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T2K experiment

• Overview

• Challenges

• Experimental set up

• Analysis strategy

• Early results and prospects
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T2K concepts

• nm disappearance experiment:
– P(nm->nx) ~ sin22q23 sin2(Dm2

32 L/4En)
– Measure Dm2

32 and q23 )

– Goals for (3.75MW*107s) 
• d(Dm2

23) < 1*10-4[eV2]

• d(sin22q23)`~0.01

– L is fixed by SK at 295 km
– En is defined by the  J-PARC beam properties

• ne appearance experiment:
– P(nm->ne) ~ sin22q13 sin2q23 sin2(Dm2

32 L/4En)
– Determine  q13 
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J-PARC
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J-PARC complex
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T2K components
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Proton beam( fast extracted)
Pion(Kaon) production ( 90cm carbon target)
Pion(kaon) focusing (Three horns)
Pion(Kaon) decay section( 110 m, helium filled)
Hadron asbsorber ( carbon/iron)
Muon beam monitoring ( Silicon/Ion chambers/emulsion)
On-Axis( Ingrid)  /off axis neutrino beam monitors
Far detector (SK)



T2K neutrino beam

• derived from  Proton energy  30Gev

• Fast extraction ( Beam on/beam off ~ 1.5 *10-6)

• Optimized to the first oscillation maximum(.7GeV).

• Narrow band energy beam by using off axis  position

• Highest possible intensity at J-PARC ( 750KW-4MW)
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Neutrino  Beam line
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Accelerator complex 
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Timing sequence
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Timing critical
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Off Axis beam concept
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Off-axis beam
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Off Axis beam kinematics
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Neutrino Beamline
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http://jnusrv00.kek.jp/jnu/photo/TS/090113_Yamada/IMG_5129.JPG
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Beam dump area
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• Dump designed to 
accommodate 4MW  
beam power

Muon monitors 
location



Off Axis beam advantages

• Narrow band energy distribution

• Maximum nmflux at the oscillation maximum

• Minimized high energy tail

• Low  ne contamination
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Muon monitors
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Proton beam stability
• Beam position on target have to be controlled < 1mm

– To control direction of secondary beam within 1mrad

– To avoid destroying the target from non uniform thermal 
stress on target (at higher power)

• Succeeded to control <1mm during long term operation

Correlation btw p beam position
on target vs MUMON center

1mrad

~3mm

Horn lens effect
RMS 0.4mm

RMS 0.4mm



Beam direction & intensity stability
measured by Muon monitor

24

• Beam direction is controlled well within 1mrad

• Secondary beam intensity (normalized by proton intensity) stable 
within 1%
– (reflects stability of targeting, horn focusing, etc)

• Stable well within our physics requirements
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Detector intrinsic resolution <1.5mm
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Off Axis beam
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OA3°

OA0°
OA2°

OA2.5°

振動確率＠
Dm2=3x10-3eV2

n m
Fx





Neutrino flux estimation

• Proton beam  intensity on target:
– Redundant intensity monitors
– Spill selection

• Proton beam properties on target:
– Beam profile monitors
– OTR in front of target

• Hadron production models:
– Established codes  like Fluka08 and GCalor
– Validation data from NA61 with replicate target

• Simulation of the horn focusing system
• Decay tunnel and beam dump.
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Reference spectra at SK
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Neutrino Beam   MC
• Determine muon flux @ dump monitors

– High energy muons ( >5 Gev)
– Spil by spill  direction and intensity monitoring
– Horn focusing  stability

• Determine  n flux on Axis @ INGRID
– Beam profile and position
– High energy neutrino  rate consistency check

• Determine n flux off axis @ND280
– Neutrino energy spectrum 
– Neutrino  species composition
– Neutrino flux

• Determine  n flux off axis @SK
– Far to near ratio ( critical systematic uncertainty)
– Oscillation analysis

• Neutrino vector files generated for each subsystems
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Neutrino flux  validation 

• Dump muon monitors:

– High energy  ( >5 GeV/c)

• On Axis INGRID ( Scint/ Iron tracker)

– Iron target and High energy threshold

– One  scintillator only module

• Off Axis : ND280 detector complex

– On Carbon target

– On water target ( SK target material)
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INGRID
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INGRID measurements

33

• Bunch structure clearly seen as expected
• Event rate is stable
• Beam direction well controlled within requirement (<1mrad)



Ingrid beam profile
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Number of  neutrino events

• Nn(E)  ~ Fn(E)  *   n(E)  * e(E)  *  Target (H2O in SK)

• Neutrino flux                Cross section ( 10-38cm2)
– MC                                     - Poorly known at 1GeV 
– Validation                         - signal via CC
– Hadron production         - Background  NC related 
– Diff energy spectrum
for CC and NC events
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Summary of First data
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Neutrino spectrum
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What is measured

• Charged current reaction Muon type or 
electron type

• Lepton defines  neutrino flavor

• Lepton momentum related to neutrino 
momentum only for two body reactions

– CCQE ( smearing by Fermi momentum)

– Final state interaction 
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Number of  lepton events

• CC and NC processes

•

• Nl(El)  ~ Fnl(En) *  i(El) *e(El) *  Target 

• Composition

• Muon(electron) momentum                                     -
– CCQE signal

– Fermi momentum                    Energy dep efficiencies

– non CCQE contributions        - purity
-cuts 
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Issues

• Neutrino energy

• Neutrino type

• Backgrounds
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Neutrino energy

• What is measured is lepton momentum.
• Use CCQE to convert to neutrino energy

– Fermi momentum smearing
– Final state interaction

• Ccqe is only a fraction of the processes 
contributing to the lepton production
– CC1p
– CCp0
– Ccnp
– Misidentified lepton
– -Misidentified NC events
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Neutrino beam energy
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ND280 Off Axis detectors
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Role of ND280 OA detectors

• Neutrino flux and Energy spectrum for nm and 
ne components of the beam ( FGD and TPC)

• Charge current cross sections both for signal 
and background processes ( FGD and TPC)

• Pizero production cross sections on water 
(POD .FGD,ECAL)

• Cosmics and neutrino induced pit/magnet 
interactions
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ND 280 components

• (UA1/Nomad) Magnet ( .2Tesla field)

• 2 Fine grain detectors

• 3Time projection chambers

• POD

• ECAL

• SMRD
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Fine Grain Detector
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New technology
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Fine Grain detector
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TPC`s

• Charged Lepton identification

– ne component of the beam

• Charged Lepton momentum measurement to 
10% resolution at 1GeV/c

– Muon momentum scale to 2%

• Charged Pion identification

• Only low mass detector  in the ND280
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TPC details
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POD
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POD

• Measure NC p0 production in water

• Systematic  level of 10%  on SK background

• Alternating water planes (3cm) and scintillator
tracking planes (3cm), X and Y planes with thin 
lead sheet in between ( 0.6cm)

• Front and back module s without water 
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ECAL

• Electromagnetic calorimeter surrounding the 
main tracker detectors

• Pizero detector

• 32 layers of scintillator ( 1cm thick,4cm wide)

• 31 layers of lead 1.75cm thick
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Reactions involved
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What are we expecting  to see 
in the near detector
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Number of events at SK
[With FC]



Delta-T distribution at SK



Analysis strategy

Beam

• # Proton

• MC flux 
simulation

• Validation

ND280

• Flux

• Cross section

• Efficiencies

SK

• Flux(N/F 
ratio)

• Cross section

• Efficiencies
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nm disappearance 
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ne analysis
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International competition
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Systematic errors goals

• –Neutrino flux:< 5%

• –Energy spectrum width : < 10%

• –Non-QE/QE:< 5–10%

• –NC-1π0, beam-νe:< 10%

• –SK energy scale:< 2%
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End

• Many collaborators contributed slides to this 
talk

• Thank you/Merci/спасибо
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T2K experiment
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J-PARC MJ-
PARCain ring

J-PARC complex at Tokai

Kamioka mine( W-Japan)



Neutrino mixing
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