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ABSTRACT

We present the analysis of 11 589 eclipsing binary stars identified in twenty-one OGLE-III
Galactic disk fields toward constellations of Carina, Centaurus, and Musca. All eclipsing binaries but
402 objects are new discoveries. The binaries have out-of-eclipse brightness betweenI = 12.5 mag
and I = 21 mag. The completeness of the catalog is estimated at a level of about 75%. Compari-
son of the orbital period distribution for the OGLE-III diskbinaries with systems detected in other
recent large-scale Galactic surveys shows the maximum around 0.40 d and an almost flat distribu-
tion between 0.5 d and 2.5 d, independent of population. Ten doubly eclipsing systems and one
eclipsing-ellipsoidal object were found among thousands of variables. Nine of them are candidates
for quadruple systems. We also identify ten eclipsing subdwarf-B type binary stars and numerous
eclipsing RS CVn type variables. All objects reported in this paper are part of the OGLE-III Catalog
of Variable Stars.
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1. Introduction

Binaries are common among stars of our universe. It is believed that two out of
every three stars in our Galaxy are in a binary or a multiple system and a few per
cent of main sequence binaries could be observed as eclipsing systems (Söderhjelm

∗Based on observations obtained with the 1.3-m Warsaw telescope at the Las Campanas Observa-
tory of the Carnegie Institution for Science.
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and Dischler 2005). Eclipsing binaries are a powerful tool in astrophysical diag-
nostics. They are widely used as probes of stellar structureand evolution. Eclips-
ing systems allow a direct determination of the fundamentalparameters (such as
masses and radii) of the component stars to high accuracy (e.g., Pietrzýnski et al.
2010, 2012) and provide excellent tests of stellar models (e.g., Ribaset al. 2000,
Moraleset al.2010). Binaries serve as superb distance indicators to nearby galax-
ies (e.g., Bonanoset al.2006, Northet al.2010, Vilardellet al.2010, Pietrzýnskiet
al. 2013) and help to trace the structure of the Milky Way (e.g., Natafet al. 2012,
Hełminiak et al. 2013). Precise measurements of orbital motion of a binary can
be used to search for orbiting companions through the light-travel time effect and
transits (e.g., Doyleet al.2011, Welshet al.2012).

Following the advent of wide-field photometric surveys, thenumber of new
eclipsing variables has increased rapidly. The Optical Gravitational Lensing Ex-
periment (OGLE) is a long-term project with the main aim to detect microlensing
events toward the Galactic bulge (Udalskiet al. 1993, Udalski 2003). However,
regular observations of the Milky Way and Magellanic Cloud stars, conducted in
some fields for over 21 years, allow us to discover and explorethe variety of vari-
able objects. The OGLE collection of classified variable stars has recently ex-
ceeded 400 000 objects. Most of them are pulsating red giantssuch as Long Pe-
riod Variables (≈ 340000 objects,e.g., Soszýnski et al.2013), Classical Cepheids
(≈ 8000 objects,e.g., Soszýnskiet al.2008), and RR Lyr stars (≈ 45000, objects,
e.g., Soszýnski et al. 2011). Among binary stars, a large sample of eclipsing sys-
tems (≈ 26000) was found in the Large Magellanic Cloud (Graczyket al.2011).

This paper presents a catalog of 11 589 eclipsing stars detected in twenty-one
fields located in the Galactic disk toward constellations ofCarina, Centaurus, and
Musca. The presented sample is a part of the OGLE-III Catalogof Variable Stars.
In the following sections of this paper, we describe: the observations and data
reductions (Section 2), the completeness of the search (Section 3), the catalog it-
self (Section 4), likely X-ray counterparts to the optical detections (Section 5), the
brightness, amplitude, and period distributions (Section6). In Section 7, we focus
on selected interesting objects and finally, in Section 8, wesummarize our results.

2. Observations and Data Reductions

All the data presented in this paper were collected with the 1.3-m Warsaw tele-
scope at Las Campanas Observatory, Chile. The observatory is operated by the
Carnegie Institution for Science. During the OGLE-III project, conducted in years
2001–2009, the telescope was equipped with an eight-chip CCD mosaic camera
with a scale of 0.26 arcsec/pixel and a field of view of 35′

× 35′ . Details of the
instrumentation setup can be found in Udalski (2003).

Twenty-one fields covering the total area of 7.12 deg2 around the Galactic plane
between longitudes+288◦ and+308◦ were observed. Their location in the sky is
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shown in Fig. 1. The time coverage as well as the number of datapoints obtained
by the OGLE project varies considerably from field to field (Fig. 2 and Table 1).
The vast majority of the observations, typically of 1500 to 2700 points per field,
were collected through theI-band filter with exposure times of 120 s and 180 s.
Additional observations, consisting of only 3–8 measurements, were carried out in
theV-band filter with an exposure time of 240 s. Both filters closely resemble those
of the standard Johnson-Cousins system.

Fig. 1. Location of the twenty-one OGLE-III disk fields in theGalactic coordinates. Each field covers
35′×35′ in the sky. Two fields, CAR109 and CAR115, overlap with each other in≈ 67%. The total
monitored area is 7.12 deg2 .

The time-series photometry was obtained with the standard OGLE data reduc-
tion pipeline (Udalskiet al. 2008, based on the Difference Image Analysis: DIA,
Alard and Lupton 1998, Woźniak 2000). A period search was performed using
the FNPEAKScode (written by Z. Kołaczkowski, private communication) for about
8.8×106 stars containing at least 30 points in theI-band light curve. About 345 500
detections with a signal to noise S/N > 10 were visually checked for any kind of
variability. The search resulted in about 13 000 eclipsing binary candidates,≈ 1000
ellipsoidal-like candidates,≈ 1000 pulsating star candidates, and≈ 15000 miscel-
laneous variables (mostly stars with spots). Details on thedetected dwarf novae are
presented in Mrózet al. (2013), while papers on other variables (in particular on
the pulsating stars) are in preparation.

In the next step, we rejected from the list of eclipsing binary candidates false de-
tections and artifacts that mimicked variability of neighboring real eclipsing stars.
Then, we manually removed outlying points from the light curves of all eclipsing
stars and improved orbital periods of binaries withP > 1.0 d. The uncertainty of
the period is estimated at a level of about 10−5P for P > 1.0 d. For stars with
P < 1.0 d their periods together with errors were improved using the TATRY code
(Schwarzenberg-Czerny 1996). After the period correctionwe re-examined the list
for the remaining false period detections and for common variables independently
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T a b l e 1

Basic data on monitored Galactic disk fields in OGLE-III

Field l b Nnights Nexp,I

CAR100 290.◦6544 −0.◦7510 202 2698

CAR104 289.◦8439 −1.◦7249 161 1641

CAR105 289.◦2911 −1.◦9906 167 1770

CAR106 290.◦5054 −1.◦6063 47 896

CAR107 288.◦9089 −2.◦5647 135 1530

CAR108 288.◦6343 −2.◦0343 135 1513

CAR109∗ 288.◦4607 −2.◦9904 145 1811

CAR110 288.◦1846 −2.◦4606 135 1475

CAR111 288.◦3599 −1.◦5037 134 1697

CAR112 289.◦0276 −1.◦4562 134 1688

CAR113 289.◦5717 −1.◦1922 134 1676

CAR114 289.◦3178 −0.◦6516 134 1672

CAR115∗ 288.◦2783 −3.◦0629 234 2001

CAR116 288.◦2176 −3.◦7841 233 1963

CAR117 288.◦7274 −3.◦5017 232 1922

CAR118 288.◦6602 −4.◦2207 230 1888

CEN106 293.◦4598 +0.◦5784 44 819

CEN107 296.◦2458 +0.◦1238 44 815

CEN108 307.◦4281 −1.◦7417 278 2374

MUS100 305.◦4335 −2.◦0928 279 2468

MUS101 306.◦4749 −2.◦3261 280 2428

∗ – Fields CAR109 and CAR115 significantly overlap
with each other in the sky, but have no common nights.

detected in overlapping fields. Combined light curves containing more data points
allowed us to additionally improve the orbital periods of the common stars. We
note that we were not able to estimate the orbital period for 27 binaries with very
small number of eclipses.

In the last reduction step, each variable was calibrated from the instrumental to
the standard magnitudes. For stars with available measurements in theV-band we
evaluatedV− I colors around corresponding phases in theI-band light curve. Then
the mean color was calculated after rejection of two most outlying values. In the
case of red stars (V − I > 1.5 mag) theI-band photometry had to be additionally
corrected according to formula presented in Szymańskiet al.(2011). For eclipsing
variables without any measurement inV (i.e., mostly faint objects withI > 19 mag)
the V − I value in the color term of the transformation was derived from a linear
extrapolation of theV − I vs. I relation for stars with 17< I < 19 mag in the same
subfield.
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Fig. 2. Graphical log of observations of the OGLE-III disk fields. Each single point represents one
exposure. To show irregular coverage of the observations for each field we randomly spread the
points in the vertical direction. The number of points is between 815 and 2698 per field.

3. Completeness of the Search

While preparing the final list of eclipsing binaries we searched for the same
variables detected in overlapping regions. Within the largest overlapping region
between fields CAR109 and CAR115 we found 206 common stars outof a total
of 308 eclipsing variables detected in this area. This givesan upper limit for the
completeness of the sample of 2x/(x+1)≈ 80%, wherex= 206/308. However, a
more realistic estimate of the completeness of our search isbased on a comparison
with an independent variability survey.

For four contiguous nights in April 2005 a 0.052 deg2 area located within the
OGLE-III disk field CAR105 was monitored to follow-up selected OGLE tran-
siting candidates (Udalskiet al. 2002abc, 2003). A dataset consisting of 660V-
band images was taken with VIMOS of the European Southern Observatory 8.2-m
Very Large Telescope (VLT). Of nine OGLE transits in the VIMOS area, two ob-
jects were later confirmed to be caused by planets: OGLE-TR-111b (Pontet al.
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2004) and OGLE-TR-113b (Bouchyet al. 2004, Konackiet al. 2004). A search
for variables brought 348 objects among 50 897 stars in the brightness range be-
tweenV = 15.4 mag andV = 24.5 mag (Pietrukowiczet al. 2009). Despite dif-
ferent bands used in the OGLE and VIMOS surveys, the depth is very similar or
even slightly shallower in the case of OGLE. Both surveys arevery complemen-
tary. While VIMOS observations have an excellent sampling of ≈ 165 exposures
per night, OGLE collected about 1800 points in 167 nights over four seasons. We
cross-matched the list of VIMOS variables with the list of OGLE eclipsing stars.
Eighty-nine objects were common, 23 OGLE variables were notfound in the VI-
MOS list, while 38 VIMOS eclipsing binaries were not detected during the OGLE
search. Based on these numbers we conclude that the completeness of the catalog
of eclipsing binaries is(89+23)/(89+23+38)≈ 75%. Thirty-four of the missing
VIMOS binaries were added to our list.

The final list of eclipsing variables was additionally extended by 139 OGLE
transits detected in the beginning of the third phase of the project and reported
in Udalski et al. (2002abc, 2003, 2008) and Pontet al. (2008). Out of a total
number of 155 transit candidates reported in the Galactic disk five transits were
spectroscopically confirmed as being due to planets: OGLE-TR-111b (Pontet al.
2004), OGLE-TR-113b (Bouchyet al.2004, Konackiet al.2004), OGLE-TR-132b
(Bouchy et al. 2004), OGLE-TR-182b (Pontet al. 2008), and OGLE-TR-211b
(Udalskiet al. 2008). The remaining stars but five objects turned out to be either
binary systems, multiple systems or systems with unverifiedplanetary companions.
Six of the systems were independently found in our variability search. With the
longer database we have improved the orbital periods for most of the 145 OGLE
transit objects.

4. The Catalog of Eclipsing Binaries in the OGLE-III Disk Fields

The OGLE-III catalog of eclipsing binaries in the Galactic disk, containing
tables with basic parameters, time-seriesI- and V-band photometry, and finding
charts, is available to the astronomical community from theOGLE Internet Archive:

http://ogle.astrouw.edu.pl
ftp://ftp.astrouw.edu.pl/ogle/ogle3/OIII-CVS/gd/ecl/

Eclipsing variables in the Galactic disk are arranged according to increasing right
ascension and named as OGLE-GD-ECL-NNNNN, where NNNNN is a five-digit
consecutive number. Besides coordinates of the binaries, their orbital periods, and
period uncertainties, we also provide information on the maximum brightness in
I, the I-band amplitude, theV − I color, the moment of the primary minimum,
classification to contact or non-contact type, and a cross-match identification name
with the VIMOS survey (Pietrukowiczet al. 2009, 2012) and the list of OGLE-II
eclipsing binaries in Carina (Huemmerich and Bernhard 2012), if exists.
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5. X-ray Counterparts

Close binaries are often chromospherically active systems, hence they can emit
intense coronal X-ray radiation. In the optical range, the characteristic features of
such systems are sporadic flares observed over timescales ofminutes (e.g., Ostenet
al. 2012) and relatively large variations in the out-of-eclipse brightness (. 0.5 mag)
attributed to spot activity (e.g., Udalskiet al.2012, Taşet al.2013, Rozyczkaet al.
2013).

We conducted a search for eclipsing binary counterparts to 220 X-ray sources
located within the OGLE-III Galactic disk area with the helpof the XAMIN system
of the High Energy Astrophysics Science Archive Research Center†. The sources
were detected by diverse satellite X-ray observatories andof different angular res-
olution: Chandra (σd = 0.′′6 at 90% uncertainty circle), XMM-Newton (1.′′5 for
bright and 2′′−4′′ for faint sources), and ROSAT (∼ 6′′ ). We searched for op-
tically variable counterparts within a radius of 18.′′2 (corresponding to 70 pix of
the OGLE-III camera) around the X-ray sources. Two Chandra X-ray sources,
X104523.77-603051.7 and X110523.68-610822.2, coincide with relatively bright
eclipsing binaries OGLE-GD-ECL-02102 (Imax = 14.23 mag) and OGLE-GD-
ECL-06924 (Imax = 13.71 mag), respectively. The angular distance in the sky
between the coincided optical and X-ray positions is only 0.′′78 and 0.′′23, respec-
tively. Moreover, large variations observed in the light curve of OGLE-GD-ECL-
06924 (shown in Fig. 12 in Section 7.4) is a strong evidence for the ideal X-ray-
optical cross-match in this case. One XMM-Newton source, J104704.2-620158,
located 5.′′1 from OGLE-GD-ECL-02579 and two ROSAT sources, J1105.0-6116
and J1155.4-6211, located 3.′′6 from OGLE-GD-ECL-06854 and 5.′′0 from OGLE-
GD-ECL-08457, respectively, are counterpart candidates for these eclipsing sys-
tems. For another two ROSAT X-ray sources (J1105.7-6054, J115219.1-615605)
we found nearby eclipsing variables (OGLE-GD-ECL-06974 and OGLE-GD-ECL-
08046, respectively). However, the distances between the optical and X-ray posi-
tions of 2.05σd and 2.78σd , respectively, make the cross-identification less certain.

6. Brightness, Amplitude and Period Distributions

In Fig. 3, we present the observed out-of-eclipseI-band brightness distribution
for all binary stars found in the OGLE-III disk area. For stars with I > 18 mag the
completeness of the sample drops significantly. Fig. 4 showsthe I-band amplitude
distributions for all detected eclipsing variables and variables brighter thanI =
18 mag. From this plot we can infer that the sample of stars with I < 18 mag lacks
systems with amplitudes< 0.2 mag.

In the next figure, Fig. 5, we plot the distribution of the orbital period for the
OGLE-III disk binaries. The shortest orbital period of 0.07753698(1) d was found

†http://heasarc.gsfc.nasa.gov/
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Fig. 3. Brightness distribution in theI-band for 11 589 eclipsing variables detected in the OGLE-III
Galactic disk fields. The bin size is 0.2 mag.

Fig. 4. Amplitude distributions for all 11 589 OGLE-III diskeclipsing variables (thick solid line) and
6023 variables withI < 18 mag (dotted line). The bin size is 0.04 mag.

in a hot subdwarf binary star OGLE-GD-ECL-10384, while the longest orbital pe-
riod of 103.502(1) d was measured for the system OGLE-GD-ECL-03367. Based
on the shape of the light curves we divided our whole sample into likely contact and
non-contact systems. Contact systems constitute about 64%of all detected bina-
ries. Period distributions for the two separate groups are also shown in Fig. 5. It is
noticeable that the majority of binaries withP< 0.5 d are in contact. Among bina-
ries with orbital periods around 0.7 d about half are contactsystems. Their number
significantly decreases aroundP≈ 1.5 d, although some of them may have longer
periods. The shortest orbital period of a binary, classifiedas a probable contact
system, equals to 0.1571319(2) d in the case of OGLE-GD-ECL-00665, while the
longest period of 19.6464(2) d was found in a contact system candidate OGLE-GD-
ECL-03668. We have to stress that our classification is tentative. Contact system
candidates with unusually short and unusually long periodsare not confirmed and
require more studies.

The orbital period distribution for 6023 OGLE-III disk binaries with brightness
I < 18 mag is shown in Fig. 6. In the same figure, we also draw the orbital period
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Fig. 5. Orbital period distribution for 11 562 OGLE-III diskeclipsing binaries (EBs) with a division
into contact and non-contact systems. Note that the histogram shows the logarithm of the counts,
thus bins with a single star appear blank.

Fig. 6. Orbital period distribution for bright eclipsing binaries from the OGLE-III disk fields com-
pared to the results from the All-Sky Automatic Survey and the Kepler space telescope.

distributions for eclipsing binaries discovered in the course of two recent wide-field
surveys: the All Sky Automated Survey (ASAS, Paczyńskiet al.2006) and the Ke-
pler space telescope (Slawsonet al.2011). The ASAS survey monitored stars with
brightnessV . 14 mag and declination< +28◦ for 5–8 years (Pojmánski 1997,
2002, 2003). The presented period distribution is based on 5462 ASAS variables
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unambiguously classified as eclipsing binaries withV < 12 mag. The Kepler tele-
scope monitored a fixed area of 115 deg2 toward mainly constellations of Cygnus
and Lyra between Galactic latitudes+6◦ and +23◦ in searches for transiting ex-
trasolar planets (e.g., Koch et al. 2010). The plotted orbital period distribution is
based on 1032 binaries with Kepler magnitudes< 14 mag which were identified
in a dataset of continuous observations lasting 125 days.

Although the three surveys, OGLE, ASAS, and Kepler, observed different Galac-
tic regions and different stellar populations, we can draw common conclusions from
the comparison presented in Fig. 6. First, the distributionof the orbital period peaks
around 0.40 d. Obviously, this maximum refers to contact binaries. Second, for or-
bital periods between 0.5 d and 2.5 d the distribution is either flat or decreases very
weakly with P. Linear fit to the rich OGLE data in this regime does not give usa
clear answer: logN ∝ (−0.025±0.036) logP. For periods longer than 2.5 days the
Kepler observations indicate a higher occurrence rate of binaries than more numer-
ous and longer-duration ground-based observations from OGLE and ASAS. This
period regime requires more data.

7. Interesting Objects

7.1. Candidates for Double Binaries

Eleven single detections showing light variations due to the presence of two
binary systems were found among thousands of eclipsing objects discovered in
the OGLE-III disk fields. We subtracted the stronger component with the period
Pa from each of the eleven light curves using Fourier series andsearched for the
second periodPb . By subtracting the light variations withPb from the original light
curve we improved the value ofPa . Resolved light curves are plotted in Figs. 7–9.

We made an attempt to verify photometrically if the double binaries either are
likely blended objects observed almost exactly in the same line of sight or may form
physically bound systems. In order to check that we measuredcentroid positions
of these objects on images with the help of the DOPHOTsoftware (Schechter, Saha
and Mateo 1993). Then, separately inx and y directions, we phased the offsets
from the mean position with periodsPa and Pb . The results are also included in
Figs. 7–9, where we binned the measured offsets in 0.01P bins. One can notice
that the position changes in OGLE-GD-ECL-00259b and OGLE-GD-ECL-04406a
are correlated with the component’s light curves. This may indicate that nine of the
observed double binaries (OGLE-GD-ECL-03436, 05310, 05390, 05656, 07057,
07157, 07443, 10263, 11021) are physically bound quadruplesystems, while in the
case of OGLE-GD-ECL-00259 and OGLE-GD-ECL-04406 the component bina-
ries seem to be located almost along the same line of sight by pure chance.

The probability of such a chance position of two binaries is very small. The
number of 11 589 binary stars detected over the whole OGLE-III disk area of
7.12 deg2 gives on average 0.000126 objects per 1.0 arcsec2. At a separation of
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Fig. 7. Phased light curves of double binaries (left panels). Each component light curve (’a’ and
’b’, middleandright panels, respectively) is phased with the given period (Pa and Pb ). The pan-
els below the light curves show offsets in the position of centroids in thex and y directions of the
CCD detector phased with the same periods. Clear correlation is seen in OGLE-GD-ECL-00259b be-
tween the phased light curve and offsets from the mean position in both directions and indicates high
probability of chance alignment of the ellipsoidal binary OGLE-GD-ECL-00259a and the eclipsing
binary OGLE-GD-ECL-00259b in the sky. A similar correlation occurs for component ’a’ of OGLE-
GD-ECL-04406. In the case of OGLE-GD-ECL-03436 no such clear correlation is seen, rising the
probability of a physical relation between the two binaries.
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Fig. 8. Phased light curves of double binaries: OGLE-GD-ECL-05310, OGLE-GD-ECL-05390,
OGLE-GD-ECL-05656, OGLE-GD-ECL-07057. All four doubly eclipsing binaries are likely
quadruple systems.
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Fig. 9. Phased light curves of double binaries: OGLE-GD-ECL-07157, OGLE-GD-ECL-07443,
OGLE-GD-ECL-10263, OGLE-GD-ECL-11021. All four doubly eclipsing binaries are likely
quadruple systems. In the light curve of OGLE-GD-ECL-07443a, one can notice additional vari-
ations. After subtraction of the main signal withPa = 1.75015094 d we obtained a modulation with
a period of 0.290005 d, probably due to spots on the surface ofone of the stars.
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the mean seeing of theI-band images of 1.′′2 (Szymánskiet al.2011) the expected
number of eclipsing objects would be 0.00018.

7.2. Subdwarf-B Type Binaries

In our search for binaries in the disk data we identified ten binaries with hot
components manifesting their presence in the reflection effect and huge difference
in depth of the two minima (see light curves in Fig. 10). The binaries have periods
between 0.0775 d and 0.5066 d and five of them are the shortest period systems
detected in the whole sample. These stars are very likely subdwarf B type (sdB)
binaries.

Fig. 10. Light curves of ten newly discovered sdB type binaries arranged with the increasing orbital
period.
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7.3. Eclipsing RS CVn Type Stars

RS CVn variable stars are close binaries with active chromospheres. It is be-
lieved that brightness variations. 0.5 mag observed in this type of stars are caused
by huge cool spots on the surface of the components. The high activity of the sys-
tem reveals also in sporadic flares and X-ray radiation. In some systems, signs of
accretion are seen (e.g., Rozyczkaet al.2013, Kanget al.2013). The presence of
eclipses in a RS CVn type star helps to investigate the relation between its activity

Fig. 11. Example light curves of six eclipsing RS CVn type stars identified in the OGLE-III disk area.
The light curves are phased with the given orbital period. The changing starspot wave is highlighted
in red for three best-covered seasons. Variable OGLE-GD-ECL-04649 shows both a single and a
double starspot wave at various seasons, indicating the presence of two dark spot regions on opposite
hemispheres.



130 A. A.

and the evolutionary stage of the binary. In Fig. 11, we present the best examples of
RS CVn type stars identified in the OGLE sample. As we mentioned in Section 5,
one of the presented systems, OGLE-GD-ECL-06924, has an X-ray counterpart.

7.4. Eclipsing Objects of Unknown Nature

In Fig. 12, we present phased light curves of three eclipsingvariables whose
nature is unknown. The objects have amplitudes between 0.13mag and 0.27 mag
in theI-band and the observedV− I color in the range from 2.97 mag to 3.38 mag.
The asymmetric eclipse in OGLE-GD-ECL-03166 may indicate the presence of an
accretion disk. OGLE-GD-ECL-06674 has a very short period of 0.13004370(7) d,
typical for close compact binaries such as polars and intermediate polars. Unfortu-
nately, there are no detected X-ray counterparts to these stars, what could help in
their final identification.

Fig. 12. Phased light curves of three eclipsing objects of unknown nature.

8. Summary and Conclusions

In this paper we report the identification of 11 589 eclipsingobjects detected
in the OGLE-III Galactic disk fields. All objects but 402 variable stars are new
discoveries. The completeness of our catalog is estimated to be at a level of 75%.
We tentatively classified the eclipsing stars into contact and non-contact systems.
The first group constitutes about two-thirds of all identified systems. The orbital
period distribution of the OGLE binaries shows a maximum at≈ 0.40 d and an
almost flat part between 0.5 d and 2.5 d. After comparison withresults from the
ASAS and Kepler data, we find that these two properties seem tobe independent of
population. A conclusion from the obtained period distribution is that binaries tend
to shrink their orbits. This is in agreement with the well known fact of the mass
and momentum loss during the evolution of binaries.
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In Fig. 13, we plot an interesting finding based on our data: the ratio of non-
contact to contact systems for latitudesb < −1.◦5 seems to be constant at around
0.5, while it increases up to 1.0 aroundb ≈ −1.◦0. This means that close to the
Galactic plane there is a deficiency of systems in contact. There is a possibility that
some of the missing systems could have merged, as it was observed in the case of
the red nova V1309 Sco (Tylendaet al.2011).

Fig. 13. Noncontact-to-contact binary ratio as a function of the Galactic latitude. Note a significant
increase of the ratio around latitude−1◦ .

Eleven single unresolved detections showing light variations due to the pres-
ence of two binary systems were found among thousands of eclipsing objects. As-
trometric analysis indicates that nine of the objects are good candidates for quadru-
ple systems, while the other two are likely unresolved blends of two unbound binary
systems. Our search for eclipsing objects brought identification of ten subdwarf-B
type binaries and dozens of RS CVn type variables. We also found three objects
with eclipses of unknown origin. All these objects need multi-band and spectro-
scopic follow-up studies.
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Wyrzykowski, Ł., and Ulaczyk, K. 2011,Acta Astron., 61, 103.
Hełminiak, K.G., Devor, J., Minniti, D., and Sybilski, P. 2013,MNRAS, 432, 2895.
Huemmerich, S., and Bernhard, K. 2012,Peremennye Zvezdy Prilozhenie, 12, 11.
Kang, Y.-W., Yushchenko, A.V., Hong, K., Guinan, E.F., and Gopka, V.F. 2013,AJ, 145, 167.
Koch, D.G.,et al. 2010,ApJ, 713, L79.
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Pietrzýnski, G., Poleski, R., Wyrzykowski, Ł., and Ulaczyk, K. 2011, A&A, 528, A114.
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