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The Largest Sky Variability Survey 



OGLE: 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 



Las Campanas Observatory, Chile 



Las Campanas – Warsaw Telescope – Magellanic Clouds 



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) 
 



OGLE-IV Nowa Kamera Mozaikowa 





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

~6 million 
stars in 

this 
picture!!



OGLE Speciality 



OGLE-IV Sky 



OGLE-IV 2014 BLG SKY 

~130 square degrees 
 
Cadence: 
  
red – ~30 epochs/night 
 
yellow – ~10 epochs/night 
 
green – ~3 epochs/night 
 
blue –  ~1 epoch/night 
 
cyan – ~1 epoch /2 nights 



Current O-IV MC Survey – 670 square degrees 



OGLE-IV Galaxy Variability Survey 
(~1700 square degrees) 



Trans-Neptunian Objects 



Ogle-Carnegie Kuiper belt Survey –  OCKS 



OCKS – Results 

2010 FX86 
H=4.3 mag 

2010 EL139 
H=5.3 mag 

2010 EK139 
H=3.8 mag 

• 1700 (1500+200) fields – ~2400 square      
degs 
• Discovery of 14 new TNOs  
• Largest (brightest)  solar system objects in        
the last 6 years 
• Dwarf planet candidates 
• Diameters of: 300–1100 km (unknown 
albedo); 2010 EK139 D~500 km (Herschel) 

2010 KZ79 
H=3.9 mag 

2010 JK124 
H=5.4 mag 



Non-Variable Stars  

•  ~billion stars monitored – VI CMDs 
•  O-III Photometric Maps:   
   LMC – 35 million stars, SMC – 6.2 million stars, 

GB – 380 million stars, GD – 9 million stars 
•  Structure studies (Magellanic System, Galactic 

Center – X bar stracture) 
•  Reddening maps (Magellanic Clouds, Galactic 

Bulge) 



Stellar Populations in the Magellanic System 



OGLE Variable Sky 

•  Gravitational Microlensing 
 
•  Largest Collection of Variable Stars 

•  Transients 

•  Extragalactic Sources 



     Gravitational Microlensing 



OGLE-I  #1 

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





>20 Years Perspective: 
Three Main Scientific Contributions 

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



Planetary Microlensing (in Theory) 

•      Short-lived anomaly in the light 
curve of a typical single mass 
microlensing event. 

•       O-III ~600 microlensing events 
per year in real time (2002-2009) 

•       O-IV ~2000 microlensing events 
per year in real time (2010-…) 

 
•      Original Observing Strategy: 

Surveys  (OGLE, MOA) + Follow up 
Monitoring (uFun, PLANET) 

•       2nd Generation Survey: Large 
Field + High Cadence Monitoring:   
MOA+Wise+OGLE-IV 



Main Potential of Microlensing 

•  Full status and characterization of 
exoplanets in regions located 0.5—10 AU 
from Host Stars (the regions at and 
beyond the Snow Line)  

•  Status of exoplanets around wide range of 
types of Host Stars 

•  Discovery of low mass planets from the 
ground 



Planetary Microlensing in Practice 



New Microlensing Discoveries 

•  Free floating planets 
•  Exoplanets in binary systems (circumprimary): 
      * Earth mass at 1 AU in OGLE-2013-BLG-0341 
      * Uranus in OGLE-2008-BLG-092 



Prospects for Planetary Microlensing:  
Very Bright 

•  Many New Discoveries every season 
•  New facilities: Bisdee Tier Tasmania, LCOGT 

Network, KMNet  
•  Spitzer, Kepler K2, Gaia 
•  Space Dark Energy Missions: WFIRST 



Spitzer Pilot Program 



Kepler – K2 



Transiting   Planets 



Transiting OGLE Exoplanets (2001– 2004)  



OGLE Variable Star Collection 
OIII-CVS: OGLE-III Catalog of Variable Stars  
(Soszyński et al. 2013, Acta Astronomica 63, 21; Part XV) 

 
•  LMC:   3361 Classical Cepheids,   280 Pop. II Cepheids,    24906 RR 

Lyrae stars,     2786 Delta Scuti,    91995 LPVs,    26121 Eclipsing 
Binaries 

•  SMC:   4630 Classical Cepheids,   43 Pop II Cepheids,  2475 RR 
Lyrae stars, 19384 LPVs 

•  Galactic Bulge: 16836 RR Lyrae (~400 from SGR Dwarf Galaxy),                 
32 Classical Cepheids,     357 Pop II Cepheids,     232406 LPVs 

•  Galactic Disk: ~30000 

•  Total > 450000  
OGLE-IV:  Many more. E.g. MS: ~9500 Cepheids, ~46000 

RR Lyrae. GB: >38000 RR Lyrae. Time range of 
variability: minutes to decades 



OGLE Pulsating Stars 



Cepheids in the MCs 

Hubble constant determination 
is based on OGLE PL relations 



Classical Cepheids in the Magellanic Clouds 

SMC	  

Magellanic	  Bridge	  

LMC	  



     RR Lyrae Stars in the Magellanic Clouds 

SMC	  

LMC	  

Magellanic	  Bridge	  



MC: LPVs 



Eclipsing Stars  
(Great distance indicators)  



Distance to the LMC  



GB RR Lyrae 



GB LPVs 



2014 Transient Inventory 

•  ~2000 Microlensing Events 
•  ~150 SNe 
•  Three Novae  
•  Symbiotic Nova (archive data) 
•  Hundreds of other type CVs 



Cataclysmic Variables 



SUPERNOVAE IN OGLE!

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

since 2012
150/year in 650 sq.deg. 
4 days mean sampling"



SUPERNOVAE IN OGLE!

• Peculiar objects 

• Nuclear objects: TDEs? AGN flares?"

OGLE-2012-SN-006!

Ibn!
OGLE-2013-SN-079!.Ia!

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

Spectral follow-up: 
PESSTO 
Carnegie SN Project 
AAT"



Quasars Behind the Magellanic Clouds 

•  Candidates selected based on long term 
variability in the OGLE-III data, IR brightness 
and X-ray detection 

 
•  Spectroscopic campaigns for confirmation (AAT) 
 
•  Spectacular results: >700 new quasars behind 

the MCs (the farthest at z=3.99) 



Nova Scorpii 2008 (V1309 SCO) – OGLE  

•  Star in the fields regularly observed since 
2001 

•  Unique possibility of tracing the star 
behavior before eruption 



V1309 Sco – Conclusions  

•  First observations of the stellar merger 
•  Next candidate: OGLE-2002-BLG-360 



OGLE-CEP-0227 

MCeph = 4.14 ± 0.05 M☼ 
 
MPul = 3.98 ± 0.29 M☼ 
 
Cepheid pulsation mass in 
agreement with measured 
dynamical mass 

• 2008 r.:  discovery of OGLE-CEP-0227 
 
• 2009-2010: high precision spectroscopy,  
 ARAUCARIA 
 



A RR Lyrae Star in Eclipsing System 
 in the BLG?  

Odkrycie – OGLE (prof. Igor Soszyński, 2010 r.) 
Follow up – Araucaria (prof. Grzegorz Pietrzyński, 2011 r.) 





OGLE Astrometry 

 PM Accuracy:  < ~0.5 mas/yr 



http://ogle.astrouw.edu.pl 


