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Neutrino oscillation parameters and PMNS matrix
Flavor weak eigenstates related to mass eigenstates

v, 1 0 0 cos 0 sin6?13 cos@, sinf, 0\ v,

v, |=|0 cosb,; sinb, 0 1 0 -sinf,, cos@, 0 || v,
V. 0 -sin6,;, cosb,, )| -sin 0, 3ei ° 0 cos o, 0 0 1)\ v,
SK, K2K, MINOS CHOOZ, MINOS Solar, KamLAND

Neutrino oscillation parameters: three angles 0,,, 6., 6,,; CP-phase 5.
two mass squared differences Am?=m?-m?,

PDG, 2010
DG, — For Am?2,; =2.4 x 103 eV, 90% C.L.

7.38 x 10 eV?2 < Am?,<7.80 x 103 eV? | | CHOOZ 1999: 0 <sin?20,5<0.15
MINOS 2010: for sin?26,,=1.0 and 8. =0

0. 84< sin226 ,< 0.89

0<sin?26,;<0.12(0.20) for normal (inverted) mass

2.3x103eV2 <|Am?2,,] <2.56 x 103 eV?

hierarchy

0.92 < sin220,,< 1.0
H 5 9 Inverted or normal mass hierarchy?
13 C
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T2K (Tokai-to-Kamioka) experiment
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T2K physics goals

Search for v,—v, oscillations and hence non-zero 6,,

) 10 90% 9L 8,, Sensitivity
PV/I Sy, N sin * (923 )Sin ’ (2913 )Sin 2 [1 27 An/lEALJ 53 S
A
- last unknown PMNS mixing angle; e Qg;\ J
non-zero 0,; is crucial for further lepton CPV and % o Z’_/__ s
mass hierarchy experimental observations o (\‘.\\Q;\ “2 )’t me -:'{'??{L?r
[ — stapsomer N
- expected T2K sensitivity w/full T2K dataset (8x10%! p.o.t.): g \‘:‘§\
~20 times better than CHOOZ limit e O

sin® 2 6,, sensitivity

Precise measurements of Am?,; and sin*(20,;) in v,—v  channel

uV

2
P, ,, =1-sin”(20, )sin’ (1.27 An;ﬁ}

- expected sensitivity w/ full T2K dataset:
O(Am,,?) ~ 1 X104eV2, §(sin?20,;) ~ 1% (90% C.L.) 5



T2K off-axis conception and neutrino interactions

Far Detector
T2K is the first LBL experiment using off-axis y i
: . arge H_ ="
neutrino beam conception o 11 e
eq e . ————- | M~ )
= T2K utilizes 2.5° off-axis angle profon o olome on-axis
—> optimize beam energy for oscillation max g sseof — Gon= 00"
£ 0o, = 2.0
E nu~ 600 MeV = ::Z: Oy = 2.5
- . ) £ fo4 = 3.0
—> small high energy tail $ 2000
§ 150 0A2.5 °
1000 |
Crucial: accurate beam direction monitoring! 500 [ \

u(e) “_‘i . Oscillation probability
s~ suCross-sections — 3 Am? = 2.5x10° eV?
Q2] /w v _ e L = 295 km
EE 1 g 1F §
© : Total (CC) p e ' : a
w 0.8 / T E, (GeV)
iy \GC Quasi-elastic . . CCQE interactions are dominant

o4 | | at T2K energy - T2K signal
0'2 .- a . o - N . .
I I Background increases with energy:

0051152 253354455 . Co
E_(GeV) CCln, NClm, t's from DIS, intrinsic v, =2
reduced due to off-axis beam




“Pre-oscillation” neutrino beam monitoring
K.Abe et al. (T2K collaboration), arXiv:1106.1238 [physics.ins-det] accepted by NIM

target/ ~ Decay volume  pMyon Near Vv

p Horn  TT detector Detactor

proton

ND280 on-axis detector
| (INGRID):

- direct neutrino beam

. ~ day-by-day monitoring
Muon monitor (WUMON): ND28.O off-axis detector : _ beam profile and center position
- installed behind the beam-dump - neutrino spectra measurements

- spill-by-spill monitoring via

monitoring

i i . . .
before oscillations - neutrino beam intensity

- cross-section measurements

monitoring

detecting high energy muons east
- muon direction and intensity - background estimation
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IJeTtekTop MOOHHOro npodera SMRD

MAGNET conceptual design:
Basket support structure

Q Conceptual design optimigation versus

3agaun n ctpyktypa SMRD

* Peructpauma CC-QE M0HOB, BelneTaiwmx nog 00ns6WwWuMm yrnamm K
OCW HEWTPUHHOIO My4Ka

* NpeHtndukaums poHoBLIX COBLITWIA

« Kannbposka BHYTPEHHUX JETEKTOPOB

» BosayuwiHble npocnoiikn UAL marnuta, oopyaoBaHHble
CUMHTUMMALWNOHHBIMA CHETHYMKAMMK

SMRD cueTunku paspafoTtaHbl U co3gaHsl B MAW PAH
o ~2200 nHaMBWAYaNbHBIX CUMHTUIIALMOHHBIX CHETUKOB
+ ceeTocbop ¢ ABYX TOpUOB cuuHTUANATopa: Y11 (d=1mm) WLS
ONTOBOMOKHO S-thopmebl, Hamamatsu MPPC thoToaeTexkTopel
* CyMMapHblii ceeToBbixoa 25-50 p.e./MIP (~1.5 M3aB) ana ueHTpa cueTumnka
1=20-22 C
* athchekTMBHOCTE pervcTpayuu MIP =99.9%
« 0 <10cm; o ~1Hc




Kocmunyueckun mooH SMRD

- - " Iy_hor
Light yield for horizontal SMRD counters SRR AT TaS
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Far Detector Super-Kamiokande (SK)

Particle ID using
ring shape & opening angle

e B i e e o B N
140 — e-like e'% u-like j

@ atmospheric v data

O mc

50 kT water Cherenkov detector
11k PMTs (Inner Detector ID)

Number of events

i

) aoi—

Detector performance is well-matched
at sub GeV
Excellent performance for single

-il0 -8 6 4 -2 0 2 4 6 8 10
Particle ID parameter

Probability that py is mis-identified
as electron is ~1%

particle events

Good e-like ("fuzzy" ring)/p-like rings separation 10
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Neutrino beam data used in analysis

Jan 2010 - start of data taking

145 kW stable operation
achieved in Run 2

Runl + Run2 total datasets:
1.43 x 10?0 p.o.t.
(2% of T2K final goal)

accumulated # of protons

[ Delivered proton#

- Proton per pulse(for physics run)

18 1

Fo ! Physics run B Proton per pulsefall runs) 10

140 f=——Run 1—— «<——Run?2 150

. ’ ®

120 o —s0
100 — 3 LY 2 ]
. -._

80 |— R 60
e ol .. #ofbunch:6 -8 .

60— ﬁ‘u El _ '".'. rep. rate : 3.64s —{40
4 | TSR L —3.25 = 3.04s ]
L s —]

20 - ‘// Summer shutdown - 1%
N \ : 1 s n

Jz(l)n/lo Aug/10 Mar?ll
Date

all collected data used in analysis

Stable operation of neutrino beam during data collecting
- beam direction stability is well within Tmrad ( O E/E<2%)

E TE * ':IILT:[: 'E: |_.|"Ill'p'-'-'\-'-'rl"-'-'-..='.."'|---.'-."--,-..-‘-'|U'i'!.'.-'--*‘-.-"-*----'-.1.----.-b-—.'ﬂ--w‘-'-'..-u-.-,.,a.-m,-ﬂ-r,..
i b o Y 8 INGRID day-by-day interaction rate is stable
-10 1 ¥
- INGRID nu beam directign stability < 1mrad )
3\?; h""-""';r.‘-?:, Tor My g Dk -"m__;l,:,h"'ﬁ._-' i s M i M
Ay E— S S S 3 S R O R SO S O S S SO L ——
" Muon-monitor beany direction stability < 1mrad ¥ prae co.
5 ol ags SR’ S1Y g v o
g o / anwny = | wn iy wadu - w8
5 l' I' e R al R L gy g F"j 'jﬂ'ﬂ !-vﬁ Ny ﬂp‘uﬂ = m hm e
10|
-15.] 24  Jan 31 Feb 24 Feb 28 Mar 21 Mar 24 Apr 18 May 02 May 16 May 30 Jun 13 Jun 27 Nov 27 Dec 27 Jan 26 Feb25 Mar05 Mar08
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proton per pulse



T2K oscillation analysis principles

Flux prediction:

* proton beam measurements
* hadron production data
(NA61 CERN)

3

Super-K measurements:

ND280 measurements:
e inclusive CC v, >
R ND.Data/R ND,MC
B B
* v, rate measurement as
a cross-check

1

Neutrino interactions:
v interactions models
« external cross-section data

» select CCQE v, and v,
candidates

« compute N M€ w/o oscillations

* normalize N M¢ using ND280

measurements -
NSKexp:(R“ND,DGTG/RMND,MC)X NSKMC

j\> - evaluate oscillations

parameters by comparing
with Ng,°bs
* v,: humber of events
* v, number of events and
E spectra shape combined

R 13




T2K neutrino flux prediction

horn focusing,

decay is
. simulate v
Proton monitors measurements bearm orofils & poctt MK
0 o actual beam profile posmon
as inputs for actual beam profile (beam monitors meas) m, ND

and position proton —n
Hadron production in T2K target: rget
« NA61 experiment 31 GeV/c protons on carbon target; 2007 data
- pions in p+C interactions T L B
- same as T2K proton energy and s T gt I'g ‘!"‘i”"*!%ff‘j@o el
target material ;TQ W S { ]
- systematic uncertainty evaluated 73" e it

Gprod

in each (p,0) bin, typically 5-10%
- normalization error 2.3%
« kaon production, pion outside
NA61 acceptance, other target
interactions modeled with FLUKA

60<8<100 mrad

e t t T t t t t t 1 t ]
107 100<6<140 mrad 140<0<180 mrad

Out of target interactions, horn 107 _ FLURAZ8
focusing, secondary interactions, ool NN
particle decays S N . N
- GEANT3 simulation | Y e T G
- interaction cross-sections funed N.Abgrall et al., arXiv:1102.0983 [hep-ex] 14

to existing data accepted by Phys.Rev.C (2011)



Flux predictions and uncertainties
SKv, flux

~ LU | T TT LU T[r T LI | | S B A | | T T Tqr 4 = = T
% 106 ;i"“.‘ ......................... o —_—alli ............ ';‘1 0 _1 all 1 | =
Sk .o |7 Keomparems 2. | Keonparems |-
- —= 5 . |— pion éparen S = 10 —plon parents """" ?E
\l(z 104 ......... . — o i IUOT PATEHLS vt S muofl are; s |3

~ I eSS ! 3~ 102 el IUOD paTents
8103_ ".‘ ............. -.-—- .................................... NE 10 _-— ; . ?
8 - 3 [ ..__8 { ]
B~ 1 02 ................................. — 10 / —
O E a‘..‘ . - =
RN e ® ]
[ J O e SN R, = DY SR NN N e IS S NN NS N O ]
- 3

Flux[/10*'
2
Flux[/10*

2

E, (GeV)
Systematic errors from beam uncertainty

(v appearance): Expected intrinsic beam v,

e e S tion ~ 1% | .
ON v, =15.4% 5[NN%\]MCj _g350, szg:;r\nmahon 1% in the oscillation
SK

&Vé\]ic =16.1% * mainly comes from muon decays

s , _ * NA61 pion data predicts v, from
« significant uncertainty reduction when pion parents

normalizing to near detector
(far/near correlation)

« kaon production uncertainty is dominant (7.6% out of 8.5%) 15
to be improved with NA61 kaon measurements



Neutrino interactions uncertainties Y

SK signal:
CCQE neutrino interactions producing
leptons (u or e)

n(e)
V

P

Cross section uncertainty

Process relative to the CCQE total x-section
CCQE energy dependent (~ 7% at 500 MeV)
CC 1n 30% (E, <2 GeV) - 20% (E, > 2 GeV)
CC coherent 7° 100%

CC other 30% (E, < 2 GeV) — 25% (E, > 2 GeV)
NC 17° 30% (E, <1 GeV) - 20% (F, > 1 GeV)
NC coherent 7 30%

NC other = 30%

Final State Int. energy dependent (~ £10% at 500 MeV)

Cross section ratio v,/v, uncertainty is ~6%

Background:
* v, appearance:
m° from NC interactions
v misidentified as e at SK
- v, disappearance:
CCln interactions

small opening
angle

Neutrino interaction uncertainties

come from:

« comparison of models to data:
SciBooNE, MiniBooNE, SK atm.

« different models

 parameter variation in models

Total influence on systematics:

« 14% for v, appearance background
(w/0 osc.)

- 8% for v, disappearance

16



ND280 input

* Run T (2.9x10%9 p.o.t.) used for ND280 analysis

- measure inclusive CC v, and intrinsic beam v,

« analysis based on Tracker (FGD+TPC) data

 useTPC PID (dE/dX) to select muons and
electrons

Inclusive v, CC analysis

100
80
60
40
20

© 200

> B v, CCQE

E 180 v, CC non QE 3
g 160 B NC E
= 140 ElvV, CC =
w

L

=

5

00 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Muon Momentum (MeV/c)

* 90% purity and 38% efficiency in
CC selection

« systematics mainly from tracking
efficiency and TPC-FGD matching

Entries / (100 MeV/c)

Intrinsic beam v, component

5> 10 | T T T T T E|
% 9 M v. FGD ;
misid w =

M v, FGD z

> Out of FGD
o =
2 E

8

7

6

5

4

3 E
30 N E
20 00 200 400 600 800 1000 1200 1400 1600 1800 2000

p (MeV/c)

" i / j

+ 11111 e ] =

0 200 400 600 800 1000 1200 1400 1600 1800 2060
p (MeV/c)

* intrinsic beam v, form main background
for v, appearance

» observed ND280 v,/ v, ratio is in
consistence with MC expectations

» confirms flux predictions

o wn
) <)
Entries / (100 MeV/c)

R(v,/v,)=(1.0£0.7(stat) £ 0.3(syst))%

N(V )DATA N(V )MC
« good agreement between Data and ¢ A = 0.6+ 0.4(stat) £ 0.2(syst)
MC based on NA61 + FLUKA (flux) N (Vﬂ)DATA N, )"
and NEUT (neutrino interactions)
bs
]]\\; M. —1,036+0.028(stat)’ 0% (det. syst) 0.038(phys. model) 17

ND



Neutrino events selection in Far Detector
T2K selection cuts predefined and fixed prior to analysis using MC and

atmospheric data
« GPS time synchronization between SK and J-PARC beam: -2~+10 us on-time window
« Select fully contained (FC) events in ID; <16 PMT clusters in Outer Detector (OD)
« 121 total FC events selected
expected background (cosmics ) 0.023
- Event vertex >200 cm from the ID wall
(fiducial volume FV cut) >FCFV events
- poor reconstruction accuracy for events
too close to ID walls
- reject events outside ID
- 22.5 kT fiducial volume
« Select events with exactly one ring |

121 FC events

RUN-1
= RUN-2

—_ =y
o [$)]
T T

M M M M M

(4]
T

L\

Number of events / 40nsec

0 L l L L 1
-1000 0 1000 2000 3000 4000 5000

« PID based on ring shape to select e’ sand ' s AT, (nsec)
88 FCFV events 41 one-ring FCFV events 33 u-an 8 e-like events selected
<« —— Data 10 —+— Data <
B Osc.v,CC I Osc.v,CC
I 1 v+V CC v +V .
100 E o o B ok u-like
S 40 - e % . NC
_.uEfJ 25 [l q>) (MC w/ sin“20,,=0.1) q>) 6l (MC w/ sin°28,,=0.1) .
] S = .
B s ° o e-like
B S50 I v o) 8 4
// g 20 g
o5 [N r,v{" KS fest result < < p)

18

g D=0.086 7
/ ob-50% mill..
0 | 1 | L I | 1 O O
0 2 4 6 8 10 12 14 1 2 3 4 2 -10 0 10
Accumulated protons ( x 10'%) Number of rings PID parameter



T2K v, disappearance analysis

19



T2K v, events selection

30 1 <« —— Data

After "basic” selection cuts 33 p-like event | T
candidates remained g | -
Additional Far Detector cuts applied for . Hem
remaining events: 5 |

- humber of reconstructed decay electrons <2 5 '

* reconstructed muon momentum > 200 MeV
» 31 events survived all cuts o MO

Number of decay-e

Vertex distribution Fiducial volume

\ g 10l > —+— Data
: I v +v, CCQE
2000 2000 v % I | v,+V, CC non-QE
_______ ‘4,‘. = i v, cC
Q,\{" . * S 75t m NC
1000 . . . o § (MC w/ 2-flavor osc.)
éOOO ’é‘ g 7
L ] = L
o L o o 5
L ] o9 > L
5 PECI R s |
t o . . b et F
o Q . o 25t
> > N LI Y O ,
-1000 -1000 . . £ j
L ] = |
""""""" Tt e “ % 1000 2000 3000
-2000 ‘ : : ] ‘ '
2000 -1000 0 1000 2000 2000 1000 __ 2000 3000 Momentum (MeV/c)
Vertex X (cm) Vertex R? (cm?) <102

MC w/ sin?20,5=1.0 and
AM2,5=2.4x103 ev2 20



Selected and expected v, events in T2K

31 events remained after selection cuts Expected events systematics
N;’;‘p error table
NO OSCi”a'ﬁon hypOTheSIS Error source sin® 260 = 1.0, Am? = 2.4 | Null Oscillation
' SK
1037 events ZXPCCTed Cll?;ficil:gon +10.3% 10.3% +5.1% -5.1%
and FSI +8.3% -8.1% +7.8% -7.3%
. Beam
For sin®20,5=1.0 and Am?,3=2.4x10~% eV | I +4.8% -4.8% +6.9% -5.9%
ciency
28.3 events expected and Overall Norm. +6.2% -5.9% +6.2% -5.9%

+15.4% -15.

Null-oscillation hypothesis is excluded at 4.5 sigma levell
Data/MC w/o oscillations

20 2
—— Data 1
o 15-
E ----------- No oscillation
s P Best fit with oscillation o | 1
"E 10- (sin20, Am?) = (0.99,2.6x10%eV?) "@ Uiss T R
@ o T
2 | -+
E H H- |4
< 5 E —=— data / nominal MC
t*j best fit / nominal MC
. 0 . 1 L 1 .
e T E e, e e 0 2 4 6 8 10
0 2 4 6 8 10 Reconstructed neutrino energy(GeV)

Reconstructed neutrino energy(GeV)



T2K v, disappearance analysis methods

SFCI‘;r\:\g:iho 2 flavor oscillation B _ 1 —sin® (20,,)sin’ (1 Y Anj;Lj
 Two independent methods to extract

oscillation parameters
« Feldman-Cousins method to produce confidence intervals

* Method A - maximum likelihood
L(sin” 26, Am’ ,f) L (sin® 26, Am’ f)Lshape(sm 20, Am* f)Lshape(f)

- L,,m = Number of the observed events (Poisson distributed)
- L spgpe - Unbinned energy spectrum shape
- £ = f(e Fxsee Tap. Fsi)- Parameter representing systematic errors

. Me’rhod B- Iikelihood ratio
obs:|

_22 {
- npbsexp) - number of observed (expected) events in particular SK energy bin

- i - SK energy bin

* Main difference: systematic parameters fitting in A, no fitting in B
22



T2K v, disappearance analysis results

Two methods are in a good agreement

x107

. Method A w/ syst fit Method B w/o syst fit |
—— 68%CL e 68% CL

90% CL osens 90% CL
+  bestfit(0.99, 2.6x10°%)  * best fit(0.98, 2.6x10~)

A m?[eV?]

Results
Method A

Best fit: sin?26,5,=0.99, Am?,;=2.6x10-3 eV?

90% C.L.: 5in220,5>0.85, 2.1x103 eVZ|Am2,,]<3.1x10-3 eV2
Method B

Best fit: sin?260,5,=0.98, Am?,,=2.6x10-3 eV?

90% C.L.: sin220,,>0.84, 2.1x10-3 eV2<|Am?2,,|<3.2x10-3 eV?2

23



T2K v, appearance analysis
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Number of events

Start from 8 e-like single-ring FCFV events after
“basic” T2K selection criteria

T2K v, selection cuts in SK optimized for infrinsic
beam v,and NCn° background minimization

After all cuts:

10

0

- signal efficiency 66%
- intrinsic v_ rejection 77%
- NC background rejection 99%

No Michel electrons >

6 events

<

0

1

—4— Data

I Osc.v, CC
[ VY, CcC
[ v, ce

I NC

(MC w/ sin’20, 4= 0.1)

Rejects e from
u decays

y

2

3 4 =5

Number of decay-e

T2K v, events selection

Energy deposited in ID
>100 MeV-> 7 events

-

IS

—+— Data
N Osc.v,CC
| v,+V, CC
[ v, CC
Il NG

(MC w/ sin®28,,= 0.1)

w

Number of events /(100 MeV)
-t N

o

. 0 1000 2000 3000
Force reconstruction to Visible energy (MeV)

fit light pattern under two

e-like rings assumption, Reconstructed neutrino energy

require M, <105 MeV > 6 events <1250 MeV > 6 events
- ,

< < —+— Data

R . < —+— Data

% [ F \(})s;c.vaCéC > W Osc. v, CC

4 H wt Y = 3t | v +v CC

E r l:l Ve CC o I:l Vu CCLl

0 i . NC re . NC

ﬁ 3 (MC w/ sin®28,,=0.1) j (MC w/ sin’2@,,=0.1)
5 - , 5 °

3 2 Eelict NC’; 3 Rejects
5 ackgroun 5

5 g ° . beam v
(4] 1 [0)] e
Ke) 0

£ p/ £ /

=] 3

z 0 Z 0

0 100 200 300 0 1000 2000 3000 25

Invariant mass (MeV/cz)

Reconstructed v energy (MeV)



Expected events in Far Detector

After all cuts 6 final candidate events remained!

1.5 v, candidates expected with zero 6,5 hypothesis

Beam v,
background background Vu— Ve

NC Oscillated Total

(solar term)

The expected # O 8
of events at SK ’

Systematic uncertainties

0.6 0.1 1.5

Error source sin®203 =0  sin®20;3 = 0.1

(1) Beam flux +8.5% +8.5% Smaller cross-section and
(2) v int. cross section 114.0% 110.5% SK uncertainties for signal
(3) Near detector 0% 2-0% events

(4) Far detector +14.7% +9.4%

(5) Near det. statistics +2.7% +2.7% /

Total %

SK ,total

> =1.5%0.3 (for accumulated 1.43x10” p.o.t.)
26



Reconstructed vertex distribution

Selected events clustering at large R
KS test gives 0.03 p-value for such R?

distribution

LVerex Y (cm)
[=]

1000 2000
Vertex X (cm)

Vertex distribution in ID;
MC interactions simulated

out to 550 cm from ID wall

counts
e

—®— DATA

MC w/ oscillations —

[EE55] MC: true vertex outside ID

560 ) 1000 1500 2000
distance from vertex to ID wall (cm)

2 10°

T MC expectation

- outside FV: 3.1

- from outside ID: 0.3

- from outside ID w/ FV cut: 3.2¢-03

:' N | rove I 1
500 1000 1500 2000
distance from vertex to ID wall (cm)

Event outside SK FV

2000

8

“Vertex Z (cm) .
[=]

g

/
/
-]
1000 2 3000
Verex R” :unn‘:gm « 10>

Vertex distribution

10°E
10 £
10° ¢
102 E

in Outer Detector

onc
= === DATA

OD events 1
F — MCwosillations contained in OD _;

MC w/o oscillations
e BB3 Empty spill data (CR)

Vpy E
1k -
10-1 £ L L Ix1 03
0 1000 2000 3000 4000
radius? (cmz)
10° E E
+FE ODEN
10°F —=om OD events :
103 ? _ MC u:y: usﬁlllahans ente I'ing I D E
E MC wio oscillations E
102 E Empty Spill data (CR) 5
10 E
18 t
10-1 £ PR B [E— A 7 x1 03
0 1000 2000 3000 4000

radius? (cmz)

Number of events

4 r —— Data =
[ I Osc.v,CC
| v, +v, CC

3t /0 v, CC
I NC

t i Zon
[ (MC w/ sin"28,,=0.1)

0 1000
Vertex R? (cm?)

2000  ,q0°

More checks of vertex

distributions:

« good Data-MC agreement

« if outside source then
expect events excess at
large R? outside FV

« vertex distributions in
OD data sample show no
significant data excess

27



T2K v, appearance result

Probability to observe 6 or more events under zero 6,, hypothesis is 0.7%
(2.5 sigma significance)

Feldman-Cousins method used to produce confidence intervals

For sin?20,5=1.0 and Am?,;=2.4x10-3 eV2:

T T ™7 AL DL L DL

' 2 ] 2 ]

W2 Am3,>0 - Amj, <0
Normal mass _ _]
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Normal mass hierarchy and §,=0:  Inverted mass hierarchy and ,=0:
* best fit: sin220,,=0.11 * best fit: sin220,,=0.14
* 0.03<¢sin?20,5<0.28 at 90% C.L. * 0.04<sin%260,3<0.34 at 90% C.L.
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Conclusion

T2K performed two oscillation analysis based on 1.43x10%° p.o.t.
dataset (2% of final T2K goal)

v, disappearance analysis results:
* no oscillation hypothesis excluded at 4.5 sigma level
* 5in°20,5>0.85 and 2.1x10-3 eV4<Am?,5<3.1x10-3 eV?at 90% C.L.

v, appearance analysis results:

- 6 events selected with 1.5+0.3 expected w/o oscillations

* probability to observe 6 or more events is 0.7% (2.5 o significance)

* 0.03(0.04)<sin%20,53<0.28(0.34) at 90% C.L. for normal (inverted)
mass hierarchy, sin®20,,=1.0, Am?,3;=2.4x10-3 and =0

* published in PRL, Phys.Rev.Lett.107:041801,2011

The T2K is now recovering from the March 11*h earthquake
Investigations taken so far indicate that all damage is repairable

Plan to restart J-PARC accelerator in December 2011
29
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Comparison of T2K v disappearance result with SK and
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Comparison of T2K v, appearance result with recent MINOS results
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T2K v, CCQE event candidate

Super-Kamiokande IV

T2K Beam Run 33 Spill 822275

Run 66778 Sub 585 Event 134229437
10-05-12:21:03:22

TZE beam dt = 1302.2 ns

Inner: 1600 hits, 3681 pe

Outer: 2 hits, 2 pe
Trigger: 0x80000007

D wall: 614.4 cm
e-like, p = 281.8 MeV/c

Charge(pe)
>26.7
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Dyan  Ring-counting PID E.i. POLfit mass E'*°
(cm) likelihood parameter (MeV) (MeV/c?)  (MeV)

#1 6144 5.7 -1.2 381.8 29.9 485.9 34



ND280 neutrino events

EventinUmben: 182414 Parition : 63) Runintmben:/4200 Spill : 0)[[SubRun|number :30) | Time : Mon|2010:08-22 18:10:44 JST [Trigger: Beam Spill

Eventinumber : 24083 | Rartition : 68| Run number; :4200 | Spill 0| SubRun number :6 | Time : Sun 2010-03-21 22:38:25 JSI [Trigger: Beam Spill
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v, vertex distribution from SK atmospheric data

T2K-like v, selection cuts applied to sub-GeV atmospheric neutrinos
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