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* Physics goals:

- discovery of v v  appearance
- precise measurement of v, disappearance
» discovery of CP violation (phase-2)

» Schedule:
« J-PARC (~0.7MW 40GeV PS)
— construction: 2001~2007
— operation: 2008~
« T2K (approved in 2003)
— construction: 2004~2008
— experiment: 2009 ~
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T2K CO”abOrathn 12 countries

~60 institutions
~180 collaborators
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number of inner detector PMTs
photocathode coverage
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Narrow intense beam: Off-axis beam

First Application schematic
(ref.: BNL-E889 Proposal) Super-K. 12 ( )
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v Interaction @ SK

(w/0 oscillation)

without ascillation
T T T T T T T T

-« NEUT

-+ vint.(22.5kt/10%'pot)
f ~2200(v,)

“ e v /v, atpeak ~0.4%

vint. @ SK (/50MeV/22.5kt/10?'pot)

10%'pot~1year

neutrino energy (GeV)
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3 flavor oscillation (simplified)

° VH Pd |Sappe%rance :HC;S;f i 1 4

* V, appearance

LR ]

P(v,=Vv,) = sin?0,, sin®26,, sin?(1.27 Am,2L/E)

13

» beam v, oscillation
in this analysis
unless noted
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Am. =0, Am_2<<Am_2=Am,,?
Am,,2=2.5x103eV?,0,,=174

no matter effect
GPphase-6=0




Selection criteria for v, appearance

(SK-1 detector simulator & reconstruction used)
« Standard SK cuts: O (w/o E,* cut) )

- fully contained(FC) s signal+BG
in fiducial volume(FV), o~ - H total BG ]
visible energy>100MeV 5 = + v BG ]
« single-ring < - E
« PID(e/p) N + + sin%20,,=0.1 :
« no decay-e g | | ]
« 0.35<E °<0.85GeV o I
O - R
. Further e cuts: reconstructed energy (GeV)

« c0s6,.<0.9
Myy & AL cuts of POLIfit
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POLfit (1€ fitter)

[EEES

e Su}J{:)er Komiokande s
MU # 269

DATE **-hpr-21
TIME s B P e

TOT PE: 4561.6
MRX PE: 23.4
NMHIT : 2288
BNT-FE: 43.7
ANT-M: 4.7
HMHITA: 7

500MeV/c ® MC
true Py, = 55.5MeV/c
rec.Mre =140.4Mev,/c2
: RTOT . AMOM : M5
42, 0: 2659 4eE: -1.9
¥=-0.232: 0.972. 0.043
A2, 0: 0 0. 0
¥=-0.838: 0.412. 0. 358

Comnt;

= |

BunMODE :
TRG ID
T diff.:
FEVZE

SUE EV
Dec-a:

MonteCarlo

: 00000011

R us
: BO000003
noD YE/LW: 2/ 1

o/ 0
Qf 0/ 0f 0}

*NO EEEGES RED*

I force to find 2" y-ring

identify and reject
asymmetric decay
™ BG in 1R-e sample

300ct,2005

* input:

vertex,1st ring dir.,total E
* output:

M,, AL(TClike-elike)

S.Mine(UCI)@PANIC(Santa Fe)
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Events vs. selections
(events / 22.5kt / 5x102'pot)

(sin?26,,=0.1)

v,CC BG v,.NC BG beam v, BG v (CC) signal
FCFV, E,>100 | 2215 847 184 243
1R-e, no decay-e 12(0.5%) | 156(18%) 71(39%) 187(77%)
0.35<E,*°<0.85 1.8(0.1%) 47(6%) 21(11%) 146(60%)
cosb,,<0.9, Myy< 0.74+9(0.3%) 13(7%) 103(42%)
100 Al <80
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sin220,,~0.008
@2.5x1038eV?
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V, sensitivity
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CP phase 6 (degrees)

Vv, sensitivity as a function of CP-phase &

(90%CL, 5x102'pot, ABG=10%)
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V, sensitivity vs. exposure
(dependence on background uncertainty)

Ej ABG sources:
n

ABG=10% |« SKitself
30 _Fo ; o TC rejection efficiency

S ABG=5% . e/u separation
) . decay-e
« fiducial volume
« energy scale
, . etc.
CE 7 e 10 production
? e | ebeamyv, } NDs

SXJIHF — 40X SK 1yea

1 10 10° 10°

exposure (22.5kt «102'pot)
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K2K v, search @

K2K1+K2K2 DATA: _10 - (Feldman-Cousins approach)
' > o /
N I / limit _
F_CFV , Heev e | ~~"sensitivity
Single Ring 67 0? .
PID(e/p) 9 (7 (7 expected BG: 1.63
tight e —ID 8 -
EViS>.I OO MeV 7 10 . [
No e from p>e 5 oemcl
bt QOY Gy
POLfit cut(e/r®) 1 Dt
exp’d BG: 1.63 0 0.1020304050607080.9 1
' ' sin®20
v, int. 1.25 sin?26 . <0.18 He
beam v 0.38 @2.8x103%eV?
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e/l separation @ SK

Super-Kamlokande
Run 5704 Event 3551590
88-03-17:07:14:39

Inner: 3397 hits. 7527 pE
Outer: O hits, 0 pE (in-time)
Trigger ID: 0x07

D wall: 1089.6 cm

FC e-like, p = 923.2 MeV/c

Charge(pe)
. >15.0
* 1.9-2.5
° 1.2- 1.9
* 0.8-1.2
* 0.4-0.8
° 0.1- 0.4
. < 0.1

1120

840

560

280

%

0

§00 1000

Times (ns)

1500

2000

Super-Kamlokande

Run 3962 Sub 125 Ev 965982
97-05-01:15:32:29

Tnner: 2887 hits, 9607 pE

Outer: 1 hits, 0 pE (in-tims)
Trigger ID: 0x03

D wall: 1690.0 cm

FC mu-like, p = 1323.6 MeVrc

Charge(pe)
. >26.7

* 3.3- 4.7
* 2.2- 3.3
*1.3- 2.2
* 0.7-1.3
* 0.2- 0.7
. < 0.2

500 1000

Times (ns)

1500

2000
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superscan[masato] Sun Sep 11 18:14:45 2005




e/u separation @ SK

® atm-v DATA(1R)

— atm-v MC(1R)

70

60

40

30

20

10

} SK-II Preliminary (oscillated, Honda) 60 | SK-II Preliminary (oscillated, Honda)
- i 313.1 days
e-like p-like so |- e-like %’—F p-like
746 657 i 136 153
g sub-GeV w - multi-GeV
(E,.<1330MeV) I (E,.>1330MeV)
. 30 —
- 0
0 L L L L ‘ L ’\ ‘ L L L L L L L L L L L L '\ L L ‘ L L L o L L L L L L ‘ L L L L ‘ L L L L ‘+\ L L L L L L
-10 -8 £ -4 -2 0 2 4 6 8 10 -30 -20 -10 (1} 10 20 30

PID likelihood, Sub-GeV, 1-ring event PID likelihood, Multi-GeV, 1-ring event

An experiment with test beams also confirmed
PID capability: PL B374(1996)238
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e/t separation @ SK

K2K-1v,

ke v MC (1 Re) 70% TP rejection and
(rejected asrellke_)_ 207 30% signal efficiency loss

nnnnnn --..| for 1R-e sample for K2K

nnnnnnnnnnnn

nnnnnnnnnnnnnnnnn
nnnnnnnnnn

nnnnnnnn

=:nun=u:==l= 50 F | ID 200 |
(selected) [ 4 ® atm-v DATA(1R-e)
— atm-v MC(1R-e)

[}||||U|||||||||-|||||||
0 200 400 600 800 1000 1200 1400

= 30 E..=150-250MeV
F250 |- Slg_n_al:\ze. (Am :—.2; 8o .3} (Evs )
200 | -5 F I 37 1F 3 20
86 &= = ‘LT eRilIEIiENIIiiizii:
S PG g D B O e S n e BTl SigLener 10
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e o o o ) DOOoSocoaoe=aos = e TH
" /ﬁ oEEEEESEsEEzE it o EEEEER - '
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momentum of the 15t ring (MeV/c
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NC 1 measurement @ K2K-1KT

()]
8700 - 1200 I
3 + DATA background
600 - - 4 —~MC " 1000 - % for v, search
T
500 ¢ e 800 - % :
o ﬁ
400 - B e
600 -
300 - - E
0BG * O 400 - +
200 - non—q . :
O 1
100l A X 200 @ ;
i - . . . Z
0 I‘I:Q#&i [ jﬂ%ﬁ‘?ﬁ‘?‘%ﬁ* 0 I | | | | | | | | | | | | | | |
0 50 10 150 200 250 300 0 200 400 600
M_(MeVic?) 7° momentum (MeV/c)
o(NC11°)/g(CCall)=0.064+0.001+0.007 (0.065 by NEUT):
Phys.Lett.B619:255.2004 .
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SciBooNE

(K2K-SciBar detector at FNAL Booster Neutrino Beam line)

 (Cross section measurements for T2K
— for both neutrinos and anti-neutrinos

« MiniBooNE near detector

T2K
SciBar
at BooNE

It will be proposed to FNAL soon oI
(cheap/quick experiment) SN,

300ct,2005 S.Mine(UCI)@PANIC(Santa Fe)



ND280:
gon_cepwal T2 K near detecto rs

esign _
Report

Om ZBDm 2 km % -'2'95ka
FGD The Experimental facility
at 2km is not approved yet

UA1 ECAL TPC
Magnet
Magnet

300ct,2005

Lq. Ar Water Muon
TPC Cherenkov Ranger

Pi-zero Tracker °ANIC(Santa Fe) 21
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Vv, sensitivity vs. calendar time

(possibility of beam power upgrade)

9L L Sensitvity w/ LNAC upgrde {09, syst. err assumed

on BG subtraction

-7 0.05
O 400MeV LINAC from FY2011
32 1yr = 130days
o 0.04
2 V A\ fautt
~ —&— Defau
= 0.03 | COMmMIsSi b : = 2Np
2 ninh current baseline power
-5’) / —A— 2 Np
T 0.02 = ’ o
% \A \\ x2 reF:)

= 0.01 v _phys run e \\
o L. MSRC A
2 < A 2
(qV]

-
@ o | | | |

2009 2010 2011 2012 2013
Japanese Fiscal Year (Apr-Mar)
300ct,2005 S.Mine(UCI)@PANIC(Santa Fe) 22




Summary

« T2K is approved and the construction is on schedule
* Neutrino experiment will start in 2009
« 0,; sensitivity (phase-1):

- the latest v MC & SK1 final tools

- SK is ideal for separating p/e/m°, K2K has
demonstrated background rejection in v, search

- ~10times improvement from CHOQOZ

- background should be understood < ~10%:
{reconstructlon @ SK

TC production and beam v, @ NDs

« Seriously considering to increase beam power

300ct,2005 S.Mine(UC)@PANIC(Santa Fe) 23
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supplement
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oensitivity: v —v, disappearance

x 10
"53 0o ~ | Expected precision
[ stat. :::nly!j (OA2.5%) | 002
98 |,-T-*—~=[_— ®.02
A e 5
037 [l 3 .
0.26 5 I I—;—:_T—_ -0.02
: ~e8%CL (Aln L=0.5) [' |
- -90%CL (Aln L=1.36 noa
0.25 | _999,CL (Ain L=3.37) 3
0.98 0.99 1 .01_1.02 2
rlsln 20 %
Goal i 3
2 i Sial. error
5(sin?26,;)~0.01 i oS
5(Am,;2)~<1x 104 NQE (+5%)

Effect of systematic error
on param meas.

=] L]

n

E'_':,K ("‘lufﬂ} "'1D_I.:|||| PRI T o N SR

beam shape (£20%)
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Phase 2 ( If 8,; can be measured.

P Liner

S

Plat form

Opaque Sheet

; 3 = T i
Quter Detector ; g A ]|i

Inner Detector Ay

l Photomultipliers

1\\_\__
- | Lower Access Drift
g SECTION
umn
’:Eb Plat form
{3 1
T Access Drift
g Liner
0
n
= QOuter Detector
4 =]
e ﬁ Inner Detector
Lower Access Drift

nucleon decay search 48m x 50m x500m,
CP violation measurement Total mass = 1 Mton




Search for CP violation

13

£V014

sin

0.12k

0.08 |

0.06 -

no BG

30 CP sensitivity :

300ct,2005

JHF-HK CPV SenS|t|V|ty

CHOOZ excluded

4MW, 540kt
2yr forv,
6.8yr for Vv,

0.1

_ 0.04 |
signal stat only -
0.02_

sm229ﬂ<o 1 Z@Amq12;~'3x1 0 3eV2

s at+5%syst

0O 01 0.2 03 04 05 06 07 08 09 1
sind

|0|>20° for sin226,,>0.01 with 2% syst.

S.Mine(UCI)@PANIC(Santa Fe)
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Qinnnal nanrlinl_f:ite:

EUN  # 218658
SUEBEUMN # 57
EVENT# 2240771
DATE 2003-Mar— 3
TIME 23:40:28
. TST FE: 1697.1
Mo PE: 287
FMHIT - 773
LHNT-PE: 24 .1
AMNT-MX: 325
MMHITA: 28
90,/00/00 : NoTet NoTet ;
5070000 HoTat . NoTet EunMODE: NORMAL
a07/00/00 No¥et No¥et TRG ID 00000011
000000 HoTet : NoTet T diff.: 260,
9”?82??8:”3?%”13‘*’3% FEVZE 81022801
e »;#R= [:HoYe 2
R . % : PHI : GOOD noD YK/LW: 2/ 2
10.28: -3.18:-0.22:0. 218 SUB EV : 0O/ 2
CANG : RTOT : AMOM : NS Doye: QfF OF OF OF
CT: 10782754582
SEGPS: 1048702427
248257821
EM: 7E5935F:
_ EsGES: 1048702427
| 947431946
GEEZDIF 0. 62u

* SLJIJIDEF Kamiokande #
M # 12

1=

RUN:

21858
2240771
266.7MeV
170.8MeV

22.5 deg.
83.1MeV/c?

Looks multi-ring event.
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Possibility of beam power upgrade

- -¢ - RCS power

—=—MR power

~— A MR power
X2 Np

—<—MR power
X2 Np
x15 rep rate
— % MR power
x2 Np
X2 rep rate

3
400MeV LINAC from FY2011

N v X
2 2 comgissi )
®) v line onin ///
p const. v phys run a
= Sle—>l
S
0

’

S

2009 | 2010 | 2011 ‘ 2012

Susineuuy Japanese.kiscal.Year (AprsMar)
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° disappearance
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