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The Optical Gravitational Lensing Experiment 
(1992 - ….) 

  
Four Phases of the OGLE Project 

OGLE-I (1992-1995). 1 m Swope telescope at LCO. ~2 million stars 
observed. Microlensing 

OGLE-II (1997-2000). 1.3 m Warsaw telescope. ~40 million stars 
observed. Variable and non-Variable Stars in GB, MC 

OGLE-III (2001– 2009). 8k x 8k mosaic CCD. ~200 million stars 
observed (GB, GD, MC). Extrasolar Planets, Microlensing      

OGLE-IV (2010– ….). 32-chip 256 Mpixel mosaic CCD. Billion stars 
regularly monitored 

 

http://ogle.astrouw.edu.pl 



First Images 
April 12, 1992 



Bohdan Paczyński (1940—2007) 



Gravitational Microlensing toward the Galactic Bulge 



Planetary Microlensing 



Search for Gravitational Microlenses 

    First Generation of Large Scale Surveys 
MACHO Project – Mt. Stromlo, Australia (1992 – 1999) 
EROS Project – ESO, Chile (1992 – 2002) 
OGLE Project – Las Campanas, Chile (1992 – …) 
 
 
MOA Project – Mt. Johns, New Zealand (1997– …) 



Discovery of the First Microlensing Events 
– September 1993 



OGLE-I  #1 

Microlenses: Discovery of the first events toward the GB (1993). 



First Binary Microlensing (1994) 



25 Years Perspective: 
Three Main Scientific Contributions 

Search for Dark Matter 
Galactic Structure Studies 
Extrasolar Planets – Planetary Microlensing 



Dark Matter – MACHO  
in the Galactic Halo 



OGLE-2005-SMC-001 



Dark Matter – MACHO  
in the Galactic Halo 



Galactic Structure 

Optical depth for microlensing toward CG 
High resolution spectroscopy of highly 
microlensed bulge dwarfs 





OGLE-III Revolution: 
Detection of Microlenses by OGLE 

OGLE-I  (1992–1995) ~20 events 
OGLE-II (1997–2000) ~500 events 
OGLE-III (2001–2009) ~4000 events 
OGLE-IV (2010– … )  ~2000 events per season 

(~10 per night) 
Since 1994 – real time detection – OGLE EWS 

system  



OGLE-2003-BLG-235/MOA-2003-BLG-53 
First Planetary Microlensing 

Planet/star mass ratio: q~0.004 



OGLE-2005-BLG-71 

 
 

Planet/star mass  ratio: q~0.007 



OGLE-2005-BLG-390  

Planet/star mass ratio: q~0.00008. Mass of the planet:  
~6 Earth masses. The least massive planet at the discovery 



OGLE-IV: 2010 – …. 

32 chip 256 Mpixel mosaic CCD camera (+ 2 chips for 
guiding) 

2048 x 4102 pixel E2V 44-82 DD CCD detectors  
    (15 µm). 
1.4 square degrees field (~7 Moon disks), scale – 0.26”/pixel 

20 sec. reading time 
First light September 7, 2009 
Regular observations since March 4/5, 2010 
30-50 TB of raw data per year 

~3 mmag accuracy (DIA photometry since 2001) 
 



●  in operation since 1992 
●  since 2010 as OGLE-IV (Udalski et al. 2015) 

●  3500 deg² sky coverage 

●  1.3 billion sources monitored every night 

●  1012 photometric measurements by 2016 

●  over 17,000 microlensing detections 

●  more than 70 extrasolar planets discovered 

●  ~1,000,000 new variable stars 

Milky Way 

 – an Extremely Large Sky Variability Survey 

Warsaw 1.3-m @ Las Campanas 



Las Campanas Observatory, Chile 



OGLE-IV Nowa Kamera Mozaikowa 





OGLE-IV SKY: 1.4 deg2 FOV, I~21mag!

~6 million 
stars in 

this 
picture!!



OGLE Targets 



�  ~1000 billion individual measurements 

�  ~one million discovered variable stars 

�  >2000 microlensing events per year 

�  ~70 extrasolar planets 

OGLE fields 

Magellanic 
Clouds 

Galactic bulge 

Galactic disk 

�  Sky coverage: ~3500 square degrees 

�  ~1,3 billion stars monitored 



OGLE-IV Microlensing Pointings 



Detection of Microlenses by OGLE 

OGLE-I  (1992–1995) ~20 events 
OGLE-II (1997–2000) ~500 events 
OGLE-III (2001–2009) ~4000 events 
OGLE-IV (2010– … )  ~2000 events per season 

(~10 per night) 
Since 1994 – real time detection – OGLE EWS 

system  



Planetary Microlensing in Practice 



OGLE-2013-BLG-0341 



Space Microlensing 



Main Goals 

The determination of the distribution of lens distances 

Part of them planetary – distribution of planetary systems across 
the Galaxy 

2014 Spitzer campaign – ~100 hours: pilot campaign 

2015 Spitzer campaign – ~900 hours/40 days for microlensing!  

2016 Spitzer campaign – ~150 hours 

2016 Kepler K2C9 pointing toward the Galactic bulge.     
~3.7 square degrees monitored simultaneously with        
OGLE et al. Additional targets during K2C11 



Space Microlensing 



OGLE-2014-BLG-1050 



OGLE-2014-BLG-0939 



2015 Spitzer campaign –  ~900 hours/40 days for 
microlensing! 

170 microlenses observed by Spitzer simultaneously with 
OGLE et al. 



Kepler – K2 

May 2016: Kepler K2 pointing #9 toward the Galactic 
bulge. ~4 square degrees monitored 
simultaneously with OGLE et al. 



OGLE & K2 Campaigns 

•  >500 OGLE microlenses in the K2C9 
„superstamp” in 2016 (plus a few late from 
2015) 

•  33 OGLE lenses observed during K2C11 



OGLE 2016 µlensing Gallery 
OGLE-2015-BLG-1972 OGLE-2016-BLG-0241 

OGLE-2016-BLG-0263 OGLE-2016-BLG-0548 

OGLE-2016-BLG-0596 

OGLE-2016-BLG-1043 

OGLE-2016-BLG-0613 

OGLE-2016-BLG-1195 



2017 Microlensing Season 

•  Lower cadence of the central fields 
•  Finishing OGLE non-microlensing projects 

competing for BLG time 



OGLE Microlensing Statistics 

•  ~17 000 Microlensing Events discovered by 
OGLE (~90% of all detected ulenses) 

•  OGLE-IV: ~2000 ulenses/observing season (in 
real time – OGLE EWS system) 

•  Unique homogeneous data set for statistical 
studies 

•  High detection efficiency  





Science Factory 



Exoplanets: Transit Method 



Transiting OGLE Exoplanets 
(2001—2006)  



•  OGLE-IV data discoveries supplemented with previous OGLE-
III, OGLE-II and OGLE-I detections 

•  ~25 years time span, very precise photometry 

•  High completeness (>90%) and classification purity 

•  Open project – recent extensions: 

•  RR Lyrae in the Galactic Center (>38 000 objects) 

•  Classical and Anomalous Cepheids in the Magellanic System 
(~9 800 objects) 

•  RR Lyrae in the Magellanic System (~45 000 objects) 

•  Eclipsing stars in the Galactic Center and Magellanic System 
(~500 000 systems) 

•  ~one million OGLE variable stars 

  

OGLE Collection of Variable Stars 



GB RR Lyrae 



Galactic Structure from RR Lyrae Stars 



Galactic Structure from RR Lyrae Stars 



Classical Cepheids in the Magellanic Clouds 

SMC	

Magellanic	Bridge	

LMC	



Structure of the Magellanic System via 
Cepheids 



     RR Lyrae Stars in the Magellanic Clouds 



Structure of the Magellanic System  
via RR Lyrae 



Las Campanas – Warsaw Telescope – LCO Sky 



OGLE-IV Galaxy Variability Survey 
(>2000 square degrees) 



Galaxy and OGLE-GVS 

Credit: NASA/Adler/U. Chicago/Wesleyan/JPL-Caltech 



Distribution in our Galaxy 



Distribution in our Galaxy 



Transients 2016 

 
~ 2000 Microlensing Events per Season 
Novae  
CVs 
SNe 
 



Nova Centauri 2009 



OGLE-2016-NOVA-01 



Dwarf Novae in OGLE 



SUPERNOVAE IN OGLE!

http://ogle.astrouw.edu.pl/ogle4/transients/ 

since 2012
  650 sq.deg. 

4 days mean sampling!



Extragalactic OGLE 

•  SNe 
•  Quasars 
•  Discovery of new gravitational lenses 
•  The Einstein Cross 



DEEP OGLE SKY 



http://ogle.astrouw.edu.pl 




