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ABSTRACT

New high-quality CCD photometric light curves for the W UMgpe systems V410 Aur, CK Boo,
FP Boo, V921 Her, ET Leo, XZ Leo, V839 Oph, V2357 Oph, AQ Psc ¥liYdSex are presented.
The new multicolor light curves, combined with the speatagsc data recently obtained at David
Dunlap Observatory, are analyzed with the Wilson-Devinoege to yield the physical parameters
(masses, radii and luminosities) of the components. Ouretsoibr all ten systems resulted in a
contact configuration. Four binaries (V921 Her, XZ Leo, VZ38Bph and VY Sex) have low, while
two (V410 Aur and CK Boo) have high fill-out factors. FP Boo, Edo, V839 Oph and AQ Psc have
medium values of the fill-out factor. Three of the systemsBeB, V921 Her and XZ Leo) have very
bright primaries as a result of their high temperatures angd radii.

Key words: binaries: eclipsing — binaries: close — Stars: fundamep@lameters

1. Introduction

In this paper we present the combined multicolor photoroeind spectro-
scopic study of ten contact systems from the sample definelrbiner et al.
(2003). The systems selected to be studied are: V410 Aur, 6& BP Boo,
V921 Her, ET Leo, XZ Leo, V839 Oph, V2357 Oph, AQ Psc and VY S&ke
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targets were selected according to the accurate multipblotometric light curves,
obtained recently from ground-based observations, andpbetroscopic mass ra-
tio, derived from the radial velocity curves from the DDO gram (Rucinsket al.
2005 and references therein).

Details of the project and the procedure used to derive thanpeters were
given in Kreineret al. (2003, Paper 1) and in Baragt al. (2004, Paper Il). The
selected systems are analyzed with the same methods amiguees, as those in
Zolaet al. (2004, Paper 11), Gazeag al. (2005a, Paper IV) and Zokt al. (2005,
Paper V). Remarks on individual systems are given in Se@jomhile Section 3
contains the log of the new photometric observations andrigg®n of the in-
struments used. Section 4 outlines the procedure and meteatito analyze the
photometric and spectroscopic data, and to compute théuabgmrameters of the
components. A discussion of the results for each systeméng the last Section.
The theoretical light curves are compared with the obseorext and the assump-
tions made to explain better the observations, such as tbiepge of a third body
in a system or magnetic activity of the components, are asmdsed.

2. Remarkson theIndividual Systems

2.1. V410 Aur

The eclipsing binary V410 Aur (BD+34°934, HIP 23337V = 10733) was
discovered by Hipparcos satellite mission (ESA 1997). & &aypical light curve
of a W UMa-type binary with total eclipses at the secondargimum. There are
limited observations of this system, such as those obtdigdalvorak (2005), who
gave a time of minimum. V410 Aur is a spectroscopically gipystem with a third
component having relative brightnesslaf/ (L1 + L2) = 0.26+0.01. Rucinskiet
al. (2003) calculated the mass ratig, = 0.144+0.013 and classified the system
as an A-subtype GO0/2V contact binary. Yaegal. (2005) observed this binary
and calculated its absolute photometric parameters. Tlseydatermined the mass
ratio photometrically, giving the value af,, = 0.1428 and found a filling factor
of 52.4%. Finally, they suggested that the system undengaas transfer from the
less massive component to the more massive one.

2.2. CKBoo

The eclipsing binary CK Boo (BDr9°2916, HIP 71319y = 97'09) was dis-
covered by Bond (1975). The light variability was deterndgrie be typical of a
W UMa-type binary. Krzesinsket al. (1991) gave a solution with low inclina-
tion and partial eclipses. Rucinski and Lu (1999) calcwadtes mass ratio of this
A-subtype contact binargsp = 0.1114+0.052 and the spectral type F7/8V. Aslan
and Derman (1986) presented an extended study of CK Boo lbasaloservations
obtained between 1976 and 1982. They noticed intrinsid laginve variations,
mostly seen in the primary minimum, as well as variationshef¢olor of the sys-
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Fig. 1. Comparison between theoretical and observed ligives of V410 Aur BVRIfilters). Indi-
vidual observations are shown with dots and theoreticaleziwith solid lines.
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Fig. 2. Comparison between theoretical and observed ligives of CK Boo BVRIfilters). Individ-
ual observations are shown with dots and theoretical cumssolid lines.

tem. Qian and Liu (2000) published a list of minima of CK Boalatiscussed
a possible connection between the variation of light cumve the change of the
orbital period. The most recent study of CK Boo was publistygdalci and Der-
man (2005). They performed light curve modeling using &vR light curves.
Due to well pronounced O’Connell effect a model with a coaltsgn the surface
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of the larger component was adopted. Combining their resulih spectroscopic
data by Rucinski and Lu (1999) the authors derived the absplarameters of the
components.

2.3. FP Boo

FP Boo (BD+43°2523, HIP 76970y = 10M20) was discovered by the Hip-
parcos satellite mission. These data were analyzed by S@@d4) who obtained
the photometric mass ratio of the system todgge = 0.1, which is in good agree-
ment with the spectroscopic ongsp = 0.10640.005) derived by Rucinsket al.
(2005). The small mass ratio of the system and the largelragliacities may in-
dicate a high inclination system with total eclipses, samib the contact binary
AW UMa.
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Fig. 3. Comparison between theoretical and observed ligivies of FP BooBVRIfilters). Individ-
ual observations are shown with dots and theoretical cumitssolid lines.

2.4. V921 Her

The light variability of the eclipsing binary V921 Her (BB-47°2388, HIP
82344,V = 9M49) was also discovered by the Hipparcos mission. It hasaa rel
tively long period @ = 0.877 d), rare for a contact binary. V921 Her has a low
amplitude of light variation and small RV values, indicatialow inclination orbit.
Rucinskiet al.(2003) determined the mass ratig, = 0.2264-0.005 and classified
the system as an A-subtype A71V contact binary.
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Fig. 4. Comparison between theoretical and observed lighves of V921 HerYRIfilters). Individ-
ual observations are shown with dots and theoretical cumgssolid lines.

2.5. ETLeo

ET Leo (BD +18°2374, HIP 51677y = 9M60) is another Hipparcos satellite
photometric discovery. A new ephemeris, spectral type @)V-light curve are
given by Gomez-Forrelladt al. (1999). The system has very shallow eclipses of
equal depth, and unequal maxima (O’Connel effect). Duérl§897) included
this system in his list of contact binaries with low ampliéugght variation. Obser-
vations of ET Leo show that it undergoes marginal eclipseseRtly, Tanriverdet
al. (2004) obtained new photoelectiandV light curves and obtained a photo-
metric solution of the system. It turned out to be a W-subtypatact binary with
Osp = 0.342+ 0.005 and a spectral type of G8V assigned by Ruciatki. (2002).

2.6. XZLeo

The eclipsing binary XZ Leo (BD+17°2165, HIP 49204y = 10M29) was
discovered by Hoffmeister (1934). Niarchesal. (1994) gave the first times of
minima, ephemeris and the physical parameters of the sysié@y noticed that
the light curves were better approximated by introducing$pmts on both com-
ponents near the neck region of the common envelope, topmetiethe observed
light curve asymmetries. The mass ratio, calculated by fdktiand Lu (1999),
iS gsp = 0.348+0.029, far away from the photometric one determined in previ-
ous studies. Its spectral type is A8/FOV and it belongs toAseibtype of contact
binaries.
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Fig. 5. Comparison between theoretical and observed ligivies of ET Leo BVRIfilters). Individ-
ual observations are shown with dots and theoretical cumgssolid lines.
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Fig. 6. Comparison between theoretical and observed liglhves of XZ Leo BVRIfilters). Individ-
ual observations are shown with dots and theoretical cumgssolid lines.

2.7. V839 Oph

The light variability of V839 Oph (BD+9° 3584, HIP 88946y = 9M04) was
discovered by Rigollet (1947). Several investigationfieéd, such as those made
by Binnendijk (1960), Niarchos (1989), Akalin and Derma®94I). Radial ve-
locity and light curves analysis of the star was made by Palzbsh and Edalati
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Fig. 7. Comparison between theoretical and observed ligives of V839 OphBVRiIfilters). Indi-
vidual observations are shown with dots and theoreticaleziwith solid lines.

(2003). They obtained new physical parameters of V839 Opobilf @ al. (1996)
analyzed in detail th€® — C diagram and tried to explain period changes in terms
of conservative mass transfer or magnetic activity of thetesy or even a possible
third body orbiting the binary. According to Rucinski and {1899) the system is
an A-subtype contact binary witty, = 0.3054-0.024 and a spectral type of F7V.

2.8. V2357 Oph

V2357 Oph (GSC 979:339, HIP 8296V, = 10M51) was discovered by the
Hipparcos mission. It was initially classified as a pulsat#ariable and the Hip-
parcos ephemeris refers to the times of maxima. Rucieisél. (2003) calculated
an accurate mass ratio from their radial velocities obgema. They found that
Osp = 0.231+£0.010 and estimated its spectral type as G5V. Assuming that the
Hipparcos ephemeris is correct, Rucinskial. (2003) classified the system as an
A-subtype contact binary.

2.9. AQ Psc

The eclipsing binary AQ Psc (BB-6°203, HIP 6307V = 8M66) was discov-
ered by Sarma and Radhakrishnan (1982). For this A-subtyptct binary very
few observations exist, providing only times of minima argbad linear ephemeris
of the system. Lu and Rucinski (1999) calculated the spectijoic mass ratio of
the system and found the value qf, = 0.226+0.002. They classified it as a
contact binary of F8V spectral type.
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Fig. 8. Comparison between theoretical and observed lightes of V2357 OphRVRiI filters).
Individual observations are shown with dots and theorkticeves with solid lines.
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Fig. 9. Comparison between theoretical and observed ligivies of AQ PscBVRIfilters). Individ-
ual observations are shown with dots and theoretical cumgssolid lines.

2.10. VY Sex

The eclipsing binary VY Sex (BD-1°2452, HD 93917V = 9701) was re-
cently discovered by Lasala-Garcia (2001) from a smalljgteé observatory. It is
one of the rare cases that, in spite of its brightness, it reatBundetected for a
long time. Rucinsket al. (2003) calculated the mass ratio of the system and found
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the value ofgsp = 0.313+0.005. They classified it as a W-subtype contact binary
of F9.5V spectral type.
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Fig. 10. Comparison between theoretical and observed tightes of VY Sex BVRIfilters). Indi-
vidual observations are shown with dots and theoreticalesiwith solid lines.

3. Photometric Observations

Observations of eight targets: V410 Aur, CK Boo, FP Boo, V8i&t, ET Leo,
XZ Leo, V839 Oph and VY Sex were obtained at the University digxs Obser-
vatory, Athens, Greece. The instruments used were the 0 @asgsegrain reflector
and a ST-8 CCD camera. The CCD camera uses a Kodak KAF-1600dB{(pD
cooled by a two-stage Peltier element, which provides a COExiwg temperature
of —30° C below ambient. The CCD chip has 1588024 useful pixels of %9
microns, covering an area of 3510 arcmin, or 22 15 arcmin if a focal reducer
is used. The CCD camera is equipped with a séi,d8, V, Randl Bessell filters.

V2357 Oph and AQ Psc were observed at the Kryoneri AstronanStation
of the National Observatory of Athens, Greece. The 1.22 ns&sasin reflector
and a Photometrics CH250 CCD camera were used. The CCD casesa Class
I, SI502 CCD chip, cooled by a three-stage Peltier elemedtteaditional chilled
water cooling that provides a stable CCD working tempegmtir —40°C. The
CCD chip has 51% 512 useful pixels of 24 24 microns, covering an area of
2.5x 2.5 arcmin. The CCD camera is equipped with aldeB, V, Randl Bessell
filters. The log of observations for all objects analyzedhis tpaper is given in
Table 1.
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Tablel

Log of observations

System Observatory Dates

V410 Aur Univ. of Athens Obs. 21, 22, 26, 29 Nov; 11, 12, 13, 28[2004; 4 Jan 2005

CK Boo Univ. of Athens Obs. 19, 20, 21, 23 Feb 2005

FP Boo Univ. of Athens Obs. 3,5, 6, 9, 16, 17, 18 March; 15, 1§ R2z05

V921 Her Univ. of Athens Obs. 11, 12, 13, 14, 25, 26, 27, 31 Aud,, 8, 11, 13, 15 Sep 2004
ET Leo Univ. of Athens Obs. 25 Mar 2003

XZ Leo Univ. of Athens Obs. 29, 31 Jan; 15, 18, 29 Feb 2004

V839 Oph Univ. of Athens Obs. 26, 27, 28 May; 5, 9, 11 Jun; 6, Jyl2004
V2357 Oph  Kryoneri Astr. Station 10, 11, 12 March 2005

AQ Psc Kryoneri Astr. Station 24 Nov; 20 Dec 2003

VY Sex Univ. of Athens Obs. 8,9, 10, 11 May 2005

One of the aims of this project is to obtain a complete lightvewf each object
at only one observatory to avoid the procedure of combiniaig daken at differ-
ent sites and with different instruments. Therefore, eachet has been observed
with the same instrument and under the same configuratiomifimmize intrinsic
variations we attempted to complete the light curves in & taw short as possible.

Table?2

Linear elements used for phasing the observations

System reference epoch (HIJD) period [d]

V410 Aur 2452500.0033 0.36635614
CK Boo 2452500.0237 0.35515534
FP Boo 2452500.2796 0.64048195
V921 Her 2452500.0973 0.87737804
ET Leo 2452500.3582 0.34650349
XZ Leo 2452500.4192 0.48773790
V839 Oph 2452500.4447 0.40900491
V2357 Oph 2452500.0907 0.41556707
AQ Psc 2452500.3638 0.47561168
VY Sex 2452500.1065 0.44343192

All data were left in the instrumental system. However, foe fight curve
modeling we transformed differential magnitudes into flumts. The observations
were phased using linear ephemeris for all targets, taken the Kreiner's (2004)
catalog, which is available on-line at:

http://www.as.ap.krakow.pl/ephem
Table 2 lists the reference epochs, as well as the periodsfasphasing our new
photometric observations.
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4. Light Curve Modeling

The method used for the derivation of the physical paramesedescribed in
detail in Paper I. The procedure described in Paper Il aintbeae-determination
of the mass ratio for each system, correcting it for proxynatfects. In order to
obtain the physical parameters of components, we used tl®iDevinney code
(W-D) (Wilson and Devinney 1973, Wilson 1979, 1993) and &upthe Monte
Carlo algorithm as the search method. Adjustments have ineeie to the follow-
ing parameters: phase shift, inclination, temperaturdnefsecondary component,
potential(s) and the luminosity of the primary star.

Table3

Searching ranges of the adjusted parameters (W-D progrant ualues)

System (0} i [deg] T [K] Q=0 L1

V410 Aur  —0.01-0.01 65-90 4500-7500 1.90-4.50 2-125
CK Boo —0.01-0.01 35-90 4700-7700 1.90-4.50 1-125
FP Boo —0.01-0.01 35-80 5500-8500 1.90-4.50 1-12.5
V921 Her —0.01-0.01 65-90 6000-9500 1.90-4.50 2-12.5
ET Leo —0.01-0.01 35-90 4000-7000 4.00-9.50 1-12.5
XZ Leo —0.01-0.01 65-90 5500-8000 1.90-4.50 2-12.5

V839 Oph —-0.01-0.01 65-90 4500-7500 1.90-4.50 2-12.5
V2357 Oph —-0.01-0.01 35-80 4000-7000 5.90-9.50 1-125
AQ Psc —0.01-0.01 65-90 4500-7500 1.90-4.50 2-12.5
VY Sex —0.01-0.01 50-90 5000-7000 4.00-9.50 1-12.5

In our computations theoretical values of the gravity daikg and albedo coef-
ficients were used. In the cases where a star has a radiat&@opa (T > 7200 K),
we used the value of 1.0 for both coefficients, whereas in#ise of convective en-
velopes T < 7200 K) we set the albedo coefficient to 0.5 and the gravitgetang
coefficient to 0.32. The limb darkening coefficients werefdd as functions of
the temperature and wavelength from Diaz-Cordosteal. (1995) and Clareet
al. (1995) tables. The tables by Harmanec (1988) provided us thé effective
temperature of the primary component, according to thetsgldgpe obtained at
DDO. Table 3 shows the searching ranges for all free paramdteTables 4 and 5
the results from the light curve modeling are given for abtgyns analyzed in this
paper. For models with spots the resulting spots paramateralso presented.

In the cases of an obvious O’Connell effect, a spot was censitlin our so-
lution. In such cases, the whole surface of the brighter aorept was scanned
for a possible spot location. The comparison between thdtieg theoretical light
curves and the observations is shown in Figs. 1-10. By candpthe photometric
solution with the spectroscopic results we calculated Hsobute parameters of the
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two components, which are presented in Table 6. The listesecorrespond to
the 90% confidence level.

Table4

Results derived from the light curve modeling

parameter V410 Aur CK Boo FP Boo V921 Her ET Leo
filling factor 2% 91% 38% 23% 55%
phase shift 0.9968-0.0006 0.9850G:0.0004 0.999G:0.0003 0.9992:0.0002  0.0017-0.0004
i(deg) 80.6+1.0 63.7£0.3 68.8+0.2 68.1+0.1 36.6+0.3
T1 [K] * 5890 * 6150 * 6980 *7700 *5500
T2 [K] 5983 +22 6163+10 6456+14 7346420 5112+28
Q=0 2.004+0.005 1.915+0.002 1.922+0.012 2.304£0.002 6.178:0.004
Qeorr(Mz/My) *0.137 *0.106 *0.096 *0.244 *2.924
L1 (B) 8.423+0.018 10.363t0.015  11.386:0.024 3.922+0.018
L1 (V) 8.944+0.015 10.366t0.016  11.365t0.021 9.555+0.051 3.849£0.015
L1 (R) 8.837+0.013  10.368:0.016  11.262:0.022 9.569+0.048 3.802£0.013
L1 (1) 8.882+0.010  10.394+0.014  11.2070.022 9.494£0.047 3.696£0.010
Lo (B) **1.932 **2.203 **1.181 ** 8.644
Ly (V) **2.064 **2.200 **1.202 **3.011 *»*8.717
L2 (R) **1.995 **2.198 **1.304 **2.997 ** 8.764
Lo (1) **1.963 **2.172 **1.359 **3.072 ** 8.870
L3 (B) 0.176+0.010 *0 *0 *0
Ls (V) 0.124+0.010 *0 *0 *0 *0
L3 (R) 0.138+0.010 *0 *0 *0 *0
Lz (1) 0.137+0.010 *0 *0 *0 *0
r§’°'e 0.5309+0.0012 0.5469:0.0012 0.5442:0.0002 0.4798:0.0002  0.2964t0.0012
rside 0.5928+0.0020 0.6172£0.0020 0.6115:0.0003 0.5212:0.0003  0.313@:0.0015
rhack 0.6179+0.0024 0.6406:0.0024 0.6311-0.0004 0.5476:0.0004  0.3722-0.0034
r‘z’oIe 0.2286+0.0016 0.2157-0.0016 0.1958:0.0003 0.2551-0.0003  0.469Q:0.0011
rside 0.2408+0.0019 0.2277-0.0020 0.2048:0.0003 0.2666:0.0003  0.5094:0.0016
raack 0.3043+0.0020 0.303G:0.0085 0.2469:0.0007 0.3069:0.0006  0.545Q:0.0021

spot parameters

co-latitude (deg) 972
longitude (deg) 306-2
radius (deg) 12.2:0.2
temp. factor 0.73:0.05

12642
84+2
56.8+0.5
0.98+0.02

74.4+4
41.54+2
11.5+1
0.61+0.01

* — assumedx — computedl s, Ly: W-D program input values — the subscripts 1 and 2 refer tsthebeing
eclipsed at primary and secondary minimum, respectivgdpt farameters refer to the brighter component.

5. Discussion and Conclusions

We present the results of the combined photometric and is@ecipic solution
for ten systems from the sample of close binary stars defin€aper | (Kreineet
al. 2003). The solutions utilize new multicolor photometri¢alabtained through
an international collaboration and results from homogesexpectroscopic obser-
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Tableb
Results derived from the light curve modeling

parameter XZ Leo V839 Oph V2357 Oph AQ Psc VY Sex
filling factor 19% 53% 23% 44% 22%
phase shift 0.000#£0.0003 0.9996:0.0004 0.0016:0.0004 0.0013:0.0002  0.0005:0.0002
i(deg) 78.3+:0.2 82.9+0.6 48.0+0.6 68.9+0.2 65.240.2
Ty [K] * 7240 * 6250 *5780 *6100 * 5960
T, [K] 6946 +13 6349+25 5640+25 6124+15 5756+15
Q1=Q 2.506+0.005 2.35H0.002 8.223+0.002 2.244+-0.005 6.706+0.005
Georr(M2/My) *0.336 *0.294 *4.329 *0.231 *3.171
L1 (B) 9.115+0.015 8.582+0.051 2.643t0.051 9.210£0.091 3.445£0.091
L1 (V) 9.014+0.016 8.636+0.051 2.62°40.051 9.220+0.078 3.399+0.078
L1 (R) 8.976+0.016 8.658+0.048 2.618t0.048 9.265+0.069 3.36/40.069
Ly (1) 8.941+0.014 8.694+0.047 2.615+0.047 9.286+0.070 3.3310.070
Lo (B) **3.451 ** 3.985 ** 9,924 ** 3.356 **9Q.122
L2 (V) ** 3.5652 **3.931 **9.939 ** 3.346 **9.167
L2 (R) **3.590 **3.909 **9.949 ** 3.302 **9.199
Lo (1) ** 3.625 **3.873 ** 9,952 **3.280 **Q.236
Lz (B) *0 *0 *0 *0 *0
Ls (V) *Q *0 *0 *0 *0
Ls (R) *0 *0 *0 *0 *0
Ls (1) *0 *0 *0 *0 *0
rgme 0.4546+0.0003 0.4782:0.0001 0.2486:0.0010 0.49110.0005  0.2743t0.0010
riide 0.4892+0.0004 0.5208:0.0001 0.2595:0.0012 0.5369:0.0006  0.28710.0011
rl{ac" 0.5178+0.0005 0.55370.0002 0.2973:0.0022 0.5655:0.0009 0.32780.0020
rgme 0.2778+0.0003 0.2825:0.0001 0.481A-0.0009 0.2595:0.0005 0.4616:0.0009
rside 0.2906+0.0004 0.29770.0001 0.5234:0.0013 0.2725:0.0006 0.49740.0012
r%f"Ck 0.3298+0.0006 0.3546:0.0003 0.5486:0.0016 0.3229:0.0015 0.5268:0.0015

spot parameters

co-latitude (deg) — — 5@-2 — 94+2
longitude (deg) — — 592 — 281+2
radius (deg) — — 10:1 — 19+1
temp. factor — — 0.55+0.01 — 0.83+0.01

* — assumedyx — computedl s, Ly: W-D program input values — the subscripts 1 and 2 refer tastaebeing
eclipsed at primary and secondary minimum, respectivgigt farameters refer to the brighter component.

vations obtained within the David Dunlap Observatory Red&ocity Program.
We were able to derive the absolute physical parametersmpoaents in con-
tact systems with an accuracy of approximately 1%—-2%. Fdrdiahe sytems
analyzed in this paper spotted solutions are invoked toa@xphe observed asym-
metries of their light curves.

The configuration of all ten systems is contact. We found thatsystem
V410 Aur has a high degree of contact with fill-out factor of%42 V410 Aur
was known to be a triple system from the time the spectroscapservations were
analyzed (Rucinsket al. 2003), where it was found that the third component con-
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Table6

Absolute parameters (in solar units) of the systems studi#te present paper. The standard
errors are expressed in parenthesis, in units of last dégilaees quoted.

System My My Ry Ro Ly Lo

V410 Aur  1.270(61) 0.173(25) 1.442(26) 0.586(11) 2.227(48).389(15)
CK Boo 1.442(24) 0.155(10) 1.521(10) 0.561(06) 2.924(20).400(16)
FP Boo 1.614(52) 0.154(21) 2.310(25) 0.774(08) 11.193(9®P20(13)
V921 Her  2.068(49) 0.505(26) 2.752(21) 1.407(11) 23.525(85.094(35)
ET Leo 0.542(12) 1.586(21) 0.835(07) 1.359(09) 0.564(08)115(15)
XZ Leo 1.742(47) 0.586(27) 1.689(15) 1.004(09) 6.926(43).073(20)
V839 Oph  1.572(31) 0.462(17) 1.528(10) 0.874(06) 3.14B(20..097(10)
V2357 Oph 0.288(09) 1.191(12) 0.689(09) 1.392(18) 0.48B(11.782(30)
AQ Psc 1.682(32) 0.389(17) 1.753(11) 0.890(05) 3.760(23)984)08)
VY Sex 0.449(09) 1.423(16) 0.864(06) 1.497(08) 0.832(08).172(22)

tribution to the total light is about 26%. The third light,detl to the model in our
photometric solution, was derived to be about 15%. The wiffee between the
two values of the third light contribution is significant. &yproscopic detection of
a third light can be a very sensitive tool in finding the preseaf a third compo-
nent. With special processing, third components as faift #% of the total light
can be detected (D’Angelet al. 2006). However, when the third component is
moderately bright, the ratibz/(L; 4+ L2) will be usually corrupted by the very dif-
ferent spectral continuum level for the heavily rotatiopélroadened and blended
spectrum of the contact binary and of the slowly rotatingdtHstar. In fact, what
we observe for contact binaries is really not a continuunh aljpseudo-continuum,
sometimes by some 10%—20% lower than the totally unavaileddl continuum.
Thus, we should expect that spectroscopic determinatibriss (L1 + L2) may
normally be exaggerated and that photometric values shmupeferred as totally
free of this effect. The highly inclined orbit of V410 Aur irties total eclipses and
a flat secondary minimum is obvious. The light curve has alddi@lonnell effect,
and a spotted solution is given. No other peculiarities vieved in this system.

CK Boo has also a high degree of contact with fill-out factoR&fo. For
this system we arrived at a higher fill-out factor than the daegved by Kalci and
Deman (2005). The light curve of this target exhibits a laBg€onnell effect and
a spotted solution was assumed with a cool spot on the pristary The low
inclination orbit produces a smooth light curve, and thetsgabsolution fits our
observational data very well.

The lowest inclination (below 50 was found for V2357 Oph and ET Leo. The
shape of the light curve of V2357 Oph due to inclination as &sv48 shows a
low amplitude of light variation. It has a small O’Connelfeft and our spotted
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solution was done assuming existence of a cool spot on theapyicomponent.
According to the assumption made by Rucinskal. (2003) this system belongs
to the A-subclass. Our photometric observations show treantinima referred as
secondary are deeper, contrary to the assumption made bgdRuet al. (2003).
By phasing the light curves according to the deeper minimta,system turns
out to be a W-subtype contact binary and thus the mass ragiinghe modeling
was reversed. Our solution gave a contact configuration wvifii-out factor of
23%. Even lower inclinationi(= 37°) was found for ET Leo. An O’Connell effect
is visible as well. In our spotted solution, a relatively tepot on the secondary
component gave a reasonable fit to our observed light cu@assolution gave a
contact configuration with a fill-out factor of 55%. Howevkrt such a low orbital
inclination this solution is of lower significance than fdher systems.

V921 Her is an eclipsing binary which contains large and \@ight compo-
nents. There is no evidence of any spot activity on the sarfd¢he two compo-
nents and the light curve is smooth with deep minima and gdagtilipses. Both
components have rather high temperatures and a radiatwdope was assumed
in the model. Our solution gave a low contact configuratiotiaifill-out factor of
23%.

V839 Oph has almost total eclipses, a fact resulting fronhiggly inclined
orbit (8229). Continuous observations on 9 nights on May, June and Z00¢
showed that the system undergoes a continuous brightemimdh is obvious from
the increased value of differential magnitudes of the lightves. Light curve vari-
ations were also noticed in the past by other investigatddf(1996, Akalin and
Derman 1997), who gave an explanation based on the maguétiityeof the sys-
tem. The brightening time rate gives information on the raagements of spots.
What is important in such a case, is the overall brightenégn at eclipses, so that
the whole system must get brighter. A similar case was alsicewb by Rucinski
and Paczynski (2002) for a system in the Galactic bulge regiur spotted solu-
tion resulted in a hot spot on the secondary component, ¢todge neck region,
with temperature factor of 1.03, and a hot region on the prytrigkely as a result of
light reflected from the hot spot. The bright region arouralrtieck can be regarded
as an effect of mass/energy exchange between the compdmenigh the connect-
ing neck of the common envelope (Van Hamme and Wilson 1988hoAgh our
solution may not be unique, it explains very well the obstoves. In the present
analysis, only the unspotted set of data (three nights on R0®4) was used to
derive the absolute parameters. The whole set of data ofrtieigesting target is
the subject of a more detailed study of its spot activity (&eset al. 2005b). Our
solution gave a contact configuration with a fill-out factb68%.

FP Boo has no asymmetries in its light curve. Its relatively amplitude is
a result of the low inclination orbit. It has a very small maago, large radial
velocities and shows partial eclipses. The fill-out facterivked from our solution
is 38%.
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The solution of the system VY Sex gave a contact configuratiitim a fill-out
factor of 22%. Its light curve exhibits a small O’Connell esft and our spotted
solution gave a cool spot on the equatorial zone of the pyirmamponent.

XZ Leo and AQ Psc have no asymmetries in their light curveseyTto not
show any O’Connell effect and the eclipses are partial. VWptatl solutions with
unspotted surfaces and the derived results are quiteaettsy. The fill-out factors
found are 19% and 44% for XZ Leo and AQ Psc, respectively.

The results for the physical parameters, derived in thegotestudy, will be
used together with those obtained in the previous papersiokeries (Papers |-
V), as well as with those expected from the next papers of thdMa Program
(Kreineret al. 2003), for a global study of the W UMa-type systems in a broad
context of contact binary evolution.
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