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1. Introduction
2. Ve appearance analysis

We report an updated analysis of v. appearance
using the full data set collected

3. Summary




Physics Motivation

Neutrino mass & three flavor mixing

% Discovery of v, = Ve

Direct detection of neutrino flavor
mixing in “appearance” mode

v, to ve plays an important role to
study CPV, mass hierarchy

P(Vu—Ve) =sin2623 sin2(Ama23¢1 L/4E)
+ + (matter term) ...

open a possibility to measure
CP violation in lepton sector
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Mixing angle: 012, 023, 013

012 = 34° + 3°

073 = 45° + 5°

013 measurement

sin22013 = 0.11 +0105 ¢ (T2K 2011)
(assuming dcp=0, sin?2023=1, Am23,=2.4 x 10-3 (NH))
p-value for 013=0 was 0.007 (2.50)

First indication of non-zero 613
Phys.Rev.Lett. 107,041801, 2011
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T2K (Tokai-to-Kamioka) experiment

T2K Main Goals:

% Discovery of v, = v, oscillation (ve appearance)

% Precision measurement of v, disappearance
2011 vy results : Phys.Rev. D 85,031103(R), 2012
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1, K production is measured in CERN NAG61 exp. T , CCin
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Data collected and analyzed
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Run1 + 2 (2010-2011) Run3 (2012) : 1.58 x 1020 p.o.t
1.43 x 1020 p.0.t. * including 0.21 x 1020 p.o.t. with 200kA horn

operation (13% flux reduction at peak)
(250kA horn current for nominal operation)

* ND280 Run3 data is checked and consistent with Runi+2

* ND280 Run1+2 data is used for
oscillation analysis

Data for today’s talk (full data set up to now) = 3.01 x 1020 p.o.t.
(18% of increase from Neutrino2012)



Near detector measurements
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Far detector (Super-K) measurements

B/ Ne" Electronics. ® Water Cherenkov detector w/ fiducial
— volume 22.5kton
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Oscillation analysis method

Flux prediction

w/ Hadron production ND280 v, measurements detector
measurement (CERN NA61) in CCQE and nonQE samples uncertainties
v int. cross section _ ] ]
O e e Flux & v int. cross section fit
NEUT + uncertaintiesset [~ 10 constrain flux and v int. cross
from external data section uncertainties

fit result (flux & v int. cross section
information) is extrapolated
into oscillation parameter fit

Oscillation parameter fit
to extract sin220+3 (dcp is scanned)

Ve candidate events

A A
Other v int. cross section Far detector uncertainties
uncertainties (uncorrelated set from atm.-v & n° control sample
between ND and far detector)




Flux & V int. cross section fit w/ ND measurement

Fit (pu, 0,) distribution for CCQE and
nonQE enhanced samples

® Flux energy dependent errors
w/ full correlations among v types and
between detectors (ND280, SK) are
taken into account in prior of the fit

Fit results are extrapolated to
the prediction at far detector

the predicted event rate is
corrected based on the fit results

improved constraint on the systematic
errors with ND280 measurement

(see also M.Ravonel’s talk)
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The predicted number of events

and systematic uncertainties

The predicted # of events w/ 3.01 x 1022 p.o.t. the predicted # of event

Event category sin?26,3 = 0.0 sin®260;3 = 0.1 distribution

Total 3.224+0.43 10.71+£1.10 = s000k | W/ol\‘IDZSOme‘asurementL

Ve Signal 0.18 7.79 ; - Bl w/ ND280 measurement |

v background 1.67 1.56 % 3000? §in20,, =0 R

v,, background (mainly NCr®) 1.21 1.21 = 2000- w2z 10 =

U, + V. background 0.16 0.16 o00- R Nra— ]
Systematic uncertainties o 2000k e r

Error source sin® 20,3 =0 sin?26;3 = 0.1 i 1500 smzzeﬂjo :

Beam flux-+v int. £ © ot ) ;

. 8.7 % 57 % = F e

11 T2K ﬁt 5 1000: 3.010 x 10” p.odt.

v int. (from other exp.) 5.9 % 7.5 % 000

Final state interaction 3.1 % 2.4 % . y ]

Far detector 71 % 3.1 % 0o 5 10 15 20

Total 13.4 % 10.3 % Expected # of signal+background events

(T2K 2011 results: ~23% ~18%) Uncertainties are reduced

using ND280 measurement
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Ve candidate event selection

MC Expectation w/ sin22013=0.1

RUN 142433010102 POT | Data g - :
Vug_>Ve BG total | CC (vu+Vy) | CC(vetve) NC
Fully contained FV at beam timing 174 12.35 165.47 117.33 7.67 40.48
Single ring 88 10.39 82.78 66.41 4.82 11.55
e-like V4 10.27 15.60 2.72 4.79 8.10
E,i>100MeV 21 10.04 13.53 1.76 4.75 7.01
No decay-e 16 8.63 10.09 033 3.76 6.00
2vy invariant mass cut 11 8.05 4.32 0.09 2.60 1.64
E,rec< 1250 MeV 11 7.81 2.92 0.06 1.61 1.25
(MC sin?2013=0 case) (0.18) (3.04) (0.06) (1.73) (1.25)
Efficiency [ %] 60.7 1.0 0.0 20.0 0.9
<— —— RUNI1-3 2cgata °
o =22 | 11 candidate events are observed
C v+, CC
] v+, CC
B NC

Number of events

(MC w/ sin*26,=0.1)

0 e
0 1000 2000

Reconstructed v energy (MeV)

3000

The probability (p-value) to observe 11 or
more events with 613=0is 0.08% (3.20)

Nexp=3.22+0.43 for sin22013=0

Evidence of ve appearance
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Oscillation parameter fit

Performing an extended maximum likelihood fit to extract sin22013
ﬁ(%,f, O, f) — Lnorm(Nobs.;ga .f) X 'Cshape(m; O, .f) X £syst.(.f)
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assuming dcp=0, normal hierarchy
Resu |’[S |Am235|=2.4x10-3 eV/2, sin22023=1

(prediction histograms are based with best-fit sin?2013)
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6CP

Results 2

Allowed region of sin22813 for each
value of dcp

best fit w/ 68% CL error @dcp=0
normal hierarchy: -2

sin” 2013 = 0.0941) 035

o
o)
inverted hierarchy: )
Sin2 2013 = 01161_8828
: : . : 0
This result is consistent with
rate+shape (rec. Ey) method and
rate only method -2

c.f 2011 result for normal (inverted) hierarchy

sin? 2613 = 0.1170°49 (0.1410:52)

assuming sin22623=1
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Summary & Outlook

® We report new results on v. appearance analysis based on
3.01 x 102° p.o.t. (~4% exposure of T2K’s goal)

- 11 candidate events are observed Evidence of ve appearance

- p-value is 0.08% (equivalent to 3.20) — open a possibility to

~ sin? 26,5 = 0.09410:953 measure CP violation in
for Am?232 = 2.4 x 103 eV2(NH), d¢cp=0, sin220,3=1 Iepton sector

® We plan to take more data with new runs at higher beam
power toward a more precise measurement of V. appearance

- ~8x10%° p.o.t (2013) = ~1.2x10?" p.o.t (2014) = ~1.8x10?! p.o.t. (2015)

® Updated results on v, disappearance coming soon

- precise measurement of 03
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