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|. Theory

Geodesic equation
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+G) =0
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In weak field limit,
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Einstein 1911, 1915; Dyson et al. 1920



4 Einstein Ring
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4 Lens equation
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i Point mass
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General Case
odd number of images § £-D: VeI
unless there Is a singularity s




Mapping between source and image

multiple images
A A, 3 /
A\ source plane

deformation of images
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Types of lensing

strong lensing

multiple images:
lensed quasars

direct detection of
deformation: lensed 3
galaxies




Types of lensing

weak lensing
statistically detectable deformation: sheared galaxies




Types of lensing

microlensing
deformation too small (in angle) to see
brightness change in time: stars



Il. Theory of Microlensing

Magnification/amplification
photon distribution function is conserved along the
photon world line

surface brightness is conserved: surface brightness o
the source Is equal to that of the images

brightness of the image Is proportional to the solid
angle of the image

maghnification/amplification factor
C.1

m =|det—
g

a=q



Point mass lens case
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Light curve

If the source moves relative to the lens, the surface ar
of the images change
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the change in the surface area results in the brightnes
change Impact parameter
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S =
4 Probabillity of lensing

A source within the Einstein ring
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A lensing probabilty

R, :mean distance between lens
withinDD,

- Contribution to lensing
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from virial theorem
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Problem: How do we know If a source star Is lensed o
not?



Microlensing Event Rate

Need to find microlensing event by checking the light
curves.

microlensing event rate during the time intebval
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Il. Experiments

WIMPvsMACHO

dark halo

Galactic halo needs unseen mass.
missing mass problem dark matter

nature of dark matter
WIMPs: physicists
MACHOSs: astronomers

mid 1980s

WIMPs as a solution to
solar neutrino problem
dark matter



Paczynski 0s proposal (
probabllity of lensing toward Large Magelanlic Cloud
~ 10—7
If we do the photometry of 10/ stars, we can
determineruaco 1N Galactic halo.



First detection (1992, 1993)
EROS toward LMC
MACHO toward LMC
OGLE toward Galactic bulge
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criteria for microlensing event
light curve: symmetric Paczynski curve

achromaticity: no color variation
no repeatabilty
criteria change as complex events discovered



Microlensing

S
i MACHO projectaicock et al. 2000)

A observation
A 1.2 107 stars in LMC observed
A 5.7 yrs (1992.71999.12) observation




Microlensing

S =
i Microlensing Experiment




