
T. Nakaya (Kyoto University)

1

210.2.15
@GCOE Symposium



2

295km

T2KＫｙｏｔｏ Ｕｎｉｖｅｒｓｉｔｙ



3

T2K Experiment
Tokai-to(2)-Kamioka

280m
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Pure nm beam
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LOI: 2001
Proposal: 2002
Construction: 2004~2008
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Fluorescent Image

First beam event in Muon monitor
and 

evidence of neutrino production

Silicon PIN photodiode

Scintillator for reference

FADC gate

1 msec

15 mV

p+C→np+X

p→m+nProton Beam



MR Run #27
Shot #19655
T2K Spill #241792

Iron (6.5cm thick)

Plastic scintillator 
(5cm wide, 1cm thick)

Hit in plastic scintillator

INGRID Mod. 07



News in the New paper
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First neutrino interaction in ND280 off axis detector
December 19, 2009

Pi-zero detector (P0D) Tracker ECAL
TPC1 TPC2 TPC3FGD1 FGD2

n beam direction
(not yet 
operating)

(not fully 
read out)
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NO Super-K neutrino events yet.
(Under beam/detector commissioning)

Plan to start the physics run in March!



10



K2K 11

Neutrinos.
ó Neutrinos are one of the most abundant particles in 

our universe.
ó No. 1: Photons (light) [~400g/cm3] 
ó No. 2: Neutrinos (~300n/cm3)

although undetectable…
ó nBaryon~0.000001/cm3
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Neutrinos around us!

SUN

Supernova

neutrinos in atmospher  

60 billion ns
per sec•cm2

Nobel Prize in Physics, year 2002
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Elementary Particle Physics

quark and lepton

100,000,000,0000,
000,000,000,000m

0.000000000
0000000001m

from PDG

from PDG



SUSY
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Particles and Force
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Neutrinos
ó Only have week interactions
ó Small mass
ó Origin in physics beyond the standard model?

ó Mixing
ó 3 neutrinos are mixed
ó Different mixing patterns from that of quarks
ó What symmetry exists?

ó No experimental information on the CP 
symmetry

ne nm nt

e m t

d s b

u c t

n1 n2 n3

neutrinos

lepton
quark
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Much exciting to study 
neutrinos after the discovery 
of neutrino oscillation in 1998



Mixing Matrix
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Discovery of neutrino oscillation(1998)
Evidence of neutrino mass
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予想

ニュートリノ振動
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Atmospheric neutrinos
nm deficit (nt appearance)

Dm23 region
• Dm23~2.5´10-3eV2

• sin22q23~1.0

solar neutrinos
ne deficit ( NO NC deficit)

Dm12 region
• Dm12~7.9´10-5eV2

• sin22q12~0.82

??? LSND anomaly ??? 

Status of Neutrino 
Oscillation



Neutrino Oscillation
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Status of Neutrino Experiments
ó Study of atmospheric neutrino oscillations with 

accelerator neutrinos.
ó Confirmation： K2K（Japan）、MINOS（US）、OPERA

（Europe）
ó Δm23

2、q23

ó High Sensitive and High Precision experiments： T2K
ó Δm23

2、q23、 q13 ➩ CP study in future

ó Study of solar neutrino oscillations with the reactor 
experiemnts
ó Confirmation and precision measurements： KamLAND
ó Δm12

2、q12

ó Observation of geo-neutrinos

ó New double beta decay measurements
21



T2K(Tokai-to[2]-Kamioka)

750kW
Feb. 2006

>400 collaborators from 12 countries



2. Components of the experiments. 

ó Accelerator/Neutrino Beams
ó Near Detectors
ó Far Detectors

23

protons
p, p, p, p, K n, n, n, n 

NA61
Fn(E)

s s

Intense beam
Gigantic 
Far detector

High Resolution 
Near detector
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J-PARC Accelerators
The Hadron  Hall

MR
A round=1,568m

Materials & Life Science
Experimental Facility

3GeV RCS
A round=348m

Linac
(330m)

Area for 
Transmutation 

Experimental Facility

[Feb.2006 ]

181 MeV Jan. ‘07

3 GeV Oct. ‘07

30 GeV Dec. ‘08
Apr. ‘09



3.1 ニュートリノビーム/J-PARC

T2Kの物理 25



J-PARC Accelerator status

Run-26 (early October) for 2 weeks
qLinac beam: Peak current 5mA, pulse width 100~500ms
qRCS beam: 2 bunch, 20kW
qPurpose: Beam loss study at the downstream of charge 
stripping foil using extinction monitor (for me conversion 
experiment)

Run-27 (end of October~early November)  for 9 days
qLinac beam: 5mA and 500ms, or 15mA and 100ms
qRCS beam: 2 bunch, 100kW
qPurpose: Beam loss study

Run-28 (end of November) for 1 week
qLinac beam: 15mA and 500ms
qRCS beam: 2 bunch, RCS 300kWàMR100kW
qPurpose: Challenge to high power operation and beam loss 
study

By Prof. M. Yoshioka at the J-PARC PAC meeting in January 2010 
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ó Beam-line tunnel was completed in December 2006
ó Installation finished in 2009

Primary Beam-line for neutrinos

Preparation Section ARC Section

Final Focusing Section

Assumed Beam Loss
750W@Prep.
250W@FF.
(1W/m @ ARC)

http://jnusrv00.kek.jp/jnu/photo/TS/080401_Yamada/IMG_8612.JPG�
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Proton beam monitors
Position:  20 x ESMs
Profile: 19 x SSEM s
Intensity: 5x CTs
ó Being assembled
ó Installation started in prep 

sect

Loss: 50 x Ionization chambers
ó Twenty monitors are 

purchased in this FY 

OTR detector (provided by 
Canada)

ó Provide all-time profile just 
in front of target

ó Mirrors, rad-hard camera 
delivered

ó Manufacturing, assembling 
in progress

ESM CT

SSEM

Installed monitor chamber

OTR



First shot of the proton beam
SSEM

(Segmented Secondary Emission Monitor)

Fluorescent Image



Neutrino Beam generation
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市川准教授
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Horn 1 Horn 2 Horn 3target

Proton beam
Ichikawa-sanFocusing many p+

The neutrino beam 
is produced from the 
decay of p➝mn
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Decay Volume

40 paths of cooling channels
It can accept 4MW beam

Upstream

L=94m, 6m thick 
concrete wall 

2008/03/07

Under 
3NBT
(FY05)

Downstream



Muon monitor for the n beam
ó p➝mn decay and μ measurements。
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M. Yokoyama

SiPIN phot diode

Ion Chamber

Beam

Building by：
Matsuoka（D2), Kubo（D1)

February 13th, 2009

Kaken Uji LINAC

Feb. 14th, 2009
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Horn focusing: Muon Monitor Signal

Horn off

Horn on

MUMON Silicon PIN photodiode array



Near Neutrino Detectors 

INGRID

Off-Axis





MR Run #27
Shot #19655
T2K Spill #241792

INGRID : First neutrino event candidate

Iron (6.5cm thick)

Plastic scintillator 
(5cm wide, 1cm thick)

Hit in plastic scintillator

INGRID Mod. 07



280m Off-Axis Sub-Detectors



Off-axis Detectors
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FGD(Canada, Japan)

12-FEM board stack-up before 
burn-in phase

TPC(Canada/France, 
Spain, Swiss, Italy, 
German)

Elec(UK,Fr)

ECAL(UK)P0D(US)
SMRD(Jp,US,Pol,Rus)

ó The detectors 
were build in 
many countries 
and installed in 
J-PARC in 2009. 

38



DS ECAL

FGD’s

P0D

TPC’s

SMRD
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First Neutrino Event (3D)



New developments of technology

4242

0

1
2

3

4

5

6
7 8

Photon-sensor
MPPC

Large TPC and Micromegas

Total 120k channels



Super-Kamiokande IV

T2Kの物理 43



Neutrino Events（K2K）
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ó Start the experiment in April 2009.
ó In 2009, beam-line & detector commissioning were 

performed.
ó 100kW trial (so far 20kW is OK, but a trouble in 40kW)
ó Start the physics run in March 2010.
à fist result in summer 2010

ó Beyond 100kW: 100à750kW(Design)
ó Beam loss control
ó Linac 400 MeV energy recovery and upgrade of the RCS 

injection system
ó Important Physics result around 2012 (my personal view)

ó Long-term plan toward power frontier (~1.7 MW)
ó KEK roadmap
ó Anti-n running
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T2K Measurements

( )nnnm qq ELmP e /27.1sin2sinsin 2
23

2
13

2
23

2 D××»®

( )nnnm qq ELmP x /27.1sin2sincos1 2
23

2
23

2
13

4 D××-»®

Oscillation Probabilities when 2
13

2
23

2
12 mmm D»D<<D

Ø q13:  ne appearance

Ø q23 : nm disappearance

common

n2
n1

n3

Dm2
atm

Dm2
sun

nm nt

ne

~1

~0.5

Ø d : CP violation (T2K-II)

d
q
q

nnnn
nnnn

mm

mm sin
sin

2sin
][

][][27.1
)()(
)()(

13

12
22

12 ××
D

@
®+®

®-®
=

GeVE
kmLeVm

PP
PP

A
ee

ee
CP

~0.18 (sin22q13=0.1)
~0.58 (sin22q13=0.01)



47

No oscillation

rec. En (GeV)

non-QE

Dm2= 2.0 x10-3 eV2

rec. En (GeV)

Dm2= 2.5 x10-3 eV2

rec. En (GeV)

~ OA 2.5 deg. ~

(assuming sin2 2q23=1.0)

Use 1 ring m-like events
(= Quasi-Elastic enhanced sample) to 
reconstruct neutrino energy.

nm + n→ m + p

n

m-

p

(Em, pm)qm

Measurement of q23 , Dm23
2

5 years
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Oscillation parameter fit

Input:
sin22q23=1.00
Dm2= 2.7 x10-3 eV2

Non-QE sensitivity

• 1s
• 90% CL
• 99% CL

Ratio of En to non-oscillation
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q13 measurement (ne appearance search)

Signal:
• 1ring e-like event (CC QE sample)
Background:
• beam ne contamination (0.4% of nm)
• mis-reconstructed p0 event

e

p0

sin22q23=1and d=0 are assumed.

nm

ne

x0.4%
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Background Suppression
(Dm2=2.5x10-3eV2,sin22q13=0.1)

nm BG

ne signal

ne BG

1. FCFV, Evis. >100MeV
2. single ring
3. e-like PID
4. no decay-electron
5. 0.35<En

rec<0.85GeV
6. cosqne<0.90
7. Mp0<100MeV/c2(p0 fitter)
8. DL<80(p0 fitter)

ne signal
ne+nm backgrond
(nm backgrond)

En
rec (GeV) 

1    2     3    4     5    6    7     8
Event Selection

#e
ve

nt
s 

(/
22

.5
kt

/5
ye

ar
)104

103

102

101

(40% Efficiency)
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q13 Sensitivity (w/ dBGsys=10%)

CHOOZ
excluded

90%C.L. sensitivity

sin22q1310-110-210-3

D
m

2 
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V
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10-2

10-3

x20

0.008

Sensitivity versus time
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n

2 2
q 1

3

10-1

10-2
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Year1 10 100

dBG=20%
dBG=10%
dBG= 5%

T2K-I T2K-II
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T2K Physics Sensitivity

DCHOOZ 
90% CHOOZ

90%

~10 times improvement from CHOOZ

ne appearance
(Strong d dependence )

sin22q13

DCHOOZ 
90%

CHOOZ
90%
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CP violation study

-15%@peak
nm

nm

1021POT/yr
(1st phase)

Sign flip by change 
of horn polarity

Flux
CC interaction

nm

nm

Wrong sign BG

cross section
difference

(Note: Old  study with 2°off-axis)

n beam is an option
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Future Upgrade for the CP measurements

~2MW

1Mton

>100´T2K

CHOOZ excluded
sin22q13<0.12@Dm13

2~3´10-3eV2

3s CP sensitivity : |d|>20o for 
sin22q13>0.01 with 2% syst.

T2K-I 3s discovery

Stat. only

signal stat only

(signal+BG) stat only

stat+2%syst.
stat+5%syst.

stat+10%syst.
NOTE: CP violation

•ACP~0.2 sind @ sin22q13=0.10
•ACP~0.6 sind @ sin22q13=0.01



Summary
ó The T2K neutrino oscillation experiment started in 

April 2009
ó T2K is the front runner in neutrino experiments. 
ó Many foreign researchers are in the collaboration.

ó We soon have the new result in summer 2010.
ó First search for electron neutrino appearance.
ó Precise measurements of neutrino oscillations.

ó We expect significant results around 2012.
ó Discovery of electron neutrino appearance?
ó Open the window to study CP violation in neutrinos.

55
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大統一理論

大統一
陽子崩壊

SU(3)CÄSU(2)LÄU(1)Y

(SUSY)  SU(5), SO(10),E6 • • •

quark + lepton p➝e+p0

普遍性



陽子崩壊の探索

大気ニュートリノが最大のバックグランド

ó シグナル：

ó p➝e+p0

ó バックグランド：

ó ne+p➝e+p0+n、 ne+n➝e-p0+p
(注）n,pは測定器で見えない。

大気ニュートリノの研究を！

➩ニュートリノ振動発見へ

58

予想外

予想外

超新星爆発

Test their real existence of atm. n (Reines, Miyake etc., 1960’s)



太陽ニュートリノ
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普遍性

Raymond Davis Jr.

ó 太陽ニュートリノ観測の動機

ó Test the solar model (1960’s) (J.N.Bahcall, “Neutrino 
Astrophysics”, Cambridge University Press, 1989, page 488)

ó 太陽ニュートリノ観測

ó 観測値が予想の１/３
ó Kamiokande、Super-Kamiokande
観測値が予想の～40%

ó ニュートリノ振動予想外



実験提案

T2Kの物理 60

ó The JHF-Kamioka neutrino 
project: hep-ex/0106019

ó Citation: 557
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Apparatus in the TS vessel 

Remote 

coupling

Iron Block 
Shield inside

Concrete Block 
Shield inside

3rd Horn

Support Module

Baffle

1st horn
Target

Beam Window 
With pillow seal 
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Target 26mmf x 900mm

58kJ/spill
Ti-6Al-4V

IG – 43 

ΔT~200K ~7MPa(Tensile 27MPa) 
•Full prototype delivered in Dec. ’07
•He gas flow test, achieve 650Nm3/h (200m/s)

736℃

30GeV-750kW

CFX analyses (STFC RAL)



注目の実験
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ニュートン2008年4月号



最後に
以下の現象が発見されるのも、夢ではない！

ó 牧・中川・坂田行列で予想していなかったCPの破れの
発見。

ó ニュートリノ質量の大きさが、宇宙論から決定。

ó ニュートリノのマヨラナ性の発見（２重ベータ崩壊）。

ó 陽子崩壊の発見。

ó その他、今我々が予想していない・・・

64
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Superconducting Magnets

ó 11 doublets in beam-line, Cryogenics installation on 
time. 

ó Entire system will be completed by December 2008

Two magnets in cryostat “doublet”
14 doublets + 2 spare doublets
+ 4 corrector magnets by BNL

SCFM : Superconducting Combined Function Magnet
D: 2.6 T, Q: 18.6 T/m, Length: 3.3m, Current: 7,345A@ 50GeV

Transport to tunnel
Feb.8, 2008

~11m

Alignment
Apr.15, 2008

Monitor Installation 
@ inter-connect

http://jnusrv00.kek.jp/jnu/photo/TS/080415_Yamada/IMG_8692.JPG�

	The First Neutrinos�in the T2K neutrino oscillation experiment
	スライド番号 2
	T2K Experiment�Tokai-to(2)-Kamioka
	スライド番号 4
	スライド番号 5
	スライド番号 6
	News in the New paper
	スライド番号 8
	スライド番号 9
	Introduction
	Neutrinos.
	Neutrinos around us!
	Elementary Particle Physics
	Particles and Force
	Mass(MeV)：
	Neutrinos
	Mixing Matrix
	Discovery of neutrino oscillation(1998)� Evidence of neutrino mass
	Status of Neutrino Oscillation
	Neutrino Oscillation
	Status of Neutrino Experiments
	T2K(Tokai-to[2]-Kamioka)
	2. Components of the experiments. 
	J-PARC Accelerators 
	3.1 ニュートリノビーム/J-PARC
	スライド番号 26
	Primary Beam-line for neutrinos
	Proton beam monitors
	First shot of the proton beam 
	Neutrino Beam generation
	Decay Volume
	Muon monitor for the n beam
	Horn focusing: Muon Monitor Signal
	スライド番号 34
	スライド番号 35
	INGRID : First neutrino event candidate
	280m Off-Axis Sub-Detectors
	Off-axis Detectors
	スライド番号 39
	スライド番号 40
	スライド番号 41
	New developments of technology
	Super-Kamiokande　IV
	Neutrino Events（K2K）
	スライド番号 45
	T2K Measurements
	スライド番号 47
	Oscillation parameter fit
	スライド番号 49
	Background Suppression�(Dm2=2.5x10-3eV2,sin22q13=0.1)
	q13 Sensitivity (w/ dBGsys=10%)
	T2K Physics Sensitivity
	CP violation study
	Future Upgrade for the CP measurements
	Summary
	スライド番号 56
	大統一理論
	陽子崩壊の探索
	太陽ニュートリノ
	実験提案
	Apparatus in the TS vessel 
	Target
	注目の実験
	最後に
	Superconducting Magnets

