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Basic natures of neutrinos 

Neutrino was introduced in 1930 by W. Pauli in order to save the energy conservation 
law in nuclear beta decay processes, in which the emitted electron exhibits a continuous 
energy spectrum. It was assumed that the penetration power of neutrinos is much 
higher than that of the gamma rays. More than 20 years later, the existence of 
neutrinos was experimentally confirmed by an experiment that measured neutrinos 
produced by a nuclear power reactor.  

Since then, the basic nature of neutrinos has been understood through various 
theoretical and experimental studies: Neutrinos interact with matter extremely weakly. 
The number of neutrino species is three. They are called electron-neutrino, 
muon-neutrino and tau-neutrino. In addition, recent neutrino experiments discovered 
that neutrinos have very small masses. 

 
Observing the Universe by neutrinos (1) 

Because of the extremely high penetration power of neutrinos, neutrinos produced at 
the center of a star easily penetrate to the outer space. Theories of astrophysics predict 
that there are various processes that neutrinos play an essential role at the center of 
stars. For example, the Sun is generating its energy by nuclear fusion processes in the 
central region. In these processes, low energy electron neutrinos with various energy 
spectra are generated. Thus the observation of solar neutrinos directly probes the 
nuclear fusion reactions in the Sun. 

Another example is the supernova explosion. While the optical measurements observe 
an exploding star, what is happening in the central region of the star is the collapse of 
the core of a massive star. During the core collapse, the central region becomes very 
dense and hot, and all kinds of neutrinos and anti-neutrinos are produced thermally. 
The observation of neutrinos gives us unique information on the core collapse of the 
star.  

These examples show the unique feature of “neutrino astrophysics”. Indeed, the great 



scientific achievements by two pioneers in this field, Profs. M. Koshiba and R. Davis, Jr., 
have been recognized, and the Novel Prize in physics was given to them in 2002. This 
field has a significant recent progress. Today, Prof. Masayuki Nakahata, one of the 
leading scientists in this field will tell us recent topics in solar and supernova neutrinos. 
 
Observing the Universe by neutrinos (2)  
 There is a problem that has not been fully understood for nearly a century: Cosmic 
rays are high energy particles that come to our Earth from somewhere in the Universe. 
The major components of them are protons and heliums. The energy spectrum of these 
particles extends up to 1020 eV, which is a huge energy. Cosmic ray scientists are very 
interested in the mechanism to produce such high energy particles. However, since its 
discovery in the early 20th century, the objects (stars) that produce the cosmic ray 
particles have not been identified. One of the difficulties in identifying them is the fact 
that the cosmic ray particles are charged. Because of the existence of the magnetic field 
in the Universe, these particles cannot go straight. Therefore, the measurement of the 
particle direction does not give any information on the position of the star where 
particles are accelerated. 
 However, there is a way to get the information on the particle acceleration position. 
One should observe neutral, stable particles. They are gamma rays and neutrinos. 
These particles could be produced at the position of the cosmic ray acceleration: At the 
cosmic ray acceleration position, it is likely that there is a low density matter. The 
accelerated particle could interact with the surrounding matter and produce pions. A 
neutral pion decay to 2 gamma rays, while a charged pion decay to a muon and a 
neutrino. Therefore, observations of these gamma rays and neutrinos should probe the 
cosmic ray acceleration point. Our second speaker, Prof. Steven Barwick, is one of the 
leading scientists in the field of high-energy neutrino astronomy. He will tell us the 
status and prospect of the high-energy neutrino astronomy. 
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Neutrinos from stellar objects have been 
observed by underground experiments. 
Especially, the observation of neutrinos from a 
supernova and the sun established a new 
method of astronomy. In my talk, physics in 
neutrino astronomy is described. 
 
Neutrino in elementary particles 
Neutrino is a member of elementary particles. 
The following figure shows a list of known 
elementary particles. 
 

 
Elementary particles consist of 6 quarks and 6 
leptons. Leptons consist of three charged 
particles (e, µ, τ) and three types of neutrinos. 
These neutrinos are called as electron- 
neutrinos, muon-neutrinos and tau-neutrinos. 
Large amount of neutrinos are produced when 
our universe was born by the big bang. The 
density of the big bang originated neutrinos 
existing in the current universe is about 300 
neutrinos per cubic cm. Neutrinos interact very 
weakly with matter. It is because only “weak 
interaction” works on neutrinos. For example, a 
low energy neutrino interacts only once per 
about 7 light years of matter with the density of 
the earth. This feature enables neutrino 
astronomy to give qualitatively different view 
of stellar objects to us compared with optical 
observations. 
 
Kamiokande detector 
Kamiokande detector observed neutrinos from 
a supernova and the sun. The detector was a 
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nuclear object which is called as a “neutron 
star”, large amount of energy is released within 
a short time. The released energy is about 20 
orders of magnitude larger than the energy 
released by the sun. Since the collapsed star 
still have large amount of matter around the 
core, only neutrinos can escape from the star. It 
is because neutrinos interact very weakly with 
matter. 99% of the gravitational energy of the 
collapse is released by neutrinos and remaining 
1% of the energy is used for brightening the 
supernova and ejecting the matter surrounding 
the core. The observation of neutrinos from the 
supernova in 1987 confirmed the fundamental 
mechanism of supernova explosion. 
 
Solar neutrinos 
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reactions at the core of the sun. Neutrinos are 
produced during the fusion reactions. The first 
solar neutrino experiment was carried out by 
Prof.R.Davis et al. from 1968 at Homestake 
mine in US. They measured argon production 
rate by neutrino capture reaction on chlorine. 
The observed rate was about 0.5 argon 
production per day and it was about one third 
of the expectation from the standard solar 
model(SSM). The Kamiokande detector 
observed solar neutrino by neutrino-electron 
scatterings in 1989. This method enabled us to 
detect direction of neutrinos and definite signal 
of solar neutrinos were observed.  The 
observed flux of solar neutrinos was about 50% 
of the SSM prediction.  
 In order to solve the pr
solar neutrino flux, Super-Kamiokande (SK) 
and Sudbury Neutrino Observatory (SNO) 
detectors were constructed. Super-Kamiokande  
 
 
 
 
 
 
 
 
 
 
 
 
 
is a successor of Kamiokande and it has 50,000 
tons of water and the total number of 
50cm-diameter PMTs is 11,146. SNO is a 1000 
ton heavy water (D2O) detector located in 
Sudbury mine in Canada. SK measures solar 

neutrinos by neutrino-electron scattering. In 
this reaction, not only electron-neutrinos but 
also some fraction of muon- and tau-neutrinos 
contributes to the reaction. SNO measures the 
flux of electron-neutrinos by capture reaction 
on deuteron and the flux of all neutrinos by 
neutron signals from deuteron disintegration. 
Combining the solar neutrino flux measured by 
SK and SNO, we are able to obtain the flux of 
electron-neutrinos and that of muon- and 
tau-neutrinos separately. Note here that solar 
neutrinos are only electron-neutrinos when 
they are produced at the core of the sun. 
The following figure shows the flux obtain
those experiments. Horizontal axis shows the 
flux of electron-neutrinos and vertical axis 
shows muon+tau neutrinos.  

 
The existence of muon-neutrinos and 
tau-neutrinos at the earth indicates that 
neutrinos change their species on the way from 
the sun to the earth. This phenomenon is called 
“neutrino oscillation”. The first evidence for 
neutrino oscillation was given by Super- 
Kamiokande in 1998 using muon-neutrinos 
produced by cosmic rays in atmosphere. The 
observation of neutrino oscillations in solar 
neutrinos further confirmed the new property 
of neutrinos. The neutrino oscillation indicates 
that neutrinos have masses. In the standard 
model of elementary physics, neutrinos are 
assumed to be massless. The observation of 
neutrino oscillations opened a new era in 
elementary particle physics. 
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the neutrino astronomy provides us to 
investigate deep interior of stellar objects. The 
observation of the supernova in 1987 confirmed 
the mechanism of the supernova explosion. The 
solar neutrino measurements gave another 
evidence for neutrino oscillations. 
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