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K2K Long Baseline Neutrino
Oscillation Exper iment

* Neutrino beam
almost pure v, (98%)
e <E, >~1.3GeV

@35 » Near detectors
iy Measure v, flux/spectrum
ey Far detector
' Super-Kamiokande (SK)
250 km far from KEK
[+ Probe to v, disappearance
and v, appearance
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Near Neutrino Detectors
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» 1kton water Cherenkov detector (1KT)
* Fine Grained Detectors (FGD)
» Scintillation fiber tracker (SciFi)

» Scintillator wall
» Lead glass calorimeter (LG)
« Muon range detector (MRD)

same type as SK (25ton fiducial)

w/ water target (6ton fiducial)
CCQE identification

stamp event time

detect electrons from SciFi
measure muon momentum

s hhAart mMAAArnItFAr fIEA DO9O959O9NNtFAnn FiAdAiiA~ATAL



Vi, Energy Spectrum M easur ement
at Near Site (Horn250kA)
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Super-Kamiokande
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Neutrino Event Selection in SK
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Events

K2K result on vu = v, oscillation
(vu disappearance)

Normalized by areq June '99-July 01
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reconstructed E, (GeV) null oscillation prob. sin“20
v shape+norm) = 0.7%
null oscillation prob. shape) = 16% 1.5~3.9x103eV2
KS test prob.(shape) at best fit = 79% for sin220=1 @90% CL

Consistent with atm. v result



Motivation of thisanalysis

« K2K and atmospheric
neutrino experiments ~ P(vu - vu)=l—sin2(29uu)sin2£1-27
have indicated neutrino
oscillations from v to v,.

« How much fraction of vu

. 2
oscillates to ve? P(v, > ve) =sin’ (2eue)sin2[1.27 Am L]
— The first search for v, E
appearance sensitive
down to Am?,,

e v, appearance is
expected at Am?,, in 3 sin>(26,,) = 1/2sin>(26,,)
flavor mixing framework

Am’L
E




Strategy for v, appearance sear ch

Compare
o Nexp:Nsig(eueDAmz) + I\IBGWVL T jNBGVe
o Nobs

— Significance calc’ed based Feldman&Cousins
Norm. for 3 N, terms determined by extrapolating Ny 1008
NBGVG

— Expected ve/vu ratio calculated with beam MC
— contamination is measured at near site

Npa™ (GW,Amz)
— Dominant BG in K2K
— Dominated by NC int. (87%)
— NC/QE cross section ratio constraint by 1KT ©%u measurement.

— VU energy spectrum is measured at near site.



M easur ement of ve Contamination
at Near Site
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Electron Neutrino Contamination

at Near Site
2.9x10" pot
DATA |BG € |#interaction
Muon 3229 (354 |0 | 3.5x10%,
candidate 0
Electron 4.7
51 23.8 8x10°
candidate % >8x107v,
R(v /v, )=1.6% O.4(stat.)+00'68 (sys.) (%)

Consistent with beam MC prediction; 1.3%
Enouah low level to perform ve anbearance search




Selection for v eventsin SK

Fully Contained events in Fiducial Volume
Single Ring events
— reject vu pion productions

PID : Ring pattern and opening angle consistent with
electron

— reject vu CC

Visible Energy > 100MeV

— reject low-momentum charged pions and decay-electron

Without decay electrons
— reject invisible muons, pions from vu CC



Single-Ring Event Selection

after FCFV selection |
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Particle | D
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Energy Cut

015 after Particle ID
’ v,MC (no osci.)
DATA 1 appearnce signal
select | . Am2=0.0028
0.1 | ] 8 - \ Ueo
MC 89% |
06 | 99%
0.05 i 0.4 *
o |
0 ‘ ‘ | ‘ 0 6560 1000 150
0 500 1000 1500

visible energy (MeV)



| nvisible muon/pion cut
,  after Energy Cut

v,MC (no oscl.)
reject + DATA | appearnce signal
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Reduction Summary

DATA SET
June’99 — July’01 (4.8x 101°POT)

PATAT v, mc beam V, MC
generated 104 events 0.99 events
FCFV 56 80 (78%) 0.82 (83%)
Single ring 32 50 (48%) 0.48 (48%)
PID (e-like) 1 2.9(2.7%) | 0.42 (42%)
Evis>100MeV 1 2.6 (2.4%) 0.41 (41%)
w/o decay-e 1 2.0+ (1.9%) 0.35 (35%)

/

NC:87% CClm:7% CCmmn:4% CCOE:2%
electron candidate: 1 event observed
2 4 events expected.




Electron Candidate

* Super Kamiokande %
NUM 1

RUN 8071
SUBRUN 41
EVENT 5487540
DATE 99—NOV— S
TIME 15:
TOT PE: 56
MAX PE: 39
NMHIT : 2116
31
9
29

reconst. momentum
597 MeV/c

ANT-PE:
ANT-MX:
NMHITA:
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Distributionsfor observed events

and expected background

MC(v,all)
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multi-ring likelihood
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Observed electron candidate

mostly has 2" ring.

both BG and Signal



0 in K2K-SK
check for amount of ¥ production

70 : FCFV & 2 e-like ring & 90<mass<190MeV & Evis>100MeV w/o decay-e
ve : FCFV & 1 e-like(tight) ring & Evis>100MeV w/o decay-e

Reconst. Mass = 119MeV

DATA | vuMC s00 |
(NC w/ 1) : ]
FCFV | 56 30.1 150MelV
(7.7) 100 ]
0 2 2.6 © 0 100 200 300
(2.4) Reconst. Mass (MeV)
ve 1 2.0 _
(1.7) Expectation by vu MC
Default NEUT4.3 1S consistent with

observed 2 events



Obsearved n° candidates
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Systematicerrors

— vu background

— Ny = 2.0+-0.6 events w/o oscillations
— ve contamination

—Npg¥¢= 0.35+-0.11 events
— oscillation signal ve

— ON;o/Ngio ~ 15% at Am*=2.8x10-e V>



Systematic Error Estimation

veMC (Osc'd)

[ —~vuMC (Osc'c
ol @ L~
5
 Particle ID .
— shift likelihood distributions in & PID (pattern)
MC
e + 11% in vu BG 10 | (b)
«  +7%—12% in ve appearance . |
signal , : —
« Ring Counting TR 10
— shift likelihood distributions in PIb (opening angle)
MC

«  +15%-13% in vu BG
— compare likelihood function
distributions for atm.v DATA

and MC =

) A

« * 6% 1n ve appearance =

signal >

e NC Cross Section g

— change NC cross section
within 30%
e +20%—-25% in vu BG
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Systerriauc error
from Ring counting in vu BG

| SK atm.v
-0 sample

atmv MC

: + DATA

-20
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K2K v MC

FCFV elike+X
Evis>100MeV w/o decay-e

If likelihood for multi-ring
shifts by + 1 bin...,
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Constraint on NC/QE cross
section ratio (Rye)

* Oyt~ Ogp ™ RnQE*GCCnQE + Ryc*One
e 70/u ratio measurement in 1KT

— DATA/MC= 1.06 +-0.02(stat.)+—0.10(reconst.)+—
0.08(int. model)

> Ry = 1.07+0.20-0.15

e consistent w/ Ry~=1

=2 useR\ =1+ 0.3



Oscillation Analysis

* calculate confidence interval [1] (upper
limit) on sin®20,, using the number of
electron events with the method suggested
n [1] P(v,u%ve):sinz(Zeue)Sinz(l.ﬂ AmzLj

 assumption:
— one mass scale Am?

— sin?20,,. bound in physical region [0,1]

2
P(vi > vu)=1- sin2(26w)sin2(1.27 Am L]

— expected number of BG 1s distributed 1n
Poissonx (Gaussian(sys. err.)

[1] “Unified approach to the classical statistical analysis of small
signal”, Feldman and Cousins, Phys.Rev.D (1998)



PDF at Am#=2.8x103eV?
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Result of v, =2 v, oscillation
analysis
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Effect of the systematicerrors

Am?=2.8x103eV? 90%CL 95%CL
stat. only 0150 0200
stat. + sys. 0450 | 0203
------ stat. only -
—— stat.+sys. |
Very small effect

90%C.L.

of systematic errors
on the limit calculation



Comparison to other experiments

1
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allowed (90%CL) C 002(90% CL)
10 0.10.2030.405
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Conclusion

Electron search in the whole K2K-I data has been
performed
— 1 event observed

The number of background events has been estimated
— (2.0 0.6 from vp) + (0.4+ 0.1 from ve) w/o oscillations
— Intotal, BG=2.4% 0.6 events (2.3% 0.6 in oscillation case)

Limit for ve appearance using number of evens only has
been obtained.
— 8in?20,,,<0.15 @ Am?=2.8x103¢V?



