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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)

T2K OverviewT2K Overview

Taku Ishida (IPNS, KEK)Taku Ishida (IPNS, KEK)
For the JFor the J--PARC PARC νν construction groupconstruction group

•• Status of the AcceleratorsStatus of the Accelerators
•• The BeamThe Beam--line Construction, Apparatus line Construction, Apparatus 

Development, and ProductionDevelopment, and Production
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)

SuperSuper--KamiokandeKamiokande
(ICRR, (ICRR, Univ.TokyoUniv.Tokyo))

JJ--PARC 50GeV PSPARC 50GeV PS
(KEK(KEK--JAEA, Tokai)JAEA, Tokai)

The T2K ExperimentThe T2K Experiment

A nextA next--generation longgeneration long--baseline neutrino oscillation experiment, designed baseline neutrino oscillation experiment, designed 
to observe the first signal of to observe the first signal of ννee appearanceappearance

PseudoPseudo--monochromatic, lowmonochromatic, low--energy offenergy off--axis beam, tunable by changing the axis beam, tunable by changing the 
offoff--axis angle between 2axis angle between 2oo and 2.5and 2.5oo (En=0.8GeV ~ 0.65GeV)  (En=0.8GeV ~ 0.65GeV)  
QuasiQuasi--Elastic interactions are dominant, suitable to minimize the elecElastic interactions are dominant, suitable to minimize the electrotro--
magnetic shower background caused by magnetic shower background caused by inelasticallyinelastically--produced produced ππ00
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)JJ--PARCPARC

1x101x102121 protons per yearprotons per year
[130 days operation per year, 50GeV][130 days operation per year, 50GeV]
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)BirdBird’’ss--Eye View (Feb. 2006)Eye View (Feb. 2006)

Hadron Experimental Hall
50 50 GeVGeV MRMR
A round=1,600mA round=1,600m

Materials & Life
Experimental Hall

3GeV RCS3GeV RCS
A round=350mA round=350m

LinacLinac
(330m)(330m)

NeutrinoNeutrino

MR tunnel became MR tunnel became 
continuous in last continuous in last 
June June 
About 70% of the About 70% of the 
facilities were facilities were 
completed.completed.

3N
BT

3-50BT
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)LinacLinac

2006/07/14, aside of DTL

180MeV 180MeV LinacLinac at t=0at t=0
Installation almost fin.Installation almost fin.
Klystron test: done Klystron test: done 
Beam comissioning in 
this December
ACS high power test for ACS high power test for 
400MeV upgrade: done400MeV upgrade: done

*ACS: Annular ring Coupled Structure, to be constructed in FY200*ACS: Annular ring Coupled Structure, to be constructed in FY2008~20118~2011

*
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)RCS / MR RCS / MR 

3 GeV Tunnel3 GeV Tunnel3 GeV RCS Area3 GeV RCS Area

Kicker & Kicker & 
SeptumSeptum
MagnetsMagnets
for fast for fast 
extractionextraction

50 GeV Tunnel50 GeV Tunnel
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)Possible Commissioning ScenarioPossible Commissioning Scenario

In order to achieve the high field acceleration as designed (25kIn order to achieve the high field acceleration as designed (25kV/m), V/m), 
improvement is needed for the magnetic alloy core of the RCS/MR improvement is needed for the magnetic alloy core of the RCS/MR RF.  RF.  
Commissioning will start for the Commissioning will start for the linaclinac in December 2006, for RCS in 2007, in December 2006, for RCS in 2007, 
and for MR in 2008 with current RF system.and for MR in 2008 with current RF system.
T2K: Up to 100 kW within FY 2009.T2K: Up to 100 kW within FY 2009.
Need continuing upgradeNeed continuing upgrade

For RF (until 2010) and for For RF (until 2010) and for LinacLinac (until 2011).(until 2011).
MR power recovery scenario is being discussed MR power recovery scenario is being discussed 

Increasing repetition rate (cycle=3.64 to 2.04sec) Increasing repetition rate (cycle=3.64 to 2.04sec) 
Reduce harmonic number of RCS from 2 to 1 (1x8 injections insteaReduce harmonic number of RCS from 2 to 1 (1x8 injections instead of 2x4).d of 2x4).
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)

Preparation SectionPreparation Section

SCFM at ARC SectionSCFM at ARC Section

TargetTarget--Horn SystemHorn System
Target StationTarget Station

Decay VolumeDecay VolumeBeam DumpBeam Dump

Final Final 
FocusingFocusing
SectionSection

MuonMuon
Monitoring PitMonitoring Pit

Near Neutrino DetectorNear Neutrino Detector

To To 
SuperSuper--KamiokandeKamiokande

The Neutrino FacilityThe Neutrino Facility
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)BeamBeam--line collaborationline collaboration

KEKKEK
Neutrino group, IPNS (Core)Neutrino group, IPNS (Core)

Every beam line components (except Every beam line components (except S.C.magnetsS.C.magnets / / cryocryo.).)
New members for engineering works / DAQ control / NDNew members for engineering works / DAQ control / ND

HadronHadron group, IPNSgroup, IPNS
Monitor / Monitor / N.C.magnetsN.C.magnets / Power supply/ Power supply

Cryogenics group, IPNSCryogenics group, IPNS
Cryogenics / Target Helium circulation systemCryogenics / Target Helium circulation system

Cryogenics science centerCryogenics science center
Superconducting magnet / CryogenicsSuperconducting magnet / Cryogenics

Mechanical Engineering CenterMechanical Engineering Center
Radiation Science CenterRadiation Science Center

In collaboration withIn collaboration with
U. Tokyo:U. Tokyo: Primary beam monitorPrimary beam monitor
Kyoto U:Kyoto U: Primary beam monitor, Primary beam monitor, MuonMuon monitormonitor
UK:UK: Target, Target remote handling, Beam window, Baffle, DumpTarget, Target remote handling, Beam window, Baffle, Dump
Canada :Canada : Remote chamber for the most downstream monitors, OTR, Remote Remote chamber for the most downstream monitors, OTR, Remote 
maintenancemaintenance
US:US: Horn, Beam monitor, S.C. corrector magnets, GPS, Monitor electroHorn, Beam monitor, S.C. corrector magnets, GPS, Monitor electronicsnics
France:France: Quench detection systemQuench detection system
Korea:Korea: Proton monitor electronicsProton monitor electronics

K.Nishikawa moving to KEK
as leader of our division (IPNS) 

April 2006
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)Civil ConstructionCivil Construction

2004.4-2006.3
2005.4-2007.3
2006.4-2008.3
2007.4-2009.3

Further optimization of the civil construction designFurther optimization of the civil construction design
DV length DV length --20m20m
OA angle range 2~3deg OA angle range 2~3deg 2~2.5deg2~2.5deg

ND hole depth ND hole depth --2.5m /  Shorten vertical vending magnet2.5m /  Shorten vertical vending magnet
ND hole diameter 19m ND hole diameter 19m 17.5m17.5m
Eliminate carryEliminate carry--in building, but only shaft and crane.in building, but only shaft and crane.
Reduce part of cooling system in TS/DV/BD in the earliest stageReduce part of cooling system in TS/DV/BD in the earliest stage
……

Impact on physics sensitivity is minimumImpact on physics sensitivity is minimum
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)Decay Volume (Under 3NBT)Decay Volume (Under 3NBT)

All cooling channels connectedAll cooling channels connected
by 1,080 Uby 1,080 U--shape pipes.shape pipes.

Oct., 2005Oct., 2005
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)Primary BeamPrimary Beam--lineline

3NBT3NBT
DVDV

ARCARC

Preparation Preparation 
SectionSection

Material Life Material Life 
& Science& Science

50GeV50GeVPreparation SectionPreparation Section

July, 2006

March, 2006
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)Target StationTarget Station

Civil ConstructionCivil Construction
Underground part will be Underground part will be 
started very soon.started very soon.
Surface part in spring Surface part in spring 
20082008

He vessel and support He vessel and support 
structurestructure

Successful bid for three Successful bid for three 
years of contract.years of contract.
Parts construction in 2006Parts construction in 2006
Assembly in 2007 and Assembly in 2007 and 
plumbing in summer 2008plumbing in summer 2008
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)Status for each componentsStatus for each components

~25%~25%

~10%~10%

Real Real 
ProductionProduction

20082008
20082008
~60%~60%
20082008

2007~2007~
20082008
20082008

2007~2007~
2007~2007~
20082008
20082008

2007~2007~

InstallInstall
--ationation

20082008Muon monitorMuon monitor

20082008CryogenicsCryogenics

20082008Beam DumpBeam Dump
20082008Decay VolumeDecay Volume
20082008Beam WindowBeam Window
20082008Target StationTarget Station
20082008HornHorn
20082008TargetTarget
20082008Vacuum systemVacuum system
20082008Normal Conducting magnetsNormal Conducting magnets

20082008DoneDoneDoneDoneSuperconducting magnetsSuperconducting magnets
20082008Proton Beam monitorProton Beam monitor

Operation Operation 
testtest

Engineering Engineering 
DesignDesign

Conceptual Conceptual 
DesignDesign

Working design in hand for most of the componentsWorking design in hand for most of the components
Shifting to prototyping, final engineering design, and productioShifting to prototyping, final engineering design, and productionn
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)Normal conducting magnetsNormal conducting magnets

Almost on schedule Almost on schedule 
Magnets in the preparation section and iron yokes for finalMagnets in the preparation section and iron yokes for final--focusing focusing 
section magnets are under fabrication  section magnets are under fabrication  

(5)(5)
(0)(0)
(5)(5)
(MIC)(MIC)

2222
1010
1212
TotalTotal

999944TotalTotal
2(H)+2(V)2(H)+2(V)
3(H)+2(V)3(H)+2(V)
Steer.Steer.

442(V)2(V)FFFF
552(H)2(H)Prep.Prep.
Quad.Quad.DipoleDipole

Q360MIC
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)Vacuum SystemVacuum System

Beam Plug & CollimatorBeam Plug & Collimator

Layout of the preparation section almost Layout of the preparation section almost 
finalizedfinalized
Vacuum Chamber:Vacuum Chamber:

Ti and AlTi and Al--alloy ducts for Dalloy ducts for D
““CrossCross--shapedshaped”” aluminum ducts for Q aluminum ducts for Q 
SemiSemi--remote flange mover and handsremote flange mover and hands--on clampon clamp

Gate valves, emergencyGate valves, emergency--closing valves, ion closing valves, ion 
pumps.. pumps.. 

Preparing for tendersPreparing for tenders Flange Mover, developed for MRFlange Mover, developed for MR

400

200

A diffuser and a stopper made of invar.A diffuser and a stopper made of invar.
110MPa with a single pulse 110MPa with a single pulse 

Cf. normal iron: 2.7GPaCf. normal iron: 2.7GPa
Collimator in a conceptual design Collimator in a conceptual design 
stagestage
Barely in time to make them within Barely in time to make them within 
this FY.this FY.
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)Superconducting magnetSuperconducting magnet

PrePre--production magnet successfully production magnet successfully 
assembled and excited.assembled and excited.

No spontaneous quenches to 105% No spontaneous quenches to 105% 
of 50 of 50 GeVGeV, with satisfactory field , with satisfactory field 
qualityquality

Mass production startedMass production started
Three production magnets in hand  Three production magnets in hand  
First doublet assembledFirst doublet assembled and tested and tested 
for cryogenic performance / for cryogenic performance / 
alignment / quench protectionalignment / quench protection

Interconnect CorrectorInterconnect Corrector
Prototyping in collaboration with Prototyping in collaboration with 
BNLBNL

PlanPlan
6 doublets each in FY6 doublets each in FY’’06/06/’’07 + 2 07 + 2 
in in ’’0808
Refrigerator construction: Refrigerator construction: ‘‘06~06~’’0808
Transport line construction: Transport line construction: ’’07~07~’’08 08 
Installation/system testing in CYInstallation/system testing in CY’’0808

Two Two 
magnets in 1 magnets in 1 
cryostat cryostat 
((““doubletdoublet””))

Superconducting Combined Function MagnetSuperconducting Combined Function Magnet
28 28 SCFMsSCFMs in total, D: 2.6 T, Q: 18.6 in total, D: 2.6 T, Q: 18.6 
T/mT/m
Length: 3.3mLength: 3.3m
Current: 7,345A @ 50GeVCurrent: 7,345A @ 50GeV
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)Doublet Cryostat TestDoublet Cryostat Test

Optical window to observe cold mass  alignmentOptical window to observe cold mass  alignment
directly from outsidedirectly from outside
Use laser distance meter to measure cold mass Use laser distance meter to measure cold mass 
displacement during cool downdisplacement during cool down

Movement when cooled well Movement when cooled well 
under control:under control:

∆∆X=0.03X=0.03±±0.060.06
∆∆Y=0.95Y=0.95±±0.090.09
∆∆Z=5.8Z=5.8±±0.40.4
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)Beam MonitorsBeam Monitors

ConfigurationConfiguration
Position : ElectroPosition : Electro--static monitor static monitor 
(ESM)(ESM)
Profile : Segmented Secondary Profile : Segmented Secondary 
Emission Monitor (SSEM), Emission Monitor (SSEM), OTROTR
Intensity : CTIntensity : CT
Loss monitors (BLM): Ionization Loss monitors (BLM): Ionization 
chamber chamber 

StatusStatus
ESM: Wave form reproduced by ESM: Wave form reproduced by 
simulation, 0.3mm position simulation, 0.3mm position 
resolution demonstrated for the T2K resolution demonstrated for the T2K 
beam.beam.
SSEM: ~0.25mm for position, SSEM: ~0.25mm for position, 
~0.23mm for width (~0.23mm for width (beamtestbeamtest at at 
KEK NML)KEK NML)
Cryogenic / irradiation test for Cryogenic / irradiation test for 
SSEM remote handler SSEM remote handler 

Going to establish the engineering Going to establish the engineering 
design by the middle of this FYdesign by the middle of this FY

Beam loss monitor will be placed along the beam line.
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)

Outside view

200mm-thick iron plates with 
plate coil water paths

Valves

OTR window

Flanges for the busbar of the horns

Top flange (Aluminum )
4.

4 
m

10
.6

 m

15.0 m

TS Helium VesselTS Helium Vessel
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)Beam Window / Target OTRBeam Window / Target OTR

Complete window Complete window 
design in 2006design in 2006
Prototyping in 2007Prototyping in 2007

TiTi--alloy Beam Windowalloy Beam Window
with pillowwith pillow--sealseal
(CCLRC RAL)(CCLRC RAL)

OTR Ladder OTR Ladder 
In front of the target In front of the target 
(TRIUMF)(TRIUMF)

Baffle Baffle 
(CCLRC RAL)(CCLRC RAL)

Prototype test has Prototype test has 
been done.been done.
Irradiation test / Irradiation test / 
support structuresupport structure



NBI06, CERN, September 2006NBI06, CERN, September 2006 2222

Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)TargetTarget

Base design almost in hand. Base design almost in hand. 
Thermal shock wave analysis and CFD analysisThermal shock wave analysis and CFD analysis
Next design needs to focus on ease of manufactureNext design needs to focus on ease of manufacture

Following issues are being studied.Following issues are being studied.
Outer Titanium tube has been made. R&D for sealing ceramic underOuter Titanium tube has been made. R&D for sealing ceramic underway. way. 
Brazing between graphite and TiBrazing between graphite and Ti--alloy is alloy is promissingpromissing..

Helium cooling system is purchased and ready for fHelium cooling system is purchased and ready for full scale cooling test. ull scale cooling test. 
FY06: Establish the actual equipment design and make fullFY06: Establish the actual equipment design and make full--set prototype.set prototype.

Full scale cooling test using actual He circulation system.Full scale cooling test using actual He circulation system.
Fixation and alignment mechanism should be developed.Fixation and alignment mechanism should be developed.

IG IG –– 43 (Graphite)43 (Graphite)

TiTi--6Al6Al--4V4V

47.0
46.4
39.6
35.6
26.0

Cooling Path
(Helium)
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)

Graphite tube (2mmGraphite tube (2mm--thick)thick)

TiTi--Alloy outerAlloy outer--tubetube Helium compressorHelium compressor

Target Prototypes / CompressorTarget Prototypes / Compressor
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)

Iron Block Shield 
inside

concrete

Remote coupling 
here

HornsHorns

11stst hornhorn
Successful operation at 320kASuccessful operation at 320kA
LongLong--term current operation testterm current operation test

22ndnd horn design / 3horn design / 3rdrd horn prototype in FY06horn prototype in FY06
Support moduleSupport module

Conceptual design done onConceptual design done on
Remote coupling of horns and water / He Remote coupling of horns and water / He 
pipes.pipes.
KinematicKinematic alignment systemalignment system

R&DR&D
Remote coupling of stripRemote coupling of strip--lineslines
Water circulation system (7m pumping up)Water circulation system (7m pumping up)
Support module itselfSupport module itself

Produce everything in FY2007Produce everything in FY2007
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)11stst Horn with 320 kA Horn with 320 kA 
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)Beam Dump / Beam Dump / MuonMuon MonitorMonitor

Graphite production startedGraphite production started
Detailed design in FY06Detailed design in FY06
Machining: FY07Machining: FY07
Assemble/installation: FY08Assemble/installation: FY08

Array of ICs

Gas flow

16
0 

cm

160 cm

Two Independent SystemTwo Independent System
Semiconductor detector arraySemiconductor detector array
Ionization chamber arrayIonization chamber array

Spill Spill ––byby--spill monitor for the spill monitor for the 
muonmuon profile centerprofile center

~5m
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)Near Neutrino Detectors at 280mNear Neutrino Detectors at 280m

OffOff--axis detectoraxis detector
SpectrumSpectrum
Cross sectionCross section
ννee contaminationcontamination
UA1 magnet, FGD, TPC, UA1 magnet, FGD, TPC, 
EcalEcal,,……

On axis detectorOn axis detector
Monitor beam dir.Monitor beam dir.
Grid layoutGrid layout

Scintillator+WLSScintillator+WLS fiber fiber 
withwith

MRS APD (Russia)MRS APD (Russia)
MPPC (Hamamatsu)MPPC (Hamamatsu)

OffOff--axisaxis

OnOn--axisaxis

17.5m

14m
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)Far Detector: Far Detector: SKSK--IIIIII

Reconstruction completed in Apr. 2006Reconstruction completed in Apr. 2006
Start normal DAQ since JulyStart normal DAQ since July   ©©ICRR, Univ. of TokyoICRR, Univ. of Tokyo
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Neutrino Facility Neutrino Facility 
at Jat J--PARCPARC

T.IshidaT.Ishida
(IPNS, KEK)(IPNS, KEK)SummarySummary

Facility construction is going well:Facility construction is going well:
Decay volume (50m finished), primary beam line, target stationDecay volume (50m finished), primary beam line, target station

Beam line equipment:Beam line equipment:
Shifting from design phase to prototyping and actual productionShifting from design phase to prototyping and actual production
International contributions for crucial parts of the beam line International contributions for crucial parts of the beam line 
components.components.

Passing some of critical milestones: Passing some of critical milestones: 
Production of the 1Production of the 1stst doublet of SCFM magnetsdoublet of SCFM magnets
11stst Horn operation with 320 kAHorn operation with 320 kA

We should work harder to start experiment as scheduled !We should work harder to start experiment as scheduled !

Our acknowledge goes on to CNGS colleagues for organizing this wOur acknowledge goes on to CNGS colleagues for organizing this workshop, orkshop, 
in the midst of the busiest time.in the midst of the busiest time.


