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During its long history, the OGLE survey detected, classified and published more
variable stars than all other astronomical projects put together. Currently the
OGLE Collection of Variable Stars contains nearly one million objects: Cepheids,
RR Lyr stars, long-period variables, eclipsing binaries and other variable sources
in our Galaxy and in the Magellanic Clouds. These samples have been used in
countless analyzes focusing on the stellar variability itself and on the structure of
galaxies to which they belong. We present the most spectacular results obtained
based on the OGLE Collection of Variable Stars during the last 25 years, with
particular emphasis on the most recent achievements.

1 Introduction

The Optical Gravitational Lensing Experiment (OGLE) is currently the world’s
largest optical survey devoted to searching for variability in the sky. The OGLE
databases contain about one trillion (1012) individual photometric measurements
for more than one billion (109) stars in the Milky Way and in nearby galaxies. The
time span of the OGLE light curves reaches 25 years.

The history of the OGLE project began in 1992, when a group of astronomers
from the Warsaw University Observatory in cooperation with astronomers from the
Carnegie Institution of Washington and Princeton University established a long-term
sky survey with the prime goal of detecting gravitational microlensing events. This
task required long-term photometric monitoring of a vast number of point sources,
which offered the opportunity to identify and study an unprecedented number of
variable stars.

In the first stage of the project (1992–1995), the 1-m Swope telescope at Las
Campanas Observatory, Chile, was used. Since 1997, when OGLE-II started, the
survey has had full-time use of the 1.3-m Warsaw telescope located at the same
observatory. The second phase of the project was finished in 2000, when a new mo-
saic CCD camera was mounted on the Warsaw telescope and the OGLE-III project
began. Currently, the OGLE survey is in its fourth stage (OGLE-IV). Since 2010,
the Warsaw telescope is equipped with a unique mosaic CCD camera, consisting of
32 chips with 2048 × 4096 pixels each. The pixel scale of the camera is 0.26 arcsec
per pixel, hence providing a total field of view of 1.4 square degrees for a single
OGLE image. The telescope, camera and the data reduction details are described
by Udalski et al. (2015).

The OGLE survey produces high-quality, standard photometric observations of
dense stellar fields. A typical crowded OGLE-IV field contains a set of several
million point sources. The observing time is divided between the Magellanic Clouds,
Galactic bulge and Galactic disk, with a small amount of time being spent on other
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Table 1: Number of variable stars in the OCVS published so far.

Type of variable stars Environments Number of stars
Classical Cepheids LMC, SMC, GB, GD 9 756
Type II Cepheids LMC, SMC, GB 1 170
Anomalous Cepheids LMC, SMC, GB 289
RR Lyrae stars LMC, SMC, GB, GD 85 562
Long-Period Variables LMC, SMC, GB 343 785
δ Scuti stars LMC, GD 2 844
Eclipsing and ellipsoidal LMC, SMC, GB, GD 510 782
binary systems
Total 954 188

targets. Because the OGLE observing strategy has been optimized to detect and
study microlensing events, most of the observations (about 90%) are made through
the Cousins I-band filter, while the remaining frames are secured in the Johnson
V-band. The number of collected data points and total time span of the OGLE
lightcurves vary significantly from field to field, but typically the OGLE databases
contain now on average 1000 epochs per star distributed over 15-20 years.

Throughout its long history, OGLE has made significant contributions to many
areas of astrophysics: gravitational microlensing, exoplanets, cosmic distance scale,
structure of the Milky Way and other galaxies, Kuiper belt objects, and other. How-
ever, variable stars occupy a special place in the OGLE studies. The observations
carried out during the survey were a source of the largest set of variable stars in the
history of astronomy – the OGLE Collection of Variable Stars (OCVS) – currently
containing nearly one million objects. Huge samples of variable stars detected by
OGLE found many astrophysical applications: studies of stellar pulsations allowed
us to understand better the structure and evolution of stars, careful analysis of
OGLE eclipsing binary systems was crucial for improving calibration of the cosmic
distance scale, three-dimensional mapping of Cepheids and RR Lyr stars provided
a lot of information about the structure of the Milky Way and other Local Group
galaxies.

From many achievements of the OGLE project in the field of variable stars, here
we present only a subjective selection of the most interesting discoveries of the past
several years.

2 The OGLE Collection of Variable Stars

Tab. 1 summarizes the number of variable stars of different types published so far in
the OCVS. The total number of objects in the collection should exceed one million
soon. Fig. 1 shows how the number of variable stars published by OGLE has grown
over the last 25 years. In the right panel of Fig. 1, we present the same cumulative
distribution but in the logarithmic scale. This plot shows well the accelerating rate
of new discoveries made by the OGLE team, similar to the exponential growth.

The sky maps shown in Fig. 2 illustrate the progress that has been made in the
last 25 years, when in the left panels we plot positions of two important classes of
variable stars known at the beginning of 1990s, before the OGLE project started:
RR Lyr variables in the Magellanic Clouds (less than 300 stars of this type were
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Fig. 1: Number of variable stars published by the OGLE project in the years 1992–2017.
Left and right panels show the number of variable stars in the linear and logarithmic scales,
respectively.

known in these galaxies, mostly in the fields around globular clusters) and eclipsing
binary systems in the Galactic bulge (255 objects heterogeneously distributed over
the sky). Right panels of Fig. 2 show positions of the same types of variable stars
published as a part of the OCVS: more than 46 000 RR Lyr stars in the Large
and Small Magellanic Clouds and over 450 000 (!) eclipsing binaries in the Galactic
center.

The OCVS is not just a simple list of detected variable stars. We carefully classify
our objects, provide their observational parameters (coordinates, mean magnitudes
in the I- and V-passbands, periods, amplitudes, Fourier coefficients, etc.), and pub-
lish full OGLE time-series photometry available for each star. These data can be
downloaded from the FTP site1 or via a WWW interface2.

It is worth emphasizing that although the pre-selection of variable stars has
usually been made with automatic methods, the final classification of each object
has been decided after visual inspection of its lightcurve and other observational
parameters. The human classification procedure still gives the most reliable results
in the field of variable stars. Variable stars that have mostly benefited from the
OGLE survey include classical pulsators (Cepheids and RR Lyr stars), long-period
variables (pulsating red giants), and eclipsing binary systems.

3 Classical Pulsators

Cepheids and RR Lyr stars are often referred to as classical pulsators. These are
radially pulsating stars sharing the same κ mechanism driving their oscillations.
All classical pulsators obey well-defined period-luminosity relations, which makes
them powerful distance indicators. They are also important tracers of various stellar
populations: from very old (RR Lyr stars) to very young (classical Cepheids) stars.

1ftp://ftp.astrouw.edu.pl/ogle/ogle4/OCVS/
2http://ogledb.astrouw.edu.pl/∼ogle/OCVS/
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Fig. 2: Sky maps showing positions of known RR Lyr stars in the Magellanic Clouds (upper
panels) and eclipsing binaries in the Galactic bulge (lower panels). Left panels present
positions of variable stars known in the early 1990s (based on the General Catalogue of
Variable Stars), before the OGLE project started. Right panels show variables known in
2017 and included in the OCVS.

To date, the OGLE project discovered in total nearly 100 000 classical pulsators,
mostly in the Galactic bulge and in the Magellanic System. This collection will
soon be extended by Cepheids and RR Lyr stars found in the Galactic disk which
is currently monitored as a part of the OGLE Galaxy Variability Survey (Udalski,
2017). Virtually all classical Cepheids were cataloged by OGLE in the Magellanic
Clouds (Soszyński et al., 2017), which concluded the work started by Henrietta
Leavitt more than one hundred years ago (Leavitt, 1908). These samples were used
to perform three-dimensional maps of the Magellanic System, calibrate the period-
luminosity relations, map interstellar extinction, explore the star formation history
and past interactions between the Clouds and Milky Way, and study exotic pulsation
modes.

The latter topic have particularly benefited from the OGLE precise, long-term
photometric observations. Among nearly 10 000 classical Cepheids, we identified pre-
viously unknown types of double-mode pulsators (Soszyński et al., 2015a), extremely
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rare triple-mode stars, and Cepheids showing additional non-radial modes. A com-
pletely new sub-type of RR Lyr stars – so called anomalous RRd stars (Soszyński
et al., 2016a) – has been isolated from 80 000 OGLE variables. Among short-period
type II Cepheids (BL Her stars) we discovered for the first time a period doubling
(alternations of the minima and maxima of the lightcurve, Smolec et al., 2012) –
a phenomenon theoretically predicted 20 years earlier (Buchler & Moskalik, 1992).
We also discovered new sub-class of type II Cepheids, so called peculiar W Vir stars
(Soszyński et al., 2008).

The OCVS contains several dozen classical pulsators which are the members
of eclipsing binary systems. Such objects offer an opportunity to directly measure
masses and sizes of pulsating stars and compare these results with theoretical models.
OGLE classical Cepheids in eclipsing binary systems allowed for finding the solution
of a long-lasting mass discrepancy problem of Cepheids (Pietrzyński et al., 2010).
Whereas, one of the candidates for eclipsing RR Lyr stars turned out to be a first
representative of a new class of pulsating stars, tentatively called Binary Evolution
Pulsators (Pietrzyński et al., 2012).

4 Long-Period Variables

Long-Period Variables (LPVs), or pulsating red giant stars, have periods ranging
from about 10 to over 1000 days. This is a very numerous class of variable stars,
simply because virtually all red giants brighter that a given limit exhibit pulsation.
Amplitudes of the light variations are strongly correlated with the bolometric lumi-
nosities of giants and reach several magnitudes in the V band for Mira variables.

OGLE cataloged over 340 000 pulsating red giants in the Magellanic Clouds
(Soszyński et al., 2009, 2011) and in the Galactic bulge (Soszyński et al., 2013).
The most numerous group of LPVs is called OGLE Small Amplitude red Giants
(OSARGs, Wray et al., 2004), since the vast majority of these stars have been dis-
covered in the OGLE photometric databases. These huge samples have been used
to discover new period-luminosity relations, to map the structures of the stellar en-
vironments, to measure distances, and to study mysterious phenomena observed in
LPVs, like so called long-secondary periods (Soszyński & Udalski, 2014).

5 Eclipsing Binary Systems

Eclipsing binaries serve as benchmark objects for determining fundamental physical
properties of stars, like masses and sizes. Moreover, detached eclipsing binaries are
one of the most accurate distance indicators. Eclipsing binary systems constitute
about half of the OCVS (Pawlak et al., 2016; Soszyński et al., 2016b). Half a mil-
lion eclipsing variables discovered by OGLE increased by an order of magnitude a
number of all such objects known in the Universe. The OCVS contains all types of
binary systems: detached, semi-detached, and contact eclipsing binaries, ellipsoidal
variables, cataclysmic variables, RS CVn stars (binary systems with spotted com-
ponents), HW Vir binaries (consisting of a cool main-sequence star and a B-type
subdwarf), and even planetary transits. The orbital periods of the systems range
from 75 min to over 7 yr. Eclipsing binary OGLE-BLG-ECL-000066, with the orbital
period of 0.0984 d, is probably the shortest-period known binary system consisting
of main-sequence stars (Soszyński et al., 2015b).
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Fig. 3: Example lightcurves of the newly discovered class of variable stars – Blue Large-
Amplitude Pulsators (BLAPSs, Pietrukowicz et al., 2017).

The Araucaria project (Gieren et al., 2005) extensively uses the OGLE eclipsing
binaries to improve the cosmic distance scale. Currently, the most accurate distance
to the LMC, which serves as the best anchor point of the cosmic distance scale, is
based on the eclipsing binaries discovered by OGLE (Pietrzyński et al., 2013).

6 Blue Large-Amplitude Pulsators (BLAPs)

Recently, the OGLE team announced the discovery of a new class of radially pulsat-
ing stars: Blue Large-Amplitude Pulsators (BLAPSs, Pietrukowicz et al., 2017).
These objects are characterized by short-period (from 20 to 40 min) variations
with V-band amplitudes up to 0.4 mag. Careful analysis of hundreds of millions
lightcurves recorded by OGLE led to the discovery of 14 BLAPs in the Galactic
bulge and disk. Their example lightcurves are displayed in Fig. 3. A spectroscopic
analysis revealed that BLAPs are radially pulsating stars with effective tempera-
tures of about 30 000 K, but their luminosities are much lower than that of the
main-sequence stars of the same temperature. No such large-amplitude pulsating
stars in this region of the HR diagram were known so far.

Theoretical pulsation models showed that the internal structure of BLAPs is
analogous to the structure of red giant stars – the bulk of their mass is concentrated in
a compact core, while only a few percent of the stellar mass is included in an inflated
envelope, where the fundamental-mode oscillations are driven. The evolutionary
status of such stars is still unclear. BLAPs joined a short list of known types of
fundamental-mode radial pulsators: Cepheids, RR Lyr stars, δ Sct stars, and Miras.

pta.edu.pl/proc/v7p168 PTA Proceedings ? August, 2018 ? vol. 7 ? 173



Igor Soszyński

7 Conclusions

In the last 25 years, the OGLE project has found more variable stars than all other
sky surveys put together. New types of pulsating stars have been discovered, previ-
ously unknown behaviors and properties have been detected, extremely rare phenom-
ena in variable stars have been examined in detail. Complete samples of standard
candles provided an unbiased view of the Galactic bulge and Magellanic Clouds in
three dimensions. The Galactic disk will soon join this list, since it is extensively
observed as part of the OGLE Galaxy Variability Survey.

Acknowledgements. This work has been supported by the Polish National Science Centre

grant MAESTRO No. 2016/22/A/ST9/00009.

References

Buchler, J. R., Moskalik, P., ApJ 391, 736 (1992)

Gieren, W., et al., The Messenger 121, 23 (2005)

Leavitt, H. S., Annals of Harvard College Observatory 60, 87 (1908)

Pawlak, M., et al., Acta Astron. 66, 421 (2016)

Pietrukowicz, P., et al., Nature Astronomy 1, 0166 (2017)
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