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ABSTRACT

We present the results of the combined spectrophotometdagnamic analysis for the close
visual binary star Hip 42455 (HD 73900, | 314). A model binéinat consists of two main se-
guence stars with a clear magnitude difference, but comlgléifferent estimations of their spectral
types, and different parallax measurements given by the datalogs of the two main precise as-
trometric missions, Hipparcos and Gaia. The analysis idlé\l-Wardat's method for analyzing
binary and multiple stellar systems. It investigates theteay’s physical parameters using the paral-
lax measurements given by the catalogs of Hip 1997, Hip 2G@ra DR2, and EDR3. The results
were as follows: T4 = 6880+ 70 K, TB = 5630+ 70 K ,Ry = 1.554 R, Rg = 0.929 R,

Ma = 1.44+0.15 Mg, Mg = 0.98+0.13 M, while the spectral type for the primary and sec-
ondary components are G7V and F2V, respectively. As a rethidtnew parallax for this system
was given asipyn = 25.824+0.85, based on the best fit between the dynamical mass sum and the
individual masses. This value lies between the old (199@)reaw (2007) Hipparcos measurements,
and is a bit far from those given by Gaia DR2 and Gaia EDRS3.

Key words: binaries: visual — Techniques: photometric — Stars: indidal: Hip 42455, HD 73900,
| 314.

1. Introduction

The study of close binary stars is essential in determirfiegstellar parameters
and, of course, provides important information on their Ifalution (Hilditch
2001, Taani and Khasawneh 2017). However, stellar massgsaptrucial role
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in understanding the formation and evolution theories etéhstars (Bouvier and
Wadhwa 2010, Cat al.2011, Daiet al.2017, Taanet al.2019, Taanet al.2022).
The determination of an accurate fundamental parameteirsdefidual compo-
nents in binary systems, with well-established parallaxegresents a direct way
to find the masses of Close Visual Binary Systems (CVBSs)s Waoiuld provide
a useful constraint on binary star formation and evoluti@thanisms, and hence
the formation and evolution of the Milky Way Galaxy. This wdle a benefi-
cial constraint on the mechanisms governing the formatimzhewolution of binary
stars, and consequently the formation and evolution of thieyNVay Galaxy (Wei
et al. 2010, Postnov and Yungelson 2014, Taani 2016). The tota wfeas CVBS
can be calculated directly from the orbital solutions, wtihe estimation of the
individual masses needs an indirect method like Al-Wasdatethod for analyz-
ing binary and multiple stellar systems (Al-Wardat 2002;V¥rdatet al. 2021a).

Tablel

Parameters of system Hip 42455 as given by different catalog

Property Hip 42455 Source of data
2000 08'39M22510  SIMBAD*

32000 —36"36M24310 -

my [mag] 621+2.16 ESA (1997)
(B—V) [mag] 0426+0.006 —

Bt [mag] 6.61+0.004 Hoget al. (2000)
Vr [mag] 616+0.003 -

THip1997 [Mas] 2486+ 0.55 ESA (1997)

THip2007 [Mas] 2642+0.67 Van Leeuwen (2007)
Tigaiazo1s[Mas] 241552+0.1818 Gaia Collaboratioet al. (2018)
Tigaiazo2o[Mas] 244092+ 0.0446 Gaia Collaboratioet al. (2022)

*http://simbad.u-strasbg.fr/simbad/sim-fid

This method uses the available data (parallax, magnitwdesmagnitude differ-
ences) which can be obtained from the speckle interfergnme¢tasurements and
the color indices of a binary or multiple system. Then, onelwaild the synthetic
Spectral Energy Distribution (SED) to determine the corgplghysical proper-
ties including the effective temperatures, gravity acedlen, radii, masses, abso-
lute magnitudes, spectral types, and luminosity classéseo€omponents of the
CVBSs. However, these SEDs are constructed by using grid&inicz’s line-
blanketed planar parallel atmospheres. The advantagésahtthod is that it can
still be valid even in the absence of orbital and spectrosodgta for the systems.
Several CVBSs were analyzed using this metrad,(Al-Wardatet al. 2014abc),
Masdaet al. 2019, Al-Tawalbehet al. 2021, Yousekt al. 2021, Al-Wardatet al.
2021b, Husseiet al. 2022).
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In this work, we are focusing on one of the interesting systdtip 42455. A
model binary consists of two main sequence stars, with aglagnitude difference
with different estimations in their spectral types. Whatke®it more interesting
is the different parallax measurements given by the foualogs of the two main
precise astrometric missions, Hipparcos and Gaia (see TabHowever, we aim
to deduce which is the true measurement by the completesianalfythe system —
building a precise mass-luminosity relation, and gettinggtier understanding of
the formation and evolution of such stellar system.

2. Method

2.1. The Spectrophotometric Method

In this work, we follow the procedures of Al-Wardat's methimdanalyze the
system, which employs grids of plane-parallel line-blaelanodel atmospheres of
single stars and computed using the ATLAS 9 (Kurucz 1993uknd 995, Cannon
and Pickering 1993), to build the synthetic SEDs for the congmtsA and B.
These SEDs of individual components are combined per thenslestep of Al-
Wardat’s method to build the entire synthetic SED of theesystising the following
equation (Al-Wardat 2002):

F-d?=H) RR+HE-R3, (1)

whereRa and Rg are the radii of the primary and secondary components i sola
units,d is the distance of the system in p}df and Hf are the fluxes of the primary
and secondary components, a@sddenotes to the flux for the entire synthetic SED
of the entire binary system measured at the Earth’s surface.

Synthetic photometry, which includes magnitudes and ciidices, is then
used as a test tool to ensure the best fit between the obseadaéind synthetic
SEDs. This step of the method is applied to both, the indalidind total synthetic
magnitudes. Magnitudes are calculated by integrating dted fluxes over each
passbhand of a particular photometric system, divided biydhthe reference star
(Vega), using the following equation (Al-Wardat 2012):

JPo(AM)Fs(A)AdA
JPo(A)Fr (M)A dA

wheremy is the synthetic magnitude of the passbamdP,(A) is the dimensionless
sensitivity function of the passbhang, F, 5(A) is the synthetic SED of the object
andF, ;(A) is the SED of the reference star (Vega). The Zero points,jZRom
Apellaniz (2007) are used.

mp[Fy s()] = —2.5l0g

+ZPpa (2)

m) = m, +2.5log(1+ 10 *4m) ®3)

nE = A @
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The observational value of the magnitude difference wasnals the average
value of allAm under thev-band filters (541-551 nm). The counted observational
values were as followsAmy = 2.1 mag from Lindegreret al. (1997), Amy =
2.2 mag from Tokoviniret al. (2010), andAm, = 2.2 mag from Tokoviniret al.
(2015). The other calibration observational values areetfigre visual magnitude
my = 6.21 mag, and the entire color ind&V = 0.426+0.006 mag (ESA 1997).

Hence, preliminary values of the absolute magnitudes aitbeeomponents of
the system, which are needed to figure out the preliminagctife temperatures,
were calculated using the following equation:

My =m, +5—5logd — Ay. (5)

A note should be made concerning the extinction interstebefficient Ay).
We adopt the accurate estimate of this value, which33@8, due to the absorption
of the star light in the space (Schlafly and Finkbeiner 2011)

Regarding the parallax, we start the analysis using théadlaiparallax mea-
surements, which are given by the catalogs of Gaia (DR2 ar®) Rd Hipparcos
(1997, 2007). We note here that we corrected the Gaia paradiaa function of
magnitude, color and celestial positions (Lindeget¢ral. 2021). We obtained a
—0.01525 mas parallax-zero-point correction. The overalleGmdrallax correla-
tion can be seen in Fig. 1 in Mardiet al. (2022a). Also, more details about the
parallax-zero-point correction are presented in Marelirail. (2022ab). Our system
is ~ 40 pc away from the Sun, inferring the low correction valwee(Section 6 in
Mardini et al. (2020) and Fig. 2 in Chitét al. (2021).

These parallaxes are as followsiip1997 = 24.86+0.55 mas from ESA (1997),
ThHip2007 = 26.42+ 0.67 mas from Van Leeuwen (2007)icaia2018= 24.1552+
0.1818 mas from Gaia Collaboraticet al. (2018), andTigaja2020= 24.4092+
0.0446 mas from Gaia Collaborati@h al. (2022).

The values of the bolometric magnitudedy,), luminosities (), radii (R),
and gravity accelerations (logj) for the two components of the system are calcu-
lated using the following well-known equations for main seqce star:

Mbol = My + B.C. (6)
| Ogi _ Mbol;;é; Myol )
log (R—Ii> =05 <LLA> —2Iog<TT;:i> (8)
logg = log <Mﬂ@> _2|09<R_Z> +4.43 9)

where T, = 5777 K, R, = 6.69x 10® m andMy, = 4775.

*https://irsa.ipac.caltech.edu/applications/DUST/
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Table?2

Orbital elements of the system Hip 42455 as given by Tokow{2D19)

Orbital ~ Tokovinin
Element (2019)

Pyr] 65.79
T [yr] 1990.84
e 0.824
a[ 0.565
Q] 3397
w[°] 575
i[°] 99.0
Table3

Magnitudes and color indices of the synthetic SEDs for theeeaystem and the individual
components (A and B)

Sys. Filter  Entire Synth. Hip 42455  Hip 42455
o=+0.03 A B
Joh- U 6.65 6.69 9.48
Cou. B 6.61 6.68 9.20
\Y 6.20 6.30 8.46
R 5.95 6.07 8.06
U-B 0.03 0.01 0.28
B—V 0.42 0.38 0.74
V-R 0.24 0.22 0.39
Strom. u 7.83 7.91 10.63
s 6.85 6.94 9.60
b 6.40 6.52 8.87
y 6.13 6.27 8.43
u—ov 0.97 0.97 1.03
v—b 0.44 0.41 0.73
b—y 0.27 0.24 0.43
Tycho Bt 6.68 6.77 9.39
\%: 6.21 6.34 8.54
Br —Vr 0.47 0.42 0.85

Magnitudes and color indices are given under Johnson-@susi
Stromgren and TYCHO filters

We tested different solutions depending on different paxamneasurements.
The results are plotted in Figs. 2 and 3 based on the isochminiew mass star.
The isochrones were taken from Giraadial. (2000). Note that placing their po-
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sitions on the stellar evolutionary of HR diagram is not etiéel by the parallax
measurements, which is an advantage of using this method résult, depending
on their positions and the results that we obtained, one ednak the masses of the
primary and secondary components, which are 1.45and 1.0 M;, respectively
(Table 4).

2.2. The Dynamical Method

In order to obtain the best fit between the masses estimaiiegl AsWardat’s
method and the dynamical mass sum, we used Kepler’s thirdnats following
form:

3
a
Mrot = Ma+Mg = (W)M®a (9)
where My is the mass of the primary componentg Né the mass is the secondary
componenta is the semi-major axis in arcsecondsis the parallax in arcseconds
andP is the period in years.

The error of the calculated mass sum using the former equistigiven by:

Om . On > Oa 2 Op >

N C e (10)
The Sixth Catalog of Orbits of Visual Binary Stars shows th& system has a

good orbit of grade 3. The orbital solution was given by Tdkav(2020), and by

using the latest observational relative position measarery Tokovinin (2019).

As a result, we calculated the mass sums associated withiffeesdt parallax

measurements. The results are listed in Table 4.

3. Resultsand Discussion

Table 3, lists the results of the synthetic magnitudes amar ¢adices of the
entire system and individual components under three phetiarrfilters: Johnson:
U, B, V, R, U-B, B-V, V-Rstromgrenu, v, b, y, u-v, v-b, b-hand Tycho:Br, Vt,
Bt — V7.

Fig. 1, shows the synthetic SEDs for the entire system anahthiedual com-
ponents, as given by Al-Wardat’'s method. These SEDs were tasealculate the
synthetic photometry and color indices.

The positions of the individual components of the systemhenH-R diagram
and evolutionary tracks for the five solutions are shown gsFR and 3. Four of
these solutions used the parallax measurements, whildtthesed a new parallax
value given in this work. Table 5 lists the final physical paeters of the system
using the new dynamical parallax.

However, Evanst al.(1961) and Eggen (1962) suggested that the spectral type
for this system to be F3 IV, while Malaroda (1975) classifteasia F1 sub giant and
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Fig. 1. The synthetic SED of entire system and for the indimiccomponents of the system as given
by Al-Wardat’s method.

Edwards (1976) classified the system as a F3 sub giant. Wehfatdhe catalogs
of two-dimensional spectral types for the HD stars clagbifiee system as a F3/5
V. And Cahnon and Pickering (1993) classified the system as a FO.

Our results show that the system consists of F2V primargomponent, and
G7V B secondary component.

As shown in Table 4, the comparison between the total mass AleWardat's
method with the dynamical mass using (Tokovinin 2019) atliarameters, shows
a good agreement within the error values using Hipparco3 paeallax.

Table4

The adopted final results for the physical parameters ofrtiigidual components of the system
Hip 42455 using the new parallax given by this study msyf = 25.82+0.85) mas

Dynamical Al-Wardat's method

mass sum mass sum
Thip1997 (24.86-£ 0.55 mas) 2.7122 22+0.28
Thip2007 (26.42-£ 0.67 mas) 2.25958 23+0.28
Tlgaiaz018(24.1552+ 0.1818 mas)  2.95661 22+0.28
TlGaia2020(24.4092+ 0.0446 mas)  2.86527 224028

Terhiswork(25.82+ 0.85 mas) 2.42 22+0.28
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Fig. 2. Positions of the two components on the HR diagranir, @velutionary tracks and isochrone diagrams of Giratdil. (2000). The four figures represent -
the fours solutions given by Al-Wardat's method using therfparallax measurements. The adopted fifth solution, usiagew parallax estimated in this work, -

is shown separately in Fig. 3.
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Table 4, lists the dynamical mass sum of the system usingrdiit parallaxes.
The results show that none of the calculated dynamical mdgsehose given by
the previous solution as.£2+0.28, which lies between the dynamical mass sums
given by the old and new Hipparcos values. Hence, to achievbdst consistency
between the dynamical mass sum and that of Al-Wardat’'s ndetive propose a
new dynamical parallax for the system as&4+0.85 mas

1.0 P — T

051 14 N =

/
- 1.2 ° g
® 00} \‘-\\ '
S 1.1 T
E . 1 M@*
S o5k Hip 42455
* A
B
1.0+ — Evolutionary tracks
——e 1 Gyr Metallicity 0.019
_15 n 1 L 1 L 1 L 1 s 1 L 1 "
3.88 3.84 3.80 3.76 3.72 3.68 3.64 3.60

Log Tepr

Fig. 3. Position of components of the system on the HR diagevwolutionary tracks, and age line
as given by Al-Wardat's method using the new parallax givgritis study as fipyn = 25.82+
0.85) mas. The age line represents 1 Gyr for stars with solaaliciéy. Evolutionary tracks and age
lines were taken from (Girardit al. 2000).

4. Conclusion

Using Al-Wardat's method for analyzing binary and multigkellar systems,
which is a computational spectrophotometric method, weemted a complete
analysis of the stellar binary system Hip 42455.

The method employs grids of Kurucz’s line-blanketed plaaeallel model
atmospheres (ATLAS 9) to build the synthetic SED for each poment. From
which, it builds a synthetic SED for the entire system acitwydo some observa-
tional parameterd.€., magnitudes, color indices, and magnitude differences).

The analysis revealed that binary system Hip 42455 corwi§is44+0.15 M)
F2V and (098+0.13 M) G7V main-sequence, solar-type stars.

We used two methods to determine the system’s total mas@/aitiat’'s method
yields a mass sum of (224+0.28M,). The second method yields four distinct re-
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Tableb

The adopted final results for the physical parameters ofrtiigidual components of the system
Hip 42455 using the new parallax given by this study s, = 25.82+0.85) mas.

Hip 42455
Parameters Units A B
Teff + 0T, K] 6880+70 5630+ 70
R+0R [Ro] 1.493+0.09 0893+0.08
logg+0jogg [cm/?]  4.20+£0.11  450+0.13
L+op [Lo] 4.48+020 072+0.10

Mpol £0m,, [mag] 312+0.08 511+0.08
My £ o, [mag] 314+0.13 524+0.14

M [Me] 1.4440.15 098+0.13
Sp. Type F2v G7v
Age [Gyr] 1.0

sults depending on how the dynamical total mass is compied the orbital com-
ponents. The given masses are: 2.71 Kbr Hip 1997 (= 24.86+ 0.55 mas),
2.26 M., for Hip 2007 (= 26.42+ 0.67 mas), 2.96 M for Gaia DR2 (1=
24.16+0.1818 mas), and 2.87 Mfor Gaia DR3 (1= 24.41+0.0446 mas).

According to Al-Wardat’s method (which is barely affecteglthe change in
the parallax value) as it is clear in Table 4 and Fig. 2, thestsasn should be
(2.424+0.28 My). This leads us to adopt a new parallax valuerggswork(Tt =
25.824+0.85 mas). This, of course, does not underestimate the values gy
Hipparcos and Gaia catalogs, but it is a well-known probldnmeasuring the
parallax of binary and multiple stellar systems known asptheto-center effect,
which appears more clearly in Gaia as it has a higher resaoltiian Hipparcos.

Finally, this system demonstrates that both components &avGyr age due
to their position on the evolutionary tracks and HR diagrairhis, along with
metallicity confirmation of 0.019, indicates that fragnegian is the most likely
formation process for this system.
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