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Abstract: Neutrino oscillations has been observed and confirmed at two mass splittings (\Delta m”2), which is consistent with three generat
neutrinos and an unitary mixing matrix. Despite the rapid progress in understanding neutrino oscillations in the last decade, two large qu
remain about neutrino oscillation parameters at \Delta m"2 ~ 0.001 eV~2. Is \theta_{23} exactly 45 degrees, indicating an additional symm
neutrino mixing? Is \theta {13} non-zero, which would mean there could be CP violation in the neutrino sector. If \theta_{13} is large enough.
such CP violation could be studied with future high intensity experiments such as the proposed Long Baseline Neutrino experiment in t
(LBNE). The Tokai-To-Kamioka (T2K) long baseline neutrino experiment is designed to precisely measure \nu_{\mu} disappearance (\
m~2_{23}, \theta_{23}) and search for \nu_e appearance (\theta_{13}). A beam of muon neutrinos is generated at the J-PARC facili
Tokai-mura, Japan, and is sampled by two near detectors, ND280 and INGRID, before reaching the Super-Kamiokande detector, 295km &
this talk, a first look at \nu_{\mu} disappearance and \nu_e appearance will be shown from T2K, from the inaugural 6 month run ending ir
2010 (3.23x10719 protons on target, at 15.5 kW x 10"7s).
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Earthquake in Japan

On March 11'*, 2011, Japan experienced a severe earthquake followed by a tsunami

No reported injuries to members of the T2K collaborzation or JPARC emplovees
All foreign collaborators have returned home safely

Areas affected by the quake
The tsunami did not reach JPARC

Inspection of the lab is ongoing

Priority is to restore water, power, and
gas systems
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Introduction
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A reminder about neutrinos

n the Standard Model, there are three neutrinos: v, v, V.
paired with an associated charged |epton partner: e, |, T

Neutrinos interact via the Charged-Current (CC) Neutral-Current (NC)
_ ) Interactions Interactions
weak force (W, Z bosons)

Neutrinos
To detect neutrinos:
Need “nothing” coming in

Detect the outgoing lepton to
determine neutrino flavor (CC anly)

Nucleus can be excited or
additional particles emitted
(NC or CC)
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Neutrino mixing

The flavor state of the neutring, v, is related to the mass states, v, by a non
unity mixing matrix, U ,
| ' :ZL e >

Since there are three observed flavors of neutrinos (v, v, v,), U contains
three mixing angles (9.,,8,,, 6,,) and a CP violating phase o.
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Quark mixing: unitary matrix, small angles: 8“,,~13.0°, §¥_,~2.3° §“™.~0.2°

* |s 8., exactly 45 degrees, or not?
1°%)s 4., zero, or just small?
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Neutrino oscillation

As the neutrinos propagate, the mass states interfere:
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Depends on:

L (km): Distance the neutrino has travelled

E (GeV): Energy of the neutrino

Am? (eV?): Difference of the square of the mass eigenvalues
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Neutrino mixing

The flavor state of the neutring, v, is related to the mass states, v, by a non

unity mixing matrix, U, v 3’_2[ .

Since there are three observed flavors of neutrinos (v,, v,, v,), U contains
three mixing angles (8.,,6,,, 8,,) and a CP violating phase 6.
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Neutrino oscillation

As the neutrinos propagate, the mass states interfere:
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L (km): Distance the neutrino has travelled

E (GeV): Energy of the neutrino

Am? (eV?): Difference of the square of the mass eigenvalues
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Existing measurements of v, disappearance

{ L, Eare fixed based on neutrino source
- — MINCS 9% Super-K 0% | Extract |Am?|, sin“20 based on rate,
{ energy spectrum after oscillation

. . Accelerator-produced neutrino beam (MINQS)
& — Phys. Rew. Lett. 101, 131802 (2008)
—_] L=735km, E{peak) ~3 GeV

| Am?¢,,=2.43 £0.13 x 103 eV

2.0 M 1 i
| e sin-28,,>0.90 (80% CL)
| | New -"esmt{Z{Jll'i 1103.0340 [hep-ex]
1.9 ‘ m*,,=2.32"%14 . x 10~ eV* (68% CL)
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Atmospheric neutrings (Super-Kamiokande)
Phys.Rev.D71:112005,2005; hep-ex/0501064
Am- L) ."15km-13,000km, E~100 MeV-10 TeV
oV, — v, ) =1—sin" 26, sin° [—IE_J 1.5 < Am2,; <3.4x 107 eV2




Existing measurements of v, appearance
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Accelerator-produced neutrino beam (MINOS)

Phys.Rev.D82:051102,2010; hep-ex/1006.0996
.=735km, E{peak) ~3 GeV

2sin%Q,,sin?26,, < 0.12 (90% CL)
V. and v, interact differently in matter vs
vacuum, altering oscillation praobability
Depends upon sign{Am?)

vormal Hierarct nverted Hieras
Reactor v, disappearance (CHOOZ)
EurPhys.).C27:331-374,2003; hap-ex/0301017

L~1 km, E~3 MeV




Existing measurements of v, disappearance

i L, Eare fixed based on neutrino source

Am?|, sin“28 based on rate,

[ — MINCS 52 uper-K 30% | Extract
' energy spectrum after oscillation

——
—
—
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Existing measurements of v, appearance
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\m2>0 1 Phys.Rev.D82:051102,2010; hap-ax/1006.0996
- 1 = .
! ——mmossester ] L=/35km, E(peak) ~3 GeV
. =5‘3:~.:_':-_ : . "; . :.-, - Ii 0f
£ P Moo -. 2sin“8,,5in"26,,< 0.12 (90% CL)
5 —cHoozamct 1 Ve andy, interact differently in matter vs
SITELFIIerCRO0Z 1 yacuum, altering oscillation probability
1 Depends upon sign(Am?)
1m — o
. . —
<0 g,
~ MINOS ] O
" 20
7.08467 POT —— —-_—

Normal Hierarcl eried Hieras
Reactor v, disappearance (CHOOZ)

o - Eur.Phys.).C27:331-374.2003; hep-ex/0301017
11040088 JC 0.1 0.2 a3 04 Pag

25in 126 dsim . L~1 km, E~3 MeV

—h A _.L_l._l.._.l .




Neutrino oscillation

As the neutrinos propagate, the mass states interfere:
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Existing measurements of v, disappearance

{ L, E are fixed based on neutrino source
I —ncs o SupeK 0% | Extract |Am?|, sin“20 based on rate,
| energy spectrum after oscillation
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Atmospheric neutrinos (Super-Kamiokande)
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Existing measurements of v, appearance
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The T2K experiment




The T2K experiment

T2K is designed to measure oscillations at the atmospheric Am?:
Measure v, disappearance (Am?,; 6.,)
Discover v, appearance? (6,

Produce a beam of v, on one side of Japan and detect it on the other

11040088
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Existing measurements of v, disappearance

{ L, Eare fixed based on neutrino source
b — sancs oo perK 3% | Extract |Am?|, sin“26 based on rate,
| energy spectrum after oscillation

" Accelerator-produced neutrino beam (MINOS)
—J Phys. Rev. Lett. 101, 131802 (2008)
—_] L=735km, E{peak) ~3 GeV
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The T2K experiment

T2K is designed to measure oscillations at the atmospheric Am?:
Measure v, disappearance (Am?,; 6.5)
Discover v, appearance? (6,,)

Produce a beam of v, on one side of Japan and detect it on the other

11040088
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Creating an (offaxis) neutrino beam

S

T —— i — e i —r

~280m
Primary protons hit a target (carbon) producing secondary unstable mesans

(t, K] which decay to a tertiary v, beam ~ME e /
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g At angles away from the parent pion’s
~ 2800 : . . i
5 direction, the neutrino energy is independent
F‘. = .
S of pion momentum, resulting in a narrower
§ 1800 neutrino energy spectrum
> 1000 | |
088 Peak corresponds to oscillation maximum .,
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The proton beam

Start with 30 Ge pru'rons produced at JPARC in Tokai-mura, Japan

=ty

151 MeV LINAC

e L
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mqﬁ\# Synchrotron :




Secondary beam of mesons

~280 m
The protons hit 2 91 cm long graphite target, producing pions and kaons
The mesons are focusad by three magnetic horns”

then decay in a 100m long decay volume

T +V,

| The muons are sampled
using a pair of muon

l monitors as a real-time
neutrino beam monitor
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Neutrino detectors
< <

Off-axis with the ND280 detectors

Measure the unoscillated v, rate
Constrain background processes

On-axis with the INGRID datector
Determine neutrino beam direction

1100000 O Ff-axis@295km with Super-Kamiokande

Eu=rart ~crllat=mrm marmarare



On-axis Interactive Neutrino GRID (INGRID)

14 iron-scintillator modules arranged in a cross
X-Y scintillator layers
Count neutrino interactions in each maodule to
determine neutrino rate vs. position
~1.5 v/ 10 protons on target
means 10,000 events / day

Extract beam direction better than 0.5 mrad

Hund

el 12000
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Neutrino detectors

Off-axis with the ND280 detectors

Measure the unoscillated v, rate
Constrain background processes

On-axis with the INGRID datector
Determine neutrino beam direction

1100000 O Ff-a3xis@295km with Super-Kamiokande
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On-axis Interactive Neutrino GRID (INGRID)

14 iron-scintillator modules arrangad in a crass
X-Y scintillator layers
Count neutrino interactions in each module to
determine neutrino rate vs. position
~1.5 v / 10 protons on target
means 10,000 events / day

Extract beam direction better than 0.5 mrad
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Neutrino detectors

~280 m

Off-axis with the ND280 detectors
Measure the unoscillated v, rate
Constrain background processes

On-axis with the INGRID detector
Determine neutring beam direction

1100000 O Ff-axis@295km with Super-Kamiokande
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On-axis Interactive Neutrino GRID (INGRID)

14 iron-scintillator modules arranged in a cross

X-Y scintillator layers
Count neutrino interactions in each module to
determine neutrino rate vs. position

~1.5 v/ 10" protons on target

means 10,000 events / day

Extract beam direction better than 0.5 mrad

Run32

4 ey 18 il TEMQ?—- b

1%t event (Nov. 22, 2009) .

‘ L
\. sa00}- | 4000t
p | IkE 200 | 2000t
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\.F
nqrg---n-i.
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Neutrino detectors

% F

p— .__--__)Super-

! b S P
e _Z08 e . “

-

118m “~280 m

Off-axis with the ND280 detectors

Measure the unoscillated v, rate
Constrain background processes

On-axis with the INGRID detector
Determine neutrino beam direction

110a00: O Ff-axis@295km with Super-Kamiokande
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On-axis Interactive Neutrino GRID (INGRID)

14 iron-scintillator modules arrangad in a cross
X-Y scintillator layers
Count neutrino interactions in each maodule to
determine neutrino rate vs. position
~1.5 v/ 10' protons on target
means 10,000 events / day

Extract beam direction better than 0.5 mrad

Runiz

12000 —

plike
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Off-axis: ND280 detector complex

Suite of near detectors sit within UAL (8=0.2T) magnet to measure the unoscillated
neutrino rate, and relevant background processes to the oscillation analysis

Side Muon Range Detector
87x17x0.7cm instrumented
scintillator in magnet yoke

Active veto, cosmic frigger

UA1 Magnet Yoke

X-Y Pb/scintillator planes

POD. Barrel, TPC3
Downstream Tag photons, e from
ECAL Tracker (CCv_)

and POD (NCr®)

Pb/brass/scintillator planes Tracker (FGD & FC)
interspersed with water bags Measure CC v, v. interactions
. ur Ve
nofipasure NCn interactions
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Tracker: Fine Grained Detectors

Tracking detector with planes in x or y of scintillator bars (8448 in total)

Read wavelength shifting fibers and
Multi-Pixel-Photon-Counters (MPPCs)
66/ avalanche photodiodes in parallel
Functions in a magnetic field
Used for INGRID and ND280 tracking

detectors; first large scale use

FGDs are neutrino interaction target with

1cm x 1cm bar granularity provides veriex information

Particle identification from energy loss in scintillator
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Tracker: Time Projection Chambers

Charged particles ionize the gas

Electrons crift toward the readout plane due to the
uniform E field (central cathode at -25kV)

“Wireless” TPC: Strong local field at the novel
MicroMegas mesh creates a shower of electrons / /
read out on 6.9x9.7mm? pads (1728 pads on each ,/
of 12 MicroMegas, 128 um beyond the mesh) £ K

b,

3D tracks are reconstructed
provided drift velocity in the gas
and timing of entry into TPC
(from other subdetectors)

Spatial resolution:
600 um @ 100cm drift distance




Particle ID with the TPC

— Jrr.—' - -
= I _ - = HMC muons
o = = MC electrons
S 33 e = « === MC protons 1
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c: .1 =l . . I ® |
g = - I:‘ -
- - . }
o - bt e s o T
[ =
| = = X = | - F i
- - ; - PID variable ("pull”)
& -
T 200 400 600 B 1000 1200 1400 1600 1800 2000

o (MeVic)
Energy loss (dE/dx) in the TPC can be used to distinguish particle types
dE/dx resolution ~8%

Select muon candidates for events consistent within 2.5 sigma of predicted
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Tracker: Time Projection Chambers

Charged particles ionize the gas

Electrons crift toward the readout plane due fo the
uniform E field (central cathode at -25kV)

“Wireless” TPC: Strong local field at the novel

.
MicroMegas mesh creates a shower of electrons / / i
f’l - g

read out cn 6.9x8.7mm? pads (1728 pads on each

£ 4N

of 12 MicroMegas, 128 um beyond the mesh)

3D tracks are reconstructeg
provided drift velocity in the gas
and timing of entry into TPC
(from cther subdetectors)

Spatial resolution:
600 um @ 100cm drift distance




Particle ID with the TPC
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) - MC electrans
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MC cions
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Energy loss (dE/dx) in the TPC can be used to distinguish particle types
dE/dx resolution ~8%

Select muon candidates for events consistent within 2.5 sigma of predicted
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muacn energy loss, and more than 2 sigma away from electron energy loss




Example neutrino interactions in ND280

CC neutrino candidate

Neutrino interaction upstream of ND280 More complex event (DIS?)
(sand muon)
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Particle ID with the TPC
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Energy loss (dE/dx) in the TPC can be used to distinguish particle types
dE/dx resolution ~8%

Select muon candidates for events consistent within 2.5 sigma of predicted
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Example neutrino interactions in ND280

CC neutrino candidate

Neutrino interaction upstream of ND280 More complex event (DIS?)
(sand muon)
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T2K far detector: Super-Kamiokande

S0kton water Cherenkov detector
(22.5kton fiducial mass)

39.4 m diameter, 41.4 m tall
cylindrical tank lined with 11,129

photomultiplier tubes (PMTs)
40% photocathode coverage

1885 veto PMTs located on the outside _
of the tank reject events entering the tank, ST
such as cosmic rays '

1.77 Hz rate of cosmics for an

overburden of 2700 meters,

water equivalent in Kamioka mine

11040088




Neutrino events in Super-K

Cherenkov light emitted at a fixed angle produces ring(s) on the tank wall,

recorded by PMTs

Data event:
single muon

Muons produce well defined rings

11040088




T2K far detector: Super-Kamiokande

50kton water Cherenkov detector
(22.5kton fiducial mass)

39.4 m diameter, 41.4 m tall
cylindrical tank lined with 11,129

photomultiplier tubes (PMTs)
40% photocathode coverage

1885 veto PMTs located on the outside &
of the tank reject events entering the tank,
such as cosmic rays :

1.77 Hz rate of cosmics for an

overburden of 2700 meters,

water equivalent in Kamioka mine
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Neutrino events in Super-K

Cherenkov light emitted at a fixed angle produces ring(s) on the tank wall,

recorded by PMTs

Data event:
single muon

Muons produce well defined rings
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Neutrino events in Super-K

Electrons produce fuzzy” rings, due to multiple scattering and showering

Electrons from CC v, interactions

Electrons from u decay from CC u (deadtime-less DAQ)
Neutral pions produce two electron-like rings from decay photons
If one ring is not reconstructed, mimics CCQE v, signal

Data event:

11040088

single electron



NC n° background rejection

Simulate expected energy distribution for a faint second ring

Scan over possible second ring directions and energies

Select best match for observed light pattern

Cut on resulting invariant mass of twa rings (m nt°) or L, /L,

Events with two true rings will have an invariant mass consistent with m°

MC event: MC event:

electron 1




Determining neutrino energy

Energy of the outgoing lepton is determined from charge

collected by the PMTs
CCQE:

For CCQE events, reconstruct neutrino energy from just the lepton kinematics
provided:

/ The neutrino direction is known o M. E —IM_ +m —M]
E { = H i R i P

Y The recoiling proton mass is known L Y
| B JPERE M, —E, +p,cosf,]
X The target nucleon is at rest |

Complications:
11040088 = ; : : : P
he target nucleus is not at rest, so additional smearing to the reconstructed E,

ag




NC n® background rejection

Simulate expected energy distribution for a faint second ring

Scan over possible second ring directions and energies
Select best match for observed light pattern
Cut on resulting invariant mass of two rings (m ) or L, /L,

Events with two true rings will have an invariant mass consistent with t°

MC event: MC event:
electron 1y




Determining neutrino energy

Energy of the outgoing lepton is determined from charge

collected by the PMTs
CCQE:

For CCQE eavents, reconstruct neutrino energy from just the lepton kinematics
provided:
/ The neutrino direction is known . M E (M +m - M;]

g
o N | E£
¥ The recoiling proton mass is known v T
&P M, —-E, +p,cosb,]

X The target nucleon is at rest

Complications:
11040088 ! . : ; P
he target nucleus is not at rest, so additional smearing to the reconstructed E,
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Analysis of first dataset




Run 1 dataset
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Accumulated number of protons
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Cate in 2010

First run between Jan - Jun 2010:

6 bunches / spill / 3.54s
noocee Stable running at 3.3 x 10 POT/spill (=54 kW) with maximum at 100 kW
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Analysis strategy

Neutrino flux prediction

Neutring event rate at

o (ecy)

i ndion

Neutrino event rate at Super-X

(Vy, V), with the normalization
corrected by ND280

i

11040088 Determine oscillation parameters
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Neutrino flux prediction

Majority of neutrino flux at Super-Kis v,
Also v (~6%) and

V. components (~1%)

S0 MeV i

.y
5

[
4

—

WiIMeV)

Flux[/107 POT/em “1r'~.]-."-|

Flux| 10 POT/em®

-
:

1 10

10Mos OMES predominantly from: (V) v, comes predominantly from: E, (GeV)

m v decay T — U — v_decay chain (E < 1.5 GeV)



Neutrino flux uncertainties

Uncertainty Change at Peak Max Change{<3GeV)
20% ¢ 22%
_J5%

20%

10-50% 77 8%
.omm, J.3mrad 9%
0.44mrad 1 8%

1 .3mrad 1% 1%
3%

2%

1%

11040088




Proton beam monitoring

Multiple beam monitors measure the proton beam on the way to the neutrino targat

Opdcal Transition Radiation is produced by the

the protons as they pass through a thin Ti foil in
in front of the neutrino target.

The light is emitted perpendicular to the beam

| direction, and is recorded with a 40mm camera
BackwardLighe \ OTR light is used to determine the beam

profile and position on the target

Refiecoon Axis OTR Light for 3.0x10" Protons on Ti Alicy Foil

v (mim)

Lad Cadl

S O
ADC Coumts/pixel

B N

11040088




T production from p+C

NAG&1/SHINE experiment at CERN
Designed ta measure hadron production

Used thin target (2cm) in 2007-2009 run,
T2K replica target (91cm, 1.SA) in 2010 run

Use TOF and dE/dx to measure particle
type; extract particle production cross
section

i »p at production point of 1" producing v, @ 3K |

Paober mavglem i (1mal)




Neutrino cross section prediction, uncertainties

Cross section model set from external data
MiniBaoNE, SciBooNE, K2K
Super-K atmaspheric data

Uncertainties set from externzal data
constraints (includes variations to underlying
parameters and difference between models)

Uncertain Uncertain
< 2GeV - >2 GeV Y

ener energy
_dependent  dependent

20%

100%

T
’ l:.‘

—_

1 8 o
%% oherent/other 0%

SCiBoONE{preiim
"il.’ﬂ E-CO-..'*E

‘JC'?-.L{".{] _
NEUTM =12GaV)

1 10
i E (GeV)

Low energy CCQE
uncertainty:

~20% at 400 MeV
~15% at 600 MeV




Analysis strategy

‘prediction

Neutrino event rate at Super-X

(Vy V), with the normalization
corrected by ND280

J—

11040088 Determine oscillation parameters
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Basic CC selection in ND280

FGD1 FGD2

TPC” TPC2 TPC3
1. Select neutrino events: Use TPC1 as a veto (no tracks in TPC1)

2. Select events which originate in FGD1 or FGD2 fiducial velume
3. Use the highest momentum, negative TPC2 or TPC3 track

11040088




cntriesL S

11040088

ERErEL 15

ND280 CC v, sample

Reconstructed momentum and angle of
the CC v, candidates after selection

CC v, purity: 91%

CCQE purity: 45%
No tuning to flux or cross section applied

R(data/MC) = 1.061 £ 0.028 (statistics)
*0088  oq(det systematics)
+ 0.039 (flux, xsec maodel)

Dominant uncertzainties:
TPCPID pull: 3.0%
TPC-FGD matching: 2.1%




Analysis strategy

Neutrino event rate at Super-K

(Vw V), with the normalization

-

11040088 Determine oscillation parameters
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Far detector neutrino event selection

Event time within beam window
Na acavity Iin the veto
Reconstructed vertex >2m from wall

Single reconstructad ring

Visible energy > 30 MeV Visible energy > 100 MeV

U-like ring e-like ring
Ey >200MeV No decay electron

# decay electrons <2 Invariant mass < 105 MeV/c?
Ev <1250 MeV

Cuts were set before looking at data from T2K
~easible because of many years of experience with the Super-K detector

11040088

(atmaospheric neutrino analyses)



Basic neutrino event selection
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Far detector uncertainties

i |
L | - E [l - L
3 4 5 o | @&

Number of Decay-electrons

v, dominant uncertainties: ring counting, muon PID

10

LY |

-~
o
! .

vV, dominant uncertainties: ring counting, electron PID, invariant mass selection

Use atmospheric v sample, select unbiased sample using decay electron tagging
0 decay electrons: NC event, CCQE v, events
1 decay electrons: CCQE v,

2 decay electrons: CC non QE (pion, multipion events)

11040088

Evaluate datz/MC differences in number af events in the rine countine



Basic neutrino event selection
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Far detector uncertainties

s

10

ELD =

|
3 6 7 8
Number of Decay-elecrons

v, dominant uncertainties: ring counting, muon PID

£n

V, dominant uncertainties: ring counting, electron PID, invariant mass selection

Use atmospheric v sample, select unbiased sample using decay electron tagging
0 decay electrons: NC event, CCQE v, events

1 decay electrons: CCQE v,

2 decay electrons: CC non QE (pion, multipion events)

11040088

Evaluate datz/MC differences in number af events in the rine countine



v, disappearance results
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v, disappearance at T2K

For a fixed baseline (L=295km) neutrinos of energy E, and E, will have different
probabilities for oscillation

Unascillated spectrum

4 5

) ) _ '_'.:.-:P rF =V = | —§] ; .
Reconstructed E. Av,—-v, )=l-sm B,

'N‘t'l oscillation at:
Am? = 2 4x103 e\2 Extract Am?, sin“26,, from the change
5in~933 =1.0(8,; =45 in overall rate and spectrum
distortion observed

18RO

23

E0kia\ 13

Pag

. _.....| Backgrounds are events where pion

11040088

is unobserved (absorbed)
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v, disappearance results

8 events after selection

No-oscillation prediction:
22.81 * 3.19 (systematics)

With oscillation:
6.34 £ 1.04 (systematics)

at MINQS experimental best fit:

Am? = 2.4x103 2
sin28,. = 1.0

Everts/100MaV/ 3 23E19 PO

Null cscaighon

t
Reconstructed £




v, appearance results
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appearance at T2K

s / 50 MeV
W) Mel

Chnits |/

Number ol event

-
-
-
=
-
—
-
-

Neutrino energy [GeV] Neutrino energy [GeV]
S |- int 1 otV ' —
Signal: CCm_eractzlansl of v, TR RS
fromv, to v, oscillations SN M-
intrinsic v, 0.1

e v, (70%NCe) Q.13
@sin“26,,=0.1,6cp=0 0.9

C.01

11040088 JLdi. 0.30+0.07 TS",I'S)




v, disappearance results

8 events after selection

No-oscillation prediction:
22.81 * 3.19 (systematics|

With oscillation:
6.34 £ 1.04 (systematics)

at MINQS experimental best fit:
Am? =2.4x103 V2
sin‘28,; =1.0

Evenis/100OMaV/3 23E19 PO

11040088




v, disappearance at T2K

For a fixed baseline (L=295km) neutrinos of energy E, and E, will have different
probabilities for oscillation

Unascillated spectrum

323E189FPO1

-
-
-
L=
—
L=

s & & & T & 2% L | ly | AmZ.L’
V. ===V =|—-5n" JH..
Reconstructed E, " vy V) - , Sin” I

18RO

'Nit"l oscillation et
m? = 2 4x10-3 e\2 Extract Am?, sin“26,, from the change
5m~935 =1.0(8,;,=45 in overall rate and spectrum

distortion observed

23F

11040088 T — Backgrounds are events where pion
| is unobserved (absorbed)
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v, disappearance results

8 events after selection

No-oscillation prediction:
22.81 £ 3.19 (systematics,

With oscillation:
6.34 = 1.04 (systematics)

at MINQS experimental best fit:

Am? = 2.4x103 eV?
in226,, = 1.0

Evemts/100MaV/3 23E19 PO

Null ocsciiamon

v_ oscliation

Reconstructed £




v, disappearance results

8 events after selection

Null csciianon
No-oscillation prediction:
22.81 * 3.19 (systematics)

With oscillation:
6.34 £ 1.04 (systematics)

at MINQS experimental best fit:
Am? = 2.4x103 eV?
sin‘28,; =1.0

Evernta/100MaV/3 2319 PO

11040088




vV, appearance at 12K

l ;

/50 MeV
S0 Mey

Number ol events
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%ignat: CCinteract*;lonslafk'e TE I e e —I;—u
fromv, to v, oscillations TR
intrinsic v, 0.16

v, (70%NCr®) Q.13
@Siﬂlzetszij,l_ﬁcp:ﬂ 0.9 . (70% N

0.01

11040088 0.30+0.07 [sys)




v, disappearance results

8 events after selection

No-oscillation prediction:
22.81 * 3.19 (systematics) v, escllaton
With oscillation:

6.34 = 1.04 (systematics)

at MINQS experimental best fit:
Am? = 2.4x103 eV?
5in‘28,; =1.0

Evamta/100MaVv/a3 239E19 POT
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v, appearance results
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