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Tz,f[&"a T2K experiment

e

Analysis strate

* Early results and prospects
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Neutrino changes its flavor while propagating in vacuum/matter.
—=> Neutrinos have masses = Evidence for physics beyond the Std. Model.

Flavor eigenstates v v, Mass eigenstates
- .y o —— =
-'/ v \. = _6 s < f.-“ o
OO v O @
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Am,;2=2.4x103 e Am,,2 =8 x 107 eV? A]”; i ”’.'2 —-7)?_,?.'

® Mass hierarchy (m; <m, <mzorm;<m; <m,)?
% Size of the mixing angle &,,7?
@ Size of the CP phase &? ... Ability to measure CP violation depends on sin&,;.

—2 Important to measure 6,;.
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— Goals for

e §(sin2260,;) ~0.01
— L is fixed by SK at 295 km
— E, is defined by the J-PARC beam properties
* Vv, appearance experiment:
— P(v->V,) ~ sin?20,; sin®0,;sin*(Am?*;, /4E)
— Determine 0,
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50-kt water cherenkov 30 GeV 750 kW proton beam

_______

- Nl s

» Search for v, 2 v_ (v, appearance) ,,;
> Precise measurement of v, 2 v, (v, disappearance) :

*1 lapan Proton Accelerator Research Complex *2 The Super-KAMIOKANDE detector
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Experimental setup:
J-PARC Acceleratorand Experimental Facility

. i

Detectors
(ND280)

B 6 bunch (8 from Autumn), 581ns interval
Rineds cngi: phiesta in laly. 2009 ~e 0_3 HZ repetition rate
Construction finished 2008 JFY
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T2K components

J-PARC

Far Detector
(SK)

Target__]!"-?_{______ 2 2.5°
&Homns Elecayr_p_:i_ﬁé"' Lt ][}In-axis detector (INGRID)

Muon monitor  Near Detector

0m 120 m 280 m 5 295 km

Proton beam( fast extracted)

Pion(Kaon) production ( 90cm carbon target)

Pion(kaon) focusing (Three horns)

Pion(Kaon) decay section( 110 m, helium filled)

Hadron asbsorber ( carbon/iron)

Muon beam monitoring ( Silicon/lon chambers/emulsion)
On-Axis( Ingrid) /off axis neutrino beam monitors

Far detector (SK)
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T2K neutrino beam
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Neutrino Beam line

Graphite target (21Tmm¢, 90mm)
3 magnetic homs (250kA currently)

p-monitor

v Near Detectors

Decay Volume

Extraction point
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Accelerator com

New FX kicker magnets

Original injection scheme:

4 batch injection from the RCS
to MR

-> 8 bunch operaticn in the MR

EI o=t Extraction
E at
RCS Ring L 30QeV
2 Buckets e
If,r;:-:.,__‘_ "'-_—j_—.-—f_'_"_}-
- T
~!|\ ./;/ 4
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(Abmsec/ovele) -
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Harmonic number of the MR is
nine and one vacant bucket
makes the room for the rise
time of Kicker.

" Before the 2010 summer shutdown,

the MR operated with 6§ bunches.

it Is limited by the performance of
extraction kcker magnets.

The pulse rise time of 1.6 psec Is too

‘long to recelve 8 bunches.

—>Shorter rise time than 1 psec Is
raquired.

We replace the kdckear system with
new one In 2010 summer shutdown.




Timing sequence

-

50ns 8bunch = 1spill (1pulse)

Intensity
|
!

~dus

3.3s

- Bunch structure of the fast extracted beam to J-PARC neutrino beamline
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Timing critical

T2K data acquisition at Super-Kamiokande

T2K events are acquired by GPS timing information of beam

spill spill spill
| I I
GPS timing \
information of ]
every spill are v Time of Flight of 295km
transferred to Y 3
SK within ~1sec 200U, +500us +-5004s timing of
Ll TN || | | | | P

GPS timing information transferred to Super-K using network.
® All the PMT hits in +-500pusec from spill timing at SK are recorded as “T2K
triggered” event.

® Low energy activity induced by neutrino interaction can be acquired. (ex. de-
excitation y’'s from nuclei induced by NC elastic scattering )

Pontecorvo neutrino school, Alushta 2010
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T2\ Off Axis beam concept

jon--Pfgp@

m2=3x10-eV?

1500

1000~

0 05 1 156 2 25 3 35 4
GeV
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Neutrino facility in J-PARC

Special Features

» Superconducting combined
function magnets
» Off-axis beam

Components

» Pnmary proton beam line
» MNormal conducting magnets
» Superconducting arc

- -

# Proton beam monitors

Station —% 3NBT
P /e o

» Target/Horn system
» Decay pipe (130m)

» Cover OA angle 2~3 deq.
» Beam dump

» muon monitors
» Near neutrino detector

Pontecorvo neutrino school, Alushta 2010




T2k Neutrino Beamline
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http://jnusrv00.kek.jp/jnu/photo/TS/090113_Yamada/IMG_5129.JPG

23

Optical Transition Radiation
Monitor (OTR)

® OTR detector is directly
upstream of T2K target.

® Measures the proton beam width
and position just before impact.

® Cannot place conventional beam
monitors in this position;
wouldn't survive radiation.

T2K Target

Area

Thomas Lindner OTR Loil ., B
TRIUMF, 7-15-2010 . " lotn 1 | m,;ar

~Horn 2
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® Understanding beam position
and width is important for our
v flux predictions.

ADC counts/pixel

® OTR has been working well
and providing important
feedback on proton beam.

® Already providing good
feedback on proton beam
position.

i W

TRIUMF Contribution:
A. Konaka, D. Maorris

—I—I—I—I—I—I—I—I—I—I—I—I—I—I—
TRIUMF, 7-15-2010 0111 1323 12M10 22:30 D373 17:37 D413 12:44 05/ 4 07:51 0614 02156
JET
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-ng\ Beam dump area

 Dump designed to
accommodate 4MW e T :
beam power | \ & e E' S

o -

Muon Pit

o} Docay Volume
'l (He)

He Vessel
AL :

Muon monitors

location
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TZfIE\ Off Axis beam advantages

Low v, contar
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Muon monitors
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Proton beam stabili

* Beam poSItion olled < 1mm
— To control directic within 1mrad

— To avoid destroying the target from non uniform thermal
stress on target (at higher power)

* Succeeded to control <Imm during long term operation

Correlation btw p beam position
on target vs MUMON center
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Beam direction & intensity stability

+1mrad - - - )( Pistils Ceni""' |
E [ : L : ok [ _ Y Proflle Cent |

Y
(=)

E ; | DetecTor |ntr|n3|c Jtlon <1 5mm-

N
=)

Profile center (cm)
(=)

I » L [ i L
[ 01/24 01/31 031'24- 04/18 Da/25

Vg W Uppp-L
o o 0 53

=N
[4,) ]

of

=
)
]
£
Q@
_
[5+1
o
(]
=
k=]
o

MS/ IEAN < 1 o

-
[=]

. 1 1 1
03/24 04/18 04/25

Beam direction is controlled well within 1mrad
Secondary beam intensity (normalized by proton intensity) stable
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— (reflects stability of targeting, horn focusing, etc)
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TZfIE\ Neutrino flux estimation

Proton bec
— Beam profile
— OTR in front of targe

 Hadron production models:
— Established codes like FlukaO8 and GCalor
— Validation data from with replicate target

Simulation of the horn focusing system
* Decay tunnel and beam dump.

i 201
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v, andv, energy spectra at Super-K
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v, energy spectrum at Super-K

10a (320 kA)

10a (250 kA)
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L 3
NA49 Setup VERTEX MAGNETS ToF—T
+ Upgrades: I
VTY 1 VTY 2
A 4 200711
MEAN T‘.-‘Ln.ﬁ'llﬁ"l" - i - ! PSD
mEE || .
T e | e
S P T LT S O ] e Wi ok ¥
BRPD 1.2,3 — Y = 207
’ __-" 1\""\. I i I
H Y
2009/11 GTPC
He BEAM PIPE S . )
2[!“7_.-"3 T WA M MTIM: R Tl 1t

= Large Acceptance Spectrometer for charged particles: (TPCs as main tracking
devices; 2 dipole magnets with bending power of max 9 Tm over 7 m length

(2007-Run: 1.14 Tm); new ToF-F to entirely cover T2K acceptance; high momentum
resolution; good particle identification)

= Data taking for T2K: Year Target Statistics Status

- 2007 thin C 670k triggers Preliminary pion spectra
- 2007 replica 230k triggers First analysis loop

. 2009 Under calibration °

4 october 2010
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Determine v
— Beam profile
— High energy ne

Determine v flux off axis @ND280

Neutrino Beam

— Neutrino energy spectrum
— Neutrino species composition

— Neutrino flux

Determine v flux off axis @SK

— Far to near ratio ( critical systematic uncertainty)

— Oscillation analysis

4 october 2010
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Neutrino flux validation

* On Axis IN

— Iron target anc
— One scintillator only module

* Off Axis : ND280 detector complex
— On Carbon target
— On water target ( SK target material)

4 october 2010 Pontecorvo neutrino school, Alushta 2010
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INGRID

Nov. 22, 2009
20-2548 JST

Side view
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INGRID measurements

Nov. 22, 2009 event timing after neutrino event selection | [ event rate after neutrino event selection ] 2 ndf
Sd 4 2025461'81’ i ] B ] I on-time event win 61.26/57
10 ViEW S 3 7 7 T2 offtime event B 213
210 E | # [ZZ]) dead time - i
@ F Z 4 g | I expected liming Q :
5 f 'T e 3 i
* o [ S
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- el
i 2
1014 B 1
g §
C ]
] 5
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integrated day

fonzonsiprofie] PR profile X center profile Y center
Mean 0.08442 + 2871
Sigma 4328+ 4472

Number of events

E
40 40

H-1mrad ; H +1mrad

100 200 300 400 500
x[em] from INGRID center

profile center x[cm]

profile center y

on-axis

21 ndf 40214
Constant 1.027e+04 + 60.84
Mean -10.86 + 3.207
Sigma 464.1: 5.581

2000/ | Jan. and Feb. . . May.(~20th) May.(20th~) Jan. and Feb. ; . May.(~20th) May.(20th~)
2010 2010

80600300200 1060700 200 300 400 500
ylem] from INGRID center

* Bunch structure clearly seen as expected
* Event rate is stable
 Beam direction well controlled within requirement (<1mrad)



Ingrid beam profi

Beam profile
Run32(April)

Horizontal Vertical

harizontal profile i i nef 70154 _vertical profile ¥ ndi 40274
. . § . _ _ | Gonstant 1.007etkd = 58.9 M Canstant 1.03Te+0d - &0 24
gdzuun— --------------------- B Fon | Maan 0.08442 1 TEF] £ 1E0A0— ;e {7 Maan -10.86 - 3.207
] L : : © | sioma 43284472 5 - : ¢ _sigma 464.1+ £.531
10000 — 1 0000 — o d- i
An06—

L Pl | OSSNV NUUN SRR NS NN NN NN N SOV S
Mstatistical error only - statistical error only
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%[ crn] from INGRID center ¥lcm] frem IKGRID centar

north sourth

center: 0.1 +-2.9cm center: -10.9+-3.2cm
o ‘433 4+- 4 cm o 464 +- 6 cm

Clear beam profile was observed
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TZflz\ Number of neutrino event

* Neutrino flux ross section ( 10-38cm?)
— MC - Poorly known at 1GeV
— Validation - signal via CC
— Hadron production - Background NC related

— Diff energy spectrum
for CC and NC events

i 201
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Neutrino cross-section

= Dominant channel @ T2K energy: CCQE

-1 Cross-sections

Total (NC+CC)

CC Total

C quasi-elastic

______
______
-----

) i C single «
1P Lol I 1 | T Frres 1 e
05 1 15 2 25 3 35 4 45 5

E, (GeV)

Claudio Giganti - Blois2010

Pontecorvo neutrino school, Alushta 2010
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Neutrino spectrur

T2K Events w/ and w/o Oscillations

T2ZIK Evenls al S (Osc)

T2k Events al 5K (MeOsc) e —

", CA mnld pd
v, O Tal-Jal N 1x
L L b

v, 00T

¥, O 1x =
¥, O QE

Y O

o sk pl U En ANt SN (et Tmn anisk

]

T00% 0m Xane 40 L 400 Tn L1

B T oer g (W) Senlving Eneray (V6]

. SK sample 1s mainly
Flgure courtesy D. Casper non-QE, need to understand
teed-down from high energies!

Angust 27, 2006 Deborah Harris What do Oscillation Experiments Need? 11
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Neutrino Signals

e Colden mode: Charged-Current Quasi Elastic (CCQE)

e Flavor of I- is the v flavor

*Energy and O of I give a good measurement of the v energy

Vu signal Ve signal

Ve +11 — p+ €

vy +tn —p-+

4 october 2010
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What is measured

* Lepton C
* Lepton mome eutrino
momentum only for two body reactions

— CCQE ( smearing by Fermi momentum)
— Final state interaction

4 october 2010 Pontecorvo neutrino school, Alushta 2010
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Kinematic Reconstruction: Background

“kinematic” reconstruction of 1 GeV v CC in Genie “kinematic” reconstruction of 2 GeV v, CC in Genie

>m_ T T I TTT I TT T I TTT I TT T I TTT I TTT I TTT I TTT I TT I__ >ME|- T 1T | TTTT | TTTT I TT T T I TTTT | TTT T I LI | TTT J—:
£ C — v, CC 1 £m__ — v, CC —
§m:_ ——-t T _: §mm:— ——t T E
gm_— <=+ v, CC Resonance, no plors| —| glam:— <= v, £C Rasonance, na plons|
w - ] mﬂl]]_— -
2500 ] E ]

C ] 1400 =
zqm:— E 1200~ -

g 1 toooF 3
1500 = C 3

C ] 800— =

- ] ot E

m_ —] - -

C ] 200 —

o - ] oF ]

0 1 12 14 16 18 2 0 3.5 4
E;EB (GeV) E;EB (GeV)

e Why not deal only with “topology”?
e Kinematics determined largely by “underlying” event, not topology

e Need accurate model of background rates and how often they can
topologically mimic CCQE

H. A. Tanaka (UBC/IPP)

Monday, May 18, 2009

Nulnt 2009 Sitges Spain

Pontecorvo neutrino school, Alushta 2010
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TZflz\ Number of lepton event

Composition
 Muon(electron) momentum -
— CCQE signal
— Fermi momentum Energy dep efficiencies
— non CCQE contributions - purity

-cuts

i 201
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Neutrino energy

— Final state
* Ccgeis only a frac 0cesses
contributing to the lepton production

— CClp

— CCpO

— Ccnp

— Misidentified lepton

— -Misidentified NC events

4 october 2010 Pontecorvo neutrino school, Alushta 2010
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Neutrino beam ene

Singla 7

Use quasi elastic events
for which P, and 0,
determine E,

............ Quasi—Elastic

Total

Geclv N XVE (10 em?/GeV)

® CCFRR (36)

O CDHSW (37)

m GGM — SPS (38)
O BEBC (39)

# ITEP (40)

A CRS (41)

& SKAT (42)

+ ANL (43)

¥ BNL7 (44)

& GGM — PS (45)
O ANL 12 = gel (8)
& ANL 12 — 1% (22,23)
B BNL —qal (8)

= —— -
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ND280 Off Axis detectors

UA1 Magnet Yoke

Fine-Grain
TPCs Detectors

l Downstream

Barrel ECAL

Pontecorvo neutrino school, Alushta 2010
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Role of ND280 OA detectors

Pizero productic )SS ¢ ons on water
(POD .FGD,ECAL)

e Cosmics and neutrino induced pit/magnet
interactions

4 october 2010 Pontecorvo neutrino school, Alushta 2010
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ND 280 components

Pontecorvo neutrino school, Alushta 2010
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Off-Axis Detector

® Measure neutrino flux and cross section
e UA1 Magnet 0.2 T field
® Tracker Region: Fine Grained Detectors (FGDs) &

TPCs

Particle Tracking (p,0) & identification
POD

Measure NC ni° rate
Includes a water target in POD and FGD2

Understand interactions on H,0 target

ECAL (Downtream Currently Installed)
Surrounds tracker and POD
Capture EM energy
Rest of ECAL is to be installed this summer
SMRD

Muon ranging instrumentation in the magnet
yoke

Pontecorvo neutrino school, Alushta 2010

Downstream
l ECAL
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Barrel ECAL
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Fine Grain

ND280 Fine-Grained Detectors

* 9.6mm x 9.6mm polystyrene
scintillator bars with WLS fiber
readout

» First FGD is all plastic, second has
6 x 2.5cm water target panels

 Full FGD has ~5800 channels WLS fiber ~ Multipixel photon counter

180cm
square X |
30cm tthk

1.2 tonnes active mass

Pontecorvo neutrino school, Alushta 2010
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Tz_flna New technology

h._,.l—l_

4 october 2010
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Multi-Pixel Photon Counters
(MPPC) Readout

® MPPC is an array of silicon
photodiodes operating just above
the avalanche breakdown voltage.

® Qutput from MPPC is a sum of
charge from each individual pixel

avalanche.

® Similar characteristics to PMTs, Hamamatsu MPPC
but smaller, cheaper and insensitive Active area: 1.3x1.3 mm?
to magnetic fields. Number of pixels: 667

® ND280 has chosen to use MPPC as the photosensors for
all scintillator detectors.

® Using ~50,000 MPPCs for ND280; first large-scale use of
these devices.

Thomas Lindner
TRIUMF, 7-15-2010

Pontecorvo neutrino school, Alushta 2010
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numbering convention for scirtillaror and warer modules
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Charged Lept asurement to
10% resolution at 1GeV/c

— Muon momentum scale to 2%
* Charged Pion identification
* Only low mass detector in the ND280

i 201
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TPC details

- SERVICE FEEDTHROUGHS
.

ELECTRONICS COVER

ND280 BASKET
(POD MODULE MISSING)

Pontecorvo neutrino school, Alushta 2010
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_
T.

LY PID performances

Look at ALL the reconstructed tracks during beam triggers in
the first T2K physics run

Divided in positive and negative tracks
Negative: mainly muons, some electrons
Positive: protons, MIPs, electrons

C, vs p negative Entries 110952 |

EXp mucns .
== @xp ehectrons B

- - exp protons
axp piohs

| &y vs p positive Iracks | Enlriss 20430
.

o

- '_ g _“;-I-r_g - BXp mUDns . io?
- axp electrons
4. - - GXp protons
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F
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Figure 6.7: The POD detector viewed from the upstream end. The central region of the POD 1s
constructed of alternating water target and scintillator tracking layers. The upstream and downstream
regions are composed of lead radiator and scintillator tracking layers.
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Alternating w and scintillator
tracking planes (3cm), X and Y planes with thin
lead sheet in between ( 0.6cm)

* Front and back module s without water
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Pizero
32 layers o
31 layers of lead 1.75cm thick

Pontecorvo neutrino school, Alushta 2010
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Reactions involv

Int. Mode | Fraction
(0 )k 65 %
CO - n 20 %
(0 ol 1%
O n 3%
NC - I 1%
NC - N 1%

Table 2.2: Fraction of mferaction modes around oscillation maximum ((.35Gel” < £*
.8V} for the 1 ring muon-like event as predicted by the NEUT Monte Carlo.
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GeV Neutrino Interactions

® GeV Neutrinos are
detected through a
variety of processes.

Note: Figure does Notg o Zeller

N

CCQE results

. arXiv:1002.2680v1
® Signal mode for our

measurement is
Charged Current Quasi-
Elastic (CCQE):

® vet+tn->pu/e+p

—_

o
@

® Allows flavor tagging
of the neutrino via
the charged lepton.

® Dominant process at
T2K oscillation
maximum.

~
5
3
~N
£
&)
B
(@)
—h
2%
o0
p—
L)
~
P )
x
3
Zl
Y
p——
()
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Sub-GeV Neutrino Interactions

Interaction background processes:

® |[argest v, background to CCQE v,
measurements at Super-K is CCrt*

® v+ N->pu/e+N+T1T
® comparable size to CCQE

® |argest v, background to v, search
at Super-K is NCr’

® ve+tN-o>v+N+T

® Only n’ =»yy detected in the
final state

® v and e are indistinguishable

Charged Current Cross
We r_:r No

G.P, Zewer

)
o

11 totad !/
| /*\'\

\
\ /

UK nr .
\ '-\§|ngle Pion

s
L
(&)
~
£
o
"
o
=
-~
>
(]
(&)
S’
w
~N
o~
<
3
zl
Y
N
=]

. mulli =, coh 7, elc.
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What are we expecting t
in the near dete

Int. Mode Fraction | Events/1(F' POT/ton
LG — QE 38 % 65038
¢ — pr 11 % 17846
(¢ ' 3% 4887
O — i’ 3% 5107
CC - Coherent x? 1% 2189
C'C — rreultion 7 % 11943
¢ - DIS g % 13057
NC - Blasticn 9% 15671
NC - Blasticp 8 % 13581
NC — nrxl 2% 2837
NC — prl 2 % 3519
N — pn 1% 1931
NC — nnt 1% 2300
NC - Coherent o 1% 1099
NC — multi o 2 % 3639
NC - DS 2% 4022

Table 2 1: Total number of events predicted by the NEUT Monte Carlo for the Near Detector, per
ton and per 1(** °()7". The Fractions of different interaction modes are also shown.
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!
Pt
S

FGDs

¥ Measure @"°and o, UAL magnet “renia i s

‘ v yoke & SMRD

POD: nt° Detector —> NC 7" rate R BOVEN

TPC: Time Projection Chamber<> PID (df

Magnetic field 0.2 T _,fo - coils
FGD: Fine Grain Detector > ¢

ECAL: Electromagnetic CALorimeter

SMRD: Side Muon Range Detector ¢ bea | LA i ,Q;- 2=

€ € ¢ © ¢© ©

01:57 JST, Feb. 5, 2010
FGD1 _FGD2 _ DSECAL
i |

| AR | 1] il N e,
\pe sk | + 4

;

Detected the neutrino event w/ the full setup.
Calibration of the detectors is ongoing.
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Look at v, sample
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Far detector:
Super-Kamiokande IV

! rj’ l e Water Cherenkov detector
- ..~ * Deep underground (1000m, 2700

m.w.e), Kamioka-mine, Japan.

e Cylindrical shape,50kton water
(22.5 kton fid.vol)

e Optically separated Inner
Detector/ Outer Detector

e ID :11129 20inch PMTs
(~40% photo-coverage)

e OD: 1885 8inch PMTs

e SK-IV started Aug.2008 with new

frontend electronics.

Inner
Detector

Outer
Detector

* 41t acceptance, very efficient /e separation.
* High Particle ID (p/e) power (~99% at 600MeV/c)
* Good energy reconstruction.

* Methods are established.

Pontecorvo neutrino school, Alushta 2010
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Supar-Kamiokands [V

IZ2K Ewip Fun 0 Spill 11423542

06:00 JST,-Eeb. 24, 2010

izt RE20E tmb " R0 braro PUDRALEY
10 32 Ia.3C:00:10

[ 1% ring + 2™ ring ]

Invariant mass: 133.8 MeV/c?
(close to m® mass)
Momentum: 148.3 MeV/c

L] 1000 1000

Times ins)
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Number of events at SK

POT (x 10%9) 034 076 121 093 3.23
Fully-Contained (FC) 2 15 9 7 33

+ fiducial volume cut
+ visible ene. > 30MeV 2 11 g 2 23

(FCFV)




Ita-T distribution at

-1000 0O 1000 2000 3000 4000
AT, (nsec)




T2K Analysis strategy

o neutrino school, Alushta 2010
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T2K\

v, disappearance

measured/expected

Evee (GeV)
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Pv,—>V,)E -/1N’,‘“"(E ) ~ sin’ 26,;sin (A71132L/4E)

= R x @ ND x o water ’ Uncertainty is reduced by
R(Far/Near) e ' 3 | = ND280 for @,"° and o, "ater
S . .
« Beam monitoring for R

Measurement by Super-K
sin?26=10

, am? =225 x 10 av?
— am? =2.50 x 10 ev?
— am? =275 x 10 %ev?
(dashed lines:
nen-CCQEB.G.)

Extrapolation by MC
which is experimentally
verified by NA61(* (p ND

easurement by ND28
/W;m" \0\

N

=
©
(=]

Events/0.05 G
oo
o

1.5(

(a7}
[=J

PN
o

sin?26=1.0
=2.7x103eV2

(%)
L=

EneJQE(GeVZ %0 020640608 1 1i214i-513 2 0 05 1 ta 2

8.3 x 102! POT @ 30 GeV) EV{Gels Ev™ {GeV)

Taliget :ND280 SS ?Uper-K
Om ~280 m 295 km

* Refer to Nicolas’ talk

Accurate prediction of N " is important to measure &,; and Am,,? precisely.
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30 GeV, 8.3 x 1021 POT

<
n
o

sinfza=1.0
am? = 225 x 1077 e?
— am? =250x10"ev? M.Diwan, Venice, Mar.2009
— am? =275 10" ev? | | R A | CREL AL Y Y
(astunl oy
non-CCOFRG )

o
o

Events!(0.05 GeV)
o
f)

w
3}

w
o

Ly i, ,
r : :;"l S ._“‘\:‘;,f:t?j:\::-f

O'.C'Z 0423608 1 1214 121.5 2
v iGev)

am? =250 x 107 e
sin“2fa =08
— ain“2u= Uy
— sin“?A=1D
(dashed lines:
non-CCAE B G ) — = MINOS 68% K2K 80%

| " | 4 Iuity I
1006~ 07 08 09
sin®(20)

N
o

-
n
f

IAm? (x10°eV?)
N
O,

®  MINQOS Best Fit Supser-K 90%

—
(=4
o

—
($))

— MINCS 80% —— Super-K LE 80%

Events/(U.Ub Gev)

@D
L]

A

5(sin? = O(/ 2 ez
02040608 1 1214 1;?\12 2 S(sin 2823) 0.01, O(Am23 )<10™*eV
Ey (GaV)
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>
(b}
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o
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—
~~
v
b
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()

100 kW x 1 x 107 sec

:4— Null oscillation case

.
ey
.

Oscillation case
sin?26,;=1.0

Am,;2=2.4x1073 eV?

E," (GeV)
- 3(sin?26,;) = 0.1, 3(Am,;?) = 4 x 10* eV? (90% CL)

(Statistical error only)
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¥ v,_signal
#® 1-ring e-like event (CC-QE)
% Background

: Fussy ring

@ Beam v, contamination B CC-QEmis-PID G
(~0.4% of v, at v, spectrum peak energy) probability: 1%
@ Miss-reconstructed NC*) t° event
(mainly from high E vs € reduced by the off-axis beam)

Measurement by Super-K

Expected num. of events
(8.3 x 1041 POT @ 30 GeV) in 0.35-0.85 GeV

E—Signalw/stat. error | sin?26;; 0.1 0.01

EE! Background Signal 143 | 14

sin’2é,, = 0.10 Beamv.BG |16 |16

5in“2é,,= 1.0 {|BGfromv, |10 |10
) N5 | (sin26,; < 0.13 by CHOOZ)
2.0 3.0 40 5.0

Reconstructed E, {GeV)

Events/100 MeV

* NC: Neutral Current
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v_analysis

Signal: CC v_interactions in the FGD
3 sources of backgrounds:

— hegligible in the
MC, to be measured on the data
« CC/NC v, interactions in the FGD

with v — electrons in the TPC
with

y converting in the FGD

y from outside the FGD
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v, analysis

Break down of final events

Neutrino interaction mode

Beam v, +v, Beam v, Signal v,

m
CC other,

NC  CG
other, 3~
10

CC1

NC
coho=,
16.4%
NC 1y,
5.9%

HC 1x*

g 8% '
Final state
signalv, | Frac.
NCin® 77 % 1e 04.6 % 1e 08.5 % h
NCin#* 8.6 % 1e + 1p*= 2. 6% 1e + 1p* 15%
NCiy 52% 1e + 1P 0.4%
Lol R NC 2.4% Systematic error of 1n? and
CcC 3.8 %

1e efficiencies are important

Pontecorvo neutrino school, Alushta 2010
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Ve Events

» Appearance of Ve events in the far detector is
dominated by mixing angle 0,3

» Largest background from Ve in the beam at |-PARC

» Select events that have

+ Vertex > 2m from tank wall

+ Direction < 25 degrees of beam

+ <|6 hits in outer tank

+ Single e-like ring, no decay e,

+ Low T1¢ likelihood and invariant mass
+ 0.35 GeV <E < 0.85 GeV

Signal and Background for 5x1021 protons on target

nl— -3
ﬂ‘m.“.'., r_2.4e_103, 0.4 97 143
5in22043=0.1 26
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r_. 30 GeV, 8.3 x 10%* POT
Ocp =0

90% CL 6., Sensitivity 90% CL 6., Sensitivity

107
=

"
[l
T

I T I 1

)
e = 10°
L LW LW K : d:-“
exciogded T T
. | Hﬁ
> 10 Timeés -
<
j/ \\ i
1|','.I':I ¥ ‘x_\ i
Vs "
f U=

it tamanc Cmor | rechon Sywlmnadic By Fravim

T e ol — T Y T
1% Ty e s

|} — 0% 2v0 amer byl L L= |u:. st
e \\ :a:]rt.:‘l::;rurm
10_4 H Irl'l'lfll I:Ile-ml:-:l*rylr . .“]-d L ¥
107 1072 10" 1 10° 107 107 1
ain® 2 8, sensitivity sin® 2 8,, sensitivity

0.0060 @ Am,;*> =2.4 x 103 eV?
(for a 10% sys. error)
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30 GeV, 8.3 x 10?1 POT
Am,3? =24 x 1073 eV?

90% CL 8, Sensitivity

90% CL 6, Sensitivity

Syxicmabs Lt Frocion

— 5 Gy ET
— T SR TN
N AR T

\ Syl naliv 20w Fraclive
— T SWE ETTI

| S OTTAT

m— )% SYE SITOT

Mormal Hierarchy

Invarted Hiararchy ofie

AL
s 1%
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=T
102 10! 1 107
sin® 2 &, sensitivity

107 10"
sin® 2 8, sansitivity
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Sin“2043 sensitivity (90% CL)

™
- Excluded by CHOOZ
> ¢ N
~ —_— MO A
E 0.1¢ | —— Double CHOOZ
—— Daya Bay
® T2K(émonth/year)
= 120days/year
assuming 20days/month
L"*"-_..__
0'01- 886[kW*1075] Approved:
....I...I...I...I...I...I..._.j-...l...]l-;. me1U?EI
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Year
Request beam time of more than 107 sec(=~120days) per year
in order to keep leading international competition



Power upgrade plan of RCS and MR(FX)

For 8 bunches, 30 GeV at MR: Pyp=1.6 X (Pgcs/ Tyr)

1.4 T T T T T T ri F
: ]
6sec (27%) | | | | &
E 12 |m—m e = —, | | | |{]IF"HRJ'PRC5 6 ™
I | | | | =
x %[ EEL e R T T s b=
m | 1 m
| ! I |
S 08 [ -3525ec (45%)- _RCS POWER FORMR _// | 4 a
(o] | , | RE
—————————— >
e _|||}' s O
= : 1 [BRE
< | | %
';ld 0.8 | TR POWER e T T T T T T 2
I I
| | RCS POWER FOR MLF
.1, (@
|

JFY2008 JFY2009 JFY2010 JFY2011 JFY2012 JFY2013 JFY2014

3-50BT collimator shields, ACS Installation in JFY2012
RF (1st HH), FX kickers 400 MeV injection in the RCS

Ring collimator shields, RF (6th F, 2nd HH), Inj. Sep 1 RF (3rd HH), Inj. Sep 2, FX Septa, .
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\| Systematic errors goals

—Energy spe
* —Non-QE/QE:< 5-10%
e —_NC-11t0, beam-ve:< 10%
« —SK energy scale:< 2%
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The T2K Collaboration

~500 members, 62 institutes, 12 countries
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J-PARC complex at Tokai

Kamioka mine( W-Japan)
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Neutrino mixing
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