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T2K experimental setup

280m
detectors

off-axis

primary

beamline

# Produce a narrow band neutrino beam (peak energy 600 MeV)
# Off-axis beam: center of the beam 2.5° off from SK direction
# Design beam power 750 kW (50 kW in 2010, 145 kW in 201 1)

Proton beam profile, position and intensity monitored in several detectors along the beamline

2 detectors monitor neutrino beam stability and direction: Muon Monitor and INGRID

Off-axis Near Detector (ND280): measure V interaction rates and flavors before the oscillation

Off-axis Far Detector (SK): measure V interaction rates and flavors after the oscillation

Reference: The T2K experiment, NIM A, doi: 10.1016/j.nima.2011.06.067, arxiv 1106.1238
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Off-axis narrow band beam

& T2Kis the first long baseline experiment using
off-axis technique

& Reduced dependence of Ey from Ex

& Intense beam where the oscillation effect is
maximum (~0.6 GeV)

# Enhance the CCQE sample, reducing the high
energy tails of the beam — reduce the

backgrounds to oscillation signal §
9
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Vi Cross-sections Signal: o
I Total {CC+NC) 8
|T2K energy Ve(“)+n_’e(u)+P :
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JPARC neutrino beamline

30 GeV proton Main Ring (MR) accelerator
Single turn extraction of the protons from the MR to target station (8 bunches)
Graphite target + 3 Horns: hadrons (7T, K) are produced and charge selected

Decay tunnel (110 m): TT=p+vy,

SO0 e

The majority of muons and survived hadrons are stopped by the beam dump

Secondary beam monitors Beam dump Fast extracted beam
- muon profile after beam dump: Hadron absorber = 8 bunches/spill (6<Fall 2010)
ionisation chambers and SIiPIN (MUMON) graphite modules = SCFM for proton transport
- Emulsion exposures (low intensity) ' i 19 Primary beam monitors
' . Decay pipe Intensity (CT), position (ESM),
110 m long profile (SSEM), beam loss (IC),
Helium filled beam profile at target (OTR)
_— e R

-

To Super K

direction given by GPS 7

oo 113 - - Helium-cooled
Neutrino near 3 horns @ 250 kA graphite target
detector complex (D=2.6 X L=90 cm)
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MUMON and INGRID

& Muon monitor (MUMON): installed after the beam dump
# Monitor the beam on a spill-by-spill basis looking at high energy muons
# Composed by ionization chambers and semiconductor arrays

# On-axis Near Detector (INGRID): on axis in the Near Detector complex
& Monitor the beam stability on a day-by-day basis looking at V interactions

# 16 cubic modules: | module is a sandwich of 10 iron and | | scintillator layers

/4 Semiconductor
A7) arrays

Side View Top View

lonization
chambers

[l
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ND260 Off-axis ND280

Set of detector installed inside the ex-UAI/NOMAD
magnet (providing a 0.2 T magnetic field)

& Measure v, and Ve spectra before the oscillation
# Measure cross-sections for backgrounds to oscillation

Dedicated T1° detector (POD), EM calorimeter to
identify e/y( ), side muon range detector for high

angle g4 (SMRD)

& The present analyses are based on the Tracker:
$® 2 fine grained detectors (FGD)

#& Active target for neutrino interactions (carbon
and water)

& 1.6 ton of Fiducial Volume
#® 3 time projection chambers (TPC)*
# Instrumented with MicroMEGAS detectors

& Reconstruct momentum and charge of the
particles produced in v interactions

energy loss (keV/cm)

& PID capabilities measuring dE/dx in the gas

SMRD

UA1 Magnet Yoke

Barrel ECAL

TPC dE/dx vs P for Positive tracks
<8% resolution for MIPs

400 600 800 1000 1200 1400 1600 1800 2000
p (MeV/c)

*NIM, A 637 (2011) pp. 25-46
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Far Detector: Super-Kamiokande

& 50 kton water Cherenkov detector (22.5 kton Fiducial Volume)

# Optically divided between an inner detector (ID) and an outer detector (OD)
& 11129 20-inch Hamamatsu PMTs for the inner detector

& 1000 meters underground in the Kamioka mine (295 km from JPARC)

# Working since 1996, new readout electronic installed in 2006

# Very good PID capabilities: probability of a muon reconstructed as an electron of 1%

SK PID for
atmospheric V sample

8 V. — u(clear
single ring)

Number of events

A -. el o : Particle ID parameter
Ve — e (electromagn o
shower, fuzzy ring) | ..
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T2K oscillation




T2K Oscillation analysis method T2/R\

ND280 measurements:

# Inclusive CC vy measurement:
S Output; R,ND.data/R  NDMC __

. Cross-check: N(Ve)/N(Vu) sk

l-_ _.‘ _.;:i_; ) g;
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Runl+Run2 data set

]0” E— PhySiCS run Proton per pulse(for physics run)
x10™ ,
- Delivered proton# Proton per pulse(all runs)

145 kW eLLLELELELELFY
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Proton per pulse

ST
=
S
—
=
a.
.S
L
b
L
2
©
-

g nf
50 I(W lllllﬂl‘ll‘hllrlli’f"

PP L
. L
Mar/11
Date
Runl (Jan-Jun 2010) Run2 (Nov 2010 - Mar 201 1)
3.23x10'? p.o.t for analysis 11.08x10'? p.o.t for analysis
50 kW stable beam operation 145 kWV stable beam operation

# The total number of protons used for this analysis is 1.43x10%° p.o.t 2% of the
T2K final physics goal
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Beam stability

# Necessary to keep the beam direction stable to ensure the stability of the neutrino

peak energy: 0(dir)<| mrad —

Beam center measured at INGRID
well within
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Simulation of neutrino flux

: : . horn focusing and
& T2K beam simulation based on actual beam profile decay simulgted I
hadron production measurements & Position by GEANT3

(beam monitors)

graphite = N D S K

tariet IJ

& In target hadron production:

& NAG6I| experiment (@CERN) measured
the pion production in p+C interactions
(same proton energy and target material

as T2K)

& 5-10% errors on each NA61 point,
2.3% normalization error

# Kaon production and pions outside NA6|
acceptance modeled with FLUKA

140<8< 180 mrad

# Out of target production, horn focusing,

particle decays | — FLUKA2008
i " URQMD 1.3.1
#® GEANT3 (GCALOR) simulation )\, T VENUS 4.12
# Interaction cross-section tuned to existing 5 B S :
data p [GeVic]

N.Abgrall et al., arXiv:1102.0983 [hep-ex], accepted by Phys.Rev.C (2011)
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Expected V fluxes and uncertainties

N ucleon pr o(luct ion
Production x-section

Proton beam position/profile
Beam direction measurement
Target alignment

Horn alignment

Horn abs. current

1 — all
— kaon parents
— pion parents

— Muon parents

[5.4%

0.0%

' (‘)%
%

I6'I%

85%

y —]
— Kaon parents
— pPion parents
— Mmuon parents

Expected beam Ve contamination: ~ 1% of the
total flux in the oscillation region

The uncertainty on the fluxes is
significantly reduced when the
expected event rate at the near
detector is used

July 21,2011

|5



Neutrino interactions

Signal at SK: CCQE interactions
producing MY from v,
or e from Ve

ve’vu e,w

n p

CCQE residual cross-section

uncertainty (assuming complete far-to-
near cancellation) ~7% @ 500 MeV

& Uncertainties from:
& Parameter variations in the model

& Different models

#® Comparison to external data (MiniBooNE,
SciBooNE, SK atmospheric)

# Total systematics: 14% for background to Ve
appearance, 8% to Vy disappearance

Backgrounds at SK:
NCI 1T+ interactions for vy
NC I 110 interactions for Ve

Vet «—— hot detected

<« Y looks e-like
at SK

Estimated ~30% error on these
processes with respect to CCQE
cross-section

Cross section uncertainty

Process relative to the CCQE total x-section
CCQE energy dependent (~ £7% at 500 MeV)

GG 1w 30% (Bu < 2 GeY) —20% (Ev > 2 GeV)
CC coherent 7° 100% (upper limit from [30])

CC other 30% (B, <2 GeV) — 25% (E, > 2 GeV)
NC 1x° 30% (E, <1 GeV) - 20% (E, > 1 GeV)
NC coherent =« 30%
NC other 7 30%
Final State Int. energy dependent (~ £10% at 500 MeV)

July 21,2011

|6



ND280 analyses

& ND280 analyses done on Runl (2.9x10'° p.o.t)
& Measure inclusive CCvy event rate and Ve beam component
# Select interactions in the Tracker: starting in the FGD FV producing at least |
negative track in the downstream TPC — lepton candidate
# Measure track’s momentum in the TPC
# UseTPC PID to select muons or electrons
T A £ ek S G50 A £ BTSSR S l Before TPC PID — dE/dx vs P
; —— EXp W
TPC TPC TPC i - EXp ele
FGD FGD ; — Exp pro
- ) : —— Exp kaon
. u
\Y, \’u
| i
P

1200 1400 1600 1800 2000

p (MeV/c)

quasi-elastic candidate
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Inclusive CC vy analysis

@ Selection of Y-like tracks requiring dE/dx in the TPC compatible with muons
# Good agreement between data and MC (NEUT)
& 90% purity and 38% efficiency in CC selection

# Main detector systematics coming from tracking efficiency and TPC PID

Bl v, CCQE
Bl Vv, CCnon QE
Bl NC B v, CC non QE
BV, CC B NC
Outside FGD v, CC
Outside FGD

B v, CCQE

entries/(0.05)
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Muon Momentum (MeV/c) Muon Cos(0)

R(data/MC) = 1.036 & 0.028(stat) "o 037 (det. syst) + 0.038(phys. model)
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ND280 beam V. measurement

Beam Ve are the main background
to (Vu—Ve) oscillation signal at SK

We measured them in the ND280
Tracker by selecting electrons via
dE/dx in the TPC

Background from misidentified p
estimated using a sample of sand
muons in the data

MC expectation for backgrounds
from Y conversions constrained by
control samples based on data

Likelihood fit on the electron
momentum to measure N(Ve)

The observed Ve/Vy ratio at ND280
is consistent with the MC
expectation confirming our beam
prediction
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Super-Kamiokande event selection

# Predefined event selection for v, and Ve
# First steps that are common:

SK synchronized to beam timing using GPS

Fully contained events in the Inner Detector, minimal activity in
the Outer Detector

Starting in the FV (FCFV)

Number of rings = |

e @

PID algorithm to distinguish e-like and p-like events

——¢— Data
I Osc. v, CC
1 v,+v,CC
] v,CC
B NC

Osc. MC:
Am?223=2.4x1073 eV
sin2(2023)=1
sin2(203)=0.1

Qo
o
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2
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Number of events

-1000 0 1000 2000 3000 4000 5000

AT, (nsec)

8 e-like events
33 M-like events

—— Data

I Osc. v, CC
1 v +v,CC
] v,CC

B NC

(MC w/ sin®26,,=0.1)

e-like

PID parameter
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Ve appearance




SK Ve event reduction
|) E(vis)>100 MeV — N=7

—4— Data

B Osc.v,CC
N VY, CC
v, CC

B NC

(MC w/ sin22613= 0.1)

# After ring counting 8 single ring e-like events are
selected

w

# SK*“tight” cuts are applied to further reject the
background:

Signal efficiency: 67%
Bkg rejection: 99% for NC,

o 1000 2000 - 3000
77% for beam Ve Visible energy (MeV)

Number of events /(100 MeV)

3) Minv with forced 2nd ring
<105 MeV — N=6

—— Data

4) Rec neutrino energy <1250
MeV — N=6

2) No decay electrons = N=6

—
o

—4— Data

B Osc.v,CC
1 v+v,CC
1 v,CC

B NC

(MC w/ sin®26,,=0.1)

B Osc.v, CC
1 v+v,CC
] v, CC

B NC

(MC w/ sin®26,,=0.1)

—+4— Data

B Osc.v,CC
1 v+v,CC
. ]v,CC

B NC

(MC w/ sin®26,,=0.1)

Reject NCTT?
background

Reject non-CCQE
and invisible
muons
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Number of expected events

Source Nexp
Beam Ve 0.8
& We observed 6 V. candidates
Vu Neutral C t 0.6
# The expected number of events from Fetrere il
un-oscillated neutrinos is |.5 Vyu Charged Current 0.1
Total 1.5+0.3

Syst for 013=0 = Nexp = 1.5+0.3 Dominated by hadron production

€ITor source Syst. error Dominated by FSI and NCTT0 cross-
v flux +8.5% section uncertainties

v int. cross section +14.0%

ND280 dominated by TPC tracking

——5.6(,7(_‘ —
’ efficiency and ionization in the gas

—5.2
Far detector +14.7%
Near det. statistics +2.7% SK dominated by ring counting, PID

Total T225% and TT” mass systematics

Near detector

July 21,2011 23



Vertex distribution

beam

'direction , | —+— Data
- - I Osc.v,CC

[0 v+v, CC
[ v, CC

- I NC

r (MCw/sin22e13=0.1)

~Vertex Y (cm

o
~Vertex Z (cm

o
Number of events

o
o
o
o
o
o

—
T T T T T

OOO . . . | ‘ ‘ . | L L L . L L | L . L | I I I e S— —
-2000 -1000 0 1000 2000 1000 ) 200(2) 3000 1000 2000
Vertex X (cm) Vertex R® (cm®) x10° Vertex R? (sz)

& Vertex distribution of the 6 events = clustering at
large R

# KS p-value for this R2 distribution — 0.03 y]_SK

oordinates
X

Beam Direction

Beam
oordinates

Vertex position tested against several distributions <
<\C

Probability From Toy-MC
Distribution 7 FC Events 6 FCFV Events
Dwall 22.6% 3.7%
Fromwall 22.8% 5.8%
Fromwall || to Beam 1.4% 0.14%
R? 10.9% 3.1%

Z
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More on vertex distribution

Selection of events passing all the Ve cuts
except the FV = no excesses outside the

FV — no indication of not accounted
entering background

e DATA

MC w/ oscillations

500 1000 1500 2000
tistance from vertex to ID wall (cm)

expected contribution in
the FV from vertices

outside ID Nexc~3x10-3

500 5‘1000 1500 2000
distance from vertex to ID wall (cm)

outside the FV

Fiducial

‘volume

SK-IV atmospheric neutrino dataf

SK-IV atmospheric neutrino MC :

500 1000 1500 2000

boundary

2500 30
R? [em?]

SK IV Sub-GeV e-like + T2K cuts = good
agreement between data and MC inside and

00

July 21,2011
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Ve appearance analysis

® Probability of observing 6 events if sin2(20,3)=0 = 0.7% (2.50 significance)
# Feldman-Cousins unified method used to produce the confidence intervals
& For sin2(2023)=1 and Am2;3=2.4x1073 eVZ
& Normal hierarchy, 5=0:
& Best fit = sin%(20:3)=0.1 | and 0.03<sin2(26,3)<0.28 at 90% C.L.
® Inverted hierarchy, 5=0:
@ Best fit = sin2(20,3)=0.14 and 0.04<sin%(203)<0.34 at 90% C.L.

Normal | Inverse
hierarchy hierarchy

2 , 2
A mi; > 0 A m5; < 0

= Best fit to T2K data /D T2K

68% CL 1.43 x10°° p.o.t.

90% CL

Published in Phys. Rev. Lett. 107, 041801 (201 1)
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New T 2K result:




SK vy event reduction

—4— Data
& | single ring p-like — 33 events B+, CCOE

0 \/:u+V;l CC non-QE
o . . ]v,CC

# Additional cuts:

@ Less than 2 decay electrons

S

(MC w/ 2-flavor osc.)
& 31 events pass all the selections

N
o

Number of events

Expected final sample composition with oscillations 2 4 5

Number of decay-e
CCnonQE NC

32% 6%

—¢— Data

Bl v +v, CCQE
[ v,+¥, CC non-QE
1 v,CC

B NC

(MC w/ 2-flavor osc.)

o

# Systematics on the number of expected events
computed using enriched samples of ,

CCnonQE and NC in SK atmospheric data

# Dominant systematics on SK efficiency given by the
ring counting efficiency
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Momentum (MeV/c)
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Vu disappearance analysis method 2R\

& 2 flavor neutrino oscillation fit:  P(v, — v,) = 1 — sin*(2023)sin*(1.27Am35L/E)

# We developed 2 independent oscillation analysis to extract the oscillation parameters

Method A: Method B:
Maximum likelihood with fitting of the Comparison of the observed spectrum

systematics parameters: with the expected spectrum varying
oscillation parameters to minimize:

L(sin*20, Am?, ?) = Lyorm(8in?20, Am?, ?) N s
2 obs ) ex obs
Lsnape(5in220, Am?, ?) . Lsyst(?) X = 2; [nz - In (nsxp) + i — ]
i = bin number in SK energy
§ Lhorm — Poisson distribution of the ni°Ps(exP) hnumber of observed (expected) :
& total number of events events in the i-th bin
Lshape = un-binned spectrum shape In this method systematic f parameters
are not fitted

Claudio Giganti - EPS HEP 201 |



Number of events at SK

# Number of expected events as a function of the oscillation parameters (Am?2;,sin?(2023))

Expected N> events
B 100

=490

Systematics for Nexp"X for different oscillation parameters

oK
Efficiency

CTO0SS section l

= 80
+10.3% 10.3% +5.1% -5.1%

270

and FSI
beam
Flux
ND Efhciency
and Overall Norm. +6.2% -5.9% +6.2% -5.9%

+15.4%

< 60 +8.3% -8.1% +7.8% -7.3%

” +4.8% -4.8% | +6.9% -5.9%
40

30

Systematics coming from 5/< efficiency,
ND280 efficiency, cross-section and FSI,

Nexf with oscillation: 28.3 and beam flux simulation: ~15%
sin220=1, Am?=2.4x10-3 eV2

# Null-oscillation hypothesis excluded at 4.5 @ (only from Nebs)
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Neutrino energy spectrum

& Observed events at SK satisfying v, disappearance criteria: 31

& Oscillation parameters extracted from an oscillation fit on E(V)ree

& The oscillation pattern due to the disappearance of vy is clearly visible in the
reconstructed energy spectrum — advantage of using off-axis configuration

N
o

T2K preliminary
—— Data

-
(oL

No oscillation

Best fit with oscillation
(sin?20, Am?) = (0.99,2.6x10eV?)

7
hd
c
o
>
o
L
o
E
o
o
£
S
pa

4 6 8
Reconstructed neutrino energy(GeV)

2

Ratio between data and MC without oscillation

T2 ‘

—e— data / nominal MC

best fit / nominal MC
4 6 8

Reconstructed neutrino energy(GeV)
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T2K new result: v, disappearance

# Both analyses use Feldman-Cousins unified method to build confidence intervals

LENIOCH x103 Method A Method B
| Best fit: " fitting syst without fitting syst
Sin2(2023) = 0.99, IAm?2x3l = 2.6x10-3 eV?2 —— 68% CL 68% CL
90% C.L: 90% CL ==+ 90% CL

+  best fit(0.99, 2.6x107) best fit(0.98, 2.6x10)

2.1x103 < Am=23(eV?) < 3.1x10-3

Method B
. Best let: 3 A\ Very good agreement
90% C.L.: T2K preliminary

2.1x103 < Am223(eV?) < 3.1x10-3
*90% C.L are given @
|Am?223|=2.6x10-3 eV2 and sin?(2023)=1.0

# The main difference between the 2 analyses come from the fit of the systematics that

is done in Method A

July 21,2011
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S

Comparison with SK and MINOS

results are in good agreement with results from SK and

T2K 1.43x10°°POT (w/ syst. error fitting), 90% CL  T2K preliminary
T2K 1.43x10°°POT (w/o syst. error fitting), 90% CL
MINOS 7.25x10°°POT, 90% CL

Super-K Zenith (preliminary, Neutrino2010), 90% CL
Super-K LIE  (preliminary, Neutrino2010), 90% CL

July 21,2011
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Conclusions T2/

# TheT2K experiment has completed two oscillation analyses based on 1.43x102°
p.o.t (2% of T2K’s goal)

@ V. appearance analysis:
# 6 events have been observed (1.5£0.3 expected)

# The probability of 6 events with 8,3=0 is 0.7% (2.50 significance)

# This lead to a 90% confidence interval of 0.03(0.04)<sin2(20,3)<0.28(0.34) for normal
(inverted) hierarchy and dcp=0

o VA W T . W S HaE

g Y b S ey g A % o " b Wow 187 p A Lt v b s W by A My £ N N ¢ £ w410l Sl il d
o arae XL Lo e ke L N N C b LR o e B S L N R e S [MEVX- 7’_«'.} s
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Physics motivation: neutrino oscillations

Ve costlio  sinbi5 O cosb3 0 sinfige 0 V1
vy = —sinbio  cosbis 0O 0 | 1 0 V2
U, 0 0 1 —sinfize? 0 costi3 V3

Flavor eigenstates

& 3angles (012,053, 6013)
& | CP violation phase 6

MENEIINEEN

& 2 independent mass differences (Ami2 = mi2 - m?)

Solar (SNO, KamLand)

— 012, Amy2 Interference term — sin2(20,3)<0.13
O completely unkwnown

Ams eV
p 1
t

A (eV .

A
L

1=

Amo3z2=1(2.32+0.10) eV?
SinZ(2023) > 0.90(90% C.L.) -

v

arXiv:1103.0340

> [ Chooz 90%CL
- [ Palo Verde 90% CL
| K2K 90%CL
| Kamiokande 90%CL
SK 3-flavour 90%CL
0.2 0.4

. MINOS best oscillation fit

Am?2; = (7.6i 0.2)X 10> eV?2
012=(34£1)°

= MINOS 90% Super-K 0%
— = MINOS 58% — Sugor-K L'E 9054
MINOS 2008 903, K2K 90%
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T2K physics goals

# Expected sensitivities with 8x10?! p.o.t. (full expected T2K data-set)

& Today’s results presented with 1.43x10% p.o.t. (~2% of the total)

Ve appearance Vy disappearance

Py, — ve) Zin29233in2A +af(bcp) P, — v,) =1— sin®(203)sin*(1.27TAm3;L/E)
A =12TAm5,L/E o = Ami,/Amss ~ 1/30

e MINOS best fit —— Super-K 90% T
— MINOS S0% — Super-K L/E 90%
---- MINOS 68%

&
=]

CP phase  (degrees)
>

(<]
<

sientaciafen ceefendhe cedbeneen

-

T2K expected

sensitivity

-50

> |0 times improvement with Goals: d(sin2(2023)~0.01
respect to Chooz limit 5(Am?3)<Ix10 eV2
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JPARC beamline overview

Near Detector

- 1|

R asanssE A SARRNANRRAN

Pions are focused by
3 electromagnetic Horns.
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Linac
First stage accelerator, 330m in length.

Design energy is 400MeV.

At present, protons are accelerated to 181 MeV.

Upgrade to the design energy is under
preparation.

RCS (Rapid Cycling Synchrotron

Second stage accelerator, Proton Synchrotron of
348m circumference.

The acceleration up to 3GeV is successfully
working.
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CERN NAG6|/SHINE experiment

MTPC-L

Vertex mag nets

A

VvTPC-1 GAH

‘Target ‘-.- T9C |

0.1 | 10
—— p [GeV/c]
dE/dx at low momentum

MTPC-R - 4 J
Y
dE/dx + ToF

2 <p[GeVic) <3

—4

neutrino flux(SK)

& Measure hadron(1T, K)  J St b

m? [GeV%/c]

yield distribution in
30 GeV p + C inelastic
Interaction

& Thin target + T2K
replica target
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FSI tuning

& 14% of the systematic on the
background to the V. appearance,
8% to the v, disappearance

Studied by adjusting NEUT microscopic pion cross
section model and comparing to pion cross section data

& Principal source of uncertainty:
pion final state interaction (FSl)

_~
o)
£
S
c
S
=
o
17
Fel
<
©

Error source NexP(SK)
CCQE shape 3.1%
CClTr 2.2%

200
3. I % 7" Initial Momentum (MeV/c)

CC coherent 11

CC other 4.4% " .
NC I 110 5.3% % — v, Signal "'_E — v, Selection
NC coherent 2.3% E T e Background §
NC other 2.3% 2 2
o(Ve) 3.4%
FSI 10.1%
Total 14.0% Reconstrlgfe% E, (MeV) o0 Zgggonstruftzzoa (Meé\l/(;OO
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Off-axis ND280

#® Same off-axis angle as Super-Kamiokande (2.5 degrees)

# Measure vy and Ve spectrum before the oscillation = TPCs + FGDs

# Measure background processes to oscillation (NCTT%, NC |11, CCITT..)

scintillator planes in magnet
yokes.
Measure high angle muons

scintillator bars interleaved
with fillable water target bags
and lead and brass sheets.
Optimized for y detection

ND280 installed in ex-UAI
magnet (0.2 T) 3.5x3.6x7.3 m

s
N AT o =
(S =

[y / gll'ui!ii\}

Claudio Giganti - EPS HEP 201 |

active target mass for the
tracker, optimized for p/m
separation
Carbon+Water target in FGD2

measure momentum and
charge of particles from FGD
and POD, PID capabilities
through dE/dx

scintillator planes with radiator
to measure EM showers




ND?280 scintillator detectors

# The ND280 detectors except the TPCs
use Multi-Pixel Photon Counters (MPPCs)

#® 1.3 x 1.3 mm, 667 pixels
& ~60000 MPPCs used in ND280

July 21,2011

The ND280 TPCs will be described
with more details in the next slides

Sve! iramber 502 | Parlifion 52 un auaber : 2885 3¢l TEO05 | SuiPuy puniter (RAUS | Ti: Fr 2300208 7 5715 8T

Magnet on (0.188 T) 01:57 ST, 7eb. 5, 2010

POD —— FGDL——FGDZ —— :DSECAL

v beam

TPC1 TPC2 TPC3

'3500 4000 75500 6000 6500
Signal timing [ns]
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ND280 TPC

Drift electrode

Micromesh

LN e . % TORISING
s . 3 PARTICLE

Amplifier

Strip read-out

DETECTOR CURRENT
Micromesh

electrons

Microstrips

== MC muons

MC electrons
—-= MC protons

MC pions

= MC muons
MC electrons

—:= MC protons
MC pions

energy loss (keV/cm)
energy loss (keV/cm)

—— }_ILI:I:‘_I‘TII‘I‘III:I:“III‘I‘ auws|
-F.'.-..
J T

1000 1500 2000 2500 3000 3500 4000 a 600 800 1000 1200 1400 1600 1800 2000 1

p (MeV/c) p (MeV/c)
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ND280 tracker event gallery

1.

“CA
sand muon + DIS candidate
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Vyu disappearance vertex position

- > —¢— Data I —4— Data i —¢— Data
BN v, CCQE BN v, CCQE , BN v, CCQE
1 v, CC non-QE I 1 v, CC non-QE | [ v, CC non-QE
B v, cC | B v, cC B v, cC
7 v,CC 7 v,CC 7 v,CC
B NC B NC B NC

(MC w/ 2-flavor osc.)

(MC w/ 2-flavor osc. (MC w/ 2-flavof osc.)

—
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N
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—
o
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-1000 0 1000 1000 » 2020 x103 500 1000 1500
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o
o
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o
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_IL
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o
o
1
—
o
o
(@]

OO ! ! ! | ! ! ! | ! ! ! | ! ! ! ! ! ! | ! ! ! | !
-2000 -1000 0 1000 2000 1000 » 200(2)
Vertex X (cm) Vertex R” (cm®)
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SK v, systematics

Name of Samples | selection criteria

| SK4 atmospheric(762.2 days) |

# of decay electrons = 1
distance from the muon stopped point to decay electron < 80 ecm
E,i.. < 0.13GeV

v, CCQE
enriched sample 1

Data
P ccQE

4000

# ol decay electrons = |
distance from the muon stopped point to decay electron < 80 cm
Eyis. = 0.13 ~ 0.7GeV

v, CCQE
enriched sample 2

3000

# of decay electrons = 1
distance from the muon stopped point to decay electron < 80 cm
E,is. = 0.7GeV

v, CCQE
enriched sample 3

N Cve ” (S_E

2000

v, CU non-Qu
enriched sample

# ol decay electrons > |
distance from the muon stopped point to nearest decay electron < 160 cm

1000

# of decay electrons = U

NC enriched sample not v. sample

brightest ring 1s e-hike
E,:.. > 100MeV
POLfit mass < 105 MeV

v. CC
enriched sample

SK4 atmospheric{T62.2 days)

20 ...

0.7GeV

SK4 atmospheric(762.2 days) |

K4 atmospheric(762.2 days) |

P—

120} CCQE I

1000 1500 2000 2500 300
visible energy[MeV]

A0 5 0 5 10 15 20
Ring Counting likelihood

20 15

250 - CCQE 2 -ﬁ‘é"“‘*

B ccCnonQE
NC
nue

.C.C.n.on E

B ccaE

|
20 145 0 5 0 5 10 15 20
Ring Counting likelihood

|
A0 S5 0 5 10 15 20
Ring Counting likelihood
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Vyu disappearance

Expected spectrum AX? for Am? and sin?20

v 100
z

90
Null oscillation
(sin?26,Am?)=(0.5,2.4E-3)
(sin?26,Am?)=(0.8,2.4E-3)

(sin?26,Am?)=(1.0,2.4E-3)

8
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[y
0005 0010 0015 0020 0025 0030 00 01020504 050807 080810
s, (eviie) sin“24,,

Null oscillation
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Out of FV contamination

& Number of selected events with the exception
of the fiducial volume cut

# Hatched histograms represent the contribution
from vertices outside the ID

i o~  ——e—DATA - .. —e— DATA
AII FC events i Ve Candlda’tes m—— MC w/ oscillations

m MC: true vertex outside ID

m——— MC w/ oscillations

m MC: true vertex outside ID

_lllllllll

e

|
L

R N B SR " ¢ — 1 —_I_‘_‘_l—s_t —
500 1000 1500 2000 500 1000 1500 2000
distance from vertex to ID wall (cm) distance from vertex to ID wall (cm)

o
S

T T Me expectation

- outside FV: 3.1
- from outside ID: 0.3
- from outside ID w/ FV cut: 3.2e-03

—

et | e

500 1000 1500 2000 ' 500 1000 1500 2000
distance from vertex to ID wall (cm) distance from vertex to ID wall (cm)

MC expectation

- outside FV: 28.8

- from outside ID: 3.8

- from outside ID w/ FV cut: 8.8e-02

ty
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II|IIII|IIII|I

oDC
—%— DATA

MC w/ oscillations
““““ MC w/o oscillations
5K Cosmic Ray Expectation

e

200

7300 400 500

hits

e
ODEN
—%— DATA

MC w/ oscillations
““““ MC w/o oscillations
5K Cosmic Ray Expectation

e

+

hits

300 400 500

SK Outer Detector analysis

IJ|I|IIII|IIII|

ODEX
—%— DATA

MC w/ oscillations
““““ MC w/o oscillations
Cosmic Ray Expectation

«—

llllllllllllll

(=)

300 400 500
hits

[ | L | |

T T T T T T

OoDTOT
—%— DATA

MC w/ oscillations
““““ MC w/o oscillations
K] Cosmice Ray Expectation

lllllllllll

300 400 500
hits

# Number of events observed in the OD compatible with the expected events from
oscillations
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Super-Kamiokande IV

T2K Beam Run 33 Spill 822275
Run 66778 Sub 585 Event 134229437
10-05-12:21:03:22
T2K beam dt 1902.2 ns
1600 hits, 3681 pe
2 hits, 2 pe
Trigger: 0x80000007
D_wall: 614.4 cm
e-like, p = 381.8 MeV/c

Charge (pe)
. >26.7

Single ring
e-like

Super-Kamiokande IV

T2K Beam Run 32 Spill 294378
Run 66692 Sub 67 Event 15931918
10-04-18:13:57:00

T2K beam dt = 3054.5 ns

Inner: 1414 hits, 2494 pe

Outer: 7 hits, 6 pe

Trigger: 0x80000007

D_wall: 1060.9 cm

2 e-like rings: mass = 140.4 MeV/c"2

Charge (pe)
o >26.7

2 ring e-like
compatible
with TT0 mass
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SK event display

%0 —
0 mu-e
decays

208 —

156 —
104 —
52 —

0l bl St

0 500 1000 1500 2000

Times (ns)

98 —

[0 SFEFEFEFI NFEFEF | BrL S
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Times (ns)

Super-Kamiokande IV

T2K Beam Run 32 Spill 472240
Run 66719 Sub 196 Event 44482935
10-04-27:00:56:17

T2K beam dt = 3032.3 ns

Inner: 2696 hits, 9164 pe

outer: 4 hits, 2 pe

Trigger: 0x80000007

D_wall: 666.5 cm

mu-like, p = 1070.7 MeV/c

Charge (pe)
. >26.7

Super-Kamiokande IV

T2K Beam Run 34 Spill 1679196
Run 66932 Sub 205 Event 48713749
10-06-19:17:40:08

T2K beam dt = 2495.3 ns

Inner: 6036 hits, 21915 pe

Outer: 1 hits, 1 pe

Trigger: 0x80000007

D_wall: 900.5 cm

Charge (pe)

.

Multi ring
U-like

920

460

0
0

v d

500 1

Times (ns)

500 1000

Times (ns)
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SK 110 control sample

& Control sample to evaluate the uncertainties on the TT0 mass reconstruction
& Take | e-like events from atmospheric sample
& Add | simulated Y

. Contr0| Sample data Compar'e the h)’brld .I_I.O Sample
: : 1

to a pure MC sample

Differences in the efficiency
between data and MC give the
systematic on the TT0 mass cut

00
invariant mass Minv [MeV]
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Ve appearance

T ' Y T
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JPARC status after Earthquake -/

# Ground level damages — rapidly repaired

& Equipments = no fatal damages

# LINAC floor, MR tunnel side pit, Near Detector bottom floor submerged under
water

& Fixed in few weeks
# No serious damages on components
& Tunnel moved or bent of ~ several cm
# Major alignment of many components need to be done
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