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Neutrino oscillation status and goals

T2K experiment design and concept

T2K experiment components
T2K first physics run: Jan-June 2010
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Neutrino mixing/oscillation status

« 3-flavor mixing describes (almost) all neutrino oscillation phenomena
(3 mixing angles, 2 independent mass splittings, 1 CPV phase)
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Next generation experiments:
- measure 6 and do_,(if 6. #0)

. mass hierarchy (Am*, > 0?)

- 6 maximal (45°)?
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T2K (Tokai-to-Kamioka) experiment

Main objectives:
Far detector:

SK IV (50 kton)  Measure/improve limiton @_ (vu—>ve appearance)

6, # 0 would allow to explore CPV in leptonic sector

Improve measurement of Am?,_ and 923 (vu—>vu disappearance)

Requirements:
* Very intense v beam
« Massive far detector
» Long baseline (295 km)

* Near detector (v flux and
composition near source)

« Off-axis design

* enhance sensitivity at oscillation

Neutrino beam originates at :
maximum

J-PARC, Tokai
30-GeV 750 kW proton beam

* reduce intrinsic background
I.Danko
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T2K off-axis concept

T2K will be the first LBL v experiment using an off-axis beam
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This produces a narrow beam with peak
energy (~600 MeV) tuned to first oscillation
maximum (Am?®, L/4E =11/2)

« Helps to eliminate high energy tail: reduced
background from non-QE interactions and NC
feed down from high energy v,

Two-body decay kinematics: g
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T2K analysis strategy

Predict v, flux at near detector (ND) using beam simulation and PNP=NND/(GNPEND)
hadron production data from target (NA61/Shine exp.)
Compare the ND prediction to data to improve flux prediction FDzR(FD/ND)quD

and propagate ND constrain to far detector (FD)
Estimate v rate (without oscillation) at far detector: N™ Nll= FD GFD gD

Compare to measured v_rate (vu spectrum), N'°, to observe
oscillation and extract oscillation parameters P(osc)=N"/N™"
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EV measurement

Charge Current Quasi-elastic interaction

: 2
dominates at the T2K energy mNE, —m, /2
. E can be reconstructed from the energy 13 v
and angle of the charged lepton mN o E; + p; COS@;
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Accelerator faC|I|ty
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Neutrino beam line

Cogvin tiola | beam: :\cna:(i)z';tii’::lnci:tr?;z:bers 3 focusing horns ;?;ﬂﬁti:te (226mm x 90cm)
+ Tt v+ 250 kA
P H + SiPIN diode (250 kA) in He

Neutrino monitor building

MUMON o HO™Ns ___ Target

p transport/bending:
superconducting
combined function
magnets

Near detector

Primary proton beam line
(ND280) S
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Beam dump (| Target station

i - Decay volume
First beam on target: y Fast p extraction: 6 bunches/spill,

April 23, 2009 Decay volume (110 m) 581 ns separation, 3.5 s spill period
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http://jnusrv00.kek.jp/jnu/photo/TS/090113_Yamada/IMG_5129.JPG

Near detectors: ND280

Off-axis detector:

UA1 magnet: 0.2 T

POD: piO detector to
measure NC °BG

Tracker:
3 TPCs, 2 FGDs
charge partcicle
p, O, PID (dE/dx)

ECal: EM activity

SMRD: detect side
muons

Off-Axis (=SK dir.)

On-Axis Neutrino Neutrino Detector

Monitor (INGRID)

Monitor: measure:;
v beam profile and - v flux/spectrum
direction

- cross sections
7+7 modules of

scintillator tracker
and iron sandwich

Installation completed in December 2009 (barrel ECal installation this Summer)

Detector commissioning finished January 2010 10



ND280: off-axis near detector

) Scintillator detectors read out
./ via WLS fiber coupled to

Si MPPC (667 pixel
avalanche photodiode)
Hamamatsu

Pi0 detector (POD): target
40 x-y scintillator planes
(~10k scint. bars)

Middle: scint+H, O bags (11t) 8

Front/back: calorimeter
(veto and y catcher)
Pb+Scint (6.4t)

ECal: x-y fine grained
SMRD: y range, veto Pb+Scint. (4x1 cm?)
cosmic trigger s — : e ~21k scint. bars (total)
~2k scint. counters oE/E~7.5%/NE
(87x17x0.7 cm3) Time Projection Chambers (TPC):
wireless readout with MicroMegas
(7x10mm? pads) ~124k channels
50 e/u separation, op/p <10%

7 & i = I
339 mm (neutrno beam)

B

Fine Grained Detectors (FGD): B8 | 1726 active pads
x-y scintillator planes - A
(~8.4k scint. bars) )
+H O (in FGD2)

[.Danko
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Far detector: Super Kamiokande I

« 50 kton (22.5 kton fiducial) water Cherenkov det. }*"’ | 5. '?’i, |

« |D: 11k 20" PMT (40% photo coverage); OD: 2k
8" veto PMT (optically isolated from ID)

* New readout electronics and DAQ (no dead
time) — improved decay-electron tagging

Inner
Detector

 GPS based event timing — record events within
9500 ps around spill

Quter
Detector

» Very efficient e/py separation (~99% at 0.6 GeV)

e fromve

L from Vy
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First physics run

e January 23 — June 26 2010
« Beam power: ~50 kW stable running (trial shots up to 100 kW)

« Total data accumulated: 3.3x10" PoT
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Beam monitors

Proton beam precisely tuned (<1mm) to minimize beam
loss, and control direction of secondary beam
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« Measure secondary beam
direction and intensity
spill-by-spill

requirement: <1mrad
(AE P ~ 2%/mrad)

[.Danko

% (whole pekiod

I o .‘

May

IF ﬂﬁlll

Jung

Y center |




INGRID

 Measures v-beam direction and profile using inclusive CC interaction rate in
vertical and horizontal modules

Typical event is one module _ Event time 'Event rate (per 1x10" PoT) -
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Super Kamiokande

Fully contained (FC) candidates: 33 Timing coincidence w/ beam timing (+TOF)
Fully contained (No OD activity)

Fiducial volume & Evis>30 MeV: 23

Vertex in fiducial volume (>2m from wall)

Expected background < 10? events Evis > 30MeV Evis > 100MeV
Q Number of rings =1
Eﬁ 00 W%H pike ring e-like ring
o~ No decay electron
% LE: Low energy triggered events Forced 2™ ring: myy<105 MeV
& 400 | OD: Outer detector events TS0
> (with OD activity) S el
rS) FC: Fully contained events e Komotonde 1
o no OD activit . 031 b L4t oot HASIA
5200 ( ) s b i
= o 2nan T
=5 .
pd
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I l ‘ Single p-like
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Short and long term plans

2010 Summer/Fall shutdown
* New kicker magnets and power supplies: 6 — 8 bunch
 New horn power supplies: 250 kA — 320kA

« Barrel ECal installation will be completed by October

° 2|NGRIDdiagonaImoduIes 10 --------------- 10
L
L 4
I I i &
Resume data taklng In November 08 PMR (8-bunch@30GeV) = 1.6 x PRCS / MRCYCLE .: 8
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Sensitivity

.« Vv, disappearance:

. V_appearance:
sin’20 < 0.008 (90% C.L.)

5x0.75 MW x 107s (8.3 x 10%' PoT)
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Protons on Target
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Summary

T2K: first high intensity, off-axis long-baseline neutrino
oscillation experiment

New accelerator complex, beam line, and near detectors were
finished last year

First physics data taking concluded earlier this year — data
analysis is under way

Continuous running resumes after the Summer shutdown in
November

Stay tuned: first physics results are expected soon

T2K\

Tau 2010, Manchester, UK 20
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Extra slides

Tau 2010, Manchester, UK
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T2K collaboration,
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Sensitivity for 6__

Inverted hierarchy as a fn of 6_, (normal hierarchy)
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