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Abstract. Variable stars have long been recognized as excellent tracers of stellar popula-
tions. Large and complete samples of variable stars allow to study the spatial distribution of
stellar populations of given ages, provide important clues to the star formation history, put
constraints on stellar physical properties, and are used to determine distances. We would
like to present a unique compilation of variable stars obtained from the long-term obser-
vations collected in the course of the Optical Gravitational Lensing Experiment (OGLE).
Huge samples of classical, type II and anomalous Cepheids, RR Lyrae stars, long-period
variables and other types of variable stars have been discovered in the Magellanic Clouds
and in the Galactic bulge. We would also like to present first results from the fourth phase
of the OGLE project (OGLE-IV) - a spatial distribution of variable stars in the wide region
covering the Magellanic Clouds and the Magellanic Bridge connecting both galaxies.
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1. Introduction

In 1957 Walter Baade began his talk at the
seminal Vatican conference with the sentence:
“variable stars, in particular the cepheids and
the cluster-type variables, have becoming in-
creasingly important in the exploration of our
own and other galaxies” (Baade![1958). More
than 50 years later, this statement has lost
none of its relevance. Variable stars are pri-
mary distance markers, traces of various stel-
lar populations and indicators of stellar ages.
They are commonly used to study the internal

and external structure of stars, measure their
masses, sizes, temperatures, chemical compo-
sition and other physical properties. When the
analyzed samples of variable stars are large and
have a high level of completeness, they pro-
vide invaluable information about the structure
of stellar clusters and galaxies and give insight
into the history of star formation.

The Optical Gravitational Lensing
Experiment (OGLE) is a large-scale sky
survey with a twenty-year-long history. The
primary scientific goals of the project is the
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search for gravitational microlensing events,
but a huge amount of high quality photometric
data collected by the survey are ideal also for
many other astrophysical purposes. During
its long history the OGLE project contributed
significantly to many various fields of obser-
vational astrophysics: gravitational lensing
and microlensing, extrasolar planets, cosmic
distance scale, structure of the Galaxy and
Magellanic Clouds, stellar clusters, interstellar
extinction, Kuiper Belt objects, etc. One of
the most important results produced by OGLE
were large catalogs of variable stars in the
Magellanic Clouds, Galactic bulge and other
important regions of the sky.

2. The Optical Gravitational Lensing
Experiment

Historically, the OGLE project may be divided
into several phases, each one connected with
major upgrades of the observing capabilities of
the survey. The first phase of the OGLE project
(OGLE-I) was conducted between 1992 and
1995 on the 1-m Swope telescope at the Las
Campanas Observatory in Chile. About 2 mil-
lion stars were regularly monitored. This part
of the survey resulted in catalogs of variable
stars toward the Galactic bulge, globular clus-
ters w Cen and 47 Tuc, dwarf galaxies Sculptor
and Sagittarius.

In January 1997 the OGLE survey en-
tered its second phase (OGLE-II). The upgrade
included a new 1.3-m Warsaw Telescope at
the Las Campanas Observatory. The telescope,
which is fully dedicated to the project, was
equipped with the “first generation” 2048 X
2048 CCD camera working in the drift-scan
mode. Compared to the previous stage, the
observing capabilities of the project were in-
creased by a factor of 30. The Magellanic
Clouds were added to the list of regularly ob-
served fields. The number of detected vari-
able stars increased significantly in compari-
son with the OGLE-I project. Thousands of
Cepheids, RR Lyr stars, eclipsing binaries
and long-period variables were detected in the
Magellanic Clouds and Galactic bulge.

The next upgrade of the project occurred
in 2001. The Warsaw Telescope was equipped
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with a new mosaic camera consisting of eight
2048 x 4096 chips, which increased the sky
coverage by an order of magnitude. OGLE-
III regularly monitored the brightness of about
400 million stars in 170 square degrees of the
sky. More than 235 000 frames were collected
which occupy about 30 TB of disk space. On
average, 500-800 photometric measurements
per star were secured, however some fields
were observed a few thousand times.

In spring 2010 the OGLE project entered
its fourth phase (OGLE-IV). The eight-chip
CCD camera was replaced with the next gen-
eration 32-chip mosaic camera covering the
whole field of view of the Warsaw telescope
— 1.4 square degrees. With much shorter read-
ing time and better sensitivity the new cam-
era has led to an order of magnitude larger
data flow compared to OGLE-IIL. The new in-
strumental setup enables observations of much
larger area of the sky and monitoring of se-
lected fields with much better time resolution,
up to 30 times per night. The number of reg-
ularly observed objects increased to about one
billion, and the total size of collected raw im-
ages exceeds 30 TB per year. With these ca-
pabilities the OGLE-IV survey is among the
largest optical surveys worldwide.

3. The OGLE Catalog of Variable
Stars

The extraordinary data set collected by OGLE
is a base of the most ambitious project cur-
rently conducted in the field of variable stars —
the OGLE Catalog of Variable Stars (OCVS).
The main goal of this project is to detect and
classify all variable sources in the fields moni-
tored by the OGLE survey. This area includes
the bulge of the Milky Way, selected regions
in the Galactic disk, and the Large (LMC) and
Small Magellanic Clouds (SMC) with their far
outskirts and the Magellanic Bridge connect-
ing both galaxies. All parts of the OCVS pub-
lished up to now contain in total over 400 000
variable stars, thus it is the largest catalog
of variable stars in the history of astronomy.
Table [I] lists all the parts of the OCVS pub-
lished to date. All of these samples of vari-
able stars were discovered from the photomet-
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Table 1. Published parts of the OGLE Catalog of Variable Stars

Type of variable stars Environment  Number of stars Reference
LMC 3375 Soszynski et al.| (2008a)
Classical Cepheids SMC 4 630 Soszynski et al.| (2010a)
GB 32 Soszynski et al.| (2011c)
LMC 203 Soszynski et al.| (2008b))
Type II Cepheids SMC 43 Soszynski et al.| (2010b))
GB 335 Soszynski et al.| (2011c)
Anomalous Cepheids LMC 83 Soszynski et al.| (2008b))
LMC 24 906 Soszynski et al.|(2009a)
RR Lyrae stars SMC 2 475 Soszynski et al.| (2010c)
GB 16 836 Soszynski et al.|(2011a)
LMC 91 995 Soszynski et al.[(2009b)
Long-period variables SMC 19 384 Soszynski et al.[(2011b)
GB 234 260 Soszynski et al. in prep.
6 Scuti stars LMC 2786 Poleski et al.| (2010a)
R CrB stars LMC 23 Soszynski et al.| (2009¢)
Double-periodic variables LMC 125 Poleski et al.| (2010b)
Eclipsing variables LMC 26 121 Graczyk et al.|(2011)

ric data collected during the OGLE-III and ear-
lier phases of the survey.

Most parts of the OCVS contain the largest
sets of Cepheids, RR Lyrae stars, long-period
variables, etc. found so far in any stellar envi-
ronment. Analysis of large samples of variable
stars in different stellar environments provides
many benefits. First, a large number of objects
of a given type allows to study their statisti-
cal properties. For example, the OGLE pho-
tometry is used to study in detail the period—
luminosity relations for Cepheids (e.g. [Storm
etal.2011;/Matsunaga et al.|2011;[Ngeow et al.
2012) and to detect new period—luminosity se-
quences followed by pulsating red giants (e.g.
Soszynski et al.[2007). Second, large and com-
plete samples of variable stars can be used to
study the structure and evolution of stellar en-
vironments in which they are located, as well
as to measure the distance to them and exam-
ine the distribution of interstellar matter along
the line of sight (e.g. [Pejcha & Stanek2009;
Haschke et al.[2012; |Pietrukowicz et al.[2012]).

Third, in huge samples of variable stars it
is more likely to find objects of very rare sub-
types or even those previously completely un-
known. Many such exceptional objects were
found in the OGLE databases. For example,
Soszynski et al.| (2008b) distinguished a new
subclass of type II Cepheids (so called pecu-
liar W Virginis stars), [Soszynski et al.| (2008a))
found a new type of double-mode classical
Cepheids (pulsating simultaneously in the first
and third overtones), |[Soszynski et al.| (2008al
2010a, 2011c) discovered in total ten cases of
very rare triple-mode Cepheids, Mennickent et
all (2003) discovered a new phenomenon in
some semi-detached binary systems — the sec-
ondary long periods on average 33 times longer
than the orbital ones.

Particularly interesting objects discovered
from the OGLE observations are pulsating
stars that are components of eclipsing binary
systems. Such objects allow measuring directly
the physical parameters of pulsating stars, such
as dynamical masses and radii. Recently, two
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Fig. 1. Spatial distribution of classical Cepheids (upper panel) and RR Lyrae stars (lower panel) in OGLE-

IV fields in the Magellanic System.

of the classical Cepheids in the eclipsing bi-
nary systems discovered by the OGLE survey
(Soszynski et al.|2008a) were used to measure
the Cepheid masses with unprecedented accu-
racy of 1% (Pietrzynski et al.|2010} 201T). This
measurement solved the Cepheid mass dis-
crepancy problem — the long-lasting disagree-
ment between mass estimates obtained from
pulsational and stellar evolution models.

Another interesting object was a candi-
date for an RR Lyrae star in an eclips-
ing binary system discovered in the Galactic
bulge by Soszynski et al.|(2011a). This case
was recently spectroscopically investigated by
Pietrzynski et al.|(2012), who found a very un-
expected low mass value for the pulsating com-
ponent of only 0.26 M, incompatible with the
theoretical predictions. Thus, the pulsating star
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cannot be a classical RR Lyrae variable (i.e. a
star burning helium to carbon in its core), al-
though it is indistinguishable in its period and
light curve shape from a typical RR Lyrae star.
This object is the first representative of a new
evolutionary channel of the pulsating stars pro-
duction — habitants of the classical instabil-
ity strip which mimic classical RR Lyrae vari-
ables, but have a completely different origin.
Thus, there is still no any definitive RR Lyrae
star discovered in an eclipsing binary system,
so our knowledge of the masses of these im-
portant standard candles relies completely on
stellar models.

4. First results from the OGLE-IV
project

Currently conducted fourth phase of the OGLE
project allows us to detect and study variable
stars over a much larger area than in the pre-
vious stages of the project. Preliminary re-
sults of a search for classical Cepheids and
RR Lyrae stars in the OGLE-IV fields covering
the Magellanic System are presented in Fig. [Tl
The spatial distribution of classical Cepheids
indicates that OGLE-IV fields cover the whole
young stellar population in Large and Small
Magellanic Clouds, thus our catalog contains
nearly complete list of Cepheid in these galax-
ies. It is worth noting that in the Magellanic
Bridge spreading between both Clouds we
identified several classical Cepheids. This fact
is important for the investigations on the his-
tory of star formation and the interactions be-
tween both galaxies.

On the other hand, the distribution of
RR Lyrae stars shown in the lower panel of
Fig. [ suggests that the OGLE-IV fields do
not entirely cover the extended halos of old
stellar population in the Magellanic Clouds.
Therefore, we recently decided to significantly
expand our sky coverage in the Magellanic
System by adding additional fields around the
existing fields. On a time scale of one year we
should collect enough amount of data to search
for RR Lyrae stars and other variables in these
far outskirts of the Magellanic Clouds.
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