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THREE FLAVOR MIXING IN LEPTON SECTOR
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v,—v. APPEARANCE

Leading term at around atm.
osciilation maximum
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DESIGN PRINCIPLE OF T2K

Far Detector

Decay volume Near
target/ Y Muon Detector V (SuperK)
Cefacior off-axis (2.5° ) lJ
T— LR N N - PO | —— .

30GeV protons

| | | |
from J-PARC MR —— H—HV — | |

Om 118 m 280 m 295 km

© High Intensity v, beam from J-PARC

M Super-Kamiokande(SK) as a far neutrino detector

o 22.5kt fiducial volume mass

e
« Excellent performance for single particle event y__(

* Ve+tn—oe+p (T2K ve signal) D
M Less high energy tail by off-axis beam method

* First application at long baseline experiment




FAR DETECTOR (SUPER-K)
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ELECTRON-LIKE AND
MUON-LIKE EVENT AT SK

Particle identification using
ring shape & opening angle
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T2K SIGNAL & BACKGROUND
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FOR v, APPEARANCE

Signal = single electron event
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Charged Current Quasi-elastic interaction :

CCQE:ve+tn—e+p
(dominant process at T2K beam energy) e

V“--—-> Ve ---->/

Background

* intrinsic ve in the beam (from y, K decays) B

<0.5% at energy peak
0 from Neutral Current interaction
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OFF-AXIS BEAM : INTENSE & NARROW-
BAND BEAM

Far Detector
(SuperK)
V -
target/ |J‘ ______
Horn T
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Decay volume 0’0 t 4 + 4 B s 7 g 9 W
Off-Axisbeam P (’(Sewi)/
[y ;~0 | Oscillation Prob.@ | n(GeV)

AmZ=3x103eV2

Pseud monochromatic beam utilizing
pion decay kinematics
T2K off-axis angle is 2.5°
peak energy at oscillation max.
(~0.6GeV at L=295km)
less high energy tall

l

maximize physics sensitivity




OFF-AXIS NEAR DETECTOR
(ND280)

vu CC events rate measurement

in present analysis
0.2 T UA1 magnet
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UA1 Magnet Yoke

» scintillator bars target (water target in FGD2)

- 1.6ton fiducial mass for analysis
Time Projection Chambers (TPC)

« better than 10% dE/dx resolution
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TOTAL # OF PROTONS USED FOR
ANALYSIS

1018 _ - Delivered proton# - Proton per pulse(for physics run) -
2 2 - Physics run - Proton per pulse(all runs) _X10 (())
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Date
Run 1 (Jan. 10 - June "10) Run 2 (Nov. "10 - Mar. "11)
- 3.23 x 10" p.o.t. for analysis - 11.08 x 10"9 p.o.t. for analysis
- 50kW stable beam operation - ~145kW beam operation

Total # of protons used for this analysis is 1.43 x 10%° pot
2% of T2K’s final goal and ~5 times exposure of the previous report




v BEAM STABILITY

Stability of v interaction rate normalized

Stability of v beam direction (INGRID)
by # of protons (INGRID)

o S(L) o

T | I : N « ||

5 a0 T Y DN AR S T USSP S SO
§ 1ol + """ +- Imrad = | |

2 : - i

5 . i * 1~ INGRID v int. rate stability

of H i 4+ i? A t

101~ ' s Run1+2/Run1 < 1%  wvemge

=20~
30— MY B T e S P e e M M e Nea De Bl : Mas
Ny Ja, Ma,  “Apr Jup De,  Fep Ma, 0% a ! . - .
F0620 v 20y,
10 integrated day(1 data point / 1day)

v beam dir. stability < 1mrad

Stability of beam direction (Muon monitor) Beam dlr stablllty < 1mrad

-
(5]

-
(=]
—

Y prof' Ie center
Lok v.,l,mra,d,.;.,., ]

" """" e “‘m !‘*‘ g ""=== ===='== '=====

Profile center (cm)
[4)]

or-#
sf " ll--u ""- A ey n ¥ [ (M Vi | N o S L My A bbb b

e T

-
o
T

.;.........F.......... .............’........[..........F...

1

] I I ] i ] i

-
L4

Jan24 Jan 31 Feb 24 Feb 28 Mar21 Mar24 Apr18 May 02 May16 May 30 Jun13 Jun 27 Nov 27 Dec 27 Jan 26 Feb25 Mar05 Mar08




DOCUMENT 3/11

IEBATFUAD=HE—LIZELLH
15:00&Y RUn1D#FRZKEKIZTRERFE
RETIE. M- BEHRFRFEF
14:46 RAIOME — ZAEE 65&

BEICWODV=T2KBEREBE D SN, (TVEET)EIF—ICHELESE
St NZxRBE T
RRKOEIRTIL—TIRE 588D
EERICEFT CTRANSER
ANDHEEIFARLVEE
F0#%. HAMILERERNEES




2011.3.24.

3A24B M) =7 v U T ES

\ v’ "

3A17HIZIE U FTOKTH-=-0OMN, 38248IZ1F10€ > FIZ,
#9100 b > DK, 3B25B & Y BERFAEM THI/KZ LA, 9




2011.3.17,

Bl (E—LERASTHERD) 2




DOCUMENT 3/11

R, BER. AR KBLEFES, REHSVEL

REFELHE (BEER. $ELHITIEFS, —IELESN O, AV
MEIZABLELY)
fedld. AVES IV RRRNP T, BIBETE

3114 KEKM/N\RZFEL, I —F—% T RXRTEBEHNSEIZTLITS

IR IFRE, BN
R ELIE S FAH

ZTNDE. ZRIMFHRELRILN LS, RiETHLERIE, mAR3~4uSv/h,
I<IZTAS,

18 #% SR < [ZInspection start

(3/24 Il ETIRE. AV MENFIZALLLY)
4RIZA-ThHhb, EEER. FKELEIB, RLIC2I—F BRI,
BEIIKEVD, BEFTRE !




Search for ve appearance




ANALYSIS OVERVIEW

1.  Apply ve selection criteria to the events at far detector (SK)

2. Compare the observed number of events and the expected
number of events (for sin%2013=0)
— search for ve appearance

Contents in this section

Ve Selection criteria

The expected number of events at Far detector
using Hadron (pion) production measurement

&
ND event rate measurement

Systematic uncertainty

Observation at Far detector & Results




* ve selection criteria
The expected number of events at Far detector
Systematic uncertainty

Observation at Far detector & Results




Ve SELECTION AT FAR DETECTOR (SK)

The selection criteria were optimized for initial running condition

The selection criteria were fixed before data taking started to avoid bias

[/ selection cuts

1. T2K beam timing & Fully contained (FC)

(synchronized with the beam timing,
no activities in the OD)

2. In fiducial volume (FV)
(distance btw recon. vertex and wall > 200 cm)

——— atmospheric v FC events

1 % — _:‘:

* Events too close to the wall are difficult to g :z% MC E
accurately reconstruct vertex e F ® Data

* Reject events which are originated outside the ID & SMW } E
. o 500f -

* Define FV 22.5kton g %% ;
@ 400p E

S 300 E

3. Single electron £ aof Super-K 7625 days 3
. . . Z = FCFV Sub-GeV I

(# of ring is one & e-like) - _ 30MoV < visbe energy < 1330MeV

Op 200 400 600 800 1000 1200 1400 1600

Distance to Wall (cm)




4. Visible energy > 100 MeV 5. No decay electron observed

(visible energy = (no delayed electron signal)
electron energy deposited in ID)
* Reject events with muons or pions

which are invisible or
mis-identified as electron

* Reject low energy events, such as
NC background and decay

electrons produced by U

. P (vu events or

Invisible muons ¥ CC non-QE events) 0/

4
%J — 1 Osc.v,CC < [ Osc.v,CC
S v, +v, CC v,+v, CC
8 3 1v,CC 2 10 v, CC
\::’ -- § NC
2 T2K MC o T2K MC
§ 2 sin?2613 = 0.1 E sin?2613 = 0.1
)
.g rejects 14% of NC, 'g 51 rejects
. 30% of vy CC bkg. e 85% of v, CC bkg.
.g # 98% signal | 90% signal
S T O efficiency [ ——  efficiency
z =t e | m—
0 1000 2000 3000 0 1 2 3 4 =25

Visible energy (MeV) Number of decay-e




6. Reconstructed

Number of events /(15 MeV/cz)

invariant mass (Minv) < 105 MeV/c?

* Suppress NC 1% background

Find 2nd e-like ring by forcing to fit light pattern
under the 2 e-like rings assumption, and then
reconstruct invariant mass of these 2 e-like rings

5

T2K MC
< ] Osc.v,CC
vu+VM CC
E vl CC
sin?2813 = 0.1
= rejects 71% of NC
background
91% signal
efficiency
0 100 200

Invariant mass (MeV/c2)

300

demonstrate to reconstruct invariant
mass using atmospheric v data

B v, CC single-

g 8 8 2 88 8

%

T - v, CC other

mm v, CC
NC

T2K ve selection)

SK atm. v data and MC

(single ring e-like event with

1 200 2% 200

s é
Invariant mass (MeV/c?)

9
-y
-

B
—
4




7. Reconstructed energy (Erec) < 1250 MeV

* Reject intrinsic beam ve backgrounds at high energy
* Signal (vp—Ve) has a sharp peak at E~600MeV

Number of events /(250 MeV)

0 }
0 1000

reconstruct energy assuming CCQE

< ] Osc.v,CC
- v.u+Vu CC
. 1v,CC

NC

T2K MC
sin%2613 = 0.1

rejects 36%
of beam ve bkg.

98% signal
efficiency

I
7772 e —

2000
Reconstructed v energy (MeV)

3000 |

e
_Y.-@I"el) .

P

mpE — mi /2 — (m] —m2)/2

E —
ree my, — E; + p; cos 6,

(with correcting nuclear potential

After all the selection criteria
background rejection :
77 % for beam ve,
99 % for NC
signal efficiency : 66 %
for the number of events in FV




Ve Selection criteria

®* The expected number of events at Far
detector with 1.43 x 1029 p.o.t.

Systematic uncertainty

Observation at Far detector & Results




EXPECTED # OF EVENTS AT FAR
DETECTOR

Normalization by Near detector

both for signal and backgrou%p “, Data
Ngxg = (Ry X

ND vy event rate

Measurement of the number of inclusive v, charged-current events in
ND per p.o.t. using data collected in Run 1 (2.88 x 10" p.o.t.)

Stability of the beam event rate is confirmed by INGRID measurement
INGRID v int. rate stability Run 1+2/Run 1 < 1%

F/N ratio for ve signal event « systematic error cancelation
(flux ) x (osc. prob.) x (x-section) x (efficiency) x (det. mass)

MC (I)EK v U, — Ve E))-o(b,) esk(By) dE,
NSK Ve 81g. f ( ) i ( ) ( ) ( ) MSK POTSK
Rp MC M

WD / OX°(B,) - o(E,) - enp(B,) dE,




NEUTRINO FLUX PREDICTION

T2K Neutrino beam simulation based
on Hadron production measurements f

horn focusing,
decay is simulated

by GEANT3
actual beam profile & T K
’

position graphite

(beam monitors meas.)  target

proton beam —P‘
Hadron production in 30GeV proton + C

* Use CERN NAG61/SHINE pion measurement

(large acceptance: >95% coverage of v parent pions)
5~10% systematic error

* Kaon, pion outside NA61 acceptance, other interaction
in the target were based on FLUKA simulation

* Secondary interaction x-sections outside the target were based on
experimental data




Predicted neutrino flux
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Predicted neutrino flux
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vy INTERACTION RATES AT NEAR
DETECTOR muon

M+N*H+m

momentum in inclusive vy CC events

Ty S B L I LALEL BRI BLLALELN I ILRLLIL ML
§ 200 p.o0.t. normalized -
g 180 ;_ 777 v, CC QE ;
o 160 Y v, CC non QE -
% 140:— vu CC :
& . T NC -
qé 120 E_ External Backgroundé
s 100F . . .
80E- data is consistent with
60F- MC based on the NA61 and
405_ " v interaction simulation (w/o tuning)
o\ SO
% 5001000 1500 2000 2500 3000 3500 4000 4500 5000
Results P(n) MeV/c)
Rk D% — 1529 events / 2.9 x 10'° p.o.t.
RLJGDD e 0.044
i, T~ 1.036 £ 0.028(stat.) "o ga7(det. syst.) & 0.038(phys. syst.)




THE EXPECTED NUMBER OF
EVENTS FOR SIN42013=0

The expected number of events with 1.43 x 10%° p.o.t.

N®*Psk tot. = 1.5 events

Beam ve NC Oscillated

Vy—Ve Total
background background (solar term)

The expected #
of events at SK

8 0.6 0.1 1.5

O [ ]
] %

NMC
N EZP . Rp,, Data SK beam v, bkg.
SK beam v, bkg. — I'ND X gt MC MC
ND exp — R™ Data NSK NC bkg
SK NC bkg. — ND X

u, MC
RND




Ve Selection criteria
The expected number of events at Far detector
* Systematic uncertainty

Observation at Far detector & Results




SYSTEMATIC UNCERTAINTY ON
NEXP g4

€rror source

Total
...... MC
Ne:np Rp,, Data X N,S’K
SK — ND Rp,, MC
ND

oooooo
.......

/ 5K (B.) - Pose.(Ev) - 0(E,) - es(By) dE

f ®N(E,) - o(E,) - enp(E,) dE,




error source

) v flux

Vv cross section

Near detector

NEUTRINO FLUX UNCERTAINTY
)
) Far detector
)

Uncertainties in hadron deteater
prod_uctlon and interaction are / 85K, (B, - Pose.(E,) - 0(Ey) - esxc(Ey) d
dominant sources

(1
(2
(3
(4
(5

/ ®,°(E,)-o(E,) -enp(E,) dE,

Pion production

* NAG1 systematic uncertainty in each pion’s (p,0) bin
Kaon production

« Used model (FLUKA) is compared with the data(Eichten et. al.) in
each kaon’s (p,0) bin

Secondary nucleon production 7. K
« Used model (FLUKA) is compared with n,
the experimental data proton

Secondary interaction cross section graphite target

* Used model (FLUKA and GCALOR) is compared with
the experimental data of interaction x-section (11, K and nucleon)




Summary of v flux uncertainties on N®*Psk for sin“2613=0

exp pn, Data Névf{c

Nk = Ryp X R MC
Error source Rk MC N
Pion production 5.7% 6.2%
Kaon production 10.0% 11.1%
Nucleon production 5.9% 6.6%
Production x-section 7.7% 6.9%
Proton beam position/profile 2.2% 0.0%
Beam direction measurement 2.7% 2.0%
Target alignment 0.3% 0.0%
Horn alignment 0.6% 0.5%
Horn abs. current 0.5% 0.7%
Total 15.4% 16.1%

The uncertainty on N®*Psk due to the beam flux uncertainty is 8.5%

Error cancellation works for some beam uncertainties




v INT. CROSS SECTION
UNCERTAINTY

Evaluate uncertainty on F/N ratio by varying the cross

section within its uncertainty

Main v interaction in each event category —~

error source

(1) v flux
(2)

(3) Near detector

(4) Far detector

(5) Near det. statisti

Vv cross section

/ 5K, (E,) - Posc.(Ey) - o(E,) - ésk (Ey) dE

NC background : NC1°

Beam ve background : ve CCQE

Signal : ve CCQE
ND CC event : CCQE(50%)

f o °(E,)-o(E,) -enp(E,) dE,

- CCIm(23%) Cross section uncertainties are

_ _ estimated by Data/MC comparison,

Crogs SeleiClnes el . model comparison and parameter

Process relative to the CCQE total x-section

‘ variation
CCQE energy dependent (~ :I:T‘/(') at 500 MeV) "
CC 1r 30% (B, < 2 GeV) — 20% (B, > 2 GeV) o ‘
CC coherent 7 100% (upper limit from [30]) ,{E ._ H @® MiniBooNE data ]
CC other 30% (E, <2 GeV) — 25% (E, > 2 GeV) = |, -+ [IMC (NEUT) ]
NC 17 30% (B <1 GeV) ~ 20% (B, >1GeV) € = F [ Ly ;
NC coherent 30% 5 1.
NC other 30% ; L F
FSI energy dependent (~ +10% at 500 MeV) PR == o I

Uncertainty of a(ve)/o(vy) =

+6%

Po (GeV/C)




error source

V I NT. CROSS SECTI ON |E2; v cross section
UNCERTAINTY () s e,
ON NEXPSK FOR SI N2291 3=0 (5) Near det. statisti

Error source syst. error on Ngz
CC QE shape 3. 1%
CC 1n 2.2%
CC Coherentm 3.1%
CC Other 4.4%
NC 179 5.3%
NC Coherentm 2.3%
NC Other 2.3%
o(ve) 3.4% Uncertainty in pion’s
FSI 10.1% <—final state interaction

Total @ IS dominant

The uncertainty on N®*Psk due to the v x-section uncertainty is 14%
(sin?20613=0)




error source

1) v flux
2) v cross section
3) Near detector
4) Far detector
5) Near det. statisti

FAR DETECTOR UNCERTAINTY?"
(

Uncertainty due to the SK detector uncertainty

Evaluation using control sample / 5K vy (Bv) - Posc.(Ey) - 0(E,) - esx(By) dE

_ / o) °(E,) o(E,) enp(E,) dE,
One of big error sources:

detection efficiency of NC 1m? background

control sample with one data electron + one simulated y

3000 < @ control sample data e data from
2500 I atm.-v
& || mc ()
¥ v MC

1500 1} j »
1000 |3 : . ,

o P 5% apply T2K ve selection and compare
. [ . | the cut efficiency between control sample data

0 0 100 150 '}_9_50—50 and its MC

invariant mass Minv [MeV]  _, §ifference is assigned as sys. error




Summary of Far detector systematic uncertainty

Error source

MC
5NSK Ve S1g.

MC
ONSK big. tot.

NSK v, sig. | N&K bkg. tot
0 rejection - 3.6%
Ring countin 3.9% 8.3%
Elecgzjtron PIDg 3.8% 8.0% =valuated t-)y
atmospheric
Invariant mass cut 5.1% 8.7% Ve enriched data
Fiducial volume cut etc. 1.4% 1.4%
Energy scale 0.4% 1.1%
Decay electron finding 0.1% 0.3%
Muon PID - 1.0%
Total 7.6% 15%

— The total uncertainty on NMCsk . is 14.7 % (sin?2013=0)
(uncertainty on the background + solar term oscillated ve)




TOTAL SYSTEMATIC

UNCERTAINTIES

Summary of systematic uncertainties on N®sk total. for sin?2613=0 and 0.1

Error source sin?2013 =0 sin®20,3 =0.1 ¢f
(1) Beam flux +8.5% +8.5% S"”;igfgf + kg = 1.4
(O(2) v int. cross section +14.0% +10.5%

(3) Near detector 5:3% 5o % Si”éi,-e; 3==Z:;:#bkg = 1.3
()(4) Far detector +14.7% +9.4%

(5) Near det. statistics £2.7% £2.7%

Total T523% T175%

(due to small Far det.
uncertainty for signal)

NeXPsk tot. = 1.5 = 0.3 events for sin22043=0
(w/ 1.43 x 10%° p.o.t.)




Ve Selection criteria
The expected number of events at Far detector
Systematic uncertainty

¢* Observation at Far detector & Results




Number of events / 20usec

SK EVENTS IN BEAM TIMING

Events in the T2K beam timing synchronized by GPS

relative event timing to the spill timing Clear beam structure !
LE: low energy events | ,
[ OD: hits at Outer Detgctor LE - ® 15| _EU”;
3[FC: No hit at Outer Detector 2 ! - ™Run
i . o
: <
' S
OD (7)) |
_ £ 10
m .
> |
m s
© k
® 5
0 !
- |
3 .
= | “ M‘
500 -250 0 250 500 -1000 0 1000 2000 3000 4000 5000
AT, (usec) AT, (nsec)

ATo = Teps@SK - Ters@J-PARC - TOF(~985usec)




NUMBER OF T2K EVENTS AT FAR
DETECTOR

Number of events in on-timing windows (-2 ~ +10 usec)

Class / Beam run RUN-1 m non-beam

POT (x 10%9) 323  11.08 14.31 e
Fully-Contained (FC) 33 88 121 0.023

The accidental contamination from atmospheric v background
is estimated using the sideband events to be 0.023




APPLY ve EVENT SELECTION

defined before the data collection

: : 6 selection cuts in addition FC cut
Fiducial volume cut

(distance between recon. vertex and wall > 200cm)

FC, Evis>30MeV, R<1490cm -FC,EvB>30hAeV,|Zﬂ<1610cn1

RN
o

1
I

+

) . .
0 1000 , 200 3000
Vertex R* (cm?) «10°

&)
[
]
;
1

Number of events
, | I
T
b
I
1
Number of events

I_ I

o=l 1. -y
-2000 -1000 0 1000 2000
Vertex Z (cm)

NO




Number of events

Single electron cut (# of ring is one & e-like)

—4— Data ' —+— Data
< ] Osc.v,CC ” Loy [ 1 Osc.v,CC
v+, CC - v +v, CC
| —Ivict | @ 10t v, cE
= NC
40 f T " o _ (MC w/
_ (M_Cz\évé o) () 5in22013 = 0.1)
Sin 13 = U. s i 3 .
g e-like | M-like
_ g .| I
= 3 gl
| 4|2 IR IUA !
FRRRRRN MR - IL 2 1
" N | 0 B eNGE T %:i
1 2 3 4 =25 -10 0 10

Number of rings PID parameter




Visible energy > 100 MeV

Number of events /(100 MeV)

—4— Data
[] Osc.v,CC
Vu"';u- CC
[ 1wv,CC
NC

(MC w/
sin22613 = 0.1)

—

1000 2000
Visible energy (MeV)

3000

Number of events

No decay electron

-
o

—4— Data
[_] Osc.v,CC
v+, CC
[ 1wv,CC
NC

(MC w/
sin226813 = 0.1)

8}

7,7I

el
———————— | |

0

1 2 3 4 =5
Number of decay-e




Invariant mass cut (Minv < 105 MeV/c?)

)
N:; : —+— Data
S - - [ Osc.v,CC
QO 4 _ 1»»‘M+Vu CC
> ! 1v,CC
Tg) NC
i - (MC w/
—~ 3 sin?2613 = 0.1)
m ks
- 7
- h
g ,
o 2
—
@)
- ,
7 =
= gy —
0 100 200 300

Invariant mass (MeV/cz)




Reconstructed v energy cut (Erec < 1250 MeV)
Final cut

Number of events /(250 MeV)

é

|

/s

—

—4— Data
[_] Osc.v,CC
vu+?u CC
[ 1v,CC
NC

(MC w/
sin226813 = 0.1)

6 candidate events
remain after all cuts !!

(Nexe = 1.5 = 0.3 at sin?2613=0)

0 1000

2000 3000

Reconstructed v energy (MeV)




A vc CANDIDATE EVENT

Super-Kamiokande IV

T2K Beam Run 0 Spill 1039222

Run 67969 Sub 921 Event 218931934
10-12-22:141:15:18

T2K bean dt = 1782.6 ns

Inner: 4804 hits, 9970 pe
Outer: 4 hits, J pe

Trigger: 0x80000007

D wall: 244.2 om

e-like, p = 1049.0 MeV/c

Charge(pe)
>26.7

3.3~ 4.
2.2- 3.
l1.3- 2.2
0.7- 1.3
0.2- 0.7
< 0.2

visible energy : 1049 MeV
# of decay-e :0

2y Inv. mass : 0.04 MeV/c? I 4.

recon. energy : 1120.9 MeV

Times (ns)




FURTHER CHECK

Check several distribution of ve candidate events

e

\
\

N\
4

Beam direction

Number of events

w

N

—
Ll T T

| —¢— Data

- EE v, CC
[ ' NC

- (MC w/

- sin%2813=0.1)

-

L 7] Osc. Ve

- v +v CC
TR

CC




Vertex distribution of ve candidate events

2000 | 2000
1000 #* 1000 i
— @ o [ \
£ ' o £ |
o 3 '. :
> 0of N 0 ;
) * ) :
= = .
()] ' ) :
> N > :
-1000 : . -1000 :
______ « o
-2000 w -2000 - - —
-2000 -1000 O 1000 2000 0 1000 2000 3000
Vertex X (cm) Vertex R” (cm®)  x10
These events are clustered at large R o7 Event outside F

— Perform several checks. for example

* Check distribution of events outside FV — no indication of BG contaminatio
* Check distribution of OD events — no indication of BG contamination

* K.S. test on the R? distribution yields a p-value of 0.03




RESULTS FOR ve APPEARANCE
SEARCH
WITH 1.43 X 10%° P.O.T.

The observed number of events is 6

The expected number of events is 1.5 = 0.3

for sin22043=0

Under the 613=0 hypothesis, the probability to
observe six or more candidate events is 0.007
(equivalent to 2.50 significance)




ALLOWED REGION OF SIN42013
AS A FUNCTION OF AM?23

(assuming sin?2023=1, dcp=0)

T T T T T T T T T T T T L a—

[ e Best fit to T2K data

68% CL

i B 909 CL
- 2 " " 1 2 3 M " 2 " 2 " " 2 " M
0 0.2 04 0.6 0.8 1

Feldman-Cousins method was used




ALLOWED REGION OF
SIN22013

AS A FUNCTION OF ocr

(assuming Am?223=2.4 x 103 eV, sin220823=1

............... T
2 _ -
Am5,>0 W2
© ~ o) i
— BestfittoT2K data | 2 =
68% CL
P 90% CL
....................... o L
02 03 04 0.5 0.6 0

sin*26, ,
90% C.L. interval & Best fit point (assuming Am2:3=2.4 x 103 eV/2, sin220823=1, &cp=0)
0.03 < sin%2013 < 0.28 0.04 < sin%2013 < 0.34

sin%2013= 0.11 sin%2013=0.14




T2K NEXT STEPS

Aim for firmly establishing ve appearance and
better determining the angle 013

-~

P
J-PARCEEIHR T a—)L (@2011.5.20)
20114 20124
4 5 6 7 8 9 10 11 1 2 3
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CONCLUSION

We reported new results on vy — ve oscillation analysis
based on 1.43 x 10%° p.o.t. (2% exposure of T2K’s goal)

« The expected number of events is 1.5 & 0.3 (sin?2613 = 0)
* 6 candidate events are observed

» Under 813=0 hypothesis, the probability to observe 6 or more candidate events is
0.007 (equivalent to 2.50 significance)

+ 0.03 (0.04) < sin?2013 < 0.28 (0.34) at 90% C.L. for normal (inverted) hierarchy
(assuming Am?23=2.4 x 103 eV?, sin?2023=1, dcp=0)

Indication of ve appearance

i i . Submitted to PR
Resume experiment as soon as possible and improve

analysis method to conclude ve appearance phenomenon

vy disappearance result with 1.43 x 102° p.o.t. data will be
reported this summer




