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In this work I try to give an overall view of the interesting use of the gravita-
tional microlensing for the detection of the dark matter in our Galaxy. I give also
the model for the calculation of the two main characteristic parameters, optical
depth and microlensing rate.

1 Milky Way-our Galaxy

Our sun is located in the stellar system called Milky Way or simply the Galaxy, which contains
about 10'° stars and about 10'° M, of gas distributed in thousands of gas clouds with a wide
range of masses and sizes. Most of the visible stars are located in the thin disk, whose radius is
of order 15 kpc and thickness of order 1kpe. The Milky Way is a spiral galaxy, since the disk
contains spiral arms, filaments of bright and young stars, gas and dust. The dense regions of
interstellar gas lead to the continuous formation of large number of stars.

2 The Rotation Curve

Disk stars are moving on nearly circular orbits. Their speed in an orbit of radius R in the
galactic equator is denoted by v.(R). A plot of v.(R) versus R is called the circular speed
curve or rotation curve. This curve at the solar radius Ry = 8.5kpc is measured to be v.(Rg) =
220 & 15km/s. The rotation curve of the Milky Way is nearly flat, ve(R) is independent of R
beyond a certain distance. Near the center, the circular speed drops sharply to zero.

The observed flatness of the rotation curve even at radii well beyond the outer edge of
the visible galaxy is essentially different from the theoretical obtained taking into account the
gravitational laws for the visible matter. It shows the existence of the dark matter. The amount
of the dark matter in the outer part of the galaxy (named halo) must be at least an order of
magnitude more abundant than the luminous matter.

3 The Nature of the Dark Matter

The nature of the dark matter is one of the central issues of the present research in astrophysics.
We distinguish non-baryonic dark matter, motivated by particle physics and cosmology and
baryonic dark matter suggested by astronomy.

The various possibilities for nonbaryonic dark matter are usually divided into two cate-
gories, hot and cold dark matter. The first one consists of particles moving with relativistic
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velocities, such as neutrinos. Cold dark matter candidates are hypothetical particles that moved
slowly when they decoupled after the equilibrium era (the first seconds of the univers life).

There are actually many ways in which baryons can exist in dark galactic halos, without
entering into conflict with other observations. They could be massive black holes (with masses
between 102 Mg and 10° Mg), stellar remnants such as neutron stars or white dwarfs or clouds
of molecular hydrogen. During last years, interest has been concentrated on the baryonic class
of candidates called MACHO (Massive Astrophysical Compact llalo Objects) in the mass range
1077 — 1 M. In the upper range, M > 0.1M, these objects can be either low-mass stars or
white dwarfs. Lighter objects, in the mass range below 0.08 M, are invisible candidates for
dark matter, because of their too weak mass to activate the hydrogen burning reactions. Such
objects are called brown dwarfs, the condition that the rate of evaporation is insufficient to
halve its mass in billion years leads to the lower limit of their mass of about 1077 Mg,

4 White Dwarfs

White dwarfs are the final stage of the stellar evolution, just after the red giant stage, where
the star has burned its hydrogen, helium etc. by thermonuclear reactions. After billion years
of shining, due to the thermonuclear reactions, sooner or later, the nuclear energy of a star
will be exhausted. After that, it can only contract and release some of its gravitational energy
and there is no convincing force to stop the gravitational contraction. When electrons will be
packed into their smallest possible volume, they become degenerate and "create” the enormous
Pauli pressure, which prevents the star from contracting any more. This celestial body is the
white dwarf.

The densities at white dwarfs reach values of 10% g/cm® and their masses are in the
interval between 0.1 and 1.4 Mg. The last value is called the critic mass. White dwarfs have
radius of some thousands of km. White Dwarfs have got high surface temperature and very
weak luminosity, so it is very difficult to detect and observe them. For that reason, many people
consider them.convincingly as candidates of baryonic dark matter.

5 Gravitational Microlensing

In 1986, Paczynski suggested a method to detect MACHOS and other similar objects in the
halo and the disk of our galaxy, based on the general relativistic effect of deflection of light
by massive objects. So, MACHOs can act as lenses and amplify the light of background stars
by deflecting the source light by an angle which is typically of order 107 arcsec. This angle
is too small to make two images resolvable for an observer ( phenomena called gravitational
lensing and suggested by Einstein) and results just as an-amplification of the source light. The
phenomena is referred as microlensing event.

Amplification is time dependent and achromatic, due to the gravitational origin of the
lensing effect, which causes all wavelength to be affected equally. This property and its symmetry
between initial and final states, helps us to distinguish the magnification from other fluctuations
of the brightness.

To see how probable a microlensing event is, we introduce the optical depth, which is
defined as the magnitude of lensing probability
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where @ = s/D. The optical depth describes the fraction of the sky covered by the Einstein
circles of all lenses between the observer and the sources at a specified distance.
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For observations we need to consider the dynamical situation, where the magnification of
a source will be counted as an event. The number of microlensing events is given by
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where ury is a number of value about 1, fr(vr) is the velocity distribution of the lensing matter
and n(p) their mass distribution. Rg(z) is a known function giving the Einstein radius circle.
After that, the mean duration of a particular event is given by
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6 Up-ts-Day Observation Situation

There are different scientific groups working on microlensing observation, such as EROS (Ex-
perience de Recherche d’Objets Sombres), MACHO, OGLE (Optical Gravitational Lensing
Experiment), VATT (Vatican Advanced Technology Telescope), AGAPE (Andromeda Gravi-
tational Amplification Pixel Experiment), SLOTT (Systematic Lensing Observations at Toppo
Telescope) in Europe, USA, New Zeland etc.

In 1993, the EROS team announced the discovery of two microlensing candidates and the
MACHO team of 1 candidate. Since then, the research has gone actively.

The observations are done towards the LMC, SMC, Andromeda, M31, M33 and the
galactic center.

Until now we have the announcement of the hundreds of microlensing events, which show
clearly the existence of the dark matter.

7 Mass Distribution of our Dwarf Model

Our goal is to calculate the optical depth and the gravitational microlensing rate caused by a
population of white dwarfs distributed in our galaxy towards the direction of Large Magelanic
Cloud (LMC) and the Small Magelanic Cloud (SMC).

The white dwarf mass is taken to be M,y = 0.7Mg. For their distribution around galactic
center, we use the Spheroidal distribution with
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in Cartesian coordinates. We denoted by pg the local white dwarf distribution, of the order of
0.01 - 0.1Mgp/pc?, while Ry = 8.5kpc is the observer distance from the galactic center and R,,
is the core radius of the distribution. The factor ¢w makes the distribution be slightly flattened
in the z-direction.

8 Calculation of the Optical Depth
The optical depth is given by the following integration:
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Table 1: Results for the spheric distribution

Gu TLMC TSMC TLMC/TsMC
1 45x 1077 [4.74x 1077 0.94

0.9 | 4.798 x 10~7 | 4.93 x 10-7 0.97

0.8 5.11x10°7 | 5.11x 1077 1

0.7 | 6.02x 10-7 | 5.35x 10-7 1.3
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where D is the distance between the source of light and the observer, while « = §, where s is
the distance between the lensing object and the observer.

For the light coming from LMC, whose spheric coordinates are: ¢ = 280.5%longitude, ¢ =
-32.9%latitude and D = 50kpc-distance, we need to determine the variation of the dark matter
denstity p(u) along the line LMC-Earth.

Let us denote X, Y7, Z; the Cartesian coordinates of LMC and XE, 0, 0 the Cartesian
coordinates of Earth. So, X = 7.64kpc, Y = —41.2Tkpce, Zj, = —27.15kpc and Xp = 8.5kpc.
Along the path light we have:
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so ps(u) can be written:
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We calculate the integral (5) with the matter density given by (7), by the Simpson’s numerical
method.

The same procedure can be used for the light coming from SMC, where the only different
parameters are Xg = 24.42kpc, Ys = —37.9kpc, Zs = —43.999kpc and D = 63kpc.
The numerical results for some values of g, are given in Tab. 1.1.

9 Calculation of the Microlensing Rate

The parameter of the microlensing rate is given by the following integration:
. dn
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along the line of sight s = D, z€[0, 1], with the Einstein radius REg(z) given by:

Rg(z) = \/41(;—”34221(1 - ). (9)

The transversal velocity distribution function Jr(vr) is in the form:
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Table 2: Results for the spheric distribution

G Tme(s™h) Cspe(s™") | Tomce/Tsmc
1 [ 1.3789x 1013 [ 1.337 x 10-13 1.031

0.9 | 1.477 x 10713 | 1.404 x 10~13 1.051

0.8 1.584 x 10~'3 | 1.47x 10~13 1.077

0.7 | 1.699 x 10—13 | 1.535 x 10~13 1.107

where the velocity dispersion is v,, ~ 210 km/s.
For the mass distribution, we take the d—form:

d
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We obtain for the microlensing rate:
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The numerical solution of this integration leads to results of the Tab. 1.2.
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