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Abstract Data release 2 (DR2) from the Gaia mission was of great helprécise determination of
fundamental parameters of Close Visual Binary and Multystems (CVBMSSs), especially masses of
their components, which are crucial parameters in undeigtg formation and evolution of stars and
galaxies. This article presents the complete set of fundéhparameters for two nearby close visual binary
systems (CVBSs), which are HIP 19206 and HIP 84425. We edilzsscombination of two methods; the first
one is Tokovinin's dynamical method to solve the orbit of #iystem and to estimate orbital elements and
the dynamical mass sum, and the second one is Al-Wardatiandor analysing CVBMSs to estimate
the physical parameters of the individual components. akest method employs grids of Kurucz line-
blanketed plane parallel model atmospheres to build syintBpectral Energy Distributions (SEDs) of the
individual components. Trigonometric parallax measunetsigiven by Gaia DR2 and Hipparcos catalogues
are used to analyse the two systems. The difference in theasurements yielded slight discrepancies in
the fundamental parameters of the individual componegfg@ally masses. So, a new dynamical parallax
is suggested in this work based on the most convenient masasgiven by each of the two methods. The
new dynamical parallax for the system HIP 19208287 +0.95 mas coincides well with the trigonometric
one reported recently (in December 2020) by Gaia EDRRd$689 + 0.4056 mas. The positions of the
components of the two systems on the evolutionary trackssaathrones are plotted, which suggest that
all components are solar-type main sequence stars. Thsirpnabable formation and evolution scenarios
are also discussed.

Key words: binaries: close — binaries: visual- stars: fundamentahpaters — stars: individual: HIP
19206 and HIP 84425

1 INTRODUCTION The preciseness of such studies is highly enhanced
by the latest measurements of distances to such systems,
which were dramatically advanced by the Gaia astrometric

The study of the physical and geometrical parametersnission Gaia Collaboration 203&\I-Wardat et al. 2021

especially masses, of close visual binary systems (CVBSs) The two systems under study fulfill the following

plays an important role in revealing the secrets ofspecific requirements; The two components of the system
formation and evolution of such systems, and hence thare visually close enough that they cannot be observed and
formation and evolution of the Galaxy. It also representsstudied individually, and the system has available aceurat

a direct tool for investigating dynamical properties of measurements of its colours, colour indices and magnitude

astrophysics. difference between its components.
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Table 1 Observational Data for HIP 19206 and HIP 84425

HIP 19206 84425 Source of data
HD 26040 155826

2000 04R207™00%566 17P15™355902 SIMBAD!
2000 —10°00701.”857 —38°35'38.”7902 -

Sp. Typ. G1/2v el -

Ay 0.0 0.0062 Lallement et al(2018
V;(Hip) 6.88 5.95 ESA(1997)
(V—=1)y 0.65 £ 0.00 0.64 £ 0.02 -
(B-=V)y 0.576 4+ 0.004 0.580 4+ 0.004 -

Br 7.566 + 0.008 6.67 & 0.013 -

Vi 6.957 4+ 0.006 6.015 4+ 0.006 -

THip (Mas) 24.00 + 0.92 32.6 1.7 -

THip (Mas) 24.49 + 0.83 32.69 + 0.59 Van Leeuwen 2007
TGaia (MAs) 23.4039 + 0.4727 30.4039 + 0.4728 Gaia Collaboratior{2018

Thttp://sinbad.u-strasbg.fr/sinmbad/simfid.

The study relies on two complementary methodswhich were analysed using the method: HD 25811,
Tokovinin’s dynamical method for the orbital solutions HD 375 and HD 6009 (see i.éAl-Wardat et al. 2014p
and Al-Wardat's method for analysing binary and multiple Al-Wardat 2014 Al-Wardat et al. 2014#&or full details and
stellar systems (BMSSSs). references).

Al-Wardat's method is an indirect computational This paper presents the analysis of two nearby
spectrophotmetrical method that uses the available olf=VBSs; these are HIP 19206 (HD 26040) and HIP 84425
servations (magnitudes and magnitude differences) dfHD 155826).

a binary or a multiple system to build a synthetic

Spectral Energy Distribution (SED) for each individual2 ARCHIVED DATA

component. It employs grids of Kurucz’s line-blanketed

plane parallel atmospheres to build these synthetic sepkhe observational photometric data are taken from various
(Kurucz 1994. Then it combines these SEDs dependindeliable sources, such as the old Hipparcos CataldgBa (

on some geometrical information like the system’s parallax-997, new Hipparcos reductiorvgn Leeuwen 20Q7and

and the radii of the components to get the entire SEC5@ia Data Release 2 (DRZ}4ia Collaboration 2038

of the system, from which we can calculate the synthetic 1hese data are utilised to calculate the preliminary
magnitudes and colour indices. This process is subje&FpUt parameters and as reference for the best fit with the
to iteration until the best fit between the synthetic andSynthetic photometry. Tablecontains the catalogued data
observational magnitudes and colour indices is achievedor HIP 19206 and HIP 84425. These data were taken
Whereupon, input parameters, both those of the moddfom the SIMBAD database, the Hipparcos and Tycho
atmospheres and the geometrical calculations, represer@talogues and Gaia DR2. For the orbital solutions, we
the fundamental parameters of the system adequate[?"ed on data from the Fourth Catalog of Interferometric
enough within the error values of the measured ones. ~ Measurements of Binary Stars (INT4Hdgrtkopfetal.

This method was successfully applied to severaf002-
CVBMSs. Some of them are solar type stars, while the
others were found to be subgiant stars. 3 METHODSAND ANALYSIS
_ The crite_rion forthejudgementofAI—Wardat’s method 31 Orbital Solutions
is the best fit between all the observational colours and
colour indices with the synthetic ones. In case the entirgcor the orbital solution and modification of the orbital
observational SED exists, it is usually employed as arlements of the systems, we follow Tokovinin’s dynamical
additional judgement tool by achieving the best fit with themethod applying the ORBITX code dfokovinin et al.
synthetic one. (2016. We considered the relative position measurements:
Among the solar type CVBSs which were studiedangular separationg) in (”) and position anglesfj in
using Al-Wardat's method, we mention here: ADS 11061 (deg) obtained by different observational techniques and
COU 1289, COU 1291, HIP 11352, HIP 11253, HIPlisted in INT4. The program performs a least-squares
70973, HIP 72479, Gliese 150.2, Gliese 762.1, COUadjustment to all available relative position observation
1511, FIN 350 and HIP 109951 (see, e.gl;Wardat  with weights inversely proportional to the square of their
2002 2007 2009 2012 Al-Wardatetal. 201422016 standard errors.
Masda etal. 2016 Al-Wardat etal. 2017 Masda et al. The orbital solution involves the orbital perid@ (in
2019. Of course, the method can deduce if the system igears), the eccentricity, the semi-major axig (in arcsec),
evolved or not. Here are some evolved (subgiant) CVBS#he inclination: (in deg), the argument of periastran(in
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Fig.2 The modified orbit of the HIP 84425 system
as determined from our analysisolid line) and last
orbit from ORBG6 (lotted ling). The bottom left panel
displays the fit residuals, showing the difference between
the observed and model values for the angular separation
QA p) and position angle46) of the orbit. The bottom
right panel features the distribution of data based on a five-
Sumber summary (“minimum,” first quartile (Q1), median,

' third quatrtile (Q3) and “maximum”) and outliers.

Fig.1 The modified orbit of the HIP 19206 system
as determined from our analysisolid line) and last
orbit from ORBG6 (otted ling). The bottom left panel
displays the fit residuals, showing the difference betwee
the observed and model values for the angular separati
(Ap) and position angle&#) of the orbit. The bottom
right panel features the distribution of data based on a fiv
number summary (“minimum,” first quartile (Q1), median
third quartile (Q3) and “maximum”) and outliers.

and is used for the first time in this work. The modified
deg), the position angle of nodexs(in deg) and the time  orbit of the system HIP 84425 is shown in Fig@ragainst
of periastron passag® (in yr). the orbit given by ORB6.

HIP 19206: the preliminary orbital parameters of We calculate the total dynamical mass applying
the system were calculated bBalegaetal. (20063, Kepler's third law, where we utilise the semi-major
then modified two times byfokovinin etal. (2015 and axis and the period from the orbital solution and
Tokovinin (2019. the parallax measurements from either Hippard®SA

In this work, we use 41 points of positional 1997, Hipparcos 2007van Leeuwen 20Q7or Gaia DR2
measurementg) and @) covering the period from 1991to (Gaia Collaboration 2098
2019. The latest points are published Bgkovinin et al. Kepler’s third law for binary stars can be expressed as

(20195 (one point), Mason et al.(2018§ (3-points) and follows
Tokovinin (2019 (one point). The modified orbit of the 23
system HIP 19206 is shown in Figuteagainst the orbit Mayn = Ma+ Mp = (3—P2)M® Q)
given by the Sixth Catalog of Orbits of Visual Binary T
Stars (ORB6ht t p: / / www. ast ro. gsu. edu/ wds/  and the formal error is given by
orb6. htnm)
HIP 84425: the preliminary orbital parameters of the % = \/9(0—7:)2 + 9(%’)2 + 4(%3)2. @)

system were calculated (8dderhjelm(1999 then modi-
fied two times byRica Romerq2010Q andTokovinin et al.
(2015.

In this work, we consider 16 points of the relative The first step in applying the analysis using Al-Wardat's
positional measurementg)(and @) from 1959 to 2015. method is to determine correctly the magnitude difference
The latest point was published Bykovinin et al.(201§  between the two components. For the system HIP 19206,

3.2 Physical Parameters
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Table 2 Modified orbital elements, mass sums and quality controte@tystem HIP 19206 obtained in this work, along

with previous ones of (1Balega et al(20063, (2) Tokovinin et al.(2015 and (3)Tokovinin(2019.

System HIP 19206

Parameters Units (1) (2) 3) This work
P+op D) 21.33 + 0.44 21.42 + 0.037 21.06 21.103 4 0.00
To + o, (yr) 1996.77 £ 0.08 1996.78 £ 0.06 2017.94 1996.91 £ 0.00
et oe - 0.686 £ 0.011 0.687 £ 0.009 0.711 0.7019 £ 0.00
atoa (arcsec) 0.223 £ 0.006 0.225 £ 0.006 0.229 0.226 + 0.000
==t (deg) 1222 £1.2 1229 +1 121.7 122.68 4+ 0.00
Q+oq (deg) 255.6 £ 1.1 219.0+1.8 220.4 219.00 £ 0.08
wtog (deg) 38.2+1.7 76.4+0.5 77.3 76.40 £+ 0.05
Mdyn:I:aM1 (M@) 1.763 £ 0.258 1.796 £ 0.252 1.959 1.873 £0.215
Mdyn:I:aM2 (M) 1.659 £+ 0.226 1.690 £ 0.219 1.843 1.762 £ 0.179
Mdyn:taM?’ (M) 1.965 £ 0.215 2.001 + 0.202 2.183 2.087 +0.128
rms(0) (deg) 0.9 0.2335 0.10
ms(p) (arcsec) 0.002 0.9268 0.0002

L Using (raip1997); 2 USING (rrip2007); © USING (TGaia2018)-

Table 3 Modified orbital elements, mass sums and quality controle@bystem HIP 84425, along with previous ones of
(1) Soderhjelm(1999, (2) Rica Romerd2010 and (3)Tokovinin et al.(2015.

System HIP 84425

Parameter Units (1) 2) 3) This work
P+op (yr) 23.3 14.215 + 0.050 14.23 £0.03 14.247 £ 0.057
To £ o7, (yn) 1986.5 1985.98 £ 0.17 1985.97 £+ 0.06 1985.98 £ 0.15
e £ o0e - 0.5 0.491 4+ 0.005 0.476 £+ 0.01 0.465 £ 0.008
a + 0o, (arcsec) 0.28 0.253 £ 0.004 0.249 £+ 0.02 0.253 £ 0.002
i + oy (deg) 123 1152+ 1.1 115.3+0.6 115.05 £0.75
Q+oq (deg) 4 190.41 £ 0.62 191.81 £0.47 192.06 £ 0.37
w*Eow (deg) 349 135.2+2.5 137.2+1.0 137.24 +2.04
Mayntom® (Mg) 1.17 2.305 £+ 0.379 2.201 £ 0.632 2.307 £+ 0.364
Mayntom? (Mg) 1.16 2.286 £0.171 2.183 £ 0.539 2.287 £ 0.133
Mayntom? M@) 1.45 2.841 £0.197 2.713 + 0.666 2.842 £+ 0.146
rms(0) (deg) 0.2 1.26 0.06
rms (p) (arcsec) 1.0 0.93 0.0001

L Using (raip1997); 2 USING (rrip2007); © USING (TGaia2018)-

Table4 Magnitude difference between the components otomponents by employing Equation8) (and @). The
both systems, HIP 19206 and HIP 84425. We list here onlyesults aren:! = 7™.14 + 0.01 andm? = 8™.54 £ 0.02

the values taken under filters close to thdéand filter.

HIP Am  oam Filter (\/AX) Reference
(mag) )
HIP 19206 1.39 0.02  545/20 Balega et al(2007)
1.40 % 541/88 Horch et al.(2008
143 550,40 -
145 550/40 -
1.48 550/40 -
1.4 * 551/22 Tokovinin et al.(2010
1.5 * 543/22 Tokovinin et al.(2016
HIP 84425 1.6 * 551/22 Tokovinin et al.(2010
1.6 * 543/22 Tokovinin et al.(2015
1.7 * 543/22 Tokovinin et al.(2016

we find Am = 1.4 £+ 0.02 mag, which is the average
measurements under théband filter (541-551) nm (see
Table4). While for HIP 84425, we find\m = 1.6 £ 0.16
mag to be the average value of theband filter (543—
551 nm) measurements listed in Tallle

Utilising the values ofAm along with the apparent
visual magnitudes of the systems.((r77p19206) = 6.88

mag, m,(grpsaazs = 5.95 mag) (see Tablel), we

calculate the apparent visual magnitudes of individual

for HIP 19206, andn! = 6™.17 £+ 0.03 andm? =
7™ .77 4+ 0.16 for HIP 84425,

m’ = m, + 2.5log(1 4 107 044m),

NS

®3)
(4)

where we applied the following relations to calculate the
error values of the apparent visual magnitudes of the
individual components of the system:

B

_ A
m, =m. + Am.

1
T = O, + (W)QUZW Q)
T = Tma + OAm. (6)

As a result, it is found that the absolute visual
magnitudes for the primary and secondary components of
the system HIP 19206 ard{} = 3.96+0.04 andM{ =
5™.36 + 0.05 respectively, and those for the system HIP
84425 areM} = 3™.58 £+ 0.05 and MZ = 5™.17 £ 0.03
using the following equation (Heintz 1978)

My =m, +5—5log(d) — Ay. @)



M. A. Al-Wardat et al.: Physical and Geometrical Parameters of CVBS XIV: HIP 19206 HIP 84425 161-5

Here, the interstellar extinctiomd,, of HIP 19206 is
neglected because this system is nearby. 108 . . . .

The errors of the absolute visual magnitudes of
components A and B of the system are calculated by using
the following equation

1
Ohry = Ty + (a0 *=AB. ®)

Log F, (erg s? s"'A™)

whereo,,,- are the errors of the apparent magnitudes of the

A and B components expressed in Equaticsand ). S e T of the oyatom |
Based on the estimated preliminary absolute mag- e "_":'::g:&irgaiirgg;lir:e(rﬁ)(m

nitudes {1y) of the individual components of the two P

systems, we can find the preliminary values of the 4000 4500 5000 5;,"3‘1&::;‘1‘; (;50" 7000 7500 8000

effective temperature and the bolometric correction for

each component as taken from the table§&ady (2005 (a) HIP 19206

andLang (1992. For HIP 1920674 = 6160K, 7.5 =

5550 K and(B.C.)a = —0.12, (B.C.)g = —0.30, and for

HIP 8442574 = 6520 K, T3, = 5650 K and(B.C.)s = e
—0.12, (B.C.)g = —0.21, for the primary and secondary
components of the two systems, respectively. ~
Furthermore, we rely on Eqution8)( (10), (11) and -
(12) to calculate the input parameters and to double check wg,
them after getting the best fit between the synthetic and =
observed photometry. R P
Synthitic SED (HIP 84425)
Entire flux of the system h
: - Primary component (A)
Mbol — MV + B.C., (9) - Secondary component (B)
128 40IOO 45‘00 50‘00 55‘00 60‘00 65‘00 7[;00 75‘00 8(;00
L M@ — M Wavelength (&)
log —- = —bol___"7bol (10)
Lo 2.5 (b) HIP 84425
R L T Fig.3 The entire flux and individual synthetic SEDs of
log — = 0.5log— — 2log— 11 9. Jual sy
B R, T YR, TR 1) e binary system HIP 19206 (Fi§(a) and HIP 84425
(Fig. 3(b)) using Kurucz blanketed modelKirucz 1993
1 log 2L _ 9105 21 4 443 12 (ATLAS9)
oggfogM—Q— ogR—QﬁL 43. (12)
whereTy, = 5777TK, Ro = 6.69x10°m and My, = fluxes of the primary and secondary components, in units
4775, of erg cmm2s~! A~! while R4 and R are the radii

In order to obtain the best stellar parameters, agf the primary and secondary components in solar units
we mentioned above, Al-Wardat's method is used tqespectively.
build a synthetic SED of the system based on the gince we do not have the observational SED for the
input parameters and on grids of line-blanketed modekystems, we depend on the magnitudes and colour indices
atmospheres (AT!_A89)|<(urucz 1993. This parameter g g reference for the best fit with the synthetic ones, which
could not be built unless we are fully aware of theengyres the reliability of the estimated parameters. This
information about its distanaéand radiusk (see Figs2  technique is a part of Al-Wardat's complex method for
and3). Hence, the entire synthetic SED as it would appeagalysing CVBSs.
at the Earth’s surface for the binary system is related to the
individual synthetic SEDs of the components according to
the following equationAl-Wardat 20022012 4 SYNTHETIC PHOTOMETRY

Stellar parameters depend mainly on the best fit of
(13) the magnitudes and colour indices between the entire
observational and synthetic SED of the system. Therefore,
where I\ is the flux for the entire synthetic SED of we calculate the individual and total synthetic magnitudes
the binary system at the Eartti/{! and HP are the and colour indices of the systems by integrating the total

Fy-d* = Hy - R% + HY - R%,
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Table5 Magnitudes and Colour Indices of the Entire Synthetic Speactand Individual Components of HIP 19206 and
HIP 84425

Sys. Filter | HIP 19206 HIP 84425
Entire Synth. A B Entire Synth. A B
o = $0.03 o = +0.03
Joh- U 7.55 7.73 9.62 6.63 6.77 8.95
Cou. B 7.45 7.67 9.33 6.53 6.71 8.58
\% 6.88 7.14 8.58 5.95 6.17 7.79
R 6.56 6.84 8.18 5.63 5.87 7.37
U-—-B 0.09 0.05 0.29 0.10 0.06 0.37
B-V 0.58 0.53 0.75 0.58 0.54 0.79
V-R 0.32 0.93 0.40 0.32 0.93 0.40
Strom. u 8.72 8.89 10.76 7.80 7.94 10.10
v 7.78 7.97 9.73 6.86 7.02 9.01
b 7.21 7.44 8.98 6.28 6.48 8.22
y 6.86 7.11 8.54 5.92 6.14 7.75
u—v 0.94 0.92 1.04 0.95 0.93 1.08
v—1> 0.56 0.53 0.74 0.58 0.54 0.79
b—vy 0.35 0.33 0.44 0.36 0.34 0.47
Tycho Br 7.59 7.79 0.86 6.67 6.84 8.79
Vi 6.95 7.20 8.66 6.02 6.23 7.87
Br —Vr 0.65 0.59 0.86 0.65 0.60 0.92

Table 6 Comparison between the Observational andlable 7 The Fundamental Parameters of the Individual
Synthetic Magnitudes and Colour Indices for Both Components of HIP 19206 as Estimated Applying Al-

Systems Wardat's Method
HIP Filter Observed Synthetic (This work) HIP 19206
(mag) (mag) Parameters Units HIP 19206 A HIP 19206 B
Br 7.566 £ 0.008 7.59+£0.03 R+op (Ro) 1.417 £ 0.06  0.978 & 0.05
5 Vr 6.957 + 0-002 6.95 +0.03 10g 8 £ Tlogg (cms~2)  4.18+0.11  4.40+0.13
( N V) 0-5761i40-00 0-581i40-03 L+or, (Lo) 2.8424+0.30  0.845 +0.10
m : : Myor £ oy, (mag) 3.81£0.08  4.87+0.08
HIP 84425 Vs 5.95 5.95 + 0.03 My + onry, (mag) 3.97+£0.13 5.08 +0.14
Br 6.67 +0.013 6.67+£0.03 Sp. Typé F7V G6V
Vi 6.015 & 0.006 6.02 & 0.03 M (Mg) 1.2340.15 0.91 £ 0.10
(B—V);  0.58+0.002 0.58 +0.03 Mot (Mo 9144015
am 16 16 M3, £ om (Mo) 1.873 4 0.0.215
M5, £ ou (Mg) 1.76 +0.133
fluxes over each bandpass of the named photometricalMgy,+om (Me) 2.087 +£0.128
.. 2
system divided by that of the reference star (Vega), :d)ézn (gas) 222~927 +0.95
utilising the following equationAl-Wardat 2013 9 (©yn 82£0.35
1Using the tables ofang (1992 andGray (2005).
m [F ()\)] — _9251lo f PP(A)FA,S(A))‘CD\ 7P 2Depending on the the isochrones for low- and intermediadssnstars
pLEAs - : g f Pp()\)F,\ - ()\))\d)\ p with different metallicities ofGirardi et al.(20003 (see Fig5).
’ (14) * Using (rmip1o97); ** UsiNg (Trip2007); *** USINg (TGaiaz018)-

where m,, is the synthetic magnitude of the passband
p, P,()\) is the dimensionless sensitivity function of the systems, in three photometrical systems, John&gn,
passbang, F) () is the synthetic SED of the objectand V', B, U — B, B—V,V — R; Stromgrenu, v, b, y, u — v,
Fy () is the SED of the reference star (Vega). Zero pointg’ — b, b —y and Tycho:Br, Vr, Br — Vr, which are listed
(ZP,) from Maiz Apellaniz(2007) are used. in Tables.
We applied the best fit between the entire observation-
al and synthetic magnitudes, magnitude differences of thg RESULTS AND DISCUSSION
components&m = VE-V) and colour indices to judge
the accuracy of the estimated parameters. Table 5 lists the results of the synthetic magnitudes
The entire flux is calculated from the individual fluxes and colour indices of the entire systems and individual
of the components utilising Equatiof3) and depending components under three photometric systems, Johnson:
on the parallax of the system. U,B,V,R,U-B,B-V,V — R; Stromgrenu, v,
As mentioned above, we get the colour indices of the), y, v — v, v — b, b — y and Tycho:Br, Vp, By —
individual components and entire synthetic SEDs of twol’r). In addition, Table6 gives a comparison between
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. . Fig.5 The positions of the components of HIP 19206 and
Fig.4 The positions of the components of HIP 19206 /p 84425 on the isochrones of low- and intermediate-
and HIP 84425 on the evolutionary tracks@fardi etal. 545 stars with different metallicities. The isochroneswe

(20003 for the masses (0.6, 0.7, ..., 1Mo). Fig. 4(0)  yeferenced fronGirardi et al.(20008.
depicts the positions of the components as esﬂmatetf

using the parallaxes supplied by Hipparcos and Gaia (See

Tablel). . )
Table 7 lists the final fundamental parameters of the

system. It shows that the dynamical mass sum of the

system using Gaia parallag3.4039 + 0.4727) is given

by 2.087 + 0.128 which is the closest to the mass sum
the entire synthetic magnitudes and colour indices Obiven by Al-Wardat's method df.14 + 0.15. This means
the two systems with the available observed ones withifa; Gaja parallax measurementis the best among the other
three photometric systems. The consistency between thgeasyrements, but in order to achieve the best consistency
synthetic and observed photometry indicates the reltgbili ponyeen the dynamical mass sum and that of Al-Wardat's

of the fundamental parameters of the two systems. method, we propose a new dynamical parallax for the
Hereafter we discuss the results of each systersystem of22.97 4 0.95 mas.
separatelyHIP 19206: Table 2 lists the modified orbital It is worthwhile to mention here that this work

elements as per the new orbital solution, which used &as done before Gaia Early Data Release 3 (EDRS3) in
total of 41 relative positional measurements, along with th December 2020 which gives a very close trigonometric
elements of the previous solutionsidlega et al(2006F),  parallax for the system o0f22.3689 £ 0.4056 mas
Tokovinin et al. (2015 and Tokovinin (2019. The root (Gaia Collaboration et al. 2020

mean square (rms) values of the new soluticth= 0.10° The reason why we introduced a new parallax
andAp = 0.0002” are better than those of the previousmeasurement is that parallax measurements of binary and
solutions. multiple systems are, in some cases, distorted by the brbita
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Table 8 The Fundamental Parameters of the Individual Componeritd®84425 as Estimated Applying Al-Wardat’s
Method

HIP 84425
HIP 2007 Gaia 2018
Parameters Units HIP 84425 A HIP 84425 B HIP 84425 A HIP 84425 B
Toff & o7, (K) 6220 4 100 5650 4 100 6220 + 100 5650 £ 100
R+tog (Ro) 1.63 4 0.06 0.96 £ 0.05 1.74 £ 0.06 1.07 £0.05
log g + Tl0g ¢ (cms2) 4.09 +0.12 4.26 +0.10 4.137 £0.11 4.321 £0.12
L+op (Lo) 4.04 4 0.30 1.05 £ 0.10 3.49 4 0.30 0.9140.15
Myol £ oy, (mag) 3.23 4+0.08 4.70 £ 0.09 3.393 + 0.09 4.853 + 0.09
My o, (mag) 3.294+0.13 4.8940.13 3.453 £ 0.13 5.043 £ 0.13
Sp. Typé F7.5vV G8v F7.5vV G8v
M (Mg) 1.31 £0.13 0.89 +0.12 1.29 £0.12 0.88 +0.12
Mot (Mg) 2.240.15 2.174+0.15
MagnEom (Mg) 2.287 £0.133 2.842 +0.146
Tdyn (mas) 33.26 = 1.5
Age? (Gyr) 3.16 £ 0.35

LUsing the tables ofang (1992 andGray (2005.
2Depending on the the isochrones for low- and intermediaissnstars with different metallicities fro@irardi et al.(20003 (see Fig5).

motion of the components of such systems as noted by The fundamental parameters of the systems’ com-
several other researchers (iShatskii & Tokovinin 1998  ponents, their positions on the evolutionary tracks of

The fundamental parameters of the systems’ com@irardietal. (20004 (Fig. 4(b) and on the isochrones
ponents, their positions on the evolutionary tracks ofof Girardietal.(2000h (Fig. 5(b)) affirm that they are
Girardi et al.(20003 (Fig. 4(a)), and on the isochrones of Win solar type in their final main sequence stage with a
Girardi et al (20008 (Fig. 5(a)), confirm that they are twin metallicity of 0.019, whlch predicts that fragmentation is
solar type main sequence stars with a metallicity of 0.019the most probable formation process for the system.
which predicts that fragmentation is the most probable
formation process for the system.

6 CONCLUSIONS

HIP 84425: Table3 lists the modified orbital elements
as per the new orbital solution, which used a totalysing the recent parallax measurements supplied by Gaia
of 13 relative pOSitional measurements, along with thqea|a DRZ)' we were able to present a Comp|ete ana|ysis
elements of the previous solutions 8dderhjelm(1999,  for the two CVBSs HIP 19206 and HIP 84425.
Rica Romero(201Q and Tokovinin etal. (2013. The The technique relies on a dynamical and a spectropho-
RMS values of the new solutioldd = 0.06° and  yymetrical method in a complementary iterated way, to
Ap = 0.0001" are much better than those of the previousggtimate the complete set of their fundamental parameters.

solutions. .
In order to get the precise fundamental parameters

Table8 lists the fundamental parameters of the systenyf the systems, we utilise a combination of a dynam-
as given by Al-Wardat's method incorporating two parallaxjcg] method (ORBITX) Tokovininetal. 201f and a
measurements: Hipparcos 2007 and Gaia 2018. So, Wemputational spectrophotometrical method (Al-Wardat's
have to decided which set of parameters better represefiethod for analysing CVBMSs, which employs grids
the system. of Kurucz (1994 line-blanketed plane-parallel model

In order to do so, it should be remembered that thextmospheres (ATLAS 9) for single stars).
dynamical mass sum is strongly affected by parallax, while  As is well known in astrophysics, masses of BS
the masses estimated utilising Al-Wardat's method argomponents represent one of the crucial parameters, either
not as highly affected by the change in parallax. Thispy being a common parameter between the dynamical
is clear in Figure4(b) which shows the positions of the method and the spectrophotometrical one, or for being one
components of HIP 84425 on the evolutionary tracks whemf the most important results from the analysis for their
considering both the parallax given by Hipparcos 2007 an@ssential role in stellar evolution theories.

that provided by Gaia 2018. The analysis of the the systems under study displayed

Now, depending on the mass sum of Al-Wardat'sa good consistency between the mass sum using the
method of2.2 + 0.15 mas, we estimate a new dynamical dynamical solutions and the masses estimated applying
parallax 0f33.264+1.5, which is closer to that of Hipparcos Al-Wardat's method. But, in order to achieve a better
2007 of 32.69 4+ 0.59. So, we adopt the fundamental consistency, a new dynamical parallax is given in this work
parameters listed in Tab&columns 3 and 4. for both systems.
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The results demonstrate that the components of th@®alega, 1. 1., Balega, Y. Y., Maksimov, A. F., et al. 2006b,
HIP 19206 system are main sequence stars, and the Bulletin of the Special Astrophysics Observatory, 59, 20
components of HIP 84425 have left the main sequenc®alega, I. I., Balega, Y. Y., Maksimov, A. F., et al. 2007,

to the subgiant stage. The components of each system Astrophysical Bulletin, 62, 339
have quite similar parameters and the same age. HencBpnnell, I. A. 1994, in Astronomical Society of the Pacific
fragmentation is the most probable process for the Conference Series, 65, Clouds, Cores, and Low Mass Stars,
formation and evolution of both systems, wh&ennell eds. D. P. Clemens, & R. Barvainis, 115
(1999 concluded that fragmentation of a rotating disk ESA, 1997, ESA Special Publication, 1200, The HIPPARCOS
around an incipient central protostar is possible, as long and TYCHO Catalogues, Astrometric and Photometric Star
as there is continuing infall, andinnecker & Mathieu Catalogues Derived from the ESA HIPPARCOS Space
(2007 pointed out that hierarchical fragmentation during  Astrometry Mission
rotational collapse has been invoked to produce binarie§aia Collaboration. 2018, VizieR Online Data Catalog, 534
and multiple systems. Gaia Collaboration, Brown, A. G. A., Vallenari, A., et al. Z0)

As a consequence, the results of such studies would arXiv e-prints, arXiv:2012.01533
improve our understanding of the nature, formation andGirardi, L., Bressan, A., Bertelli, G., & Chiosi, C. 2000a&AS,
evolution of binary and multiple stellar systems. 141, 371

Finally, synthetic photometry, consistency of the Girardi, L., Bressan, A., Bertelli, G., & Chiosi, C. 2000hziéR
results between the two methods and consistency betweenOnline Data Catalog, 414, 10371
some parameters with the available observational dat&ray, D. F. 2005, The Observation and Analysis of Stellar
give an indication about the accuracy of the applied Photospheres (3rd Ed., Cambridge Univ. Press)
methods, and hence the estimated stellar parameters féfartkopf, W. 1., McAlister, H. A., & Mason, B. D. 2001, AJ, 122

both systems. 3480
Horch, E. P., van Altena, W. F., Cyr, William M., J., et al. 300
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