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= SK-I ~15,000 events (1996/5~2001/7)
= SK-ll  ~ 2,700 events (2003/1~2004/2)

One of main tools to explore neutrino sector

* measurements of 623 and Am223 ---- paper almost ready
* L/E analysis ---- hep-ex/0404034
sobserving “oscillations” and
test of various alternative hypotheses
* VT appearance

---- under study
---- preliminary results

papers in progress
decay, LxE etc.)



Neutrino oscillations In
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Flux calculations

3D MC calculation of neutrino flux w/ taking into account
 measured primary flux
« geomagnetic effect
* solar activity
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Event category 1 (fully contal
Fully Contained (FC)

/\
\_/ B
10 3L
v‘ PID likelihood .
P s, ) 10 “E
N\ y | ;
é-r(iar;] S 10 E i
10420004 o f |
: 5 N\ |
AV/ o l | Lo v oo
g ©
B | L E
; i e wlike
g multi-ring « p-like i
events . o-like 10 4
e others
LK 6
% 1
I 1 IIIIIIII 1 L 11111 1 IIIIIIII
-1 2
=3 10 1 10 10

Momentum (GeV/c)



Event category 2 (PC and up

| PID likelihood method and # of Cherenkov rings are no

Partially Contained (PC)
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vertex distributions and BG
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energy reconstruction

Full SK-I period
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2 flavor oscillation analysis




List of updated systematic errors

a. Combined - d. Event selection
a. Overall normalization a. FEC reduction
b. Relative norm. FC/PC b. PC reduction
c. Relative norm. ustop/upthr c. Upmu efficiency
d. Upmu 1.6GeV cut
e. Flasher BG
f.  Cosmic mu BG

b. Neutrino flux

Numu/nue below 5GeV

Numu/nue above 5GeV

anti-nue/nue below 10GeV e. Event reconstruction

Anti-nue/nue above 10GeV a. |ng countlng

Anti-numu/numu below 10GeV b |n|c1;Ie -R PI

Anti-numu/numu above 10GeV C

Up/down ratio . d. Energy callbratlon

Horizontal-vertical in FC/PC e. Up/down asymmetry of energy

Neutrino flight length

Energy spectrum f. O
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zenith angle distributions
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Allowed region for v

1'D'-2 T 1 T T T T T T T T T
| 1.5x10-3eV2 < Am2 < 3.4 x 10-3 V2
sin226 > 0.92 at 90% CL
Best Fit:
sin226 = 1.02 |3a_
— Am2= 2.1 x 10-3 eV2 |99%
% v2 = 174.9/177 dof 95%
-, v2 = 465/179 dof for no osc [90%
= 68%
<]
103 . .

, | L
8 085 O
sin“20

" | L
0.7 075 Q0.

2 | i
9 0.95




v2 distributions
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Contours by sub-samp
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L/E analysis

Neutrino oscillations: P(vi — vu) =1-sin? 2,99;12[1_27AL

2
T

Neutrino decoherence : [P(u —vu) :1—%sin2 219(1_@(,3(_70%)]

J

to observe direct evidence for “oscillations”.

to constraint on Am? from the dip position.

to help rejecting other hypothesis.




1. expand fiducial volume (22.5->26.4kton)
 high statistics

2. separate PC muons that stop in OD
« Dbetter energy measurement

3. selection by 70% (L/E) resolution
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Event summary of high resolu
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Data/MC for high resolution e
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Systematic checks

zenith angle is inve

Electron sample
cosO ->-cos6
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oscillation analysis by
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Test for v decay & v decoheren

—— Oscillation v°min=37.9/40 d.o.f
Decay v2min=49.1/40 d.o.f > Ay%=
—— Decoherence v2min=52.4/40 d.o.f 2> Ay*=14.5

Ay?=11.4 for v decay
2> 340
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3 flavor oscillation analysis




Search for non-zero 0,5
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positive VS negative Am?

e positive Am2 - resonance only in ve
* negative Am2 - resonance only in anti-ve
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Binning for 3flavor analysis

[—1 Used in 2 flavor ana
I Used in this analysis

Up-stop

_ Single-R mu _ PC- Pl
Single-R e Multi-R e Multi-R mu  stop through Up-through

I-ring electrons to increase electron sample.
n/muon binning to increase sensitivity to oscillation parameters.
ins X 10 zenith bins = 370 bins in total




oscillation probability w/ matter
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single-ring electrons
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oscillation fit for normal and
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exotic

scenarios




CPT violation

allow for different mixing and Am? fo
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v sterile admixture
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conclusion

|.  Atmospheric neutrinos are powerful tools to explore the
sector
. 023 and Am23 measurements
ii. evidence for oscillatory signature
lii. exclude v decay and v decoherence
Iv. search for 613
v. test of exotic scenarios (CPT, sterile v, LxE.....)

. In near future

' more data (SK-II)

improve 623 and A23 measurements (zenith, L/E analyses)
ppearance

013 sensitivity
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