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T2K experiment
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Long baseline neutrino oscillation experiment
from Tokal to Kamioka.
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eDiscovery of Vy—»Ve appearance R e g
12colmtries ™

ePrecise meas. of disappearance Vi >Vx [ 5
~150 collaboratafis

eDiscovery of CP violation (Phase?2)



J-PARC Facility

Materials and Life Science
Experimental Facility

Hadron Beam Facility

Nuclear
Transmutation

Neutrino to
B Kamiokande |
(25 Hz, 1MW) (0.75 MW)

| J-PARC = Japan Proton Accelerator Research Complex



i J-PARC status

eBuildings for LINAC and 3GeVPS finished.
North-east part of tunnel for 50GeVPS finished.

eFirst beam on 50GeV PS
INn FY2008




i Expected Beam Power
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Neutrino faC|I|ty

Primary Proton —

Components beam line 2 _

) ) 50GeV i Extraction
»Primary proton beam line ring =/ point
» Target/Horns 54,37.982
»Decay volume (130m) = | + [ Target/Horns

£
»Beam dump S| |!] Decay
I volume

>»Muon monitor
»Near neutrino detector (280m) &y = Beam dump

»Second near neutrino detector W.|  Muon monitor
(~2km): future option
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Proton beam line

,' Arc Section
7 // . 84.5°, R=105m,

/ g Super conducting
/)~ magnets Specifications
«0.75MW, 50 GeV (40GeV@t=0)
! / eSingle turn fast extraction
eCycle: 3.5 second
; [ ¢3.3x10% protons/spill
N E 8 bunches/4.2us
i\ i ec=6m MmMm.mr, Ap/p=0.31%0
Target station (e=7.57 mm.mr,Ap/p=0.36%@40GeV)




Arc section

“Combined Function”
super-conducting magnets
eMass production starts soon.
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iSuperconducting magnet

Prototype magnet worked
ka)yk1//00A @5A/s -as designed
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* Target and horns

iy me ePrototype inner
conductor for 3rd horn

Graphite target in 1st horn

3 horns made with Aluminum
Water cooling test for horn finished
«320KA pulse current test in this year

ePrototype inner & outer
conductor for 1st horn



Target

eCarbon graphite target: 3S0mm((D)x900mm(L)

2 interaction length (70%0 int.)
Energy deposit: 58kJ/spill

Energy deposit in the target (/ 1 spill) J/g

180

o 10 20 30 40 50 60 70 80 90 Cm

eCooled by He gas at outer surface
(640W/mM?K achieved)

160

395

500

Walnzity
[virpmries

Simulated
streamline of He gas

Prototype of target
and cooling tube



Off-axis beam

- : : Super-K. e OscProb.=
First Application b oo ENH sin?(1.27Am2L/E )
(ref.: BNL-E889 Proposal) 5 o4 _J_y" \“‘RH
Target Decay Pipe 2 ~ E R S DS B
—» o B H-13500 @ AM2=3x10-3eV?
All:oi_ns - 3000 - L=295kM
> * OAOQ°
8 2 [ 2500 -
11 E I
> 2000 -
L] 8 |
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M 1000 -
02 CAB 2.5 degree |
C OAB J degree
o0 Dl b b b b b b L 500 -
OOD 1 22 3 q 55 B 7 8 9 10 L
P, (Gev7/c) " 05 1 15 2 25 3 35 4
eDetector is intentionally Statistics at SK eV
misaligned from WBB axis (OAB 2.5 deg, 1 yr, 22.5 kt)
eQuasi Monochromatic Beam ~ 2200 v, tot
*x2—3 Intense than NBB ~ 1600 v, CC
-Tuned at oscillation maximum ve —0.4% at v, peak




Decay Volume

"

50m Constructed

* b il o

v e OA30°
Target Station \ Decay Voly
me Nllom / DUmp
Cross section:2.2m(W)x2.8m(H) 3.0m(W)x4.6m(H) _

eCover Off Axis angle : 2°—-3°

eSguare box shape pipe made with
water cooled iron plates
(T<60°C at 4AMW)

eFilled by 1atm Helium gas




i Off-axis beam at SK/HK

Decay pipe DV center
ecommon Off-axis angle for §K/ T
ecovers 2°0—-3° e

0.784

Off-axis / Off-axis
for HK | /"y for SK
oot - |
W ,
Best Fit 3.43° - 3.11° (OAB2° beam axis)
(OAB2.3° Beam Axis) 3.64° (OAB25° )
IO 4.16° (OAB3° )

# 3.1: E, at the oscillation maximum for the baseline length of 2905km and corre-
sponding off-axis angle.

Am? 2.04 2.18 2.75 3.17 3.28
[107%eV?]  (90% A.R.) (80% AR.) (bestfit) (80% A.R) (90 % A.R)
E,[GeV] 0.487 0.520 0.656 0.756 0.782

OA angle[deg.] 3.1 3.0 2.4 2.1 2.0
N— 7
Y

Cover this region



Civil construction of DV

Oct. 26, 2004




Beam dump & Muon monitor

Muon monitors
espill-by-spill monitor of
beam direction/intensity

beam | elonization chambers
—> e 1 SRR  +Silicon or Diamond
NEE] | ' Detectors

-Beam dump
_~Graphite blocks—"
with cooling &

modules

eCopper blocks— ]

with cooling path
aL 4AMw

35.5858




Neutrino detectors

Oom 140m 280m 2 km 295 km

» Near detector @280m
« Neutrino intensity/spectrum/Zdirection
= TWO detector systems for on and off axis.

s Second Near Detector @2km
« future option to reduce systematic errors
= v, energy spectrum and v, background study
with almost same condition as for SK

s Far Detector @295km: Super Kamiokand

= at session 5 of WG1 on June 23



i Schedule of v beam line

Near detector
econst.: '07—'08
elnstall: '’08 |

Beam dump &

half of Decay vol.
econst.: '07—'08
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Target station
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Summary

+

«T2K collaboration started in 2003.
eDiscovery of vuy—»Ve appearance
«100 times larger intensity than K2K
«Off axis(2—3°) configuration with SK
Neutrino beam facility
eConstruction started in 2004
eStart T2K-1 experiment in 2009
eFuture upgrade for T2K-pahse-11
with 4AMW beam and Hyper-Kamiokande




supplement



iPossible upgrade to 4MW

O
Preliminary study done A ooe\e
(o
eRep. rate x 2.5 0 1os 0 7S
eDouble RF cavities (space OK) injection . 1dling
eEliminate i1dling time In acc. cycle
0.9s 0.4s

o+ of circulating protons x 2
“barrier bucket method” 0.5s
to avoid space charge limit
total 1.9s
elssues
< >

Achieve first goal (0.75MW) 4.2us
598ns © 58NS

Beam loss ““““

Target, T




e day-1

Linac 180MeV, 30mA, 25Hz
RCS 3GeV, 0.6MW
MR 40GeV, 400kW

* Next Stage  Linac 400MeV, 50mA, 25Hz

RCS 3GeV, 1.OMW
MR  40GeV, 670kW

— Phase 1
Phase 2

Linac

(Superconducting)

3 GeV Synchrotron Materials and Life

Nuclear

Transmutation

Linac
(Normal Conducting)

400MeV

600MeV

Hadron Experimental
Facility

(25Hz) Experimental Facility

1

50 GeV
Synchrotron

Neutrinos to
SuperKamiokande

Phase-l|

» Nuclear Transmutation Facility(ADS)
—~>Linac 600MeV,50Hz

» Extension of Hadron and Neutron Facility

* MR 50GeV, 750kW




MR Patterns and Beam Power

MR h=9, 8bunches 40GeV fast extraction
Fast Extraction O. 1S
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MR h=18, 15bunches 40GeV fast extraction

0.1s
AR
Fast Extraction
at
3 GeV Ring 50GeV
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e|ncrease Rep. Rate
* Increase Injected Particles by Stacking

beam loss issue

Rep. Rate

senergy storage system
e magnet power supply
orf system

swater cooling system
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High Intensity

~ Proton beam power (E, X N;)

Neutrino Flux
Peak Flux normalized

-

S by Beam Power

S 50GeV

e .-

o 40GeV - I -*
o

3 30GeV

=
>3.

) . 30 40 50
Ev(GeV) Proton Energy (GeV)

» /50kW @ J-PARC 50GeV (design)

High Beam Power>

Controlling BEAM LOSS is CRITICAL
= Radio-activation of beam line components (maintenance)

= Radiation shielding

= Cooling problem
Most of 750kW heat deposited in target area, decay volume, beam dump

(cf —~13kW escaped with neutrino)



i Budget Decision for 2005

Oku Yen Budget Proposal = JAERI
(Oku = 10 8) (December, 2004) B KEK
200
180
160
140
120
100
80
60
40
20
0

2000 2001 2002 2003 2004 2005 2006 2007 , 2008

1) Phase 1 completion in JFY2007  BudgetYear CoipletionT

IS barely possible ! Neutrino Completion
2) Need a big increase in JFY2006.



iRequirements on v beam

s INntense beam

= Very far detector, extremely small cross section, search
small osci. probability

= = High proton beam power: J-PARC 0.75MW 50 GeV PS
= = High efficiency pion collection with magnetic Horns

s Fast time structure
= Background in detector: Cosmic rays, atmospheric v
= Discriminate by timing information
= = Single-Turn Fast Extraction

= Narrow energy spectrum
= As many v’s as possible at oscillation maximum

= As less v’s as possible at small osc. prob. (reduce BG)
= = Off-axis beam



Preparation Section

-I\/Iatching beam from PS to ARC section

Top view
s Dipole(H):2
= Quadrupole:5
=« Steering:5
« 5 with MIC
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i Final Focusing

eBending/focusing beam to target

G
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Beam Monitor
el: Intensity (CT)

eC: Center Position
(ESM/LPM)

P: Profile
(SSEM/RGBPM)

e|_ 0OSS monitor

Sented Secondary
Emission Monitor (SSEM)




i Long baseline oscillation

Maki-Nakagawa-Sakata (MNS) matrix ‘V, > =22U i ‘ Vi>

Sjj=sing,;, ¢;;=C0SsY;

Ua Us Ug) [t 0 010 0)c 0 s,)(c s O
U=lU, U, U, 0 Cc; 55|10 1 O 0 1 Ojj-s, G O
U, U, U; 0 —s; Cy)\0 OI e’ -85 0 ¢ 0 0 1

\ ’) AN /

ePrecise meas. of disappearance Vu—»Vx

P, ~1-cos*@,-sn 226, -sin2(1.27AmL/E, )

eDiscovery of Vy—»Ve appearance
P, ,.~sSn26,-sn220, -sn?(1.27Am3iL/E,)

U —> €

eDiscovery of CP violation (Phase2)
A ~ Am; sin 20,
" 4E, sné,

14

.9N o



J-PARC Neutrino faC|I|ty

Primary Proton

Components beam line 2 _
) ] 50GeV ~ire EXtraction
« Primary proton beam line ing®/ = point
« 50GeV, 0.75MW, Fast extracted _, .. ..., 2L
« Decay volume (130m) _ -
« Beam dump & Muon monitor @ f Dflecay
. voilume
« Near neutrino detectors @280m |
i P\ Beam dum
« Second near neutrino detector 3 .
] ; W Muon monitor
@2km: future option (Off-axis) 5 "\ _
« Far detector SK (Off-axis) o |
A Near neutrino
P 7 detector
= @%ﬁ ------- g [l T\
On=axis SK dlreCtIXOI’l ;‘(

Om 140m 280m 2 km 295 km



iNear Detector @ 280m

>

19m¢ Off-axis (—2°)

= v, and v, fluxes
and spectra

Super-

= Vv INnteraction study
37m (CC-QE,non-QE,n°,)
Beam center| ™ Kaon contributions

= UAL1l mag, FGD, TPC,
Ecal,..

Magnet + Side-MRD

FGD

POD TPC|%[TPC || TPC

FGD+H,O

M 2 Beam direction
oo Grid layout

Muon ID hodoscope

Magnet + Side-MRD




i Near Detector @2km

Future option to reduce systematic errors
* v, energy spectrum

for v, disappearance /\g‘ ' '\H \ ﬁ\’ j JL:LJ'I ?{
e v, background study am ﬁ §E Aa,c
for Ve @Pppearance \ ‘ i

(@ farx Lfar? ) / (@ nearx Lnear?)

| =15m 2_
JJL 2km
1 = —
......... :I_j*LL LLWL‘"PW =TT
280N

= Next speaker 0 | 1 | 2 év(GeV)



Far Detector: SK

Super-Kamiokande
s50kt water Cherenkov

— = Partial reconstruction
3 in 2002

s 47% of PMT’s(—~5200)
s Full reconstruction

s PMT’s attachment:
Nov.2005 — Mar.2006

= Water filling:

Apr. — May 2006
= Data taking:

from June 2006




v, disappearance

+

Precise measurement of 0,; & Am,; Am; <<Ang~AmB

1

4
P,,x=1-cos*6,-sin*20, - §in (1 27 AmyL /| E )
x 10
Syears(5x1021 POT) H?ﬂ no | Expected pr‘eC|S|on
1500 [ N .
— I
1250 r Expected X 0.28
wo Oscillation V : | , 5
1000 &L 0.27 : -
= OA-2° 3 i | : i
& 5 i g
500 r 2— -3 2 < 0.26 IR NN YL SN RSN ]
Am_2_32 Sx107ev S ~ --68%CL (Aln L%0.5)
250 | l siN“20,;=1.0 005 [ 90%CL (AN LF1.36) T
* ) | --99%CL (Aln 4Y=3.32) i
e L 111
o Lls *7 0% v 0.98 0.99 /1 1.01_1.02

0 1 2 3 : 1
Eviec(GeV) 5(sin220,,)~0.01 |-Sin" 20




ELISensmwty on disappearance

0(sin?20,,)

—
>
Effect of
systematic error

8(Am?) (x107° eV

*NQE (+5%0)
*Esx (+1%0)

0.002  0.004 _o.0os <beam shape (x 20%0)

True Am,;? (eV?)

o™
c

@.02 |

=0.04
= !

Lo

-0.02 |

eNorm. (+5%20) s

-10

o

9

o
T T

| k 8(3|n2 20)

nnd_lllllllllllllll

| | |Ill'| 1 1 | 11 1 | 1 11 11 1
1.5 2 2.5 3
Am? (x10° eV?)



Discovery of v, appearance

+

V., appearance: 0,53 & Am; 4
P . .~sn?0, sn220, sn2(.27Am2L/E,)

U —> e

Background for v, appearance
e|ntrinsic v, component in initial beam
Merged =n° ring from v, interactions

Requirement:10% uncertainty for BG estimation




iSensitivity ONn appearance

Syears(5x1041 POT) 10 SRR
%) f Expected
> . signal+BG o
0 40’ | > 10-2
> -—Total BG Q
5 30 l —BG from v, | ~
CN. : +e/7° separation cut 7 Nm
O 2@+ i -
12 : ] E103
- + AM2=2.5x103eV?2 | < =
Q10 + sin220,,=0.1 -
D ,
| J( E rec
OO L IR AR v
O 1 2 3 4. 5 104
_ Background in Super-K
SinZ220,,
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7} e
© 01
10 13 23
0.01




£evelopment of sensitivity

T K2K excluded

—
=I||
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90% Sensitivity on sin220,,

10



iComparis

on with NOvVA

3 ¢ Sensitivity to sinziii&l”}

2o L
s - L =810 km, 12 km off NOvA
e 09 [ Amy2=2510"eV’
s X
‘g 08 [ 100x10%° pot
E - (Proton Driver) "
07 . .-'lI"I'IE} 0 ',"
S AmZ < 0 0
= - 50kton baseline
~ detector
S 3 T2K Phase 1
0.4 |
- ; 20
03 [ : 20x10 2|:'.u|::t
_ J —_— Am~ > 0
- —_ Am?2
02 E f Am©< 0
0.1 F H
:I :I 1 1 1 1 1 1 1 1 1 1 11
D _3 _2 _1
10 10 2 10
Feldman, Aspen PAC 2004 sin“(26,3)



T2K phase-l1|
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X—100 sensitivity for CP violation
= J-PARC: 0.75MW = 4AMW (X5)
s SK:22.5kton = HK:0.54Mton (x24)

CP violation in lepton sector

_Plv,»v)-P(v,—>v,) Am,,’L . sin26,,
P(v,>v,)+P(v,—>v,) 4E,  sing;

Acp

=sing;, C;;=cos6;

Maki-Nakagawa-Sakata (MNS) matrix ‘VI > — ZUli ‘ Vi>
Uy Uy, Ug 1 0 0310 O 0 s;)\(C s, O

U=U, U, Us|=|0 Cc5 sS;||0 1 O O 1 O0||-s, ¢, O
U, U, U;, 0 —s; Cy)\0 Ol e -8; 0 ¢4 0 0 1




Hyper-Kamiokande

Super-Kamiokande Hyper-Kamiokande
(50kt, 11000 PMT’s) (—1Mt, 200000 photo-sensors)

al lom
II-.-.- Hhis=

r el
||I!-I LT}
|

ee heeess e

S4m

lledghi im

Fiducial mass: 22.5kt
Fiducial mass:,
0.54Mt

eNot official, Not approved
2008

!




i Expected signal and BG

sin220,,=0.02

veapp signal (v. beam)

Very Preliminary

— AW, 1Mt
- yr oo Ve app signal (v, beam)
2  5in"20,,=0.02 L Enemm g'g‘;‘:'”'-"l AMW, 540kt
@D o0 wo B0 EV2
@ V- 2. year | g" AM,,2=6.9x105eV?2
= ~>visig 5 oo AMm4,2=2.8x10-3eV?2
S 00| @ 0,,=—0.594
E - 54':":' 923=TC/4
0 4 1 4 1 T 002 04 06 08 1 12 14 16 * - —
ooz Hggﬂrl:l}:‘tlu'ﬂtEEEE: I?GE"?f:I1 6 2 Reconstructed E, (GeV) / Sl n22613—0.01
signal background
0=0 | o=n/2 | total v, v, Ve Ve
v, o 536 229 913 370 66| 450| 26
V.oV 536 /90| 1782 399| 657 297| 430
LL e




i CPV vs matter effect

v, 2V, 0sc. probability w/ CPV/matter

i
A

— —
-"f-— ® p==2.8g cm’ L=750m
E E 1 umTpy=F 10" Wy g=ru
2 ! = |l awisaior  euenre
ﬁ E S=ma W =0.05
o p.8 o o8 _ (Sir'2,,=0.01)

0.6 0.6

0.4 0.4

0.2 0.2

G £ e ':l & o
a 02 04 08B 0.8 1 1.2 1.4 Q0 0.5 1 1.5 2 2.9 3 3.5
E, (GeV) E, (GeV)

@sin?26,,=0.01

J-PARC/T2K: smaller distance/lower energy
small matter effect
—Pure CPV & Less sensitivity on sign of Am?



i 3o Sensitivity for CPV

*AMW, 540kt
-2yr for v, &
=6.8yr forv, ?

AM,,2=6.9x10->eV?
AM4,2=2.8%x10-3eV?
0,,=0.594

0,;,=n/4

no BG,signal stat only

T2K-1 90%0 —

0.08

0.06

A, = Amlz.sté?12
" 4E, siné,

CHOOZ excluded
sin 2913<O 12@AmM4,2—3x10-3eV?

-9N o
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30 CP sensitivity : |§]>20°
for sin?26,5,>0.01 with 296 syst.



