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1 nano  angular second
2.5 cm coin from the Neptune orbit (4.5* 10^{9} km)  (about 
30 AU)



• Fritz Zwicky → DM



Outline

• History (GL, ML, local ML)
• Gravitational microlensing  for distant QSOs and 

GL systems
• Gravitational microlensing toward LMC and SMC 

& DM problem
• Gravitational microlensing toward Galactic bulge
• Binary lenses (planets), polarization, non-

compact lenses
• Pixel microlensing
• Conclusions
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MACHO results of gravitational microlensing 
toward LMC and SMC (analysis of observations 
of two years)















































Planet discovery with ML with 
the lowest mass

(J.-P. Beaulieu et al. Nature, 
2006)



Planet discovery with ML with 
the lowest mass in 2006 (now 
people find a planet with a mass 
about 2 Earth masses, see Mayor 
et al.)

(J.-P. Beaulieu et al. Nature, 
2006)









D.P. Bennett et al.  A Low-Mass Planet with a Possible Sub-Stellar-Mass Host in 
Microlensing Event MOA-2007-BLG-192

Arxive:0806.0025[astro-ph] . 













Pixel-lensing and extra-solar searches
G. Ingrosso, S. Calchi-Novati, F. De 
Paolis,  P. Jetzer,  A. Nucita,  AFZ 
(MNRAS, in press, arXiv:0906.1050)

Planets with masses 0.1 Earth masses 
may be detected in M31 

http://arxiv.org/abs/0906.1050




Hint of planet outside our galaxy 
By Jason Palmer 
Science and technology reporter, BBC News 

Astronomers believe they have seen hints of the first planet to be 
spotted outside of our galaxy. 
Situated in the Andromeda galaxy, the planet appears to be about six 
times the mass of Jupiter. 
The method hinges on gravitational lensing, whereby a nearer object can 
bend the light of a distant star when the two align with an observer. 
The results will be published in Monthly Notices of the Royal 
Astronomical Society (MNRAS). 
The team, made up of researchers from the National Institute of Nuclear 
Physics (INFN) in Italy and collaborators in Switzerland, Spain, and 
Russia, exploited a type of gravitational lensing called microlensing. 
The effect of large, massive objects between an observer and a distant 
planet or star can cause distortion or multiple images as the 



AP/NASA
First Planet in Another Galaxy Possibly Found
Friday, June 12, 2009 

The Andromeda galaxy in a NASA composite image.
Astronomers may have found the first planet in another galaxy, 
according to New Scientist magazine.



THE PLANET

Planet : PA-99-N2 b

Basic data :

Name PA-99-N2 b

Discovered in 2009

M.sin i 6.34 MJ
re
f.

Update 16/06/09

http://exoplanet.eu/planet.php?p1=PA-99-N2&p2=b&showPubli=yes&sortByDate



2 related publications : (sort by author) (sort by date)

Remarks :

Reanalysis of data by An et al 2004

AN J., EVANS N., KERINS E., BAILLON P., CALCHI NOVATI S., CARR J., CREZE 
M., GIRAUD-HERAUD Y., GOULD A., HEWETT P., JETZER Ph., KAPLAN J., 
PAULIN-HENRIKSSON S., SMARTT S., TSAPRAS Y. & VALLS-GABAUD D. (The 
POINT-AGAPE Collaboration) , 2004
The anomaly in the candidate microlensing event PA-99-N2
ApJ. , 601 , 845
paperINGROSSO G., CALCHI NOVATI S., DE PAOLIS F., JETZER Ph., NUCITA A. & 
ZAKHAROV A. , 2009
Pixel-lensing as a way to detect extrasolar planets in M31
MNRAS , - , -
accepted
preprint

http://exoplanet.eu/planet.php?p1=PA-99-N2&p2=b&showPubli=yes&sortByAuthor
http://exoplanet.eu/planet.php?p1=PA-99-N2&p2=b&showPubli=yes&sortByDate
http://www.iop.org/EJ/abstract/0004-637X/601/2/845/
http://arxiv.org/abs/0906.1050


Name PA-99N2

Distance 670000 pc
r
e
f.

Mass 0.5 Msun
r
e
f.

THE 
STAR in 
M31 

http://exoplanet.eu/ref-data.php?value=6800
http://exoplanet.eu/ref-data.php?value=6800
http://exoplanet.eu/ref-data.php?value=6800
http://exoplanet.eu/ref-data.php?value=6800
http://exoplanet.eu/ref-data.php?value=6800
http://exoplanet.eu/ref-data.php?value=6800
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