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Abstract The best physical and geometrical parameters of the main sequence close visual binary sys-
tem (CVBS), HIP 105947, are presented. These parameters have been constructed conclusively using
Al-Wardat’s complex method for analyzing CVBSs, which is a method for constructing a synthetic spec-
tral energy distribution (SED) for the entire binary system using individual SEDs for each component
star. The model atmospheres are in its turn built using the Kurucz (ATLAS9) line-blanketed plane-parallel
models. At the same time, the orbital parameters for the system are calculated using Tokovinin’s dynam-
ical method for constructing the best orbits of an interferometric binary system. Moreover, the mass-sum
of the components, as well as the Af and Ap residuals for the system, is introduced. The combination
of Al-Wardat’s and Tokovinin’s methods yields the best estimations of the physical and geometrical
parameters. The positions of the components in the system on the evolutionary tracks and isochrones
are plotted and the formation and evolution of the system are discussed.
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1 INTRODUCTION

Studies of duplicity and multiplicity of stars in the
Galaxy have shown that their ratio reaches 50 per
cent among nearby solar-type main sequence stars
(Duquennoy & Mayor 1991), and 42 per cent among
nearby M stars (Fischer & Marcy 1992). Most of these
stars are either visually close enough to each other or
far enough away that they appear as single stars, i.e. the
separation angle between the components is small. These
cases are called close visual binary stars (CVBSs).

One of the goals of the Hipparcos mission was to re-
veal the duplicity of these stars, and data from that mis-
sion were used to identify thousands of resolved stars and
their relative position measurements. At the same time
and later on, several astronomical groups used special
techniques like speckle interferometry and adaptive op-

tics with ground-based telescopes to observe these stars
and to measure their relative positions and magnitude dif-
ferences.

The study and analysis of stellar binary systems are
an extremely popular topic that has yielded many results,
especially related to the estimations of stellar masses and
distances, which are usually derived in a reasonable way
from accurate analysis of synthetic spectra, Keplerian
motions, radial velocity curves and theoretical evolution-
ary tracks (Dryomova & Svechnikov 2003; Malkov et al.
2010).

Some of the physical and geometrical parameters
can be estimated directly in the cases of eclipsing and
spectroscopic binaries, but there is no direct way to esti-
mate the parameters of CVBSs (Al-Wardat et al. 2017).
So, Al-Wardat’s complex method for analyzing CVBSs
(Al-Wardat et al. 2016) represents an indirect method



72-2

which combines measurements of magnitude difference
from speckle interferometry with the system’s entire
spectral energy distribution (SED) from spectrophotom-
etry along with atmospheric modeling to estimate the
physical and geometrical parameters, and it was com-
bined with Tokovinin’s method for dynamical analysis
(Tokovinin 1992) to get the complete set of these param-
eters for individual components of a binary system.

The method has been applied with substantial suc-
cess to several solar-type stars like ADS 11061, COU
1289, COU 1291, HIP 11352, HIP 11253, HIP 70973,
HIP 72479, Gliese 150.2, Gliese 762.1, COU 1511 and
FIN 350 (Al-Wardat 2002, 2007, 2009; Al-Wardat &
Widyan 2009; Al-Wardat 2012; Al-Wardat et al. 2014b,
2016; Masda et al. 2016; Al-Wardat et al. 2017), and
to more rare instances like sub-giant binary systems HD
25811, HD 375 and HD 6009 (Al-Wardat et al. 2014c,a;
Al-Wardat 2014).

This paper, the 13th in a series, presents the complete
collection of physical and geometrical parameters for the
solar-type close visual binary system HIP 105947 (HD
204236).

As a matter of fact, HIP 105947 has been identified
as a solar neighborhood CVBS located at a kinematic
distance of 57.21 4+ 0.003pc (17.48 £ 1.02mas) (van
Leeuwen 2007) and its measured separation is less
than or equal to 0.2”. The system was detected by the
Hipparcos mission and the first observation was given in
the 1991.25 epoch of the Hipparcos catalog (ESA 1997).

The first orbit of HIP 105947 was calculated by
Balega et al. (2006) from implementing the Monet
(1977) method. Their estimated mass-sum was 2.68 +
0.58 M, using the old Hipparcos parallax of 17.11 +
1.13 mas (ESA 1997). Subsequently, it was modified by
Mason et al. (2010) through utilizing the methods de-
scribed by Hartkopf et al. (2001). Their estimated mass-
sum was 2.30 £ 1.14 M, using the revised Hipparcos
parallax of 17.48 £ 1.02mas (van Leeuwen 2007). The
last observed relative position measurement applied by
Mason et al. (2010) was at epoch 2009.6707. So, five
new observational points from epoch 2010.4818 to epoch
2015.4974 are included in our modified orbit (Table 1).

2 OBSERVATIONAL DATA

The entire observational SED for the system HIP 105947
was taken from Al-Wardat (2003) (Fig. 1, reproduced
with author’s permission), and it was used as reference
for comparison with the entire synthetic SED. The obser-
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vational SED (Fig. 1) was obtained with a low-resolution
grating (325/4° grooves/mm, 5.97 A/px reciprocal dis-
persion) that is part of the UAGS spectrograph at the 1 m
(Zeiss-1000) telescope administered by SAO-Russia, and
it covers the approximate wavelength range of A = 3700
to 8000 A.

Table 2 displays the fundamental data on HIP
105947. These data were taken from the SIMBAD
database, NASA/IPAC, the Hipparcos and Tycho
Catalogs (ESA 1997) and Stromgren photometry. Table 3
shows the magnitude difference Am between the compo-
nents of the system along with filters used in the observa-
tion expressed in nm and a reference for each value from
the Fourth Catalog of Interferometric Measurements of
Binary Stars (INT4)!.

3 METHOD AND ANALYSIS
3.1 HIP 105947

The visual magnitude of the binary (m,(V)) and mag-
nitude difference between its components (Am) are the
requirements for applying Al-Wardat’s complex method
to analyze CVBSs. Together, they lead to determination
of the apparent magnitudes for individual components of
the system using the following simple relationships:

m? = m, + 2.5log(1 4+ 107 044m), (1)

v =

B

m, = mf + Am, 2)

and their errors are expressed with the following equa-
tions:

1 2
2 2 2
Tnp = O, + <W) OAm> )

2 2 2
Umf" = Um;j‘ T OAm - (4)

For the system HIP 105947, the mean speckle-
interferometric magnitude difference was taken as 1.53+
0.07 mag, which is the average of all Am measurements
under different speckle filters for V-band filters (534—
562)nm with different bandwidths (see Table 3), which
represent the closest filters to V.

This value was implemented concurrently with the
entire visual magnitude of the system, m, = 7.53 mag,
(Table 2) in Equations (1) and (2), and resulted in cal-
culating the individual apparent magnitudes of the com-
ponents of the system as m? = 7.77 & 0.01 mag and

U http:/fwww.usno.navy.mil/lUSNO/astrometry/optical-IR-prod/wds
/int4
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Table 1 New Data from Interferometric Measurements of the HIP 105947 System

Data 0 p (A/AN) Telescope* Reference
Epoch ) @) (nm) (m)
HIP 105947 2010.4818 165.5 0.1788  562/40 3.5 Horch et al. (2011)
2013.7363 225.8 0.0850 534 /22 4.1 Tokovinin et al. (2014)
2014.7629 266.6 0.0726 778/132 4.2 Tokovinin et al. (2015)
2015.4974 304.4 0.0908 543/22 4.1 Tokovinin et al. (2016)
2015.4974 304.8 0.0952 788/132 4.1 Tokovinin et al. (2016)

Notes: * Telescope aperture in meters where the observations were obtained.

Table 2 Observational data from the SIMBAD database and magnitudes and color
indices from the Hipparcos and Tycho Catalogs and Stromgren photometry for the

HIP 105947 system.

Property HIP 105947 Source of data

HD 204236
2000 ! 21h27m23.255° SIMBAD?
82000 2 —07°00'56.95" -
SAO 145409 -
Sp. Typ. F8 -
E(B-V) 0.10 4 0.003 NASA/TPAC*
Ay 0.31 +0.003 -
V;(Hip) 7.53 ESA (1997)
By 8.10 £0.02 Hgg et al. (2000)
(V-1 0.67 £0.01 ESA (1997)
(B=V)y 0.60 = 0.02 -
Br 8.24 +0.02 Hgg et al. (2000)
Vr 7.59 £ 0.01 Hgg et al. (2000)
(u—v)s 0.95 £ 0.02 Hauck & Mermilliod (1998)
(v—=1">)s 0.56 £ 0.01 Hauck & Mermilliod (1998)
b—1vy)s 0.37 £0.00 Hauck & Mermilliod (1998)
THip (Mas) 17.11 £1.13 ESA (1997)
THip (Mas) 17.48 +£1.02 van Leeuwen (2007)

Notes: ! Right Ascension; 2 http://simbad.u-strasbg.fr/simbad/sim-fid; 3 Declination;

4 Schlegel et al. (1998).

mbB = 9.30 & 0.07 mag for the primary and secondary
components of the system, respectively.

Using the updated Hipparcos parallax of d
57.2140.003 pc (van Leeuwen 2007), with the following
relation

MV_mv:5_510g(d)_AV7 ®)

the absolute magnitudes along with their errors are:
M{jx 3.98 £ 0.13mag and M‘Jf 5.51 £ 0.14mag.
Note that the interstellar extinction can be neglected

(Ay = 0) because the system is nearby.
Errors in the absolute magnitudes were calculated
using the following relation
loge )2 9

*=AB. (6
O-27THip THip ’ ’ ( )

2 _ 2

where o, are errors in the apparent magnitudes of the
A and B components given in Equations (3) and (4).

Hence, depending on the estimated preliminary ab-
solute magnitudes, the preliminary values of the effective
temperature and gravitational acceleration for each com-
ponent were referenced from tables in Lang (1992) and
Gray (2005) as follows: Teg = 6200 K, log g = 4.31 for
the primary component and Teg = 5490 K, log g = 4.47
for the secondary component.

Note that for solar-type stars, these parameters are
related to other parameters according to the following

equations:
ME, — My, Teit
1Og£:Lbl_210g iy (7)
Ro 5 ©
M R
loggzlogM—®—2logR—® +log g0, ®)



724

S. G. Masda et al.: Parameters of CVBS XIII: HIP 105947

Table 3 Magnitude difference between the components of the HIP 105947 system and available
errors, along with filters used to obtain the observations.

Am OAm Filter (A\/AX) Reference
(mag) (nm)

1.17 0.60 Vhip : 550/40 [1]
1.50 0.04 545/30 [2]
1.40 0.02 545/30 [3]
1.29 0.05 850/75 [3]
1.31 0.06 600/30 [3]
1.47 0.03 545/30 [4]
1.56 * 550/40 [5]
1.56 * 550/40 [6]
2.00 * 551/22 [7]
1.40 * 657/05 [7]
1.50 * 551/22 [7]
1.50 * 788/132 [8]
1.37 * 692/40 [9]
1.44 * 562/40 9]
1.90 * 534/22 [10]
1.10 * 788/132 [11]
1.30 * 543/22 [12]
1.50 * 788/132 [12]

Notes: * The errors are not given in INT4. Reference: [1] ESA (1997); [2] Pluzhnik (2005); [3]
Balega et al. (2006); [4] Balega et al. (2007); [5] Horch et al. (2008); [6] Horch et al. (2010); [7]
Tokovinin et al. (2010b); [8] Tokovinin et al. (2010a); [9] Horch et al. (2011); [10] Tokovinin et al.
(2014); [11] Tokovinin et al. (2015); [12] Tokovinin et al. (2016).

where T, = 5777K, M, = 4.75mag and log g5 =
4.44. My, = My +BC; BC indicates the bolometric
correction.

Now, we have the preliminary input parameters to
build model atmospheres for each individual component
of the system, and to do so we use ATLASO line-blanketed
model atmospheres of Kurucz (1994).

In order to construct a synthetic SED of a star from
its model atmosphere, we need information about its dis-
tance d and radius R. The first parameter d was taken
from the updated Hipparcos parallax (d = 57.21 +
0.003 pc) as a postulated value with its error, while the
second parameter is subject to change within the values
of the observational data like the entire SED, magnitudes
and color indices.

The method makes use of the entire observational
SED as a reference guide for the best-fitted entire syn-
thetic SED, in an iterative way. The entire synthetic SED
of the binary system, which is connected to the energy
flux of the individual components A and B located at a
distance d (pc) from the Earth, is calculated using the fol-
lowing equation

F\-d*=H{ R} + H? - R%. )

This equation can be written as

B (B (e (). o

where F)\ is the flux for the entire synthetic SED of the
binary system at the Earth, H3' and HP are the fluxes of
the primary and secondary star respectively, in units of
ergcm~2 s~ A~! while R4 and Rp are the radii of the
primary and secondary components respectively of the
binary system in solar units.

Many attempts were carried out find the best-fit be-
tween the synthetic and observational SEDs. Hence, the
physical and geometrical parameters of the best-fitted
synthetic SED adequately represent the parameters of the
system’s components within error limits of the observa-
tional SED.

Itis very important to mention here that values of the
radii are totally reliant on the precision of Hipparcos par-
allax measurements (see Eq. (10)), which in some cases
are distorted by the orbital motion of the components
of such systems as pointed out by Shatskii & Tokovinin
(1998).
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The parameters which led to the best-fit are as fol-
lows (Fig. 1):

T = 6230 £ 80 K, T = 5470 + 80K,

log ga = 4.30 4+ 0.07,loggp = 4.45+ 0.08,
Ra =1.443+0.06 Re, Rp =0.989 £ 0.05 R, .

Errors in the radii were estimated from the method
and double-checked using the following equation

2 2
oRziR\/(%‘g;) +4(%) . (11)
The individual stellar luminosities and bolometric
magnitudes of the system are Ly = 2.816 + 0.30 L,
Lp = 0.786 4+ 0.10 L, and M, = 3.63 4+ 0.08 mag,
MB, =5.01 £ 0.09 mag, respectively.
Based on the final effective temperatures and stellar

luminosities of the binary system, we put the components
of the binary system on the theoretical Hertzsprung-
Russell (H-R) diagram. The positions of the compo-
nents of the system on the H-R diagram lead to theo-
retical estimates of the masses and ages of the binary
system and the spectral types of the components of the
system were estimated as follows: F8 and G7.5 for the
primary and secondary components of the system, re-
spectively. Using this analysis, the masses of the com-
ponents can be estimated as: M4 = 1.21 + 0.21 M,
and MP = 0.89 & 0.15 M, with spectral types F8 for
the primary and G7.5 for the secondary. The age of the
system is {1 & 2.75 £ 0.06 Gyr.

4 SYNTHETIC PHOTOMETRY

Notwithstanding the significance and simplicity of the di-
rect comparison between synthetic and observed spectra
in determining the best-fit, there is another powerful and
quantitative technique that examines this fitting, which is
synthetic photometry. It helps us to calculate the appar-
ent magnitudes and color indices of the entire and indi-
vidual SEDs in any photometrical system, and enables us
to compare the synthetic photometry with observational
one.

The apparent magnitude for a specific photomet-
ric filter can be computed using the following equation:
(Maiz Apellaniz 2007; Al-Wardat 2012)

J Py(0) By s (M)A

mplEns W] = =2:5108 75 R E S

+7P,,
(12)
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where m,, is the synthetic magnitude of the passband
p, Pp(A) is the dimensionless sensitivity function of the
passband p, F) s()) is the synthetic SED of the object
and F) () is the SED of the reference star (Vega). Zero
points (ZP,,) from Maiz Apelldniz (2007) are adopted.

The calculated magnitudes and color indices of the
individual components and entire synthetic SEDs for
the system, in different photometrical systems (Johnson-
Cousins: U, B,V, R,U — B, B—V,V — R; Stromgren:
u, v, b, y, u—v,v—>b, b—y and Tycho: By, Vp, By —Vr),
are listed in Table 4.

Table 6 shows the final physical and geometrical pa-
rameters of the individual components for the system.
Figure 1 shows the best fit between the entire synthetic
and observational SED along with the SED for each in-
dividual component presented for the first time.

5 ORBITS AND MASSES
5.1 Orbits

The orbital solution also plays a vital role in calculating
stellar masses. This solution involves the orbital period
P (in years); the eccentricity e; the semi-major axis a
(in arcsec); the inclination ¢ (in degrees); the argument
of periastron w (in degrees); the position angle of nodes
Q (in degrees); and the time of primary minimum 7§ (in
years).

In order to derive the orbital parameters for the
system, we followed Tokovinin’s dynamical method
(Tokovinin 1992). The method performs a least-squares
adjustment to all available relative position measure-
ments and radial velocities (once available), with weights
inversely proportional to the square of their standard er-
rors.

The initial determinations of the orbital parameters
were carried out based on four parameters (P, 7', e and
a). These parameters are intrinsically important for ap-
plying the least-squares method and then deriving the
other orbital parameters.

The results of the dynamical analysis and orbital so-
lutions of HIP 105947 are listed in Table 7, and the orbit
is shown in Figure 2.

5.2 Masses

As formerly mentioned, the mass is an intrinsically cru-
cial parameter because the mass of a star determines its
present and future, i.e. the birth, life and death of a star.
As a result, using the estimated orbital solutions for the
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Fig.1 The entire synthetic SED of the system HIP 105947 (built using parameters given in Table 6 like Tcg, log g, R and parallax)
versus the observational one. The figure also shows the synthetic SED for each component.
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Fig.2 The relative orbit of the binary system HIP 105947 constructed using the relative position measurements from INT4. The

origin point represents the position of the primary component.

system in Table 7, period and semi-major axis, combined
with the revised Hipparcos parallax (van Leeuwen 2007)
for the system, let us calculate the total mass along with
its error for the system according to Kepler’s third law

3

Mo, = Ma+Mp = (=555 ) Mo, (13)
o B o) () o

where P is the orbital period (in years), M4 and Mp
are the masses (in solar mass), and a and 7 are the semi-
major axis and the Hipparcos parallax (both in arcsec),

respectively. Using Equation (13), we obtained the mass-
sum for HIP 105947 as 2.06 £ 0.36 M.

Comparing this result with the estimated masses us-
ing Al-Wardat’s method by plotting the positions of the
components on the H-R diagram (see Table 6 and Fig. 3),
we find a good coincidence between them. This means
that the analysis in both methods as well as the combi-
nation of two methods together was successful, and con-
sequently obtained the precise physical and geometrical
parameters of the studied CVBS.
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Fig.3 The evolutionary tracks of both components of HIP 105947 on the H-R diagram with masses (0.8, 0.9, ...., 1.3 M). The

evolutionary tracks were taken from Girardi et al. (2000b).

Table 4 Magnitudes and Color Indices of the Entire Synthetic Spectrum and

Individual Components of HIP 105947

Sys. Filter Entire Synth. HIP 105947 HIP 105947
o = 40.03 A B
Johnson-Cousins U 8.24 8.39 10.47
B 8.13 8.32 10.10
\4 7.53 7.77 9.30
R 7.20 7.46 8.88
U-B 0.11 0.07 0.37
B-V 0.60 0.55 0.79
V—-R 0.33 0.30 0.42
Strom. u 9.40 9.56 11.61
v 8.45 8.63 10.52
b 7.87 8.08 9.73
y 7.50 7.74 9.27
U —v 0.95 0.93 1.09
v—>b 0.59 0.55 0.79
b—vy 0.37 0.34 0.47
Tycho Bt 8.27 8.45 10.31
1% 7.60 7.83 9.39
Bp — Vp 0.67 0.62 0.92

6 RESULTS AND DISCUSSION

The results of combining Al-Wardat’s complex method
for analyzing CVBSs with Tokovinin’s dynamical
method in analyzing the CVBS, HIP 105947, are pre-
sented.

Table 5 lists the residuals, Af and Ap, and root mean
square (rms) for HIP 105947. The results of the orbital
solutions exhibit slight modifications in the orbital pa-
rameters. The rms values for our orbital solutions are
0.60° and 0.0015"” for HIP 105947.

Table 7 summarizes the ultimate results of our orbital
solutions with former studies for the system, and the orbit
is plotted in Figure 2.

Table 8 displays a very good agreement between the
synthetic magnitudes and color indices with the observa-
tional ones for the system. This reflects the best-fit be-
tween the synthetic and observational SED and hence
the reliability of Al-Wardat’s complex method in estimat-
ing the physical and geometrical parameters of CVBS.
Without a doubt, this gives a lucid and powerful indica-
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Table 5 Relative Position Measurements

Epoch 0 p Ref. A6 Ap

(©) (‘) (©) (9]
1991.25 171.64 0.1266 [1] -11.1 -0.008
1997.7201 177.6 * 0.151 [2] - -
1998.7796 219.2** 0.108 [3] 5.7 -0.001
1999.7468 242.2%* 0.110 [3] 0.3 -0.002
2000.8643 84.6 0.127 [4] 0.1 -0.000
2001.7523 98.5 0.144 [4] 0.3 -0.000
2001.7523 98.5 0.143 [4] 0.3 -0.001
2002.7986 112.2 0.170 [5] 1.6 0.005
2002.7987 110.9 0.168 [5] 0.3 0.003
2002.799 110.0 0.163 [2] -0.6 -0.002
2002.799 110.7 0.163 [2] 0.1 -0.002
2004.815 127.5 0.195 [2] -0.2 -0.004
2004.8152 127.5 0.195 [6] -0.3 -0.004
2006.4436 138.2 0.211 [5] -0.2 -0.003
2006.5254 139.0 0.226 [7] 0.1 0.011
2006.6870 140.7 0.215 [5] 0.8 -0.000
2008.4613 151.5 0.214 [8] 0.7 0.003
2008.5430 151.5 0.2102 9] 0.2 -0.001
2008.7669 152.6 0.2084 9] -0.1 -0.000
2008.7669 152.5 0.2073 [9] -0.2 -0.001
2009.6706 159.0 0.1951 [10] 0.0 -0.001
2009.6707 159.0 0.195 [11] 0.0 -0.001
2010.4818 *** 165.5 0.1788 [12] 0.1 -0.001
2013.7363 *** 225.8 0.0850 [13] -2.5 0.003
2014.7629 *** 266.6 0.0726 [14] -10.1 -0.006
2015.4974 *** 304.4 0.0908 [15] -0.4 -0.004
2015.4974 *** 304.8 0.0952 [15] 0.0 0.001
rms 0.60 0.0015

Notes: Residuals Af and Ap (our work) and rms for HIP 105947, which are used to construct the
orbit of the system; 6 and p are taken from INT4; * It was neglected in our orbits (Mason et al.

1999); ** These points were modified by 180° to achieve consistency with nearby points;

ok ok

New observations in our orbit. [1] ESA (1997); [2] Balega et al. (2006); [3] Balega et al. (2002a);
[4] Balega et al. (2002b); [S] Balega et al. (2013); [6] Balega et al. (2007); [7] Horch et al. (2008);
[8] Horch et al. (2010); [9] Tokovinin et al. (2010b); [10] Tokovinin et al. (2010a); [11] Mason
et al. (2010); [12] Horch et al. (2011); [13] Tokovinin et al. (2014); [14] Tokovinin et al. (2015);

[15] Tokovinin et al. (2016).

tion for the reliability of the estimated physical and geo-
metrical parameters of the individual components for the
system as shown in Table 6.

The stellar masses for the system were calculated
using two independent methods: Al-Warda’s complex
method for analyzing CVBSs and Tokovinin’s dynami-
cal method for orbital solutions of binary stars. The for-
mer gives 2.10 £ 0.19 M, for HIP 105947 (see Fig. 3
and Table 6), while the latter yields 2.06 & 0.36 M, for
HIP 105947 (see Table 7). Both methods used the revised
Hipparcos parallax (van Leeuwen 2007).

A fast look and comparison with old orbital parame-
ters for the system indicate that for HIP 105947, Balega
et al. (2006) used the old Hipparcos parallax (ESA 1997)
to estimate the masses, whereas Mason et al. (2010) used
the revised Hipparcos parallax but their eccentricity e
and semi-major axis a were to a certain extent high, un-
like Balega et al. (2006) and ours. Of course, these dis-
crepancies are due to the availability of new observa-
tional measurements provided by INT4.

Table 4 lists the results of the synthetic photometry
for the entire system and individual components of HIP
105947, in different photometrical systems (Johnson-
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Table 6 The Estimated Parameters of the Individual Components of HIP 105947

HIP 105947
Parameters Units HIP 105947 A HIP 105947 B
Tofr & 014 [K] 6230 + 80 5470 + 80
R+tog [Ro] 1.443 £+ 0.06 0.989 + 0.05
log g £ o10g 4 [cgs] 4.30 + 0.07 4.45 + 0.08
L+top [Lol 2.816 +0.30 0.786 £ 0.10
My £ o, [mag] 3.63 £ 0.08 5.01 +0.09
My £ o, [mag] 3.98+0.13 5.5614+0.14
M* £+ opnp [Mao] 1.21+0.21 0.89 £0.15
Sp. Type® F8 G7.5
Parallax ¢ [mas] 17.48 £1.02
(Ma + Mp)® [Mo] 2.06 £ 0.36
Age © [Gyr] 2.75 £ 0.06

Notes: ¢ Depending on the evolutionary tracks of masses (0.8, 0.9, ...., 1.3 M) from Girardi et al. (2000b)
(Fig. 3); ® By using the tables of Lang (1992); Gray (2005) and applying the My — Sp relation; ¢ The
revised Hipparcos parallax of 57.21 4 0.003 pc for HIP 105947 (van Leeuwen 2007); ¢ Depending on the
orbital solutions and Tokovinin’s method (Tokovinin 1992); ¢ Depending on the the isochrones for low- and

intermediate-mass stars with different metallicities from Girardi et al. (2000a) (Figs. 4 and 5).

Table 7 Orbital Parameter Solutions and Total Masses Formerly Published for the HIP 105947
System, for Comparison with This Work

System HIP 105947

Parameter Units (Balega et al. 20006) (Mason et al. 2010) This work
Ptop [yr] 18.79 & 0.57 20.3£4.9 20.78 £ 0.06
Ty + o, [yr] 1993.96 & 0.40 1994.7 £ 2.6 1994.94 = 0.06
e foe - 0.354 £ 0.010 0.374£0.25 0.347 £ 0.001
a +o, [arcsec] 0.168 & 0.003 0.171 £ 0.018 0.168 = 0.0004
i toy [deg] 57.1+2.1 54.5+£3.9 51.78 £ 0.27
w0y [deg] 149.1 £ 1.5 140.0 £ 14.0 148.00 £ 0.72
Q+og [deg] 129.7 £ 6.4 154.0 & 12.0 152.41 4+ 0.30
MrEoy [Mo] 2.68 & 0.58 2.30 £2.2 2.06 £ 0.36
THip + Oryyy [mas] 17.11£1.13¢ 17.48 £1.02° 17.48 £1.02°

Notes: @ The old Hipparcos parallax (ESA 1997). ® The revised Hipparcos parallax (van Leeuwen 2007).

Table 8 Comparison between the Observational and Synthetic Magnitudes and
Color Indices of the System

HIP 105947
Filter Observed ¢ Synthetic b (This work)
(mag) (mag)
Vi 7.53 7.53 +£0.03
By 8.10 £ 0.02 8.13 £0.03
Bt 8.24 +£0.02 8.27 £0.03
Vo 7.59 £ 0.01 7.60 £ 0.03
(B=V)s 0.60 £+ 0.02 0.60 £+ 0.03
(u—v)s 0.95 £ 0.015 0.95 £+ 0.03
(v—=">)s 0.56 £+ 0.003 0.59 +0.03
(b—y)s 0.37 + 0.000 0.37 £0.03
Am 1.53¢ + 0.07 1.53% +0.05

Notes: @ Real observations (see Table 2); ® Synthetic work of the HIP 105947 system by
using Interactive Data Language (IDL) program (see Table 4); ¢ The average of all Am
measurements with the speckle filter V-band in the range 534—562 nm (see Table 3); ¢ The
magnitude difference between components A and B (Am = VJB — Vf‘) (see Table 4).
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Fig.4 The isochrones for both components of HIP 105947 on the H-R diagram for low- and intermediate-mass stars with different
metallicities. The isochrones were taken from Girardi et al. (2000a).
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Fig.5 The isochrones for both components of HIP 105947 on the H-R diagram for low- and intermediate-mass stars: from 0.15 to
7 M), and for compositions [Z = 0.019, Y = 0.273] of stars with different metallicities. The isochrones were taken from Girardi

et al. (2000a).

Cousins: U, B,V, R,U — B, B—V,V — R; Stromgren:
u, v, b, y, u—v, v—>b, b—y and Tycho: By, Vp, By — V7).

The positions of the individual components of the
system are shown on the evolutionary tracks of Girardi
et al. (2000b) (Fig. 3). This figure indicates that both
components are main sequence stars but the primary
and secondary components of the system HIP 105947
are very similar to the primary and secondary compo-
nents of the double-lined spectroscopic binary system
HD 22128 (Folsom et al. 2013), which are well-known
cases of zero-age main sequence stars. Therefore, this led

us to a broad suggestion that both components of the sys-
tem HIP 105947 are zero-age main sequence stars. The
analysis of the system HIP 105947 shows that both of its
components have an age around 2.75 £ 0.06 Gyr and so-
lar composition [Z = 0.019,Y = 0.273] (Girardi et al.
2000a) (see Figs. 4 and 5).

7 CONCLUSIONS

Using Al-Wardat’s method for analyzing CVBSs which
employs Kurucz ATLAS9 line-blanketed plane-parallel
model atmospheres in constructing the entire and indi-
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vidual synthetic SEDs for a binary system, along with
Tokovinin’s dynamical method for orbital solutions of
binary stars, we were able to estimate the complete set
of physical and geometrical parameters of the main se-
quence CVBS HIP 105947.

The calculated entire and individual synthetic mag-
nitudes and color indices of the system for different pho-
tometrical systems such as Johnson-Cousins UV BR,
Stromgren uvby and Tycho BV are introduced. Revised
orbits and orbital parameters for the system are intro-
duced and compared with previous studies.

The ideal positions of the components of the system
are shown in a broad way on the evolutionary tracks and
isochrones. The spectral types of the components of HIP
105947 are cataloged as F8 and G7.5 for the primary and
secondary components of the system, respectively, with
an age of 2.75 £ 0.06 Gyr.

Depending on the estimated physical and geometri-
cal parameters of this system, the fragmentation process
for the formation of such a system is the most likely sce-
nario, where the rotating disc around an incipient cen-
tral protostar in case of continuing infall and the hi-
erarchical fragmentation during rotational collapse are
the main mechanisms in producing binaries and multiple
systems, as pointed out by Bonnell (1994) and Zinnecker
& Mathieu (2001).
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