                 Neutrinos and the Universe
1. Introduction

Neutrinos, or rather the electron neutrino, were first postulated by Wolfgang Pauli in 1930. He introduced a new particle with no charge and no mass to explain why electrons in beta decay were not emitted with the full reaction energy of the nuclear transition. Basically there is a difference between the energy and angular momentum of the initial and final particles. It was, however, only in 1956 that neutrinos were detected experimentally by Cowan, Reines, Harrison, Kruse and McGuire. A few years after its detection it has been showed that more than one kind of neutrino exists. The muon neutrino was discovered in 1962 and the tau neutrino in 1975. In 1998 at Super-Kamiokande it was detected that neutrinos can oscillate between these “flavours”. 
Neutrinos must play an essential role in the Universe. According to WMAP 13.7 billion years ago, when the Universe was 380 000 years old, the contents of the Universe was 12% atoms, 15% photons, 10% neutrinos and 63% dark matter. Currently there are 4.6% atoms, 23% dark matter and 72% dark energy [1]. 
2. Neutrino mass

In terms of the Standard Model of particle physics (SM) neutrinos are massless, but because of the oscillations between the different flavours it is known that neutrinos have mass even though a definite one has not been determined yet. Oscillations require neutrinos to have mass because the amount of mixing between neutrino flavours, at a given time, depends on the differences in their squared masses [2]. The upper limit on the neutrino masses can be estimated by using the Big Bang model which predicts a fixed ratio between the number of neutrinos and photons in the Cosmic Microwave Background (CMB). The total energy of neutrinos could not exceed 50 eV since the Universe would collapse due to the mass and gravity. An analysis of the CMB, galaxy surveys and Lyman-alpha forest indicate that the neutrino masses must be less than 0.3 eV [2]. The neutrino detector Super-Kamiokande suggested that the heaviest neutrino must be at least 0.05 eV. 
As stated above neutrinos have mass because of the oscillation between different flavours.  The distinction between Majorana and Dirac neutrino is not only theoretical. A massive Dirac neutrino has nonzero magnetic and electric dipole moments, which could be observed experimentally, whereas a Majorana neutrino does not [3]. 
3. Handedness

Neutrinos are left-handed meaning that their spin is antiparallel to their momenta and antineutrinos are right-handed. Even today it is still debated if their counterparts, right-handed neutrinos or left-handed neutrinos really exist. If they do exist they are either very heavy (GUT scale) or they do not participate in the weak interaction or both.
Two types of neutrinos originate from the following question: Is a particle really different from its antiparticle? The answer is obvious for charged particles since the positive are distinct from the negative by their electromagnetic properties; it is not clear in the case of neutral particles. Depending on the answer, neutral particles can be either Majorana or Dirac types. If the answer to the question is “yes”, then the particle is a Dirac particle. If the answer is “no” and the particle is identical to its antiparticle, then it is a Majorana particle. The concept of the Majorana particle was first introduced by Majorana in 1937. An example of the Majorana particle is the neutral Pion, which is identical to its antiparticle.
4. Seesaw mechanism

It is assumed that besides the left-handed neutrino, there is also a right handed partner which is a weak isosinglet and does not couple to any fermions or bosons directly. Both neutrinos have mass and the handedness is not preserved.  To get the neutrinos mass we have to diagonalise to give effective mass. Therefore, the term left or right-handed neutrino means that the state is mostly left or right-handed. To get the neutrino mass eigenstates we have to diagonalise the general mass matrix M
                        M = ﴾ і/mD mD/MNHL﴿                             (1)
where NHL refer to Neutral Heavy Lepton, MNHL is big and mD is of intermediate size terms [3]. 

In addition to empirical there is also a theoretical justification for seesaw mechanism in the next generation models. Both Grand Unification Theories (GUT) and left-right symmetrical models predict the following relation:
                     mυ ≈ m2D/MNHL

This is the “seesaw mechanism”: as NHL gets heavier neutrino gets lighter. NHL means mass for neutrinos.

NHL’s do not have electromagnetic, strong or weak charge and, as a result, they do not interact with matter. They can only be observed or produced through the mixing process with Standard Model neutrinos. 
        →    mυLL υ-L υ υcL   

5. Neutrinos and Dark Energy

There is a remarkable coincidence in nature:

                            ρΛ = Λ1/4 ≈ mυ

The question is, is there any relationship between the energy of empty space and neutrinos? 
One possibility is to view dark energy as latent heat associated with a first order transition that has not yet been completed [4]. If the latent heat is associated with a potential and a scalar field undergoing spontaneous symmetry breaking (giving neutrino mass in the process), then there might be a natural explanation for the coincidence described above. Another possibility is neutrinoless double beta decay (0υββdecay) [5]. Neutrinos and dark energy can also be seen as scalar fields in “exotic low density fermion states in the two measures field theory”. TMT is an alternative gravity and matter field theory where the gravitational interaction of fermionic matter is reduced to that of General Relativity when the energy density of the fermion matter is much larger than the dark energy density [6]. 
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