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Extended Abstract:

In this article, I present an extensive review of the hypothesis of dark matter, starting with the
basic observations which provoked the assumption of invisible matter in galaxies and galaxy
clusters. Then, I go through the development of the concept of dark matter in cosmology, where the
analysis of the fluctuations of the Cosmic Microwave Background Radiation (CMBR) show the
necessity of an excess of matter in the universe much more than the observed matter. Dark matter is
thought to be non-baryonic, interacting only through gravitational effects which can be tested by
gravitational lensing and other means. Investigating the motion of galaxies, specifically the rotation
curves, showed that some sizable amount of dark matter might exist mostly in the galactic halo. For
this reason, astrophysicists suggested that dark matter might be composed of invisible Massive
Astrophysical Compact Halo Objects (MACHO) like black holes, neutron stars, white dwarfs and
brown dwarfs. However, astronomical surveys of the sky showed less than 20% of the amount
needed to cover the deficit in the mass of the universe. Cosmological observations of the accelerated
expansion of the universe suggested that the missing mass in the composition of the universe might
be subdivided into dark matter and dark energy. Analysis of the fluctuations of the cosmic
microwave background radiation suggests that the amount of dark matter is about 26.8% of the mass
of the whole universe and the dark energy should be about 68.3%. The remaining amount which is
just about 4.9% is the observable matter.

Several other suggestions were put forward to explain dark matter. During the past three decades,
the suggestion of particle physicists dominated the search for dark matter. It is proposed that dark
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matter might be composed of some exotic, very weakly interacting particles called axions and other
supersymmetric particles called WIMPS. During these decades, experimentalist were searching
enthusiastically to find such particles in deep underground laboratories. For the last ten years, a
continuous search was done through the Large Underground Xenon project, some 1500 meters deep
underground, whereby some interactions of the exotic particles with xenon atoms occur. In spite of
the high sensitivity of the detectors placed in the xenon tank, the search could not confirm the
detection of any verifiable signal other than the expected noise.

Several other suggestions for dark matter have been placed. The most promising among them is
the suggestion that dark matter could be a sort of scalar field that overwhelms the universe exhibiting
the presence of dark matter through some interactions with the baryonic matter composing the stars
and the galaxies.

Among other suggestions which show good agreement with observations at the galactic level is
the Modified Newtonian Dynamics (MOND) suggested by Mordekhi Milgrom in the early eighties.
This suggests that the second law of Newton fails to describe motion under extremely low

acceleration of the order of 1O_lom/sz and proposes an alternative form for the second law of
Newtonian mechanics. This proposal has no strong theoretical basis despite four decades of work to
publicize it. One reason for being hard to accept it lies in the fact that it can hardly give an
explanation to the presence of dark matter on cosmological scale.

Another alternative explanation of dark matter is offered by the Modified Gravity theories. These
have different versions and the most prominent one is the non-symmetric theory which claims to be
able to explain several aspects of the acclaimed dark matter.

It seems that the presence of dark matter is necessary for the formation of large structures like
galactic clusters and superclusters in the universe. However, such a need is model-dependent and it
wins to be favored within the present cold-dark matter model including the scenario of inflation.

Despite all the efforts spent to study, analyze and detect dark matter, the mystery remains; what
kind of effect would such matter produce? Or, what kind of matter is such an effect provoking us to
suggest?

Keywords: Dark matter, Large Underground Xenon project, Modified Newtonian Dynamics,
Modified Gravity theories.
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