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Bohdan Paczyński (1940-2007)

The OGLE Project
prehistory
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“It is clear that the observational project is not

simple, but one of its by-products, a systematic

discovery of a large number of variable stars in

a nearby galaxy, is attractive, even if no lensing

events are discovered.”

The OGLE Project
prehistory
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The OGLE Project
history

OGLE-I
1992 – 1995

OGLE-II + OGLE-III + OGLE-IV
1997 – now

Swope Telescope
1 m

Las Campanas Observatory, Chile

Warsaw Telescope
1.3 m

Las Campanas Observatory, Chile
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Stage
Camera
[pixels]

Area
[deg²]

Stars
[×106]

Data flow
[TB/yr]

Main targets

OGLE-I
1992–1995

4 M 1.5 6 0.09 Galactic bulge

OGLE-II
1997–2000

4 M 27 44 0.4
Galactic bulge

Magellanic Clouds

OGLE-III
2001–2009

64 M 170 389 3.8
Galactic bulge

Magellanic Clouds

OGLE-IV
2010 – ?

256 M 3600 2000 40
Galactic bulge
Galactic disk

Magellanic Clouds

The OGLE Project
history
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OGLE
Optical Gravitational Lensing Experiment

 Long-term optical sky survey for variability

 1.3-meter Warsaw Telescope at Las Campanas
Observatory, Chile

 32-chip CCD camera with a field of view of
1.4 square degrees

 Standard Johnson-Cousins VI filters

 Typical cadence: from 20 minutes to several days

 Time span: 1992 – now

 Targets: Galactic bulge, Galactic disk, Magellanic 
Clouds

 Precision of the photometry: 4 mmag Andrzej Udalski
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 ~1012 individual measurements

 ~2000 microlensing events per year

 >100 extrasolar planets

 >1 million variable stars discovered

OGLE fields

Magellanic 
Clouds

Galactic bulge

Galactic disk

 Sky coverage: ~3600 square degrees

 ~2 billion stars monitored
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Type of variable stars Environments Number of stars

Classical Cepheids LMC, SMC, MW 11 703

Type II Cepheids LMC, SMC, MW 2 010

Anomalous Cepheids LMC, SMC, MW 389

RR Lyrae stars LMC, SMC, MW 128 273

δ Scuti stars LMC, SMC, MW 30 204

Long-Period Variables (Miras, SRVs, OSARGs) LMC, SMC, MW 403 636

Eclipsing binaries LMC, SMC, MW 510 782

Dwarf novae LMC, SMC, MW 1 091

R Coronae Borealis stars LMC 23

TOTAL 1 088 111

The OGLE Collection of Variable Stars
https://ogledb.astrouw.edu.pl/~ogle/OCVS/
ftp://ftp.astrouw.edu.pl/ogle/ogle4/OCVS/
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The OGLE Collection of Variable Stars
https://ogledb.astrouw.edu.pl/~ogle/OCVS/
ftp://ftp.astrouw.edu.pl/ogle/ogle4/OCVS/
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5.3 square degrees
around the South 
Ecliptic Pole:

 6789 variable stars

 1925 background 
galaxies

 11 supernova 
candidates

 proper motion of  
3309 stars
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Clementini (2016):

First Gaia light curves of RR Lyrae 
stars around the South Ecliptic 
Pole compared to the OGLE light 
curves

↓ OGLE ↓↓ Gaia ↓

RR Lyrae stars in the LMC:
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Udalski et al. (2016):

“The number of misclassified stars 
is low indicating reliable 
performance of the Gaia data 
pipeline.”

“The completeness of the Gaia 
DR1 samples of Cepheids and
RR Lyr stars is at the level of
60–75% as compared to the OGLE 
Collection dataset.”
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Eyer et al. (2017): “The completeness estimates found by Udalski

et al. (2016) are consistent with our results.”
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Gaia DR3 compared to OGLE

Number of observed stars ~1.8 billion ~2 billion

Sky coverage All sky
Galactic bulge and disk, 

Magellanic Clouds
Total number of photometric

measurements
367 billion 1.2 trillion

Time span ~3 years
~10 years (OGLE-IV)

~30 years (OGLE-I – OGLE-IV)

Photometric passbands G, GBP, GRP
V, I

(Johnson-Cousins system)

Limiting magnitudes 8 – 21 (G) 12 – 21  (I)

Median numbers of photometric

measurements per star

G: 44
GBP: 40
GRP: 41

I: 500 – 700

V: 50 – 100

Number of variable stars 9 976 881 1 088 111 (+) 

Classification methods Automatic Automatic + Visual inspection
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Impact of Gaia variable stars on OCVS

Soszyński et al. (2022):

Soszyński et al. (2019):

Soszyński et al. (2018):
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3666 classical Cepheids in the Milky Way

• Gaia
• OGLE
• Other



Stellar Variability, Stellar Multiplicity: Periodicity in Time & Motion. MW-GAIA WG2 Hybrid Workshop June 7, 2023 20

Impact of OCVS on Gaia variable stars

Eyer et al. (2023):

Rimoldini et al. (2023):

Catalogs of variable stars 
used as training sets for the 
Gaia the machine learning 
algorithms.

Catalogs of variable stars 

used to estimate 

completeness and 

contamination of the 

Gaia catalog.
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Gavras et al. (2022): “Table 2 shows the rank-ordered list of literature catalogues, 
where generally the higher a catalogue is in the list, the more accurate it is.”

…
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Lebzelter et al. (2022):

“[…] large catalogues of LPVs have been produced as by-products of
various sky surveys. One of the most influential catalogues in this
context was produced by the Optical Gravitational Lensing
Experiment (OGLE) team.”

“The catalogues of LPVs in the Magellanic Clouds and Galactic Bulge
produced within the third phase of the Optical Gravitational Lensing
Experiment (OGLE-III) represent one of the highest-quality datasets
for studying these stars, and an appropriate reference for validating
the second Gaia catalogue of LPV candidates.”
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Wyrzykowski et al. (2022):

Gaia DR3 catalog contains
363 microlensing events,
of which 268 were alerted
by the OGLE survey.

The OGLE sample was used 
to assess the completeness
and contamination of the
Gaia DR3 catalog.
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Gaia19bld:      ML = 1.13 ± 0.03 Mʘ DL = 5.52+0.35 kpc−0.64 
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Cepheids from Gaia and OGLE

↓ OGLE ↓↓ OGLE ↓ ↓ Gaia ↓↓ Gaia ↓

Ripepi et al. (2022): 15,006 Cepheids of all types in the Gaia DR3 catalog

12,036 of them are observed by the OGLE survey

11,752 of them have been included in the OCVS

108 Gaia Cepheids have been added to the OCVS



Stellar Variability, Stellar Multiplicity: Periodicity in Time & Motion. MW-GAIA WG2 Hybrid Workshop June 7, 2023 30

Cepheids from Gaia and OGLE

↓ OGLE ↓↓ OGLE ↓ ↓ Gaia ↓↓ Gaia ↓

The Gaia catalog of Cepheids contains over 50 eclipsing binaries,
several long-period variables, and other types of variable stars.

However, the contamination rate is very low,
at the level of 1-2%.
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Cepheids from Gaia and OGLE

↓ OGLE ↓↓ Gaia ↓

The Gaia catalog of Cepheids contains over 50 eclipsing binaries,
several long-period variables, and other types of variable stars.

However, the contamination rate is very low,
at the level of 1-2%.
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Cepheids from Gaia and OGLE

↓ OGLE ↓↓ Gaia ↓

The Gaia catalog of Cepheids contains over 50 eclipsing binaries,
several long-period variables, and other types of variable stars.

However, the contamination rate is very low,
at the level of 1-2%.
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↓ OGLE ↓↓ Gaia ↓↓ OGLE ↓↓ Gaia ↓

5% of Gaia’s classical Cepheids, 15% of type II Cepheids, and 50% of 
anomalous Cepheids have a different classification in the OCVS.

Cepheids from Gaia and OGLE



Stellar Variability, Stellar Multiplicity: Periodicity in Time & Motion. MW-GAIA WG2 Hybrid Workshop June 7, 2023 34

Clementini et al. (2022):
“To build our custom catalogue, we primarily used the OGLE catalogues for 
RR Lyrae stars as reference, which have a high completeness and purity for 
the LMC, SMC, and the MW bulge and disc”

RR Lyrae stars from Gaia and OGLE
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RR Lyrae stars from Gaia and OGLE

↓ OGLE ↓↓ Gaia ↓↓ OGLE ↓↓ Gaia ↓

Clementini et al. (2022): 270,905 RR Lyrae stars in the Gaia DR3 catalog

148,287 of them are observed by the OGLE survey

101,984 of them have been included in the OCVS

2563 Gaia RR Lyrae stars were (or will be) added to the OCVS
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RR Lyrae stars from Gaia and OGLE

↓ OGLE ↓↓ Gaia ↓↓ OGLE ↓↓ Gaia ↓

The Gaia catalog of RR Lyrae stars contains about 300 binary systems.
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RR Lyrae stars from Gaia and OGLE

↓ OGLE ↓↓ Gaia ↓↓ OGLE ↓↓ Gaia ↓

Over 40,000 objects classified as RR Lyrae stars do not show
clear periodic variability.

Contamination rate: ~28%.
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RR Lyrae stars from Gaia and OGLE
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RR Lyrae stars from Gaia and OGLE

148,287 Gaia RR Lyrae stars observed by OGLE
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G-band mean magnitude

Contamination rate vs. brightness for RR Lyrae stars
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Visual inspection of the light curves

Vartool (by Michał Szymański)
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CONCLUSIONS
 The Gaia and OGLE catalogs of variable stars mutually 

influence each other, enhancing the completeness and purity 
of both collections.

 The newly discovered Gaia variables significantly contribute 
to the expansion of the OGLE Collection of Variable Stars, 
both before and after the publication of its subsequent parts.

 The OGLE variable stars are used for:

 Training the Gaia machine learning algorithms,

 Evaluating the Gaia classification,

 Estimating the completeness and contamination rates of the Gaia 
catalog,

 Testing the reliability of the measured periods and amplitudes of 
variable stars.
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What is it?
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What is it?
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What is it?


