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The T2K experiment

next generation long-baseline (295 km) neutrino oscillation experiment

intense v, beam generated by new J-PARC facility (~MW facility)

off axis beam (2.5% almost monochromatic, v energy tuned to oscillation maximum
— suppression of neutral current n° background events from higher energy tail

near and far detectors
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v oscillations

neutrino flavor eigenstates (e, u, t) are different from mass eigenstates (1,2,3)
— neutrino mixing: probability of observing a given v flavor will vary with time
= neutrinos have mass

the MNSP mixing matrix relates the mass states to the flavor states
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Issues In v physics

absolute mass scale

neutrino mixing 0,3=7? — CPviolation ? addressed by T2K
choice of hierarchy

Dirac or Majorana ?
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T2K physics goals

measure 0,5, |Am? ;5| by searching for v, appearance: v, — v, s | sin2e,01 -
sin%(20,,) < 0.008 (@ 90% CL) (depends also on 5.p) o ﬁ :
iS 0,,%0 ? - * o
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J- PARC accelerator complex
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all parts of the accelerator chain are now operational including the neutrino beam-line




T2K setup ND280
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Very narrow energy spectrum with small 1500 i
high energy tail (almost monochromatic beam) !

Neutrino flux at interesting energy region
higher than for on-axis setting

Neutrino beam energy “tuned” to oscillation maximum
: : 0
Reduces the backgrounds in the electron neutrino Y

measurements (NC n® background)
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neutrino energy E,, almost independent
of parent pion energy

horn focusing cancels partially the p;
dependence of the parent pion

in reality things are more complicated and
the predicted v spectrum depends on the
hadro-production models used



Far / Near flux ratio extrapolation

v spectrum at far site is different from  —— L iceeeeeeeeet
: - vheam , M1 .. .ceeeeeeests
near site even w/o oscillations seerszll - 285 km > far
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The NA61 hadro-production exp.t @ CERN

v parent hadron phase space
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identify the outgoing hadrons requires a detector [gfid *

with large acceptance and particle ID

To achieve the T2K physics goals
measure © and K hadro-production to

predict Far / Near v flux ratio to 3%
predict the neutrino flux to 5%
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T2K replica target used in NA61

Preliminary hadro-production results available



First beam on T2K target

First protons on target April 24, 2009

Fluorescent image in proton beam
position monitor 30 cm upstream

of target
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Beam commissioning progress

April - May 2009
first beam commissioning
primary beamline components installed
15t horn installed

muon monitor installed beam power on T2K target
N Dec 2009 v _
ov - Dec :
A1l 3 horns installed 1 50kVY
all beam instrumentation installed rE L
operation in 6 bunch mode S
fine beam tuning a
achieved continuous operation with G -1 “
2 x 102 p / bunch x 6 (~ 20 kW) = e
high intensity trial with £, o
5 x 102 p / bunch x 6 (~ 50 kW) | | 1 10kW
Jan - Feb 2010 %/T.:ESJ/T 81 1071 12/  2/1

work on increasing beam power to 100 kW dat
date

First physics run planned to start from March 2010
aim to accumulate 100 kW x 107 sec on target



INGRID — On-Axis near detector

monitors v beam direction

- 280 m from target

- 16 modules in the shape of a cross
- each module is an iron / scintillator

calorimeter
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sensitive to primary proton beam targetting angle
can measure v beam direction better than 1 mrad

— feedback to beam tuning system

INGRID first v event candidate

(NOV. 22’ ,09) - Side view

v beam
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Beam events in INGRID

Expected bunch timing

# of events
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ND280 Off-Axis detector overview

Measure neutrino beam spectrum prior to oscillations
and neutrino interaction x-sections

All sub-detectors inside the ECAL TPCs [ODs
UAL/NOMAD magnet (<0.2T)  pfagnet \_ A
yoke
At full beam intensity
~ 10 k v interactions / day Magnet
coils

Tracker
3 TPCs with MicroMegas readout
2 fine grained detectors (scintillator bars)

POD — Pi-zero detector >
brass/scintillator tracking calorimeter
designed to measure n° production V beam
in NC and CC on water target

ECAL
lead scintillator sampling calorimeter POD SMRD

Side Muon Range Detector
detects “lateral” muons



N D280 traCker 2 Fine Grained Detectors

1 cm? square scintillator bars
WLS fiber readout coupled to Si PM
designed to study CC and NC final sates
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3 Time Projection Chambers ﬂ _
readout with MicroMegas S 1726 active pads

detectors (7 mm x 10 mm pads) .
5c e/u separation (dE/dx measurement)
high resolution tracking (~ 0.2 T field)
o,/ p <10%




TPC Installation

magnet |\ §
yoke k




FGDs

Top view of ND280

almost all sub-detectors are installed, commissioned and ready for beam




First tracks in ND280

Event number : 37 | Partition : INVALID | Run number : 1164 | Spill : INVALID | SubRun number :0 | Time Stamp : 1260265373

TPC DSCAL

H2
POD

o
Y




First v event candidate in ND280

December 19, 2009

Event number : 491 | Partition : INVALID | Run number : 1539 | Spill : INVALID | SubRun number :0 | Time : Sat 2009-12-19 07:40:13 JST | Trigger : 1

Pi-zero detector (POD) Tracker DSCAL
TPCH1 FGD1 TPCH2 FGD2 TPCH#3
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First v event candidate in ND280

December 19, 2009

Event number : 491 | Partition : INVALID | Run number : 1539 | Spill : INVALID | SubRun number :0 | Time : Sat 2009-12-19 07:40:13 JST | Trigger : 1




Far detector: Super-Kamiokande

50 kt Water Cherenkov
detector

(22.5 kt fiducial volume)
~11000 20” PMTs

~2000 anti counter PMTs

new electronics

New electronics and DAQ installed in summer of 2008 (SK-1V)
dead-timeless DAQ — improvement of e tagging from u decay

Super-Kamiokande is ready for T2K experiment



SK typical events

goodp—-e Nl
separation — B

background for v, appearance:
intrinsic v, component in initial beam
merged n° rings from NC interactions

good r° rejection
(2 rings from y conversion)



Sensitivity to 0,5

Detection of v, appearance: v, — v, ~ 5 years @ full (750 kW) intensity,
T2K sensitivity (90%CL) i.e. 8 x 1021 protons on target
assuming sin?0,; = 1 and d.p = 0

sin?(26,5) < 0.008 (90% CL) 90% CL 6., Sensitivity
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even if 5p = /2 (worst case scenario)

sin® 2 0, sensitivity
T2K is sensitive down to sin?(26,5) ~ 0.02



Sensitivity to 6,, and Am?,,

precise measurement of “atmospheric” v parameters — v, disappearance: v, — v,
3(sin?(26,3)) ~ 0.01  §(Am?2,;) < 1x104ev?Z @90 CL

~ 5 years @ full (750 kW) intensity,

current status of “atmospheric i.e. 8 x 102! protons on target

v oscillation parameters
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Outlook & 2010 goals

Beam commissioning completed
achieved stable operation at 20 kW
high intensity trial at 50 kW successful

working on increasing beam power to 100 kW (for the 2010 run)

Far Detector — Super-Kamiokande ready for T2K

ND280 detector installation almost completed
all sub-detectors being commissioned and
ready for beam
magnet closed last week
operation with magnetic field about to start

15t physics run is planned to start from March 2010 < 10?

aim to accumulate 100 kW x 107 sec in 2010

In 2010 aim for better sensitivity on 0,5
than the current limit set by CHOOZ
(expect ~ 20 CCQE v, events in SK

if sin?(26,5) ~ 0.1 expect 3-4 v, in SK)

90% CL 6., Sensitivity 750kW
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T2K 5y goal
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