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Neutrino Oscillation

e Neutrino flavor content varies as it

propagates through space, through
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Overview of T2K
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Calculating # of Events and Oscillation Parameters

N data
Neg =N N |<<—|[ 40, o
7 FD N MC FD (V) FD ° osc v
Number of ND /
interactions l \
Measurements Neutrino Flux  Cross Section Efficiency
. N,ﬂaéa used to normalize ¢ Prediction from e Input from * Detector
prediction at FD MC simulation theoretical performance
e Understanding of  calculation and < Event
. N?Ef fitted to the number the proton beam previous reconstruction
of observed events at the and hadron experiments and selection
FD, N2, to extract the  production e Large
oscillation parameters: uncertainties
P(vy—>v,) zl—sinz(26’23)sin2(Am§3L/4Ev), v,, disappearance
Fosc =
P(v, — ve)~sin®(263)sin’ (923)sin2(Am§3L/4Ev), v, appearance
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Neutrino Beamline
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Neutrino Interactions o

e Event CCQE 9
generator SR

MC based
on
theoretical cross
section calculations
and tuning from
external data

* Reconstruct E, and
flavour from observed
lepton in
CCQE interactions
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Pion Final State Interactions o

) o Affects background
— outgoing¢  contribution to CCQE sample

* Final state interactions (FSl)
simulated by microscopic
cascade model

Incoming v
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ND280

e Select v, CC candidate events

from reconstructed W e
agnet Yoke
e Use data/MC integrated rate pam———
ratio to normalize expected POD ECAL Fine-Grain
number of events at SK i

e Future: Neutrino cross
section measurements
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Super-K

e 50 kton water Cerenkov

detector

e 1km underground

e 11k PMTsin ID

e Event reconstruction:
See Shimpei Tobayama’s

talk tomorrow
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Timing of events corresponds to
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Oscillation Analysis Neg' NES Nig & - Posc

v, disappearance v, appearance
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Conclusions and Prospect

e Results with only 2% of design POT:

— v, disappearance measurement rejects null-oscillation at
4 50, consistent with MINQOS, SK and K2K

— v, appearance first indication of non-zero 6, at 2.5¢,
subsequent results from MINOS and Double Chooz are
consistent

F/rst events after
Il carthquake

e Continuous beam running will
resume (after the earthquake)
in March

* |Improvements to analysis and
systematics

e Neutrino cross section measurements
by ND280




J hank you and Stay tuned...
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Proton

Beam Monitors ¢
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OTR Proton Beam Monitor ¢

Camera (40 mm diam) Mirror 4

e Measures beam
position and width at
the target

e Strong constraint on
the resulting v-beam i
direction = s ez | ors
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Off-axis Neutrino Beam ¢

® ?-body decay — exact kinematics
W_I_ — J,ufl_ - Uy

Flux x Cruqs Section

SK% I
ND On-axis J-PARC
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On-Axis Neutrino Detector: INGRID ¢

e 16 modules arranged in a cross
— X-Y iron-scintillator layers, 7.1 tons each
e Count neutrino interactions in each

module to determine neutrino rate vs.
position

e Extract beam direction better than 0.5
mrad
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v, Appearance Backgrounds p-o-¢

1) Beam Ve:
Vy beam only
~99% pure in

signal region
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v, Event Selection &
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v, Event Vertex Distributions
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vV, Event Selection &
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Beam and Interaction Uncertainties ¢-c

Uncertainty v, signal v, bkrd
(after ND scaling)

CCQE nuclear

model(@lows) 25% 3%

Proton beam 2.2% O% 2 2% CClm +0.4% -0.5% 2.2%
Pion production 5.7% 6.2% 2.5% CC coherent 1t _ 3.1%
Kaon production 10.0% 11.1% 7.6% CC other +4.1% -3.6% 4.4%
Other hadronic 97% 95%  1.5% NC all 0.9% _

interactions
. NC1m® i 5.3%
Meson focusing,

beam direction 2.8% 2.2%  0.8% NC coherentmm - 2.3%
Total 15.4% 16.1% 8.5% NC other - 2.3%
o(v,) N/A 3.4%
Final State 6.79% 10.1%

Interactions (FSI)
Total +8.3%-8.1% 14.0%




v, Analysis Summary -0 & Poge

Signal (v, to v, osc) m

Far detector V, signal v bkgd
uncertainties (%)

@sin?20,,=0.1, 6cp=0 4.11

Ring counting 3.9% 8.3%
Electron PID 3.8% 8.0% Background m
I iant 5.1% 8.7%
nvariant mass beam Ve 0.76
r° rejection - 3.6%
S v, CC background 0.03
Fiducial volume 1.4% 1.4% M
Energy scale 0.4% 1.1% NC background 0.61
Decay electron eff 0.1% 0.3% osc through 912 0.09
Muon PID - 1.0%
Total 1.49+0.34(sys)
Total 7.6% 15%
v flux +8.5% +8.5%
v interactions +14.0% +10.5%
Near detector +5.6 -5.2% +5.6-5.2%
Far detector +14.7% +9.4%
Total +22.8-22.7% +17.6 -17.5%
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Earthquake Damage ¢

http://www.kek.jp/intra-
e/Introduction/column/110509map.html

Map of the damages at Tokai Campus (J-PARC)

(T Linac
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(3 50GeV Synchrotron 7, - % 3 GeVsynchrotron

] @ Main Control Room - power station .,

(&) Material and Life Sciences E:permerﬂ:al Facllj_t,r
® 3NBT I T i
(7) Neutrino E:q)enmental Facﬂit'f ‘*. o
(8) Hadron Experimental Facility

@ Acceleratﬂr-[] riven Trans -

- wﬁﬂ

Neutrmo HaII AC Neutrino beam dump
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