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P R oM Theoretical study on phenomenology of the elementary particle physics

The elementary particle physics describes the most fundamental particles and these laws in nature. We
study the physics in the situation of the early universe. All materials are made of atoms. The atom is
composed of the atomic nucleus and electrons, and the atomic nucleus is made of the protons and neutrons.
The quarks and gluons are confined in the protons and neutrons (hadrons). Therefore, the elementary
particles turn out to be the electrons, quarks and gluons. There are other elementary particles such as
photon, neutrino, and Higgs boson which was almost found last year in the Large Hadron Collider (LHC).

Some elementary particles can not directly detect with the experiment. For example, the quarks and
gluons are observed indirectly. The properties of quarks and gluons are understood by not only the theory
but also the experiment with large accelerator and the numerical calculation using the supercomputer.
However, the mechanism of the confinement of quarks and gluons is still unknown. Since this problem is
very important and difficult, it becomes one of the Millennium Prize Problems in mathematics.

It is difficult to study the above problem straightforwardly. Using the effective theory, we consider the
properties of behavior with varying environment (at temperature, chemical potential and/or magnetic field).

Except for the experiment, the period of the confinement corresponds to the early period of universe before
the nucleosynthesis arises. In the early universe, the amount of matter (particles) was equal to that of
antimatter (antiparticles). One of the reasons why the antimatter disappeared is the CP symmetry
breaking (CP standing for Charge Parity). However, one can not explain the disappearance of the
antimatter with the CP symmetry breaking of quark sector in the Standard Model. Then we construct new
model including the CP symmetry breaking of neutrino sector and/or Higgs sector. We also evaluate the
value of the CP asymmetry and study the observation method of it on the experiment.
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Fig.1 Decay distribution for tau hadronic decays Fig.2 Forward-backward CP asymmetry of tau decays
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