
Status of the T2K experiment
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 1. Introduction of T2K experiment
      - Motivation, Features and Sensitivity
 2. Beam Commissioning in Apr-May ’09
      - T2K ν beam-line operation started
 3. Status of preparation toward physics run
 4. Future prospects
 5. Summary
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• discover a finite θ13

• determine |Ue3| 
 → important role for future neutrino experiments

• CPV in lepton sector

• mass hierarchy

• precise measurement

• Is θ23 maximal ?

• Dirac or Majorana

• absolute mass scale
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Next step of ν oscillation experiment

T2K: νe appearance

T2K: νμ disappearance

2



4

• T2K (approved in 2003)

– Construction:2004~2008

– Experiment: 20092009 ~

J-PARC@Tokai

Super-K

50kton

Phase II ! 4MW, Mton, CPV

T2K-I (0.75MW + SK)

! "µ! "e  appearance

– Aim to discover ##1313

! "µ! "x disappearance

– Precise $$mm2323
22, sinsin2222##2323

Off-axis beam: Narrow & Intense

OA2.5º:

1600"µCC/yr

"e~0.4% (peak)

T2K: TTokai-to(2)to(2)-KKamioka (~100%K2K)

P("µ&"e)

E"(GeV)

Super-K

New electronics installed last summer

28

Long base-line ν oscillation experiment in Japan

T2K Experiment

T2K first beam commissioning 
in Apr-May ’09

Supre-K
ready for T2K

New accelerator(~MW),
ν beam-line & detector

‣ Super-K(SK) as main neutrino detector : 
       22.5kton(fiducial) water cherenkov detector & good PID (e/μ) performance

‣ Off-axis beam (intense & narrow-band low energy neutrino beam)

‣ Neutrino energy reconstruction :  
      CCQE interactions dominate at T2K beam energy

T2K features to enhance the sensitivity

next slide
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- ~1.2k CC int./year for SK
- small high Eν tail (narrow-band)
   → small # of bkg. for CCQE

!"

on-axis

Far Detector
(Super-K)

Decay volume

target/
Horn

proton

!p #

0°
2°

2.5°
3°

E ν
 (G

eV
)

1

00 2 85
Pπ(GeV)

set off-axis angle to 2.5°
    → beam energy at oscillation max.

(current Δm2
23 & L=295km)

Important to keep the beam direction stable

the beam energy depends on the off-axis 
angle (beam direction)

Off-axis beam : intense & narrow-band beam

(monitoring & controlling the beam)
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Stat. only

--68%CL

--90%CL

--99%CL

(OA2.5(OA2.5°°))

Sensitivity

> x10 improvement from CHOOZ limit

@ 8 x 1021 protons(30GeV)
 on target

δ(sin22θ23) ~ 1%
δ(Δm2

23) < 1 x 10-4 eV2

νe appearance νμ disappearance
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Beam commissioning 
and 

status of preparation toward physics run
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Linac

25Hz,330m

H- 181MeV

3GeV Synchrotron (RCS)

25Hz, 350m,

0.6 ~ 1MW

30GeV MR

0.3Hz, 1.6km,

0.75MW

Neutrino Facility

Neutrino to Super-

Kamiokande

Material/Life 

Science Facility

Hadron Experimental 

Facility

500m

J-PARC
(Japan Proton Accelerator Research Complex)

Joint Project between KEK and JAEA
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25Hz,330m
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Science Facility

Hadron Experimental 

Facility

500m
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Construction completed & Operation was started
   * MR 
       - successfully accelerate the beam up to 30GeV (Dec.2008)
       - successfully operate with 6-bunches (so far 3.5kW beam power) (Jun.2009)
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30GeV 

MR

Target

Super-Conducting Magnets

to SK

Near detector
(to be ready 

 by end of this year )

Muon Monitor

DecayVolume/Dump

!+

Horn1 Installation!

!"#$%&&%'(")#*++,,-,-)(").%"/)01#$/)

Horn-1

!+

"!

T2K Neutrino Beam-line
•Completed the beam-line construction    [2004~2009, 5 years]

(Horn-2,3 to be installed in this summer)

start beam commissioning in April ’09 as scheduled 

monitor ν beam direction by 
Muon profile

with low intensity (typically 4 x 1011 p/pulse) beam to reduce 
radio-activation of target area for Horn-2,3 installation in summer ’09
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T2K neutrino beam-line starts operation

Muon monitor signal 
at 1st shot after SC turned on proton profile just in front of the target 

after 9 shots beam tuning
(fluorescence plate)

ion chamber

silicon detector

scintillator 
(for commissioning)

We successfully started to produce neutrino beam

(First beam in Apr/23/2009)

x = -1.4 mm
y = -0.8 mm
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Achievements in the beam commissioning 

transfer the proton beam without 
any significant beam loss 

SC combined function magnets work
as expected 

Muon yield is increased by Horn On

control beam position on the target

beam dir. was stable (Δθμ < 1mrad ) 
during 0.5 hour operation

Successfully pass the government inspection of radiation

operate with several beam condition (e.g. 2-bunches operation)

Muon monitor signal 
with/without Horn Magnet (online monitor)

Horn
Off

Horn
ON

(273kA)

9 days, 705 shots in total (Apr-May ’09)

T2K ν beam-line works with expected performance
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Status of preparation toward physics run

T2K near detectors status, 7th J-PARC PAC Masashi Yokoyama (Kyoto)

FGD

• FGD1: completed last year. 
Performance checked with 
beam (see later).

• FGD2 (w/ water target): final 
assembly expected to start 
today.

• Arrival to J-PARC (plan):
FGD1 on June 1, 
FGD2 on July 1.

20

commissioning of 
ND will be started

from Dec. ’09

magnet

Fine-grain detector

Horn-2 
installation
(completed)

•Horn 2,3 installation and construction, 
installation of Near Detector(ND) are going on 

ν beam

on-axis detector
(ν beam dir. monitor)
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T2K goal0.1 x 107MW*s

CHOOZ 
    excluded

90% CL θ13 Sensitivity (δ=0)

x 0.75 x 107 MW*s

•T2K beam commissioning in fall-winter 2009

•with full setup (3 Horns,NearDetector)

•with high intensity beam

•physics run starts in Dec. 2009

•sin22θ13 =  0.05 (3σ discovery @ 1MW*sec)
                  0.03 (3σ discovery @ 2MW*sec)

Prospects & Schedule

We aim for better sensitivity than the current limit by CHOOZ in 2010
as a first step

Final results with 3.75 x 107 MW*sec 
                                           (8x1021 p.o.t.)

Next :  We hope to discover νe appearance 
with 1-2 x 107 MW*sec in a few years

x 0.75 x 107 MW*s
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Summary

•T2K neutrino oscillation experiment, our goals are 

•discover νμ → νe appearance (a finite θ13)
       one order of magnitude sensitivity improvement 
       from the current limit

•νμ disappearance for precise measurement of sin22θ23,  Δm2
23

•First beam commissioning was successfully completed

•neutrino production was confirmed with observing muon signal

•confirmed basic functionality of the T2K beam-line

•Installation & construction works are going on toward physics run

•Aim for better sensitivity than the current limit by CHOOZ in 2010
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backup
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M.Yoshioka’s talk,  “J-PARC Status and Plan”
@ CERN Workshop on New Opportunities in the Physics Landscape at CERN
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ν Energy Reconstruction
• ν’s Energy reconstruction is possible for CC Quasi-Elastic 

interaction (CCQE: νμ(e) + n → μ(e) + p)
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図 3.4: 1Rµ事象の再構成されたエネルギー分布 (左図)とエネルギー分解能 (右図)。とも
にニュートリノ振動がない場合の分布で、図中の網掛け部分は non-QE反応からの寄与を
示している。

3.2.2 ニュートリノエネルギーの再構成
”single ring muon-like” (1Rµ)事象のニュートリノエネルギーは、ニュートリノ反応で
生成したミューオンの運動量からCC-QE反応を仮定して式 (2.5)により再構成される。す
なわち、

Erec
ν =

mnEµ −m2
µ/2− (m2

n −m2
p)/2

mn − Eµ + pµ cos θµ
(3.1)

ここで、Eµ, pµ, mµはニュートリノ反応によって生成されたミューオンのエネルギー、運
動量、質量、θµはニュートリノとミューオンの運動方向のなす角、mn, mpはそれぞれ中
性子、陽子の質量である。ただし、始状態の中性子は静止していると仮定している。
図 3.4にニュートリノ振動がない場合の 1Rµ事象の再構成されたエネルギー分布とエネ

ルギー分解能を示した。

3.2.3 ニュートリノ振動確率
以下では、2世代間のの νµ → ντ 振動を仮定する。中性カレント反応は、フレーバーを

区別しないのでニュートリノ振動の効果は現れない。したがって、ニュートリノ振動の確
率 Posc(E; sin2 2θ, ∆m2)は

Posc(E; sin2 2θ, ∆m2) =





1− sin2 2θ sin2

(
1.27∆m2L

E

)
(for CC)

1 (for NC)
(3.2)

のように表される。ここで、L = 295 kmは基線長。なお、3世代間の混合を考慮した振
動解析については付録Aで述べる。

26

1R!

#
 o

f
 e

ve
n
ts

CCQE

events
non-QE

events

Erec
ν =

mnEµ − m2
µ/2 − (m2

n − m2
p)/2

mn − Eµ + pµ cos θµ

13

!µ + n ! µ + p

!

µ
-

p

(Eµ, pµ)"

µ

µµµ

µµ
!

"+#

#
=

cospEm

2mEm
E

N

2
Nrec

Quasi-Elastic process

µ
-

!µ + n ! µ + p + #

!
p

(Eµ, pµ)"µ

#’s

!µ + n ! ! + p + #’s

!

!

p#’s

CC 1#

NC 1#

QE

inelastic

E! (reconstructed) – E! (true)

E! reconstruction at low energy

$E  % 60 MeV  $E/E  ~ 10%

T2K’s beam energy

CC1π

!
"

p

(p",#")

!
"

p

(p",#")

$

(MC)

17



θ13 measurement by νe appearance

• P(νμ→νe)→sin2(2θ13) : some ambiguity due to unknown params.

• It is possible to measure CPV by comparing ν and ν
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) (
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4E
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δ → −δ, a → −a for P (ν̄µ → ν̄e)
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νe appearance
search

!0

!

!
small opening 

angle

"
#

• Signal : e- from νe CCQE int. 

• Background

• intrinsic νe in the νμ beam (0.4% 
of νμ at peak energy)

• NC 1π0 interaction

• π0 misidentified as e

• further e/π0 separation cut & 
understanding efficiency

single EM shower

multi. EM shower 
                   (overlap)
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September 22nd, 2006 NNN2006, University of Washington 28

Near Neutrino Detector

Two independent detectors

On-axis

Off-axis

On-axis detector

Measure !-beam profile

! !-beam direction at 1mrad precision

Iron-scintillator stacks x 14 units

Off-axis detector

Measure !-flux in SK direction

Measure !", !"-bar, !e+!e-bar fluxes 

separately.

Neutrino Energy !CC-QE kinematics

Cross sections of ! interactions

CC-1# / CC-QE: BG for E! reconstruction

NC-#0 production: BG for !e detection

OffOff--axisaxis

OnOn--axisaxis

17.5m

14m

! beam

Dec. 9, 08

Feb. 10, 2009

12

!"#$!%

!"#$%&'(%)''*+,)-'%./0123".24/0%1252"1%367/32)&

! 8/994114/06:%;42<%./194.1

! =4312%#//>%40%5?3669602%;42<%149"#524/0

! @35.>40?%7#506%6==4.460.$%**AB%C 'AD%E

ν beam direction
monitor

First comic seen with 
the INGRID module

Feb. 26, 2009With INGRID DAQ system
On surface at J-PARC
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one month running time corresponding to 2.4 × 1018 POT. After INGRID event selection, we would
measure the beam profiles as shown in Figure 2.12 Before systematic uncertainties, the beam profile
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 / ndf 2!   1.85 / 4

Constant  76.57± 1.112e+04 

Mean      2.388± -1.622 

Sigma     3.135± 355.1 
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Sigma      3.11±   355 

Figure 2.12: The reconstructed neutrino beam profile by the INGRID detector with one month of data
at 1% of design intensity (the commissioning period). The measured error in the beam profile center
at INGRID is 3.2 cm. A 3 mm beam shift would shift the beam center by ≈ 10 cm. The red dots and
line show the profile if the proton beam hits the center of the target, and the blue ones show the effect
when the beam hits the off-center of the target by 3 mm.

center at INGRID is measured to a precision of 2.3 cm. This corresponds to an error in the neutrino
beam angle of∼ 0.1mrad, which is significantly better than the requirement of∼ 1mrad precision. In
terms of a shift of the proton beam center, Figure 2.12 illustrates that a 3mm beam shift results in a≈
10 cm beam shift, again much larger than the statistical uncertainty of the beam position determination
during commissioning. The effect of the systematic errors on this conclusion is discussed below.

2.3.4 Systematic Uncertainty

In order to detect a change of the beam condition, such as the proton beam hitting position changes
as mentioned above, the center of the neutrino beam profile must be measured with a precision of
∼ 5 cm. To achieve the goal, we find that the systematic error of the number of events in INGRID
detectors must be controlled with an accuracy of 2 %. This in turn requires that the hit efficiency of
scintillator should be understood with 0.5 % level.
In K2K SciBar detector, we achieve the 99.5 % hit efficiency of the scintillator plane. For the

INGRID scintillator, we must have the same level of light yield of scintillator as that of K2K SciBar.
Althoughwe believe that we will have the similar quality of scintillators for INGRID, we are currently
testing two types of scintillators. The goal of hit efficiency of scintillator plane for INGRID is 99.5 %,
so that the systematic uncertainty from the scintillator efficiency will be small.
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1 month data w/ 1% beam

-450 cm 450 cm
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Off-axis detectors
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Pi0 detector

TPC

Side Muon Range 
detector

Electro-magnetic
calorimeter
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construction/installation/
hardware test is going on

21


