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Super-Kamiokande detector SUPER
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Atmospheric Neutrinos S"PER

U Cosmic raymteract withair nuclei and the
decay ofpionsandkaonsproduceneutrinos
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U nstravel 10¢ 10,000 km beforeletection
U Bothn_ andn, (n/n,= 2 at low energy)
U Both neutrinos andnti-neutrinos
U ~ 30% of final analysis samples are
antineutrinos
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Honda et al., Phys. Rev. D83, 123001 (2011).




Atmospheric n Analysis Sampless"i’E‘

SK-I+II+111+1V, 4581 Days

Fully Contained (FC)

Upward-going Muons (Up-m

chchch

lapton momentam (MeV)

llllllllll

lllll ith

ssssss

— n,A N, osc.

A 4581 days of atmospherlc neutrlno data (t|II Feb 2014)

A 47,509 events in total (37,708 FC, 2,885 PC, and 6,949 UP-m)

A 19 analysis samples: Sub-divided by event topology
(FC/PC,UP-m), energy range, e/m like, and # of rings.

~

Multi-GeV e-like samples are divided into n-like and 1= like
’ samples.
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Evidence for nt Appearance 5
Published at PRL 110,181802 (2013) o

A Search for events consistent with hadronic
decay of t lepton

_%H A Multi-ring e-like events with visible energy
jj: ~ above 1.3GeV.

A Negligible primary n, flux so n, must be
oscillation-induced: upward-going
A Event selection performed by Neural Network
ATotal efficiency ~60%

—9 AFit 2D data on cosg and NN variable with
Abackgroundo and sign

Data = a(g x bkg + H(g x signal
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S0 SK-I+11+I1l : 2806 days a,: b expectations of fiba
Phys Rev Lett. 110, 181802 (2013) which depends on DIS normalization factor g
DIS: Deep Inelastic Scattering
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Result Background DIS() Signal

Fitted Excess
Atm n BKG MC

=)

SKI+II+1I 0.94° 0.02 | 1.10° 0.05 | 1.42° 0.35

This correspond® the observed number of
180.1 44.3 (stat) +17.845.2 (sys) events,
3.8 s excess



Cosine Zenith Angle
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Qscz:lllatlon pargn;eters used Qere are tesonant oscillation
sin<qg,,=0.31, sin<qg,3=0.5, sin<q,3=0.025 due to finite gy

Dm?2,,=7.6x10° eV?, mB,;=2.5x1073 eV?
Normal Hierarchy (NH)
dCP=0.0

due to solar term



Cosine Zenith Angle
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gl3 Fixed Analysis (NH+IH) SK Only
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|IDm?5,|, |Dm?5| eV? SiN?(Qy4 dCP
Fit (517dof) c2 Sin?qy, dep sing,; | Dm?,;(e\P)
SK (NH) 559.8 | 0.025 | 3.84 | 057 2 6x103
SK (IH) 560.7 | 0.025 | 3.84 | 0.57 2 5108

Aqqysfixed to PDG average, but its uncertainty is included as a systematic errc
AOffset in these curves shows the difference in the hierarchies

ANormal hierarchy favored at: ¢2,, 7 ¢2,,, =0.9
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Comparison with T2K and MINOS
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AThey are consistent to each other.
ASK's sensitivity in Mass Hierarchy and dCP can be improved by
Incorporating constraints from these measurements.
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UPER

ql3 Fixed SK + T2K (external constraint) |
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ANormal hierarchy favored at: c2,, i ¢2, = 1.2 (0.9 SK only)
A Some fraction of CP phase is excluded at 90% C.L.

ACP Conservationdind,, = 0 ) allowed at (at least) 90% C.L. for both hierarc
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ql3 Fixed SK + T2K (external constraint) |
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A Some fraction of CP phase is excluded at 90% C.L.

ACP Conservationdind,, = 0 ) allowed at (at least) 90% C.L. for both hierarc

13



