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SK Is back !

Full water on 10-Dec.-2002
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Sep.-2002, before water filling




Outline of this talk

= Atmospheric results from: SK-I
= Entire re-analysis withr new: v-flux, v-int medel.

m K2K-| results
= v  disappearance
=y . dppearance searcn
= Study v Interaction

m Status off SK-IIHK2K-



' Neutrino oscillation |

Am?=m,?- m,?(eV?)
L (km). Distance from source to detector
E (GeV): Neutrino energy
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Atmesphernc v categornes at SK
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Summary or SK-I contained events _\(\m\

: \!
(Fully Contained) P‘e\
Evis <1.33 GeV, Fully Contained (Eyis > 1.3 GeV)
Pe > 100 MeV, P, > 200 MeV Data  MC(Honda)
Pler sty 1ring e-like 746 700.4
1lring e-like 3353 3013.9
- Multi ring 1504 1944.6
Multi ring 2361 2959.0 (u-like) (439) (739.4)
(u-like) (208) (346.4) o
Total
Partially Contained (assigned as p-like)
~ +0016, ., o8
. 0.016™

- 0082000,



Best fit(sin220=1.0, Am?=2.0 x 102 eV?)

Sub GeV Sub GeV Sub GeV

1ring e-like 1ring p-like Multi ring () Upward stopping p

Multi GeV Multi-GeV 1ring p-like Multi GeV Upward |
1ring e-like + Partially Contained Multi ring () 7 through going p




Allewed region ofi the oscillation parameters

(subGeV+muluGeV+PC+MultiRing+Upw)
(complete SK-I data set)

Assuming v, v, oscillation

All combined Best fit

SK-| 1489 days szin — 1708/170 dOf
at (sinZ20, Am2)

= (1.0,2.0 x 103 eV?)
90% confidence level
— 68% C.L. allowed region
— 90% C.L. @ sin?26 > 0.9
— DG 1.3x103 < Am2<3.0x1073
(eVv?)

01 02 03 04 05 06 07 08 09 1 Assuming null oscillation
sl 1 2=4452/172 d.o.f.

Preliminary!




Comparison between old and new: results

90% C.L. allowed regions

(Honda 1995 - Honda 2001)

(several improvements,
agree with K2K near data)

Each change slightly shifted
the allowed region to lower Am?



Evidence for v, -v.

= Search for v_-cc like events
= Multi-GeV e-like multi ring events
= 7-likelihoed

= Search for mixing supression by Matter
effect

n Ahsoelute NC rate by NCi1iri°
x [Jse 7Y rate measurement at K2K 1kt detector



Zenith angle dist. of ce -enhanced sample
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limit on vy, © vs admixture (4-flavor mixing)

(Following Fogli,Lisi, and Morrone, hep-ph/000299)

V.~ (COSEv, +5siIn & vy)

v2 scan along Am2=3.2x10-3eV?

Best Fit ¥°=172.6/190dof
at (sin?20, sin2¢)=(1, 0) /

0. 02 04 _06 08 10
Sin 5 ure v —
pure v, —v. e P Vi Vs pure v —v,

pure v, —v,
pure v, — vy is excluded by Ay*> 30!



o In atm-v: sample at Su_g)er-K
VH V. V
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Check w7 Vs
v, © v.and v, © vg hypotheses = [ ) I
by a measurement u

MC(*)

SK-atmv: | Data

o 495

1-R FC 3878

o0/ U E506=E 7%

(Star) (sys)

483.8
9415.1
0.089 == =30%

(Sys)

(%W
®NO 0oScC
0.087
®Pure vu—vt
0.124
®Pure vu—vs
0.103

@ sin220=1.0

Am?=2.0x103 eV
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NC=® measurement at K2K

1kt SK
NC frac. 86% | 85%
Eff.for z° | 47% | 46%

KT =° sample

77} SK n° sample

T
1000 2000 3000 4000 5000

parent neutri

K2K-1kt |Data MC(*)

T2 2496 2562.3

1-R FC 1 22612 2.2945.2

it 206+ 8% == =50%
(stat)  (sys) E%)




Atm-v 7%u for data, vu—vt and vu—vs hypothesis
@ sin220=1.0 Am?=2.0x10-3 eV?

vu—vT IS consistent

/ Data n%pn

(RO/ M) / (TEO/ “)noosc
®Data 1.41
®Pure vu—vt 1.42

®Pure vu—vs 1.19




3 Elaver Mixing

+ If neutrinos are massive particles, then it is possible that the
mass eigenstates and the weak eigenstates are not the same:

F’VE\\ (Uerl UE UEBW.‘(VI\I
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Weak eigenstates
.flavor eigenstates”

» W W Gho, Gos, i3

3 independent parameters

+ 1 complex phase Mass eigenstates

MNS (M aki-Nakagawa-Sakata) matrix




Allewed region for active 3-flavor escillations
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K2K experiment:



KEK to Kamioka Neutrinoe Oscillation
Experiment
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K2K near detector

SciBar has been installed
Ao N summer 2003
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SciBar detector

Photodetector BT ge Volume:

" Wavelen gth
Fiber

Fine segment:

Extruded : :
Scintillator LargeLight Yield:

i ParticleD:

Proton Momentum:

#channels:




Cosmic Ray muon at SCIBAR
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Results of K2K-I



Super-K Event selection
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SK event
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Ev:Spectrum: analysis

= Determination of expected ®(Ev) spectrum
= Beam Monte Carlo
= mw-monitor
= easurement of CC spectrum, by near detector
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Ev . spectrum results in K2K-|

®Reconstructed Ev shape of 1-RFCpu at SK
(29 1-R events in Nov99-Jul01)
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Allowed regiens and Null'esc. prohability

56FC events observed / 80.1 expected 29 1-R FCpn events shape
(Jun99-Jul01 data) (Nov99-JulO1 data)

%
%

Shape and Ng, +Shape indicate consistent parameter region



Combined Allowed regien (Shape+Norm)
fior K2K-I

® Null oscillation
=D < 1%

Am?=
1.5~3.9x103eV?2
@ sin%20=1
@90% CL

atm-v results
Consistent !




SEearch ior v, appearance

DATA SET
June’99 — July’01 (4.8 X 101°POT)
DATA VM MC beam V, MC. | signal V. MC (CC)
SIP2H
Am?=2.8x10-3eV?

genéreted 104 events Vy, 0, 28 events

FCEV 56 80 (78%) 0782 (88%0) 28 (96%)

Single ring 32 50 (48%) 0. 48 (48%) 20 (71%)

PID (e-like) 1 2.9 (2.7%) 0242 (42%) 18 (63%)

Bﬁjﬁﬁve\@ 3\ 2.6/(2.4%) | = 0.41 (41%)) 18 (63%)
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Electron Candidate
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Allowed region for sin<20, .




Status of K2K-I|

Delivered number of protons on target
(includes Beam studies and tunings)

from Dec. 21, 2002

Delivered | Usable
P.O.T. P.O.T.
June '99-July '01| ~5.6x101°| 4.8x101°
Dec. '02-Apr. ‘03| ~1.7x1019 | 1.5x10%°
May '03-Jun. ‘03| ~0.7x10% | iy ooeress

5~6x10%“ (ppp)

Dec.21,2002

June 23,2003

Very stable and no serious problems



FC 22.5kt
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K2K-II experiment observed consistent reduction rate



Summary

= Atmoespheric v results from SK-|

= Finalization for SK-I'data Is'going on

= Am2=1.3~3.0x103eV?, sin420>0.92 @ 90%CL
= K2K results

= K2K-| results (Total events + Ev spectrum )

= Nullescillation prebalility Is less than 1%

= Am2=1.5~3.9x103eV?2 for sin220=1 @ 90%CL
= Sk-1lI / K2K-II successfully resumed

= K2K-II observe consistent v rate with K2K-|
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