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Study of neutrino signal from astronomical object in Super-Kamiokande
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This thesis focus on the study of neutrino signal search in Super-Kamiokande(SK), the largest water Cherenkov
detector in the world. This thesis includes two topics: one is the coincident neutrino search in SK with the first
detected gravitational wave produced by a binary neutron star merger, GW170817; another is the study of the
de-excitation gamma signal from Charged Current Quasi-Elastic(CCQE) interaction of atmospheric neutrino in SK.

For the first topic, we searched for coincident neutrino events in the range from 4 MeV to 100 PeV, in a time
window of £500 seconds around the gravitational wave detection time, as well as during a 14 day period after the
detection. No significant neutrino signal was observed for either time window. The upper limits on the neutrino
fluence for GW170817 were calculated at 90% confidence level. From the upward-going-muon events in the energy
region from 1.6 GeV to 100 PeV, the neutrino fluence limit is 16.0%37 (21.3%3:) cm? for muon neutrinos (muon
antineutrinos), with an error range of +5° around the zenith angle of the source of GW170817, and the energy
spectrum assumed as an index of -2. The fluence limit for neutrino energies less than 100 MeV, for which the emission
mechanism would be different than for higher-energy neutrinos, is also calculated. The best limit is 6.6 x 107 c¢m™
for anti-electron neutrinos under the assumption of a Fermi-Dirac spectrum with average energy of 20 MeV.

The second topic focus on an analysis method to directly measure the branching ratio of de-excitation gamma in
CCQE interaction of atmospheric muon neutrino on Oxygen nucleus in water Cherenkov detector. The branching ratio
of de-excitation gamma has not been directly measured yet, which causes not only the unreducable background
component in Supernova Relic Neutrino search but also the systematic error in long baseline neutrino experiment. In
this thesis, the method of searching for accompanying gamma inside muon event has been established. For the case of
300MeV/c muon, an additional 6MeV gamma can be recognized with 89% efficiency. The result of coincident search
for decay electron and de-excitation gamma with SK-IV data also indicate the existence of de-excitation gamma

events, which can be used as an sample for further study.
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