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< Evidence of solar and atmospheric neutrino oscillations in the 1960-'90.
< Similar mechanism as in the quark oscillation (CKM matrix) postulated.
<@ Free parameters: 3 angles, 1 phase

CKM matrix

W d') Via Ve V| [|d)

fi—— Syl = |V Ve W s)
‘Z\.\ # cd Cs ch
T } Vie Vie Vil [ [B)

< PMNS (Pontecorvo, Maki, Nagakawa, Sakata) matrix for neutrinos is:
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< Evidence of solar and atmosperic neutrino oscillations in the 1960-'90.

< Similar mechanism as in the quark oscillation (CKM matrix) postulated.
<@ Free parameters: 3 angles, 1 phase
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» PMNS with “standard” parametrization (with C,= coseij, sij:sinei j):

Three flavour effects are

1 []' []' (14 []' =15 f’-_'i'!5 iy B &19 []' uppressed because
U=| 0 e s 01 0 —s12 epp 0 (AME=M2-m2):
() —&495 9y —.".+'|;1f’.'i'ﬁ () 15 () () 1 Am221 << Am231 and

e31<<1

Dominant oscillations are well described by effective two flavour oscillations



< Evidence of solar and atmosperic neutrino oscillations in the 1960-1990.
< Similar mechanism as in the quark oscillation (CKM matrix) postulated.
< Free parameters: 3 angles, 1 phase
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Dominant oscillations are well described by effective two flavour oscillations
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. T2K Goals —0

v, disappearance:

v_appearance:

P (vu— vu) = 1 - sin%(26,,)sin*(1.27Am?,L/E) P (vu— ve) = sin?(@,)) sinz(20_)sinx(1.27Am_2L/E)

How close to 452 is 6,7 (measure to ~1%) Improve upper limit on 613 by > order of magnitude

Measure Am:_ to higher precision (< 1x10-4)  Determine if 613is large enough to measure dcp
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Sensitivity down to 0.006 (Am>, = 2.4 x 10> eV>?)
at 90% CL
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v, disappearance: v_appearance:
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T2K is a multi purpose experiment.
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Yellow bands correspond to region
around T2K beam peak energy

Many measurements can be made with the
near detector

Region around T2K beam energy not well
measured # "

CCQE Charge Current Quasi-Elastic w
Dominates T2K energy region
*Well understood - characterize Evbeam

p

NC 1= and CC 1+ (NC=Neutral Current, CC = Charged Current
*Background for disappearance measurement

NC 1o
eLargest physics background to
appearance measurement at SuperkK
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Concentrate v, flux at one energy
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Backgrounds lower: NC or other feed-down from
high->low energy, v, (3-body decays)

5 295 km

Almost monochromatic
beam at ~600MeV.

Take advantage of Lorentz
Boost and 2-body
kinematics.

Pure vu beam with <1% v

contamination
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Neutring/Beam

““detectors

MR (Main Ring
Synchrotron) 30GeV

Bird’s eye photo in January of 2009



Conventional beam: Muon monitors: Vg R Target:

+C 18 v+ lonization chambers graphite (226mm x 90cm)
P "Ry H + SiPIN diode S in He

MNeutrino monitor bui’lding MUMON Horns Target

““H i

-

p transport/bending:
superconducting
combined function
magnets

MNear detector
(ND280)

Beam dump

_ . * Target station
Add muon monitors  pecay volume : _
First beam on target: Fast p extraction: 6 bunches/spill,
April 23, 2009 Decay volume (110 m) 581 ns separation, 3.5 s spill pegriud
: He filled

13



View of off-axis
ND280 detector from
above (magnet half
open): monitor at SK
direction.

View of INGRID on-
axis monitor
(vertical modules):
monitor at beam
direction
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Side Muon Range Detector — Magnet
Scintillator interleaved into UA1 magnet
magnet yoke Nominal
192 hor. and 248 vert. modules B=0.2T

PiZero Detector
Optimized for 0 rate
measurement
Measure beam ve

40 layers of x-y scint. Bars w/ WS
fibers

Water target + US/DS ECALs
TPCs
FDetection of charged particles

Excellent PID (dE/dx) Readout:
MicroMegas (7mm x 10mm

-

Downstream
I ECAL

Barrel ECAL

Fine Grained Detectors
Target mass for tracker
Fine grain scintillator bars (1cm x 1cm)
Capable of detecting recoil protons

Capture y/e/u escaping POD and
tracker

Scintillating layers and Pb
absorber 16
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" ND280 off-axis event galléry

TPC1 TPC2 TPC3

b e -

FGDT  FGD2 — ECAL
sand muon + DIS candidate uasi-elastic candidate
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DIS candidate

Wadnesday, March 16. 2011



50 kton water Cherenkov
detector

Located in a drive-in Zinc
mine near Kamioka
1000 m rock overburden.

Water filled cavern divided into a cylindrical inner detector (ID) and
outer detector (OD)

ID & OD optically separated
Electronics updated in 2006 (SK-IV). Continuous data taking now

possible.
18



Event displays

(MC events)
*Cherenkovg

radiation

50 kton water Cherenkov
detector

Located in a drive-in Zinc
mine near Kamioka
1000 m rock overburden

1-like separation: mis-PID probability ~ 1%




Delivered proton#
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T2K run 1 (Jan. to Jun. 2010)
* 6 bunchesl/spill, 3.5 s spill period
* 3.23 x 10*® POT for T2K analysis
* ~50 kW operation

T2K run 2 (Nov. 2010 March)

* 8 bunches (new extraction kicker)
* 3.2 s spill period

* ~135 kW operation

20
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«3.23 x 10*° POT for T2K analysis.
*The efficiency of all the detectors was close to 100%.
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Accumulated number of protons

10

x10'® x10'2
- =
- — Total delivered = o
| - o
— —— Good spill _lgo @
- ©
- 1 =
[ B o)
B — ND280 off-axis e %
- —60 (O]
- = Super-K i
:— —40
u —20
: & il A | 1 1 1 1 1 | 1 1 | _I 0
03/02 04/01 05/01 05/31 06/30

01/31

Date in 2010
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Identify beam-induced events at SK with GPS
* Transfer beam spill information in real time
* Compare GPS time stamps of beam/SK trigger

AT ,=SK trigger time - beam trigger time

10 45 LE: Low energy triggered events
- LE=Low Energy “ | OD: Outer detector events

r OD£Outer Detector : .

r FC=Fully Confained e FC: Fully contained events

D /i-g ATo for EC events RMS 26 ns
: ?<¢§!4¢diiiu,"§k‘;\ /\_ o 3 B PN M R PR
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24.6 7.2
- T
2 1.9 1.5
B 0 oo i

13 10.2 8.0 -

Single Ring Samples (similar to samples used in the analyses):
e Event is fully contained inner detector

e In fiducial volume and visible energy is >30 MeV

e Event contains only 1 ring

e PID identifies ring as muon or electron 23



54.5

24.6

23 36.8 16.7 0.0011
8 24.6 7.2 )
(8)  (24.5%3.9) (7.1 +1.3)

2 1.9 1.5 ]
2) (1.520.7) (1.3 £0.6)

13 10.2 8.0 .

Single Ring Samples (similar to samples used in the analyses):

e Event is fully contained inner detector

e In fiducial volume and visible energy is >30 MeV
e Event contains only 1 ring

e PID identifies ring as muon or electron

Clear indication
of oscillation in

1-ring u sample

24




"~ Analysis Flow¢f

Neutrino flux prediction
* Proton beam data
* Hadron production data

ND280 (near) Detector
Measurements

*vy CC inclusive selection

NDara
. pCC ND280

*Measure: R, ..c=

NMC
(CC ,ND280

Neutrino cross-sections

* Tuning to external data

*|nteraction models and
parameters variation

SK (far) Detector
Measurements

eData reduction and classification

eCompute signal and background
expectations (counting)

N, = [ dE, ®,(E,) < o(E,)x
flux ~ cross-section
e(E,))XP(v, = V3E,;05,Amy;)
efficiency oscillation

*Correct normalization using
ND280 measurement

exp __ MC MC
NSK T RDatanC X (Nsignal T kag )

*Evaluate systematic errors
*Extract oscillation parameters

25



Neutrino flux prediction
* Proton beam data SK (far) Detector
e Hadron production data Measurements

eData reduction and classification

eCompute signal and background
expectations (counting)

ND280 (near) Detector
Measurements

vu CC inclusive selection

MC
N.v."gnai — deu (b,u(Eu) X J(Ey) X
flux  cross-section )
e(E)XP, —V,E ;0,,Am})
efficiency oscillation

*Correct normalization using
ND280 measurement

exp __ MC MC
NSK T RDataf MC X (Nsignal T N bkg )

NDara
. pCC ND280

Measure: R, ..c=

NMC
(CC ,ND280

Neutrino cross-sections
* Tuning to external data
*|nteraction models and
parameters variation

*Evaluate systematic errors
*Extract oscillation parameters

| will concentrate only on the measurements
at the near and far detectors. Spare slides
contain the other information. 26



fPCl | TPC2 i TPC3
CC event selection -
(1) TPC1 has no track FGD1 FGD2
(2) TPC2 (or 3) has = 1 track with negative charge (to select )
(3) Track in TPC2 (or 3) starts from FV of FGD1 (or 2)

Entries 1529 Entries 1529
/a illllllllllllllllllll |||I-(_LQI:, Q -(_LQ]: |Illl| L L L
; zm: l CC Resonance 5 500 EE Eﬁ[:;nnuncc
& 180 1 -EEE[: % CC Coherent
E 160:_ | I Neutral |CIJITL,‘nl = I et ICrrnl
= B CC Charm = 400 €C Charm
= 140 B No FGD v | No FGD
g = Yy - v
‘ﬁ 1205— _E 300
5 10 E -
60F = -
40 E 100
20 = u
(Vg LT C | | ive
1 1 2 2 3 2ENN mn :nn L L1 L1 L
050" 1000 1500 2000”2500 3000 ) %01 02 03 04 05 06 07 08 09 1

P.(MeVic) cosf,

* Event rate: expectation vs. observation = (Ry.me = Nyaa ! Nyuc)

R, ue=1.061+0.028(stat.)’ o (det. sys.)£0.039( phys. model )



< Aimed at precise measurement of the 23 sector.

Events/50MeV/3.23E19 POT

1.5

Expected spectrum for
different parameter oscillation T eI 28.am={0.5, 2.48-9)
—  {&in“20,Am=(0.8, 2.4E-3)
hypotheses —  {sin“20,Am7=(1.0. 2.4E-3)
1
—  Null oscillation
2
- —  (sin“206,Am*)=(0.5, 2.4E-3) =
o
—  (sin“20,Am%)=(0.8, 2.4E-3) g
(sin“20,Am*)=(1.0, 2.4E-3) o 0.5
T2K runl Preliminary
T2K runl Preliminary
/
Py
) 0.5 1 1.5 2 25 3

Reconstructed E, GeV

T2K off-axis configuration ms

1 1.5 2 2.5 3
Reconstructed EV GeV

strong dependence on
oscillation parameters in region

of interest
28



<« Event selection for muon disappearance measurement after SK reduction.

T2K-SK
events

Fully-Contained

Fiducial Volume,
E . >30MeV

Single-ring p-like
P“>200MeV/c

+ number decay-e

<=1 &
Erec<10 GeV

No

oscillation

Acc.BG
(12ps
oscillation | Wwindow)

54.5 24.6 0.0094
23 36.8 16.7  0.0011
8 24.5#39 7.1+13 -
22.8t3.2  6.3%1.0 -
i)
AM?=2.4x10-3 eV?
Sin’20, = 1.0

Events/50MeV/3.23E19 POT

Reconstructed energy
assuming QE systematics

2.5

1.5

0.5

-rr*'-..ﬂ_‘__h‘

- Null oscillation

— v, - v, oscillation
Am?=2.4x10° eV?

sin220,,=1.0

+ Data

T2K 2010a
preliminary

n | n 1
1 1.5 2 2.5 3
Reconstructed E, GeV

29




R CRaSnel  Osc.- Hypothesis  Expected Events Syst. Error

observed at SK.
Expectations:

Expected observed
events as function
of osc. parameters

o~ 0.006
-
Q9
=
0.005
=7
0.004
0.003
0.002
0.001 | S
0 0.2 0.4 0.6 0.8 1

sin20

No oscillation

| Am_? = 2.4x10° eV’
sin%(26, )=1.0

22.81
6.34

3.19
1.04

Parameter fitting underway — T2K plans to
release the results in the near future.

Consistent with
MINQS, SK

3.5 T T T T I T T T T T T T L}
® MINOS bast fit —— MINOS 2008 80%
I — MINOS 90% - -- SuparK90%
3.0 - - MNOS BB% - SuperK LE 90, N
2.5
20 e —
1.5~ MR B S S R [ "
0.&D 0.85 0.80 0.85
sirc(26)

1.00

MINOS: arXiv:llOB.O%élO
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<« Event selection for electron appearance measurement.

T2K-SK events

Fully-Contained

Fiducial Volume,

No oscillation

Acc. BG

(12ps window)

With
oscillation and
913=0

E > 30MeV 23 36.8 16.7 0.0011
Single-ring e-like
ST 2 1.540.7 1.340.6 :
4
Fully contained, fiducial cut (FCFV) 23 Sin22923 =1.0
Single ring e-like, E>100 MeV 2
# of decay electron =0 1 :
Reconstructed invariant mass assuming 2y 1 Further cuts app_“ed on events
rings exist <105MeV from T2K reduction.
Reconstructed v energy < 1250 MeV 1 Final signal efficiency 65.9%
Events in 2010a sample 1 / 31
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<« Event selection for electron appearance measurement.

T2K-SK events

No oscillation

Fully-Contained

Fiducial Volume,

Acc. BG

(12ps window)

With
oscillation and
913=0

E,_>30MeV 23 36.8 16.7 0.0011
Single-ring e-like
ST 2 1.520.7 1.34_;0.5 .

AM?=2.4x10-3 eV?
Sin?26 = 1.0,6..=0
23 13

Further cuts applied on events
from T2K reduction.
Final signal efficiency 65.9%

Fully contained, fiducial cut (FCFV) 23

Single ring e-like, E>100 MeV 2

# of decay electron =0 1

Reconstructed invariant mass assuming 2y 1

rings exist <105MeV

Reconstructed v energy < 1250 MeV 1

Events in 2010a sample CI)_ /

32




< Estimated combined total systematic error from each source group on
electron events in SK, constrained by ND280 normalization.

Error source N;z}gé Ngl;g Ng}b NND Ng}g/NND N;}';—b/NND
SK Efficiency + 7.6 £ 15H.8 + 9.5 + 15.8 + 9.5
Cross section + 9.7 4+ 139 4+ 9.9 4+ 8.4 4+ 14.3 4+ 10.6
Beam Flux +220 +181 +20.5 4+ 198 + 8.9 + 119 |
. 5.6 5.6 5.6
ND Efficiency o o 29
Overall Norm. + 2.7 4+ 2.7
Total + 25.2% + 27.8% £ 24.7% 1559% T % o %

* ~24% total systematic error for
background only hypothesis
* ~20% total systematic error for signal |«

AM?=2.4x10-3 eV?

+ background hypothesis

sin22623 =1.0,
sin22923 =0.1

33




Source Estimated number
Beam v, (CC+NC) 0.13
Beam v, (CC+NC) 0.01
Beam v.(CC) 0.16
Total background 0.30 £ 0.07 (syst.)
Total sig.+background | 1.20 + 0.23 (syst.)

T2K runl Preliminary

Probability

' OSC|IIat|on srgnal N

) ------@-------hyp@th esis- wrth

sin20,,=01 - -------- E

#events normalized to
p.o.t. and corrected
for ND280 vu CC
measured
normalization

e Assumed oscillation
parameters for signal:

AmM?=2.4x10-3 eV?
=) e
Sin 2923 =ul..0
sin’20 =0.1
13

~29% probability to
observe >=1 event
when expected
average = 0.3 event
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MNumber of Events

Number of Events
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MC i
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Beam Yy
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[ Beam T,
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S 10 15
PID parameter

I S| =% Data

: M

- Signal v_ [5'|n:29|_‘=|]_| |
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- Beam v _

| I‘n:amU|l

............... Mcxﬁ :
i l Ll | T

50[]

1000 1500

2000 2500 30{!] 3500 4000

Reconst. v energy [MeV]

Number of Events

Number of Events

"1—e— D

M
I signal v_(sin"28 =0.1)
| Beam Vi

Beam v _

[ Beam V.

25 3 35 4 45 5
# of decay electron

0 05 1 15 2

i i i MO
2'2 B Signal v, (sin"268 =0.1)
................. e OO e

Beam vy

Beam v _

[ Beam V.

250
Reconst. inv. mass [MeV]
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(Supe—r-liamiokande V)
<E_Beam Run O 5;1;}/54?669
Run 66726 Sub G688 Event 150721826

Charge (pe)
L =26.7

* 3.3- é 3

1.3- 2.2
*0.7-1.3
* 0.2-0.7
" 0.2

Outer Detg

Inner

N %31..‘ |

500 1000

Times (ns)

1500

2000

pctor

Detector
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v appedrance ugpe

v Two independent analyses give con5|stent results.
< Difference from confidence interval method:

. Hierarchy Upper Limit Sensitivity
Feldmann Cousins: Normal (AmZ; > 0) 0.50 0.35
Am232:2.4><10-3 e\/? Inverted (Am3; < 0) 0.59 0.42
Sin?26_=1.0
i _ L. =B Hierarchy Upper Limit  Sensitivity
CIaSS|CaI 1'S|ded ||m|t: Normal (Am%g > U) 0.44 0.39
Inverted (Am3, < 0) 0.53 0.39
1t | Feldman Cousins =
1 3| oowCLsensitvity | |\
L S N S { o 90% CL upper limit | \ \
g <> T2
E Am_ ?=2.4x10-3 eV? Y /
& o 2p ( { Normal hierachy
__ - - : \ \ Am, ?=2|4x10-3 eV?
.| Normal hierachy G 05 03 04 05 05 07 6805
107001702 0.3 0.4 0.5 0.6 0.7 0.5 05 1 sin’26,,
sin’26,,
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. Prosp

+1.45x10%° p.o.t. on tape =
73kW*1le’ s = 4.5x(2010a) 90% CL 6,, Sensitivity

< Aim at 3x1 020 P. o.t. = [ Sysemati Ervo Fracton
150kW*1e’ s by July 2011 _________ TR ol
(quake—7?7?) :

20% sys error

Normal Hierarchy

2

< Analysis improvements
underway

<+ New NAG61 results —» e

systematic error uncertainty fror e
hadron production will be

T:ar:f:let fof 2011 Jun
reduced. 10°

sin’2 0, Sensitivity

-t
Q
N

(before quake)
[ I B A A | i

1 021 ] 1 | 1 | II11 022
ready on tape  Protons on Target

2 Spectrum measurement in ND
and near/far ratio to reduce
model dependence 38







Risk Assessment Table in the T2K UK proposal:

Risk Effect Risk Factor Level Mitigation
L |1 [« ...,

G T

Natural disaster End of Project 1 5 5 Medium Design equipment to meet strict Japanese build-
K 2 ing specifications designed to cope with natural

— evenls.

Damage of major components | Delay of schedule and added FTEs 2 2 4 Medium | Packing, handling and contingency

in tansport, shipping, instal- -

Lation

Loss of key staff Delay of schedule and added FTEs 2 3 6 Medium Shared responsibilities

Loss of workforce {eg.  ill- | Delay of schedule and added FTEs 2 2 4 Medium Flexibility and contingency

ness, inability to recruit or re-

tain staff, delavs in RA ap-

pointments etc.)

Laoss of supplier Delay to schedule and added FTEs 1 3 3 Medium Identifying alternative suppliers

Major price Auctuations Higher cost; de-scope project 2 2 4 Medium Factor into working allowance: plan for de-

scoping

External  schedule delays | Schedule push-back: manpower reallo- | 2 2 4 Medium Possible storage plans: plan for minor schedule

feg. delay in vendor de- | cation slippage

livrerss  achadnla tavet e anm

< Much exterior damage, but inside equipment shows no major
damage so far.
<+ We have are in middle of the damage assessment and recovery

plan drafting.

<+ We will try to restart toward the end of the year.
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Oscillation probabilities for VoV, for

different values of the oscillation
parameter.

0.14

2nd oscillation
0.12 maximum

0.1

1st oscillation

0.08 maximum

Am,? = 2.5x103eV;
sin?20,, = 0.1
No matter effects

0.06

0.04

Oscillation prob.

0.02

0 0002 o004 E.lciis

CP violation can be studied either:
ecOmMparing P(voﬁvﬁ) versus
P(v,—V,), where v_and v, are
two neutrino flavours

or
ecomparing the first and second
oscillation peaks.

CP violation can't be observed in v,

—v_asitis related tov_ — v_by
CPT.

CP violation in the neutrino sector can be responsible for the current
matter-antimatter asymmetry in the universe through leptogenesis.
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Main goal of future T2K experiment at J-PARC
— Search for CP violation in v oscillation.

Future T2K upgrade proposals for far detector
— LAr TPC @ ~660km

* On-axis, Measure the 2" oscillation maximum
— Hyper-K @ ~300km
« Off-axis, Measure v and anti-v difference
J-PARC: Accelerator & v beam-line

— Current: 30GeV, ~120kW beam supplied to T2K
- Aiming (before quake) ~400kW in 2012 in current
power-up scenario

J-PARC upgrade plan
— ~1.7MW by improving the each components.

— Strategy: Increasing the repetition rate & protons/pulse.
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Kamioka L=295km OA=2.5deg
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P32 proposal (Lar TPC R&D)
Recommended by J-PARC PAC
(Jan 2010), arXiv:0804.2111
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Kamioka L=295km OA=2.5deg

~ N« Baseline
— Long: b
o 2" Osc. Max. at Measurable Energy |
X Less Statistics
? Large Matter Effect
— Short:
o High Statistics

x 2" Osc.Max.Too Low Energy
to Measure

? Less Matter Effect

Okinoshima L=658km OA=0.78deg

Comirol Roo
B e Aceess (Tomel 1

12 Traffe lases road tunsel sizel

Elactronie Hil ’/ﬂ_’

P32 proposal (Lar TPC R&D)
Recommended by J-PARC PAC
(Jan 2010). arXiv:0804.2111




*T2K searches for vu—ve & vu—-vx oscillations and aims at
determining the atmospheric sector parameters

e T2K started physics running from Jan. 2010.

* We reported results from the first vu—ve oscillation analysis
based on 3.23x10% p.o.t. (2010 Jan.~ Jun):

e # of observed events surviving all cuts =1

* # of expected background = 0.30 = 0.07 (w/ 6_,=0)

 The observed vu CC candidates are consistent with the neutrino
oscillation parameters measured by SK, K2K and MINOS.

 The total integrated proton intensity accumulated until the
earthquake is 1.45x10%° p.o.t. and events are being analyzed.
With this increased statistics, we expect a 0 _ sensitivity better

than that of CHOOZ. In addition, the analysis strategy will be
improved.
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Well m [ rameter
*2 mass scales
-atmospheric: Am?,,
Wherg:

-solar: Am?, |

*2 mixing angles
-0, ( from atmospheric)
-0, (from solar/KamLAND)

*Mass ordering
-solar: Am?,

Unknown parameters
*Mixing angle
-6, (limit only)

*CP phase

And:

~purely interesting!

Interfen noe
e,
Pl::i"'jr —* 3—"9] _EinEEH]EE + x EiﬂEﬁl]g I::TE — T3:| -H'tET.‘,

5. sI[(A—1)A]
Ty =sin” 623 (A—1) «—Atmaospheric
Tz =C0s dcp Sin 28, Sin 26b3C08S .&EIHE&J 5'”|Eﬂq‘q_—11]&|
sin(AA) sin[(A— 1)A
Ta =8in dcp 8in 2012 5in 20,9sin ASIAL) SIN((A — 1)A]
A A—1
sin( AA) sin[(A — 1)A
Tz — T3_EiﬂEH1EEiI"IEHEg{:ﬂ5|::&+:-:':P:I : I::Jq :I : |Eq_1:| I
sin®( AA
T“'_E'DEEHE‘EEMEEH]E% +—Solar
A 2EV _AmE L Am
ﬂnﬁ] 4E .’_\mgl

v, T 2" Bolma sl e, himnll

*Mass ordering
-Atmospheric Am?,
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INGRID:
On-Axis Neutrino
Monitor

(Monitor at beam
direction)

v Off-Axis
Neutrino Detector
(Monitor at SK

Current design direction
37m d )

r

48



Primary proton beam monitoring
* Beam orbit: tuned within 2mm from

design orbit.

Proton beam hits
center of target

(Critical for controlling beam loss) =vigrn ,\,‘9
E
. I [ — - — > 10 '
- SSEM RS &
_ | Horizontal: +1mm Before tunmg D
g-' D_i--'i' . ;7e+—- = S —— e ey g T i‘--_i__.i-f _>
After tuning OTR x ={-0.5mn¥
_- }’HHTL**W:EH&DWM&;%WUDPUE:;W%H fhio hy 4
MR extrattion et Target
x (mm)
* Beam position on target: - 4 targetSSEM 5
: =26 &
Succeeded to control < 1mm = Rl ——q
during long term operation RMS O A4mm
117 312 5/ 5 828 Tiidg
ate suojoid,sjoys
SSEM: e | 1ol o :;
Segmented Secondary Emission Monitor < g ¢=26mm ..__-q
. -5F o
OTR.. N o 10t RMS 0.4mm ;
Optical Transition Radiation detector 1117 312 5 ,5d?/2 HERIEE 7
a e suojold,sioys

DC counts/pixel

—
o
A

x(mm)

y(mm)



Secondary 4 beam monitoring by MUMON

E s
\9/10_'""':[ """""""" g QU X rrnfller anter J un.
— 41 mra .
Q . . Y_profile center
E . | ) .r.l I T o -4 LAy |
R A e S I Vs BLR | | w-ﬁ-u ﬂﬂﬂ W |
&) ' e P N : s, w " A Vi Y " ‘Fm !\ﬁ !ﬂﬁ:a
@ b
So-lmrad 4oL _Detector intrinsic resolution < 1.5mm. - -
| -
Q-5 ;
01/24 01/31 02/24 02/28 03/21 03/24 04/18 04/25 05/16 05/30 06/13 06/27
S
‘é‘tm :

Z 5 I:.| . ] W O O e coua | g DUE EEEEEE W o [ P OSEEE G e s e --"H‘.l v e e e -
\ 30 - . -.
o

20 -
CZ) s RMS/Mean < 1% (whole period)

10
=, Jan. | Jun.
>
2 0 01/24 01/31 02/24 02/28 03721 03/24 04/18 04/25 05/16 05/30 06/13 06/27

® Beam direction is controlled well within 1 mrad. (1 mrad corresponds to
2% change in the SK flux at the peak energy, E, = 0.5 - 0.7 GeV)

® Secondary beam intensity (normalized by proton intensity)

Is stable within 1% - reflects stability of targeting, horn focussing, etc 50



T2K neutrino beam simulation
Use information by beam monitor/horn measurements

~ Simulate Proton & Carbon interaction in target
Tune the pion production multiplicity and interaction rate based on the recent NA61/SHINE results

Track particles exiting from target
~ Simulate neutrino-producing decays

Predicted flux @ SK

— TT T T T T T T [T T T T [ T T T T [ T T T T [T T T T[T T T T[T T T T T TTT — 104 S B e e B e e e ) o ) O G =
% . =gl % St —all E
E v . — kaon parents E 3L __ﬁ"“"u ............... V ........................................... — kaon parents | |
e " A . R 1075z * —— e E
e ""._ — pion parents o E_' '-' _'—___" —— pioniparents |3
E T muon-parcnts & 102k 'ﬂ ................. T T — muon parents.. ||
= — — = E - E
8 —_—— o o '! |1.|'|' ]
- — A~ 10 N Se— I; T SO U R S J
= =) E -:HIi =
Eftiae e ‘ ER° MThr—
P : -+ 3 C ]
__—i— 107 & =
2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
E, (GeV) E, (GeV)
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v beam profile

o ndf 10414

Constant 1.03e+04 1 61.16

12000 ++| Moan 281722918

Sigma 430.2: 4815
10000} «,"f"" .........................

- '(‘

D000 |6 U SRS N
T e RS S o
SRR ERRMOUES FERSERNS BRTRRES Syeee
zouo_Horlzontal ...................

o i
7400 -200 O

200 400
distance from INGRID center[cm]

Run32 |

¥ | ndf B.A4B /4

Constant 1.064e+04 + 61.76

12000 : Mean 799123417
: Sigma 46145303
. =
10000 =+ 87 R
”‘0' !‘.
1001 1| oo b mamammsabanmammasnssasassasasasgesassst yeepaes
i N
wuo‘... ..................................................................
2000 lert}cal TR SN
0 i i
-400 -200 0 200 400

* Beam center

* Event rate: expectation vs. observation
- Ryaamc = 1.073 +0.001(stat.) + 0.040(syst.)

Horizontal = +0.2 + 1.4(stat.) £ 9.2(syst.) cm
= +6.6 £ 1.5(stat.) £ 10.4(syst.) cm

Vertical

distance from INGRID center[cm]

profile center x[cm]

profile center y[cm]

| pU 0.2407 + 1.4227 |
40
................................. +imrad.. ...
20_ ....................................................................
|
0 ] on:-a)l Is'
20 JUURRURRONE SRS s 1 1 - 1o ORI SO
o[- Horizontal
: I =0.92 T 1.91 |
40
................................. +Imrad_ .
20
Y [rsssssssssaasiss ON=aXiSy s
---------- ) e T EESSR SELEL IR PORP SR
-20 .
N Vertlcal ........... '1 mrﬁl.d ...................
-40

(0.1 degree =49cm @ INGRID)

— Off-axis angle = 2.519 +0.021 degrees

(RdataIMC = Ndata I NMC)
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Baseline measurement (Survey)
L=1295335+7m
= ToF of v=985.132 £ 0.02 psec (= vTOF)
Expected event timing @ SK (=Tg)
= Spill timing @ Tokai (=T,,,,) + vTOF.
DAQ synchronization

SK signals in £500us timing window are
recorded as “T2K beam events”.

Stability of GPS is checked by comparing
2 GPS hardware and atomic clock.
- Require |GPS1-GPS2| < 200nsec
spill spill (width ~3psec)
| interval ~3sec |

- 3 > Teps @J-PARC

record all hits in Toeam

*500usec +500usec i I I | I |
0 y | i I -

— Tgps @SK -1000 O 1000 2000 3000 4000 5000
VTOF {~1msec) ATO (nseC)

(&)
(b}
w
-
o
<
—
w
e
-
(b
>
(b}
—
O
o«
O
O
&
=
=

e Event time distribution clearly shows MR beam bunch structure : very
good synchronization between T2K beam and Super-K
Typical accuracy ~ 20 ns (worst case 150 ns)




" Neutrino'|itarae

Neutrlno Interactions

« NEUT and GENIE used to model neutrino & T T T
interactions - j | ﬁ -
« Uncertainties from:- ! Relativistic Fermi gas
: 05- model vs. effective
« Parameter variations in models, Sl spectral function model
: i in NuWro
comparisons between models \\

» Model comparisons to MiniBooNE,
SciBooNE and SK atmospheric data

0 2 4 3 B 70
Trua E, [GeV]

| SK NUCEFF v, Background - Oscillated (sin®(20,,) = 0.1) |

Category Error [% 5 e A .
CC QE Depends on true neutrino energy * wof Lo o ]
CC Ir 30 (E,<2 GeV) 20 (E,>2 GeV) g 08— Variationsin NEUT-——
CC coherent 7 100 3 06l mmrosc?p_l__c Fa_scade nE
CC other A (E,<2GeV) 25 (E,>2 GeV) = ©PF model
NC 1x° 30 (E,<1 GeV) 20 (E,>1 GeV) 0.4f H e
NC coherent 30 + 3
NC other 90 /'c.z$ N +Jr++ + + + + ]
FSI error Depends on reconst. neuirino energy . ++ ++ L . 0
0 5000 3000 4000

Reconstructed E, (MeV)

03/19/11 Reconires de Moriond 13




Lig Ar TPC
Aim O(100kton)

Electronic “bubble chamber”

— Can track every charged
particle

— Down to very low energy
Neutrino energy reconstruction
by eg. total energy

— No need to assume process
type
— Capable upto high energy

Good PID w/ dE/dx, 7’ rejection
Good at Wideband beam

Water Cherenkov

Aim O(1000kton)

Energy reconstruction assuming
CCqe

— Effective < 1GeV
Good PID (p/e) at low energy

Cherenkov threshold

Good at low E (<1GeV)
narrow band beam
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