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Neutrino Oscillation
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experimental signature using v, beam :
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Long Baseline Neutrino Oscillation Experiment

e Search for v —v, appearance
Aim to measure 6,

~10 times better sensitivity than CHOOZ limit ( sin>26,;< 0.15)

e Precise measurements of oscillation parameters via v, disappearance
8(Am2,;) ~ 1 X 104 eV?2, §(sin226,,) ~ 0.01



Off-axis beam

Near detectors (ND)
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¢ Intense, narrow-band beam
e Peak Ev tuned for oscillation max. ( ~0.6 GeV)
e Reduce BG by =0 from high energy talil = | | —
e Important to watch and keep beam direction §m | . Oscillation Prob.
J6) Sos Il | _ (Am?*=2.5x10%)
-' ~ 295km

v energy spectrun_’l

(Flux = x-section)




Neutrino beam flux prediction

horn focusing,
decay is simulated
by GEANT3

actual beam profile & _ 7-[
position graphite J
(beam monitors meas.) target

proton beam w—l)

e CERN NAG61/SHINE p—C interaction experiment data
were used. ( > 95% coverage to v parent it )

¢ K, m outside of NA61 acceptance, and other interaction
in the target were simulated using FLUKA.
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Data Taking

" 10'# Delivered proton## B Proton per pulse(for physics run) 0
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.lz?m‘ 10 Aug/10 MarPl 1
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'° p.o.t. for analysis
- 50kW stable beam operation - ~145kW beam operation

1.43 x 10%° POT is used for current analysis
(2% of T2K’s final goal)



Near detectors (ND)

;\_ off-axis
J-PARC 30 GeV ; -@-——_%

Proton beam Decay volume uon o” axis ~ =
l onltor &« :
Oom /1Z0m 280m \ ” 295 km
Muon monitor On-axis detector (INGRID)
— Si detector + lonization Chamber — lIron + Scintillator detector
7x7 array covers 1.5m x 1.5m 7 (horiz.) + 7 (vert.) + 2 modules
— Monitor intensity and profile — Monitor v beam (direction & flux) day-by-day
spill-by-spill

highenergy u | c. Si

7 ton / module

Muon monitor



v beam stabllity

Muon monitor : Stability of the beam direction
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Near detectors (ND)
p - H -
N——— off-axis
Proton beam Decay volume Muon
L rr|10nitor |

|
1 1 1 1
Om 1207 280m

Off-axis detector (ND280)

— Predict interaction rate w/o oscillation
— Fine grained detector (FGD)

full active for v int. w/ FV 1.6 ton
— 0.2T UA1 magnet

— Time projection chamber (TPC)
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Beam measurement at ND280 )

# of event expected at SK
without oscillation

R,u, Data
N exp __ N MC
SK — Rﬂ’ MC
Input number for ND
oscillation analysis
. . <N = L R RN LR R IR R L I
e v, inclusive measurement 3 10 -v CC QE
E 160 Bl v, CC non QE
Select events starting inthe FGD FV = 140 B NC
. . . > BV, CC
Wlth r_n_ost energetic negative track £ o B toide FGD
identified as . 5

( 90% purity, 38% efficiency) 80

Data is consistent with MC —» 4
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RﬁbData = 1529 events / 2.9 x 10" P.O.L. % 500 1000 1500 2000 2500 3000 3500 4000 4300 5000
E(v) (MeV)

R{. e +0.044
W =1.036 + 0.028 (stat.) 0037 (det.syst.) £ 0.038 (phys. syst.)
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Beam measurement at ND280

e v, Inclusive measurement

Select electrons by PID from TPC.
BG from mis-ID u estimated using sand-u data.
BG from y conversion constrained by control sample (data).

=

% 9 B v.FGD
R(ve/v, )= (L.0£0.7(stat) + 0.3(syst)) % : i
<2.0% @ 90% C.L. :Q;-; 6 Out of FGD
g
E g
(Nve/Nv )Data ’
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Near detectors (ND)

;\_ off-axis
J-PARC 30 GeV ; -@-———_ - _

Proton beam Decay volume Muon On-axis
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Far detector (Super-Kamiokande)

— Water Cherenkov detector w/ FV 22.5 kton

— Dead Time less DAQ (2008 ~)

— Excellent particle ID for pu/e particle Vi .
with ~99% efficiency SEUEE e
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SK events

Event timing w.r.t. beam spill

Number of events / 20usec

Number of events / 40nsec
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clear bunch structure
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Super-K tank

LE : Low Energy events

P T e, W i, W . |

OD : hits in Outer Detector AV

3

FC : Fully Contained (
(No activity in Outer Detector)

FV : Fiducial Volume
> 2m from wall

events

(IVANCVCICE Fully Containd & beam timing 121
LS (FC) | vertex in Fv total 88
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(FCFV) Slngle 33— V, cand.
Ring e I|ke g —> v, cand.

Multi Rlng

ATy = Tgps@SK - Tps@J-PARC - TOF(~985 1 sec)



Number of events

v, disappearance analysis
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Cut Sequence for v, CCQE
4 of For null-oscillation :
Criteria
events 103.6 events expected
single ring u-like 33
muon momentum 33 For oscillation with sin?26,,=1,
> 200 MeV/c 2 = 3 V2 -
# of decay electron eyl 28.3 events expected

<2
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v, disappearance analysis

3
4x10 Reconstructed v energy
i T2K 1.43x10°°POT (w/ syst. error fitting), 90% cL (Fit A) 1 20
--------- T2K 1.43x10°°POT (w/o syst. error fitting), 90% CL (Fit B) SR Data
B MINOS 7.25x10*’POT, 90% CL | . A5 o
- Super-K Zenith (preliminary, Neutrino2010), 90% CL - = L No oscillation
&; L Super-K LIE  (preliminary, Neutrino2010), 90% CI: ___________________ 1 L?>j 100 (sin®20, Am) = (0.98,2.6x107eV?)
Q3 &
T T Fit A ——s' & fise
L : S e, o ]
< ,‘"'h., =) i . l
L FitB —7 = . o S
— P o e 2 —s— data / nominal MC
2_ BeSt-fit (AmZ, Sinzzg) best fit / nominal MC
. K FitA (2.6x103%V?, 0.99)
% FitB (2.6x103%eV?, 0.98) o LI
B | | | | | 1 | | | | | | N *('-U' bl - 1
0.8 0.9 1 e -4
sin%20 | B s o
90% C.L. allowed region ﬁﬁ%
o L 1 L L 1 1 1
2 2 .9 0 0.5 1 1.5 2 25 3 3.5 4
Am=< (eV?) sin<(20) (Gev)
Fit A 21~ 3.1x10°3 > 0.85 Cl ot - b d
. ear osciiiation pattern oonserve
Fit B 21 ~32x10°  >084 P

Consistent with MINOS/SK results



v, appearance analysis

Number of events

Number of events /(15 MeV/c?)
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> 100 MeV 7
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0.8 0.6
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0.09
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v, appearance analysis
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Kinematic distribution of nue candidates Central value: 0.14 nl} 0.1 0.2 0.3 0.4 0.5 0.6
consistent with numu->nue oscillation .
sin“20,,
ve candidate events (+1) n — —_—
200 Y -

0 i nverted ]
Inverted : C ; ]
1000 0.03 < sin?26 , <0.28 L Amy; <0 ]
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Vertex distribution of nue candidates:

KS test of R2 gives 11% probability Pvawe of null hypothesis: 0.7% 17
Published in Phys. Rev. Lett. 107, 041801 (2011)
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Comparison with MINOS result

- == Best fit to T2K data
2sin’d,,=1 for CHOOZ -
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Significant overlap of T2K and MINOS 90% C.L. allowed regions



Comparlson W|th MINOS result
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Summary

First off-axis experimental v, and v, results from T2K,
based on RUN1+2 data (1.43x104° p.o.t.)

New result from v, disappearance analysis
® Observe 31 events for single-ring u-like (104 events expected w/o osc.)
® 90% C.L. allowed region: 2.1x107 < Am?,; < 3.1x10° eV?, sin?20,, > 0.85
® Consistent with other v, oscillation results

Indication of v, appearance consistent with non-zero 6,

® Observe 6 v, candidate events when 1.5 *+ 0.3 (syst.) BG expected at
sin?(208,5)=0 (p-value = 0.7% equivalent to 2.5 o)

® 0.03 (0.04) < sin?(20,5) < 0.28 (0.34) at 90% C.L. for normal (inverted)
hierarchy (assuming Am?23=2.4 x 103 eV?, cp=0)

® Significant overlap of the allowed region has seen among T2K, MINOS
and Double Chooz.

Resume J-PARC operation in Dec. 2011
and restart T2K data taking as soon as possible
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Vertex distributions of T2K FC sample and final sample
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Vertex distribution

Y-X and Z-R? plots for final events (w/o FV cut)

2000
R D S —
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\\ “““—"""""".""“1%
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-2009 -2000
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Vertex X (cm) Vertex R? (cm?) x10°
Check distribution of events outside FV
Check distribution of OD events
- No indication of BG contamination

Simulation study of beam-induced BG by
mis-ID 1, 7° photon, neutron, K from outside of ID
- very small (3x103) events estimated in FV

Vertex of these six events are located
near fiducial volume edge

K-S test of R? event distribution
- 3% probability

counts

counts

10/
8"

v | '
—— DATA i

MC w/ oscillations(sin%(20,,)=0.1)

'j MC: true vertex omside 1D

6 ]
4F } w/o fiducial cut -
2 .
- * 9 [ 4
4 0 —®— DATA
MC w/ oscillations (sin?(20,,)=0.1)~
30 MC: true vertex outside 1D

0 1000 2000
beam coordinate (cm)
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Vertex distribution along beam dir.



