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Since the discovery of the first microlensing events  in 1993
More than 5000 events have been discovered:

LMC ~ 15-20 events (MACHO+EROS+OGLE)

SMC ~ 6 events (MACHO+EROS+OGLE): analysis in progress
(optical depth τ = 1.30 ± 1.01 x 10-7  based on 3 OGLE events)

Galactic Bulge region more than 4000 events!
(by MACHO, EROS, OGLE and MOA: some 10 planets!)

Spiral arms ~ 30 events

M31 ~ 35 events  (by several collaborations)

Globular clusters ~ few



S. Calchi Novati, PJ et al, Astron. and Astrophys. 480 (2008) 723



F. Iocco, PJ et al., Journal of Cosmology and Astroparticle Physics   
(2011) 

Using microlensing and dynamical contraints of the Galaxy:







M22 (at ~ 3 kpc distance) Arrow: position of microlensing event



Mass of lens star:
0.18  ± 0.01 solar
masses

P. Pietrukowicz, PJ et al., Astrophys. J. 744, L18 (2012)

M22



Observed optical depth towards the Large Magellanic Cloud:

MACHO based on 13 to 17 events (~ 6 years of observations):

 τ= 1.0
 
  ± 0.3  x 10-7

EROS  (using only bright stars) found 1 event (~7 years of observations):

τ< 0.36  x 10-7

OGLE  based on 2 events (~ 8 years of observations)

τ= 0.16
 
  ± 0.12  x 10-7





The nature and location of the observed  microlensing events is
still unclear.

One event by MACHO (LMC-5) and one by EROS are due
to disk lenses (low mass stars).

The remaining could be due to different populations:

-low mass stars in the LMC itself (self-lensing)

-MACHOs in the halo of the Milky Way

-MACHOs in the LMC halo

(The halo mass fraction in  form of MACHOs
in the LMC and Milky Way need not to be the same).



Stars: expected duration for self-lensing at the position where 
events have been observed; boxes: observed duration.
 L. Mancini, PJ et al., Astron. and Astrophys.  427, 61 (2004)
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Spatial distribution of the POINT-AGAPE microlensing
 candidates towards M31







The detection efficiency and the number of predicted events 
as a function of the distance from the M31 center



S. Calchi Novati, PJ et al., Astron. And Astrophys. 443, 911 (2005)



Finite source size and lens proper motion:





C.H.Lee et al, Astronomical J., 143, 89 (2012)  (Pan-STARRS survey)



G. Ingrosso, PJ et al., MNRAS 399, 219 (2009) (Pixel-lensing a way to
detect extrasolar planets in M31)



Outlook:
- Microlensing is an important tool to study the structure
  of our galaxy and thus of its dark matter content 

- Some of the events are due to LMC self-lensing and other 
   Components (galactic disk). The contribution of a small
   (~ 5-10 % ?) component is still possible

- Microlensing events towards M31 have been successfully found       
   (self-lensing?). Their contribution to the halo is still an open 
   issue
  
- Microlensing is now a mature and established tool, which is useful   
  also for finding planets (both in our Galaxy but also in M31 !)

- Need more observations!
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