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The Super-Kamiokande detector is a cylindrical 50-kiloton ring imaging water Cherenkov detector, and
provided this analysis with data for 1645 live days between Apr. 1996 and Jul. 2001.

Upward-going muons induced by atmospheric muon neutrinos are produced by the interaction with the rock
surrounding the detector. These neutrino-induced muons propagate to the detector in the rock and come into
the detector. Neutrino-induced muons can be observed as the upward-going directional event, so that they are
called as upward-going muons. Upward-going muons are classified into two types : through-going muons and
stopping muons. An event penetrating the detector is called as a through-going muon, and an event stopping
inside the detector is called as a stopping muon.

A total of 463 upward stopping muons and 1846 upward through-going muons of minimum energy of 1.6 GeV
are observed. The observed upward through-going muon flux and the upward stopping muon flux are 1.71%
0.04(stat.) £0.02(syst.) X 10713 cm 25 !sr ! and 0.42:+0.02(stat.) = 0.02(syst.) X 10713 cm ™25 1sr 1, respectively.
The ratio of upward stopping muon flux to through-going muon flux is 0.245+0.014(stat.)+0.013(syst.). The
double ratio of the observed ratio to the expected ratio is 0.659 and the difference comes to 2.61 ¢ .

The v , — vx oscillation hypothesis xis a particle except for p with the parameters of sin? 26 >0.75 and 1.3
X103 eV2< Am?2<4.5X 1073 eV2 at 90% confidence level is consistent with the zenith angle distribution for the

combination of upward stopping muons and through-going muons. The null oscillation is strongly disfavored.
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