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Summary

A new analysis of atmospheric neutrino data by the Super-Kamiokande collaboration shows the
distinctive pattern of neutrino oscillation for the first time. This result has been accepted for
publication in the scientific journal Physical Review Letters. Atmospheric neutrinos are produced
by high-energy collisions of cosmic rays with the earth’ s upper atmosphere. The neutrinos
produced come in two types or flavors called electron-type and muon-type.

In 1998, the Super-Kamiokande group reported the discovery of neutrino oscillation by observing
that the number of upward-going muon-neutrinos, which had traveled along distance through the
entire earth, was much reduced in number from those of downward-going muon-neutrinos, which
had traveled a short distance from the upper atmosphere to the underground Super-K amiokande
detector. The size of the measured deficit depended on the distance traveled in away that is
consistent with the theory of neutrino oscillation. A complete analysis of the data showed that the
muon-neutrino was most likely changing into athird flavor or type of neutrino, called the tau-
neutrino that is not produced in the cosmic ray collisions.

In the theory of neutrino mixing, the probability that a neutrino of one flavor changes into another
isasinusoidal function of the ratio of distance traveled (L) divided by the neutrino energy (E). The
distinctive pattern predicted by this theory isthat the flavor change probability should dip towards
zero and then recover asthe L/E ratio increasesin value. For this analysis of the atmospheric
neutrino data, the Super-Kamiokande physicists invented a new method to select only the events
with very good measurements of travel distance and neutrino energy.

In the original analysisin 1998, the distinctive oscillatory pattern was washed out since many of the
events had poor measurements of the travel distance or neutrino energy. With approximately twice
as much data now recorded and greatly improved techniques, the new analysis uses only 20% of
the entire atmospheric neutrino sample of 14,000 events, but each event selected is assigned awell-
determined value of travel distance (L) and neutrino energy (E). The number of neutrino eventsis
then studied as afunction of theratio L/E. Thismethod isreferred to asthe "L over E anaysis'.
The data show a prominent dip at avalue of L/E that is consistent with the theory of neutrino
mixing.

According to theory, neutrinos may change from one flavor to another only if neutrinos have mass.
Therefore, the initia discovery of neutrino oscillation was also interpreted as the first evidence that
neutrinos have mass. However, there remained afew unusual theories that roughly explain the



deficit of upward-going muon neutrinos, such as the case where neutrinos decay to other particles.
This new analysis by Super-Kamiokande rejects those theories, since they do not predict the
oscillatory pattern. Also, the location of the dip in the oscillatory pattern is a measurement of the
mass difference between the neutrinos. The new measurement by Super-Kamiokande represents the
most precise measurement of the mass difference to date. It isthe goal of upcoming accelerator
based experiments to make even more precise measurements.

The Super-Kamiokande Collaboration includes scientists from institutions in Japan, the United
States, and Korea. Principle funding for the experiment is provided by the Japanese Ministry of
Education, Science, Sports, and Culture, the United States Department of Energy and National
Science Foundation. In addition to advancing our understanding of basic science, the collaboration
has established a strong international partnership between the Japanese and American teams.
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