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Next step of v oscillation experiment

NEUTRINOS

e discover a finite 013

T2K: Ve appearance

e determine |Ues3|
e CPV in lepton sector

® mass hierarchy

® precise measurement

T2K: vy disappearance

Neutrino Oscillation Experiment
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T2K Experiment

Supre-K Long base-line Vv oscillation experiment in Japan
r'eady for T2K F. f
e * . A 3}-‘ & New accelerator(~MW),
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*“_, J-PARC@Tokai

T2K first beam commissioning
in Apr-May ‘09
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T2K fea‘rures to enhance the sensmvu’ry

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

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

p Neutrino energy reconstruction :
CCQYE interactions dominate at T2K beam energy



Off-axis beam : intense & narrow-band beam
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Important to keep the beam direction stable
(monitoring & controlling the beam)



Sensitivity

Ve appearance

> x10 improvement from CHOOZ limit
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Beam commissioning
and
status of preparation toward physics run



25Hz,330m
H- 181MeV

' e % 3GeV Synchrotron (RCS)
Neutrino Facility b 25Hz, 350m,
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Hadron Experimental
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Bird's eve photo in January of 2008 Joint Project betweend{EK and JAEA
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25Hz,330m
H- 181MeV

2 % 3GeV Synchrotron (RCS)
Neutrino Facility : b Vs 25Hz, 350m,
Neutrino to Super- '
Kamiokande

Material/Life
‘ SC|ence Facility

30GeV MR
0.3Hz, 1.6km,

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




T2K Neutrino Beam-line

® Completed the beam-line construction [2004~2009, 5 years]
(Horn-2,3 to be installed in this summer)
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= start beam commissioning in April °09 as scheduled

with low intensity (typically 4 x 10! p/pulse) beam to reduce
radio-activation of target area for Horn-2,3 installation in summer ‘09



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
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Achievements in the beam commissioning

™ transfer the proton beam without Muon monitor signal
any significant beam loss with/without Horn Magnet (online monitor)
Horn
& SC combined function magnets work . - si Fit pedd |
as expected “t ' : 73.2pC
of 0 X CENTER Y CENTER
20F 30 -4.84cm -2.54cm
@ Muon yield is increased by Horn On < § XSIGMA Y SIGMA
R T 135.5¢cm 147.1 cm
™ control beam position on the target  « S! Fit peak
ol 2 159.3 pC
& beam dir. was stable (A8, < Tmrad ) e Sl FEEE e
during 0.5 hour operation o | 4 XSIGHA Y SiGHA
e b e % 18dcm 1137 cm
Horn
& Successfully pass the government inspection of radiation ON
(273kA)

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

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

, , , Horn-2
® Horn 2,3 installation and construction, installation
installation of Near Detector(ND) are going on ' ¢ " (completed)
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Prospects & Schedule

We aim for better sensitivity than the current limit by CHOOZ in 2010

as a first step

® T2K beam commissioning in fall-winter 2009

® with full setup (3 Horns,NearDetector)
® with high intensity beam
® physics run starts in Dec. 2009

® sin’20:3 = 0.05 (30 discovery @ 1TMW*sec)
0.03 (30 discovery @ 2MW*sec)

Final results with 3.75 x 107 MW*sec
(8x10%" p.o.t.)
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Summary

® T2K neutrino oscillation experiment, our goals are

® discover vy — Ve appearance (a finite 013)
one order of magnitude sensitivity improvement
from the current limit

® v, disappearance for precise measurement of sin’20,3, Am?;3
® 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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2. Issues to be solved:
RFQ, RCS RF cavity and MR
magnet power supply

M.Yoshioka’s talk, “J-PARC Status and Plan”

@ CERN Workshop on New Opportunities in the Physics Landscape at CERN
15



(1) T2K and beyond:

3-step Power Upgrade Scenario

Based on the assumption that three machine issues will be solved
in a few years

» Short term plan (2009~2010)

» FY2009 - Establish 30 KW run and 100kW trial
» FY2010 - Establish 100kW (107 sec) and 300kW trial

» Middle term plan (2011~in a few years??
Achieve design beam power (750kW)

» Understanding/solving space charge effect and collimator scenario/aperture
» Improvement of MR magnet power supply to increase repetition rate
» Linac 400 MeV energy recovery and upgrade of the RCS injection system

» Long-term plan toward power frontier >MW)
» KEK roadmap
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V Energy Reconstruction

® V's Energy reconstruction is possible for CC Quasi-Elastic
interaction (CCQE: Ve + n = p(e) + p)
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013 measurement by ve appearance

P(vu —ve) ={4C,;’S,,S,," sin” @,

0,3

+8C,’S,,8.8,,(C,,C,y c0s0 = S,,8,,5,,) cos ., sin ®,, sin P,
-8C,’C,,C,;S,,5.,S,,8ind sin®., sin®d, sin®,  [CPV
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sind®;; ~ 0.05
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® P(Vy—Ve)—sin?(2013) : some ambiguity due to unknown params.

® |t is possible to measure CPV by comparingvandv
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Ve appearance
search

® Signal : e from ve CCQE int.

e Background

® intrinsic Ve in the v, beam (0.4%

of vy, at peak energy)
e NC 1x interaction
e ¥ misidentified as e

e further e/n separation cut &
understanding efficiency

single EM shower

- Fen vy

multi. EM shower

(overlap)
oA ey oy
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1 month data w/ 1% beam
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Side Muon Range
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