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Idea of T2K was born 1999-2001 hep-ex/0106019 combining:

-- existing SuperKamiokande detector (50kton W.Č., 22.5 kton fiducial) 

-- JAERI-KEK Japanese Proton Accelerator Research Complex   (JPARC) 
at TOKAI including a high power, 0.75MW/50GeV Proton Synchrotron

-- baseline 295 km ���� neutrino energy for first maximum is ~600 MeV
achievable by pion-decay beam at 2.5 degrees off-axis 
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OVERVIEW
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� 2.5 degrees off-axis beam
- Low energy, narrow band beam tuned at osc. max.
- Neutrino peak ~600 MeV/c

� MUMON @ 120 m from target, high E muons
⇒ measures beam direction (to <1 mrad)
� Near detector @ 280 m from target
⇒⇒ extrapolate ν energy spectrum and flux to SK

- INGRID: on axis to monitor beam direction
- ND280: off axis to measure νµ and νe  

interaction rates and backgrounds
� NA61 at CERN���� hadro-production measurement
see Sebastien Murphy’s talk 

� Far detector SuperKamiokande @ 295 km 
- Very large water Cerenkov detector
- Very good µ/e separation capability for sub-GeV neutrinos
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Experiment is optimized for the search of

ννννµµµµ→ν→ν→ν→νe oscillation   ���� θθθθ13

P(ννννµµµµ→ν→ν→ν→νe) ≅≅≅≅ sin2 2θθθθ13 sin2 θθθθ23 sin(1.27 ∆∆∆∆m2
23 L/Eνννν)

T2K physics goals

-- is also able of precision measurement of 
ννννµµµµ→ν→ν→ν→νµµµµ oscillation ���� θθθθ23 , ∆∆∆∆m2

23

P(ννννµµµµ→ν→ν→ν→νµµµµ) ≅≅≅≅ 1-sin2 2θθθθ23 sin (1.27 ∆∆∆∆m2
23 L/Eνννν)

-- and measurements of cross-sections 
around 600 MeV in the near detector
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short baseline � little sensitivity to matter effects, but sensitive  to δ CP

sin2 θθθθ12= 0.8704 
sin2 θθθθ23 = 1.0 

∆∆∆∆m2 
12 = 7.6 10

-5 eV2

, ∆∆∆∆m2
23 = 2.4 10

-3 eV2

90% C.L. 750kW X 5 years X 22.5 kton fid.

sin2 θθθθ12= 0.8704 
sin2 θθθθ23 = 1.0 

∆∆∆∆m2 
12 = 7.6 10
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, ∆∆∆∆m2
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-3 eV2

θθθθ13
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T2K nominal:

3.75MW×107s

MINOS & Super-K preliminary @ Nu’10

sin 2 2θ13 < 0.008 (90% C.L.)
for 5 years@750kW

= 8.3 1021 p.o.t@30 GeV 

spectrum centered on oscillation maximum 
�very rapidly sensitive to Atm. Params.
∆∆∆∆sin22θ23≈0.01 
∆m2

23 <1x10-4 eV2

Dis-appearanceAppearance:
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Beam Line



10Alain Blondel -- NUFACT10 -- The T2K experiment

Accumulated protons

First T2K run completed (January to June 2010)

•3.23 ×1019 protons @ 30 GeV for T2K analysis

•50 kW stable operation with trials at 100 kW

•Super-K live fraction in excess of 99%

•2011 aim: accumulate  150 kW ×107 sec by July 2011 

Present limitations : 
extraction kickers �
changed to faster ones

in summer 2010
Radiation issues �

go slow, work on collimation
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750kW 
in 2014
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Beam Monitors
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ND280:

Near Detector Complex ND280

incoming neutrino 
beam

On-axis INGRID 
scintillator-iron detectors

measurement of beam angular profile

Off-Axis suite of fine grain detectors/tracker 
inside a 0.2 T magnetic field (UA1/NOMAD magnet) 

measurements of 
-- CCνµµµµ events  

(normalization, disappearance)

-- CCνe events             
-- π0 events

Backgrounds to νµµµµ →→→→ νe search
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IN GRID
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INGRID: MONITORING BEAM 
WITH NEUTRINO EVENTS
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The Off-Axis Near Detector

Cannot be Water Cherenkov:
-- pile-up 
-- (worse) granularity of 

small vs large detector 

fine grain detector of light material 
(even water!)
-- Scitillators with MPPC readout

(60’000 channels!)
-- TPC tracker
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(MPPC)(MPPC)(MPPC)(MPPC)
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3 TPC’s, 1.8 x 2 x 0.70 m3 sensitive area
World’s Largest TPC 

with micro-pattern read out (MicroMeGas) 

TPC’s
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A few ND280 neutrino interaction candidates

ννννµµµµ

quasi-elastic candidate

single pion candidate DIS candidate
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dE/dx vs
Momentum

positive tracks

negative tracks

MIP dE/dx resolution (now) 8%

Interaction candidates vs p.o.t. neutrino events  time microstructure

time (ns) in FGDTPC performance:

ND280 performance 
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ND280 is off-axis!

contained vertices reconstructed in the 2 ‘Fiducial’ detectors.
Lines show (approximate) iso-contours of off-axis angle 
Outer corner is roughly 20% further off-axis than inner corner

����FGD

P0D����
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T2K 1T2K 1stst νννννννν event in Superevent in Super--KK 22

06:00 JST, Feb. 24, 2010

1st ring

2nd ring

3rd ring

[ 1st ring + 2nd ring ]

Invariant mass: 133.8 MeV/c2

(close to π0 mass)

Momentum: 148.3 MeV/c

22
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Unbiased event selection

For initial run, SK event selection was fixed before run. 

� Possible because SK is a mature & well understood detector.

For ννννµµµµ disappearance analysis For ννννe appearance search

Timing coincident w/ beam time (+TOF)

Fully contained (No OD activity)

Vertex in fiducial volume (Vertex >2m from wall)

Evis > 30MeV Evis > 100MeV

no of rings =1

µµµµ-like ring e-like ring

No decay electron

Inv. mass w/ forced-found 2nd ring 

< 105MeV

Eνννν
rec < 1250MeV
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Straight line to

total POT/ 

total events

Number 

of events

Fully-Contained (FC) 33

+  fiducial volume cut

+  visible ene. > 30MeV

(FCFV)
23

Events detected in SuperK
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∆T0 distribution

∆T0 : -500 ~ +500 µsec∆T0 : -500 ~ +500 µsec

∆T0 :  relative event time to the spill time

Out-of-time OD/LE rate is flat.

No out-of-time FC events.
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∆T0 distribution (FC events)

Residual from bunch positionResidual from bunch position∆T0
∆T0

Fitted 581nsec-interval

bunch position

No off-bunch FC events. RMS : 26nsec

� GPS system is working correctly.
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Event display 

single-ring µ-like events

Pµ = 1061 MeV/c

1 decay-e

Pµ = 1025 MeV/c

1 decay-e
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Event display 

multi-ring µ-like event

Pµ = 1438 MeV/c

2 decay-es
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Vertex and direction 
(FC, Evis>30MeV)

Vertex  X vs YVertex  X vs Y Vertex  R vs ZVertex  R vs Z

Points : Reconstructed event vertex

Arrow : 1st-ring direction

Beam

direction

ID wall

FV

ID wall

FV
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Super KamiokaNDE
Energy scale stability

RMS/MEAN

T2K period :  0.31%

(SK-IV all :  0.39%)

RMS/MEAN

T2K period :  0.28%

(SK-IV all :  0.45%)

Stopping µ (momentum/range)Stopping µ (momentum/range)

Decay-e (momentum)Decay-e (momentum)

Energy scale has been quite stable.
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-- T2K experiment is now fully operational and data taking
-- superb detector performance
-- proton intensity increasing steadily  
-- First data taking period in 2010 accumulated 3.23 1019 30 GeV p.o.t.

-- Preparing first physics result for end 2010

Conclusions


