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1. The T2K collaboration
2. Main physics goals
3. Experimental setup and construction status
4. Sensitivities
5. Financial situation (if necessary)
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T2K Collaboration

• 11 Countries (number of members)
–Canada(24), France(8), Italy(11), Japan(46), Korea(9),

Poland(1), Russia(8), Spain(12), Switzerland(3), UK(25),
USA(42)

–58 Institutes, 189 Ph.D. members
• K2K, Super Kamiokande, SNO,　CHOOZ, IMB, ...ILC
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Non-zero mass of neutrinos !
What kind of physics can have comparable impact?
Physics esp. history of neutrino studies show full of surprisesfull of surprises
 ( Kamiokande for Kamioka Nucleon decay Experiment ! )

1. Look for un-expected by precision measurements of oscillation
• 3 generation (paradigm)

• Consistency of Δm2  in disappearance and appearance processes
• Sub-process of flavor changing process (in addition to osc.)
• Oscillation pattern ….

2. νe appearance
• The last mixing to be found

• 　θ23~45o θ12~34o, Is θ13  special ?
• Determine future direction of neutrino experiment

• Lead to only practical test of CPV in leptonic process
• Complex phase in mixing in light neutrinos → leptogenesis?

Emphasis on lepton ID and the determination of neutrino energy Eν
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• Small νe component in ν3  Ue3 =0 ?
• θ23∼45o θ13∼34o,
• Is θ13 much smaller or a little

smaller? (test to 3o)

• ν3 consists of νµ, ντ = 50:50 ?
• Another symmetry?

• Are neutrino mass and charged lepton
mass ordering same or inverted
• Is the largest component in νe :
     ν1 the lightest ? 8 x 10-5 eV2       

Bread & butter physics in next generation 
accelerator experiments

UUe3e3

•   Possible differentiation between
    particle and anti-particle
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• Beam line

• Muon monitors @ ~140m
– Fast (spill-by-spill) monitoring of

beam direction/intensity (π→µ ν)
• First near detector  @280m

– Flux/spectrum/νe - off-axis
– intensity/direction - on-axis

• Far detector @ 295km
– Super-Kamiokande (50kt)

1.5km

295km

0.28km

Neutrino spectra at diff. dist

p π ν

140m0m 280m 2 km 295 km

 Experimental setup overview
Possible Future

1       2      3     Eν GeV

At 280m
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decay volume

Near detector

Target
Station

Beam dump/µ-pit28
0m

Components in T2K Experiment
ComponentsComponents
 Primary proton beam line

 Normal conducting magnets
 Superconducting arc
 Proton beam monitors

 Target/Horn system
 Decay pipe
 Beam dump
 Muon monitors
 Near neutrino detector

Special FeaturesSpecial Features
 Superconducting Superconducting combinedcombined

functionfunction magnets magnets
 Off-axis beamOff-axis beam

To Super-Kamiokande
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External reviews on T2K
• International Advisory Committee has been

endorsing the highest priority for T2K (2002,
03, 04, 05, 06)

• Neutrino Technical Advisory Committee
(Reviewers from FNAL, TRIUMF, CERN and
KEK) has reviewed  technical aspects of beam
line (Nov. 12,13, 2003, Apr. 26~28, 2005)

• Radiation Safety Review Committee has been
formed and will conclude within this fiscal
year
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Beam line status (examples)
• Super-Conducting magnet has been fully tested at I=7700A

(eq. 50 GeV) without quench
– mass production started

• Vacuum window design and prototyping at RAL
– To be fixed in a month

• Horn magnet long term test has been started
– Started the test at 320kA (full current) yesterday!

• Target
– Thermal shock wave analysis, CFD analysis, erosion, oxidization
– Manufacturing methods established (graphite rod, Ti tubing)
– 1/20 scale cooling test done
– Helium circulation system purchased

• Beam line construction detailed design completed
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Summary of Status

2006~

2006~

2006~

~25%

2006~

~10%

2006~

Real
Production

2008

2008

~60%

2008

2007~

2008

2008

2007~

2007~

2008

2008

2007~

Installati
on

2008Muon monitor

2008Cryogenics

2008Beam Dump

2008Decay Volume

2008StartingBeam Window

2008Target Station

2008Horn

2008Target

2008Vacuum system

2008Normal Conducting
magnets

2008DoneDoneSuperconducting magnets

2008StartingPartiallyProton Beam monitor

Operation
test

Engineering
Design

Conceptual
Design

• Working design in hand for most of the components
• Shifting to prototyping, final engineering design, production
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Schedule of ν beam line

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

Target station
•const.: ’06~’07
•Install: ’08

Proton beam
line
•const.: ’05~’06
•Install: ’08

Buildings
•Const.: ’07

Near detector
•const.: ’07~’08
•Install: ’08

Beam dump &
half of Decay vol.
•const.: ’07~’08
•Install: ’08

Primary line tunnel

NC mags (Prep. Sect.)

SC/NC in FF

Cryogenics

TS civil/building

Equipments in TS

Decay volume

Beam dump

Neutrino monitor

S
e

co
n

d
a

ry
P

ri
m

a
ry

101 7

Facility Design

H21

4 7 10

20062004 2005 2009

7 10 1

1st yr 2nd yr 3rd yr

14 7 10 44

2008

4 7 10 1

Last yr

2007

4 7 10 1

4th yr

Inst.

Inst.

Inst.
Comm.

Inst./Test ope.

Civil !"#"$ Inst.

Inst.!"#"$

Inst.!"#"$ mag

inst

Beam
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Main features of T2K
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θTargetHorns Decay Pipe

Super-K.

π decay Kinematics

OA3°

OA0°
OA2°

OA2.5°

Statistics at SK
 (OAB 2.5 deg, 1 yr, 22.5 kt)
~ 2200 νµ tot
~ 1600 νµ CC
νe  ~0.4% at νµ peak

 Quasi Monochromatic Beam
 x 2~3 intense than NBB
Tuned at oscillation maximum

Narrow intense beam: Off-axis beam
振動確率＠
Δm2=3x10-3eV2

ν µ
 fl

ux

0°
2°

2.5°
3°

Eν
 (G

eV
)

1

0 0 2 8
pπ (GeV/c)

5

Anti-neutrinos by  
reversing Horn current 
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νµ + n → µ + p

ν

µ
-

p

(Eµ, pµ)θ
µ

µµµ

µµ
!

"+#

#
=

cospEm

2mEm
E

N

2
NrecQuasi-Elastic process

µ
-νµ + n → µ + p + π

ν
p

(Eµ, pµ)θµ

π’s

νµ + n → ν + p + π’s

ν

ν

pπ’s

CC 1π

NC 1π

QE

inelastic

Eν (reconstructed) – Eν (true)

Eν reconstruction at low energy

δE  ∼ 60 MeV  δE/E  ~ 10%
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 PID in SK
e-like µ-like

µe
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Particle ID (e & µ)　(in single ring events)
Super-Kamiokande
Atmospheric data 

µ−likee-like

νµ

νe

 10% measurement on  NCπ0

 in 280m near detector

 BKGs become to 1/3 by Erec
requirement
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Precision measurement of θ23 , Δm2
23

possible systematic errors sources
•Systematic errors and assumed knowledge

• normalization        (10%   （5%(K2K))
• non-QE/QE ratio   (20% (to be measured))
• E scale                     (4%   (2%@K2K))
• Spectrum shape    ( Fluka/MARS →(Near D.))
• Spectrum width      (10%)

Set at OA 2.5o

δ(sin22θ23)~0.01     
δ(Δm2

23)   <1×10-4 eV2
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ND280 Neutrino Detector
(Experimental Hall with 3 floors)

Current design
37m

2.5deg beam center
28.5m

Ground level

Off-Axis
Neutrino Detector

On-Axis ν monitor
Neutrino Profile 
& the beam center
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Off-Axis Neutrino Detector (by all countries)
• Measurement of ν flux and σ in the SK direction with magnet

–  νµ , νe and anti-νµ flux and the energy spectrum.
– Quasi-Elastic (Signal for Eν reconstruction)
– Inelastic π±,0 production (background for beam understanding)

• Detector components.
– TPC
– Fine-Grained Scintillator detector (FGD)

for CC interaction.
– Lead/Scintillator tracking detector for π0

– Electron Calorimeter
– Muon Range Detector

MPPC/SiPM Micromegas

Photo-Sensor Gas-amplification

1mm 26cm ◄ Complete R&D 
      → mass production
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November 12, 2001November 12, 2001
April 12, 2006April 12, 2006

Super Kamiokande has been fully rebuild
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Ｐｈｙｓｉｃｓ sensitivities
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CP conserving

CP

solar ν

matter effect

δ → -δ, a → -a  for  νµ→νe

θ13

Small numbers
•S31  
•sinΦ21 ~ 0.03

 mass hierarchy 
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• L/E~3 x 102 (km/GeV),
 Φ32 (=(m3

2- m2
2)L/4E) ~Φ31~π/2, Φ12 ∼0.03

•  νµ → νe  three contributions

1　Term which is same for neutrinos and anti-neutrinos
2　CP violating term
3　Matter effect ( proportional to L or E at constant L/E)

• It is almost impossible to change distance or neutrino energy
1. Compare Neutrinos and Anti-neutrinos
2. Compare with reactor data

• Make matter effect small by using low energy neutrinos !
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T2K Physics Sensitivity

Stat. only

--68%CL
--90%CL
--99%CL

Goal
δ(sin22θ23)~0.01
δ(Δm23

2)~<1×10-4

(OA2.5(OA2.5°°))

νµ disappearance

KASKA 90%
(NuFact04)

CHOOZ
90%

>10 times improvement from CHOOZ

νe appearance
(Strong δ dependence )

sin22θ13
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Summary of main features of T2K
• 295 km baseline and  Δm2 (~2.5x10-3 eV2 )
• Oscillation maximum occurs at sub-GeV neutrino energy
• Off-axis beam (low energy with small high energy tail)

1. Two body reaction (ν n →µ p) dominates :Quasi elastic (QE)
1. 1,2 prong events dominate  →   relatively easy PID
2. Measurement of θµ, pµ        →   Eν can be calculated
3. Small high energy tail         →   Small π0 -BKG from in νe search
                                                          →   Small π+- -BKG from Eν reconst.

2. Negligible matter effect (to be sensitive to CP term (in the future))
• Super-Kamiokande as the far detector

1. Analysis of water Cherenkov detector data has accumulated almost
twenty years of experience

2. K2K has demonstrated BG rejection in νe search
• Proper coverage of near detector(s)

1. Cross section ambiguity (measurements at close distance)

• Accumulation of technologies on high power beam handling



25

Conclusion
• Strong international team
• Discovery of finite neutrino mass is, so far the only one

evidence beyond the ‘Standard Model’ and can be a
window for unexpected and possibly ultra high energy
physics

• Good beam energy-detector combination for high
precision measurements

• Super-Kamiokande has been fully rebuild
• Intensive technical review have been done on beam line

– Many difficulties have been overcome and the construction
going well

• We can stay in budget for entire experiment
– Inviting foreign contributions for improvements of the

experiment
• Working hard to start experiment in Apr. 2009
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Backup slides
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MR intensity
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T2K
construction

3 GeV RCS commissioning plan

What about
MR intensity?



29

Intensity of MR
• J-PARC start with 180 MeV LINAC
Currently, following realistic scenarios have been studied
• Intensity in 3 GeV Booster limited by space charge effect

–  increase number of bunches in MR by RF freq.
increase in MR (injection time)

–  larger bucket in Booster to increase no. of
protons/bunches

–  More RF power　to increase rep. (with money)
• Every possible effort to increase MR intensity faster than

3GeV booster

• Badget request will be submitted to restore 400 MeV
LINAC (2008,9,10 ?)

• Eventually more than MW beam
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OR single bunch
larger bucket (more protons
/bunch)
keep h=9 (rep. rate is same as
original
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Accelerator commissioning plan
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Requirement on Proton Energy

Neutrino Flux ∝ ~ Proton beam power (Ep x N)

30 40 50
Proton Energy (GeV)

ν µ
 fl

ux
/p

ro
to

n 
(a

.u
.) 50GeV

40GeV
30GeV

0 1 Eν(GeV)

Peak Neutrino Flux
normalized by Beam power
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0.0180.020.030.05
0.08

T2K

0.05
(0.18)

0.05
(0.18)

0.09
(0.21)

D.Chooz

0.060.0750.080.090.11
MINOS
OPERA

15141211102009

Assumptions
MINOS : 2x1020 POT/year　　　　　　　CNGS 　too small detectors
Double Chooz : 2008 new  near detector assumed
Nova : if funding start in 2007.10
Present limit (Chooz) sin22θ13 <0.14 @90%CL

0.75MW within 2010

（Nova）　　　　　　　　　　　　　　　　　　　　　0.05
Daya Bay ???  ←      0.015   →?????         

　sin22θ13　 3σーDiscovery limit

0.5MW 
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sensitivities for sin22θ13

0 1 2 3 4 5
reconstructed Eν(GeV)

exp’d signal+BG
total BG
νµ BG

Off axis 2.5deg,
50GeV 5yr
Δm2=2.5x10-3eV2,
sin22θ13=0.1

90%C.L. sensitivities

sin22θ13

CHOOZ
excluded

331013100.01

12610313100.1

Signal+BGOsc’d νeBean νeνμ(CC+NC)sin22θ13

(OA 2.5deg, 50GeV 5yr)

Off axis 2.5deg,
50GeV 5yr
δ=0, no matter
sin2θ23=1

Preliminary

>10times improvement

Exp’ed Δm13
2

BG syst=10%
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1st technical advisory committee (ν-TAC)
• Nov. 12,13, 2003 (Just before

approval)
• E.Blackmore (Chair,TRIUMF)
• Experts from NuMI/CNGS,

SCmags/cryo., accelerator, remote
handling

• Reviewed
– Beam line concept
– Conceptual design of all beamline

components
– Extensive review on SCmag (since

most advanced, schedule pressed)
• Executive summary said

– The committee feels that there are no
“show stoppers” in terms of meeting the
design goals for 0.75 MW operation.

– A time frame of 5 years for the
completion of the neutrino facility is a
realistic goal.
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2nd ν-TAC
• Apr. 26~28, 2005
• Similar members, + Dynamic stress expert
• Timing when R&D & design are well advanced and

being finalized
• All components reviewed, w/ major concern on

– Thermal stress analysis,
– Maintenance scenario

2nd (Apr.26, 2005)


