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Neutrino oscillation
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Three flavor mixing
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What does T2K aim for ?

1. discovery of a finite 013
e open the possibility to measure CPV phase o

e important interplay with mass ordering and OvBf3
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T2K experiment (J-PARC ET1)

~T2K: Tokai to Kamioka LBL Neutrino Oscillation Experiment~

e T2K Tst-phase

v discovery of a finite 013 by observing V. appearance
® measure Ve app. in T2K-I = & (CPV) in T2K 2nd-phase

v precise measurement of 0.3, Am?»; by v, disappearance
Construction of new v beam-line / detectors : 2004~2008

Experiment : 2009 ~

Super Kamiokande 295km
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sk Craad TR o, A T PARC 750kW
(ready for T2K) ™™ = =« ' (under construction)
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Overview of T2K experiment  _ Beam Timing
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Vu flux

Narrow-band intense neutrino beam

e Off-axis beam method

(ref. BNL-E889 proposal)
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v set Ev peak @osc. max. (OA 2.5°)

e x 2~3 intense than OA 0°

e ~2200 vy int. in total (~1600 v, CC int.) for
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v small high energy v tail = reduce bkg. to CCQE
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vV Energy Reconstruction

e Energy Rec. is possible for CC Quasi-Elastic (CCQE)
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Super Kamiokande (far detector

* Sul\g)er Kamiokapde ¢
NU 3

RUN 8021
SUBRUN 150
EVENT  rw##ddwn
DATE 99-0ct-20

e 50 kton water Cherenkov detector (fiducial

TIME 9:53:25
volume: 22.5 kton
. . MAX PE: 31.6
WMHIT : 2071
ANT-PE 42.8
ANT-MX: 8.7
NMHITA: 39

e ~10000 x 20 inch PMTs (inner detector)

® good hit-ID: e-like(shower ring) / p-like
® OFscale ~ 2%
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Physics prospects

1. 813 measurement by ve. appearance
2. precise measurement of (68,3,Am?,3)
3. Hadron-production measurement
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013 measurement by ve. appearance

e simplified probability of vy = Ve Am?31 = Am?3; >> Am?y,

P(v, — v.) %) sin” a3 sin [1.27Am3, L/E]

e However, more exact P(vy,—V.) composes not only 813 but
also other unknown parameters

013 term
P(vi —ve) =14C,,°S,.*S., sin’ @, | -8C,,°C,,C,,S,,5,,5,, 5ind sin O, sin d, sind,, + ...

T2K observable:P(vy—=Ve) ==> sin%(20)3)

some ambiguities due to unknown parameters,
but more sensitive than the current limit

Wy = ve) = P 2 7e) i T

and, it is possible to measure CPV by i(?‘ ) TP o
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® V. appearance

® signal :rom Ve CCQE
e background

® beam intrinsic Ve

e v, NC1n, in which n® is mis-ID as e
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. understanding bkg. is a key issue
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CP phase 6 (degrees)

Expected sensitivity of 013

e > x10 improvement from CHOOZ results for almost any 0
sin%(2013) = 0.008 (90% C.L.) for =0, Am?13=2.5x103 eV?, sin220,3=1
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Complementary measurement of 013

e Reactor Experiment (DoubleChooz, DayaBay, RENO ...)

® V. disappearance — pure sin*20;3 measurement

P(v,2>v,) = 1- sin?20,, * sin?(1.27Am?;,L/E) + O(Am?2,,/AmZ?;,.)

® not sensitive to CPV phase 0
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precise measurement of (023,Am?,3)

-2

vvvvvvv

x 10

21
e v, disappearance dyears (5 x 10% pot)

Stat. only (0A2.5°)

e goal
® d(sin220,3) ~ 0.01 e
® 6(Am223) ~<1x10%eV2 _68%CL
--90%CL
Requirements on systematic error 0.98 0.99 1 1.01_1.02
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Hadron-production measurement

e expect ®>Kep(Ey) precisely in order to reduce syst. errors
¢ q)SKexp.(Ev) = Re/n(Ey) X OND(Ey)
® Rpn(Ey) is sensitive to hadron-production distribution

® Requirements on the accuracy of Rpn(Ev)

® Ve app.: 0(Nhkg) < 10% :> ORpN(EV) < 2~3%

Ev:0-1GeV and |-10GeV

e v, disapp.: required errors on ®>¢, :> ORpN(EY) < 2~3%
Ev: 0-1.5GeV,100MeV/bin

e There are no measurements of 30GeV ~ 50GeV p+C

Experimental measurement of the hadron-production is necessary !!
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e Requirements on hadron-production measurements

= 04—

E

® Measure (P,,0.) distribution with <10%
stat. error for each 150MeV/c x 20mrad
bin in the region: 0.3 < P.(GeV/c) < 10

and 0< Ox(mrad) < 400 . m* i
P (30GeV m

production angle (rad)

mp ORAN(E) < 2~3% P00 8 |
Ev: 0-1.5GeV,100MeV/bin 0

® Measure K/zn ratio with <10% accuracy

® high energy v, (= NC1xn° bkg.) from K decay
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CERN NA6T Experiment

NA4S -future

e Detector w/ Large acceptance
e TPC w/ magnetic field + TOF
e PID(p,K,m..) w/ dE/dx and TOF

e p+C for T2K in 2007 (,2008)
e thin(1cm), thick(10cm,90cm) targets
® beam time in 2007 fall (29days) + devoted for T2K purpose

* Impact of NA6T T2K goal Error from Ren w/ NAG61
®Nhyg for ve app. 10% <4%
0(sin%2623) 1% 0.5%
O(Am?y3) [x10* eV?] <1 0.15

— get ready for T2K which starts in 2009
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Construction status
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J-PARC

(Japan Proton Accelerator Research Complex)

WWSSSW Hadron Experimental
Facility

--------

3GeV Synchrotron
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.\u{
- ,.« ‘) 50GeV Synchrotron

i f‘ (0.75 MW) A
\ \

Neutrino Facility

——
- —
-

\!

l

Joint Project between KEK an’d‘JAEA
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. 3 GeV tunnel
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Neutrino Facility at J-PARC

o Beam-line construction
Primary Beamline gl 2004.Apr ~ 2009.Mar
- 7 7~ - ¥ Primary Proton

g First Beam in 2009.Apr

Neutrino Utility
Building No.1 (NU1)

| ) Installation Building
- ::.;;: —— (NC)
i,

g\

- Neutrino Utility
§ ~__Building No.2 (NU2)
- .

inal Focusin

22 :
!
Fi g T
‘\“

o
=
o)
=
= o f)
[SIh
c
>0
2¥

I
{

»
>
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Decay volume
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Beam Dump
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Beam direction

e Requirement on the beam direction <1 mrad

® reduce syst. error of Am?,3 caused by dE,

® d(p beam pos. on target) < Tmm
e beam-line alignment using GPS

® monitor direction of the p and vy

1 month data w/ 1% beam
(red: p beam hits the center of tgt,

ies
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10000
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2000—

— blue: off-center of tgt by 3mm)

1.85/4
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A //" = 1
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oA /4 =

- IC & semi-conductor
array
- 150 cm x 150cm

- spill by spill monitor

muon mohitor @ ~110m 5

vy beam monitor @ 280m A
- on-axis of v, beam
.- 10m x 10m
- Fe/Scintillator
sandwich x 16

|Om

Hl
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>
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A New Neutrino Beam line with
MW fast ext. beam

e Technical challenges
e Thermal shock — use graphite for target and beam dump
e Heat load = water cooling everywhere
e Radiation = shield & remote maintenance

e Construction & final R&D of each component are in progress

Beam Dump




Near Detectors @ 280m
7.6m
e Off-axis detector

Yok \wd A
® measure V beam energy, flux and - \‘\\\‘\\
flavor contents o =
i | 6.1m
e study Vv cross section (water/carbon) !',
e —
e Tracker(FGD,TPC), Pi0 detector and """ S !

EM calorimeter in the UAT magnet \ | Tracker
Pi-zero
(O2T) . 56m Detector

e On-axis detector

® Vv beam direction monitor

e Beam/detector commissioning will start
with on-axis detector in Apr/2009

V beam O
e commissioning of off-axis detector in 7

the fall of 2009




Summary

o T2K Start from Apr/2009

e off-axis beam — E, ~ sub-GeV &

e discover a finite 813 >x10 improvement
® if we measure Ve app. in T2K-1 = CPV in T2K-II
e complementary with Reactor experiment

e interplay with mass ordering and OvBf

® precise measurement: (sin023)~1%, Am?23<1 x 104 eV?

e new hadron-production measurement: CERN NA61

e Construction of Accelerators and Neutrino Facility at J]-PARC

are in progress
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