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Dark Matter: Its Origins and Chapters

M. B. Altaie
Physics Department, Yarmouk University, Irbid, Jordan.

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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Extended Abstract:

When a heavy charged particle passes through matter, it loses energy principally by scattering
electrons within the matter it passes through it and will cause extensive ionization of the material
through ionizing the atoms or molecules close to its path. Thus, the charged particle gradually loses
its energy and is subjected to a gradual slowing down that could make it stop at the end of the path
within the medium. The average energy loss of the particle per unit path length (dE/dx) is called the
linear stopping power (S), which may be measured in units of MeV/cm or similar. The stopping
power and hence, the density of ionization, usually increases toward the end of the range of the
particle and reaches a maximum, the Bragg edge, shortly before the energy drops to zero. The curve
that describes this is called the Bragg curve. The ionization processes can be treated statistically to
derive the equation of stopping power, the best known being the Bethe formula.

One of the good means to detect charged particles is the solid state nuclear track detectors,
especially the polycarbonate detector, which is one of the favorite organic detectors in this area. This
advantage is due to the high registration and detection efficiency of the detector for charged
particles, especially particles with low energies and protons.
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In passing through the solid state nuclear detector, the charged particles, such as alpha particles,
ionize almost all molecules close to their path. The primary ionizing process causes a series of new
chemical processes that result in the creation of free chemical radicals and other chemical species.
Along the path of the alpha particles, an affected zone of low molecular weight enriched with free
radicals and other chemical species is then created. The damaged zone has a potential energy larger
than the other sound areas of the detector and is called the latent track. The vision of the latent tracks
is carried out by treating the detector containing the latent tracks with some suitable chemically
aggressive solution. An alkaline aqueous solution, such as NaOH and KOH, is most frequently used
in this field. This process is called traditional chemical detector etching. So, the track of the particles
is formed, which can be viewed under an ordinary optical microscope. Because of plastic detectors
having a threshold limit for energy loss (dE/dx)y, only particles which lose an energy rate greater
than the threshold limit could produce tracks in the material and can be shown by the chemical
etching process.

Particles with different energies produce tracks with different diameters which require different
etching times to be revealed. Low-energy particles have a short range in the detector, indicating
tracks with large diameters in a short etching time, while high- energy particles have a large range
producing tracks with small diameters that require longer etching time to be revealed. The overall
effect is that the tracks belonging to incident particles with the same energy do not appear
simultaneously according to the number of collisions that each particle could make with the atoms of
the detector material as well as the energy lost in each collision. Thus, a variation in the time of the
tracks' appearance will occur and the track number will increase with the progress of the etching time
until all tracks appear at a certain time called optimum time of etching. So, the number of appearing
tracks with definite diameters according to the energy distribution spectrum can be rounded to the
Gaussian distribution.

The Energy Analysis Power of the detector depends on the energy of the particles being lost
along the track in the detector material. The energy loss per unit time by falling particles reveals
tracks with slightly different diameters. Thus, the relationship between the formed track diameters
and their recurrence numerical density which follows the Gaussian distribution is used to measure
the strength of the energy analysis.

The small particle energy loss per unit time in the nuclear track detector material makes the
distribution of the tracks' diameters centered mostly around a narrow area and the width of the
distribution spectrum will be sharp, indicating a high-energy analysis. On the other hand, the large
particle energy loss per unit time in the detector gives a broad distribution and the tracks' diameters
are centered around a wide area, indicating a low-energy analysis. So, the ability of a detector to
distinguish the energies of the incident particles and to separate them is considered as an interesting
characteristic of the detector. Accordingly, there is a difference in the energy analysis degree of the
detector for different energies as well as a difference from one detector to another.

The aim of this paper is to measure the energy analysis power of the PM-355 solid state nuclear
track detector and its ability for discrimination of alpha particle energies. Different alpha particle
energies within the range of (5.485-2.0) MeV obtained from **' Am and “*°Ra isotopes are used in the
irradiation of the detector. The tracks are revealed by etching the detector at (60£1)°C in a 6.25 N
KOH solution. The tracks are classified according to their sizes. The diameters of the tracks and their
corresponding numerical densities are then measured to find the energy analysis power using the
Gaussian statistical distribution. The energy analysis power of the detector for alpha particle energy
discrimination of each two neighboring energies was about (0.078-0.754) MeV. It was found that the
energy analysis power of the detector PM-355 at high energies is better than that for low energies
and increases with the increase in alpha particle energies.

Keywords: Nuclear tracks, PM-355, Energy analysis or resolution, Isotopes, Isotope identification.
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Extended Abstract:

The science of solid-state nuclear track detectors was born in 1958.Operation of the solid-state
nuclear track detector is based on the fact that a heavy charged particle will cause extensive
ionization of the material when it passes through a medium. The bulk etch rate Vj is the rate of
removal of the undamaged surface of the detector. Due to the chemical reaction between the etching
solution (etchant) and the detector material, some molecules of the detector material are removed.
The final effect is the removal of the material from the detector surface. During etching, the material
is removed layer by layer and the thickness of the detector becomes smaller and smaller. The
aqueous solutions of NaOH or KOH are the most frequently used chemical solutions in this regard.

With the discovery of the relative fast etchant of NaOH/ethanol solution for the CR-39 detector,
more etchants can be chosen for CR-39 in various applications. The bulk etch and track etch rates
depend on the molarities of the NaOH/ethanol solution. In the present investigation, the bulk etch
properties of CR-39 in NaOH/ethanol were measured from direct measurements instead of using the
track length-diameter method. The track lenght-diameter method is an indirect method, which might
not be able to take into account the effects resulting from precipitation of etch products onto the
alpha-particle track walls. The latter has likely occurred in etching of CR-39 using NaOH/ethanol as
found in the present work. The advantage of the direct method used in the present paper is that the
results will not be affected by such precipitation.
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The paper aims to determine the bulk etch rate of the nuclear track detector CR-39 using the
echant solution NaOH/Ethanol. A piece of plastic detector CR-39 Page Mouldings (Worcestershire,
England) with 200 um thickness and dimensions of (1.2x1.2) cm” was used. The detectors were
etched by the aqueous solution NaOH/Ethanol instead of NaOH/Water with different molarities (1.5-
4.0) N at a temperature of (50+1) °C. The direct measurement method of the removed layer from the
detector surface has been used to find the bulk etch rate. It was found that the bulk etch rates
measured by using the etchant solution NaOH/Ethanol are much greater than those obtained by using
NaOH/Water. Their values have ranged between (11.813-18.268) ;,Lm.hr'l .

Keywords: SSNTD's, Bulk etch rate, CR-39, Ethanol etchant.
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Effect of Etching Solution Concentration on Track Diameter Development in
CR-39 Nuclear Track Detector
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Extended Abstract:

In this work, two empirical relations related to the track diameter development of alpha particle
tracks in CR-39 detectors and to the detector bulk etch rate as a function of concentration of etching
solution are suggested and tested. The first empirical equation is a further extension of the equation
suggested in reference [13] to accommodate the relation of the track diameter to both etching time
and concentration effects. The second equation describes the bulk etch rate as a function of
concentration of etching solution. The bulk etch rate is determined by the measurement of the
removed layer method. In the process of developing these two equations, tracks formed on CR-39
track detector by 3 MeV alpha particles are etched at four NaOH etching solution concentrations of
4, 6, 8, and 10 N. The etching solution temperature is kept constant at 70 °C. Digital image
processing method for diameter and detector thickness measurements is used. The study of track
sensitivity measurements resulted is estimating that the optimum etching solution concentration is 6
N at 70 °C.
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The new suggested empirical equation for the track diameter D (microns) as a function of both
etching time t (hr) and concentration N (normal) takes the form:

D(,N)=(aN —2.1)xt*" " with a,=0.59, a,=4.8 and a;=0.67.
-B

The suggested equation for the bulk etch rate Vg (micron/hr) is 7, =4e™ ) with A =
3.0121x10° pm/hr, B = 1.3263%10° and C = 81.41.

Comparison of these two equations with independent published literature experimental results
gives very good agreement.

Keywords: CR-39 detector, Bulk etch rate, Etching Solution Concentration, Empirical equations.
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