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The T2K Collaboration
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The neutrino oscillation experiment Tokai to Kamioka (T2K)
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Japan Proton Accelerator Research Complex

Material.s and Life Science
Experimental Facility (MLF)

=

Hadron Experimental
Facility

Transmutation
Experimental
Facility (TEF)

.

Rapid Cycling
Synchrotron (RCS)
3 GeV, 25 Hz

Main Ring (MR)
30 GeV synchrotron
2.5 s (—» 1.3 s) rep. rate
(Upgrade planed by 2019)

181 MeV —» 400 MeV
30 mA — 50 mA
Upgraded in 2013/14
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30 GeV proton beam on carbon target

The Neutrino Beam Beam intensity at 515 kW
Up to now 3 - 1021 protons on target (POT)

Muon Monitor

Si array
+ IC array

Super-Conducting
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Off-Axis Neutrino Beam
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On axis: Interactive Neutrino Grid (INGRID)

Large scale use of MPPC
~ 10 k channels !
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Off-Axis: Near detector ND280 (280 m from target)

* Inside 0.2 T former UAL/NOMAD magnet

« The 10 detector POD (lead/water/scintillators)

« Barrel and downstream ECAL

* Fine Grain Detectors FGD (water/scintillators)

« Time Projection Chambers TPC (Micromegas readout)

UA1 Magnet Yoke

Downstream
I ECAL

Solenoid Coil

Barrel ECAL
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Neutrino Events in ND280

TPC1 TPC2 TPC3

o=

“imr—

FGD1 FGD2 ECAL
sand muon + DIS candidate

single pion candidate
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Super-Kamiokande

Mt/ Ikenoyama,
Kamioka
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Typical Interactions

Signal v, Signal v, Background

V. CCQE

Interaction

v, CCQE

Interaction

v, NC17°

Interaction

Ve Ve
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First Detection

of Electron Neutrino Appearance

{6.570x10°'POT)
All FC events
v, candidates:
RUNI1-3

Il RUN4
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Electron Neutrino!

For the first time neutrinos have actively been seen to change from one flavour

to another rather than just viewing a disappearance. The T2K experiment has

journey of 295km across Japan. The certainty of this measurement is quoted as

seen muon neutrinos change character to become electron neutrinos after a

7.5 standard deviations from zero or to put in terms of percentage over
99.9999999999936% sure that the appearance is occurring.

19 July 2013

theguardian
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Recent Result on
CP violation
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Next Step: Quest after CP Violation

Vi Ve V™ Ve

¢ 0l
£ | | 2.5° Off-axis v flux
5008t — 5.,,=0°, NH, v
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0.04 Large CP Effect
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Ocp = +m/2=90° = minimize P(v, - v,) and maximize P(v, — V,)
Scp = —m/2 =270° = maximize P(v, - v,) and minimize P(v, - v,)
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Flux Constraints by Near Detector
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Protons on Target

Accumulated POT

Total Accumulated POT for Physics.

v-Mode Accumulated POT for Physics
V-Mode Accumulated POT for Physics
20 ° v-Mode Beam Power
x 10 . v-Mode Beam Power
1l Run2  Run3 Run4 Run5 Run6  Run7 Run8  Run9 ligo_ 600 ’;‘
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Analyzed: 3.1 X 10?! protons on target (POT)

v-mode : r-mode ~ 50 : 50

515 kW operation achieved recently!
33% increase of v-mode data in upcoming analysis.
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Super-K Data

H-lIKe ring

Number of events/100 MeV

Number of events/125 MeV
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Neutrino mode

=
=]

30

Reconstructed v energy (MeV)

'CCQE  uun
]

MU 125608 bestit

L

500 1000
Reconstructed v energy (MeV)

1000 2000 3000

Anti-neutrino mode

Number of events/100 MeV

Number of events/125 MeV

1000 2000
Reconstructed v energy (MeV)

- ks
(1635107 FOT)

500 101
Reconstructed v energy (MeV)

BT

y (c

1000 —

-1000 —

—2000 —
—2000

—1000 0 1000 2000
X (cm)

19

Stefan Roth | The T2K Experiment

Physics
Institute Il B




Comparison of Neutrino and Anti-Neutrino Data

T T L) l T T T I T T T l' T T T I T T T '|' L T T

Neutrino mode
20
15 - | ‘,‘

10 ---..I.. 3
l= = =

5 -

0

M PR e o1 1 5 . PR
0 0.2 04 0.6 0.8 1 1.2
Reconstructed Energy (GeV)

T T T I T T T '|' T L T 'I Li L) L) I L) T 'I L) T T

wn
E l U — - o ]
S I . = *§,=-90 1
s ~ Antineutrino mode ) i
B == §__=+00° ]
o P —
C = 070 .
OF e =&= Data -
ar 7]

P PP B i
0.6 0.8 1.2
Reconstructed Energy (GeV)

Expectation
Observed
6{:;} — _900 SCP — +9Do
Electron neutrino 90 82 56
Electron antineutrino 15 17 22
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Comparison with Theory

24
22
20
18
16
14
12
10

Antineutrino mode 1Re candidates

T2K Run 1-9 preliminary

— sin’ 8,, = 0.50, 0.45, 0.55
— AmZ, =2.45x10" eV/c*
---- Am?, =-2.43x10” eV%c*

L L | LI L I | I LI I T 17T | L I LI

* More v, events than expected

* Less v, events than expected

O dp=m

B O, =+m/2 .

0 8ep=0 Data prefer large CP asymmetry
® 5., =-/2 with 6CP = —71:/2

o

I

Data (stat. errors only) 1 < and normal hierarchy

30 40 50 60 70 80 90 100 110
Neutrino mode 1Re candidates
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Constraints on &cp

T2K runs 1-9
a P T T . . .
G092 ; e :EEZ;@“‘OFS ] * Fituses 043 from reactor neutrino experiments
0052 :b \ Reactor —E
0.030 - \ - . .
E \ ] * Fit constraints é.p
0.028 |- \ E
& o.ozeg‘g | ] . :
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0.024 -\ / =
0.022 - @ —
0020 - -
b o065 I | 68.27% confidence level
= 99.73% confidence level ' — 1g
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--------- 8
0.55
. 6
€ o050
CR S 4
0.45 |5
~ 2
040 : et
Normal order M
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Constraints on &cp

CP violating phase (dcp)

can take a value between -180° and 180°

0° | « CP symmetric

Enhance electron neutrino

v (No neutrino-antineutrino difference)

Disfavored
region at
the 30 C.L.

Enhance electron

appearance antineutrino appearance
A .
% «— CP symmetric
+180 (No neutrino-antineutrino difference)
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Future Propects

avaTavaraialey
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Upgrade of the Near Detector ND280

== - .
2 oof- Muons in TPC or =
Q = [
o stopping in SuperFGD -
®  F T e T
0.?5—4_—'_’_;'_ A A —_—
*0'5;_ . E _,_—-——'—._'_
0.4:— E —0—_._+ —_—
0ab :  —+ Muonsin __
- -+~ TPC only
0.2::[__|__,_ ' —_
/ S — -t
super-FGD | HASTEC i g__'_ | | | | _._I | | 1 |
1

08 -06 -04 -02 0 02 04 06 08 1
true cos 6

High Angle TPCs:
* Improved acceptance at large scattering angles
» Measure phase space not accessible up to now

. Improved Cross-section measurements
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Upgrade of the Near Detector ND280

Super FGD:

Efficiency

Efficiency for protons

—

0.8

0.6

0.4

0.2

0

stopping in SuperFGD ]
— —
—— SFGD i
------- FGDXZ -
I | r"".'.'i 1

0

bl | B | | ) 11 II|IIII|IIII|IIII|IIII|IIII
100 200 300 400 500 600 700 800 900 1000

True Proton Momentum (MeV/c)

1 cms3 scintillator cubes with fibre readout

* Quasi-3D imaging

* Improved proton detection threshold and neutron detection capabilities

* More complete reconstruction of final states
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Gadolinium Loading of Super-K

V. "o

C po/ N pGd
e
= = 8 MeV

'Y
AT-30ps, Vertices within 50cm

enhanced neutron detection
Improves v, detection

provides wrong-sign background
constraint in v,

Load with Gd,(S0,); up to 0.2%
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Beam Upgrade

]

g [ ] Ir:- ] i:- Extraction
<1400{— 17 © 1 O
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B 1 2 1 8
400" o £ Jio°
200 —s —os
] 1 ¢ 2019: beam at 515 kW
O | ‘ 1 | 1 l 1 I 1 | 1 [ 1 H 0 __0'0
2016 2018 2020 2022 2024 2026 2028 2030 e 2023: expect 800 kW
Jan. Jan. Jan. Jan. Jan. Jan. Jan. Jan.

« Ultimate goal: 1300 kW
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Hyper Kamiokande

L Norral rmaas hisrarchy 14 1wrk s

o ain“2h..=0.1

? g - gin<A, =05
| L
o

 Upto 2000 v, /v, events (115 in T2K)
« Same off-axis angle as T2K

« Same near detector

* 5 ¢ discovery of CP violation
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150 (100 50 0 S0 100 150
ocp Megiee]
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Thank You
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