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ABSTRACT

We present catalog of 26 121 visually inspected eclipsimgulyi stars identified in the Large
Magellanic Cloud during the third phase of the Optical Giawbnal Lensing Experiment. The sam-
ple is limited to the out-of-eclipse brightness< 20 mag. The catalog consists mostly of detached
eclipsing binaries — ellipsoidal variables were not ineldd

For stars brighter thah = 18 mag the detection rate of eclipsing binaries is 0.5% andlfo
stars it falls to 0.2%. The absolute completeness of the evbatalog is about 15% assuming the
occurrence rate of EBs toward the LMC equal to 1.5%.

Among thousands of regular eclipsing systems we distifguis subclass of eclipsing binaries
— transient eclipsing binaries (TEB) — presenting cycleapgearance and disappearance of eclipses
due to the precession of their orbits.

Key words: binaries: eclipsing — variables: general — Magellanic Cttsu

1. Introduction

This is a successive paper presenting the variable stasuing from the third
part of the Optical Gravitational Lensing Experiment (OGLB/e focused here
on the difficult task of identification of eclipsing binaryass. Seven catalogs of
eclipsing binaries (EBs) in the Large Magellanic Cloud (LMdktected by the

*Based on observations obtained with the 1.3 m Warsaw tgdesaithe Las Campanas Observa-
tory of the Carnegie Institution for Science.
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microlensing surveys have been presented in the past. rGeisal. (1995) found
79 candidate EBs from the EROS survey, the MACHO survey ifiedt611 EBs
(Alcock et al. 1997). Derekast al. (2007) presented “clean” list of 3031 EBs
from MACHO database and Faccidt al. (2007) published an extension of the
preliminary catalog by Alcoclet al. (1997) containing 4 634 stars.

On the other hand, Wyrzykowski al. (2003) found 2580 EBs in the OGLE-
Il survey data. Additionally Groenewegen (2005) and Gréacagd Eyer (2010)
identified 178 and 574 new EBs, respectively. In total, usiiffgrent approaches,
3332 EBs were identified in the OGLE-II photometric databak®wever, one
should remember that this survey was constrained mostlyetd MC bar.

The OGLE-III survey covers a much larger area so we would exfager
number of detected EBs. OGLE-II survey contained about Tianilsources in
the direction to the LMC (Udalsket al. 2000) while OGLE-IIl detected about 32
million LMC sources. Using simple scaling we would expecffital ~ 15000
EBs. However, our catalog actually contains almost a fagttwo more objects.
We discuss this result in Section 5 of our paper.

2. Observations and Data Reduction

All the data presented in this paper were collected with tBeml Warsaw tele-
scope at Las Campanas Observatory in Chile. The obseniatoperated by the
Carnegie Institution for Science. During the OGLE-III pbathe telescope was
equipped with a mosaic eight-chip camera, with the field efwdf about 35x 35
and the scale of'026 pixel~1. For details of the instrumentation setup we refer the
reader to Udalski (2003).

116 OGLE-III fields in the LMC cover nearly 40 square degreed about 32
million stars were detected on the collected images. Apprately 500 photomet-
ric points per star were secured over a timespan of eighsybatween July 2001
and May 2009. About 90% observations were taken in the stdrigzhotometric
band, while the remaining measurements were taken in/thand. The OGLE
data reduction pipeline is based on the Difference Imagdysistechnique (Alard
and Lupton 1998, Wozniak 2000, Udalski 2003). A full degtian of the reduction
technigues, photometric calibration and astrometricsfamations can be found
in Udalskiet al. (2008).

3. Method of Identification

Search for eclipsing binaries was done using the methodéhedtby Graczyk
and Eyer (2010). However, some changes to the method wermsuded. For
3332 EBs detected in the LMC during OGLE-II survey only one iEBainter
thanl ~ 20 mag. The detection rate falls very quickly for stars fairthan| ~
19 mag. Therefore, we limited our search of the candidat@®nb binaries for
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stars brighter thah = 20 mag. Furthermore, all stars having less than 120 mea-
surements in the-band were excluded from the search. Thus, from a total nambe
of 32 millions sources detected in the LMC, only 12 milliormsisces were inves-
tigated for eclipsing-binary-like variability. To saveroputational time the period
search was restricted to periods longer than 1.0015 day lzovties than 475 days
with 70000 trial periods. Period searches were performet thie PDM method
(Stellingwerf 1978) for stars having a skewness parametes than 1.575, and
with the string-length method (Lafler and Kinman 1965) foe temaining stars.
Stars having period longer than 6.45 days were additiomagstigated using the
string-length method for periods within the range of 5.088@days, the last num-
ber being the approximate time duration of OGLE-III project

From the beginning of our work, we were aware that a final diswgpection of
candidates would be necessary to produce a “clean” catdleglipsing binaries.
For this reason we decided to look for periods longer tha®@150days only. If
an eclipsing binary has shorter period we can still find it &Bacandidate. Such
object is found with a longer period being a multiplicatioheoreal period — see
Fig. 1. During the visual inspection most of these shortquebinaries were easy to
recognize and to assign the real period. In practice thisiatetvorked reasonably
well for EBs having orbital periods longer than 0.25 day hssawe have found
only one eclipsing binary with a shorter period. On the otierd we would expect
a sharp cut-off in the distribution for periods shorter thra.2 days (Paczyski et
al. 2006). Inspection of Fig. 2 from Ficciodét al. (2007) can shed some light on
this. Their period distribution also has sharp cutoff ndarperiod of 0.25 days like
our one (see Fig. 4 in this paper), however, they could detsatit 20 close eclips-
ing binaries with a period below that limit. Thus our seanghalgorithm introduces
a bias for the shortest period binaries (periéds 0.25 day). However, because all
of them are foreground Galactic systems we can still congidemethod suitable
for the LMC eclipsing binaries.

Quite large number of stars are semiregular long periodizées £>500 days)
or high proper motion objects. When their light curve is fddwith trial periods,
such stars often produce spurious detections as eclipsiagés, usually with peri-
ods being close to one day or a multiplication of one day. Véeawt for this effect
by employing strong filters for stars having periods closa small whole number
of days: only stars with high variability indgxvi could pass the filter. Some real
EB could have been removed from the sample this way but mueiensample
of stars for visual inspection was a clear advantage of {hisaach.

All candidate stars were cross-checked against otherquslyi published cata-
logs of variable stars from OGLE-III surveiye., Cepheids (Sosngkiet al.2008a,
2008b), RR Lyr stars (Sosagkiet al.2009a) and Long Period Variables (Solsgli
et al. 2009b). The purpose of this comparison was to remove frontaimelidate
sample all the remaining pulsating and long period semleggiariables. We fin-
ished with a sample of about 79 000 of candidate stars.
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Fig. 1. Upper panel:light curve of OGLE-LMC-ECL-20042Middle panel:light curve of OGLE-
LMC-ECL-20042 folded with the original period 1.02059 ddgsind by our period finding algo-
rithm. The star was classified as an eclipsing binary canelidauring the visual inspection it turned
out that its true period is 2/7th of the original origottom panelilight curve of OGLE-LMC-ECL-
20042 folded with the real period of 0.291597 days indigatin’V UMa type eclipsing binary.

The next and the most tedious part was a visual inspectiore ifi$pection
was done using MRTOOL program (written by M.K. Szyntaski) which has a nice
graphic interface. ¥rRTOOL can show the raw and the folded light curve of can-
didate star at the same time. The period used for folding kgive can be easily
modified, and each scrutinized star can be assigned a typariability. Verifica-
tion of the orbital period was necessary for many stars, lysirg multiplying or di-
viding it by a factor of 2. Almost 14% of candidate stars tutoeit to be ellipsoidal
variables or their artifacts, 35% of the sample were faldea®ns caused by some
noise in the photometry of fainter stars. 15% turned out tmde-eclipsing very
long period variables and artifacts of pulsating stars dipeing binaries. About
29 000 objects passed visual inspection as eclipsing keinari

During visual inspection only the most clear artifacts ofsEBere removed.
Some of the bright eclipsing binaries had as much as 5 adifahich passed the
inspection. To remove them, the cross-correlation indetinoé series measure-
ments was calculated for all stars from a given OGLE-III fielVing similar pe-
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riod (within 0.2%). All star pairs with such an index larghan 0.72 were inspected
visually to find which star is a true variable. The criteriarecethe quality of the
light curve (more noisy light curves belong to artifactdje tflux amplitude (the
star having the larger amplitude is probably the true vaelabnd the brightness
(in about 90% of cases the true variable is the brighter oAhost 1 200 objects
turned out to be artifacts of some neighboring EBs. Aftegowe checked all
the remaining stars from the sample against the presenatifatts using another
method: those stars being in the same field witHinf22ach other and having sim-
ilar period (within 0.1%) were again inspected. In this mamwe found about 500
more artifacts.

The last part was cross-identification of eclipsing binsufiem neighboring
fields. 1051 stars were found in two fields and 16 were fountiied fields. The
final number of 26 121 stars classified as eclipsing binaestitutes the present
catalog.

4. Classification and Basic Parameters

The catalog provides 26 121 entries, one for each deteclpdiag binary star.
For each EB we provide: 1) identification, 2) orbital peri8iiepoch of the primary
minimum, 4) mean out-of-eclipdeband magnitude, 5y — I color, 6) the depth of
the primary minimum, 7) the standard deviation, 8) the skesgn9) the kurtosis,
10) V-band magnitude (from OGLE-III photometric maps), 14)and magnitude
(from OGLE-IIl photometric maps), 12) right ascension @@M), 13) declination
(J2000.0), 14) the periodic variability indgwi, 15) classification. Positions 7, 8
and 9 refer to the first three statistical moments of the lagyite.

The orbital periods of all EBs from the catalog were refineshgishe string-
length method. Typical relative precision of the periodedetination is about
104, but it varies considerably depending on the light curvedituaor eclipsing
binaries having only one eclipse observed we provide theasiopossible orbital
period. The precision of the ephemeris varies from aboi%. 2% of the orbital
period. Mean out-of-eclipskeband magnitudes were calculated for orbital phases
around 0.25 or/and 0.75. Thé — I colors and coordinates were adopted from
the LMC photometric maps. The preliminary classificationefs based on the
Fourier series coefficients of the light curves was donegisi@_CLASS program
written by Pojmaski (2002). Only one fourth of the classified cases were-visu
ally inspected, so a number of misclassified stars can beceegheVe traditionally
divided EBs into three main subclasses according to thd tighve shape: de-
tached (ED), semi-detached (ESD) and contact (EC). Fumihverwe distinguished
some other types: ED/VAR — detached with superimposed &thdrof variability,
ED/ESD - detached/semidetached binaries, ED/TEB — dedabfamsient Eclips-
ing Binaries (see Section 7), ELL/EC — ellipsoidal/contaictaries. The last type
was singled out by identifying eclipsing binaries havinipsbidal effects dominat-
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ing their light curve and eclipses which are usually venfisiaand almost grazing.
The catalog also contains 30 entries in common with the DoBBFiodic Variables
catalog in the LMC (Polesket al. 2010). The eclipsing binaries with Cepheid
components which were detected previously by Soskiet al. (2008a, 2008b)
are not included in the present cataldg, OGLE-LMC-CEP-0227, -CEP-1718,
-CEP-1812, -CEP-2532 with population | Cepheids and OGME=LET2CEP-021,
-T2CEP-023, -T2CEP-052, -T2CEP-077, -T2CEP-084, -T20B®--T2CEP-098
with type-1l Cepheids.

5. Detection Rate and Completeness of the Catalog

To assess the completeness of our catalog we employed twmdsetThe first
one providing “absolute completeness” is based on the astuntotal number of
eclipsing binary systems brighter than our limiting magdd in all our observed
LMC fields. To derive this number we should know the occurearate of eclipsing
binaries inthe LMC. However, it is still an open question tawuble stars form and
how such processes depend on a population of stars, theillitiet and a structure
of particular galaxy. Therefore the occurrence rate shbalchther estimated based
on an empirical determination.

Until now, the only reliable estimate of the occurrence matteclipsing sys-
tems was presented by PmSal. (2011) who calculated the detection rate of EBs
from the Kepler space mission to be about 1.5% in the direatioCygnus-Lyra
constellation. The population of stars in the LMC is cetaitifferent from that
of the Galactic disk (star-birth history, metallicity, sggadistribution), but both are
relatively young. If we assume the same rate of double shasconsistently EBs,
in both populations and furthermore that the detection frat@ Kepler is a good
estimation of the real occurrence rate we can make a firsisgues® would expect
to find 180000 EBs in the LMC from the OGLE-IIlI survey. So tharguete-
ness of our catalog, in an absolute sense, would be just 158wever, for stars
brighter than 17.8 mag the number of detected sources isillidm and the num-
ber of identified EBs is about 8 500 giving the detection rdtectipsing binaries of
0.50% (see Fig. 2) and the absolute completeness of 35%ctirtii@se ratios are
even higher because a number of identified sources, seai@hEBs, are artifacts
of bright stars.

The second method providing “relative completeness” igdas the number
of EBs which could be detected from non-continuous, sparsengl-based pho-
tometry. Our catalog was cross-correlated against the M@@Htalogs of eclips-
ing binaries (Derekast al. 2007, Facciolet al.2007) and the OGLE-II catalogs of
eclipsing binaries (Wyrzykowslet al. 2003, Graczyk and Eyer 2010). In the area
covered by the OGLE-III survey there are 2 888 entries fromeRaset al. (2007)
and 3819 entries from Facciadt al. (2007) catalogs, respectively. It gives in total
4 861 stars because 1 846 entries are common to both catékihentries were not
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Fig. 2. Detection rate of eclipsing binaries in the OGLEdlirvey. The mean value for the whole

catalog is 0.22% — horizontal line. However, for EBs brightein | ~ 17.8 mag the rate is substan-

tially larger and equal to 0.50%. The dip around 18.2 magised by numerous red clump stars for
which the detection rate is low. Also for stars fainter tHam 19 mag one can note a clear deficiency
of the detection rate.

found in our catalog. Inspection of the individual case®ed®d that most of them
were ellipsoidal variables (excluded from our catalog bfirdgon) and only 205

were genuine EBs. That gives the relative completeness % . Comparison
with the OGLE-II catalogs shows that 290 EB were not foundhengresent catalog
which constitutes the relative completeness of around 9li&ing a conservative
limit, we regard the completeness of our catalog at the le¥80% in comparison
with previous ground based surveys.

There are 3332 eclipsing binaries identified in the LMC frdme OGLE-II
survey amongz 3.5 million sources brighter thah~ 20 mag. This provides the
detection rate of almost 0.1%. A similar calculation for the OGLE-IIl survey in
the LMC results in the detection rate slightly larger tha?%. What is the origin
of this difference?

First of all, the OGLE-III survey time span is twice that obtlOGLE-II one
giving the chance to detect variability in larger number w@&rs, especially those
having longer periods. The number of measurements is typieager by a factor
of only 1.25 per star in the OGLE-III survey, but its photomyeguality is superior
to that of OGLE-II. This again provides an opportunity toetgtlarger number of
low amplitude variables. Combining these two effects wewaderstand the higher
detection rate of the present catalog.
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6. Statistical Properties of the Catalog

16 443 entries from the catalog were classified as detach&tdryg (it con-
stitutes almost 63%), 1681 entries as ED/ESD binaries (862 entries as
semidetached systems (25%) and only 1 614 as contact asatligl/contact bina-
ries (6%). Itis interesting to compare these numbers wigmitmbers from Kepler
Eclipsing Binary Stars catalog (Préaal. 2011, Slawsoret al. 2011), remember-
ing that in our catalog ellipsoidal variables were excludddve account for their
missing contribution the distribution of the types in thegker catalog is the follow-
ing: 62% detached EBs, 8% semidetached systems, 23% cbimacdes and 7%
of uncertain type. It is worth noting that the relative numbgdetected, detached
systems is remarkably similar in both catalogs and very lmgtomparison, and
in clear contrast, with previous catalogs of eclipsing biggfrom ground-based
surveys.
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Fig. 3. Standard deviatioro() vs. Fband magnitude for all stars from LMC100.1 field (red dot#hw
superimposed primary eclipse depths from our catalog (dbis). We can interpret the bottom of
the o distribution as a noise limit for a given magnitude. On therage we could detect eclipses
having depth 2.5 times larger than the noise limit.

We believe that the conclusions given in Peal. (2011) paper on the low de-
tection rate of detached binaries in previous catalogesses selection effects of
ground based surveys” and that “Kepler’s sensitivity tcadaed binaries is supe-
rior because of the continuous data coverage” are somewhndétoversial. In our
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opinion, sensitivity for detached binaries is conditiomedstly by the use of the
proper finding algorithm as we demonstrate in this paper &titkitime baseline
and the number of measurements of the ground based surviargeesnough the
selection effects are of minor importance. Selection ¢ffed previous catalogs
were caused mainly by the use of Fourier based period findiethoas (poorly
suited for detached EBs in the case of not uniformly spacea) éad/or the lack of
the efficient filtering out of non-eclipsing stars at earlgges of the catalog prepa-
ration. We use such filtering based on the light curve statismoments which was
proposed by Graczyk and Eyer (2010). The only real seleftact here is that
because of the observational noise (caused, for exampleeather conditions) we
are constrained to those EBs which were showing relativegpdninima and lack
of strong additional variability that smears out the preseaf eclipses. For stars
fainter thanl = 19 mag the photometric noise in OGLE-III is larger than 0.lgma
rendering the detection of EBs with eclipses having depthlemthan 0.2 mag
impossible (see Fig. 3). For the brightest stars we couldadeiclipses as shallow
as~ 0.03 mag down to a limiting magnitude of= 16.5.

There are, however, some differences between the distoibatf EBs from
our catalog and the Kepler one. The relative number of semitied systems is
much larger in our catalog. Part of this disagreement mayectrom a different
classification scheme. However, we believe that there ish@noeason behind it.
In the LMC we probe the upper part of the main sequence (O, Bearlgt A type
stars) where numerous algol type semidetached systents €kisy can be easily
identified in our photometry because they have, usuallytsitbital periods and
deep primary minima. On the contrary the relative numberasftact systems is
much larger in the Kepler catalog. However, most of them awgtperiod main
sequence binaries having absolute luminosities well béh@DGLE-II detection
limitin the LMC.

Fig. 4 presents the distribution of orbital periods. Therene distinctive peak
of the distribution of all the stars from the catalograR.5 days and it slightly dif-
fers from the MACHO LMC peak distribution which is at 2.0 days (Derekast
al. 2007) and from the ASAS Milky Way peak distributior:(1.5 days, Paczyski
et al. 2006). However, for stars brighter thén= 18 mag the distribution is some-
what more complex having additionally two smaller peaksratad 15 days and
100 days.

The number of detected EBs as a function of their brightnegsesented in
Fig. 5. Systems brighter than 18 mag with periods of 6 daysngér consti-
tute 40% of all stars. However, for fainter stars this rasiariuch lower: 25% for
I =19 mag and just 13% for= 19.5 mag. This clearly shows how the detection
of long period EBs is biased for faint stars. Fig. 6 shows teggud—magnitude
diagram for all detected EBs. One can note the presence @maone of “avoid-
ance” close to a period of 2 days. This is caused by the findgayithm which has
strong filters to remove spurious candidates having pewbdsiay or its multiples.
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Fig. 4. Histogram of the EBs distribution as a function ofipdiogarithm. It peaks for a period of
~ 2.5 day. For stars brighter than= 18 mag the distribution is much more flat what indicates that
the probability of finding an eclipsing binary of a given metidepends on its brightness. Detected
eclipsing binaries fainter than 18 mag are, in the vast nitgjoelatively short period binaries < 10
days), and at same time detected EBs with periods longer 2B88ndays are almost exclusively
systems brighter than 18 mag. Note the cut-off for systentis @rbital period shorter than 0.25 day
and a power law decrease for systems having period longar4hiays with some excess visible
around 100 days.
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Fig. 5. Histogram of the number of detected EB intHemnd magnitude bins. Note power law growth

until around 18 mag and the peak=&t19.4 mag again suggesting relatively good completeness of

the catalog for stars brighter than 18 mag. The distribufmmvery short period systemsP(<

1 day) reflects that for all eclipsing binaries. However, lfmrger period systems(> 6 days) the

distribution is different and after the power law rise it gealready at 17.8 mag.
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Fig. 6. I-band magnitudes.logarithm of period diagram for all detected EBs. The vaitiine at
| =20 mag denotes the limiting magnitude of the catalog.

The color-magnitude diagram (CMD) is presented in Fig. 7.ddereddening
was applied. Fig. 8 presents the color—period diagram. Tiyhtest stars clump
in three separate regions: the LMC blue main sequence, the téd giant branch
and the Milky Way red, short period close binaries.

Fig. 8 also reveals a striking feature — a lack of bright(16 mag), blue, long
period EBs with period$ =150 days. At the first glance it seems that almost all
long period progenitors containing bright; < —2.0 mag) and massiveM =
7.5 M) components have already evolved into red giant phase hbirtghorter
period counterparts still remain on the main sequence. Atiurearises if this is
merely an observational bias as we could detect even faihterl6 mag), blue,
long period EBs.

The number of stars detected by OGLE-IIl in the LMC in the mn§16< | <
18 mag is six times larger than a number of the brightest stils| < 16 mag.
On the other hand, counting blue, long period systems ing~ige obtain this ratio
equal to eleven,e., almost two times larger than if in the case of a simple silact
effect.

We can also count main sequence blue, bright systems (dedim®d- | <
0.2 mag) and, separately red giant, bright one2@V — | < 1.6) and compare
these numbers with stellar evolution expectations. We Hazrd 96 systems, re-
spectively. This ratio for massive stars depends on relatize between main se-
guence and red giant branch star, a duration of these ewoary phases, a mass
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loss rate shifting shorter period systems ifRg> 150 days region and a change
in spectral energy distribution during evolution shiftifagnter (less massive) stars
into bright (I < 16 mag) region during RGB phase. All the above mentioned fac-
tors are somehow uncertain (especially the mass loss nagitasbuming reasonable
limits we obtain the expected ratio between 1/50 and 1/28inaguggesting the
lack of blue, long period systems.

We propose two purely phenomenological explanations affihding: 1) the
rate of stellar evolutionary processes in massive detaEBsdlepends on the sepa-
ration of binary components and systems which are closdvewwgeneral slower;
2) the LMC long period systems, with a large separation df t@nponents, were,
in general, formed before their short period counterpattavever, we still cannot
exclude an existence of some hidden selection effects.

7. Interesting Eclipsing Binaries in the Catalog

While inspecting the EBs from the catalog we found 17 systehwsving the
presence of a fast orbital precession. All of them are wethdeed binaries and
most of them are eccentric systems. They have blue colorsistent with pos-
sessing late B-type or early A-type components. In the nast€we see a gradual
change of the depth of both eclipses: at some moment of tievediipses becoming
visible, and then — little by little, deeper. Eventuallyethclipses become gradually
shallower and completely disappear. In two cases we obdeheeappearance of
eclipses and their disappearance during the time span @®&lieE-111 survey — see
Fig. 9. The apsidal movement as an explanation of such a letean be ruled
out because we observed two eclipses simultaneously. \Meuchl EBs “Transient
Eclipsing Binaries” (TEB). They are virtually non-varigb$ystems, but for some
limited amount of time we observe them as eclipsing binaayssivhen due the
precession of its orbital plane, or “regression of the nd@®ederhjelm 1975), the
inclination of their orbits to the line of the sight becomes# to 90 degrees. As
a result we observe cycles during which the eclipses showndptteen gradually
disappear for some period of time.

The prototypes of such TEBs in the Galaxy are SS Lac (disgovgakirov
and Azimov 1990, analysis: Milonet al. 2000, Torres and Stefanik 2000, Torres
2001, Eggleton and Kiseleva-Eggleton 2001) and V907 Sazdaery: Rahe and
Schoffel 1976, analysis: Laogt al. 1999). The cause of the orbital precession
or changes of the orbital orientation is the presence ofrd tbiuter star being on
inclined orbit to the inner binary. The fast change of thepsgls depth in the LMC
TEBSs suggests that the likely cause is “regression of thesibahere the angular
momentum vector of the inner binary precesses around thk(tminstant) angular
momentum vector of the system. In the case of V907 Sco thel pediad of the
cycle is just~ 70 years (Lacet al. 1999) and for most of the identified TEBs from
the LMC it should be of comparable length. It is worth notitgttan eclipsing
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binary KID 5897826 found by the Kepler mission and havintjaey eclipses also

shows the presence of orbital precession caused by a thitel, component (Carter
etal.2011).
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Fig. 9. Upper panel:an example of light curve of TEB system: OGLE-LMC-ECL-172The time
range between JD 2 452 500 and JD 2 452 800 when the eclipseslagpest is marked by a shadow.
Note the lack of eclipses after JD 2453400iddle panel:light curve of OGLE-LMC-ECL-17212
folded with the period® = 4.77842 daysBottom paneliight curve folded with the same period but
with observations taken only from the shadowed region inuhygger panel; note the clear presence of
well defined eclipses in the eccentric system.

Another group of interesting eclipsing systems are EBsrgather kind of
variability superimposed and classified as ED/VAR. For epenOGLE-LMC-
ECL-02594 is EB containing (or being blended with) a bumpeee Fig. 10. The
astrometric position of the star during the brighteninghse same as during the
baseline. Furthermore, the system lies in one of a leastd@dWGLE-IlI fields —
LMC131.7 — strongly suggesting that the bumper is one of tregonents of the
binary and not only a blend.

OGLE-LMC-ECL-16549 is a long period eclipsing binary shog/a variability
characteristic for a short period, contact eclipsing byr{&ig. 11). Small dispersion
of points in the primary minimum suggests that the shortquesystem is either a
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Fig. 10. Upper panel:light curve of OGLE-LMC-ECL-02594. Note the brighteningrthg the first
two OGLE-IIl observational seasons. This brightening iareleteristic of a bumper variable. A blue
V — 1 color of OGLE-LMC-ECL-02594 supports such interpretati@ottom panel:light curve of
OGLE-LMC-ECL-02594 folded with the period P=2.21279 dalgewing well defined eclipses.
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Fig. 11. Upper panel:light curve of OGLE-LMC-ECL-16549 folded with the orbitakpod P; =
164.79 days. Note the numerous downward outliers outside the, aeerow primary eclipseMiddle
panel:light curve of OGLE-LMC-ECL-16549 filtered out of deep ed@s and folded with the period
P, = 0.818033 days. This reveals the presence of a contact biBottom panel:light curve of
OGLE-LMC-ECL-16549 filtered out of short period variabjliand folded with period®; . Note the
trace of a possible secondary minimum near the orbital p@ase
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Fig. 12. Upper panel:light curve of a long period system OGLE-LMC-ECL-239%ottom panel:
light curve of OGLE-LMC-ECL-23999 folded with the peridel= 114066 days showing an eccen-
tric system with relatively wide eclipses and fairly largeximity effects.

part of a hierarchical, gravitationally bounded system tofeast four stars: two
components forming the long period system and two othersciondact system or
a blend. However, we do not detected astrometric shiftsdudeep eclipses.

OGLE-LMC-ECL-23999 is another long period system havingdsand vari-
able brightening visible after periastron passage (Fi. B2cause of the position
of eclipses and their similar time duration we expected plegiastron passage was
near the orbital phase 0.95, somewhere between secondhpriarary minimum.
However, the brightening, which could be interpreted asalt®f intensive mutual
reflection when stars are close each other near periasitonr®later after primary
minimum. Furthermore, the brightening is of consideraliffedent strength during
consecutive passages. We suppose that they are relatedadiepnass exchange
between components near periastron passage and sooroafterindeed, it seems
that a sum of the radii of both components is close to theillgstaorbital separa-
tion.

Fig. 13 presents observations of OGLE-LMC-ECL-17782 systdhe light
curve of the system possess a number of odd looking featkinss note a strange,
wide, flat-bottomed primary eclipse, reminiscentefAurigae eclipses, with ad-
ditional narrow, eclipse-like feature in the middle of thdigse. There is also
a considerable change in the primary eclipse shape. Seoobe the numerous
downward outliers which were not caused by worse weatheditons and we
consider them to be real. Third, around the phase 0.5 thexe&row secondary
minimum, strikingly shorter than the primary minimum, bdieesimilar duration as
the eclipse-like feature visible near the orbital phase @.iMerpret these features
as the following: the circular, detached or semidetachstesy contains two stars,



Vol. 61

I [mag]

I [mag]

15.7
15.8
15.9

16
16.1
16.2
16.3
16.4

2000

15.7

15.8 i

15.9

16
16.1
16.2
16.3
16.4

OGLE-LMC-ECL-17782

JD +2 450 000

<
+ +%¢
A

&
e

5

T T
+ + 4+
+

+

L+
-

Sl

+W—$ =

++
+
+ -

"
|
+

2500

4500

5000

=

P=13.3529 all seasons f
| | |

0.4 0.6

119

¥
il
-0.2 0
15.7 T
15.8
159 F *
16 * -
16.1
16.2 + & P=13.3529 one season
16.3 I 1 1 1 1
-0.2 0 0.4 0.6 0.8
Phase

i
0.8 1
T

I [mag]
+

Fig. 13. Upper panel: light curve of OGLE-LMC-ECL-17782.Middle panel: observations of
OGLE-LMC-ECL-17782 folded with the perio® = 13.3529 days reveal a strange looking light
curve of an eclipsing binary. The system configuration seerbe semidetached, but there are some
serious oddities to be explained — see the tdottom panel:observations of OGLE-LMC-ECL-
17782 from one OGLE-IIl observing season (shaded regiondgnpper panél again folded with the
period P. Note the well defined “boxed” primary minimum, suggestihgttvariations of the shape
occur from one season to another. There is also startlirdjtiadal minimum of brightness visible
near the phase 0.3, but not visible during other observiagases — see thaiddle panel

one of them being partially hidden within a semi-transpgreark, elongated body
or a disk. When the disk transits over the second star, “bbgkdped minimum
is produced and when the first star occults the second oneawseax additional
fading near the phase 0. When the second star transits adigk, we can detect
only a narrow secondary eclipse which corresponds to anliaticun of the first
star (the disk itself does not contribute significantly te thtal light, at least not in
thel-band). The disk has probably time-varying dimensions asbity produc-
ing different shapes of primary minimum during consecusigasons. Furthermore
there are transient structures in the system (disk debmsponsible for additional
minima at different orbital phases when one of the starsdslém behind them.
Probably this structure is somehow related to the non-omifimass exchange be-
tween components. The real puzzle is how such a dark, sesjtaaent disk-like
structure could be formed in such a short period system?
OGLE-LMC-ECL-17681 is the shortest period system everatetkin the di-
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Fig. 14.Upper panel:light curve of OGLE-LMC-ECL-17681Bottom panellight curve of OGLE-
LMC-ECL-17681 folded with the period 0.0830856 days. Nb&deep primary minimum, the very
shallow secondary minimum, small reflection effect and respnce of eruptive or nova-like activity.
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Fig. 15. Light curves of OGLE-LMC-ECL-25901 and OGLE-LMGZE-25911 folded with their
orbital periods and the same epoch of primary minimum. Tgbtlcurve of OGLE-LMC-ECL-

25911 was shifted by —0.2 mag for clarity.

rection of the LMC (Fig. 14). The orbital period is just 2 heurThe system
lies in the vicinity of the LMC bar, but its brightnes¥ (= 19.2 mag), color
(V —1=0.5 mag), fast proper motion and very short period stronglygesg that
it is a Galactic object. Probably the system contains a whitarf and a red dwarf.



Vol. 61 121

An interesting pair of short period, low mass EBs is presginid-ig. 15. The
systems are separated in the sky by only 15 arcmins. Both&aeey red color:
V —1 = 2.88 mag, and their light curves are very similar. The relatiifierence of
their periods is only 510~4. However, the epochs of the primary minimum are dif-
ferent indicating that they are not artifacts of the sam#psitig binary. Most likely,
they are foreground Milky Way objects comprising a wide raiehical quadrupole
system.

8. Final Remarks

Here we present the catalog of eclipsing binary stars in i€ lbased on the
OGLE-Ill photometric data, suitable for statistical ars$yand for individual case
studies. This is the largest catalog of eclipsing binarigdiphed so far.

The catalog reveals a rich population of detached systentaitting early type
components. Detached systems constitute most of the sttrs catalog and their
relative number is very similar to the relative number ofaiéted systems detected
in the direction of the Cygnus-Lyra region during the Keptassion.

The work on this catalog demonstrates that at some poinegdrparation a vi-
sual inspection of candidates was necessary. We feel, lsoythat such procedure
is close to the limit of practical sense. During the verificatof 79 000 candidate
EBs we needed on average 13 seconds per star to make a rdasvadiation (in-
cluding the period verification). For bright stars the prdaee of visual evaluation
was quite fast, but for fainter stars, especially thoseectoghe limiting magnitude,
visual inspection proved to be tedious.

We think that the procedure of visual verification of candésashould be re-
placed at this stage by some advanced algorithm which ceglolgnize the shape
of the folded light curve, assign the proper period and eaalif this is an eclipsing
binary. A final visual inspection of “the best” sample (in @ase:~ 30000 stars)
would be much more convenient.

A promising step in that direction is the use of an artificiaural network
(ANN) like in Wyrzykowski et al. (2003, 2004). One of the important factors
during the evaluation of light curves by an ANN is the use ofraper learning
sample in order to teach an ANN how to recognize which light/ea correspond
to that of eclipsing binaries. We consider that our catalag be regarded as a
comprehensive learning sample for any ground based suiweydaat eclipsing
binary detection.

The OGLE-III catalog of eclipsing binary stars in the LMC igd#dable to the
astronomical community from the OGLE Internet Archive:

http://ogle.astrouw.edu.pl
ftp://ftp.astrouw.edu.pl/ogle3/O1I-CVS/Imc/ecl/
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