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Abstract: | will introduce the gravitational microlensing, its application to the compact dark matter detection and the extra-solar planet observations.
EROS has been performed the microlensing observation in four directions of the Galactic plane, away from the Galactic center. | will report the
observational results and the interpret the data within the Standard Galactic model. As a result we extract the best fit to the dust contribution in the
Galactic disk, orientation of the Galactic bar and the abundance of the red giants compare to local stellar distribution.
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Interpretation of EROS gravitational
microlensing data towards Spiral
Arms




Gravitational Lensing

Observed

-
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Credits: Lenses - David Cochrane
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Gravitational Lensing in Large Scale
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star-star lensing inside of Milky Way

* Unlike to the Cosmological scales where observer-lens
and source do not change in our life time, in the Galactic
scales all these elements changes by time in the order of
one month

* Problem with this lensing is that angular separation
between the images are in the order of mille arcsec (
Micro-Lensing) , below the angular separation of ground
base telescopes

* The probability is very low, about one event per one
million star

Pirsa: 11100080 Page 9/56



star-star lensing inside of Milky Way

* Unlike to the Cosmological scales where observer-lens
and source do not change in our life time, in the Galactic
scales all these elements changes by time in the order of
one month

* Problem with this lensing is that angular separation
between the images are in the order of mille arcsec (
Micro-Lensing) , below the angular separation of ground
base telescopes

* The probability is very low, about one event per one
million star

Pirsa: 11100080 Page 10/56



Pirsa: 11100080

A brief history

Einstein (1936): “there is no great chance of observing this
phenomenon’.

Paczynski (1986): Suggested microlensing of observation
of Massive Astrophysical Compact Halo Objects (MACHOSs)
in the Galactic halo

MACHO Collaboration (1993): First observation of
Microlensing

Several groups as EROS, MACHO, OGLE, MOA, .... Started
monitoring of Spiral arms, bulge, LMC & SMC and even
M31 for observing microlensing

In recent years microlensing is used as a technique for
extra-solar planet detections
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In observation

17 juin 1999 © 16 juin 2001
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First Microlensing Event
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EROS, MACHO and OGLE observations
for searching Galactic MACHOs
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There is not enough MACHOs in the
Galactic Halo




Next Application of gravitational Microlensing in
extra-solar planet detection
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Caustics for binary lens with g=0.1
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Planet detection by Microlensing

* Mao and paczynski (1991) proposed
detection of planet by this method:

3E3F ooe i - P
1 3 'ﬂ‘ 18 7," \ Advantage of the Microlensing
: R TR Y is that we can detect planets
z ) TR / \'? £ deviation, "™t beyond the snowline

\ ' Gould et al (2010) Ap]

Magnif
-
<
> oo

Light Curve of OGLE-2005-BLG-390

Pirsa: 11100080 Page 26/56



MOA-2009-BLG-319Lb
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The advantage of the exoplanet microlensing observation is
that we can observe distant planets beyond the snow line.
Which is not the case for the transit or Doppler methods
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EROS observation towards Spiral Arms

* Marly 1 meter
EROS-1 (1990-1995)
EROS-2 (1996-2003)
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Observational Fields in the Spiral Arms

" (zalactic longitade ﬂinurs) B

Rahal et al (EROS coll.) A&A (2009)
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22 Microlensing event observed from the seven
season observation 1996-2003
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22 Microlensing event observed from the seven
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Measurable parameters:

Rate of Events ( Dynamics): ' = NowATon Z e(tz)

* Optical Depth(Static): e
* Distribution of the Einstein crossing time
* Color Magnitude of the stars

Average Number of Stars in the Field
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Modeling Microlensing Events:
Galactic Model
Matter Distribution and dynamics of the stars
in the Spiral arms and Bulge
Stellar distribution in the Milky Way
Mass function of the lenses

Dust abundance
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Galactic Model

Disk ( double exponential):
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Using the Hipparcos data,

we made a compelet sample.
Hipparcos catalog has 118218
star and it is complete until
the apparent visual magnitude
of 7.5
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Disk is almost homogenous up to 50 pc
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Starts in the complete Catalog of
Hipparcos Data
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Hipparcos Catalog ( solid)
and complete sample
(dashtes)

Unbiased distribution of
the stars in color and
magnitude

Observation in the
direction of the Spiral
arms
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starsfdeg.:fmag.

Generating EROS like catalog

HST
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detection probability
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EROS vs. Hubble
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synthesized CMD
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Fig. 21. Simulated color-magnitude diagram towards y Sct (see text).
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Compare with the observation
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Compare with the observation
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Compare with the observation
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Mass function of Lenses
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Analysis

Chi-square fitting to the distribution of

1- Einstein crossing time in four direction
2- optical depth along four direction

3- distribution of color

4- distribution of magnitude

5- number density of stars in the field

( parameters: angular orientation of bar, fraction of
Hydrogen in the disk, abundance of the red giants in

the bulge)
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Result

C - A 1 't L A | l A ' 't i A A
0 0.05 0.1
H-froction

1- Disk is made of 6% Hydrogen, if we accept direct correlation of
dusk density to the hydrogen density
2- Bar orientation is 45 degree with respect to the line of sight
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Observational Fields in the Spiral Arms

" (zalactic longitade ﬂinurs) e

Rahal et al (EROS coll.) A&A (2009)
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