)
(mag) (mag)

V; 7.26 7.26 +0.03
B, 7.79 + 0.02 7.82 +0.03
Br 7.93 +0.012 7.96 +0.03
Vr 7.32 +0.01 7.33 +0.03
B-V), 0.56 + 0.02 0.56 +0.03
u—v)s 0.88 0.93 +0.03
v —b)s 0.51 0.56 +0.03
b —y)s 0.35 0.35+0.03
Am 1.49° £ 0.01 1.499 + 0.05
Notes.

% The observational data of HD 39438 (see Table 1).

° The synthetic photometry of HD 39438 (see Table 3).

¢ The observed magnitude difference of HD 39438 (see Table 2).
9 The synthetic magnitude difference of HD 39438 (see Table 3).

Lp=0.76 £ 0.09 L., for the primary and secondary compo-
nents of the system, while the spectral types for them are F5.5V
and G8V, respectively, which are in line with the spectral types
of Mason et al. (2010) and Tokovinin (2017), and with the
spectral type F5V given in the WDS and SIMBAD catalogs.

According to the results of the analysis, Figure 1 shows the
adopted combined synthetic SED and the synthetic SEDs for
the individual components of the binary system for the first
time based on the best agreement between the observed and
synthetic stellar photometry of the system.
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Figure 1. The combined synthetic SED and the corresponding individual components of HD 39438.
Figure 2 displays the spectrophotometric stellar masses of HD
39438, which are determined by using Al-Wardat’s complex Table 5 .
. . . The Fundamental Stellar Parameters of the Individual Components of HD
method for analyzing BMSSs based on the synthetic evolutionary 30438
tracks of Girardi et al. (2000b) and fundamental stellar parameters e
of the system. These are found to be 1.244+0.11 M. and ) HD 3943
0.98 4 0.09 M, for the primary and secondary components of HD Parameters Units HD 1943 8 HD ]339438
39438 respectively. According to Tokovinin (2017), the total mass - = P 0100
. . Co. i
of th'e syst.em is 2.26 M., by using the spectral types, which is in R R.] 134+ 0.00 0.935 £ 0.09
keeping with our results (2.22 M). log g [cgs] 435 +0.07 4.50 + 0.07
The total dynamical mass obtained by the orbital solutions of L [Lo] 2.65 £ 0.08 0.76 + 0.09
Mason et al. (2010) (2.56 £ 0.32) is consistent with the total Myop [mag] 3.69 £ 0.08 5.05 £0.09
mass achieved in this study within error margins, while there is My [mag] 4.03+£0.12 552+0.13
no agreement between the results of Al-Wardat’s method and ]SV; Type (Mel 1.2;15i58.08 09%;9 07
dynamical mass obtained utilizing Tokovinin et al. (2014)’s ' - '
orbit. However, Tokovinin (2017) revised the orbit and Pa:‘"‘i" [anas] 20'115;951'19
presented new orbital parameters; the new orbital solution & (Gyr] '
was graded as two (G 2 = good), which is more accurate than Notes.

the previous one. In his study, Tokovinin (2017) presented a
new parallax of 74y, = 17.6 mas depending on the new orbital
solution. This further supports our conclusion that the
measured parallax for this system is not accurate enough and
needs to be revised by observations.

In our analysis, we used the dynamical parallax and the good
orbital solution by Tokovinin (2017) (P = 11.963 + 0.036 yr and
a=071207 £ 0”0007) to calculate the dynamical mass sum as
XM = 2.25 £ 0.05 M, which is well in line with the spectro-
photometric mass sum (M = 2.22 M) using Al-Wardat’s
method. In our case, we say that the suggested dynamical
parallax should be slightly larger than the dynamical parallax of

4 Based on Al-Wardat’s method.
® Based on HO7’s parallax.
¢ Based on the the isochrone tracks.

Tokovinin (2017) based on our results. Consequently, we relied on
the good orbital solution of Tokovinin (2017) and our spectro-
photometric mass sum (XM = 2.22 M) to compute the new
dynamical parallax as mgy, = 17.689 +20.03 mas, which is the
closest estimate to the dynamical parallax of Tokovinin (2017). As
a result, we expect that the Gaia data will perform well and provide
improvement in terms of the trigonometric parallax in the near
future.
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Figure 2. The synthetic evolutionary tracks of Girardi et al. (2000b) and isochrone tracks of Girardi et al. (2000a) of both components of the system on the

Hertzsprung-Russell (H-R) diagram.

Figure 2 shows the positions of both components on the
isochrone tracks of Girardi et al. (2000a). In that case, we can
see that the metallicity of HD 39438 is [Z = 0.019, Y = 0.27],
as affirmed in Figure 2.

Based on Figure 2, the age of the system is found to be
1.995 Gyr. The combined metallicity of the system is 0.015
based on the observed data (Gaspar et al. 2016), which
corresponds well with the synthetic metallicity of 0.019, as
shown in Figure 2.

6. Conclusions

We have presented the fundamental stellar parameters of the
close binary system, HD 39438, using Al-Wardat’s method for
analyzing BMSSs. The method implements Kurucz’s plane
parallel model atmospheres to construct synthetic SEDs for
both components of the system. It then combines the results of
the spectroscopic analysis with the photometric analysis and
compares them with the observed ones to construct the
best synthetic SED for the combined system. The best
match between the synthetic and observed magnitudes and
color indices of the system for various photometrical
systems, including Johnson: U, B, V, R, U—B, B—V,
V — R; Strtomgren: u, v, b, y, u—v, v—b, b —y and Tycho:
By, Vi, By — Vg, is showcased.

The results affirm that HD 39438 consists of two main
sequence stars, a 1.24 solar mass F5.5V and a 0.98 solar mass
G8YV; both have the same age of around 2 Gyr. We revised the
dynamical parallax of the system, which is estimated to be
16.689 £ 0.03 mas.

Acknowledgments

This study utilized several resources and tools, including
SAO/NASA, the SIMBAD database, the Fourth Catalog of
Interferometric Measurements of Binary Stars, IPAC data
systems, the ORBIT code and the CHORIZOS code for
photometric and spectrophotometric data analysis, and codes of
Al-Wardat’s method for analyzing binary and multiple stellar
systems (BMSSs).

References
Al-Wardat, M. A. 2002, BSAO, 53, 51
Al-Wardat, M. A. 2003, BSAO, 55, 18

Al-Wardat, M. A. 2009, AN, 330, 385

Al-Wardat, M. A. 2012, PASA, 29, 523

Al-Wardat, M. A. 2014, AstBu, 69, 454

Al-Wardat, M. A., Abu-Alrob, E., Hussein, A. M., et al. 2021a, RAA, 21, 161

Al-Wardat, M. A, Balega, Y. Y., Leushin, V. V., et al. 2014a, AstBu, 69, 58

Al-Wardat, M. A., Balega, Y. Y., Leushin, V. V., et al. 2014b, AstBu, 69, 198

Al-Wardat, M. A., Docobo, J. A., Abushattal, A. A., & Campo, P. P. 2017,
AstBu, 72, 24

Al-Wardat, M. A., El-Mahameed, M. H., Yusuf, N. A., Khasawneh, A. M., &
Masda, S. G. 2016, RAA, 16, 166

Al-Wardat, M. A., Hussein, A. M., Al-Naimiy, H. M., & Barstow, M. A.
2021b, PASA, 38, 002

Al-Wardat, M. A., Widyan, H. S., & Al-thyabat, A. 2014c, PASA, 31, e005

Balega, 1. 1., Balega, Y. Y., Hofmann, K.-H., et al. 2002a, A&A, 385, 87

Balega, Y. Y., Tokovinin, A. A., Pluzhnik, E. A., & Weigelt, G. 2002b, AstL,
28, 773

Duquennoy, A., Mayor, M., & Halbwachs, J.-L. 1991, A&AS, 88, 281

ESA 1997, The Hipparcos and Tycho Catalogues (ESA)

Gaia Collaboration 2020, yCat, 1/350

Gaia Collaboration 2022, yCat, 1/355

Gaia Collaboration, Prusti, T., de Bruijne, J. H. J., et al. 2016, A&A, 595, Al

A
A
Al-Wardat, M. A. 2007, AN, 328, 63
A
A
A


https://ui.adsabs.harvard.edu/abs/2002BSAO...53...51A/abstract
https://ui.adsabs.harvard.edu/abs/2003BSAO...55...18A/abstract
https://doi.org/10.1002/(ISSN)1521-3994
https://ui.adsabs.harvard.edu/abs/2007AN....328...63A/abstract
https://doi.org/10.1002/asna.v330:4
https://ui.adsabs.harvard.edu/abs/2009AN....330..385A/abstract
https://doi.org/10.1071/AS12004
https://ui.adsabs.harvard.edu/abs/2012PASA...29..523A/abstract
https://doi.org/10.1134/S1990341314040075
https://ui.adsabs.harvard.edu/abs/2014AstBu..69..454A/abstract
https://doi.org/10.1088/1674-4527/21/7/161
https://ui.adsabs.harvard.edu/abs/2021RAA....21..161A/abstract
https://doi.org/10.1134/S1990341314010064
https://ui.adsabs.harvard.edu/abs/2014AstBu..69...58A/abstract
https://doi.org/10.1134/S1990341314020072
https://ui.adsabs.harvard.edu/abs/2014AstBu..69..198A/abstract
https://doi.org/10.1134/S1990341317030038
https://ui.adsabs.harvard.edu/abs/2017AstBu..72...24A/abstract
https://doi.org/10.1088/1674-4527/16/11/166
https://ui.adsabs.harvard.edu/abs/2016RAA....16..166A/abstract
https://doi.org/10.1017/pasa.2020.50
https://ui.adsabs.harvard.edu/abs/2021PASA...38....2A/abstract
https://doi.org/10.1017/pasa.2013.42
https://ui.adsabs.harvard.edu/abs/2014PASA...31....5A/abstract
https://doi.org/10.1051/0004-6361:20020005
https://ui.adsabs.harvard.edu/abs/2002A&A...385...87B/abstract
https://doi.org/10.1134/1.1518715
https://ui.adsabs.harvard.edu/abs/2002AstL...28..773B/abstract
https://ui.adsabs.harvard.edu/abs/2002AstL...28..773B/abstract
https://ui.adsabs.harvard.edu/abs/1991A&AS...88..281D/abstract
https://doi.org/10.1051/0004-6361/201629272
https://ui.adsabs.harvard.edu/abs/2016A&A...595A...1G/abstract

Research in Astronomy and Astrophysics, 23:115005 (7pp), 2023 November

Gaspdr, A., Rieke, G. H., & Ballering, N. 2016, ApJ, 826, 171

Girardi, L., Bressan, A., Bertelli, G., & Chiosi, C. 2000a, A&AS, 141, 371

Girardi, L., Bressan, A., Bertelli, G., & Chiosi, C. 2000b, yCat, 414, 10371

Gray, D. F. 2005, The Observation and Analysis of Stellar Photospheres
(Cambridge: Cambridge Univ. Press), 505

Hartkopf, W. I., Tokovinin, A., & Mason, B. D. 2012, AJ, 143, 42

Hauck, B., & Mermilliod, M. 1998, A&AS, 129, 431

Hgg, E., Fabricius, C., Makarov, V. V., et al. 2000, A&A, 355, L27

Horch, E. P., Falta, D., Anderson, L. M., et al. 2010, AJ, 139, 205

Horch, E. P., van Altena, W. F., Cyr, W. M., Jr., et al. 2008, AJ, 136, 312

Houk, N., & Swift, C. 1999, Michigan Spectral Survey (Michigan: Univ.
Michigan)

Kohler, R. 2014, CoSka, 43, 229

Kurucz, R. 1994, Solar Abundance Model Atmospheres for 0,1,2,4,8 km/s.
Kurucz CD-ROM No. 19 (Cambridge, MA: Smithsonian Astrophysical
Observatory), 19

Lallement, R., Vergely, J. L., Valette, B., et al. 2014, A&A, 561, A91

Lang, K. R. 1992, Astrophysical Data I. Planets and Stars (Berlin: Springer), 133

Lucy, L. B. 2018, A&A, 618, A100

Maiz Apelldniz, J. 2007, in ASP Conf. Ser. 364, The Future of Photometric,
Spectrophotometric and Polarimetric Standardization, ed. C. Sterken (San
Francisco, CA: ASP), 227

Masda, S., & Al-Wardat, M. 2023, AdSpR, 72, 649

Masda et al.

Masda, S. G., Al-Wardat, M. A., Neuhiuser, R., & Al-Naimiy, H. M. 2016,
RAA, 16, 112

Masda, S. G., Al-Wardat, M. A., & Pathan, J. K. M. K. 2018a, RAA, 18, 072

Masda, S. G., Al-Wardat, M. A., & Pathan, J. M. 2018b, JApA, 39, 58

Masda, S. G., Al-Wardat, M. A., & Pathan, J. M. 2019a, RAA, 19, 105

Masda, S. G., Docobo, J. A., Hussein, A. M., et al. 2019b, AstBu, 74, 464

Masda, S. G., Khan, A. R., & Pathan, J. M. 2021, in AIP Conf. Ser. 2335
(Melville, NY: AIP), 090002

Mason, B. D., Hartkopf, W. L., & Tokovinin, A. 2010, AJ, 140, 735

Pluzhnik, E. A. 2005, A&A, 431, 587

Roberts, L. C., Jr. 2011, MNRAS, 413, 1200

Roberts, L. C., Jr., Turner, N. H., Bradford, L. W., et al. 2005, AJ, 130, 2262

Tokovinin, A. 2016, AJ, 152, 138

Tokovinin, A. 2017, AJ, 154, 110

Tokovinin, A., Mason, B. D., & Hartkopf, W. 1. 2010, AJ, 139, 743

Tokovinin, A., Mason, B. D., & Hartkopf, W. 1. 2014, AJ, 147, 123

Tokovinin, A., Mason, B. D., Hartkopf, W. 1., Mendez, R. A., & Horch, E. P.
2015, AJ, 150, 50

Tokovinin, A. A., Balega, Y. Y., Hofmann, K. H., & Weigelt, G. 2000, AstL,
26, 668

van Leeuwen, F. 2007, A&A, 474, 653

Widyan, H., & Aljboor, H. 2021, RAA, 21, 110

Yousef, Z. T., Annuar, A., Hussein, A. M., et al. 2021, RAA, 21, 114


https://doi.org/10.3847/0004-637X/826/2/171
https://ui.adsabs.harvard.edu/abs/2016ApJ...826..171G/abstract
https://doi.org/10.1051/aas:2000126
https://ui.adsabs.harvard.edu/abs/2000A&AS..141..371G/abstract
https://ui.adsabs.harvard.edu/abs/2000yCat..41410371G/abstract
https://doi.org/10.1088/0004-6256/143/2/42
https://ui.adsabs.harvard.edu/abs/2012AJ....143...42H/abstract
https://doi.org/10.1051/aas:1998195
https://ui.adsabs.harvard.edu/abs/1998A&AS..129..431H/abstract
https://ui.adsabs.harvard.edu/abs/2000A&A...355L..27H/abstract
https://doi.org/10.1088/0004-6256/139/1/205
https://ui.adsabs.harvard.edu/abs/2010AJ....139..205H/abstract
https://doi.org/10.1088/0004-6256/136/1/312
https://ui.adsabs.harvard.edu/abs/2008AJ....136..312H/abstract
https://ui.adsabs.harvard.edu/abs/2014CoSka..43..229K/abstract
https://doi.org/10.1051/0004-6361/201322032
https://ui.adsabs.harvard.edu/abs/2014A&A...561A..91L/abstract
https://doi.org/10.1051/0004-6361/201732145
https://ui.adsabs.harvard.edu/abs/2018A&A...618A.100L/abstract
https://ui.adsabs.harvard.edu/abs/2007ASPC..364..227M/abstract
https://doi.org/10.1016/j.asr.2023.02.047
https://ui.adsabs.harvard.edu/abs/2023AdSpR..72..649M/abstract
https://doi.org/10.1088/1674-4527/16/7/112
https://ui.adsabs.harvard.edu/abs/2016RAA....16..112M/abstract
https://doi.org/10.1088/1674-4527/18/6/72
https://ui.adsabs.harvard.edu/abs/2018RAA....18...72M/abstract
https://doi.org/10.1007/s12036-018-9548-z
https://ui.adsabs.harvard.edu/abs/2018JApA...39...58M/abstract
https://doi.org/10.1088/1674-4527/19/7/105
https://ui.adsabs.harvard.edu/abs/2019RAA....19..105M/abstract
https://doi.org/10.1134/S1990341319040126
https://ui.adsabs.harvard.edu/abs/2019AstBu..74..464M/abstract
https://ui.adsabs.harvard.edu/abs/2021AIPC.2335i0002M/abstract
https://doi.org/10.1088/0004-6256/140/3/735
https://ui.adsabs.harvard.edu/abs/2010AJ....140..735M/abstract
https://doi.org/10.1051/0004-6361:20041158
https://ui.adsabs.harvard.edu/abs/2005A&A...431..587P/abstract
https://doi.org/10.1111/mnr.2011.413.issue-2
https://ui.adsabs.harvard.edu/abs/2011MNRAS.413.1200R/abstract
https://doi.org/10.1086/491586
https://ui.adsabs.harvard.edu/abs/2005AJ....130.2262R/abstract
https://doi.org/10.3847/0004-6256/152/5/138
https://ui.adsabs.harvard.edu/abs/2016AJ....152..138T/abstract
https://doi.org/10.3847/1538-3881/aa8459
https://ui.adsabs.harvard.edu/abs/2017AJ....154..110T/abstract
https://doi.org/10.1088/0004-6256/139/2/743
https://ui.adsabs.harvard.edu/abs/2010AJ....139..743T/abstract
https://doi.org/10.1088/0004-6256/147/5/123
https://ui.adsabs.harvard.edu/abs/2014AJ....147..123T/abstract
https://doi.org/10.1088/0004-6256/150/2/50
https://ui.adsabs.harvard.edu/abs/2015AJ....150...50T/abstract
https://doi.org/10.1134/1.1316112
https://ui.adsabs.harvard.edu/abs/2000AstL...26..668T/abstract
https://ui.adsabs.harvard.edu/abs/2000AstL...26..668T/abstract
https://doi.org/10.1051/0004-6361:20078357
https://ui.adsabs.harvard.edu/abs/2007A&A...474..653V/abstract
https://doi.org/10.1088/1674-4527/21/5/110
https://ui.adsabs.harvard.edu/abs/2021RAA....21..110W/abstract
https://doi.org/10.1088/1674-4527/21/5/114
https://ui.adsabs.harvard.edu/abs/2021RAA....21..114Y/abstract

	1. Introduction
	2. Observed Data
	3. Method and Analysis
	3.1. Spectroscopic Solution
	3.2. Photometric Solution

	4. Mass and Dynamical Parallax
	5. Results and Discussions
	6. Conclusions
	References



