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Abstract. PhotoelectridBV light curves of the recently discovered eclipsing binary NN Vir were studied for the first time to

derive the physical parameters of the system. The light curves were obtained at the Ankara University Observatory during
three nights in May, 2002. The solutions made by using Djurasevic’s inverse problem method describe the NN Vir system

as a high overcontact configuratiof,&r ~ 58%) with a relatively small temperaturefidgirences between the components

(AT = Ty, — T. ~ 160 K). These solutions suggest a significant mass and energy transfer from the more massive primary onto

the less massive secondary. The hot area on the less massive star, near the neck region, can be taken as a consequence of this
mass and energy exchange between the components through the connecting neck of the common envelope.
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1. Introduction Table 1. The catalogue information for NN Vir, the comparison and

) . . . check stars.
NN Vir was discovered to be a variable star by thipparcos

satellite (ESA 1997). Thelipparcosphotometric observations Parameter NN Vir Comparison Check

of the system show a light curve variation with an ampli- BD 106° 2869 +06° 2864  +05 2865

tude of @41 ranging from 7605 to 8'015. According to HD 125488 124970

Woitas (1997), this star was an RR Lyrae type variable with a @200 14M9m3gs 1416735 14'18"26°

0.20 day period. Gomez-Ferrelland & Garcia-Melendo (1997) 62000 +05°5347”  +05°31'55" +05°1325”

correctly classified the system as a W Ursa Majoris (W UMa) v 768 833 995
B-V or407 0438

type eclipsing binary. They published a light curve obtained
in the V band using a 6-cm telescope, and determined the ini- ® FromHipparcosCatalogue (ESA 1997).
tial light elements of the system. The light curve shows two

equal-depth minima with an amplitude &f%7. They also pub-

lished four times of minima of NN Vir. Rucinski & Lu (1999) by using a SSP-5A photometer attached to a 30-cm Maksutov
obtained radial velocity curves of both components and detf’érescope. BBO6° 2864 and BR-05° 2865 were used as com-
mined a mass ratio af = m/m, = 0.491. The indices (h, €) narison and check stars, respectively. A total of 217 observa-
refer to the hotter more massive and cooler less massive C¢@glis was secured in each filter. The observations, in the sense
ponent, respectively. variable minus comparison, were corrected for atmospheric ex-
Rucinski & Lu pointed out that the spectral type of the Syginction using the extinction céicients obtained for each night
tem isFO/F1 Vand that it belongs to the A sub-class of W UMgqm the observations of the comparison star. During the obser-
configuration. We observed and analyzed the system in orde{{gions no variations in brightness were detected for the com-

obtain its full modelling. parison and check stars. The probable error of a single ob-
servation point was estimated to #6.020 and+0.026 inB
2. The observational data and light curves andV colours, respectively.

] ) ) ) All di fferential data were transformed to stand&rd mag-
The diferentialBV observations of NN Vir were carried out on it des using the converting dieients of the local system

3 nights in May of 2002 at the Ankara University Observatoryatarmined by Myesserglu (2003). Standar8V indices for
Send gprint requests toG. Djurasev, NN Vir, the comparison and check stars are given in Table 1 to-
e-mail: gdjurasevic@aob.bg.ac.yu gether with the relevant catalogue information for these stars.

* Table 2 is only available in electronic form at CDS vialable 2 (accessible in electronic form) lists the heliocentric
anonymous ftp tedsarc.u-strasbg.fr (130.79.128.5) orvia Julian Dates, orbital phases, standBrdndV magnitudes of
http://cdsweb.u-strashg. fr/cgi-bin/qcat?]/A+A/415/283 the system.
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Fig. 1. Hipparcosand new standarB, V light, andB-V colour curves 00k o - -
of NN Vir. o )
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z
Table 3. The light levels with the errors in the estimates and their 0.2 - £
differences in the light curves of NN Vir. o3l 2
z /¥ ARl N 9k e e e 0 e
B Vv Hip e
Max. light at 0.25 796+ 0.012 7493+0.015 7609+ 0.029 0.5 - )
Max. light at 0.75 B87+0026 7502+0.029 7581+0.012 0.6 1 ! L ! ! L ! L L FAHASE
Min. light at 0.00 8351+ 0.013 7938+ 0,022 80314 0.024 -0.1 00 0.1 0.2 03 04 05 06 07 08 09 10 1.1 12 13
in. light at 0. +0. A +0. +0. -0.06 -
NN Vir . _ i
Min. light at 0.50 8271+ 0011 7910+ 0.008 8026+ 0.012 e 0-¢C __{V -_f.{lte,l_”«).
Amax(ozs — Mo 75) 0.009 ~0.009 0.028 0.00f 2 ' B
Amin(mogo — Mo50) 0.080 0.028 0.005 o : ERR
Depth of Min. | 0.455 0.445 0.417 oosl—0t ooy, PEASE
D th of Mi I 0.384 0.408 0.445 -0.1 00 0.1 0.2 03 04 05 06 0.7 08 09 10 11 12 13
epth of Min. . . .

The light and colour curves formed by the transformed
maghnitudes and colours are shown in Fig. 1 together with the
Hipparcoslight curve. The photometric phases of the light and
colour curves were calculated with Eq. (1). The light levels es-
timated by averaging data around the maxima and minima (by
taking aA¢ = +0.02 interval) and their dierences are listed in
Table 3. It can be seen in Fig. 1 and Table 3 that the primary

PHASE = ©.25

minimum in our light curves are deeper than the secondary Z;‘ NN Vir ... =
minimum in bothB andV colours while in the light curve of | al T AV,
Hipparcosthe depths of the two minima are almost equal in 77}« oy 3 ._:" "“'-=._=_
the light curve ofHipparcos Thus, what Gomez-Forreland & ~ 78F5 ¢ ] v, 0 Vfilter %
Garcia-Melendo (1997) and Albayrak et al. (2002) call type | 79[ = & 8%~ Al
(the primary minimum) should be called type Il (the secondary .| Z N A Y
minimum) and vice versa. In our observations, there is no sig- sz} = ¢ =, ¢ Prfilter®

nificant diference between the levels of the two maxima in &3}
both colours while in theHipparcoslight curve the light at

8.4 -
1

phase 0.75 (max Il) is brighter than at phase 0.25 (max I). Theo'ECM 56 01 02 035 04 05 06 07 05 09

shape of the light curve in Fig. 1 indicates the overcontactcon-os \N Vir .~ B=v. .
figuration of the system. Figure 1 also shows a slight phase el e
dependence of the colour curvB £ V) which is more easily — o.41
seen in Fig. 2. This can be a consequence of the system activity,,,

The observations cover two minima. We also obtained three
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minima for NN Vir in 2002 during the observational progranfrig. 2. Observed (LCO) and final synthetic (LCC) light curves of the
of selected eclipsing binaries. Their timings were calculated U\ Vir with final O—C residuals obtained by analysing BiandV ob-

ing the method of Kwee & van Woerden (1956), and they hagervations, the view of the system at orbital phase 0.25, obtained with
already been published by Albayrak et al. (2002). The timgarameters estimated from the observations Bag andB-V colour

of minimum of NN Vir together with four more photoelectricCU"ves-
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minima published by Gomez-Forrelland & Garcia-Melend@laret’s (1998) tables. On the basis of the masses of the com-
(1997) yielded the following linear light elements: ponents, by interpolation in the stellaffective temperature
Tex and surface gravity log from Claret’s (1998) tables we
have the values of the gravity-darkening expongnts: 0.06
andg. = 0.12, appropriate for stars with convective envelopes.
3. The light curve analysis Consequently, their albedoh, ¢, were set at 0.5.

A non-linear limb-darkening law has been used in the

To estimate the parameters of NN Vir, we used Dgere’s %sent work to avoid the possible negative influence of the
(1992a) programme generalised to the case of an overcon ng evaluation of limb-darkening ciients on other pa-

configuration (Djurav et al. 1998). The programme is basef, neters in the inverse problem. In agreement with Claret’s

on the Roche model and the principles arising from the PE&000) paper, whose tables we used, we chose the new approx-
per by Wilson & Devinney (1971). The light-curve analysi§yation which can be written as:

was made by applying the inverse-problem method (Bjevi ()

HJD Minl = 24505205962(5)+ (748068667(2) E. (1)

1992b) based on Marquardt's (1963) algorithm. T (1-u"?) - ap(1 - p) — ag (1 - %2
According to this method, the stellar size in the model ig( ) )
described by the filling factors for the critical Roche lolfgg ~au(1- ) 3)

of the primary and secondary component, respgctively, WhiWP\ereal,z,gA are the limb-darkening passband specificfioe
tell us_to tht degree the stars in the system_ fill their corrgunts andu = cosy. I(1) is the passband specific intensity
sponding critical lobes. For synchronous rotation of the corgs the center of the stellar disc, andis the angle between
ponents, these factors are expressed as the ratio of the stgllajine of sight and the emergent flux. This law, based on the
polar radii,Ryc, and the corresponding polar radii of the criticg g 55t-Squares Method, is able to describe the intensity distri-
Roche lobes, i.eFnc = Rc/Rrochg,- I the case of an over- ion over the whole stellar disk very well, with very good flux
contact configuration the potent@,¢ characterising the com- -nservation. For a given metallicity, the values of the passband
mon photosphere, is derived with a filling factor of the criticglyp_garkening cosiicients are derived from the current values
Roche lobeFy > 1 of the primary, while the factdf may be ot the stellar gective temperaturEs; and surface gravity log
excluded from further consideration. The degree of overcontagkach iteration, by interpolation for both of these quantities in
is defined in the classical way (Lucy & Wilson 1979) as:  cjaret's (2000) tables. This was achieveddiyinear interpo-
fover[%] = 100- (Qh,c _ QI)/(QO _ Qi)s (2) lation (PreSS etal. 1992) . -

The computer programme for the light curve analysis can
whereQy ¢, Qi, andQ, are the potentials of the common photobe run choosing among three possibilities for the treatment of
sphere and of the inner and outer contact surfaces, respectivibly.radiation law: 1) simple black-body theory, 2) stellar atmo-

The present analysis yields, > 1 for the filling codfi- sphere models by Carbon & Gingerich (1969) (CG), and 3) the
cient in the critical Roche lobe, i.e., the overcontact configurBasel Stellar Library (BaSeL).
tion. Tidal efects are expected to contribute to synchronisation The present light-curve analysis was carried out using all
of the rotational and orbital periods. Therefore, in the inversleree possibilities. The final choice of the approximation used
problem we adopted, . = whc/wk = 1.0 for nonsynchronousin the light-curve analysis is made in such a way as to keep the
rotation codicients, wheref ¢ is the ratio of the angular rota- disagreement betweenti@irent individual passbands solutions
tion rate (unc) to the Kepleriandx) orbital revolution rate. at a minimum. In this case we found that BaSeL model flux

In the analysis of the light curves, instead of the often useédstributions, with the assumed solar chemical abundance for
and somewhat questionable practice of forming normal pointee components of the system ([fF§ = 0), provided better
we used the original observational data in order to avoid neggreement between the individualandV solutions than the
ative influences of such normalization. The mass ratio of teémple black-body theory or CG stellar atmosphere models.
components was fixed in the inverse problengat m./m, = We have explored the “corrected” BaSeL model flux distri-
0.491, estimated by Rucinski & Lu (1999) from radial velocityputions, consistent with extent empirical calibrations (Lejeune
solution. Based on the spectral type of FDV the temperature et al. 1997, 1998). In solving the inverse problem of the light-
of the more massive component, in agreement with Poppengve analysis, the fluxes are calculated in each iteration for
(1980) calibration, was set &}, = 6900 K. Of course, the current values of temperatures and §odpy bi-linear interpola-
temperature distribution over the stellar surface depends on tioe (Press et al. 1992) for both of these quantities in the atmo-
gravity-darkening and reflectiorffects. sphere tables for a given metallicity [fF§ of the components.

To achieve more reliable estimates of the model paramiéhie surface gravities can be derived very accurately from the
ters in the light-curve analysis programme, we applied a quiteasses and radii of CB stars, but the temperature determina-
dense coordinate grid, having ¥2144 = 10368 elementary tion is related to the assumed metallicity and strongly depends
cells per star. The intensity and angular distribution of radian photometric calibration.
tion of elementary cells are determined by the steltBeative For a successful application of this model in the analysis
temperature, limb-darkening, gravity-darkening and by the eff the observed light curves, the inverse-problem method pro-
fect of reflection in the system. posed by Djuraévic (1992b) was used. Optimum model pa-

For the gravity-darkening exponents of the stars wameters are obtained through the minimizatiorE@®-C)?,
used the theoretical predictions obtained on the basis vdiere G-C is the residual between the observed (LCO) and
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synthetic (LCC) light curves for a given orbital phase. The mirTable 4. Results of the analysis of NN Vir light curves obtained by
imisation of £(O-C)? is done in an iterative cycle of correc-solving the inverse problem for the Roche model including the active
tions of the model parameters by using the modified Marquahgt region on the cooler secondary component.

(1963) algorithm. In this way, the inverse-problem method pro-

vides estimates of the system parameters and their standard Quantity B-filter Vfilter
errors. _ . o 217 217

The light curves of NN Vir have a peculiar shape. Theanal-  yo_cy 0.0500 00890
ysis has shown that this system has a very distinct overcontact 0.0152 00202
configuration where during the deeper (primary) minimum the = my/m, 0.491
less massive and smaller component partially eclipses the more T, 6900
massive and larger one. However, such a simplified model is  Bn 0.06
not suficient to describe all the features seen in the observed  Bc 012
light curves. We have tested severdteiient hypotheses in the An=Ac 05
attempt to provide a good fit of the observations by varying the fh= T 10
albedos, the gravity-darkening exponents of the components of Te 6676+ 43 6796+ 66

Fn 1.073+ 0.001 1075+ 0.001

the system anq the degree o_f overcontact. It tur_ned out that we i ] 633+ 0.2 634+ 0.2
c_ould not obtain a combination giving us a satisfactory solu- As=Te/T. 1224001 125+ 0.02
tion. However, these attempts to treat the albedos of the com- 4 1] 341+06 322410
ponents as free parameters of the inverse problem have shown (<] 1822+ 0.4 1796 + 0.7
that the obtained solutions demanded that the albedo of the sec-  g[°] 0.0 0.0
ondary (cooler) component has to be much larger than the ex- &' +0.3071+0.3051 +0.3738 +0.3739
pected value. This suggests that on the secondary opposite the a)* +0.9694 +0.8873 +0.8779 +0.8602
Lagrangean point;, near the neck region, we have an area aﬁ"*C -0.6385-0.4883 -0.7808 —0.7433
with increased temperature. So, we fixed the albedos and grav-  &,° +0.1788 +0.1195 +0.2633 +0.2468
ity darkening exponents to their theoretically expected values,  he 2.6906 26856
and introduced a hot region as a possible natural explanation £ 2.8585 28585
for the behaviour of the light curve. The hot region can be ex- Qout . 2.5647 25647
plained as a consequence of an intensive mass and energy ex- Ig’hv[eg/ i] 1] 37412 gii?
change between the components through the neck connecting R[D = 1] 0:330 0331
the common envelope, i.e., of a mechanism leading to almost Lo/(Ln+Lo) 0657 0636
equal stellar temperatures. Finally, in the hypothesis of ahotre- 141\ 134+ 0.02
gion in the neck zone of the secondary we have a solution that A [M,] 0.66+ 0.02
seems logical and provides a relatively good fit of the observa-  R;[R,] 1.58+0.02
tions, with mutually consistent solutions from the analysis of Re[Re] 1.19+0.02
individual B andV light curves. log gn 4.17+0.02

In our code this active hot region on the secondary com- 'Og 9o 4.11+0.02
ponent is approximated by a circular spot, characterised by the mtgol ggif 8'82
temperature contrast of the spot with respect to the surrounding ao:f[lRo] 3248+ 0.009

photosphereAs = Ts/T¢), by the angular dimension (radius)
of the spot ¢s) and by the longitudeis) and latitude ¢s) of

Note: n — number of observation&(O-C)? — final sum of squares

the spot centre. The longitudgd] is measured clockwise (asof residuals between observed and synthetic light curves,stan-
viewed from the direction of theZ-axis) from the+X-axis dard deviation of the observationg,= m./m, — mass ratio of the

(line connecting the star centers) in the range3®0. The lat-

componentsTy — temperature of the hotter primary and cooler sec-

itude (ps) is measured from Oat the stellar equator (orbitalondary, Bne, Anc, fnc — gravity-darkening exponents, albedos and
plane) to+90° towards the “north” ¢Z) and—90° towards the nonsynchronous rotation diieients of the components respectively,
“south” (~2) pole. The assumed physical nature of the hot rEv —filling factor for the critical Roche lobe of the hotter primary,
gion allowed an approximation on its location, which also r'_["]— orbit inclination (in arc degreeshs — hot-spot temperature fac-
A r, 0s, ds, ¢s — hot-spot radius, longitude and latitude (in arc de-
duced the number of free model parameters: it is in the equa&op nonlinear limb-darkening céiecients of

. s ees) ), &°, a)°, a)° —
rial zone of the secondary¢ = 0°). the components (Claret’s formul&)y, ¢, Qin, Qout— dimensionless sur-

face potentials of the components and of the inner and outer contact
surfaces respectivelyf,o.e %] — degree of overcontacR,. — polar

radii of the components in units of the distance between the compo-
nent centresly/(Ly + Lc) — luminosity of the more massive hotter
Within the Working hypotheSiS we chose the inverse prObleﬁhr, Mic[Mol, Rnc[Ro], — stellar masses and mean radii of stars in
of the optimisation of system parameters provides good mutgalar units, logy,. — logarithm (base 10) of the system components
consistency between the solutions obtained in the analysesfigctive gravity,M{'S — absolute bolometric magnitudes of NN Vir
individual B andV light curves. These solutions are given igomponents ando[R,] — orbital semi-major axis in units of solar
Table 4. The first three rows of the table present the numigagius.

4. Results and discussion
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of observations, the final sum of the squares of the residualdistinct overcontact configuration with a high degree of over-
between observed (LCO) and synthetic (LCC) light curves contactf ger ~ 58%.

n
Z(Oi -G)4 (4) 5. Conclusions
= o ] A summary of our results, given in Table 4, proves that a Roche
and the standard deviation of the residuals model with a hot active region on the less massive component
S (O -G of NN Vir can succesfully simulate the observed light curves.
= 4 /¥ (5) Synthetic light curves, obtained by solving the inverse prob-
(n-1) lem, fit the observations very well, and we have quite good

In the same table the Spot characteristics (Spot temperature %_eement k?etween the solutions .for individual ||ght curves in
tor, AS — TS/T01 angu'ar radiuﬂs and |Ongitudeﬂs) are also differentBVfilters of the phOtometl’IC SyStem. All this SuggeStS

given. The determination of these parameters is based on g suitability of our Roche model with the hot area on the less
multaneous fitting of the available light curves in tBeand Massive star in simulating the real observations. Without this
V photometric bands. active region we have a fit of a much poorer quality.

Finally, in Table 4 we present some important absolute pa- The results describe the NN Vir system as a high overcon-
rameters of the system. They are derived from the mass rd@i6t configuration fover ~ 58%) with a relatively small tem-
of the componentg = m¢/m,, estimated by Rucinski & Lu Perature dierence between the componemt§ (= Tp — Tc ~
(1999) from radial velocity solution. 160 K). They also suggest a significant mass and energy trans-
From the solutions obtained we can see that the second&@fyfrom the more massive primary onto the less massive sec-
is the cooler component of the system, and that the mean gr@ldary. The hot area on the less massive star, near the neck
ity of the secondary is somewhat smaller than that of the pifgion, is a consequence of this mass and energy exchange.
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