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Abstract Eclipsing binary systems are unique stellar objects to éamnd understand stellar evolution
and formation. Thanks to these systems, the fundamentakgiarameters (mass, radius) can be obtained
very precisely. The existence of metallic-line (Am) stardinaries is noticeably common. However, the
known number of Am stars in eclipsing binaries is less. The dans in eclipsing binaries are extremely
useful to deeply investigate the properties of Am starschgsng binaries are the only tool to directly de-
rive the fundamental stellar parameters. Additionallg, #tmospheric parameters and metallicities of such
binary components could be obtained by a detailed spectpasstudy. Therefore, in this study, we present
a comprehensive photometric and spectroscopic analytig @clipsing binary system DV Boo which has
a possible Am component. The fundamental stellar parasietere determined by the analysis of radial
velocity and photometric light curves. The atmospheri@paaters of both binary components of DV Boo
were derived considering the disentangled spectra. Thmichéabundance analysis was carried out as
well. As a result, we showed that the primary component atchibtypical Am star chemical abundance
distribution. The fundamental stellar parameters of tiiakyi components were also obtained with an ac-
curacy of<1% for masses an& 3% for radii. The evolutionary status of DV Boo was examinétizing

the precisely obtained stellar parameters. The age of gtersywas found to be 1.000.08 Gyr.

Key words. techniques: photometric : spectroscopic — stars: vargatimaries: eclipsing: fundamental
parameters — stars: individual: DV Boo

1 INTRODUCTION determination of\/ is essential. In addition td/, metal-
licity also affects the life of a star. Hence, for a comprehen
A significant amount of stars are members of bi-sjye investigation of the binary evolution, both parameter
nary or multiple systemsAffonso-Garzonetal. 2034  should be obtained. Double-lined eclipsing binary systems
Sana & Evans 20]1 These objects, in particular the e- provide an opportunity to derive these parameters. While a
clipsing binary systems, are unique tools to acquire inprecise) can be obtained from the analysis of radial ve-
formation about the formation and evolution of stars.|ocity and light curves, the metallicity can be determined
Eclipsing binary systems provide a direct measurement gjy jmplementing special approaches like the spectral dis-

the fundamental stellar parameters (e.g., mass, radh) witentangling methodSimon & Sturm 1994
a good accuracyTprres et al. 201,0Southworth 2018

These fundamental parameters are significant for a deep

investigation of a star. To obtain the precise fundamental Binary systems are thought to form in the same in-
stellar parameters, both photometric and spectroscopic déerstellar area and hence the component stars in a binary
ta are needed. Radial velocity analysis enables the deterngystem should have the same chemical abundance pattern.
nation of exact orbital parameters, while light curve anal-However, recent detailed studies about eclipsing binary s-
ysis provides the orbital inclination and radii of the starstars indicated that components in a binary system could
relative to the semi-major axis. As a result of both anal-have different chemical structures (e.¢faunzen et al.
yses, precise fundamental stellar parameters such as m&xl8 Jeong et al. 2007 This result is very important for
(M) can be obtainedV! is the most important parameter understanding the binary’s evolution. The increased num-
which determines the life of a star. Therefore, an accuratber of such samples will be effective. Therefore, in this s-
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tudy, we present a detailed analysis of a suspected metallidable 1 Information on the Spectroscopic Data. The

line eclipsing binary star, DV Boo. Rightmost Column Lists the Range of S/N.

D\_/ B,OO (HD 126031V : 7 '54) was classified as Instrument Resolving Observation Number of SIN
an eclipsing binary system lhyipparcosdata ESA 1997. power dates Spectra  Range
The star was defined as a metallic-line starBigelman ELODIE 42000 200%- 2002 12 45-90
(1988. Grenier et al(1999 gave a spectral classification FEROS 48000 2016 6 160135

HARPS 85000 2009 2013 8 80- 140

of A3KA7hF5m which signifies a chemically peculiar star.
However, these spectral classifications could be suspected )
because the double-lined feature of DV Boo was later disg""th(i;efd ar;]d T.c?]ttered pomtls b gyond théegel were re-
covered byCarquillat et al(2004. Carquillat et al(2004 moveh orthe lig tcu-rvzana ny|s. iiable |
analyzed medium resolution {0000, 42 000) spectro- T egspec(:jtroscoplc ata o hDV Bog) are aval aEg n
scopic data to obtain the orbital parameters of the bina'—ELODIE and European Southern Observatory (ESO)

ry system. Additionally, they presented the analysis of théirCh:cVSf/' én theELEI(Sg:DEIE arcr’uvr?, Ifhere are twel\;]e Shpeﬁ'
Hipparcoslight curve to derive the fundamental stellar pa- tra o 00. Is an echelle spectrograph whic

was mounted at the 1.93-m telescope at the Observatoire

rameters. However, because of the low quality of the pho- H P F h h ided
tometric data and less number of measured radial velocitie%e aute-Provence (France). The spectrograph provide

for the secondary component (low-mass), these paramépedra with a resolving power 6t42000 and with a

ters could not be determined sensitively. DV Boo is alsowavelength range dis50—6800A (Moultaka et al. 2004

present in a list of candidate pulsating eclipsing binary s:(lj-he ELObDIEhspgc:jra aredserve? after lflin auﬁort;}atlc (;ata :je-
tars Soydugan et al. 20Q6However, the pulsating nature uction by the ef icated pipeline. A _iavda;a © rle uce
(if it exists) of the star has not been discovered. ELODIE spectra of DV Boo were compiled for analysis in

In this study, we introduce a detailed analysis ofthis study. . .
DV Boo which is believed to manifest chemically peculiar ' "¢ ESO archive provides the data taken from the ESO

characteristics. The star also has enough and good Spectllg_struments at La Silla Paranal observatory. In this amshiv

scopic and photometric public data to investigate the statnhere are six FEROS and eight HARPS spectra of DV Boo.

thoroughly. A detailed analysis of the star will allow us to FEROS and HARPS are échelle spectrographs and they

obtain the atmospheric chemical structure of both binar?lre a.ttacl:hed to thi 2.2-m ar|1d. the 3.6-mftelescopes, re-
components in DV Boo. spectively. FEROS has a resolving power of 48 000 and its

The paper is organized as follows. Information aboutSpectral range is approximately between 3500 and 8200

the considered spectroscopic and photometric data is givéh(aufer etal. 199}3 HAR,PS has a hi.gher resolving pow-
in Section2. Analysis of the radial velocity measurements &’ (85000) and it supplies spectra in a wavelength range

is presented in Sectio® We introduce a comprehensive of abfout3780 — 6900A (Mayor etal. 2008 The sp(alg—
spectral analysis in Sectigh The light curve analysis is tra of FEROS and HARPS were reduced and calibrat-

provided in Sectioid. Discussion and conclusions are pre—eOI by their dedicated pipelines. AII_avaiIabIe FEROS ar]d

sented in Sectiof. HARPS spectra for DV Boo were incorporated into this
study.

2 OBSERVATIONAL DATA The collected reduced spectra were manually normal-
ized applying the NOAO/IRAF continuumtask. Each

In this study, we referenced the public photometric andspectrum was normalized separately and the continuum

spectroscopic data of DV Boo. The system has photometevel was controlled with a synthetic spectrum that was

ric data in two different archives. First is the All Sky generated using approximate atmospheric parameters. The

Automated Survey (ASAS) archivgPojmanski 2002  information for the utilized spectroscopic data is given in

ASAS is a low budget project which aims to detect andTablel. The average signal-to-noise ratio (S/N) of all spec-

identify variable stars. The project provides data takenroscopic data is-95.

with V- and I-bands. However, DV Boo has only-

band data in the ASAS archive. The second archive is thg RADIAL VELOCITY MEASUREMENTS

Kamogata/Kiso/Kyoto Wide-field Survey (KWS) archive

(Maehara 2014 This survey provide$-, V- andc-band A binary system is defined with its orbital parameters such

data. However, DV Boo only has usadie and Ic-band @S inclination, eccentricitye, semi-major axis and argu-

data in the archive. These available photometric data wer@ent of periastronv. To obtain accurate orbital parame-

1 http://ww. astrouw. edu. pl / asas 3 http://atlas.obs-hp.fr/elodie/
2 http://kws. cetus- net.or g/ $\ si nsmaehar a/ 4 http://archive.eso. org
VSdat a. py 5 http://iraf.noao. edu/


 http://www.astrouw.edu.pl/asas
 http://kws.cetus-net.org/$sim $maehara/VSdata.py
 http://kws.cetus-net.org/$sim $maehara/VSdata.py
http://atlas.obs-hp.fr/elodie/
http://archive.eso.org
http://iraf.noao.edu/
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Fig.1 Theoretical fits ¢olid lineg to the radial velocity measurements of the primaagtérisky and the secondary
(square¥ components are plotted in the upper panel. Tée blue greenand black symbolsllustrate the ELODIE,
FEROS, HARPS and literature valugdarquillat et al. 200¥% respectively. Thelashed lindn the upper panel signifies
the iy level. The residuals from the fits are displayed in the loveargd. The subscripts “1” and “2” represent the primary
and the secondary components, respectively.

ters of an eclipsing binary system, radial velocity measure Table 2 The Results of the Radial Velocity Analysis
ments spread over the entire orbital phases are required.

) . Parameters Value

The rz_1d|al veloc_|ty 0r) mea_surementsj of DV Boo P (d) 37826330
were obtained by using the available public spectra. The To (HID) 2450003.58014- 0.01523
IRAF FXCOR task was applied in the measurements. In e § O'Ogﬁioéom
this analysis,_ a radial velocity_ standard star, which has \Ujé (i?.r:s—l) _28.12+ 0.03
spectra acquired by the same instruments as for DV Boo, K1 (kms™1) 82.08+ 0.04
was taken into account. HD 693 was chosen as a template ]\K/f ('.‘”},S_f(lj\)/[ ) 115%28;0063;

[S280 2 N N
star. We calculated the. value of HD 693 as 15.18 knm$ M sin® i (M) 11884 0.002
on average which is similar to the literature valug & q = Ms/M 0.7457+ 0.0007
14.81kms !, Maldonado et al. 20J0As a result, the, a1 sini (10°km) 4.2696+ 0.0024
. . . as sini (10° km) 5.7256+ 0.0039
values of DV Boo were acquired and they are listed in —
@ Signifies fixed parameters.

TableA.1.

After the v, measurements, we derived the Or'ity of the mass center/and the amplitude af,. curve of

bital parameters of DV Boo using thevfit code. the star relative to the center of the binary masparam-

This code calculates the theoretical curves by im- . . . .
) . . . ters were adjusted. The resulting parameters are listed in
plementing the adaptive simulated annealing methoi

. . able2 and the theoreticab, fit to the observed ones is
(Iglesias-Marzoa et al. 201.5-or the analysis, we took the . -
) . . . displayed in Figurd..
orbital period (B,-,) and periastron passage timg)Trom
Kreiner(2004. We also included the, measurements re-
ported byCarquillat et al(2004. The analysis was carried 4 SPECTRAL ANALYSIS
out using 74, measurements in total. During the analysis

i 'We aim to obtain the atmospheric parameters and chem-
only the B, parameter was fixed ang w, Ty, the veloc-

ical compositions of both binary components of DV Boo
6 http:// wwe cef ca. es/ peopl e/ ri gl esi as/ to examine the!r chemlcal strqcturg and binary evolution.
rvfithtmn Therefore, in this section, we first disentangle the compos-



http://www.cefca.es/people/riglesias/rvfit html
http://www.cefca.es/people/riglesias/rvfit html
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Table 3 Results of the Spectroscopic Analysis of the Individual@zeof Binary Components

—H, line_ Fe lines
Star Teg (K) Tog (K) logg(cgs) &(kms 1) wsini(kms ')  loge (Fe)
DV Boo;  7100+230 7400+ 100 4.1+0.1 2.7£0.2 26+ 2 7.79+0.25
DV Booz  6500+360 6500+ 100 4.3£0.2 3.7+£0.3 17+3 7.624+0.32

The subscripts 1 and 2 represent the primary and secondasyliomponents, respectively.

ite spectra of the system and obtain the individual spectra
of binary components. Then, we carry out a detailed spec-
troscopic analysis using these disentangled spectra.

4.1 Spectral Disentangling

The spectral disentangling method can be employed to ac-
quire individual spectra of binary components in a double-
lined (SB2) eclipsing binary system. To obtain the indi-
vidual spectra of binary components, the composite spec-
tra of the binary system taken in different orbital phas-
es and the fractional light contribution of binary com-
ponents are needed. To obtain initial fractional lights of
the binary components, we performed a preliminary light 0.4
curve analysis using the ASAS data. In the initial light
curve analysis, effective temperaturg.£) value of the
primary component was fixed. ThiB.x value was es- T000 -0 o 00 1000
timated with the following steps. First, th&aia dis- Velocity (km s™")

tance (aia Collaboration et al. 2018vas utilized to es- . . . .

. G . : } Iy Fig.2 Theoretical fits dashed linesto the observed H
timate the interstellar absorption coefficiertt,(= 0.062, inas The subscripts “1” and “2” represent the primary and
V)o value to be 0.31mag. By considering the derived

(B—V)o andthe list given b¥ker et al(2018 (see table 7
in that article), we estimated the initidlg value of the
primary binary component to be 7161 K. As a result of the

preliminary light curve analysis, we determined the lighty; ijad into several spectral subsets with) — 250 A

contributions to be around 80% and 20% for the prima’steps. These spectral subsets were analyzed separately. In

ry and secon_dary compone_nts, respectively. The final light, o analysis, the input parameters were taken from the re-
curve analysis will be provided after accurdig: values g 15 of the radial velocity analysis and they were fixed.

are obtained. Only the Ty parameter was adjusted during the spectral
The FDBI NARY (llijic et al. 2004 code was used 10 gisentangling process. After the individual spectra of bi-
obtain the individual spectra of the binary componentsnary components were obtained, these spectra were nor-

FDBI NARY disentangles the composite spectra based Opjized considering each component star’s light fraction
Fourier space by taking into account some orbital parampayiovski & Hensberge 2005

eters such a®, Ty, K2, e andw. These orbital parame-
ters can be fixed or adjusted during the analysis. However, The S/N of the resulting individual spectra of the bi-
the fractional light contributions of the binary comporent nary components can be calculated applying the equation
should be fixed in the analysis according to the orbitagiven byPavlovski & Southwortf2009. When we calcu-
phases of the binary system in the considered spectra. lated the S/N, we found that the spectra of the primary and
In the analysis, we used FEROS spectra because thesecondary binary components have S/N around 290 and 38
data have significantly higher S/N on average relative t&/N, respectively. The S/N for the secondary component is
HARPS and ELODIE data. Additionally, available FEROS low because of its less light contribution in total. Therefo
spectra are also distributed well over the orbital phases afe are only able to determine the atmospheric parameters
DV Boo for the disentangling analysis. and metallicity value for the secondary star with this low
In the analysis, the spectral range of arod2d0 —  S/N. A detailed abundance analysis will not be carried out
5600 A was taken into account. This spectral window wasfor the secondary star.
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Table 4 Abundances of Individual Elements of the s, respectively. By employing the given input parameter-
Primary Star and SurAgplund et al. 200p s, we adjusted Fe abundances anth ¢ parameters con-
sidering the minimum difference between the theoretical
and observed spectra. The finBlg and log g parame-

Elements  Star abundance Solar abundance

6C 8.78+0.44 (1) 8.43+0.05 . I . .

11Na 6.68+ 0.44 (1) 6.24-0.04 ters were derived considering the relationships between

1zl\S/I_g 7-30i 8-38 4 7.606F 8-8; Fe abundance and excitation/ionization potentials. Fer th
7.94+0. 7. . . . :

;ﬁcla 58; 041 g e.gi 0.04 correct atmospheric parameters, these relationshipsashou

21Sc 1.570.41 (3) 3.15+0.04 be flat because the abundance of the individual elements

22Tl 5.01+037(15)  4.95:0.05 obtained from different lines should be the same for differ-

23V 451+ 0.42 (2) 3.93:0.08 o . "

24Cr 6.0040.37 (15)  5.64:0.04 ent excitation potentials. Additionally, tifevalue was ob-

25Mn 5.8040.39 (5) 5.43+0.05 tained utilizing the same abundaneexcitation potential

26Fe 7.79+0.25 (83) 7.50+ 0.04 ; ; ; ;

N 6.82-- 0.37 (19) 6,225 0.04 reIatlonshlp as explained yousa(2014. For a detailed .

202N 5.06+ 0.44 (1) 4.56-0.05 explanation of the employed method, check the studies

38SI 4.14+0.45 (1) 2.84:0.07 of Kahraman Alicavus et al2016 and Niemczura et al.

39Y 4.1440.44 (1) 2.58£0.07 201

40Zr 4.62+0.43 (2) 2.58+ 0.04 (2015. _ )

s6Ba 3.59+0.44 (1) 2.18+0.07 In analysis of the primary component, 59 neutral and

Number of analyzed spectral parts is expressed in the Bisacke 24 ionized suitable Fe lines were used, while these num-
bers are 36 (Fel) and 15 (Fell) for the secondary compo-

4.2 Determination of the Atmospheric Parameters nent. The uncertainties in the determined final atmospheric

and Abundance Analysis parameters were obtained by thedhange in the associat-
ed relationships. We calculated how much the atmospheric
parameters alter with thes1difference in the considered
relationships. The final atmospheric parameters and their
uncertainties are given in Tabse

After the final atmospheric parameters were deter-
mined, abundance analysis was carried out taking these pa-
rameters as input. However, we only performed this analy-
. sis for the primary component, because the secondary com-
tive to log g (Smalley et al. 2002Smalley 2005 Hence, .
. . . ponent has a low S/N for an abundance analysis. We only
in the hydrogen line analysis, we todlg g to be 4.0cgs obtainedog ¢ (Fe) for the secondary component using the

and additionally we assumed solar metallicity, as metali:e lines because Fe lines are abundant and dominate in the

licity does not change th_e profile OT hy_drogen Im_eg Thesecondary star'g.g range. For abundance analysis of the
H, T.s values were derived considering the minimum

giff bet h theti 4 ob q tgrimary component, first a line identification was done for
merence between the Synthetic and observed spectra, -, spectral part using the Kurucz line’liand then all

During this and future spectral analyses, the hydrosm,‘%arts were analyzed separately. The chemical abundances

'c pﬁng-parﬂl_eé a:_?l_lzlses—)blan;etledtlocal :\herr;odyr[am determined from the different spectral parts were taken in-
equilibrium (LTE) model atmospheregyrucz to account to obtain the average individual chemical abun-

1993 were used. The synthetic spectra were gen-erated ba/ances. The list of final chemical abundances for the pri-
SYNTHE code Kurucz & Avrett 198). The errors in the mary component is provided in Table The uncertain-

H, Teff vgluesdwclare ;eslzl-mat.e;:i conS|dert|ng t@b?lffer- ties in the chemical abundances were estimated consid-
fr.lcte Itr;Xt an a?o axing ml.o ?Ccougo EOSKSIh € uncer'ering the effects of quality of the spectrum (S/N, resolu-
ainty that comes from normalization¢ » Ranraman tion), errors in the atmospheric parameters and assump-

Aligavus, m, preparation). The resu-ltmgyll-Teg value; a'® " fions in the model atmosphere calculations. The effect of
express-ed |n.Tab.I3 and the theoretical fits to the Hines the LTE model assumption on chemical abundance calcu-
are depicted in Flgur’e\. _ lations was searched Byashonkina2011) and it turned

All aimospheric parameters were determined fOIIOW'out that these assumptions introduce around a 0.1 dex er-

ing another approach. In this approach, the excitation anPlor. The effects of S/N and resolution were examined by

ionization potential balances of iron (Fe) lines were tak'Kahraman Alicavus et al2016 in detail. We took into
en intooaccount. In this method, some small spectral ParSccount the errors caused by these sources from this s-
(1 — 5A) were analyzed separately based on the spectr

hesi hod. The f | d ?Iljdy. Additionally, we calculated the errors caused by un-
synthesis met od. the indls, log g and¢ parameters certainties in the determined atmospheric parameters. The
were searched in the rangeG00 — 7600K, 3.8 —4.5cgs

andl — 4kms~! with 100K, 0.1 cgs and 0.1 kn7s step- 7 kurucz. harvard. edu/ l i nel i sts. htni

To determine the atmospheric parametéfs:( surface
gravity log g, microturbulence) and projected rotational
velocity (v sin ¢) of both binary components, we followed
two different approaches. First, the Hine was taken in-
to account to derive thé.g parameter because hydrogen
lines are very sensitive t@.g. It is also known that for
cool stars Teg < 8000K) hydrogen lines are not sensi-



kurucz.harvard.edu/linelists.html
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Table 5 Results of the Light Curve Analysis and the tion of convective and radiative atmospheres. We assumed
Astrophysical Parameters theseA andg values to be 1 for the primary component
and respectively 0.5 and 0.32 for the secondary componen-

The subscripts 1, 2 and 3 represent the primary, secondary

Parameter Value Th dw d ined in th dial

i (deg) 82,9954 0.251 t. he param_eter@, ¢, andw etermmg in the radial ve-
19 (K) 74004 100 locity analysis were also fixed. Additionally, the detached
T2 (K) 6398+ 174 binary configuration was considered in the analysis. We
Vy (kms~T) ~28.11+ 0.03 adjusted the phase shift,secondary componenf, di-
a(Ro) 14.469+ 0.010 Just p shiit, 'y compo i

e? 0.004+ 0.001 mensionless potential®f and the light fractions of binary

R 8.100+ 0.223 components. As a result, we obtained the parameters of the
Qo 9.499+ 0.277 ) o i

Phase shift 0.0004 0.0001 binary system. No third light contribution was found. The

a 0.746+ 0.001 obtained values and their uncertainties calculated by the
r1* (Mean) 0.1359 0.0036

MC method are provided in Tab& The theoretical fits to

r2* (Mean) 0.0889- 0.0026 ) o
L21 I (L1+L2) (ASAS) 0.797+ 0.016 the photometric data are presented in Figuréhe funda-
21 ; Eéﬁizg Eiwg |\;) 8-;?& 8-812 mental stellar parameters were also calculated employing
1 1+L2 . .
Ly (L1 +Ly) (ASAS) 02034 0.016 theJKTABSDI Mco<_je (Squthworth et al. 2004 These pa-
Lo I(L1+L2) (KWS V) 0.203+ 0.016 rameters are also listed in Talde
Lo I(L1+La) (KWS 1) 0.222+ 0.016
I3 0.0
Derived Quantities 6 DISCUSSION AND CONCLUSIONS

M1 (Mg) 1.629+ 0.004 _ ] )
Mo (M, 1.2154 0.003 In this study, we present a detailed photometric and spec-

(Mo) y p p p
ﬁl g@g i-gggi 8'853 troscopic study of an eclipsing binary system DV Boo.

2 ® . . . .

log (L1/Lo) 1,020+ 0.033 The fundamental aFmospherlg parameters of binary com-
log (L2/Le) 0.398-+ 0.054 ponents were obtained by using the disentangled spectra
}gg g1 Eggg j-ggi 8-8;2 of each component. DV Boo was classified as a metallic-
Mgbffo - otrie1 (Mag) 2 201% 0.082 line (Am) star. According to our chemical abundance anal-
Mholometric2 (Mag) 3.755£0.134 ysis, we found that the primary component exhibits typi-
%“j; Eﬁigg gig% 8:222 cal Am star properties (see, Fig). The primary star has
Distance (pc) 135 mostly overabundant iron-peak elements and manifests d-

and third binary components, respectively.
@ Signifies fixed parameters; * fractional radii.

eficiency in Ca and Sc elements. This is a typical chem-
ical abundance behavior of Am stars. It is known that
many (~70%) Am stars are members of binary systems

quadrature sum of the errors introduced by the uncertaifCarauillat & Prieur 200y However, eclipsing binary Am

ties in the atmospheric parameters was found to be arou

mjars are rareSmalley et al. 2014 Therefore, the curren-

0.15dex. The final calculated uncertainties are listed i} d€t@iled analysis of DV Boo is important to thorough-

Table4.

5 LIGHT CURVE ANALYSIS

In the light curve analysis, the normalizédband ASAS

ly understand Am stars’ behavior. Additionally, we found
that the secondary binary component also has a similar Fe
abundance with the primary star.

When the obtained atmospheric parameters were ex-
amined, we noticed that the secondary binary component

and V- and Ic-bands KWS photometric data were in- has a highef value compared to therange for a star with
cluded. The analysis was carried out utilizing the Wilson-similar T.g¢ value Gebran etal. 20%4Landstreet et al.

Devinney Wilson & Devinney 197) code which was in-

2009. However, we keep in mind that our star is a member

tegrated with a Monte Carlo (MC) simulation to pre- of a binary system and there are interactions between the
cisely estimate uncertainties in the adjusted parameteta/o binary components. Therefore, the reason for the re-

(Zola et al. 20042010.

sulting ¢ value could be the effect of binarity. This should

During the analysis, some parameters were adjustele investigated in further studies.

while some were fixed. Thé&.g value of the primary star

A light curve analysis was performed utilizing the

was set as 7400 K from the present spectroscopic analysi8SAS V-band and KWSV- and /c-band data. As a

In addition to the primary star®.g value, the logarithmic
limb darkening coefficients taken froman Hamme&1993
were fixed and also the bolometric albedas Rucinski

result, we derived the orbital and fundamental stellar
parameters. Thell values of the binary components
were obtained with an accuracy of less than 1%, while

1969 and the bolometric gravity-darkening coefficientsthe accuracy inR values is less than 3%. These pre-
(g, von Zeipel 192% were fixed according to the assump- cise M and R values allow us to examine the evo-
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Fig.6 The positions of the primary and secondary (smaller symiioBry components of DV Boo in the H-R diagram.
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diagram.

Table 6 Evolutionary Model Parameters Obtained from erated with different input parameters. During the analysi
MVESA the metallicity ¢Z) value was searched between 0.01 and
0.02 with steps of 0.001. As a resuff,= 0.015 £ 0.002

Parameter Value

was found. According to current spectroscopic analysis,
Pinitial (d)  3.895+0.020 the binary components of DV Boo havé value around
Cinitil 8:8?& 8:883 solar (Z = 0.0143, Asplund et al. 200pwithin error bars.
Age (Gyr) 1.00+ 0.08 This Z value is consistent with th& value obtained from

evolutionary models. Additionally, we estimated the &liti
_ ~ orbital period ana value by comparing the models calcu-
lutionary status of DV Boo. Therefore, the evolution-|ateq with different input orbital parameters and
ary status of DV Boo was examined by employing

the 8845 version of thkbdul es for Experiments The resulting evolutionary models for primary and
in Stellar Astrophysics (MESA) evolutionary secondary binary components were estimated taking in-
program Paxton et al. 201,22013. The binary module of to account the best fit to the calculated Agbg R dia-
MESA (Paxton et al. 2005wvas used to estimate the initial gram. As a result, we defined the age of components to be
evolutionary parameters of the binary system and to model.00+ 0.08 Gyr and examined the orbital evolution of the
its orbital evolution. Many evolutionary models were gen-binary system. The first Roche lobe overflow (RLOF) time
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for the primary component of DV Boo is predicted to startFacility under request number 524778 by Filiz Kahraman
at the age of 1.61 Gyr (0.61 Gyr after the current age). Thélicavus and based on spectral data retrieved from the
system is expected to become a semi-detached binary afte ODIE archive at Observatoire de Haute-Provence
this age with the beginning of rapid mass transfer. In thiOHP, http://atlas.obs-hp.fr/elodiel).
stage, the secondary component will gain mass and it wilThis work has made use of data from the European
evolve parallel to the zero age main sequence (ZAMS) byspace Agency (ESA) missiofsaia (htt ps: //ww.

its increasing radius and luminosity due to the mass trangosnps. esa. i nt/ gai a), processed by theGaia

fer. The best fit evolutionary models for the binary com-Data Processing and Analysis Consortium (DPAC,
ponents of DV Boo and the position of the componentt t ps: //ww. cosnps. esa. i nt/ web/ gai a/

in the Hertzsprung-Russell (H-R) diagram are plotted indpac/ consorti um). Funding for the DPAC has
Figure6. Furthermore, the location of the components inbeen provided by national institutions, in particular
the Age— log R diagram is illustrated in Figuré Inthese the institutions participating in theéGaia Multilateral

figures, the binary components’ evolutionary models arédgreement.

shown from zero-age to the early stage of the beginning of

mass transfer. The estimated initial evolutionary parameAppendix A:

ters are given in Tablé.
In the light curve analysis, a synchronous rotation was
assumed. If the binary components are synchronized, their

Table A.1 Thewv, Measurements

vsini values should be 26:80.7 and 17.20.5 kms™! HJD vr1 vr2 Instrument
for the primary and secondary components, respectively. 2450000 (kms ) (kms~)

. ; 1931.6262 —64.7£0.42  23.28:0.76 ELODIE
Thgse values are very similar to the spectroscopic ones. 20394253  9.9%.0.25 7780086 ELODIE
This shows us the binary components are already synchro- 20405722 -108.66:0.34  80.82+0.66 ELODIE
nized. In addition to this, applying the resulting paramete ggﬂ%gg -_140495500;78 83-3& (l)-gg Etgg:g
s of the light curve anaIyS|§, we estlmated the dlsta_nce of 50424086 5212037 13604091 ELODIE
DV Boo to be 13Gt 5 pc which is consistent with th@aia 20425900  53.9%40.37 -137.16-1.02 ELODIE
distance £125 pc,Gaia Collaboration et al. 20).8 2043.4398  -20.740.61 ELODIE
- . . . . 2297.6622 -104.46:0.44  75.240.94 ELODIE
DV Boo is included in the list of candidat®Scuti- 2299.7025 54.3% 0.29 —137.86:0.71 ELODIE
type variables in eclipsing binarieS¢ydugan et al. 2006 2303.7271  50.830.43  -133.06-1.17 ELODIE
Therefore, we carried out a frequency analysis of the pho- 24893476 3324031 -107.19-084 ELODIE
; ; : . . 6473.5455 -92.340.24  66.98-0.96 FEROS
tomgtrlc data after removing the binary light varlatlongTh 64736190 9712046  7500%0.46 FEROS
Per i 0d04 code (enz & Breger 200bwas employed in 64745781  —61.04 0.37 25.9H0.91 FEROS
the analysis. We found some frequency peaks &tuti 6474.6475  —51.430.37  10.29+0.92 FEROS
tars’ pulsation f . 4 the dat 6475.5470  50.38:0.14  -122.94-0.53  FEROS
stars’ pulsation frequency regime. However, the data aré  g4756208 5443024 12843084  FEROS
not-good enough to c-;IaSS|fy the primary star to keSzuti 4887.8319 075016  —63.65:0.60 HARPS
variable. Better quality data are needed. 4887.8897 -8.3%0.16  -51.76:0.45 HARPS
The presen il fDV B ffer in-  4889.7976 4572026  —4.16:0.61 HARPS
© prese tdeta ed SIUdY © 00 ofters good 4890.8627  54.120.16  -139.19-0.57  HARPS
put data to examine the evolution of binary systems and t0 54314800 42.840.16 —123.75-0.66  HARPS
understand the characteristic of Am stars in binaries. This  5432.4855 ~ —6.19-0.18  -72.62:0.55  HARPS
; : . L : 6449.5334  49.12-0.17  -131.4%0.66  HARPS
kind of spectroscopic analysis of eclipsing binary system- 64505550  —66.05021 2339 049 HARPS

s is required for a comprehensive investigation of binary
evolution.
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