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» High intensity v beam (~1 02xK2K) from J-PARC
» Precise meas. of v, disapp. = 0,3, AM,3%  sin220,,>0.92, Amy;2=(2~3)x10-3eV2
» Discovery of v, app. > Determine 6, 5in220,5< 0.15@Am,;2 =2.5 X 10-3 eV?

current knowledge
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T2K Collaboration

~400 members from 12 Countries

Japan, US, Canada, France, UK, Switzerland, Poland, Korea,
Russia, Spain, Italy, Germany
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NQUtn no Beam . Pion decay kinematics

R
________________ ¢_ 2. 50
om
Neutrino FILg at 265km
. eutrino Flux at m
» Off-axis beam (2.5deg) j

> Intense narrow band beam

> Tuned at osc max 0.7GeV
(@L=295km, Am2=2.5x103eV?2)

> 1600vuCC/22.5kt/year

(no oscillation case)

» Pure v, beam

° v cONtamination:
~ 0.4% at peak energy
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T2K Detector Setup
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» Muon monitors @ ~120m
> Fast (spill-by-spill) monitoring of neutrino beam
direction/intensity
» Near detectors @280m

- On-axis detectors
Monitor Neutrino Intensity and Direction (profile)
- Off-axis detectors

Measure Flux/Spectrum/ve component/Cross-sections to
understand Signal/Background systematics

» Far detector @ 295km
> Super-Kamiokande (22.5kt FV)
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Precision measurement of 0,5,

» Vu =2 Vvt disappearance
» Use Single p-like ring events  y +n B
(v, CC Quasi-Elastic enhanced v g
sample) -

to reconstruct Neutrino Energy

No oscillation___ Ar_n2: 2.5x103%eVZ Am?2=2.0x103 eV-?
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(assuming sin? 20,,=1.0)
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Oscillation Parameter fit
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0,3 measurement
- v, Appearance Search -
P, . ~SiN%0,;-sin? 26, -sin 2(1.27TAM,L/E, )

VI8
~0.5

Vet N—€+D
. ~y__
» Signal

- single e-like ring events P
(v, CC Quasi-Elastic)
» Background

> beam v, contamination (0.4% of v ) B
> mis-reconstructed n° event

o
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Sensitivity of v, appearance search
# of events in Evrec=0.35~0.85 [GeV], 5yr
Background in Super-K

sin?20,;
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v, Beam v, total
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>10 times improvement from CHOOZ




MR commissioningW-v
Statu S Of _ PA RC Jun, Dec~ in 2008 | P -
: . .

B

Materials & Life Science
| Experimental Facility

Neutrino |
Apr. 2009 -

Linac succeeded in 181 MeV
acceleratlon in Jan. 2007

3 GeV RCS beam commissioning
. succeeded in Nov. 2007 a
3 ' €”~
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Neutrino Facility in J-PARC
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Near Neutrino Detector

_Beam Dump | | Decay Volume|

Construction: Apr. 2004 ~ Mar. 2009 (5yrs)
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Primary proton beam line

Tunnel completed (Dec. 2006) » Superconducting Arc section

i "' - 28 combined function magnets
- D2.6T,Q18.6T/m, L=3.3m

» Normal conducting Preparation
section and Final focusing (FF) section
> Installation in progress

W oono
J @ Utility bundmg #1
sl | (Power supplies, Cryogenic System)

26(/28) mags delivered
11(/14) doubles mstalled
- :

L utility B
|— (Pow el '

Final Focus Section
ormal-conducting magnet)




Target and horns

Graphite target (26mm¢px90cm)
Day-1 target delivered
Helium gas cooling test successful

He vessel

|
shield

> 1ron shield
)

L - 7 | To decay
—T [ pions’ 7~ volume

3 horns (@ 320kA)

target

Long-term Operation Test at 320kA

Long term test successful @ 320kA
Hornl,3 for Day-1 delivered



280m Near Detectors

» On-Axis Detector
INGRID
> Monitor beam direction,
flux and stability
- Start operation from Apr.
2009

» Off-Axis Detectors

\ > Measure Spectrum,

> Cross-sections, ve
components

- FGD, TPC, Ecal, ...

> In UAT Magnet

Arrived in Apr., Under
assembling in Apr - Jun

Off-axis

~1.5 events /spill 2008)
1M / month > Operation Starts within
@centerec 2009 (High Intensity Run)

A few cm beam center resolution



Far detector: Super-Kamiokande

» 50kton(Fid.Vol=22.5kton)
Water Cherenkov detector

» L=295km from J-PARC
» Started operation in 1996

» Fully recovered in 2006 from
damage @2001 accident.

» Electronics / Online Full Upgrade in Sep. 2008
- Record ALL PMT hits

-~ -

Q

# = Qtc-Based
il Electronics
il with Ethernet

‘ Ethernet card
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T2K Events @ SK
_ Realtime spill timing transfer
Required latency: <1sec)
‘i""NeW Electronics L2 VPN in gajv&.r_g/
spill
!
||I|\|I|HI| L [l 1] A

Records all PMT hits
~840MB/S
/7 -500us +500us @ T T
me stamp i mp
GPS « ” GPS
receiver Store as "T2K Data receiver
Hits outside of beam timing:
Physics analysis for Atm v,

Tt TOF

Spill tirring

>

Solarv, Proton decay, ... KEK-Kamioka-KEK Round trip test
x10 = -
10000 f Entries 601086

Transfer test results
(Apr. 07 — Apr.28, 2008)

8000 |

» Long-term transfer test on so00 |
Test VPN between KEK- 4000
Kamioka started on Mar. oL
2008 o o1 02 03 Roétndql:fipT?r.:e 07 08 08 ¢

RTT < 0.25s.
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Summary of T2K

» T2K Tokai-Kamioka Long Baseline Neutrino

Oscillation Experiment starts on Apr. 2009
» Primary Goal:

- Explore v, appearance >10x of CHOOZ limit
> Precise measurement of v, disappearance
3(sin%20,,)~0.01, 8(AmMy2)~<1x 104

» Start Plan:

> Neutrino Beam: Fast extraction Starts on Apr. 2009
> On-Axis detector: Starts on Apr. 2009
- Off-Axis detector: Starts on Fall 2009

> Far detector: Upgraded and ready by Apr. 2009

Y. Obayashi, May09, 2008, FPCP2008@Taipei
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O0CP measurement
after discovery of 0,




How can we measure OCP ?

P(v —>v) A4C/SASZ | 1+ —— (1 2813)] -sin® A,
Am13

+8C[S,,5,55,;(C,,C,5 €OSS —S,,S,55,;) - COSA, -SINA,, -Sin Ay
F8C/C,,C,.S,,5,.5,,8In5-siNA,, -SinA,, -SinA,,
+ 48122C123 (C122C223 + SZ|.2282238123 - 2C12C23812823813 M) ) S|n2 A

CPV

o 8C12381238223 ) a—L
4C,,2S,,2S,,2sin2A 4E,

/3 : total

5,0.06 3,0.06

5 ‘02 — 5 ) _

3 sin20,,=0.1 g sin20,,=0.03
0 0.04 0 0.04
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T

(1-2S/)-CosA,, -SinA,,

matter effect

-0.02 |
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Y. Obayashi, May09, 2008, FrcP2 Ev(GeV)

19



an example of EXpECtEd Slg nals

» Assume large statistics here by
Gigantic detector (540kt WC) and

Beam power upgrade(1.7MW)

K.Kaneyuki NPO8

5=0 5=m/2 (sin20,,=0.03)
400 ¢ = . 400 | >
0 _—-signal+BG 350
300 | & _ _ 300 |
260 £ vutvu+ve+ve 250
200 — BG 200 F
o | 'J-’j::%{\;p:-v_p BG il S R
o [ L
sz-ﬂ..l...l(_'._‘.—l—t—q—l—iﬁ——::-‘——L—IE (| - Sl EEP N B il m rm= = S oS ==
0 02 04 06 08 1 12 14 1.6 »Eavre% 0 02 04 06 038 1 12 14 1.6 1.Evr@c
- = ——
|
= =
250 £ 1 250 £ 1
mEs ik w b L b
50 F — T I AT I i ;
0 oz os oe IoisWﬁTﬁz "0 02 04 08 08 1 12 14 16 18 2
vu = ve signal backgroud
6=0 d=mn/2 vy Vi Ve A
v, 2.2yr 1049 579 354 26 379 10
v_u7.8yr 1050 1493 443 610 241 415
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Neutrino goes NOT Only to Kamioka

>Mton Water Ch. In the Sea?

: E ° Y.Suzuki @ NNNO7
J::p:n "8 @ TITAND
Okinoshima Kamioka;
o © J e
p ‘ : -~
p—— 658km 295km loe + 2
m 3 £ e -0 ke e S
. 0. Sd eg Oﬁ" aXlS s 2.5 deg Oﬁ aXlS ;;r:\g;m x 105m x 4 units = 3.03 Mt
1 deg Off-axis (2.22 Mt fiducial : ~ SK x 100)
8 K o X ik ° TITAND-II
et @ ° it 2 module = 4.4 Mt f.v. (SK x 200)
= ' o AT Ref:1) Y. Suzuki, hep-ex/0110005 (in 2001) But this is shallow
| 2)V.S:A:\\J/l:;,::ell’r:ecl;'ozfol\(l’:utr|no Oscillation @100 m depth
Additional Water Ch. @ Korea? 100kt Lig. Ar TPC Okinoshima? pg= e
“TOKK” T. Maruyama @ NPO8 7 —_

3rd SE— 213 o
Internatlonal Workshop on a Far Detector in Korea Vi = v, oscillation probability (L~660k

for the I PARC Neutrmo Beam

5 A.»;

dcp=0
—_— 5p=90
—_— 5ep=270

Ams,2 = 2.5x10°3 eV2
sin?20,; = 0.1
w/ matter effects

1000

1st Oscillation
Maximum
@mito E~1.3GeV

Y. Obayashi, May09, 2008, FPCP2008@Taipei 21

2nd Oscillation Oscillation
Maximum Minimum
E~0.44GeV E~0.67GeV



Summary

» T2K Tokai-Kamioka Long Baseline Neutrino

Oscillation Experiment starts on Apr. 2009
» Primary Goal:

- Explore v, appearance >10x of CHOOZ limit
> Precise measurement of v, disappearance
3(sin%20,,)~0.01, 8(AmMy2)~<1x 104

» Start Plan:

> Neutrino Beam: Fast extraction Starts on Apr. 2009
> On-Axis detector: Starts on Apr. 2009
- Off-Axis detector: Starts on Fall 2009

> Far detector: Upgraded and ready by Apr. 2009

» After ve appearance discovery, CP physics in
neutrino is very much Interesting

Y. Obayashi, May09, 2008, FPCP2008@Taipei

22



Suppliments
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Physics Introduction

V, Vi v,. Weak eigenstates, a=e,u,t
_ : 2 2 2
v, |=U| v, vi: Mass eigenstates  Am;; =m; —m;
S;=sin0;, c;=Cos0;
V. V3 NMS Matrix

1 0 0 c13 0 5136?:6 co1 519 0
U=120 cog 599 0 1 0 —5192 c19 0
0 —S23 €23 —3136_7‘5 0 c13 0 0 1

Neutrino Oscillation Probability
P(v, >v,) =|v, )|, Q) =6, =4 Re(U U 4U U7 -sin® ¢ F23 Im(U U ,U U ;) -sin 24,

i>] i>]

¢|j = Amij @4@

. 2 2 2
Two neutrino case when Am;, << Am, & Am;,

Vu disappearance probability
4 -2 -2 2
P ®1—C0S" 6;-SIN° 26, -sIn (1.27Am23L/ Ev)
Ve appearance probability in Vu beam

P, .. ~SiN% 0, -sin% 26, -sin 2(L.27TAME,L/E, )

VU8
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Cosmic v,

Current Knowledge Accelerator v

Reactor v
» Am,32~Am,;2=(2 - 3) X 10-3eV?
Sin226,3; > 0.92 (SK atm v, K2K, MINOS)
» AmM;,°~ 8X 107> eV?
sin?26,, ~ 0.86 (KamLAND + solar v (SK + SNO))

» Sin%20,3< 0.15@Am? =2.5x%x 103 eV? (CHOOZ / Palo Verde)
< 0.26 (0.13x2) at Am? =2.8x 1073 eV? (K2K)

» Ocp - UNKNOWN 10"
P..,~sin®20 -sin2(1 27Am’ L/ E )
va—vf of ' off v, =
‘ : . ‘ 102 )
The derived ranges for the six parameters at 1o (30) are: B
Amzy = T6T205] (F06]) x 1077 eV?, ALK
A2 —2.37+0.15 (fgié) x 107 eV?  (inverted hierarchy) ; \\\\q\\ =
My = , . 10° Saaainiinnr
! +2.46 £0.15 (+8:11;) x 1072 eV?  (normal hierarchy) . =N
LN CHOOZ B0%C L. (Vg—Vy)
1o =345+ 14 ( 43) PaloVerte 90%C k- (vi=57;
K2K 90%C L.i(V,=+V,)
923 =423 +.).‘ ( ];':é) Kamjiokande 90%G L (v=5vs)
4 SK &-ﬂavor 90%C.L. (3 ﬂavcr NH)
03 =007 +7 9 (+_lg 8) M.C. Gonzalez-Garcia, M. Maltoni / 10 0"" 0 2 04 06 O 8 ""1

Physics Reports 460 (2008) 1-129

Ocp S [0 360] . sin 2613

Y. Obayashi, May09, 2008, FPCP2008@Taipei 25




Sensitivity with Systematics

( Flux Normalization ( 5%)
Non-ge/ge ratio of interaction ¢ ( 5%)
{ Energy scale of Far detector ( 2%)

Spectrum shape (20%)
\ Spectrum width ( 5%)
3
~10 ¢ = 1¢
T B(AmM2,,) <1x104eV2 & [ §(sin220,,)~0.01
el : £ ar
NE i 210 15_ \
< \ :
® : b : L
: N 10 L —
10'5|....|....|....|....|... 10'?'|_|....|...||....|.-..|...
1 15 2 25 3 1 15 2 25 3
True Am,;? (10-3eV?) . True Am 03> (103eV?)
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Secondarv beam line

& He vessel
~ 1 (470t,1000m3)

- &= 1 completed, passed vac

Y.z testin Nov. 2007

R S Beam dump graphite
3 ~ module being
F R ’ assembled

A / / w:.' ‘
&/ 3 J U0 .
‘ 8 DV under 3NBT installed in Mar. 2008 7

e 2N SN SN


http://j-parc.jp/picture/2008/02/3.jpg
http://jnusrv00.kek.jp/jnu/photo/TS/070921_Yamada/IMG_3854.JPG

3 végﬁgrgs(s)slélc |0Qt Is:ulglé\;'(g}kp2027m’) ‘
» Kyoto/TIT/ICRR/KEK from Japan )J\ ToK

» Total collected POT: 1. 46E20
- v:9.2E19 (goal: TE20)

Flux (normalized by are

v: 5.4E19 (goal: TE20) [~ SCiBOONE
0l E-..
Booster v beamline ﬁ A K2K
JJJI l me__ %%%%%
1 2
Ev (GeV)

100
(from K2K) m

Al _ -
SciBar Intensive analysis in
progres on various
modes
2 track OFE sample [e"
1“;_ ‘ ) a(\] ! _ RMS 0.3121
uoEP('e\\m\ﬂ + %E«L
'L = uli =
E [ 21]
v beam U 7 "‘IL
i 80~
so- =
»=  EQE purity: ~80%
002 04 06 08 1 12 14 “16 18 38
E (Ge'




la

Event dis

GGRNGPE R Ao FHEN R rapmer iT1gat

to predict
- Near and far energy spectra (<2~3%)
- Near to far spectrum extrapolation (<2~3%)
° v, contami. (from K, p) (<2~3%)
» First data taking in Oct., 2007 (1 month)
- Beam: 30GeV proton
> Thin target (2cmt 4%int ):~ 500k int.
- Replica target (90cm, 80%int): ~180k
Int.

» Measurements in 2008 planned Beam A7

100

p+C—h+XxX B
(NA6I data) |

angle (mrad)

—60
o

40

20

0

3 4 5 6 7 E 1n

momentum (GeV)

First look of data
(PID, acceptance not corrected)




Schedule of beam commissioning

JFY2006 JFY2007 JFY2008 JFY2009
12345]67]891011121234[5|6|78910111212 7| 8] 9
Linac .
RCS - ]
MR
MLF -
Hadron ; |
Neutrino
|| = ]
Bllseam Y Start of off beam commissioning
Dlnstallation / Off beam commissioning 4 Government inspection of PPS
[:]Building construction A Government inspection of radiation shield
under beam operation
MR schedule

Dec. 2007-April 2008 :Off beam commissioning

March-April 2008: Modification of the PPS (to add the interlock system of MR&MLF) and
government inspection.

May 2008: MR (and MLF)beam commissioning starts.
July -Nov. 2008 : Installation of slow extraction devices, some fast extraction devices and neutrino
beamline components.



Expected Sensitivity

» Assumed systematics  Kaneyuki NPOS
- signal efficiency 5% v, 2.2yr+v, 7.8yr sensitivity
> vy, vu BG 5%
- beam ve, ve BG 5%
o v/ vu 5%
» These errors are still

challenging but are
essentially needed to
be small for the CP
measurement.



Intensity upgrade plan of the first three years

JFY 2007 JFY 2008 JFY2009
8 91011121 2 3|14 56 7 891011121 2 3|4567 8 91011121 2 3
LINAC  |Output power <for RCS: kW | 5.4<0.25> 5.4<0.6> 5.4<1.26 1 | | | <I&
Peak current mA| 525
Pulse width nsec | 50-100 ‘ 50-250 .
Beam Rep. pPpSs single - 25 single - 25
RCS Output power kW | 4 . 4 4 100 250 (280)
(MLF) Typical Beam Rep. pps | single-25 single - 2!single - 25 ' | |
No. of Bunches (1-2 | 1-2 1-2]| [1-2| | |1-2| | 2 .
Particles /bunch for MLF 4.2E11 42E11  8.5E11 4.2E12 |[1.1E13 1.2E13
Particles /bunch for MR (4.2E11) |(4.2E11)
Particles /ring for MLF 8.3E12 |2.1E13
Particles /ring for MR (8.3E11) |(4.2E11)
MR Output power kW 042 | | | | 1.2 | 36 [ | | |100 |
Energy GeV 3| | | ||| [S0 4 ‘
Typical Beam Rep. pps 03 i | [ | | 03=05 |
No. of Bunches 1-2 1-2 | 16 | |6 .
Particles /bunch 4.2E11 4.2E11  |4.2E11 1.2E13
Particles /ring 8.3E11 8.3E11 |2.5E12 7.2E13
HD Output power kW 1.2 |
Energy GeV 30 _
Particles /burst 8.3E11
NU Output power kW 3.6 100
Energy GeV 30 | ‘ ~
Particles /burst 2.5E12 7.2E13

- Requirement from T2K: 2.0E20 protons on the v target by the 2010 summer shutdown.
- Guideline :Beam loss at each extraction point < 25 -100 W to keep residual radiation level < 1mSv/h.

R
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T2K Discovery Potential on v,—v, as a Function of Integrated Power

}
0.15
EXCLUDED
0.13 — —
012 \ Line: 3¢ Discovery H
A = ew mm == 20097 MINOS | | |
0-11 Dot : 90%C.L. Upper Bound
0.1 A
0.09 \ —
o] \
g 0.08 \ — — €Tt 2010?: DoubleChooz (disappearance)
SN\
£ ‘o B
wn \ ‘
0.06 — ——( — 20137: OPERA ——F——1—
\
0.05 \ <€ 2012?2: NOvA
0.04 N —
' \
0.03 N \ ||
0.02 _\‘\ | < 0127?: DoubleChooz (disappearance)
0.01 S - _————a - I N - A P e 2012?: Daya Bay(disappearance)
2010July | 0. SMW X 2years=0.33MW X 3years FrTTrTrrT
0
0 0.75 1 1.5 2 2.25 3 3.75

Integrated Power (10"Mw * sec : ~1Mw X Effective 1 Year Experimental Period) T

T2K
Full
Proposal



