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* This is all | could think of to fit that title. It's a
long trip from near T2K to my far away home...



The T2K Experiment
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The T2K
(Tokail to Kamioka)
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Characteristics of T2K

* High intensity beam
o Off-axis detectors:

 The detectors are at 2.5° off-axis from the beam,
which tunes the v energy and shape.

A massive, well understood, far detector SK.
* A complex suite of near detectors:

* INGRID is on-axis for beam direction monitoring.

« ND280 has multiple sub-detectors and regions,
focused on specific backgrounds at SK.
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JPARC Beam

Top view (v beamline)

* Protons collide with a graphite target, TP mm—
producing charged pions. NV i
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* Design 30 GeV, 750 kW

* The positive pions are focused by horns,
and enter the decay volume.
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« The decay produces v, and
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Off-axis Design

G.P. Zeller

 The detectors are placed off-axis
from the beam.

« 1% oscillation maximum @ E, ~ 0.6
GeV.

e Beam peak ~ 0.7 GeV, CCQE
Interaction dominates, allows E
reconstruction.

E{l Single Pion
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Goals of T2K
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Oscillation Goals

o T2K will make two oscillation measurements
- v, disappearance:

» Observe a deficit of v, in the beam at Super-K.

 Improved measurements on 8,, and Am-,,.

e V_ appearance:

« Search for increased v, in the beam at Super-K

 |f found, would establish non-zero 9.,

» With other measurements, may probe mass
hierarchy and 0
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Conceptual Measurement of v, — v,

i_E.m w
Target ND280 «f S< Super-K
0m ~280 m ﬁ_ ——— || 295 km
Nv P ME R(SKIND) Nv ¢

» # of observed events @ SK
Ny = P(v,-V,) X CDSK(V“) X g(V int. water)
« ®¥(v) x a(vint.) =R(SK/ND) x ®®(v,) X o(V int. water)
= R(SKIND) x Nv,” ™ e oment
* R(SK/ND) : Far to Near flux ratio

e Estimated from simulation, using measurements from
beam monitors and CERN NAG1.
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Eventual v, Appearance
Sensitivity
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90% CL 6,, Sensitivity
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Conceptual Measurement of v, — v,

Disappearance measurement gives 6 , Am232

PW, - v)=N/(NE,) = sin® 20, sin*(AmB L 4E, | |asired by superk
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Statistical and
Systematic
Uncertainties
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Anticipated Systematics v, — v,

e |ntrinsic V, In beam (60% of background)

« Fake e in far detector (e.g., NC 1) (40% of background)

 |f oscillation probability is large, will eventually limited by signal
eff. (fiducial volume, energy reconstruction of v, events)

« S/N of 1:1 corresponds to sin22913~0.02

* Analysis goal is to keep fractional uncertainty on each background
source to 10%

Acceptedv, Accepted Beamv, Signal v,

Frac. beam v signal v Frac.
e gn e
le

NCim© 77 % 04.6 % 1e 08.5% 4
NCin# B.6% 1€ + 1p* 2.6% 18 + 1p¥ 15 %

NCay 5.2% 1e + 1P 0.4%

. Lo NC 2.4% Systematic error of 1n? and
e el 1e efficiencies are important
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S(sin 25 6)

Anticipated Systematics v, — v,

 Disappearance v, — Vv,

 Beam energy, normalization
» Detector fiducial volumes and energy scales
* Non-QE background in Super-K
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T2K Analysis Strategy

force on multiple fronts to beat
down systematics, perhaps
out of proportion to their
actual impact

Systematlc uncertalntles place flowers In

] Our tOOIS Of Ch()i()e rifles of T2K Collaborators outside the US
Pentagon (1967), (photo: Bernie Boston)

« Experimental design: primarily off-axis beam, partial
cancellations from near-to-far comparisons

 "“Redundant” methods: build complete data-based
models for beam, neutrino interactions, detectors to
cross-compare and study systematics
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NAG61
INGRID atmospheric
data analysis

Detector
simulation

Super-
Kamiokande
beam data

Super-K
prediction

ND280 Transfer Cross Super-K
& function @ sections @ response

ND280
N —
External
ND280 ND280 \_ data
data data
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Example: Flux Tuning

 Beam simulation gives a
prediction for flux

e Protons monitors provide
Initial proton direction

« Hadron production tuned
for consistency with NA61
(T2K target replica) data

e Muon monitor crosscheck

 INGRID (on axis) detector
determines beam direction

e Rate also constrains flux

24 October 2010

Cs Ceomens

\._ data

- INGRID ™\
Beam '

Simulation

Super-K flux °

{ nD280 Transfer [
flux function [

ND280 Interaction
\response4 models
External ™\

7 ND280 ND280 data _

Cross
sections

data data

o Off-axis near detector flux

can be used with near/far
ratio or “matrix method”

 May also be used to
tune beam simulation
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NAG61 / :
\._ data

Example: ND280 Data
i

Beam
« ND280 off-axis detectors o 4
measure NC 1’ and v,  Buberican: W
1 ND280 Transfer Cross
sections

CCQE on Water | flux |°] function |

« Both of these can be .

. . . . ND280 Interaction
predicted in an interaction models
model External™

/"ND280 | ND280\ data__

 Tune interaction model to data data

reproduce observationin  « Tuning of cross-sections will

ND230 actually be much more
» Interaction model then gives comprehensive
a prediction for background « ND280 can reconstruct a
with flux at Super-K broad variety of final states
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Summary
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Prospects for 2011

90% CL 6, Sensitivity

« Next run starts Nov 2010 B s
:E.:.'l h1:'2 : : ._m'“”’“" :
« We are planning for a run with 3 == | =t
150 KW X 107s by July 2011 4 B
« Sensitivity to sin“26,, ~ 0.05 "E"T‘: e
 The early appearance results e a1
are still statistics limited g L L L

107! 10%
Protons on Target

e Disappearance results will be
more affected

« We'll have time to explore
these techniques and see
which are the most effective
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