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1. Introduction 
A neutrino is an elementary particle like an electron with no electric charge. Neutrinos 

fill our universe as the second abundant particles next to photons. Although neutrinos 
exist everywhere, the detection of neutrinos is not easy, but very challenging. Because of 
the difficulty of the detection, there remain fundamental questions of neutrinos in the 
particle physics. In the lecture, we address these questions by understanding the nature 
of neutrinos as a window to the new physics beyond the standard model.  
 
2. Observation of neutrinos 
In the lecture, we introduce several neutrino sources and techniques of observations. 
First, neutrinos are falling from the sky like rain. We call them as atmospheric neutrinos. 
Atmospheric neutrinos are extensively studied by the Super-Kamiokande experiment in 
Japan, which led us into the discovery of neutrino oscillation and neutrino mass. Second, 
the Sun is shining in neutrinos as well as light. They posed so-called “solar neutrino 
puzzle” which was solved in the 21st century by measuring the solar neutrinos very 
precisely. Third, our globe also produces neutrinos which are detected for the first time in 
the 21st century. So, neutrino are anywhere with mysteries. As well as the natural sources, 
we can make neutrinos by reactors and accelerators. The properties of neutrinos are well 
studied by using the artificial neutrinos, and we reveal the properties of neutrinos in the 
particle physics experiments. 
 
3.Fundamental questions on particles, especially neutrinos 
There are three types of neutrinos with three types of electrons, in total six kinds of 
electron-type particles, called leptons. We also know six types of quarks which are 
predicted by Prof. Kobayashi and Prof. Maskawa, the 2008 Nobel prize winners. Now a 
symmetry between six leptons and six quarks is totally unknown, although we believe 
that the symmetry should exist. In the phenomena called neutrino oscillations, we find 
that three kinds of neutrinos are mixing. The main questions of neutrino physics in 
particle physics are (1) Why is the neutrino mass so light?, (2) Why is the mixing pattern 
of neutrinos so different from that of quarks?, and (3) Does the anti-particle of neutrino, 
anti-neutrino, behave differently from the normal neutrino (the CP violation in 
neutrinos)? Several particle physics experiments attack these questions. A discovery may 
be just around the corner. 
 



 

 

4. Eternal life of protons 
Everything including ourselves consists of atoms. Atoms consists of protons, neutrons and 
electrons. Among these elements, we know that a free neutron is not stable and the life 
time is 886 seconds. The electron is an elementary particle and it is stable. One of the 
most important questions in the particle physics is which a proton is stable or not. In 
gigantic neutrino detectors, we could search for the decay of protons. The 
Super-Kamiokande experiment searches for the proton decaying to an electron and a 
neutral pi meson, and finds no evidence of the decay of protons. We know that the life 
time of proton is 1034 years or longer. The proton life time is much longer than the life 
time of our universe (1010 years). 
 
Conclusion 
The particle physics challenges to reveal the mystery of matters and universe from the 
most fundamental level. In particle physics experiments, gigantic and advanced detectors 
and accelerators are powerful tools to discover the fundamental questions. In the 21st 
century, we get the very powerful accelerators and the huge advanced detectors. With 
these tools, we live in an exciting era to discover the new physics. 
 
Figure: A picture of the inside of the Super-Kamiokande detector (provided by Kamioka 
Observatory, ICRR, University of Tokyo). The Super-Kamiokande is one of the most 
advanced gigantic neutrino detector. The neutrino oscillation and the neutrino mass are 
discovered in the Super-Kamiokande experiment. 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 


